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Abstract

Multi Story Residential



Work Team
Osama Al-azzeh Saddam AL-Houseiny

Palestine Polytechnic University — 2005

Supervisor
Dr. Hitham Aiad

The main idea for this project is to design and prepare full detailed
structural drawings for the Multi Story Residential.

This project consists of five floors and it contains seven apartments, two
parking, and water reservoirs, The apartments were designed to accommodate
the modern of life and human needs, ACI code was used to design, The project

includes the structural analysis and design and the executive drawings .
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Chapter Four

Structural Analysisand Design

In this chapter we will explain the design of the structural element for this
project, the dead load is calculated based on type of used materials, but the live load
Is chosen based on the values that are used in chapter three tables (2-3).

(4-1) Ground Floor RibsDesign .

(4-1-1) Load Calculation :

The main loads acting on the structure are dead and live loads. Dead Load
is calculated based on the density for each material used in the slab.

The overall depth of slab must satisfy the limitation of deflection required
in ACI Table (9.5.a).

Minh=L/185 for one end continuous span
Minh=391/185 =21.13cm
Minh=L/21 for interior span

Minh=525/21 =26.29cm

Use an overal depth of 27 cm (20 cm block)



Dead load : -

fSermi Sond and e

: ¢ own Tonping

20 Block and PDibe

Figure (4-1): Cross section in the Slab

Coarse Sand Fill and Tile 0.13*0.52¥2000 =135.2 kg/m of rib

Concrete Rib 0.20%0.12*2500 =60 kg/m of rib
Block 0.20*0.40*900 =72kg/m of rib
Topping 0.07*0.52*2500 =91 kg/m.

Plaster 0.03*0.52*2200 = 34.32 Kg/m of rib
Partitions (100)(0.52) =52 Kg/mof rib

Nominal Total Dead Load = 444.52 Kg/m of rib
Factored Total Dead Load = 1.4*444.52 = 622.33 kg/m.
=6.22 KN/m.

Liveload = 2 KN/m?.
Factored liveload =2*1.70.52= 1.77 KN/m



(4-1-2) Slab (Topping) Design :

Live load = 200 Kg/m? = 0.2 ton/m?.

Dead load = Nominal Total Dead load — Dead load of Rib.
Dead load = (6.22 /0.52) — (0.60/0.52) = 10.81 KN/ m?

W, = 1.4 (10.81*100) + 1.7 (200) = 1853.4 Kg/ m?

= 1.8534 ton/ m*?
Assume slab is fixed at support point (ribs)
2
MU = Wu x L
12

2
MU = (1.8534>< 0.4

I ] =0.025 ton.m, for 1 m wide strip

Calculate modules of rapture of concrete according to ACI (9.5.2.3).

f, = 0.7/, (MPa) = 0.74/30 = 3.83(MPa) = 38.3(Kg/cm?)

Mn = (f, Js)
2 2
= bg = 100x7 =816.7cm* ... for a rectangular X-section
®Mn = 0.65 (38.3)(816.7) = 20331.75 Kg.cm, (® = 0.65 for plain concrete)
=0.203 ton.m

®Mn =0.203 ton.m > Mu = 0.025 ton.m
According to ACI (7.12.2.1), minimum reinforcement is required to prevent cracks

and minimizes temperature effects:

For fy =400 Mpa



p =0.002

A, =0.002(100)(7) = 1.4 cm?/1m
Use @ 8 @ 20 cm on center both ways
Provided A,= 2.5 cm?/1m

(4-1-3) Rib Design (R1) :

The length of spans are shown in figure (4-2) below .And the locations of Ribl
are shown in figure (4-3).

—3.88 XN.m — Y. BUEN ™ —0.53KN.m -3.90EN.m
' |
A A A A
A B.G4KEN.m B 4.84KN.n. [ G.6EEN.m D
| L i |
' 9. GFwE 3.77 m T

Figure (4-2): Rib (RG-1) Moment Values

e Using ACI coefficient we get the following moment values for positive

moment .

Wu=DI+LI=6.22+1.77 =8 KN /m



Span 3.91m.
(1/14) *Wu *Ln ? =(1/14)*8*(3.41) * = 6.64 KN.m
Span 3.71m.
(1/16) *Wu *Ln ? =(1/16)*8*(3.11) > = 4.84 KN.m
Span 3.92m.

(1/14) *Wu *Ln ? =(1/14)*8*(3.42) > = 6.68 KN.m

1- Design For Positive Moment :

e Design For (AB) and (CD) span.

Effective Flange width (b, ) accordingto ACI code 8.10.2:

b for T- section isthe smallest of the following:

b. = L/4 =371/4=9275cm

be =b, +16t =12 +16(7) =124cm

b. =C/C =52cm.................... Control
Mu =6.64 KN.m
Mu = 6.68 KN.m

Select Mu =6.68 KN.m

Mn=6.68/0.9=7.42 KN.m
Mn= 0.742 ton.m



Determine AS max :

€y = fy /E = 400/200000 =0.002

xb = (0.003*23.4) /(0.003+0.002) = 14.04 cm .
ab=0p*xb=0.85*14.04=11.934cm

Cib = 0.85*0.3*12*11.934 = 36.52 ton.

Cob = 2(0.85¥0.320%7) = 71.4 ton .

Cb=Cib+ C:b=36.52+71.4= 107.92ton=Tb.
Asb = Th/Fy = 107.92/4 = 26.98 cm?.

Asmax = 0.75 *Asb = 20.24 cm?

Determine AS min :

Asmin= ;/(E’) (bw)(d) > %(bw)(d) ........... (ACI-10.5.1)
VL) 1.4
Asmin=_oo5 (12)(24.4) 2 (12)(24.4)
Asmin=0.96 = 0.98
As= 0.98 cm?
fy 400

m= _ =157
0.85fc  0.85(30)

L _Mn _ 0742 (10)°
Cbd? (52)(23.4)2

oA f_2mRn ) 1 1_\/1_2 15.7*0.261 | _ 4 50066
m fy 15.7 400

= 2.61Kg /cm?

A's =0.00066(52)*23.4 = 0.8cm? <A s min
Select A's min=0.98 cm?



Use 2d 10mm,As =1.57cm?
e Design For (BC) span .

Mu = 4.48 KN.m
Mn=4.48/0.9=4.98 KN.m.

me_ Y __ 40 57
0.85fc  0.85(30)

5
o Mn _ 0.498 (10)2 _1.75Kg /em?
bd2  (52)(23.4)

* *
r :i(l— [ _ 2mRn J:1517(1_\/1_2 15.7* 0.175 ]20_00044

m fy 400

A's =0.00044*52*23.4= 0.53 cm? <A s min
Select A s min=0.98cm?
Use 2 10mm,As =157 cm?

2- Design For Negative Moment :

e Using ACI coefficient we get the following moment values for negative
moment .

Wu=DI+LI=6.22+1.77 =8 KN /m

Negative Moment above column (A) :
(1/24) *Wu *Ln % =(1/24)* 8*(3.41) > = 3.88 KN.m

Negative Moment at exterior face of support (B) :
(1/10) *Wu *Ln ? =(1/10)*8*(3.41) > = 9.30 KN.m

Negative Moment at exterior face of support (C):



(1/10) *Wu *Ln % =(1/10)* 8*(3.42) > = 9.63 KN.m

Negative Moment at other facesof interior support :
(1/11) *Wu *Ln % =(1/11)*8*(3.11) > = 7.03 KN.m

Negative Moment above column (D) :
(1/24) *Wu *Ln ? =(1/24)*8*(3.42) > = 3.90 KN.m

At exterior supports:

(1/24) *Wu *Ln 2

Mu = 3.88 KN.m

Mu = 3.90 KN.m

Use Mu=3.90KN.m
Mn=3.90/0.9=4.33 KN.m

Determine AS max :
ASmax =p max * bw * d = 0.0244*12*23.4 = 6.85 cm?

Determine ASmin :

_Jfe Jfc 1.4
bw)(d bf )(d) = = (bf )(d) ........ ACI-10.5.2
(fy)( w)(d) < fy( )()>fy( )(d) ( )

V30 s
Amin =300 (12)(23.4) < +/30(52)(23.4) /(4* 400) > —(52)(23 4)

As=192<414<425

Asmin=1.92cm?



oo fy 400 _
0.85fc  0.85(30)

-3
Rn=Mn/bw* d?= %:o.aampa
0.12x0.234
* *
1 E PCLLA L) PR 1—\/1—M - 0.0017
m fy | 157 400

A's = 0.0017(12) (23.4)= 0.48 cm? < Asmin
Select Asmin=1.92cm?
Use2d 12mm ...... As =226cm?

At interior supports:

Mu =9.30 KN.m
Mu=9.63 KN.m
Use Mu=9.63 KN.m

Mn=9.63/0.9=10.7 Kn.m

oty 40 _
0.85fc _ 0.85(30)
-3
Rn=Mn/bw* ¢¢= 29" 1 63vpa
0.12x0.234

* *
c_A( Jj_ 2mRn)_ 1 1_\/1_2 15.7%1.63 | _ 4 o042
m fy ) 157 400

A's =0.0042(12) (23.4)= 1.18cm? <Asmin
Select Asmin=1.92cm?
Use2d 12mm ..... As =226cm?



