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I I 

FOKEWORD 

The  investigation  reported herein  MM   ipOMOrvd by  the Office, 

Chief of Bngineerti  U.   B<   Army,  M  ■ part  of the Military  Kngineerinr 

Design  and Expedient  Constructior.  Criteria Pnvnm,  Tajk  0 ',  "ue.-. i^n 

Criteria  for Expedient Airfield:-,  and He li port;;," Work Unit 02h   (formerly 

023),   "E'-cploitation  of Ulla  Structural   Layer;-.." 

Responsibility   for conducting  the  investigation was  assigned  to 

the Soils  find Pavements  Laboratory of  tin? U.   S.   Army Engineer Waterway;- 

Experiment Station  (WES).     The  investigation reported herein was  con- 

ducted   from October 1970  to April   1971, 

The  investigation was   conducted  under  the general   supervision  of 

Messrs.   J.   P.   Sale  and K.   0,   Ahlvin,   Chlvf and Assistant  Chief,   respec- 

tively,   of  the  Soils  and Pavements  Laboratory.     Engineers  of the  Soils 

and Pavements   Laboratory  actively engaged with  the planning,  testing, 

analyzing,  and  reporting phases  of this  stu.ly were Messrs.   H.   L. 

Hutchinson,   C.   D.   Burns,  W.   I,   Brabston,  R.   W.   r,r;tu,  and H.   H.   Ledbetter. 

Engineering  technicians  responsible   for  the  conduct of the  tests  were 

Messrs.   J.  E.   Watkins  and  b.   H.   King«     This  report was written by 

Mr.  'Irau;   portions,   regard! n;'  instrumentation,  were written by 

Mr.  Ledbetter. 

COL Ernest Ü. Peixotto, CE, was th" Director of the WK:' during the 

conduct of this study and the preparat ion of this report. Technical Di- 

rector was  Mr.   F.   H.   Drown. 

Preceding page blank 
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CONVERSION  FACTORS,  BRITISH TO METRIC UNITS OF MEASUHKMENT 

British  units  of measurement 

metric  units  as   follows: 

 Multiply  

inches 

feet 

square  inches 

pound.;   (mass ) 

kips 

tons 

gallons   (ü.   S.   liquid)  per 
square yard 

pounds   (force)  per square 
inch 

pounds   (mass)  per cubic  foot 

miles per hour 

Fahrenheit decrees 

used in this   report  can be converted to 

By To  Obtain 

2.9* centimeters 

0.30^8 meters 

6.U516 square  centimeters 

0.*$39237 kilograms 

i*53.59237 kilograms 

907.131+T1* kilograms 

0.00i+52T cubic meters per nquare 
meter 

0.689i+T5T newtons per square 
centimeter 

16.018U6 kilograms  per cubic meter 

1.6093UU kilometers per hour 

5/9 Celsius or Kelvin decrees-* 

*    To obtain Celnlus  (C) temperature readings from Fahrenheit (F) 
readings,  use the  following formula:     C  ■  (5/9)(F - 32).    To obtain 
Kelvin (K)   readings,  UM|     K - (5/9) (F -   32)  ♦ 273.15- 

IX 
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Thv  investigation  reported herein was conducted to evaluate the 
effectiveness  of stabilized structural  layers   (lime- and cement- 
stabilized  layers)   in  pavermmt  performance and  to determine  the compara- 
tive performance between a full-depth hl/'ji-iuality  crushed stone and the 
stabil i .-.•jd  layers  darin/: .ir.ulated aircraft  traffic.    The compamtive 
performance between the  stabilized   layers  and similar pavements  consist- 
ing of  unbound granular base ami subbase materials  previously  tested  in 
the Multiple Wheel  Heavy Gear Load  (MWHGL)  test  section was  also 
determined. 

A  test section was  constructed within two  items of the existing 
MWHGL  test  section at   the U.   3.   Army  Engineer Waterways Experiment  Hta- 
tion in  order to utilize the existing I4-CBH clay subsrade.     The test 
section  consisted of  four 2U-in.-thick  items.     The structural  layers 
above  the sub^rade  for   the respective  items were:     item 1,  a 15-in.- 
thick  lime-stabilized   lean clay  layer overlaid with 6 in.   of crushed 
stone and   3 in.   of asphaltic concrete  (AC);   item 2,  a 15-in.-thick 
cement-stabilized  lean  clay layer overlaid with 6 in.  of crushed stone 
and  3 in.   of AC;   item  3,  a 21-in.-thick crushed stone base  and  3  in.  of 
AC;  and   item kt   a 21-iri.-thick cement-stabilized clayey gravelly  sand 
layer overlaid with  3  in.  of AC. 

Items  1  and 2 were  trafficked with a 3£>0-kip 12-wheel  assembly,  a 
l60-ki.p twin-tandem assembly,  and a 50-kip single-wheel  assembly; 
items 3  WHi k were traffi '^ed with a 200-kip twin-tanlem assembly and 
a 75-kip single-wheel assembly.    Mixed traffie was applied to item k 
with the 360-kip 12-wheel and 75-kip single-wheel  assemblies. 

The test  items utilizinr, stabilized structural layers as elements 
in the  flexible pavement performed as well  as or better under traffic 
than the  same thicknesses of conventional pavement previously tested 
in the MWHGI, test section. 

i 
Preceding page blank 
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»Ayt;x 

I AKT  It 

1.    heemt  Usta 0M4uet«4 «t lb» U. 3. Anv budM^r Hvt^nrv« 

Experiarnt atatlot. (VES) hftv» shovn U)«t fUslbl* |»M—IIU »*iMiniet«4 

uNinc M|ihftlt-8tabillze4 ■»#>—■• «n 1 b«s« eourtM «M mttknm» 

enveloped «oil  Inyera  (ItU'L) owr •  l<«*atnrnKth nl«y •ukfrai» •«■t*lii»4 

considerably mrm trnfric of • «iwn lo«41nc UIM 414 oaaparakl* «»c- 

tions of th« SMH total thlcknMa of eonwaitoaal pavaaant in which jn- 
1 ** ircaleJ irranular baae and sdbbaa« aaterials war» «Md.  **    Ulla parfbr* 

•anca inJicat«.-* that tha quality of construction aatarlals uaad la tha 

layered ayatea has a significant äfftet on pavamnt behavior,    feara» 

fbre« It vaa decided to evaluate tha affbetivanaaa of Ha»- aad eaaan*- 

stabillzed layers in paveavnt pprfor—nea and to dateralne eoaparattva 

(«rforaance between a rail-depth hl^i—tualliy eruahad stoae and tha 

stabilized layers.    Ihe saae typ« «meal ooafigurations, which siaulatad 

aulti pie-wheel «ears uf larfe new aircraft (auch aa the C-5A aad Boa In« 

T1«?), were used on the structural  lay*!* *••* aectloas aa v-re uaed dar- 

in« the recent Viltiple Wheel Heavy Oaar Ix>wl OWHOL) teat« ooodu<?ted at 

the WES.^ 

2.    The objective of this  investlffitlon waa to ii 

relationship between the strength of stabillaed soil layers ineorporatad 

In pavea^nt syateaa anJ the load-carry in* abillv of auch systeaa. 

3.    Ihe objective of this  inveatleation was 1ished by tha 



construction and traffic testing of a apncially denlRneil  test  section 

consisting of four Items  as  described herein.    Bill  report  describes the 

test section,   traffic  testing,   and results of the tests. 



FART   II:     TEST SECTION 

De B i gn 

ilenerul 
3 

k.     In  the  recently  completed    MWHGL test  section,   to which  these 

tests  relate,   the total   thicknesses  of the  flexible pavement  test  items 

were  based on  medium-load pavement   requirements    with  reductions   in 

thickness  so  that  failures would occur at,  traffic-volume levels  that 

normally could be expected  during a period of  from a few weeks  to sev- 

erui  years on .i prototype  airfield.     From the results  of these  tests  and 

all  prior pavement behavior data,   it was  determined  for the purpose of 

this   test  section  that  a  total   thickness of about 2k   in.* was  adequate 

to  provide  a test pavement   that would generally  fail  at  a practical 

coverage level  and yet yield sufficient  data  for analysis.     The primary 

variable being e/aluated  In  this   test  section was   the structural  layer 

and type stabilizer and/or material   type used  for  subbase and  base 

course  layers. 

Description 

5. The  structural   layer  test  section was   located  in  the west por- 

tion of the MWHGL test  section  where  items   1   and 2  of the original  test 

section had been constructed  (plate 1).     The bituminous base  course and 

MECL  test  sections,  which were   constructed and  tested after the MWHGL 

test  section,  also had been  located  in about this  same area.     The mi-neu- 

ver  area on  the west end was  reconstructed;  test  item  3 of  the original 

MWHGL  test section was  used as  the maneuver arva on the east  end. 

6. A plan and profile of the test  section are shown  in  plate 2. 

The  test  section was   120   ft  long and 60  ft wide and consisted of four 

itemc,  each   30   ft  long and ^0   ft  rfide.     All  four  items had  total  thick- 

nesses of 2h   in.   and were  constructed over a heavy  clay  subgrade having 

an   initial  strength of about U  CBH.     Grades were established  for a 

*    A  table of  factors  for converting British units of measurement to 
metric units   is presented on  page  ix. 

MMB 



traiiüverse  slope of 0.75  percent   from WCLSI  to cant.     These  grtdM  al- 

lowed  the  test  section  to  tin   in with  the remnants of the MWHOL  test 

section.     A iletaiU"!  .ie;u:ription of euch  item  is  as   follows: 

Location 

lim i 

Item 2 

item  S 

[tea h 

Construction 

3-in.   asphaltic  concrete 
6-in.   crushed stone base 

15-in.   lean  clay  subbaso stabilizeii with 
3.5  F)or,cpfi^ lime 

3-in.   ■i.-.phaltic concrete 
6-in.   crushed stone base 

i5-in.   lean  clay  subbase  stabilizei with 
10  percent  cement 

3-in.   a.-,phaltic  concrete 
21-in.   crushed stone base 

i-in.   asphaltic  concrete 
.'1-in.   clayey  gravelly sml bm stabi- 

lized with 6 percent cement 

Heavy clay autoarade 

Y.     The subgradc  of  the NHHDL  test  section was   use.i   for  thi.;   t*St 

section.      It  consisted of a heavy  clay   (CH)  material   having a liquid 

Limit   (LL)   of 73«   plastic   limit   (PL)  Of 25,   nd  ph'i.-.t, ic i ty   index   (I'D  of 

U8.     The  heavy  clay  material  was   classified u   a Cll s,oil   MSOOrding  to 

the  Unified L'«il   Cl;issi f icat.ii m  oyst.em (UoC;').       Classification  data   for 

this  foil   are shown  in  plate   3.     Labontory  compaction and  CHH  data  for 

the  as-molded ■tnd  soaked  conditions   are  .diown  in pl'i1.?s   U  and  5.     These 

data  indicate a CBH of about,   U  to  5  at  molding water contents  of  from   |Q 

to   32  percent   for both   the   as-molded  and s   aK.el  cotidi 1. i. m... 

Subbase  courses 

B«     Hydrated  lime- md  portland cement-stabilized  lean clay subhase 

courses,   15 in.   thick, were constructed   in  items   1  and 2,   respectively. 

1rior  to stabilization,   the soil   that was   itufcilized was  classified as 

a lean  clay   (CL)   a-.-. ,,• ih,,-   to   the  U.'C with a LL bf   v'*   and  I'l  9t   L2< 

Classification   i-it.-t  i\,r  the   l.vm  aUMf  UPI  .dcwn  in piste 

9.     L-iboratory compaction and  CHH  t,..•,♦..; were perf/i-med M  the  un- 

treat,>'d,   lime-treated,  and  e.-ment-t reat»" I   [MM  clny.     The  C'inp'n-t.ion 

requirements   fbf  the  lean   cluy when  usei as   t /.uirfi if .it-     ul i  i. ■    in 

tmt^ 



airfield contitruction wouid normally be about equal  to a CE 12 compac- 

tion effort;     therefore,   the CE 12 laboratory compaction effort waa   used 

in  preparing the specimens   for  tests.     In previous  soil   stabilization 

studies   conducted at WEG with  lime  and  cement stabilization,   unconfined 

compression tests  have been  used  for evaluating the strength of the 

stabilized materials,     typioal  data,   taken  from a contract  study  con- 
7   f\ 

ducted  for WEC,   '     showing the  relation between water content,   dry  den- 

sity,   find  un onfined compressive  strength   for the lean clay  treated with 

3,  6,  and  10 percent  cement  are  given  in plate 6.     The lintar  relatloa- 

ship between  log CBH values   ;uid log unconfined compressive  strength 

values   determined  in the same  contract  study is  shown  in  plate  Y.       For 

this  study  the CBR  test was   used as  an  indicator  for measuring the 

strength of the  untreated and  lime- and  cement-treated lean  clay  soil. 

10. Laboratory  tests  were  performed on soil   and lime-soil   speci- 

mens   to  determine  the amourt  of lime needed to  raise the pH of the  lime- 

soil   to  12.U  and the lime  content  to  a level  above which  further 

strength  increases  would not  be significant.       Density  (CE1 12  compac- 

tion)   and CBK  tests were  performed on  untreated and treated  (3 and 

5  percent   lime)  specimens   in  the  as-molded  unnoaked and  after-soaking 

conditions   (plate  8).     These  data showed  that an  untreated specimen  com- 

pacted at  l6 percent water content  resulted in  an  as-molded strength of 

about  ^8 CBR as  compared  to  92 and 99 CBB  for specimens  with  lime  con- 

tents  of  3 an i 5  pervnt,   respectively.     After a  four-day  soaking  pe- 

riod,   the  strength  of the  untreated specimen wa.^  reduced  to  about 

10  CBK,  showing  the sensitivity of the soil  to water saturation.     How- 

ever,   the CBR's  of the specimens   treated with lime and molded  at  about 

l6  percent water content were  between 90 and 9'J after a  four-day  so;tking 

|»eriod.     Bused on  the result.;  of these  tests  rind  th    possibility of  loss 

of  lime   luring  the mixlnr  ;•.••   ••■.;;;,   a  limp content  of  3.3  percent was 

selected  la itlblliM  the  LM1 clay. 

11. Mate  8 also show::  eompaetion and CBR data for soil spceiinen.- 

treated with Ja 7,  and   10 percent j>ortland cement.    Tueao cement  con- 

tents wer«* selected by  following  UM  ..ir   ■• lure  for MtiMtiiMfl  cement  re- 

juirements   !' r • xp li'-nt  ..ibgrade construction described   In reference 9« 



The  aü-molded strengths of the specimens treated v»ith 5 an^ 10 percent 

cement  and  compacted at  a water  content  oi'  l6 percent  ivuitv-d   from SAO   to 

315  CBK.     After  ;t four-day soaking period,   thi»' strengths  InnfM«!  to  a 

range  of 8^2  to   355 CBH.     Based on  the  results of these laboratory 

tests,   a design cement   content of  10  percent  was  used to stabilize  the 

lean  clay  subbase of  item 2. 

