
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


8 / B / 5

Performance of Columbia Center shoring wall

Fonctionnement d'étresillonnement du mur de Columbia Center

W. PAUL GRANT, Senior Principal Engineer, Shannon 8-Wilson, Seattle, Washington, USA

SYNOPSI S Th i s  p a p e r  p r e s e n t s  t h e  g e o t e c h n i c a l  d e s i g n  r e c o mme n d a t i o n s  an d  o b s e r v e d  p e r f o r ma n c e  o f  a 37 m de e p

t i e b a c k  s h o r i n g  wal l  f o r  t h e  7 6 - s t o r y  Co l u mb i a  Ce n t e r  o f f i c e  b u i l d i n g  i n Se a t t l e ,  Wa s h i n g t o n ,  USA.  Th e  b u i l d i n g  

e x c a v a t i o n  e n c o u n t e r e d  v e r y  s t i f f  f i s s u r e d  c l ay ,  s a nds  and g r a v e l s ,  g l ac i a l  t i l l ,  and i n t e r b e d d e d  s and ,  s i l t ,  and c l ay .  

Th e  g e o t e c h n i c a l  d e s i g n  of  t h e  s h o r i n g  wal l  wa s  c o mp l i c a t e d  by  t h e  g r ea t  d e p t h  o f  t h e  e x c a v a t i o n ,  l a r g e  l o ad s  on  t h e  

s o l d i e r  p i l e s ,  and  p h y s i c a l  c o n s t r a i n t s  of  t h e  u r ba n  s i t e .  A f i n i t e  e l e me n t  s t ud y  wa s  p e r f o r me d  t o e v a l u a t e  t h e  wa l l  

p e r f o r ma n c e  c o n s i d e r i n g  r e s t r i c t e d  a n c h o r  l e n g t h s  on t wo  s i de s  o f  t h e  e x c a v a t i o n  and n e a r b y  s t r u c t u r e s .  Th e  wa l l  was  

i n s t r u me n t e d  at  s e l e c t e d  l o c a t i o n s  t o  mo n i t o r  l o ads  on t h e  t i e b a c k s  and s o l d i e r  p i l e s ,  as  we l l  as  mo v e me n t  o f  t h e  

s o l d i e r  p i l e s .  Ac t u a l  wa l l  p e r f o r ma n c e  wa s  b e t t e r  t h a n  p r e d i c t e d .  Sp e c i f i c  c o n c l u s i o n s  we r e  r e a c h e d  r e g a r d i n g  t h e  no-  

l oad z one ,  a p p a r e n t  e a r t h  p r e s s u r e s ,  a n c h o r  s p ac i n g ,  and f i n i t e  e l e me n t  s t u d i e s .

I NTRODUCTI ON

Ti e b a c k  s h o r i n g  wa l l s  a r e  a p o p u l a r  me a n s  o f  t e mp o r a r y  

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

s t r u c t e d  wo r k i n g  a r ea  wi t h i n  t h e  e x c a v a t i o n .  Th e  d e s i g n  

of  t i e b a c k  s h o r i n g  wa l l s  i s  l a r g e l y  b a s e d  on e mp i r i c a l  

p r o c e d u r e s  t h a t  ha v e  be en  s u c c e s s f u l y  us ed  on e x c a v a ­

t i on s  wi t h  d e p t h s  t y p i c a l l y  on t h e  o r d e r  o f  10  t o  2 0  m 

( Go l d b e r g ,  et  a l . ,  19 76 ) .

Us e  o f  t h e s e  e mp i r i c a l  p r o c e d u r e s  on t h e  37 m d e e p  

Co l u mb i a  Ce n t e r  t i e b a c k  s h o r i n g  wal l  wa s  c o mp l i c a t e d  by  

s ev e r a l  f a c t o r s .  Fi r s t ,  e x i s t i n g  or  p r o p o s e d  b u i l d i n g  

d e v e l o p me n t  a l o n g  t wo  s i de s  of  t h e  e x c a v a t i o n  p r e c l u d e d  

us e  of  t h e  c o n v e n t i o n a l  n o - l o a d  z o n e  f o r  a n c h o r  c o n ­

s t r u c t i o n .  Se c o n d l y ,  we  q u e s t i o n e d  t h e  a p p l i c a b i l i t y  of  

t h e  e mp i r i c a l  d e s i g n  p r o c e d u r e s ,  as  l i t t l e  p e r f o r ma n c e  

da t a  e x i s t  f o r  t i e b a c k  s h o r i n g  wa l l s  wi t h  d e p t h s  i n 

ex c e s s  o f  30  m.  Ad d i t i o n a l l y ,  v e r y  l i t t l e  d a t a  e x i s t  on 

