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(Issued August 19T7)

‘-3 INVESTIG.A~ ION OF PERFORMAN CE OF CONCRETE AND CONCRETING

MATERIALS EXPOSED TO NATURAL WEN3~HERING

TECHNICAL REPORT NO. 6—553

June 1960

Supplements , Corrections , and Revisions
Distribution No. 1~~

August l97T .

VOLUl~~~l

ACTIVE INVESTIGATIONS

Item Part Section Supplement, Correction, or Revision

Preface Revised pp iii , iv , and new p v
12”

” 
Contents New pp vii and viii

Conversion New p ix
Factors

~
(‘ Sun~ ary New p xi

I Revised Table 1 and reprinted Table 2
II 1 Revised sheet 3°f  Table l—TC—A -:

• IY
” II 2 Revised sheet 8, a~icI new sheets 9 and 10 of

Table l-TC—B -

II 3 Revised sheet 2 of Table 1—SF -

\p’~~JI New sheet 2 ot Table l—CRMI—PB
II 5 Revised Table l-CERL—FC (1 page )
II 6 Revised sheets 2 and 3 of Table 2—PR ; revised sheet

2 of Table 5—PR; - revised sheet 3 of Table 6—PR

* TR 6—553 was issued in June 1960 . Distributions of Supplements,
Corrections, and Revisious are issued each year. This distribution,
No. l~, brings theiëpol’t up to date as of July 1977.
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(Issued August 1977)

Item Part Section Supplement, Correction, or Revision

II 7 Revised Table l—WES—FC (1 page)

lip?
’ II 8 Revised sheet 5 of Table l-CRMI—PD ; revised sheet

3 and. new sheet 4 of Table 2—GRMI-PD
II 9 Revised sheet 2 of Table l—PQ -

II 10 Revised sheet 2 of Table 1—SC; revised T4le 2—SC
- 

(i page)

II 11 Revised sheets 2, 3, and 4 of Table ‘1—BPS
P1’ II 12 Revised Table 1—$SFE (1 page)

II 13 Revised Table 1—TP (1 p age)-  -

II 14 Revised Table 1—4.5A (1 page)

R6 II 15 A new item including Key (1 page), text (i page),
Tables 1 (1 page), 2 (2 pages), 3 (i page), and

p 1—SIC (1 page)

II 16 A new item including Key (1 page), text (1 page),
and Table 1—RCC (1 page )

‘(2 II 17 Revised sheets 9, 10, 11, and 12 of Table l—LTS
II 18 A new item including Key (1 page), text (1 page),

/ Table 1, and Table 1-NED (1 page each)

II 22 Revised Table 1—MM (1 page)

25 Revised sheet 6 of Table l—CR91.
II 26 Revised Table l—OD (1 page )

V

” 

II 27 Revised sheet 2 of Tables 1—KCD and 2—KCD; revised
Tables 3-KCD , 4—KCD , 5-ICCD, 6-KCD, and 7-KCD
(1 page each)

be” ’II 28 Revised Table 1—ED (1 page)
II 34 Revised Table 1—MCP (1 page)
II 35 Revised Tables 1—QA and 2—QA (1 page each)
II 37 Revised sheet 3 of Table 1—CAP

:1 I 38 Revised sheet 2 of Table 1.-MAWC
II 39 New sheet 3 of Table 1—CT
II —- Revised Plate 2

( ) I - 
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(Issued May 1976)

INVESTIGATION OF PERFORMANCE OF CONCRETE AND CONCRETING

MATERIALS EXPOSED TO NATURAL WEATHEL~ING

TECHNICAL REPORT NO. 6—553

June 1960

Supplements, Corrections , and Revisions
Distribution No. 13*

May 1976

VOLUME 1

ACTIVE INVESTIGATIONS

Item Part Section Supplement, Correction, or Revision

~1 Preface Reprinted p lii; revised p iv

Contents Revised p v and reprinted p vi
13 II Revised Table 1 and reprinted Table 2
/4 II 1 Revised sheet 3 of Table l—TC—A

&—5 II 2 Revised sheets 8 and 9 of Table l—TC—B
II 3 Revised sheet 2 of Table 1—SF

/ 7 II 4 Revised Table l—CBMI—PB (1 page)

V 8 II 5 A new item ine~i*~tnjj ~sy (1 page), text (1 page),
and Table 1-CERL-FC (1 page)

19 II 6 Revised sheets 2 and 3 of Table 2-PR; revised sheet
2 of Table 5-PR ; revised sheet 3 of Table 6-PR

II 7 A new item 1ne~~ ~~-xey (i page), text (1 page),
and Table l-~ES-FC (1 page)

V ii II 8 Revised sheet 5 of’ Table l-CRMI-PD; revised sheet 3
of Table 2-CRMI-PD

‘1 12 II 9 Revised sheet 2 of Table l-PQ

* PR 6—553 was issued in June 1960. Distributions of Supplements,
Corrections, and Revisions are issued each year. This distribution,
No. 13, brings the report up to date as of’ June 1975.
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(Issued May 1976)

Item Part Sect1o~ Supplement, Correction, or Revision

II 10 Revised sheet 1 and new sheet 2 of Table 1-SC;
- revised Table 2-SC (i page)

/111 II 11 Revised sheets 2 , 3, and Ii. of Table
II 12 Revised Table l-SSFE (1 page)
II 13 Revised Table 1—TP (1 page )
II 14 Revised Table l—4.5A (1 page) -

fr1~ II 17 Revised sheets 5, 6, 7, and 8 and new sheets 9,
10, 11, and 12 of Table 1—LTS

II 22 Revised Table 1—MM (1 page)

II 25 Revised sheet 6 of’ Table 1—CRA

~~-~1 II 26 Revised Table 1—OD (1 page)

II 27 Revised Key; reprinted sheet 3, revised sheet 4,

new sheet 5; revised sheet 2 of Tables l-KCD and
2-KCD; revised Tables 3-KCD, 4-KCD, and 5-KCD
(1 page each); new Tables 6-KCD and 7-KCD (1 page
each).

II 28 Revised Table 1-ED (1 page)

s..~9( II 34 Revised Table 1-MOP (1 page)

t/25 II 35 Revised Tables 1-~~ and 2-QA (1 page each )
II 37 Revised sheet 3 of Table 1-CAP
II 38 Revised sheet 2 of Table l-MAWC

- 
• II 39 Revised sheet 2 of Table 1-CT

XI -- Revised Plate 2

- —
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(Issued Aug 19714)
‘-a!

INVESTIGATION OF PERFORMANCE OF CONCRETE AND CONCRETING
MATERIALS EXPOSED TO NATURAL WEATHERING

TECHNICAL REPORT NO. 6—553

June 1960

Supplements, Corrections, and Revisions
Distribution No. 12*

August 19714

VOLUME 1

ACTIVE INVESTIGATIONS

Item Part Section Supplement, Correction, or Revision

Preface Reprinted p iii; revised p iv

12 Contents Revised p v and reprinted p vi

~3 Revised p vii

I Revised pp 3 and 6; reprinted pp It and 5

5 II Revised p 9 and Table 1, deleted Table 3

~J 6 II 1 Revised sheet 3 of Table 1—TC—A
7 II 2 New sheets 8 and 9 of’ Table 1—TC—B

.18 II 3 Revised sheet 1 of Table 1—SF; new sheet 2 of
Table 1-SF

II It Revised Table 1.—CRMI—PB (1 page)

-110 II 6 Revised shepto 2 and 3 of Table 2—PR; sheet 2 of’
Table 5~ and sheet 3 of Table 6—PR

II 8 Revised sheet It of Table 1—CRMI—PD; new sheet 5 of

/ 
Table 1—CR!41—PD; revised sheet 3 of Table 2—CRMI-PD

.112 II 9 Revised sheet 2 of Table 1—PQ

(13 II 10 Revised Tables 1—SC and 2—SC (1 page each)

* pR 6—553 was Issued in June 1960. Distributions 1, 2, 3, 14, 5, 6 , 7,
8, 9, 10, and 11 were issued, respectively , In May 1962, August 1963,
Auguat 19614, August 1965, September 1966, September 1967, September
1968, September 1969, September 1970 , January 1972, and January 1973.
This distribution, No. 12, brings the report up to date as of August
1971e.
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(Issued Aug 1974 )

Item Part Section Supplement, Correction, or Revision

II 11 Revised sheets 2, 3, and 14 of Table l—BFS
115 II 12 Revised Table 1—SSFE (1 page)

L16 II 13 Revised Table 1—TP (i page)

II l1t Revised Table l—4.5A (i page)

\
‘
~ 8 II 17 Revised sheets 5, 6, 7, and 8 of’ Table 1—LTS

\ \i9 II 22 Revised Table 1—MM (i page)

- 

‘
~2O II 25 Revised sheet 6 of Table 1—CRA

\
~21 II 26 Revised Table 1—OD (i page)

22 II 27 Revised sheet 2 of Tables 1—KCD and 2—KCD; revised

\ Tables 3-KCD, 4—KCD, and 5—KCJ) (i page each)

\\23 II 28 Revised Table 1—ED (1 page)

~ 24 II 29 Reprinted p 1; revised p 2
25 II 30 Revised pp 1 and 2

~~26 II 34 Revised Table 1—MOP (1 page)

(27 II 35 Revised Table 1—QA and. 2—QA (1 page each)
j  28 II 37 Revised sheet 3 of Table 1—CAP

(‘2) II 38 Revised sheet 2 of Table
II 39 Revised sheet 2 of Table 1—CT
II 40 Revised Tables 1—NBC , 2—NBC , 3—NBC , and 4—NBC

(1 page each)

32 II —— Revised Plate 2
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) (Issued Jan 1973 )

INVESTIGATION OF PERFORMANCE OF CONCRETE AND CONCRETING
-~ MATERIALS EXPOSED TO NATURAL WEATHERING

TECHNICAL REPORT NO. 6-553

June 1960

Supplements , Corrections , and Revisions
Distribution No. 11*

January 1973

VOLUME 1

ACTIVE INVESTIGATIONS

Item Part Section Supplement, Correction, or Revision

/1 Preface Revised pp iii and iv

Contents Revised p v; reprinted p vi

( ~ ~~~~~~~ I -- Reprinted pp 1’~.nd 54id Tables 2 ‘~ id 3; revised
pp 2 ~~ d 6 ~~d Table 1 (1 page )~~~

II -- Revlsed p lO

i~~~ II 1 Revised sheet 3 of Table l-TC-A
II 2 Revised sheets 6~~nd 7~~f Table 1-TO-B

V7 II 3 Revised Table 1-SF (1 page)
V’8 II ii. Revised Table 1-CRMI-PB (1 page)
fr ~~

” 
II 5 Withdraw Section 5 from this volume (see Vol 2 , CC!.!-

- PLETED INVESTIGATIONS , Program 22)
II 6 Revised sheet 2~~f Table 1-PR~” heets 2~and 3o f

Table 2-PR sheet Lpf’ Table 5-PR rand sheet 2
of TabIi] YRr New sheets 3 of’ Tables l-PR’~ nd
6-PR ~~~~~~

II 7 Withdraw Section 7 from this volume (see Vol 2,
CC!4PLETED INVESTIGATIONS, Program 23)

* PR 6-553 was issued in June 1960. Distributions 1, 2, 3, 4 , 5, 6, 7,
8, 9, and 10 were issued, respectively, in May 1962 , August 1963, Au-

O gust 1964, August 1965, September 1966, September 1967, September 1968,
September 1969, September 1970 , and January 1972. This distribution,
No • II, brings the report up to date as of January 1973 .
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(Issued Jan 1973) )

Item Part Section Supplement, Correction, or Revision

II 8 Revised sheet jj~~f Table l-CRMI-PD~~~ d sheet Lof
Table 2-CRMI-.PD

II 9 Revised sheet 2 of Table 1-PQ~~
II 10 Revised Tables 1-SC ~~ d 2-SC (1 page each )
II 11 Revised sheets 2 ,~3,~~ nd 4~~~~~ Table 1-BFS

fr!6 II 12 Revised Table l-SSFE (1 page )
II 13 A new item including Key (1 page), text (1 page),

and Table 1-TP (i page )

Vi8 II 14 Revised Table 1-4.5A (1 page )

fr.1~ II 17 Revised sheets 5~
” ~~~~~~~~~~~ 8 ‘ct’ Table 1-LTS

II 22 Revised Table 1-MM (1 page )
II 25 Revised sheet 5~~~id new sheet 6~~f Table 1-CRA
II 26 Revised Table 1- 01 (1 page )

..‘~3 II 27 New shee~y 2 oç,.rables 1-’~ nd 2-KCD ; revised Tables
3-KCD, 4-KCD, and. 5-KCD “cl page )

‘44 II 28 Revised Table 1-ED (1 page )

e-~~ II 30 Reprinted p 1~i~evised p 2

~~~ II 34 Revised Table 1-MCP (1 page )
II 35 Revised Table l-QA I

’l page ) and Table 2_QAb*il page )

~~~8 II 37 Revised sheet 3 of Table 1-CAP
II 38 Revised sheet 2 of Table l-MAWC
II 39 New sheet 2 of’ Table 1-CT (i. page ) —

• - ..4(
’ 

II Ito Revised Table s 1-NBC ,“~-MBC rcMBC ~~~~ 4-MBC

j II -- Revised Plates 1 and 2

. 1
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(Issued Jan 1972 )

: 
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INVESTIGATION OF PERFORMANCE OF CONCRETE AND CONCRETING

MATERIALS EXPOSED TO NATURAL WEATHERING
S

TECHNICAL REPORT NO. 6-55 3

June 1960

Supplements , Corrections , and Revisions
Distribution No. 10*

January 1972

VOLUNE 1

ACTIVE INVESTIGATIONS

Item Part Section Supplement, Correction, or Revision

1 Preface Revised pp iii ax~d iv

2 I -- Reprinted p 1; revised pp 2, 3, ~~~ 5, 6, Tables 1, 2,
and 3

- 

- 
3 II -- Revised p 11
It II 1 Revised sheet 3 of Table l-TC-A
5 fl 2 Revised sheets 6 and 7 of Table l-TC-B
6 II 3 Revised Table 1-SF (1 p)

7 II It Revised Table 1-CRMI-PB (1 p)

8 II 5 Revised Tables 1-PF and 2-PF (1 p ea)

9 ii 6 Revised sheet 2 of Table 1-PR ; revised sheets 2 and
3 of Table 2-PR; revised Table 3-PR (1 p) ;  revised
sheet 2 of Table 5-PR ; revised sheet 2 of Table 6-PR -

10 II 7 Revised Table l-GLD (1 p)

U 8 Revised sheet )4 of Table l-cRNI-PD; revised sheet 3 of
Table 2-CRMI-PD

12 II 9 Revised sheet 2 of Table l-PQ

13 II 10 Revised Tables 1-SC (1 p) and 2-SC (1 p)

* PR 6-553 was issued in June 1960. Distributions 1, 2, 3, 4 , 5, 6, 7,
8, and 9 were issued, respectively, in May 1962, August 1963, August
1964, August 1965 , September 1966, September 1967, September 1968,

• 

- 
September 1969, and September 1970 . This distribution, No. 10, brings
the report up to date as of January 1972.
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(Issue d Jan 1972)

)
Item Part Section Supplement , Correction, or Revision

14 II 11 Reprinted p 1; revised p 2; revised sheets 2, 3,
and It of Table 1-BFS

15 II 12 Revised Table l-SSFE (1 p)

16 II 14 Revised Table 1-It.5A (1 p)

17 II 17 Revised p 1; revised sheets 5, 6, 7, and 8 of
Table l-LTS

18 II 22 Revised Table 1-MM (1 p)

19 II 25 Revised sheets It and 5 of Table l-CRA
20 II 26 Revised Tables 1-aD (i p) and 2-OD (1 p)

21 II 27 Revised Tables 1-KCD (1 p), 2-KCD (i p), 3-KCD (1 p),
It-KCD (i p),  and 5-KCD (1 p)

22 II 28 Revised Table 1-ED (1 p)

23 II 29 Reprinted p 1; revised p 2

24 II 30 Reprinted p 1; revised p 2; revised sheets 2 and 5 of
Table 1-WS; revised sheets 1 and 2 of Table 3-WS;

• revised sheets 1, 2, 3, and It of Table It-ws
25 II 32 Revised p 1

26 II 34 Revised Table 1-MCP (1 p)

27 II 35 Revised Tables l-Qfi (1 p) and 2-QA (1 p)

28 II 36 Revised Table 1-CRMI-PG (1 p)

29 II 37 Revised sheet 3 of Table 1-CAP

30 II 38 Revised sheet 2 of Table 1-MAWC

31 II 39 Revised sheets 1 and 2 of Table 1-CT

32 II Ito Revised key; revised p 1; revised Tables 1-NBC (1 p)
and 2-NBC (1 p); new tables 3-NBC (i p) and It-NBC
(i p)

33 II Revised Plate 1

4 34 II Revised Plate 2

35 II Revised Plate 3

I -

~
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(Issue d Sept 1970)

INVESTIGATION OF PERFORMANCE OF CONCRETE AND CONCRETING

MATER IALS EXPOSED TO NATURAL WEATHER ING
I . .

TECHNICAL REPORT NO. 6-553
June 1960

Supplements , Correct ions , and Revisions
Distribution No. 9*

September 1970

VOLUME I

ACTIVE INVESTIGATIONS

Item Part Section Supplement, Corre ct ion, or Revision

I Preface Reprinted p iii: revised p iv

2 Contents Revised p v; reprinted p vi

3 I -- Revised Tables 1, 2, and 3 (1 p ea)
14 II -- Revised p 11

5 II I Revised sheet 3 of Table l-TC-A

6 II 2 Revised sheets 6 and 7 of Table l-TC-B
7 TI 3 Revised Table 1-SF (i p)

8 -r - r It Revised Table i-CRMI-PB (1 p)

9 II 5 Revised Table i-PF (1 p)~ new Table 2-PF (1 p)

10 Fl 6 Revised sheet 2 of Table 1-PR: revised sheets 2 and 3
of Table 2-PR: revised Table 3-PP (1 p); revised
Table 14-PR (i p)~ revised sheet 2 of Table 5-PR : re-vised sheet 2 of Table 6-pR

11 II 7 Revised Table 1-GLI) (i p)

12 II 8 Revised sheet It of Table 1-CRMI-PD ; revised sheet 2 and
new sheet 3 of Table 2-CRMI-PD

13 II 9 Revised sheet 2 of Table 1-PQ

114 r r  10 Revised Tables i-SC (i p) and 2-SC (i p)

* Tfl 6-553 was issued in June 1960 . Distributions 1, 2 , 3, 4, 5, 6, 7, and
8 were issued , respectively, in May 1962 , August 1963 , August 19614, August- i - 1965, September 1966 , September 1967, September 1.968 , and September 1969 .
This distribution, No. 9, brings the report up to dat e as of September
1970 .
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(Issued Sept 1970) 

~1)
Item Part Section Supplement , Correction , or Revision

15 II 11 Revised sheets 2 , 3, and It of Table l-BFS; revised
sheets 2 , 3, and 14 of Table 2-BFS

16 II 12 Revised Table 1-SSFE (i p)

17 II 13 Withdraw Section 13 from this volume ( see Vol 2 , COM-
PLETED INVESTIGATIONS , Program 21)

18 II 14 Revised Table l-lt .5A (i p)

19 II 17 Revised sheets 5, 6, 7, and 8 of Tabl e l-LTS ; revised
sheets 1, 2, 3, and It of Table 2-LTS

20 II 22 Revised Table 1-MM (i p)

21 II 25 Revised sheets It and 5 of Table 1-CPA

22 II 26 Revised Table 1-OD (1 p); revised Table 2-OD (1 p)

23 II 27 Revised Table 1-KCD (1 p); revised Table 2-KCD (1 p);
revised Table 3-KCD (1 p); revised Table It-KCD (i p);
revised Table 5-KCD (1 p)

24 II 28 Revised Table 1-ED (1 p)

25 II 29 Revised sheets 3 and It of Table 1-AA ; revised Table 2..AA
(i p)

26 II 30 Revised sheets 2 and 5 of Table l-WS ; revised sheets 2
and 3 of Table 2-WS ; revised sheets 1 and 2 of Table
3-WS ; revised sheets 2, 3, and It of Table It-wS

27 II 31 Revised key, revised pp 1 and 2; revised Table 1-WPP
(i p)

28 II 32 Revised sheet 2 of Table l-SS

29 II 34 Revised Table 1-MCP (1 p)

30 II 35 Revised Table 1-QA (1 p); revised Table 2-QPt (1 p)

31 II 36 Revised p 1; revised Table 1-CRMI-R (1 p)

32 II 37 Revised sheet 2 of Table 1-CAP; new sheet 3 of Table
1-CAP

33 II 38 Revised sheet 2 of Table l-MAWC

34 II 39 Revised sheets 1 and 2 of Table 1-CT

35 II 140 Revised key; revised p 1; revised Table 1-MBC: new
Table 2-NBC (i p)

36 II -- Revised Plates 1, 2, and 3 (1 p ea)

~~~-~~~--~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -



(Issued Sept 1970)

- 
VOLUME 2

COMPLETED INVESTIGATIONS

Item Part Program - Supplement , Correction , or Revision

37 Revised Contents (1 p)

38 III -- Newp 3

39 III 21 A new item (including key (2 pp); 7 pp of text; and
Tables 1-CRE, 2-CRE, and 3-CRE)

4 Q

gI 
-- __

~~~ 

-- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--• 

~~~~~

-

~~

— - 
__
~~z



r — 
- _ _ _ _ _

- S-, - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -—- ‘-- -—.——~~, —  - — — — -  _ _ t .

(Issued Sept 1969)

— INVESTIC~LTION OF PERFORMANCE OF CONCRETE MID CONCRETING

MATERIALS EXPOSED TO NATURAL WEATHERING

TECHNI CAL REPORT NO. 6-553
June 1960

Supplement s , Corrections, and Revisions
Distribution No. 8*
September 1969

VOLUME I

ACTIVE INVESTIGATIONS

Item Part Section Supplement , Correct ion , or Revision

1 Preface Reprinted p iii; revised p iv

2 Cont ent s Revised p v; reprinted p vi

3 I -- Reprinted p 5; revised p 6; revised Tables 1, 2, and
3 ( l p ea)

~ _) It II - - Revised p 11

5 II 1 Revised sheet 3 of Table 1-TC-A

6 II 2 Revised sheet s 6 and 7 of Table l-TC-B

7 II 3 Revised Table 1-SF (1 p)

8 II It Revised Table l-CRMI -PB (1 p)

9 II 5 Revised Tables l-PF and 2-PP ( same page)

10 ij 6 Revised sheet 2 of Table 1-PR; revised sheets 2 and 3
of Table 2-Pa ; revised Table 3-PR (1 p) ;  revised
sheet 1 and new sheet 2 of Table 5-PR; revised
sheet 2 of Table 6-PR

11 II 7 Revised Table 1-GLD (1 p)

12 II 8 Revised sheet 3 and new sheet It of Table 1-CRMI-Ptl;
revised sheet 2 of Table 2-CRMI-PD

13 II 9 Revised sheet 1 and new sheet 2 of Table 1-PQ

11+ II 10 Revised Tables 1-SC (i p) arid 2-SC (1 p)

* PR 6-553 was issued in June 196o. Distributions 1, 2 , 3, 4, 5, 6, and 7 -

were issued, respectively, in May 1962, August 1963, August 19614, August

O 1965, September 1966, September 1967, and September 1968. This distri-
bution, No. 8, brings the report up to date as of September 1969.
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(Issued Sept 1969)

Item Part Section Supplement , Correction , or Revision

15 II 11 Revised sheet s 2 , 3, and It of Table 1-BFS

16 II 12 A new it em (including key; 1 p of text ; and Table
l-SSPR (1 p)

17 II 13 Revised sheet 5, reprinted sheet 6, and revised sheet
7 of Table 1-CRE ; revised sheet 2 of Table 2-CItE

18 II 14 A new item ( including key; 1 p of text ; and Table
l-It.5A (1 p ) )

19 II 17 Revised sheet s 5, 6, 7, and 8 of Table l-LTS

20 II 22 Revised Table 1-MM (1 p)

21 II 25 Revised sheets It and 5 of Table 1-CPA

22 II 26 Revised Table 1-OD (1 p ) ;  revised Table 2-OD (1 p)

23 II 27 Additional key (1 p);  revised p 3 and new p It; revised
Table l-KCD (1 p) ;  revised Table 2-KCD (1 p ) ;  re-
vised Table 3-KCD (1 p); revised Table It-KCD (1 p);
new Table 5-KCD (i p)

24 II 28 Revised Table 1-ED (1 p)

25 II 30 Revised sheet s 1, 2 , 3, and 4 , new sheet 5, and revised
sheets 6 and 7 of Table l-WS ; revised sheet s 1, 2 ,
and 3 of Table 2 -WS ; revised sheets 1 and 2 of Table
3-WS ; revised sheets 2, 3, and It of Table It-ws

26 II 314 Revised Table 1-MCP (1 p)

27 II 35 Revised Table 1-QA (1 p); revised Table 2-QPi (1 p)

• 28 II 36 Revised p 1; revised Table l-CRMI-PG (1 p)

29 ri 37 Revised sheet 2 of Table 1-CAP

30 II 38 Revised sheet 2 of Table l-MAWC

31 II 39 Revised sheets 1 and 2 of Table 1-CT

32 II 140 A new item (including key; 1 p of text ; and Table
l-MBC (l p)

33 II -- Revised Plates 1 and 2 (1 p ea)

) 
-
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( Issued Sept 1968)

S. - -—
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* TR 6-553 was issued in June 1960. Distributions 1, 2, 3, 4, 5, and 6
• were issued, respectively, in May 1962, August 1963, August 1964, August

1965, September 1966 , and September 1967. This distribution, No. 7,
brings the report up to date as of September 1968.

L ~~~~~~~~~~~~~ .-~~~~~_ -~-- ----~~•- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ‘ -----—----—-- ------ — ------ -~ -----—~ ~~‘— - — —--



(Issued Sept 1968)

Item Part Section Supplement , Correction , or Revision

15 II 11 Revised pp 1 and 2; revised sheet 2 and new sheet s 3
and 14 of Table 1-BFS ; revised sheet 2 and new sheet s
3 and 14 of Table 2-BFS

16 II 13 Revised sheet 3, reprinted sheet It , revised sheets 5,
6, and 7 of Table 1-CRE ; revised sheet 2 of Table
2-CRE ; revised sheets 3, 4, 5, and 6 of Table 3-CRE

17 II 17 Revised p 1; revised sheets 5, 6, 7, and 8 of Table
1-LTS ; revised sheets 1, 2 , 3, and It of Table 2-LTS

18 II 22 Revised Table 1-MM (1 p)

19 II 25 Revised sheets 3, 4 , and 5 of Table 1-CPA

20 II 26 Revised Table 1-OD (1 p ) ;  revised Table 2-OD (1 p)

21 II 27 Revised Table 1-KOD (1 p ) ;  revised Table 2-KCD (1 p) ;
revised Table 3-KCD (1 p) ;  revised Table It-KCD (1 p)

22 II 28 Revised Table 1-ED (1 p)

23 II 29 Revised sheets 3 and 14 of Table l-AA ; revised Table
2-AA (1 p)

214 II 30 Revised sheets 2 and It of Table l-WS ; revised sheets 2
and 3 of Table 2-WS ; revised sheets 1 and 2 of
Table 3-WS ; revised sheets 2 , 3, and It of Table It-ws )

25 II 32 Revised sheet 2 of Table 1-SS

26 II 311. Revised Table 1-M~P (1 p)

27 II 35 Revised Tables 1-QA and 2-4A (same page )

28 II 36 Revised Table 1-CRMI-PG (1 p)

29 II 37 Revised sheet 2 of Table 1-CAP

30 II 38 Revised sheet 1 and new sheet 2 of Table l—MAWC

31 II 39 A new item (including key; 1 p of text ; and Table
1-CT (2 pp))

32 II -- Revised Plates 1, 2 , and 3

‘-1

4 
~~-~ -- -~~~~~ ---~~~~ ~~~~~~~~~~~~~~~~~~~~



(Issued Sept 1967)

INVESTIGATION OF PERFORMANCE OF CONCRETE AND CONCRETING

MATERIALS EXPOSED TO NATURAL WEATHERING

TECHNICAL REPORT NO. 6-553
June 1960

Supplements, Corrections , and Revisions
Distribution No. 6*

September 1967

VOLUME 1

ACTIVE INVESTIGATIONS

Item Part Section Supplement , Correction, or Revision
1 Preface Reprinted p iii; revised p iv

2 Contents Revised pp v and vi

3 I —- Revised Table 1; reprinted Table 2; revised Table 3
14 II -- Revised p 11
5 II 1 Revised sheet 3 of Table 1-TC-A
6 II 2 Revised sheets 5 and 6 of Table 1-TC-B
7 II 3 Revised Table 1-SF

8 II 14 Revised Table 1-CRMI-PB

9 II 5 Revised Tables l-PF and 2-PF (sane page)

10 II 6 Reprinted p 5; new p 6; revised sheet 2 of Table 1-PR; -

revised sheets 1 and 2 of Table 2-PR; revised Table
It—PR; revised Table 5-PR; revised sheet 2 of Table
6-PR

11 II 7 Revised Table l-GLD

4 12 II 8 Revised sheets 2 and 3 of Table l-CRMI-PD; revised
sheet 2 of Table 2-CRMI-PD

1-3 II 9 Revised Table 1-PQ

14 II 10 Revised Tables 1-SC and 2-SC

15 II 11 Revised sheets 1 and 2 of Table 1-BFS

* TR 6-553 was issued in June 1960. Distributions 1, 2, 3, 4 , and 5 were
issued, respectively, in May 1962, August 1963, August 19614, August 1965,
and September 1966. This distribution, No. 6, brings the report up to
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** Pulse velocities are not given for all specimens in these Treat Island
programs for 1966. Values were obtained but they were detex~nined with
the James Soniscape (“V-scope”) and appear to be too low when compared
with previous readings taken with the McPhar Soniscope . An effort has
been made to establish a factor for use in adjusting these readings,
but has not yet been successful.
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PREFACE

The establishment of exposure stations, and the conduct of programs
of investigation relative to the durability of concrete exposed to natu-

ral weathering have been authorized from time to time by the Office , —

Chief of Engineers . The initial installation of concrete specimens at

an exposure station was made at Theat Island , Maine, in 1936 by the
— Concrete Laboratory of the Passamaquoddy Tidal Power Project . In 1939

the Office, Chief of Engineers, authorized the Central Concrete Labora-
tory, North Atlantic Division, to develop data relat ive to the dura-
bility of concrete exposed to severe weathering . Under this authoriza-
tion specimens were prepared and installed at exposure stations in
Maine , Florida , and New York . In 191t6 , the Office, Chief of Engineers ,
directed the Concrete Research Division (now Concrete Laboratory) of
the U. S. Army Engineer waterways Experiment Station (VIES) (successor

to the Central Concrete Laboratory) to cont inue the work in connection
with these exposur e stations. Further authority is contained in multi-

ple letter of the Office , Chief of Engineers , dated 114 September 19148,
subject , “Civil Works Investigations of Office , Chief of Engineers ,”
Item CW-60li -Concrete “Continuation of Permanent Exposure Stations.”

Additional authorizations have been provided since that time for the

making and installing of specific specimens at these exposure stations.
Installation and testing of specimens at the Florida station was discon-
tinued in November 1971.

Result s of these various investigations have been reported fran
t ime to time in the reports listed below .

1. Corps of Engineer s, Central Concrete Laboratory, Cement
Durability Progr ai,~ First Interim Report , June 19112.

2. 
_________, Concrete Research, Laboratory Studies of
Concrete Containing Air-Entraining Admixtures, Second

-t - Interim Report , Part I, July 19145.

iii 
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3. Waterways Experiment Station, Concrete Research, Third
Interim Report , Durability of Concrete Exposed to Natural
Weathering1 Technical Memorandum No. 6-226, August 19147.

ii.. 
_________, Concrete Resear ch, Third Interim Report ,
Supplement No. 1, Durability of Concrete Exposed to Natu-
ral Weathering, Technical Memorandum No. 6-226 , June 1950 .

5. 
_________, Investigation of Durability of Concrete Exposed
to Natural Weathering~ Report No. 5, Suuun~vy of Result s
1936-1953, Technical Memorandum No. 6-226 , May 19514.

6. 
_________, Cement Durability Program, Long-Term Field
Exposure of Concrete Columns, Technical Report C-72-2,
August 1972.

7. Roshore , E. C. and Houston, B. J., Investigation of Plastic
and Rubber-Based. Coatings Used in Lieu of Rubbed Finishes
on Formed Concrete Surfaces sponsored by the Assistant
Secretary of the Army (R&DJ~ Department of the Army;
Miscellaneous Paper No. 6-8614, November 1966 .

8. Houston, B. 3., Investigation of Nonmetallic Waterstops;
• Preliminary Laboratory and Field Exposure Tests, sponsored

by Office , Chief of Engineers , U. S. Army; Technical Report —

No. 6~5146, Report No. 1, May 1960 .

9. __________, Investigation of Nonmetallic Waterstops;
Progress Report of Laboratory and Field Exposure Tests,
sponsored by Office, Chief of Engineers, U. S. Army;
Technical Report No. 6-5146, Report No. 3, June 1963.

10. 
__________, Investigation of Nonmetallic Waterstops
Effect of Exposure, sponsored by Office, Chief of
Engineers, U. S. Army; Technical Report No. 6—5146,
Report No. 6, January 1968.

11. Kennedy, T. B., Tensile Crack Exposure Test s, CWI Item
No. 026, Tensile crack Exposure Test for Reinforced Con-
crete Beams, Technical Memorandum No. 6-1412, U. S. Army
Engineer Waterways ~q er1ment Station, CE, July 1955.

12. Roshore , E. C. ,  Durability and Behavior of Prestressed
Concrete Beams, Pretensioned Concrete Investigation;
Progress to July 1960, Technical Report No. 6—570 , Re—
port 1, June 1961.

13. 
__________, Tensile Crack Exposure Tests; Results of Tests
of Reinforced Concrete Beam~~ Technical Memorandum- : No. 6_1412 , Report 2 , November 19614 .
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i4. Roshore , E. C . ,  Durability and Behavior of Prestressed
Concrete Beams; Posttensioned Concrete Investigation,
Progress to July 1966, Technical Report No. 6-570, Re-
port No. 6—570, Report 2, March 1967.

15. 
_________, 

Field Exposure Tests of Reinforced Concrete
Beams, Miscellaneous Paper No. 6-868, January 1967.

16. 
__________, Durability and Behavior of Prestressed Concrete
Beams; Laboratory Tests of Weathered Pretensioned Beams,
Technical Report No. 6—570, Report 3, October 1971.

17. O’Neil, E. F., Durability ari d Behavior of Prestressed
Concrete Beams; Posttensioned. Concrete Beam Investigation
with Laboratory Tests from June 1961 to September 1975,
Technical Report No. 6—570, Report 14, February 1977.

18. 
__________, Durability and Behavior of Prestressed Con-
crete Beams; Laboratory Tests of Weathered Pretensioned
Beams, Technical Report No. 6—570, Report 5, June 1976.

This report su arizes all investigations made to date, and is

issued in loose-leaf form in order that it may be kept up to date by the

addition of new material or revision of old. material, as appropriate.

The report is made up of two volumes: Volume 1 (this volume) summarizes

the test results of investigations which are still active, and Volume 2
summarizes the findings of completed. investigations.

The major part of the work reported herein and the preparation of
this report constitute part of Civil. Works Investigation Item ES-630,

“Field Exposure Durability Studies of Concrete .” The studies were made
by the Concrete Laboratory, Waterways Experiment Station . Personnel
actively engaged in the direction and conduct of the work include
Ms. K. Mather , Messrs. B. Mather , John Scanlon , B. H. Sullivan, H. V.

Pye , Jr., E. E. McCoy , E. C. Roshore , H. T. Thornton , H. E. Black ,
Dale Glass, and G. S. Harris. Mr. Thornton prepared this distribution.

During the preparation of this report COL Edmund H. Lang, CE, was
Director of the Waterways Experiment Station , and Mr. J. B. Tiffany was
Technical. Director. During the preparation of this distribution of the

Supplements, Corrections, and Revisions, COL John L. Cannon , CE, was
Conunander and Director and Mr. F. B. Brown was Technical Director .

v
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V

CONVERSION FACTORS, U. S. CUSTOMARY TO
r~ ri~ic (SI) UNITS OF MEASUREMENT

1 inch = 25.4 millimetres

1 inch = 2.514 centimetres - 
-

1 foot = 30.148 centimetres
1 foot = 0.3048 metre

37°F = 2.8°C

—10°F = —23.4°C

28°F = —2.2°C

70°F = 21.1°C
1 lb = 0.453592 kilogram
1 bag of cement = 911. lb of cement = 142.6376148 kilograms of cement
1 cu yd = 0.764555 cubic metre
2. gal (u. 8.) = 3785.412 cubic centimetres
1 gal (U. s.) = 3.785412 cubic decimetres

1 cu ft = 0.028317 cubic metre
1 ton = 2000 lb = 907.184 kilograms
1 psi = 0.006894757 megapascals

1 fps = 0.30148 metre/second

1 lb/cu ft = 16.018477 kilograms/cubic metre
1 bag/cu yd = 55.767928 kilograms/cubic metre
1 gal/bag = 88.781398 cubic centimetres/kilogram
3—1/2 by 4—1/2 by 16 in. = ~pproximately 9 by 11—1/2 by 141 centimetres
6 by 6 by 30 in. = approximate1~ 15 by 15 by 76 centimetres
6 by 6 by 48 in. = approximate]~~ 15 by 15 by 122 centimetres

18 by 18 by 36 in. = approximately 146 by 46 by 91 centimetres
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(Issued August 1977)

SUMMARY

To assess the durability of concrete and other materials used in con-
crete construction when exposed to natural weathering, the corps of Engi-
neers maintains severe-, mild-, moderate- , and nonweathering exposure sta-
tions at various locations in the United States. Specimens from actual
structures and experimental specimens in which the amounts or kinds of
component s are varied are exposed until they fail or until testing is
completed, whichever occurs first . The specimens are inspected periodi-
cal].y, and tested -to determine their dynamic modulus of elasticity and
pulse velocity. This report , in two volumes, describes the exposure
stations, test methods used, the specimens, and. lists test results to date.
Volume 1 contains the active investigations, and volume 2 the completed
investigations. These volumes are In loose-leaf form so that new or re-
vised data can be added to volume 1, and completed studies can be trazis-
ferred from volume 1 to volume 2. A preliminary report was prepared in
June 1959 , but the first complete edition was issued in June 1960. Re-
visions will be distributed annually.

.4
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(Reprinted Jan 1973)

INVESTIGATION OF PERFORMANCE OF C(IWRETE AND CONCRETING
MATERIALS EXPOSED TO NDLTURAL WEATHERING

/

- 
- PART I: INTRODUCTION

1. The ultimate test of the durability of concrete is its perform-
ance under the exposure conditions in which it is to serve. Although
laboratory tests yield valuable indications of probable durability, the

potential disrupting influences in nature are so numerous and variable

that actual field exposures are highly desirable to assess the durability
of concrete when exposed to natural weathering. To this end, exposure sta-

tions have been provided at several locations in the United States. —

Severe-Weathering Station, Treat Island, Maine

/ ) 2 • The severe-weathering exposure station is located at Treat Island
in Cobscook Bay near Eastport, Maine. This station has been in use since

1936 and is an ideal location for these tests, providing twice-daily tide
reversals, together with severe winters. The specimens are installed at
mean-tide elevation and the alternate conditions of ininersion of the
specimens in sea water, then exposure to cold air , provide numerous cycles

of freezing-and-thawing of the concrete during the winter. The effect of

the relatively cool summers is to lessen, in general, autogenous healing

and chemical reactions in the concrete • The tidal range is a mean of about
18 ft, * with a maximum of about 28 ft and a minimum of about 13 ft. Pripr

to September 1963, the half-tide exposure rack, on which most of the speci-
mens are installed (the rest are on the beach), had a roof over it to elim-

inate differences in exposure due to sunlight and wind. In September 1963,

the exposure-rack specimens were moved onto a new rack. This new rack con-
tained no roof and the specimens are therefore exposed to sunlight and wind
as are the beach specimens .

* A table of factors for converting British units of measurement to metric

L 

units is included on page vii.
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3. In winter, the combination of air and water temperatures creates
a condition in which specimens at the mean-tide elevation are thawed to a

temperature of about 37 F when covered with water, and are frozen to tern-
peratures as low as -10 F when exposed in air. A recording thermometer,

the bulb of which is embedded in the center of a concrete specimen, records

these temperatures. A cycle of freezing-and-thawing consists of the re-

duction of the temperature at the center of a concrete specimen to below

28 F, and its subsequent rise to above that figure. During an average

winter, the specimens are subjected to over 100 cycles of freezing-and-

thawing. In eleven winters, from 1960 to 1972, the number of annual cycles

has ranged from 89 to 185, with the average being 1145.

Mild-Weathering Station, St. Au,gustine~ Fla.

14. The mild-weathering exposure station located in Salt-Run, off

Anastasia Island near St. Augustine, Fla., was discontinued in November
1971. This station was established to provide information on the effects

of sea water on concrete specimens apart from the effects of freezing-

and-thawing. The specimens were installed at mean-tide elevation and,

therefore, were subject to twice-daily tide reversals. The mean water

temperature of about 70 F was found to be conducive to attack on concrete

specimens by the dissolved salts in the sea water.

5. In September 19614, Hurricane ttDorat! struck the St. Augustine

area, breaching the bar between Salt-Run and the open sea and depositing
a large quantity of sand on the exposure rack. In February 1966 , an in-
spection party established that the continuing deposition of sand did

not seriously alter the exposure conditions and no immediate action as a

result of it was Indicated. It became obvious, however, by mid-1971 that

the sand deposits, which had by then become extensive, and the accelerating

deterioration of the facility dictated its abandonment. A firm decision

concerning the possible reestablishment of the mild-weathering station at

another site has not yet been reached.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Moderate—Weathering Exposure Stations

6. The moderate—weathering exposure s~tation was located outdoors at

West Point , N. Y. ,  from September 19140 to April 19142 , then at Mt. Vernon,
N. Y., from 19142 to 19146. Specimens for moderate exposure were stored

outdoors at the U. S. Army Engineer Waterways Experiment Station Jackson
Installation, Jackson, Miss., until October 1969. Here specimens were ex-

posed to rain, occasionally ice or snow, cold, and strong sunlight, but

were supported above the ground and allowed to drain freely. Moderate—

weathering exposure was discontinued after October 1969.

Nonweathering Exposure Stations

7. A nonweathering exposure station was located in 19140 inside the

laboratory buildings at West Point, N. Y., and later indoors at Mt. Vernon,

N. Y .,  until 19146 . Since that time , specimens for nonweathering exposure
have been stored inside the Concrete Laboratory building at the Jackson

Installation.

Composition of Sea Water at Treat Island,
Maine, and St. Augustine, Fla.

Parts per Million
Treat Island Salt—Run

Constituent (Sampled in 1959) (Sampled in 1958)

Total solids 35,275 - 38,770
Suspended solids —— 160
Dissolved solids —— 38,610
Calcium 370 1430
Magnesium 1,175 1,3140
Sodium 9,500 11,130
Potassium 370 1450
Chloride 17,100 20,1460
Sulfate 2,385 2,780

Test Methods

Frequency readings

8. The concrete specimens at all Installations are subjected to test

L ~~ - - •~~~~~~~ - - - • •~ • •  ~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - .-~
- - —.~~~~~ .--—- ~ ——~ ~~~~~~~~~~
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for fundamental transverse frequency (Test Method CRD-C l8_59*) at regular

intervals~~ during exposure, unless their shape or size prevents. The

specimen is supported in a horizontal position at the nodes and caused to

-

• 

- vibrate in its fundamental flexura.l mode. The resonant frequency is ob-

tam ed by observing the maximum indication on a suitable meter as the ap-

plied frequency is varied. From this value together with the size, shape,
and weight of the specimens, the dynamic modulus of elasticity (E) is de-

termined. The moduli so determined are expressed as percentages of the

initial dynamic modulus obtained at insta.llation (%E). A specimen is con-
sidered as having failed if this percentage (%E) drops below 50 during the

exposure.

Pulse velocity readings

9. The concrete specimens at all installations are subjected to
pulse velocity tests (Test Method CRD-C 51-57) at regular intervals during

exposure, unless their size or shape prevents. The test instrument meas-

ures the time of travel of a sound pulse through a concrete specimen.

From the travel time and the path length, values for velocity of sound in
• concrete (v) are calculated. The square of the velocity thus determined

is expressed as a percentage of the square of initial velocity obtained

at installation (%v2). Example:

V0 = velocity of sound in a certain specimen at installation.

V.~ = velocity of sound in this same specimen at a later date.

Theref ore

v2

%v2 
(at time t) =

10. Pulse velocity readings on test specimens are taken through
various paths depending upon specimen size, shape, and type of specimen.
For example, one pulse velocity reading is taken through an 18- by 18- by

36-in, prism from the center of one 18- by 18-in, face to the center of

* U. S. Army Engineer Waterways Experiment Station, CE, Handbook for Con-
crete and Cement, Aug 19149 (with quarterly supplements), Vicksburg, Miss.

*~~ The specimens at St. Augustine were tested every two years; the sped -
mens at all other stat ions are tested annually.

—- ~~~--~~~~ -
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the 18- by 18-in, face on the other end; this provides a 36-in, path. This

same path is used, if possible, each time the specimen is tested. A 2-ft

cube is tested by transmitting the ultrasonic pulse from the center of one

2- by 2-ft face to the center of the opposite 2- by 2-ft face. Two such
readings are taken for each 2-ft cube (paths normal to each other) and

averaged to give the pulse velocity reading. The same two paths are used,
if possible, each time the specimen is tested.

Visual inspection

II. All specimens are visually inspected periodically at all exposure

stations to ascertain their condition. Those specimens not amenable to

quantitative testing are inspected more thoroughly at times comparable to

the testing periods to determine their condition and to permit comparisons

of the durability of these specimens .
Criteria of failure

12. Specimens are regarded as having failed when they separate into
pieces , when the %E is 50 or less , or when deterioration has progressed to
such a point that reliable determinations of fundamental frequency and

pulse velocity cannot be obtained. Specimens that have been broken in

handling are so listed and not as ~failed.”

Specimen size

13. Test specimens of various sizes and shapes have been used from
time to time as outdoor exposure specimens . In December 1963, however , it
was specified in the Handbook for Concrete and Ceinent* that specimens for
outdoor exposure shall be 18 in. in height and depth, and 36 in. in length.
The 18- by 18- by 36-in , prism was selected instead of a 2-ft cube because
it (a) afforded a longer path length for pulse velocity readings, (b) con-

tam ed less concrete and therefore weighed less , and (c)  was more amenable
to tests for fundamental transverse frequency. With a 36-in, path a
smaller percentage of error is introduced into pulse velocity calculations
because of minor variations in the measurement of path length than with a
211-in , path . A lighter specimen reduces handlir~ig and shipping costs and a
specimen with a length-to-width ratio of 2 to 1 (prism ) is less difficult

* U. S. Army Engineer Waterways Experiment Station, op. cit.

- — - - -  — - -~ - - — .
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to excite in the fundamental flexural mode than a specimen with a length-

to-width ratio of 1 to I (cube). In 1968, with the 18- by 18- by 36-in.
prism as the outdoor exposure specimen and with enough exposure rack space
available for the proper installation of a large number of prisms on their

nodal points, large mass concrete specimens were tested for both funda-

mental flexural frequency and pulse velocity on a regular basis (see Sec-

tion 39, Part II) for the first time at Treat Island, Maine .

Summary of Specimens

Treat Island exposure

114. Plate 1 gives a summary and the layout of the test specimens in-
stalled on the beach at Treat Island, Maine. The summary indexes each group
of specimens on the beach by the sçction number given them in Part II of

this report. Plate 2 gives the arrangement of test specimens on the expo-

sure rack and also indexes each group by section number. Table 1 is a re-

capitulation of all specimens exposed at Treat Island and indexes each

group by section number.

St. Augustine exposure

15. Plate 3 gives in detail the arrangement of test specimens on

the exposure rack at St. Augustine, Fla., in November 1971 when that station

was discontinued, and indexes each group by section number. Table 2 lists

each group of test specimens exposed at St. Augustine and indexes them by

section number.

• -  - -•- -~~~ -
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Table 1

Recapitulation of Specimens Yxposed at Treat Island. Maine

Specimens Section
Location No. No. Date No. in

Section Row Program of Investigation Size and Kind Installed Left Installed This Vol

Beach 2 Tensile Crack Specimens . Series A 7_ft—9— in.—long beams 82 0 Nov 1951 1
Beach 1 Tensile Crack Specimens. Series B 7—tt—9-in .—long beams 76 75 Nov 19514 2
Back 9 Stewart Field Spheres 1—ft spheres 214 12 Yap 1954 3
Beach 2 Cement—Replacement Materials 18— by 18— by 36—in . prisms 21 6 Dec 1953 Ii

Investigation . Phase B
Beach 2 Prestres sed Concrete Program 4—1/2— by 9— by 81—in , beams 16 0 Oct 1958 6
Rack 3 Prestr ,ssed Concrete Progr am 3— 1/2— by 4— 1/2— by 16—in . besss 72 57 Oct 1958 6
Beach 2 Pre stressed Concrete Pro gram 10— by 16— by 96—in . beams 20 12 June 1961 6
Rack is Cement—Replace ment Materials 10— by 20—in. core, 75 21 Oct 1958 8

Investigation , Phase D
Beach 1 Cement—Replacement Materials 2—ft cubes 2~ Is Oct 1958 8

Investig ation . Phase D
Rack 8 Passamaquoddy Project 5— by 5— by 60— in , columns 143 1 June 1936 9
Rack 5 Missouri River Division Program 3—1/2— by 4—1/2- by 16-in . beams 12 5 Sept 1963 10
Rack 5 Missour i River Division Program 3.- by 4-1/2— by 16-in, beams 3 2 Nov 1965 10
Rack 5 Portland Blast—Furnace Slag 3—1/2— by 14— 1/2— by 16-in , beams 108 66 May 1956 11

Cement Investi gation
Back 3 Specimen Size-Pr ost Effect s 3-112- by 4—3/2- by 16-in , beams 9 9 Dec 1968 32

1nvestigation
Rack 2 6- by 6— by 30-in , beams 3 3 Dec 1968 12
Rack 3 1 2—ft cubes 3 3 Dec 1968 12
Rack 2 V 16— by 18— by 36-in, prisms 3 3 Dec 1968 12
Rack 3 Tr umbull Pond Dam Prisms 18— by 18— by 36-in, prisms 6 6 June 1972 13
Rack 2 Investi gation of is—1/2— in . 18— by 18— by 36—in. pris ms 12 5 Dec 1968 14

Aggregate Concrete
Rack 3 Longtime Study, Waterways 3—1/2— by 4—1/2— by l6—in, beams 198 196 May 1955 17

Experiment Station
Rack 4 Mt. Morris Dam Cores 1O— in .—diam by 18—in, cores 11 3 Oct 1949 22
Rack 2 Air-Retraining Admixture Study 6- by 6— by 30-in , prisms 90 13 Nov 1944 25
Rack 2 (~imba District Aggregate Program 6— by 6— by 30—in , beams 6 3 Dec 1956 26
Rack 2 Omaha District Aggregate Program 3 0 Nov 1964 26
Rack 2 Kansas City District Aggregate 18 6 Jan 1958 27

Prog ram
Rack 2 18 1 May 1959 27
Rack 2 9 5 Nov 1962 27
Rack 2 9 5 Dec 1963 27
Rack 2 3 3 May 1969 27

l Rack 2 3 3 July 1974 27

- - Back 2 3 3 July 19714 27
Beach 1 Eufaula Dam Aggregates Study 2—ft cubes 3 3 Oct 1958 28
Rack N wall Nonmetallic Watersto p Waterstop pieces 514 16 May 1957 30

- - Investigation
• —— —— Rebedded Vaterstop pieces 27 0 Yap 1957 30

Rack N wall Waterstop pieces 30 0 Nov 1957 30
• —— —— Rebedded waterstop pieces 15 0 Nov 1957 30

Rack N wall - Watersto p pieces 2 0 Aug 1958 30
—— —— Rebedded waterstop pieces 1 0 Aug 1958 30

Rack 5 Woven Plastic Test Prog ram 13—in. squa res 160 0 Nov 1963 31
—— —— Woven Plastic Test Prog ram 13-in. squa res 80 0 Apr 1967 31

Rack 5 Woven Plastic Test Prog ram 13-in. squares 22 0 Mar 1970 31
Top of Membrane Curing Prog ram Box specimens 14 14 June 1946 34

whar f
Beach 2 Quality Aggregate Investigation 2—ft cubes 10 0 Nov 1962 35
Beach A—l Quality Aggregat e Investigation 2—ft cubes 6 2 Dec 1963 ~5
Beac h 2 Cement~Rep1acement Materials 18— by 18— by 36—in, prisms 2 0 Nov 1962 36

Investigation , Phase 0
Beach 2 Maximum Size of Coarse Aggregat e 18 9 Dec 1963 37

Program
Beach A—1 Maximum Allowable Water—Cement 24 12 Dec 1964 38

Ratio Inve stigation
Rack 1 Curing Investigation 56 56 June 1968 39
Rack 5 Investig ation of Plastic Based 10- by 10- by 3—in, mortar—coated 8 8 July 1969 IsO

Mortar Coatings panels
Rack 5 Investig ation of Plastic Based 10— by 10- by 3-in, mortar—coated 8 8 Nov 1969 IsO

Mortar Coatings panels
Rack 5 Investig ation of Plastic Based 10- by 10- by 3-in, mortar—coated 16 16 Dec 1970 IsO

Mortar Coatings panels
- - Rack 3 C~~L Fibrous Concrete 3-1/2— by 14— 1/2— by 16-in, beams 30 10 Jan 197 5 5

Rack 4 & 6 W!8 Fibrous Concrete 9— by 9.. by 145—in. beams 17 17 June 1975 7
Rack 5 WES Fibrous Concrete 6— by 6.’ by 30-in, beams 12 12 June 1975 7
Rack 5 WES Fibrous Concrete 6- by 6- by 36-In, beams 21 21 June 1975 7
Rack 9 Sul tur—Int’iltrated Concrete Is~ by 8-in. cylin4era 18 18 Aug 1976 15
Ra ck 9 Sulfur—Infiltrated Concrete 3- by 6.-in, cylinders 36 36 Aug 1976 15
Rack 6 Roller—Compacted Concrete 12— by 12— by 36—in , beams 6 6 July 1977 16
Rack 6 Charles River — Smelt Brook 6— by 6- by 2Is~ in, beams 18 18 Aug 1976 18

0
—— Dashed lines in “Section ” and “Row ” col,~~~s indicate thst these specimens are no longer on the exposure r eck.

• — -
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Table 2

Recapitulation of Specimens Exposed at St. Augustine, Fla.

Specimens Sec.
No. Date No.

Program of In.- No. In- in This
Investigation Size and. Kind stalled Left stalled Vol

Prestressed Concrete 16—1/2— by 9— by 3 1 Oct 1959 6
Program 81-in, beams

Portland Blast— 3—1/2— by 4—1/2— 108 93 Aug 1956 11
Furnace Slag Ce— by 16—in, beams
ment Investigation

8—1/2— by 8—1/2— 165 0 Aug 1956 1].
by 12—in, prisms

Longtime Study 3—1/2— by 4—1/2— 198 195 Aug 1955 17
Waterways Experi— by 16—in, beams
ment Station

Alkali—Aggregate 6— by 6— 30—in. 72 165 Aug 1955 29
Reactivity In- beams
vestigation

6- by 6— by 30-in. 36 30 Aug 1956 29
beams

National Bureau of 3— by 11~ by 16—i n . 27 19 Nov 1957 32
Standards Super— beams
sulfate Cement
Program

i

Note: Installation and testing of specimens at St. Augustine, Fla., was
discontinued in November 1971.
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PART II: PROGRAMS OF INVESTIGATION

16. A large number of investigational programs are in progress at
the exposure stations . These programs involve varying numbers of sped -

mens, installed at one or all exposure stations. The purposes of the d.if-

ferent programs also have been varied . In general, they have constituted
investigations of cements, aggregates, constr iction methods, adinixtures,

or combinations of these variables. The remainder of this report is de-~
voted to a discussion of these test programs and to a presentation of the
exposure records of the test specimens involved.

( 1
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PART II: PROGRAMS OF INVESTIGATION

15. A large number of investigational programs are in progress at
the exposure stations. These programs involve varying numbers of aped-
mens, installed at one or all exposure stations. The purposes of the dif-
ferent programs also have been varied . In general, they have constituted

investigations of cements, aggregates, construction methods, adniixtures,

or combinations of these variables. The remainder of this report is de-

voted to a discussion of these test programs and to a presentation of the

exposure records of the test specimens involved.

16. During the inspection of the Treat Island Exposure Station in

July 1966, representatives of the Office, Chief of Engineers, recommended
that the Treat Island exposure of test specimens in the following 13
programs be discontinued during FY 1967 provided the sponsoring agencies

concurred.

Section No. in -

Program of Investigation this Volume
National Bureau of Standards Program 12
Cement Durability Program 13
Rome Air Depot Program 114.
Natural Cement Investigation 15
Resin’ Air-entraining Agent Program 16
Long-time Study, Waterways Experiment Station 17
Long-time Study, Portland Cement Association 18
Syracuse Air Base Beams 19
Field and Laboratory Correlation Program 20
Form Lining Investigation 21
Vacuum Treatment Investigation 23
Preplaced Aggregate Cores 214.

— Cooperative Stud,y of Air-entrained Concrete 33

17. Eleven of the 13 programs listed above were discontinued in
- F! 1967. Subsequent correspondence has established that the Long-time -

Study, Waterways Experiment Station, Section 17, will continue active.
The Cement Durability Study, Section 13, was discontinued in F! 1971. Data

~t ::::: ~~ ITI~~~~~~~~~~~~
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Tensile Crack Specimens, Series A*

In November 1951, 82 reinforced-concrete beams were installed at

half-tide elevation on the beach at Treat Island. The purpose of this in-

staflation is to determine, for different types of reinforcing steel, the
relation between the degree of tensile stress in the steel and the re-

sistance of reinforced concrete to severe natural weathering.

The beams were 7 ft 9 in. long and were made of concrete with a

nominal compressive strength of 3500 psi at 28 days age. Air-entrained

( 1i~-l/2 ÷ 1/2%) and nonair-entrained concrete were used. Seventy-four beams

were reinforced with rail-steel bars , of which 6i~ had deformations conform-
jug to ASTM Designation A 305-SOT, and the other 10 had old-style deforma-

tions. Eight beams were reinforced with billet-steel bars having deforma-

tions conforming to ASTM Designation A 305-SOT. Coverage over the steel

was either 3/14 in. or 2 in., and bars were placed in either bottom or top
position when the concrete was placed. Aggregates were a manu factured

) limestone sand and. a crushed limestone coarse aggregate (1-in . maximum

size). Type II cement was used, with the cement factors ranging from 5.20
(for the plain concrete) to 5.35 (for the air-entrained concrete) bags per
cu yd. The air-entraining agent was admixture P. The water-cement ratio

(by weight) used was 0.60 for the air-entrained concrete and. 0.70 for the

plain concrete.

Seventy-two beams were yoked and stressed by third-point loading;

loads ranged from 20 ,000 to 50 ,000 psi. The remaining 10 beams were
• controls.

Table 1-TC-A lists these specimens and gives their exposure record

along with other pertinent information.

* See U. S. Army Engineer Waterwa~ys Experiment Station, CE, Tensile Crack
Exposure Tests, by T. B. Kennedy, and. Tensile Crack Extosure Tests.

(3 
Results of Tests of Reinforced Concrete Beams, 1955-196.~~ by E. C. Roshore,
Technical Men~ randwn No. 6-1612, Reports 1 and 2 (Vicksburg, Miss., July
1955 and Novei~ber 19616).
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T4~ 1 1-TV-A Seet Ion 1
Record of Observation and Teetir,g or Large-Be,,,-i Tensile Crack Opecimena,

Series A , 1951- (Installed Nov 1951)

Beach~~~~~ 2
• l951-l~56 Readings

l’ype** 0 Cycl 101 Cycl 1t16 Cycles . 1953 297 (lyclee ‘.‘,2 Cyclel t~~ Cycles
?:oininal Steel Steel Plain or 

~~~9~~L J~52 Pu1~e 19514 1955 1956
Be.. Stress 1~ 5i- Cover Defor- Air.entr ~~I~~I Condi- Condi- Veloc Condi. Condi- Condi-

N~~ psi ~~~~~ ir~ aation Concrete tier. tie’. tion tioN tion tier.

1 20,000 1’ 3/14 ES Air 100 93 93 12,345 100 83 143 76 153 614 157
2 20,000 7 3/14 ES Air 100 96 91 13,1425 100 82 129 91 131 77 135
3 20,000 B 3/14 88 Air 100 96 95 114,965 100 89 86 78 102 69 105
I. 20,000 B 3/14 ES Air 100 93 85 15,505 100 84 91 91 95 76 98
5 30,000 7 3/1. ES Air 100 93 98 12,120 100 95 82 92 102 77 138

6 30,000 7 3/14 88 Air 100 93 89 15,230 100 - 91 60 89 49 84 107
7 30,000 B 3/It - RS Air 100 96 100 12,2145 100 91 124 79 1414 147 1149
8 30,000 B 3/I. ES Air 100 96 95 13,605 100 91 914 914 116 82 1214
9 40,000 7 3/14 RB Air 100 89 85 14 ,600 100 82 100 94 112 78 113

10 40,000 T 3/It RB Air 100 93 100 13,1455 100 92 101, 89 112 76 130

11 40,000 B 3/I. ES Air 100 89 8~ 13,130 100 82 79 91 7C 70 134
12 40,000 B 3/It RB Air 100 93 98 13,335 100 914 ~C- 89 U3 80 131
13 50,000 7 3/I. RN Air 100 96 100 13,575 100 95 - 86 75 78 121
14 50,000 7 3/4 BC Air 100 93 88 12,685 100 80 89 126 80 151.
15 50,000 B 3/5 BC Air 100 93 95 12,000 100 89 16 100 8~ 163 —

16 50,000 B 3/I. RB Air 100 93 83 12,550 100 82 “~ ~~ 92 86 1147
17 None B 3/4 RB Air 100 96 90 15,190 100 87 94 89 104 82 96
18 None 1 3/4 ES Air 100 96 100 15,190 100 95 96 100 99 90 90
19 20,000 7 1/4 BC Plain 100 ~l. 25? 10,150 100
20 20,000 B 3/5 ~2 Plain 100 26 3?

21 20,000 B 3/ 14 ES Plain ~OG 87 -31 16,090 100 60 -- F

22 20,000 B 3/’. BC Plain 100 7e 58 15,1.65 100 23 -- F
23 20,000 B -/5 OS Plain 100 53 10?
214 20,000 B 3/14 32 Plair. 100 83 57 13,305 100 F
25 30,000 . 3/.. BC Plain 100 .31 ?C -- -- F

26 30,000 ~/4 R2 Plain 100 25
27 30 ,000 B 3/4 ES Plain 100 86 81 14,390 100 81 .- F

- - - 28 30,000 1 3/14 ES Plain 100 83 28 114,020 100 3?
• • - 29 30,000 B 3/14 OS Plain iOO F

• 
- 

30 30,000 3/14 OS Plain 100 75 84 13,795 100 F

31 40,000 T ‘/1. ES Plain 100 8?
32 40,000 2 3/ It ES Plain 100 F
33 40,000 7 3/4 ES Plain 100 71 68 114,495 100 32 .- P
34 140,000 3 3/14 ES Plain 100 50 27 114,530 100 F
35 40,000 B 3/14 ES Plain 100 25 SF

36 40,000 B 3/I. RB Plain 100 93 42 13,575 100 F
37 50,000 7 3/14 ES Plain 100 25 8?
38 50,000 7 3/14 BC Plain 100 64 33 12,765 100 F
39 50,000. 7 3/14 ES Plain 100 64 F
140 50,000 B 3/14 ES Plain 100 25 F

-141 50,000 B 3/k ES Plain 100 • 83 40 13,795 100 23 F
1.2 ‘10,000 3/It 88 Plain 100 32 22 13,1425 100 F
1.3 .o~ie 2 3/I. ES Plain 100 ~8 57 15,915 100 35 -- 17 F
I~4 ~one 3/14 ES Plain 100 50 32 12,605 100 17 F
45 ;o ,e 1 3/1* ES Plain 100 61 46 10,100 100 20 -- F

46 :. ~ e .r. j .. 00 Plain - 100 64 43 9,315 100 8 -- F
47 ‘~- ,000 2 ES Plain 100 70 54 11,740 100 20 -- F
48 ~. .000 - 2 ES Plain 100 50 27 -- -- F
149 .000 - I BC Plain 100 75 68 13,2145 100 23 -. P
50 .000 ES Plain 100 92 46 12,795 100 F

51 ~.000 OS Plain • 100 57 F -

52 ,000 -12 Plain 100 75 44 12,930 100 F
53 .000 :-~ Plain 100 50 29 -. -- F
51. • ,000 - - ES Plain 100 46 F
55 ‘. 000 - -  BC Plain 100 75 141 9,130 100 F

56 000 BC Plain 100 39 F -

57 .000 - OS Plain 100 87 46 13, 605 100 F -

58 000 02 Plain 100 F - 
—

59 
- 

000 1W Plain 100 67 66 11,~ 35 100 39 .4’ F
60 . ,000 • 1W Plain 100 58 146 10,990 100 F

(Continued)

Rote. .nd • o, rat. £nfl are expressed numerically; i.e., 100 denotes perf,wl. ~cmdition • F denotes ipectj*eit I’ai~ - -

-- • .rshe - - 
- - s in the “Pulse Veloc” or “%v2” co1t~~a indicate that a pulse velocity reading ~ms not t.keh - 05$’

( I - - .. p. rutilt Ion of the be.a.
- •-. ,. of belie. ** ES • rail stesl with deformetions conforming to ASTM Designation A 305-SOT .

• - -,ttoe of belie. C~ — old style (does not .eet ASTM Designation A 305-SOT d.for tion requirement s
88 - billet-steal with detormetion. eonforutng to *8Th Designation A 305-5OT.

(s..~- - l )
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Table 1-TO-A (‘,~nti nord) 5,:ltioc 1

~1
B~ ‘set Rca~ 2

1951-1956 Re ’sdi 1-~
Type 0 Cyci 101 CycI i’36 Cycles , 1953 2 ) 5  C y - ) s - s 1.5 Cy~- lss 6 j

Nominal 5t~ c1 Steel Plain or 1951 1952 Pulse 1)5 14 1-j 5 5  
____________

Beam itres,, Pssi- Cover DeCor- Air-entr Condi- Condi- C- r,di- Veloc C,nd)- 
2 0 , ,di -  

2N,. . Is) lion in. nation Concrete tic,, tion tic,, ti - n 
~L _.~I32L. ~sL _.~~28. ~Y_

6i 14~ ,0u0 7 2 145 Plain 100 F
62 4s,00L.) B 2 145 Plain 100 43 27 3,331 100 F
63 lo,Os-o B 2 ES Plain 100 88 C~ 1.14,220 100 37 -- F
64 11,0-so B 2 ES Plain 100 61 25 12,561 100 F
6~ 5’s , -SOC T 2 145 Plain 100 F

66 5-5 , ICC 7 2 RN Plain 100 50 5 --  -- F
67 10,,,’Cc 7 2 145 Plain 100 68 52 13,)1~ 100 142 -- F
68 51 ,010 B 2 ES Plain 100 57 83 I ’4)150 100 80 114 F
69 50,105-5 B 2 142 Plain 100 13’ 58 12 , 16- 100 si -- F
70 50,000 B 2 145 Plain 100 135 29 IC , 5355 ]5S0 25 -- F

71 None T 2 RB PlaIn 100 58 1 12,850 1,00 30 -- 11. F
72 None T 2 145 Plain 100 68 59 12,295 100 47 -- 17 -- F
73 None B 2 145 Plain 100 29 25, 10,325 100 3 —— F
71t None B 2 OS Plain 100 29 53 13 -- F
75 20,000 B 3/I. ES Flai,, 100 31 13,1.85 100 ~o -- P

76 20,000 B 3/4 BS Air 100 51 100 14,780 100 91 -- F
77 20,000 B 2 BS Plain 100 13’ 59 13,164) 100 31 -- F
78 20,000 14 2 BS Air 100 913 100 114,1495 100 91. -- F
79 31,000 B 3/4 BS P1a~n 100 ,vj 40 12, 295 100 F
80 31,000 B 3/4 BS Air 100 95 9 11,115 100 437 -- F

-31 30,000 B 2 45 Plain 11.0 89 65 13, 51~ 100 28 -- F
82 30,000 B 2 85 Air  100 93 100 1,, SkI 100 89 -- F

Beach h ow 2 -

1957-19’ : Rs ’sdin, ’s
753 Cycles 824 ~~ cies 974 ~yclcs 1045 Cycles 1101 ly - i o . ~ 127 5 Cysl es—) 

1951 1958 19594 19Cc) 19131 1962

( Condl- 2 Condi- 2 Csndi- Condi- 1,-nd i-  -- Condi-
-~~~~~~~~ ~L ~L ~~ 28 ~~ lion

1 20, LC- -, T 3/4 11)- A” Air 76 I)s3 70 114 11, 142 26 129 29 151 27 155
2 115,000 T 3/4 115- ”,’,” Air  71 127 65 123 55 1114 55 125 48 139 50 127
3 501, 0)1 B 3/44 142— A ” Air 7’ 105 79 106 -6 1.04 20 101, 52 105 :c’- 98
14 00’CI B 3/14 RS- ”I ” Air sI 94 72 95 l’ s -  91 1.13 97 1 9 9  113 96
5 31, 4)0 7 3/14 ,L)- ’5- ” Ai r 75’ 152 80 154 o~ 147 C:- 151 13-1 i-,5 LsS 153

6 30 ,000 T 3/14 10-01” Air 8 0 9 2  7” ,‘5 72 8]. 7’ 85 63 102 Cc 90
7 30,000 B 3/4 21-’” Air 150 ‘“ ~~~ 25 137 15, 152 31. 151 0) 151.
3 30,110 B 3/4 12- ’ , ” Air ‘(13 111 -r Ii) 75 107 7 126 82 112 Ci- 108
9 4o , s’s’s 7 3/4 li5—01~” Air 77 1-1-3 75 109 Cc 102 01, 10) 91 10 , ~

s 98
10 41 ,s0) T 3/4 1’ A ” Air 81 --— 7’- 135 ( ‘ f 126 137 I 5 0~ 13( 120 (s 110 3

11 4s, C2 B 5/I, -5- A ” Air 61. 126 51 1~~( 
‘~1 103 51 114 5’-’ 11.1 50 120

12 110, 105 B 3,3 :,2~~01 Air ‘1’ 131 ‘~1 15’ 75 111, 71 118 ~J 132 59 112
13 ‘s- ,C-c) T 3f~ ‘1- ’ - - ” Air 7’. 21 5 31 120 59 113 ‘19 82 51 10 1.8 108
il. 10, 100 1’ 3/14 55— ”- ” ‘dr 115 II- , ’ 71) 144 60 )1~ 60 91 60 129 ‘2’ 121
15 5u ,1’’C- B 5, ) , 1-2— I - - ” Air 1’ )-;.) 0-’.- 1~’ ’ i- A 59 138 57 10. ‘7 115

16 ,-,,,-,- - B 3/4 -~ 1- ””  Air 76 11- 81. is-s 1-7 lo l, 5 ,7 144 55 il.~ “-c- 1143
i f  N- i,’ B 3/1. -5— 2” Air 71 ‘ 71 IL ’,’ Cv 91 ft
18 N ’ - B 3/I , ‘ 2 — A ” AIr 72 i’ 74 114) 17 9~ c7 0 56 88 

~~
, 182

1 ) -  - - I . - ’ -” on - - - -
~~ 1 ’  ,o 1--a t ed nj - - - ~~S r ej~~~~ e I  I ‘ - • ‘II- ’, ’, ,  I I ’  j oe ‘ I  ccc  -c~~ I,, , , ,  I s

1 i - - - ~’ anflu*,l1y - ‘r , H - r v O - , t )  - ~~~~‘‘‘ - ‘-l  ‘si ~- - , - , - ‘-es and Is -n, ’, ’, sc - I - -
‘~~ 

~~~~~~~~~~~~~~~~~~~~~ 

, - , ,  th i S - - wa~ d3:c,-~ ‘ l’-, ’’~l 4,, - -i-~.a.~; 1)’O. a,’ a pies ” of b e t  1, 10 to ben. ‘s d  free, ,t fo~ ~
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T8ble l-TC-A (Continued ) Section 1.

Beach Rcw 2
1963-1967 Readings

1965 Cycles
1967

%v23
Be-

Type 1381. cycles 1516 Cycles 1679 Cycles 1809 Cycles fore After
Nomir.a], Steel Steel Plain or 1963 1964 l?65 l~66 Con— Un- Re—

Beam Stress Posi- Cover Defor- Air-ante Cond. t- Cond i- 2 Cond,i- Condi- dt~- load- Not loud-
No. psi tion in. nation Concrete tion tion ~L ~~~~~~~~~ ~~~ tion _.~~~6... 1I~~~~~ ...~~~~..

1. 20 ,000 T 3/It ES— ”A ” Air 29 103 26 111 * 86 21. $8 $ 100 88
2 20,000 T 3/4 ES-”A ” Air 46 90 44 84 70 39 89 66
3 20,000 B 3/4 ES- ”A ” Air 39 70 30 69 62 28 68 si
4 20,000 B 3/4 ES- ”A” Air 46 65 44 63 1t6 42 64 56 - ‘
5 30,000 7 3/4 ES- “B” Air 57 107 54 103 70 50 82 57

5 6 30,000 T 3/4 RB- “B’ Air 71 67 60 57 41 61 47 23
7 30,000 B 3/4 RS-”B” Air 32 104 31 95 97 31 98 49
8 30,000 B 3/4 RS- ”B ” Air 59 85 63 78 52 62 83 54
9 40,000 7 3/4 RS- ”A’ Air 60 91 63 65 42 62 48 49

10 40,000 T 3/4 RS- ”A ” Air 67 98 66 71 52 60 56 49 5
II 40,000 B 3/4 ES- ”A ” Air 51 91 50 81 57 146 71 44
12 40,000 B 3/1t ES- ”A ” Air 61 86 59 83 60 55 66 49

-
‘ 13 50,000 T 3/4 ES-”B” Air 48 78 51 8~ 57 34 70 45

14 50,000 T 3/It ES-”B” Air 60 88 60 90 63 58 60 19
15 50,000 B 3/4 ES—”B” Air 56 109 58 60 51 56 82 63

16 50,000 B 3/1. ]tS-”B” Air 55 100 55 78 51 55 78 56
18 None B 3/I. ES- ”A ” Air 65 81 55 66 52 60 52

1968—1973 Readings
2150 Cycles 23014 Cycles 21.57 Cycle s 2626 Cycles 27133 Cycles 2923 Cycles

l968 1969 1970 1971 1972 1973
Condi- Condi- Condi- Condi - Condi - Condi—

~~~ ~~ 2~L -~~22~- ~~~~~
1 20,000 T 3/4 RS.”A” A ir 24 84 29 63 29 56 26 30 28 31 21. 8*
2 20 ,000 T 3/4 RS— ”A” Air 39 50 46 36 46 38 29 23 42 30 17
3 20,000 B 3/it ES—”A” A ir 28 58 28 47 31 36 28 34 28 54 29
4 20,000 B 3/14 ES— ”A” Air 37 49 37 45 38 32 16 32 30 27 30
5 30,000 T 3,4 RS— ”B” Air 50 87 54 414 54 64 54 51 54 40 52
6 30,000 T 3/4 RS—”B” Air 57 40 56 23 57 37 52 30 47 20 91
7 30,000 B 3/4 RS— ”B” Air 31 49 33 4~ 33 66 33 50 32 38 31
8 30,000 B 3/4 RS— ”B” Air 55 47 55 34 61 54 58 41 50 29 ItI.
9 140,000 T 3/4 RB— A” Air 56 48 59 21 59 30 50 214 22 ## 21

10 40,000 T 3/4 RS— ”A” Air 47 49 50 26 62 38 22 29 22 ## 72
11 140,000 B 3/4 ES.”A ” Air 46 68 47 24 49 30 45 25 42 25 46
02 140 ,000 B 3/4 RS— ”A” Air 50 62 51 22 58 32 45 29 51 31 56
13 50 ,000 P 3/4 RS— ”B” Air 28 51 22 37 19 55 18 40 17 28 16
14 50,000 T 3/4 RS— ”B” Air 55 63 58 37 58 53 55 25 58 25 50
15 50 ,000 B 314 RS— ”B” Air 54 60 51 26 56 34 50 37 34 29 Failed

16 50 ,000 B 3/4 RS- ”B” Air 53 57 54 26 52 36 53 36 50 32 Damaged
18 None B 3/4 RS-”A” Air 55 49 55 22 53 314 55 27 55 36

1975— Readings
3059 Cycles 3171 Cycles-

‘ 
1971. 1975

Condition Condition

1 20,000 P 3/14 RS— ”A” Air 26 8* 23 30
2 20,000 P 3/14 RS—”A” Air 31 20 30
3 20 ,000 B 3/I. R S— ”A” Air II
I. 20,000 B 3/I, R S— ”A° Air Unloaded

I I 5 30,000 P 3/I, RS— ”B” Air 52 51 145

6 30.000 T 3/1* RS— ”R ” Air SI, 140 147

~ ~~~ 
NOTE I 

~~ 
returne.i to laboratory

9 50,000 1 3/li RS— ”A” Air II 5 tog.

