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W. AKILI P ro fe s s o r o f  C iv il E n g in e e r in g , th e  U n iv e rs ity  o f  P e tro le u m  &  M in e ra ls , D h a h ra n , S a u d i A ra b ia

SYNOPSI S Test s wer e car r i ed out  on t wo sel ect ed car bonat e soi l s (a s i l i ceous car bonat e sand and
a mar l )  f r om t he v i c i ni t y  of  Dammam,  Saudi  Ar abi a.  The exper i ment s  i ncl uded CBR t est s at  di f f er ent  
wat er  cont ent s,  undr ai ned t r i xi al ,  and r epeat ed l oad t est s on compact ed sampl es.  The dat a per mi t t ed 
t he use of  l i near  r el at i onshi p ( on t he l og- l og pl ot )  t o r epr esent  t he i ncr ease of  axi al  pl ast i c  st r ai n 
wi t h r epeat ed l oad cycl es.  A cr i t i cal  st r ess,  about  40% of  t he undr ai ned shear  st r engt h,  separ at ed 
sampl es ’ pl ast i c  and r es i l i ent  def or mat i on behav i our  The r es i l i ent  modul us decr eased wi t h i ncr ea 
sed st r ess;  and appr oached a const ant  val ue af t er  10 cycl es at  st r esses l ower  t han t he cr i t i cal .

I NTRODUCTI ON

The ext ens i ve use of  car bonat e soi l s i n East er n 
Saudi  Ar abi a coupl ed wi t h l ack of  publ i shed i n­
f or mat i on on t hei r  engi neer i ng char act er i s t i cs  
have l ed t o specul at i ons and wi de di scr epanc i es 
i n t hei r  descr i pt i on,  c l ass i f i cat i on and beha­
v i or  when i n use as subgr ade mat er i al .  Much of  
t he di f f i cul t y  ar i ses because t hese deposi t s  
( r ef er r ed t o l ocal l y as Mar l )  exhi bi t  a gr eat  
deal  of  var i at i ons i n t hei r  or i gi n,  t ext ur e,  
mi ner al  composi t i on and engi neer i ng pr oper t i es.

The geol ogi cal  aspect s of  sedi ment ar y  r ocks i n 
t he Ar abi an Gul f  ar ea have been di scussed by 
Kass l er  ( 1973) ,  Sar nt hei n and Wal ger  ( 1973) ,  
Pur ser  and Evans ( 1973) ,  Chapman ( 1973)  and 
Al - Sayyar i  and Zot l  ( 1978) .  Ref er ence shoul d 
be made t o t he wor k of  Fookes ( 1978)  on t he 
nat ur e of  soi l s i n t he Mi ddl e East  and assoc i a­
t ed f oundat i on pr obl ems.

The wor k  pr esent ed i n t hi s paper  i s par t  of  a 
r esear ch ai ms at  pr ovi di ng t ypi cal  l abor at or y 
t est  r esul t s  on r emoul ded car bonat e soi l s f r om 
t he v i c i ni t y  of  Dammam,  East er n Saudi  Ar abi a 
t o hel p del i neat e t hei r  r el evant  engi neer i ng 
pr oper t i es  and est abl i sh a dat a base f or  t hei r  
event ual  c l ass i f i cat i on.  The speci f i c  dat a 
pr ov i ded her e ar e l i mi t ed t o t wo soi l s and com­
pr i se t he r esul t s  of  ( i )  Cal i f or ni a Bear i ng 
Rat i o t est s as a f unct i on of  wat er  cont ent ,  ( i i )  
undr ai ned t r i ax i al  t est s on l abor at or y compact ed 
sampl es and ( i i i )  per manent  and r es i l i ent  def or ­
mat i on behav i or  r esul t i ng f r om t he appl i cat i on 
of  const ant  l evel  of  r epeat ed l oad.

