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Several instances of premature pavement dis-Lress have been reporLld
Lhroughouu the cape Province of south Africa. Extensive lnvestlgation of iour
of Lhe si.ges showed quite conclusively t,hat the causes of distness eranated
f rom the  deg! 'adat ion  o f  t i re  uns tab i r i zed  basecourse .  samples  nere  ob ta ined
f rom boLh d is t ressed and und ls tnessed areas  o f  the  s i ies  and conpared.  The
resu l i s  showed tha t  the  p las t i c j . t y  index  and pass ing  0 ,075 rn ro  f rac t ion  had
rncreased to  unaeceptab te  l im i ts  in  the  d is t ressed areas  o f  th ree  o f  the
s lLes '  A t  these th ree  s i tes ,  i t  was  shown tha t  the  degradat ion  , ,as  assoc ia red
wi th  the  presence o f  excess  moi .s tu re  and as  a  resu l t .  o f  the  degradat lon ,  the
basecourBe maler ia ls  in  t ,he  d isLressed areas  were  less  capab le  o f  p rov id ing

. . - -  adequate  suppor t -  The conL inued p j 'esence o f  e rcess  moisLure  fu r ther  loweredLne oear rng  sLrength  and led  to  the  observed d is t ress .  A t  the  fount .h  s . i  te ,the disLress l./as due to the 1ow dry crushing strength of the aggregate. TheacLion of the t '"affic and/or construction processes caused tne .,reak sands1one
Sravel aggregate go dr.sintegrate and for' a layer of roose fines just beroLr
the  sar face  sea l ,  resu l t . ing  in  the  observed d j .s t ress_

.At the ti-me of constnucti_on no tests or associated l imi,ts lrere r-ncLud.ed inspec i f i ca t ions  t .o  quant i f y  the  durab i l i t , y  o f  the  mater la ls  ( r .e .  the i r
ab111ty  to  res is i  degradat ion ,  genera l l y  in  the  fo ru  o r  d is in tegra  t ion  ) . -There fore ,  the  web 

_" "d  .11y . lO *  F ines  Ag€rega ie  c rush ing  Tes t  (10  % FACT)  anathe Texa-s Ball M111 (TBM) test were investigaled as tests l ikely Lo besu i tabLe fo r  Lhe ear ly  idenL i f i ca t ion  o f  suspec? na ter ia rs_  FroE th is  workc l imate-rela-ued linits are pnoposed fo:. the 1A % FACT test and rdajor'.dif ications are proposed for the ?BM test, a10ng lrith tentati.ve .r-r.Etits.These limits are based on the actual performance of the few aggregates testedj.n the in./es ti€a t j.on.
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INTRODUCTION

The majority of paveme.rts in the cape province are

unstabil ized granular agg:regates cowered by a thin

Although most of the z.oad netvrork constructed .r_n

P -  r +

corrstructed of

surface seal -

this way has
performed weLlr seweral instances of preflature pavement distress
have recently been reported -

This paper reports the results af the investigati.on into the causes
of the di.stress anrd recomrnends tests rnast. suitable for identifyrng
problem materials in the future. Lim1ts and modi{ications to ttre
tests are tentatively pl.oposed,

2 . E}ACKGROUND

An unpubliehed in_itia1 investigiatlon of eleven srtes t 'hrougtrout the
cape Province carried out by the provincial Road6 Departrnent r
conc]-uded that the distress in the form of severe rutting arrd
crocodile cracking, emanated from the degEadation of the base_
course_ In  the  Cape th is  as  normal ly  a  e2  (d ! .a f t  T ,RHI4 ,  1gao)
material, i-e- the addition of an approved soi.l binder to the
crushed rock is permitted- Comparison of the results from the
comp1etion data with the results rlrom -.he materiaL subsequent�ly
obtained from di€tressed areas sfrowed that the percentag.e fines
pa€s ing  0 ,075 rnm (po7s)  and the  p las t i c i t y  j .ndex  (p I )  had bo th
increased- It was also repoLted that the basecourses in the
distr-essed areas were wet, especially nean: the -uolr.

The init ial- investigation arso showed that the speciflcation at. the
tr-m6 of constr:uction dial not include limits for identifyiaq
material suscept1ble to breakdovrn or degradation-

Fotrj|. of the eleven 6ites: TRg,/g (Hanover to Richmood) , TR17/z( Hanower to De Aar), fR45/3 (port A-t fred to tove!., s fvrist) and
TR2/2 (EoL River to K?ige Station), were irvesttgated f,urther _ -4t
each site a distressed and e soutrd area Iras se]-ected so that a.ry
varr-ation in material properties could be identrfied - Dyramic cone
Penetraiions (Dcps) and air permeabil ity tests of t}.e surfacing
were carri.ed out alonq witl. exi€nsive sarnpl ingr gf the basecourse in

PPJEMATTIRE PAVEO'ENT DIS|IRESS It{ TTIE CAPE PROV-IIICE
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moistu.e conLents

densi ry  (  t lDD )  /epgi_
Cal i forn ia bear ing

! ' esu l ts ,  changes in

contentg and Lhei:"

p .  s

3 -

) -  r

each secL ion-  The laboracory  tes t ing  inc luded
(m/c) ,  411^"5er .g  L in i ts ,  g rad ings ,  oax imurE dry

num &o is lu re  ccn ten i  (OMC)  re la t ionsh ips ,  and
nat jos  (CBRS)  a t  d i f fe renr  ao ls tu re  conten is_

IDENTIFICATIOI,I OF SCURCE OF FATLURE

The source of iaiiune l.ras identif ied by DCp
mater ia l "  p roper t ies ,  d . i f fe rences  in  mo is tu re
e f fec ts  cn  bear ing  s t rength .

