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

La résistance à la traction des ancrages hélicoidaux dans les sols

R.M.HOYT, Manager, Design Analysis, A.B.Chance Co., Centralia, Missouri, U SA  

S.RC LEM EN C E, Professor and Chairman, Civil Engineering Department, Syracuse University, New York, U SA

SY N O P SIS H e l i c a l  a n c h o r s  h a v e  b e e n  u s e d  i n  v a r i o u s  a p p l i c a t i o n s  i n c l u d i n g  t r a n s m i s s i o n  t o w e r

f o u n d a t i o n s ,  p i p e l i n e  a n c h o r s  a n d  e x c a v a t i o n  b r a c i n g s .  M e t h o d s  f o r  p r e d i c t i n g  u p l i f t  c a p a c i t y  o f  

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

b e a r i n g "  m e t h o d s . A n  e m p i r i c a l  m e t h o d  f o r  p r e d i c t i n g  c a p a c i t y  b a s e d  o n  i n s t a l l a t i o n  t o r q u e  h a s  

b e e n  w i d e l y  u s e d  i n  p r a c t i c e .  T h e  a u t h o r s  h a v e  a n a l y z e d  n u m e r o u s  h e l i c a l  a n c h o r  t e s t s  t o  

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

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

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

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

o t h e r  t w o  m e t h o d s , a l t h o u g h  a l l  t h r e e  m e t h o d s  e x h i b i t  a w i d e  r a n g e  o f  v a l u e s .  T h e  i n s t a l l a t i o n  

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

e x p e c t e d  c a p a c i t y .

IN TRO D U C TIO N

H e l i c a l  a n c h o r s ,  a l s o  k n o w n  a s  s c r e w  a n c h o r s ,  

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

c i r c u l a r  p l a t e s  ( h e l i c e s )  a f f i x e d  t o  a  

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

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

t r u c k  o r  t r a i l e r  m o u n t e d  a u g e r i n g  e q u i p m e n t . 

U p l i f t  c a p a c i t i e s  u p  t o  1 7 5 ,0 0 0  l b  ( 7 7 5  k N ) 

h a v e  b e e n  d e v e l o p e d  u s i n g  m u l t i - h e l i x  

a n c h o r s ,  t h o u g h  c a p a c i t i e s  i n  t h e  2 0 ,0 0 0  l b  

(8 9  k N ) t o  1 0 0 ,0 0 0  l b  ( 4 4 4  k N ) r a n g e  a r e  m o r e  

t y p i c a l .  T h e s e  a n c h o r s  h a v e  p r o v e n  t o  b e  a 

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

a n c h o r a g e  f o r  f o u n d a t i o n  a n d  e a r t h  b r a c i n g  

s y s t e m s  w h e r e  s o i l  c o n d i t i o n s  p e r m i t  t h e i r  

i n s t a l l a t i o n .

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

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

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

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

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

f u n c t i o n s  ( P D F ' s ) ,  r a t h e r  t h a n  a s  u n i q u e  

v a l u e s . T h e  A m e r i c a n  S o c i e t y  o f  C i v i l

E n g i n e e r s  ( A S C E)  s u g g e s t s  t h a t  s t r e n g t h  

d e s i g n  g u i d e s  u s e  a  u n i f o r m  5% e x c l u s i o n  

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

t o  f a c i l i t a t e  t h i s  p r o c e s s .  A  n o m i n a l  v a l u e  

(R e )  i s  s a i d  t o  b e  t h e  e% e x c l u s i o n  l i m i t  o f  

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

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

( C o m m i t t e e  o n  E l e c t r i c a l  T r a n s m i s s i o n  

S t r u c t u r e s ,  1 9 8 4 ) .

U P L I F T  C A P A C I T Y  P R ED I C T IO N

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

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

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

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

u n i a x i a l  u p l i f t  f o r c e s  (A d a m s a n d  H a y e s , 

1 9 6 7 ; A l i ,  1 9 6 8 ; M e y e r h o f  a n d  A d a m s , 1 9 6 8 ; 

a n d  V e s i c ,  1 9 7 1 ) .  R e c e n t  r e s e a r c h  b y  M i t s c h

a n d  C l e m e n c e  ( 1 9 8 5 )  a n d  M o o n e y , A d a m c z a k , a n d  

C l e m e n c e  ( 1 9 8 5 )  h a s  c o n c e n t r a t e d  o n  

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

i n  s a n d s ,  c l a y s ,  a n d  s i l t s .  T h e  t w o  m o s t  

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

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

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

m e t h o d s .

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

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

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

( F i g u r e  1 ) .  T h e  u p l i f t  c a p a c i t y  i s  d e r i v e d  

f r o m  s h e a r  r e s i s t a n c e  a l o n g  t h i 9  c y l i n d r i c a l  

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

h e l i x .

