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ABSTRACT

This study is concerned with the behavior of a
‘mode] pile, embedded in coh@sive soil and subjected to
both vertical and lateral loads, Strains, due to both
vertical and lateral loading, and lateral deflections
are measured. The effect of repeative lateral loading
on lateral deflections, moments and load distribution o

along the pile is studied.
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UZET

Bu calismada kohezyon]ﬁ zemin icersinde yatay ve
disey ylklere mafuz bir model kazigin davrén1$1 incelen-
mistir. Diisey ve yatay.yuk]erden.do1ay1 olusan birim de-‘
formasyon]ar‘61cU1mUstUr. Tekrarli yatay yiiklerin, yatay
‘deformasyon1ar moment‘da§111m1 Qe kayik boyuncaki diisey

gerilme dagilimi incelenmistir.
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CHAPTER 1

. INTRODUCTION -

Dur1ng the past th1rty .years. 1mportant 1nvest1gat1ons
us1ng 1ns€umented p11es had Tead to better understand1ng of ‘the.
-mechan1sm 1n wh1ch fr1ct1on p11e transfer 1oad to the support1ng
"so11, a: process refered to as 1oad "take- out“, as we]] as to

: the res1stance to 1atera1 }oads of~p11e‘supported foundat1ons.iv'

ThisvtheSis deScribes'thebbehauiourﬂof a 2-7'omis{ng1e_-
'mode1‘pfie'subjeotedvto seyeralfcombinations-of Vertica1'anddafr
- lateral 1oadsflThe_piIe uasfjaoked eTosedlendedhtoAa penetration
5of 35 cm in a'homogeneOUS‘SOft'c1ay ‘The pi]e was in%rumenteds
with strain gauges to measure the ]oad d1str1but1on dur1ng
_vert1ca1 1oad1ng and bend1ng moments a1ong the embedded shaft

' of the p11e under 1atera1 1oad1ng

_ The 1oad1ng sgstem was intended to s1mu1ate a cond1t1on'
v':that an 1so1ated s1ng]e p11e loaded vert1ca11y w1th 1ts des1gned
-‘hwork1ng 1oad is subJected to repet1ve 1atera1 1oad1ng Ant
fadd1t1ona1 vert1ca1 load, equ1va1ent to a poss1b1e over 1oad
“was then app11ed and ‘the lateral 1oad¢ was cyc]ed aga1n 1atera1
'def1ect1ons and moments d1str1but1ons a]ong the shaft are evahmted
'iThe effects of. the magn1tude of the ]atera] 10ads and the number
: ~of. 1atera1 def1ect1ons and moment - d1str1but1on are 1nvest1gated
" Load d1str1but1on a]onjthe shaft under se]ected compress1ve 1oads
j]eve1s are eva]uated as_we]] F1na11y,the effect of lateral 1oad1n<

JOndthe‘dtstributiOn of Toad along the»p11e_1s‘discussed.>'



CHAPTER 2 |
STNGLE PILES-.

2.1 ZIHTRODUCT LGN

P1]es are structura] members (t1mber concrete or stee]).
; used to transm1t surfaceloads from the super structure to lower levels in
:the so11 stratum w1thout risk of shear failure or excesss1ve settlment
_P11es are general]y used, as a ‘second so1ut1on ‘when the foundat1on so11

1s not su1tab1e for the use of sha]]ow foundat1os

P11es are c]ass1f1ed in manyways accord1ng to their
function (end. bear1ng fr1ct1on p11es), accord1ng to the1r use (tens1on,‘
'Batter anchor) or accord1ng to the1r method of 1nsta]1at1on (rep]acement

"‘dr1ven p11es and. Jacked p11es)

‘ Th1s chapter w111 be concerned with the stat1c ana]ys1sf

B methods for p11e capac1ty, the computat1on of vert1ca1 and 1atera1 lToad ca-

}"P&czr‘«s and the procedures used in 1oad tests P11e 1nstrumentat1ons, and'-ﬂf

~the theory beh1nd p11e mode11ng is- br1ef1y d1scussed
2-2 YLTIMATE LOAD CAPACITY -OF SINGLE PILES :

. - The ana]ys1s of bear1ng capac1ty of s1ng1e p11es from
| measured so11 propert1es is based on the so - ca]]ed stat1c approach“, in .
whlch the fol10w1ng factors are respons1b1e for the 1oad cary1ng capac1ty '

of .a p11e i-



1-- As the base of a p11e 1s pressed downward by a 1oad on the

| head the soiT 1mmed1at1y be]ow and to the sides of ‘the base
' ~mustvbe pushed a side. The~so11 offers a res1stance to'the '

- 'shearing action which such a movement entails. .

- 2-. Downward Movenent_of'the pi]eere1ative to the. soil surrouding g
causes‘the mobi]isation of " tangential forces on the’shaft sur-
-face that oppose motion. These values are due both to adhes1on

:'and to the fr1ct1on of the so11 on the shaft surface (F1g 2.1).

| 3- The piles takes the place of alcertaiwr vo]ume~of s0il, the -

' we1ght of. wh1ch was prev1ous1y carr1ed by the so11 be1ow the base ;b

' of thepvﬂelt is, assummed that the we1ght of p11e is equa] to :

the we1ght of so11 rep]aced

Takangthe above factors 1nto account, the u1t1mate 1oad

'capac1ty of the p11e ( Q) - 1t’ is eva]uated as. the sum of two compenents,

nthe ultimate pile capac1tjcarr1ed by the po1nt in end bear1ng (‘p)u1t .
. and the u]t1mate p11e capac1ty carried by sk1n res1stance (Qs)ult- |
, (Q)Mt ,: (Qp)u]t & '!'Qé)U]t o " _ . o ;(2']), ,
B ¢ or‘ B l' ] » ‘ "
-2 R( e
: Tl :‘( ) o

In the above equat1on, (qt) 1t' and (f ) ult represent_“
‘the unit’ u1t1mate res1stance of - the point and the shaft respect1ve1y ,
/

'the1r va]ues may -be ca]cu1ated from measured so11 propert1es, found expe-‘

- r1menta]1y,or. e obta1ned from given emp1r1ca1 formulae's or charts



Fig. 2-1. Pile bearing capacity components
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Fig.2- ]A The zones of shear beneath a shaHow foundation
according to Terzagh1 ‘

- Ayzone of ela-,s_t,ic equil_ibri’um;
“'B,zones of radial shear; |
C,zones of PSS ‘shea .,



o ““v’Fig;ZA.-:‘]B.The zones }of sﬁear a"‘-o!‘,n_d'fl‘-he-ba$e1'0f~a, P'ﬂe-,
‘ f;(acco'rd‘ing to Meye'rhof;)’ - : :



Terzagh1 Meyerhof and others propesed various theor1t1ca]

, ;'so1ut1ons for the two dimentional prob]em of bear1ng capac1ty

and Failure mechan1sm of s1ng]ep11es Meyerhof expressed‘the '

- u]t1mate unit base res1stance as’ (2_3jrll

(qt)u1; :'CNCFf'hstNq‘f ¥ g N}"
_ ‘Where
Ky :lthe coeff1c1ent of earth pressure on .the shaft w1th1nf

-the fa11ure ‘zone; vary1ng from % for 1oose 5011 to'
about lffor dense.so1]
C =‘coheQOnf of the s011'
(})):*the dens1ty of the so1]
D :Vthe 1ength the p11e
"B o= the breadth of ‘the p11e

l~?>N 1N .

) NC qJ f:'bear1ng capacity_factors that,are‘debendent on

© the embedment ratio D/B.

