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Abstract

Structural Design For "College of Arts & Architecture' In
Palestine Polytechnic University

Structural design is the most important designs necessary to the building
after the architectural design, distribution of columns and the highest level of
security and safety is the responsibility of the structural designer.

We will in this project, the structural design of the Art and
Architectural, Which it consists of four blocks as follows:-

a library of single-story, Runway bungalows at a height of two floors, two
block and two other at an altitude of three floors with a total project area of
10100 m’.

The project is designed to meet the purpose for which the project seeks to
achieve a special building to provide building specialization architecture and
art first idea in Palestine, this project, we need your presence in Palestine of
the importance of this specialization in Palestine, and this project we need
your presence in Palestine of the importance of this specialization.

It is noteworthy that Jordan’s code will be used to determine the live
loads, and to determine the seismic loads, but for the structural analysis and
design section will be the use of the US Code (ACI_318_14), it must be
noted that it will rely on some computer programs such as:-

Autocad (2007+2015), Atir, ETABS 2015, SAFE 2014, SAP 2000
Google SketchUp, Microsoft Office XP.

The project will include a detailed structural study of the identification
and analysis of the elements of construction and different loads expected and
then the structural design of the elements and the preparation of shop
drawings based on the prepared for all the structural elements that are
structural frames of the building.

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = 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.

C, = 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.
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LL = live loads.

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.

Vc = 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 Four

Structural Analysis and Design

4-1 Introduction.

4-2 Design Method and Requirements.
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Chapter Four Structural Analysis and Design

4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels

and others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which

can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and

frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and
specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:-

O Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

O Normal weight concrete with unit weight from about 1800 to 2400 kg/ma3.

O Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

37



Chapter Four Structural Analysis and Design

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318 _08).

v" Strength design method:-

In ultimate strength design method, the service loads are increased by factors to obtain the
load at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is
then proportioned such that the strength is reached when factored load is acting. The
computation of this strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.

NOTE:-

The statically calculation and the key plans dependent on the architectural plans.

Code:-
ACIl 2008
UBC

Material:-
Concrete:- B300
fc'= 30N /mm?(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa ).

Reinforcement steel:-

The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}.

v" Factored loads:-

The factored loads for members in our project are determined by:-

W,=12D_+16L, ACI-code-318-08(9.2.1)
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Chapter Four Structural Analysis and Design

4.3 Check of Minimum Thickness of Structural Member

Table 4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless
Deflections are Calculated. (ACI 318 M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

For Rib :-

hminfor(one end continuous)=L/18.5=5.32/18.5=29cm
hminfor(both end continuous)=L/21=5.07/21=24cm

hminfor(one end continuous)=L/8=4.77/18.5=26cm

Take h =32 cm
24 cm block + 8 cm topping = 32cm

For Beam :-

hminfor(one end continuous)=L/21=7/18.5=38cm

hminfor(one end continuous)=L/18.5=5.58/18.5=31cm

Take h =60 cm
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Chapter Four Structural Analysis and Design

4.4 Design of Topping

v Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Wu

[T

40 cm

ZANNNR
S,

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load :-

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*%17*1 = 1.19 KN/m

0.08*25*1 = 2.0 KN/m

Table (4.2): Dead Load Calculation of Topping.
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Chapter Four Structural Analysis and Design

Live Load :-
L, =5 KN/m?

L =5 KN/m?x1m=5KN/m

Factored Load :-

Wy =1.2 x4.54 + 1.6x5 =13.45 KN/m

Check the strength condition for plain concrete, M, > M, where g = 0.55
M,=0.42\ f'Sn (ACI 22.5.1, equation 22-2)

__ bh® _ 1000.80°

Sm=—=—"{— = 1066666.67 mm?

(&

@M, =0.55x1x+/24 x1066666.67 x10~7 =1.232 KN.m

Z
M= % =0.18 KN.m (negative moment)

2
M, = % = (0.089 KN.m (positive moment)

oM, >> M, = 0.18 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for slabs as
shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACI17.122.1
As = pxbXhigpping =0.0018 x1000x80 = 144 mm?*/m

Step (s) is the smallest of:

1. 3h=3x80 =240 mm control ACI 10.5.4
2. 450mm.
3. $=380 2 —25C. =380 +— —2.5.20=330mm
B Er}.&u
but <300 7= =300 7 =300mm ACI 10.6.4

3

Take g 8 @ 200 mm in both direction , S =200 MM < Syax =240 mm ... OK
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Chapter Four Structural Analysis and Design

4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

DW= 10CM... e ACI(8.13.2)
Select bw=14 cm

NS BB W vt ACI(8.13.2)
Select h=35cm<3.5*14= 49 cm
tf > Ln/12250mm ..........cccoieiiiiiieiee e ACIH(8.13.6.2)

Select tf=8cm

«» Material :-

P concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel fy = 420 N/mm?

«» Section :-

B =540 mm

Bw= 140 mm

h=320 mm

t= 80 mm
d=320-20-10-12/2= 284 mm

U T UTUT U
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v Statically System and Dimensions:-

Chapter Four
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DL=4.7gkEMN"m
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4.77

507

e

~8

Fig 4.3: Statically System and Loads Distribution of Rib (R 19).
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Chapter Four Structural Analysis and Design

v" Load Calculation:-

Dead Load:-

0.03*23*0.54 = 0.373 KN/m/rib

0.03*22*0.54 = 0.356 KN/m/rib

0.07*17*0.54 = 0.643 KN/m/rib

0.08*25*0.54 = 1.08 KN/m/rib

0.27*25*0.14 = 0.95 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.02*22*.54= 0.24/rib

Table(4-3): Dead Load Calculation of Rib (R 19).

Dead Load /rib =4.72 KN/m

Live Load:-

Live load = 5 KN/M?

Live load /rib = 5 KN/m? x 0.54m = 2.7 KN/m.
% Effective Flange Width ( b, ) :- ACI-318-11 (8.10.2)

be For T- section is the smallest of the following:-
b =L/4=532/4=133cm
b, =12 +16t=12 + 16 (8) = 140 cm

b = be < center to center spacing between adjacent beams = 540 mm. Control

b. For T-section =54 cm .
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Geomelry Linds: mater.cm
1 2 3 a
L E 3
E al " A a A
| L e |
o8 46T , 08 427 , B8 412 LR
ety 533 s 5.07 i 47T .
L 5 L] L]
az I
14,
AR
Lomding
T
Daad tosd - Service Uriis- R e
4.72 472 4T
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Fig 4.4: Shear and Moment Envelope Diagram of Rib (R 19).
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Chapter Four Structural Analysis and Design

Factored

I‘ t t f + + E f 1 [
DeadR 1207 32.99 30,04 10,77
LiveR 10.21 27.014 25.44 9.42
Max R 22,78 60. 55.48 20.19
Min R 11.06 43.02 39.76 9.56
Service
DeadR  10.06 27.4% 25.03 B.AT
LiveR 6.28 16.88 159 5,89
Max R 16,44 44.37 40.83 14.86
Min R 9.43 3376 M1 B.22

v" Moment Design for (R 19):-

4.5.1 Design of Positive Moment for (Rib 19 ):-(Mu=24.8 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dgimps == = 320 — 20 — 10 — = = 284 mm

Check if a> h¢ to determine whether the section will act as rectangular or T- section.
My =0.85. £. By by (d — L)

= 0.85 X 24 X 540 X 80 X (284 =) x 107° = 215.03 KN. m

Mps > — ”“ = %— 27.55 KN.m , the section will be designed as rectangular section with

be 540 mm.

o My 24.8x10% N
Ro= Gbd? ~ 09x540x284% 0.632 Mpa
- f_v': 20 _ 500
nesf!  0mSx24
p=il1= [1-2M8 | = (g |y Ze0S0E | _
[] = 420 l zﬂh“ N EP ) =0.00153

Asreq = p.b.d = 0.00153 x540%284 = 234.64 mm?
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Check for As min:-

Asmin= m(bw)(d) ACI-318 (10.5.1)
4(fy)
Asmin= V24 (140)(284) =115.94mny’

4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i—;) (140)(284) =132.53mm’ controls

ASreq= 234.64 mm? > Asyin= 13253 mm*  OK

Use 2 8 14 | Asprovided = 307.87 mm?> > A required = 234.64 _mm?