(4-1-4) Design of shear for T-section for rib (G,1) :

b Vc= CD*E bw * d

= (0.85* @ 12* 23.4)*100/1000

= 21.78 kN
® Vs(min) = (0.85 % * 12* 23.4)*100/1000
= 7.96 KN

Vu = (0.5583)* Wu*In
Vu=0.5583* 8*3.42=15.3KN

05dVc<Vu<d Ve ceveneennan. e JAccording to category (2)
(Shear reinforcement is not required )

s= 3* Av* fy _ 3*1.01* 400

=101 cm.
bw

s Use® 8 stirrups @ 40 cm



Rib
No
Rib 1

Rib 2

Rib 3

Rib 4

Span length
(m)

3.90
3.71
v.ay
3.43
3.71
3.91
3.43
3.71
5.55
5.48
3.72
3.29
3.72
3.71
5.55
5.48
3.72
3.55

Table (4-1):Ground Floor Ribs

Rib Dimensions

Rib Width
(cm)

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Reinfor cement

Rib Depth = Positive Steel = Negative Steel

(cm)

Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv

¢\h
¢\h

¢\h
¢\h

RE
RE
RE
P Y
RE
RE
RE
RE
RE
DY
RE
RE

(Exterior Support)
Yy

YOOY
YOY

YOP VY
YOP VY

Y)Y
YOOY

YOOY

Negative Steel

(Interior Support)

YOOY
YOOY

YOOY
YOOY

Yy
Yy
YPIE & DT
Y )¢
Yy

Y)Y
Y)Y
YD VE& DT
YO ¢
Y)Y

Stirrups
(o))
(mm)
®8
®8
® 8
® 8
® 8
d8
d8
®8
®8
D A
®8
®8
® 8
® 8
® 8
D A
®8
®8

Spacing
(cm)

40
130
130
130
130
1
1
1
K



Rib
No

Rib 5

Rib 6

Rib7

Rib 8

Span length
(m)

3.89
3.71

3.85
vy

Y VY
3.85
KA
3.19
3.91
YAy
1.59
¥ V)
3.73

Rib Dimensions

Rib Width
(cm)

12
12
12
12

12
12
12
12
12
12
12
12
12

Rib
Depth
(cm)

Yv
Yv
Yv
Yv

Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv

Positive Stedl

Y-
Y-
Y-
Y-

Y-
Y-
Y-
Y-
Y-
Y.
Y.
Y.
Y.

Reinforcement

Negative Steel
(Exterior Support)

YPVY
YPVY
YPVY

YP VY
YP VY

YP VY
YP VY

YPY

Negative Steel
(Interior Support)

YOP VY

YOP VY
YOP VY

Y)Y
YOOY

YOO
Y)Y
Y)Y
Y)Y

Stirrups
(o))
(mm)

®8
®8
8
®8

® 8
® 8
® 8
® 8
® 8
®8
®8
8
®8

Spacing
(cm)

40

40
\l

0

Yo
Yo
Yo
Yo
130
1
1
1
1



Rib

No

Rib 1

Rib 2

Rib 3

Rib 4

Span length
(m)

3.90
3.71
Y.qY
3.43
3.71
3.91
3.43
3.71
5.55
5.48
3.72
3.29
3.72
3.71
5.55
5.48
3.72
3.55

Table (4-2):First , Second , Third &Fourth Floors Ribs :

Rib Dimensions

Rib Width
(cm)

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Rib
Depth
(cm)

Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv
Yv

Positive Steel

ORE
ORE

ORE
ORE

I RE
I RE
I RE
DY
RE
RE
RE
RE
RE
P Y
RE
RE

Reinforcement

Negative Steel
(Exterior Support)

YPVY

YPY
YPY

YPY
YP VY

YP VY
YPY

YPY

Negative Steel
( Interior Support)

YPVY
YPVY

YPVY
YPVY

YP VY
YP VY
Y V¢
YP VY
YP VY

YPVY
YPVY
YP¢
YPVY
YPVY

Stirrups

®
(mm)

®8
®8
o8
o8
o8
o8
® 8
® 8
® 8
® 8
® 8
® 8
®8
®8
®8
o8
8
o8

Spacing
(cm)

40
S
S
S
S
S
S
S
Yo
Yo
40
40
S
S
Yo
Yo
S
40



Span Rib Dimensions Reinforcement Stirrups

Rib length Rib Width Rib Positive Steel Negative Steel Negative Steel ) Spacing
No (m) (cm) Depth (Exterior Support) ( Interior (mm) (cm)
(cm) Support)
Rib 5 3.89 12 Yv YO YO OY Y OY P8 ¢
3.71 12 Yv Yo YO OY ®8 ¢
Rib 6 3.85 12 Yv ANOCRE YO OY Y OY P8 ¢
Rib 7 1.49 12 Yv YPIY& P VE d8 ¢
4.41 12 YY Y Y Y pOY o8 £
Rib 8 \RA 12 YV Y. YPY P8 ‘.
3.73 12 Yv ANORK YO Y YO > 8 €
Rib9 ¥y 12 YV Y- Y)Y Y)Y ©8 £
v.ay 12 Yv Y. Y)Y ® 8 ¢
Rib10 = 385 12 Yv Y- Y Y Yy o8 i
3.72 12 Yv YOO Y)Y YO OY 8 £

3.55 12 YV Y. 8 ‘.



(4-2) BeamsDesign :

Assume that:
The beam is a middle beam

L, istherib length from one side

L, istherib length from the other side

Factored Total Dead Load = ?LLZQ DL

e 2 g
+ &
Factored liveload = {;ad'l—l'zg’ LL
e 2 g

Self weight of beam=B" H™ 25" 1.4

(4-2-1) Design Data :

Section dimension :

Width (b) = 60 cm
Depth (h) =27 cm
d= h-Ct-d/2 = 27-2-(1.2/2)-1 = 23.4 cm



L oads Calculations:

fScre Hond and Mle

i i o Tanping

20w Block and Pibe

Figure (4-3):Cross section in the Slab

Coarse Sand Fill and Tile 0.13*1*2000 =260 kg/m?
Concrete Rib 0.20%0.12*2500%2 = 120 kg/m?
Block ( 0.20%0.40*900)+(0.20*0.18*900) = 104.4 kg/m?
Topping 0.07%1*2500 =175 kg/m?.
Plaster 0.03*1*2200 = 66 Kg/m?
Partitions (100)(1) =100 Kg/m?

Dead Load =825.4 kg/ m?

= 8.254 kN/m?

Nominal dead load = (dead load carried by the beam) + (self weight of beam)
Self weight of beam =0.27*25%0.6 = 4.05 kN/m
Dead load carried by beam for interior beam = 8.254 *(3.54 + 3.75)/2
=30.08 kN/m

Factored Dead load =1.4 *(30.08 + 4.05) = 47.78 KN/m

Liveload = 2 KN/m? .
Factored liveload =1.7* 2*(3.54 + 3.75)/2 = 12.32 kN/m




Dead load carried by beam for exterior beam = 8.254 *(3.89 + 3.75)/2

= 31.53 kN/m

Factored Dead load =1.4*(31.53 + 4.05) = 49.81 kN/m

Liveload =2 KN/m? .

Factored liveload =1.7* 2*(3.89 + 3.75)/2 = 12.92 kN/m

Material properties:

Concrete: fc =30 Mpa

(4-2-2) Design of beam (B -G-12) :

Reinforcement: fy = 400 M pa

307 m

.
¥

A
B
*

A A
o L
303 m % 459 L }/

Figure. (4-4): Beam Length



79.1 KN.m \ 83.9 KN.m
60 KN.m \
/ i /
\ g anl /
\ / T / HH ;
3 / %, / /
K\ J e ] ,‘ :\ !
4 H\\J { fx’} = W S \\l xff b
S v 15.8 KN.m | i
. \x xrr
509 KN.m
69 KN.m

Figure. (4-5): The design moment for the beam (B -G-12)

B =60cm H=27cm D=23.4cm

(4.2.3): Design For Positive Moment :

1- Mu =69 kN.m

Mn=69/0.9=76.67 kN.m
f, 400

m= = =157
O.85fc¢ 0.85* 30
M 76.67° 10°
=1 = = 2.33Mpa
R, bd? 600" 2342 P
e 0
r :l(}l- 1- ZmR”j
mg fy &



0
g \/1_ M = 0.0061
"15, 7§ 5
ﬂ 14
rmn=-—< =—
fy
Cmine N30 _ 14
2%200 = 200

< r min =0.0034< 0.0035
< r max =0.0244

& rmin <r <r max

A s(req) = 0.0061 *60 *23.4 = 8.56 cm?

U% 5 q) 16 mm ....... A S( provide) = 10.05 Cm2

2- Mu = 15.8 kKN.m

Mn=15.8/0.9=17.56 kN.m

f
=7 _ 400 =157
0.85f¢  0.85*30
M_ 17.56" 10°
= n = = 0.53Mpa
R, bd?> 600" 2342 P
e o)
r=1G. h- 2man
mg fy 2
O
1 \/1- —2 157" 053 =0.0014
15 7§ 400 p

A s(req) =0.0035*60 *23.4 = 4,91 cm?
Use3® 16 mm ......... A'S(provide = 6.03 cm?

r min=0.0035

rmn>r



3- Mu =50.9 kN.m

Mn=50.9/0.9 =56.56 kN.m
f, 400

= = =157
0.85f¢  0.85*30
M_ 5656 10°
= n = =1.72Mpa
R, bd?> 600" 234° P
e (0]
=1g. AR
mg fy
&. \/1_ M;_ 0.0045
15 7 p

A s(req) =0.0045*60 *23.4 = 6.26 cm”?
U%4 q) 16 mm.......... A S( prov|de) 8 04 Cm

(4-2-4): Design For Negative Moment :

1. Negative M oment above column (A) :

Mu=60 KN.m

Mn=60/0.9=66.67 kN.m

f
=y - 400 =157
0.85f¢  0.85*30
M 66.67° 10°
=—"n = = 2.03Mpa
R, bd? 600" 2342 P
e o)
:1(;1_ _ ZmRn -

mg b %

rmn>r



2”157 2.030

1\/1-— = 0.0053
157 400 5

A s(req) = 0.0053*60 *23.4 = 7.43 cm?
U%4q) 16 mm...... As(prowde) 804 Cm

2. Negative Moment above column (B) :

Mu=79.1 kN.m
Mn =79.1/0.9 = 87.89 KN.m
f
= Y = 400 =15.7
0.85f¢ 0.85* 30
M, 87.89" 10°
=0 = = 2.68Mpa
R, bd? 600" 2342 P
& 0
r=1G. h- 2man
mg fy 2
1 \/1- M 0 0071
15 7§ 400 g

A s(req) = 0.0071*23.4*60 = 9.94 cm”?
Use5®16 mm............AS(provide = 10.05 cm?

r min <r <r max

rmn<r <r ma



3. Negative Moment above column (C) :

Mu =110 kN.m
Mn = 110/0.9 = 122.22 KN.m

f, _ 400

= = =15.7
085f¢  0.85*30

M_ 122.22° 10°
=—"n = =3.72Mpa
R, bd? 600 2342 P

_18 [ 2RO
me ' o
x O
- \/1_2 157" 3729_ ) 10
15.7§ 400 5

A s(req) = 0.010 *23.4*60 = 14.18 cm?

