HAJS\C,AAJS\A&\H

L o1 53S0 g Auaig) 405
g jlazall g Auiaal) drigl) o il

Qﬂ;\,ﬁsuiea .‘\W'}“M\

Jard) (3 8

5 )acd é;u\ JL@A.

LS s,

Jall -l



T AL £ g e anill Salgd
Cplandd GBS 6y dadla
bl — 1)

A el LAY asaatl)

Jal 3

M}LJ:Q Lﬁd\_ﬁ_\m o e (3l dlga

Lall) el ppan 4881 gagy £ g pdiall o G pdiall Wil Clgua g8 Ao sl
duaigh ALl 8 A laral) g driaall docigl) 300t £ g diall 1Ah apaliag
(o4 53 ISl da jat Bl cladbaiay (5 5 sl gl L o gAY

Bl () 55 g9 all L piia 2 3
sl glwe Al S s



slaaY)
e B Lo dena a S Wgay L GBI (Y Al aleas U
ks

panll B B ™ e b LS Lagea | oy JB 0 Lagad et ) JU )
oSy Jleag 4B e Jle ) o

Coiad el sbadl (g 50 die il

gty oo Sl jasd e L o Y S8 )
oo L it Al ) Gaid) (g 1 Ll pland el

Lo (ool e e Al il g alall
. 3ball dies 8

__*M\J&é\\:ﬂ\swijﬁxéjw

2 dadll agd OIS Ga L dieadll 5 deadl S | saad) 548 jra g alall DL | s2d ) e
kel 3k ) Lol )

LAl gl aad saan alladl | gasi s A el irae Uisale (g

CJolilagd s allall agiley cplaudi 555 (4

ol siall Jaall 13 ladl 3 anbs (g S
T



aaail) g &Y
PSS T ORI S PP LT T
(g Al b (5 O ang W) ALl 8 S5 daal) ) s Al
ALl Kl g aaalle W adé 5 e

ST g3 daaly A SED ) e 2085 clie Jreadly ) yic ) g ) jualig oli g
Lagloisill g duigh <y s (plautd
wcwu)ﬂ\j\tgj\d\}[\;\y@JM’JMM\MM@\O}H@&M\
_M\Jﬂ\c‘)ﬁﬂ,}kua}oﬁ

5 98 U5yl a3 agr i s ot s U2
_ﬁﬁjd&jdjw)ﬁ\hwj&jﬂmﬂd\&‘

Janll 128 Slail 8 sl g Baila o JS SG5) pal g

Jaadl (8358



@wY\c)mhszMaﬂ&uyﬂ\@E paia

:dand) (3 8

45 gac (g2l 2ana 3 )3 (3l dlga

Al S Jils

ALY Janalill 2S5 LY aanaill Jae 3 5 S8 adlis
- Gl sh Aay ) (e allyy (5315 () sill A4S

Leabing ) illladll (o LS e g 5 el (5 sin

Aal )l Jile e a8 gal VW AaaYl Ajlenddl 5o . . L s
Gl 5 a5 (al) Lantion daadd Al eIl s

Jariinn LaS 5 ¢ Sy 3 Al A1) 2 58I U 5 daranal alisas g pelusa Sl A 58 el 138
LAY apaail) 8 Ll 5 Gali¥) 5 il s S Y 5 ial) el

@me\ﬁﬁw\cﬁéﬁ\jﬂh‘)w\h\ﬁ\ g daal je



Abstract

The Sructural Design and Details of College of Arts

Project Team:
Jihad Ishag Dou'odra Mohammad Nadi Atawneh

Supervisor:
Eng. Khalil Karama.

The idea of this project isto prepare al structural design and construction of
all the details for the College of Artswhich consistsof four floors.
This project contains all activities required for any person, the ground floor

consist amphitheater .

This building is areinforced concrete structure, and it will be designed
according to the ACI-code-08. Atir programs, AutoCad, Safe, Etabs, Sab program
for design will be used.
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Stair section

Moment and shear diagram for shear wall

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

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

At = area of oneleg of aclosed 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.

f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supportsin slabs without beams and face to face of

beam or other supportsin other cases.
LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.




Mn = nomina moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V¢ = nomina shear strength provided by concrete.

Vn = nominal shear stress.

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

Woc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored |oad per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

& = dtrain of tension stedl.
&= strain of compression stedl.

p =ratio of steel area.
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Chapter four Structural Analysis & Design

Chapter Four

Structural Analysis & Design

4.1 Introduction.

4.2 Determination of Factored Load.

4.3 Determination of Thickness for One Way Ribbed Slab
4.4 Load Calculation for One Way Ribbed Slab:
4.5 Design of Topping:

4-6 Design of Tow way ribbed slab:

4.7 Design of Beam (B33-G).

4.8 Design of Column.

4.9 Design of Frame .

4.10 Design of Isolated Footing.

4.11 Design of Mat Foundation

4.12 Design of Stairs.

4.13 Design of Shear wall (W1).
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Structural Analysis And Design

4.1 Introduction :

Concrete isthe only magjor building materia that can be delivered to the job sitein 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, there are two types of slabs: one-way ribbed and two-way ribbed slabs.
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 then hand cal culation would be made to find the required

Reinforcement for some members.
The design strength provided by a member, its connections to other members, and its

cross-sections in terms of flexure, and load, and shear is taken as the nominal strength

calculated in accordance with the requirements and assumptions of ACI-code.

YA
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4.2 Factored Loads:

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

gu=12D+16L ACI - 318-08(9.2.1)

4.3 Determination of Thicknessfor One Way Ribbed Slab:-

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 overall depth must satisfy ACI Table (9.5.a):
For Rib (R1-G) in ground floor, as shown in fig (4.1).

i mrm lll”l”llll””llﬂl
H dean i i T e 1 B e e o | TS e
4 I : I 2 Il H I
11 Il E 1[ =
| | 1] I
11 I 11 |
Il " | 1| e il
Il = I z Il ]
Il I Il e Il
Il 1l ] | i Il
| :
|
E_ |
(A Il Il Il Ii
] AL - Il I
Il 1 || Il
¥ :i £ B E i: r :: E
|l 1l I I 8
1 1L 1[ ]
1] I 1l ]
| :' | |
| | ? | ]
| | 3 3
H - 3" [ | ] B I}
T i [ | i ]
- 11 10 11 IL
10 | " 11 I
11 | 1 ] ;
a L 1] il T 1 o i g
sl L) o TRL e e i B L e z =]

Fig. (4-1) Rib (1-G) in the Ground floor
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Minimum thickness for one way ribbed slab:

L 535 0.29 m (one end continuous)
185 185
L 512

— = =0.24m (both end continuous)
21 21
For Rib(1-G) in the Ground floor 32 cm control (24cm block +8cm Topping).

4.4 Load Calculationfor One Way Ribbed Slab:
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 follows:

Cne way ribsiab =, Shrinkage & Temperatuer Bar's —,

\ \

N \

Folow Block{  em ' —

Fig. (4-2) One way ribbed slab

Effective Flange width ( b.) ACI-318-11 (8.10.2)

be For T- section isthe smallest of the following:
b =L /4=>535/4=133.75cm
b, =12+ 16t =12+ 16(8) = 140 cm
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b.=52cm  Control

be For T-section =52 cm.