D C P nesu l ts

,Lay€r strecgth diag!.ans fron the DCp tests (in acco!.dance wj.th
K leyn  e t  a l  ,  1982)  were  inconc lus iwe in  ident i f y ing  the  prob len
layer (s ) .  On ly  one o f  the  four  s i tes  (17 /Z)  gave a  CBn s t rength
pred ic ted  f rom the  Dcp (DCp CBR)  o f  less  than i 'he  spec i f ied  soaked
requ i rement  fo r  any  o f  the  layers -  A i  th is  s i . te  _  ihc  ncp  cpR !n  the  ,_ -_
d is t ressed basecourse ,  fo r  lhe  fu l l  dep th ,  was  g0 ,  wh i ls t  the  worsL
50 mm bet r " 'een  30  rdn  and gO run ,  gave a  CBR as  1ow as  50  (Tab le  I )  a t
che in -s i tu  rno ls tu re  conten t  a l  the  L ine  o f  inves t igaL ion .

TABLE 1: BASECOURSE cBR VALUES FROr,t THE DCp LAyEn STRENGTHDIAGRA}4S

S i t e

Average DCp
ru].l. depth

cBR (7;) ror
of basecourse

DCP CBR (%)
50 Drn depch

for the r.rorst
of basecourse

Dlst ressed Sound Dist ressed Sound

9 / 8
'1 .7 I )

1 : ) t l

250

Bo
1 7 0

>?50

280

1 2 5

1 8 5

>250

1 5 0

50

i o )

1 8 0

80

1 5 0

>250

PREMATURE PAVEMENTDISTRESS IN THE CAPE PROVINCE
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AIL  o iher  pavemenL layers  gave DCP CBRS l ' Je11 ln  excess  o f  the

saaked spec i i i ca t ion  r "eo-u inements -  gowever ,  Tab le  1  sho l t ts  thar  !n

every  case,  the  cBRs fo r  the  wonst  50  nrn  o f  basecourse  in  tne

d is ' r , ressed areas  are  a l l  l cwer  than Lhose fo r  the  cor re ,sponCj .ng

sound areas .  The resu l ts  the .e fone shaw some ind ica t ion  tha t  the

Dnob len  Iayer  ccu l -d  be  bhe basecourse .

It is inponbant to ! 'ealise that the DCP only measures '!Lle s-erengttl

ofl each layer of i,he pavemenL for ehe eoislure contenil at 'r 'hat

momeni  in  i ime.  I r -  the  basecourse  mois lu re  conten t  has  been h igher

a t  some t ime ln  the  pas t '  S iv ing  a  loner  bean in6  s tnength '  the  DcP

would not har/e delected thl"s. Elselthere in Lhe paPer it !s sugges-

ted  thaL bh is  was probab ly  the  case a t  s l tes  9 , /8  and 45 /3 '  l ' rb ich

ane shoHn to  be  r racceptab le r r  by  the  DCP resu l ts -

3 . "  Mater la l  ProPer t ies

The basecourse  spec i f i ca t ion  a t  ihe  t ine  o f  cons lnuc t ion  requ i red ,

ln ie r  a l ia ,  a  P I  no i  g rea ter  than 6  and Lbe PO75 f rac t ion  to  be

between 4  and 12  percent .  Tab le  2  shows tha t  a l  th ree  o f  the

d is t ressed 6 iLes ,  the  PIs  we! 'e  unacceptab l i r  h igh ,  wh i le  the  sound

areas  were  s t i l l  accePlab le .  A i  Lwo o f  the  d isLressed s lues '  the

PO?5 was also unacceptable- The results frolo Lhe collpletion data at

the  s i tes  shcwed the  na le r la ls  ta  be  w lLh in  spec i l i ca t ion  and in

close agreemenl wj-th b.he resuLts cf the sound areas-

At  th ree  s i -Les  (9 /8 ,  1 ' l l2  a r ld  4513)  the  grad in86 o f  the  d is inessed

rnaterlals' were always finer than thoEe of the seund roateria.ls '

although, in general, they stj-lt remalned wichin the specifi.cabion

enve lope.  I i  - " ras  on ly  o r j  ihe  f iner  s ieves '  and espec ia l l y  the

o,o75 on ! ,  tha t  ihe  specr f ied  l im i . t  was  exceeded-

?he reEu l ts  i rom S i te  2 /2  suggest  tha t  Chere  is  no  d i f fe ! "ence

between the distressed and sound areas and ihat both ar€ sa-r,is-

faclory- However, ihe results are sligh-r.Iy rnisl,eading as a ihj.n

layer ol loose fines was observeC ai the interface of the base-

cou.se and the suriace seal in both di.siressed and sound areas- As

th is  layer  o f  fanes  was a  re l -a t i ve ly  snaf l  p r .opor t ion  o f  Ehe who le

grad ing ,  i t  ia  no t  re f lec ied  in  the  PO75 resu l ts  in  Tab le  2 .

PREMATURE PAI./EMEIIT DISTRESS IN THE CAPE PROYTNCE
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T.A.BLE 2 :

P a t

COMPARISON OF
UNDISTRESSED

o 1 2 4 , + r 2 3 5 0 p  - ' 7

-t l -

ir'EAi'i PI
AREAS

AiJD ?O75 FOR THE DISTRESSED AND

No
o f

S i . { -e  Resu l ts

P 0 ? 5  ( % )
F.ateriaI

D i s t i - e s s e d Sound DisLressed Sound Type

9 /8t (

1 7  /  2

4 5 / 3

2 1 2

+

!

q

4

1 7

, )

I

6

4

tiP

1 0

8

N P

9

I

T ,

5

Beaut'or i
Sandstone

Doler i te

T i 1 1 1 t e

Sandstone

*  The resu l ts  a re  fo r  ihe  sand.s ione used
Lhe basecourse .

in  the  top  100 qrn  o f

3.3 l'1f, isLure contents

The basecourse moi-siure contents l iere

d is t , ressed areas  lhan in  the  sound areas

genera l l y  h ighen in  the

( T a b l e  3  ) .

