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The Structural Design of a School Building in Hebron
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Palestine Polytechnic University -2010

SUPERVISOR:

DR.HAYTHM AYYAD.

Project Abstract

The main aim of this project is to prepare detailed structural planes and shop drawings

For al structural elements. The project is athree stories male School in Hebron city.

The building has a unique architectural design. Functional , Aesthetic , and Practical use
is considered in the building design.

Miscellaneous structural elements will be used accommodated with the architectura

functional purposes of the building.

Autocade , Staad pro , Safe and Etabes software are used for the structural analysis and

design process.
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The ACI_318, UBC, and the Jordanians code are used For the structural design.
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Chapter 4 : Structural Design & Analysis
4.1 Introduction
4.2 Determination of Slab thickness
4.3 Determination of factored load
4.3.1 Determination of dead load
4.3.2 Determination of factored dead & live loads
4.4 Design of topping
4.5 Designof rib 1
4.5.1 Design of positive moment of rib 1
4.5.1.1 Design of Span 1
4.5.1.2 Design of Span 2
4.5.2 Design of negative moment of rib 1
4.5.2.1 Design of support 2
4.5.3 Design of shear of rib 1
4.6 Design of Tow way Ribbed slab
4.7 Design of Tow way Solid slab
4.8 Design of beam 31
4.8.1 Design of positive moment
4.8.1.1 Design of Span 1
4.8.1.2 Design of Span 2
4.8.1.3 Design of Span 3
4.8.1.4 Design of Span 4



75 4.8.1.5 Design of Span 5

77 4.8.1.6 Design of Span 6
79 4.8.2 Design of negative moment
79 4.8.2.1 Design of support 2
81 4.8.2.2 Design of support 3
83 4.8.2.3 Design of support 4
85 4.8.2.4 Design of support 5
87 4.8.2.5 Design of support 6
89 4.8.3 Design of shear
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91 4.8.3.2 Design of Span 2
92 4.8.3.3 Design of Span 3
94 4.8.3.4 Design of Span 4
95 4.8.3.5 Design of Span 5
97 4.8.3.6 Design of Span 6
98 4.9 Design of beam 43
102 4.10 Design of truss
110 4.11 Design of Long Column C6
113 4.12 Design of Isolated Footing F6
120 4.13 Design of strip Footing
123 4.14 Design of Mat Foundation For Well
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138 4.17 Design of Shear wall
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Figure (4-1): First Floor Slab.

Figure (4-2): two way rib dlab.

Figure (4-3): Structura Plane.

Figure (4-4) : Rib 1 geometry.

Figure (4-5) : Rib Section

Figure (4-6) : loading of Rib 1.

Figure (4-7) : Moment Envelop of rib 1.
Figure (4-8) : Shear Envelop of rib 1.

Figure (4-9) : two way rib slab.

Figure (4-10): two way solid slab.

Figure (4-11): Beam (31) Geometry.

Figure (4-12): loading of Beam (31).

Figure (4-13): Moment Envelop for Beam (31).
Figure (4-14). Shear Envelop for Beam (31).
Figure (4-15): Beam (43) Geometry.

Figure (4-16): loading of Beam (43).

Figure (4-17): Moment Envelop for Beam (43).
Figure (4-18): Shear Envelop for Beam (43).
Figure (4-19): Frame Geometry.

Figure (4-20): Long Column Detail.

Figure (4-21): Isolated Footing.

Figure (4-22): Isolated Footing Detail.
Figure (4-23): location strip footing.

Figure (4-24). Strip Footing Detail.

Figure (4-25): Mat footing.

Figure (4-26): shear in X-direction.

Figure (4-27): shear in Y -direction.

Figure (4-28): Moment in X-direction.
Figure (4-29): Moment in Y -direction.
Figure (4-30): Load on Basement Wall.
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129 Figure (4-31): Loads & Shear/Moment envelope for basement wall.

132 Figure (4-32): Stairs plan.

133 Figure (4-33): Loads on stairs.

134 Figure (4-34): Shear Envelope.

135 Figure (4-35): Moment Envelope.

137 Figure (4-36): Stair Section.

140 Figure (4-37): Fx-Diagram.

140 Figure (4-38): Moment & Shear-Diagram for Shear Wall.

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fc¢= compression strength of concrete .
fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.

Ln = length of clear span inlong direction of two- way construction, measured

face-to-face of supportsin slabs without beams and face to face of beam or other

Xiii



supportsin other cases.

LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete. (Kg/md).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003mm/mm.
€s = strain of tension stedl.

és= strain of compression steel.

p =ratio of steel area.
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Chapter 4 Structural Analysis & Design

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 1.

4.6 Design of Tow way Ribbed slab.
4.7 Design of Tow way Solid slab.
4.8 Design of Beam (31).

4.9 Design of Beam (43) .

4.10 Design of Truss .

4.11 Design of Long Column.

4.12 Design of Isolated Footing.

4.13 Design of strip Footing.

4.14 Design of Mat Foundation.

4.15 Design of Basement Wall.

4.16 Design of Stairs .

4.17 Design of Shear wall.
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Chapter 4 Structural Analysis & 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” and “STAAD pro” to find the internal forces, deflections and moments for the

all structural element in order to designiit.

4.2 Determination of Slab Thickness

i — e oL

CLLH |It

Sy
N IHI

Figure (4-1): First Floor Slab.

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

one way slabs unless deflections are computed, given in table (9.5-a), asfollows:
hnin for one-end continuous = L1/18.5

=599/18.5=32.4 cm.
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Chapter 4 Structural Analysis & Design

hmin for both-end continuous = L2/21
=711/21=33.9cm
hmin for Cantilever = L3/8
=80/8 =10 cm.
hmin for Simply supported = L4/16

=536/16 = 33.5cm

We selected h = 35cm...... For simply support is control.

Determination of Thickness for Two Way Rib Slab:

8.05

B72

r.2

Figure (4-2): two way rib dlab.
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Chapter 4 Structural Analysis & Design

. ) 1.20 )
r‘l L HE o
L
~ =
— > AY
Y =
> A
_ * * * * *
- 2*0.2* 0.08* 0.04+0.12* 0.35* 0.175 _ 0117m
2*0.2* 0.08+0.12* 0.35

_052x(0.117)° (0.52-0.12)(0.037)’ , 0.12x (0.233)°
3 3 3

I rib

| ., =7.77x10"*m" /b

|y = = bh® = 1 +1.2% (0.35)° = 429+ 10°3
12 12
-4
- L1107 05-135.23x10“m’
0.52
-4
- L0 5 107.58%10 4 m*
0.52
| . -3
= b &10_4 ~0.32
|, 135.23x10
-3
a, = 1y _ 429x107° _ 0.4

g 107.58x10°*
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Chapter 4 Structural Analysis & Design

a, - al;a2 _ 0.322+O.4 036

02<a<2=>02<036<2

According to ACl-code:

o In(0.8+ fy/1400)
™ 36+5b(@,, —0.2)

ACI-318-02 ( Eq: 9-12)

b=ra205_4 557
L, 7.2
_9.05* (0.8+420/1400)

=0.27m< 0.35m

™ 36+5%1.257(0.36 - 0.2)

We select from one & two way rib slab, The Thickness Rib Slab = 32 cm with block
27cm & Topping 8cm.

4.3 Determination of factored Load

4.3.1 Determination of Dead load

Filesn F acevn

Aeforr-frae D ooTER

Clorarse Sarid il T oo

M cocreresresfer Tragepaiongr N ooz
£ rreresiwsdes faleech

R Concereie v

Flasrer 2 om
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Chapter 4 Structural Analysis & Design
Tiles 0.03x0.52x22 =0.3432 kN/m /rib

Mortar 0.02x0.52x23 =0.2392KkN/m/rib

Coarse Sand Fill 0.07%x0.52x17 =0.6188 kKN/m/rib

Topping 0.08x0.52x 25 =1.04 kN/m./rib

Block 0.27%0.40 X9 =0.972KkN/m/rib

Concrete Rib 0.24x0.12x25 =0.81 kN/m/rib

Plaster 0.02%x0.52x23 =0.2392 kN/m/rib

partitions 1.25%0.52 =0.65 kKN/m/rib

Nominal Total Dead Load =

0.3432 + 0. 2392 + 0.6188 + 1.04 + 1.04 + 0.972 + 0.81 + 0.2392 + 0.65

=4.9124 kN/m of rib

Nominal Totd liveload =5* 0.52 = 2.6 KN/m of rib

Total Dead Lad (service) = 4.9124/0.52 = 9.447 kN/m?

Tota liveload =5 kN/m?

4.3.2 Determination of factored dead & live load

Factored dead load = 1.2* Dead load = 1.2¥4.9124 = 5.89488 KN/m of rib.

Factored Live load = 1.6*liveload = 1.6*2.6 = 4.16 KN/m of rib.
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Chapter 4 Structural Analysis & Design

4.4 Design of Topping:
Used fy =420 MPa& fc' =24 MPa
Dead load of topping = Wiggping + Wiites  Wsand + Winortor + Wpartiones
=1.04 + 0.3432 + 0.6188 + 0.2392+0.65 = 2.8912 KN/m
Total Dead Load = 2.8912/0.52 = 5.56 KN/mZ.
Live Load = 5 KN/m?. (for Stores)
qu=12DL+16LL

=12*556 +1.6* 5=14.672 KN/m® (Total Factored Load)

q,x1?  14.672x(0.4)?

Mu = =(0.1956kN.m
12 12
Mn —gqpfc' 0xN”
* 2
1000*80° _ 2.19kN.m
= 0.42 V24 6 .

f x Mn = 0.55* 2.37 = 1.205kN.m.
f x Mn =1.2051kN.m > Mu = 0.1956kN.m.

No structural reinforcement is required.

Therefore, shrinkage and temperature reinforcement must be provided
r =0.0018 ACI-318-02 (7.12.2)
As . =r xbxh=0.0018x100x8=1.44cn7*/Im
Use 108/25 cm (4D8/1m), with As =200 mm?/1m in both directions.

As =2.0cm’*/m> As,. =1.44cm? Ok

43



Chapter 4 Structural Analysis & Design

4.5 Design of Rib (R1) at ground slab:

, ) —
rll [y & Y ‘| ) }
EESEEE
~a — “—' 7L
] LT -_:_; 1_:_4_5:_.