SOI L DESCRI PTI ON 

Gener al

The car bonat e soi l s may f or m as a r esul t  of  phy ­
si cal  and chemi cal  weat her i ng of  par ent  car bo­
nat e r ocks ( e. g.  l i mest ones,  dol omi t es,  car bo­
nat e sandst ones,  et c. ) .  Of t en t hei r  or i gi nal  
char act er i s t i cs  ar e obscur ed due t o t hei r  bur i al  
wi t h det r i t al  sedi ment s.  The car bonat e mi ner al s  
t end t o be sol ubl e,  chemi cal l y  r eact i ve and ea­
s i l y r ec r ys t al i zabl e. Accor di ng t o Fookes and 
Hi ggi nbot t om ( 1975) ,  t he mai n var i abl es whi ch

occur  i n such deposi t s  and seem t o af f ect  t hei r  
engi neer i ng pr oper t i es ar e:  (1)  Mi ner al  compo­
si t i on,  i n t er ms of  per cent  car bonat e and t o 
what  ext ent  i s t he car bonat e admi xed wi t h cl ay 
mi ner al s  or  quar t z,  ( i i ) . I f  mai nl y  car bonat e,  
whet her  t he car bonat e i s cal c i t e ( CaC03) ,  ar ago­
ni t e ( CaC03) ,  dol omi t e ( CaMg( C0s) 2> or  s i der i t e 
( FeCo2) ,  ( i i i ) .  The or i gi n and pr ocesses of  
f or mi ng,  ( i v)  Gr ai n si ze,  and (v)  Degr ee of  ce ­
ment at i on nor mal l y  r ef l ec t ed by i n si t u st r engt h.  
Cement at i on i n car bonat e soi l s,  nor mal l y  caused 
by changes i n t emper at ur e and/ or  car bonat e di o ­
x i de concent r at i on,  may t ake pl ace concur r ent l y  
wi t h depos i t i on ( Fookes and Hi ggi nbot t om,  1975) .  
Thi s bui l dup i n cement at i on i s a pos i t i ve at t r i ­
but e of  car bonat e soi l s when i n use as a compac ­
t ed f i l l .  However ,  l oss of  por os i t y  may f ol l ow 
cement at i on due t o cr eep and r ecr yst al l i zat i on 
of  par t i c l es  par t i cul ar l y  under  r el at i vel y  hi gh 
over bur den pr essur es.

Pr el i mi nar y  r econnai ssance wor k i n t he v i c i t y  
of  Dammam,  East er n Saudi  Ar abi a,  has r eveal ed 
t he ex i s t ance of  di f f er ent  t ypes of  t hese car bo­
nat e deposi t s  i n t er ms of  col our ,  composi t i on,  
and gr adat i on.  The maj or i t y  of  t hese sur f ace 
soi l s ex i s t  i n cement ed l ayer s t hat  over l i e 
hi ghl y  weat her ed car bonat e r ocks.  Some may be 
bur r i ed by up t o t wo met er s  of  r ecent  wi ndbl own 
s edi ment s .

Economy i n pr esent  day r oad bui l di ng pr act i ce 
usual l y  di c t at es t hat  t hese car bonat e soi l s be 
used as a cappi ng l ayer  on t op of  embankment s  
bui l t  of  compact ed dune sand.

Soi l s sel ect ed

The t wo soi l s sel ect ed f or  t hi s wor k wer e obt ai n­
ed f r om t wo separ at e l ocat i ons sout h of  t he ci t y 
of  Dammam.  They r epr esent  t wo of  t he pr edomi ­
nant l y  occur i ng car bonat e soi l s of  t he l andscape.  
Bot h sampl es wer e obt ai ned f r om a dept h appr ox i ­
mat el y  1. 5 met er s  bel ow gr ound sur f ace and wer e 
i ni t i al l y  i dent i f i ed by  t hei r  col our  and t ext ur e.  
Tabl e I  l i st s t he var i ous pr oper t i es  det er mi ned.  
The t wo soi l s t est ed,  r ef er r ed t o her e as Soi l  A
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TABLE 1

Pr oper t i es of  Car bonat e Soi l s Test ed

VARI ABLE DATA
Soi l  A Soi l  B

Gr ai n si ze anal ys i s  
Per cent age passi ng
No.  200 23. 5 20. 5
Per cent age si l t  si ze
(0 . 05mm- 0. 002mm) 11. 1 7. 5
Per cent age cl ay si ze
( <0. 002mm) 4. 6 7