Base   course 

12. Th      .aterial   used  for   the conventional base course   in  the 

west   maneuver area and  items   1-3 of the   -est section was  a crushed  lime- 

stone  that met  the  re luirements  of Guide  Specification Cfc; 807.07. 

flaasification data are  shown  in plate   }, 

13. A 21-in.-thick portland  cement-stabilized  clayey  gravelly 

sand base course was constructed   in  item ^.    This material,  classi- 

fied  as GP-SC according to the UGCS/ had a I L of 23 and  PI   of  11 

(plate  3).     Laboratory compaction and Chh data for the untreated  woii 

are  shown   in plate 9.     BMM   lata   Indicated  that maximum den.; ity  was  ob- 

tained at  water contents  between   '(.'>  and 9  percent,   depending on   the 

compaction effort.     After  the optimum water content was  determined   for 

the  untreated soil,   laboratory  specimen:-,  were  then prepared at  ceme-t 

contents  of 5,  7,  and  10  percent.     These cement contents were selected 

uüing  the  procedure  described  in  reference 9.     Duplicate cement-treated 

specimens  were compacted,  us in»'  the CE 55 effort only,  at optimum water 

content  (7.5 percent)  and at two percent wet of optimum (9.5 percent.). 

Only  the  CR  55  compaction effort was  used,  ^MMM compactinn   require- 

ments   for an GP-SC soil when used  as a base material  in airfield con- 

struction would normally  b pin   t     the  CK 55 compaction effort.     One 

'•■.■■'    . ; •■ ■ i ner,    t*   -•■ic:    m   . 1: •.,'  wi* • ••    •;.*•:.•   -c. i   !•■■■• •.•     •■ :v •.•    ' r-   r •• ■ ■.' 

«as   t   .ted  for CBH after a .-.ever.-day humid cure, and then the dupl i •>•- 

specimen was  tested after a seven-day  curitu'  | . ■  ■  four-1 ., iy. it.r 

{«rlod.     TTie results of these tests are shown in plate  10.    Both UM 

compaction and CBH data  in plate  10 shewed that higher iensltl-'S and 
e 

strengths  were   ,btaine-i when  the water content of the soil  prior  to the 

treatment with Portland cement w»i3 7.5 per-ent  and after a four-day 



soaking  psriod«     A Atsl^i  cement,   COntMlt  of 6 pTCWlt  WH;-   ;;<_'lectfii   to 

itablliM   the   clayey  .T'tvelly   Mod« 

Asphal tic concrgte 

ih,     A mix .ie;;i,',n   Por  the  M|lhaltie«OOncr0t< ■urfbeiog  layer was 

•.-repared  uti 1 i-.-.iri;'   J/U-\u.   wlwwi llTH  CTUBlMd   LiaBttOW«  ■•nd   I'illei-, 

■nd 8^-ioü pmwtrfttion grAdi 'i.-.fh.Hit.    Ih* LlMstona wa^ obtaineii in two 

sizeü:      V^-in.   to No.   U aggrVflAta   Hid minui;  No.   '*   Bcreenin^.     Average 

i'radation   eUTVM   for  the   t.w,>   LiBMtOlM  mt.-r i-d;;   ami   the  Mad   filler are 

shown  in plate  11.     The  gradfttiofl    -irve  of  the blended jt.ockpile  aggre- 

patM   tuied   for  the  ■aphaltie*COncrate mixture and  the gradation specifi- 

cation   limits   are  .-h 'wn   in  plate   l  \     Tlie  gmdAtion   limit.■,  were  t'tken 

from  table   II,   graiat.Inn   II   of BuidO   B^«eifleatloa Cl 807.1-«-. Labora- 

tory  mix  desitji   propoftiM   Ktt   sh 'Wn   in  pl'ite   13.     From  these   data,   a 

lesign  asphalt   conten»      f  ;t   pereent   was   selected   for  the  asphal tie- 

concrete  mixture. 

Inst.rari'-nt a* ion 

Vj.     All   four  test    ItMM  Mere   Imtrwwnted with  stress   g.-iges 

(pres.- H-'-   cells)   'c. i   ■train   MIM »ra«   Ml   shown   in  plate   lit.     Stresse.-, 

wer-'   "f ts■;[••• i    )n;y   at   the   top  of   th.-  subgrade,  but  movement,s,   within  the 

i   -paveneri'.   ,■;,■.i'.em «f<>re  measured    it.  depth;   of frnn   3 to   Si  in.     Verti- 

cal  movement  as  well   as   hoH f.onta]   BOfeavotfl  in two  directions  were 

rn-asured   in   the  .-.uht-iS''  Mid   lid   'ra ie  of  items  2  and h.     Detnils,  of  the 

inütrmnentation,   installation of sensors,  and collection  ;ind   reduction 

'   i nstruraentatior.  data  M  .'iV'Ci   in Appendix A. 

Const ructi »n 

'lerfral 

l6.     Kxcuvat i   n,   eooatrvetian Of  UM  Itructura]    layers.,   and   final 

p-ivin«', piiase.;    •'•;•••,'    ■•••::.     vurreii   luriiif Oeto>ar aad lovariber 

1970. r'irst, oxcavat. i. in to ■ depth Of approxi tnately .'it in. below the 

existins rr-i !•■ wis -i.-c ^npl l.'hed in the existing MESL Mid bituminous, b' 

•   . • •• :   •.,,,   rf'.i ••.   «• ■•     .    • r •• ;   in   i ten.;        a:  :        ■:'  ' •,•     iriginaJ   MWHGL 

flexible  pavement  laat  aactlon«     Tnis excavate,!  araa was.  60   ft  wide  and 



120  ft  long.     The material  to be  removed  in  this area was  pushed up with 

a D-6  dozer,  end  loaded  into a dump  truck,  and hauled away.     The excava- 

tion operation  is  shown in photo  1. 

Subgrade 

!?•     The existing subgrade at  the test  site was  the heavy  clay 

described in  paragraph 7»     This  subgrade,  which was constructed   for  the 

MWHGL  test  section and was   later  used for  the MESL and bituminous base 

test  sections,  had a strength of about 5.2 GBR at the surface.     There- 

fore,   the  upper 6  in.  of material was  reprocessed to reduce  the strength 

to  about  a GBR of h and then  fine bladed tu  the  design elevation of 

2U  in.   below  finished grade.     Phuto 2 shows  the subgrade  after  fine 

blading and preparation of the  trenches   for  instrumentation cables. 

:'ubbase   and base   courses 

18. stabilized soil.     The structural  layers of items  1-U were 

constructed concurrently.     Prior  to  applying a stabilizing agent,   the 

subbase  and base materials  to be  stabilized were processed to approxi- 

mately the desired water content and then placed in the various test 

items   in approximately 6-in.-thick loose layers, which resulted in 5-in. 

compacted lifts.     After placement of the  loose materials   Tor each lift, 

bags  of  lime  or  cement* were placed  in the  respective  items  at  prede- 

termined  intervals   to give  the  desired amount of stabilization  (photo   3). 

The  lean  clay   in  items  1 and 2 was  stabilized witn  3.5  percent  lime  and 

10  percent  cement,   respectively.     The  clayey gravelly sand  in item h was 

stabilized with 6 percent cement.     The stabilizing agent was  spread in 

each   item and  then  thoroughly  mixod  to a depth of about 6  in.  with  a 

pulvimixer   (photo  U). 

19. After  the  lime or  cement was  mixed  in  the soil  and prior  to 

compaction of each   lift, water content determinations were made.     The 

average   results  of these  data were  1?.^»   16.7,  and 7.0 percent  for 

items  1,  2,   and U,   respectively. 

*    The  lime  used as  a stabilizing agent  in   item 1 was high-calcium, 
normal hydrated,  T^-pe N,  meeting ASTM Specification  C-207.     Type  1 
normal portland cement  conforming to  Federal  opecification  GS-G-192b 
was   used in   items 2 and h. 
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."O.     To prevent,  rutting of  the iiub^ivudo,  a relatively  li(^it  roller 

wa^   uiu'd   Ibr   ec.impact ion Of the bottom   two   layers of material   (approxi- 

mately   10   in.).     The   roller vru-.   a  :;el l'-propei led,   W-ton,   ^even-whjeled, 

rubber-tired   rollor  (photo  [>) with  a  tire  prMSUTC of 90 psi<     'llie  third 

layer,   IS  in.   above  the  ^ubfirade,  wa;;   eompactad with eißht  coverage;;  of 

a 50-toii,   four-wheeled,   '-ubber-ti red  roller with ■ tire   inflation  pres- 

sure of 150  pai. 

21. "Hie  average  an-constructed water  content of  the    ubbase  J n 

items   1  and .?  was   I'M'  and   I'j.'l percent,   respectively,  which  resulted  in 

an   initial   dry  den.üty of 106.9  pel"    and  a CBH of 80   for   item ?.     A 

water  content  of h.') percent,   dry  deiuüty  of 133*7 P("''»  •■l"'l strength  of 

285  CBR were  measured  for  the  cement-stabilized base of  item 14  at  a 

depth of 9   in.   below  the   finished tirade.     The upper 6-in.   portion of the 

cement-stabilized base   in  item 't  war,  placed  following; completion of the 

crushed stone base  in  items   l-i.     The water content,   dry  dernity,   and 

strength  of this  portion were P.Y percei.'.,   139.^ fOtt  and 20;. CBH,   re- 

spectively.     A summary of  the  as-constructed  soil   data   is  presented  in 

table   1. 

22. Crushed stone.     Three  different  sizes of crushed s^one 

(l-l/2-in.   maximum,   jA-in.   maxiia.un,   and screenings) were proportioned 

througli  the  cold-bin  feeder at  the  asphalt  plant  to  produce the grada- 

tion ohovn  in  plate   i.     The material  was  saturated  in a surKebin hopper 

prior  to  loading on  dump  trucks   for1  transport  to  the section and  place- 

ment   in   items   1-3.     The   lifts  of crush-'d  stone   in  the   lower   LJ   in.   of 

item  i were  placed concurrently  wi*     : ie   Lower  lifts   in  items   1,  2, 

:uid  h.     Tile  base  course   in   items    .   ■.   ;   2  and   the  upper portion of   item   3 

were  placed   in one   lift  of approxidtft .dy   o  in.   by  use of a spreader 

(photo  6).     The  as-constructed water  content,   dry  density,  and strength 

of   the   crushed stone base   in   item   •! .'it,   a  teptl   of approximately  [)   in. 

below   finished  grade were   \ .'{  percent,   I'tO.h  pet",  and   ß  CHH,   respec- 

tively.     Compaction was  accomplished,  as shown in photo 7, with 8 cov- 

erages of the 3^-ton and 30 coverages of the ';0-ton,  rubber-tired 

rollers described  in paragraph 20.    As shown in table  ],  the stren'th 

of the surface of the crushed stone base  in   items   1-3 ranged 

   



from 132  to 200 CBR.     After conpaction was  uompleted,   the section waü 

primed  (see  photo  8)  with  approximately  0.U  gal   per iq yd of MC-1   cut- 

back  asphalt. 

Asphaltic  concrete 

23.     The asphaltic concrete  for the wearing course was  mixt.-d  in a 

central hot-mix batch  plant at WES and was  placed with a Barber-Greene 

asphalt   finisher  in  10-ft-wide   longitudinal  lanes   (photo 9).     Placement 

temperature of the mixture was  about   -iOO  F.     The wearing course,  which 

was  about   3 in.   thick  after compaction,  was placed  in one  lift.     Shortly 

after  placement,   the  mixture was   compacted by breakdown rolling with  a 

10-ton tandem steel-wheel  roller,   followed by  10-12 coverages  of a 

30-ton self-propelled,   rubber-tired roller with  tire  inflation pressure 

of 90  psi   (see photo 10).     Finish  rolling was  accomplished with  the  tan- 

dem steel-wheel   roller. 

2h,     A summary  of stability,   flow,   voids,  and  density  data   for 

laboratory- and  field-compacted asphaltic-concrete specimens   is shown   in 

table  2.     Data  from the  field-compacted mixture  are  for cores  cut  imme- 

diately after  compaction and after  various   coverages of traffic with  the 

12-wheel  assembly.     These data will be  discussed in more detail  later  in 

this   report. 

Instrumentation  installation 

25.     Installation of the  i .otruments was   accomplished in conjunc- 

tion with  the  construction operations  of the test sections.     The  instal- 

lation  is   described  in Appendix A. 
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PART  III:     TRAFFIC JSOK AIJD RESULTS 

Test Conditions   .-uni  rrocedure:; 

General 

26. Traffic   testa were  performed on  the  lanes   indicated  in 

plate 2   from December  L970  to March  1971.     Three  specially  designed  test 

arts were  used  to   traffic  the  l.-mes.     A description uf the test  carts, 

traffic  patterns,   failure  criteria,  and performance of the  test  section 

during  traffic  are  discussed in  the  following paragraphs. 

Test   carts 

27. The  1^-wheel-assembly  test  cart shown  in photo 11  was  usea to 

traffic  lane  1.     'ftiis  assembly  represented one main  gear of the C-5A 

aircraft.     The cart was  powered by a prime mover with electric  drive 

wheels  ana was operated  in such a manner  that  these drive wheels  did not 

traffic  the  test  lane.     The 12-wheel  assembly  consisted of two load 

boxes,  each of wh'ch was  carried by six load wheels,  resulting in the 

IP-wheel  arrangement  shown  in plate 15.     The boxes were loaded to  a net 

weight of   360,000  lb, which was  distributed equally over the 12 wheels. 

Each  teat wheel was  equipped with 1*9x17,  26-ply  rating tires   inflated  to 

100 psi,   resulting  in a tire contact area of 285 sq in. per tire and a 

contact pressure of 106 psi. 

28. 'IV in-tan dem-assembly   traffic was  applied using the test  cart 

shown in photo 12.     The wheel spacing,  shown  in plate 15,  typified one 

twin-tandem component of the 7^7 aircraft assembly.     The test  cart con- 

sisted of a load box supported by an A-frame and wa^   t^ed by  a Cater- 

pillar Model 6l9  tractor.     The load box,  which was  carried by  the  four 

test wheels equipped with '♦9x17. 26-ply  rating tires, waa loaded to a 

net weight of l6o,000 lb (UO.OOO lb per wheel) or 200,000 lb  (50,000 lb 

per wheel),  depending on  the  items  trafficked.     The 200,000-lb  load was 

selected for items   | and U so  failure would occur at a reasonable number 

of coverages.    At  the Uü,000-lb-per-wheel   load,  the tires were  inflated 

to 140 pa   ,  giving a contact area of about 290 sq in.  and an average 

contact pressure of 138 psi.    When the test wheels were loaded to 
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50,000  lb per wheel,   the tire  inflation pressure was  raised to l80 psi, 

which  resulted  in an  average  contact  area of about 285  sq  in.   and a con- 

tact  pressure of approximately  176 psi. 

