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UPLIFT RESISTANCE OF IHCLINED ANCHORS AND PILES

RESISTANCE A L ’ ARRACHEMENT DES ANCRAGES ET PIEUX INCLINES 

COnPOTMBJIEHME BHÆEPrMBAHWO HAKJlOHHblX AHKEPOB H CBAfi

G .G .  M E Y E R H O F ,  H e a d ,  D ep o r t m en t  o f  C i v i l  E n g i n e e r i n g ,  N o v a  Sc o t i a  T e c h n i c a l  C o l l e g e ,  H a l i f a x  ( C a n a d a )

SYNOPSI S The pr evi ous t heor y of  ver t i cal  upl i f t  capaci t y of  f oundat i ons has been ext ended 
t o i ncl i ned anchor s and pi l es under  axi al  l oads.  The anal ysi s i s compar ed wi t h t he r esul t s 
of  model  and f i el d t est s on anchor s aj »d pi l eB i n sand and cl ay.  The i nf l uence of  l oad i n­
cl i nat i on on t he upl i f t  r esi st ance i s f ound t o var y wi t h t ne shape and aver age dept h t o 
wi dt h r at i o of  t he anchor s and t he shear i ng St r engt h par amet et s oi  t he soi l .

I NTRODUCTI ON

I n an ear l i er  paper  ( Meyer hof  and Adams,  
1968)  t he upl i f t  capaci t y of  i ndi vi dual  f oun 
dat i ons and gr oups under  ver t i cal  l oads was 
di scussed.  Bot h t heor y and t est  r esul t s 
showed t hat  t he ul t i mat e l oad coul d be ex ­
pr essed i n t er ms of  upl i f t  coef f i ci ent s,  
whi ch i ncr ease wi t h t he f r i ct i on angl e of  
t he soi l  and t he f oundat i on dept h up t o a 
mi xi mt un val ue.  Beyond t hi s cr i t i cal  dept h 
t he upl i f t  r esi st ance of  anchor s appr oacned 
t he bear i ng capaci t y of  f oot i ngs, whi l e t he 
behavi our  of  t ensi on pi l es coul d be anal ysed 
by t he use of  t he l i mi t i ng upl i f t  coef f i ­
ci ent s.  These met hods wi l l  be ext ended be­
l ow t o i ncl i ned anchor s and pi l es under  ax ­
i al  l oads.

THEORY

Anchor s

When an i ncl i ned anchor  i s l oaded t o f ai l ur e 
a soi l  mass of  r oughl y t r uncat ed pyr ami dal  
shape i s l i f t ed up.  For  shal l ow anchor s t he 
f ai l ur e sur f ace r eaches t he gr ound l evel  
( gener al  shear  f ai l ur e) , whi l e f or  gr eat er  
dept hs l ocal  shear  f ai l ur e occur s near  t he 
anchor  ( Fi g.  1) .  Si nce t he ul t i mat e l oad 
act s nor mal  t o t he anchor  base,  t he di f f er ­
ence bet ween t he cor r espondi ng passi ve and 
act i ve ear t h pr essur es,  Pp and Pa above and 
bel ow t he base,  r espect i vel y,  yi el d t he 
shear i ng r esi st ance on a ver t i cal  sur f ace 
t hr ough t he anchor  per i met er .  Thus,  as f or  
ver t i cal  upl i f t ,  t he ul t i r t l at e l oad of  shal ­
l ow anchor s may be expr essed by

Q = ( CK D / B + YD2K.  / 2B) A + WCOS a  (1)
U CO O D

Fi g,  I » Fai l ur e o"f  Soi l  near  Shal l ow Anchor  
(± ert )  and Deep Anchor  ( r i ght ) .

wher i -  A i s t he ar ea,  B i s t he wi dt h and D 
i s t he maxi mum dept h,  r espect i vel y,  of  t he 
anchor  base,  Kb and K ar e upl i f t  coef f i c ­
i ent s,  W i s t he wei ght  of  t he anchor  and 
soi l  mass ver t i cal l y above t he anchor  base,  
a  i s t he l oad i ncl i nat i on f r om t he ver t i cal ,  
c i s t he uni t  cohesi on and y i s t he uni t  
wei ght  of  t he soi l .