U% 8q)16 mm........... A S( pro\/ide) = 16.08 sz

4. Negative Moment above column (D) :

Mu =83.9kN.m
Mn = 83.9/0.9 =93.22 KN.m
f
_ 5 _ 400 157
0.85f¢  0.85*30
M, 93.22" 10°

=—n = = 2.84Mpa

R, bd®> 600" 234° P

rmn<r <r ma



o]
1 le =0.0075 rmn<r <r ma
157§ 400

4]
A s(req) = 0.0075 *23.4*60 = 10.58 cm?
U% 6q)16 mm......... A S( provide) = 12.057 cm 2

(4-2-5): Design Shear For The Beam (B-G-12) :

150 EN

™
', g
v 12242KN
112 EN '

-

. POSEN 90 KN

N 62D
i h s [ A
B

&, ~] T S \\] P
A £ “\_\\ " x\\ [B]
"-.\ "
% TOSIEN LI76LKE N
-9 6K s i
\ - 06D KN 129 KN
1¥¢ EN
Figure. (4-6): The shear envelop for the beam (B -G-12)
B =60 cm H=27cm D=234cm

fVe=08 ,/fCJo =085 % 30160)(234)@9_10894KN.
ﬂ

fvsmin = & ipa* bw* d = &0 60* 23.4+ E0 0= 46 8KN,
e3g €3g 81000 g



1. Design of shear above support A :

Category (2) no exception min shear must be provided .
Vu=90.8 KN at critical section.

(PVc/2) <Vu< dVce

54.47 KN < 90.8 KN <108.94

Min shear must be provided .

aé3Avfyo a3 2" 0.79 4000

S=¢ =31l.6cm.
& bw g é 60 2
S £ 60cm.
SEE—&—117 ................. control.
2 2
UseS=10cm.
Vs = 085Avfyd 0.85" 2° 0.79” 400" 234, geloo o_12571 KN
10 21000 g

Vu=90.8 KN < (®Vc +®Vs) =234.65 KN. OK

Complies with category (2).

Use 1910 at 10 cm. at distance 0.7m from face of support A.

Use 1910 at 40 cm at distance 0.7 m to 2.40 m from face of support A witch
complies with category (1): Vu< 0.5 ®Vc

where no shear reinforcement do not needed.

2. Design of shear above support B left:

Category (2) no exception min shear must be provided .
(PVc/2)<Vu< dVce
108.94 KN < 99.6 KN < 108.94 KN.

aé%Avfyo a8 2" 079 4000
8 bw g g 60 P

=31.6cm.

S£60cm.

S£%-£24—117 CM. i, control.



UseS=10cm.

OVs= 0.85Avfyd _ 0.85" 2" 0.79" 400" 234, gelOO 9:125.71 KN
S 10 €1000 g

Vu =127 KN < (®Vc +dVs prvided) =234.65 KN. OK

Complies with category (2).

Use 1910 at 11 cm at distance 0.72 from face of support B to the left .

Use 1910 at 40 cm at distance 0.72 m to 2.740 m from face of support B to the left .
witch complies with category (1): Vu< 0.5 dVce

where no shear reinforcement do not needed.

3. Design of shear above support Bright :

Category (2) no exception min shear must be provided .
(PVc/2)<Vu< dVce
108.94 KN < 63.9 KN < 108.94 KN.

g BBAVYG_a8 2 079" 4006

=31.6cm.
e bw g é 60 [
S£60cm.
SE 9 = & =117 cm. e control.
UseS=10cm.
Vs = 0.85Avfyd _ 0.85" 2" 0.79” 400" 234, geloo 9:125.71 KN .
S 10 21000 g

Vu=63.9 KN < (®Vc +dVsprvided) =234.65 KN. OK

Complies with category (2).

Use 1910 at 10 cm at distance 0.60 m from face of support B to theright .
Use 1910 at 40 cm at distance 0.60 m to 1.29 m from face of support B to theright .
witch complies with category (1): Vu< 0.5 dVc

where no shear reinforcement do not needed.



4. Design of shear above support C left :

Category (2) no exception min shear must be provided .
(PVc/2)<Vu< dVce
108.94 KN < 70.83 KN < 108.94 KN.

aé3Avfyo a3 2" 0.79 4000

S=¢ =3l.6cm.
& bw g é 60 2
S £ 60cm.
SEE—&—117 ................. control.
2 2
UseS=10cm.
Vs = 0. 85Avfyd 0.85" 2° 0.79” 400" 234, geloo 0 ~ 12571 KN |
10 61000 g

Vu=70.83 KN < (®Vc +dVs prvided) =234.65 KN. OK

Complies with category (2).

Use 1910 at 10 cm at distance 0.70 from face of support C to the left .
Use 1910 at 40 cm at distance 0.72 m to 1.46 m from face of support C to the left .
witch complies with category (1): Vu< 0.5 dVce
where no shear reinforcement do not needed.

5. Design of shear above support C right :

Category (3) : shear reinforcement must be provided.

®dVe<Vu<(dVe+ min dVs)

108.94 KN < 122.4 KN < (108.94 + 46.8 =155.74 KN)
aé%Avfyo a8 2" 079 4000

=31.6cm.
&bw g & 60 P
S£60cm.
S£%-£24—117 CM. i, control.

UseS=10cm.



OVs= 0.85Avfyd _ 0.85" 2" 0.79" 400" 234. gelOO 9:125.71 KN
S 10 €1000 g

Vu=122.4 KN < (®dVc +dVs) =234.65 KN. OK

Complies with category (3).

Use 1910 at 10 cm at distance 1.10 from face of support C to theright .

Use 1910 at 40 cm at distance 1.10 m to 2.80 m from face of support C to theright .

witch complies with category (1): Vu< 0.5 dVce

where no shear reinforcement do not needed.

6. Design of shear above support D :

Category (3) : shear reinforcement must be provided.
®dVe<Vu<(dVe+ min dVs)

108.94 KN < 117.61 KN < (108.94 + 46.8 =155.74 KN)
S= aé%Avfygz a8 2" 0.79° 40006 _

==31.6cm.
e bw g e 60 P
S£60cm.
S£9 :% =117 cm. e control.
UseS=10cm.
Vs = 0.85Avfyd _ 0.85" 27 0.79” 400 234, geloo 9:125_71 KN .
S 10 21000 g

Vu=117.61 KN < (®Vc +®dVs) =234.65 KN. OK

Complies with category (3).

Use 1910 at 10 cm at distance 1.00m from face of support D to the | eft.

Use 1910 at 40 cm at distance 1.00 m to 2.50 m from face of support C to the left.
witch complies with category (1): Vu< 0.5 dVc

where no shear reinforcement do not needed.



Beam
No.

B (G,1)

B (G,2)

B (G,3)
B (G,4)

B (G.5)
B (G.6)

B (G,7)
B (G.8)

Span
Length
(m)

4.4

2.46
4.64
4.40
2.52
4.58
5.47
3.87
3.72
3.72
4.47
3.60
3.32
4.58
3.01
3.91
3.71
1.61

Table (4-3):Ground Floor Beams:

Beam Dimensions

Beam Length
(cm)

40
40
40
60
60
60
40
40
40
40
40
60
60
60
40
40
40
40

Beam Depth (cm)

23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4

Positive
Steel

3916
2016
4016
6P16
3916
6d16
2016
2016
2016
2016
2016
4916
3916
5016
3916
2016
2016
2016

Reinforcement

Negative Steel
(Exterior support)

4916

4016
6P16

7916
2016
2016

2016
2016
5016

6P16
3916
2016

Negative Steel
(Interior support)

5016
5016

8916
9916

2016
2016
2016

6P16

9916

2016
2016

Stirrup
d(mm)

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Spacing
(cm)



B (G.9)

B (G,10)

B (G,11)

B (G,12)

B (G,13)

B (G,14)

3.91
3.93
1.59
3.71
3.73
1.37
4.58
3.01

3.60
3.32
4.58
3.89
3.03
4.58
3.96
2.89
4.65
3.91
3.91
3.71
3.80

40
40
40
40
40
60
60
40

60
60
60
60
60
60
40
40
40
40
40
40
40

23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4

23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4

2016
2016
2016
2016
2016
3916
4916
3916
3916
3916
5016
4916
3916
5016
2016
2016
3916

2016
2016
2016

2016
3916
5016
3916

4916

5016
4916

6P16
3916

3916
2016

2016

2016

2016
2016
2016
2016
2016
5016

4016
8916

6P16
8916

3916
4916
2016

2016
2016

10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
10
10
10
10



Table (4-4): First , Second , Third & Fourth Floors Beams:

Beam No. | Span Length Beam Dimensions Reinforcement Stirrup | Spacing
(m) Beam Length (cm) | Beam Depth (cm) Positive Steel | Negative Steel Negative Steel ®(mm) (cm)
(Exterior support) (Interior support)
B (1,1) 15 40 23.4 10
4.4 40 23.4 ®16 2016 10
2.46 40 23.4 ®16 2016 10
4.64 40 23.4 3016 3016 4916 10
B (1,2) 1.50 60 23.4 3016 10
4.40 60 23.4 3016 3016 10
2.52 60 23.4 3016 3016 10
4.58 60 23.4 5016 5016 7916 10
B (1,3) 3.81 40 23.4 3016 2016 10
3.55 40 23.4 3016 2016 2016 10
B (1,4) 3.87 40 23.4 2016 2016 10
3.72 40 23.4 3016 2016 10
3.72 40 23.4 3016 3016 5016 10
B (1,5) 3.72 30 23.4 2016 2016 10
3.72 30 23.4 2016 2016 2016 10
B (1,6) 3.59 60 23.4 3016 3016 10
3.33 60 23.4 3016 3016 10
4.58 60 23.4 3016 4916 616 10
B (1,7) 3.01 40 23.4 3016 3016 10
B (1,8) 3.91 40 23.4 2016 2016 10
3.71 40 23.4 2016 2016 10

1.61 40 23.4 2016 2016 10



B (1,9)

B (1,10)

B (1,11)

B(1,12)

B (1,13)

B (1,14)

B (1,15)
B (1,16)
B (1,17)

3.91
3.93
1.59
3.71
3.73
1.37
4.58
3.01
3.60
3.32
4.58
3.89
3.03
4.58
3.96
2.89
4.65
3.91
3.71
3.80
5.47
5.47
3.38

40
40
40
40
40
60
60
40
60
60
60
60
60
60
40
40
40
40
40
40
40
40
40

23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4
23.4

2016
2016
2016
2016
2016
3916
5016
3916
3916
3916
5016
4016
3916
5016
P16
16
P16
2016
2016
2016
2016
2016
3 P16

2016
3916
5016
3916
4016

5016
4016

6d16
3916

P16
2016

2016
2016
2016
2016

2016
2016
2016
2016

5016

4916
8916

6P16
8916

3916
4916

2016
2016
2016
2016
4 ©16

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10



(4-3)Column Design (C1):

Thecolumn isan internal column:
From analyses

The total load = 124.57 ton.

