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Structural Design of Hospital

Prepared by
Basim Shweiki
Musab Abido Mutaz Salhab
Palestine Polytechnic University -2012

Supervisor

Eng .Sufian Alturk

Abstract

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

It is worth mentioning the code has been used to determine the Jordanian
live loads, seismic loads and to determine the use of UBC-97)), As for the
structural analysis and design of sections has been the use of the U.S. Code
(ACI_318-02), It must be pointed out that he was relying on some computer
programs such as: Autocad2010, Office2007, Atir.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.
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After designing this project and the work of what has been said is expected to
conclude a number of results and projections is to link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other,

and then the work of structural plans of the Executive are Full and detailed for
each.

God grants success.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed 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.

C, = 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 supports in slabs without beams and face face of beam or

other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.
Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

XIII



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

Vn = nominal shear stress.

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

Wce = weight of concrete.

W = width of beam or rib.

Wau = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

& = strain of tension steel.

¢ = strain of compression steel.

p = ratio of steel area .
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.AutoCAD (2010) for Drawings Structural and Architectural .1
.Microsoft Office (2010) For Text Edition .2

.Atir Software for Structural Calculations .3

Safe Software for Structural Calculations .4

Etabs For Shear Wall Design .5

44



Chapter 4 Structural Analysis & Design

Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Determination of Slab Thickness.

4.3 Determination of Factored Load.

4.4 Design of Topping.

4.5 Design of Rib 44.

4.6 Design of Two way Ribbed slab.

4.7 Design of Two way Solid slab.

4.8 Design of Beam (9C)(Dropped Beam) .
4.9 Design of Beam (19C)(Hidden Beam) .
4.10 Design of Flat plate .

4-11 Design of steel Dome .

4.12 Design of Stairs

4.13 Design of Long Column.

4.14 Design of Shear wall.

4.15 Design of Isolated Footing.

4.16 Design of strip Footing.

4.17 Design of Mat Foundation.

4.18 Design of Basement Wall.
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4.1 Introduction

The project consists of several structural elements that will be designed according to
the ACI code and by using the finite element method using much computer software such

as “ATIR” , “Safe” and “Etabs” to find the internal forces, deflections and moments for

the all structural element in order to design it.
4.2 Determination of Slab Thickness

Buillding A

] ~Tir T

) W”,L - fquﬂﬂ}l.FWN

._
!
i
!
J
:
|

1 , [ E e e
= 7 mmmimgammmm e
‘ MIIIIIIIII T AT R ATEACIC AT RO
- | T
A - Building C
=
1
Building B

' LIIIIIIII% IJ

Building E e
Building F

Figure (4-1): Floor Slabs.
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According to ACI-Code-318-05, the minimum thickness of non prestressed beams or

one way slabs unless deflections are computed, given in table (9.5-a), as follows:

hpin for one-end continuous = L1/18.5

=580/18.5=31.35 cm.
hpin for both-end continuous = 1L2/21

=610/21 =29.04 cm
hpin for Simply supported = L4/16

=420/16 =26.25 cm

We selected h =32cm...... For one-end continuous is control.

Determination of Thickness for Two Way Rib Slab:

C16E.BRR B11,E

I I [
N
TN
cisee i JU 00000000
T I

N O A N
N
S |
I O
N I

HREEEE RN
i [ [ | [ [ | [

e B13E B
CT3EB C12E,B

C14EB

Figure (4-2): two way rib slab.(Building E)
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DAY
= ZA

- * Q% * *

y:52 8*28+12*24 12:21.450m

52*%8+12*24
It _0.52*0.10553 0.4*0.02553+0.12*0.21453
rib -
3 3 3

I, =5961%10""m*

a2

~0.5%0.32° |
12

L 961*107* 7.
p 2961710 (726+0.5):4.93*10-3m4

I, =1.3653*10"m*

— *

I . _
ST 0.52 0.52

a1l

a4

a3

&,0000

I, 1.
o =l 13053509
I, 493
%104
L =22010 4 85 = 40115%10 !
052 2
a, = 13953 _ 3403
40115
o, =a, =0.3403
o, =a,=0277
g, < CTE A E, 0277 +03403+0277 403403 oo
4 4
420
Ln*(08+f,/1400) 10708+ 0

=22.7cm < 32cm

36+5Bla,, —02) ¢, 5w (7:) *(0.3087 - 0.2)

We select from one & two way rib slab, The Thickness Rib Slab = 32 c¢cm with block

24cm & Topping 8cm.
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Determination of Slab Thickness of flat plate :

Building D
Figure (4-3): Flat Plate .(Building D)
Ln=8.6 m
Minimum Slab Thickness=8.6/33=26.06 cm

Select Slab Thickness 35 cm. To prevent punching shear
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4-3 Determination of factored Load

4.3.1 Determination of Dead load

Tiles 3 cm

\Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Concrete block

R Concrete rib

\Plaster 2 cm

TYPICAL SECTION IN RIBBED SILAB
Tiles 0.03%0.52%23 =0.3588 kN/m /rib
Mortar 0.02%0.52%22 =0.2288 kN/m/ rib
Coarse Sand Fill 0.07%0.52%16 =0.5824 kN/m/ rib
Topping 0.08%0.52%25 =1.04 kN/m./rib
Block 0.24%0.40 X9 =0.864 kN/m/ rib
Concrete Rib 0.24%0.12%25 =0.72 kN/m/ rib
Plaster 0.02%x0.52%22 =0.2288 kN/m/ rib
partitions 1.50%0.52 =0.78 kN/m / rib
Nominal Total Dead Load =

0.3588 + 0. 2288 +0.5824 +1.04 + 0.864 + 0.72 + 0.2288 + 0.78

=4.803 kN/m of rib
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Nominal Total live load =5 * 0.52 = 2.6 kN/m of rib

Total Dead Load (service) = 4.803/0.52 = 9.236 kN/m”

Total live load = 5 kN/m’

4-3-2 Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*4.803 = 5.7636 KN/m of rib.

Factored Live load = 1.6*live load = 1.6*2.6 =4.16 KN/m of rib.

4-4 Design of Topping:

Used fy =420 MPa & fc' =24 MPa

Dead load of topping = Wigpping + Wiites T Wsand T Wnortor T W partiones
=1.04 +0.3588 + 0.5824 + 0.2288+0.78 = 2.99 KN/m

Total Dead Load = 2.99/0.52 = 5.75 KN/n’.

Live Load = 5 KN/m’.

qu=12DL+ 1.6 LL

=1.2%5.75 + 1.6 * 5=14.9 KN/m’. (Total Factored Load)

q, x1° 1490 x(0.4)’
12 12

Mu = =0.1986 kN.m

2
Mn  —g.apNfe’ x%

2
_ 0.42*@*%:2.195 KN.m

¢x Mn=0.55%2.195=1.205kN.m.
¢ x Mn =1.2051kN.m > Mu = 0.1986kN .m.
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No structural reinforcement is required.

Therefore, shrinkage and temperature reinforcement must be provided
p=0.0018 ACL-318-02 (7.12.2)
As . = pxbxh=0.0018x100x8=1.44cm* /1m.
Use ®8=0.5 mm’
Spacing<50/144=0.35m.
<3h=3%*0.08=0.24

Select s =20cm.

Use 1®8@20 cm c/c in both directions.

4-5 Design of Rib (R44) at ground slab:

@
&

B2C

Figure (4-4): Structural Plane

Using "Atir" software for the following values of the envelope moment and shear diagram:
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1 2 3
1 2
05 5.2 06 2.85 05
' | ' 5.75 ' | 3.4 ' | '
Figure (4-5): Rib 44 geometry.
52,
| 8.
32,
12.
A—A
Figure (4-6) : Rib Section
Dead load - Service Units:kN,meter
4.0 4.80
5.75 3.4
Live load - Service Load factors: 1.20,1.20/1.60,0.00
280 2.60
5.75 3.4

Figure (4-7) : loading of Rib 44
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Moments. spans 1to 2

-31.1
-21.4 237
, 1.23,2.95 ,
I | 1
| | | | |
' , 1.02l.2" \ !
5. f 1 24
27.8
| 2.3 , 3.45 | 2.38 1.02
T T T
Figure (4-8) : Moment Envelop of rib 44.
Shear
4y 338
10.9

Figure (4-9) : Shear Envelop of rib 44.

o Effective Flange width ( 5;) «coceveveininiininenennnnn. ACI-318-02 (8.10.2)

bE For T- section is the smallest of the following:
bE =L/4=285/4=71.25cm
b, =12+16t=12+16 (8) =140 cm
b, < center to center betweenrib =52 cm

