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PREFACE

The investigation described in this report was conducted for the
U. S. Army Engineer District, St. Louis, and the U. S. Army Engineer
District, New Orleans, by the Concrete Technology Division (CTD) of the 4
Structures Laboratory (SL), U. S. Army Engineer Waterways Experiment
Station (WES). Authorization for the investigation was given in DA
Forms 2544 dated 2 May 1979 and 15 February 1980.

The investigation was performed under the general supervision of 1
Mr. Bryant Mather, Chief, SL, and Mr. John Scanlon, Chief, CTD; and ]
under the direct supervision of Dr. Tony C. Liu, who served as principal
investigator. MAJ Terence C. Holland monitored production of strain
capacity specimens and reduced all strain capacity data. Mr. Anthony A.
Bombich performed the thermal properties analyses. Mr. Frank Stewart
and Mr. Frank Dorsey prepared the concrete mixtures and the strain capac-
ity specimens, respectively. This report was prepared by MAJ Holland.

Funds for the publication of this report were provided from those i
made available for operation of the Concrete Technology Information
Analysis Center (CTIAC). This is CTIAC Report No. 55.

The Commanders and Directors of the WES during this investigation
and the preparation and publication of this report were COL Nelson P.
Conover, CE, and COL Tilford C. Creel, CE. Technical Director was
Mr. Fred R. Brown.
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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)

UNITS OF MEASUREMENT

Inch-pound units of measurement in this report can be converted to

metric (SI) units as follows:

Multiply By
Btu (International Table) 4186.8
per pound (mass) x degree
Fahrenheit
Btu (International Table) 1.730735

x foot per hour
x square foot x degree

Fahrenheit
; calories (International 4186.80
f_ Table) per gram
i cubic feet 0.02831685
; Fahrenheit degrees 5/9
§ inches 25.4
miles (U. S. statute) 1.609347
pounds (force) §4,448222
pounds (force) per square 6894.757
inch
pounds (force) per square 114.91262

inch per minute

pounds (force) per square 0.114001
inch per week

pounds (mass) per 16.01846
cubic foot

pounds (mass) per 0.59328
cubic yard
square feet per hour 0.0000258064

To Obtain

joules per kilo-
gram Kelvin

watts per metre
Kelvin

joules per kilo-
gram

cubic metres

Celsius degrees
or Kelvins*

millimetres
kilometres
newtons

pascals

pascals per
second

pascals per
second

kilograms per
cubic metre

kilograms per
cubic metre

square metres per
second

ings, use the following formula: C = (5/9)(F - 32).
(K) readings, use: K = (5/9)(F - 32) + 273.15.

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
To obtain Kelvin




DETERMINATION OF CONCRETE PROPERTIES USED IN THERMAL STUDIES
FOR LOCK AND DAM NO. 2, RED RIVER WATERWAY

PART I: INTRODUCTION

Background

! 1. Control of thermally induced cracking is an important aspect
of mass concrete construction. Unless adequate temperature control mea-
sures are implemented, cracks that may have serious consequences during
the service life of the structure may develop during construction. How-
ever, the cost of temperature control measures may be quite high; there-
fore, it is unwise to require more control than is actually necessary.
2. To determine the degree of temperature control necessary re-

quires a knowledge of the properties of the concrete to be used as well

as a prediction of the temperatures and stresses which may be expected
to dovelop during construction. Both temperature changds created inter-
nally (heat of hydration) and externally (weather variations) must be
considered. Once temperature predictions have been ﬂéveloped, the
strain induced in the concrete may be calculated. ,fhen, the induced
strain may be compared to the strain capacity of fhe concrete to deter-
mine if and where cracking may be expected. Baséd on the outcome of
these comparisons, appropriate measures for controlling concrete place-
ment temperature, heat generation, or rate of heat loss may be developed
and recommended. Additionally, critical stages during the construction

process may be identified and appropriate measures recommended.

‘Purpose and Scope

3. The purpose of this study was to determine the pertinent prop-
erties of two concretes similar to those anticipated to be used during

construction of Lock and Dam 2 on the Red River Waterway. Concrete prop-

erties investigated were ultimate strain capacity, compressive strength,




splitting tensile strength, modulus of elasticity, Poisson's ratio,
thermal diffusivity, specific heat, adiabatic temperature rise, and co-
efficient of linear thermal expansion. The data developed during this
study will be used in a finite element method (FEM) analysis of the

thermal considerations associated with the construction of the structure.

i oo ode e ikt Bt i

The FEM study will be reported separately.

4. The determination of strain capacity and elastic properties
was conducted in two rounds of testing. With the exception of a slight
increase in the number of strain capacity specimens in the second round,

the scope of testing was identical for both rounds.




PART I1: TESTING PROGRAM AND DATA OBTAINED
Materials

5. The coarse and fine aggregates used (NO-57 G-3 and NO-57 §-3,
respectively) were natural materials from a source in the vicinity of
the project. Data on the aggregates are presented in Table 1, and a
petrographic report is in Appendix A.

6. Because of the presence of chalcedonic chert in the sand and
possible presence in the gravel (see petrographic report), Type II low
alkali cements were selected for this investigation. The cements se-
lected also met the optional heat of hydration requirement (limit of
"70 cal/g” at 7 days) of CRD-C 201-79 (ASTM C 150-78a),*™ "Standard Speci-
fication for Portland Cement."” Cements from different manufacturers
were used for the two rounds of the investigation. Detailed chemical

and physical properties may be found as follows:

Round 1 Cement RC-586 Table 2
Round 2 Cement RC-847 Table 3

7. The pozzolanic material used was a laboratory stock fly ash
(AD-590) which is from a source in Georgia. Data on the fly ash are
presented in Table 4. This material complied with the applicable por-
tions of CRD-C 255-79 (ASTM C 618-78), "Standard Specification for Fly
Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral Admixture
in Portland Cement Concrete,' for a Class T mineral admixture.

8. The air-entraining agent used was a laboratory stock neutral-
ized vinsol resin (AEA-965).

* A table of factors for converting inch~pound units of measurement to
metric (SI) units is presented on page 3.
*%* All references to CRD-C test methods are from U. S. Army Engineer
Waterways Experiment Station, CE, 1949, Handbook for Concrete and
Cement (with quarterly supplements), Vicksburg, Miss,




Concrete Mixtures

9. Two concrete mixtures were used during these tests. Mixture A
(without pozzolan) was proportioned for a nominal average compressive
strength of 3000 psi at 28 days. Mixture B (with z 25 percent by volume
pozzolanic replacement) was proportioned for a nominal average compres-
sive strength of 3000 psi at 90 days. Both mixtures contained 5 + 1 per-
cent entrained air and both had slumps in the range of 2-1/2 + 1/2 in.
With the exception of the change in cements noted above, concrete for
the two rounds of tests was similar in composition and proportions.
Proportions for the two mixtures are given in Tables 5 and 6. These mix-
tures were somewhat atypical for mass concrete construction due to their
high cementitious material contents and their use of 1-1/2-in. maximum
sized aggregates. The mixtures were selected on the basis that the con-
tractor ultimately awarded the project could be expected to use the

locally available aggregates.

Ultimate Strain Capacity Tests

Test method and schedule

10, Ultimate strain capacity tests were performed in accordance
with CRD-C 71-80, "Standard Test Method for Ultimate Strain Capacity
of Concrete.'" Briefly, the procedure was as follows: Concrete speci-
mens for the tests were 12 by 12 by 66 in. and were cast in steel forms.
At an average age of 3 days, the specimens were removed from the forms,
wrapped in a waterproof material to retain moisture, and tested or stored
pending testing as appropriate. Internal strain meters (Carlson meters)
were used for both the rapid and slow loading specimens. One meter was
embedded in the compression zone of the specimen and one was embedded in
the tension zone. Readings for all tests were taken manually using an
automatic digital readout device. Rapid loading was accomplished using
a 50,000-1b (force) electrohydraulic loading system. The rate of loading
was set to cause a 40-psi/min increase in extreme fiber stress. For the

rapid loading tests, strain readings were taken at 500-1b (force)
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increments. Slow loading was accomplished using hydraulic rams in con-

junction with pressure gages. Rams and gages were calibrated in a test-
ing machine to develop a loading equation for each ram. This equation
was then used to determine necessary gage pressure to develop the re-
quired luvads for the desired slow loading rate of 25 psi/week increase

in extreme fiber stress, After initial loading, hydraulic pressures were
checked daily to maintain the proper loads. For the slow load specimens
strain readings were taken on a daily basis.

11. The overall test program is shown in Table 7. Limited test-
ing (rapid only) was accomplished using specimens 1 and 90 days old
while complete testing (rapid, slow, and companion rapid) was accom-
plished using specimens 3, 7, and 28 days old. The test program was
identical during both rounds except that an additional 28-day slow load
and companion rapid load beam were added for both mixtures during the
second round. This was done to compensate for questionable data ob-
tained from the 28-day slow load beams during the first round of testing.

12. Specimens were identified during the testing program (and in
the tables which are described below) as follows:

a. Round 1: Mixiure, beam number (as per Table 7).
Example: Beam A3: Round 1, Mixture A, 3-day slow load
specimen.

|o°

Round 2: 2, Mixture, beam number (as per Table 7).
Example: Beam 2B6: Round 2, Mixture B, 7-day slow load
specimen. A letter following the beam number indicates

a duplicate specimen, Example: Beams 2A9A and 2A9B were
duplicates tested under the same conditiomns.

Data reduction and test results

13, Test data were reduced using a locally prepared computer pro-
gram (Appendix B). Strains measured at the strain meters were extrapo-
lated to the surface fibers of the specimens. Extrapolation was normally
accomplished using the tensile and compressive strains as measured at
the meters without requiring the neutral axis to lie at the middepth of
the beam. The depth of the neutral axis was calculated as a check, If
the calculated neutral axis was not close (+1 in.) to the middepth of
the beam or if one of the meters malfunctioned, the neutral axis was as-~

sumed to be at middepth and strains were extrapolated on that basis.




Once the extreme fiber strain was determined, a linear regression analy-
sis was performed to relate extreme fiber strain to applied stress,

14. The modulus of rupture was determined for each specimen in
accordance with CRD-C 16-79 (ASTM C 78-75), "Flexural Strength of Con-
crete (Using Simple Beam with Third-Point Loading)." The equation pro-
duced by the linear regression analysis was used to determine the extreme
fiber strain at 90 percent of the modulus of rupture. This strain is
reported as the ultimate strain capacity.

15. Data from the ultimate strain capacity tests are presented
in Tables 8-14 as follows (comments concerning the data are given in the
following subparagraphs):

a. Table 8. Detailed Data, Mixture A, Round 1. The tension
strain meter on beam A9 (28-day slow load) malfunctioned.
The compressive strain capacity for that beam appears to
be very low indicating a possible malfunction.

