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Structural Design for the "Proposed Design of Hebron
" Municipality Building" in Hebron City

Prepared by:
Yazan Sweity Shadi Jaafreh

Samar Sharawneh Bushra Amrou

Palestine Polytechnic University -2019
Supervisor

Eng .Hamdi Idais
Abstract

The idea of this project lies in the structural design of the proposed design of the
Hebron Municipality building .

The project consists of three floors, roof and garage for cars, with a total area of
6540 square meters .

The architectural design is characterized by the inclusion of a number of fragmented
blocks distributed in a consistent manner functional and aesthetic. It was adopted in the
distribution of these blocks to provide easy and quick access to users.

We will use the Jordanian code to determine live loads, and determine the load of
earthquakes. As for structural analysis and section design, the US code (ACI_318 14)
will be used and we will rely on some computer programs such as: AutoCAD (2018),
Atir , Microsoft Office.

The project will include a detailed structural study of the identification and analysis of
the structural elements and the different expected loads, and then the structural design
of the elements and the preparation of the plans according to the design of all the
structural elements that form the skeleton of the building. After the completion of the
project, it is expected to be able to provide the structural design for all structural
elements with the permission of Allah.

God grants success.
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Introduction : 1-4

Factored loads : 2-4

Slabs thickness calculation : 3-4
Load calculations : 4-4

One way ribbed slab : 1-4-4

Design of Topping :5-4
Design of one way Rib (25) :6-4
Design of flexure :1-6-4
Design of negative moment of Rib (RI1B25) :2-1-6-4
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Design of Shear wall (w8-f1) 8-4

Design of Horizontal Reinforcement 8-1-4
Design of Vertical Reinforcement 8-2-4
Design of Bending Moment 8-3-4

Design of Isolated footing 9-4

Design of Stair10-4

Design of Flight 10-1-4

Design Of Shear For Fligt10-1-1-4

Design Of Bending Moment For Fligt10-1-2-4
Design of Column 11-4

Load calculation from group ¢ 11-1-4
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Design for basement wall 12-4
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Ac = area of concrete section resisting shear transfer.

As = area of non-pre-stressed tension reinforcement.

As: = area of non-pre-stressed compression reinforcement.

Ag = gross area of section.

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

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

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

IX



e f.& = compression strength of concrete .

o fy =specified yield strength of non-pre-stressed reinforcement.

e h =overall thickness of member.

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

e LL =live loads.

Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn =nominal axial load.

e Pu =factored axial load

e S =Spacing of shear in direction parallel to longitudinal reinforcement.
e Vc = nominal shear strength provided by concrete.

e Vn =nominal shear stress.

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

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

e @ =strength reduction factor.

e g, =compression strain of concrete = 0.003.

e g, =strain of tension steel.

e £.=strain of compression steel.

e p =ratio of steel area.
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4.1
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4.3

4.4

4.5

4.6
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4-9

Chapter Four
Structural Analysis and Design
4
Introduction.
Factored Load.
Slab thickness calculation.
Load calculation.
Design of Topping.
Design of Rib (25).
Design the beam (B-1, B12).
Design of Shear wall (w8-F1).

Design of isolated Footing (F1).

4-10 Design of stairs .

4-11 Design of Column .

4-12 Design the Basement wall
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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 two types of slabs : One way ribbed slab and Two way ribbed slab.
They would be analyzed and designed by using finite element method of design, with aid of a
computer program called "ATIR- Software " to find the internal forces, deflections and moments
for ribbed slabs and by using the previous program and Etabs, Safe, And programs to find the
internal forces, deflections and moments for both types of slabs, and then handle calculation
would be made to find the required steel for all members.

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-318-08 code.

NOTE: fc'0 24N/ mm*(MPa)
fy O 420N /mm?(MPa)

The factored loads on which the structural analysis and design is based for our project members,
is determined as follows:

qud1.2D.LO1.6L.L.
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4.3 Slabs thickness calculation:

Minimum thickness , h
Simply One end Both end

. . Cantilever
supported continuous continuous

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

Solid one way
Slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural members

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way
slabs unless deflections are computed as follow: For rib :

Nmin=L/18.5=526/18.5=28.43 cm " One end continuous "
hmin=L/21 =700/21 = 33.33cm " Both ends continuous " select
:35 cm thickness with 27 cm block and 8 cm toping .

4.4 Load calculations:

4.4.1 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:
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Table (4 — 2) Calculation of the total dead load for one way ribbed slab.

