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o . _
: Laboratory of Soil Mechanics and 5 Assignment (4)
Foundation Engineering

|
|
= Question (2):
| Sife No, 1:

|

o (ven load=10000KN (large load value).
e Presense of high level of water (6m waterabove bearing layer).
~Usce large diamcter bored pile with bentontte slurry.

‘. 2.0000
| GW.T.
i e

}-———1\—————

§ 86000 Very soft to soft clay
|
|
\
|
‘ medium to dense sand
| Reasons of chuice:
|
I large diameter: As we have large load value ,so we need large diameter.
‘ e Bored pile: must be used at downtown as we cant use Driven pile.

» Bentonite slurry: Holes must be filled with bentonite slurry to prevent water seepage into
, it.and also to avoid boiling.
? Site No. 2:
‘o Given load=1000KN : 2500 KN,
{ e Position: downtown.
1 ~Use bored pile with bentonite slurry.
ror: Use CFA .
i X
| Medium silty clay
| 3.0000
! 4 50040 _

G.W.T.

' =
l
|
\

dense to very dense sand
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Laboratory of Soil Mechanics and

. . . Assignment (4)
Foundation Engineering

1
i

“Reasons of choice:

» Bored pile or CFA: must be used at downtown as we cant use Driven pile,
and CFA can be used here as the soil is medium clay (no necking occurs) .
* Bentonite slurry: Holes must be filled with bentonite slurry to prevent water seepage into
it,and also to avoid boiling.

\
Site No. 3:

. * Given load=1000KN : 2500 KN.

.. ) loose to very loose sand
s Posiiion: new Cairo.

! -~ Use bored pile with temporary casing.

Reasons of choice: 8 0000

|* New Cairo (urban area) : cant use driven
piles , so use bored piles.

* Loose to very loose sand: soil can collapse ,
SO use casing.

dry medium fo dense sand

Site No. 4:

re  (iven load=1000KN : 2500 KN.
Position: Cairo-Alex highway.

P
|
loose to very loose sand

& 0000

dry medium ic dense sand

Small load value + highway :.

Use bored pile with temporary casing.

g /40
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I'b) From Statical Formula:
1- Driven Pile:(400mm diameter)

a) Compression Capacity:

QuimQp Q0 T0x

- Calculation of (Q,):
v Soil (3): 18 d—soil

* Qb: Qo ¥ Ahusc
b Abascjn (0-4)2/4 =0.125 11'12
* {gy,— 4 * Nq

o q= 16%1.5+7.5%54+9%4+8 2%2
=113.9 KN/m?2

o Ng: ¢ =(33+40)/2=36.5 (Driven
Pile)

From Table (4-5) :
at ¢ =35 use N=75
at ¢ =40 use Ny=150

1

2N, =975

~Qp = 113.9%97.5%0.125=1388.15 KN

|
f

l.aboratery of Soil Mechanics and Assignment (4)
Foundation Engineering
- Lhuestion (3):
1 a) From Structural Formula:
- 1- Driven Pile:(400mm diameter)
anl :Apflc * Fﬂw
=11 (400)74 #4.5
=565486.7 N = 5654867 KN
i 2. Bored Pile:(550mm diameter)
: Qull :Apllc * Fcu
=TT (550)°/4 *4.5
=1069120 N =1069.12 KN

3
1.5
J
Sandy silt
3.0 = 17.5 KNm?
¢ =10 KN/
@' = 20°
1
4 Silty Clay
dz'i's:é&t& pile — - ; : 19 kNt
40 dc,: o Cu= 20 kN/m?
borad pila
d=75%0om
1
Sand
20 v=18.2 kN’
y  File Tip Level =337
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' Laboratory of Soil Mechanics and
Foundation Engineering

[

Assignment (4)

- Calculation of (Q):

Qu1= ( Ca+ Kye*Py*tand) * Ay (C-0 soil)

o Agger =11(0.4)5 =628 m2

e i = 10 KN/m2 -using table (4-4) - ~Ca= 10KN/m2
o K =1 (Driven Pile)

o P =16%1.5+7.5%2.5=42.75 KN/m2

(® 0=3/4 *20=15

o [.=(10+1*42.75%tan 15) = 21.45 KN/m2

o (Q=21.45%6.28 = 134 7KN

- Calculation of (Q):