The upl i f t  - coef f i ci ent s Ku and Kc f or  shal ­
l ow st r i p anchor s can be det er mi ned f r om t he 
ear t h pr essur e coef f i ci ent s f or  an i ncl i ned 
wal l  ( Caquot  and Ker i sel ,  1949,  Sokol ovski i ,  
1965) .  The coef f i ci ent s Kb ar e shown i n t he 
l ower  par t  of  Fi g.  2 f or  var i gus f r i ct i on 
angl es <(i of  t he soi l .  For  a gi ven f r i ct i on 
angl e t he val ues of  Kb i ncr ease wi t h t he 
l oad i ncl i nat i on a f r om a mi ni mum f or  ver t i ­
cal  upl i f t  t o a maxi mum f or  hor i zont al  pul l
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when t he coef f i ci ent s agr ee wi t h t he Ranki ne 
val ues.  The upl i f t  coef f i ci ent s K ar e not  
pl ot t ed because i n cohesi ve soi l s t ensi on 
cr acks at  t he ul t i mat e l oad i nval i dat e t he 
anal ysi s.  Thus,  f or  sat ur at ed cl ay (cf> = 0)
Kc = 2,  t heor et i cal l y,  f or  st r i p anchor s and 
0so£90° ,  but  i n pr act i ce i t  i s much smal l er ,  
as shown bel ow.

I t  was shown pr evi ousl y ( Meyer hof  and Adams,  
1968)  t hat  l ocal  shear  f ai l ur e of  ci r cul ar  
anchor s under  ver t i cal  upl i f t  occur s i f  t he 
dept h t o wi dt h r at i o of  t he anchor  exceeds 
about  4 f or  cl ay and l oose sand and i ncr eases 
wi t h r el at i ve densi t y t o about  8 f or  dense 
sand,  whi l e f or  st r i p anchor s t he cr i t i cal  
dept h r at i os ar e about  8 f or  cl ay and r oughl y 
50 per cent  gr eat er  t han t he above l i mi t s i n 
sand.  The pr esent  t est s on i ncl i ned anchor s 
i ndi cat e t hat  t he cr i t i cal  dept h i n cl ay i s 
essent i al l y i ndependent  of  t he l oad i ncl i na­
t i on,  but  i n sands t he cr i t i cal  dept hs de­
cr ease somewhat  wi t h l oad i ncl i nat i on.

I f  t hese cr i t i cal  dept h r at i os ar e subst i t u­
t ed i nt o eq.  (1) ,  t he upl i f t  coef f i ci ent s 
Ncu and N f or  st r i p anchor s at  gr eat er  
dept hs may be eval uat ed t o est i mat e t he an­
chor  base r esi st ance ( i gnor i ng anchor  r od 
f r i ct i on)

Q = ( cN + yDU ) A + W cosa 
u cu ' qu a ( 2 )

wher e D i s t he aver age dept h of  t he anchor  
base,  Wa i s t he anchor  wei ght ,  and ot her  
symbol s as bef or e.  The upl i f t  coef f i ci ent s 
Nqu ar e shown i n Fi g.  2 f or  var i ous f r i ct i on 
angl es 4>, and t he cor r espondi ng upl i f t  coef ­
f i ci ent s N„ u can r eadi l y be cal cul at ed f r om 
t he gener al  r el at i onshi p

Compar i son of  eqs.  (1) and (2) i ndi cat es 
t hat  bel ow t he cr i t i cal  dept hs t he coef f i ­
ci ent s Ncu and NqU woul d be expect ed t o 
decr ease l i near l y as t he dept h t o wi dt h 
r at i o of  t he anchor  decr eases.