Parts of Rib Calculation
Rib 25 0.12*0.27*25= 0.81KN/m
Top Slab 25 0.08*0.52*25 = 1.04 KN/m.
Plaster 22 0.02*0.52*22 = 0.23 KN/m.
Block 10 0.4*0.27*10 =1.08 KN/m
Sand Fill 17 0.1*0.52*17=0.884 KN/m

Tiles 23 0.03*0.52*23 = 0.36 KN/m
Mortar 22 0.02*0.52*22 = 0.23 KN/m.
partition i 1.2*0.52 =0.624 KN/m

Nominal Total Dead load = 5.26KN/m of rib (service load)
Nominal Total live load =4*0.52= 2.1 KN/m of rib (4 KN/m? for bank corridor)

Statically System For Topping:

Consider the topping as strip of (1m) width, and span of mold length

Both end with fixed in the ribs.
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- 40 cm

Fig 4.2: Topping Load.

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

Tiles 0.03 * 23=0.69 KN/m?
Mortar 0.02 * 22=0.44 KN/m?
Sand 0.07 * 17=1.19 KN/m?
Slab 0.08 * 25=2 KN/m?

Partitions  1.00 * 1 = 1 KN/m?.

Dead Load = 5.32 KN/mZ.
Live Load = 4 KN/m?.
W,=12DL+16LL
=1.2*583+1.6*4=1278 KN/m? (Total Factored Load)

M = Wy xl?  12.78% 0.4%
u = =
12 12

=0.170 KN.m
Mn,=f-+*S Sm (ACI 22.5.1, equation 22-2)

= 042/ * 2= = 042 V24 + 2222 4 10° = 2.19 KN.m

@Mn=0.55* 2.19 =1.207 KN.m pM, =
1.207 KN.m > M, = 0.170 KN.m

~ No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.
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For the shrinkage and temperature reinforcement :- ACI 7.12.2.1

p=0.0018

As=p+*b*h=0.0018 x 1000 * 80 = 144 mm?2.
Step (s) is the smallest of:

# 0f g = 25rea — 1% _ 5 27, Spacing(S) = % —(.0.348 m so we take S= 300mm.
280 87
fs

=380 * g)—z.s* 20 < 380 * %)
y 34Y

5380(%)72,5*& < 380 (

3

— 380 * 280 _ % * 280
(3*420) 2.5%20<380 (3*420 )

=330 mm. <380mm.

<3*h=3*80=240 mm........... controlled.

<450 mm.

~Use @8 @ 200 mm C/C in both directions.

4.6  Design of one way Rib (25):
Requirements for Ribbed Slab Floor According to ACI- (318-08).

W > 10CM .. eeieiiiieieeieeeneeeneeeeneeeneenneeenncennns ACI (8.13.2)

Select bw=12cm

h <3.5*bw

........................................ ACI(8.13.2)

Select h=35cm<3.5*12=42 cm

tf > Ln/12250mm ..cccvviiniiiniiiiniiiniiiniiinecinnnn ACI(8.13.6.1)
Material :-
concrete  B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

40



Structural Analysis and Design 2 ) Juadl)
Section :-
b =12 cm br =52 cm
h =35 cm
load group no. 1
Dead load - Service Units:kN,meter
526 5.26 5.06
2.87 3.4 53
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.10 2.10 210
2.87 3.4 5.3

Figure (4-1): Geometry of rib and it’s dimension.,

1 2 3
E: h A, h
1L
A A A
0.3, 2.32 2.6 . 08 4.75 0.3,
I I 1 1
L 287 34 53 |

35.

AA
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Figure (4-2) : loading of rib (25)
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Moments: spans 1to 3
-25.4
ra -14,
74
18063, 28 poz |
L [ I i 1 1 |
U 2/0.47 | e :
18 Ay 28 | 13l ' A
85
231
120 158 | 136 2.04 | 3.18 : 212 |
r T T T T T 1
Figure (4-3) : Moment Envelope of rib (25)
Shear
-11.8 2212

165 162 6.0
2=

128 13.5

238
304

Reactions

Figure (4-4) : Shear Envelope of rib (25)

4.6.1 Design of flexure:-
4.6.1.2 Design of negative moment of rib (RIB 25):
Maximum negative moment Mu © =-17.4 KN.m.

Assume bar diameter @ 12 for main negative reinforcement. d

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

=350-20— 10—1?2=314mm.

Mn=Mu/ ¢ =17.4/0.9=19.33 KN.m
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0.85 f, 0.85%24
My 19.33%1073
b*d2  0.12% (0.314)2

1 2K *
p=2a- [1- )

=— (1 — f1-===e )= 0.00406

=1.63MPa

20.6 420

—As=p * bE *d =0.00406*120*314= 153 mm?Z.

ko

1.4
ASpin = T b, *d = % xby,xd ... (ACI-10.5.1)
— 2 1205314 > 2241204314
4x420 420
=109.8 mm?<125.6 mm*............. Larger value is control.