... Ok

Ld0=40=20= (2= 14)
1

S =

=52mm=>d,=14>25 mm 0K

Check for strain:-

_ Asfy  _ 307.87x420
nESh ) DESxS40=24

=11.73 mm

= 0.003 =0.0587 = 0.005

=g 284 =138
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4.5.2 Design of Positive Moment for (Rib 19 ):- (Mu=12KN.m)

d =h- cover - dgimps — = = 350 — 20 — 10 — = = 284 mm

My 12=10%
R=—= -=0.30 Mpa
" ghd? T Doxs40x2842 p
Iy 420
m=—t;= = 20.6
085/ 0.B5x24
1 IR 1 2320.6% 0,30
p=— 1—- 1——= =— 1= 1—=—"—""——— =0.000719
m 420 20.6 az0

Asreq = p.b.d = 0.000719x540%284 = 110.26 mm?

Check for As min:-

Asmin= m(bw)(d) ACI-318 (10.5.1)
4(fy)

N

(140)(284) =115.94mm?
4(420)

Asmin=

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= :—2‘; (140)(284) =132.53mm’*  controls

As’required = 110.26 mmz.

Use 2 8 10, Asprovided = 157.08 mmM? > A required = 110.26_mm? ... Ok

_ 140-40-20-(2x10)
1

S =60mm=>d,=10>25 mm 0K

Check for strain:-

A [ -
- s fy = 157420 — £ 98 mm
0850 /- 0B5=540=24
=2 3% omm
Hy (.85
£, =0.003 £ =0.003 27 =0.118 >0.005 0k
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4.5.3 Design of Positive Moment for (Rib 19 ):- (Mu=20.3 KN.m)

Assume bar diameter g 12 for main positive reinforcement

iy

d =h- cover - dyimps — = = 320 — 20 — 10 — = = 284 mm

My zoawio®

= - = - = 0. Mpa
" gnat 0.9x 5402845 0.517 Mp
F 420

= —< ;= = 20.6
nes 0.B5x24
1 ZanR 1 Zx20.6x0517

p=— 1-— 1-——2 = - 1= 1——""— =0.00125

m 420 20.6 420

Asreq = p.b.d = 0.00125 x540x284 = 191.7 mm*

Check for As min:-

Asmin= \/_(b w)(d) ACI-318 (10.5.1)
Asmin= V24 (140)(284) =115.94mm’

4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

As min ::'—;)(140)(284) =132.53mm’ controls

ASreq = 191.7 mm? > Aspin= 132.53 mm®  OK
USE 2 1] 12 5 As.provided = 22619 mm2 > Ag’required = 1917 mm2 Ok

1d0=g0=20=(Zx12)
1

S= =56mm=>d,=12>25 mm 0K
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Chapter Four

Check for strain:-

As f 226.19=420
L = =8.62mm

a= ;=
[LBESH f,_- [L.BSx S22 4
=2 =22 —10.14 mm
fy (.85
£. = 0.003 ";” = 0.003 2‘*‘;‘] ’1‘4"” =0.0789 > 0.005 0k

4.5.4 Design of Negative Moment for (Rib 19 ):- (Mu=-19.3 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dyimps — = = 320 — 20 — 10 — = = 284 mm

M 19.3=10%
- = = 1.9 Mpa

R=——= .
"™ ghd? — poxl40x284s

b= %20 _906

T ossf T nesx24
1 2.m.R ! 2%20.6% 1.9
p=— 1— 12 L g ZEOE 00475
420 20.6 420

n

Asreq = p.b.d = 0.00475 x140%284 = 188.86 mm

Check for As min:-
Asmin=—"— (b )(d) ACI-318 (10.5.1)

Asmin= ﬂ (140)(284) =115.94mn’
4(420)

.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= % (140)(284) =132.53mm*>  controls
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Chapter Four

Asreq = 188.86 mm? > Aspin= 132.53 mm*  OK

USE 2 1] 12 5 As.provided = 22619 mm2 > Ag’required = 18886 mm2 Ok
OK

140=40=-20=(2x12
=2 144 JI=56mm.‘:—nﬂ.‘b=10::=-25 mm

S
1

Check for strain:-

As f 226.19=420
a=——2 = =33.26 mm
0850 0 DBSx 14024

-
Hy, 085
£ =0003 ZE = 0.0187 > 0.005 0k

4.5.5 Design of Negative Moment for (Rib 19 ):- (Mu=-15.4 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dgimps = = 320 — 20 — 10 — = = 284 mm

&
My 15410 —151 Mpa

R=——= .
"™ ghd? T poxl40x284s

i 420
Mm=——= = 20.6
nEsf nESx2Z4

_ZmRy 1 1— 1 _W = 0.00374

1
=— 1-
p m 420 20,6

Aqreq = p.b.d = 0.00374 x140x284 = 148.7 mm*
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Check for As min:-

Asmin= m(bw)(d) ACI-318 (10.5.1)
4(fy)
Asmin= V24 (140)(284) =115.94m?

4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i—;;') (140)(284) =132.53mm’  controls

ASreq = 148.7 mm? > Aspin= 132.53 mm®  OK
Take
Use 2 810 , As provided = 157.079 mm? > As required = 1148.7mm?... Ok

L40=40=20=(2x10)
1

S= =60mm=>d,=10>25 mm 0K

Check for strain:-

_ Asfy  _ 157.079x420
nESh ) DESx140=24

= 23.1mm

=g 284=-27.18

= 0.003 el 0.0283 = 0.005 Ok
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v" Shear Design for (R 19):-

V, at distance d from support =25 KN

Shear strength V¢, provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8).

Ve== 4 f byd =24 x 140 x 284 x 1073 = 35.71 KN
8V =0.75x35.71 =26.78 KN

0.5 8V =0.5%26.78 =13.39 KN

050V, <V, <9V,

for shear design, minimum shear reinforcement is required (A, i), €xception for Ribbed slab
No shear Reinforcement.

Use stirrups U-shape as montage (2 leg stirrups ) g 8 @ 150 mm , A, = 2 x 50.24 = 100.5 mm?

e

1 = Byl
L= — = >
AVmin 16 e vt —

L

W=
\_\_l

i

L40%

AVimin =100.5 =1—Lh_ V2420 5 5 = 0.98m

L 140%

100.5 =— - §=0.905m
3 420

S max_% = 157mm

S max - <600mm

Take (2 legstirrups) g8 @ 150 mm

2503

W 015 - 670.67 mmzlmstrip
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4.6 Design of One Way Solid Slab

e S |
-‘sﬁgaa | B | S | L W Gu7 LT W53 GoooM
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Fig 4.5 : One Way Solid Slab (S 10).

« Material:-
b concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

v" Slab Thickness Calculation:-

The overall depth must satisfy ACI Table (9.5.a):
Min h ( deflection requirement ) :-

-For One end continous:-

L =29 0204m
24 24

For One way solid slab, will use thickness of slab 20 cm.
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v" Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:-

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

0.03*23=0.69

Tiles

mortar 0.03*22=0.66
Coarse sand .07*%17=1.19
RC concrete 0.2*25=5

0.02*22=0.44

Plaster

Table (4.4): Dead Load Calculation of Horizontal Solid Slab.

