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Chapter Four

Structural Design

4-1 |ntroduction:

The structural design will be discussed in this chapter to find the required

dimensions and reinforcement of the structural members.

According to the codes, the structure must be designed to resist and meet the
required strength and serviceability.
4-2 Selection of materials:

Compressive strength of concrete, f/ = 30(MPa)

Yield stress of stedl, f, = 420(MPa)

4-3 Structural Key Plans:
These structural key plans are attached in the appendix.
4-4 Design of Rib 12:
4-4-1 Deter mination of the Dead load:
Coarse sand fill and floor tile = (0.5°) (0.13) (22) = 1.57 kN/mrib.
Topdab =(0.55) (0.08) (25) = 1.10 KN/ mrib.
Block =(0.4) (0.24) (9) =0.864 KN/ mrib.

Rib  =(0.15) (0.24) (25) = 0.90 KN/ mrib.
Plaster = (0.55) (0.03) (22) = 0.363 KN/ m rib.

a W NP



6. Partition=(1) (1) (0.55) =0.55 KN/ mrib.
Total dead load for one way rib = 5.35kN/ mrib.
Ultimate dead load=1.4*5.35= 7.49 KN/ mrib.

Liveload = 4 KN/m® = 0.40 Ton/m’

|Dead laads — Service

e H.gh

T -1 T I e - |1

Units:kN.m

[Live loads - Service

_ 220 _ L1 ' | | :z_zu' .
1" ¥ & 3- E ¥ ¥ - 1\ e y # v . ) -?- 3.5,

Fig (4-1) Load on therib.

Extracted from the analysis of the typical floor using ATTIER program.

hi.4

Fig (4-2) Moment Envelope

4-4-2 Design of Topping Slab:

Dead load = 5—35—@ =0.81ton/m”’

055 0.55




W = 1.4(0.81) + 1.7(0.40) = 1.82 ton/ m*

Assume slab is fixed at support point (ribs)

M

_ [1.82 x 0.4 j
12 =0.0243 ton.m, (for 1 m wide strip)
According to ACI (9.5.2.3)

f, =0.7,/f/(MPa) = 0.7/30 = 3.83(MPa) = 38.3(Kg / cm?)

Mn=(f, Xs)

2 2
_bh _100x8" 066 67cm?
6 6 For a rectangular X-section
®Mn = 0.65 (38.3)(1066.67) =26554.75 Kg.cm , ® =0.65 for plain concrete
=0.266 Ton.m

®Mn =0.266 Ton.m > Mu = 0.0243 Ton.m
.. Provide Shrinkage & Temperature Reinforcement:

A, =0.0018100)(®) _ 1 44 cm? /1m

+ Use® 8 @ 20 cm on center both side Provided A 2.50 cm?/1m

4-4-3 Design of Rib:
4-4-3-1 Design for positive M oment:

Effective Flange width (bE ) according to ACI code 8.10.2:
b, Of T- section isthe smallest of the following:
b. =L/4=730/4=1825cm
b. =b, +16t=15+16(8) =143 cm
b =C/IC=55cm ... Control
Mu =45KN.m Asshownin Fig. (4-2)

Mn=45/0.9=50 KN.m =5ton.m

Determine whether the rib will act asrectangular or T — section:

For a=t =8cm



C=085 fct b= 0.85(0.3) (8) (55) = 112.2 ton

Mn=TorC(d-05a) =1122(27.79-0.5(8)) / 100 = 26.70Ton.m
Mn available= 26.70ton.m > Mnrequired= 5Ton.m
Design as arectangular with b= 55cm

Asmax.=r bd
A 's max.=0.0244 (55) (27.79) = 37.29cm?

J30

4(420)

Asmin=

1.4
(15)(27.79) -~ (15)(27.79)

Asmin=1.36 < 1.39
Asmin=139cm?

