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Abstract

Structural Design for Hebron Hospital.
Prepared by:
Anas Najeh Hashlamoun Naji Rashed Said
Qusai Waleed Abu-Rayyan

Supervisor
Eng .Sufian Al-Turk

Project objectives can be summarized in the structural design of all structural
elements contained in the building project, the slabs, beams, columns,
foundations, walls and other structural elements.

The project is about a hospital consists six floors including the parking. The
variation of the architectural distribution was included in each floor such as area
exploits, which has gave us the knowledge in the structural design of concrete
buildings.

The idea of this project is the structural design of a hospital contains all the
necessary services to all patients, like inside and outside parking, emergency
department with an easy access, enough numbers of patients and operations
rooms and other departments like outside clinics, physical therapy and etc...

The project consists of several stages start with checking the architectural
plans, then selecting the various structural elements of the slabs, columns, beams,
foundations and shear walls details which match the architectural requirements
of the building, then we designed the structural elements using computer
programs then we collected the results as numbers and sketches.

We depend on the Jordanian code to determine the live loads, and to
determine the loads of earthquakes we used (ASCE 10-16), for analyzing and
design the structural sections we depended the American code (ACI_318- 08),
we used some computer programs such as: Autocad 2020, Office2019, Atir 2018,
and others.
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Chapter 4 Structural Analysis and Design

4-1 Introduction

Concrete is the only major building material that can be delivered to the job site in a plastic
state. This unique quality makes concrete desirable as a building material because it can be molded
to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete structure
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is
embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond forms
between the steel and the concrete, and stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are many type of slabs such that “one way ribbed slab”, They would
be analyzed and designed by using finite element method of design, with aid of a computer
program called "BeamD- Software” to find the internal forces, deflections and moments for ribbed
slabs, and then handle calculation would be made to find the required steel for all members.

4-2 Design method and requirements

The design strength provided by a member, its connections to other members, and its cross
sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated
in accordance with the requirements and assumptions of ACI-318-11 code.

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

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.
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Material
Reinforced Concrete: B350 , fc' = 28 N/mm? (Mpa)

Reinforcement Rebars: fy = 420 N/mm?(Mpa)

Strength reduction factors (9).

According to AClI a reduction factor for structural elements must be included in the calculation
of concrete sections, these factors are less than 1.0 for safety purposes, 0.9 for tension controlled
sections, 0.75 (Spiral) or 0.65 (Stirrups) for compression controlled sections, 0.75 in shear
calculation and 0.6 for plain concrete sections. The strength factor () changes with net tensile
strain of the cross section as illustrated in the following figure:

f vs =0.75 + (g - 0.002)(50)
0.90
0.75 p=2=2mmm
0.70 Other ¢ = 0.70 + (g-0.002)(200/3)
Compression Tension
controlled— _|. Transition | _controlled
P N -l
| &=0002 &= 0.005
c c
—=0.600 —=0.375
d; di

Fig. (4-1): Variation of @ factor with net tensile strain (ACI 318)

4-3 Factored loads
The factored loads used in the structural analysis and design according to ACI-318-11(9.2) eq.
, Is determined as follows:

Wu = 1.2DL + 1.6LL
Where;
Wu: Ultimate Load (KN)
DL: Dead Load (kN)

LL: Live Load (kN)

4-4 Determination of minimum thickness of structural members
Minimum thickness of non-prestressed beams or one-way ribbed slabs unless deflections
are calculated. (ACI 318M-11)

Minimum Thickness, h

Simply One-end Two-ends .
SRS Supported continuous continuous Cantilever
Ribs & Beams Span(L)/16 Span(L)/18.5 Span(L)/21 Span(L)/8

Table (4-1): Determination of minimum thickness of structural member
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4-5 Rib Design

- Rib (R1) - Basement (-2) Floor:

SWB(-2)-01
B06-B(-2)

C ol | | o | I L I |

5 2o I Dl [ ] — | @l
M= \"'ﬁi.r\ i g | [ TSI =i 3 o

£ | 3 || I Y I |l =

| | @ | I — | T | [ o)
al Q1 | 2l — ) I ) -
P | @ | I 2 5l | | | | O
ol ko I Sl I ~— [ I || P
e | N[ " 19 | | )| | 2 _—
) | I | | | | | & | 2

| | I s I | | [&i—_

| | I[ Il I | I | |

C22,8(-7)
C40,B(-2) €32.8(-2) B Wall-02- ( b) C17.8(-2)
Fig. (4-2): Rib (R1) - Basement (-2) Floor
- Geometry for Rib (R1):
1 2 3 4 5

0.6, 3.99 0.6, 5.28 0.6, 5.24 0.6 4.42 0.6, 3.42 0.3
L 4.59 N 5.88 N 5.84 o 5.02 S asr

L Il | | | ]
I 1 1 1 1 1

Fig. (4-3): Geometry for Rib (R1)
- Section in Rib (R1):
Section (A-A)

F 7cm Sand F 2cm Mortar ’7 3cm Tiles
L ’, 7 7 o

8cm - Topping

h - Block

2cm Plaster

Fig. (4-4): Section in Rib (R1)

- System of Rib (R1):
Span (1) Span (2) Span (3) Span (4) Span (5)
Support (A) Support (B) Support (C) Support (D) Support (E) Support (F)

b= =t =t -t e =
4.593m 5.8778 m 58438 m 5.0244m 38699 m

Fig. (4-5): System of Rib (R1)
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Determination of thickness (h) for Rib (R1)

_ Span (L) 45930

For one — end continuous: hpin = 85— 185 24.83cm
_ Span (L) 5.8778
For both — ends continuous: h,;, = 1 - 1 - 27.99cm — Control

=~ Select thickness (h) = 28cm ; (8cm Topping + 20cm Block)

Topping Design
Loads for topping:

1) Dead Load calculations for 1m strip:

Dead Load | gy 9m | ki
Tiles 0.03x23x1m | 0.69 I ™
Mortar 0.02 X 22 X 1m 0.44 %[‘l D [‘ TEA 2o
Sand 0.07x16x1m | 1.12 vk i it oz B e o
Topping 0.08 X 25 X 1m 2.00 g
Partitions 1.5 X 1m 1.50 Fig. (4-6): Section in Rib
Sum 5.75

Table (4-2): Dead load calculation of topping
Dead Load = Sum = 5.75 kN/m

2) Live Load calculations for 1m strip:

Live Load = 5.00 (kN/m?) X 1m = 5 kN/m

Factored Load = 1.2 X D.L+ 1.6 X LL=12X5754+ 1.6 x5 =14.9kN/m

System & Analysis: | Wu =14.9 kN/m |
_qyxL 149x04 L N
u = 2 = > = 2.98 kN f 10cm 1
0.199 kN.m 0.199 kN.m
qu X L2 14.9 x 042 0.099 kN.m
Mu = = = 0.199 KN.m _ _
12 12 Fig. (4-7): System of Topping
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Design of Shear Force

@®Vn = 0.6 X 0.11AVfc’ X bh = 0.6 X 0.11 X 1.0 X V28 x 100 X 80
= 27.94kN > Vu = 2.98 kN

-~ Safe against shear force

Design of Bending Moment:

- bh? 1000 x 802
OMn = 0.6 X 0.42A/fc' X —— = 0.6 X 0.42 X 1.0 X V28 x ———— = 1.422kN.m

&~ @Mn = 1.422kN.m > Mu = 0.199 kN.m

2 No reinforcement is required by analysis. According to (ACI 318) provide Asp,;, for
topping as shrinkage and temperature reinforcement.

As = 0.0018 x bh = 0.0018 X 1000 x 80 = 144 mm?/m

Try @8 bars with As = 50.27 mm?

Take 3 ®8/1m with As = 150.8 mm?/m strip or 8/30cm in both directions

Step (s) between bars is the smallest of:
1. 3h=3x%x80=240mm - Control

2. 450mm

—2.5x20 =330mm

280
3. 38O><<f )—2.5><Ccz380><

2
s ER 420
280 280
buts < 300 x ( ) = 300 x = 380mm .. Select s = 200mm < 240mm — Ok
fs 2 420

3

=~ Select #8/20cm in both directions.
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Rib Design

Loads for Rib:

1) Dead Load calculations for Rib:

Dead Load

Y X 8 X b kN/m : Loads on Rib
from 7
Tiles 0.03x23x0.52| 0.3588 :
Mortar 0.02 x 22 x 0.52 | 0.2288 [ S
Sand 0.07x 16 x 0.52 | 0.5824 | * | N Lo
Topping 0.08 X 25 x 0.52 |  1.0400 | = H
Rib 0.12 X 25 % 0.20 |  0.6000 R
Block 0.40 x 12 x 0.20 0.9600 Fig. (4-8): Section in Rib
Plaster 0.02 x 22 X 0.52 0.2288
Partitions 1.5 x 0.52 0.7800
Sum 4.7788
Table (4-3): Dead load calculation of Rib
Dead Load = Sum = 4.7788 KN/m
2) Live Load calculations for Rib:
Live Load = 5.00 (kN/m?) X 0.52 = 2.6 KN/m
Dead load - Service Units:kN,meter
4q7 4.7 4.77 4.77 a7
4.59 5.88 5.84 5.02 3.87
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2,60 2.60 2.60 2.60 2.60
4.50 5.88 5.84 5.02 3.87

Fig. (4-9): Service loads on Rib

Factored Load = 12X D.L+ 16X L L=12x%x4.77884+ 1.6 X 2.6

= 5.735 kKN/m? + 4.16 kN/m?
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Design of Shear Force:
_Shear

-29.1 -30.9 -30.

-25.5 24.6 -25.7
237 203 .

|4 | 1 ] I } I 1 | |

T T LI L LI L LI L n

13.3

18.8
249 258 22 24.6

303 31.1 218

18.2

Fig. (4-10): Shear envelope of Rib

Vu.x = 25.8 KN ; at the critical section ( distance (d) from the face of support )

12
Assume @12mm bar diameter for Rib -» d =280—-20—-8 — > = 246mm

Shear strength provided by concrete (\Vc):

1 1
Vc=1.1xgxxx\/Exwad=1.1xgx 1.0 X V28 X 120 x 246 = 28.64 kN

& @Ve = 0.75 X 28.64 = 21.48kN < Vu = 25.8 kN
-~ Shear Reinforcement is required.
Category (I11):

@ X Vspin = largest value of the following two equations

1 1
1. @ X Vsyin =0 X 3 X b,d = 0.75 X 3 X 120 X 246 = 7.38 KN — Control

1 - 1
2. @szmin=®x1—6>< fc xbwdz0.75x1—6xV28x120x246=7.32kN

11X @ XVc+ @ X Vspin = 21.48 + 7.38 = 28.86 kN > Vu = 25.8 kN

- Minimum shear reinforcement is required.
Ay
@ X Vspin = 0.75 X ? X fyd

Try @8mm bar for shear reinforcement

A, = Number of legs X Agpeleg = 2 X 50.27 = 100.54 mm?

