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The Structural Design of a School Building in

Hebron
Prepared by

Alaa’ Abu-Ayyash — HammamJawa’da

Palestine Polytechnic University -2013

Supervisor
DR. HaythamAyyad

Abstract
The main aim of this project is to prepare detailed structural planesand shop
drawings For all structural elements. The project is a three 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 accommaodated with the architectural
functional purposes of the building.

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

The ACI_318, UBC, and the Jordanians code are used For the structural design.
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Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

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

At = area of one leg of a closed 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.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

- LL =live loads.

Xiv



- 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 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.

- W = width of beam or rib.

- Wu = factored load per unit area.

- @ = strength reduction factor.

- € = compression strain of concrete = 0.003.
- € = strain of tension steel.

- €= 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 Beam (31).

4.7 Design of Column(C18).

4.8 Design of Isolated footing.

4.9 Design of combined footing.

4.10 Design of Stair.
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Chapter 4 Structural Analysis & Design

4.1 Introduction

The project consists of severa structural elements that will be designed according to
the ACI code and by using the finite element method using many computer softwares
such as “ATIR” and “STAAD pro” to find the internal forces, deflections and moments

for the al structural element in order to design it.

4.2 Determination of Slab Thickness

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), as follows:
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Chapter 4 Structural Analysis & Design

hmin for one-end continuous = L1/18.5
=450/18.5 = 24.32cm.
hmin for both-end continuous = L2/21
=410/21=19.52 cm
hmin for Cantilever = L3/8
=160/8 = 20 cm.
hmin for Simply supported = L4/16

=450/16 = 28.12 cm

We sdlected h=32cm...... one-end continuous is control.

Determination of Thickness for Two Way Rib Slab:

R LV =t G42(80732] G
A M| L O O ) O
SR RiaRRTiEs
HDEDDH_%DH EE=ts

B43B0"32)
Bman*m

LI RS EL I [DDH
) A A O 5 o ™
- 40 | o o o o o -
ﬁjﬂrjﬂl 0 o o i
B L e
AT
% G450 % B4G(B0"I2) '_g

Figure (4-2): two way rib slab ( S3).
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. , 1.20

0.35

~2*0.2*0.08*0.04+0.12* 0.35* 0.175
2*0.2*0.08+0.12* 0.35

<

=0.117m

_052x(0.117)° (052-0.12)x(0.037)’ , 0.12x (0.233)°
3 3 3

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

Iy = ibh3 S 0.8*(0.35)° = 2.86*10°°
12 12

|, =~ bh® =~ * 0,5% (0.35)° =1.79*10°
12 12
4
- % X(8.2+.8) =134.48x10*m"
4
o= 1107 (6.4/2)+0.8) =59.78x10“m"
052
1y 286x10°
"1, 59.78x10*
3
a,= Top _ 179107 _ 43

l, 134.48x10™*
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Chapter 4 Structural Analysis & Design

_(@,+a,)x2 (0.48+0.13)x2

fm = 061
2 2
0.2<a <2=>02<0.61<2
According to ACl-code:
h, = In(0.8+ fy/1400) ACI-318-02 ( Eq: 9-12)
36+5b(a,, —0.2)
b= i =g: 1.281
L, 64
8.2* (0.8+ 420/1400) _ 0.234m< 0.32m

™~ 36+ 5%1.281(0.61- 0.2)

We select from one & two way rib slab, The Thickness Rib Slab = 32 cm with block
25cm & Topping 8cm.

4.3 Determination of factored Load
4.3.1 Determination of Dead load

Fikerw F v

Aederrpraes A omera

Coarse Sara A T o

M cocriverrrender Tragapadingr M aterz
£ rrareawedes Folerc:e

R Conorele 72l

Floisear 2 o

e T
3 - T 4 - e . I TR o
| [ . T [ ]
A Y ".' .I. ..I.. imid el — ."l _ _E."__ ."' ...: |
o T O S O R UL et i L Iy RSO Fr SR A T
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Chapter 4 Structural Analysis & Design
Tiles 0.03x0.52%x22 =0.3432kN/m /rib

Mortar 0.02%x0.52%23 =0.2392kN/m/rib

Coarse Sand Fill 0.07x0.52%17 =0.6188 kN/m/rib

Topping 0.08x0.52x25 =1.04 kN/m./rib

Block 0.24%x0.40 X9 =0.9kN/m/rib

Concrete Rib 0.24%0.12%25 =0.75kN/m/ rib

Plaster 0.02x0.52%23 =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 + 0.9 + 0.75 + 0.2392 + 0.65

=4.7804 kN/m of rib

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

Total Dead Lad (service) = 4.7804 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¥4.7804 = 5.7365 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 = Wiopping + Whites+ Wsand + Winortor + Woartiones
=1.04 + 0.3432 + 0.6188 + 0.2392+0.65 = 2.8912 KN/m
Total Dead Load = 2.8912/0.52 = 5.56 KN/n’.
Live Load = 5 KN/m?. (for Stores)
qu=12DL+16LL

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

q, 1% 14.672x(0.4)?