Calculation of thetotal dead load for one way rib slab is shown in the following table:

Table (4 — 1) Calculation of the total dead load for one way rib slab.
1  Tiles 0.03*23*0.52 = 0.359 KN/m/rib
2 Mortar 0.03*22*0.52 = 0.343 KN/m/rib
3  Coarse Sand 0.07*17**0.52 = 0.619 KN/m/rib
4  Topping 0.08*25*0.52 = 1.04 KN/m/rib
5 RC. Rib 0.24*25*0.12 = 0.72 KN/m/rib
6  HollowBlock  0.24*10*0.4 = 0.96 KN/m/rib
7 plaster 0.02*22*.52= 0.23/rib
8  Partitions 2.3*0.52 = 1.196 KN/m/rib

5.47KN/m/rib

D.L. ota = 0.3588 + 0.343 + 0.619 + 1.04 + 0.72 + 0.96 +.23+ 1.196=5.47KN/m of rib =
5.47/0.52= 10.52 KN/m?
Liveload =5* 0.52 = 2.6 KN/m of rib = 5 KN/m?

Factored load
DL=1.2*5.47= 6.564 KN/m/rib
LL=1.6*2.6=4.16KN/m/rib

&)
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4.5 Design of Topping:

Calculation of the total dead load for topping is shown in the following table:
Table (4 — 2) Calculation of the total dead load for topping.

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*17*1 =1.19 KN/m

4 Topping 0.08*25*1 = 2.0 KN/m

5 Partitions 2.5*1 =25 KN/m

6.84 KN/ m

Live Load Calculation 5*1 =5 KN/m

Total Factored Loads;
W,=(1.2*6.84) +(1.6*5) =16.21 KN/m? Torny =,

Assume slab fixed at supported points (ribs):

W *|?2 ol Bk | Faml :
1
* 2 b,
MU:M: 0.216 KN.m/m of strip width
f.'=30(Mpa)

fr =0.42x [ fc'(MPa) ACI-318-02 (22-5.1)
fr = 0.42x+/30(MPa) = 2.3MPa
=2.06x107°x10° = 2057.57 KN / m?

Fig. (4-3) Toping of dab

Mn=fr* Sm

&y
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s - b22 _1.00x(0.08%)

M, = 2057.57* 1.06x107° =2.18KN.m
®M, =0.55* 2.18= 1.19KN.m

=1.06x10°m’

Whered =055 ...... for plain concrete.
® Mn=119 KN.m>>Mu=0.216 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement
must be provided.

For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-02 (7.12.2)

As=p* b* h=0.0018 * 1000* 80 = 144 mm?/1m

Try bars ® 8 with As=50.27

As 144

——=——=287
Asf 8 50.27

Bar numbers n =

Take 3 ® 8 with As=150.8 mm?/m strip or ® 8 @ 300mm

In both direction step (S) isthe smallest of :-

1) 3h=3*80=240mm............ controls
2) 450mm
3) s= 380(%] - 2.5Cc = 380 Zzi — 2.5% 20 = 330 MM pyt
—x 420
3
s< 300(@] =300 5 280 |_ 300mm
fs S x420

4) Take F 8 @200mm in both direction S= 200mm<Smax =240mm

¢y



Chapter four Structural Analysis & Design

4.6 Design of Rib (1-G):

By using ATIR program we get the envelope moment and shear diagram as the follows: -

1 2 3 4 5
1 2 3 1 5
E I A A i A e N
‘E‘I i} Ly [ K )

0.5 17 0.g 432 0.8 4.19 0.2 412 ne 3.26
e .35 Ly 517 o 4.99 T RA? ' 4.5

I = I I I I

F. -

12
A-A
Fig. (4 - 4) spansdiagram for rib (1-G)-(KN.m).
MOManTe: SAnNs 1w 5
-33.1 .
\ 14 En.3 -26.8
1 lIféjl2 '4}“ TR "'rl}fl 1\'ﬁ-.4 | ."“Ir.l |;~': | 147
“ s sl ALY
A21.08 N, 046 AT ST AN 7
A V4 ¢ LN - N - - N g
I 12 15. Loy 8.5
Mh.a
| 214 | s:1 | a2 | a3 | 24s 25 | 256 25 | 2T 18
I 1 I I I I I

Fig. (4 - 5) Moment diagram for rib (1-G)-(KN.m).
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Shear
-34.4
B0 i 74 201 205
oA _30L4 A MR .22, -] 109
~ Z PR
¥ ;_?,.-— f.-f"f ’(_,/ -14.2 p
e . 4 e ]
H— H P S £ : ~ H
; -
~ P ,/ s 7
P I P Py s
7 184 " T _—
A = 736 7 214 7 214 7 228
- 20.4 28.7 %01
0.4
Fig. (4 - 6) Shear diagram for rib (1-G )-(KN)
Ol CTodo T T
Dead load - Service Units:kN,mocter
547 5T 54T 347 47
y " [ ' i i W
b.35 5.12 1 139 512 3 1.51

Lme load Sarvice

Load tactors: 1.

20,1200 .60,0.00

L L1

o L

A

A

517

B

B

Loy

7]

4.51

Fig. (4 - 7) Dead and Live loads diagram for rib (1-G )-(KN)

4.6.1 Design of Positive Moment for(Rib 1-G): (Mu=26.4KN.m)

» Use My max positive for span =Y1.£kN.m

Use @ 1

d=h—cover- d/2=320-20-10- (V/2) = YAY mm

Check if a>hs

M= 0.85 fc bfhy (d — h/2) = 0.85* 24*520* 80(282 - 80/2)* 10°®
M = 205.37KN.m> M/@ = 26.4/0.9=29.33KN.m=> a<hy

» This section will be designed as rectangular section with b = 520 mm

¢0
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fy 420

m= = = 20.58
0.85fc’  0.85(24)

* 6
Mu _ 26.4*10 _ 0.71MPa

" fbd? 0.9*520 * 2822

* *
c_ Ay 2mkn ) 1 1_\/ _2*20.58*0.71 ) _ o o0on
m fy 20 .58 420

A s =0.00172*520% 282 = 252.36 mm?
Check for Asmin

Jio
()

kn

Asmin= (ow)(d) ACI-318 (10.5.1)

4

2

4(420)

Asmin=

(120)(282) = 98.68mm’
.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(282) =112.8mm* controls

ASe= 252.36 MM’ >Asyn=1)Y.8mm*  OK

#of bars= Ag/ Aspar = . 115394 = . * Note Agiq = 153.94 mm?

' Select bottom bars 214

Total AS providg =307.9 MM*>Ag = YOY.YYYmm?  O.K

* Check Strain:
Tension = Compression
A x fy=0.85x f_'xbxa

307.9x420=0.85x 24x520x a
a=9.75mm

X = 0%5 ~1219mm  , d=320— 20— 10— 14/2 = 283 mm

€1
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_ 283-12.19

e
° 12.19
e, =0.0666> 0.005

x0.003=0.0666

For moment . KN.m) Use bars 214

4.6.2 Design of Negative Moment for (Rib 1-G): (Mu="21.5KN.m)

Mu= -21.°kN.m

Mn =21.2/0.9=23.A% kN.m

Use @ Y1 and d=28Y mm

Design of T-section for negative moment as rectangular section with

(b=by=120mm) .

m = 20.58

w — Mn _ 21.5* (10)°
bd? (120)(282)?

