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Abstract

Structural Design for" Residential Commercial Building
"InBaniNaim"

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

We will in this project, the structural design of "
Residential Commercial Building "In BaniNaim™ , which consists
of a single block consisting of seven floors as follows:-

Two basement floors, ground floor , cafeteria floor ground, and
other three floors first, second, third and roof floor, with a total
project area about 24000 m?.

The project is designed to meet the purpose for which the project is
designed to achieve a special Residential Commercial building,
we need the presence of the project in Palestine because of its
importance in improving the economic situation and meet the
needs of citizens.

It is noteworthy that Jordan’s code will be used to determine the
live loads, and to determine the seismic loads, but for structural
analysis and design section the US Code (ACI_318 14).1t must be
noted that it will rely on some computer programs such as-

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

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

Structural Analysis and Design

4-1 Introduction.
4-2 Design of Topping

4-3 Design of one way rib
4-4 Design of two way rib

4-5 Design of column (1)
4-6 Design the stair

4-7 Design the shear wall




4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance
with the requirements and assumptions of ACI_code (318 _14).

*Strength design method:-

In ultimate strength design method, the service loads are increased by
factors to obtain the load at which failure is considered to be occurring.
This load called factored load or factored service load. The structure or
structural element is then proportioned such that the strength is reached
when factored load is acting. The computation of this strength takes into
account the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.

NOTE:-

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

Code:-
ACl 2014
UuBC

Material:-

Concrete: - B300
fc'=30N /mm?(MPa)
(fc'=30*0.8 = 24MPa ).

{fy =420 N/mm? (MPa)}




v" Factored loads:-

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

W,=12D_+16L, ACI-code-318-14)

4.3 Check of Minimum Thickness of Structural Member

Table4-1:- Minimum Thickness of Non prestressed Beam or One-
Way Slabs Unless Deflections are calculated. (ACI 318-14).

Minimum thickness( h)

Simply One end Both end i

Member supported continuous continuous Cantilever
solid one

way L/20 L/24 L/28 L/10
slabs
Beams or

ribbed one L/16 L/18.5 L/21 L/8
wav slahg

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

According to ACI-Code-318-05, the minimum thickness of non
prestressed beams or one way slabs unless deflections are computed as

follow:




hminfor(one end continuous)=L/18.5=648/18.5=35 cm

hminfor(both end continuous) =L/21=690/21=33 cm

The controller slab thickness is 35 cm.

Select Slab thickness h= 35cm with block 27 cm & Topping 8 cm .

4.4 Design of Topping

v" Statically System For Topping :-

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

v" Load Calculations:-

Table (4-2):

Dead Load:-

No. | Parts of Rib | Calculation

1 | Tiles 0.03*23*1 = 0.69 KN/m
2 | Mortar 0.03*22*1 = 0.66 KN/m
3 |Coarse Sand |0.07*18*1 =1.26 KN/m
4 | Topping 0.08*25*1 =2. 0 KN/m
5 | Partition 1.87 KN/m

Sum = 6.48KN/m

Dead Load Calculation of Topping.




Live Load :-
L, =4 KN/m?

L, =4 KN/m?*x1m=4kn/m
Factored Load :-
Wy = 1.2 x6.48+ 1.6x4 =14.18 KN/m

Check the strength condition for plain concrete, M, > M, where g = 0.55

M. =042\ fLSw(ACI 22.5.1, equation 22-2)

@M, =0.55%0.42x1xy/24 x1066666.67 x107% =1.21 KN.m

_ Wyl

M, -~ 0.189 KN.m (negative moment)

gM,>> M, = 0.189KN.m

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

Psnrinkage= 0.0018 *b*h (ACI 7.12.2.1)
A; = pxbxhigping=0.0018 x1000x80 = 144 mm?*/m strip
Step (s) is the smallest of:

1. 3h =3%x80 =240 mm control
2. 450mm.
3. S

—2.5C, =380 % ~2.5.20 =
|

330mm but

280

=380 L

s<300 222 =300 2% =300mm
Is thu

b. h?

6




Take g 8 @ 200 mm in both direction, S = 200 mm <Sp,ax = 240 mm
.. OK

4.5 Design of One Way and two way Rib Slab

(=]

4. 1: one way and two way rib slab




v' Statically Ssystem and Dimensions for one way rib:-

Unit width = 520 mm
B B




Load Calculation:-

Live load =4 KN/m?
Live load /rib = 4 KN/m?x 0.52=2.08 KN/m

Effective Flange Width ( b, ):-

Dead Load:-
Type b h KN/m
Tiles 0.03*0.52*23 0.359
Mortar 0.03*0.52*22 0.343
Sand 0.07*0.52*18 0.655
Topping 0.08*0.52*25 1.04
R.Crib 0.27*25*0.12 0.81
Hollow block 0.27*10*0.4 1.08
Plaster 0.03*22*0.52 0.343
Partition 1.87*%0.52 0.97
Sum 5.6
Live Load:-

b For T- section is the smallest of the following:-
b. =L/4=2200/4 =550 mm

b, = 120+ 16 t = 120 + 16 (80) = 1400 mm

b. = b < center to center spacing between adjacent beams = 520 mm.

