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Abstract

Comparison of isolated foundation, Mat and deep foundation for multi-story
building

Project Team
Mahmmoud Thabaineh Abdul_Majeed Abu Ghayadah

Supervisor :
Dr. Nabil Al-Joulani

The idea of the project is to make the structural Analysis and comparison of
different type foundation (Isolated ,Mat and pile) for this Multi-storey building.

This project consist of 12" floors , these floors contain all the spaces needed for the
building ,and facility for resident of the building.

This project is a reinforced concrete building that designed according to the
American Concrete Code (ACI) with details for the vertical horizontal , dead , live
, wind , and earthquake loads, with all necessary drawing .

This project aims to do compar e between isolated footing, Mat foundation and pile
systemin terms of capacity and economic feasibility.

The structural and economical analysis showed that mat foundation is the most
suitable for the building.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of oneleg of aclosed stirrup resisting tension within a(S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

D. = dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

E.= modulus of elasticity of concrete.

f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

L, = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.

L. =liveloads.

L = length of wall.

M = bending moment.

M, = factored moment at section.

M, = nomina moment.

P, = nomina axial load.

P, = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.

V¢ = nominal shear strength provided by concrete.



V= nominal shear stress.

Vs =nomina shear strength provided by shear reinforcement.
V, = factored shear force at section.

W, = weight of concrete. (Kg/ms).

W = width of beam or rib.

W, = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
& = strain of tension steel.

€s= strain of compression stedl.

p =ratio of steel area.

Qui = ultimate load.

Qai = allowable load.

F.S=factor if safety.

Ds = depth of footing.

B = width of footing .

L = length of footing.

R = radius of footing.

¥ = unit weight of soil.

C = cohesion of soil.

Kp = coefficient of passive earth pressure.

K 4= coefficient of active earth pressure.

N¢ ,Ng, N = bearing capacity factors.
Qm= axia load on any pilem.
Q =total vertical load acting at the centroid of the pile group.

M., M, = moment with respect to x and y axis respectively.
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Chapter Four
Structural Analysis & Design
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Chapter4: Structural Analysis &I Design

4.1 Introduction:-

The project consists of several structural elements that will be designed according to
the ACI code and by using computer software built on finite element method such as
ATIR in this semester, and STAADpro, Safe And Etabsto find the internal forces,
deflections, Shear and moments for the al structural element in order to design them in

next semester.

4.2 Deter mination of Slab Thickness:-

Figure (4-1): First Floor Slab.
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Chapter4: Structural Analysis &I Design

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or

one way slabs unless deflections are computed as follow:
hmin for one-end continuous = L/18.5
=526/18.5 = 28.43 cm.
hmin for both-end continuous = L/21
=670/21=31.9cm
hmin for simply supported = L/16
=526/16 =32 cm
The controller slab thicknessis 32 cm.
But by deflection checked it was controlled at 32 cm thickness.

SO

Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.

4.3 Deter mination of Factored Load of ribs
4.3.1 Deter mination of Dead load

FEfeew & romex

Efbf-'?r'rr(r' FE et 5 T

il_f_'_:ﬂa?'.s:e‘ Serrred JEIS T o

W corrapesimesfor Trapapadongr «F oo
£ errreieesfos Fafesccl

R Concrate rilb

Eiaster 2 are

...........................

Figure (4-2): Thickness of Material.
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Chapter4: Structural Analysis &I Design

ldial) e Adsal) Jaa¥l 1( - )

Type bh KN/m/rib
Tiles 0.03*0.52*22 0.3432
Mortar 0.02*0.52*22 0.2288
Sand 0.07*0.52*17 0.6188
Topping 0.08*0.52* 25 1.04
Hollow block 0.4*0.24* 10 0.96

Plaster 0.02*0.52*22 0.2288
R.Crib 0.12*0.24*25 0.72
Partitions 1.25%0.52 .65
Sum 4.79

4.3.2 Deter mination of liveload:-

Nomina Total liveload = 2.00 * 0.52 = 1.04kN/m of rib

4.3.3 Deter mination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.2¥4.79 = 5.748 KN/m of rib.

Factored Liveload = 1.6*liveload = 1.6*1.04 = 1.664 KN/m of rib.
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Chapter4: Structural Analysis &I Design

4.4 Design of Topping:-
4.4.1 Determination of dead load of topping
Used fy =420 MPa& fc'=24 MPa
Dead load of topping = Wiopping + Whites+ Wsand + Winortor + Woartiones
=1.04 + 0.3432 + 0.6188 + 0.2288+0.65 = 2.8808 KN/m
Total Dead Load = 2.8808/0.52 = 5.54 KN/n’.
Live Load = 2.00 KN/mZ. (for Stores)
Wu=12DL+16LL

=1.2* 554 +1.6* 2.00 = 9.848 KN/n"’. (Total Factored L oad)

4.4.2 Design of flexure

~ W, xI? 9.848x(0.4)
12 12

Mn = 0_42\/fC' xbx_hz
6

Mu =0.131kN.m

* 2
_ 042 V24 x% _ 2.195kN.m.

f xMn=0.55*2.195=1.207kN.m.
f xMNn=1.207kN.m> Mu = 0.131kN.m

No structural reinforcement is required.

Therefore, shrinkage and temperature reinforcement must be provided
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Chapter4: Structural Analysis &I Design

For the shrinkage and temperature reinforcement:

r =0.0018 ACI-318-02 (7.12.2)

As . =T xbxh=00018x1000x80= 144mm?2 /1m,

Use 148/25 cm (498/1m), with As =200 mm*1m in both directions.

As = 200mm2 /m> Asmin = 144mm2 Ok

S= 3 h =3*80 =240 mm(control)

S=450 mm

S=300*280/fs-2.5Cc = 300*280* 3/2* 420 -2.5*20 = 250 mm
S= 300* 280/fs =300* 280* 3/2* 420 = 300 mm

Use S =200 mm < S max = 240 mm

Use @8 @ 20cm c\c in both directions.
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4.5 Design of Rib2 :-

Figure (4-3): Structural Plane of Rib2
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Structural Analysis &I Design

Chapter4:
Geometry Units:meter,mm
1 2 3 4 5
1 2 3 4
A . A . A . A A
‘0.4‘ 3 ‘ 0.6 ‘ 3.1 0.6 2.4 0.6 4.55 ‘0.5‘
35 | ‘ 37 ‘ | ‘ 3. C 5.1 |
‘ 520 ‘
0
320
120
A-A
Figure (4-4): Rib2 geometry.
Loading
load group no. 1
Dead load - Service Units:kN,meter
4.79 4.79 4.79 4.79
35 3.7 3. 5.1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
U lioal U lroal | U 1ha | VIR T
35 37 3. 5.1
Figure (4-5) : loading of Rib 2
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Moments: spans 1to 4

-17.8

11.3

67 ~ -6.8

| 0 91 4
\/ 0‘75'

7
16.4
|14 21 | 204 166 | 105 = 195 | 3.06 T 204
I I I I I I I I |
Figure (4-6) : Moment Envelop of rib 2.
Shear
-16.2 -16.2 -
-14. -12.5 -14. -13.7 15.6
-10.3
|1 | | | | | | |
1 1 1 1 \ 1 1 1 1
8.7 5.9
10.2 8.1
13.7
16.
20.2
22.4
Reactions
Factored
— T T I | [ |
[ 1 1 1 1 1 T

DeadR 7.61 24.68 14.15 29.52 11.99
LiveR 2.59 7.46 6.48 9.11 3.59
MaxR 10.19 32.14 20.63 38.64 15.58
MinR 7.22 27.71 14.59 31.49 11.86
Service
DeadR 6.34 20.57 11.79 24.6 9.99
LiveR 1.62 4.66 4.05 5.7 2.24
MaxR 7.95 25.23 15.84 30.3 12.23
MinR 6.1 22.46 12.07 25.83 9.91

Figure (4-7) : Shear Envelop of rib 2.
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4.5.1 Design of flexure:-

o Effective Flangewidth ( Bz) «.vooveviiii v, ACI-318-02 (8.10.2)

be For T- section is the smallest of the following:
b =L/4=51/4=1275cm
b, =12+16t=12+ 16 (8) = 140cm
b < center to center betweenrib =52 cm

Control .......... 52cm

= Check rectangular section or T-section

bw =12cm,h = 32cm
d =320-20-8-7=285mm

Mu,, =164 KN.m

hi

Mn, = 0.85 « fc+ bf «hf+ d—=

i

Mn,=0.85* 24* 0.52* 0.08* 0.285 — % * 10°=207.917 KN .m

® Mn,=0.9* 207.917 = 187.125KN..m >> Mu,_,,

rectangular section
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4.5.2 Design of Positive moment of rib 2:
4.5.2.1 Design of Span 4

Mu=16.4KN.m

Mu
Mn= ——= 16—4 =18.22 KN .m
)] 0.9

As, =0.25* E(bw)(d) > 1'4(bw)(d) .................... (ACI —10.5.1)

(fy)
As,,, =0.25* @(120)(285) > %(120)(285)

(420)

As, =99.73<114............. the larger is control
As_ . =114mm?