* *
o[ fo2mke )1 1_\/1_ 2% 20.58 % 2.253 | _ | 15e7
m fy 20 .58 420

A's = 0.0057*(120) (282) = 192.89 mm>>A s min = 112.8 mm”’
Use @ 12 with As= 113 mm?
#of bars = As/ Aspar = 192.89/113= 1.685 * Note Ao = 113 mm?

= 2.253 MPa

Select bar 2 ® 12

Total AS providg = 226MM*>As,¢,192.89mm?>  O.K

* Check strain:

1Y
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Tension = Compression
A x fy=0.85x f 'xbxa

226x420=0.85x 24x120x a
a=38.77/mm

x:i-ﬂ=45.6mm

0.85 0.85

o _284-456
*T 456
e, =0.0157>0.005

x0.003=0.0157

For moment-21.5Kn.m Use bars 212

4.6.3 Design of Shear for (Rib 1-G) :
The maximum shear force at distance ( d) from the face of support
Vu=-276KN ............ from Shear diagram for rib (1-G)

dVe= O \/E *bw*d

6
J24

=(0.75 g *120282)*1.1*10°=22.79KN

Vu=27.6 KN> D Vc=22.79 KN

® Vsmin > 0.75(%)* bw * d :O.75*(%)*120*282*1O'3: 8.46 KN.

7 7

® Vsmin 2 0.75(% =) * bw* d=075* S * 120+ 282 *10°%= 7.77 KN.

Dvsmin=7.77KN.
(® Ve +® Vsmin) =22.79+ 7.77= 30.56KN >Vu = 27.6KN

EA
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Minimum shear reinforcement is provided ( Ay, min)

Use 2leg ® 8 with A, = 79*2 = 157.1 mm?

AV Lbw
S 3Ty
Av S L fc < bw
S 16 fy
s <9 <600
2
-6
A Lbw o 3x2xISTDA0 x40 g
S, 31y 0.12
fc’ -6

ﬂzi (o bW Sreq _ 2x157.1x10 x16x420=3.59m
Sq 16 fy V24 x.12
S s%smo: S, =%=141mm

Then Select S:14cm<g:14.1 ............... ok

4-6 Design of Tow way ribbed slab:
Determination of Thickness for Two Way Rib Slab

'ﬂ 1 - ] 1 1 ‘-: 1 i ) I;.:i.:ﬂll 1 J ] 1
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Figure (4-2): two way rib dab.

[P A Pl A W
;oo / bR

8*52* 4+12* 24* 20
8*52+12* 24

Yrib = =9.36cm

52x 8% 12x24°
Irib = +
12

|, = 60598.55cm* /b = 6.059855* 10~ m? / rib

+8*52*% 5367 +12* 24* 10.64°

Yb3=Ybl=16cm

Gin g 80*32*16+50* 23* 43.5

Yb2 =Yb4 =24.5cm
80* 32+50* 23

3 3
_80x32° S0x23 | gyv3px857 4 50* 23+ 192 — 86.92+ 10

[, =1
b2 = b4 12 12

= %* 0.5* (0.32)° =13.65*10*'m"*

Ib3

_L+08 (0327 = 21.8*10“m

| =—
b1 12

_ 6.059855% 10"

N x10.26 =53.9x10*m*
0.52

_ 6.059855x10™

. x6.12=71.3x10"*m?
0.52
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-4
=1, = 6'0593‘::55; 10 51-50.43x10m
1y 21.8x10™
Y1, 539*10*
o ol _869x107%
21, 713x10"
a.—la_1365x10° .,
° 1, 59.43x10™
_lpa 86923107
1, 59.43x10*

_a,+a,+az+a, 04+1.2+.22+1.46

fm 4 4
02<a<2=>02<052<2

According to ACI-code:

o In(0.8+ fy/1400)

= ACI-318-02
36+5b(a ,, —0.2)

b=t 99 115
L, 89

_9.9% (0.8+ 420/1400)

= =0.28m< 0.32m
36+5*1.12(.52-0.2)

Select for two way rib slab in ground floor, The Thickness Rib Slab = 32 cm with block

24cm & Topping 8cm.

4-6-1 Dead Load Calculation for slab (R11-F):

Tiles 0.03*0.52*0.52* 22 = 0.17kN/0.52* 0.520f rib

Mortar 0.02*0.52*0.52* 23 = 0.124kN/0.52* 0.520f rib

Sand 0.07*0.52*0.52* 17 = 0.32 KN/0.52* 0.520f rib
Topping 0.08*0.52* 0.52* 25 = 0.54kN/0.52* 0.520f rib

Block 4*0.2*0.2*0.24* 9= 0.35kN/0.52* 0.52 of rib

Rib 0.24*0.12*(0.52+0.4)* 25 = 0.662kN/0.52* 0.52 of rib
Plaster 0.02*0.52*0.52* 23 = 0.124kN/0.52* 0.52 of rib

partition (1.5) (0.52) *0.52 = 0.405kN/0.52*0.52 of rib

o)
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Dead Load 2.69kN/0.52*0.52 of rib
Dead Load per unit area = 32.69 / 0.52*0.52= 9.96 KN/m?
Live Load =5 KN/ m?

0,0 =1.2 D =9.96* 1.2=11.96 kN/m?
0, = 1.6 L =5*1.6=8 KN/m?
q,=19.96 KN/m?

bw=12cm, h =32cm
d =320-20-8-12=280mm

4-6-2 Designs of moment:

— Design of positive moment:
La/ Lb=8.9/9.9=0.9
From table (12-4)

Assume Case (5)
C...=0.029

C,q =0.013

Mo = Caq * G * (LA)°
Mya = Coa * G * (Lb)?
From table (12-5)
C,..=0.037

C,.. =0.021

Mo = Cap * G * (L)
My = Core * G * (LD)?
Mapos = (Myg + M) *0.52

={(0.029* 11.96* (8.9) ) +(0.0374*8* (9.53) 2} *0.64= 41.73 KN.m/ rib

oy
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bpos_ (Mde + MbLL) *0.64
={(0.0228* 13.50* (10.26) ?) +(0.0272*8* (10.26) 2)} *0.64 = 35.41 KN.m/ rib
M, .=4173KN.m

apos™

Mn, = 0.85 = fc = bf =tf= d =2

=0.85* 24* 0.64* 0.08* 0.386—"- *10°=361.4KN.m
® Mn, =09* 361.4= 32526 KN .m>>M,,

rectangular section

Design as arectangular with b = 64 cm

M
Mn= e - AT _ s o kN m
0 0.9
4 fc 14
= (— )> W(bw)(ol) ..................................................... (ACI —10.5.1)
V24 1.4
14)(38.6)> ——(14)(38.6
4(420)( (38.6)= " (14)386)
As. =157cnt <1.8cn?............. the larger is control
As,. =18cnt
Kn= m
b*d?
* -3
= 4637710 > = 0.4863 Mpa
0.64* (0.386)
m=_" - 420 __ 50588
0.85* fc'  0.85*24
1 2mKn
p=—(1- [1- )
m fy
. 1 1- \/1— 2(20.588)(0.4863) )= 1.172% 10°
20.588 420

Areg=p* b* d=1.172* 10°* 52* 31.5= 2.9 cn?
2.9 cm?> As,, =1.8cn?