Mu = = 0.1956kN.m
12 12
Mn - gapVfc' ><b><_h2
6
* 2
1000%80° _, 19in.m
—0a2N24 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=1.44cn" /Im

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

As =20cm’/m> As,. =1.44cm? Ok
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4.5 Design of Rib (R ) at ground slab:

Il

. . ™1
A i [T
e [T I“.l ilfﬂr'l]-ll"n [ L | |||| R T TR
s = R == :
(I 5 | - »
A
TR |[ . —
. T
[l . F 1 _'| i

Figure (4-3): Structura Plane

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

1 2 3 4 5 6
1 2 3 4 5
A A A A A
08 2.3 0.8 2.3 0.8 2.2 0.8 3. 0.8 2.3 08
‘ | ‘ 3.1 | ‘ 3.1 ‘ ‘ 3. ‘ ‘ 3.8 3.1 ‘
[ I I I I 1
52. Figure (4-4): Rib 1 geometry
32.
E - - -
A-A Figure (4-5) : Rib Section
Dead load - Service Units:kN,meter
4.78 4.78 4.78 4.78 4.78
3.1 3.1 3 3.8 3.1
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Live load - Service Load factors: 1.20,1.20/1.60,0.00

2.60 2.60

3.1 3.1 3. 3.8 3.1

Figure (4-6) : loading of Rib 1

Moments: spans 1to 5
-12.9
57 6.1
| \l'l |
I 11\ | I
1 1
0.59
oo V
2
8.2 7.8
19 186 | 124 |
I I I |
Figure (4-7) : Moment Envelop of rib 1.
Shear
-20.
-18.8
156 s 13.3
-12.1 -13. -12.4
88 -10.5
-5.7
I I I I I
8.7
12.7 107 154 12.4 12.8
17.4 ' 19.2 195

Effective Flange width ( bg)

bE For T- section isthe smallest of the following:

b. =L/4=22/4=55cm

43

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

ACI-318-02 (8.10.2)




Chapter 4 Structural Analysis & Design

be =12+ 16t=12+16(8) = 140cm
b < center to center betweenrib=52cm

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

= Check rectangular section or T-section

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

MU, ., =8.2KN .m

Mn, =085+ fc s bf +tf+ d—5

i

Mn, = 0.85* 24* 052* 0.08* 0.285— =" * 10°=207.917KN .m

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

rectangular section
4.5.1 Design of Positive moment of rib 1:

4.5.1.1 Design of Span 1

Mu=82KN .m
Mn= U _ 82 9.12KN.m

o 09
As . = %(bw)(d) > %(bw)(d) .................... (ACI -10.5.1)
As. - %(12)(28.5) > 24 12)85)
As. . =0997<114............ the larger is control
As, =1.14cm?
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Mn
Kn= ——
b*d
* -3
Kn= 9.12710 > =0.216 Mpa
0.52* (0.285)
m = fy 420 =20.588

"~ 0.85* fc  0.85*24

o= 1(1_ 1_2mKn

_r_n fy)

=517* 10*

A 1 - \/1_ 2(20.588)(0.216))

20,588 420
Areg=p*b*d=517* 10** 52 * 28,5 = 0.766 Cr?
0.766 cm?< As,,, =1.14cny’

Use & 10 >> # of bar = ﬂ =1.45 * Note Agpio = 0.785 cm?
0.785

Then we select (2) bars @ 10 A, provided = 2* 0.785=1.57cm®

e Check for yielding

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

157 * 420 = 0.85* 24*520* a
a=6.22mm
x=i=%=7.32mm

b, 0.85

| 285-7.32

S

e, = 0.114 > 0.005

X0.003

= Ok
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4.5.1.2 Design of Span 2

Mu=54KN.m
mn= M52 g
“o 09
fc' 14
As., =-——(bw)d)>=—(bw)d).....courur.... (ACI -10.5.7)
2 fy)( \d)= = (bwid)
24 14
As.. =—F——-(12)28.5)> —(12)28.5
S = 4 g 1202852 2 12)289)
As. . =0997<114............ the larger is control
As . =1.14cm’
Mn
Kn=——
b*d?
* -3
n= 6710 > =0.142Mpa
0.52* (0.285)
fy 420

=20.588

"~ 0.85* fc  0.85*24

1 2mKn

p=—(1- 1- )
m fy

o= 1 - \/1_ 2(20.588)(0.142) )=034% 10°
20.588 420

Areg=p*b*d=0.34*10°* 52 * 28,5 = 0.504 cnm?
0.504 cm?< As,, . =1.14cny

Use @ 10 >> # of bar = ﬂ =1.45

0.785

46
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Then we select (2) bars ® 10 A, provided = 2*0.785 = 1.57cm®

e Check for yielding

Tension = compression
As*fy=085* f_*b*a

157* 420 = 0.85* 24* 520* a
a=6.22mm
xe & _62 5om

b, 085

e, = 285-17.32 X0.003
7.32
e, =0.114 > 0.005

= Ok

4.5.1.3 Design of Span 3

Mu=5KN.m
Mn = Mu —i =556 KN.m
o 09 7 '
fc' 14
As., =-——(bw)d)>=—(bw)d).....courur.... (ACI -10.5.2)
4fy)( \d)= = (bwd)
24 14
As.. =—F—-(12)28.5)> —(12)28.5
S = 7 g 1202852 2 12)289)
As. . =0997<114............ the larger is control
>, Mn
As .. =114cm°Kn= o7 g
-3
Kn= >-56"10 =0.132 Mpa
0.52* (0.285)°
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fy 420

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

1 2mKn
p=—(@1-1- )

m fy

N )=0.32* 10°

_ 1 - \/1_ 2(20.588)(0.132)
20.588 420

Areq=p*b*d=0.32*10°%* 52 * 28,5 = 0.47 cm?
0.47 cm?< As,_ = 1.14cn?

