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PRINCIPLES FOR TEST-LOADINGS OF LARGE BORED PILES BY HORIZONTAL LOADS

PRINCIPES D’ ESSAIS DE CHARGE AVEC DES FORCES HORIZONTALES AUX GRANDS PIEUX FORES 

nPHHUlinbl MCnUTAHMfl BOJlbUIMX ByPOBblX CBAfî r0PM30HTAJIbHblMM HAfPy3KAMM

E . F R A N K E , D r .^ - ln g .  R e g ie ru n g s b a u d ire k to r , B u n d e s a n s ta lt  fu r  W a sse rb au , A u s s e n s te l le  K ü s te , H o m b urg  (G F R )

SUMMABY.  Lar ge bor ed pi l es ar e most l y  ver t i cal ,  because t he pr oduct i on of  i ncl i ned pi l es i s 

di f f i oul t  and expensi ve.  Ver t i cal  pi l es,  t her ef or e,  have t o t r ansf er  hor i zont al  f or t es i nt o 

t he subsoi l  by means of  bendi ng and l at er al  beddi ng.  As  at  pr esent  no ot her  met hod gi ves 

suf f i c i ent  r el i abl e r esul t s,  t est  l oadi ngs ar e necessar y wnehever  exact  i nf or mat i on about  
t he r el at i on bet ween t he hor i zont al  f or ce and t he def l ect i on of  t he pi l e head i s needed.  

Pr om t he t est  l oadi ngs i t  i s t hen possi bl e t o cal cul at e t he 6oi l  par amet er s by t he Theor y 

of  El ast i c i t y  or  t he Wi nk l er  Medi um Theor y ( Beddi ng Val ue Theor y ) . The l at t er  i s t he most  

sui t abl e.  Because of  t he non- el ast i c  behavi our  of  t he subsoi l  ( i . e.  cr eepi ng and t he v i ol a­

t i on of  Hool t es Law) ,  t he t eat  l oad has t o si mul at e not  onl y  t he magni t ude and dur at i on of  

desi gn l oads,  but  al so t he r epet i t i ve and al t er nat i ng st r esses i n t he soi l  i n r el at i on t o 

t he des i gn l oads.  Si nce t he s i mul t aneous appl i cat i on of  ver t i cal ,  hor i zont al  and " bendi ng 

moment  l oadâ i s di f f i cul t  and expensi ve,  possi bi l i t i es ar e shown whi oh omi t  t he ver t i cal  

l oad and subst i t ut e t he bendi ng moment  l oad at  t he pi l e head by  an addi t i onal  hor i zont al  

l oad JE.  Fi nal l y  a pr act i cal  exampl e i s gi ven f or  t he det er mi nat i on of  beddi ng val ues.

1 . I NTRODUCTI ON

Lar ge bor ed pi l es,  whi ch ar e pi l es of  mor e 

t han 1 m di amet er , ar e most l y  pr oduced ver t i  

cal l y,  si nce t he pr oduct i on of  i ncl i ned pi ­

l es i s mor e di f f i cul t  and al so mor e expen­

si ve.  Hor i zont al  f or ces, t her ef or e, have t o 

be t r ansf er r ed i nt o t he subsoi l  by  means of  

l at er al  beddi ng,  t he pi l es bei ng subj ect ed 

t o bendi ng moment s and bei ng di spl aced ho­

r i zont al l y.

Shoul d t he amount  of  t he hor i zont al  di spl ace­

ment  be of  no i mpor t ance t o t he bui l di ng 

based on t he pi l es,  t hen t he di mensi ons of  

t he pi l es must  onl y be chosen t o be capabl e 

of  t ak i ng t he bendi ng moment s ar i s i ng f r om 

t he hor i zont al  f or ces.  Thi s may be done wi t h 

suf f i c i ent  accur acy by  use of  t he Wi nkl er

Medi um Theor y and by  est i mat i ng t he beddi ng 

val ues,  e. g,  I er 2aghi  (19 55 ). Si nce i n t he 

cal cul at i on of  t he bendi ng moment s mer el y 

t he f our t h or  f i f t h r oot  of  t he beddi ng va­

l ue i s needed,  er r or s i n t hi s est i mat i on do 

not  pl ay  an essent i al  par t ,  and t he i nt er ­

nal  f or ces of  t he pi l e ar e obt ai ned wi t h suf ­

f i c i ent  accur acy.