The anal ysi s f or  st r i p anchor s can be ad­
apt ed f or  squar e anchor  sl abs by mul t i pl y ­
i ng t he above upl i f t  coef f i ci ent s by shape 
f act or s t o gi ve t he cor r espondi ng coef f i ­
ci ent s f or  squar e anchor s.  The shape f ac­
t or s f or  ver t i cal  upl i f t  i ncr ease r oughl y 
l i near l y wi t h t he r at i o of  D/ B up t o t he 
above ment i oned cr i t i cal  dept hs.  A si mi l ar  
r el at i onshi p has been f ound i n t he anal ysi s 
of  t he ul t i mat e r esi st ance of  hor i zont al l y 
l oaded r i gi d pi l es ( Br i nch Hansen,  1961)  
f r om whi ch shape f act or s f or  squar e anchor  
sl abs under  hor i zont al  pul l  can be der i ved.  
The r esul t i ng upl i f t  coef f i ci ent s NqU f or  
squar e anchor s at  gr eat er  dept hs ar e shown 
i n t he upper  par t  of  Fi g.  2 and t hey ar e not  
sensi t i ve t o changes of  a f or  moder at e l oad 
i ncl i nat i ons ( as45*M . The cor r espondi ng 
val ues of  Ncu can be comput ed f r om eq.  ( 3) .  
The upl i f t  coef f i ci ent s of  r ect angul ar  an­
chor  sl aos can be i nt er pol at ed bet ween t he 
val ues f or  st r i ps and squar es i n pr opor t i on 
t o t he wi dt h/ l engt h r at i o of  t he r ect angl e,  
as shown f or  ver t i cal  upl i f t  ( Meyer ho^ and 
Adams,  1968) .  Ci r cul ar  anchor  sl abs can be 
anal ysed as squar e sl abs of  equal  ar ea.

Pi l es

At  t he ul t i mat e l oad of  an i ncl i ned pi l e 
under  axi al  pul l  t he f ai l ed soi l  mass has a 
r oughl y si mi l ar  shape as f or  shal l ow ancnor  
sl abs.  The pul l - out  r esi st ance of  i ncl i ned 
pi l es can be expr essed i n t er ms of  t he up­
l i f t  ski n f r i ct i on ( i gnor i ng pi l e wei ght )

Qu = ( ca + P<i Ku t an<5) As
(4)

wher e A_ i s t he embedded pi l e sur f ace ar ea,  
Ku i s t he upl i f t  coef f i ci ent ,  p¿ i s t he av ­
er age ef f ect i ve over bur den pr essur e,  ca and 
6 ar e t he adhesi on or  ski n f r i ct i on par a­
met er s of  t he soi l  t o t he pi l e.  The upl i f t  
coef f i ci ent  and ski n f r i ct i on par amet er s can 
var y wi t hi n wi de l i mi t s and depend not  onl y 
on t he soi l  pr oper t i es,  but  al so on t he t ype 
of  pi l e and met hod of  i nst al l at i on.

For  bor ed t ensi on pi l es t he val ues of  K can 
be est i mat ed f r om t he coef f i ci ent s ( ëq.  1) 
namel y.

K.  cos a

K -  _£______
u 2 t an if

(5)

N = (N cu ' qu 1 ) co t (3)

f or  sheet  pi l es ( wal l s)  and usi ng shape f ac ­
t or s f or  ci r cul ar  or  squar e pi l es,  as f or  
t he anchor  base r esi st ance.  The cor r espond­
i ng coef f i ci ent s K ar e shown i n Fi g.  3,  and 
f or  a gi ven f r i ct i on angl e (f> t he val ues of  
K do not  di f f er  much f or  moder at e pi l e i n­
cl i nat i ons ( a«45° ) ,  but  decr ease mor e r api dl y 
f or  gr eat er  i ncl i nat i ons.
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Theor et i cal  Upl i f t  Coef f i c i ent s f or  
Bor ed Pi l es.