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

c l ay s  ( Go l d b e r g ,  et  a l . ,  1976)  s u c h  as  t h e  s o i l s  e x i s t ­

i ng at  Co l u mb i a  Ce n t e r .  F i n a l l y ,  d e t a i l s  o f  t h e  s o l d i e r  

p i l e  and t i e b a c k  l a y o u t  c r e a t e d  h i gh  v e r t i c a l  l o ad s  on 

t h e  s o l d i e r  p i l e s .

I n n o v a t i v e  s o l u t i o n s  we r e  r e q u i r e d  t o  d e v e l o p  d e s i g n  

r e c o mme n d a t i o n s  c o n s i d e r i n g  t h e  a b ov e  l i mi t a t i o n s .  A 

mo d i f i e d  n o - l o a d  z o n e  was  d e v e l o p e d  a n d  u s e d  t o  pe r mi t  

a n c h o r  c o n s t r u c t i o n  i n z o nes  wh e r e  t i e b a c k  l e n g t h s  we r e  

r e s t r i c t e d  by  ne a r b y  d e v e l o p me n t .  A f i n i t e  e l e me n t  

s t ud y  wa s  p e r f o r me d  t o  e v a l u a t e  wa l l  p e r f o r ma n c e  c o n ­

s i d e r i n g  t h e  r e s t r i c t e d  a n c h o r  l e n g t h s  and  a d j a c e n t  

d e v e l o p me n t .  Th e  f o l l o wi n g  d i s c u s s e s  o u r  d e s i g n  r e c o m­

me n d a t i o n s  and t h e  me a s u r e d  p e r f o r ma n c e  of  t h e  s h o r i n g  

wal  1.

PROJ ECT AND SOI L  CONDI TI ONS

The Co l u mb i a  Ce n t e r  p r o j e c t  o c c u p i e s  al l  bu t  t h e  n o r t h ­

we s t  c o r n e r  of  a c i t y  b l oc k  ( Fi g u r e  1)  wh e r e  t h e  e x i s t ­

i ng f i v e - s t o r y  Co l u mb i a  Ho u s e  s t r u c t u r e  r e ma i n s .  Th e  

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

s l op es  d o wn wa r d  f r o m ea s t  t o  we s t ,  wi t h  s u r f a c e  e l e v a -

Figure 1 Site Plan

t i o n s  of  4 5  m t o  4 8  m a l on g  Fi f t h  Av e.  and  32 m t o  35  m 

a l o n g  Fo u r t h  Av e .  Th e  ba s e  of  t he  gene r a l  e x c a v a t i o n  

f o r  t h e  b a s e me n t  i s  at  e l e v a t i o n  13 m.  Loc a l  e x c a v a ­

t i o n s  we r e  ma d e  t o  e l e v a t i o n  8 m f o r  t h e  t h r e e  ma i n  15 

by  15 m f o o t i n g s  f or  t h e  b u i l d i n g ,  e f f e c t i v e l y  c r e a t i n g  

a 37 m d e e p  e x c a v a t i o n .

Su b s u r f a c e  soi l  c o n d i t i o n s  at  t h e  s i t e  ha v e  be e n  g e n ­

e r a l i z e d  a l o n g  an e a s t - we s t  c r os s  s e c t i o n  f a c i n g  Ch e r r y  

St r e e t ,  as  s h own  i n F i g u r e  2.  Es s e n t i a l l y  al l  o f  t h e  

s o i l s  at  t h e  s i t e  ar e  g l a c i a l l y  c o n s o l i d a t e d  wi t h  ne a r  

ho r i z o n t a l  b e d d i n g  p l a n e s .  Ve r y  s t i f f  c l ay s  wi t h  s ome 

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

29  m,  o v e r l y i n g  a 3 m t h i c k  s t r a t u m of  o u t wa s h  s a n d  and 

g r a v e l .  Gl ac i a l  t i l l  wa s  e n c o u n t e r e d  b e t we e n  e l e v a t i o n s  

26 m and 21 m,  o v e r l y i n g  i n t e r b e d d e d  s a nd s ,  s i l t s ,  and 

c l a y s .  Th e  wa t e r  t a b l e  wa s  e n c o u n t e r e d  at  e l e v a t i o n  

8  m.  Pr o p e r t i e s  of  t h e  s u b s u r f a c e  ma t e r i a l s  a r e  s u m­

ma r i z e d  i n Ta b l e  I .