Use @ 10 >> # of bar = Oli =1.45

785

* Note Agpio = 0.785 cm?

Then we select (2) bars ® 10 A, provided = 2* 0.785 = 1.57cm®

e Check for yielding

Tension = compression
As*fy=085* f_*b*a

157* 420 = 0.85* 24* 520* a
a=6.22mm
x:i:%:ZBme
b, 0.85
_ 285-7.32
ST
e, =0.114> 0.005

X0.003

= Ok
4.5.1.4 Design of Span 4

Mu=8.2KN.m
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Mn= Mu _% =9.12KN
e Tog T
fc’ 1.4
As... =———(bw)d)>=—(bw)d)....ccorrurnu.. (ACl —10.5.)
4(fy)( \d)= = (bwkd)
V24 14
As., =—F—=I(12)28.5) > —(12)28.5
= g 12)285)2 1 12)285)
As., =0997<114............. the larger is control
As.. =1.14cm’
Kn = ﬂ
b*d?
-3
Kn= 9.12710 =0.216 Mpa
0.52* (0.285)°
fy 420 =20.588

m = - = =
0.85* fc  0.85*24

1 2mKn

p=—(1- 1- )
m fy

o= 1 - \/1_ 2(20.588)(0.216) )= 517% 10°
20.588 420

Areq=p*b*d=517* 10" * 52* 28,5 = 0.766 crm?
0.766 cm?®< As,;,, =1.14cny’

Use & 10 >> # of bar = ﬂ =1.45 * Note Agpio = 0.785 cm?
0.785

Then we select (2) bars @ 10 A, provided = 2* 0.785=1.57cm®
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e Check for yielding

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

157* 420 = 0.85* 24* 520* a
a=6.22mm

x=i:%:7.32mm
b, 085
e = Mxo_oog
7.32

e, =0.114 > 0.005

= Ok

4.5.1.5 Design of Span 5
Mu=7.8KN.m

Mo Mu 7.8
"% T 009

As. =0997<114........

As . =1.14cm’
* -3
Kn= 867710 > =0.205 Mpa
0.52* (0.285)
iy 420

m = - =
0.85* fc  0.85*24

= —— =867KN.m

=20.588

.................... (ACI —10.5.1)
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p:l(l- 1_2mKn

m fy )

) =0.49* 10°

) 1 - \/1_ 2(20.588)(0.205)

"~ 20588 420
Areq=p*b*d=049* 103 * 52 * 285 =(0.726 cm?
0.726 cm?< As,,, =1.14cny

1.14
Use ® 10>>#of bar= —— =145 * Note Agpio = 0.785 cm?
0.785

o Check for yielding
Tension = compression

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

157* 420 = 0.85* 24* 520* a
a=6.22mm
x=i=%=7.32mm
b, 0.85
o - 285-7.32
s 7.32
e, =0.114 > 0.005

X0.003

= Ok

4.5.2 Design of Negative moment

4.5.2.1 Design of support (2)

Mu=4.7KN.m
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As,,, =~V —(bw)d)> %(bw)(d) .................... (ACI -10.5.1)

As, =-——(12)285)> %(12)(28.5)

As., =0997<114............ the larger is control
As.. =1.14cm’

Mn

= e a?

* -3
Kn= >.227 10 > =0.54Mpa
0.12* (0.285)

_ fy 420

= _ = = 20.588
0.85* fc  0.85* 24

pzi(l- 1_2mKn
m fy

)

)=1.303* 10°

A 1 - \/1— 2(20.588)(0.54)

20588 420
Areg=p*b*d=1303* 10%* 12 * 28.5= 0.446 cm?
0.446cm?< As, - =1.14cny

Use & 10 >> # of bar = ﬂ =1.45 * Note Agpio = 0.785 cm?
0.785

Then we select (2) bars @ 10 A, provided = 2* 0.785=1.57cm®
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e Check for yielding

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

157* 420 = 0.85* 24* 520* a
a=6.22mm
x=i:%:7.32mm
b, 0.85
o - 285-7.32
® 7.32
e, =0.114 > 0.005

X0.003

= Ok

4.5.2.2 Design of support (3)

Mu=27KN.m
Mn= M—u= ﬂ =3KN.m
® 0
fc' 1.4
As.. =——bw)d)>=—(bw)d)....c.ooerru... (ACI -10.5.2)
)= )
J24 1.4
As., =—F——=(12)28.5)> —(12)28.5
= g (121285)2 2 12)285)
As. =0997<114............ the larger is control
As . =1.14cm’
Mn
Kn= ——
b* d?
* -3
3710 =0.308 Mpa

n=
0.12* (0.285)°
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fy 420

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

1 2mKn
p=—(@1- 1= )

m fy

A 1 - \/1_ 2(20.588)(0.308)