Figure (4-3): Structural Plane

Using "Atir" software for the following values of the envelope moment and shear diagram:

1 2 K|
1 2
L 1k Lo a4 Lo
! 4% ' : b.5d : .

Figure (4-4): Rib 1 geometry.

L

35.

12.
A

Figure (4-5) : Rib Section
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Chapter 4 Structural Analysis & Design

Live ‘vad g + zp I _L . i :ll ”
4 a1
Dead 'oad : r I T ! :
1 46 i G4
| |
Figure (4-6) : loading of Rib 1
-0
'H"l_ f‘"n\ e
..--""--r----.‘-- \.\\1-‘.
=t —= — <
g s B i,
1.3 s et
1.2
| 1. A8 | an : X561
Figure (4-7) : Moment Envelop of rib 1.
A
218 - i
f_,ff"—f— B ir.i —
— TE
17 —
2
=%
Figure (4-8) : Shear Envelop of rib 1.
e Effective Flange width ( Bz) «..voeveviiiii v, ACI-318-02 (8.10.2)

e For T- section isthe smallest of the following:
b. =L/4=595/4=149cm

b, =12+ 16t=12+ 16 (8) = 140 cm
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Chapter 4 Structural Analysis & Design

b < center to center betweenrib=52cm

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

= Check rectangular section or T-section

bw =12cm, h = 35cm
d =350-20-8-7=315mm

Mu,, = 35.9KN.m

Mn, =0.85 # fic + bf +tf + dug

Mn, =0.85* 24* 052* 0.08* 0315~ * 10°= 233376 KN.m

® Mn,=0.9* 233.376=210KN .m >> Mu,,

rectangular section

4.5.1 Design of Positive moment of rib 1:
4.5.1.1 Design of Span 1
Mu =143 KN .m

Mu
Mn= ——= E =1589KN.m
D 0.9

As, =(£ (bw)(d) >E(bw)(d) .................... (ACI -10.5.1)
V24

As

min = 4(420)

As.. =11<126............. the larger is control

14(

——(12)(31.5) > =—(12)(31.5)

46



Chapter 4 Structural Analysis & Design

As,,, =1.26cm’
Mn
Kn=——
b*d?
* -3
n= 1589710 > =0.308 Mpa
0.52* (0.315)
fy 420 = 20.588

m = - =
0.85* fc  0.85*24

pzi(l_ 1_2mKn
m fy

)

1 ‘- \/1_ 2(20.588)(0.308)

= ) =7.3881* 10
20.588 420

Y

Areg=p*b*d=7.3881* 10** 52* 31.5=1.21 cn?
1.21 cm?< As,,, =1.26cm7°

Use & 10 >> # of bar = % =161 * Note Agpio = 0.785 cm?

e Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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Chapter 4 Structural Analysis & Design

157* 420 = 0.85* 24* 520* a
a=6.22mm
x=£:%:7.32mm
b, 0.85
o 315-7.32
° 7.32
e, =0.126 > 0.005

X0.003

= Ok
4.5.1.2 Design of Span 2

Mu=34.2KN.m

M
Mn= ——= ﬂ =38KN.m
() 0.9
As, =(£ (bw)(d) >—(bw)( ) (ACI -10.5.1)
J24 1.4
A 12)(31.5 12)(31.5
S = g 1203L5)2 5024519
As.. =11<126............. the larger is control
As... =1.26cm’
Mn
Kn=——
b*d?
* -3
= 387 10 > =0.736 Mpa
0.52* (0.315)
fy 420

=20.588

T 085 fc  0.85*24
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Chapter 4 Structural Analysis & Design

pzi(l_ 1_2mKn

m fy )

) =1.7864* 10°

) 1 ‘- \/1_ 2(20.588)(0.736)

"~ 20.588 420
Aregq=p*b*d=17864* 103* 52* 31.5=2.93 cn?
2.93 cm?> As,,, =1.26cm?

Use & 14 >> # of bar = % =19 * Note Agp14 = 1.54 cm?

o Check for yielding
Tension = compression

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

308* 420 = 0.85* 24* 520* a
a=12.19mm
x=i=%=14.34mm
b, 085
o - 315-14.34
s 14.34
e, = 0.0629 > 0.005

X0.003

= Ok
4.5.2 Design of Negative moment

4.5.2.1 Design of support (2)

Mu=24.1KN.m
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Chapter 4 Structural Analysis & Design

M
Mn = —u= ﬂ' =26.78 KN .m
() 0.9
fc' 14
As., =——bw)d)>=—(bwfd).....coecurur.. (ACI -10.5.7)
i oK)= )
24 1.4
As., =——=12)31.5)> —(12)31.5
S = g (121615)2 5 024615
As.. =11<126............. the larger is control
As... =1.26cm’
Mn
Kn= ——
b*d?
* -3
n= 26.78" 10 5 =2.249 Mpa
0.12* (0.315)
fy 420 = 20.588

m = - =
0.85* fc  0.85*24

pzl(l- 1_2mKn
m fy

)

) =5.6878 * 10°

A 1 - \/1_ 2(20.588)(2.249)

~ 20.588 420
Areg=p*b*d=5.6878* 10°%* 12* 31.5=2.15 cn?
2.15 cm?> As,,, =1.26cm°

2.1
Use ® 14 >> # of bar = 1—52 =14 * Note Agp14 = 1.54 cm?

Then we select (2) bars @ 14 A, provided = 2*1.54 = 3.08cm®
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e Check for yielding

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

308* 420 = 0.85* 24*120* a
a=52.84mm

X:i:%: 62.17mm
b, 085

e, = 315=0217y 4 43
62.17

e, = 0.0122 > 0.005

— Ok
4.5.3 Design of shear for Rib (R1):

ACI - 318 - Categories for shear design:
Vu=29.1kN

Use ®8 with two legs

Av = 2x50=100 mm?

1. Iteml:®Vc>Vu

(DVC:(D\/?

xb, xd

\/2_4 x120x 315

=®Vc=0.75x

=23.14 kN
Since ® Vc<Vu

Not control
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2. ltem?2

%@Vc <Vu <dVe

®Vc=2314kn

ECDVC = 2314 =11.57Kn
2 2

Not control

3. Item3
dVe <Vu £ Ve + dVs_

dVs,, Z%x bw x d
dVs,. =075 (‘713 )x0.12x 0.315x10° = 9.45kN

DVS, ;. 21—16><\/f_c'>< bwxd

DVs,, = 1—16 x+24x0.12x 0.315x10° =11.57 KN control

dVe+DVs,,, =11.57+23.14=34.71kN

Vu=29.1kN < dVc+ dVs_,, = 34.7kN control

Minimum shear reinforcement is required
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Av _ 1bw 3x 2x50x107° x 420
=S _ =

> - =1.05m
S, 31y 0.12

Av _ 1 4fc _ 2x50x10°° x16x 420

> =S, =1.14m
S. 16 fy * V24 x.12

Select 2leg ® 8/ 15cmc/c

4-6 Design of Tow way Ribbed slab:
4-6-1 Dead Load Calculation :

Tiles 0.03*0.52*0.52* 22 = 0.1785 kN/0.52* 0.520f rib
Mortar 0.02*0.52*0.52* 23 = 0.1244 kN/0.52* 0.520f rib
Sand 0.07*0.52*0.52* 17 = 0. K3218N/0.52* 0.520f rib
Topping 0.08*0.52*0.52* 25 = 0.5408 kN/0.52* 0.520f rib
Block 0.4*0.27*0.4*9 = 0.3888 kN/0.52* 0.520f rib
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Rib 0.27%0.12* (0.55+0.4)* 25 = 0.7452 kN/0.52* 0.520f rib
Plaster 0.02*0.52* 0.52* 23 = 0.1244 kN/0.52* 0.520f rib
partition (1.25) (0.52) *0.52 = 0.338 kN/0.52*0.520f rib

Dead Load = 2.7619 kN/0.52* 0.520f rib
Dead Load per unit area = 2.7619 / 0.52*0.52= 10.214 KN/m?

Live Load = 5 KN/ m?

0, =1.2 D =10.214* 1.2=12.26kN/m?
q, = 1.6 L =5*1.6=8 KN/m?

q, =20.26 KN/m?

bw=12cm, h = 35cm
d =350-20-8-7=315mm

BOS

T.2
Riz
72

Figure (4-9): two way rib dab.
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4-6-2 Designs of moment:

— Design of positive moment:

La/ Lb=7.2/9.05=0.8
From table (12-4)

Assume Case (1)

C, =0.056

C,q =0.023

Maa = Coa * G * (LA)?
Mpa = Coq * Gy * (LD)?
From table (12-5)
C,..=0.056

C,. =0.023

Mo = Col ™ Q. ™ (La)2

My, = Cb,LL e P (Lb)2

Maposz (MadL + MaLL) *0.52 =

{(0.056* 12.26* (7.2) %) +(0.056*8* (7.2) 2} *0.52= 30.6 KN.m / rib

Mb,pos= (Mb,dL + Mb,LL) *0.52 =

{(0.023*12.26*(9.05) %) +(0.023*8* (9.05) %)} *0.52 = 19.85 KN.m / rib
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M, = 30.6 KN .m

a,pos
Mn, =0.85+ fc+ bf +tf « dug

0.08

Mn,=0.85* 24* 0.52* 0.08* 0.315 — 5 10° = 233.376 KN .m

® Mn,=09* 233376 =210KN.m >> M

apos

rectangular section

Design as arectangular with b = 52 cm

M 30.6

Mn= —2% = ——— =34KN.m
() 0.9
Jfc 1.4
As., = bw)d)>—(bw)d ).....cccvrrrennnes (ACl -105.1)
iy 002 wa)
24 1.4
As., =——=12)31.5)> —(12)31.5
S = /gy 12)EL5) 2 0 12)L9
As.. =11<126............. the larger is control
As, .. =1.26cn’
Mn
Kn= ——
b*d?
* -3
n= 34”10 =0.659 Mpa
0.52* (0.315)*
fy 420 =20.588

m = - =
0.85* fc  0.85*24
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1
o= S (1- 1_2mKn

m fy )

) =1.595* 10°

A 1 ‘- \/1_ 2(20.588)(0.659)

20588 420
Areg=p*b*d=1595* 10°%* 52 * 31.5=2.61 cm?
2.61 cm?> As . =1.26¢nT

Use & 12 >> # of bar = f—éj =17 * Note Agp14 = 1.54cm?

