Foundations

Pile Load Transfer
"Part 1"
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% Pile Load Transfer %

% Load Transfer Mechanisms:-

Lis End bearing JI &,b e JasJ) LJLe.»I O Cus -
Leo HWSU) 41 Lids  Side Friction Ji !
Ju) Sbewil Side Friction JI gle L) gl -

(Shear resistance - Shaft resistance - Skin Friction)

% Failure Mechanisms: -

(D End bearing.
(@ side Friction.

oyl L)) () G5 ple 85500 Jlea ) J55 -

Q

*_

- Failure at pile tip

- For end bearing piles

1

Load

Side-Friction.

Pile Tip
AV AR

End bearing.

Arching T

Yielding zone

- Local failure

- For friction piles and
bearing - friction piles
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% Normal force diagrams during load transfer:-

® Endeear'ing pile

|
%
é

et o

- Zero / (Uniform)
/
o,

% Piles' Classification:-

MMM

\U\”\

@ Friction pile

/ N.F.D

‘_/ on pile

3 Bearing - Friction pile
P , P

N.F.D

on soil N.F.D

AN

—/ on pile
Q

X b

N

Pile Load Capacity determination

|

|

(@) Pile Caps

|

Isolated Combined Strap beam

Friction

(D structural Soil or Rock
Load conditions
b l ! ! l
(2) statical (3)For large (4) Dynamic (5)Field Tests (6)Pile group,
formula diameter formula - SPT Settlement
& bored piles. - CPT &
- Negative Skin - Pile load test HZ. Capacity
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Q. Load
sy . .
etie (D untimate limit state:-
plosh'c
wrb (3 Gy Sl Jen w203 3 -
- A
: e, e Jgardl 305 Gl Jolew (o5 dadl
" . *F.0S
g - L 3s5BU Qall.
S
)
v)
Qall. (serviceability requirements) Load
Elasy. :
< P @ Serviceability limit state:-
Qs‘f-,'c :
max. allowable settlement L;-’bL-’J' L“" 2 Uo-’- 4 25 LS f"u -
o _
Gy, v let. - PO w &
. o gandl 132)
t
(Y]
£
K]
S
v)
Qc.u.1 .Qc-n_2 Load
Elosy.:
e, (3 Allowable load:-
fasy; .
oS8 )l G &‘*?J‘ -
e
*F.0.5
£
£ Qan.1
S
)
" Q. = minimum of
Q .
all.2

% Bearing Capacity of single pile under vertical compression
load: -
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Structural formula: -

L3555 Syl Uil abenss o) oSa Jam S} olan o aiies 33,kll ods -
olas Lo Wiley 35501 dslia) 4,008 daid ghaes Lad) A8 bl ods ©gae 550l 0 -
BB pa Hlaasl 3 Tyl
- For ALL kind of piles. .
- For small (d § 60 cm) and large (d 7> 60 cn_'.\) diameters piles.

(D Compression Capacity of a pile:-

Q= A ™ fc

. pile o
pile
Where: :

Q , = Allowable compression load per single pile
all. P oad p glep
pile
pile = Cross sectional area of pile
f. = Axial compressive strength of concrete

(taken between 4.0 — 5.0 N/ mm )

(2 Tension Capacity of a pile:-

Ta, = 0% Ag* i
pile
Where:
a. = Allowable tension load per single pile
pile
n = number of RF.T bars
A, = Cross sectional area of single bar

f = 160 N/mm2 For" fy: 360 N/mnt "
140 N/mmi For" f =240 N/mm "
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Example: -

For the shown pile cap if the total column load is 4000 KN, determine the pile

diameter if fc = 450 N/mm2

Solution: -

pile

pile

|
|
Po + OWofpilecap  1.15* 4000
= = 766.667 KN
no. of piles &
Qall. = 766.667 KN = Apile * fCO
3
*
- 766465607 19 . 170370.44 - T4 == d=46575mm

pile ~

Pile diameter =

500 mm
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Statical formula for determining compression capacity
for a single pile:- | -y jLoy 55001 5,05 Claod A5Gl Uslew)
- This method is valid only for:

- Bored or driven piles.