In a soil‘givihg'hoth adhesion and frietioh on the shaft
?of ‘the p1]e, Memhof (1953) expressed the ultimate unit resistance

{

of shaft as.

C(Fypp = Gy T KGID tancd) (204
where: , -
: G the adhes1on per unit. area.‘

,’g;= the ang]e of fr1ct1on of the so1] on the shaft

y
J



‘ VULTIMATE BEARTNG CAPACITY OF SINGLE PILES N CLAY

For p11es 1n c]ay, the undra1ned capae1ty is genera]]y'
' taken to be the cr1t1ca1 value "tota] stress ana1ys1s",un1ess
5,the c]ay is. h1gh1y over - conso]1dated then, th.'"effeetﬂve 2

\k"stress dra1ned“ ana]ys1s proposed by Burland (3373)niskmore;

ﬂ*appropr1ate

If the c]ay is saturated the.undrained angle of'frfctﬁon

is zero, then N = 1 ;-N. =0
. q B . a‘ . ,

A_ and K -fT, resulting
ey =Gy N - (2-5)

a]sd,ts = 0 for c]ays, then

B (f )ult-‘;(h Af7-'f- SR A_‘,v, (e

Subtituting equations (2-5) and (2-6) in equation (2-2)

gives‘:l—' |
@ygy = G N Ay HC A (2T
- where :° _ , o R L CooLs
' Cu ='Average”undrained shear. strength of the soil at the
~ base of nije evalueted'fromhtests on'undistunbed_

_Samp1es of 5011 "Triaxﬁaly.'test"
N ::Bear1ng capac1ty coeff1c1ent, it is taken to be equa1
| to‘(9) for pract1ca1 purpose "undrained cond1t1ons,-

" . ’ )
=0t
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Average adhesion between'thefpdlevand_SoiT‘

>
"

. s‘Surfacelareafot embedded Tength of pile

',Ab\ - ‘Area of the base :.

\

The average adhes1on between p11e and so11 €, is

”'lrelated to the undra1ned s0il strength “C.., by an adhes1on factor

u
o ,.such that ihé, | |

‘iCj,-fa o )
The o factor is determ1ned by many researhers as the ‘,

'~}Tom11nson s method Meyerhof s method and V1Jayverg1ya and

e fFocht s method for dr1ven p11es and Tom11nson s, skemptoh and

Mohan and Chamdra Methods for bored p11es

Subt1tut1ng equat1on (2-7) )

"'.;(Q)u]tu=ihpd}Nc;Ab.f q:cu As

i

. Driven piles :

When a.pile is driven into clay, shear surfaces associated

o 'with thefbase;are progreSﬁyely;formed_deepervand deeper in new

soil as:penetration proceeds .Around’the shaft the soi] is.
compressed and moved 1atera11y and vert1ca11y to accommodate
'the pile, the ground surface heaves. and the c]ay in the 1mmed1ate
vicin1tyvof the pile shaft 1s.complete1y remou1ded. Accordjng to

‘Casegrande (1932), the zone'of remoulding has a diameter twice



'vng’

'ythe dlameter °f the P11e and. the 5011 s suff1c1ent1y affected
bWTth1n a Zone four tlmes the p11e d1ameter to cause an 1ncreaseb .
j" compress1b111ty If ‘the c1ay is sens1t1ve there 1s an. immediate

h;1oss 1n strength due to remou1d1ng and 1n both sens1t1ve and

non- sens1t1ve unf1ssured c]ay there is an. 1ncrease in. pore water

'._pressure in the compressed zone. In the per1od f0110w1ng dr1v1ng,

fpore pressure d1ss1pat1on and the dra1nage may be suff1c1ent to

o restore the strength th1s phenomenon is ca]]ed'"take up" and in

o some soils the bear1ng capac1ty of a p11e re1y1ng ch1ef1y on a

shaft fr]ct1on may . 1ncrease to many t1mes its value 1mmed1at1y

fo]]ow1ng dr1v1ng

‘ In most cases the increase of bear1ng capacwty w1th .
tt1me 1s rap1d at f1rst, o) that by the end of a month the u1t1mate
A'bear1ng capac1ty is. not much 1ess than which wou1d be reached in
a year or more Peck (1958) conc]uded that in soft and med1uml'
c]ays, hav1ng unconf1ned compress1ve strengths up to about 96
KN/m‘»the_contr1butJon madenby shaft fr1ct1on'to the ult1mate

';bearing capactty after a period for "take'up"'uas”eqUa1.to the,

- product of the embedded area ‘and the or1glna1 shear1ng strength

“of the so11 The shear1ng strength was' taken to be half the

- unconftned compress1ve strength of und1sturbed samp]es Thus for

: soft‘c1ays fu = C for des1gn purposes In the case of p11es dr1ven
h.into stiff'c1ays,,Peck found that theashaft res1stance was smaller
than the product ot‘the embedded area-and’the-shearing strength

of the so1f and that as the shear strength increased. the d1fference
.‘became greater. Others have a]so noted this effect Thus, ford

, | | .t
stiff clays £ & C.



S - o
In the stiff fissured.clays, it is possible that the
"f'djébiaéeménflofzthé clay may’break‘into b]déks_of fragments and

' wffhe'effett\bhﬁpbre pressﬁre iS;not knowh,‘

SRS



© €3 LATERAL LOADED STNGLE VERTICAL PILES : )
| | P11es are frequent]y subJected to 1atera1 1oads as we]]
las vert1ca1 1oads Latera] loads may be due to w1nd forces on .
q[;h1gh bu11d1ngs, traff1c 1mpact forces and w1nd forces on br1dges,_
B and.1atera1_earth pressure. Wave and,shjp co]]1snons'on shore

" and of f shOre,structures;

| Under the act1on of hor1zonta1 1oad the'piTe'behavtoure'
‘is 1arge1y governed by the p11e 1ength head cond1t1ons (frec’
bor f1xed) and the st1ffness of p11e and soil. In the case ofb.
a short p11e fa11ure w111 occur in the surround1ng so11 wh11e
in the case of a 1ong p11e fa11ure of p11e material m1ght govern
'"'due to the fact that the stresses 1nduced are- h1gher than the.
"a1lowab1e ye11d1ng stress of p11e mater1a1 The def]ected
;;shapes of short and 1ong p11es under the act1on of hor1zonta1

force aetjng at the.ground 1eve1.1s shown in Fig :2—2.o

So]ut1ons for the u1t1mate 1oad capac1ty for short and
igb1ong p11es as we]] as eva]uat1no the def]ect1on at the top of

"h.the p11e is g1ven ‘by-Broms (2)"

Bowe]s has 1ntroduced a f1n1te elements so]ut1on for

) 1atera11y 1oaded p11es "under var1ous oondjt1ons.

- It:may4oe worth mentioning’that‘the design of oilesrforu'
“Tatera1 1oad1ng w111 be governed by a 11m1t1ng a]lowab]e def-
1Ject1ons that may resu1t an allowable 1atera1 1oad much 1ess

hfthan the u1t1mate 1atera1 1oad capac1ty of the p11e since- the



. Fig.

Al e 2 81 - BZV','.