Li qui d l i mi t Non-  pl ast i c 44
Pl ast i c i t y  i ndex Non-  pl ast i c 9
St andar d Pr oct or ^max.
dr y  dens i t y  kg/ m 1730 1674
St andar d Pr oct or  opt i mum
moi s t ur e cont ent ,  % 17. 3 19. 4
Speci f i c  gr avi t y 2. 71 2. 80
PH 9. 4 8. 8
Or gani c  car bone,  % 3. 70 . 46
Descr i pt i on Si l i ceous

Mar l
car bonat e
sand

and Soi l  B,  cont ai ned appr ox i mat el y  70% cal c i um 
car bonat e.  Soi l  A i s a non- pl ast i c  sand wi t h 
23. 5% pass i ng No. 200 si eve ( . 074mm) .  Soi l  B, on 
t he ot her  hand,  exhi bi t ed some pl ast i c i t y  due t o 
t he pr esence of  appr ox i mat el y  10% cl ay.  Based 
on t he c l ass i f i cat i on syst em pr oposed by  Fookes 
and Hi ggi nbot t om ( 1975)  Soi l  A may be l abel ed as 
s i l i ceous car bonat e sand si nce i t  cont ai ns a 
smal l  pr opor t i on of  s i l i ca gr ai ns;  whi l e Soi l  B 
can be t er med mar l  whi ch i s a s i mpl e bi nar y  mi x ­
t ur e of  cal c i um car bonat e and cl ay.  The i ndur a­
t ed equi val ent s  of  Soi l s  A and B ar e r espect i ve­
l y l i mest one and ar gi l l aceous ( or  cl ayey)  
l i mes t one.

CALI FORNI A BEARI NG RATI O ( CBR)  TESTS

CBR t est  i s wi del y  used i n Saudi  Ar abi a f or  eva­
l uat i on of  subgr ades.  I n at t empt i ng t o det er ­
mi ne t he ef f ec t  of  moul di ng wat er  cont ent  on CBR 
val ue,  i t  was necessar y  t o per f or m CBR t est s on 
sampl es wi t h di f f er ent  wat er  cont ent s.  For  each 
sel ect ed moul di ng wat er  cont ent  f our  CBR sampl es 
wer e pr epar ed by compact i ng t he wet t ed soi l  i n 
st andar d CBR moul ds,  i n t hr ee l ayer s,  appl y i ng 
56 bl ows per  l ayer  t o r each a dr y dens i t y  equi ­
val ent  t o t hat  of  t he st andar d Pr oct or  t est  at  
t he sel ect ed moi s t ur e cont ent .  The moul di ng 
moi s t ur e cont ent s r anged f r om wel l  bel ow opt i mum 
t o t wo or  t hr ee wat er  cont ent s on t he wet  si de 
of  opt i mum.  At  each moi s t ur e cont ent  sel ect ed,  
t wo speci mens wer e subj ect ed t o CBR penet r at i on 
t est  ( ASTM D 1883,  1974)  di r ec t l y  af t er  moul di ng,  
and t wo wer e def f er ed unt i l  t hey had soaked i n 
wat er  f or  96 hour s under  a sur char ge of  2. 5 KPa.  
Dur i ng soak,  sampl e' s  hei ght  was moni t or ed at  
di f f er ent  t i me i nt er val s  t o det er mi ne swel l .
Fi gs.  1 and 2 show t he var i at i on i n dr y  densi t y  
( st andar d and modi f i ed Pr oc t or ) , soaked and un­
soaked CBR,  f i nal  wat er  cont ent  af t er  96 hour s 
of  soaki ng,  and per cent  swel l  ( i n case of  soi l B)  
f or  di f f er ent  moul di ng wat er  cont ent s.  Each 
poi nt  pl ot t ed r epr esent s  t he aver age of  t wo t est s.

The f ol l owi ng obser vat i ons can be made wi t h r es ­
pect  t o t he r esul t s  pl ot t ed i n Fi gs 1 and 2:  ( i )  
For  bot h soi l s t est s,  max i mum CBR occur ed on t he 
dr y si de of  opt i mum.  For  soi l  A t he max i mum

Fi g . 1 Var i at i on of  Dr y Densi t y,  CBR,  and Fi nal  
Wat er  Cont ent  wi t h Moul di ng Wat er  Cont ent  (Soi l  A)

Fi g.