Table 9. Detailed Data, Mixture A, Round 2. Duplicate
28-day slow load and companion rapid load beams were in-
cluded in this round to compensate for the malfunction
which occurred in Round 1. The compression strain meters
in all of the slow load specimens in this round malfunc-
tioned; therefore, tensile strain capacity for slow load
specimens was extrapolated from meter readings using a
fixed neutral axis. The break in beam 2Al1l occurred out-
side the middle third of the beam, necessitating a reduc-
tion in the calculated modulus of rupture,

I

c. Table 10. Detailed Data, Mixture B, Round 1. The ten-
sile strain capacity for beam B9 (28-day slow load) ap-
pears to be quite low, and there is a large difference
between the compressive and tensile strain capacities.

d. Table 11. Detailed Data, Mixture B, Round 2. Same notes
as Table 9.

e. Table 12. Summarized Data, Mixture A, Rapid Load Tests.
There appears to be good agreement between the two rounds
of testing.

f. Table 13. Summarized Data, Mixture B, Rapid Load Tests.
There also appears to be good agreement between the two
rounds for Mixture B.

g. Table 14. Summarized Data, Mixtures A and B, Slow Load
Tests. Agreement between the two rounds of tests appears
to be acceptable, Because of the malfunctions on the
compression meters for both Mixtures A and B during
Round 2, strain capacities for Round 1 were calculated




using a fixed neutral axis to allow for accurate compari-
son. Note, however, that there is very little difference
between the results obtained using the two extrapolation

methods, provided that the tension and compression meters
are both functioning properly.

16. The data presented in Tables 12, 13, and 14 were also plotted
and are shown in Figures 1, 2, and 3, respectively.

Size effects investigation

17. A limited investigation of the effect of the size of beam
tested on the ultimate strain capacity was also conducted. Beams smaller
(6 by 6 by 36 in.) than those normally tested (12 by 12 by 66 in.) and
beams larger (18 by 18 by 96 in.) than normal were tested under rapid
loading conditions. These tests were conducted during both rounds of
the test program. Concrete Mixture A was used for all size effects
testing.

18. For the small beams (6 by 6 by 36 in.) strains were obtained
using strain gages bonded to the concrete surface. For the large beams
(18 by 18 by 96 in.) internal strain meters were used, and data reduc-
tion was accomplished in the same manner as described above for the nor-
mal sized beams. Figure 4 shows one of the large beams before and after
loading.

19. Data from the tests of the small and large beams are presented
in Table 15, These data show a good general consistency from Round 1 to
Round 2. Average values for the small and large beams are compared to
average values of normal sized beams (made with the same concrete mix-
ture) in Table 16. The average values for ultimate tensile strain capac-
ity for the three sizes of beams are plotted in Figure 5.

20. With the exception of the 28-day value for the small beams,
the size effects data appear to be consistent. The ultimate tensile
strain capacity for the small beams at 28 days was low for both rounds
of tests, For the first round, the data are believed to be acceptable.
For the second round, the low value is believed to be due to problems
which were encountered bonding the surface gages to the concrete speci-

mens on the day of testing the 28-~day specimens.

10




Elastic Properties

Compressive and
splitting tensile strength

21. Compressive strength testing and splitting tensile strength
testing were conducted whenever a rapid load beam was tested or whenever
a slow load beam was initially loaded. Compressive strength testing
was done in accordance with CRD-C 14-73 (ASTM C 39-80), ''Standard Method
of Test for Compressive Strength of Cylindrical Concrete Cylinders."
Splitting tensile strength testing was done in accordance with CRD-

C 77-72 (ASTM C 496-71), "Standard Method of Test for Splitting Tensile
Strength of Cylindrical Concrete Specimens."

22, Data for the compressive strength and splitting tensile
strength tests are presented in Tables 17 and 18 for mixtures A and B,
respectively. Compressive strength and splitting tensile strength data
for the two mixtures have been plotted in Figures 6 and 7. The data for
both compressive strength and splitting tensile strength show good agree-
ment for the two rounds of testing with the values for the second round
being consistently slightly lower than the first round. The difference
does not appear to be significant.

Modulus of elasticity
and Poisson's Ratio

23. The modulus of elasticity and Poisson's ratio were obtained
from cylinders tested for compressive strength at 1, 3, 7, 28, and 90
days. Testing was in accordance with CRD-C 19-75 (ASTM C 469-65),
"Standard Method of Test for Static Modulus of Elasticity and Poisson's
Ratio of Concrete in Compression."

24. Modulus of elasticity and Poisson's ratio data for both mix-
tures are presented in Table 19 and are shown in Figure 8. There appears

to be satisfactory agreement between the two rounds of tests.

Thermal Properties

25. The various thermal properties listed in paragraph 3 were

determined for Mixture B during this study. (The cement used during

11
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the thermal studies was that used in the second round of ultimate strain
capacity tests.) The same thermal properties had been determined earlier
for Mixture A during a study in conjunction with the construction of

Lock and Dam No. 1 on the Red River Waterway* and were not repeated.

Data from that study are presented in this report to allow comparisons
with Mixture B. A summary of all thermal properties is presented in
Table 20.

26. Thermal diffusivity for Mixture B was determined in accor-
dance with CRD-C 36-73, "Method of Test for Thermal Diffusivity of Con-
concrete." Two 6~ by 12-in. cylinders, each containing a copper-
constantan thermocouple at the centroid, were used for the tests. The
average thermal diffusivity of the concrete at 28 days was 0.045 ft2/hr.
The value determined previously for Mixture A was 0.042 ftz/hr.

27. Specific heat for Mixture B was determined in accordance with
CRD~-C 124-73, "Method of Test for Specific Heat of Aggregates, Concrete,
and Other Materials (Method of Mixtures)." Concrete from the cylinders
tested for thermal diffusivity was used for the specific heat tests.

The specific heat of Mixture B was determined to be 0.22 Btu/lb x °F.
The same value was determined earlier for Mixture A.

28. Thermal conductivity for Mixture B was calculated in accor-

dance with CRD-C 44-63, '"Method for Calculation of Thermal Conductivity

of Concrete,” using experimentally derived values for thermal diffusiv-

ity, specific heat, and unit weight., The thermal conductivity of Mix-

ture B was 1.38 Btu x ft/hr x ft2 x 0F. The value determined earlier

for Mixture A was 1.32 Btu x ft/hr x ft2 x °F.

29. An adiabatic temperature rise test was conducted for mix-
ture B in accordance with CRD-C 38-73, '"Method of Test for Temperature
Rige in Concrete." The concrete sample used was a 30- by 30-in. cylin-
der containing five resistance thermometers. The adiabatic temperature

rise for Mixture B at 28 days was 64.66°F. The value determined earlier

* U. 8. Army Engineer District, New Orleans, CE. 1977. "Red River
Waterway; Design Memorandum No. 8, Lock and Dam No. 1, Sources of Con-
struction Materials," New Orleans, Louisiana.

12




for Mixture A was 70.07°F. Temperature rise versus age data for both
mixtures are in Table 21 and are plotted in Figure 9.

30. The coefficient of linear thermal expansion for Mixture B
was not determined directly. Based on earlier studies,* it appears that
the inclusion of fly ash, in the proportions used for Mixture B, does
not significantly affect linear thermal expansion. Therefore, the value
of linear thermal expansion determined earlier for Mixture A,
7.0 millionths/oF, was judged to be also the appropriate value for
Mixture B.

J. E. McDonald. 1973. "Ultimate Strain Capacity Tests, Clarence
Cannon Dam, St. Louis District," Miscellaneous Paper C-73-5, U. S.
Army Engineer Waterways Experiment Station, CE, Vicksburg, Miss.

J. E. McDonald, A. A. Bombich, and B. R. Sullivan. 1972, "Ultimate
Strain Capacity and Temperature Rise Studies, Trumbull Pond Dam," Mis-
cellaneous Paper C-72-20, U. S. Army Engineer Waterways Experiment
Station, CE, Vicksburg, Miss.




PART III: DISCUSSION

31. The data obtained for elastic and thermal properties of the
two concrete mixtures appear to be consistent and suitable for use in 1
further analysis. The use of two different cements during the two

rounds of the study should help to insure that values representative of

the actual construction conditions were obtained.

32, A lack of test data for similar concretes makes comparison of
strain capacity data obtained during the present study with data ob-
tained during earlier work essentially impossible. However, the general
performance of the two mixtures evaluated appears to be consistent with
that of a wide variety of concrete mixtures evaluated during other in-
vestigations. The strain capacity data appear to be suitable for use 3
in cracking predictions.

33. Mixture A showed tensile strain capacities during slow load-
ing which were 1.80, 1.97, and 2.43 times those obtained during rapid
loading for tests conducted at 3, 7, and 28 days, respectively. The
continued increase in slow loading strain capacity at 28 days is some-
what unusual when compared to earlier tests. Beams tested under rapid
loading conditions on the days when failure occurred for companion slow
loaded beams showed tensile strain capacities which were 1.11, 1.06, and
1.13 times those seen in initial rapid load tests at 3, 7, and 28 days,
respectively.

34, Mixture B showed tensile strain capacities during slow load-
ing which were 2.34, 2.42, and 1.76 times those obtained during rapid
loading for tests conducted at 3, 7, and 28 days, respectively. The
decrease in slow loading strain capacity at 28 days is consistent with
data reported for other projects. Beams tested under rapid loading con-
ditions on the days when failure occurred for companion slow loaded beams
showed tensile strain capacities which were 1.38, 1.36, and 1.10 times
those seen in initial rapid load tests at 3, 7, and 28 days, respectively.

35. The two mixtures may be compared as follows:

14




a. Under rapid loading conditions, Mixture A showed greater
tensile strain capacities at 3 and 7 days than did Mix-
ture B. For 28 days and beyond rapid loading, there was
little difference in tensile strain capacity between the
two mixtures.

|

Under slow loading conditions, there was little differ-
ence in tensile strain capacity between the mixtures for
the tests initiated at 3 and 7 days, although Mixture B
showed a much greater ratio of slow to rapid loading ten-
sile strain capacity. For slow load testing initiated

at 28 days, Mixture A showed a significantly greater ten-
sile strain capacity than Mixture B.

c. The companion beams tested in rapid loading after a slow
loaded beam failed showed very little differences between
the two mixtures.