Control .......... 52cm

*  Check rectangular section or T-section

bw=12cm,h =32cm
d=320-20—-8—-7=285mm

Mu,, =278 KN .m
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Mn = 0.85 *fc*bf*tf*(d—%f)
Mn ;= 0.85 *24 *0.52 * 0.08 * (0.285 — %2%) ¥ 10 = 208 KN .m

® Mn, =09 *208=187.2 KN.m >> Mu,
rectangular section

4-5-1 Design of Positive moment of rib 44:
4-5-1-1 Design of Span 1

Mu =278 KN.m

Mu 278
Mn = = W =30.89 KN .m

o
Ny 1.4
As . = bwlkd)>—bwN\d )eeeeeeeennnn ACI -10.5.1

\24 1.4
As . =—F—=12)28.5)> ——(12)28.5
As . =0997<1.14............. the larger is control

As,. =1.14cm’

Mn
Kn= ——
b*d?
* -3
= M =0.731 Mpa
0.52*(0.285)
fy 420

m = = = 20.588
0.85% fc'  0.85%24
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1 2mKn
= —(1- I- )
p m I

_ Q- \/1_2(20.588)(0.731))
20.588 420

=1.7737 * 107

p

Areq=p *b*d=1.7737* 107 * 52 *28.5 =2.63 cm?
2.63 cm*>As,, =1.26cm’

2.
Use @ 14 >> # of bar = % =1.7 * Note Ap14 = 1.54 cm?

e  Check for yielding

Tension = compression
As *fy=0.85*f *b*a

308*420=0.85%24*520*qa

a=122mm
X :i:£:14.35mm
B, 0.85
. _285-14.35 v 003
14.35

£, =0.056 > 0.005

= Ok
4-5-1-2 Design of Span 2

Mu=6KN.m
Mu 6.0
Mn = = —— =6.67KN.m
() 0.9

56



Chapter 4 Structural Analysis & Design

s = ) A (N d (ACI —10.5.1)
4(f)
v24 1.4

As i =—F7—=(12)28.5)> ——(12)(28.5

As,,, =0997<1.14............ the larger is control

As, . =1.14cm’

Mn
Kn =
b*d?
% -3
Kn= 667—102 =0.158 Mpa
0.52%(0.285)
fy 420

=20.588

m = - =
0.85% fc'  0.85%24

1 2mKn
= —(1- I- )
p m I

a- \/1 ~2(20.588)(0.158)
420

)=13.7766 * 10™

P 50,588

Areq=p *b*d= 3.7766 * 10™* 52 * 28.5 = 0.56 cm?
0.56 cm*<As,. =1.14cm’

1.14
Use @ 10 >> # of bar = m =144 * Note Apio = 0.79 cm?

e  Check for yielding

Tension = compression
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As*fy=085*f *b*a

158*420=0.85*24*520*a
a=6.255mm

xzi—ﬁzl%mm

B, 085
285 -7.36
E, =————
' 7.36
e, =0.113>0.005

X0.003

= Ok

4-5-2 Design of Negative moment
4-5-2-1 Design of support (2)
Mu=23"7KN.m

Mu 237
Mn = = —— =263KN.m
0.9

@
Jre 1.4
As. = bw)d)z == (bw)d v ACT-10.5.1
o =4 fy)( w)d) fy( w)d ) ( )
1.4

(12)(28.5)> ?O(lz)(zs.s)

As . =0997<1.14............. the larger is control

As,. =1.14cm’

Mn
Kn=
b*d*

263*107

=== — =2.702 Mpa
0.12*(0.285)
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L fy 420
0.85* fc'  0.85%24

1 2mKn
= —(1- Ji- )
p m I

1 a \/1_2(20.588)(2.702)
20.588 420

=20.588

) =6.92645 * 107

p

Areq=p *b*d=6.92645* 107* 12 *28.5 = 2.369 cn?
2369 cm*>As,. =1.14cm’

2.
Use @ 14 >> # of bar = % =1.54 * Note Ap14 = 1.54 cm?

e  Check for yielding

Tension = compression
As *fy=0.85*f *b*a

308*420=0.85*24*120*a
a=>52.84mm
x:i:w:@.”mm
B, 0.85
_ 285-62.17

P
’ 62.17
g,=0.01075>0.005

X0.003

= Ok
4-5-3 Design of shear for Rib (R44):

ACI — 318 — Categories for shear design:
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Vu=31kN
Use @8 with two legs
Av=2x50=100 mm?

1. Iteml:®Ve>Tu

OdVe=0 “é’c xb, xd

4
=@ Vc=0.75x x120 %285
=20.94 kN

Since ® Ve < Vu
Not control

. Item2
%(I)Vc SVu<®lc

®Vc=2094kn

lCDVCz%zlo.MKn
2 2

Not control

. Item3

OVe <Vu <OVe+dDVs,

DOVs

min

Z%waxd

Vs, =0.75 (%) x 0.12x0.285x 10° = 8.55kN
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m

dVs_ . Z%X@waxd

DVs_. =%x 24%x0.12x0.285x10° =10.47 KN control

min

OVe+0Vs . =2093+10.47=31.4kN

Vu=31IkN<®Ve+DVs . =31.4kN control

Minimum shear reinforcement is required

Av | Lbw
Sreq 3 fy
Av 1A
Sreq 6 fy
s <% <600

2

-6
ﬂzlb_szmq =3><2><50><10 x 420 —1.05m
Sy 3 0.12
' -6

Av 14 b= S, _2x50x10° x16x420 _, .
S., 16 fv V24 x.12
s. <@ ce00=5 =282 _14050m

2 2

d

Then Select S=12.5cm<5 ............... ok

Select 2 leg @ 8 / 12.5 cm c/c
61



Chapter 4 Structural Analysis & Design

4-6 Design of Two way Ribbed slab:

4-6-1 Determination of Dead Load
Tiles=0.03*0.52*0.52*22=0.1785 KN
Mortar=0.02*0.52*0.52*22=0.1190 KN
Sand=0.07*0.52*0.52*16=0.3028 KN
Topping=0.08*0.52*0.52%25=0.5410 KN
Rib=0.12%0.24*(0.52+0.4)*25=0.6624 KN
Block=0.24*0.4*0.4*9=0.3456 KN
Plaster=0.02*0.52*0.52%22=0.1190 KN
Total Dead Load (service) =
0.17852.268+0.1190+0.3028+0.5410+0.6624+0.3456+0.1190 = 2.682 kN
Dead load =2.268/(0.52*0.52)=8.388 KN/ m”
4-6-2 Determination of Live Load

Total live load (service) = 1.5 KN/m* (roof)
g, =1.2 D =8.388%1.2=10.06 KN/m’
g,=1.6L=15%1.6=2.4 KN/m’

q,=12.46 KN/m’

bw=12cm,h = 32cm
d=320-20-8-12 =280mm
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C16E.BRR B11,E

I [
N
N
mﬁB@jDDDDDDD%
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i [ [ | [ [ | [

B B13,E

C14EB

W CTREB

B
CT3EEB C12EB

Figure (4-10): two way rib slab.

4-6-3 Design of shear:

3.0000

3.0000

* * * * *1()3
10 Ve 117075 Jﬁ6o.12 028*10° _ ) ooy

Vu, =(3-0.280)*12.46*0.52 =17.62KN
L.1gV, >V,
76

ok
No shear reinforcement is required

Use 2leg @ 8 @ 20 cm ¢/c for practical purpose

031
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4-6-4 Design of moments

—> Design of positive moment:
La/Lb=6/7.6=0.79

From table (12-4) and interpolation
Assume Case (1)

C, . =0.057

a.

C, . =0.0222

C

a,LL

=0.057
C,,,.=0.0222

M —

a,pos

(qu, *Ca,, +qu, * Ca,)* La* *0.52=(1006* 0.057+0.057* 2.4) * 6> *0.52=133KN.m

M,

,pos

(qu, *Ch,, +qu, *Cb,)* Lb* *0.52=(10.06*0.0222+0.0222* 2.4) * 7.6 *0.52=8.31KN.m

Design as a rectangular with b, =52 cm

Mn= M= g =14.78KN .m
() 0.9
A fe! 1.4
As . = bwld )z —bwhd ).cooove (ACI-10.5.1)
i) )= (oK)
V24 1.4
As, . =—F—=120)280)= ——(120 280
As . =98<112............. the larger is control
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As,, =112mm’

Mn 14.78*10°°
Kn = 2 2
b*d* 0.52*(0.280)

= 0.3625 Mpa

me— 2220 o6
0.85* fc'  0.85%24

1 1 .6)(0.
p=—(- [1- 2mKn )= (1- \/1_ 2(20.6)(0.3625) )=8.71*10"
m f 20.6 420

Areq=p*b*d=8.71 * 10 * 520 * 280 = 126.8 mm>

126.8 mm*> As,. =112mm’

126.8
Use @ 10 >> # of ba =W=2 * Note Apio =79 mm?

e  Check for yielding

Tension = compression
As*fy=085*f *b*a

158 *420=0.85*24*520*q
a=6.25mm
c:i:@:7.36mm

B, 0.85

£, =%X0.003=0.111>0.005:>¢=0.9

Use 2® 10mm ,As =158 mm” in y direction (Bottom Bar)

M, =831 KN.m

b,pos
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Design as a rectangular with b, =52 cm

M,, 83l

Mn= o = W =9.23KN .m

As,. = ;/(g(bw)(d)z %(bw)(d) ................... (ACI-10.5.1)
As, . = 4(4%(120)(280)2 %(120)(280)

As,. =98<112........... the larger is control

As, =112mm’

Mn 9.23*10
Kn= 2 2
b*d> 0.52*(0.280)

=0.226 Mpa

R .. U
0.85* fc  0.85*24

p:l(l- | 2mKn - 1 (1_\/1_2(20.6)(0.226))254'23*10_5
m 1 20.6 420

Areq=p*b*d=75423*107 * 520 * 280 = 78.95 mm?