Qslr Ca* Asulc 2 (C- SO“)
. ’A.\ulc?. =11 (04)4 =503 m
e i =50 KN/m2 - using table (4-4) - ~Ca= 37.5KN/m2

s 0.=37.5%5.03 = 188.625 KN

- Calculation of (Q.):

Q= (K *Py*tand) * Agige 3 (¢ soil)

¢ A= 1{(04)2=252m

o Kpo=1(Driven Pile)

e PSI16*1.5+7.5%2.5+9%4 +82%1=105.7 KN/m2
o §=3/4 #33=2475

e . =1%1057 *tan 24.75 = 48.72 KN/m?2

o Qn=4872%252=122.78 KN

Fourth Year Civil — StructuralDepartment — Foundation Engineering (CES 451) — 2015/2016
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Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

|- Calculation of (Qu):

G Qull lea+Qsi+Q52+Q53
=]1388.15+ 1347+ 188.625+122.78

=1834.255 KN

- Calculation of (Q.i):

o Qu=0Qu/FOS=1834.255/3 = 611.418 KN >Qy. (sir. formula)= 565.48 KN

atake Qg = 56548 KN

b) Tension Capacity:

Assume Ky =Ky =1

T i =(Qsl +Qs2-Qs3) + O. Wy,

OWoie = Agic *Loie * ¥V re
=11 (0.4)°/4%11*25
=34 56 KN

AT g = (134.7 + 188.625 + 122.78) + 34.56
= 480.665 KN

Calculation of (T,):

ST e = (1347 + 188,625+ 122.78) / 3 + 34.56
! = 183.2KN

|
]
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Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

2- Bored Pile:(550mm diameter)

a) Compression Capacity:

QLlll:Qh+Q5 | +Q>2+Q33

- Calculation of (Q):
Soil (3): is $—soil

Qb: b * ‘Abasc

Apase = 1T (0.55Y74 = 0.24 m2

* gh=g %N,
o q= 16¥]1.5+7 5%5+09%4+8.2%2 = 113.9 KN/m2
o N, :o'=(33-3)= 30 (Bored Pile)
‘From Table (4-5) 1 at¢' =30 use Ng=30 {Bored)

2Qy = 113.9%30%0.24 = 820.1 KN

- Calculation of (Q):

Q,\\: (Ca+ I<}'IC*P0*tanS) ¥ Asidc i (C'd) SOil)

Agiger = IT(0.55)5 = 8.64 m2
o Ca=035% C ) = 0.35%10=3.5 KN/m2(Bored)
o Ko =0.7(Bored)

Q.= (3.5+ 0.7742.75%tan 15)*8.64 = 99.52 KN

- Calculation of (Q.):
QQ: Ca* Ajue» (C- SOil)
o A =T1(0.554=691m

o (a=0.35*%30=17.5KN/m2

e Q.=175%6.91 =120.95 KN

Fourth Year Civil ~ StructuratDepartment — Foundation Engineering (CES 451)— 2015/2016
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! Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

J -Calculation of (Q.:):

F Q= (Kye*P o tand) * Agige 5 (¢ soil)

: o Augs=T1(0.55)2=13.46 m

e Ky =0.7 (Bored)

o (Q;=(0.75*105.7*1an24.75) * 3.46 =118 KN

-Calculation of (Qy):

[
|
!

Qu = Qh+QSI+QSZ+QS3
=820.2 +9952 +120.95+118

= 1158.6 KN

-Calculation of (Q.):

Qui = Quui /FOS = 1158.6 /3 =386.2 KN <Q,. (str. formula)= 1069 KN

~take Q-d” =386.2 KN

b) Tension Capacity:

o Assume Kye = Kyr=10.7

T u = Qi T Qot Q) + O Wapie

. O-\N-Ptic = Apjle *LDLEC ) ’y R.C
=J1{0.55)y74%11*25
=6534 KN

L ={99.52 4 120,95 + 118) + 65.34
= 403.8] KN

-Calculation of (T,y):

AT . =(99.52 +120.95 + 118) /3 + 65.34
=178.165 KN

Fourth Year Civil — StructuralDepartment — Foundation Engineering (CES 4511 -2015/2016
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Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

-Ouestion (4):

Given:

e Precast pile (40%40 cm), Length = 18.00 m
* Single Reaction Hammer , W=30 KN

¢ Swuoke Height (H)=1.40m

e =06

e C=6mm.C,=8mm, C,=2mm

Required:
* Q. using Hiley's Formuia, F.0.8=4

Solution:

Wrhem Hiley's F fa"
Sic/2 iley's Formula

e h=0.9(Single - action Hammer)
e h=K¥H=09*14=126m
o (=0, +C,+C,=6+8+2 =16 mm

b Qul(.: Rult- =

By sub in Hilev's Formula:

30%1.26*0.6
Rul[- = = 2268 KN
0.002+0.016/2

o Qu. = 2268/4 =567 KN

Fourth Year Civil - StructuralDepartment — Foundation Engineering (CES 451) —2015/2016
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[.aboratory ef Sotl Mechanics and

. . . Assignment (4
Foundation Engineering ° @

Ouestion (3):

N spt.
o Y. Vo Y. Yo Y.
299
Y [
16.00
i
|
i .
1|
| ) A
i E
e
=,
=
T
<
=
Ve
.
+ 155
: I
i A L8
i g =185
i T
[
: Y.
P
‘.
: Yy
¥ o<

Al

e Qu (bored pile) = 0.5 (90Nb * TId74 +N' TIdT)

* Ny =21 (Nyyerage between depth -16.5 : -18.5)
¢ (the only available value of N, between depth -16.5 : -18.5 is 21)

N = FESHOHEHILHI2414+18+21
9

=10.88

| where : N'1s N average between depths -2: -18
e Qu (bored pile) = 0.5 (90*21% [1*0.5%/4 +10.88* [1*0.5%16)
=322 3 KN

Fourth Year Civil — StructuralDepartment — Foundation Engineering (CES 431)— 2015/2016 16 /40




Laboratory of Soit Mechanics and
Foundation Engineering

Assignment (4)

¢ Tension Capacity:

= T (bored) = 0.5*N*TIdL +O.W 5,

= O.Woie =25% T1#0.5%16/4 = 78.54 KN
s T (bored) =0.5%10.88*TT*0.5%1.6 +78.54
=21527 KN

e Compression Capacity (Structural Formula):

b Q: - Apilc * Fco
=1T#5007/4* 4
=785398.2 N =785.398 KN

Note: Structural Formula doesn't take into consideration Soil properties or method of installation.

Fourth Year Civil — StructuralDepartment — Foundation Engineering {CES 451) - 2015/2016

17 /40




[.aboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

~Lduestion (6):

Given:
= d=120m
w [, pile = 15.00 m

Required:
a) Qult.
b) Qall‘ at S all. = 25 mm

i Solution:
20000

Pile diameter=1.20 m>0.6 m N

' (large diameter bored pile)

| Use ECP load-sett. method 5 0000

} 1YOBH Curve: (Q, - S) Curve: Soil 1

- Pile bearing layer is Sand:

Siliy Clay
¥=18 KNim3
=50 KM/mZ

~S,=15 cm ( use table (4-8))

*Qy = g A= q* T1(1.2)/4=1.13q, Soil 2

~

108000

S (em) q, (KPa) Qb (KN)
1 500 565

800 904

1100 1243

| 135 3400 3842

(S I ]

~Qmax=3842 KN at Sbh=15cm

Dense Sand
Y20 KNfm32
Maptavg, = 38

Fourth Year Civil — Structural Department — Foundation Engineering (CES 451) — 2015/2016
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- } Laboratory of Soil Mechanics and
|

) A ' Assignment (4)
Foundation Engineering

| 2) OAG Curve: (Q, - §) Curve:

- to draw OAG curve we need Point (A):

| AL Point (A). -S4 =1 c¢cm or
i =1% d=1.2cm
'-'S_L\Il cm
L] Qh max = Qler Q52 = Hd (Fsl*Ll“f"Fsz*L’_)_)
where: Li=5m , L2 = 10-d=10-1.2=8.8m

l‘QS;: (silty clay laver):

. Qsl :Fs! 1_[dLI
e (,=30KPa - using table (4-11) ~ F,=Ca=30KPa (by interpolation)
Q= 30FII*L.2%5 = 565.49 KN

Q,: (Sand laver): () 2.00
| *Draw Fy distribution using Table (4-10) 500 760
* Ny = 38> 30
10 .00
' Table (4-10):
N i Depth from G.L I (KPa) 200
0:2m Zero 60
>30 2:10 m 60 - g 3
>10m 100 I
2Qn = TT*1.2(60%3+100%5.8) = 2865.13 KN ——100
| 5 80
I AQumay = Qa Qe = 36549 + 2865.153 I
: =3430.62KN
, 120
— neglect skin’
fnction