The maximum moment is = +3.79 ton.m.

ton.ﬂ = 124.57 =178Pnreq =
)
Mu _3.79
o

=——=541 Mnreq=tm.
0.7

Mu _ Mn _5.41

Pu Pn 178
Assume p =2 % =pg = (Ast/ Ag) .
LetPb=Pn=1781.

ﬂd =0.6dXb =
0.003 +.002

Pb=Cc+Cs-T
Assume compression steel yield, and symmetrical column As = As’.
Pb =0.85* fc*b*(b1* Xb) B1 =0.85 for fc' = 30 Mpa.

= 0.03m = 3cm The eccentricity =

178 = 0.85*0.30 * b * (0.85 * Xb)
178 = 0.217b* Xb

assume Xb=0.8d

b*d = 1025 cm® .
Try Ag = 25 * 40 = 1000 cm?,and p = pg =0.02 % .

Pn = Ag +

(- (3)-om

d =40 - 4cm (cover) — 1cm (stirrup) — 0.5*2.0(bar) = 34 cm.
d’ = 4cm (cover) + 1cm (stirrup) + 0.50 (2.0) (bars) = 6 cm.

o-(55)-(55 )0

157 an

Pi g




2 (3)-ome

£2=0.72.

Pn =1000 0.30 + 0.02%4 = Pn = 267 ton.

(3j(0.075)+1.18 (027())(0.075)“

0.72

Pn (req) < < Pn (available ).
It is more economics to use smaller p.
Try minimum p = 1%.

*
Pn =1000 0-30 + 0.0174 = Pn =234 ton.

(3j(0.075)+1.18 (0.270j(0'075)+1

0.72

Pn (req) = 178 ton < Pn(available) =234 ton ok .
Use column with dimension 25 cm * 40 cm .
As req = 0.01 * 25 *40 = 10 cm? .
Use #016 = (10/2.01) = 4.97 bars
= Use6d16 bars.

Check Assumption :

Xb = (0.003/(0.003+0.002) 34.2 = 20.52cm .

65 = (M)*o.oos ~0.00215 > ey = 0.002
20.52

¢+ Compression steal yield and assumption is correct..

.ab =p1*Xb =0.85*20.52 = 17.44 cm .

Cc =0.85* fc' * b*ab = 0.85*0.30*25*17.44 = 111.18 ton .
As =As' = (Ast/2) = (6*2.01 /2) = 6.03 cm?.
T=As*fy=6.03*4 =24.12 ton.

Cs=As (fy-0.85fc’) =6.03 (4-0.85*0.30) =22.58 ton .

Pb=Cc+Cs-T
Pb=111.18 + 22.58 — 24.12 = 109.64 ton .
SM @ centered =0
+109.64*(eb) — 22.58 (14.2) — 24.12(14.2) -111.18 ((40/2)-(17.44/2)) = 0
eb =(1917.3/109.64) = 17.49 cm.
e(req) =3cm<eb=17.49 cm
its clear that the column is compression controlled .



Check sender ness effect:

DetermineK:
WB =1 for fixed member .

[O.?OZEIcolumn)
WA = L

(0.352 Iiljbeams
Ec = | 19000300 | _ 559 g ton 1cm?

1000
3 3
b*( h 60*( 27

19 (peam) = (h) = (27) = 08415 cm*,

12 12

Es = 2000 ton/cm?.
Ise = 2 (3*2.01)*(14.2)% = 2432 cm*.

oe(h) | [25%(a0)

Ig = = = 133333 cm*.
12 12
El larger of
0.2Eclg +Esls
0.2 * 259.8 * 133333 + 2000* 2432 = 11791983 ton.cm?
0.4 Eclg
0.4 * 259.8 * 133333 = 13855965 ton.cm? control .
(0.7OZEICOIumnj (0.70(138555365 . 138;;565 D
YA = L = =1.08
(0.352 El jbea e 0_35( 250.8x 98415 259.8x98415j
L 464 246
K the smaller of the two following expression:
K=07+005(A+B) <10 ..............ACI .R10.12.1 (A)
K=085+005ymin <1.0  .............. ACI .R10.12.1 (B)
K=0.7+0.05(1.08 + 1.0) =0.804 control
K =0.85+0.05(1.0) =0.90.
Check denderness effect:
K*Lu M1
( r j <34 _1Z(WJ ACL.......1012.2

................. <40

Lu : Actual unsupported length.
K : effective length factor .

r : radius of gyration =0.3h.



(0.804*3.5j < _12( 1.9 j
0.3%0.4 3.79
................... <40

23.45 < 27.98 control

*
(K Lu)=28.78> 22

v Slender ness effect must be provided
ds=__ M
_ Pu
0.75Pc
Cm=06+ 0.4(

Mnslj
Mns2

Cm = 06+04(19 j = 0.80.
3.79

2
(pj x El
Pc=|~ 2~

2

K X Lu
13855965 _ dead load 92.85 _0.745
1+ bd total load 124 57
13855965 | _ 7940381 ton. cm?
1+0.745
3 14 x 7940381
=989.7.
O 804 x 350
0Ss = cm = 0.80 =0.961= 1.0 controle

3 Pu 1_ 124 .57
0.75Pc 0.75x989.7
that mean ther no slenderness effect.

determine minimum eccentricity =15+ 0.03 h.
=15+ 0.03*300 = 24 mm .< e =30 mm

Use column with dimension 25cm * 40 cm .
As req = 0.01 * 25 *40 = 10 cm? .

Use #016 = (10/2.01) = 4.98 bars

.p =6*2.01/1000 = 0.012



Use 616 bars.
’ 40 .

.y
Figure (4-7):Inter action diagram.

Draw inter action diagram:

Po = Ag(0.85x fc'x + r g(fy — 085 x fc'))
Po =1000(0.85 % 0.30 x +0.012(4 — 0.85x 0.30’)) = 299.9ton.

Pn(max )= 0.8x Po = 0.8x 299.94 = 240ton > Pn (req) = 178 ton. ok

0.003

— 2 342=20.52cmXb =
0.003 +.002
a=0.85*20.52 = 17.44cm.

Cc = 0.85*0.30%25*17.44 = 111.18ton .
As =As’ =Ast/2 = 12.06/2 = 6.03 cm?

T = As *fy = 6.03 *4 = 24.12 ton.

es=>0.00222:°2-58 4 103 _ 0.0015
2052

Compression steel yield.
Cs=As' (fy—-0.85fc’) = 6.03 (4 — 0.85*0.30) = 22.58 ton.
>M at center =0
Pb=Cc+Cs-T
Pb=111.18 + 22.58 — 24.12 = 109.64 ton .
SM @ centered =0
+109.64*(eb) — 22.58 (14.2) — 24.12(14.2) -111.18 ((40/2)-(17.44/2)) =
0
eb =(1917.3/109.64) = 17.49 cm.
e(req) =3cm<eb=17.49cm
its clear that the column is compression controlled .
Mp =Pb *eb = 109.64* 0.1749 = 19.18 tm .
Mo=Cc(d-a/2) +Cs(d—-d').
T=Cc+Cs

[ ( X ;S'SJ*(O.OO3* 2000)-(0.85*0.30) ]*6.0324.12 = (0.85)(0.3)(25)(0.85X)+

X=5.32cm<d.



We neglected the force from the steel because the steal work in tension .
T=Cc

24.12 = 0.85*0.30*30*.085*X

X=4.45cm.

Cc=24.12t

Mo = Cc (d-a/2) = 24.12 (34.20-0.85*4.45/2)(1/100) = 7.79 t.m.

i

LIPOT
-

olor

.

h ."x__ :Ir-lm:hzl:_lil'll.._-

= F AN

N W
o )
.'_:::-;'. i
S | - . ..
oy - i = o
: e T T
.a.'f’ -_-f-\_ri;:;.:" ,.,-’ Yoy 150
< . S
-
! ;_p\::' - /
n'l ) B .-"'.
I.' e - ..__z"'.
L - _ — ——
sl WO b i=m

Figure (4-8):Inter action diagram.

Selected ties:
- (48) Tie — bar diameter = 48 (1.0) =48 cm..
- (16) Longitudinal — bar diameter = 16 (1.6) = 25.6 cm.
- least column dimension =25cm .............. control .

Use 1910 at 25 cm c/c spacing.



(4-4)Column Design (C2):

Thecolumn isan external column:
From analyses

The total load = 72.5 ton.

The maximum moment is = -6.0 ton.m.

ton.ﬂ 5%5104 Pnreq =

% = 6.0 =8.57 Mnreq=tm.

0.7
Mu _ Mn _8:57 _  0824m = 8.24cm The eccentricity =
Pu Pn 104
Assume p =1 % = pg = (Ast/ Ag) .
Let Pb=Pn=104t.

_ 0003 4 _gedxb=

0.003 +.002
Pb=Cc+Cs-T

Assume compression steel yield, and symmetrical column As = As’.
Pb =0.85* fc'*b* (b1* Xb) B1 =0.85 for fc' = 30 Mpa.

104 =0.85*0.30 *b* (0.85* Xb)
104 = 0.217b* Xb Assume b =0.8 xb

b*d =599 cm?.
Try Ag =20 * 40 = 800 cm?,and p=pg=0.01%.

