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Abstract
""Structural design of the building ""hotel in Jericho"
Team:
Mohammad Shalaldeh Mohammad Abdalgany
Mohammad Awawdeh Mutasem sabaiha

Palestine Polytechnic University

:Supervised by
Eng.khalil karamah

The idea of the project is structural design of "' hotel
in Jericho city " The project is consists of four floors
in which the convenience of tourists and hotel guests
are available, restaurant, theater and swimming
pools.

We were used ACI code and structural designing
programs such as, ATIR, AutoCAD, and we studied
old graduation projects, that include detailed
structural study.

Our project will include detailed structural study the
analysis of the construction elements and the expected
various loads and then the structural design of
elements and the preparation of shop drawings based
on the prepared design.
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e Ac = area of concrete section resisting shear transfer.
e As = area of non-prestressed tension reinforcement.
e As = area of non-prestressed compression
reinforcement.

e Ag = gross area of section.

e Av = area of shear reinforcement within a distance (S).
e At = area of one leg of aclosed stirrup resisting tension
within a (S).

e b = width of compression face of member.

e bw = web width, or diameter of circular section.

e Cc = compression resultant of concrete section.

e Cs= compression resultant of compression steel.

e DL = dead loads.

e d = distance from extreme compression fiber to
centroid of tension

reinforcement.

e Ec = modulus of elasticity of concrete.

e fc = compression strength of concrete .

o fy = gpecified yield strength of non-prestressed
reinforcement.

e h = overal thickness of member.

e Ln =length of clear span in long direction of two- way
construction,

measured face-to-face of supports in slabs without beams
and face to

face of beam or other supportsin other cases.

Xi



o LL =liveloads.
e Lw = length of wall.

e M = bending moment.e Mu = factored moment at
section.

e Mn = nominal moment.

e Pn = nominal axial load.

e Pu = factored axial load

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

¢ \/c = nominal shear strength provided by concrete.
¢ \Vn = nominal shear stress.

¢ Vs = nominal shear strength provided by shear
reinforcement.

¢ \Vu = factored shear force at section.

e \Wc = weight of concrete.

e \W = width of beam or rib.

e \Wu = factored load per unit area.

e O= strength reduction factor.

e ac = compression strain of concrete = 0.003.

e as = strain of tension steel.
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Determination of Factored Load.
4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam .

4-7 Design of stair.

4-8 Design of column

4-9 Design of footing

4-10 shear wall design



4.1 Introduction

The project consists of several structural elements that will be designed according
to the ACI code and by using the finite element method using much computer
software such as “ATIR” to find the internal forces, deflections and moments for the

all structural element in order to design it.
—Matprials properties:

- Compressive strength of concrete = 25 MPa (B300)
- Yield strength of steel fy = 400 MPa
- 4.2 Determination of one way ribbed Slab Thickness
- According to ACI-Code-318-05, the minimum thickness of nonprestressed
beams or one way dlabs unless deflections are computed as follows:
- hmin for one-end continuous = L1/18.5
hmin.= 390/18.5=21
- hpin for both-end continuous = L2/21
=400/21 =19 cm
- Wesdected h=25cm

( 17cm cement block, 8cm topping)



4.3Determination of factored Load of rib :

4.3.1 Determination of loads for rib first basement (R15 )

- Dead loads :

TYPE y*b*h KN/m
Tiles 0.03*0.52* 23 0.3588
Mortar 0.03*0.52* 22 0.3432
Sand 17%0.07*0.52 0.6188

Block ( 0.50*0.20*0.06) 15%0.17%0.40 1.02

Rib 25%0.17%0.12 0.51

topping 25+0.08*0.52 1.24
plaster 22*0.02*0.52 0.2288
= 4.3196

4-2 |loading of rib
- Live loads :

Nomina Total Liveload =2.5* 0.52 =1.3 KN/m of rib
4.3.2 Determination of factored loads :

- factored dead load = 1.2 * dead load = 1.2 * 4.3196 = 5.2 KN/m
- factored liveload = 1.6 * 1.3 =2.08 KN/m

4.4 Design of topping :

- Determination of loads :




Dead loads :

TYPE v*b*h KN/m
Tiles 0.03*1*23 0.69
Mortar 0.03*1*22 0.66
Sand 17%0.07*1 1.19
Topping 0.08* 1*25 2
= 454
4-3 Loading of topping

Liveload =2.5 KN/m?.