35. Based upon the limited size effect investigation carried out
during the present study, measured rapid load tensile strain capacity
appears to be affected by the size of the beam tested. Using the data
presented in Table 16, the values below may be obtained (based upon the
data in the last three rows of Table 16 in which the strains attributable
to the dead loads of the various sized beams have been added to the mea-

sured strain capacities):

Percent of 6- by 6~ by 36-in.

i
i
!
i

Beam Size, Tensile Strain Capacity
in. 3 days 7 days 28 days 90 days
6 by 6 by 36 100 100 100 100
12 by 12 by 66 101 85 83 85
18 by 18 by 96 89 72 80 81

These values do show a difference in indicated strain capacity based
upon beam size. The differences noted may have been caused by one or
more of the following items:

a. Some of the difference may have been due to instrumenta-

tion rather than concrete properties since the small beams
(6 by 6 in.) were instrumented with surface bonded strain
gages while the other two sizes of beams used internal
strain meters.

b. The larger beams would have generated a greater amount of
heat due to hydration and would have lost that heat more
slowly. The temperature under which concrete sets and

15




cures may influence its strain capacity. Additionally,
particularly for the tests at earlier ages, thermal
strains may have been present in the larger specimens
which reduced measured strain capacities.

c. There was a greater probability of flaws being present in
the larger beams due to their larger cross sectional areas.

Regardless of the cause, the differences in strain capacity noted raise
the question of which is the appropriate size specimen to use to deter-

mine tensile strain capacities for concretes to be used in massive struc-

tures. Additional work is needed in this area.
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a. Prior to testing

b. After testing

Figure 4. Testing of 18- by 18- by 96-in. beam for ultimate
strain capacity
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Table 1
Aggregate Data

[svare pa [woex~e 17 | AGGREGATE | '¢s"¢cer USAEWES
31 |cons 92 | DATA SHEET cate 7-20-79
]L*" ssweou no NO-57 G-3(2) S-3(2) TYPE LF MATER-AL Natural

| cocaron  On NE side of Salem Creek, approx. 1.7 miles east of LA 459 and
8.2 miles NE of Jena, LA
erovucea  Amyx Sand and Gravel, Jena, LA

saumceo oy B, Houston, J. Tom, D. Howell, D. Heffner
vesreoron Red River L & D No. 2

p—
USED AT

PAOCESIING BEFORE TESTING
GEOLoGiCAL Foruation anc ace  Pleistocene Terrace (Willizna) deposit

GMADING ICRD-C t03) ICLM = PASSING) LM
36" Vi HEY) - :;:
sieve | 3o | 1jr ] i r‘ :'6":
BuULK 5S¢ GR $.5.0 ‘CROC 100, roar 2.54 1 2.54: 2,61
i ABSORPT.ON. % (CROC 107, 108) 1,07 11.52/0.68
s N CRGANIC IMPURITIES. #(G NO 'CRDC 121" — | ——
LAL] SOFY PARTICLES. % 'CRO<C 130" ——
3. " LIGHTER THAN SP GR ICRO-C 122!
2; N % FLAT AND ELONGATED (CRD-C 119, 1200
2 WT AV % 1L.0SS, 3 CYC Mg5O4 !CROC 1181
o om 100. C.A. ABRASION LOSS. % (CRD<C 117, '48) GRADING
VN 74.0 UNIT WT. LBCYFT CRDC 106!
s 60.7(100]0 FRIABLE PART.CLES. * ICADC 1e2
§om L7 122 SPEC MEAT. BTUL LB/DEG F_ICRDC 124
$ N L.5 131. REACTVITY WITH NIOW
i 2L} .2 [2.0196.1 ICRD-C 1281
~o. 8 90.
NO. IS 80| MORTAR-MAKING PROPERTIES (CAD-C 116
nO 30 43, 4 rvee CEMENT. RATIO" DAYS. - DAYS 3
NO_ 30 7.3 | iNEAR THEOMAL EXPANSION MILLIONTHS DEG £ (CRADC '23. 126
NO 100 0- 9 ROCK TYRE PARAL £\ ACROSS L] AYERAGE
~O. 200 -
~200'9
" ® 2.81
ot CRD-C 108 B CRO-C 104 MORTAR
MORYAR-BAR EXPANSION AT 100F€ 4 ICRD-C 122 finE AGcRecATE COARIE AGONEGATE
2 MO, & MO 9 MO V2 MO I MO s uo 9 MO 12 we
LOW-ALK CEMENT * N80 EQuivALENT
HIGN-ALK CEMENT © NesO EQUIVALENT
SOUNGONESS IN CONCRETE (CACC 40, 114! €av <D “D<w
FINE AGG. COAASE AGG IFE g
FINE AGG COARSE AGG OF €100

PETAOGRAPHIC DAYA ICRD-C 127
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Table 2

Cement Properties, Round 1

T FRAOM TDORFS OF EMGinE EAs

J. E. McDonald NEPORT OF TESTS OF Structures Laboratory
Structures Laboratory PORTLAND CEMENT USAE Waterways Exp St
Structures Branch ATTN: Cem & Pozz Test Br
Vicksburg, MS RC-586 P. 0. Box 631

Vicksburg, *

TEST RESORT N WES—ZIS-Z;Y o oNC J W1 HEPQESENTED l DATE 23 May 79
seeckicaron  §5-C-1960/3, Type II, LA, HH ItArg samELFD 14 May 79

-omeany Aloha Portland [ aven Birmingham, AL T ouanc

Tris CEMENT DOES X MEET SPECIFICATION HESLIRFMENTS

SAMPLE WO ) e ) o T “""L"'

o, 22.5 | RN S SR S

at> T I
k) 4.3 + ——-

N 3.5 ] N ;

e 2.9 | ’ ) 1 L

4 2.0 R 1

LOSS ON IGNITION, * 1.2 I N —I

ALKALIES- TOTAL a8 Mo O = Y ILST M M 1 Yl

oo .06/ . | ; - ; ]

ok S 0.59! . 0 1

INSOLUBLE RESIDUE, * 0,35 i i 1 T

CeD. % 62.8 E - -

Cy5. % 45 T

cya 6 T ]
CzS. “ 30

C'l . C'S. - 51

Coaf. 11

CAF e 2C A 22 !

HEAY OF HYDRATION 0. CAL G 67 L

MEAT OF nYDAATION, 28D CAL. G

SURFACE AREA, 5Q € G 1A P} 3320 !

AR CONTENT, & 8.0 ] |

COMP. STRENGTH. ] D, P5i 1890 T —
COMP. STRENGTW. ] D. PSI 2590 I

COMP STRENGTH, 5. A5 o

FALSE SEY-PEN. F ) ~

SAMPLE NO l

hA:YOCLAVE EXP,, " 0- 0517

INITIAL SET, WR N 315 i

FINAL SET. R WIN 5: 20|

SAMELE NO.

—- e -t

ALTOCLAVE EXP e [

I""".L_,,EL__“, N - T

FiMAL SET, #R MIN T - - M —1
IS 441-8707.195C61

THE INFORMATION GIVEN 11 T REPORT SHMALL MOT BE LSED 1N AUVERTINING @ SAL EN PROMOTION =3 INCHC STE EiTak R EABLIC I v
OR MEUICITLY ENOQOHSEMENT OF Do NMROCuL T By TrE o4 3 GOVERNMENT

W. G. MILLER

Chemist
Chicf, Cement & Pozzolan Test Branch
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Table 3

Cement Properties, Round 2

. Fasu  CuBL 1 EnGINEER”
Structures Laboratory . t’ Lo Lab.
Research Group REPORT OF TESTS OF Hruc' ures Laberatory
ATTN: Tony Liu PORTLAND CEMENT ! USAE Witerways Exp St
: : ATTN: Cem & Pozz Group
chksburg. MS 39180 RC-847 P. 0. Box 631
Vicksburg, ?
vesy nercar - WES=609-79smnna 5 T v weemesences e 14 jan 80
weciricaton §5-CG-1960/3, Type 11, LA, HH v esaeiec” 19 Dec 79
CoMeany Citadel [ vecavon  Birmingham, AL Jan-m
TS CEMENT TUES X MEET LPE T FTATION e, S REMENTS
CaMPLE NO | 1 ‘—l—‘—‘%h S S
- 22,1, : ! .
T 1 47 . By 1 R S
[N L 4.2 l _—
w0, T 4,3 L B J
o, T 17 * |
LOSS O IGNITION. * M 1.0 :ﬁ |
ALKAL ES=-TOTA_ &5 N:Io N o.l‘ar o i
e 0.14 1 i 1 .
o 0,51 1 ]
INSOLUBLE RELIOUE. 0.23 :
a0, % 61.5 j
c,8. % 41 i S——
Tyh % 5 |
C,5. % 33 N
CIA . C,S, Y 46 +
C,aF. 13 R i ‘1
C AF » 2T, - 23 _ .
HEAT OF HYGRATION, 70, CAL & 66 . i
WEAT OF HYORATION T8O < AL ) r- !
SUREACE AREA. 5O (M G (A P 1 3790
AR CONTENT - 7.3 77 B
comp sTRENGTN. | D Fut 1080 | i 1
COMP STRENCG TH 3 o P 1980
comp sTREngT e ] O Pu 2720 _; COMP. .STRENGTH 28 D, PSI 4970
EALSE SET =-PEN F © N
SAMBLE NO 1 |
AUTOCL AVE EX® | 0004 i
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Final SET WR N 4:45 ' T
| N 1 e
AUTOCLAVE ExP [
INITIAL SET MR My I . L ]
FinAL SET, WR/wIN 1 1
NEMARNKS.
Job #483-5C04,10SC21
THE INFORMATION GIVEN 1N THis REPORT SHALL NOT AE USE U IN ADVESTISING VN SALES BRIMOTION TO INGICATE E1Tne@ EXOLICITLY
OR MPLICITLY ENDORSEMENT GF THis PRODUCT Ax Tuf S GWOVE RNMEMNT
W. G. MILLER
Chemist
Chtef, Cement & Pozzolan Group
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Table 4

Pozzolan Properties

LABURATORY | resm No

R T
Structures Laboratory * {WES-319F-79 ]
USAE Waterways Exp St i “o'::;l";olf:“ =
ATIN: Cem & Pozz Test Br  gg_c_1960/5 L:fi;"l“' R
P. O. Box 631 oave {6 Julv 79

Vicksburg, MS 39180 AD-590 _ 6 _August 79

CLASS C)‘ ~ Iumno--nzm,m. m ASh.-_

— e _ oy
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CEST MESULTS OF Tris SAMPLE 10T X SOMPLY T DO NOT OMBC T miTa SRR AT e . ety Ut Afuamey ﬂ
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-
COMTHMAC T NO
DisTRIC Ti8) T - -

U e L4
saeLzo ey Structures Branch [oeresem e 2 July 19
cam O I Bin N0 1
T O

FIELD SAMPLE NO LAB SAmPLE N 1
pave meceswes 3 July 79 LAB .08 wo ‘;
TesTeo oY Com § Pozz TEStilm Branch THE TWED A R
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——— e

'

