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Load Bearing Capacity of a Base Course

Force portante des couches de base

b y  H .  T a k e s h i t a , P u b l i c  W o r k s  R e s e a r c h  I n s t i t u t e ,  Mi n i s t r y  o f  C o n s t r u c t i o n ,  T o k y o ,  J a p a n

Summary

Th e  aut hor  gives t he r esul t s o f  invest igat ions car r i ed out  on 

t he l oad bear i ng capaci t y of  a base cour se. He  empl oys  a  ne w 

met hod t o det er mi ne t he s t r engt h o f  base mat er ial s a n d  s ubgr ade 
soi l s, us i ng a  special  t est  t ube for  l oadi ng t est s in t he l abor at or y.

Th e  r esul t s o f  his invest igat ions ar e s ummar i zed in a  di agr am 

whi ch ma y  be  used t o det er mi ne t he t hi ckness  o f  t he base cour se.

S o m m a i r e

L ’aut eur  expos e  les r ésul t at s de  ses r echer ches  sur  la for ce 

por t ant e des  couches  de  base.

Un e  nouvel l e mé t hode  est  ut i l isée pour  mesur er  les car act ér i s ­

t iques de  r ésist ance des  mat é r i aux de  couches  de  base et  des  

sol s de  fondat i on. Il  a  empl oyé  à  cet  effet  un  t ube spécial  pour  

les essais de  char ge en l abor at oi r e.

Les  résul t at s de  ces r echer ches  sont  r ésumés  sur  un di agr amme , 

joi nt  à  la c ommuni ca t i on, qui  compor t e  des  cour bes  pour  diver s  

compact ages . Ce  di a gr a mme  peut  êt r e ut il isé pour  cal cul er  l’épai s ­

seur  à  donne r  à  la couche  de  base.

Introduction

Th e design o f  ro ad  pavem ents in  Jap an  is based o n the 

p late bear ing  test u sing  a p late o f  30 cm  d iam eter, in  w h ich  

the fo l lo w in g  cr i t er ia m ust be satisf ied  :

Flex ib le pavem ents : AT30>  28 k g per sq . cm  per cm ;

Rig id  p avem ents : K30 >  15 kg per sq. cm  p er cm .

N o  d ef in ite so lu t io n  has yet  been found  to  the p rob lem  

o f  w hat k in d  o f  m ater ial m ust be p laced  in  w h at  th ickness 

to  m eet these cr i t er ia. Th e answer depends upon the load  

bear ing  cap acity  o f  layered  so ils.

In  the case o f  tw o - layer so ils, the strength o f  base cou rse 

and subgrade is rep resented  b y the m o du li o f  d efo rm at ion s 

Ci an d  C2 resp ect ively. In  the elast ic th eo ry, h o w ever, the 

m od u li o f  elast ic it y  are in d icated  b y  E, and E2 assum ing  the 

Po isso n ’s rat io  as 0- 5 in  base m ater ials as w ell as in  subgrade 

so ils. Th e effect o f  the base co urse to  increase the lo ad  bear ­

ing  cap acity  m ay be show n in  the fo rm  o f  K JK 2, p ro vid in g  

the m o d u li o f  base an d  subgrade react io ns show n b y K1 

an d  K2 resp ect ively.

New M ethod to  D eterm ine the M odulus of D eformation

T r iax ia l com p ression  tests are w id ely  used to  determ ine 

the m o du lu s o f  d efo rm at io n  o f  the m ater ial, such as the 

Kan sas m ethod. H o w ever, the fo l lo w in g  defects are fou nd  

in  t r iax ia l tests, as fo llo w s :

1. T h e lateral p ressure corresp o n d ing  to  f ield  co n d it io n s 

is u n k n o w n ;

2. T h e latera l p ressure var ies w ith  d ifferen t so i l types, 

and  the ver t ical pressure changes acco rd in g  to  f ield  co n ­

d it io n s ;

3. T h e shear stress is zero at  the side o f  specim ens in  a 

t r iax ia l com p ression  test, bu t th is co n d it io n  m ay not ap p ly 

to  a m ass o f  so il in  the f ield .

