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Abstract

The project aims to design all the structural elements contained in the project, including
nodes, bridges, columns, foundations, walls, and other various structural elements.
Structural design for a hospital in the city of Hebron, which is a hospital proposed to be

built on land in the Hebron region.

This project was designed to include the design of all the necessary details and structural
elements used in this building, and to include all services and facilities based on a study and
analysis by the work team, so that the project site was studied, the architectural plans were
studied, and in the first stages of the structural design, the columns were distributed Then
place the bridges, determine the concrete slabs with nerves in one direction and two
directions and the solid slabs, determine the loads on the building, and then use a number

of programs.

After completing the design and analyzing the project, the project will achieve the largest
possible amount of reinforced concrete walls, distributed regularly or semi-regularly
throughout the building. To be used later to resist earthquake loads and other horizontal

forces.
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Chapter 4 : Structural Design & Analysis

4.1 Introduction

4.2 Design Method and Requirement

4.3 Factored Load

4.4 Determination of Slab thickness
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4.8 Load Calculation Solid slab.
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4.10 Sample Design of Beam ( Beam 42).
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

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

e Ag=gross area of section.

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

e At =area of one leg of a closed stirrup resisting tension within a (S).

e b =width of compression face of member.

e bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C, = compression resultant of compression steel.

e DL =dead loads.

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

e f.=compression strength of concrete.

e Fy =specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

® Ln = Of clear span in long direction of two- way construction, measured face-to-face of

supports in slabs without beams and face to face of beam or other supports in other cases.

. LL = live loads.

. Lw = length of wall.

. M = bending moment.

. Mu = factored moment at section.

° Mn = nominal moment.

AR




Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or 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.

Wec = weight of concrete. (Kg/m?3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.
€. = compression strain of concrete = 0.003mm/mm.
&; = strain of tension steel.

&= strain of compression steel.
p = ratio of steel area.

KN= Kilo Newton
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Chapter Four

Structural Analysis and Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Factored Loads.

4.4 Slab Thickness.

4.5 Load calculations one-way Ribbed slab.

4.6 Design of Topping.

4.7 Load calculations two-way Ribbed slab and beam.

4.8 Load calculations for solid slab.

4.9 Sample Design of one-way Ribbed slab (Rib 9).

4.10Sample Design of Beam (Beam 42).
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4.11 Design of Column (C3)

4.12 Design of Basement Wall.

4.13 Design of Isolated Footing (F4).

4.14 Design of Shear Wall.

4.15 Design of Stairs.
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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.

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.

£q




Material

Reinforced Concrete: B300 , fc’ = 24 N/mm? (Mpa)
Reinforcement Rebars: fy = 420 N/mm?*(Mpa)

Strength reduction factors ().

According to ACI 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
(9) changes with net tensile strain of the cross section as illustrated in the following
figure:

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

¢ R‘ﬁ =0.75 + (& - 0.002)(50)

0.002)(200/3)
Compression Tension
controlled — Transition controlled
%
l & =0.002 & =0.005
£ - 0.600 £ -0.375




4.3 Factored load

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use. The factored
loads on which the structural analysis and design is based for our project members,

1s determined as follows:

q.-1.2DL+ 1.6L ACI-318 - 14 (9.2.1)

4.4, Determination of slab thickness

Determination of Thickness for One Way Ribbed Slab:

Table 4.1: - Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless
Deflection calculated. (ACI 318-19).

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

Minimum thickness (h)

Member Simply Ong end BOt.h end Cantilever
supported Continuous continuous

solid one-way slabs L/20 L/24 L /28 L /10

Beams or ribbed L/16 L/18.5 L /21 L/8

one-way slabs

The maximum span length for one end continuous (for ribs):
hmax for One end continuous = L/18.5

0)




=665 /18.5=35.9 cm
The maximum span length for both end continuous (for ribs):
hmin for one-end continuous = L/18.5

=233/18.5=12.5cm

Select Slab thickness h=32c¢m with block 24 em & Topping 8cm

4.5 Load calculations:

One-way ribbed slab:

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

calculated as in the following table:

Table (4 — 1) Calculation of the total dead load for one-way rib slab.

Tiles 23 30 530 23*0.03*0.53=0.365
Mortar 22 20 530 | 22*0.02*0.53=0.233
Sand 17 70 530 17*0.07*0.53=0.630
Block 10 240 400 10*0.24*0.4=0.96
Topping 25 80 530 25*0.08*0.53=1.06
Rib 25 240 130 25*0.24*0.13=0.78
Plaster 23 20 530 23*0.02*0.53=0.243
partition 2Kn /m”2 530 2*0.53=1.06

Nominal Total Dead load = 5.33 KN/m of rib

Nominal Total live load = 3 ¥*0.53=1.59 KN/m of rib

oy




4.6. Design of topping

The calculation of the total dead load for the topping is shown below:

Table (4 — 2) Calculation of the total dead load on topping

Tile 0.03*23*1=0.69 KN/m
Mortar 0.02*22*1=0.44 KN/m
Coarse sand 0.07*17*1=1.19 KN/m
Topping 0.08*25*1 = 2.0 KN/m
Interior partitions 2 *1 =2 KN/m
Sum 6.32 KN/m

Total Factored Load
W.=12DL+1.6LL

=1.2*533+1.6 * 1.06= 8.1 KN/m*. (Total Factored Load)

2
OM,, = 0.55 * 0.422,[F¢ Sy = 042+ 1+ V24 1000 + = 107° = 1.21 KN.m > M, = 0.208

No Reinforcement is required by analysis. According to ACI 10.5.4, provide 4s,,;, for

shrinkage and temperature reinforcement.

