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STRUT LOADS RECORDED IN A DEEP EXCAVATION IN CLAY

MESURE DES EFFORTS DANS LES ETRESILLONS D UNE EXCAVATION PROFONDE EN ARGILE

J. M. RODRIGUEZ, B. Sc. (Eng) 

C. L. FLAMAND, M. Sc. (Eng) 

Solum , S. A., Mexico, D. F., Mexico.

SYNOPSI S.  The paper  deal s  p r i mar i l y  wi t h  t he meas ur ed  l oads  i n t he s t r ut s  s uppor t i ng  a deep  
ex c av at i on t hr ough a s ens i t i v e and s of t  c l ay .  The r es ul t s  obt a i ned dur i ng  t he v ar i ous  ex ­
c av at i on s t ages  ar e c ompar ed wi t h  t hos e c omput ed ac c or d i ng t o t he ex i s t i ng  empi r i c a l  r ul es  
wi t h  t he pur pos e of  de t e r mi n i ng  t he i r  app l i c ab i l i t y  t o t he abov e soi l .

I NTRODUCTI ON

Dur i ng t he ex c av at i on t o c ons t r uc t  a s i phon  
at  t he i n t e r s ec t i on  of  t he Mex i c o  Ci t y  s ub ­
way  wi t h  a s ewage c o l ec t or  ( Pi g.  1)  meas u r e ­
ment s  wer e t ak en of  t he s t r u t  l oads  and of  
t he hor i z on t a l  s oi l  def or mat i ons .  The ex c a ­
v a t i on  f o r  t he s i phon was  7. 00 m wi de,  22. 00  
m l ong and 11. 30 m deep and i t  was  s uppor t ­
ed by  a s t eel  s heet  p i l i ng  and f ou r  s t r ut  
l ev el s .

The s oi l  p r of i l e  at  t he s i t e and t he mec han ­
i c a l  pr oper t i es  of  t he s ubs oi l ,  as  we l l  as  
t he ex c av a t i on  pr oc edur e and t he i ns t r umen ­
t at i on i ns t a l l ed  ar e des c r i bed i n t hi s  pa ­
per ,  t oget her  wi t h  t he s t r ut  l oads  dat a  and  
t he meas ur ed  ho r i z on t a l  s oi l  d é f o r ma t i o n s .

Fi nal l y ,  a c ompar i s on among t he meas ur ed  
s t r ut  l oads  and t he l oads  es t i mat ed us i ng  
t he c r i t e r i a  of  Pec k  ( 1967)  and Br i nc h Han ­
s en ( l 953)  i s  di s c us s ed.

SOI L PROFI LE AND MECHANI CAL PROPERTI ES OF 
THE SUBSOI L

The av a i l ab l e  s ubs ur f ac e i n f o r mat i on of  t he 
zone i nd i c a t ed t he ex i s t enc e,  i n mos t  of  
t he ex pl or ed dept h,  of  l ak e depos i t s  f o r med  
by s of t  c l ays .  Thi s  i n i t i a l  i n f o r mat i on was  
c onf i r med by 4 c ont i nuous  bor i ngs  made at  
t he s i t e and l oc at ed as s hown i n  Fi g.  2- a.  
Undi s t u r bed  s ampl es  wer e obt a i ned wi t h  a 
Shel by - t y pe s ampl er  10. 16 c m i ns i de d i ame ­
t er .

The s oi l  p r of i l e  at  t he s i t e i s  s hown i n  
Fi g.  3- b,  as  we l l  as  t he v al ues  of  t he n a t ­
u r a l  wa t e r  c ont ent  ( w)  and p l as t i c i t y  l i m­
i t s  c or r es pond i ng  t o bor i ng M- 2.  Val ues  of  
t he un i t  we i gh t  (X) and of  t he unc onf i ned  
c ompr es s i on s t r engt h ( <! „ ) > f o r  t he 4 bor i ngs  
made,  ar e al s o s hown i n s uc h f i gur e.

5 10 i s
METERS

S E CT I ON A - A

FI G.  1.  I NTERSECTI ON HETWEEN THE SUB­
WAY AND A SEWAGE COLLECTOR.
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FI G.  3.  ( a)  CROSS SECTI ONAL VI EW OF EXCAVATI ON.