Th e au t h o r th erefore d evelo ped  the ap p aratu s show n in  

Fig . 1. Th e specim en is 5 cm  in  d iam eter an d  10 cm  h ig h ; 

it  is com pressed lo n g it u d in ally  and  is co nf ined  la tera lly . 

Th e co n f in in g  effect o f  the co n tain er is o f  the sam e o rd er

15cm

/  / \ ir Flessu re /  Rub ber Mem brane

Corresponding to  Surcharge

Fi g. 1 Schemat i c  di agr am o f  equi pment  t o det er mi ne t he 
Mo du l u s  o f  De f or mat i on.

Sc hé ma  de  l’appar ei l l age de  mes ur e d u  modul e  de  

défor mat i on.

as in  the C BR  test. Th e resu lt  o f  a test o n Kan to  loam  re­

vealed  th at  to  o b tain  the sam e m o du li o f  d efo rm at ion , the 

latera l pressure in  a t r iax ial com p ression  test is ab o u t 1 0  kg 

per sq. cm .

Su rch arg e w eigh t  m ay be added to  the surface o f  the spe­

cim en as in  the case o f  the C BR  test. T h is pressure m ay be 

added to  the specim ent at  the base b y com pressed a ir . as 

sho wn  in  Fig . 1.

Th e m odu lus o f  d efo rm at io n  is o b tain ed  f rom  the fo llo w ­

in g  ex p ression  :
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C = L  = p k̂cm
0-25 cm  0  025

kg/ cm 2

1 0  cm

w h ere :

P : u n i t  lo ad  ap p lied  b y  p lu n g er , in  k g  p er sq . c m ; 

e : s t ra in .

T est Tube and Loading Tests

A  test  t u b e 150 cm  in  d iam eter  an d  120 cm  in  h eig h t  w as 

used  to  s t u d y  th e lo ad  b ear in g  c ap ac it y  o f  t h e base co u rse 

as sh o w n  in  Fig . 2.

su b g rad e so il. T h e ran g es o f  th e r a t io s  o f  th e m o d u li  o f  

d efo rm at io n s o f  b ase co u rses an d  su b  g rad e so ils  tested  w ere 

f ro m  2  t o  70.

So m e resu lt s o f  th o se tests are sh o w n  in  Fig . 3 , in  w h ich  

t h e cu rves a f t e r  Bu r m is te r ’s t h eo ry  are  a lso  in d icated , 

Bu r m is t e r ’s cu rves co r resp o n d  c lo se ly  t o  th o se o b ta in ed  

f ro m  test  resu lt s, so  t h a t  th e t h eo r y  m ay  be u sed  t o  c a l ­

cu la t e  th e in crease o f  th e lo ad  b ear in g  cap ac it y  o f  th e b ase 

co u rse p r o v id ed  t h a t  CJC2 is u sed  in stead  o f  EJE2 in  Bu r ­

m ist er ’s t h eo ry .

K.-&
Base (C.) 

K , - £  „  

___ I T T I  P'

Fi g. 3 Rel at i onshi p bet ween CJC-, and K J K 2 obt ai ned f r om 

l ar ge scal e mode l  t est s.

Que l ques  r el at ions ent r e C, / C2 et  K J K S obt enues  par  
essai  sur  modè l e  à  gr ande  échel l e.

Fig . 2  Lo ad in g  test.

Essai de charge.

G e n e r a l ly  sp eak in g , i t  is d if f icu lt  t o  co n st ru ct  a  m o d el 

test  o f  a  h ard  b ase co u rse o n  a  so f t  b ase co u rse. T h e  b ase 

m ater ia ls  w ere th erefo re co m p acted  f ir s t , an d  th en  th e so ft  

su b g rad e so ils  w ere p u t  o n  th e co m p acted  b ase co u rse in  

th e test  t u b e. T h e  t est  tu b e w as tu rn ed  o ve r  so  t h at  th e b ase 

co u rse w o u ld  co m e t o  th e su r face in  o rd er  t o  o b ta in  a two-  

la y e r  m o d el. A s  th e resu lt  o f  ex p er im en ts w ith  p ressu re ce lls  

b u ried  n ear  th e test  t u b e, i t  w as k n o w n  t h at  th e co n f in in g  

ef fect  o f  t h e test  tu b e an d  it s  b ase w as p r a c t ic a l ly  n eg lig ib le  

i f  a  lo ad in g  p la t e  n o t  ex ceed in g  30 cm  in  d iam eter w as u sed .