10
5@ X Vspin = 7.38 X 103 = 0.75 X

Sreq

X 420 X 246

d
= Speq = 1055.67 mm > 5= 123mm < 600mm

=~ Select 208/10cm for all spans near supports and 2¢8/30cm at middle spans.
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Design of Positive Moment (Bottom Reinforcement):
According to ACI the effective flange width is the smallest of:

_ minimum clear span _ 3170mm

1. be = 2 = 2 =792.5cm

2. be =16 X hg+b,, =16 X 80 + 120 = 1400 mm
3. be = center to center spacing between adjacent beams

=400+ 120 = 520 mm — Control

_Moments: spans 1to 5

202 -32.2 28,
-20.9 5 -20.6 *27§3 19.4 A 202 -20.9
A /\K 13.7 4 -14.
I 831, | | 1. | | |2 |
. [ AN 188 N 83 | j-‘?i RN "
' 83/0.96  0.94 0. 0.
N4 oo gt - Z
13,
| 184 276 | 204 | 204 | 2020 . 200 | 251 . 251 | 232 155 |
Fig. (4-11): Bending moment envelope of Rib
Between all spans; Mug,x = 19.6 KN.m for span (3)
Check whether a < hy:
h¢ h¢
@PMn = @ X C X (d_?) = 0.9 x 0.85fc’ X h¢b x (d—?)
80
= 0.9 X 0.85 x 28 x 80 x 520 X (246 — 7) x 1076
= 183.56 kN.m > Mup,,x = 19.6 kN.m ; .~ a < hg
Section will be designed as rectangular concrete section with b = b, = 520mm
. Mu/@ 19.6 X 10°/0.9 _ 0.692 MP _f, 420 1765
"7 baz T Tsz0x 2462 @ MT08sf T 085x28
_ 1 1 1 2Kn X m _ 1 1 2 X% 0.692 x 17.65 — 0.00167
P m , | 17.65 420 -

o ASpeq = pbd = 0.00167 X 520 x 246 = 213.63 mm?
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- Check for minimum reinforcement:

Vic V28 ,
ASpin = 0.25——by,d = 0.25 X —— x 120 x 246 = 92.98 mm
£, 420
1.4 1.4
or; Aspin, = f—bwd =220 % 120 X 246 = 98.4 mm? — Control

y

ASreq = 213.63 mm® > Aspn, = 98.4 mm*  — Ok
= Select 29012mm with As = 226 mm? > As,.q = 213.63 mm?

- Check for strain:

__Asxf, _ 226x420

4= 085fC xb 085x28x520 o/ mm
a  7.67

X=—=——-=9.02mm ; For fc' =28MPa <30MPa — [; =0.85
B, 085

X 246 —9.02
~ & =0.003 (T) = 0.003 x (—

9.02 > =0.079 > 0.005 -0k

So, For span (3) bottom reinforcement; Select 2¢012mm with As = 226 mm?

For Span (1):

Mut =175kN.m ; a<h¢ since ®Mn @ (a = h¢) = 183.56 kN.m > Mu®
=17.5kN.m

o _Mu/B _17.5x10°/09
"T a2 T 520 x 2462

= 0.618 MPa

= 0.00149

= 17.65

1 [, 2 % 0.618 X 17.65
P 420

“ ASpeq = pbd = 0.00149 x 520 X 246 = 190.73 mm? > Asy,;, = 98.4 mm?
~ Select 29012mm with As = 226 mm? > As,.q = 190.73 mm?

- Check for strain:

a=767mm - x=9.02mm

X 246 — 9.02
- g =0.003 (T) = 0.003 X (—

= 0. . — 0k
9.02 > 0.079 > 0.005 0

So, For span (1) bottom reinforcement; Select 2¢012mm with As = 226 mm?
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For Span (2):
Mu* =19kN.m ; a<h; since Mn @ (a = hf) = 183.56 kN.m > Mu* = 19kN.m

_ Mu/¢ 19 x 10°/0.9

Kn = - = 0.971 MP
N=3q T 520x2462 0 a

_ U [, [, _zxo67ixa76s\ _ o
P = 1765 420 -

% ASreq = pbd = 0.00162 x 520 X 246 = 207.29 mm? > Asy;, = 98.4 mm?
~ Select 2¢12mm with As = 226 mm? > As,,q = 207.29 mm?

- Check for strain:

a=767mm - x=9.02mm

X 246 —9.02
~ & = 0.003 (T) = 0.003 x (—

9.02 > =0.079 > 0.005 -0k

So, Forspan (2) bottom reinforcement; Select 2012mm with As = 226 mm?

For Span (4):

Mut =13.9kN.m ; a<hf since ®Mn @ (a = h¢) = 183.56 kN.m > Mu®
=13.9kN.m

o Mu/B _ 13.9x10°/09
"TThaE T 520 x 2462

= 0.491 MPa

= 0.00118

= 17.65

1 [, 2 x 0491 X 17.65
P 420

* ASpeq = pbd = 0.00118 X 520 x 246 = 151.06 mm?* > As;, = 98.4 mm?
= Select 2¢10mm with As = 158 mm? > As,.q = 151.06 mm?

- Check for strain:

158 x 420 o 536 _ .
= = 5. - = —=06.
4= 0.85x 28 x 520 mm X= 085 mm

X 246 — 6.31
- g =0.003 (T) = 0.003 X (—

=0.114 . — 0k
631 > 0 > 0.005 0

So, For span (4) bottom reinforcement; Select 2010mm with As = 158 mm?
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For Span (5):
Mu* = 13kN.m ; a<h; since Mn @ (a = hf) = 183.56 kN.m > Mu* = 13kN.m

Since Mu* = 13kN.m < Mug,, span (4) = 13.9kN.m ; and usually there is no reinforcement
less than 2010mm in ribs;

So, For span (5) bottom reinforcement; Select 2010mm with As = 158 mm?

Design of Negative Moment (Top Reinforcement):
_Moments: spans 1to 5

_292 '32-2 —28_
209 1 208 23.4 ) 233 o4 202 209
iy T
AN 'r } ! s |
b Bisioise\ 19? iolm\ /4'5:3;0: 4.?. . '
M' " 0ee | bar 79 3
13.9 13,
175 1. 196

! 184 278 ! 294 |, 204 ! 202 202 ! 261 |, 251 | 232 1.55!

Fig. (4-12): Bending moment envelope of Rib

Between all spans; Mup,,x = 23.4 KN.m at the face of support (C)

Section will be designed as rectangular concrete section with b = b, = 120 mm

o Mu/0_234x10°/09 _ b a0
N ThaE T T 120x 2462 a0 M=585td T 085%x28
B " 2Kn X m B 1 " 2 X 3.58x17.65 = 0.00929
P f, | 17.65 420 e

o ASpeq = pbd = 0.00929 X 120 X 246 = 274.24 mm? > As;, = 98.4 mm?

= Select 29014mm with As = 308 mm? > As,.q = 274.24 mm?
- Check for strain:

308 x 420 _ 45.29

a= 0.85 X 28 X 120 =4529€mm - X =085 = 53.28 mm

d—x 246 — 53.28
- g = 0.003 (T) = 0.003 x (W) = 0.0109 > 0.005 -0k

So, For support (C) top reinforcement; Select 2014mm with As = 308 mm?
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- Length of Bars:
According to ACI; length of bars shall not be less than:

Lcy Lc, 5.278 5.235
L> T+bsupport+T = T+0.6+T =4.1m

~ Select L =4.50m

For Support (B):
Mu~ = 20.9 KkN.m

_ Mu/® 209 x10°/0.9

bdZ - 120 x 2462 198 MPa

Kn

= 0.00821

= 17.65

1 ([, 2 % 3.198 X 17.65
P 420

* ASpeq = pbd = 0.00821 X 120 x 246 = 242.31 mm?* > Asp;, = 98.4 mm?
= Select 29014mm with As = 308 mm? > As,.q = 242.31 mm?

- Check for strain:

a=4529mm - x=153.28mm

246 — 53.28
53.28

X
SoEg = 0.003( ) = 0.003 x ( ) = 0.0109 > 0.005 -0k

X
So, For support (B) top reinforcement; Select 2014mm with As = 308 mm?
- Length of Bars:

5.278 3.993
L > 3 + 0.6 + 3 = 3.69m ; ~ Select L =4.00m

For Support (D):
Mu~ = 20.2 KN.m

_ Mu/®  20.2x10°/0.9

K - = 3.091 MP
T Thd? T 7120 x 2462 A
_ b (| _2x3091xa765) _
P = 1765 420 -

o ASpeq = pbd = 0.00791 x 120 X 246 = 233.56 mm? > Asp;, = 98.4 mm?

= Select 29014mm with As = 308 mm? > As,.q = 242.31 mm?
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- Check for strain:

a=4529mm - x=5328mm

X 246 — 53.28
« g = 0.003 (T) = 0.003 X (—

T378 ) =0.0109 > 0.005 -0k

So, For support (D) top reinforcement; Select 2¢14mm with As = 308 mm?

- Length of Bars:

5.235 4.434
L> 3 + 0.6 + 3 = 3.823m ; ~ Select L = 4.00m

For Support (E):

Mu™ =14 kN.m

_ Mu/® 14 x10°/0.9

- = 2.142 MP
bdZ 120 x 2462 4

B 1 2 %2142 x 17.65 — 0.00535
P = 1765 420 =Y

o ASpeq = pbd = 0.00535 x 120 X 246 = 158 mm? > As;, = 98.4 mm?

« Select 2010mm with As = 158 mm? = As,,

- Check for strain:

a=2324mm - x=27.34mm

X 246 — 27.34
- g = 0.003 (T) = 0.003 X (—

2734 > =0.024 > 0.005 -0k

So, For support (E) top reinforcement; Select 2010mm with As = 158 mm?