( b)  SOI L PROFI LE AND SOI L PROPERTI ES.

The abov e soi l  pr of i l e can be s ummar i z ed as  

f o l l ows :  a r ec ent  f i l l  ex t ends  f r om t he  

s ur f ac e t o t he e l ev at i on - 2. 00 m and i t  i s  

under l a i d  by  a s andy  s i l t  l oc at ed bet ween  

el ev at i ons  - 2. 00 and - 3. 00 m.  The gr ound  

wat er  t abl e was  f ound at  an el ev at i on of  

—3. 00 m wher e t he c l ay  f o r mat i on al s o s t ar t s  

c ont i nu i ng uni f or ml y  down t o t he max i mum el ­
ev at i on of  - 35. 00 m;  t hi n s t r a t a of  s i l t s  

and s ands  wer e enc ount er ed bet ween t he el e ­
v at i ons  - 20. 00 and - 35. 00 m.

The c l ay  i s  nor mal l y  c ons ol i dat ed wi t h i n  t he 

dept h i nf l uenc ed by t he ex c av at i on,  wi t h  t he 

ex c ept i on of  t he s oi l  l oc at ed bet ween t he 

el ev at i ons  - 3. 00 and - 6. 00 m wh i c h  shows  a 

pr ec ons o l i da t i on  due t o des i c c at i on.

EXCAVATI ON PROCEDURE

Bas ed on t he anal y s i s  of  bot t om s t ab i l i t y  of  

t he ex c av at i on,  t he pr o j ec t  des i gner  dec i d ­
ed t o dr i v e a s t eel  s heet  pi l e 18. 20 m h i gh  

t o a dept h  of  19. 20 m f r om gr ound l evel .
The s heet  pi l es  had a Z- s hape s ec t i on and a 

s ec t i on modul us  of  1688 c ms / m.  I t  was  al so  

dec i ded t o per f o r m a " r el i ef  ex c av at i on"
2. 30 m deep c ov er i ng a wi d t h  of  10. 00 m 

ar ound t he per i met er  of  t he ex c av a t i on ( Fi gs . 
2- a  and 3 - a ) . For  t he r eas on ment i oned  

abov e t he des i gner  al s o r ec ommended t o d i ­
v i de t he ex c av at i on i n t hr ee zones ,  s t ar t i ng  

at  a dept h  of  6. 50 m,  t o be s uppor t ed by a 

c ombi ned s heet  pi l i ng;  i t  was  t hen nec es s ar y  

t o dr i v e t wo r ows  of  v er t i c a l  I - beams  be ­
t ween t he e l ev at i ons  - 6. 70 and - 14. 00 m,  as 

s hown i n Fi g.  2- b.
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The gr ound wa t e r  l ev el  was  l ower ed i ns i de  
t he aheet  p i l i ng  by  ua i n g  and e l ec t r o - os mo ­
t i c  pumpi ng  s y s t em ( Pi g.  4—a) ;  t he ex c av a ­
t i on s t ar t ed when  t he wa t e r  t abl e had been  
l ower ed t o t he e l ev at i on - 8. 00 m.  When t he 
ex c av at i on r eac hed a dept h  of  4. 70 m,  t he 
1s t  s t r u t  l ev el  was  p l ac ed at  t he e l ev at i on  
- 4 . 20 m and upon ar r i v i ng  t o a dept h  of  6. 50  
m t he 2nd s t r ut  l ev e l  was  i ns t a l l ed at  t he 
e l ev at i on  - 6. 20 m.  The ex c av at i on was  t hen  
c ont i nued by zones ,  s t a r t i ng  wi t h  t he c en ­
t r al  zone,  f o l l owi ng  t he s out her n  z one and  
endi ng wi t h  t he nor t her n  zone.

I N I T I A L  F I N A L

(IIP Tt  Z< t l  OAT) ( AFTER 30 t» DAT )
+ • +

(a )

O  CAT HODE W ELLS 20 ■ DEEP

•  CATNOOE WELLS * 7 «  DEEP 

+  S T E E L  ANODE 1» ■ DEEP

PI G.  4.  ELECTRO- OSMOTI C PUMPI NG SYSTEM.