Di s t u r b e d  soi l  c o n d i t i o n s  e x i s t  a d j a c e n t  t o t h e  s i t e  at

2 0 7 9
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TABL E I  

So i l  Pr o p e r t i e s

Soi l  El e v a t i o n N- Va l u e

Wa t e r

Co n t e n t

L i q u i d  

Li mi  t

Pl a s t i c

L i mi t

We t  

Uni  t  

We i g h t

Ef f e c t i  ve 

Fr i c t i o n

Ef f e c t i  ve 

Co h e s i o n

El a s t i c  

Mo d u l i

( m) b l o ws / 3 0  c m % k N/ m3 d e g r e e s k Pa MPa

Cl  ay >29 4 0 - 7 0 2 0 - 4 0 5 5 - 7 5 2 3 - 3 0 18. 9 3 1 1 5 7 . 5 1 ( peak ) 3 4 5 3

13l 4 7 . 9 1 ( r e s i d u a l )

Sa n d / Gr a v e l 2 6 - 2 9 >1 00 4- 12 — — 21 . 2 4 0 2 02 5 8 5 2

Ti l l 21 - 26 >1 00 10 - 15 — — 21 . 2 4 0 2 0 2 5 8 5 2

Sa n d / Cl a y / Si l t <21 >1 00 1 0 - 3 0 31 - 51 2 9 - 4 0 19. 6 37l 0l  ( p e a k - s i l t ) 5853

No t es :  1.  Co n s o l i d a t e d - u n d r a i n e d  t r i a x i a l  t e s t .

2 .  Es t i ma t e d .

3.  I n s i t u  s e l f - b o r i n g  p r e s s u r e me t e r  t es t .

t i ona l  n o - l o a d  z o ne  f o r  l o c a t i n g  t h e  t i e b a c k  an c h o r s .  

F i g u r e  3 i l l u s t r a t e s  t h a t  us e  of  a c o n v e n t i o n a l  n o - l o a d  

z o n e  wo u l d  r e s u l t  i n a n c h o r s  b e i n g  l o c a t e d  wi t h i n  t he 

Mu n i c i p a l  Bu i l d i n g .  Si mi l a r  r e s t r i c t i o n s  a p p l y  a l on g  

F i f t h  Av e n u e .  To  r e s o l v e  t h i s  s i t u a t i o n ,  t h e  mo d i f i e d  

n o - l o a d  z o n e  s h o wn  i n F i g u r e  3 wa s  d e v e l o p e d .  Th i s  

mo d i f i e d  n o - l o a d  z o ne  wa s  b a s e d  up on  f a i l u r e  p l an es  

a s s u me d  i n t h e  d e s i g n  and  o b s e r v e d  i n e x p e r i me n t a l  

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

( Mc Ki t t r i c k ,  19 78 ) .

Figure 2 Subsurface Profile A-A

t wo  l o c a t i o n s .  Fi r s t ,  t h e y  e x i s t  a b o v e  t h e  r a i l r o a d  

t u nn e l  a l o n g  Fo u r t h  Av e .  as  t h e  s t r e e t s  i n t h i s  a r ea  

s e t t l e d  a b o u t  0 . 5  m f o l l o wi n g  t unne l  c o n s t r u c t i o n .  

Se c o n d l y ,  s o i l s  i n t h e  v i c i n i t y  of  Ch e r r y  St r e e t  and 

Fi f t h  Av e .  we r e  d i s t u r b e d  as a r e s u l t  of  an e x c a v a t i o n  

f a i l u r e  d u r i n g  t h e  c o n s t r u c t i o n  of  t h e  Mu n i c i p a l  Bu i l d -  

i  ng.