Fourth Year Civil ~ StructuralDepartment — Foundation Engineering (CES 451} — 2015/2016 19 /40




Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

d) Qull-

b) Qun

- Qb max Qsmux
=384243430.62

=7272.62 KN

(Plotting Curves):

Q (KN)

Yoaa

‘Qb:max ~H

4

S {cm)

Load-Settlement Curves

"Drawn to scale"

AtS = 2.5 em - using OKCJ Curve - .~ Q) = 4500 KN

Fourth Year Civil — StructuralDepartment — Foundation Engineering (CES 451)— 2015/2016 20 /40




| Laboratory of Soil Mechanics and
’ Foundation Engineering

Assignment (4)

1 -Ouestion (7):

'a) The allowable Pile Comyp. Load:

?
!
[ FL ]
l oW . J. 0.50
[ ——
| 7 Normally Loaded Clay
‘ .00 B2 =18 KN/M3
| J Cu=20 KN/m2
|
? Sand with fine gravel
' T=21 KN/m3
] D= 35
! Bored Pile (d=50 cm)
' ) 8.50
} Soil 2 I
¥st
| L

| 1) Qu: (D - Soil):
* Qb = q*Nq*Abusc

. Bored Pile . ®=35:

[

l
\
i
|
i
|
]
|
|
200

i'

i Qsl:' }"r;l B Asidc i

} ®  ASiger = 11{0.5)8.5=13.35 m2

FS] = I<HC * PU *tano

o = 18%3+8%3+11%8.5=171.5 KPa
D'=35-3=32 - using Table (4-3) - » Ng =48

o o Qu= 1715748 H*(O.S)z/él =1616.35 KN

|
|
|

|

Fowth Year Civil — StructuralDepartment ~ Foundation Engineering (CES 451) —2015/2016
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Foundation Engineering

Laboratory of Soil Mechanics and

Assignment (4)

|

| ~Negative Skin Friction Occurs.

— T %k
QSZ_ FSZ Asjde 2

. =T1(0.5)3.

\id&.]

= 0.7% (171.5- 11*4.25)* an(3/4 *35)

=43 064

|

i- Q. =43.064 * 13.35=574.97 KN
3 Qu:

- Normally loaded Clay Layer , C,= 20 KPa< 25 KPa

=5.498 m2

}‘ o F,=Ca =035*20=7KPa(Bored Pile)
:

« Qu=7%5498=

Q atl

b) Required No. of Piles :

Lolumn Load = 9000 KN

1.15%9000
691.955

1.15xLoad
Qall.

\
n-
|
|
|

' ¢) Piles Arrangement :
|

|

| Assume :

| e §=S,,=3d=15m
e e=d=05m

|

|
|
|

38485 KN

=(Qr+ Q) /FOS -

QSZ

|

f =(1616.35 +574.97 ) / 3 - 38.484 = 691.955 KN
|

|

|

|

= 14.96 = 15 Piles

I
1 ! 1
.50 -~ - N -, ~
__.E \‘7-_ I l_l__ %_ o (A:J —f ?F... .
DA
1.5 | |

} . 1 % ,— 0.50
0.50 —+] 150~ 1 50 150 1.50 —w—-+
Piles Arrangement
Fourth Year Civil — Structural Department — Foundation Engineering (CES 451)— 2015/2016 22740
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|
|
|

d) Piles Group Settlement :

=5, /B/d

|

Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

where:

B : the smallest dimension of the Pier .
d : Pile iameter.

//r = o ‘\\ "\‘
So=1%d=1/100 *0.5 V \} \) » ) | ) J J
=0.005m \‘“-«_/’/ N \\_-—/ S wf-'-"'}
S =0.005,/3.5/0.5 ' l
_ q 1" Y e T PR
‘ S o ~ S “\v//E
| |
ool eole e
y ) v/ \ \
’~ 6.5000 —
¢) Required No. of Piles : N
o N=9000KN, M, =2000 KN.m, M, = 1000 KN.m
s ¢, =M/N= 1000/9000=0.11
» ¢, = M,/N= 2000/9000=0.22
e n = 115N * (14 e) *(1+ ¢,/ Q.
= 1.15 * 9000* (1+0.11) *(1+0.22) /691.955
= 20.25 =21 Piles
23 /40

