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/ 10-Piled Foundations

6] Pile Group & Settlement: -
6 - A} Pile Group: -

oLl Jar Ll Janss (S Lew JacSs Pile () o= 0558 GE5lsad) o Ao gane o -
Ceale 55555 (M
Spacing (S).
&

o Ll SUBLLJl (n) &l vae JUs (o G5l sx) Ae gane b3 Py -
Pile c.g

N4 Y Y .
Pile cap:-

Pile Cap Gl Leale 55555 ) Bac L s -
CASY b osae ande 550 oF S Baelill odny -
saclil odn e Jlnll 5555 o) oSy -

Lp”e Pile Group - Normal Force only [Compression]

- Tension Force [Uplift]

- N.F and bending moments
N & M & M
x Y

£

- Pile Group

rpeTe
L: !
@@ J\ Single Pile
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% Number of piles below pile cap:-

(D Case of Normal compression loading:-

P,
( Pco|.+ O'w'pile cap ) - T . col
Aie = e 03 28U 8oL oL, l
Qall.
Where:
“pile cap - Own weight of pile cap
P, : Columnload (working load)
Q, : Single pile capacity for compression loads

O L BIUE G501 Goy8 b, aes boolesl 38,00, laarends o o Pile cap JI U, -

115* P
n . col.
pile
Qall.
115* P
3 col.
pile © n
pile .
Tor Uuplif'r
(@ Case of Tension (uplift) loading:-
AL Y SO U PR Y T
oile - . 20 <
all.
Where:
T : working tension force or uplift force on the pile cap (given)
i+ allowable tension capacity of single pile
_ Tor Uupli‘l"r
pile =

pile
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(® Case of pile cap subjected to N.F and double moments M_& M -

(1) assume . ?
115* vV |
n. :——-——*(1+€)(1+€) _
pile Y X
Qall.
Where: ' e Iv_%%_“—
e & e are given Y ' |
L X b

(2) arrange the estimated No. of piles as follows:

JGal 8 LS 3 hmey Vluwwr 3315501 oy

5 =30 H o, @
® : Pile diamet 4 1 j':l
: Pile diameter N 7 o
T - — x|
Yo| ¥
N /’9\\ e ’8\\ /’7\\
: ‘2 x ‘9 ‘s
115*v V.e X V.e .y
P = + Loy Y 3
v n 2 2 P
2 X 2y |
Where:
V. Normal compression load on pile cap
e. ¢ Horizontal distance between V and c.g of pile group
. €, + Vertical distance between V and c.g of pile group
2 _ )

™M
<
i
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(3) We should check on QMOX!pile , QMin_/p”e

115 v V.e X V.e .y
= +

- Y
Rtax. = Rpiteno.) = g 5 %2 * 5 F
115y Vv.e X V.e .
Quin. = Reieno.y = 9 —— - ! 2Y { Zero
' ' 2 X 2y
or } : Tall.
- If UNSAFE:-

G2l e S5 -
LB oy e -

QMax./pile' QMin./pne wlas ol -
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Example: -
A group of piles is required to support a pile cap that subjected to the
following:-
- V. = 5000 KN
- M_= 500 KNm
- My = 600 KN.m
and Q= 800KN

pile diameter is 50 cm, then:-
(1) Estimate the rec}uired number of piles.

(2) Give the plan of pile cap showing the piles arrangement.

Solu‘rion:-
M
ex = y = 600 = 0_1'2 m
Vv 5000
M
e - - 500 - 010 m
Y V 5000
assume " 115>V . (e el
pile = + y oy
Qall.
1.15 * 5000
= —5———*(1+0.12)(1+O.10) =885 =~ 9 Piles
© 800 Z_tes
assume

S =30 =3*%*05:=150m
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>
2 y2

- Checks:-

C2Max.

Quin. =

M
‘ x
,‘4*1.50 ,l 150 l
—| (33 () (1)
3 l
/’—\\ 5,*]‘\\\/ ’/_\\
e e — A M
N e A
2 .
7N //L‘ A
e s ()
2 2 2
3*(15)+3*(0)+3*(15)= 135 m
3*(15)+3*(0)+3*(15) = 135 m°

CzPile No. (1)

QPile No. (9)

1.15* 5000 5000 *0.12*150 5000 *0.10* '1.50

9 135 135

= 761KN < Q, = 800 KN

i} 1.15 * 5000 i 5000 * 0.12 * 1.50 i 5000 * 0.10 * 1.50
9 135 135

= BI6KN >  Zero
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% Capacity of pile group under compression load: -

QAN

Pile group

Stressed zone
Jolesdl o Cus -
.-._' |‘5-">~JL_)-[4_-_\->~_{ d;\J‘ d‘?JL.’“J| IJ__ IL‘)

[~
05 ol

Single Pile

dasiy I sl g

Stressed zone

gls,! b s

ele Ly, G515
25 axly Gyl w18, Pier” skl 1is

(@ * B) Jakitso acki.