29.     The  50,000-  and T5,000-lb single-wheel assemblies  consisted 

of a load box supported by an A-frame and towed by a Caterpillar 619 

tractor.     The load box was equipped with a single test wheel with a 

56xl6,   30-ply  rating  tire.     The  tire on  the test wheel WHS  inflated  to 

170 psi   for  the  50,000-lb  load and to 290 psi   for  the  75,000-lb  load. 

The  resulting tire  contact area and average  contact pressure  for the 

50,000-lb  loaded  test wheel were 230 sq in.  and  179 psi,   respectively. 

A contact  area of 270  sq  in.  was measured when the  test wheel was  loaded 

to  75,000  lb and  inflated to 290 psi, which  resulted in an average con- 

tact pressure of 278 psi. 

Test   lanes  and  traffic  patterns 

JO.   Plate  2  shows  the location, width,  and length of each  lane 

trafficked and the  assembly  Lused to  traffic  the  lane.     The lanes  are 

identified according to the nunber of wheels  anu net weight of the as- 

sembly.     Except   for  the  additional  75-kip single-wheel-assembly  traffic 

applied  in  the  center of the  360-kip 12-wheel  lane of item h, each  lane 

consisted of a portion ot the test  section on which no  traffic had pre- 

viously been  applied. 

31.     Lane  1 was  200  in.  wide and 120  ft long  (plate 2).    All   four 

items were trafficked at an assembly net weight of 360,000 lb.     Traffic 

was  applied with  the 12-wheel assembly by following five guidelines, 

which were painted on the jurface on l6-in.   centers   (approximately one 

tire width).     The  distribution of traffic  coverages* over the 200-ii..- 

wide  traffic   lane,   after one complete pattern of traffic,   is  shown  in 

plate  l6.     To apply  a traffic pattern,  the test cart first traveled for- 

ward  for the  full   length of the test lane along guideline 1 (south side 

of traffic lane)  and backward along the same line;  then the cart was 

shifted laterally  to run the adjacnt  line.     After tracking line 5 at 

•    The term "coveraj^es" as used horei.i indicates a measure of wheel  load 
repetitions   for  the  full   tire print width on any  glve'i area of the 
pavement surface. 
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the north side  of the  lane,   the guidelines were  traveled in reverse 

order.     In order  to  produce even distribution of traffic coverages over 

the  center 60  in.   of the traffic  lane,  guideline  3 was  tracked twice 

when the cart was   traversing the lane  from south to north but only once 

when going  from north  to south.     This procedure  resulted in a total of 

22 passes  of the  load  cart  for each pattern of test  traffic.     Each pat- 

tern of  traffic  resulted in 32 coverages  of a test wheel over the  center 

60  in.   of  the  test  lane. 

32. Twin-tandem-assembly  traffic was  distributed over lane 2,  as 

shown  in  plate  16,  by   following five guidelines,  which were painted on 

the pavement.     Items   1  and 2 were  trafficked with  an  assembly weight of 

l60,000  lb,   and  items   3 and h were  trafficked with an assembly weighing 

200,000 lb.     To apply  the traffic over the 10-ft-wide lane  (plate 16), 

the load cart   first   traveled forward for  the  full length of the  test 

lane  along  tTuideline  1   (south edge of the traffic  lane)  and then back- 

ward along  the  same   line.     The  cart was  then shifted laterally to  run 

the adjacent  line  in  the same manner.     This procedure was  followed  for 

all  five guidelines,  which positioned the load cart on the north edge 

of the  traffic  lane.     To obtain the desired  traffic  distribution shown 

in plate 16,  the procedure used for trafficking lines 1-5 was  repeated 

three  times   for  lines  2-1+,  and then two additional passes were  applied 

with  the  test  cart   following guideline  ^.     This pj   cedure completed one 

pattern of traffic   for  the twin-tandem assembly.     A total of 30  passes 

of the  test  cart was   required  to apply one pattern of test  traffic. 

Each pattern of  traffic  resulted in 20  coverages  of a test wheel over 

the  center 60   in.   of  the  test  lane,  l6 coverages  over the adjacent 

15  in.,  and \  coverages  OC  the exterior 15-in.   portions. 

33. Lane 3 was 98 in. wide. Items 1 and 2 were trafficked with a 

50,000-lb single-wheel load, and items 3 and U were trafficked with a 

T5,000-lb single-wheel load. In the application of traffic, the vehicle 

was driven forward and backward along the same path (one of seven guide- 

lines), then shifted laterally a distance equal to one tire print width, 

and then the process was repeated. Therefore, when the test cart had 

traversed  the  full   distance across  the test  lane,  a total of two 
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coverage:3  had been applied over the test lane.     Truffle wan  applied  in 

an approximately  normal   distribution pattern,  as  shown  in plate 16.     The 

interior  k2 in.   of the  traffic lane received 100  percent of the  applied 

traffic,   and  the exterior portions  of the lane  received 80 and 20  ner- 

cent,   as  shown,     oingle-wheel-assembly  traffic was  applied  in the  same 

manner to the 9fi-in.   interior portion of item h,  lane 1, after com- 

pletion of 12-wheel-assembly  traffic. 

Pavement  temperature 

3^.     Trafficking of  the  test  section commenced during December 

19T0 and continued through March  1971.     The average  pavement tempera- 

ture,   as  determined  from measurements  at  the surface and the bottom of 

the aspbrltic-concrete  layer,   ranged between  kO  and 9^ f* 

35. A  traffic  and pavement  temperature  distribution curve  for 

each of the  traffic  lanes  is  shown  in plate IT.     These curves were  de- 

rived  from records  of  the pavement  temperature and number of coverages 

nuide hourly  during  traffic.     As  can be  seen  in plate  17,  the HVwhoel- 

assembly  traffic  was   applied when  the pavement  temperature was  coolest 

(between ho  and  77 V),   and  then  the additional  75-kip single-wheel   traf- 

fic  in  the 12-wheel   lane of  item U was  applied when  the  navement   tem- 

perature was  15  to 25 F warmer.     The test secoion was  trafficked by the 

two twin-tandem assemblies when the pavement  temperatuiv wat; between W 

and 85 F and by  the  single-wheel assemblies when  the pavemet t tempera- 

ture was between  ^h and 92 F. 

Failure  criteria 

36. In  Judging  failure of the  test   items,   disMnction was made 

between settlement  due  to  traffic  compaction and distortion due  to  shear 

deformation.     Settlement,  as  the result of densification of the base and 

subbase  under accelerated  traffic,  was anticipated because it was not 

possible  to  apply  a maximum compaction effort on  the bottom layers  of 

the subbase  directly  above  the weak  clay  subp,rade.     The term "shear 

deformation"  as   used herein refers  to excessive  plastic movement or,   in 

the extreme,   to  rupture of any element  in the pavement  structure. 

37»     A pavement  item was  considered  failed when either of  the  fol- 

lowing conditions  occurred: 
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it.     Ui>hefival   In eacen of 1  in. of thp pnvearnt surface ad- 
jacent  to  the trafric  lane. 

b.     Surface cracking to the extent that the pavaaant vaa no 
longer waterproof. 

Col !'• •ti'Ti    .f   In.-'t^tr-'-r.' .'      -.   :  >• . 

38. Static  loading testn were made with  the 30-kip-{«r-whecl 

.-i:i'le- and i2-wheel  assemblies before any traffic wac allowed on the 

test section.     Twin-tandem  and single-wheel  ^0-, 60-,  and 75-klp load 

tests were made  after  10,000 coverages of the 13-wheel  asseabl;   on 

item h.    Data were  recorded under static  test loads at various coverags 

levels,  under  special  moving load tests  (runs about  3-5 «ph down se- 

lected rows),  and under all  of the 12-wheel  traffic  (3-'» aph) on each 

item.     Kecorded data  for  IP-wheel  traffic to and past  failure ranged 

from .'01  coverages  on  item 1  to 10,000 coverages on  Ite« U and an addi- 

tional 200  coverages  of 75-kip single-wheel   traffic on the  12-wheel   lane 

of item h.     Details of the  collection of instrumentation data are given 

in Appendix A. 

Behftvior of I'-wement  Undft   Traffic 

39. Observations  of the behavior of the test  items were recorded 

throughout  the  traffic  test  period.    These observations were supple- 

mented by photos.     Level   readings wore taken on the pavement prior to 

and at  intervals  during traffic to show the development of permanent 

deformation of the pavement  under the assembly load for  the lane being 

observed.     After  failure,   a thorough  investigation was made by excavat- 

ing test  trenches  across  the traffic  lanes  find by establishing profiles 

of the surface of the various  layer:;  In the structure,  along with CM 

measurements  and other pertinent tests  to determine where  failure had 

occurred.     The behavior of each  item under  traffic is suHMarized below. 

The data obtained during  the traffic  tests  are presented  in Appendix B. 

Item 1 

kO      "Hie pavement structure  In  Item 1 was composed of  3 in.  of 
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usphaltic concrete over a 6-in.   crushed stone base with a 15-in.   subbase 

of lean clay  stabilized with 3.5 percent  lime.    The behavior of this 

pavement was  as  follows: 

Assembly 

12 wheel 
Twin tandem 
Single wheel 

Loul, kips Coverages to 
Per Tire 

30 
Ml 
50 

Total 

160 
50 

Failure 

198 
1U0 

UO 

item 2 

hi.    The pavement   structure   in item 2 was the same as that of 

item 1, except  that   the  lear.  clay  subbase was  stabil izea with  10  percent 

cement.    The  performance  of this   item is  summarized below: 

Assembly 

12 whe-d 

Load, k P 3 Coverages  to 
Per Tire 

30 

Total 

360 

Failure 

1200 
Twin  Um dem ho 160 1000 
Single wheel 50 50 120 

Item  i 

U2.     Itom 3 consisted of  3  in.  of asphaltic  concrete over a 

21-in.-thick  (full   depth) crushed stone base.    This  item performed as 

follows: 

Assembly 

12 wheel 

Lua'l, | ;r Coverages  to 
Per Tii-f 

30 

Total 

360 

Failure 

5000 
IVin tandem 50 200 890 
Single wheel Y5 75 50 

Iterr.  '» 

1*3.     The pavement structurv of item 1* was composed of 3 in.  of 

asphaltic  concrete over a 21-in.   base course of clayey gravelly sand 

stabilized with 6 percent cement.     TY.e behavior of  this pavement was  as 

foil JWS: 
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Loadf  kiiJ.3  Coverages   to 
 Assembly Fee Tin.' Total Failure 

12 wheel 30 i60 10,l406# 

Twin tarviem 50 200 1,810 
Single wheel 75 75 120 
Mixed-12 wheel 30 360 

-Single wheel 75 75 200** 

*    Traffic  discontinued,  pavement  in satisfactory condition. 
••    Same area trafficked by 10,1406 coverages of 12-wheel 

assembly.     Failed by  200  coverages  of 75-kip single-wheel 
load. 

Summary 

hh.    A suranary of the traffic  test results   far  the various  loading 

conditions  on  the  test   section  is  shown  in  table  3.     Most of these data 

are self-explanatory;  however,  some columns need  further explanation as 

given  in the  following paragraphs. 

1*5.     Hated subgr.vde CBR.     The  rated CBH values  of the  subgrade 

were based on the numerical average of the CBK values  measured immedi- 

ately  after  construction  and after  traffic   (table  l).     The  CBH values 

used were obtained   'rom  tests  conducted at  the surface of the subgrade 

ai.d at  depths of 6 and  12 in.   in the subgrade.     All  values obtained in a 

given  test   item from the various traffic  lanes were  used in  the averages 

for rating the strength of the test   item.     In general, the CBR of the 

subgrade was  quite  uniform in each  test  item;  the rated subgrade CBH 

values were  5.0,  ^.3,   ^.3,  and h.?   for test  items   1-U,   respectively. 

U6. De fleet I on. The deflection values shown in table 3 represent 

the maximum total deflection extrapolated from the measured values taken 

prior to traffic testing and at the  coverage level   indicated. 

^7.     Maximum p>-rnutnent  de format ion,     'ihe values   iiated  in  table  3 

were  obtained from cross-section elevation measurements taken on  tht- 

pavement surface prior  to traffic  and at  the coverage level   indicated. 

U8.     Uphtaval .     The upheaval   values   tabulated were obtained  from 

cross-section elevation measurements  taken prior to  traffic and at the 

coverage  level   Indicated.     Upheaval   adjacent to  the  traffic  lane was  an 

indication of shear deformation  In some element of the pavement  struc- 

ture.     In this study,   a test Item was considered failed when upheaval 
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tneasureroentü of  1   In.   or more were 

49. Fuvi-menr   .,-riijking.     I'uverocnt  cracking extending through  the 

3-in.-thick usphaltic  concrete UHZ a condition considered  in the  failure 

criteria.     Where pavement cra.'ning la  der.orlbed In table  3 •• "severe," 

thia  condition  (i.e.,  pavement cracking  through the  3-in.-thick anj^al- 

ti .  concrete)  exiated,  anl the Items were evaluated as  failed,     "üll^it* 

cracking  'lenotes narrow cracka  that did not extend through the aar<haltlc 

concrete   layer. 

50. H-itlr.g of teat   Itema.     It can be noted that pavement  failure 

developed  in all  test   Items with the exception of item 'i  when subjected 

to the   tfO-kip l?-wheel-»8s«mbly traffic.    Traffic was discontinued In 

thia   item prior to failure,  because the performance of the item during 

traffic, along with no Increase In deflcctKn,   Indicated that a large 

number of coverages would be  required to produce failure.     From failure- 

Investigation test trenches.   It was  determined that  failure of the  items 

was primarily  from fatigue cracking of the we-irlng surface due to high 

deflections of the pavement structure.     T^ere was no distinct evidence 

of subgrade shear deformation in any of these items after failur-.    Gume 

consolidation of the crushed stone base material  in items 1*3 occurred 

luring traffic.     Severe alligator cracking, which was   indicative of ex- 

cessive movement of one or more of the underlying layers and/or fatigue 

of the surface, was present  after all  failures.    At  failure, this type 

of cracking had reached the point that the pavement was no longer 

waterproof. 
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PART  IV:    AMALY^IJ OF TFST RESULTS 

l>>rvice LlTe Veroua CBR 

31 •    A relationship between traffic covera^vo to  failure   dervice 

life) «nd the as-constructed soil strength   (Cbh) of the stabilized sub- 

base courses in  iteas  1 and 2,   the base course in itea 3t and  the sta- 

bilized base course ir.  itea U     is shown in plate 18.    The subbase of 

itra 1 was  stabilized with line, while ceiaM.t waj useu  to stabilize  the 

jubbase of itea 2 and base of  iten U.    The base course of itea 3 con- 

sisted of crushed lines tone and was not cheat eally stabilized.    Ma'-e 18 

shows that  the nuaber of cove races to failure increased as the as- 

constructed CBR of the structural layers  Increaaed and that itea b,  for 

which the CBR of the stabilized base was  initially ?65, was in satis- 

factory condition when traffic was discortinued at 10,1*06 coverages. 