T h e  i n d i v i d u a l  b e a r i n g  m e t h o d  a s s u m e s  t h a t  

b e a r i n g  f a i l u r e  o c c u r s  a b o v e  e a c h  i n d i v i d u a l  

h e l i x  ( F i g u r e  2 ) .  T h e  t o t a l  u p l i f t

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

c a p a c i t i e s .

A  t h i r d  m e t h o d  o f t e n  u s e d  f o r  p r e d i c t i n g  

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

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

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

e f f o r t  t o  p i l e  c a p a c i t y .  T h i s  m e t h o d  w a s 

d e v e l o p e d  e m p i r i c a l l y  a n d  c u r r e n t l y  l a c k s  

e x p l i c i t  d e f i n i t i o n  i n  t r a d i t i o n a l

g e o t e c h n i c a l  c o n c e p t s .  I t  h a s ,  h o w e v e r , b e e n  

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

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

y e a r s .

D A TA  C O L L EC T IO N  A N D  A N A L Y S I S

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

d e t a i l e d  i n  t h e  p u b l i s h e d  l i t e r a t u r e  (A d a m s 

a n d  K l y m , 1 9 7 2 ; C l e m e n c e , 1 9 8 4 ; D a m e s a n d  

M o o r e , 1 9 8 0 )  a n d  f r o m  t h e  a u t h o r s '  p r i v a t e  

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

U p l i f t  c a p a c i t i e s  w e r e  c a l c u l a t e d  u s i n g  t h e
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F i g u r e  1  C y l i n d r i c a l  S h e a r  S u r f a c e

F i g u r e  2 P l a t e  B e a r i n g  F a i l u r e  

I n d i v i d u a l  H e l i c e s

c y l i n d r i c a l  s h e a r ,  i n d i v i d u a l  b e a r i n g  a n d , 

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

t o r q u e  w a s  n o t  a v a i l a b l e ,  t o r q u e  c o r r e l a t i o n  

m e t h o d s .

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

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

p r e s e n t e d  i n  M i t s c h  a n d  C l e m e n c e  ( 1 9 8 5 )  a n d

M o o n e y , A d a m c z a k , a n d  C l e m e n c e  ( 1 9 8 5 ) ,  

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

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

L u t e n e g g e r ,  S m i t h ,  a n d  K a b i r  ( 1 9 8 8 ) .  F o r  

i n d i v i d u a l  b e a r i n g ,  t h e  m e t h o d  p r e s e n t e d  i n  

K l y m , R a d h a k r i s h n a , a n d  H o w a r d  ( 1 9 8 6 )  w a s  

a d a p t e d .

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

i n s t a l l a t i o n  t o r q u e  a s :

« u  -
K t  X  T

w h e r e

K  =  e m p i r i c a l  f a c t o r

Q =  u p l i f t  c a p a c i t y

T u  =  a v e r a g e  i n s t a l l a t i o n  t o r q u e

- 1
K  =  1 0  f t  *  ( 3 3  m ) f o r  a l l  s q u a r e - s h a f t  

a n c h o r s  a n d  r o u n d  s h a f t  a n c h o r s  l e s s  t h a n  3 .5  

i n  ( 8 9  m m) d i a m e t e r ,  7  f t  ( 2 3  m ) f o r  3 ^ J 

i n  d i a m e t e r  r o u n d - s h a f t  a n c h o r s ,  a n d  3 f t  

( 9 .8  m ) f o r  a n c h o r s  w i t h  8 .6 3  i n  ( 2 1 9  mm) 

d i a m e t e r  e x t e n s i o n  s h a f t s .  T h e  i n s t a l l a t i o n  

t o r q u e  s h o u l d  b e  a v e r a g e d  f o r  t h e  f i n a l  

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

t h e  d i a m e t e r  o f  t h e  l a r g e s t  h e l i x .

T h e  f i r s t  t w o  o f  t h e  a b o v e  m e t h o d s  r e q u i r e  

k n o w l e d g e  o f  t h e  p r o p e r t i e s  o f  t h e  s o i l  i n  

w h i c h  t h e  a n c h o r  i s  p l a c e d .  S u c h  p r o p e r t i e s  

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

i n - s i t u  a n d / o r  l a b o r a t o r y  t e s t s ,  a  p r o c e s s  

o f t e n  i n v o l v i n g  s u b j e c t i v e  e v a l u a t i o n  a n d  

e n g i n e e r i n g  j u d g e m e n t . T h i s  t r a n s l a t i o n

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

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

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

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

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

c o n t e x t  o f  t h e  w h o l e  p r o c e s s  ( s e e ,  f o r  

i n s t a n c e ,  L u t e n e g g e r ,  S m i t h ,  a n d  K a b i r ,  

1 9 8 8 ) .

