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PREFACE

The investigation reported herein was sponsored by the Office1
Chief of Engineers (OCE), Li. S. Army, under Project No. I

~A762719AT~iO ,

Task A2, Work Unit 011, “Utilization of Marginal Construction Materials
for LOC.” The responsibility f o r  conducting the study was assigned to
the Geotechnlca.l Laboratory (GL ) or the U. S. Army Engineer Waterways
Experiment IV~~tlit~~~ Lf l  (W ~~~) ,  Vicksbu.rg, Mississippi . The investigation
was conducted frc~ July ~~~~~

‘(
~~~ to September 1978.

The study was coli.luott ’J under the general supervision of

Messrs. .. P. Sale and H. 0. Ahivin , Chief and Assis tant  C~ I e f , reapec—

t ivel.y,  of ..;L, and :“ . :. . Hu tc~~im ;Ln , Pavement l’z-ogrsm Ma nager . Eng i-
neers ~ f  the .;L act ively engaged w i t h  the plann i ng , t e n t ~ n~~, analyzing ,

~tn~ reporting phases of this study were Messrs. H. .. Hutchin son , A. H .

Joseph , C .  L. Burns , T. :. Whi te , F . N .  Brown, and ~~~. W. Grau . This

rc~~
-V c r t  w~t~i wr~tten by Mr. rtt’u except for the portion regarding bitu—

r . in .~~ l rib rz t to ry  testing , which was written by Mr. Brown .
L~irectLrn of the W}I during the investigation and preparation c-f

this re~~rt were COL J. H. Hilt , CE, COt J. L. Cannon, CE, rtr ~ i ~OL N.  }.

Conover , CE. Technical Director was Mr. F. N. ~ r w r ~. Messrs . . .  Barnard

and L. Price were technical r.~nitors for OCE .

2
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I

CONVERSION FACTORS, U. S. CUSTOMAR Y TO M~~RIC (SI)
UNITS OF MEASUR}.)IENT

U. . customary units of measurement used In this report can be con-

ver ted to metric (SI) units as follows :

V M~1tip1y By To Obtain

cubic yards O .Ct~~55L9 cubic metres

cubic yards per hour O.TnI.Y.149 cubic metres per hour

Fahrenheit degrees 5/9 Celsius degrees or Kelvina

feet 0. C~~ metres

ga.llcr.n (U. . liquid) 3.7851412 cubic decimetres

ga.Liu ns p er  cqua.re yttr-.i . ‘o ’73 cubic decimetres per square
retre

inches C.5~’ centimetres

Kipa (m ass) 145 .~. 59C2 . kilograms

~icrona 0. )u1 r~i11imetres

miles per hour (U.
.
. 

~
) .t O~~3~~ kilometres Icr hour

pounds ( r  . r c e)  .. . ~...r. 
- j ’: nevtons

; oux.U~ (rorce) ,er
square inch 0. i.~ ..757 newtons ;-er square centimetre

pounds (mass) O.~~535 9 2 tC  kilograms

pounds (mass)  ;-cr
cubic ‘~ -t  16~~Q1~i I.9 kilograms per cubic metre

po~nds (mass) rer
cubic Inch 27.t~99 grams per cubic centimetre

square feet O. 9.9i 3 square metres

square yard:i 0. ~~
- ~~1CC 3 square r iot rca

tons (mass)  O.9O7 1~ I .Tia metric tons

To obtai n Celsius (C) t emperature read i ngs fr~~ Fahrenheit (F)  read—
i ngs , use the following formula: C ~ ( 5/ 9 ) ( F  — 32) . To obtain
r.oLv ~ r. (K )  readings, use: K ( 5/9’)(F — 32) + 273.15.

I ’

V .- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ --~~-



1.: ~~~~ I ~ U OF MARGINAL CONSTRUCTiON MATER lALC FOR L~C

PART I: INTRODUCTION 
/

.~

Back&roun d

1. The ~~~~~~~~~ of c~~n~i t r  ~ctin~ pavements is cont inual ly r i s ing  due

~ncreasin~ cu~it  of labor , ma teri ~t~~~, ~t:au equipment . Current Corps

of Engineers (CE) de~~i~~n ~-r ~ ce~iu rc~ t~ilow only ~1~c ~~~ of gL — ~ u u i i t y

aggregate.. for U~t~ e courses , ~t ; j - n ~t 1t , and p~~r t 1~u4u cement concrete

1e ~~~~~ in  ~tverit~n t t cj 1 i t i e i~. n ti recent related study ,

~ - c e ur ei w~~:’e -~ ev~~l - j ,  for -~~gr~t - 1i ~~ :c~ ~ve in—i I ~t c c  soil ~; and

aggregate i e r~m15 t~ in t hu : . :~~ ruct  1on of h~~r a1 t ’ : V  R n :  base

i.~r~;es for ai rfi cidn , : -  , he I . r t n  , and . :  ~i~~~’ ~reas in  forward

~~~~ o:’ ~ ~~~~ er o~ ~~~~~~~ :.c ) . Tht . resu1ts of this study were

~~~~~~~~~~~~~~~~ t n c  U .  . Army .~~i :.ver •
~~~~~~ erways ~~~ urirnu r~t ~~~~

‘~ 
:~~ t r I o t  on He~ 0r i~— .— ,o~ 1t.u - :  “I~t ~ibi - - :. vf ~~ i i  ~tnd Aggregate

for Forward A:- u ~~~~~~~~~~~~~~~ 2 .~ •
“ 

~~ i t t  e : ~~~~~ .

t u  i~,y :t1 - - :t u u  :.~~re :. I :c. - vc~i the i ce  of rV~~tr ~~~ I r ;R  r u t  ~~~ f t _ c f~ r t~~u

s. . r : ! tcc iv’~— l ayer .  Man y ~ il~~t n r y  j c r u t t i o z . : ;  ru~~~ i r . -  paved surfaces

r r ads , •~ r f i  elds , n e l l  ~ :-t , utr ~. I n~ ~~~ , e tc .  • f -  r n ly  I Imi

tr a f : ’ i c  and . - n :  j e r : -  ~ - - f  se rv ice  l i f e .  Th r r of~ r e , ca t  i s f r t ~~t ry

f~~t~x . ;  ble ~ n r~ gi d a~~~r iv:  ,~ t ii:-oc r i i r I t  e l  j - err t t i na ~‘~~n be made

. . i n g  ria r~~inal  :.~~~~ve mate r i a l s  (~~~:t~rr~~ it ec ~ :ct :- :. meet ex i s t in g

s p e c i f ic a t i o n s ) ,  nd ~~~~~~~~~~ .e crk v ing s in  c L n : 4 t r . c t  I - :  coa~ can be

rca . i ~r -j

- 

~ oct  iv  e

2. The ob~~r c t i v e  of t h i c  ~n v e st i g a t U  was ti ~C V C j  ; m~thcd~ Igy

~tnd ~- ro c e i ur e s  for  use of m at e r l a l c  exh ib i ’  .ng j r o i or ~~~e~ that exclude

thor.  fr ~~ use in  asphal t and r~~r t ~ui r. d cement pavements dn - io r e x i st i n g

cr ~ ter i a  ~n i  spec i f i ca t ions .

k 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~~~~~~~~ — - — ~~~~~~~~~~~~~~~~~~~ - -- -~~~-~~~~
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_Scope

3. T h e  objective ~f this investigation was accomplished by means

of a laboratory study and the const ruc t ion and testing of two specially

designed test sectionc as dencribed herein. The test sections were

cubjecte.i to accelerated t r a f f i c  using various iu~ d:; on a ‘ — ton mili tary

d ump truck and two types of t rack ed vehicles . This report describes the

materi als used it: the  test sect ik z. n , l aboratory study , construction

techniques , and behavior of  he marginal material mixes under traffic.

A ~u ary of’ findIng s and recommendations is also presented .

‘ A table of f a ct -  rs for c V rv o r t i r~~ U. S. customary units of measure—
meat t~ ~e t r i . ’ (.~i) units is presented on page 14 .

_ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~ - - - -~~~~ -- - -~~ —--~~~-~~~~~-~~~~~~~~~ —-- ~~~~~~~~~~~~ - —- .~~~~:~~~~~~~~~~ 
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PART I I :  LABORATORY ThI~I’:~

Ai’ch’-t V ’- ’ r ~~ re tt- M I x ’ .~i re:

. . In des 1~~:. and V~~ V~ ct  ~~ - m :  of o -  n V e n~ : ~- n ;,.I riixes , ex~ -er i  once

nat ~- c ;-er f~ utn •‘ ex j - r c  ed i :‘ o ur  t a ~ :. roc ‘-lure:;

are tol . -w ed. F .  : - . , . t .c ne cessar ,’ h~tt  th e  ~~~~~~~~~~~~~~~~~~ and acpntii t

- t . ’ e ta i ’lo  ~~~~~~~~ . t~ct  r ~~o .  t~c - ‘t. t a~ no: from variouc t u b ’. 0

are V~~d to: to  u ’. uu~ u u t t  tV ~o ~~a .1~~v :t ~~~,.’ :~ .-~~tt t t ’  and t O ;  h a l t  .

tz:co e to :  a r:o . ,-:‘ - : gradati- r.  , s ;o~g~ ,Ies al zot—

s lo g . , ‘ruio ..~reu f~~~ t :  , ~‘I at and ~
- . - r .~~it t  ~~~~ ‘~ 

-
~~~~~

‘ , o i.il fate - -~ n c n t : c

.~; e c_ f i o  grav i ty , :tt.-~ - . r ; t . . . : . ,  ~~~o .  ~~ -r  u l V - ; t d I’ . -~~ t iity ,  t h e c e t e d t O

- ‘ . C ,.:r-’t~ ’1 1 • V . :1 1 t ’ Z s Ot  r at i - - t , :..~ I 
‘ 

, V L 1  fl

- ‘.‘ ‘‘ :. . i ’t • t t C  • ‘o ~~ • V ~~V once t a:. :,  : .  t
t 

~.n c:, the a t - -  Vt .—

- - :.e. t. e~ t O  :~t’~~~’ ’. ~. no ~es i re - : r utn ~ u , ~u. ~tcot~ t t ,L l  0 r~j x ‘an

; : ‘ o ;  V . : • ~~. L’J • 1 :.u ; :‘ ~ or ~~~~~ ~n .t - - :  Ft:’J-ha ._ u~~t h  ~ e :t~-~~~ re~.oit e .

5 ~~~~~~~~~~~~~~ ~~. ‘t . . ’ , a d ; n ’~ j t  - ‘ n o r e t e  r . . x t ir ~~: , the ~ E .: ~ V V~ ~~~~~

‘.,.~~ :o~na 1 1  m ix  i u:; ,.~:. ; :‘ c e • -
~~~~~~ 

• le •.r m :  t ie  t he ‘ ~.r. at.~ -~~aJ t.

‘tn -i t -~ eva~ Ot t o  t n e  ; t- ~~ e r V t 2 t ~~
V.; of t n o  r~.x. Mix to ; - u r t i e s , .c: . as uni t

• ~-.1c - t a .  r i ;x - : .‘:. 1~~ i O - .~ W I ’ :. ac.pna ‘ , : - t u i l~ . • iminer—

o ri; r ess i0n t o o t  • an 2 • ~
L , .  ~~ ‘~~~~~‘ u o t e~: 

i,,’: e..~ ne aggregate ,

t .;;na. t , an:  uto : h a . i t — F ~ t~~r t ~~r Lte r - t x t  :ru r i, Ve t .  the c~ ec~~f iu i :  r~ ;.~~ rener.tc

the ~~1X , ~ r ; er y ~laced in  t h t ’  f ie l d , is  u~~ -uc t e d  t o -  ; r v i - ~e sa t i s— 
V

f a c tor y  ; ~‘r f  rr~.a :, ‘“ .

t .  ifl r i fL~~1 Ct tdc : ; , cd~~C..’:a~~~v in  ‘ no TO , i t  may be r .eoessa.ry to -: e

‘t~~ re~:1t . c. t nat -ic :. ot r i - e t  t •‘r ~~;.~ :-‘-ro’:. . f -  r hI #~h— ;ual I ty F t v ” r i c n t

Hence , design and c. ’ n c t r u c t i . n  c r i ’  ut - i a are needed f r these ti a :-g I n i~~

ria’erinis . t is :eoiratie t~ develop criteria whereby any aggregate,

r” .~a .r-Uess of ~~~~ I ty , can r r j x t ’ ,: with Ft given asphal t and the mix

;~ a l i !v  oa~m be l” t e r r i ined  - n  the basis of  teats condu cted on this

7. A laboratory testing ~ rc-grar. wa~ set V 2j ti evaluate mixes pre—

arod fr -
~~ combinations I’ two uncr ushed coarse aggregates and three

ii~~~~~~~~~~ T~I



~~~
- - ----

usned f~ no aggregates . Tnese i ~ r ’-’~~a~~ec did not r-.et- t the r - 1 a ~ rt- —

ments f~~r ~‘rt ~1a i on  r ~- l u t u  t. i c i t y  . :‘ho v t  lt~~g re~~at  CO - .~~~ ~- -: 1nc  I u1e~1

(~~) -olayoy o aVz .o ( ; c ’ , ~ i ; C i )  ~‘~~n c r ut t ’  sand (13F), . . ; C c )  masi-r :ry n a n :

( 1J j ) , f 3  (i i ) ,.‘: t V F . . ,  — ‘ ‘. ay u ’, sand ( S c ) ,  1; and (~ nc: .1 l a ct i c  ~ r av e J  ly

sand ( S F ) ,  ‘.~~ - I : .u  t e d ’ .  ; r - ; e r t i o : : e : . or ib iz ~~ t h t - O e  aggregates are

~~. i n  :‘at , _ e- I

b .  i’hc t e S t:; U: ; ’  1 ‘ . .‘vaJua’.,’ the t n ix t o r ”  prepared with these

t~~~~V :u . u t t e s  2 r . c o - l o - :  t h e  c~ n v r n t i s - i o t ~_ ‘.‘t .’t ; -cna .  . , - d ’ : (unit W~~I p ~ht  , V i 2 I t

- - t a~ ~~I x , . . t :  fille-1 wit;. ;to ;-Istlt , s t e b il i ’ v , im. .er :  1- :: comJ re: ;cI :.,

V t t  ) . :.e ;:,  :. : F ~ t e : en ;~~t - t est a n ;  th e  J i r ’-~’’. - n’. ut r tes t  were

:0 : 0: 0 1 : 2 0  t u t   t h u r  •. o~~t :. h at ~ r u ; - .. I r e :  c-~-~ -l i i  S t I cated e - ; u i  pment or

0 —  ct  :- ,:‘oS ‘..‘ r ’-  :. - :uTtc ~~iCr e.i  I 0 t n i s  S t  u~Iy  . m o e  this : I t u - .iy

• :. ‘ o:~~: ~~~~ • o c t  ru : ’ 2 j~ • •~~ , V
_

V
S • i t  w ;t :  f~~~ j t  n u t ’. - ni _ i’ t I m ;  .0

s. pmeflt t t l o t  - r , :  ~ .1 Li tj ’ ~~~~ :c at- ie .

-~ - A:; hal ’ ;c - :. V 
O’ r - xes . r , - ; r .’; a;’’ 1 w it h each ‘ •

~~~~~ :- -. ‘~‘ut • us - V - a’. 2 .d 0’t nil 2. 1; t. n~~~~ f 5  n ’  - t n ’-’ ~~ -

and one of  t h , ~a’~~5 ~~‘ t ’ ~~ ~~ co tr .j) o~~ w i t : .  ‘ t c ; O R  and

a ’ . r.u - ‘ - :.vur i t  iona.l ~1t r o h a I  1 r’.i x ~:c:;~ ~~ r . t . ’ . WR : u i l e -.I t . .

2’’  • o r~r. it. ’ -s: ’- rn~ r. ai;; :.rtI  ~~~~ 
• ,-

~~t ‘L ~~~~~~~~~~ e . The

~r I t e r l a  : :‘ .;Ftn - l mIxes 2”0~~~~~~~ V~~~~1 t ’ r . w — ;  r .~ c : : u r . ’  t i r e :  w~~r ,.- used t

-l eo ig n - 1. .- ar t :  : r . I x e c  . The cr i ’~~r .  a f - . r ‘ - —~~~~:‘~~t ;e : -r eg a t e  to:: i~~ nu d

f r w — ;  russ ..r” • I r ’o . -crc .~cc- I h-o~~gn 1;~ mix e .  a.  n~ n~ 0

;t~~~re~ at • nc a.:; l ir t~ t bit , :ur . I for  n r :.r  - at’ - r a t  r.’ t e s t s  was an
- — - ; . : .  g r a t e  ‘t —t2 ~~ t w t : .  t us  t ; s ; •:r t 2 ” : ;  as sho~~ in

10. A ~~. of ~ - Ii ff ’~rrnt ‘t~~~ :u g’ t e ~- 1 e n~is were prepared and
t e sS  l ur i ng  • his s. :,. . T n l r t y — f~ ur of the h I  u n d .c w c r , ’  - - -r. ; -se  : of

na l  materials; f ~ 
V - r ;  an :; • n-ne blend was composed ~f °ro;-ne :

gravel , and ne w i:; composed of ‘rssi.u I ~ m e t ’ t o - . A mix -i ’: l gn to

• er m i n e  • :.~~
‘ - ; imor. rt:;phai ’ - : .  • “:; was - -:  :;-1~~ct on eas t  of the -- t

a~~ rogrtte blends . A d - i l ’  iona.l ~‘ c s  w’ ;- ” conducted -n m i x e r  prepared

at ;-‘. ir.or ‘t s ; h r t l t  o c n t u n t ~. The re s~~~ts - f  these addi t ional  tests and

the OV ~ rV 1r ao;huti t ~nn ent  . - f  r ‘o , :t . -‘f he mixes are shown in ,

Table 3.

L1~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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i~~ ilt  Results

Voids t u t a ~ m i x  and
vo ids f i l l e d  w i t h  asphalt

I I  . The voi . t s  in t he total mix measure-I 112 the  marginal material

4 m I x e s  at ;-tIm-ss . aslsha.i t c~~0 te ; ;t  r anged fr om 3.6 to 7.. l e r c e nt .  The

c rI t e r i a  Z’_ z -  
~~, £ t u ~t 2 n ~ u:; surface s~~urilt and san d t:~; lotI  are - -5 ;.t-rccr.t

V o l . 15 rt;al - — ; - er c e : 4 t  ‘.‘ - I  -~I : ,  , so s; ‘ l Y e . . I liC V. 2 - 0 -  l’~lled w: ti,

t .  ; halt titer I t t  f .  r L i  ¶.u~~1:. ~ :s O u t ’ fac e ‘cur: :” :-  r tn .~ t V  r sand asphalt s

ar e  , ‘ — 0 5  e t ’ c e n t  a: . ; ~~~ — t ’ ; ’ o u O ’ .  , :‘e’~~ -ectively

• F. z. 
~~ - ::,~ f  ne m~ xe:; , eapee 1 tLl~ y t h . -~~o w~ t i .  a high Jt - r ce : . tu ~~o

i d :  2 0  : . e O I L .  ‘t ~~~ r~~~y L t .  , i t  w t: V S i f t .  cu l t  - select I. ’ ’ ~~~ t imu~
‘ L. ;n r l t  ‘ :.to ;• t s - t h a t  t - . ‘. :. :. ‘‘ v- - i .is ‘ . -  ta .  mix t ; .d  t h e  vi  i - i s  f . i I e d
V~ V • t  t0  :.a1t. w .. t’.’ t -  t h e  V . . 1 _  ‘ - I  I R .  Fo~ • ) ~•~~~• - ‘‘ , I t  ~~:t; im ;-oooi

t .. .. • V .IO V • , b r  :. ‘U2 - .1 • 1:1  a~. aS~ n a l t  V : •  ,‘ : •t it .  w n .  • : .  : - t o  t he  v

a mix  FIns  ‘.:.‘ ~
‘ -. i  .:s : 1 1 1  ‘‘ .; w - :. ac~ ha l t  t’ ,~’t t i c  ‘ s it  cr 1 a • r :t

ORs c ;,~~ .‘I .  :t:. ‘.01: , t h e  V, I I : .  • F~~ 0. 2 . X  . ;. l~~~~:.. F e W ’ ’ F . . O u -Vi as

F - n  n . — — :  - Maronall :~: : . i g ;, 1 • -  2 , . : ’  , whi oh in csrrer~tly

- - ed f..r a .  ,n ~; ::.,x ’ :r ’ .- . .: .t .’ e~~t e~~ t i :~e ; r” : c ;.rc:: of  ; i , i r

a r .. ~~~ . ~~‘. t V~.t r :; :.;L ~. :— • at il~ ty of 500 i S  r e ; u i r •V ’ : . - r r-.: xes mRS ’

- 0 t :.c marg nal mater ii.ls , ‘ :. ~ st ‘ it -  • . i t ’ , v ~~1ue :; r1104’e- .I f rom 1i. t -

as snow ;.  is Table

c 5 m pr e s zic ’r. to., ’.