Live load =5 Kn/m

-Load Calculation For the Inclined Solid Slab:- (For one Meter Strip)
8=tan(1.7/6.5) = 14.7°

flight = 0.2*25/cos14.7=5.17

plaster =.02*22/cos14.7=0.45

horizontal morter = 0.03*22=0.66
horizontal tiles =0.03*23=0.69

vertical morter =0.03*22*0.3/1.2 = 0.165
vertical tile=0.03*23*0.3/1.2 =0.17
triangle = 0.5%0.3*25=3.8

DL=11.1 KN\m

LL =5 KN\m
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Pave 12AL 1, FIME Bl LR

b it £t i wm L

Moments:
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i
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Fig 4.6: Shear and Moment Envelope Diagram of Solid Slab (S 10).
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Factored
H Hi HH HH +H H

DeadR 18. 50.24 hb.62 69.33 B4.41 18.6
LiveR 17.3 44.72 4217 46.03 42.07 14.26
Max R36.31 94.96 98.99 115.36 106.48 32.86
Min R 17.68 63.01 66.36 87.51 79.38 15.51
Service

DeadR15.84 41.86 47.35 LY 53.68 15.5
LiveR 10.82 21.95 Z6.35% ZB.FT 26.29 B.M
Max R26.65 69.81 73.n 86.54 79.97 24.1
Min R 15.01 49.85 53.32 69.14 63.03 13.57

v Moment Design for (S 10):-

Spacing Between Bars Is the Smallest of:-

<380 ( Ef:' )—2.5%C
280 2840

$380* (F°)~2.5%20 =380 * (7o)~ 2.5 * 20 = 330mm
ih 3

<300 (22Y) =300 * (22¥) = 300 * (522 ) =300 mm (control)
s ;h 5+ 420

<3*h=3%200=600m

<450 mm.

4.6.1 Design of Positive Moment for (S 10 ):- (Mu=37.4 KN.m)

Assume bar diameter ®14 for main reinforcement

m = fy - = 420 =20.59
0.85%fc  0.85%24

R = Mu /f
b*d?
6
Rn = 37.4*10°/0.9 =1.39 N/mmz(Mpa)

1000 * (173 )2
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p=—(1- . ZmiR1,
m fy

.- 1 ‘0 \/1_ 2(20.59)(1.39)
20.59 420

) = 0.00343

As=p*b*d=0.00343* 100 * 17.3= 5.93 cm?
Check for As min:-
Asmin=r . *b*h =0.0018*100* 20 = 3.6cm’

Asieq= 5.93 cm?® > Aspin=3.6 cm*>  OK

Use g 12/18cm , As provided = 6.28 €M> > A requirea = 5.93 cm? .... Ok

Check for strain:-
Tension = Compression

A *fy=0.85* fc' *b*a
628 *420 = 0.85*24*1000 *a
a=12.9mm

o _173-152
ST 152
e, =0.031 > 0.005 %® ok

*0.003

4.6.2 Design of Positive Moment for ( S 10 ):- (Mu=14.3 KN.m)

m=__ Y40 .05
0.85*fc 0.85*24
Rp= MU /f
b*d?
*10 6

1000 * (173 )2
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p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(0.53)
420

= ) =0.00128
20.59

As=p*b*d=0.00128* 100 * 17.3= 2.2 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

ASreq= 2.2 cm* < Aspin=3.6cm*  NOT OK

USG ] 10/Zocm 1 As‘provided = 36 sz > As‘required = 36 sz Ok

Check for strain:-
Tension = Compression
A *fy=0.85* fc' *b*a

360*420 =0.85*24*1000* a
a=7.4mm

e, =0.0566 > 0.005 %® ok

4.6.3 Design of Positive Moment for ( S 10 ):- (Mu=32.1 KN.m)

fy 420

m = - = = 2059
0.85*fc 0.85*24

Rp = Mu /f
b *d?
*x1A 6
Rn = 32.1*10 " /0.9 =1.19 N/mmz(Mpa)

1000 * (173 )2
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p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(1.19)
420

= ) = 0.0029
20.59

As=p*b*d=0.0029* 100 * 17.3= 5.05 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

Asieq= 5.05 cm?® > Aspin=3.6 cm*>  OK

Use g 10/15cm , As provided = 5.23 €M* > A requirea = 5.05_cm? .... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc'*b*a
523*420 =0.85*24*1000* a
a=12.9mm

o _173-127
=T 127
e, =0.038 > 0.005 %® ok

*0.003

4.6.4 Design of Positive Moment for ( S 10 ):- (Mu=28.6 KN.m)

m = fy =40 559
0.85* fc 0.85*24
Rp = Mu /f
b *d?
6
Rn= 286710 °70.9 4 v 2 Moa)

1000 * (173 )2
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p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(1.06)
420

= ) = 0.0026
20.59

As=p*b*d=0.0026* 100 * 17.3= 4.5 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

ASieq= 4.5 cm® > Asyin=3.6 cm®  OK

Use g 10/15cm , As provided = 5.23 €M* > A required = 4.5 cm? .... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc'*b*a
523*420 =0.85*24*1000* a
a=12.9mm

o _173-127
=T 127
e, =0.038 > 0.005 %® ok

*0.003

4.6.5 Design of Positive Moment for ( S 10 ):- (Mu=25.3 KN.m)

me_ Y. 420 5
0.85% fc  0.85*24
Rp= MU /f
b*d?’
8
Rn= 253710 1109 _ 4 54N/mm? (Mpa)

1000 * (173 )2

61



Chapter Four Structural Analysis and Design

p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(0.94)
420

= ) =0.0023
20.59

As=p*b*d=0.0023* 100 * 17.3= 3.98 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

Asieq= 3.98 cm? > Aspin=3.6 cm*>  OK

Use g 10/15cm , As provided = 5.23 €M* > A requirea = 3.98 cm?.... Ok

Check for strain:-

Tension = Compression

A * fy =0.85* fc' *b*a
393*420 = 0.85* 24 *1000 *a

a=8.1mm
:i:ﬁ:QISmm
b, 0.8
= 173-9 5*0.003
9.5

e, =0.052 > 0.005 %4® ok

4.6.6 Design of Negative Moment for ( S 10 ):- (Mu=-31.9 KN.m)

fy 420

m = - = =20.59
0.85*fc 0.85*24

Rp = Mu /f
b*d:?

" 31.9%10°/0.9
n_

'~ =1.18 N/mm’ (Mpa)
1000 *(173)
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p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(1.18)
420

= ) = 0.0029
20.59

As=p*b*d=0.0029* 100 * 17.3= 5 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

Asieq=5cm® > Aspin=3.6 cm*  OK

USG ] 12/Zocm 1 As‘provided = 565 sz > As‘required = 5 sz Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc'*b*a
565*420 =0.85*24*1000* a
a=11.6mm

o = 173-13.7
° 13.7
e, =0.03>0.005 %4® ok

*0.003

4.6.7 Design of Negative Moment for ( S 10 ):- (Mu=-28.7 KN.m)

fy 420

m = - = =20.59
0.85*fc 0.85*24

Mu /f

Rn= ——
b*d?

R < 28.7*10 °/0.9
n_

= =1.06N/mm’ (Mpa)
1000 * (173 )
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p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(1.06)
420

= ) = 0.0026
20.59

As=p*b*d=0.0026* 100 * 17.3= 4.5 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cnm?