- Pile diameter ' 60 cm’
ded Gyl poyes doum Qe Lyl Jed 9y wall wlas le 48,000l ode aaics -
- End bearing Q, stk Lyl I JE Jead) O) 8 oo WaoS LSy | 2,
- Skin friction QS

Qi = Q + Q
Where:
Q= Ultimate pile capacity
Q, = Bearing resistance force
Q, = skin friction force

— 3.00 (Caseof DL +LL)

FOS =—4— 250 (Caseof DL +LL+ WL)
L)l
L_— 200 (CaseofDL+LL+SL)
Joux
Q= 9, * A, Sue -
Where:
4, = bearing capacity of soil below the pile tip 5155,Ul olax]
Abm:_ a.uLnu Qe (§e5Jl tuas daloso
Qs = fs * Aside L‘M -
Where:
f -

s = side friction resistance between soil and pile

L 5il) Gueladl 235l Gaslod) 2o Lisal)

side
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r=-1 r
Q = g *x A ¥
ult. ' b} base L

AN

BUL wd)l oda lus Ayl ihiss -
sl P Bamy Laolsmy L0l ¢ o
deaitU SULER U oda

% For C - soil:- [Cohesive soils in undr'ainéd conditions] C= S
9 = zero
9 = ¢c *N ’ .
®# 9 = C ¢ 65 if € < 25Kpa
Where: ‘
c=cC, . Ne= < 85 if 25< ¢, <100 Kpa
9.00 if C 7> 100 Kpa
2 T, = C_ = adhesion strength of soil [O'Neill and Reese, 1999]
< 100 KN/m’
C
a
]
For bored piles = For driven piles =
ac_, C_ [From table (4-4)] L
Where L = 0.35
® “bese = —Z— d° For circular pile d
- d° ———— For square pile
# g =T dL For circular pile

4dL ———— For square pile

- S 7of26 . |
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% For & - soil:- [Cohesionless soils]  C = zero
g=V
Where
q = effective stress at pile tip
ex.i- 9 = YTh
Nq = Calculated from table (4-5),
depends on type of pileand @_
Table (4-5):
7 25 30 35 40
N, 15 30 75 150
. o -
Where: . soi (For driven piles)
g -

3 (For bored piles)

soil

» T2 K, "0 * tand

Where:
KHc__
o =
o =
ex..- O =

= coefficient of earth pressure on pile in case of compression

loading, from table (4-6). It depends on type of pile.
friction angle between soil and pile, usually taken = %— a_.
effective stress at the middle of pile length subjected to the

soil friction. —

N

* h
Vo™ B —
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&% For [C - D] soil:-*

[Cohesive soils in drained conditions] c=V

g=V
* qb=C*Nc+q*Nq
# fo- C + K .*O" * tand
and continue as before .....
Table (4-4): .
C, KN/m’| Coont KN/ Ll plss G5Bl g
00-125| 00-125 | Jax cloladl hucsd
125-24 | 125-25 elolad! dacs e
24-375| 25-50 oo Laill Jas 50 s)
37.5-475| 50 - 100 Lo ko Bl o
475 -65 | 100 - 200 elolad] Bl
00-125| 0.0-125 s cloladl aes
125-23 | 125-25 elolad) aes
23-35 25 - 50 elosledl Lacs 5o wlo
35 - 36 50 - 100 - : Lol
'36-375 | 100 - 200 elolad] wad
Table (4-6):
Kior Kie GaoWJl 9
03-05 | 05-10 H glas 55 555
0.6 -10 10-15 dalyl 5oyl
10-13 | 15-20 | gl jatie Anly) Goyl
03-06 | 04-09 | SBW plasisl bl goH -
04-10 | 07-15 |[@<60 cmeolicl wuis Gy
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Example: -
For the shown soil profile, find out the maximum allowable compression load
for the square pile (40*40cm). If the used pile will be a bored pile of

diameter 55 cm, calculate the allowable pile capacity if seismic is considered

in loading.
KOI: Fill 3
- Y = 16 . t/m
Sandy Silt -
g Y = 175 T/mz
' C =100 t/m
0
¢ = 20
Silty clay
3 Y = 19 t/m°
N 2
Cu = 5 1t/m
. Sand
8 3
~ Y = 182 t/m
JT— L o
¢ = 33
Solution: -