Aspin = 0.0018 * 1000 * 80 = 144 mm? /m strip

Try bars ®8 with As = 50.27 mm?

144

= W = 2.87 bars

n

Select ®8@200 mm in both directions

oy




4.7 Load calculations for Two way ribbed slab and weight beam

Tiles 22 30 530 22*0.03*0.53*0.53=0.185

Mortar 22 20 530 22*0.02*0.53*0.53=0.123

Sand 16 70 530 16*0.07*0.53*0.53=0.314

Block 10 240 400 10*0.24*0.4*0.40=0.345
Topping 25 80 530 25*0.08*0.53*0.53=0.56

Rib 25 240 130 | 25*0.24*0.13*(0.40+0.53)=0.725

Plaster 22 20 530 22*0.02*0.53*0.53=0.123

partition 2Kn /m”2 530 2*0.53*0.53=0.561

W= 2.93/(0.53*0.53)
Nominal Total Dead load = 10.43 KN/m of rib

Nominal Total live load = 3 *0.53=1.59 KN/m of rib

weight of the Layer beam :

Tiles 22 30 800 22*0.03*0.80 = 0.528
Mortar 22 20 800 22*0.02*0.80 = 0.352
Sand 16 70 800 16*0.07*0.80 = 0.952
Plaster 22 20 800 22*0.02*0.80 = 0.368
partition 1.5 Kn/m”2 800 1.5*0.80=1.2
DL =3.42 KN/m

LL=3*0.80 = 2.4 KN/m

0¢




4.8.Laod calculation for solid slab ACI-318M-14

Tiles 22 30 1000 0.66
Mortar 22 20 1000 0.44
Sand 16 70 1000 1.12
RC Solid Slab 25 300 1000 7.5
Plaster 22 20 1000 0.44
Partition 2 Kn/m”2 1000 2

W= 12.16(KN/m*3)
DL =12.16 kn/m

LL=5 kn/m

4.9. Design of one way Ribbed slab for Ground floor

Material: -

concrete B300 Fc' = 24 N/mm?

00




Reinforcement Steel fy = 420 N/mm?

Section: -

b=13cm b~=53 cm

h =32cm T=8 cm

Figure 4- 2 Rib geometry

*** For demonstration purposes only ***

Rib:9 Code: ACI318
Project: ground and 12 Page: 1
Designed by: Date: 27/05/24
Geometry Units:meter,cm
1 2 3 4 5
Al . A . A . A . A —
A A A ’ A ' A
0.6 2.31 0.8 4.34 08 4.31 08 3.2 0.8 2.56 0.8
| =1 = = =1 =
| 3.01 | 5.14 | 5.11 | 4. | 3.36 )
I 53 T T T T 1
8.
32.
13.
AA
Figure 4- 3 Loads on rib R9
load group no. 1
Dead load - Service Units:kN,meter
533 533 5.33 533 5.33
¥ | \ L \ | ; )\ | ! \ \ \ ¥ 1
3.01 5.14 511 4 336

Load factors: 1.20,1.20/1.60,0.00

Live load - Service

159, R Y L 159 | | 1bo

3.01 514 511 4, 336

Figure 4- 4 Moment envelop for rib R9
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 5

224
17 132 /\ 133 e
. -132 /4 13, -12.3
-10.1 /,_\ 83 / 8.8 /N 99
\ / 58 /\ -55
610,895 | AN 1. A
. \ " /139 ! 02 " 48l
= = 1 1 1 1 1 R [ |
N 0.83/0.8 ' 097 ' los3 P 'oép /'
25 : \ 005 \ / 0.78 — 073 — 3
53 _ ~— 6.6 85
12.6 12.4
105, 1.96 | 257 | 257 | 256 | 256 | 2. 2 | 202 | 134 ‘
Shear
” -24.6 227
<184 165 -18
-12.8 e P _11.8/ 124
e S 6.3
e L 4
. —— - —— —— < —— H
- - ,f
17 45 / / / //
S
97 o . 127 12.5
) 184 18.7
227 189
: 245

Figure 4- 4 rib R9

B44 80/32

B36 60/32

4.9.1 Design of flexure: -

Design of Positive moment of rib (RIB 9):
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d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=320-20— 10— == 284 mm.

—Muymax = 12.6 KN.m

be < Distance center to center between ribs = 530 mm............ Controlled.
< Span/4 = 5140/4 = 1285 mm.

< (16* tr) + by =(16* 80) +130 =1410 mm.

—be= 530 mm.

— nf=0.85fc’*bE*tf*( —%f)

=0.85 * 24 % 0.53 * 0.08 * (0.284 _ %) +10% = 211.05 KN.m

GM,r=0.9 * 211.05 =189.9 KN.m
_)(anf:189.9 > Mu max— 126 KNITI

- DESIGN AS RECTANGULAR SECTION.