- • A ;— p r i - x i m at e l y  ..o ; ,.; V
• 0  - of ’ :. ’’ xe ;  ‘ -v r i ’ .  -. I t tt C  m et t h e

r c .  F L I  ne- i  :; i t  - - 
•- V~ _ : V • V m ’ o ~ . f 75 er o en t  . w’ V t ;’ , tn :; t

mixes oat met ‘ :. retaine d 0 ’ Fi t  i i i ’  y re~~u ir e m eg ,t : ;  did ; ,  t rue ’  •

.2 • y re ~s. r ’ ’ m’ ’ : . ’.  .. . nly f l y ’ ’  - ‘f t O o  ~5 m ar g i : . r t  mat  e r ; t t l  m I x e s

me ’. the ;-c~ ’.~~r~ t ” nt -  f r to •~ atahi1 • ’~,- and n ” t a : r u - I  :~~r i bj Ij ~ v .  ‘ h” :’r

f i v e  mixes in :  .I l e t :  ( a )  100 1cr-cent Si , ( b )  25 l000unt and 7’ per—

‘e n ’.  •~l , ( c )  80 “n- co t.  ; 11’ and 20 ~e r - u n t  51 , ( d )  50 ; on ce : ’ G~’ and

50 per cen t 11 • a o l  (~
) 20 ; “r ~’er:t (

~~~ and 75 ; er c er  l~ I

Fi~ v t e s t

I ’ - . A. ; 50  -vii i n  . a l - I e  3 ,  a l l  0f  the mixes met  the requir~~ en ts for

w t 20 r less ~;-tirnun asphalt -.- c n t en t .  V

_ _  -
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V

_____________________________
- : _  I no,’’. ‘.0:201 1. . t r’ en&t h

It . The 2 n t l r e c t  t e n s i l e  teat is  a new teat , which  Is  t o t  normally

o.1 for evalua ting an asph &lt i c  c , w cr u t e  mix. ~h wevr r , since the ma t e—

r ia s ‘. be ~~~o’.1 had h a d  very l i t tl e  t e s t  i n~~, it was fel t  ‘La ’. the

nfl sect • c ’: . .  ile us ‘.:‘-~ ou1.1 L-- ; - f l ,j u ,I( ’ tCd to determine i f  he strength

- f  ‘ Oe x V t o  t - r ~ t e r  uva ,i uat e , 1 t h a t .  by conventional tests .

17. The ~nd: rect t en s  Ic  s t rength  f o r  the marginal mater~ ftl ml x~~s p
.V u~~~ it.d from I ’.’ o 108 ; :;~~~. i t  was - t,cerve I t h a t  there Is a general

r o l ’. i .:, ; . :,~~~~ : ’ - ’ w -tt .~~~tV ~i:.d i n d ir e c t  ‘.e ;. :.l le  s t r t - :~~t h .  All

I ‘iru - c: O’ t ’ O F t V i F L t i i O , ’ f  ‘ t e ~~:’. l I e  : .  ;‘en~~t ~ ~~~~~~ e r han ‘ - PSI had

tab i I I ’ . g reat or ‘ to , : .  500 I t  • A l I samples O a t  h a l  an In -il ri’ ’’.

‘ . 1 .. 1. ’’ .: t n C O ~~t l .  l t ’50 t O a : .  .~~ si .rt .d a stai.- j I .ty l e s s -  t h a n  500 It - _

I . :  :. ::hcar ;-‘‘o~jth

- t  • e:. c l  l~: •V ~~~~ • he i no: ’.  : O e u t r  test is
,,~~~ i.’L . 1)1 0. ’~ I :‘ . ~~~~~~~~~ . ..a ’_ i n~ a:. ~t c ;  h u L l  I c V ;, t a t  m i x  - ;~~t m ~ , s i n c e

I.e  ‘ ‘1- 1 :1 .5  t i e eval - a ’ ‘-  : n a ’. • ~~~~~~~~~~~ e I i t ,  he Fit - 
• I’ . wr i t : fel  t

0~1’. • 0- - t- , -ct shear t to ‘
~ 

— - — . :. w a l l  I — 
I
, ’ .  ova l ‘..ate t O e  marginal

mat  “n I ‘ ‘ or  • :, ‘ to  • h e r - ’ : .  ‘.‘u: ,  I - sal te~ ‘.8

I i • The .1 i re-’t 8:. ’-’ ~tr  S t  :- “ t , , ’ I - - f  • 10 ~~~t ’g - .. r~l m at er i  a.ls varied
‘. -. 202 ; s I .  

V , •5~~ :‘ • ‘ . - .1’ i o ; 1 : n te d  a gc:,er al  re lat ion—

• sh~~ t ” ’ i,”~~~. - t i t a ’ ’t - 0” ’I r  s t : ’ ’’:.g !, and :; t at~~l : t v .  A l . .  Firs ’, ”:; th a had
a shear :;t r - :,~~ :. g :‘ i’,t “:‘ tl .a:; 130 j :~: h a : a stab i  I i  - y value gr e a t e r  than

500 I t .  A l t  sam~ l e O  na oa.1 a ::O , ’’tr  s :‘‘‘og :, es:. Than 130 psi had a

‘i t  - t v  value I-- : ;  han 500 .1- .

10

• ___ 
_ _ _ _ _
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J”ART I l l :  T~~T SECTIONS

I
Design

~ 20. Toe rig id and flexible pavement test secti.’ns were designed

• - determin e the e ffe c t :;  of traffic during various weather conditions

- - ri the ~-~~r ’Jct:;-1 cement concr ete and bi ’.-sm;nous mi x~’s made - f marginal

matt’ria , s. There fo re , both test :;uu -tloy1s vt-r e constructed of su f f i c i en t

t V Se ’.’e nt  base c. urse - - r s ’ut ’grade  fa l  lures during the r a f —

f .  pen . -1 .  n i , ’~, nc :; s ieO~~g:. ; -r . ’ - ’ o - l u r u’s for  r ig id  and f l ex ib l e  pavement

vi’:’e ‘j s~~I de ’.  OIT. I .e hene i. ’~~t , u ~~5’~~ . ‘~ ‘~~ A tandem—~~ded M—5 1

c argo t r u ’k was .:elt- ,’te,I to ¶ r;tf:’~ o t hese te: : t sect i .  r;O . ~ $,j~ ‘ eat

sec t V - :.:: ~~ ot a i n c  .1 a mix :~‘s ~ gnu - .; rio c- r - V l i  :~~ to spec i f i  cat ! - -58 and were
• :‘ u t f f i  o~~” I a.omg v - i  1, ‘.0 ’-  1-01rg~~nal ~~~ it  e;’ial mix  items for  comparative

s:;~~-ses .  l’nt~’ ; - ‘n ’ a:•s cemen ’. c~~n ’ r e t e  standard m i x  was designed

acco:’ d ing  to ~~~~ V i ’ t ’ 1: a:; C n ‘ ret  e I n s t  i t  e (A C I ) .
‘‘ ,t ndar -~l •L  . ~— 7’ ,~~ and

t n ’ . ~ ‘.a~~1ut r - l I it - so ; : .  u : ct -sor e ’ ,’ n i x  was l e s i g o e l rtcc~V-r d ing  t~~- TM 0—
1’ 8, . _ t ~.

V To- ’  ~ r i m a ry  v u u ’iab1es ;r , the f l e x i b l e  pavement t e St  items were

the I t S I V : . fI ‘ rot er:t as I t ’.’; ~
‘-

~~ 
f  ~~gr ~-gs t 0:. used ~;; t h e  m ar g in a l  mate—

r~ zt - mixes . Thu var i ;it I r s  i t .  ;.r’ :‘j g; I ; av -mr nt w or e  type f mater i  8J

an t me’.:. of ;- .acement. To,- :; ” :tggrc~ ate materials a,re - ;& ‘scri ~ ed uMer

he S t - o ’ .j c  :.  :. F a’fement ~.1”m’’:. ’ a ( Se e  ; tr ’ri~ ra~ l,s , — 3 l  ) -

21. The m a r g I n a l  mtt ’ c ’n ia l  t •‘s :, - ‘ ‘ i  we r e  ‘, R i - i tt  to t i e  in

o t t .  ‘it : C X I  s’ :,g e:’ ; I V e  er road a - he west err. bV - ’ur.darv of the WEI ’ .

• t so. ,. I be not e- I  ‘ O t tt  although t h e  ri ,ci d pavement design procedure
18 trior-I n n• ’ ~~itical en~ il r ’  s t resses  produced w i t h i n  the slab by
a vehl- ’le - ‘ t i i r ~ :’ an t out’. the flexible ;avemes t  design procedure is
based ~n e~uiv&lent 18,000—1b , single—axle, dual—wheel load opera— 

V
t i ~~ns , the  r r i f f l c  levels r r - ’f e r r r .t  tc ’ in t h i s  report for the ri gid
and  t ’ lexlUe ; ft v ”ment t e s t  o e - t  i ri s are convert ed to equivalent
I:’- , ~ - - Ib , si :.gle— axle , t u a l - v h e e l  I -al operations . Under Test
C~.n-1iti r.:; and P rocedures f~r each test section , the total amount of
t est  ‘r-qff lc - i~~~IIed to t he  test  s r - ’ t i - - n  is given in terms of total
n —l r t l c r  o f passes of the vehicle per operating gross weight and the
co r r o s ; - . I tA : ; 4 ~ V’ ‘riverto-i e(~: , 1 V a l C flt l8 ,000—lb , single—axle, dual—wheel
load ; er a ’.i on s .

_ _ _ _ _ _ _ _  - .
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V I~oi s  was done to  faci l i ta te  drainag e and to reduce the effort  requi red

for out az r it ,,ie c 0 n s tr u ct i on .  I3oth test sections were constructed on a

longitudinal grade of 5- . I ~ - per cent from north to south. Transverse

g - . leu were established t~ I r ~~v i d e  a 3.33 ~ercest  crown for the flexible

pavement t e s t  s ec t i o n  rind a 2 percent slope from east to vest for the

n i g i s  ~-r tV erI .e5t  t e s t  s e ct i - . r ~ . nrtl1 -..-w ditches were provided or ; either

S I V , O  ~-f the f l e x i b l e  pavement t o u t  section for drainage, and the exist—

i:~ ’. d it c h e s  were u t i l i zed  t . . dr-air, the rigid pavement test section . A

i:tuminous t r a ns i t i on  was  O L r s . tr u c t e d  between th e  two tes t  sections ,

and Io’o,cuI’ (’: areas w~’r’e cL’ns ’,:.. ’ “- ‘ at  t O e  s~~u t h  end s-f th e  r ig id  uii ;J

- r’ ’. end - f the ‘ l i x  ~ Ic  aver-i o n ’. t et ; t su .~’ t I o t t o

A j.an and ~~
- : ‘ - l i l t ’  of ‘.n e  r;g~ d FL O d flexible pavement test

.;ect l- .ris are :;:.,-w:, it; ~‘ .gur e :.  I utrol  2 , respectIvely - The portlan d cement

:.:z ’e t e  to :, ’. sec t~ L n  was ‘ - - s ,’ f t  l V :;g Ly ,‘: ft W I d e  and consisted of
sIx • t e m u . In’ F — I t . .  — t O i c~I t’’~- n cr e t e  si x i n  ~‘.er. 1 and the 1.— irt .— th lcK

.‘~ s ; ’r e te  mix i t ,  t I ;” :”m,’t ; :,, :.g fj ’ ,’e i t e m s  w e r e  I i f t . ’o .l on a~ e x i : .t i n g

:.. — t :.ick base C OU i ’O tV’. Th b’t t u ~. ;n ~ -u: ’ ‘ : .  ‘ : ‘ t ’ t e st  S t ’ ’t  ion was

550 f t  1 :.g F i I , V I  . 1” . w ; U u  t i n - I  -,: : .:. i s . t ’.l - 1 ’ 13 ‘. “:; t  items . The tot al

• ~e.V e~ er ; ’. t O ;  .‘#~5~~~S3 o f  tO e  i - i  t~~~i:, - us t es t  section wa: ~ i n .  F L t . - i

- 3 in . of  titu r r;r;- -~~~ ; mix and 0 ;n .  f l : m e — : . t a b j l i n u ~

base m a t e r i a l . A t o : . s r i j ’ . i O n  tI:t’ vttr’ i u:; ; t t v r r . u t . t  elements is

- ‘.‘ ‘‘:. : r. t, he ‘ - I I  W .n€ j uLrFi ~.’;’a; I,: ;

: avom ’nt E , .  i r a ’ :,  :. V

a ,, .t~~rade

The natural 5 1 1  at th e  test s i t e  was u t i l i z e d  for the sub—

~ :“t ii’ . The s - i l  h a,s a ~~; ; - ... i l iro -.t (Li’ ) - f 3~. and a p las t ic i ty  index
( F l )  ‘f I . ’ and clas8i fie s  as a lean clay ( C L )  according to the Uni f i ed

-11 Cl as s i f i ca t ion  .y o t e m  ( USCS) .
r 

Classif icat ion data are shown by
I in Figure 3.

.1;abili ’ed base course

.°i . A gravelly—c1a,’ey sanii (Sc) lime—stabilized base course, 6 in.
was constr ’s ” ’-’-l fV:r all 13 items of  the f lexible  pavement test

— 
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, ‘ .“ . : o : . .  Prior to  stabilizat i 5-r ; , the o.~iI  na-s a L L  of 37 and a ii ul ’ 
V

2 ’, , C . a s s l ’I o at l o r ;  . ia ta  :‘. r  t h i s  soi l  are depicted as sti,m; l o ~~~~- . (U in

:~~u:’c 3. ‘i’he compac t lot; r t’~ u iremen ts for .‘,:t;e ::ivt.’ base courses in road
co n st r u ct  on are V I V i V~~

’ I t’ie-d V - V be O , jt  leSS  than ~i~~- percent of CE 55 c m —

~- act ic - r ;  e f fo r t  ;~
‘ t h e r e  l or e , t he CE 55 1 sit’ - ru t  - ry ccmprtct 1~ o effort was

..Si’ — i n  : - t ’e~ -an1ng t o e  8~ eciroertS for ‘ . c: ;t s .  A I, ; i~rei’nt lime c s - stu r it  was

se le c t e d  t .  s tabLi ze tt;i :; m at e r i r t  by ;‘:I1~ wing the procedure described

- :i ~~efen t ’ s t” .’ 7 f r  t ’Ot mtit ing l im e  r’ t ’qul rements  o’t ’ So il  and aggregate

r,:tt”t’it.ds f-s r I ’ot’Wri ,X ’ .1 a r e a  ~1-era ’ .  ions . ;iL ’~ ra t- - t-y cumpric ion ari d

~~ L1 i l’s Slil a :‘-e f t t ’  I t~~’ R a t . : - - ( Cj ; ~~~)  t i ’S ’ .  S Wt’ t’ e I - e r  :‘orroe- i  - t ,  the  ant  reated

- ~~~~~ :‘eat e  Vt S~ ’0C itS etlO I :, -
- t , c r t o — m . ~ Idod unsoaked and after—se’~j,ki r,g 

V

C 0- I . t _ o t i S  - These Si ’., a i :OIi cato,i  th a t  max imum - I t  z . :; i ty of the ;u ,tt’ euj t t . :

5 1 e V ’ i r a n . ;  was - t I t a i n e d  ~it a w ut e r  co :,t  e t i t  -of about 1 per cent and

‘ .05  15, a:, : ts— tto.  I do S S ‘ x ’o:.~,’t. I;  ~~~~~~~~~~~~~ a:, compared with

j~ 5 CEi~ : - t ’  , ‘.~~ ‘ o 4 t oe :,c- t r e r i t e . :  w i t h  lime . Aft”~’ a four—day : z - .

- :.~~‘ S t  :‘en~’th  - ~~~~~~ .,n i’ ’’a’.~ ’: sp ecimL’ :.:; ro-~- .~ sed ti ’ about 7 per—

cot . ’. v -ate : ’  co ri t  ent  _V V t , V ‘i t - .  i t  ‘V 0 ‘jtl~ tic cotS pared w i t h  .230 CBR for the

;m e— ’. So ~~
‘. c -~ V ~ . r c : , .

S :‘ ‘i ’. ell_y— Vj  .~ a;. 5

,,5 . ,h e  ‘ ,,.~ st;ng i:,— ; otic ’. m a t e r ia l  was used as a base course for
:‘igi : it’ .’e- r~er ,t  t e a ’ .  Se ’’ .; -n . This v-h~ s i r S i , aI’ material t .  t ha t

v:.jch wa,V - -  ‘ - for  t~~c tt : ;t’ .‘. .5cc in  ‘.t,e flexible pavement teSt , See—

II wt’ .’ t ’r , ti ~~8 r , s i t e t ’ l a ;  v - F L 5  n . ’ .  l i t S e — S t V a h l  i zed and i t s  thickness
r x l r i t t e I ,’ ..

:;s r c t o~ 1

i t- . A mix  desi gn f r ’ ’ :. ’ - asph altie concr ete :-ut’ l’t t~’ing layer
p a.’eJ in it em I was sol ar” : ; t ,  the hi’.u~rln-ous la t -cra t or ’,’ at the WES

m F I,x ot-. ItS- , I z e  crushed limestone , sand f i l ler , and
-b c. p e n e t r a t i o n  grad e asphalt .  The l imestone was obtai ned in  tvo

si:.cc : 3 . — i t . .  to N - .* a~ g ru g a t e  and minus N - L sc reenings . The

~rada tion .‘-irve of the blended s’. ‘v . j ile aggregates used for the

asphalt ic  concrete mixture is shown as curv e 1 in F i~~ur -c .. . The gr ada—

tion meets t. :;r requirements of Table ‘~; aggregate gradations , for

bit tr :inous - : , cr r - ’.e p av e me n t s . ~~~~~~~~~~ Thi s grading is sui tabl e
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f or convent i~ -t:rt1 bituminous concr- ’t e on roads , s t ree ts  • and heli port s

or a i rf i e l ds  nut  ::ut ,’ec ted to fuel spi l la ge  nor to t r a f f i c  by ai rcraft

wi th hig .h-~ re s s u r~ t i r e s  (greater than 100 p s i ) .  A design asp hal t con—

t ot; ’. of 5.7 percent was selected for the  asphaltic concrete mixture .

Asphalt.;c con c ret e ,  i tems .~— l -~

~‘7. ‘r’our of the marginal m - teria.l s , Gl , G2 , t21 , and 1’~~ , that were

used in the laboratory study , were se lec ted  for use in the test section .

‘r;ginally , ..nily o5,oU~~~. ma t e r ia l  was r eared for the laboratory study ;

ailS f o l l o w in g ,  t h e  i:W. rat ory st u dy , a :.;l’ficlent quantity of the selected
mate ri :no was obt ained for the f i e l d  ‘. e8’ :1C c’. i c r ; .  The FLS J - t1a1  t j i a t ; ’ .

I:; v - t i c ! ;  t oe  mixes were - c i.e r a te  v -F , : :  l i m i t  CS t o  mdx c: ;  w i t h  ~ — •

m~~~ im u m— s ;z e  ~~~g:’~ ’~t a ’ . e .  ‘ I,ert’f 5i’ 1 it  was :.e ’e:- . ary to scai l til l ; las

r a ’ t’ r. ;~~~ f~~m t he  (U and ~2 g rave lly  r r a t t -r i~~~s I r i o r  to  mixing

it; the -. as, ’. - C ass i t ’ , oat j - n r a t  a fur t l ; c  basic marginal mat en al

isiS i~~erids ~~:. t ” st  i t e ms  . — 1 3  are shown in F igure  1, , along w ;t h

the h~ +’o—~ ua~, c:’- :.hc.t l imestone t t . ’ t met all quality requirements

~ :~ 

in  1 

i t i n  as de t er mi nt  d by ~he Marshall

Ic, jg,t. c r i t e rI a  for  the  mar gina .l m a t e r i a l s ap ;-eared to be sl igh t ly hi gh

for  ‘.he Sar l i r . ;xe s . TL~ s cause-: by t l - tc high ;•crcentage -. 1 ’ voids in

the ‘-.; neral aggregate:; F i O l 1. e voids criteria used with the Marshall

met ; . d of ;es ig , t . .  The voids c ri ’ e”a wcr ’ develol-t’s f r dense—graded

oig, t~— qua ’i t y  r~.ggr egtit es , such as the  cru :;Le’l l imesto ne (curv e 1 of
Fi~ - .t’e . ) ,  bet .h n . arpear to ie  ap i - i I cable ;‘s-’ crly graded sands

w t ’ . h  l i t t l e  o r  no f i n e s . Lab or atory  n ix  design i r -  Icrt i t . : :  for the
mar g i t .a  material mixes at’c sOow S. ;:; ~‘i gures ‘ — °~~. I t  was fe lt  that the

; r tl e r  asphalt con ten t  c t ; .u , s  be •‘ us ’..~ er~ sigh t -  coat the aggregate
I -a rt ;c . e s  i - lu ; ’. t h e  asphalt that vou~ - : be atsorbed in the aggregate pores .
The aspha .l’ c on t e n t  required to pr ovide the smount absorbed and a
0 — mi c ron I ’ I lr. thickness base I nr. the surface area of the aggregate was

c a.lcu.lated for eac h  m i x .  The .as~’hri t . content required by the film

th ick ness mc t r~ - - .i was c o mp u t e l  by th e  following formula:

AC ( csA t • sc ,, O.020 1~7 ) + *.~s

r
- -
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= .‘ - :‘re .‘ ed ur’ face  i;’’_’a , :; .~ t
’ t lb

* s.i:’f ace area - ~~~~~~~ + i g g r lV g a t e  spec i f ic  gravity

- in t n ;  ck:;e~ .; ,

sj-e clui c gr a vi t y  - b~~t ur.~ ’r .