I n t he c ent r a l  z one t he ex c av at i on had t hr ee  
add i t i ona l  s t ages  l i mi t ed by  t he e l ev at i ons  
- 8. 80 , - 10. 70 and - 11. 30 m r es pec t i v e l y  and  
t he t wo r emai n i ng s t r ut  l ev el s  wer e i ns t a l l ­
ed at  t he e l ev at i ons  - 8. 20 and - 10. 50 m r e ­
s pec t i v el y .  I t  s houl d be ment i oned t hat  t he 
ex c av at i on pr oc es s  had t o be s us pended dur ­
i ng  s i x  day s  due t o t he h i gh por e pr es s ur es  
obs er v ed  wh e n  i t  had  r eac hed t he e l ev at i on  
- £ . 80 m.  The pr oc es s  was  r es umed onc e new 
pump i ng  e l ement s  wer e added out s i de t he 
s heet  p i l i ng  ( Fi g.  4- b) .  When t he f i nal  
dept h  was  r eached,  a bot t om s l ab 1. 10 m 
t h i c k  was  c ons t r uc t ed l eav i ng t he l as t  s t r ut  
l ev e l  embedded i n t he c onc r et e.  The 3r d  
s t r ut  l ev e l  was  t hen r emov ed and t he par t  of  
t he s i phon c or r es pondi ng t o t hi s  z one was  
c ons t r uc t ed up  t o a hei ght  appr ox i mat e l y  
equal  t o t he el ev at i on of  t he 2nd s t r ut  l ev ­
el .

The r es t  of  t he z ones  was  ex c av at ed wi t h  
i dent i c a l  number  of  s t ages ;  howev er ,  f o r  t he 
f our t h  s t age t he ex c av at i on r eac hed a f i na l  
el ev at i on of  —10. 30 m i n bot h zones  s i nc e  
t he meas ur ement s  t ak en at  t he c ent r a l  zone 
s howed t hat  i t  was  pos s i b l e  t o i ns t a l l  t he 
4t h s t r ut  l ev el  at  an el ev at i on of  - 9 . 95 m 
i ns t ead of  - 10. 50 m wi t hou t  r i s k i ng t he 
s t ab i l i t y  of  t he pr o j ec t  and by do i ng  so t he 
s t r ut s  c oul d be s av ed dur i ng  t he pour i ng  
pr oc es s  of  t he bot t om s l ab.

Al l  t he s t r ut s  wer e pr e- l oaded wi t h  12 t on

pr i o r  t o t he i r  p l ac ement .

I NSTRUMENTATI ON

I n o r de r  t o pr ev ent  a bot t om f a i l ur e of  t he  
ex c av at i on ev en c ons i der i ng a s af et y  f ac t o r  
of  1 . 251 , i t  was  dec i ded t o i ns t a l l  s pec i a l  
dev i c es  so any  i nc i p i ent  f a i l ur e c oul d be 
det ec t ed and t hus  pr ev ent ed.  Th i r t een deep  
benc h mar k s  wer e i ns t a l l ed at  an e l ev at i on  
of  - 19. 50 m i ns i de t he ex c av at i on and at  an 
el ev at i on of  - 13. 50 m on t he out s i de.  Sha l ­
l ow benc h mar k s  wer e pl ac ed ar ound t he ex ­
c av at i on.

Fou r  s l ope i nd i c at or s  wer e i ns t a l l ed  down  
t o t he el ev at i on - 28. 00 m t o meas ur e t he 
hor i z on t a l  s oi l  de f or mat i ons  t hr oughout  t he 
i n f l uenc e dept h af f ec t ed by  a pr obabl e bot ­
t om f ai l ur e.  Readi ngs  wer e t ak en ev er y  8 
hour s  at  ev er y  1. 50 m i n dep t h  wi t h  a 200- B 
Rec or der  hav i ng and appr ox i mat i on of  0 . 0009  
r adi ans  and manuf ac t u r ed  by t he Sl ope I nd i ­
c a t o r  Co.