,“: ’

Def]ected forms of 1ong and short p11esactaiupm1by a

horizontal force. (Broms 1965)

Al:_Short pile w1th no head restraint:

A2:. short p1]e with p1]e cap. a110w1ng no rotat1on,"

B1: long- pile with no head restraint;

' b2:.]ong pnle,w1th.p11e qap»a]]ow1nguno rofatién.~'
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u1timate'1bad_may be reached,at'very ]arge unsefe'defTections.
2-4 PILE LOAD TESTS : - = L

p11e 1oad tests are carr1ed out on s1ng]e or group of

k“ p11es for one or more of the f0110w1ng reasons HE
T- To-determine the 1oad-sett1meht‘re1ationship of‘pffe-
2- To eva]uate the u]tlmate Toad cary1ng capac1ty of p11e

and to check “the ca]cu]ated va]ue in the 1n1t1a1 des1gn ,

':calculated from stat1c or dynam1c approach

3= To check that. the selected work1ng 1oad,‘eva1uated from
'fthe ultimate load capac1ty d1v1ded by a factor of saftey,
'1s a sat1sfactory one. '
Common types of p11e 1oad tests are compress1on tests,
‘up]1ft tests and 1atera] tests Many procedures of 1oad tests
are found in pract1ce In case of compress1on tests, the common.!

procedures are :-
1- Maintainéd loading tests .
2-:Constant‘rete of pehetration (C.R.P) tests

3- Method of equilibrium.

Deta11s of the procedures are given by ASTM 1bca1‘codes‘,
A-éhd procedures reconmended by p1oneers Here we w111 on]y take

| a c]oser ]ook to the C.R. P method

L]

2-5 CONSTANT. RATE OF PENETRATION (c R.P. y ool

Th1s test was deve]oped by wh1taker (]957)ffor model



| o s

p11es and was 1atter used for Fu]] sca]e p11e tests. In'carming
3out ‘the C R P test the p11e is made to penetrate the sow] at

a constant speed from 1ts pos1t1on as 1nsta11ed, and the forcejs
~eapp11ed at the top of the pile to ma1nta1n the rate of penetrat1<
“is cont1nous1y measured The s0i1 support1ng the p11e is stresse(
" under cond1t1ons aproach1ng a constant rate of stra1n unt11 it'.
fa11s 1n shear and when th1s occurs the u1t1mate bear1ng capac1t‘
,of the p11e has been reached The sett]ment is measured by means
of d1a1 gauge The test is usua11x~arranged to»take about the'
*rpsame tTme.as a Taboratoryiundrained test‘on ahsample of the'soil
to ensure that the undra1ned Toad capac1ty and the 1oad undra1ne'

sett]ment re]at1onsh1p are obta1ned

The purpose of the C R P test is to determ1ne the u1t1mat<
.‘1oad capac1tv of the p11e The 1oad penetrat1on curve obta1ned
\}1n the test doesn t represent an equ111br1um re1at1onsh1p bet—
- ween 1oad and settlment, S0 that the sett]ment to be expected '
under work1ng cond1t1ons is not found P11e movement shou]d be

_regarded as necessary for. mob111s1ng the forces of res1stance
-~ 2-g - MODEL PILES-: -

FuT1 sca1e-p11e 1oad7teSts are expensdve and time consue
ming tests, esp1c1a11y when the behav1our of a group of p11es
is 1nvest1gated As a so1ut1on to th1s prob1em, mode] tests
under contro]]ed lab cond1t1ons on sca]ed mode] p11es, 1nstru—<

mented orun1nstrumented, s1mu1at1ng certa1n conditions that may
, excist in pract1ce is frequant]y used ) to find solutions |

B su1tab1e for practlcal design purposes.
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: PILE TNSTRUMENTATTON =

Instrumented pt]es, sdng]es'dr'grbups, aredfréquahtTY»"
',used‘in practice,»for >fu11‘s¢a1e'a§»We1i as'mddel'piles; 1n
fcarrytng out ]oad tests ‘and in 1nvest1gat1ons of p11es behav1our
under var1ous ]oad1ng conditions.

| o E]ectr1ca] stra1n .gauges ftxed ‘at - cer—.}"h
ta1n1ocat10ns a ]ong the embedded length of the p11e is one
hmethod of p1]e 1nstrumentat1ons The measured stratns are used:

- to evaluate.the load d1str1but1ons a 1ong the p11ershaft under,
compression or tension'loadtng The d1fference in the 1oads at
7any two cross sect1ons represents the 1oad carr1ed by fr1ct1on

Iorhaths1on on the surface of_the shaft between the,two sectnons,

, ~The 1oad carr1ed by the t1p may be measured d1rect1y .
’from a load ce]] put at the end of the - p11e or may be extrapo-‘
-]ated from the resu]ted curves, from which the percentage of |
'f_load~carr1edby thvor and shaft are-computed, Mpmentvd1strtbutior

.la]png the»shaft”under ]ateral'loadﬁng'may_beieva]uated'as'me11iw
by'conventtng the resuTted strains to Toads:Whtch isicenvertedt

to moments at the strain‘gaugesd1eve1.

Deta1]s of stra1n gauges, method of p]ac1ng ‘and. measure-}
" ments as well as the theory beh1nd us1ng strain gauges in |

}expernmenta] stress analys1s 1s g1ven in the proceednm chapter

2-8 THE TEST MODEL PILE : -

i

In this study, a model instrumented vertical single pile



'subJected to a comb1nat1on of vert1ca1 compress1on and 1atera1
.1oads 1s 1nvest1gated The p11e is Jacked 1n a homogenous

~icoh1s1ve so11 and tested us1ng the constant rate of penetrat1on
"Procedure e e o L**;.‘ RRRNIEE N
The p11e d1ment1ons, 1nstrumentat1on and the 1oad1ng

-procedure as we]] as the 5011 cond1t1ons are presented 1n the

_‘,f0110w1ng chapters

The computed p11e u1t1mate 1oad capaC1ty, the des1gned
work1ng 1oad as we11 as the 1atera1 1oads acting on- the mode1\-
- pile us1ng the prev1ous ment1oned formu]ues are presented

Rppend1x A.



CHAPTER 3

 THEORY [OF STRATN GAUGE
3-1_ INRODUCTION -

. In th1s chapter, the theory and app11cat1onff‘
of stra1n gauges used in experamenta] stress ana]ys1s are
e;d1scssed Abr1ef d1scr1pt1on of type, techn1ca] data of the
,_hstra1n gauges and measur1ng 1nstruments used in carry1ng out

fthe test are presented
f 3-2_’FUNDUMENTALS.0F STRATN GAmGg'TECHNIQuES‘:

' E]ectr1ca] res1stance stra1n gauges are used
in experementa] stress ana]ys1s wh1ch makes it poss1b]e to asses
udthe stress1ng of astructura] part w1th1n w1de 11m1ts The theorj'
‘beh1ned the stra1n gauge techn1que is that the stra1n gauge
'-transforms stra1n app11ed-to it 1nto apropot1ona1 change of ne?
Dsistance The re]at1on between ‘the app]1ed stra1n ’:—dd{/ﬂj‘f
:',and ‘the re]at1ve change of res1stance of a stra1n gauge is desc-

:.r1bed by the_equatlon.