Lty 40 _
0.85fc' 0.85(30)

16 .47

Mn 45 .29 (10)°
bd > (55 )(27 .79 )2

[ = 1{1— 1- 2”;5” j — 0.00275

Rn =

= 106 .63 Kg /cm ?

m

A's =0.00275 (55) (27.79) = 4.20cm? >A S min - OK

4+ But weuse 2 ® 25mm to solve deflection problem As =9.82cm?
4-4-3-2 Design for Negative Moment:

Mu =50.40KN.m AsshowninFig. (4-2)

Mn=50.40/ 0.9 =56 KN.m =5.6 Ton.m

m=16.47

_ Mn _ 5.60*(10)°
bd > (55)(27.79)2

r_i(l_ 1_$]_0_00287

Rn

=13.18Kg /cm?

m

A's =0.00287 (55) (27.79) = 4.39 cm?
4 Ueld18mMm& 1d 16 mm

As =4.45cm?



Check: yielding tension stedl.
C=14.00a
Actual T =(5.09) (4.2) =21.38 Ton

Actua a=1.53cm

Actual x=1.80cm
£,=0.04332>¢ ,=.0021

. Tension stedl isyielding .. OK.
Actual Mn=5.78 Ton.m > 5.60Ton.m .. OK.

4-4-3-3 Design for Shear:

-27.9
il 577
J__H_J-'-" .__i____r'"‘"
__2 _F;L—F’ — 14‘ - il IA/‘
I

39.4
Fig (4-3) Shear Envelop

Max Shear=3.94Ton Asshown in Fig. (4-3)
f !

oV, =085 Y- |od =0.85/ Y0 (52)(27.79)(£] = 11.22 Ton
6 6 1000

050V, =625 > V,=394Ton

According to category (1) (No shear reinforcement is required), but the design to
provide minimum shear even if not required.
+ Use®10 @ 15cm.



4-5 Design of Beam 60:

[Ucad loads  Serdice Units kM. mcter

LL N

2.0 a0 260

A T VIR T T T S S 0 T T o

|Liv|: luads = Service

11.2 _ _ H1.z _ 1z |

T R T . o e T

Fig (4-4) load on the beam.
Extracted from the analysis of the typical floor using ATTIER program.

177.1
131.6 ;"ﬂ\

.'x\ fr" x\'
/ b y 1
j =35 \._ y x\

Support

hb.1 5.7 120.6

Fig (4-5) Moment Envelope.
Assume that:

B =100 cm H=32cm d=27.79cm

4-5-1 Design for Positive Moment:

- Span 1.

Mu=56.10 KN.m=5.61t.m AsshowninFig. (4-5)



Mn=5.61/0.9=6.23 t.m

bd r Asmax =

2 =0.0244*100*27.79=67.81 cm

Determine X ,

0003 0.0021
X, 2779-X,

X, = 16.35cm X max. =0.75X, = 12.26 cm
amax.= B X, = 0.85 (12.26) = 10.42 cm

Tmax. =As fy=(67.81) (4.2) = 284.80 Ton
Mn=TorC(d-0.54a)
Mn max.=284.80 (27.79 — 0.5(10.42)) /100 = 64.31 Ton.m

Mn max. >Req. Mn .. singly reinforcement
f
me—y = %0 _4547
0.85f, 0.85(30)

M : °
R, =t _ 023X10°_g10(kg/cm?)
bd? 100x 27.79

r =1[1— - ZmR“J
m fy

N \/1_ 2x16.47x8.10
16.47 4200

r =0.002 r . >y

min.

As = 0.0033 (100) (27.79) = 9.17 cm?
4 Used®d 22 mm As =15.21 cm?

Check: yielding of tension steel.
C=0.85f.ab

C =0.85(0.3) (100) a= 25.50 a

Actua T = Asfy



Actua T = (15.21) (4.2) = 63.88 Ton

Actual a=63.88/25.50=2.51 cm
Actua x=a/p=251/0.85=295cm
£s=0.0253 > ¢¥=0.0021

. Tension stedl isyielding - OK.
Actua Mn =16.95 Ton.m

2- Span 2:

Mu = 95.7KN.m=9.57t.m AsshowninFig. (4-5)
Mn=10.63 t.m

Mn max. >Req. Mn .. singly reinforcement
m=16.47

M, 10.63x10°
bd? 100x 27.79

r =i[1— - ZmR”j
m 1‘y

N \/1_ 2x16.47x13.76
16.47 4200

r =0.00346 r.<r

min.

R, = —~13.76(Kg /cm?)