1) Maximum positive moment MU ® = 12,6 KN.m

M, =Mu /}p =12.6/ 0.9 = 14KN.m

_ Mp _ 14x105
kn =173 5300 (284)° 0.32 MPa

1 2«knsm 1 2x0.32%20.58 | _
p=—(1- /1— 3 )‘m<1‘ 1—T>—0.000767

—As=p *b*d=0.000767* 530 * 284=115.59 mm>.

Asmin = s *bwrd 2 by rd (ACI-10.5.1)
V24

£130 %284 > —2 4130284
420

4%x420
=107.6 mm?<122.9 mm? ............. Larger value is control.

—ASmin = 122.6 mm?> Asreq = 109.3 mm?.

oA




~ As=122.9 mm?.

2 ®12=226.08 mm>>Aseq = 122.9 mm?. OK.
=~ Use 2 @12

— Check for strain:-(e; > 0.005)

Tension = Compression
As*fy=085*f. *b*a
226.08%420=0.85*24 * 130 * a

a=35.8 mm.

f! = 24 MPa< 28 MPa—s B, = 0.85

= 2827221 % 0,003 = 0599 > 0.005 -~ $ =0.9 ... OK!

42.1
Maximum negative moment MU© =133 KN.m

M, =Mu /$ =13.3/ 0.9 = 14.7KN.m

0.85f; 0.85%24

_ My _ 147x10° _
Ry =5 530+ (28177 0.341 MPa

1 ’ 2% Rprm | 1 2%0.341%20.58 \
p _Z(l - 1 —T) —m<1 — \/1 _T>_ 0.000971

—As=p *b*d=0.00971* 130 * 284=35.7 mm”.

= ——xb,*d = —*b,*xd ............ (ACI-10.5.1)

V24

4%420

+130 %284 > %*130*284

=107.28 mm?<122.6 mm? ............. Larger value is control.
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— ASmin = 122.6mm? > Asreq = 35.7 mm?>,
~ As =226.08 mm?>.
2 ®12 =226.08 mm*>Asreq = 35.7 mm?. OK.

~ Use 2 @12

4.9.2 Design of shear of rib (RIB 9):

1) Vu = 18.4 KN.

VC: \/E*bw*d

6
=1.1*%* g *0.13% 0.284 *10° =33.04 KN.

¢Ve=0.75 *33.04=24.7 KN.

—Check for Cases: -
1-Case 1: Vy< % .
18.4< £7=12.39

~ Case (1) is NOT satisfied
2- Case 2: T <V < Ve
12.39<18.4<24.7

~ Case (2) is satisfied — shear reinforcement is required.

Try 2d010: -

— S=130 mm. ..... Control

~ Use 2010 @ 130 Cm




4.10.Design of Beam (42)

Material: -

concrete B300 Fc' = 24 N/mm?

AR




Reinforcement Steel

fy = 420 N/mm?

Section: -
B=60cm
h=32cm
Beam: 42 Code: ACI318
Project: ground and 12 Page: 1
Designed by: Date: 25/05/24
Geometry Units:meter,cm
1 2
L4 1 4T
045 471 0.45 418 04
1 — =
5.16 ‘ 461
1
32,
60.
AA

Figure 4- 6 Beam 42 Geometry
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load group no. 1
Dead load - Service Units:kN,meter
¥ 9.82 J/ 9.@ Jr s]r \lf \L 9.81 i y
2 20.2
W L' N
446 486
5.16 1.668 | 2,95
Live load - Service Load factors: 1.20,1.20/1.60,0.00
D T R RS TS S A R U 4be U WUV ws v
5.16 1.66 | 2.95
Figure 4- 7 Loads on Beam 42
Moments: spans 1to 2
-146.6
-1134 -115.2
1.26/1.44
1 F I ) |
I 17
: 1.11.19 |
20 ! I ' . B 15.9
— 71.9
99.7
! 2.06 3.1 . 3. I 1.61 !
Shear
-153.2
-129.8
842
-61.7
1 l 1 i I
T T T |
74.9
e 121.3
145,

Figure 4- 8 Moment and shear Envelop for Beam 42
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B44 65/32 B44 80732 B44 80/32

B36 60/32

Figure 4- 8 Beam 42

(MUmax = 1152 kNm)

Assume bar diameter @18 for main reinforcement.
Assume bar diameter @10 for stirrups.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320 - 40 - 10— == 254 mm
Crax=2*d=2* 254 =108.9 mm.
amax = f1* Cmax = 0.85 * 108.9 = 92.5 mm.
Mmax=0.85* f! *b*a*(d-%)
=0.85* 24 * 600 * 108.9 * (254— 92.5/2) * 10° =276.9 KN.m

g, = 0.003 225 = 0.003 » 222222 = 0,004
[ 108.9

¢




@ =0.65+ 250 *(0.004-0.002) = 0.82
3
b Mnmax = 0.82 * 276.9 =227.05 KN.m
— Mu = 115.2 KN.m < & Mnmax = 227.05 KN.m

Design the section as singly reinforced concrete section

Maximum positive moment Mu ) =99.7 kN.m
m = 20.6

Mn 99.7 ¥10°
= = = 2.86 MPa
0 0.9xb*d2  0.9%600% (254)2

420

p=— (1 S el >: 0.00759
20.6

As = p * b *d =0.00759*600*254 = 1157.4 mm?