The val ues of  Ku f or  dr i ven t ensi on pi l es 
ar e gr eat er  t han f or  bor ed pi l es and may be 
est i mat ed f r om i n- si t u f r i ct i on j acket  cone 
t est s ( Begemann,  1965) .  The pul l - out  capac ­
i t y of  anchor  pi l es wi t h a l i mi t ad anchor  
zone ( scr ew,  mul t i - hel i x,  gr out ed and i nj ec ­
t i on anchor s,  et c. )  may be est i mat ed f r om 
t he sun of  end r esi st ance ( eq.  2) and ski n 
f r i ct i on ( eq.  4) ,  i n whi ch A_ i s t he sur f ace 
ar ea of  t he anchor  zone and D i s t he dept h 
of  t he t op of  t hat  zone.  For  i nj ect i on an­
chor s t he r esi dual  i nj ect i on pr essur e i s 
used i n pl ace of  t he aver age over bur den 
pr essur e p^ i n t he anchor  zone ( Li t t l ej ohn,  
1970) .  At  r at i os of  D/ B gr eat er  t han about  
15 t he uni t  ski n f r i ct i on of  sand may r each 
a l i mi t i ng val ue ( Vesi c,  1967) .

TESTS

Model  upl i f t  t est s on i ncl i ned anchor  pl at es 
of  var i ous shapes and bur i ed r ough pi l es 
wer e car r i ed out  i n sand and cl ay at  t he 
Nova Scot i a Techni cal  Col l ege ( Bhal l a,  1970,  
Val l i appan,  1970a) . Typi cal  t est  r esul t s 
ar e pl ot t ed i n pol ar  di agr ams t o show t he 
ul t i mat e l oads f or  var i ous i ncl i nat i ons of  
t he anchor s and pi l es ( Fi gs.  4 and 5) .  I t  
i s of  i nt er est  t o compar e t he pr esent  ul t i ­
mat e l oads wi t h t hose of  a si mi l ar  ser i es of  
t est s i n whi ch hor i zont al  anchor  pl at es and 
ver t i cal  r i gi d pi l es wer e under  an i r f cl i ned 
pul l  ( Hope,  1969,  Val l i appan,  1970b) ,  al so 
shown i n Fi gs . 4 and 5.  For  t he same f oun­
dat i on,  dept h of  embedment  and soi l  condi t i on 
and a gi ven i ncl i nat i on of  t he pul l ,  t he up­
l i f t  capaci t y of  axi al l y l oaded i ncl i ned an­
chor s and pi l es exceeds t hat  of  hor i zont al  
pl at es and ver t i cal  pi l es;  f ur t her ,  cor r es ­
pondi ng movement s of  t he f or mer  anchor s wer e 
smal l er .  Mor eover ,  whi l e t he upl i f t  capac-

DI RECTI ON OF ANCHOR OR PI LE

- * “ >5°  - - - - VERTI CAL
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Fi g.  4.  Typi cal  Resul t s of  Model  Test s on 
Anchor s i n Sand.
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Fi g.  5.  Typi cal  Resul t s of  Model  Test s on 
Anchor s i n Cl ay.

i t y of  such axi al l y l oaded i ncl i ned anchor s 
and pi l es gener al l y i ncr eases as t hei r  i n­
cl i nat i on i ncr eases,  t he cor r espondi ng up­
l i f t  capaci t y of  hor i zont al  anchor  pl at es 
and shor t  ver t i cal  pi l es decr eases as t he 
i ncl i nat i on of  t he pul l  f r om t he ver t i cal  
i ncr eases.
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S a n d s

I n  o r d e r  t o  c o m p a r e  t h e  r e s u l t s  o f  t h e  p r e s ­

e n t  m o d e l  t e s t s  a n d  so m e  e a r l i e r  l a b o r a t o r y  

a n d  f i e l d  d a t a  o n  a x i a l l y  l o a d e d  a n c h o r s  i n  

s a n d  w i t h  t h e  p r o p o s e d  t h e o r y  o f  u p l i f t  r e ­

s i s t a n c e  j  t h e  e x p e r i m e n t a l  d a t a  h a v e  b e e n  

a n a l y s e d  t o  d e t e r m i n e  t h e  u p l i f t  c o e f f i c i e n t s  

N  i n  e q .  ( 2 ) f o r  c i r c u l a r  a n d  s t r i p  a n c h o r s  

a ?  d i f f e r e n t  d e p t h s  a n d  i n c l i n a t i o n s  o f  t h e  

l o a d .  T h e  t e s t  r e s u l t s  ( F i g .  6 ) a r e  f o u n d  t o  

b e  i n  f a i r  a g r e e m e n t  w i t h  t h e  p r o p o s e d  t h e o r y .