S

1 '
2
L

o

example:-

|
Pile group
Pier

v)

1

- 2s5+d
S+d

sl eyl H,;’Lf, Pile Cap JI Jiul 3550550 (e G game Jass 5,035 wlus las dals -

N
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G233 Ao sena) (gl Jasidl 8508 Glusd -

R, = 6,* n*Q
s

3
Where:
Q, Ultimate capacity of pile group
g .
G, : Group efficiency Ac ganall 55LiS < 10
_ 5o S Gylsnd) Ao gana Jass 505 1'0
Goolexdl sae * aslgll Gyl Jaos 5,05 '
L— > 10
n : Number of piles in group
Q, Ultimate capacity of single pile
s
Sl -
Q= 6, * n*Qy
g s

Qag oo J3) Baclil gle P ogeedl Jax 555 o) oladl (8 s Sy -

Group efficiency (6,):-

_ d—lﬂ LTI

Lol Clall (8 55l exdl vace (V)
3o leaxdl G Al ALl (1)

LGB gy Lo e g (2)




/10—Pi|ed Foundations -

(D For End Bearing piles:-

Ry = b * A = B * 4 d ?) Circular pile
s
Qu S Abase = % (£*8) E I:B
g L J
Q ¢
” * (2*8B) (2*B)
G = J = /Ig = 10
) n* Qu *}/ * L d2 x T d2 .
s n 4 Ny (always)
(@ For Friction Piles:-
Qu; = f, = Ajde = fo xmdlL @) Circular pile
Q = f, % A = f t2deB)L 1 i
g | S 3
¢
— < 10
6 - R A LA T e
TS e gemdl Tt md —— > 10

L3201 Blasas ¢ game o ST Jabiisdd) dais (55 ) 5500500 L U -

If 6, < 10 —> (S) G0l o Tl SULaal 80l (54
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6 - B] Settlement of pile group:- (s j
g

ods HUS5,) down (hiy Jam L850 @a3) 3)lesd) e desane Jho! Lgadl Glas -
’ Cbleml (ST 1) G5 le de yenall
(D Settlement of pile group due to compressibility of Sand:-

douiy 3yl dl degune boan Llis uiu - col.

SESU 3l JUs e ke 5 boleiod

- Haas Ul f j

@
Sgsand = % AC~ H
Where:
| E : Young's modulus of the sandy layer //Il \\\ Sand
H : Thickness [or effective depth]of H ,_ Ao :\; S(i)lr"ry
the sandy layer below the piles Sand

| P or Qa5 Leayl 7P TITITITTTITITI T T7777
FAN©Oug

(2 «4-)(B + =)

Gols3dl Ao gamas Jany U hnsadl Slesl £, B o

B Goylssdl Lus il Lawmall 420Ul o ycll
d : Pile diameter or width (m)

S, : Settlement of Single pile

/100f19 ;
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(2 Settlement of pile group due to compressibility of Clay:-

(A) If piles are in sandy layer, but clay layer presents below:-
y lay y layer p

P
col.
S - S
9 9sand+ 9clay
Sgday = m, AO™ HZ
Where:
m, Coefficient of volume change
1 \(—
Eclay H /// \ Sand
1 // \\
H, Thickness (or effective depth) / - \
// 2 \\
of the clay layer / N
P or Qu / NO~ \
L : i . —_- A
NG~ = i - 3 H2
(L+Z,)(B+ Z,) Clay

T777777777777777777777777777777777777
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If piles in specific clay layer:-

oo A gandl bito O asy LIl odn (5 -

SULY) 5 LS oyleadl Llad wie e gl
ECRN]

Sq. = m Ao H
clay v

Where:

m, : Coefficient of volume change
1

E

clay
Y i Thickness (or effective depth)

of the clay layer

L
H =B,y

Pcol. or Q“g'
faXe s

- H H
(2«2 (B + )

col.