Pn = Ag fe + 2rg fy
. (j+1.18 gAh
h

(2]

d =40 — 4cm (cover) — 1cm (stirrup) — 0.5*2.0(bar) = 34 cm.
d’ = 4cm (cover) + 1cm (stirrup) + 0.50 (2.0) (bars) = 6 cm.

(55 e
o) LGg)-om

£2=0.723.

TS5 ton

Gt
4.1 3

% 2.m
o



*
Pn = 800 0.30 L 00174 — Pn=138cm*.

[3j(o.206)+1.18 (;7)(0-206)”

0.723
Pn (req) = 104 < Pn (available ) = 138 ton ok.

Use column with dimension 20cm * 40 cm .
As req = 0.01 * 20 *40 = 8 cm”.
Use #916 = (8/2.01) = 3.98 bars

= Use4dl16 bars.

Check assumption :

Xb = (0.003/(0.003+0.002) 34.2 = 20.52cm .

€s' = M *0.003 = 0.00215 < ey = 0.002
20.52

+«»» Compression steal yield assumption is correct..

.ab = B1*Xb = 0.85%20.52 = 17.44 cm .
Cc = 0.85* fc' * b*ab = 0.85*0.30*20*17.44 = 88.94 ton .

As =As’ = (Ast/2) = (4*2.01 /2) = 4.02 cm?.
T=As*fy=4.02*4=16.08 ton.

Cs=As' (fy - 0.85fc') = 4.02 (4-0.85*0.30 ) = 15.05 ton .

Pb=Cc+Cs-T
Pb =88.94 + 15.05 - 16.08 = 87.91 ton .
>M @ centered =0
+87.91*(eb) — 15.05 (14.20) — 16.08(14.20) -88.94(11.28) =0
eb = (1445.3/87.91) = 16.44 cm.
e(req) =8.24cm <eb =16.44 cm
its clear that the column is compression controlled .

Check denderness effect:

DetermineK:
WB =1 for fixed member .

(O.?OZELIcqumnj
El
(0.352 Ljbearns

WA =




1000

Ec= (% /300 J — 259.8 ton /e,

3 3
b*( h 60*( 27
19 (beam) = % = % = 08415 cm*,

Es = 2000 ton/cm?.
Ise = 2 (2*2.01)*(14.20)* = 1621 cm*.

3 3
b*( h 20*( 40
Ig = (h) = (40) =106667cm”.
12 12

El larger of
0.2Eclg +Esls
0.2 * 259.8 * 106667 + 2000* 1621 = 8784400 ton.cm?_.

0.4 Eclg
0.4 * 259.8 * 106667 = 11084834 ton.cm? control.

11084834 11084834
[0.702 I;:_Icolumn) (0.70( + D
= =291

WA = _ 350 300
(0.352 Eljbeams (0.35[259'8X 98415 D
L 464
K the smaller of the two following expression:
K=07+005(A+B) <10 ..............ACI .R10.12.1 (A)
K=085+005ymin <1.0  .............. ACI .R10.12.1 (B)

K=0.7+0.05(2.91+1.0) =0.90
K =0.85+ 0.05 (1.0) = 0.90 control.
K=0.90.

Check denderness effect:

( : js 3442(@) ACI........ 10.12.2

................. <40

Lu : Actual unsupported length.
K : effective length factor .

r : radius of gyration =0.3h.

*
09735\ 5, 1529
0.3*0.4 6

................... <40

26.25 < 28.20 control.



K*Lu
r

j=28.2>22

v Slender ness effect must be provided

0S = _cm
3 Pu
0.75P¢
Cm=06+ 0.4( M“S‘lj
Mns2

Cm = 0.6 +0. 4(2 9) =0.79.
6.0

2
(pj x El
Pc=|~ 2~

2

K X Lu
11084834 bd — dead load _ 54.31 075
1+ bd total load 72.5
11084834 — 6334191 ton. cm®.
1+0.75
3 14 x 6334191
Pc= =630.
O 90 x 350
0s = cm = 0.79 =0.93 < 1.0 control.

: Pu 1- 72.5
0.75Pc 0.75x 630
That main no effective length factor applied.

determine minimum eccentricity =15+ 0.03 h..
=15+ 0.03*300 =24 mm .< e =82.40 mm .

Use pmin =0.01
Use column with dimension 20 cm * 40 cm .
As req = 0.01 * 20 *40 = 8 cm?.
Use #914 = (8/2.01) = 3.98 bars
= Use4d16 bars.



Draw inter action diagram:

Po = Ag(0.85x fc'’x + r g(fy — 085 x fc'))
Po = 800(0.85 % 0.30 x +0.01005 (4 — 0.85 x 0.30)) = 234ton.

Pn(max )= 0.8x Po = 0.8x 234 =187ton > Pn (req) = 104 ton. ok

0.003

— —°  342=2052cmXb =
0.003 +.002
a=0.85* 20.52 = 17.44cm.

Cc = 0.85*0.30%17.44*20 = 88.94 ton .
As =As' =Ast/2 = 8.04/2 = 4.02 cm?

T = As *fy = 4.02 *4 = 16.08 ton.

es=> 0.00222:°2-58 4 103 _ 0.00215
2052

Compression steel yield assumption is correct.
Cs=As' (fy—0.85fc’) = 4.02 (4 — 0.85*0.30) = 15.05 ton.
Pb=Cc+Cs-T.

=88.94 +15.05 - 16.08 = 87.91 ton.
>M at center=0
87.91 *(eb) — 15.05 (14.2) — 16.08 (14.2) — 88.94(11.28) =0
eb =16.44 cm.
Mp =Pb *eb = 88.94 * 0.1644 = 14.62 t.m .
Mo=Cc(d-a/2) +Cs(d—-d').
T=Cc+Cs

[ ( X ;(5'7j*(o.oo3* 2000)-(0.85*0.30) |*4.0216.08 = (0.85)(0.3)(20)(0.85X)+

X =493 cm<d.
We neglected the force from the compression steel because the steal work in tension .

T=Cc

16.08 = 0.85*0.30*20*0.85*X

X=371lcm.

Cc=16.081

Mo = Cc (d-a/2) = 16.08 (34.20- 0.85*3.71/2)(1/100) = 5.25 t.m.



=itor:

Me=S3.20%0m Mot e

Figure (4-9 ):Inter action diagram.

Selected ties:
(48) Tie — bar diameter =48 (1.0) =48 cm .

(16) Longitudinal — bar diameter = 16 (1.4) = 22.4 cm.
control .

least column dimension = 20 cm

Use 1910 at 20 cm c/c spacing.



Column no.
C1
Cc2
C3
C4

Table (4-5):Columns Tables:

b(cm)
25
20
55
20

h(cm)
40
40
20
25

no. of bars
6d16
4916
8914
4914

ties

1610
1910
1010
1910

spacing
25
20
20
20



4.5 Design of footing:

Footing (F5)

4.5.1 Footing Area:

Estimate the allowable soil presser is 350 KN/ m? ;and the overburden soil is 1.50m.

Dead load =607.07 KN .
Live load = 129.32 KN .
Total load =736.39 KN.

Dead load factored =1.4 * 607.07 = 849.90 KN.

Live load factored = 1.7 * 129.32 = 219.84 KN.

Total load factored =1069.74 KN.

Column=40cm x 25 cm

Estimate footing to be about 40 cm thick, in addition to about (10 cm) of blinding
concrete .

Allowable soil pressure = 350 KN/m?2

Assume footing depth 1.50 m and footing thickness 0.50m
0.5*25=12.5 KN/ m2,

1.50 * 1 8= 27 KN/m2.

Net soil pressure =350 KN/m? -12.5 KN/m2-27 KN/m2 =310.5 KN/m2.

Area (A) = Total Weight / Soil Pressure
=736.39 KN /310.5 KN/m?
=2.37m?

Use: L=155m,W=155m, A=240m?



4.5.2 Deter mine depth based on shear strength:

oV, =cp%\/ t'b*d = o.ssx%@x(155)x(d)x(10)=1202.71 d.

P, _ 1069.74
Area 2.40

P

net —

= 445.73KN / m?

Vu = (Pnet) (one way shear area)

= (4.4573 kg/ m?2 )(155)(65 - d) = 44907.30 —690.88d.

DV, =V, 44907.30 -690.88d. = 1202.71 d
=(1893.59) d = 44907.30.
d=23.72cm

Total depth of footing = 23.72+ 8+1.6 = 33.32 cm.
Select .. h=35cm sod=25.4cm

4.5.3 Check thisdepth for two way shear action (punching):
Determine Vu for punching shear:

Vu=P, x(Area—(a+d)(b+d) ).

= 4.4573 [(155*155)-(25+25.4)(40+25.4)] *(10/1000)= 1040 KN
The punching shear strength is the smallest of:

v, =%(1+bi}/ f'bd  =0375f, bd
v, :%(ba;d ; 2}/ t'bd =053f, bd

v, =%\/fclbod =033 f. bd e Control

Where:
b.=a/b=40/25=1.60.

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(25.4+40)+(25.4+25)} =231.60 cm

a,=40........... For interior column



100
1000

dVc>Vu dVc= 903.81 KN <Vul040 KN not ok
determined d depend on two way shear
®dVc=Vu

®Vc = 0.85*0.334/30 (231.60)(25.4)[ j = 903.81KN.

0.85*0.33* /30 x (d)(2)(40 + 25 + 2d)ﬁ = 4.4573[ (155x155)—(40+d)25+d) ]x(loooj

d? +34.70d —1557.35=0.00 = d = 25.76 cm
H=25.76+8 cm+1.6 =35.36 cm
Uses H=40cmandsod=40-8-1.6 +1.6/2 = 29.60 cm.

4.5.4 Check transfer of load at base of column:
®Pn = ®(0.85fc’Ag)

®Pn = 0.7(0.85)(0.30)(40 x 30) = 2412KN .

since ®Pn > Pu, the area of dowels is controlled by minimum reinforcement .

min dowels = r min *Ag =0.005*25*40 =5 cm? .
No of bars ®14 is 4 ®14.

Determine Ld
Category Aitem2 ....................ACI (12.3.2).

Ld = fy axbxgxdb :(ﬂxlxlxlxl.4]=25.56cm.
4,/ f'c 4+/30

Available Ld = 40-8-(1.6+1.6/2) = 29.60cm >25.56cm OK .