20.6

78.95 mm*<As_. =112mm’

12

Use @ 10 >> # of bar = 7 =2 * Note Agpio = 79mm?

e  Check for yielding

Tension = compression
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As *fy=0.85*f *b *a

158*420=0.85*24*520*q
a=6.26mm
c=i=@=7.36mm

B, 0.85

:MXO.OO3=0~111>0~005:>¢:0'9

N

Use 2® 10 mm , As = 158mm? in X direction (Bottom Bar)
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4-7 Design of Two way Solid slab:
4-7-1 Determination of Loads :

Plaster = 0.02* 22 = 0.44 kN/m?
Slab =0.15* 25 =3.75 kN/m?

D.L=4.19kN / m?
From TANK L.L=10kN/m>

9w 21,2 D.L =1.2*4.19= 5.028 kN/m’
GuL=161.L=1.6%10=16 KN/m’

qu =21.028KN / m*

For 1m Strip in X &Y direction qu=21.028 KN /m

Lb=54m
La=3.65m
L—b:ﬁ:1.48<2.0
La 3.65

. Tow way

_ Perimeter  5.4%2+3.65%2

hmin
180 180

=0.1005

select h= 150 mm > h,;,= 100.5 mm

b =100cm,h =15cm
d=150-20-12=118mm
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—— 3560 ——

Figure (4-11): two way solid slab.

4-7-2 Designs of moment

—> Design of positive moment:

La/Lb=3.65/5.4=0.676
From table (12-4) and from interpolation
Case (1)

C,a=0.07088
C,q.=0.01456

My = Cog * 4 * (L)
Moy = Coar * qup * (LD)
From table (12-5)
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C,1,=0.07088

C,11=0.01456

M,y =Cpp * gy * (L)

My =Gy * qu * (Lb)°

M, o= (Mg + M,1;) =

£(0.07088*5.028%(3.20) %) +(0.07088*16* (3.20) %)} = 15.26 KN.m / m
My o= (Myy + M) =

((0.01456*5.028%(4.95) %) +(0.01456*16* (4.95)%)} =7.50 KN.m / m

M, =1526 KN.m

a,pos

M,,, 1526
D

Mn = =16.96 KN .m

As, =pxbxh=0.0018x100x15=2.7cm* /1m.

As . =2.Tcm’

Mn
Kn=
b*d*

* -3
1%(0.118)

= fy _ 420
0.85* fc'  0.85*24

=20.588
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1 2mKn
p=—(1- 1=
m Jy

. \/1_ 2(20.588)(1.218)
420

P )=2.992 * 107

20588

Asreq=p*b*d=2.992 * 107 * 100 * 11.8 = 3.53 cm?

3.53 em*>As,, =2.7cm’

Use @ 10 >>>3.53/0.79 = 4.46 * Note Agio = 0.79cm?
Use 1@ 10 @ 20 cmc/c .............. with As =(100 / 20)*0.79 = 3.95 cm?.
As provided =3.95 > Asreq......ccevvviniinninnnn OK.

e Check for strain

Tension = compression
As *fy=0.85*f *b*a

395%420=0.85*24*1000 * a
a=8.13mm

xzi—&=9.56mm

B, 085
118 -9.56
E,=————
‘ 9.56
g, =0.034>0.005

X0.003

= Ok
Use 1@ 10 @ 20 cmc/c .............. in x direction
Use 1® 10 @ 20 cmc/c .............. in y direction
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= For Top Bar :

A
%:%:1.3167 as Top at Edge Support
Use 108 @25 cm ................. With As = (100 /25)*0.5024 =2 cm?.

4-7-3 Design of shear:

b*d

V24
6

*1000 *0.118 =99.34 KN

@ Ve = 0.75 *99.34=74.5 KN

v, =(¥—0.2—0.118)*21.028
V,=31.69 KN
DOVe =2 Vu

.. No Shear Reiforcement Required
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4-8 Design of Beam (9C)(Dropped Beam) :

1 2 3 6
1 2 4 5
E A A . A A j
1L
A A A A
0.3 3.77 5.95 0.3 .19 5.84 0.3
" 4.07 8.25 " 6.49 8.14 "
f 50, f |
2,
55.
40.
A-A

Dead load - Service

Figure (4-12)

: Beam (9C) Geometry.

Units:kN,meter

47.0 317 7 47.0 47.0
= 4 ¢71G¢ I = W = il -
.07 T 4.43 a:21 E.2% [ X}
Live load - Service Load factors: 1.20,1.20/1.60,0.00
28.1 l 24‘_4 i l 24{_4 J/ 2 28.1 28.1
4.07 4.43 6.29 6.14

Figure (4-13) : loading of Beam (9C)
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Moments: spans Tfo &5
-494.7
-435.9 -433.2
2656 2614 24 ek
-265.6 -261. sy cSee
L 206043 04 \ il ,
f 1 1 5 I 20l 1
[n 1 1 1 1 1
9501, .07 o7 Thar
%ETS,SS/?__' od7a 1 s0. WAF\ Y 398
2155 S
340.3
| 163, 244 | 312 | 312 | 211 211 | 292 | 387 | 388 | 246 |
I 1 T 1 1 I 1 T T I 1
Figure (4-14) : Moment Envelop for Beam (9C).
Shear
3537 -400.2
-283.3 "299.8 2616 2745 g 257 1273.6
‘i 1t i|i i‘i fr f
171.8155-3 2190 1993
311.5 327.
328.
339.9 a8 4017

Figure (4-15) : Shear Envelop for Beam (9C).

*  Check rectangular section or T-section
bw =40cm,h =55cm
d =550-40-10—-10=490mm

Mu_ =340.3 KN.m
Mn =085 * fcx bf *tf (d —t;f)
0.32

Mn,=0.85%24%0.6*0.32* (0.49 - T) *10° = 1292.544 KN .m

@ Mn,=0.9 *1292.544 = 116329 KN .m >> Mu,,

% rectangular section
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=  Check single section or Doubly section

Mnmax=0.85*fc*b*a*(d—§)

C=3/7*d=3/7*490 =210 mm
a=210*0.85=178.5 mm

0.1785

M, =085+ 24 % 0.6 % 0.1785 + (0.49 — *°2) * 10’ = 87557 KN .m

250
® = 0.65 *

* (0.004 — 0.002) = 0.817

® Mn_, =0.817*875.57=71534KN.m > Mu_,

% Singly section

4-8-1 Design of Positive Moment
4-8-1-1 Design of Span 1

bw =40cm,h =55cm
d=550-40-10-10=490mm

Mu =133.9 KN .m

Mu 1339
Mn = = W =148.78 KN .m

)
As . = Jfe (bw)d)= ﬁ(bw)(d) .................... (ACI -10.5.1)
fy

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control
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As . =6.53cm’

Mn
an—
b*d?*

% -3
o 14878%10

= 0,6*(0.49)2 =1.0327 Mpa

me— 420 e
0.85% fc'  0.85%24

1 2mKn
- —(1- /1— )
p m I

1 a \/1_2(20.588)(1.0327)
20.588 420

p )=12.525 %107

Areq=p *b*d=2.525*107* 60 * 49 = 7.422cn?
7.422¢m*> As,, =6.53cm’

Use @ 16 >> # of bar = E =37
2.01

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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804 *420=0.85*24*600* a
a=27.6mm
xX= 4 _ ﬁ =32.47mm
B, 0.85
. = 490 —32.47
’ 32.47
g, =0.04>0.005=¢=09