SHORI NG WALL

I n a d d i t i o n  t o  p r o v i d i n g  t e mp o r a r y  s u p p o r t  d u r i n g  c o n ­

s t r u c t i o n ,  t h e  s o l d i e r  p i l e s  o f  t h e  s h o r i n g  wa l l  we r e  

l a t e r  i n c o r p o r a t e d  i n t o  t h e  p e r ma n e n t  b a s e me n t  wa l l  as  

s t r u c t u r a l  me mb e r s .  Th e  ma j o r i t y  o f  t h e  82  s o l d i e r  

p i l e s  i n s t a l l e d  at  t h e  s i t e  we r e  s p a c e d  at  4 m i n t e r v a l s  

an d  c o n s i s t e d  o f  t wo  36 c m wi d e  f l a n g e  be ams  p l a c e d  i n a 

1 . 2  m d i a me t e r  h o l e  and f i l l e d  wi t h  c o n c r e t e .  Wo o d  

l a g g i n g  10  an d  15  c m t h i c k  wa s  us ed  t o r e t a i n  t h e  soi l  

b e t we e n  t h e  s o l d i e r  p i l e s ,  e x c e p t  a d j a c e n t  t o  Co l u mb i a  

Ho u s e ,  wh e r e  c a s t - i n - p l a c e  c o n c r e t e  l a g g i n g  wa s  us ed .  

Fr i c t i o n  a n c h o r s ,  wi t h  a nomi na l  d i a me t e r  o f  a b o u t  

31 c m,  we r e  u s e d  f o r  a p p r o x i ma t e l y  9 0  p e r c e n t  o f  t he  

t i e b a c k s .  Ty p i c a l  a n c h o r  d e s i g n  c a p a c i t y  wa s  6 7 0  k N,  

a l t h o u g h  c a p a c i t i e s  o f  4 5 0  t o  1 , 0 0 0  k N we r e  s p e c i f i e d  i n 

s e l e c t e d  a r ea s .  Gr o u t e d  a n c h o r  l e n g t h s  we r e  t y p i c a l l y  

on  t h e  o r d e r  of  6 t o  9 m,  a l t h o u g h  g r o u t e d  l e n g t h s  o f  up 

t o  14 m we r e  u s e d  a l o n g  t h e  we s t  wa l l  wh e r e  d i s t u r b e d  

so i l  c o n d i t i o n s  we r e  a n t i c i p a t e d .  Ve r t i c a l  s p a c i n g  o f  

t i e b a c k s  on t h e  s o l d i e r  pi  1 es  r a n g e d  f r o m s l i g h t l y  u n d e r  

1 m t o as  mu c h  as  2 . 4  m.

DESI GN PARAMETERS

Ex i s t i n g  or  p r o p o s e d  d e v e l o p me n t  o p p o s i t e  t h e  ea s t  and 

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

BASE OF 
EXC AVATION

—1— www. —

M U N IC IP A L

B U ILD IN G

10
I

'C O N V E N T IO N A L  
NO LOAD ZONE

20 
_I

S C A LE  IN M ETERS

Figure 3 No Load Zone

De v e l o p me n t  of  an a p p a r e n t  l a t e r a l  e a r t h  p r e s s u r e  d i a ­

g r a m f o r  t h e  Co l u mb i a  Ce n t e r  s h o r i n g  wa l l  wa s  c o mp l i ­

c a t e d  by  t h e  f ac t  t h a t  l i t t l e  d a t a  e x i s t  f o r  e x c a v a t i o n s  

wi t h  d e p t h s  o v e r  30  m an d  f o r  e x c a v a t i o n s  i n v e r y  s t i f f  

f i s s u r e d  c l ay  ( Go l d b e r g ,  et  a l . ,  1 9 7 6 ) .  Ho we v e r ,  ba s ed  

u p o n  ou r  r e v i e w of  a v a i l a b l e  l i t e r a t u r e ,  p e r f o r ma n c e  of  

o t h e r  l oc al  t i e b a c k  p r o j e c t s  and  c o n d i t i o n s  at  t h e  s i t e ,  

t h e  t wo  p r e s s u r e  d i s t r i b u t i o n s  s h o wn  on Fi g u r e  4  we r e  

r e c o mme n d e d  f o r  d e s i g n .  Th e  h i g h e r  p r e s s u r e  d i s t r i b u ­

t i o n  wa s  r e c o mme n d e d  f o r  u s e  a l o n g  Fo u r t h  Av e . ,  wh e r e  

t h e  a d j a c e n t  s o i l s  ha v e  be en  d i s t u r b e d  by  c o n s t r u c t i o n  

o f  t h e  r a i l r o a d  t u n n e l .  Pr e s s u r e  d i s t r i b u t i o n s  of  