Moul di ng Wat er  Cont ent ,  %

2 Var i at i on of  Dr y Densi t y,  CBR,  Fi nal  Wat er  Cont ent ,  
and Per cent  Swel l  wi t h Moul di ng Wat er  Cont ent  
(Soi l  B)
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soaked and unsoaked CBR ar e wel l  def i ned and 
cor r espond t o a wat er  cont ent  1. 5% dr i er  of  
opt i mum as det er mi ned by s t andar d Pr oct or ,  ( i i )  
I ncr easi ng moul di ng wat er  cont ent  dr y of  opt i mum,  
i ncr eased soaked and unsoaked CBR val ues of  soi l  
A wher eas i t  l ower ed t he unsoaked CBR val ue of  
soi l  B.  ( i i i )  As expect ed,  and f or  bot h soi l s 
t est ed t he l ower  t he i ni t i al  moul di ng wat er  
cont ent  t he hi gher  i t s wat er  absor pt i on af t er  
soaki ng.  Thi s change i s r ef l ec t ed i n t he f i nal  
wat er  cont ent s,  ( i v)  Soaked sampl es of  Soi l  B,  
dr y of  opt i mum,  exhi bi t ed cons i der abl e swel l i ng,
i . e.  measur ed per cent  swel l  dr opped f r om 6 % at  
appr ox i mat el y  6 % wat er  cont ent  t o 1 % at  opt i mum 
wat er  cont ent .  No appr ec i abl e swel l  was det ec t ­
ed i n t he case of  soi l  A.

UNDRAI NED TRI AXI AL AND REPEATED LOADI NG TESTS

Speci men pr epar at i on,  equi pment  and pr ocedur es

Convent i onal  undr ai ned t r i ax i al  t est s and r epea­
t ed l oad t est s wer e car r i ed out  on l abor at or y 
compact ed sampl es moul ded by dynami cal l y  compac ­
t i ng t he wet  soi l  i nt o cy l i ndr i cal  moul ds ( 71mm 
i n di amet er  and 150mm hi gh)  i n t hr ee equal  l ay ­
er s.  The compact i on ener gy was i mpar t ed by 
means of  2. 5 kg.  hammer  f al l i ng 305mm.  The 
number  of  bl ows used per  l ayer  was 30 f or  Soi l  A 
and 15 f or  Soi l  B.  Thi s l evel  of  ener gy pr odu­
ced sampl es of  densi t i es and wat er  cont ent s 
equi val ent  t o max i mum dr y dens i t y  and opt i mum 
wat er  cont ent  of  s t andar d Pr oct or  t est .  Test  
sampl es'  aver age dr y dens i t i es  and moul di ng 
wat er  cont ent s wer e r espect i vel y:  1730 kg/ m and 
17. 3% f or  Soi l  A,  and 1674 kg/ m̂ and 19. 4% f or  
Soi l  B.  Af t er  moul di ng,  campl es wer e ext r uded,  
measur ed,  wei ghed,  seal ed,  and st or ed i n a hu ­
mi di f i er  at  a t emper at ur e of  12° C f or  a dur at i on 
of  one week pr i or  t o t est i ng.  Al l  sampl es wer e 
t est ed at  r oom t emper at ur e ( 23 ± 2° C) af t er  
equi l i br at i ng f or  a per i od of  8 hour s.

Undr ai ned t r i ax i al  t est s wer e per f or med on t est  
sampl es at  a def or mat i on r at e of  1. 3mm/ mi n.  
under  conf i ni ng pr essur es of  35,  70,  and 140 KPa.  
The dat a, i n t er ms of  axi al  st r ess di f f er ence 
ver sus axi al  s t r ai n ar e shown i n Fi g.  3.