[777777777777777777777777777777777
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Case of Pile Group:-

Rigid or flexible pile cap 5 laacs go iaio G2315501 (o A same oye5 dic -

Hy dooe 31 Ga5l JS U Hp 3350 5,5 I

(’3 (’3 Ql Gall o am gy S oo Legens Jor g5 -
Jasdl oo 3L Ty 3 G3lsadl oo JsUI
<,4 <,4 (’2 ' Sheltering Actions 5,aWall 0dn (casy HG eyl
o g5 ¢ Piledl 8 LS Pile IV (e (5301 Wiy -
O4 O4 (’2 | el s
<’3 <’3 a1
P, o, [P, e Rl -
H )
— P, P,
Jesdl oLl
Py bl | |P]
3 9 9,9,
| e a0 FT T a
|, D, DD,
Another example é %(’4 (’4 @4% i (325
3 3 3 9,
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% Determination of pile resistance in pile group under
Horizontal load: -

GBUL Dl Jeb o) Joles G e 35551 e 855001 sl Ol o -
Subgrade reaction Moduli

. Reduction factor 5 oy 585 ooy Gaw I K asl ol Gs3ll)

omaoxadl 5551 WS ey @oilsadl o B3luadl gl aaics, Reduction factor JI 1is -

- L;SU[S
o o N |
O, O, D\~
Lo Py 7 Py L__Py aq Pile | Reduction Factor

N P 1 > Oga

H | 4 P4 ? dq Po| 1™ Og
=@, @, @ [lu.
i i i E Q P4 OLL* OLQZ
- @P @P @P Bl
oot e |
1 o [ I RN
@, O, Q|
a
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% Quality Control: (Pile integrity tests)

L Slax Gapb wie. Gyl L5 50y wSE L) Jao lay aaldy -

. Sonic Integrity Testing (SIT) (sow
G555l Non-destructive jeas ;b ,Lixl g2 Sonic Integrity Testing JI ,lis) -
Sl aoy) jlax  accelerometer s Instrumented Hammer oo oS

accelerometer

Hammer \

Tested
Pile

s lan Ul ol -

Lo 5o A5kl Suciid oylind ohyal G931 ol e Hammer Jb gl <u (V)
TN =R

Pile Toe () Lalgoy Ul (b 55501 ool ) g ol (o3 Tags Ao sall (uSess (1)
dﬁ.}“"’“‘“ sole 3' tUa:‘iJ‘ 4o lis _)_u:.J J:u OJJL':’“'“ tUa_‘) d‘é _)_342..3 Lfl 39 g Jre 3'

a5 accelerometerdl oy Gaydl Gol, () Aa sl 425 (¥)

- Velocity - time  5eJL 4 sall ey sy Curve () Aowsad! 351,300 L goS o35 ()

| Time '

\\ / "Global form of main wave during

the passage of a free pile"

Depth .

/15 of 19 )
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Reflections are caused by:-

- Pile Toe.

- Dimensional changes.

- Soil inclusions.

- Cracks.

- Joints.

- Variations in concrete quailty.
- Variations in soil stiffness.

- Overlap of reinforcement (heavily reinforced piles).

Phenomena which can be detected by Sonic Infegrity Testing (SIT):-

- ~—
Toe Inclusion = Crack Joint
Increase in Decrease in " Soil layer Material changes
cross section cross section changes ‘

/16 of 19
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Determination of the severity of a crack:-

First Test UUww Lase Golinl) jSa ol Ul -

Time e yor Ao gl JLojl e (gay
W\/ G5B Jsb 4605 Lo slen

N
o sal) Zoond poU) Gopdl pals (S
lac sy
a5l o3l e 31 aidt las 1S 13U -
wle Jae G55BI1 5 o0 o Ll (S

B35 pasn (3 A sl ) lpain) pac

Depth

e G,IL sl L odles (S -

W \Ulw W \U’ \UJlV . van ) A
. W 058 G5!
Reset Time '

5,93 (o 5281 5501 1Ae (55 o) g -
Y VN4
Depth
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Integrity Testing advantages:-

- Quick and cheap inspection method for major defects (50 - 200 piles/day).
- No preparation needed except trimming back.

- Early discovery of defects, only 5 days of curing needed for cast-in-situ piles.

Integrity Testing limitations (disadvantages):-

No quantitative information on load bearing capacity.

Reflected signal energy should be sufficient (no length indication with
high damping).

No information on minor defects like local loss of cover, small inclusions, etc.

Understanding signals requires knowledge of causes of reflections.

Phenomena which can NOT be detected by SIT:-

Wave
Gradudally increaseing Gradually decreasing curved form
diameter diameter
)

<4

Small inclusions Local loss of cover Debris

/18 of 19
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Integrity Testing Practice:-

Impression:-

SIT JiHlasl Jee piy U pl Ldle 83500 Sab <518 131 L G glidal 35U -

J:SU' ‘_;J.c &_.9_94“ ‘5_5 L§:’Jl.9."'“ Jadc ye 10 % ‘_;J.c

Common Practice:-

1

Test all piles.

Determine average site signal representing a reliable pile (reference).
Check reference signal with soil data.

Check deviating signals from reference signal.

Perform qualitative interpretation.

—dele AU -

Time

Signal Before ~

Amplification .
Time

Signal After \J v

Amplification \

l Time
\ / "Reduction of stress wave by

Depth

shaft friction and toe resistance"