R .y

»where k is gauge factor ea]jbrated by the manufacturer for each

" bakage
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F1gure 3 1 ‘shows a 1oad ce11 conf1grat1on in wh1ch four '

'act1ve stra1n gages are: used in the measur1ng c1rcu1t (Fu]] br1dge

arrargament)

Cons1der1ng the pr1smat1c bar in F1g 3-2 under‘ axiai 1oadb
3 the res1stance R] and R2 decrease 0w1ng to ax1a1 shorten1ng of'
the e1ement whﬂe res1stance in R3 and R4 increases (e /u.é )-’,'
when the stra1n -gauges are connected up in the wheatscone Bridgé

vc1rcu1t then as the e]ement is compressed the output measured

between 1 and 3 w111 very propot1ona11y to the- 1oad app11ed
~3-3 CONSTRUCTION OF A STRAIN GAUGE : -

F1gure 3 3 shows the pr1nc1pa1 construct1on.of a standard
stra1n gauge Embedded between two p]ast1c str1ps is: the measurwng
. grid, _the act1ve part. of the gauge, and is made from ath1n |
:metal fo11 wh1ch 1s e]ectr1ca1]y conduct1ng Larger areas at the
: end of the gr1d fac111tate the connect1on of cab]es Theusep&rate

Layers of the. gauqe are b0nded together ‘The p]ast1c carrier or

‘\_‘matr1x he]ps to handle the gauge and protects the act1ve gr1d

\.aga1nst mechan1ca1 damage

tThe'strain gauge must be mounted on the surface-of‘the
, spec1men of wh1ch the stress sha]l be determ1ned by means of
‘sp1c1a] adhes1ves : recommended by the manufacturer for each

type of strain.gauge.

In this work,a:tota]. of 11 HBM strain gauges_type.67120 LX_]] arel_'
~ used. The’characterestic data deminsions of the strain gaugevis

. given in the table 3-1°
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3-2 Strain gauge Positions for the measuring of normal stress
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| =

active length

" —measuring Grid -

—sCarrier -

L

‘_ﬁ(:}

- Leads

L;—-a._ffJ.\." ,';
| L;___;_c_;;f_;___;J“ﬁ

jFig.3-3_Standard'Strain'gane. 

R

Type

‘Nominal
Resistance |

(ohm)

Dimentions .

Maximym
permitted
bridge:

Service- temp -

. Gauge change*staticlV

energizer | Factor {measurment

Grid

a

b

Carrier

¢

voltage -

. 0
d |(wems) [k | ICT

120 -

6

2.8

12.8

. =70— +200

6.3 9 2.0°5

6/120LY11

~ Table 3-1 Tech nical data of strain gauge b/120LY11
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’The strain gauges uere~fa§tened to-the inéide tace of the
" model" pile by means of HBM Rap1d adhes1ve X- 60 4— w1re HBM
"cab1e is used for leads in the three w1re c1rcu1t emp]oyed

‘ Aquartor bridge w1th compensat1ng gauge arrangement is used as_vvf

.shown In F1g 3- 4

The dummy gauge and loads werenm1nﬁmnedat the same temp
_das the test p1]e to m1n1m1ze tempeffect dur1ng testlng drift”
stra1n measurment is made by a SR4 - stra1n Ind1cator type N
A read1ng stra1n in.the order of (é X]O 6 1nch/1nch) The-proce-
adure for strain gauge cementat1on, 1ead so]der1ng and further

‘1nformat1on is g1ven in H. BM pub11cat1ons (5)..
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Strain dial
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’_Strain
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dial”
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active gauge
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compensating’ ' gauge B _
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|

> paiter

- gauge factor

. Fig.3-4 Quarter bridge arréngeﬁent with

CompenSa11ng gaugé.




CHAPTER 4.

"TESTING METHOD
~4-1 INTRODUCTION

In th1s chapter, deta1ls of the test equ1pment
fhso11 characterest1c and test1ng procedure are descr1bed The ;.'.
:Q]oad1ng system is des1gned to s1mu]ate a cond1t1on that, a s1ngle
p1]e, 1oaded vert1ca]]y w1th 1ts des1gn work1ng 1oad of 3okg,

-1s subJected to repet1ve lateral 1oad1ng An»add1t1oa1 vert1ca]_d
Toad of 10kg, represent]ng an equ1ve1ant des1gn over 1oad due
‘to var1at10n of t1fe 1oad 1s then 1ntroduced and the 1atera]
load 'is cyckd-aga1n The change in the 1oad d1str1but1on, due

T to the repet1ve 1atera1 ]oad1ng, a- long the shaft is 1nvest1ga-v
ted, F1na11y, ]ateral load is then cyc]edunder zero vert1ca1—

1oad to compare moments and def]et1ons at the p11e w1th zero-

| wert1ca1_]qad.
4-2 TEST EQUIPMENT
| Apparatusqzi-

~The apparatus shown 1n F1g 4 T was. used in d
.the'test Vert1ca] loads were app11ed by means of astepp]ess'
‘wcompress1on mach1ne at a s1ow rate of deformat1on, name]y 0.40
‘,mm/m1n The vert1ca1 1oads were measured by a 1oad gauge moun-
ted on top of the p11e cap Repeated ]atera] loads . were app]1ed

.mby means of a str1ng pass1ng over apu]]ey P1]e top movement

lS]NVHdﬂlﬂMISlHSHEAlNﬂl)tZ”@uu
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‘and lateral deflections were measured with dial indicators
reading to 0.0]_mm, Bearnings were placed between the cap-and
the 1oaqing Frame to reduce friction during horizontal movement
of pile head. THe Steel Cdntainer had a wa]]-thich1ess'of 8 mm,
an intemal diameter"of 300 mm and a height of 600 mm. The Smél1
size of the container was due to the restricted size of ‘the
steppless compression machine The inside:sunface'bf the container
was‘greased to réduce wall friction between soil and container
during pile driving; |

4-3 TEST PILE :-

Two identical square c]osed'ended pipe model
piles were fabricated from aluminium alloy. EaChvpile consists
of two equal leged 4 channels fastened by abrittle iron gi&e
forming a square section, Fig 4f2. The external diameter was
27 mm, wall thickness 0.50 mm and the embedded shaft 1éngth,"‘
was 350 mm. A total of 10 electrical resistive ﬁtrain gaugeg

.were bonded on the interna1k5urfabé»one piTe at b5 1ocatidh§,h“h
one pa{r at each level aS shown in Fig 4-3,.f0%m1ng a quértér
bridge arkangement. The dummy compénsating strain gauge was
bonded on a separate sheet of aluminium and kept at the same
temp and conditions’as the~£est pile. The second pile was

uninstrumented.

The test piles were fitted with arigid steel

cap placed on top of the pile head.

4-4 DRIVING MECHANTSR : ' j

The pile was jacked using astepless compression
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Fig. 4-2 Details of test pile
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Fig. 4-3 Strain gauge locations on both

sides of test pile
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the pile
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Fig. 4-4 Jack
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‘machine. The rate of penetration was 2mm/min; The rate of: '
penetration wés choseh such that it causes a.minimal disturbance
to the,surrbunding soil and confirms with the rate of penetration
vused in practjce in jacking-fu11 séa]é piles insitue. The time
taken for driving-the test pile, 350 mm, was approximatly '3
hours. The soil surface arround the piie was covefed with athin

| layer Of water to lubricate any gap formed:between the pile and

the soil during driving.

 The pile was loaded 24 hours after driving to
assure the dissipation of excess pore-water pressure that might

have deve]opéd during driving.
4-5 Soil Characteristics i-

| The soil used in the test was ‘taken ffom a-site
near KILYOS USKUMRU KUY, which consists of a clay passing through
the no ZbO gﬁive.fThé 1iqu1d'1imit is 69 % and the plastic
Timit is 29 ‘%. The optimum water content is 25 %. The soi1‘was
compacted in thin 1ayers atvnear standard proctor enérgy at
water content several pércents higher than the optimum water
conteﬁt ih order to achieve hfgh degree of’saturatiqn and near
‘Uniformity in sfrength. The average water content to a depth of
.40 cm was 33 %. The soil was subjgcfed to 2 kg/cni2 water pressure

aftef compaction;for 24 hours to assure high degree of saturation

Unconsolidated-undrained triaxial compression
tests were carried out on samples recovered from the test cham-

per to evaluate the undrained shear strength of the soil . The
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Apparatus

Soil mixing

Fig. 4-5A
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5091 compaction

5B

Fig. 4-
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‘ confinment’pressures were 0, 0s5, 10 and 2.0 kg/cma. The -

‘measured value was :

C, = 0.2 kg/cm?