10 1.0.000 P 3/It RS— ”A’ Ai r Unloaded - 
-

ll 140,000 B 3/Is RS— ”A° Air 1.3 Ii i 62
14 12 140,000 B 3/It RS— ”A” Air 1.9 145 52

13 50,000 1 3/Is RS— ”B” Air II
ii. 50,000 T 3/14 NB—”B” Air Unloaded
15 50,000 B 3/I’ E8—”B” Air II

-
‘ 

- 16 50.000 B 3/I, R8— ” B” Air Damaged
18 None B 3/I. RS— ” A” Air

$ In 1965 and 1967 the condition of specimens was not rated by panel of observers

O $8 Satisfactory pulse velocity readings were not obtai ned in 1966. 1973, and 1971. due to malfunction of testi ng equipment.
3 Channel iron on all loaded beams was replaced with stainless steel channel in June 1967. Pulse veloc ity readings were

therefor e taken on all loaded beams before unloading end after reloading with sta inl ess steel chinnel.
# Some puls. velocity readings obtained in 1969 and 1970 ar, not believed to be valid due to the power limitation s of the

— test equipment ; these %v2 readings are therefore questionable.
tV* Unable to obtain satisfactory reading.
I~ Returned to laboratory. (

~~s.et 3)

- - 
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F . ( Revised Aug 1965) Section 2

p

Tensile Crack Specimens, Series B*

In November 19511., 76 reinforced-concrete beams were instafled at

half-tide elevation on the beach at Treat Island. The purpose of this in-

stallation is to compare the relative resistance to weathering of highly

stressed reinforced-concrete beams containing (a)  reinforcement bars de-

formed to conform to ASTM Designation A 305-50T, and (b) bars with old-

style deformations .

The beams were 7 ft 9 in. long and were made of air-entrained con-

crete with a nominal compressive strength of 3500 psi at 28 days age. All

of the beams were reinforced with rail-steel bars; the bars in half of the
beams had deformations conforming to ASTM Designation A 305-SOT, and those

in the other half had old-style deformations. All steel was placed with a

nominal cover of 2 in. from either the top or bottom of the beam , depending

on whether the bar was in the top or the bottom of the n~ld when the con-

crete was placed . Aggregates were a manufactured limestone sand and a
( 

~~

‘ crushed limestone coarse aggregate (1-in. maximum size).  Type II cement

was used, with the cement factors ranging from 5.25 to 5.38 bags per cu yd.

The air-entraining admixture was admixture R; the water-cement ratio (by

weight ) was 0.58; the air content ranged from 5.0 to 7.0 per cent .

Sixty-four of the beams were yoked and stressed by third-point load-

ings; the loads ranged from 20,000 to 50,000 psi. The remaining 12 beams
were controls and were not loaded.

Table l-TC-B lists these specimens and gives their exposure record

along with other pertinent information.

* See report to Office , Chief of Engineers, Tensile Crack Exposure Tests -
Progress Report - Second Series of Tests (July 1955).

U. S. Army Engineer Waterwa~rs Experiment Station , CE , Tensile Crack
Exposure Tests; Results of Tests of Reinforced Concrete Beams, 1955-1963,
by E. C. Roshore, Technical Men~randu.m No. 6_1.1.12, Report No. 2 (Vicks-
burg, Miss., November 19611).
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(Revised Aug 1965 )

) Table 1-PC-B Section 2

Record of Observation and Testing of Large-beam Tensile Crack Specimens,
Series B, 1954— (Instal led Nov 1954)

Beach Row 1
19544-19513 Readings

143 310
Type** 0 Cycles, 1954 Cycles Cycles 4514 Cycles, 1957 525 Cycles , 1958

Noulnal Steel Steel Pulse J~2~~ ~~~~~ I~~x Crack ?‘~ x Crack
Beam Stress 2051- Defor- Cond i- Ve loc Condi - Cond i - Cond i - Wi dtht Condi - Widtht

No. psi tion* nation tion fps tion tion tion ~~~ 1/1000 in. tion %v
2 1/1000 in.

83 20,000 B A-3O5 Sound 10,890 100 100 91 87 173 10 88 173 10
81* 20,000 B A-305 Sound 11, 150 100 100 91 88 168 5 814 170 10
85 20,000 B OS Sound 11,720 100 100 90 84 157 10 83 153 10
86 20,000 B OS Sound 11,470 100 100 87 82 170 10 814 155 10
87 20,000 B A.3O5 Sound 10,640 100 100 82 74 171 5 77 183 5

88 20,000 B A-3O5 Sound 10,470 100 ioo 84 76 175 10 ~~ 200 10
89 20,000 B OS Sound 11,255 100 100 84 87 162 10 87 167 10
90 20,000 B OS Sound 11,300 100 100 83 83 160 3.0 82 169 10
91 30,000 B A-305 Sound 11,540 100 93 90 79 1146 10 76 151 15

- - 92 30,000 B A-305 Sound 11,540 100 100 90 82 161 10 81 166 10

93 30,000 B OS Sound 12,120 100 100 87 81) 151 15 80 152 15
94 30,000 B OS Sound 11,605 100 100 87 82 11*5 20 80 169 20
95 30,000 B A-305 Sound 11,905 100 100 92 81~ 1514 10 80 156 10
96 30,000 B A-305 Sound 11,195 100 100 90 86 162 10 80 1714 10
97 30,000 B OS Sound. 11,385 100 100 86 86 152 15 86 154 15

98 30,000 B OS Sound 11,385 100 100 92 85 1119 20 87 159 20
99 40,000 B A-305 Sound 10,290 100 100 88 87 190 15 84 202 15

100 40,000 B A-305 Saund 10,1435 100 100 88 87 190 10 88 188 15
101 150 ,000 B OS Sound 10,400 100 98 82 82 195 3.5 79 191 20
102 40,000 B OS Sound 10,455 100 100 84 82 167 20 81 203 20

103 140,000 B A-305 Sound 8,915 100 95 83 80 228 10 76 246 20
1O~t 40,000 B A-305 Sound 8,585 100 94 82 78 248 25 73 269 25
105 40,000 B OS Sound 9, 230 100 100 86 91 2146 10 92 237 20

• 106 40,000 B OS Sound 9, 435 100 100 80 80 236 25 84 238 30
107 50,000 B A-305 Sound 10,310 100 100 86 80 195 15 80 193. 15

108 50,000 B A-305 Sound 11,385 100 98 86 77 11*7 20 80 156 20
“ l(~ 50,000 B 08 Sound 8,915 100 91 74 72 271* 20 80 273 20

110 50,000 B 08 Sound 10, 170 100 92 714 73 199 25 76 201 25
13.]. 50,000 B A-305 Sound 9, 130 100 99 79 74 251 20 76 252 25
112 50,000 B A-3O5 Sound 9, 160 100 100 86 86 2142 20 86 255 25

113 50,000 B 08 Sound 8,850 100 93 70 64 2143 25 69 279 25
1114 50,000 B OS Sound 8,525 100 100 77 77 250 30 76 269 30
115 None B A.305 Sound 12,965 100 96 86 84 115 0 82 122 0
13.6 None B A-305 Sound 13,015 100 100 88 84 110 0 80 111 0
117 None B A.305 Sound 13, 245 100 100 94 93 114 10 90 116 10

11.8 None B 00 Sound 13,250 100 98 76 65 111 0 69 119 0
119 None B OS Sound 13, 130 100 100 91 90 12.9 0 86 112 0
120 None B OS Sound 13, 185 100 100 88 89 115 0 85 115 0
121 20,000 P A.305 Sound 9,600 100 96 87 80 218 35 81 231. 35
122 20,000 P A-305 Sound 9,570 100 96 87 86 237 10 85 225 20

123 20,000 1 OS Sound 9,870 100 100 86 86 205 10 76 229 10
12~4 20,000 1 08 Sound 9,675 100 100 ~~ 86 216 10 73 231 15
125 20,000 P A.305 Sound 12,960 100 100 86 86 120 15 86 131 15
126 20,000 P A-305 Sound 13, 160 100 100 79 80 122 35 87 327 35
127 20,000 7 OS Sound 13,365 100 100 94 ~~ 132 10 93 122 10

128 20,000 1 08 Sound 13, 015 100 100 92 90 135 10 92 132 10
129 30,000 1 A.305 Sound 9,755 100 97 83 75 2214 15 74 227 15
130 30,000 1 A~ 305 Sound 9,820 100 98 83 83 230 20 77 230 20
131 30,000 P 08 Sound 11,675 100 96 81 76 136 20 75 155 25
132 30,000 P 00 Sound 11,675 100 96 77 76 159 30 80 150 30

133 30,000 1 A.305 Sound 13,070 100 100 88 88 115 10 88 125 10
2.314 30,000 1 A.305 Sound 12,820 100 100 88 88 120 15 87 130 15
135 30,000 1 08 Sound 22,875 100 93 87 78 1141 15 80 11*2 20
136 30,000 1 08 Sound 11,3140 100 95 86 80 158 10 81 149 15
137 140,000 1 A-305 Sound 10,510 100 91 88 7t) 11.8 20 76 127 20

(Continued)

* P — near top of bean.
B — near bottom of beam.

** A-305 = deformation conforming to ASTI4 Designation A 305-501.

O 08 — old style deformations ( does not meet AS~ 4 Designation A 305-501 deformation requirements).
From 19% the widths of cranks in these spec imens were measured with a measuring

magnifier ~lee.at reading — 0.005 in.). (Sheet 1)
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(Revised Aug 1965)

) 
Table 1-PC-B (Continued) Section 2

Beach Row 1
1954-1958 Readings

143 310
Type 0 Cycles , 1954 Cycles Cycles 454 Cycles, 1957 525 Cycle8, 1958

Nominal Steel Steel Pulse Max Cr ack Max Crack
Beam Stress Posi- Defor- Cond i- Veloc Condi- Condi- Condi- Width Condi- Width

No. psi tion nation tion tion tion ~~ 1/1000 in. ~~~ 1/1000 in.

138 40,000 1 A-3)5 100 10,490 100 92 89 74 177 25 78 182 25
139 40,000 1 05 100 12,095 100 88 78 72 132 15 72 150 15
140 1.0,000 P OS 100 12,225 100 90 76 71 129 15 714 148 15
141 40,000 P A-305 100 9,275 100 99 84 78 249 15 70 241 20
142 40,000 T A-3)5 100 9,570 100 100 85 76 228 15 78 227 20

143 40,000 P 05 100 9, 375 100 94 82 76 224 25 84 234 25
141* 140,000 1 OS 100 9,390 100 95 86 84 231 40 814 238 40
145 50,000 1 A-305 100 9, 435 100 96 82 82 243 40 84 253 40
11*6 50,000 1 A-30 5 100 9,345 100 94 81 78 238 30 81 255 30
1147 50,000 1 OS 100 8,970 100 86 66 68 272 85 72 249 85

148 50,000 1 05 100 8,900 100 82 67 67 260 75 70 260 75
149 50,000 P A-305 100 9,105 100 99 83 78 225 40 88 235 40
150 50,000 T A-3)5 100 9, 175 100 100 82 82 235 25 86 259 30
151 50,000 T OS 100 11, 130 100 92 80 76 180 15 72 1614 15
152 50,000 1 08 100 10,655 100 88 78 72 195 25 74 181 25

153 None I A-305 100 12,475 100 94 86 74 120 0 72 121 0
154 None I A-3)5 100 12,795 100 100 92 87 117 0 88 132 0
155 None I A-3)5 100 12,875 100 100 90 86 115 0 80 120 0
156 None I 05 100 13, 045 100 100 91 90 120 0 82 118 0
157 None I 05 100 12,630 100 98 86 80 120 0 75 124 0

158 None I OS 100 12,710 100 99 78 61 120 10 70 119 15

Beach Row 1
1979-1961 Readings

675 Cycles, 1959 746 Cycles, 1960 13137 Cycles , 1961

) 
Max Crack Max Crack Max Crack

‘~ Condi- Width Condi- Width Condi- Width
t ion ~~ 1±1000 in. tiontt 

~~~ 
1/1000 in. tion ~~ 1/1000 in.

83 20,000 B A-3 15 81. 161. 15 84 180 10 75 192 10
84 23,000 B A-305 86 161 20 86 159 10 77 179 10
85 20,000 B OS 91 1143 15 91 158 10 79 146 10
86 20,000 B OS 82 150 15 82 137 10 68 172 10
87 20,000 B A-305 72 1.76 15 72 128 10 61 187 10

88 20,000 B A-9)5 73 181 10 73 133 10 68 174 10
89 20,000 B OS 86 160 15 86 152 10 73 153 10
90 20,000 B 05 78 158 10 78 147 10 ~4 151 10
91 30,000 B A-3)5 80 11.0 15 80 107 10 71 155 10
92 30,000 B A-305 82 154 10 82 162 10 67 159 10

93 30,000 B 05 80 152 30 80 108 20 71 151 15
91* 30,000 B OS 75 158 25 75 113 30 69 158 25
95 31,000 B A-3)5 85 144 25 85 142 15 79 159 10
96 30,000 B A-335 85 162 20 85 167 15 69 168 15
97 31,000 B OS 78 147 20 78 133 10 65 168 10

98 30,000 B OS 78 145 20 78 151 15 63 164 10
99 110,000 B A-335 77 189 25 77 174 15 62 215 15

100 1.0,00 B A-3)5 78 179 25 78 167 15 70 205 10
3.01 40,000 B OS 70 181 35 70 135 30 65 177 25
102 l~0,000 B OS 68 188 45 68 137 20 67 190 15

103 1*0,000 B A-3)5 72 233 25 72 197 15 61 224 15
104 40,000 B A-315 66 250 25 66 267 20 65 243 20
105 1*0,000 B Os 86 2214 20 86 165 15 72 219 15
106 1*0,000 B 05 66 223 20 66 158 15 56 253 15
107 50,000 B A-3)5 68 180 20 68 132 15 53 199 15

108 50,000 B A-335 75 146 25 75 107 20 58 145 15
109 50,000 B 05 68 2514 35 68 228 25 67 221 25
110 50,000 B 05 57 192 35 57 169 30 56 191 25
111 50,000 B A-3)5 59 243 30 59 167 20 58 226 20
112 50,000 B A—3)5 77 237 30 77 i68 20 66 228 15

(Continued)

Ft Hardware was replaced on all loaded specimens in Ma~j 1959. Th -~ condition of thes.’ specimen s is ari)udged either
~e annually or biennial ly by a panel of observers dur ing the fo rmal inspecti on , and is expressed numerically, i . e .

100 denotes perfect condition. (Sheet 2)

L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ._________ .~ _ _ _ _ _  .. _
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Table 1-PC-B (Continued) Section 2

Beach Row 1
1959-1261 Neadin6s

Type 675 Cycles , 1959 7i4~ Cycles, 1960 887 Cycles, 1961
Nominal Steel Steel Max Crack Max Crack Max Crack

Beam Stress Posi- Defor- Condi- Width Condi- Width Cond i- Width
No. psi tion mellon tion ~~~ 1/1000 in. lion ~~~ i/iooo in. lion ~~~ 1/1000 in.

113 50,000 B OS 62 238 30 62 173 25 50 229 20
B11* 50,000 B 05 64 255 35 192 25 54 265 20
115 None B A-305 78 113 0 78 112 0 69 131 0
116 None B A-30 5 80 107 0 80 1114 0 71. 115 5
117 None B .4-305 80 105 20 80 109 10 68 117 10

118 None B OS 55 iii 55 112 o 46 104 0
119 None B OS 70 104 0 70 ii~ 0 67 123 0
123 None B Os 59 105 59 112 0 59 119 0
121 20,000 T .4-305 80 221 15 80 165 10 77 230 10
122 23,000 1 A-305 82 213 15 82 156 10 70 226 10

123 20,000 T Os 77 216 20 77 158 10 61 231 10
124 20,000 T OS 82 217 20 82 196 15 65 230 10
125 20,000 P A-30 5 70 124 20 70 89 10 68 124 10
126 23,000 1 .4-305 77 118 10 ~f7 84 10 77 120 10
127 20,000 T os 86 121 15 86 130 10 75 137 10

128 20,000 1 OS 82 120 20 82 133 10 75 132 10
129 30,000 T A-305 65 211* 15 65 135 10 55 159 10
133 30,000 P .4-305 81 213 iS 81 202 10 66 164 10
131 30,000 P 05 75 lll-4 15 75 114 15 7~ 

142 15
132 30001)  P OS 72 1147 25 72 115 20 61 145 15

133 30,000 I .4-305 77 119 20 77 118 15 63 121 10
1314 30,000 1 .4-305 78 122 25 78 133 15 66 121 10
135 30,000 I OS 73 134 30 73 96 20 66 121 10
136 33,000 P 05 77 148 25 77 112 20 66 149 15
137 40,000 1 .4-305 64 173 25 61. 164 20 51 167 20

138 40,000 T .4-305 68 171 40 68 183 30 57 194 25
139 40,000 T 05 75 139 35 75 145 20 69 129 15
1140 40,000 P OS 70 136 30 70 149 15 ~~ 

145 15
141 40,000 P .4-305 68 231 25 68 218 25 55 26r 20
142 40 ,000 T A-305 73 228 20 73 193 15 60 220 15

143 40,000 P OS 66 223 20 66 169 15 65 225 15
144 40,000 P Os 75 226 25 75 17]. 20 63 209 20
145 50,000 1 .4-335 70 236 25 70 170 20 71 224 15
114 6 50,000 P A-305 6~4 235 30 64 173 20 ~5 237 15
147 50,000 P os 61 232 105 61 221 100 59 271 90

148 50,000 P 05 64 242 110 64 258 90 64 268 85
149 50,000 I A-335 70 228 30 70 164 15 70 224 20

• 150 50,000 P A-305 66 21*0 35 66 165 25 67 224 15
151 50 ,000 1 05 68 155 30 68 170 25 60 156 25
152 50,000 P Os 61 173 35 61 197 30 55 179 25

153 None P .4-305 55 116 0 55 123 0 51 128 0
1514 None 1 A-305 80 114 0 80 123 0 77 115 0

• 155 None P .4-305 77 116 0 77 106 0 72 136 0
156 None P OS 88 111 0 88 117 0 82 125 0
157 None I OS 70 115 0 70 123 0 67 131 0

158 None P OS 51. 117 20 51. 125 15 53 123 10

Beach Row 1
1962-1964 Readings 

—
976 Cycles, 1962 1082 Cycles , 1963 1217 Cycles, 19614

Max Crack Max Crack Max Crack
Condi- Width Condi- Width Condi- Width
tion ~~~ 1/1000 in. tion ~~ 1/1000 in. lion ~~~ 1/1000 in.

83 20,000 B A-3O5 68 192 10 80 131 20 68 118 15
84 20,000 B A-3O5 75 174 10 82 126 20 70 116 15
85 20,000 B 05 77 162 15 87 101 30 714 107 20

j  86 20,000 B OS 73 159 10 80 1.3.2 25 67 103 20
87 20,000 B A-3O5 58 174 10 72 127 20 - 1’ 127 10

88 20,000 B .4-305 61 184 10 61 137 10 52 130 10
89 20,000 B 08 71 173 10 86 114 20 72 121 15
90 20,000 B OS 67 171 10 66 100 20 66 115 15
91 30,Q00 B .4.305 71 1143 15 70 112 30 70 100 25

O 
92 30,000 B A-305 67 150 15 ( ‘4 -  108 35 72 106 20

- 
(Continued)

( Sheet 3)



—~~~~~~~~~~~~~~ -~~~ 7~~~~~ ~~~~~~~~~~~~~~~~~ -- — 
- -U----

(Revised Aug 1965)

) Table 1-PC-B (Continued) 

Bc~:h R:: 3.
1962-1961* Readings -—Type 976 Cycles, 1962 10132 Cycles , 1963 1217 C1c1, - .: , 9( 5

Nominal Steel Steel Max Crock Max Crack -Ia - . Crack
Beam Stress Posi- Defor- Condi- 2 Width Condi - Width Con.ii- -- 1

No psi tion nation lion ~~~ 1/1000 in. lion ~~~ 1/1000 in. lion ~~~~ ]/1II-I 1,.

93 30,000 B OS 71 136 20 70 106 40 70 91 30
94 30,000 B OS 69 163 25 69 133 50 69 109 30
95 30,000 B A-305 79 148 15 9]~ 105 30 76 100 20
96 30,000 B .4-305 69 162 20 81 120 35 69 lC’i 25
97 30,000 B 05 61. 147 10 61. 109 30 65 4-C- 25

98 30,000 B OS 64 i~4 15 63 111 25 63 11 -5 21.
99 140,000 B .4-305 62 180 15 62 136 30 62 83
100 40,000 B .4-305 61. 212 15 75 143 25 64 132 15
101 40 , 000 B 05 61. 184 25 62 136 30 65 iiC 25
102 40,000 B 05 67 206 20 66 143 35 67 127 30

103 40,000 B .4-305 59 210 15 72 143 40 61 171* 30
101* 50,000 B .4-305 66 258 25 77 154 50 65 197 35
105 40,000 B Os 72 258 20 72 145 30 72 169 20
106 50,000 B OS I C  244 15 66 139 30 56 165 30
107 50 ,000 B .4-305 194 15 53 131 30 53 138

108 50,000 B .4-305 S’J 134 15 57 107 30 58 (IC 30
109 50,000 B OS 192 25 68 183 50 67 171. 50
110 50,000 B OS 1.1 197 25 55 148 45 56 550 50
111 50,000 P A-305 256 25 57 163 50 58 177 30
112 50,000 B A-305 6(~ 267 15 65 159 30 65 177 25

113 50,000 B 05 -2 204 15 1.9 170 30 50 177 55
u4 50,000 B OS 1- - ’ 285 20 5]~ 183 35 ~4 194 35
115 None B A-305 16 113 0 78 93 0 64 93 0
116 None B .4-305 70 112 5 50 76 15 80 89 10
117 None B .4-305 73 220 10 67 76 30 68 93 30

118 None B 05 96 0 35 76 0 414 84 0
119 None B OS 5~ 124 0 70 74 0 58 97 0
120 None B OS 5~ 114 0 70 80 0 57 98 0
121 20,000 1 A-305 75 236 10 87 158 10 80 159 10
122 20,000 P A-305 69 227 10 82 1140 10 75 151 20

123 20,000 P 05 ~] 238 10 72 139 20 72 151. 25
124 20,000 P 03 ~ - 229 10 77 1148 25 65 11.5 20

• 125 20,000 1 A-305 C~ 134 10 70 82 10 61. 82 5
126 20,000 P A-305 77 115 10 90 77 20 77 88 10
127 20,000 1 03 80 130 10 82 87 20 32 77 20

128 20,000 1 OS (0 135 10 69 90 20 70 3( 20
129 30,000 1 A-305 55 125 10 65 137 20 55 151. is
130 30,000 P .4-305 66 228 15 55 119 30 66 155 25
131 30,000 1 OS 7~- 133 15 74 83 40 74 1 2  40
132 30,000 P 05 C~i 1143 10 61 81. 20 61 i~-C 35

133 30,000 P A-305 ~ 125 10 74 85 20 (3 55- 20
134 30,000 T .4-305 66 128 10 66 87 20 66 20
135 30,000 1 05 62 131 15 73 77 30 67 -

~9 15
136 30,000 1 OS 66 159 15 77 104 20 66 L I 1. 20
137 40,000 1 A-305 51 154 20 51 130 40 51 112 35

138 140 ,000 P .4-305 ‘ - Ic’ 20 57 132 40 57 12)1 6,)
139 40,000 P 03 (7 139 15 69 98 30 68 

~7 20
140 40,000 1 05 4)) 140 10 69 100 30 69 27 25
141 40 ,000 P A-305 ~ ‘ Ii4 i 15 -5 155 35 55 ]_ 35
142 40,000 I .4-305 - . 112 11- 35- 150 30 60 L ( -  32

143 40,000 P OS C -  134. 15 65 152 35 • -1$ 144 40 ,000 P 05 (-1 2)6 15 7’ 152 40 4 - i~ ~-
i4~ 50,000 P A— 3 05 71 257 25 7 176 So 70 ].~~-

-
-

146 50,000 T .4-305 55 175 20 2)- 165 40 514 IC-S l -~
147 50,000 1 0) (~ 266 100 5” 177 11~0 ‘~ 173 1’

148 50,000 P 05 61. 278 90 (13 175 1140 66 i~~ i- - s
149 50,000 1 .4-305 (0 170 20 ~(0 167 40 12 1, 1. 1.,)
150 50,000 P A-3 O 5 -1 248 20 ~~ 171 40 1 LIII 50
151 50,000 1 OS ~~ ‘ 176 25 59 120 50 “ 119 50
152 50,000 1 03 ~J . 195 25 51. 125 55 50

(Continued ) (Sheet 1. )
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( evlsed Sept 1968)
- Section 2

1001, 1—20—]’ (Continued)

Beach Row 1
1962-1964 Readings

Type 976 Cycle s, 1962 1082 Cycles , 1963 1217 Cycles , 1964
Nominal Ote- al .Ii 1~ e1 Max Crack Max Crac k Max Crack

Beam Stress I’ssi- DeCo r- ,2-sr,di- 2 Widt h Condi— 2 Width Condi- -- 1.j~ th
No. psI tion misSion tion %v 1/1000 In.  tion ~~~ 1/1000 $.n. t.ion ~~~ 5/12n5 in.

153 None I .4-3) 5 47 121 0 55 97 0 51 9’. 0
154 None P 2- 505 74 118 0 80 92 0 80 97 0
155 None P A-305 71 121 0 77 91 0 77 9<) 0
156 None 1 03 81 123 0 88 89 0 75 97 (3
157 None I CS Go 118 0 70 88 0 64 91 0

158 None I 05 ss 123 15 63 88 25 53 90 15 
-Rear ’- ro~ I

1965—191 I ReadiuCs
1165 O nes , 1967

- Max C re -k 121114.
0 Ins , 110.1 11-1. C - -lo s , 1)’~C 

- ,- 1/1-)-)) 1 .
-(ax -‘ax

Crack Cra ck A f t e r  A : ( e r
en- Width Con— Width C an- Before Re— Before Re—
15- - 1/1000 ii- -‘ 1/1000 -11- Unload— Not load— (Jab - i- (Ic ’ 1,-el-

In .  lion ~,V ir~ lion ing5 Loa-(e2 S o - ing5 Loaded
83 20 ,000 B 2-305 9, 5 65 *4 10 4 116 3) 10 10
84 20,000 B ?.-305 31) 10 70 15 9 11’- - 15 15
85 20,000 B OS - s- 10 72 10 58 10 10 —86 20,000 B 03 ~~ is ~s 5 56 15 20
87 20 ,000 B .4-305 101. 10 52 15 125 95 15 15

88 20,000 5 .4-305 120 ~ 50 .4  5 10
89 20 ,000 B OS 109 5 69 5 92 - ‘  5 15
90 20 ,000 B OS 102 10 66 10 108 - ‘-~~- 10 10
91 30,000 B A-305 65 15 70 15 83 ~L. j 5 20

3 92 30,000 B .4-305 67 15 78 15 83 ~0 ].5 25

93 30,000 B 08 69 20 68 25 95 81 25 -‘3
94 30,000 B OS 62 25 ‘I 35 86 110 35 50
95 30,000 B .4-10)5 74 15 72 20 100 ~5 25 30
96 30 ,000 B A- I-OS 104 15 68 25 111 5( 25 25
97 30,000 B OS 71 20 62 20 84 - 1 20 (0

98 30,000 B 0]] 70 20 65 25 85 .~. 20
99 40,000 B A-3O5 -~1. 20 -12 30 106 25 25 30

‘ —
‘ 100 40,000 B .4— 305 -j4 15 4. I~ 30 106 1- 30 30

101 40 ,000 B OS - -4 35 62 50 71. 50 55
102 40 ,000 B 03 79 30 65 50 98 80 1.5 50

103 .0,000 B .4- 703- 138 30 52 35 117 33 35 *40
104 1.0,000 B A~ 305 i48 25 65 30 137 iii 30 45
105 40 ,000 B 08 120 20 71 30 139 91 30 35
106 40 ,000 B OS 118 20 56 30 15], 110-. 25 ‘5
107 50,000 B A-305 110 25 52 30 129 25 35
108 50,000 B .4-305 77 25 58 

- 
25 105 57 25 30

109 50 ,000 1 OS 4 (  40 - -~ - 45 166 105 55 55
110 50 ,000 B 03 -y 40 55 40 128 111 45 50
111 50 ,000 B 1- -01. 101. 30 54 30 170 10 25 40
1)2 50,000 B 2-705 

1 4 (  25 ‘ 1  30 127 - 25 35
113 50 ,000 B OS 147 20 49 ‘0 119 ‘1 5 45
114 50 ,000 B ~~ 1(7 25 53 50 172 1~•i 1.0 55115 None 1, . 4 - 1 0 3  7’ - 0 60 0 73 o
116 Hone B .4-305 4’ - 10 ‘~~ io so j o
117 None B A 305 ~I3 20 ~-“ 10 69 10

118 Non e B 05 3 4  0 41 0 ‘ 9 0
• 119 NOne B 08 5-) 0 52 0 0

120 None B OS ‘ -~ 0 5*4 0 8 0
121 20,000 P .4-34) 5 11 10 87 15 147 11’ 15 15

- , 122 20 ,000 T .1-705 j~ ft 10 82 10 129 14’ 10 15

123 20 ,000 1 05 1 1’  15 333 15 141 54 15 30
i~ I 20,000 P 05 *4 10 (1 15 11.4 97 15 25
125 20,000 P .4-305 

~-) ~ 
,1, 5 CI, 5 10

126 20,000 P .4-305 52 5 77 10 82 - 1’ 10 10
127 20,000 P 05 ‘-4 5 82 5 65 - I 5 10

128 20 ,000 1 03 - - - ~ 10 69 87 5 5
129 30,000 P A- ’,) 1 ’  15 65 20 117 77 15 15

- - 190 ‘o ,ooo -r A- -01 1-)’ - 20 . 1 _ I 20 132 79 15 -~~141 :70,000 1 02 II 10 (4~ 45 48 45 1-0
1.72 70 ,000 P 01) -- - ‘0 ‘ .1 86 56 50 II)

re.. - )

S I n 1465 and 1-~~-7 the condi t ion of specimens was not rated by panel of observers. (Sheet 5)*, Satisfactory pulse velocity readings were not obta ined in 196(a due to malfunction of testing equipment.h,rn,.l iron on e.11 loaded beans wan replaced with stainless steel channel in June 1967. Readings were therefore taken
- f l  a l l  l oaded beans before unloading and after reloading with stainless steel channel.

- -~~~~~~——---~~-~~~
. - ---~ -—-—,--— —- —--—-•—~~~~~~~~~ -—.~~~ _ _ _ __~~~ 
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‘ _ _) Table 1-PC-B (Continued) Section 2

Beach Row 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1a C y c 1e s , 1 7
Max Crack Width

1380 Cycles , 19.15 1310 C3eles , 1/’ %v2 1/1-300 in.
Max Max

Type Crank Crack After After
imeinal Steel Steel Con- Width Con- Width Con— Before Re— Before Re-

Bess, Stress Post- Defor— di 2 ~~~~~~~~ ~~ 2 1/1000 di- Unload- -:0] load- Unload- 101 load-
No. tire ~~~~~~ 

t thn ~V u~~ lion ~~ lion j~~~~~ ~~aSed ~~~~~ ~~~~~~ Loaded jar

133 3C ,00e T 6—305 * 59 15 63 *4 15 8 82 52 10 15
134 30 ,06-0 1 6-305 83 15 72 20 84 68 10 15
135 30,000 T OS 75 15 67 25 65 44 30 30
136 30 ,000 1 08 89 25 65 30 7) 58 30 35
137 40 ,000 1 A-305 73 40 51 55 )1 72 55 70

138 40 ,000 1 A- 305 83 40 57 50 98 97 50 75
139 40 ,000 1 OS 57 20 67 30 70 61 30 35
140 40 ,000 T OS 70 20 69 35 74 56 30 35141 40,000 1 A-305 106 30 55 30 155 93 30 45
152 40 ,000 1 A- 305 116 30 59 35 135 93 35 40

143 40 ,000 T OS 143 25 65 25 11-, 111 25 30144 50 ,000 1’ OS 118 35 62 45 109 95 45 60
145 50,000 1 .4-305 139 30 70 45 103 88 15 70
146 50,000 1 A-305 120 30 53 35 115 76 30 45
157 50,000 T 08 98 100 59 125 162 98 115 125

148 50,000 I OS 116 85 61, 100 157 137 100 120
1.9 50,000 1 A-305 147 35 69 50 124 60 45 50
150 50,000 1 6-305 150 So 65 40 - 145 65 35 50
151 50 ,000 T OS 71 35 57 35 111 64 35 I~5152 50,000 P OS 82 35 54 55 102 70 40 45

153 Non e T .4—305 96 0 44 0 74 0
i~4 None 1 6-305 75 0 67 0 73 0
155 None I A-305 67 0 77 0 70 0
156 None T 05 714 0 66 0 69 C
157 None T OS 65 0 60 0 87 0

158 None T 05 53 15 52 10 68 10

Beach Row 1
19613- 1972 Readings

1851 Cycles, 1966 2005 Cycles , 1969 2158 Cycles , 1970 2327 Cycles, 1~~~ 2 486 Cycles . 1971)
Max Max Max Max Max

Crack Crack Crack Cracir Craci
Con- Width Con- Width Con- Width Con- Width Con- Width
di- 1/1000 di- 1/1000 di- 2 1/1000 di- 1/1000 di- - - 1/1000

!o~ ~~~ ~~~~~~ ~~~ lion i~~ ~~~
83 20,000 B .4-305 65 116 15 62 40 15 59 69 15 60 62 15 59 46 10
84 20,000 B .4—305 68 95 15 68 37 20 67 71 20 66 51 15 64 ~3 i~
85 30.000 F 08 72 61 20 72 28 20 71 53 25 70 51 25 .19 32 25

- :  86 20 ,000 F 05 66 85 15 66 35 20 64 57 20 64 55 25 ~5 36 25
87 20 , 000 B A 305 52 ~3 20 53 51 25 52 63 25 47 58 30 s7 16 25

88 20 000 B A-305 50 84 20 55 45 25 59 70 25 51 68 20 51 39 25
89 20 :000 B OS 69 75 20 67 42 20 68 73 20 68 67 25 66 53 30

- ‘ 90 20,000 B os 63 105 10 65 37 15 65 61 25 62 58 30 60 42 30
91 30,000 B 6-305 70 8~ 20 70 35 20 70 56 25 69 C) 25 69 38 1)3

2 30,000 B 6-305 76 66 20 67 35 20 67 55 20 66 51 25 67 37 20

4 -3 30,000 B 05 68 s* 440 - -7- 32 40 64 51 47 64 49 So 62 36 25
‘,I 30 ,0CC 2 OS 64 78 50 ‘31 35 50 67 60 ~n 68 55 7 65 35 50
‘15 30,000 1- A~ 3O’3 72 100 35 2 35 35 68 53 1.- 68 50 5~, 68 36 25
96 30.000 B A-305 68 109 30 6-7 41 ~ 66 68 ‘n 65 59 60 66 -‘ :- 20
“7 30,000 B 05 62 76 30 9• s]. 35 61 61 55 61 56 35 61) 37 4~’

4
98 30,000 B 05 63 87 30 2 71. 30 6- ’ 58 35 1-1 54 aC 62 36 “0
99 *40,000 B 6—305 62 110 35 1)43 - ‘ ,-) 35 59 58 35 59 53 In 9 57 ‘.1

* 100 40 ,000 B A-305 65 75 30 61 CI’ 30 60 68 ‘5 57 52 -°- cC- ~7 35
101 40 ,000 B 05 62 86 60 1-1 39 70 61 59 7” ~1 52 75 60 ‘.1) 75
102 50 ,000 B CS 65 08 50 64 33 50 614 5-7 55 < -  69 to 61, ~2 60

103 40 ,000 1. A-305 51 7” 55 53 50 50 53 ‘5 Is ’ ‘41 71 55 52 58 50
10k. 40 ,000 P 6-305 65 CO 45 62 52 50 62 ‘9 50 59 7.1- 50 55 73 50
105 40 ,000 B 05 71 lii 45 71 56 45 68 8~’ 45 67 65 50 70 0 -  Sc
106 40,000 B 05 5*4 8]. 50 54 56 55 54 ‘‘ 55 54 ‘ So 5~- 7o 50
107 50,000 B 6-305 52 7 40 52 33 55 52 51 45 52 52 50 52 L45

$ In 196 5 and 1917 the condition of epecimena was not rated by panel of observer s. 5(~~
- , - t  6)

8$ Satistsctor y pulse velocit-,- reading s were not obtained in 1966 due to ma lfunction of testing equipment.
~ Channel iron on all i - - ~sh- -i ‘ ‘- -s, . was replaced with s al, l~ - .- .‘t.-,-i - -l.srsr, , 1 in June 14* 7. Readin~a were ti c, ’ lair,- ,

on all load’-,i beams befor e unl,--,li ,,,: and after cc i, a - li,, ,- sIll, nil .3 - - - steel , -l, - ,,r. -1 .
# 8oi~e pulse velocity readings obt%in’--i In I 4t-~ ~nd 9’3 are not hellevej to be v * 1ll ,l~e to the power Si ~ i t~ tio~~ of the

teat equipment; these %V2 readings are therefore queetioeable.

- - ‘~~~ - -~~~~~~~~~
_ _

~~= ~~~~~~~ .~~~~~~~~a ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
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(Revised Jan 1973 )

(,, ,,) Tab le 1-PC-B (Con c1r~~M) Section 2

Beach ROw I.
1968-1972 Readings

1851 Cyc1e8, 1968 2005 Cycles, 1969 2158 Cycles, 1970 2327 Cycles, 1971 2484 Cycles. 1972
Max Ma.x Max Max Max

Type Crac k Crack Crack Crack Crack
Nominal Steel Steel Con- Width Con- Width Con- Width Con- Width Con- Width

Bean Stress Posi- Deform— di- 1/1000 di- 1/1000 di- 1/1000 di- 1/1000 di- 1/iCC.
Nc~ psi lion mation tion is~ tion 

-~~~~~~~~ t ion it~ uon ix~ ‘ion

108 50 ,000 B .4—305 57 73 40 57 26 45 57 41 45 55 40 45 56 37 50
109 50,000 B 05 66 149 50 66 59 50 66 99 55 66 91 55 66 64 50 ‘ 

-
110 50 ,000 B 05 55 117 50 55 56 50 55 95 55 55 81 50 56 57 50
]fl. 50,000 B 6-305 53 91 50 55 52 50 56 79 50 51 72 50 53 62 40
11.2 50,000 B A-3O5 63 93 50 63 50 45 63 76 45 62 71 40 63 65 -.s

113 50,000 B OS 49 103 55 49 53 55 58 92 60 48 86 6) -.8 39 60
114 50,000 B 08 53 180 55 52 42 65 52 64 65 50 62 70 30 61. 70
115 B one B 6-305 59 68 0 59 26 0 58 43 0 56 5 7  0 50 32 0
116 None B .4-305 65 58 5 67 25 0 67 38 0 66 St 0 6’, 7’3 0
117 None B 6-305 65 68 0 65 28 0 65 43 0 67 10 0 61 30 0

1.18 None B 08 40 66 0 39 27 0 53 43 0 44 51 0 36 1.. 51
119 None B 08 52 67 0 53 30 0 56 4; 0 52 47 0 ~-1 1)1 0
120 None B OS 5*4 69 0 56 27 0 56 53 0 55 41 c si nr 0
121 20,000 P A-305 87 91 25 74 49 25 74 79 25 71 73 25 71. 86 30
3.22 20,000 P .4-305 82 85 25 70 52 30 69 81 25 67 77 20 66 54 1)5

123 20,000 P Cd 72 119 30 61 47 35 61 76 40 61 74 35 6o 51
124 20,000 P 08 71 111 35 65 59 40 65 98 So 65 92 145 65 51 3-)
125 20,000 P 6-305 64 45 20 60 34 20 59 59 25 58 33 25 60 33 30
126 20,000 P 6-305 77 63 20 77 34 25 76 60 25 77 49 30 76 1.2 3u
127 20,000 P OS 76 68 10 69 28 10 70 42 10 68 37 20 68 22 15

128 20,000 T 00 69 69 5 69 27 5 70 47 10 68 43 15 67 .5 :3
129 30 ,000 P A-3O5 60 90 20 55 50 25 55 77 30 53 73 35 55 56 -.-
130 30,000 P 6-305 71 84 35 66 4~ 35 65 69 35 62 66 35 63 54 35
131 30,000 1 CS 74 56 50 73 34 50 74 52 50 72 47 55 72 33  50
132 30,000 1 05 61 84 So 61 35 50 61 54 50 58 51 50 58 42 40

133 30,000 I .4-305 63 55 20 63 26 25 63 45 30 61 53 30 61 40 30
134 30,000 P A-305 66 61 25 66 28 25 66 57 25 64 45 25 65 45 30

t 135 30,000 1 08 62 53 35 61 28 30 61 44 30 61 42 35 6o 32 140
136 30,000 1 05 65 63 35 63 33 30 64 50 25 61 *48 25 62 56 25
137 40,000 T 6-305 51 89 70 49 ~~ 70 49 50 70 49 50 75 59 47 70

138 50 ,000 1 6-305 57 106 70 56 37 70 56 60 75 56 56 70 56 45 60
139 40,000 1 Cd 67 92 35 67 26 40 66 39 45 66 38 55 66 32 40
11*0 50 ,000 1 Cd 69 82 35 70 29 So 68 53 40 67 49 So 68 32 ‘.0
1.~e1. 40,000 1 A-3O5 55 99 55 54 52 55 54 91 60 53 84 60 53 67 60
142 50 ,000 T 6-305 59 111 50 58 50 55 57 80 60 57 84 65 62 59 60

143 40 ,000 1 00 65 116 30 61. 48 35 64 74 35 64 71 30 64 61 25
144 40,000 P 08 61 115 55 61 51 60 61 80 65 61 73 70 61 61 60
145 50,000 P .4-305 68 101 65 66 50 70 65 84 65 56 79 65 54 63 60
146 50,000 T 6-305 52 98 50 51 68 55 49 116 55 58 96 55 1.7 55 60
11.7 50,000 1 08 Pai1ed~~

148 50 ,000 1 OS Dalna€ed H
149 50 ,000 T 6-305 68 126 45 68 50 55 68 83 60 67 77 55 68 60 50
150 50 ,000 P 6-305 65 142 50 65 62 50 65 86 50 65 80 50 65 54 50
151 50,000 1 05 57 79 50 58 30 50 57 49 55 57 55 55 57 39 50
152 50,000 1 06 54 111 50 ~4 40 55 54 66 55 sS 63 50 54 31 50

153 None 1 6-305 54 72 0 44 30 0 56 48 0 4 3 45 0 1.4 33 0
154 NOne 1 6-305 61. 65 0 62 29 0 62 45 0 55 51, 0 57 35 0 

- -

155 None T A-3O5 66 63 0 65 30 0 66 44 0 66 So o 65 32 0 I 
-

156 None P 05 66 74 0 68 29 0 63 46 0 66 31 0 66 35 0
157 None 1 06 60 79 0 60 29 0 60 46 0 56 44 0 52 32 0

158 None P 00 52 67 10 53 33 10 53 52 10 52 55 15 53 66 10

~~ Beam failed but left under exposure . (Sheet 7)
Demeged when beam 1147 failed , bait left wider exposure .

0 Soars pulse velocity readings obtained In 1969 and 1970 are not believed to be va lid I . e  to the power limitati ons of the
test equipment; these %y2 readings are therefore questionable.

#0 A pulse velocity reading was not obtainel on this specimen .

L ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(Revised August 1917)

‘rable 1—TO—B (Continued ) Section 2

Bsacb Rov i
1973—1976 Readings

2621. Cycles. 197 3 2760 Cycles . 1974 2872 Cycles . 197 5 3018 Cycles , 1976
Max Max )~ x Max

Type Crack Crack Crack Cr ack
B~~ iea.1 Steel Steel Con— Width Con— Width Con- Width Con- Width

Beam Stress Post— Defor— di— 1/1000 di— 1/1000 di.’ 3/1000 di ~ 1/1000
N

~~ 
psi tion mellon t ion 

~~~~~~ ~12~ 1Y~ in . ~123~ ~~~ ~~~~~
83 20 ,000 B 6—305 59 ** 10 53 f t  5 59 74. 10 1*6 66 15
84 20,000 B A—305 63 10 67 10 65 67 15 64 71p 25
85 20,000 B 06 72 25 71 20 71 72 25 66 73 20
86 20.000 B 05 66 20 66 20 66 66 20 63 65 20
87 20,000 B 6—305 1.6 15 48 15 1*5 70 20 1*7 105 20

88 20,000 B A—305 50 10 1.9 15 449 68 20 51 69 15
89 20,000 B OS 61. 20 66 20 65 76 25 64 76 25
90 20,000 B 06 61 20 60 20 60 60 30 57 97 20
91 30,000 B 6—305 69 20 68 20 67 56 30 68 55 25
92 30,000 B 6—305 67 15 66 15 66 83 20 51 80 20

93 30,000 B 06 61. 25 66 40 64. 53 35 61. 53 50
91. 30,000 B 06 67 55 6’r 70 64. 57 70 61 6~ 70
95 30,000 B A-305 68 20 68 15 67 78 25 62 77 25
96 30,000 B 6-305 65 20 66 20 67 53 25 62 80 20
97 30,000 B OS 63 So 63 30 61 59 50 62 58 40
98 30,000 B OS 59 50 58 50 60 63 50 58 62 50
99 1.0,000 B A—305 59 50 59 60 59 57 50 57 58 60
100 1.0,000 B 6—305 58 40 s6 30 57 73 50 53 71 50
101 1*0,000 B 06 58 60 - 60 70 60 53 75 58 52 75
102 140,000 B 06 61 60 63 60 63 4*6 70 59 49 100
103 40,000 B 6-305 50 60 5]. 60 4*8 89 60 47 91p 60
10k. 140,000 B A—305 57 60 58 50 58 76 55 57 81 55
105 40,000 B 06 69 50 70 50 68 110 55 64. 108 70
106 4.0,000 B OS 52 50 52 50 ~~ 63 70 1.8 66 70
107 50,000 B 6—305 51 50 51 60 51 38 55 51 38 (1-in , spell)

108 50 ,000 B 6—305 55 50 52 50 54 37 55 57 38 (1/2-in , spell)
109 50 ,000 B 06 66 60 66 70 66 62 60 64 126 (1-1/2 in. spau)
110 50 ,000 B 08 55 60 55 60 53 57 60 55 100 75
111 50,000 B A—305 51 40 50 50 51 83 50 49 92 75
112 50 ,000 B A—305 63 60 62 70 58 74 60 61 103 75
113 50,000 B 05 4.8 80 1*8 80 1.8 75 80 1.7 76 (1/S—in , spell)
III. 50 ,000 B 06 51 70 52 60 52 71 75 51 138 100
115 Bone B A—305 63 0 57 0 56 79 1*7 79
116 None B A—305 65 0 58 0 57 82 55 79
117 None B 6—305 4.3 0 45 0 4*8 4*2 35 *42
118 Bone B OS 34. 0 35 0 38 61 35 65
119 None B 06 56 0 1.9 0 1p9 4*0 50 43
120 Bone B 05 53 0 54. 0 4*8 83 52 80
121 20,000 T 6—305 74. 30 72 25 72 97 35 72 98 25
122 20,000 T 6—305 69 20 68 15 67 90 25 69 102 30

123 20 ,000 T 08 60 50 61 50 60 90 50 60 103 60
121* 20 ,000 1 OS 65 So 614 40 62 86 50 61 81 50
125 20 ,000 1 6—305 60 25 59 20 56 55 30 57 56 30
126 20,000 1 A-305 76 25 77 25 74. 57 30 75 58 30
127 20,000 1 05 65 15 67 20 66 57 20 67 ~6 20
128 20,000 1 08 58 10 67 10 64. 61 20 68 59 15
129 30,000 1 6—305 544 50 52 40 54. 75 50 52 98 50
130 30,000 P 6—305 63 50 63 50 63 70 60 61 Ui. 6~131 30,000 1 08 72 60 72 60 70 62 70 72 62 75

4 132 30,000 P OS 59 60 59 60 58 ‘Ti. 60 51 83 75
133 30,000 1 A— 305 60 50 61 50 58 83 50 57 78 50
131. 30,000 1 A—305 61. 60 64. 50 64. 60 65 62 61 75
135 30,000 1 08 61 l.o 61 1.0 61. 50 1*0 61 4.6 So

4 136 30,000 1 06 65 20 65 30 62 82 30 63 86 30
137 140,000 1 A— 305 1.9 80 50 10 I~9 66 85 149 67 90

* 
138 4*0,000 1 6—305 56 75 55 80 56 68 75 ~~ 67
139 40,000 1 08 66 50 65 60 65 92 50 64 68 50
1140 140,000 1 08 67 45 67 Iso 67 65 ss 66 67 60
14*1 40,000 1 A—305 53 60 53 60 52 75 60 58 105 60
11.2 1.0,000 1 A—305 53 Iso 59 50 54 70 ~~ 61 86 50
1143 140,000 p Os 61. 4.0 63 So 62 78 50 64. 1114 75
liii. 40,000 T 08 61 60 61 70 55 72 65 59 91 (1/4.—in, spell)
145 50,000 1 A—305 60 80 54. 80 52 68 80 54 116 125
14.6 50,000 1 A—305 4.6 50 4.8 60 1*4 72 70 4*6 84 80

-
~ In-t  H Satiefactory pails, velocity read ings vera not obtained in 1973 end 1974.

(Sheet 8)
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Table 1—TO—B (Continued) Section 2

Beach Row 1
1977— Readings

3095 Cycles. 1977

Type Cra ck
- - Nominal Steel Steel Con— Width

Beam Stress Post— DeCor— di— 1/1000
No. pal tion mation tion in.

83 20,000 B A.-305 22 80 15
81. 20 ,000 B A—3 o5 60 75 25
85 20,000 B Os 68 88 25
86 ~o,ooo B 05 65 69 25
87 20 ,000 B 6—305 46 66 20
88 20 ,000 B 6—30 5 51 53 20
89 20 ,000 B OS 63 46 25
90 20 ,000 B OS 58 59 25
91 30 ,000 B 6—305 68 60 25
92 30 ,000 B A— 305 65 84 25

93 30 ,000 B 05 63 51 55
94 30,000 B 05 63 68 70
95 30,000 B A—305 60 76 25
96 30 ,000 B A— 305 61. 86 25
97 30,000 B 05 62 76 50
98 30,000 B OS 59 63 50
99 4.0,000 B A—30 5 56 92 60

100 4.0,000 B A—30 5 56 72 55
101 4.0,000 B OS 56 ~4 80
102 1.0,000 B 05 58 53 100
103 40,000 B 6—305 47 86 60
104 40,000 B 6— 305 64 62 60
105 40,000 B 05 65 82 75
106 4.0,000 B 05 66 69 70
107 50 ,000 B 6— 305 50 46 (1—in, spell)
108 50,000 B A— 305 53 44 (5/S —i ra .  spell)
109 50,000 B OS 65 115 (1— 1/2 in. spell )
110 50,000 B OS 53 94 75
111 50,000 B 6— 305 50 68 75
112 50,000 B 6—305 59 67 75
113 50,000 B 05 47 79 (1/4—in. spell)

J US 50 ,000 B OS 51 101 100
- - —~-‘ 115 None B A—305 51 78

116 None B A— 305 57 76
117 None B 6—305 59 44.
118 None B 05 44 64.
119 Bone B 08 55 43
120 None B 05 54 79
121 20 ,000 1 6—305 70 92 35
122 20,000 1 6—305 67 97 35
123 20,000 T 05 59 65 60
1244 20,000 ‘r Os 63 71 60
125 20,000 1 6—305 57 54 30
126 20,000 1 A—3o5 75 54. 30
127 20 ,000 1 OS 66 68 20

128 20,000 1 OS 67 65 20
129 30,000 1 A—305 52 93 50
130 30,000 T A—305 60 83 60
131 30,000 1 05 70 49 75

4 132 30 ,000 T OS 55 53 75

U 133 30,000 1 A— 3O5 58 91 50
1314 30,000 1 6— 305 62 72 75
135 30,000 T 05 61 4.3 140
136 30 ,000 1 08 62 59 4.0
137 1.0 ,000 1 A—305 1.9 79 100
138 4.0.000 1 6—305 55 77 75
139 4.0,000 T 06 65 89 55

4 11.0 4*0,000 1 08 65 81 60
11.1 4.0 ,000 1 6— 305 59 94. 60
14.2 4.0 ,000 T A—305 57 86 60
14.3 4.0 ,000 1 08 62 81 75
14.14 4.0,000 1 08 57 93 (3/8— in. spell )
14.5 50,000 1 A— 305 52 89 125
14.6 50,000 1 A—305 147 73 80

(l.a. ) (Sheet 9)
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- (Issued August 1977)

Table 3—I C—B (Continued ) Section 2

__________________________ Beach Bow l
1.973—1976 Readings

2621* Cyclee, 1973 2760 Cycles, 1974. 2872 Cycles. 1975 3018 Cycles. 1976
Max Max Max )~Ix

Type Crack Crick Cra ck Cr ack
Nc.inal Steel Steel Width Width Widt h Con- Width

Beam Str.ss Posi— Defor— Con— 1/1000 Con- 1/1000 Con- 3/iooo di- 1/1000
p.i ~~~~~~~ l.ation 

~~~~~~~~~ 
in, dit tos in. dition in. tion in.

1448 50,000 1 08 U Unlo..d.d H -- — — — -- -- --
11.9 50,000 1 A—305 68 75 66 5001 61 73 ~~~ 61 100 (4- in. apall )
150 50,000 1 6—305 65 60 65 70 62 61 70 64 1014 75
151 50,000 1 08 57 70 58 70 57 62 60 56 63 (1/2- in , spell )
152 50,000 1 06 544 60 54. 55 51 52 50 53 52 50

153 None I A—3O 5 44 0 36 0 16 50 26 52
151. None 1 6—305 55 0 54 0 544 84 55 81
155 None ‘2 6—305 76 0 65 0 61 82 65 81
156 None T 08 52 0 27 0 25 83 22 81
157 None 1 06 52 0 51 0 49 83 50 90
158 None T 05 51 0 50 0 50 7I~ 51 79 (2—in , spill)

1977- Readin gs
3095 Cycles. 1977

Max
Crack

Con- Width
di- 1/1000

in.

1148 50,000 T OS -- -- --
1149 50,000 T A’.305 64 67 (I4-in . spell)
150 50,000 1 A-305 63 65 75
151 50,000 T 05 53 63 (5/8—in , spell)
152 50,000 1 08 53 67 50
1.53 None 1 A-305 29 53
i51. None 1 A-305 55 7I~
155 None T A-305 65 82
156 None 1 05 23 82
157 None 1 08 544 80
158 None 1 08 50 68

I 

-

Q ft Satiatactory ~~1ee veloci ty readings vere not obtained in 1973 and 1974*.
I One raker failed during winter of 1973-19714.

(Sheet 10)
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(Corrected Aug 1965) Section 3

Stewart Field Spheres*

Twenty-four air-entrained concrete spheres were installed on the

beach at Treat Island in May 195)4 for soniscope studies. These spheres are

12 in. in diameter and were fabricated in March and April of 19)43 . They

had previously been exposed at Treat Island during the period from October

19)43 to May 19)49 as a part of the Stewart Field Program. This previous

exposure (approximately 600 cycles of freezing-and-thawing) had no ap-

preciable effect on the spheres. Spheres were selected for this exposure

primarily because the concrete in a sphere is in a relatively stress-free

condition with no corners .
Table 1-SF lists these specimens and gives their exposure record

along with pertinent mixture data. - 
-

(3 * See Corps of Engineers , Central Concrete Laboratory , Concrete Investiga-
tion Stewart Field , Newburgh New York, First Interim Report (March
19k3S; Second Interim Report (~Apri1 19)43); Final Report (April 1914)4).L ~~~~~~~~~~~~~~~ — ——-~--— — --—-~-~~---,-,--~,-—,-—‘,..--‘--- —~~~~———~ ~~~~~~~~~~~ ~~~~~~~~~~ — - ~~~~~~~ -~~ ————- ~~— -
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(Revised Aug 1974)

Table 1—SF Section 3

Mixture Data and Record of Testing of Stewart Field Spheres

i~ 54- ( Installed Ma~r 1954 )

- Exposure Rack , Row 9 (w to E)
1954-1962 Readings

Water- 19514

Sphere AWegate Combination Ratio Factor Air 1955 1956 1951 1958 1959 1960 1961 1962

No. Pine Coarse gal/bag bags/cu id ~~~~~ ,. ~~~~~~~, ~~~~~~ ~~Y~~~~~~J!~~~~

U.A Nat. sand A Nat . gravel A 4 .5 7.2 3.2 144,925 100 91# 106 103 113 *
U.N Nat. sand A Nat. gravel A 4.5 7.1 4.0 14,085 100 109 131 97 123 105 102 123 119
115 Nat . sand A Nat. gravel A 4.~ 7.0 2.9 13, 890 100 112 127 116 131 103 109 119 115
120 Nat . sand A Nat. gravel A 5.0 6.2 2 .3 114, 925 100 97 117 94 94 87 92 117 914
130 Nat . sand A Nat. gravel A 5.5 5.3 4.7 16,665 100 100 111 914 100 8~ 91 103 73

216 Crushed Nat . gravel A 44 .5 7.3 4.5 114 ,495 100 106 109 106 116 106 113 137 113
215 Crushed Nat, gravel A 44.5 1.3 44 .3 14,925 100 100 128 109 121~ 113 124 125 117
22P. Crushed Nat. gravel A 5.0 6.14 44.8 13, 700 100 106 119 116 123 113 120 130 139
226 Crushed Nat. gravel A 5.0 6.4 14 .7 13,335 100 118 115 115 109 115 132 162 133
236 Crushed Nat . gravel A 5 .5 5.6 4.5 114,085 100 106 123 106 119 100 106 135 131

235 Crushed Nat . gravel A 5.5 5.6 1#.6 13, 890 100 112 127 116 127 106 109 135 140
313 Nat. sand B Nat . gravel A 4 .5 6.5 4 .3 14,925 100 106 121 110 125 110 110 121 113
330 Nat. sand B Nat. gravel A 5.5 5.0 4.8 13, 890 100 115 131 112 135 107 100 139 135
520 Blend A Nat. gravel A 5.0 5.9 3.8 14,495 100 109 132 106 109 106 Failed
536 Blend B Nat . gravel A 5.5 5.2 5.1 13,890 100 112 127 116 120 110 120 131 131

536 Blend A Nat . gravel A 5.5 5.1 44 .3 13, 890 100 115 135 116 123 107 119 127 103
116 Crushed Rock C 4 .5 7. 1# 6.8 18,520 100 87 90 90 100 76 87 96 93
730 Crushed Rock C 5.5 5.8 2.9 11,240 100 97 10l~ 104 108 94 97 111 100
81A Nat. sand B Rock C 4.5 7.0 4.9 16,665 100 97 123 110 114 96 106 124 85
831. Nat. sand B Rock C 5.5 5.3 7.7 16,950 100 13 100 88 100 97 83 85 85

830 Nat. sand B Rock C 5.5 5 .3  14.1 16, 395 100 103 128 111 100 85 94 107 66
836 Nat. sand B Rock C 5.5 5.3 3.9 16,395 100 103 128 111 123 97 104 123 83
926 Blend C Bock C 5.0 6.3 3.9 16,130 100 1144 127 110 122 103 114 132 110
130 Nat. sand A Nat. gravel A 5.5 5.2 3.8 15, 385 100 89 106 94 ~~ 114 94 1.06 94

~~posure Rack , Row 9 (W to 5)
196~. 1972 Readings

1963 1964 1965 1966 1967 1968 1969 1970 1971 2972

115 Nat. sand A Nat. gravel A 44 . 5 7.1 4.0 90 112 119 ~ 87 119 123 103 83 58
115 Nat. sand A Nat. gravel A 4 .5 7.0 2.9 87 61 87 Failed
120 Nat . sand A Nat. gravel A 5.0 6.2 2.3 106 103 121 82 92 89 87 33 443
131) Nat. sand A Nat. gravel A 5 .5 5.3 4.7 83 115 119 64 85 91 78 40 47

216 Crushed Nat. gravel A 44 .5 7.3 4 .5 132 128 157 61 120 120 113 76 69
213 Crushed Nat. gravel A 4 .5 7.3 4.3 110 117 143 62 106 109 106 64 80
226 Crushed Nat. gravel A 5.0 6.44 I#.8 131 139 139 37 85 88 83 81 100

• ___  Crushed Nat. gravel A 5.0 6.4 44.7 151 146 125 103 90 55 50 Failed
236 Crushed Nat. gravel A 5.5 5.6 44 . 5 123 112 123 79 119 116 103 85 65

235 Crushed Nat. gravel A 5 .5 5.6 4.6 131 135 1i40 106 1149 139 109 85 75
313 Nat. sand B Nat. gravel A 14. 5 6.5 4.3 117 117 106 .1 40 Failed
330 Nat. sand B Nat . gravel A 5.5 5.0 4 .8 127 127 139 92 131 109 95 Failed
536 Blend B Nat . gravel A 5.5 5.2 5.1 1.27 127 135 77 123 112 103 85 447

536 Blend A Na t. gravel A 5.5 5.1 4.3 123 123 135 87 139 106 100 83 49
71?. Crushed Rock C 4.5 7.14 6.8 96 87 90 36 71 46 43 19 Nh
731) Crushed Rock C 5.5 5.8 2.9 111 50 69 Failed
81* Nat. sand B Rock C 4 .5 7.0 44.9 138 103 97 30 446 25 

~~ Failed
83?. Nat. sand B Rock C 5.5 5 .3  1.7 91 82 Failed

830 Nat. sand B Rock C 5 .5  5,3  44 . i 97 63 33 Failed
831 Nat . sand B Rock C 5.5 5.3  3.9 88 8~ 49 13 Failed
926 Blend C Rock C 5.0 6.3 3,9 127 123 154 74 131. 123 103 78 53
130 Nat. sand A Nat. gavel A 5.5 5.2 3.8 110 110 114 58 114 86 77 61 51

• Specisen 1.16 disappeared beti en Nay 1958 and Nay 1959.
ee This speciasa could net be fowsd to test in 1.958, but It was leter found in another location on the beach end reinstalled .

~ Satisfactory pulse velocity r.sdings sere not obtained in 1966 due to .alf’.mctiou of testin g squi~~~nt .
NB A sat isfactory reading vex not obtained although an attempt was sad. to obtain One .

( Sheet 1)
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- - (Revised August 1977)

) Table 1—SF (Contin ued) Section 3

~~poaure Ra ck. Bow 9 (v to 1)

Cement Cement 197U ~ 
Re dines

Sphere Awagats Combination Ratio Factor Air 1973 191 1975 977
No. Fine Coarse gal/bag bags/cu yd ,j~_ jy~~ ~!f,.. i~f... ~~~~~ .±~f.... .

115 Nat . sand A Nat . gravel A 4,5  1.1 4 .0 52 49 33 NB Failed
121) Nat . Band A Nat. gravel A 5.0 6.2 2 .3  NB NB NB NB NB
131) Bat, sand A Nat . gavel A 5.5 5.3 4.1 NE NB NB ER NB
216 Crushed Nit , gravel A 4.5 7.3 4.5 66 60 So 73 73

213 Crushed Nat, gravel A Is.5 7.3 14.3 78 16 72 62 65
• 226 Crushed Nat. gravel A 5.0 6.4 4.8 95 93 88 81 83

23?. Crushed Nat. gravel A 5.5 5.6 4.5 62 62 70 65 62
233 Crushed Nat. gravel A 5.5 5.6 4.6 43 40 67 61 63

53?. Blend B Nat . gravel A 5.5 5.2 5.1 NE NB NB Failed
536 Blend A Nat. gravel A 5.5 5.1 4 .3 NB BR NB Failed
71?. Crushed Rock C 4.5 7.14 6.8 Failed
926 Blend C Rock C 5.0 6.3 3.9 NB NB NB Failed
130 Nat . sand A Nat . gravel A 5.5 5 .2 3.8 NB BR NB Failed

‘1-4
I

-I
—

-1

L ~ 

,, ,~~, BE A satisfactory rae-ding vie not obtained although an att empt we-i sade to obtain one. 
2)
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(Revised Sept 1968) Section 1~

Cem ent-Replacement Materials Investigation, Phase B*

In December 1953, 21 concrete prisms (18 by 18 by 36 in.) were inS-

stalled at half-tide elevation on the beach at Treat Islan d as a part of

Phase B of the Cement-Replacement Materials Investigation.* Phase B in-

volved the proportioning, outdoor mixing, and placing of mass concrete,

using 2-cu-yd batching, mixing , and placing equipment. The purpose of

this installation is to develop information about the durability of

Phase B concretes .
The prisms were made from seven different concrete mixtures (3 prisms

per mixture); the coarse and fine aggregate used in all mixtures was a

crushed limestone . All concrete mixtures were air-entrained; the air- -
•

entraining admixture was admixture G. The mixture data are tabulated

below. Table l-CRMI-PB lists the concrete specimens exposed as a part of

this program and. gives their exposure record,

Mixture Data
F~~ n i  an ~ p1 c ~r~ - - t Max Water—

Date - -11~~r t  
— 

7 (~~~~l~~J Size Cement Cement
‘, , / t i l ’~ Cast - 

-
~ Coarse Factor Ratio Slump Ai r * l3pç~~i ~‘n

~o .  1953 ~~~~e IL Type Used ~~~~~~~~~~ a4/:/ -~ y l  
~~~~~~ 

in ,  ,j~ No.

a , 7  ii 100 lone None 6 I n .  2 .52  0. 6 0_i/I 6.0 1 -10
2- /J ( . 7 8-11
~_i/1 5.1 1 -12

b P _ I l  II 100 -lone lone 3 in .  2.~ 1 0.8 3/14 5.9 B-30
2-1/2 6.8 i- ~i
1—1/2 5 .6 t- -~~:

C 1-0~ - II 100 llone hone 3 in, 14.76 0.5 2-1/7 7.2 - - t i
1—1/’? 2.5

1/1 1.2 P—i- - I

- i  1-17 1 II Fly ash 7 4 ~ ~ i n .  2.16 0.8  2 5. 1.
1-1/2  I. . 6

17-1 -2 5.0 1- - - - -

e -i II ~ Nat. cern 35** 6 n ,  2, -i 0.8 2- 1/17 5.
- 5.7 1- 110
— i/I . 5.2 F— ill

f’ - P II - ‘~~ Fly ash ip** 3 m .  2 .h ç  0.6 1-3 /1 5.7 1- - r I
2-1/2 5, 14
2 5.9 1-7~

g 5—Il II 6~~* I - P. . - -~ n ~ 5C * 3 I n .  2 . 0  0.8 1/2 6.0 F- - IL’
2 7.2
2

A i r  - ) c l  -c t ,  of Li-LiT ~~ r t i on  of 1~li - c c  - r t~ o n t i l  inl~~ NT~ Y - - tt ~ma11er than 1 — 1 / 7 -  i n .  in I ~e .
• 1. r .t -~j solid volume .

* See U. S. Army Engineer Waterways Experiment Station, CE, Investigation
of Cement-Replacement Materials ; Preliminary Field Investigations
(Phase B) 3 Miscellaneous Paper No. 6-123, Report No. 14 (Vicksburg , Miss.,
April 1956).
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(Revised May 1976)

) Table 1-Cf$41-PB Section 4

Record of Testing of Prisms Made for Cement-Replacement Materials Investigation,

Phase B, 1953— (Installed December 1953)

Beach Row 2
1953—1963 Readings

0 110 255 4.22 566 637 787 858 999 1088 1194
d Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles

Nix S cimen Cement ~~~~ 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963

Nc~ No. ir ~ - -~~~~~~~~ 
.jy ~~ ,.~!!_ ,j~~~ -~~~~~~~~ - J~~~~~~ 

j ~~~ j ~~~
a B-j O 100 6 100 100 106 111 96 101 88 ~~ 85 Failed

3-11 100 107 115 114 108 108 1014 102 99 75 92
5—12 100 106 113 112 105 106 103 98 92 Failed

b 5-30 100 3 100 94 100 100 92 95 95 97 94 102 97
B-3l 100 93 97 98 92 94 88 89 93 88 86
5-32 100 94 98 97 93 93 86 94 93 90 95

c B-61 100 3* 100 86 97 97 91 93 90 93 91 97 99
B-62 100 63~~ 95 94 90 93 87 89 92 88 92
3-63 100 62.~ 97 99 91 93 88 93 91 93 87

d B-46 55t 6 100 86 92 79 59 ft ft ft f t  Failed
B.47 100 90 97 97 85 91 f t  tt f t  Failed
B-48 100 914 99 96 93 96 83 tt +f f t ft

e B..l09 65* 6 100 95 96 99 89 91 714 75 66 Failed
B—nO 100 93 99 97 88 90 82 83 81 65 82
B-ill 100 95 100 99 93 96 85 91 89 90 84

t B—?? 55t 3 100 95 101 104 93 94 tt tt f t  it  tt
5-78 100 106 103 103 94 92 88 ft if f t  f t
5-79 100 94 101 99 97 89 tt tt ft ft tt

g B.93 65* 3 100 92 96 1402 91 95 86 92 90 90 90
8-94 100 94 101 99 98 93 91 95 91 91 90
8-95 100 96 100 98 94 90 87 89 88 76 81

1964-1975 Readings
1329 1492 1622 1778 1963 2117 2270 2439 2596 2736 2782 2894

Cycle s Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1964 1965 1966 1967 l9~ 8 1969 1970 1971 1972 1973 1974 1975

~~~~~~~~ ~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ 
_  ~~ 2 

~~~ ~~~~ ~~~~~~~~~ _

a B-U. 100 6 81 75 ** 66 73 ft  f t

b 8-30 100 3 90 92 82 93 93 89 84 68 66 § 81 76
5—31 79 ~~ 65 73 77 69 65 55 NE § 74. 5~3—32 88 87 73 86 88 79 72 67 70 ~ 88 93

o 5-61 100 3* 93 106 91 95 92 91 86 88 88 § 116 102
B-62 94 95 87 56 86 75 74 66 73 ~ 103 100
3-63 89 49 Failed

d 8-48 55t 6 ft Failed

e B-U.0 65* 6 72 64 57 59 59 20 ft
B-ill 7? 74 58 66 67 58 tt

f 8-77 55t 3 ft  Failed
B-7S tt Failed
3-79 ft  Failed

g 5-93 65* 3 95 ~~ 83 92 91 88 79 77 78 ~ 88 90
B.94 82 77 75 71 714 69 65 Failed
3.95 69 614 63 58 59 57 514 Failed

* Water.cement ratio (by wt),  0.5; that of all other specimens , 0.8.
** These two values are inconsistent with previous and subsequent readings sod are presumed incorrect.
t 145% fly ash used as replacement emter ial.

ft  End of specimen too rough to obtain satisfactory reading.
( % * 35% natural cement need as replacement meterial.

P $1 Satisfactory pulse velocity reading was not obtained on this prism in 1966 1 the reading obtained
was spurious and was thrown out.

~ Satisfactory pulse velocity r eading was not obtained on this specimen in 1973 due to equi pment malfunction . 
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(Issued August 1977)
- ) Table l—C3341-PB (Continued) Section 4

Record of Testing of Prisms Made for Cement—Replacement Materials Investigation .

Phase B. 1953— (Installed December 1953)

I Beach Row 2
- . 1976— Readings

30140 3117ort— Cycles Cyclesan 1076 1
- Mix Specimen Cement Size 2

!2~. ~ °. ... L.. .. ...m& ...JY!.. i~~. 
—

a B-U 100 6 - 
-

- 
b 8—30 100 3 75 70

- 3— 31 89 61
3-32 91 101

- 

c 3—6]. 100 3* 96 108
• 8—62 96 97

8—63

- d 8—48 5sf 6

-

- 
e 8—110 65* 6

3—111

- - f  3—77 5sf 3
- 3—78

3—79

g 8—93 65* 3 88 90
8—94
3—95

I 

-
‘ ---•- ) H

F
( \ 5 Water—cement ratio (by Vt),  0. 5; that of all other specimens , 0.8. (Sheet 2)

r’~p ~ t 145% fly ash used an replacement material .
35% natural cement used as replacement materiel .
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(Revised August 1977 ) Section 5

Table l—CERL--FC

Record of Testing of Concrete Beams for CERL Fibrous Concrete Program
Installed January 1975

Rack Row 3
1975— Readings

Jan 1975 Jun 1975 1976 1977

Mix Beam Flaw 0 cycles 66 cycles 212 cycles 289 cycles

No. No. in. %E fps %V
2 

%E %V
2 

%E %V
2 

%E

0—1 0 0 100 14,150 100 110 161 110 102 110 94
1 0 100 14,000 100 104 145 109 104 109 87

• 2 0 100 13, 855 100 105 i48 tt
• 3 H.L.~ 100 13,040 100 ** ** f t

It i/16t 100 13,435 100 ** ** tt

~ 1/8 100 13,300 100 ** ** tt

0—2 10 0 100 13, 435 100 102 157 103 94 105 94
11 0 100 13,570 100 100 158 99 100 101 94
12 0 100 13,435 100 101 165 ‘H’
13 H.L. 100 13,300 100 101 160 tt
14 1/16 100 12,5145 100 85 176 tt
15 1/8 100 12,545 100 90 156 tt

0—3 20 0 100 14,150 100 104 153 104 io4 108 94
21 0 100 14,300 100 104 154 105 96 109 94
22 0 100 i4,i5o 100 101 157 f t
23 H.L. 100 13,855 100 100 168 tt
24 1/16 100 13,435 100 79 161 ‘H’
25 1/8 100 13,570 100 93 150 tt

0_it 30 0 100 13,855 100 101 155 111 96 1~~ 102
31 0 100 13,570 100 io8 15)4 113 106 115 89
32 0 100 13,855 100 102 160 tt
33 H.L. 100 13,435 100 102 153 tt
34 1/16 100 13,040 100 100 159 f t
35 1/8 100 12,915 100 78 170 ft

0—5 ItO 0 100 14,150 100 100 161 114 112 113 98
iti 0 100 114,150 100 103 157 io4 107 109 98
42 0 100 14 ,000 100 101 l7lt ft

- ì  43 H.L. 100 13,855 100 97 161t ft
44 1/16 100 13,170 100 77 172 ft
1t5 1/8 100 12,915 100 72 158 ft

* Hairline crack .
** Unable to obtain reading in June 1975.
f In two pieces . -

ft Shipped to CERL in July 1976 for laboratory tests.

1 (J
-—

~

-

~ 
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(Issued May 1976) Section 5

CERL Fibrous Concrete Program

In January 1975, 30 concrete beams (3—1/2 by lt—l/2 by 16 in.) were
installed at half—tide elevation on the exposure rack at Treat Island,

Maine, to determine the effects of the seawater and the freezing and

thawing action on the flexural strength and other properties of various
fiber concretes. Half the beams were cracked for testing.

The beams were made from five different concrete mixtures (6 beams
per mixture) ; natural coarse (3/8—in. max) and fine aggregate were used
in all mixtures. All mixtures were air—entrained (admixture A), and a

water—reducing admixture (admixture B) was used in all mixtures. Type
III portland cement was used in the amount of 8.0 cwt per cu yd with a
water—cement ratio of 0.5 in all mixtures. Concrete mixture data are
tabulated below. Table 1—CERL—FC gives the exposure record of the

specimens.

Concrete Mixture Data
Fiber Slump, Air Content Fiber Ratio

Mixture Type Length, in. In. ~~~~ by Wt

0—1 A 1/2 0 10.0 0.01

0—2 B 1 1 8.0 0.02
0—3 C 1 8 3.5 0.05
0_it D —— 0 4.~ 0.05

0—5 E 2—1/2 7 2.5 0.05

1
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(Issued June 1959) Section 6

Prestressed Concrete Program

The purpose of this installation is to develop information on the

effect of prestressing on the durability of concrete beams.

In October 1958, 16 prestressed. (pretensioned) concrete beams (4-1/2

by 9 by 81 in.) were installed at half-tide elevation on the beach at Treat

Island. Each beam contains nine nominal 1/It-in. (1 by 7) strands of high-
strength steel wire. In lii of the 16 beams the strands were tensioned to
approximately 70% of their ultimate strength prior to placement of the
concrete around them (approximately- 3 tons each strand); the strands in

the other two beams were not tensioned. Each of these 16 beams contains

four sets of gage points with which strains arc measured. Twelve of the
16 beams are loaded flexurally (third-point) in pairs. Two intensities of

loading are used; in one case the compression due to prestressing is just

balanced (100%), and in the other case the compression is exceeded so that

approximately 200-psi tension exists in the bottom fibers of the beams

(108%). The other four beams are nonloaded controls.