—ASmin 125.6 mm? < As;eq 153 mm?,

2 @ 12=226.08 mm’ > Asreq = 153 mm’. OK. -.
Use2 @12

— Check for strain: - (s> 0. 005)
Tension = Compression
As*fy=085*f/*b*a

226.08 *420=0.85*24*120*a a

= 38.79mm.

R=0.8

C=al8
C=38.79/0.8=48.49
£, = ? *0.003

= 3142849 % 0.003 = 0.0164> 0.005 .. $=0.9 OK
48.49
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4.6.1.3 Design of positive moment of rib (RIB25):
For positive moment Mu = 23.1KN.m

Assume bar diameter @ 12 for main positive reinforcement. d
= depth - cover — diameter of stirrups — (diameter of bar/ 2)

=350 — 20 — 10—12—2=314mm.

— My = 0.85 f. + by« tp = (d — L)

— 0.85 24 % 0.52 * 0.08 * (0.314 - 0—28) «103 = 232.53KN.m
dMir = 0.9 * 232,53= 230.2 KN.m
My =230.2 KN.m >> M,* = 23.1 KN.m.

- Design as rectangular section with b = bE = 520 mm

My =Mu/ $=23.1/0.9 = 25.67 KN.m

fy _ 420 _ 554

© 085f, 0.85+24

M, _ 25.67+1073

K, = -~ = -
" pE+d?  0.52* (0.314)2

1 2xKp*xm
==(1-— 1 -=—1
p=—( / 7, )

= (1 — 1 e )—0.00121

20.6 420

=0.50 MPa

—As=p *DbE *d =0.00121 * 520 *284 = 197.56 mm2.

\/E*bw*d 1.4

ASpin = rfy) > E kb, xd o (ACI-10.5.1)
— 2% 1204314 > 124120314
4+420 420
=120.877 mm*<125.6 mm? ............. Larger value is control.

—ASmin = 125.6 mm? > Asreq = 197.56 mm?2. NO ...
= ASyeq = 197.56mm>,
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N= As/Abar = 197.56/113= 1.75 so take N=2 2
@ 12 =226mm?* > Asyeq 197.56 mm?*. OK.

~Use2@12

— Check for strain: - (€= 0. 005)
Tension = Compression
As*fy=0.85* f/* bE * a 226*
420=0.85*24*520*a a=
8.95mm.

C=8.95/0.8 =11.19
£ = 2% 0.003

- —31‘;11:19 * 0,003 =0.082> 0.005 - ¢=0.9 OK

4.6.2 Design of shear of rib (RIB 25):

1) Vu =23.8 KN. (at distance d=283 mm from the face of support)

f
L1V, = 1.1*@* bu* d
V24

=1.1* v *0.12 % 0.314 *10° = 33.84KN.

¢ Ve =0.75* 33.84 = 25.38KN.

—Check for cases:-

Casel: V,< ﬁ-

238 < % =12.69.....No
Case 2: TusoV.

23.8 <25.38  vYES

P
Ly = — I %y = = Y2250 12= 8754105, Control.

s 16 fyt 16 420

Try @8 (2 Legs):
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2:804107° _ ) 59%10% —S=0.82m

S, <%= 3=157mm.
2 2

~Use@8 @ 10 Cm

Material :-

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

Section :-
B=80cm, h=35cm

The load acts on the beam from two way ribbed slab as shown below:

Figure (4-5) : hatched areas represent the load on beam from slab

The tributary load area beam from ribbed slab as shown above (shaded area). In addition to
factored load acting on the beam from the ribbed slab, the own weight of the beam must be
added and the load of the RC wall (25 cm thick, 3 height).

Load calculation for the beam:
Service DL from the ripl =56.82KN/m
Service DL from the rip2 =54.07KN/m

Service DL from the rip3= 55.03 KN/m
SWeight of the beam = 0.8 x 0.35x 25 =7 KN/m
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Table (4 — 3) Calculation of the total dead load for beam (B-1,B50).

Dead load from:

KN/m

Tiles 0.03 x 23 x 0.8= 0.552
Mortar 0.02 x 22 x 0.8=0.352
Sand fill 0.0.7 x 17 x 0.8=0.952
Plaster 0.02 x 22 x 0.8= 0.352

Weight of floor materials acting directly on the beam =3 KN/m

Service LL from the slabl = 22.69KN/m
Service LL from the slab2 = 23.38KN/m
Service LL from the slab3 = 22.75KN/m
Service LL over the beam =4 x 0.8 =3.2 KN/m

Total service DL on the beam 56.82 KN/m (spanl), 54.07 KN/M(span2) .55.03 KN/M(SPAN 3)
.and 7+3=10 KN/m
Total service LL on the beam 22.69 KN/m (spanl), 23.38 KN/m (span2) 22.75KN/M(SPAN 3).

A

A

4.35

A
tod

5.25

T
i

4.65

T
o
T
i
I
5]

‘ 5.55 4.75

35.