310y + Aoy ¢ o | . CavaliemcE POIZU an  INCHEASE (v ALTO ALk
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i 700 wax s war 40 uan o we oy wan o o war %
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88 1.3 PO RS ) SRR 11t SR
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i I “Fineness % pts
saueie | WotsTime | cossow 325 Mesh var from sr LNl L L
wo | woNTENT ‘ MmN Sieve X avg prev R % of amaiy
! L ‘Retained 10 . _Control _
REQUIRE MEN TS
"
— ] eax 1:0':».» MAX v A :; MAX —_— “

| ' L s0iF 34 5 .105 —

Tesrmests __J
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I3

- S

E,,_ b e 4 e = - -~ — 4
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Chemist
Chief, Cement & Pozzolan Test Branch
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£ Table 5

Mixture Proportions, Mixture A

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS
LROGC Y
PRaIECT NAME Lvusol Tate
SERIAL NO
CONCRETE REQUINED rOR waTuRE O
A
MATERIALS
POATLARD CUMENT. $3-C-192. PCLZOLON OR CTmER CEWENT AR EnT aDMIRTURE
Tvee JT aoormions Tree teee NVR
SRAND ANO MILL souRCE amount AFEA-Q6S
FINE AGGREGATE JCARSE AGGREGATE
'r*¢ Natural "¢ Natural “e 1-1/2

sounce  Amyx Sand & Gravel Co., Jena, LA [souscx Amyx Sand & Gravel Co., Jena, LA

oam
MATERIALS SAMPLE SERIAL NO S1ZE AANGE soon s, | eux s or ssor amscAr -

_RC-586/RC-847 77 70 R

monTLanD cruent K

¥0-57 $-3(2)  No. 4 - 200
0-57 G-3(2) _ No. 4 - _3/4 in.| 30
0-57 G-3(2) 3/4 - 1-1/2 in. 70

2.61
2.5
2.54

FINE AGGREGATE

COARSE AGGREGATE A

COANSE AGGAEGATE (8

COARSE AGGREGATE (C)

1
- . -4 N - S e e
COANSE AGGREGATE (O} ]
MIXTURE DATA SPECIMEN DATA
wix BY S 5 0 WEIGHTS SOLID VOL CYLINDERS BE amy
MATERIALS WEIGHT ONE CU YD BATCH ONE CU YD
L8 CUFTH SIZE SIZE
——— w | 450.0 | 2.289 w [ase | en [we lace [ o»
L I G [ - - DU -~
FinE AcREGATE 2.44 1093.9 6.717 |
Wil gt A L2 Y - B — 4 - - - - -4
| coamse accnecarea) 1.38 E 9.9 L 3.911 AR U R S
| coanse agomRGaTE 1 - 3'_2l _1!0{[6.6 9',1,27 [ PO . +— 4
| COARSE AGGREGATE (O | _ +o— . _ - I B S

| coanse acamecare> | |l __ - . . . o .
| waren ~ l..o.50 225.0 3.606 . . |
an__ (52) L T 1,350

yoTaL 3835.4 27.000 ’
wewn 0.50 . s a vvoruwe 34
syt 2174

| sLreoinG (V)2 oo . ACTUAL UMIT WY LB CUPT 142.2

Jiveo warwr o cure 142.1

| s comranrat 4.5 THEG CEMENT FAIT (LS CUvC

AR CONTENT =14 ACTuUAL CEMENT FACY .8 Cy vD. 450'0
1 Caiculated on the basis of

2 Expressed as the percentcge 3f mining water veparating fevm the concrete when tested by CRD.C 4

1 In the enuce dateh as mined

1 n that portion of she concrete contuning aecregate smaller than the [-1 2un wrere

* For “oiker coment.’ postolen. vecond size of line oggregate. ot may be reguirrd

REMARKS  Londition of mis, workabilite, plastcity, bleeding. etc

*
RC-586, Round | of tests
RC-847, Round 2 of tests .
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Table 6

Mixture Proportions, Mixture B

REPORT OF SELECTION
OF CONCRETE mIXTURE

PROPORTIONS
RT3
BROJEST namE [N T Lane
wwRIAL O |
A ————

CONCRETE REQUIRED FOR W ue wa

s

MATERIALS
PORTLAND CEMENT. $8-C-192, PO IOLUN TH DTHER L BuENT am T cowrntee
rvee [T  acoimons -va¢ Fly Ash «.»e NVR
BRAND AN MILL sovse AD-590 | woun AEA-965
FINE AGGREGATE JIAR- D ASGREGATE

wee  Natural -e¢ Natural sie 1-1/2

sovact  Amyx Sand & Gravel Co., Jena, LA |w.s:« Amyx Sand & Gravel Co., Jena, LA

MATERIALS SAMPLE SERIAL NO SIZE RANGE .EK;:ISF : H..m P GR 5T ABSIRP -
| omeann cavent k- [RC~586/RC-847 _ i il Yy 3415 Pl
| 'Fly Ash. .______|aD~590 . __ o Eeriaq 243 I
LU RV N N
@oﬂags_ _ Ino-s7sc32) Ne. s -200 FLTTTR 2.6 _0.7 ]
| coanse aasarcare INO~57 G-3(2) _|No. 4 - 3/4 in.| 30 , _2.54 Lo LS
[comsescomcenre i INO~57 G-3(2)  |3/41- 1-1/2 4n.| 700 [ 256 17T ]
| conmse aagmeaaree 1 P o . I -
MIXTURE DATA SPECIMEN CATA
MATERIALS ptioiood ONE Cu v BATCM ouE 1 VD DL SEANS
e WCUFnD StZE S1ITE
[ omriano cewent e ] 337.5 C1.717 v Taet 7 mw Tao Tace [ ew
[.Fly Ash o867 | oosy2 [T T ]
| e soomeaare .. 1093.9_ | 6.717 | W 5 U R G
| coamse acoaecavea | . 6,19-,9 ) ‘3!911 U D R S 1
| coamse acomecarem | . Alﬁ“f)l_ﬁﬁi 9. 121 R __‘L Y A 0 U
 coamse acommcarecc | . R _ J S S SR SN B
‘ | COARSE AGomEGATE (O¢ L. SRS S SRR [P SUY S S I A
[ caren R T225.0 | 3.606 [ U R B B
wn_ (52) LAY 2T T 1.350 i ]
rorar . 3809.6 27.000 I L

wcwr 0,53 e _lvaavoiume _ 34 — _ ]
someand 2-1/2 . THEQ, UNIT WY LB CU FT 141,y __ . ]
ML EEOING i/ _ ACTUAL UNIT WY L8 Cu FT° 147.4 o e

s contrar st . actyas cemgurrait ge cuvo  424.2

I C.deulated on the bas:y of

2 Fupressed un the perceatage of MM yucct sepoating te e nirote when teated by CRD.C @

1 In the reure haleh as myved

¥ In that partion o the comcrete coMIMAINE ixaseate seaties Thun s ! Can steve

* For Vother coment " potrolan. second seze af fine aggregate. as nuy be requered

RFNARAS  Conditron of mis, aorkabifats  piasticins, Merding rte

*RC-586, Round ! of tests
RC-847, Round 2 of tests )
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Table 7

Testing Program,

Ultimate Strain Capacity Tests

Beam Age, days Test
1 1 Rapid
2 3 Rapid
3 3} Slow
4 * Rapid
5 7 Rapid
6 7 Slow
7 *} Rapid
8 28 Rapid
9 28} Slow
10 * Rapid
11 90 Rapid

*

Beams so marked were tested in
rapid loading on the day the com-
panion beam failed in slow loading.
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Table 8

Detailed Data, Ultimate Strain

Capacity Tests, Mixture A, Round 1

Stress Strain Capacity,*
Beam Testing Age, Loading Capacity,** millionths
No. days Rate psi Compressive Tensile
Al 1 40 psi/min 159 51 46
A2 3 40 psi/min 281 78 82
A3 3-136 25 psi/week 450 115 (112)+ 131 (134)+
A4 136 40 psi/min 427 84 84
A5 7 40 psi/min 377 83 83
A6 7-155 25 psi/week 495 132 (130)F 147 (150) 7
A7 155 40 psi/min 458 80 92
A8 28 40 psi/min 393 82 88
A9 28-162 25 psi/week 450 56+ NA++
AlQ 162 40 psi/min 395 77 97
All 90 40 psi/min 380 83 72

Extrapolated outside fiber strain at 90 percent of ultimate load.
Determined at 90 percent of ultimate load.

Value determined with neutral axis fixed at center of beam.

No readings; meter malfunctioned.
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Table 9

Detailed Data, Ultimate Strain

Capacity Tests, Mixture A, Round 2

Stress Strain Capacity,*
Beam Testing Age, Loading Capacity,** millionths
No. days Rate psi Compressive Tensile
24l 1 40 psi/min 145 50 53
242 3 40 psi/min 255 71 78
2A3 3-108 25 psi/week 360 ~=F 15441
2A4 108 40 psi/min 442 84 94
2A5 7 40 psi/min 352 82 89
2A6 7-148 25 psi/week 473 -t 188+t
2A7 148 40 psi/min 473 92 90
2A8 28 40 psi/min 350 74 80
2A9A 28-184 25 psi/week 518 -=t 224+
2A10A 184 40 psi/min 475 89 102
2A9B 28-147 25 psi/week 405 -t 183+t
2A10B 147 40 psi/min 427 84 85
2A11 20 40 psi/min 332% 83 91

it

Extrapolated outside fiber strain at 90 percent of ultimate load.
*%* Determined at 90 percent of ultimate load.

+ No readings; meter malfunctioned.

++ Value determined with neutral axis fixed at center of beam.

3 Reduced modulus based upon break outside middle third of beam.




Table 10

Detailed Data, Ultimate Strain

Capacity Tests, Mixture B, Round 1

Stress Strain Capacity,*
Beam Testing Age, Loading Capacity,** millionths
No. days Rate psi Compressive Tensile
Bl 1 40 psi/min 81 41 39
B2 3 40 psi/min 206 52 53
B3 3-108 25 psi/week 360 123 (122)+ 129 (129)+
B4 108 40 psi/min 411 80 82
BS 7 40 psi/min 246 67 70
B6 7-113 25 psi/week 360 127 (125)+ 139 (141)+t
B7 113 40 psi/min 458 85 89
B8 28 40 psi/min 323 80 79
B9+t 28-134 25 psi/min 360 89 (93)+ 67 (64)~
Bl10O 134 40 psi/min 406 81 90
Bl1l 90 40 psi/min 359 83 91

** Determined at 90 percent of ultimate load.

malfunction.

* Extrapolated outside fiber strain at 90 percent of ultimate load.