Pumpi ng  was  c ont r o l l ed wi t h  31 pneumat i c  
pi ez omet er s  of  t he C. P. E. *  t y pe and wi t h  4 
Cas agr ande open- t y pe pi ez omet er s .  Thes e  
i ns t r ument s  wer e c onv en i ent l y  l oc at ed and  
t he i r  dept h  s e l ec t ed ac c or d i ng  t o t he t heo ­
r e t i c a l  f l ow net  anal y z ed.  The open- t y pe  
pi ez omet er s  wer e onl y  us ed  at  t he s and s t r a ­
t a and meas ur ement s  wer e  t ak en wi t h  an el ec ­
t r i c  pr obe;  r eadi ngs  wer e t ak en at  t he pneu ­
mat i c  ones  wi t h  a c a l i br at ed pr es s ur e gage.

The r es t  of  t he i ns t r ument s  c ons i s t ed of  
Fr ey s s i net  pr es s ur e c el l s  i ns t a l l ed i n a 
c l os ed c i r c ui t  t o meas ur e t he s t r ut  l oads  by  
means  of  a c al i br at ed pr es s ur e gage wi t h  a 
r at ed c apac i t y  of  140 kg/ cm*  . Readi ngs  wer e  
t ak en ev er y  6 hour s  wi t h  an appr ox i mat i on,  
g i v en  by  t he pr ev i ous  c al i br at i on,  of  about
1. 0 t on.

MEASUBEMENTS DATA
I n o r de r  t o f ac i l i t a t e  t he pr es ent a t i on  and  
i n t er pr e t a t i on  of  t he r es ul t s  obt ai ned,  a 
s er i es  of  number s  was  as s i gned t o t he day s  
el aps ed f r om t he beg i nn i ng of  t he s l ope i n ­
d i c a t o r  r eadi ngs .  Thi s  dat e was  a r b i t r a r i ­
l y  named Day  No . 1.

The dev e l opment  of  t he s t r ut  l oads  as  t he 
ex c av at i on p r ogr es s ed i s  s hown i n Fi g.  5.
For  s i mpl i c i t y  sake,  on l y  one of  t he f o u r  
dai l y  r eadi ngs  i s  r epor t ed and i t  c or r e ­
s ponds  t o t he one t ak en at  noon.  Any  ot her  
ex c ept i ona l  r eadi ng at  o t he r  t i me i s  i n ­
c l uded i n t he gr aphs .

I t  i s  c onv eni ent  t o not i c e  t hat  a d i f f e r ent  
i n f l uenc e ar ea c or r es ponds  t o eac h s t r ut ,  
s i nc e t hi s  f ac t  ac c ount s  f o r  t he v ar i ed mag ­
n i t udes  of  t he meas ur ed l oads .

The hor i z ont a l  s oi l  de f o i mat i ons  dur i ng  t he 
mai n ex c av at i on s t ages  ar e s hown i n Pi g.  6.  
Due t o s pac e s hor t age t he s oi l  def or mat i ons  
oc c ur r ed bel ow t he bot t om of  t he s heet  
p i l i ng  ar e not  i ndi c at ed.
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HORIZONTAL SOIL 

DEFORMATI ONS, cm

HORIZONTAL SOI L 

DEFORMATIONS , cm

L I S T  O F  S Y M B O L S

- »  S t r u t

-----------  M e a su r e d  envelope

le s s  s u r c h a r g e  

-----------Enve lope  proposed
by Peck ( 1 967 )

(c)  THIRD EXCAVATION STAGE

E n v e n l o p e  proposed

by Brinch Hansen :

______  With rotation around
1st strut level.

- ....... With rota t ion around
2nd  s t ru t  level

(d)  FOURTH EXCAVATI ON STAGE
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E A R T H  P R E S S U R E  ME A S U R E D  I N  T H E  MA I N  E X C A V A T I ON  

S T A GE S .
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H OR I Z ON TAL SOI L D EFOR M ATI ON S  , cm