T h e  lo ad in g  tests u sin g  th e test  t u b e an d  th e test in g  o f  th e 

m ech an ical p ro p er t ies o f  th e m ater ia ls  w ere co n d u cted  as 

f o llo w s :

1. V ar io u s  b ase m ater ia ls  w ere co m p acted  a t  va r io u s 

m o istu re co n ten ts an d  u n d er d if f eren t  lo ad s to  g ive  th e 

req u ired  th ick n ess. V a r io u s  su b g rad e so ils  h av in g  d if feren t  

m o istu re co n ten ts w ere th en  lo ad ed  an d  p u t  o n  th e b ase 

co u rses.

2. T h e test  tu b e w as tu rn ed  o v e r  so  t h a t  b ase co u rse cam c 

t o  th e su r face. A f t e r  t h e lo ad in g  lest  o n  th e b ase co u rse, th e 

su b g rad e so i l  w as ex p osed  b y  rem o va l o f  t h e b ase m ater ia ls  

an d  th e lo ad in g  test  w as co n d u cted  ag ain  o n  th e su b g rad e 

so il. T h e  sam e lo ad in g  p la t e an d  s im ila r  d isp lacem en ts w ere 

used b o th  on  th e b ase co u rses an d  o n  th e su b g rad e so ils . 

T h e  m o d u li  o f  su b g rad e react io n s in vest ig ated  ran g ed  f ro m

0  5 k g  p er sq . cm  p er  cm  t o  20 k g  p er sq . cm  p er cm .

3. T h e b ase m at er ia l w as co m p acted  in  tw o  laye rs  as sh ow n  

in  Fig . 1 u n d er d if f eren t  lo ad s. T h e  m o d u lu s o f  d efo rm at io n  

o f  t h e b ase m ater ia l w as d eterm in ed  a t  th e d r y  d en s it y  o f  

th e b ase co u rse in  th e test  tu b e b y  in t e r p o la t io n .

4 . Un d is t u rb ed  sam p les f ro m  th e su b g rad e w ere tak en  

an d  tested  t o  d eterm in e th e m o d u li  o f  d efo rm at io n  o f  the

Fig . 4 is  d er ived  f ro m  test  resu lt s, in  w h ich  th e in crease 

o f  th e lo ad  b ear in g  c ap a c it y  o f  t h e b ase co u rse is in d icated  

in  th e o rd in a t e  in  th e fo rm  o f  KJK^,  an d  t h e th ick n ess o f  

b ase co u rse is sh o w n  in  th e ab scissa so  as t o  be ap p licab le  

t o  a test  p la te o f  30 cm  d iam eter. Bu r m is te r ’ s l in es are  sh o w n  

in  d o t t ed  l in es in d ica t in g  th e valu es o f  C j/ C 2.

i00

Bose Course Thickness (CITI)

Fi g, 4 Incr ease o f  l oad bear i ng capaci t y wi t h base cour se 

t hickness (in case o f  us i ng 30 c m di amet er  r igid pl at e).

Accr oi s sement  de la for ce por t ant e en fonct ion de  

l 'épai sseur  de  la couche  (dans  le cas  où  To n  empl oi e 

des  pl at eaux de  char gement  de 30 c m de  di amèt r e).

Results of Field Tests

M a n y  lo ad in g  tests w ere p er fo rm ed  in  th e f ie ld  f o r  sever al 

years a l l  o v e r  Ja p a n ;  th e resu lt s w ere p lo t ted  an d  b o u n d ary  

l in es w ere d raw n  as sh o w n  in  Fig . 5.
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Fi g. 5 Pl ai e bear i ng t est  dat a in 1958 : o  (Ne wl y  const r uct ed 

gr avel  bases ) ; x  (ne wl y  const r uct ed cr ushed r ock 

bases) ; •  (dat a  obt ai ned f r om gr avel  r oads ) ; A  (Soi l  
cement  bases , aft er  7 days  cur i ng).

Ma t é r i a ux essayés  en 1958, pr ovenant  d’une couche 
de  base : o  (r out e neuve  en gr avier ) ; x  (r out e neuve  

pier r e cassée) ; •  (r out e anc i enne en gr avier ) ; A  (sol  

st abil isé au ci ment , apr ès  7 j our s  de  conser vat i on).