Soil prepation steps aré §hown in Fig 4-5A and.4-SB
4-6 TESTING PROGRAM

Introduction : -

In this section, the detail of testing
procedure is described. The Toading system is designed to si-.
mulate a condition that a single pile 1Qaded'vertica1iy with
its designed working compressive load, 30 kg, is subjected to_'
repetive lateral load. An additional vertical load of 10 kg
representing an equiveiant design overload, due the variation
of.life_]oad, is}introduced and‘thé”latera1 Toad is cyC¥eda§ain.
Finally, the lateral load is.éycTed under zero vertical com-

pressive load to comparé'momehts and deflections.
Testing Procedure :-

A constant rate of penetration was followed
in Toading the pile vertica]]y,‘24 hours after driving, by means
of a steppless compression test machine. The machine has a

| capacity of 5000 kg.kThe penetration speed was 0.0400 - mm/min.

Aitoté] of two load tests were carried out

- in this work. The first test was to evaluate the ultimate load

' capacfty of the pile. The penetration was stopped at 20, 30, 40,
60 and 80 kg (80 kg is the estimated ultimate load capacity)



36

~compressive loading 5 minutes to read strains at the{se]écfed
‘Tevels along the embgdded length, from which load distributioh‘
along the pile shaft may be evaluated. Theimovement of the pile
head during 1oading'was measured by means of dial gage fixed

at the top of the container from wh1ch load sett1ment relation-
sh1p may be obtained. The test load was stopped when failure of
pile occured where excessive settiment were measured with little
change in the measured TOad.V#inally, the pile was dugg out

( and a new soil specimen was prepared for the second test
following thevsamé procedure and conditioné used in preparing

the first specimen,

‘fn the second test, the pile was loaded to 30 kg compressiv
load for 15 min, then the pile was subjected to lateral loads
nqrma]xto its’axcis, by means of astring passing over a pulley
and fixed to the pile cap as shown in Fig.4-1 The lateral |
“loads were applied in 1 kg incfements ﬁp to 4 kg and the corres-
ponding load deflections at the top of the pile were recorded |
after 3 minutes of each load incremeht..Moments along the embedded
depth of the pile were measured at 4 kg.1atera1 loading by
means of fhe strain gauges. The loads weré then cyciéd-between
5th

zero and 4 kg for %o_cycles recording strains at the - and-

10th cycles.

The lateral loads were then increased to 8 kg in 1 kg
incrementsyand the corresponding lateral deflections were

recorded. Strains,vi.e moments, at 8 kg loading were measured.

J

“The loads were cycled 10 times between 4 and 8 kg‘ih one step,

Adef]éctions'were recorded for each cycle and strains were
measured at the 5N and 10th

e e s AN Lo

.cycles. Finally, the horizontal
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compreSsﬁveAloading, from which 1load distfibutions after
applying repetive lateral loads were obtained. The 30 kg

vertical load kept on top of the pile for 12 hours.

In the next day, the vertical load is then increased |

to 40 kg and the above procedure for lateral loading is repeéted j
except for the 4 kg c&c]icg loads which was omitted in this
stage. The vertical loads were removed and the lateral ‘loads . |

were applied in the same manner 12 hours after the removal of |

the 40 kg compressive load. The detai]ed of soil preparation,' 1

loading history and the corresponding measurments are given in |

~tables 4-1 and 4-2
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- as ) ?OMR.‘ | LATERAL| WO .
= DETAILS S% | Loap LOAD OF | MEASURMENT REMARKS
. . . - - levered | a
Mixing the soil at ' | ‘The mixed soil is
loptemum water content kept covered in con-
tainer for 24 hrs-
compacting the soil at
proctor and subjecting
it to 2 kg/cmz pressure ,
Jacking the pile ' The pile is testted
' after 24 hours of
driving
Testing the pile to 1 |0-20-40- || i -Set tlement-1oad pile is extracted
Failure (compression)- 60-80-§yy - ‘relationship and soil is removed
‘2-Stra5ns,1oad distribiy '
tion
undrained shearstrength _
of soil (undrained - C, value
unconsolideted triaxial
Test |
END OF TERT NO 1
s .

Table 4-1

Loading history of Test pile no !

i
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. oo |CoMR. [ LATERAL] WO
<t ‘ <u? OF "
° DETAILS S| LOAD LOAD ) MEASURMENT =, REMARKS
f 1 - N C{CLE . .
1 |as in day 1
2 |as in day 2 N
3 |as in day 3
| 4-A |compressive and lateral} 2 30 1-2-3-4 1 1-Lateral deflections
loading 2-Strains ,moments,at
4 kg
4-B compressivé and lateral| 3 30 0-4 : 10' 1—Latera1 deflections
loading ' 2-Strains ,moments ,at -
th __. aath '
5" and 10" cycles
4-C [compressive and lateral| 4 30 5-6-7-8 1| as in 4-A
4-D [compressive and lateral| b5 30 4-8 10 as in 4-B
4-E {compressive load 6 30 -0 1 vStrain-(]oad distribu-|1-Change in load dist}
' \ tion) L ribution |
2-Load is kept for
12 hrs
5-A |compressive and lateralj 7 40 1-2-3-4 1 | as in 4-A
load ' '

Fiq 4-2 Table 4-2 Loadina history of test pile no 2



Table 4-2"Cont- 1oadihg history of test pile

o Q&T comp. || LATERAL| wo
= <5 |
DETAWLS S% | Loap LOAD OF '} MEASURMENT REMARKS
| e , - -_lcycLE§ .
'5-B compressive and lateral| 8 40 5-6-7-8 1 as in 4=f
Toad ‘
5-C |compressive and lateral{ 9 40 4-8 ] as in 4-B
Load ‘
5-D|compressive Load 10 40 0 10 as in 4-E
6-A|Lateral Loads 11 0 1-2-3-4 | 1 as in 4-A
6-B|Lateral Loads 12 0 5-6-7-8 1 as in 4-A
6-C|Lateral Loads: 13 0 - 4-8 10 as in 4-B
7 undrained-unconso]idat& Lndrained shear strength
|Triaxial test | fof soil C,
————
no 2 |
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CHAPTER 5

EVALUATION OF TEST RESULTS -

In this chapter, test results 6btéined'from testllqads
aré presented. Results obtained from the tohpression test loads
afe discusged fifst, from which load-settlment reiationship and
load distributions a long the embedded shaft lTength of various

selected loads levels are evaluated.

Lateral load results are then presented from which load-
deflections at top of pile, moments distributions and the effect

of lateral repetive loadings on these are discussed.

Finally, the change in stress distributions,due to repetive
" 'lateral Toading, along the shaft of pile at 30 kg and 40 kg

|
|
|
compressiveloads are presented. - J
- ’ |
51 DATA PROCESSING : -

1- LOAD-SETTLMENT MEASUREREMENT : .

" The settlment of the pile is evaluated as the -
difference betWeen the cell movement, measured by
adial indicator placed on top of the cell, and the
load gauge indicator mounted on top of the pile cap
and fixed to the compression machine ffame. The
readings of the load)gauge is converted to loads

in kilograms,using the load gauge calibration table.l




s
Load- sett]ment results are given in umend1x B, table 2.

The load- sett]ment re]at1onsh1p graph is presented. in
Fig 5-1.