F i e l d  t e s t s

O  3 2  i n . d i a .  s l a b  ( K a n a n y a n j I 9 6 6 )  

p  1 8 - 4 0  d i a .  s c r e w  p l . t T r o f i m e n k o v  I  

M a r i u p o l s k i i , I 9 S 5 )

O  8 - l 4 i n . d i a . m u l t i - h e l i x  ( A d a m s  fc 

( K l y m , l 9 7 2 )
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F i g .  6 . C o m p a r i s o n  o f  T h e o r y  a n d  T e s t s  f o r  

A n c h o r s  i n  S a n d .

S i n c e  t h e  e x p e r i m e n t a l  r e l a t i o n s h i p s  o f  t h e  

u l t i m a t e  l o a d s  f o r  d i f f e r e n t  a n c h o r s  v a r y  

w i t h  t h e  i n c l i n a t i o n  a  i n  r o u g h l y  t h e  sa m e  

w a y ,  i t  i s  c o n v e n i e n t  t o  i n t r o d u c e  a n  i n c l i ­

n a t i o n  f a c t o r  i  b y  w h i c h  t h e  u p l i f t  c a p a c i ­

t y  Q u  o f  a n  i n c l i n e d  a n c h o r  c a n  b e  e s t i m a t e d  

f r o m  t h e  r e s i s t a n c e  Q o f  a n  a n c h o r  u n d e r  

v e r t i c a l  u p l i f t ,  n a m e l y ,

( 6 )

d e c r e a s e  w i t h  t h e

Q u  = u  u o

T h e  e x p e r i m e n t a l  f a c t o r s  i u  

r a t i o  o f  D / B  ( F i g .  7 ) .  F o r  s h a l l o w  a n c h o r s  

( a b o v e  t h e  c r i t i c a l  d e p t h )  t h e  f a c t o r s  c o m ­

p a r e  r e a s o n a b l y  w e l l  w i t h  t h e  t h e o r e t i c a l  r a ­

t i o s  f o r  s t r i p  a n c h o r s  a n d  m ay  r o u g h l y  b e  

r e p r e s e n t e d  b y

i u  =  1  +  ( a / 9 0 ° ) 2 ( 7 )

F o r  d e e p  a n c h o r s  t h e  f a c t o r  i u  i s  a p p r o x i m a ­

t e l y  u n i t y  f o r  m o d e r a t e  i n c l i n a t i o n s  ( a S 4 5 ° )  

w h i l e  t h e  l i m i t e d  d a t a  f o r  a S 4 5 °  i n d i c a t e  

so m e  i n c r e a s e  a s  t h e  a n c h o r  p u l l  a p p r o a c h e s  

t h e  h o r i z o n t a l  d i r e c t i o n .

T h e  r e s u l t s  o f  t h e  p r e s e n t  t e s t s  o n  m o d e l  

p i l e s  a n d  o t h e r  d a t a  o n  l a b o r a t o r y  a n d  f i e l d  

t e s t s  w i t h  g r o u t e d  a n c h o r s  a n d  a x i a l l y  l o a d ­