A1~C = absorption - I ’ ag g r eg at e

- A cump-arn ;  c f or ‘. ::.ur. ,aophait content as dot  erit i ro ’s by

:,e ~“.a : ’s:.al I 105 i g!; I’ ‘eS - .r i F t t . ;~ t O e  surface  area r e t  : : -  si for the var ;  - U t ;

;, ;t ’. o r ;  i.~ S ,;_~t’,i I : .  ~~~~ t o : ’. Sect  . 1, . 1 5  : 1 .  w:. 1( 1  ~~~~~ 
- e ., 

V I

~ O (..~~t. data : ;h& v-

- t , r  ‘Lg: -t ’n e:. ’ ; : . ; : , : , - ‘ .‘ t V :  . r - V.”- .
~ ; t a . ’. c - o t . ’ n t  

• 
e x . ’.’~ ‘. r’

g :‘av~’l ‘,‘ i t .  ( -_ .  ) i t ; - :  t h e  concre’. e 5 i t , i  C ) - Als~ V :.~~ . wr in the table
S

I S  • :.“ actual Fispo t i.. ‘ - - n’. t’ .t .~~~ V I ’  i t .  t t ;C  v a r .  -oUS test 1 t~~~ 8 .  I ’.  cat ;

L-e :. ‘ ‘ 1  t n : t t  a :‘ is.g . f  a ::p:.a~ t ‘- - o t . ’t .t : .  was used w ith all material s ,

- r ‘.n~’ ,;.  ‘ i t ,  ;a:’ : C:’ ..- : , .‘ ~. ‘ .  :,“ in i t  ~ V~~V 111,5 t h e  -t i n . :  5C~ in
,‘.em 10.

-
~~~~~~

‘ - : . ‘ t I ’ S ’ - ~‘. ‘0” ~s, :. a v e  i t .  it - ’ F t t e .t t ! .a t  a re nO t I i t .

‘ : ‘ . 
V - . . V ’  ‘ a:. 1 .‘‘~ te t , t_ .‘ - - ‘ • ; a . ’-r ~~’ : ? : -  ‘ ‘ t t  i-c r’~’al i tc .:

I ,  it.’’ .. e f ~~, .:  — - : .  :‘‘‘t •‘  n .  ~ . ,r.’:. :.; r ea l v - I  • :. n- • r gr’ast’rs

‘to e ‘ ,: se . ; r t ’ i : ’ ’ : ’. - , :‘ a . - t i t . .- : ‘ ‘i l ’ ’  r:; • rt~~d c .;rt r ac t  c t  with heavy

-.- ‘ , t r a t .  r’y r ; .er s .  T, cr e t ; ,_ t ,  i v - i ;  -Ie ; ’j d e ~I it ~~~~~~ th i s  type 0 a—

V V ’ r s o’.  ;on f~-r t h e  ; r ’ i a nd ~-r~’:.t -.‘ o n c r”t ”  tes t  sect i  t . .

3 , ,  •t n ; .  : F ’ . . g n : r f ,ve ~e:’ —: ;iu 1t p concrete mixes was prepared

Lab- . r rt - ry a ’ ‘ c’- ‘~~ .l’ s i t i  I i  ~ ing  four d i f f e r e n t  aggre—

~‘a t ’’ m ; t ’ : ’ ;’L :; ( t~ ’t ; .g:. Ft ’ ’ :  ;~ , , 01 , G2 , F t t . 1  3)  and ‘t’V 10 1 portland

- C l ’t :~~ :. f i  .‘ -at  i r a ’ a t- • . e:;~~’ material s are show:, in Figure

d , r  m , ~ or ’; FIj I; re: ; .r ’t . ’~’.ed • 51 , j t : . -:  02 Ire the same marginal materials

t a t  w et - . - ,sr 1 0  t. 1.0 ‘i5~ :. ‘t t  - t .  ;‘ ‘- ‘ r. i x t  ur t- :~ • G3 is washc ’ .I ‘ o~’ret  e

g r a v e l .  ‘!~x :~ - 1 was :es;gne- :  a- -c - r u n g t .~: ACI Standard 21 1.1
.s .ng  aggregate :;  52 a n ;  53 and v - a . I a  ‘ t i  in  t e s t  i tems 1 and 5.

~‘.~~ro v - i , :’ . ; :~~ t o i as a :.ig:, —~~uri l~ ty . ‘.s;crete mix tu re  wi th a 28—day
t , ”x .r” t l  o t r ’ e t , g :, o: 750 ~~s i  ‘ t ,a~ t”~~s i r e I  517 l b  - ~~~~~~~~~ j ’-r cubic

Mixes , -~ were :e;;ig:,~’ s  i :~ i a g  ‘ h i  sam e cement factor as for mix  1.

- V~~~~~~:~~~~~~ V~~~~ V V -~~~. 
~~~~~~~VVV

V___________
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Aggregate materirtl .~ 52 , J . ,  ~3, und UI were used in the marginal mixes

3, .
~~, and 5, r espect ive 1~4 .  The marginal material mixes . ‘-5 were placed

in  test i tems I — u , respec tively . Pra~portions of materials used in the

~ an I ’ at V V - ry  standard mix de sign and the marginal material zero—slump

c. :.cr ’ete mixes are Sto h’t; in Table 5.  Four 6— by t .— by 36—in . beams

were ft t t z-icated frozt ; each o! the f ive  laboratory—prepared mixes and

t h o r ;  cus’’.l and tested f.r flexura.1 strength, Two beams from each mix—

tor e v ’re cured in a fog ro~~ and also in wet sand outside. Flexural

8t r e n g t 1~s of these beam s t est ed  l i f t e r  7 and . P day s f age are shown In

Tab l e  u .  ~oLSt - .~ on the m i n i m u m  thickz;t’:;s requi rements  !‘L ’r all nonre in—

:‘~ :‘-:ed r i g i d  lo iveren ts  fur m i l i t a r y  roa ds or streets rest.’r t e d  i t .

TM —~ ‘ 2_ t ,~~ a design thickness ..f ~ i n .  was selected for all mi xes .

a:; t ruc  t i ct~

32 . l’r , e  f l ex ib l e  and r :g id  ~-avt-m er .t t e S t  s ec t i~ as were constructed

.t-ur • : :~~ the c r i t -  ds. ’’unc-.A o,gust I 9~~- and ecer,Ler l97t , r esp ecti vely .

All w~ ri~ waS accunp4ioheu t i  N’ , V
~ per: ; - - r .n ” - P s - t a i l s  of th e  C o n s t r u c t ion

or - e r l L t I O r ; S  ar’e g iver .  in  tOe f - l i -  w i n g  paragraphs.

Flexible pavement

33, Sub~rade. P r i er  t O  s ; ;tgra ~~’ ~c ;n s t z ’ u ’ t i o ~~, vegetat ion was

str ;r4 ei fr~m an area approximately 50 f t  w i - i t :  by 550 ft  long . From

cross—section data t aken on the :;urfa’e after stri~~ ing , grades were

es ’ a b l i shed  to p r - w i d e  a roadway w i t h  a ~~~~~ percent crown and lon gi—

t ’o.i~ nal : i t ’ r . es :‘ :‘ . i r ’t ;n ~tg ’. ’ , The ,ongitudi nal grad e remained re la—

t i ’.’cly the  sam e a:,~ t r a ined  fro m 0; r t h  ?~c- south rt a sl- :ji” of about

0. 5 percet;’~ The sub grade was .‘ n:; t ructed by e evat  ing the  center  l ine

w~~ .h the 5 j 1  r emove - .i f rom the iitch line plus an addi i — nai  100 cu yd

0:’ .o’ar , clay b- - rr ow mat eri al  ~~~~
. . i; rro w ma ’ er ia , l  a t i t  t h e  e x i s t i n g

subgra d e ma ’ ” ri al  were t he l en t ;  clay des c r ibed  I n par agraph ~3. The

average f i l l  at the center  l i ne  wr it ; a~~ roximate 1y 5 in. The fill mate-

rial v-n. ; spread wi to  a motor grader an: incorporated into the existing

surface i f - ac e of a ;- o.vim ;xcr. The mixed lift was t hen compacted bY
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app lying eigh t cover ages of a self-propelled , seven—wheel , rubber— tired

roller loaded to l~7, 000 lb and having a tire inflation pressure of

90 psi. After  the compacted layer had been tested to deter mine water

c .-ntent , densi ty , and CBR , i t  was fine—blad ed to the desired elevation

and sealed with the rubber—tired roller. The average strength of the

top 12 in.  of subgraiLe was about .‘3 CBR (Table 7). A view of the

fin i shed  subgrad e is shown in Photo 1.

.~1s.  Stab i l iz e d  ~ iiSe. The base course consisted of a 6—in .—thlck

~~~~~~~~~ layer of l ime—stabi l ized gra velly -clay ey sand . The gr avelly—
cla,yey sar: ~1 is the same material described in paragraph 2L4 . Prior to

t;~~p ly ing  the lime , the gra vell,y—clay ey sand was hauled in by dump truck

:‘no dumped ofl t o t t .e  subgra,de, spread to grade with a motor grader, and

then puJ. v imlxed i f l t L V  ~r ;e ~‘— i n . — t h i ck  loose layer , which resulted in a

u-in .—thick compacted a.I’ e r ,  A f t e r  i n it ial  pu~l v imix i ng , bags of lime

wore placed at predetermined intervals (Photo 2) to give the desired

percent rate of stabilization. The lime was then spread over the aur—

toe io’L ;st ’ material and pu~iv imixed (Photo 3) .  Water was added
and t : c I a  t n or V o u g n i y mixed w i t h  th e l ime and soil to a depth of about

~ ~~:.. A:’t t~r :‘intii. n i Xi n g , the entire layer was compacted. The water

~tontent of the u:ixture i rior to  compaction was about 11 percent. m i —
j al c m ;  ,‘t.’tj,-t: was aceom; iished with two coverages by a D—~. do zer to

re -t ent ruts  1 , t O e heavy roller , and then final compaction was with

e i g h t  •‘ ‘.‘er’ ags’ ;; by a 50—ton , four—wheel , rubber—tired roller with a t i re

ir; :’ ati - .n ; ressure of 100 psi. The compacted base was then fine—bladed
wit h a motor g r ad e r , sealed w i t h  two coverages by the self—propelled

roller , rinS primed with approximately 0.3 ~ ii/~q yd of MC—] cutback

n s pt •a it ,  The aver age as—const ru cted water content of the stab ilized

bas e after co r i n g  for ‘st ~ hr was 5.9 percent , which resulted in a dry

~ens : t y  of 13 5 . 1  pcf and a C~~ of above 150 (Table 7) .
A,~~’h a l tj c  concrete.  The bi tuminous surf ace mixes f or the

flexible ;a’Ienent test section were mixed and placed during the period —

23— 30 Augus t l97(. These mixtures were made in a continuous hot—mix

; arat a ’ the W~Z. The maximum size aggregate this plant will mix is

1 :r..; therefore , aggregates Gl and G2 were screened to r~~ove all

F. 27
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p lus 1—in,  material  prior  t u  mixing . mt was originally planned to
include mixes made with the pit run clay ey sand material designated

21. However, attempts to mix this material , vhich had in excess of

leO percent finer than a N .  200 sieve , were unsuccessful . Because of

the larger amount of dust in the material , the return screw from the

dus t c.~-llector would clog and completely freeze. Therefore, this mate—

riai. was used only as a filler with the (IS gravel and S2 sand . The

m i x in g  temper a tu r e  for a l l  mixes r ax.g e-J from about 250° to 300° F; and

F since the haul fr o m  the  p l a nt  to th e  t e s t  site was short , the tempera—

t ,ires at laydown were about the same its the mixing temperature . Prior

t~ 1aydown, sam;-ies were btu i ne d  from each mix for laboratory extrac—

‘ i O n , gradation , and compaction tests. The results of the laboratory

tests :. the various mixes are suj~t. ar’ized in Table 8. The mixes were

laced w i t h  an asphalt finisher in tv -  1 I—ft—wide longi tudinal  lanes

(Fi:0to ~ ) .  ~uring I ’t;.’down , the mixes w i t h  the same gradation were

placed i n  t-otr. lanes b e for e  advancing tV the adjacent item , which con—

ta: :ae-d a V lIf:’erent mix. This Ir - o , . j V o r ( V  wan  followed to reduce the time

t: :d c f :’V - r t  re puired to cad~ brate t h e  mix :r:g lan t for the d i f f e ren t

mixes . All mixes were placed in ne — -ln . —th ick  layer . S m ; ac t io n  was

or~-tst ~ne-.t by break t v-: rolling with a l7—to~ tandem steel—wheel roller

( F n ~ to 5 ) a n t  t h en  w I t h  eight covo~’r~~es by the self—propelled ,
Jeven—wheel , r u b b e r — t i r e  rol Ic r  loath-’: to ~ , ;J

VI O lb and havi ng a tire

press -ire f o psi (Photo t). Final  r . l l In g  was accomplished with the

t anVlem c t  “e l— w h e e l  ro1ler . In some instances , in i t i al  e f fo r t s  to corn—

;a ct the mixes at normal r u l i ng  temperatures of 2500 F or above were
urn; a - cessf-oi because o:’ the ~ow stability of the mix. Therefore , the

was allowed tu Coin before rolling. The rolling tem peratures of

the var ious marginal material  mixen ranged f.’om about 130° to 5140° F

(Tabl.’ ,~) .  A r V t cr ‘- unj  tic ’ i V t , cores were cut and t ested for asphal t
content and density . A s~~~ ary of these data is also shown in Table 9.
Ri gid pav ement

36. Subgrade and base. The zero—slum i mixes were placed on an

exis’Ving ~~sV orfaced grave] road , vhich required blading of the gravel
to grade prior to placement of th e concrete. The subgrade of this road

28
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was constructed several years ago from the same lean clay material

described in paragraph 2 14. The average water content and strength of

the top 12 in .  of thi s subgrade material were about 15 percent and

50 diR , respectively . These measurements taken after traffic are shown

in Table 10. Althoug h these measurements were taken after t raff ic,

there should be very little difference between the before— and after—

traffic water content and strength measurements due to the age of the

road. The gravelly material, which classified as a gravelly—clayey

san d , was fine—bladed with a motor grader to provide a transverse slope

of 2 percent from east to west and then rolled with six coverages by the

self—propel led , seven—wheel , rubber—tired roller loaded to 147,000 lb

with a tire pressure of 90 psi. Plate bearing and thickness measurements

were made on the finished base material in items S and 5 immediately

pr ior  to paving operations . The modulus of soil reaction k value8

ranged • V rom ‘.~ 5 pci i n  i t em  5 t o  7114 pci in item 2. The average thick-

ness of the base course was about 14 in.

37. iero-slump concrete. The five zero—slump mixes described

in paragraph 31 were mixed in 5—cu—y d batches in a stationary batch

p l ant  at t Oe WES and then transported in dump trucks to the test site

for p lacement  and coml t tct ion . The concrete in test Item 1 was placed by

end Vt’um~~ing the  con c r e te  mix  onto the surface of the base and then

spread ing the mix with a m Vtor grader. The concrete in all other test

it em s  was placed with an asphalt finisher. No special effort was made

to provide tran8verse contraction joint:; between the items or a longi-

tudinal joint at the center line of the test section . A tandem vibra—

tory r iler was used to compact all mixes .

J~’. The end—dumped concrete m i x  in I t em 1 was fine—bladed with

a motor grader to an uncompacted lift thickness of approximately
V
~_l/2 in . Due to the small vo- ltime per load (2 cu yd)  and the short

length of the test item (70 f t ) ,  i t  was di fficult to obtain a smooth

surface with the motor grader. However, after compaction, the surface

of the concrete was fairly smooth as depicted in Photo 7.

39. The zero—slump mixes in items 2_ 5  were placed in a singl e
o...in...thick uncclnpacted lift with an asphalt finisher (Photos 8 and 9).
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iV ne mixes were placed in two adj acent 11—ft—wide lanes . Compaction of

the concrete mixture was started as soon as the mix had been placed in

one lane the entire length of the i tem. The small capacity of the mixer

plus breakdowns of the mixer resulted in a time lag of 1—2 hr from start

of concrete placement in an item until commencement of compacti n in

that item .

140. i’he mix in i tem 6 was placed in two lifts , each of which was

app roximately s— i / S  in . t h i c k .  Placement of the t o p  l i f t  Vi i rec tly  ufl

t he  uncompacted surface  of he bottom l i f t  resulted in a total uncom—

pacted l i f t  th ickness  of about 5 i n .  Compaction was begun immediately

aft e r  p lacement -of the top  lift. The mix was placed in this item in

two  l ift s because of the  low s t a b i l i t y  V~~~ the mix and concrete bui ldup

- - n the  underside of the screed . Vl~~i~ ; concrete b u i l d up  added weight  to

t Oe  screed and resul ted  in a maximum l ift  t h i c k n e s s  of about 5—1/ .- i n .

oat th e  f in i s h e r  wit ; .  c ap ab l e  of p l a c i ng .

A )5 5;~~~ ft ~ ~~~~ :~~27Ch tandem vii r a tory  roller ( F ho t ~ - 10)

eq .tpped w i t h  t w o  80— in . -wi :e -(rums w~i:; used to compac t all mixes .

:V)V l :r ing  v i b ra t o r y  com~ act ion , the  r V i l e r  was o~ erated at a frequency of

.V ,..OO vibrations per mm ( vpm ) and the total applied force ( pera ting

weigh t p l -~in dy nami c force)  per drum r anged from S3,3’~~ to 3t~,3..~~- V lb .

T h t s  r o ll e r  was ala. operated s ta t Ic a l l y  or w i t h  no v 1brat :~ :.. The sam e

roll ing p a t t e r n  was used dur~ ng s tat ic  and vibratory c o np a c thn .  The

ro ll ing  ;-attern used is described i n  the following manner. The roller

was started with one edge of the drum extendi ng slightly over the out-

side edge of the firs 11—ft—wide lane -of concrete placed and then

trnv e led in the forward :irection to the end of concrete placement ,
where i t  was stopped and reversed; I t  then returned In the sam e t rack.

The roller was then sh i f t ed  l aterally to approximately ~‘ In .  from the
opposite edge of this il— ft—wide lane , and the sam e procedure was fol—

loved . After placement of the second lane of concrete , the roller was

shifted laterally with its drum extending slightly over the outside edge
- - f this adjacent li—ft—wide lane of freshly placed mix and then traveled
in the forward direction to the end of concrete placement, where it was
stopped and reversed ; it then returned in the sam e track . The roller
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was again uhifted laterally , so the drums woul d cover the remaining

uncompacted portions of both paving lanes . The roller then traveled

forward and backward in the same track. Thi s pattern resulted in two

pfti~ues by the roller over the  en t i re  22—ft—wide  roadway w i t h  some over-

lap in the center of the l i — ft — w i d e  paving lanes and at the longitudinal

j o in t  of  the two pavi ng lanes .

~.2. The compaction e f fo r t  applied to each of these zero—slump

mixes was based on visua l  c~ Ins~~1idation of the mix during rolling and

u;~ -n the resu l ts  of previous tests 1 perfor~~ed at the WES to determine

the effec iveness of v ibratory and static rollers in the compaction of

zero—slum p concrete. uenera.lly , when t here appeared to be good con—

solidation of the  m~ x or a t en i en c y  f- o r  shoving or d i sp lacement of the

mix , r o l l in g  was stopped . The :~ -~~l o wing  four paragraphs describe the

varic us c~~m act  ~~-n ef: -rts use to - -- rnpac t the f ive  di f fe ren t  mixes

r laced in this s tudy .

143. The mixes  placed in  i tems 1 , 5 , and 3 were compacted w i t h  two

passes by the  roller and then tv  additional  passes by the roller

v ib ra t i ng . ~ur ing v ibra tory  com~-a t i on , t h e  tota.l a;-p lied force per

-trum was ~~, l25 ~b .  Photos 11 , 1. , and 13 show a closeup view of the

pavement surface a ft e r  compacti -on in items 1, 2, and 3, respectively .

The s lurry  th a t  f i l led som e of the surface VI i ds in i tem 1, as indicated

in Facto 11 , was a resu. of l igh t  rain during vibratory compaction of’

the  m i x .

.~u . Mix 3 , whi ch was ;iaced In item 14 , was compacted wi th four

passes by the roller opera t i n g at a t ot a l  applied force ol’ 23 ,375 lb

per drum . Higher force levels than 23,375 lb per drum during vibratory

compaction -of this mix resulted in excessive flow or lateral movement

of the mix. The roller wa8 operated at masimum speed (6 mph) in the

firs t concrete placement lane and at about 1 mph in the second place-

ment lane. The operating speed was decreased because the maximum

operating speed resulted in a rough surface after compaction (Photo i 1 4) .

Photo 15 shows the surface texture of the second placement lane after

compacting the mix with the roller operati ng at a speed of about 1 mph .
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145. The mix placed in i tem 5 was compacted with only two passes by

the roller operating at a total applied force of 23,375 lb. The con-

crete mixture appeared quite stable under the roller at this force

level. Mowever , at greater force levels or with additional passes by

the roller at the 23,375—lb force level, raveling would occur at the

surface. The aggregate used in this concrete mixture provided a very

open—textured surface after compaction (Photo 16).

~~t . The mix placed in item 6 (mi x 5) was first compacted with two

passes by the vibratory roller operated at a total applied force or

. 3,375 lb and then wi th  an additional two passes by the roller used as

a sta t ic  roller . Sta t ic  ro l l ing  was applied after  vibratory compaction

to smooth out the checked surface, which resulted during vibratory corn—

pact io n. A view showi ng the surface texture of thIs mix after f inal
rolling is shown in  Photo l~~.

..7 . Curin g was accomplished by cover in g  the concrete for 28 days
with polyethylene. Prior t cover ing  the  concrete with the polyethylene

shee~~; , the surface of the concrete was wet with a f ine spray of water .
148. I~wo ~~— by b.. by 36—in , test specimens representative of the

conc rete pl aced in each test item were cast at the ~‘obsite duri ng
concrete placement. These specimens were compacted in the field with
a vibratory plate compactor and then field-cured in the same manner

as was the pavement . At so day s of age , the specimens were transferred

to the WEI~ Concrete Laborato ry and placed in limewater.  Then , at

28 days of age, flexural strength tests were conducted on the specimens.

The average f~ exur al strengths of the concrete mixtures placed in
items :—6 were 750, 750 , ~~~~ 590 , 350 , and i25 psi , respective ly .
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PART IV:  TESTING AND BEHAVIOR UNDER TRAFF iC —

FLEXIBLE PAV~24ENT

Test Conditions and Procedures

General

149. Traffic tests were per :’or~ ed ~- n two separate lanes ~~
‘ the

.~5— ft—wide and 397—ft—long t e ;t  s e ct l - o n . The t er t  vehicles , test lanes ,

t r a f f i c  ~at t e rn s , ~— a ve~ ent  c:n-il~~i -:.c , and f a i l u r e  c r i t e r i a  are d i s—

cussed i n  t h e  f o l l o w i n~ paragraph s .

leot vehicles

50. Tr ~~f f i ~ ’ was u; -~ I i  e~i t o  the t e . t ;e ’t i n w i th  a pneumat ic—

t red vehic le and t w o— t  racr~ ed veh ic l e s .  The r i rary t cc vehl o l e  was

an M i  5— t n :ur~; t r u o~ (
~ hot 18) . Al l  t h e  w~.ee ’.: on the ru-~y. w ere

eju~ j~~ed v~ th ll. iO’.U , l~ — ; i~~ r a t ing  ¶ i r e s  i n f l a t ed  to 7.) p S I .  Th i s

veh icle was op er at e - t  ~t gr oss  ~uads of .- o , j O , ~.1 ,~ ‘.5, .3 ,~ C ( -  ,
, t -~5 b.  The g ross  u i  f t : .~ ‘ ruo~ was increased so t n t t  the ‘d o t —

o~ the uv e i~’cn t  un~icr  t r u f f i c c~ e t o t  err.~ ned under u rca—
:.at-le num ber of ~.sses Lv t n ~- ‘ c t  v eh i c l e .

~— l. Tr a’k ”t— t y je v e n l o i c  ‘ : t : ’ i~~- was L ; 1  i i c -~ i.-ing an Kl~~3

armored personne~ ca r r ier  and an X ..O-Ai tank . The !~ l 13  and ~~~‘A~ were

- ~erated t gr ss we g n t s  of ~~ , -  5 and l03,.Uu it - , respectively .
h~ t~ 1-) shows the ‘ rack confi gurati n -f the personnel carrier , and

P h u t  20 dep icts the race. c o n f i g u r a ti  ( the tank.

e t  lanes and t r a f f i c  j a t t e rn s

52. F~gur e 2 sh -ws location , wid th , and length of t h e  t v

t e s t  lanes. i neumatlo-thred—typ e traffic was applied - both t e s t

lanes to determine the effect -f pavement temperature on the performance

of ‘he marginal material asphnl ic concrete. Traff~.c was applied to

~u~e I only when the pave ment temperature was &)° F or below and in

l~tne 2 when the pavement temperature was 800 F or hi ghe r. After cam—

~-i. :’t 1on -of the pne u m a t i c — t i r e d  t r a f f i c  in lane 2 , the pavement was
subjec ted t .. t racked—type t r a f f i c  at various pavement temperat ures.

53. T r a f f i c  was applied wi th  all teat vehicles in the sam e manner.

•
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A vehic le  was op e r at e d  in  one d i r e c t ion  unt i l  i t  had traveled the en t i re

lengt h of t n e  t es t  section wher e i t  was rev ersed ; it then returned in

the same wheel or track path. :‘nis resulted in a total of two j a s s e s

by the test .- cnicie fo r  each round trip of test traffic. The traffic

levels referred t~~ in  this repo rt were computed by converting the number

of ~asses of t e st  t r a f f i c  appl i ed t the pavement t equivalent

l8 ,~~~00 -.l b , single—axle , du a l—w h ee l  I -  ad operations through use of

equlvu~~t s  opera t ions  f u c t -r curv s. The ~~~ I duri~ tru c~ was operated

at e~ uiva..le:i’ 18 ,o0o—l b , single—axle , dual—wheel ~ads of .1.9, 3.5, 5.1 ,

and 10 , wh~ 1e he .‘.U 13 ; erso nel c ar r i e r  and the M~ 0A1 t ank were

cra  ed at e ~uivaierit 18 ,uOO—i 0, si ngle—axle , dual—wheel loads  of

U. . and 2 ,500 , respect ively . The t a l  ~c~~-un t  of t est  t raf f ic  ap ilied

to t e s t  lanes I and was as fo l low s :

Te~ Tr a f f i c
ft cs Lane 1 i~ane 2

Te s t  ig: ’ N o.  of Equ iva l ent  ~~~~ No. of Equ iva l en t  18—k ip
Vehic le 10 Passes Single—Ax le I. a h ;  Passes Sing1 e—A ~x 1e Leads

M5 I .0 , -~~. 5 ,00h 1. ,

M~ I .
~~~,-.