A s = 0.00346(100) (27.79) = 9.62 cm”>

4+ Use4d 22 mm As =15.21cm?
3- Span 3:
Mu =120.6 KN.m =12.10 Asshown in Fig. (4-5)
Mn MaX. > Req. Mn . singly reinforcement
m= 16.47

M 12.1x10°

=—0>7= =17.41Kg/ cm?

R bd? 0.9*100x 27.79° 1( J )

r =i[1— - ZmR”j
m 1‘y



1 \/1— 2x16.47x17.41
16.47 4200

r =0.00425 I min. < r < V' max.
A'S = 0,00425 (100) (27.79) = 11.81 cm’

4 Use4 ® 22 mm AS=1521cm’
4-5-2 Design for Negative Moment:
- Support 1:
Mu =131.60 KN.m=13.16 t.m Asshownin Fig. (4-5)

Mn MaX. > Req. Mn . singly reinforcement
m=16.47

M,  1361x10°
bd? 0.9*100x 27.79

‘ =i[1— - ZmR”j
m f,
_ 1 1_\/1_2x16.47><19.58
16.47 4200

r =0.00431 r.min. < r < r max.

R = ~19.58(Kg/ cm?)

A'S =0.00431 (100) (27.79) = 11.98cm’

4 Used®20mm  AS=1257cm’

Check: yielding of tension steel

c=o0.85 fcba
C =0.85(0.3)(100)a= 255 a

Actua T = Asfy



Actua T = (12.57) (4.2) = 52.79 Ton

Actual a=52.79/25.5=2.10cm
Actua x=a/p=21/085=244cm

€5=0.0312 > ¢¥=0.0021
. Tension stedl isyielding - OK.
Actua Mn=14.12 Ton.m > 13.16 Ton.m

2- Support 2:

Mu=177.1 KN.m=17.71tm Asshownin Fig. (4-5)

Mn MaX. > Req. Mn - singly reinforcement
m=16.47

M . >
R = Mo 1771107 25.47(Kg / cm? )

bd2 0.90* 100 x 27.79°

‘ =i[1— - ZmR”j
m f,

_ 1 1_\/1_2><16.47><25.47
4200

r - 0.00546 U min. <l < " mx.
A'S =0.00668 (100) (27.79) = 15.56 cm”
4 Use4®25mm  AS=19.63cm’

Check: yielding of tension steel

c=o0.5 fcha

C =0.85(0.3) (100) a= 255 a

Actua T = Aty

Actua T = (19.63) (4.2) = 82.45 Ton

Actual a=52.79/25.5=3.23 cm
Actual x=a/p=21/0.85=3.81cm



£5=0.01889> ¢ ¥ =0 .0021
. Tension stedl isyielding - OK.
Actua Mn=21.58 Ton.m > 17.70 Ton.m

4-5-3 Design for shear:

-106.1 _.
S >
¥ f_:”
fff/ i
e .__J_.f
55.4
124.7
Fig (4-6) Shear Envelope.
V, =16.88 Ton As shownin Fig. (4-6)

V, @ Critical point =13.93 Ton

f /
oV, =085 Y g =0.8s5| ¥ (100)(27.79)(£j =21.56 Ton
6 6 1000

%(I)Vc =10.78ton

Complies with category (2)
_3Af, _3*4*0.79* 420

S =39.82
bw 100

Max. Spacing is less than:

Smax < % =13.89cm.......... controlled

<60 cm
4+ Use®10(41leg), S=125cm



4-6 Interior column(C-11) at the basement floor:

4-6-1 Design of the longitudinal reinfor cement:

Total load on column = 711.40 ton.
Pu =711.40 ton.
Type of column: "tied column".
Assume pg=0.035
Required Pn=Pn (max) = Pu/@
=711.40/0.7 =1016.29 ton.
Po =0.85bh 0.85(fc’) +At (fy-0.85*fc”)
Pn (max) =0.80* Po
Pn (max) =0.80Ag [0.85(fc”) +pg (fy-0.85*fc’)]

1016.29 ton =0.80Ag [0.85(0.30) +0.035 (4.20-0.85*0.30)]

Required Ag = 3232.47 cm?.
Use 50 cm * 60cm.
Ag= 3000 cm?
Determination of required py:
Pn (max) =0.80Ag [0.85(fc”) +pg (fy-0.85*fc’)]
pg= 0.0426 >0.01

Required As = pg * Ag= 0.0426* 3000 = 127.80 cm?,

Use @ 28
Number of bar=127.80/6.16=20.75 bar
4+ USE 22 @28

4-6-2 Design of thetiereinforcement:

Use @ 10ties.