ASreq= 4.5 cm* > Aspin=3.6 cm*  OK

USG %) 10/15cm y As provided = 5.23 sz > As required = 4.5 sz I Ok

Check for strain:-

Tension = Compression

A *fy=0.85*fc' *b*a
523*420 = 0.85*24*1000 * a
a=12.9mm

o _173-127
S 127
e, =0.038 > 0.005 %#:® ok

*0.003

4.6.8 Design of Negative Moment for ( S 10 ):- (Mu=-38.2 KN.m)

m = fy - = 420 =20.59
0.85% fc  0.85%24

R = Mu /f
b*d?
%10 6
Rn:38'2 10°/0.9 - 1.4 N/mm? (Mpa)

1000 * (173 )2
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p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(1.4)
420

= ) = 0.00346
20.59

As=p*b*d=0.00346* 100 * 17.3= 6 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

Asieq= 6 cm? > Aspin=3.6 cm*>  OK

Use g 12/18cm , As provided = 6.28 cM* > Aq required = 6_cm?.... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc' *b*a
628*420 =0.85*24*1000* a
a=12.9mm

o _173-152
*T 152
e, =0.031> 0.005 %® ok

*0.003

4.6.9 Design of Negative Moment for ( S 10 ):- (Mu=-31.4 KN.m)

m = fy =40 559
0.85* fc 0.85*24
Rp = Mu /f
b *d?

s
Rpo 31.4%10°/0.9

-~ =1.14N/mm’ (Mpa)
1000 * (173)
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p=—(1- . ZmiR1,
m fy

. 1 ‘0 \/1_ 2(20.59)(1.14)
420

= ) = 0.0028
20.59

As=p*b*d=0.0028* 100 * 17.3= 4.84 cm?

Check for As min:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

ASreq= 5 cm? > Asin= 4.84 cm*  OK

USG ] 12/Zocm 1 Ag‘provided = 565 sz > Ag‘required = 484 sz Ok

Check for strain:-

Tension = Compression

A *fy=0.85*fc' *b*a
565* 420 = 0.85* 24 *1000 * a
a=11.6mm

o _173-137
S 137
e, =0.03>0.005%4® ok

*0.003

Shrinkage and Temperature:-

> p =0.0018

Asmin=r . *b*h =0.0018*100*200 =3.6mm°  (control)

Use @10 @ 200 mm
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v" Shear Design for (S 10):-

Check for Wether Thickness Is Adequate For Shear:-

Vymax = 49.7 KN/ 1m strip

d=h-20-db=200-20-(14/2) =173 mm

DVe= %*F * [fot*bw*d

- %*o,75*ﬂ*1000*173 =106 KN / 1 m strip

®Vc=106 KN >V, .. =49.7 KN/ 1m strip

The thickness of the slab is adequate enough.
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4.7 Design of Stair

\ &
[ ]
1 il al
L Qg o o
M 5. =

T e
=g % £
\\ i

\N\\
2m , am . 2.75m
Fig 4.7 : Stair Plan.
< Material ;-
P concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight :-

v' Determination of Thickness:-

hmin = L/20
hmin = 3.8/20 = 19 cm
Take h=30cm

The Stair Slope by 8 = tan™(18.2 / 30) = 31.24°
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v" Load Calculation:-

3 Gc m C'a ncr a‘tﬁ ;&i&iﬁi;{"4ii;ii:":‘:i;i"'iil-;i;l;i"‘iii"l;IE

e 3em Tiles
wEgdl
o 3em Morter

Tl s
35¢em

;‘:gﬂm

TP PR e R R
B s
X 0 I i o

2m

Fig 4.8 : Stair Section.

Dead Load For Flight For 1m Strip:-

23*0.03*1*(0.35+0.182/0.3 ) = 1.22 Kn/m

22*0.03*1*(0.3+0.182/0.3 ) = 1.06 Kn/m

25*0.5*0.182*1 = 2.28 Kn/m

25*0.3*1 / cos 31.24° = 8.77 Kn/m

22*0.02*1/ cos 31.24° = 0.51 Kn/m

Table (4.5): Dead Load Calculation of Flight.
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Live Load For Landing For 1m Strip =5*1 =5 Kn/m

Factored Load For Flight :-

Wy =1.2 x13.84 + 1.6x5 = 24.608 Kn/m

v" System of Flight:-

Service Live Load = 5 Kn/im

0 0 0 A 0O O 0 0 O

Service Dead Load = 13.84 Kn/m

.-"'--- _.-_.-?:.J.-:?I_;r}r
.-"-- ) |
_ D.L =20.76 Kn
o LL=7.5Kn
.-"FFH-F
-
-~
.-'"f---
L
.--"d--
.-""---J
.-"'"a.f-f
.ﬂ"’f
=
D.L=20.76 Kn
L.L = 7.5 Kn
o4 m Im a.4m

Fig 4.9 : Statically System and Loads Distribution of Flight.

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: span 1to 1

1.9 424 1.9
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Shear

-36.9

36.9

Fig 4.10 : Shear and Moment Envelope Diagram of Flight.

1- Design of Shear for Flight :- (Vu=36.9Kn.m)

Assume bar diameter g 14 for main reinforcement

d = h- cover —‘—’zﬂ =300 — 20 —g =273 mm

Ve=: fc'b,d == 2v24%1000 * 273 = 222.9 Kn
® V.- 0.75%222.9=167.18 KN>Vu=36.9Kn ...... No shear reinforcement are required

2- Design of Bending Moment for Flight :- (Mu=42.4Kn.m)

My 42.4x10°
= - = - =0.63 Mpa
" ghdZ T 0ox1000%273E P
I 420
=—2 .= = 20.6
085/ 0.B5%24
1 ZanLR 1 2% 20.6x 0,63
p=— 1- 1-—— =— 1= 1="—""— =0.00153
m 420 0.6 420

Asreq = p.b.d = 0.00153 x1000%273 = 417.45 mm?

Asmin = 0.0018*1000*300 = 540 mm?

ASreq = Asmin= 540 mm? ......... is control
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Check for Spacing :-

S =3h =3*300 =900 mm
280

S =380%( 3 ) —2.5*20 = 330
S =450 mm
S=450mm ......... is control

Use 912 @ 200 mm _, As provided = 565 MM?* > A required = 540 mm?... Ok

Check for strain:-

A rr L
- s fy = 565420 = 11.63 mm
0850 /- 0B5= 100024
c=2 =25 — 1369 mm
By 085
£, =0.003 =5 =0.003 === =0.0568 >0.005 ... 0k

3- Lateral or Secondary Reinforcement For Flight :-

Asreq = Asmin = 0.0018*1000*300 = 540 mm*

Use 812@ 200 mm , As provided = 565 MM? > As required = 540 mm?... Ok
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2- Design of Landing :- (For First One Meter)

v" Determination of Thickness:-

hmin = L/20
hmin = 6/20 = 30 cm
Take h=30cm

v" Load Calculation:-

Dead Load For Landing For 1m Strip:-

23*0.03*1= 0.69 Kn/m

22*0.03*1= 0.66 Kn/m

25*%0.3*1 = 7.5 Kn/m

22*0.02*1 = 0.44 Kn/m

Table (4.6 ): Dead Load Calculation of Landing.

Live Load For Landing For 1m Strip =5*1 =5 Kn/m
Reaction From Flight:-

DL =20.76 Kn/m
LL =75 Kn/m

Total Dead Load =9.29 + 20.76 = 30.05 Kn/m
Total Live Load =5+ 7.5=13.5 Kn/m
Factored Load For Landing :-

Wy = 1.2 x30.5 + 1.6x13.5 = 57.66 Kn/m
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v" System of Landing:-

Service Live Load = 7.5 Kn/m

[LLLIIEITITITILTIIIT ] LTTTIITTIIIISTITIT)

Service Dead Load = 20.76 Kn/m

AR AR RARA )

inmnm

Service Live Load = 5§ Kn/m

LLLLLLLLL LI L L VL L LS LSS LI L LS LI LLLLY

Service Dead Load = 92.29 Kn/m

L]

28m adm

Fig 4.11 : Statically System and Loads Distribution At First 1m Of Landing.