The hor i zont al  di spl acement s,  on t he ot her  

hand,  ar e di r ect l y  pr opor t i onal  t o t he bed­

di ng val ue.  Thus l oadi ng t est s ar e necessa­

r y,  i f  t he hor i zont al  di spl acement s f or  a 

gi ven bui l di ng have t o be known exact l y.  No 

ot her  met hod i s avai l abl e at  pr esent  t o gi ve 

suf f i c i ent l y r el i abl e pr edi ct i ons of  t he ho­

r i zont al  di spl acement s.  Exper i ence shows t hat  

al l  at t empt s t o f i nd t he beddi ng val ue by
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l abor at or y exper i ment s wi t h smal l  soi l  samp­

l es or  t he nor i zont al  di spl acement  i t sel f  by 

model - t eat  axe unsat i sf act or y.

2.  METHODS FOH ANALYSI NG A LOADI NG TEST 

I n si mpl e cases,  t he r el at i on bet ween hor i ­

zont al  f or ce and l at er al  movement  of  t he 

pi l e head may be r ead of f  di r ect l y  f r om a 

hor i zont al  l oadi ng t est  on t he f oundat i on 

pi l es t hemsel ves.  I n ot her  cases,  however ,  

i f  t he geomet r y or  ot her . boundar y condi t i ons 

of  t he f oundat i on pi l es di f f er  gr eat l y f r om 

t hose of  t he t est  pi l es,  l oadi ng t est s must  

ser ve as a basi s f or  cal cul at i on of  soi l  pa ­

r amet er s.  These par amet er s enabl e t he cal cu­

l at i on of  hor i zont al  f or ce- movement  r e] _a-  

t i ons f or  t he f oundat i on pi l es,  par t i cul ar l y  

when t he boundar y bet ween an uooer  sof t  l a ­

yer  and an under l y i ng har der  l ayer  do not  

l i e I n t he same dept h as i n t he case of  t he 

t est  pi l es,  or  t he bear i ng condi t i ons at  t he 

head of  t he f oundat i on pi l es may di f f er  f r om 

t hose of  t he t est  pi l es.

To ext r apol at e t he r esul t s of  l oadi ng t est s 

t o such ot her  pi l es,  i t  i s advi sabl e t o app­

l y one of  t he met hods f or  di mensi oni ng hor i ­

zont al l y l oaded pi l es,  but  wi t h t he modi f i ­

cat i on t hat  now t he soi l  par amet er s ar e t o 

be cal cul at ed f r om gi ven val ues of  l oad,  de­

f or mat i on and pi l e di mensi ons.  The par amet er s 

f ound i n t hi s way can t hen be used f or  f ur ­

t her  cal cul at i on of  pi l es wi t h di f f er ent  l a 

yer  boundar i es or  bear i ng condi t i ons.  Usual ­

l y  one of  t he f ol l owi ng met hods i s empl oyedi  

t he Theor y of  El ast i c i t y  or  t he Wi nk l er  Me ­

di um Theor y.

I n connect i on wi t h r ecent  devel opment s i n 

t he cal cul at i on of  beams on t he soi l  sur f ace 

accor di ng t o t he Theor y of  El ast i c i t y,  i t  

has been r epeat edl y pr oposed i n t he l a 3 t  f ew 

year s t o al so use t hi s t heor y f or  t he cal cu­

l at i on of  hor i zont al l y  l oaded pi l es ( e. g. see 

H.  Gr asshof f  197o,  J.  Ker i sf el  and M.  Adam 

19&7) • Ther e ar e mai nl y  t wo obj ect i ons t o 

t hi s pr ocedur e:

a) Cont r ai y t o t he assumpt i on,  t he soi l  i s 

not  el ast i c;  i t s r eact i on t o def or mat i on de­

pends on magni t ude and dur at i on of  t he l oa­

di ng ( e. g. see t he t est  r esul t s of  B.  McCl el ­

l and and J. A.  Focht  1958) .