80.
A A

Figure (4-5) : Geometry of beam
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load group no. 1
Dead load - Service Units:kN,meter
56. 54.0 54.0 58.0 55.0
¥ s ¥ V' ¥ Y ¥ ¥ ¥ '3 i
O.TZ oL O.7Z
1.55 ; 31 26 I 2.95 4.75

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

Pq | | o pa | ] LA | ] ]

24,8

1.55 ; I 2.95 4.75
Figure (4-6) : Load of Beam (B-1,B50)
Moments: spans 1to 3
-301.4 -308.8
-254.3 , -255.1 -262.1 , -260.9
| 1.481.57 | L 11.47 |
f | 1 f 16! 1
[ 111 11 1 ]
IR LI T
0.88/1. 0.9
197.3 1705 205.1
! 1.86 | 2.79 ! 2.78 1 2.78 ! 2.85 I 1.9 !

Figure (4-7) : Moment Envelope for Beam (B-1,B50)

Shear

-321.9

-268.5

-394

2658
3166

2767
3276

Reactions

Figure (4-8) : Shear Envelope for Beam (B-1,B50)
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4.7.1.1 Design of maximum negative moment:-

—Mupmax = 262.1 KN.m.

Assume bar diameter @20 for main negative reinforcement. d
= depth - cover — diameter of stirrups — (diameter of bar/ 2)

=350 — 40 — 10—"’2—0:290 mm
Apmax :%* d = % * 290 =124.28 mm.

f/=24MPa
Amax = 124.28 mm.

Mumax = 0.85 * f;.'*b*a*(d -%)
=0.85*24* 0.8 * 0.12428 *( 0_297% ) * 10° =462.15 KN.m .

—PMnmax = 0.9 * 462.15 = 415.94KN.m .
—PMnmax = 415.94 KN.m > Mu =262.1 KN.m .

-~ Design as Singly reinforced concrete section

My, =Mu /dp=262.1/0.9 = 291.2KN.m.

0.85f, 0.85%26
My 291.2x1073
bxd2 0.8+ (0.29)2

Ry,

1 2xKp*m
p=t1- [1- )

:L (1_ 1_2*4.32*20.6 ):00116

=4.32 MPa.

420

—As=p * by *d=0.0116 * 800 * 290 =2691.2 mmZ.

fé
ASmin = T *burd 2 ;_;* by *d oo (ACI-10.5.1)
= /2% 800« 487.5 > L% 4800 « 487.5
4%420 420
=432 mm?< 1300 mm®............. Larger value is control.

— Asmin = 1300 mm? < Aseq = 2691.2 mm?,
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~ As =2691.2 mm?.
#0f @ 20 = 2orea _ 26912 _g 59 _, 4 of bars =9bars.

Apar 314
— As =9 *314 = 2826 mm” > ASyeq = 2691.2mm” .
— Check for strain:- (s> 0. 005)
Tension = Compression
As*fy =0.85* £/ *b*a2826*
420=0.85*24*800*a a72.72
mm. C=50.51/0.85=85.56
f.= 24 MPa
£ = =% 0.003
— 29078556 % 0,003 = 0.00716> 0.005 ..¢ =0.9 OK.

85.56
~Use9@20

4.7.1.2 Design of positive moment:-

1) For positive moment Mu ) =205.1 KN.m.

Assume bar diameter @ 20 for main negative reinforcement.

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

=350 — 40 — 10—%=290 mm amax=§* d= % * 290 = 124.28
mm.
/=24 MPa

Mpumax = 0.85 * f,_!*b*a*(d-%)

=0.85*24*0.8*0.12428 * (0.29 ,% ) * 10° = 462.15KN.m .

—PMnpmax = 0.9 * 462.15 =415.94KN.m .

—PpMnpax =415.94 KN.m > Mu 205.1KN.m .
=~ Design as Singly reinforced concrete section with b = bE = 800 mm
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Mn = Mu /$ =205.1/0.9 =227.89 KN.m .

0.85f, 0.85%24

-3
™ phxd?  0.80+ (0.29)2

1 2+ K rm
p=—(1- fl—T )

=— (1 — 1= )— 0.00885

20.6 420

—As=p * by *d =0.00885 * 800 * 290 = 2053.2 mm?Z.

I
ASpi = 0 by*xd = 2ub,xd cooreeennn. (ACI-10.5.1)

V30

4%420

=397.4 mm?< 1300mm?®............. Larger value is control.
—Asmin = 1300 mm? < As;eq 2053.2 mm?,

« 800 * 487.5 > % + 800 % 487.5

- As = 2053.2mm>,

ASyreq 20532

# 0f @20 =—— =—==6.53— # of bars = 7bars.

~Use7@20
—> As =7%314=2198mm’ > 0

— Check for strain:- (es=> 0. 005)
Tension = Compression

As*fy =0.85* f/*b*a2198*
420=0.85*24*800*a a=
56.57 mm.