TABLE 3: COMPARfSON OF FIELD MOISTURE coNTENTs (FMc) WTTH oPTII(,M
MOISTURE CONTENT (OMC )

Average FMC
of  basecourse  (%)
(2  resu l ts  )

oMc (%)x FMC/OMC

Si te  D i6 tnesseC Sound Dis 'eressed Sound DisLressed Sound

1 7  / 2

9 1 8

2 t "

E \ )

8 ' o

7 )

5 , O  8 , o

I t q q . r a

2 , 8  7 , a

o , 9 o  0  , 6 2
0 , 7 1  0 , 6 2

o , 8 5  0 , 6 ?

o , 3 9  0  , 2 2
* A].L oMCs were Laken at MCD AASHTO conxpactlon

Three o f  the  sound s i tes  have FMC/OMC ra t ios  o f  0 ,62  whereas  ihe
. - F F - -  - - - l  i  - -  r . -vv*  Erpur tu_r l rg  u rs t ressed s l te  ra t ios  a re  be tween 0 ,? l  and 0 ,90 .
For the basecourse und€r normal condiLions, one would expect an
FI IC/OMC nat io  o i  about  0 ,6  in  a l i  c l ima l ic  a reas  o i  sou thern
Af r ica  (E&ery ,  1984 -  Tab le  V I ) -  The h igher  FMC/OMC re t ios  o f  the
d is t ressed s i tes  a re  ind ica t_ ive  o f  excess  nors tu re  and, /o r  1o$/eF
grade [aa ie r ia l  ( r l l / c  be ing  h igh ] -y  car reLated  w i th  mater la l  t ype) -
Beponts and observations suggest that excess moistu:"e uas lhe more

PFEMATURE PAVEMENT DISTRESS TN THE CAPE PROVINCE
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l i ke ly  cause o f  the  c i i s i .pess-

A l  S i te  9 /8  the  dra inage ' ras  pepor ted ty  poor  be fone the  d is tpess

wi ih  s tand in€  wat3r  ln  the  s ide  dra ins-  An inves i iga t ion  by

consu l tan ls  in  1982,  p r io r  to  the  i laprovement  o f  lhe  dra inage,

showed lha t  ihe  baEecourse  no ie tu i "e  conrent  was  5 ,9  i6  and h igher

ti lan that shawn in Table 3 for the dlslressed area_ Ttre Ft4C /O!.jC

raL io  l . rou1d then have t leen  O,82 and ore  cons is ten t  w l th  the

F}4C/OMC ra t ios  o f  ehe o iher  d is t ressed s i tes .  I t  appears  tha t  the

improvement of the drainage has reduced the FMC i,o a more accep-L-

ab le  va lue  and,  aL  th ls  mo is tu re  conten t ,  the  mater ia l  i s  capab le

o f  g iv ing  the  acceptab le  s t rengths  sho l rn  by  the  DCp resuLLs

ment ioned ear l i -  e  r .

A t  s i te  17 /2  there  was a  d i f fe renb prob leo ;  here  the  mois tu re  wag

reeonLed ly  t rapped - in to  t ,he  paveneoL.  @

or ig ina l  do le r l te  used became unacceptab ly  h igh .  fn  an  a t leBpt  Lo

Peduce the PI the basecourse was sluehed r"rith water over a period

of approxiolately thnee weeks. The pavernent was then surfaced only

tvro days aiter the slushin€ operation, and excess nolsture uas

almost cercainly traDped 1n the pavernent. This does not represenL

norDa l  pnacL ice  in  the  Cape prov ince ,  oh ich  cur ren t ly  requ i re
granu lar  base.s  Lo  be  a t  O,5  o f  OMC pn ior  to  sea l ing .

Site 45/3 had a drainage problen caused by a rtboxed-inl ' type of

construciion. DurinB consiructj.on, IL lJas reported that the

basecourse Lras weL and nut0lng under site t!.affic. Renedial

he!"ringbone, no-ilnes concrete drains uere built into the base_

course so that water could be drained i.hrough the relatively

impermeab le  unsur faeed shou ldep-  However ,  the  dra ins  became s l l ted

and the outlets partially blocked. The result was that rdater Has

lrapped ln '!he pave'ent in the outer r,rheel track, where the wo..st

d:-si,ress occurned. An unpublisheal tnvest]gation by the Cape
Provinclal Roads department in 1gB2 reported that free running

ltaEer was flowing beiween the basecourse and the sunfacin€. This
rras not observ€d at the ti.ue of this investigation- I{owever, tbiE

shows ihat a.u sode stage in Lhe past, the basecourae waa much

PREMATURE FAVEME}IT DISTFESS IN THE CAPE PROVINCE
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a

woul i  therefore expla in ihe acceptable DCp

Lhis inr , -e s  L igaL io . ' )  aL a -Lowe!^ ino is ture con;enL_

e i d r J f i ^ D h f i u  . l F i a h

the cause of  fa i .Lure.