455 Design for Bending M oment:

The critical section of moment is at the face of column and the large value is at face

of 25 cm since the column is not square

Mu= [P xWx|Z-3)]cos L 2
272 272



=| 4.4573x155x 1552 x 0.5 15 _2 X 1 =145.95.KN..m
2 2 2 2 10000

Mn = S8 -2 _162.17KNm

o

g Mn _ 162.17 x10*
bd* 155x 29.60°

oy 400
0.85f,  0.85%30

c_L[ 2R Ll_\/l_2x15.7><11.94
m f, 15.7 4000

r =0.00306 > r . =0.002

= 11.94Kg/cm?

=15.7

Req. A =0.00306 (155) (29.6) = 14.04cm?.?

No of bars ® 12 is =14.04/1.13 = 12.42 .
Use: 13 @ 12 in each way As =14.69 cm?.

4.5.6 Development Length (L,):

Category Aitem2 ....................ACI (12.3.2).
Ld for & 12:

Ld = fy axbxgxdb :( 400 x1x1x1x1.2J=43.82 cm.
2|/ f'c 24/30

Available embedment = (155 - 40)/2 -8 =49.5cm > 43.82 cm - OK



4.6 Design of strip footing:

Dead load = ( height ) * ( thickness of wall )*(1m wide)* ('Yc)
=16.5*0.25*25
=103.13 KN/m .

Total live load = (live load for one meter run) (no. of floors)
=(3.9)*(5)=19.5 kN.
Total load = 122.63KN/m.

Total load factored =1.4* 103.13 +1.7 *19.5=177.53 KN/m .

4.6.1 deter mine the footing width :

Allowable soil pressure = 350 KN/m?2

Assume footing depth is 1.50m and footing thickness is 0.25 m.
0.25* 25 =6.25 KN/ m2,

1.50 * 18 = 27 KN/m2,
Net soil presser = 350 KN/m2 -6.25 KN/mz2-27 KN/m2 =316.75 KN/m2.

Width of footing == 122.63 *100 = 38.71cm
16.75

So select 40 cm width strip footing .

Determined of the contact pressure :

Py = h 17758 s g3 /i
Area 0.4*1
DV, = CD%\/ f'bd = o.ssxéﬁ « (100) x 1(1)80 (100d) = 77.59d

VU = (Pnet) ((@) ~d)

- 44.38* ((04‘—20'25) —d)=4438 (0.075-d)

Vu = dVe
44.38 (0.075-d) =77.59d

d= 272cm .. Thin h=(2.72 +8(cover) + 0.5 +1) =12.22 cm so select h =25cm
d =25-8-.5-1 =15.50 cm .



4.6.2 deter mine reinfor cement for moment strength :

w—-bw, w-bw

Mu = (Pnet
(Pret) (=) ()
=443.83 *0.075 *0.0375=1.25 kN.m .
Mu=1.25kN .m
Mn= %: E =1.39 kN .m
) 0.9
pmax = 0.0244
m = fy - = 400 =15.7
0.85* fc 0.85*30
Rn = M_nz
b*d
= 1.39x10*
40*(15.5)2
1 2mRn
=—01- 1-——
P m( y )
p = 1 (1- Jl—w) =0.00036 < pmin=0.002.
15.7 4000
Areq=p* b*d=0.002 * 100* 15.50 =3.10 cm?
3.10

#Ofbar= —— = 3.92bar/m .
0.79

Spacing of bars = 100/3.92 =25.48 cm
Use 1910 at 25 cm.

4.6.3 design of longitudinal bars :
As=p*b*h
=0.002 * 40 * 25
=2cm?
No of ®10 = 2/.79 =2.53 bars.
select 49010 ........ (2)downand (2)up.
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Figure(4-10):strip footing shape.

-

4.6.4 design of dowelsbars :

As min (req) = 0.0015 * 100 * 25 = 3.75 cm 2.
# of ® 10 = 3.75/0.79 = 4.75 bar /Im

Use 1d 10at 20 cm .

Ld = (4 f:c/ axbxgxdb] = (ﬂxlxlxle.Bj: 14.60.cm.
'C

44/30

Ld available =25 -8 -1.5 =15.50 cm > 14.60 cm ok .



4.7 Design of combined footing (CF2) :

4.7.1 Deter mine length of footing :

X from property line = ( (474.8%0.2)+( . * . ))/( . ) ACI ....... 15.2.2
X =3.127m.
Length of footing = 2*3.127 = 6.254 m
Use L =6.25 m.

4.7.2 Deter mine width of footing :

Allowable soil pressure = 350 KN/m?2

Assumed footing depth 1.50 m and footing thickness is 0.50 m .
0.5*25=12.5 KN/ m2,

1.50 * 1.8 = 27 KN/mz2,

Net soil presser = 350 KN/m2 -12.5 KN/m2-27 KN/m2 =310.5 KN/mz2,

Footing width = (474.8+840.8) / (310.5*6.25) = 0.68 m
Use width =70 cm .

4.7.3 Deter mine depth based one way shear strength:

I1=5/39.5 K1V M2=12214 EIM
l Sigrnalnet)
3058 EM
05 m 448 m 147 m
&1.16 EIM 7792 KM
/] 206 m 2.52 n-!- e Fote
= - Diagrarm
449 45 K1
52864 KM A I maxFE+642 24 K1 .m
Eending Morrient
\V V Diagram

M1=61Z KN 1A2=350.38 KM m

Figure(4-11): Combined footing shape



Net soil under factored load = (689.80+1221.40)/(0.70*6.25) = 436.85 KN/m?
Net upward uniform pressure = (0.70*436.85) = 305.80 KN/m?
Vu=771.92 - (0.2 + d)(305.80) = 710.76 — 305.80 d .

oV, :cp%\/ t'b*d = 0.85x%@><(70)><(d)><(10)=543.16 d.

Vu = dVc

710.76 — 305.80 d = 543.16 d
.d=0.84m.
H=84+8+2*1.6 =95.20 cm
Use h=100cm.

Its not economy to use these deep of footing .

4.7.4 Deter mine the depth of footing based of moment strength:

=0.0244r =0.75r bMax
Use p = 0.5 p max = 0.0122

_ fy - 400 _ 157
0.85*fc  0.85*30

Rn=r x fyx(l—%r xmj
Rn = 0.0122x400 ( 1 - 0.5 *0.0122* 15.7 ) = 4.413Mpa..
642.24E6 Mu :
= required d =

0.9*4.413*700 \fRnxb

D =480.6 mm =48.1cm.

total h = 48.1 +8+1.6 = 57.66 cm
use total h =60 cm

d =60 -8-1.6 =50.4cm.

4.7.5 Main longitudinal reinforcement at middle of span :

f
me—y_ =40 _57
0.85f, ~ 0.85*30
6
oo Mo _ 64224510° 0

Tfbd®  0.9x700x5042

‘ =1(1— - ZmR”J
m f,

p:i 1_\/1_M ~0.011
15.7 400




As req = 0.011*70*50.4 = 38.80cm? .
No . of ®18 bars = 15.27 bars

= Use16 @ 18

4.7.6 Thereno arelongitudinal reinforcement at face of column A.

4.7.7 Main longitudinal reinforcement at at face of column B.

Mu =(0.50)(1.27)(305.80)(1.27) =246.61 KN.m
M 246.61x10°
- _ =1.54Mpa
R, fbd? 0.9x700x5042 P

i =1{1— o 2R, }
m f,

o= L 1_\/1_2><15.7><1.54 0,004
15.7 400

As req = 0.004*70*50.4 = 14.11cm? .
No . of ®18 bars = 14.11/2.54=5.56 bars

= Use6® 18

4.7.8 Shear reinfor cement:

The usual approach is to consider the footing as abeam and to provide shear
reinforcement on the assumption that the shear (including cracking) effect is uniform
across the width . This approach seems appropriate in this case with the large distance
between columns and the relatively narrow footing width.

The maximum shear to be provided for is at critical section a distance d from the face
of column .



4.7.9 Design of shear reinforcement at left of column B .

Vu =556.30 KN at critical section (at distance d from face of column B).

®Vs min = 0.33Mp*b*d =0.33 *70*50.4*(100/1000) = 116.42 KN.
DV, = qn%w/ fb*d = o.ssxéﬁx (70) x (50.4) x (%) = 273.75KN .

dVsmin+ ®Vec <Vu<dVc + OV, +CD%\/ fC'b*d category 4.

dVs =Vu->dVe
®Vs =556.30 — 273.75 = 282.55 KN.

Use 2@ 12 stirrups.

_fxAvx fyxd 0.85x4(1.13) x40x50.4
fVs 282.55

S =27.41cm

Select S = d/2 =50.4/2 =25.2 cm
®Vn = dVs + dVc = 309.92 + 273.75 =583.57 KN > Vu = 556.30 KN. OK
Use 2 12 stirrups at 25 cm c/c spacing at distance 1.4m from face of column B .

4.7.10 Design of shear reinforcement at left of column A .

Vu =413.80 KN at critical section (at distance d from face of column A).
®Vs min = 0.33Mp*b*d =0.33 *70*50.4*(100/1000) = 116.42 KN.

DV, = CD%\/ f.b*d = 0.85x%\/%x (70) x (50.4) x (1100000) = 273.75KN .

®dVsmin+ ®Vec <Vu<dVc + OV, +CD%\/ fC'b*d category 4.

®Vs =Vu-odVe
®Vs =413.80 — 273.75 = 140.05 KN.
Use 2® 12 stirrups.

_fxAvx fyxd 0.85x4(1.13)x40x50.4
fVs 140.05

S =55.30cm

Select S = d/2 =50.4/2 =25.2 cm
®Vn = dVs + dVc = 309.92 + 273.75 =583.57 KN > Vu = 413.80 KN. OK
Use 2 12 stirrups at 25 cm c/c spacing at distance 1 m from face of column B .



4.7.11 Check shear strength based on tow-way action.

Check punching shear under column A

. Vu =689.80 - 436.85 ((0.4+.504)*(0.20+0.504)) = 411.78 KN.
The punching shear strength is the smallest of:

v, :%(“biw? bd  =0333f. bd

v.=1 2 5|/t bd =056y, bd
12| b, /d

v, = %\/ t'b,d =033 f. b, ervorrrnn. Control
Where:

b.=a/b=40/20=2.0.