C=113.7/0.80=70.7
g = 2% 0.003

—291-70.7 % 0.003 = 0.00934 > 0.005 .. ¢ =0.9 OK.

70.7
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4.7.2 Design of shear:-

1) Max Vu = 276.7KN .

VK
GVC=d "~ Tup xyg

=0.75* % *(0.8%0.29 * 10° = 142.07 KN.

— Check For Cases:-
Ve

=
142.07

I- Casel: V, <

679.8 < =71.03 .......Not satisfy.

2-Case 2 : ¢2VC <V, < oV

119.5 < 276.7< 142.07....... Not satisty.

3-C3.S€3 ¢Vc<Vu S ¢Vc+¢VSmin
O Vsmn > = Jf *bu*d= =2 V24 * 0.8 *0.29 * 10° =53.27 KN.....Control.
> g*bw*d: 0__75%0,8*0.29 * 10° = 58 KN

3
= GVS min = 53.27KN.

GVe + GV min =142.07+53.27= 386 KN.
OVe < Vi < Ve + VS min
142.07 < 276.7< 19534 .......... Not satisty.
4-Cased: PVt dVsumn < Vu < dVe+ (2 * /7 *b,*d)
195.34 < 276.7< 142.07 + (% 24 * 0.8* 0.29 *10°)
195.34 < 142.07< 284.14............. Satisfy.

Try @ 8 (2 Legs) =2 * 50.26 = 100.5 mm? .

s =120-20.16.50=34mm=3.4cm ......... control
Smax < 2 =22 = 145mm.
2 2
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<600 mm.

~Use @8 @ 10 Cm 2 Legs.

4-8 Design of Shear Wall (w8 —F1):

SECOUND FLOOR

FIRST FLOOR

GROUND FLOOR

BASMENT FLOOR

Figure (4-9): Shear Wall(3).

v" Material and Sections:-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
=  Shear Wall Thickness  h=30cm
= Shear Wall Width Lw =8.58 m

=  Shear Wall Height Hw = 14.2m

4-8-1 Design of Horizontal Reinforcement:-
X Fx=Vu=719.17

The critical Section is the smaller of:
%W: 8.58/2 =4.29m

2¥=14.2/2 =7.10m
Story Highet( Hw) = 3.5. ...... control
D= 0.8*Lw = 0.8*8.58 = 6.86m
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5 !
DVimax = Q)g\/fhd
= 0.75%0.83 V24 « 300 * 6864 = 6279.7KN >V,, = 719.17KN

V.is the smallest of :

1

1-V. = % f.'hd = g\/24 * 300 x 6864 = 1681.3KN ..... control

N,d

2 -V, =027/f.'hd + 4}‘ = 0.27v24 * 300 * 6864 + 0 = 2723.75KN

_ w

Ly (0147 +0.2 fv—t;l)
3— V. =[0.05/f + W | hd
M, L,

| W 2

[ 8.58(0.1v/24 + 0
3— V. =1{0.05v24 + ( — )l 300 * 6.864 = neglected

Vc =1681.3KN

@ * vc + Qvs = vu

@ * vs=Vu-0 * vc

Vs=vu/@ — vc

Vs=719.17/0.75-1681.3= 722.4kn need reinforcement

ha_ Ve TRA0 )
R = = = 0. msi/m
S f,d 420+ 6864

A, 000025

pe = F2% = — 5 — = 0.000833 < 0.0025

- Maximum spacing is the least of :

Lw
? =8580/5=1716 mm
3*h = 3*300 = 900mm

450 mm ....... Control

Select @14 ,tow layers

_ o 2*153 = 0.0025
Pt ST 5, %300
Sh=408mm
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Select Sh=408mm<Smax= 450 mm.
Take @14/400

4-8-2 Design of Vertical Reinforcement:-

Apy hy
22 = 00025 + 0.5 (2.5 — 72) (p, — 0.0025) = 0.0025

14

hy 142
Lw 858 .
for this wall with = >2.5,p, = 0.0025

Lw

1.65

- Maximum spacing is the least of :

Lw
? =8580/3 = 2860 mm
3*h = 3*300 = 900mm

450 mm ....... Control

Use ¢$14/200 mm for two layers

4-8-3 Design of Bending Moment:-

8580 )
Y= ( — ) ¥ 2% 14 = 1201.2mm
Age\ 1y ( 1201.2 )420
= =2 = = 0.00816
v (Lwh) 7'~ \8580 « 300/ 24
P,
a=——=0
lwhfe
C_  wta 0.00816 + 0 _ 0,011
l, 2w+0.858, 2#0.00816+ 0.85%0.85
P, c
OM, = 0 |0.545f, L (1 +—)(1 ——
Astfy lw

= 0.9[0.5 * 1201.2 * 420 % 8580(1 + 0)(1 — 0.011)] = 1926.4KN > 241KN.m ....