\/E shxd > ﬁ>|<b>|<d

AS i =
T ) =%
24 600 * 254 > 14 600 * 254
= * * E 3 E 3
4 %420 — 420
= 444.4 mm?< 508 mm? .... As, min =508 mm?

As = 1157.4 mm?2> As, min = 508 mm? OK
Use5 18 .... As=1271.7 mm? for bottom reinforcement

A =1271.7mm? > A. = 1157.4 mm?

Sprovid Sreq

Check for strain (g5 = 0.005):

AsXfy  _ 12717 X420

= = =43.6 mm
0.85Xf¢Xb 0.85%X24%x600

f; =24 MPa< 28 MPa— f3; =0.85

10




c=2=2%_513mm.
B1 085

d=320 — 40 — 10—12—8= 254 mm

254-51.3

£ = 5% 0.003 = 2222 % 0,003 = 0.01185> 0.005 - p=0.9 ...

51.3

positive moment Mu ®=71.9 kN.m

m = 20.6
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320 - 40 -10 - 2= 254 mm

M, _  71.9%10°
0 0.9+¢b*d2  0.9¥600% (254)2

=2.06 MPa

1 2%20.6%2.06

p=— (1 - - T)z 0.00518

Asreq = p * b *d =0.00518*600*254 = 789.6 mm?
Asreq = 789.6 mm? > As, min = 508 mm? OK

Use 4 18 .... As= 1018 mm? for bottom reinforcement

A = 1018 mm?* > 4, = 789.6 mm®

Sprovid

Check for strain (g5 = 0.005):

AsXfy _  1018x420

= =35 mm
0.85XfeXb 0.85%X24x600

f! =24 MPa< 28 MPa— S, = 0.85

a

c=2=2 4117 mm.
B1 085

d=320 — 40 — 10—12—8: 254 mm

1

OK




d—c 254—-41.17
g = %0003 =220

negative moment Mu ©)=115.2 kN.m
m = 20.6

+106
Mn _ _ 115.2+10 — 330 MPa

D7 0.94bxd2  0.94600% (254)2

420

p=— (1 - J1- —2*2"'6*3'3"): 0.00886
20.6

As=p * b *d =0.00886*600*254 = 1351.3 mm?
As = 1351.3 mm?> As, min = 508 mm? OK
Use 6 ©18 .... As= 1526.04 mm?

A =1526.04 mm? > A. = 1351.3 mm?

Sprovid Sreq

Check for strain (e, = 0.005):

AsXfy  _ 1526.04x420
T 0.85Xfixb  0.85X24X600

=52.36 mm

f! =24 MPa< 28 MPa— f3, = 0.85

52.36
c=—==222=61.6mm.
B1 085

d=320 — 40 — 10—12—8= 254 mm

a— 254-61.6

g, = —*0.003 = e *0.003 =0.0093>0.005 - ¢=0.9...

c

v

*0.003=0.0155>0.005 - ¢=0.9...

OK

OK




Overall maximum shear value = 129.8 kN At the critical section at distance (d) from the face of support

(B)

(Vyq = 129.8 KN)
e
dVe=¢ *Q*b*d =0.75*g*600*254* 10-3 = 93.3 KN.
Check For Cases:-

Casel: V, < %

oV, _ 129.8 _

— - 64.9 KN

93.3>64.9

=~ Case (1) is NOT satisfied

Case 2: % <Vu<dpVe
64.9 <129.8 <93.3

=~ Case (2) is NOT satisfied

Case 3: pVc< Vu < (dpVe+ dVsmin)

¢ Vsmin > % C'*bw*d:%m * 600 *254* 1072 =34.9KN.
> %*bw*d: 875+ 600 * 254 * 10-= 381 KN ... Control.

~¢pVsmin =38.1 KN.
GdVe+ dVsmin=93.3 +38.1 =131.4 KN.

Cch< Vy < ((ch‘i‘(l)VS min)

A




93.3<129.8<1314 ...

Vs

- Case (3) is satisfied — (%) = o
t*

ft
chg*b*d =075 * Y24 * 600* 254 * 10-* = 124.4 KN,

Vs = ( %-Vc)

129.8
Cors

Vs= — 124.4) = 48.6 KN

Try2 ® 10 =2*78.5=157.1 mm2

Try @ 10 With 2 Legs whith As =157.1 mm2
S=(Av*fyt*d)/Vs

= (157.1 * 420 *254) / (48.6 *1073 ) = 344.8mm
Smax<(d/2) OR Smax<600mm
Smax<127mm OR S max <600 mm
Smax<127........... Control

Smax = 127 mm < 344.8 mm

TAKE S= 150 mm

USE @ 10 With 2 Legs / 150 mm

19




Check Deflection The value of Deflection should not exceed , Which according to ACI Code
The following Table shows values of compared with deflection calculated by Atir software.