Mn

Kn= ——
b*d?
18.22*10°

n=————-— =0431Mpa
520* (285)

m = fy - = 420 =20.6
085 fc  0.85* 24

1
o= S (1- 1_2mKn
m fy

o= 1 - \/1_2(20.6)(0.431));00104
20.6 420

)

Areg=p*Db*d=0.00104* 520 * 285 = 153.88 mm?

153.88mm*> As_. =114mm®
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153.88
Use ® 12 >> # of bar = 1— =136 * Note Aprp = 113.1 mm2

131

Then we select (2)bars ® 12 A provided = 2¥113.1=226.2 mm?

e Chick for strain :
Tension = compression

As*fy=085* f.*b* a

226.2* 420 = 0.85* 24* 520* a
a=8.96mm
c=i:@:10.54mm

b, 0.85

e = (22 _1+0,003
10.54

e, =0.078> 0.005 ok

4.5.2.2 Design of Span 1

Mu=7KN.m

Mu 7
Mn= ——=— =778 KN.m
) 0.9

A,y ~025* 1 (i) > 22 (o)A (ACI ~105.1)
(fy) fy
V24 1.4
., = 0.25% ==~ (120)(285) > ——(120)(285
s, = 025" (1 215(120)285)> 7 (120)285)
As.,=99.73<114............. the larger is control
As,;, =114mm’
Mn
Kn= ——
b*d?
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7.78*10°
Kn=————— =0.184 Mpa
520* (285)

m = fy - = 420 =20.6
085* fc  0.85* 24

pzl(l- 1_2mKn
m fy

)

1 . \/1— 2(20.6)(0.184)):_00044

P~ 206 420
Areg=p*b*d=4.4* 10** 520 * 285 = 65.27 mm?

65.27 mm’< As_ = 114mm?

114
Use ® 10 >> #of bar = ~8E =145 * Note Ao = 78.5mm?

Then we select (2) bars ® 10 A provided = 2* 78.5=157mm’

e Chick for strain :
Tension = compression
As*fy=0.85* fcC'*b* a
226* 420 = 0.85* 520* 24* a
a =8.95mm
c= a._ 8% =10.53mm

b, 0.85
 286-10.53

e
° 10.53
e, =0.078 > 0.005 OK

X0.003
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4.5.3 Design of Negative moment of rib 2:
4.5.3.1 Design of support (4)

Mu=13.3KN.m

Mu
Mn= ——= @ =14.78 KN .m
)] 0.9

as. =025V (ow)d)= 24 (ow)d)oo

(y) fy
As,, =0.25* @(120)(285) > 14 (150)(285)
(420) 420
As.,=99.73<114............. the larger is control
As,. =114mm’
Mn
Kn= ——
b*d?
14.78* 10°
Kn= —————— =1.516 Mpa
120* (285)
fy 420 _ 06

m = - = =
0.85* fc 0.85* 24

pzl(l- 1_2mKn
m fy

)

. 1 . \/1_ 2(20.6)(1.516)): 3755+ 10°

206 420

Areq=p*b*d=432* 10%* 120 * 285 = 128.42 mm?

128.42 mm?> As,,. =114mm’
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128.42 5
Use ® 10>>#of bar= —— =164 * Note Agpio = 78.5mm

785

Then we sdlect (2) bars ® 10 A, provided = 2* 78.5=157mm?

e Chick for strain:
As* fy=0.85* fc* b*a

157* 420 = 0.85* 24*120* a
a=26.94mm

c= & 29 _ 3 somm

b, 085

e, = 28 _1yx0.003
31.69

e, = 0.024 > 0.005 oK

4.5.4 Design of shear of rib(R2) :
4.5.4.1 Design of Span 4

ACI - 318 - Categories for shear design:
Vu=20.2 kN

Use ®8 with two legs

Av = 2x 50 =100 mm?

1. [Iteml: %Vc >\Vu

dVe=9 fe x b, xd
@VCzO.?Sxm

5 x120%x 285 x 10~ =20.94Kn
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%ch &294 =10.47 Kn Since %VcsVu

2. ltem2

%@Vc <Vu<odVe

®Vc=2094kn

1 dVe= &294 =10.47Kn

2
10.47<16<20.94 control
Minimum shear reinforcemet is required except joist construction

No shear reinforcement is required

1. Item3
dVe<Vu< d(Vec+Vs,;,)

DVs,;, Z%x bw xd
dVs,,, =0.75 (% ) x120x 285x10° = 8.55kN

dVs,,, 21—16><\/€><bw><d

DVs, . = 1—16 x~/24x120x 285x107° =10.47 KN control

DVC+DVs,, = 20.94+10.47 = 31.41kN

Vu=23.1kN < ®(Vc+Vs,;,) = 31.41kN control

Minimum shear reinforcement is required
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Av _ 1lbw 3x2x50x%x 420
> - =

> - =1050mm
S« 3 fy 120

Av 1 .fc 2x50x16x 420
xbw=S =

S, 16 fy " J24x120

=1143mm

S S%SGOO:S =2785:l42.5mm

Select 2leg® 8 @ 14 cm clc

4.5.4.2 Design of Span 3
ACI - 318 - Categories for shear design:
Vu=16 kN

Use ®8 with two legs

Av = 2x 50 =100 mm?
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1. lItem1l

%(DVC >\Vu

(DVC=®\/;_bede

22

5 x120x% 285 x 10> = 20.94 kN

=® Vc=0.75x%

Since %Q)VC = &294 =10.47Kn

1
Vu > ECDVC Not control

2. ltem2

%CDVC <VMu<odVe

®Vc=20.94kn

lcI)Vc = % =10.47Kn
2 2

10.47<16<20.94
Minimum shear reinforcemet is required except joist construction

No shear reinforcement is required
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4.6 Design of Beam (B32) :

Figure (4-8) : Beam Plan
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Geometry Units:meter,cm

1 2 3 4 5
B T A TV A T A T A
‘04‘ 1.8 ‘04‘ 5.4 ‘04‘ 4.7 ‘04‘ 35 ‘04‘ 3.55 (‘)3‘
I I 22 I I 58 I I 51 I I 39 I I 39 1
} } } } } }
32, 32,
70. 55.
A-A B-B
Figure (4-9): Beam Geometry
Loading
load group no. 1
Dead load - Service Units:kN,meter
56.5 56.5
20.0 51.7 51.7
I 5 |
2 1% o ¥ 5 3y 3y
I I

Live load - Service Load factors: 1.20,1.20/1.60,0.00

I I \b \b ﬂbl') \b \b \b \b11.')\b \b \b 15;7 \L \L 15&? \b
27 5.8 5.1 3.9 3.9

Figure (4-10) : Load of beam
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Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 5
-251.9
-200.6 , -204.4
-179.8
-153.7 -132.9 -149.4 -151.7
' -109.6 -114.1 -115.6 -110.2
}0. 8} | }1.5 | | }1. 9 | | } 91}
H H 4 2% % !
7. .84 1.18 .79 7
1.06 0.75 567 091 M
107.8 120.5
162.4
2.2 2.9 | 2.9 2.81 | 2.29 1.95 , 195 2.34 , 156 ‘
I I I I I I I I I 1
Shear
2479 2053 2079
-190.6 : 175.8 -194.5 1505
-129.2 1355 -136.472%
-32, J
1 1 1 1 1 1 1 1 1 1
T NI NI NI NI ]
171.2
190. 203.2
243.3 226. 246.4 229.1 222.
Reactions
Factored
(I N N N N |
T 1T 1T 1T 1T ]
DeadR -13.56 299.25 401.34 300.4 320.75 115.46
LiveR -18.88 79.53 110.34 97.5 95.77 35.02
MaxR -4.58 378.78 511.68 397.9 416.51 150.48
MinR -32.45 296.63 446.86 323.34 352.36 110.96
Service
DeadR -11.3 249.37 334.45 250.34 267.29 96.22
LiveR -11.8 49.71 68.96 60.93 59.85 21.88
MaxR -5.69 299.08 403.41 311.27 327.14 118.1
MinR -23.1 247.74 362.9 264.67 287.05 93.4