Case of square pile: -

[A] Structural formula:-

Q, = A, * f,

all. pile o
pile

= (400 * 400) * 45 = 720000 N
= 720 KN
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[B] Statical formula:-
\l\ Fill
Square pile 3
q i T Y = 16 1‘/m3
It is a driven pile ——
3
- g Q cogy =175 t/m
QUH‘, - Qb+ QS]+ Q52+ Q53 10 S] [ ] C - 1.00 T/mz
. [o]
¢ = 20
Silty Clay
g Qs2 [C-soil] Y = 19 t/m°
C = 5 t/m°
o Q Sand
3|' ss|{ " @-s0il] Y = 182 t/m’
—1— (I) = - 330
. Qb
Qb B qb * Abase

9, = q * Nq (Sand layer)

g = 160*150+ 075*500+ 090*400+ 0.82*2.00 =11.39 t/m

33 +40

> = 365 ]

N = 975 | [From table (4-5), where (I)\ =

Q, = 11.39 * 975 * (0.40 * 0.40) = 177.7 ton

Qs: fs* As.

1 1
f - Cq + KHC* o * tan § (Sandy Silt layer)

=100 t/m’ From table (4-4) € = 100 +/m’
O = 1.60*150 + 0.75* 250 = 430 +/m’ |
f, = 100 + 1¥430%tan 15" = 215 +/m’
. Q, = 215 * (4*0.40*500) = 17.2 ton

/llof 26
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fsz* Asz

C (Silty Clay layer)

500 t/m° Fromfable (4-4) C. = 375 t/m’
375 t/m’

375 * (4*040* 400) = 24 fon

fs3* A3

K, e® O * 1an§

s

(Sand layer)

1.60 * 1.50 + 0.75* 5.00

+

0.90* 400 + 0.82 *1.00 =1057 +/m’

1*10.57 * tan % 25" = 487 t/m’
487 * (4*0.40*200)= 15.6 ton

Q

Qb+ Qs + Qs + Qs
1 2 3

ult.
Q. = 1777 + 17.22 + 24 + 156 = 234.6 ton
Q 234.6
Q, * Tgs T 5 T 7817ton 72 ton
' F.0.5 3 From structural
formula
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Case of circular pile:-

[A] Structural formula:-

Qy = Apile * £

i (3
pile

= (-*550°) * 45 = 1069123 N
- 1069 KN

[B] Statical formula:-

Bored pile d = 0.55 m

Qb = qb * Abase
9 - q * Nq (Sand layer)
q = 160*150+ 0.75*5.00+ 090*4.00+ 0.82*200 = 11.39 1/m>
Nq = 30 [From table (4-5), where d)\ = 33-3 = 300]
. Mo, 2
Q, = 11.39 *30 * (=7055) = 812 ton
Q51
QS1 = f51 * A51
f51 = C + KO ™ ’rgnS (Sandy Silt layer)
C = ouC . = 035*100 = 035 +/m’
a soil
O~ = 160*150 + 075* 250 = 430 1/m’
f, = 035+ 1*430%tan15 = 150 t/m’
. Q= 150 * (Tm*055*500)= 12.96 ton

/13of26_
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Q.
Qsz ) fsz* Asz
fsz = C (Silty Clay layer)
¢ = acC, = 035%500= 175 t/m’
fsz = 175 t/m’
Q= 175 * (M*055*4.00) = 121 +ton
2
Q53
st - f53* Ass
f, = KHC* o * tan § (5and layer)
3
O~ = 1.60*150 + 0.75* 500 + 0.90 * 400 + 0.82 * 1.00 = 1057 1‘/m2
f, = 1*10.57*mn%25° - 487 t/m’
Q, = 487 * (m*055*2.00)= 16.8 ton