and excess moisture r.Jas not

p . 9

l re t ;Ler .  Th ts

obta ined iFom

Si te  2 , /  2  was

thoughi t,o be

CBRs

:'

l

Ef fee t - s  o f  mo i s tu .e  on  Lhe  CBR

Once iL  was es tab l i shed Lha l  excess
'J f  the  basecour -se :  a t  som? sLaEe

ef iec tS  o f  excess  oc is t .u re  on  the

r  i a l s  w e n e  i n v e s t i g a t e d .

noisLure was preseni  in  three

in the i r  serv ice 1 ive3,  the
b e a r i n g  s t r e n E t h  o f  L h e  m a L e -

In an effort to siinulate the tikely site compactlon and noisture
h is lo ry  o f  ehe mater ia ls ,  a l I  samoles  were  coDpacted  a t  the i r
peElpeclive Mod. AASHTO OMCs using the Ltrree compacttve ef.forts
specii ied by the Nabionar rnsii-tute for Transport and ,road Reseanch
( l \ i ITRR,  1979 -  Method A8) ,  and Lhe samples  tes led  aL  OMc,  . l  

/2  oMC
and 1/4 oMc.  The r /2  oryc and 1/4 oMC nois ture contents ,ere
obtained by drying back the samples for each conpactive erfont at
50 oc an<i  equi l ibrat ing 1n sealed prast ic  bags ror  4g hours-  Af ter
test r -ng '  rhe 2,54 rn '  cBBs were obta i -ned for  9g perceni  compact ion
(Table 4)  and p lot ted agaj .nst  moisture content  (F igure . t ) -

Figune 1 shor,rs thai the sound nateria].s, which have moisture
conten ts  a t  the  expec ted  equ i l ib r iu ra  ( i -e .  0 ,62  o f  OMC _ Tab le  3 ) ,
give CBR values we].L in excess ot- the gO specified at the soaked
no is tu re  conten ts -  Howeven,  the  f ie r -d  rno is lu re  conuents  a t  the
d la t ressed € i tes  a r1  g ive  rower  cERs,  $ r i th  thoee a t  s i leE . rz l2  

and
45/3 being very close to ihe go l iniL. The irqproveEent, l-n the
dra inage a t .9 /8  has  reduced the  mais tu re  conten t  and th is  has
iEproved the bearing strength of ihe material.

It ls also shown thaf, an i.ncrease in moisture content i,n Lhe
d ls t ressed areas  may reduce the  bear in t  sUrengths  to  be lou  the
soaked CBR specified timiL or^ g0_ Table I shows rhat Lhe soaked.
CBRs,  on  roa ter ia l  f ro ru  Ehe d is t ressed ar€as ,  a re  a lL  now be low g0_
The completion data afLer conatructlon sholred Lhat the materials
gave acceptable CBRs at 9g percent Mod_ AASUTO compaceron, althoueh

PREI,I4?URE PAVEIGNT DISTRESS IN THE CAPE PROVINCE
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RESULTS OF THE EFFECTS OF }4OISTURE COI'ITENT ON CBR

P -  l o

S i t e Cooditj.on
Approxlmaie
moisture conient

m l c
top 30 rnm* *

98 "i
CBR

9  / 8

D i s t r e s s e d

Soaked
oMc
1 /2  oMC
1/4  oMC

1 4 *
8 6

1 8 0
370

Sound

Soaked
oMc
1/2 Ot4c
1 / 4  o M C

Q 1 *

1 1 2

? n a

'7 )J

t  - o

D i s i r e s s e d

Soaked
olc
1/?  QMC
1 / 4  O M C

6 0 +
7 , 6

2 , O' t 7  
/ 2

Sound

Soaked
oMc
1t2 oMC
1/4  oMc

1C7 *
r  h ?

4 1 0
> 2 1 8

6 2

1 c }

Dlst ressed

Soaked
oMc
1 /2  oMC

-1 r'4 oMC

6?*
1 0 4

319
380

4 ) t  I

Sound

Soaked
oltc
1/2 0t4C
r /4 oMc

8 0  *

5 , U

* Average of tHo results fnon
*i No soaked noisture contents

density

di-fierent laboratonies-
lJere  r .ecorded,  l .e .  ac  98  % MAASHTo

no resu l ts  were  ava i lab le  fo r  the  sands tone used a t  g /g -

However, Flgure 1 only serves to estinate the moisture effects on
the cBR at, the minirnun specified compaclion requir-ement (i-e-

98 percent of t ' lDD) - If the site densitj-es are higher, then the
i -n -s i tu  CBRs are  l i ke ly  to  be  h igher -  S i te  dens j " l ies  a t  Che t iDe o f
i l ' t is iavestigation ranged bet$reen .lO1 percent and lcG pe!-cent oi
Mod. AASHTO eolrpaction and fc,r the distressed a!,eas were, in fact,

PREMATURE PAVEIIENT DISTRESS IN THE CAPE PROVINCE
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a

aa
:

a r r t r c
srsnRE coir€nr r a-,

9 7 E  9 / A

a ! a 5
srtluRE corr:rr ( ./- I

sll.€ r?,/a

4 1 . 5 6 ? a i t o
ror-rla€ co|'rExt l./.1

Stt€ r13 /!

