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Session 5/2

Stresses on Piles and Walls Dunng Pile Driving

Contraintes sollicitant les pieux pendant leur fonçage, ainsi que les murs avoisinants

by  L.  B e n d e l , Dr . ,  Ci vi l  Engi neer ,  Lect ur er  at t he Uni ver si t y

Su mma r y

Thi s paper  deal s wi t h pr obl ems of  st resses i n pi l es and wi t h t he 

def or mat i on of  a wal l  r esul t i ng f r om pi l e dr i vi ng.

An  el ect r i c st rai n r ecor der  was used t o r ecor d si mul t aneousl y and 

wi t hout  f r i ct i on t he st resses i n t he pi l es and t he vi br at i ons of  t he 

wal l  dur i ng pi l e dr i vi ng.

Lausanne,  Lucer ne,  Swi t zer l and

Sommai r e

Cet  ar t i cl e t rai t e cer t ai ns aspect s du pr obl ème de l a sol l i ci t at i on 

des pi eux pendant  l e bat t age et  de l a déf or mat i on des mur s  avoi si ­

nant s.

Un  di sposi t i f  él ect r i que per met  d ’enr egi st r er  si mul t anément  et  

sans f r ot t ement  l es sol l i ci t at i ons et  l es ébr anl ement s t r ansmi s aux 

mur s  au cour s du bat t age des pi eux.

Stating o f the Problem

Al ongsi de a par t y- wal l  sever al  pi l es wer e dr i ven i nt o a soi l  

c ompos ed  of  si l t y sand and peat  l enses.  Resi st i ng mar l y  r ock 

was  met  at  a dept h of  appr oxi mat el y 7 m  ( Fi g.  1).  Th e  pi l es 

wer e dr i ven i nt o t he soi l  at  a di st ance of  1. 00- 1. 25 m  f r om t he 

par t y wal l .

Dur i ng pi l e dr i vi ng t wo p h e n o me n a  occur r ed:

Th e  pi l e poi nt s wer e dest r oyed,  cr acks appear ed i n t he c on ­

cr et e,  t he concr et e c r umbl ed over  a l engt h of  appr oxi mat el y 

80 cm.

Dur i ng pi l e dr i vi ng t he par t y- wal l  suf f er ed consi der abl y.

Af t er  t hese p h e n o me n a  had been ascer t ai ned,  t he t wo f ol l ow­

i ng quest i ons had t o be answer ed:

Wh a t  caused t he d a ma g e  t o t he concr et e?

Wh a t  i s t he st r ess i n t he wal l  dur i ng pi l e dr i vi ng?

I n or der  t o answer  t hese quest i ons def or mat i on meas ur e ­

ment s  wer e car r i ed out  on  t he pi l e and t he par t y wal l .  As ­

s umi ng t hat  Hooke' s l aw i s val i d f or  dy nami c  vi br at i ons of  

appr ox i mat el y  21 c. p. s.  t he st r esses i n t he wal l  and t he pi l es 

c an be cal cul at ed f r om t he meas ur ed def or mat i on.  Si nce t he 

el ast i ci t y modul us  E of  t he t ype of  concr et e used and of  t he 

wal l  wer e k nown,  i t  was  possi bl e t o ascer t ai n t he st r ess a i n 

t he pi l es and on t he wal l  dur i ng pi l e dr i vi ng,  usi ng Hooke’s l aw 

of  def or mat i on.  Thi s st r ess i s

I A l\
a = I ——  I • E i n k g/ c m2 

Al \ 1 '
—  =  speci f i c def or mat i on,  meas ur ed wi t h st r ess r ecor der s,  ex ­

pr essed i n per cent age 

E = el ast i ci t y modul us  i n k g/ c m2.