Qul’r. CIbdl- Q51+ Q52+ Q53

Q,, = 812 + 1296 +12.1+ 168 = 123 ton
Qul’r 123
Qa"' = £ o8 = > = 615 ton < 106.9 ton

From structural
formula

take Qall. = 615 ton

4adL dindl G5 e elel JlaaW Driven d-03UL Aol Go5Ld1 Jeod 5,05 -
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/ 07-Pile Load Transfer

154

% Statical formula for determining tension capacity for a

single pile:-

Jeodl e a5l a3l 0l Jeod 5551 Goelh Leane -

1

23l Jlel 553590 5,05 wlasd LSstuUl Ul

Tension load (T)

Ll 555 s G 5 gied) eolod) DU (58,
S 5590 ) BLoUL S3ad) Jasdl olas) LuSe ;655
_' RESE S N
L Side Friction.
Q, = zero . JeJl (o £ ) HUS,U) Loslie Joois Uy - l
) Pile Tip
T = Q + OW N

Where: _
Tur= Ultimate pile capacity for tension

O.W = Own weight of the pile
Q. = Skin friction force

S s side

Q = f *A

I Ewng.

| |

|

For C - soil For [C - D] soil For @ - soil
fo= ¢, | ¢ +K*O0" *tand | f, = K O * tand
KHT = From table (4-6)

OLell Jolew ple (SIUI 550 Lawsd o U -

225 Uy B0 Gad ) Sy
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°

2% Negative skin friction:-
P

(q) L5 Goyod) Liolal Sliskl ganl 55 Lovie -

' ool i Law Very soft clay Jie las dducs

Very soft | Qsz . Very dense sand  Jio 948 355 o
Clay .

G5B Jeo S (q) g2y datd) 150 uoﬂ-?-‘ et

Very dense Q, Lnea)) bl g5 b o) blesm) Base Sass ol

sond 1 il GBI e e 355 il gl

Q, roar bl ods G bl Qp S UI (U JWL, -

Reaction 4. 4lis g ‘33_',’1_'>JI wle 3Lo) Jas ) Action
8oLl s e Ldacall A8kl oda e =Wl dlS».". 1] RAPSWRRIIRY )
. Negative skin friction JLJI JSUL

. JuL,g -
Q= Q + Q - Q, 0% Il
Q, + Q
Q, = > %1 Q
) F.0.S 2

obe) Joleo e a3 U Negative skin friction ge Sass gl WSl 5,3 ) LU -

,leﬁﬁbaasa@glexﬂuum,smu
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% In case of piles under Tension load: -

T @ L5 ademy 2l osead) Ga5BJdl U o5 SUI el -
(I - Negative skin friction o, &ass
Q, W) Lyl e S T glie Qsls,_'«ul(\
2
Vec'”ly soft 08y G55l e GSLaN Jam Q5530 (1
ay
Very dense L) Aeylis
sand Q51
T - Q + OW 055 Jub, -
ult. 51 ’ -
More critical 525 2o4liaS Q52 beo 350 U G -
Q;
Tar = —+ OW.
' F.O0.5

Consider Negative skin friction in the clay layer Ul 43,55 ()

Compression
Load l
Clay l Q
52
" Sand 1 Q,
1
la,

- dano ‘\Jo‘,::-.Lc -

-13) ,laell 45 Negative skin friction JI 3sl

Soft or very soft oabdl il ouslS (¥
€, < 25Kpa ¢
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% How to reduce the effect of negative skin friction:-

(D Preloading: FILL

p35 s plasinly Ll aaos s oo - L \

CGoylsdl duks a5 3, Fill
| >~y L b e 23 Jacs - '
bl za>s Rl b S gind drains |
- Sand drains JU> oo lase  cladl 555 |
Lyl 5% 2ol Jon ol a2l5s San
N ke ¢35 gl