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

= 2{(50.4+40)+(50.4+20)} =321.60 cm

a,=30 For edge column

®Vc = 0.85x 0.33v/30 (321.60)(50.4)(%} = 2490.23KN.

®Ve >WVu 22490.23 KN >411.78KN ..... OK

Check punching shear under column B.
Vu =1221.14 - 436.85 ((0.4+.504)*(0.25+0.504)) = 923.37 KN.

The punching shear strength is the smallest of:

v, =%(1+b£]\/fj bd =051, bd

V.= 2 ol/f'bd =055/ f bd
12| 1, /d

v, =%\/ t 'b.d =033 f. bd o Control



combine
Footing No

CF1
CF2
CF3
CF4
CF5
CF6
CF7
CF8
CF9

Where:
b.=a/b=40/25=1.60.

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

= 2{(50.4+40)+(50.4+25)} =331.60 cm

a, =40 For interior column

100
dVc = 0.85x 0.331/30 (331.60)(50.4)(mj = 2567.70KN.
dVe >Vu 2567.70 KN >903.631KN ...... OK

Table(4-6):Footing Table:

Name Pu Length Width (m) Depth As length As
(KN) (cm) (cm) width
F1 595.6 115 115 25 7912 7012
F2 586.2 115 115 25 7912 7012
F3 354.2 20 20 25 4912 4912
F4 570.5 110 110 25 7912 7012
F5 1069.74 155 155 40 13p12 13912
F6 728.05 130 130 30 10912 10912
F7 806.57 135 135 30 11912 11912
F8 1168.09 160 160 40 14912 14912
F9 714.57 125 125 30 10912 10912
F10 412.61 100 100 25 6P12 6P12
F11 430.9 100 100 25 6P12 6P12
F12 313.12 90 90 25 4912 4912
Length (m) Width(m) Depth (m) Steeslpn;i]ddle Steel under column S(timr;:)p spz?:fni;]g
6.1 0.4 0.6 10918 4918 1912 20
6.25 0.7 0.6 16418 6918 2012 25
6.1 0.7 0.6 13918 10918 2012 20
3.35 0.3 0.6 3018 - - Sk
5.3 0.6 0.6 17918 5018 2010 25
3.35 0.3 0.6 3018 - U -
6.95 0.55 0.6 9918 12918 2012 20
6.3 0.7 0.6 17918 618 2012 20
6.1 0.45 0.6 12918 4018 2010 25






combine
Footing No

CF1
CF2
CF3
CF4
CF5
CF6
CF7
CF8
CF9

Name

F1
F2
F3
F4
F5
F6
F7
F8
F9

F10

F11

F12

Length (m)

6.1
6.25
6.1
3.35
5.3
3.35
6.95
6.3
6.1

Pu
(KN)
595.6
586.2
354.2
570.5
1069.74
728.05
806.57
1168.09
714.57
412.61
430.9
313.12

Width(m)

0.4
0.7
0.7
0.3
0.6
0.3
0.55
0.7
0.45

Table(4-6):Footing Table:

Length

(cm)
115
115
90
110
155
130
135
160
125
100
100

Depth (m)

0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

Width Depth
(m) (cm)
115 25
115 25
90 25
110 25
155 40
130 30
135 30
160 40
125 30
100 25
100 25

25
Steel middle
span
10018
16918
13918
3918
17918
3918
9918
17918
12918

As
length

7912
7912
4912
7912
13v12
10912
11912
14012
10912
6d12
6d12
4912

Steel under column

4918
6318
10018

Kkkkkkkkk

5018
*kkkkkk
12918

6d18

4018

As
width

7912
7912
4012
7912
13012
1012
11912
14012
10912
6d12
6P12
4912

Stirrup
(mm)

1012
2012
2012

Kkkkkkkkk

2010
*kkkkk
2012
2012
2010

spacing
(cm)

20
25
20

*kkkkhkkk

25
*kkkkkk
20
20
25



(4. 10) Retaining Wall Design :

(4.10.1) Wall design :(Soil_behind the wall )

1- L oads Calculation :

it = 1.8 ton /m® (Unit weight of soil ) a.im

® = 30° (For granulated fill ) = ?"“z; g

H=3.37 m (Height of retaining wall)

Serid

S

Ka= (1-sin30) /(1+sin30)
Ka=0.33

VhR- 2.0 tonsSm

ov =y *H= 1.8*3.37 = 6.07 ton/m®

oh=ov * Ka=6.07 *0.33 = 2.0 ton/m’ i
Figure (4-16): Retaining wall shape.

2- Deter mine thickness of retaining wall :

Try p= 0.5 *pmax = 0.0122

Usep=0.01

m=157 W

Mu = 1.53 ton.m

Mn =1.70 ton.m .

Rn=p Fy(1-0.5 p m) = 3.69 MPa : ‘
|

L
{
'
i
R
fr_i/
—

— 1B tomam

Ly

Mu =T

= 3 = £.2vm i ®
dreq = Rn-b ! | _|| | ||
o587 Lan s d Fomom
*
- (L o
’ m Figure (4-17 ): Retaining wall moment.
Useh =25cm
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3- Determine stedl area (AS) :

e Design For positive moment :
If use ® 20
d= 25-(2-7cover) =16 cm
Mu =1.47 ton.m
Mn =1.63 ton.m

_ Mu
" b-d?
16.3* 10°

R =—"—"—"_=064MPa.
1000* 1602

* *
. 1_\/1_M ~0.0016
15.7 400

pmin =0.0035 > preg= 0.0016
Select r min =0.0035
Required As= 0.0035 *100 *16 = 5.60 cm® /m

= Use1012@20 cm
AS (provided) = (100/20)*1.13 = 5.65 o,

e Design For negative moment :
Mu = 1.53 ton.m
Mn= 1.70 ton .m

_ Mu
" b.d?
* 6
R= 10 _qeemPa
1000+ 160

R
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* *
c_ 1 1_\/1_2 15.7* 066 | _ 1 5010
15.7 400

pmin =0.0035 > preg= 0.0019
Select r min = 0.0035
Required As= 0.0035 *100 *16 = 5.60 cm® /m

= Use1012@20 cm
AS (provided) = (100/20)*1.13 = 5.65 cm? /m

e Intheother direction (Horizontal )provide shrinkage and temper ature

reinfor cement
p =0.002
As = p* b*H

As = 0.002*100*25 =5 cm? /m
= Use 1010 @15 cm
AS (provided) = (100/15)*0.78 = 5.23 cm? /m ~ (in two layers)
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(4.10.2) Wall design: (Water Front thewall)

1- L oads Calculation :

Ywater =0.998
H=3.37 m (Height of retaining wall)

Ph =y * H= 0.998*3.37 = 3.36 ton/m*

Figure( 4-18): Retaining wall shape.

2- Deter mine thickness of retaining wall :

Try p= 0.5 *pmax = 0.0122

U% p= 0.01 E\\. 3..311“. f__,-" =
m=15.7 T LJ J—J Lr'“’f T

- i 1B fon
Mu = 2.56 ton.m SEHh ——
Mn =2.84 ton.m sse
Rn=p Fy(1-0.5 p m) = 3.69 MPa '
Mu -
dreq = ; :
=R b A | E
2.84* 10KN.m e L Y LA :
dr :\/ ) — =0.088 =8.8cm. B =
369* 1000* 1m Fori dom 1 F lemiTn
4,45 fpm
Useh =25cm Figure ( 4-19): Retaining wall momen.
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3- Determine stedl area (AS) :

e Design For positive moment :
If use ® 20
d= 25-(2-7cover) =16 cm
Mu=2.47 ton.m
Mn=2.74 ton.m

_ Mu

" b-d?
27.4*10°
R="——""—
1000* 1602

- l[1— 2R, }
m f,

* *
1 (1_ \/1_%]:0,0027

=1.1IMPa.

r=—
15.7 400

pmin =0.0035 > preg= 0.0027
Select r min = 0.0035
Required As= 0.0035 *100 *16 = 5.60 cm® /m

= Use1012@20 cm
AS (provided) = (100/20)*1.13 = 5.65 o,

e Design For negative moment :
Mu = 2.56 ton.m
Mn =2.84 ton.m

_ Mu
" b-d?
28.4*10°

R, = —_=11IMPa
1000* 160

R
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* *
g 1—\/1——2 DL 60028
15.7 400

pmin =0.0035 > preg= 0.0028
Select r min=0.0035
Required As= 0.0035 *100 *16 = 5.60 cm® /m

= Use1012@20 cm
AS (provided) = (100/20)*1.13 = 5.65 cm? /m

e Intheother direction (Horizontal )provide shrinkage and temper ature

reinfor cement
p =0.002
As = p* b*H

As = 0.002*100*25 = 5 cm* /m
= Use 20310 @30 cm
Use110 @30cm ............ (in two layers)
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(4.10.3) Base Design :

Design as strip footing

Dead load = ( high of building ) * ( thickness of wall )*(1m wide)* (Yc)
=20*0.25*25
=125 KN/m .

Totd liveload = (live load for one meter run) (no. of floors)
=39 * (5)=19.5 kN .

Total load = 144.5 KN/m.

Total load factored =1.4* 125 +1.7 *19.5=208.15 KN/m .

1- deter mine the footing width :

Allowable soil pressure = 350 KN/m?

Assume footing depth is 3.50 m and footing thicknessis 0.25 m.

0.25* 25 =6.25 KN/ m2.

1.50* 18 = 63 KN/m2

3.25%9.998=32.44 KN/m2.

Net soil pressure =350 KN/m?2-6.25 KN/m2-63 KN/m2-32.44 KN/m?
=248.32 KN/m2.

144.5
48.32

So select 60 cm width strip footing .

Width of footing ==

*100=58.2 cm

Determined of the contact pressure :

_ P, _ 20815
" Area 1*0.6

=346.9kN / m?