The r epeat ed l oad t est  equi pment  was s i mi l ar  t o 
t hat  descr i bed by Ak i l i  and Moni smi t h ( 1978) .
The axi al  l oad was appl i ed by means of  a Bel l o-  
f r am r ol l i ng di aphr agm ai r  cyl i nder .  The l oad 
dur at i on sel ect ed was 0 . 1 sec.  at  a f r equency 
of  10 cycl es per  mi nut e.  Thi s  ar r angement  per ­
mi t t ed t he axi al  st r ess t o i ncr ease f r om t he 
st at i c conf i ni ng pr essur e of  03 t o Oi  and t hen 
decr ease back t o a 3 i n each l oadi ng cycl e.  Al l  
r epeat ed l oad t est s wer e car r i ed out  at  a con­
f i ni ng pr essur e of  35 KPa t o s i mul at e a t ypi cal  
subgr ade condi t i on.  Each r epeat ed l oad t est  was 
per f or med at  a sel ect ed const ant  axi al  st r ess 
di f f er ence unt i l  f ai l ur e occur ed,  sampl e def or m­
ed excessi vel y,  or  needed i nf or mat i on was obt ai ned.

Pl ast i c st r ai n

The pl ast i c  st r ai ns measur ed dur i ng r epeat ed 
l oad t est i ng wer e pl ot t ed ver sus number  of  st r ess 
cycl es,  N,  and ar e shown i n Fi gs.  4 and 5.  The 
r epeat ed st r ess l evel  i s expr essed as an axi al  
st r ess di f f er ence f act or ,  X,  def i ned as a r at i o 
of  t he r epeat ed axi al  st r ess di f f er ence di v i ded 
by t he axi al  st r ess di f f er ence t hat  woul d cause 
f ai l ur e i n t he st at i c undr ai ned t est  at  t he same

Fi g. 3 Undr ai ned Tr i axi al  Shear  Test  Dat a at  Di f f er ent  
Conf i ni ng Pr essur es.

conf i ni ng pr essur e ( Raymond et  a l , 1979) .

The l og- l og pl ot s whi ch appear  t o f i t  t he dat a 
r easonabl y  wel l  ( Fi gs.  4 and 5)  wi l l  per mi t  i t s 
pr esent at i on,  f or  bot h soi l s t est ed,  i n t he 
f ol l owi ng f or m:

= KNb (1)

Wher e e*3 i s pl ast i c  axi al  st r ai n and t he t er ms 
K and ba ar e exper i ment al l y  det er mi ned coef f i ­
ci ent s.  The above equat i on has t he same f or m as 
t hat  det er mi ned f or  ot her  soi l s and mat er i al s  
i n ot her  i nvest i gat i ons ( Moni smi t h et  al ,
1975;  Ak i l i  and Moni smi t h,  1978) .  The coef f i ­
c i ent s K and b f or  t he t est  ser i es shown i n Fi gs.
4 and 5 ar e summar i zed i n Tabl e I I .  Bot h co ­
ef f i c i ent s ar e dependent  on axi al  st r ess di f f er ­
ence f act or  ( X) , b t o a l ar ger  ext ent  t han K.
As shown i n Fi gs.  4 and 5,  t he number  of  r epeat ­
ed st r ess cyc l es r equi r ed t o r each a cer t ai n 
l evel  of  pl ast i c  st r ai n decr eased as t he st r ess 
di f f er ence f act or  i ncr eased.  I t  was obser ved 
f r om t he l i mi t ed exper i ment al  dat a,  t hat  val ues 
of  t he st r ess di f f er ence f act or  gr eat er  t han 
appr ox i mat el y  0. 40 caused t he r at e of  pl ast i c  
st r ai n of  Soi l  A sampl es t o pr ogr ess i vel y  i n­
cr ease unt i l  a t er t i ar y st age was r eached and 
t er mi nat ed wi t h sampl e' s  f ai l ur e.  Sampl es i n 
t hi s cat egor y  had a wel l  def i ned f ai l ur e pl ane.  
Thi s t ype of  f ai l ur e has been r epor t ed by ot her s 
i n undr ai ned r epeat ed l oadi ng st udi es

U 6

Axi al  St r ai n, %

Soi l  B (7 =K0 KPa 

0̂  =70 KPa

QT = 35 KPa

Dr y Densi t y = 1674 kg/ m 

Wat er  Cont ent  = 19
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Fi g.  4 Pl ast i c Axi al  St r ai n Ver sus Number  of  St r ess 
Cycl es at  Di f f er ent  St r ess Level s (Soi l  A)

Fi g. 5 Pl ast i c Axi al  St r ai n Ver sus Number  of  St r ess 
Cycl es at  Di f f er ent  St r ess Level s (Soi l  B)