Th e  s peci f i cat i ons  in t his c oun t r y  gene r a l l y r equi r e t hat  

a  10- t on r ol l er  shal l  m a k e  f r o m s i x t o ei ght  pas ses  wh e n  

r ol l i ng a  bas e  cour s e . Cu r v e s  A  a n d  B  s h o w t he b o u n d a r y  

l ines  o f  va r i ous  bas e  mat er i al s  c o mp a c t e d  b y  a  10- t on r ol l er  

wi t h  s i x t o e i ght  pas ses .

Cu r v e  A  i ndi cat es  t he  i ncr eas e  o f  l oad bea r i ng capaci t i es  

o f  cr usher - r un bas es  or  bas es  o f  soi l - aggr egat e mi xt ur e s  

wh i c h  f o l l ow t he A A S H O  gr a di ng  r equi r ement s , a n d  cur ve  

B  s h o ws  t hat  o f  a  p o o r  s a nd bas e . Mo s t  da t a  fal l  wi t h i n  t he 

b o u n d r y  r a nge s  be t we e n  cur ves  A  a n d  By a n d  mo s t  bas e  

mat er i al s  c o m m o n l y  us ed s h o w t hat  t he  i ncr eases  o f  l oad 

bea r i ng capaci t i es  a r e  a pp r o xi ma t e l y  s h o wn  b y  t he c ur ve  C.

In  Fi g. 4, mo s t  bas e  mat er i al s  wh i c h  a r e  c o mp a c t e d  wi t h  

s i x t o ei ght  pas s es  o f  a  10 t on- r ol l er  h a v e  va l ues  f or  C 1/ C 2 

o f  3 t o 8. Cu r v e  D  s h o ws  t he  l imi t  o f  r ol l i ng wi t h  va r i ous  

r ol l er s  a n d  n u mb e r s  o f  pas ses .

Cu r v e s  P  a n d  Q  s h o w t he i ncr eases  o f  l oad bear i ng c apac i t y 

o f  gr ave l  r oa ds  wh i c h  we r e  o p e n e d  t o t r affic af t er  cons t r uc ­

t i on. Th e s e  c ur ves  s h o w t hat  t he  pas s i ng vehi cl es  n u mb e r  

a pp r o xi ma t e l y  100 000 a n d  50 00 0  r espect i vel y. I n  Fi g . 4 ,  

t he effect s o f  t r affic b o n d  bas es  m a y  be  ove r  20 for  t he val ues  

o f  C j / Q .  Ho we v e r ,  t he  effect s o f  t r affic b o n d  bas es  m a y  

no t  be  expe c t ed t o be  a b o v e  t he  c ur ve  P, i n cas e  mo r e  t han

100 00 0  vehi cl es  pas s  ove r  t he  bases .

Th e  pl at e bea r i ng t est  r esul t s  c o nduc t e d  in 1958 a r e  pl ot ­

t ed i n  Fi g . 5, wh i c h  s h o w t he  da t a  fal l  wi t hi n t hese l i mi t i ng 

r a nges  s t at ed a bo v e .

How to m ake use of Fig. 4

Fi g . 4  m a y  be  us ed for  t he  des i gn o f  ba s e  cour s es  wh e n  

us i ng a  bea r i ng pl at e o f  30 c m d i a me t e r ; it  m a y  al so be  

appl i cabl e  t o a  t hr ee- l ayer  s ys t em. Fo r  e xa mp l e , t he i ncr ease 

o f  t he l oad bea r i ng capa c i t y  o f  30  c m  s a n d  s ubba s e  c a n  be  

s h o wn  b y  c u r ve  B , a n d  t he effect  o f  a  4 0  c m  t hi cknes s  o f  

gr avel  ba s e  u p o n  t he  s a nd  s ubba s e  is s h o wn  par al l el  t o 

c u r ve  C  t o t he  t ot al  dept h o f  70 c m.  Th e n  t he  i ncr ease o f  

l oad bear i ng c apac i t y m a y  be  a pp r o xi ma t e l y  3- 4; t hat  o f  

7 0  c m gr avel  ba s e  wi l l  be  3- 9.
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