The concrete mixtures represented both air-entrained (admixture ii)

and nonair-entrained concrete of the following characteristics:

Nominal
1Iater-cement Compressive Cement

Ratio Strength Factor
gal/bag Cement psi Slump, in. ~~~sJ~Myd.

5.85-6.22 Type III (high-early) 6ooo 1-3/14 ± 1/2 6.1-6.3

The aggregates used were manufactured limestone sand and. limestone rock

(3/Il-in, maximum size).

Table 1-PR lists these specimens and. gives their exposure record

along with other pertinent information.

Eight additional prestressed beams (4-1/2 by 9 by 81 in.) are ex-

• 

posed in the laboratory as control beams (loaded and. nonload.ed).

In addition, in October 1958, 72 conventional concrete beams (3-1/2

by 4-1/2 by 16 in.) were Installed on the Treat Island exposure rack to

determine the field durability of the concrete mixes. These beams were

fabricated from the same concrete batches (3 beams from each of 24. batches)
as the large beams, and. therefore have the same mixture characteristics.

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
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Section 6 (Issued June 1959)

Table 2-PR lists these specimens and. gives their exposure record
along with other pertinent information .

Companion specimens to the small beams (3-1/2 by 4-1/2 by 16 In.)
were subjected to freezing-and-thawing tests in the laboratory. The re-
sults of these tests are given below :

Batch Avg %E Batch Avg %E
No. at 300 Cycles No. at 300 Cycles
1 92 13 93
2 89 lii 90
3 61i. 15 4.
4 86 16 3
5 91 17 91
6 86 18 70
7 89 19 91
8 84 20 9).
9 89 21 87

10 95 22 8 9 ,
11 88 23 5
12 93 24

2
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(Issued May 1962) Section 6

St. Augustine Installation (1959)

In October 1959, three pre stressed (pretensioned) concrete beams
(4-1/2 by 9 by 81 in.) were installed on the exposure rack at St. Augustine ,
Fla . Each beam contains nine nominal 1/4-in. (1 by 7) strands of high-
strength steel wire . The strands in all three beams were tensioned to ap-
proximately 70% of their ult imate strength prior to plac ement of the con-
crete around them ( app roximately 3 ton s per strand). Each beam also con-
tains four sets of gage points for length change measurements. At Insta l-
latlon , two of the beams were yoked together and loaded flexural ly (third
point) until cracks app eared in both beams. The other beam is an unloaded
control .

The concrete mixture used In these beams was air-entraine d (admixture
M) concrete of the following characteristics:

Nominal
Air Water-ceme nt Compressive Cement

Content Ratio Strength Factor
Cement 

_______ 
gal/bag — psi Slump, in. bags/cu yd

Type III 4 .3-4 .8  5.85 6000 1-3/11 + 1/2 6.00-6.03
(high-early ) —

The aggregates used were manufactured limestone sand and limestone
rock ( 3/4-in , maximum size).

Table 3-PR list s these specimens and gives their exposure record .

Posttens ioned Phase ( 1961 Installation )

The primary purpose of this installation is the exposure testing of
• end anchor ages and end-anchorage protection for several systems of post-

• tensioning . While not being intr oduced as variable s the following add.i-
tional effects will be observed and studied in the beam specimens:

a. Durability of thin web sections
b. Behavior of grout
c. Exposure effects on poettensioning steel and conventional

reinforc ing steel
d. Ef fect of eccentricity of loading

3

~ 
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Section 6 (Issued May 1962)

— In June 1961, 20 poattensioned beams ( nominal size, 10- by 16- by
96-in.) were installed at half-tide elevation on the beach at Treat Island.

These beams represent four typical postten aioning systems : Systems A and B
(six beams each), Systems C and D ( four beams each). Each beam contains 

- 
-•

one sheathed steel tendo n* which was stressed in accordance with the rec-
ommendations of the particular system . The end-anchor age components of
all beams are provided with 1-1/2 in. of cover . This cover consists of
either air-entrained concrete , sand-cement mortar , or epoxy concrete .

The concrete beams are made of air-entrained concrete and in aTh 4tion

to the posttension lng steel , contain steel for reinforcing . This reinforc-

ing has been provided with 3/11. ± 1/11. In. of cover.
The concrete mixtures in the test beams prop er ( excluding grout and

anchor age protection ) have the following characteristics:

Nominal
Air Water-cement Compressive Cement

Content Ratio Strength Factor
Cement 

______ 
(by wt) psi Slump, in. bags/cu yd

Type III 4.0-5.0 0.52 (5.85 6000 1-1/2 to 2 5.98-6.05
(high-early ) gal/bag)

The aggregates used in the test beams proper were manufactured lime-
stone sand and limestone rock ( 3/4-in, max imum size).

The concrete mixtures used. for end-anchor age protection containe d the
same aggregates and have the following characteristics:

Nominal
Air Water-cement Compressive Cement

Content Ratio Strength Factor
Cement 

______ 
(by wt) psi Slump, in. bags/cu yd

Type III 3.5-5.0 0.80 (9.03 3000 1-1/4 to 2 3.90-3.96
(high-ear ly) gal/bag)

The sand-cement mortar used for end-anchor age protection contained
manufactured limestone sand and had the following characteristics:

* All tendons except that of beam 13 were grouted.

L_ i -
~~~~~~~ 
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( Reprinted Sept 1967) Section 6

~~~

28-day
Water-cement Compressive Cement

Ratio- Strength Factor
Cement (by wt) psi bags/cu yd.

Type III (high-early) 0.44 6930-10,400 10.90
(11 .97 gal/bag)

The epoxy concrete used for end-anchorage protection contained the
same limestone aggregates and had the following characteristics:

Mixture Proportions
(by Vt) 28-day

Max Aggr Epoxy Coarse Compressive Strength
Cement Size, in. Binder:Sand:Aggregate psi

None 3/11. 2.83:7.00:10.00 9320-11,320

The steel tendon in 19 of the 20 test beams was pressure-grouted

after posttensioning using a grout of the following characteristics:

I
7-day 3-day

Water-cement Ratio Compressive Strength Expansion
Cement (by wt) psi 

________

Type III (high-early) 0.40-0.49 3611.0_7400 0-7
(4.51-5.53 gal/bag)

The grout used for beam 14 contained a natural sand. (100% passing No.

30 sieve). Al], grouts contained a small amount of aluminum powder.
This program of investigation is being conducted in cooperation with

the Reinforced Concrete Research Council , and the test beams and variables
were designed in accordance with their recommendations.

Tables li-PR, 5-PR, and 6-PR give additional information and exposure

records of these beams .

0
5
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Section 6 (Issued Sept 1967)

Report s Published

Four U. S. Army Engineer Waterways Experiment Station reports con-

cerned with the prestressed concrete program have been issued since 1958.

These reports are listed below:

a.. Roshore, E. C., “Durability and Behavior of Prestressed Con-
crete Beams; Pretensioned Concrete Investigation, Progress
to July 1960,” Technical Report No. 6-570, Report 1,
June 1961, U. S. Army Engineer Waterways Experiment Station,
CE, Vicksburg, Miss.

b. 
__________, 

“Durability and Behavior of Pretensioned-
Prestressed. Concrete Beams,” Miscellaneous Paper No. 6-611,
December 1963, U. S. Army Engineer Waterways Experiment
Station , CE , Vicksburg, Miss.

e. 
__________, 

“Durability of Prestressed Concrete Beams ,”
Miscellaneous Paper No. 6-665, July 1964, U. S. Army Engineer
Waterways Experiment Station, CE , Vicksburg, Miss.

1. 
__________, “Durability and Behavior of Prestressed Concrete
Beams; Posttensioned Concrete Investigation, Progress to
July 1966,” Technical Report No. 6-570, Report 2, March 1967,
U. S. Army Engineer Waterways Experiment Station, CE ,
Vicksburg, Miss.

I
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(Revised Sept 1968)

Section 6— . Table 1-PR

Record of Testing of Large, Prestressed Beams

Treat Island Exposure

1958- (Insta lled October 1958)
Beach Row 2 (w to E)

1958—1961 Readings
0 Cycles

1958
Pulse 150 Cycles , 1959 221 Cycles , 1962 362 Cycles. 1961

Besm* Straada Loaded Veloc
No. Type Concrete Pretensioned Flexurally, % _~~~~ _, Cond itiont ~~~ Conditiont Conditlont

3** Air No 0 15, 100 100 106 2 108 1 1014 3

4 Air No 0 15, 235 100 106 1 107 1 105 4

7** Air Yes 0 15,270 100 102 1 103 2 103 4

8 Air Yes 0 15, 205 100 104 1 107 2 105 5

11** Air Yes 108 15, 235 100 106 1 105 1 106 14

12 Air Yes 108 15, 135 100 105 1 106 2 106 14

135* Air Yes 108 15, 170 100 104 1 105 2 109 4

14 Air Yes 108 15, 555 100 104 1 1014 2 104 4

15 PlaIn Yes 108 15,37 5 100 Failed

16 Plain Yes 108 15,37 5 100 Failed

19** Air Ye, 100 14,965 100 107 1 107 2 107 s
20 Air Yes 100 15,205 100 106 1 108 1 105 14

21 Air Yes 100 15,340 100 106 1 107 2 205 3
Air Yes 100 15, 270 100 106 1 104 1 104 3

23 Plain Yes 100 15,141,5 100 Failed

24 Plain Yes 100 15,5~~ ) 100 Failed

1962-1965 Readin gs
451 Cycle s 557 Cycle s t92 Cycles 855 Cycles

1962 1963 1965 1965
Condi— Co ndi— Condi - ~ondi—

~~~~~~~~~~ ~~~~~~Uont ~~~~~~tthnf j~~~~~tiont

3’.’ Air No 0 105 3 111 1~ 100 9 103 ft

1~ Air No 0 104 14 111 1~ 157 11 105

75* Air Yes 0 102 4 109 4 202 18 109

8 Air Yea 0 97 3 105 1~ 100 12 72

ll~~~ Air Yes 108 99 3 107 14 99 4 101.

12 Air Yes 108 96 3 107 4 100 1~ 105

13’.’ Air Yes 108 98 3 107 14 101 6 110

14 Air Yes 108 91. 3 104 4 103 3 104

4 19*’ Air Yes 100 98 3 110 1. 103 2, 108

20 Air Yes 100 97 3 105 3 108 3 102

21 Air Yes 100 94 3 105 3 99 3 105

• 22’.’ Air Yes 100 96 3 119 14 100 5 99
(Continued)

• For purposes of comparison with the results of tests of the snail beams l isted in table 2-PR, it should be noted that

t 

the beam numbers of the large beams are also their batch numbers.
In rune 19~- 3 epoxy pads were removed from both ends of one beam in each pair. This was done to equalize exposure con-

dit ions as some epoxy pads had become disengag ed.
T~,e co ndition of these speci mens is adjudged either annually or biennially by a panel of observers. The beams are

examined carefully for cracks , cracks bordered by iron sta in , degree of surface scal.ing (lig ht , mode rate , or heavy),

rust spot., etc. ,  and a numerical value of condition is assigned to each beam based on the severity of the defects ob—

( 
) 

se rved . A numeric al v&lue of 0 denotes perfect cond ition ; all beams had a cond ition rating of 0 when they were inetsile d.

The highe r the condition numerical rating, the greater the deter ioration, When a beam breaks in two due to load or ac-

— cumulates a con dition rating of 100 it Is considered to have fRiled .

~+ In 19( ’l the condition of the speci mens was not rated by a panel of ob s ervers.

~~~~~~~~~~~~~~ —-~~~~~~~~~~~~~~~ --—---~~~~~~~~ - -~~~~
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(Rev ised Jan 1973)

Table 1-PR (Continued ) Section 6

Beach Row 2 (w to E)
1966-1967 Readings

1141 Cycles • 1967loaded 1Beam Strands Fiexurally ~ ~~ es ,

No, Type Concrete Pretensioned % ~~~ Condition Before TJhloading*$ Not Loaded After Reloading Condition

3 Air No .0 * 11 101 H

4 Air No 0 20 100

7 Air Yes 0 214 105

8 Air Yes 0 24 103

11 Air Yes 108 1. Failed (Condition rating 100)

12 Air Yes 108 5 1014 (Not reload.ed)(

13 Air Yes 108 5 lC6 100

14 Air Yes 108 4 107 100

19 Air Yes 100 6 Failed (Condition rating = 100)

20 Air Yes 100 18 107 (Not reloaded )*

21 Air Yes 100 6 106 101

22 Air Yes 100 4 106 99

Beach Row 2 (W to E)
1968-1971 Readings

1326 Cycles. 1968 1480 Cycles, 1969 1633 Cycles, 1970 1802 Cycles, 1971
_j ~~ , Condition Condition Condition ,~

y
~•_ Condition

3 Air No 0 1024 LI 101 8 98 5 89 5

• 4 Air No 0 103 34 (Returned to laboratory in 1968)

7 Air Yes 0 100 36 100 324 96 27 Failed 100

8 Air Yes 0 104 36 (Returned to laboratory in 1968)

12 Air Yes 108 89 6 95 7 94 14 86 20

13 Air Yes 108 Failed 100

• 14 AIr Ye, 1.08 99 14 91 7 89 7 78 12

20 Air Yes 100 96 19 27 73 Failed 100

~~ Air Yes 100 100 6 96 ~ 93 5 II U 6

22 Air Yes 100 100 14 92 14 90 5 72 6

* Satisfactory pulse velocity readingi were not obtained in 1966 due to naifunction of testing equipment . (Sheet 2)
5$ Channel iron on all loaded beams was replaced with stainless steel channel in June 1967. Pulse velocity readings were

4 therefore tRken on all. loaded beams before unloading and after reloading with stainless steel channel.
-; 0 Rae to failure of coeipamion beam.

00 In 1967 the cond ition of the speci mens was not rated v a panel of observers.
1 End of spec imen was too rough to obtain satis factory pu~ se velocity reading.

- -
~~ II Reading coul d not be cbtained. 

•
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ •.
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(Issued Jan 1973 )

Table 1-PR (Concluded) Section 6

Beach Row 2 (W to E)
1972 Reading

Loaded
Beam Strands Flexurally ~‘c

No. Type Concrete Pretensioned ~ Condition

3 Air No 0 #

12 Air Yes 108

14 Air Yes 108

21 Air Yes 100

22 Air Yes 100

# Readi~~. discontinued after 19Th inspection. (Sheet 3
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(Revised Sept 1967)

Table 2-PR Section 6

L.....) Record of Testing of Smell, Conventional Beams Made from Same Concrete Batches as Large Beams

Treat Island Exposure

1958- ( Installed October 1958)
Exposure Rack, Row 3 (W to ~~)

19~8— Readings
0 150 221 362 451 557 692 855 985 1141

Cycles Cycles Cyc les Cycles Cycles Cycles Cycles Cycles Cycles Cycles
Beam Batch 1958 1959 1960 1961 1962 1963 19614 1965 1966 1967

B~~ Type Concrete ...JL. ..J~~~~. ..J ~~~~. ,,. iL. ~JL.. ,.. iL ..JL ... i~~~~~ ~~~~~ .. .iL

6770 1 Air 100 108 109 102 105 106 104 104 104 104
6772 100 105 102 97 101 102 99 99 101 102
67714 100 1014 103 98 102 101 100 100 101 103

6776 2 Air 100 103 101 95 98 98 97 96 914 94
6778 100 108 105 99 102 103 100 100 100 99
6781 100 109 106 100 103 103 99 100 101 101

6782 3 Air 100 106 103 98 98 98 100 99 98 100
67814 100 107 105 99 105 106 100 100 99 99
6786 100 108 105 98 103 103 100 99 99 100

6188 14 Air 100 104 102 96 100 98 97 96 97 96
6790 100 106 105 99 101 103 99 100 101 103
6792 100 108 106 100 103 103 101 102 103 104

6804 5 Air *
6806 100 107 105 99 103 103 99 100 100 101
6808 100 107 105 99 102 96 98 99 97 98

6810 6 Air
6812 100 106 103 97 100 99 95 94 94 95
6812* 100 105 103 98 101 101 104 101 97 98

6816 7 Air 100 109 103 95 97 97 914 93 91 91
6818 100 106 101 93 93 93 -91 9o 88 89
6820 100 104 100 91 92 91 87 86 86 87

6822 8 Air 100 104 101 95 98 96 96 94 94 93
- - 6824 100 101 99 93 95 88 91 91 90 91

J 6826 100 1014 102 96 97 91 89 88 86 86

6828 9 Air 100 108 105 99 99 101 97 93 95 95
6830 100 104 101 94 107 97 92 92 90 92
6832 100 108 106 99 101 100 96 94 93 92

6834 10 Air 100 106 104 97 99 98 95 91, 93 93
3 6836 100 105 103 97 99 98 96 924 96 96

6838 100 109 107 101 104 106 102 100 101 100

6846 11 Air 100 109 106 100 103 103 101 101 101 101
68148 100 106 1024 98 100 100 94 924 92 90
6850 100 107 105 98 99 101 94 95 93 93

6852 12 Air 100 108 1014 97 101 99 99 97 97 97
6854 100 107 1024 98 102 100 98 97 97 97
6856 100 106 1024 98 100 99 96 95 94 93

6858 13 Air 100 106 103 96 98 96 95 93 91 91
6860 100 107 104 97 100 99 96 94 94 92
6862 100 107 105 99 103 1014 102 102 103 101

6864 14 Air 100 106 104 100 102 102 101 99 101 99
6866 100 108 105 99 103 102 100 100 98 98
6868 100 108 105 99 102 102 101 99 99 99

6870 15 Plain 100 107 106 100 103 101 96 92 92 93
6872 100 104 102 97 97 101 101 100 98 98
6874 100 105 104 98 101 101 97 96 100 94

6876 16 Plain 100 105 102 92 95 92, 90 9(1 88 89
6878 100 1024 102 924 96 96 95 91 91 93
6883 100 106 108 101 101 98 102 96 98 98

6882 17 Air 1.00 107 105 99 103 101 101 101 101 100
6884 100 107 106 99 102 102 101 101 102 102
6886 100 108 105 100 103 103 101 102 101 101

6888 18 Air 100 107 105 100 104 102 101 101 101 102
6890 100 106 106 100 101 103 101 100 101 hi
6892 100 109 107 101 104 107 104 104 100 99

( \  
(Co ntinued)

‘ Lost overboard. ( Sheet 1)

L I _____________ - - —•- . — -
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(Revised August 1977)

Section 6Table 2—PB (Continued)

Exposure Rack. Row 3 1W to E)
1928-1967 Readings

0 150 221 362 1451 557 692 855 1141
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 985 Cycles Cycles

Beam Batch 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
Rc~ N~~ Type Concrete j

~~ ,..j~~ ...JL ~~L ,_~~~_ ~~L. ~~~~~~~. ~~~ %~~ , j~~
6894 19 Air 100 104 103 97 99 101 97 97 97 93
6896 100 103 101 95 98 92 97 95 96 95
6898 100 107 105 99 103 105 103 101 102 102

6900 20 Air 100 107 105 99 1014 105 104 103 108 108
G902 100 108 105 99 104 105 1014 103 104 103
6904 100 107 105 99 102 102 102 101 103 103

6906 21 Air 100 105 103 98 101 102 96 98 100 100
6908 100 105 104 98 101 102 99 100 101 101
6910 100 105 103 98 101 1014 101 101 97 99

6912 22 Air 100 105 103 98 102 104 103 102 102 103
69114 100 102 101 96 99 100 100 100 100 102
6916 100 105 103 98’ 101 102 100 100 100 101

6918 23 Plai n 100 108 107 99 97 91 86 87 84 87
6920 100 109 107 95 88 80 70 65 43 Failed
6922 100 105 1014 99 100 101 104 106 106 108

6924 22* Plain 100 108 106 101 103 106 106 106 106 107
6926 100 103 100 95 95 93 95 92 90 94
6928 100 106 103 95 92 93 86 82 48 Failed

l~68- Readings
1326 11.80 1633 1802 1959 2099 2235 2347 2493 2570

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycle ,
1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

-~~- -~~~- —s- -a-- ~~~~ ~~~~~~~~~ -~~- iL -~~~-

6770 1 Air 1014 102 99 95 95 105 106 108 119 130
6772 99 100 98 95 95 141 147 147 158 108
6774 99 101 101 99 98 145 145 146 141. 144

6776 2 Air 92 914 90 88 88 93 101 103 99 103
6778 99 98 94 92 90 95 99 102 98 104
6780 102 98 96 91 90 101 100 101 99 110

6782 3 , Air 98 98 96 91 91 91 93 95 95 95
6781. 98 96 96 91 89 91 92 95 914 110
6786 98 98 97 95 94 90 92 96 93 92

6788 ‘4 Air 95 95 93 95 94 89 89 92 89 92
6 790 101 101 99 101 99 95 103 103 107 109
6792 101 105 103 98 100 100 102 106 108 100

6806 5 Air 99 99 97 ~ 
91 89 91 91 96 98

6808 93 96 96 94) 94 89 95 95 97 84

• 6812 6 Air 88 93 91 91 82 82 85 86 ~~ 80
6811. 94 98 98 88 90 92 92 93 90 74

6816 7 Air 90 87 89 83 87 78 80 80 75 70
6818 86 84 86 84 84 79 79 79 74 59
6820 81. 82 84 82 83 75 72 74 62 87

6822 8 Air 91 86 88 68 87 87 89 89 82 64
6824 87 83 87 744 74 83 85 86 80 794 6826 83 83 82 88 89 76 76 79 80 80

4 6828 9 Air 91 89 89 ~~ 81 83 80 82 75 60
6830 88 84 86 714 73 71 71 73 53 136
6832 88 84 86 85 86 86 79 81 77 117

6834 10 Air 92 88 90 92 90 85 85 85 78 88
6836 95 91 93 87 90 85 85 89 81 90
6838 100 97 98 95 94 90 90 92 90 86

68146 11 Air 100 95 97 88 87 85 87 89 87 82
681.8 90 88 90 84 83 76 78 78 78 90
6850 92 88 90 90 89 87 89 90

6852 12 Air 96 93 96 89 89 92 92 92 88 9~6855 944 924 93 90 89 86 87 89 9~ 8~
- 4 6856 90 92 91 82 83 85 82 83 89 105

(Continued)
(sheet 2)
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Table 2-PR (Continued) Section 6

Exposure Rack . Row 3 (W to E)
1968-. Readings

~~I3~~~~~ 
11480 1633 1802 1959 2099 2235 2347 22*93 2570

Cycles Cycles Cycles Cycles Cyc les Cycles Cycles Cycles Cycles Cycles
Beam Batch 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
N~~ N~~ Type Concrete j~~ ,•~~~~~~~ .•~~~~~~~~ J~~~~~ 

_j~~ _1L~ ~i&. ~~~~~~~~~ ~~L. _11~_

6858 13 Air 90 90 90 87 87 85 86 88 88 89
6860 91 90 92 99 99 88 87 88 88 90
6862 102 101 99 96 96 102 104 1044 107 109

6864 14 Air 99 96 97 90 91 95 94 96 93 93
6866 98 98 96 90 91 90 90 91 90 85
6868 97 96 95 97 92 90 91 93 89 90

6870 15 Plain 87 85 84 Failed
6872 97 95 93 Failed
68744 92 90 91 Failed

6876 16 Plain 79 77 Failed
6878 79 76 Failed
6880 82 79 Failed

6882 17 Ai r 99 97 Disappeared from exposure rack
6884 102 100 Disappeared from exposure rack
6886 100 96 98 97 96 99 99 100 92 99

6888 18 Air 102 100 97 95 94 96 96 97 97 98
6890 100 101 99 94 93 94 95 95 95 82
6892 102 101 104 103 102 106 107 107 103 109

6894 19 Air 95 92 90 88 87 89 91 92 73 80
6896 96 96 88 87 85 85 86 87 53 111
6898 103 101 103 100 98 109 109 108 119 84

6900 20 Air 108 107 105 101 98 110 110 111 120 109
6902 105 103 102 100 99 109 j O’. 107 107 108
6904 101 98 101 110 111 117 116 117 121 115

6906 21 Air 96 92 96 107 109 1124 114 114 124 103
6908 100 102 99 105 106 113 113 115 118 118
6910 101 100 95 107 111 109 117 116 119 113

6912 22 Air 103 103 101 109 108 110 111 111 113 103
6914 102 100 98 108 106 113 112 112 114 128
6916 101 102 100 114 113 1124 115 115 117 117

• 6918 23 Plain 76 74 744 94 95 115 113 114 111 112
6922 107 Failed

6924 24 Plain 106 Failed
• 6926 92 Failed

0
(Sheet 3~
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- 
) Table 3-PR Section 6

Record of Testing of Large, Prestressed Beams
• St. Augustine Exposure

1959- (Installed October 1959)

1959 1960
t~ aded Max Max

Type Strands Flex - Pulse Crack Crack
Beam Con- Pre- uralJ~r Velocity Width Width
No.* crete tensioned % f’ps ~~~ 1/1000 in. ~yf ~ iooo in.

6 Air Yes 0 l~14, 900 100 0 107 0

10 Air Yes 189 15,065 100 10 102 10

18 Air Yes 189 l~,935 100 5 106 5

1962 1961i. 1966
Max Max Max

t~aded. Crack Crack Crack
Type Strands Flex- Width Width Width

Beam Con- Pre- urally i/iooo 1/1000 i/iooo
No.* crete tensioned in. in, in.

6 Air Yes 0 109 0 106 0 106 0

10 Air Yes 189 101 8 99 10 109 20

18 Air Yes 189 io6 5 105 15 108 140

1968 1970 1971
Max Max Max

Loaded Crack Crack Crack
Type Strands Flex- Width Width Width

Beam Con- Pre- urafly 2 1/1000 1/woO 1/1000
No.* crete tensioned 

______ 
in. in. in.

6 Air Yes 0 87 0 91i. 0

10 Air Yes l89** 93t 20t

18 Air Yes 189** 91t li.5 (Failed in 1968)t

* Beam numbers of these large beams are also their batch numbers .
** In 1968, during reloading operation, beam 18 failed, releasing the load

on both specimens. This pair could therefore not be reloaded to proper
load.

t Returned to laboratory in the spring of 1969.
4’ * Testing has been discontinued.
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(Revised Sept 1970) Section 6

Table !141R

General Information, Posttensioned Beams at Treat Island
(Installed June 1961)

Type of End Protection
Post- Total Post- ( See Notes )

tensioning Eccentricity tensioning Landward Seaward
Beam No. System in. Force , lb End End

1 A 0 84,000 Flush (1) Ext (5)
2 A 0 85,000 Ext (l i) Ext (2)
3 A 3 80,000 Ext (3) Ext (1)

A 2 83,000 Ext (7) Flush (7)
5 A 2 82,000 Ext (6) Flush (6)
6 A 1 84,000 Flush (9) Ext (8)
7 B - 0 70,000 Ext (l)t Flush (1)
8 B 2 70,000 Ext (2)  Ext (4)
9 B 3 70,000 Ext (3)t Ext (5)

10 B 3 70,000 Flush (6) Ext (6)
11 B 1 70,000 Flush (7) Ext (7)
12 B 1 70,000 Ext (8) Flush (9)
13* C 0 70,000 Ext (1) Ext (3)
14 C 1 64 ,000 Ext (2) Ext (1~)
15 C 3 70,500 Ext (5) Ext (6)
16 C 2 70,000 Ext (7) Ext (8)
17 D 3 99, 000 Ext ( l ) t  Ext (3) t
18 D 0 99,000 Ext (4 ) Ext (2)
19 D 2 99,000 Ext (5)f Ext (6) t
20 D 1 99,000 Ext (8) Ext (7)

Note : The end-anchorage protection consists of cover for Flush anchorage s and
External (Ext ) anchorages. In the case of flush anchorages the protec-
tion simply fills the recess in the end of the beams . For external an-
chorages the protection forms an extension of a rectangular section cor-
responding to the outline of the end blocks at the ends of the beam. The
variables are:

(1) Concrete placed against a cold joint with no surface treatment
and no reinforcement. [Ext (1) and Flush ri)]

(2) Concrete placed against a cold joint with no surface treatment
but with reinforcement. [Ext (2)]

(3) Concrete placed against a bush-hammered surface and with no
reinforcement. [Ext (3) ]

(4) Concrete placed against a bush-hammered surface but with
reinforcement. [Ext (4)]

(5) Concrete placed against a surface that has been treated with a
retarding agent and no reinforcement. [Ext (5)]

(f) Concrete bonded to the ends of the beam with an epoxy ad.hesive
and no reinforceme nt . [Ext (6) and Flush (6)](( ) :-~ oxy concrete without reinforcement. [Ext (7) and Flush (7)]

) ~~~~
- ) ;~~ concrete with reinforcement. [Ext (8)]

‘ rncnt  mortar with aluminum powder additive, comparatively
~~~

- , - - 1  well t amped. [Flush (9)J
beam was an unbonded coated tendon (not grouted).

~~ bccornc detached. 

—-- — --——— -~——---—-
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(Revised Sept 1969)

T~*b1e 5—PR Section 6

Record of Testing of Posttensioned Seams

1961- (Installed June 1961)

Baach ROw 2 (W to E)
0 Cycles . 1961

Trans thn~ .
Pulae Pulse ~9 Cycles . 1962 195 Cycles , l9~3 330 Cynles , 1964

Beam Veloc Ve loc %v~ %v~ %v~
_!~2.:. _~~~ 2___ ~~~~~ .~~~~~L.... ~~~~ 

Condltion* ~~~~~ ~~~~~ Condition * ~~~~~ ~~~~~ Condition* ~~~~~ ~~~~~ Condlti on*

1 15,000 100 14,295 100 0 116 116 17 tt US 18 134 111 25
2 17,375 100 15,020 100 0 84 104 U 106 18 213 103 24
3 16,040 100 14,43 5 100 0 117 108 18 109 23 122 106 24
4 17,670 100 14,435 100 o*~ 113 112 19 115 20 231 Ui 24
5 15,795 100 14 ,735 100 0 117 105 17 110 28 122 104 25

6 17, 090 100 14,610 100 0 100 107 12 109 22 146 106 11
7 17,375 100 14 ,760 100 o~* 83 104 7 109 19 196 104 20
8 16,290 100 14,575 100 ot 98 104 20 102 31 140 93 45
9 17,230 100 14,825 100 0a~ 102 109 18 108 23 176 102 24
10 17,670 100 15, 105 100 0~-e 95 105 14 106 21 173 105 l~-

11 .8,45o 100 15,160 100 Q4’* 100 101 8 105 13 182 99 12
12 17,820 100 14,840 100 0~~ 88 100 16 105 25 152 102 25
13 16,680 100 16,320 100 0’~4’ 103 8~ 11 103 j ~ 152 99 16
14 17,230 100 14,720 100 Q5-* 83 94 25 103 38 157 98 43
15 17,975 100 14,625 100 0~~ 111 95 15 107 18 178 103 17

16 17,670 100 15,770 100 Q-~-* 119 103 10 108 15 156 103 17
17 17,670 100 14,790 100 0 100 78 16 99 46 153 91 50
18 17,820 100 14,020 100 ~~~ 70 81 8 113 16 123 87 22

— 19 18,785 100 14 ,950 100 0’-’ 88 107 12 92 15 176 105 11
20 18,615 100 14,765 100 0’-4’ 98 105 10 107 15 192 103 1~-

y c J - ~~, 1965 623 Cycles, 1966 779 Cyclio. 1967 9~ 
- ~ -c-i es, 19’ 9

_ _ _ _ _  %v
2 

~~2 
_ _ _ _ _

Tr~n~ ~~~~ 
C,nthti.,y Trans tong. Condition Traits ~~~~~ Condition Trans io r~~~. Condition

1 135 121 * tI -Pt 35 139 120 * 131 11- 44
2 134 101 22 92 85 97 8~ 2
3 145 96 38 98 8~ 120 8’
4 126 112 29 iC-h 115 91 103 35
5 158 72 28 106 107 ic,: 1~~ 28

6 149 115 31 98 109 88 lOT 33
7 131 80 29 92 103 87 3:
8 149 95 68 95 85 99 8 68
9 111 73 41 88 57 71 - 1 47

10 129 103 25 82 81 99 So 30

11 128 102 22 95 104 108 101 22
12 104 83 41 98 108 i9( 105 42
17 118 98 30 9’~ 

1(0 73 103 32
11. 111 146 48 96 90 9c 87 54
15 122 107 25 ~& 84 Bo 85 27

16 154 113 19 80 106 89 iTS �:-
17 139 130 74 88 117 119 76
18 125 83 39 57 82 

~9 -So ~6
19 112 107 48 86 51 83 s . 72
20 114 109 25 87 105 84 iC” 2

4

4
(Continued )

• The condition of these spec imens is adjudge d 1 - . a panel of observers either annually or biennially and is expressed nu-
merically. The observers examine and rate the five parts of each lea,- , which are : part A (landward end anchorage protec-
tion ), part R (bond between landw&rd end anchorage protection and part o ) , part C (beam proper Including web), part D
(bo nd between seaward end anchorage protection and part C) ,  and part F (seawarl end anchor age protection). The surf ace
co nditions of parts A , C , and E are rated as to degree (slight , moderate , or heavy) of scaling , spalling. or cracking. Also
the number of rust spots , length of reinforcing exposed , numbe r of crac ks , etc. . are not od. Parts It and 13 are rated as to
the tightness of the bond, if the re Is a separation , etc. 7 : e  score of the five parts Cf the beam is t hen sussi ed to give
a numerical condition rating for t- .e entire beam. A rating of 0 indicates perfect condition and a1th- u~ a score for Vai l-
ure of the entire beam has not as yet been assig ned , a score indicating failure would be expressed by a condition rat c -
of the order of 150 to 200. See footn ote to table ( -PR for a ~‘aIling score for beam parts A ,  P. 2 , a~~t E.

“ These beams were chipped in severa l places during shipment and placement.
t This beam was chipped in several places during shipment and placement , which resulted in exposure of 3 in. of reinforcing.

J It 19( 3 transverse readings , 1966 transverse readings , and l 9~ long itudinal readings were not satisfactory because of mel-

4 - func t ion of testing equip ment.
* Cm 19- . and 19( 1 the condition of the s pecimens was net rated by a panel of observers. (Sheet i)
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) Table 5-PR (Continued) Bectio n 6

- - - Beach 1*0w 2 (w to n)
1118 Cycles • 1969 1271 Cycles , 1970 14140 9ycles, 1971 1597 Cycles • 1972 1737 Cycles • 1973

Bean 
___________ 

Condi- ___________ 
Cosdi- %v~ Condi- 

___________ 
Condi- %V2 Condi-

-
~~~~~ 

!i ~~~~~ ~e~& tous. 
~~~~~~ L !i8a~ ~~2C ~~~~~ ~~~ !2& ~~ans to~~ . t~~n

- 
- - 1 128 96 26 130 94 31 93 88 26 85 84 28 ~ ~ 29

2 98 84 31 89 87 30 60 73 33 62 75 34 37
3 105 87 33 105 90 28 79 73 26 40 66 32 22
4 100 110 26 82 111 39 57 85 36 60 88 30 31
5 132 92 23 103 94 30 73 78 33 41 65 26 21

6 92 100 23 85 101 27 62 75 28 58 70 22 31
7 87 95 31 81 96 49 60 83 48 56 80 54 45
8 108 89 67 95 90 52 71 ** 49 63 *5 52 47
9 89 60 36 79 62 53 56 *5 1*8 34 ** 39 54

10 92 80 29 82 85 29 58 ** 31 33 *5 34

11 87 79 20 76 81 26 61 62 27 43 50 18 32
12 88 64 24 81 64 30 70 77 40 22 65 26 41
13 74 73 30 76 74 27 75 ** 30 37 ** 21 23
14 85 97 37 82 97 35 63 64 145 48 63 3~ 46
15 74 98 23 69 100 26 62 69 26 26 69 24 43

16 81 96 21 78 98 22 70 74 20 26 95 26 19
17 72 85 69 76 99 75 64 ** 70 4~ ** 70 70
18 76 75 50 74 88 46 66 63 42 30 76 34 1.1
19 76 is 68 74 5* 71 62 *5 65 37 si 69 67
20 78 97 37 83 98 34 54 ~~~ 32 56 92 30 41

1873 Cycles. 1974 l9~i5 Cycles . 1975 2131 Cycles, 1976 2208 Cycles . 1977

___________ 
ConcU- ___________ Condi- %v2 Condi- ___________ 

Condi-
Trans 

~~~~~ ~~~2~ - I2s~ ~~~~ ~ 12~ ~~~! ~~& ~~!2L �~~5 ~~2&

1 ~ ~ 32 U
2 40 60 60 46 ~~ ~8 1*7 52 54 52

35 • UI. 16 ** ~~ ~~ 
is 83 39

5 30 ft 113 24 5* 101* 29 5* 101 41

6 40 ~7 53 ~ 85 146 *5 84 56 *5 714 68
8 514 70 57 144 54 57 59 55 55 75

10 50 62 94 38 32 95 56 29 81* 64

11 22 §~12 65 65 103 29 57 93 144 57 87 1*1
13
114 51 60 67 36 53 68 55 53 64 59
15

4- 16 41 52 131 18 1*6 106 40 45 90 1,4
17 77 ~ 72 5* ii 82 5* *5 93
18 1.7 61 86 33 I~7 87 60 148 80 55
19
20 1.2 51 90 32 *1 91 50 1*1 88 55

— 
$$ A satisfacto ry reading was not obtained. (Sheet 2)

* § Satisfactory pals. velocity readings were not obtained in 197 3 and 1974.
• ~~ Shipped back to Concrete laboratory.
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- . (Revised Sept 19b8)

Table 6-PH 
. 

Section €~

Posttensioned Beams (Installed June 1961)

Siuio~arv of Condition of End-Anchorage ~~
otection 1961-

Beach Row 2
No . of

ype of Beam Average floncUtion*
C 1-nd. End~s 0 Cycles 89 Cycles 195 Cycles 330 Cycles 1~93 Cycles

Protection Used 1961 1962 1963 l96~-~ 1965

Flush (i) 2 0 0 0 1

f1u~h (6) 2 0 0 0 0

lush (7) 2 0 1 1 2

Flush (9) 2 0 0 0 0

Ext (1) 1~. 0 3 6 7

Ext (2) 1~. 0 Ii- 6 10

Ext (3) 0 1 1~

Ext (~~~~) 
0 5 6 II

-Ext (5) Ii. 0 1 1 3

Ex (6) 0 2 1~. 9

Ext ~,7) ~--  0 0 0 1

Ext (~) 0 0 0 1

(Condition ’)
-x (he condition of anchornge protection is ~~judged by a panel of ob-

~~-i ’V O f o~ either annually or biennially; the condition i~ expressed nu-
~1h~rica11y . (he observers examine and rT.te four of the five parts of
each beam: part A (landward end anchorage protection), part B (bond be- 

F -
t-.-ree:i i~ndward end anchorage protection and beam), part D (bond between
seaward end anchorage protection and beam), and part E (ceaward end
4-
~ chora1~e protection). The condition rating for any one type of end
protection is the sum of the scores of parts A and B or parts D and
A rating of 0 indicates perfect cond.ition while a rating of 28 is equal
to failure for an end protection. The average condition rating sho~-nfor a given type of end. protection is the average score for all protec-
tion of that type in this program.

** In 1965 the condItion of the specimens was not rated by a panel of
c’~servers. (Sheet 1)
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Table 6-PR (Continued) Section 6

Beach Row 2
No. of Average Condition

Type of Beam 623 779 96k 1118 1271 114-Ii.0
End. Ends Cycles Cycles Cycles Cycles Cycles Cycles

Protection Used 1966 1967 1968 1969 1970 1971

Flush (1) 2 2 ft 2 0 0 2

Flush (6) 2 0 0 0 0 0

Flush (7) 2 2 2 2 6

Flush (9) 2 2 2 0 0 0

&t (1) 14. lit 12t 13* 16* 17*

Ext (2) 14. 11 12 iii. 10 12

&t (3) 11. lot 12* ili.t 16* 13*

Ext ( 14. )  14. 13 15 15 12 1k

i) ~~~ (5) 11, 2 9t lot 9t lit

Ext (6) 14. 9* 9t 12* 10* 12*

Ext (7) 11. 1 1 1~. 2 5

Ext (8) 14. 11. 14. 10

Total

(Continued ’)

t One end protection has failed.
(J ft In 1967 the condition of the specimens was not rated by a panel of

observers .
* Two end protections have failed . (Sheet 2)
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(R evised August 1977 )

Table 6-PR (Continued) Section 6

Beach Row 2
No. of Average Condition

Type of Beam 1597 1737 1873 1985 2131 2208
End Ends Cycles Cycles Cycles Cycles Cycles Cycles

Prot ection Used 1972 1973 19714 1975 1976 l~J7

Flush (1) 2 2 1 5 3~ 6~
Flush (6) 2 0 0 6 0 1 o

Flush (7) 2 14 2 5 6~ 6~
Flush (9) 2 0 0 7 2~ 3~
Ext (1) 14 16 17 **
Ext (2) 14. 10 10 12 12 15 12

Ext (3) 1~ 16 16 **

— 
Ext ( 14) 14 12 18 l1~ 13 17 15

Ext (5) 14. 10 114 **

Ext (6) 14 114 ii **

Ext (7) 14 Ii. 14 6 3~
Ext (8) 14 14 11 114 7~~ 8~~

Total 11.0

** Data incomplete; beams were shipped back to concrete laboratory.
§ Based on 1 beam end.
§
~ 

Based on 3 beams ends .
(Sheet 3)
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(Issued May 1976 ) Section 7
U

WEB Fibrous Concrete Program

In July 1975, 50 concrete beams were installed at half—tide eleva-
tion on the exposure rack at Treat Island, Maine, to determine the ef—
fects of sea water and freezing and thawing action on the flexural

strength and other propert ies of various fiber concretes.

The beams were made from nine different mixtures. The fine and

coarse aggrega tes were manufactured limestone sand and 3/ 14—i n . maximum
limestone, respectively. All mixtures contained a water—reducing ad—
mixture (admixture B), and five mixtures contained an air—entra ining
admixture ( admixture A ) .  Type II portland cement was used In the amount

of 7.89 cwt per cu yd except for mixtures N and 0, which contained
11.0 cut per cu yd. The water cement ratio was o.14~ for all mixtures.

The number and types of beams exposed are : twelve 6 by 6 by 30 in . ,

twenty-one 6 by 6 by 36 in. , and seventeen 9 by 9 by 145 In. The 9 by 9 by

) 145—in , beams were yoked and stressed by third—po int loadings to working
-

‘ load s of 35 percent of ultimate. Table 1—WE S—FC gives the exposure rec—
ord of the specimens. More mixture data are tabulated below :

Concrete Mixture Dat a
Fiber Slump , Air Content Fiber Ratio

Mixture Type Length in. in. j  by WtH None —— 5 3/14 2.5 ——I C 3/14 2 1/2 1.8 0.014
J None —— 7 8.~ ——K C 3/14 14 8.5 0.014
L A 1 2 1.9 0.014
M A 1 3 7.0 0.014
N D 1 1 3.6 0.0].
0 D 1 2 7.0 0.01
P B 1 2 3/14 7.0 0.014

0

_ _ _ _ _ _ _ _ _ _ _
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F (,~___,) 
- Table i-W2E—FC Section 7

Record of Teetine of Concrete Beam. for W~~ Fibroua Concrete Pro~~aii

m etalled Ju~~ 1975

Rack Rove 14 end 6
1975— Readies

Jul 1975 1976 1977
0 Cycle, 1146 Cycle. 223 Cycles

Beam No. Load, lb ~~~~~ .~~~~~~~~ ~~~~~ ~~L 1X~~ ~L ~~~~~
9_ by 9— by 145-j n. Beams

11—3 2720 • 16.095 100 • 103 * 102
I—i 143140 15.560 97 97
1—3 16,375 101 98
3—1 14,315 103 102
3—3 14,590 106 105

K— i 14 .590 104 102
K—3 14 ,260 103 100
L—l 16.520 914 93
L—3 16,305 99 101
M—1 14 ,590 98 99
14—3 15,060 101 100 - -

N—i 14 ,765 108 103
11—3 14,705 103 103
0—1 14 .150 108 107
0— 3 14,370 1014 105
P—i 114 ,9140 106 - 103
P—2 15, 2145 109 105

~~~~~ 6— by 30-in. Beams

11—7 None 100 16, 235 100 98 105 106 103
11—8 15,725 102 105 109 100
11—15 15. 825 106 107 110 101
11-16 15, 825 102 108 108 99
1—8 15.925 120 105 116 97
lC—8 114,970 109 109 125 99
L—7 16,130 94 108 109 100

- - - 
- 

L—8 16,130 103 108 103 101

~~
—i 114 ,125 100 102 103 94

0—8 13, 890 100 103 103 101
- 
~~~~ 0—16 15, 2145 88 110 97 100

P—8 14,70 5 106 105 106 100
6— by 6— by 36—in. Beams

1—7 None 100 15. 875 100 119 103 96 98
1—15 16.130 105 109 1114 102
3—7 114, 1495 103 106 112 99
.7—8 114,1495 109 104 118 96
3—15 114, 1495 100 1014 100 97
J—16 114 ,565 115 109 106 103
K—7 114,780 103 106 109 98
K—15 14 .965 106 106 103 101
K—16 14,285 102 109 100 102
1—15 14 .635 1014 104 108 101
L—16 14 .635 103 103 106 100

M—8 114,085 205 109 210 99
14—15 15,075 100 104 109 99
14—16 114,850 112 109 109 102
11—7 114,150 118 105 106 109
1—8 111,085 112 102 121s 99
11—15 114,020 109 106 112 101
1—16 111,020 100 110 112 102

0—7 13,825 106 110 109 103
0—15 12.710 97 108 103 102
P— 7 114,635 109 107 109 98

0 • Load.d be~~~ not tested for %l.

L15- ~ ‘ ‘~~~~-~ ~~~~~~~~~~~~~~~~~~ ~~~ d1L~~ 4~~~~~~~~~~~~ -~-~~-.-- --- - s .  _~__ ,-,~_~s ~~~~~~~~~~~ —



(Revised Sept 1968) Section 8

Cement-Replacement Materials Investigation, Phase D*

In October 1958, 75 concrete cores (10 in. in dian~ter by 20 in.

long) were installed on the Treat Island. exposure rack as a part of’

Phase D of the Cement-Replacement Materials Investigation. The purpose of

this installation is to d.eterxnine the durability of mass concrete of sev-

era]. cement factors containing certain cement-replacement materials. The

cores were diamond-drilled from twenty-five 1000-cu-ft mass concrete blocks

(3 core sections per block) which were fabricated as a part of this
investigation.

Also in October 1958, 20 mass concrete cubes (8 cu ft) were installed

at half-tide elevation on the beach at Treat Island.. These cubes were com-

panion specimens to 18 of the 25 large blocks, and therefore to 514 of the

75 cores. Cubes numbered 10 and lOA are duplicates, as are 11 and hA.
Successful completion of the laboratory heat studies, for which the cubes

were originally made, required that two additional cubes (bA and. hA) be

fabricated. This provided the two additional cubes for this field expo-

sure , making a total of 20 cubes instead of 18.

The aggregates used in these concrete specimens were limestone rocic

(6-in . ma~d~mum size) and manufactured limestone sand.

Table 1-CRMI-PD lists the concrete cores and gives their exposure

record along with mixture data; table 2-CRMI-P1) gives the same information

for the concrete cubes.

* See U. S. Army Engineer Waterways Experiment Station, CE, Investigation
of Cement-Replacement Materials; Performance of Various Materials in Mass

(
‘

~ 

Concrete, Field Stud,y (Phase D), Miscellaneous Paper No. 6-123, Report
No. 6 (Vicksburg , Miss., May 1957).

~~~~_- ‘
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(Revised Aug 1963)
-5. Table 1-C~~4I-PD Section 8

Mixture Data and Recoth of Testing of Cores fron Cemeut-rep]ac~~~ nt Materials Investigation,

Phase D, 1958— (xnataued October 1958)

Exposure Rack, Row 4. West to East
1958-3.962 Readings

Cem.ntitioua l4at’l Nominal 0 Cycles
1~’pe II Replace- Cement Water- 1958 150 22]. 362 1451
Portlaad ment Factor cemsut Air Pulse Cycles Cycle. Cycles C303.ee

Core Cem.nt Material bage/ Ratio Content Veloc 1959 1960 1961 1962
Jo. % 

_ _  
cu yd~~~~~~~~~ %** ~~~~~~~~~~~~ 

—

1T 100 0 1_3/IL 0.93 6.1-6.6 100 13,950 100 91 105 89 106 80 98 82 102
114 100 114,910 100 102 100 102 100 92 93 91 8~
lB 100 114,570 100 95 102 96 101 92 100 90 93

21! 65 Nat cen 1-3/14 0.96 1.7-8.2 100 14,965 100 80 98 81 100 81 79 ~8 t
31 35 100 114,480 100 81# 95 89 97 89 102 77 95

100 15,675 100 91 93 96 92 89 91 91 90

~1! 70 Cal oh 1_3/14 1.01 5.3.5.8 100 14,92) 100 116 95 112 93 105 83 105 t
31 3) 100 15,725 100 95 88 113 91 96 85 1-07 f
35 100 16,190 100 98 92 101 96 96 92 99 32

leT 88 Unc 0 1_3/l4 0.98 ~.4-6.4 100 114,875 100 100 95 91 95 83 8~~ 93 t
lal 12 100 16,580 100 99 89 95 92 90 84 103 72
l~J 100 14,700 100 101 102 100 103 92 100 106 90

5T 100 0 2-1/4 0.73 3.9.6.1 100 16,020 100 98 98 97 96 89 102 90 52
100 17, 160 100 93 92 94 100 86 90 88 98

5B 100 15, 2140 100 103 102 99 113 96 110 97 112

6T 75 Pumicite 2.1/14 0.71 5.7—7.4 100 114,975 100 100 86 118 89 106 95 110 35
614 25 100 16,140 100 99 91 103 95 96 91 90 87
6B 100 17,835 100 99 80 103 82 97 81 92 77

7’1! 50 Slag 2-1/4 0.76 ‘e.7-6.6 100 16,395 100 110 93 107 96 95 96 98 50
714 50 100 17, 185 100 111 89 102 91 92 89 96 92
78 100 17, 125 100 104 87 107 97 98 100 100 3.1].

81! 6~~ Nat oem 2-1/4 0.76 5.7-6.4 100 15, 245 100 108 100 109 101 101 110 94 1014
35 100 16,135 100 91 91e 92 96 84 98 81 102

SB 100 15, 195 100 88 11.0 97 111 87 119 91 119

91! 70 Cal oh 2-1/4 0.79 5.9-6.3 100 15,385 100 102 93 93 86 Broken in handling
30 100 15, 58) 100 78 96 80 98 70 10l~ 76 99

98 100 16,08) 100 1014 89 113 93 102 103 98 91

lOT 88 Uric 0 2-1/14 0.80 5.5-6.2 100 15, 195 100 101 112 102 120 96 100 90 88
1C$I 12 100 15,38) 100 93 96 99 102 90 106 87 110
108 100 15, 43~ 100 105 95 105 100 98 100 98 103.

liT 70 P].y aeh 2.1/14 0.73 5.5-6.2 100 16, 345 100 106 93 112 89 105 93 100 t
1114 3) 100 17,8)5 100 91 83 87 81 84 77 99 49

128 100 16,345 100 11.1 91e 115 101 106 106 103 t

121! 100 0 3 0.55 6.3-7.4 100 14,990 100 104 96 106 114 ~3 110 97 100
124 100 16,140 100 95 93 94 103 89 98 89 118
123 100 14,990 100 102 102 102 114 96 115 94 117

131! 75 Pumicite 3 0.58 6.2-7.6 100 15, le8) 100 10l~ 93 109 99 106 102 LOS 77
134 25 100 16,395 100 115 100 1214 101 112 108 11.2 113
135 100 16,135 100 lOle 91 106 93 98 98 100 11.3

t11~ 50 Slag 3 0.60 5.8.6 .3  100 16,~~ O 100 107 91 110 96 100 96 99 52
1414 50 100 16,580 100 102 91 106 99 99 92 96 1~~~

~ 143 100 3.7, 565 100 105 76 104 77 96 82 97 87
15T 65 Nat cern 3 0.56 6.5-8.7 100 15,875 100 99 98 100 1.00 95 100 96 1.04
194 35 100 16,1415 100 

~~~ 96 99 105 91 100 93 106
153 100 16,625 100 91 92 97 97 Br 92 BB u~
16T 75 Cal eli 3 0.59 5.7-7.4 100 16,125 100 99 93 99 95 91 98 97 40
1644 25 100 16,090 100 86 91 87 103 78 102 82 96
163 1.00 15, 425 100 100 96 107 105 96 1014 94 82

(Continued)

— Note: Nat cm. - natur*l cament; cal ih - calcined shale; uno D - uncalcined diat~~it.; slag • blast-furnac e slag .) * Ratio of water to c~~~ntitj ous material based on total weight.
~* Air content of that portion of the concrete containing aggregate amaUer than 14/2 in. in eta..

f Red of epectm.n too rough to obtain satisfactory reading. (3ieet 1)
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(Rev ised Sept 1968)

Table 1-Cl~4I-PD (Continued) Section 8

‘ — Kxposure Rack . Row 14 (W to E~1958-1962 Readings
Cementitioun Mat l Nornirial 0 Cycles 

~ 221 ~2 14 1.Type II Replace- Cement Water- 1958 C lee c ole r”cles insPortlaM ment l’actor Cement Air Pulse ~
‘ 

~ 
~ ~ 1 2

5 Core Cement Material bage/ Ratio Content Veloe 1959 _______ ________ ________

~~~~~~~ 
% % ou yd 

~~~~~~~~~~ 
% 

~~~~~ 1~~~~~~ ~~~~~ i! ~~~~~ J~~ ~~~~~ J~~ ~~~~~ ~~~~~

17T 92 Uric 0 3 0.55 5 .3— 7 .14 100 16, 560 100 98 96 103 101 99 1014 96 121.
1714 8 100 17,200 100 92 94 95 96 87 98 83 98
1~TB 100 15,925 100 95 10l~ 96 103 87 3.06 88 108

181! ‘TO Fly ash 3 0.55 6.1-7.7 100 15,6T5 100 100 100 102 1014 93 108 89 110
1~ 4 30 100 16,675 100 101 96 105 100 98 100 96 100
183 100 16, ~6o 100 111 94 1114 9~~ 107 98 108 106

1.97 1.00 0 ~ 0.42 6.9-7.9 100 16,020 100 103 100 105 100 95 104 95 106
1~ 4 100 16,750 100 97 94 98 103 91 104 90 109
198 100 16, 515 100 100 92 100 97 93 100 92 109

20’P 75 Pumlcite I~ 0.~ 5 5.1-8.5 100 16,14J~5 100 112 93 114 95 107 100 110 106
2014 25 100 16 , y o  100 110 94 1114 106 106 102 107 104
lOB 100 16, 395 100 110 93 114 96 105 89 107 106

21T 50 Slag 14 0.144 5.14-6.8 100 16,170 100 100 95 110 99 101 100 99 100
2114 50 100 15,375 100 95 102 106 iii 100 1014 98 106
212 100 16, 720 100 1014 9J~ 107 97 99 100 98 98

22T 80 Nat cern l~ o. I~3 3 .9—7.14 100 15, 295 100 100 1014 68 102 6T 102 RIm in handling
224 20 100 16,140 100 92 91 93 107 86 91e 86 106
228 100 16,840 100 97 91 98 96 99 94 914 102

23T 80 Cal sh 4 0.45 4.5-6.1 100 16, 185 100 100 93 1014 100 95 88 99 58
231 20 100 16,700 100 97 87 103 98 94 96 95 106
235 100 16,610 100 101 91 101 97 94 98 94 106

24T 94 Uric 0 4 0.42 6.5-y.8 100 15,335 100 102 100 103 10~ 95 112 96 UT
21414 6 100 15, 240 100 102 104 106 115 97 112 97 108
245 100 16,460 100 99 94 100 105 92 100 93 104

25P 70 Fly ash 4 0.44 6.3-8.6 100 15,525 100 105 91 107 95 96 95 94 102
2514 30 100 16,030 100 109 93 114 104 110 100 93 100
255 100 16,490 100 106 91 109 96 100 96 101 104

)lcposure Rack, Nov 4 (w to N)
1963-1968 Readings

557 692 855 985 1111 1326
Cycles Cycles Cycles Cycles Cycles Cycle s

1963 1964 1965 1966 1967 1968

-~~~ ~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

iT 100 0 1-3/4 0.93 6.1-6.6 80 87 So 77 ~ 37F
114 NB 84 NB t NB C Failed

88 103 77 83 68 3O~ 64 70 57 66 57 t

2P 65 Nat cern 1-3/4 0.96 1.7-8.2 41F t
2)4 35 NB 96 NB 7~ t Failed
25 NE 76 BR 67 95 103 88 C 52 C 82 t

3T 70 Cal oh 1-3/4 1.01 5.3-5.8 NB C RN t Failed
314 30 109 t BR t NB t Failed
35 NB 51 67 C 75 t Fa iled

leT 88 U#cl.D 1.3/14 0.98 5.4-6 .14 37)’
144 12 NB NE P i 1 C Failed4 - IeB 87 103 NE 90 P Failed

5_p 100 0 2-1/ 4 0.73 3.9-6.1 89 99 87 104 F -  108 82 43 75 42 7~ - k
5)4 86 105 86 101 77 107 77 80 71 88 -r - -

~ 
-

5B 97 109 88 115 88 127 85 49 64 49 ~ ~~5

6_p 75 Pumlcite 2-1/4 0.77 5.7.7 .4 89 33 NB 66 109 4 132 t Failed
644 25 72 88 71 39 54 4 C~ i1ed
68 NR 66 75 70 7~ C 53 C Failed

7_p 50 dIng 2—1/I. 0.76 4 .7-6.6 86 141 81 4 4
7)4 50 NB 29 70 66 - ~ af l e d

75 99 105 87 97 P1 97 - 
57 73 714 70 71

4 (Continued)

Note: NB denotes satisfactory reading was not - it- Inc- i  alt h ough an attempt was made I obtain a cat iefactc-ry reading .
P denotes specimen failed.
End of spec imen too ro~.gh to obtain satiafn~tory readini~. (Sheet 2)

- .~~ . ~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ .~~~~. _______ ~~~ . -- -
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(hevised Sept 1969)

•Iiable l-CRJ.f1-PD (Cont inued ) S~~tion F

— 
Exposure Rack , Row I. (w to E )

1963-1968 RCSd1O C S
S Cementitious ~~t 1 NomInal

‘IFj-pe II Replsce- Cement Water- ~~~~ 692 8)5 
~~ 

11-.. 1326

- - Portland merit Factor Cement Air Cyc les Cycles Cycles Cyclen CY~~~ ~ ~yc1e~
Core Cement Material bags/ Ratio Content l~~3 1964 i~-E~ j 966 -

~~~
- ~ 

i - - ~-5

-~~~~~ 
% % co yd 

~~~~~ % j~ ~~~~ -~~~ ~~~~~ ~~~~~~~ 3~7

8_p 65 Nat cern 2-1/4 0.76 5.7-6.4 97 109 79 105 77 113 65 6~ ~ ~~ Failed
SM 35 85 112 88 103 85 97 -;~ 

P ~-2 C 81
SB 89 113 87 105 7( 111 -

~~ ~~ 68 ~i 68 ~6

914 70 Cal oh 2-1/4 0.79 5.9-6 .3 NB 104 100 95 Broken in handling
9B 30 95 98 95 91 SC 92 91 67 81 70 76 C

1031 88 Uric D 2-1/4 0.80 5.5-6.2 92 97 92 91 78 72 81 66 79 66 6~- -~1044 12 81 94 89 99 78 104 ~~ 65 72 1.9 ()  75
lOB 93 68 95 92 92 102 83 65 11 11 78 84

].-1T 70 Fly ash 2.1/4 0.73 5.5.6.2 NB F 97 C Failed
1114 30 NE 48 NB t Br~ ker. in h d 11~~ -
113 109 104 101 91 81. -1 75 (~ Failed

12_p 100 0 3 0.55 6.3-7.4 87 117 87 119 63 106 81 91 79 76 72 95 - -
l2~ 83 107 83 103 77 91 ~~ 84 68 87 71 89 - 

—

NB 138 79 119 71 129 71. 93 (79 91 72

13T 75 Pumicite 3 0.58 6.2-7.6 110 69 99 58 104 lii lii 92 C 95 C
1314 25 111 115 115 110 106 103 106 37 3 93 101 91.
135 101 107 97 103 100 107 j~ 96 93 -73 91

14T 50 Slag 3 0.60 5.8.6.3 92 98 87 89 82 81 ~ 68 8o 68 Failed
14)4 50 92 101 98 96 3 ~~ 

81. ( 7 j  85 C

].14B 93 74 91 NB 82 77 7c p Fai7ei

1.521 65 Bat cern 3 o.~6 6.5-8.7  914 103 90 106 88 110 89 1: ~ & 85 85 77
1.5)4 35 93 72 87 110 87 107 86 99 71 89 80 ‘2
1.55 91 92 86 99 83 100 81 73 SC 69 76 71.

1621 75 Cal oh 3 0.59 5.7-7.4 95 101 93 94 83 107 87 -
~~ 02 72 75 78

1614 25 79 119 75 91 70 97 59 67 56 1-9 Fa iled

I _) 91 109 78 NB 79 117 76 68 75 7-~ 55 78

177 92 Unc O 3 0.55 5.3-7. 14 96 102 84 108 82 99 85 57 82 7 -  70 73.
1744 8 80 101. 87 98 76 85 82 7- ii - 85 73.
175 86 114 85 98 82 ‘~9 81 85 77 :2 75 9’

16_i 70 Ply ash 3 0.55 6.1-7.7 93 107 86 109 87 fl7 -~~~ t 82 t 73 C
1&.1 30 92 59 91 98 84 113. -~ 7~ 

57 70 72 71-
108 106 110 101. 10~ 99 109 71 106 89 106 ~.

1931 100 0 l~ 0.42 6.9-7.9 93 101 90 111 83 8’- 83 87 79 9~ 76 -‘8
1944 90 96 90 108 8~ 85 82 74 78 t 5~

92 70 93 112 78 105 78 72 7!. 7-- 79 100

20T 75 Pumicite 4 0.45 5.7-8.5 110 107 110 107 107 10 103’ 8— 99 89 ~6 93
2044 25 107 116 105 112 101 °5 101 95 95 87 ‘7 -
205 108 104 110 106 104 1. 108 5-- 106 87 103 93

2331 50 Slag I~ 0. 1.1. ~ .4-6.8 97 63 91 93 87 89 89 81 79 ~~ 73 81
2114 50 NB 97 Failed
215 95 93 93 102 81 82 81 o’- Failed

224 80 Nat cern 4 0.43 3.9~7. 14 87 107 87 199 f7 101. 67 106 L-1. ~ 7- .l 107
225 20 91. 109 95 95 93 100 -k- C 93 96 t

233’ 80 Cal oh le 0. 1.5 4.5-6 .1 90 118 84 95 58 110 63 82. 60 So 60 50
23)4 20 95 111 92 118 8(7 202 82 85 77 6’- €-~ 82
233 93 100 78 97 83 101 30 59 77 91 70 86

21._p 94. Uric o 0.42 6.5-7.8 82 112 79 114 78 102 78 90 2( 98 77 100
24)4 6 95 119 93 113 88 120 91 97 03 87 89 -~1
214B 93 1114 95 109 89 103 85 51 12 99 Ct CI

2521 70 Fly ash I. 0.414 6.3.8.6 86 108 714 101 77 11.1 7~ 55 68 ~~ 5!. 58
25)4 30 96 107 89 111 78 1o~. 71 79 67 83 54
255 102 102 100 99 97 93 97 88 92 Sc 51 8~.

‘n-I of specimen too m uch to Obtain satisfactory reading. —

s~ Broken in handl ing in 16 1 . - 2 eel 3)  
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— (Revised Aug 1971.)

~. - -
; Table l—CRMI—PD (Continued) Section 8

Exposure Back , Row 14 (w to N)
C~~entitious Mat ’l Nominal 14.80 16 

1969-197 3 Readi ngs 
1 2099Type II Rep lace~ Cement Water- C 1 ~~ 1 

C ~~~ evciesPort land ment Factor Cement Air y ~ ~‘ ~~5 c s y as
. . 1969 1970 1971 1972 1973Core Cmsent Material bags, Ratio Content 2- 

- sc~ % ____  
cu yd b y w t % —a— ~~~~~ .~~~~~~~~ ~~~~ . i~~

lB 100 0 1-3/14 0.93 6.1-6.6 Failed

25 65 Nat cern 1_3/le 0.96 1.7-8.2 l’ai].ed P
35

ST 100 0 2.. l/1. 0.73 3.9 6.1 72 81 69 71 72 1.9 NB 62 NB Failed
72 69 67 60 70 50 ER 141~ 72 50

SB 63 85 61 81 60 314 55 44 51 69

7B 50 Slag 2-1/14 0.76 14.7-6.6 NB 66 71 62 Failed P
50

844 65 Nat cern 2-1/1. 0.76 5.7~6.!. 78 F 82 t Failed P
SB 35 67 88 65 82 Failed

93 70 Cal Sb 2-1/14 0.79 5.9-6.3 NB P Failed F
30

lOT 88 Uric D 2_i/I. 0.80 5.5-6.2 68 t NB C
10*4 12 66 68 67 63 66 t NB t
lOB 76 71 71. 68 72 C NE C

12_p 100 0 3 0.55 6.3_7. 1. 72 81 68 77 68 52 614 44 62 32
70 84 69 72 63 58 58 55 50 5!.

123 71 P 72 1 Failed F

13_p 75 Pomicite 3 0.58 6.2-7.6 93 P 98 C 914 p 90 C 76 t
13)4 25 99 91 108 78 101 ~4 98 49 85 57
133 97 91 107 80 98 1.3 100 1.7 100 32

1414 50 Slag 3 0.60 5.8-6.3 Failed C
50

15_p 65 Nat cern 3 0.56 6.5-8.7 85 88 8!. 77 77 147 714 83 75 65
l~~1 35 81 87 83 81 76 69 80 77 72 67
153 75 68 78 63 67 C NB C

l6T 75 Cal sh 3 0 .59 5.7_ 7 . 14 714 69 73 6’ 67 C NB I
16B 25 50F C

17_p 92 Uric D 3 0.55 5.3~7.’. 75 76 71 68 61 45 ER 448 NB Failed
1714 8 65 73 66 65 6!. 43 66 61 56 58
175 744 82 76 75 75 62 84 68 1.6 58

1ST 70 Fly ash 3 0.55 6.1-7.7 72 P NB
1&4 30 87 70 Failed 48
185 104 91 114 68 104 64 106 46 106 7!.

1911 100 0 4 0. 142 6.9-7.9 77 93 78 79 69 45 72 67 72 86
1944 58 F Failed 1
195 76 98 77 75 73 67 71 56 66 70

20_p 75 Purnicite 4 0. 145 5.7-8.5 96 84 88 78 81 44 87 142 1.8 I.Q
20*4 25 96 93 102 83 93 61 88 61 84. 79
20B 1o4 87 111 78 102 62 97 60 97 71

- 
1 21_p 50 Slag 14 0.44 5.4-6.8 73 67 NB 48 69 t Failed

1~~ 
50

224 80 Nat cern 4 0.43 3.9-7. 4 62 106 61 93 59 75 Failed C
228 20 95.. C NB F 90 n Failed

23_p 80 Cal oh l~ 0.445 4.5-6.1 59 C 59 F 53 F Failed
2)4 20 69 84 73 71. 60 46 57 29 52 76
238 69 86 68 81 66 32 65 40 52 69

214_p 944 Unc i~ 4 0.142 6.5-7.8 75 88 77 82 75 35 77 34 75 90
2~*I4 6 87 87 87 81 88 37 85 69 82 78
2148 f t  I C

25_p 70 Fly ash 4 0.44 6.3-8.6 50)’ 91
2544 30 50)’ C
255 Failed

C End of specimen too rough to obtain satisfactory reading.
ft Broken in h5ndiin g in 1968. (Sheet 14)
*3 Satisfactory reading was -not obtained although an attempt was made to obtain one.

F Denotes specimen has tailed.

- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ , - ‘ ~~~ ‘~~~~~~~~~~~~~~~~~~~~~~~~ . - -~~7--



(Revised August 1977 )

‘I Table i—CRI4I—PD (Conti.,ued) Section 8

Exposure Rack . Row I. (V to E)

Cementitiou~ Ma t ’l Ncmlnal 2235 231.? 
Read ings 

2570Type II Replace— Cement Water— Cycles Cycles C3rc?es Cycles
Portland merit Factor Cement Air 1 4 197 5 1o76 1977

- - - Core Cement Material bags! Ratio Content
No. % _______ cu yd ~~~~~~~~~ L j~~ .. .i! ~..... .._1!..._ ~~~~~~~~~~ _i~

_ 1Y~.... ...iL.. i!~
__

5)4 100 0 2.1/I. 0.73 3.9—6.1 70 53 70 94 60 75 64 Broken
• 53 1*3 69 03 OR Failed

12_p 100 0 3 0.55 6.3—7 .4 62 92 62 93 60 73 1.6 6~
1214 48 68 BR 96 Failed

13T 75 Pumleite 3 0.58 6.2— 7 .6 73 I —— —_ Failed
1344 25 NB 66 Failed Failed
133 96 89 96 113 NB 88 75 79

15_p 65 Nat cern 3 0.56 6.5—8.7 70 91 70 94 68 91. 60 88
1514 35 63 94 62 120 60 67 51 71

1714 92 Uric 1) 3 0.55 5.3.7.1. 50 61. Patled Failed
173 8 77 95 78 117 69 77 80 NB

l8B TO Fly ash 3 0.55 6.1—7.7 106 100 106 123 88 77 49 68
30

19_p 100 0 4 0.42 6.9—7.9 68 96 69 120 96 79 87 73
19B 67 91. 66 135 49 78 Failed

20T 75 Pumicite I. a.4~ 5.7— 8. 5 1.8 67 51 51 BR 49 Failed
2044 25 84 76 81. 96 71 86 36 67
20B 97 79 102 115 68 80 89 64

2344 80 Cal oh 44 0.4 5 14 .5 — 6. 1  52 66 55 116 55 91 Failed
233 20 52 73 51 94 42 93 67 78

21._p 94 Uric 0 4 0.4.2 6.5— 7.8 75 91 72 116 61 104 61 87
2444 6 82 93 84 131 94 90 61 81

)

r

~~ ~~~ i : a ~~~~~~~~~~ n~~ ~~~~~~~~~~~~~~~~~ was made to obtoin ~~~~. (s~~ t 5)

lIIl I~~Illhuuuiuii ..• • -- ~~-- 
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(Revised Sept 1968)

Table 2-CN4I-PD Section 8
I

— Mixture I~ ta and Record of Testing of Cubes frcai Cement- Replaceme nt Materials Investigation ,

Pha se 0, 1958— (Insta lled October 1958)

Beach Row 1 (w to~~~1958-1963 Readings
Cementitious Mat’l NomInal 0 Cycles 150 221 362 451 557

Type II Replace— Cement Water— 1958 Cycles Cycles Cycles Cycles Cycles
Portland sent Factor Cement Air Pulse 

~~~ 1961 1962 1963Cube Cement Material bags ! Ratio Content Veloc 2 2 2No. % _______ 
cu yd ~~~~~~~~~ %~ .i~

_ 
~~ ...iL. . _1!_. ._~L.. ~~~~~~~~ 

__~X!_
1 100 0 1-3/is 0.93 6.1-6.6 15,625 100 93 88 81 84

2 65 Nat cern 1-3/4 0.96 1.7-8.2 14,185 100 96 105 103 109 52
35

3 70 Cal sh 1-3/4 1.01 5.3-5.8 15,150 100 97 103 103 106 50
3D

4 88 TJnc D 1-3/I s 0.98 5.4-6.4 15, 265 100 98 104 112 104 112
12

5 100 0 2-1/4 0.73 3.9-6.1 16,000 100 95 101 105 108 97

6 75 Punilcite 2-1/4 0.77 5~7-7.4 16,13:> 100 90 99 102 98 98
25

7 50 Slag 2-1/4 0.76 4.7-6.6 15,875 100 97 105 107 94 lOT
50

8 65 Bat cern 2_ i/I s 0.76 5.7-6.4 15,625 100 98 106 108 98 107
35

9 70 Cal sh 2— 1/4 0.79 5.9-6.3 15,625 100 97 110 108 97 97
30

10 88 lIne 1) 2-1/4 0.80 5.5-6.2 15, 625 100 103 105 100 103 t~
12

lOA 88 Unc D 2-1/4 0.80 5.5-6.2 16,130 100 100 105 98 98 105

11 70 Fly ash 2-1/4 0.73 5. 5 .2 15, 875 100 98 115 136 117 109

h A  70 Fly ash 2_h/ Is 0.73 5.5-6.2 15, 265 100 100 119 115 104 110
30

12 100 0 3 0 .55 6.3-7.4 16,395 100 97 1014 105 98 103

13 75 Pwniclte 3 0.58 6.2-7.6 16,395 100 91 109 115 102 119
25

14 50 Slag 3 0.60 5.8-6.3 16,395 100 100 117 111 91 117
50

15 65 Nat cern 3 0.56 6.5-8.7 16,395 100 98 96 105 107 98
35

16 . 75 Cal sh 3 0.59 5.7-7.4 16,130 100 98 98 105 102 105
25

17 92 Unc D 3 0.55 5.3-7.4 16, 395 100 98 105 111 109 112
8

18 70 Fly ash 3 0.55 6.1-7.7 16,665 100 97 97 97 97 96
30

(C ontinued )
No te~ ~~~~~~~~~~~~~~~~~~ ~

emen 
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

g
~~~ alctn ed diatomite ; slag = blast-furnace slag .

•5 Air content of that port inn of the concrete conta. ining agereg~ te smaller than 1-1/2 in in s i n
( 

.
~ t Rod of specimen too rough to obta in sati sfactory reading . e.

(Sheet 1)

__________________________ 
_
~-~~ ,— ,——— ~.~_.—_— ~-.=..—-=&~ —-—.———-.
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(Revised Sept 1970)

Table 2-CRMI-PD (Cont inued) Section 8
‘. 1 Beach Row 1 (w to z)

1964. Readings
Cementitious Mat ‘1 Nom inal 692 855 985 1141 1326 11480

Type II Replace- Cement Water- Cycles Cycles Cycles Cycles Cycles CyclesPortland isent Factor Cement Mr l°~~ ~~~~ 1Cube Cement Material bags/ Ratio Content 2
____  ____  ~ ~~~~~~~~ . % ~~~~ _~~~~~~ _~~~~~~ ix_ ..iL ~~L

1 100 0 1-3/4 0.93 6.1.6.6 t Failed

2 65 Nat cern 1..3/Is 0.96 1.7.8.2 35 t $ Failed

3 70 Cal sh 1-3/4 1.01 5.3.5.8 74 Failed

4 88 line 1) 1.3/4 0.98 s.4-6 .4 87 41 t Failed
12

5 100 0 2.1/4 0 7 3  3.9-6.1 91 105 91 78 65

6 75 Punsicite 2_ i/Is 0.77 5.7.7.4 92 110 t p Failed
25

7 50 Slag 2.1/4 0.76 14.7-6.6 78 110 83 86
50

8 65 Nat cern 2.1/Is 0.76 5.7.6.4 103 103 82 62
35

9 70 Cal Sb 2.1/Is 0.79 5.9-6.3 103 1114 82 85
30

10 88 line D 2-1/Is 0.80 5.5-6.2 86 110 81 95

1OA 88 line D 2_i/Is 0.80 5.5.6.2 88 103 49 Iq t
12

11 70 Fly ash 2_i/Is 0.73 5 .5-6.2  107 110 112 97 79
30

ihA 70 Fly ash 2_i/Il 0.73 5.5-6.2  98 105 97 90
30

12 100 0 3 0.55 6.3-7.4 101 103 78 76 57

13 75 Purnicite 3 0.58 6.2-7.6 121 123 113 100 103
25

14 50 Slag 3 0.60 5.8.6.3 107 103 109 107 105
50

15 65 Nat cern 3 0.56 6.5-8.7 94 105 97 107 86
35

16 75 Cal sh 3 0.59 5.7.7.4 97 112 102 105 95
25

17 92 limo S 3 0.55 5.3.7. 14 113 123 121. 103 102

4 18 70 Fly ash 3 0.55 6.1-7.7 101 103 100 94 88
30

t Rod of specimen too rough to obtain satisfactory reading . (Sheet 2)
* Satisfactory pulse velocity readi ngs were not obtained in 1966 du. to ~~thznction of testing aquij~~ent . 
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Table 2.C~~~-SV (continued ) Section 8

/ Beach Row 1 (w to !)
1970.1976 Readings

~~e~~ntitious Mat ’l Nominal
Type IX Replace- Cement Water 1633 1802 1959 2099 2238 2350 2496
Portland ment Factor Cement Air Cycles Cycles Cycles Cycles Cycles Cyc les Cycles

Cube Cement Mate rial bags/ Ratio content 1970 1971 1972 1973 1974 1975 1976
____  ____  

on yd 
~~~~ % ..iL ~~L. ~~~~ .~iL 

_
~yf~ .~jyf~ -~~~~~_

5 100 0 2.1/14 0.73 3.9-6.1 Failed

7 50 Slag 2.1/14 0.76 4.7-6.6 Failed
50

8 65 Nat cam 2-1,14 0.76 5.7-6.4 Failed

9 70 Cal sb 2.1/14 0.79 5.9-6.3 Failed

10 88 Unc D 2_ 1~44 0.80 5.5.6.2 P Failed

1Ci~ 88 limo 0 2.1/14 0.80 5.5.6.2 P Failed
12

11 70 Fly ash 2.1/14 0.73 5.5-6.2 74 71 60 ** 83 51 Failed
30

11* 70 Fly ash 2_ i/Il 0.73 5.5-6.2 Failed
30

12 100 0 3 0.55 6.3-7.4 P Failed

13 75 Purnicite 3 0.58 6.2-7.6 914 15 RN 44 Failed
25

114 50 Slag 3 0.60 5.8-6.3 100 82 66 ** 65 38 31
50

15 65 Nat cern 3 0.56 6.5.8.7 82 48 149 ** ~~ SR SR

(. 
~~~~~~~ 

16 75 Cal sh 3 0.59 5.7.7.4 91 NB 91 ** Failed

17 92 Unc D 3 0.55 5.3.7.14 98 85 77 *$ 71 IIR SR

18 70 Fly ash 3 0.55 6.1-7.7 85 15 Failed
30

Q p SM of .p.c~~~n too r~~~ to ~~t.th uti•~~cto~~ seeding. (Sheet 3)
•* Equipment .a1f~meticn.d in 1973.
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(I ssued A~~~ast 1977 )

5 ) Table 2—CR MI—PI ) ( Conti nued ) Section 8

Beach Row 1 (w to Z)

Cementitioua Mat’ i Nominal 1977— Readings

Type II Replace — Cement Water— 2573
Portland ment Factor Cement Air Cycles

Cub. Cement Material bags/ Ratio Content 19~7

_______ s ~~~~~ ~L.!L S
5 100 0 2-1/4 0.73 3.9—6.1

7 50 Slag 2.1/Il 0.76 4 .7—6.6
50

8 65 Nat oem 2.1/44 0.76 5.7—6 .4
35

9 70 Cal Sb 2—1/4 0.79 5.9—6.3
30

10 88 line 0 2.1/4 0.80 5.5—6.2
12

10* 88 line S 2—i/ Il 0.80 5.5— 6 .2
12

11 70 Fly ash 2.1/4 0.73 5.5.6.2
30

11* 70 Fly ash 2.1/4 0.73 5.5-6.2
30

12 100 0 3 0.55 6.3—7 .4

13 75 Pumicite 3 0.58 6.2— 7.6
25

14 50 Slag 3 0.60 5.8—6.3 Failed
50

15 65 Rat oem 3 0.56 6.5.8.7 Failed

(
~ ~) 

16 75 Cal sh 3 0.59 5.7.7.4

17 92 line 0 3 0.55 5.3.7. 4 89
8

18 70 Fly ash 3 0 .55 6. 1— 7.7
30

0
(Sheet 14)

- .—

~

,
.- -. -~~~ ~~~~~~~~~~~~~~~~~~ —

.— ——

~~~~~~~~~~~~~~~~~~~



W-r
~ 

w~~ r’~~~=7’ . w.wfl,flc.~,.. .W~~,r~nr . ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - - . —

(Corrected Aug 1965) Section 9
(ii

Passamaguod.dy Tidal Power Project*

In connection with studies for the Passainaquoddy Tidal Power Project,

11.3 concrete columns** (5  by 5 by 60 In . )  were Installed on the exposure
rack at Treat Island in 1936. The purpose of the installation was to find
the cement and aggregate combination that would give the greatest assurance
of durability for the proposed concrete structures. The mixture data for
these 11.3 specimens were as follows:

Sand-
C~~~nt aggr egate
Factor Ratio

SPeC No. Cement bags/cu yd Coarse Aggregate ________ 
Water

B-l4 Type I 5.25 Natural gravel A 34 Tap
B-l9 Type I 5.25 Natura l gravel A 30 Tap
3-26 Type I 5.25 Natural gravel A 28 Tap
B= 31 Type I 5.25 Crushed dlabaae rock B 30 Tap
3- 36 Type I 5.25 Crushed diaba~e rock C 34 Tap

B-39 Type I , 50%; other PC , 50%” 5.25 Cru shed diabaae rook C 314 Tap
B-46 Natural , 21%; Type I , 79% 5.25 Crushed diabase rock C 314 Iap
B-51 Type I 5.25 Crushed dlabase ro ck B 32 Tap
B-56 Type 1 5.25 Crushed diabase rock B 34 Tap
3-61 Type I 5.25 Crushed diabase rock B 36 Tap

B- 66 Type I 5.25 Cru shed diabaac rock B 38 Tap
B-7l Aleminous cement 5.25 Crushed diab ase rock C 31, Tap
3-76 Poszolan , 15% ; Type 0 , 89% 5.25 Crushed diabas e rock C 314 TaP

\ B.8l Portland , pozzolan 5.25 Crushed diab ase rock C 34 Tap
B- 86 Type I 5.25 Crushed diabase rock C 34 Tap

B_ 88** Type I 5.614 Cru shed diabase rock P leO Tap
fl-I. Type I 5.25 Crushed diab ase rock B 38 Tap
0-2 Type I 5.25 Crushed di*base rock B 36 Tap
0-3 Type I 5.50 Crushed diabase rock B 38 Tap
n-Is Type I 5.50 Crushed diaba ne rock C 36 Tap

0-5 Type 1 5.50 Cru shed diabase rock C 38 Tap
0-6 Type I 5.50 Crushed diabas e rock C 31, Tsp
0-7 Type I 5.25 Crushed diaba se rock C 36 Tap
D-8 Type I 5.50 Crushed diabase rock C 40 Tap
D-9 Type I 5.25 Crushed diabase rock C 38 Tap

8-3-Nt Type I 5.00 Natural gravel A 32 Tap
5-5 Aluminous cement 5.00 Natural gravel A 32 Tap
5-7 Type 5 5.00 Natural gravel A 32 Sea ( conc)
S-2 Type I 5.00 Natural gravel A 32 Tap
S-le-R t Ainuinous cement 5.00 Natural gravel A 32 Tap

8-8-Nt Type I 5.00 Natural gravel A 32 Sea ( core)
8-10 Portland , pozzolan 5.00 Natural grave l A 32 Tap
S-il-No Portland, pozzolan 5.00 Natural gravel A 32 Tap
5-13-Nt 31u.lnous cement 5.00 Natural gravel A 32 Sea (normal )
S_ hI  Alualnous cement 5.00 Natural gravel A 32 Sea (norm al )

8-16 Portland , pozzolan 5.00 Natural gravel A 32 Sea (con e)
S-17-Rt Portland , poz5olan 5.00 Natural gravel A 32 Sea ( cone)
8-20-Nt Type I 500  Natur al grave l A 32 Sea (no rmal )
8-21 Type I 5.00 Natural gravel A 32 Sea (normal )
8-22 Aluminous cement 5.00 Natural gravel A 32 Sea ( cone)

8-23-No Alueninous cement 5.00 Natural gravel A 32 Sea ( cone)
8-25 Portland, Nozzolan 5.00 Natural gravel A 32 Sea (no~me1)
8-26-St Portland , pozzolan 5.00 Natural gravel A 32 Sea (normal )

Note: Max imem sine aggregate , 2 in .; fine aggregate , nat ural sand (A) ;  5- by 5- by 60-in. eoime~s;
water- cement ratio , 6 gal per bag .

a This cement does not meet all of the present specification s for any of the types of portland cement.
““ Fine aggregate was manufactured sand ( B ) .