. .  I ,T50
310 ,575

M5l ~~~~ 1 , - j O I .1’,l20 8,s9~ l 0~ ,752
“L 13 9, - - 30 ’- 1 3u 3 0t -  130
M , ~ A 1 103 , .  10 C) 50 ,000 . 0 50 ,000

av’~~ e:.t tc!~.~~i r a ’ .re

‘0. . n c .~ct i c — t i r e - :  t r a f f i c  vi to  ~t ; l i e d  t t h e  t v  t r a f f i c  lanes

- - f the tes t sect .  du r i n g  ‘he p e r i o d  22 September 19’T~ —~ 0 July 1977 .

i ~ ng, ‘ h r  aver ag e ~tvem ent  t erq erature , as dete rmined
f r  r~ rca.~tiz’crcr . ts  at t :~~’ surface a i d  the b ttor~ of the  asphal ’ ~c con-
crete layer , r a: ,gi 1 between .00 .~~ l~~~ 0 F. The t r a f f i c  and pavement

‘ er :it ’ -~r r— i~ s’ r ,b u t i  : .  curves fo r both t e s t  lanes ( F i gure l i )  were

de r i v e d  fr  t r a f f i c  and pavement temperature records made hourly
:~~r :ng  t r a f f i c  t e s ti : ,g.  As noted in  Figure 11, no t r a f f i c  was appl ied
‘0 jane I (col d weather  t r a f f i c )  when th e pavement temperature was

80° F - r  gre a ter.  To compare t h e  behavior of the r.ar~~inal material

b i t .~~inous mixes under the same tyj e - o f  ‘ r a f f i c  but at a higher pave-
ment ‘ er~ erat~ re , tra f f ic  was a~ ; l i e - ~ t o  lan e 2 when the pavement
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t er:perature was above SO° F (r.ot weathe r  t r a f f i c ) .  A portion of the

M 5 L  ium~ t ruck t r a f f i c  was app lied t both test lanes when the surface

of the itvemer ;t -  was W e t .  All t r acked—type t r a f f i c  vac applied when the

avesient ~ fzi e was -d ry and ~~t a pavement temperature ci ’ abou t -  900 
~~ ,

1”a~ 1urt c r i t e r i a

55. In u-.lg ing  t !;e f l e xi b le  1- f ivement  t e st  i t ems , only the ; - er f .  rm—
: t ~ .i viL r i - - us as~-ha1 t i e  c on c r e t e  r r i x c s  was c - n o l d e i - e d . Base course

i’ s-obgr;t.to failures were :.- t a n t ic  1 1 - ~ited because t h e se  on-lerlying layers

‘ - i - - des i gre and c~ n ot  r .c o- f o af  : 1  ~i ~~~~~~ t h  i ckr .e ~ ; ; t .’~ and .- ; t reng h o

i’: ’ fa i lu res  jun r -~ ra :  0 t e St  i :~g . Raveling t n t  ch~,-vi rig , wr .  on

r e su l t e d  in  ro~ t ing  of the : m r.i- r . t , w i-n ’ ’  ‘ li ’ w rotj r ‘.‘J - i - : -  .:f distr eo;.

erve . :  tar  :~g he n t  f : ’~ ‘~~. I :.g .- ‘ f t n ~ t i ’ ;  t sect  I :. . The rrs “ravel I n1.’”

az-.: ‘ ‘ refer ‘ :.~~
- :- . g ri :; S yr Si  J - ~t r a t  I - i; of tgg reg ;t t  e p ar t  I cc

t n  t h e ;.a :~’ - c  ;- wnv ar : , tn -.: t i e  ~~a sti’

ver ;rnt  f  a :. - t s ~ - ;a l t ~~ ’ c c n cr , ’t  ~ ~ ix t : . ’~~’. : ~~~ - n~ t have i r s - u g h  s t a t

-,.~~~- r ’ t r i f f ~~:, :‘~‘o; - c t i v i . y.  I r -. ‘hose i t  err S whi - r i -  r t v ’ ’ i ; n g  occu r red ,

tefrtree f r;t ’.elizl ~.t 
-J S - . ’ L I y  . ‘ o r  : - l u r i n g  ~ - ‘ ..‘i - ; r t n i ’r  t rrtff’c .

: r

~

.allv I-c : t i .~ t ’ d  :- v the . v ’ t:’ ~~sv e r . e r it  ~ f t s r  n i x

in  ‘ :..‘ ~~:‘t’~t . ‘ -a ’ ‘ -ot : - t h e  a t c i  ; i - ’~~:. ” . a t t .  ;~~~~l t he ’ :~ ‘ -f the

pavement . ::. ~ -r e ii.:; • t i ;  -“ c , - i .  .‘ I ng Wa ; -  s t  ‘ ‘
~~ ‘-  I v ’ :,e ~- c-currcnce of

a; :. ‘o. a .  o:’ t i~~. 0 . - ~~ b’~ w ’ ’ i : . h i ’  wh ee l  it ’ h :  . ‘‘gree ;; of

.Ls ’ r ’a- , ; (slight , rt :‘ n r t t i , ‘ t n : ; - ’ - ’. ’’r i ’  ) r e f e r  t -  the rut .ic; th : 

.1 .s ri’s ;; . The : c t  r ’’ .- . w a :- :uit’’d as sLi ght t o n  r . t  :‘‘; ‘h ; ;  of

l e s o  : a . . 1 / 2  . n .  • zr.. le na ’ e f~ r te;  -f  1/2 less  t h a i ,  2 i n .

‘trot .; ‘ v i r ’. f - n  r . . ’ de ; -th s  :‘ I : . ,  or r~ r ’’ . —

nec Sot 1- i ’  u r i : .- i s  r xcs ar e l a c e :  ‘ ij  -~ n base c urses  ( a )

a -n - - ~- t  t , riling sur f a ce , Cl’ ) W i t t  en ;  the l-a~~e a~~ai r :s

5” - i % ~~~~
t ra t ion  f surface water , an .i (c ) - pr -o --t r ot  the  base fr  -r the

r ’t v ’ i ng ef: ~ - ~ .; f t r ’t  - - , a • est i t  en was cons b r ed fi t : I c  : when any

f the f - I  . -w : n g ccn - l i t ~ so -ceurred:

a. .‘ur fa . e :e; ni . s i o - z ; s  of 2 in. r more .

1 .  I~urface cr ’~~’ic i n g  to he extent m a t  he pavement wits  i ;

I ng” r wat ” r j  r f.

S ‘-v ’  re surface r a v e l i ng  to s i g ni  fican t depths ( f- ocr these
tests , 2 i : .  - o r  gr e a t e r) .
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~‘rv e re o h .  V i  ng ( :‘ . x’ t h e Se t est s , ni .’su.. i zig r a t , depths
- - i ’ 2 i n .  or more ) .

Behavior of Pavernent U n d e r  T r a f f i c

57. sWst’rvr t t i o! :s  f the behavior of the t e St  ;texr. : ;  were recorued

t s r  ughout t h e  t r af f i c  tes t  1-e ri c-i . These observat ions  were supple—

y photograph8. Level r e t i t i n g :;  were taken r , the pavement prior

and a ’. c t  her  f a i lu r e  of it :,  ten or at t z .  i ’ . - : . : I’ r a f f i c  t o  show

he ent~a.’:e:; ’. de f~,-rna t  I - :, of t hi ~)avemeflt under r a f f i  c f or  the

:.g I o c r ’. c v i ,  A f t  en a f i t ’. . ,~~‘e a ho-rough I nyc:; t ~at ion was ritvje by

I :,g t e s t  t r t ’ncSe’. r i cr o ss  t t~r t r ; t f f ’ .  ‘ l ane  to observe the var i ous

• ‘ LI’ rs  i :: • : . ‘. - ; ruc  t ar e  , a - - ng w t b .  v.’~ ’~~ neai uri ’r,er.t ii and - ther  ;-ert I sent

- :. the :;  e • c, i n ; -  . The tat ,  it - 1  t al ned t a r i zig t i e  r af  f i  c i’s -n

t h e  ‘‘ ., ‘ ;,e, ’t ~~L 5  (se e . at In F ig . .n e  o )  are ; ne sez . t i t  i i ,  t h e  fol—
I s w i ng  ar tgr ;k ’~ h o .

58. : ‘ a:; - . 1 -1 I -c iS ‘ i ’ .i t z.a t s r  ‘, n ‘if f c v -1 unes re f cr r e  t c’ in

Ic - 1I ’ ’ -  O ;L . i ’  - ; i ’r a ’- : n s  an-I  t h a t  :-r .e o pe r at i c : .

• t . .’:.t :. ‘ ‘ l8 ,- :0’ - —~ t’ , s i n g le — ax ’’ , -I ua l — whec ’  I 5 - ;t :

t h.t - : . . - I ‘uig ’ t’. f ’ h e  • ‘ I ’. err, .
Lan e . 1  M5l , -t~-. t uxrrj ‘ n i c K

‘ ~~. 
‘,‘ :c;ial cl;:i-rvations, Very ll tt! ’ - i . st r es s  was ~rervco on the

‘i ’.’en”st  s u r f r~- ’” f i t  ‘-n I d u r i ng  r a t ’:’:c ‘ “ - • :,g , A ~ en er a i  viev - - f

I ten ; r i -n t .  :‘a: :‘ .c is oh -  vs n S . .  • TSei- ,’ was no cv i  lence

of r av e l in g , cr a c k I s~~, - r sr.- v - . ng  - f the ~i s ; t : r t 1 t ’ - r , ’r’’t e in . thi s j t e r r

lur i ng ‘ h e . ’’. ’ :re n a f f i  - r e r i ’ i .  n-oI i ‘ ‘ i t . :. o were t h i t t a very ) ‘i.rge

arc ‘i ; t - f t r ’ tf f i  w - . be I ’r~ ;: r r I ‘ - ; r - . - -l~~- -e a i g z i f ;  ‘ant  amount c-of

i i ,  the ; a - .’e r -e r ; ’ ; theref ore , t~ ’~t f f i - ’ w a r  b i s con t inu ed  after
- .  , 1 - . 3 p er a t. i -z;i ; T h i s  I t e n  was r a t e d  In ex ‘el l ent ~C’ndi i o n  at th is

t in e  and w a s  I : ;  tb . -  genera l - n d i t i - r ;  sh o w n  i n  t h e  ri ght—han d ;~ r : -  n

of rhot  o .1, .

A: v e r a l l  v iew of i t ~-’n 2’ pr Ior to t r a f f : c  Is shc ’vr in

2~~. Distress of the -t t r ene r ; t was f i r s ’ n o t I c e - i  &t aO ; t

I L 

- 

- 

I’



o l(- ,, ,~~ cnii t 1 -  n o .  A c I v -ot’—u ~ of t h i S  1 . : t, r e ;  o , :.t;~ - v i r i g f the asphalt. -

ut sid e wheel  t I l t , i s  ;~ Sv  w:. Ii ; i’l &~t v - •~ . . As t r a f t ’ : c

W ’ t ~ o. - r . t  : , , e .; , a sI  :ght :‘,.t 2eve~~ -j - ed  ~:; tt;c’ out ;, ii .- w h i r .  ;ath -Jut-  tv

I ; .5 V :.g . ~.xc t’~ t f - r I S e  -
. 

- .n-ue-i - :cvel opn~’nt f t :~i s r~ t ,
i i ’ ’  — ‘ -t :a ngi ’ in ‘- h i .’ c~- nd ’. t . - :. . 1 ‘ I . e s. ’ ’rr ,t ’nt -s oc u r n ; - : I th e  ‘ -z .  of

I n a t :  . : r z i f f :  0 ‘ a ;-  Sc - ; ~
- : ~ : • : ‘ -. ,,..3 . ;  er at ion o  , a:. : t I , .  s t en.

W i , :’ a t e : - i i ; i S  g o d  - ‘ . : , : .  - :.• lb r ;~x i n w  :‘ t t . d e ; - t t ;  r. i ’ r tov.:’e 1 i i t C i ’

I :  ~: f~~c ‘
~~~~~~ - : : ..  : . -  - . s’; : 1 ; -  t nt’ gt ’ s cr a i  c - u U ’ . t  i - h  f l I e i . .

t : ’ t~~’:’ t : ’ ’~: f c .

t I  . A ~ -ne n - i l  v :rw f i~ ;-
~~ , a: .c : t ’ ’r .  ‘. l:rf- n ‘ r a t : ’ ; - - Is o t , ’oWl,

i ’ ;;  c. • v ’.’ I y . t :, ot ’ t l .e~~e . ‘n I ~‘ r f rn; ’d Vc n~

:‘ a:  .c t t ’:; t  :,g . : . ‘- :, ,‘ ; ‘ t ’.’ ;’r.c:.t , : ; ,  r- ’’s’o - I : ; i -z ’vt ’d  I . z - . n~-’

I ra:’:’ - ~. . :.g 0: ‘ ne . ’- ‘ :‘ .-r ,. 
~ ‘ is ‘, :a r a ve  - . r ig - I t  i.e . 1 h ,  ag~’reg at e

‘ hi.’ cx; . .r . of ; , tn and ; . shi. ’,: . :t z ’g ; - ;tg ,.’r;-ga te 5 r .  ‘ I c ’  .:‘t’;.

A f t  en 31’ • - - ‘ ; i -  :‘ i t ’ .  .- oz . ; ;  , r ’t . - 
~ ‘;. h O  - . ‘ - .v.e 1 , an I I - I .  i ’ ’; . W e r e

-
~~~~ .z:  .—

~ ‘ : ; l ’ . ’ ~~~. :- - : , : - - ._~~ 
•.‘ ; ‘

~
‘ ; .  ~.f ‘. 1 , ’ - , ~~

- : ‘ . ‘S ;i! ’’. i .’ r ’ :- . , -

‘i re - 5 .  — , ,  ‘. n  : . ‘. s,.S ,.j iS I -

‘ - , A : ,  - . “r . ‘. ‘ - f • i -n .  5 n : r • r a t  t .  c is  oh.  yr . ‘.n

ci.’ .. tou . : .  r , ’ ’ .ng .:. ‘ s’ w’~~- ’ - . 1’ ’ i t ! ~ . - was

i i ; - ’ ness t i’ :’ ,’ , :;.:‘ .r ,g  r - , ‘ i - s t i : ,g . 21 , g r . t

r un : a - - ‘‘ r a’.’t’ . : r ig  of ‘ :. ‘- f ’ . n ’ - ’i .’gn -g t t r f i r s t  Jet i - ole .1 t I ’ ’ ’’.’ (s opera—

• :. , - • -: :. ‘ .s s ’s .  • - . :.g ‘~ n-ogre:; se .l . ‘n ,. s. - w . ,.- a sr i  zig In Wi . - i t t  her  t ra f f :’
A : ’  en  t ’ .  • 1 ,- . ; . - n i t t  : - s o , a few 1’ ~eceo  - f t he  ,a :~ ’’- r’ a g , gr e g m tt e  had

become , - . :g’. - ( : . -  ‘ 
~I ) , . : s . - :, a :, : , - .~~~, - t ’ ’  - t l a ng”  iggr ;’gat  ~~

- was
‘ t . . o :, ‘ . - -i : _ ’- at t : . . . ’ .  ‘ ‘ . r - . .‘s: , t r ; t ~~ . W a .  ‘ - o : . ’ . s s’  :, there was very

• t I c  - : , ‘~~, .s. ;- • n ‘.:. ‘‘ ; c r f . rnancc I’ ‘ z r  ; avcrr.enl u_n t .  I ‘ r a t  : . c w a s

;i~~ ; .j e i  i . r . f l g  a n a : n .  :ur i r ’.g  we ’ weather t r a f f i c , t : . ~ - r at e  0-f raveli ng

r~cre aa ed , ‘~h.i -a s . i r z ~y I water and - I i ;  - lgc-: it4.s~t r ”ga t  r ~ art i d e s

f ~rrred In t h” w:,.’’ - - iit h~ , H v e v e l - , a f er : t ra I ni  I and a ft .-~‘ t h e

v- i ’ ‘ - : -  evaporated , the  r at e  -~;f rr tve  i ztg leoz’ cr~se-l and nan~.’ of the
f :n c  ; - a rt i c l e s  a ; j e ; t r e t t be recomp ted in t h e  w z . c c i  paths .

P h - I - c. 32 an t 33 depic t a gener al v iew and v - I  c e — u p ,  respectively , of

item 5 - t f ’ er 21 ,286 ;“:‘a i -nz - o , A p p r v - x i r i a ? e l y  1,000 of these 21 ,288

;‘~~ a t b  : 0  v ’- :”  .a ; 1 i i e - ~ ‘he pav ement e i t h e r  when i t  was raining or

38
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WIIC!1  the avcr, i’ z , t was W e t .  P t . - t  o 33 shows a rut about I ~~~~ r :. in  depth

that devei. ; ed in  the  o u t s i de  wheel p a th  after 11 ,288 operations . About

‘;‘5 p e r cent  of this r u t  l i ’ve L- l - cd  during the wet weather t r a f f i c .

l’l:n - ; igh  ut  t h e  z’ t’rot~~z ;  t in  ‘ f t r a ff i c , the rate • V raveli n g wo~~1 - I  increase

dur i ng vet weather t r a f f i c  and , l i on i ’*to e  dur ing  dry weather  t r a f f i c,

‘i’r~~t t r a f fi c  was s t 1  ;-ea aft ez ’ ~1o , i~~ ’ • ; erations , and the Item was rated

I:: ~,,sor c o E t , i l ’  i ch  - -ue - - r a v e l  l r;g and r utt i:.g caused by raveling . The

m~~ imu~ n ut  - I c ;  ii neal; .r”  : a f t  ci’ t na ff 10 In b ;e IRS  i - I c  wheel path was

ab s -u t  1~ -. ‘ . : , .  , as 0 n j - l t r e O  w: ’ :, ‘ i : - - :‘ I i n .  ~r; the ou t s i d e  wheel pa th .