b)  I n many pi l e f oundat i ons t her e i s a hor i ­

zont al  l ayer  boundar y separ at i ng an upper  

sof t  l ayer  f r om t he har der  subsoi l ,  i . e.  

t her e i s a di scont i nui t y  of  t he st r engt h 

pr oper t i es.  Si nce t he st r ess di s t r i but i on 

can as yet  onl y be det er mi ned f or  homogene­

ous el ast i cal l y  i sot r opi c semi - space,  t he i n ­

f l uence of  such a di scont i nuous change of  

t he st r engt h pr oper t i es i s not  t aken i nt o 

account .  Thi s l eads t o er r or s i n t he st r ess 

di st r i but i on,  whi ch ar e di f f i cul t  t o est i ma­

t e.  ( I n shal l ow f oundat i ons t he l ayer  boun­

dar i es ar e usual l y  mor e or  l ess par al l el  t o 

t he base of  t he bui l di ng;  i n t hi s case t he 

er r or  i n t he st r ess di s t r i but i on i s  much 
smal l er . )

Set t i ng asi de t he expensi ve cal cr l at i ons 

wi t h f i ni t e el ement s t onl y t he Wi nk l er  Me ­

di um Theor y  r emai ns as a pr act i cabl e met hod.

Ther e agai n,  t her e ar e t wo obj ect i ons t o 

t hi s t heor y:

a) I n cont r ast  t o t he assumpt i ons of  t he Wi nk 

l er  Medi um Theor y,  t he soi l  does not  behave 

el ast i cal l y  but  mor e or  l ess pl ast i cal l y,  

and mor eover  i t  cr eeps under  t he l oad.  Thi s 

means t hat  t he beddi ng val ue decr eases wi t h 

t he i ncr easi ng magni t ude and dur at i on of  t he 

l oadi ng.  Thi s obj ect i on cor r esponds t o t he 

f i r st  one r egar di ng t he Theor y of  El ast i c i t y.  

( The consequences ar e shown i n sect i on 3. )

b) I n assumi ng an Wi nk l er  cont i nuum t hat  i s 

an el ast i c medi um wi t hout  shear  r esi st ance 

i t  i s supposed t hat  t he soi l  besi de t he pi l e 

i s not  compr essed by t he movement  of  t he pi l e 

r el at i ve t o t he soi l ( Fi g. l ) .  That  i s , because 

t he beddi ng val ue does not  account  f or  t he 

pr opagat i on of  t he beddi ng st r esses t owar ds 

t he si des.  To compensat e t hi s f aul t  i n t he 

beddi ng val ue t heor y,  a new equat i on has 

been i nt r oduced k^ / kg “  ^ 2 ^ 1  ’ w^ er e an^
kg ar e t he beddi ng val ues and and D^  t he 

pi l e di amet er s ( Ter zaghi  1955) .  Thi s f or mul a 

Cor r esponds wi t h t he Theor y of  El ast i c i t y
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a) cross section 1-1

K
init ial posit ion | \  

of pile

'Æ M

soil  deformation y  after  
Winkler-Medium -Theorie

------------real soil deformation

deflected posit ion! / ,  
of pile Y \

abrupt  change of soil compression,which 
is unrealistic implicated in Winkler - 
M edium-Theorie

b) longitudinal section

horizontal deflect ion =y = soil compression 

subgrade reaction kj 2  ■ y  = P

soft  soil with kj

firm soil with k j

' .  kj ^ 2=  coefficients of subgrade 
* •  reaction assumed as

constant

Comparison of real soil deformation with that 

one after Winkler-Medium-Theoriein cross 

section 1-1 

(schematic figure for a rigid pile)

FI G. l .  Compar i son of  r eal  and t heor et i cal  
soi l  def or mat i on i n cr oss- sect i on 1- 1

and means t hat  t he hor i zont al  " set t l ement s"  

i ncr ease l i near l y  t o t he pi l e di amet er  at  

const ant  beddi ng st r esses.  The r esul t s of  

l oadi ng t est s show i ndeed t hat  t hi s i s qua­

l i t at i vel y cor r ect ,  but  t he quant i t at i ve ac ­

cur acy of  such cal cul at i ons i s r at her  poor .  