@ @

50

® (@

[6)
® © @ © @ @

®
®

@ @ 0 @

60

fig (4-7) Top view of C11

Spacing < 16*d, (Longitudinal bar diameter) = 16 * 2.8= 44.80cm

48* d; (ties bar diameter) = 48* 1.0 = 48.0cm.

Least dimension =50 cm



4+ Use"3@ 10" ties @ 30 cm spacing.
Use 50cm* 60cm with 22 @ 28 bars. With @ 10 ties @ 30cm spacing.

4-7 Design of footing (F7): - .

14820 [=3.

4-7-1 Deter mination of the Area:

o
[

3 ST 0
o | 5
Load from Column (C 7) A.50,
Column=50 cm x 40 cm
Ys=18 kn/m3
Estimate footing to be about 70 cm thick,
in addition to about (10 cm) of blinding concrete.
Back fill =H * ys 16120 5
14720 \ g
= 1.5% 18=27 KN/m? I ared
Weight of concrete footing =0.80 * 25 = 20 KN/ m? 285
Figure (4-8) Footing (f 7)
Allowable soil pressure = 4.50 kg/cm? o s erter
Pret= 45-2-2.7=40.30 ton/ m? o ol | .
B B
Area=|oad/Pnet=327.21/40.30=8.11 m?
VELEE |,
UseL = W=2.85m, Area= 8,13 m? + M “
‘ A
Pnet (factored) = 3988 _49 Kg/cm? o]
8.13
2.85
4-7-2 Deter mination of depth: !

Y

Fig (4-9) show section A-A
and B-B-B-B
Using section A-A:

Vu=0oV, = CD%\/TCIQNd =

O.SSX%@X (285) x (d) = 4.9* 285* (123 d)

d=47.61cm

16020 L=3.




Total depth=47.61+8+2=57.61cm

Take h=60 cm & d=50 cm

Check thickness depth for two way shear action, using critical section B-B-B-B with
d=50 cm

Vu=4.9[285* 285-100* 90]/1000=353.90 t

The punching shear strength is smallest of:

Lw:%@+§JJf@d 04331 b,d
2.V, = [b - ]\f__b d =061/1. b

:% V fc,bod =0.3 fclbod .............. Control

Where:

b.=a/b=50/40=1.25.

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2(100+90) =380 cm

a, =40 for interior column

V, = 0.33,/30(3800)(500) = 343.42ton
®Vn =0.85* 343.42 = 291.91ton < 353.9 ton
Re-calculate required d to satisfy punching shear:

4%@%%% wnm@)m)gﬁﬁﬁifhww%+M)

d=57.69 cm
Take h=70cm and d=60 cm
Check again

Vu—f£99(285*285 110* 100)=344.1 ton
1000

Lw:%@+§JJf@d = 04331 b,d
2.V, = (b = J\f__b d = 064/f, bd




3V, :%w/ t'b,d =033y f.bd ..o Control

Where:

b.=a/b=50/40=1.25.

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2(100+110) =420 cm

a, =40 for interior column

V, = 0.33y/30(4200)(600) = 455.49ton

®Vn = 0.85* 455.49 = 387.161ton > 344.1ton ........... OK
Take h=70 cm & d=60 cm, and place 10 cm thickness layer of blinding concrete.

4-7-3 Design for Dowels:

®Pn = ®(0.85fc’Ag)
®Pn = 0.7(0.85)(0.30)(50x 40) = 357ton

Since®Pn = 357ton < Pu = 398.8ton  dowels required for load transfer.
Excess Pu=398.8-357=41.80 ton.

Required As= 4180 =15.15 cm?

0.7(4.20-0.85* 0.30)
Minimum required As=0.005*50*40=10 cm?
Use4 @22, As=15.21 cm?