( Lar ew,  1960;  Mi t chel l  and Ki ng,  1977;  
Raymond et  al ,  1979) .

and

I n t he case of  Soi l  B,  sampl es def or med excess i ­
vel y  when t he st r ess di f f er ence f act or  exceeded 
0. 40,  but  no shear  f ai l ur e was exhi bi t ed i n any 
of  t he sampl es t est ed.  However ,  t hi s does not  
pr ec l ude t he poss i bi l i t y  of  shear  f ai l ur e si nce 
t he number  of  t est s wer e l i mi t ed and t est s 
had t o be t er mi nat ed on or  bef or e 2 x 10*  cycl es.  
I n any case,  l ar ge pl ast i c  st r ai ns ar e usual l y  
not  t ol er at ed i n subgr ades and i t  i s of t en nece­
ssar y t o l i mi t  pl ast i c  def or mat i on t o a cer t ai n 
magni t ude,  somewher e i n t he r ange of  2 t o 5%.  
Tabl e I I I  shows t he est i mat ed number  of  cycl es 
t o cause 2% pl ast i c  axi al  st r ai n f or  bot h soi l s 
t est ed.  Some of  t he number s i n t abl e I I I  wer e 
ar r i ved at  by l i near  ext r apol at i on of  t he dat a 
i n Fi gs.  4 and 5.

Resi l i ent  r esponse

Soi l s under  r epeat ed l oadi ng under go r ecover abl e 
def or mat i on i n addi t i on t o pl ast i c  def or mat i on.  
Thi s r es i l i ent  behav i or  i s char act er i zed by t he 
r es i l i ent  modul us,  Mr , whi ch i s cal cul at ed by 
di v i di ng t he r epeat ed axi al  st r ess by t he r es i ­
l i ent  ( r ecover abl e)  axi al  st r ai n.  Fi g.  6 i l l us ­
t r at es t he i nf l uence of  t he st r ess di f f er ence 
f act or  on r es i l i ent  modul us af t er  200 l oad cycl es.  
Fi gs.  7 and 8 show t he change i n r es i l i ent  modu­
l us wi t h i ncr easi ng l oad cycl es at  di f f er ent

st r ess di f f er ence f act or s.

TABLE I I

Pl ast i c  St r ai n Det er mi nant s  Ver sus 
Axi al  St r ess Di f f er ence Fact or  (X)

Ax i al  St r ess Di f f .  Fact or Coef f i c i ent s*

X Kxl O 3 b

Soi l  A . 19 1. 25 . 10

( Si l i ceous . 25 1. 90 . 15
car bonat e
sand)

. 39 2. 25 . 23

. 53 1. 92 . 53

. 68 2. 75 . 92

Soi l  B . 11 . 95 . 08

. 23 . 98 . 13
( Mar l )

. 37 1. 60 . 32

. 46 2. 00 . 45

. 61 5. 8 . 62

KN

TABLE I I I

Est i mat ed Number  of  Repeat ed Load Cycl es 
t o I nduce 2% Pl ast i c  Ax i al  St r ai n

Ax i al  St r ess Di f f er ence Fact or  
X

Number  of  
Load Cycl es

Soi l  A
. 19 2. 5 x 109

. 25 8 x 10
( Si l i ceous
car bonat e

. 39 4 x 105

sand) . 53 210

. 68 25

Soi l  B . 11 > 10
20

( Mar l )
. 23 6 x 107

. 37 104

. 46 460

. 61 25

The r es i l i ent  modul us,  f or  bot h soi l s t est ed,  
decr eased wi t h i ncr eas i ng magni t ude of  r epeat ed 
axi al  st r ess.  Si mi l ar  behav i our  was r epor t ed 
by Thompson and Robnet t  ( 1979) .  I t  i s i nt er es t ­
i ng t o not e t hat  t he r es i l i ent  modul us of  Soi l  A 
sampl es i ncr eased wi t h i ncr easi ng number  of  
st r ess cycl es;  whi l e t he modul us  of  Soi l  B sam­
pl es decr eased wi t h i ncr eased number  of  cycl es.  
Thi s var i ed behav i our  i s l i kel y t o be at t r i but ed 
t o s t r ai n har deni ng ef f ect  i n t he case of  Soi l  A,
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Soi l