Figure (4-11) : Moment/Shear Envelop for Beam
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4.6.1 Check single Section or Doubly section
Mn,, =085=fcxbsa= d—-
C=3/7*d=3/7* 260 =111.43mm

a= 111.43*0.85=94.71 mm

94.71

Mn,, =0.85 %24 =700 *94.71 = 260 ——— * 10°=287.50KN.m

250
@ =0.65 1o 0.004 —0.002 =0.82

® Mn,_, =0.82* 287.59=23583KN.m >> Mu,, =2044KN .m

s Singly section

4.6.2 Design of Negative M oment

4.6.2.1 Design of support 2

,h=32cm
d =320-40-10-10= 260mm

Mu=-153.7 KN .m

M
Mn= _U: @ =170.78 KN .m
® 09
ps,, = 0.25% 1 (bwd)> 2 (ow)d oo (ACI ~10.5.1)
(fy) fy
J24 1.4

As_ . =0.25* @(700)(260) > HO(700)(260)

As ., =530.72<606.67 ............. the larger is control
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2
As,,, = 606.67mm*

Mn
Kn= ——
b* d?
170.78* 10°
n=_——"—- =361Mpa
700* (260)
fy 420

m = - = =20.6
0.85* fc  0.85*24

pzl(l- 1_2mKn
m fy

)

1 (1- Jl_w ) = .0095

P~ 206 420
Areq=p*b*d=.0095* 700 * 260 = 1729 mm?
1729mm?> As,; = 606.67mm?

1729 _ ..

Use ® 16 >> # of bar = =
201.06

Then we select (9) bars ® 16 A_provided =9* 201.06 =1809.54mm?

e Check for yielding

Tension = compression
As*fy=085* f.*b* a

1809.54* 420=0.85* 24* 700* a
a=53.22mm

c= 2822 0 emm
b, 085

e = (29 _1y+0003
62.61

e, =0.0095> 0.005
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e Check for spacing between the bar
_ 700-2*40-2*10-9*16
8

S

S=57pm =250

>db=16mm

4.6.2.2 Design of support 3

Mu=-204.4 KN .m

M
Mn= o _ 2084 o 11k m
) 0.9
As, =0.25* E(bw)(el) > E(bw)(ol) .................... (ACI —10.5.1)
(fy) fy
J24 14
., = 0.25* =~ (700)(260) > ——(700)(260
Ay, = 025" (120, (100)260)> (7004260
As.., =530.72<606.67............. the larger is control
AS,,, = 606.67mm* ~_ .
Mn
Kn= ——
b*d?
227.11*10°
n=——— =48Mpa
700* (260)
fy 420 __ 06

m = - = =
0.85* fc  0.85*24

pzl(l- 1_2mKn
m fy

)
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. 1 . \/1_ 2(20.6)(4.9)

420

= ) =.0132
20.6

Areg=p*b*d=.0132* 700 * 260 = 2402.4 mm?
2402.4mm’> As_ . = 606.67mm?

Use 12016

Then wesdect (12) bars ®16 A_provided =12* 201.06 = 2412.72mm”*

e Check for yielding

Tension = compression
As*fy=085* f . *b* a

2412.72* 420=0.85* 24* 700* a
a=70.96mm
c:i=@:83.5mm

b, 085

e. = (20 _1y+ 0003
835

e, =0.0063>0.005

e Check for spacing between the bar

_ 700-2*40-2*10-12*16
11

S

S=371 yy 225M

>db =16mn
4.6.2.3 Design of support 4

Mu=-114.1KN .m

Mu 1141
Mn= ——= W =126.78KN .m

o
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ps,, = 0.25% Y (bwfd) > 2 (ow)d oo (ACI ~10.5.1)
() fy
24 14
in = 0.25* ——(700)260) > ——(700) 260
A, =025* 2 (100)260)z % (700)260)
As ., =530.72<606.67 ............. the larger is control

2
As,,, = 606.67mm*

Mn
Kn=——
b*d?
126.78* 10°
n=_—————— =268Mpa
700* (260)
fy 420

m = - = =20.6
0.85* fc  0.85*24

1 2mKn
p=—(1- 1~ )

m fy

) = .0069

) 1 ‘- \/1_ 2(20.6)(2.68)

206 420
Areg=p*b*d=.0069* 700 * 260 = 1249.3 mn?

1249.3mm?*> As,,, = 606.67mm?

Use ® 16 >> # of bar =

Then we sdlect (7) bars ® 16 A, provided =7* 201.06 =1407.42mm?

e Check for yielding
Tension = compression

As*fy=085* f . *b* a
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1407.42* 420 = 0.85* 24* 700* a
a=41.40mm
o= 2 _4140 _ oomm
b, 085
e. = (20 _1+0003
48.7

e, =0.013> 0.005

e Check for spacing between the bar

_ 700-2*40-2*10-7*16
6

S

S=8133,, =25mm

>db=16mmr

4.6.2.4 Design of support 5

bw =120cm, h = 32cm
d =320-40-10-10= 260mm

Mu=-115.6 KN .m

M
Mn= o -5 e sakN m
® 09

ps,, = 0.25%* Y (bwd) > 2 (ow)d)ow o (ACI ~10.5.1)
(fy) fy
J24 1.4

. =0.25* ~—(700)(260) > —— (700)(260
A, =025* 2 (7004260) > 4 (700)260)
As.., =530.72<606.67............. the larger is control

2
AS,,, = 606.67mm* -

67



Chapter4: Structural Analysis &I Design

Mn
Kn=——
b*d?
128.44* 10°
Kn= ———— =271 Mpa
700* (260)
fy 420

m = - = =20.6
0.85* fc  0.85*24

o= 1(1_ 1_2mKn

_E fy)

o= 1 - \/1_ 2(20.6)(2.71))=_007

206 420
Areq=p*b*d=.007* 700 * 260 = 1267.1 mm?
1267.1 mm*> As, . = 606.67mm’

1267.1 _

Use ® 16 >> # of bar = =
201.06

6.3

Then we sdlect (7) bars ® 16 A, provided =7* 201.06 =1407.42mm?*

e Check for yielding
Tension= Compression

As*fy=085* f.*b* a

1407.42* 420 = 0.85* 24* 700* a
a=41.40mm
o= 2 _4140 _ oomm
b, 085
e. = (20 _1+0003
48.7

e, =0.013> 0.005
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e Check for spacing between the bar

_ 700-2*40-2*10-8*16
7

S

S=6743y, =225mn
>db =16mm
4.6.3 Design of Posetive Moment :

4.6.3.1 Design of Span 1

Mu=162.4 KN .m

Mu
Mn= ——= % =191.1KN.m
) 0.9

asy =025 V' (ow)d)= 2 (ow ) (ACI ~10.5.1)

(fy)

As_ . =0.25* %(700)(260) > %(700)(260)

As., =530.72<606.67............. the larger is control

As . =606.67mm’ Cont

Mn
Kn= ———
b* d?
* 6
Kn= —191'1 10 > =4.04Mpa
700* (260)
fy 420

m = - = =20.6
0.85* fc  0.85*24

pzl(l- 1_2mKn
m fy

)
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. 1 . \/1_2(20.6)(4.04)):'011
20.6 420

Areg=p*b*d=.011* 700 * 260 = 1969 mnv

1969 mm* > As_. = 606.67mm’

As=1969mn7 is control

1969
201.06

Use & 16 >> # of bar = =9.80

Then we select (10) bars ® 16 A, provided =10* 201.06 = 2010.6mm?