Control




1 2 3
1 2
- A L A j
‘ 0.6 ‘ 6.04 ‘ 0.8 ‘ 5.01 92‘
[ | [ 6.74 [ | [ 551 [ | |
[ [ |
52.
8.
35.
12.
A-A

Momenpftirheat, Envelope (Factored) Units:tkN,meter

-48.4
-32.8 -34.6
| 169 | 2.32 |
L } | i % 1 | ol
} 127 | 1.38 }\—/ﬂ
7.
21.3
375
| 2.7 } 4.04 | 331 } 2.2 1

Mnmaoent/ Rhaar Fnwvoelnnao (Eartnrad) I Inite'lNl maotar

Shear
-40.9
-33.8
-20.7
-16.6
} } } H
21.3
27.4 29.3
36.4
Reactions
Factored
I 1 1 ] 1 [N |
| T T ] T T
DeadR 17.73 51.59 12.55
LiveR 9.67 25.69 8.14
Max R 27.41 77.28 20.69
Min R 16.89 62.63 10.67
Service
DeadR 14.78 42.99 10.46
LiveR 6.05 16.05 5.09
Max R 20.82 59.05 15.55
Min R 14.25 49.89 9.28




Moment Design for (R 2):-

4.5.1 Design of Positive Moment for(Rib2 ):-(Mu=37.5 KN.m)

Assume bar diameter g 12 for main positive reinforcement
_ dy; iz
d =h- cover - dstirrups——z— =350-20-10 -5 = 314 mm

Check if a>hs to determine whether the section will act as rectangular or
T- section.

Mo =0.85. £1. be. hy. (d — =)

=0.85 x 24 x 520 x 80 X 31-4—’5‘—2':I X 107°=232.53 KN.m

M¢ My 3;.;5— 41.67 KN.m, the section will be designed as rectangular
section with b. =520 mm.

e = G < 0 813 Mpa

Ll U.;‘erfé o u.:::u =20.59

p:i L= 4 _22;5" e zu.tsﬂ 1= 4 _zxzaigzu.ﬂts =0.00185

Asreq = p.b.d = 0.00185 x520x314= =302.07 mm?

Check for As min:-

Asmin= J_ ; (bw)(@)ACI-318 (10.5.1)

Asmin =0.25*%(120)(314) =109.88mn?




. _ 14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i'—;:) (120)(314) =125.6m’ controls

ASreq= 302.07 mm* >As;i,= 125.6 mm®  use As=302.07 mm?

Use 2 8 14 A providea=_307.87 mm? >A. requires= 302.07_mm? Ok

Check for strain:-

Asfy _ 302.07x420

A= 085bs  085x520x24 11.96 mm
i 1194
0.003 L7 — 003 314 1407 _, 064
=Y g & 1407
> 0.005 ok

4.5.2 Design of Positive Moment for(Rib 2):- (Mu=21.3KN.m)

d =h- cover - yimps— 2 = 350 —20 — 10 — = = 314mm

_— M, - 213}(105 -
Rn= 35 = Goxszoxaie — O 462 Mpa
_fy _ 420 _
il 085f ~ 085x24 20.59
1 u ZmBy _ 1 o 2x2059x0462 _
=% 1 1="0 T2080 1 1 420 =0.0011




A req = p.0.d =0.0011* 520*314=181.39 mm?
Check for As min:-
7

Asmin= O.ZS*i(120)(314) =109.88mm’
(420)
. 14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i‘—;) (120)(314) =125.6mm’ controls

As’required: 181.39 mm2.
Use 26 12 . A, provided=_226.19 mm? Ok

Check for strain:-

Asfy _ 22619x420

4 =gBshy’ — 085x520x24 _ O 00 mm
_ o _B9% _
C= B 085 10.54 mm
0.003 L€ .00z 31471054 _ g6
=LA Y =% 1054
> 0.005 ok

4.5.3Design of Negative Moment for(Rib 2):- (Mu=-34.6 KN.m)

Assume bar diameter g 12 for main positive reinforcement
_ iy 12
d =h- cover - dyimps— ' = 350 — 20 — 10 — — = 314mm

_ My, _ 346x10°
Rn= Ohd®: ~ 09x120x3142 3.25 Mpa

420
e Iy _

~ 0B85/ 085x24 20.59




_1 . _ZmR, _ 1 N _ 2x20.59x3.25
P=m 1 1 420 2059 1 420

A, req = p.b.d = 0.0081 x120x314= 305.21 mm?

Check for As min:-
7

Asmin= 0.25% Y24 (120)(314) =109.88mnY’
(420)
.14
A'smin=——(bw)(d)
(fy)
Asmin= i‘—;) (120)(314) =125.6mm’ controls

AS;eq = 305.21 mm*>Asin= 125.6 mm* OK

Use 2 814.A; provided=_307.87 MM*>A, requireq= 305.21 mm?’... Ok

Check for strain:-

Asfy _ 307.87x420

A=085hf/  085x120x24 52.82 mm
_ @ _ 5282 _
= o = O =62.14 mm
_0.003 2°° —go003 3119214 _ 012
B =N c v 62.14
> 0.005 ok

Shear Design for (R 2):-

V, at distance d from support=33.8 KN

=0.0081




Vo=t A fibyd ="2v24 x 120X 314 X 1073 = 33. 84 KN

2V, =0.75x33.84 =25.38 KN

Check for items:-

1- Vu<s @ Vc/2

33.8>12.69 ( notok )

2- ®Vce/l2<Vu<sd Ve

12.69< 33.8 <25.38 ( notok )

3- dVc < Vu < d( Ve+Vs min)

25.38 <33.8 < 34.8(0k)

Vsmin max of :

Vs min=1/16* f.b,,d=1/16*v24*120*314*10~3=11.54 KN
Vs min=1/3*120*314*10-3=12.56 control
S max min of:

S max=314/2=157 mm control

S max=600 mm

Av min/S=1/16*v/24*1000/420=0.73

Av min/S=1/3*1000/420=0.79 control
Take Av =2 ® 8 =2 *50.27 = 100.54 mm?®

100.54/s=0.79........ S=127.27 mm




S max=314/2=157 mm control
S max=600 mm

Use2leg ®8 @ 15cmclc

4.6 Design of Beam

=
2 g

=
1

]

Figure (4-5):-Beam 2

v" Load Calculations:-

Dead Load Calculations for Beam(B002):-

Type b h KN/m
Tiles 0.03*1*23 0.69
Mortar 0.03*1*22 0.66
Sand 0.07*1*18 1.26
Reinforced concrete 0.27*1*25 6.75
Plaster 0.03*1*22 0.66
Partition 1.87*1 1.87




Sum

11.89

WDL FOR RIB 1=19.48/0.52=37.46 KN/m

Reations
Faciored
DesiR 1783 4385 19.45 w3 A 1249
LiveR 589 1575 1155 :.-:;71 uz a3
K;T_FT 1751 5324 P 5336 15
Sﬂ" 1434 4154 1624 30 39,02 1041
LiveR 574 554 73 3. 927 135
MaxR 1368 5138 2345 4D 483 1345
MinR 1468 4491 1504 3145 £.11 373
WDL=(1.2*11.89)+37.46=51.73 KN/m
WLL FOR RIB 1=11.55/0.52=21.83 KN/m
LL=4*1=4 KN/m
WLL=(1.6*4)+21.83 =28.23 KN/m
Shaear
Add
-12-/.;-;‘ A :2" s 08 _“ I
j f."} ,..-/ 4.2 ._.-'
f,/ ol ,f/ ﬂ . -‘
— e i -]
o - - : .
]7. £4 " L L
B3 i S BE o |
214 . i14 S 118
128 130

uniformly distributed dead load over the beam from the ribs only is

15.1+7/0.52=42.5 KN/m




Moments: spans 1to 5

-255.6 -237.6
-182.3
1225 -142.7 -62.4 218
09 } 406 0618 ﬁ 224 122
K 79128 6 o5 3> t11e A
’\4\.5\/0%% 184 03 45630, %\\j/
177.3
258.1
| 192 2.88 | 214 142 | 15 12| 2 [ 3.65 DT 244 |
. T T T T T T T T 1
] -257.3
-200.5 250. -209.4 16052101
-97.9 -118.5 - :
56, 70.6 J
X : f : H
119.9 101.5
177.1 121.7 169.3 149.4
263.9
3118

Assume @ 25 for main reinforcement of the beam,

d; = depth of beam — cover — diameter of stirrup — bar diameter/2
=350 — 40 - 10 — 25/2 = 287.5mm. (for singly sections, d = dy).
Maximum moment in span 1 with M, = 258.1kN.m.

o Check whether the section is singly or doubly.
Maximum nominal moment strength from strain condition &; = 0.004,

c= % * d, = i—f, * 2875 = 123.21mm.

B, = 0.85 — 0.007(f% - 28) = 0.85 — 0.007(24 - 28), take R; = 0.85.
a=R,*c=0.85*123.21 = 104.73mm.

M, max = 0.85* £/ *a *b(d - g ) = 0.85 * 24 * 104.73 * 500 * (287.5 —
104.73/2) *10°°

= 251.18kN.m.
@ =0.82
M, = 258kN.m<®M,= 0.82 * 251.18 = 205.96kN.m,




So, design the beam as singly reinforcement concrete section.

As,min:'
A min = Z/(;)(b w)(d) = 4:@0*500*287.5 =419.2 mm?
A min = (fy) (b )(d) = %*500*287 5= 479.2 mm? Controls

4.4.2.1 Design for negative moments:
» Design for M, = 255.6kN.m:

o — M 255.6 x 10° T
n= = = b. a
Obd? ~ 0.9 X 500 x 287,52 P
_ Iy _ 420 _
Ll 085f. 085x24 20.6
N _2mR, _ 1 N _ 2x206x6873 _
= 1 1==%0 206 ! 1 420 = 4. 0208

A, = p.b.d = 0.0208x500%287.5 = 2990.0 mMM*>A min = 479.2 mm?®.
Use 432, A provided= 3216.99 MM*>A requires= 2990.0 mm?... Ok

Check spacing:-

s = XA U — 90.67 mm > dj, = 25mm > 25mm 0K

Check for strain:-

Asfy, _ 321699x420
: =132. 46 mm
as= 085bf,  085x500x24

_a _ 13246

= = 15584 mm
_ 0003 2°°F —gogo3 287515584 _ 1053
€ =1 g = * 155.84 =
> 0.005 ok

» Design for M, = 142.7 KN.m:




M, 142.7 x 10°

Rn = = =2 39Mpa
Obd?~ 0.9 x 500 x 287,52 P
fy 420 _
Ll 085f  085x24 20.6
1 2mRy, 1 2x20.6x239
p=m 1= 17058 “me 17 17733  =0.0061

A, = p.b.d = 0.0061x500%287.5 = 876.87 mMM*>Aq min = 479.2 mm>,
Use 4@20, A provided= 1256.63 MM*>A requireg= 876.87mm?... Ok
Check spacing:-
500—-40:2-20— 4x20
S= :

25mm OK

=106.67 mm > d; = 25mm >

Check for strain:-

Asfy 125663 x420

A =085hf]  085x<500x24 51.74 mm
o] 51.74
0.003 7€ _ 0. 003 28756088 _ 011
Fe=1 c 60.88 — ¥
> 0.005 Ok