^2.    Xiaber of coverages  to f»iiare versus thickness for flexible 

paveaent  iteas subjected to traffic of the  360-kip 1.-wheel aaseably are 

shown in plate  19.    This coaparison  includes data fron the WHGL and the 

structural   layer test section«. 

53*     The pavea-nt  iteas   in the KWHGL test section all consisted of 

a J-in.-thick layer of asphaltic concrete and 6 in. of crushed stone 

base over various thicknesses of gravelly sand subbase with a U-CBB cluy 

subgrade (plate  1).    The navwnt, bas*,  and subbase materials all sat 

current Cfc dasitft quality requirtaants for the various eleaents of the 

paveaent structure; the MVHGL test section was considered to represent 

conventional paveaent construction. 

'jk.    All  of the pointa  plotted in plate 19 (br  the MWHGL test sec- 

tion are for failure conditions, except for itea 5, which waa still  in 

satisfactory condition at the end of trnffi: after 3030 coverages.    This 

plot shows a straight-line relationship, on a seallogarithaic scale, of 

coverages t-> failure  versus   th' 'kness for test  iteao   1-1« of the MWHGL 
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teat section.    Extrapolation of this  relationahlp indicate«! that approx- 

imately <?0t000 coverages of the   360-kip  12-wheel-asseai>ly  traffic would 

have been required to fail  teat  item V 

')*)•    Coverage levels at failure versua total thickness for the 

structural layer test  itesus arc also shown in plate 19 for direct com- 

parison with the behavior of the conventional construction.    Each of the 

test itesui In the structural layer test section had a total thickness of 

2k  in. over a U-CBh clay subgrade.    (For a complete description of each 

Item, see paragraph 6.)    Item 1 of the structural layer test section 

failed at 196 coverages, as coapared to lOU coverages for item 2 of the 

MtfHGL test section; both of these Items had a total thickness of ?\  in. 

By read.ng the thickness required for a conventional pavement, according 

to plate 19*  It  is  indicated that a total  thickness of 26.? in. woulu be 

required to sustain 198 coverages of   )60-kip l<vwheel-ansembly  traffic. 

By this same type of comparison, a total thickness of 32.6 und 37.2 in. 

of conventional pavement would be required t» withstand 1200 and 5000 

coverages,  respectively, which were the respective failure levels  fc r 

items 2 and 3 of the structural   Iny^r test section.    The data shown in 

plate 19 indicate that about U0 in.  of conventional pavement would be 

required to justain approximately 10,000 coverages of traffic, which was 

the coverage  level when traffic was discontinued on unfailed item U of 

the structural  layer test section. 

56.    Similar plots of coverages vers-is thickness for teat items 

subjected to 50- and 75-klp single-wheel-as srmbly traffic are shown in 

plates 20 and 21,  respectively.    Test items  I and 2 of both teat sec- 

tions were subjected to 50-kip single-wheel-Msembiy traffic, while 

traffic was applied with the 75-kip uingle-wheel assembly to items 3 

and b of the structural  layer test section and to items  '«  ana 5 of th« 

MWtKL test section.    The coverage-thickness relationship shows that, for 

the V0-kip a ingle-wheel-assembly traffic, only about 20 in. of conven- 

tional pavement would be needed to sustain itO coverages  (failure of 

structural   lay«r test section   ites l) and approximately 22.5 in. of con- 

ventional pavesemt would support 120 coveragBs (failure of structural 

layer test section item ?).     During the 75-klp sinüle-wheel-aosesbly 



traffic,   failure occurred  in structural   luyer test section  item 3 after 
cj0 covera^jea  and  in  iten U after 120 coverappü.    The  coverages  versus 

thickness  relationship shuwn in  plate 21   for the 75-kip single-wheel 

assembly  indicates  that kO and U^.5  in.   of conventiomU  pavement would 

be  required to withstand cj0 and 120 coverages,  respectively. 

Discussion  of Traffic Results 

^7.    Test  results   indicate  that the full-depth high-quality 

crushed stone base  (item 3)  performed better under the 360-kip 12-wheel 

aaseably  than  did the pavement structures with  lime- or cement- 

stabilized lean clay subbase Inyers  (items  1  and 2).     Item  3 was  rated 

M   failed after 5037 coverages,   as  compared to 19B and ll*32  coverages 

for items  1 and 2,   respectively.     However,  the  full-thickness  cement- 

stabilized clayey gravelly  sand  layer  (item U)  performed much better 

than  item 3.     After  10,Uo6  coverages,   traffic was discontinued in  item U 

when  it was  still  evduated as  in satisfactory condition. 

58. Items 1 and 2 were trafficked with a lighter gross load than 

items   3 «nd U, with both  the tvin-tandem and single-wheel assemblies. 

Under  these  loading conditions,   item 1   failed before  item 2,   and  item 1* 

failed after  item  3.     Approximately  two  tiroes  the amount of  traffic  was 

required to  reach  failure  in item U as was  required  for failure in 

item   i. 

59. TJie  results of the comparisons  n-ported herein  indicate that 

the performance of pavement structures   that  incorporated stabilized nui- 

terials was better  in mast cases   than  that of conventional  pavonents  of 

the same thickness vnere granular inbound base and subbase materials 

were  used.     Under the  360-klp 12-wheel-assembly traffic,  a pavement  con- 

sisting of 3 In. of asphaltic concrete, with either a 6-ln.-thick 

crushed s^one base  and 15-in.-thick cement-stabilized lean  clay subbase, 

a .'l-in.-thick crushed stone base, or a 21-ln.-thick cement-r.tabiJ ized 

clsyey  gravelly sand base,  will  withstand  10 or more  times   the  volume of 

traffic  as will  the same  thickness of conventional  pavement.     This   re- 

lationship is  also  true  for the   full-depth crushed stone base  item ancl 
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the cement-stabilized clayey gravelly sand thickness trafficked with a 

75-kip single-wheel assenbly. 

60. Data measured  in the   failure-investigation pits   indicate  that 

the CBR's of the lime- and cement-stabilized lean clay layers were greater 

at   failure  than when they  were  constructed and that  the CBR of the 

cement-stabilized  clayey  gravelly  sand was  somewhat  less  after  failure 

(202 as  compared to  159  CBR).     These  failure  data were  taken  after  ad- 

ditional  traffic had been applied to the respective  items  and,   in most 

instances,   after a time  lapse of 20 to   'i0 days from the date of failure. 

During  this   time  lapse,   cementation in  the stabilized layers   could have 

developed.     The data in plate 22  indicate that the stabilized materials 

increased in  CBR with  time.     The  data  in this  plate were obtained in 

tests  of material  outside  the  traffic   lanes  or  in an undisturbed area. 

Therefore,   it   is believed that  the strength  data recorded  in  the stabil- 

ized  layers  are not  necessarily   indicative of  the  strengths  of each  re- 

spective layer at   failure.     Although the data for  the strength of the 

stabilized soil  are  questionable,   the observations   and the  deflection 

and deformation measurements  made  during the trafficking and at  failure 

of these  items  indicate  that: 

a. The   full-depth high-quality crushed stone performed bet- 
ter  than  the  structures   that  included lime- or  cement- 
stabilized lean  clay subbascs. 

b. The   full-depth  cement-stabilized clayey gravelly sand 
performed better  than  the full-depth high-quality  crushed 
stone  layer. 

Instrumentation  Data Reduction and Analysis 

61. An  initial  reduction  of data has  been performed;  however, 

since   test  section  and instrumentation work  under  the Military Engineer 

Design and Expedient Construction Criteria Program is still being con- 

ducted,   the  presentation of the  data and a  formal  analysis  will be  given 

in a  future   report.     Listed in Appendix A are  some  preliminary maximum 

values  measu 'ed in  the test  section. 
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PART V:     CONCLUSIONS 

6.2.     Based on the results  of tests  reported herein,  the following 

conclusions are believed warranted. 

a. The concept of utilizing stabilized structural  layers   in 
flexible pavement  is highly recommended. 

b. The performance of the lime-stabilized subbase material 
was  as  good as  that of similar pavements constructed of 
unbound granular base and subbase materials,   as  used  in 
the MWHGL test  section at WES,  when trafficked with a 
360-kip  12-wheel  assembly. 

c_.     The performance of the cement-stabilized base  and subbase 
materials  and the  full-depth high-quality crushed stone 
base  course material was  better  than  that of similar 
pavements  constructed of unbound granular base and sub- 
base materials,   as  used in the MWHGL test section, when 
trafficked with a  360-kip IP-wheel assembly. 

r»3 
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APPENDIX A:     111 LIT HUMENTAT ION 

1. All  test   items wer<>  instrumente'l with stress gages   (pressure 

cells)  and strain  sensors,  as   shown   in plnte Al.     Stresses  were measured 

only  at   the top of the subgrade,  but  movement;;,  within the  soil-pavement 

system were measured  in  the  subbase and subgrade of items  2 and 't.     The 

vertical  movements   can be  accumulated arithmetically  to give partial 

deflection;  all of  the movements  can be  divided by  their  respective  gage 

lengths  to  determine  vertical  and horizontal  strains. 

2. A total  of 6l   instruments  were  installed:     8 stress  ga^es  and 

53 strain sensors.     The stress  gages  and motion sensors were  all   in- 

stalled  in   luplicate.     The  instrumentation  in each  item was  located 

across   the  center  of the 12-wheel   traffic  lane and in  the  center of each 

item.     The  locations  of the  instruments were such  that, when static  load 

tests were  conducted with  the 12-wheel   configuration  in  the  center of 

the  traffic  lane of each  item,  the back inside  tires of the  front  six 

wheels would be  directly over  duplicate instruments.     From previous work 

with   the  12-wheel   assembly   (volume   III,   reference   3*),  it  has  been de- 

termined that either of the back  inside  tires  of the  front six wheels  is 

the maximum load point   for  the  range of depths  investigated  in  these 

items. 

Der.cript ion  of Gagus   'ind  Sensors 

3. The stress  gages  were MB 50-psi  earth pressure  cells.     These 

cells   are  accurate  to +_10 percent of  the  indications.     Detailed descrip- 

tions  of  the WEL" earth pressure  cells  and their  installation are  given 

in  references  12 and 13. 

't.     The  strain sensors  were  manufactured by  Bison   Instruments, 

Inc.     A strain sensor system consisting ol   ".ensors  and ar   external   in- 

strument  package was   used  for  the  t-estn.     The sensors were  individual 

*    All   references  refer to  similarly numbered  items  in the  Literature 
Cited which  follows  the main text.. 

Al 
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disk-shaped coils,  and their principle Of operation  Involved  the elec- 

troma^ietic mutual   inductance  couplinR of two ■•Mom«     A receiver sen- 

sor  can be  placed anywhere within  the electromagnetic  field :-.urr'Unding 

a sensor excited by  an oscillating current.     Movement of one  sensor with 

respect  to   the other  results   in  a change  of the electromairnetic  coupling 

between  the  two.     Maximum coupling change will  OOCUV when a  sensor moves 

normal   with  respect  to the  lines  of equal  potential,  and this  indicates 

primarily  an  x-movement  in a  three-dimension case.     A y- or  z-movement 

or  rotation  is  a secondary movemt nt  and  is  in  the apparent order of '^   to 

IS   times   the  x-movement  required  to produce  the same  coupling  change. 

There  are  three  alignments  that result  in couplings normal  to  the lines 

of equal  potential:     vortical,   lateral,  or perpendicular.     Vertical  and 

lateral  alignments   result   in movements  along a line of U5  decrees  on  an 

equal  potential  plot,   and perpendicular alignments  are  along a  l-to-2 

slopin'' line.    N'ovement in any other aliTiment remits   in a OOUpllng 

change  indicating the resultant,  of an  x~,  y-,  arni  z-motion. 

5. The  change  in electromagnetic  coupling is a nonlinear  function 

of movement;  however,   the  change  can be  calibrated very accurately with 

resolution  and  repeatability  of spacing change better than  0.00C1   in. 

Once  the  calibration  curve   is  established, movements  smaller  than 

0.000001   in.   can  be accurately  measured;  however,   depending on  the  use 

and  application,   the modes  of the  measured motion  (y-,   z-,   and/or rota- 

tional  motion)  will  establish  the magnitude of the significant  numbers 

if  the notion modes  have  not be  n  included  in the calibration curve. 

6. The sensors have no mechanical  connection between  them and 

operate  at  any  sp  cing between one and  four  times  the nominal  sensor 

diameter  as   long as  there  is  no  disturbance of the  induced electromag- 

netic   field,  lUBll  as  metal   between or around the  sensors.     Magnetic  or 

highly  conductive  material within  the electromagnetic  field has  two 

possible effects;     to act  as  a sink absorbing ener-y,  thus  reducing the 

field  strength;  or to act as  a conductor, thus amplifying the field 

strength.     Both  of these effects  have been observed. 

7. The physical environment of  the sensors, both  constant or 

changing,   needs  to be and can be  calibrated.     If this  is done and  the 
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y-, z-, and rotational modei: of motion are included in the calibration 

curves, the significant figure is less thar 1 * 1Ü~ ' in. The observed 

effects of environment are to shift the calibration curves parallel so 

that  the  change  along a curve  is   always  constant. 

8. The  sensors  have an AC  current excitation and can be  connected 

to  the  voltage  readout equipment   in only  one manner  for them to work, 

and  the  coupling either  increases   (movement together)  or decreases 

(movement  apart)   in strength. 

9. The external   in.:trument  package  to which  the sensors were  con- 

nected was  a  field-use  instrument  that  contained a] 1  necessary  driving, 

amplification,  balancing,   'eadout,   and calibration controls as  well  as  a 

self-contained power supply.     Changes   in sensor spacing could be deter- 

mined by means  of bridge balance,  meter  deflection from zero,  or voltage 

output on  a recorder connected to the rear panel of the instrument  pack- 

age.     The   instrument package  used  for  this  study could detect both 

static  and dynamic  strain.     Response  time of the instrument was  about 

0.1 msec. 

10. Bison strain  sensors  are  available  in 1-,  2«a  ami i»-in.-diam 

sizes;   the  't-in.-diam size was   used  in  this  stud;/.     Photo Al  shows  one 

U-in.-diam coil.     Columns  of sensors  can be  used as  shown in plate  Al 

with   the   interior  coils  of  the  columns  acting as  common sensors  to  two 

locations. 

Installation 

11. Installation of the  instruments was  accomplished in conjunc- 

tion with  the construction of the  test  section.    Locations of the  gages 

and  .sensors   are  shown  in plate Al;   the  plan and layout of the test  sec- 

tion are  shown   in plate A2. 