T h e  s o i l  t e s t  d a t a  a v a i l a b l e  f o r  t h e  a n c h o r  

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

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

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

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

s h e a r  a n d  p o c k e t  p e n e t r o m e t e r  t e s t  d a t a .  

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

a n d  u n i t  w e i g h t  w e r e  d e r i v e d  f r o m  s t a n d a r d  

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

c o r r e l a t i o n s  ( s e e ,  f o r  i n s t a n c e ,  B o w l e s ,  

1 9 8 2 ) .

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

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

a n d  i n c l u d e d  a  f i n a l  l o a d i n g  s t e p  o f  i m p o s i n g  

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

a p p r o x i m a t e l y  f o u r  i n c h e s  ( 1 0 2  m m) p e r  m i n u t e  

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

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

t h e  d a t a  w a s  a v a i l a b l e .

T h e  a n c h o r  t e s t s  u s e d  i n  t h i s  s t u d y  w e r e  

c o n d u c t e d  a t  2 4  d i f f e r e n t  s i t e s  w i t h  s a n d , 

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

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

a n a l y s e s  v a r i e d  f r o m  1 t o  1 0 . I n  m a n y  c a s e s ,  

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

d e p t h s  w e r e  t e s t e d  a t  a g i v e n  s i t e ;  h o w e v e r  

n o  m o r e  t h a n  t w o  d a t a  s e t s  f o r  t h e  sa m e  

a n c h o r  t y p e  a t  t h e  sa m e  s i t e  a n d  d e p t h  w e r e
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u s e d . D e p t h  t o  d i a m e t e r  r a t i o s  (H / D )  v a r i e d  

f r o m  5 .1  t o  1 3 4  a n d  a l l  a n c h o r s  w e r e  a n a l y z e d  

a s  " d e e p ."  A n g l e s  o f  i n c l i n a t i o n  v a r i e d  f r o m  

0 t o  5 0  d e g r e e s  f r o m  v e r t i c a l .  N o n e  o f  t h e  

a n c h o r s  sh o w e d  a n y  i n d i c a t i o n  o f  h a v i n g  

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

b e h a v i o r  e x h i b i t e d  c a n  b e  p r e s u m e d  t o  h a v e  

b e e n  c o n t r o l l e d  b y  s o i l  s t r e n g t h .

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

h a v i n g  1 .5 0  i n  (3 8  m m ), 1 .7 5  i n  ( 4 5  m m ), 

a n d 2 .0 0  i n  (5 1  m m) s q u a r e  a n d  3 .5 0  i n  ( 8 9  m m) 

r o u n d  s h a f t s .  So m e  o f  t h e  l a t t e r  h a d  8 .6 3  i n  

( 2 1 9  m m) r o u n d  s h a f t s  e x t e n d i n g  f r o m  t h e  t o p  

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

v a r i e d  f r o m  t w o  t o  

d i a m e t e r s  v a r i e d  f r o m  

( 5 0 8  m m ). I n t e r h e l i x  

1 .5 5  D t o  4 .5 0  D 

a v a i l a b l e  m u l t i h e l i x  

t h e s e  d e s i g n  l i m i t s .

f o u r t e e n ,  a n d  t h e i r  

6 i n  ( 1 5 2  m m) t o  2 0  i n  

s p a c i n g s  v a r i e d  f r o m  

M o s t  c o m m e r c i a l l y  

a n c h o r s  f a l l  w i t h i n

R ES U L T S

T a b l e  1 c o n t a i n s  t h e  

a n d  m e d i a n  v a l u e s  a n d

t h e  c a p a c i t y  r a t i o s  Q

m i n i m u m , m a x im u m , m e a n

s t a n d a r d  d e v i a t i o n s  o f

,/Q  ,  o b t a i n e d ,  
a c t  c a l c

T a b l e  I

U p l i f t  C a p a c i t y  R a t i o s  (Q a c t / 2 c a i c )

S t d .

M i n . M a x . M e a n D e v M e d i a n

0 .0 7 7 .2 9 1 .5 0 1 .1 8 1 .1 5

0 .0 3 7 .0 4 1 .5 6 1 . 2 8 1 .2 6

0 .3 0 4 .6 7 1 .4 9 0 .8 8 1 .3 0

M e t h o d

C y l . S h e a r  

I n d .  B e a r i n g  

I n s t .  T o r q u e

F i g u r e s  3 - 5  sh o w  h i s t o g r a m s  o f  t h e s e  r a t i o s . 