» Design for M, = 40.6 kN.m:
n M, 40.6 x 10° T

m=Obd?2 = 0.9x500x287.52 pa

_fy _ 420 _
Ll 085f  085x24 20.6

_1 4_ q_2mR, _ 1 4 _ 2x206x109 _
== 1 1 420 206 1 1 420 =0.00266

A, = p.b.d = 0.00266x500%287.5 = 383.61 mMM*>Aq min = 479.2 mm?*.SO
AS=479.2 mm’




Use 4016, A provided= 804.24 MM*>A jequires= 479.2mm?... Ok

Check spacing:-

_ 500-40:2-20- 4x16

S 3

=112mm > d; =25mm > 25mm 0K

Check for strain:-

Asfy 80424 %420

A= 085bs  085x500x24 33.12mm
i 3312
0.003 L7 — 0003 287273896 _ 019
=Y c ¥ 38.96 =¥
> 0.005 ok

» Design for M, = 22.4 kKN.m:
5 M, 22.4 x 108 -

n=obd® = 09x500%287.52 ba

_ Iy _ 420
Ll 085f  085x24 20.6
p=— 1- 1220 =L 1 1 -2 0 00146

A, = p.b.d = 0.00146x500%287.5 = 209.176 mm*>Aq min = 479.2 mm*SO
A =479.2 mm?,

Use 4014, A, provided= 615.75 MM*>A required= 479.2mm?... Ok
Check spacing:-

s =202 20 — 114.67 mm > dj, = 25mm >

25mm 0K

Check for strain:-

a= Asjy 61575 %420

= = =25.35mm
085hf,  085x500x24




a _ 2535

C==Eﬂ--?ﬁﬁ;:=llg.33 mm
0.003 £ 0003 28722983 _ 4259
=N c U 29 83 =
> 0.005 Ok
Design for positive moments:
» Design for M, =258.1 kKN.m:
" M, 258.1 x 106 = 54 1)
n= = =D a
@bd? 0.9 x 500 x 287, 52 P
_ Iy _ 420 _
Ll 085f. 085x24 20.6
N _2mR, _ 1 . _ 2x206X693 _
= 1 1==%0 206 ! 1 420 =0.0211

A, = p.b.d = 0.0211x500%287.5 = 3029.48mm*>A min = 479.2 mm>.
Use 4032, A provided= 3216.99 MM*>A requires= 3029.48 mm?... Ok

Check spacing:-

_ 500-40+2-20— 4x32

> 3

=90.67mm>d, =25mm>25mm 0K

Check for strain:-

Asfy _ 321699x420

A =085b77 — 0B5x500x24 — 134 46 mm
i 13246
== U 155 84 mm
0.003 L€ — .00z 287315584 hos3
=Y c ¥ 155.84 =¥
> 0.005 ok

» Design for M, = 177.3 kKN.m:




M, 177.3 x 105

Rn = —J =4 77TM
N =0bdZ 0.9 x 500 x 287.52 e
. Iy _ 420
Ll 085f  085x24 20.6
1 2mRy, 1 2x20.6x477
p=— 1- 1-"2F =-— 1- 1-="2=— =0.0131

A, = p.b.d = 0.0131x500%287.5 = 1887.99mm*>A in = 479.2 mm’.
Use 4@25, A provided= 1963.49 MM*>A requireg= 1887.99 mm?... Ok
Check spacing:-

_ 500-40+2-20— 4x25

> 3

=100mm > d =25mm > 25mm 0K

Check for strain:-

Asfy 196349 x420

A =0850 S/  085x<500x24 80.8 mm
- & B04
C-".Bl = S8k = 95. 11 mm
0.003 27 —0003 2872951 _ 0061
B=N . 95.1 = X
> 0.005 ok
» Design for M, =76.1 kN.m:
" M, 76.1 x 105 -
n= = = 4. a
Obd® 0.9 X 500 X 287,52 P
_ Iy 420
Ll 085f. 085x24 20.6
1 . . _2mRy _ 1 . o 2x206x205 _
p=— 1- 1-200 = 1 1-Z2XEE —0.00515

A, = p.b.d = 0.00515x500x287.5 =740.98mm*>A min = 479.2 mm>,
Use 4020, A provided= 1256.63 MM >A requireg= 740.98mm?... Ok

Check spacing:-




500—40-2-20— 4x20
S= 3

25mm 0K

=106.67 mm > d; = 25mm >

Check for strain:-

Asfy _ 125663 x420

d=08sbs — 085x500x24 51.74 mm
i 51.74
0.003 L€ —¢ o3 28726088 _ i1
=Y c ¥ 60.88 =¥
> 0.005 ok

» Design for M, = 18.4 kN.m:
5 M, 18.4 x 106 -

M= obd® 09x500x287.52  pd

_ Iy _ 420
Ll 085f  085x24 20.6
p=— 1- 1220 = 1 12222 —0.00118

A, = p.b.d = 0.00118x500x287.5 =169.77Mmm*>A min = 479.2 mmZ,
mm?SO A, = 479.2 mm?.

Use 4014, A provided= 615.75 MM*>A requirea= 479.2mm?... Ok
Check spacing:-
500—40=2-20— 4x14
S = ;

25mm 0K

=114.67 mm > d; = 25mm >

-Check for strain:-

a= Asfy  _ 61575x420

= = =25.35mm
085hf,  085x500x24




a 2535

0.003 L7 —g.003 28732983 _ 12s0
Eg =X, c v 29.83 =3
> 0.005 Ok

4-4-5 Design Rib for Shear:
V,.=263.9KN

i 1
Ve=¢ fdbyd= V24500 278.5+10"—3 =117.37 kN
Vs= Vu/ F-Vc=263.9/0.75-117.37=234.50 KN

Vs = ,fc b d- V24 + 500+ 287.5 * 1073 = 469.49KN
Vs< la's,mx ..... The sectlon Is large enough.