12. After  tie subgrade was  prepared and  fine blaued,  U-in.-diam 

holes   for  the  vertical  column fßkgßU were  augered to  a 33-in.   depth   in 

each  item.     Sensors were  placed,  the holes  were backfilled with  the 

original  material,   und  the material  was  han>i  tamped.     In  items  2  and  kt 

l/h- by U-in.   slots were  cut with  a knife  to the proper depth,   and  the 
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seniors   for  tM« horizontal measurements were  installed in such  ;i munner 

as  to   form an   imaginary  axis  centered h.^  in.  below the subgrade.     The 

gages  at   the  top of the  subgrade wer^  not   installed until  after the 

first   lift  of subbase had been pulvimixed and compacted  in order  to 

avoid  destruction of the  gages  during  the pulvimixing operation.     Imme- 

diately  after  the  compaction,   h- and b-in.-di'un holes   for  the  duplicate 

sensors  and stress  gages,   respectively,  were cut  to  the  tup of  the  nub- 

grade.*    The  gages  and sensors were  placed,  and the holes were back- 

filled before  the  stabilized subbase material  began  curing.     For  item  3, 

the  gages  and sensors were also   installed after placement  of the   first 

lift.     The  stress  gages  were  seated  in  the subgrade,  and a layer of 

fines   from  the  crushed stone base  course material was  placed over them 

for protection  from abrasion by  large aggregate particles.     in  item U, 

fines   from  the  clayey  gravelly sand were  used to protect the  stress 

gages. 

13.     The  construction operation continued to a  few  inches   above  a 

l6.5-in.   depth,  and sensors   for horizontal measurements were  placed  in 

items  2  and  U,  as  shown  in plate Al.     The sensors were placed   in  slots 

using the same procedure  described   for the subgrade.     When the construc- 

tion operation  reached  the 9-in'   depth,  all  sensors   for this  depth were 

placed,   and   the  construction  continued on  top of them.     When  the   3-in. 

depth was  reached,  all  sensors  and  cables  for the pavement/base  inter- 

face were  placed and then covered with  a thin layer of cold-mix asphalt 

for protection  from the heat  anticipated  from the hot  mix.     The hot-mix 

asphaltic-concrete surface was  then placed and compacted above  the 

coils.     All   coil   and gage  cables  were  run  in a cable  trench at,  each  in- 

stallation elevation.     The  cable  trenches   ran  to  the north  side  of the 

*     Had  the   subbase  material   not  been  mixed   in place,   the sensor   instal- 
lationr. would all  have boon made when the proper elevations were 
reached  in  the  construction operations.     Even though holes  were  cut 
and  backfilled,  the soil  disturbance was believed  to have been held  to 
a minimum and not  to have signifieantly  affected the sensors.     Any 
disturbance of the soil   surrounding a sensor or soil  arching  action 
caused by a  rigid sensor was  negligible  in  comparison with the  distance 
and  area of undisturbed soil   between  two sensors. 
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teüt  section,  where  the cables were  carried into a central   instrumenta- 

tion house.     This   last ;;tep completed  the instrumentation  installation. 

Collection  of   Instrumentation Data 

ikt     Plate A2 gives  the gear configuration,  load,  and type of load 

test  conducted on each test  item,  and plate A3 shows the gear arrange- 

ments  and spacings.     As mentioned in paragraph 2 of this  appendix,   the 

gages   and sensors were  located so that  the back inside  tires  of the 

front  six wheels  of the 12-wheel  assembly would be in position over  du- 

plicate  instruments  at the time of loading.     For other wheel  assemblies, 

the gage and censor locations were loaded independently;  the stress 

gages  were  loaded  first,   and then the strain sensors. 

15. As  each  item was  statically  loaded,   the gages  and sensors 

were monitored;   readings were  taken before,   during,  and after loading. 

The load assembly was  left  in place  long enough  for approximate equilib- 

rium to occur before  the   final  loading reading was  taken.     After loading 

an  item,   the  assembly was kept  off of  it  until  approximate equilibrium 

of recovery was   reached  (volume  III,   reference  3).     These  first  static 

load  tests  were  made with  the 30-kip-per-wheel  single- and 12-wheel 

assemblies before any traffic was  allowed on the test section.     Twin- 

tandem and single-wheel,  50-,  60-,  and  T5-kip load tests were made  after 

10,000  coverages  of the 12-whcel  assembly on  item h.     A second load 

point was   used  after the one  under the  tire,  and  it was  located at  the 

centroid of the back   four of the  front  six wheels of the 1? wheels  and 

at  the  centroid of  the twin-tandem assembly.     Data were  recorded under 

static  tost  loads  at  vari IUG  coverage  levels,  under special moving load 

tests   (runs  about   3-5 mph  down selected  traffic  rows),  and  under all of 

the  12-wheel  traffic   (3-5  niph)   on each  item.     Recorded data  for 12-wheel 

traffic   to  and past   failur?  ranged  from 201  coverages  on  item 1 to 

10,000  coverages  on  item k and an  additional 200 coverages  of 75-kip 

single-wheel  traffic on the  12-wheel  lane of item h.     Table Al shows  a 

summary  of the  test  schedule. 

16. No  gages  were  lost throughout  the  load testing and traffic; 
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however, prior to any tests, a strain sensor failed in item h  at the 

33-in. depth in the south column.  The sensor had a shorted circuit and 

failure was probably due to moisture penetrating the coil housing. 

There was a duplicate sensor at the 33-in. depth in the north column. 

Data Heduction and Analysis 

17.  An initial reduction of data has been performed; however, 

since the test section and instrumentation work under MEDECC was in 

progress at the time of this reporting, it has been considered appro- 
ik priate  to  present  the data and a formal  analysis  in a  future  report. 

Listed  in  tables  A2 and A3 are some  preliminary maximum values  measured 

in  the structural  layer test  section. 

13.     The  first step in data handling was  the conversion of instru- 

ment  indications   into values  of measurement  in  the form of pounds  and 

inches.     For  the  stress  gages,  each  gage had a calibration  factor to 

convert   indications   into pounds  per square  inch of pressure.     Manually 

recorded indications were multiplied by the calibration factor;  however, 

mechanically recorded indications were  scaled directly into pounds per 

square  inch.     Calibration curves   for the motion sen;,   rs  were  programmed 

into a computer,   and the  indications   from both manual and mechanical  re- 

cordings were also put  in.     The computer output was the distance in 

inches   that  each  indication represented.     From the above conversions, 

the  data in  the   form of induced stress and movement were acquired by 

utilizing the hypothesis of soil behavior set  forth in volume   1II-B of 

reference  3. 

19.     Tables A2 and A3 show  indications  of cyclic behavior patterns 

of both stress and strain,  respectively.     The mechanically recorded traf- 

fic  data showed these patterns  distinctly and indicated that they were a 

function of load position and history.     This  cyclic behavior has  an am- 

plitude  that   is   a function of load,  position,   soil strength,  and load 

repetitions,   and  it  has  a wave   form that  is  a  function of the number of 

gear wheels.     Gimilar behavior patterns were  recorded in the MWHGL  tests 

(volume   III-B,   reference   3).     Also   incorporated in this behavior are 
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vertical strain reversals  from compression  co tension that are a  func- 

tion of load, position,  and soil strength.     These same behavior patterns 

(only  isolated portions of the above-mentioned wave form) were observed 

within the structures of the Stockton Airfieli!  tests in the late 

19^0's.15 
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Table Al 

Schedule of Iru trumentation Tests 

Item Gear Load 
No. Confiduration kips 

30 

Type of  Load Test 

1 Single wheel Static 

C-5A twelve wheel 360 Static, traffic 

2 Single wheel 30 Static 

C-5A twelve wheel 360 Static, traffic 

3 Single wheel 30 Static 

C-5A twelve wheel 36G Static, traffic 

k Single wheel 30 Static 

Single wheel 50 Static, moving* 

Single wheel 60 Static, moving* 

Single wheel 75 Static, moving,* traffic 

7U7 twin tandem 160 Static 

T^T twin tandem 200 Static 

C-5A twelve wheel 360 Static, traffic 

* Runs down selected traffic rows. 
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Table A2 

Maximum Static Vertical  Elastic  Subgrade  Stress 

(Measured Under Load Wheels) 

Item 
No. Coverages 

0 

96 

201 

0 

96 

1,327 

0 

96 

1,515 

5,000 

0 

96 

1,515 

5,000 

10,000»* 

Single-Wheel Load 
 kips 

Stress,  psi 

30 

18.1 

15.3 

25.8» 

7-3 

50 60 JL 

Twin-Tandem 
Load,  kips 
l60 200 

28.5      28.0       30.0      21.6      20.0 

12-Wheel 
Load 

360 kips 

20.U 

27.3 

2h.2 

18.1* 

23.^ 

12.k 

2*4.9» 

29.6» 

30.2» 

27.0» 

10.0 

II4.8 

l6.2 

u.* 
16.5 

Note: 

»» 

Dashes  indicate  that no tests were performed. 
About 100-percent overregistration due  to arching action of the 

crushed stone base material. 
After 10,000  coverages of the  i2-wheel  assembly,  static  tests 

were  run in the   following sequence:     12-wheel  360-kip load;   twin- 
tandem 160- and 200-kip loads;  single-wheel 50-, 60-, and 75-kip 
loads. 
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Table A'i 

Maximum  Static Vortical   Elft^tic  1'jb^ra-l»-  ;1t,raiii 

(MeaLiured Undt-r Load WheelJ ) 

Strain.   10     in./in.* 
Single-Wheel   Load Twin-Tumlem 12-Wheel 

Item  kipr.  Load, kip^ Load 
No.         Coverages 30 ^0           60           75" J .'00 i60  kips 

1 0 +70 —          —           —           — — -»-CG 

96 — —     —     mm              mm mm +69 

201 — —     —     mm              mm mm +52 

2 o +30 —          —          ~          — — +39 

96 — mm             mm              —              mm mm *Ul 

1,32? " —             —             —             — -- +00 

3 0-29            — — +38 

96 — mm             mm             mm mm mm +38 

1,515 — ~       —        — ~ — +oo 
5,000 — ~          —           ~           -- — +30 

U                              0 +19 ~              mm              mm mm mm +31 

96 mm mm             mm              mm mm mm -t-lOl 

1,515 — mm             mm              mm mm mm +18 

5,000 — —              —              — — ~ +2l4 

10,000»» — +5 3        +56        +57 +3^ *k2 +20 

*    Plus  symbol   indicates   compression;  mi nun  syrnbol  used before value to 
indicate  tension.     Dashes   indicate   that no  test was  performed. 

»»    After  10,000  coverages  of the  ]2-wheel  assembly,  static  tests were 
run  in   'he   following sequr-nco:     12-whool   360-kip  load;   twin-tandem 
160-  and ;!00-kip  loads;  single-wheel   50-,  00-,   and 7'j-kip loads. 
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AiJPENDIX B:     BEHAVIOR OF PAVEMt^iJT UNDER TRAFFIC 

i.     Observations of  the behavior of the  test  iterru;  were  recorded 

throughout  the traffic  test  period.     These observations  were  supple- 

mented by photographs.     Level  readings were  taken on  the pavement  prior 

to and at  intervals  during traffic  to show the development of permanent 

deformation of the  pavement  under  the assembly  load  for the   lane being 

observe1.     After  failure,   a thorough  investigation was  made by excavat- 

ing test  trenches  across   the  traffic lanes  and by establishing profiles 

of the  surface of  the various  layers  in  the structure,   along with CBR 

raeasuroments   and other pertinent  tests,   to  determine where   /aixure had 

occurred.     The  data obtained during the  traffic  tests  are  presented  in 

the  following paragraphs.     A  layout of  the test  section  is  shown  in 

plate  Bi. 

jCü-Kip   U-wn<.-ol   Assembly   (Lane  l) 

Traffic   tests 

2.     Item |   (llmc-stabi 1 h'.'-'d   I'-an   clay  subbase).     A  general   view of 

item 1   prior  to  traffic   is   shown   in photo Bl.     Initial  cracking,  which 

consisted of small  hairline  cracks   approximately 2  ft  long,  was  observed 

after 6^  coverages.    Taese  cracks  occurred at  longitudinal  paving-lane 

construction  Joints  about   3 ft   Inside both edges of the  traffic lane. 

During  the  remainder of  traffic,   these  cracks  tended  to open  and close 

as  the   test  cart  traversed  UM .'OO-in.-wi le  lane.     After 99 coverages, 

the construction-.joint   cracks were about 20  ft  in  length and had a maxi- 

mum width of 1/L6   in.     Intermittent hairline  cracks  located 1-1/? ft 

either side of the  center   line of the traffic  Line were also observed, 

throughout  th'j length of  the  test   item,  at   this time.     After  198 cover- 

ages,   this   item was  considered  failed  (photo B?) because of the severe 

cracking in   the  center   3  ft  of  the Lme  and along the  construction 

Joints   (photo  H-i).     The   cracks   at  these  locations went  completely 

through  the  pavement  and,   in somi1   instances,  were about  l/Z   in.   wi le. 

In addition   t,o  these crack:;,   alligator  cracking was  obse-rved over the 
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entire  item.     After ail   failure   dat't tM4  been  recorded,  the BTMI was 

overlaid witli   I'mdirif* mat,   and  traffic wa.;  continued on  itemt;  i'-U. 

i.     lU'in 2   (cemrnt.-stab i I i:'.^ i  I'jan   '.-lay   sabbase).     An  overall   view 

of  item 2 prior  to  traffic   If   ■hotfn  In photo  lik.     MttPMl  of the  pave- 

ment  was  first noticed at  IT1   coverages  of  traffic     This  d ist res r was 

a continuation of the  construction-Joint  cracking that originated  in 

item  1.    As   traffic was  continued,   the  cracks on either side of the 

10-ft-wide  paving lane became  longer.     After ,J01  coverages,   they were 

approximately  1/3?  in.  wide  and extended  the length of the   item.     A 

close-up of  this   type of pavement  cracking  is  shown   in photo  B'^.     At 

268  coverages,  hairline  crackj  were  noticed at  the transition of  items  2 

and   ^.     As   traffic  continued,   these  cracks   rapidly became wider.     After 

T83  coverages,  an  area between 2  to   3  ft either side  of this   transition 

had  cracked  completely   through   the  pavement. 

h.     To  prevent  the  cracks   in  the  tnmsition area between   items 2 

and   3  from migrating further  into eitiier  item,  an area I   ft wide on 

either side of the tnin.ution was   ren-ii r,-.].    Bill maintenance consisted 

Of  removing the asphaltic  concrete and  the 1 adding base  course material 

until   the surface  of the base  course was  1-1/2  in.  beiow  the asphaltic- 

concrete surface.     This  area was   then surfaced with  an  aluminum  landing 

mat.     A neoprene  membrane was   used  under  the mat to prevent  surface 

moisture  from entering the base  course. 