- Length of Bars:

3.17 4.434
L> 3 + 0.6 + 3 = 3.14m ; ~ Select L = 3.50m
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4-6 Beam Design

- Beam (01) - Basement (-2) Floor:

O N>
|
-
a B01-B(-2) C16,8(-2) ?
m 1 ' ' 17 ' 1 ' IS
4 IRBINEE ]
% =
M
Fig. (4-13): Beam (01) - Basement (-2) Floor
- Geometry for Beam “B01-B(-2)":
1 2
T+ ﬂ T ﬂ VT
g1 .ﬂ 1 & 141
0.3 3.9 , 045 2.46 0.3
L 4.28 - 284 L
Fig. (4-14): Geometry for Beam “B01-B(-2)”
- System for Beam “B01-B(-2)”:
Span (1) Span (2)
Support (A) Support (B) Support {C)
}_- 4.2750m 2.8393 m -—1

Fig. (4-15): System for Beam “B01-B(-2)”
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Determination of Beam loads

Service loads from rib:

Self-weight of the beam:

According to deflection calculated using BeamD program; take the section of beam as shown in
the following figure (T - Section).

y 80cm y
Weight = Sectional Area X Yconcrete 28em
40cm
= (0.8 x0.28 + (0.4 — 0.28) x 0.6) x 25
=74 kN/m K ¥
60cm
Total loads acting on the beam: Fig. (4-16): Section of Beam
Dead load = 44.19 + 7.4 = 51.59 KN/m
Live load = 27.23 KN/m
Dead load - Service Units:kN,meter
441 441
FA40 T4
4.28 284
Live load - Service Load factors: 1.20,1.20/1.60,0.00
27.2 2.2
4.28 2.84

Fig. (4-17): Service loads on Beam

Factored Loads:
Factoredload = 1.2 X D.L+ 1.6 X L.LL=12x% (44.19+ 7.4) + 1.6 X 27.23

=61.91 KN/m + 43.57 kN/m
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The beam will be designed as reinforced concrete (T - section)

Check whether the beam will be designed as singly or doubly reinforced concrete (T - section)

_Moments: spans 1to 2

-187.2
1203 1414
| 0.97=1.9‘ |
.
26. I 190 I 14.8
52.1
163.4
| 1.7 . 257 I 1.85 . 099

Fig. (4-18): Bending moment envelope of Beam

From bending moment envelope diagram: Maximum moment (Mu,,,,) = 163.4 KN.m

To determine maximum nominal moment strength, we will take &5 = 0.004

Assume ©§18mm bar diameter forbeam - d =400—-40—-8 — > = 343mm

3 3
X = 7d =z X343 =147mm - a=xf; =147 X 0.85 =124.95mm

(Since fc' =28 MPa — B; = 0.85)

124.95)

a
Mn,., = 0.85fc’ X a X b X (d - E) = 0.85 x 28 X 124.95 x 800 x (343 -

= 667.38 KN.m
From @ — strain chart;when & = 0.004 —» ¢ = 0.82
S PMnp . = 0.82 X 667.38 = 547.25 kN.m > Mu,,x = 163.4 kN.m

So, the section will be designed as Singly Reinforced Concrete (T-Section)
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Design of Shear Reinforcement

_Shear

-208.7

1“-1 13.1
215.7

185.8

Fig. (4-19): Shear envelope of Beam

Vu,ax = 209.7 KN ; At the critical section at distance (d) from the face of support (B)

Concrete shear strength (\Vc):

1. — 1
Ve = =/fc’ X byd = 2 X 1.0 X V28 x 600 X 343 = 181.5 kN

Check for section dimensions:

\Y _Vu V _ 2097 181.5 = 98.1 kN
S = (Z) C = 0.75 D = .

2 — 2
Vsmax = 3 fc xbwdzgx\/28><600x343=726kN > Vs = 98.1kN

-~ The section is large enough.

Category (111):

@ X Vspin = largest value of the following two equations

1 1
1. @ XVsyin =0 X 3 X b,,d = 0.75 X 3 X 600 X 343 =51.45KN — Control

1 1
2. 0 X VSmin = @ X = fc’xbwd=0.75x1—6x\/%x600x343:51.05kN

OVc + OVsyi, = 0.75 X 181.5 + 51.45 = 187.58 KN < Vup.x = 209.7 kN

~ For values < 187.58 KN ; Design on Category (III)
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Ay
@ X Vsmin =(0.75 x ? X fyd

Try @8mm bar for shear reinforcement
A, = Number of legs X Agpeleg = 2 X 50.27 = 100.54 mm?

100.54

@ X Vspin = 51.45 X 103 = 0.75 X X 420 x 343

Sreq

d
= Sreq = 211.134mm > 5= 171.5mm < 600mm

d
~ Select s = 150mm < 5 =171.5mm

= For category (III) select (2 legs stirrups) #8/15cm

Category (1V):

1
¢VC+¢x§\/Exde

1
= 0.75 x 181.5 + 0.75 x 3 X V28 X 600 x 343

=272.38kN > Vu,,,, = 209.7 kN

Vu 209.7
Vs =——Vc

=————181.5=98.1kN
) 0.75

Try @8mm bar for shear reinforcement

Ay
Vs = fyd
Sreq
100.54
98.1 x 103 = X 420 X 343
Sreq

d
= Speq = 147.6mm < 5= 171.5mm < 600mm

~ Select s = 100mm < s, = 142.6mm

=~ For category (IV) select (2 legs stirrups) ¢8/10cm
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Shear Reinforcement

e For category (III) with Vu < 187.58 kN; Select (2 legs stirrups) ¢8/15 cm
e For category (IV) with 209.7 kN > Vu > 187.58 kN; Select (2 legs stirrups) #8/10cm

Design of Positive moment - Bottom Reinforcement
_Moments: spans 1fo 2

4293 -141.4
= = bt —— |
76 ; \“—\_\_“_—‘_———.—"_‘__,_/V
26; I (.86 | 14.6
52.1
163.4
| 1.71 | 257 ! 185 . 099 |

Fig. (4-20): Bending moment envelope of Beam
Between all spans; Mu;,,x = 163.4 kN.m for span (1)

Check whether a < hy:

hf hf
@®Mn = @ X C X (d—?) = 0.9 x 0.85fc’ X hb, X (d—;)

280
= 0.9 x 0.85 x 28 x 80 x 800 x (34-3 - T) x 107¢

=278.29kN.m > Muy,, = 163.4kN.m ; ~a<h;

The beam will be designed as rectangular section with b = b, = 800mm

£, 420

Mu 163.4 x 10%/0.9
= /9 = / = 17.65

Kn = = —1929MPa , m= _
NP 800 x 3432 4 M=585td T 0.85 x 28
_if, [, _zmaxm) 1 [ 2x1929X17.65\ _
P f, | 17.65 420 e

» ASpeq = pbd = 0.0048 x 800 x 343 = 1315.98 mm?

- Check for minimum reinforcement:

Vfc' V28 5
ASpin = 0.25——by,,d = 0.25 X —— x 600 X 343 = 648.2 mm
£, 420
1.4 1.4
or ; Aspin = f—bwd = 220 600 X 343 = 686 mm? — Control

y

ASreq = 131598 mm? > Asy, = 686 mm?  — Ok
= Select 7¢16mm with As = 1407 mm? > As,q = 1315.98 mm?
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- Check for strain:

_ Asxf, 1407 x 420 31,04
4T 0851 xb,  0.85x28x800 - om
a 3104 36.52 For fc' = 28 MP B, = 0.85
X Bl 0.85 mm or 1IcC a 1

X 343 — 36.52
« g = 0.003 (T) =0.003 X (—

3652 ) =0.025 > 0.005 -0k

So, For span (1) bottom reinforcement; Select 7016mm with As = 1407 mm?
For Span (2):

Mut =52.1kN.m ; a<h; since Mn @ (a = hy) = 278.29 kN.m > Mu* = 17.5kN.m

_ Mu/@  52.1x10°/0.9

K = 0.615 MP
"= bd? T "800 x 3432 .
B 1 " " 2 x0.615x 17.65 — 0.00148
P =1765 420 =Y

o ASpeq = pbd = 0.00148 x 800 x 343 = 407.17 mm? < Asp;, = 686 mm>

= Select 4p16mm with As = 804 mm? > As,;, = 686 mm?

- Check for strain:

__Asxfy _ B04x420
4= 085fc xb, 085x28x800 - rmm
a _17.7% 087 For fc' = 28 MP 0.85
X B, 085 mm or fc a B1

X 343 —20.87
~ & = 0.003 (T) = 0.003 x (—

087 ) = 0.046 > 0.005 - Ok

So, For span (2) bottom reinforcement; Select 4916mm with As = 804 mm?
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Design of Negative moment - Top Reinforcement
_Moments: spans 1to 2

-187.2
4208 414
| D.Q?I‘I.Q" |
e
26. ’ L0, | 148
52.1
163.4
| 1.7 . 257 | 1.85 . 099

Fig. (4-21): Bending moment envelope of Beam

Mu~ = 141.4 kN.m at support (B)

The section will be designed as rectangular section with b = b,, = 600mm

K = Mu/@ 141.4x10°/0.9 223 MP _f, 420 17 65
"oz T T e00x3432 ~ a0 M=585td T 085x28
B " " 2Kn X m B 1 " 2X223%x17.65 — 0.00557
P [, | 17.65 420 -

: ASreq = pbd = 0.00557 X 600 X 343 = 1147 mm? > As;, = 686 mm?
= Select 6¢016mm with As = 1206 mm? > As,., = 1147 mm?