Consequent l y  t he f or mul a k  « 1. 4 Eg/ D gi ven 

by F.  Andr es ( 1966)  and H. U. Smol t czyk ( 1963)  

f ol l owi ng K.  Ter zaghi  ( 1954)  cannot  be r e­

gar ded as sat i sf act or y because of  t he onl y 

qual i t at i vel y val i d pr opor t i onal i t y  t o l / D

(E=
el ast i c soi l  modul us f r om oedomet er

t est  i n kg/ cm ) .  I n t hi s connect i on i t  i s of  

some i nt er est  t hat  t he semi empi r i cal  r el a­

t i on ^ / k g  = 4/ ( 1 + Dg/ I ^ ) 2 gi ven by Ter zag-  

hi  ( 1955) f or  sand i s al so t oo i naccur at e 

( see L.  Bj er r um 1963*)  and t hat  t he sugges ­

t i ons of  A.  Kezdi  ( 1964)  and of  K.  Kubo 

( 1965)  ar e unsat i s f act or y t oo ( see H. G.  

Schmi dt  1971) .  For  t hi s r eason i t  i s r ecom­

mended t hat  t he beddi ng val ues be det er mi ­

ned wi t h t est  pi l es whi ch have near l y  t he 

same di amet er  as t he f oundat i on pi l es.  

For t unat el y  i n t ne l ongi t udi nal  di r ec t i on of

t he pi l e ar e no such l ar ge and abr upt  def or ­

mat i on changes ( Fi g. l )  as acr oss t he pi l e 

axi s.  I n t he l ongi t udi nal  di r ec t i on of  t he 

pi l e,  t her ef or e,  onl y negl i gi bl e hor i zont al  

shear  st r esses occur .  For  t he l ongi t udi nal  

di r ect i on,  t her ef or e,  t he assumpt i on made i n 

t he Vl nk l er  Medi um Theor y of  a cont i nuum 

wi t hout  shear  r esi st ance i s a good appr oxi ­

mat i on even at  t he l ayer  boundar i es.  Thi s 

means,  t he beddi ng val ue t heor y al l ows i n 

cont r ast  t o t he Theor y of  El ast i c i t y  t o 

t r eat  abr upt  changes i n s t r engt h of  t he soi l  

at  t he l ayer  boundar i es,  and i s t her ef or e 

t he mor e usef ul  of  t he bot h met hods di scus ­

sed.  The Theor y of  El ast i c i t y  wi l l  no l onger  

be consi der ed I n t he f ol l owi ng.

3 . MAGNI TUDE,  DURATI ON, REPETI TI ON AND AL ­
TERNATI ON OF TEST LOADS.

The Wi nkl er  Medi um Theor y  pr esumes t he el as ­

t i c behav i our  of  soi l .  I n r eal i t y,  however ,  

t he soi l  i s not  el ast i c but  an el as t o- pl as t i - 

cal l y st r ai nhar denl ng mat er i al .  Never t hel ess 

t he assumpt i on of  el ast i c i t y  may be appl i ed 

appr oxi mat el y  i f  t he t est  l oad s i mul at es t he 

des i gn l oad,  wel l  enough.  I n t hi s way a sui ­

t abl e secant  modul us f or  t he beddi ng val ue 

can be obt ai ned. I f  t oo l ar ge a t est  l oad i s 

appl i ed,  t hi s secant  modul us becomes t oo 

smal l  and vi ce ver sa.

The dur at i on of  t he appl i cat i on of  t he t est  

l oads i s al so of  i mpor t ance,  and t he mor e so,  

t he mor e t he soi l  cr eeps.  The t est  l oads must  

t her ef or e be mai nt ai ned i n t he var i ous l oa­

di ng st eps,  as l ong as t he def l ect i ons de­

cr ease di st i nct l y.  Shoul d t he l oad t est  st ep 

be st opped t oo soon,  t he secant  modul us f or  

t he beddi ng val ue becomes t oo l ar ge.