e Check for yielding

Tension = Compression
As* fy=0.85* f.*b* a

2010.6* 420 = 0.85* 24* 700* a
a=59.14mm
o= 2 _ 9914 oo m
b, 085
e, = (20 _1)+ 0,003
69.57

e, =0.0082 > 0.005

e Check for spacing between the bar

_ 700-2*40-2*10-10*16
9

S

S=4889mnr =25mnr

>db=16mr
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4.6.3.2 Design of Span2

Mu=107.8 KN.m

M
Mn= —— = 1078 _ 119.78 KN .m
) 0.9
As, =0.25* E(bw)(el) > E(bw)(ol) .................... (ACI —10.5.1)
(fy) fy
J24 14
. =0.25* ——(700)260) > ——(700) 260
sy = 025" 21 (700)260) > 4 (700)260
As.., =530.72<606.67............. the larger is control
As . =606.67mm’ Cont
Mn
Kn= ——
b*d?
* 6
N= 119.78 102 - 253 Mpa
700* (260)
fy 420 __ 06

m = - = =
0.85* fc  0.85*24

1 2mKn

p=—(1- 1- )
m fy

. 1 . \/1_2(20.6)(2.53));0065
20.6 420

Areq=p*Db*d=.0065* 700 * 260 = 1175 mnv

1175 mm* > As_. = 606.67mm’

As=1175mnT is control
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117
Use ® 16 >> # of bar = 5

=584
201.06

Then we sdlect (6) bars & 16

A, provided = 6* 201.06 = 1206.36mm?*

Check for yielding
Tension = compression

As*fy=085* f . *b* a

1206.36* 420=0.85* 24* 700* a

a=35.48mm
a 3548

b, 085

e, = 29 _1y+0.003
41.74

e, =0.016 > 0.005

=41.74mm

Check for spacing between

_ 700-2*40-2*10-6*16

S
5
S=100.8 mr =25mmr
> db=16mn

the bar
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4.6.3.3 Design of Span 3

Mu=56.7 KN .m

M
Mn= —u= M =63 KN.m
D 0.9
As, =0.25* E(bw)(el) > E(bw)(ol) .................... (ACI —10.5.1)
(y) fy
24 14
in = 0.25* ——(700)/260) > ——(700) 260
Ay =025" (20 (700)260)z o (7004260)
As.., =530.72<606.67 ............. the larger is control
As . =606.67mm’ Cont
Mn
Kn=—
b*d?
* 6
Kn= 63—102 = 1.33Mpa
700* (260)
fy a0 _ 20.6

m = - = =
0.85* fc 0.85* 24

o= 1(1_ 1_2mKn

_E fy)

) =.0033

206 420

. 1 . \/1_ 2(20.6)(1.33)
Areg=p*b*d=.0033* 700 * 260 = 597.1 mm?
597.1 mm’ < As,;, = 606.67mm’

606.67

Use @ 12 >> # of bar = 11 5.36
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Then we select (6) bars @& 12

A, provided =6*113.1= 678.6mm?

e Check for yielding

Tension = compression
As* fy=085* f.*b* a

678.6* 420 = 0.85* 24* 700* a
a = 20.00mm
c= -2 _o350mm
b, 085
e, = (29 _1y+0003
23.50

e, =0.03>0.005

e Check for spacing between the bar

_ 700-2*40-2*10-6*12

S
5

S=1056 mr =25mmr
>db=16mmr

4.6.3.4 Design of Span4

Mu=120.5 KN.m

Mn= M_u: % =133.89 KN .m
® 09
4 fc 14
As, = 0.25* Y —_(bw)(d)> == (bw)d)rrerrrrre ACI -10.5.1
(fy)(w)( )27, (owid) ( )
o V24 1.4
As,,, =025 @(700)(260)2 @(700)(260)
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As.., =530.72<606.67 ............. the larger is control

As . =606.67mm’ Cont

Mn
Kn= ——
b*d?
* 6
n= M =2.83Mpa
700* (260)
fy 420

m = - = =20.6
0.85* fc  0.85*24

pzl(l- 1_2mKn
m fy

)

) = .0073

) 1 ‘- \/1_ 2(20.6)(2.83)

206 420
Areq=p*b*d=.0073* 700 * 260 = 1325.5 mm?

13255 mm* > As,;, = 606.67mm?

As=13255mn is control

13255 _

Use ® 16 >> # of bar = =
201.06

6.6

Then we select (7) bars ® 16 A_provided = 7* 201.06 = 1407.42mm?

e Check for yielding
Tension = compression

As*fy=085* f.*b* a
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1407.42* 420=0.85* 24* 700* a
a=41.40mm
Cc= a = LA'O =48.7mm
b, 085
e, = (@ -1 *0.003
48.7

e, =0.013>0.005

e Check for spacing between the bar

_ 700-2*40-2*10-7*16
6

S

S=8133mmr =25mir

> db=16mn

4.6.4 Design of shear

4.8.4.1 Design of Span 1

Vc= \/E bw* d

= *700* 260
6

=148.60 KN

® Vc= 0.75* 148.60 = 111.45 KN

1 1
®vsnin 2 075(Z) * bw* d=0 .75*(5)*700*260*10'3 = 455KN. control
24

4/ fc'
>0.75(—)* bw*d=0.75(———) * 700 * 260*10° = 41.79 KN .
16 16

® vsmin = 45.5 KN.
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Vu=247.9 KN (From shear Envel ope)

Item 1 &2 isnot suitable .

Item 3

® Ve <Vus< d(Ve+ Vsmin)

111.45< 247.9 <(111.45+45.5) not ok
So Item (3) not satisfy .

Item 4

*700 * 260*10° = 2229 KN

2
3

4/ fc'
Vs=p* T bw * d = 0.75*

® (Vc+VaminsVus d(Vec+Vs)
(111.45 + 45.5) < 247.9 <(111.45+222.9)
(156.95) <2479 <(334.35)

So Item (4) satisfy.

Vs= W Vc= %-148.6 =181.93KN
()] 0.75
Try4leg @ 10 ® 10 = 78.54 mm2
Av_ Vs
S fy*d

4*7854*10° 181.93*10°

S 420* 260

S=188.6 mm

< 600 mm
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<d/2=260/2 =130 mm control

UseS=125mm

Usedleg® 10at 12.5cm clc

4.6.4.2 Design of Span 2

Vc= \/E bw* d

24
= T *700 * 260

=148.60 KN

® Vc= 0.75* 148.60 = 111.45 KN

1 1
® vsmin = 0.75 (5) * pw * d =0 .75*(5)*700*260*10'3 =455KN. control

4 fc' \24
20.75(——)*bw*d=0.75 (ﬁ) * 700 * 260*10° = 41.79 KN .
16 16
@ vsmin = 45.5 KN.
Vu=229.1 KN (From shear Envelope)

Item 1 &2 isnot suitable .

Item 3

® Ve <Vug ®(Ve+ Vsnin)

111.45< 229.1 <(111.45+45.5) not ok
So Item (3) not satisfy .

Item 4
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4/ fc'
VS=<D*T bw * d =0.75*

*700* 260*10° = 222.9 KN

\24
3

® (Vc+VaminsVus d(Vec+Vs)

(111.45 + 45.5) < 229.1 < (111.45+222.9)

(156.95) < 229.1 <(334.35)

So Item (4) satisfy.

ve= WM ve= 2291 g6 156.87KN
® 0.75
Try 2leg @ 10 @ 10 = 78.54 mm?
Av_ Vs
S fy*d

2* 78.54*10°  156.87*107°

S 420* 260

S$=109.35 mm

<600 mm

< d/2=260/2 =130 mm control

Use S=100 mm

Use2leg ® 10at 10cm c/c

4.6.4.3 Design of Span 3

= *700* 260
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=148.60 KN

® Vc= 0.75* 148.60 = 111.45 KN

1 1
® vsmin = 0.75 (5) *bw* d=0 .75*(§ )*700*260* 10° = 45.5 KN. control
4/ fc' 24 3
>20.75(——)*bw*d=0.75(———) * 700 * 260*10~° = 41.79 KN .
16 16
@ vsmin = 455 KN.
Vu=175.8KN (From shear Envelope)
Item 1 &2 is not suitable .

Item 3

® Ve <Vu< ®(Ve+ Vsmin)
111.45<175.8 < (111.45+45.5) not ok
So Item (3) not satisfy .