-

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spanltol

1 1 1 ]
= T 1
| 3. 2414 3 |
Shear
-156.17164.5
| 1
I LI
164.5 157.5

Fig 4.12 : Shear and Moment Envelope Diagram At First 1m of Landing.
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1- Design of Shear :- (Vu=157.5Kn)

Assume bar diameter g 14 for main reinforcement

d = h- cover — £ =300 — 20 — = = 273 mm
Ve=: fc'b,d== 2v24%1000 * 273 = 222.9 Kn

®* V.- 0.75* 222.9 = 167.18 Kn > Vu = 157.5 Kn ...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=241.4Kn.m)

Assume bar diameter g 14 for main reinforcement

i 14
d = h- cover —‘—zi =300 —20 —— =273 mm
My 24l4x10®
" pbdZ T powi000w273E 3.6 Mpa
I 420
=—2 .= = 20.6
085/  0.B5x24
1 ZanR 1 2H20.6% 36
p=— 1— 1-""0 —— 17— 1 -2 —=0.0095
m 420 20.6 420

Asreq = p.b.d = 0.0095x1000%273 = 2592.95 mm?

Asmin = 0.0018*1000*300 = 540 mm?

Asreq = 2592.95 mm? ......... is control

Check for Spacing :-

S =3h =3*300 =900 mm
280

S =380%( 3 ) —2.5*20 = 330
7 * 420

S =450 mm

S=450mm ......... is control

Use 820 @ 120 mm _, As provided = 2616.67 mm?> > A required = 2592.95 mm?... Ok
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Check for strain:-

a= Asfy  _ 2616.67x420
T ossh ! T 085x1000%24

= 53.87 mm

i 53.87
c=—=——=63.38mm
By 0.85

273=-63.38 }
3.38

£, = 0.003 {5:—“} =0.003 ( =0.00992 > 0.005 ... 0k

3- Design of Landing :- (After First One Meter)

v" Load Calculation:-

Dead Load For Landing For 1m Strip = 9.29 Kn/m
Live Load For Landing For 1m Strip =5*1 =5 Kn/m

Factored Load For Landing :-

Wy =1.2 x9.29 + 1.6x5 =57.66 Kn/m

v" System of Landing:-

Service Live Load = 3 Kn/m

LoL S L E S L W L L S S L L L L LR L L L]

Semnvice Dead Load = 9.29 Kn/m

IRRRAAAANARRRRRRAAARRRRARAAAAARRRRRRANAN

S ;

15m 0dm 29m
e R = o

Fig 4.13 : Statically System and Loads Distribution After 1m of Landing.
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

Shear

546 -57.4

57.4 °°1

Fig 4.14 : Shear and Moment Envelope Diagram After 1m of Landing.

1- Design of Shear :- (Vu=55.1Kn)

Assume bar diameter g 14 for main reinforcement

d = h- cover — £ = 300 — 20 — = = 273 mm
Ve=: fc'b,d== -v24x1000 273 = 222.9 Kn

®* V.- 0.75* 222.9 =167.18 Kn > Vu =55.1 Kn ...... No shear reinforcement are required
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2- Design of Bending Moment :- (Mu=86.2Kn.m)

Assume bar diameter g 14 for main reinforcement

i 14
d = h- cover —‘—zi =300 —20 —— =273 mm
My __ BRZx10°
" pbdZ T powi000w273E 1.29 Mpa
I 420
=21 = = 20.6
085/  0.B5x24
1 2R 1 2x20.6% 1.29
p=— 1-— s - - - 22T —0.0032
m 420 20.6 420

Asreq = p.b.d = 0.0032x1000x273 = 863.45 mm?

Asmin = 0.0018*1000*300 = 540 mm?

Asreq = 863.45mm* ......... is control

Check for Spacing :-

S =3h =3*300 =900 mm
280

S =380%( 3 ) —2.5*20 = 330
7 420

S =450 mm

S=450mm ......... is control

Use 912 @ 125 mm _, As provided = 904 mm?* > A required = 863.45 mm®... Ok

Check for strain:-

A F .
_ sty - 9043420 _ 1o oo
0850 /- 0B5= 100024
c=,i =10 219 mm
Hy (.85
£, =0.003 ££ =0.003 22 =0.0344 = 0.005 ......0k
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3- Lateral or Secondary Reinforcement For Landing :-

Asreq = Asmin = 0.0018*1000%300 = 540 mm?’

USE ﬂlz @ 200 mm 3 As’provided = 565 mm2 > Asyrequired = 540 mmz... Ok

+4 45
v

Fig 4.15 : Stair Reinforcement.
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4.8 Design of Beam

< Material :-

b concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel fy = 420 N/mm?

«» Section :-

P B=800mm
P Bw=500 mm
P h=600 mm
P tf=350 mm

P d=600-40-10-25/2= 537.5 mm
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v Statically System and Dimensions:-

Geomalry Linits:meter, cm
1 2 3
1 2
B ﬂ & = ]
A ol A
0.3 BT 0.3 518 0.5
:'r — —
" 7. . 558 |
‘DEFZ
50,
AR
Leading
load na. 1
Dead ioad - Service Units kN meter
458 458
3 ¥
T. 558
Live load - Service Load factors: 1.20,1.20M1.60.0.00
5.4 3.4 l
T 558

Fig 4.16: Statically System and Loads Distribution of Beam (B 20).
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v" Load Calculations:-

Dead Load Calculations for Beam (B 20 ):-

The distributed Dead and Live loads acting upon B 20 can be defined from the support reactions of
the R19.

From Rib19

The maximum support reaction (factored) from Dead Loads for R19 upon B 20 is
25.03 KN, The distributed Dead Load from the R19 on B 20.
self weight = 3.5 KN
DL =25.03/ 0.54= 46.35+ 3.5 =49.85 KN/m

Live Load calculations for Beam (B 20):-

The maximum support reaction (factored) from Live Loads for R19 upon B 20 is 15.9 KN
The distributed Live Load from the Rib 19 on B 20.

LL =15.9/0.54= 29.44 KN/m

Moment/iShear Envelope (Faclored) Units kM, metar
— IOITAETITST  SpanE T F
545,
4823 AS0.7
,-'/\‘
i fff 1'EI,‘! -\E\-‘N—\-"\_ 3
|f#_..ﬂ- T --..._._‘_‘___\_\_\_-
r -~ FaLET "l
o — 5 S~ %3
2441
4416
| 28 . 42 338 \ 2.23 |
r T T L] 1
Shear
452.7
-JTED
-2FB.T
T LI :
336

3074 sy 229

Fig 4.17: Shear and Moment Envelope Diagram of Beam (B 20).
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Factored

H HH !
DeadR 16549 475.18 111.85
LiveR  141.93 374.18 116.85
Max R 307.42 84937 228.7
MinR 15387 6I2.8 8308
Service
DeadR 13791 395949 93.M
LiveR BB 213.86 7303
Max R 226062 629,85 166.24
MinR 130,65 454.5 76.23

v" Moment Design for (B 20):-

4.8.1 Flexural Design of Positive Moment for (B 20 ):-(Mu=441.6 KN.m)

Determine of My max
d =600 — 40 -10 — 25\2 = 537.5 mm

E_Sd . 537.5 =230.35 mm
- 7 - 7- . - .
a=1%8.c =230.35*%0.85 =195.8 mm
Mnmax = 0.85fab(d - = ) 0.85*24*195.8*800*(537.5-195.8/2 ) *10™°= ®= 1404.72 KN.m

@ Mnmax = 0.82* 1404.72 = 1151.9KN.m >441.6

Design as singly reinforcement

M, 441.6 % 10°

Rn= =2.12Mpa
ObdZ ~ 0.9 X 800 X 537.52 P
_ M a20
T ossf! T ossxz4 20.6
__l:]_ fl Ern:" l_ml:]_ fl_E}Cleth‘lz l'—'000534

A, = p.b.d = 0.00534x800x537.5 = 2296.2 mm?
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Check for As min :-

Asm.n-“ ( w)(d) = V24 N7 _x500*537.5 = 783.7 mm?