Fourth Year Civil - StructuralDepartment — Foundation Engineering (CES 451) — 2015/2016




Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

0.5000 —= (=—1.5000 == 1.5000 ~={=1.5000 T,"Z 5000 —=——= 1.6000 —=—=-1.6000—

—=—0.5000
- Check No. of Piles :
o IX2=6%(45)2+ 6% (3)2+ 6 *(1.5)2 =189 m?
e Tyit=2%*7*1.5)2=31.5m?
1.15+9000 4.5 1.
ot anx (at Pile 7) =— 1000* —F 2000* ——5—
189 31.5
=611.9KN <Q .1 =691.955 KN
o _:1.15*9000_ % _4£_ " .1_5_
. Q min {at Pile 13) 91 1000 189 2000 315
=373.81 KN > zero
24 /40
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Laboratory of Soil Mechanics and

) Assignment (4
Foundation Engineering prment (4)

Q. = 9000 KN, I, = 1500 KN

) F’* T i

50
= .
1.50 _
. a ? P - = Y]
1,50
150
- Calculation of Group Action : Pile Arrangment
Pile oL (IQ Oly + ao aL/DS i 15/]05?3
1 0.65 Goa =1 0.65 a/Dy = 1.5/0.573
2 (.65 oo~ 1 0.65
3 1 oA =1 |
4 1 0oz 1 1

' % Piles Stiffness Factors = 4*0.65 + 6*0.65 4+ 2*1 + 3*1=11.5
~Group Action = (1*15)/11.5 = 1.304
-Calculate Relative Pile/Soil Stiffness:

]

As the pile penetrates Normally loaded Clay and Sand.

~ K}, is variable with depth.

Fourth Year Civil — StructuralDepartment — Foundation Engineering {CES 451) — 2015/2016 25746




Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

|- For Clay Layer:
q,~40 KPa (use n-Table ,interpolation) .n =1200

- For Sand Laver:

e & =35 (use Table 3-8 , interpolation) -~ Dr=0.575=57.5 %
e Dr=57.5% (use n-Table, interpolation) .~ n = 10300
s (N4, )= (1200%3.5+10300*8.5) /12 = 7645 .833 KN/m'

- Assume Ere=21%10°KPa

- t=El/n =321 %105+ 11 » 0.5%4/64 + 7645.833 ~1.53

W Lia=12/1.53=783 >4 ( Long Flexible Pile )

-Calculate A maxsingte . M max single : (Single Pile )

Hz Force _ 1500
no.of Piles 15

i

100 KN

e Hay™

__0.88BHt"3  0.88+100%(1.53)%%64
| b A max single = =

* —_—

e M max single = 0.88H t=088*100%1.53=134.64 KN.m

- Pile Group :

A maxgroup, = A max Single* GI'Ol.lp Action
=4.892 % 1.304
=6.398 mm

- Hz, Force among individual Piles:

aQ=al

. Hi:)’:O(Q*O(L * group

. 1 =%§ #1500 = 84.78 KN

o 11,=2% %1500 = 84.78 KN
11.5

Fourth Year Civil — Structurai Department — Foundation Engineering (CES 451) — 2015/2016
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[Laboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

o Hi=—— *1500 = 130.434 KN
11.5
. H_;:rls £ 1500 = 130.434 KN

- Max Moment among individual Piles:

M;=085H; *t=0.85* 1.53 * H; = 1.3005 H;

1

o M;=110.26 KN.m
» M,=110.26 KN.m
e M;=169.63 KN.m
e M;=169.63 KN.m

-The normal Force acting on the individual Piles:
|

b Opi[e =9000/15 = 600 KN

d

- The required Pile Reinforcement:

| Circular Section subjected to M,N
o M= 169.63 KN.m , N =600 KN
¢ Using Interaction Diagrams : (circular Sec.)
« F,=360MPa,c=08
¥ M,/ Fo R = (1.5%169.63*10%/(25* 250°) = 0.651
F P/ F RS = (1.5%600%10°)/(25% 250%) = 0.576
fp=84
oo =pox Fou* 107=8.4% 25%107=0.021