- For one meter strip :

qu=12*DL + 1.6* LL
qu=1.2*4.54 + 1.6* 2.5 = 9.448 KN/m

_w,xI?9.448x(0.4)
12 2

Mn = gapVfc’ Dxn”
6

Mu = 0.125kN.m

* 2
= 0.42x@x@x106 — 2.24kN.m.

f xMn=0.55* 2.24 =1.232kN.m.
f x Mn =1.232kN.m> Mu = 0.125kN.m.

No structural reinforcement is required.
Therefore, shrinkage and temperature reinforcement must be provided

r =0.0018
As.. =1 xbxh=0.0018x1000x 80 = 144mm? /1m

Use F 8 with AS =( P * 8%)/4 =50.27 mm®



= ASreq
"~ AS bar

=144 /50.27 = 2.86 bars » 3 bars

S =1000/3=2333.33 mm

check for s :

1. SE3h=3*80=240 mm

2. SE£450 mm

3. %300*(%)—2.5*0(: - 300 *( 222

control

400+3
280

280
£ 300 * (=) =300 *(——;3 ) = 300mm
f-'-'_ 400*]

Use distance S=20cm < S contro=240 mm ok
Use F 8 @ 20 cm in both directions .

4.5 Design of Rib first basement (R15) :

5)—(25*20) =250 mm

1 2 3 4 5
1 2 3 4
A . A . Al . A
A A A A
0.6 3.2 08 3.2 08 3.2 0.8 2.95 0.6
“‘ 3.9 ‘ | ‘ 4. ‘ | ‘ 3.65
I I I I |
52.
8.
25.
12.
A-A

Figure (4-1): geometry of rib




load group no. 1
Dead load - Service

Units:kN,meter

4.30 4.30 4.30

4.30

3.9 4. 4,

3.65

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

AN N N N A

Loyl oase |

3.9 4., 4. 3.65
Figure (4-2 ): loading of rib
Moments: spans 1to 4
-12.4
-11.5
9.8
6.6 .
6 46 /\ -45 58/ \-55
} 02}13 } | }1. 5 }1. |
N Ty A eI 2 + H
0.72 3
\\_/ . 650. 080' U
3 : : 9
5.6 5.9
9.2 7.9
| 156 |, 234 | 2 2 2 2 | 219 | 146 |
I I I I I I I I 1
Figure (4-3 ): moment envelope of rib
Shear
-17.3
oo 145 -15.6
- -10.1 -11.2 10.7
7.
| 1 1 1 1 1 1 1
I I I I I I I LI
78 0.2
11.5 114 10. 11.9
15.8 14.6 16.4

Figure (4-4):shear envelope of rib

4.5.1 Design of flexural :

45.1.1 Design of positive moment for rib
o Effective Flange width ( b.)

(@) beff.< bw+ 16 hf = 120 + ( 16*80)= 1400mm




(b) beff. = center to center spacing between adjacent beams = 400 + 120 = 520

mm

() beff.< L/4=4000/4 = 1000 mm
Take beff. = 520 mm control

- From the geometry of T-section :

beff.= 520 mm bw =120 mm hf=80 mm

h =250 mm , hetolit block = 210 mm , h cement block =170 mm

e design rib (R15) against positive moment:

Assume 312
D=h-cover-d stirrups-do/2
D=250-20-10-12/2=214mm
*the maximum positive moment in all span rib:
Mu=+9.2 KN.m
Check if a>hf or not.
Mnf =0.85xFc’ x bx hf x(d-hf/2)
= 0.85x25x520%x80(214-40)=153.82KN.m>>9.32/0.9=10.22KN.m
A<hf

The section will be designed as rectangular section with be=520mm.