1 Value determined with neutral axis fixed at center of beam.
t+ Tensile strain capacity appears to be low due to possible meter




Table 11

Detailed Data, Ultimate Strain

Capacity Tests, Mixture B, Round 2

Stress Strain Capacity,*

Beam Testing Age, Loading Capacity,** millionths
No. days Rate psi Compressive Tensile

2Bl 1 40 psi/min 81 36 42
2B2 3 40 psi/min 175 61 63
2B3 3-73 25 psi/week 248 -—% 143++
2B4 73 40 psi/min 347 75 78
2B5 7 40 psi/min 176 51 62
2B6 7-114 25 psi/week 360 -t 178++
287 114 40 psi/min 412 83 90
2B8 28 40 psi/min 317 70 82
2B9A 28-133 25 psi/week 338 - 143++
2B10A 133 40 psi/min 392 79 93
2B9B 28-119 25 psi/week 315 -t 1424+
2B10B 119 40 psi/min 395 82 85
2B11 90 40 psi/min 422 84 90
* Extrapolated outside ffber strain at 90 percent of ultimate load.
** Determined at 90 percent of ultimate load.
+ No readings; meter malfunctioned.
t+ Value determined with neutral axis fixed at center of beam.
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Table 12

Summarized Data, Ultimate Strain Capacity Tests,

Rapid Loading, Mixture A, Rounds 1l and 2

Tensile .
Stress Strain
Age, Capacity,* Capacity, **
Days Beam psi Average millionths Average
1 Al 159 152 46 50 !
2a1 145 53 q
3 A2 281 268 82 80 3
242 255 78
7 A5 377 365 83 86 g
245 352 89 i
28 A8 393 372 88 84 !
2A8 350 80
90 All 380 356 72 82
2A11 332t 91
108 244 442 NA 94 NA .
136 Al 427 NA 84 NA !
147 2A10B 427 NA 85 NA ;
148 287 473 NA 90 NA ?
155 A7 458 NA 92 A ;
162 AlO 395 NA 97 NA i
184 2A10A 475 NA 102 NA ‘

* Determined at 90 percent of ultimate load.
** Extrapolated outside fiber strain at 90 percent of ultimate load.
1+ Reduced modulus based upon break outside middle third of beam.
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Table 11
Detailed Data, Ultimate Strain

Capacity Tests, Mixture B, Round 2

Stress Strain Capacity,*
Beam Testing Age, Loading Capacity,** millionths
No. days Rate psi Compressive Tensile
2B1 1 40 psi/min 81 36 42
2B2 3 40 psi/min 175 61 63
2B3 3-73 25 psi/week 248 -t 143+t
2B4 73 40 psi/min 347 75 78
2B5 7 40 psi/min 176 51 62
2B6 7-114 25 psi/week 360 -=t 178+t
2B7 114 40 psi/min 412 83 90
2B8 28 40 psi/min 317 70 82
2B9A 28-133 25 psi/week 338 -7 143++
2B10A 133 40 psi/min 392 79 93
2B9B 28-119 25 psi/week 315 - 142+t
2B10B 119 40 psi/min 395 82 85
2B11 90 40 psi/min 422 84 90

* Extrapolated outside fiber strain at 90 percent of ultimate load.
*%* Determined at 90 percent of ultimate load.

+ No readings; meter malfunctioned.

++ Value determined with neutral axis fixed at center of beanm.




Table 13

Summarized Data, Ultimate Strain Capacity Tests,

Rapid Loading, Mixture B, Rounds ]l and 2

Tensile
Stress Strain
Age, Capacity,* Capacity,**
Days Beam psi Average millionths Average
1 Bl 81 81 39 41
2B1 81 42
3 B2 206 191 53 58
2B2 175 63
7 B5 246 211 70 66
2B5 176 62
28 B8 323 320 79 81
2B8 317 82
73 2B4 347 NA 78 NA
90 Bll 359 391 91 91
2B11 422 90
108 B4 411 NA 82 NA
113 B7 458 NA 89 NA
114 2B7 412 NA 90 NA
119 2B10B 395 NA 85 NA
133 2B10A 392 NA 93 NA
134 B10 406 NA 90 NA

* Determined at 90 percent of ultimate load.
%% Extrapolated outside fiber strain at 90 percent of ultimate load.
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Table 14

Summarized Data, Ultimate Strain Capacity Tests,

Slow Loading, Mixtures A and B, Rounds 1 and 2

Tensile

Stress Strain
Age, Capacity,* Capacity, **
Days Beam psi Average millionths Average

Mixture A
3-136 A3 450 405 131 (134)+ 144
3-108 2A3 360 154+
7-155 Ab 495 484 147 (150)+ 169
7-148 2A6 473 188t
28-162 A9 450 458 NA 204
28-184 2A9A 518 ) 244+t
28-147 2A9B 405 1831
Mixture B

3-108 B3 360 304 129 (129)+ 136
3-73 2B3 248 143+
7~-113 B6 360 360 139 (141)t 160
7-114 2B6 360 178+
28-134 B9 360 338 67 (64)t,tt 143
28-133 2B9A 338 143 +
28-119 2B9B 315 142 +

* Determined at 90 percent of ultimate load.

** Extrapolated outside fiber strain at 90 percent of ultimate load.
+ Value determined with neutral axis fixed at center of beam.

1t Not included in average.
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Table 15

Size Effects Data, Ultimate Strain

Capacity Tests, Mixture A, Rounds 1 and 2

Test~ Strain
ing Compressive Stress Capacity,*
Age, Beam Beam Size, Strength, Capacity,** millionths
days No. in. psi psi Compressive Tensile
Round 1
3 Cc3 6 x 6 x 36 1720 288 70 87
3 C4 18 x 18 x 96 2200 264 NAT 667t
7 Cl 6 x 6 x 36 3010 400 80 100
7 c2 18 x 18 x 96 2850 307 68 65
28 C5 6 x 6 x 36 4020 356 84 74
28 cé 18 x 18 x 96 3570 419 82 84
Round 2%
3 2c7 6 x 6 x 36 1800 297 68 75
3 2C8 18 x 18 x 96 1800 258 64 67
7 21 6 x 6 x 36 2650 377 NAt 109
7 2¢2 18 x 18 x 96 2650 294 68 74
28 2C3 6 x 6 x 36 4250 372 105 70
28 2C4 18 x 18 x 96 4250 378 69 74
90 2G5 6 x 6 x 36 420011 379 85 99
90 2C6 18 x 18 x 96 42001% 351 71 76

* Outside fiber strain at 90 percent of ultimate load, extrapolated

for 18- by 18- by 96-in. beams, measured for 6- by 6- by 36-in. beams.
** Determined at 90 percent of ultimate load.
t No reading; meter or gage malfunctiomed.
++ Value determined with neutral axis fixed at center of beam,

§ Values shown for 5- by 6- by 36-in. beams for Round 2 are averages
of two specimens tested except for 2Cl for which data were obtained
for only one specimen.

13 Compressive strength of concrete in beams 2C5 and 2C6 was below
average at 28 days.
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Table 17

Compressive Strength and Splitting Tensile

Strength Data, Mixture A, Rounds 1 and 2

i Splitting
' Compressive Tensile
Age, Strength, Strength,
Days Beam psi Average psi Average
1 Al 1000 1000 135 130
2A1 990 120
3 A2 1970 1820 240 220
A3 1920 225
2A2 1790 205
2A3 1580 200
7 A5 2880 2790 350 330
A6 3040 335
2A5 2550 320
2A6 2680 315
28 A8 3970 3740 420 365
A9 3610 420
2A8 3130 305
2A9A 3870 300
2A9B 4130 390
90 All 4450 4150 420 420
2A11 3840 420
108 2A4 4540 NA 445 NA
136 A4 4830 NA 420 NA
147 2A10B 4850 NA 440 NA
148 2A7 5620 NA 505 NA
155 A7 5260 NA 405 NA
162 Al0 4380 NA 475 NA

184 2A10A 6040 NA 475 NA




Table 18

Compressive Strength and Splitting Tensile
Strength Data, Mixture B, Rounds 1 and 2
Splitting
Compressive Tensile
Age, Strength, Strength,
Days Beam psi Average psi Average
1 Bl 600 570 80 70
2B1 530 55
3 B2 1220 1110 150 140
B3 1180 155
2B2 1070 130
2B3 970 115
7 BS5 1830 1630 220 190
B6 1910 225
2B5 1250 140
2B6 1520 180
28 B8 3380 3260 345 320
B9 3570 310
2B8 3400 315
2B9A 3070 335
2B9B 2880 295
73 2B4 4070 NA 380 NA
90 Bl1 4520 4510 380 NA
2B11 4500 NA
108 B4 4390 NA 455 NA
113 B7 4920 NA 475 NA
114 2B7 4530 NA 350 NA
119 2B10B 4260 NA 395 NA
133 2B10A 4520 NA 455 NA

134 B10 5220 NA 380 NA




Table 19

Modulus of Elasticity and Poisson's

Ratio Data, Mixtures A and B, Rounds 1 and 2

Modulus of
Age, Elasticity Poisson's
days Beam psi x 106 Average Ratio Average
Mixture A

1 Al 2.90 2.68 0.14 0.18
2A1 2.45 0.21

3 A2 4.10 3.75 0.13 0.13
2A2 3.40 0.12

7 A5 4.60 4.23 0.17 0.19
2A5 3.85 0.20

28 A8 5.00 4.73 0.18 0.16
2A8 4.45 0.14

90 All 5.50 5.15 0.17 0.14
‘ 2A11 4.80 0.10

| Mixture B

1 Bl 2.20 1.80 0.15 0.14
2B1 1.40 ) 0.13

3 B2 3.40 2.93 0.12 0.12
2B2 2,45 0.11

7 B5 4,05 3.40 0.14 0.13
2B5 2.75 0.11

28 B8 5.20 4,88 0.13 0.15
2B8 4.55 0.17

90 Bl1 5.40 5.15 0.12 0.14
2B11 4.90 0.16




Summary of Thermal

Properties, Mixtures A and B

Property

Thermal Diffusivity,
£t2/hr

Specific Heat,
Btu/1b-°F

Thermal Conductivity,
Btu-ft/hr-ft2-oF

Adiabatic Temperature
Rise (28 days), °F

Coefficient of Linear
Expansion,
willionths/°F

Mixture A

7.0 x 10~

Mixture B

0.045

0.22

1.38
64.66

7.0 x 107

bk,
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Table 21

Adiabatic Temperature Rise Test

Data, Mixtures A and B
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[Corps of Engineers, USAE
Waterways Experiment Petrographic Repcrt {Concrete Laboratory
Station 0. Box 631
| N i chzsbuz;, Mississippi
Project I Date 15 Apr1l 1977

— Tests of Aggregate for New Orleans DlstrlctJ
Samgles

1. Pit run samples of gravel and sand were received on 28 December 1976
from the US Army Engineer District, New Orleans, for testing. The material
is identified below:

Concrete Laboratory Field Data,
Serial No. New QOrleans Identification
NO-57 G-3 No. 1-3192-17A; sample No.
NO-57 S-3 LAS-1-1, from Amyx Gravel Co.,
Jena, Lla.