© As = o IR = 0,021 #[1%¥250°
=12®22

= 4123 34 mm?*

/. e

R
e J/

N p J
e . S
\\_\:‘-“k!—a—/',//

Pile Rft
12(p22

e e ——30.5000

Fourth Year Civil — Structura!Department — Foundation Engineering (CES 451y - 2013/2016
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l.aboratory of Soil Mechanics and
Foundation Engineering

Assignment (4)

-Ouestion (8):

Given ;
|

- Al Group Settlement = 25 mm

- 25 Square Piles (25x25¢m) , spaced 1.0 m center to center

gu =70 KPa
- |
Required : rsvoo | l |
|
. i |
|
| 1) Allowable Compression Load on Pile | ‘
Laroup. ! | IL
| | | |
! |
2) The Single Pile Capacity under tension 120000 ! ! \
Forces. | BNERIN %
Sty Clay \l
45000 pyry = U5 ormmBAN E‘
i
| Gu =220 KPa
I -Solution :
i 1) Allowable Comp. L.oad on Pile group :
a- Group capacity from sroup Settlement:
| 425
| g ﬁuﬁ
S B G
| |
| : L | n | ‘
o NEREN _ .
| 4285 n u | 4 N T
}t I 7 50 /( J L Lpile f3 =25m
I L ! L \
} - . . LS S S S E R N S _4_{_N H
b momom

L=B=4*1+d=425m

Fourth Year Civil - StructuralDepartment — Foundation Engineering (CES 451)— 2015/2016 28 /40




f.aboratory of Soil Mechanics and

. . . Assignment (4
Foundation Engineering = )

S;;all. =mv * AO_ *H

‘where: -H=45+4+7.5/3=7.00m

_ Qg all. Qg all.
A0 = (L+ﬂ) B+H/2) (4 25+Z) 42547
De+1/2) (425+7)(@25+0)

0,025 = 0.5%] 07w 2L A

(4.25%)(4.25%) ’

i o Quun = 4290.18 KN
I b- Group capacity from Single Pile Capacity:

= Qp:

L Cu e = (Qunbwse/ 2) = 163.75/2 = 81.875 KPa

|
qu=70 KPa

|
| ,
|Qy = 81.875 * 9%0.25” = 46.05 KN n0 |
| [
: | !
! _ | | qu=11688KPa
; Q. ; ! | |
| [~ |
Qs = Fs * Asidc 12'0.‘0601 —"‘ Qu=163.75 KFa
| \\
o Coitpien = Qus /2 =116.88/2 = 58.44 KPa \' CL ’\l
;450{30 ‘l
e (C=358.44 KPa. (Driven Pile) ‘ ! \
~ From Table (4- 4) : C,=39.2 KPa ; ] |'
qu= 220 KP3
Qe =39.2%4%0.25%7 5 =294 KN
-Q
Qull. single pile™ (Qb+Q5)/FOS = (4605+294)/25 = 136.02 KN

Fourth Year Civil - StructuralDepartmeni — Foundation Engineering (CES 451) — 2015/2016 29/40




Lahoratory of Soil Mechanics and

: ; . i Assignment {4)
Foundation Engineering

zQ i proup ©

Q al!‘g:Ge *nF Qa s

We can get Ge for Clayvey Soil from Figure (4-22)
S/d=1/025=4 L/id=75/025=3

Group (5*5):

! - By interaction from curve - Ge =0.83

i < Qall.g = 0.83 * 25%136.02 =2822.415 KN

! ~ Qall ¢ = Minimun of (4290.18 , 2822.415 )= 2822.415 KN
|

i 2)Single Pile Capacity under Tension Force:

[
|

Tan= Qs+ ow.
=294 + (025" ¥7.5%25)= 305.72 KN
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~-uestion {(9):

1 According to the given relation between Load (P) and Settlement (A) we can construct the
: iollowmg table (Measuring from the given given Figure) in the loading direction only :

LP (KN} 250 (500 | 750 | 1000 [ 1250 | 1500 | 1750 | 2000 | 2250 | 2500 | 2750 | 3000
A (mm) LOS {115 1.5542.00 |250 [3.25 (420 |6.1 7.5 10 13 [7.3
A/P 42 123 (2072 2 2167124 |3.05 [333 |4 4.73 1576
(mm/Kn)

Then we can Conclude the following curve:

AJP *107-3 (mm/KN})

~

i H

=<

S
i H

a) From the best fit Line :

b= 0.25%10"

Qe =1/(1.2b)=1/(1.2%0.25%107) = 33333

3 KN

|
|
\
L
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'b) Q . = Qult/ FOS =3333.33 /2 = 1666.67 KN

¢) Pile stiffness at working Load means Pile stiffness at O all.