FIGURE | - 98,6 CAR VEqSAS fOtSrWE dtrrEuT FELArlOtrsHp
(oft sotopta, cvmpocttd 4, MOD. AASHO OKJ

The Mod- AASHTO MDDs of Lhe material now present 1n the disi,ressed
basecourses r.rere also alt sl ightty higher (by up ro 70 kglu3 ) than
the  l "DDs a t  comple t i -on  (see ioobnote  Tab le  5 ) -  Never the less ,  the
present  dens i t ies  suggest  Lhat  dens i f i ca t ion  o i .  ihe  d is t ressed base
course layers has taken place. This may therefore explain the high
DCP CBRS shorrn in T-ab1e 1 compared wilh ihose shor"m in Figure 1 at
98 percent coEpaciion-

al]. higher than those shoh,n

three  s i tes ,  ranged beLwi ren

Table 5 shons tbat only

g ive  agreeab le  resu l_ ts

compact ion  and ! ]o ls lu re

Figur'e 2 Ehows ;he CBR/noisture relationship
iies and Table 5 glves a ccxrparison of the CBR
moisture contents for 9g perceni conpaciion,
ffom the DCp "

i n  Lhe coBp le t ion  da ta ,  wh ich ,  fo r  the

9 8 , 0  p e r c e n t  t o  9 9 , 6  p e r c e n t _

at lhe iield densi.-

resul,ts at the field

field compaction and

tr , ro areas,  12, /Z d j .s t ressed and
bebween lhe laboratory CBn
contenc, and Lhe DCp CBR. In

45 /3 sounci

at  in-s i  tu

the other
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areas the geneaal

TABLE 5 : COMPARISOII
COIqTEIIT

o 1 2 a 4 1 2 3 5 0

-9-

Lrend is  r -or  Lhe DCP CBR t ,o  be h igher-

OF LABORATORY At.,D DCP CBRS AT SITE MOIS1URE

P . 1 2

DisLressec i

j
S.iLe CBR at

0 9 ' 4

u v u r P d u L a u r r

CBR at
In situ
Coqpact ion

an
DCP

In s i tu
DCP CBR

CBF a l  CBR aL
9 8  %  i n  s i t u
Coropaction Compaciion

p n t

s i L u
CBB

2 8 02 0 01 6 01 3 0 2501 0 09  / 8

8 0 o ) 270 I 1t)

'r 801 8 01 3 0r T o1 1 0\ 5 t 3

Nctes:  Si te
rlith

densib ies and % conpact ions were as fo l lows compared
nearest  avai ] .abLe data at  complet ion:

f i
Fie ld  (kg / * ' )  MDo (kg /m' )  Comp6c-  %
oens i ty  Comple-  Inves t i -  Conp le-  t ion  Coop le_
I n v e s t i -  t i o n  g a t i o n  t i o n  I n v e s t ! -  t i o n
g a r r o n gat i .on

I
d i s t r e s s e d
s o u n o

. - , -  d i  s t r  e s  s e  d
S O U N O

,  - , -  d i s t r e s s e d+ ) t  )'  s o u n d

z?91
2?21

zJaS
zja1

?302
2io1

2 1 0 8
?300

2210
2j00

?i?0
2170

2166
l  l b n

2219
226?

2 2 7 t +

2267

2151
2 1 J 7

2220'???a

2?05
2205

102,5

10719
101 , rr

101 ,2
101 ,5

9 8 , 0
1 0 ? , 6

o o (

1OJ ,6

o n I
O R L

However ,  the  CBR . /e .sue no is tu re  conter t t  re la t ionEh ipE shown in
Figure 2 nelate rrJell wiih tbe 

-a-Ctual 
observed perfornance of t,he

roa ter ia ] .a .  I t  i s  shown tha t  a t  iwo o f  the  s i tes  (17 , /2  and 45 /_?)  on ly
a  s l lgh t ' inc rease in  mo is tu re  i s  requ i red  to  neduce the  CBR o f  the
d isLressed area  Lo  unaccepbab le  l in i t s ,  e r ren  a t  the  h igher  dens i_

The resulrs at 9/8 sugg€st, tha! i.he material is acceptable, but this
ls  p robab ly  a  re f lec t ion  o f  Lhe dens i f i -caL ion  o f  the  layer ,
presumably as a resurt of t.raffic on the degraded ma..eFials- rt is
l ikely that i lhe inc!-ease in density i.n the wheerLrack has caueed the
observed d1s t ress  o f  ru t t ing  and c rocod i le  c r "ack ing ,  espec ia l_
Iy prior bo inprcvemeni, of the d rainage when the mclseure eontent

PREMATURE PAVEMENT DISTFESS IN THE CAPE PROVINCE
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ersTrrr€ cort€r.r tll
s t rE t  t2

r l
{ l
\$
I

l l
o  |  2  :  .  r  .  ,  c - l

o 1 2 4 , + 1 2 3 5 ( ]

wruFE Cor.r€r.t tt)
saTE r|{t / 3

P a t P . 1 3

- 1 0 -

was h igher ' -

The DCP CBRS Lak€n in the wheeltrack.s did not compare ,rel.I r,rith
per fo rnance when exDla in ing  the  observed d is tness .  The inve6t i6a_
t ion  showed the  DCp r ,o  be  a  very  use iu l  t ,oo l  in  compar ing  the
re la i i ve  s t rengths  c t  the  C isaressed and sounc l  a feas ,  anC l t  was
capabLe o f  dececL ing  reLaL ive  weaknesses  , r i - th in  a  par t l cu la r  layea_
However ,  ih is  inves t iga t ion  suggests  Lhat  fu r lhe .  in -s i i ' u  Dcp-cBR
cor re la t ions  are  requ i red  on  rna ie r ia ls  w i th  CBns in  e . \ :cess  o i  gO

before  the  DCP can be  conf rdent ly  used to  pned lc t  in_s i tu  CBRs o ;_
basecourse  (c i  an . i .  G2)  mater is ls -  A f te r  a l l ,  the  ,  re la i lonsh ip
dev iEed by  K leyn  (1975)  and shown in  the  layer  s t rength  d iagrams a f
t i leyn  e t ,  a l  (1982) .  r . ras  based on  labora tory  resu t ts  i -n  the  CBR
r a n g e  o f  1 t o  8 0 -