- Check for strain:

_ Asxf, 1206 x420 3547
4= 0.85fc xb, 085x28x600 o/ mm
a _ 3547 41.73 For fc' = 28 MP 0.85
X B, 085 mm ; or fc a B1

X 343 — 41.73
« g = 0.003 (T) = 0.003 x (—

2173 ) = 0.0217 > 0.005 -0k
So, For support (B) top reinforcement; Select 6016mm with As = 1206 mm?
- Length of Bars:

According to ACI; length of bars shall not be less than:

Lc¢y Lc, 39 2.46
L > ?‘i' bSupport + ? = ? + 0.45 +T = 2.57m

~ Select L = 3.00m
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4-7 Column Design Y

Column (C20) - Basement (-1) Floor

60cm —f— — — —° — X

- Parameters: L T
fc’ =28MPa , fy=420MPa

Cover = 4 cm

System about (x) System about (y)

g <

Pp = 2478.08kN , P, =1187.79 kN

T
|
i
!
~=— 60cm —1 | [~ 40cm
i
|
i
i

|
|
i
|
3.50m :
i
i
|
1 ’4';’ ¥y ZS —x
- Design: Fig. (4-22): System & Geometry of Column
(C20) - Basement (-1) Floor
Check Slenderness
Kkl, M;
—s34—12(—) <40
r M

2

M
(M_l) = 1.0 — Braced frame with M,
2

k = 1.0 — For columns in nonsway frames (Pinned — Pinned)

Kl,
—<34-12x10=22<40

kl, 1.0x3.5 . -
— =———=19.44 <22 — Short column for bending about x — axis
ry 03x0.6

klu_1.0x3.5_2917>22 L , for bendi _— .
r, 03x04 7 ong column for bending about y — axis
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Calculate the minimum eccentricity and the minimum moment
€min = 15mm + 0.03 X h = 15mm + 0.03 X 400 = 27mm
Pu=12XxPy+ 1.6 X P, =1.2x2478.08+ 1.6 X 1187.79 = 4874.16 kN
Min = Pu X ey, = 4874.16 X 0.027 = 131.6 kN.m
Compute (EIl)

At this stage, the area of reinforcement is not known. Additional calculations are needed
before it is possible to compute (EI), where:

_ (0.2E lg + Eglge)
1+ Bdns

4E I,
1+ Bdns

EI , but EI = can be used

E. = 4750Vfc’ = 4750 x V28 = 25134.64 MPa

bh® 600 x 400°
g8 12 12

= 3.2 x 10° mm*

1.2 X Py (sustained) 1.2 x 2478.08
= = 0.61

Bans = Pu T 4874.16

_ 04 XE.xI; 04x25134.64x3.2X 10°

El = = = 1.9983 x 1013 N.mm? = 19983 kN. m?
1+ Bans 1+ 0.61 m m

Determine the Euler Buckling Load (Pc)

m2El _ 2 X 19983

Fe = Rw? ~ (10 x35)2

= 16100 kN

Calculate the moment magnifier factor
Crm

1- (P 75p.)

Moment Magnifier Factor (§,5) = . equation (1)

M,

Ch=06+04 (M ) =06+04x1.0=1.0

2
From equation (1):

1.0
Sps = =1.677 > 14

1 - (*87%16/0 75 % 16100)

— Columns dimensions must be increased

~ Try Columns dimensions of (45cm X 65cm) instead of (40cm X 60cm)
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- Redesign with the new dimensions

Check Slenderness

kl, My
—S34—12(—) <40
r M,

M
(M—z) = 1.0 — Braced frame with M,;,
k = 1.0 — For columns in nonsway frames (Pinned — Pinned)

T“s34—12><1.0=22<40

K, 1.0x3.5

. =03 <065~ 1795 < 22 — Short column for bending about x — axis

kKl, 1.0%3.5

r = 03 %X 045 = 2593 > 22 — Long column for bending about y — axis
v . .

Calculate the minimum eccentricity and the minimum moment

€min = 15mm + 0.03 X h = 15mm + 0.03 X 450 = 28.5mm

Myin = Pu X e, = 4874.16 X 0.0285 = 138.9 kN. m

Compute (EI)

bh3_650><4503_494x109 .
e~12 - 12 _* mm

04 XE.xI; 0.4 x25134.64 x 4.94 x 10°
El = = = 30848 kN. m?
1+ Bans 1+0.61

Determine the Euler Buckling Load (Pc)

m2El m% %X 30848

b= w2 ~ Mo x35)2

= 24853.7 kN
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Calculate the moment magnifier factor

M
Ch=06+04 (M—l) =06+04x1.0=1.0
2

From equation (1):

1.0

8ns =
187416
1-( /0.75 x 24853.7)

=1354 < 14-0K

The magnified eccentricity and moment

e = epin X 8y = 28.5 X 1.354 = 38.589mm

M, = My X 8, = 138.9 X 1.354 = 188.1 kN.m

Select the column reinforcement

We will use the tied-column interaction diagrams with bars in four faces “Diagrams (A-9)”

Assume @25mm bar diameter;

_yh 450 —2x (40 + 10 + 0.5 X 25)

Y - 250 =0.722 - 0.6<0.722<0.75

e 38589

h 450

= 0.086

@ X Pn _Pu_ 4874.16

145
= 16.6638 MN/m? = 16.6638 x

== = 2.42 ksi
Az Ag 045 x 0.65 1000 3t

For y =0.6 using (Diagram A —9a); pg = 0.023

For y =0.75 using (Diagram A —9b); p, = 0.023

~For y=0.722 ; p;=0.023 > minimum p; = 0.01

< maximum p; = 0.08

Required Reinforcement for the column
ASreq = pg X Ag = 0.023 X 45 X 65 = 67.275 cm?

~ Select 14¢25mm with As = 68.74 cm? > As,.q = 67.275 cm?
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4-8 Stairs Design

System (1) - Stairs (2); Ground, First & second Floors

Fig. (4-23): Loading system (1) of stairs

(A) Design of Flight (F9):

- Structural system of flight (F9) is
shown in the figure, with (L = 4.93m)

Span (L)  4.30
20 20
=21.5cm

minimum (h) = angle (@)

50 3.30 50
Fig. (4-24): System (1) of stairs

=~ Select flight thickness = 22 cm > minimum (h) = 21.5 cm

- To determine Angle (a):

) rise can-1 16.67cm 29.06°
= — —_ = —_— .
an () run * an 30cm
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- Loads of Flight:

1. Dead Loads:

Dead loads Y% & x1m kN/m
. . 0.03 Section (a-a) |
Vertical Tiles 23 X 0.1667 X 1m X 03 0.383 |
. . 33 il
Horizontal Tiles 23 x 0.03 X 1m X 0 0.759 s }s.wcm
_ |
; 0.02
Vertical Mortar 22 X 0.1667 X 1m X 03 0.245 2cm mortar |
2cm plaster
Horizontal Mortar 22 % 0.02 X 1m 0.440
. \
Triangle 25x%0.1667 X 1m X 0.5 2.084 |
1 Fig. (4-25): Section in flight
i 25%x0.22X1ImX — .
Flight 5x0 m cos (29.06%) 6.292
Plast 22 %x0.02%x1m X ! 0.503
r . _— .
aste m cos (29.06°)
Dead Load (SUM) 10.706

Table (4-4): Dead load calculation of flight
2. Live Loads:
Live load (1m stripy = 5 KN/m

- Factored Load (Wu):

Wu = 1.2 X Dead load + 1.6 X Live load = 1.2 X 10.706 + 1.6 X 5 = 20.85 kN/m

Wu = 20.85 kN/m

- Internal forces for Flight: l l l l l l l l l l J, l

- Support Reactions:

Z Moment, =0

3.30
20.85 x 3.30 x (T + 0.5) —Byx430=0

~By=34.4kN , Ay=34.4kN

50 3.30 50

Fig. (4-26): Factored loads on stairs
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- Design of Shear Force:

Shear Force Diagram

34.4 kN

30.07 kN _—

/ - -
34.4 kN

Fig. (4-27): Shear force diagram of stairs
VUupax = 34.4 X cos(a) = 34.4 X cos(29.06°) = 30.07 kN

Assume bar diameter @12 for main reinforcement
d =220 - 20 — 12/, = 194mm
1 1
@ xVc= 0'75X€X f xbxd= O.75><g><\/28>< 1000 x 194 = 128.32 kN

@ xVc=12832kN > Vu=30.07kN

The thickness of the flight (F9) is adequate enough

- Design of Bending Moment:

Bending Moment Diagram

Fig. (4-28): Bending moment diagram of stairs
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1.65
Muax = 34.4 X 2.15 — 20.85 X 1.65 X —— = 45.58 kN.m

Mn _ 50.64 x 10°

— Mu, _ 45.58 — — _
Mn = MU/ = /0.9 =50.64kN.m , Kn = ——p =0 —075 = 135 MPa
fy 420
= = = 17.65
M= 085xfc  0.85 x 28
(g |y Fxkexm) 1 0 2x135x17.65) ..
Prea = 1 fy ~17.65 420 -

ASreq = Preq X b X d = 0.00331 x 100 X 19.4 = 6.42 cm?/1m
ASpin = 0.0018 X b x h = 0.0018 X 100 X 22 = 3.96 cm?/1m < Aseq = 6.42 cm?/1m
- Select 89012/1m or ¢12/15cm
- Step (s) is the smallest of:
1. 3Xh=3X22=66cm

2. 45cm

280

280
3. 380 x (—) — 2.5 X cover = 380 X <2—
(4/3) x 420

o ) —2.5%X 20 = 330mm = 33cm

280 280
But; Step (s) <300 x (—) = 300 X | T 300mm = 30cm <« Control
fs (4/3) x 420

Step (s) = 15cm < minimum (s) = 30cm - Ok
- Temperature and Shrinkage reinforcement:
AS (Temperature and Shrinkage) = ASmin = 0.0018 X b X h = 3.96 cm?/1m
~ Select 6010/1m or (¢10/20cm
- Step (s) for shrinkage and temperature reinforcement is the smallest of:
1. 5xh=5x%x22=110cm
2. 45cm <« Control

Step (s) = 20cm < minimum (s) = 45cm - Ok
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- Check strain:
T=C - Asxfy=0.85xfc'xaxb
904 x 420 = 0.85x 28 xax 1000 » a = 15.95mm

Since fc’ = 28 MP 0.85 a_159 18.76
ince fc a; B X B 085 mm

0.003 x d 0.003 x 194
So, & = (—) —0.003 = (

18.76 ) 0.003 = 0.028 > 0.005

- 0=09- 0K

(B) Design of Landing (L5):

o Span (L) 3.45
minimum (h) = 20 =50 = 17.25 cm

3.45
Fig. (4-29): System of landing (L5)
~ Select landing (L5) thickness = 22 cm > minimum (h) = 17.25 cm
- Loads of Landing:

1. Dead Loads:

Dead loads y*x&x1m kN/m
Tiles 23x0.03 X 1m 0.69
Mortar 22 x0.02 X Im 0.44
Sand 16 X 0.07 X 1m 1.12
Landing 25x%0.22 X 1m 5.50
Plaster 22 x0.02 X 1m 0.44
Dead Load (SUM) 8.19

Table (4-5): Dead load calculation of landing
2. Live Loads:

Live load (1m stripy = 5 kKN/m
- Factored Load (Wu):
Wu = 1.2 X Dead load + 1.6 X Live load
=12x819+16X%x5

=17.83 KN/m
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Loads for the first (50cm)
Qu = wy + reaction of flight
=17.83 + 34.4 = 52.23 kN/m
Loads for the landing

qu =W, = 17.83kN/m

System for the first (50cm) with Shear force and
Bending moment diagrams are shown;

- Support Reactions:

qux1 5223 x3.45

=90.1kN
2 2

Ay = By =

- Maximum Shear Force:

qu=52.23 kN/m

LIDLLITIJIILTTT)

1 1

90.1 kN | 345 T 90.1 kN
1 1 | 1

39.4cm | ! ! | 34.4cm

I
|
Vu=69.52 kN i
|
|
|

Shear Force
Diagram

x=05%345=1.725m | Vu=7213 kN

ding Moment

%f/////////////////////////////// " begram

Mu = 77.71 kN

Fig. (4-30): Factored loads with shear &
moment diagrams for the first (50 cm)
of landing (L5)

From shear force diagram at a critical section at a distance (d = 19.4cm) from the face of supports;

Vi, = 72.13 kN

- Maximum Bending Moment:

From bending moment diagram at the middle of the span;

Muyayx = 90.1 X 1.725 — 52.23 X 1.725 X

- Design of Shear Force:

5
=77.71KkN.m

1 1
(Dch=0.75><g>< fc'xbxd=0.75xgx\/%x 1000 X 194 = 128.32 kN

@ xVc=12832kN > Vu=72.13kN

The thickness of the landing (L5) is adequate enough

59



Chapter 4 Structural Analysis and Design

- Design of Bending Moment:

Mn 86.34 x 10°
Mn = Muy _—77.71 = 86.34 kN. Kn = = = 2.294 MP
n /o [0 =8634kN.m , Kn=—rp = 0o o a

v 120 s
T 085xfc 085x28
_3 (o |pozxkexm) 1 [ 2x2294x17.65) _
Preq = 1) fy ~17.65 420 -

ASreq = Preq X b X d = 0.00575 x 100 X 19.4 = 11.16 cm?/1m
ASpin = 0.0018 x b x h = 0.0018 x 100 X 22 = 3.96 cm?/1m < As;eq = 10.86 cm?/1m
~ Select 119012/1m or (¢12/10cm
Step (s) = 10cm < minimum (s) = 30cm — Ok
- Temperature and Shrinkage reinforcement:
AS (Temperature and Shrinkage) = ASmin = 0.0018 X b X h = 3.96 cm?/1m

Secondary reinforcement for landing (L5) extends as main reinforcement for flight (F9)

~ Select 89012/1m or (¢12/15cm

Step (s) = 15cm < minimum (s) = 45cm - Ok

- Check strain:
T=C - Asxfy=085xfc"xaxb
1243 x 420 =0.85x28xax 1000 - a=21.94mm

a 2194
Since fc¢' =28MPa; =085 - x=—-= YT 25.81mm

B
0.003 x d 0.003 x 194
—) —0.003 = ( > —0.003 = 0.0195 > 0.005

S0, & = ( 25.81

X

- 0=09- 0K
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System for the landing after (50cm) with qu=17.83 kNfm
Shear force and Bending moment diagrams HEENERRNERENEEN
are shown; 1 1
3076 kN | 345 1 30.76 kN
- Support Reactions: 39'4mi b sa4om
qu X1 17.83 x3.45 V- 2373 '

= 30.76 kN

Ay:By: 77

2 2

=

Shear Force
Diagram

- Maximum Shear Force:

From shear force diagram at a critical section at a
distance (d = 19.4cm) from the face of supports;

x=0.5%3.45 = 1.725m Vu=24.63 kN

Vipay = 24.63 kN

Bending Moment

- Maximum Bending Moment: v//////////////////////////////// Dragram,

From bending moment diagram at the middle of
the span;

Mu=26.53 kN

Fig. (4-31): Factored loads with
shear & moment diagrams after
(50 cm) of landing (L5)

Mu,., = 30.76 X 1.725 — 17.83 x 1.725 x

=26.53 kN.m

- Design of Shear Force:

1 1
@ch=0.75xgxﬁxbxd=o.75xgxmx 1000 x 194 = 128.32 kN

@ xVc=12832kN > Vu=24.63kN

The thickness of the landing (L5) is adequate enough

- Design of Bending Moment:

Mn  29.48 X 106

_Mu; _2653/ _ _ _ _
Mn /o /o9 =2948kN.m , Kn S = 1000 x 192z = 078 MPa
fy 420
= = =17.65
085 xfc 085 x 28
U (,_ | _2xKnxm Vo[ | 2x078x17.65) ¢
= — X — — = — — = (.
Preq = 1 fy 17.65 420

ASpeq = Preq X b x d = 0.0019 x 100 x 19.4 = 3.68 cm?/1m
ASmin = 0.0018 X b x h = 0.0018 X 100 X 22 = 3.96 cm?/1m > Asq = 3.68 cm?/1m

~ Select 6010/1m or ©¢10/20cm

Step (s) = 20cm < minimum (s) = 30cm - Ok
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- Temperature and Shrinkage reinforcement:

AS (Temperature and Shrinkage) = ASmin = 0.0018 X b X h = 3.96 cm?/1m
Secondary reinforcement for landing (L5) extends as main reinforcement for flight (F9)
~ Select 89012/1m or ¢12/15cm
Step (s) = 15cm < minimum (s) = 45cm - Ok

- Check strain:
T=C - Asxfy=0.85xfc'xaxb

474 x 420 = 0.85 x 28 xax 1000 — a = 8.36mm

Since fc' = 28 MP 0.85 a_836_5a4
ince fc a; B X 5088 mm
0.003 x d 0.003 x 194
So, &, = (—) _ - (T) —0.003 = 0.056 > 0.005

- 0 =09-0K
(C) Design of Landing (L6):
Landing (L6) extends from the slab, so it has the same thickness of the slab
Thickness (L6) = Thickness of slab = 32cm — ribbed slab
- Loads of slab:

1. Dead Loads:

Dead loads Yy %X & x1m kN/m
Tiles 23x0.03 X 1m 0.69
Mortar 22 x0.02 X Im 0.44
Sand 16 X 0.07 X 1m 1.12
Landing 25x0.32 X 1m 8.00
Plaster 22 x0.02 X 1m 0.44
Dead Load (SUM) 10.69

Table (4-6): Dead load calculation of landing
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2. Live Loads:

Live load (1m stripy = 5 KN/m

- Factored Load (Wu):

Wu = 1.2 X Dead load + 1.6 X Liveload = 1.2 X 10.69 + 1.6 X 5 = 20.83 KN/m

Loads for the first (50cm)
qu = Wy + reaction of flight = 20.83 + 34.4 = 55.23 kN/m
Loads for the landing
qu = W, = 20.83kN/m

System for the first (50cm) with Shear force and Bending moment diagrams are shown;

qu =5523 kN/m

LU L)

- Support Reactions:

qQu X1 55.23 x 3.45
= = 95.27 kN

Ay =By = > 2 95.27kN

345

Assume bar diameter @12 for main reinforcement !

| | |
I | |
9 kN o
b

| |

d =320 — 20 — 12/, = 294mm

Shear Force
Diagram

- Maximum Shear Force:

From shear force diagram at a critical section at a s =zt
distance (d = 19.4cm) from the face of supports;
Vi = 70.75 kN - pending Moment
- Maximum Bending Moment: Fig. (4-32): Facto;ed loads with shear &
moment diagrams for the first (50 cm)

From bending moment diagram at the middle of the span; of landing (L6)

25
=82.17kN.m

Mupa, = 95.27 X 1.725 — 55.23 x 1.725 X

- Design of Shear Force:

1 1
(Z)ch=0.75><€>< fc'xbxd=0.75xgx\/ﬁx 1000 X 294 = 194.46 kN

@ xVc=194.46 kN >»> Vu=70.75kN

The thickness of the landing (L6) is adequate enough
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- Design of Bending Moment:

Mn 91.3 x 10°

_Mu; _8217; _ _ _ _
Mn /o 0.9 =9L3KN.m , Kn= ——p=1rr——o7 = 1.056 MPa
fy 420
= = = 17_
M= 085 xfc  085x28 65
1 1 1 2 X KnXm 1 1 1 2 X 1.056 X 17.65 0.00257
= — X — — = X — — = (.

Preq = 1) fy 17.65 420

ASreq = Preq X b x d = 0.00257 x 100 X 29.4 = 7.57 cm?/1m
Aspin = 0.0018 x b x h = 0.0018 x 100 X 32 = 5.76 cm?/1m < ASpeq = 7.57 cm?/1m
~ Select 8012/1m or (¢12/15cm
- Step (s) is the smallest of:
1. 3Xxh=3x%x32=96cm

2. 45cm

280
3. 380 x (?) — 2.5 X cover = 380 x <

(2/)—420> —2.5%x 20 = 330mm = 33cm
3 X

280 280
But; Step (s) < 300 x (—) = 300 X TRt 300mm = 30cm <« Control
E (%) x 420

Step (s) = 15cm < minimum (s) = 30cm - Ok

- Temperature and Shrinkage reinforcement:
AS(Temperature and Shrinkage) = Aspin = 0.0018 X b X h = 5.76 sz/lm
Secondary reinforcement for landing (L6) extends as main reinforcement for flight (F9)

~ Select 8912/1m or ¢12/15cm

- Step (s) for shrinkage and temperature reinforcement is the smallest of:
1. 5Xxh=5%32=160cm
2. 45cm <« Control
Step (s) = 15cm < minimum (s) = 45cm — Ok

- Check strain:
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T=C - Asxfy=0.85xfc"xaxb
904 X 420 = 0.85x 28 xax 1000 —» a = 15.95mm

15.95
=———=18.76mm

a
Since fc' =28MPa; =085 - x :E T

0.003 xd 0.003 x 294
So, & = (—) —0.003 = (—

1876 ) —0.003 = 0.044 > 0.005

- 0 =09-0K

System for the landing after (50cm) with Shear force and Bending moment diagrams are
shown;