X0.003

e Check for spacing between the bar

g = 400-2*%40-2*10-2%20-3*16
3

4
S=70.67mm > EM.A.S

>25mm
>db=16mm
4-8-1-2 Design of Span 2

Mu =215.5 KN .m

Mu 215.5
Mn = = —— =2394KN.m
o 09
Ny 1.4
As = bwl\d)z—(bwh\d )....ovueenn..... ACI-10.5.1
24
As, ;=

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control

As_. =6.53cm’
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Mn
an—
b*d?*

% =3
o 239.4%10

me— 420 e
0.85% fc'  0.85%24

1 2mKn
= —(1- I- )
p m I

i \/1 ~ 2(20.588)(1.6621)
420

)=4.13 * 107

P 50,588

Areq=p *b*d=4.13* 107* 60 * 49 = 12.152 cm?
12.152 em*> As,,, =6.53cm’

12.152

Use @ 20 >> # of bar = =3.87

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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1256 *420=0.85*24* 600 * g
a=43.09mm
x=i=@=50.7mm
B, 0.85

490 —50.7

&, =—-—
‘ 50.7

g,=0.026>0.005=¢=0.9

X0.003

e Check for spacing between the bar

g = 400-2*%40-2%10-2*20-3*20
3

4
S=66.67mm > EM.A.S

>25mm
> db =20mm
4-8-1-3 Design of Span 3

Mu =50 KN .m

(1227 ) T (ACI -10.5.1)

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control

As_. =6.53cm’
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Mn
an—
b*d?*

% -3
(o 55.56%10

me— 420 e
0.85% fc'  0.85%24

1 2mKn
= —(1- I- )
p m I

a- \/1 ~2(20.588)(0.3856)
420

)=10.927 * 107

P 50,588

Areq=p *b*d=0.927 * 10°* 60 * 49 = 2.725 cm>
2.725 em*<As,, =6.53cm’

Use @ 16 >> # of bar = @ =3.248
2.01

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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804 *420=0.85*24*600* a
a=27.6mm
xX= 4 _ ﬁ =32.47mm
B, 0.85
. = 490 —32.47
’ 32.47
g, =0.04>0.005=¢=09

X0.003

e Check for spacing between the bar

g = 400-2*%40-2*10-2%20-3*16
3

4
S=70.67mm > EM.A.S

>25mm
>db=16mm
4-8-1-4 Design of Span 4
Mu =265.4 KN .m

Mu 2654
Mn = = —— =29489 KN .m
(0 0.9

As :\/F

(bw)d)> %(bw)(d) .................... (ACI -10.5.1)

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control
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As . =6.53cm’

Mn
an—
b*d?*

% -3
Kn = 294.89 *10

06" (0.49)2 =2.047 Mpa

me— 420 e
0.85% fc'  0.85%24

1 2mKn
- —(1- /1— )
p m I

1 a \/1_2(20.588)(2.047)
20.588 420

P )=5.146 * 107

Areq=p *b*d=75.146 * 10 * 60 * 49 = 15.13 cm?
15.13 cm?> As,, =6.53cm’

Use @ 22 >> # of bar = @ =3.98
3.80

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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1520*%420=0.85*24*600*q
a=>52.1568mm
a 52157
x = —_—=
B, 0.85
~490-61.36

&
T 6136
e, =0.0209> 0.005= ¢ =0.9

=61.36mm

X0.003

e Check for spacing between the bar

g = 400-2%40-2*10-2*20-3*22
3

4
S=64.67 mm > EM.A.S

>25mm

>db=22mm
4-8-1-5 Design of Span 5
Mu =340.3 KN .m

Mu 3403
Mn = :W=378.11KN.1’11

)
As . = Jfe (bw)d)= ﬁ(bw)(d) .................... (ACI -10.5.1)
(/) Sy

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control

As,. =6.53cm’
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Mn
an—
b*d?*

% -3
(o 378.11*10

067 (0497 0P M

me— 420 e
0.85% fc'  0.85%24

1 2mKn
= —(1- I- )
p m I

i \/1 _ 2(20.588)(2.625)
420

)=6.713 * 107

P 50,588

Areq=p*b*d=6.713*107 * 60 * 49 = 19.736 c?
19.736 cm*> As,,, =6.53cm’

Use @ 25 >> # of bar = % =42
491

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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2455*%420=0.85*%24*600*q
a=84.24mm

. _490-99.1
991
£, =0.0118>0.005= ¢ =0.9

X0.003

e Check for spacing between the bar

g = 400-2*40-2*10—-2*20—-4%*25
4

4
S=40 mm > EM.A.S

>25mm

>db=25mm
4-8-2 Design of Negative moment
4-8-2-1 Design of support (2)
Mu =265.6 KN .m

Mu  265.6
Ml’l: :W =295.11 KN .m

o
Ny 1.4
As . = bwld)=—(bwNd )eeeeeeeaeannn ACI -10.5.1

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control
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As . =6.53cm’

Mn
an—
b*d?*

% =3
(o 29511%10

= e (0.49)2 =3.0728 Mpa

me— 420 e
0.85% fc'  0.85%24

1 2mKn
- —(1- /1— )
p m I

1 a \/1_2(20.588)(3.0728)
20.588 420

p )=7.97 * 107

Areq=p*b*d=7.97*107* 40 * 49 = 15.62 cm?
15.62 cm?> As,, =6.53cm’

Use @ 25 >> # of bar = w =32
4.91

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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1964 *420=0.85*24 *400 *
a=101.08mm

a _101.08 1o 03mm

X=—=
B, 085
490-118.93

&
T 118.93
&, =0.00936<0.005=> ¢ =0.9

X0.003

e Check for spacing between the bar

g = 600-2%40-2%10-2*20-3*25
3

4
S=128.33mm > EM.A.S

>25mm
>db=25mm
4-8-2-2 Design of support (3)

Mu=211 KN .m

Mu 211

Mn = = —— =23444 KN .m

d 0.9

Ny 1.4
As . = bwld)z—0bwhd ) .....ccoceuee. (ACI -10.5.1)

a(y) k)=~ Bwka)

V24 1.4

As i =—F—=40)49) > ——(40 49
As . =5715<6.53............. the larger is control

As_. =6.53cm’
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Mn
an—
b*d?*

%k -3
Kn— 234.44*10

047 (049)" =2.441 Mpa

me— 420 e
0.85% fc'  0.85%24

1 2mKn
= —(1- I- )
p m I

i \/1 _ 2(20.588)(2.441)
420

)=6.21*107

P 50,588

Areq=p*b*d=621*10"*40 *49=12.17 cn?
12.17 em*< As,;, =6.53cm’

Use @ 20 >> # of bar = H =3.87
3.14

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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1256 420 =0.85*24*400 * a
a=64.64mm
x= a_ % =76.05mm
B, 0.85
e - 490 — 76.05
’ 76.05
g, =0.016>0.005=¢=0.9

X0.003

e Check for spacing between the bar

_ 600-2%40-2*10-2%20-3*20
3

S

4
S=133.33mm > EM.A.S

>25mm

>db =20mm
4-8-2-3 Design of support (4)
Mu =258.6 KN .m

Mu  258.6
Mn = = W =28733 KN.m

o

Ny 1.4
As . = bwld)=—(bWNd )eeeeeeeaeann ACI -10.5.1
Smm 4(fy)( W)( )> fy( W)( ) ( )

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control

As_. =6.53cm’
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Mn
an—
b*d?*

% =3
(. 287.33%10

0ar a0y 28 M

me— 420 e
0.85% fc'  0.85%24

1 2mKn
= —(1- I- )
p m I

i \/1 ~2(20.588)(2.9918)
420

)=7.74 %107

P 50,588

Areq=p*b*d=7.74*%107 *40 *49 = 15.17 cn?
15.17 em*< As,;, =6.53cm’

Use @ 20 >> # of bar = ﬂ =4.83
3.14

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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1570 *%420=0.85*24*400* a
a=80.8mm
x=i=%=95.07mm

B, 0.85
e = 490 —95.07
* 95.07
g, =0.012>0.005=¢=0.9

X0.003

e Check for spacing between the bar

g = 600—-2*40-2*10—-2*20—-4%*20
4

4
S=95mm > EM.A.S

>25mm

> db =20mm
4-8-2-4 Design of support (5)
Mu =435.9 KN .m

Mu 4359
Mn = = W =484.33 KN.m

)
As . = Jfe (bw)d)= ﬁ(bw)(d) .................... (ACI -10.5.1)
(/) Sy

(40)(49)> % (40)(49)

As . =5715<6.53............. the larger is control

As,. =6.53cm’
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Mn
an—
b*d?*

% -3
Kn = 484.33*10

04%(049)7 o Me

me— 420 e
0.85% fc'  0.85%24

1 2mKn
= —(1- I- )
p m I

i \/1 ~2(20.588)(5.043) )
420

=14.035* 107

P 50,588

Areq=p *b*d=14.035* 107* 40 * 49 = 27.51 cm?
27.51 em*> As,, =6.53cm’

Use @ 20 >> # of bar = ﬁ =8.76
3.14

e  Check for yielding

Tension = compression

As*fy=085*f *b*a
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2826*420=0.85*24*400* a
a=145.45mm

a 18545 o 125mm

=2
B, 0.85

. _490-171.125
C 171125

g, =0.0056 > 0.005=> ¢ =0.9

X0.003

e Check for spacing between the bar

g = 600-2%40-2%10-2*20-8%*20
8

4
S=37.5 mm > EM.A.S

> 25mm
>db=20mm
4-8-3 Design of shear

4-8-3-1 Design of Span 1

Ve = —“gc bw *d

V24
6

*400 *0.49

=160.03 KN

@ Ve= 0.75*160.03 =120.025 KN

1 1
® Vsmin 2 075 () *bw * d =0 .75*(5)>*<4oo*49o*10'3 = 49 KN. control
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>0.75 (—VIJ;C) *bw *d=0.75 (%64) %400 * 490%10° = 45 KN .