Item 4

J fc' 24
Vs=¢p* T bw * d = 0.75* T *700 * 260*10° = 222.9 KN

® (Vc+Vamin<Vusd(Ve+Vs)
(111.45 + 45.5) < 175.8 < (111.45+222.9)
(156.95) < 175.8 < (334.35)

So Item (4) satisfy.

Vs= ﬂ- Vc= LS'8-148.6 =85.8KN

() 0.75

Try 2leg @ 10 ® 10 = 78.54 mm?
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Av Vs

S fy*d

2*78.54*10° 85.8*10°

S ~ 420* 260
S=199.92 mm
< 600 mm

< d/2=260/2 =130 mm control

UseS=125mm

Use2leg® 10at 125cm c/c

4.6.4.4 Design of Span 4

Vc= \/E bw* d

Nex:

= *700* 260
6

=148.60 KN

®Vc= 0.75* 148.60 = 111.45 KN

1 1
®vsnin 2 075(Z) * bw* d=0 .75*(5)*700*260*10'3 = 455KN. control

/f' [ m
>0.75 () * pw* d = 0.75 (124

-_— ~—7)* 700* 260*10° = 41.79 KN .
16 16

® vsmin =455 KN.
Vu=203.2KN (From shear Envelope)

Item 1 &2 isnot suitable .
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Item 3

® Ve <Vus< ®(Ve+ Vsmin)

111.45< 203.2 < (111.45+45.5)  not ok
So Item (3) not satisfy .

Item 4

4/ fc' 24
Vs=¢p* T bw * d = 0.75* T *700 * 260*10° = 222.9 KN

® (Vc+VaminsVus d(Vec+Vs)
(111.45 + 45.5) < 203.2 <(111.45+222.9)
(156.95) < 203.2 <(334.35)

S0 Item (4) satisfy.

ve= YU yve= 2982 a6 12233KN
o 0.75
Try 2leg @ 10 @ 10 = 78.54 mm?
Av_ Vs
S fy*d

2*78.54*10° 122.33*107°
S 420 * 260

S=140.22 mm

<600 mm

< d/2=260/2 =130 mm control

UseS=125mm

Use2leg® 10at 12.5cm clc
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4.7 Design of column(C31& C3)

4.7.1 Design of column(C31)

4.7.1.1 Load Calculation:

p, =5428.2KN

_ 5428.2 _ 8351KN
nreq 5

Usa =rg=1.6%

Pn=0.8* Ag{0.85* fc'+rg(fy—0.85fc')}
8.351=0.8* Ag[0.85* 24+ 0.016* (420 — 0.85* 24)]
Ag = 0.39m”

Use0.7x 0.6cmwithAg=0.42m?> Agreg= 0.39m?

4.7.1.2 Check Slenderness Effect:-

In 0.6 m-Direction

Lu: Actua unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/;

Lu=330 m
M1/M2 =1

K=1, According to ACI 318-2008 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

KU gy oML ACl - (10.12.2)
r M2
1x3.3
0.3x0.6

.. short Coloumn in  Both..Direction

=18.33< 22
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A.S= 0.016* 700*600=6720 mn¥

6720_
314

Try (120, #of bars= 21.4

Use 22 20 with A = 6908 mm?

4.7.1.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

Spacing <16x d, (Longitudinal bar.diameter) =16x 2.0 = 32cm
Sacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Sacing < Least.dimension = 60cm

. Use If 10@25cm

4.7.2 Design of column(C3)
4.7.2.1 Load Calculation:

p, =2272.45KN

- 2272.45 _ 3496KN
“ 0.65
Usa =rg=18%

Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc')}
3.496 = 0.8* Ag[0.85* 24 + 0.018* (420 — 0.85* 24)]
Ag = 0.158m?

Use0.3x 0.6cmwithAg=0.18m?> Agreg=0.158m?

84



Chapter4: Structural Analysis &I Design

4.7.2.2 Check Slenderness Effect:
In 0.6 m-Dirction

MU gy oML ACI —(10.12.2)
r M2

1x 3.30
0.3x0.6

. short Coloumn in 0.6.Direction

=18.33< 22

In 0.3 m-Dirction
Lu=330 m

M1M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

KU gy ML ACI —(10.12.2)
r M2

1x 3.30

0.3x0.3

~.long Coloumn in 0.3.Direction

=36.67 > 22

E.|
El = 0.41 : bg ................ [ACI 318 - 2002 (Eq. 10-15)]
+

d

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL _12(145632) _ .

bd

Pu 2272.45

* k3 * 3
Iy = b* h = 0.6 0.3 =0.00135m*

12 12

* * 6 %
El = 0.4* 23270.15* 10° * 0.00135 — 7 1MN.m?
1+0.77
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p El
P, = T ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
= 37T 6 sauN.
(1.0* 3.30)°
M1
Cm=0.6+ 0.4( Y 2) ............ ACI 318 - 2002(Eqg.10-16)
Cm=1..... According to ACI 318—2002(10.10.6.4)
Cm
d.= >1.0 e ACI 318 - 2002(Eg. 10-12)
1-(Pu/0.75R,
1

s = - =1.89>1 ok.
1-(2272.45/0.75* 6.43* 10%)

e. =15+0.03* h=15+0.03* 300 = 24mm = 0.024 m
e=e, xd,=0.024*%1.86=0.045
0.045

E_295 _p15
h 03

From Interaction Diagram
fB, 227245, 145
A, 03*06 1000
r,=0.017

=1830.6 Ps

As= p * Ag = 0.017*600* 300 = 30.6 cm?

Use ® 16 >> #of bar =2 = 1522

01

Use 16 ® 16 with Ag= 3216 mm® = Ag;eq = 3060 mm?
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4.7.2.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

Spacing <16 x d,, (Longitudinal .bar.diameter) =16x1.6 = 25.6cm
Spacing < 48x d, (tiebar .diameter) = 48x1.0 = 48cm

Foacing < Least.dimension = 30cm

. Use If 10@ 25cm

11
;

N

LR

13310225 T—168 1310@25 L-77.4

Figure(4.12): Detailes of reinforcement of column 3.
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( Dead load , Live Load) 4@sall s dalall &Y geaall 23S A1 53 jitall lulisY)

( Static Load, Dynamic Load ) &Sl g Satind) &Y gaall

Al @Y gaall (mdd a4y HSH) ae liinall dglall pualiall o) o) 2 (e BaecY)

Lol @Y s 335 cliidl Lea )8 Gl Aalal) V) iy G shall saseie 4 ol

) draa ¥ @il oo dealdl (dynamic load ) ASwliall &Y seally (wind load)

o O (e okl bl o aa 135 8l A 8 &Y 5 (Earthquakes

Al [l (5 85 a0 5 bk 5 8

Sl asaadl e V) cppns 2alin ) Lle a8l gl Jlaa¥l s saae ) adalia o M) Jsaall s
saecY) s (g5l arealll A (e gl e KU gy L (0 -)
.(Ch4)

(-)

No. of | Factor | Design | Dim. No. of | Factor | Design | Dim.
column load load (cm) | column load load (cm)
Cco1 1316.7 1320 | 45*25 | Ci15 2566.9 2600 @ 60*30
C02 24521 = 2600 | 60*30  C16 2159.3 | 2270 | 50*30
Co3 24521 2600 @ 60*30  C17 4346.2 4350 @ 60*45
co4 2250.0 2270 | D=45 C18 1839.0 1850 | 50*30
CO05 3017.3 3160 | 60*35  C19 1121.3 | 1150 @ 40*25
CO06 15843 | 1600 | D=40| C20 712.3 715 | 40*20
Cco7 21228 2270 | 50*30 C21 5981.1 6000 @ 60*60
C08 2333.8 2600 | D=50 C22 4520.9 4525 | 60*45
C09 22641 2270 | 50*30 C23 7079.3 = 7100 | 70*60