e d  t e n s i o n  p i l e s  i n  s a n d  h a v e  b e e n  a n a l y s e d  

o n  t h e  b a s i s  o f  e q . ( 4 )  t o  d e d u c e  t h e  u p l i f t  

c o e f f i c i e n t s  K  f o r  d i f f e r e n t  l o a d  i n c l i n a ­

t i o n s .  T h e  r e s u l t s  ( F i g .  8 ) i n d i c a t e  a  r a t ­

h e r  w i d e  s c a t t e r  o f  p o i n t s  d u e  t o  t h e  d i f ­

f e r e n t  t y p e s  a n d  m e t h o d s  o f  i n s t a l l a t i o n  o f  

t h e  a n c h o r s  a n d  p i l e s  u s e d .  T h e  f i e l d  d a t a  

g e n e r a l l y  g i v e  v a l u e s  o f  K u  b e t w e e n  a b o u t  2  

a n d  3  f o r  v e r t i c a l  u p l i f t  d e c r e a s i n g  w i t h  

i n c l i n a t i o n  o f  t h e  l o a d  t o  a b o u t  1  t o  2  f o r  

a  o f  r o u g h l y  4 5 ° .  T h e  b u r i e d  m o d e l  p i l e s  

i n d i c a t e  n o  s i g n i f i c a n t  c h a n g e  o f  K  f o r  

o i 4 5 ®,  a s  w o u l d  b e  e x p e c t e d  t h e o r e t i c a l l y , 

a n d  w i t h i n  t h i s  l i m i t  t h e  p u l l - o u t  r e s i s t ­

a n c e  o f  a  p i l e  o f  g i v e n  d e p t h  v a r i e s  r o u g h l y  

w i t h  1/ c o s  a  ( T r a n - V o - N h i e m ,  19 7 1) .

C l a y s

T h e  e x p e r i m e n t a l  u p l i f t  c o e f f i c i e n t s  N c u  i n  

e q .  ( 2 ) h a v e  b e e n  e v a l u a t e d  f o r  t h e  p r e s e n t  

a n d  e a r l i e r  m o d e l  a n d  f i e l d  t e s t s  o n  i n c l i ­

n e d  c i r c u l a r  a n d  s t r i p  a n c h o r s  a t  v a r i o u s  

d e p t h s  i n  c l a y ,  a n d  t h e  r e s u l t s  a r e  sh o w n  i n  

F i g .  9 .  A s  i n  t h e  c a s e  o f  v e r t i c a l  u p l i f t ,  

t e n s i o n  c r a c k s  w e r e  f o u n d  n e a r  t h e  a n c h o r s  

i n  c l a y  a n d  n e g a t i v e  p o r e  p r e s s u r e s  h a v e  

b e e n  r e c o r d e d  i n  t h e  s o i l  n e a r  m o d e l  a n c h o r s  

( M e y e r h o f  & A d a m s ,  19 6 8 ) .  T h u s ,  p r e m a t u r e  

t e n s i l e  f a i l u r e  o f  t h e  c l a y  r e d u c e d  t h e  u p ­

l i f t  c a p a c i t y  o f  s h a l l o w  a n c h o r s  u n d e r  v e r t i ­

c a l  l o a d  t o  l e s s  t h a n  o n e - h a l f  o f  t h e  e s t i ­

m a t e d  v a l u e s .  A  s m a l l e r  r e d u c t i o n  w a s  o b ­

s e r v e d  f o r  s h a l l o w  a n c h o r s  u n d e r  h o r i z o n t a l  

l o a d  ( M a c k e n z i e ,  19 5 5 )  w h e n  c o m p r e s s i v e  

s t r e s s e s  o n  t h e  p o t e n t i a l  f a i l u r e  s u r f a c e  

d e c r e a s e  t h e  t e n d e n c y  t o  c r a c k i n g  o f  t h e  

c l a y .  A t  g r e a t e r  d e p t h s  t e n s i o n  c r a c k s  a r e  

l e s s  p r e v a l e n t ,  a n d  t h e  u p l i f t  c o e f f i c i e n t s  

o f  a n c h o r s  a r e  t h e  sa m e  a s  t h e  b e a r i n g  c a p -

•  I - 2  i n . d i a .  xl  i n .  s t r i p  ( P r e s . T e s t s )  

■  l - 2 i n . s q .  I i n . s t r i p C O v e s e n , i 9 6 4 )  

+  4  i n .  s t r i p  C T r . - V o - N h i e m & B  i a  r e  z , l  9 7 1)

43 °  Deep A n c h o rs
u n le s s  D /B  shown 
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F i g .  8 . C o m p a r i s o n  o f  T h e o r y  a n d  T e s t s  f o r  

G r o u t e d  A n c h o r s  a n d  P i l e s  i n  S a n d .