Then we select (2) bars @ 14 A, provided =2*1.54 = 3.08cm®

e Check for yielding
Tension = compression

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

308* 420=0.85* 24* 520* a
a=12.2mm
x=2_-122 1, 35mm
b, 085
B 315-14.35

e
® 14.35
e, =0.063>0.005

X0.003

= Ok

Use 2@ 14 mm ,As =308 mm? iny direction

Use 20 12mm ,As =226 mm? inx direction
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— Design of negative moment:

As ZEAS

neg 3 pos

Use 2® 10mm ,As =157 mm? iny direction
Use 2® 10mm ,A's =157 mm? inx direction
4.6.3 Design of shear:

La/ Lb=7.2/9.05=0.8

From Table (12-6) :

Case (1)

W,=0.71

W, =0.29

V.= q,* La*W, *(0.52/2)

ua

V,,=20.26* 7.2*0.71*(0.52/2) = 26.93 KN control

V,, = 20.26* 9.05*0.29 *(0.52/2) = 13.83 KN

Vc= @ bw* d

*120* 0.315 =30.86 KN

V24
6

® Vc= 0.75* 30.96= 23.14 KN

dVe<\Wu
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Item 1 &2 isnot suitable .

= |tem 3
dVe <Vu < dVe+ dVs,

dVs

min —

> 9 x bw x d
3
dVs,. =075 (% )x0.12x 0.315x 10° = 9.45kN
1 ;
dVs, 21—6>< \/Ex bwxd

Vs, = 1—16 x7[24x0.12x 0.315x10° =11.57 KN control

DVC+DVs,, . = 23.14+11.57 = 34.71kN

Vu=26.93kN < ®Vc+ dVs_, =34.7KN control

Minimum shear reinforcement is required
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6

ﬂzlb_wz> S, = 3x2x50%x107° x 420 _1.05m
S« 3 fy 0.12

fc' -6
ﬂzi < bw Sreq _ 2x50x10 ><16x42021.14m
S 16 fy V24x.12
S SES 600= S, =g:1575cm

2 2

Then Select S=15cm< —............... ok

leg® 8/15cmc/c  Select 2

4-7 Design of Tow way Solid slab:
4-7-1 Determination of Loads :

Plaster = 0.02* 23 = 0.46 kN/m?
Slab =0.15* 25 =3.75 kN/m?

D.L = 4.21kN / m?
FromTANK L.L =10kN/m?

Qo 212 pL=1.2%421=5 kN/m?
Qu-1601=16%10=16 KN/m?

qu = 21KN / m?
For Im Strip in X & Y direction qu =21 KN/m
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Lb=6.1m
La=4.4m

Lb _bl =14<20
La 44

. Tow way

sdect h =150 mm > hyin= 125 mm

b =100cm, h = 15cm
d=150-20-12 =118mm

-BIT

Figure (4-10): two way solid sab.
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4-7-2 Designs of moment

— Design of positive moment:
La/ Lb=4.4/6.1=0.7

From table (12-4)

Case (1)

C,q =0.068

C,q =0.016

Moo = Caq * O * (L)
Mpa = Coa * G * (Lb)?
From table (12-5)

C,..=0.068
C,.. =0.016
My =Col * Qo * (LD)?
My = Corl * Gy * (LD)?

Ma,pos: (MadL + MaLL) =

{(0.068*5* (4.4) ) +(0.068* 16* (4.4) %)} = 27.65 KN.m / rib

Mb,pos= (Mpa + My) =

{(0.016*5*(6.1) %) +(0.016*16* (6.1) %)} *0.52 = 12.5 KN.m/rib
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M, = 27.65 KN .m

a,pos

Mo  27.65

Mn = =30.7KN.m
) 0.9
NA(S 14
As,, = b)d)>=—(bNd).cccsverrrrern (ACl —10.5.1)
(i) P> 0K0)
As,., = ﬂ(100)(11.8) > ﬂ(loo)(ll.s)
4(420) 420
As.,, =344<393............. the larger is control
As... =3.93nm’
Mn
Kn= ——
b*d?
30.7%10°°
n=————— =22Mpa
1* (0.118)*
fy 420

m = _ = = 20.588
0.85* fc 0.85* 24

1
o= S (1- 1_2mKn

m fy )

1 ‘- \/1_ 2(20.588)(2.2)

= ) =5.556* 10°
20.588 420

P

Asreq=p*b*d=5556* 10°* 100 * 11.8 = 6.56 cn?
6.56 cm?> As . = 3.93cn’

Use ® 12 >>> 6.56/1.13 = 5.66 * Note Agp1p = 1.13cm?
Useld 12 @ 15cmclc .............. with As=(100/ 15)*1.13 = 7.53 cn?.
63



Chapter 4 Structural Analysis & Design

Asprovided=7.53 > ASTEQ.....cvvivineineinnnnnn OK.

e Check for strain

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

753* 420 = 0.85* 24* 520* a

a=30mm

x:i:ﬂ=35.3mm
b, 085

e = Mxo_oog

S

e, = 0.007 > 0.005

= Ok
Useld 12 @ 15cmclc .............. in x direction
Useld 10 @ 17.5cmc/c.............. iny direction

— Design of negative moment:

ASqinage = 0-0018x bx h = 0.0018x100x 15 = 2.7cm?

Useld8 @ 17.5cm ....ccevvennnn. With As=(100/ 17.5)*0.5024 = 2.87 cm?.
4.7.3 Design of shear:

La/Lb=4.4/6.1=0.7

From Table (12-6) :

Case (1)

W,=0.81
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W, =0.19
V= 0, La*W,

V,=21* 44*0.81=72.84 KN control

V, =21* 6.1*0.19 = 24.34 KN

Vc= @ b*d

*1000 * 0.118 =99.34 KN

_ Y
6

® Vc= 0.75* 99.34= 74.5 KN

oVe >Vu
.. No Shear Reiforcement Required

4.8 Design of Beam (31) :

1 £ = £ [ E v
1 2 2 1 5 Go_
E A ™ A — Al m A i ™ A :|
oy L oy L .aj LT .aj LT o
L] L= Ulib 41 :_ L] 1= _Ilil':- [ | ILI.':- =1 :.I."_'-I At LIZI:h
254 j 48 ' 445 i G2 ' G v .74 "
| | | | | |
=
T
£mn

Figure (4-11) : Beam (31) Geometry.
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Lt 1221 k N : - 1. - — A
¥ HERI} + 20 ") _ﬁl.l.', o sh o ‘1 -y S
T EH I ]
Dizad load o Qs 0 ; _,..--1."’—1- ]. ly ¥ T
- | " up i J X i i 1% * 143 r i:
x - O [ J‘n-ri: 'r_:' ] Fa=Ld : it i v IR ;T’J
L5d A HES % PR u s J!T ; ]"
Figure (4-12) : loading of Beam (31)
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Figure (4-13) : Moment Envelop for Beam (31).
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Figure (4-14) : Shear Envelop for Beam (31).

= Check rectangular section or T-section

bw =120cm, h = 35cm
d =350-40-10-10=290mm

Mu,, = 3534 KN .m
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Mnf:O.SSnf.r_';j;}",tf, d‘“LEE

Mn, =0.85* 24* 1.2* 0.35* 029 — 2"

* 10°=985.32 KN .m
® Mn, =0.9* 985.32=886.788 KN .m >> Mu,,

% rectangular section
= Check single section or Doubly section

Mn,,=085=fcsbsas d—-

C=3/7*d=3/7* 290 = 124.29 mm

a=124.29*0.85 = 105.64 mm

Mn_ =085%24%12%0.10564 = 0.29 —&;‘“ *10° = 613.36 KN .m

250
@ =0.65 1o 0.004 —-0.002 =0.817

® Mn,_ =0.817* 613.36=5009KN.m >> Mu,_=3534KN.m

+« Singly section

4.8.1 Design of Positive Moment

4.8.1.1 Design of Span 1

bw =120cm, h = 35cm
d =350-40-10-10=290mm

Mu =189 KN .m
Mu 1

Mn = —=§ =210KN .m
()] 0.9
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~

as. =V (owyd)s &

(G0 () I— (ACI -10.5.1)

As,, = (120)(29)> %(120)(29)

As., =10.15<116.............thelarger is control
As . =11.6cn’

Mn

Kn= b* 42

* -3
Kn= LZLOZ =2.081 Mpa
1.2* (0.29)

oty 420

= = = 20.588
0.85* fc  0.85*24

1 2mKn
p=—(1- 1~ )

m fy

A 1 ‘- \/1_ 2(20.588)(2.081)

= ) =5.2371* 10°

20.588 420
Areg=p*b*d=52371* 10°* 120 * 29 = 18.23cm?
18.23cm?> As,, =11.6cm°

Use & 20 >> # of bar = % =58
3.14

Then we select (6) bars @ 20 A provided = 6* 3.14 = 18.84cm’

e Check for yielding

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

1884* 420 = 0.85* 24*1200* a
a=32.32mm
X = a = ﬁ = 38mm

b, 085

_2%0-38 X0.003

S

e, = 0.0199 > 0.005

e Check for spacing between the bar

S= 1200-2* 40-2*10-2* 20—-5* 20
5

S=192mm = gM.A.S

>25mm
> db =20mm
4.8.1.2 Design of Span 2

Mu=1345KN .m

Mn= 1845 ke aakN m
® 09
_4fc 14
As,, = W(bw)(d) > W(bw)(al) .................... (ACI -10.5.)

As, = 4(4%(120)(29) > %(120)(29)

)

As.. =10.15<116.............thelarger is control
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As,,, =11.6cm’

Mn
Kn= ——
b*d?
* -3
n= M = 1.4808 Mpa
1.2* (0.29)
fy 420

m = - = =20.588
0.85* fc  0.85*24

pzi(l_ 1_2mKn
m fy

)

)=3.664* 10°

A 1 ‘- \/1_ 2(20.588)(1.4808)

"~ 20.588 420
Areq=p*b*d=3.664* 103 * 120 * 29 = 12.75 cm?
12.75 cm?> As,, =11.6cm?