= )=0.739* 10°
20.588 420

Areq=p*b*d=0739* 10°* 12* 285= 0.25 cr?
0.25 cm?< As,, = 1.14cnv

1.14
Use ® 10 >> # of bar = O— =145 * Note Agpio = 0.785 cm?

785

Then we select (2) bars ® 10 A, provided = 2* 0.785 = 1.57cm®

e Check for yielding

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

157* 420 = 0.85* 24* 520* a
a=6.22mm
x=i:%:7.32mm
b, 0.85
o - 285-7.32
® 7.32
e, =0.114 > 0.005

X0.003

= Ok
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4.5.2.3 Design of support (4)

Mu=53KN.m
M
Mn= —u= g =5.89KN.m
® 09
fc' 1.4
As,, =———(bw)d)>=—(bw)d)....c.ocorurer... (ACI -10.5.2)
)= )
24 14
As.. =—F—-(12)28.5)> —(12)28.5
S = 4 g 1202852 2 12)289)
As. . =0997<114............ the larger is control
As . =1.14cm’
Mn
Kn= ——
b*d?
* -3
Kn= 589710 > =0.604 Mpa
0.12* (0.285)
fy 420

m = = =20.588
0.85* fc 0.85* 24

o= 1(1_ 1_2mKn

_r_n fy)

p =146* 10°

1 - \/1_ 2(20.588)(0.604) )

20.588 420
Areq=p*b*d=146*10°* 12* 28.5=0.499 cn?
0.499 cm?< As, .- =1.46cm’

Use @ 10 >> # of bar = ﬂ =1.45 * Note Agpio = 0.785 cm?
0.785
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Then we select (2) bars ® 10 A, provided = 2*0.785 = 1.57cm®

e Check for yielding

Tension = compression
As*fy=085* f_*b*a

157* 420 = 0.85* 24* 520* a
a=6.22mm
_ 2 _5%%_73mm
b, 0.85
o _ 285-7.32
° 7.32
e, =0.114 > 0.005

X0.003

= Ok
4.5.2.4 Design of support (5)

Mu=6.1KN.m
Mu 6
Mn= ——=— =6.78KN.m
) 9
fc' 1.4
As . =———bw)d)>——(bw)d)....ccccurn... (ACI -10.5.7)
()= bwa)
V24 14
As., =—F—=I(12)28.5) > —(12)28.5
= g 12)285)2 1 12)285)
As., =0997<114............ the larger is control
As . =114cm’
Kn= ﬂ
b*d?
-3
Kn= 6.78710 =0.696 Mpa
0.12* (0.285)°
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fy 420

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

1 2mKn
p=—(@1- 1= )

m fy

=1.686* 10°

A 1 - \/1_ 2(20.588)(0.696))

20588 420
Areg=p*b*d=1.686* 1023 * 12 * 28.5 = 0.58 cm?
058 cm?<As, . =1.14cm’

Use @ 10 >> # of bar = Oli =1.45

785

* Note Agpio = 0.785 cm?

Then we select (2) bars ® 10 A, provided = 2* 0.785 = 1.57cm®

e Check for yielding

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

157* 420 = 0.85* 24* 520* a
a=6.22mm
x=i:%:7.32mm
b, 0.85
o 285-7.32
s 7.32
e, =0.114> 0.005

X0.003

= Ok
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4.5.3 Design of shear for Rib (R1)
ACI — 318 - Categories for shear design:
Vu=16.1kN
Use ®8 with two legs
Av = 2x50=100 mm?

1. lteml: ®Vc>Vu

dVec=0 “6fC xb, xd

=dVc=0.75x% x120x 285x 107

V2
6
=20.94 kN

Since ® Vc>Vu

no shear reinforcement is required
4.6 Design of Beam(6)
The Load on thisBeam it is From Rib 2

The Reaction of this Rib that the dead load and live load on Beam 6
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Factored

T L B S B

DeadH 12.8
LiveR 9.14
Max B21.93
Min B 12.47
Service

DeadH10.67
LiveR 5.71
Max R16.38
Min R 10.46

Figure (4-9) : Beam (6) Geometry.
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DeadRA57.79
LiveR 65.94
Max R23.73
Min R223.73

Figure (4-10) : loading of Beam (6)

Figure (4-11) : Moment Envelop for Beam (6).
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Figure (4-12) : Shear Envelop for Beam (6).