Reinforcement (cm2)

Concrete: B300 Main reinforcement fy = 420 Stirrups fy = 420
Top Cover 6.2 | 6.2
As top = 13.21
Asbot= [pB.28 10.93 8.44 2.53
Bot Cover 6.2 I 6.2
66  Legs=2 96  Legs=2
Gap=5/5 Gap=5/5
22@5 84@5
all = L/468 L/951
(al+at) t2-t1= Li424 L/a40

Figure 4- 8 Check Deflection for Beam 42




4.11.Design of Column (3)

4.11.1Calculation of Loads act on Column (C 3):

v' Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v Load Calculation:-
Service Load:-

Dead Load =2026.4KN
Live Load =535 KN

Factored Load:-
Pu=1.2 x2026.4+ 1.6x535 =3287.68 KN CONTROL .
1.4 DL =1.4x2026.4= 2836.96 kN

= Check Slenderness Effect:

For braced system if A < 34 — 12 % < 40, then column is classified as short column

and slenderness effect shall not be considered.

Klu
A= —
Tr
Where:

Lu: Actual unsupported (unbraced) length = 3.08 m

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

R: radius of gyration — for rectangular section = \/% 0.3h

V)




about X-axis (h=0.60m) about Y-axis (b= 0.40 m)

L 1+308
7 4= 03x060 _ 1+3.08
- A= ———=25.66
A<34-12(1) =22 <40 0.3+0.40
A= 17.11 < 22 .. Short about X 1<34-12(1)=22 <40

~ Column is Short, So Slenderness effect will not be considered.

4.11.2 Calculation of Required Reinforcement Ratio:

Since Column is short and slenderness effect will not be considered, then Design Strength of
column can be calculated using the following equation:

¢Pn = 0.65 * 0.8 « Ag{0.85 * fc' + pg(fy — 0.85fc")}
Where, Pu =3287.68 KN

3287.68 * 103 = 0.65 = 0.8 = 600 = 400{0.85 * 24 + pg(420 — 0.85 x 24)}
= pg=0.02 > ppin=0.01 &< p,,, = 0.08

As req = 0.020 *600 *400 =4800 mm?

Use 20 >> #of bar =7 =16

- Usel6 @20 with As = 5024 mm?2 >AS req = 4800 mm?

= Check spacing between the bars:

600—2%40—2+10—6%20
S= = =76 mm

S=76mm >ZMAS
>40mm
> 1.5db =30 mm
= Determination of Stirrups Spacing
According to ACI:

S < 16 db (longitudonal bar diameter)

\'Al




S < 48dt (tie bar diameter).
S < Least dimension.

Spacing < 16 x d,(Longitudinal. bar. diameter) = 16 X 2.0 = 32cm.
Spacing < 48 X d,(tie. bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 40 cm

~ Select @ 10/20cm

Column (C 3) Section is shown in figure where bars arrangement and stirrups detailing

appear.

?»10/20em
[L=188

14
10

14
$»10/20em
L=112

Figure 4- 8 Section Column (C3)
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4.12.Design of Basement Wall

Figure *-1: Moment & Shear Envelope deagram for Basement Wall

Maximum moment Mu ©) = 45.7 kN.m

_ fy _ a0
©0.85f, 085x24

m 20.6

d = depth - cover — (diameter of bar/ 2)

=300 - 70 — % =223 mm

Mp 45.7 %10°
= = =1.21MPa
N 0.9+bxd2  0.9¥1000% (223)2

420

p= 0o (1 ~ [1-rReen >= 0.00297
As = p * b *d =0,00297*1000*223 = 662.31 mm? /m

|42




bxd > 14 bx*d
= * D * = — %D *
4 (fy) fy

V24 1.4

= >
4*420*1000*223

= 120 * 1000 * 223

=650.28 mm? /m < 743.3 mm?/m .... As, min=743.3 mm?/m
As = 662.31 mm?> As, min = 743.3 mm?
Use $16/25cm .... As= 743.3 mm? /m for Negative reinforcement

A = 804.2 mm2 /m > Asreq = 743.3 mm2 /m

Sprovid

Maximum positive moment Mu )= 22.6 kN.m

R o=_Mn _ 22.6 *10°
0 0.9+bxd2  0.9%¥1000% (223)2

p=r— (1 = \/1 - —2*20'6*0'5°4>= 0.00121
20.6 420

As=p*b*d=0.00121*1000*233 = 271.5 mm2 /m

= 0.504 MPa

As =271.5 mm2 < As, min = 743.3 mm2

=>» As, min = 743.3 mm2 .... control

Use $16/25cm .... As= 803.84 mm? /m for Positive reinforcement

A = 803.84 mm2 /m > A

Sprovid

= 743.3 mm2 /m

Sreq

Vo




v" Design for Shear

(Vyua = 75KN)

fe
bVe=d * e, b*d=075%* g *1000* 223 * 10-2 = 136.5 KN.

6
Vu< Ve
75 <136.5

Thickness is ok .....

v




4.13.Design of Isolated Footing (F2)

Loads that act on footing F2 are:

- PD=1313.8 kN, PL =205.25 kN — Pu=1.2 *1313.8 + 1.6*205.25=1904.96 kN

The following parameters are used in design: 0.40

- ¥ concrete = 25 kN/m® —»JQ
- ¥ soil = 18 KN/m? ﬁ

- Oallow = 300 KN/m?

- clear cover =5cm 0=25

4.13.1 Determination of footing dimension (a):
Footing dimension can be determined by designing the soil against bearing pressure.