A .  ‘ . z .t e j  - a t  nevI -uc~~.’ , ‘- S.’ n a ,’ . n i I v  of th e  rave l ing  - cc  :rn ’-J lu r in g

v e t  w e a ’_ l , cr  ‘ n a : f i c .  A ; ~-n • x~ z ci i, ,’ , ’.’ 22 i- i ’ - ”:, ’ - f  the t r a f f i c  a j -~ 1~~.-1

:. t h i s  I .‘~~; was : -r ~~- So S We t. ; tV  .‘ r” :,t .

The g en er a l  1 eha ’.’ r - - I ’ I’ ‘- : 5 . : ‘ an- :  7 :ur ~ :.g ‘ r a f t ’: r was ‘;u i  te

8~~r:iiar t~ that Ies~’rfle ‘. 1 ’ r i t ” r r .  5. H -w~’v ;’r , raveling - level -; i’d f io -  er

‘c-sr. 7 tI. ic, in i s .‘zr. ~ an - ol  I a - t  en in  i t  en. ‘ ha i ,  : :, ‘.‘5en ~~ . I i;.’ sly

- I i  fference i-etween t s r  I i ’  .ni :. - - -a .  , I ac ”~: • : ,  5e t ba r e. ’ temmis was

tn ’’  ;i~~- htt.l’ - n ’ i ’ z . l-s o t ’ t s e  r ’ ixes  . ‘l’l..’ itz’.j  hal t - z . I m s  oI’ ’hc r azes

5, ’ , az .J  ‘
.~ w. ’r ’- 5.5, 5 .. , and ‘.,~~~ ;e r -.’:. t , r ’ - : ; e 5 - t i v i - l y .

S t  ‘ . I ; ’; - -, c t  t en  S t - . ~~:
’ n~’ r;tffic , and :, ‘ ‘ ‘ - s t ;  vs i t e m  7 r I -  r

• ‘ r a f l ’i c .  As • raf ’. . c - ’t , - ii; ; l ’ .ed , surface rave~ i rig -:e ve l  o;e : q ui t e

ra ; ’. hy  i n  t : , ” , - ”  ‘ w i t em s ; aS was ;-tc i :t ” -I out r rev : a: ly, t i ~~ ’ degre e

- V  :‘ ‘iv ; ’. ing I t ’; en l ed  ~~~ S t s ’ ’ ’.:- ;  s a l  cor . ten ’ 01’ t h i ’  an t i ‘ ;.ar ~~ X .

:.is :o’n ne: .  r, can I -c secT .  I .  comparing i’h ;~~ - ‘o 3tr itn I ~i . Af t  or the
s-cr . ’ ~ r.~-unt  of r ; i f f i c , , - .50 “r a t  2 - i c ’- , nt -o re ravel ing  had - - ‘i’ urred in
I ’  -s ‘ (Plc t o  i i  ) t isis • :. i t  e~ ~. - i s  - ~I ) . The -li ’gr e. ’ of ravelir.g In

a f t ; ’ : ’  ~~~,‘.
‘ ; “ r-a ’ .- ns was :. - * - ;- si tc ’ it:; bad as t h a t  in item 7 at

‘he  s;.’ n ’ t f f ~ c l e v e l .  At  t his t ime , ruts  in  the o-utai b e wheel j a t h n

‘.t ems t. and 7 w e r e  at . s i t  l/1~ ii:. 1 1/2 i n .  tee; , r e r; cot ively , As

‘ra:’f i c  was c o n t i r ; - ~” I , ‘s’- r’rtvc l t rig and r u t t in g  of t h e  b i tuminous  mixes

c- s t i nued to n- -gr o ss , c’ -;‘~ -‘A *.1ly dur i ng vet wea ther t r a f f i c .  By

I . , 3. ’i operations ( 1 , . .~.”4 ~er a t ione duri ng vet weather) ,  the r’,it in
th.’ - it s ide wheel path In  item 7 had incre as ed in depth to 2 in.  and

t t .” item was con’ idered fai l ed . H - i t ing in th i s  i t em van due to.  severe

r a vel i n,g i n  the wheel paths of ‘he te St vehicle. Photo 37 shows a
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general v iew of item 7 after l~~,323 operations ( fa i lure) ,  and Photo 38

is a close— up of the 2—ir ..—deep rut in the outside wheel path at this

time , j
~’.it depths or 1—3/8 in,  were measured in the inside wheel path

of i tem 7 after 1L~,323 operations . Measurements in item t after

1’.,323 operations showed that the rut in the outside vheel. path had

increased in depth to 1—3/8 in., therefore , traffic was continued .

After a tots,], of 21,286 operations (,~,io8 dur i ng wet weather ) ,  tr a f f ic

was discontInued in item t- , and the item was rated failed because of

severe raveling and rutt ing . A general view of item t’ after fai lure is

shovn in Ph ot o  39. Photo ..O dep icts the 2 — I n , — deej , rut in. the outside

wheel path of item t~ at the end 0f traffic.  The maximi.~~ rut depth mea-

sured 1n the inside wheel path of it em t after 21,288 operat ions was

1/2 in.

6’. . The beha vior ~f it ems 8 and 9 during t r a f f i c  was essentially

the sane . Sligh t shoving oI’ the bitumi r,ous mixes or t i re  imprints were

obs erved i n ’.  bo th  Items wher. t r a f f i c  was applied - iu n i n g  the hottest por-

t ion  of the  t r a f f i c  period or when the averag e pavement temperature was

about 80° F. A cIc -~ e— ’oç of th e  ou ts ide  wh eel path Ir .  item 9 after

l,~.50 operations I n di c a t i n g  t i r e  imprints  is shc’wn in Fhoto ‘.1. Slight

polishing of the  ,..tirge aggregate was also observed ir, both items at

th Is time , T raf f i c  was conti nu ed to 3.’,1143 operat ions  in both Items,

w I t h  l i t t l e  or no chang e in  the c o n di t i o n  of the pavements. Indications

were th a t  a large number c-f operations would be required to produce any
appreciable distress; therefore , traffic was discontinued . Views of
items 8 and 9 at the  end of t r a f f i c  are shown in Photos .2 and ~.3,

respectively .

65. A general view of item O prior to the application of traffic

is shown In Photo .~.. The majority of the pavement distress occurred

in this item during the first portion of the traffic period . During

th is  time , the average pavement temperature was between 75° and 80° F,

Slight bleeding of the bi tuminous mix and t ire imprints were observed

after about 8 operations . Shoving in the outside wheel path was also

detected at this time. As traffic was continued , the shoving was more

pronounced and ruts developed in both wheel paths. After 1,1.50 operations ,

~

0
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a 1/2-in.—deep rut was measured in the outside wheel path ; after 8,162

operations , th is rut had increased in depth to about 1 in. (Photo 1 4 5) .

Surface rippling of the bituminous mix at the outside edge of the pave-

ment i ndicating shoving can also be detected in Photo 145. Due to cooler
pavement temperatures (70 ° F or below) ,  very little change in the condi—

tion of the pavement occurred as t r a f f i c  was continued , except for the

exposure o f the smooth and polished aggregate. After 31e ,l143 operations ,

t r a f f i c  was stopped , arid this item was considered to be in satisfactory

condi t ion,  Hea~ur ementa across the width of the t raf f ic  lane at the

end a:’ t r a f f i c  shoved ru t  depths of 1/14 and 1 in .  in the inside and

outs ide  wheel paths , respectively . An overall view of item 10 after

3i. ,,L1. j  o p er a t i - ns  is shown in Photo 1 . 6.

is. Items .1 and performed very well during the entire traffic

;criod , Genera,], views of these items before t r a f f i c  are shown In

‘.7 ‘m .d ‘.~~~~. Sli ght. snoving was detected in both Items at the

teginnir ig o: t r a f f i c  but  seemed to stop after about 5 ,162 operations .

A f t e r  ~~~~~ operat ions , a shallow rut  had formed i r.  both t est items . The

n ax i m u m  rut i ej t h  meas ur ed at this time was 1/1. ir.. In. item 11 and

3/8 i n .  in  it e m  i ..  T r a f f i c  was continued to 3’. ,l’.3 operations , with
:i ttlt’ ~r no -:l;ange in. the c c n di t ~~on of the two pavements. Indica t ions
we re tha t  a large number 0f operat ions would be requi red to produce any
a ; ;-r ec lable  d i s tr e s s ;  t he re fo re , t r a f f i c  was discont inued . Items 11

‘mn- .I 12 were rated In ; satisfactory condit ion at the en4 of t ra f fIc .

P~ otos -. -~ f in d  50 show a general view after t r a ffI c  of items U and 12 ,

res -eotlveI,j .

67. Although the mix placed i n-i item 13 was made of the sane aggre—

as were t Se mixes placed in items 5 through 7, item 13 performed

better during t r a f f i c,  The only di fference between the bituminous

n~nixes was the asphalt content. The asphalt content of item 13 was
t , 7 ;erce:.t , as compared wi th  .4 .3 to 5.7 percent for items 5 through 7.
As nent l ne- .b r r evioual,y ( par agraph 63), items 6 and 7 failed during

‘- raffic tes ’- tng, and l—in,—deep ruts were measured in item 5 after

t r a f f i c .  The maximum rut depth measured in item 13 after traffic was

abcut ~/14 in. A general view of item 13 prior to t r a f fi c  is shown

- ‘  _
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‘ h i  ~t o - ~~ ‘-‘1. As t r a f f i c  was appl ied , slight raveling of the f ines and

exposure ot ’ the smooth surface  of the larger aggregate were the only

signs ~- t  dist ress observed in i tem 13. A close—up view depicting sur—
face r ; t v e l i ! m ~’ alter 1,1450 operations is shown in Photo 5 2 , After approxi —

mat c’ly i14 , .~~ operations , ruts of about 1/ 8—in, depth due to raveling

were measur ed in  both wheel paths.  By 314,1143 operations (7 , 692 during
wet weathe r ) ,  these r u t : ;  nc.d increased in depth to about i/ 14 i n .  m di—

iti nis were t ha t  wet weather  t r a f f i c  had very l i t t le  effect  on the

- I raveling in this item and that a large number of operations
w .  uI . :  be re-~ u~~rei - - r~-d u- - e .  B :~ .’:;: I: o’anit ;u~ uri t of distress in the

:m ’. s n o’ : . ’ ; thi’refore , ‘ r~th ’I:— - was s l I S O L  ut inued  at t h i s  t ime . ter. 13
— 0 r~it e 1:;  o u ’ ~~ - : : . - -~ r ,  o : , O O t j ~~fl at the end - :

‘ t r a f f i c .  An overall

view of ‘h i s  ~ t e n  alter ~~~~~~ - ; er a ’ i — n . ; is  oh-owL m i  : ho t o  53.
-~ , Per~ot: .ent :-r  nnent  de I-~ -rr. ni t  n. . :~~v~-I reuo ;  :~~~:; were t a k e n

t O n’ , ,.5 t h e  coot . ~t:a’:; ;m t ; rt’ -~ et e m n i o e d  st at i o n t :  r.. -r t 5  - and at fai lure

‘he  end - I ‘ r n m I I i c  ;:. ‘cot - h .  i t em . ‘i : eoc t:ervat~ ons were made to

I ; - a . r n c ’n , t  : c - I -  rnr .at l i t ,  result;:. ~‘ from t r a f f i c .

~~~ :tai. c r -s; S c - ’ ’ , : . I~ r the 13 test ;t c ’rco; hi re shown In Figures 12—15.

.cco3 t’ I t m • nt i n ~; oute t hat rut ’ i n~ u r r e - :  i r-~ the Ut :;  I di’ wheel path c- f’

‘i l l  items ;mn i n :  he ;n : n ;  fr u ; , ’- .  . at f i  I all it em s except 1 , 2 , ~, and

~~. These h a t  t cm . :; . i nd i ca t e  that  ruttit;~’ was rn~ r° r-rono-uncoed in the - u t —

oidt ’ w:- ee l  path.

~~. Failure , :~veot m~~it t - s  i t s .  A It c r  Ia; l u r e  i n  items s and :‘ and

m I t ” r r a f f i c  In  c- tn 5, a t e ot  t rench was ‘-x ’c.v’.t i ’d across the t r a f f i c
1 ~mz o’ • h e t  er~ii ne ‘ b ’  c . x rn  - I t or t  i5  n - - - I ; ; c .’ van -~ U:; pavement d c —

‘n en . t o .  ,‘ i ”~’ ; o s I ’ t . ”;’-e tes t its are shown in ;  Photos ~s 1.—5t ’, In—place
- :-

~~
.
, wa ’ .‘: ~~ r ;t c rt i , ani.I  lent: ;  i t y  determinat i no; were also made cf the

l i f I . - r . ’n ’ ‘- ~~‘-r . .- : , t: ; -~t .  these t n’ero’hen’ were excavated . Bes u lts  s I these

t e s t s  are ; n ’ m - : e r . t ed i n ;  Table 11. A suJ~~ ary of thickness measurements of
the b i t u m i n o u s  pav ement l ayers ~o;l the t ot a l  thickness over the subgrad e
as meas ured in  the test trenches is also :;hc -wi -t i n ;  Table 11 .

The test renches - l i - I  not reveal any d i s t o r t i o n  of the lime—

~;t ~~~~~~; :cd base or - - b ’ t: ;~ s-ul , . z r ad e  in any of these tes t i t em s . There-
fore , r u t t i np~ in all three ;tccon s was attribeted t o  rave 1it-~g or the

____________ 
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WEST EAST

DISTANCE FROM CENTER LINE OF R O ADW A Y , FT

0 I 2 3 4  5 6  7 5 9 1 0  11 12

I I  I T I  T T I  I I 1 i
100.S —

100,7 —

100,6 -

100,5 - 
,
.— 0

31,143
- ITEM I~ S T A  0.40

100.5 —

* 00.7 :‘—‘—• ._________
~
_

~~
,
~
_, ~~~— o

‘00,6 - 34, 143 — .~~~~~~~~,./
’
~

’

100,5 - ITEM 2, STA 0 +60 ~~~~~
ItU!It~,,,

100.4 1 1 1 I I I I I I ~1_ I
0
I-

~~ 0
100,5 -

‘00 ,7 - 34,143

I T E M  3 . S T A  1 .00

ioo.s ! I 1 I i l 1 I I I I I

10 1 .0 -

100.9 - 
~~~.— 0

‘00.5 .

I~TEM~~4 , ~~T A ~~l .3~ 

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

NOTE FIGURES ON CURVES INO ICATE
TRAFFIC VOLUME CONVERTED
1’O EQUIVALENT 15,000-LU .

— SINGLE’AXLE , DUAL-WHEEL
LOAD OPERA1’IOP,IS,

ir .- 1 . I ,’ ;- ott I c r~5s:; sect i ~~~5 of items I — ‘~ , lan e 1
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WEST EAST

DISTANCE FROM CENTER LINE OF R O A D W A Y . FT

0 * 2 3 4  5 6  7 5 9 * 0 *1 12

I I I !  1 1 1 1 1 1 1 1
*01 .0 —

100 .9 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~ 
o

*00.e - 34 143 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

*00 .7 - ITEM S. STA 1 +60

100.6 I I I I I I I I I I I I

100.6 - ITEM 6. STA 1+ 90

~~~~ 
1 I I I I I I I I I I I

z
0

10 1. 1 -

10 1 .0 0

100.6 - ITEM 7 , STA 2+20

*00,5 ‘~~~ I I I  I I  1 1 1 1 1

1 , 0 _ I -

110,0 -

109.9 - 0

109,8 - 34,143

- ITEM S. STA ~~~~ 

~

NOTE FIGURES ON CURVES INDICATE
TRAFFIC VOLUME CONVERTED
TO EQUIVALENT IS,000.LU,
SINGLE-AX LE.OU AL ’WH EEL
LOAD OPERATIONS.

Fi .ture i~~. Typ ical cross sections of items 5—8 , lane 1
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WEST EAST

DISTANCE FROM CENTER LINE OF R O A OW A Y , FT
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10 1 .2  —

*0 1 .1
0

101,0 -

100.9 - 34 143
100.5 - ITEM 9, STA 24- 0

100.7 1 1 1 1 1 1 1 1 1 1 1 1

101 .3 -

10 1 .0 - 

31,143

i 0o.• ITEM *0 , STA 3+10

100 , 7 
1 1 I I I I I I I I I I

101.2 —

100.7 I t i l l  I l i l t  I I

NOTE F IGURES ON CURVES II~O ICATE
TRAFF IC VOLUM E CONVERTED
TO EQU IVALENT 11,000-LU.
SINOLE.~~XLE ,OUA L ’WH EEL
LOAD OPERATIONS .

Figure . ‘-~~. Typical cross sections of items 9—U , lane 1
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WEST EAST
D ISTANCE FROM CENTER LINE OF RO A D W A Y . FT

0 I 2 3 4 5 6 7 5 9 * 0 11 12

I I I  ~ I 1 1 1 1 1  T I ]
*01 .2 —

101 . 1

0
*01 .0 —

*00.9 - 
34,143 —-

fr — ITE M 12. STA 3,70
- 1 1 1 1 1 1 1  I I l l  Iz 100 . -

0
I-
(
> 101 ,2 -

¶O0 .e TT EMI3. S T A3 ~~~~~~~~~~~ *%¾
*00.7 1 1 1 1 1 1 1 1 1 1 1 1

NOTE FIGURES ON C U R V E S  INDICATE
TRAFFIC V O L U ME  CONVERTED
TO EQUIVALENT l5 ,000’LU,
SI NGLE .AXLE~QUAL -WHEEL
LOAD O P E R A T I O N S .

; - ‘ , :c ’ 15. ‘yT ;c’m; cr - ss sect-.- - n;s - 1  items 12 and 13,
lan e 1
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-. iiaintegrat i- .-i.  of the bituminous m ixes. Layer th ickness  measurements

taken in and between the wheel paths also indicate raveling of the

asphaltic concrete. In all instances , there  was a thicker  layer of

aspha.ltic concrete between the wheel paths than there was within the

wheel path of the test vehicle. The CBR , water content , and densi ty

- tat a  obtai ned from these pits are not significantly different from the
as—constructed data shown in Table 7.

2, P451 5—ton dump t ruck

71. VIsual observations. Items 1— 14 behaved similarly and q u i t e

w ell  during t r a f f i c  testing . Test items 1, 2, 3, and 14 of lane 2 , prio r
to t r a f fi c , are shown in ~ t ; s - t u5 21 , .‘~~~, 26 , and 27 , respectively . The

:‘irst distress observed in any of t h ese  Items was tire imprints plus

s1i~~r.t sh ying in i tem 2 after about 5Th operations . The average pave—

ment t emperature at t h i s  t i n e  unto  about ~~~‘ ° F. Very little ~idditiona1

ng was observed i n  i te m  .1 t b ; r - - u~~hou t the  remainder of the t r a f f i c

I e r i - ’d even tio -u~ i; ~-O ,0O0 to 70,000 pcorations were appl i ed at pavement

tenperatures ranging between 950 and l ” 3 ° F. After approximately
..-.,14Oo operations , l/ ~ —in .—deeT- ruts were measured in a.l 1 four items .

~lx poaure of the sno - th su r f a - - co I th e  larger aggregate was also observed

in iteno 2— . at thi s ¶ i ~ .e , ~‘,eneral v iews  f the  f i r s t  four items after

i~14 ,1400 operat ion s  are shown i n ;  !‘bo-toS 57— to.  The loose aggregat e rhown
c m ;  t h e  surfaces of ‘ hese items is ; c m r t i a l l y  the result of raveling in
items ~~~ 7 ur i r ;~’ traffic t es t ing , the tires of the test vehicle tended

i~-k up l so aggregate I ror t h e  maneuver areas and the raveled mate-

rial in  i t c ’m:; ‘ - — ‘ ‘tn t - I  Ieposit the  r ’ateria.l over the entire test section .

Tr a f f i c  was -:-cntinued t o  lO~— ,752 operations , and at th i s  time It  appeared
that  all four itetro; woul d carrj teat t r a f f ic Inde f in i t ely . Therefore ,

t r a f f ic  was t i s c o nt i n u e d . At the end of t raff i c , l/ 14-.in . —deep ruts due
t - . - o ’n ss-lidat i on of the various aspha.ltic concrete mixes were measured

in b th wheel patha of the four test items . Exposure of the an*ooth and

1olished surfaces of the  l arge aggregate was also observed in items 2— 14

af ter  t ra f f ic .  Item I was rated in excellent condit ion , and items 2— 14
were rated in satisfactory condition at the end of traffic. Overall

view s of items 1, 2, 3, and 14 after 106,752 operations are shown in
Phs t~~S 22, 25, 28, and 29, respectively .

-- 
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72.  I t~~~s 5, b , and 7 behaved sim ilarly during traffic testing.

;oi’.e~~ ng occurred in  all items ; however , the amount of raveling was a

!‘u z ;c t i o z l  ~~ :‘ the asphalt content of the mix and type of weather during

t r a f fi c  a ; p li c u t i~ - n t . As the asphalt content increased , the amount of

raveling decreased ; during wet weather t r a f f i c , the amount or rate of

ravel ing  increased in all three  Items . Overall views of i tems 5, 6,

and 7 ~ri~~r to t r a ff i c  are sh~-w n ; in  ~hotos 30, 314 , and 35, respect Ively.

5light raveling of the surface fines was detected in each Item early I:;

the t r a f f i c  t r ’ i~~J .  Af te r nib~ ut 7 ,  3it~ -p crn i t io i i s , 1/8—in .—deep ruts
r n t v e~ n. g wer e  measured in i t t ’n ~ 7, At t r a f f i c levels of 9,720

,-.- - - - o;-crat i ;ns , l / b — i z 4 . — -Iee; r u t s  due tL raveli ng were measured

in  i t ~’r.s t a:;-i 5, r o o p e c t lv e l y . by -.-. ,1400 operations , the ruts in

i t em  7 had r ;c r en t so .1 in ;  f e j - t h  t o -  ab o ut  1/2 in. Thc’ roughness c-f the

surface texture  in ito r .  7 at this t ime was -tu e to the raveling of the

:i n . e  - t g g n - ~-~’a ’ (~~ho t t - ) . The ~.ajori ty of the ravelin.~.’ In these items

tt. this tj r e  — ~‘c-urrt’-i lu r in g  tnx ”-e days of w et  weather t r a f f i c .  Ap—

~~r- -x i ~~a te l y  ~~ ,n - O C  ~;:~~erations were n~~~ lied te the test section during

t hese t n r e e  :ntys .  V i e w s  I items 5, , an 7 a f t e r  ~~~~ -o -~ operat ions

are :;n- un .  i n .  l h 0t c s  , ~~~, and t—~. , respectively . As traffic was con—
t i n -.~ed , n. ~ y ~ in ; -r ravel ing  c~- - u r r t -~ in tLe~~e items untU the pavement

b~’:nL ’ t’ w e t .  A f t e r  3t ,752 ; - t ’ r n t t i -  n s , t r a f f i c  was d iscont inued , and

items 5 t n .  wo .-e n- t t~’ ~~ f a i r  c n - li t I nt and I tem 7 in ~~~~ ~onIitjon .

- - t’r a t~ -ru ; a:. I he end f t r a f f i c, t h e  ruts in items 5
‘tn-i n~ .nc re*w o I i n ;  ;~~

-
~~ t I. FtbL Ut .  i /~~ • , and t ho se  in item 7 increased

in  ; t -
~ t n .  tb  u t  I - ‘~ i n . .  ~he r. ’t , L - r i t y  of the raveling and rut progression

;r ;  ‘ n~- - , ’- tens - l u r i ng  t h i s  ‘~ e r i~~- t c c c ur r e d  on the f inal  day - -f t r a f f i c
tes ’ u~~. T t - i s  wa,s the : .ly ; er i -ud  af ter  1414 ,IiOO operations that t r a f fi c
w-t.. aj ;-~ Ied i - ur~ n~ :-r ~~ny wea ther .  About 3, -E-~.O operations were applied

; ‘ ems ~ n; this f i n a l  day of t r a f f i c .  The maximum rut depths

meas ured In items , 6, and 7 a ft e r 10 ,752 operr~tions were 1/14, 3/8,
and - -

~ In., resi~’- t ive1y . A ls - - at this time , the sur face of item 7

was part ially covered vith raveled l arge aggregate , and the surfac e
t e~ t -~ro of Items 5 and t was similar t - . - that shown in  Photo 61.

7$. $hovin~ In  he outs i to wheel path was detected throughout the

______________ 
_ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _



t raf f i c  per io~I of items 8 and ‘~~ . ene’rai views of items 8 and 9 prIor

to t r a f f i c  are s to wn ; in j n ~-tos i-S and nt , respecti vely . R u t t i n g  in the

ou t s i d e  w h e e l  paths , w r ; i c h  re;- -~~I ’ :r o m  sh y ing , was more severe in
item h. The only l i l f e r e n ; c e  i n .  the mixes iced in Items 8 and ~i was

the asphalt content. The as; hal t c o nt e nt s  of items 8 and 9 were t . 0

and b.c - percent , respective y . 0 i ~ v i z n g  was n o t i c e d  in both item s at the

beginni ng - -I traffic ; after - ,720 perationts , I- :— and 1/14— In . ruts due

to  oh . -v in ;g  were  ~j e t e c t e 1  In items 8 and 9 , res ;-ectively . As t raf f ic  was
n ;t ~~:LueO , these r u t s  increased in  depth. The only other di.~tress 0b—

Serve in these i t e no l u r i n g  t r a f f i - . was t i r e  impr in ts  in item 8 at

a -.-~ -n ~e:.t temperatures -1 120 ° F or n ; i g k ; er  p1 -u ;; upheaval c t  t h e  mix in
it e m B b et w e e n ;  t h e  wheel ; - n i ’ hs . At t h e  end I’ traffic , lUt ,752 opera—

tLn.s , t h e  ru t s  ~n the cu t~~ide  w f . e e .  paths ~f items 8 and 9 had increased

i n ;  dep th t o  about i~~l~ , and ~~/ 14 in., res p e c t i v ely .  Ver,- l itt l e shoving

or rutting :e-i e .- - ;  e i f l  th e  I nsi de  wh e el  n - ; t t t u ;  of t h e :o .- Items during

O K I n .g . lie r - ~~’. ~~~~~ u; h ’~n t v n t  em S a ft .  or t ra f  Ii c wa S about

3/b in . it er-c 8 i : ,5  9 w or e  r at e-.; in fair and good cc-ndi ti on; , res;  0 —

i vely , at  t :~~~‘ en; i c f r;tffi c

1 .  A gen ; ’ra v i e w  - - I i t~ ’n 10 n o r  to  t r a f f i c  i~ shown in

f l U t L  . ~h~• m i x  ~n tced i:. t h ;s  i tem was very s~- -I t  , and shoving wus