I t  as  of  par t i cul ar  i mpor t ance t o i nvest i ­

gat e t he r eact i on of  t est  pi l es t o r epet i t i ve 

and al t er nat i ng l oads,  as i f  a hor i zont al  

Load,  whi ch under  wor k i ng condi t i ons i s r epe­

t i t i ve or  al t er nat i ng,  suppr esses a cer t ai n 

t hr eshol d val ue,  t he pl ast i c  component s of  

t he hor i zont al  def l ect i ons accumul at e un­

der  t he r epeat ed l oadi ngs and t he pl ast i c 

hor i zont al  def l ect i on enl ar ges.  The di f f e­

r ence bet ween t he desi gn l oad and t he t hr es ­

hol d val ue must ,  t her ef or e,  be suf f i c i ent
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and t hus t he hor i zont al  def l ect i ons shoul d 

not  i ncr ease even under  1. 5 t i mes t he desi gn 

l oad.  An exampl e of  t he quasi  el ast i c beha­

v i our  a.6 r equi r ed undei -  r epet i t i ve and al ­

t er nat i ng l oads i s shown i n Fi g.  2 ( As i t  

i s i mpossi bl e t o deci de whi ch l oad has t he 

gr eat er  di sadvant age,  bot h r epet i t i ve and 

al t er nat i ng l oads wer e appl i ed.  I t  i s seen 

t hat  i t  shoul d be suf f i ci ent ,  t o appl y t he 

r epet i t i ve l oad onl y. )  
mme—► iuo.ee

14°° 15°° 16°° 17°° 16°° 19*  6°° 7°° 8°° S°° 10°° 11°° 12°° 13°° 14°°

! I

ver y  expensi ve.  The f ol l owi ng,  t her ef or e,  

shows under  whi ch condi t i ons t he l oadi ng 

t est  may be si mpl i f i ed:

I f  t he pi l es ar e l ong enough,  t he ver t i cal  

l oad V does not  i nf l uence t he hor i zont al  de­

f or mat i ons,  and V may be omi t t ed i n t he l oa­

di ng t est .  Accor di ng t o t he Vi hk l er  Medi um 

Theor y ( E.  Ti t ze 197o,  L. C.  Reese and M. Mat ­

l ock 1956) ,  t hi s i s possi bl e wi t h homogene­

ous subsoi l  i f  t he pi l e l engt h 

i s t hr ee t o f our  t i mes l ar ger  

t han t he so- cal l ed el ast i c 

l engt h Lq ( Fi g. 5) - Wi t h l aye-

tesl load 
V= 566 I 
H -t  11.51 
M =t 124 1

legend 
O = H=0. M=0

© =- Hnw . M = 0 
X =  H  u.M  constantHorizontal deflection of pile head 

pile length 16,5m 

7m organic clay, 9,5m sand, pile diameter 1,3m

FI G. 2.  Hor i zont al  def l ect i ons of  pi l e head under  r epeat i ng 
and al t er nat i ng l oads

4. POSSI BI LI TI ES TO SI MPLI FY THE LOADI NG TEST 

I n Sect i on 3 r easons wer p gi ven as t o why 

t he t est  l oad has t o si mul at e t he desi gn 

l oad.  Thi s des i gn l oad,  act i ng on t he head 

of  t he pi l e,  gener al l y  consi st s of  a ver t i ­

cal  l oad 7,  a hor i zont al  l oad H and a bendi ng 

moment  M.  Consequent l y,  V,  H and M shoul d be 

pr oper l y appl i ed as t est  l oads.  To appl y 

bhese t hr ee l oads s i mul t aneousl y i s cer t ai n-  

Ly possi bl e ( Fi g.  3,  4 and 7) ,  but

r ed soi l ,  t hi s cr i t i cal  

l engt h,  beyond whi ch t he i n­

t er nal  f or ces and def l ect i ons 

of  t he pi l e ar e no l onger  a 

f unct i on of  t he pi l e l engt h,  

has t o be obt ai ned by t r i al  

and er r or  cal cul at i ons usi ng 

est i mat ed beddi ng val ues.  On 

pi l es l onger  t han t he cr i t i ­

cal  l engt h,  t he hor i zont al  

bendi ng l oad caused by  H and 

M does not  r eaoh t he end of  

t he pi l e,  and wi t hout  f aul t  

t he pi l e may  be consi der ed 

of  i nf i ni t e l engt h.  The end of  t he pi l e i s 

t hen f i xed,  and t he f r i ot i on f or ce

M = t V,-V2)- f

organic

clay

sand

FI G. 3> Loadi ng f r ame of  Fa.  Fr anki pf ahl  FI G. 4.  Scheme of  l oadi ng f r ame
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Variation of pile displacement and bending moment with depth resp. pile length L