Mn= M = 92 _ 160 KN m
() 0.9
Mn
Rn= ——
b*d
10.22*10°

Rn= ———— 0.429 MPa
" 520% (214)2



B fy _ 400

= _ = =18.82
0.85* fc 0.85* 25
2mRn
p=—(1- [1-="5)
fy

p:

1 i \/1_ 2(0.429)(18.82))20_00108

18.82 400
Areq=p*b*d=0.00108* 520* 214 = 120.18 mnv

e Check for As minimum :

s, = 1 (o) > 24 o)

mm - 4(fy) fy
J25 14
> 120) 214 120)214
A > 4100y 120(214) 220 120)214)
As_ =80.25mm2?< 89.88mm2............. the larger is control
As . =89.88mm’

Areq> As, . = 89.88mm’
So select As= 120.18
Assume ¢ bar =10 mm
As bar = 78.54 mm®

Number of bars=1.6 »2 ¢ 10 with As =157 mm®> As ok

A Check for strain :
Tension = compression

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



157 * 400 = 0.85* 25* 520 * a

a=>5.68mm
c- 2 _568 _ oooim
b, 0.85
- (2146‘68'69) % 0.003 = 0.093 > 0.005 OK

A Design of Negative moment for rib :

Mu =6.6 KN.m
Mu 6.6
Mn= ——=— =7.33KN.m
0} 0.9
Mn
RN= ——
b*d?
Rn= w =1.33MPa
T 120%(214%
m = fy 40 _ 18.82

0.85* fc 08525

1
o= —(1- [1- 2mRn

m fy )

) = 0.00344

) 1 @ \/1— 2(1882)(1.33

1882 400
Areg=p*b*d=0.00344* 120*214 = 88.339 mn®

e Check for As minimum :

fc' 14
ASpi, 2 m(bw)(d) 2 E(bw)(d)
* J25 14

As, > 2400) (120)(214) > 200 (120)(214)

e As_. =80.25mm2<89.88mm2............. the larger is control

As, . =89.88mm’



. Areq> As, . =89.88mm’

So select As = 120.18 mm?

Assume ¢ bar = 10 mm

As bar = 78.54 mn??

Number of bars=1.6 »2 ¢ 10 with As=157 mm?’>As ok

A Check for strain :
Tension = compression
As*fy=085* f.*b* a

157 * 400 = 0.85* 25*120 * a

a=24.63mm
c= 2 _2463 _ 0 97mm
b, 0.85
e, - (215 - 28.97) , 0.003
28.97

e, = 0.0192 > 0.005

Usually no reinforcement less than 2 10 can be used so for all supports with
negative moments equal or less Mu=6.6 KN.m use 2 ®10.

A Design of shear for Rib

Categories for shear design:
Vu=129 KN

Use ®8 with two legs

Av = 2x50=100 mm?

1. Iteml:1.1dVe>Vu



f 1
110 Ve =110 VGC xb, xd

J25

=1.10d Vc=1.1x0.75x% 5 x120x 214x10°

= 23.54KN

Since ® Vc> VuControl
Sdect $ 8 @ 20 cm

4-6 Design of Beam

e design of beam:

1 2 3
1 2
|: : B : :|
LI
A A
pq 11.4 pQ 11.4 pq
I | I 12 I | I 12 I | |
I I |
55,
80.
A-A
Figure (4-5): Beam geometry
load group no.
Dead load - Service Units:kN,mete
37.0 37.0
Q Q
12 12.
Live load - Service Load factors: 1.20,1.20/1.60,0.00

R 7 T T O N P I

12. 12.

Figure (4-6 ): loading of beam




Moments: spans 1to 2

-1374.
-1205.7 -1205.7

838.5 838.5
| 4.8 ‘ 7.2 | 7.2 4.8 |
[ [ [ |
Figure (4-7 ):moment envelope of beam
Shear
-572.5
-512.2
-357.9
-297.6
[ 1 1 1
T T |
297.6
357.9
512.2
572.5
Figure (4-8 ):shear envelope of beam
Reactions
Factored
| (| |
I 1t |
DeadR  257.09 856.98 257.09
LiveR  100.8 288. 100.8
Max R 357.89 1144.98 357.89
MinR 24269 1000.98 242.69
Service
DeadR 214.24 714.15 214.24
LiveR 63. 180. 63.
Max R  277.24 894.15 277.25
MinR  205.24 804.15 205.25

Figure (4-9 ): load reactions




Design of beam :

b.=800mMm h= 550mm

- Assume ¢ bar =25 mm
- d=550-40-10-12.5=487.5mm
A Design of Positive moments :