DV, = qn%\/ft' bd = 0.85x%\/%>< (100) x%(lOOd) = 77.59d

w— bw
2

Vu = (Pret) (( )-d)
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= 24,845 ((%20'25) —d)=24.845*(0.175-d)

Vu = o®Vce
24.845*(0.175-d)=77.59d
e d=42cm ....Thin h=(15.16+8+05+1) = 24.66 cm

sosdecth=25cm  d=25-8-0.5-1=15.50cm

2- determine reinforcement for moment strength :

w—-bw., w-bw

Mu = (Pnet
(Pnet) ( > ) ( 2 )
=248.45* 0.175* 0.0875=3.80 kN.m .
Mu=3.08 kN .m
Mn= %: & =4.23kN.m
) 0.9
pmax = 0.0244
m = fy - = 400 =15.7
0.85* fc 0.85* 30
Rn = M_nz
b*d
* 4
n= Lloz = 2.93 Mpa
60* (15.5)
1 2mRn
=—(1- 1-
p m( y )

P =157 4000
Aregq=p* b* d=0.002* 100* 15.50 =3.1 cm?m
e UseldlOat 20 cm.

e Asprov =(100/20)*0.79 =3.95 cm?\m

104

1 Jl—w )=0.0007 < pmin=0.002. .

veue.... control



3- design of longitudinal bars :

As=p*b*h
=0.002* 60* 15.5
=1.86 cm?

o sclect4d8........ (2) downand (2) up.

4- design of dowelsbars :

Asminreq=0.0015* 100 * 25=3.75cm .
#of ® 10 = 3.75/0.79 = 4.75 bar /m
Usel1®10at 20cm.

Ld = fy axbxgxdb :(ﬂxlxlxlx0.8j214.60.cm.
4./f'c 4430

Ld available=25-8-1.5=1550cm > 14.60cm ok .
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(4.11) Design shear walls:

(4.11.1) Design Seismic Base Shear:

Table (4-7 ):Design Seismic For ces.

Floor Level Height (hx) Story weight (Wx) WX * hx
(m) (ton) (ton-m)

5 16.50 228.10 3763.65
4 13.25 228.10 3022.325

3 10 228.10 2281

2 6.75 228.10 1539.68

1 3.50 219.10 766.85
1131.5 11373.50

V=ZICW /Rw

Where: 1= occupancy importance coefficient , equal to 1.25 for essential and hazardous

facilities, and 1.0 for all other cases.

Z=seismic zone factor indicative of the effective peak ground acceleration
Z=0.2.

C=1.25*S/(T) < 2.75
S= site response coefficient, S=1.0
T=0.03*(hex(in ft)) ¥4 — h=0.03*(16.50 /0.3048 ) ¥4 =0.60 sec
C=1.25*1/(0.60)*® =1.76 <2.75



W=Total seismic dead load weight of the building which includes the weights of all
permanent structural and nonstructural components, minimum of 0.25 of floor live load

must be included.

Rw= system quality factor, it idealizes the inelastic behavior of the structures under
the spectral representation of major seismic ground motion (CZ2).

Rw=8 (for concrete and masonry shear wall in building frame systems (h<200 ft).

Now : V= (0.2*1*1.76*1131.5)/8 = 49.786 ton
Ft=0.07*V*T = 0.07*0.60*49.786 =2.09 ton Kips

(4.11.2) Lateral forcedistribution of design base shear (V):

The seismic lateral force Fx at all floors levels in transverse direction is given by :

(V= Ft)*Wx * hx

Fx .
D Wi * Hi
i=1
F1o (49.79 — 2.09)766.85 _3.9%ton
11373.50 -
Fo_ (49.79 — 2.09)1539.68 _ 6.46t0n
11373.50
F3_ (49.79 — 2.09)2281 _ 9.57ton
11373.50
Fa- (49.79 — 2.09)3022.325 _ 12 68ton
11373.50
49.79 - 2. 763.
F5= (49.79 09)3763.65 =15.78ton—__, F5=15.78 +Ft =17.87 ton

11373.50



Use Factor load =1.4.

F1=3.22*1.4=4.547 ton
F2=6.46*1.4=9.044 ton
F3=19.57*1.4=13.398 ton
F4=12.68*1.4=17.752 ton
F5=17.87*%1.4=25.018 ton

BI3. 085 KEN.m™m

203 . ff KiN.m

02665 Ki¥. ™ £54.93 KW

Efd4d 12 KiWN. ™ 637 Kir

B583 62 KIN.™m

Z50. 18 KW

<27.7 KNI

JGI.08 KV

———+ 25018 KN
Fg
———F (7T7.52 KiT

FE
———Fr23.20 XN
Y
——H 90 44 KN
ra

———F g5 47 AN
Fi

{ 407 B 4=687 XY

;- - -~
R A

WASSSSSSASY S Buge Shear (V)

Figure (4-20): Modeling multistory structures

Vu=697 KN
Mu=8583.62 KN.m



(4.11.3) Design of shear wall :

For wall 5.79* 3.30 m.

The forces in the walls due to direct shear are computed from.

Fux — VXRX

Z RX
Fuy = WRY

> Ry
Rx= 1/A

3
A4 P(h/L) +1.2Ph
Et AG

G=0.4 E For concrete

P(h/L)°  3P(h/L)
Et Et

& A=4

_41*(0.25/5.79)° 3*1*(0.25/5.79) _0.13
Et Et Et

Rx=1/(0.13/Et) = 7.69Et

> Rx=7.69Et + 7.69Et =15.38Et

A

o VR _ (o, T.69E
RX 15.38Et

2
Vo= % (v30)*hd
d=0.8 Lw=0.8*5.79=4.63 m

vC:%(@)*0.25*4.63=1056.65KN

=697 *0.50 = 348.5KN

Vs=(348.5/0.85) —1056.65 = -646.65 KN



% Provide minimum reinforcement.
(Av*h)
S,
S;=3*n=3*0.25 = 750 mm
S, =Lw/5=5.79/5=1158 mm

S, =18 = mm....... control

=0.0025*0.25=0.000625

Try @12

~1.1304*2*10° 226*10°°
0.000625 0.000625

v Use ®12 @ 300 mm cl/c

S2 =0.362m

(4.11.4) Design of vertical Shear :

S, =3*n=3*0.25 = 750 mm
S, =Lw/3=5.79/3= 1930 mm
S, =18 = 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
v Use® 12 @300 mm c/c



(4.11.5) Design of moment :

e For First floor :

gl IEEE C T O O T

X — A —

Figure(4-21): Detailing of shear wall

Use @ 12

* *
2* As _579 2*113
0.30

Ast = Lw =4362mm’ = 0.004362m’

z 1

w ,, 0.85%B, *Fc*Lw*h
Ast * Fy

ya 1
Lw 0.85%0.85%30%5.79%0.25
0.004362 * 400

0.05
2+

Mu = 0.9[0.5* Agt* fy* LW*(l—Li)}
W

Mu:0.9[0.5*0.004362*400*5.79*(1—0.05)]=4.31877MN.m
Mu=8.58362-4.31877=4.26485 MN.m
,  Mu/0.9
Fy(Lw - X)

Agt’ — 4.26485/0.9 — 0.002198m

~400(5.79 — 0.4)

Ast=2198+226=2424 mm?>
v Use 10918




e For Second floor :

Mu=6.14412-4.31877= 1.82535 MN
,  Mu/0.9
Fy(Lw - X)
_ 1.82535/0.9 — 0.0009411m7
400(5.79 - 0.4)

Ast=941+226=1167 mm?>
v Use 6116

e For Third floor :
Mu=4.02665-4.31877=-0.29212 MN
Use minimum

,  Mu/0.9

Fy(Lw - X)

,__029212/0.9 _00icr o

~400(5.79 — 0.4)

Ast=151+226=377 mm?
Ast=3.77 cm?

v Use 4912
v Reinforcement for third and fourth and fifth floorsisthe same.

(4.11.6) Shear Wall Base Design :



3. 807

Service loads on the base: k 4
DL=333.1 ton 2 +
LL=68.9 ton i
Areq = DL +LL
gall
Areq = 333.1+689 =11.49m? 0.20mm 5.99m

By adding 20 cm around wall sides:

Use: i
A=(5.79+0.20)*(3.50+0.40)=23.361 m*

Wu=1.4 DL+1.7 LL

Wu=1.4*333.1+1.7*68.9=583.47 ton

Sectiom A-4

R N RSN SR AR RE RO

N R .

B
Y
]
= .|
Lag
=
=)
-
3

gnet = A l
prov Y v Yy v ¥ v
_ 583.47 _24.98ton \ mg 0 5057y e .25 m L FAam
23.361 Section 4d-4d
For 1m strip: Figure(4-22): Section in shear wall base.

g(net)=24.98*1=24.98 ton\m

Depth calculation to satisfy shear strength:
Vu=41.1 ton
oVe=Vu

gvc=q *%* fc¢' *bw*d

gVc = 0.85*%* /30 * (100cm) * d = 77.59d

77.59d=41.1 ton
d=0.53 m
v" Use H=55cm

Design for bending moment:




Mu= 32.42 ton.m
Mn= 32.42/0.9 = 36.02 ton.m

m=15.7
~ Mu
f.b-d?
* 6
R = 360210 =1.63N/ mm?.

" 1000 * 4702

rzl 1- 1_ZmRn
m f,

* *
1 1_\/1_2 15.7*1.63 | _ 1 5042
400

r=-——
15.7

pmin =0.0035 < preg= 0.0042 < p max =0.0244
r =0.0042

Required As= 0.0042*100*47= 19.82 cm?

= Use 1020@15 cm
AS provided) = (100/15)*3.14 = 20.93 cm?.

(usesimilar steel for the other face)

In the other direction provide shrinkage and temper aturereinforcement .
r =0.002

As=r *b*h
As=0.0020*100*55=11cm? /m

= Usel@dil6@15cm ............ (In two layers).
AS (provided) = (100/15)*2.00 = 13.3 cm?,

4
TT {816@15 cm T
A

0 = n A AR TN TR T P T PN R RN Y Y I Y -n{?nn---;.;;;;-;n;-;-n-
----------------- lﬁlninjnn- A i W

fR20@75 ome

3.25m

Figure(4-23): Detailed Section for shear wall base.
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Appendix (A)

Shear & Bending Moment Diagrams for beam (B G-12)

loading Cases For Beam (B-G-12)
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