— Assume h =60 cm
— O b(allownet =300 - 25*0.60 — 0.65*18 = 273.3 kN/m?
— O bu(allow . net) = 1.4* 273.3 = 382.62 KN/m?

— Opu= Pu/AT'eq < O bu(allow . net)
;. 1904.96/ , =386.12 — a=2.23m — Select a=2.5m

— Bearing Pressure cbu = P“/A= 190 =305 kN/m? < 382.62 kN/m?

2.5%2.5
...(SAFE)

Vv

60cm




4.13.2 Determination of footing depth (h):

To determine depth of footing both of one- and two-way shear must be designed.

4.13.3 Design of one-way shear :

— d=h-cover —9=600—-50—-16=534 mm
— Vu at distance d from the face of column:
Vu=FRB =obu x 0516x b

=305% 0.516% 2.5 = 393.45 kN
— Q*VCZO.?S*%* Fc'*b*d

=0.75* % * /24 * 2500 * 534=817.51 KN >Vu

~h=60cm iscorrect v

4.13.3.1 Design of Punching (two-way shear):

d =534 mm
b, =2%(0.45+0.534)+2*(0.4+0.534)= 3836 mm
Bc=1.12

Lol

as = 40 (interior column)

VU =382.62%(2.5%2.5-(0.45+.534)(0.40+0.534)) = 2039 kN

@x\Vc is the smallest of:

4 Vi’
1. Vc_(2+3_c)xf X by xd

VA




:(2+i)x% x 3836 X 534

1.12
— 4683. 0kN
2. Vc= (“SbXd+2)x% X b, xd
= (1253 4 2) x V2% 3836 x 534
3836 12
— 6201.2kN

3. Ve=4x3 xb,xd

% x 3836 X 534= 3345.06 kN .. <cont.

=4 X

— @%xVc =0.75 x 3345.06 = 2508.79 kN > Vu = 2039.0 kN

~h=60cm iscorrect v

4.13.4 Design of Reinforcement :

Mu = 305 *1.05*2.5*(1.05/2) = 420.32kN.m

m—fy _ _420
0.85+Fc’ ~ 0.85+24

— Mn=420.3/0.9=467.03kN.m

=20.6

Mn/@ _ 467.03x10° _

— kn= bxd2 ~ 250045342
0.65 MPa

_i* } _Z*KN*m

- p= 0 1-—2—)

=L %1 \/1 _ 21065206y _ () 1617
206 420

— Asreq=px*bxd = 0.0017 * 2500 * 534 = 2268.2mm?
— As (min) = 0.0018*b*h = 0.0018*2500* 600 = 2700 mm?

— Asreq > As (min)

VA




- Select for both directions: 14316 with As = 2813.44 mm? > Amin ... (0k)

4.10.4 Design the Connection between Column & Footing:

— Design of bearing pressure at section of column:
@ x Pnb=0.65%0.85% fc'x Al >Pu

= 0.65 x 0.85 x 24 x 450*400 = 2386.8 kN > Pu = 1904.96 kN
~ Dowels are required to transfer the load between column and footing.

— Design of Dowels:
The dowels will carry the difference between (@ x Pn) and (Pu) .

- Fy.Asreq=AP

(2386.8-1904.96)
0.65

- 420. Asreq =
- Asreq = 1764.98mm?

- As min for dowels = 0.005 x A1 = 0.005 x 450 x 400 = 900 mm?
- Asreq>Asmin

. Select 140918 which is just like the reinforcement of column.

— Check Compression lap splice between steel of column and dowels (Lsc):
Lsc creq =0.071 x fy x db = 0.071 x 420 x 18=536.76 mm >300mm

~ Select Lsc = 60 cm > Lsc req = 53.6cm

— Design of compression development length (Ldc):

- Ldc=024x ff_—i x db = 0.24 x j:_—;’ x 18 = 370.36 mm .. < cont.

- Ldc=0.043 x fy x db =0.043 x 420 x 18 = 325.08 mm
~ Ldc req = 370.36 mm

- Auvailable Ldc =600 — 50 — 16 — 16 = 518mm > Ldc req = 370.36 mm .. ok

— Check tension development length using simplified method (Ldt):




Since we have a footing, it must satisfy two conditions to be considered under category A,
otherwise it will be considered as category B:

1- Clear lateral spacing :2500_(2*ig)_(16*16) =143 mm > 2db = 32mm v/

2- Clear cover=50mm>1db=16 mm v

= Category A

Design of tension development length (Ldt):

f t 12 420 1x1
Iy qotxge . gp=12,420, 1x
fcr A 20 24

x 18= 189 mm

- Ld,req= %x

. 2500-400
- Ld, available = =—————- 50 =2250 mm > Ldt, req .... (0k)
s 3 _
= 83 @ Eg . —ca @‘
5 N d
E |ﬁ 20816 =320 ﬁ|
280
== 0.10 124 0.40 123 0.10
0.10 250 010
310
|
@ isezo

—
45

AN




4.14.Design of Shear Wall

Analysis and design were done using ETABS program in which the seismic loads were taken
into account. The following is a sample calculation for one of the walls, S.W3.[For detailed
information see appendix C]