Sc h n a b e l  ( 1982)  a n d  Te r z a g h i  and  Pe c k  ( 1968)  a r e  a l s o 

p r e s e n t e d  on Fi g u r e  4 f o r  r e f e r e n c e .  Co mp a r e d  t o  l ocal  

p r o j e c t s ,  t h e  Co l u mb i a  Ce n t e r  s h o r i n g  p r e s s u r e  i s  30 

p e r c e n t  l o we r  t h an  t h e  v a l u e  u s e d  f o r  t h e  n e a r b y  Sea-  

F i r s t  F i f t h  Av e .  p l a z a  s h o r i n g  wa l l .  Th i s  i s  p a r t i c u ­

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

e x c a v a t i o n  i s 12 m d e e p e r .

Th e  r e l a t i v e l y  l a r g e  s o l d i e r  p i l e  s p a c i n g  of  4 m c om-

EAST WEST

2 0 8 0
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APPARENT E AR TH  PRESSURE (P)

2H 4H 6H
1- - - - - 1- - - - - 1- - - - - 1- - - - - 1- - - - - 1- - - - - T

10H 2 0H  3 0 H  4 0H

- AH ( p- KPa)

(pH-' psf)

S ID ES  (E X C E PT 

4 th  A VE .)

NO TE: SURCH ARG E E FFECTS 

HAVE BEEN EXCLUDED 

FRO M  PRESSURE D IA G R AM S.

LEGEND

--------  S C H N A B E L (1 9 8 2 )

TERZAG HI & PECK (1 9 6 8 )  

( S t i f f  C L A Y )

DESIGN VALU E S  FOR 
C O LU M B IA  CENTER

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

t o  t he  bas e of  t h e  s o l d i e r  p i l es  at  l o c a t i o n s  s h o wn  on 

F i g u r e  5.  Ad d i t i o n a l l y ,  op t i c a l  s u r v e y s  we r e  ma d e  t o  

mo n i t o r  t h e  d e f l e c t i o n  and s e t t l e me n t s  of  t h e  s o l d i e r  

p i l e s  and  a d j a c e n t  s i d e wa l k s  and s t r e e t s .

E -1 0

J 2--- 1  ft

COLUMBIA

CENTER

- 2 l _ 0

C O LU M B IA

HOUSE

XA

“17T

FOURTH AVE.

0

▲

X

1 0 )
■ 1 4 /

S C A LE  IN METERS

LEGEND

SHALLO W  INCLINOMETER 

DEEP INCLINOMETER 

LOAD CELLS 

EXTENSOMETER 

INSTRUM ENTED SOLDIER 
PILES

Figure 5 Geotechnical Inst rumentat ion

Figure 4 Apparent  Earth Pressure Diagrams

b i ne d  wi t h  t h e  37 m d e p t h  of  e x c a v a t i o n  r e s u l t e d  i n 20 

t o 30 t i e b a c k s  b e i n g  r e q u i r e d  on e a c h  s o l d i e r  p i l e .  

Th e s e  t i e b a c k s ,  d r i l l e d  at  an a n g l e  of  20  d e g r e e s  t o t he  

h o r i z o n t a l ,  p r o d u c e d  v e r t i c a l  l o ads  of  abou t  5 , 5 0 0  k N on 

t he s o l d i e r  p i l e s .  Th i s  ma g n i t u d e  of  l o a d i n g  i s  ab ou t  

f o u r  t i me s  g r e a t e r  t h an  t h a t  n o r ma l l y  e x p e r i e n c e d  on 

l oca l  e x c a v a t i o n s  a b ou t  15 m de ep .  I t  wa s  r e c o mme n d e d  

t h a t  t h e  c a p a c i t y  of  t he  s o l d i e r  p i l e s  t o  r e s i s t  t h e s e  

v e r t i c a l  l o ads  be b a s e d  on s k i n  f r i c t i o n  v a l u es  of  9 5  t o  

145 k Pa  d e p e n d i n g  on so i l  t y p e s  and  on an en d  b e a r i n g  

r e s i s t a n c e  of  7 2 0  k Pa.  Th e s e  p a r a me t e r s  a r e  t y p i c a l l y  

t wi c e  t h e  ma g n i t u d e  o f  v a l u e s  us ed  on o t h e r  l oca l  

p r o j e c t s .