~~~.. te -v . - l e ’ n t  ;uring ‘ r ’it l’lc t e ~~t ing . At pavement temperatures of

ni h -out  I -~0~ F or more , the  mix  w~ ui be so f ’  enough that hee p r i n t s

c u. be ; - -
~ ‘ - ‘ e - ;  - n  • . ‘ - ;~url

’u -e after walking across the item . Ruts

sh~ vi :;g developed ~ ; • rap; I iy I r. he - ‘uts ide wheel pat 1 .

;~:ter 
- t t  ; 7,320 c ; - er a t i  - -rn. , it i—1 / S—i n .—deep rut Was ncasur (-u in the

uts~ m e wnecl a ’n . By .-. ,-.OO -1-orations , this rut had increased in

.teptr ; ‘- -at u t  1— 1 , 2 i n . ,  an t  a l1~~— in . ru t  was measured in the inside

nt ’ t ; .  :h - v i ;~ ’ wan ;  much nr -u r e no ticeable in this  i tem duri ng hot 1 -

weathe r ‘,r a f f i c  than n ; r i : ~~ cold weather t r a f f i c . A comparison of the

degree of  sr ; v l n g  in  l ane  1, Iter Ic , ~.fter ,lIi L - J - ernttions and

lane 2 , i t. em 1 0, after ~t ’  , ~ 02 operations is shown in Phot 67. Lane 2

is in the Iur cgr - ;n l I th i s  photograph . As detected in  Photo t’7, the

p ain t ~ine (vertical line ) -Uviding iteris 10 and 11 had roved qui te  a

bit in lane 2 and very little in lane 1. Thi s photograph also shows

I —



t h a t  very u i tt  le  Shoving had - o cu r r e d  in  the ins ide  wheel  path of lane 2

aft er ~~~~~~~~~~ operat ions . Alth - u~h t r af f i c  was applied In t t  is item at

:nigi ;er ;-~~vt ’x:nt•::t t emperatures after  dI ~~, .oO operations , very l i t t l e  addi—

tionaj . shoving occur r e d  for the  remai nder of the t r a f f i c  period . Af te r

l J c - ,7’ - . operations , t r a f f ic  was stopped , and item 10 was rated In  po~~r

conuition . At t h i s  t i n e , 1— 1 /8— and ~/ &~-— i n ; . ruts were measured i n ;  the

o u ts i d e  and in s i d e  wheel  p a t h s , respect ively , and the max im um upheaval

b et  woes  ho wheel paths  was about $/b i n ; .

-
. - . - ;~• n ~~ m d  V i  i ’ws  o I it ~-ns I I itsd 11? ;-ri or to t m’af  I i  c are s h -vs

in  i n .  ‘ • ‘ i  and •. m-~ he r t -  was very :ittle d i f f e r e n c e  between th e

performances ~-f i tem s 11 and 1. during traffic. ft - -ving rind r u t t ing

Ji.-ve l cpeu  i n ;  5 t -  u t s  i d e  w I ;r t - I it of 1 .  t n ;t  err-;; in  the early stages

of t r a f f i c  ‘ - - : . ‘ 1mg . A f t  or , - -~ t ; ons , - — and l/0—in. — iOe ! r u t ; -

tue ‘ - s t . - - v i  - - g  w”ri’ ;-.e niS ~r ’- -i in  ‘h  uutside w h e el  n i t h ; ;  of Items 11 an 0i

- , z’cs ; oc  -. e v . l i t-  .Ie~ ‘ h;; I these ruts ,.‘rn;du,tl n y  increased as t raf—

V I :  .t 1. .~~ t- -i -sic t o r.- . ‘ - :. ‘ f  the bit Un: n it- u : ;  ru .e;; -un ; ; or he

0 . -j a-j n; f t ~ ., t~ ’s v e t s- . A f te r  10 ,:‘ . - - ;  i - n - n i t  1-  r n ; , r n i f f i c  w n j ~;

s. - - n t . : . . - n , r in d  . i ‘ e~ s w ’- : -~ - n - a t , ’  i n .  pt-or c; ; ;d i t : - r . .  At t h i s

t ho -; t ; ~i .- w; . - - ‘ - . -
~~~ h r -~~~ s l.a I in cre as ’—d i n .  n t - ;  :.  - about I — ~.

i n .  : I t e ru : -  I l  t~~d l .  , re s ;  o c t i ve ly .  The maximum rut :- ~ t t .  measured

in ;  • : - - :.o 1” w ; , . - ’ -  - p at  ns ; - f ; ‘  - - ~- i t. ens after n it I f s-  w i t ; -  i - s i  y nit ~.
‘

1/. .s, l n - .e nly - thor t . . t  m t - m s  - h-s’-rved un item s 11 and I. was tire

:ru~ rin0 : at - .-. ‘- :.t temperatures -f 100 ° F r rut -r e .
r : iv e l i n ; g  Of t h e  o - ; r t a - - ’- fines and ‘-x i - r r - ; r e  I the

;;~~~ t i ; ‘t: . -t  - 1 isht- 1 sur faces  I r n , -  large r~~g re g a t  e w i -r e  ‘ t i -  only sign s

f l i s t  r ess  t - c e m . i .  I i n  : t’-r 3 t h r  ugh- . - ;t ~ t r a f f i c  ‘ i - m I ng . The su r f n t - i -

oI n i s  .ten to -~~ e l ’ s ’ . L i i -  t -  :is - -1g - - t  f i n e s  In t h e  ‘ - u n I v  port i on of

t i.e ‘ n- - i l l :  - r - , an t  lur -  :.g wet w’ - i t  h e r  • m t  ff1 c ri ; r x imately 15, - (Th

i-rat ;.s) , a slurry - f  t h . ’.;e f u n ” : ;  an ~ water WL Ul.i form in bot h wheel

a lu r i n g  the w i - ’ w e n i t  t i e r  ‘ r r i f f .  - - , 
* son - was r. - ¶ iceable increase

in the rate on  raveli r~ as h ere  v-i s ii: h r  e t h e r  i t  ems ( ‘ - — 7 )  wI h t h e i r

mixes made of ‘i.e :;utn e ¶ y ;  t- -f  aggregate. n - i i c a t  ~ L f l S  were that a very

l arge a~~ uz~t - I  r a f f i c  wou l be r e 1- ; i r o ; ~ o ~— r e1u- -e a s i g n i f i c a n t  am oun t
of d is t ress  in he . uiveni-::t ; ‘ h ’- r p f o r e , t r a ff ic  Ur i s d i s c o n t i n u e - I  aff ’~r
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,

‘‘
~~~ per a t  ions , A t  , t . . : .  t :n : .e , s l ; g h t  rutting (l/l~ in .  i~~e ; - )  due

rave1 ;n~ ant -i ; I ; : ; . :n .g  I t kte  ex ; & - n u r d  l a rge r  aggregate w~ s observed

-. t i :  V ; .ee  nit Lu . I t  er. I w a :  cons i n t - r e  n Is good eo ’n ;i l  t ion at the

t r a f f i c .

-
. 

-
. 
. Pc r~’.ntnen.  ~ rt v em en ; t dn ~ f~ - rr -utit  - s. 1 t ’ v ’ ’ i  readings W i -  me taken , it ;:

it ’5 -r :he t . ; .  ntr it~u r a p t .  ‘7 ,  t determine he magnitude - I r u t t i n g  -r

;. . -a v n i .  .lrvei -;-ed 1 ;  i t t -  t r a f f i c  lane luring ‘ r r t f f ; c .  I l o t s  - f typ ical

c m - s  u. —S e ’  t ; - n .  rut’ nts u~rt-meut  s ta~ t ’; . ;n :  I tems 1—1 are sh own. In F; g un -s i n  - —  1~~ .

ln ~t’:; - u i ’ - ,  1 : . - ; :  - ‘r i t e  that  t ; . ,- ro~~ ;r- .r rut dei’t-r~ at Ion ; ruc ’amur t ’ t In thi’~ i-

:t~’nus alto:- t:rin f :c vii;; : - •.  :r . . ~ :: i t i ’r . c 1— ’ a r t  1 - ;  3/8 ;n ; . in i t e m’ ;

- .  n ; . .:. ;t en.;. 7 - t : , u  , an n ~ , ~ — : -. , — , r 1 ; , , ;  I — t  / ~“ : .  . i i ;  : err .:- 10 ,

I I  , * 
ni : .  1 10 , n- es; oct  1 V t ’  .V  . Os , - ; :  t ’ n a n  a al so is -ti .- n , t i -  n.n t t  max i ruu r .

. rr e .n ::. ‘ n i -  ..t n - i de w n t - i - , ni t  1. - I t t . e  r a f f ic  .an . r .  U p—

f . ; . .  w. r ’- a s - . r e -. ,- ‘ 
~~ 

• t i -  w t . ’’’- ; at  h r  is it ens

10,5 10.

l.’t ;;e ,~~~ ~-t. , - -. : - : .  :‘ ‘- 1 : : . n- - cni rr ;t- r
-
.
‘

.-:~~~~~~~ : - : -, -
~~ . n t  i n . : .  - n .e  i. ,n-nre n—rr . ; n ”y - ; i-rat ;- -nr ( ~ 0t- passes )

V n t  . . ‘-  V . :. • ‘ . i ’  t-t.  . • t o  ‘ i - : :  • : - ‘o - : : . .’it . ii pavc’ruer.t  . or; ‘- nat

Of -
~~ ; 7 2

° F’ . ‘
~ r av e . i ni g • :: ;. -v  ; .~~

‘ , n ; - ; i i~~’ was ‘‘c •- r i f t  em

r a f f : c , - i n . ;  ; : . t; c - i ~ . n :  worn- ‘ n a ’ a . ar ge  r .r-.t ‘-n f ; r n ;  n o  w.  u l d  ~~- -

. ; n  - i s - i :  i i : - ’ r i - n - s  , n- i - , n - a :  f ; - wrt s -l i ;; - - . n.t  i r ,u ed .

a:. •.~~~ - f- . nit .

.5. 
~~~~~~~~~~ 

2’.. • 
,. r - r t .~~~l . passes I ‘ Y-’O.hI,I anY.

(50 . ; i - n - ; ’ : : . .  ) - -
- V : -.- i- ry  I v - ” I f . -  - t  o ;.  the f le x i t -Ie ; avi ’r. t-: -O

n r c ’ ;::;. T: ;v ’ ‘-‘ A .  ‘~~~ ; :  ;. - ; t ’ ~ - i • :  ‘ t . .~ - .- : . ‘ r - r  ;~~ 
r -t : — f ‘I.’-

I O~~~~~~~~V i ,. - i t  a ; river ,’:;’ ‘-ru; ‘- : - t ’ . .r’- n f  - .~~
‘ - t -  — O n l y n m n -  -r

- - - . t : . : . ~~ and sI;~~:c n’ivr .ing w v - n  ~e~t in item : and 7. cl- c ~ n t n ; k

was • v - m i t t ”  I nt • n ’  I Iexi bl ~ ; n~yr~~’n,t me ’’ i - n  - iuni n g vi- ’ weit t h i - n .
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~t .  i n t i t ia. l—cr ac k f n t i l u r ’.-. A crack that is visible at the
surfac e of the i n t v i -mt - n t , extends t hrough the thickness
of the s in t1~, and is a resul t of t r a f f ic  load ing con—
st i t u ’. es the i n it i a l— c r a c k  failure  condit ion .

b. 2’Lnittere.i slab failure. Cracking that is visible on the

~-avemt’nt surface and subdivides a pavement slab into six
pieces constitutes the shattered slab failure condition.
in; this investigat~ ont , a slab was considered the m i x  placeu
in ,  one l i — f t — w i d e  m a y i ng lane the entire length - ; I an it em .
i he  erackin~ mus t Ire that  associated wi th  t r a f f i c  loading
r at her  t h a n ;  t ha ’. ; -  esul t I n .g fr  m some min or defect or early
l;:’c -na:-ki:;g ; ri . :- t~ - the  app l ica t ion ;  -.f  t r a f f i c .

:. 0. -~ j - i e t  t- f ai l un - c - Crac k I n ig  th a t  is v~ I ble - n i t he  j-nivement
s- ; : f n i c e  ~ nd subU ividt-s - pavement slab into individual
;- i .e ,c:; hni ~ I n~ a:. a .rent - I I t - u ; :; than n~1. oUt  15 ; ft v - i t ch  and
that is characteri ;‘.e I l y :;evere raveling t tn - .i / <  r pumping
t h r o  .~~~:. cr i i c v .8 c- .-ns i t u t ea  complet e failure.

1~ch uvior  of i nivement Un~1cr i’rntIIi c

ó .. The L . - :siv 1~ - r of the s ix  test items (see iay :.-u t in F ig ur e  1) 

. r i :  c f r~~n v nir; - us es vehicle s  as Jet t-r~ i :, .:-.n In - n t he visual

05.-er. at i-n ;; an-I measuren~cnt made during t r a f f i c  is ~i i s- - - t  in-n the

- ..w ~ n;g ; nir ;~~ n - :~ ;

l.a:. - I~ t I - . — ‘ .  t .~~j  t r u c k

• ~ 5. -. 
tsu;ti .: :crvtit ;- n. A general view of i t e m  I ~nic- r t o  t r a f f i c

is :;n. v :. i n  ~ :. t -o 7 .  As -a : .  be Si-Cn , the ,.‘v-neral appearan ce o~’ t ; c

: ni.c c v-iS r . ~~~~ .;- ‘t to r ...~ l i e n  mark s n u T  i n g  ~
- - ~t ’  i ; - r , . - :;}; r I nkage

cracru s 5 - i t  n -v . - . ‘ -  I r: the ri -,- ”men .t  - I u r ;n g  the curing r-eriod . At the

I ‘c. innir~g I t r a l f - .c’, flru’.i: .g ntl -ng the ridges l e f t  by the r il e r  was

v’~~~ t e n ; ’ . , 5-cw”v.’r , -i fter ~.e .-ema : n t r . s v - s  of ¶ 1 . . test vehicle , very ii’ tie

; - r o g m e n s u o n  of flak in g was obsv ’rvv ’ ; f - r the remainder ---I t r aff i c . After

3’5 - - er at i  : ; 5 , ravel i n -.~ was I’-tected i n  the east wheel I - - at I. 0 1

raveling began i he J u n .  “ ire .. - t ’ i te rr n 1 and 2 and ex te r .-Ie I i n t o  i tem 1
about -. ft. Ran dor- cracking was noticed at the transl’ .lon of item s I

- m l  2 after r ib -u t . l5,- n ~X) ; ~-n r t t i -n: ; and at the ~~-p- s i t e  end of it  err.

af ter  a~’.ut :3, 000 --F ” n ’ i ’- ;on s.  O i n c e  rand~~s cracking appeared only in
• r ansi’ ion are as , they were nt. considered in judging the performance

- —  
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of this item . ‘.50 only d i r i tr e ’s ut detected between sta 0+10 and 0+60 ,

the center po rt i . ; ;  - -I  item 1 , dur ing t r a f f i c  was s l i g h t  f l ak ing  along

the r i 1~ es f0;’me i by the roller durin g c~ n;struction. After 125,000 ui--

erations , traffic was : ;t - ~pi Oci because indications were that a very large

~~~unt .-f tra!’fic wouJ d be r e 4 u in e d  to produce any type of signi f icant