Use ® 16 >> # of bar = 2 =144
2.01

oy
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* Note Agpis = 2.01cm?

Then select (2) bars @ 16 A, provided = 2* 2.01= 4.02cm’

e Check for yielding
Tension = compression
As* fy=085* f.*b* a
402* 420 = 0.85* 24* 640* a
a=12.93mm
x=2 21298 15 51mm

b, 085

~386-15.21

e
® 15.21
e, =0.073>0.005

X0.003

= Ok
Use 2® 16 mm , As =402 mm? iny direction
Use 2@ 16 mm , As =402 mm? in x direction
— Design of negative moment:
M_neg= (Cineg* O * L2a* 0.64)
=0.058*21.51*9.53°*0.64= 72.52 KN.m / rib
Mp e = (Coneg ™ & * L5 * 0.64)
=0.042*21.51* 10.26°*0.64= 60.86 KN.m/ rib
Select 2 ® 18 mm in long direction Asb 18-254 47mm’
T=C
508.94* 420=0.85* 24* a* 140 ..oa=74.84mm
® Mn=0.9*508.94* 420* (386-74.84/2)=67.05KN.m> 60.86KN.m ok
Select 2 ® 20 mm in short direction As® 20=314mm
T=C
628* 420=0.85* 24* a* 140 ..8792.35mm
® Mn=0.9*628* 420* (386-92.35/2)=80.67TKN.m> 72.52KN.m ok

4.7 Design of Beam B33-G:

4.7.1 Load calculation for B33-G
o¢
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* The dead load calculations :- ( from Rib 1-G)

The max support reaction ( Service ) from dead loads for rib upon beam s
(29.48KN)

Whp from Rib =29.48/0.52 =56.7 KN/ m

the weight of the beam and the weight of the floor layersis:

Table (4 — 3) Calculation of the total dead load for beam B33-G:

No. | Parts of Beam Calculation KN/M

1 Tiles 0.03*23*0.8 = 0.552

2 Mortar 0.03*22*0.8 = 0.528

3 Coarse Sand 0.07*17*0.8 = 0.952

4 RC. Beam 0.4*0.5+.32*0.8)*25=11.4(
5 Plaster 0.03*22*0.8 = 0.528
6 Partitions 23*0.8=1.84
15.8 KN/m

The total service deal load Wy= 56.7+ 15.8 = 72.5 KN.

*The live load calculations :- (from rib 1-G)

- The max support reaction (Service) from live load for rib upon beam is(16.26 KN)

00
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W, fromrib =15.05/0.52= 28.94 KN/ m
Theliveload within beam width : LL =50.8=4 KN/ m

Thetotal serviceliveload (W =28.94+4=3294 KN/ m)

B 64 3
1 2
a 5 i
0.25 5 95 0.25 8.72 0.25
()
. 6.2 A 8.97 %
I 1 1
80.
2
72
50,
AA
Fig. (4 — 8)Geometry ofBeam 64
-1105.2
402890125
™,
| 3.?1,1.1}11\\\ :
I 1
i __—P"‘; ’ I ; H““-._ n
373 | 1841 61 | 3
133.8
9482
| 24 403 | 5.38 : 259 |
I 1 I 1 1

Fig. (4 — 9) Moments envelope factored values of B33-G(KN.m)

Shaar

ST i_ﬁi"a 544.5

15a.7
H03.4

T45.8

o1
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Fig. (4 — 10) Shearenvelope factored values of beam 64(KN)

load group no. 1

Dead load - Service Units kM. meter
T2.3 745
L 3 s L L 3 L 3 y ¥
6.2 8.497
Live load - Service Load factors: 430, 9. 200160, 0.0
323 339
¥ L ' L L
6.2 8.97

Fig. (4 - 11) Dead and Live loads diagram for Beam 64 (KN)

4.7.2 Design of positive moment for (B33-G) , (Mu = 948.2KN.m)
Check singly section or Doubly section :

d= 720-20/2-10-40=660mm

Mn.= 085=fc=b=a=(d—a/2)
x=3/7 *d = (3/7) *660=282.86mm

a= 282.86*0.85 = 240.43mm

250
@ = 0.65 3 (0.004 —0.002) =0.82

MNmax=0.85*24*800%240.43(660-240.43/2)* 10°°°2118KN
® Mn_, =0.82* 2118=1736.76KN .m>Mu, = 948.2KN .m

The section must be designed as singly section .
b=80 cm h=72 cm

bw=50 t=32cm

use ®20 withd =660 mm

f ]
© (ow)(d) = V24 500660 = 962,20 mim?

4(fy) 4% 420

ASnin = ﬂ(bW)(d) _ 14, 500* 660= 1100 mm? Controls.

(fy) 420

in =

ov
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* 6

Rn= M“2 __982M0° 3 ompa

fbd®>  0.9*800* 660°

0.85(24)

* *

c_ Ay 2mkn | _ 1 1_\/1_ 2% 20.58*3.02 | _ 4 4078

m fy 20 .58 420
ASe= 1 bd = +.+078* 800* 11+ = 4118.4 MM*>ASyn= 1) + + mm’

Use @ 20 with area As = 314 mm?
#of bars = As/ Aspa= 4118.4/314 = 14 bar
Select 14® 20 with ASprovide = 4396>ASeq = 4118.4 mm?

* Check strain:

Tension = Compression

4396x 420 =0.85x 24x800x a
a=112.44mm

a 11244

X=—=
085 0.85
d= 720-40-10-20-25/2 = 637.5 mm

e = 0870713228, ho3-0011
132.28

=132.28mm

0.011>0.005 ............ OK

*Check for spacing between bars :

o 800—-40*2-2*10-10* 20
9

=55.6mm

S=556mMm>25mm ... OK

S>dp,=20mm  ........... OK

For the Positivemoment 948.2KN.m Use bars 14920

oA
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4.7.3Design of Positive MomentB33-G (M, = 333.5KN.m)
b =80cm bf=50cm

h=72cm with d = 660 mm

Use @ 20with area As= 314 mm?,

Mu = 333.8KN.m

420

m=—— _—2058
0.85(24)

* 6
ne Muz _ 333.8*10 1063
fbd®> .9*800* 660°

* *
r:i(l— a 2mKnj 1 (1_\/1_2 20 .58 1.063J=0_0026

m fy | 20.58 420

ASey = 0.0026*800*660= 1372.8 mm” >Asyn = 1100 mm?

Use @ 20 with area As=314 mm°

# of bars= As/ Aspa= 1372.8 /314=7bars Select 5 20 with ASprovide) = 1570>ASe = 1100

mm?

Select5® 20 ith Asprovide) = 1570 MM2 >A Seq = 1372.8 mm”.

* Check strain:
Tension = Compression
A x fy=0.85x f_,'xbxa

1570x 420=0.85x 24x800x a
a=40.4mm

x=_ 2 04 0 cam
085 0.85

660—47.53
g =— ———

. x0.003=0.038
47.53

o1
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0.038>0.005 ............ OK

*Check for spacing between bars :

o 800-40*2-2*10-5*20
4

=150mm

S=150mm>25mm ... OK

S>dp,=20mm ........... OK

For the Positivemoment 333.8KN.m Use bars 5®20

4.7.4 Design of Negative Moment (B33-G) , (M, =-1029.9KN.m)
b =80cm h=72cm  bf=50cm with d = 660 mm

Use ®20 with area As= 314 mm>.