System and 
loads

Pile Y*  
displacement  (| r

const, sub grade reaction :k  - o ’

"OE
W\

tan*Cg

s"o/KbLo*
___ _______ 2fi0_
»»/Vi .»

8

s mJkbl02

7 8 9  IO * * V L0

bending
moment moxMx. (Lo*»lastic l*rtfh)

linear subgrade reaction :k  Lo =“ \ / -^ -

maxM I
Tflo

Q8
op
V
£U

/  H/ Kr Lq3 2fi3

----------------1ÊL
\  tan J.q

h / k r l <?

JÎAL-
*o„_

r\x

M̂as
M0
ta/»«£n

r0 r  %« 
t0»

"oIKr i-o t
3 >ih>L,

behaves non- el ast i cal l y.  Thi s,  

however ,  may  be on t he saf e 

si de i n many cases.  I f  t he 

t est  pi l es ar e l onger  t han t he 

cr i t i cal  l engt h and t he act u­

al  pi l es shor t er ,  t he l oadi ng 

t est  r esul t s i n t oo hi gh bed­

di ng val ues.

Apar t  f r om t hi s t he moment  M 

may  al ways be r epl aced appr o­

x i mat el y  by  an addi t i onal  ho­

r i zont al  l oad ¿H,  wher e 

, yoM
H

roH

FI G. 5* Di mensi onl ess di agr ams aooor di ng t o Ti t ze ( 197o)

B ■ V . t an<f  ( f i g. 6)  does not  af f ect  t he 

di s t r i but i on of  ear t h pr essur e al ong t he 

pi l e nor  i t s hor i zont al  def l ect i ons.  Dur i ng 

a t est  l oadi ng,  i t  was f ound,  f or  exampl e,  

t hat  t hr ee pi l es,  each wi t h a di amet er  of  

13o cm and var y i ng l engt h of  13* 5,  16. 5 

and 19* 5 ni  suf f er ed al most  equal  pi l e- head 

def l eot i ons of  about  6. 5,  11. 5 and 19- 5 mm 

under  t he f ol l owi ng l oads ( Tabl e 1) .

accor di ng t o Fi g . 6 . J H must  

be cal cul at ed,  bef or e t he 

t est  l oadi ng,  f r om t he val ues

of  y oH y oH*  Tt l eae ob­
t ai nabl e by us i ng pr e- est i ma-  

t ed beddi ng val ues.  An er r or  i n t he pr e-  

est i mat ed beddi ng val ues wi l l  be of  l i t t l e

\ / o o d s

p / t e \

le ngtn\

V= 4 5 2 1 
H = *  6,61 

93 tm

V= 5 6 6 t 
H = t  ll,5 t  
M = -124 tm

V= 6 0 0 1 
H = *  IZ2 5 t  
M =i  186 tm

13J5m 7,5 m m 11,0 m m 2Q3 m m

16.5m 6,7 m m 11,8 mm 19,1 m m

19,5m 5,4 m m 11,0 m m 19,1 m m b) Bending moment-and (Mledion-l[ne(schematic)

I f  t he act ual  pi l es ar e shor t er  t han t he cr i ­

t i cal  l engt h,  t he t est  pi l es shoul d not  be 

l onger  ei t her .  I n t hi s case,  however ,  t he 

i nf l uence of  t he f r i c t i on f or ce R on t he 

ear t h pr essur es or  beddi ng st r esses and t he 

pi l e def l ect i ons has t o be t aken i i ^t o account  

by t he appl i cat i on of  t he ver t i cal  l oad V t o 

t he t est  pi l es,  i n addi t i on t o t he hor i zon­

t al  l oads H and M,  or  el se t he pi l e def l ec ­

t i ons become t oo l ar ge and t he beddi ng v a ­

l ue becomes t oo smal l  as t he soi l  act ual l y

fore ¿ H  is to calculate for the condition y0dH = y0M

FI G. 6.  Ear t h pr essur es, bendi ng moment s and 
def l ect i on cur ves of  pi l es under  H-  and 
M- l oad
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consequence,  as I n cal cul at i on onl y t he r a ­

t i o y¿i f / y0]j  ^ke def l ec t i on of  t he pi l e 

head occur s.