Check single section or Doubly section
Mn,, =085=fc=h=a= d—-

bw =80cm,h = 32cm
d =320-40-10-10=260mm

C=3/7*d=3/7* 260 =111.42 mm

a=111.42* 0.85=94.71 mm

.04
2

Mn,,,=0.85 =24 +0.8=0.094 =+ 0.26— *10°=328.65 KN .m

250
@ =0.65 1 0.004 —-0.002 =0.817

@ Mn,__ =0.817 * 328.65= 2685 KN .m>>Mu,__ = 264 KN .m

« Singly section
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4.6.1 Design of Positive Moment
4.6.1.1 Design of Span 1

bw = 80cm,h = 32cm
d =320-40-10-10= 260mm

Mu = 264 KN .m

Mu
Mn= —= @ =293.33KN.m
0} 0.9

J fc 14
As. = (bw)d)> =2 (bw)(d ) (ACI —105.1)
4(fy)( Xd) fy( Xd)
24 14
As . =——-(800)260)>——(800) 260
o= o (a00}260)2 2 600200
As . =606.5mm" < 693.33mn7’ ............. the larger is control

As, . =69333mn7

Kn - ﬂ
b*d?
* -3
n= M = 54M pa
0.8* (0.26)
m = fy 420 =20.588

"~ 0.85* fc  0.85*24

1 2mKn

=—(@1- |1-

P m( y )

o= 1 - \/1_2(20.588)(5.4));015
20.588 420

Areq=p*Db*d=0.015* 800* 260 = 3120 mm?
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3120mm? > As, . = 693.33mn"’

Use & 20>> # of bar = @ =9.93
314

e Check for yielding

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

3140* 420 = 0.85* 24* 800* a
a=280.8mm
c=2 808 _ o 57mm
b, 085
2609507

e
s 95.07
e, =.0052> 0.005

x0.003

e Check for spacing between the bar

_ 800-2*40-2*10-10* 20

S
9

S=55.55mm = gM.A.S

>25mm

>db =20mm
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4.6.2Design of Negative moment
As, . =.0018* b* h = 460.8mm’

Use & 12>> # of bar = M =3.96
113

4.6.3 Design of shear

4.6.3.1 Design of Span 1

Vu=150.3KN

Vc= @bw* d

Nen

= T*soo *260%10°3

=169.83KN

® Ve= 0.75* 169.83 = 127.373KN

Pvsmin=0.75 (%) * bw* d=0 .75*(% )*800* 260* 10°° = 52 KN.control

Ner

F) * 800 * 260*10° = 47.76 KN .

f 1
> 075 (Y2 ) * bw * d = 0.75 (
16

®vsmin = 47.76 KN.

Vu=150.3 KN (From shear Envelope)
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Iltem 1 &2 isnot suitable.
ltem 3
® Ve<vVu < @ Ve + ®Vsmin
127.373<150.3<127.373+52

So Item (3) satisfy.

.Case3 Minimum shear reinforcement is provided
Use 2U-shape (4-leg stirrups) ¢ 8 As=50.3mm?
s=(Av*fyt*d)/Vsmin

Av = 4*50.3=201.2 mm?

$=(201.2* 420* 260)/(52/0.75 )=316.89mm

Check for max. spacing

Smax=d/2=260/2=130mm...... control
Shax=600mm

Use 2U-shape (4-leg stirrups) ¢ 8 @ 125 mm
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4.7 Design of Column(C18) :

The Column is an internal one.

Pu = 1958.55KN

5 - P, 195855
"M 065  0.65

= 3013.15kN.

Assumer ¢ = 0.015

P

n (max)

=0.8xAg{0.85 fc +r  (f,—0.85f, )}
3013.15 = 0.8x Ag{ 0.85x 24+ 0.015(420 — 0.85x 24)}
Ag = 1427.2 cm?

B=37.77 h=37.77

Select 40*40cm ......... with Ag = 1600 cm? > Agreq = 1472.2 cn?

4.7.1 Check Slenderness Effect :

(K_'“] < (M—lz(mj €O ACI 10-12-2
. M 2

Lu: Actua unsupported (unbraced) length.

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

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

K=1
Lu=3.3m

r=03h=03x04=0.12

66



Chapter 4 Structural Analysis & Design

M1

M2

=10

1Xi23 <34-12X1< 40....c..... ACI —(10.12.2)

275<22<40
-.long...Coloumn

In 0.4 direction ....... long column

Slenderness is consider

E.|
Bl =04 "bg ................ [ACI 318—2002 (Eqg. 10-15)]
+

d
E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL  1.2(452.12)

b, =0.28
Pu 1958
* |3 * 3
I = b*h _ 0.4*04 — 0.00213m’
12
* *10° *
El = 0.4* 23270.15*10” * 0.00213 _15.5MN 1172
1+0.28
p ’El
Py == s ACI 318— 2002(Eq. 10-13)
(KLu)
2 %
) = Llsf) =14.033MN.
(L.0*3.3)
M1
Cm=0.6+0 IVE Y ACI 318 — 2002(Eg.10-16)
Cm=1...... According to ACI 318 -2002(10.10.6.4)
Cm
d.= >1.0 . ACI 318 - 2002(Eq. 10-12)
1-(Pu/0.75R,

1

Ay = —=1229>1
1- (1958/0.75* 14.003* 10°)
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€y =15+ 0.03* h = 15 + 0.03* 400 = 27mm = 0.027 m
e=e,, xd, = 0.027 *1.229 = 0.033

€_008 _4os3

h~ 04

From Interaction Diagram

hy_ 1958 , 145 _1774.437ps
A, 0.4*0.4 1000
r, =001

As=p * Ag = 0.01*400* 400 = 1600mm?