Vs min=1/16* fLb,,d=1/16*v24*500%287.5*10~3=44.014 KN
Vs min=1/3*500%287.5*1073=47.9 KN control
S max min of:

S max=287.5/2=143.75 mm control

S max=600 mm

1 1
Vg ' =3 fc'b =§\/24*500*28?.5*10‘3=234.?4R‘N

Case5:@ Vo + Viin <Vy=s 0V, +Vy
123.95 < 263.9 < 264.03

AV min/S=1/16*v24*500/420=0.36

Av min/S=1/3*500/420=0.39 control




Take Av=4 ® 10 =4 * 78.5 = 314.15 mm?
314.15/s=0.39........ S$=805.5 mm

Usedleg ® 10 @ 10 cmcl/c

4.7 Design of two way Rib Slab:

Tilexs 3 cm

Mortar zem

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Caoncrete block

R Concrete rib

Plasiers cm

Fig (4.7.1): section in rib slab
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fig (4.7.2): two way rib slab

Calculations:

=h

1- cm

= 285833.33¢cm

80 * 35
12

12

b*h

Iﬂh'ﬁ

=80 cm

416 * 31 + 324 % 13.5

23.33cm

=—
—

416 + 324

ye=




12 +
=73
Il."il:l = ?76
52
8 8
h
27
23.33
1\2 Y
Short direction L= 580 cm
J'rt'b u
Iy =—
Long direction L=710 cm
IT“? u
fs =—

*slab section for interior beam :

Short direction L= 580 cm




Long direction L=710 cm

_l _ 28583333 _
“ﬂ_:s ~ 552739 0.52

_l _ 28583333 _
afz_.l_.,- T 649842 0.45

_ly _ 28583333 _
“B_:j. T 985967 0.29

_ly _ 28583333 _
“f4_:j. 1180173 =024

0.52+0.45+0.29+0.24

ofin= af /4 =22 20208 — 0,375 < 2

3645B(a—02)  3645:1.22(0.375-0.2)

B=710/580=1.22

h =21.06mm<35cm ok




2. load calculation:

B

I]I o e

1% g I - \\x ‘
1 U
0100000000000 |\
1OO000O000000n \
JDQQ%QDQDQQDQE;
OO0 OREOO0000

il ::%:E: HEEE

Timi@g@@@D@@D@E j
DOJ0000non0o0d L/

By

Type w= 1%y KN
Tiles 0.03*23*0.52*0.52 0.187
Mortar 0.03*22*0.52*0.52 0.178
Sand 0.07*18*0.52*0.52 0.341
Topping 0.08*25*0.52*0.52 0.541
R.C rib 0.27*%25*0.12*(0.52+0.4) 0.745
Hollow block 0.27*10*0.4*0.4 0.432
Plaster 0.03*22*0.52*0.52 0.178
Partition 1.87*0.52*0.52 0.506
Sum 3.11

- :Dead load of slab




:Live load of slab

3.Moment calculation:

v Moment calculation:

m= la/lb=5.8/7.1=0.82

For Case 4:

(for negative)Ca =0.068 Cb =0.031

(for positive) Ca,DL=0.0372 Cb,DL=0.0172
(for positive )Ca,LL=0.045 Cb,LL=0.0212

Positive Moment:
* Maposdl=¢C_ * Wm_*mz*bf

=0.0372 % 138 #5.8~ #0.52 = 8.92 KN. m

Mn,;ms,d!

M, . q=00172% 138+71" + 052 = 622 KN.m
M, .. =0045+ 6.4+58 052 =504KN.m
M, .. =00212% 64+7.1 %052 =356 KN.m
M, =892+504=1396KN.m

M, . =622+356=978KN.m

. Negative Moment:

3
DI =_—
0.

.
WD =12

11

* ()
* 11

LL = 4 KN/m’

WL=1.6
W=13.8

o 4
+ 6.




= 0,068+ 20.2 +58° 052 = 24.03 KN. m

aneg

pneq = 0031 % 202+71° 4052 = 1642KN.m

- Design of negative Moment short direction

" (Mu=-24.03 KN.m) "
4
d =h- cover—dstirrups__zE =350-20-10 =3 = 315 mm
Mu _ 24.03

a2 W =26.7 KN.m .OK
M, 26.7x10°
= — = =2.24 Mpa
RN™ pd2 ~ 120x3152 p
fy 420
M™ o857 ~ 085x24 20.58
_l . _2ZmR, _ 1 - _ 2Zx2058x224
P m 1 1 420 ~ 2058 1 420
0.00566

2
As,req = p.b.d =0.00566x120x315= 214.08 mm

- -:Check for As min

fct
4(fy)

As min=0.25*@(120)(315) =110.23mn?
(420)

Asmin=

(bw)(d)

.14
=——(bw)(d
Asmin ( )( w)(d)

Asmin= i—;) (120)(315) = 126mm? controls

ASreq=214.08 mm* >Aspin= 126 mm*>  use As=214.08 mm?