Measuring Apparatus

For  measur i ng t he def or mat i on of  pi l es and wal l s dur i ng pi l e 

dr i vi ng t her e wer e at  our  di sposal  mechani cal  as wel l  as el ec­

t r oni c st r ai n r ecor der s.  El ect r i c st r ai n- gauges wer e chosen and 

pr ef er r ed t o t he mechani cal  met hod,  because t he f or mer  per mi t  

t he meas ur ement  and gr aphi c r ecor di ng of  t he def or mat i on at  

f our  measur i ng poi nt s si mul t aneousl y.

Th e  measur i ng equi pment  used was  a 4- channel  dy nami c  

st r ai n r ecor der ,  syst em Kelvin and Hughes. Wi t h  t hi s r ecor der  

vi br at i ons up t o 80 c. p. s.  can be r ecor ded.  Th e  r ecor di ng r ange 

of  def or mat i on var i es bet ween 0. 005 and 1 per  cent .

Th e  def or mat i ons ar e i ndi cat ed by  an el ect r i c r ecor di ng 

ampl i f i er ,  i .e. el ect r i c cur r ent  passes t hr ough t he pen and 

t hr ough t he speci al l y pr epar ed r ecor di ng paper .  The  spar k 

di schar ge bet ween pen and paper  r ecor ds,  t hr ough bur ni ng,  

t he gr aph on  t he paper .  Si nce t he pen i s not  i n di r ect  cont act  

wi t h t he paper ,  no f r i ct i on can occur  whi l e t he mov ement s  of  

t he pen ar e bei ng r ecor ded.

T wo  r ows  of  t i mi ng dot s at  i nt er val s of  V40 sec wer e r ecor ded 

on t he paper  near  t he edges.  Th e  char t  r evol ved at  a speed of

5 or  15 cm/ sec.

Measuring Results

Piles. Th e  meas ur ed def or mat i on e i s s hown  i n Fi g.  2.  The  

measur ement s  of  t he def or mat i on (c) and of  t he t i me (/ ) ar e al so 

gi ven.  Th e  measur i ng poi nt  was  at  70 c m bel ow t he pi l e poi nt .

Th e  gr eat est  st r ess was:

(1)  Th e  pi l e poi nt  was  at  a dept h of  1. 70 m  bel ow t he gr ound 

sur f ace.  Thus
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The  ma x i mu m def or mat i on meas ur ed at  t he head of  t he pi l e 

was  e =  0. 067 per  cent .  Concr et e si mi l ar  t o t hat  used f or  

moul di ng pi l es was  set  f or  28 days and used t o ascer t ai n t he 

el ast i ci t y modul us  of  t he concr et e ( wi t h t he ai d of  pr i smat i c 

t ensi l e st r engt h)  at  appr oxi mat el y 220, 000 k g/ c m2.

Thus  t he st r ess on  t he concr et e was:

a =  100-1 x 0. 067 x 220, 000 

cr =  147 k g/ c m2.

a  =  1 0 0 -1 - e - E . (2)  Wh e n  t he pi l e poi nt  r eached t he r ock l evel ,  t he def or ma ­

t i on £ of  t he pi l e head i ncr eased t o 0. 184 per  cent .  I n t hi s case 

t he st r ess on  t he concr et e was  cal cul at ed as f ol l ows:  

o =  100- 1 x 0. 184 x 220, 000 =  405 k g/ c m2.

Thi s st r ess exceeds t he ma x i mu m bear i ng capaci t y of  t he 

concr et e.

Th e  concl usi ons i ndi cat ed t hat  a mi ni mal  compr essi ve r e­

si st ance of  450 k g/ c m2 i n t he concr et e was  necessar y f or  pi l es 

t o be dr i ven i n wi t hout  exceedi ng t he bear i ng capaci t y.

v3
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F ig. 1 M  =  Tertiary Sandstone and M arls (M olasse)

G rès et m arne tertiaire (M olasse)