C10
C11
Ci12
C13
Cl4
C29
C30

2089.6
3158.2
4117.2
3859.3
2386.6
5428.2
5204.8

2270
3160
4120
2860
2600
5430
5430

50*30
60* 35
50*45
60*40
60*30
60*60
60*60

C24
C25
C26
C27
C28
C31

12302 1320 N D=35
11483 = 1150 | 40*25
37344 | 3860 | 60*40
53254 | 5430 @ 60*60
5000.9 | 5005 | 60*50
6570.2 6580 @ 70*60

amal 5.5

L\JAJL@SU'AJ::\A\&L\\J}AAJUQ\J\.@;\]\C:\A; QQ‘JJ&O}%%WL“Y\MH—‘%&
sl Baiad sl 3 Yl QYU el Jla 8 il g slinal Glel) sl 4 i) Jass 5 68

o ( )

(F31) 2k bl 5 92ll apanaill IR (e il (a SUl 5

No. of
footing
FO1
F02
FO3

Dim. Thickness
(m)
2.8*2.6 0.50
3.9*3.6 0.65
3.9*3.6 0.65

Area
(m?)
7.28

14.04

14.04

(-)

No. of
footing
F12
F13
F14

Dim. Thickness
(m) (m)
4.7*4.7 0.85
4.7*4.5 0.80
3.9*3.6 0.65

3l L) S apanad o5 ApalaY]

Area
(m?)
22.09
21.15
14.04



FO4
FO5
FO6
FO7
FO8
FO9
F10
F11
F23
F24
F25
F26
F27

Gl dalue of s 8 549.76m°

3.6*3.6
4.3*4.0
3.073.0
3634
3.8*3.8
3.6*3.4
3.6*34
4.3*4.0
6.26.2
2.7%2.7
2625
4.7%4.5
5.4*5.4

0.60
0.70
0.50
0.60
0.65
0.60
0.60
0.70
1.05
0.50
0.45
0.80
0.95

12.96
17.20
9.00
12.24
14.44
12.24
12.24
17.20
38.44
7.29
6.50
21.15
29.16

Y Gl IS Galid) (e %%
il Sy 4dla Al ¢

%

F15
F16
F17
F18
F19
F20
F21
F22
F28
F29
F30
F31

3.9*3.6
3.6*3.4
4.9*4.8
3.3*3.1
2625
2.1*1.9
5.7*5.7
5.074.9
5.3*5.2
5.4*5.4
54*54
5.8*5.8

-

s38 5 <420 m?

0.65
0.60
0.85
0.55
0.45
0.40
1.00
0.85
0.90
0.95
0.95
0.95

14.04
12.24
23.52
10.23
6.50
3.99
32.49
24.50
27.56
29.16
29.16
33.64
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b mand) (bl #1931 2.6

o manll QLY Lol 1581 el Gas

Flat plate mat

Plate thickened under columns
Two-way beam and slab

Plate with pedestal

Rigid frame mat

Piled raft

Flat Plate Mat
CAalle Jleal Jaa s dalaiie ey dadaiiall 3aae Y (8 a2iinn 5 3 sl Clilud |5l (e g 53 58

IS jeday LS (Adpmain) i ginn s ASulaia pue Lind il il () 555 Latie daulia 0 5Sig

e r ! ‘ .[.‘.::l'-'-' (.S,

l o] — = —
= = — & =-t-—Plan
|

=1 = N — =

Fig.(6.1): Flat Plate Mat.



o
IL

Plate Thickened under Columns
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Fig.(6.2) Plate Thickened under Columns

Two-way Beam and Slab .
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G Adgrzal) 4 a8 Lelamin) duny g ¢ Aol i
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Fig.(6.3): Two-way Beam and Slab
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Plates with Pedestals

Wl oS g sl 1 & Cus Plate Thickened under Columns <l 8 4 Jasl) e

Rigid Frame Mat
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Fig.(6.4) Rigid Frame Mat
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Fig.(6.5): Piled Raft

b ymaad) (bl cildw g &) je 3.6

B_mant) (ulad &l Jaa

D Gl e g sl 138 Ol jae ¢ lalall Gl g LS U el e ayaadl 4l )
(S AY) L) e 43 i e b (ol ey
il Jleel e Jull) allaty
B _diall 5 Al 4y il o) gl e a3 Of ¢Sy
0ol ae gl (A aadll i

* Bl (bl el

abile Jes ae Jalafy s ¢ B23ae Adads die Ay il ) alsil o530 Jesdl paad e 33l aae
Bouasl) 4K e
e S g o) 13) A8l JSU sy



o
IL

3)&*453‘0‘1*“‘::%‘&1‘)3\&‘533)45 4.6

ey 3 e, ) Al LeLant 5,08 (5t il 13) el A i1 e 8 pumnl) Gl A5 ud La sl
Glea 2y (soft clay) 4ids L Ala & e ) e 0381 s aee dale Lo sagll
A Al JMA (pe s - sansdl

qns= (Q/A) = yx Dy @

Ge A5 hasell doan 13 Ly - gansal) Aaill (aild (e Baly) (B iy YT g
GBas 33l JAA el Gl gl 30l ) IMA e L) iy o Gamy Gelad) arzn L ¢ 40 2 sansall 22l

3acld dalie 30L ) (Sa Y JSall ooy WS A g b 8 g DA (e
Lossell o 2all 3am gl Gleal) &8kl il s cAaliall Gaal 1k

.ol YIS el LWLy ) as sl sy

s i sh bty Jaal) Qs ()



o
Ix

b maslly daldl) cliluall 5.6

Assume slide with width 1.5m , depth 1m .

==
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Fig. (6.7): value of factored shear force at section.

Assume ¢ 25 is used.

d= 1000-75-25 = 900 mm .
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Fve=pF 1 p g

6 w
F Vc=0.75" g 1500 900" 10°°=826.702Kn

At distance (d) from face of column.

Vu = 751kN, from safe program.

F Vc=826.702 >Vu ok

Design flexural moment.

Fig. (6.8): value of factored moment at section.
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Mu = 1345.77 kn.m , from safe program.

b* d?
* 6
Kn = 1345.77*10 = 123Mpa
0.9* 1500* (900)
m=_—¥ - 40 _,44
0.85* fc 0.85* 24
1 2mKn
p=—(1- [1-=2)
m fy

0= 1 1. \/1_ 2(20.6)(1.23)): 0.0028
20.6 420

As. =p *b*d=0.0028* 1500* 900 =3780 mm?/1.5m
As/1m = 3780/1.5 = 2520 mm?
AS min=p * b *h=0.0018 * 1000 * 1000 =1800 mm?2

2520 mm®> As,;, =1800mm’

Use & 18>> # of bar = @ =99
2455

Use ® 18@10 cm

* Note Agrg= 245.5mm?
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( Friction Piles ) 4slsiay) 2.2.7

b e 50 065 il e Al Ak 1 Lol Jas Y A A
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( Design of Pile Foundation ) 4 gl clulud) asaal 3.7
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. ( Distribution of load in pile group ) ¥ e Jua¥) &35 1.3.7

.(Pile cap) ( pile group ) I deall s (Say
P A Balaall aladiuly

Where:

Qm=axia load on any pilem.

Q =total vertical load acting at the centroid of the pile group.
n = number of piles.

M,,, M, = moment with respect to x and y axis respectively.
x,y=distance from piletoy and x . respectively.

For pilegroup 1, PC 32.
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Fig. (7.2) Plan of Group Pile GP1 (PC32)
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Qo = 1714275 kn
e=02m

e =042m

Y x? =6* 1.5% +6* 3=67.5m>

Y y? =10* 1.35° =18.225 m?.

My = Qut* & =17142.75* 0.42
=7149.96 kn.m

My = Qi * & =17142.75* 0. 2
=3428.55 kn.m

Q _ 1714275

] =1142.85kn
n 15

WY

Myx 3428 = —:
Y(x?) 675
M,x 3428 % —:
S(x?) 67.5

M,y _ 7149.96 =
S(y?) 18.22

B 17142.75+3
T

{J; = 1142.85 — 76
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(s = 1142.85 — 0.
Q, = 1142.85 + 76
Qs = 1142.85 + 15
Q. = 1142.85 — 15
Q, = 1142.85 — 76
Qs = 1142.85 + 0.
Qo = 1142.85 + 76
Qo = 1142.85 + 1
Gy, = 114285 -1
Gy, = 114285 -7
Qs = 1142.85 +0
Gy = 1142.85 + 7

Q- = 1142.85 + 1!
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For combined cap PC 16 (C1 & C2)

1.20
.
&
-
D925 e -
b ]
Lo
I
[ (N
|
i
105 : 1,
| |
s
5
[~
P
L
O . -
N-axis

Fig.(7.3): Plan of combined cap PC 16.