@ Vsmin =49 KN.
Vu =283.3 KN (From shear Envelope)
Item 1 &2 is not suitable .
Item 3
O Ve<Vu<d Ve + D Vsmin
120.02 < 283.3 <(120.02+49)
So Item (3) not satisfy.

Item 4

fe
3

OVec+DVsmin<Vu<dVec+D* bw *d

D * —“:j:C bw *d= 0.75@ 400 * 0.49=240.05

(120.02 + 49) < 283.3 < (120.02+240.05)
169.02 < 283.3 <360.07

So Item (4) satisfy.

Vs = V—u—Vc= 283.3 -160.03 =217.7 KN
O 0.75
Try2leg @ 10 ® 10 =79 mm?
Av_ Vs
S fr*d
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2%79%10°  217.7*10°

S 420 *0.49
S =149.36 mm
<600 mm

<d/2 =490/2 = 245 mm control

UseS=12.5cm

4-8-3-2 Design of Span 2

Ve = \/ﬁ bw *d

*400 *0.49

\24
6
=160.03 KN

® Ve= 0.75*160.03 = 120.025 KN

1 1
@ Vsmin > 0.75 (5) *bw * d =0 .75*(5)*400*490"‘10'3 =49 KN. control
v fc' '
>0.75 (L) *bw *d=0.75 (ﬁ) *400 * 490*%10° =45 KN .
16 16
® Vsmin =49 KN.
Vu=311.5KN (From shear Envelope)

Item 1 &2 &3 is not suitable .
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Item 4

/e
3

OVec+DVsmin<Vu<dVec+ P * bw *d

D * —'f bw *d= 0.75@ 400 * 0.49=240.05

(120.02 +49) <311.5 <(120.02+240.05)
169.02 <311.5 <360.07
So Item (4) satisfy.

Vs = V_u_ Ve = 3115 -160.03 = 255.30KN
O 0.75

Try2leg @ 10 ® 10 =79 mm?
Av_ Vs
S fy*d

2%79*10° _ 255.30* 107

S 420 *0.49
S=127.4mm
<600 mm

<d/2=490/2=245mm control

UseS=12.5cm
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4-8-3-3 Design of Span 3

Ve = —“gc bw *d

V24
6

*400 *0.49

=160.03 KN

@ Ve= 0.75*160.03 =120.025 KN

® vsmin > 0.75 (%) *bw * d =0 .75*(%)"‘400"‘490*10'3 =49 KN. control
>0.75 (%) *bw *d=0.75 (%) * 400 * 490%107 = 45 KN .
® Vsmin =49 KN.
Vu=211 KN (From shear Envelope)
Item 1 &2&3 is not suitable .

Item 4

fe
3

OVec+DVsmin<Vu<dVc+D* bw *d

D * —“:j:C bw *d= 0.75@ 400 * 0.49=240.05

(120.02 +49) <211 <(120.02+240.05)
169.02 <211 <360.07

So Item (4) satisfy.
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Vs = V_u_ Ve = 21 -160.03 = 121.3KN
O 0.75

Try2leg @ 8 @ 8 =50 mm?

Av_ Vs
S fy*d

2%50*10°  121.3*107

S 420*0.49
S =169.66 mm
<600 mm

<d/2=490/2=245mm control

UseS=15cm

4-8-3-4 Design of Span 4

Ve = \/ﬁ bw *d

*400 *0.49

24
6
~160.03 KN

® Ve= 0.75*160.03 = 120.025 KN

1 1
® Vsmin 2 0.75 () *bw *d =0 .75*(5)*400*49o=*=10'3 = 49 KN. control
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>0.75 (—VIJ;C) *bw *d=0.75 (%64) %400 * 490%10° = 45 KN .

® Vsmin =49 KN.
Vu =383.7 KN (From shear Envelope)
Item 1 &2&3&4 is not suitable .

Item 5

=]

c
3

O Vec+o*

bw*d<Vu<®d Vc+ o *2 —“:{C bw *d
NN (o 24
O * % bw *d= 0.75% 400 * 0.49=240.05

D *2 —“:{C bw * d=0.75%*2 @ 400 * 0.49=480.1

(120.02 +240.05) < 383.7 <(120.02+480.1)
360.07 <383.7 <600.12
So Item (5) satisfy.

Vs = V_u_ Ve = 383.7 -160.03 = 351.57KN
O 0.75

Try2leg @ 12 ® 12 =113 mm?
Av_ Vs
S fr*d

2%113*10° _ 351.57 *107
S 420 * (.49

S=1323mm
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<300 mm
<d/4=490/4=122.5mm control

UseS=10cm

4-8-3-5 Design of Span 5

Ve = \/ﬁ bw *d

*400 *0.49

\24
6
=160.03 KN

® Ve= 0.75*160.03 = 120.025 KN

® Vsmin > 0.75 (%) *bw *d=0 .75*(%)*400*490"‘10'3 =49 KN. control
>0.75 (%) *bw *d=0.75 (%) * 400 * 490%107 =45 KN .
@ Vsmin =49 KN.
Vu=401.7 KN (From shear Envelope)
Item 1 &2&3&4 is not suitable .

Item 5

B

c
3

OVe+d*

bw*d<Vu<®d Vc+ ] *2 _'3fc bw *d
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N

D * —':j;C bw *d= 0.7ST 400 * 0.49=240.05

D *2 —'f bw * d=0.75%*2 @ 400 * 0.49=480.1

(120.02 +240.05) <401.7 <(120.02+480.1)
360.07 <401.7 <600.12
So Item (5) satisfy.

Vu 401.7

Vs = e Ve = -160.03 = 375.57KN

Try2leg @ 12 ® 12 =113 mm?

Av_ Vs
S fy*d

2%113*10° _ 375.57* 10°

S 420 *0.49
S=123.84 mm
<300 mm

<d/4=490/4=122.5mm control

UseS=10cm
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4-9 Design of Beam (19C)(Hidden Beam) :

1 3
1 2
Al
|: 1 7
IO.SI 4.15 . 3.9 | 0.8 |
: . ' 4.6 ' 4.5 ' . '
I 1
32
50.
A-A
Figure (4-16) : Beam (19C) Geometry.
Dead load - Service Units:kN,meter
28.2 28.2
13.0 13.0
a% Ty
Live load - Service Load factors: 1.20,1.20/1.60,0.00
b abo 4 b 1 ako 1 |
46 4.5

Figure (4-17) : loading of Beam (19C)
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Moments: spans 110 2

-172.9
-118.5 -119.3
, 1.291.32 |
I | 1
—t I 1 1
. 1.01]1.02 | '
17. I ! 1.9
107.9 101.1
| 1.84 , 2.76 | 2.7 \ 1.8
I T T T

Figure (4-18) : Moment Envelop for Beam (19C).

Shear
-191.2
711
/ 0621183
—t 1 1 1
T I I I
120.1110-
168.6
188.7

Figure (4-19) : Shear Envelop for Beam (19C).

=  Check single section or Doubly section

bw=50cm,h =32cm
d=320-40-10-10=260mm

Mnmax=0.85*fc*b*a*(d—§)

C=3/7*d=3/7*260=111.43 mm

a=111.43*0.85=94.72 mm

Mn_ =085 %24 % 0.5 x 0.09472 (0.26 — *10° = 205.44 KN .m

0.094-72)

250
@ = 0.65 * * (0.004 — 0.002) = 0.817
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O Mn,_, =0817*20544=167.85KN.m > Mu__ =119.3KN.m

% Singly section

4-9-1 Design of Positive Moment
4-9-1-1 Design of Span 1

bw=50cm,h =32cm
d=320-40-10-10=260mm

Mu =107.9 KN .m

Mu 1079
Mn = = ——=1193KN.m
O 0.9
Jre 1.4
As . = bwld)=—(bWNd )eeeeeeeaeann (ACI -10.5.1)
4(fy)( )d) fy( )d)
V24 1.
As . =———(50A26)>——(50 )26
Smm 4(420 ( X ) 420( )( )
As . =38<433. ... the larger is control
As,. =4.33cm’
_ Mn
b*d’
-3
Kn= w =3.547 Mpa
0.5*(0.26)*
fy 420

m = = = 20.588
0.85% fc'  0.85%24
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1 2mKn
= —(1- I- )
p m I

i \/1 ~2(20.588)(3.547 )
420

)=9.344 * 107

P 50,588

Areq=p *b *d=9.344 * 107 * 50 * 26 = 12.147cn??