s r T €  9 / a

FG|GURE 2 - CCE AT fIELD COaPACNO

4, DEGRADAIIO}T

TERSUS UOTSTUE€ CO TAnf FELA\\OHSH|7

Frcm the  i le l ,d  and laboraLory  inves t iga t ions .  1 i  was  conc luded tha i
a f f ,  ih ree  o f  ihe  s i tes  <9 /g ,  17  lz  and 4 i i3 )  Lhe cause c i -  fa i lune  was
no i  s iu re-as  soc  ia ied  in  tha t  mo is tu re  hac i  e i then en tered  or  been
t rapped in  ihe  baseccu.se .  The pFesence o f l  excess  dro is tu .e  hac l
caused degradation of the original sErerial shown bl, lhe change i-n
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m a a e F i a l  p n o p e r t i e s .

in  the  presence o f

1o!v bea.ing st nengLt)

o 1 2 4 4 1 2 3 5 0

_ 1 i _

1r r.ras a-Lso shorrn bllat the degnaded maLerial

exceEis  mo ls tu re  migh t  have g iven unacceptab ]y
( T a b l e  5 ) -

nolsture

l in i ts-

s t rength

excess

leading

P -  1 4

,

1
,

The resulLs from the sound areas sha!. thaL, pro\rided i,hat vater" 1s
kept out oi the pav€Eent and i.he expected equil lbrlu.sl moj,stune
conten t  i s  ma in ta ined,  the  bear i : rg  s t reng ihs  o f  the  basecourses
shou ld  re rda in  i -n  excess  o f  requ i reoents -

1L  was there fore  conc luded tha t  l rhe  presence o f  excesE
Nouli: i f irst cause the maierial to degrade to unaccepiable
'fhe degraded maieriat would then have a lot.rer bearing
under  normal  mo is iu re  cond i t lons_ In  the  presence o f
moisture ltrere l{as a further reducij-on in bearang strength
to  the  d is t ress  observed -

AL S i te  2 /2  va |e r  does  noL appear  -uo  have qeen the  cause o f
fa i lu re -  Ins tead there  is  a  th in  layer  o f  loose f ines  jus t  be low
the sur face  sea l  a t  the  iop  o f  the  basecourse-  The layer  o f  f ines
appears  to  haye been fo rmed as  a  pesu l t  g f  C is in tegra t ion  o f  the
re la t l ve ly  weak sands tane gravef -  Accord ing  to  Gnan l  and Net te r_
bera  (1984) ,  such a  layer  o f  i ines  coufd  lead Lo  excese ive  f lex ing
of  ihe  sur face  sea l  lead ing  to  the  observed d is r ress .

At a1l, four siLes there was evidence thai, the materia1s in the
dj .s t ressed areas had degrad.ed-  However,  the speci f i .ca i ion at  the
Linxe of construcLion did noi include linriLs for iden-,,ifying
degradable mat .er ia ls_ Appnopniate Lests, . rere therefore invest iga_-r. ed.

4 . 1 ' l  0 % FACT liei /dry ratio

Oi  the  durab i l l t y  tes ts  a t  Dresent  ava i lab le ,  on ly  the  ra t io  o f
wef  , /d ry  10  g  F ines  AggregaLe Crush ing  Tes t  (1o  % FACT)  va lue
sug€ested  by  Weiner t  (1980)  and recomnended b l ,  N ITRn ( t9go _  c t ra f i
TFH14) is in comnon use for testing South Airi-can aggregatee.
l io'dever, Lrh!Ist, t,his is a good neasure of lhe tikely reduction in
sirengih of 'Lhe agg.egaLe. and hence the degree of disintegrali.on
l i ke ly  to  be  expec ted  v rhen wet ,  i t  g ives  no  andtca t . ion  o f  any

PREMATURE PAVEI,IENT DTSTRESS IN THE CAPE PROVINCE



o g  t l € y  ( ] 3  O ? : 5 8 P a i

-1?_-

l . rca ther ing  produc :s  \ rh i .ch  may 5e
pavement -

For  ihe  four -  s i tes  iaves t iga ie r j ,

t n e  q u a r r i e s  o n  b o : - r o u  D i ! s  u s e d .

car r ied  ou ' "  fo r  conpar ison  w i th
(  T a  b l e  6 ) .

o 1 2 4 4 1 2 3 s O

].e1eased tro Lhe de.'-. lment of Lhe

samples were taken iroin each ol
! ' l e t  and dry  I0  % FACT tesus  were

TRH14 (NTTRR,  j980)  reou l renenLs

P -  1 s

TABLE 5 | 10 % FACT VALUES COptrARED WrTH rnHt4 LrtrfITs

Sai rp le
S i i e  o

C l i m a t e

N VaI  ue2

10 % FAC. |---: -----E 
e.-

In )  MAR. I  type  D.y
( k N )  r a t i o

I R H 1 4
( 1 9 8 0 )
L i rn i i s
(kN/%

Remaik  s

9 1 8
q / f ,

17 /2
17 l?