S  =  Silty Sand C ontaining Peat 

Sable glaiseux avec tourbe  

P  =  W ooden Piles; 0 10-12 cm ; length 1.0—1.2 m 

Pilotis; 0 10 à 12 cm ; longueur 1,0 à 1,2 m 

A S  =  D em olished F loors  

Etages dém olis  
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Fig. 2 D eform ation  o f  Piles and W alls D uring Pile D riving  

D éform ation  de pieux et murs pendant le battage  

V, =  D eform ation  o f  the W all on  the 5th Floor; P oint 5 in F ig. 1 

D éform ation  du mur au 5e étage; poin t 5 dans la  Fig. 1 

V, =  D eform ation  o f  the W all on  the 4th F loor; P oint 4  in Fig. 1 

D éform ation  du mur au 4® étage; poin t 4 dans la Fig. 1 

V , =  D eform ation  o f  Pile Point; Point 3 in Fig. 1

D éform ation  de la poin te du pieu; point 3 dans la Fig. 1 

E  =  T im e unit

U nité de tem ps

Wall. Nex t  t o t he dr i vi ng si t e t her e was  a par t y wal l  ( Fi g.  1).  

Th e  def or mat i ons of  t he par t y wal l  r esul t i ng f r om pi l e dr i vi ng 

wer e meas ur ed on t he 4t h and 5t h f l oor s ( measur i ng poi nt s Pt 
and Ps i n Fi g.  1).

Th e  def or mat i ons meas ur ed on t he 4t h and 5t h f l oor s and 

t hose of  t he concr et e pi l e ar e s h o wn  i n Fi g.  2.  As  a 4- channel  

dy nami c  st r ai n r ecor der  was  avai l abl e,  t he def or mat i ons of  t he 

wal l  coul d be meas ur ed i n 4 pl aces si mul t aneousl y.

Sur pr i si ngl y,  t he def or mat i on of  t he pi l e di mi ni shed i m­

medi at el y af t er  dr i vi ng wher eas t he wal l  r emai ns def or med 

f or  mo r e  t han hal f  a second.  Th e  gr eat est  def or mat i on r e-  

Al
cor ded was  t o —— =  0. 0285 per  cent .  Th e  f r equency was  

21 c. p. s.

Th e  el ast i ci t y modul us  of  a si mi l ar  wal l  had been cal cul at ed 

i n pr evi ous cases at  90, 000- 104, 000 k g/ c m2. Thus,  t he el ast i ci t y 

modul us  of  t he wal l ,  Ewai i  =  97, 000 k g/ c m2 was  assumed.  

F r o m t hi s t he st r ess on t he wal l  was  cal cul at ed as bei ng:

B

Al r- 
±  ^ wall — /  *

± a =  ±  ( 0. 000285)  x 97, 000 =  ±  27. 6 k g/ c m2,

i .e.  i t  was  deduced t hat  t he t ensi l e st r engt h of  t he wal l  was  

al most  exceeded.

Th e  ext ent  of  t ensi l e st r esses whi c h appear  af t er  bl ast i ng was  

al so det er mi ned.  Th e  per mi ssi bl e bl ast i ng l oad was  deci ded 

upon,  so t hat  t he t ensi l e st r esses i n t he wal l  di d not  exceed 

+  25 k g/ c m2. N o  cr acks appear ed i n t he wal l  as l ong as onl y 

t he pr escr i bed bl ast i ng l oad was  used;  but  t hey di d appear  

wh e n  a l ar ger  l oad had been used.



Further Examples

The ventilation channel o f a large cinema cracked apparently 

because o f vibrations resulting from pile driving.

The deformation measurements o f the ventilation channel 

clearly showed that the greatest deformation had not occurred 

as a result o f  driving, but o f excavations. A  bulldozer had been 

excavating extremely damp marly soil in the vicinity o f the 

driving hammer.

The stress on the ventilation channel was: 

resulting from driving ±  33 kg/cm2

resulting from rail-road traffic ±  45 kg/cm2

resulting from excavations ±  22 to 67 kg/cm2

resulting from rail-road traffic and excavations 90 kg/cm2
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