Use ® 16 == #af bar =%3=7,96

Use 8 & 16 with As = 1608mm? >Asyeq = 1600mmn?

4.7.2 Design of the Tie Reinforcement
For @ 8 mm ties :

S <16 db (longitudonal bar diameter)....................... ACl -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.

S<16x1.6=25.6cm
S<48x0.8=38.4cm
S<40

Use ®8@ 25cm ties
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Detail of column :-

Ceralling S Coums he, (18.253]

"

03
2
i
[
LI

.40

[
A
]
1
!

Figure (4-13) : long column detail

4.8 Design of Isolated Footing (F4)

4.8.1 Determination of Loads

Total factored load = 1835 KN.

Total servicesload = 1491 KN

Column Dimensions = 50* 25 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 350 KN/m2.

Assume footing to be about (55 cm) thick.

Footing weight = 25x0.55 = 13.75 KN/m2.

Soil weight above the footing = 0.65 x18 =11.7 KN/m2.
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live load =5 KN/m?
Oallow =450-5-13.75-11.7=419.55 KN/m?

4.8.2 Determination of Footing Area

1401
" 41955

determinate q, = 1835/5.86 = 313.14KN/m?

= 355 m*

4.8.3 Determination the depth of footing based on shear strength

Assumeh=55cm ..... d = 550-75-20 = 455 mm
*Check for one way shear strength

Vu = 313.14* (? —0.3-.455)* 2.55=315.4.KN

fVc=f.(%*Jf_d*bW*d)

f Vc=0.75* %* 24* 2300* 455 = 815.7KN

f Vc =640.8KN >Vu = 315.4KN
. Safe

4.8.4 Check for two way shear action (punching)

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

v =f.1+2 |/t b.d
6 " b,
v =f L[ 2 i ol/f nd
(b /d j
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fv, =f —\/7bd

Where:

Column Length (@) 50
© " ColumnWidth (b) 25

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

b, =2(d +al) + 2(d + a2) = 2(0.5+ 0.455) + 2(0.25+ 0.455) = 3.32m

s =40 for interior column

£V, =f %(n bij\/ £, b,d = %* (1%]* J24*3.32* 0.455 = 1850Kn

* *
fV, =f —(a d. j\/ b,d =270 [4032§55+2j*\/ﬂ*3.32*o.455:3459.7r<n

O

fV, =f —\l bd 0;5* 24* 3.32* 0.455 =1850Kn

f V. =1850Kn .... Control
Vu = 419.5*{(2.3* 2.55) - (0.5+ 0.455) * (0.25+ 0.455)} = 2174.6kN
f Vc = 2174.6Kn > Vu, =1850Kn........ satisfied

4.8.5 Design of Bending Moment
Mul = 313.14* 2.3* 0.7% / 2 =176.45kN.m
Mu =176.45 KN.m
d =550-75-20=455mm
Mn  176.45/0.9x10°

b*d 2300x 455

_ Fy 420
0.85fc’ 0.85x24
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1 2mKn
r=E(1— /1— y )

\/1‘ 2x20.6x0.412
420

)=0.1x107

r :L(l—
20.6

As  =0.1x 107 x 2300 x 455 = 1037 mm*/m

As_ =0.0018* 2300* 550 = 2277mm*/ m
As,;, =2277mm* /m> As,, =1037mm’ /m

#of bar in on meter =E=15
154

Select 15014

Check of strain
A * fy=0.85* fc'*b* a
2926* 420 = 0.85* 24* 2400* a
a=25.1mm
x=2-21_5953mm
b, 085

o - 555-29.53

® 29.53
e, = 0.053> 0.005—— ok

*0.003=0.053

Mu2 = 313.14* 2.55* 0.925 / 2 = 683.22kN.m
Mu =683.22 KN.m
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d =550—75-14-10=451mm
Mn  683.22/0.9x10°

Kn= > = 5
b*d 2550x 451

=1.464Mpa

me Fy 420
0.85fc’ 0.85x24

r:i(l— 1_2mKn)
m~ fy

L1 (1_\/1_2x20.6x1.464

~20.6 420

20.6

)=241x107

AS, = 2.41x107 x 2550 x 451 = 2771 .6mm?/m

As_ =0.0018* 2550* 550 = 2524.5mm’ / m
As,;, = 2524.5mm’ /m< As,, = 2771.6mm’ /m

27716 _
154

#of bar in on meter = 18

Select 18014
Check for strain :

A * fy=0.85* fc'*b*a
2772* 420 = 0.85* 24* 2400* a
a=23.78mm
x=2-2378_ 57 97mm
b, 085
o - 555-27.97
) 27.97

e, = 0.056 > 0.005— >0k

*0.003=0.056

73



Chapter 4 Structural Analysis & Design

4.9 Design of combined footing

Footing for the column C97 & C98 (F) :
C97:80*30

D.L = 1525 KN.

L.L =1537KN.

C98: 80*30

D.L =1525. KN.

L.L =1537KN..

P =1537+1525+1537+1525= 6124 KN .
4.9.1 Determination of footing Dimension
Allowable soil pressure = 350 KN/m2

A =P/qgall .

Ag=6124/350 = 17.49 m2..