Es t i ma t e s  of  ho r i z o n t a l  an d  v e r t i c a l  mo v e me n t  of  t h e  

s h o r i n g  wal l  we r e  ma d e  u s i n g  emp i r i c a l  p r o c e d u r e s  and 

da t a  g a t h e r e d  f r o m t h e  p e r f o r ma n c e  of  o t h e r  e x c a v a t i o n s  

i n s i mi l a r  s o i l s  ( Go l d b e r g ,  et  a l . ,  1976)  as  we l l  as 

f r o m a f i n i t e  e l e me n t  a n a l y s i s .  Fr o m t h e  r e s u l t s  of  

bo t h  t h e  e mp i r i c a l  and an a l y t i c a l  s t u d i e s  i t  wa s  e s t i ­

ma t e d  t h a t  bo t h  v e r t i c a l  and ho r i z o n t a l  mo v e me n t  at  t h e  

t o p  of  t h e  s h o r i n g  wa l l  ma y  amo u n t  t o  2 t o  5 c m.

I NSTRUMENTATI ON AND MEASUREMENTS

As  a n u mb e r  of  d e s i g n  r e c o mme n d a t i o n s  d e v e l o p e d  f o r  t h e  

Co l u mb i a  Ce n t e r  s h o r i n g  wa l l  d e p a r t e d  f r o m c o n v e n t i o n a l  

p r a c t i c e ,  i t  wa s  i mp o r t a n t  t o me a s u r e  t h e  p e r f o r ma n c e  of  

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

c r i t i c a l  c o n d i t i o n s ,  and  t o  d e v e l o p  a p p r o p r i a t e  r emed i a l  

me a s u r e s  on a t i me l y  ba s i s .

Th e  l o c a t i o n s  of  g e o t e c h n i c a l  i n s t r u me n t s  i n s t a l l e d  on 

t h e  s h o r i n g  wal l  a r e  i n d i c a t e d  i n Fi g u r e  5.  Two  s o l d i e r  
p i l e s ,  E- 1 0  o n  Fi f t h  Av e .  and S- 1 4  on Ch e r r y  St r e e t ,  

we r e  i n s t r u me n t e d  wi t h  de e p  i n c l i n o me t e r s  ( e x t e n d i n g  

15 m b e l o w t h e  b a s e  of  t he  e x c a v a t i o n )  t o  me a s u r e  h o r i ­

z ont a l  d e f l e c t i o n  a l o n g  t h e  l e ng t h  of  t h e  s o l d i e r  p i l e ,  

l oad c e l l s  on e a c h  of  t h e  t i e b a c k s  t o mo n i t o r  t h e  t e n d o n  

l oad,  and s t r a i n  g a ge s  and  e x t e n s o me t e r s  t o  e v a l u a t e  t h e  

v e r t i c a l  l oad r e a c h i n g  t h e  t i p  of  t h e  s o l d i e r  p i l e .  

Th e s e  s o l d i e r  p i l e s  we r e  i n s t r u me n t e d  c o n s i d e r i n g  t h e  

de p t h  of  t h e  e x c a v a t i o n  and p o t e n t i a l  i n f l u e n c e  of

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

i n  Fi g u r e s  6 t h r o u g h  9.  Pl o t s  of  t h e  t i e b a c k  l o ads  at  

v a r i o u s  s t a g e s  of  t h e  e x c a v a t i o n  a r e  p r e s e n t e d  i n F i g ­

u r e  6 .  I t  i s  n o t e d  t h a t  t h e  t i e b a c k s  we r e  l o c k ed  o f f  at  

9 0  p e r c e n t  of  t h e  d e s i g n  l oad t o  p r o v i d e  a b a s i s  f o r  

a s s e s s i n g  t h e  c o n s e r v a t i s m of  t h e  d e s i g n .  Th e  d i s t r i b u ­

t i o n  of  v e r t i c a l  l oad wi t h i n  s o l d i e r  p i l e  E- 1 0  i s  p r e ­

s e n t e d  i n F i g u r e  7.  Th e  t o t a l  v e r t i c a l  l o ad  wa s  b a s e d  

on  t h e  v e r t i c a l  c o mp o n e n t  of  t h e  t i e b a c k  l oad as  c a l c u ­

l a t e d  f r o m t h e  l oad  ce l l  r e a d i n g s .  St r a i n  ga ges  l o c a t e d  

1 m a b o v e  t h e  p i l e  t i p  p r o v i d e d  d a t a  f o r  t h e  t i p  l oad.  