Mu = -1029.9KN.m

420

m=———=2058
0.85(24)

M,  10299*10°
Kn = > =
fbd®* .9*500* 6607

* *
r:i[l— | 2mknJ 1 (1_\/1_2 16 .47 5.25}20_014

=5.25MPA

m fy | 16.47 420

ASep =0.014*500*660= 4669 mm’ >Asyn = 1100 mm?

Use @ 20 with area As=314 mm°
# of bars = As/ Aspa= 4669 /314=16 bars

Select16 ® 20with Asprovige) = 5024 MM2 >A S eq) = 4669mm .
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* Check strain:

d = 720-40-10-20-12.5 = 637.5
Tension = Compression

A x fy=0.85x f_xbxa
5024 x 420 = 0.85% 24x500x% a

a=206.87
mm

a _ 206.87

X=—=
085 0.85
~ 637.5-243.38

eS
243.38

= 243.38mm

x0.003=0.0051

0.0051>0.005 ... ok

4.7.5Design of shear for B33-G

*For V,=+640.1 ; (Max.vaueof V,)

V30

f !
O *Vec=o* % bw* d=0.75* e * 500*660* 10 = 202.1 KN
202.81<905.4 KN

® Vsmin > 0.75 (%) * pw * d =0.75* (%)*500*660* 10°=825KN. Controls.

® Vsmin >0.75 (—”1]:) *bw* d= 0.75*(1£64) * 500 * 660*10° = 75.78 KN .
® Vsmin = 75.78 KN
Vu=640.1 KN (From shear Envelope)

D Ve<Vu<d Ve + & Vsmin
202.1<640.1 < 277.88...... not satisfied.

Cases 1 &2&3isnot suitable.

i}
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Case 4:

(® Ve + @ Vsmin)< Vu < (@ Ve+ @ Vs')

d Vs = * @bw* d

®Vs =0.75* g *500* 660* 10° = 404.17 KN.

277.88<640.1<606.27.....cas4 not satisfied.

(@ Ve +® Vs')< Vu < (@ Ve + @ Vsmax)
dvsmax = 2* @bw* d=1077.77

606.27<640.1 < 1279.87..... Case 5 issuitable

Vs= wu, Vc= 0401 269.5 =583.96 KN
d 0.75

Smax= d/4 or Smax<300 mm
S max= 660/4 = 165 mm
Try 4legs @ 10,As @10 = 78.5 mm?

Av _ Vs
Smax fy*d

4* 78.5%10° _ 583.96* 107
Smax 420* 660

S=149 mm

S<Siax = d/2< 600 mm

S<Smax< 11+/2=330 mm <600 mm ... Ok

UseS=14cm
1Y
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4.10 Design of Column (C1):

4.10.1 Design of Longitudinal Reinforcement:

Select column (C1) for design

Pu = 1000KN

Pn = 1000\0.65=1538 kn

Assume r g = 2%

Pn=0.8* Ag{0.85* fc'+r g(fy-0.85fc")}

1538*10° = 0.8* Ag[0.85* 24+ 0.02* (420 0.85* 24)]
Ag = 0.0677m?

Pn = 0.8* Ag{0.85* fc'+r g(fy—0.85fc')}
1538*10~ = 0.8* 0.875[0.85* 24+ r g* (420 0.85* 24)]
rg=0.03

4.10.2 Check Slenderness Effect:

MU gy ML ACI —(10.12.2)

r M2

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3 h = \/}

Lu=3.0m

M1l&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

ay
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1*4.0

————=38>22
Klu <(34-12 M1 SAQ..iiiieee e ACI 10-12-2 0.3* 0.35
r M2
~.long Column
Use ® 14
Use 140 14 with As = 21.42cn??
4.10.3 Design of the Tie Reinforcement:
S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.
Spacing <16x d, (Longitudinal .bar.diameter) =16x1.4 = 22.4cm
Sacing < 48x d, (tiebar .diameter) = 48x1.0 = 48cm
Soacing < Least.dimension = 35cm
. Use If 10@ 20cm
4.10.4 Detail of column C20:
0.35 )
L ‘E - ‘: :‘ - E\
N R
P
10~ 27 1 Cg:i"
A0 T T
| \‘r-... g— ;
- -
rd
27F
L=10% L=

Figure (4-19): Column Detail C20

4-9 Design of Frame

¢
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Material :-
— concrete B350 Fc' =28 N/mm?
— Reinforcement Steel fy = 414 N/mm?

4-9.1 Loading :
=>» Total Dead load :

Beam 8*.32*25+.5%.78* 25 16.15

Table (4-1): Dead loads for Primary beam

=» Sum of service Dead Loads: W)= (16.15 +70.4 ) = 86.55KN/M

=>» Total live load: W_)=38.2 KN/m

Assumed that h = 1100 mm to analyze the beam using ( Stad
Pro ) Software to get Shear &MomentEnvelope :

B 300 |

Fig (4-2): Primary beam Dimensions.

10



Chapter four Structural Analysis & Design

AT

Load 2 - ShearY + Displac oment

12 Banding £

Fig (4-3): Moment and shear evelope for primary beam

4-9.2 Design Beam For Flexure :
bf = 800 mm , bw = 500mm

N
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h=1100 mm, t =320 mm
Design for Positive Moment Mu = +2500KN.M:

Check singly section or Doubly section :
d= 1100-32/2-10-40 = 1034mm
Mn, .= 085=fc=b=a=(d—a/2
x=3/7 *d = (3/7) *1034 =443.1 mm
a=443.1*0.85 = 376.6/mm
@ =0.65 *? + 0.004 —0.002 =0.82
Mnmax= 0.85*24 * 800 * 443.1 (1034-443.1/2)* 10~ 5875.14KN
® Mn,_, =0.82* 5875.14= 4817.62 KN .m>Mu,_, = 948.2KN .m

The section must be designed as singly section .

b=80 cm h=72 cm
bf=50 t=32cm
use ®20 withd =660 mm
ASnin = —V(b w)(d) = V24 —="_*500*1034 = 1507.6 mm?
4( fy) 4* 420
14 5
ASqin = (fy) (b )(d) = —0*500* 1034=1723.34 mm“ Controls.
* 6
= M“2 __ 200710 > =3.24MPa
fbd= 0.9* 800* 660
= _ 420 — 2058
0.85(24)
* *
c_ A, jp_2me ) 1 \/ _2*20.58*3.24 | o 1070
m fy 20 .58 420

Ase= 1 bd = +.-0844* 800 * 1034= 6988.85 mm*>Asyn= ) 723.34 mm”
Use @ 32 with area As = 804.24 mm®

# of bars= As/ Aspa= 6988.85/804.24 = 9 bar

Select 9 32 with ASgprovide = 7238.16 >Ase; = 6988.85 mm’

%%
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Use 9D32 (2 layers)

* Check strain:
Tension = Compression
7238.16x 420=0.85x 24x 800 % a

a=186.28mm
x— & _186.28 .00 15mm
085 085
- 1034-209.15 1 003—0.011
209.15
0.0116> 0.005  ...ooov.... OK

Check for spacing between bars :

o 800-40*2-2*10-9* 32

=51.5mm
8

S=51.5mm> 25 mm

S>dp, =32 mm

For the Positive moment 2500KN.m Use bars 9932

=>» Design for Negative Moment Mu =-550KN.M:
= d=1100-14/2-10-40 = 1043mm

b =80cm h=110cm bf=50cm with d = 1043 mm
Use @ 14 with area As=154mm? .
Mu =-1029.9 KN.m

420

m=——" _—2058
0.85(24)

TA
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M,  550%10°
fbd?  .9* 500* 1043

* *
c_A(y J_2mkn ) _ 1 1_\/1_ 2*20.58*1.12 | _ 107y
m fy 20 .58 420

Kn =1.12MPA

ASep = 0.00274*500%1043 = 1431.1 mm’ >Aspin = 1723.34 mm’

Use @ 14 with area As=154 mm’
# of bars= As/ Aspa= 1431.1 /154=10 bars

Select 10 @ 14with Asprovide) = 1540 MM? >A S eqy = 143L.1mm .