— ------------- STRUT LEVEL

n * é t r  — INSTALLATION DATE

F IG . 7 .  HORIZONTAL SOIL DEFORMATIONS.
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The f o l l owi ng  anal y s i s  wi l l  be r epor t ed i n  
t er ms  of  t he t ot al  s t r es s es  ac t i ng  i ns i de  
t he s oi l  mas s  s i nc e i t  was  not  pos s i bl e,  
al t hough i t  wou l d  had been des i r abl e,  t o 
per f o r m t he anal y s i s  i n t er ms  of  ef f ec t i v e  
s t r es s es ;  t hi s  was  i mpos s i b l e  bec aus e t he 
number  of  i ns t a l l ed p i ez omet er s  was  not  s u f ­
f i c i en t  and t he p r ec i s i on  of  t he i r  r eadi ngs  
was  not  t he r equi r ed one f o r  t he l a t t e r  t ype 
of  anal y s i s .  I t  i s  a l s o wor t h  ment i on i ng  
t hat  t he pr es enc e of  near by  ex c av at i ons  wi t h  
an i n t ens e pumpi ng c ont r i bu t ed t o t he l ower ­
i ng of  t he wa t e r  t abl e at  t he s i t e of  t he 
s i phon,  f r om i t s  or i g i na l  l ev e l  of  - 3 . 00 m 
t o an appr ox i mat e  e l ev at i on of  - 8. 00 m.

The ana l y t i c a l  c omput a t i on  of  t he appar ent  
ear t h  p r es s ur e  env e l opes 4 was  ac c ompl i s hed  
c ons i der i ng  t he t op of  t he ex c av at i on at  an  
el ev at i on of  - 2 . 30 m wh i c h  c or r es ponds  t o 
t he g r ound l ev el  a f t e r  t he r el i ef  ex c av a ­
t i on was  made.

I n o r de r  t o c ompar e t he t heor e t i c a l  env e ­
l opes  wi t h  t hos e det er mi ned  f r om t he meas ­
u r ement s  t aken,  t he i n f l uenc e of  t he s ur ­
c har ge due t o t he s oi l  not  a f f ec t ed by t he 
r e l i ef  ex c av at i on  was  subt r ac t ed_f r om t he 
meas ur ed  env el opes .  The c r i t er i on us ed t o 
ev al uat e s uc h an i n f l uenc e has  been s ugges t ­
ed by Ca r o t h e r s * , i n s pi t e of  t he f ac t  t hat  
Ter z aghi  r ec ommends  t o us e t wi c e t he v al ue  
of  t he hor i z on t a l  s t r es s  ( f „ )  ob t a i ned wi t h  
t he f i r s t  c r i t e r i on  i n o r de r  t o t ak e i nt o  
ac c ount  t he s mal l  s heet  p i l i ng  de f o r mat i on  
und e r  t he ac t i on of  t he s ur c har ge.  Suc h  
r ec ommendat i on  i s  not  v al i d i n t hi s  c ase  
s i nc e t he r e l i ef  ex c av at i on by  i t s e l f  p r o ­
duc ed i mpor t ant  l a t er a l  d i s p l ac ement s  and i n  
add i t i on  s uc h de f or mat i ons  wer e ev en h i ghe r  
dur i ng  t he s ubs equent  ex c av at i on s t ages .

Us i ng  t he abov e c r i t er i on t he t heor e t i c a l  
env el opes  c or r es pond i ng  t o t he mai n  ex c av a ­
t i on s t ages  wer e  c a l c u l a t ed ( Pi g.  6) .  For  
t he env el opes  det e r mi ned  wi t h  Pec k ' s  c r i t e ­
r i on*  t he r educ t i on f ac t o r  " m"  was  s uppos ed  
t o be equal  t o un i t y  wher eas  f o r  t hos e  
c omput ed wi t h  Br i nc h Hans en ' s  c r i t e r i on5 t he 
undr a i ned  s hear i ng  s t r eng t h  was  r educ ed by  
t he s pec i f i ed  s af e t y  f ac t o r  of  1. 5.  Eac h  
one of  t he meas ur ed  env el opes  of  t he v ar i ous  
ex c av at i on s t ages  was  obt a i ned f r om t he r e ­
c or ded l oads  c or r es pond i ng  ex c l us i v e l y  t o 
t he s t age bei ng anal y z ed.