The following data that used in design:

Shear Wall thickness = h = 20 cm

Shear Wall length Lw = 4.3m

Building height Hw=16.5 m

Critical section shear : Lw<hw — d =0.8*Lw =0.8%4.3 =3.44 m

4.14.1 Design of Horizontal Reinforcement :
Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :
1- V=2 /fc' xbxd

1

= g\/24 X 200 X 3440 = 561.74 kN < Controlled

'xbxd = Nuxd
2. o= Yexbxd  Nu
4 4Lw

_ V24x200%x3440

n + 0 =842.62kN

2Nu
_ |Vfe LW( fe'+y .h) hxd
& Ve= |50t —wmiw | X0
Vu 2

Where:

- Mul=468.33 kN.m

Mul Lw 46833 43

Yo T2 Sers 2 = —1.35 > 0 — This equation is not applicable.

~Vc= 561.74 kN —» @Vc < Vumax’ =582.5 kN —»Horizontal Reinforcement is
Required.

AY




Vu 582.5

— Vs= ——Vec= —-561.74 = 214.9KkN
1) 0.75
Avh Vs 214.9+103
“s  fy«d 42043440 0.148

Avh
but (T) min = 0.0025 +*h = 0.0025 * 200 = 0.50 « Controlled.

— Avh : For 2 layers of Horizontal Reinforcement
Select 910 :

Avh =2 *79 = 158 mm?

Avh 1
—~ = 0.50 - Sreq = ——=316mm

Smax= Lw/5 = 4300/5 = 860 mm
= 3h =3*200 =600mm
= 45cm « Controlled.

~Select @10 @ 200 mm at each side.

4.14.2 Design of Vertical Reinforcement:

— Aw = [0.0025 +0.5 (2.5-) (- — 0.0025)] « h * Sver
hw—16'5—3 83 > 2.50
w 43 '
% 2.50

Aw _ 2479

Avv

Sver

Smax = Lw/3 =4300/3 = 1433 mm
= 3h = 3*200 =600mm
= 450 mm <« Controlled.

AY




Select 14 :
Awv = 2 *153.8 = 307.7 mm?

Avv 307.7

~Select @14 @ 200 mm at each side.

4.14.3Design of Bending Moment :

— Max Mu =1855.4 kN.m

— Part of Moment that resisted through Avv :
Muv =0.9 [ 0.5*Asv*fy*Lw (1--)]
Where:

- Asv=2*113 *% — 4859mm?

z 1 1

T Iw = ) 0.85+B1+fc’ ~Lw+h = 54 085+0.85+24:4300+200 = 0.107
+ Asvfy ' 4859+420
0.107

: Muv = 0.9 [ 0.5¥4859*420*4300 (1- )] = 3737.6 kN.m

Muv = 3737.6 kN.m > Mu =1855.4 kN.m

So, Boundary Element is not required. #

AL




4.15.Design of Stair

B e o e e e

5353

1]

Figure 4- 8 Stairs top view

v' Determination of Thickness: -
h,i, = L/20
h,i,=330/20 = 16.5 cm

-~ Select h = 20cm, but shear and deflection must be checked

The Stair Slope:

Angle (a)=tan ta = mse 217, q=292°
run 30

Ao




e Structural System:

1 Flight | (0.20 x 25x 1)/ cos (29.2) =5.72 KN/m
2 Plaster (0.02 x 22x 1)/ cos (29.2) = 0.50 KN/m
3 Mortar | (0.02x22x1) x(>=>2) = 0.68 KN/m

4 | StairSteps | (> 3) X (F222) = 2.12 KN/m

5 Tiles (0.03x27x (° =227) = 1.35KN/m

SUM= 10.40KN/m

v Load Calculation: Table(4-): Load Calculation for Flight.

Live Load =3 KN/m?

Factored Loads:

Wu= 1.2 x10.40 + 1.6x3= 17.28KN/m

28.51

28.51

A




Internal Forces of Flight.

Shear Force Diagram.

(qu/2) x3.3 = (17.28/2) x 3.3= 28.51 kN.

Max. Vu of Flight = 28.51cos 29. 2 = 24.88 kN.

Bending Moment Diagram.

Max. Mu of Flight = 28.51x1.30 — 17.28%1.35x0.25 = 31.23 kN.m

17.28

28.51

{ 31.23

28.51

Design of Shear Force:
(Vu=24.88 KN):
Assume bar diameter @ 14 for main reinforcement

d=h_20- %

2
d:200—20—12—4=173mm
Vc:%xm X by, X d
VC=%X 24 x 1000 x 173 =141.25 KN

@Vc =0.75x 141.25 = 105.94 KN > Vu max = 24.88 KN

~. No Shear Reinforcement is Required

Design For Bending Force (Mu=31.23 KN.m)

Mu _ 31.23

Mn=—= =34.71 KN.m
] 0.9

AV




fy 420

= = =20.6
0.85xfz  0.85 x24
34.71 x10°
Rh= —/—— =1.13 MPa
1000x1732

p=——x(I- J 1 - 22222 =0.00276
ASreq= 0.00276x1000x173= 478.68 mm?

ASyin= 0.0018x1000x200=360 mm?