Use 2 8 12 A provided= 226.19 mm? >As required= 214.08 mm?* Ok




-:Check for strain

A

5fy 226.19%420
—a—— = = 8.96 mm

l].bEIEJr'r_. N85x520x24

896
c=— =—— = 10.mm54
B, 085

e, =0003 ©¢ =0003 1 — 087 >
: c 10.54

0.005 0k

Design of negative Moment long direction

(Mu=-16.42 KN.m)

d =h- cover -

dstirrups_ﬂg =350—-20-10 —E =315mm

Mu 16.42
F_ 0.9 1824I{Nm _OK
M, 1824x10°

=— = ~=1.53 Mpa
RN™ pdZ ~ 120x3152 p

_fy _ 420 _
M™ o85f ~ 085x24 20.58

1 2mR, _ 1 B _ 2x2058x153

P™ m 1- 1- 420 2058 1 420
0.0042

2
As,req = p.b.d = 0.0042x120%x315= 158.76 mm

-:Check for As min

\/_ (b )(d)

Asmin=

Asmin= 0.25*%(120)(315) =110.23mn"’




.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= % (120)(315) =126mm?*controls

Asreq=158.76 mm* >Asp= 126 mm*>  use As=158.76 mm?®

USG 2 2 12 ,As‘provided: 22619 mm2 >Ag’required: 15876 mm2 Ok

-:Check for strain

A
Sly _ 226.19x420

T 0.85%520%24

=896 mm

= a .
0.b85 f,
a _ 896

c=—=—=10.mmb4

B, 085

315 -10.54

e, =0003 £ =0003 =0087 >
: c 10.54

0.005 Ok

Flexural Design of Positive Moment short direction

(Mu=13.96 KN.m)

. Mu
Checkif M, s> ik

d =h- cover — durmps— 2 = 350 — 20 — 10 — = = 315 mm
' hy

My =0.85. fe. be. hy. (d — =)

M, =0.85x 24 x520% 80(315—-40) x 107° =

233.38KN. m>% = % =15.51 KN.m ...0K

_ M, _ 1396x10°
Rn= ghd? ~ 09x520x315% 0.3 Mpa

_fy _ 420 _
IS 085f  085x24 20.58

1 2mR, _ 1 . _ 2x2058x03  _

P=% 1- 1- 420 2058 1 1 420 .
0.00072

A req = p.b.d = 0.00072x520%x315= 117.87 mm®




-:Check for As min

\/_ (b )(d)

Asmin=

e

Asmin=0.25*———(120)(315) =110.23mnY
(420)
.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= i—;) (120)(315) = 126mm?controls

Use 2 8 10 ,A; provided=_157.08 MM*>A; requires=117.87 mm” ....
Ok

Check for strain:-

_ Ay 157.08x420
4 =385b77 — 0B5x120x24 _ 2O 95 mm
i 2&95
=— =31.71mm
C=%, " 085

£, = 0] 00:

Flexural Design of Positive Moment long direction
(Mu=9.78 KN.m)

Checkif M, >""

d =h- cover - dstirmps—fzﬁ =350-20—-10 - =315mm
3 h

Mo =0.85. fi. b,. hy. (d —E’)

M,;=0.85x 24 X520 X 80(315—40) x 1079 =

233.38KN. m>? % —10.87 KN.m ...0K




M, _  978x10°

Ro= 052 = baxsa0ais — 0-21 Mpa
_fy 420 _
e 085f.  085x24 20.58
1 2mR, _ 1 _,  2x2058x021 _
P=% 1- 1- 420 2058 1 1 420 N
0.0005

As req = p.b.d = 0.0005x520%315=82.33 mm?

-:Check for As min

Asmin= \/_ (b )(d)

e

Asmin=0.25*———(120)(315) =110.23mn¥
(420)
.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= i—;) (120)(315) = 126mm?controls

Use 2 8 10 ,As provided=_157.08 MM*>A required=.82.33 mm” ...
Ok

Check for strain:-

_ Ay, 157.08x420
a T085bf.  085x120x24 26.95 mm
a 2&95
= = =31.71 mm
: B, 085

:Design for shear
The shear in the slab calculated using tributary area for as)shear strip 1m
simply supported.
Vud=wu*bf*(In/2-d)=20.2*0.52*(3.55-0.315)=33.98KN

g =000} —

> (




Ve
=222 fib,d ="V24 x 120X 315X 10~% = 33.94 KN

oV, =0.75%x33.94 =25.46 KN
Vsmin max of :

Vs min=1/16* f.b,,d=1/16*v24*120*315*1073=11.57 KN
Vs min=1/3*120*315*10~3=12.6control

dVce < Vud £ d( Ve+Vs min)

25.45 < 33.98 < 38.08 ...0k

Take Av =2 @ 8 = 2 * 50.27 = 100.54 mm’

reinforcement Provide minimum shear

2 & 8 usefor stirrups

100.54/s=1/3*(120/420)........ S$=1058.32 mm

Use2leg @8 @ 12.5cmcl/c

In the middle space:

Vu at 1 m=wu*bf*(In/2-d)=20.2*0.52*(3.55-1)=26.78KN
dVce < Vud £ d( Ve+Vs min)

25.45<26.78 < 38.08 ...0k

Take Av =2 & 8 = 2 * 50.27 = 100.54 mm’
2 & 8 usefor stirrups
100.54/s=1/3*(120/420)........ S5=1058.32 mm
Use2leg 8@ 12.5cmc/c

Design of Column(1) :

Design Data:

The following table and figures gives the design parameters of column group
1:




II 1226 kN
t 643 kN

: ] 3.65m

: 1 (Braced)

IS 450 « 50 cm

420 Mpa

24 Mpa

Concrete cover 40 mm

16 160mm

itﬂ'nnfentricauy Loaded

Table (4-5): Design Data of column group

1

:Factored Loads

P, =12D+1.16

=12 1226 +1.6 643 =2500 kN

Selecting Column Dimension:
Assume Ast = 0.02Ag

@Pn max
2500 * 103 = 0.65*0.80[0.85*24*(Ag-0.02Ag)+(0.02Ag*420)]

Ag =235498.23 mm?
take h = 500

b = 235498.23/500 =470.97 mm take b =500 mm
Ag= 500*500=250000 mm2
OPn max
Ast= 2713.42 mm?
Ast= 2713.42 mm?®)>Use ( 142316 with As= 2814.87 mm’




2814.87/250000= 0.012

Design of ties :

use ties @10 with spacing of ties shall not exceed the smallest of :

1- 48 times tie diameter , 48d; = 48*10 = 480 mm.