Lw _ 8580
~ 600%0.015 600%0.015

=953.33

X
Lb = 2" 476.66

Since Smallest value of Lb & Mub not require Boundary
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4-9-1 Materials and Loads:

Isolated footing that we consider to design with materials Of:

fo =24 Mpa,f, =420 Mpa.

Dead Load (service) = 350kN.

Live Load (service) = 150 kN.

Total services load = 350 + 150 = 500 kN.

Total Factored load = 1.2(350) + 1.6(150) = 660 kN.
Column dimension( a X b) = 30cm x 30cm.

Soil density = 19(k—g
Allowable bearing capacity q,; = 300 (—; 1\2/)

10 57 22 57 10
10 135 10

Figure (4-10): Footing Section.

Assume h = 50cm.
kN
q ati-net = 300 — (25 % 0.5) — (19 X 0.5) = 278 (W)
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e Area of footing:

P: 500
A= = = 1.8 m?
q all-net 278

Assume rect. Footing

SelectB=1.5m
Select L=1.5m

e Bearing pressure:

kN
qu = 450 (F)
e Design of one-way shear strength:

Critical Section at Distance d From The Face of Column Assume = 50 cm .
Bar diameter (Z)14- for main reinforcement and 7.5 cm Cover.

d =500—75—-14 = 411mm

—-a 1.5-0.3
Vu=qu><< > —d)xL=450><(——0.411)><1.5=127.6kN

~—

LIIT0 (0]
|
nclined crack i

mf.lﬁ&m o \I' ;:.b»:n y

V/

il

VA

One-way shoar
Figure (4-11): one-way shear calculation.

1 1
(Z)VC=(Z)><E><,/fC,><b><d=0.75><g><\/24><1500><411=377.53kN

@V =377.53kN >V, =127.6kN -Safe
e Design of Tow-way shear strength:
Vu=p,— FRy

FR), = q, x area of critical section

V,=450x%[(1.5%1.5) — (0.3 + 0.411)(0.3 + 0.411)] = 1005. 7kN

The punching shear strength is the smallest value of the following equations:
1 2
1 OVe=0xg(1+)xfoxbxd
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1 S
2. ®Vc=®><a(%+2)x1/fc,xboxd

d
1
3.0Ve =08 x % \/foo xb-xd
Where:
_ column Length (a) 30
Be = otumn width (b) 30

b. = Perimeter of critical section taken at (d/2) from the loaded area.
=2%(0.3+0.411) +2 % (0.3 +0.411) = 496.2cm

a, = 40 for interior coulmn
Substituting values in equations:

1 2
Ve =0.75 X E(l +I> X V24 X 4962 X 411 = 3746.6kN
1 (40 *0.411

=0.75 X —
Ve =0.75 12\ 4.962

1
@V =0.75 X 3 X V24 X 4962 X 411 = 2497.7 kN — CONTROL

Ve =2497.7kN >V, = 1005.7 kN
e Design Bending moment for long dirction:

1

+ 2) X V24 X 4962 X 411 = 3317.7 kN

Critical Section at the Face of Column

select P14
d =500-75-14 =411mm

M, =450x%x1.5%x0.189 x

9
=12.05kN.m

2
M, 12.05 x 10°
R = Gbaz = 0.9 x 1500 x 4112~ 2053 MPa
420
m=085x24 2058

A | _zmR,\_ 1 (| 2x2058x.0563\_
P=m 420 |~ 2058 420 =

Agreq = p X bxd=0.000126 x 1500 x 411 = 77. 7mm?

Agmin = 0.0018 X 1500 X 500 = 1350 mm?
Agreq = 77.7mm?* < Agpin = 1350mm? - OK

Check maximum step (S) is the smallest of:
1. 3h =3 X500 =1500mm

2. 450 mm — control

Use 18014 with Ag pyo, = 2772mm?* > Ag,,, = 1350 mm?
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S=(1500-75*2-18*14) / 17 = 65 mm
S=65 < Smax =450 mm, select S=50mm

Check for strain:

_ Ay 2772x420 o
= 0.85bf. 0.85x1500x24 ~omm
_a 38 _ 45
€=3, o085 >mm
d—c 411 — 45
£s=0.003< - >=0'003<T> =.025 > 0.005 ......0k

e Design Bending moment for short dirction:

Critical Section at the Face of Column

select P14
d = 500-75-14 =411mm

.189
M, = 450 x 1.5 x 0.189 x — 12 kN.m
o M _ 12 x 106 053 mp
"= Obd?Z 0.9 x 1500 x 4112 a
L
m=085x24 “"

1|, zmR\_ 1 [ | 2x2058x.083)
P = 420 | 2058 420 =

Agreq = p X bxd=0.000125 x 1500 x 411 = 77.34mm?
Agmin = 0.0018 x 1500 x 500 = 1350 mm?
Agreq = 77.34 mm? < Agp, = 1350mm? - 0K

Check maximum step (S) is the smallest of:
3. 3h =3 x500 =1500mm

4. 450 mm — control
Use 18014 with Ag pyo, = 2772mm?* > Ag,,, = 1350 mm?