Use & 16 >> # of bar = E =6.35
2.01

e Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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1407* 420 = 0.85* 24*1200* a
a=24.14mm
x:i:%:ZSAmm
b, 085
o - 290-28.4
s 317
e, =0.0276 > 0.005

X0.003

e Check for spacing between the bar

_1200-2*40-2*10-2*20-6*16
6

S

S=160.67mMm = gM.A.S

>25mm
>db =16mm

4.8.1.3 Design of Span 3

Mu=98.8 KN .m

Mn = '\%Jz % =109.78 KN .m

ps,, 4ij)(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
As, = %240)(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As,. =11.6cn
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Mn
Kn=——
b*d?
* -3
n= M =1.0878 Mpa
1.2*(0.29)
fy 420 =20.588

m = - =
0.85* fc  0.85*24

pzi(l_ 1_2mKn

m fy )

) =2.6629 * 10°

A 1 ‘- \/1_ 2(20.588)(1.0878)

~ 20,588 420

Areq=p*b*d=26629* 10°* 120 * 29 = 9.267 cm?
9.267 cm?< As,,. =11.6cn°

As . =11.6cm* is control

Use & 16 >> # of bar = E =577
2.01

e Check for yielding
Tension = compression

As*fy=085*f_.*b*a
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1160* 420 = 0.85* 24*1200* a
a=19.9mm
x:i:&:ZBAlmm
b, 085
o 290-23.41
° 317
e, =0.0342 > 0.005

X0.003

e Check for spacing between the bar

_ 1200-2*40-2*10-2* 20-5*16

S
5

S=196mm = gM.A.S

>25mm
> db =16mm
4.8.1.4 Design of Span 4

Mu =296.6 KN .m

Mn = '\%z % =329.56 KN .m

As,, = %(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
As, = %(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As . =11.6cm?
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Mn
Kn=——
b*d?
* -3
Kn= 32996710 7 _ 5 655 Mpa
1.2% (0.29)
fy 420

m = - = = 20.588
0.85* fc  0.85* 24

pzi(l_ 1_2mKn
m fy

)

) =8.5227 * 10°

A 1 ‘- \/1_ 2(20.588)(3.2655)

"~ 20.588 420
Areq=p*b*d=85227* 103 * 120 * 29 = 29.66 cn?
29.66 cm?> As,;,, =11.6cnm’

Use¢20>>#ofbar=@ =945

3.14

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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3140* 420 = 0.85* 24* 1200* a
a=>53.87mm
x= 2 992 _ o3 008mm
b, 085
_ 200-63.38

e
° 63.38
e, =0.011> 0.005

X0.003

e Check for spacing between the bar

_ 1200-2*40-2*10-2*20—-9* 20
9

S

S=98 mm 2= gM.A.S

>25mm
> db =20mm
4.8.1.5 Design of Span 5

Mu =208.5 KN .m

Mn = '\%z % = 231.67 KN .m

As,, = %(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
As, = %(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As . =11.6cm?
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Mn
Kn=——
b*d?
* -3
Kn= M = 2.2955 Mpa
1.2*(0.29)
fy 420

=20.588

m = - =
0.85* fc  0.85*24

pzi(l_ 1_2mKn
m fy

)

)=5.8135* 10°

A 1 ‘- \/1_ 2(20.588)(2.2955)

"~ 20.588 420
Aregq=p*b*d=58135* 103 * 120 * 29 = 20.231 cn?
20.23 cm?> As,;,, =11.6cn’

Use¢20>>#ofbar=% =6.44

3.14

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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2198* 420 = 0.85* 24* 1200* a
a=37.7mm
X:E:E:M.?a?mm
b, 0.85
o - 290-44.37
s 44.37
e, =0.017 > 0.005

X0.003

e Check for spacing between the bar

_ 1200-2*40-2*10-2*20-6* 20
6

S

S=156.67 mm = gM.A.S

>25mm
> db =20mm
4.8.1.6 Design of Span 6

Mu=74.1KN.m

Mn = '\%z 70%1 =82.33KN.m

As,, :%(bw)(d)z%(bw)(d) .................... (ACI ~105.1)
As, = %(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As . =11.6cm?
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Mn
Kn=——
b*d?
* -3
n= 2238107 e158 Mpa
1.2* (0.29)
fy 420 =20.588

m = - =
0.85* fc  0.85*24

pzi(l_ 1_2mKn

m fy )

) =1.9829 * 10°®

A 1 ‘- \/1_ 2(20.588)(0.8158)

~ 20,588 420

Areq=p*b*d=1.9829* 10°* 120 * 29 = 6.9 cn?
6.9 cm’< As,,, =11.6cm?

As . =11.6cm* is control

Use & 16 >> # of bar = E =577
2.01

e Check for yielding
Tension = compression

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

78



Chapter 4 Structural Analysis & Design

1160* 420 = 0.85* 24*1200* a
a=19.9mm
x:i:&:ZBAlmm
b, 085
o 290-23.41
° 317
e, =0.0342 > 0.005

X0.003

e Check for spacing between the bar

_ 1200-2*40-2*10-2* 20-5*16
5

S

S=196mm = gM.A.S

> 25mm

>db =16mm
4.8.2 Design of Negative moment
4.8.2.1 Design of support (2)
Mu =224.9 KN .m

224.9
—— =249.89 KN .m

0.9

Mu
Mn= ——
D

As,, :%(bw)(d)z%(bw)(d) .................... (ACI ~105.1)

As,, = (120)(29)> %(120)(29)

As., =10.15<116.............thelarger is control
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As,,, =11.6cm’
Mn

Kn=——

b*d?

* -3
n= M =2.4761 Mpa
1.2*(0.29)
fy 420

=20.588

m = - =
0.85* fc  0.85*24

pzi(l_ 1_2mKn
m fy

)

) = 6.3047 * 10°

A 1 ‘- \/1_ 2(20.588)(2.4761)

"~ 20.588 420
Aregq=p*b*d=6.3047* 103 * 120 * 29 = 21.94 cn?
21.94 cm?> As,;, =11.6cn’

Use & 20 >> # of bar = @ =6.98

3.14

e Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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2198* 420 = 0.85* 24*1200* a
a=37.7mm

X = a._ ﬂ =44.4mm

b, 0.85

_2%0-444 1003

S

e, = 0.0166 > 0.005

e Check for spacing between the bar

_1200-2*40-2*10-2*20-6* 20

S
6

S=156.67mMm = gM.A.S

>25mm
> db =20mm
4.8.2.2 Design of support (3)

Mu=119.3KN.m

Mn = '\%z % = 132.89 KN .m

As,, = %(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
As, = %(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As . =11.6cm?
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Mn
Kn=——
b*d?
* -3
S 1REI0
1.2%(0.29)
fy 420

m = - = = 20.588
0.85* fc  0.85* 24

1 2mKn

p=—(1- |1- )
m fy

o= 1 ‘- \/1_ 2(20.588)(1.3168) = 3.2435% 10°
20.588 420

Areg=p*b*d=3.2435* 10°* 120 * 29 = 11.29 cn?
2

11.29 cm®< As,,, =11.6cm

As . =11.6cm* is control

Use & 16 >> # of bar = :;1—6 =577

e Check for yielding
Tension = compression

As*fy=085*f_.*b*a
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1160* 420 = 0.85* 24*1200* a
a=19.9mm
x:i:&:ZBAlmm
b, 085
_290-2341

e
° 31.7
e, =0.0342 > 0.005

X0.003

e Check for spacing between the bar

_ 1200-2*40-2*10-2* 20-5*16
5

S

S=196mm = gM.A.S

>25mm
>db =16 mm
4.8.2.3 Design of support (4)

Mu =336.5KN.m

Mn = '\%z % =373.89 KN .m

As,, = %(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
As, = %(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As . =11.6cm?
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Mn
Kn=——
b*d?
* -3
Kn= M =3.7048 Mpa
1.2* (0.29)
fy 420

m = - = = 20.588
0.85* fc  0.85* 24

pzi(l_ 1_2mKn
m fy

)

)=9.812* 10°

A 1 ‘- \/1_ 2(20.588)(3.7048)

"~ 20.588 420
Areq=p*b*d=9.812* 10 120 * 29 = 34.15 cm?
34.15 cm?> As,;,, =11.6cm’

Use & 20 >> # of bar = % =10.87
3.14

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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3454* 420 = 0.85* 24*1200* a
a=59.3mm
x:i:%:&.?mm
b, 0.85
o - 290-69.7
® 69.7
e, = 0.0095 > 0.005

X0.003

e Check for spacing between the bar

_ 1200-2*40-2*10-2* 20—-10* 20

S
10

S=86mm = gM.A.S

>25mm
> db =20mm
4.8.2.4 Design of support (5)

Mu =353.4KN.m

Mn = '\%z % =392.67 KN .m

As,, = %(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
As, = %(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As . =11.6cm?
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Mn
Kn=——
b*d?
* -3
Kn= 29287710 ° _ 5 6900 Mpa
1.2% (0.29)
fy 420

m = - = = 20.588
0.85* fc  0.85* 24

pzi(l_ 1_2mKn
m fy

)

) =0.0104

A 1 ‘- \/1_ 2(20.588)(3.8909)

"~ 20.588 420
Areq=p*b*d=00104* 120 * 29 = 36.09 c?
36.09 cm?®> As,;,, =11.6cn’

Use & 20 >> # of bar = @ =115
3.14

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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3768* 420 = 0.85* 24*1200* a
a = 64.65mm
X = a = % = 76.06mm
b, 085
~ 290-76.06

e
° 76.06
e, = 0.0084 > 0.005

X0.003

e Check for spacing between the bar

_1200-2* 40-2*10-2*20-11* 20
11

S

S=76.4mm = gM.A.S

>25mm
> db =20mm
4.8.2.5 Design of support (6)

Mu =207.2 KN .m

Mn = '\%z % =230.22KN .m

As,, = %(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
As, = %(120)(29) > %(120)(29)

As.. =10.15<116.............thelarger is control

As . =11.6cm?
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Mn
Kn=——
b*d?
* -3
Kn= M = 2.2812 Mpa
1.2*(0.29)
fy 420

m = - = = 20.588
0.85* fc  0.85* 24

pzi(l_ 1_2mKn
m fy

)

) =5.7748 * 10°

A 1 ‘- \/1_ 2(20.588)(2.2812)

"~ 20.588 420
Areq=p*b*d=57748* 103 * 120 * 29 = 20.1 cm?
20.1 cm?> As,,, =11.6cm?