F i g .  9 .  C o m p a r i s o n  o f  T h e o r y  a n d  T e s t s  f o r  

A n c h o r s  i n  C l a y .

a c i t y  c o e f f i c i e n t s  o f  d e e p  f o u n d a t i o n s  a n d  

i n d e p e n d e n t  o f  t h e  l o a d  i n c l i n a t i o n ,  a s  

w o u l d  b e  e x p e c t e d  t h e o r e t i c a l l y .

T h e  o b s e r v e d  u p l i f t  c o e f f i c i e n t s  m ay  c o n s e r ­

v a t i v e l y  b e  e x p r e s s e d  a s  f o l l o w s :

( 8 )

F o r  s t r i p  a n c h o r s  N c u  =  0 . 6 D / B  f o r  a i 4 5  

i n c r e a s i n g  t o  N c u  =  1. 0 D / B  f o r  a = 9 0  

w i t h  a  m ax i m u m  o f  N c u  =  8 a t  g r e a t  d e p t h s .

F o r  c i r c u l a r  a n d  s q u a r e  a n c h o r  s l a b s

N  „  =  1. 2 D / B  f o r  0 i a s 9 0 ° ( 9 )  

w i t h  a  m ax i m u m  o f  N 9 a t  g r e a t  d e p t h s .

T h e  u p l i f t  c o e f f i c i e n t s  f o r  i n c l i n e d  r e c t a n ­

g u l a r  a n c h o r s  c a n  b e  i n t e r p o l a t e d  b e t w e e n  t h d  

a b o v e  v a l u e s  i n  p r o p o r t i o n  t o  t h e  w i d t h /  

l e n g t h  r a t i o  o f  t h e  a n c h o r  b a s e .  B e c a u , s e  t h e  

r a t i o  o f  t h e  t e n s i l e  t o  c o m p r e s s i v e  s t r e n g t h  

o f  c l a y s  v a r i e s  w i t h  t h e  t y p e  o f  c l a y ,  g e n ­

e r a l l y  a p p l i c a b l e  i n c l i n a t i o n  f a c t o r s  i c  

c a n n o t  b e  d e r i v e d  f r o m  t h e  p r e s e n t  d a t a ,  a n d  

f o r  m o s t  p r a c t i c a l  c a s e s  ( a S 4 5 ° )  t h e  v a l u e  o f  

i c  m ay  b e  t a k e n  a s  u n i t y ,  w h i c h  i s  o n  t h e  

s a f e  s i d e .

A n a l y s i s  o f  p u l l i n g  t e s t s  o n  g r o u t e d  a n c h o r s  

a n d  p i l e s  i n  c l a y  ( L i t t l e j o h n  19 7 0 ,  A d a m s

a n d  K l y i n  19 7 2 )  a n d  t h e  p r e s e n t  m o d e l  t e s t s  

i n d i c a t e  t h a t  s h o r t - t e r m  u l t i m a t e  l o a d s  c a n  

b e  c a l c u l a t e d  f r o m  t h e  u n i t  a d h e s i o n  c a  o n  

t h e  s h a f t  a s  f o r  c o m p r e s s i o n  p i l e s .  T h e  

l o n g - t e r m  u p l i f t  c a p a c i t y  c a n  b e  e s t i m a t e d  

f r o m  t h e  d r a i n e d  s h e a r i n g  s t r e n g t h  p a r a m e t e r s  

o f  t h e  c l a y .  D u e  t o  d i s s i p a t i o n  o f  n e g a t i v e  

p o r e  p r e s s u r e s  a n d  e f f e c t s  o f  c r e e p ,  s u s t a i n ­

e d  l o a d i n c r  m ay  r e d u c e  t h e  l o n g - t e r m  p u l l - o u t  

r e s i s t a n c e  c o n s i d e r a b l y  b e l o w  t h e  s h o r t - t e r m  

c a p a c i t y ,  e s p e c i a l l y  i n  h e a v i l y  o v e r c o n s o l i ­

d a t e d  a n d  h i g h l y  p l a s t i c  c l a y s  ( M e y e r h o f  a n d  