When i t  i s possi bl e ( as out l i ned)  t o omi t  

t he 7-  and M- l oads,  a t est - l oadi ng f or  j ust  

an H- l oad may  be car r i ed out  conveni ent l y 

and i nexpensi vel y  by  t ensi oni ng t wo f ounda­

t i on pi l es agai nst  each ot her .

5.  EXAMPLE FOB THE DETERMI NATI ON OF BEDDI NG 
VALUES

The si mpl est  and most  accur at e way i s t o 

measur e di r ect l y  t he l at er al  beddi ng st r ess 

p al ^ng;  t he shaf t  of  t he pi l e. Wi t h t he hel p 

of  t he hor i zont al  def l ect i ons y  whi ch,  as 

shown i n Fi g. 7 and 8,  may  al so be measur ed 

di r ect l y,  t he beddi ng val ues k  -  p/ y  ar e 

obt ai ned.  Thi s met hód,  however ,  wi l l  of t en 

be i mpr act i cabl e,  as ear t h pr es s ur e  raaa. -

FI G¿7-  I nst r ument at i on of  t est  pi l e

sur i ng cel l s cannot  

be set  up at  t he si de 

of  t he bor ehol e,  i f  

t he pi l e i s bor ed by 

means of  wel l  casi ng 

cr  i f  t her e i s a hi gh 

gr oundwat er  l evel .  

Thi s necessi t at es an 

i nst r ument at i on of  

t he t est  pi l e ( e. g.  

see Fi g. 7) ,  whi ch 

per mi t s t he measur i ng 

of  t he bendi ng moment  

and def l ec t i on cur ves 

( Fi g. 9 and l o)  or  at  

l east  one of  t hem.  I n 

t he l at t er  case,  t he 

def l ec t i on cur ves 
shoul d be gi ven pr e­

f er ence,  si nce t hey 

can be measur ed wi t h 

bet t er  accur acy,  as t he f i gur es show.  I t  i s 

t hen t heor et i cal l y  possi bl e t o det er mi ne t he 

ear t h pr essur e di s t r i but i on by  di f f er ent i a­

t i ng t he def l ec t i on cur ve f our  t i mes and t he 

bendi ng moment  cur ve t wi ce.  The r esul t s,  how 

ever ,  ar e much t oo i naccur at e f or  pr act i cal  

pur poses.  A mor e pr act i cabl e way t o f i nd out  

sui t abl e beddi ng val ues i s t o assume var i ­

ous beddi ng val ues by  way of  t r i al  and t o 

cal cul at e def l ect i on and bendi ng moment  cur ­

ves unt i l  t he r esul t s of  cal cul at i on and 

measur ement s coi nci de.  Fi g.  11 shows an ex ­

ampl e f or  a case wi t h t wo soi l  l ayer s.  I n 

t hi s way suf f i c i ent l y  accur at e beddi ng va­

l ues ar e obt ai ned.

The ver y  l east  whi ch shoul d be done i s t o 

measur e y Q and BQ ( see Fi g. 8) .  The beddi ng 

val ue f or  a homogeneous f oundat i on soi l  may 

t hen be r ead of f  di r ect l y  f r om Fi g. 5.  I t  i s 

t r ue,  t hat  t he beddi ng val ue f or  a l ayer ed 

subsoi l  cannot  be det er mi ned uni quel y i n 

t hi s way,  but  i n many  cases i t  i s possi bl e 

t o est i mat e i t  wi t h suf f i c i ent  accur acy by 

t r i al  and er r or  cal cul at i ons ( H. G.  Schmi dt

1971).
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FI G. 9.  Bendi ng- moment s.  Poi nt s  gi ven by measur ed concr et e 
st r ai ns,  cur ves gi ven by  measur ed def l ect i on l i nes