2. Since the total amount of gravel was insufficient for all tests, some
physical tests were made on the same material that was used for the petro-
graphic examination.

3. Each sample was from a source that had been tested before. The Districy
identification number served to identify that source in the appropriate
volure of Technical Memorandum No. 6-370.1 There were no previous petro-
graphic data for these materials.

4. The as-received grading of this sample did not conform to a Guide Specio
fication grading, hence the composition was calculated by sieve sizes only.
The total composition may be calculated once a satisfactory grading is
established, or by using an assumed grading.

Test procedure

5. Gravel. A representative portion of each sieve size that made up 5 per-
cent or more of the total sample was separated into lithologic types, using
a stereoscopic microscope as nceded. Particles were examined while dry and
usually again while wet; occasional particles were broken and examined as
powder immersion mounts with a polarizing microscope to assist in classifi-
cation. The largest material was always examined regardless of the amount
in the sieve fraction, as it is easier to establish the lithologic types
using large material.

6. Sand. Representative portions of the sizes larger than 600 um (No. 30
sieve) were immersed in water, and classified while using a stereoscopic
microscope to examine the particles. Representative portions of the sizes
smaller than 600 um that amounted to 5 percent or more of the total sample
were examined as powder imm -sion mounts with a polarizing microscope.

1. "Test Data - Concrete Aggregates in Continental United States," with

periodic supplements, US Army Engineer Waterways Experiment Station,
Vicksburg, Miss., Sep 1953.




7. All powder immersion mounts, whether o. gravel or sand, were made
using an oil of 1.544 refractive index, which permitted determination of
chalcedonic chert by searching for chert particles with indices below
1.544, the upper index of chalcedonic chert.

8. Since the sizes smaller than 150 pm (No. 100 sieve) usually amounted
to less than 5 percent of the total sand sample, their composition was
usually assumed to be the same as the next larger size or was estimated
by examination of a powder immersion mount.

Results

9. Gravel (NO-57 G-3). The sample was a brown chert gravel consisting
largely of tabular to blocky particles with rounded edges. More of the
particles were pyramidal or irregular in shape as size decreased.

a. Dense chert. The chert was dense, structureless rock.

b. Fractured chert. Similar to the dense chert except that the
particles contain fractures; it is assumed that normal handlingz and or
mixing procedures would cause these particles to separate along the
fractures. Such separation can be significant if there is a substantial
amount of fractured chert because the development of new surface area
could affect the workability and water demand of concrete mixtures.

c. Vuggy chert. Similar to the dense chert, but with the particles
characterized by surface reentrants so that the total surface area is
greater than it would be for a particle of similar size without reentrants.

d. Porous chert. The porous chert particles are frequently pale
colored grading to white and are more ellipsoidal in shape than the other
varieties of chert. Such aggregate particles may be expected to foru
unsightly popouts on concrete surfaces when they are embedded close
enough to a concrete surface and are frozen in a saturated condition.
Some particles are porous throughout, while other particles contain
some areas of porous rock. The areas of porous rock ocrur as scattered
patches, as particle rims, or as particle interiors.

e. Quartz. The quartz particles tend to be light colored. The
shape is tabular with rounded edges in the larger sizes and becomes
ellipsoidal with decreasing particle size. Quartz increases with
decreasing particle size (Table 1).

f. Miscelisuevus. This category is composed of tan to red fine-
grained sandstone and or quartzite particles, igneous rock particles,
and pink to white feldspar particles. The sandy and the igneous rock
particles are usually tabular or ellipsoidal in shape while the feldspars
are blocky with sharp edges. The feldspar is usually found in the
smaller particle sizes. Some of each of these types is weathered rock.

A3




10. Sand (NO-57 S-3). The sand is dark yellowish orange (10 YR 6/6).°
Its composition by size fractions is shown in Table 2. It is a typical
natural sand with quartz increasing and chert decreasing as the particle
size decreases. A description of the sand constituents follows:

a. Quartz. The particles are mostly light colored and translucent
in the largest size. As size decreases the particles become predominantly
clear transparent quartz. The shape is blocky with rounded edges or
ellipsoidal.

b. Chert. Th:se are usually dense chert particles with blocky shapes
and rounded edges. Some of the chert is chalcedonic.

c. Feldspar. This material was separated from the miscellaneous
category since it amounts to from 6 to 14 percent of the different sizes
(Table 2). It is like the feldspar particles in the gravel. Most of
the particles are orthoclase but some microcline and plagioclase particles
were seen.

d. Miscellaneous. This material amounts to 10 percent of the 150-um
(No. 100) size and less than 5 percent of the other sizes (Table 2). It
is a mixture of sandstone, quartzite, igneous rocks, various heavy
minerals, and opaque rock particles.

Discussion

11. Chalcedonic chert is present in the sand and is assumed to be present
in the gravel since both samples are from the same source. Thus, the
possibility of deleterious alkali-silica reaction exists if either or

both of these marerials is used as concrete aggregate, and appropriate
control measures should be specified. The control measures possible
include use of low-alkali cement or the addition to a medium-alkali cement
of an adequate amount of a suitable pozzolan. If this second course is
chosen, tests of the aggregate, job cement, and job pozzolan should be
made according to CRD-C 123.

2. The Rock-Color Chart Committee, National Research Council, Rock-
Color Chart, Washington, DC, 1963.
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Table 1

Composition of Pit Run Gravel NO-57 G=3

from Amyx Gravel Co., Jena, La.
Composition of Sizes Indicated Below, Percent¥*
25 mm 19 mm 12.5 mm 9.5 mm 4.75
Constituents (1 in.) (3/4 in.) (1/2 in.) (3/8 in.) (No. 4
Chert
dense 81 87 82
fractured - 2 1 } 78 } 64 4
VuB8Y 2 2 - 1
porous 15 9 7 7 4
Quartz 2 - 6 13 32
Miscellaneous** -_— — 4 2 -
Total 100 100 100 100 100

Table 2 y
Composition of Pit Run Sand NO-57 S-3

from Amyx Gravel Co., Jena, La.

Composition of Sizes Indicated Below, Percent*

2.36 mm 1.18 mm 600 um 300 um 150 um
Constituents (No. 8) (No. 16) (No. 30) (No. 50) (No. 100)
Quartz 44 62 87 84 69
Chert 38 22 6 6 13
Feldspar 14 14 6 6 8
Miscellaneous** _4 _2 1 _4 19
Total 100 100 100 100 100

* Based on examination of 300 or more particles when possible. The
25-, 19~, and 9.5-mm sizes consisted of 46, 134, and 280 particles,
respectively.

%% Sandstone or quartzite, igneous rocks, and feldspar. Some of each
type is weathered. The sand also includes mica, and unidentified
heavy minerals and opaque particles. Feldspar was counted separately
in the sand.
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0130781 FILE - STRAIN 10:35

01000¢C

01010C »xxx PROGRAM STRAIN CALCULATIONS

01020C

01030C TERENCE C. HOLLAND

01040C WATERWAYS EXPERIMENT STATION

01050C JANUARY, 1981

01060C

01070C x¥%x THIS PROGRAM IS INTENDED FOR USE WITH TEST

01080C METHOD CRD-C 71, "STANDARD TEST METHOD FOR

810%0C ULTIMATE TENSILE STRAIN CAPACITY OF

01100C CONCRETE." THE PROGRAM REDUCES DATA OBTAINED
01110C FROM CARLSON INTERNAL STRAIN METERS FOR

01120C EITHER THE SLOW OR RAPID LOADING CASES. AN
01130C OPTIONAL REGRESSION ANALYSIS IS ALSO AVAIL-
8l140C ABLE TO ALLOW STRAIN CAPACITY DETERMINATION AT
01156C 90 PERCENT OF THE MODULUS OF RUPTURE. ADDITIONAL
g116gC DETAILS ARE AVAILABLE FROM THE AUTHOR.

1170C

01180C **x% ESSENTIAL VARIABLES ARE DEFINED WHEN FIRST USED
011%0C

01200 CHARACTER IDENT¥*60, LABEL%25, FNx8, AFNx16,

01210& SYFLAGX5, AXFLAG%5, LOFLAGxX5, DAFLAGX5

01220 DIMENSION RO(2), TR(2), TC(2), CAL(2),
012308 VOLTS(200), CALSTR(200), RESIS(2,200),
01240%& RATIO(2,200), TEMPO(2,2), RATO0(2,2). TEMP(2,200),
012508 DELTMP(2), DELRAT(2), STRIND(2,200), STRACT(2,200),
01260& LABEL(200), EXTSTR(2,200), START(2), NUM(2),
01270& SUMX(2), SUMX2(2), SUMXY(2), SUMY(2),
01280& SUMY2(2), B(2), R(2), STRANS(2), BUFF(380), MN(2)
ri290 REAL LOAD(200), NUAXIS(200), M(2), LEN
01300 INTEGER DATE(200,3), DATEl, DATE2, DATE3,
013108 L0(2), HI(2), ERFLAG
01320C

0:330C xx%xx% SET USER CONTROLLED OPTIONS

0i340C

01350¢C AXFLAG CONTROLS NEUTRAL AXIS

£1360C AXFLAG="CALCU", CALCULATES

01370C AXFLAG="FIXED", USES MID DEPTH

01380C SYFLAG CONTROLS SYSTEM SELECTION

01390C SYFLAG="TINES", TIMESHARE (INTERACTIVE)

01400C ¥ JTNGLE BEAM

01410C ¥ CLLECT DATA PRINT

01420C ¥ SELECT - T=GRESSION

01430C SYFLAG="BAT -:*, BATCH VIA CARDIN (NOT INTERACTIVE)
01440C ¥ SINGLE ul MULTIPLE BEAMS

01450C ¥ PRINTS ALL DATA

01460C ¥ NO REGRESSION
01470C
01480 AXFLAG = "FIXED"

01490 SYFLAG = "BATCH"

B2
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01/30/81 FILE - STRAIN 10:35

¥x%% THIS SECTION CONTROLS INPUT IN BATCH MODE

A FILE NAMED YLIST" MUST CONTAIN NAMES OF
DATA FILES, ONE DATA FILE IS REQUIRED FOR EACH BEAM.