A d a m s ,  19 6 8 ) .  T h e  u p l i f t  c a p a c i t y  o f  a n c h o r s  

m ay  a l s o  b e  r e d u c e d  s i g n i f i c a n t l y  b y  v a r i a b l e  

l o a d i n g  ( T r o f i m e n k o v  a n d  M a r i u p o l s k i i , 19 6 5 ) .

A n c h o r  G r o u p s

T h e  u l t i m a t e  u p l i f t  l o a d  o f  a n  a n c h o r  g r o u p  

i s  t h e  s m a l l e r  v a l u e  o f  e i t h e r  t h e  su m  o f  

t h e  u p l i f t  l o a d s  o f  t h e  i n d i v i d u a l  a n c h o r s  o r  

t h e  u p l i f t  l o a d  o f  a n  e q u i v a l e n t  a n c h o r  

" b l o c k "  c o n s i s t i n g  o f  t h e  a n c h o r s  a n d  e n c l o ­

s e d  s o i l  m a s s .  T h e  l a t t e r  r e s i s t a n c e  c a n  b e  

e s t i m a t e d  b y  t h e  m e t h o d  s u g g e s t e d  a b o v e  f o r  

r e c t a n g u l a r  a n c h o r s .  V e r t i c a l  u p l i f t  t e s t s  

o n  m o d e l  a n c h o r  g r o u p s  i n  s a n d  a n d  c l a y  

( M e y e r h o f  a n d  A d a m s ,  19 6 8 )  s h o w e d  t h a t  t h e  

g r o u p  e f f i c i e n c y  d e c r e a s e s  n o t  o n l y  w i t h

FOR LEGENDlsEE FIG.6 
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do s e r  spaci ng of  t he anchor s,  but  al so as 
t he ei obedr eent  dept h i ncr eases ,  especi al l y i n 
sand.  Si mi l ar  r esul t s have been obt ai ned 
f r om t est s on gr oups of  model  anchor  pl at es 
under  hor i zont al  pul l  i n sand ( Hueckel ,  1957 
Ovesen,  1964)

CONCLUSI ONS

The upl i f t  r esi st ance of  i ncl i ned anchor s 
and pi l es under  axi al  l oads can be expr essed 
i n t er ms of  upl i f t  coef f i ci ent s,  whi ch have 
been eval uat ed by ext endi ng t he pr evi ous 
t heor y f or  ver t i cal  upl i f t  of  f oundat i ons.  
Theor y and t est  r esul t s i ndi cat e t hat  t he 
upl i f t  coef f i ci ent s of  anchor s i n sand and 
cl ay gener al l y i ncr ease wi t h t he i ncl i nat i on 
of  t he l oad f r om a mi ni mum f or  ver t i cal  up­
l i f t  t o a maxi mum f or  hor i zont al  pul l .  The 
i nf l uence of  l oad i ncl i nat i on on t he upl i f t  
capaci t y decr eases as t he dept h of  t he an­
chor  i ncr eases.  Accor di ngl y,  f or  t ensi on 
pi l es of  a gi ven dept h of  embedment  and 
met hod of  i nst al l at i on t he uni t  ski n f r i ct i on 
i n uni f or m sand and cl av does not  var y s i g­
ni f i cant l y f or  pi l e i ncl i nat i ons of  l ess t han 
about  45* ,  whi l e f or  anchor s wi t h a l i mi t ed 
anchor  zone t he i nf l uence of  l oad i ncl i nat i on 
on t he pul l i ng r esi st ance depends t o some 
ext ent  on t he aver age dept h t o wi dt h r at i o of  
t he anchor  zone.
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