2- 16 times the longitudinal bar diameter , 16d, = 16*16 = 256

control
3- the least dimension of the column = 500 mm

use @10 @ 200 mm

Check for code req :

1- Clear spacing between longitudinal bar :

500—40:2—-10:2—4:16
Clear space = 2 =112 mm> 40mm

>1.5d,=1.5*25=37.5

500—40-2-10+2-3+16
Clear space = - =176 mm> 40mm

> 1.5dp = 1.5*25 = 37.5>150 mm (use hook)

2- 0.01<pg =10.0188<0.08 -0k

3- Number of bars 14 > 4- for rectangular section -ok

4- Minimum tie diameter @10 or @25 - ok

5- Spacing of tie s = 200mm -0k

6- Arrangement of ties 245 <150mm  -not ok(use S-hook)

p = Ast/Ag




I1&le

4-7 |Design of Staircase:

live load of L; =4 % ,assuming rise of 170 mm,

andrunof 300 mm, f =24 Mpa , f, =420 Mpa. .

4-7-1 plan and materials of stair:

The following figure demonstrate the plan of stair that we

consider to design it figure (4-19) which is carries a uniform .




Figure (4-1)Stair Plan and structural system.

4-7-2Structural system and minimum thickness:

1.

The structural system of this stair was taken as a simply supported

(one-way solid slab) since that the flight of stair will be supported at

the ends of upper and lower landings.

Minimum Slab thickness for deflection is (for simply supported one-

way solid slab) is h_. = =372 = 1875 cm.

m r-.lt 20 20




Takehm. =20cm

imn

4-7-3Loads and Reactions calculations:

The applied live loads are based on the plan area (horizontal
projection), while the dead load is based on the sloped length. To
transform the dead load into horizontal projection the figure below

explains howfigure (4-20).

gEN/m

1 }'IE mm
¥

wEKN/m

UL

Figure (4-20): Transformation of dead load into horizontal

projection.
:Flight Dead Load computation




Table (4-6) shows Dead Load calculations on Flight of stair:

Dead Load Unit

Form weighty (%]

Tiles 23 .
Z

Mortar 22 .
Z

Stair steps 20 ‘

Reinforced 20 z

concrete

(solid slab)

plaster 22 z

Table (4-6) Dead Load calculations on flight.

:Landing Dead Load computation

Table (4-7) shows Dead Load calculations on Landing of stair:




Dead Load Unit |
Form weighty (%) 1

Ny
Tiles 23

}|
Mortar 22 |

}|
Reinforced 20 |
concrete ﬁ|
(solid slab)
plaster 22

}|

~ |
|

|
Table (4-7) Dead Load calculations on Landing.

Live Load:.Ll =4 i’é .

m

Total Factored Load:w = 1.2 Dr. +16 Le

For flight: w =12 927 +16 4 =1752 % :

For Landing:w=12 601 +16 4 =1361 % .

4-7-4 Design of flight 1:

The support reaction of flighting at Landing is:

The reaction at each end
R=WL/2=(17.52*3.9)/2 =34.16




e 1 165 KN

]

: ® ) 290 ; 4 ] —

3 16KMN

Figure (4-21): Loads and reactions on statically system of flight.

Shear and moment calculations:

:Check for shear strength
Assume bar diameter @14 for main reinforcemnt.

d, 14
d=nh —cnver—?=200 — 20 —?= 173 mm

V, =3416 kN

— 1
f ‘bwd=g X 24 %1000 x 173

C

1
Vc=_
6

=14125kN .. for 1 mstrip

Calculation of maximum moment and steel reinforcement:;

1.95
M =3416x 12+195 —1752X 195 X S

u,max

¢$ =075 for
PV =0.75 X 1

Viimax = 3{4.16
= The thiclnes




=7429kN.m

assume bar diameter 14Q for main rinforcemnt hwit ,d

=173 mm
M 7429 x 10" f
= ° = 2=1.95Mpﬂ,m= 24 -
bdD 9 x 1000 x 173 0.85f,
420

=—=206
0.85 % (24)

Check maximum step for main reinforcement(the smallest of):

1. h3 =3 x 200 = 600 mm

2. mm450.
3.5=380 22 _25¢ =380 22 _25x%20=mm330
Is c §x42ﬂ
280 280
S, .. =300 3 - 300 -
g P ¥ 420

= 305.8 mm — controled

:Temperature and shrinkage reinforcement

5=300m

001

m <




A, temperature and rinkagrhs = 0.hb0018

=0.0018 1000 200 = 360 mﬂ'i:2

Check maximum step for temperature and shrinkage(the smallest
of):
1. h5 =5 x 200 = 1000 mm

2. mmd450. — controled

4-7-5Design of landing :

The support reaction of landing is:

Slab of landing is supported on the beams located on axis at the
floor level. The reaction of the slab flight is applied at the
centerline of the landing slab . Since the width of landing is 1.8m
, the reaction will be distributed along this width. Thus the load

per meter equals

Wr = ”“”jf’* - 3‘1":‘ = 28.47 KN/m.