Ji5tro5u ; . Th i s i tem was :onu : ; i dered t . - be in excellent condition at this

t int ’. ;tn ; -~v e m n t l  view of Item I after traffic is shown in Photo 1.-h .

~~~~ - . An;  -- ve ra l  I view I’ - tom 0 ~rior to t r a f f i c  us sh0wn in

t ~~
- 

~~. ~h . . . ‘.t-m ex-I. -n’n .v .- -I ve n-y p~-L- r ly  during t r a f f i c  and was rated

- iS  I n i u l ’ - ; a f te r  l t~,. -.5 . -p c r a t i . o n s .  Transverse hai r l ine  cracks were

t t - t e - : t k’ .I ; :. t h e  w e St  :t -, i :.g . a:.r after 35 - ~e rat  n ;s Sl ight  raveling

• L nil  - - i - : - ’~- r . e - n u n - u  ‘. t , tn  eas t w h e t -I t i t i ;  - I t h is  it em at t h i s  timE - . As

- 
- C - : . t . : c u t -  I , r evert’ n av e l  i n ~g caused ruts t -  c i e ,e I . -~ i n .  both wheel

ni ’ :. , . .r :iffic v - i . . a t  - ; - ~ .v ’ I t I t e r  lb ,. ‘.‘
~- perm it u - -mo ; , ar~s t h e  u t e m  was

r i ’ -- I is f n i ~ . ‘- , At - :. is t ;mc , ‘- — - -.— ;n - r-;t :; w v - n- v measure d 1:. both

- ni t : , . , an . .l  • — . 
- 

. — ; : . .  -.~~~ no - n i v i t  Wa: ; n . t -n ic :~t- I i t  ‘ :,,- t- Igi ’:  - - f  these

-: . T:.e ...z n. e iva l  ‘i n .  I r . t  s were a t tn l l u ’ v . 1 t severe raveling , Pur~ un~
w&s i . .  ob s er v e d  I:; b-~ttu wheel paths at t : . e  end - I traffic. An investi—

t ren c: .  wa.; v-xca vnito .1 ‘ in ; - :  b a c k f i l l  v- - i after I , ~ ‘ - - -~ t ’ra t i  Uri s ;  then ,

t n . ’n m:i .- e . v -  n .t  • - r ; n t  was l i n t - — L . a to  ;~~~ . t t ;  a mrs I -  n’ grader , and traffic

n , ’ . , : . ,’- . - 
• -

- 
~~
‘ 

~. 
- A v u -v I tLts utem iift ..n 105,000

~‘- r - t ’ u . :,c .s ~ :. v:. in H. ‘. 70. As mo -ted in the s j ; cr  r - -o r . i - - n .  ~f t h in ;

:.~ - o - v - , : . . ,. i small nir .-;i .n t5e w’-:: ; z x v i n g  i im:,e c f  t t . i s  Item w ; t h s t - . - : - d

125 . .‘.u. r .u; — . n . . d i s t r e ss .  A lt e r  reviewing t h e  :.. t e s  taken
- :. . ‘ - u  n . ,  i t  wni ;  - - : e-c t - i e I  t h a t  the r - t n n i b , e  ~- a u m e  I- - r the poor

v- r f  m ’ i; . :n-  t . . r ing  ‘ n - i f I ;~ - v . u r . g  -f u t e r t  2 was a result - - I const ruct ion

r bl~’rts ~~ -; ‘ -  - I L-r.’ru- .I-.-vns - f t . he concrete plant , most of  the mix

in ;  this ; ‘ t’m Wa: ; n ; - . :t compacted un t i l  several hours a f t e r  placement .
A li gh t ra in .  a .; ;  I -lurin g some of I n o  ;- I  n icerten it  ~t n , -i all of t h e

cu~ pact . :. of - mix in i c e ~ in ;  t h i s  I t e m .
- - 

. One s ly  -d -.:; ’ rv-- ss observed . I t  it em 3 before t r a f f i c  was checking

r • the  i . r f - t : . -  ( i  h ct~ T l )  T i e  f i r s t  l is t ress  1i U0 0 traffic that was

consflerel in ‘he ; or f ~~rmrir ;- - ..- ;f he r a v r m v ’n I  placed in th i s  i tem was

m ; - ~t i - o J  af ’ er about : “ , .c -’ - -r a ’ i on s .  T h i s  d i s t r e s s  was a transverse

_ _ _ _ _ _ _ _  
_ _



hairline crack located at about ata l+I~6 and extending f rom the joint

of the two paving lanes about ~ ft towards the west edge of the pavement.

Random hairline cracks were also noticed at both ends of this item at

th is  time; however, these cracks were not considered in the evaluation

of the mix placed in this i tem because they were in transition areas.

Very little additional distress was detected as traffic was continued

to 125,000 operations. At this time, the crack at sta i+~6 had extended

to the west edge of the pavement and was between 1/8 and i/J~ in. wide at

the surface due t~ - minor spa.lling. A hairline crack was also detected

at this tine In the joint of the two paving lanes. This crack ran f rom

the south end to about the center of the item . Traffic was discontinued

after 125,000 operations , and the it ern  was rated in excellent condition .

A general view of item ~ after i.”.- ,000 operations is shown in Photo 72.

I~h. The performance s- f  i t v - r m r  1-i during traffic was qui te similar to
t hat of ;tv-rt 3, i t i ~ - t . ., 7~ depicts an overall view of i t e m  ~i prior to

traffic. - ne  transverse s h nin i c ’ig e crack developed across the roadway

du.ring the curing period . The initial crack due to traffic occurred at

the joint of the tv . ;nlving lanes after ~~~~~~~ operations. Slight spalling

- :1 ’ t h e  transverse and I- -n ~-i tudina 1  cracks was no t ice  I after 18,821 opera—

l ions . A this t ime , ran l. -nmr cracking had developed at both ends c-f the

i t em ; however , the cracks in these t r an s i t i cn  area s were not considered

in ;  the evaluati -n ; of t he  nivem ”n ;t  ( se e  previous’ paragraph). After about

.0 , ~~
- operat : no , the w i -~t h  of ‘ 1;” longi tudinal  and transverse cracks

was nit - -uI 1/8 i n . .  The only other crack , a transverse crack at sta 2+00,

tue * traffic , was detected after 25,565 operatic-mis. Minor spall ing of

the existing cracks was the only - t h e n distress observed throughout the

rv~ — iin ; ier of the  t r a f f i c  ;— e r i od . Af t e r  125 ,000 operations , traffic was
:;aited , and the est itermr was rated In excellent condition . At this

tin’- , the crack that developed during curing was about 2/2 in. wide at

the surface caused by spailing . The depth of spai ll ing was only about
:jL~ In, The other two cracks were about 1/14 in. wide at the surface

due tc spalling. The general c o n d i t i o n  of the pavement after 125,000
operations is shown in Fd~- -- t -  7~i .

— - 59
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59.  A gez;ez’mtI view o1~ it e m 5 bef-on’e t r a f f ic  is shown i n  Photo

AS S~~ Ufl as t r a f f i C  was ap~~ii e u , surface raveling was e v i d e n t  I n :  both

wh e el  m i t n o  of the test vehicle. After ~ 0per a t i o n i -s , slight ru t t ing

n ut ~~~ed in t h e  wheel paths as :-aveling m - s-gr e s s e d.  ~uxr4-in:g was

l~~~l n -~ ted t5i’~-u~ tioUt m h e  e nt i r e  Itt -n ;  d u r in g  the f i rs t  wet weather t r a ff i c

- n- at  miio - -ut  ~535 0perat i . -ns  - As ti’affi c c n 4tia ue d , t h e  ravel i ti ~~ and

a te. t  ruts Lecnor e n- n’e pr~ - n n u u z : ced .  :r ’a r I i  c was stopped a ft e r

5y ~ on c n i l  ; - n: , au- .l Itt- n-: 5 W a s  - . - -to; : - l e n - eU Int l  I e- .~ Lecnt us t - -~~f  severe

:-avel i ng - t n ~ t t ;r . g  l’~~v max imum 1~~- ; I : .  I r ut  measured after t r a f f i c
Was m iL. -sn _ - . —  , ~n .  (~ :. ~t ) - U l.~

_-a . ;~ - - : nib~ Ut , — 1 ~ ‘. in .  wmU nd :o-

n - C S s  ure.;  - :. t5t :  e u ,-~~-~- of  ‘ no vt eol ;i - wt .e: .  - - S • tenn . was r n t ’ c i  a.;

Ia c-I  :. - - gt -n~eral c - - n .J ~. :. : t h e  n n v e r e n ~t a : ter 5 em it i -

( :  t u _ ~ .r . -)  .s - -wn in  : 5 -

- , 1 i .e - - o n i  i t on : f i te rn . t L-e Ic-re the nt ~ -p ~ ~ o m i t  I on of t mcI  l i  c

7~- . l’w~ t r an sver s e  ~-r nic~,s . - x t . c n - u i n g  a c t s  so  th e  wi .~~h

5e ; i .  - n-- were iett- -~t ed to’: re I : -  ; t n l i  - - Was s c v .  ~.c t c  ~~~ iS

a O . - S t U  -. - ‘ - . c - f  - - r i o  I : , v - : ; v ’  cracks .  1~~~t- ; n i v - - m n - e n t  i n .  t t.  i s  i ’~em per—

- e r .  W v - ., I s t r .  ‘. ur n . ~v - .Iur :,g - r- n:nic t e S t i t ,~.’. h- - w e- .- er , uur~ng

w - -t  - - - i t : . - S t r a f : u  - I Sv- s un ’ f a c t - be- -n c - I ; ; ; er -.- . , n , c I i r : - t  U i st r e s s  

;n ~ t :- - t f : .  . - ra ~ . — -~~~— lt — ~~.n ~g hair l  I n c t rar:s~- e:-oe

~~r i - ~~~ , - tIte r - I l ’ , .  — ~-t-r nit.ons . i -  I- .n - t n v - r  c ra-~ .o .~O l c - ;  n- -I , an-.: - sl y

~ ~~~~~~~~ . ;  a. • r.g 0cc  . rr v - ,: ;~r; :.g t i , ’- :- v - n ~ ; t u : , :cr of t n - n i  :1. c. T r a f f i c  was

s~ ; -, c l  - : f te r  1~~5, 20 - ; n- m i t L - n:; L v - c n i ..-e I r o n - c w ’ - r v -  . n  : L- n i l  ons that  a

I argn amount ol t r - t : I :  c w u I  : I - v  re ~~ :‘  I r: - d u r e  any s ign . ;  f~ - -a nt  

so .  A :. ven - t l  v jv -w I ~~‘ n -r  a ’ I n ; ;-  t~ mc ~s to w:, in  i : - t~ 80.

n o - - :- rn - nt: . cc : t n ~i -
~ i ‘ - - n - . was rat ~ cl g - - -d it1 th  ag ;  he pn iv em v- n t  per— 

- excelle:;tly o ’ ruc ’ -.ral ly I . r i n ~t trntf f~ - - . The ~ c’e d nai l in g  W it S

assig:.eJ ~~~~~:. -,: :ter.  because .:~ .- t :- v- :; : ; - m n t : , . -c decreased dur ing  wet

• .. i ernmrax;v:,t ~iivvc ’ent - te f orm - it l o n .  I.evv- l readings were taken in

each i tem pr ior - : I r a f f i~ - an-i at e i t h e r  f a i l -u r e  or after traffic across

the ‘ m n i f f i - lane - i t  ; redcte rmined s ta t ions . The observations were ma d e

u - ’ - - : -n - . ine th e  magn ;i ni io - I pavement deformation resulting from traf-
f i c . Typical i- r -:;s sections 1 : e.t f o r  each i I n - r n -  are sho’vn in Fig-

ures 20 -tn t 21.
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EA S T  WEST

DISTANCE FROM C E N T ER  LINE OF R O A D W A Y . FT

8 6 4 2 0 2 4 6 8

I I 1
101 .2 -

ITE M I , S T A  04 3 0

100.8 -

100 ,7 - 0 18.215
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~

NOTE FIGURES ON CURVES INDICATE
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LOAD OPERAT IONS.
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t

p 
—

— 
- - - -. — - ~ —.——— ...—.—.

~~~ -



-~~ -~~~~ —~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EAST WEST

DISTANCE FROM CENTER LINE OF ROADWAY , FT

0 6 4 2 0 2 4 6 5

F I I 1
1 00.8 -

~~: 

M 4 S T A 2 . 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

j  100.3 -

s9.: I TE M  5 S T A  3 .10

99.8 1 1 1

100.3 —

~~ TTEM G . STA ,~~~~~~~~~~~~~~~~~~
NOTE FIG URES ON CURVES INDICATE

TRAFF IC VOLUME CONVERTED
TO EQU IVALENT IS.O0O4.~~~.
SINOL E -AXLE,OUAL-W NEEL
LOAD OPERATIONS,

Figure 2 1. Ty; i - -ai crns s  sect ions of items ~~ —(. , zero slum p
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92. Failure investi~ atiuns . After failure In Items 2 and 5, a

t o O t t rench was excavated across t h e ’  t r a f f i c  lane to determine the extent

I d i s to r t ion  of t h e  various pavement e ’ement s .  In—place CBR , water

c-sr ’orrt , an-i -density determinati -no were also made of the pavement ele—

zit-n ;t o  as th e  t e s t  trcn ;oi ,n-o were excavated . A su ary of these test
i- e : :u . ts  is  55 w:; in  Table I i  These test trenches dii not reveal any

i l o t - . n- t j ~~t i : t n e  sub grade in :  e i t h e r  item ; however , approximately

- — i n .  en ’mttt :ent ~ t ’I- rm nit i ~-n ~~~f tt : e  t -n i ~~e roi l enia.l was detected in the

vheel  - hs -
~ I t en-

Lane - ,  ~‘I. I ~ irns. red jer:-onr.t- can -ri or

~~~~~. A ;roximately 130 - - } e n n i l i~~::o were applied t o -  the test sectl.-~n :

n . b : e~~r v n -  -
~~ 

- 
-
. 

- N t ~ - : 1 s t  r i -os  was - i t t  v -ct v’ d luring these ~ 30 -:i e r a—

t ~~. 
- I n .  n i l  • -no wv-ri t~ .al a r t rg i -  - o - I a~o’ - I tr niJ f i c WL uJ J be requi red

- : u .  1i. - rv-s s;  t h e r e for e , - r a l f ic  was u~~cc- stinued . 

~Al t nt:.,

- Twenty :; I  m n t i g h t  ;-nt550: ; c-I I l; t’ Y-~ -.~
--A. l ank (5o ,3~c- -.4 or a t i o n s )

- :. w- - : no ni ~~,’ c rot ’ e l f v - - :: 1 - 
, -

, -. , an d  ~~- - 1  the r ig i  I pavement
tes t  sec t ;~~n .  l u n o t -  I t  2 and 5 were c- : 5 1  b ros  I n t i h - -~ pr ior  t -  the

I ‘tnj. t n - t I : . c the  n - l I . - o I t r  ni f I - - Omi - -Se ‘w I t eir.s were tic t

re- -~-r ~tcc1 .

— 
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AF~ V I :  1. -Cl I OF lis i ~- i s U l l ; ’ AND CONCLUIIIONI

C ruotn - .zct :— -n. : - .

i~~ t .o:. ;::~~uo rnj x e s
-
~~~ - I : .  g v - : : t - r n t I  , th e  . - t : - .  1 1 r - L ’ t ’UUn - e  using marg ir,ntl n-~ n t t - —

al:; f. i- n. t~i - - , : . ;. :n i x a .o- ‘ - - is v t ,  - I a n -  1:t- r -ce~i ore

I ~~.w -: •:c - - sot.ro- ’ :n;g . t n : . l . L r l :.  asp h a l u - — - r . , - : - . - I v -  n-~~x ntVv -mv.-1 t0.

A Ir c t ’  t- as -~- c ’ - O t ’ O O  - .~ :.:-trsct : n , I S -  t -a~ e is n- i ” 1 ; t h e  t- ituniin - - -.;s m i x

S n - to - :n :. - . 1  ._ - mix ; : .g  nt~ t ; ntt,5 I n t n .  t he  n - . x  I :

c. nj. nt cte.: . .: - . : g  the  ~~1. \ :n :g  r - v - : . ; , considerable ~ a n -v -  :~ ! : - . nab i t

vo n . 0 - - I :: it ’. m i l l  ‘igg no -ga l  v . mate r i al  i ~ - I -  mr.Iy c - ni t  ~~- I  wit I.

a a , ’ - - - n .-:: . n i ~~r t O n c — ~~ i ’  a r -i-x f r - - n - .  vi~~’ re g n t t o n r s t t v - - r j a l s  C -  t~~

t i  : : , .n . . . n i : ;  - u  rv- - I iL- It ’ - o:~ r inro : ;  - ,0 0  S • evv -  n - n a t  v - r i  nvl , su cu .  as

n . . - O n - n . - - 1- — - - t , ’ cV s mtx -.U lo t- I in I m i x e s  I - ni. -n .- - i n :  i t o n u -  - 
~7 

i n :  I - 
- by .’ j t ~.~c~v_ n 5 S . .i  - us:-~~rv I I  nT m i x . n ; g .  ~- v .- f - rv-

C S ’ S v .— ;  _ n tn . ’ r , x . : .~~ - - e n - n i t , :,. , I : . ; : -  .nc t e:- ;a .  w i . - - n- n- a : : t .  ‘5 ; : .  I n - i n -s

- 0 1:-, t : . C K )  - in. : • u , , -. : -  .u an d -~. :-a t - .: a ll  -~ f the

• IS w -  : - - I n -  ,;~-n. : .~~~. 10 ~ ass a l — ./ .  — . - . :- - r - n - v .- : . .  Fa ; 1- .;- ’ - t . . ~rv-ceoo

.a- -~ - c n-.~n l  ‘ - : - . a. - In  - n . - :; n - n ’, , : , v - n m l n- ‘ c : . ’ n- ,lx ln F w i l l

• 
~ :. v - . ’ a c~. flSI.le? -nk t l v - c- .., - I ; t : . I  I w : , t  inn -c L e c n i - .~ .. - I

h- - n.ng ci g g ’-  ; w ;  ‘ w et  ::. ni v - n - .  nil - r a :.  o.i I m n -  r. . x c n.I a l - i  :.,~ - - 
-

b - i ~ . a n . . . - :. I I.e . - - - - w - I . an;  I ,nt l  I c~v -r~o- n, - Tc -  •:n,o -~:- - a
W v .’ - — n- , - xe-i i - 

- 
-_ ., - n-- -: en al , a ll  n - am .-’ I ~~~t n - cn ’ c m i  ni l on . - . na~~-I be

r -c . .1 :,e’,- ca n,  1 -- fc.b I t o  n - i n.~ n.g last.  tsr- .~gb.  a c ii

- i.’~ n ’ -g ;n ’ e - - ra~~ - -i: -: I ’- - - m it . w: h-c u~ n 1 ~~~~ 

- --n -- s occ ~rn-’- I I .:- - nag - -  S y r . ’ - :  ‘ I tn ” n -- n marginal m a t e —

— ~c: , I t o -  t ’~n- ;’-r’ t a rv-: I ‘ t o  mixes : . _ c ’ I i n. i’ “~~ 

- in . : l i -—a ::n- sg - ~m 1 i - ’ : . w-  ~
- - inn - ;- ntant . Initia l v-ff-- rt s I 

these na xes  w i t n  a s t e e l— w n , q - e . r - I en - - in ;  a m c . -  I I—; : -  - v- I l e t  m u t - L - n - r — t  red

Ion - at n -mn -al r - l.:g I n’mVrat-;rP;; I 2500 F c r above Wv- n - n’ UflSUCCeSS—

f.I due’ ‘ ‘n ’ - low St -i t ;lI’ y I o- r; x t- :. S wv -v t -n - , a l t o:- : : n - . .v-

mixes h~i-i c-solei t .- ~~~ - )  — • , I I ’  were suc- ’c:n n- I u l i v  CorTil - cted .

c- impiic t~~- . n: I ’ :r-~~’ m ni ’. - ,r n - ’- I r ‘i l l  a-re n-n -. wn; in - , T’ii-~ e ? .

_ _ _ _ _  
-
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Lero—siu~ j- c~.t;Crt’ te r,ax~
-;-

97. The gi -n;t’rn~ -.‘ - ‘~~~~~~ - n- c ednare ’  for  rn -a rg ;  i .nt l  n-~ it c -n - I  n~~ Z(~I’- -—

slum~ C o n cr e t  e ; a ~~v -n- . i -n ’ o i n c  I ude:; : ( a )  :aiceSs a :;~-‘ I u t -  Zn-nit ot’I nil as

re’.~oi mo o n-:~ . x ; :,g ; C i - ) n-. i xin.g l ie -  aggregate , cement , and W y t t t - r In

a cv.-~ In - ni . m;x;:.g Ila:: (4 t nt: ; . - ;  n - t ; r -.g th e-  m i x  to th y -  cuns tru’t;..~:y

5 _ I t -  L - .- :uz ; tn - uc~.; ( .: ) ; mi ~’ in g  t h e ’ mix by t’i t l ;er  m- ‘ - r grader -. r asphal t

m i S . ’ Z - ; 1:, : r ) - St- S c m; ni - t - rig : . ..- mix w - t : _  - ,- v mel -a:; sos - . - I a h e-n ivy

• I n -a t  - n-I.- l I e n -  - As . 1150 nat , ., - .1 n . a:’a~.’rrt ~ I . ~~~
‘ - h igh 1 rio - i c ma ’. i - r  I te. S

- a n ; -. u I  d Z n -  n’ ~~~~~ 
- ‘ . - : . . .n - - -  .:; . : n-n-. m l x i  Si? - A l ’  v - n - ma xi r,g , I hv -  ~e’r~ —

m ;x  ~ ~ . t : : i n z - ~ - 
- I, t s -  - - i s a t n -  v : a  dum~ I :.n. -~~. W~ 15- at ;e::V

u n -  t- .:~~~~
— 

-
~~ . } : - w ( - n - -  n - a C  . o i t e  .1 :u:- in .g ; ~ a~- v - ’  - I I b. c- m i x -, :.

t n . y  - - ‘in ,  : - -  c-I I rn i  nit — ed l~. ( c i  I s - n - v-a ; :;g hi’ v~ - I u~o- - - I ’ mix - v - -.i v t ’  

, (~ ) niv . :.g I an - g em  a : n - ~~~- , a:; Cc ) I h- . ro b. .y - I v - n t 5 , n .g t he- pa-v .
r c :  , : n .  v - a : 1 - n --a - :, In:,- ‘ 0 ;a~, - I n . .- - - . ‘ - -

~~
‘- -  ; n - . : . c t  I c - r u  n - - i  I t -  - I

I ;n - :., ‘ l a cy -n- : n - S I - : I ; .  rn -i ~ W a .  isis - . : . : I . n  . i h a s  rn -a . -

I . . - ~~’ -  -
- - n - ’ - - .. - t .  in  - - - . -j  :. :- n tn ,s  - - n - v - f t  : - ~~~.