Specimen contains 3(44- in. rein forcing bar .

* See Passamaquoddy Tidal Power Development , Final Report of Concrete
‘ma Tests (15 September 1936) .

** Columns are molded with the long axis in a vertical, position . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Section 9 (Reprinted Aug 1965)

In October 1911.0, after approximately 600 cycles of freezing-and-
thawing, the exposure of all but six specimens was discontinued. These

six specimens were selected as the most durable, and were reinstalled on
the exposure rack.

Three of the six specimens (B-111., B-39, and B-86) contained plain
portland cement which was manufactured by a mill which permitted the in-
troduction of crusher oil into the cement ( thereby possibly introducing
involuntary air-entrainment). These three columns contained concrete hav-
ing a cement factor of 5.25 bags per cu yd , and a water-cement ratio of
6.0 gal per bag. The other three columns (S-li.-R , S-l3-R , and S-23-R) , each
containing one 3/l.I-in .-diameter , deformed , reinforcing steel bar, were made
with aluminous cement ( cement factor = 5.0 bags per cu yd, water-cement
ratio = 6.0 gal per bag). The aggregate used in all six columns was a
granitic sand and gravel (2-in . maximum size) from an esker.

Table 1-PQ, gives the exposure record. of these six specimens.

2
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(Revi sed Sept 1969)

Table l-PQ Section 9

Record of Observations of Concrete Columns Containing Cement—Aggregate Cojr~ inations Proposed for

Pmssanmquoddy Tidal. Power Project Structe~res

1936- (Installed in 1936 )

1936—1941 ObservatIons
19~~ 1937 1938 1940 1941

Sped — Cood i— * Condi— Condi- Cocedi- Coodi-
7 men Type Cement Type Water tion tion tion 

~~~~~ 
tion tion

Specimens Without Reinforcing Bar

B-l4 Type I Tap 0 Sound 1422 Wy good 598 Wy good 759 Wy good 916 Good
5-39 Type I, 50*; Tap 0 Sound 376 Wy good 5514 Wy good 715 Wy good 872 Good.

other PC, 50%**
5-86 Type I Tap 0 Sound 361 Excel. 537 Wy good 698 Wy good 855 Vy good

Specimens with Reinforcing Bar

S-Is-N Aluminous Tap 0 Sound 288 Excel. Is6Is Excel. 625 Good 782 GoOd
S-l3-R Alumi nous Sea (normal) 0 Soursi 288 Wy good 146Is Good 625 Good 782 Good
S-23-R Aluminous Sea (conc) 0 Sound 288 Vy good Is6Is Good 625 Good 782 Good

~~~~~~~~~~~~~~~~~~~~ 1942-1958 Observations
1942 1943 19148 1957 1958

Condi- Condi- Condi- Condi- Condi-
tion tion tion ~~~~~~~~~ tion ~~~~~~ tion

Specimens Without Reinforcing Bar

s—i14 Type I Tap 1082 Fair 1270 Failed
8-39 Type I , 50*; Tap 1038 fair 1226 Faile d

Other PC , 50%**
B-86 Type I Tap 1021 Good 1209 FaIled

Specimens with Reinforcing Bar

S-14-R Alumi nous Tap 948 Pair 1136 Fair 1742 Fair 2850 Poor 2921 Poor
S-l3-N Alunitnous Sea (normal ) 948 Good 1136 Good l7e2 Fair 2850 Fair 2921 Fair
8-23-N Aluminous Sea (conc ) 948 Good 1136 Good 17142 Poor 2850 Failed

Exposure Rac k . Row 2. West Red
1959-1963 Observations

1959 1960 1961 1962 1963
Condi- Condi- Condi - Coed!- Condi-Cycles lion ~~~~~ tion ~~~ tion ~~~~~~ tion 

~~~~ 
tion

8pecimene pith Reinforcing Bar

S-Is-N Aluininous Tap 3071 Poor 31142 Poor 3283 Poor 3372 Failed
S-13.R Aluminous Sea (normal) 3071 Fair 3142 Fair 3283 Fair 3372 Fair 3478 Fair

Rcposure Rack, Row 8, West Red
196e-1968 Observations

1961, 1965 1966 1967 1966
Condi- Condi - Condi- Condi - C ondi-

~~~~~~ tion ~~~ tion 
~~~~ 

tion 
~~~~ tion ç~~~~~ ti~~

Specimens 4th Poinfor clng Bar

8-13—H Aluininous Sea (normal ) 3613 FaIr 3776 Fai r 3906 Fair Is062 Fair 142147 Fair

(Continued )

• Specimens were installed on diffe rent dates in 1936 ; hence different nuntere of freezing—and-thawing cyc les.
~ This cement does not meet all of the present specification, for ar~r of the types of portland cement.(

~
_________ —~~ ~~~~s .  
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(Revised August lm)

( ) Table l-PQ (continued ) section 9

Exposure Rack. Nov 8. West Ra.j
• 1969—1973 Observation.

1969 1970 1971 1972 1973
8peci~ Condi— CoedS— Condi— Condi— CoedS—
,~~~~~_, Type Cmeent Type Water ~~9~~! fl~~, ~~~~~~ tiasi ~~~~~~ tics; ~~~~~~ tics; ~~~~~ tics;

Specimens with Reinfo rcing Bar

8—13—fl Aloninous Sea (normal ) ~4Ie0l Faip 13554 Fair 4723 Pair 4880 Fair 5020 Pair

1974— Obser vation s
1971. 197 5 1976 1977

Condo— Condi— Condo- Condi-
~~d1ea 

~~~~~ ~~~~~d ~~~~ ~~~~
8-13—H Aluminous Sea (normsi ) 5159 Pair 5271 Fair 5417 Fair 51e914 Fair

e Approxi~~ te~y 6 in. saved off one end in 1975 for laboratory tests by PCA . ~~~~ 2)

I —— ~~~~~~~~~~~~~~ -. _ s~~~. -- ~~~~
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(Revised Sept 1966) Section 10

‘ ---I

Missouri River Division Program

1963 installation
In September 1963, 12 sawed mortar beams (3-1/2 by 1-i-_l/2 by 16 in.)

were installed on the Treat Island exposure rack to provide field dura-

bility data on specimens from various projects in the Missouri River

Division.

This installation was made up of five series of beams; the specimens*
represented five different mortar mixtures and were sawed from 3-ft-square

by nominally 3-1/2-in.-thick test panels. The mortar was placed pneumat-

ically (shot) in each of the panels at each jobsite.

Table 1-SC lists the specimens and gives their exposure record along

with other pertinent data.

Companion specimens (3-1/2 by 11.-l/2 by 16 in.) to the Treat Island

exposure specimens were subjected to laboratory freezing -and-thawing tests
in the Missouri River Division Laboratory, Omaha, Nebr. The companion

beams were also sawed from the test panels. The results of the laboratory

tests are given below:

Avg at 300
No. of Age at Cycles of

Mixture Beams Test Preezing-and-
No. Tested days Thawing
1 3 iL’. 78
2 3 lI~ 29

3 3 90 114
14 3 90 6
5 3 21 3

( .
~ 

* Four of the beams contained mesh reinforcing.

._.~~~~ . . ~~~~~~~~~~~~~~~~ •~~~~~~~~ 
.. 
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(Issued Sept 1966) Section 10

1965 installation
In November 1965, three sawed concrete beams (3 by 14-1/2 by 16 in.)

were installed on the Treat Island exposure rack to provide field durability
data on specimens from a specific project in the Missouri River Division.

The specimens represented one concrete mixture and were sawed from a

3-ft-square by 3-in. -thick test slab. The test slab was placed pneumatically

(shot) as a reinforcement to rock slope bank protection.

Table 2-SC lists the specimens and gives their exposure record along

with other pertinent data.

j  
—.~~— __~~~~___ _ ,_ m.~~~ . --------- --—-—---- ~~~~- -- . —-- —---~~- . .  - - ~~——--—
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(Revised May 1976)

Table 1-SC Section 10

Record of Testing of Wortar Beams , Missouri River Division Program
1963 - (Installed September 1963 )

Exposure Rack • Row 5 (w  to E)
Cement/

Aggregate Position 0 Cycles 135 Cycles 298 Cycles 1428 Cycles
Beam Mixture Ratio as of Panel Type Fine Reinforcing 1963 iQ64 1965 1966
No. No. Shot (by wt) When Shot Cement Aggregate Mesh 

________ ________ ________

1A 1 1:3.5 Vertical II , A Sand A Yes 100 99 101 100

lB 1 1:3.5 Vert ical II , A Sand A Yes 100 99 99 100

25 2 1:4.0 Vertical It , A Band A No 100 119 120 127

2B 2 1:4.0 Vertical XI , A Sand A No 100 92 89

20 2 1:4.0 Vertical II , A Send A Yes 100 122 1214 126

20 2 1:4.0 Vert ical II , A Sand A Yes 100 99 101 116

3* 3 1:3.8 HorIzontal II, B Sand B No 100 125 124 325

35 3 1:3.8 Hor I zontal II , B Sand B No 100 125 125 327

4* 4 1:3.8 Vert ical II , B Sand B No 100 13 74

4B I. 1:3.8 Vertical IX , B Send B No 100 101 105 3.12

5A 5 1:3.5 Vert ical I , C Sand C No 100 101 102 105

55 5 1:3.5 Verticsl I, C Sand C No 100 101 102 101

5814 Cycles 769 Cycles 923 Cycles 1076 Cycles
1967 1968 1969 1970

IA 1 1:3. 5 Vertical II , A Sand A Yes 100 99 100 100

lB 3. 1:3.5 Vertical II , A Sand A Ye. 102 102 100 104

2* 2 1:4. 0 Vertical II, A Sand A No 125 125 127 136

25 2 1:4.0 Vertical II , A Sand A No 97 Broken in handling

20 2 1:14.0 Vertical II , A Sand A Yes 123 123 125 133

21) 2 1:4.0 Vertical XI , A Sand A Yes 121 123 126 133

3* 3 1:3 .8 Horizontal II , B Sand B No 125 134 136 1143

35 3 1:3.8 Horizontal II , B Sand B No 127 129 129 143

IsA Is 1:3. 8 Vertical II , B Sand B No 91 62 65 68

IsB 14 1:3. 8 Vertical IX , B Sand B No 110 1114 110 NB

5A 5 1:3.5 Vertical I, C Sand C No 103 102 105 NB

5B 5 1:3.5 Vertical I, C Sand C No 101 83 81 NB

1245 11.02 1542 1681
Cycles Cycles Cycles Cycles
1971 1972 1973 1971.

_ a_  iL.. .iL.. ...i ~~.
1A 1 1:3.5 Vertical II , A Sand A Yes 97 96 95 96

lB 1 1:3 .5 Vertical II , A Sand A yes 103 102 914 104

2A 2 1:4 .0 Vertical II , A Send A No 129 1141 116 123

20 2 1:4.0 Vertical II , A Sand A Yes 128 110 96 105

21) 2 1:4.0 Vertical II , A Sand A Yes 91 88 81 77

3A 1:3.8 Horizontal II, B Sand B No 130 HR Failed

3B 3 1:3.8 Horizontal II, B Sand B No 12). HR Failed

Is A 13 1:3.8 Vertical II , B Sand B No 63 NH Fail ed

4R 4 1:3.8 Vertical II , B Sand 3 No NB NH Failed

5A 5 1:3.5 Vertical I, C Sand C N: NI) HR Failed

5B 5 1:3.5 Vertical I , C Send C Ho HR HR Failed

— - 
HR A satisfactory reading was not obtained although an attmept was made to obtain one . ( Sheet 1)

L .•
~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ 

-—- . - .
~~~~ 
. 

~~~~~~~~
—-. 

~~
-. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~



—-.-.. - 
- -

- 
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Table 1-SC (Cont inued) Section 10

Saposuz.e Rack. Row 5 (W to E)
1975— Readings

Cament/ 1793 1939 2016
Aggre gate Position Cycles Cycles Cycles

~eaa Mixture Ratio -is of Panel Type Fine Reinforc ing 1975 1976 1977
No. No. Shot (by wt) When Shot Cement Aggregate Mash 

~~~~~~~ ..J~..... _iL.
1* 1 1:3.5 Vertical II , A Sand A Yes 96 101 102

13 1 1:3.5 Vertical II , A Sand A Yes 104 Failed

2* 2 1:14.0 Vertical IX , A Sand A No 123 128 91

2C 2 1:14.0 Vertical II , A Sand A Yea 105 121 107

21) 2 1:14.0 Vert ical IT , A Sand A Yes 78 61 BR’

3* 3 1:3.8 Hor Izontal II , B Sand B No

3B 3 1:3.8 Horizontal It , B Sand B No

1A Is 1:3.8 Vertical II , B Sand B No

14 1:3.8 Vertical II , B Sand B No

55 5 1:3.5 -Vertical I , C Sand C No

5B 5 1:3.5 Vertica l I , C Sand C No

I
()  (Sheet 2)

• HR denotes a satisfactory reading could Oct be obtained.
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Table 2-SC Sect Ion 10

Record of Testing of Concrete Beams , Missour i River Division Program

1965- (Installed November 1965)

Exposure Rack . Row 5 (w to E)
1965-1972 Readings

0 130 286 1473. b2~ 77~ 9147 )J~ 14
Air Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles

Beam Mixture Type Fine Coarse Content 1965 1966 3.967 1968 1969 1970 1971 1972
N~~ No. Cement Aggregate Aggregate _j_ 

~~~~ ~~~ ~~~ ~~~ ...i~~ .~~~~~~~~ ..i ~~ ...i~~.
SC-i 6 I , 1) Sand 1) Gravel A 7.5 100 92 914 100 100 101 96 65
SC-2 6 I , 1) Sand 1) Gravel A 7.5 100 97 99 96 914 91 73 149

SC-3 6 I~ D Sand 1) Gravel A 7.5 100 102 102 100 102 102, 80 65

i97~- Readings
12l4~4 1383 11495 36141 1718

Cycles Cycles Cycles Cycles Cycles
1973 19714 1975 1976 l9n’
iL ~~~~ ~~L ~~L iL

SC—i 6 I , D Sand 1) Gravel A 7 .5  89 81 80 82 NB

SC-2 6 I • 1) Sand 1) Gravel A 7,5 NB Failed

SC—3 6 I , D Sand D Gravel A 7 .5  Ii5 NB NI) NH NB

( ,~
) HR denote s no reading was obtained even though an attempt was made to obtain one.

_ _
_ 
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(Reprinted Jan 1972) Section 11

Portland Blast-Furnace Slag Cement Investigation*

This investigation was initiated in FY 1955 to evaluate the perform-

ance of blast-furnace slag cement and determine how its performance cc~n-
pares with that of type II portland cement . Twelve air-entrained concrete
mixtures were used in the investigation, the difference between the mix-
tures being the type cement used. Eight portland blast-furnace slag ce-
ment s, one type II portland cement , and three blends of portland blast-
furnace slag cement and natural cement were used. The aggregates used were

limestone (3/li_in , maximum size) and natural sand. The cement factor was

5.5 bags per cu yd for all mixtures , and the air content was 6.0 ± 0.5

percent.

Eighteen beams (3-1/2 by 14~1/2 by 16 in.) were fabricated from each

of the 12 concrete mixtures (total of 216 beams). Half of these beams
(108) were installed on the exposure rack at Treat Island in May 1956;
the other half (108) were installed on the St. Augustine exposure rack

( )  in August 1956 .
Table l-BFS lists the specimens exposed at Treat Island and gives

their exposure record along with their cements.

Table 2-BFS lists the specimens exposed at St. Augustine, and gives

their exposure record along with their cements.
In 1956 the question of whether reinforcing steel surrounded by

portland blast-furnace slag cement concrete was more prone to corrosion
than that surrounded by portland-cement concrete was raised. To answer

this question, Ii5 concrete prisms (8-1/2 by 8-1/2 by 12 in.), each con-

tam ing ii. pieces of reinforcing bars, were fabricated and installed on
the exposure rack at St. Augustine in August 1956 . The aggregates and
concrete mixtures were the same as those used to fabricate the beams
described above except that only three cements were used: two

* See U. S. Army Engineer Waterways Experiment Station, CE, Investiga-
tion of Portland Blast-Furnace Slag Cements, Technical Report No. 6_li45,
also U. S. Army Engineer Waterways Experiment Station, CE, Investiga-.
tion of Portland Blast-Furnace Slag Cements; Supplementary Dat,~ by

A.-
- Bryant Mather , Technical Report No. 6-lili5, Report No. 2 (Vicksburg,

Miss., September 1965).

_______ 
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Section 1]. (Revised Jan 1972)
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-p

blast-furnace slag cements and one type II portland cement . No tests of
these prisms were scheduled while they were undergoing field exposure .
They were to be returned to the laboratory for examination in accordance
with the following schedule :

No. of Prisms to be Re-
turned to Laboratory In:

Cement No. of Prisms Installed l9~~ ~~6o 1961

~E~rpe II , portland cement 15 6 6 3
PBFS* No .1 15 6 6 3
PBFS* No. 2 15 6 6 3

* Portland blast-furnace slag cement .

Specimens examined after two, f our , and five years exposure showed
the same relative relation of cement type to amount of corrosion of em-
bedded steel, with the amount of rusting increasing with length of expo-
sure . A “pinpoint ” of rust was considered as 1 unit area of corrosion ;
spots 1/16 in. in diameter were regarded as 1i~ units; those 1/8 in. in
diam~ter as 16 units, etc . Total average rusted area on all bars , per
specimen, arranged by cements was as follows:

Average Rusted Area on Bars, by Cement Length of Exposure
~I~pe II PBFS No. 1 PBFS No. 2 years Date

173 17 79 2 1958
1877 60 258 1960
2827 111 14.27 5 1961

Testing of specimens exposed at St. Augustine exposure station was
discontinued after the 1970 inspection.

2 
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(Revised Sept 1967 )

1~ab1e i-BFS Section 11

Record of Testing of Concrete Beams Made for Portland Blast—furnace Slag Ceemnt Investigation. Exposed at Treat Island

1956- Llnstafled Mae’ 1956)

Exposure Rack . Ro~4 5 (w to E) —

1956-1967 ReadIngs
0 1k4 215 365 1436 577 666 772 907 1070 1200 1356

Cycles Cycles Cycles Cycles Cyclei Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1956 1957 1958 1959 1960 1961 1962 1963 19614 1965 1966 1967

Beam No. Ceaent 
~~~~~~~ ~~~ _~~~~~~~ .~~~~~~~~ ~~~~~~~ ~~~~~~~ .~~~~~~~~~ ~~~~~~~~ _.~~~~~~ ..JL ....~~~~~~~ ._~~~_

1ST-2 PBFS~ No. 3 1.00 109 117 115 ~ *
12r-4 100 111 117 116 114 1.09 112 112 110 110 110 108
19T4 100 111 119 11.6 115 no 122 116 117 120 119 115
1ST-8 100 117 123 125 121 117 US 118 1114 114 fl14 1114
191-10 100 116 121. 122 122 115 115 112 111 no 109 108
192-12 100 u6 125 1.26 125 118 116 US 113 113 113 112
l91_l14 100 108 115 119 UT 112 111 114 112 111 112 112
1sT-16 100 108 115 118 UT 109 110 110 107 109 111 110
1ST-lB 100 109 117 119 118 112 113 11.4 111 111 109 109

292-20 PBFS No. 14 100 118 125 128 125 119 121 122 UT n8 119 118
292-22 100 121 13) 129 125 113 122 123 119 119 119 U9
2ST—214 100 120 128 133 128 122 126 124 120 120 122 120
291—26 100 123 134 135 •*
292—28 100 123 1314 134 133 123 128 126 126 125 3214 123
292-3) 100 122 133 134 131 122 127 127 125 124 1214 324
292-32 100 122 132 1314 132 127 129 129 128 127 125 123
2ST-314 100 121 13) 131 13) 125 124 126 122 122 ~~4 124
292—36 100 120 136 13) 126 121 123 122 122 120 ~~~ 120

351-36 PBFS No. 1 100 119 128 13) 141 122 1214 323 127 126 128 126
392-40 100 113 123 1214 55

39r-1e2 100 118 126 13) 128 122 127 126 122 122 122 122
351-44 100 128 138 139 138 130 129 128 119 114 112 112
391_liS 100 122 128 132 131 122 123 122 115 114 112 no
351-148 100 122 128 132 131 122 122 123 121 1.20 119 115
32T-50 100 1214 131 135 134 125 127 128 128 120 120 119
351-52 100 123 13) 134 133 124 126 126 125 121 119 119
351-54 100 123 132 134 132 124 125 125 125 123 123 121

481-56 PNH S No. 2 1.00 119 128 131 128 121 123 124 128 125 ~~5 325
491-58 100 118 126 128 *.
4sr-So 100 114 123 1214 124 1.17 123 121 127 128 128 125
1481-62 100 125 13) 136 133 126 128 ~ 7 126 126 i~~ 121
l431_614 100 126 135 136 135 126 131 130 130 125 121 1201492_66 100 127 134 135 1314 124 1.28 127 126 123 123 123
482.68 100 118 125 13) 128 321 123 125 123 121 120 119
491.7o 100 117 125 129 128 121 122 121. 121 121 120 120
491-72 100 121) 127 132 13) 123 124 126 126 120 120 1.20

581-74 PBFS No. 5 100 105 112 114 112 106 110 110 110 110 108 108
551—76 100 106 113 113 112 105 110 107 lO~4 105 105 104
581-78 100 110 ii6 117 11.6 109 1.11. 111. 109 109 110 109
53P-&) 100 116 123 122 **
592-82 100 117 125 1214 123 115 uS 114 114 1114 115 116
581-84 100 120 124 1214 122 1.114 117 113 113 112 111 111
551-86 100 115 122 1214 122 115 116 114 113 115 113 111
581-88 100 112 118 121 119 112 113 112 110 112 112 112
581-90 100 114 122 123 120 112 115 1114 106 108 io8 io6

681-92 PBFS No. 6 100 121 129 131 13) 121 125 1.23 118 120 n8 118
681—914 100 1214 132 135 ~ *
681-96 100 123 133 134 134 1214 128 128 127 127 227 124
69r..98 100 125 134 134 133 125 324 ~~~ 119 117 122 122
681-1.00 100 1214 135 137 132 3214 324 125 116 117 121 119
681-102 100 1214 133 136 i36 127 127 128 123 121 126 125
681-104 100 120 13) 13) 128 121 121 121 117 116 119 119
681-106 100 126 135 134 134 125 125 124 120 119 119 117
681-10 8 100 123 129 131 129 120 120 120 117 115 117 118

751-1.10 P~~ S No. 7 100 114 124 126 **
781-112 100 116 1214 126 125 118 117 321 120 118 118 117
781-114 100 115 124 124 1.24 120 121 120 116 116 118 117
781-11 6 100 121 129 131 131 122 323 325 123 121 123 1.21
7ST-l1.8 100 122 13) 133 13) 324 ~~~ 125 125 123 123
781-120 100 1.21. 131 1314 134 1.23 125 126 125 1.23. 122 121
751-122 100 117 126 126 126 118 121 120 120 116 118 117
781—1214 100 115 122 126 125 117 119 US 116 1114 115 US
751-126 100 114 123 127 125 118 119 ‘~~~ 115 113 115 115

(Continued )

Note i Frce, 1956 to 1958 the wooden tie-downs were resti ng directly on these spec imens; thereafter they were spaced so as
not to touch the concrete .

P1 * Portland bleat-furnace slag cement.

~~~ 

*-e Returned to laboratory 1959 . (~~~eet 1)

-
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U 

Table 1—BPS (Continued) Section 11

Expoeure Rack, Row 5 (w to E)
1956-1967 Readings

0 11i4 215 365 1436 577 666 772 907 1070 1200 13%
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967

‘ Beam No. Cement ~~~ j~~ j~~ ~~~ ~~~ ~~~ j~~ •~~~~~~~ 
j~~ j~~ j~~ ~~~

881-128 Type II POt 100 121 128 13) 125 120 120 121 121 118 121 120
881-13) 100 117 123 125 123 116 114 US 116 111. 114 114
892-132 100 120 126 126 122 115 114 112 108 108 no no
892-134 100 125 133 134 132 123 125 123 122 118 120 118
881-136 100 123 132 132 *5
851-138 100 123 129 133 128 120 122 121 115 115 117 115
881-140 100 123 130 132 128 120 120 122 120 120 120 119
892-142 100 123 130 131 129 119 121 123 118 116 n6 116
892.1144 100 127 135 136 132 124 126 322 122 122 122 123

961_lieS 9BPS5 No. 8 100 112 120 120 120 110 115 uS 112 112 11). 111
981.1148 100 112 120 12) 120 113 111 113 111 111 111 1-1-1
992-150 100 112 121 122 121 114 uS u.6 113 113 115 115
961-152 100 1114 122 1214 122 116 117 uS 111. 113 116 118
981.1514 100 113 123 123 123 114 uS 117 114 1114 114 115
981- 156 100 110 119 119 *~~ -
981—158 100 111 117 118 117 107 108 106 103 105 103 104
961-160 100 109 116 UT 118 110 111 109 107 103 105 105
96T-162 100 111 118 12) 119 110 110 108 106 102 106 106

lOST_iSle Blend : No. 2 100 116 1214 128 127 120 120 119 118 116 118 117
1051-166 9BPS, 80%; 100 115 120 123 120 113 115 US 109 109 109 110
1051-168 nat cern A, 100 107 113 115 111 104 107 103 101 98 91 93
1092-170 20%tf 100 114 121 123 *5
1061-172 100 113 121 122 122 112 11.1 11]. 107 105 103 105
1061-174 100 110 117 120 117 108 110 1.08 105 103 100 99
1081-176 100 112 119 122 119 111 113 111 109 106 106 110
1092-178 100 111 118 120 118 110 110 UI. 110 108 106 108
1081-180 100 111 117 119 11.7 106 109 1.07 102 104 101 101

1151-182 Blend: No. 2 100 109 115 115 113 104 108 102 97 914 95 93
1151.1814 9BPS, 75%; 100 105 110 113 113 101 103 101 94 89 89 89
1121-186 nat cern A, 100 108 114 116 1114 102 105 103 96 94 92 92
1181-188 25% 100 119 125 129 128 120 121 121 118 119 118 117
1151-190 100 111 118 120 *
1151-192 100 109 117 118 116 106 102 108 106 113 115 117
11ST-194 100 110 118 117 116 104 106 103 95 72 78 77
1181-196 100 106 1114 111 109 93 92 92 83 81 914 93
1.151- 198 100 106 113 115 112 101 103 101 95 92 94) 90

1251-200 Blend: No. 2 100 106 110 112 110 100 105 100 95 92 90 90
1292-202 PBPS, 70%; 100 101 109 109 105 83 95 94 92 89 80 81
1292.204 nat cern A, 100 99 103 103 101 88 89 89 84 75 72 7)
1281-206 31% 100 100 104 100 100 84 87 78 74 70 62 s
1292-208 100 102 106 104 104 90 92 88 79 74 69 6$
1281-210 100 111 117 3.16 u6 103 107 1.03 100 95 97 97
1281—212 100 113 120 126 121 109 110 110 lOT 104 101 100
1281-214 100 117 123 126 124 114 118 US 111 106 104 107
1281-216 100 120 126 128 **

1968- Readings
15141 1695 1848 2017 2174 23114 2h53 2565 2711 2788

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1968 1969 1970 1971 1972 1973 19714 1975 1976 1977

—k- ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~ ~~~~~~~

2.81-4 PBPS No. 3 109 110 112 1.12 100 Failed
1ST-S 120 117 3.20 321 105 Failed
131-8 13.2 1124 113 11.4 99 Failed
1$T-10 113 fll4 110 103 103 97 97 96 148 116
181-12 11.1 112 112 1.11 116 100 102 2.82 127 NB
151.124 113 114 108 106 110 98 98 100 102 102
151-16 106 102 102 102 121 75 79 79 me NB
121-18 105 103 103 109 116 1014 150 152 RB IN

281-20 P298 No. 14 114 118 116 11.7 122 122 153 153 RB 114
281-22 11.7 121 119 121 123 154 151, 160 RB RB
28T—24 120 125 120 122 118 123 118 123 1814 191
281-28 125 1.23 1.19 324 323 109 98 100 1147 NB
281-30 123 125 118 123 127 110 117 118 122 12.1
281—32 125 126 120 128 128 110 111 1.12 121 136
281.324 119 120 1.1~4 118 116 123 121. 128 131. 135
281-36 117 118 1114 11.9 115 119 165 165 NB NB

( ~ * Portlwd bl.sat-furnses slag cement.
4 *~ ~~turnsd to laboratory 1959. (~~.et 2)t Port1~~~ cement.

ft Nat oem — natural cement.
NB A satisfactory reading was not o~ttined although en attempt was made to obtain one.

- - ~~~~~~~~~~ - - ~~~
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( ) Table 1—BPS (Continued) Section 11

E~~~ sur e Rack , Row 5 (w to N) —
l98~- Resdings

1541 1695 1848 2017 2174 2312. 2653 2565 2711 2788
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

Beem No. Cement %E ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ ~~~ ~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~

381-38 9293* No. 1 126 126 1224 121. US 97 105 107 NB NB
381-42 122 123 118 117 115 128 H
381-1414 103 102 94 NB D
381~146 99 98 97 BR S

115 116 BR BR S
381-50 119 121 114 117 0
361-52 117 US 111 114 D
361-54 126 128 138 NB I)

P598 No. 2 125 126 125 128 116 RB 98 98 US 1.14
148T..60 125 126 125 132 BR NB RN NB D
I4ST_62 113 116 106 113 BR NB M H
2481_SI. 122 122 1224 120 BR RN NB NB S
4S1..66 120 123 115 116 BR NB H H
14S1..68 119 119 1114 119 BR NB H H
2431—70 121 119 110 fl4 107 140 137 142 136 124
2481-72 120 120 

- 
113 3.3.~ BR BR H 24

581-74 9BPS No. 5 106 110 111. In 101. 105 107 107 NH S
551.76 103 104 102 99 92 94 NB NB D
592-78 109 107 107 103 97 100 97 99 133 137
581-82 111 ill 112 107 1024 102. H H
55T-814 108 110 108 99 97 99 100 101 114 113
5ST-86 111 109 108 lol. 102 97 99 99 D
55T-88 110 110 107 105 102 96 88 90 96 96
581—90 103 102 102 96 95 70 77 76 100 106

681-92 PBFS No. 6 120 120 120 US 112 101 111 111 106 me
681-96 126 124 125 320 115 114 1124 115 142 BR
681-98 120 121 115 110 107 113 113 11.4 3)
681-100 119 118 117 112 1.10 108 108 111 NB S
63T-l02 125 124 1224 120 116 117 117 117 RN 1)
6sr-104 116 114 113 1.10 108 1024 104 106 108 ~~~
6sT—l06 117 119 117 132 105 87 NB NB D
681-108 117 115 113 106 92 92 93 95 91 NB

7ST-112 9BPS No. 7 118 117 117 109 106 105 103 105 103 BR
761-114 118 116 116 114 106 109 108 110 104 me
7ST-116 122 121 119 13.4 114 109 107 112 110 NB
731-118 125 126 122 US 111 114 113 114 114 me
7ST -120 122 118 118 13~1~ 107 109 107 112 115 116
7S1-122 114 114 109 100 100 97 96 98 98 BR
751-124 3.09 111 107 95 103 92 92 94 92 94
7ST-126 112 113 111 108 106 103 126 127 130 132

881-12 8 Cype II PCt 118 116 114 114 123 123 118 120 118 119
881-130 1124 112 110 116 105 116 114 116 105 US
881-132 108 110 108 109 99 107 107 111 112 117
881-1314 120 119 118 113 105 123 121 122 122 124
881-138 117 115 115 111 104 13.9 116 118 112. 117
861-12.0 119 121 119 107 101. 114 132 130 131 121
88r-142 116 112. 116 1.12 109 111 119 117 118 119
881-144 121 120 118 13.4 111 111 118 118 12.2 1146

981-146 91498 No. 8 112 110 108 106 102 112 1114 116 BR 3)
992.12.8 113 111 111 109 105 116 119 118
981-150 117 116 114 116 112 119 120 120
961-152 115 UI. 112. 1124 123 118 174 160
981-154 113 110 112 11.2 121 139 NB NB
961-158 101 100 100 100 115 83 NB NB
961-160 105 105 103 101 109 88 NB NH

4 981-162 106 102. 105 107 116 106 105 105

1021.161. Blend: No. 2 11.4 116 1114 106 HR 96 100 102
1021-166 9BPS , 80% ; 102 100 98 108 109 93 96 96
1021-158 nat cern A , 82 82 83 92 85 85 RB NB
1021-172 20%tt 101 101 101 74 o
102T_171e 99 101 99 103 97 101 102 102
1021-176 106 104 102 103 96 76 91 89
1092-178 102 103 101 97 95 80 NB SR
lCmT-180 93 91 91 Broken

(Continued)

* Portland blast-furn ace slsg Cement. (Sheet 3)
—. t Portland cement .

f t  Nat cem - natural cement .
) RN A satisfacto ry reading was not obtained although an att empt was made to obtain one.

D Specimens so deteriorated that no reading can be obtained .
H Missing .

.A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 1-873 (Continued) Section U

~~~oaure Back. Row 5 (w to s)
1988- Readings

l5kl 1695 18’48 2017 2174 2316 2453 2565 2711 2788
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles- Cycles Cycles
1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

* 
Beam lb. Cement ~~~~~~~ ~~~~~~~~~ •~~~~~~~~ _j~~ ~~~~~~~ ~~~~ ~~~ ..J~~ ~~~~~~~~ . -~~~~~~~~

1192-182 Blend: lb. 2 85 82 84 62 68 BR NB NB 4) 1)
11.81-184 9515, 75%; 80 76 81 52 56 NB NB NB
1382-186 nat cern A , 82 78 76 Broken

• 1151-188 25% 110 106 102. 924 86 NB NB RB
1].S’2-192 108 106 108 Broken
l151_l9I. 69 64 66 BrOken
1182-196 68 Fai led
1132-198 86 82 75 66 62 NB SR RB

1292-200 Bleat: lb. 2 824 80 81 73 68 NB SB NB
1251-202 PBFS,* 70%; Failed
1251-204 nat cern A , Failed
1281-206 30%t t Failed
1281-208 Failed
3.292-210 86 83 87 80 81 NB NB NB
1251-212 92 91 Failed
1281-214 95 93 96 Failed

O * Port land blast-furna ce d ig  c emt .
ft Sit oem — natursl o snt.
JR A .atiefactor~r reading yes Dot obtained although an att empt vie made to obtain ems.
S Specimen, so deteriorated that no reiding can be obtained . (Sheet 14)
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(Revised Sept 1966 )

Tab le 2-BPS Section 11

Record of Testing of Concrete Beams Made for Portland Blast-furnace Slag Ceemnt Investigation , ~~~osed at St. Augustine

1956— (Inutailed August 1956)

1956-1966 Readings
1956 1958 196O 1962 l9bb 1966

Beam No . Ceemnt

1SA..1 9875* No. 3 100 113 118 1.16 11.8 325
lSA-3 100 112 119 12~ 118- 100 115 127 119 121 129
lSA-7 100 116 126 1.16 1.23 ___

1$A-9 100 116 130 119 1.23. 120
18*-U 100 118 131 120 122 122
lS&-13 100 107 118 107 109 109
18*-iS 100 107 117 108 110 io8
ISA-iT 100 107 118 109 110 111

28A— 19 9BPS No. 1. 100 122 136 1.39 11.1. 12.1
22A-21 100 123 137 328 127 128
~~A—23 100 12). 135 123 125 12k.
28A-25 100 127 1.42 118 118
28A—27 100 126 139 328 129 129
28A—29 100 127 11.2 130 130 131.
NBA—3 1 100 119 125 3.18 120 121
28A-33 100 116 120 113 US 115
28A-35 100 119 325 U8 u8 120

38A—37 9875 No. 1 100 123 137 125 130 130
3SA-39 100 123 132. 125 127 327
32A-l.l 100 125 138 128 131
3sA-1.3 100 129 11.2 139 11.2
36*1.5 100 131 1147 1.36 139 139
38A-l47 100 13) 11.2 139 12.2 3)42
31A1e9 100 126 11.7 119 120 119
~~~ -51 100 123 136 117 103 117
3SA-53 100 123 136 1124 93 u6

9BPS No. 2 100 123 137 137 119 138
— - l.SA-57 100 123 136 1.25 130 131

48*-59 100 122 136 126 129 329
‘ J 1.8*-Si 100 131 12.4 131. 1324 134

1.8A-63 100 131. 11.5 135 136 137
1.8A-65 100 133 1245 133 133 131.
1.8*-ST 100 119 130 119 131. 134
4sA-69 100 115 121. 112 127 118

100 1124 121 112 112 113

58A-73 9BPS No. 5 100 117 126 117 131 1i6
58A-75 100 117 129 116 118 U?
56A-77 100 118 129 117 118 118
5SA-79 100 111. 123 1124 116 111
58A-81 100 115 127 1124 117 116
58A-83 100 115 127 1.15 115 115
58*-85 100 113 1.23 113 115 1124
58A-87 100 111. 123 116 u8 118
58A-89 100 115 128 11.3 116 115

68A-91 9BPS No. 6 100 127 11.0 130 3.30 130
68A-93 100 128 136 321 11.6 325
6sA-95 100 129 3.31 123 123 325
68A—97 100 121 135 3.224 125 327
68A-99 100 122 128 121 121. 122
6sA-ioi 100 120 127 115 117 117
68*-103 100 125 131. 127 125 127 - -

68A-105 100 125 131 323 129 327
68A—l07 100 122 138 3.224 125 125

78*-109 9878 No. 7 100 122 130 121 12). 321
78*-lU 100 122 1.28 116 i18 118
78*-3.13 100 123 128 319 117
78*-u S 100 131 12.3 131 132 128
78*—UT 100 131 11.0 130 127 128
78A-U9 100 134) 12.0 128 329 129
78*-121 100 122 130 118 U9 119
78*-123 100 123. 129 120 120 118
78A-l25 100 120 128 116 118 125

(Continued)

* Portland blaet-furnace slag cement . (Sheet 1)
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(Revi sed Sept 1970)

Table 2—BFS ~Conti nue d) Section 11

\
1~~6-ig66 Read ings

1956 1958 1960 1962 1964 1966
Beam No. Cement .iL i~L. _~~~_ iL iL
8SA-127 Type II PC 100 126 134 121 126 121
8sA-129 100 126 136 1224 122 1224
8SA-131 100 126 1344 122 121 121

4 8SA-133 100 125 132 120 120 123
8SA-135 100 125 132 120 120 121
8SA-137 100 125 136 122 122 115
88A-139 100 128 135 120 120 122
88A-1241 100 131 137 125 125 132
85A-1243 100 129 135 120 120 132

9SA-1245 PBFS No. 8 100 121 130 116 116 11~4
98A-147 100 119 128 117 117 1124
92A-149 100 119 128 111 117
9SA- 151 100 117 124 112 112 lu
9SA-153 100 115 124. 115 117 117
985-155 100 114 116 107 107 109
9SA-157 100 120 129 117 117 119
9SA-159 100 122 130 117 119 121
9SA-161 100 120 129 117 119 118

1OSA.163 Bleat: No. 2 100 123 131 117 122 12.
1OSA-165 PSFS, 80%; 100 1224 1344 120 122 122
1OSA-167 nat cern A, 100 128 138 326 135 126
LOSA-169 20%t 100 l2~. 127 117 118 lu
1OSA-171 100 122 130 123 1224
1085—173 100 123 130 114 115 ill
1OSA-175 100 124 135 118 119 122
1OSA-177 100 124 136 124 125 123
1OSA-179 100 126 137 125 127 126

1155—181 Bleat: No. 2 100 125 133 120 123 123
1155—183 PBFS, 75%; 100 123 131 119 119 119
11SA-185 nat cern A , 100 1224 130 118 119 126
11SA-187 25% 100 128 138 123 123 128
1155-189 100 129 138 122 1244 128
11SA-191 100 127 136 125 126 130
11SA—193 100 123 131 122 1224 119( 11SA-195 100 123 130 118 120 i2~
1185-197 100 126 137 122 1244 126

12SA-199 Bleat: No. 2 100 121 129 117 1244 321
1255-201 9BPS, 70%; 1.00 118 125 114 120 109
1255-203 nat cern A, 100 121 127 111 111 220
1285-205 30% 100 125 129 127 128 223
125A.207 100 124 131 119 119 121
12SA-20 9 100 122 128 117 116 118
12SA—211 100 122 129 118 119 126
12SA.213 100 130 138 125 125 130
1255-215 100 131 1240 127 128 Lost

1968- Re adings
1968 1970
-~~~~

ISA-i PP. FS No. 3 125 Lost
1SA—3 118 117
1SA— 5 121 121
1SA-7 123 121
185-9 118 118
iSA-il 120 119
1SA-l3 103 103
185.15 107 107
185-17 108 107

SSA-19 PB1~’S No. I~ 136 133
25A-2l 124 122
28A-23 117 117
2SA-25 112 112
285-27 133 134
2SA— 29 135 135
285-31 122 121
28A—33 115 113
2SA-35 120 120

0 ~~rt 1and b1ast-~~ rnace slag cement . (s~~ /t  ~)
PC = portland cement.

t Nat cern — natural cement. 
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(R evised Sept 1970) /
Table 2-BPS (~~ntinued ) Sec tion 11

1968— Re adings
1968 1970

Beam No. Cement iL
- - 385-37 PBFS~ No. 1 132 131

385-39 123 Lost
335 .41 129 Lost
385-43 141 141
3S5-45 139 136
3SA—47 1141 140
325-49 . 119 117
3SA-5 1 117 116
335—53 111. 114

24SA-55 9BPS No. 2 138 1314
2425-57 126 Lost
24SA-59 129 128
4sA-61 135 135
4.SA-63 140 139
4sA-65 137 137
435—67 139 135
425-69 111. a 113
1.35.71 iiI. 114

555-73 PBFS No. 5 118 118
585-75 119 119
58A-77 119 119
5SA-79 113 113
5SA-8l 118 118
5SA-83 115 113
5SA-85 112 Lost
5SA-87 118 Lost
535-89 111 110

68A-91 9BPS No. 6 123 123
685-93 131 131
685-95 125 123
6$A-97 127 125
63A 9 9  126 Lost
685-101 119 Lost
68A—103 131 Lost
68A-l05 132 Lost
6SA-107 129 Lost

7SA-109 9BPS No. 7 126 Lost
7SA-111 119 Lost

3- 7SA-113 126 Lost
7SA-115 l2~4 124
755-117 128 127
7SA.119 131 128
7SA-l21 121 120
7SA—l23 121 11
7S5-125 125 12

885—127 Type II P0** 1.224 122
885-129 120 118
865-131 121 121
885-133 121 119
885-135 122 122
865-137 116 115

4 885-139 118 117
86A-14 l 138 138

P
885-14 3 128 128

985-145 PBFS No. 8 112 112
98A-11.7 110 109
965-11.9 111 109
9SA-15l - 111 109
965-153 - 116 l1~.
985-155 109 107
%A-157 119 118
965-159 119 118
965-161 120 120

1C6A—163 Bland: No. 2 121 121
1065-165 PBFs , 80% ; 107 105
1065-167 nat cent A,  122 121
106A-169 2o%t 110 109
1065-171 123 121
lO6A—173 117 115
1OBA-l75 121 121
1065-177 118 117

4: 
. 1085-179 131 130

(Continued)

* Portland blast-fu rnace slag cement. (sheet 3)
PC • portland cement.

t Nat cern — natural cement.
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(Revised Sept 1970 ) /
Table 2-BPS (Concluded) Section 11

196 8- Readings
1968 1970

Beam No. Cement JL iL
1185-181 Blend : No. 2 125 123
1135-183 PBFS ,~ 75%; 118 u6
1185-185 nat cern A , 126 126
1355-187 25%t 121 120
llSA-189 132 131
1185-191 129 127
llSA-193 112 111
11.85-195 118 117
llSA-197 131 131

12SA-199 Blend : No. 2 120 120
1255-201 9BPS , 70% ; 110 110
128A-203 oat cern A , 121 118
l2SA-205 30% 129 128
1285-207 119 119
12SA-209 124 122
123A-211 126 124
1285-213 125 125

U

(a.

* Portl*nd blast-furnace slag cem ent. 
(Sheet 4)

- 
- t Nat cement — n*tura l cement . 
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(Issued Sept 1969) Section 12

Specimen Size-Frost Effects Investigation

In December 1968, 18 concrete specimens (four sizes) were installed

on the Treat Island exposure rack. This installation consisted of nine

3-1/2- by 1i._l/2- by 16-in, beams, three 6- by 6- by 30-in, beams, three
2-ft cubes, and three 18- by 18- by 36-in, prisms. The purpose of this

installation was to develop data on the effect of specimen size on the

durability of concrete specimens in tidal exposure.

The four sizes of concrete test specimens were made from six batches

of the same concrete mixture. The mixture contained crushed limestone
fine and coarse aggregates and had the following characteristics:

Coarse aggregate - 100% passing 1-in, sieve

Fine aggregate - 98-100% passing No. Ii. sieve

Cement - type II portland 
.

Air content - I1....l/2 + 1/2%
Water-cement ratio - 5.5 gal/bag

(.j Slump - 2-1/2 ± 1/2 in.
Sand content - 36 to ii.2%
Cement factor - 6.0 -~ 0.3 bags/cu yd

Compressive strength at 28 days age (nominal) - 5000 psi

Table l-SSFE lists these concrete specimens and gives their exposure

record along with other pertinent information.

I

t~
.
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(Revised AuguSt 1977 )

Table l-SSPE Section 12

Record of Test ing of Concrete Specimens for Specimen Size—Fr ost E ffect s Investig.at ion

1968- (Installed Dec 1968)

E~~osure Rack
1968-1975 Readings

0 r~~~1es i968 139 292 4461 618 758 897 1009
Air Pulse Cycles Cycles Cycles Cycles Cycles Cycles Cycles

Specimen Content* Veloc 1969 1970 1971 1972 1973 1974 1975
No. %

3~~J2- by 24-1/2- by 16-In. Seams

R08-24A 24 .3 100 15, 2465 100 102 107 107 100 11.8 91 118 102 115 96 116 119 116 80
i~oS-24B 24.3 100 15,930 100 1014 99 110 96 119 82 119 96 117 944 118 110 118 57
R08-4c 24. 3 100 16,1*20 100 101 95 108 89 1.3.9 78 119 89 119 93 118 105 119 644

Ros-5A 24 .6 100 15,71*0 100 102 104 108 101 118 86 120 94 121 101 120 95 118 66
308-SB 4.6 100 i6 ,42o 100 100 100 109 93 119 79 117 85 117 103 118 1.~~ 118 70
m s-sc 24.6 100 16,420 100 ~~ ~~ n~ 91 120 83 118 91 118 98 119 105 118 70

R08-6A 4.2** 100 16,120 100 101 99 ill 94 119 814 117 96 117 96 116 105 117 73
R08-6B 24.2** 100 16,320 100 100 914 110 88 118 75 116 90 118 99 120 103 120 70
Ros— 6c 24.2** 100 16,320 100 101 90 110 824 117 75 115 81+ 120 101* 119 105 120 67

6- by 6- by 30-in. Beams

308-1 24.0 100 124,795 100 100 1114 115 112 111 92 109 99 109 112 109 127 109 152
R08-2 1~~4** 100 124 ,705 100 102 116 126 111 121 90 118 99 116 101 118 123 116 150
305-3 24 .8 100 15, 335 100 100 1435 108 1014 101 83. 102 93 104 98 101 113 104 130

2-ft Cubes

302—1 4.o 100 15,210 100 t 101 t 99 t 82 t l0~ t 102 t 119 t 158
308—2 24.4** 100 15, 265 100 t 100 t 914 t 78 t 93 t 103 t 112 t 11*1
R0S-3 24.8 100 15,150 100 B 100 t 97 60 5 100 t 97 j- 110 t 106

18. by 18- by 36-in, prisms

308-4 14.3 100 15, 750 100 94 102 106 99 107 69 105 95 108 105 109 105 109 109
308-5 4.6 100 15,545 100 94 102 102 100 1114 87 116 99 116 105 116 108 116 111
308-6 k.2** 100 15, 1*25 100 97 103 108 100 108 90 108 101 108 111 108 108 108 109

1976— Readings
1155 1232

Cycles Cycles
1976 1977

3—1/2— by 4— 1/2— by 16-in. Beams

306.145 44 .3  113 113 113 91
Nce—4B 4.3 116 105 116 87
R06—4 C 4.3 121 100 117 85

R06—5A 4 .6 102 116 111. 87
R06—5B 44 .6 119 105 120 89
308—5C 44 .6 121 100 120 87

308—65 4.2’• 118 98 117 93
30848 ~~~~~ 115 100 117 89
RoS—6C 44.2” 117 105 117 70

6- by 6- by 30-in. Seems

308—1 4 .0 109 119 107 116
306—2 44 .44” 112 111* 119 116
308—3 4.8 100 1.00 102 1.01

2—ft Cubes

306—1 44 .0 t 112 B 112
306—2 4. 1.” t 100 t 106
308—3 1..8 B 102 I 108

18— by i8— by 36—in. Pris ms

305—44 44 .3 106 108 107 103
308—5 44 .6 118 110 118 106
308—6 44.2 ’ 112 110 112 1044

* Air content deter~~ned on each batch; six batche , of concrete were made fur this investigation.
** 51~~~ was 2.1/h, in. for the.. batches; slmep of all other batche s of concr ete was 2 in.

B ~~abla to ott,.im matiafactory flexurtl frequemey reading on thai. cubes.
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(Issued Jan 1973) Section 13

U
Trumbull Pond Dam Prisms

In June 1972, six concrete prisms (18 by 18 by 36 in.) were installed
on the Treat Island exposure rack to determine the durability of two inte-

rior mass concrete mixtures containing the aggregate being considered for

use in Trumbull Pond Dam.

The prisms were made from two concrete mixtures (three prisms per mix-

ture); the fine and coarse aggregates used were pit-run sand and gravel,
maximum size 6 in.,-’ from an undeveloped on-site source. Both concrete mix-

tures were air entrained (5  + 1 percent) with a slump of 2 ÷ 1/2 in. Type II

portland cement was used in both mixtures, with one mixture containing a

replacement material (35 percent by solid volume). Water-cement ratios were

0.66 and 0.63, by weight; cement factors were 2.90 and 3.15 bags per cu yd.
Table l-TP lists these concrete specimens and gives their exposur e

record along with other pertinent information.

( _ 
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(Revised August 1977 )

( ~ Table 1-TP Section 13

Record of Testing of Tronbull Pond Dam Concrete Prisms

1972- (Installed June 1972 )

Raposure Rack, Row 3
Cnnentitious b4.s_ 1972-1975 Read ings

Water- ter ial , lb/cu yd 0 Cycles. 1972
Cement Type II Pulse 140 Cycles 276 Cycles 388 Cycles

Replacement Ratio Portland Velocity 1973 1974 1975
Prism No. Material ~~~~~~ Cament Fly Ash a,,, fps ~~~ s,,, %V2 

~L ~~~ ~L. %v2

Ces-l None 0.66 273 0 100 13,760 100 113 111 113 103 109 98 
—

Cam-P None 0.66 273 0 100 13,890 100 117 101 115 106 111* 127
Cem-3 None 0.66 273 0 100 14,220 100 101 108 100 105 99 126

FA-l Fly ash* 0.63 192 79 100 13,335 100 118 103 113 108 108 101
FA-2 Fly ash* 0.63 192 79 100 13,275 100 125 116 121 106 116 98
15-3 Fly ash* 0.63 192 79 100 13.335 100 120 92 106 58 106 End gone

1976- Readings
5314 Cycles 611 Cycles

1976 lgri

Cern-i None 0.66 273 0 75 NB NB NB
Cern-2 None 0.66 273 0 109 102 77 106
Cam-3 None 0.66 273 0 100 9]. 47 97

IA-i Fly asb~ 0.63 192 79 119 NB 62 BR
FA-2 Fly ash* 0.63 192 79 106 NB NB NP
I’A-3 Fly ash* 0.63 192 79

(J • 35 percent replace ment by solid vol~~e; all prism, contain type II portland cement .
SR denote s a satisfactory reading could not be obtained.

I —. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(Issued Sept 1969) Section iii.

Investigation of ~-1/2-in. Aggregate Concrete

In December 1968, 12 concrete prisms (18 by 18 by 36 in.) were in-
stalled on the Treat Island exposure rack. The purpose of this installa-
tion was to determine the durability of mass concrete containing l

~-1/2-in.

maximum size aggregate.
The prisms were made from six concrete mixtures (two prisms per mix-

ture); the fine and coarse aggregates used in all mixtures were of a

crushed limestone, maximum size 1l~_l/2 in. Each concrete mixture was air-
entrained (5 ± i%) with a slump of 2 ± 1/2 in. Type II portland cement was
used in all mixtures, and three mixtures also contained a replacement mate-
rial (30% by solid volume). Water-cement ratios were 0.8, 0.9, or 1.0, by

weight; cement factors varied from 1.811. to 2.110 bags per cu yd.

Table l-1.L 5A lists these concrete specimens and gives their exposure
record along with other pertinent information.

0
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(Revised August 1977)

Table 1-4.55 Section 14

Record of Testing of Prisms Made for Invest igation of 4-1/2-in. Agsm~egate Concrete

1968- (Installed Dec 1968)

Enposure Rack. Row 2
l96~ -1972 Readings

Replacement Ratio bags/ Veloc 
C~~~ es C~~~ es C~~~~ s C~~~~ s

Prism No. Date Made Material �~-!L. ~ -z~-. ~&. ._!~!_ ~~~~~ ~~~
_. 

~~~~ ~!_. ~~ ..i!~
_. ~~ ._JL_. SY~...

Mix 1, Rd 1 Oct 1967 None 0.8 2.30 100 16,130 100 87 102 106 99 105 73 91 62
Rd 2 Oct 1967 None 0.8 2,30 100 16,130 100 96 101 105 99 104 61 91 NR**

Mix 2, Rd 1 Nov 1967 None 0.9 2.04 100 15,705 100 99 103 102 100 101 83 89 81
Rd 2 Dec 1967 None 0.9 2.04 100 16,045 100 99 99 91 92 87 66 NB 43

Mix 3, Rd 1 Apr 1968 None 1.0 1.84 100 15,705 100 95 103 88 95 83 69 82 BR
Rd 2 July 1968 None 1.0 1.814 100 15,750 100 97 103 110 99 109 75 Failed BR

Mix 4 , Rd 1 Apr 1968 Fly ache 0.8 2. 140 100 16,440 100 93 1014 122 98 1.08 76 11.0 86
Rd 2 July 1968 Fly ash* 0.8 2.140 100 16,045 100 89 99 120 96 116 79 111 91

Mix 5, Rd 1 June 1968 Fly ache 0.9 2.14 100 15,790 100 95 111 106 107 106 86 99 96
30 2 J uly 1968 Fly ash* 0.9 2.14 100 15, 665 100 90 108 103 105 103 84 100 65

Mix 6, Rd 1 July 1968 Fly ash* 1.0 1.94 100 15,625 100 101 102 65 97 Failed 78 Failed 58
Rd 2 July 1968 Fly ache 1.0 1.914 100 15,545 100 97 107 105 96 103 75 84 814

1973— 1977 Readings
~~ Cycles 89’. Cycles 1006 Cycles 1152 Cycles 1229 Cycles

1973 1974 1975 1976 1971

iL ~~~ 1!~ JL ~~ 1L 1!~ ~~~L gv2

Mix 1, Rd 1 Oct 1967 None 0.8 2.30 77 86 75 61 72 67 93 114 90 18
Rd 2 Oct 1967 None 0.8 2.30 RN — Failed

Nix 2 , Rd 1 Nov 1967 None 0.9 2.0I. 92 92 SR 98 Failed
Rd 2 Dec 1967 None 0.9 2.04 Failed

‘ Mix 3, Rd 1 Apr 1968 None 1.0 1.81. NB FR Failed
Rd 2 July 1968 None 1.0 1.81. Failed NB

Mix 4 , Rd 1 Apr 1968 Fly ash’ 0.8 2.40 101 98 92 92 92 95 95 37 -- Failed
R d 2 July 1968 Fly ash 0.8 2 .14 0 107 103 100 96 100 108 Failed

Mix 5, Rd 1 June 1968 Fly aSh’ 0.9 2.14 95 111 86 103 86 111 66 50 73 1*8
Rd 2 July 1968 Fly ash’ 0.9 2.14 93 101. 87 105 81 107 79 11 Failed

Mix 6, Rd 1 July 1968 Ply ash’ 1.0 1.91. Failed 95 Fa iled
- 

- Rd 2 July 1968 Ply ash’ 1.0 1.91. 73 93 NB 78 Failed

I

( ) * 30% replacement by solid volume ; all pris ms contain type It portland cement,
- 

-~~~~ - ** 33 denotel a satisfactory reading could not be obtained .
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(Issued August 1977) Key to Section 15

Sulfur—Infiltrated Concrete (Canadian)

Aggregates: Coarse , limestone, Ottawa —

in , natural sand, Ottawa Valley, Ottawa

Admixture: Air-entraining, DAREX, V. R. Grace

Cement: Type I (CSA type 10), Canada Cement La Parge,
Hull, Quebec

Su].fur : 99.9 percent pure sulfur obtained ccninercial.ly
(Ottawa )

S 

I
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(Issued August 1977 ) Section 15
(. )

Sulfur—Infiltrated Concrete (Canadian )

— In January 1976 , the Canada Centre for Mineral and Energy Tech-
nology received permission from the Office, Chief of Engineers, to

install specimens of sulfur—infiltrated concrete at the Treat Island

exposure station.

5 In August 1976, eighteen 4— by 8—in. cylinders and thirty—six

3— by 6—in. cylinders were installed at half—tide elevation on -the
exposure rack . The cylinders were made from nine different concrete

— mixtures that included air—entrained and nonair—entrained concrete.
The fine and coarse aggregates were natural sand and 1/2—in. —maximum
size limestone, respectively. Type I (CSA Type 10) portland cement

was used in the mixtures. Tables 1, 2, and 3 contain pertinent data
on mixtures and specimens. Table 1—SIC contains the exposure records

of installed specimens.

In July 1977, 15 sulfur—infiltrated precast concrete elements

were installed as additions to the program. Pertinent data on these
specimens will be included as the information becomes available.

0
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(Issued August 1977)

Table 2 Section 15
Infiltrated 3— x 6—in. Cylinders

48—hr
Compressive

Specimen Density Sulfur Strength
No, lb/cu yd _,~~~~~~ 

____ 
psi

81—5 157.4 187 11.8 11,040
81—6 156.9 184 11.7 10,475
8l_7** 156.5 180 11.6
8l_8** 156.6 169 11.0
8l_9** 157.2 201 12.9
81_lo** 156.8 197 12.7

82—5 157.7 191 12.3 11,605
82—6 158.0 197 12.8 11,180
82_7** 157,8 198 12.8
82_ 8** 157.7 202 12.9
82_9** 157.8 199 12.7
82_lO** 157.9 197 12.9

83—5 156.6 197 12.6 ii ,o40
83—6 157.2 203 13.2 10,900
83-.7~~ 157.8 200 12.8

) 83-.8~ 157.2 2014 13.0
83_9** 157.4 207 13.4
83_10** 157.7 198 12.7

84—5 158.2 200 12.7 10,970
84—6 156.2 205 13.2 11,325
84_7** 158.5 2014 13.14
84_8** 158.5 199 13.0
84_9** 158.5 205 13.5
84_lo** 158.4 2014 13.1

85—5 157.6 209 13.6 12,170 -

85—6 158.2 206 13.3 11,605
85_Tee 158.2 203 13.1
85_8** i~8.4 194 12. 3
85~9’~ 158.2 207 13.1
85~10~~ 158.2 210 13.5

(Continued)
* Weight of sulfur/weight of dry specimen.

** Exposed Treat Islan d specimens .
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( Issued August 19T7)
(,•, )  Table 2 (Continued) Section 15

148—hr
• Compressive

Specimen Density Sulfur Strength
No. lb/cu yd psi

86—5 151.2 223 15.0 10,190 •

86—6 151.5 237 16.2 9,910
86_7** 150.3 236 16.1
86_8** 150.2 226 15.6
86_9** 151.3 239 16.5
86—b ee 151.5 252 17.9

8 7—5 155.0 283 19.6 12,030
87—6 155.14 276 19.0 11,750
87_Tee 154.5 286 19.9
87_8** 155.0 284 19.6
87_9** 1514.9 285 19.7
87_b ee 155.6 282 19.3

88—5 155.1 293 20.4 12,030
88—6 155.2 284 19.5 11,890
88_Tee 155.0 281 19.7
88_8** 155.1 291 20.5
88_9** 155.0 294 20.5
88_b ee 1514.9 288 20.3

89—5 155.2 287 20.4 11,040
89—6 155.2 276 19.3 11,180
89_Tee 155.9 279 19.1
89_8** 155.5 277 19.2
89_9*e 155.7 276 18.9
89_b0*e 155.7 278 19.6

* Weight of sulfur/weight of dry specimen.
~~* Exposed Treat Island specimens.
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(Issued August 1977)

Table 3 Section 15

Infiltrated 4— x 8—in. Cylinders

4 8—hr
Compressive

Specimen Density Sulfur Strength
No. lb/cu yd _~~~~~~ ____ 

psi

81—5 154.0 394 10.6 10,110 —

8l_6e 153.5 369 9.9
8l_7e 153.9 386 10.14

82—5 i56.o 1435 
— 

11.7 10,030
82_6* 155.2 416 11.1
82_Te 

- 
156.1 1438 12.0

83—5 154.6 398 10.6 10,030
83—6* 153.8 388 10.7
83_T* 154.1 1411 11.1

814 5 155.4 1409 11.0 10,670
814_6* 155.3 401 10.9
814_Te 155.9 1412 11.1

85—5 157.8 1415 11.3 11,385
85_6e 157.4 449 12.3
85_Te 156.9 1447 12.3

86— 5 153.1 518 114.9 7,800
86~6* 1146.2 446 13.1
86_Te 146.3 1460 13.2

‘
_ 87—5 153.1 6i4 18.1 11,545

87_6e 154.0 64i 18.6
87_Te 152.4 591 17.1

88— 5 152.0 619 18.5 10,030
88—6” 152.2 6014 17.5
88_Te 152.5 592 17.2

89—5 155.9 660 18.8 11,465
89—6” i56.o 638 18.3
89—7” 155.7 64i 18.6

* Exposed Treat Island specimens .
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5- (Issued August 1977)

Teble 1—SIC Sectio* 15

• - _—‘ Sulfur—Infiltrated Concrete Specteens (Installed Auguet 1976 )

Exposu re Sack. Roe 9
1976— Readings

SpecImen 0 Cyels. , 19’I~ it C~rc1es . 1911
JO. Pulse Veloc . fps $V2

4... 8—in. Cylind ers

81—6 14,620 96
82—6 15,360 89
83—6 15,360 93
84—6 15.505 87
85—6 16.500 79
86—6 14 ,185 80

87—6 15.875 83
88—6 15.505 86
69—6 16,105 85
81—7 15,150 88
82—7 16,835 77
83—7 15. 360 89

84—7 15.875 87
85—7 16.665 81
86—7 13,550 101
87—7 16,180 78
88—7 15,505 87
89—7 16.025 85

3.. ‘. 6—in. Cylinders

81—7 15,150 110
81—8 14.880 120
81—9 14 ,970 109
81—10 15,060 108
82—7 15, 245 108

82—8 15,430 106
82—9 15,625 107
82— 10 15,625 107
83—7 15,060 108
83—8 15,245 105

83—9 15.335 104
83—10 15,245 102
84—7 15,245 112
84—8 15,825 98
84— 9 15,825 1U

84—10 15,430 109
85— 7 15,825 104
85—8 15,3.30 109
85—9 15,1430 109
85—10 15,060 115

86—7 13,890 112
86—8 14,265 106
86—9 14 ,970 97
66—10 14 ,795 112
87—7 15,150 110

87—8 14,705 117
87—9 14 ,705 117
87—10 14 ,705 109
86—7 14 ,970 109
88—6 14,680 120

88—9 18,705 109
68—10 14,680 120
88—7 14,680 113
69—8 18,970 102
89—9 15,795 102
69—10 18 ,970 102

0
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(Issued August 1977 ) Key to Section 16

Roller Compacted Concrete
North Pacific Division - Wal].a Walla District

Aggregates : Coarse - natural minus 3—in. pit—r im gravel, Benton County
Pit . Fine—Benton County pit-run sand.

- 

- 
Air—Entrai.nlng Admixture: Neutra lized vinsol Resin (NVX) , Hercules

- - - Powder Co.
Cement : Sun Types I and II, Oregon Cement Co., Lime, Oreg.

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ - - -- .-~~‘-
_ -~~~~-- —-~~~~ ----.- _ - .-“~~~ ~~~~~~~“ “ ~ “~~~ ~~~~ “~~~~‘ ‘~~ ‘~~~~

“ 

i4



—.-~ - --—~ -5’.-_ _.-s - —-~ --- -.5-

S

(Issued August 1977) Section 16

Roller Compacted Concrete

Ti. S. Arnty Engineer Division, North Pacific, U. S. Ari~y
Engineer District , Walla Walla, CE.

In July 1977, six roller compacted concrete beams (12 by 12 by

36 in.) were installed on the Treat Island exposure rack for the North
Pacific Division Materials Laboratory. The mixes, No. 17257 and

No. 17258, are considered as interior and exterior mixes , respectively,
and were designed and tested for Zintel Canyon Optimum Gravity Darn
(Walla Walla District), Kenne-wick, Wash. Portland cement types I and

II and air—entraining admixture were used in both mixtures. Fine and
coarse aggregates used were pit—run sand and. gravel (natural minus

3 in.). Table l—RCC gives the exposure record of the beams. More mix—

ture data are given below:

Theore—
Air tical

Cement Water ! Con— Unit Compressive
Mix Content Cement Vebe A .E .A. tent Weight Strength, psi) No. lb/cu yd Ratio sec mi/cu yd % lb/cu ft 28—day 90—day

17257 100 1.95 11 2000 2.4 153.8 610 1090

17258 200 0.98 17 1700 1.2 154.14 1920 2280
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(Issued August 1977) Section 16

Table l—RCC
Record of Testing for Roller Compacted Concrete

(Installed at Treat Island in August 1977)

Exposure Rack, Row 6
1977— Readings

0 Cycles , 1977
Pulse

Beam Velocity 2No. 
~L 

fps

17257—7 100 13,160 100

17257—8 100 12,930 100

17257—9 100 13,045 100

17258—7 100 114,020 100
17258— 8 100 14,150 100
17258—9 100 14,425 100

(
5- )

1 0  H
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(Revised Jan 1972) Section 17

¼• )
Longtime Study, Waterways Experiment Station*

This study was initiated in FY 1955 in cooperation with the Portland

Cement Association to investigate the durability of concretes containing

selected cements. Eighteen beams (3-1/2 by 14-1/2 by 16 in.) were made

with each of 22 cements, the cement factor being 6.0 bags per cu yd.. The

aggregates were a manufactured limestone sand and. a limestone coarse ag-

gregate. Resin soap was used. as an air-entraining admixture in the amount
necessary to give an air content of 6 + 1/2%.

In July 1955, half of these beams (198) were installed on the ex-
posure rack at Treat Island., and the other half were installed on the ex-
posure rack at St. Augustine in August 1955.

4 Table 1-LTS lists the specimens exposed at Treat Island and gives
their exposure record along with their cements.

Table 2-LTh lists the specimens exposed at St. Augustine and gives
their exposure record along with their cements.

‘a Testing of specimens exposed at St. Augustine exposure station was
discontinued after the 1970 inspection.

* See U. S. Army Engineer Waterways Experiment Station , CE, Cement Per-
formance in Concrete, by Bryant Mather, Technical Report No. 6-787
(Vicksburg, Miss., September 1967).