For  t he 1s t  and 2nd ex c av at i on s t ages  ( Fi gs.  
6—a and 6- b)  Pec k ' s  env el ope was  f ound t o be 
nul l  wher eas  Br i nc h Hans en ' s  s hows  v al ues  
whi c h  dec r eas e as  t he dept h  i nc r eas es .  I n 
bot h s t ages  t he t heor e t i c a l  appar ent  p r es ­
s ur e i s  appr ec i ab l y  l ower  t han t he meas ur ed  
one,  s pec i a l l y  at  t he s ec ond s t r ut  l ev el  
dur i ng  t he 2nd ex c av at i on  s t age.

ANALYSIS OF RESULTS I n t he t wo r emai n i ng ex c av at i on s t ages  
( Fi gs .  6—c and 6 - d ) Pec k ' s  env el opes  ar e now 
dev e l oped a l t hough t he pr es s ur es  obt a i ned  
ar e l ower  t han t hos e obs er v ed i n Br i nc h Han ­
s en' s  env el opes .  The pr es s ur es  i n t he t heo ­
r e t i c a l  env el opes  bec ome agai n appr ec i ab l y  
s mal l e r  t han t he meas ur ed  v al ues  and onc e  
agai n t he c r i t i c a l  c as e c or r es ponds  t o t he 
s ec ond s t r ut  l ev el .

The f ac t  t hat  t he s ec ond s t r ut  l ev e l  s hows  
t he max i mum pr es s ur es  i n al l  t he ex c av at i on  
s t ages  c an be ex p l a i ned by obs er v i ng  t he 
hor i z on t a l  de f or mat i ons  of  t he s u r r ound i ng  
soi l .  I n t hi s  way ,  f r o m t he dat e of  i ns t a l ­
l a t i on of  t he s ec ond s t r ut  l ev el  ( 20t h day )  
t o i mmedi a t e l y  bef or e p l ac ement  of  t he 
t h i r d s t r ut  l ev e l  ( 25t h day )  t he c ent r a l  
zone ex per i enc ed s oi l  de f o r mat i ons  whi c h  
i nc r eas ed wi t h  t i me,  as s hown by t he c on t i n ­
uous  c ur v e of  Fi g.  7- b,  wher eas  t he i r  i n ­
c r eas e j us t  bef or e t he p l ac ement  of  t he 
f our t h  s t r ut  l ev el  i s  r epr es ent ed by  t he 
br ok en cur v e.  Si nc e bot h c ur v es  i n t er c ept  
at  an appr ox i mat e  e l ev at i on of  - 7 . 00 m,  i t  
c an be obs er v ed t hat  t he de f o r mat i on  i nc r e ­
ment s  bec ome negat i v e  at  s hal l ow dept hs  and  
t hi s  means  t hat  t he s heet  p i l i ng  r ot at ed  
ar ound t he s ec ond s t r ut  l ev e l  and as a c on ­
s equenc e a pas s i v e ear t h  pr es s ur e  s t at e was  
i nduc ed i n t he s u r r ound i ng  soi l .  The behav ­
i o r  of  t he no r t he r n  z one ( Fi g.  7- c )  i s  not  
qui t e  c l ear  a l t hough i t  c an be obs er v ed t hat  
t he de f o r mat i on  i nc r ement  at  t he s ec ond  
s t r ut  l ev e l  i s  a l mos t  negl i g i b l e .  Knowi ng  
t hat  Br i nc h Hans en as s umes  t hat  t he sheet  
p i l i ng  r ot at es  ar ound t he f i r s t  s uppor t i ng  
el ement ,  i t  was  c ons i der ed c onv eni ent  t o 
appl y  t hi s  c r i t er i on t o det er mi ne t he env e ­
l opes  f o r  t he r eal  r o t a t i on  c ondi t i on.  How­
ever ,  ev en f o r  t hi s  cas e t he t heor e t i c a l  en ­
v e l opes  r es ul t ed c ons i der ab l y  s mal l e r  t han 
t hos e meas ur ed  i n t he i n f l uenc e ar ea of  t he 
s ec ond s t r ut  l ev e l  ( Fi ga.  6- b,  c & d) .