S=(1500-75*2-18*14) / 17 = 65 mm
S=65< Smax =450 mm, select S=50mm
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Check for strain:

_ Asy, 0 2772x420 _ 38
®=0.85bf. 0.85x1500x24 ~-omm
_a 38 —44.8

€3, To0g5 omm

511-44.8
44.8

£; = 0.003 (=%) = 0.003( ) =.025 > 0.005 ......0k.

m
=
=
x
&

TS0 =145

Figure (4-12): Detailing of footing
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Fig (4-13): Stair Plan.

« Material :-

— concrete B300 Fc' = 20 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

4-10-1 Design of Flight :-
v" Determination of Thickness:-

hmin = L/20 =5.40/20 = 27 cm
hmin = L/50 = 19.25 cm
Take h=25cm

Run =300 mm
Rise = 0.1818 mm

The Stair Slope by 0 = tan™(18.2 / 30) = 31.24°
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3cem. Tiles

2em. Martar

Load Calculation

Fig (4.14):Stair Section.

Dead Load for Flight for 1m Strip:-

No. | Parts of Flight Calculation

1 Tiles 23*0.03*1*((0.35+0.182)/0.3 ) = 1.22Kn/m
2 Mortar 22*0.02*1*((0.3+0.102)/0.3 ) = 0.707Kn/m
3 | Stair (25/0.3)*((0.182*0.3)/2) = 2.275Kn/m

4 |RC 25%0.25*1 / c0s31.24 ° = 7.31Kn/m

5 Plaster 22*0.03*1 / c0s31.24° = 0.772Kn/m

Sum 12.287Kn/m

Table (4-4): Dead Load Calculation of Flight
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Dead Load For Solid 7 Landing For 1m Strip:-

No. | Parts of Landing | Calculation
1 Tiles 23*0.03*1=0.69Kn/m
2 Mortar 22*0.02*1= 0.44Kn/m
4 R.C 25*0.25*1=6.25Kn/m
5 Plaster 22*0.03*1=0.66Kn/m
Sum 8.04Kn/m

Table (4-5): Dead Load Calculation of Landing.

Live Load For Landing For 1m Strip = 4*1 =4 Kn/m

Factored Load For Flight :-Wy = 1.2 x12.287 + 1.6x4 =21.14Kn/m
consider in 2 direction = 8.02 Kn/m

For landing : Wu = 1.2*8.04+1.6*4 = 16.048

Ra=Rb = (3*21.14 + 2.4 * 8.02 ) /2 = 41.33 Kn

4-10-1-1 Design of Shear for Flight :- (Vu=38.33 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover —% =250 — 20 — 12—4 = 223 mm Beam width = 30 sm

Ve==./fc'b, d = 18583 Kn

® V.-0.75* 185.83 = 139.375KN> Vu = 37Kn...... No shear reinforcement are required

4-10-1-2 Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)
Mu = 67.59 Kn.m
Mn=Mu/ ®:75.1Kn.m
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M. 75.1x10°
=L = =151M
@bd2  1000x2232

m=-—2_=_*0__ 1976
0.85f,  0.85x25

Rn

2.Mm.Ry,
420

Asreq = p.b.d = 0.00373 x1000x223 = 832.64 mm?/m
As min= 0.0018*1000*250 = 450mm?/m

ASreq = 630 MM?>Aq min=450mm?*/m OK
Select 6214@18

p=—(1- |1 >=0.003

Check for Spacing :-

S =3h =750 mm

S = 380*(22) — 2.5%20 = 330
3 * 420

S =330 mm

S =330mm ......... is control

Use 214 @ 300 mm A, = 450 mm?