').     Hew hairline  cracks   developed  in  the center ^   ft of the  lane 

at  about  790  coverages.     After  1135  coverages,  the cracks  located ap- 

proximately  2-1/2  ft  south  of  the Motor   line of the  traffic   lane wete 

opening and  closing as   the  tMt  cart moved  from one side of  the  lane 

to  the other side.     Bill   Item was   con.;idered  fail'-i  at  1200  coverages 

due  to  cracks  extending   SQOplotol^   through  the  pavement.     The most  se- 

vere  cracks  were   locate^ 2-1/.'   ft  south  of the center  line  and about 

3  ft   inside  'ach edge of the  paving  lane  (i.e.,  at  tho construction 

Joints).     Th'Te  y,v  also hairline   longitudinal   cracks  and alligator 

cracking throughout  tho   i'.em,   and 1/61»-i n.-wide cracks wer'- evident 

about 2-1/2  ft north of the  cantor  LlM at   failure.     Although  the  item 
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was  considered  failed at  1200  coverages,   traffic was  continued  to 

131+2  coverages   (photo B6 ). 

6.     Item   1  ( ful 1-depth   cru::htM   1 i m<'L;toiu'  bai:e).     A  vu-w  of  item  3 

prior  to  traffic  is   th Mn   in phuto  BY.     Pavement cracking wa.;   fii'ut   de- 

tected at P.jh   coverages,     'Phi:;   deterioration consisted of i-.mal 1  hairline 

cracks  approximately   3 ft  long on either side of the paving lane  (at   the 

longitudinal   construction  joint;:).     These crack.; were  located at   the 

west  end of  the  item and seemed  to be a  continuation of those observed 

in   Item ?.     After  7^9   coverage.-.,   the  crar-ris  along  tiie  construction 

Joints  had  increased to about 20   ft  in  length.     No additional   distress 

was  observed at  this   time.     The  transition area between  items  2  and   3 

was   repaired,   M   ie.'-.cribed  in  the preceding paragraph,   to  prevent   the 

cracks   in  item 2  from migrating,  into  item  3. 

T.     After  repairing  the  tran.; ition area,   traffic was   continued. 

As  traffic was  applie'l,   the  const ruction-Jo iia cracks  increased in 

length,    ind,   after  13H9  coverag"S,   the Joint on either side  of the 

10-ft-wide  paving   lane had cracked  the entire  length of the  item.     Cmall 

intermittent  hairline cracks  were  al.;o  observed throughout  the  it'm 

after   13^9  coverages  in  the 100 percent  coverage zone of the  traffic 

lane.     The  item was  rated  in satisfactory  condition at  1^09  coverages. 

An overall  view of  this   item at   1^09 cover.-iges  is shown in  photo  B8. 

8.     A view of the  small   intermittent  cracks existing  in  the 

100  percent   coverage   zone  at   'his   time   in  shewn  in photo B9.     Most of 

these   cracks  were  xongitudinai   to   the  direction of traffic.     A;;  traffic 

continued,   the   find  ■ v.'ratv. i ;.g  '.r.i'oughout  the-   item and the  cracked  con- 

struction  Join's  becam-'  wider,  which   indicat-'l  an   incre.-i.-"   in  eraek 

depth.     Therefore,   after 27^  eO¥Bragest  UTME  exhibiting the wi iest of 

these  two  types  of eraekl  WW  eorad  to  dotendlW  the   lopth  Of crocking, 

'i'his   investigatifin   indicate'.!   that,   the   cnckr   in  the  100  percent   cc^veivige 

zone wer«-  a[ t.rv;:<i;-,-i< ■■!./   1   In«   in  d'-pth,  md  those at  the construction 

Joint  w-r-"  -ibout  1-3/^   iri.   dMp«   as  ■bomi   in photoi  BIO and  Bll,   respec- 

tively,     tlhcu  the   traffic   coverages   reached  about ^00,   the  cracks  be,-an 

to open  and  close  to a sli/^ht extent as  the  test  cart  traverse!  the  test 

l'iri".     Cores   trtm  ftftor  '-»OOO  eovoragM   in  the  .'•■/• i-'dy  sr«ek«d  a!-'-i. , 

■ 
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i.e.,  the  100 percent  coverage  zone an>i  construction Joints,   indicated 

that  the  cracks  extended completely tlirough the pavement.     'Iherefore, 

this   item   i was  considered  failed at 500Ü coverar-s.    At   failure,   the 

cracks at  the construction  Joints  were  long and cuntlnuour.   along both 

seams of  tht   paving lane,  and those in  tht; 100 pt.-rcent coverage  zone 

were of the alligator  type,     omall  alligator-type  cracks were observed 

throughout  the  test  lane at   failuie. 

9. Item  U   (full-depth   stabi 1 i'.v-d   clayey  gravelly  sand base). 

Very  little distress was observed on the pavement surface  of item 4  dur- 

ing  the   360-kip,   l^-wheel-assembly  traffic.     A general view  of this  item 

prior to  traffic  is  shown  in photo Bl^.     At  about  1515 coverages,   a  very 

small hairline  crack  in the   construction Joint located about  3  ft  south 

of  the north edge of  the  traffic   lane  and three •■■11 cracks  perpendicu- 

lar  to  this  crack were noted.     The  item was   rated  as  in excellent  condi- 

tion  at  this  time  and was   in  the  general  condition  shown  in  photo  B13. 

After 50I46  coverages,  small   hairline  cracks were detected  about  two 

wheel-print widths   from the north side  of the  traffic lane.     Three  1/32- 

to  l/l6-iM.-wide  cracks were  perpendicular to  these hairline  cracks  ana 

extended  to   -he edge  of the  traffic lane.    Traffic was  continued  to 

10,U06 coverages,  and the only  change  in the  condition of  the pavement 

was   development  of several   small  cracks  extending out  from  the cracked 

construction Joint,   as  shown   in  photo  tilk.     Indications were  that  a 

large number of coverages  would be  required  to produce  failure;   there- 

fore,  traffic was  discontinued. 

Pavement  deflection 

10. Pavement  deflection measurements  were  made  in  the  traffic 

lane  at  about  the midpoint,  of each   item of the test  section prior  to the 

start of  traffic.     The  term "deflection"  as   used  in  this   rejiort  indi- 

cates  the  total   vertical  movement  that occurred under the  static weight 

of  the load wheels.     The measurements were ootained with   levH   instru- 

ments by   reading rods  (engineer scries)  at prearranged positions on 

lines parallel   and  transverse  to  the direction of traffic.     Hod  reading;- 

were  first  taken with  the load off the pavement,   then the  test  cart was 

moved  forward  until   the centroid of the  front six wheels  of the  IP-wheel 
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u.;L-.embiy was; at the tetlrtd prearranged positlon( tad then e leeond 

seriei:  of rtadlnfli  VU   taken With  the  load wheels on  the pavement. 

Reading! were taken adjacent to and betveen the load vheelBi    The dif- 

ference   In  rod  tv.-i iin,r;-   wiM.  In-id or.  ■■irul   1 n i ol'f Indicated  the  vertical 

movement or  total  deflection of  the [vivement  under  Load«     Reading! were 

also taken after the Load MM rewwed to determine what amount of Lhe 

vertical  movement  wu.;  elastic  deflection  or  Pabound of the [fivement. 

li.    Plots of the tot'ti  deflection aeaaura—nta taken prior to 

test   traffic   nd at  or near f-tilare of each  item are  shown  in  platei   R2 

and B3.     From these   lata«   it.  can  be seen  that the total   deflection  in 

items  1-3 prior to  traffic was   aboat 0*25   In«   Md  in  item U  about 

0.21   in.     Tlxv maximum total deflection measured at   failure  in  the   three 

failed  item,    rangtd  from 0.30  to O.Ul   in.     The plots  also  indicate  that 

the  maximum  deflection measured   in   Ltea M was  about 0.20  in.,   ifter 

lOjl+Oo  coverages  of traffic, whi :n war,  about the same or slightly  less 

than   the  initial   deflection.     The  readil   '■   taken after  the load war.   !••■- 

moved  indicated that 9'.'  percent  or mure  of the deflection Masured war, 

elastic«    lhe dafleetioM saasured  luring the traffic period, tabulated 

in   table   3 of  the  main   text,   showed  that   ar   traffic war.   ■.pplied  deflec- 

tion   increase 1 it.  items   l-'i and   PSSallMd  about  the lUMi  in  item U,     This 

determination  indicates   that a  continued  increase  In  deflection   la  B 

r i .71  of a  paVMBttt   structure  apfiroaching   failure. 

Permanent gaveaenl    feforgatj ■■ 
12.     Level   readings  wen-   • a/.e.-i  a^rors  the   ♦.-•,{,   ! ■i:r    at   prei<>t,..r- 

min-'d  r'a'.i  r.r   ;-;  .r-  '.o   trarTir"   ar. !   a',   variour.   int.-rvalr,   of  traffic« 

'Ilieae observatioiir.  were  made  to  dstefBlas  UM magnitude of pavement    in- 

formation resulting from traffic«    Qrpiea] BTOSI BectlOM for the four 

teat   items  are  r.!. wn  in  plate  Bb,     Ttiese data  ladlcatsd  that  the  naximum 

[.ermanent   lieformati )n  at   failure   in  items   1   an i ? war.  approximately 

1   in.   and was   about 8  in.   in  item   i.     Maximum upheaval  of the  pavement 

occurred  about   1   ft   jutslde the edge  of the traffic  lane.     kttUt   failure 

in   items  1-3,   the  maximum upheaval  measured was 0.36   in.     After   L0«fc06 

•'.-/era,*/-.;  on  item '♦, n^  upheaval   war   at parent,  and the maximum deforma- 

tion detecte-i was  0.8U   in. 
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li.     After   failure of an  item,   a  trench  or  tMt  pit  MM   cut  across 

the   uraflic   lane  to  determine  the extent of distortion of the various 

elements  of  the  pavement  structur>'.     In-place CBR,  water content,  and 

deiiijity  dett-rminations  were  also  made of  the different elements   as  the 

trench was  excavated.     in  addition,   the  thickness of each  type of mate- 

rial   ;UK1  the  total   thickness of  construction above  tlM subgrado were 

measured. 

Ill«      It should be  noted  that   the   failure  data measured   in   the  test 

pits   in  items   i-'S were  recorded after  thM«  LtMM  nad bta overlaid with 

landing mat   and additional   traffic applied.     'ITiese   items were overlaid 

with   landing mat,   and  they were   used as   a m-uieuver  area,  while  traffick- 

ing  continued on  the adjacent  items.     By   following this procedure,  time 

was   not  lost  during the  traffic  period.     However,  as  shown  in  tables  1 

and   -s of the main  text,   the  failure  pita  Mr« excavated  (depending on 

the   respective   Itea)   after about  1200  to  5000  additional   coverages  had 

been applied on  the   landing-mat  overlay   and  after a time lapse  of 19   to 

28  days  aft<.-r  failurf.     Therefore,   UlO   foilurt   data are not  necessarily 

indicative  of the  strength of each  item at  failure  due  to   the  additional 

coverages  and the  time  lapse between  failure of an   item and the  takinr 

Of  the   failure   data. 

i5.     IJit  profilM  Of  the  investigation  trenches  for  LtOM   1-3 are 

shown In plates P5--'V,  respectively.    The CBF tMt remits,   layer thick- 

MMM|   and other  pertinent    lata   f  r  a. .    test   items   are   tabulated   in 

table  i  of the main  text.     The M^CODStructed   thickness measurements 

tabulated  in  table  1   (main  text)  wer     i- bemlni  I  from  level   rod  readings 

takM as each element of the pavwwnt  Btruel IT« wa ;    • nstructed,   tuid  the 

after-traffic  thicknesses  vr<-  Attendn    I Mt  •  LMMttl      f  tbo  pav- 

inent  structure was  removed  in  the  vacin.-   LnVMtigatlon pit   locations. 

10.     I'lots   of the  invest igati.ii   treru-hes   for   items   i   and  .'   (plates 

b5   and B6)   indicate   "hat   then-  was   I y   Littl<    Laton] OSt   Of  '■ 

ha.-',   sibbase,    r  subgrad-'  during  the  trmffie   pi ri    i.     ■>!••  data   I:. 

table  1   (main  text)   indi'-at«'   tiiat  the strength     I   ':.■   bi  ••  sours«   In 
items   1  and  2 was   lens   aftM   failur-'   than   11   VU   a I"'■ i-    iOnstrUCti   n. 
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The strength of  the base  in  item 1  decreased   from 200 CBR  to Wl  CBH  in- 

side  the  traffic   lane and to  85 CBh outs He  the traffic  lane.     The  as- 

constructed strength of the base in  item 2 was  l8o  CBH,  as compared  tu 

72 and 59  CBR after traffic,   inside  and outside the  traffic Ian*"*,   re- 

spectively.     These data also  indicate  that the lime-stabilized lean 

clay  increased  from 38 to 81+ CBR during traffic and that  the cement- 

stabilized lean  clay  in  item 2  increased from 30 to 121 CBR during 

traffic.     The subgrades   In  LtMi  1  and 2 were  rated at 5.0 and ^. 3 CBH, 

respectively. 

17. The pit  profile of item  3,   shown  in plate  B7,  indicated a 

slight  amount of  lateral  movement  of the crushed stone base material. 

The  data summarized in  table 1  (main  text)  indicated that  the strength 

Of the base  course at  the surface was   about  132 CBR prior  to traffic,  as 

compared to  about  % CBR after traffic.     The  subgrade of this  item was 

rated  at  U.3 CBR. 

18. Item U was in satisfactory condition when traffic was discon- 

tinued after 10,^06 coverages; therefore, no investigation trenches were 

excavated at that coverage  level. 

-l6Q-kip Twin-tandeni Assembly  (Lane 2) 

Traffic  tests 

19. Traffic with  the  IbO-kip  twin-tandem assembly was  applied 

only   in   items  1  and 2,  because  it was  estimated that a very large  number 

of coverages at   this   load would be  required  to fail  items  3 and  U. 

Item  3    was overlaid vith  landing mat,  imd used as   a maneuver area   for 

the  l60-kip load  cart. 

20. Item   I   (lime-stabl Li'-'e-i   loan  clay  subbase).     A general   view 

of item 1  prior  to traffic  is shown  in photo B15.     Cra:ks  in the  asphal- 

tic  concrete were  first noted after  UO coverages.     These were  hairline 

to  l/32-in.-wide  cracks  approximately  1  ft   in length located in  the east 

half of the item in  the 100 percent  coverage  zone of the  triffic  lane. 