10j.17

10118

1o 106

11164

10J21

10j28

*o /751
110 /75
1't0 175

160 /70
144 /75

R e j e c i

R e j e c t

A c c e p t

R e j e c t

R e j e c i

r ' t u  - ) )

>10 -35

>i0 _35

>10 -15

> 5  - 2 0

j-14 +20

S s n d s t o n e

0 o l e r i t e

0 o l e r i t e

D o l e r i . t e

l i l l i t e

Sandstone

350

t50

350

350

700
800

1 9 9

270

?58

?28

9\

,8

A'l

\ 7

66

1. 1r1ot75

2- N lue

3- Ttrr

4- l4An

ve1

nrinin-u dry str€r€th of 14O ld\i ard

Weirlert, t.s cLlnatic irdax

= ?rorfthaite's fbi.str.re Index
= l*en AveragE fu.lnfaX

ollnlJn-(n ratio of Z5 %

TLre nesufts shaw t,hat all the materials, except one, r.rould have
been exc luded by bhe ?Ri- { lq  l imi ts .  Howeven,  s in i lar  l la ter ia ls
under nornal |oolstuFe condj.tions, and in dry areas, heve perforoed
well- Adoptlcin of the exisi,ing TRHru ri*lts -',ould have led to ...he
reJecl ion of  Lhese' rEater ia ls .  I t ,  i6  the! .efore ptoposed thal  the
1O % FACT l iu i ts  be c l imare_re la ted -

Results from 25 otheF quarry sampLes of basecourser Eaterial being
used successfully throughout t.he Cape province show that, of the 6
saoples obLalned f ron the dr ier  areas,  wi th in the Weiner t  ( .19gO)
cli'ati-c areas N > ro, none of bhe aggregates acnieved the minimurn
10 % seL/dry rat io  requi reEent  of  Z5 %. I r  was only  in  the
c]leatic areas N = < 5 ihat the e:(isting TRH14 .Irr'it.s did rpt €r<c.hde

PREMATURE PAVEMENT DISTFESS I}i ?HE CAPE PROVINCE
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na ter la ls  o f  p roven per fo rmance.  - { } though the  mois tu re  sens i t i v i t y

o l  the  na ter ia l  i s  s t i l I  a  p rob lem in  the  dr ie r  a reas ,  i l  i . s  l i ke ly
to  be  less  o f  a  p rob lem there  than i t  i s  in  apeas  o f  h i8her
rainfall-. Thus consideration should be given t.o the relaxafion of
ihe  wet , /d ry  l im i ts  i -n  d r ie r  a reas  to  avo id  unnecessary  reJec t ion  o f
ma-uer ia1 .

From the  resu l ts  p resent ly  ava i lab le  the  fo l lo$ ing  e l iua te  re ] -a ted
l im i ts  a re  sugges led  io r  cons idera t ion :

P -  1 6

Cfimai].c

N-value

-  ' i o
J

5

10 % FACT
wel  dry rat io

> 7 5 %

d 7 0 %

< 5 5 %

4 - 2

IL  is  howeven,  St i1 l  inpor tahi ,  that  excess d is in tegrat ion does
not  cake p lace in  the dry s t ,aLe-  Thenefore the retenLion or-  the
mininum dry L imi ts  as shown i -n Appendix I  o f  TRH14 (NITRR, 19gO)
a:"e Sti.l l recommended -

Texas Ball l€1L Test

The 'eest 'Lhat seemed most capabLe of sirlulaLing ihe degradation
pnocesses was ttre Texa.s Ball Mj.l-1 (TBM) Lest speciaied by the Texas
Highway Depar tdent  Mater j .a ls  and Tes t  D iv is ion  (19Tg) .  The tes t ,
requires a nepresentatj-ve sample of the whole aggregate gradlng to
be rotaued in a wagertight cyl-inder rn the sacurated condition for
600 revo lu t ions  rd i th  an  abras ive  charge o i  s i -x  s tee l  sphere
included- The abrasive charge simulates the trafric acticn and ttre
l i ke ly  d is in tegra t ion  dur ing  consLruc t ion ,  wh i ]s t  ihe  presence o f
excess water r!-i.]. l  simulaLe any !,,eakening of the aggregate and
releaae of det.rinental weathering products- I, as highly unlikely
that any decosrpositlon w1II take place in the t.en minutes required
to  per fo r& thg  les t  _

Fon L,his investigatj.on nodil icationE to the
pt"ocedure were rqade. Four- subsarnples of lhe same
Eo that the I 'arying degrees cf the degradation

PIEKSTURE PAVEME}JT DISTRESS IN ?HE CAPS PROVINCE
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s imu la ted  be t len  (Tab le  Z) .  A f te r  each t rea tment  the  who le  sampie
'uas retained fon gradj-ng and Aiterberg Llnlt TesLs l-or comparison
wi th  the  o . ig ina l  i -esu l ts .

?ABLE 7 : MODIFTCATIONS To THE TEXAS BALL lfILL TEST

Sub-sarople
N o - Trea iemenL Degradation

Process

t{et Dry .A.brasive

No No No
O F i  r i  n a  1  < r n n l o  ' _ ^ F  ^ ^ -

par iEon

res No yes :i":*:?:::';:"?l:";:""-'
p.oduc ls  (a tandard  tes t
p rocedure  )

Na Yes Yes Disintegr.ation only

Yes No No
'oininal d is j.ntegra t i on -

The !.esu1ts of the TBM Tests wi.th the ruodificalione shown in Table
7  are  A j .ven  in  Tab le  e .  The Eu i lab i l i t y  o f  the  mater ia l  sho l rn  Ln
Table 8 is based on the follol.I ing proposed lioits whlch are partLy
based on the Texas Highway Departoent speclrlcation (1972):-

'I 
. The PI should s-,-itL nob exceed 6 aften any of the TBM treat_

nents.