* Check strain:

Tension = Compression

A x fy=0.85x f_'xbxa
1540x 420 =0.85x 24 x 500 x a

a=634
mm

a _ @ =74.6mm

X=—=
0.85 0.85
| 1043-74.6

e x 0.003=0.039
74.6

0.039>0.005 ..... ok

*Check for spacing between bars :

< 500-40*2-2*10-10%14
B 9

= 28.89mm

S=2889mMm>25mm = ... OK

S>py=14mm = ........... OK

14
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4-9.3 Design (Primary beam) For Shear :
4-9.3.1 Design of columns:

Design of Frame column as a beam:
4-9.3.1.1 Loading :

Assumed that h = 1200 mm to analyze the beam using ( Stad Pro )
Software to get Shear & Moment Envelope :
Determination of Beam dimensions :
e ®=18
e d=800-40-12-18/2=739 mm

e C= $d= §x739=316.7mm
o a=B;c=085x316.7=269.2 mm

4-7.1.2 Design Beam For Flexure (Sectionl-1):
b =800 mm, h=800 mm

Design for Negative Moment Mu = -1020KN.M:

M max = 0.85x fc'ab (d - %)

= 0.85x24 x 269.2x 800 (739 - &f)xlo'ﬁz 2654.24 KN.M

But, M,= 1020 KN.M

OM,=2256.1 KN.M > M_,=1020 KN.M

=» Design the section as singly reinforced.

Rn=_Mn_
b*d?

6
Rn= _1020x10" _ 559\ pa
0.9 x 800 x 7392
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=Ty 420
085x fc  085x24

yro=_L (- \/1_ 2x259% 2088 _ () 016
~ 2058 420

Asreq=px b x d=0.016x 800x 739= 3912.11 mn?/ m

Asmin = (0.25)\/5 (b)d

_ (0.25)* v/24* (800) * 739
420

=20.58

r

(1 2mRn

1
m

=1723.97 mm2/m

Not lessthan, Asmin = 1.4(b)d

=14 (800)* 739 — 1970.6 mm? /m
420

No of bar =3912.11 + 254.4 =20

Use20P 18
As,,, = 5088 mm2/m> As o =3912.11 mm?/m

=>» Check for Tension steel yielding:-
Tension = compression
Asxfy=085xf xbxa

5088 * 420 = 0.85* 24 * 800 * a
a =130.94mm
a 130.94

=2 === _ 154 05mm
b, 085

B=0.85 ... f.<24MPa ... ACI-318M-08(10.2.7.3)

A
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e. = (d—c)/cx0.003= D145 4 h03=0.011
154.05

e, =0.011> 0.005
OK : Tension Controlled Section

4-7.1.3 Design Beam For Flexure (Section 2-2 ):
b =800 mm h =800 mm

e ® =20
e d=800-40-12-20/2 =738 mm
. C=$d=$x738=316.3mm

e a=p;c=0.85x 316.3=268.84 mm

Mu = 900KN.m

M max = 0.85x fc'ab (d - E)

= 24x268.84x800 (738 - 28884, 10° = 31155 KN.M
2

But, M,= 1550 KN.M
®dM,=2648.2 KN.M> M, = 1550 KN.M
=>» Design the section as singly reinforced.

Rn=_Mn_
b*d?

6
= 00X10° -5 29MPa
0.9x 800 x 738

=_ M - 40 _y5g
0.85x fc 0.85x 24

1
2mRn
(L-3==% )" = 2058

r =

(1- \/1_ 2x205£;x395) 0.006

1
m

\Al
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Asreq =px b x d=0.006x 800x 738 = 3542.14mm?

(0.25),/f. (b)d
fy

_ (0.25)* /24 * (800) * 738
420

Asmin=

=1721.64 mm?

1.4(b)d

Not lessthan, Asmin =

_1.4* (800)* 738 _ 1968 mm2
420

No of bar =3542.14 + 314 =18

Use 18P 20

AS,o, = 5654.8 mm?> As o = 3542.14 mm?

Ok
=>» Check for Tension steel yielding:-
Tension = compression
Asxfy=085xfcxbxa
5654.8 * 420 = 0.85* 24* 800 * a

a =145 .52mm
_ 2 _155 o ot
b, 085
738-17121

e, =(d-0)/cx0003="2"~""“7,0003=0009
17121
e, =00099-0005

Transition control section

OK : Tension Controlled Section

Y
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4.10 Design of Isolated Footing (F20):

4.10.1 Load Calculation:

Total factored load =2000 KN.

Total servicesload = 1500 KN.

Column Dimensions = 35* 35 cm.

Soil density = 18 Kg/cma3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (55 cm) thick.
liveload =5 KN/m2.

Oaiow=400-5-0.45*18 - 0.55*25 = 373.2kN/m?

4.10.2 Determination of Footing Area:

2 L=2m

Try 2* 2mwith area= 4m® = A ;oq = 4m°

Determinate g, = 2000/4 = 500 KN/m?

4.10.3 Determine the depth of footing based on shear strength:
Assumeh=55cm ..... d =550-75-14= 461 mm

e Check for one way shear strength

Critical Section at g+d

a.d= % +0..461=0.63m

2
2.0
Vu =500* (7 —0.63)* 2.0=364KN

f Ve=f .(%* JIc* b, * d)

f Vc=0.75* %* J24* 2000* 461 =564.61KN

f Vc=564.61KN >Vu =364KN
. Safe

e Check for two way shear action (punching)

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

A&

1500
A= = /

373.2
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fV, =f %[u b—zj\/ft'bod
fV, f—(b/d jrbd
fV, =f —\/7bd

Where:

Column Length (a) 35
€ Column Width (b) 35

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

b, = 2(46.1+ 35) + 2(46.1+ 35) = 324.4cm

As =40 for interior column

fV, =f %(u bi}\/ f.'b,d= O'—675* (1+ %} 24 % 3244 % 461 = 2747 4KN

075 40* 461
fV, =f. 2 W 1, b d= + 2 |* /24 * 3244 * 461 = 3518.6KN
¢ [b /d J ( 3244 ]

fV, =f —\/ hd= 0;5* 24 * 3244* 461=1831.59KN
f V. =1831L59KN ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, =2000-[500* (0.35+ 0.461) * (0.35+ 0.461)] =1189KN

f Vc=1831.59KN >Vu,. =1189KN........ satisfied

Yo
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4.10.4 Design for Bending Moment:

A B . 1.5
b |_|| 126 _di@ [ = T
g @1l
. = PRI
Joq A S o F i
| = -
5 e
E‘_ E‘ - LT
EL[FI__ &S " 0,33 B 053 _Fl.i}
D.l!:l 200 0.1
"G 125 e
178+ =205
Figure (4-20): Isolated Footing F20
2
Mu =500* 2.0* 825 =340.3KN.m
Mu =340.3KN.m
Using Reinforced Concrete.
Mn:%:378KN.m
0.9
-3
Kn=Mn_ 37810° _; sompa
bd® 2.0x0.461
me— 40 5588
0.85* fc  0.85*24
(eg. 4.20)

3 2 x 20.588 x 0.89
420

r = ! 1—\/1
20.588[

J: 2.16*10°

ASge, =T *b*d=216*10"°* 200 * 46.1=19.92cm”’
AS gyinage = 0.0018 * b* h=0.0018 * 200 * 55 = 19.8cm”
ASp.q =19.92 > Asgiie =19.8cm?