4( fy) 4*420
Aspi ( w)(d) = £*500*537 5=895.83mm®  Controls
m|n (fy) 20

As min = 895.83 mm? < A, = 2296.2 mm?

Use 5 g 25 Bottom, As provided = 2454.36 mMM? > A required = 2296.2 mm? ... Ok

Check spacing :-

SO=40%2=20=(5x25)
4

S= =68.75mm=>d,=25>25 0K

Check for strain:-

Asfy 245436 %420

= i = = 63.16 mm
0850 /¢ DESxB00x24
c=2 =21 — 74 30 mm
Hy (.85
£, =0.003 == =0.003 === =0.0187 >0.005 0k

4.8.2 Flexural Design of Positive Moment for (B 20 ):-(Mu=244.1 KN.m)

My 244.1%10°
Ri=—== - = 1.17Mpa.
"™ ghd? T noxBo0xs3T.5E p
Iy 420
=—T= = 20.6
085/, 0.B5%24
1 ZanLR 1 2% 20.6% 1.17
p=— 1- 1—— =— 1= 1—="7—" =0.00287
m 420 0.6 420

A = p.b.d = 0.00287x800x537.5 = 1234.1 mm?>.
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Check for As min :-
As’min =0.25 -ll'll.' bl.-!.l" d 2 u bl.-!-"' d
Iy Iy
A min :0.25% 600 x 290 = 507.4 mm?*

Aq min = —~ 600 % 290 = 580 mm? control
! 420

Asmin= 580 mm? < Aq = 1234.1 mm?

USE 4 /] 20 Bottom, As‘provided = 125663 mm2 > As‘required = 91736 mm2 Ok

Check spacing :-

g — 200-40+2-20-(4%20) _ 9¢ 66 mm = d,=20>25 OK

3

Check for strain:-

A : ;. ;
- 5-.!_1; = 1256.63 =420 - 3234 mm
0850 /¢ DB B00=24
c=,i Sl 38.1 mm
Hy (.85
£, =0.003 == =0.003 === =0.039 >0.005 0k

4.8.3 Flexural Design of Positive Moment for (B 20 ):-(Mu=-490.7 KN.m)

. M, 490.7 % 10° p—

n = = = 3. a
0bd? 09 % 500 X 537.52 P

m=-—2_ =29 _506
l'.I.HElfL- NESx24

o= Lo 1- 2.rr.!.ﬁ‘;.! N _1 1— 1-— zxzﬂ.u_.-axrs.ﬂ — 001
m 420 2.6 G20
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As = p.b.d = 0.01 x500x537.5 = 2687.5 mm?

CheCk fOf Ag’min -

Ag min :O.ZS L bw-. d E ﬂ bw-. d
' Iy I

¥

Asmin =0.25 Y21 600 x 290 = 507.4 mm?

320
Aqmin =~ 600 ¥ 290 = 580 mm? Control.
G20

As min = 580 mm? < As = 2014.6 mm?

Use 6 8 25 Top , As provided = 2945.24 mm? > A required = 2687.5 mm? ... Ok

Check spacing :-

_ 600=-40+2=20=(6x25)
5

S

50mm=>d,=20=>25 0K

Check for strain:-

As f 294524 =420
=) = =121.27 mm

Tossb ] T 085x500x24

=g RAT.5=14267

=0.003 ——— =10.0083 = 0.005 0k

14267
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v" Shear Design for (B 20):-

1. V,=-378.9 KN

Ve=: fc'b,d == -v24%500+537.5 = 219.43 KN

® V=0.75%219.43 =162.32 KN

® Vsmin > 0.75 (%) * bw * d =0 .75* (%)*500*537.5*10'3 =67.19KN  Controls

. Jic
® Vsmin > 0.75 (1—6‘3) *pw * d = 0.75*(%) * 500 * 537.5%10° = 61.75 KN

® VesVu < d Ve + & Vsmin
162.32<378.9<22951...... not satisfied

Cases 1 &2&3 is not suitable

Case 4 :-

ve =< fc'b, d=-VZ4+ 500+ 537.5 = 4389 KN
Q)I:i"‘r_ + v.a',:n:nj = i"‘r.: E Q)(vr_ + i‘:.u"')
0.75(142.1 +58) < 378.9 < 0.75(219.43 + 438.9)

shear reinforcement are required
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Use 2 leg @ 10

As =157 mm?

_ 3801
~ nr7s

Vs=Vh-V¢ —219.43 = 287.37KN

Aty d _ 157 %420 % 537.5

& v, ~ 728737 %1000 =123.33 mm control
d 537.5
Smax = E = —2 = 268.75 mm OF S < 600 mm
Use 2 leg ® 10 @100mm
2. V,=-233.6KN

® V=0.75%219.43 =162.32 KN

® Vsmin > 0.75 (%) * bw * d =0 .75* (%)*500*537.5*10‘3 =67.19 KN Controls

® Vsmin >0.75 (—“’1';0) *pw * d = 0.75*(%4) * 500 * 537.5*10° = 61.75 KN

®d VesVu < d Ve + @ Vsmin
162.32<233.6 <22951...... not satisfied

Cases 1 &2&3 is not suitable
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Case 4 :-

ve =< fc'b, d=-VZ4+ 500+ 537.5 = 4389 KN

3
Q)(i"‘r_ + 1';.'1',I:1'I]l'l:l < i"‘r.: 5 Q){vr_ + 3-3_.\'.")
0.75(142.1 +58) < 233.6 < 0.75(219.43 +438.9)

shear reinforcement are required

Use 2 leg @ 10

As =157 mm?

_ 2336
~ nr7s

—219.43 =90.97 KN

Vs=Vh-V¢

g _ Aufyd 157420 £537.5

v 9097 = 1000 S82-6mm

=

S”l.“.'l.'

d 537.5
> = — = 268.75 mm control

O S0y = 600 mm

Use2leg ® 10 @ 250 mm
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4.9 Design of Column

% Material :-
P concrete B300 F¢' = 24 N/mm?®
P Reinforcement Steel Fy = 420 N/mm?

v Load Calculation:- (From Column Group A)

Service Load :-

Dead Load = 417 KN
Live Load = 82 KN

Factored Load :-

Pu=1.2x417+ 1.6x82 = 631.6 KN

v" Dimensions of Column:-

Assume rg = 0.01
f *Pn=0.65x0.8" Ag{0.85 fc (1- rg) +rg*Fy}
631.6 =0.65x0.8" Ag{0.85*24 (1- 0.01) +0.01*420}

Ag=49787.48 mm?2
Assume Square Section
b=h=300 mm

v" Check Slenderness Parameter:-

Ku 54 1o M1eyg
r M 2

Lu: Actual unsupported (Unbraced) length.

K: effective length factor.
R: radius of gyration = \/% =03h .o For rectangular section

Lu=4-0.6=34m
M1/M2 =1
K=1 for braced frame.
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about X-axis (b= 0.3m)

@<34- 12m £ 40
r M2

1" 34
037 0.3

=37.78>22

Column Is Long About X-axis

about Y-axis (h=0.3m)

Ku 34 oML £y
r M 2

1 34 77852
03" 0.3

Column Is Long About Y-axis

v Minimum Eccentricity:-

Mux
Pu

eX = ey =

Structural Analysis and Design

min ex = min ey =15+ 0.03" h=15+0.03" 300 =24 mm = 0.024 m

ex =ey =0.024 m

v Magnification Factor:-

d =—SM s 10and £1.4
1- Pu
0.75 P,
cm =0.6+ 048105 g4
eM 2y

Cm =06+04*1=13%30.4
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_ pEl
“ (KLu)?
E.l
El =0.4—=9
1+b,