Calculated centroid of load.
> M about x- axisat point (0) =2600* 0.775 + 1320 * 2.2
= 4919 kn.m

> M about y- axisat point (0) = 2600 * 1.05 + 1320 * 0.925
= 3951 kn.m
Q.= 1320 + 2600 = 3920 kn

M 5
= 2My _ 3951 _ 4508 m
Qtr.:lt. 3920

ARES
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_ XMy _ 4919 _

=——=1255m
Grat 3920
ex =0.058m
ey=0.195m

weightofcap =29*19*1*25=110.2kn.
Qtot. = Q + weight of cap
=3920 + 110.2 =4030.2 kn

+ i ,}_ 2
/(\Q\\l/f i /é\\\l/}%"'.
W Ny

| ; |

| | |

| 1% ! |

- | ,-—i-m;

e T ] i £
R i B
_____ S £ A O PR SR e LAERTT ENI ¥
Cf? ?\} L:;FCXH})
SR I e L
i
I |r:r—| I
| 5 i
P S I: | .r-*hﬁ
ORLY TSN
\;ﬁ \%/ I Pl
o [ | Aoz L[5z
| : |

Fig. (7.4): Plan of Group Pile for combined cap PC 16.

calculate load on each pile
Y x* =6*05° =15m%
Y ¥? =4* 12 =4m
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My = Qi * 6 =4030.2* 0.195
=785.89 kn.m

My = Quot* & =4030.2 * 0.058

=233.75kn.m

Q@ _ 40302
n (5]

=6/71.7kn

M,x 23375 = (

>(x%) 15

M,y _ 78589 =

> 4

4030.2 233
I. —] 6 T ——

{J, = 6717 +77.9:
{J, = 6717 —77.9:
{J, = 6717 +77.9:
{Js = 6717 —77.9:

{Js = 6717 +77.9:
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2.3.7

. ( Coyle and Sulimani ) (Group Pile)

Q=2xDx(W+L)xf+13XCcxXNxWxL
where
Qg = ultimate bearing capacity of pile group.
D = Depth of pile group.
W= width of pile group.
L = length of pile group.
f = unit adhesion developed between cohesion soil and pile surface. (f=a % C)
a = ratio of adhesion to cohesion. (see Fig. 7.6)
¢ = cohesion.

N¢= bearing capacity factor for a shallow rectangular footing.

Calculated length of pile group. for PC 9 (under column 17).as shown fig.(7.5)

A n i moan
i 2] L
; .
i =
s Al T
R EaR
i o
P .-:%‘ ! g
L T oF R =
oy L K SRR
P o
) | | o o
=] =1 % S
| |
| | ke
s 4. &
i ] ! o
i i Al =L
A A el
. )\':;-'I '-‘_,_ _;h X
- -l
|

SFCTITH T 24-7 74

Fig. (7.5): plan & section of group pile PC 9.
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Assume that

Qu = 100 kn/m?

vea = 18.5 kn/m*for medium clay .
Yeon, = 25 kn/m*for concrete .

Pile diameter (D) =50 cm

Fs=2

Q. = qu/ 95.76 = 100/95.76
= 1.044 ton / ft?

Adhesion (a)=0.82fromfig. 7.6
Cu=qu/2=100/2 =50 kn/m?
S= 1m (spacing between pile center to center ).
Hence,
S<3dof pile, then design as group pile ( block design).
P = 4350 kn (column load).
Ptot. = column load + weight of cap
Ptot. = 4350 + 1.2 * 1.9°* 1* 25
=4458.3 kn = Qq

f=axc

= 0.82 x 50 = 41 kn/m?

Qu=2XDX(W+L)xf+13%cxNex W xL

From previous eq.



Land) cilalbay)

_ Qg- 13 xecx NexWxL
- 2 WHL % f

D

_ 44583 - 1.3 X50x 514 x1.5 %15

D 2 15+15 xX41

=14.95m
Then the depth of pilegroup D =15m

Fig. (7.6): relationship between adhesion and unconfined compressive strength.

VY.
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(Reinforcement of piles ) 2s¥ gl 3.3.7

alaall aladiuly o35 2 Y mlud dolee )
AS = .IDH,:Im'rz X ‘451
NEICETES
(om?) waalldalue = A
Usan 8l adle &8l (C23) (PC12 ) 25 3 s 5 2aall Clasa ) Qi) a5
Py= 7100 KN duexsi

Determine nominal axial load

p, =1800KN Py = 7100/4 = 1800 KN (each pile)
1800
=——=2769.23KN
Prreq 0.65

Use =rg=1.00%
Determine the cross section arearequire

Pn =0.85* Ag{0.85* fc'+r g(fy—0.85fc")}
2.77 = 0.85* Ag[0.85* 24 + 0.010* (420 — 0.85* 24)]
Ag = 0.134m?

cross section area for the pile used

m=d? _ w06

— _ 2
A== T2 =0283m

then I' required lessthan 1.00% ... use min reinforcement steel

AR
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602

— 2
3 =28.27 cm

As= pmm * Ag = 001*

Use 10 ® 20 with A, = 31.40 cm?® > Aq req = 28.27 mm?

Design of spirals

A fe'
5 =045 I= Ty
& ﬂ" Z & 4|- Z
Ac =2 ':4” =5 _ 150043
2682743 24
e — —1 =+ 002
s =045 1590.43 1 420
Select spira ® 12
w(d)® #(1.272
As = 2@ _ AT g g o2

4 4

I se(De)? o5

“a(De—db)

4= As+(Dc—db)
I sepc?

Srrax =

4:1.13+(45-1.2)

Srax= 0.02+452 =491

selectS=4.5cm

where S is clear spacing for one loop.

AR
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(Pile Caps ) gl an 4.7
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( ) W) s IS LD b Jlae dllia
oxn e Jpmnll i i Jumdl Ay (S il A55) et Sl e (s gind il e panddl o e
Ao ganall AU GY) i b Dad ALE) Al (e Jlad ) adi B sy Laba) daulie oSl 3alu )
el (S A Gl e Galias 48 g b sl aperai] A3yl Al prany Gedase JSE 3 Al and)
bl de peadll Jad) GlIX 5 dlidaiial dpaland) 3alu gl avanal

Juadll 55Ky ksl Llee (San ana BB aad 2B W) cp (U Y1 ) glae o Rdliall) Jasudill a4
(il 53] an gy Le sale LYY o e il Sl 5 all ) Llee Ayl AlSal sale 5 )LA)
S dad aoad b Lals Dle Alaiial) 315l Jead 3,08 Wil de sanall Jant 5,8 (55 Ll 5

(i S ol 35 Y) ki ) - Siad
(Reinforcement of piles caps ) ibw sl geles

1- Check punching of column ( C17) ,as shown fig ( 7.8).

10
45
P
g )
| o)
E o
| AT, 1 g

Fig. (7.8) Plane for punching of column C17.

VY ¢
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Assume depth of cap 1m.
d =1000 - 75— 25 =900 mm.

b, - Perimeter of critical section taken at (d/2) from the loaded area

b, =2(d + al) + 2(d + a2) = 2(0.6 + 0.90) + 2(0.45+ 0.9) =5.7m
as = 40 for interior column

Column Length (a)
Column Width (b)

C:

b, =20 _133
450

fV, =f %(u bij\/ f'b,d

fVc—f—(b/d ]de
fV_f—rbd

_075, 2
fV 1+—=_ |*[24*5.7* 900 = 10555Kn
6 ( 1.33)
*
fV, = 0.75, (407900 5 )+ /24 5.7+ 900 = 17592Kn
12 5700

fV.= %* 24* 5.7* 900 = 6564.2Kn

\Yo
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f V. =6564.2Kn .... Control
Vu = 4458kN
f Vc =6564.2Kn >Vu = 4458Kn........ satisfied

check punching of pile ( PC 9), as shown fig.

0.45

2 900
bo. = 450 + 450 + il ( 250 + 5 ) =2019.2 mm

as =20 for edge pile.