Select 13f 14....AS, 4y = 20.1cm? >19.92cm?.....0k

v

1314 =22
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Check of strain:
As*fy=085* f.*b* a
2010* 420=0.85* 24* 2000* a
a=20.69mm
x:i:@: 24.34mm
b, 085
o — 461-24.34
s 24.34
e, =0.053>0.005

= OK

4.10.5 Development Length of main Reinforcement for Mul:

9 F
ldyeq = 15 % 1= Fg;‘ff;’;f = db (eq. 4.59)

X0.003

Ktr =0 Nostripes cb =75+ 14 = 89cm
ktr +ch 0+93

7B Tk 6.36 =25 (eq.4.60)
ktr +cbh =5
dbh 7

9 420 1+%1+08
ld,., =—=* —_ =

10 1=v24 25
L davailable = (2000-350)/ 2-75=750mm
Ldavailanie= 750 mm >|l.d.l..,_..,_.|r = 345.67mm

=18 = 345.67 mm

e not required hook

4.10. Design of dowels:

P,= 2000 KN

f .Pn=f .(0.85fc’Ag)

f .Pn=0.65*[0.85* 24* (350* 350)] /1000 =1624.35KN (eg. 4.61)
But Pu=2000>f.Pn=1624.35KN

Dowels arerequired for load transfer.
As1=(2000/0.65-1624.35/0.65)/420=1380mm?

As,.. =0.005* Ag=0.005* 35* 35=6.125cm"

Asreq =13.80cm?>AS i, =6.125cm?

A%
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Select 16f 18 as dowels.
*
0.241y db= 0.24% 420, 1.4=28.8cm.

Ld = .4.62
c(Lreq \/f_C m (eq )

Ldc2yreq = 0.043 x fyxdb = 0.043 x 420 x 1.4 = 25.28cm>Ldc min=200mm  (eg. 4.63)
Lde@yreq = 25.28cm <Ld(1)req=28.8cm =»control

Ls=0.071xfyxdb = 0.071x420 x1.8 = 53.67 cm >28.8cm (eg. 4.64)
Ls=53.67cm

Select Is=60cm

Available Ldc =55—-7.5-2*1.4=44.7 cm.

Available Ldc = 44.7 cm >Ldc = 28.8cm

Using hook >14* f

Required length of hook >16*f >16*1.6 = 25.6cm

Use Hooks= 30cm > 25.6cm

4.10.7 Isolated Footing Detail:

R
U
AT Se2aLs
(SRt ' T
o T 1.0
J i ¥
T = At e e m A B & & & s & L= L
- T L “-1":,. - wer—
" J 3 F vy ;
P 7 Th L7 S .
_-ﬂ"- o Nl e '?ﬁ_\. = -'—E'.:'_
LEeal1BL3Ch
I | T 3 ¥ & |— — DFH 1.1
o . . S .. WLEo-
;]: R P L TA) i T NN T Iy | v
h L3eld =1 0 .1
A1 200 IZ.lI]

Fectlon 5—d

Figure (4-21): Isolated Footing Detail F20
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4.13 Design of Mat Foundation for Well:

1"'.\'!_!I"PI'I'N—N T

TR n=
3 u
b, E
3 - .ﬁ
al2
a & I 4 la 3o E
e
¥ ;
L [53 |
E il p A TE 2]
LA IO L i -~ L
; HE - T
'Qh: A, E
fld rde s - s AR AR
i
2| = g

L*FI= L= Bl

Fig.(4.24) Mat footing for well

4.11.1Design of shear:

Fig.(4.25) shear in X-direction for well

va



Chapter four Structural Analysis & Design

Fig.(4.26) shear in Y -direction for well
d=50-75-1.4=41.1cm

f.\/c=0.75*%*1/fc'*bw*d

1 (eq. 4.24)

fVc=0.75* g* ~/24 * 1000 * 411 * 10 "° = 251 .68 KN

Pu ., =145KN /m =138 x1=145KN
f Vc =251.68KN > Pu =145KN .......... .OK

4.11.1 Design of bending moment
By using the StaadPro.v8i. Software to analyze the foundation, the moment result isasin
the following chart:
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Fig.(4.27) Moment in X-direction for well

Fig.(4.28) Moment in Y -direction for well

AN
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Design In X-directions:

h =50 cm
d=50-75-1.2=413cm.
Fy =420 Mpa.

Fc' =24 Mpa

Design of Negative Moment

Slect 19f 12 @ 20cm

As=19%1.13 = 21.47 cv’
Design of Positive moment
Selectlof 12@ 20cm

As=19%1.13 = 21.47 cm?

Design In Y-directions:

Design of negative moment

Slect 24f 14 @ 20cm

As=24*1.54 = 36.96 cm?

Design of positive moment

Sdect 24f 10 @ 20cm
As=24* 79=18.96 cnv

AY
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LA ".$ [ af n a
P -
- dMellidln 7D
. —r ——————— e ——% — ¥ '|_.--"':'_;_"$12E2fcw 0,
H L ZFE
_:: | iR T',_'-rr-ﬁ- -.‘ »' ] -;-'". \ : '-,' _.'|-
3 I ) I FLH | i T 'i- T
4.12 Design of Stairs:
4.12.1 Determination of Slab Thickness:
L =0.4+3.6 +0.6= 4.6m.
hreq =L/ 20 (eg. 4.68)
hreq =460/ 20 =23 cm
= Use h =25cm.
0 = tan(17.6 / 30)=30.48°
Cos 09 =0.86
—
: ™ i‘iv./,\\/’/.\\//.\\,.é
1314 >
& < &
Ak =
A - | A
L | ES x4 .’}
b

Figure (4-31): Stairs plan

AY
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-
n

11

1.4
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4.12.2 Load Calculations at section (A-A):

4.12.2.1 Load on Stringer:

Dead Load:
Tiles =0.03*22*((0.33+0.176)/0.30) =1.1 KN/m.
mortar = 0.02*23 *((0.176+0.33)/0.3) = 0.776 KN/ m.

Plaster = (0.03*23)/ (0.86) =0.802 KN/ m.
Steps = 0.176*0.5*25* 1 =2.2KN/m.
Slab = 0.25 *25/ 0.86 =7.26 KN/ m.
Total dead load =12.13 KN/ m.
Live load:

Live load for stairs =5 KN/ m?.
Factored load
qu=1.2*12.13 + 1.6*5 = 22.5KN/ m°.
For one meter Strip, qu =22.5 KN/ m.
4.12.2.2 Load on landing:
Dead Load:
Tiles = 0.03*22 = 0.66 kN/m’
Mortar =0.02* 23 = 0.46 kN/m’
Slab =0.25*25 =6.25 KN/m2.
Plaster = 0.03*23 = 0.66 KN/m2,
Total dead load = 8.03 KN/m2.