Check singly or doubly section :

X =3/7*d=23/7* 487.5=208.9 mm

a=208.9* 0.85=177.56 mm

Mn,, =0.85 %25 =177.56 * 800 = 487.5—

177.65
2

=1203.544 KN .m

® Mn,, =0.82* 1203.8=987.11 KN .m>>Mu,, = 8385 KN .m

e Design the section as singly reinforced concrete section.

b=80cm,h=55cm

d =487 .5
Mu = 838.5
M
Mn= 2 8385 _ 931.67 KN .m
@ 0.9
Kn = an
b*d
931.67*10°
n= —————— =49Mpa
800* (487.5)
fy 40 _ ge

m = - =
0.85* fc  0.85*25

2mKn

p= T - j1- 2N,
m

P~ 1882 400

L - Jl—w )= 00141



Asreq=p*b*d=0.0141* 800 * 487.5 = 5499 mm?

e Check for As minimum :

J fc' 14
As. =Y~ (bw)d)= == (bw)d oo (ACI —10.5.1)
4(fy)( Xd) fy( Xd)
25 14
- =——-(800)487.5)> ——(800)487.5
= g (00N 1 (00457
As_ . =1218.75mm?* <1365mm°........ the larger iss control

As,. = 1365mm’
As req=5499 cm’> As_ = 1365mm’

Use® 25...... #ofbar=54—99:12d>25
491

Then we select (12) bars ®25 A_provided =12* 491 = 5890mm?

A Check for strain :

Tension = compression

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

A Check for strain :

Tension = compression

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

5890* 400 = 0.85* 25* 800* a
a=138.58mm

_a _138.58_
c= bl_io. a5 =163.035mm
eS:487'5_163'035x 0.003
163.035
—_— eS = (0.006 > 0.005




Check for spacing between the bar

_ 800-2*40-2*10-12* 25
11

S

S=36.36mm =db=25mm

A Design of negative moments :
Check singly or doubly section :

c=3/7*d=3/7* 487.5=208.9 mm

a=208.9* 0.85=177.56 mm

177.56
2

Mn,, =0.85=25=177.56 =800 = 4875 —

=1203.544 KN .m

® Mn,_ =0.82* 1203.8= 987.11 KN .m< Mu, _, = -1205.7KN .m

e Design the section as doubly reinforced concrete section.

b=80cm,h=55cm
d =487 .5

Mu = 838.5

Mu
Mns= ———Mnc= @—120354 = 266.82KN .m
0} 0.82

Mns= Cs(d-d)=As (fs-0.85Fc")(d-d")
D'= cover+ P stirrups + @ bar/2=62.5mm
Fe = =9« 600 =4205fy=400
C
Compression steal isyielded fs =fy=400M Pa

Mns 266.82*10"6

= 1657.58mm*

AST (fy_o085fc)(d—d)  (400- 0.85* 25)(4875- 62.5)

T=Cc+Cs=0.85Fc ab+As (Fy-0.85Fc)



=0.85* 25* 177.56* 800 + 1657.58 (400-0.85* 25)=3646.32mm*
As=T/Fy=3646.32* 10"/400=9115.8mm"
As=1657.58mm"

As=9115.8mm?

Take 4 ®25 with As’ =1963.49mm*>As’ req=1657.58mm?”

Take 19 ®25 with as=9326.6mm*>As req=9115.8mm?*

e Check for spacing between the bar

_ 800-2*40-2*10-14* 25
13

S

S=269mm =db=25mm

A Check for strain :

_ A$Fy-As(fy-0.85Fc) _9326.6*400-1963.49(400-0.8525)

_ 1757
a 0.85Fch 0.85-25"800 S.7mm

c =2 -2067
0.85

dt =487.5+12.5+12.5=512.52mm

e —0003* 3¢
S c

= 0.0044 > 0.0040k




A Design of shear

Vu=512.2KN

fc

ve= 6 bw*d= (v25/6):800%487.5¢10-3 = 325KN

®* Vc= *0.75*325=243.75 KN

Vs= _ve==2122 355 — 357.93KN
f 0.75
1. Item1:
0.5* ® VesVuso Ve ( not control )
2. ltem2:

Vsmin 2% bw + d = %800 + 4875 =130KN CONTROL

Vsmin zﬁ v fc bw + d =ﬁ\/ﬁ* 800 + 4875 = 121.87 KN

D VesVusd Ve + d*Vsmin  ( not control )
3. ltem4:

(=

Vs'=- V¥ fc +bw * d=%\/ﬁ*800 + 487.5 = 650 KN

L3

® Ve +P*Vsmin <Vusd Ve +d * Vs'(control)

...... use 4 leg ® 10 for stirrups ...... Av = 314.16 mm2
Avefyed _ 3141644004875
vs  357.93+1000

_ 4875

Select s= 20cm§2E === 243.75 mm

S= =171.15 mm

< 243.75mm ok



4.7 Design of Stair :

): stair layout

Figure (4-10

A Limitation of deflection :

24.9cm

hmin=5.98 / 24

25cm
tan¢ =18/30

¢ =30.96

select h



e Design of flight :
A Flight Dead Load computation :-

Plastering (0.03*22*1)/(cos 30.96)= 0.77KN/m
Concrete slab (0.25*25*1)/(cos 30.96) = 7.29KN/m
mortar 22*(0.18+0.3)*1/0.3*0.02= 0.7KN/m
tiles 27*(.18+0.35)/0.3*0.03*1 = 1.43KN/m
triangle concrete 25/0.3*(0.18*0.3/2)* 1=2.475 KN/m
Y = 12.67 KN/m

4-4 loading of flight

A landing Dead L oad computation :-

Plastering (0.03*22*1)= 0.66 KN/m
Concrete slab (0.25*%25*1)= 6.25KN/m
mortar 0.02*22*1= 0.44KN/m
tiles 0.03*22*1= 0.66KN/m
> = 8.01 KN/m

4-5 loading of landing

A Flight live Load computation :
Live=25KN/m?* 1=25KN/m
A Factored load :



Qu=12*DL+16*LL=12*1267+1.6* 25=19.25 KN/m
A Flight Load computation :
Qu=12*DL+16*LL=12*801+1.6* 25=13.61

A Design of shear force:

19.2 KN/m

0.3 2.1 : 0.987 .

Figure (4-11 ): flight system

Max Vu = 24.52 KN/m
- d=250-20-7=223 mm

V24
= *223 * 1000 =136.56 KN >>

@* \VVc=0.75* @bw* d =0.75*

2*Vu

- The thickness is adequate enough



A Design of moment diagram :

Max Mu = 22.5 KN.m

Mn

Kn= —
"= b d?

225 10°/0.9
1000* (223)°

in(l- 1_2mKn)
m- fy

= (1. \/1_ 2(20.6)(0.5)
20.6 420

=0.5MPa, m=20.6

) =0.00121

Asreq=@*b*d=0.00121* 100 *22.3 = 2.7 cm3/m.
As min = 0.0018 * b * h = 0.0018*100 * 25 = 4.5 cm*/m
As req< As min

select @8@10 cm

Tension = compression

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

450 * 420 = 0.8 * 24 * 1000 * a
a=9.26 mm
a 9 .26
X bl 0 &5 0O .89 mm
223 -10 .89 N
S 10 .89 < 0003 ok (® =09)
e = 0.05 > 0.005

S

e Design of Landing :
A Design of shear force :

Max Vu =13.5 KN/m



: V24
@* Vc=0.75* @bw *d =075* = * 223 * 1000 =136.65 KN >>2 Vu

- The thickness is adequate enough

A Design of moment diagram :

13.81 Kn'm

L1 i

19.2 kN/m

22.1 kN/m

1.9 2.1 1.98

Figure (4-12 ): landing system
Design of landing:
Max Mu = 91.6 KN.m

Mn

Kn= ——
"= b d?