Use¢20>>#ofbar=& =6.4

3.14

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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2198* 420 = 0.85* 24*1200* a
a=37.7mm

X = a._ E =44.4mm

b, 0.85

| 290-44.4

S

e, = 0.0166 > 0.005

X0.003

e Check for spacing between the bar

S

_1200-2*40-2*10-2*20-6* 20

6
4
S=156.67mMm = 5 M.A.S

> 25mm

>db =20mm

4.8.3 Design of shear

4.8.3.1 Design of Span 1

Vc= @ bw* d

*1200* 0.29

V24
6

=284.141 KN

®Vc= 075* 284.141 = 213.11 KN
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® vsmin = 0.75 (%) * bw * d =0 .75*(%)* 1200*290*10° = 87 KN. control

y fc' N 24!

>0.75(——)*bw*d=0.75 (ﬁ) * 1200 * 290%10° = 79.9KN .
16 16

@ vsmin = 87 KN.

Vu=259 KN (From shear Envel ope)

Item 1 &2 isnot suitable .
Item 3
®Vc<Vus® Ve + ®Vsmin
213.11 < 259 < (213.11+87)
So Item (3) satisfy.
Minimum shear reinforcement required, so;

ﬂz bw =9.524 *10* control

S 3*fy

z—VbeW =9.524*10™
16* fy

Try4leg ® 8 ® 8 =50.24 mm?

=9524*10*

Av _ 4* 50.24*10°
S

S=211mm
< 600 mm

<d/l2=290/2=145mm control
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UseS=125cm

Usedleg® 8at 12.5cmcl/c

4.8.3.2 Design of Span 2

Vc= @ bw* d

*1200* 0.29

/2
6

=284.141 KN

®Vc= 075* 284.141 = 213.11 KN

® vsmin = 0.75 (%) * bw * d =0 .75*(%)* 1200*290*10° = 87 KN. control

y fc' N 24!

>0.75(——)*bw*d=0.75 (ﬁ) * 1200 * 290%10° = 79.9KN .
16 16

@ vsmin = 87 KN.

Vu=240.9KN (From shear Envelope)

Item 1 &2 isnot suitable .

Item 3
®Vec<Vus® Ve + ®Vvsmin
213.11 < 240.9 <(213.11+87)

So Item (3) satisfy.
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Minimum shear reinforcement required, so;

bw
* fy

. Jfebw

~16* fy

=9.524*10* control

=9.524*10™

Try4dleg® 8

* * -6
_ 4*50.24* 10 _ 9504 %10%

Av
S
S=211mm
< 600 mm
< d/2 =290/2 = 145 mm

control

UseS=125cm

4.8.3.3 Design of Span 3

f U

Vc= —“C bw * d
6

*1200 * 0.29

vz
6

=284.141 KN

®Vc= 0.75* 284.141 = 213.11 KN

® 8=

50.24 mn??

®vsmin = 0.75 (%) * bw * d =0 .75*(%)*1200*290*10‘% 87 KN. control
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Jfc 24 3
20'75(T)* bw * d=0.75(?) * 1200 * 290*10° = 79.9KN .

® vsmin = 87 KN.
Vu=263.8 KN (From shear Envel ope)
Iltem 1 &2 isnot suitable .
Item 3
®Vec<Vus®d Ve + @ vsmin
213.11 < 263.8 <(213.11+87)
So Item (3) satisfy.
Minimum shear reinforcement required, so;

Av bw

—> =9.524*10* control
S 3*fy
z—VbeW =9.524*10™
16* fy
Try4leg® 8 @ 8 =50.24 mm?
* * -6
ﬂ _ 4*50.24* 10 — 9.524*10°
S S
S=211mm
< 600 mm

<d/2=290/2=145mm control
UseS=125cm

Use4dleg® 8at 125cmclc
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4.8.3.4 Design of Span 4

Vc= @ bw* d

*1200* 0.29

2
6

=284.141 KN

®Vc= 075* 284.141 = 213.11 KN

® vsmin = 0.75 (%) * bw * d =0 .75*(%)* 1200*290*10° = 87 KN. control

y fc' N 24!

>0.75(——)*bw*d=0.75 (ﬁ) * 1200 * 290%10° = 79.9KN .
16 16

@ vsmin = 87 KN.

Vu=332.2 KN (From shear Envel ope)

Item 1 &2&3isnot suitable.

Item 4

4/ fc'
¢Vc+¢VSminsVus¢Vc+q>*T bw* d

(213.11 + 87) < 332.2 < (213.11+426.21)
So Item (4) satisfy.

Vs= \%- Vc= 332'2 -284.141 = 158.8 KN

Try4leg ® 8 ® 8 =50.24 mm?

94



Chapter 4 Structural Analysis & Design

Av_ Vs

S fy*d

4*50.24*10°° _ 158.8*10°°
S 420* 0.29

S=154 mm
<600 mm
<d/2=290/2 = 145 mm control

UseS=125cm

4.8.3.5 Design of Span 5

Vc= @ bw * d

*1200* 0.29

V24
6

=284.141 KN

®Vc= 0.75* 284.141 = 213.11 KN

® vsmin =2 0.75 (%) *pbw*d=0 .75*(%)* 1200*290* 10 = 87 KN. control

24

f 1
>0.75 (L )% pw * d = 0.75 (22
16 16

) * 1200 * 290*10° = 79.9 KN .

® Vvsmin = 87 KN.
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Vu=2734 KN (From shear Envel ope)
Item 1 &2 isnot suitable .
Item 3
®Vec<Vus®d Ve + ®Vsmin
213.11 < 2734 < (213.11+87)
So Item (3) satisfy.
Minimum shear reinforcement required, so;

Av _ bw
S 3*fy

=9.524*10* control

S VICOW _ g g 10
16* fy

Try4leg® 8 ® 8 =50.24 mm2

=9524*10*

Av _ 4* 50.24*10°
S S

S=211mm
<600 mm
<d/2=290/2=145mm control

UseS=125cm

Use4dleg® 8at 125cmclc
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4.8.3.6 Design of Span 6

Vc= @ bw* d

2
6

*1200* 0.29

=284.141 KN
®Vc= 0.75* 284.141 = 213.11 KN
Vu=1649 KN (From shear Envel ope)
Item (1) is not suitable .
Item (2)
®dVc/2<Vugd Ve
106.56 < 182.1 <213.11
S0 Item (2) satisfy.

Minimum shear reinforcement required, so;

>_— =9524*10* control

AV, bw
S 3*fy

SV ICOW _ g eogx10¢
16* fy

Try4dleg® 8 @ 8 =50.24 mm?

=9524*10*

Av _ 4* 50.24*10°
S

S=211mm
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< 600 mm
<d/l2=290/2=145mm contol

UseS=125cm

Use4dleg® 8at 125cmclc

4.9 Design of Beam (43) :

LG 1%

' ' 0k

Figure (4-15) : Beam (43) Geometry.

wo | L]

Dead Ioad i

19K 'l L' N

UF

Figure (4-16) : loading of Beam (43)
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= —+=1
T 2
111 lﬂllﬁ.l 4.R4
Figure (4-17) : Moment Envelop for Beam (43).
SR

LR

Figure (4-18) : Shear Envelop for Beam (43).

= Check rectangular section or T-section
bw =120cm, h = 35cm
d =350-40-10-10=290mm

Mu, = 2028.2 KN .m
Mn, =0.85+ fc+ bf +tf « dug

Mn, =0.85* 24* 1.2* 0.35* 029~ "

* 10°=985.32 KN .m
® Mn, =0.9* 985.32=886.788 KN .m <<< Mu,

= T-section
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A= At A,

= Ay
TF=CF

A *fy =085+ fc+ bf —bw «tf
A, *420 =0.85+24+ 120-80 +35
A, = 68cm’

= A,

Mu
Mn = F: Mn\N‘l‘ Mnf

Mn, =085+ fc+ bf —bw +tf+ dug

Mn, =0.85* 24* (12-0.8)* 035* 079 —"2 * 10°=175644KN .m

Mn, = (2028.2/0.9) - 1756.44 = 497 KN .m

Mn

Kn = =
bw* d?
* -3
n= 70 6636 Mpa
1.2*(0.79)
fy 420

= 20.588

m = - =
0.85* fc  0.85*24

1
o= S (1- 1_2mKn
m fy

)
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P

1 ‘- \/1_ 2(20.588)(0.6636)): L6067 % 10°

~ 20.588 420
A,,=p*bw* d=1.6067* 10* 80* 79 = 10.15 cn?

A= A, +A, =68+10.15=78.15 cn®?

As,, = %(bw)(d) > %(bw)(d) .................... (ACI ~105.1)
14

As . = (80)(79) > @(80)(79)

As.. =1843<211.............thelarger is control
As... =2llcm’
78.15cm?*> As . = 21.1cm?

Use & 25 >> # of bar = @ =15.93
491

Then we select (16) bars ® 25 A provided =16* 4.91 = 78.56cm’

e Check for yielding

Tension = compression
A, *fy=085*f_.*bw*a

1015* 420 = 0.85* 24* 800* a
a=26.12mm
x:i:ﬁ:%.?mm
b, 085
_ 790-30.7
* 307
e, =0.074> 0.005

X0.003
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4.10 Design of truss:

Figure (4-19) : Truse Geometry

Space between truss and anther = 5.6 m
L =15m

B=15m

h=1m

4.10.1 Load Calculations:

1. Deadload:
dead load of corrugate sheets = 0.15 KN/m?.
dead load of purlins = 0.25 KN/m?.
dead load of installation = 0.1 KN/m.
dead load of truss = 1.5 KN/m.
D.L=0.5* 5.6 +1.5=4.3KN/m.
D.L =4.3*0.06852 * 10° =294.6 Ibyft.

2. Windload :
W.L =Ce*Cy* gs* Iy
Ce=154
Cy=07 ... outward
0s =20.8 Psf
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lw=1
W.L =154*0.7* 20.8* 1= 22.4224 Psf
W.L = 22.4224*5.6* 3.281 = 412 Ib/ft.