~~J _ _ _ _ _  —--•5---~~~~~~5-5- -  ~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~
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(Revised Aug 1964 )

Table 1-UP S (Continued) Section 17

13.cposure Rack, Row 3 (w to E)
1955-19614 Readings

Cenent en iocc 167 311 382 532 603 744 ö33 939 1074

cc- 
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cyc les Cycles

linen gram Ve loc 1956 1957 1958 1959 1960 1961 1962 1963 1964

5741C III 33t 100 15, 080 100 104 98 103 107 110 108 111 93 112 101 106 100 110 113 111 101 111 103
57420 100 14,980 100 106 99 105 107 111 116 112 92 113 104 [~ st
5743C 100 15,080 100 103 99 102 106 108 113 109 95 111 104 106 99 109 111 112 121 112 104

57414C I 14** 100 15, 645 100 119 96 118 105 126 108 125 90 125 103 116 94 120 105 122 117 121 105
57450 100 15,535 100 106 96 107 105 114 113 113 92 114 104 107 95 110 110 112 111 112 105
57460 100 15, 465 100 107 99 105 104 113 115 113 93 114 106 108 100 111 109 114 116 113 112

5747C II 24** 100 15, 180 100 111. 103 109 107 117 115 118 94 118 106 112 106 114 114 115 116 111 110
57480 100 15, 215 100 111 103 110 106 117 112 118 ~91 118 104 111 103 115 113 118 113 117 103
57490 100 15,320 100 108 102 107 108 114 112 114 89 115 105 109 100 111 113 117 113 113 101

57500 I 19A 100 14 ,680 100 114 106 113 112 320 120 120 96 121 108 115 105 120 117 122 121 121 113
5751C 100 114,650 100 113 105 112 112 120 114 121 97 122 110 117 105 118 1114 126 123 126 114
57520 100 14 ,715 100 113 108 113 116 121 120 3.22 102 123 112 117 109 322 113 123 116 123 117

57530 I 18 100 15, 115 100 113 107 102 112 i18 116 119 96 119 110 112 103 114 118 114 123 112 1014
57540 100 15,115 100 112 104 111 111 118 118 119 96 119 108 113 107 115 119 118 121 113 102
5755C 100 15, 045 100 110 107 109 109 116 117 117 94 118 108 113 l0~ 116 119 119 1214 115 110 —

57560 IV 43* 100 14 ,650 100 117 110 116 113 124 121 125 98 125 109 118 112 121 118 127 120 126 114
5757C 100 14,810 100 116 108 116 115 123 121 124 97 124 107 116 107 118 118 121 120 120 111
57580 100 14,980 100 114 106 112 110 120 120 121 98 120 107 114 101 136 116 117 119 115 109

57590 II 22ff 100 15, 1465 100 111 105 110 107 117 120 117 94 119 106 113 100 117 119 120 109 120 110
57600 100 15, 146 5 100 112 107 109 109 117 118 119 94 120 107 115 118 118 116 119 105 119 109
57610 100 15,39 5 100 119 108 117 111 125 121 127 95 128 105 123 108 128 109 329 106 128 107

57620 IV 43* 100 14,945 100 117 115 116 116 123 124 124 95 1214 108 111 110 120 118 121 113 121 113
57630 100 15, 150 100 117 111 115 111 123 121 122 97 122 107 114 108 113 117 112 127 112 110
57640 100 15, 150 100 114 113 113 109 120 118 121 95 122 107 116 106 320 117 320 119 122 107

5765C II 25f 100 15, 150 100 112 114 110 111 117 115 118 101 119 108 113 103 115 113 118 118 117 109
57660 100 15,395 100 1.12 110 111 108 120 119 121 94 122 106 116 104 12o 116 125 115 121 107
57670 100 15,535 100 111 107 111 111 117 114 118 89 118 103 114 100 115 113 117 112 116 1014

~
- ., —

57680 II 23 100 15,755 100 105 106 104 107 110 109 112 89 112 104 107 101 110 110 110 104 106 101
57690 100 15,795 100 107 103 105 109 112 108 113 85 114 101 108 100 114 109 114 101 111 100
57700 100 15, 830 100 105 96 104 107 110 107 111 86 112 101 108 100 ILl 110 110 106 110 98

57710 I 17 100 15,755 100 106 97 104 103 110 108 111 90 112 99 106 100 108 111 107 107 108 99
57720 100 15,505 100 106 103 105 106 112 111 112 90 113 103 108 104 112 113 112 117 112 1014
57730 100 15,395 100 104 103 102 109 108 117 108 89 107 104 101 103 105 101 106 117 101 103

577- - C IV 43A* 100 14 ,845 100 118 101 116 104 125 110 127 90 128 102 121 111 123 115 125 133 126 u8
57750 100 14,845 100 118 136 118 116 124 122 125 100 126 114 119 114 123 127 125 133 12~4 120 -

57760 100 14,585 100 122 122 121 120 129 131 130 101 133 118 126 114 129 123 132 118 132 122

5T~~C I 16 100 15, 150 100 107 111 105 108 113 119 116 94 115 107 110 110 114 103 116 122 117 112
5778C 100 15,320 100 108 108 107 111 114 118 115 91 116 106 109 103 113 104 115 128 115 104
57790 100 15, 430 100 109 107 107 109 u4 118 116 91 117 106 111 105 115 112 116 111 119 102

-578CC III 31ff 100 14 ,980 100 106 106 105 110 111 115 113 97 113 108 107 111 13.2 110 115 118 114 102
5781C 100 14 ,910 100 109 107 108 109 112 119 111 96 113 107 108 109 114 112 119 108 117 106
57820 100 14 ,945 100 109 105 107 108 114 116 114 92 115 108 112 105 13-8 106 123 118 124 106

57830 III 33f 100 15, 115 100 105 104 104 105 110 110 112 94 113 104 108 99 114 113 117 115 115 107
57840 100 15, 115 100 105 102 104 104 109 111 113 91 113 103 108 102 fl14 107 116 115 118 109
57850 100 15,355 100 104 102 103 103 110 109 111 92 112 102 107 97 113 104 116 lii. 11.6 107

4 57860 I 1.2ff 100 15,680 100 104 104 101 107 107 113 107 93 106 105 98 95 100 108 102 105 99 102
* 57870 100 15,720 100 105 105 102 109 108 116 108 92 107 104 100 102 102 104 102 112 102 100

57880 100 15,755 100 107 103 105 110 111 117 112 86 111 103 104 99 106 107 108 109 106 106

57890 I 19B 100 15,79 5 100 106 99 104 10~e 110 109 112 83 112 95 107 99 112 104 113 106 113 102
57900 100 15,355 100 105 106 104 108 110 113 111 90 110 102 105 101 109 115 111 109 111 109
57910 100 15,505 100 105 102 102 109 109 117 111 90 111 104 105 100 108 110 111 105 109 1014

— 57920 I 190 100 15,570 100 107 101 105 106 111 113 112 92 114 98 107 101 111 110 113 99 113 96
57930 100 15,505 100 106 103 104 104 111 114 113 93 112 96 106 101 110 96 13.2 95 1114 95
5791.0 100 15, 285 100 105 107 104 105 110 117 111 93 112 104 109 102 124 110 129 108 1-29 103

(Continued)

* Cements 143 and 43A made at ,ame plant.
** Cements 14 , 24 , and 1.1 made at same plant .

4 t Cements 25 and 33 made fr oe anni e major raw materials.
f t  Cements 12, 22, and 31 made at same plant.

(S3~eet 2)

LÀ ~~ . - -.~~~~~~~~~~ ~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~ ~~~~~~~~~~~~~~ - — -~~~~~~~~~~~~
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(Revised Aug 1964 )
-- Table 1-Ifl~S (Contin ued) Section 17

L. - ~~~osure Rack, Row 3 (w to E)
1955-1964 Readings

C t 0 C d e s  1 167 311 382 532 603 744 833 939 107kemen Cycles Cycles Cycle. Cycles Cycles Cycles Cycles Cycles Cycles

linen gram Veloc 1956 1957 1958 1959 1960 1961 1962 1963 1964

57950 I 14** 100 15,720 100 105 99 1014 101 110 112 110 87 111 97 106 97 122 107 124 102 123 101
57960 100 15,985 100 100 97 99 99 104 111 105 85 106 95 101 96 104 105 106 107 103 100
57970 100 15,795 100 101 101 100 100 103 111 103 88 104 88 100 101 103 106 106 101 101 103

57980 I 11 100 15,645 100 105 104 104 103 109 111 109 89 110 101 105 103 108 107 113 105 112 105
57990 100 15,720 100 108 104 104 105 112 113 114 87 115 100 110 99 114 107 120 108 117 101
58000 100 15,720 100 106 103 104 104 111 115 112 88 113 98 108 105 112 105 115 112 115 101

58010 II 21 100 15,335 100 107 101 105 107 113 115 113 92 114 106 109 97 113 106 116 112 115 106
58020 100 15,570 100 106 100 105 104 111 117 111 95 111 97 106 103 108 108 110 107 110 101
58030 100 15,830 100 105 97 1014 103 109 110 110 90 111 100 106 99 109 107 110 98 110 104

58040 V 51 100 15,795 100 107 99 105 103 112 115 113 92 113 101 107 97 109 103 109 112 110 100
58050 100 15, 465 100 107 104 107 105 113 118 115 93 114 104 107 103 110 118 11]. 115 111 98
58o6C 100 15,535 100 107 101 106 103 113 115 114 92 113 103 106 103 109 114 108 104 108 93

58070 I 18 100 15, 680 100 102 101 101 101 107 111 107 91 106 101 101 103. 102 116 103 107 101 91
58080 100 15, 465 100 108 104 107 102 113 116 115 95 115 103 112 132 115 115 119 113 117 93
58090 100 15, 180 100 106 105 105 105 112 114 112 97 111 105 106 106 109 118 113 114 109 97

58100 II 24** 100 15, 465 100 105 101 103 99 109 107 108 89 107 99 101 99 106 106 107 109 107 93
58110 100 15,570 100 103 102 102 102 108 108 108 89 107 98 101 97 105 106 107 99 106 94
58120 100 15,570 100 108 101 106 1014 113 108 1114 89 113 96 107 99 110 108 115 110 113 102

58130 I 13 100 15,505 100 106 104 105 107 132 1114 112 90 111 101 104 99 108 100 109 107 108 99
581140 100 15,795 100 105 100 103 101 109 109 loB 87 105 96 97 91 98 109 99 101 96 98
58150 100 15,535 100 106 103 105 105 109 116 110 92 108 97 100 95 1014 109 102 104 105 100

58160 IV 41** 100 15, 285 100 111 106 110 106 115 109 117 95 117 104 111 98 115 110 122 103 117 100
58170 100 15,795 100 106 98 105 99 110 105 11.1. 89 112 96 105 95 108 107 110 112 110 98
58180 100 15,355 100 108 100 107 102 111 116 113 91 113 101 108 103 111 109 111 112 111 105

58190 I 19A 100 14,910 100 108 107 107 105 111 122 113 91 115 104 109 105 113 115 117 113 117 1014
582CC 100 14,945 100 110 108 110 103 11!. 120 118 97 118 104 113 103 118 106 121 103 121 111
5821C 100 14,910 100 112 109 111 115 115 122 120 96 121 107 115 110 120 118 122 113 120 101

58220 I 15 100 15,795 100 102 100 101 101 103 113 105 88 106 98 100 99 103 113 106 111 105 98
58230 100 15,720 100 101 102 99 100 102 106 103 89 104 101 99 97 102 132 103 107 102 106
58240 100 15, 680 100 103 103 102 101 105 112 107 91 109 98 103 92 105 111 106 105 105 99

58250 I 190 100 15, 250 100 103 105 102 101 106 103 107 94 110 103 105 103 108 112 112 115 111 103
58260 100 15,320 100 104 104 103 102 106 111 108 93 110 100 105 101 109 116 111 110 112 107
5827C 100 15, 215 100 104 106 104 105 107 ii6 109 94 110 104 105 110 109 112 111 113 109 97

58280 I 11 100 16,020 100 101 101 99 97 105 108 107 85 109 101 105 97 108 102 111 117 110 102
5829C 100 16,060 100 99 98 98 97 102 110 104 87 106 96 102 98 105 99 109 110 106 99
58300 100 15,535 100 102 105 101 102 105 117 107 100 106 103 101 98 3.04 110 107 104 108 102

5831C I 19A 100 15, 180 100 107 104 106 105 111 118 113 94 113 104 106 1014 109 112 111 108 109 108
58320 100 15, 250 100 106 103 105 109 110 118 112 95 111 102 1014 100 108 117 110 108 108 105
58330 100 15, 080 100 108 103 108 108 113 115 116 97 118 102 112 103 116 107 118 106 118 102

58340 IV 43A* 100 14 ,845 100 113 110 113 114 119 125 121 101 122 110 11*4 109 1.17 112 118 114 116 119
58350 100 14 ,945 100 112 111 113 117 111 125 120 99 121 109 114 1.10 118 115 119 120 119 118

4 56360 100 15,535 100 111 101 110 102 117 113 119 92 120 101 113 104 115 113 115 107 116 106

f 58370 I 18 100 15, 610 100 108 99 106 100 112 111i 116 90 115 98 108 100 111 104 111 117 109 104
58380 100 15,320 100 108 105 107 103 112 117 114 95 116 105 111 105 114 109 115 110 116 103
58390 100 15,570 100 106 101 107 100 110 115 112 92 112 99 105 115 107 107 106 104 106 95

584CC I 15 100 15,720 100 102 98 101 101 106 112 107 93 106 99 99 93 97 106 100 93 100 93
58410 100 15,755 100 104 97 102 98 107 110 110 91 110 98 104 99 107 95 106 99 106 92
58420 100 15, 645 100 102 98 102 101 105 108 107 98 107 100 99 91 101 102 100 98 97 92

58430 III 33t 100 15,215 100 102 99 100 101 104 114 106 95 107 97 101 105 105 106 105 111 106 91
5841.0 100 15,39 5 100 103 98 101 99 106 113 108 90 109 97 105 97 106 103 111 1014 109 88
58450 100 15,355 100 103 98 102 99 107 114 108 92 109 97 1014 93 107 103 112 113 111 100

3 581460 IV 43* 100 14 ,980 100 111 107 111 102 115 121 117 96 117 103 112 105 114 114 117 118 115 111
5847C 100 15, 250 3.00 107 1014 106 100 111 118 112 92 1.10 1014 3.03 99 102 111 100 111 100 103
58480 100 15, 610 100 105 98 104 97 108 113 109 89 107 97 100 105 105 107 99 111 101 99

(Continued)

* Cements 143 and l#3A made at same plant.
** Cements 114 , 24 , a~.d *41 made at name plant.
f Cements 25 end 33 made from same maj or raw materials.

(Sheet 3)
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(Revi sed Aug 1965 )

- Table 1-LIS (Continued) Section 17

1955-1964 ReadIngs

Cement 0 d e s  1 167 311 382 532 603 71414 833 939 107*4
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycle s Cyc leapee- - 

~ 
me 1956 1957 1958 1959 1960 1961 1962 1963 1964

58490 P 16 100 15,985 100 100 92 100 92 103 117 104 89 107 103 103 95 106 109 106 99 107 100
58500 100 15,680 100 105 97 105 99 109 116 113 90 114 101 109 102 111 107 116 110 116 102
585lC 100 15, 830 100 105 96 105 93 109 117 110 90 111 98 107 96 110 111 111 117 109 100

58520 I 13 100 15,505 100 106 99 106 105 110 122 112 93 111 102 105 99 110 11*4 110 110 110 102
58530 100 15,79 5 100 105 97 104 102 108 115 111 90 110 96 1014 100 109 106 108 111 108 99
58540 100 15,535 100 107 97 107 106 111 119 113 93 113 101 107 93 110 103 111 112 106 108

5855C III 31ff 100 15, 0145 100 105 105 103 105 105 122 108 94 109 104 104 98 107 107 107 1114 106 108
5856o ~.00 15, 115 100 103 99 101 92 105 93 104 92 103 101 98 96 97 96 100 110 99 102
5857C 100 14 ,910 100 103 105 101 104 104 118 107 96 108 103 102 105 105 106 108 113 107 105

5858c II 24*5 100 15, 285 100 106 100 106 101 110 118 110 90 112 101 108 102 110 107 113 110 113 104
58590 100 15,320 100 106 98 106 99 110 114 110 90 111 96 106 100 113 105 113 105 111 107
58600 100 15,570 100 102 97 100 98 103 114 102 89 100 92 94 96 96 104 94 109 91 103

58610 I 14*5 100 15,320 100 105 102 103 100 108 118 109 92 108 96 101 94 105 105 105 110 10*4 99
58620 100 15,795 100 105 98 103 96 108 110 109 85 108 92 1014 92 108 99 111 101 108 100
58630 100 15, 465 100 105 100 105 102 110 116 111 90 111 99 106 93 109 108 110 110 110 105

58640 II 23 100 15,610 100 104 98 103 100 107 115 109 89 109 99 10*4 98 107 101 109 107 107 103
58650 100 15,645 100 102 98 102 101 106 113 107 87 105 99 98 96 101 103 100 113 100 95
58660 100 15,905 100 101 91 100 98 105 115 107 88 105 102 98 96 101 101 102 109 100 93

5867c II 21 100 15, 1.80 100 105 105 105 105 110 117 112 94 113. 106 107 104 109 107 109 115 109 109
58680 100 15, 250 100 107 101 107 103 112 120 114 92 113 103 107 1014 111 107 112 115 109 108
5869C 100 15,180 100 107 104 106 101 112 120 114 94 115 106 110 106 113 109 115 115 113 108

587CC I 195 100 15,320 100 105 102 10~i 99 108 118 110 914 110 103 106 105 111. 109 112 118 110 102
58710 100 15,795 100 105 98 104 95 107 110 109 86 112 95 108 93 112 101 113 1.11. 111 95
58720 100 15,795 100 102 101 101 96 104 109 105 86 104 93 99 92 102 99 103 105 101 9*4

58730 I 12ff 100 15, 870 100 100 96 98 97 100 117 100 88 98 96 92 96 94 98 92 100 92 91
5874C 100 15, 830 100 101 98 100 99 104 117 105 90 105 98 100 92 103 111 104 105 100 101

— 
5875C 100 15,505 100 105 101 104 104 108 121 110 91 111 99 106 100 11.0 110 113 110 112 107

s8r6c V 51 100 15, 285 100 106 104 106 107 113 123 115 94 115 102 108 106 111 115 110 119 109 110
58770 100 15,320 100 106 102 105 105 111 121 112 95 111 103 103 100 106 113 106 119 103 104
5878C 100 15, 180 100 111 100 112 108 117 125 119 97 121 108 115 105 118 116 117 118 118 111

58790 IV 51** 100 15, 215 100 109 100 109 104 115 123 115 94 116 107 110 100 114 110 115 116 114 100
58800 100 15, 010 100 110 102 110 107 1114 123 115 94 116 105 109 99 115 - 113 113 114 114 110
58810 100 15,355 100 107 101 106 101 111 117 111 88 112 99 107 101 109 98 108 111 106 100

58820 I 17 100 15,79 5 100 104 94 104 96 108 113 110 90 111 96 104 99 108 106 106 106 103 103
58830 100 15,535 100 106 98 104 101 110 122 112 93 112 100 107 99 109 103 110 107 110 101
588140 100 15,570 100 103 98 102 99 106 117 109 99 110 101 105 97 109 107 110 112 107 99

58850 It 25f 100 15,395 100 106 101 104 102 112 119 115 96 114 96 108 103 110 107 112 117 112 107
58860 100 15,355 100 108 105 107 105 112 122 113 97 114 105 108 101 132 109 113 118 113 110
58870 100 15, 250 100 109 105 111 105 114 121 116 103 117 1014 114 107 1.18 106 119 119 121 108

58880 II 22ff  100 15,79 5 100 111 98 111 99 115 115 117 89 118 99 11-4 99 13.9 109 118 113. 118 102
58890 100 15,355 100 106 105 105 104 109 103 111 87 111 90 106 103 108 113 110 118 108 109
589CC 100 15,505 100 107 105 105 102 112 113 114 93 114 103 110 102 ]~l6 105 124 111. 126 107

(Cont inued)

** Cements 14 , 214, and 1.1 made at same plant.
4 Cements 25 end 33 made fr om annie major rev materials.

f t  Cements 12, 22 , and 31 made at same plant. (Sheet 14)
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(Revised May 1976)

Table 1-L18 (Continued) section 17

(Installed at Treat Island in July 1955)

19b5-1974 Readings
3.237 1367 1523 1708 1862 2015 2185. 23141 21.81 2617Cement Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles CyclesSpec- ~~~~~ 1965 1966 1967 1968 1969 1970 1971 1972 1973 19714issen grail.

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~ ~L 1Y~ ~~~~~~
5693C Iv 43A* 121 127 122 131 120 125 119 133 116 122 116 113 114 4 109 $ 110 * 109 4
5694C 118 125 120 129 115 123 120 136 115 123 119 112 119 $ 115 * 123 C 115 *
56950 1114 121 115 129 113 121 111 128 107 109 105 99 97 * 9~ * ~~ 99

56960 II 21 108 100 106 220 106 113 104 118 102 106 104 99 100 * 98 * 96 $ 9!. *
5697C 111 121 112 109 111 118 111 121 109 106 111 97 109 108 * 108 • 111 *
56980 112 122 109 324 107 120 111 128 109 115 108 105 108 $ 101 4 101 $ 100 4

56990 IV 4l** 116 119 113 126 112 111. 113 125 111 107 112 95 114 * 107 4 107 4 108 *
57000 116 119 114 110 114 112 115 115 114 107 115 98 115 * 313 $ 110 * 110 *
5701C 111 113 111 110 109 108 111 117 107 105 107 96 107 * 105 104 * 103 *

57020 I 16 104 108 106 103 103 100 101 110 101 94 99 88 99 4 103 4 96 * 93 $
57030 103 112 102 111 102 102 101 111 99 94 93 84 98 * 101 * 95 * 91 $
57040 103 105 102 109 100 104 102 111 100 94 102 82 4 * 108 4 111 * 112 $

57050 V 51 1014 115 1014 109 102 112 1.00 123 98 102 101 91 95. * 89 * 8!. * 89 *
57060 99 122 101 115 99 111 95 121 94 102 91 93 83 * 80 * 83 4 90 *
5707C 100 118 98 111. 96 107 93 117 91 101 91 90 83 * 80 $ 75 * 73 *

57080 I 13 96 127 97 100 96 110 91. 116 94 98 97 88 95 * 93 * 92 $ 94 *
57090 107 120 103 222 102 111 101 118 99 100 102 92 100 * 96 4 98 4 97 $
57100 109 117 109 122 106 108 107 116 105 105 10~4 92 103 * 101 * 102 $ 112 $

5711C I 11 113 115 113 121 113 109 114 111 112 107 112 91 111 * 110 * 127 * 126 4
57120 112 116 112 109 112 108 113 109 111 101. 114 95 * 127 * 130 * 125 *
57130 114 1-11 114 110 1-13 105 111 110 ~~0 100 114 90 * 4 128 4 133 4 131 4

5714C II 23 119 1.22 119 221 11.9 115 121 121 119 102 122 914 130 * 3.28 * 130 $ 135 *
5715C 13.2 NR 114 114 114 109 116 119 116 103 120 914 125 * 124 * 129 $ 127 4
57160 115 115 115 106 115 108 118 112 116 96 119 90 127 4 125 * 130 * 129 $

4 57170 II 25t 124 115 121. 113 124 115 126 122 126 106 131 96 133 * 132 * 137 * 135 *
57180 120 128 122 109 122 116 122 120 120 109 127 99 132 $ 128 4 130 $ 128 *
57190 119 125 119 104 120 111 120 112 120 107 126 95 329 4 128 4 128 4 125 *

57200 I 19B 113 115 114 103 115 103 117 104 116 92 123 81 323 * 123 $ 127 4 125 *
5721C 111* 114 114 102 111+ 111 116 116 118 102 123 93 125 * 223 $ 125 * 125 *
5722C 117 114 116 111 115 112 118 116 118 103 123 92 328 * 126 * 128 $ 127 *

57230 I 190 118 ll~ 3.21 106 120 109 120 114 120 99 125 90 125 $ 130 * 135 * 136 *
57240 114 116 114 109 115 116 115 118 114 99 114 95 124 4 122 $ 138 * 139 *
572 50 116 122 116 110 117 118 117 115 115 103 119 89 119 * 127 * 130 $ 130 *

57260 I 12ff 119 122 119 116 120 116 119 107 119 96 124 87 131 * 129 4 130 * 131 $
5727C 119 120 3.21 113 121 113 120 105 120 98 1.23 89 130 $ 129 $ 131 * 129 *
57280 116 118 117 111 117 115 118 106 118 96 122 90 127 $ 126 4 133 $ 133 *

57290 I 17 115 118 115 110 114 113 114 111 112 102 116 96 12!. $ 122 4 129 * 128 *
57300 108 125 109 117 109 115 109 112 108 95 112 89 118 $ 116 4 123 4 128 $
57310 109 121 110 115 110 117 109 113 110 102 116 96 114 $ 114 $ 116 * 115

57320 III 31ff 113 126 315 117 114 114 117 109 117 * 124 133 4 132 $ 1144 * 1!.!. *
5733C 113 127 114 107 112 113 117 108 117 4 122 11.0 $ 146 $ 159 $ 154 $
5734C 113 118 118 92 118 113 121 113 123 * 130 * 138 8 143 * 156 4 156 $

5735C I 15 106 116 110 106 111 110 111 102 112 * 116 * 124 $ 226 4 126 $ 131 $
57360 100 118 100 107 99 110 101 112 100 * 102 108 $ 105 $ 110 * 102 *
57370 102 115 101 99 101 112 103 108 103 * 105 * 108 * 102 * 110 $ 109 *

4 57380 II 22ff u8 120 117 122 117 116 119 116 117 4 1214 * 132 $ 125 * 128 * 116 *
57390 121 128 123 11) 122 124 1214 122 126 * 133 * 133 $ 136 $ 136 $ 132 *
571+00 121. 122 126 105 125 118 127 124 123 * 135 * 138 * 134 $ 129 * 136 $

- t

* Cements 43 and 43A made it s~~~e plant. 

(Co ntinuel)

Ca Cements 14 , 24 , and 141 male -. ‘. ~.une p lan t .
Cements ~ 5 and 33 made from sine major raw materials.

-— f t  Cements 12 , 22 , and ~1 made at same pla nt.

(~~ NP Reading was not taken due to oversight .
4 * Rnd of specime n too r --- *r h t - -  ~‘bta in satisfa ctory r ead ing. (c ’ et 5)
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(Revised May 1976)
— - I Table 1—L1~ (Continued) Section 17

(Installed At Treat Island in July 1955)

1965-1974 Readings
Cement 1237 1367 1523 1708 1862 2015 218!. 2341 2481 2617

s cc ~~~~~~ Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
i~.en rain 1965 1966 1967 1968 1969 1970 1971 1972 1973 1971.

57410 III 33t 109 126 111 101 111 120 111* 109 114 $ 120 * * * 141 * 1146 C 147 *
57l43C 112 106 115 106 115 117 116 116 113 * 122 * 123 $ 118 * 139 * 139 *

5754C I 145* 116 109 220 103 118 108 118 109 119 * 124 * 124 * 119 $ 119 ~ 11*. *
57450 110 117 113 107 113 109 113 115 115 * 120 * 120 $ 115 $ 117 * 117 C
57460 113 119 113 120 115 11k, 114 122 115 * 122 * 122 $ 113 $ 115 $ Gone

5747C II 25~~ 115 119 116 112 116 114 116 122 115 * 122 * 122 $ 117 * 122 * 122 *
57480 118 118 118 120 117 112 117 122 117 * 124 $ 126 * 118 * 123 $ 117 $
571.90 111. 113 115 124 116 116 11*4 124 116 * 123 * 121 $ 108 $ 121 * 119 *

57500 I 19A 121 125 122 132 121 121 120 104 120 * 126 $ 129 * 131 * 128 * 129 *
5751C 126 121 128 136 128 118 129 112 131 * 138 * 11+0 $ 133 * 126 $ 127 *
5752C 123 123 127 128 127 122 127 116 127 * 132 * 136 * 137 * 133 * 131 *

57530 I 18 110 120 110 110 112 99 112 100 11!. $ 121 * 3.23 * 118 * ~~ * 102 $
5754C 111 127 114 116 115 111 113 103 115 C 122 $ 121 * 115 * 113 * 113 $
57550 114 118 112 123 112 112 11*4 108 112 $ 119 * 126 $ 118 * 131 * 130 *

57560 P1 43* 121+ 130 124 129 121, 120 124 117 126 * 131 * 132 * 131 $ 136 * 133 *
5757C 120 125 222 127 122 116 120 117 122 * 127 * 129 $ 225 * 125 * 123 *
57580 117 121 118 124 117 118 118 111 117 * 124 * 128 123 * 128 * 126 *

57590 II 22ff 119 113 119 125 119 111 118 113 117 $ 124 * 130 * 123 * 11!. * 110 C
57600 119 121 118 125 117 112 117 113 117 * 124 * 125 $ 124 * 126 $ 131 C
576lC 129 123 133 109 132 112 132 114 133 * 138 * 142 * 139 * 139 * 134 *

5762C IV 43* 121 125 123 131 123 110 122 117 123 $ 130 * 130 * 118 * 130 * 118 C
+ 57630 110 122 113 110 111, 115 111 111 113 * 120 * 120 * 119 $ 120 * 132 *

57640 122 121 123 121 123 115 123 112 124 * 131 $ 137 $ 130 $ 130 $ 124 *

57650 II 25t 118 124 118 221 118 115 118 112 118 * 127 * 129 * 127 $ 129 128 C
57660 122 112 123 106 123 113 123 112 124 * 131 * 131 * 129 * 129 * 124 C
5767C 117 115 118 118 119 114 118 110 117 * 123 * 125 * 123 $ 123 C 122 *

57680 II 23 110 318 110 106 111 111 109 109 108 * 114 C 120 * 116 $ 118 * 116 C
5769C 111 116 111 114 112 111 111 107 112 * 116 C 122 * 116 * 119 * 116 *
57700 111 116 113 108 113 111 115 105 117 $ 124 * 126 4 126 $ 131 $ 134 *

5771C 1 17 106 122 105 106 106 113 106 100 107 $ 109 * 109 * 107 $ 120 * 111 C H
57720 109 116 111 116 112 110 111 101. 112 * 116 $ 115 * 111 * 128 $ 126 *
5773C 104 120 105 109 106 109 102 106 101. 100 * 101. * 104 106 * 108 *

577140 IV 43A* 127 126 127 107 127 117 126 123 127 $ fl4 * 135 * 129 $ 129 * 130 C
5775C 122 118 122 117 122 120 122 114 123 $ 128 C 125 $ 136 * 136 $ 133 C
57760 135 135 132 118 131 127 135 131 135 $ 143 * 11.5 $ 144 $ 11.5 * 1142 $

57770 I 16 119 126 117 107 117 102 117 102 119 * 126 * 126 * 123 * 124 * 122 *
57780 110 124 113 113 114 113 IL!. 113 115 * 119 4 122 * 118 $ 12*. 4 117 $
57790 117 *45 117 114 ~6 112 117 111 115 * 117 * 125 * 126 * 125 C 130 *

57800 I II 31ff 108 128 110 ~ - 110 $ 114 * 115 * 118 * 12*, * 123 * 137 * 136 *
5781C 118 126 119 31+ 119 * 124 * 124 * 129 * 11.1 * 140 * 152 * 163 C
5782C 122 122 128 100 127 $ 128 * 127 * 135 * 145 * 1314 $ 155 * 160 *

5783C III 33* 118 120 118 9( 118 * 119 * 120 * 125 C l~ 7 $ 133 $ 151 * 1514 $ - -

578140 119 113 119 103 119 108 121 106 123 $ 130 * 11.2 * 141 * 155 * 155 *
57850 116 113 115 97 117 1014 119 103 119 $ 126 * 137 * 138 * 150 * 156 *

57860 I 12ff 99 113 99 9~ 100 105 97 102 99 * 103 * 100 * ) -  $ 97 C 95 *
57870 101 105 103 ii’.- 104 100 101 97 99 * 20~ * 109 $ 111 * 107 * 109 $
57880 105 116 106 99 107 10!. 104 102 106 * 110 * 112 * 110 * 11!. $ 116 *

57890 I 198 ll~ 122 113 1? 113 101 112 101 111 $ 115 * 121 * 112 * 123 C 128 $
57900 311 119 110 1(7  110 108 109 107 110 * 116 * 118 * 126 * 126 $ 130 *
5791C 111 108 3.1’: 1fl~ 110 105 110 105 131 * 115 * 11+-  * 115 * 1140 $ 118 C

57920 I 190 111 106 111 8 ;  113 95 114 97 115 $ 139 * 1- ’ * 12u * 129 * 130 *
57930 113 115 115 8 *  114 100 117 98 117 * 121+ C ~~~ $ 133 * 123 * 125 *
579140 131 116 132 $. 131 105 133 103 j 3 1 * 138 * 11.8 * 11.8 * 12!. $ 128 $

(.on tinu ed)

* Cements 1+3 aind 43* made ~t same plant.
‘ Cements 1!., 24, and 141 made at same plant. — -

Cements 25 and 33 made from same major raw materials.
f t  Cements 12 , 22 , mind 31 made at same plant.

— NP No reading take n due to oversight. ( Sheet 6)
* End r f  specimen too rough to obtain satisfactory reading.

I I _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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(Revised May 1976 )

( Table l-LTS (Continued) Section 17

(Installed at Treat Island in July 1955)

1965-19714 Readings

Cement 1237 1367 1523 1708 1862 2015 2181. 2341 21.81 2617

~ 
~~~~~~ Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles

1~~ n gram 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~ ~~~~
5795C I l4~~ 124 101 125 102 126 97 127 97 128 $ 133 * 133 * 135 * 135 * 135 *57960 104 104 105 96 107 95 106 94 105 * 109 * 113 $ 111 * 113 C 111 C
5797C 104 109 104 103 105 101 103 99 103 * 109 * 111 C 112 $ 111 * 107 C

57980 I 11 112 123 112 96 113 105 113 10*. 114 $ 118 * 126 * 126 * 126 $ 125 C
5799C 120 115 120 104 120 102 121 102 120 $ 122 * 130 * 130 * 139 C 138 C
58000 117 116 119 1014 120 101 122 101 121 * 125 * 135 * 135 * 140 * 141 $

5801C II 21 116 123 116 109 116 106 114 104 116 $ 120 * 121 * 121 * 124 $ 124 C
58020 110 104 110 101 109 87 109 95 110 * 110 * 114 C 113 * 11!. * 111 C
58030 110 118 110 94 110 98 108 96 108 * 112 * 113 * 110 * 114 * 115 $

580140 V 51 110 103 110 99 111 99 110 96 108 * 112 * 113 * 114 * 112 * 115 *
5805C 113 121 111 98 110 99 111 100 111 * 118 * 119 $ 120 * 113 * 115 $
5806c 107 121 109 95 108 103 106 102 107 * 107 * 103 * 105 * 101 * 98 *

5807C I 18 101 114 101 93 103 95 102 93 104 $ 108 * 108 * 111 $ 112 * 111 *
58080 117 117 119 108 118 * 121 * 122 $ 129 * 139 $ 141 * 143 * 142 * - -
5809c 110 114 107 95 108 * 109 * 111 * 115 * 117 $ 121 * 121 * 120 *

581CC II 24~~ 106 117 106 92 106 91. 103 94 105 * 109 * 107 $ 1014 * 99 C 100 C
5811c 105 107 105 90 107 92 103 92 102 * 102 * 109 * 104 * 96 * 94 C
5822C 115 111 113 95 113 106 114 104 115 * 117 * 121 $ 118 * 118 * 124 C

58.130 I 13 107 112 108 97 109 109 107 107 109 * 113 * 112 * 105 * 122 $ 123 C
58140 99 126 98 90 106 100 100 99 102 * 100 * 89 $ 91+ * 85 C 93 *
5815C 101 105 101 93 102 102 100 100 101 * 102 * 97 * 93 * 101 C 120 C

58160 IV 41** 120 110 120 116 120 105 120 103 118 * 123 * 129 * 124 * 122 C 120 C
58170 109 109 109 119 110 101 108 100 109 * 113 * 114 $ 111 * 109 * ~~ I. C
58180 112 116 111 93 112 107 1.11 105 113 $ 113 * 115 * 109 * 122 $ 119 C

) 5819C I 19* 115 124 113 113 113 1.13 115 111. 113 * 115 * 121 * 120 * 120 $ 119 $ H
582CC 121 118 120 116 120 105 125 100 127 * 132 * 132 * 131 $ 135 C 135 *
5821C 122 121 117 103 118 106 121 101 123 * 128 * 132 * 130 * 132 * 130 *

5822C I 15 105 1.15 104 101 106 $ 110 * 112 * 114 * 118 * 117 * 115 $ 116 *
58230 102 116 102 102 101 $ 103 * 101* C 106 C 116 * 115 * 116 $ 119 $
58240 105 117 107 100 107 * 107 $ 109 * 111 C 117 $ 114 * 130 * 130 $

58250 I 190 110 116 112 108 113 C 113 * 113 * 113 $ 323 * 123 * 12*. C 125 *
58260 112 110 113 102 113 C 112 $ 112 * 114 C 124 * 124 $ 129 C 1214 $
58270 122 115 112 97 112 C 111 * 113 $ 113 $ 119 * 119 * 140 * 138 $

58280 1 11 110 112 108 9 6 10 9  * 112 * 111 * 116 * 120 * 115 * 112 C 114 $
58290 107 106 105 87 105 * 107 * 107 * 111 * 121 $ 119 * 130 C 130 $
58300 107 115 105 95 106 $ 106 * 107 * 111 * 118 $ 117 * 123 C 118 *

5831C 1 19* 109 120 110 89 112 $ 109 $ 111 * 115 C 1.13 * 108 * 113 * 115 $
58320 108 118 108 92 108 C 107 * 109 * 109 C 129 $ 122 * 128 C 127 $
58330 u8 123 118 90 119 C 119 * 120 * 225 $ 115 $ 109 * 11*. $ 116 $

5831*0 IV 143A* 117 127 115 114 114 C 115 * 116 $ 116 $ 120 * 112 * 115 $ 117 $
58350 119 125 122 105 121+ * 118 * 120 * 120 $ 124 C 224 * 12*. C 122 $ - 

-

58360 118 100 117 102 118 C 108 * 106 * 108 C 114 * 112 $ 110 * 11~. C

58370 I 18 108 108 111 84 110 * 108 * 109 * 111 $ 119 * 115 * 122 $ 121. *
58380 ~~~ 112 114 100 115 C 118 4 120 * 122 C 137 * 135 * 150 C 153 $
58390 107 116 111 99 1.12 * 106 * 107 * 105 s 109 * 105 * 111 C 111 $

584CC I 15 98 105 98 85 99 C 101 4 102 * 102 * 11~2 C 111 + 123 * 123 $
58410 104 97 108 79 110 C 108 $ 108 $ 108 * 117 * 113 * 12*. * 122 $
58420 97 103 97 80 99 ~ 97 * 99 * 101 * 109 * 106 * 110 $ 113 *

58430 III 33t 105 108 105 93 106 C 107 $ 108 * 110 * 112 * 108 * 122 • 125 $
5841*0 107 109 112 87 112 $ 11]. * 111 C 115 C 134 $ 133 * 1146 $ 1148 *
58450 113 113 113 85 113 $ 11.7 * 119 $ 

~~ * 140 * 135 * 161, * 11.0 *

581*6C IV 43* 114 125 116 11o 117 1o1 117 100 119 * 124 * 131 * 129 * 129 * 129 $
58470 96 122 9 6 9 2 9 8 96 92 96 9 2 *  9 6 *  92 * 9 0 *  ~~ $ ~~ $
581*8C 99 118 99 88 101 * 95 * 95 * 95 * 87 $ 84 $ 8*. * 89 *

(Continued)

( ) * cements 43 and 43* made at same plant .
— ~~‘ Cements 14 , 24 , and 41 made at same plant.

Cements 25 and 33 made from a~~~ major raw materials . ( Sbeet 7)
C End of specimen too rough to obtain satisfactory reading.

- ~~~~ i_ _~~~_ _ 5 - :_ _~~_~~~~~ - — - - 
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(Revised May 1976)

Table 1-LTs (Continued) Section 17

(Installed at Treat Island in July 1955)

1~65-197I. Readin gs
Cement 1237 1367 1523 1708 1862 2015 2184 2341 2481 2617

Spec~ ~~~~~_ Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
imen gram 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

581*9C I 16 106 110 110 96 110 * 106 * 108 * 110 C 113 * 109 * 116 * 118 *
5850c 115 120 117 105 117 * 116 * 117 * 121 * 123 * 124 * 127 * 127 *
5851C 107 126 107 103 107 * 105 C 104 * 106 * 112 * 108 * 112 C 108 *

5852C I 13 109 130 107 102 108 * 106 $ 108 $ 108 $ 112 * 102 * 110 C 105 C
58530 109 123 109 88 108 $ 109 * 111 * 113 * 116 $ 107 * 117 * 118 C
5851*0 108 128 108 91 107 $ 109 $ 109 * 109 * 118 $ 111 * 120 C 122 C

58550 III 31-tt 106 128 107 87 107 $ 108 * 110 * 112 * 134 * 136 * 152 C 155 C
58560 100 117 103 83 104 * 107 * 107 $ 109 * 121 * 119 * 119 * 121 *
5857C 108 109 110 83 110 * 117 * 117 * 122 * 150 $ 132 * 163 * 163 C

58580 II 24~~ 115 111 113 90 112 95 114 9*. 115 * 115 $ 121 * 115 * 122 * 127 $
5859C 113 116 113 98 113 100 111 96 113 $ 113 * 117 C 115 * 117 $ 119 C
58600 89111 86 90 84 101 8 0 97 80 * 84 * 77 * 7 4 4  69 * 69 *
5861C I l4~~ 103 116 102 100 102 99 100 98 102 * 102 C 102 * 90 $ 92 * 100 *
58620 108 111 108 101 107 94 108 ~~ 108 * 108 * 117 * in * 115 * 116 *
58630 109 ~~~ 109 108 109 98 108 96 110 * 108 * 112 $ 110 * 110 * 115 *

5861*0 II 23 107 116 107 106 108 * 105 C 107 $ 105 C 107 * 99 * 105 * 109 $
5865C 97 116 97 96 97 * 93 * 91 * 93 * 93 $ 85 * 91 * 78 *
58660 99 114 97 97 97 * 95 * 93 * 95 * 97 * 69 * 89 * 97 *

58670 II 21 109 129 109 112 108 100 105 100 103 * 103 * 108 * 126 * 104 * 106 *
5868C 109 121 109 106 108 112 106 108 108 C 106 * 110 $ 106 * 110 $ 112 C
58690 113 117 113 102 112 112 113 109 113 * 109 * * * * * * * *

58700 I 192 110 114 109 96 109 108 1.09 105 110 * 107 * * $ 102 * 112 * 112 $
5871C 109 111 109 90 109 $ 107 * 109 * 109 * * * 101 * 114 * 118 C
5872c 101 1 1 7 9 8 9 4 9 9  * 96 * 98 * 98 * 94 * 9 0 $  93 * 9 9 *

• 58730 I 128* 90 111 88 93 88 * 86 * 86 * 88 * 85 $ 81 * 84 * 87 *
58750 100 109 100 79 100 * 99 * 100 $ 102 * 110 4 105 $ 107 * 109 *
5875c 112 122 113 87 112 * 113 * 113 $ 117 * 122 * 122 * 126 * 126 *

58760 V 51 109 126 119 96 119 * 117 * 119 * 124 * 125 * 149 * 124 * 125 *
58770 102 122 101 103 99 111 95 107 93 * 95 * 92 * ~~ * 85 * 88 *
58780 116 131 116 112 115 112 114 109 116 * 118 C 122 C 120 122 * 124 *

58790 XV 415* 114 122 112 109 112 113 112 109 114 * 116 * 117 * 117 * 116 * 121 *
58800 112 124 115 104 113 117 111 114 113 $ 113 $ 115 $ 112 * 111 C 112 4

5881C 106 116 107 100 107 109 103 105 105 * 105 * 107 $ 103 * 103 C 105 *

1* . 58820 I 17 106 115 108 90 106 103 106 101 104 * 105 * 116 * 113 * 112 * 112 *
5883C 110 115 108 91 107 $ 109 * 110 * 110 * 118 $ 115 * 123 C 125 $
58840 109 115 108 92 108 $ 110 * 112 * 115 * 121 * 119 * 122 C 124 *

58850 II 25* 111 110 112 105 110 * 108 * 108 * 112 * 112 $ 109 * 112 * 113 *
58860 111 119 112 105 111 107 109 102 111 $ 113 * 113 * 109 * 113 C 113 *
5887C 119 127 120 108 118 103 120 100 120 C 122 * 131 * 125 * 132 C 134 C

58880 II 22ff 118 112 118 109 117 103 117 99 119 * 121 * 125 * 122 * 130 * 132 *
58890 108 123 110 112 110 109 108 105 106 * 112 * 112 * 108 * 112 * 116 *
589cc 126 115 125 1.16 123 * 123 * 125 * 127 * 131 * 127 * 128 C 130 *

L

ee Cements 14 , 21*, and 41 made at s~~ne plant.
* Cements 25 and 33 made frost same major raw materials.

t t Cements 12 , 22 , and 31 made at same plant. (Sheet 8)
* End of specimen too rough to obtai n satisf actor y readi ng.

~ -J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--~~~~~~-5-- —---~~~~~~~~~~~~
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I
(Revised August 1977)

( \ Table 1—L.TB (Cont inued ) Section 17

(I nstsll.d at Tr eat Island in Ju13r 1955)

1975— Readings
2729 2815 2952C~~~nt Cycles Cycles CyclesSpec— 

~~~~ 1975 1976 1977i_fl ge..
3~~ -~~~~~ -~~~ ~~ iA 1L

5693C IV 1.3*’ 125 * 137 Failed
5691.C 121 * 121 135
56950 105 * 123 95

56960 II 21 102 * 113 97
5697C 112 * 136 112
56960 100 * 100 117

569% XV 41” 110 * 107 108
57000 111 * 108 128
STOiC 106 * 107 107

57020 I 16 97 * 106 122
5703C 96 * 101 102
5701*C 112 * 112 117

5705C V 51 98 * 121 121
57060 95 * 100 68
STOiC 69 * 88 88

57060 I 13 93 $ 99 91
5709C 101 * 102 99
57100 fl4 * 114 125

57UC I U 126 $ 128 139
5712C 127 * 130 136
57130 132 8 132 147

5711*0 II 23 135 $ 137 139
57150 128 * 129 136
57160 129 $ 132 132

‘ 57l7C II 25t 136 * 134 150
57160 130 * 132 143
57190 126 * 126 133

57200 I 195 125 8 127 133
5721C 130 * 137 138 

—

57220 127 C 128 135

5723C I 190 136 $ 137 137 :
5721*0 139 C 139 140
5725C 130 * 130 133

57260 I 1288 132 * 137 137
5727C 131 $ 132 130
57260 133 * 133 130

5729C 1 17 1.28 4 128 130
57300 130 * 131 130
5731C 118 8 122 Failed

5732C III 3188 11* 1* 8 Failed
57330 154 8 154 Failed
5734C 156 * 156 Fa iled

5735C I 15 131 * 133 Failed
5736C 106 * 110 Failed
5737C 110 C 125 110

57380 II 2288 117 * 118 129
57390 132 C 134 132
57*400 136 * 136 Failed

J 

(Continued)
5 Cement. 43 and 1+3* made at same plant. (Sheet 9)
“ Cement. 1*. , 24 , and 41 made at same plant.

C Cements 25 and 33 made f r om some major raw materials.
*8 Cements 12, 22, and 31 made at same plant. 2S !nd of specimen too rough to obtain satisfactory reading . %V data discontinued.

~ 
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(Reviaed August 1977 )

Table l—LTS (Continued) Section 11

~1 (Installed at Treat Island in July 1955)

1975-. Rea dings
2729 2875 2952 -ement Cycles Cycles Cycles
1975 1976 1977i_n

1~2~ -~~~~~ JA ~~ -s-- ~~L
574lC III 33-8 11*7 * 150 Failed
5743C 139 * 113 140

5744C I l4’ 115 * 114 144
57450 119 * 121 119
571e6c Missing

57470 II 24” 124 * 123 124
57Ie8C 118 $ 119 134
5749c 113 * 117 117

57500 I 19A 129 * 130 135
5751C 127 * 132 132
5752C 131 * 133 133

57530 I 18 107 * Failed
5754C 115 * Failed
5755C 134 * Failed

5756C IV 43’ 133 * Failed
5757C 123 * 123 Failed
5758C 128 * 128 130

5759C II 228$ 112 * 112 127
5760C 131 * 133 141
57610 134 * 139 135

5762C IV 435 120 $ 122 120
57630 132 * 133 132

• 5764C 125 * 125 125

57650 II 25$ 129 * 130 128
f \ 5766C 124 * 126 Failed

5767C 124 C 12*4 126

57680 II 23 118 $ 120 119
57690 119 * 120 119
57700 133 C 133 122

5771C I 17 116 * 116 116
57720 126 * 124 120
57730 110 * 112 112

5774c IV *43*’ 130 * 128 160
5775C 133 * 134 137
5776c 142 * 141 11.2

5777C I 16 124 * 132 133
57780 1~ 9 * 120 115
5779C 130 * 124 123

5780C III 31CC 136 * Failed
578lC 163 * Failed
57820 160 * Failed

5783C III 33-8 157 * Failed
— 57840 155 * Failed

5785C 156 * Failed

57860 I 12CC 107 C 110 110
5787C 111 * 115 117
57880 117 * 117 122

57890 I 193 129 * 130 112
57900 130 * 125 133
57910 119 * 119 114

57920 I 190 131 * 130 126
5793C 101 C 103 103
5794C 128 * 132 133

(Continued )

El -— 
‘ Cement. 43 and *3* 4• at I... plant.

rt “ C.ment. 1*4 , 24, and *41 made at s~~~ plant.
f C Cements 25 and 33 made from same major raw material..

C-P Cements 12, 22 , and 31 made ~t .~~. plant . 2$ Sad of spec imen too rou gh to obtain sati sfactory reading . %V data discontinued. (8b~~~ 10)

A ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(Revised August 1977)

Table 1—12’S ( Continu ed ) Section 17

(Inst alled at Treat Island in July 1955)

1975— Readings
2129 2875 2952Cement 

Cycles Cycles Cycles
1975 1976 1977

-~~~~~ J1 1!~ —EL- ~~~~
57950 I 14e. 135 * 130 128

• 57960 112 $ 113 155
5797C 107 $ 106 107

57980 I 11 125 * 119 119
57990 142 * 142 142
58000 141 * 146 130

58o1C II 21 12*. * 122 124
56020 112 * 113 115
58030 116 * 116 116

5801*0 V 51 116 $ 116 120
58050 115 $ 115 Failed
5806C 99 * 103 108

5807C I 16 112 * 115 116
58080 142 * 152 147
58090 120 * 123 111

58100 II 24aa 102 * 108 107
58uC 95 * 104 103
58120 125 * 126 128

58l3C I 13 123 * 116 114
58140 94 * 102 102
58l5C 122 * 124 125

58160 IV 1.1’ 125 * 126 127
58170 115 * 116 117
58180 120 * 117 119

581% I 19* 119 * 117 118
582CC 135 * 137 137

— —‘ 5821C 130 * 129 Failed

5822C I 15 111 * 115 Failed
58230 119 * 125 97
5821*0 131 * 136 131

58250 I 190 130 * 135 130
58260 126 * 126 129
5827c 138 * 143 143

58280 I 11 116 * 114 113
582% 130 * 137 130
58300 120 * 123 121.

5831C I 19* 117 * 121 Failed
58320 129 * 129 130
58330 120 * 139 128

5831*0 IV *3*a 119 $ 122 Failed
58350 122 * 127 Failed
58360 118 $ 126 Failed

• 5837C I 18 124 * 130 Failed
5838C 153 $ i66 155
58390 115 C 121 132

58110C I 15 121* * Failed
5841C 122 $ Failed

* 5812C 111* $ Fai led

58530 III 338 125 * Failed
5854C 11*8 * Failed
581*50 11.1 $ Failed

581*60 IV 53 131 $ Failed
581*TC 90 $ Failed
5858C 91 $ Failed

• (Cont inued )
e Cement . 1,3 and 1*3* made tt same plant .
‘~~ Cements 14 , 25 , and 51 de at s~~~ plant.
C Cements 25 and 33 made from a... major raw matsriila. 2C Sad of specimen too rough to ebtaia satisfactory readin~ . %V data discontinue d. 

(Sheet 11)

-- -
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— (Revised August 1977)

Table l—LTB (Continued ) ~~~~~~~~ 17

(Installed at Treat Island in July 1955)

1975— Readi ngs
2729 2875 2952Cemefl Cycles Cycles Cycles

gr~~ 
1975 1976 1977

~~~! ~~~~ ~~~ J~
581*90 I 16 119 * 124 118
5850C 127 * 127 129
58510 ~~1, * 115 114

58520 I 13 106 * 103 101
58530 119 * 120 120
5851*c 123 * 131 134

58550 III 31-PC 155 * 166 158
58560 123 * Failed
5857*1 162 * 178 Failed

5658c II 24” 127 * 132 132 - 
-

585% 121 * 122 Failed
58600 70 * 62 128

586lC I 14•~ 96 * 91 97
58620 116 * 115 117
5863C 115 * 118 105

586*.C II 23 ~~ I* C 117 114
5865C 77 * 79 77
5866c 97 * 102 Failed

58670 II 21 108 * 110 112
5868C 112 $ 116 118
586% * * Failed

58700 I 193 1114 * 117 124
587lC 120 $ 125 127
58720 99 * 107 109

) 58730 I 12CC 87 C 92 92
5871.C 109 * 112 112
5875C 127 * 123 ~24

58760 V 51 125 $ 127 127
5877C 88 $ 95 Failed
58780 123 $ 126 128

58790 IV 41” 121 * 12’. 125
58800 113 * 114 11*4
588lC 106 * 115 135

58820 I 17 111’ C 112 112
5883c 125 * 123 123
5881*c 123 C 124 125

5885c II 251 11*4 $ 114 146
58860 115 $ 113 119
58870 13*, $ 135 136

5888C II 2211 132 $ 135 131.
588% 117 * 120 152
58900 130 $ 133 158

~~ C e nt. 1*4 , 24 , and 41 made at same plant .
C Ce.ent e 25 and 33 made fros same major raw material..

Cf Cement e 12, 22, and 31 med. at s~~~ plant.
$ Sad of spec imen too rough to obtain satisfacto ry reading. %V data discontinued . ( Sheet 12)

-_  -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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(Rev ined Seflt 1970) /

m ile 2—ITS fe c t i ,v .  17
Record of Testing of Concrete Bewno, Longtime Study, WES

St. Au.2ustir~e Expo~ uro
19’ 5_ (Ins ta lled Suenne , - ~955)

- 
- 1955- 1960 Readings

1955
‘ 

L72 1956 1958 1960 1962* 1964* y- - — - - 
_______ _______

58910 IV 43A** 100 15,255 100 105 108 110 108 lost
58920 100 15,575 100 106 100 108 101 121 110
58930 100 15,220 100 106 109 111 105 119 104

59721) IV 43A** 100 15, 290 100 106 110 108 113 118 109
59731) 100 15, 290 100 109 98 112 111 121 108
5974 0 100 14 ,715 100 117 122 122 122 133 119

60320 IV 1*3*94* 100 15,540 100 108 -- 112 103 122 106
60331) 100 16,105 100 100 -- 97 97 106 100
60340 100 16 , 065 100 100 -- 100 100 109 101

58941) II 21 100 15,360 100 110 109 115 109 124 110
5895D 100 15, 470 100 104 105 107 107 111 105
58960 100 15,910 100 102 100 105 100 105 97

59991) II 21 100 15,800 100 97 103 99 101 108 106
6000o 100 15, 615 100 101 106 103 101 109 104
6001D 100 15,950 100 99 101 98 100 105 100

60650 II 21 100 16,220 100 99 -- 104 96 114 98
6o66D 100 16,105 100 102 -- 92 95 100 99
60670 100 15,835 100 102 -- 108 97 115 101

58971) IV 4lt 100 15,725 100 102 98 105 99 113 99
58981) 100 15, 800 100 105 99 104 99 118 100
58991) 100 15, 875 100 103 100 107 100 113 99

60140 IV 41* 100 15,360 100 112 -- 116 106 121 102
6o15D 100 15,505 100 107 -- 110 105 114 105
60l6n 100 15, 650 100 103 -- 100 103 106 101

- -  - 60~~D IV 411 100 15,950 100 98 -- 103 95 111 101
60-T8D 100 15,725 100 10k. -- 108 97 118 91
6o~9D 100 15,125 100 105 -- 110 98 119 102

59001) I 16 100 15,910 100 96 98 99 101 99 102
59011) 100 15,985 100 95 98 98 99 104 99
5902 1) 100 15,910 100 96 100 98 101 102 102

5975D I 16 100 15, 150 100 107 106 116 113 128 109
1’ 59761) 100 15, 255 100 108 108 111 109 120 107

59770 100 15,505 100 107 108 111 109 120 103

601.70 I 16 100 16 , 1.60 100 100 -- 97 93 103 93
60480 100 16,260 100 101 -- 99 9*4 108 98
601.90 100 15,985 100 105 -- 105 99 111 101

59030 V 51 100 15, 800 100 101 101 103 103 111 101
5901.0 100 15, 800 100 102 102 105 105 111 103

• 59050 100 15, 835 100 102 101 105 105 112 98

60020 V 51 100 15,985 100 100 102 101 97 107 103
60030 100 15, 835 100 102 97 103 103 109 100
6001.0 100 15, 615 100 104 105 106 104 113 102

60740 V 51 100 15,760 100 105 -- 110 104 120 106
60750 100 15,725 100 111 .- 112 105 123 107

* 60760 100 15, 835 100 108 -- 108 104 119 105

59060 I 13 100 15,950 100 100 101 103 107 110 99
59070 100 15,910 100 102 100 103 108 108 100
59080 100 15, 685 100 104 102 109 109 117 105

60110 I 13 100 15,910 100 102 -- 103 99 110 98
60121) 100 15,760 100 104 -- 104 103 111 103
6013D 100 15,505 100 104 -- 106 103 114 105

(Cont inued )

-. Dashed - j r- n , ,  In ‘jV2” coien n in 19,t indicate that pul*e veloci l l  re a ding s were not taken ti .st year due to I- .- ~k L-wr, of
electronic equipment .

* The in formatien  ~b t v j r s - i at the Ju ~y !9’ -t inspection r -f these spe c ~~~~~ ir , r *  -,~L~-,i the specimens could I be i dee~ i
The loss of iden t I f i ca t i on  is believed I n  have t a ken p lace in AT — r i )  19’ ~eq ent 1y data develope d sub sequent to that

~~~ 

- - date , previ ou el y r r - ) - - - r ted . have been deleted.
‘-~ Cements 43 and 43A male at ,rvr ~e plant .

* Cements 14 , 24 , lund 41 made at ,-, cs plant. ( 4,- e r I)

A ~~-—-~~ --~~~ - -—-.—-— .~~ - - - - -—— —— ——~—-~ - —~—————- -~~ - ———-—..
~--—~~ ..~~~~ .. ~~~~~~~~~~~~~~~~~ 
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(Revised Sept 1970)

T ile ~—LTS (Csntii~ue-i ) Se t b ,  17

1955.1960 Reading s 
—

1955
spec— C- - c - n t 

--  
Pulse l95~~~ 1958 1960 1962’ 19~~~~ ~~~ ~- -h’ l970~

60500 I 13 100 15,985 100 100 --- 98 96 104 100
6o5lD 100 16,065 100 99 --- 96 95 105 100
60520 100 15,950 100 103 --- 94 94 101 101

59090 I 11 100 15, 1.30 100 108 105 112 108 117 107
59100 100 15, 615 100 108 104 112 108 119 103
59110 100 15, 290 100 106 106 111 110 120 107

59961) I 11 100 15,910 100 95 100 104 98 10*4 99
59970 100 16,300 100 102 98 100 97 110 95
59980 100 15,910 100 99 100 99 101 107 99

60260 I 11 100 16,260 100 102 --- 97 96 104 98
60270 100 16 , 105 100 100 --- 102 98 109 98
6o28D 100 16,065 100 101 --- 100 96 109 99

59120 II 23 100 15,540 100 105 105 109 109 125 102
59l3D 100 15,360 100 107 106 110 110 110 104
59140 100 15,540 100 105 104 108 106 117 104

5966D II 23 100 16,025 100 96 105 96 106 105 102
59670 100 15,985 100 96 106 97 109 103 103
59680 100 16,105 100 91. 101 95 107 102 93
60620 II 23 100 16,065 100 100 --- 94 95 104 101
60630 100 16,420 100 100 --- 109 90 116 97
606 1.0 100 16, 220 100 98 --- 90 95 103 94

59150 II 25tt 100 15, 290 100 108 111 113 111 122 110
59161) 100 15,150 100 111 107 113 110 119 109
59170 100 15, 185 100 110 109 113 108 123 108

59631) II 25tt 100 15,910 100 99 105 101 105 109 99
59640 100 15,985 100 101 103 102 106 109 100
59650 100 16,065 100 97 107 98 110 106 100

60830 II 25CR 100 16,065 100 102 101. 98 112 100
60840 100 16 ,260 100 99 --- 102 98 113 97
60850 100 16,065 100 103 --- 105 96 114 102

59180 I l9B 100 15,540 100 103 105 108 104 114 104
59190 100 15,540 100 104 105 105 105 109 102
59201) 100 15,360 100 105 108 107 106 115 104

59870 I l9B 100 15,115 100 105 110 109 109 118 105
~4. 59881) 100 15,150 100 105 108 109 108 117 108

59890 100 15, 115 100 104 111 107 108 117 109

60681) I 198 100 15,760 100 101 --- 100 99 108 101
60690 100 15,615 100 101 --- 101 98 100 102
60700 100 15, 800 100 102 --- 110 96 124 102

59210 I 190 100 15,725 100 103 103 105 102 111 99
59220 100 15,910 100 106 101 208 100 118 103
59230 100 15, 835 100 102 102 104 104 112 99

59900 I 190 100 15,685 100 103 101 107 103 115 104
59911) 100 15,800 100 98 101 101 99 108 101

* 5992D 100 15,950 100 95 99 97 99 102 99

60231) I 190 100 15, 615 100 102 --- 103 100 108 100
60241) 100 15,540 100 103 -.- 105 101 110 99
60250 100 15,505 100 102 --. 102 99 102 98

it 59241) I 12* 100 15,650 100 112 107 115 107 125 106
4 59250 100 15, 875 100 105 103 108 108 116 99

59260 100 15,540 100 109 106 112 112 120 98

59840 I 12* 100 15, 185 100 106 111 110 112 119 110
59850 100 15, 685 100 105 107 109 109 118 102
59861) 100 15,360 100 107 89 110 113 120 105

60710 I 12* 100 16, 105 100 102 --- 107 96 117 101
601’2D 100 16 ,625 100 99 --- 107 93 114 96
60731) 100 16,420 100 103 97 93 108 99

‘ 

(Cont inued)

-- flashed l i n e s  in ‘~%v2” column in 1956 indicate that puise velocity readings wer e not take n that  year due to breakdow n of
- I electronic equipment .

* The information obtained at the July 1961* inspect ion of these specimens ind ica te d the spe cimens could not be ident if ied .
The loss of identif icat ion is l ,e lieved to have take n plane in April 1962 , consequently data de- eloped subsequ ent to that
date , previously reported , ha’,e been deleted.

et Cements 25 and 33 made from same major raw ma t er ia lg.

~~~~~ s Cements 12 , 22 , and 31 made at sane plant . (Sheet 2)
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-cci ed l c j ’. 1970) , -

Trible 2-ITS (Continusi)
- 7

1955-1960 ReadIngs
1955

Spec- c - -nt Pulse 1956 1958 1960 l962~ 1964* • ll’-O ’ 19 - ~°

59270 I 17 100 15,505 100 103 104 105 107 114 1)5
59280 100 15, 085 100 108 106 no 111 116 i~.3
59290 100 15, 185 100 108 103 109 108 108 103

59690 I 17 100 16,220 100 96 96 9*1 98 104 96
59700 100 16,160 100 95 99 )7 103 102 97
59710 100 16,065 100 95 100 96 100 102 96

60800 I 17 100 15,985 100 102 -- 103 91. 113 100
60810 100 16,260 100 101 -- 103 94 111 97
60820 100 16 ,065 100 98 -- 100 97 )l2 100

59300 III 31* 100 15, 150 100 105 105 105 104 108 100
59311) 100 15,150 100 100 105 100 105 122 100
59321) 100 15, 430 100 100 96 99 100 114 95

59780 III 31* 100 15, 220 100 105 105 109 106 124 1014
59790 100 15, 290 100 106 99 109 103 116 103
59800 100 15, 185 100 102 105 104 107 109 100

60530 III 31* 100 15,760 100 99 -- 96 91 101 97
60540 100 15,760 100 101 -- 104 89 102 95
60550 100 15,760 100 99 -- 107 88 115 104

59330 I 15 100 15, 615 100 101 99 99 99 103 99
59340 100 15,575 100 103 94 101 101 107 101
59350 100 15, 835 100 101 99 99 99 107 97

60200 I 15 100 16 ,300 100 95 -- 95 92 93 97
60210 100 16,160 100 98 -- 97 96 103 95
60220 100 16,220 100 97 -- Broken in handling

60380 15 1O-~ 16,300 100 97 -- 96 89 102 96
60390 100 16,340 100 95 -- 94 89 101 95
60400 100 16,220 100 98 -- 94 93 102 95

59360 II 22* 100 15, 1*30 100 104 106 104 108 109 98
59370 100 15, 220 100 106 107 106 111 117 102
59380 100 15, 650 100 101. 103 105 108 109 97

5957)) II 22* 100 16,220 100 100 99 102 103 102 100
59580 100 15,760 100 103 102 105 106 113 104
59590 100 15, 835 100 104 102 108 108 117 104

6086D II 22* 100 15,985 100 102 -- 106 96 117 104
60870 100 15,760 100 109 -- 109 102 120 103
6o88o 100 15, 835 100 106 -- 110 98 119 102

59390 III 33tt 100 15, 650 100 101 101 102 111 105 97
59400 100 15, 650 100 102 99 102 106 115 97
59410 100 15, 615 100 101 10). 101 105 112 95

59810 III 33ff 100 15, 650 100 102 99 1OJ* 99 110 100
59820 100 15, 255 100 102 104 103 106 112 100

~ 5983D 100 15, 185 100 103 105 105 105 112 101

60410 III 33ff 100 15, 835 100 99 -- 95 97 102 97
60420 100 15, 725 100 98 -- 105 97 104 94
60430 100 15,950 100 100 -- 100 95 108 93

59420 I 1*44 100 16 ,065 100 97 101 97 101 98 102
59431) 100 15,985 100 104 100 lOS 106 114 100
59440 100 15, 650 100 106 106 108 106 119 103

59930 I 14$ 100 16,300 100 96 97 99 101 107 96
5992.D 100 16 , 220 100 96 101 98 100 105 99
59950 100 16 , 260 100 96 102 98 97 107 98

60590 I 14t 100 16,420 100 98 -- 107 88 115 91.
60600 100 16 ,260 100 98 -- 88 90 97 94
60610 100 16 , 180 100 101 -- 107 91 112 94

59450 II  2144 100 15,725 100 103 103 105 106 114 98
59460 100 15,575 100 105 101 108 106 116 101
59470 100 15,360 100 110 108 112 113 119 103

( Cn n t i n u c ri )

( 

. -- Sashed l i n en  in  ~V2’ column it 1956 indicate that pulse Vn I- ’ - i t y  rea dings were not taken that vr-r.r  due to — - , k d wn of
electronic eq 

~ The info rmat  i t n i n o l at the J ul y 0( 1, inspection of t I - ; - n;- - ne,cr indic a ted  t ite n ; - - - - rn; , - - - - -- ;l d not I n  i den t i f i ed
P The loss of .j , - r t j  f i - r . t i - -fl I s  believed to have taken j i  n- -’ in Apr i l  1902 , rrrrrn cq .ently l r , t n  i e v , - j  ned subsequent to that

date , prev io ,giy reported , have been dele ted.
C Cements l1* , 21, , and 41 made at same p lant.

L 

- f t  Cements 25 and 33 made from sasne major raw materials.

A 

* Cements j~~ , 22 , and 31 ned, at same plant . (Sheet 3)
- -  - ~~~~~~~~~~~~~~~~~~~~ 1 t •  - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- 5- — —  —
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Tr, i~ 1n -ICC (Lo0e~ 5 I r i ) Sec ’ isn 17

1913c 4900 4552156.;
1955

Spec- Cem ent Pulse ) 956 1958 1960 i i i : ’  u - 6~ 1966* 9n2~ l97O’~

60560 II 21.-f 100 16,300 100 102 --- 110 90 121 93
60570 100 15,950 100 102 --- 96 89 106 98
6o58D 100 15, 835 100 102 --- 108 92 108 93

60080 II 2114 100 15,395 100 102 --- 105 100 113 100
60090 100 15,505 100 103 --- 106 97 113 97
60100 100 15, 430 100 107 --- 108 i00 118 101

59481) I 191* 100 15, 085 100 109 111 113 117 121 107
59490 100 15, 115 100 107 108 109 118 117 104
59500 100 15, 115 100 107 110 109 117 120 105

60290 I 19A 100 15,725 100 106 --- 106 106 116 io4
60300 100 15, 650 100 105 ---  107 102 B1cn in hd].g
60310 100 15 ,615 100 106 --- 1L 103 120 104

60170 I 191* 100 15, 085 100 105 --- 109 109 113 106
60180 100 14 ,950 100 113 ---  116 112 121 108
60190 100 15, 185 100 104 --- 108 105 117 108

59511) I 18 100 15,950 100 100 98 101 101 106 99
59520 100 16 s5 100 101 98 102 100 114 97
59530 100 1,, ~75 100 106 107 107 111. 112 103

60051) I 18 100 15, 800 100 103 98 106 101 113 102
6o08n 100 15, 1.70 100 106 104 108 104 119 105
60070 100 15, 835 100 103 100 105 101 112 100

60350 I 18 100 16,340 100 100 _ - _  
~3 104 99

60360 100 15,985 100 100 --- ~) 9*1 101 100
60370 100 16 ,025 100 101 --- l0~ j-5 111 100

59540 IV 43*4. 100 15,360 100 106 102 109 113 118 108
59550 100 15,650 100 101 96 102 108 112 100

— 59560 100 15, 615 100 101 103 10 105 109 99

59600 IV 4394* 100 15, 255 100 113 111 118 114 126 115
‘5- 

59610 100 15,325 100 116 114 121 115 127 113
59620 100 15, 290 100 116 111 121 118 130 113

601.60 IV 14394* 100 15, 220 100 104 --- 116 100 126 1O~
6045 0 100 15, 615 100 103 --- 109 99 120 90
60460 100 15, 875 100 100 --- 99 98 97 97

-- Dashed line s in “‘I ” - , -1 - ~~n i v  ‘4 5 1 ; ;~, i - r ’ , t . -  14- 1 f l ; -  velocity r;n were n - t  taken that year In s- to - - vr ; of
ic:trvni c - - r i ; ’ .
The i v ?  - - nrr.n t i -  - - r t sined at the July ‘‘ -6 inspect ion ,,f t im,- . - - .r0(- ; irme nmr i r ; -1  sty- I t i e  sp ecimens  - r n - n I  I u-I be l ien? . Ci I .The ions of ~u,--,,11 f i c R t i r n  iii  c ?  In  I 4- - have trik r, i - I n - , in Apr i l  . o - , consequentl y data 1,-v 1 -  . 1  subsequent t~ that

I nt e , ‘ovious l y ‘e r n r t r - i , have -~~‘- i ;  I c j c t e - i ,
-~ 5* ~~~~~~~~~ 43 and 1.3/i ca l , -  it  same r - r u n4 b~ C -k-ire,;?.; ti., ~i. • and 41 made ‘~t Same r i  ‘ nt . (Shect Ii)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~—— ~~~~~~~~~~~~~~~~~~
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(Issue d August 1977) Key to Section ]8

Charles River Dam—Smelt Brook Local Protection Proj ect
New England Division

Aggregates: Coarse “A ,” natural gravel , Ossipee , N. H.

Fine “A ,” natural sand , Ossipee , N. H.

Coarse “B ,” .crus hed quarry and natural gravel ,
Marshfield san d and gravel .

Fine “B,” natural sand , Marshfield send and gravel .

Admixtures: Water Reduce r “A, ” Pozzolith 122 N , Master Builders.

Water Reducer “B,” WRDA, W. R. Grace

Air— entraini ng “A ,” ~.1BVR, Mas ter Builders .

Air—entraining “B,” DABEX , W. R. Grace .

Cement : Atlantic type II , Hudson Valley, N. Y.

Ii

4
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(Issued August 1977) Section 18

Charles River Dam—Smelt Brook Local Protection Project

New England Division

In August 1976, 18 concrete beams (6 by 6 by 21*4 in.) were

Installed on the Treat Island exposure rock for the U. S. Army Engineer
Division, CE, New England. These specimens represent three concrete

mixes used for two constru ct ion jobs; Mixes 1 and 2 were used for the
Charles River Dam, Boston, Mass., and Mix 3 was used for Smelt Brook
Local Protection Project, Weymouth, Mass. Type II Portland cement was

used in the three mixes. Mixes 1 and 2 contain coarse and fine ag-

gregates “A” (1—1/2 in. maximum size), water reducer , and air—entraining
admixture “A. ” Mix 3 contains coarse and fine aggregates “B” (3/l4—in .

maximum size), water reducer, and air—entraining admixtures “B.” More

mixture data are given in Table 1. Table 1—NED gives the exposure
record of the installed beams.

(Ii)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~ - - --~~~ 
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(Issued August 1977) Section 18

Table 1—NED
Record of Testing of Concrete Specimens from Charles River Dam, and

Smelt Brook Local Protection Pro.lect (Installed August 1976)

Exposure Rack, Row 3
1976— Readings

0 Cycles 77 Cycles
1976 1977

Pulse
Beam Veloc 2 2

~~~~~~~~~~~~~~~~ fps 
~L~~L a

1 100 i6,000 100 100 98
2 100 16,130 100 106 97
3 100 16,000 100 107 98
4 100 17,240 100 113 88
5 100 17,700 100 108 89
6 100 17,240 100 115 95

7 100 16,130 100 107 91
8 100 16,260 100 106 97
9 100 15,750 100 105 105
10 100 16,130 100 116 97
11 100 16,530 100 112 91
12 100 16,000 100 111 95

- 13 100 15,750 100 108 97
14 100 15,875 100 105 97
15 100 15,750 100 107 98
16 100 15,875 100 105 98
17 100 16,130 100 99 95
18 100 16,260 100 107 95

0
~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — -
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(Issued June 1959) Section 22

Li

Mt. Morris Dam* Cores

In October 1911.9, 11 concrete cores (10 in. in diameter by 18 in.

long) taken from concrete placed at Mt. Morris Dam, N. Y., between May and
August 1911.9, were installed on the Treat Island exposure rack. The purpose
of this installation was to determine the durability of these cores. The

aggregates used consisted of crushed limestone and manufactured limestone
sand; the cement was type Il-A. Five of these cores were taken from the

upstream face of’ the structure and represent exterior concrete of’ approxi-

xnately I1.O-bags-per-cu-yd cement factor. The remaining six cores represent

interior concrete of’ approximately 3.1-bags-per-cu-yd cement factor.
Table 1-MM lists these cores and gives their exposure record along

with other pertinent information.

J

- 

I 
* See U. S. Army Engineer Waterways &periment Station , CE, Aggregate

Teste, Mount Morris Dam (Vickabur g, Miss., Febr uary 19k8). 

.— -
~~~~~
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(Re vtaed August 1917)

Table 1—*4 Section 22

Record of Testing of Concrete Core s, Mount MorriS

1949- ( Insta lled October 1949 ) - 
-

East Bsy, R o w l ( N to SJ

Water 1949-1958 Readings

Ratio Cycles Cycles Cycles Cycles ~~~~~~~ 
~~~~ c~~ie. l e a  C e s  Cycles Cycle.

8peci~ en (by Air 1949 1950 1951 1952 Veloc 1954 1955 1956 1957 1958
I~0. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Exterior, N~~inal 4-bag-per-cu-yd C~~ ent Factor

Con-1-20(l) 0.49 *4. 1 100 109 109 114 u8 16,8~ 5 100 119 96 117 98 127 90 1,25 92 125 103
Con-2-21(2 0.49 4.1 100 104 112 1,14 114 16,305 100 116 90 118 100 124 92 122 96 322 99
Con-3-22( 1 0.49 4.1 100 3.10 114 118 119 16,665 100 123 92 125 107 129 94 3,29 98 132 105
Con-5-21#(2 0.49 4.1 100 113 115 121 118 16,485 3.00 125 96 123 L00 129 90 126 96 120 100
Con-6-24A 0.49 4.1 100 108 113 117 117 16,855 100 121 96 122 105 128 94 125 92 132 100

Interior, lIomiual 3-bag-per-cu-yd Cement Factor

Con-8-3A 0.59 4.6 100 112 114 115 118 16, 1485 100 120 102 121 105 126 100 128 100 130 107
Con-9-3B(1) 0.59 4.7 100 113 115 113 119 16,485 100 119 107 115 112 116 105 117 103 120 108
Con-U-I 0.61 4.3 100 106 108 113 112 15,790 100 117 100 116 107 121 96 1.10 98 112 104
Con-12-8(2) 0.59 3 .3 100 107 110 114 115 15,955 100 120 100 123. 104 126 98 124 102 127 104 - -

Con-114—9B(2) 0.59 3.3 100 104 115 118 118 16 ,130 100 120 94 119 100 121. 92 116 954 115 100!
Con-15-l0 0.62 *4.2 100 103 lii 113 111. 15, 625 100 117 102 96 98 102 92 97 92 104 98

~~~ Osure Rack, Row 4 (W to EL
19~9-1968 Readings

1224 1295 11.36 1525 1.631 1766 1929 2059 221.5 2400
Cycle. Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1959 1960 1961 1962 1963 1964 1965 1966 1967 1968

Exterior • Nomina l 4-bag-per-cu-yd Cement Factor

Co~-l-20(1) 0.49 4.1 132 . 90 125 92 123 98 1,3.1 92 3.3.7 107 113 82 107 90 107 76 97 67 93 72
Con-2-2l(2) 0.49 *4. 1 131. 91 134 97 125 104 123 90 122 102 117 914 113 100 109 94 98 85 108 85
Con-3-22(1) 0.49 4.1 137 90 133 86 125 92 120 85. 121 ‘ 90 109 90 119 98 106 86 99 81 94 81
Con-5-214(2) 0. 149 4 .1 126 90 130 92 126 90 1314 fl’ 116 98 119 92 129 100 1214 77 106 72 ios. 78
Con-6-24A 0.49 4.1 132 84 129 89 123 94 119 98 119 92 113 88 11k. 88 109 81 98 75 111 82 - -

Interior, Nominal 3.beg-per-eu-yd Cement Factor

Con-8-3A 0.59 4.6 127 94 129 98 322 96 118 96 116 102 110 100 101 91s 101 92 92 88 93 88
Con-9-3B(l) 0.59 4.7 106 101 113 101 107 102 100 71 76 86 71 109 67 83 67 ~8 62 59 66 39
Con-1.l-7 0.61 4.3  113 95. 115 96 101 88 103 92 101 102 93 954 80 90 86 72 74 77 74 71
Coo-l2-8(2) 0.59 3 .3 122 92 125 92 3.12 96 11.3. l0~4 115 10*4 106 98 3.05 96 100 79 83 88 91 88
Con-l4-9B(2) 0.59 3 .3 109 83 106 92 98 96 95 77 91 102 121. 92 3,09 82 127 69 112 68 107 68
Cou-15-l0 0.62 4.2 98 89 92 89 87 89 86 79 77 92 68 89 60 78 61 -- Failed

- 

- 

- 
1969—1977 Readings

255*4 2707 2~76 3033 3173 3309 3R21 3570 36k?
Cycles Cycles Cycles Cycles Cycles Cycle. Cycles Cycles Cycle.
3.969 1970 1971 1972 1973 l9t14 197 5 1976 1977

Exterior, Nominal 4-bag-per-cu-yd Cement Factor

• con-1-20 1 0.49 14.1 92 59 93 55 91 27 SR 26 Felled
Con-2-21 2 0.549 14.1 108 81 105 69 105 29 Failed
Con-3-22 1 0.49 4.1 93 69 SR 54 93 4i Fail ed

4 C-on-5-2*4 2 0.49 *4.1 106 75 iii 69 106 52 109 40 101 71 97 75 97 90 96 83 117 714
Coss-6-214A 0.149 ~~~ 109 79 115 61. 108 40 Failed

Inter ior , Nominal 3-bag-per-cu-yd Cement Fsctor

Con-8-3A 0.59 4.6 92 81 91 70 88 52 83 63 83 49 79 5.8 80 90 76 81 73 70
Con-9-33(1) 0.59 4.7 NB -- Failed

-~ Con-U-7 0.61 14.3 71 SR 72 -- 72 -- Fai led
Con-12-8(2) 0.59 3.3 90 82 87 68 87 27 86 57 89 NP 88 63 88 96 72 88 65 73
Con-114-98(2) 0.59 3.3 105 58 NB 51 NP 25 Failed

-- Dashed lines in “%V2” column indicate that end of specimen was too rough to obtain satisfactory reading .
- - S SR denotes that a satisfactory reading was not obtained although an atte mpt was made to obtain a satisfactory reading .