_916*10°/09
1000* (223)

g:l(l- 1_2mKn)
m \ fy

Q= i(l ; Jl_w ) = 0.00513
20.6 420

=2.04MPa




Asreq=@ * b *d=0.00513* 100 *22.3 = 11.44 cm?/m.
As min = 0.0018 * b * h = 0.0018*100 * 25 = 4.5 cm?/m

As req> As min

** shrinkage and temperature reinforcement :

As = 0.0018 * b * h = 0.0018*100 * 25 = 4.5 cm*/m

SRS 3
S, PR z8@10

cOEI0 ~

oy LU
DUE10
o

PEE 10 Y

", \"\.
(AT 11/ 0 N ﬁ*‘lﬂ.—* 2
-\-.._\l‘ \.__\ oAt ngg-

&= T

— — - - o ~F
e T X a3

Figure (4-13 ): stair reinforcement
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4.8 Design of Column :

Design of Longitudinal Reinforcement :

Select column (C30) for design
Pu = 2385 KN
Pn = 2385/(0.65) = 3670 KN

Assume rg=15 %

Pn =0.8* Ag{0.85* fc'+r g(fy —0.85fc")}
3670*1000 = 0.8* Ag[0.85* 24 + 0.015* (420 — 0.85* 24)]
Ag =1738cm?

Assume square column
Use 60*30cm with Ag = 1800cm? is convenient #

A Check Slenderness Effect :

MU _gp oML . ACI —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.

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

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

Lu=3.95m
M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.



KU 341 M1
r M 2
1*3.95
0.3*0.3

.. long Coloumn

=43.88 > 22

Slenderness is consider

............... ACl - (10.12.2)

E.l
El =04—% ... [ACI 3182002 (Eq. 10-15)]
1+b,
E, = 4700,/ fc' = 4700* /24 = 23025Mpa
*
- 12*1431_ _,
2385
* |3 * 3
- b*h® _06*0.3° _ ) j1zemt
12
* * 6 %
gy - 04*23025.%10°*0.00135 __ o\ 2
1+0.72
p *El
Po=—— ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
_314°r 732 N

° (1.0*3.95)2

M1

Cm=0.6+ O.4(—j
M2

Cm

Ay = >
™ 1-(Pu/0.75P,

d =
™ 1-(2385/0.75* 4.62*10°%)

® O

>|o

=e

............ ACI 318 - 2002(Eq.10—16)

=1.... According to ACI 318—2002(10.10.6.4)
Cm

1

>1.0

............... ACI 318 — 2002(Eq. 10-12)

=3.2>1

min

~0.0378

=0.126

. =15+0.03* h=15+0.03* 400 = 27mm = 0.027 m
xd, . =0.027 *1.4 = 0.0378

takeit 1.4



From Interaction Diagram

TR _ 2385 , 145 1901 25ps
A, 03406 1000
r, =0.025

A< p * Ag = 0.025* 600* 300 = 45cm?

45
Use ® 22 == #af bar = 38 11.84

A

Design of the Tie Reinforcement :
For @ 10 mm ties :

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

S<16x2.2=352cm
S<48x1=48cm

S<40



4.9 Design of Isolated foundation (F3):

factored load = 1360 KN

Allowable soil Pressure = 150 KN/m?2

assume h=0.45m

Footing weight =(25%0.45) =11.25 KN/m’

Allowable soil Pressure net = 150 — 11.25 = 138.75 KN/m?

G=03llow. net

<1.4*conet =1.4%*138.75=194.25 KN/m’

- assume rectangular footing a=3.1m

194.25 = ﬂ >> b=2
““7 7 31+b ==m

Select b=3m with As=9.3 m?

1360

——=146.23 <194.25 ... (ok)
3.1=3

A Design against sliding :
Hor. Force = 0.0 ( not required to check)

A Design of reinforcement concrete :

®  Check for one way shear:

Cover =75 mm, ® =20mm, thickness= 450 mm
d=450-75-20=355mm

Bu = 1360/9.3=146.23 kn/ m”

Vu=0.945 * 146.23* 3 =414.6 KN

V24
= *3000* 355 =652.2 kn >>Vu

®* Vc=0.75* @bw* d =075~

So his correct.