12.147 em*> As_, =4.33cm’

Use @ 18 >> # of bar =

e  Check for yielding

Tension = compression
As *fy=0.85*f *b*a

1270 *420=0.85*24*500* g
a=523mm
X -4 :E: 61.52mm
B, 0.85
_260-61.52

&
* 61.52
£, =0.0097 > 0.005= ¢ =0.9

X0.003

e  Check for spacing between the bar

_ 500-2*%40-2*10—-2*20—-4*18
4

S
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4
S=72mm > EM.A.S

>25mm
>db = 18mm
4-9-1-2 Design of Span 2

bw=50cm,h =32cm
d=320-40-10-10=260mm

Mu=101.1 KN .m

Mu  101.1

Mn= = ——=11233 KN.m
) 0.9
Jre 1.4
As . = bwl\d )= —(bwNd )eeeeeeanna (ACI -10.5.1)
4(fy)( Xd) fy( Xd)
V24 1.4
As . =———(50)26)>——(50)26
Smm 4(420 ( X ) 420( )( )
As . =38<433. ... the larger is control
As,. =4.33cm’
Mn
Kn=
b*d’
-3
Kn= w =3.323 Mpa
0.5*(0.26)
y 120 _ 5088

m = - = =
0.85% fc'  0.85%24
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1 2mKn
= —(1- I- )
p m I

i \/1 ~2(20.588)(3.323)
420

)=8.69 * 107

P 50,588

Areq=p *b*d=8.69 * 10° * 50 * 26 = 11.29cm?
11.29¢m?*> As_, =4.33cm’

Use @ 18 >> # of bar = E =445
2.54

e  Check for yielding

Tension = compression
As *fy=0.85*f *b*a

1270 *420=0.85*24*500* g
a=523mm
X -4 :E: 61.52mm
B, 0.85
_260-61.52

&
* 61.52
£, =0.0097 > 0.005= ¢ =0.9

X0.003

e  Check for spacing between the bar

_ 500-2*%40-2*10—-2*20—-4*18
4

S
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4
S=72mm > EM.A.S

>25mm

>db=18mm
4-9-2 Design of Negative moment
4-9-2-1 Design of support (2)

bw=50cm,h =32cm
d=320-40-10-10=260mm

Mu=119.3 KN .m

Mu 1193
Mn = = —— =13255KN.m
d 0.9
Jre 1.4
As . = bwlkd)z—0bwhd ) .....ccoceueee. (ACI -10.5.1)
a(y) k)=~ Bwka)
V24 1.
As . =—F—=50426)>——(50)26
Smm 4(420 ( X ) 420( )( )
As . =38<433. ... the larger is control
As,. =4.33cm’
Mn
Kn=
b*d*
-3
Kn= —132'55*10 - =3.922 Mpa
0.5*(0.26)
fy 420

=20.588

m = - =
0.85% fc'  0.85%24
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1 2mKn
= —(1- I- )
p m I

i \/1 ~2(20.588)(3.922) )
420

=10.46 * 107

P 50,588

Areq=p *b *d=10.46 * 10™ * 50 * 26 = 13.6cm>
13.6cm*> As_ =4.33cm’

Use @ 18 >> # of bar = ﬂ =5.35
2.54

e  Check for yielding

Tension = compression
As *fy=0.85*f *b*a

1524 *420=0.85*24*500* g
a=62.75mm
x:i:@: 73.83mm
B, 0.85
~260-73.83

£
’ 73.83
g, =0.0075>0.005=¢=0.9

X0.003

e  Check for spacing between the bar

_ 500-2%40-2%10-2%20-5*18
5

S
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4
S=54mm > EM.A.S

>25mm

>db=18mm

4-9-3 Design of shear

4-9-3-1 Design of Span 1

Ve = —“gc bw *d

Nen

= *500 *0.26
6

=106.14 KN

@ Ve= 0.75*106.14 =79.61 KN

1 1
® Vsmin 2 075 () *bw * d =0 .75*(5)*500*260*10'3 = 32.5KN. control

20.75(\/ﬁ)*bw*d=0.75(?)

16

® Vsmin = 32.5 KN.

* 500 * 260%10” = 29.85 KN .

Vu=171.1 KN (From shear Envelope)

Item 1 &2 is not suitable .

Item 3

D Ve<Vu<d Ve + O Vsmin
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79.61 <171.1 <(79.61+32.50)
So Item (3) not satisfy.

Item 4

fe
3

OVec+DVsmin<Vu<dVec+ P * bw *d

D * —'f bw *d= 0.75@ 500 *0.26=159.217

(79.61+32.50) < 171.1 <(79.61+159.217)
112.11<171.1 <238.83
So Item (4) satisfy.

Vs = V—u-Vc= 1711 -106.14 =122 KN
0.75

Try2leg @ 10 ® 10 =79 mm?

Av_ Vs
S fy*d

2%79%10°  122*10°

S 420%0.26
S=141.42 mm
<600 mm

<d/2 =260/2 =130 mm control

UseS=12.5cm
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4-9-3-2 Design of Span 2

Ve = —“gc bw *d

V24
6

*500 *0.26

106.14 KN

@ Ve= 0.75*106.14 =79.61 KN

1 1
® Vsmin > 0.75 (g) *bw *d =0 .75*(5)"‘500"‘260*10'3 =32.5KN. control
NI 4 '
>0.75 (—lj; ) *bw *d=0.75 (—1264 ) *500 *260*10~ =29.85 KN .
® Vsmin = 32.5 KN.
Vu=168.6 KN (From shear Envelope)
Item 1 &2 is not suitable .
Item 3
dVec<Vu<® Ve + D Vsmin
79.61 <168.6 <(79.61+32.50)
So Item (3) not satisfy.

Item 4

fe
3

OVec+DVsmin<Vu<dVc+D* bw *d
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D * —':j;c bw *d= 0.75@ 500 *0.26=159.217

(79.61+32.50) < 168.6 <(79.61+159.217)
112.11<168.6 <238.83
So Item (4) satisfy.

Vu 168.6

Vs = 6-Vc= -106.14 = 118.66 KN

Try2leg @ 10 ® 10 =79 mm?

Av_ Vs

S f*d

2%79*10° _ 118.66 *10°

S 420 *0.26
S =145.4 mm
<600 mm

<d/2 =260/2 =130 mm control

UseS=12.5cm
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4-10 Design of Flat Plate :
4-10-1 Determination of Loads :

Tiles =0.03* 22 = 0.66 kN/m”’
Mortar = 0.02* 22 = 0.44 kN/m’
Sand =0.07* 16 = 1.12 kN/m’
Partitions = 1.5* 1= 1.5 kN/m?
Plaster =0.02* 22 = 0.44 kN/m’
Slab =0.35* 25 =8.75 kN/m’
D.L=12.91 kN /m?

LL=5 kN/m®

9w =17 D.L=1.2¥12.91= 15.492 kN/m’

Q=16 L.L=1.6%5=8 KN/m>

qu =23.492KN / m*

For 1m Strip in X &Y direction qu =23.492 KN /m

4-10-2 Calculation of Punching shear For (C89D):

N

SISICIDRE

Figure (4-20) : Column C89D
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DL=4.16+25%0.35=12.91 KN/m?
LL=5 KN/m*
Wu =1.2DL + 1.6LL = 1.2*12.91 + 1.6*5 = 23.5 KN/m?