- — -
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(Issued June 1959) Section 25

Air-entrainin g Admixtur e Study *

The purpose of this study is to determine the relative effect of sev-
eral conunercie.l admixtures on the durability of concrete. In November
19411., ninety (6- by 6- by 30-in. ) concrete specimens containing eight ad-

mixtures were installed on the Treat Island exposure rack. The aggregates

used in these specimens were natural siliceous sand and crushed traprock of

1-1/2-in, maximum size. One cement (type II) was used, and the concrete

mixtures had nominal cement factors of 11.5, 5.25, and 6.0 bags per cu yd

with a nominal slump of 3 in. The water-cement and sand-aggregate ratios
were permitted to fluctuate as affected by the admixture. The test speci-

mens were of one size, but of two types: columns and beams.

Table 1-CRA lists these specimens and gives their exposure record

along with other pertinent information.

In November 1957, the following seven concrete beam specimens were

returned to the laboratory for detailed studies.

Specimen No • Admixture Used

AB5A Admixture A
AB5B Admixture A
ABI1. Admixture A
PB5C None
PB11. None
RB5A Resin soap
RB14 Resin soap

The purpose of these studies was to determine why some specimens with no

admixture and some specimens with admixture A survived 13 years exposure

at Treat Island when similar concrete was found to be nonfrost-resistant

4 by laboratory tests made in 19 1.. Similar tests conducted in 1958 gave the

same results as the i911i1. tests. The laboratory studies did not indicate

conclusively the reason for the survival of’ these specimens , but they did
indicate the following:

* See Central Concrete Laboratory, Concrete Research, Second Interim
Report, Part I, “Laboratory Studies of Concrete Containing Air-
entraining Admixtures” (July 19145).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Section 25

a. Specimens with high relative moduli (%E) are not necessariLy
— 

- 
undamaged by exposure at Treat Is1and~ microfrac tu res were
found in one specimen having a ~E of 153.

b . The reason for the survival of’ the specimens with no admix-
ture and with admixture A was not the accidental inclusion
of’ an air-entraining agent that produced an air-void system
capable of imparting frost resistance, since no such void
system is present.

C. It is possible that the early termination of’ moist-curing of
the specimens with admixture A increased their frost re-
sistance by making them less readily saturable on exposure.

C 4..
—
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(Issued June 1959)
Table 1-CM Section 25

Record of Testing of Concrete Columns and Beams, Air-ent raining Admixtuie Study

195.5.— (Installed November 19144)

Center Bay, Rows 1 and 2
C~~~ nt l9~k-l953 Readings
Factor 0 110 215 333 ~*d~# ~~9 7~ 819 920 1005 Cycles. 1953

Spec— (Nnein al) Cycle s Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Pulae
1~~n Type bags/ Air 1944 195.5 191*6 3.95.7 19548 19149 1950 1951 1952 Veloc 2No Sp.ci~ .m cu yd ~~~ ~~~ J~~ ~~~~~~~~~ ~~~~~~~~~ .~~~~~~~~~ 

j~ ~~~~~~~~ ~~~~~~~ ~~~~~

Admixture A

AC5A Col~~~~ 5. 25 1.9 Broken at insta llation
AB5A Beam5 100 120 127 133 132 l31# 136 136 139 137 15,330 100
AC5B Column 100 119 126 129 129 130 131 131 135 138 15, 430 100
AB5B Beam l0C~ 120 131 135 135 135 136 136 15*0 1543 15, 150 100
AC 5C Column 100 119 127 130 130 132 131 131 133 138 15,725 100
AB5C Beam 100 120 131 136 135 138 138 138 1140 1544 15,530 100

AC1# Beam 4.5 2.0 100 120 3.36 136 138 133 138 138 15.1 1546 14,880 100
ABI4 Beam 100 119 134 139 137 1~40 141 1140 1142 1548 15, 060 100

AC6 Column 6.0 1.8 100 118 127 129 1014 88 Failed
*56 Beam 100 118 127 129 128 130 129 129 131 136 16,020 100

Paraffin Oil

0C5A Col~~~ 5.25 3.9 100 109 113 116 115 115 117 ~~~ 118 121 15, 5430 100
OB5A Beam 100 110 117 118 118 117 119 118 121. 123 15,625 100
0C5B Co1t~~~ 100 106 115 116 115 114 115 113 115 119 15,150 100
0858 Beam 100 109 3.15 116 116 115 116 115 117 120 15,530 100
OC5C COlumn 100 110 120 122 122 1.21 122 121 125 127 15,1430 100
9850 Beam 100 108 l1~# 115 115 115 116 115 117 120 15, 21.5 100

Ccl. Col~~~ 54.5 7.5 100 110 115 116 117 116 117 115 118 121 14,795 100
OB4 Beam 100 107 111 112 111 108 110 109 110 112 114,370 100

0c6 Column 6.0 5.6 100 111 114 115 116 113 115 113 116 119 15, 1430 100
0B6 Beam 100 111 116 118 118 119 119 120 120 12~# 15,150 100

Admixture B

ZC 5A Column 5.25 4.9 100 108 115 115 111. 116 116 115 117 120 15,825 100
ZB5A Beam 100 106 112 114 112 11~. 1l~4 114 1114 120 15,725 100
ZC5B Column 100 106 115 117 115 113 112 U.]. 113 120 154 ,705 100
ZB5B Beam 100 101 109 112 110 110 110 110 112 115 15,530 100
ZC5C Column 100 106 115 117 115 116 117 117 120 123 15,530 100
1350 Beam 100 105 3.12 113 112 112 112 112 11.4 117 154,970 100

zc~. Co1~~~ I#.5 54.7 100 105. 112 112 112 112 111 110 11.2 116 15,725 100
1354 Beam 100 102 110 112 110 109 111 110 111 113 15, 1430 100

zc6 Col,msi 6.0 6.0 100 105 111 112 111 111 112 111 1114 117 15, 625 100
136 Beam 100 106 117 119 115 11? 119 117 121 123 15,150 100

Resin Soap i. CaC12

CC5A Col. 5.25 7.8 100 106 112 115 112 111 111 1114 113 99 154,970 100
CB5A Beam 100 lOl. 11]. 3.12 111 108 11.1 108 112 115 154,705 100
CC5B Column 100 109 118 121 119 120 121 119 123 125 15, 2545 100
CB5B Beam 100 107 116 116 ~~~ 116 116 113 117 119 154,880 100

CCI. Col~~~ l#.5 5.2 100 107 lii. 115 13)4 113 U3 112 1154 116 15,335 100
0514 Beam 100 107 112 113 110 110 110 109 113 ~~~ 15,060 100

CC6 Column 6.0 6.4 100 107 113 ~~~ 113 113 113 112 11~4 117 15,335 100
c36 Beam 100 108 113 115 113 113 113 113 115 118 15,060 100

With out Admixture

P05* Column 5.25 1.6 100 109 113 Failed
P35* Beam 100 102 Failed
P053 Co1.~~~ 100 109 1.13 1114 Failed
P353 Beam 100 110 115 115 115 115 117 117 Failed
P050 Col t i  100 Ui 118 116 111 116 118 118 Failed
P350 Beam 100 110 115 115 113 112 113 111 113 116 15,335 100

pci. COlumn 14.5 3.3 100 109 3.17 118 U8 129 118 1.17 119 122 15,060 100
p~5~ Beam 100 109 UI. 115 113 113 113 111 112 113 114,970 100

~c6 Col,~~~ 6.0 1.7 100 106 111 112 Psiled
P16 Beam 100 110 115 117 115 115 118 118 U8 119 154,705 100

(Continued)

• A coi.~~ is cast with it. long axis vertical; a beam is cast with its long axis horizontal . (1 of 14 sheets) ‘
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(Re~~aed Aug 1963) 
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Tibia 1-03* (Continued) Section 25

C~~~nt l9t~ -l953 Bead ing.
Factor 0 110 215 333 ~~~ 569 730 819 ~~~ ioos Cycles, i~53

Spec- (Icminal ) Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Fd a.
been Type bags/ Air 195414 19145 19146 1947 19148 191*9 1950 1951 1952 Veloc

No Specimen cu yd ~~~ ~~~~~~ ~~~~~~ ~~~~~~~~~ .~~~~~~~~ ..~~~~~~~~ ~~~~~~~~~ %N •~~~~~~~~ •~~~~~~~~

Resin Soap

C IC5A Column 5.25 6.5 100 3.12 US 120 118 118 121. 118 1.20 123 15, 150 1.00
335* Beam 100 108 113 115 115 116 117 115 119 122 14,880 100 - 

-

N15A1 Column 100 111 115 116 115 117 118 116 US 121 15, 150 100
335*1 Beam 100 109 113 115 115 116 117 116 1.18 121. 15,060 100
2053 Column 300 11.3. 119 120 121 121 122 118 121. 126 114,970 100
3353 Beam 100 110 115 117 117 117 118 116 118 120 15,060 100
205C Co1,~~ 100 110 1I.~. 117 115 116 1.16 ~~~ US 3.20 15,060 100 - A
3350 Beam 100 108 11.3 115 UI. 114 1114 114 114 3.17 114,880 100

2014 Col~~~ 4.5 7.8 100 112 119 120 11.7 116 116 114 11.6 11.9 114,535 100
354 Beam 100 110 1114 ~~~ UI. Ui LU 110 111 111 154, 450 100

206 Co1~~~ 6.0 6.5 100 110 11.3 114 13.14 113 1.13 111 11.3 116 15,335 100
356 Beam 100 109 120 119 122 US 119 118 119 116 15,060 100

Tallow (Beef)

P05* Co]~~~ 5.25 54.0 100 111 118 119 118 115 112 100 Failed
355* Seem 100 108 1.10 113 113 113 113 92 Failed
TOSS Co1*~~ 100 109 121 1.25 123 1214 121 1114 93 Failed
P353 Beam 100 10~4 3.11. ~~~ 113 U.l. 112 107 Failed
CLV5C Col,~~ 100 109 96 Failed
T35C Beam 100 108 113 115 113 fl14 115 113 113 11.6 114,970 100

TC~* Co1,~~ 54.5 3.5* 100 109 117 119 115 126 1.12 107 96 Failed
P34 Beam 100 101. 108 109 106 111 110 109 109 110 14,880 100 C

Tc6 Column 6.0 3.6 100 109 ~~~ 116 115 109 97 92 90 Failed
P56 Beam 100 111 120 123 122 121 122 121. 123 124 15,530 100

Admixture C

205* Col,~~ 5.25 6.5 100 109 1114 116 115 117 117 114 1.17 118 15,060 3.00
355* Beam 100 108 115 117 116 116 116 115 116 117 15,150 100
2053 Column 100 106 111 113 111 111 112 115 110 116 14,880 100
3553 Beam 100 111 1.15 116 115 116 117 11.3 1.16 120 114,105 100
2050 Column 100 11.1 US 120 1.18 US 118 117 120 118 14,795 100
3550 Seem 100 109 113 116 116 114 u~* 111 u I .  116 114,5 35 100

204 Colt~~ 4.5 8.1 100 109 11~# 116 11~* 11.1 111 107 109 108 154 ,450 100
3.84 Beam 100 109 ~~l. 112 109 107 107 105 106 108 14,0145 100

206 Co1~~~ 6.0 6.1 100 109 116 116 u6 113 1.114 111 U.5 117 14,910 100
356 Beam 100 1.11 119 122 119 120 120 118 120 120 154,910 100

Admi xture D

205* Coluam 5.25 8.0 100 111 116 US 117 116 117 115 118 121 15,335 100
335* Beam 100 110 118 US 117 117 115 117 119 123 15,245 100
2058 Col~~~ 100 109 113 116 116 117 117 U~. US uS 114,880 100
3353 Beam 100 109 116 11.9 US US 120 119 121 323 14,620 100
2050 COlumn 100 113 120 UT 115 1.17 119 117 119 122 15, 245 100
3530 Beam 100 110 115 116 116 115 115 UI. 117 120 14,795 100

2014 Col~~~ l..~ 9.4 100 1.13 US 120 US 118 US 121 US 120 114,970 100
3554 Beam 100 112 115 115 114 112 112 1.11. 132 Failed

336 Co1~~~ 6.0 6.0 100 112 117 120 118 120 120 120 122 124 15,625 100
356 Beam 100 111 116 US 117 119 117 116 119 122 15,335 100

~~~osur-e Rack. Row 2 (w to s)
1954-3962 Readings

- 
- 1118 1~~ 1 l5.~~ 1572 ~h43 1793 1864 2005 2095.

Cycles Cycles Cycle. Cycle. Cycles Cycl.ea Cycles Cycles Cycles
39514 1955 1956 1957 1958 1959 1960 1961 1962

Admixture A

*35* Beam 5.25 1.9 145 101 147 105 150 99 -153 Returned to laboratory November 1957
*053 Colt~~ 11.1 1014 142 105 1149 96 1148 93 151 97 155 90 1142 92 15.8 99 141* 113
*353 Beam 15*8 106 1148 109 153 106 153 Returned to labora tory November 1957
*050 CoIi 1140 101 11.2 1054 150 95 138 97 150 103 154 97 151 99 1148 95 1141 107
*330 Beam 147 105 1547 105 150 91 11.14 97 1.51 103 155 98 15*9 101 15.9 99 1542 105

(Continued ) (3.eet 2)
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(Reviset Zept 1968)
C Table 1-C RA (Continued) Section 25

~1cposure Rack , Row 2 (1* to E)
C t 195k-19b2 Reaclinga
Factor 1116 126 1 1’.28 1572 1643 1793 1564 2005 2095.

S ~N I a1~ 
Cyc les Cycles Cycles Cycles Cycles Cycles Cycle s Cycles Cycles

~ ~:‘~ ~ ~:g~i Air 1955. 1955 j956 1957 1958 1959 1960 1961 1962
No. 3pe~~men ~u y d

Adinixlure A (Continued)

Aol. Column 1l~~5 2.0 3.547 1014 11~7 108 l~16 1.00 152 98 157 105 160 99 152 101 152 102 147 108
AB4 Beam 1149 106 150 108 158 101 153 Returned to laborstory November 1957

AB6 Beam 6.0 1.8 137 100 133 98 1145 * 137 90 1146 9~ 149 87 144 88 11*1 95 133 99

Paraffin Oil

~~ 5A Column 5.25 3.9 122 101. 122 101 129 ‘~~ 126 ~~~ 127 102 132 96 127 96 127 98 119 95.
OB5A Beam 12k 101. 125 101 132 96 130 100 135 104 139 98 133 101 133 100 131 104
~~ 5B Column 121 108 121 106 128 99 125 l0I~ 129 108 132 102 129 103 130 99 127 85
0358 Seem 122 106 123 105 130 104 128 104 133 104 135 100 130 101 129 101 118 103
~~ 5C Column 129 104 129 103 135 -— 132 -- 136 -- 3.47 —- 155 -- 171 -- 154
085C Beam 122 104 122 105 127 98 126 102 128 102 131 97 125 99 1.25. 96 114 102

004 Column 4.5 7.5  122 3.04 122 104 127 93 123 101 126 102 123 93 103 80 98 79 82 71
OB5. Beam 111 102 13.0 102 116 96 3.10 98 1114 97 112 86 113 102 102 91 86 90

006 Column 6.0 ~ .6 126 103 121 103 127 87 126 100 1314 103 130 98 125 98 126 98 125. 101
036 Beam 127 105 126 108 132 93 131 103 131 iOl. 138 98 131 100 131 101 123 110

Admixture B

705* Column 5.25 4.9 122 104 122 ~O4 130 101 128 100 130 105 135 97 130 97 129 101 120 108
ZB5A Beam 121 104 122 105 129 96 121 104 125 104 132 99 128 100 127 99 122 109
1055 Column 119 -- Failed
ZB5B Beam 117 106 118 i08 1254 95 122 i04 124 105 128 99 122 99 122 103 117 116
Z.C5C Column 126 101 126 99 129 102 133 91 133 105 141 96 138 95 15.3 88 138 --
ZB5C Beam 116 104 116 105 123 101 115 1t15 120 104 122 97 117 102 111 100 112 100

Z.J-¼ Column 4 .5 54.7 116 104 116 100 117 100 117 81 118 814 126 -- 161 -- 153 -- 125 --
154 Beam 1114 104 112 105 108 95 104 92 106 93 91 76 74 76 128 -- 128 --

zc6 Column 6.0 6.0 117 105 118 105 124 99 124 103 120 106 127 100 122 100 121 99 117 105
156 Beam 125 109 126 110 133 99 125 107 133 110 137 93 132 93 131 105 325 105

Resin Soap + CaC 12

CC5A Column 5.25 7.8 99 105 99 106 102 95 101 97 102 101 102 99 100 99 98 100 94 108
CB5A Ream 115 104 116 107 121 98 120 100 121 102 123 97 118 98 117 99 114 98

C CC5B Column 127 105 126 104 126 92 131 96 135 101 136 95 127 97 130 98 122 102
CB5B Beam 120 101 121 100 123 95 121. 96 128 102 128 94 123 99 122 95 118 99

CCI. Column 4.~ 5.2 115 100 117 103. 119 -- 119 -- 123 -— 124 -— 115 -- 117 -- 107 --
CB4 Beam 116 104 116 105 120 93 119 96 119 106 124 98 118 97 117 94 110 105

cC6 Column 6.0 6.4 118 103 119 103 118 94 123 95 126 99 130 95 122 96 123 92 116 95
• - CB6 Beam 121 104 122 105 125 97 121 96 126 103 130 98 121 100 124 100 3.19 105

Without Admixtur e

PB5C Beam 5.25 1.6 117 104 117 105 122 94 120 Returned to laboratory November 1957

PCI. Column 4. 5  3 .3 121 104 119 105 120 89 111 89 109 92 Returned to laboratory October 1958
P34 Beam 111 102 106 102 96 91 78 Returned to laboratory November 1957

P86 Beam 6.0 1.7 122 91 125 92 1543 --- 151 --- 157 --- Returned to laboratory October 1958

Resin Soap

~~ 5A Column 5.25 6.~ 3.26 104 126 102 132 98 129 99 132 101 135 97 128 108 128 101 122 105
RB5A Beam 123 105 123 106 128 99 127 Returned to laboratory November 1957
RC5A1 Column 123 105 124 196 127 98 126 100 130 102 131 95 126 102 126 100 120 101
RB5A1 Beam 123 104 321. 102 129 101 127 101 128 103 133 96 128 97 128 98 122 100
RC 5B Column 126 106 126 105 132 99 129 103 132 104 Lost overboard in storm , Feb 1959
RB5B Beam 123 106 122 106 125 102 124 100 129 104 Lost overboard in stor e , Feb 1959
RC5C Column 122 106 122 106 128 101 125 101 125 102 Lost overboard in storm, Feb 1959
RB5C Beam 118 104 118 108 121. 99 121 99 129 105 126 99 121 101 119 101 116 106

R d. Column 4.5 7.8 119 101 119 i96 118 101 119 99 122 1014 125 97 121 98 121 96 111 95)
Ft34 Beam ll~* 101 113 l0~4 ~jle 93 115 Retu rn ed to laborato ry November 1957

RC6 Column 6.0 6.5  117 99 117 iol. 121 94 120 96 12~. 100 125 90 119 91 117 93 112 91
RB6 Beam 125 100 126 105 131 93 128 99 132 1014 135 99 130 98 127 99 112 97

(Continued)

-. Dashed lines in column indicat e that end of specime n was t~ e rough to obtain sat isfa .-~t o~-~ reading .
These readings were inadvertently onitte d in 3956. ( Sheet 3)
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(Revise d Jan 1972) /

Table 1-CRA (Continued) Section 25 /( ‘I I~posure Rack , Row 2 (w to E)
F me t 19554-196 2 Readings

- - --— a n 1116 126 1 11428 1572 1643 179 3 18654 2005 2094
I 

~~ or Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles

~~
:c_ 

~N: ~~l, Al 195!. 1955 1956 1957 1958 1959 1960 1961 1962

~~~~~ Specimen cu yd ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~ ~~~~~
Tallow (Beef)

P350 Beam 5.25 14.0 119 106 118 108 123 90 118 102 123 105 127 100 122 102 121 101 109 101

TBI* Beam 4 . 5 3 . 54 112 105 112 106 112 95 106 100 111 101 110 92 101 89 914 82 81* 82

P36 Beam 6.0 3.6 127 103 121 103 128 95 124 100 133 104 11*0 97 135 101 131 99 126 106

Admixture C

005A Column 5.2 5 6 .5  121 102 121 1014 127 99 122 100 127 108 130 91 122 94 122 100 115 99
~~5A Beam 120 102 120 101* 126 95 124 101 1354 105 129 91* 123 99 122 100 U5 104
005B Column 116 101 115 102 121 97 118 98 121 102 124 94 118 97 118 99 113 102
085B Beam 119 105 120 i06 124 96 121 102 124 106 125 97 120 100 118 100 113 105
0050 Column 122 101 122 101 123 98 119 101 127 103 131 96 122 98 122 99 117 105
onso Beam 116 1014 117 105 122 97 118 100 121 101 1214 95 118 96 117 97 112 105

0014 Column 14.5 8.1 112 101 113 104 119 97 118 103 122 102 122 99 109 100 99 97 84 --
DB4 Beam 109 101 108 105 111 93 108 103 110 103 115 95 109 97 103 95 86 100

006 Column 6.0 6.1 119 105 120 106 125 95 12l* 101 125 102 128 100 123 101 123 102 118 105
DB6 Beam 121 104 126 i04 130 98 129 98 132 103 136 99 129 105 128 98 1.254 105

Admixture D

HC5A Column 5.25 8.0 123 100 117 100 122 98 120 1014 129 104 132 98 126 100 126 100 120 106
535* Beam 126 102 126 106 133 96 128 103 133 103 137 98 131 103 131 102 128 109
5055 Column 122 102 122 105 128 98 120 100 123 105 131 98 126 102 126 101 121 110
5353 Beam 128 106 127 107 131* 1014 130 ~oI~ 1314 1014 139 99 128 103 125 101 125 109
HC5C Column 125 106 126 108 132 101 126 102 132 106 136 100 128 102 131 99 126 106
MB5C Beam 122 105 119 106 126 104 122 105 126 106 130 100 122 105 121 1054 U~ 113

HCI4 Column 4.5 9.4 120 106 112 106 126 86 122 98 125 103 1254 95 116 97 113 98 108 108

5506 Column 6.0 6.0 128 105 122 107 136 95 133 101 136 105 140 99 108 102 131 101 128 112
536 Beam 1214 109 1254 106 129 91 126 103 129 107 133 99 127 101 123 101 121 109

Slcposure Rack , Row 2 (w to E)
- 19b3-1971 Readings

2200 2335 21498 26233 27814 2 4-9 3123 3276 35414 5
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1963 19614 1965 1966 1967 l?3~8 1969 1970 1971

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Admixture A

~~ 5B Column 3.25 1.9 - 11*6 107 11.2 60 1143 107 166 100 169 102 162 96 175 91 165 87 i€-; --
AC5C Column 138 104 133 87 136 100 136 -- -- F --

. AB5C Beam 1143 108 140 100 1140 103 1540 36 135 103 135 93 i5.o 92 127 87 109 --
*01* Column 4.5 2.0 1548 102 1147 —— 1141 —- 11414 -- 147 -- 15-c -- 138 -- 175 -- 172 —-

/26 Beam 6.0 1.8 125 84 ill. 91 109 98 121 66 121 61 F

Paraffin Oil

005A Column 5.25 3.9 117 39 115 95 113 105 115 -- 113 -- 119 -— 113 -- 111 -- 108 ——
OB5A Beam 125 89 129 101 126 101, 12I, -- 121. -- 123 -- 129 -- S -- 12l~ --
OC5B Column 1214 90 132 -- 1143 -- 199 -- NB -- 20-- -- -- -

~~ -- ~
- --

OB5B Beam 123 106 121 105 123 108 125 93 123 100 125 Y- 125 -- -- 
~~~ --

OC5C Column 187 -- 193 -- 199 -- 199 -- NB -- 25~4 -- — - - -
~~ --0350 Beam 91 108 89 -- 87 -- 85 81 -- 7~ -- 7? -- -- 3-.  --

004 Column 4.5 7.5 80 -- 65 60 --  F
0B4 Beam 76 -- 119 Ft

0c6 Co1~mni 6.0 5.6 121 108 119 —— 1114 -- 116 -- 116 -. 1153 -- 1153 - -  131 -- 170
086 Beam 122 112 118 94 UI~ 121 116 89 1154 101 10-~ 100 111 -- 116 -- 111 --

Admixture B

105* Col’am, 5.25 54.9 L2~4 10? 122 97 118 112 116 116 105 118 -- -. 123 -- --
135* Beam 123 105 118 100 116 117 118 51 118 99 1153 41, 11 113 5313
1553 Beam 115 80 113 101 118 11~- 118 4’- - 118 1014 1113 i~g- ~‘ -~ 88 115 So -)‘~ ——ZC5C Column 143 —— 157 -- 1514 - - 160 -- NB -- 1t~~ - -_  :(o- - -  166 -- 12 --

• ZB5C Beam 112 112 -- 110 -- 110 -- 106 -- -- o-~ -- io6 -- NT1 .-

( ______________________________ 

(Continued)

-- Dashed lines in column indicate that end of spe c ime n was to - - rough to obta In ~- . t i r - i ’a o t . - ry  r r o . 3 i o ~- .
4 $ F denotes specimen has tailed.

BR denotes that a satisfactory reading was not obtained as specime n w - - o l J  ~-L respond to flexura l . i 1 ~rn t 5 - - ,~ . (Sheet 54 )
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(Revised Jan 1973 )

~
— — Table 1—CRA (Continued) Section 25

Elcposure Rack , Roy 2 (w to E)
C t 1963-1971 Read1n~ s
Factor 

2200 2335 21933 2628 27331. 2969 3123 327b 31.1.5
Cycles Cycles Cycles Cycles Cycles Cycle s Cycles Cycles Cycles SSpec- (Ncminal) 

1963 1964 1965 1966 1967 1968 1969 1970 1971
No. Specimen cu yd ~~~~~~~~~~~~~~~~~~~~

Admixture B (Continued)

: ~ 104 Column 14.5 54.7 15*3 .- 173 —- F
zB4 Beam Ft

: 106 Colum n 6.0 6.0 115 1014 110 103 112 107 1114 92 NRtt 98 112 -- 117 -- 132 -- 108 --

756 125 113 122 96 122 112 153 -- 150 -- 112 -- 112 -- 112 -- 110 --

Resin Soap ÷ Cae 1
2 ~ -

CC5A Column 5.25 7.8 94 101* 88 99 81. 102 814 -- 78 -- 714 -- 78 -- 60 -- 62 --

CB5A Beam 1114 101 109 97 107 107 117 -- 112 -- 110 -- 110 -- 110 -- 108 --

CC5B Column 125 99 120 -- 120 -- 320 -- 120 -- 117 -- 120 - - 120 -- NB --

CB5B Beam 121 1014 121 -- 116 -- 119 -- 116 -- 106 -- 108 -- 99 -- 75 --
CC14 Column 14.5 5.2 101 -- 91 —— 116 -- 200 -- NB -- F
~~‘* Ream 110 108 1014 97 101 95 iI.o -. 1313 -- F

cc6 Column 6.0 6.4 115 92 106 -- 101 -- 159 -- F C
CR6 Beam 119 95 114 98 110 108 110 -- 110 -- 100 -- 102 -- Failed

Resin Soap

RC5A Column 5.25 6. 5  122 98 119 96 119 90 122 86 119 90 11~4 95 119 °I~ 111. 80 ll-+ --
BC5A1 Column 119 106 118 100 115 108 116 -- 116 -- 116 -- 118 -- 116 ._ -- S

RB5A1 Beam 119 93 119 98 125 102 125 93 125 -- 125 -- 135 — —  127 -- 127 --

RB5C Beam 112 78 108 96 108 106 i — ’~3 83 ic-3 -- 108 -- 113 -- 108 -- 1014

RC4 Column 54 .5  7.8 112 98 108 -- 108 -- 103 -- BR -- 111 -- 127 l2’ -- F --

Rc6 Column 6.0 6.5 110 92 103 -- 105 -- 122 -- NB -- 11.3 -- 114 - j -- 114 9 -- F --

~iB6 Beast ll~4 99 112 100 110 108 108 81 101 -- 86 -- 81. -- -- F --

— 
Tallow (Beef)

TB5C Beam 5.25 11.0 11k. 86 112 -- 110 -- 108 -- 106 -- 101 -- 103 -- 103 -- --
TB4 Beam 4.5 3. 14 72 82 F

P36 Beam 6.0 3 .6  129 93 1214 86 121 101 1214 86 119 -- 109 - - 111 -- 106 -- 95 --
Admixture C

DC5A Column 5.25 6.5 116 108 112 103 114 108 1214 83 117 -- 110 -- 110 -- 108 -- 10 --

IB5A Beam 116 102 112 104 107 105 112 98 112 106 107 102 107 ~1 109 90 109 --
DC5B Column 114 101 112 -- 110 -- 125 -- 117 -- 105 -- 110 -- 110 -- 108 -- S
]~~5B Beam 113 106 113. 1014 111 112 109 98 107 98 107 914 109 -- 107 -- ~Ø5 -- 3

- . 005C Column 117 104 115 ~7 
115 1014 115 -- 115 —- l0~ -- 103 — 914 -- 83 •—

DB5C Beam 110 82 108 93 101 110 107 92 105 93 103 90 101 -- 96 -- 122 -

0014 Column 1*. 5  8.1 811 -- 68 -- 71 -- F
o34 Beam 81 93 66 70 67 -- F

PC6 Column 6.0 6.1 118 92 114 -. 110 -- 117 -- 112 -- 107 -- 10 ’ -- 111 -- L1~036 Beam 1254 73 119 -- 3-15 -- 115 -- 111 -- 106 104 104 -- 59) . --
Adinixture D

R C5A Column 5.25 8.0 120 109 116 63 114 1053 111. - 31 114 1014 107 102 107 539 105 -- --
P55* Beam 121* 110 120 95 118 105 120 115 105 120 101 L2~’ 95 120 --HC5B Column 121 105 121 100 118 103 

~ . -4 121 101 117 90 11-9 —- 1 4  -- --
o P555 Beam 120 114 117 102 113 116 1114 -91 ii~ --  121. -- 121 -- 119 -_ fl --

4 HC 5C Column 126 95 126 - 11~ — LI -- 135 - . -- 134 -- 131 -- 1~~1 -— --
P55C Iiesm 116 105 109 101. 1 0 4  1 1 7 1 4  97 109 102 1014 5349 ioq -- 109 -- --
jjc4 Column 11. 5 9. 14 103. 96 91 -- 87 -. 89 -- NB -- F --

1i06 Column 6.0 6.0 128 103 190 104 - - -9 107 1-)) ‘~ -~ 100 9)— 98 111 100 87 98 SI. 913 --
1536 Beam 121 108 119 96 117 ill 117 4 117 99 110 - - ‘53 110 -— 105 -- 102 -—

L 
-- [lashed line s in colsm.n indicate that end of specime n was too- r -u.~h to obtain Onti C a t ~-r~- reading.

~
( ‘

~ t F’ denotes specime n has failed.
$4 BR denotes a satisfax4-ory reading was sot — - 5 -t i n - -I Pci- specime n woul d n - i  resrond t~- 11 .-co ra l vih,-s t i ~. (Sheet
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(Revised August 1977 )
( Table 1-CIBA (Cont inued ) Section 25
‘
~ 

) Exposure Rack . Row 2 (ii t o g )
1972- ReadingsCement 3602 371*2 3878 3990 1113b 11213

Cycles Cycles Cycles Cycles Cycles CyclesSpec- 
~~~ b / ~~ 

1972 1973 3-9724 1975 1976 1977

No. Specimen cu yd

Admixture A

AC5B Colir n 5.25 1.9 159 -- 2244 —— 172 — 179 — 163 -- 166 --
AB5C Beam 93 -- 11*3 -- 128 — Gone

AC4 Column 54 .5 2.0 165 -- 171 — 272 —— Failed

Per~ffin Oil

005* Column 5.25 3.9 101 -- 94 —— 96 — 96 — Gone
OB5A Beam 120 -- 119 —— 117 — 112 —— 3.19 -- 101 --
0058 Column Ft --
0858 Beam 120 -- 11.7 —- 186 -- Failed
OC5C Column 79 -- 72 —- BR — Gone
OB5C Beam 62 -- 58 —— 52 — 51 — Gone

006 Column 6.0 5.6 164 -- 155 —— SR — Gone
0B6 Beam 111 -- 102 — 100 — Failed

Admixture B

ZC5A Column 5.25 l*.9 121 -- 121 —— 119 — 114 — Failed
ZB5A Beam i0~* -- 176 -- SR — Gone
5558 Beam 85 -- 91 —— 172 — Failed
ZC5C Column 100 -- 215 —— 215 — Failed
ZB5C Beam 1814 -- 102 — 209 — Failed

zc6 Column 6.0 6.0 91 -- 126 —— 95 —— 75 — Gone
ZB6 112 -- 112 —— 78 —— 1124 —— 82 —- Failed

Resin Soap • CaC12

CC5A Column 5.25 7.8 F -- Gone
CB5A Beam 85 -- 62 —— SR —— Gone
CC5B Column F --
CB5B Beam F --

Resin Soap

RC5A Column 5.25 6.5 116 -- 116 —— 111 —— 113 —— Gone
RC5A 1 Column ~~~ -- 119 —— NB —— Gone
RB5A1 Beam 122 - - 120 —— 120 —— 122 —— Gone
RB5C Beam 97 -- 88 -— 119 —- 119 — 117 -- 108 --

Tallow (Beef)

TB5C BeSm 5.25 11.0 F --

P5 6 Beam 6.0 3.6 83 -- BR —— F —
Admixture C

- ‘  
005* Column 5.25 6.5 105 -- 105 — 96 —— 87 —— 118 -- 135 ——
DB5A Beam 107 -- 112 — 105 -— 105 —— 78 -- 98 --
DC5R Column 106 - - 92 —— 182 —— 182 — Gone
0858 Beam 96 -- 92 —— 132 —— Failed
DC5C Column F --
DB5C Beam 72 -- F

DC6 Column 6.0 6.1 88 122 —— 153 — Failed
DB6 Beam 95 80 —— 157 — Gone

Admixture D

1505* Colwr*n 5.25 8.0 105 -- 94 —— 103 —— 99 — 95 -- 130 --

* 
HB5A Beam 116 -- 112. —— 114 —— 112 —— 79 -- 79 --
HC5B Column 120 -- 128 — 123 —— 3-18 — 133 -- 78 --
HB5B Beam 117 -- ill. -— 1114 —— 116 —— ill. -- 126 --
IIC5C Column 252 -- 252 —— 2354 —— Failed
HBSC Beam 79 -- 68 — NB —— Gone

2506 Column 6.0 6.0 95 -- 98 —— 96 — 90 -- u6 -- u6 --

1586 Seem 96 -- 138 -- 90 -— 90 -- 67 -- Failed

( 
) -- Dashed line, in “%v2” column indicate th&t end of specimen wa, too rough to obtain satisfactor y reading .

~~~~ B F denotes specimen bee fai led. (~ teet 6)
ins Danotea no reading obtained.
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(Revised Aug 1965) Section 26

U

Omaha District Aggregate Program

1956 installation

In December 1956, six concrete beams (6 by 6 by 30 in.) were in-

stalled on the Treat Island expo~ tire rack to provide field durability data
on concrete specimens fabricated as a part of the Omaha District, CE,
Aggregate Program. This installation was made up of two series of beams ,
one containing the aggregate and cement combinations being used for con-
crete for the Oah e Daim, and the other containing a sand-gravel with a lime-
stone addition, typical of limestone-sweetened concrete in the Lincoln-

Omaha area.

Table 1-OD lists these specimens and gives their exposure record
along with pertinent mixture data.

Companion specimens (3-1/2 by 1+_l/2 by 16 in.) to these Treat Island -
exposure specimens were subjected to laboratory freezing-and-thawing tests
in the Missouri River Division Laboratory , Omaha , Nebr . The results of
these laboratory tests are given below:

Average %E at 300 Cycles
Mixture No. of Specimens Tested of Freezing-and-Thawing

Oahe 9 beams 86
Sand-gravel 9 beams 53

1961+ installation

In November 1961+, three concrete beams (6 by 6 by 30 in.) were in-

stalled on the Treat Island exposure rack as a part of the Omaha District,

CE , Aggregate Program. These beams were representative of concrete and
materials used in Big Bend Dam .

Table 2-OD lists these specimens and give s their exposure record
along with pertinent mixture data. 

. ~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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Table 1-00 Section 26 -
Record of Testing of Concrete Beags, C~ mba District Aggregate Program

1956- (Installed December 1956 ) - -

~~poeure Back , 150w 2 (w to z)
l956_l962 Readings

195 31*5 2416 ~~T 646
Cycles Cycles Cycles Cycles CyclesFine Coarse Factor Cycles rulae 1 1 1 1 1 1 2Beam Aggre- Aggre- Type Air bags ! 1956 Veloc

N~~ gate gate Cement ~~~~~ -~~~~~~~~ 
~~~~~~~~~ 
j~ ~~~ J~ ~~ -~~~ ~.y! -~~~ ~~~~ -~~~ ~f -~~~ ~~~~

Oehe-1 Natural Limestone II , 6.1 5.32 100 116 15,2145 100 117 108 123 98 121 100 121 102 115 105
Oahe-2 sand A* low- 6.7 5.29 100 110 114,880 100 116 109 122 101 120 105 119 108 113 112
Oabe- 3 alk 6.6 5.30 100 111 15, 245 100 116 106 123 98 119 102 1~l8 108 113 1.13

8-0-1 Send- Limestone I 7.1 5.81 100 106 15, 1430 100 108 107 113 103 110 103 106 105 90 104
S..G..2 gravel B** 6.4 5.86 100 103 15,530 100 106 105 111 101 102 98 724 93 Ft --
5-0-3 6.3 5.86 100 1011 15,625 100 108 105 u4 101 111 102 103 101 79 --

1963-1969 ReadIngs
- 752 ur~ 1050 1180 1336 1521 1675

Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1963 19624 1965 1966 1967 1968 1969

Oe�ie-l Natural Limestone II , 6.1 5.32 116 100 114 105 109 111 111 103 109 105 107 98 107 92
Oshe-2 sand A* low- 6.~ 5.29 ~~~ 118 112 110 107 112 109 102 104 109 106 100 108 95
Oshe-3 alIc 6.6 5.30 113 108 108 100 105 91. 106 101 1024 104 102 101 104 95

S-C-i Sand- Limestone I 7.1 5.81 111F 61
S-G-3 gravel B~* 6.3 5.86 y

1970-1976 ReadIngs
1828 1997 21514 22924 21.30 2542 2686

Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1970 1971 1972 1973 1974 _i27i~ 1976

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Oahe.l Natural Limestone II , 6. 1 5.32 105 90 103 74 101 82 95 92. 85 94 83 113 91 96
Oshe-2 sand AC low- 6.7 5.29 103 914 103 78 96 82 98 87 81. 95 82 114 82 86
Oahe-3 alk 6.6 5.30 100 93 100 74 96 79 98 93 82 93 82 115 80 88

1977- Readings
2765

Cycles
19’77

Os.he-1 Natural Limestone II, 6.1 5.32 95 92
Oahe-2 send A5 low- 6.7 5.29 76 92
Ombe-3 elk 6.6 5.30 90 78

-- !nd of specimen too rou~~ to obtain satisfactør y reading.

U
s Maxi~ a sil, aggregate - 1-1/2 in. ;  slump for thi s mix — 2-3/4 to 3 in.
*‘ Maximum sill aggregate • 1 in . ;  slump for thi s mix 2 in.

B F denotes specimen has failed.
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(Revised Jan 1972 ) /

Tsble 2-00 Section 26

Record of Testing of Concrete Seams, Omaha District Aggregate Program

1964 - ( Installed November 1964 )

Exposure Rack , Row 2 (W to ~
0 Cycles 163 Cycles

— - Cement 1964 1965 -Beam Fine Coarse Type Air Factor Pulse Vel : :1
No. Aggregate Aggregate Cement _j bags/cu yd ~~~_ fps ~~~~~ ~~~_ ~~~~~

Big Bend- i Natural ~uartsite
5 II, low 5 .9 5 .48 100 15, 195 100 102 99 -~san d alkal i (C  A

Big Bend-2 content 3 5.8 5.48 100 15, 195 100 103 101
less than

Big Bend-3 6% ) 6.2 5.46 100 15,100 100 103 101

293 Cycles 1449 Cycles 634 Cycles —

1966 1967 1968

Big Bend-i Natural Quartzite* II , low 5.9 5. 248 106 1014 102 110 53 66
sand alkali (c A

Big Bend -2 content ~ 5.8 5 .48 106 103 104 . 107 63 58
less them

Big Bend-3 6%) 6.2 5.46 104 103 103 108 70 87

788 941 1110
Cycles Cycles Cycles
1969 1970 1971

Big Bend -i Natural Qiisrtzite* 11, low 5.9 5.48 53 Ill 28Ff 39 F --
sand alkali (C A

Big Bend-2 content ~ 5.8 5.48 57 30 Ft —-
less than

Big Bend-3 6%) 6.2 5.46 67 241 NE 38 F --

O
S Maximum siz e aggregate , 1—1/2 in . ;  slump for this mix , 2_ i/ I. to 2—1/2 i n . ;  water cement r at io , 4 . 3  gal/ bag.
B F denotes epscimsn has failed.

SR A satisfactory reading was not obtained although an attempt was mede to obtain one .
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(Revised Aug 1963) section 27
“

‘

Kafl 888 City District Aggregate Program

1958 installation

In January 1958, eighteen concrete beams (6 by 6 by 30 in.) were in-
stal led on the Treat Island exposure rack to provide field durability data
on concrete specimens containing certain aggregate materials cocinercia lly
produced in the Kansas City District , CE. This instal lation is a part of
an aggregate program being conducted by the Kansas City District. The

concrete beams represented six different combinations of fine and coarse
aggregate (3 beams per combination). All concrete mixtures contained type
II low-alkali cement and an air-entraining admixture, and were designed to

3 have a water-cement ratio of 5.0 gal per bag, a slump of 2 to 3 in., an air
content of 4 to 7%, and a maximum aggregate size of 1-1/2 in. —

Table l-KCD lists these specimens and gives their exposure record
along with othe r pertinent informa tion .

Companion specimens ( 3-1/2 by 4-1/2 by 16 in.) to these Treat Island
exposure specimens were subjected to laboratory freezing-and-thawing tests
in the Missouri River Division Laboratory, Omaha, Nebr. The results of

these laboratory tests are given below:
Mixture Average %E at

No. No. of Beams Tested 300 Cycles of Pr eezing-and-thawing
1 9 29

2 9 31

3 9 9
4 9 25

5 9 59
6 9 73

1959 installation

In May 1959, eighteen concrete beams (6 by 6 by 30 in.) were in-
stalled on the Treat Island exposure rack; this installation is a part of’

the Kansas City District aggregate program. The concrete beams represented

six different aggregate combinations of’ fine and. coarse aggregate (3 beams
per combination). All concrete mixtures contained type II cement and an

4 
- 

air-entraining admixture, and were designed to have a water-cement ratio

-. -~~~-~~~ - ~~~~.
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Section 27 (Revised Aug 1963)

of 5 . 0 gal per bag, a slump of 2 to 3 in. , an air content of Ii to 7%, and a
maximum aggregate size of 1-1/2 in.

Table 2-KCD lists these specimens ax~ gives their exposur e record
along with other pert inent information .

Companion specimens (3-1/2 by 4-1/2 by 16 in.) to these Treat Island
exposure specimens were subjected to laborat ory freezing-and-thawi ng tests
in the Missouri River Division Laboratory, Omaha , Nebr . The re sult s of
these laboratory tests are given below :

Mixture Average ~E atNo. No. of Beams Tested 300 Cyc les of Freezing-and-Thawing
7 9 29
8 9 68
9 9 25
10 9 40
II 9 28
12 9 3

1962 installation
In November 1962, nine concrete beams (6 by 6 by 30 in.) were in-

stalled on the Treat Island exposure rack; this installation is a part of
the Kansas City District aggr egate program . The concrete beams represented
three different concrete mixture s (three beams per mixture). All concrete
mixtures contained type II low-alkali cement and an air-entrain ing admix-
ture , and were designed to have a water-cement ratio of 5.0 gal per bag , a
slump of’ 2 to 3 in., an air content of’ 4 to 7%, and a maximum aggregate
size of 1-1/2 in.

Table 3-KCD lists these specimens and. gives their exposure record
along with other pertinent information.

Companion specimens (3-1/2 by 4-1/2 by 16 in.) to these Treat Island
exposure specimens were subjected to laborato ry freezing-and-thawing tests
in the Missouri River Division Laboratory, Omaha, Nebr . The results of
these laborato ry tests are given below :

Mixture Average %E at
No. No. of Beams Tested 300 Cycles of’ Freezing-and-Thawing
13* 9 69
14*,e 9 56
15* 9 53
* Specimens had 14 days of curing before start of test.

~~‘ Specimens had 28 days of curing before start of’ test.
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(Reprinted May 1916) Section 27 -

1963 installation -

In December 1963, nine concrete beams (6 by 6 x 30 in.) were in- -

stalled on the Treat Island exposure rack; this installation is a part of 
-

- 

- !- 
the Kansas City District aggregate program. The concrete beams represented
three concrete mixtures (three beams per mixture). All concrete mixtures -

contained type II cement and an air-entraining admixture and were designed
to have a cement factor of approximately 6 bags per cu yd, a slump of 2 to -

3 in., and an air content of approximately 4-1/2 percent. The maximum ag-

gregate size was 1-1/2 in. in two of the mixes and 3A in. in the other
- (mixture 17). One mixture (mixture 16) contained a cement-replacement mate- 

-

rial in addition to the type II cement.

Table 11.-KCD lists these specimens and gives their exposure record 
-

along with other pertinent information. - -

Companion specimens (3-1/2 by 4-1/2 by 16 in.) to the Treat Island

exposure specimens were subjected to laboratory freezing-and-thawing tests -

in the Missouri River Division Laboratory, Omaha, Nebr. The results of’ the

laboratory tests are given below: -

No . of Avg %E at
Mixture Beams 300 Cycles of
No. Tested Freezing-and-Thawing

• 16* 9 55
l7*~ 9 3
18** 9 55
* Specimens had 28 days curing in saturated lime-
water before start of test.

** Specimens had lii. days curing in saturated lime-
water before start of test.

1969 installation

In May 1969, three concrete beamst (6 by 6 by 30 in.) were installed -

on the Treat Island exposure rack; this installation is a part of the

t These beams had 28 days curing in saturated limewater before exposure.

~ )

3

- - - A ~~~~~~~~~~~ 
-——-

~~
--- -

~~
- —S -~ -~~-——- ---— ~

——--
~~
- -—-—-—-—-— - - -  - ~~~~~~~~~~~~~~~ ~~~~~~~



r—~-~
-
~’--- — — -

~~~~

-----—- - —

~

— 

~~~~~~~~~~~~~~~~~~~ 

— - — - -

~~~~~~~ 

— - - - — ~~~~~~~ ~ - - -- _______

Section 27 (Revised May 1976) - -

-
‘-- --I

Kansas City District aggregate program. The concrete beams represented ~ 
-

three concrete batches (one beam per batch) of one concrete mixture. The

concret e mixture was air-entrained and contained type II low-alkali portland
cement and a cement-replacement material (20% by absolute volume). The mix-
ture was designed to have a theoretical cement factor of 5.76 bags per
cu yd, a slump of 2-1/2 in., and an air content of 4.7 to 5.0 percent . The

maximum aggregate size (Crushed limestone) was 1-1/2 in.
Table 5-KCD lists these specimens and gives their exposure record

along with other pertinent information.

Companion specimens (3-1/2 by 4-1/2 by 16 in.) to the Treat Island
exposure specimens were subjected to laboratory freezing-a nd-thawing tests
in the Missouri River Division Laboratory, Omaha, Nebr. The results of the - - -

laboratory tests are given below:

No. of Avg %E After
Mixture Batch Beams 300 Cycles of
No. No. Tested Freezing-and-Thawing 

-

19 1 3* 61

19 2 2* 64
19 3 3* 65

* These beams had 90 days of water curing prior to start
of’ the laboratory freezing-and-thawing test .

19714 installation

In July 19714, six Concrete beams (6 by 6 by 30 in .)  were installed 
-

on the Treat Island exposure rack; this installation is a part of the -
Kansas City District aggregat e program . The concrete beams represented 

-

two concrete mixtures (three beams per mixture). The concrete mixtures

(20 and 21) contained type II cement and an air—entrainin g admixture and 
-

were designed to have cement factors of approximately 5.3 and 5.7 bags -

per cu yd , slumps of 2—1/2 and 2 in., and air contents of 5 and 14.5 per—

cent . Maximum aggregate sizes were 1—1/2 in. Mixture 20 contained a

cement—replacement material.

14 0
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C) Section 27 (Issued May 1976)

Tables 6— and 7—KCD list these specimens and give their exposure
record along with other pertinent data.

Companion specimens (3—1/2 by 4—1/2 by 16 in.) were subjected to

laboratory freezing—and—thawing tests in the Missouri River Division

Laboratory, Omaha, Nebr . The results of these tests are given below:

No. of Avg %E at
Mixture Beams 300 Cycles of
No. Tested Freezing—and—Thawing

20* 9 64

21** 9 35

* Specimens were 90 days old when freezing-and-thawing
cycles started.

** Specimens were 114 days old when freezing-and-thawing
cycles started.
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(Revlaed Jan 1972 ) ~ -

Table 1—I~ D Section 27

~ _.•_•, ~thcture ~~ta and Record of Testing ot Concrete Beams, Kansas City District Aggregate Program

1957- (Installed January 1958)

~bcposure Rack , Row 2 (w to E)
1957-1963 ReadIngs

Ce t 0 1~ i 8 193 26k 1405 ~49~ 6t~en 3 Cycles, 95 Cycles Cycles Cycles Cycles CyclesMix- actor ycle a Pulse 
1 ]~~0 l’~~1 1~~2 1Beam tore Fine Coar se bags/ 1957 Veloc

Nc~ Nc~ Aggregate Aggregate 
- ~~~~~ ~~~~~ ~~~~~

MO-i- i 1 Sand A Limestone ~.6y 100 110 15, 430 100 99 90 92 90 84 83 76 80 i4 78
1(0-1-2 A 5.60 100 112 15, 150 100 102 93 93 94 89 86 79 95 79 80
KC—i—3 5.59 100 110 15, 150 100 106 95 99 96 93 87 84 88 83 76

1(0-2-1 2 Sand B Limestone 5.36 100 iii 15, 060 100 104 95 93 94 87 88 77 86 75 81
1(0-2-2 AA 5 . 34 100 109 15, 060 100 102 94 88 90 85 81 76 76 T4 60
KC-2-3 5.314 100 108 15, 060 100 1014 97 95 98 90 90 78 89 78 8i

110-3-1 3 Sand B Limestone 5.39 100 88 14,125 100 74 73 46~~1(0-3-2 B 5.36 100 88 14 ,045 100 68 72 1482
110—3-3 5.41 100 Broken at installation

1(0-4-i 14 Sand B Limestone 5.34 100 108 14 ,620 100 112 99 105 99 88 93 82 92 76 85
110_14_2 C 5.314 100 107 114 ,535 100 113 98 108 104 92 96 86 96 83 93
1(0-4-3 5.140 100 105 14,795 100 109 100 100 100 89 914 79 89 80 83

1(0— 5-i 5 Sand B Limestone 5.16 100 112 15, 430 100 1114 98 108 105 1014 103 101 85 99 69
1(0-5-2 D 5.14 100 1114 15,530 100 114 98 112 100 107 103 101 104 102 95
1(0-5-3 5.15 100 111 15,530 100 113 98 110 102 108 103 100 e-a 102 73

1(0—6-i 6 Sand C I.ime.tone 5.814 100 111 15,335 100 116 99 112 105 111 108 106 1014 109 79
1(0-6-2 0 5.83 100 111 15,335 100 117 101 113 105 111 108 106 109 109 108
1(0-6-3 5.81 100 112 15, 245 100 117 101 115 106 113 106 107 112 106 112

19614_1971 Readings
735 8913 1028 1184 1369 1523 1676 1845

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1964 1965 1966 1967 1968 1969 1970 1971

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

KC —i-1 1 Sand A Limestone 5.67 64 69 59 68 514 14g F
KC-1-2 A 5.60 69 68 62 68 

~~ 49 514 38 F --KC- 1—3 5.59 76 68 71 68 
~~ ~~ 514 143 34F 32

1(0—2- 1 2 Sand B Limestone 5.36 65 -- 71 -- 63 -- 56 —- --1(0-2-2 AA 5.34 69 -- 62 -- 60 -. F
1(0—2-3 5.3 4 74 70 65 32 63 51 55 514 F — -

KC —4—i 4 Sand B Limestone 5.3 4 66 77 67 82 714 64 74 68 r --1(0-4-2 C 5.34 72 85 62 85 F
KC—4— 3 5.40 66 83 61 82 F

- 

- 
1(0-5-i 5 Sand B Limestone 5.16 97 89 108 91 110 89 103 91 94 88 92 84 96 77 ~~ 614
KC — 5—2 0 5.14 97 99 78 101 86 88 82 90 76 55 714 82 82 78 814 59
1(0—5-3 5.15 98 94 914 101 914 83 94 67 92 89 90 77 94 83 95 66

1(0-6—1 6 Send C Limestone 5.84 102 98 101 110 101 87 97 98 97 101 97 89 99 86 97 71
1(0.6—2 0 5.83 101 104 99 117 97 88 97 95 93 g4 91 85 91 82 ~~ 69
1(0—6—3 

- 5.81 104 
~9 

102 120 100 89 100 98 98 99 94 92 96 88 98 75

i~i
-- Dashed line s in “~ V2’ column indicate end of specime n was too rough to obtain satisfactory reading.
* F denotes specimen has failed.

~ -* A spur ious reading was obtained on this bean in 1962 and was discarded.
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(Revised August 1977 )
Table 1-1(00 (Continued) 8eotto~ 27

~ J Exposure Rack . Row 2 (V to N)
1972- Readings

Cement 2002 2142 2278 2390 2536 2613
Factor Cycles Cycle. Cycles Cycles Cycles Cycles

Bear tur. Fine Coaree t..4 / 
1912 1973 ~~Th_ ~~~~~ i2&.,, _

~11.,.No. No. Aggregate Aggregate ~~~~~~ ~~~
IC C-S-i 5 Send 8 Limestone 5.16 96 66 98 79 91& 82 88 70 92 * 64
1(0-5-2 0 5.14 51(4 79 88 8~ 88 8~ 84 66 78 * 76

5.15 74 65 9~ 83 93 90 93 107 8~ * 81
- 1(0-6-1 6 Send C Limestone 5.84 95 87 101 94 93 98 97 121 89 96 89 91

1(0-6-2 0 5.83 89 78 91 90 89 93 69 75 85 94 85 80
~C-6-3 5 .81 96 79 96 98 92 93 90 7’? 88 85 86 92

/
( 

I

4 115 denotes a satisfactory reading was net obtaine d as specimen would not respond to fBexural vibration . (~~ie.t 2)
• Nod of specimen tom, rough to obta in reading . %y2 data discontinued.
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( ~ Table 2-KCD (Continued) Section 27
\_ Exposure Rack, Row 2 (w to N )

1972- Readings

Cement 7809 19149 2085 219’7 231+3 21420

Mix- Factor ~~~ les Cycles Cycles Cycles Cycles Cycle s

— Beam ture Fi ne Coarse bags/ 1972 1973 1974 1975 1976 1977
• No. N~~ ~~~~~~~~te Aggregate cu~~~ JL ~~~~~ -~~~~ ~~~~~ ~~~~~ -~~~ ~~~~~

Kc-8-1 8 Sand BB Limestone 5.44 99 79 10]. 104 95 91 95 117 93 87 83 72
KC -8-2 F 5. 144 NR44 55 MR 94 Failed

- 
KC-8-3 5.47 1111 68 NB 79 Failed

- 
- 

(1) 4$ Beti.factery ra iding not obtained due to deteriorated conditi on of specimen. (~~ eet 2)
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(Revised August 1977 )

Table 3-1(00 Section 27

Mixtur e Data and Record of Test ing of Concrete Beers, Xansas City District Am~~ egate Program

1962- (~nsta 11ed November 1962) -

t Exposure Rack, ~~w 2 (w to E )
1962-i967 Readings

Cement Cament 0 Cycles 1962 l~ €’ 21+1 ~404 5314 690
Mix— Replace- Factor Poise Cycles Cycles Cycles Cycles Cycles

Beam ture Fine Coarse ment bags/ Veloc 1963 1964 1965 1966 1967
No. _!!2.L Aggregat e Aggregate Material ~~~~~~~~~ ~~~~ ~~~~~~ ~~~ ~~ ~~~ ~~~ ~~~ ~~~ ~~~ ~~~ ~~~~ ~~~~

1(0-13-1 13 Sand E Limestone None 5.47 100 15,150 100 117 101 102 100 102 110 100 101 94 101+
KC- l3-2 F 5.44 100 14,795 100 103 102 103 105 1014 116 100 100 100 105
1(0-13-3 5.146 100 15, 150 100 103 102 103 99 101 112 99 95 93 104

1(0-14-1 lI~ Sand N Lime st one Fly ash* 5.13 100 14,535 100 102 104 102 104 103 130 101 98 101 105
KC—1l+-2 F 5.16 lao 114,705 100 104 100 1014 107 102 116 104 101 102 102
KC-].4-3 5.13 100 14 ,535 100 104 105 102 102 100 109 98 98 98 106

1(0-15-i 15 Sand E Limestone None 5.37 100 15,060 100 103 98 101 95 99 90 99 93 95 95
1(C-15-2 C 5.36 100 15, 060 100 102 105 101 95 97 101 99 93 91 95
102-15-3 5.38 100 15,150 100 103 io4 101 95 100 100 100 86 100 92

1968-1973 Readings
875 1029 1182 1351 15C~ 1645

Cycles Cycles Cycles Cycles Cycles Cycles
1968 1969 1970 1971 1972 1973

1(0-13-1 13 Sand E Limestone None 5. 147 98 100 98 914 96 90 94 75 82 87 88 101
1(0-13-2 F 5. 144 97 1014 100 98 96 95 95 86 92 93 90 106
ICC-i3—3 5.146 97 100 99 914 97 90 96 75 89 75 93 87

ICC-1I#-1 114 Sand B Limestone Fly ash* 5.13 101 107 99 102 97 99 97 74 101 86 101 88
KC -l4-2 F ~.l6 102 105 102 99 102 97 101 72 89 88 106 80
1(0-14-3 5.13 100 105 98 99 98 95 106 68 100 -- 122 86

1(0-15-i 15 Sand E Limestone None 5.37 93 93 91 87 93 84 101 56 103 77 76 81
I 102-15-2 C 5.36 80 85 80 76 84 75 ~~

KC -15-3 5.38 84 81 81+ 70 82 68 85 -- 814 -- F F

19714— Readings
1784 1896 20142 2119

Cycles Cycles Cycles Cycles
1974 1975 1976 i977

1(0—13—i 13 Sand E Limestone None 5 .14 7 82 101 84 116 84 96 82 86
KC— 13—2 F 5. 1414 88 104 81+ i~~ 88 98 81+ 90
1(0—13—3 5. 1+6 91 82 85 123 87 90 87 92

1(0—11,—i 14 Sand B Limestone Fly ash ’ 5.13 68 85 50 65 NB BR Failed
KC—14 —2 F 5.16 100 82 71 101 67 BR Failed
1(0—14—3 5.13 113 80 Failed

1(0—15—1 15 Sand E Limestone None 5.37 63 76 Fa iled
C

i
I

U * Fly ash cont ont , 25 percent rep isoar ent by ~~~~~~~

L F denotes specimen ~ea tailed.-- Dashed lines in ‘~%V” indi cate that end of specimen was too rough to obtain .ati .factory readi ng.
SR Denote. no aat t~factor y readi ng was obtained.

- ~~ d - ~~~~~
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$ 
Table 4-1(00 Section 27

— 
/ Mixture Deta and Record of Testing of Concrete Bears, Kansas City District Ag~~egate Program

1963- (Installed December 1963)

Exposure Rack, Row 2 (w to E)
• 1963-1967 Readings

C ot 0 Cycles 1963 
121 254 414 570

Mix- Replace - yactor ~~~~ Cycles Cycles Cycles
Beam ture rent Fine Coarse tegs/ veins ________ 19 5 1 1967

• 
No. No. Cement Material Aggregate Aggregate 

~~~~~ j~ ~~ ..i~.... ~~ ~~ ~~ ..~~~ ~&
110-16—1 16 A Fly ash5 Sand B Li~~ atone 6.25 100 14,535 100 104 105 104 98 106 104 106 122
110-16—2 F 6.27 100 14,705 100 104 105 105 95 103 105 103 1~l4KC-16-3 6.26 100 14,620 100 103 105 104 101 100 106 100 114

1(0-17-1 17 B NOne Sand F Gravel B 6.00 100 14,205 100 104 108 78 92 65 38 F
(0-17-2 6.02 100 14 ,535 100 103 109 74 82 ~(0-17-3 6.00 100 14 ,125 100 103 110 49F** 77

1(0-18—1 18 C None Sand 0 ~ 1artZite 5.73 100 14 ,105 100 102 107 100 100 102 111 102 117
110-18-2 5.77 100 15, 150 100 102 102 102 98 104 109 106 113
1(0-18—3 ~ .74 100 15, 060 100 102 100 104 98 104 108 104 115

1968-1973 Readings
— 755 909 1062 1231 1388 1528

Cyc les Cycles Cycles Cycles Cycles Cycles
1968 1969 1970 1971 1972 197 3

KC -16-l 16 A Fly ash* Sand B Limestone 6.25 101+ 114 108 107 106 104 108 87 104 95 100 99
KC-16-2 F 6.27 107 110 109 105 109 100 107 84 105 88 107 93
1(0-16-3 6.26 104 111 108 105 106 101 NR+ 88 108 95 104 88

1(0-18-1 18 C None Sand 0 Qusrtzite 5.73 102 116 106 107 106 105 104 51~ 100 84 98 80
IC C—18-2 5.77 102 109 104 104 108 102 106 85 104 87 92 88
1(0-18-3 5.74 104 109 106 99 110 108 107 81 83 90 100 76

1974— Readings
— 1664 1776 1922 1999

Cycles Cycles Cyc les Cycles
1971. 1975 1976 1977

KC—l6—1 16 A Fly ash ’ Sand B Limestone 6.25 98 106 98 137 91+ 79 90 96
1(0—16—2 F 6.27 109 65 109 130 105 100 109 100
1(0—16— 3 6.26 lob 68 104 125 1014 90 lo4 SR

KC—18—l 18 C None Sand G Quart zite 5.73 102 106 102 82 82 93 100 No
ItC—18—2 5.77 61+ 65 Failed
1(0—18—3 5.74 92 68 80 72 176 BR Failed

t

I
* Fly aeh content , 25 percent replac ement by volume .

** F denotes specimen has failed .
NE denotes satisfactory reading was not obtained as specimen would not respon d to fiexural vibration .

--

~
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(Revised August 19’??)

Table 5-KCD Section 27

Mi xt ure Dat a and Record of Testing of Concrete Beams, Kansas City District Aggregate Program

~~2_ 
(Installed May 1969)

Bxposure Rack , R o w 2 ( W to E)
Avg** 1969-1972 Readings
28-day Initial Laboratory 1Compres- Readings , 1969 Cycles Cycles Cycles Cycles

Mix- Air sive Pulse 
1969 1970 1971 1972

Beam t ore Batch Content Strength Veloc
No. N~~ No~~ Aggregates % psi ~~~ —

1(0-19-1 19 1 Crushed limestone 14.9 3360 100 14 ,620 100 101 100 93 97 88 84 83 92
1-1/2 in. max

KC-l9-2 19 2 Crushed limestone 5.0 3360 100 14 ,620 100 100 100 90 98 87 414 83 91
1-1/2 in. max

1(0-19-3 19 3 Crushed limestone 14.7 36140 100 14,620 100 106 101 90 98 90 85 88 92
1-1/2 In. max

1973— Readings
619 755 867 1013 1090

Cycles Cycles Cycles Cycles Cycles
1913 1971. 1975 1976 19’??

1(0—19—i. 19 1 Crushed limestone 4.9 3360 83 102 83 114 83 78 81 111+ 66 109
1—1/2 in. max

KC—19— 2 19 2 Crushed limestone 5.0 3360 82 914 82 1114 79 77 71~ 110 79 104
1—1/2 in. max

KC— 19—3 19 3 Crushed limestone 14 .7 36140 81+ 101 86 113 86 139 82 116 82 105
1— 1/2 in . max

(~~~~~~~~~
)

I

- - - . t - ,  of all three batches was 5.39 gal/~sg or 0. 149 by weight.

~~~~~~ ~~a.4 cc~~ reuiv* stren gt h of three 6- by 12-in, cylinders per bat ch.

——



(Revised August 1977)

Table 6—KCD Section 27

Mixture Data and Record of Testing of Concrete Beams. Kansas City District Aggregate Program

1975— (Installed July 19714)

Exposure Rack , Row 2 (w to K)
Avg ’ 1971.- Readings

28—day Initial Laboratory 11 258Compres— Readings , 19714
Mix— Air aive Pulse Cycles Cycles Cycles

Beam tore Batch Content Strength Veins 2 ~~~ ________ ________

No. No. No. Aggregates ______ pal ~~~ j~~~ ~y_ ~~~ %v2 a~ ~~~ ~L ~!:
KC—20—1 20 1 Crushed limestone 5.0 3360 100 14 .285 100 102 134 i01, 117 106 109

1—1/2—in. max

KC—20—2 20 2 Crushed limestone ~~l+ 3280 100 114 , 370 100 107 129 105 107 110 101
1—1/2—in. max

KC —20— 3 20 3 Crushed limestone 5 .3  3260 100 14 ,285 100 106 131 108 115 113 102
1—1/2—in. max

0 .: ~~:r:: e=~ 
ratiO of .11 t~~e. batch.. ~~ 5.314 ge~~~~~~~~ 

~~r~~~ tch.
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Table 7-1(02 Section 27

Mixture Data and Record of Testin g of Concrete Beans. Kansas City District Aggregate Progr am

1975— (Inst alled Julj 1971+)

Exposure Rack . Row 2 (w to N)
Avg’ 19714— Readings

28—day Initia l Laboratory 112 258 335Co.pre.— R.sdi~gs . 1971+ d e e  d e s d e s
Mix— Air sive Pulse 1 1 6 1Beer tore Batch Content Strength Veloc 2 ~~~ ~~ ________

jo. No. No. Aggregates ______ pci 1! .....~~~~... IL. .1! IY.~ IL I!~ IL I!~
KC—2i— 1 21 1 Crushed limestone 5.0 14600 100 1l, ,795 100 102 131. 106 UI, 101, 1014

1—1/2—in. max

KC—20—2 21 2 Crushed limestone 14 .9 5150 100 114 ,620 100 101 132 107 111, 109 106
1—1/2—in. rex

1(0—21—3 21 3 Crushed limestone 5.1 1+930 100 114 ,535 100 102 139 106 116 106 105
1—1/ 2—in. rex

(_ —
)

• Th, water—cement ratio of .11 three batch., was 5.28 gal/avt or 0.44 by Vt.
55 Averag, based on conpr.ssive strength of three 6— by 12—in , cylinders per batch.

_______ ________ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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(Corrected Aug 1965) Section 28

L.

Eufaula Darn Aggregates Study

In October 1958, three concrete cubes (8 cu f t )  were installed at
half-tide elevation on the beach at Treat Island as part of a program being
conducted by the Tulsa District , CE , to develop information about the ag-
gregates to be used in Eufaula Dam . These aggregates were from the Tulsa
Dis trict . The cubes were fabricated at the Southwestern Division Labora- - 

-

tory, Dallas, Tex .
The cubes were made of air-entrained concrete , admixture Z being

the air-entraining admixture ; type II cement was the cementing medium. The
aggregates were a natural sand fine aggregate and a crv.sh stone coarse
aggregate. Two cubes contain 6-in , maximum size aggregate, the other con-

tains 3-in , maximum size aggregate. All cubes were fabricated in August
1958 .

Table 1-ED lists these specimens and gives their exposure record
along with pertinent mixture data .

V 
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(Revised August 1977 )

t ) 
Table 1—El) SectIon 28

\,,, / Mixture Data sod Record of Testing of Concrete Cubes, Eufaula Dam Aggregate Study

1958- ( InstaUed October 1958 )
Beach Nov 1 (w to N )

Readings

Coarse Aggregate Water- Theo 0 Cycles. 1058 Cy les Cycles C e a  C, es C ciea C e s  C y s)~~ximum Cement Cement Pulse 1 1- 1 ~ 1 2 1 1 1Cube Size Descrip— Air Ratio Factor Veioc
No. im. tion ~j  gal/bag bags/cu yd ~~~~~~~~~ ~~~~~ ~~_ •J~~, ,_,~~~~~~ ,•j~~ , _IL ,..i’L ...iL
1 6 Poor 5.4 4.97 14.0 14,450 100 95 101 96 100 102 ]~10 113

2 6 Random 5.9 4.85 4.0 14,650 100 95 100 100 104 107 110 107

3 3 Random 5.7 5.30 4.0 114,075 100 95 103 99 102 108 111 U2

1966-1973 Seedings
985 1141 1326 11480 1633 1802 1959 2099

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1966 1967 1968 1969 1970 1971 1972 1973

1 ~~~~~~~ ~~~~~~~ ~~L iL ~~~~~~~ ~~L ~~L

~ ::: ::: ;:~ : : :: ~: : : :
1974— Readings

2235 23147 2493 2570
Cycles Cycles Cycles Cycles
19?’. 1975 1976 1977

1 6 Poor 5.14 5.97 5. 0 95 88 ~~ 97
~-( 2 6 Random 5,9 4, 85 5.0 115 109 108 93

- .,_,_/ 3 3 Random 5.7 5.30 5.0 109 99 96 93

4~II) 
S Squi ssnt .slfusetion,d in 1973.
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— (Reprinted Aug 1971~) Section 29 - - ‘

Alkali-Aggregate Reactivity Investigation

The purpose of this investigation is to determine the effect on

alkali-aggregate reactivity- of varying amounts of C
3
A (tricalciuzn a.iuminate)

in high-alkali and low-alkali cements in concrete specimens exposed to sea
water at St. Augustine, Fla.

1955 Installations

In August 1955, 72 concrete beams (6 by 6 by 30 in.) were installed.

on the exposure rack at St. Augustine, In September 1955, 36 concrete

beams (6 by 6 by 30 in . ) were installed outdoors at the Waterways Experi-
isent Station Suboff’ice, Jackson, Miss. The beams installed at Jackson were

controls for those installed at St. Augustine. The concrete was air-
entrained, arid had a water-cement ratio of 0.5 (by wt), a slump of 2-1/2 +
1/2 in., and an air content of 5.0 + o.~%. Cement factors were in the
range of ti.5 to 5.8 bags per cu yd. Twelve concrete combinations were

represented., in which two fine aggregates, three coarse aggregates (mazi-

mum size, 1-1/2 in.), two pozzolans, two high-alkali cements, and two
law-alkali cements were used. Nine beams represented each of the 12 can-

binations (six beams at St. Augustine arid three at Jackson).

Table l-AA lists the specimens and gives their exposure record along

with other pertinent information.

In November 1957, two of the specimens exposed at St. Augustine were
returned to the laboratory for study (specimens 1823 and 1850). The
findings were :

Beam 1823: Showed evidence of slight alkali-aggregate reaction;
no sign that this had been damaging to the concrete.
Beam 1850: Showed evidence of heavy alkali-aggregate reaction
arid of heavy sulfate attack. The effects of this had been
damaging to the concrete .

1956 Installations

In August 1956, 36 concrete beams (6 by 6 by 30 in.) were installed

10  
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SectIon 29 ( Revised Aug 1973)
- -

on the exposur e rack at St. Augustine and 18 concrete beams (6 by 6 by
30 in.) were installed outdoors at the WES Subof’fice, Jackson, Miss.
The beams installed at Jackson were controls for those installed at
St. Augustine . The concrete was air—entrained and had a water—cement

ratio of 0.5 (by wt), a slump of 2—1/2 + 1/2 in., and an air content of

5.0 + 0.5%. Cement factors were in the range of 4.5 to 5.8 bags per

cu yd.. Six concrete combinations were represented , in which two cement

replacement materials, one high—alkali cement , one low—alkali cement ,

one fine aggregate, and one coarse aggregate (maximum size, 3/4 in.)

were used. These six combinations represented a repeat of two of those

included in the 1955 group plus each of these with the inclusion of each

of two pulverized water—quenched iron blast furnace slags used as cement

replacement materials . Nine beams represented each of the six combina-

tions (six beams at St. Augustine and three beams at Jackson).

Table 2—AA lists the specimens and gives their exposure record

along with other pertinent information.

In August 1971, 15 beams (9 from 1955 installation and 6 from 1956
installation) were returned to the laboratory for study . The testing

and installation of specimens at St. Augustine were discontinued. after

the 1970 inspection .