AssumeB =28m. ....... L=17.49/2.8 =6.25m.

Distance between the two columnsis 2.73 m center to center

4.9.2 Determination of footing depth
Selecth=60cm ....d=70.5cm.
Factored |load :

Pu88=12D.L+1.6 L.L=35153KN.

Pu89=12D.L +16L.L =3515.3KN.
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- 35153+35153
y 2*56

= 627.73Kn/ Y

e Check for one way shear strength for C88 :

Vu = 3515.3-627.73(0.975+ 0.8+ 0.705)2 = 401.76KN

f.\/c:f.(é*\/f_c'*bw*d)

f Vc=0.75* %* 24*1000* 2* 0.705 = 863.45Kn

f Vc =863.45Kn > Vu = 401.76Kn
. SAfe

e Check for one way shear strength for C89 :

Vu = 3515.3-627.73(0.975+ 0.8+ 0.705)2 = 401.76KN

f.\/c:f.(é*\/f_c'*bw*d)

f Vc=0.75* %* 24*1000* 2* 0.705 = 863.45Kn

f Vc =863.45Kn > Vu = 401.76Kn
. SAfe

e Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

fv =f %(1+ bi}/ f'b,d
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fv, =f. [b/d erd
fV—f—rbd

Whre:

_ Column Length (a)
€ Column Width (b)

b, _ Perimeter of critical section taken at (d/2) from the loaded area
a;,=30 ... for exterior column
a,=40 ... for interior column

1(, 2\ [, 0.75 2
f Ve =f. 2|1+ | f, byd =—"*| 1+ *\[24* 5.26* 0.705* 1000 = 3974Kn
¢ 6[ bc] ©T 6 ( (80/30)}

o 75,.( 40
fV, =f.— 2|y f. bd= * [24* 5.26* 0.705* 1000 = 6087.29Kn
(b /d J (5.26/0.705)

f V, =f —\/ bd_0;5*J_*o705*526*1ooo 4541.72Kn

f V. =3974Kn ..... Control
VU.q, = PU-FR,

FR, =s,, *area of critical section
0705

Vu, =3515.3- [627.73* (0.975+0.8+ )*(0.3+0. 705)} 2173.13KN

f Vc=3974Kn>Vu, =2173.13Kn........ satisfied

76



Chapter 4 Structural Analysis & Design

4.9.3 Design for Bending Moment
Mu=627.73* ((L.375%/2)* 2.0=11868Knm
Mu @ zeroshear : —
3515.3-(627.73*2*x) = 0.0
X=28m.

MUu@,_,, = 627.73* ((2.8)* / 2)* 2— 3515.3* 1.425=87.9KN.m

For negative moment : Mu=-87.9kn.m.

_Mn_ 87.9/09

n=——- %10 = 0.098Mpa
bd®  2x(0.705)

. fy 420
0.85* fc  0.85* 24

, :l(l_ 1_2><mxknJ
m \/ fy

. \/1_ 2x20.6x158 | _ ) 10ioas
20.6 420

ASe, =T *b*d = 0.000234* 2000* 705 = 330.64mm?
ASqgege = 0-0018* b* h = 0.0018* 2000* 800 = 2880mnY’
. As= 2880mm?>

20.6

Use 15@ 16 mm  ...coovviiieeeiinnnn, with Aprovided = 3015 mnt

Check for Strain:

Tension = Compression

77



Chapter 4

Structural Analysis & Design

As* fy =0.85* fc*b* a
3015* 420 = 0.85* 24* 2000* a
a=31.04mm
x=2 3L04 4 cim
b, 085
o _ 705-3651
° 36.51

e,=0.055>0005 ... OK

*0.003

For positive moment Mu = 1186.8 Kn.m

qMn _ 1186.8/0.9
bd? 2x(0.705)3

*10° =1.326Mpa

o fy 40 _
0.85* fc  0.85* 24

, :l(l_ 1_2><mxknJ
m \/ fy

1 (1_ \/1_ 2x20.588x1.326

20.6

r

20588 420

J =0.00327

ASq. = *b* d = 0.00327* 2000* 705 = 4608.6mn?
ASqyage = 0-0018* b* h = 0.0018* 2000* 800 = 2830mm’

. As = 4608.6mm?>
Usel5 @20
Check for Strain:

Tension = Compression
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As* fy =0.85* fc*b* a
4710* 420 = 0.85* 24* 2000* a
a=48.48mm
x=2 -9 _57 o4mm
b, 085
. _705-57.04
* 57.04

e,=0.034>0.005 ...... OK

*0.003

Usethecolumnbarsasadowels

4-10 Design of Stair

st 85 -
s |

Fig(4-14) stair plan

4.10.1 Determination of Slab Thickness
For Flight:

L =4.9m.

hreq = L/ 20.

heg=4.9/20=0.245 cm.
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Useh=25cm.

y 170

00 = 2994

The stair slope by 8 = tan™

For Landing:

L =2.8m.

hreg = L/ 20.
heg=2.8/20=0.14 cm.

Use h=25cm.