E, = 4700/ fc’' = 4700 /24 = 23025.2Mpa
_1.2DL _1.2*%(417)

b, =0.8<1
Pu 6316
s 13 . 3
1, =20 _038 03 _ po675m¢
T 12
o - 047 2302527 000675 _ o1
1+0.8
2 %345
=P 27— 95MN
(1*3.4)
d,. = L =1.431.0and £1.4
=, 636 7 ' '
0.75 *2.95

v" Interaction Diagram:-

Assume rg = 0.02
ex=ey=¢, d,=0.024"1.4=0.0336 m
ex e _0.0366 _

X _¢& _ 00366 _,,
b h 03
9 _9 _300-2%40-2%10-25 _
b h 300 |
* *

For L =06andrg=002p —PX _T*PW _53kg

h Ag Ag
Prx = Py =223 %2000 . 0.370.3 5 45y

145 0.65
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v" Bressler Equation:-

1 1 1 1
Pn Pnx Pny Po

Po = 0.8%300 *300 *{0.85 *24 * (1- 0.02) + 420 * 0.02}

Po = 2.04 MN
1 _ 1,1 1
Pn  2.13 213 2.04
Pn = 2.23 MN

f *Pn =0.65 *2.23 =1.45MN 3 Pu = 0.6316 MN
\ SHfe

rg* Ag

As
As =0.02 *30 *30 =18cm 2

Select 4f 256 b Asprov =19 .64 cm 2

v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing £16° d, =16" 2.5=40 cm
spacing £48° d, =48" 1.0 =48 cm
spacing £ least dim =30 cm

Usef 10 @ 20 cm

Fig 4.18 : Column Reinforcement.

93



Chapter Four

Group A:- From 0 To 500 KN

» (C73) D.L=417KN, L.L=82KN

External Columns:-

Structural Analysis and Design

C 63 =429 KN
C 75=497 KN
C92=328 KN
C 96 =262 KN
C 100 =40 KN
C 104 =49 KN
C 108 = 230KN
C112=112 KN
C 130 = 382 KN
C 136 = 401 KN

C 142 =382 KN

C 21 =453 KN C 62 =367 KN

C 73 =498 KN C 74 =447 KN

C 86 =311 KN C 87 =483 KN

C 94 =230 KN C 95= 231 KN
C98 =112 KN C99 =121 KN

C 102 =50 KN C 103 =49 KN

C 106 = 294 KN C 107 =82 KN

C 110 = 262 KN C 111 =112KN

C 114 =40 KN C 129 =178 KN
C132=178 KN C 133 =401 KN

C 140 = 401 KN C141 =178 KN

C 144 =178 KN

Internal Columns:-

C 115= 354 KN C 116 = 368 KN
C 119 =354 KN C 120 = 404 KN
C 123 =341 KN C 124 = 354 KN
C 127 = 368 KN C 128 =422 KN

C 117 =422 KN

C 121 =159 KN

C 125 =404 KN

C 72 =490 KN

C 77 =304 KN

C93=76.07 KN
C97=112KN

C 101 =277 KN
C 105=50 KN

C 109 =231 KN
C113=121KN
C 131 =382 KN
C 137 =401 KN

C 143 =382 KN

C 118= 341 KN
C 122 =178 KN

C 126 = 354 KN
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Group B:- From 500 KN To 1000 KN

»» (C 29) D.L =846 KN, L.L =126 KN

External Columns:-

C 01 =740 KN C 04 =793 KN
C 22 =934 KN C 23 =584 KN
C 26 =583 KN C29=972 KN
C 44 =789 KN C 45 =629 KN
C 50 = 784 KN C 53 =696 KN
C 68 =780 KN C 71 =636 KN
C82=776 KN C85=726 KN
C 91 =545 KN

Internal Columns:-

C 78 =949 KN C 134 =837 KN
C 139 =837 KN

Group C:- From 1000 KN To 1500 KN

» (C52) D.L=1234 KN, L.L=262N

External Columns:-

C02=1378 KN C 03 =1396 KN
C 37 =1058 KN C40=1151 KN
C 52 = 1496 KN C 89 =1032 KN
Internal Columns:-

C12=1135 KN C 16 = 1442 KN
C79=1214 KN C 80 = 1450 KN
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C 06 =840 KN
C 24 =932 KN
C30=941 KN
C47=735KN
C57=644 KN
C 76 =552 KN

C88=677 KN

C 135=837 KN

C19=747 KN
C25=664 KN
C 33 =553 KN
C 49 =545 KN
C67=916 KN
C81=541KN

C 90 =687 KN

C 138 =837 KN

C 18 =1016 KN

C46=1218 KN

C 20 =1350 KN

C 83 =1035 KN

C 34 = 1495 KN

C 48 = 1230 KN

C35=1225KN

C 84 =1070 KN
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Group D:- From 1500 KN To 2000 KN

»» (C 43) D.L=1335KN, L.L =520 KN

External Columns:-

C 05=1642 KN C07=1761 KN
C27=1701 KN C 32 =1662 KN
C 69 = 1503 KN C 70 =1503 KN

Internal Columns:-

C 09 =1522 KN C 36 =1801 KN

Group E:- From 2000 Kn To

»» (C 13) D.L=2322 KN, L.L =773 KN

External Columns:-

C 14 =2018 KN C 56 = 2296 KN

Internal Columns:-

C 08 =2924 KN C 10=2773 KN
C 28 =2430 KN C 31 =2569 KN
C 55 =2015 KN C 60=2767 KN
Group F:-

»» (C58) D.L=1887 KN, L.L =662 KN

Circular Column

C 39 =1412 KN C42=1131 KN

Structural Analysis and Design

C 15 =1566 KN C 17 =1567 KN
C 51 =1503 KN C 61 =1525 KN
C 38 =1804 KN C 43 =1854 KN
C 66 = 2850 KN

C 11 =2736 KN C 13 =3095 KN

C41=2012 KN C 54 = 2319 KN

C 64 = 2845 KN C 65 = 2524 KN

C 58 = 2548 KN C 59 =2218 KN
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4.10 Design of Shear Wall

573.27KN E‘~ \
1618, 9LKN.m 936 11KN Eh ;
4584.36KNm [253.43KN E‘n IIE
8883.3KNm §~. \

Moment Diagram Shear Diagram P R

Fig 4.19 : Shear and Moment Diagram of Shear Wall.

+« Material and Sections:- (From Shear Wall 2)

P concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel Fy = 420 N/mm?
P Shear Wall Thickness ~ h=30cm

P Shear Wall Width Lw=83m

P Shear Wall Height Hw=1245m
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v" Design of Horizontal Reinforcement:-

a Fx=Vu=1253.45KN

The critical Section is the smaller of :

:£:4.15m

2

245 o

SERE

storyheigh (Hw) = 4m........ Control

d=08"Lw =0.8"8.3=6.64m

5 —
Q)I"J::lrr:ux = Qg fc,hd
= 0.75 % 0.83 * V24 * 300 * 6640 = 6099.23 KN >V, = 1253.45KN

.. is the smallest of :

1 1

1=V == f.'hd =-/24 % 300 * 6640 = 1626.46KN ........ Control

&

— N, d
2— V. =027 f'hd +o = 0.27v/24 % 300 = 6640 + 0 = 2634.867KN
; "‘rh'

l, 0.1 F+0-2ﬁ
Y hd

3 = I{ o 005 E_l_ My e

Vy 2

8883.3 —4584.36 M, —4584.36

445 —4

4.45
M Ly 5019082 8.3
- = ——=-0.15 £0.00 ........ Neglected
Ve 2 125345 2

= M, = 5019.082KN.