420* db
430
But not less than
Ldb=0.044* 420* db=18.42db>20cm
Ld=Ldb=20*2.20=44 cm
Available L=70-8-2*2-2.2=55.8cm>44 cm............. OK

Ldb= =19.10db

4-7-4 Design for Bending M oment:

The critical section for moment at the face of the column

1- Reinforcement in X direction:



29« 285% 1205 222>
1000

2*100
=104.78 ton.m

_ Mu_104.78
® 09

Mn =116.42ton.m

_ Mn 116.42x10°
Rn= =
bd?  285x60?

r =0002793> r . =0.002

=11.35Kg/cm?

Reqg. A, =0.002793(285) (60) = 47.76cm?>

Use 16 ® 20. A, =50.24 cm?

2- Reinforcement in Y direction:

u= 490, 285* 117.5&
1000 2*100

=96.40 ton.m

Mn = w = M =107.11ton.m
)] 0.9

Rn =10.44 Kg/cm?
r =0.00255> r . =0.002
Reg. A, =0.00255 (285) (60) = 43.61 cm?

Use 14 @ 20. A, =43.96cm”
4-7-5 Development Length (L, ):

Category A, item 2 applies:

Ld for ®20:
420

2,/30

Available embedment = 122.5 -8=114.5 cm > 76.36 cm

Using standard 90 hook

Inside diameter of bent =6 db = (6) (2) =12 cm

L, = abl xd, =76.36 cm

. OK.



Strai ght extenson=12db=(12) (2) =24 cm

th— \/_ \/_ * 2=36.36cm

Ldh largest of:
> Lhb*modification factor=26.73 cm
>8db=16 cm
>15cm

Ldh (required) =26.73 cm

Available=70-8-2*2=58 cm>26.73cm ...........

4-8 Design of Stairs:

4-8-1 Design step stairs:

L oads:

Dead load:

Plaster =0.03(22) (1)/cos 29 = 0.75 KN/m
Concrete = 0.15(25) (1)/c0os29= 4.26 KN/m
Sand =0.08(14) (1) = 1.12 KN/m

Mortar =0.02(22) (1) = 0.44 KN/m
Tile=0.33/0.3 {(0.03) (30) (1) = 0.99 KN/m
Steps =0.16 (0.5)(25)(0.3)/cos29 =0.68 KN/m
Total dead load = 8.24 KN/m

Factored dead load = 1.4(8.24) = 11.54 KN/m

Liveload

Liveload =5 KN/ m2
Factored liveload = 1.7(5) = 8.5 KN/ m?
Wu =1.16+ 0.85=2.01 ton/m

Calculation of the positive moment of stairs

\\\\\\\\

Fig (4-10) shape of stair.




201 t/m 2.01
Lo L o4 do sde ol |
L By=a3.01: = "
I\:D.q',f-"'f 200 I 0.3 _,-”'i-- 1.50m__|
Ay= 301 AY= 301t
Fig (4-11): Theloads and Fig (4-12): Computing the moment
reactions of the stair in stair.

Ay =By = 2.01*3/2 =3

Mu = 3*(1.50+0.40) — (2* 1.50* 1.50/2)
= 3.45ton.m

Design for positive moment:

Mu = 3.45 ton.m

Mn =3.45/0.9 = 3.83 ton.m

m = 16.47

r =0.00729 0.0035< 0.00729< 0.0224

As = 0.00729 (100) (12) = 8.75 cm?/m
4+ Use®16 @ 20 = 10.05cm?/m

In the other direction provide shrinkage and temper atur e reinfor cement:

. _ 0.0018> 400
420

As=p (b) (h)
=0.0017 (100) (15)
=2.55cm?
4+ Use®10 @ 20 cm =3.93 cn

=0.0017



4-8-2 Design of Stair Roof:

Dead load:
DL=015*25*1=3.75 KN/m

Factored dead |oad=1.4(0.38) =0.525 ton/m

Live load:

Liveload = 1IKN/n?

Factored load = 1.7(1) = 1.7 KN/m2
Total load = 0.545 ton/m?