- Support Reactions:

qu =20.83 kN/m

ay =By =20 DX 451y (LTI

1 1
3593kN 1 345 T 3593kN

- Maximum Shear Force:

- N - 49.4cm : | .
From shear force diagram at a critical section at a P

distance (d = 19.4cm) from the face of supports; Ry . ‘

Shear Force

Vi, = 26.68 kKN

Diagram
i x=05%345=1725m i Vu=26.68 kN
- Maximum Bending Moment: ; ;
From bending moment diagram at the middle of R
the span; ,,,,////////// /// Diagram
Mu = 3593 x 1.725 Fig. (4-33): Factored loads with
e 1.725 shear & moment diagrams after

—20.83 x1.725 X
=30.99 kN.m

(50 cm) of landing (L6)

- Design of Shear Force:

1 1
Q)ch=0.75xgx\/@xbxd=O.75xg><\/ﬁx 1000 X 294 = 194.46 kN

@ xVc=194.46 kN >»> Vu = 26.68 kN

The thickness of the landing (L6) is adequate enough

- Design of Bending Moment:
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Mn 34.43 x 10°

_Mu/ _3099, _ _ _ _
Mn /s f0.0=3443kN.m , Kn=—— = ———— " = 0.398 MPa
fy 420
- - = 17.65
M =085 xfc 085x 28
3oy [ _zxknxm) 1 f ] 2x0398x17.65)
Prea = 1 fy ~17.65 420 -

ASpeq = Preq X b x d = 0.00096 X 100 X 29.4 = 2.81 cm?/1m
ASpin = 0.0018 x b x h = 0.0018 X 100 X 32 = 5.76 cm?/1m > Aseq = 2.81 cm?/1m
~ Select 89012/1m or ¢12/15cm
Step (s) = 15cm < minimum (s) = 30cm — Ok
- Temperature and Shrinkage reinforcement:

AS (Temperature and Shrinkage) = ASmin = 0.0018 X b X h = 5.76 cm?/1m
Secondary reinforcement for landing (L6) extends as main reinforcement for flight (F9)
~ Select 89012/1m or ¢12/15cm
Step (s) = 15cm < minimum (s) = 45cm - Ok

- Check strain:
T=C - Asxfy=0.85xfc'xaxb
904 x 420 = 0.85x 28 xax 1000 - a = 15.95mm

Si fc' = 28 MP 0.85 a_ 159 18.76
ince fc a; B X B 085 mm
0.003 x d 0.003 x 294
So, & = (—) —0.003 = (—

1876 > —0.003 =0.044 > 0.005 - ¢ =09

- Reinforcement:

Main Reinforcement Secondary Reinforcement
Flight ®12/15cm ®10/20cm
Landing (L5) - 50cm $12/10cm $12/15cm
Landing (L5) $10/20cm $12/15cm
Landing (L6) - 50cm $12/15cm $12/15cm
Landing (L6) $12/15cm $12/15cm

Table (4-7): Reinforcement of system (1) stairs
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System (2) - Stairs (1); First, second & third floors

Fig. (4-34): Loading system (2) of stairs

- Structural system of the stairs is shown in the figure, with (L = 6.6m)

Span (L) 6.6

20 —%=33cm

minimum (h) =

L ’;/
1.85 3.30 145

-5
R

Fig. (4-35): System (2) of stairs

= Select thickness = 35 cm > minimum (h) = 33 cm

- To determine Angle (a):

) rise can-1 16.67cm 20.06°
= > = _— = .
an (@) run « an 30cm
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- Loads of Flight:

1. Dead Loads:

Dead loads Yy X & x1m kN/m
) ) 0.03
Vertical Tiles 23 X 0.1667 X 1m X 03 0.383
] ) 33
Horizontal Tiles 23 x 0.03 X 1m X 0 0.759
: 0.02
Vertical Mortar 22 % 0.1667 X 1m X 03 0.245
Horizontal Mortar 22 %X 0.02 X 1m 0.440
Triangle 25%0.1667 X 1m X 0.5 2.084
Flight 25 X 0.35 X 1m X ! 10.01
9 ' M 05 (29.06%) |
Plaster 22 % 0.02 X 1Im X ! 0.503
aste ' = os (29.06°) |
Dead Load (SUM) 14.424

Table (4-8): Dead loads calculation of flight

2. Live Loads:

- Factored Load (Wul):

Live load (1m stripy = 5 kN/m

Section (a-a) ‘

3cm tiles

IIé.é?cm
—

2cm mortar

2cm plaster

Fig. (4-36): Section in flight

Wul = 1.2 X Dead load + 1.6 X Liveload = 1.2 X 14.424 + 1.6 X 5 = 25.31 KN/m

- Loads of Landing:

1. Dead Loads:

Dead loads y*x&x1m kN/m
Tiles 23 %x0.03 X 1Im 0.69
Mortar 22 x0.02 X Im 0.44
Landing 25%x0.35X Im 8.75
Plaster 22x0.02%x 1m 0.44
Sand 16 X 0.07 X 1m 1.12
Dead Load (SUM) 11.44

Table (4-9): Dead loads calculation of landing
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2. Live Loads:

Live load (1m stripy = 5 KN/m

- Factored Load (Wu2):
Wu2 = 1.2 X Dead load + 1.6 X Live load
=12x1144+1.6X%X5

=21.73kN/m

- Internal forces for Flight:

Wuz2 = 21.73 kN/m Wul = 25.31 kN/m Wu2 = 21.73 ki /m

eewnwnylEEEEEEEEEEy

AN
T@-:??.Q?kﬂ
AN
Ay=77.26 kKN T
A1 ’Ill ‘1|' ’Il/
1.85 3.30 1.45
Fig. (4-37): Factored loads on stairs
- Support Reactions:
2 Moment, = 0
852 3.30 1.45
21.73 * + 25.31 x 3.30 X (T + 1.85) + 21.73 % 1.45 = ( 5 + 3.3+ 1.85)

—Byx6.6=0

~By=77.97kN , Ay =77.26kN
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- Design of Shear Force:

Shear Force Diagram

T 42.34 kN = 77.97 kN
77.26 kN —

Fig. (4-38): Shear force diagram of stairs

Assume bar diameter @12 for main reinforcement
d = 350 — 20 — 12/, = 324mm
Vup,.x (@ distance d from Support B) = 77.97 — 0.324 « 21.73 = 70.93 kN
1 1
@ x Vc = 0'75XEX fc' xbxd= 0.75><g><\/%>< 1000 x 324 % 1073 = 214.31 kN

@ xVc=21431kN > Vu=7093kN

The thickness of the stairs system is adequate enough

- Design of Bending Moment:

Bending Moment Diagram

S~ \ _— " Maximum Mu = 156.96 kN.m
N

IFig. (4-39): Bending moment diagram of stairs
Mu,,,, = 156.96 kN. m
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Mn 174.4 x 10°

_Mu; _ 15696/ _ _ _ _
Mn /g fo.0= 1744KN.m | Kn=—— = oo s = 1661MPa
fy 420
- - = 17.65
M =085 xfc 085x 28
oy _zxknxm) 1 f | 2x1661x17.65)
Prea = fy ~17.65 420 -

ASreq = Preq X b X d = 0.0041 x 100 x 32.4 = 13.28 cm?/1m
ASpin = 0.0018 x b x h = 0.0018 x 100 X 35 = 6.3 cm?/1m < Asyeq = 9.24 cm?/1m
~ Select 10014/1m or (14/10cm
- Step (s) is the smallest of:
1. 3 Xxh=3x35=105cm

2. 45cm

280
3. 380 x (?) — 2.5 X cover = 380 x < ) —2.5%x 20 = 330mm = 33cm

(2/3) X 420

280 280
But; Step (s) < 300 X (—) = 300 X | T 300mm = 30cm <« Control
fs (4/3) x 420

Step (s) = 10cm < minimum (s) = 30cm - Ok

- Temperature and Shrinkage reinforcement:
AS(Temperature and Shrinkage) = ASmin = 0.0018 X b x h = 6.3 cm?/1m
~ Select 7012/1m or ¢12/15cm
- Step (s) for shrinkage and temperature reinforcement is the smallest of:
1. 5xh=5x%x35=175cm
2. 45cm <« Control

Step (s) = 15cm < minimum (s) = 45cm - Ok
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- Check strain:
T=C - Asxfy=0.85xfc'xaxb
1540 X 420 = 0.85x 28 Xxax 1000 —» a=27.18 mm

Since fc' = 28 MP 0.85 a_z7.18 32
= . = V. e = —_—= =
ince fc a; B X B 085 mm

0.003 xd 0.003 x 324
(—) —0.003 = (—

—0.003 = 0.027 > 0.005
32 )

So, & =
X

- 0=09-0K

- Reinforcement:

Main Reinforcement Secondary Reinforcement
?14/10cm ?12/15cm

Table (4-10): Reinforcement of system (2) stairs
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4-9 Basement Wall Design

Surcharge = 5 kN,/m?