Dr y  Densi t y  = 1730 kg/ m̂  
Wat er  Cont ent  = 17. 3%

Soi l

Dr y  Densi t v= 1674 kg/ m 
Wat er  Cont ent  = 19. 4%

0.2 0.4 0.6 0.8
St r ess Di f f er ence Fact or  (X)

Fi g. 6 Resi l i ent  Modul us Ver sus t he St r ess
Di f f er ence Fact or  at  200 St r ess Cycl es

whi l e st r ai n sof t eni ng appear s t o pr evai l  i n t he 
l at t er .  The r es i l i ent  modul us f or  bot h soi l s 
appr oached an al most  const ant  val ue bet ween 103 
10k cycl es under  st r ess di f f er ence f act or s l ower  
t han 0. 40.  Sampl es subj ect ed t o hi gher  val ues 
f ai l ed bef or e r eachi ng 103 cycl es.

SUMMARY AND CONCLUSI ONS

Cal i f or ni a Bear i ng Rat i o ( CBR) , undr ai ned t r i a ­
x i al  and r epeat ed l oadi ng t est s wer e car r i ed out  
on t wo r emoul ded car bonat e soi l s,  a s i l i ceous 
car bonat e sand ( Soi l  A)  and a mar l  ( Soi l  B)  f r om 
t he v i c i ni t y  of  Dammam,  East er n Saudi  Ar abi a.

Appr ec i abl e di f f er ence i n behav i our  bet ween t he 
t wo soi l s was exhi bi t ed i n t he CBR t est  at  di f f ­
er ent  moul di ng wat er  cont ent s.  The si l i ceous 
car bonat e sand f ol l owed t he pat t er n of  a cohesi on-  
l ess soi l  whi l e t he mar l ' s  per f or mance was much 
af f ect ed by i t s pl ast i c i t y.

Repeat ed l oadi ng t est s on dynami cal l y  moul ded 
sampl es of  equi val ent  dens i t i es  and wat er  con­
t ent s t o s t andar d Pr oct or ,  have r eveal ed t he 
f ol l owi ng:

to

$

-
X = .19

cr ~
0 . 2 6

0 . 3 9

—*— * ~ 0 . 5 3

#— ' * 0 . 6 8

Soi l  A

Dr y Densi t y = 
1730 kg/ m3 
Wat er  Cont ent  
= 17. 3%

10 10 10 10

o
10

Number  of  St r ess Cycl es

Fi g .7 Var i at i on of  Resi l i ent  Modul us Wi t h Number  
of  St r ess Cycl es ( Si l i ceous Car bonat e Sand)

I  
I
v
c
0)

Fi g. 8 Var i at i on of  Resi l i ent  Modul us Wi t h Number  
of  St r ess Cycl es (Mar l )

1.  Under  r epeat ed l oadi ng,  t he pl ast i c  def or ­
mat i on ( eP)  of  bot h soi l s can be r epr esen­
t ed by t he f ol l owi ng r el at i onshi p:

= KNb (1)

wher e K and b ar e dependent  on r epeat ed 
axi al  st r ess.

2.  For  st r ess l evel s above a cer t ai n cr i t i cal  
st r ess,  pl ast i c  st r ai ns i ncr eased wi t h 
r epeat ed st r ess appl i cat i on unt i l  f ai l ur e 
of  sampl e occur ed ( Soi l  A) , or  sampl e 
def or med excess i vel y  ( Soi l  B) . At  st r ess 
l evel s bel ow t he cr i t i cal  st r ess,  pl ast i c 
def or mat i on cont i nued t o i ncr ease wi t h 
i ncr eased number  of  st r ess cycl es even at  
ver y  l ow st r esses.  For  bot h soi l s,  t he 
cr i t i cal  st r ess was appr ox i mat el y  40% of  
t he undr ai ned shear  s t r engt h at  t he same 
st at i c conf i ni ng pr essur e.

3.  For  bot h soi l s t est ed,  t he r es i l i ent  modu­
l us decr eased wi t h i ncr easi ng st r ess l evel .  
I ncr easi ng t he number  of  st r ess cycl es,
l ed t o an i ncr ease i n t he r es i l i ent  modul us 
of  Soi l  A and a decr ease i n t he modul us f or  
Soi l  B.  Bot h soi l s appr oached a const ant  
modul us  val ue af t er  10 cycl es under  s t r ess ­
es l ower  t han t he cr i t i cal  st r ess.