FN = FILENAME
AFN = MODIFIED FILE NAME "ROCC45/FN;"
BUFF = BUFFER FOR ATTACH

IF (SYFLAG.EQ."TIMES"™) GO T0 130

CALL ATTACH(21, “ROCC45/LIST;™, 1, 0, , BUFF)
100 READ (21,110,END = 960) FN
110 FORMAT (A8)

ENCODE (AFN,120) FN
120 FORMAT ("ROCC45/", A8, "™;")

CALL ATTACH(20, AFN, 1, 0, ., BUFF)

¥x%¥ INPUT BEAM CONSTANTS AND DATA FOR BOTH METERS

LOFLAG DETERMINES TYPE OF LOADING
LOFLAG="RAPID", RAPID LOAD
LOFLAG="SLOW ", SLOW LOAD

130 READ (20,140) LOFLAG
IF (LOFLAG.EQ."RAPID") G& TO 150
IF (LOFLAG.EQ."SLOW ") GO TO 150
ERFLAG = 100
GO TO 940
140 FORMAT (A5)
150 READ (20,160) IDENT
READ (20,170) SIZE, SPAN, LEN
160 FORMAT (A60)
READ (20,170) MN(1), ROC1), TR(1)
READ (20,170) MN(2), R0(2), TR(2)
170 FORMAT (V)

*xx¥ INPUT DATA LEVEL, INITIALIZE COUNTERS, AND
TRANSFER TO CORRECT DATA INPUT

DAFLAG DETERMINES AMOUNT OF DATA
DAFLAG="COMPL"™, COMPLETE DATA
DAFLAG="ABBRE"™, ABBREVIATED DATA (NONE PRIOR TO LOADING)

» TC(C
» TCC

.~

D
2)

?EADI(20,140) DAFLAG

IF (DAFLAG.EQ."COMPL") GO TO 190
IF (DAFLAG.EQ."ABBRE"™) GO TO 180
ERFLAG = 200




01730781 FILE - STRAIN 10:35
02000 GO TO 940
02010C
062020 180 IFLAGl = ¢
02030 IFLAG2 = 0
1 02040 GO TO 230
02050C
02060C *x¥%% INPUT DATA FOR PHASE PRIOR TO LOADING
02070C (COMPLETE DATA ONLY)
02080C
02090 190 READ (20,200) (DATE(I,J), J =1, 3), RESIS(1,I),
02100& RATIO(1,I), RESIS(2,I), RATIO(2,I), LABEL(I)
02110 200 FORMAT (I2, 213, F6.2, F7.2, F6.2, F7.2, A25)
02120 VOLTS(I) = 0.
02130 LOAD(I) = 0.0
021490 IF (DATE(I,1).EQ.55) GO T0Q 210
02150 IF (DATE(I,1).EQ.77) GO TO 220
02160 I =1+1
02170 GO TO 190
02180C
02190 210 IFLAGI = I -1
02200 GO TO 190
0221¢0C
02220 220 IFLAG2 =1 -1
02230C
02240C xxx% BASED ON LOADING RATE TRANSFER TO INPUT
02250C LOADING DATA
02260C
02270 230 IF (LOFLAG.EQ."RAPID") GO TO 240
02280c IF (LOFLAG.EQ."SLOW ") GO TO 279
02290
g%gggg %%%% INPUT DATA FOR LOADING PHASE (RAPID LOAD)

02320 240 READ (20,170) DATEl, DATVEZ, DATE3

02330 250 READ (20,260,END = 290) VOLTS(I), RESIS(1,I),
02340& RATIO(1,I), RESIS(2,I), RATIO(Z [}, LABEL(I)
02350 260 FORMAT (F6.4, F6.2, F7.2, F6.2, F7.2, A25)

02360 DATE(I,1) = DATEl

02370 DATE(I,2) = DATE2

062380 DATE(I,3) = DATE3

02390 1 =1+1

02400 G0 T0 250

02410C

022%82 %%%% INPUT DATA FOR LOADING PHASE (SLOW LOAD)

02

026440 270 READ (20,280,END = 290) (DATE(1,J), J =1,

02450¢& 3), LOAD(1), RESIS(1,1), RATIO(1,I), RESIS(2,I),
024608 RATIO(2,I), LABEL(I) )
02470 280 FORMAT (12, 213, F7.0, F6.2, F7.2, F6.2, F7.2, A25)
02480 I =1+1

02450 G0 TO 270

.



01/30/81 FILE - STRAIN 10:35
02500C
02510C »xxx SET COUNTER FOR NUMBER OF DATA POINTS.
nggOC TRANSFER TO CALCULATE LOADS AND STRESSES
2530C
02540 290 IFLAGI =1 -1
02550 IF (LOFLAG.EQ."RAPID") GO TO 300
02560 IF (LOFLAG.EQ."SLOW ") GO TO 320
02570C
02580C »¥*xx CALCULATE LOADS AND STRESSES.
02590C NOTE - CALSTR IS A FUNCTION OF BEAM SIZE.
02600C
02610C ++++ RAPID
02620C
02630 300 DO 310 J = 1, IFLAG]
02640 LOAD(J) = VOLTS(J) % 50000.
02650 CALSTR(J) = (3. % LOAD(J) % SPAN) 7 SIZE %*x 3
02660 310 CONTINUE
02670 GO TO 340
02680C
02690C ++++ SLOUW
02700C
02710 320 DO 330 J = 1, IFLAG3
02720 CALSTR(J) = (3. % LOAD(J) % SPAN) 7 SIZE x 3
02730 330 CONTINUE
02740 GO TO 340
02750C
02760C xxx% BASED ON DATA LEVEL, SET BASE VALUES FOR
02770C TEMP AND RATIO. SET START/STOP POINTS
02780C FOR CALCULATIONS.
02798C
02800 340 IF (DAFLAG.EQ."COMPL™) GO YO 350
02810 IF (DAFLAG.EQ."ABBRE"™) GO TO 370
02820C
02830C ++++ COMPLETE DATA
02840C
02850 350 N1 = IFLAGL + 1
02860 N2 = IFLAG2 + 1
02870 DO 360 K =1, 2
02880 TEMPO(K,1) = (RESISC(K,N1) - RO(K)) % TR(K)
02890 TEMPO(K,2) = (RESIS(K,N2) - RO(K)) ¥ TR(K)
062900 RATO(K,1) = RATIO(K,N1)
02910 RATO(K,2) = RATIO(K,N2)
02920 360 CONTINUE
02930C
02940 JFLAG = 0
02950 ISTART = IFLAGL + 2
02960 ISTOP = IFLAG2
02970 J2 =1
02980 GO TO 390
02990C

BS
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03000C ++++ ABBREVIATED DATA

03010C

03020 370 DO 330 K =1, 2

03030 TEMPO(K,2) = (RESIS(K,1) - RO(K)) ¥ TR(K)
03040 RATO(K,2) = RATIO(K,1)

03050 380 CONTINUE

03060C

03070 ISTART = 2

03030 ISTOP = IFLAG3

03090 JFLAG = 1

03100 J2 = 2

g311¢ GO 7O 39%¢

03120C

03130C x%%x PERFORM CALCULATIONS

03140C

03150C J COUNTS DATA POINTS

03160C J1 COUNTS METER

03170C J1=1, COMPRESSION METER

03180C J1=2, TENSION METER

03190C J2 COUNTS LOADING PHASE

03200C J2=1, PRIOR TO LOADING PHASE

03210C J2=2, LOADING PHASE

03220C JFLAG CAUSES REPEAT FOR SECOND

03230C PHASE (COMPLETE DATA ONLY)

03240C

03250 390 CONTINUE

03260 IF (AXFLAG.EQ."FIXED"™) GO TO 400

03270C

03280 Al = SIZE - 3.0

03290 A2 = (SIZE - 1.5) 7/ Al

63300 A3 = 1.5 7 Al

03310C

63320 400 DO 430 J = ISTARY, ISTOP

03330 DO 410 J1 =1, 2

03340 TEMP(J1,J) = (RESIS(J1,J) = RO(J1)) ¥ TR(JY1)
63350 DELTMP(J1) = TEMP(J1,J) - TEMPO(J1,J2)
03360 DELRAT(J1) = RATIO(J1,J) - RATO0(J1,J2)
03370 STRIND(J1,J) = DELRAT(J1) % CAL(J1) % 100,
03380 STRACT(J1,J) = STRIND(J1,J) + DELTMP(J1l) ¥
033908 TC(J1l) - DELTMP(J1l) % 5.5

03400 410 CONTINUE

03410C

03420 IF (J2.EQ.1) GO TO 430

03430 IF (AXFLAG.EQ."FIXED") GO TO 620

03440 SUM = ABS(STRACT(1,J)) + ABS(STRACT(2,J))
03450 EXTSTR(1,J) = STRACT(1l,J) 7 ABS(STRACT(1,J)) X
03460& (ABS(STRACT(1,J)) + SUM % A3)

03470 EXTSTR(2,J) = (SUM % (A2) - ABS(STRACT(1,J))) x
034808& (STRACT(2,J) 7/ ABS(STRACT(2,4)))

03490 NUAXIS(J) = ((A1¥ABS(STRACT(2,J))) 7 SUM) + 1.5

B6




03500
03510C
03520
03530
03540
03550C
03560
03570C
03580
03590
03600
03610
03620
03630
03640C
03650C
03660C
063670C
03630
63690
03700
03710
03720
03730
03740
03750C
03760C
03770C
03780
03790
03800
038190
03820
03330
03840
03850
03860
03870
03830&
03890&
03900&
03910¢&
03920
03930
03940C
03950
03960C
03970C
03980C
03990

420

430

1 2.2.1.1

440

450

%% % X
460
470

480
490
500

510

+44 4+

01/30/81 FILE - ST
GO TO 430
EXTSTR(1,J) = (SIZE 7 (SIZE - 3.0))
EXTSTR(2,J) = (SIZE - (SIZE - 3.0))
NUAXIS(J)Y = =~ 6.0
CONTINUE
IF (JFLAG.EQ.1) GO TO 440
JFLAG = 1

ISTART = IFLAG2 + 2
ISTOP = IFLAG3

J2 = 2

GO TO 400

DETERMINE IF DATA OUTPUT IS DESIRED
C(INTERACTIVE ONLY)

CONTINUE

IF (SYFLAG.EQ."BATCH™) GO TO 460
PRINT 450

FORMAT ( s/ , "IF COMPLETE DATA NOT
READ (05,170)
IF (J6.EQ.1) GO TO 690
GO TO 460

OUTPUT DATA DESCRIBING METERS AND A

CONTINUE

PRINT 6470, IDENT

FORMAT ( 77 , A60, /7 )

PRINT 480, MN(1)

PRINT 500, RO(1), TR(1), TC(1), CAL(

PRINT 490, MN(2)

PRINT 500, R0O(2), TR(2), TC(2), CAL(

FORMAT ("COMP. METER NO. ", I4)

FORMAT ("TENS. METER NO. ", I4)

FORMAT (7X, “METER RESIS (RO) (O

F6.2, / , 7X, "TEMP/RESIS (TR)

F6.2., 7+ , 7X, “"TEMP CORRECTION

F6.2, 7/ ,» 7X, "“CAL CONST (CAL)
0

-
o

H

MS
(D
(T
V)

)
E
c
I
,» F6.2)

PRINT 51

FORMAT ( ~ , "RAW DATA"™, /7 )