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

1 2 '
oV, = ¢.E(I+EJ\/Zbod

| '
PV, = ¢.E(bo 7 +2J\/Zbod
oy, :¢%\/f76'b0d

Where:

Column Length (a) 60
7 Column Width (b) 40

° = Perimeter of critical section taken at (d/2) from the loaded area

d =350-20-12 =318mm

b, =2(0.4+ 0'3; 18) +2(0.6+0.318) = 2.036m
@ - 30 for exterior column

¢'VC = ¢%(1 + %J\/Zbod =

0'675 *[1+%j* 24%2,036*0.318*10° =925.11KN

' k
% +2 W /. b,d= 0.75 *[30 0.318 +2j* 24 %2.036*0.318*10° =1325.36KN
b, /d 12 2.036

1
V. = ¢E(
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PV, = ¢%\/fc'bod =%* 24%2.036*%0.318%10° = 792.96KN

@V, =792.96KN ..... Control
Vu, = Pu—FR,

. . .
FR, =0, *area of critical section

Vu, =760 - [(0.4 + 0'?;18) *(0.64+0.318)* 23.50} =T747.9KN
@Ve=T79296KN >Vu, =747.9KN........ satisfied

4-10-3 Reinforcement of Flat Plate :

See “ Safe “ outputs
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4-11 Design of steel Dome:

The Analysis & Design was done by Using Software (Sap2000),The Results as the
following :-
Loads = Dead + Wind + Snow
After Design We get the profile as Horizontal is HSS 2X2 X0.125
as Vertical HSS2 X2 X 0.125

bt &?
a% %%% ‘;

2% 27 0125 B TEOLLS g

1.30m

mE2EaX011s

Figure (4-21) : Dome 1 Elevation

Design of Fillet Weld

Use (SAW) ........ Fu= 60 Ksi

Tu =2 KN =0.445633 Kip

Amin =1§” from table 5.11.1

"
Amax= Tg  ceeeeeees select a =16

3n

a=6

—_

Shear fracture of weld metal :

PR, = Ru
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0.75%1,*0.6*F, > Ru

0.75*% *0.6*%60 = 5.06 Kip/in

Tu _ 0.445633
oR

Lw roq = =0.08807 in

Lw pin=4*a=0.751n

Use L=4*%0.5=2in>0.75in
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4-12 Design of Stairs :
4-12-1 Determination of Slab Thickness:

L=34+0.5=39m.

hreq =L/ 20

hreq=390/20=195cm............. take h= 20 cm.
= Use h =20cm.

6 =33°

Cos 6 =0.839

3.4

1.5

Figure (4-22) : Stairs plan
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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*24*((0.33+0.17)/0.30) =1.2 KN/m.
mortar = 0.02*%22 *((0.17+0.3)/0.3) = 0.68 KN/ m.

Plaster = (0.02*22)/ (Cos 33) =0.52 KN/ m.

Steps = (0.5*0.3*0.17%25/0.3) =2.125 KN/ m.

Slab = 0.20 *25/ Cos 33 =6 KN/ m.

Total dead load =10.5 KN/ m.
Live load:

Live load for stairs =5 KN/ m’.
Factored load
qu=1.2%10.5 + 1.6*5 = 20.6 KN/ m’.

For one meter Strip, gu =20.6 KN/ m.

Dead load
10 :._aal
’ 3.4 — 05
Live load I
| I W 500 | | ‘ &il
34 05

Figure (4-23) : Loads on stairs

4-12-3 Design of Shear :
= Assume @ 12 for main reinforcement:-

So,d=200-20-7=173 mm=17.3 cm
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Shear

.35.9 -38.5

Figure (4-24) : Shear Envelope

Vu=36.8 KN.
'xRp x4
sre . b,

~0.75%+/24 ¥1000*173
6

Vu=36.8 KN < ¢Vc=10594 KN .

dVe =105.94KN

>>>>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

Moments

\—///'

| 38:.8 |

Figure (4-25) : Moment Envelope

Mu = 38.8 kN.m
Mn =Mu/0.9=38.8/0.9=43.11 KN.m.

d=17.3 cm.
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K - Mn2
b-d
* 6
K = 43.11*10
1000 *1732

_ W
0.85x f¢'

=1.44MPa .

420
0.85x24

1 2mK % *
PR P o 1 1_\/1_2 20588*1.44 ) 1 (0
m f, 20.588 420

As,,, = 3.56*107°*100*17.3 = 6.16 cm™

=20.588

As_ =0.0018*h* h=0.0018 *100 * 20 = 3.6cm”

As, =3.6cm’ < As,,,= 6.16 cm’

Use @ 12 >>>616/113 =5.45

Use 1® 12 @ 17.5cmc/e.............. with As =(100/ 17.5)*1.13 = 6.46 cm?.

As provided =6.46 > AST€q......cevvvvnvinnnnnn. OK.
Check for strain:

Tension = Compression

A * fy=085%fc' *b*aq
646 *420=0.85*24*1000 *a
a=133mm
x=i=£=15.6mm
B, 0385
173 -15.6
T 156

&, =0.030 > 0.005—> ok

*0.003

N
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4-12-5 Secondary reinforcement:

AS grintage = 0-0018x b h = 0.0018x100x 20 = 3.6¢m”

Use 10 @20 cm ................. With As = (100 /20)*0.79 = 3.95 cm?.

4-12-6 Load on landing :
Dead Load:
Tiles = 0.03*22 = 0.66 kN/m’
Mortar =0.02%22 = 0.44 kN/m’
Sand =0.07*16 = 1.12 kN/m’
Slab = 0.20%25 =5 KN/m?.
Plaster = 0.02*22 = 0.44 KN/m?.
dead load =7.66 KN/m?.
Additional Dead Load from Flight = 20.8 KN/ m’
Live load:
Live load for stairs = 5 KN/ m’.
Additional Live Load from Flight = 9.6 KN/ m”
Factored load
qu =1.2%(20.8+(7.66/2))+ 1.6 *(9.6+5)=1.2%24.63+1.6*14.6 = 52.916 KN/ m’.
For one meter Strip, gu =52.916 KN/ m.

Dead load - Service Units:kN,meter

246

3.2

Live load - Service Load factors: 1.20,1 20/1.60,0.00

3.2

Figure (4-26) : Loads on Landing
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4-12-7 Design of Shear :
= Assume @ 12 for main reinforcement:-

So,d=200-20-7=173 mm=17.3 cm

Shear

-B4.7
-EB.3

EE.Z

a4.7

Figure (4-27) : Shear Envelope

Vu=683 KN.
"*b,*d
sre . 4

~0.75%+/24 ¥1000*173
6

Vu=683 KN < ¢Vc=10594 KN .

=105.94KN

oVe

>>>>No shear Reinforcement is required. So the depth of the stair is OK.
4-12-8 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Moments: spans 1to 1

! 1.6 &7 1.6 !

Figure (4-28) : Moment Envelope
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Mu =67.7 kN.m
Mn =Mu/0.9=67.7/0.9=75.22 KN.m.
d=17.3 cm.

K = an
b-d

% 6
K = 75.22*10
1000 *173°

_ W
0.85x fc'

=2.513MPa .

420
0.85x24

1 2mK x =
sy 2K ] 1_\/1_2 20.588*2.513 ) \1i00
m /, 20.588 420

As,,, = 6.41%10° *100%17.3 = 11.08 cm™

=20.588

As_ =0.0018*h* h=0.0018 *100 * 20 = 3.6cm”

As, =3.6cm’ < 4s,,,= 11.08 cm’

Use ®© 14 >>>1108/154=7.19

Use 1O 14 @ 12.5cmc/c .............. with As =(100/ 12.5)*1.54 = 12.32 cm?.

Asprovided = 12.32 > AST€qQe.vevviniininninnnnnnn. OK.
Check for strain:

Tension = Compression
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A *fy=085%fc' *b*a
1232 %420 =0.85*24 *1000 * a
a=2536mm
=L 2238 59 84mm

B, 0.85
. _173-29.84
29.84

e, =0.014 > 0.005—> ok

*0.003

4-12-9 Secondary reinforcement:
AS ghyinage = 0.0018xbx h=0.0018x100% 20 = 3.6cm’
Use 10 @20 cm ................. With As = (100 /20)*0.79 = 3.95 cm?.

4-12-10 Stairs at section (A-A) Details:

72

o |75
Lﬁﬂo “are@rv.s r=sve
= . ® T L=700
= = )..00 _
.......... L¢ FESIF.8 I=FBJJ
T L=7Fc
o |7 =
4
fpﬁ
Br=45
Sr 2y L=70 =
‘e, “i') 1E2@F S L=gT0
I L=yt
75

#F2oEF S L=—F8

SECTION (A—A)

Figure (4-29) : Stair Section
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4-12-11 Landing at section (B-B) Details:

L1

HAQILE

% SIS 41 2DIV.5 #2015
; 3.2

T L=4030

5] 115
#ERI 5.0 L=d30

15| B =400 |15

#4708 L=400

SECTION (B—B)

Figure (4-30) : Landing Section
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4-13 Design of Long Column (C25F) :

Select column (C25F) for design : 50

P,, =133452KN Y -

P, =610.58KN } 20
Pu=2578.35 KN X Y

4-13-1 Design of Longitudinal Reinforcement :

@<34—12£l ............... ACI —(10.12.2)
M?2

r

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

1
R: radius of gyration=0.3 h= \/;

Lu=35m
M1&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.