REFERENCES

Aki l i ,  W.  and C. L.  Moni smi t h ( 1978) .  Per manent  

char act er i s t i cs  of  cement - emul s i on s t abi ­
l i zed sand.  Pr oc.  Assoc,  of  Asphal t  Pav ­
i ng Technol ogi s t s  ( 47) ,  281- 300,  Lake 
Buena Vi st a,  Fl or i da.

Al - Say y ar i , S. S.  and J. G.  Zot l  ( Edi t or s) ( 1978)  . 
Quat er nar y  per i od i n Saudi  Ar abi a,  334.  
Vi enna:  Spr i nger  -  Ver l ag.

Amer i can Soc i et y f or  Test i ng and Mat er i al s  (1974) .  
Annual  Book of  St andar ds,  Par t  19.

Chapman,  R. W.  ( 1974) .  Cal car eous dur i c r ust  i n 
Al - Hasa,  Saudi  Ar abi a.  Geol ogi cal  Soc.

541



4 /4

of  Amer i ca Bul l et i n ( 85) ,  119- 130.

Fookes,  P. G.  ( 1978) .  Mi ddl e East  -  I nher ent
gr ound pr obl ems.  Quar t er l y  Jour nal  Eng.  
Geol .  ( 11) ,  33- 49.

Fookes,  P. G.  and I . E.  Hi ggi nbot t om ( 1975) .  The 
c l ass i f i cat i on and descr i pt i on of  near ­
shor e car bonat e sedi ment s f or  engi neer i ng 
pur poses.  Geot echni que ( 25) ,  2,  406- 411.

Kassl er ,  P.  ( 1973) .  The st r uct ur al  and geomor phi c 
eval uat i on of  t he Per s i an Gul f .  The 
Per s i an Gul f ,  11- 32,  Ber l i n:  Spr i nger -  
Ver l ag.

Lar ew,  H. G.  ( 1960) .  St r engt h and def or mat i on
char act er i s t i cs  of  compact ed soi l  under  
t he act i on of  r epeat ed axi al  l oads.  Ph. D.  
t hesi s,  Pur due Uni ver si t y,  Laf ayet t e,
I nd.  USA.

Mi t chel l ,  R. J.  and R. D.  Ki ng ( 1977) .  Cycl i c  
l oadi ng of  an Ot t awa ar ea Champl ai n 
Sea cl ay.  Canadi an Geot ech.  J.  ( 14) ,  
22- 29.

Moni smi t h,  C. L. ,  Ogawa,  N. ,  and Fr eeme,  C. R.
( 1975) .  Per manent  def or mat i on char ac t er ­
i st i cs of  subgr ade soi l s due t o r epeat ed 
l oadi ng.  Tr anspor t at i on Resear ch Boar d,  
Recor d 537,  1- 17.

Pur ser ,  B. H.  and Evans,  G. ( 1973) .  Regi onal
sedi ment at i on al ong t he Tr uci al  Coast ,
SE Per s i an Gul f .  The Per s i an Gul f ,  
211- 233,  Ber l i n:  Spr i nger  -  Ver l ag.

Raymond,  G. P. ,  Gaski n,  P. N. ,  and Addo- Abedi ,  F.
Y.  ( 1979) .  Repeat ed compr ess i ve l oadi ng 
of  Leda cl ay.  Canadi an Geot ech.  J.
( 16) ,  1- 10.

Sar nt hei n,  M.  and Wal ger ,  E.  ( 1973) .  Cl ass i f i ­
cat i on of  moder n mar l  sedi ment s i n t he 
Per s i an Gul f ,  by f act or  anal ysi s.  The 
Per s i an Gul f , 81- 98,  Ber l i n:  Spr i nger - Ver l ag.

Thompson,  M. R.  and Q. L.  Robnet t  ( 1979) .  Res i ­
l i ent  pr oper t i es  of  subgr ade soi l s.  ASCE 
J.  Tr anspor t at i on Eng.  Di v i s i on ( 105) ,
TE1, 71- 89

542