_La_330_, .

m=— =
Lb 7.35

_2%330+2*735
180

Takeit 15 cm and d=12.4 cm

h =11.83cm

4-8-2-1 Positive Moment:

Ma pos dI=0.095 *0.525* 3.30 2=0.55 t.m
Mapos 11=0.095*0.17*3.30%=0.18 t.m
Mapos=0.73 t.m

Mb pos dI=0.006* 0.525* 7.352=0.17 t.m
Mb pos 11=0.006* 0.17* 7.35?=0.06 t.m
Mb pos=0.23 t.m

4-8-2-2 Determine As:

As min=0.0033* 100* 12.4=4.092cm?
For Mn=0.73t.m
m=16.47
_ 73t.cm
100* (12.4)°
p=0.0012

As=1.51 cm2<As min

=0.00475t / cm?



USE ®12@25 cm As=4.52 cm?

And provided top mesh ®12@25 cm in tow way.

4-8-2-3 Check shear requirement:

Max shear= La* Lb*Wu

=3.30*7.35*0.545=13.22 t
Vu=(0.76*13.22)/2=5.03 t

d = 12.40cm

@V c = 0.85(\30/6) (100) (12.40) (10)/1000
=9.62ton

®Vc>Vu

9.62ton >5.03t0N .....uvviiiiieiiiane OK

4 No shear required.

4.9 Design of strip footing:

Total dead load = (no. of floors) (Hf) (W) (yc)
= (8* 3.12+3.65+4.73)* 0.3 * 25 = 250.1 kN.
Weight of concrete footing=b * h * yc
=0.70* 0.30* 25
=5.25 KN/m.
Total liveload = (live load for one meter run) (no. of floors)
= (5*5) + (5*2) =35 kN.
qu=1.4(250) + 1.7 (35)
=410 KN

4-9-1 Design footing width:

Pn =450 kN/mz?

Width of footing = —35_= 29110 _
B/C 450

So select 70 cm width strip footing.

65cm



Determined of the contact pressure:

P, 410

Pu = = =585.71kN / m?
Area  0.7*1

oV, = CD%\/fThNd = O.SSX%@X (700) x (d) = 543.15d

Vu = (Pnet) (%")

_ g5+ (0703

) = 117.14 kN.

DV, =V,
543.15d = 117.14
d=22cm.... Thenh = (22+5 + 0.6 +1.2) = 28.8 cm, so select h =30 cm.

4-9-2 Design of reinfor cement:

_ w-bw,  w—bw
Mu = (Pnet) (——) (—,—)

=585.71* 0.2* 0.1=11.71 KN.m.
Mu=11.71 KN .m

Mn= %= L?l =13.02 KN .m
()} 0.9
pmax = 0.0244
m = fy - = 420 =16.47
0.85* fc 0.85* 30
Rn = &
b*d?
* 6
_ 13.02* 10 i - 0.346 Mpa
700* (232)
1 2mRn
p=—(@1- [1- )
m fy

p=0.00085 < pmin=0.0018.
Areq=p* b* d=0.0018* 70 * 23.2 = 2.95 cm?

#Of bar = % — 3.71 bar —-—sdlect (4) bar @ 10.

4+ use @ 10 @ 25cm



4-9-3 Design of longitudinal bars:

As=p*b*d
=0.0018 * 100 * 23.2
=4.176 cm?
Select 6010........ (3) Down and (3) up.

4-10 Retaining walls (W1):

L oads: ! |
ys0il=18 KN/m? (Unit weight of the soil) 1 |
—, !
d=30° = 1 |
Z :
Dead load= Ko*y*H=0.50* 18*4.63=41.67 KN/m g s :
Live load: = 1 :
Y !
Live load = 5KN/m2 ! L
Lateral earth pressure=K*P=0.85*5=4.25 KN/m e =
Fa:tored IO&j = 17(425+4167) = 7810 KN/m2 Lar e ::;1:--::::. =i La-al I.-;-.::;I:::m-wr
=08 PANLLCE I e SO LISEIN
Extracted from the analysis of the typical wall using ATTIER program.
Mu=77.10 KN.m=7.71ton.m/ m Fig. (4-13): Retaining Wall

Mn=8.57 ton/m

1- Deter mine thickness (h) of retaining wall:

Use p=0.01

m= 16.47

Rn=3.80 Mpa

bd 2=Mn/Rn

d=14.25cm

Take h=30 cm and d=23 cm



2- Determine sted area (AS):

As=p (b) (d)
=0.01 (100) (23)
=23 cm?#m
Use 8020 /m=25.12 cm?/m
Vertical steel =25.12 cm?/m
S=125cm
Horizontal steel = 5.145 cm?m (5012/m) S=20cm

4-11 Design of shear wall:

The seismic lateral force Fz at al floors levelsin transverse direction equal:
F1=209.2 KN

F2=416.3 KN

F3=624.3 KN

F4=812.5 KN

F5=1028.6 KN

F6=1237.6 KN

F7=1445KN

F8= 1657 KN

F9=1862.4 KN

F10=2069.4 KN

For wall W5=7.5m.