‘ no I cnn- n , “5 c-—

c _ a b y ’ .- . I . ’ . I n . -  n - n - I - . : g r  • t - v - - : n i . ,~~v - ol _ . r: -- : — ;o_ _ : . -  o . m 1 c n - _ By
I ~me v :  . j - I t .  m i x  5i t. n - v - t. n - :~~ o. - : ‘ to- t . f t ; - ’ -  f c i ’ i- v - n t - b a n g  w: ’ n .  t h e

n .  - o , • r  - :, —~ — I - r , -  : -- Sn~ : -
~~~ 

0 ,  t~ - ; ,

n v  - - S n- - 
- v - : . , . ’ m .  - .  ) 01 - I . - • • - : ; I , - - n - .  -

- - -  : v~ - n -v I :  t t I . -  ; n -ni t  I :,~ ‘

n- n--. I n - t • n- - ._ u - - n  : . - ‘ m. . n - ; no Lb -n -- t a t  c 0 . - ,t n -  v - u  o u r

I n c  - - - — w , ‘ t .  t s~ - I - n , I 1m b ;”  n- - t n -  sc rn -c . :  or: ‘.ht- f i t a l rb.er was

:v . - m s v - ’ i ls , ~n . u I t ,.- : .~~~~. : .;  I - n o ’ - • n ; I b ,v-  Oh - C T O A  in! of

- - I • ‘ - I ,  0-  1 ‘ — - -  - , S ’ 1 5 v -  , V T .  -o:- :Sg ‘ h ’ ; • : i - n ~~ , : I  I

t h e  n- . x in i t e m .  U , ;. . ,, n t t -  - .1 ii - — . n. — ’ s ;- -~ layer I m a x  c i i :  i n ’  placed

•n .  :o- pass u..’ - I n . .- • x ’ra w r i g h t  - s the  : -cr 000  ni . 1;.- ‘ ‘ n

- ,~ n i t ,  ‘ ‘ :.‘ - ,; I at. i , 
~~
‘ I I ~ n-n-, :~~ — : bel a .-- -.- n- .: • t , n i~ I Is m v -

i I e T i . o -.o ...b :  l v -  ‘ - l i r n - I n ; r i .~~c.t dur .ng nc - .~e. ~ rt’.’erm n- : ;~ : S t r . . - 1 .  n~ b y (~~~)

•-m ~ l - -y l ng ~.ne S I t - i0 r srvemnt~ -m ni I ma x ers  capab . .- - I n- :- ;c i r . g  fr~~
50’ - 7 - - . ,- - i  Sm , 1 -  u n i ,- a n ~- areas ‘tot ’. are ~i ’ - - i t , - ’ - . — -. . ~~ C II . In-

“ng ’.n. , ‘i : . .b  ( c )  r . ; er ly  clea-ni r .g 1.1;.’ n- - ; ;i~ ;mcn ;’ ‘t fl or each day ’ s w -- rk
- N- - i— n - LI cnn-n w - ‘n - ’- v-nc-s;n - ;t -‘n-’- I wi,i I ’ -  c rn-; a -‘. 1 , g  l I e -  marpt i r~al

material, mixes wIth ‘ he heavy v u  ri,’ - n-y n- 1 lv -r . The ,n-fnn -e -tnt .air;ed

_  _  _  

_
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a l l e’:- compacta . n. o~’ t:.e motor—grade r - - ~t Z.S asphalt—spreader—placed mix

Wa ; . s at i a :’nict  - n’. ,“ - r secondary roads , streets, base courses, and parking

areriti . AI tr;~ ~~~ t t i e  :- nseg — ,:oA x’ - . I . v - n -  was t he  oSby  c . m~-*~ t - - r use-i t -~
c~~ pac I I ho m a x  • r io t’d I-- r tham :. t U-i Iv’ , -

~~- then -  n - .  I I  .-rs have been ti-sted n1

I t.e WEll and w i l l ci ’ .  t~ Ici~.- I m u  I ,  c - .-zn-~ ri - t n - i - !’ — I um~ - - n I l  nir.-t  ~‘cn-ue::t

c o n cre te .

T r c i : t .  ~u I  t s  — ~ lex. I

• 
- . - - Ti’:; t n ’eou t o  a : ,  :a  - it  v -  ‘ :. ‘ i t  t h e’ b u t  ,.: rn - i xi-:; made vi I In.-

gn -~~,e .Iy_ , t n t  ( . .‘ ) ag.g n-rgnitv ’ (‘ n’m: - — - .  ) ; o n -~~. rme-. 1 as W v  . struc ’Iornt y

under ; n.n’ . a . n - n t l  : - — t  I n - v - S  - raIl; c as I’. a ..’ L - o- m ix  rn -ad o wit s n.u  g b —

~-o~i b x  I~ . cr’u: I.e-t o t - so ( I v. -n - 1 ) . ~n w ’- . , :.. n - . n , g h e : n -  n i l l ~~ - ; o r .  - .1 

- in , : . : : n . v - : surface s of some :‘ tb.e-  larger

mtgg n-egni ’,o w a ;  t.-~ ervr I a n ,  . ‘- n- . - I • - . ‘ , - ‘-n- . ( ‘  ris ,d - ) , wh ich

S : s t v -S  O f  b it: , L 1  an- n-- .x es i . t n ,  a . ;  n a b ’ .  - : . t - n : : I - . , ‘ i t : , : - - . 

I , :- - - . - ;  ‘ -  - ‘  _~~,‘- . . , n -na  u ’ -  w _ ’. I , gn - t i -.- e l  I : , — - - •i:.’e:, - Sii~~.t , j e r f ~ n-Tn-eS unoriti:: —

:a-I - -n ~~~v I. . ‘ ‘ i~ .. . ” of m m i , v ’I .:.. . :‘h-.v’ n a ’ o : raveling in. Its- : - v- I’.

a n ,  ‘ n - n - m i S -c I - I s - :  bo rn y t 1. • : : : , i ?  W ’ - ~ w a ’ n v - n -  t n - m i l l ,  - . I v :  ilv-n - .: ‘- and 3

n;St r-.:.- v - i  w ,t I .  ‘ a :: fL m , -  a g g m n - .-’aI v - fit as;-h.nii ’ con.’. “ : 1 . : e l ’  5 and

- - 
- 
; v - n -  _-c n , • , n - ’-: , -. ‘- - _. , ; e n - I  n-n--. .- I :— - , - : .  t e l  I n - n -  W a ‘ n . n - s - :- m n i v n ’  I n g  and

n -allan - ..’, ~~~~~~~ a t - - n - a . ‘- o :— - - ; ‘ I :  I a - I  r:ly t r t to- n- st a re t r a f f i c

t o; :. v a - b  • - -  .is- - - u . n .  • :,o m~ m tn - , I traffic I e : ; I m a ’.  a

~~~~~~~ I C )  ¶ n u ., ca te S . t : - ’ ’i :: ia-I : :‘ . : , g  t.’v c - j e . I  i n - ,  i v ’n. :- t - — , ,

‘. wrmttt;e n- n - -i ll’:.- - : w ’- -.- .- n - 
• ‘i nn c a-rn be to ’ “ n-t i n-. r’.t In ’ - -m ‘b . .- cm - m n : —

se-cti ~~r. I - l.s 3: . w n . an - ;  Fu~n-an-e .; v _ I 
~~, r .’ti:,g was n-n n-’ ; r - :r , . - ’u I , c e - .l I r a  Io~

- - . u- -  wt:ec l  ; ~~ n. m I these I • i’m: - bant : ;  - I wit: 15 the i n s -, t o wheel ; at ho

In , e ~tsid e wI.ee n-at:. w ~. n , ’-~tn - • he v ~ge - I ; :ivcmen:t , an . I • I a n -  r u t t  in . g

was n - - i mar l by a an - cd t-1 • : - e nsa-I n - i ,  Va n-ag , w I ,  I ‘ta - - - a~. be e l i  r. I n azi ’ .  r b

‘:. ‘ aan ~~e:.’ of the  m i x  ( paving the :n . . -n; l - i o r ~~) .  A ’ . h -  n~~b :

~~r’-g~~ o otrada ’ i n r .  I’ The mix es 1- y . ’r l ir .  i t e m s  8 and Q~~~a-~ the n- nun- c

ant ‘no -
~~~~ . - :- -‘ .- - ‘ -‘. gra bal i :, of • I.e mixes ~iac ed in :1 . - n - am 11 and 12 was

- :, -- sane , r ,’’ - r.g was n- no sn -- y ore in  I • “n -n - mm ~ mi n t  I I .  I an  r~g t r a f f i c

. n ; ar. ~~
‘ -- in l ter ,r  9 a n t  1 ’ . It  is  believed tha t  ¶ h ”  la rger  ruts that
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occurred in items 8 and 11 were partially caused by t he’ higher asphalt

c-s x~tenit s i’ the mixec placed in these Items . The asphalt content of the

mix p laced in  i tem 8 was ~~ percent as compared w i t h  5.6 percent for

the mix placed i n i tem 9 and the asphalt contents of the mixes placed

in items 11 and I C  were 1’ .L and 5.9 percent , respectively . A aligh t

-‘tm’ u: ;t of the  r u t t in g  tha t  occurred In items • ‘- 13  is also attributed to

c~~na :~-..- l i dat i~~:; o f t h e  mix under - t r a f f i c .  T h i s  can be deter~ ined Ly com—

o~ I-ujt.i, 10 w~ ti; O o u ~ z 1ua ~i and 13 in Table ). The dens lt :oo  - - I  the

I- i ’  .,zin s- -uo 5~ Xt’ :- w - : t l . ~ n t h e  wheel a th s  af ter  t r a f f i c  (column 10) were

grea ter than IS e  d e n s i t i e s  — I t h a n -  r e s p e c t i v e  mixes e i ther  prior t~ - tr a t—

fic (column - ,) - r a f te r  traff ic aza.I Letween the whee l  paths  (column 13).

k I t  I - est it em s  w i t h o t c c .-d the  s t ra ight— ; as s—type t r a f f i c

a ; ;  ~ u t - ~t -~~: I : . I : , .- I’l l I ni n a - I I . C ~~1 tracked veh ic les  w i t h . -  ut any n . - - t i ceab l e

La’ r e:~o .

T r affI - Resu.ltc - I~ig i - t

10~’. : - ~ n - n - so . ’ :- a : ,  I ;  : n L ’ . C  t .n t t ! , o n - e n - -. —slump ~~~ n~ ’r ete mixes made

I at n--.:; g” f i v v - . I . - . . -ts : , ; - - -m l)’ g r n i . I o - t  san d , and in -r ave i ly—clayey  sand

;e r l  r-ne .I very vol.1 t- n- :ng ‘ n - a l l ;  - . Tb,e mixes  mzc~I .. - f rom these materials

w v - n - .- p mi : ’ -  : a n  :1 .- t n - : 3, -. n i t ,  u z, • 
— n :Iy -s I u g h t  ma n. n c r a - .-r , i ng was observed

a n- ; ct:.~. I t hese a ’-ema a ft er t m a l f . c ,  ~ -. we v e r , It ssculd be noted tha t

t I , e  s.n - lni - .- ol Item ‘ t e n , te t to h i- .- n -n -  s1i;;~ -r :~ dur ing  vcl  weather traf-

f i c .  I tem - an :: v i a n s -  The m •x mad e f ro m  the h: ghhy r i a st ic  gravel ly—

- - .aj~’:. sand .

103. T~~e mix n - ni~1o w a ’s • - n e -  ; n - n - g r i t - t n -  I gravel (03) and laced in

, tem 5 t i l e - I  t~~~ - i .:.v- oi severe raveling. Only 5, 390 operations were
v i ;; •i.~: ‘.no i,js It “n-a bef rr f a i , . . m ”  as compared wi th aL- - u ’. II 5,CuO - ; -

~~

era ’ :- r,s nt; ; 1.ed - ;~~ems 3, ‘., and t wj t h c ~~I a failure .

t O . . The stan-lar d zero— ol -urn ; n - a x  ; ace -t in I t em 2 f a i l e d  after

~~~~~ c;’ n - t  i~~n - a 5 .  H woven , as .Ix ; la :ne d ;-rc’viously , it is believed

‘.t ,~i ’ I r a n - ’  ; - - - r behavi- -r of this mix was caused by constr-ucti- -n problems,

105. AJ.’.h - -ugn ; The placement ; rc ~cedu re s resu lted in the surfac e of

l~~-r. 1 being • ; l i gj n t l y  roug)ier than the surface - -f items l-~- , the riding

Li±~~~~~~~~~
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:ty ~f it  cnn, 1 was s at i o f t t .- ’ . -n ’y f~-r truck t ra f f ic .  The surface of

I was rougher because t h e  mix In this item was placed by a motor

gn -aJe r  an ;  icr adverse condit icns as ~- .n ; -aned wi th placement by an asphalt

f in i s h e r  a n  all other Items. A su~~ary of the  pneumat ic—ti red  t r a f f i c

I t ’S’. I n L I a  as  oS un: in Table I

- s’.i I ’t e r  the  M’ ,l ‘-— toni .tu.m; ~ n--ack traffic, a track—type vehicle

r m i t ’:’ic  wa.~: n i ; ;  . aed  - the ‘ •. - :n :;n ’~-~ n ; .  Tb ;e ’n ’ n ’ was no -dl8t ross observed

an  ; t - - ~~ 1 , 3• ~~ a-nt t- after 130 open -nih -n o (~~,- z~ passes ) ol an M113

o n - s .. :.n el ca-r n or and ‘ -s . - . - - t ’ n - - t ’ n: m n (20 ; ni:; ,. ,-:: ) of nm ~~~ ~
‘-A 1 t ank .

‘~ :.ce I I c-n-:: C m n ; 1 5 ~,1e-r ’- ~
‘ - - r ; a i :- -:a-d n - a l  I n .- : ; n-I - r ‘..~ t r a ck — t y j .-n- I n~ f I a  C

Sc- ; - - n - I ’ - mnn - m mn . ’ n ’ I’ I hae ~. e I t  -- n - no :aa n - I :~~ -‘ I raf  Ii an w o n . .  c -n a : ;  I - t o n e d  -

- ,: -

07. - : , - : v S  • v -  : , vmS s a ’ i.- . t i n ,  ; ar ’t~.’ r mt ;  :. ~~~~~- , - n - - i ’ the

: l e x a b b e  ;j ftve n -me :. t  ‘ e:- - se c t  I n. W a .  - ie~ g t e  I me . : - . - - r ,s • r . - - ed 10 lv: : ; ’.  b . -

n-aan-g I :.al n - -it’’ :;  mt xc - :  it :; n - n w .  v t : l  :,g - .n ’ : - n - The n- c I— re , mi l — - I I Lv:

mi xes w v - re  -
~ I a -e  I s:: mm stm - n g  r i . ’ - , -.- : .  a an?  el  In-.i :.a’. c i  base . -r r :~u~ gr im - I n .-

In -i . I .n - -- t..n-i:;g ‘ r a I l .  - . ¶eS i :, g .

I 3~~~ , A :: -~n-ln -nL ”,’ of ‘ n - . . I n - n i III C t o:- ’. n - v ’ s . ,  - s ( n-a ; ’ • 1 nit’ ) zmn , 1 sob t~~’t  ( “ I

l n d - o n - a t o r y  lest re 5 .:~~t s ; e n I rn -n- I on ‘. 5 v ’  n - amtt’ g .n a I  n - n f l ’ .  n ’ n i z L ~ s and bit s—

— u s r—. x -- .- m a-i•’ O n - I_ Li -: ’ n’ nn -a :’g i n a s m - n -na ’ n ’n -i als I:; at. w: - I :. Tat ; 1 n- -  l i  

I . ~~~~.; ‘ , -
. n ’I f i c : . ’:, ’ - ( C )  ‘m n. c L e f f j v ’ I n ’ : t -  - I - --s ’.”,- z i ’ . u X - e  ( C )

I in - .  ~
‘ - I an- n 2 - i n . !  3 iii’ .-  - he san e 111 c. v- : . s : ‘- ‘ .  cnn- i rae ! In in- an average

gn. -m n a t  a :. o n - t n t ’ - ig,~— n - n ’ g n m t  e n-- • n . - marg ina l  tn - n t ’ .  cr 1 ni -.;se I in I :.e b i t  n - a —

n - i n - u o  n-~ x • 1, -i ’ U L -  ; l a c e - I i n - ,  ‘h’’ ‘ n ’s ’ a n - e m :  i n ;  :i c a tn -  : (co lurn -r ,  1) .  The

~t- ’mt-ij;ljes ‘tn- a l  re t a i ne d s t a b i l i ’ .j ” n  I j s ’ r I  i n ;  column s 5 an-I (- are
av e ra g e n-”aults I in - t b rat ory t ests perf rn-ed - r. the  L it um i n ; - mis  mixes

pla- - -’ I I n ,  • :, ‘ -  n-”::; o’’. lye ‘ “n - I  i t e~~; . The n-ut Ic- ; t ha n-r:;en;ted a t .

as-I 8 are the n-ax i cn um mea~ amr e!nents recorded e i ther  af ter  traf-
fic  or -a ’ f a i l — a n - . -  i n  The itc-r -u -n i n d i ’ m - t ’ed . Ind i cat i ons  from these data

sh- -vn in Tat  I ”  I L  combine -I w i t h  ‘.5.- v i : a m i n t  - -hservations made during

t r a f t i - :  t e s t i n g  are that a s at i s f a - ’tory bi tuminous pavement can be made

from almos any - . - - -a - r se— g r a.in ed grr ~~a !o  nnm r i .erial , H owever , those

_   
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materials with  a high (20 cr greater) uni formi ty coefficient , or highly

~ lii~ tjc materials require a high asphalt content (6.5 percent or greater),

and ts~ or  materials with  a low uniformity coeff ic ient  and low coeffi—

d e n tS of curvature require some type 01 containment systera , such as

paved shoulders, to prevent lateral movement of the outside edge of the

traffic area. The results of the design methods for determining optimum

asphal t content for  marginal material mixes reported herein indicate that

th e  Marshall design method is satisfactory I c r  all materials  except sands

~‘ . n . t a i : m I n n ~ little or no fineS. The surface area design n e t n c d  S LL . u ld  be

used I - n’ 1 S t ’  sven ~i, y — t y ; e  materi nt , 10.

1L~~ . A su mmary of pertinent laboratory data performed rn the zero-

.n .urn ; n -axe s , rn-a:’gi:amd materials used in these m.ixes , and tk , e  r a t in i ~ I

I:.t- t t ’S t  items af ter  pneu ma ti c—tired t ra f f ic  is shown in Table 15. As

can be deter min ;n ’ - t Iron- t-i~ - ~1~t t n t  presented In th is  table , on-dy the sand—

aggregate r a t i o  .1  t n t ’  m i x  (co lun-r i  ~ ) Scorn-c-i to have an e f f ec t  on the

performance ~~1’ t u e  mixture  dttr i ng t r a f f i c .  As discussed previously , the

;‘ssr per formance - I ’ m i x tur e  I placed in  i tem 2 was attributed to  c -ra —

st ro~- I a - - : .  ;- r~. -b I en-ai . I : . d a o ~m t ; - - no b’r orn the  data shown in ;  Table 15 plus

the . i : m u,i t - s e r v c i I I ~ sam mad e duri ng t ra f f ic  testin g ar e that a satis-

f actory n -c - n -  -s 1 m an - ; concrete m i x  - - ‘tn ; be made from an aggregate material

i i .  The sand— aggregate ra t io  as  . 5  or greater.

I .  The flexur al stre n gth of the mixture after 28 days
Is i~~~ psi r greater.

nc l u s i -  no

: i - ~ - . Based - n ; t he  results u - f  the tests presented herein , t h e

a’ - . w a n g  -.‘- ..- r ; c l u o a  sn; ar e  believed war ranted:
a. The cu m nice ; - ’. of u t i l i z i n g  marg inal materials in mak ing

hot t - ituminou s  asphaltic concrete mix and zero—slump
portland cement concrete is applicable for pavements
that are t o- be used as secondary roads , streets ,
parking lots , storage areas , or for relatively
short service l i f e  pavements.
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b.  Aspha .Itic concrete can be made from a wi le range ( almost
any material w i th  ICmJ  percent passing the 1— 1/ 2 — i n ,  a
S i e ve  I - abou t 15 ;-er cena t passi ng the N~ - . 200 s i e v e)  f 

-

:‘ coar se— grained soils .  ‘ -

a n .  The Marsh all design ; - r oant ’dun e can be used for designing
a l l  marginal mater ial r o t  tituminous mixes , except those
mad e w a  th sands c - r , I ’ i a : ; i n , g  l i t t l e  - ; r no. fines. The sur—
face are a method shoul d be used to design h~ -t b i t uminous
in - j Xe5  made w i t t .  san ds.

~~. i f  ~~m mL :Oi l t’~’ te;;t lnm~~i~~it~~c-s are not available , the
~ts~ -t n m m l I  . n,tt’:,I 1’ h.I bi t sun -an. - - -s:. mixes made w i t h  marg inal
nmg, a’.z’ t -ga tv .- mat er i a l s  should r ang e between about 5.5 and
v 

- ;

t’ , hcn - , .- I r i L a  _ t y  of a t - ;tuminou s mix n -t i l e  :‘r~~na a marginal
material  :-l s a a i d  t o  ~Oc lb - n  greate r , m i t ,  I S v .- re tainc- .1
sta’c i l it v 01 th i : ;  m ix  o t i s - a I d  be at least 50 percent .

:. ~ t t azn - in ;o-u: ;  mixes  made of highly l i n t o t i e  aggr eg i t t e  mate—
:‘aal :; can be t-x;t’cte-d to ravel , e o . c ’c i a l ly  during wet
wenmtn - .or t r a f f i c .
I ;  a g t .  ,, ; . t m S t  ~c nmg ~ r c ’gatn-  mater ia l s  that  are I-s i-c- -500 1

a n ;  a n - . b i t u n - ;n - ; --un - ; mix or  a ;aer -— : ; lun - ; m’- n-n- :rc” .. c’ n-nix
i be ‘ u . - n - .  -agb; y l~~o O C 0 0 C 5  ~ r a - .- n ’ ‘~~ 

; rn corpor at In~g 
‘ v —n-- t . - n -  ; - n - I I r is - I  cement I - . c’n : n ; a n - e  a an a l 1. -rn-

nn- ix .rn’ .

rn-~- anu~J —aggr..- g , n t e  r,~I z o  - I
’ a margina.J ma terial to be used

a :.en- - — a - I an-.; C .- ‘n- ”Io m i x t u r e  o5 - u I - i  i-c 25 on -  more.

. n m t a s l m i s t o r y  placement - I n-er —n - - IUn -J - .- - - n . sr e te  can be
‘m- ~c- . -mj i l s5c ’, .n- w . t t ;  a an’-’r.v~-n .Ij~~n .aI base course spreader ,
asphalt f in i s h e r , or rn- - t o n  patrol .

~~~ . I l e r - o — n - i a n -~ con crete - - az, be adequately compacted w i l t ;
heavy v;hr’il~ -n -y r— h e r o,
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