I'rom siven curve:

ALQu =1666.67KN  ~A =3.90mm

_Q all.
A all,

~Single Pile Stiffness

 1666.67
! 3.9510%-3

=421 % 10° KN/m
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Assignment (4)

~-Ohuestion (10):

P = SO00KN , Col. Dim. =40*110 ¢cm
L= 800 KN , Dpire = 50 cm
I =30MPa ,F, =360 MPa

- Solution

1) Calculation of no. of piles and piles arrangement:

145 Pl 1.15%5000
Do = =
prlvs Oall. 800

=7.18 = 8 Piles

Use S=8,,=30=1.50m
Usee=@O=050m

Calculate Ult. Reaction on Pile :

1.5 Pcol _ 1.5*5000

npiles

Qun pile =0375 KN

i ¥
|

0.50 —=1  |«—1.50 —~{=—150 — =050

Fourth Year Civil — Structural Department — Foundation Engineering (CES 4517 — 2015/2016
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3) Calculation of moment at critical Sections (column edgees):

Sec. (1) Sec. (2)

M, = (Qul+Qu6e)*1.3+Qus*0.55 My = (Qul+Qu2+Qu3)*0.75
= (2*%037.5%1 3y 937.5*%0.55 =(3%937.5%0.73)
= 2053125 KN.m/B =2109.4 KN.m/L

. Mul+10"6 Mu2+10%6

d; =Cl ————— d; =Cl |—/——
FecuxB Feuxl

2953.12+10"6 - 2109.4+10"6

—_— _ 3 ———
30+3600 30=4000

=826.8 mm = 662.92 mm

L

i d higgm': dI = 826.8 mm

B Check (d min):

d min =2 ©=2%500 = 1000 mm

4)Check Shear: (at d/2 from column edge) :

Sec (1) :

o Q ~2%937.5+0.6%937.5
=2437.5KN

®* (sl :Qsl/(B*d)
=2437.5%1000 / (3600*1000)
= 0.667 N/mm’

e Qo= 0.16,/30/1.5 =0.715 MPa > g (safe)

Sec(2) :
o
. Q521Q5|+QSZ+QS3 dre
o ,=3%937.5=2812.5KN !
s go=Qu/(L*d) =2812.5/(4000*%1000)
= 0.703 MPa<gscu = 0.715 MPa (safe)
34 /40
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5) Check Punching :

. Q pu [.5*Pcol. - % Q ult/piles insidecritical see.
= 1.5%5000 - 2*%0.4%637.5
= 6750 KN

_ Qpu
d+perimeter

. qpu

_ 6750+1000
1000+2(1400+2100)

=0.964 MPa

Qpeu = 0.316 (0.5+a/b)y/ Feu/yc
=0.316(0.5+0.4/1.1) y30/1.5

=122 MPa>q,, (safe)

6) Safe Thickness of RC Section:

t e —d+ cover
=1000+100 = 1100 mm

JIRFT :

AS i = 1.5d = 1.5%¥1000= 1500 mm*
Ag = My/TAT+d #1/B = 2953.12%10°/ (3600%0.826*1000) *1/3.6 = 2758.65 mm*/m
=80 22/m

Ay = Mp/F *T¥d *1/L = 2109.4%10°%/ (3600*0.826*1000) *1/4 = 1773.44 mm°/m
=7 18m
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'8) RFT Details -

iScale 1:50

6022/ m ~

SP 22/ m

__“x‘iv
900
2/m e
1912/ m (-0 50)
] ; M "__=a {-1.85)
§ A EN N -1.75)
= :3-:3{./

T l - / | H-“’——I; ’
130 |8D|22/m’ | =
| 050 »d S =
}
040 Q65 =130 =130~ 075 =
.10
010 — 4.00 ~=—0.10
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;m(\)ﬁ&"ﬁ%ﬁ(}ﬁ {(1iy:

Given :

Col (40x110) cm.

o N=5000 KN .M, =500 KN.m, M, = 600 KN.m
o d=50cm, Qu. =800 KN
* F,=30MPa,F,=360MPa

Required :