2 LOAD -DISTRIBUTION ALONG THE PTLE SHAFT :-

The distribution of the app11ed load was computed for

selected app]1ed load levels from the measured strains in the

p11evus1ng’Hook s law :-

br _ P

"
hs -
m
(L)
—
(5]

!
wa—d
~—

where :-

A = cross sectional area of pile = 0.1.0 cm?
E = modulus of elasticity of Alumium ='0.7x106 kg/cm2
" & = measured strain in 107° inch/inch

stibtituting in equation (5-1)

- (1.0) (0.7) (10%) (1076
0.7 (kg)‘

i~ O
1 1

measured strains are tabulated in Appendix B, table 3. The load
.distribution along the shaft is shown in Fig 5-2.

\
/
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3- MOMENT DTSTRIBUTTON ALONG PILE SHAFT : - o

- The measured moments along the shaft of the p11e are
rcomputed from the measured bend1ng strains caused by lateral
Toads. The most conve‘'nient method to define flextural stiffness
as a function of stress level is by the moment -/curvature, or
M- ¢, reiationship. The flextural stiffness is equal to the

moment divided by the curvature (6)

el o= M (5-3)
' $
Taking
EI = 0.70x10% kg cm?"
¢ = measured bending strainx107°
subtituting in equation o (5-3)
g | | _ : §
M -0.70 € : ‘ » - (5-8) |

Measured bending strains due to lateral loads of 4 kg and 8 kg
under zero, cbmpressive loading is tabulated in Appendix B, |
table 4, Fig 5-3 and Fig 5-4 show the distrubution of moments

along the shaft at different loading conditions.

Dokted lines represent mesured values, while the solid
line represents the theoritical moment distribution calculated
by numerical finite difference method (7) employing the principl

of subgrade modulus, the method is presented in Appendix C with
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solution of the case pile under test. 45

ANALYSIS OF DATA :

1- LOAD- SETTLEMENT RELATION : -

From Toad-settiment graph, it is clear that the ultimate

-Toad capacity has a value of 82 kg. The corresponding settiment

is 0.80 mm which is about 3 % of pile diameter indicafing;that
the p11e is behaving as a friction.pile. Poulos and Davis have

shown that for piles in clay, shaft resistance becomes fully

'mobilized when the 'settiment reaches 1 per cent of the shaft

diameter. This value has,beeh confirmed experimently by'whitakor

and Cooke (1966) for friction piles in london clay. The 1 per

cent settlment in Fig 5-1 corresponds to a load of 68 kg, before

" this value, the gradient of the curue is almost constant, while

}1.0 per cent diameter settiment. Because of the low pile diameter

after this value, the gradieht decreases sharply. It could be

concluded that the shéft’resistancé be;omes fully mobilised at

to length raito, the point resistance, estimafed to ° contribute
15 % of the ultimate load capacity of pi]e? starts to inf]uence
the settiment -behaviour of the pile which explains the reduction
in slope Singe the poiht resistance becohes‘fu]1y mobilised at.

higher values of settliment

The results obtained in this test a grees with the previou

results obtained by whitaker and Cooke for piles in london clay.

2- LOAD DISTRIBUTIONS ALONG THE SHAFT’:j—

The distribution of compressive loads a]ong'the pile
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Fig. 5-1 Load-Settiment relationship Graph.
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‘shaft,computed from the compression strains recorded at certain

~Toad levels,are plotted in Fig 5-2. Extrapolation. of these curves

to the pile tip indicatés that part of the applied load being

" carried at the tip of the pile level. The portions of the loads

being carried'as skin friction and'tip resistance at the base
1éve1 is plotted versus the app]ied load in Fig 5-3. The differe
in the loads at any two-cross sectibns represents the load
carried by friction or adhesion on the sufface of the shaft
befween the two sections "éhearing load Transfer®. or load-take
It is'eyaluéted as the élope of the 1oad curves between the
chosen sections and given iﬁ table 5-1. The .variation of the
unit skin resistance with depth at 80 kg compressive loading,
evaluated as the load tfansferedkat each section diveded by the

surface area of that sectioh,is given in Fig 5-2A.

THE FOLLOWING POINTS ARE OBSERVED - -

A- The shape of the Toad depth curves remains fairly constant

as the load increases, .

B- The top section'carriedA1ess weight, even though it is longer
than the other sections,this is because the top soil softens

as a result of applied watérvpressure.

C- The tip load, af{er Tittle contributibn to the total load

capacffy , 10 % of the pile capacity at Failure.

D- The skin friction at the top of the pile is larger than the
skin‘friction at the bottom of the pile at lower load levels,
but as the applied:load reaches the failure load, the stress

distribution become homogeneous along the pile shaft.
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Fig. 5-2 LOAD distribution along the pile.
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Fig.5-2A variation of unit skin resistance at 80 kg

loading
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etevem| 20 30 40 60 80 | Topload
. 0-8 3.9 | 5.5 5.7 6.1 7.2 o
8-14 { 2.8 7 6.3 9.9 13.5 =
o
- o
14-20 | 3.5 4.9 7.7 12.5 | 13.5
20-26 | 3.5 3.5 6.3 10.5 | 16.8 =
26-32 | 1.4 1.4 6.3 8.4 13.3 °
32-35 | 6.9 1.5 2.6 4.1 5.1
4.0 5.1 | 8.5 10 11.6 Tipload

Table 5-1 Load carried at eéch

section of Pile
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increases lunearly with

E- The unit skin resistance, fg,

depth between e]gvations 0 to 8 cm, while the variation of
the‘unit‘shearihg kesisfance, fs, is.a constant one ffom
elev 8 cm downwérd. At elevation 32-35 cm, the value may
‘seem to Bé lTess than (0.208), but this could be exp]aimﬁés

anc error in estimating the tip load by extrapd]ation.

F- The adhesjon Factor, a, between the pile material and soil
may be evaluated from measured uﬁit skin resistance,~fs,
and the measured undrained-unconsolitated shear strength of

soil, Cu*

where:
ll@ = OII

where £z 0.208 kg/cn’
2
C, = 0.2 kg/cm
o= 2:208 1y 04
0.2

_ which is very close the o value for piles in soft clays.
G- The bearing capacity factor may be evaluated as follows

Extrapolated tip load bearing resistance at 80 kg
Tip Lead. = 11.6 kg .-
Ultimate load capacity "measured" = 82 .5 kg

Since the shaft resistance is fully mobilized at 67 kg, the

2.5 kg difference above will be beared by the tip



(Qtip)ult =.11.6t2,5 = 13.9 kg

(Qt)ult = Cy Ne Ay

Subtituting for Cu and Abby (0.2) and (7—29)'respeétive1¥,

gives
' N. =9.5
or:

/ .
measured Qu]t = 82.5 kg
measured Q. = 67.5 kg

= 9.3

resulting a value of Nc

The average of the above two values a grees with NC = 9 used

in practial design.
- 3- LATERAL DEFLECTIONS : -

The lateral deflectfons at .30 and 40~kg vertical loads
are plotted against the lateral load in Fig 5-a, The increase in
Iatefa] deflections due tb a cyclic loading of 8-kg.are shown
as dotted lines.

THE FOLLdNING POINTS ARE OBSERVED : -

A- Effect of vertical load :-

Horiionta] deflections decreases as the vertical Toad
inckease. There is a decrease in lateral def]eétions of about
43 and 57 percent under'30,kg and 40 kg vertical loads respective

compdred with defiections at zero vertical load.