IF (LOFLAG.EQ."SLOW ™) GO TO 550
RAPID

PRINT 520

RAIN 10:35

¥ STRACT(1,J)
¥ STRACT(2,J)

DESIRED ENTER 1™:

LL RAW DATA

1
2)

G F/0HM) = ™,
) (UIN/IN/DEG F
N/IN/0.01% RATIO)

”

’
"




N4000
J4010¢
++020&
04030
04040
040508
04060
04070
04080
040%90C
84100C
06110C
04120
064130
04140&
041502
04160
04170
04180&
04190
04200
04210C
04220C
04230C
04240C
04250
04260C
04270
04280
06290&
06300
04310
04320&
063308
04340%
06350&
04360
04370
06380
063908
04400
0646410
066420
06430C
64440C
04450C
04460
04470
04480
04490&

01/30/81 FILE - STRAIN 10:35

520 FORMAT (2X, "DATE", 5X, "VOLTS"™, 3X, "COMPRESSION",

5X, "TENSION", 12X, "REMARKS", 7 , 19X,

"RESIS RATIO", 3X, "RESIS RATIO™, /7 )

DO 540 K = 1, IFLAG3

PRINT 530, (DATE(K,J), J =1, 3), VOLTS(K),

RESIS(1,K), RATIO(1,K), RESIS(2,X), RATIO(2,K), LABEL(K)
530 FORMAT (313, F8.4, 4F7.2, A25)
5640 CONTINUE

GO TO 590

++++ SLOW

550 PRINT 560
560 FORMAT (2X, "DATE", 5X, "LOAD,", 3X, "COMPRESSION",
5X, "TENSION"™, 12X, "REMARKS", ~/ , 11X,
"LBS", 5X, "RESIS RATIO", 3X, "RESIS RATIO", /7 )
DO 580 K = 1, IFLAG3
PRINT 570, (DATE(K,J), J =1, 3), LOAD(K),
RESIS(1,K), RATIO(1,K}), RESIS(2,K), RATIO(2,K), LABEL(K)
570 FORMAT (313, F8.0, 4F7.2, A25)
580 CONTINUE

¥xx% IF COMPLETE DATA, OUTPUT DATA FOR PRIOR
TO LOADING PHASE

590 IF (DAFLAG.EQ.™ABBRE"™) GO TO 640

PRINT 600, IDENT
600 FORMAT ( /7 , A60, 7/ , "REDUCED DATA == PRIOR TO LOADING™

» /7))
PRINT 610
610 FORMAT (1X, "LOAD, CALC”, 6X, "COMPRESSION METER"™,
9X, "TENSION METER™, ~ , 2X, "LBS STRESS, ",

5X, "TEMP, ACTSTN,", 12X, "VTEMP, ACTSTN,",
7 , 11X, "PSIi™, 8X, "DEG F UIN/IN", 12X,
" DEG F UIN/INT, /7 )
ISTART = IFLAGL + 2
DO 630 L = ISTART, IFLAG2
PRINT 620, LOAD(L), CALSTR(L), TEMP(1,L),
STRACT(1,L), TEMP(2,L), STRACT(2,L)
620 FORMAT (2F7.0, 4X, 2F8.1, 10X, 2F8.1)
630 CONTINUE
GO TO 640

¥¥¥%¥% QUTPUT DATA FOR LOADING PHASE

640 CONTINUE
PRINT 650, IDENT
650 FORMA; 77 , A68, /7 , "REDUCED DATA == DURING LOADING",
7/

B8
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04500 PRINT 660
04510 660 FORMAT (1X, "LOAD, CALC"™, 6X, "COMPRESSION METER",
04520& 9X, "TENSION METER", 7X, "NU-AX", ~, , 2X,
045308& "LBS STRESS, TEMP,™, 2X, "ACSTN, EXSTN,"
0456404& , " TEMP, ACSTN, EXSTN, ABOVE", / ,
045508 11X, "PSI", 4X, "DEG F UIN/IN UIN/IN "
045608 » " DEG F UIN/IN UIN/IN BASE, IN", /7))
04570 ISTART = IFLAG2 + 2
045380 DO 680 L = ISTARY, IFLAG3
04590 PRINT 670, LOADCL), CALSTR(L), TEMP(1l,L),
046600% STRACT(1,L), EXTSTR(l,L), TEMP(2,L), STRACT(Z,L),
046108 EXTSTR(2,L), NUAXIS(L)

04620 670 FORMAT (2F7.0, 7F8.1)
04630 680 CONTINUE

04640C
06650C xxxx DETERMINE IF CURVE FIT IS DESIRED
04660C C(INTERACTIVE ONLY)
046670C
04680 690 CONTINUE
04690 IF (SYFLAG.EQ."BATCH") GO T0 920
04700 PRINT 700
04710 700 FORMAY ( s/ , ™ IF CURVE FIT IS DESIRED ENTER 1™)
04720 READ (05,170) J5
04730 IF (J5.NE.1) GO TO 920
06740C
04750C xxx%x ENTER NECESSARY DATA FROM TERMINAL
04760C
; 064770 PRINT 710
' 04780 710 FORMAT (™ ENTER STARTING STRESS AND NUMBER™
l 067908& » " OF POINTS FOR COMPRESSION FIT™)
‘ 04800 READ (05,170) START(1), NUM(1)
04810 PRINT 726
; 04820 720 FORMAT ("™ FNTER STARTING STRESS AND NUMBER™
04830& » " OF POINTS FOR TENSION FIT")
04840 READ (85,170) START(2), NUM(2)
04850 PRINT 730
048360 730 FORMAT (™ ENTER FAILURE STRESS™)
04370 READ (05,170) FLSTR
04830C
gz&ggg *%¥¥% DETERMINE START AND STOP POINTS FOR REGRESSION
9
04910 DO 760 J = 1, 2
04920 DO 740 I = ISTART, IFLAG3
04930 IF (ABS(START(J) - CALSTR(I)).LE.0.50) LOCJ) =1
064940 IF (ABS(START(J) - CALSTR(I)).LE.0.50) GO TO 750
04950 740 CONTINUE
06960 750 HICJ) = LOCJ) + NUM(J) - 1

04970 760 CONTINUE
04980C
06990C ¥*x%%x COMPUTE VARIABLES FOR REGRESSION ANALYSIS
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05000C
05010 DO 780 K =1, 2
05020 SUMX(K) = 0.0
05030 SUMX2(K) = 0.0
05040 SUMXY(K) = 0.0
05050 SUMY(K) = 0.0
05060 SUMY2(K) = 0.0
05070 Ll = LO(K?
05030 L2 = HI(K)
05090 DO 770 L = L1, L2
05100 SUMX(K) = SUMX(K) + CALSTR(L)
05110 SUMX2(K) = SUMX2(K) + CALSTR(L) »x 2
05120 SUMXY(K) = SUMXY(K) + CALSTR(L) % EXTSTR(K,L)
05130 SUMY2(K) = SUMY2(K) + EXTSTR(K,L) xx 2
05140 SUMY(K) = SUMY(K) + EXTSTR(K,L)>
05150 770 CONTINUE
05160C
05170 DENOM = NUM(K) % SUMX2(K) - SUMX(K) xx 2
05180 M(K) = (NUM(K) % SUMXY(K) - SUMX(K) % SUMY(K))  DENOM
05190 B(K) = (SUMY(K) % SUMX2(K) - SUMX(K) % SUMXY(K)) - DENOM
05200 R(K) = (NUM(K) ¥ SUMXY(K) - SUMX(K) % SUMY(K)) /
652108 (SQRT(DENOM) % (SQRT(NUMCK) * SUMY2(K) - SUMY(K) %% 2)))
05220 780 CONTINUE
05230C
05240C %% COMPUTE 30 PERCENT VALUES
05250C
05260 FLSTRY = 0.9 % FLSTR
05270 DO 790 I =1, 2
05280 STRANS(I) = M(I) % FLSTRY9 + B(I)
05290 790 CONTINUE
05300C
05310C »xxx QUTPUT DATA
05320C
05330 PRINT 470, IDENT
05340 IF (AXFLAG.EQ."CALCU"™) PRINT 840
05350 IF (AXFLAG.EQ."FIXED") PRINT 850
05360 DO 800 I =1, 2
05370 IF (I1.EQ.1) PRINT 810
05380 IF (I.EQ.2) PRINT 820
05390 I1 = Lo(I)
05400 I2 = HIC(I)
05410 PRINT 830, CALSTR(I1), EXTSTR(I,I1), CALSTR(I2),
05420%& EXTSTR(I,I2), M(I), B(I1), R(I)

05430 800 CONTINUE

05440 810 FORMAT (™ FOR COMPRESSION FIT == ™)

05450 820 FORMAT (" FOR TENSION FIT == ')

05460 830 FORMAT (5X, "START", F6.0, 2X, "PSI,", F8.1,

05470%& 2X, "UIN/IN", / , 5X, "STOP ", F6.0, 2X,
05480& "PSI,"™, F8.1, 2X"UIN/IN", / , 5X, "M = ",
0549028 F6.3, ~» , 5, "B =", F6.3, 7/ , 5%, "R =", F6.3, /7 )
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05500
05510%&
65520
0553028
05540C
05550
05560
05570
05580
05590
05600
05610
65620
05630
05640
05650
05660
05670
056808
056908
05700C
05710
05720
05730
05740
05750
057690
65770C
05780
05790
65300C
05310
05820
65830

840
850

860

870
880
850
900
910

9290

930

940
950

960

ettt
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FORMAT ("FOLLOWING VALUES BASED ON CALCULATED NEUTRAL AXIS"
)

y 7/
FORMAT ("FOLLOWING VALUES BASED ON FIXED NEUTRAL AXIS™,
/7))

PRINT 860
FORMAT (" SUMMARY OF STRAIN CAPACITY TEST", )
PRINT 470, IDENT
PRINT 870, SIZE
FORMAT (' BEAM SIZE, IN == ", F3.2)
PRINT 880, LEN
FORMAT (" BEAM LENGTH, IN == ", F8.2)
PRINT 890, FLSTR
FORMAT (' MODULUS OF RUPTURE, PSI == ", F8.0)
PRINT 900, FLSTR9
FORMAT (" 90 PERCENT OF MODULUS, PSI == ", F8.0)
PRINT 910, STRANS(1), STRAN9(2)
FORMAT (" EXTREME FIBER STRAIN AT 90 PERCENT"
" OF MODULUS, UIN/IN == ", s , 5X, "COMPRESSION",
F8.1, 7 , 5X, "TENSION", F8.1)

CONTIKNUE

IF (SYFLAG.EQ."TIMES™) GO TO 960
CALL DETACH(20, , )

PRINT 930

FORMAT ("1™)

GO TO 100

PRINT 950, ERFLAG
FORMAT (" ERROR FLAG = ', I5, "PROGRAM HALTED"™)

CALL EXIT
STOP
END

Bll
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