4.10.2 Load Calculations
For Flight :

Dead Load for flight:

0.17 4 0.35
Tiles =27 ——=—— +0.03+ 1= 1404KN/m
0.17+03
Mortar = 22 Qo3 * 0.02 +1 = 0.689K N/m
tair stips = — 2272035 0 _ 5 195KN/
Stalr stips = 03 2 ]l = 2, m
oy 25402581
0T Tcos2954 T "
Plaster = 22 o' _ 0758KN/
asrer = c0s 29 54 = 0U. m

Dead load sum=12.156
Live load for flight:

Live load for stairs =5 KN/ m?.
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load group no. 1

Dead load - Service Units:kHameter
111
8.04
A A
[ 06 . 1.3 ]
]
Live load - Service L oad factors: 1.20.1.201_60.0.00

- T T &

s al

Moments: spans 1to 1

Sheean

LRt

Fig. (4-15)Moment & shear on flight
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Load on landing:-

Dead Load for landing:

Tiles = 23*0.03* 1=0.69KN/m
Mortar = 22*0.02* 1=0.44KN/m
Slab = 25*0.25* 1=6.25KN/m
Plaster = 22*0.02* 1=0.66KN/m
Total dead load= 8.04KN/m.
Liveload:

Live load for stairs =5 KN/ m?.

4.10.3 Design of Shear for flight

=  Assume @ 14 for main reinforcement:-
So, d = 250-20-7 = 223 mm..

Take d=223 mm

* Vu=46.88 KN.

fVc:—f\/T"I;bw*d

_ 0.75*/24*1000* 223*10°
- 6

« f\VC

* Vu=46.88 KN < @.Vc=136.6KN .

Depth is ok since there is no shear Reinforcement .
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4.10.4 Design of Bending Moment for Flight
Mu = 3.4.44*2.18-22.59* 1.53*.765=48.63 KN.m.

Mnreg=Mu/0.9=48.63/0.9 = 54KN.m.

d =223 mm.
R - Mn
b-d?
54*10°
R 1000* 223
m -
0.85x fc'
m = _ 420 = 20.588
0.85x 24
1 2m * *
Y P L _ 1 (. \/1_ 2*20.588*1.08 | _ ) 10064
m f, 20.588 420
Asreqg = 0.00264* 1000* 223= 614.9 mm*-........... control

Agmin=0.0018* 250* 1000=450mm?
S=153.9/614.9=0.2503m
Check for spacing

3h=3*250=750mm

S=450
—3g0 280 25+ 20 = 330
= 0667 v 420 <> teY T Ssvmm
280
5= 300 m = 300‘”‘1??’!
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Use 1P 14@ 20 cm

Use 10 14@ 30 cm. for secondary Rein.

Check for strain:
Tension = Compression

A * fy=0.85* fc' *b*a
615.6* 420 = 0.85* 24*1000 * a

a=12.67mm
c=i:@:14.9mm
b, 0.85
e, = 223-149, 0.003
14.9

e, = 0.041 > 0.005 —— ok

4.10.5 Design of landing

same thickness =25 cm

Dead load = 8.04 KN/ m.
Liveload = 5.0 KN/ m.
Load from flight =34.44/1.3=26.49KN/m

Load =26.49+(1.2*8.04+1.6*5)=44.1 KN/m
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load group no, 1
Dead load - Factored

Units:kH.meter

444
1 26
Moinments: spans 1 to 1
R .ffif,.fi
\\\,____ ff._-
"h-‘__;_‘_‘_‘_“_-_-_-_ - B ._._."_._'___‘_,_‘—ﬂ"’
1 26 |
shear
618
" _‘_._‘_,--""_P’-L
— fﬂfﬁ_ﬂ;
: . _--—‘*""’fﬁ "
- 2 -F'_F.-F.-._F'_'_F._.—'_‘__
R f
-
61.6

* Vu=618KN.

Fig.(4-16)Moment & shear on landing
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_ 0.75%/24*1000* 223+ 107
- 6

« f\VC =136.55 KN

* Vu=618KN < @Vc=136.55KN.

Depth is ok since no shear reinf. Isrequired

4.10.6 Design of flexure for landing

Mu =43.26 KN.m.

Mnreq=43.26/0.9 =48.07 KN.m.

d=223 mm.
R - Mn
b-d?
* 6
] _ 48070 _ ) 96aviPa.
1000* 223
mo_ Y
0.85x fc'
m = i = 20.588
0.85x 24

1 2m * *
Y LA N B 1_\/1-2 20.58870.966 | _ ) 502357 .
m f, 20.588 420

Asreq = 0.002357* 1000* 223 = 525.611 mm*

A Smin= 0.0018* 1000* 250=450mm?>
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S=153.9/525.611=0.293m
Check for spacing

3h=3*250=750mm

S=450

= 380 280 25+20 =330
g = 0667 » 420 5# = rmim
£ =300 B = 300mim

0.667«420

Use 1d 14@ 29 cm

Use 10 14@ 30 cm. for secondary Rein.

Check for strain:

Tension = Compression

A * fy=0.85* fc'*b* a
615.6* 420 =0.85* 24*1000* a
a=12.67mm
c:i:ﬁzmgmm
b, 0.85
o - 223-14.9
® 14.9
e, =0.041> 0.005—— ok

*0.003
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