The av er age and max i mum r at i o bet ween t he 
obs er v ed  hor i z on t a l  ( Cm ) and v er t i c a l  ( ^v)  
t ot a l  p r es s ur es  du r i ng  t he ma i n  ex c av at i on  
s t ages  ar e g i v en  i n c o l umns  7 and 8 of  Ta ­
bl e I .  I f  t he v ar i a t i on  of  t he abov e r at i o  

i s  p l o t t ed aga i ns t  t he r at i o bet ween  
t he ex c av at i on dept h  H  and t he c r i t i c a l  

dept h  Hcr i t  = 4c / t ,  appr ox i mat e  l i nea r  r e l a ­
t i ons hi ps  ar e obt a i ned ( Fi g.  8) .

The c omput ed pr es s ur e c e n t e r 4 " n " v ar i es  

wi t h i n  a nar r ow r ange f r o m 0. 49 t 8 0. 50;  

t hes e v al ues  f a l l  a l ong  t he u p p e r  l i mi t  of  

t he v ar i a t i on  r ange r ec or ded i n o t her  

p l ac es 4 .
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T A B L E  I

Z O N E

EXCAVA­

TI ON

STAGE

TOTAL THRUST ABOVE J Ï XCAVATI ON LEVEL RATI O * » A v

n
a

MEASURED DUE 
TO SUR­
CHARGE

©©

© - ©
i  Tf H2

AVE. MAX.

AVE. MAX. © / © © - ©

© © © © © © © © ©
A l l 1s t 8. 94 10. 42 0. 92 8. 02 9. 50 11. 50 0. 697 0. 826

A l l 2nd 20. 37 23. 10 2. 58 17. 79 20. 52 26. 35 0. 675 0. 779 0. 50

NORTHERN
SOUTHERN

3r d
26. 74 32. 01 4. 35 22. 39 27. 66 39. 30 0. 569 0. 704 0. 49

CENTRAL ------ 33. 96 4. 60 ----- 29. 36 43. 00 ----- 0. 683 0. 49

A l l 4 t h 32. 44 39. 24 6. 17 26. 27 33. 07 49. 40 0. 532 0. 669 0. 49

PI G.  8.  VARI ATI ON OP THE RATI O
WI TH THE RATI O H/ H . .

' c r x t

CONCLUSI ONS

The t ot al  p r es s ur es  obt a i ned f r om t he t heo ­
r et i c al  env el opes  ar e appr ec i ab l y  l ower  
t han t hos e deduc ed f r om t he meas ur ed l oads  
of  t he s t r ut s  par t i c u l a r l y  at  t he i n f l uenc e  
ar ea of  t he s ec ond s t r u t  l ev el  t hat  c or r e ­
s ponds  appr ox i mat e l y  t o t he r eal  r ot at i on  
ax i s  of  t he s heet  pi l i ng.

The env el opes  obt a i ned  wi t h  Br i nc h Hans en ' s  
c r i t er i on,  c ons i der i ng  t hat  t he s heet  p i l i ng  
r ot at es  ar ound t he f i r at  s t r ut  l evel ,  gi v e  
v al ues  whi c h ar e c l os er  t o t he meas ur ed  
pr es s ur es  t han t hos e obt a i ned wi t h  Pec k ' s  
c r i t er i on.

The env el opes  obt a i ned appl y i ng  Br i noh Han ­

s en' a c r i t er i on t o t he r eal  r o t at i on  c on ­
d i t i on  r es ul t  wi t h  a s a t i s f ac t o r y  app r ox i ma ­
t i on of  about  30#  wi t h  r es pec t  t o t he me a s ­
u r e d  env el opes ,  ex c ept  at  t he i n f l uenc e  
ar ea of  t he s ec ond s t r ut  l evel .

Por  t he c as e bei ng r epor t ed,  t he meas ur ed  
env e l opes  on l y  d i f f e r  about  i  20#  f r om t he 
env e l opes  s i mi l a r  t o t hos e pr opos ed by Peck ,  
i n  wh i c h  t he ho r i z on t a l  pr es s ur e  i s  def i ned  
by  t he pr oduc t  of  t he t ot a l  v e r t i c a l  p r es ­
s ur e ( í v)  t i mes  t he ma x i mu m r at i o ob ­
t a i ned f r om Pi g.  8.
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