3. Snow load :
S.L = 1.43 KN/m? = 29.87 Pf.
S.L =29.87 *5.6 * 3.281=548.8 Ib/ft.
Ou =1.2D.L+1.6S.L+0.8W.L
u =1.2 * 294.6+1.6 * 548.8+0.8*(-412) = 902 Ib/ft =13.16 KN/m.
4.10.2 Analysis:
D1=159.6 KN
V;1=-98.6 KN
T5=-365.4 KN
Bs=355KN
4.10.3 Design:
The Diagonal and vertical member the same section .
The top and bottom member the same section .
Use Ass Steel.
4.10.3.1 Design of Diagonal member:
e D;=159.6 KN =35.88Kip
Yielding limit state :
@Tn>Tu

0*Fy*Ag>Tu
0.9* 36* Ag>35.88

AgQieg=1.111in"
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Stiffenslimit state :

L <300 L =1.8m =5.9ft

r

5.9*12
r

<300

r >0.236in

From Agieq=1.11in" and r=0.2336in

Select tube 2x2xl—::'3

Ag=127in? r=0.726in
4.10.3.2 Design of Vertical member:
V,=-98.6 KN =22.17 Kip

Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1*3.281*12=39.37 in

Critical stress Fy

Kx* Lx
rX

Assume a middle value of =100

From curve of A36 steel F¢ = 22Ksi
Required Ag

¢oc* Pcr > Pu

@c* Fer* Ag> Pu

0.85* 22* Ag> 22.17

AgQeq=1.19in?
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Select tube 3x3xl—::'3
Ag=127in? r=0.726in
Effective lengthratio :

* *
Kx* Lx _ Ky* Ly _ 39.37 _358
rx ry 1

From curve of A36 steel F = 31Ksi
Design strength:

¢oc* Pcr > Pu

¢oc* Fer* Ag=> Pu

0.85*31*1.27> 22.17
33.462>22.17

= Ok

Select tube 2x2x1—3; for the Diagonal and vertical member.

4.10.3.3 Design of Top member:
Ts=-365.4 KN = 82.15Kip
Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1.5*3.281*12 =59.06 in
Critical stress F

Kx* Lx
rX

Assume a middle value of =100

From curve of A36 steel F = 22Ksi
Required Ag
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¢oc* Pcr > Pu

@c* Fer* Ag> Pu

0.85* 22* Ag>82.15
AQeq=4.4in°

Select tube 4x4x§

Ag=5.08in’ r=145in
Effective lengthratio :

Kx*Lx _Ky*Ly 59.06
rx ry 145

=40.73

From curve of A36 steel Fg = 33.5Ksi
Design strength:

¢oc* Pcr> Pu

@c* Fcr* Ag>Pu

0.85* 33.5*5.08>82.15

144.65> 82.15

Smaller profile must be select
Select tube 4x4x%

Ag=359in’ r=151in
Effective lengthratio :

Kx*Lx _Ky*Ly 59.06
rx ry 151

=39.11

From curve of A36 steel F. = 33.6Ks

Design strength:
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¢oc* Pcr > Pu

oc* Fer* Ag> Pu

0.85* 33.6* 3.59>82.15

102.53>82.15

= Ok

4.10.3.4 Design of bottom member:

e B5=355KN =79.8Kip

Yielding limit state :
OoTn>Tu

o*Fy*Ag=>Tu
0.9*36* Ag>79.8
AQreg=2.46 in’
Stiffens limit state :

TLS 300

4.92*12
r

<300

r>0.2in

L =1.5m =4.92ft

From Age,=2.46in” and r=0.2in

Select tube 4x4x%

Ag=359in’

r=151in

Select tube 4x4x% for the Top and bottom member.
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4.10.4 Design of fillet welled :
Use (SMAW) ........ Fu= 60 Ksi

Tu=159.6 KN = 35.88 Kip

Anin =% fromtable5.11.1

— 3'
a=1s
Shear fracture of base metd :

> Ru

nw —

oR
0.75*t*0.6* Fu> Ru

0.75* . *0.6*58 = 4894 Kip/in ............. Control

Shear fracture of weld metal :

> Ru

nw —

OR

0.75*t,*0.6*F,, > Ru

0.75* % *0.6*60 = 5.06 Kip/in

Tu _3588 —733in

LW (g =
9 @R, 4.8%

LW mn=4*a=0.751in
UseL =4*2=8in>7.33in
4.10.4 Design of purlins :

_ *
o _1316-1.2%15, ) . 304 KN/m .

5.6

MUmax = 10.4 KN.m = 7.67 Kip. Ft = 92 Kip. in
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VUnmax = 10.5 KN = 2.36 Kip
Design of bending moment :

®*Mn>Mu

0.9* Fy* ZXx,, = Mu

req —

92

X, =
' 0.9*36

=2.84in°

1 1 3
Select tube 35 %35 X16
Zx =2.93in° > ZX

= Ok
Design of shear force:
o.V, 2V,
0.9* Fy*t,*d*0.6>V,
0.9*36* 0.1875*3.5*0.6> V,

12.76 > 2.36

= Ok
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4.11 Design of Long Column (C6) :

4.11.1 Design of Longitudinal Reinforcement :

Select column (C6) for design

Pu = 3300KN

Pn = 3300/(0.65) = 5077 KN

rg=15%

Pn =0.8* Ag{0.85* fc'+r g(fy—0.85fc')}

5077*107% = 0.8* Ag[0.85* 24+ 0.015* (420 — 0.85* 24)]
Ag = 0.24m?

X =+/0.24=0.49m

Use 50*50cm with Ag = 2500cm? > AQ req = 2400 cm?

4.11.2 Check Slenderness Effect :

MU gy ML ACI —(10.12.2)

r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

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

Lu=35m

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.

(K_'“j < (m_lz[mj T ACI 10-12-2
X M 2
*
1735 _o33. 2
03%05

. long Coloumn
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E.l
El :0.41 Cbg ................ [ACI 318- 2002 (Eq. 10—-15)]
d
E, = 4750,/ fc' = 4750* +/24 = 23270.15Mpa
b, = 1.2DL _ 2385 0723
Pu 3300
* k3 * 3
l, = b*h” _0.5*05" _ 5.21*10°*m*
12 12
* * * -3
El = 0.4* 23270.15*5.21*10 _ 28 15MN 112
1+0.723
p %El
Py =o— s ACI 318 2002(Eq. 10-13)
(KLu)
2 %
, 31472815 o e57MN.
(1.0*3.5)7
M1
Cm=0.6+0. M2 ACI 318-2002(Eg.10-16)
Cm=1.... According to ACI 318—2002(10.10.6.4)
Cm
d.= >1.0 .. ACI 318—2002(Eg. 10-12)
1-(Pu/0.75R,)

1
d =
™ 1-(3300/0.75* 22.657*10°%)

=15+ 0.03* h =15 + 0.03* 500 = 30mm = 0.03m
e. xd_ =003%1.241 = 0.03723 m

e
e
e_003723 _ .
h 05

=1.241>1

min

min

From Interaction Diagram
fP, 3300 , 145

- * =2 _1914 Ps
A, 05*05 1000

r, =0.0125

A& p * Ag=0.0125*50*50 = 31.25 cm?
31.25

Use ® 16 >> #of bar =—— =1555

201
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Use 16 ® 16 with As = 32.16 cm? >AsS 1 = 31.25 cnv?

e Check for spacing between the bar

_ 500-2*40-2*10-2*20-4*16
4

S

S=74 mm 2 gM.A.S

= 40 mm

> 1.5db =24 mm

4.11.3 Design of the Tie Reinforcement :

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

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

Sacing < Least.dimension = 30cm

. Use f 10@25cm
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4.11.4 Detail of column 6:

o &
o Q
o &
& e @

| L1 o
L1 B | Ti T2

Figure (4-20) : Long Column Detall

4.12 Design of Isolated Footing (F6) :
4.12.1 Load Calculation :

Total factored load = 3300 KN.

Total servicesload = 2550 KN.

Column Dimensions = 50*50 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (65 cm) thick.
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liveload =5 KN/m2.

Q1o =400 - 5 - 0.6*18 - 0.65* 25 = 368 kN/m?

4.12.2 Determination of Footing Area

2550 _ o
“3e8 oo™

= L=263m

Try 2.65* 2.65 m with area= 7m*> A ;¢ = 6.93m°

Determinate q, = 3300/7 = 471.4 KN/m?

4.12.3 Determine the depth of footing based on shear strength:

Assumeh=65cm .....d = 650-75-20 = 555 mm

e Check for one way shear strength

Critical Section at %+d

a4d= % +0.555 = 0.805m

2

Vu =471.4* (% —0.805) * 2.65 = 650KN

fVe=t .(%*\/f_c'*bw*d)

f Vc=0.75* %* J24* 2650* 0.555 = 900KN

f Vc = 900KN > Vu = 650KN
Safe

e Check for two way shear action (punching)

The punching shear strength is the smallest value of the following equations:
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v =f 1142 {1 'b.d
6l b,
1 a ’
fv, =f.=| -2 12/t bd
¢ 12(b0 d’ ] ©
fv, =f —\/ 'b.d

Where:

Column Length (a) 50

c = =—=10
Column Width (b) 50

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

b, =4(d +a) = 4(50+55.5) = 422cm

as =40 for interior column

fV, =f %(u bij\/ f.'byd = %* (1+ 1—20] J24* 4220* 0.555 = 4303KN

c

*
fV, =f —[b - j\/ b,d = 075 (40422555+2j*\/ﬂ*4220* 0.555 = 5207KN

fV, =f —\l bd—O:ZS* 24* 4220* 0.555 = 2868.5KN
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f V. =2868.5KN ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, = 3300-[471.4* (0.5+0.0.555)* (0.5+ 0.0.555)] = 2775.3KN

f Vc = 2868.5KN >Vu, = 2775.3KN........ satisfied

4.12.4 Design for Bending Moment:

10
10

107.5

285
265
50

107.5

10
10

10 107.5 20 107.5 10

10 260 10
285

Figure (4-21): Isolated Footing

1.075°

Mu = 471.4* 2.65* =721.8KN.m

Mu =721.8 KN.m for both side
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Using Reinforced Concrete.
Mn = 7218 _ 802KN.m
9
-3
=N _ 802407 _ 4 9g3mpa
bd® 2.65x0.555
fy 420 = 20.588

m= - =
0.85* fc  0.85* 24

o 20288 (1_ \/1_ 2% 20'5482? 0.983j _234x10°
ASg, =T *b*d =2.34%10"°* 265* 55.5 = 35.28 cm’
ASqyinage = 0.0018* b* h = 0.0018* 265* 65 = 31cm’
ASgeq = 35.28> ASqyiage = 3lcm’