®  Check for two way shear action (punching):
d=461 mm

Vu = (3.1*3*- 0.655*0.855 )* 146.23 = 1278 KN

The punching shear strength is the smallest value of the following equations:

f.\/c=f%(1+b—zj\/fjbod
fVv, =f —(b - jrbd
fV, =f —\/7bd

Where:

ColumnLength(a) 5
bC = = — = 1.67
ColumnWidth (b) .3

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

b, ==3020mm

as =40 for interior column
tV, =f 142 |1, b,d = 9114 2|+ /24 3020% 355 = 1443KN
6" b, 6 1.67
*
f V, =f —( }/ b,d = 075 ( 20§§5+2j*\/ﬂ*3020* 355 = 2200KN

fV, =f —\/7bd—0%3*«/_4*3020*355 1313KN

f V. =1313KN .... Control

f Vc=1313KN >Vu =1278KN........ satisfied

e  Design of Bending Moment:

Mu=1463*1.3*3*1.3/2=3709kN.m

6
Kn— an :(370.9/0.9)x210 _1.1Mpa
b*d 3000x 355




me Fy _ 420 206
0.85fc' 0.85x24

1 2mKn
—@- - )

\/1_ 2x20.6x1.1
420

r =

r =L(1— )=2.69x107

20.6

As . = 2.69 x 10 x 3000 x 355 = 28.65cm?

As,. = 0.0018* 3000* 450 = 24.3cm’

AS, > AS i,

#of bar = ﬁ =912
3.14

Select 11 ®20 A provided = 34.54cm’

A Check for strain :
As* fy=085*f_*b* a

3454* 420 = 0.85* 24* 2100* a
a=33.86mm

x= 2 =3386_39 g4mm

“by 085

0. -395-39.84 1 40a
ST 3984 '

= 0.024 > 0.005

Ok (® =0.9)

340

3000

0

11820 L=5500

300

3100

ﬁfﬁ\}
kS

RS

a1pd /

Figure (4-14 ): foundation reinforcement

3000
11820 L=woll

300



4.10Design of shear wall (sh16) :

hy=4.2m,L,y=2m

d<0.8*L,=0.8*2=1.6m... control

11.309 |

38.7948

97.8881 Wl |

822

724

410.6

175.4

39.6

Figure (4-15 ): Shear force & moment on the wall from ETABS

Control section from base

Lo/2=1m...... control




A Design horizontal reinforcement :

!

fc

Vc1: 5 xbxd
V, = :4 x 200 x 1600 = 261.3KN
fc' xbxd N, xd
02: +
4 4xL,
N, = 0.0KN
vV, - /24 x 200 x 1600 +0.0=392KN

Mu(1)=821.8 - (821.8 - 410.6)/ 4.2* 1= 724kN.m

i — 2xN
| f! u
(o' W( C+IW><h] thd

V., = +
“l 2 M, @) I, 10
v | ¥ 2424 +00)| 200x1600 .

2 ’ 2 10
(735-2)
2

So thickness of wall is safe.

A Design for horizontal reinforcement :
A, min. = 0.0025* s* h

Ay =2 ©10 = 158 mm?

*
(2 79) _ 05
S

S=316 mm

Smax < L,/5=2000 /5 = 400mm
< 450mm

< 3* h=3*200= 600 mm



Take s =300 mm < s max

A Design of Vertical reinforcement:-

Aw = {0.0025+ o.t{zs-m]* [i _ 0.0025}* s*h
) |s*h

w

Avh=2 ®10 = 158 mm?

*
Aw = {0.0025+ 0.5(2.5— 14'7} * ( 2779

> 5007200 o.oozsj} * s* 200

Aw = 0.0025* s* h

(A—W] - 043
S

Aw =2 ®14 = 308 mm?

S=716.3mm

Smax < L,/3=2000/3 =666.7 mm
< 450mm
< 3* h=3*200= 600 mm

Take s =250 mm < s max



A Design of bending moment:

co[ W )_200_ s omm
0.007*600) 42

length of boundary element=C-0.1xL,
length of boundary element=476.2—-0.1x2000=276.2mm

Y20 20
Sl ect Theboundaryel ement = 500mm

*
Ave= 2 As, s = 22154 5000 = 2464mn?
sl 250

Z 1
Lw  2+0.85*b * fc* Lw* h/(As* Fy)
Z 1 =0.115

Lw  2+0.85x0.85x 24x 2000x 200/(2464x 420)

Muv = 0.9x Fy x 0.5x Asx LWx(l—(AD
Lw

Muv = 0.9* 420* 0.5* 2464 x 2000* (1- (0.115) =824.3KN.m
Muv > Mu

So Boundary is not reguired .
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