c)  Si nce i n cont r ast  t o t he 

t heor et i cal  assumpt i ons t he 

f oundat i on soi l  i s non- el as ­

t i c and,  mor eover ,  of t en 

cr eeps,  magni t ude and dur a­

t i on of  t he t est  l oad must  

si mul at e t he desi gn l oad.  I n 

addi t i on t o t hi s,  t he desi gn 

l oad,  as vrel l  as 1. 5 t i mes 

i t s val ue,  must  be appl i ed i n 

t he f or m of  r epet i t i ve l oads,  

i n or der  t o pr event  pl ast i c 

hor i zont al  def l ect i on compo­

nent s accumul at i ng by r epea­

t i ng t he l oad.

d)  Test  l oadi ngs may  be made 

s i mpl er  and l ess expensi ve by 

r epl ac i ng t he bendi ng moment  

l oad M by an equi val ent  addi ­

t i onal  hor i zont al  f or ce ¿1 h.  

I f ,  f ur t her mor e,  t he pi l e 

l engt h exceeds a cer t ai n cr i ­

t i cal  val ue,  t he ver t i cal  

l oad V may al so be omi t t ed

FI G. 10.  Measur ed def l ect i on l i nes

bending moment curves deflection lines

< 6 8  10
Y (mm)

* ©  
calculated

measured

organicy/

measured

J

t (m)

k, = 1.0 kg/crrf

(2) k, .11,0

*,  = 0,5 

®  k2 .11,0

*,  -- 0,5 

©  k2 = 5,5

'calculated deflection ;.v.* 
line corresponding to V - . 
bending moment curve': ,--.- \  

®  ; ■ •$> 

sa nd

t (m l

beddi ng val ues by t r i al  and er r or

CONCLUSI ONS:

a)  To obt ai n an accur at e no-  

r i zont al  f or ce- def l ect i on l aw, '  

a l oadi ng t est  i s unavoi dab­

l e .  Al l  ot her  met hods ar e i n­

suf f i c i ent l y  ■ accur at e.

b)  The best  met hod f or  anal y ­

s i ng l oadi ng t est s i s t he 

Wi nk l er  Medi um Theor y.  I n de­

t er mi ni ng beddi ng val ues f r om 

l oadi ng t est s t he i nf l uence 

of  st r at i f i cat i ons of  t he 

subsoi l  i s ver y  accur at el y 

account ed f or ,  but  not  t he 

st r ess di s t r i but i on acr oss 

t he pi l e.  Beddi ng val ues,  

t her ef or e,  shoul d be det er ­

mi ned by us i ng t est  pi l es 

wi t h t he same di amet er  as t he 

pi l es t o whi ch t he beddi ng 

val ues ar e t o be appl i ed.

FI G. 11.  Cal cul at i on of
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Qui t t i ng t he ver t i cal  l oad wi t h shor t er  

pi l es r esul t s i n t oo l ow a beddi ng val ue,  

whi ch,  i s on t he saf e si de i n most  cases.

e)  The best  way t o de t emi ne  t he beddi ng 

val ues i s by measur i ng t he def or mat i on pat ­

t er n of  t he t est  pi l e and by  cal cul at i ng 

def l ect i on cur ves us i ng est i mat ed beddi ng 

val ues unt i l  t he measur ed and t he cal cul a­

t ed cur ves coi nci de.  I n or der  t o si mpl i f y 

t hi s,  t he movement  and t he i nc l i nat i on of  

t he pi l e head shoul d onl y be measur ed.  Some 

accur acy,  however ,  i s l ost  i f  t he f ounda­

t i on soi l  i s l ayer ed.

The same pr ocedur e may  be appl i ed t o t he 

moment  cur ves,  but  t he accur acy i s much 

l ess t han wi t h t he def l ect i on cur ves,  si nce 

concr et e st r esses,  as a r esul t  of  dev i at i on 

f r om exact  el ast i c behavi our ,  ar e most l y  

mor e or  l ess wi de- spr ead.
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