Live load:

Live load for stairs= 5 KN/ m?,
Factored load

qu =1.2¢8.03+ 1.6 *5 = 17.64KN/ .

For one meter Strip, qu = 17.64 KN/ m.

At
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ard groep 7o 4
e load - S=neice Initszk N ke
134
bpa
L*] iTd L) W i A
14 18 e |
T ]

|iwe bzad < Sencics | mad factors: .20 1304 60,000

131 NP N VY N N LN O N A N

0.4 f 38 0.6
T

Figure (4-32): Loads on stairs

4.12.3 Design of Shear:
= Assume @ 12 for main reinforcement:-
So, d =250-20-12 =218 mm =21.8cm

Shear

Figure (4-33): Shear Envelope
Vu=35 KN.

fJf. *b,*d
fvo=—-r = (eq. 4.24)

_ 0.75* \/24*1000* 218
6

Vu=48.6 KN <fVc=133.5 KN.

fVc =133.5KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4.12.4 Design of Bending Moment:
The Following figure shows the Moment Envelope acting on the stair

Ao
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Niomenks: spane TES 7

*5 - i
T

Figure (4-34): Moment Envelope

Mu = 46.8kN.m
Mn =Mu/0.9=46.8/0.9=52KN.m.
d=21.8cm.
K = an
b-d
* 6
. :—52 10 =1.1MPa .
1000* 2182
m = —fy
0.85x fc'
m = ﬂ = 20.588
0.85x 24

2 K * *
r:l 1- 11— LAY — 1 1_\/1_L881'1 =269*10°
m fy 20.588 420

AS, = 2.83*10°*100*21.8 = 5.87cm”
As_ =0.0018* b* h = 0.0018* 100* 25 = 4.5cm?
— 2 — 2
As,,=45cm<As, = 587 cm
Use ® 12 >>>587/113 = 5.45
Useld 12 @ 18cmclc .............. with As=(100/ 18)*1.13 =6.87 crm?.
Asprovided=6.46 > ASreQ............ceevennn.n OK.

Check for strain:

Tension = Compression

AT
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A * fy=0.85* fc' *b*a
687* 420 = 0.85* 24* 1000* a

a=14.14mm
x= & 1414 e emm
b, 085
o - 218156, 0
15.6

e, = 0.0363 > 0.005—— ok
4.12.5 Secondary reinforcement:
ASgyinage = 0.0018x bx h =0.0018x100x 25 = 4.5cm’ (eq. 4.13)

Use®12@20cm ................. With As=(100/ 20)*1.13 = 5.65 cm?.
4.12.6 Stairat section (A-A) Details:

2l

1dd on TG
BT EhE 2@ 18em L=2 14m
150 cm TE

Z200on 55

Ez12@18crl=2 28m

e
M4y T J

{E¥F12-18om L=2.14m

g 155 an BB

{&z12@ 1 eorfL=2 28m

sauliorn (Ad—A)

Figure (4-35): Stair Section

AY
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- Design for landing (L1):

- Calculate the maximum bending moment:
MUmax = 7TONK. m

Mn =Mu/0.9=79/0.9=387.78 KN.m/m
d=h-20-db/2=250-20-12-12/2 =212 mm

«_ Mn
b-d
* 6
( _SLIBI0o
1000* 212
I
0.85x fc'
0.85x 24

l * *
r =—|1- :]__zm_R1 :i 1_\/1_M =0.00488
m f, 20.6 420

AS,, = 0.00488* 1000* 212 = 1034.56 mm?/m> As,,, = 450mm?/m.... OK

As_. =0.0018* b* h = 0.0018* 1000 * 250 = 450mm?/m
Use @ 12@ 18cm c/c in land loaded flight
- Check for strain:
Tension = Compression
A * fy=0.85* fc'*b*a
1034.56* 420 = 0.85* 24*1000* a
a=21.29
c= 220l o5 4mm
b, 085

212-25.1

e [ —

S

*0.003

e, =0.022 > 0.005—— ok

AN
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4-13 Design of Shear (WS1)

To design shear wallswe use (CSI ETABS) Software, and thisis amanua example of shear wall
design:

|||||

gy e B
; fome | 1
; (TSN —
i
i
X B RAATH]
¢ s
i
!
: !
HETTT LEOIH { |
s [N R
xr |
h
-
i
-'K 4.1300
’
i
.
i
TR ol
T PR Tt
- S EBFl = -
| I
B
i
i 4N
-
lr.'
e A ITH ECRH
E M
i
.
i
;
X 0
r) 42000
Feis .-r._ﬂr
7]
i
R T

Figure (4-37): Moment & Shear-Diagram for Shear Wall (W26).

Shear Wall Design Parameters:
fc' =24 MPa

fy =420 MPa.

h=20 cm. Shear wall thickness.
L= 2.35 m shear wall width
Hw=16.60 m. Stories height.

Design of the Horizontal reinforcement:

| nternal forces & moments:

> Fx=Vu=650KN

Critical Section

Lw _ 235
2
hw _16.60

=1.175m(Control )

=8.30m—— Mu = 4226.25KN

A4
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Design it by using Reinforced concrete:
Vu=650 KN

Vn=Vu/0.75 = 866.67KN

Design of shear

d=0.8*Lw=0.8*2.35=1.88m

Ve, = %* 3ffc'*h*d= %\/24 * 200 * 1880 * 10 ° = 307 KN (Control )

ffcrh*d N,*d 24*020*188 1*1
Ve, = N4 (V2470207188 17188 ), 53 _ g0 50KkN
1 ey 2 4% 235

w

2+%1
23524+ S~
( 2.35* o.2o} L, 0.2%188

N

_ o
|2 T a6 23 o 10% =243.94KN (Control )
650 2
Vs =Vn -Vcl
A

( Aéh j =0.0025 * h=0.0025 * 0.2 = 0.5* 10 *m(Control )

s ="?W= 2350 /5 = 470 mm.

S = 3* h=3* 200 = 600 mm
select 2f 10 As =1.58cm?2

ﬂ: 0.5mm

0.5 S, =316mm(Control )

Sect .....S=30cm < Seq. = 31.6cm
S selected = 20cm < 75¢cm < 86cm
use....2f 10 @ 20cm(c/ c)in 2 layer

Select 2010/30cm. In tow layer

Design of the Vertical reinforcement:
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A,, = (0.0025 + 0.5(2.5— T—\‘,’v")(% S0 Y0 10725)) KX 1 O (eq.4.74)

Av _ (0,0025+ 0.5(2.5— 7.06)(—22__ _0,0025))* 200= 0.5

s 200* 250

h, 1660 =7.06<25

- 235

=05

Jf"sb s'_|

s, :%LW :%x 2350 = 783.3mm

S, = 3x h=3x 200 = 600mm
Select 2f 10With area As =158mm?
158

—=05
Sl

~.'S, = 316mm(Control )
Select S = 25cm< 31.16cm

S=25cm
— > SAlect 2f 10/ 25cmce/c

1)
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