(2) Using bored piles:

Soft clay

Lavn Gap Sy s ey 31l U 63 )55 bored ) dJJIP O Cus -

il ¢
(3 Using bitumen: 25391 O

Lole gnlad) SN 5515 i (U Gaesidl a0l Colga lao piy s -
Gl e BosLe 156 o) Ll 55 -ve skin friction o 151 JWIL,

(4 Using large end:

m.o Lilaw §,yHJ s p -
oorer Lo Q IS, A w3y Jub, -

Ckay Ve skin friction JI cuw Q. JV (45 paBi)
(5 Using double casing:

Aeo 5y smledl o e WL, G551 Ld5 wie GudUes 5 el plasdnl &b Cus -

o Lils UGl 585 dew Leo La0ly G5l o go5 b (55 GaylJl Lk

. a5

é Double casing

Void (No friction)
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Determination of large diameter bored piles capacity: -

- This method is valid only for:

- Pile diameter

7 60cm

oliicl) Couill il s 3iindly 60 cm o Wodad s (Wl oyl sl r“*“" Sy -

(Plle LOGd TeS'I') J..\.n_x.\.” i.)).:u JLu.‘>~| C_’Lu u.o..lo_,.\.h.” t.o JA:J' 3Ue ).)..\A_) ra.\.: &_u.>~ -

Jad!

s BUI il e 15U

J.v
X
. Total Resistance
_ End Bearing Resistance
z H

0

S¢

Where:

% Point (A) = Corresponding to settlement ( S, ) = }

% Point (B) = Corresponding to settlement ( 5, ) = §

L ganll

5-10 mm

1%d
\ pile diameter

15 cm aSoldie b 455

5% d Sl L3
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- BV (@) DUl ooy 515,00 Joo oo Gaaeily -
(D For End Bearing Resistance:-

@ For Cohesionless soils:-

Ak 52 s hogd g SN g BB (A4) 3 do
CRSe i Agnadl g ) JWEN a3 1Al clyad
Sl ety syl [
Flasiia Clgd 3 G sl e s cld Ga)lsal | ()
- . vo N
Ceahe _ sl \
IBEN Vot v
Y, ¢ 1;'1. ] *\o
Y 155 s Yo (a el Jo gl Aad *

(S,=15cm) @ gomse by wall 5,bLWIN Gy 5US,UN slaat 4ad 350 5 S -

q * A
b (for any settlement value) base

Q, -

= *x A
max. qb (for 5b =15 cm) base

]

24 _ 34 MN/m
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For Cohesive soils:-

TS 10 b gd e JS7) g2 288 (1-6) 5, doss
Ll 8 Ayppaal g push OBAD A3 (5 31

MN/m?) IS5 S| () b

'O . Sg x.,¥.

oY o '- ng WY
.Y .. *Sg

)—50-;-°/°°_ ol 5 ored¥) SISEY Jaa e (i el boysed Ao
(e f oS Ve =7 g fosiaslane V) G388 JiSi)

AU 55,01 olan) ad 331 o3 b psall Fad s o -
5,0 Al Mo 555 55, UL Jlanll) Goglie pndl le Jgandly -
. (Sg: 5 % d) .Ja_,.\.m.U

*

Q. = Q=

A
max. 9 (forS =5%d) base

#

12 MN/m
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o

(2 For Skin Friction Resistance:-

= SUS ) edn o5 5, L) Hslod) G L)

@ For Cohesionless soils:-

2 A B S9SN gl o SY) 23] Vo1 ) s
LElsa 8 Lyguaally s ShEY €3 @3kal clual) ASulas

_*M\M!M Yl s DaS Gl A8 e N ctiah aee

2 ! .
WNf (@) RO QR E- 1 AL
s2ace — Ve e dii
8 Ja " Y+~ s Yot
- V a't—“,.

1 4
’
[~ | \ O,._L'}‘_ﬁ,

.)i"‘“ Y,"’_‘)ﬁm ' L ) g
to V,a—=¥ .