2-  The a&ount  of  f ines passing the 0,425 mm sieve shal r  not  exceed
40 % ana shal l , r lo t  increase by more Lhan zo percentage unibs
fl'oE the original passing Or425 mrn fraction-

Experience with arenaceous rocks o!- bhe type used a.u site 2/Z and
9/8 suggest ihat for these rock types the nax:-mum Dercentage
passing 0.425 nI! should be reduced Lo 35 ,",i wi.gh a naximum percen_
tage uni t  increase of  18-

PREMATUFE P.qVEMENT DISTRESS IN THE CAPE PROVINCE
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serv ice .  For  exanp le ,  a - , -  S i t  9 /8  the  nad i l ied  TBM resu lLs  conf j - rm

that, '"he sandstone is lreak ani l ikely io degi-ade to give unac-

ceptab ly  h j -gh  f ines  in  the  presence o f  uaber .  Water  i s  a lso  shobrn

io  : "e lease p las t i c  i ines  caus ing  an  ancreace in  P I .  Ho l rever ,  th is

' 'rou1d not be shown in the standard TB['I Lest and il lust.rates the

need fa r  mod i . f l ca t ions .  In  the  s tanda! 'd  beat ,  the  la r te  d is in te -

gra t lon  produc ing  a  h lgh  pe ! ' cen tage o f  non-p las t1c  f1nes ,  wcu ld

have masked the PI increase. SimiLan cornpani.sons may be made lor

the  o ther  s iLes"

TABLE 8 RESULTS OF THE MODTFIED TtsM ?ESTS ON THE QUARBY
SAMPLES

P -  1 4

)

si te t i :ot"  rr later ia l T reatnent PtlZ5 P i R ena rks

918 1ojl? S a n d s t o n e

0 r  ig i  na1 sanp le  1 -1
Af te r  norna l  IE t l  t \

Re jec ts  as  PA
exceeds 6  and

?
?

After drt IBB-- 16 'r P'r35 inereqse - ---
A f t€ r  TBt4  (no  shot )  12  7  by  2J  un i ts

918 10118 D o l e r i t e
0 r i g i r a l  s a r p l e  1 8
Af te r  norna l  TBM 27
A f t e r  d r y  I B M  2 0
A i t e r  T B l 4  ( n o  s h o t )  1 t

1
,
3
1

A c c e p t a b l e

1712 1116\ D o l e r i . t e
( q u a r r y  k m  J , 0 )

0r ig in  a l  sample  8
Af te r  norna l  IBM ZZ
Af te r  d ry  TBM 15
Af te r  I8 l4  (no  shot )  15

1 1
9
9
l )

Re jec  t  on
h igh  P Is

1? l? 10108 D o l e r i t e
( q u a r r y  k n  1 1 , 1 )

0r  lg l  f la l  sanp le
Af  te r  nor rna l  TBM
After dry IBl,l
A f  te r  IBM (no  shot )

AcceptabLe
1 9 t

a o z
2 0 � 1

'10321 I i l l i i e
r i g i n a l  s a n p l e

After  nornal  iBM
4f ier  dry l8M
After  IB l .4  (no shot)

1 3 6
{ )
8 5

r q
101,
a r e
th6n

FACV resu l  ts
ac  c  ep t3  b l  e ,

zlz 19t?8 S a n d s t o n e
0r ig i  o  a l  saople
At ter  norm?I  TBM
After  dry IBM
A f t e r  T B H  ( n o  s h o t )

Rejec t  on
i  nc  rease o l
P tr?5

7  N P
28 r{P
2 7  H P
 / A
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I f  mater ia ls  suscepL ib le  Lo  degradat ion

conslruction control and drainage are

excess glQrsture from bein€ i,rapped in ar

basecourse .

rnust be used, good

essential -La prevent

in f i l t ra t ing  in to  the

o 1 2 4 4 1 2 3 5 ( ] P -  1 S

a- CONCLUSIONS

T h e  c a u s e  o f  d i s L r e s s  a t  t h r e e  o i  L h e  s i L e s  ( 9 / g ,  1 7 / ?  z , n d
45, /3 )  was  excess  mois tu re  e rapped in to  o r  a l lo r . red  Lo  en le r  Lhe
pavement -  The excess  moisLure  degraded the  basecourse  to

unacceptab le  l in i t s .  As  a  resu l t  o f  Lhe degrac la t ion ,  the

Daaecourse  maien ia ls  in  l_ne d is inessed areas  wer "e  less  capab le
^ 1 '  F r ^ r r i . i  i  - 6p|uv . r - ' r r r r ts  auequaLe suppor t -  The cont inued oresence o f

excess  mois tu re  fu r ther  lo tened t .he  bear ing  s tnength  and 1ed

to  lhe  obser . . red  C is t ress  _

The d is t ress  a t  S l te  Z /2  was due to  ihe  low dry  s t rength  o f
the  aggrega ie-  The ac t ion  o f  the  t ra f f i c  and/or  cons tnuc t ion

processes caused bhe i,reak sandstone gravel material to br.eak

doran or disintegraLe and form a layer of loose fines just

be low Lhe sur face  sea l ,  vh iah  resu f ted  in  the  observed sur face
d i s t r e s s -

b ,

c -  Cons idera t ion  shou ld  be  g iven to  the  use  o f  the  10  % r re t , /d ry
FACT anci the modj-i ied TBM Test to identify lrhe materials

suscept , ib le  Lo  degrada l ion .  C l imabe_re la ted  l i rn iLs  a ! -e
proposec  fo r  ihe  ro  % FAcr  tes t  and Ba jor  nod i f - i ca t ions  are
proposed fo r  the  TBM Test  a long r . r i th  ten ta t i ve  t in l t s ,  based
on the  l in i ted  numbe, r  o f  a8gregates  tes ted .

d -
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