Select 14f 18....AS,, 4 = 35.56CM’ > 35.28cm?’.....0K
Select 14f 18....As, 4y = 35.56cm? > 35.28cm?’......0K

Check of strain:
As*fy=085*f.*b* a

3556* 420 = 0.85* 24* 2650* a
a=27.63mm
x:i:%=32.5mm
b, 085
o 555-32.5
° 325
e, =0.0482 > 0.005

X0.003

= OK
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4.12.5 Development Length of main Reinforcement for Mul :

1d _i“ ‘L_Iu . 1;1,_..1}‘)_-,-1}'}1 ;
4710 5 7. kirtch
dh

dh

Ktr =0 Nostripes ch=75++18 = 93cm

Ity + ch - 04 93

1 B - 517 =25

ketr + ch

dh 2:5

9 420 1+1+08
— — %
10 1+v24 25

+ 18 = 444 4 mm

Idi't‘t,l ==

Ld avaitable = 1075-75= 1000mm

Ld aailaie= 1000 mm > Idf'u.:,l = 444 Ay

e not required hook

4.12.6 Design of dowels :

Pu.=3300 KN

f.Pn=f.(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (500* 500)] /1000 = 3315KN
But Pu=3300<f.Pn=3315KN

Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As_ .. = 0.005* Ag = 0.005* 50* 50 = 12.5cm?

Use the column barsasadowels
Sect 16016

AS,, i = 32.2cM° > As

Req.

=12.5cm?
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024ty , _0.24*420

Jie T Tz

Ld(zyeq = 0.043 xfy xdb = 0.043 x420 x 1.8 = 32.5cm

1.8=37cm.

Ld)req=

Ld@yreq = 32.5cm < Ld(1yreq=37Ccm = control
Ls=0.071xfy xdb=0.071x420 x1.6 = 47.7 cm >37cm
Ls=47.7cm

Available Ld =65-7.5-2*1.8=53.9 cm.

Available Ld =53.9 cm > Ls=47.7cm

Using hook >16*f

Required length of hook >16*f >16*1.6 = 25.6cm

Use Hooks= 30cm > 25.6cm

4.12.7 lsolated Footing Detail:

[

w3

u

w

| i
10 107.5 50 107.5 10
10 265 10

285

Figure (4-22): Isolated Footing Detail
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4. 13 Design of strip Footing:

storage
room .

Figure (4-23): location strip footing

4.13.1 Determination of load:
From slab and Wight wall

Total factored load = 150 KN/m.

Soil density = 18 Kg/cms3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (30 cm) thick.

live load =5 kN/m?

Qaitow =400 - 5 2.6*18 — 0.3 25 = 345.9 kN/m?

= For one meter strip

A= _aam?
Tagsg M
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B=0.8m,h=30cm

d=300-75-20 =205 mm

Quit = 150/ 0.8 * 1 = 187.5 kN/?’.
4.13.2 Check of One Way Shear:

Vu = 1*(0.275-0.205)* 187.5 = 13.125 kN
OVe=2 fexd=b

075 —
@Ve = T\/24 *0.205 %1 = 1255 kN

@Ve > Vu

4.13.3 Design of Bending Moment:
In longitudinal direction
Mu = 187.5%0.275%2 = 7.1 kN.m

Mn = 7—'1 =7.88KN.m
0.9

* -3
kn=Mn_ 7887107 _ 157Mpa
bd®  1*0.205
fy 420

= 20.588

m= - =
0.85* fc  0.85* 24

. :i 1- 1_2><me|’1
m fy

1 (1_\/1_2><20.588><o.187

r = =3.567*10°°
20.588 420

ASgeq =T * b* d = 0.000144* 205* 1000 = 731.22 mm?
ASgyinkage = 0.0018* b* h = 0.0018* 300* 1000 = 540mm?
ASpeq = 13122 > ASqyinage = 540mm?

Use f 14

No.=731.22/154=4.75 ,Use5bars

f 14a20cmc/c
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Check of strain:

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

770* 420 = 0.85* 24* 1000* &
a=15.85mm
x=-2 =159 _ 14 65mm
b, 0.85
. _205-1865
=T 1865
e, =0.03> 0.005

X0.003

= OK

In transverse direction :
Asmin = 00018 * B * h
Agmin = 0.0018 * 800* 300 =432 mm?

Usef 12
No.=432/113=382 ,Use4bars

Usedf 12

4.13.4 Development Length of main Reinforcement

2 Fy Pethstfy
ldreq = TREE kt::m * db
L

. -9, 420 1+1=08
T T10 0 1 =24 25

=14 = 346 mm

Ld avaitable = 400 - (250/2) - 75= 200mm

Ld availanie= 200 mm < n'.ld,.e.q, = 346mm
Use Using hook >16*f
Required length of hook >16*f >16*1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm
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15cm
P14@210
R 4012

10275 25 27.510
10 80 10

Figure (4-24) Strip Footing Detail

4.14 Design of Mat Foundation For Well:

[! 1. M [] :
i o 1

-J
B B

i W ell i
B =

Eﬁm

Fig.(4.25) Mat footing
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4.14.1 Design of shear :

52 flazzl
HAw? -

nF0h
017G
0147
TR
088
0059
0029

(=]

nnz=
nnr=
nom
e
(L 7

=
I

0z2E
#=Z2E

ENSNCEOONSEEENNE

Fig.(4.26) shear in X-direction

52 llocal)
M2
=022
0,194
0.163
IR ES!
11
VTR
0055
nna

=

i
00%
003
gt
LBk
EA
REY

i e

EEECOCONENEB

Fig.(4.27) shear in Y -direction
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d=50-75-1.4=41.1cm
f Ve :0.75*%*,/fc‘*bw*d

fVc=075* %* ~/24 * 1000 * 411 *10° = 251.7KN

Pu,, =235KN /m = 235x1= 235KN
f Vc =251.7KN > Pu = 235 KN .......... .OK

4.14.2 Design of bending moment
By using the StaadPro.2007 software to analyze the foundation, the moment result is as

in the following chart:

M [lacal]
<Mmem
¢=-334

aLZ
-2i

-2%8
206
174
14.2

—_
—_

AT
-4 57
-1.37
1.84
5.04
8.z4
11.4
146
=179

EESOOOSCDCENNNNNN

Fig.(4.28) Moment in X-direction
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bl ozl
kM rrdmm
4= -2B

g
.‘fi—uui [T

O

5, W
] l‘
| S

Fig.(4.29) Moment in Y -direction

Design In X-directions:

h =50 cm
d=50-7.5-1.4=41.1cm.
Fy =420 Mpa.

Fc'=24 Mpa
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Design of Negative Moment

-ve Muy =33.4KN.m
_Mu 334

Mn =——=37.1KN.m
f 09
* 6

RN |v|n2 _ 37.1%10 _— 0.22Mpa

bd? 1000 * 411
m=—__ 20588

0.85 fc!
c_A( J_2mKn) 1 1_\/1_ 2%20.588*0.22 | _ ¢ oo g0

m fy 20.588 420

As. . =r *b*d=52593* 10**100 * 41.1=2.16 cm?
Svrinkage & temperatur e =0.0018 * b* h = 0.0018 * 100 * 50 = 9cm?
As_. =9cm?.... Control

* 2
Select f 14 @ 150m = As:%* [%} ~10.26cm? > As,,. = 9cm’

Design of Positive moment

Selectf 14@15cm=> As= %* (Lif) =10.26cn” > As_. . =9cm’
Design In Y-directions:

Design of negative moment

Selectf 14@15cm=> As= %* (Lif) =10.26cn” > As,_. . =9cm?
Design of positive moment

Selectf 14@15cm=> As= %* (p *1'42J ~10.26n7 > As,,,, = 9cn?
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4.15 Design of Basement Wall :

=

TR

?xﬁxKn PKKD

Figure (4-30) : Load on Basement Wall

= Loading :

e Self weight of earth :
g =gxhxK,

Assume that :

Oy =18 Kn/m®

g =30°

K=05

0, = 18x 3.88x 0.5 = 34.92 KN/m*

e Load from live load:
a, =PxK,

d, =5x0.5=25KN/m’
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Eee m*
Ysoil
Normal Load :
Isvery small , it will be neglected ( safe side) .
e water loud :
0, =9gxh
Assume that :

9yt =10 KN/ m?

gwater =10x 3.5=35KN/m?
Wpin= 2.5%1= 2.5 KN/m
W= 2.5%1 + 34.92* 1= 37.42 KN/m
Wmin(factored) =1.6*2.5= 4 kN/m
W max(factored) = 1.6* 37.42= 59.87 KN/m
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livad

e L L

Momenis
=
HH_H““H—\.__H ___,_,.r""'-'
S e
243 B1.2 1.76
Shear
B,
_:—'—'_'__.-‘-'-'_'-'_.__‘-_'_'—'_
_-_—__—_-__ﬂ__f/____,__
138
Figure (4-31) : Loads & Shear/Moment envelope for basement wall
= Design :

Thickness Calculation :
Assume p =0.01

Mu =61.2 KN.m
Mn =61.2/0.9 =68 kN.m
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__Fy __ 40
0.85fc’  0.85x24
K. =r x fyx(1—0.5mr ) = 0.01x 420x (1— 0.5x 20.588x 0.01) = 3.77Mpa

Mn \/ 68x10°
o de

bd 1000 3.77

h=134+20+7 =161 mm

= 20.588

K, = =134 mm

select h=250mm
Design of the Vertical reinforcement:

d =250-20-14/2=223mm

6
Kn=_Mn___068x10° 4 o7yha

" b*d®  1000x 223

1 2mKn
r=a(1— /1— v )

1 2x20.588 x1.37
r = 1-,1-
20.588 420

As., =3.373 x10°x1000 x 223 = 752 mm*/m

) =3.373x107

As . =0.0012*1000* 250 = 300mm? /m
As,;, =300mm’ /m< As,, = 752mm?/m

#of bar in on meter =7—52=5
154

Select ®14@20cm c/c

Design of the Horizontal reinforcement:
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Select the greater of:

AS, oy = 0.002* 1000* 250 =500mm? / m

#of bar inon meter =ﬂ:9.95

50.24

Check for Shear :

Vu= 80— (59'87—;545) x (0.15 + 0.223) = 58.67KN.m

f xVc>=Vu

075

f x\Vc fc'xbxdz%\/ﬂx1000><223

f Vc=136.56 >>Vu =58.67kN

.. No Shear Reiforcement Required

4.16 Design of Stairs :
4.16.1 Determination of Slab Thickness:

L =0.4+33+0.8=4.5m.

hreg =L/ 20

hieq=450/20=225cm ............. take h= 25 cm.
= Use h =25cm.