Traffic was  continued to lUo covtr-i -•■.;,  at which  lime  the  item was 

considered  failed because  the  cracks extended through  the  as^haltic 
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concrete.     These   cracks  were  longitudinal   to  the direction of the  traf- 

fic  sind were  from  1/8  to   -78  in.  wide  ati'l about 12   ft  long.     Urnall  hair- 

line  cracks were   also  detected  throughout  the  item at  this   time.     As  can 

be  seen   in  a general   vii'W of  item 1  at   failure   (photo  Bl6),  most  of the 

larger  cracks  occurred  in  that part  Of  the  item adjacent  to   item IJ.     A 

close-up  of the   cracks   in th^  100  percent  coverage  zone  is  shown   in 

photo   BIT-     After  failure  data were   taken on  the surface of the  pave- 

ment,   the   traffic  lane  wis  overlaid with  landing mat,  ana  traffic WM 

continued on  item 2, 

PI.      Item .?   (iv_'.'neiit-.:tab i i i .>'d  le.-i.n  clay  r.ubbasc).     A general   view 

of  item 2  prior  to traffic  is shown  in photo Bl3.     The first distress, 

alligator-type  cracking located  in  the  center 6  ft of the  traffic  lane 

and in  that half of the  item nearest  item  1,  was observed after about 

600  coverages.     Th" alligator cracks became more numerous   and increased 

in width  as   traffic  continued.     After  about 660 coverages,   the alligator 

cracks   in  the west half of the  ItM w-.rc  approximately 1/8  in.  wide,  and 

small  hairline  cracks  were observed   in  the center 6   ft of  the lane  in 

the east  portion  of the  item.     After   1000  coverages,   this   item was   rate! 

as   failed  due  to  alii gator-type cracking,  such  as  that ■hovn  in 

photo  B19,  Oeourring throughout BOlt of  the WMt half of  the  item  (see 

photo  a^O).     These cracks were  about  1/U   iu.  wide  and extended  tnrourli 

UM   full   thickness  of  the asphaltic pavement.     Also  at  failure,   hairline 

to  l/8-ir;.-wide  alligator cracks were noted in  the center 6  ft of the 

east half of the   item,   end a  construction Joint  located about  1   ft   from 

the north  edge  of  the   traffic  lane was   cracked  for the  l-nr'h of the 

item. 

i'-iv-ment    lel'l'-c'.I   n 

22t     The  general   pr iur     !••.    ribad   in  t ■u-a,-raph  lü of this  ap- 

pendix was   followed  to  obt'iin  deflection measurements   in  this   lane. 

I 1 As of  the total    lefLection  taken  i^rior to traffic  and at  failure  are 

shown   in  plate  B8t     The.-. ■ data   Lndj ■   "    I  that   the total  deflection  in 

each  respective   Ltea WM  approx1'vit e ly  the same  initially   and  at   ;'-i :   - 

ure.     The   initial   total   deflection  in   Items   1   and :'  was 0..';   'md 

0*23   In.,   r--.-.t eet. ive.y.     At   failure,   UM   t   'al   deflection   in   Item  1 
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increased to O.I42  in.  and in item 2 to 0.U5  in.    Approximately 90 per- 

cent  of the   total  deflection  in  item 1 and 76 percent of the  total de- 

flection  in  item 2 were elastic  at 0 coverages.     A*,   failure,   83 percent 

of the  total  deflection  in  item 1 and 87 percent of the total deflection 

in  item 2 were elastic. 

Permanent pavement  deformatLon 

23.     Level   readings were  taken,  as   described in paragraph  12,   to 

determine  the magnitude of settlement ur upheaval developed in the  traf- 

fic  lane  during traffic.     Plots  of typical  cross-section measurements 

taken  in  items  1  and 2 are  shown  in plate  B9.     The data in   thin plate 

indicated that the maximum permanent  deformation occurring at  failure  in 

items  1  and 2 was   0.96 and  1.80  in.,   respectively.     The maximum up- 

heaval,  which was  measured approximately  1   ft outside  the traffic lane, 

was  0.2h   in.   in both  items. 

Failure  investigations 

2k.     Trenches  approximately 2  ft wide and 15  ft  long were exca- 

vated to   the subgrade  in  items  1 and 2.     Each trench extended from about 

the  center  line  of lane 2,  north to  the  center line of lane   ) (see 

photo  B21). 

25.     These  investigation  trenches were excavated under the samu 

general  conditions  as explained in paragranl   13 of this  appendix.     Prior 

to excavating, each  item had been overlaid with landing mat  ;ind then 

used  as  a maneuver area  for  the ad.Jacent   unfaiied item.     The  trench   in 

i:em 1 was  excavated  36   l^ys after  failure, and ^1  days elapsed after 

.'allure before  the  trench was  made  in  item 2.     Level   rod  •"»■aiin/'s were 

taken as each  layer of the system was  removeJ  to give profiles of  the 

different  layers  shown in plates BIO and Bll.     CBR,  den'^ty,  and water 

content  det-rminations  were obtained  for each type of material  as  the 

trenches were uug,  and the  results  are summarizeil in  table  1 of the main 

text.     The profiles   (platen  BIO and Bll)   indicated a sli -ht defo^uation 

in  the asphaltic  concrete and crushed stone base in  item 1 and a very 

pronounced  deformation of  the asphaltic  concrete and  crushed stone base 

In   item 2.     There was  al.-     a slight amount of deformation of th*'  cement- 

stabilized   lean  clay   inside   the  twin-tandem assembly  lane.     The   lata, 
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üunLiiarized  in  table  1   {main  text),   ahoweJ a  IUMJ of strength  in  MM 

crushed stone base of both  item;  at't.T traffic.     In  item 1,   the bai?e 

course  material  decreased  in strength  from about 200 CBH  to   SO  and 

58 CBR   inside  and outside  the traffic  lane,   respectively.     Th''  stn-n^th 

of the  base   course measured   in  item 2 after  construction was  l80 CBh, 

and,   after  traffic,   the strength  had decrejised to 78 CBH  inside  the 

traffic  lane and to 58 CBR outside  the traffic lane.     CBH mea.-.urements 

taken  on  the   lime-stabilized  lean  clay  indicated an increase  in strength 

after   traffic.     A strength of  i8 CBR was  measured on this  subbase mate- 

rial  after construction,  and,   after  traffic,   the strength  inside  the 

traffic  lane was  68 CBR and outside   the  lane was  llo  CBH.     These  data 

also   indicated that  the cement-stabilized  l<-an clay  in  item 2 was 

stronger after traffic  than when  it was constructed.     A strength of 

80 CBR was  measured after construction,  and 200 and 2^3 CBH were mea- 

sured  inside  and outside  the  traffic lane,   respectively. 

t-'ÜÜ-kii   Twin-t.ander» Ajsembiy   (Lane 2) 

Traffic   tests 

26.     Item  j  1'ruil-dci''h  cru.-.Lei limestone base).     A general  view 

of item 3 prior to traffic  is  shown  in photo  B22.     Before the  traffick- 

ing of  items   1 and 2 with  the loO-kip twin-tandem assembly,   item  3 was 

overlaid with  landing mat  to be  used as  a maneuver area.     After  the mat 

was   removed and prior to tracking  item 3,  measurements were made  that 

showed 1.63-in.   maximum permanent  deformation had occurred in  the  traf- 

fic  lane while  the  item was  used as  a maneuver area (photo B23).     The 

first  di&tress, which consisted cf a small  crack about 15  in.   long near 

the  center  of the  traffi •  lane,  was  noticed after 180 coverages.     After 

200  coverages, hairline era'; •.  in  the center U ft of the  traffic  lari" 

und  a hairline  crack at a construction Joint about 1   ft  inside  the north 

edge of the traffic lane had developed.    The cracks  located  in the 

100 percent  coverage  zone and at  the construction Joint had  Increased in 

width  to about l/Ch  in.  after about !>00 coverages.    T s crac-.s  located 

in  the  100  percent  coverage  zone were parallel  to the direction of 
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traffle«    At  i90 0 verages,  the::e cracks extended through the asphaltlc- 

concrete  iayor,  Mi trii.:   i'-r. MM ••/•tliated as  failed.    A   •        ■  .   vit-w 

>V  il'-a  1  'it   failurt-   '..■     •.  w.   ; • •. FMlM   iri  th--   r r--- 

MN   BOl    - the ev-!.  .   • '   • 

Item, bec-i .       • r.ey origirmt»-!  ttom I        I la  it-r-i       tr. i w   ••••  WUtm 

: :■■:■■■ 1 (o be   ::.   1     •■.:.        .     : • • rf'.-on the tw     ItMM*     A eiose-up of 

■ 1 r    ;       . .      .:•    ;   i 1 in the 1U0 percent coverage 

zone I;; ihovi       ■ . •    IB .    b ftddltioa to thw  traaks« MI 

•tlli.vitor-tyi)'.'  cracks  h. . i  •:.:•   iViout the entire  itum at 

failur-. 

27«      [tea   •   '':'il i - i"i ' :.   .••■::..>■:   Ji-^'j'   t:'"^''! ly   ■•'in:   tri.>-). 

DlstrMl   »f  the  p'iVfrvn'    in   i\f'v:. k  Ml   :''rV    JbSWTVti  at   •ibout  500 cov- 

erages.     This    UatPMI   BOMiStad   »f I   fWV .".mall  nairline  cracks,  trau.;- 

verse  to  the   iirection of traffic,  locatc-d  in the 100  percent  covt-ri/'i- 

zone of the  traffic  lane.     After 'jCo coven,:»'.;,  srrrtll  cracks  running 

transverJe  to  traffic,   such as   thOM ihoWB  In plMtO   K'ö, were noticed 

throu^h^ut  the  100  percent  cov/ftge  zone of the  item.     Vory   LlttlO t4m 

dltional   iistress was  observed  until  about ijOO coverages,     f.t  thll 

time,  small  cracks,   like  those  shown  in photo B26,  wer"  located thrunoi- 

out  the  item,     ^teveral  of these crack.'   in the center of the  traffic lane 

were  about  1/16  in.   wide.     After l8l0 coverages,   the  cracks   in the 

100  percent  coverage  zone had opened up  to ■ wiith of about  1/8  in., 

and core samples  cut  at   this  \ ime  revealed that  the pavement was  cracked 

completely  through;   therefore,   this   item Ml   rated as   failed at  l8l0 

coverages.     The general   condition of this  item at   failure   is  sn.wn in 

photo 327.     Also,  at  failure,   a construction Joint about  1   ft south of 

the north edge of the  traffic  lane was  cracked the  length  of  the  item, 

and small  intermittent   cracks  were  located throughout  the  lane. 

rermanent  pavement,   ]'■{''irm.'iti^n 

28.     Levex  readings  were  taken at  prearranged positions  to deter- 

mine  the amount of settlement  or uphci/al  developfi   luring  traffic. 

Plots of the  cross-section measurement.;   taken  for  items   3 aril  k are 

shown  in  plate bl2.     The  as-constructed and 0-coverage  data are plotted 

for  item   ; to  show  the  deformation  (MXIMM ] .63  in. )   that occurred when 
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this  item Mm» used u a mannwr are« during the traffiekin« of itcMi 1 

tuii 8    Uh the i60-tii{< twin-tandra assembly.    Ihv deformatiun and UJ- 

heavai  oata, suaaarized  in table   i {min t<.-xt),  f r  it<.>m   | were cotq.- 

from the O-coverage aeasureaents.    After failure of item 3,  the maximum 

permanent deformutiun and upheaval aum-urel Mn Md .,   ■   - 

spectively.    The maximum deformatidn in item 1« waj   1. <.    in.   at   f'iilure, 

and an  u{>heaval of about 0.:'U  in. vaa meaaurel about 2  ft out. 

traffic  lane. 

r'tilur'--  ir.VfjtltTit i 'T..: 

'.    A .'-ft-wMe  trench,  such as  that described  in par-     •    :.     . of 

thin  appendix,  was  excavated   lo   UM 3ut,-.-t :•    in  item  3.     Bi •':   ■   of 

the  dit'I'erent   layers   in   Uu-   tcjt   pit   is Jh )wn  in  plite  Bl->.     B|—<     l-i*-i 

indicated a deformation of about  1.9'   in.   'it  the center line ol" the 

traffic lane and an upheaval  of O.T-1  in.   Loemtmd 2 fl uutjil»- the trmf« 

fie  lane.     This  deformati m v..     ; .■    t      ■  ■..    . i J-itl-jn ani  lateral   move» 

■Ml of the base material,   which  requited  in liirftM  upheaval.     A num- 

mary of the joil  data taken  M   fehii  pit. waj ext'avit.ei   If   InnllWltrt  in 

table  1 of the main   -ext.     These  datu indicate 1  that  the avera,:..' 

strength of the base course matt-riil  decreased Aurlag  traffi'-   from 132 

to  63 CBH,  and  the  strength  of  tiie sub^raie  remained about  the same. 

After  failure.  UM  percent cf CE J5  den:;ity  for the base  course material 

was   106  inside  MM  traffic  lane   and 99 outside  the traffic  lane, as  com- 

pared  to  100  percent   for  the  as-constructed values.     The hctvy  clay sub- 

prade of this   item was   rated  at,  U.3 CBH. 

'^Ü-kii    lUnt;:!'-'-wheel   A:-,:-,cmb ly   (l/me   3) 

Traffic   txsts 

^0.     Sinßle-wheel   traffic  wa;-  ai-plicii on each  item of  the  test 

section  in  lane   3:     a 50-kip  load was  applied in  items   1  and ?,   and a 

Y'^-kip  load was   used on   items   3 find h.     To  prevent  deformation  from oc- 

curring  in   item  3 Mhile   tracking  items  1  and 2,  as was   the case  in the 

twin-tandem-assembly  lane,   the  load cart was  stopped on  the backward 
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p«ss  in  item 2  I ."i   I       '   - LtM  3:   then  the tent 

• trt   • •.■ inued (brawr L 

I'--:'.   .    ^ . ir-'-.'•-iM 1 i ■>• i   ■   'i:    ".'^    . .t;i ■i.;<-}.     A   .i   . Item   I 

■ :•. ■■•.••:■ ■]   vn  In   •:    *     :'."3.     It   wi.;  uppftrenl    lurii  | ini- 

•. i.   -. i.i-'i-;  .-    f traffj • th*t thli t««1   It«* vould vithstand WM^ 

littie traffic.    A.- the 4.c-.-.t   vt.I   Je made; the  first  ;-t-• ,  tht  i ive- 

•   IMMd to fon:. a bow wave   In front of the ter.t vhce i ,   Md  .'.mail 

crack.; ipptart      Ln the pavement alongside the te:;t wheel.    After Uo 

■ v ;••;••. , tb« LtM w-t.   Ln •:. ■   • ndil I m shown Ln photo B29 Mid MM 

rut'-;   H   fltllod«    At  falluro«  tbors VMI ■   trnek In th« eontor of UM 

trul't'i •   LMM«  which •XtODdOd  compit'teiy  through  the pawnt   Mid war, 

u.   tit   i/o in.  wile.     ALSO  üt   r'ailui-f,   Uior* IMTC   enMki   from  I/J6 to 

i/o  in.  wi It  parallol  to  traffic   In  four other loeatiOM   and hairline 

cracks  throu^'/iout   UM  "30   and 100  percent  coverage  BOOM  of the  traffic 

lane.     After   •."aii'.uv,   the   item MM  overlaid with  landing mat.,   md   traf- 

fic wan  continued on   item 2  using  UM overlaid  Itaa 1   ai;   ■ maneuver 

area. 