) £0.00
Earth pressure at rest acting on the wall — R
T T L T 1
ElEl= — T —TH 4
Parameters:
f¢' =28 MPa , fy =420 MPa
Yconcrete = 25 kN/m3 30cm
3.65m
4.225m
Ysoil = 19 kN/m?
Bsoil = 30° , Surcharge = 5 kN/m?
-4.00
b
- ‘rZQCm
60cm -
rfiﬂcm
L
Design:
Loads acting on the wall Fig. (4-40): Geometry of basement wall

1. Earth pressure at rest:
€0 = Ko X Ysoit X h = (1 — sin(Dg;1)) X 19 X 4.225

= (1 —sin(30)) X 19 x 4.225 = 40.14 kKN/m?
2. Live load:

liveload = k, x L.L = (1 —0.5) X 5 = 2.5 kKN/m?
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So; for (1m) strip of basement wall:

Surcharge = 5 kN/m?*

=l ===l
il ] i T b

L1l

30cm

4.225m

-4.00

—

Lo

40.14 kN/m 2.5 kN/m

[— 1

Fig. (4-41): System & loads acting on basement wall

Using BeamD program for analysis;
_Moments: spans 1o 1

73

Fig. (4-42): Shear & Moment diagrams of basement wall

~Mu=63.8kNm & Vu=44.4KkN
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Design of Shear Force:

Assume @20mm bar diameter; d =300-40— 20/2 = 250mm

1 1
@ch=o.75x€xx/Fxwad=0.75x€x«/ﬁx1000x250

= 165.34 kN
% 0.5%x@xVec=0.5%x165.34 =82.67 kN > Vu = 44.4 kN

So, Thickness of wall is adequate enough

Design of Bending Moment (Vertical Reinforcement):
1. Tension Face:

Mn  70.89 X 106

Mn =M/ = 638/ 5 =7089kN.m , Kn=r——m=1r0—rs = 1134 MPa
m =) g5t = *2%0.85 x 28 = 1765
1 2 x Knxm 1 2 x 1134 X 17.65
* Prea = 5% 1_\/1_ v ) 1765 1_\/1_ 420
= 0.00277

“ ASyeq = Preq X b x d = 0.00277 X 100 X 25 = 6.925 cm?/m
ASpin = 0.0012 x b X h = 0.0012 x 100 X 30 = 3.6 cm?/m < Asyeq = 6.925 cm?/m

=~ Select »12/15cm with As = 7.53 cm?/m for Tension Face

2. Compression Face:
ASreq = ASpin = 3.6 cm?*/m

- Select »10/20cm with As = 3.95 cm?/m for Compression Face

Design of Horizontal Reinforcement:

ASreq = Aspin = 0.002 X b X h  (for both faces)
= 0.002 x 100 x 30 = 6 cm?/m for both faces

=~ Select P10/20cm for each face
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4-10 Shear Wall Design
Shear wall design will be on the dynamic method
- Parameters:
Ss=056 , S1=028, TL=4, SiteClass=A , R=6 , w=25
Cd=5, I=15, Ct=0.02, x=0.75
fc' =28MPa & fy=420MPa , Wallthickness =40cm

Axial Load (Pu) = 2330 kN & Horizontal Load (Hu) shown on the figure

- Analysis:
Internal forces, Shear force & bending moment diagrams:

Vi = X Hu = 820 + 500 + 1140 = 2460 kN , Nu = Pu = 2330 kN

Muy.x = Z Hu X hw =820 x 11 + 500 x 7.5 + 1140 X 4 = 17330 KN.m

1 Pu=2330kN
Hu = 820 kN
3.50m 820 kN
Hu = 500 kN
— 1 — 2870 kN.m
3.50m 1320 kN
Hu = 1140 kN
— b 1 7490 kN.m
400m 2460 kN T Mul = 12410 kN.m
Lw/Z = 2.00m \
TTITTITITIrTITIrrrIirrirTe 17330 kN.m
Shear Force Bending Moment
— Lw=4&00m ——=f Diggram Diagram

Fig. (4-43): System with Shear & Moment diagrams of shear wall
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L
Mul (at a critcal section at a distance (TW = 2.00m> from the base of the shear wall)

Mul = 17330 — 2460 X 2 = 12410 KN.m
- Design:
Check maximum shear strength permitted

5 5
Q)anz(Z)xgx fc’xhxdzO.75xg><\/2_8><400><3200=4233.2kN

where d = 0.8 X Lw = 0.8 X 4.00 = 3.20m = 3200mm
& @ xVn =4233.2KN > Vup,,x = 2460 kN

Calculate shear strength provided by concrete (Vc)

1 1
Vc=gx\/f_c’xhxd=gxmx400x3200=1128.85kN — Control

Nu x d
Ve=0.27 xVfc" xhxd+
4 X Lw
2330 x 103 x 3200
= 0.27 x V28 x 400 x 3200 + = 2294.74 kN
4 x 4000
Nu

Lw x (0.1 x Vfc’ + 0.2 x
Ve = 0.05 x Ve + LwXh )y hxd

Mul /Vu _ Lw /2

Mul Lw 12410 4

Vu 2 2460 2

= 3.045 (+evvalue)

3
4% (0.1 X V28 + 0.2 x 2530 X 107

ve=[ 005 xv28 + o 4000 X 400 | . 400 x 3200 = 1718.1 kN

@ X Vc=0.75x%x1128.85 = 846.64 kN < Vu = 2460kN
~ Shear Reinforcement is needed

Determine required horizontal shear reinforcement

Vu 2460
Vus<@PxVc+0xVs - Vsza—Vc:W—MZ&SS:1604.48kN
Ay _ Vs 1604.48

— === = 0.001194 m?
S, f,d 420 X 10° x 3.2 m”/m

Ay 0001194
=S h™ " 04

= 0.002985 > 0.0025

~ Take py = 0.002985
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Chapter 4
Maximum spacing is the smallest of:

Lw _ 4000 _
5 = 5 = mm

2. 3xh=3x400=1200mm

3. 450mm — Control

Try @12 with As = 113 mm? for two layers;

Ay, 2x113
= =0.002985 - S, =189.3mm < 450mm - Ok

Pt = xS, 400xS,

~ Select P12@150mm two layers for horizontal reinforcement

Determine Uniform Vertical Reinforcement

hw 11
=—=275 > 25

Lw 4
hw
p; = 0.0025 + 0.5 X (2.5 - m) x (p, — 0.0025) > 0.0025

hw
Since — =2.75>25 .~ p; =0.0025
Lw

Maximum spacing is the smallest of:

3 =3 = 1333.33mm

2. 3xh=3x400=1200mm

Lw 4000

3. 450mm — Control

Try @12 with As = 113 mm? for two layers;

Avn 2x113
= =0.0025 - S, =226mm < 450mm . Ok

Pt = xS, 400xS,

~ Select P12@200mm two layers for uniform vertical reinforcement
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Design Flexure

Pu C
(Dan:¢x<0.5xAstxfnywx(1+ )x(l——))

Ay X fy Lw
Where:
Ag = 2x 113 X 4000 = 4520 2
= 7200 - et mm
C +a h ( Ag ) N fy & Pu
—_— . e d = —_— = —-—
Lw 20+085xpL @ V¢ T 9T (fwxn) " * T Iwxhxfc
So:
( 4520 ) 420 0.0424 & 2330 x 103 0.052
= X = (0. = = U.
® = 2000 x 400 28 %~ 2000 x 400 x 28
B1 = 0.85 for fc' = 28 MPa
c 0.0424 + 0.052

=0.117

" Iw  2x0.0424 + 0.85 x 0.85

. @ X Mn = 0.9 X | 0.5 x 4520 x 420 X 4000 X 1+2330><103 x (1—0.117
" n==u ' 2520 x 420 ) X (1 —0.117)

= 6720.62 kKkN.m
“@XMn=6720.62kN.m < Mu = 17330 kN.m — Not Ok
~ Uniform vertical reinforcement must be increased

Try 920@100mm two layers for uniform vertical reinforcement

_2x314

Age = =55 X 4000 = 25120 mm?

( 25120 ) 420 2330 x 103
w = X

2000 x 400/ X 28 ~ 02355 & a= oo Z00x 28 002

B1 = 0.85 for fc' = 28 MPa

C 0.2355 + 0.052

“ Tw - 2x02355+ 085 x 085 024

@Mn = 0.9 x [ 0.5 X 25120 x 420 x 4000 x [ 1 + 2330 x 10° (1—0.241)
= 0. . X X X —_— | X — 0.
n 25120 x 420

= 17597.2kN.m

SZ@XMn=17597.2KkN.m > Mu = 17330 kN.m — OK
=~ Select P20@100mm two layers for vertical reinforcement
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4-11 Isolated Footing Design

Footing for Column (C20) - Basement (-1) Floor

- Parameters

fc' =28MPa , fy=420MPa
Cover = 7.5cm
Oallow = 400 kN/m?
Yeoncrete = 25 KN/m*® , yg; = 19 kN/m?
P, = 2478.08kN & P, =1187.79kN

Surcharge = 5 kN/m?

- Design

Determination of Footing’s Dimensions:

Top View

e—m x —  F— x —

— % —

"
|

— x|

Section (1-1)

T T T T R T T T

1.00m

Fig. (4-44): Geometry of isolated footing

Assume thickness (h) of footing = 50cm

Oallow.net = Oallow — Ysoil X hsoil ~ Yconcrete X hconcrete - surcharge

=400 —-19%x 0.5—-25%0.5—5 =373 kKN/m?

Pn

But; oy = < Callownet ,» then:

Area

2478.08 + 1187.79
Area

< 373 kN/m?

—  Area = 9.83 m?

Area =9.83 =axb = (2x + 0.45) X (2x + 0.65) = 4x% + 2.2x + 0.2925 = 9.83

. 4x%+2.2x—9.5375 =0

_ —22+4/2.22 — 4 x 4 x (-9.5375)

- x=1.293m

X= 2 x4

~a=2x%x1293+045=3.04m & b=2x1293+0.65=3.24m

Select a=3.10m & b=3.30m
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Design of one way shear

One way shear at a critical section at a distance (d) from the face of the column, larger one way
shear (Vu) will be at distance (d) from (45cm) side of column as shown.

Assume @20mm bar diameter for footing reinforcement
d=50-75—-2=40.5cm
Pu=12XxPy+ 1.6 X P, =1.2x2478.08 + 1.6 X 1187.79 = 4874.16 kN

Pu 4874.16

_ _ 2
Area " 31x33 17646 kN/m

Bearing Pressure (o},,) =

Vu = op, X 0.92m X b w
= 476.46 X 0.92 X 3.3 = 1446.53 kN N 3
1 |
@xvC=0.75xgx\/Exbxd . 9zem
1 |
=0.75><gx\/%x3300x405=884kN /% I
50cm

@ x Vc = 884 kN < Vu = 1446.53 kN

. . 476.46 kN/m?
. Thickness (h) must be increased _ - ) )
Fig. (4-45): Critical section at distance d from

face of (C20)
Try Thickness of 70cm;
d=60.5cm

d=70—-75-2=60.5cm e, 1

% |

Vu = op, X 0.92m X b }
72cm

= 476.46 X 0.72 X 3.3 =1132.1 kN ! i

1
¢XVC=0.75X€X\/fC'XbXd % I
70cm

1
=0.75xgx\/%x3300x605

=1320.6 kN Fig. (4-46): Critical section at distance d from
face of (C20)

@ x Vc =1320.6 kN > Vu = 1132.1 kN

. Thickness (h = 70cm) is ok for one way shear
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Design of two way (Punching) shear

Two way (Punching) shear at a critical section at a distance (d/2) from all faces of the column as
rectangular perimeter, as shown in the following figure;

d=605cm - d/,=0605/,=3025cm

45cm

w

d/2=30.25cm d/2 =30.25cm

k

A
|
|
|

-

I ! 105.5¢cm

125.5¢cm

N

476.46 kN/m?