Th e  o b s e r v e d  l o ad  d i s t r i b u t i o n  i s g e n e r a l l y  c o n s i s t e n t  

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

wa s  p r o b a b l y  no t  f u l l y  mo b i l i z e d  a l o n g  t h e  p i l e ,  as 

t o t a l  s e t t l e me n t  at  t h e  p i l e  t o p  wa s  l es s  t h a n  0 . 5  c m.  

Ho r i z o n t a l  s u r f a c e  mo v e me n t s  at  t h e  e d g e  o f  t h e  e x c a v a ­

t i on ,  s t r e e t  c e n t e r l i n e s ,  and  s i d e wa l k s  a r e  s h o wn  on 

F i g u r e  8 at  t h e  t i me  t h e  e x c a v a t i o n  wa s  c o mp l e t e d  ( 3/ 83)  

a n d  f i v e  mo n t h s  l a t e r  ( 8 / 83) .  Fi n a l l y ,  o b s e r v e d  d e f o r ­

ma t i o n s  and c o mp u t e d  mo v e me n t s  of  s o l d i e r  pi  l e E- 1 0  a r e  

s h o wn  i n F i g u r e  9.
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Figure 6 Tieback Loads on Soldier Pile E-10
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Figure 7 Vert ical Load on Soldier Pile E-10
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Figure 8 Horizontal Surface Movements
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Figure 9 Wall and St reet  Movements

CONCL USI ONS

Ba s e d  upon t he  d a t a  p r e s e n t e d  i n Fi g u r e s  6 t h o u g h  9,  we

a r r i v e d  at  t h e  f o l l o wi n g  c o n c l u s i o n s :

1.  Th e  mo d i f i e d  n o - l o a d  z o ne  d e v e l o p e d  f o r  t h e  s o u t h  

an d  e a s t  wa l l s  o f  t h e  e x c a v a t i o n  p r o v i d e d  s a t i s ­

f a c t o r y  s t a b i l i t y  f o r  t h e  s h o r i n g  wa l l  wi t h o u t  

e x c e s s i v e  ho r i z o n t a l  mo v e me n t .

2.  Th e  r e c o mme n d e d  l a t e r a l  e a r t h  p r e s s u r e  d i s t r i b u t i o n s  

f o r  t h e  s h o r i n g  wa l l ,  a l t h o u g h  b a s e d  on d a t a  f or  

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

f o r ma n c e .  I n f ac t ,  t h e  me a s u r e d  t i e b a c k  l o ads  we r e  

l es s  t h an  9 0  p e r c e n t  of  t h e  d e s i g n  v a l u es ,  wh i c h  i s 

us e f u l  i n f o r ma t i o n  c o n s i d e r i n g  t h e  ma t e r i a l s  d o wn  t o 

e l e v a t i o n  29 m c o n s i s t e d  o f  v e r y  s t i f f  c l a y  wi t h  

s o me  s i i c k e n s i d e s .

3.  Th e  c o n s i s t e n c y  of  t h e  l oad c el l  r e a d i n g s  i n d i c a t e  

t h a t  t h e r e  wa s  n e g l i g i b l e  g r o u p  a c t i o n  or  i n t e r ­

a c t i o n  a mo n g  t h e  t i e b a c k s .  Th i s  i s p a r t i c u l a r l y  

r e l e v a n t  c o n s i d e r i n g  t h a t  s o me  of  t h e  a n c h o r s  we r e  

c o n s t r u c t e d  at  s p a c i n g s  as  c l o s e  as  3 t i me s  t he 

a n c h o r  d i a me t e r .

4.  Th e  o b s e r v e d  d e f o r ma t i o n s  of  t h e  s h o r i n g  wa l l  and 

s t r e e t s  we r e  t y p i c a l l y  h a l f  t h e  v a l u e s  e s t i ma t e d  

f r o m t h e  emp i r i c a l  s t u d i e s  and t h e  f i n i t e  e l e me n t  

a n a l y s i s .  Us e  of  h i g h e r  modu l i  v a l u e s  wo u l d  ha v e  

i mp r o v e d  t h e  p r e d i c t i o n s  of  d e f o r ma t i o n  i n bo t h  

i  n s t a n c e s .
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