Vu =1253.45 KN

@*Vc =0.75*%1326.46 = 1219.85 KN

. 4/ fc’
Vs,min = 1_60* bw*d= % *300 * 6640 =609.92KN ........... Control

Vs,min = L. bw*d= = *300 * 6640 = 664 KN

1
3
@ *(Vc + Vs,min) = 0.75*(1626.46 + 609.92) = 1677.285 KN
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Chapter Four Structural Analysis and Design

Case 3 :-
@*Vc =1219.85 KN < Vu =1253.45 KN < @ *(Vc + Vs,min) = 1677.285

Al’f! . Hﬁ',::lj’?i . 609.92 * ]_()-1

= = = 0.2187
S Fyxd 4206640

Min (ﬂ ) =10.0025*h = 0.0025*300 = 0.75 .......... Control

Sy

Select @ 12 in Two Layer

_ Trgrx] 22

Ay = 226.2 mm2
226.2 0.75

Sn’i o
5,= 300 mm

- Maximum spacing is the least of :

Lw_ 8300 _ 1660mm
5 5

3*h = 3*300 = 900mm

450 mm ....... Control

Use ¢$12/300 mm for two layers

v" Design of Vertical Reinforcement:-

A =[0.0025 +05 25— 20,0025 ]*300

Lw Suxh

A [0.0025 +05 25——— 20,0025 ]*300

8.3 F00x300
v

5, =0.752
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Chapter Four Structural Analysis and Design

Select @ 14 in Two Layer

Trarx 145

Ay = = 307.876 mm2
307.876 0.752

P
5,=409.4 mm

- Maximum spacing is the least of :

w_ @ = 2766.67 mm

3
3*h = 3*300 = 900 mm
450 mm ....... Control

Use ¢14/400 mm for two layers

v" Design of Bending Moment:-

8300 B p
A = o5 *2+153.94 = 638843 mm
Ay f, 638843 420
W= I.h 7/ 8300%300 24 049
__& _
Q= L hf 0
cC_ wt+a 0.0449 + 0 B
l, 2w+085f8, 2x0.0449 +0.85+*0.85 0.055
Q)M:lz =0 OS'AHEI_UIW(]‘ +Af}u}(1 _i}

=0.9 0.5 * 6388.43 * 420 = 8300(1 + 0)(1 — 0.055) = 9467.6 KN.m = 8883.3KN.m

Use ¢14/400 mm for two layers
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Chapter Four Structural Analysis and Design

4.11 Design of Foooting

« Material :-
b concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

v' Load Calculations :- (From Column Group B)

Dead Load = 846 Kn, Live Load = 126 Kn

Total services load = 846 + 126 = 972 Kn

Total Factored load = 1.2*846 + 1.6*126 = 1216.8 Kn
Column Dimensions (a*b) = 40*30 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 300 Kn/m2

[Live [.oad =5 KN/m2

e s,
: TriogEecC

i

Fig 4.20 : Foundation Section.

Assume h = 45cm

Ot atiow = 300 — 25*0.45 — 18*0.45 — 25*0.45 — 5= 264.4 kn/m2
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Chapter Four

v" Area of Footing :-

Pt 972

— — 2
TV 3.68m

A=

qnet-allow
Assume Square Footing
SelectB=19m

v’ Bearing Pressure :-

qu = 1216.8/1.9*1.9 = 337.06 Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume h = 45cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d =450 - 75— 14 = 361 mm
Vu=gur (=2 —d) =L

19=0.3

Vu = 337.06-

—0.361) =1.9 =281.14 Kn

f.Vc:f%* fo*h, *d

fVc = 0.75*%* 24 *1900 * 361 = 420.03Kn

f Vc =420.03KN >Vu =281.14Kn
\  SHfe
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Chapter Four Structural Analysis and Design
2- Design of Two Way Shear Strength :-

Vu=Pu- FR,

FR, =q, *area of critical section

Vu =1216.8- [337.06* (0.4 +0.361) * (0.3 +0.361)| =1047.25Kn

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

fv—f—gi \/ R
1lea, 0

fV. =f. = +22/t % d
1280, /d e

fv, =f —\/7¢bd

Where :-

Column Length (a) 40
b. = =—=133
Column Width (b) 30

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

b, = 2*(36.1+40) + 2*(36.1+30) = 284.4cm

as - 40 for interior column

gi 0\/ Yd = 075*§+ és"* 24 * 2844*361 = 1574.15Kn
(4]

- . )
fv, =t 288 1591 % _075 00, »0u 24 * 2844 361 = 2224 81Kn
128, 1d %3 é 2844 g

f v, =f —w/ %d_075 24 *2844*361=1257.43Kn

®dVc =1257.43 Kn >Vu=1047.25 Kn
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Chapter Four Structural Analysis and Design

3- Design of Bending Moment :-

Critical Section at the Face of Column

H=i1
2

1.9=03

* [.=337.06 * =5 *1.9 =512.33Kn

FR =qu*

Mu = 512.33* 0.4 = 204.93 Kn.m

My 20493x10°

" pndE T powion0xistt 0.92 Mpa
f 420
m= —= ;= = 20.6
08sf] ~ 0.85x24
1 2m.R 1 2320610072
p=— 1-— 1—— =— 1= 1—"—"" =0.00224
m 420 20.6 420

Asreq = p.b.d = 0.00224x1900x361 = 1537.27 mm?

As min = 0.0018*1900*450 = 1539 mm?
Asreq = Asmin = 1539 mm? ......... is control

Check for Spacing :-

S =3h=3*450 =135 mm

s = 380%( ;T;G ) — 2.5%75 = 192.5 mm
3 *

S =450 mm

S=450mm ......... is control

Use 9216 in Both Direction, As provided = 1809 mm?* > A required = 1539 mm?... Ok

Check for strain:-

As f 1R09x 420
= L= =19.6 mm
0850 ) 0BSx1900%24
i 19.68
C=—=——=23mm
By 0B85

£, =0.003 == =0.003 = =0.044 >0.005 .....0k

.
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Chapter Four Structural Analysis and Design

4- Design of Dowels :-

Load Transfer In Footing :-

FPnb=F(0.85fc® ~ \/%)

A;=40*30=0.12 m?
A, = 190* 190 = 3.61 m?

F:,/ﬂ=5.48>2 ................ \/Ezz
A 0.12 A

FPnb=0.65" (0.85" 24" 120" 2) = 3182 .4Kn
FPn=3282.4>Pu =1216 8. .ok

No Need For Dowels

Load Transfer In Column :-

FPnb=0.65" (0.85 24" 120) =1591 .2Kn
FPn=1591.2 > Pu =1216 .8.......... .ok

No Need For Dowels
As,min =0.005* Ac = 0.005 * 400 * 300 = 600 mm2

USG 8ﬂ20, Ag’provided = 2512 mm2 > Ag’required = 600 mm2 Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

Fy i "
Ldy yeq = —+ ==« 5705« db > 300mm

o A f
dir
_ 16 200

Ktr =0 No stripes ch =175 +7=83mm Or cb=7=100 mim
ktr'+cb_0+83_519}25

dh 16 7 '
.‘ctr'+cb_25

db 7
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Chapter Four Structural Analysis and Design

Ldp yoq = — % — « X208, 16 = 395.054 mm > 300mm
10 1x/24 25

Labr avaitale = - -75= 725 mm

Ldr available = 725 mm > id,.., = 395.054 mm ........ OK

Compression Development Length In Footing :-

Ldc req = 2212222 > 0,043*Fy*dB > 200mm
02442012
Ldoreg = 212002 = 2469 > 0.043+420%12 = 216,72 > 200mm

LdC available = 450 - 75 - 16 - 16 = 343 mm > LdC req = 246.9 mm........ Ok

Lap Splice of Dowels In Column :-

Lsc =0.071" fy ~ db=0.071" 420 ~ 12 = 357.84 mm > 300 mm

Select Lsc =500 mm
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Chapter Four Structural Analysis and Design

==
>
co
| F‘1 ; A
SRel L =] )
D y
S | o d
E=EE=
10 75 40 75 ;
10 190 10
210

f= -‘-FF
]
<t w_m
Iy
= %ﬂn
I
= %ﬂn =
= R e DR e L *

w75 40 75 10
10 190 10
21l

Fig 4.21 : Foundation Reinforcement.
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