Yo - O’-- (PJ&S‘

Ji"“ ' ‘L,""_)éxa . T’u C)"-J:‘St
Te . rv,-—\’,o ’

Ve Voo o st

i . Tl Gt BV er ~ Tanf aas

Py o) UWSEU) Je olus olWJl bl Gat a3, SPT JI L) C_.,t-u e -
c S U slaa) e Jguasdl
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For Cohesive soils:-

@) G2 sAN A aiall 4y A0 355040 £l slo NSy Mga) (VV-F ) A8 day
| Lgilsa B Ayguaally st b

KNA? o1 ISl gl [ * KNAM® 0 ol Zug
: o | o
Yo : Yo
g j Voo
Oe Xeo

ol a8V es 2 Tpa S

Caybladl o dad gaes C Lid Djea -

Example:-

/4 N4
Q — (- -¢) Jyax
: Sand
Q, r
Q, —= M -2) Uy 1
Qs'3 - O -¢) Jou= | Qszt - Clay
Q, — (A -¢) Jyax
Q53 t Dense sand
Qu = ® *+*2ZQ
a,
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If a group of large diameter bored piles (120 cm in diameter and 15.0 m long) |
is to be constructed in a site with a subsurface soil profile that consists of a
7.0 m thick layer of silty clay underlain by a deep deposit of dense sand. The
G6.W.T. exists at the foundation level of the pile caps which is at a depth of
2.0 m below the ground surface. The saturated unit weights of the clay and
sand layers are 18 and 20 KN/ m’, respectively. The undrained shear strength
of the clay layer is 50 kPa, and the average SPT N-value, along the pile
penetration into the sandy layer is 38 blows/ft. Then it is required to:

a) Calculate the ultimate single pile capacity, usmg the method of p-A

relationship (. = 4.50 N/mm ).
b) Estimate the allowable pile capacity, knowing that the allowable settlement
of the single pile is 25 mm.

Solution: -

(a) Using Structural formula:

Ry = Ay ™ fco
pile

- (%*12002)* 45 = 5089380 N
= 5089.38 KN
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Using p - A relationship:

d = 120 cm \l\
3
L = 1Bm o
Q. = R, + Q51+ 'Qsz Silty clay -
3
Q -
Ultimate single pile capacity is o Q51 ‘ Vo= 18 KN/mZ
C, = 50 KN/m
at maximum settlement :
Dense sand
Y = 20 KN/m’
8
=] 2 SPT = 38
ave,
2] Ll
(a) For Cohesionless soils:-
Q,
S, = 15cm = 150 mm
5f = 1%d = 12mm
From table (4-8) j q, = 34 MN/rr% (For non - large base)
Qbmax.: qb (for S, =15 cm) * base
=34 710 *%1.22 = 38453 KN
Q51
From table (4-1) ==> at C, = BOKN/m ==> f = 30 KN/m’

Q, -

1

30 * (T*12*500) =

565.5 KN

‘/2501‘26
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Q;

2

From table (4-10)

SPTOV = 38 ,. from7 — 17 m

e.

depth 7 lies in range between 2-— 10 in the table, and depth 17

lies in range more than 10

3m* 60+ 7m * 100 , x -
s ~ om = 88 KN/m § 60¢
as an average value \i\
Q, = 88 * (M*12%1000)= 33175 KN §1oo<=
Q. = 38453 +5655 + 33175 = 77283 KN l_ ||
® Q, = ? if S, = 25cm
Load
KN
*10°
6T friction curve bearing curve -
5+ . ST T ST T e
4ﬂ:_ yd ) /
3 T/
2 4
1 —+

[N
N_—
w -

4567 8 91011121314151617181920 Sett. (cm)

Q, . Q,
1 2

Q, = 700 + 3883 = 4583 KN [From settlement]
) measured calculated
Q, = 1783 - 3864 KN [From ultimate load]
a .2 2 )
Q, = 3864 KN < 5089 ton  "From structural formula"
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