Design of landing :

Ra = Rb = (8.02* 2.6)+(16.04*.02)/2 = 15.23Kn

Mu = (15.23 * 1.4) — (8.02 * 1.3 * 0.75) — ((16.04*0.2 *0.1)/2) = 13.42 Kn.m

Mu = 13.42 Kn.m
d =209 mm

Kn =0.341
M =19.76

p=2(1- [1-2282) = 0.000819
m

420
As=p*b*d=171.25 mm

Take As min =450 mm
Take @ 14
Use4 @ 14/300cm
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7 TE5087 £230

7 o7T<£830

497 £@30
667 £@830

8«70

1097 <30

o7 4B30
2874830 =

10 —ql

2PBB.6814830 5 BBser4@30

IDTE._ 687 £330

497 SQ3I0OL=7. 76T

a8 S x [0
o S a°
N

1286 687 £@30L=2.7T3m

143
O9714@IFOL=2.34m 1

164
11897 4@30L=7.62m
AN
50

Fig (4-15): Stair Reinforcement Details.

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

4-11-1 Load Calculation:- (From Column Group C)
Service Load:-

Dead Load =580KN
Live Load =230 KN

Factored Load:-

Py =1.2 x580+ 1.6x230=1064 KN
4-11-2 Dimensions of Column:-

Assumepg = 0.01
¢*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + o9 * Fy}
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1064*10"3 = 0.65 x 0.8 x Ag{0.85* 24 (1— 0.01) + 0.01* 420}

Ag= 83873 mm2

Assume Rectangular Section
b=300mm

select h =370 mm

AJ new= 90000 mm2

v"  Check Slenderness Parameter:-

m<34—12m£40
r M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,

shall be permitted to be taken as 1.0.
R: radius of gyration = \/L: R03h .o For rectangular section

Lu=4-0.3=3.70m
M1/M2 =1
K=1 for braced frame.

e about y-axis (b= 0.50 m)

@<34_12ﬂ <40
r M2

1x3.70

——=41.11> 22
0.3x0.3

Column Is long About Y-axis

e about X-axis (h=0.30m)

Klu 34—12% ............... ACI —(10.12.2)

r

1x3.70 _4111< 22 66
0.3x0.3
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Then  Column Is Short About X-axis

v Magnification Factor:-

5.=—CM __ ~10and <1.4
1_ Pu
0.75P,

Cm=0.6+ O.4[Ej =>0.4
M 2

Cm=06+04*1=1=0.4

_ 7’El

“ (KLu)®

E.I
El=04—=%
1+ B,

E, = 4700,/ fc' = 4700 /24 = 23270.2Mpa
_12DL _ 1.2*(580)

=0.65<1
Ps =5y 1064 =
3 3
I, = bxh _ 0.3x0.3 _ 0.00675m*
12 12
El — 0.4x23270.2x0.00675 _ 38MN.m?
1+ 0.65
7°*38
Y Ty = 27.4MN
(1*3.70)
o= 1 =1.05>1.0and <14
=~ 1064 = =
0.75*27480

v" Interaction Diagram:-
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fromchart A9-b for% =0.75—> pg =0.02

Select reinforcement

Ast = pg x Ag = 0.02x300*300 =1800mm?

Select 10416 with As = 2009mm? > Ast = 1800mm? .
4-11-3 Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-
spacing <16xd, =16x1.80=28.8cm
spacing <48xd, =48x1.0=48cm
spacing < leastdim=30cm

Figure (4-16): Column Reinforcement Details.

Usegl0@ 20 cm
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Bakfill=18

p=35

Figure (4-17): Basment wall Details.

Co=1-sin35=0.425.
hs = (10/18) = 0.555 .
Po = 18 * 0.426 * 2.5 = 19.17 Kn/m .

Ho=0.5*19.17*25=23.96 Kn .
Ps =18 *0.426 * 0.555 = 4.26 Kn/m .

Po=4.26* 2.5 =10.64 Kn.
Mu=16*2396*25+16*10.64*25=18.1Kn/m

Rb = 1.6 * ((23.96/3) + (10.64/2)) — (18.1/2.5)
Rb = 14.05

Ra=1.6* (23.96 + 10.64 ) — 14.05 = 41.31 Kn

Vu Max = zero ...... Max Moment

VU = 14.05 - 1.6 *(.5 * (19.17/3)) * X *x — (1.6 * 4.26 X )
14.05 - (5.1 * X *x ) — (6.82 * X) =0

X=112m

Mc = 14.05* 1.12 — (1.6 * (0.5 * (19.17/3) * ((1.12 * 1.12 *1.12)/3)) + (4.26 * ( 1.12
*1.12)/2)
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Mc =9.08 Kn.m

Assume @ 14

d=300-75-7 =218 mm

Mu =18.1

Kn = (18.1/0.9) / b * d ~ = 0.423 Mpa

m =420/ (0.8 * 24)

p= %(1 - 1- 2:’;‘5”) = 0.00101
As=p*b*d=221.88 mm *

As FOR VERTICAL =0.0015* b * h =450 mm *
As One = 225 mm”"

As min delexture = (1.4 *bw*J) /(420 ) =726.67 mm" OR As min
=635.7 mm*

As min=726.67 mm" ........... control

SELECT @ 14 @ 200
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