Depending on the stiffness. The parts of load acts on each wall are determined by

using mb-software.

The distribution of the lateral forces acts on W5 is shown in the following figure.



F10
Fo
F8
F7
Fe
FS
Fa
F3
Fe

[

331 KN
298 KN
265 KN
2312 KN
198 KN
165 KN
130.1 KN
100 KN
67 KN
34 KN

Fig (4-14) Distribution of force on the wall

Vu=1819.1 KN
Mu=40936.5 KN.m

4-11-1 Design of Horizontal Shear:

Vec= % (@)* h.d

d=0.8 Lw=0.8*7.5=6.00 m

Ve= %(\@)* 0.25* 6.00=137T
Vs=(181.9/0.85) 137 = 77 Ton

(Av* h)

2

=77/(4.2* 600) = 0.03

Provide minimum reinforcement.
(Av* h)
S,
S, =3*h=3*0.25 = 750 mm
S, =Lw/5=5.79/5=1158 mm
S =teemm....... control
Try ©12
So 1.1304* 2*10°° _ 226* 10°° _o.
0.000625 0.000625
+ Use ®12 @ 300 mm c/c

=0.0025* 0.25=0.0625 ....... control



4-11-2 Design of vertical Shear:

$,=3*h=3*0.25 = 750 mm
S, =Lw/3=5.79/3= 1930 mm
S- fe=mm....... control
Avn=[0.0025+0.5(2.5- hw/Lw) { (Av*h/S;h) — 0.0025)] S2*h
Avn= 0.0025*h* S,
Avn= 0.0025*0.25* 45 =0.028 >0.0025
4+ Use® 12 @300 mm c/c

4-11-3 Design of moment:

e For First floor :

gl B T O T

X — p— X —

Figure (4-15): Detailing of shear wall

Use 18@15

2* As 2* 254

Ast = Lw =75 = 25400mm? = 0.0254m?

Z 1
Lw , 0.85% B, ¥ Fc* Lw* h
Ast * Fy

Z 1
Lw - 0.85* 0.85* 30* 7.5* 0.25
0.0254* 420

0.17

Mu =0.9{0.5* Ast* fy* Lw* (1—£)}
Lw

Mu = 0.9[0.5* 0.0254* 420* 7.5* (1- 0.17)] = 29884KN.m

Mu=40937-29884=11053 KN.m

o = Mu/0.9
Fy(Lw— X)



g/ 11083/09 oo,
420(7.5-0.3)

Ast=40.6+5.08=45.7 cm?
+ Use 10025
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Fig (4-1) Load on therib
Fig (4-2) Moment Envelope
Fig (4-3) Shear Envelop
Fig (4-4) Load on the beam

Fig (4-5) Moment Envelope

Fig (4-6) Shear Envelope

Fig (4-7) Top view of C11

Fig (4-8) Footing (f 7)

Fig (4-9) show section A-A and B-B-B-B
Fig (4-10) shape of stair

Fig (4-11): The loads and reactionsin stair
Fig (4-12): Computing the moment of the stair
Fig. (4-13): Retaining Wall

Fig (4-14) Distribution of force on the wall
Fig (4-15): Detailing of shear wall
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The Structural Design of Commercial Center

Project Team
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Palestine Polytechnic University — 2006

Supervisor:
Dr. Maher Amro

Abstract

The main aim of the project isto design the structural members of
amolein Hebron city, and to prepare the structural workshop drawings
of the designed members.

The mall center consists of 10 floors that will be used as offices and
commercial stores.

The structural design is based on the Jordanian code for load, and
ACI code.

The structural design composed of analysis and design of all the
structural members such as slabs, columns, beams, stairs, wall,
foundations, ...etc. and all of the drawing and details needed to complete
the project.
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