WR=34.16*1.2/1.2*1.2=28.47 KN

[/se

S5=20cm

301

<$



R=13.61*3.05/2+(28.47*1.2)=52.82 KN
28 47T KN/ 28.4TKN/m

13.61 KN/

VAN VAN

/f 3.05 ""7‘<
52 82K N 5282 KN

as shown in figure (4-23).

Figure (4-23): Loads and reactions on statically system of flight.

Shear and moment calculations:

:Check for shear strength
Assume bar diameter @14 for main rinforcemnt.
d 14
d=h —-cnver-—-?b =200 -—-20-—-? =173 mm

V, =5282 kN

— 1
f ,bwd=g X 24 %1000 x 173

C

1
Vc=_
6

=14125kN .. for 1 mstrip

¢$ =075 for
V. =0.75 X 1

Viimax = 5282
= The thiclnes




Calculation of maximum moment and steel reinforcement:

=4938kN.m/m

umax

MuU=52.82*2-13.61*2%/2- 28.97*1.2*(1.2/2 +0.25)=49.38

assume bar diameter 14Q for main rinforcemnt hwit ,d

=173 mm
M 49.38 X 10° f
= = =183 Mpa ,m=—>
n bd@ 2 4
0.9 X 1000 x 173 0.85f,
420
= =206
0.85 X (24)

Check maximum step for main reinforcement(the smallest of):

4. h3 =3 % 200 = 600 mm

5. mm450.
6. $=380 22 _o5¢ =380 22X —25%20=mm330
-'rs & §x42{!
280 280
S, .. =300 7 =300 -
g P ¥ 420

= mm300 — controled




:shrinkage reinforcement Temperature and

A, temperature and rinkagrhs = 0.hb0018

—0.0018. 1000 200 =360 mm-

Check maximum step for temperature and shrinkage(the smallest
of):
3. h5 =5 X 200 = 1000 mm

4, mm450. — controled

4.10 Design of Shear Wall )

]

[ ]
v f 7 & o
B E e

-
-
L

—

[

S5=20cm

[/se

5=30cm

= 3

301




bending moment

AL I
e

shea loices

v" Material and Sections:- (From Shear Wall 4)

L)

concrete B300
Reinforcement Steel
Shear Wall Thickness
Shear Wall Width

Shear Wall Height
Shear Wall Height

Fc’ = 24 N/mm?
Fy = 420 N/mm?
h=25cm
Lw=3.00 m

Hw=3.13m
Hw=3.35m

v" Design of Horizontal Reinforcement:-

T

L L1




A Fx=Vu=200699 KN

The critical Section is the smaller of:

llv = & =2.00m....contral
2 2

h_ = % = 324m
2 2

storyheigh(Hw) = 3.13m

d=0.8" Lw=0.8" 3.00 =2.4m

5 —
E;'jI"I:11'r:|:.|::: = Ejg f:!hd
= 0.75 *0.833 /24 = 250 = 2400 = 3582.4 KN = V, = 2006.99KN

.is the smallest of :
1=V, == f'hd =-v24+250%2400 =49.90KN ... Control

X Nud T~
2V, =027 f'hd + 71— =027V24 250 = 2400 +0 = 705.45K N
w
_ 1y, 01 FT+02:%
3— V. = 005 f + v hd

Vg 2

3.00 0.1v24 +0

= 0.05v24 + 250 = 2400 = 986.6 KN
4.79
= M, = 1549055 KN.m
M, 1, 1549055 3.00
—— = =497

v, 2 200699 2

Ve =955.3KN
Vs= Vn- Vc

=(2006.99/0.75) - 955.3 =1720.69 KN

A vs  1720.69.10°
= 2 = =0.875mm%/ m
Sh fvd 420=2400




__ Ayy __ 0875
F=S = =0.0035

Use ¢ 12 As=113.1mm2

r =2*113.1/S*250=0.0035........ S=258.5 mm take it 300 mm
- Maximum spacing is the least of:

Lw_ 3099 600 mm
5 5

3*h = 3*250 = 750 mm
450 mm ....... Control

Use ¢ 12@22.5 mm in two layer.

v" Design of Bending Moment:-

3000 B .
Ay = Sgg *2+11309 = 5292.95 mm
Ay f | 529295 420
W= Ik f' T 3000-250 24 0003
B _
a= I hf =0

= 2w +0858 2-0063+085-085 0074

c w+a 0.063 40
™

EjM“ - Ej 0. Sﬂhﬂfvilﬁ-fl:l +5 :ll:l _.-f_

W

Hn!)r‘.-"

=0.9 0.5 =5292.95 = 420 =3000(1 + 0)(1 — 0.074) =5419.09 KN
= 1549055 KN.m

Not ok (requires Boundary)




Mub = Mu-@Mn =15490.55 — 5419.09 = 10071.46 KN.m

Use ¢ 14 As=153.94mm2

_ My _ 10071.46x10° _
Ri= 2bdZ = Daxsz0xza00 0.983 Mpa
Iy 420

m= = =20.59

0.85f; 0.85x24

1 2m.R 1 2x20.59%0.983
p=— 1—- 1= = 1— 1-Z2270 =0.0024

m 420 20.58 420

Asreq = p.b.d = 0.0024x520%2400= 5840.64mm’

Check for As min:-

Asmin=0.0018*1000*250=450 mm2
ASreq= 302.07 mm? >Aspin= 125.6 mm*  use As=302.07 mm?

Use 2 8 14 A provideds=153.94 mm? >As requires= 302.07_mm? Ok

@ 14/150 mm(boundary)

@ 14/10 mm vertical reinforcement
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1. American Concrete Institute (A.C.I), Building code Requirement
for structural concrete (ACI-318M-08).
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