075
6

0.75, ( 20* 900
fV, =— 2%
12 | 2019.2

f V. * (1+ 3* V24 2.0192* 900 = 1143.74Kn

+ 2] * /24 * 2.0192 * 900 =1589.8Kn

fV.= %* 24* 2.0192* 900 = 1269.5Kn

f V. =1134.76Kn .... Control
Vu = 4458/ 4=1114.5kn
f Vc=1134.76Kn >Vu =1114.5Kn........ satisfied

YY1
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2- design flexural for cap.

Qg = 4350 kn
Weight of cap=1.9°* 1* 1.2* 25 =108 kn.
Qtor. = 4350 + 108 = 4458 kn.

Quile= Qut/ 4= 4458/ 4 = 1114.5 kn.

Will be design pile to carry larger of this value. ( Qpile )

Qpile (design = 1.1 * 1114.5 = 1225.95 kn.
By Anaysistruss method of cap . as shown fig.

d = 1000 - 75— 25 =900 mm.
a=tan'l(£) , a0 =51.84.
0707
Hdesign
sin o
122595
~sin5184

comp. =

= 1559.07 kn

Ftension = Feomp. * cos a

\YY
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= 1559.07 * cos 51.84
=963.3kn

Assume @18 is used:
Where Agis = 254.5 mm?.

Then Number of bar is used,

__ Asreq _ 2548
T As;g 2545

= 10 bhar.

YYA
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dumanll  aaSclua 1.8

yaall Jaealis (31 (2-8) s ypanll i (31 (1-8)
cBopanll yeail SN A3l Gl o 580 B1- B1 Al-Al

T

) . BlEEEUem Top Soe
" : » Btk e tine

@14 f20em | L=5.5m

1
........ .. 8 ey
:
A4

|
Q12 f20em , L=3m _I__. s

By L]

3 anl) (ula) hilsda ; (1-8)
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I e S e CE E R . e B B ) B
' I
PR T S Y oA e

& B "m'a,_l.D_J--" BT R 1= R |1 - .
14,70

_L-Zrope #10°,L=230cm —.  U-Shage #0&1%cm L=170cm

Section A-A

L=tH]

A0

0

Lo

e e T T e T T T e . et T

; E

L-ihope 212020z LL=35kem Bewmion B1-81 o M-Shopa RREIS:m .=1M0em
= |
i

w

Bsanl) B Laal) ablia : (2-8)
seal) A Gl 2
ounlill Bee X jiall dalue = jiall aaa

1.30m x 694 m?=
9022m° =

VAl 4 758 =m3/ el ol

75% x9022m3 = aall Gl
6766 % =

A
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solaall Callss Y
Al 3 694 m? dalus e adsall & 20 0m ASlaws oy sSasd) (e Aida dlaal Alaad) zlias
2800 $ Loy sSud) Aika 4S5 (o Lele (GO0PB ol Adlan) 4S5 5 2308 de 53 Al
2800% + 690 $ = ddlaal) 4all)
3490 $=

i) ypaall 8IS s Y
PREGHON|JXVREN | EVAN
SIS aaall 55 b Gaill 38l S7 &) steel list 8 s WS b juanll mlus e by
(1-8) Jsaall & Heday LS Ll i e

) had a3 juanl) gﬁ Laall g.‘s.“ Sasd (1-8)

S5l m/ cosY S Jshall Dl ha
Kg Kg m mm?
660.44 0.395 1672 78
45.66 0.617 74 @210
7415.69 0.888 8351 @12
123.32 1.209 102 214
11607.23 1.579 7351 716
13287.35 1.999 6647 218

Ob 33.1397 = aadiall aaall 48

812% = oh/ wall ya

812 $x 331307 = aaall el 8 Calls
26909 $ =

AR
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1208 = oh/ sl 240 G
33.1397 x 120 $ = paiiesal) aaall Aail) 43
3980 $=
3980$+ 26909 % = A<l poal) Cadllss
30889 % =

8 yman) gl ) x 3 jpasll dalue = Llu jall aaa
1.00m x 681 m? =

681 m*

A jil) g a5 x A8aill 45 8 daluse = AdUaill 43 8

0.1 m x 693 .34 m?

69.334 m°

69.334 + 681 = dexiinal Ailu Al 4y
750.334m° =

92.7$ = Wl all QLo

750.334 m® x 92.7% = Al Al Al Call<s
69596 $ =

+ s + daal) Al + dal) IS = 3 juaal) jugad ol
69596 $+ 30889% + 3490 + 67669
111191 $ =

VY'Y
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A oY) GlaaS Glwa 2.8
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il 4405

-

A ity el Aalie JelS e ady 2l dSLen s dabun o el Slull jiall GueS s o
G g 3 5Y) 8 il Bend Gll 5 5 ymanll e aligY) 8 saall A1 Calias 3 o e el aila gl el
17$ e 12mM Gee (s i3l Jsha jie JS jiall 4405 4l Gum ¢ 2l Hla g (Bee (e 2D sl A4S

A4IS5 y losll a3 i) eS (2-8) Jsoad) s <208 Lokl i) Al 15 12 M G ) (anls

AU jeal)
LS ial) A8 g wilu gl dal) 4as 1 (2-8)
Tota excavation | Length | Diameter | No. | Excavation | Thickness | Area No.
excavation cost of of Pile | of pile | of of cap of
cost of each Pile m | group, m | pile m® m m? Pile
Piles $ Cap
$

544 136 8 0.50 4 2.89 0.80 3.61 PC1
680 170 10 0.50 4 3.61 1.00 3.61 PC2
272 68 4 0.50 4 2.89 0.80 3.61 PC3
476 119 0.50 4 2.89 0.80 3.61 PC4
AL YV 10 0.50 4 3.61 1.00 3.61 PC5
AR YA 14 0.50 4 3.61 1.00 3.61 PC6
AL YV 10 0.50 4 3.61 1.00 3.61 PC7
ot AR 8 0.50 4 2.89 0.80 3.61 PC8
VYoo Yoo 15 0.50 4 3.61 1.00 3.61 PC9
VEg . 18 0.60 4 6.62 1.50 441 PC10
Yl £ 20 0.60 4 6.62 1.50 441 PC11
YA€, £ 23 0.60 4 6.62 1.50 441 PC12
AR AR 17 0.50 4 441 1.00 4.41 PC13
AR X 17 0.50 4 441 1.00 441 PC14
YY Ye 17 0.50 4 441 1.00 441 PC15

VYo
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ARAR YV 10 0.50 6 441 0.80 551 PC16
V1 114 7 050 | 4 3.95 0.80 494 | PC17
ARAR YA« 14 0.50 4 441 1.00 441 PC18
YY1 A 4 0.50 2 1.13 0.50 2.15 PC19
Yaanu o 25 0.60 2 2.31 1.00 2.31 PC20
A Yoo 6 0.50 2 1.52 0.80 1.90 PC21
YYA AR 7 0.50 2 2.10 1.00 2.10 PC22
€A Al 8 0.40 3 2.25 1.00 2.25 PC23
T3 Yoy 9 0.40 3 2.25 1.00 225 | PC24
Vet Y1 13 050 | 4 3.61 1.00 361 | PC25
vio Yoy 9 0.60 5 6.40 0.80 800 | PC26
YYA AR 7 0.60 2 2.00 0.70 2.86 PC27
YYA 114 7 0.60 2 2.00 0.70 286 | PC28
YYA 114 7 0.60 2 1.84 0.70 263 | PC29
Y Yoy 9 050 | 4 3.68 0.80 460 | PC30
Y Yor 9 050 | 4 4.70 0.80 588 | PC31
Y. YA 14 050 | 15| 2806 1.00 2806 | PC32
EAe Y. 16 050 | 15 | 1269 1.00 1269 | PC33
816 136 8 0.5 6 8.45 1.00 845 | PC34
33772'% 161 m’ 166.41m°
02m x166.41m* +161m° = ailull jiall aas
1943 m?® =
Gkl L7568 = mP/ il o&
75% x 1943 m® = slugll il A4S
1457 $ =
33772$ = 2D il Al

A
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AU jaal) RaIKE 4 il ol il Cadli = jeall 34K AalKl)
33772%+ 1457 $ =
35229 $=

aainsal) yaall 2S5 o
sl o), 4
il ) (S21) oY) mleds stedl list (S22) b s WS il s e ol
Deday LS 2D 5 (3-8 ) saall (B ety LS Ll s il gl ISH aaall 55 8
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