Design of pile cap + RFT Details
| Solution :

e, = My/N = 600/5000 = 0.12 m , e, = My/N = 500/5000 = 0.10 m

n= 115N /Qu(1+e) *(1+e)

=1.15%5000 /800 *(1+ 0.12) *(1-+ 0.10) = 8.85 = 9 Piles

-Arrangement of Piles:
CAssume Sy, =3d =1.50 m , e=d=0.5m
Check Qax - Quin:

S(X) =3*%1.57 4+ 3%0° + 3%(-1.5)" = 13.5m’
Y)Y = (X)) = 13.5

11545000 1.5+600 1.5+500 t , S S
i Q X pslc[: + hn =761.11 KN < 1 ‘
| 9 13.5 13.5 o.EOA‘ |—»1‘5o e 50 ] 050
‘Qu“‘ 545000 54600 1.5%500 ' oo
1,15+ 1.5+ 5
Q min piley — - =516.76 KN >0
g 13.5 13.5
- Ultimate L.oad/each Pile:
1.5%5000  1.5%600+1.5 1.5%500+1.5
o Qu— + + =1016 KN
9 13.5 13.5
1.5¢5000  1.5%600%1.5
g Q w2 + +0 =933 KN
9 13.5
1545000  1.5%600%1.5 1.5¥500%1.5
! o (i~ + =850 KN

9 13.5 13.5
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1.5%5000 1.5#500+1.5

¢ Qu=——+0 ——— =T50KN

o O = HEE090 . 510 =833 KN

o Q = ].5*;3000 + _'_1.5*15;(;*1.5 2916 KN

. Q u?: 1.5*95000 1.5*;5;).[;*1,5 1,5*;53(,)2*1_5 :8]6 KN
. Q = 1.5*3000_1.5*;3;1.05*1.5 n O :733 KN

. Q = 1.5*5000_1.5*600*1.5 1.5#500=*1.5 :650 KN

9 13.5 13.5

-Calculation of Moment at Critical section:

Sec. (1) Sec. {2)
My = (Qul+Qu2+Qu3)*z] My = (Qul+Qub+Qu7)*z2

= (1016+933+850)(1.5-1.1/2)

= (1016+916+816)(1.5-0.4/2)

=2659.05 KN.m = 3572 4KN.m

. Mul+10"6
d, =C] |/
FcuxB

“h

Mu2*1046

d, =] |[—————
Fcu+L

2659.05 10" =5 3572.4«10"6
30=4000 30+4000

= 7443 mm = 862.7 mm

d pigee™ dz = 862.7 mm < d ;;,= 2d = 1000 mm (take d=d,,;;=1000 mm}

4$YCheck Shear: (at d/2 from column edge) :

See (i) :
b qu :(Q11|+Qu2+Qu3)
=(1016+933-+850)
=2799 KN

* (s - qu / (Bxd)
=2799*%1000 / (4000*1000)
= ).70 N/mm?°

* (= 0.16,/30/1.5=0.715 MPa> gsl (safe)
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Sec(ir) :

qu = (QL11+QUG+QU7)

= (1016+916+816) = 2748 KN

qSLl = QSU ’f (L* d’)

53) Check Punching :

|

I

Fpu

Q pu 1-5*13001- - QS
=1.5*5000 - 833
= 6667 KN

_ dpu
dxperimeter

6667+1000

- 1000+2(1500+2200) = 0.9 MPa

Qoo = 0.316 ( 0.5+a/b)y/Feu/yc
=0.316 (0.5+0.4/1.1) /30/1.5

=122 MPa>q,, (safe)

- Final R.C thickness :

t=d+150mm = 1150 mm

- RFT.:

A= 1.5 d = 1500mm”/m

_ 2659.05%10%6

S 360%0.826+1000

3572.4x10"6

Ao =220 2 7400 = 3003.43 mm*/m = 8¢) 22/m

360+0.82641000

= 2748 / (4000*1000)
= (.715MPa<gscu = 0.715 MPa (safc)

/4.00 = 2235 mm’/m =6 O 22/m
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§ {8 003
: ‘ T I
1D 12/m' 1 s
6P22/m s
PRtAl i a s W@% f;f: §2 ;
§D 22/ " I NEE 28 ~
. ek
Pt T, L
e :%::) \:F::.
0.10
L
Fo
050 - - -

Lb e e by
L . o3 .
L e
10.5(} - S 127 I D
3
(.50 —= 1.50 1.50 —= 050
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