Fig. (4-47): Punching shear critical area
Punching shear parameters:
Perimeter (bo) = 2 X 1055 + 2 X 1255 = 4620mm

long side 65 ,
= hortside = e =144 , og=40 ; internal column

Shear Force (Vu):

Vu = Pu — oy, X Punching Area = 4874.16 — 476.46 X 1.055 x 1.255 = 4243.3 kN

Shear strength of concrete (\Vc) is the smallest between:

!

2\ i 2 V28
VC=(1+—)x—xboxd=(1+—)x—x4620x605=5888.72kN

B/ 6 1.44) " 6
\Y —(aSXd+2)xmxb xd—<4OX605+2)xmx4620x605—892112kN
““\ o 12 ~ 7= (T4620 12 = '
fc' \/28
chTxboxdsz4620><605=4930.1kN — Control

~ @ xVec=0.75x%x4930.1 = 3697.575 kN < Vu = 4243.3 kN

= Thickness (h) must be increased
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Try Thickness of 80cm;

d=80-75-2=705cm - 9/,=705/ =3525em

45cm

L I
1 q
| |
| |
| |

e -

476.46 kN/m?

135.5cm

|
|
l
d/2 =3525cm d/2 =35.25cm |
|
|
|
|

Fig. (4-48): Punching shear critical area
Punching shear parameters:
Perimeter (bo) = 2 X 1155 + 2 x 1355 = 5020mm

long side 65 _
¢ = Sortside = 25 = 144 , a5 =40 ; internal column

Shear Force (Vu):

Vu = Pu — oy, X Punching Area = 4874.16 — 476.46 x 1.155 x 1.355 = 4128.5 kN

Shear strength of concrete (\Vc) is the smallest between:

Vo= (14 2) x M wbo xd = (14 22) x Y22 x 5020 x 705 = 74562 kN
TR e TP T U T T4a) " e - b

ag X d Vi 40 x 705 V28
sz( +2)><E><bo><d=(—+2)><—x5020><705=11887.9kN

bo 5020 12
Vi V28
Vc = T Xboxd= T X 5020 x 705 = 6242.4 kN — Control

L @PxVec=0.75 %X 6242.4 = 4681.8kN > Vu = 4128.5 kN

. Thickness (h = 80cm) is ok for two way shear
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Design of bending moment
1) Bending moment in (x) direction:

Moment (Mu) at a critical section at the face of the column as shown in the following figure:

45cm
325 V
Mu = oy, X 1.325 X X b
= 476.46 x 1.325 x 0.6625 X 3.3 1.325m L
= 1380.2 KN.m
7
] -
476.46 kN/m?
Fig. (4-49): Critical section from face of (C20)
in X-direction
Design as rectangular section:
fy 420
= = = 17.65
M= 085xfc  0.85 x 28
Mn = _ 13802 ea3s6kn
n= @ = 0.9 = . .Im
K = Mn 1533.56 X 10° 0.935 MP
"= bdZ T 3300 x 7052 a
_1>< 1 1 2X KnXm _ 1 o 1 L 2 X 17.65 % 0.935 — 0.00227

Preq = — fy ~17.65 420 S

o ASpeq = Preq X b x d = 0.00227 x 330 x 70.5 = 52.812 cm?
ASmin = 0.0018 X b x h = 0.0018 x 330 X 80 = 47.52 cm? < As,q = 52.812 cm?

= Select 27¢16mm with As = 54.27 cm? > As,., = 52.812 cm?

84



Chapter 4 Structural Analysis and Design

2) B i ti irection:
) Bending moment in (y) direction 65cm
1.325 W

Mu = oy, X 1.325 X XDb

= 476.46 x 1.325 x 0.6625 x 3.1

1.325m .
= 1296.6 KN.m
7
/ / I&‘Jcm
.
476.46 kN/m?
Fig. (4-50): Critical section from face of (C20)
in Y-direction
Design as rectangular section:
Mn = Mu 12966 1440.67 kN
n= @ = 09 = . .In
K — Mn 1440.67 X 10° 0.935 MP
"= bdZ T 3100 x 7052 a
_1>< 1 1 2XKnXm _ 1 o 1 L 2 X 17.65x%x0.935 — 0.00227
Preq = 1) fy ~17.65 420 e

% ASreq = Preq X b x d = 0.00227 x 310 x 70.5 = 49.61 cm?
ASmin = 0.0018 X b x h = 0.0018 X 310 X 80 = 44.64 cm? < As,eq = 49.61 cm?

= Select 25¢16mm with As = 50.25 cm? > As,., = 49.61 cm?
Check Tension development length for flexural reinforcement

9 Iy PeXPeXPs
10 A x VEc (deth)
b

Ldtyeq =

X dp, = 300mm ... equation (1)
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1) Tension development length in (x) direction:

C, +k 6.03+0 C, +k
b L =377 >25 - select b )

- =2.
dp 16 dp >

Cyp is the smallest of:

1. Grosscover = 7.5+ 0.5 x 1.6 = 8.3cm

5 1>< _1)((330—2><7.5—27><1.6+16)_603 Control
. > d = > 26 . = 0.UsCm ontro
From equation (1):
Lty = — x —120__  LOXLOX08 e 365.75mm > 300
1710 " 1.0 x V28 2.5 ~ oo fomm = SThmm
3100 — 450
Ldt,yaitable = o 75 =1250mm > Ldt,,q = 365.75mm .. Ok

2) Tension development length in (y) direction:

C, +k 6.11+0 C, +k
b L =3.82 >25 - select b )

- =2.
dp 16 dp >

Cp is the smallest of:

1. Grosscover = 7.5+ 0.5 x 1.6 = 8.3cm

5 1 1X<310—2><7.5—25><1.6+16) 611 Control
> a > o4 cm ontro
From equation (1):
Ldt 9 420 1.0 x 1.0 x 0.8 16 = 365.75 ~ 300
=—X X X = .
4710 " 1.0 x V28 2.5 = STomm
3300 — 650
Ldt,vaitable = - 3 75 =1250mm > Ldtreq = 365.75mm .. Ok
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Dowels Connection
Loads Transfer Design:
@P,, = 0.65 X 0.85fc’ X A; = Pu
& PPy, = 0.65 % 0.85 x 28 X (450 x 650) = 4525 kKN < Pu = 4874.16
- Dowels are required to transfer the load

Required Dowels:

AP (4874.16 X 103/O 65) _ (4525 X 103/ . )

_ar . 0.65) _ 2 _ 2
ASpeq = - 420 = 1279 mm* = 12.79 cm

ASpin = 0.005 X A; = 0.005 X (45 X 65) = 14.625 cm? > As,q = 12.79 cm?

Select dowels reinforcement as column reinforcement;

Dowels Reinforcement = 14¢25mm with As = 68.74 cm? > As,,;, = 14.625 cm?

2x 6874 137.48

%6 - 2925 - 0.047 < 0.08 -~ Ok

p =
Compression lap splice between dowels and column reinforcement:

Lscreq = 0.071 X fy X dy, = 0.071 X 420 X 25 = 745.5mm > 300mm

~ Select Lsc = 750mm > 745.5mm

Compression development length for dowels:

C X X 4 .24mm .043 x X 4 omm
red )\ X fC, b 10 X V28 b

> 200mm
Ldc,yailaple = 800 — 75— 16 — 16 = 693mm

Ldcreq = 476.24mm < Ldc,yajiaple = 693 mm ~ Ok
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4-12 Strip Footing Design

Parameters:

f¢' =28 MPa , fy =420 MPa

Yconcrete = 25 kN/m3 » Vsoil = 19 kN/m3

Live load (Surcharge) = 5 kN/m?

qp = 150 kN/m & q; =40 kN/m

C=7.5cm y Op-allow — 400 kN/mZ 30cm
s 7
a
allowable bearing pressure = 400 kN/m®
Design: Fig. (4-51): Geometry of strip footing

Determination of width (a) of footing
Assume footing thickness (h) = 40cm

Ob—allownet = 400 — 25 X 0.4 — 19 X 0.6 — 5 = 373.6 kN/m?

P (150 + 40) 2
Area = oralownet 2 Ty~ 3736 KN/m
0 51 Select Im > 0.51
— = d = .
a 373.6 cm elect a m m

Design of one way shear (Check of footing
thickness)

Assume @12mm bar diameter;

d=400-75-12 = 313mm

Pu=12xPy+16xP, =1.2x150+ 1.6 x 40 t

= 244 kN

1.00m :

Pu
Vu = oy, X (0.037 X 1m) = Fea x 0.037

Obu = 244kN/m*

244
=———X0.037 = 9.028 kN
Im X 1m Fig. (4-52): Critical section at distance d from

face of the wall
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1 1
q)chz0.75xgxx/§xbxd=0.75xgx\/ﬁx1000><313

= 207.03 kN > Vu = 9.028 kN

~ Thickness of Footing adequate enough

Design of Bending Moment

0.35
Mu = GquO.SSXTX 1m

+ 1
Pu d=31.3cm H = 40cm
= — x0.06125 + |k n
Area
1.00m '
244
=—  x0.06125 = 14.945 kKN.m
Im X 1m
Obu=244kN/m?
Fig. (4-53): Critical section from face of the wall
_ Mu; _ 14.94 _
Mn = M/, = 14945/, 5 = 16.61kN.m
K = Mn 16.61 x 10° — 017 MP
N pxdZ 1000x3132 a
fy 420
M= 085fc _ 0.85 x 28
1 | 2 x Kn x m 1 _ 2% 0.17 X 17.65
= — X —_ —_ = X _ _
Prea = 1 fy 17.65 420
= 0.0004

* ASyeq = Preq X b x d = 0.0004 x 100 x 31.3 = 1.27 cm?/m
Aspin = 0.0018 X b x h = 0.0018 X 100 X 40 = 7.2cm?/m > As;q = 1.27 cm?/m

~ Select »12/15cm with As = 7.53 cm?/m for Main Reinforcement

- Select »12/15cm with As = 7.53 cm?/m for Secondary Reinforcement
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