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

o f t e n  u t i l i z e  G a u s s i a n  p r o b a b i l i t y  d e n s i t y  

f u n c t i o n s  ( P D F ' s ) ,  i t  i s  a p p a r e n t  f r o m  t h e  

h i s t o g r a m s  t h a t  t h i s  d a t a  i s  n o t  n o r m a l l y  

d i s t r i b u t e d .  T h e  r i g h t - s k e w n e s s  o f  t h e  

d i s t r i b u t i o n s ,  t h e  f a c t  t h a t  z e r o  i s  t h e  

m in im u m  p o s s i b l e  v a l u e ,  a n d  t h e  f a c t  t h a t  

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

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

v a r i a b l e s ,  s u g g e s t  t h e  u s e  o f  l o g n o r m a l  

P D F ' s .  L o g n o r m a l  m o d e l s , t h e i r  d e f i n i n g  

p a r a m e t e r s  a n d  5% e x c l u s i o n  l i m i t s  a r e  a l s o  

sh o w n  i n  F i g u r e s  3 - 5 .

Ratio Qact.'Qcalc.

F i g u r e  4 H i s t o g r a m  o f  R a t i o s  o f  A c t u a l /  

C o m p u t e d  C a p a c i t y - I n d i v i d u a l  P l a t e  

B e a r i n g  M e t h o d

F i g u r e  3 H i s t o g r a m  o f  R a t i o s  o f  A c t u a l /  

C o m p u t e d  C a p a c i t y - C y l i n d r i c a l  S h e a r  M e t h o d

F i g u r e  5 H i s t o g r a m  o f  R a t i o s  o f  A c t u a l /  

C o m p u t e d  C a p a c i t y - T o r q u e  C o r r e l a t i o n  

M e t h o d

T h e  S p e a r m a n  c o e f f i c i e n t  o f  r a n k  c o r r e l a t i o n  

( R s )  w a s  c o m p u t e d  f o r  e a c h  p a i r  o f  m e t h o d s . 

T h i s  t e s t  sh o w e d  a  h i g h  d e g r e e  o f  c o r r e l a t i o n  

( R s  =  + 0 .9 0 )  b e t w e e n  t h e  c y l i n d r i c a l  s h e a r  

a n d  i n d i v i d u a l  b e a r i n g  m e t h o d s  a n d  a  l o w  

d e g r e e  o f  c o r r e l a t i o n  b e t w e e n  e a c h  o f  t h e m  

a n d  t h e  t o r q u e  c o r r e l a t i o n  m e t h o d  ( R s  = + 0 .0 2  

a n d  + 0 .1 4 ,  r e s p e c t i v e l y ) .

D IS C U S S IO N  O F R ES U L T S

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

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

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

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

f a c t o r s  o f  s a f e t y  se e m  a p p r o p r i a t e .  I n  

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

d e n s i t y  f u n c t i o n s  sh o w n  i n  F i g u r e s  8 - 1 0  c a n  b e  

u s e d  d i r e c t l y .  I t  s h o u l d  b e  e m p h a s i z e d  a g a i n  

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

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

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

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

a n d  l o a d  t e s t  i n t e r p r e t a t i o n .
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Though all three sample were quite close, the 

range and standard deviation were 

significantly lower for the torque 

correlation method than for the other two. 

This improved consistency may well be due to 

the removal of several secondary random 
variables from the prediction process. These 

would include soil testing errors, errors in 

translating soil test data into soil property 

parameters, spatial variation in soil 

properties between anchor and soil boring 

locations, and possible changes in soil 

properties between the times of boring and 

anchor testing (due, for instance, to a 

change in water table elevation). The 
installation torque correlation method does 

have a major drawback, however, in that it 

cannot be used until after the anchor has 

been installed. Thus it is more suited to 

on-site production control than design in the 

office.

The use of "engineering judgement" was 

intentionally minimized during this study so 

that any inherent differences in accuracy or 

precision of the various methods might not be 

masked. The Nq values for the individual 

bearing method and the soil test/property 

correlations used were selected because they 
have been used commercially in a computer 

program to predict anchor capacities by the 

individual bearing method for several years.

The relationship between actual and predicted 

capacities of anchors recommended using this 

computer program has not been as variable as 

this study indicates it should have been. 

Much of the data used in this study came from 

tests of anchors which had been recommended 
using this program. A review of these 

recommendations showed better correlations 

between actual and predicted capacity than 

between actual and that calculated for this 

study. The difference appears to have been 
that much judgement was used by the 

application engineer who prepared the 

recommendations in editing the soil test data 

for input to the program.

CONCLUSIONS

1. The cylindrical shear and individual 

bearing methods yield similar results in the 

calculation of multihelix anchor capacities 

at usual interhelix spacings.

2. The installation torque correlation 

method yields more consistent results than 
either of the other two methods. Its results 

are within the ranges exhibited by the 

theoretical methods but do not correlate well 

with them. It provides independent 

information which helps establish bounds of 

expected capacity.

3. Engineering judgement is crucial to the 

successful use of the individual bearing 

method unless high factors of safety are 

used. Presumably, it would also have a 

beneficial effect on the consistency of 

results using the cylindrical shear method.
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