I
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Tmbls 1-M Nection 29

- ‘.~ . Record of Testing at Concrete Ree s~ Alkali-aggregate Reactivity Investigation

~ ~ 1955. (Insta j~~4 ~ .gust and 8evt.~~er 1955)

1955-1964e Reading s
1955

Rsp1..c~~~ nt Puiss
Bei~ ~~t.ris1~ Pins Cosj .s5 y~j~~
-~~1 

Cuasnt (Possolam) Aw.~~te Awegats ~~ ,~~~~~~~~ f~ J~ ~~ J~ ~yf ,~~~ ~~ ,~~ 1!~ ~~
Bs_s Installed at St. Augustine, Tim.. Ang 1955

1823 IC 331 None Nat sand ~st grsvel 100 14,620 100 1014 117 -

18215 high alkali + quar ts- 100 114,970 100 103 99 115 96 61. ~8 pan.a
1826 b y  C~A it. (5%) ioo 15,620 100 3.02 100 126 100 ts
1827 100 114,535 100 104 104 12i 102 92 92 Failed
1829 100 1I.,880 3.00 104 99 125 90 tt
3.830 • 100 15,060 iSO 103 98 131 97 106 93 56 8~ Pitied

1832 m 333 $on. Pet send ~at gravel 100 114,370 100 1-07 106 133. 109 116 iii 111 123 109 102
1833 b y  alkali + ~~~~~~~ 100 1I. ,3’rO 100 109 109 132 109 112 1U icS 120 108 i06
1835 lou C? it. (~%) 100 114,1.50 100 107 105 1.1.7 159 112 111. 106 111 - 106 ios
1836 100 15,060 100 107 102 120 102 115 108 109 116 107 100
1838 100 15,060 100 108 98 119 102 i3~ 106 i09 112 lOT 99
1839 100 15,880 100 108 101 120 102 115 106 icS 113 106 101.

181e1 I~~ 333 ISoi~s Ligeston. Lthestone 100 lIe,880 100 109 112 120 1.15 119 121 113 122 110 1-12
151s2 m v  alkali send 100 15, 150 100 109 108 120 112 119 118 115 128 112 113
i841~ low Ct 100 15,975 100 112 13.2 121. 1i6 117 119 105 127 103 119
181.5 - 100 14,705 1.00 111 110 332 113 118 122 iii 131. 3.01 119
181.7 100 14,535 100 31~ iii 1116 1.1k 119 122 118 125 118 116
j51e5 100 14,535 100 11.3 11~ 1.39 3.17 120 123 Uk 137 115 116

i85o m 332 none Fat seed list gravel 100 15,125 100 69 ST :~- -

1851 high alkali + quartz- 100 14,370 350 66 83 121e 36 FaIled
1853 high C~A it. (5%) 100 14,795 100 68 87 t
18514 - 100 14,620 100 86 89 110 39 FaIled
1856 ~ 100 15,620 100 67 78 ir 23 Failed
1857 100 14,620 100 56 ‘r9 73 26 Failed

~ J 1859 NC 332 Poe. Liasstone U~ setoea 100 15,060 100 105 109 126 3.06 110 113 105 122 122 108
~ \a_._ 1860 hi~~ alk..li sand 100 14,880 100 105 109 120 117 110 115 99 121+ 107 112

~ 
1862 hi~ s C~A 100 15, 245 100 106 105 126 110 110 112 106 121 1014 1C~

- 1~863 100 14,795 100 105 109 12~4 113 112 113 108 122 108 112
- 1865 100 i~,62o 100 105 105 123 111 1-08 113 lOb 12~ 108 109

~ 
1866 3.00 14,620 100 105 109 12~ 109 119 120 3.15 132 115 111

~ 1868 ~~ 33b ice. Li.sstcme £âasstoos 100 14,705 100 108 i11~ 1.25 117 107 116 103 122 103 106
1869 low slkaJ.i seed 100 114,205 100 1.10 115 230 116 119 120 l1l~ 129 111i liT
1871 hi~~s C~A 350 il~,620 100 110 113 1~~ 1-36 116 120 112 3.28 113 111

-
~
. 1872 100 i~,880 100 110 113 326 115 117 118 iii 131 117 112

—~- 1874 1 i.oo xI~,9~ro 100 108 109 127 112 318 116 u.h 126 U~ 110
1875 100 14,880 100 108 189 131 112 117 115 112 125 112 110

~ 
1877 I~ 331 Pone let send Pat gravel 1-00 15, 060 100 104 99 125 101 110 104 105 109 110 101

- - 1878 hi~~ a1~~J.i 100 14,705 100 103 89 115 101 109 109 102 11~ 102 101
1880 law Ct 100 14,795 100 103 100 129 100 108 105 107 113 103 99
1881 3.00 15,795 100 104 100 121 100 110 106 io~ 113 108 99
1883 - 100 114,970 100 107 98 121 98 108 105 104 109 108 9~1884 100 14,970 100 105 99 

- 

118 100 111 105 b r  106 107 96

1886 m 332 lone lot send l!.t gravel 100 14,285 100 105 97 115 109 107 105 103 106 105 100

• 1887 hi~ s slksli 100 14,450 100 i04 98 113 97 106 104 107 lOT 104 98
1889 h1~ s C~A 100 14,370 100 103 98 112 100 111 106 107 110 109 100

4 1890 100 14,535 100 104 99 117 98 111 106 108 113 108 99
4 1892 boo 14,880 100 104 98 115 97 107 101 103 105 106 95

1893 100 15,620 100 106 98 136 99 105 102 102 109 102 94

1895 ~~ 331 ~~a1s 30% lot send 
- 

lot gravel 100 13,735 100 115 102 131 112 107 109 102 119 105 105
1896 h1~~~ alkadi + qner ts- 100 13,810 100 114 102 131 105 125 109 119 1.16 123 105
1898 Iov C3A it. (5% ) 100 14,1.25 100 109 99 122 102 119 110 113 115 113 102
1899 100 111, 370 100 110 98 123 101 121 107 113 111 119 93
1901 100 13,890 100 113 99 129 110 133 110 125 113 119 110
1902 100 14,125 100 110 99 127 102 121 106 115 122 122 99

4 1905 IC 331 123? sab 20% Pat send lot gravel 100 15,705 100 206 97 122 95 US 106 107 112 102 96
- - 1905 h1 522111 + enerts- 200 14,705 100 107 98 122 201 US 207 108 113 106 98

1907 low C,A 1t (5%) 100 14,705 100 208 205 106 101 96 110 93 115 92 100
- 1908 100 14,795 200 loS 102 116 102 110 107 103 115 107 99

1910 100 iS,88o 100 107 98 122 100 112 105 107 US 109 98
-

- 
1911 100 14,880 100 108 97 120 100 113 105 109 110 106 98

- (Ccstinu.d)
- e Psrcentsges given are b~ voli s of .atsrtal r.piec.d.

- Se Pas.,~’~~d to 1sborst~~y liu,~~~sr 1957. -
-
~ $ lo~okun in ~~~~~~~~ 1958.

$$ lroksn in ~~~d1inp 1960. 
~~~~~ 1)

Lfr_.. 
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- (Revised Sept 1966 )

- Tab le 1-AA (contInued) Section ~9

I ) 1955.,l~~~ Read ings
‘— —  1955

ReplnceLent Pulse 1 2Bees )isterial Fine Coarse Veboc _______ 1

~!2~ 
C~~~ nt (Pozzolan ) Aggregate Aggregate ~~~ ~~~~~ ~~~ ~ ~yf ~ ~ ~ ~ ~ ~ j~

Beans Installed at St. Augustine. Pie. • Aug 1955 (Continued)

1913 RC 332 Shale 30% Nat sand Nat gravel 100 13,515 100 114 102 132 106 122 110 117 117 121 106
1914 high a22ali + quarts- 100 13,515 100 111 103 130 X06 124 113 115 ll~ 119 104

~ 1916 hieji C~A Ito (5%) 100 13, 890 100 110 102 126 103 119 111 113 U9 115 101

~ 
3917 100 13,890 100 113 103 12l~ 105 118 no 113 115 113 101 - -

~ 1919 100 14,125 100 1)1 102 127 106 116 106 110 111 11.1. 99
~ 1920 100 14,285 100 112 97 130 100 120 105 115 112 113 97

~ 1922 IC 332 Fly ash 20% Rat sand Nat gravel 100 l1~,535 100 107 100 75 92 F* 72
1923 hi~~ alkali + q.j~~~z~ 100 lI~,450 100 106 104 100 99 F 78
1925 bi~~i C~A Ito (5*) 100 1h,535 100 106 100 68 86 F 73.
1906 100 114,535 100 107 101 120 102 112 105 66 89 43F 58
1928 100 14,705 100 io8 100 129 99 115 101 53 72 40F 46
1929 100 14,970 100 107 100 115 96 69 85 F 70

Beans Installed ~t Jackson, Mien., Sept 1955

1825 RC 331 None Nat sand Nat gravel 100 14,970 100 102 104 98 102 108 98 102 101 100 99
1826 hi~ i alke3.i + quar-tz 100 14,795 100 105 104 Ui. 100 107 98 100 100 101 98 3
1831 b y  C? Ite (5% ) 100 111,795 100 102 105 103 102 107 98 101 99 101 98

1834 IC 333 None Nat sand Nat gravel 100 1A, 205 100 104 101 107 108 109 105 103 106 103 105
- 1837 low alkali + ~~~~~~ 100 114,880 100 105 105 109 108 111 102 105 98 103 95

~ 
181,0 low C? ite (~%) 100 3.4,620 100 106 109 110 106 112 105 106 102 105 101

1843 l~ 333 None I4jeestone Linestone 100 14,880 100 105 132 108 115 110 136 103 109 1014 110
181,6 low aieali sand 100 lIe , 370 100 107 114 112 118 114 117 107 117 107 115
181,9 low C~A 100 ~~ 370 100 108 h A  112 118 116 117 107 114 109 UT

1852 RC 332 None Nat sand Nat gravel 100 14,125 3.00 3.Ql~ i06 ioi 105 108 100 3.Q14 102 99 99
1855 high alkali + quartz- 100 14,535 100 103 1011 106 100 110 97 105 98 99 96
1858 high C~A ite (5% ) 100 14,535 100 100 101~ 104 101 104 99 98 98 96 96

1861 IC 332 None Limestone Limestone 100 14,880 100 102 109 108 113 111 113 103 109 103 115

~ 
__
\ 186i, hIgh alkali send 100 114,450 100 102 116 106 121 111 3.20 104 117 103 121

¶ ___ t 1867 hieji C~A 100 14,450 100 100 106 104 UT 109 116 101 117 101 114

]~87o l~ 334 None Limestone Linestone 100 1l# ,535 100 104 101 111 1.13 113 1111 105 114 105 114
1873 b y  alkefl sand 100 i4,4~o 100 105 113 112 117 114 114 106 116 106 113
i8r6 high C~A 100 14,705 100 104 107 111 110 113 110 3.04 112 104 111

1879 ~~ 331 None Nat sand Nat gravel 100 13,965 100 103 115 106 112 111 110 103 114 103 108
1882 high alkali 100 14,705 100 102 107 104 102 108 100 102 100 102 99

~ 
1885 1~i~ C~A 100 15, 060 100 101 102 104 97 108 95 100 100 100 96

1888 1V~ 332 lone Nat send Nat gravel 100 3.14, 125 100 103 107 107 100 110 98 101 105 101 100
]~891 hi~~i alkalI 100 13, 890 100 104 111 109 105 111 100 104 107 102 101
1894 high C~A 100 14,620 100 103 101 105 98 107 94 101 96 98 93

L 1897 l~ 331 Shale 30% Nat send Nat gravel 100 13, 660 ~00 95 102 103 98 106 94 101 102 100 99
.- 1900 hi~~ allt*li + quartz- 100 13,515 100 98 106 107 102 110 100 103 104 98 103.
~

- 1903 low C? Its (5% ) 100 13,735 100 93 101 100 99 105 96 98 101 98 98

~ 1906 ia~ 331 Fly ash 20% list send Nat gravel 100 14, 535 100 96 106 102 101 106 107 98 101 98 100
I 1909 hl# alkali + quartz- 100 14,055 100 99 112 104 107 108 10~ 100 108 98 107

~ 
1912 1ø~i C~.A Its (5%) 100 14,705 100 94 102 99 100 103 100 96 100 

~~

. - 1915 20 332 Shale 30% Nat send Nat gravel 100 13, 160 100 93 103 102 103 107 bOle 100 105 95 102- 1918 hi~~ a2~ka1~i + ~~~~~~~ 100 13, 890 100 99 101 108 100 110 99 103 102 101 99: ~ 
1921 hi~~ C~A it. (~%) 100 13,515 100 96 102 103 103 105 95 98 104 94 98

~ 
~~~~ lI~ ~~~ 

p~ , ash 20% Rat snd Nat gravel 100 14,205 100 97 101 103 105 107 102 99 106 97 105
1927 hI~~i alkali + quarts- 100 14,795 100 101 107 106 99 104 100 98 101 99 100
1930 hL~~ C

3
1 it. (~%) 3.00 lIe ,705 100 96 1014 104 99 115 98 100 100 96 99

I P denotes specinen baa failed . (5~eet 2)
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L) Table 1-~~ (Cont1~~ed) Section 29

Rep1a~~ ~ent 
1966-197~) R e a d i n gs

Beam ?4ater~ a1 Fine Coa r se 19~t~ 196~i 1970

~~~~ 
Cement (lbzzolaxi ) Aggregate Aggregat e j~ ~~~ j~ ~~ ~E ~v”

Beams Installed at ~t Auguetine, F]a ., Aug 1955

:~ 
• 1832 RC 333 None Nat sand Nat gravel 109 121 109 110 109 109 

—

1833 low alkali 4- quartz— 108 123 110 lfl 110 105
1835 low C A ite (5~) 107 125 108 111 108 107
183~ 107 119 113 10~4 113 108

. 1838 107 120 103 103 103 101
1839 108 Li~j 112 105 112 106

1841 RC 333 None Limestone Limestone 101 133 99 11~4 99 120
1842 low alkali sand ll~1 126 t13 117 113 115
1844 low C ,A 101 132 105 111 105 116
1845 111 13~ 115 i1~ 1)7 119S 1847 115 13~ 11~ 119 116 119
i8I~8 113 137 112 ~~ 112 116

~ 
1859 RC 332 None Limestone Limestone 103 138 105 109 103 105

~ 1860 high alkali sand 103 126 101 113 101 109
3: 1862 hi gh C A 103 123 108 108 106 105
-
~ 186 3 ~ 106 122 108 112 108 110
~ 1865 l01~ ]~7 102 109 104 112

1866 1l~ 131 119 122 119 117

1868 NC 331s None Limestone Limestone 99 119 103 112 99 105
1869 low alkali sand 116 l3~ U~ 118 iTh 117
1871 high C A 113 133 111 117 111 111+
1872 ill 129 111 115 111 118
187i 114 125 121 113 121 113
1875 112 127 117 ill 117 116

~ 
15-n- NC 331 None Nat sand Nat gsavel 106 113 110 101 112 105

~ t ’0(4 high alkali 103 116 ,9 107 99 108
~ 1~38(~ low C~A 105 116 105 106 105 107

~ 
1881 105 105 l0~ 108 10~ 107:, 1883 105 111 110 101 108 92

I 
-—‘

~ 
1884 107 107 106 102 110 95

‘- 1~ _

- 

1808 NC 332 None Nat sand Nat gravel 105 111 103 106 105 100
1887 high alkali ioN 110 115 103 117 99
1889 high C A 105 113 10~) 105 111 99
1890 ~ 106 114 108 108 108 103
1892 L0~ lii 102 ~ 102 101
1893 101 112 102 101 102 105

1~-3 - )% NC 331 2haie 30% Nat sand Nat grave l Ifli 119 lo~ 110 104 110
l0~-~~ high alkal i + quartz- 1214 118 126 109 126 106

- ~~~ low C
3
A ito (5 ~ ) U~ 115 115 107 113 103

J O )- . llc— i t~ 112 102 110 98
0) 1 13i 1.::~ 133 113 130 108
I i-0- 118 1114 123 106 118 99

1)-~~ NC 331 Fly ash 20~ Nat sand Nat gravel 112 112 108 l0~4 108 100
1 )~) 5 high alkali 4- quart s— 1) )  118 l0(~ 10~4 106 1-~1
i_ e~-r low C A ite (53~) ~h 113 )C 107 P7 100

a: l-;~9~ 
3 1- 7 112 l0~ 10~4 1’( 98

~ - 
1_ _ fl_ -~ 111 313 111 101 111 100

~ 
1911 1l~ lii 105 103 105 99

-
-. 

1)13 NC 332 .Jhale ~ ~ Nat sand Nat gravel 121 l - ( ~ l~ (- 110 1179 1 - ~P

~•‘ 
19114 high alkali + quartz- 1l~ 1l( 11-) 110 ~ 19 i Q

~
- 1916 high r~~A Ite  (5~) 115 117 11~ 10-) 1114 1- -’

~
- l f l (  113 115 115 IOC 115 1~)~

1)1) 113 1114 115 103 111 97
-

-
- 1 f -~

( - 113 l1 120 103 120 100

1~

-

4? (Continue d)
(oeet 3)
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(__ ___ _ 
) Table 1-PA (Concluded) Cection 29

Replacement 1~~6- 1970 N ar l in gs
Bean Material Fine Coarse l~~6 1~~ 8 1970

7 - - 
~_!!a:. 

Cement (~uzzo1an ) Aggregate Aggregate j~ ~~~ j~ ~~~ ~E ~V

Beams Installed at Jackson, Miss. • 
3ept 1955

1825 NC 331 None Nat sand Nat gravel 102 99 102 -)7 1014 95
1828 high alkali + quartz- 100 95 102 }5 103 914
1831 low 0

3
A ite (5~ ) 101 914 102 ~8 101 97

1834 RC 333 None Nat sand Nat gravel 103 92 1014 105 107 101
1837 low alkali + quartz- 103 106 105 100 105 101
18140 low C

3
A ite (5% ) 105 100 106 101 107 100

1843 RC 333 None Limestone Limestone 1014 101 1014 10? 107 109
18146 low alkali sand 107 101 109 10 , 115 113
18149 low C

3
A 109 105 Ui 115 114 3 114

1852 NC 332 None Nat sand Nat gravel 1014 89 1014 97 108 97
1855 high alkali + quartz- 98 88 100 914 102 91
1858 hi gh C

3A ite (5’~) 95 85 98 97 100 91

1861 NC 332 None Limestone Limestome 105 113 107 117 108 112
1864 hi gh alkali sand i014 108 106 118 111 118
1867 high C

3
A 102 109 1014 111, 111 113

1870 NC 3314 None Limestone Limestone 106 101 107 116 111 lii
1873 low alkali sand 107 110 108 1114 111 1114
1876 high C

3
A 1014 106 105 106 132 1014

1879 NC 331 None Nat sand Nat gravel 103 103 1014 107 106 100
1882 hig h alkali 102 100 lOli 98 105 99
1885 low C

3
A 100 93 102 93 101, 914

1888 NC 332 None Nat sand Nat gravel 101 96 103 99 105 97
1891 high alkali 102 100 102 99 106 99

• 
18914 hOgh C

3
A 98 92 100 93 102 90

1897 NC 331 Shale 30% Nat sand Nat gravel 914 85 98 89 108 89
1900 high alkal i * quartz- 97 96 103 98 112 98
1903 low C

3
A i t e  (5 % ) 94 83 98 95 105 93

— 1906 NC 331 fly ash 20% Nat sand Nat gravel 98 90 100 100 101 98
1909 high alkali + quartz- 100 -37 100 106 103 102
1912 low C 3

A ite (5%) 97 oi 96 98 98 9w

1915 NC 332 Shale 30% Nat sand Nat gravel 96 114 99 102 104 100
1918 high alkali + quartz- 101 40 1014 99 107 98
1921 high C

3A ite (5 % ) 93 93 96 97 103 91,

19214 NC 332 Fly ash 20% Nat sand Nat gravel 99 106 100 102 103 102
1927 high alkali + quartz- 100 102 101 99 104 99
1930 high C 3

A i t e (5%) 98 98 98 97 102 97

Q ~~~~~
-- - --- - - - -
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Tab le 2-PA Section 29

— Record of Testing of Concrete Beams , Alkali-Aggregate Reactivity I nves t igation

1956- (Installed August 1956 )

Fine aggregate , limestone sand
Coarse aggregate , lineatone (3/4-in.  maximum s ize)

1956- 1970 Readings
1956

Basin Replacement lTe1OC 2 
1958 l960 1962 1964 1966 1968 1970

~~~~ 
Cement l4atertal* ~~~ ~~s ~y j~ ~~~ ~~~ ~~ J~ ~~ ~~ ~~ ~~~ ~~~ ~~~ ~~~~~ -~~~ ~~~~~

Beams Installed at St. Augustine, Fla.

2535 NC 332 None 100 15, 245 100 113 109 115 115 109 116 lOT 106 105 112 107 ioq 108 103
2536 high alkali 100 15, 060 100 116 112 121 115 1114 121 113 106 111 113 112 112 112 109
2538 high C A 100 114,795 100 111 106 117 1114 110 117 106 105 101, 110 115 106 117 108
2539 100 14 ,795 100 112 109 117 112 162 120 1146 103 1143 1114 1314 107 128 98
25141 100 114,970 100 111 109 13.3 115 104 126 104 110 102 111 106 111 107 107
25142 100 15, 060 100 111 1014 111 113 105 121 107 102 103 121 101 106 101 107

2544 Re 334 None 100 15,430 100 122 109 122 110 111 118 111 103 109 127 111 10? 111 111
2545 low alkali 100 15,335 100 115 112 121 110 1114 118 114 105 113 81 112 112 1114 111
2547 high C A 100 14 , 620 100 1114 113 115 119 109 123 107 107 103 120 101 115 103 107

— 2548 100 14,705 100 128 99 115 129 106 122 106 107 106 123 110 109 110 108
2550 100 15, 060 100 115 115 123 116 108 122 108 99 108 1147 110 111 112 109
2551 100 15, 060 100 114 116 122 116 107 122 112 109 110 135 112 111 112 103

2553 NC 332 NC 198 100 15,925 100 111 106 122 108 109 119 1114 106 112 143 112 108 112 303
2554 high alkali blast—furnace 100 15,925 100 113 107 130 111 115 121 111 106 111 1145 118 107 118 1014
2556 hIgh C A slag 40% 100 15,530 100 115 109 128 ill 109 120 1114 106 113 1141, 1114 105 116 101
2557 ~ 100 15, 625 100 111 108 124 111 111 117 109 105 109 1144 109 107 109 100
2559 100 15, 1430 100 113 108 127 111 109 120 111 106 110 131 in 107 109 103
2560 100 15, 433 100 1140 101 113 109 113 121 113 103 111 J2~4 lU 106 io9 102

2562 NC 332 NC 216 100 15,335 100 150 105 123 100 1114 120 118 1014 1114 123 1114 108 1114 111
2563 hl~~i alkali blast—furnac e 100 15,335 100 1147 105 114 103 1114 121 110 104 1114 123 112 108 112 110
2565 high C~A slag 140% 100 15,335 100 113 109 130 105 112 117 108 106 109 119 108 107 106 104

; 2566 100 15, 430 100 123 105 126 in 117 117 110 108 110 117 112 107 110 103
2568 100 15, 060 100 U13 108 127 113 109 118 109 107 111 125 113 ill ill 108
2569 100 114 ,970 100 119 108 128 115 112 322 U2 109 113 121 116 111 1114 ~- -o

:~ ~ ~ 2571 NC 331, NC 198 100 15,530 100 l2j’ 103 132 1U 117 115 114 103 114 1114 112 106 110 1014
4 — 2572 low alkali blast-furnace 100 15, 625 100 127 104 133 111 114 118 118 106 119 132 118 106 116 103•

~ 25T1# high C? slag 40% 100 15, 150 100 128 105 117 110 111 119 111 103 117 123 123 110 121 105
2575 100 15, 150 100 124 105 125 110 120 121 120 103 1114 122 116 109 ll~4 105
2577 100 15, 245 100 128 105 122 13.0 117 119 117 102 117 119 1214 107 122 102
2578 100 15, 245 100 123 104 121 109 116 123 118 101 118 121 120 109 118 1014

2580 NC 3314 NC 216 100 15,2145 100 127 1014 121 110 115 1214 131 105 112 119 116 110 116 105
2581 low alkali blast—furnace 100 15, 150 3.00 130 106 118 113 113 121 139 102 112 116 115 10 - 115 106
2583 high C A slag 140% 100 15, 150 100 130 106 123 110 114 119 112 106 117 121 115 100 113 102

4 
- 2584 ~ 100 15, 060 100 123 105 122 112 108 119 102 106 107 l1~’ 106 109 102 102

2586 100 15, 150 100 130 105 116 113 110 113 110 10’ 1114 114 2 113 110 109 -3~
2587 100 15, 060 100 129 106 119 113 113 116 113 10, 116 120 117 109 115 106

Beans Installed at Jackson, Miss.

2537 NC 332 None 100 14 ,970 100 106 109 113 1014 104 112 1014 110 105 116 107 108 109 109
2540 high alkali 100 134 ,970 100 3.03 106 107 108 101 109 99 105 102 110 103 107 107 105
2543 high Ct 100 15, 150 100 104 105 110 305 103 106 101 105 1014 1~ 7 105 107 iCY 102

2546 NC 3314 None 100 15, 245 100 111 109 1-15 109 107 110 lOT 108 1~~-’ 132 110 106 112 108
25149 low alkali 100 14 ,705 100 110 106 114 106 105 109 105 106 1~ ( 106 107 102 109 105
2552 high C

3
A 100 114 ,970 100 109 108 3-1-3 109 106 112 106 110 108 113 10 ~ 105 112 109

2555 SC 332 RC 1~98 100 15,725 100 103 107 107 207 100 111 97 109 97 j~~9 99 3.437 103 3 1 1
2558 high alkali blest-furnace 100 15,725 100 3.02 103 3.06 102 98 105 96 1014 96 117 98 100 98 1014: 2561 high C~A slag 140% 100 15, 430 100 100 108 106 108 fl 108 96 106 97 117 98 ~~~ 100 108

2564 RC 332 RC 216 100 15,335 100 3.04 109 108 108 99 112 98 109 98 127 100 1014 102 1
2567 higl~ alkali blast-furnac e 100 15, 150 100 1014 109 104 108 96 109 98 108 100 123 100 105 102 1
2570 h igh C

3
A slag 140% 100 15, 150 100 101 106 107 106 97 109 96 105 98 117 9~ 101 103 1014

2573 NC 331, • NC 198 100 15, 245 100 104 112 110 110 101 110 100 108 102 119 1014 106 108 109
2576 low alkali blast—furnac e 100 15 , 335 300 107 1014 3.13 105 1014 105 101 104 104 l2~ 106 101 108 105
2579 high C

3
A slag 40% 100 14,880 100 104 115 110 112 100 113 100 110 100 126 103 109 107 110

2582 RC 3314 HO 216 100 15, 1430 100 107 107 113 104 102 105 102 100 102 116 104 0)  106 1014
2585 3~ow alkali blast-furnace 100 15, 060 100 106 110 113 109 102 110 102 105 103 118 1014 102 106 106
2588 high C A els.g 140% 100 314 ,79 5 100 107 116 1114 112 1014 1114 103 112 i -  122 106 100 107 110

- — 
a Percent ages given are by volunie of mater ial replaced.
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Nonmetallic Waterstop Investigation

The purpose of this investigation is to evaluate the durability of

nonmetallic waterstops of a variety of compositions, when exposed under
different stress conditions, to different types and severity of exposure

conditions.

The test specimens are rectangular pieces of nonmetallic waterstop
material 1/16 to 3/8 in. thick. Pieces are either 6 by 6 in. or 3 by 6 inc

in size. The specimens are exposed at four locat ions : Treat Island ,
Maine; St. Augustine, Fla.; Jackson, Miss. (indoors); and Jackson, Miss.

C outdoors). Three stress conditions are represented:

~ i• Unstressed ; bolted on lumber stringer .

~~~
. Bent; bolted. around lumber stringer (approximately 1800).

~~
.. ~nbedded; embedded across joint plane between two 6-in.

concrete cubes and stressed to open up 1-in. gap in the
j oint plane . Wood blocks are inserted to maintain the
waterstop in a stretched condition .

(

Treat Island Installations

In 1957 and 1958, 129 nonmetallic waterstop specimens were installed
on the exposure rack at Treat Island as follows :

Date No. and Types of Specimens Installed

t May 1957 81 (27 embedded, 27 bent, and 27 unstressed)
Nov 1957 145 (15 embedded, 15 bent , and 15 unstressed)
Aug 1958 3 (1 embedded, 1 bent , and 1 unstressed)

Table l-WS lists these specimens, identifies them as to type, manu-
facturer , and stress condition, and gives their exposure record. It

should be noted that bent and unstressed specimens of the same material
have the same specimen numbers. All remaining specimens were sent back

to the concrete laboratory in 1973. Exposure was discontinued at that

time .

St. Augustine Installations

In 1957 and 1958, 111 nonmetallic waterstops were installed on the

- ~~~~~~~~~ _ - -  - ~~~~~~~~ ~~~~~~~~~~
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Tablo ~ -WI I - ~ -r 3~)

ilve - -r I ~ Observa t i - -r ~ wf  tim . tr -~s~ o~1 , Bent , end ~ sbed-ieri Sm - :~ ~~~~ ~~~~~~ 
-:~~ i :- -~ --~~~ - .~~ ~ i-~~ .~~ ~~~~ ~

4: . Treat m iam i Exp -SU4 ~ -

~ 
1957- (Installed ~ ~57 and 1 -5

~ 
- ?:w~~- .-~~ Oa -e , !i~vth ~a 1

C~ n io t : - n  ~f Unvtrw~~v-

~ 
Sj-- -~~m- -v , ~j 5 - .

-
~ 

Date 0 71 221 ? i ~ L~ 3 ~~ 62-- - - t -  ~o-6
~ Specimen Manu- In— Cycles Cycles Cycles 7~- - -- -w C~-~ lvv . . - v Cy~ le~ j  s
~ No. Description tv~turer stalled 1957 1958 1959 ~ --~~ ~~~ : - - - 

~~ t-~ :2-~l

: - NR-1-l Natural rubber A May ‘57 :-~und Sound Sound Sound Sound Sound Sound ~~~~~ Sound
~ - 1111-1-2 ~~~ nd Sound ~o-wnd Sound Souna -3~ -~nd urd ~~~~ ~~~ 

~ NN-1-3 Sound Sound Sound Sound Sound Sound ~~~w d  Sound Svw~- -~

#111-2-1 Natural rubber B Nov ‘57 Sound Sound Sound ~owed ~cand Sound Sound ~e,o Sound
-
~ 

NR-2-2 ( 3500-lb tensile Sound Sound Sound Sound Ic-mi Sound Sound ~~-~~d Sound
NE 2-~ strength) Sound Sound Sound Sound -~~- -~n~ Sound Sound ~~-w~.o Z-v-o~v

~ SR-1-l General service A May 57 Sound Sound Sound Sound Sound Sound Sound ~~w~d
12-1-2 rubber Sound Sound Sound Sound Soand Sound ~~-~m9 icwr ~9 loun~
SN-l-3 Sound Sound Sound Sound Sound Jow~l Sound ~~w-~d Sound

12-2-1 General service B Nov 57 Sound l~ uv i  Sound Sound Sound Sound Sound s~~
I SR- 2-2 rubbe r ( 2000_lb Sound Sound Sound Sound Sound Sound Sound ~~ u r 2  2wu~~

~

- SN - 2—3 t ens i l e  strength) Sodnd Sound Sound Sound Sound Sound Sound 2~~nd Soon :

; SR-3-l General service B Nov ‘57 Sound Sound Sound Sound Sound Sound Sound &~~roi Sow
~ SN-3-2 rubbe r (3000-lb Sound Sound Sound Sound Sound Sound Sound Sound ~0 W - ~

SR-3 -3 tensile strength) Sound Sound Sound Sound Sound Sound Sound ~~w.S Sour-:

NEOR-l-l Neoprene rubber A May ‘ 57 Sound Sound Sound So wd Sound Sound Sound Sound ~ound
NEON -1-2 SoUnd Sound Sound Sound Sound Sound Sound Sound Sour
NEOR-l-3 Sound Sound Sound Sound Sound Sound Sound Sc-woo Sound

NEC-R-2 -1 Neoprene rubber B Nov ~ 57 Sound Sound Sound Sound Sound Sound Sound &-u 5 Sour :
NEOR-2-2 Sound Sound Sound Sound Sound Sound Sound Sound Soon:

__ 
NEON-2-3 Sound Sound Sound Sound Soond Sound Sound Sound Sound

- 4: ; BUTYL-l-1 Butyl rubber B Nov 57 Sound Sound Sound Sound Sound Sound 2~~ ud Sound Soun d
-- — BIJTYL-l-2 Sound Sound Sound Lost5 T.,s t~

- BWYYL-l-3 Sound Sound Sound Sound Sound Sound Sound E~ w:d Sound

PVC-2-l Type IV standard C May ~~ Sound Sound Sound Sound Sound Sound Sound ~ w:d Sound
PVC-2-2 po lyviny l Sound Sound Sound Sound Sound Sound Sun~d ~~~ 2 S - un - :
pV::_~:_ ~ chloride 0-0v3 Sound Souni Sound Sound ~ound -~--und 2uon .i Soup-:

PVC-2A-l Type IV ar:t~ : 0 May 57 2our.d Sound Sound Sound Sound Sound Sound u~ w:.i Sound
PVC-2A -~: polyvinyl 5v~ n d Sound Sound Sn~ nd Sound Sound Sound Sound woun d
PVC-2A-3 chloride ~~~~~ Sound Sound Sound ~~-ond Sound Sound 5:-md Sour-:

PVC-3-l Type V standard C May ‘57 Sound Sound Sound Sound Sound Sound Sound 5:or d Soun d
PVC-3-2 polyvinyl Sound Sound Sound Soun d Sound ~ :und :und 2 -ond Soun d

C PVC-3-3 chloride Sound Sound b ond Sound 3cund Sound Sound ~~-d1:d 0 0

~ PVC-3A-1 Type V arctic S May 57 Sound F~ and Sound Sound Sound Sound Sound ~~-o~ 2 Sour~
PvC-3A-2 polyvinyl Sound Sound Sound Sound Sound Sound S:w-owd duued Sound
PVC-3A-3 chloride Sound Sound Sound Sound Sound Sound Sound 3 sno Sound

PV -0-2  P 1r v ny l  A May ‘57 ~ufld Sound Sound Sound Sound Soun d Sound J~ sod S- -un
- . 1,v0-l _- - - 

~~ ~ do Sound Sound Sound Sound Sound Sound Sound Ojood -

Pv-
~
-l-3 Sound Sound Sound 7 -und Sound Sound Soun d ~:ood Soon -

PVC-5-1 Polyvinyl C May ‘57 Sound Sound Sound Sound Sound Sound Sound Sound SOur
pf l -5-S  chlor ide Sound Sound Sound Sound Sound Sound Sound ~k-un I 0~ur -

I’VC-b- Sound Sound Sound Sound Sound Sound Sound Sound Sour :

0 150 221 ~~2 0 1  - 692 -
Cynles ‘ycles Cycles Cycles Cycles 17ywl - - Cycles 0: - i - :
1958 1959 ~~~-0 1961 l~~~ ~~~ 3 1~~~ ~~~~~~

PVC-9A(2) ~ s1yv1nyl chlor ide N Aug 51 --.  Sound Sound Sound Sound Sound Sound 1:u J Soun d

(Continued)

This specimen presu mab ly 1- . .  overboard in Sept 1959- - ~

~~~~~~~~~~~ _ _ _ _ _  -- 
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Table l-WS (Continued) Section 30

~~posure Rack , North Wall
Condition of Unstressed

Specimens 1966-
Dat e 1056 1212 1397 1551 1704 1~73

Specimen Manu- In- Cycles Cycles Cycles Cycles Cycles Cycles
No. Description facturer stalled J~2~~ ~~~ 

1968 1969 1970 1971

NR-l-l Natural rubber A May ‘57 t
NR-l-2 t
NR-l-3 Sound Sound Crazing Crazing t

NR-2-l Natural rubber B Nov ~57
NR— 2 — 2 (3500—lb tensile
NR-2-3 strength) SOund Sound Craz ing Crazing Crazing Crazing

SE-1-l General service A May ‘57 t
SR-l-2 rubber t
SR-1-3 Sound Sound Craz ing Crazing Crazing Crazing

SR-2-l General service 5 Nov ‘57 t
SR-2-2 rubber (2000-lb t
SR-2-3 tensile strength) Sound Sound Crazing Crazing Crazing Crazing 4
SB-3-1 General service B Nov ‘57 t
SR-3-2 rubber ( 3000-lb $
SR-3-3 tensile strength) Sound Sound Crazing Crazing Crazing Crazing

NS3~R-1-l Neoprene rubber A May ‘57 t
NS~ R-l-2 $
N~~R-l-3 Sound Sound Sound Crazing Crazing Crazing

NDDR-2-l Neoprene rubber B Nov ‘57
NEOR-2-2 t
NECR-2-3 Sound Sound Sound Sound Sound Sound

BUTYL-1-l Butyl rubber B Nov ‘57 t
B~7rYL-l-3 Sound Sound Sound Sound Sound Sound

?IC-2-1 Type IV standard C May ‘57 t
WC-2-2 polyvinyl t
WC-2-3 chloride Sound Soimdt t Sound$ t Soundtf Soundt t Sound

• WC-2A-1 Type IV arctic C May ‘57 t
PIC-2A-2 polyvinyl
PVC-2A-3 chloride Sound Sound Sound Sound Sound Sound

PVC-3-1 Type V standard C May ‘57 t
WC-3-2 polyvinyl t
P’IC-3-3 chloride Sound Sound Sound Sound Sound Sound

WC-3A-1 Type V arctic C May ‘57 t
WC-3A-2 polyvinyl
WC-3A-3 chloride Sound Sound Sound Sound t

WC-4-1 Polyvinyl A May ‘57
PVC-4-2 chloride
WC-4-3 Sound Sound Sound Sound Sound Sound

WC-5-l Polyvinyl D May ‘57
WC-5-2 chloride
W0-5-3 Sound Sound Sound Sound Sound Sound

985 1141 1326 1480 1633 1802
Cycles Cycles Cyc les Cycles Cycles Cycles
...~~L ~~~ i2~~.. 1969 1970 1971

WC-9A(2) Polyvinyl chloride N Aug ‘58 Sound Sound Sound Sound Sound Sound

(Continued)

$ Returned to laboratory for tests.
t t  This spec imen hu curled. (8I~eet 2)
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(Revised Sept 1969) section 30

U Table l-WS (Continued)

Expo sure Rack , North Well
C~~~ itioci of Bent

Specimens , l~57- l963
• Date 0 71 221 292 433 522 628

Specimen Manu- In- Cycle s Cycles Cycle s Cycle8 Cycles Cycles Cycles
No. Descri ption factu rer sta l].ed .J~2�L 1958 1959 1960 196]. 1962 1963

NR-l-l Natural rubber A May ‘57 Sound Cr azing Crazi ng Crazi ng Crazi ng Crazing Crazi ng
NB-l-2 Sound Crazi ng Crazi ng Crazi ng Crazi ng Uraz ing Crazing
55-1-3 Sound Crazi ng Crazin g Crazi ng Crazi ng Crazing Crazing

NR-2-l Natural rubber B Nov ‘57 Sound Cra zing Crazi ng Crazi ng Crazi ng Crazi ng Crazing
NR -2-2 (3500-lb tensile Sound Sound Crazing Crazi ng Crazi ng Crazing Crazi ng
NR- 2-3 strength) Sound Crazi ng Crazi ng Crazi ng Crazing Crazing Crazing

SR-l-l General service A May ‘57 Sound Crazi ng Cr acked Cra cked Cracked Badly cracked Badly cracked
SR-l-2 rubber Sound Crazi ng Cra cked Cracked Crac ked Badly cracked Badly cracked
SR-1-3 Sound Cr az ing Cracked Cracked Cracked Bad ly cracked Bad ly cracked

55-2-1 General service B Nov ‘57 Sound Crack ed Cracke d Cracked Cracked Bad ly cracked Badly cracked
55-2-2 rubber ( 2000-lb Sound Cracked Cracked Cracked Cracked Badly cracked Bad ly cracked
SR-2-3 tensile strength) Sound Cracked Cracked Cracked Crac ked Badly cr acked Badly cracked

SR•3-l General service B Nov ‘57 Sound Sound Cracked Cracked Crac ked Badly cracked Bad ly cracked
55-3-2 rubber ( 3000-lb Sound Sound Cracked Cracked Cracked Badly cracked Bad ly cracked
SR-3-3 tensile strength) Sound Sound Cracked Cracked Cracked Badly cracked Bad ly cracked

N~~R-1-1 Neoprene rubber A May ‘57 Sound Sound Sound Sound Sound Sound Sound
5505-1-2 Sound Sound Sound Sound Sound Sound Sound
5505-1-3 Sound Sound Sound Sound Sound Sound Sound

NEOR-2-l Neoprene r~ibber B Nov ‘57 Sound Sound Sound Sound Sound Sound Sound
5505-2-2 Sound Sound Sound Sound Sound Sound Sound
NEOR-2-3 Sound Sound Sound Sound Sound Sound Sound

BUTYL-.l-l Butyl rubbe r B Nov ‘57 Sound Sound Sound Sound Sound Sound Crazing
BU’TYL-1-2 Sound Sound Sound Sound Sound Sound Crazi ng
BUT’ft-1 -3 Sound Sound Sound Sound Sound Sound Crazi ng

PVC-2-l Type IV standa rd C May ‘57 Sound Sound Sound Sound Sound Sound Sound
PVC-2-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound
PVC-2 -3 chloride Sound Sound Sound Sound Sound Sound Sound

— PVC-2A- l Type IV arctic C May 57 Sound Sound Sound Sound Sound Sound Sound
PVC-2A-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound
570-25-3 chloride Sound Sound Sound Sound Sound Sound Sound

PVC-3-l Type V standard C May ‘57 Sound Sound Sound Sound Sound Sound Sound
570-3-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound
570-3-3 chloride Sound Sound Sound Sound Sound Sound Sound

PVC -3A-l Type V arctic C May ‘57 Sound Sound Sound Sound Sound Sound Sound
PVC-3A-2 polyvinyl Sound Sound Sound. Sound Sound Sound Sound
PVC-3A-3 chloride Sound Sound Sound Sound Sound Sound Sound

PVC-4-1 Polyvinyl A May ‘57 Sound Sound Sound Sound Sound Sound Sound
570-4-2 chloride Sound Sound Sound Sound Sound Sound Sound.
570-4-3 Sound Sound Sound Sound Sound Sound Sound

PVC-5-l Polyvinyl D May ‘57 Sound Sound Sound Sound Sound Sound Sound
570-5-2 chloride Sound Sound Sound Sound Sound Sound Sound
PVC-5-3 Sound Sound Sound Sound Sound Sound Sound

0 150 221 362 451 557
Cycles Cycles Cycles Cyc les Cycles Cycles
1958 1959 1960 1961 1962 1963

PVC-9A(2) Polyvinyl chloride 5 Aug ‘58 -- - Sound Sound Sound Sound Sound Sound

(Continued) (Sheet 3)
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(Revised Sept 1969)

Table l—WS (Continued) Section 30

Exposure Rack , North Wall
Condition of Bent

SpecImens 1964-1968
- - - - Date 763 926 lO~~ 1212 1397

Specimen Menu- In- Cycles Cycles Cycles Cycles Cycles

- 
- No. Description facturer stalled 1964 1965 1966 1967 1968

55-1—1 Natural rubber A May ‘57 Crazing - Crazing Crazing Crazing Cracked
55-1—2 Crazing Crazing
55-1-3 Crazing Crazing

55—2—1 Natural rubber B Nov ‘57 Crazing Crazing Crazing Crazing Cracked
55-2—2 (3500—lb tensile Crazing Crazing
55-2-3 strength) Crazing Crazing

SR-l—1 General service A May ‘57 Badly cracked Badly cracked Badly cracked Badly cracked Bad ly cracked
SR-1-2 rubber Badly cracked. Badly cracked
SR-1-3 Badly cracked Badly cracked t

65-2—1 General service 5 Nov ‘57 Badly cracked Badly cracked Badly cracked Badly cracked Badly cracked , torn
SR-2-2 rubber (2000-lb Badly cracked Badly cracked t
SN.2-3 tensile strength) Badly cracked. Badly cracked

SR-3.1 General service B Nov ‘57 Badly cracked. Badly cracked Badly cracked Badly cracked Badly cracked , torn
SR— 3—2 rubber (3000-lb Badly cracked Badly cracked t
SR-3-3 tensile strength) Badly cracked. Badly cracked t

N50R-1-]. Neoprene rubber A May ‘57 Sound. Sound Sound Sound Sow~~5505-1-2 Sound Sound
5505-1-3 Sound Sound $

5505-2—1 Neoprene rubber 5 Nov ‘57 Sound Soun d Sound Sound Sound
NEOR-2-2 Sound Soun d
5505-2—3 Sound Soun d t

BU’i’YL-l.l Bityl rubber B Nov ‘57 Crazing Crazing Crazing Crazing Crazing
B f l ’ l ’ Ll 2  crazing Crazing
BUTYL-l—3 crazing Crazing

570-2—1 Type IV standard C May ‘57 Sound Sound Sound Sound Crazing
570-2-2 polyvinyl Sound. Sound
PVC—2—3 chloride Sound Sound

P%V-2A—l Type IV arctic C May ‘57 Sound Sound Sound Sound Sound
570-25-2 polyvinyl Sound Sound t
570-25-3 chloride Sound Sound

P1S~-3-l Type V standard C May ‘57 Sound. Sound Sound Sound Sound.
P1N~-3-2 polyvinyl Sound Soun ’

• PVC-3—3 chloride Sound Sound S

PVC-3A-1 Type V arctic C May ‘57 Sound Sound Sound Sound Sound
PVC-3A-2 polyvinyl Sound ~oun c
570-35-3 chloride Sound Soun d

P~V-4-l Polyvinyl A May ‘57 Sound Sound Sound Sound Sound
P50-4-2 chloride Sound Soun d
P50-4-3 Sound Sound

570-5-1 Polyvinyl 0 May ‘57 Sound. Sound Sound Sound Sound
570-5-2 chloride Sound Sound

Sound Sound

692 855 985 1141 1306
Cycles Cycles Cycles Cycles Cycles

1964 1965 1966 1967 1968

P50-95(2) Polyvinyl chl oride 5 Aug ‘58 Sound Sound Sound Sound Sound

(Coot f r i u c i )

S Returned to laboratory in May 1~~1, for tests . ( Sheet ~
)
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(Revised Jan 1972 )

Table 1418 (Continued ) SectIon 30

Nxposure Rack , North Wall
Condition of Bent

Specimens 1969- S
• 1551 1704 18’73

• . Specimen Menu- In- Cycles Cycles Cycles
So. Descrip tion facturer stalled 1969 1970 1971

55-1-1 Natural rubber A May ‘57 Crack ed Cracked Cracked

- 55-2-1 Natural rubber B Nov ‘57 Cracked Cracked Cracked
• (3500-lb tensile

strength)

85-1-1 General service A May ‘57 Badly cracked Badly cracked Badly cracked
• rubbe r

55-2-1 General service B Nov ‘57 Badly cracked , Torn Torn
• rubber (2000-lb torn

tensile strength)

• SR-3-i General service B Nov ‘57 Badly cracked , Torn Torn
rubber ( 3000-lb tor n
tensile streng th)

NEON-i-i Neoprene rubber A May ‘57 Sound Sound Sound

0~flR-2-l Neoprene rubber B Nov ‘57 Sound Sound Sound

BUT!L—~ -l Butyl rubber B Nov ‘57 Crazing t

PVC-2-l Type IV st anda rd C May ‘57 Crazing Crazing Crazing
polyvinyl
chloride

P50-25-i Type IV arctic C May ‘57 Sound Sound Sound
polyvinyl
chloride

570-3-1 Type V standard C May ‘57 Sound Sound Sound
polyvinyl

C 
chloride

• P50-35-i Type V arctic C May ‘57 Sound Sound Sound
• polyvinyl

chloride

pvc-4-i Polyvinyl chloride A May ‘57 8ound Sound Sound

570-5-i Polyvinyl chloride 0 May ‘57 Sound Sound Sound

11480 1633 1802
Cycles Cycles Cycles• 1969 1970 1971

• PVC-9A(2) Polyvinyl chloride S Aug ‘58 Sound Sound Sonnd

4 5 Returned to laboratory for tests. (Sheet 5)
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• (Revised Sept 1969)

(D 
Table i-WS (Continued) SectIon 30

S Exposure Rack Row 2 (w to 5)
Condition of Embedded Spec imens, i95T-l96~

Date 0 Ti 221 292 433
Specimen Manu- In- Cycles Cycles Cycles Cycles Cycles

• No. Description facturer stalled J~~L 
1958 1959 1960 1961

• 5505-1-15 Neoprene rubber A May ‘57 Sound Sound South Sound Sound
NEOR-l- 14 South Sound Sound Sound Sound
5505-1-13 Sound Sound Sound Sound Sound

PVC-4-7 Polyvinyl chloride A May 57 Sound Sound South Sound Sound
P50-4-6 South Sound South Sound Sound
Pvc-4-5 Sound South Sound Sound Sound.

55-i-il Natural rubber A May ‘57 Sound. South Sound Crazing Crazing
55-1-12 Sound Sound South Sound Sound
55-1-10 Sound South Sound Crazing Crazing

P50-35-25 Type V arctic C May ‘57 Sound Sound Sound Sound Sound
PVC-3A-26 polyvinyl Sound Sound South South Sound
PVC-3A-27 chloride Sound. Sound Sound South Sound

PVC-2A-24 Type IV arctic C May ‘57 South Badly torn Completely tern Completely torn Completely torn
PVC -2A-23 polyvinyl Sound Sound South Completely torn Completely torn
P50-25-22 chloride Sound Sound South Completely torn Completely torn

PVC-2-3 Type IV standard C May ‘57 Sound Sound Sound Sound Sound
PVC-2-2 polyvinyl Sound Sound Sound Sound Sound
PVC-P-i chloride Sound Sound Sound South Sound

PVC-3.6 Type V standard C May ‘ST South Sound Concrete cracked. Conc rete cracked. Sound.
PVC-3-5 polyvinyl Sound Sound Sound Sound Sound
P50-3-4 chloride Sound Sound South Sound Sound.

SR-l-18 General service A May ‘57 Sound Sound South Crazi ng Cra zing
55-1-17 rubber Sound Sound. South Crazing Crazi ng
SR-i-i6 Sound Sound Sound Sound Sound

PVC-5-2l Polyvinyl chloride 0 May ‘57 Sound Sound South South Sound
PVC-5-20 Sound Sound Sound Sound Sound
PVC-5-l9 Sound Sound. South South Sound

• 55-3-105 General service B Nov ‘57 Sound SouOd. Sound Cra zing Crazi ng
— 

SR-3-l04 rubber ( 3000-lb South Sound South Crazi ng Crazi ng
35-3-103 tensile strength) South Sound South Crazing Crazi ng

SN-2-102 General service 8 Nov ‘57 South Sound Sound Crazing Crazing
SR-2-iOi rubber ( 2000-lb Sound Sound Sound Crazin g Crazi ng
SE-2-100 tensile strength) South Sound South Crazi ng Crac tog

55-2-99 Natural rubber B Nov ‘57 Sound Sound Sound Crazing Crazing
NR-2-98 (3500 -lb tensile Sound. Sound Sound South Sound
55-2-97 strength) South Sound Sound South Sound

5505-2-96 Neoprene rubber B Nov • 57 South Sound South South Sound
5505-2-95 Sound Sound South South Sound.
5015-2-94 Sound. Sound Sound. Sound Sound.

BUTYL-i-93 Butyl rubber B Nov ‘57 Sound Sound Sound. South Sound
BUTTL-i-92 South Sound Sound Sound Sound
BUT!L-i-9i South South Sound South Sound.

0 150 221 362
Cycles Cycles Cycles Cycles Cycles

~!22L 1958 1959 1960 1961

PVC-9A(2) Polyvinyl chloride E Aug ‘58 --- Sound South Sound Sound

(~
) 

(Continu ed ) (Sheet 6)

L • • • •_  •~~~ ~~~~~~~
• •

~~~~~~~~~~~~
••~~ ~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~ 

• • .  • ~~~~~•



( Revised Sept 1969)

Table l-WS (Conclud.ed ) Section 30

Exposure Back , Row 2 (w to 5)

Date
Specimen Manu- In- Condition of Emsbedd.ed Specimens, 1962-1~64

• - No. Descripti on facturer stalled ~22 Cycles , 1962 -- 6~~ Cycles , 1963 763 Cycles, 19614

8505-1-15 Neoprene rubber A May ‘57 Sound (concrete cracked.) Sound (concrete cracked) Disintegrated
N~~S-l-l4 Sound (concrete cracked) Sound (concrete cracked) Disintegrated
5505-1-13 Sound (concrete cracked) Sound (concret e cracked) Disintegrated

PVc-Is-7 Polyvinyl chloride A May ‘57 South Sound (concret e cracked ) Disinteg rate d.
570-4-6 Sound Sound Disinteg r ated.pvc-4-5 South Sound Disintegrated

SR-i-li Natupal rubber A May ‘57 Cra zing Crazi ng Disintegrated
• 5 5 1 1 2  Sound Sound (concrete cracked) Disintegrated

55-1-10 Crazi ng Crazi ng Disinteg r ated

PVC -3A-25 Type V arctic C May ‘57 Sound Sound (concrete cracked) Disinteg r ated
PVC-3A-26 polyvinyl Sound Sound Disintegrated
P50-35-27 chloride South Sound Disintegrated

PVC-2A-24 Type IV arctic C May • 57 C~upletely torn Complete ly torn Disintegrated
PVC-2A-23 polyvinyl Completely torn Complete ly torn Disinteg rated
P50-25-22 chloride Complete ly torn Complete ly torn Disintegrated

P50-2-3 Type IV standard C May ‘57 Sound Sound (concrete cracked) Disinteg rate d
PVC-2-2 polyvinyl Sound Sound. Disinteg r ated
P50-2-i chloride Sound (concrete cracked) Sound (concret e cracked) Disintegrated

PVC-3-6 Type V atandard C May ‘57 Sounc (concrete cracked) Sound (concrete cracked) Disintegrated
P50-3-5 polyvinyl Sound (concrete cracked) Sound (concrete cracked) Disinteg r ated
570-3-4 chloride Sound (concrete cracked) Sound ( concrete cracked) Disintegrated

85-1-18 General service A May ‘57 Crazing (concrete Crazi ng Disinteg r ated
rubber cracked)

85-1-17 Crazing Crazing Disintegrated.
85-1-16 Sound Sound (concrete cra cked.) Disinteg r ated

PVC-S- SI. Polyvinyl chloride D May ‘57 Sound Sound (concrete cracked) Disinteg rated
P50-5-SO Sound (concrete cracked.) Sound (concret e cracked ) Disintegrated

C 
P50-5-19 Sound Sound (concret e cracked) Disintegrated

) 55-3-105 G”neral service 8 Nov ‘57 Cra zing (concrete Crazing Disinteg rated
rubber ( 3000-lb cracked)

35-3-104 tensile streng th) Crazi ng (concrete Crazing Disintegr ated
cracked)

85-3-103 Crazing Crazing Disinteg rated

85-2-102 General service B Nov ‘57 Crazi ng Crazing Disinteg r ated.
85—2- 101 rubber ( 2000-lb Crazing Crazing Disintegrated
85-2-100 tensile strength) Crazing Crazing Disintegrated

55-2-99 Natural rubber B Nov ‘57 Cra zing Crazi ng Disinteg r ated
85-2-98 (3500-lb tensile Sound Sound Disintegr ated
55-2-97 stre ngth) Sound Sound Disinteg rated

N~~~~-. -96 Neoprene rubber B Nov ‘57 Sound Sound. Disintegrated
r~~~~-2-95 Sound Sound Disinteg rated.
5505-2-94 Sound Sound Disintegr ated

NJ TEL- 1-93 Butyl rubber B Nov ‘57 Sound Sound Disintegrated
NJTf 0-1-92 Sound Sound Disintegr ated
BfffL-l-91 Sound Sound Disintegr ated

551 Cycles, 1962 557 Cycles , 1963 692 Cycles , 1964

PVC-9A( 2) Po1yvii~~1 chloride E Aug ‘58 Sound Sound Disintegrated

(1 
(sheet 7)
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(Revised Sept 1969)

Table 2-WS Section 35

Record of Observation of Unstressed, Bent, and Embedded Specimens, No nmetallic Wa terstop Investigation

St. Augustine Exposure

1957- (Installed. November 1957 Except Where Otherwise Indicated)

Condition
of Unstressed Condition of Bent Cothition of Embedded

Manu fac - Specimens 1957-1960 Specimens i957-1~6O Specimens 1957 -1960
Specimen No. Description turer j,~~~ 

19W ~~~~~~~ ~~~~~~~ 19W 
~~~~~ ~~~~~~~ 19~~

55-1-i & 64 Natural rubber A Sound South Loat~ South South Lost South South Sound
55-1-2 & 65 Sound South Sound. Sound South Lost Sound South Sound
55-1-3 8. 66 South Sound Sound South South Lost Sound South Sound

55-2-1 & 82 Natural rubber B Sound Sound Sound Sound South lost Sound South Sound
55-2-2 & 83 (35oo-lb tensile South Sound Sound Sound Sound Lost South South Crazing
55-2-3 & 84 strength) South South Sound South Sound Lost South South Sound

SR-i-i & 70 General service A South South Sound. South South Lost South South Sound
55-1-2 & 71 rubber South Sound lost Sound South Lost South Sound Sound.
35-1-3 & 72 South Sound Sound South Sound Lost Sound South Sound

35-2-1 & 85 General service B South Sound Sound Sound Sound Lost South South Sound
SR-2-2 & 86 rubber (2000-lb Sound Sound Sound. Sound South Lost South Sound Crazing
35-2-3 & 87 tensile strength ) Sound South Sound Sound Sound Cracked South Sound Crazing

SR-3-i & 88 General service B South South Sound Sound Sound Lost South Sound Sound
55-3-2 8. 89 rubber (3000-lb South Sound Soun d South South Cracked Sound Sound Sound.
SR -3-3 a ~~ tensile strength) South Sound Lost South South Crac ked Sound Sound Sound.

NEON-i-i & 67 Neoprene rubber A South South Sound South Sound Lost South South Sound
~~~ R- l-2 & 68 Sound South Sound South Sound Lost Sound Sound Sound

• 5505-1-3 a 69 South Sound Sound South South Lost South South Sound

8505-2-1 & 79 Neoprene rubber B Sound South Sound. South Sound Sound South Sound Sound
4 5505-2-2 a 80 South South Sound Sound Sound Sound South Sound Sound

NEO R-2-3 & 81 South Sound Sound. Sound Sound Sound South South Sound

— 551’YL-l-i & 76 Butyl rubber B South Sound lost South Sound Lost South South Sound
50TTL-i-2 & 77 South Sound Lost South Sound Lost South Sound Sound
BLJTYL-i-3 & 7~ Sound South Lost South South Lost Sound South Sound

570-2-1 & 55 Type IV standard C South South Sound Sound South Lost South Sound Sound
P50-2-2 & 56 polyviny l South South Sound Sound Sound lost South South Sound
570-2-3 & 57 chloride South South Sound. Sound Sound lost South South t

PVC -3-l & 58 Type V standard C South South lost South Sound Lost Sound South Sound
P 50-3-2 8. 59 polyvinyl South Sound Lost Sound Sound Lost South South Sound.
570-3-3 & 60 chloride South Sound Lost South Sound Lost Sound Sound Sound

PVC- S-i & 61 Polyvinyl chloride A Sound South Sound Sound Sou nd Lost Sound Sound Sound
PVC -4-2 & 62 South South Sound South Sound Lost Sound South Sound.
PVC-4-3 8. 63 South Sound Lost Sound Sound Lost South Sound Sound

PVC-5-l & 73 Polyvinyl chloride D South South Sound Sound Sound Lost Sound South Sound
P50-5-2 & 74 South South Sound Sound South Lost South Sound Sound
PVC-5-3 .& 75 South Sound Sound Sound Sound Lost Sound Sound Sound

PVC-9A( 2) & 91 Polyvinyl chloride S •~ Sound Lost ~~ Sound Lost ~~ Sound Sound

Condition
of Ih,streseed Condition of Bent Condition of Embedded

Specimens, 1962- l~~ 4 3peeimens~ 1962-1964 Specimens , 1962-1964
1962 196k 1962 _~~~ k ]96p 1964

is-i-i & 64 Natural rubber A Crazing Crazing
55-1-2 & 65 Crazing Craz ing Craz ing Crazi ng
55-1-3 & 66 Cr azing Crazing Crazing Craz ing

55-2-1 & 82 Natural rubber B Crazing Crazing Crazing Cr az ing
55—2-2 & 83 (3500-lb tensi le Crazi ng Crazing Crazing Cr azing
55.2-3 & 64 strengt h ) Craz ing Crazing Cr azing Cra zing

88-i-i & 70 General service A Cra zing Crazing Crazing Crazing
88-1-2 & 71 rubber Craz ing Crazi ng
88-1-3 & 72 Crazing Cra zing Crazi ng Cra z ng

(Continued )

O
s Specimen . marked ‘Lost ” have disappeared from the exposure rack.

- Installed Aug 1958.
specimen completely torn. (~~ .et 1)
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( • (Revised Sept 1970)

Table 2-WS (Continued) Section 30

Condition
of Unstressed. Condition of Bent Condition of Embedded

• Manufao - Specimens, 1962-1964 Specimens , 1962-1964 Specimens, 1962-1964
Specimen No. Description turer 1965 1962 1965 1962 1964

SR-2-l & 85 General service B Cracked Cracked Crazi ng Crazi ng
55-2-2 & 86 rubber ( 2000-lb Crazing Crazing Crazing Crazing
514-2-3 & 87 tensile strengt h ) Crazi ng Cr acked Cra cked Lost Crazi ng Crazing

SR-3- l & 88 General service B Crac ked Cracked dound Sound
514-3-2 & 89 rubber ( 3000-lb Crazing Cracked Cracked Cracked Sound Sound
SR-3-3 & 90 tensile strength) Cracked Cracked Sound Sound

NEON-i-I & 67 Neoprene rubber A Sound Sound Cr azing Crazing
5505-1-2 & 68 Sound Sound Cr azing Crazing
NEOR-l-3 & 69 Sound Sound Crazing Crazing

5505-2-1 & 79 Neoprene rubber B Sound Sound Sound Sound Crazing Crazing
• 55014-2-2 a 80 South Sound Sound Sound Cra zing Crazi ng

5505-2-3 & 81 Sound Sound Cracked Cracked Crazi ng Crazin g

• EUTYI,-l-l & 76 Butyl rubber B Crazing Crazing
BUI’!L-l—2 & 77 Crazi ng Crazi ng
BIYIYL-1-3 & 78 Crazi ng Cr azing

PYC-2-l & 55 Type IV standard. C Sound Lost Crazing Crazing
570-2-2 & 56 polyvinyl South Lost Crazing Crazing
570-2-3 & 57 chloride Sound Lost Crazing Crazi ng

PVC-3-l & 58 Type V standard C Crazing Craz ing
PVC-3-2 & 59 polyvinyl Crazing Crazi ng
PVC-3-3 & 60 chloride Crazing Crazing

PVC-S-i & 61 Polyvinyl chloride A Sound Sound Crazing Crazing
Pvc-4-2 & 62 Sound. Sound Crazing Crazing
pvC-S-3 & 63 Crazing Crazing

PVC-5-l & 73 Polyvinyl chloride D Sound. Sound Crazing Crazing
PVC-5-2 a 74 Sound Sound Crazing Crazing

• 
— PVC-5-3 & 75 Sound. Sound Crazing Crazing

PVC-9A(2) & 91 Polyvinyl chloride E Crazing Crazing

Condition
of Unstressed Condition of Bent Condition of Embedded

Specimens Specimens Specimens , 1966-1970
1066 1966 1968 and 1970

NB-i-i 8~ 64 Natural rubber A ft
NR— i-2 & 65 tt  f t
55-1-3 & 66 ti Crazing Cr azing *

NR-2-1 & 82 Natural r i” “~~~ B tt ft
55-2-2 & 83 (35o~— ib teL ~aile ft ft
55-2-3 ~, 84 ~trength) f t  Crazi ng Crazings

SR-i-i & 70 General service A tf ti
•~R -1-2 & 71 rubber f t f t
S8 1-3 & 72 tt Crazi ng Cra zings

35-2-I & 85 General service B ft  I t
15-2-2 & 86 rubber (2000-lb ft  ft
SR-2-3 & 87 tensile streng th) ft  Crazi ng Cr azings

55—3 -i & 88 General service B ft
85-3-2 & 89 rubber (3000-lb ft  Lost f t
SR-3—3 & 90 tensile stre ngth) ft  Lost Sound Craz ings

5508-1-1 & 67 Neoprene rubber A tt ft
14505-1-2 & 68
NEOR- 1-3 & 69 f t  Craz in g  (‘rae in.4

‘ I
(Con t in~ e i )

ft  Returned to laboratory in June 1966 for tests. (Sheet 21
$ Exposure discontinued in 1970 .
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(R evised Sept l97~ )

• — Table 2-WS (Concluded) ~e~ t jo n 30

()  Condition
of Unstressed Condition of Bent Condition of Embedded

Manufac- Spec imens Specimens Specimens , 1966-1970
• Specimen No. Description turer 1966 1966 1968 and 1970

NEOR-2-1 & 79 Neopr en e rubber B ft  Lost ft
• 5505-2-2 & 80 f t  Lost

5E05-2—3 & 81 It  Lost Craz ing Cra ~ in e

BUTYL-1-1 & 76 Butyl rubber B
BUTYL-1-2 & 77 ft
BUTYL-l-3 & 78 Crazing Crac in -s

WC-2-l & 55 Type IV standard C tt
WC-2-2 & 56 polyvinyl tt
WC-2-3 & 57 chloride Crazing Complete ly

torn *
WC-3-l & 58 Type V standard C f t
PVC-3-2 & 59 polyvinyl ft
PV C-3—3 & 60 chloride Crazi ng Craz in( ’5

PVC- S-i & 61 Polyvinyl chloride A tt tt
IVC-5-2 & 62 ft  f t
PV C _ h 4_ 3 & 63 Crazing Cra zingf

P10-5-i & 73 Polyvinyl chloride D ft  fl
P10-5-2 & 714 f t  ff
W C-5-3 & 75 f t  Crazing Cra2 - in -;

• W C-9A(2) & 91 Polyvinyl chloride S tt

~ Returned to labor atory in June 1966 for tests. (( ‘! eet 3 1

* Exposure discontinued in 1970 .

- -
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(Revised Jan 1972 ) I”

T&ble 3-MS Section 30

Recor d of Observations of Unstressed and Bent Specimens , Nonmeta llic Water stop Investi gation

Jackson Indoor Exposure

1957- (Installed 1957)

W55
• 

• Specimen Menu- Condition of Unstressed Specimens , 1957-

- No . Description facturer !2~L !22~~... !2~ 2_ ~~~~~~~ !~~~L ... ~~~L ~~. ~~~~~~~ ~ 2Z2~~~.

55-1-i Natural rubber A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
• 1414-1-2 Sound Sound Sound Sound Sound Sound Sound Sound *

1414-1-3 Sound Sound Sound Sound Sound Sound Sound Sound *

115-2-1 Natural rubber B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
55-2-2 (3500-lb tensile Sound Sound Sound Sound Sound Sound Sound Sound *

55-2-3 strength) Sound Sound Sound Sound Sound Sound Sound Sound *

SR-l-l General service A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
55-1-2 rubber Sound Sound Sound Sound Sound Sound Sound Sound *

- 55-1-3 Sound Sound Sound Sound Sound Sound Sound Sound ~

- SR-2-l General service B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
• 55-2-2 rubber (2000-lb Sound Sound Sound Sound Sound Sound Sound Sound *

SR —2-3 ten sile strength) Sound Sound Sound Sound Sound Sound Sound Sound *

55-3-1 Gener al service B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
314-3-2 rub her (3000-lb Sound Sound Sound Sound Sound Sound Sound Sound *

514-3—3 tee s u e  strength) Sound Sound SouOd Sound Sound Sound Sound Sound *

NEON-i-i Neoprene rubber A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
- • NEOR-l-2 Sound Sound Sound Sound Sound Sound Sound Sound *

NEOR-l-3 Sound Sound Sound Sound Sound Sound Sound Sound ~

5505-2-i Neoprene rubber B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
11505-2-2 Sound Sound Sound Sound Sound Sound Sound Sound *
145014-2-3 Sound Sound Sound Sound Sound Sound Sound Sound *

EUTYL-l-l Butyl rubber B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
BUTYL—l-2 Sound Sound Sound Sound Sound Sound S-mind Sound *
BUTVL-1-3 Sound Sound Sound Sound Sound Sound Sound Sound *

- 570—2-1 Type IV standard C Sound Sound Sound Sound Sound Sound Sound Sound Sound Soun d
• PVC-2-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound Sound *

- p110-2-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

PVC-2A-l Type IV arctic C Sound Sound Sound Sound Sound Sound Sound Sound Sound Soun d
- PVC-2A-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound Sound *
• PVC-2A-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

• PVC-3-l Type V standard C Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
P110-3—2 polyvinyl Sound Sound Sound Sound Sound Sound Sound Sound *

P/0-3-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

PVC-3A-l Type V arctic C Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
PVC-3A-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound Sound *- PVC-3A-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

• PVC~ i4~ l Polyvinyl chloride A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
PV0-4-2 Sound Sound Sound Sound Sound Sound Sound Sound *

P110-14-3 Sound Sound Sound Sound Sound Sound Sound Sound •

P110—5-1 Polyvinyl chioride D Sound Sound Sound Sound Sound Sound Sound Sound Sound Soun d
P110-5—2 Sound Sound Sound Sound Sound Sound Sound Sound *

PVC—5-3 Sound Sound Sound Sound Sound Sound Sound Sound *

1~~ ’
- -

~~ 
• Removed free exposure in June 1966 for tests.

*a The condit ion of all of these specimens was the seine in 1967, 1968 , 1969, and 1970. (Sheet 1)
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• 
Table 3-W 5 (Concluded) Section 30

WES
• Specimen Menu- Condition of Bent Specimens~ 1957-

No. Description facturer 
~~~~ !~~ ... !~~L !~~2.... ~~~~. ~2i2~~ ~2Th...