6 =tan"(1.76/3.3) = 28.1°

Cos6=0.88
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B39,

Figure (4-32) : Stairsplan

4.16.2 Load Calculations at section (A-A):

4.16.2.1 Load on Stringer:

Dead Load:
Tiles =0.03*22*((0.33+0.16)/0.30) =1.078 KN/m.
mortar = 0.02*23 *((0.16+0.33)/0.3) = 0.751 KN/ m.

Plaster =(0.03*23)/ (Cos 28.1) =0.782 KN/ m.
Steps =((0.16*0.3)/2) * 25/0.3 =2KN/m.
Slab = 0.25*25/ Cos 28.1 =7.085 KN/ m.
Total dead load =11.7 KN/ m.
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Live load:
Live load for stairs =5 KN/ m?.
Factored load
qu =1.2¥11.696 + 1.6*5 = 22 KN/ m?.
For one meter Strip, qu =22 KN/ m.
4.16.2.2 Load on landing :
Dead Load:
Tiles = 0.03*22 = 0.66 kN/m’
Mortar =0.02* 23 = 0.46 kKN/m*
Slab =0.25*25 =6.25 KN/m2.
Plaster = 0.03*23 = 0.66 KN/m2.
Total dead load = 8.03 KN/m2.

Live load:

Live load for stairs= 5 KN/ m?.
Factored load

qu =1.2*8.03+ 1.6 *5 = 17.64KN/ m?.

For one meter Strip, qu = 17.64 KN/ m.

Dead load

11.7
.03

Live Buignd

Figure (4-33) : Loads on stairs
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4.16.3 Design of Shear :
= Assume @ 12 for main reinforcement:-
So, d =250-20-12 =218 mm =21.8cm

Shoar

Figure (4-34) : Shear Envelope

Vu=429 KN.
f /. *b,*d
fYe=-Yc W -

_ 0.75* \/24*1000* 218
6

Vu=429 KN < fVc=1335 KN.

fVc =133.5KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4.16.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair
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Momenie
rH""x. _,_,--""-
daf _-_——TI-“-_—._ >4n
Figure (4-35) : Moment Envelope
Mu =514 kN.m
Mn =Mu/0.9=51.4/0.9=57.1KN.m.
d=21.8cm.
K = an
b-d
* 6
1000* 2187
m—_ Y
0.85x fc'
= 420 =20.588
0.85x 24

2mK * *
r :l 1- 1- L= 1 1—\/1—2 20.58871.2 =2.947*10°
m fy 20.588 420

ASo = 2.947%10°*100%21.8 = 6.4 cm”

As.. =0.0018* b* h = 0.0018* 100* 25 = 4.5cm?

As,i, =45’ < As, = 6.4cm’

Use ® 12 >>> 640/113 = 5.66

Useld 12 @ 17.5cmclc .............. with As=(100/ 17.5)*1.13 = 6.46 cm?.

Asprovided =6.46 > ASIeQ........cecevvvnvennnnnn OK.
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Check for strain:
Tension = Compression

A * fy=085* fc' *b* a
646* 420 = 0.85* 24* 1000* a

a=13.3mm
= a = E =15.6mm
b, 0.85
o 218-15.6, 0.003

S

e, = 0.0389 > 0.005—— ok
4.16.5 Secondary reinforcement:

ASqyieage = 0-0018x bx h = 0.0018x 100 25 = 4.5cm’

Use®10 @ 15¢cm ....eveennnn. With As=(100/ 15)*0.79 = 5.27 cm?.
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4.16.6 Stairs at section (A-A) Details:

13 i 1B |

Pl na
— .‘_a...._lll...‘.a?{r —

L=175 |15

S ae RS Legag

L=145
AP przerrs pozes

0. 1%

L=120

l75

SI2MITS L=B50

SECTION (A—A)

Figure (4-36) : Stair Section
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4.17 Design of Shear wall:

Calculation of loads:

W Ground Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls ) = 10692KN

W Eirst Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 13391KN

W second Floor = Weight of slab + Weight of stairs +( . Weight of lower columns &
walls) = 8376KN

Wrotat =W Ground + W First + W second

Wrota = 32459KN

Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=55
1=1
Ca=024
Cv=0.24
h,=12.2

Ct =0.0488
Where:

Z=Seismic zone factor as given in table 16-1.
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R= numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set in Table 16-N or 16-P.
| = importance factor given in table 16-K.
Ca = seismic coefficient, as set forth in Table 16-Q.
Ct = numerical coefficient given in section 1630.2.2.
Cv = seismic coefficient, as set forth in Table 16-R.
hi, hn, hx = height in feet (m) above the baseto level i , nor x, respectively.

T=C/(h)* E9-30-8(UBC)

T =0.0488(12.2)"*=0.32

*
V, = cvl W = 0.24"1 , w=0.137w
RT 5.5*0.33

V <£0.11*WKN.....control
V > 0.03*WKN
F, =0.07*T*V =0.07*0.32* 3571=82.5KN

Table (4 - 1) Calculation of the total Fx.

279949
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FX Diagram
RO |2,__2. 1708
s K3x 3101
P45 3571
G 0.0,

Figure (4-37) : Fx-Diagram

By using the software (ATEER.) to Analysis the shear wall it was get result as the
following:

Yu iagram Vo L ingram

¥

62 (2 KN

. MR TKNm 115

¥

177 KN

© 420,15 KNam 2T ‘ 338 KN

260,05 KMNm

Figure (4-38) : Moment & Shear-Diagram for Shear Wall.
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Shear Wall Design Parameters:
fc' =24 MPa

fy =420 MPa.

h=25 cm. Shear wall thickness.
Lw= 2.75m. shear wall width
Hw=12.2 m. Story height.

Design of the Horizontal reinforcement:

I nternal forces & moments:
D Fx=Vu=388KN

Critical Section

w275
2
hw 122

—=6.Im
2 2

Mu = 2132.65KN

=1.375m(Control )

Design it by using Reinforced concrete:

Vu = 388 KN
Vn =Vu /0.75 = 517 KN
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Design of shear

d=08*Lw=0.8*2.75=2.2m

Ve, = %* Jfc*h*d =%\/24 *0.25* 2.2 = 449 KN (Control )

w/fC'*h*dJr Nu*d_«/24*0.25*2.2Jr 1* 22

Ve, = = 873.6KN
4 4%1, 4 4% 2.75
2* N 2%1
|V e+ — 2.75| /24 +
ve. | Vfe ( |W*hJ Jhed | o4 2.75*0.25) |, 025% 22 _ o\
T2 M, 1, 10 | 2 2132.65 2.75 0
v, 2 388 2
Vs =Vn -Vcl

Vs =517 — 449 = 68KN

* -3
AVp |__ Vs 88710 " _ ) g7354103m
Fy*d 420*22

(_A\gzmin j =0.0025 * h = 0.0025 * 0.25 = 0.625 * 10 ~* m(Control )

82=L?W=2750/5=550mm

S2=3*h=3* 250 = 750 mm
sdlect —— 2f 10 —— As=1.58cm?2

A _ 0.625mm
s2

% = 0.625 — S2 = 252.8mm(Control )

Select .....S2 = 25cm < Seq. = 25.28cm
S2selected = 25cm < 75¢cm < 70cm
use....2f 10 @ 25cm(c/ c)in 2layer

Select 2 10/ 25cm. In tow layer
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Design of the Vertical reinforcement:

{ = (0.0025.+ 05(25— (A
lw”"S,h

—0.0025))S,h,

M 122 4 4ns05
L, 275

Avn=0.0025x S, x h,

s =1L =1x275-017mm
37" 3

S, =3xh=3x250=750mm
Select 2f 10With area As = 158mm?
158=0.0025x% S, x 250

-, S, = 252.8mm(Control )

Select S, = 25cm< 25.28cm
S=25cm

—> Select 2f 10/ 25cmc/ ¢

Select 2 10/ 25cm. Intow layer
Design of bending moment:

Mu = 2666.15 KN.m

IW’
c

- P S
~ 600 = (5,~h,
Assume Sn/hw = 0.007
2.75
b2———:
600 = 0.007
C,=C-01xL,
C,=0.65-0.1x2.75=0.38m
c =S 295 45y
20 20
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Chapter 4 Structural Analysis & Design

Select Theboundary element = 50cm > 38cm

Lw 2.75
=" =T~ %158=1738mMm?
AS =g A 025
z_ 1
Lw 2+ (0.85* b * fc* Lw* h)/(As, * Fy)
z_ 1
Lw 2+ (0.85x0.85x 24x 2.75% 0.25) /(1738x 107° x 420)

=0.05455

Mu =0.9x Fy x 0.5x As, x LWx[l—(Li/ZD =
w

0.05455

0.9* 420* 0.5* 1738 x 10 % x 2.75* (1— ) =878.7kN.m

Mu = 2666.15—-878.7 =1787.45kN.m

Design
Mu /f 1787.45x10°/0.9
" fyx(Lw—Cw) 420x (2750 - 500)
As= 2102 + (4 x 79) = 2418mm?
~.Usef 20— Sdlect 8 20 — As=2512mm?

= 2102mm?
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3. Building Code Requirements for Structural Concrete )AC|I 318M-

05 (and Commentary, USA, 2005.

4. Uniform Building Code ( UBC).



APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member deflections.

Solid one-

way slabs £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700)

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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