Lateral Load (kg)

50 100
Deflections (mm})

Fig.5-3 Lateral loadjdef]ectioh graph and
the effect of cyclic loading

54



| | | 55
B- Effect of cyc]ic loading : -

The measured lateral deflections increased as a result of
- cycling the 1;terd1l]oqd; Thg'ihcréase in deflections by cycling
‘twice between 4 kg and 8 kg were 1 percent under zero vertical

load and 6 percent under 30 kg ahd 40 kg vertical loads.

The increase in deflections after 10 cycles were 5 %,

10'2 and 24,%'undefv2ero 30 kg and 40 kg compressive loads

4- BENDING MOMENTS :-

The.moment'along the shaft is determined for each load
application from the measured bending strains. The distributions
of moments under zero vertical loading ére shown in Fig.5-4

THE FOLLOWING POINTS MAY.BE CONCLUDED :-

A- There is an increase in the'measured max™ moment of about 76%
when the lateral loads has increased from 4 kg to 8 kg-

B- The depth of the maximum moment has increased when increasing

lateral load magnitude.

C- Cyclic lateral loading . did not affect the maximum moment
signif%cant]y, but caused a large increase in the moment lower

portion of the pile.

5- EFFECT OF CYCLIC LATERAL LOAD ON THE LOAD DiSTRIBUTION :-

)

- The effect of cyclic lateral loading is demonestrated in

Fig.5-6- The is a slight change in the load distribution due to



Depth in cm

56;

Moments in kg cm

200 40 60 80 100

[y

..8 q

14 4

Fig.5-4 Effect of incréassfng load on Moment
‘lateral load = 4 kg % 8 kg

vertical Toad = 0 kg
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Fig.5-5 Effect of cycling lateral load on Moment

Lateral Load = 8 kg

vertical load = 40 kg
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- ' Moment in kg cm

16 20 32 60 80 100

QT ~\ : 1 - s
\
\4kg\8kq

W)y

Depth in cm

Fig.5—5A Effect of increasing loads on Moment

vertical load = 30 kg

horizontal load = 4 kg % 8 kg
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1atera1 Toading. The.load carried by the upper section}of the
pile has decreased, while the 1load carried by the Tower
sections and'tip has increased; The new load distribution are
presenfed in table 5-2. The new.1oad“disfribution might‘have
been influnced by residﬁa] stress due to lateral loading. The
reason for this change is that the soil adjaqent to the pi]e
at ground surface yei1ds as-a result of lateral Toading. In
addition, the surféte of the pi]é apposite to the loading directior
séparates ffom'the soil and, to somé'depth, leaves a gap, when |
the load is removed, the contact between the pi]é% surface and
the surrounding soil is not fully recovered dug to plastic
deformation 6f the surrounding soil, causing a reducation in thé
friction resisfance of the soil at that section. i.e. a reducation
in the "load take-out". The lower sections has to carry this

difference in load.



Depth in cm

Load in kg

32

35 -

— before Tateral

Toading

~~-after lateral

lToading

d_ __ END of pile
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Fig.5-6 Redistribution of load after

‘lateral load app]ﬁcations



before cyc]ic' after cyclic elevation

Toading- loading
30 40 30 40 cn
5.5 5.7 3.4 3.4 0-8
7 6.3 6.9 5.4 8-14
4.9 7.7 6.5 8 14-20
3.5 - 6.3 6.4 7.1 20-26
1.4 6.3 4.1 6.8 1 26-32
4.8 5.1 Tip

Table 5-2 Effect of repeatéd lateral loadina on load
distribution C ’
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CHAPTER 6
. SUMMARY AND CONCLUSIONS

In this eXper;mentaT study,the behaviour of an instrumented

friction model pile jacked in clay and subjected to accdmbihation
ofvertical Toads as well as lateral 1§ads is inveStﬁgated. The
loading system was designed to simu]éte a condition such that
a sing]e pile Toaded vertically with its designed workiné Toad
~is subjected to repetive lateral loading. An additional vertical
load representing an equiQa]eht desigh:pverA]oad is introduced,
lateral Toads were cycled again.
hY . ’
Load-éett]ment relafionship, load transfer along theipi]e

shaft, top'deflections and/moment dfstributions a]bng fhe'shaft

were measured during the tesg;

THE ?OLLOWING POINTS ARE CONCLUDED :-

1- Thé shaft resistance becomes fully mobilised at about 1 %;

of .pile diameter.

2- The shaft resistance offers‘the major load capacity of the

pile ultimate load capacity-.

3- The shape of the 1oad—depth curve remain fairly similar

as the load inreases.

4- The skin friction at each section of the pile,which is
measured from slopes of the load curves, becomes closer in

values as the load reaches to failure load .

[y
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5- The unit shearing stress distributions along the shaft

is almost constant, except the top 8 cm.

6- An adhesion factor between pile material,Aluminum,and
50i1 of (1) . was calculated. This confirms with common

practice to take f = C, = C, for'Cu<: 9§'KN

7- Avalue of NC :.9 used in the design is confirmed to be
appropriate.

8- Vertical loads of .30 kg and 40 kg caused a decrease in
Tateral deflections of 43 % and 57 % respectively compared_

with deflections at zero yerWca\. loading

9- The measured lateral deflections increased as a result

of cyclic lTateral loading.

10- An increase, in max moment of about 75 % is measuréd‘
when 1atéra] loads increased from 4 kg to 8 kg. The depth

of the Maximum moment has increased slightly.

11- Repeated 10adihg’did not affect the moment significantly,
but caused an in crease in the negative moment in the

Tower portion of the pile

12- A slight change in the load distribution along the shaft

was measured as a result of lateral repeated loading.
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T- Ultimate load capacity :-

The ultimate load capacity is evaluated from equation

(2-8) t-

(Q)U1t = C, Nc Ay T a C, As

€, = 0.20 kg/cn’

N, = 9

a:] )
A, = 324 cn® | :
o Ap = 7.29 cm? o B

(Q)y¢ = (0.2)(9)(7.29)+(1)(0.2)(324)
Q¢ = 131 +64.8 = 77.9 kg.

2- Pile load design load : -

Choose a factor of saftey of 2

Q = _Quit
F.S
Q = 75-88 38 kg | say 40 kg

The abave is the maxm-working load the pile should be

subjected to.



1-

2-

3-

69

~ choose
30 kg working load
10 kg over load
40 kg Total working load
NB : The value of factor of saftey of 2 is chosen as an extreme
value.
3- Lateral loading : -

Building codes allow 10 % of the vértical 1oad‘capacity'of

“pile for a safe design

i.e lateral load = 76
' ‘ 10

From above : -
The pile will be subjected to 30 kg‘aS'normal working load,

the Toad is increased to 40 kg to allow for variation of -

vertical 1ife load "overload"

The Max™ 1lateral Toad the pile is subjected to is 8 kg.