55-1-1 Natural rubber A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
55-1-2 Sound Sound Sound Sound Sound Sound Sound Sound *

1414-1-3 Sound Sound Sound Sound Sound Sound Sound Sound *

55-2-1 Natural rubber B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
55-2-2 (3500-lb tensile Sound Sound Sound Sound Sound Sound Sound Sound *

55-2-3 strength) Sound Sound Sound Sound Sound Sound Sound Sound *

SR-i-i General service A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
55-1-2 rubber Sound Sound Sound Sound Sound Sound Sound Sound *

SR-l-3 Sound Sound Sound Sound Sound Sound Sound Sound *

95-2-1 General service B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
SR-2-2 rubber (2000-ib Sound Sound Sound Sound Sound Sound Sound Sound *
85-2-3 tensile strength) Sound Sound Sound Sound Sound Sound Sound Sound *

55-3-1 General serv ice B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
SR—3-2 rubber (3000-lb Sound Sound Sound Sound Sound Sound Sound Sound *
SR-3-3 tensile strength) Sound Sound Sound Sound Sound Sound Sound Sound *

NEOR-l-1 Neoprene rubber A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
5505-1-2 Sound Sound Sound Sound Sound Sound Sound Sound ~
5505-1-3 Sound Sound Sound Sound Sound Sound Sound Sound *

NEO R-2-l Neoprene rubber B Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
55154-2-2 Sound Sound Sound Sound Sound Sound Sound Sound *
5505-2-3 Sound Sound Sound Sound Sound Sound Sound Sound *

BUTIL-l-l Butyl rubber B Sound dound Sound Sound Sound Sound Sound Sound Sound Sound Sound
BIYrI L-l-2 Sound Sound Sound Sound Sound Sound Sound Sound •
BUTYL—1-3 Sound Sound Sound Sound Sound Sound Sound Sound C

P110-2-i Type XV standard C Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
P110-2-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound Sound *
P110-2-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

~~ PVC-2A-l Type IV arctic C Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
PVC-2A-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound Sound *
PVC- 2A-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

P110-3-i Type V standard C Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
PVC- 3-2 polyvinyl Sound Sound Sound Sound Sound Sound Sound Sound *
P110—3-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

PVC-3A-i Type V arctic C Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
PVC-3A-2 polyvi nyl Sound Sound Sound Sound Sound Sound Sound Sound *
P11C-3A-3 chloride Sound Sound Sound Sound Sound Sound Sound Sound *

PVC-S-i Polyvinyl chloride A Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
P110-14-2 Sound Sound Sound Sound Sound Sound Sound Sound *
PVC-14-3 Sound Sound Sound Sound Sound Sound Sound Sound *

PVC-S-i Polyvinyl chloride D Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound Sound
p110-5-2 Sound Sound Sound Sound Sound Sound Sound Sound *

• P40-5-3 Sound Sound Sound Sound Sound Sound Sound Sound *

I

* Smeoved f ran exposure in June 1966 f  or tests .
** The condition of al.1. of these specimens was the same in 1967, 1968, 1969, and 1970. (Sheet ~)
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• Table s-M S Section 3

• Record of Observations of Unstressed , Bent, and Ri&edded Specimens . Nonmetallic Waterstop Investi5ation

Jacks on Outdoor Exposure

1957- (Installed 1957)

• Specimen Menu- Condition * of Unstressed Specimens , 1257-
No . Description fac turer 

~~~~~~ ~~~~ 2 ~2Z~~

SR-i-i Natural rubber A Sd Sd Sd Crz (Irs Crz Cr s Crz Crz Crc Crz Cl-s Crz
55-1-2 Sd Sd Sd Crc Crz Crc Crz Crz **

• 55-1—3 Sd Sd Sd Crz Crz Crz Crz Crc ~*

55-2-1 Natural rubber B Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd
55-2-2 (3500-lb tensile Sd Sd St Sd Sd Sd Sd Sd **

• 55-2-3 strength ) Sd Sd Sd Sd Sd Sd Sd Sd **
SR-i—i General service A Sd Sd Sd Sd Crz Crz Crz Crz Crz Crz Crz Crz Crz
SR-i-2 rubber Sd Sd Sd Sd Crz Crz 0rz Crz **
SR-1-3 Sd Sd Sd Sd Crz Crz Crz Crz **
511-2-1 General seyvice B Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd
S5-2—2 rubber (2000-lb Sd Sd Sd Sd Sd Sd Sd Sd ~ *
SR -2-3 ten sile strength ) Sd Sd Sd Sd Sd Sd Sd Sd a-a

SR -3—i General service B Sd Sd Sd Crz Crc Cr z Crz Crz Crz Crc Crz Crz Cr c
SR-3-2 rubber ( 3000—lb 3d Sd Sd Crz Cr c Crz Crz Crz **
SR-3-3 tensile streng th) Sd Sd Sd Crz Crz Cr c Cr c Crz **
NEOB-i -1 Neoprene rubber A Sd Sd Sd Sd Cr c Sd Sd Sd Sd Sd Sd Sd Sd
14505-1-2 Sd Sd Sd Sd Crz Sd Sd Sd ~*
55014-1-3 Sd Sd Sd Sd Crc Sd Sd Sd ~a-

NEOR-2-1 Neoprene rubber B Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd
115011—2—2 Sd Sd Sd Sd Sd Sd Sd Sd **
14505-2-3 Sd Sd Sd Sd Sd Sd Sd Sd ~*

BUT SL—i—l Butyl rubber B Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Sd Si Sd
BUTTh-i-2 Sd Sd Sd Sd Si Sd Sd Sd ~
BUTYL-i-3 Sd Sd Sd Sd Sd Sd Sd Sd **

( PVC-2—i Type IV standard C Sd Sd Sd Crc Crz Crz Cr c Crz Cr c Crz Crz Crc Crz
\ 1 PVC-2-2 polyvinyl Sd Sd Sd Crz Crz Cr c Crz Crz ~~

P110-2-3 chloride Sd Sd Sd Crc Crz Crz Crz Crz C-li

PVC-2A-l Type IV arctic C Sd Sd Si Sd Sd Sd Sd Sd Sd Sd Si Sd Sd
PV0-.2A-2 polyvinyl Sd Sd Sd Sd Sd Sd Sd Sd **
PVC—2A-3 chloride Sd Sd Sd Sd Sd S~ Sd Sd ~a-

PVC-3—l type V standard C Sd Sd St Sd Sd Sd Sd Sd Cr c Crz Cr c Ci-z Cr c
• P 110—3—2 poiyvinyi Sd Sd Sd Sd Sd Sd Sd Sd **P110-3-3 chloride Sd Sd Sd Sd Sd Sd Sd Sd a-a-

PVC-3A-l type V arctic C Sd Sd St Sd Sd Sd Si Sd Sd Sd Si Si Sd
PVC-3A-2 polyvinyl Si Sd Sd Sd Sd Sd Sd Sd **
PVC-3A-3 chloride Sd Sd Sd Sd Sd Si Sd Sd **
PVC-S-i Polyvinyl chloride A Sd Sd Si Crz Crz Crc Crz Cr c Crc Cr c Crz Crz Crz
PVC-44 2 Sd Sd Sd Crz Crc Crz Crz Crc **• P110-14-3 Sd Sd Sd Cr c Crz Crz Crz Cr **
PVC-5-i Polyvinyl chloride A Sd Sd Sd Crz Crz Crz Crz Crz Cl-z Crz Crz Crz Crz
P110-5—2 Sd Sd Sd Cr z Crz Crz Crz Crz ~‘-~
P110-5-3 Sd Sd Sd Crz Crz Cr 1 Cr 1 CrZ **

• - (Continued)

{ * Conditions are described as sound (So), crazing (Cr 5).
* Removed free exposure in June 1966 for tests. (Sheet 1)
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(__) Table S-WS (Continued) Section 30

Specimen Menu- Conditi on* of Bent Specimens 1957-1971
- • No. Description factu ~ er ~~~~ ~~~~ 1222 2~~~~ 12~1 !2~~ 12~Z 1~~~~ 1~ 2 12I~ !2i~

55—1-1 tiatur al rubber A Sd Crz Cd Cd Cd Cd Ci Cd Cd Cd Cd Cd Cd Cd
NB-l-2 Sd (Ira Cd Cd Cd Cd Cd Ci 0*
55-1-3 Sd Cri Cd Cd Cd Cd Cd Cd 0*

55-2-i Natural rubber B 3d Si Crc Crc Crc Crc (Irs Crc Crz Crz Crc Crc Crc Crz
55-2-2 (3500-lb tensile Sd 3d Crc Crz Crc Crc Crc Crz **- 145—2—3 strength) Sd Sd Crc Crz Crc Crz Crc Crz **
SR—i-i General service A Sd Cd B Cd B Cd B cd B ci B ed B ci B cd B ed B cd B ci B cd B Cd

• SR— l—2 rubber Sd Cd B ci B ci B cd B ci B ci B cd ~~
35-1-3 Sd Cd B Cd B ci B cd B ci B ci B ci **
S5-2-l General serivc e B Sd Sd Crc Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd
SR-2-2 rubber (2000-lb Sd Cr 1 Crz Cd Cd Cd Cd Cd **
55-2-3 tensile strength ) Sd Sd Crc Cd Cd Cd Cd Cd **
SR—3-i General service B Sd Cd B ci B ci B ci B ci B cd B Cd B cd B cd B cd B ci B Cd B cd
SR-3-2 rubber (3000—lb Si Cd B ci B Cd B Cd B ci B Cd B Cd 0*
S5—3-3 tensile strength) Sd Cd B ci B ci B ci B ci B ci B ci **
51105-1—i Neoprene rubber A Sd Ci Cd Cd Cd Cd Ci Cd Cd Cd Cd Cd Cd Cd

• NBC*4-i-2 Sd Cd Cd Cd Cd Cd Cd Cd a-a
141105-1—3 Sd Ci Cd Cd Ci Cd Cd Cd **

• 5505-2—1 Neoprene rubber B Si Si Sd Sd Si Si Sd Sd 3d Sd Si Sd Sd Sd
51105-2-2 Sd Si Si Sd Sd Si Sd Sd 0*

51105-2-3 Si Sd Sd Sd Sd 3d Sd Sd ~~

BUTfL—l-l Butyl rubber B Sd Crz Cd Cd Ci Ci Cd Ci Ci Cd Ci Ci Cd Cd
B1JTYL-i-2 Sd Crz Cd Cd Ci Cd Cd Ci a-~
BUTYL—l-3 St Crc Cd Cd Cd Cd Ci Cd 0*

P40-2-i Type IV standard C Si St Crc Crz Crc Crc Crz Crz Crz Crz Crc Crc Crz Crc
P110-2-2 polyvinyl Si Sd Crc Crc Crz Crc Cra Crc **
PVC—2-3 chloride Sd Sd Crc Crc Crz Crc Crz Crc **
PVC-2A-1 Type IV arctic C Sd Sd Sd Si Si Sd Nd Sd Sd Sd Si Si Si Sd-: PVC-2A—2 polyvinyl Sd Si Si Sd Si Si Si Sd 5*

• • P11C—2A-3 chloride Sd Sd Sd Si Sd Si Sd Sd 0*

• P110—3-i Type V standard C Sd Si Si Sd Si Sd Sd Crz Crz Crc Crc Crc Crz Crc
P10-3-2 po]njvinyi Si Si Sd Sd Si Sd Sd Crc **
P10—3-3 chloride Si Sd Si Sd Si Sd Sd Crc *-*

PVC-3A—i Type V arctic C Sd Si Sd Si Si Sd Sd Sd Sd Si Sd Sd Cl-c Crc
PVC—3A-2 polyvinyl Sd Si Sd Si Si Sd Sd Si Cli
P%V—3A—3 chloride Sd Sd Si Sd Sd Si Sd Sd 0*

PVC-4-l Polyvinyl chloride A Sd Sd St Si Sd Sd Sd Crz Crc Crc Crc Crc (Ira Crc
P110-14-2 Sd Si Si Sd Sd Si Sd Crc
Pvc-S-3 3d Si Si Si Si Si Sd Crc

PVC-S-i Polyvinyl chloride A 3d Sd Si Sd Si Sd Sd Crc Crc Crz Crc Crc Crc Crc
• PVC-5-2 Sd Sd Si Si Si Si Sd Crc -

P40-5—3 Sd Sd Si Sd Sd Si Sd Crc **

(Continued)

* Conditions are described as sound (so), crazing (Crz), c~ &cked (Cd), and badly cracked (B C d ) .
** Removed free exposure in June 1966 for teSts, ( Sheet 2)
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Table S-M S (Concluded) Section 30

• - Specimen Manu- Condition0 of 9~abedded SpecImens 195 -1971
• No . Description facturer 122Z 122~ 1222 1~~~~ !2~~ 

1 7 l~~~ 1~~ 2 1212 !~~~~

511-1-37 Natural rubber A Sd Sd Sd Crc Crc Crc Crc Cl-c Crc Crc Crc Crc Crc Crz
511-1-38 Sd • Sd Sd Crc Crc Crz Crz Crz ~*
Ni4-i-39 Si Sd Sd Crc Ccc Crc Crc Crc ~~

1114-2-112 Natural rubber B Si Sd Sd Crc Crz Crc Crc Crc Crc Crz Crc Crc Crc Crc
55—2—113 (3500—lb tensile Sd Sd Sd Crc Cr c Crz Crc Crc ~~~
1114-2-1114 strength ) Si Sd Sd Crc Crc Crc Crc Crc **
SR-1-143 General service A Sd Cd B Cd B ci B ci B ed B ci C tn ~
SR-1-1414 rubber Si Cd B ci B ci B ci B ci B ci C to ~*
SR-i-145 Si Cd B ci B ci B cd B Cd B cd C tn 0*

S7l—2-iis General service B Sd Ta C tn
SR-2—116 rubber (2000-lb Sd Ta C to
S5—2-i17 tensile strength) Sd Ta C tn

SR-3-U8 General service B 3d Ci B Cd B Cd B cd Ta Ta C to **
SR-3-119 rubber (3000-lb Sd Cd B Cd B ci B ci Ta Ta C to 0*

511-3-120 tensile strength) Si Cd B ci B cd B Cd Ta lb C to a-~

NEOR-1-1$0 Neoprene rubber A Si Si Sd Sd Sd Sd Si Sd Si Sd Sd Sd Sd Si
NEOR-l-Sl Sd Sd Sd Sd Sd Sd Sd Sd

• NEOR-l-142 Sd Sd Sd Sd Sd Sd Sd Sd *0

51105-2-109 Neoprene rubber B Sd Sd Sd Si Sd Cl-c Crc Crc Crc Crc Crz Cr c Cr c Crc
511011-2—110 Si Sd Sd Sd Sd Crz Crc Crz ~-‘~
NEOR-2-lll Sd Si Sd Sd Si Crz Crc Crc ~~

BUTYL-l-106 Butyi rubber B Sd Sd Sd Sd Sd Sd Sd Si Sd 3d Si Si Sd Si
BUTYL—l-l07 Sd Sd Sd Si Sd Si Sd Sd a-a

• BU’rfL—l-108 Sd Sd Sd Sd Si 3d Sd Sd ~~~

P110-2-28 type IV standard C Si Sd Sd 3d Sd Crc Crc Crc Cr c Crc Crz Crc Crc Crc
PVC-2-29 polyvinyl Sd Sd Sd Si 3d Crc Crz Crc 0*

P110-2-30 chloride Si Sd 3d Si Sd Crc Crc Crz ~*

PVC-2A-149 type iv arctic C Sd Sd Si Sd 3d Sd 3d Si Si 3d 3d Sd Crc Cr c
PVC—2A-50 polyvinyl Sd Sd Si Si Si Sd Sd Si a-~

‘ PVC-2A-51 chloride Sd Si 3d Si Sd Sd Sd Sd ~~

PVC-3-3l type V standard C Sd 3d Si Sd Sd Sd Sd Sd St 3d Sd 3d Crc Crc
P110—3-32 poiyvinyi Sd Sd Sd Sd Sd Si 3d Sd 0*

P110-3-33 chloride Sd Sd Sd Sd 3d Sd Sd Si **
PltC-3A-52 Type V arctic C 3d 3d Si Sd 3d Sd Sd Sd Sd Si 3d Sd Si Sd
PVC-3A-53 polyvinyl Si Sd Sd Sd Sd Si Sd Sd 0*

PVC-3A—514 chloride Sd Si Sd 3d Sd Sd Sd 3d

P110-14-314 Polyvinyl chloride A 3d Sd Sd Si Si Si Sd Sd Sd Sd Sd 3-I Crz Cr c
P110-14-35 Si Sd Sd Sd Si Sd Sd Sd a-’
PVC~ Ii~ 36 Sd Sd 3d Si Si Sd Sd Sd

P P40-5-146 Polyvinyl chloride 3 Sd Si Si Sd Sd Sd Sd 3d Si Sd Sd Sd Cr c Crz
P11C-5-147 Si Si Si Si Sd Sd Sd Sd 0*
P110-5-148 Sd Sd Sd Si Sd Si Sd Sd 0*

-j

* Conditions are describ ed as seend (Si), cracked (ci), torn (m),  badly cracked (s ci), completely tor n (C t in), and
cr&zin g (Cl-c).

5* Removed from exposure in JUne 1966 for tests. (Sbe.t 3)
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(Revised Sept 1970) Section 31

• Woven Plastic Test Program

The purpose of this investigation is to evaluate the durability of

• two types of woven plastic filter material under three exposure conditions.

The test specimens •are 13-in. -square pieces of woven plastic and are

exposed at two locations: Treat Island, Maine, and Jackson , Mississippi

(indoors).

1963 Treat Island installation

In November 1963, 160 woven plastic pieces were installed at the Treat

Island exposure station. Eighty pieces were installed in thin redwood

frames (two pieces per frame) with a nominal 1-in , space between them for

circulation of air. The redwood frames were contained in one long redwood

box, slatted to permit circulation of air and seawater; the top of the box

had an overhang, and baffles were provided to shade the plastic pieces from

the sun at all times. The remaining 80 pieces were installed flat in two

redwood boxes with a 2-in, layer of pea gravel top and bottom.

1963 Jackson installation
In November 1963, 80 woven plastic pieces were installed indoors at

the WES Jackson installation. These specimens were installed in thin red-

wood frames contained in a long redwood box as were one set of the corn-

panion specimens at Treat Island .

Loss of test specimens

In July 1966 , 60 specimens in redwood frames were lost overboard (two
plastic pieces per frame). At that time, 20 of the frame specimens had

already been returned to the laboratory for testing.

1967 Treat Island installation

In April 1967, 80 woven plastic pieces were installed at the Treat

Island exposure station. All of these were installed in thin redwood

frames (two pieces per frame) with a nominal 1-in, space between them for

circulation of air. As in the 1963 installation, the redwood frames were

ine ong redwood box, s~~ tt~~ to permft circulation -
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and seawater. Baffles were provided to shade the plastic pieces from the

sun at all times. This installation replaced the specimens lost overboard

in July 1966.

Schedule of testing (from May 1967)

Every 6 months until November 1969, 12 specimens were removed from
their exposure (four from Jackson, eight from Treat Island) and tested in

the laboratory (see table i-wPF).
In January 1970, this phase of the investigation was terminated. At

that time only 614 specimens remained under test: 32 were in the pea gravel

boxes at Treat Island and 32 were in frames (indoors) at the laboratory.

1970 installation

In March 1970, 22 plastic pieces were installed at Treat Island in

redwood frames. This installation represented four additional types of

plastic, three of which were woven plastics (see table l-WPF). The sched-

ule for laboratory testing of these samples has not yet been established.

2
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/

Table l-WPF

Woven Plastic Test Program Summary

No. of Specimens to
be Removed from

No. of Woven Exposure and Tested
Specimens Exposure Conditions Plastic Every 6 months

Exposed at Treat Island, Maine ( Installed November 1963)

140* Wooden frames , vertical Type F 0

140* Wooden frames, vertical Type P 0
140 Horizontal, pea gravel, Box F Type F 2

140 Horizontal , pea gravel , Box P Type P 2

Exposed at Jackson, Miss. (Indoors) (Installed November 1963)

140 Wooden frames, vertical Type F 2

140 Wooden frames, vertical Type P 2

• Exposed at Treat Island, Maine ( Installed April 1967)

14ot Wooden frames , vertical Type F 2*~
• kot Wooden frame s , vertical Type P 2~~

Exposed at Treat Island , Maine (Installed March 1970)

1 Wooden frame s , vertical Type F

1 Wooden frames , vertical Type P

10 Wooden frame s , vertical Type L

14 Wooden frames , vertical Type PM (not a woven plastic)

J 2 Wooden frames , vertical Type KB

14 Wooden frame s , vertical Type Z

* Thirty of these specimens were lost overboard in July 1966. Ten of
these specimens had been sent back to the laboratory for testing prior
to July 1966.

** Return of these specimens began in May 1967. No frame specimens were
returned from Treat Island in November 1966.

t Thirty of these specimens were lost overboard in a storm in November
1969. Ten specimens have been tested in the laboratory after exposure.

__________________
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(Revised Jan 1972) Section 32

L
National Bureau of Standards Supersulfate Cement Program

In November 1957, 27 concrete beams (3 by 14 by 16 in.)  were installed

on the exposure rack at St. Augustine as part of a progr am being conducted

by the National Bureau of Standards to investigate the properties of con-

crete containing supersulfate cements .

The 27 beams represented nine cements (3 beams per cement); other

concrete char acteristics were : slump, 5 + 1 in.; nominal cement factor,

5.5 bags per cu yd; aggregates , natural sand and natural gravel of 1-in .

maximum size .

Table 1-SS lists these specimens and gives their exposure record ,
along with their cements.

Data collection on these specimens was discontinued after the 1970

inspection.

1 0
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Table 1-SB Section 32

Record of Testing of Concrete Beams, Supersulfate
Cement Program

1957- (Installed November 1957)

Cementitious Material 1957-196k Readings
Beam Serial 1957 1955 1960 1962 19611
No. ¶L~jpe No. ~E %E ~~ 

_ 
_ _

1851 Supersulfate cement 1 100 113 103 99 102
1SS2 100 115 lOu . 102 1014.
1SS3 100 1111. 100 99 102

2661 Supersuif ate cement 2 100 109 109 103 105
2682 100 110 112 107 106
2SS3 100 109 110 105 109

3SS1 Super suif ate cement 3 100 119 113 106 107
• 3662 100 119 111 1014. 105

3SS3 100 121 111 105 106

— kssi Supersuif ate cement 1~. 100 116 102 99 101
14s5~ 100 118 110 106 109
4553 100 117 110 106 108

5661 Supersulfate cement 5 100 109 109 100’ 105
5562 100 109 110 1011. 106
5853 100 109 109 105 106

6851 Portland , blast-furnace slag 6 100 113 109 914. 81i.
6882 100 113 109 93 Failed
6683 100 112 107 96 95

7SS1 Type V 7 100 113 102 97 100
7652 100 112 101 99 99
7583 100 111 102 99 101

8851 Portland-pozzolan blend 8 100 112 110 99 105
8852 100 113 106 102 107
8883 100 112 108 *

988]. High-alumina cement 9 100 112 105 101 108
9682 100 112 102 101 107
9883 100 1114 105 105 110

(Continued)

* &oken in handling. (Sheet 1)
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• (Rev ised Sept 1970)

Table l-SS (Concluded) Section 32

Cementitious Material 1966- Readings
Beam Serial 1966 1968 1970

No. Type Mo. %E 
_____  _____

1SS1 Supersulfate cement 1 101 97 96
1SS2 103 1014 102
1SS3 100 1011 102

• 2SSl Supersulfate cement 2 105 1014 1014
2SS2 107 101 100
2SS 3 108 109 108

35S1 Supersulfate cement 3 107 105 105
3SS2 l0~4 106 106

• 3SS3 106 101 101

14ssi Supersulfate cement 14 100 105 1014

~-#SS2 109 112 110
14ss3 107 111-1 112

5SS1 Supersulfate cement 5 1014 105 1011
5SS2 108 107 107
5SS3 106 111 Failed

6ssi Portland, blast-furnace slag 6 Failed - -

6633 914 86 85

7SS1 Type V 7 100 99 98
7SS2 99 101 99
7SS3 100 102 101 :
8ssi Portland-pozzolan blend 8 111 109 108

*

9SS1 High-alumina cement 9 109 1114 Lost
9SS2 107 1014 Lost
9SS3 111 1014 Lost

IC
J~ 

* Broken in handling. (Sheet 2)

- 

- 
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(Issued June 1959) Section 314

‘II.

• Membrane Curing Program

On 12 June 19146, ili. box spec imens were installed on top of the wharf

• 
at Treat Island , Maine . Exposure of these specimens is a phase of the in-
vestigation of the effect of’ method of’ curing on the durability of vertical

concrete surfaces. Each of’ the specimens is a hollow, monolithic, concrete
box with exterior vertical surfaces 214 in. wide and 20 in. high and with

hollow, tapered, prismoidal centers 18 in. square at the top and 114 in.

square at the bottom.

The specimens were made during the winter of 19142_i1.3 and were formed
out-of-doors, on the ground, at the moderate weathering exposure installa-
tion at Mount Vernon, N. Y. Each pair of’ adjacent exterior vertical sur-

faces represented a given test condition and the edge between each pair of

similar surfaces was oriented in an east or west direction. The hollow

centers were filled with earth.

After two and one-half winters of’ moderate weathering exposure (ap-

( proximately 250 cycles of freezing-and-thawing), the specimens were emptied
— 

of earth and transferred to Treat Island, installed on top of’ the wharf
with the same orientation as previously employed, and the centers were re-
filled with earth.

Table l-MCP lists these specimens and. gives their present condition

along with other pertinent information.

0
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ —•—~~ •~~• - - -—~~~~~~ —- ~~-—~~~~~~~~~~ — — •—~~~~~~~ ~~~~ - -~~~ .--— .~~~ • -— •• -~~~~~~~~ ~~~~~~~~~~~~~~~ 
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(Revised ~l*guet 1977 )

Table l-ICP Section 314’

Record of Testing of Box Specimens. Membrane Curing Progran,

1959- (Installed June 19146)

Condition of Specimens , l95~ -l96l
Curing 13 Winters 114 Winters 15 Winters

Box East West g~~ jxture Material Form 1959 1960 1961
No. Corner Corner East West Cement East West Lining East West East West East ~~~~~

1 GVRW OW Resin None A Water Water T_and_G* ExCel** Excel Excel Excel Excel Excel
2 GVRCCW GVRA18~ Resin + CC Resin + AR A Water Water T- and-0 Excel Excel Excel Excel Excel Excel
3 OCCJ W GCCW Resin soap CC A Water Water T-and-G Excel Excel Excel Excel Excel Excel

+ C C
1$ 0,1W Resin soap Bee in soap A Water Water T-and-0 Excel Excel Excel Excel Excel Excel.
5 AC None None B Air Air T-and-G Excel Excel Excel Excel Excel. Excel

6 c~~ CWC None None B Air Water Lining A Excel Excel Excel Excel Excel Excel
7 RAC RWC None None B Air Water Lining B Excel Excel Excel Excel Excel Excel
8 AHAC AR AN B Air Air T-and-G 31 ckt Excel Si ck Excel Excel Excel
9 B-3 B-i None None B HPB RG T-and-G Excel Excel Excel Excel Excel Excel

10 B-8 B-2 None None B KC7O HP C T-and-G Excel Excel Excel Excel Excel Excel

U B—25 B-23 None None B SFI +5W CR145 T-and-G Excel Excel Excel Excel Excel Excel
12 5~2!. B-29 None None B 8F’45 t~A T-and-G Excel Excel Excel Excel Excel Excel
13 B-l7 B-28 None None B AF1~~T PENC T-and-G Excel Excel Excel Excel Excel Excel
114 B-18 B-30 None None B A1C TPX199 T-and-G Excel Excel Excel Excel Excel Excel

Condition of Specimens, 1962-1972
16 Winter. 17 Winters 15 Winters 19 Winters 20 Winters 214 Winters 25 WInters 26 Winters

1962 1963 19614 1965 1966 19704$ 1971 1972
East West East Weat East West East West East West East West East West East West

1 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
2 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
3 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
14 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
5 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

6 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
7 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
8 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
9 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

10 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

11 Excel E~~el Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
12 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
13 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
14 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

Condition of Specimens 1973—
27 Winters 28 Winters 29 Winter s 30 Winters 31 Wln~ers

1913 19714 1975 1976 1917
East West East West East West East West East West

1 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
2 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
3 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
I~ Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

• 5 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

6 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
7 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
8 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
9 Excel Excel Excel Excel Excel Excel. Excel Excel Excel Excel

10 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

11 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
12 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

- • 13 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
lh Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

e Tongue—and.~~ oOve liaber.
e Excel denote s excellent.

51 ck denote, slight crack.
4$ Condition of the apeciemns did not change fron 1967 to 1971 .

•• - •—
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( Corrected Aug 1965) Section 35

• ~ua.1ity Aggregate Investigation

The purpose of this investigation is to develop satisfactory test

methods for evaluating the quality of aggregate larger than the 1-1/2-in .
size.

During the period 1959-1962, 16 mass concrete cubes (8 cu rt) were
fabricated for field exposure tests from 16 different concrete mixtures

(one cube per mixture). All cubes were made of air-entrained concrete

using type II portland cement, a 6-in, maximum size coarse aggregate, and

a manufactured limestone sand as the fine aggregate. The test variables

were water-cement ratio and kind of’ coarse aggregate; eight coarse aggre-

gates and two water-cement ratios were used. Each cube was allowed to
reach a minimum age of 1 year before installation at Treat Island.

1962 Installation

In November 1962 , ten of these concrete cubes were installed at half-
tide elevation on the beach at Treat Island for field exposure tests.

Table 1-QA lists these specimens and gives their exposure record along

with pertinent mixture data.

1963 Installation

In December 1963, the remaining six of these concrete cubes were

installed at half-tide elevation on the beach at Treat Island. Table 2-QA

lists these specimens and gives their exposure record.

0
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(Revised August 1977 )

Table 1-QA Section 35

Record of Testing of Cubes Made for ~ .sality Ag~~egate Investigation

1962 Inatailation (Installed Noveaber 1962)

Beach Row 2 (W to E)
• 1962- 1965 Needing.

Water- 106 2141 ~~ 5314 690 875
Cycles Cycles Cycles Cycles Cycles CyclesRStiO r __ l°~~ l°6~ ‘~~‘Cube ~~y content~ sin~ * Veloc 1 3 1 1967 1968

N~~ Date Made Coarse siggregat e ~~~~~~~~ % j~~~~~~~ ~ ~~ iiL %v2 
~~ ~~ jy~

Q-l. Mar 1959 Limestone C 0.5 5.3 1 17,315 100 1014 97 103 96 ~~ 79
Q-2 JUIF 1959 Limestone C 0.8 5.0 1-3/14 36,065 100 65 72 41 Foiled

Q-3 June 1959 Graywacke 0.5 5.5 1-3/4 13,515 100 108 112 126 112 110 NR~~

~-14 June 1959 Gra ywacke o.8 5.4 2 12,780 100 99 102 91 146 66 Failed

Q.5 Oct 1959 Natural gravel A 0.5 5. 2 1-1/2 15, 150 100 97 100 106 97 100 100

~-6 Oct 1959 Natural gravel A 0.8 5.3  2 14,035 100 97 89 75 51 Failed

• Q-7 Feb 1960 Limestone B 0.5 5.0 1.3/14 36 ,000 100 102 102 108 97 90 82

• q-8 Feb 1960 Limestone B 0.8 14.9 1.314 15, 150 100 77 57 Nl** 33t Failed

Q.9 Mar 1960 Limeeton e A 0.5 4.8 1.3/14 16,600 100 914 97 101 86 82 93

Q-lO Mar 1960 Limestone A 0.8 5.2 1-3/34 16,065 100 96 98 81 75 79 60

• 1969—1977 Readings
‘
\ 1029 11l~~ 1351 1508 16148 17814 1696 20 142

• ~ I Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
~‘ / 1969 1970 1971 1972 1973 1974 1975 1976

_ _i

~~~~~~

Q-l Mar 1959 Limest one C 0.5 5.3 1 Failed

Q-3 June 1959 Graywacke 0.5 5.5 1.3/14 NRas NR** Failed

Q-5 Oct 1959 Natural gravel A 0.5 5.2 1.1/2 73 67 58 58 ft  27 Failed

• Q-7 Feb 1960 Limestone B 0.5 5.0 1.3/4 56 54 29 43 ft  17 lil Failed

Q.9 Mar 1960 Limestone A 0.5 4.8 1-1/4 66 64 ~3 65 ft 58 56 Failed

Q-10 Mar 1960 Limestone A 0.8 5.2 1.3/il 42 NR~~ Failed

* Air content m d  •1~~~ of that portion of the concrete containing ag~~egate ller than 1-1/2 in. in sine.
( I ** • no satisfactory reading was obtained due to condition of spec imen; hov.ver , specimen clenot as yet be adjudged as

“fMl.d .5
• 

• $ This reading ii doubtfbl because of deteriorated condition of specimen.
tt Iqui~~ent •slfunction.d in 1973.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(Revised August 1977 )( Table 2-QA Section 35

Record of Testing of Cubes Made for Quality Awegate Investigation

1963 Installation (Installed December 1963)

Beach Row A-]. (w to N)
1963-1969 Readings

Water- 0 Cycles 121 284 414 570 755 909
Ratio Air Pulse Cycles Cycle s Cycles Cycles Cycles Cycles

Cube (by content* Siunpe Vei.oc 19614 1965 1966 1967 1966 1969
No. Date Made Coa rse Aggregate ~j  _______ 

in. ~~ ~ 
jy~_ jy

~
_ ~j~_ ..1!L i!~._ y~_

Q-U Aug 1962 Dolomite 0.5 4.8 1-1/2 15,565 100 102 119 117 88 89 73

Q.12 Aug 1962 Dolomite 0 .8 4.9 1-1/2 14 ,870 100 112 110 122 51 Failed

Q-13 July 1962 Natural gravel B 0.5 5.0 1-1/2 15,875 100 114 122 112 107 105 91

Q-l14 Aug 1962 Natural gravel B 0.8 4.9 1-1/2 15,505 100 103 118 118 102 84 66

Q.15 Aug 1962 (kid s. 0.5 4.8 1-1/2 14 ,335 100 124 140 135 131 121 107

Q-16 Aug 1962 On eIss 0.8 4.8 1.1/2 13, 890 100 122 112 139 76 Failed

1970-1976 Read ings
1062 1233. 13~~ 1528 16614 1776 1922

Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1970 1971 1972 197 3 19714 1975 1976

~~~ i~L ~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~

Q-U Aug 1962 Dolomite 0.5 4.8 1.1/2 Failed

~-l3 July 1.962 Natural, gravel B 0.5 5.0 1-1/2 81 80 90 tt 118 105 91,

Q-l1~ Aug 1962 Natural gravel 5 0.8 4.9 1.1/2 t Fai led

Q—l5 Aug 1962 Oneiss 0.5 4.8 1.1/2 99 104 . 115 ft  120 123 116

1977- Readin gs
1999

Cycles
1977

Q-11 Aug 1962 Dolomite 0.5 4.8 1.1/2

Q-l3 July 1962 Natural gravel B 0.5 5.0 1-1/2 94

Q.lIl Aug 1962 Natural gravel B 0.8 14.9 1-1/2

Q-l5 Aug 1962 Gneiss 0.5 14.8 1-1/2 109

L
( ) Air content and .l~~~ of that po~~ ion of the concrete containing aggregate enaller than 1— 1/2 in. in size.

—- t A satisfactory reading could not be taken because of the condition of the epecinen .
f t  Zquipnent malfunctioned in 1973. 
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(Revised Sept 1970) Section 36

Cement-Replacement Materials Investigation, Phase G*

In November 1962, two concrete prisms (i8 by 18 by 36 in.) were in-
stalled at half-tide elevation on the beach at Treat Island as a part of

Phase G (field phase) of the cement-replacement materials investigation .*

Phase G (field phase) involved the proportioning, outdoor mixing, and
• placing of lean mass concrete containing pozzolans. The purpose of this

installation is to develop information about the durability of these lean

mass concretes .
The prisms were made from two different concrete mixtures (one prism

per mixture); the coarse and fine aggregates used in both mixtures were

crushed limestone. Each concrete mixture was air-entrained and each con-

tained type II portland cement and one replacement material. The mixture

data are tabulated below. Table l-CRMI-PG lists these concrete prisms

and gives their exposure record.
Nominal

• C- Cemen-
Sped - Replacement titious
men Material Max Material Water-
and Date Portland Size Factor cement Nominal
Mix Cast Cement by Wt Coarse bags/ Ratio Slump Airl(*
No. 1962 %, by Wt Type Used Aggr cu yd by Wt in. 

____

1 9-12 1~8.5 Fly 51.5 6 2.1 0.62 1~3/l14 5 0 -
ash 6.6

6 6-21 57.3 Shale ~.2.7 6 1.7 0.85 1_3/14. 5.0-
6.0

-1
~ Air content of that portion of the concrete containing aggregate4 - smaller than 1-1/2-in , size.

* See: (1) U. S. Army Engineer Waterways Experiment Station, CE , Inves-
t igat ion of Ccm~nt-R~p1acement Materials; Use of Large Amounts of
Pozzolans in Lean Mass Concrete, by W. 0. Tynes, Miscellaneous
Paper No. 6-123 , Report 10 (Vicksburg, Miss . ,  August 1962).

(2) Ti. S. Army Engineer Waterways Experiment Station , CE , Inve s-
tigation of Cement-Rt~placement Materials; Use of Large Amounts of—

- ., - of Pozzolan s in Lean Mass Concrete (Second Phase), by W. 0. Tynes,
Miscellaneous Paper No. 6-123, Report 11~ (Vir’ksburg , Miss.,
October 1966). 

—-- .•-~~
... 
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(Revised Jan 1972)

Table l-CRME-PG Section 36

Recàrd of Testing of Prisms Made for Cement-

Replacement Materials Investigation

Phase G , 1962 _ ( Installed November 1962 )

Beach Row 2 (E to W)

1962-1961k Readings
0 Cycles

Replace- Maximum Cycles Cycles
Specimen Portland ment Aggregate Pulse 1963 19611.
and Cement Material* Size Veloc

Mix No. 
_______  ________  

in. rps ~~~ _____  _____

1 11.8.5x* 51.5*31 6 16,665 100 102 95

6 57.3*3~ ~.2.7*3~ 6 15,305 100 91t 92

1965-1968 Readings
14Q).

~ 
5311. 690 875

• -.- 
- Cycles Cycles Cycles Cycles
1965 1966 1967 1968
%v2 _____  _____  _____

1 Ii.8.5*3e 51.5** 6 911. 76 79 66

6 57.3*3~ iI.2.7** 6 119 85 t t

1969- Readings
1029 1182 1351

Cycles Cycles Cycles
1969 1970 1971

%v2 ~~2 
_ _ _

1 1~8.5* 51.5** 6 t t Failed

6 ~7.3** 1~2.7** 6 t Failed

* Replacement material in mix 1 was fly ash; replacement material in
- : mix 6 was shale .

** Percent by weight of total cementitious material ( cement plus
pozzolan).

t Faces of prism too rough to obtain satisfactory reading .

I
A ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -.- ——. . .— —-.1—.’-—— —---~~~~~~~~~~~~ — • ~a.-. -- -- —-
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- (Issued Aug 19611-) Section 37 -

~ -

Maximum Size of Coarse Aggregate Program

In December 1963, 18 mass concrete prisms (18 by 18 by 36 in.) were
installed at half-tide elevation on the beach at Treat Island.

• The objective of this program was to determine if the maximum size of
-. coarse aggregate used in mass concrete could be reduced from 6 to 3 in.

without loss in quality of concrete.
The pris ms were made from 18 different concrete mixtures ( one prism

per mixture); the coarse and fine aggregate used in all mixtures was a
crushed limestone. Each concrete mixture was air-entrained (5  + 1 percent)
with a slump of 2 ± 1/2 in., and each contained type II portland cement.
Cement factors varied from 2 to 3 bags per cu yd; 12 mixtures contained a
cement-replacement material . The maximum size of aggregate in all mixtures
was either 3 or 6 in.

Table 1-CAP lists these concrete prisms and gives their exposure
j  record along with other pertinent information.

L I 
_ _ _ _ _ _ _ _
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(Revised Sept 1966)

Table 1-CAP SectiOn 37

- 
Record of Testing of Prisms Made for Maxinnm Size

- • of Coarse Aggregate Program

1963- (Installed December 1963)

- Beach Row2 (W to .R)
Actual Max

Sped - Nominal Sand: Size 0 Cycles 
~~~~~~. 2814.

men Cement Aggre- Coarse 1963 C d e s Cycles
• and Factor Replace- gate Aggre- Pulse 

~~~~~~~~~ 
.

~~ 5Mix bags/ ment Ratio gate Velocity
• No. Date Made cu yd Mate rial* % 

• 
in. 

- 
fps ~~ %V

2 
~V
2

1 Sept 1963 2.0 None 30 3 14,285 100 129 121
• 2 Sept 1963 2.0 None 24 6 15,51i.5 100 109 114

3 Sept 1963 2.0 Fly ash 30 3 14,150 100 93 **
4 Sept 1963 2.0 Fly ash 211. 6 15,385 100 115 115

• S Sept 1963 2.0 Shale 30 3 14 ,780 100 107 119
6 Sept 1963 2.0 Shale 24 6 16,395 100 107 109

7 Sept 1963 2.5 None 30 3 14,850 100 117 119
8 Sept 1963 2.5 None 23 6 16,215 100 110 113

9 Sept 1963 2.5 Fly ash 30 3 15,465 100 104 115
10 Sept 1963 2.5 Fly ash 23 6 16,130 100 107 1111.
11 Oct 1963 2.5 Shale 30 3 15,305 100 104 116
12 Oct 1963 2.5 Shale 23 6 15,955 100 106 113

- 13 Oct 1963 3.0 None 29 3 14,925 100 113 126
14 Oct 1963 3.0 None 22 6 16,130 100 104 113
15 Oct 1963 3.0 n.y ash 29 3 14,705 100 113 136
16 . Oct 1963 3.0 Fly ash 22 6 15,875 100 107 109
17 Oct 1963 3.0 Shale 29 3 15,385 100 111 123
18 Oct 1963 3.0 Shale 22 6 15,955 100 108 118

(Continued)

Note: The following specimens were made on the same day: 1 and 2 , 3 and Ii , 5 and
4 6, 7 and 8, 9 and 10, 11 and 12, 13 and 14, 15 and 16, 17 and 18; in other

worr~s, the specimens w~r~’ r~ade on 
C. 

~~~~‘f~~r — r ~
- - 

~~~~~~

I •~~~~ ~~~~~~~~~~~~~~~ ~~~ .-
‘•
. 
.( - 

~~~ Condition of this prism precluded pulse velocity testing.
* ( Sheet i)

d ~~~~~~~~~~~~~~~~~~~~~~~~ .• . .. __ 
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(Revised Sept 1970)

Table 1-CAP (Continued) Section 37

Beach Row 2 (w to E)
Actual Max

Sped - Nominal Sand: Size
m Cement ~

__re- Coarse Cycles Cycles Cycles Cyclesand Factor Replace- gate Aggre- 
~~ ~Mix bags/ ment Ratio gate

No. Date Made cu yd Material % in. ~V2 %v2 %v2 %v2

1 Sept 1963 2.0 None 30 3 106 t Failed

2 Sept 1963 2.0 None 24 6 103 88 102 t

3 Sept 1963 2.0 Fly ash 30 3 Failed
4 Sept 1963 2.0 Fly ash 24 6 108 104 103 97
5 Sept 1963 2.0 Shale 30 3 108 107 100 t

6 Sept 1963 2.0 Shale 24 6 97 94 92 88
7 Sept 1963 2. 5  None 30 3 111 113 110 106
8 Sept 1963 2.5 None 23 6 106 103 106 91
9 Sept 1963 2. 5  Fly ash 30 3 100 91 93 85

10 Sept 1963 2 .5 fly ash 23 6 101 94 95 85
11 Oct 1963 2. 5  Shale 30 3 108 99 101 95

-
• () 12 Oct 1963 2.5 Shale 23 6 101 101 100 88

13 Oct 1963 3.0 None 29 3 112 117 112 103 •

• 14 Oct 1963 3.0 None 22 6 100 100 99 92
15 Oct 1963 3.0 Fly ash 29 3 115 fl13 1113 110

16 Oct 1963 3.0 fly ash 22 6 108 100 103 96
17 Oct 1963 3.0 Shale 29 3 111 110 106 97
18 Oct 1963 3.0 Shale 22 6 108 101 103 94

t E n d o :rou ~~~1obtain :atisfacto~~~read1ng ~~heet~~~
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(Revised August 1977)

~~ Table 1-CAP (Continued) Section ~~

Beach R ow2 (W to~~)
Actual MaX 1970-1975 Readings

Speci- Nominal Sand: Size 
~~~~ ~~~~men Cement Aggre- Coarse - ‘~~~ 152 1 177

and Factor Replace- gate Aggre- 
Cycles Cycles Cycles Cycles Cycles Cycles

Mix bags/ meat Ratio gate ~~ 1971 1972 1973 19713 1975
Mo. Date Made Cu yd Material % in. P!2 

Pt2 %v2 Pt2 Pt2 
~v2

2 Sept 1963 2.0 None 213 6 t Failed

13 Sept 1963 2.0 Fly ash 213 6 86 t Failed

5 Sept 1963 2.0 Shale 30 3 t Failed 
•

6 Sept 1963 2.0 Shale 213 6 813 t Failed

7 Sept 1963 2.5 None 30 3 1013 76 1013 tt  813 106
8 Sept 1963 2.5 None 23 6 87 MR 86 f t  1013 913
9 sept 1963 2.5 Fly ash 30 3 Failed

10 Sept 1963 2.5 Fly ash 23 6 80 NB 86 f t  38 Failed
11 Oct 1963 2.5 Shale 30 3 88 MR 88 t t  Failed

12 Oct 1963 2.5 Shale 23 6 83 20 84 ft 96 92

13 Oct 1963 3.0 None 29 3 100 NB 100 tt 116 113

14 Oct 1963 3.0 None 22 6 89 313 91 tt 813 71

15 Oct 1963 3.0 Fly ash 29 3 91 90 109 f t  122 118
16 Oct 1963 3.0 Fly ash 22 6 89 713 913 tt 107 106

17 Oct 1963 3.0 Shale 29 3 95 72 99 f t  112 1113

18 Oct 1963 3.0 Shale 22 6 91 80 102 ft 108 108

1976— Readings
1922 1999

Cycles Cycles
• 1976 1977

• ~v2 %v2

2 Sept 1963 2.0 None 213 6
13 Sept 1963 2.0 Fly ash 213 6
5 Sept 1963 2.0 Shale 30 3
6 Sept 1963 2.0 Shale 213 6
7 Sept 1963 2.5 None 30 3 Failed

8 Sept 1963 2.5 None 23 6 83 Failed

9 Sept 1963 2.5 Fly ash 30 3

10 Sept 1963 2.5 Fly ash 23 6
11 Oct 1963 2.5 Shale 30 3

12 Oct 1963 2.5 Shale 23 6 67 Failed

13 Oct 1963 3.0 None 29 3 101 95
• 113 Oct 1963 3.0 None 22 6 71 81

15 Oct 1963 3.0 Fly ash 29 3 115 103
16 Oct 1963 3.0 Fly ash 22 6 89 65
iT Oct 1963 3.0 Shale 29 3 86 147

18 Oct 1963 3.0 Shale 22 6 77 59

t ~~d of prism too rough to obtain satisfa ctory reading .
• 

~~ / t t  equipment malfunctioned in 1973.
MR Unable to obtain satisfactory reading , although an atte mpt was made to do so. ($~~et 3)

_ _  ~~~•• ••~~~~~~~~~~•_  ••~~~~~~~~~~~~~~~~~~~~~~~~ • •• • •
~~~~~~~~~~~~~~~~~~• ••~~~~~~~~~~~.



( Issued Aug 1965 ) Section 38

“ 
)

Maximum Allowable Water-cement Ratio Investigation

In December 19613, 21~ concrete prisms (18 by 18 by 36 in . )  were in-

• stalled on the beach at Treat Island. The objective of this installation

was to obser~re the durability of mass concrete mixtures in which the

water-cement ratios varied from 0.6 to 1.1 by weight .

The prisms were made from 12 concrete mixtures (two prisms per

mixture); the coarse and fine aggregate used in all mixtures was a crushed

limestone . The maximum size of the aggregate was 6 in. Each concrete

mixture was air-entrained ( 5  ± 1%) with a slump of 2 + 1/2 in., and each

contained type II portland. cement. Cement factors varied from 1.59 to

2.93 bags per cu yd; 6 mixtures contained a cement-replacement material

( 30% by solid volume).

Table l-MAWC lists these concrete prisms and gives their exposure

record along with other pertinent information.

~ ~- 

-

I

_ _ _  ~~~~~~~~~~~~~~~~~~~ ~~~~~~• • • -- •~~~~~~~~~~~~~~~~~ - •——-—~~~~~~~~~~ --  —~~~~~ - ~~ • -~~—~~~~~~~~~~~~ - ,. ~~~~~~~~~~~--~~~~~~~~~-~~~~~~~~~~~-



_ _ _  
-‘- - • • -..-- • •

~ 
-
~ 

- - - -i--

(Revi.ed Sept 1~~-8)

(I:.) T~b1a 
~~~~~~ Section 38

Record of Testing of Prisms )~ de for Max imwn
Allowable Water-Cement Ratio Investigation

1964- (Installed December 1964)

Beach , Row A-1
Cement 0 Cycles 1964 152 Cycles 1965

Pr ism Type Replacement Water-Cement Rat io Fact or Pulse Velocity
No. 2-ute Made Cement Material 5 gals/bad by weight bags/cu yd fps

Mix 1, Rd 1 Feb 19614 II None 6.5 0.6 2.93 16 ,395 100 106
Rd 2 Aug 19614 II None 6.8 0.6 2.93 16,130 100 114

Mix 2 , Rd 1 Ma1’ 1964 II None 7.9 0.7 2.51 16 ,215 100 116

Rd 2 July 19614 II None 7.9 0.7 2.51 16 , 665 100 108
Mix - ,  Rd 1 June 19614 II None 9.0 0.8 2.20 16 , 1485 100 109

Rd 2 July 1966 II None 9.0 0.8 2.20 16 ,395 100 111

Mix 4 , Rd 1 Jun e 1964 II None 10.2 0.9 1.95 16 ,215 100 108

Rd 2 Aug 1966 II None 10.2 0.9 1.95 l6 ,0~ 5 100 107

Mix 5, Rd 1 Apr 19614 I I None 11. 2 1.0 1.76 15,70 5 100 100

Rd 2 Aug 19614 II None 11.3 1.0 1.76 15, 875 100 1014

Mix 6 , Rd 1 Apr 1964 II None l~~.i 1.1 1.59 15, 230 100 106

Rd 2 Aug 1964 II None 12.4 1.1 1.59 15, 150 100 111

Mix 7, Rd 1 Mar 19614 II Fly ash ( . 1. 0 .6  2 .93 17, 240 100 95

Rd 2 Aug 1964 II Fly ash 6. 14 0.6 2.93 16 ,575 100 103
Mix 8 , Rd 1 June 1961. II Fly ash 7. 4 0.7 2.51 16 ,30 5 100

Rd 2 June 19614 IT Fly ash 7. 0 0 .7 2 .51  16,760 100 102
Mix 9, Rd 1 Ma r 1964 II Fly ash 8.14 0.5 2.20 16.215 100 106

Rd 2 Aug 1964 II Fly ash 8.4 0.2 2.20 16,215 100 108
Mix 10 , Rd 1 June 1964 II Fly ash 9.6- 0.9 1.95 16 ,215 100 106

Rd 2 Aug 1964 11 Fly ash 9. 4  2 .9 1.95 15,791 100 111
Mix 11, Rd 1 June 1964 II Fly axh 10.6 1.0 1.76 16 ,79 5 100 101

- - - Rd 2 Aug 1964 II Fly ash 10.6 1.0 1.76 16 ,130 100 110

• 4 
- Mi x 12 , Rd 1 June 196i4 II Fly ash 11.6 1.1 1.59 15,955 100 102

Rd 2 Aug 1964 II Fly ash 11.6 1.1 1.59 16 , 130 100 89

Cement
Pri lc  Type Replacement Ma ter-Cement Ratio F5ctor 28. Cycles 1966 438 Cycles 1967

No. ~~~~ 6.lc Cement Material S gals/ hag by weight bags/cu yd

MIs 1, R d 1 Feb 1964 11 None - ) .6 2 .93 1(3 112
Rd 2 Aug 1964 11 Non e 4 2  - .6 2 . 93 107 117

Mix - , Rd 1 May 1964 I I  None 7 . 1  0.7 0 .51 106 116
Rd 2 Ju ly 1964 II None ‘

~~. ~.7 2 .51 14Th’ 123
Mix ~ , Rd 1 June 19614 II None . .o c. 8 2.20 102 109

Rd 2 July 1 3(4 IT Nor m ‘4.  - .~~ 3.77 173 121
2 : . . 4 , R I  1 June 19614 II None 1 ) 0  0.9 1 .9 )  106 109

Rd 2 Aug (3.-I II None 1 7 7. 4 1.95 1-77 116
Mix , Ri  1 Apr 1164 II None 11 .3  1. 0 1 .76 111 10’-

Rd 2 Aug 19614 II None 11. 4 1. 0 1.76 11’~ 108
Mix , P-I 1 Apr 1)61. II None L - .~ 1.1 1. 1- - 3 70 99

Rd 2 Aug 11Th II Nun. L?. II 1.1 1 . 51 33 82
‘6 -’ 7 , R - I 1 Ma r 1 41. II Fly .~ h ~~.‘ 7 .6 • ‘ .93 93 101

R I  2 Aug 161 IT Fly ash 6. 14 • .~ 2 . 13 r i  117
1 , Rd 1 June 19614 Ii FLy ‘.~ h 7. 4 • . • . 1-1 10 3 111

Rd 2 0 01.- 1961. II Fly c u b  7~1. 0 .7 7 . 31 90 110
M i x  1 , R I  1 M*r 1361. II Fly ash ~. J. - .11 3.4 ~~a0 f l 3

Rd 2 Aug 1 4Th 11  Fly .~ h 8.14 - .3 o .~ 174 117
Mix , Rd 1 June 1 4 ) 6 14 11 Fly ~~~ 4 6  - 

. -32- 106
Rd 2 200 1’ 1. j i  ?l~ o h  -4 .6 - . - )  I. .~ 175 115

M i x  I , R d 1 June 1 (1. 11 Fly ash io .6 1.0 1 .  7 ~ 3 101
Rd 2 Aug 1. 4 0 j i  fly ~~h 1’ - .6 .  l.7~ 14  1114

- 
, Rd 1 June 1.161. II fly ash 11. 6 1 . )  1 .7 )  4 -  103

Rd 2 Aug l’dTh TI Fly ash 141.6 1.1 1 . ~~
- 99

(C7 ,nt inued)

— - 3IY~ replacement by solid volume . ~Sheet 1)
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Tghle l—MAWC (Continued) Section 38

h I~~~ft-~.
• 623 777 930 1099 1256

~ ~ 
Cycles Cycles CycI*a Cycle. Cyci..

- • Priss Type Replacesent Wtt.r-C eut Ratio F a c r  1968 1969 1970 1971 1972
No. Date Made 

~~~~~~~~~ 
Nit.rial~ sam /bag by v.iakt bess/cu yd _j._.. ...j ._ _1_. ._ ._1_.._. _1__..

% Mix 1, Rd 1 Feb 19614 II Ron . 6.8 0.6 2.93 11.1 115 109 102 88
5 Rd 2 Aug 1961, II None 6.8 0.6 2.93 1.17 102 JR 106 91

Mix 2 , Rd 1 May 1964 XI None 7.9 0.7 2.51 108 200 102 87 75
Rd 2 July 19614 II None 7.9 0.7 2.51 108 101 121 115 66

Mix 3. Rd 1 Jon. 19614 II None 9.0 0.8 2.20 105 97 98 75 65
Rd 2 J uly 19614 II None 9.0 0.8 2.20 110 99 88 82 18

Mix 4 , Rd 1 Jon. 1964 II None 10.2 0.9 1.95 106 IR~~ NB NP JR
Rd 2 Aug 19614 II None 10.2 0.9 1.95 112 101 91 80 35

Mix 5, Rd 1 Apr 19614 II lone 11.3 1.0 1.76 100 77 NB NB Failed
Nd 2 Aug 1961, II None 11.3 1.0 1.76 105 82 NB JR Failed

Mix 6, Rd 1 Apr 1964 II None 12. 4 1.1 1.59 57 3 Failed

Rd 2 Aug 19614 II None 12. 14 1.1 1.59 78 JR Failed
Mix 7. Rd 1 Mar 1964 II Fly ash 6.4 0.6 2.93 93 88 102 88 84

Rd 2 Aug 19614 II P31’ ash 6. 1* 0.6 2.93 109 101 97 99 93
Mix 8. Rd 1 Jon. 19614 II Ply ash 7.4 0.7 2.51 103 100 107 90 NP

Rd 2 Jun. 1961$ II Ply ash 7. 1* 0.7 2.51 105 96 100 85 Mi

Mix 9, Rd 1 Mar 1961$ II Fly ash 8.14 0.8 2.20 110 95 714 86 JR

Rd 2 Aug 19614 II Fly ash 8.4 0.8 2.20 113 97 95 NB IN
Mix 10 Rd 1 June 1964 II Fly ash 9.6 0.9 1.95 110 JR JR JR JR

Nd 2 Aug 1961* II Ply ash 9.6 0.9 1.95 115 NB NB JR JR
Mdx 11, Rd 1 Jun. 1964 II Fly ash 10.6 1.0 1.76 102 61 NB JR JR

Rd 2 Aug 19614 II Fly ash 10.6 1.0 1.76 110 98 97 90 JR
Mix 12. Rd 1 June 1964 II Fly ash 11.6 1.1 1.59 106 87 76 JR JR

Rd 2 Aug 1964 II Fly ash 11.6 1.1 1.59 71 NB NB JR JR

1 4 ’
1396 1532 16414 1790 1889

- - 
c ~ 

Cycles Cycles Cycles Cycles Cycles
Prism Type Replasneent Water—Ce ment Ratio Factor 1973 1974 1975 1916 197
No. Date Made ~~~~~ Material’ gala/beg by weight bags/cu yd j  ~ _1_._ ._.1___. ._1___

Mix 1. Rd 1 Feb 1964 II None 6.8 0.6 2.93 ft 109 103 69 96
Nd 2 Aug 1964 II None 6.8 0.6 2.93 ft 107 112 107 98

Mix 2, Rd 1 May 1964 II None 7.9 0.7 2.51 ft 94 109 86 77
Rd 2 July 1964 II None 7.9 0.7 2.51 tt 105 118 112 51

Mix 3, Rd 1 June 1964 II None 9.0 0.8 2.20 tt Failed
Nd 2 July 1964 II None 9.0 0.8 2.20 f t  89 102 Failed

Mix 1$ , Rd 1 June 1964 II None 10.2 0.9 1.95 ft Failed
Rd 2 Aug 1964 II None 10.2 0.9 1.95 ft  88 84 Failed

Mix 5, Nd 1 Apr 1961$ II None 11.3 1.0 1.76
Rd 2 Aug 1964 II None 11.3 1.0 1.76

Mdx 6, Rd 1 Apr 1964 II None 12.4 1.1 1.59
Nd 2 Aug 1961* II None 12. 14 1.1 1.59

Mix 7, Rd 1 Mar 1964 II Fly ash 6. 1$ 0.6 2.93 ft 93 NB 59 88
Rd 2 Aug 1964 II Fly ash 6.4 0.6 2.93 ft 99 102 96 38

Mix 8, Rd 1 J un. 1964 II Fly ash 1.4 0.7 2.51 ft 104 109 105 Failed
Nd 2 J ane 1961$ II Fly ash 7. 14 0.7 2.51 ft 99 1114 Failed

Mix 9, Rd 1 Mar 1961$ II Fly ash 8. 4 0.8 2.20 ft 103 108 Failed

Rd 2 Aug 1961$ fl Fly ash 8. 1* 0.8 2.20 ft Failed

Mix 10, Rd 1 Jun. 1961* II Fly ash 9.6 0.9 1.95 ft Failed
Rd 2 Aug 1964 II Fly ash 9.6 0.9 1.95 tt Failed

Mix 1.1, Rd 1 J ane 19614 II Fly ash 10.6 1.0 1.76 ft Failed

Nd 2 Aug 1961* II Fly ash 10.6 1.0 1.76 ft 103 93 Failed

Mix 12, Rd 1 Jan. 1961* II Fly ash 31.6 1.1 1.59 ft Failed
Rd 2 Aug 1963. II Fly ash 21.6 1.1 1.59 ft Failed

• 30% r.plao..smt by solid Yo1%...
‘ JR denotes that a satisfactory reading was not obtained although an attengt was de.

) f A pulse ,,loeitN’ reading could not be taken through th, path previously used becaus, of the poor condition of to. specimen.
1-? Iqmipus.t 1f~~ct1Cnid in 1973. (~b..t 2) 

-- -~~~~~~~~~~~—~~~~~ -—-----—- .--~~ -- - -~~ ~~—-- -~~--~~ -~~~~~~ - -~~~~~~~ . 
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(Issued Sept 1968) section 39

Curing Investigation

In June 1968, 56 mass concrete prisms (18- by 18- by 36-in.) -were in-
stalled on the Treat Island exposure rack.

The purpose of this installation is to develop information about the
durability of mass concrete mixtures that contain special cements or
pozzolans.

The prisms were made from seven concrete mixtures (eight prisms per
mixture); the coarse and fine aggregate used in all mixtures was a crushed

limestone , maximum size 6-in . Each concrete mixture was air -entrained (5.5

± 1 percent) with a siump of 1-1/2 ± 1/2 in. and a cement factor of 2.5
bags per cu yd. One portland blast-furnace slag cement, two type II port-
land cements, one blend of type II portland cement and natural cement, and
three blends of type II portland cement with a replacement material (fly

ash or calcined shale ) were used. Four curing conditions were utilized
(lii. prisms per curing condition):

Curing Days
Condition . of Fog Subsequent

No. Room Curing Curing

1 lii. Laboratory
air

2 21 Laboratory
air

3 2 Membrane
curing
compound

2 Laboratory
air

Table 1-CT lists these concrete prisms and gives their exposure record
along with other pertinent information.

C
_ _ _ _  _ _  _ _ _ _ _ _  _ _ _
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( Revised Jan 1972 )

j Table 1.—CT SectIon 39

Record of Testing of Prisms Made for Cur ing Investigation

1968- (Installed June 1968 at Treat Island, Me.)

Exposure Rack , Row 1

Typ~~ fl Othe r Re- 0 1968 1.51* Cycles 307 Cycles 476 Cycles

Prism Position Curing Cement Other Cement Material Veloc _________ 97
No. on Rack* Condition ** %t ______  _____  ~~~~~

30021 10 1 100 (cement A) None None 100 16,305 100 101, 106 102 105 ~~ —
30022 249 100 16,485 100 100 103 97 102 83
240021 14 2 100 16,575 100 103 103 99 99 74
40022 44 lao 16,215 100 103 108 100 108 78
50021 8 3 100 16,0145 100 108 u.I* ~s 114 92
50022 31 100 15,705 100 104 113 101* 11.2 87
60021 23 14 100 15,955 100 110 106 108 100 74
60022 30 100 15,705 100 105 112 1014 11.2 84

• 30421 240 1 100 (cement B) None None 100 17, 11,5 100 99 105 100 106 76
30422 20 100 17, 045 100 98 106 98 103 76
40421 15 2 100 17,045 100 98 106 95 105 80
1*o~*22 26 100 16,665 100 102 107 102 10~* 83
50421 28 3 100 16,215 100 103 112 99 108 71
501*22 6 100 15,955 100 109 1124 107 103 89
60421 35 4 100 16,395 100 99 113 98 109 70
60422 U 100 15, 790 100 107 115 105 112 82

32581 18 1 75 (cement A) None 25 100 16,395 100 96 115 95 115 77
32582 1 (calcined 100 15, 790 100 98 121 94 117 87
2,2551 42 2 shale ) 100 16,130 100 97 117 84 113 78
42552 38 100 16,215 100 95 108 95 108 78
52581 51 3 25 100 15,705 100 99 131 96 127 70
52582 12 (shale) 100 15,465 100 100 u6 99 11.3 85— 62581 27 l~ 100 16,130 100 102 112 1.00 109 86
62582 13 100 15,875 100 100 119 99 116 82

- • 335N1 3 1 65 (cement A) 35 (nat None 100 15,95 5 100 101 108 98 102 83
335W2 24 cement) 100 16,305 100 100 107 98 1014 79
1*35~i. 50 2 100 16,575 100 98 89 96 85 78
43582 9 100 15,790 100 1014 110 103 110 88
535N1 55 3 100 16,395 100 96 110 93 109 614

‘- 
) 535N2 39 100 15,875 100 101 113 99 11.3 77

635N1 4 4 100 15,790 100 103 107 100 1014 33.
635112 7 100 16,215 100 95 116 107 116 75

32511. 53 1 75 (cement A) None 25 100 17, 750 100 83 108 79 107 80
32512 45 (fly ash) 100 16,130 100 94 109 91 110 77
425F1 56 2 100 16,855 100 96 104 93 103 80
2.2572 25 100 16,305 100 95 110 95 107 80
525Fl 17 3 100 16, 305 100 97 115 95 113 76
52512 29 100 16,485 100 100 115 100 11.6 77
62571 33 4 100 16, 305 100 102 127 100 122* 87
62572 36 100 15, 790 100 101 116 99 115 80

311781 241 1 None 100 None 100 16 , 855 100 94 102 89 101 74
3B782 19 (portland 100 16,665 100 91. 107 93 106 78
2,11781 52 2 blast- 100 16,665 100 92 101 86 100 75
4B7S2 21 furnace 100 16,485 100 96 108 93 105 75
511181 16 3 slag 100 16,575 100 97 108 92 108 72
53932 2 cement) 100 16,760 100 95 108 92 * 86
611181 5 4 lOo 16,855 100 95 108 89 97 80
6~~~ 37 100 16,215 100 102 107 100 104 73

33571 22 1 65 (cement A) None 35 100 16,855 1.00 94 111 93 108 75
33572 52* (fly ash) 100 16,855 100 87 105 82 105 59
2,3571 46 2 100 16,855 100 90 106 88 103 83
43572 48 100 16,760 100 90 111 84 107 72
53571 2,7 3 100 16,395 100 95 914 93 90 75
53512 32* 100 16,045 100 101 120 96 120 86
63571 32 l~ 100 16,485 100 98 114 97 110 80
63572 2.3 100 15,705 100 101 121 99 118 80

* PoSition in row 1 of exposure rack utarting tram western end . For axanple: Prism 30021 is the 10th prism train the western
end of row 1.

* Sac text of Section 39 far outline of curing conditions.

C
f All percentages are by solid volume of total cementitioul material .

f t Satisfactory flexural frequency readings were not obtained on any of these prisms in 1969 due to malfunction of testing
.qmi~~~ nt.

• A satisfactory reading was not obtained.

_____ - - ~~—-- -~ ~~~~
- -
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(Revised May 1976)

( Table 1-CT (Continued ) Section 39

Exposure Rack . No., 1

633 Cycles 773 Cycles 909 Cycles 1021 Cycles

Prism Position Cur ing Cement Other Cement Material 1.972 1973 197 975

No. on Rack Condit ion % — _____  ~~~~~ 
%E

30021 10 1 100 (cement A )  None None 91 92 99 1.00 100 100 103 129
30022 2,9 103 99 103 99 102* 99 104 125
40021 14 2 93 91, 90 97 87 97 83 115
40022 44 107 97 107 110 100 110 100 123
50021 8 3 108 99 92 110 108 110 105 1240
50022 31 111 101 109 109 109 109 109 128
60021 23 I, 83 82 83 85 82 85 ER 89
60022 30 109 107 109 110 109 110 i08 137

302421 40 1 100 (cement B)  None None 95 88 90 89 90 89 85 67 - 
-

302.22 20 104 95 103 82 103 82 100 117
40421 15 2 98 93 100 99 97 99 87 111
401422 26 102. 96 102, 107 104 107 1024 36
501421 28 3 98 87 92, 79 91 79 84 129
50422 6 100 99 78 102 101 102 101 125
60421 35 4 86 59 85 64 84 64 83 120
60422 11 109 924 108 86 107 86 116 i~~
32581 18 1 75 (cement A )  None 25 105 98 107 105 105 105 105 107
32532 1 (calcined 117 95 92 113 117 113 117 131
42581 2.2 2 shale ) 108 86 106 93 103 93 103 Br
242582 38 101 81 102 106 100 106 101 38
52581 51 3 25 122 85 95 103 101 103 101 92
52582 12 (shale ) 107 100 113 112 113 112 118 133
62581 27 4 108 85 97 79 90 79 83 108
625$2 13 216 99 116 108 116 108 11.1 127

335111 3 1 65 (cement A )  35 (nat None 98 93 99 95 96 95 93 102
335112 24 cement ) 103 89 100 88 97 68 74 103
43581 50 2 1.00 90 106 97 98 97 NB 102
2*3582 9 104 92 90 113 111 113 112 125
535111 55 3 102 33 99 61 98 61 ER 58
535112 39 99 83 96 82 100 82 97 127
635111 4 4 96 59 81 47 77 2,7 70 33
63582 7 108 99 106 81 1024 81 101 113

( 32511 53 1 75 (cement A )  None 25 101 75 95 82 95 82 95 100
32572 45 (fly ash) 107 93 108 93 105 91 110 126
42571 56 2 108 95 93 95 90 95 NB 107
2.2572 25 97 86 108 98 111 98 110 1314
52571 17 3 107 100 110 100 108 100 117 132
52572 29 111 101 113 105 112 105 113 120
62571 33 4 106 100 104 107 1024 107 100 99
62572 36 115 92 115 100 118 100 115 2.3

3~~ Sl 2*1 1 None 100 None 92 77 87 75 92 75 87 32• 2 311182 19 (portland 106 95 106 102 105 102 104 124
4~~ 81 52 2 blast- 98 44 90 78 90 78 90 91
2,8782 21 furnace 101 99 101 98 101. 98 1024 2.12
58781 16 3 slag 102 80 99 79 99 79 107 102
58782 2 cement) 96 91* 83 94 97 92. NB 105
68781 5 l~ 91* 81* 88 824 87 824 77 103
68752 37 100 78 93 100 92. 100 91 126

33571 22 1 65 (cement A )  None 35 105 96 102 92 102 92 103 118
33572 52* (fly ash) 106 49 105 91 105 91 SR 116
2.3511 2*6 2 103 84 100 93 106 93 109 115
2.3572 2*8 l0~* 91 101 91 102. 91 102. 91
53511 47 3 103 99 85 99 82. 99 82. 122
53572 34 117 89 122 79 122 79 127 58
63571 32 I~ 108 97 106 100 110 100 115 126
63572 2.3 120 91 120 103 102 103 107 1241

(
( Slmet 2)
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(Issued August 1977)

( Table 1—CT (Continued ) Section 39

~~ .o~~ ’a Rack, Row 1

P~~~~ aI~~ 
1367 Cycles 122214 Cycles

Prism Position ~~~icg Cement Other Cement )~ tcria1 1 9~7
No. on Rack Condition ~ _________ ~ .iL ~~ .i! .J~ ..

30021 10 1 100 (cement A) None None 99 99 99 98
30022 2*9 1022 98 101 ~~2.0021 14 2 109 91 105 70

44 93 98 101 68
50021 8 3 102 100 101 96
50022 31 106 102 110 109
6oo~ . ~ 14 118 66 6i 78
60022 30 102 105 102 .09

302.21 2*0 1 100 (cemant B) None Eons 86 85 101 21.
301122 20 91 93 95 99
2202,21 15 2 96 96 88
1101.22 26 95 109 96
,oI.ai. 26 3 8” 86 B3 Broken
50422 6 96 96 95 102
602*21 35 4 71 44 62 Broksn
601422 11 11.3 66 100 89

32531 18 1 75 (cement A) None 25 97 75 96 75
32532 1 (calcined 108 102. 106 83
222531 112 2 shale 119 26 SR NE
42532 38 100 89 100 Broken
52531 51 3 25 Broken 61 58 Broken
52532 12 (shale) 116 96 110 108
62531 27 1* 75 5 8 8 8 109
62582 13 101 96 113 96
335111 3 1 6~ (cement A) 35 (nat None 13.0 82 84 72
335112 24 cement) 97 92* 90 86
123581 50 2 108 96 91* 79
43582 9 100 101 102 92*
53581 55 3 128 50 120 Broken
53~~ 2 39 124 118 1.18 101

— 63581 2~ 1~ Broken Broken( ‘
~ 63582 7 109 98

32571 53 1 75 (cement A) None 25 101 81 90 Bi
32572 45 (fly ash) 106 97 105 100
1.2571 56 2 84 96 80 95
42572 25 116 99 112 96
525?]. 17 3 112 103 104 105
52512 29 107 100 104 80
62571 33 2* 100 95 97 87
62572 36 1214 107 110 60

38731 141 1 None 100 None 95 1112 69 84
38782 19 (portland 96 92* 96 93
2,3781 52 2 blast- 110 68 107 59
48782 21 furnace 110 92 99 90
58781 16 3 slag 99 72 84 68
58782 2 cemant) 86 74 78 Broken
68781 5 1. 97 41 71 Broken
68732 37 110 73 109 97
3357]. 22 1 65 (cement A) None 35 102 97 101 102, —

33572 ~4 (fly ash) 109 85 102 69
4357]. 1i6 2 92 97 93 93
~~~ 1e8 105 83 914
5357]. 4y 3 79 88 79
53572 34 125 1112 123 97
63571 32 I. 107 91 101 92
63572 2.3 1.10 89 112 69

( 4

* SR means no r.Mi ~g was obta ined . (Sheet 3)

_________ _____________ - -~~—— -~~— ~~~~~~~~~—~~~~~~-- .- —— . -
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(Revised Jan 1972 ) Sect ion 1220

Investigation of Plastic Based Mortar Coat ings

In July 1969, eight concrete panels (nominal size 10 by 10 by 3 in.)
• were installed on the exposure rack at Treat Island. These panels are part

of an investigation to determine the field durability of certain plastic
based coatings.

The panels were made of air-entrained concrete containing 3/Il-in.
maximum size natural coarse aggregate , natural sand fine aggregate , and
type II portland cement. The concrete in four of the panels had a 28-day

compressive strength of 3000 psi , while the concret e in the other four had
a 28-day compressive strength of 5000 psi. Each panel (10 by 10 by 3 in.)
was formed against a plywood mold, moist-cured for 28 days, and then stored
at a relative humidity of 50 percent for seven days (at laboratory temper-

ature). After this 35-day curing period each panel was coated with a 1/8-
to lfr_in. -thick plastic based mortar coating in accordance with the coat-

ing manufacturer’s specifications. The coated panels were then stored at

— 50 percent relative humidity (at laboratory temperature ) for 28 days and
then shipped to Treat Island .

The ei )i~ht panels installed in July 1969 were coated with a plastic
based mortar coating designated PMC-1. Table 1-MBC lists these panels and
gives their exposure record along with other pert inent information .

In early November 1969 , eight additional concrete panels of the same
size were installed on the Treat Island exposure rack. These panels were
identical in every respect to the first eight panels except that a different
plastic based mortar coat ing, designated PMC-2 , was used . The exposure
record and other information about these panels are given in table 2-MBC.

Panels representing two additional plastic based mortar coatings
were installed at Treat Island ~n December 1971. The mortar coatings ,
designated PMC-3 and PMC-Il, represent two new materials. The panels are
identical with previous ones exposed. The exposure record and other in-
formation are given in Tables 3-MBC and ll-MBC.

(.1

___ —-- .-- .,.— - . •
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(Revised Aug 19714) Section Lg)

Table l-MBC

Investigation of Plastic Based Mortar Coatings
Record of Test ing of Concrete Panels

1969- (Installed July 1969)

Exposure Rack , Row 5 (w to E)
28-day 1969-1971 Conditions

Compressive 0 153 322
Panel Strength of Mortar Cycles Cycles Cycles

No. Mixture , psi Coating 1969 1970 1971

I-A-i 3000 H4C-l Sound Light spalling Heavy spalling
I~-A-2 3000 H4C-l Sound Moderate spalling Heavy spalling
I-A-3 3000 H~4C-l Sound Moderat e ~pa1ling Heavy spalling
I-A-Il 3000 ~4C-l Sound Moderat e spalling Heavy spalling

I-B-l 5000 PMC-l Sound Heavy spalling Heavy spalling
I-B-2 5000 fldC-1 Sound Heavy spalling Heavy spalliLg
I-B-3 5000 fl4C-1 Sound Heavy spalling Heavy spalling
I-B-14~ 5000 PMC-1 Sound Heavy spalling Heavy spalling

1479 Cycles , 1972*

I-A-l 3000 WC-1 Mortar coating completely deteriorated
I-A-2 3000 PMC-1 Mortar coating completely deteriorated
I-A-3 3000 R1C-l Mortar coating completely deteriorated
I-A-li 3000 PMC-l Mortar coating completely deteriorated

I-B-i 5000 PMC-l Mortar coating completely deteriorated
I-B-2 5000 WC-l Mortar coating completely deteriorated
I-B-3 5000 PMC-1 Mortar coating completely deteriorated
I-B-li 5000 WC-1 Mortar coating completely deteriorated

* Monitoring discontinued after 1972 In spection .

i i

a. ~~~~~~~~~~ ~~~
_ .  
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- (Revised Aug 19714) Section 140

Table 2-MBC

Investigation of Plastic Based Mortar Coatings

Record of Testing of Concrete Panels

1969- (Installed November 1969)

Exposure Rack , Row 5 (w to E)
28-day 1969-1971 Conditions

Compressive 0 153 322
Panel Strength of Mortar Cycles Cycles Cycles

No. Mixture , psi Coating 1969 1970 1971

lI-A-i 3000 PMC-2 Sound Light spalling Heavy spalling
II-A-2 3000 FMC-2 Sound Light spalling Heavy spalling
II-A-3 3000 PMC-2 Sound Light spalling Heavy spalling
II-A -1i. 3000 PMC-2 Sound Sound Heavy spalling

lI-B-i 5000 Rv~C~2 Sound Sound Heavy spalling
II-B-2 5000 F~C-2 Sound Sound Heavy spalling
II-B-3 5000 PMC-2 Sound Light cracking Heavy spaUing
II-B-ti~ 5000 PMC-2 Sound Sound Mo.Ierat e spalling

I

4 i 1479 Cycles , 1972

Il-A-i 3000 F~v1C-2 Mortar coating completely deteriorated
II-A-2 3000 PMC-2 Mortar coating completely deteriorated
II-A-3 3000 PMC-2 Heavy spalling
II-A-14 3000 WC-2 Heavy spalling

lI-B-i 5000 PMC-2 Heavy spalling
II-B-2 5000 PMC-2 Heavy spalling
II-B-3 5000 PMC-2 Heavy spalling
II-B-1i 5000 PMC-2 Moderate spauing

619 Cycles , 1973*

Il—A—i 3000 PMC—2 Mortar coating completely deteriorated
II—A—2 3000 PMC—2 Mortar coating completely deteriorated
II—A—3 3000 PMC—2 Mortar coating completely deteriorated

• lI—A—li 3000 PMC—2 Mortar coating completely deteriorated

II—B-.l 5000 PMC—2 Mortar coating completely deteriorated
II—B—2 5000 PMC—2 Mortar coating completely deteriorated
II—B—3 5000 PMC—2 Mortar coating completely deteriorated
II—B-.1~ 5000 PMC—2 Mortar coating completely deteriorated

* Monitoring discontinued after 1973 inspection.

I.. • .. - • • ~~-~~~~~ -— -— •~~~~ ... —S-- - ~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- (Revised Aug 19714 ) Section 11.0

Table 3-MBC

Investigation of Plastic Based Mortar Coatings

Record of Testing of Concrete Panels

1970- (Installed Dec 1970)

Exposure Back, Row 5 (w to E)
28-day 1970-1972 Conditions

Compressive 0 156 313
• Panel Strength of Mortar Cycles Cycles Cycles

No. Mixture, psi Coating 1970 1971 1972

Ill-A-i 3000 PMC-3 Sound Light spalling Light spalling
III-A-2 3000 PMC-3 Sound Light spalling Light spalling
III-A-3 3000 fl4C-3 Sound Light spelling Light spelling
Ill-A-li 3000 PMC-3 Sound Light spalling Light spelling

Ill-B-I 5000 PMC-3 Sound Light spalling Light spelling
III-B-2 5000 PMC-3 Sound Light spelling Light spelling
III-B-3 5000 PMC-3 Sound Light spelling Light spalling
III-B-14 5000 PMC-3 Sound Light spafling Light spalling

1453 Cycles , 197 3*

Ill—A—i 3000 PMC—3 Mortar coating completely deteriorated
III—A—2 3000 PMC—3 Mortar coating completely deteriorated

• III—A— 3 3000 PMC—3 Mortar coating completely deteriorated
Ill—A—li 3000 PMC—3 Mortar coating completely deteriorated

Ill—B—i 5000 PMC—3 Mortar coating completely deteriorated
III—B—2 5000 PMC—3 Mortar coating completely deteriorated
III—B—3 5000 PMC—3 Mortar coating completely deteriorated
III—B— 1i 5000 PMC—3 Mortar coating completeiy deteriorated

* Monitoring discontinued after 1973 inspection.
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(Revised Aug 19714) Section 11.0

Table l1-MBC

• Investigation of Plastic Based Mortar Coatings
Record of Testing of Concrete Panels

1970- (Installed Dec 1970)

Exposure Rack, Row 5 (w to E)
28-day 1970-1972 Conditions

Compressive 0 156 313
Panel Strength of Mortar Cycles Cycles Cycles
No. Mixture , psi Coating 1970 1971 1972

IV-A-1 3000 PMC-14 Soun d Light spelling Light spelling
IV-A-2 3000 R4C-1i Sound Sound. Light spelling
IV-A-3 3000 PMC-11 Sound Light spafling Light spelling
Iv-A-14 3000 1~ C-14 Sound Light spalling Light spelling

IV-B-l 5000 R4C-1l Sound Sound Sound.
IV-B-2 5000 PMC-11 Sound Sound. Sound
IV-B-3 5000 PMC-11 Sound Light spelling Light spelling
IV-B-11. 5000 PMC-11. Sound Light spafling Light spelling

1453 Cycles , 1973*

IV—A—1 3000 PMC—li Mortar coating completely deteriorated
IV—A—2 3000 PMC—li Mortar coating completely deteriorated
IV—A—3 3000 PMC— 14 Mortar coat ing completely deteriorated
IV—A—b 3000 PMC—14 Mortar coating completely deteriorated

IV—B—1 5000 PMC—li Mortar coating completely deteriorated
IV—B—2 5000 PMC—li Mortar coating completely deteriorated
IV—B—3 5000 PMC— 14 Mortar coating completely deteriorated
IV—B— 1i 5000 PMC—14 Mortar coating completely deteriorated

* Monitoring discontinued after 1973 inspection.
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PORTLAND BLA ST-FURNACE
SLAG CEMENT

( D A T A  IN SECTION II) ] 
__________________

INVESTIGATION

CEMCNT DURASIL ITY PROGRAM SEE NOTE RELOW ) I I CONCRETE PRO~
— (DATA IN SECTIC
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NOTE: THE EXPOSURE OF THESE CEMENT DURABIL ITY PROGRAM SPECIMENS
HAS NOW SEEN TERMINATED.  THE TEST SPECIMENS REMAIN ON THE
EXPOSURE RACK . HOWEVER. SEE VOL II . COMPLETED INVESTIGATIONS.
PROGRAM SI.

THE TESTING AND INSTALLAT ION OF SPECIMENS AT ST. AUGUSTINE W A S
DISCONTINUED A F T E R  THE 1970 INSPECTION.  IN AUGUST 15 7 1 . 15 SPECI-
MENS FROM THE A L K A L I - A G G R E G A T E  R E A C T I V I T Y  I N V E S T I G A T I O N  W E R E
RETURNED TO THE L A B O R A T O R Y .
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N A T I O N A L  BUREAU OF S T A N D A R D S
PORTLAND BLAST-FURNA CE SLAG CEMENT
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