32. item  .'   ('•■ nent-.M.at)! i I ■■,■• i   Leag   clay  üubbajup.     A  general   view 

of  item 2 before  traffic   Lfl    tepicted  in  photo B30.     Tlie   first  pavement 

lUstrasSi which wan observed  at  ^0  coverages,  consisted  of a 10-ft-long 

hairline  crack   in  a paving-lane  construction  Joint  located  in  the  center 

of  the  traffic  lane.     After 90  coverages,   this  crack was   i/U   to  3/8  in. 

wide,  and it extended completely  through  the  asphaltic-concrete  layer 

for the length  of the  item  (see  photo B3l).     Since  this   crack SXtSttdsd 

through  the  pavement,   the   item was  considered  failed,  but  traffic was 

continued until   failure occurred at some  location other  than  a construc- 

tion  Joint.     After -in  ailiti tnal   30  COTSragBSi   two other  erackl   in. the 

10Ü  percent   coverage   ■.vn''   ai. i    ine   cra^K  n"ar  the  north  ed,'rt,.'    ■:'  tti''   traf- 

fic   LSM Wart noticed that  were   from i/h   to   3/8  in.   wide  find extended 

through  the  pavement.     A  general   view of  the   item at  120  COVaragSI   is 

shown   in  photo  B32.     Photo  B33  is  a close-:;p of  tiie   severely  cracked 

pavement   in  the  100 percent  coverage  zone  after   120  coverages. 

Pavemer,*     leflr ' t. j,  tl 

33. Total deflections of the paveasnt surface prior to Md after 
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truffic  are  ahovn   in plate  BlU.     I'ho maximum  initial   total  dt?flection  in 

item 1 was about 0.13  ir..;   30 percent of thi.-  MM elastic.     1\e maximum 

total   leflection meiuiured  in   item 2  at 0 cuvera^es  war  O.lt»   iti.     After 

removing  the  loai assembly   from  item 2 at 0  coverages,   the pavement  sur- 

:'i  •■  rebounded  to   its    'fi^iial   elevatioii;   therefore,   the  total   and elas- 

tic  deflections were the same  in  item 2 at 0 oovera/es.    The greatest 

total  deflection  in   item  1,   0.53   in.,   and  in  item 2,  0.6>   in.,  occurred 

at   failure.     Approximately  83 percent of the  total  deflection measured 

at   failure  in  items  1  and 2 was  elastic. 

Permanent  ivz-Trien'    jef ,mation 

31-.     Permanent  deformation measurements,  as  determined from level 

readings   taken prior  to,  during,   and  at  the end of  traffic,  are  shown  in 

plate  B15.     The  greatest  deformation,  about 0.6o   in.,  and  upheaval, 

0.U8  in.,  occurred  in  item 1  at   failure.     After  failure of  item 2,   the 

maximum deformation measured was   l.kU   in.,  and  the maximum upheaval  was 

O.96   in.     The greatest  upheaval  occurred  at  the edge of the  traffic  lane 

in both of these  items. 

Failure  investigations 

35. Test   trenches were excavated  in  items   1 and 2 of this   lane 

from about  the  center  line of  the  traffic  lane south  to the  center line 

of the  twin-tandem traffic  lane.     F'rior  to excavating  these  trenches, 

each   item was  overlaid with  mat   -aid  use 1  M  a maneuver area for  traffic 

on  the  unfailed adjacent  item.     The  profiles  of each  layer of  these 

items  after  traffic  are  shown   in  plates  BIO and  Bll.     These  data  indi- 

cated deformation  in  the base  and subbase coirse of each  item.     A slight 

upheaval  of the pavement  surface between  the  two   lanes was  detected  from 

these  data. 

36. A summary of  the  after-traffic water content,  density,  CBR, 

and  thickness  data obtained  from  the  test pit   investigations   is   shown  in 

table  1   (main  text).     The data  for   item  1  were obtained 12  days  after 

failure and  for  item 2,   l8 d;iys  after  failure.     These  data indicated 

that,   during traffic,  the  strength  of the base  courses  for both  items 

decreased and the strength of  the  stabilized  lean  clay subbases   in- 

creased.     The  CBH  of  the  crushed  stone base  in  item 1  decreased   from 
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200 fco ss; the CM of UM MM ft ■Mil wi L«M sl^F Increased from 3^ 

to  'ji.     In  item .',   CBH'i; of  l80  and 4,' wen- BMSIIIWd   tot  the  ,-rushed 

Jtone buje prior  to  -ind -ifter  traffii-,   re;-, pect,i veiy.     BM  
l-'ÜK  of  UM 

cement-stabilized lean  clay üubbaje laertMcd   tvum 'iO  to  109.     BMM 

1-it't  were obtaln>d   t'r. >m  1.    |0  i8  ätfft 'it'tt-r  failure   UM  after additional 

traffic had been applied   m  the  Janiln,' Mt overJyin,'; eacli item;  tiiere- 

fore,   a^  Jiscujsed  in para^nfll  25  Of Ulli  appendix,   the^e  data do not 

necesjarily  represent   the  characterijti •.;  of OMb element  at  failure. 

Y'^-kip  .U !i^!'—wheel   ALi.jembiy   (Lane   j) 

Tfiffi'-'   tests 

37. Traffic  commenced on   items   i and U with  the  75-kip single- 

wheel   assembly,   after   item 2 was  overlaid with   landing mat. 

38. Item   3  (full-depth   crushed   limestone  base).     After  10  cover- 

ages,   small hairline  cracks   parallel   to the direction of  traffic were 

observed  in  the  100   percent  coverage  zone of  item  3.     After 50  cover- 

ages,   item  3 was   rated as   failed  ami was   in the condition shown  in 

photo  B3^.    At  failure,   there were  l/'t- to  3/B-in.-wide  cracks  extending 

through  the asphaltic  concrete  in   the 100 and  80 percent  coverage   zones, 

and several  l/8-in.-wide cracks were observed in the 20  percent,  coverage 

zcne.     Photo B35  shows  a close-up  view of the severely cracked pavement 

in   the   100 percent  coverage   zone  at  failure. 

39. Item  h   (full-depth  stabilised  clayey   gravelly  sand base). 

Pavement  distress   in   item h was   first  observed at  50  coverages.     This 

distress   consisted of small   hairline cracks  located  in the  center of the 

traffic  lane perpendicular  to  the  direction of traffic.     After about 100 

coverages,  cracks   1/3«°  to  l/l6   in.   wide  ;ind  from  3  to l4   ft  long were  de- 

tected  in  the  center of  the   traffic  lane.     Ail  of  these  cracks  were 

transverse  to  the  direction of  traffic.     As   traffic; was  continued,   the 

pavement  began cracking  in a longitudinal  direction,  which  resulted  In 

an  alii gator-type  cracking pattern when these cracks   connected with the 

transverse  cracks.     After 120  coverages,  several   cracks were 1/8   in. 

wide  and extended  through  the asphaltic-concrete  layer;   therefore,   this 
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I waJ  evaluated a.;   failed.     A   •■•..• nü   vi-'W   <f  f.h i     :•■        '    •'i   . .• 

j.'iuwn  la photo bMj,  ■ir.'i ■   •.     '—.:      f  ••.•    moking pattern   i.    ihova   in 

pb  to  B3T.     All   ,  Al   I'-iiiuj^e,  there wer intermittenl    !l   ekl 

throughout  the laiie. 

UO.     After   Hem  I»,   lane   3,   failed,   fch«   •••;!'--r 9H   in.   of   It«  '♦, 

lane   1,  was  trafficked with  the 75*ki]   tinglt«<l!w3   MMribly«      It was 

decided to  apply  the single-wheel   traffic   If)  t)M  linfailed  12-wheel- 

aj^embly   lane  Of  item h  tu   determine   tlM  parfbRMne«       f  ' ■•    pi msilt 

jtrueture  under mixfi-t i-'tffi •  eondll I »ns«    A gsnera]   VitM   tt thil   ItMl 

after   10,^06  coverages  of  the  360-kip   IP-vheel-'L^u-ml-;..•   traffic   Ll   ■bom) 

in photo  Bi8.     The general  oonditiofl    »f   thil   i,■•■!■   prl   r  to  the  single- 

wheei-'issembiy traffic is Alacvaaad  La paragraph 9 of thii ippandix« 

After 60  coverages of the single-wheel   trafflC(  I   sm.il i   bairlino  crack 

was  observed  in a construction  Joint   Located ibout  1   ft   inside  the north 

edge of  the  traffic  Jane.     Halrlir.-  alliflator^typa cracking appeared   in 

the  100  percent  cover'ige  zone of  the  traffic   LaiM  at  approximately  170 

coverages.     Tlie  crack  in  the  oonatruetlon Joint had opened up  to  about 

1/32  in.   at   this   time.     After 200  coverager;,   the cnck:;  in  the  center 

portion of  the  lane extended  through   tho  pavOMat«  ■uid  the  item w.-i.-. 

rated as   failed.     Ceveral     f  tho  eraclu   in  the  100 percent  coverage  zone 

were  1/2  to   1   in.  wide.     A close-up view of the most severe cracks  at 

failure  is   shown  in photo BJ9,  and a  general   view of the  item at  failure 

is   shown   in photo B'tO.     Other distress of the asphaltic concrete noted 

at   failure   included h'iirLine  tu  l/8-ln.-wide  alligator  cracks   throughout 

the  item and a l/8-in.-wide   crack  running down  the construction  Joint 

located  inside  the north edge of  the traffic  lane. 

Pavement  deflection 

hi. Total deflection owaa urement^ taken prior  to and  after  traf- 

fie  are  ■ nowr.   in plate Bill. In Lana 3, the maximijm lo'"Lection measured 

u. it ems 3 and U prior to  t raffl -•  was  0. 39 and o. i a in. , reapec ■ively; 

in Lane   1 ,0.26 in.   Ml the maximum defl ect ion measured in  item l|  prior 

to the  7^ -kip  sirir,l''-wl ,,.,.; traft ic.     Aft er fai ure. the maximum defiec- 

tion meas urement i la li UM    i were O.lh   in .   i n   item   3 and 0.65  in .   in 

item U;  0 .55-in. maximum   le flact ion waa me a Bured iii the portl( TI Of   the 
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i^-wheel-assembly  lane  of item h   trafficked with  the  .w nrl'-wtieel 

assembly. 

Ferm'uu-nt  p.uvement.   leformHtion 

k2t     Cross  section,',   t-iken  to  determine  tlie  Mount Of settlement 

or  uj^heaval   level-ped  during single-wheel   traffic,  are sho* .1  in  plat. 

Bl^  and Bl6.     Tx»  lane   \  the greatest   deformation,  about ,'.H8  in.,   oc- 

curred  in  item  3 at   failure.     The maximum deformation measured  in   item h 

was   l.kh   in.     After   failure,   the greatest  upheaval  measured   in   item  3 

was  O.hQ  in.   and  in  item ll was  0.6ü  in. 

Failure   : r.ves'. igatiui. 

^3.     Teat  pits  were excavated  insile  the lane  in  item   3 and out- 

side  the  lane  in  item U.     A siumriary of  trie soil  data taken as   these pits 

were excavated  is  included  in  table  1 of the main  text.     The  data   indi- 

cated  that   the strength  of the  crushed stone base  course  in  item  3 de- 

creased   luring  traffic   from  132  to 9^ CBR  and that  the  field  density was 

10^4  and  99  percent of trie laboratory  density  inside  and outside the 

traffic   lane,   respectively,  as   compared  to 101 percent of the  laboratory 

density after construction.     The  cement-stabilized clayey gravelly  sand 

base   in   item ii  had an  initial  strength of 202 CBR,  and,  after  traffic, 

159  and 26l  CBR were  measured inside  and outside the traffic  lane,   re- 

spectively.     There was   a time  lapse of l6  days between  failure  and exca- 

vating  the  test pit   in  item h. 
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B3.     View    f th ' • Ln itei    . ,   . •:.■      ,  al   :'■: '..:■•■■ 

I;.  •     ,•■■.     [tea     ,i am    L, prior to 1 ra ffl 



,.    Com   ruction«Joint crack  In   Ltern 2«   Lane  I   (after 
•   .■ rag a  of  36ü-kin,   L2»vfaee]   ■u-,.-rnD l.v) 

]..  t    B( .      :•■:.■ ra]   •.'!■•«   '■' Lte« 2,   Lane 2, after L327 » verages ol 
60-kipi  L2»whee]   asoembly  (failed  v sov i es) 
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Photo BY.    Itea 3, UM L« pri »r to traffl • 

0^ ^^S 
m 

Photo BÖ.     Genervd   ri«M of  item  3«   l'"''-   L(   ftfter   L509  COWragBi  ol' 
360-kipt   l^-w:.'-; 1   •i,-,,-i'mbly.      Rote   crrtck.-,   in   ItBU 2   in   roregTOUDd 



; • ■ 

ittent cruckä  In 100 
"I '.• 

10.     Oijc-in.- :• ■•:     ■ri-f.   i«,    • >!>•   fron   li))   ;• •• i •.•        ■,- 
,   I'ui"   I   (■1;

,v.-r   -{'J,   ■   /.-rijta of  "    -       .       ... 
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•.  ■     .... ••    •  - b constructi       joint 1 ,      -..■    . 
• ■    - ■•-■,       -wheel a       ■.: .,   . 

ibout 1-3 
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.    ■.     ;■ nera]  ■. Leu    f 11  ■ :',  Lane  I, after L515 c veragea 

mal]    -r . •      extending  rron  c r.structJ  n*Joint   track  Ln 
• , ,     ■ ••  ■      , • '■       mragss    f   •   -kip,    ■ '-«hee] 
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h ■ r   •■;■: ■ 

. h   ' ■:,   view   if i' ea I ,  i an«   ■','■■'   rallm>      after 
vera :■•.   ■ if  L60*k i i ,   'win-' eui lern   i 
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Ph  '      •LY.     Clo.;''-up of cracks  in  100 percent coverage   zone 
Lteo    ,   Lane 2,  at railure  (after i^o coverages   »f ii'ü-kip, 

• wi:i-t,an 1>JI:I   a.-sumtly ) 

• i Bl8,     [tea 2,  Lana .',  | ri »r I i trafl •airic 
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i:.  '.    :■. >,     ;/■-:;.. -w i :•■ alligal 'r,-t,y; • •   'racking  Ln   I K] pe til 
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Photo B31.     Failure of construction Joint  in  item 2,   lane  3 
(after %  coverages  of 50-kip,  single-wheel  assembly) 
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Photo B35.     Severely  cracked pavement  in  100  percent  coverage 
zone of item 3«  lane   3,  at   faLluro   (after 50  coverages  of 75- 
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Photo  1336.     General  view of  item '*,   lane   3,  at   failure   (ufter 
120 coveragoc  of T5-kip,  single-wheel  assembly) 
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