As, req = 478.68 mm2 > As, min = 360mm2

= Select @12/200 mm with As = 565.5 mm? > As req= 478.68 mm? .... For Main

Reinforcement

e Check For Spacing:
1- S =3h=23*200 =600 mm
2- S =360 mm
Asrgsm= 0.0018x1000x200= 360 mm?

=~ Select @10/150 mm with As = 471.2 mm? > As req= 360 mm?

e Check For Strain:

Asfy _  360x420

= = =7.41mm
0.85xbxfz  0.85x1000x24
a 7.41
c=—=—-=8.71mm
0.85 0.85

173-8.71

g, = 0.003 x (£5) =0.003 x = 0.565 > 0.005 .......... @ =0.9 (OK)
C

AA




Design of Landing.
Structural System

Selecth =20 cm

Load Calculation

NO. Parts Of Landing KN/M*3 Calculation
1 Tiles 22 (0.03 x22x 1)=0.66 KN/m
2 Mortar 22 (0.02 x22x 1)=0.44 KN/m
3 RC Slab 25 (0.20% 25x 1) =5 KN/m
4 Plaster 22 (0.02 x 22x 1) = 0.44KN/m
5 sand 17 (0.07 x 16x 1) = 1.12KN/m
SUM= 7.66KN/m

Table 4: Load Calculation for Landing ().

Factored Load :

Wu= 1.2 x7.66 + 1.6x3 = 13.992 KN/m

Design of Slab (2) Far from The Flight:

13.99

23.08 23.08

V, = 23.08 — 13.99x(0.10+0.173) = 19.27 kN

AQ




«[2 _ 13.99+3.52
Mu = qu =
8 8

e Design For Shear for Landing (Vu=19.27 KN):

Assume bar diameter @ 12 for main reinforcement

=21.4kN.m

d=h-20- %
2
d:200—20—12—2 =174 mm
1
Ve = gx\/ﬂ X by, X d

Ve = %X V24 x 1000 x 174 =142.07 KN

@Vc =0.75x 142.07 = 106.55 KN > Vu max =19.27 KN

~. No Shear Reinforcement is Required

e Design For Bending Force (Mu=21.4 KN.m)

Mn =28 =214 _ 53 78 KN.m
[0} 0.9

m=—y —-_%0 _s94

T 0.85xf;  0.85x24

Rn= 2378X10° _ g0 Mpa

1000%x1742

0= RN - \/1 _ 2X0.785X20.6 ) = 0.00194

20.6 420

Aspeq= 0.00194x1000x174= 337.86 mm?
ASpin= 0.0018x1000%200= 360mm?

use Aspin= 360mm?

= Select @12/200 mm with As =565.5 mm? > As req= 450mm? .... For Main Reinforcement

e Check For Spacing:
e S=3h=3*200=600 mm
e S=360mm
As(1gsyy= 0.0018x1000x200= 360 mm?

=~ Select @10/150 mm with As = 471.2mm? > As req= 360 mm?

q.




e Check For Strain:

Asf, 360%x420
= L = =7.41 mm
0.85Xbxf;  0.85x1000x24

a 7.41
c=—=—-=8.71mm
0.85 0.85

g, = 0.003 X (%) =0.003 X (=) = 0.0569 > 0.005 .......... @ =0.9 (OK)

Design of Slab (1) Near from The Flight:
o alill dac )y et Ll Al ddacall 4l 5 Al Jaal) (ge IS Jaas (V) Ailaie

() Sl 8 Ll il gl Jlea)

44.7

71.6 71.6

V,=71.62-44.768%(0.15+0.173) = 57.16 kN

1> 44.768+3.22
M, ="“8* = 8* =57.3kN.m

e Design For Shear for Landing (Vu=57.16 KN):

Assume bar diameter @ 14 for main reinforcement
d=h-20- %
2

d:200—20—12—4 =173 mm

Vc = %x\/24 X by, X d

)




Ve = %x V24 x 1000 x 173 =141.25 KN
@Vc=0.75x 141.25 = 105.94 KN > Vumax =57.16 KN

- No Shear Reinforcement is Required

e Design For Bending Force (Mu=57.3 KN.m)

Mn =M =373 _ 63 6 KN.m
[1] 0.9

420

m=—Y = =20.6

T 0.85xf;  0.85x24

63.6 x10°

Rn= ———— =2.122 MPa

1000x1732

1 2X2.12X20.6 \ _
p—ﬁx (1-\/1 —T) =0.0055

ASyeq= 0.0055x1000x173= 951.5 mm?
ASpin= 0.0018x1000x200= 360mm?

= Select @14/150 mm with As =1005 mm? > As req= 951.5mm? .... For Main

Reinforcement

e Check For Spacing:
3- S =3h=3*200 =600 mm
4- S=360 mm
Asrgsm= 0.0018x1000x200= 360 mm?

= Select @10/150 mm with As = 471.2mm? > As req= 360 mm?

e Check For Strain:

Asfy _  951.5x420

= = =19.5mm
0.85Xbeé 0.85X1000X24
c=—2 =22-23 04mm
0.85 0.85
g5 = 0.003 x (=) =0.003 X (a2 = 0.019 > 0.005 ........

ay

@ =0.9 (OK)
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[1] Building code requirements for structural concrete (ACI-318-14).
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