"Strains are measured at 20,30,40,60, and 80 kq. Load levels.
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_
Gauge ‘Gauge Pile Cell E real real Remarks
nol - no 2 mov . mov.? % settl. Load
(0.01.mm) . } (0.002 mm) § (mm) (mm)i : (mm) (kq)
10 33 0.066 0.10 | 0.034 9.6 .
20 66 0.132 0.20 | 0.068 19.3 Gage 1 cell movement
30 99 0.198 0.30 | 0.102 28.9 Gage 2 pile movement
40 132 0.264 0.40. | 0.136 38.3 real settiment:-
50 - 165 0.330 0.50/ | 0.170 47.7 column 4 - column 3°
60 204 0.408 0.60; | 0.192 58.7 o
710 - B 0.70, B B real load : Load Gage
80 249 0.498 1 0.80 | 0.302 71.5 ,
90 257 0.514 0.90 0.386 73.8 calibration from gage 2
100 268 0.536 - 1.00 0.464 77.0 _
110 275 -~ 0.550 1.10. 0.550 79.0
120 285 0.570 1.20, 0.630 81.9
130 291. 0.582 1.30 0.718  |83.6
140 298 0.596 1.40, | 0.804 85.6
150 285 0.570 1.50 | 0.93 81.9
160 285 10.570 1.60. 1.03 81.9
170 287 0.574 1.700 | 1.126 82.4

;
|

~!Table B-2 LOAD-Settlment Test result
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R s

i

“Strain
| Load | Gauge Nof -6 Load Remarks
- TOp - - -
20 R -23 16.1
2 -19 13.3
3 -14 9.8
4 -9 6.3
5 -7 4.9
30 1 -35 24.5 "
' 2 -25 17.5
3 -18 12.6
4 -13 9.1
5 -9 6.3
40 1 -49 34.3
2 -32. 22.4 (28) extrapolated
3 -29 20.3
4 -20 14
| 5 -1 7.7
60 1 277 53.9
—t 2—{ -50- | 35} (44) -extrapolated- - -
-1 3 45 frns o o
4 -30 21
5 18 12.6
80 1 -104 72.8 |
2 -66 46.2 §.(59) extrapolated
3 -65 45.5 -
4 -41 28.7
5 -22 15.4

N :

Table B-3 Measured strain along the shaft




lateral Cyé]e Gauge Strain | Moment .{ Remarks
Load No ‘
| kg no Top 1078 kgem | omeee
4 1% 1 55 38.5
2 47 32.9
3 '>23 16.1
4 3 2.1
5 -7 -4.9
8 st 1 98 68.6
E 97 67.9
3 52 6.4
4 4 2.8
s e L aa
8 5 1 103 72.1
2 99 69.3
3 55 38.5
4 7 4.9
.5 -21 14.7
8 10t 1 102 7.4
2 107 74.9
3 67 46.9
4 12 /8.4
5 2.9 | -20.3

Tab]e B-4 Strain readinas due to 4 kg and 8 kﬁ 1atera] Toadina
vertical load = \

Oko
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. ' T - »
Lateral [Cycle Gauge -Strain- JMoment- Remarks
Load No
kg no Top 1078 kg | —
4 15t 1 40 | 28
2 37 }25-9 Gauge no
3 16 1-2
4 2 1-4 (5)extrapolated
5 ) )
I B T L T
2 |5 )385
3 1 33 J22.4
4 13 9.1
5 - - .

;véﬁﬁera;‘+ Strain reading due to 4 kg2and 8 kg Tateral lToading

vertical loading = 30 kg



»
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~ vertical Toadign = 40 kg

Lateral | Cycle Gauge Strain Moment Remarks
Load No

k T -6 :

g no op 10 6 kg

8 15t 1 76 53.2
2 69 47.6
3 39 27.3
4 12 8.4
5 2 1.4

8 5th 1 77 53.9
2 78 54.9
3 48 ] 33.6
4 1 7.7
5 2 1.4

8 woth | 82 57.4
2 80 56.0
3 52 36.4
4 15 10.9
‘5 -3 - 2.1

- Fig. 5-4 - Strain readings due to 4 kg, and 8 kg lateral loading
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Vertical Load
30 |40 0
Cycle |Load | Deflections Remar 'ks
1 1 | 3.5 0.5| 8
2 8.5 2 {17
3 14 5.5| 26.5
4 20 10 |36.5
5 | 26 | 16 |48
6 32.5] 21 |59
7 39 28 | 70.
8 47 36 |83
2 8 50 | 38 |sa
3 8 52 | 83.5]|84
14 8 52 39 |85
15 8 52 41 |85
6 8 53 41.5]86
7 8 53 41 |ss
8 8 53 41.5187
9 8 54 | 42 |87
10 8 54 | 44 |87.

n
-
[{s]

(8]
-1
(8]

.Lateral Load De%]ections Results
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APPENDIX C (7)

SOLUTIONS OF LATERALLY LOADED PILES USING NUMERICAL FINITE

DI FFERENCE TECHNTQUES



8
The problem of vertical piles subjected to Tateral

Toading can be solved by finite differences in similar manner
to the case of a beam sitting on a whinkler foundations Palmer
and Thompson¢j948}; Gleser (153). The Theory of this method is

given in references (1,7)

If the pile disp]ace throughout its length and to the
right Fig C-2, then :-

lateral pressure on R.H.% of pile, Pp = Pé TP

where P = increase in pressure e to displacement of the

pile, Y.
Since
Pp = P = Ky
Kh = modulus of horizontal subgrade reaction taken as

éﬁﬁé]rfo modulus of Vertica] subgrade reaction
for horizontal beam'oh the same soil and having

a width equal to the pile width
Boundary conditions : -
Base of the pile : - The bottqm of the pile can be
displaced and can suffer rotation but it is assumed that no

moment develop at the base level.

Top of the pile : The boundary cohditioh at the top of the pile

depehds upon the form of fixity into the structure.it is
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supporting, If the pile is fixed then no rotation will |
develop, but moment will develop. Foﬁ free headed piles no

momentkwill'develop.

It is generally simplest to ignore-the boundary conditions

at the tip of the pile.

Solution of the test pile : -
‘_Data |

K = 1;6 kg/;.:m2 ‘v : ‘ "medium clay"
B = 2.7 cm |
d=0.35m

a =1m

EAL = 0.7x10° kg/cn?

H = 8 kg

C =4 cm ‘

ET = 0.4466x10% kg cn®

The buried length of the pile is divided into 7 equal
section each 5 cm length. :

now, refering to Fig c-1

} : _ Ty a '

Q = gxArea = (Q)(%—)(B) = (k) (¥y) (—7 ) (B)

Q, = 10.8 y, Q, = 21.6 y, Q3 = 21.6 yj3
0, = 21+ Vs Qg = 21.6 yg Qg = 21.6 yg
0, = 21.6 y, Qg = 10.8 yg
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From Beam theory _ . :

Mo E
I R
or M. =z EI &%;
, R T NAL
§x2
2 - -
where: S ¥y Y- Wit
7 T '
X _a2
. 446600

i =75 (4 i-1)7 2y er(1+1)l

My = 17864y (4 1y -2y 1Y (5 1) 2y i iy |

subtituting in the above equation for Mé to'M6 results in 6

equations with 8 unknowns :-

_(0.997)y]-2y2+y3

. (4) 1073
.(5.05)(103 )y 10.938y,-2y5ty, - '(6.27)1g'3
_-(9.07)10°° y.-(0. 012)y2 (0.994)y,- 2y4+y5 - (8.5)10

-0.012y]-0.018y2-0.012y3+0.994y4-2y5+y6 - -0.011-

-0.015y,-0. 024y, -0.018y,-0.012y,%0. 994y5 2yt Y = -0.013
-0.0]8y]-0.03Oy2-0.024y3—0.018y4-0.012]y5+0.994y6-2y7+y8 = -0.015

From B.C :

At the Bottom Mg =0 —

378y]+684y2+540¥3+432y4+324y5+216y6+]08y7 - 312

Equilibrium of factors R = 0 —

)

- 10.8y]+21.6y2+21.6y3+2].6y4+21.6y5+21.6y6+21.§y7+10.8y8 -8
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A rranging in Matrix from and solving . the 8x8 Matrix with
a programmable calculator using Gauss elihination,‘displacements/

-shear and moments at points. 1 to 8 are found. Fig C-2



g2

=1.39

5.5

1.6

‘Shear diagram

Moment diagram

-

Fig C-2 Shear and Moment diagram evaluated by*Finite difference method
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