Kiu <(34-12 M1 S0 ACI 10-12-2
M?2

r

r.=0.3%0.3=0.09
1.0*3.5
0.09

. long Coloumn in y — Direction

r,=0.3%0.6=0.18

1.0*3.5
0.18

.. Short Column in x — Direction

=38.89 > 22

=19.44 < 22

So P, =P, According to Bresler 's Equation
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E
El=04—"- ... [ACI318-2002 (Eg. 10—-15)]
1+,

E. = 4750,/ fc' = 4750 * 724 = 23270.15Mpa
_12DL 12%1334.52

= 0.6211
Fa Pu 2578.35
3 3
1g=b*h J 00703 354107 mt
12 12
-3
gy - 04%2327015%1.35%10° .,
1+0.6211
2
o TEL ACI318 —2002(Eg. 10-13)
(KLu)
2
p =3I 6o samn,
(1.0*3.5)2
M1
Cm=0.6+04—| ... ACI318—-2002(Eg.10—-16)
M2
Cm=1..... According to ACI318-2002(10.10.6.4)
5 = Cm >1.0 e ACI318—2002(Eq. 10—12)
" 1-=(Pu/0.75P)
1

=2.225>1

S =
" 1-(2578.35/0.75%6.244%10%)

e.. =15+0.03%h=15+0.03*300 = 24mm =0.024 m
e=e. . x5, =0.024%2.225=0.0534m
e 0.0534

h 0.3

=0.178

From Interaction Diagram
~300-2%40-2*10-20 _
= 300 )
¢P, 257835, 145
A, 0.6*03 1000

g

p, =0.0244> p . =0.01

0.6

=2077 Psi

A= p * Ag = 0.024*30%60 = 43.92 cm’
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Use ® 20 >> # of bar =282 _ 1398

314

e Check for spacing between the bar

_ 600-2%40-2%10-2*20-5%20
5

S

4
S=72 mm > EM.A.S

>40mm

>1.5db=30mm

4-13-2 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)....................... ACI-7.10.5.2
S < 48dt (tie bar diameter).

S < Least dimension.

Spacing <16 x d, (Longitudinal bar.diameter) = 20 x1.6 = 32cm.
Spacing < 48 x d, (tie.bar.diameter) = 48 x1.0 = 48cm.

Spacing < Least.dim ension = 30cm

. Use 2¢10@30cm
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4-13-3 Detail of column 25F:

;

A A
17 ;
30 / / 10@30
B10@30

&

1492%??7
&

(2100 30

50 =168
@106 30
L=85cm

Figure (4-31) : Long Column Detail
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4-14 Design of Shear wall (wall 1 in Building D):

Calculation of loads:

W Ground Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls ) = 1803.76KN

W First Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls ) = 1404.8KN

W Second Floor = Weight of slab + Weight of stairs +(0.5 Weight of lower columns &
walls) = 1272.97KN

WTotal =W Ground + W First + W Second
WTota] = 4481.53KN

Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
7=0.3 zone "3"

R=5.5
I=1
Ca=0.24
Cv=0.24
h =10.5

Ct =0.0488
Where:

Z=Seismic zone factor as given in table 16-1.
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R= numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set in Table 16-N or 16-P.

I= importance factor given in table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to level i, n or x, respectively.

r=C/(p)"* FEd--30-8(UBC)

T =0.0488(10.5)"* =0.285

%
oo Oy 02401 L s
RT~  5.5%0.285

V<0.11*WKN....control
V >0.03*WKN
F =0.07*T*V =0.07*0.1533*492.97=5.3KN

Table (4 — 1) Calculation of the total Fx.

33228.23
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FX Diagram

-y 277.92

v 423 22

+3.30 487.59

Figure (4-32) : Fx-Diagram

By using the software (etabs) to Analysis the shear wall it was get result as the

following:
Mu Diagram Vu Diagram
221.06
470 .46 SE0.63
136703
4431 .62

Figure (4-33) : Moment & Shear-Diagram for Shear Wall.
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Shear Wall Design Parameters:
fc' =24 MPa

17 =420 MPa.

h=30 cm. Shear wall thickness.
L,= 4.8 m. shear wall width
Hw=10.5 m. Story height.

Design of the Horizontal reinforcement:

Internal forces & moments:

D Fx =Vu =899.09KN

Critical Section

Lw_ % = 2.4m(C0ntrol)

2
v _105 _ 5 osm
2 2

Mu = 2688.76 KN

Design it by using Reinforced concrete:

Vu = 899 .09 KN
Vn =Vu/0.75 =1198 .78 KN
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Design of shear

d=08%Lw=08%48=3.84m
Ve, = %* Jfe*h*d = %\/24 *0.30 *3.84 = 940 .6 KN (Control )

Jrfe *h*d L NL A 24%03%384 448153 *3.84
4 4%1 4 4%4.8

2*N 2%4.48153

L e+ 4.8/ 124 + 77000
. ( L, *hJ h*d | 24 ( 4.8%0.30 )|, 0.3*3.84
L=

Ve, = = 2307 21KN

+ 1= - = 10698 .
> ML T ) T a6 4s o 0698 .36 KN

v 2 899.09 2

Vs =Vn — Vel
Vs =1198.78 —940.6 = 258 .18 KN

sk -3
(Avh) Vs _258.18*107° ' u 0o,

Ry *d 420 *3.84

A .
(_ghzrnm J =0.0025 * 1 = 0.0025 *0.3 = 0.75 *10 ~* m(Control )

S2 =L?W= 4800 /5 = 960 mm

S2=3*h=3%300 =900mm
select ——> 2910 ——> As =1.58cm?2

Av. =0.75mm

S2

158

- 0.75 — S2 = 210.67 mm (Control )

Select .....§52 = 20cm < Sreq .= 21.067 cm
S2selected =25cm < 75cm < 70cm
use....2¢10 @ 25cm(c / ¢)in 2layer

Select 2 10/ 20cm. In tow layer
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Design of the Vertical reinforcement:

hw_ Avh
- =(0.0025+0.5(2.5——
Poin = ( ( lw)( S

—0.0025))S,,

b 105 5 g95<0s
L, 48

*
P = (0.0025+0.5(2.5 2.1875)(202—79

~0.0025))* S, h
0300 )*Shy

Avn =0.002521x S, x h,

s =11 = 1ia8-1600mm
373

S, =3xh=3x%x300=900mm
Select 2¢10With area As = 158mm’*
158 =0.002521x .S, x300

- 8, =208.92mm(Control)

Select S, = 20cm < 20.892cm

S =20cm

——> Select2¢10/20cmc/ ¢

Design of bending moment:
Mu = 2688.76 KN.m

Ly
P —
600 * (Sn/hw

Assume Sn/hw = 0.007

4.8

> -
¢= 600 * 0.007

C,=C-0.1xL,
C. =1.143-0.1x4.8 = 0.663m
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c =L B 559,
20 20

Select The boundary element = 70cm > 66.3cm

ds =T us — 5= 22 58— 3790mm?
0.20

|
Z _ 1
Lw  24(0.85*B* fc* Lw*h)/(A4s, * Fy)
YA 1

=0.05656

Lw  2+(0.85x0.85x 24x 4.8x0.3)/(3792x 10° x 420)
z

Mu =0.9x Fy x0.5x A4s, wax(l—(—/2D =
Lw

0.9%420%0.5%3792 x 10 x 4.8 % (1 — 205656

) = 3342.80 kN .m

Uy = 76 — 80 =— . m egative
M Design 2688.76 —3342.80 654.04 kN (Neg )

So Boundary Element not needed .
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4-15 Design of Isolated Footing (F26) :
4-15-1 Load Calculation :

Total factored load = 2635 KN.

Total services load = 1992.35 KN.
Column Dimensions = 60*30 cm.

Soil density = 16 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (60 cm) thick.

live load =5 KN/m2.
q sty =400 - 5 - 0.4*%16 - 0.60*25 =373.6 KN/m?

4-15-2 Determination of Footing Area :

_1992.35

— 2
3736 533m

= L=231m

Determinate q, = 2635/5.76 = 457.46 KN/m?
4-15-3 Determine the depth of footing based on shear strength:

Assumeh=60cm.....d=600-75-14 =511 mm
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e Check for one way shear strength

a
Critical Section at E+d

3+d:%+0.51120.661m

2

Vi = 457.46 * (2';0

—-0.661)*2.4=591.77TKN

¢Ve = ¢.(é* Jre#b, *d)

¢.Vc=0.75*%* 28 *2400*0.511=811.187KN

¢Ve=811.187KN >Vu =591.77KN
Safe

e Check for two way shear action (punching)

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

1 2 '

| !
oV, = q).E(bo 7, +2J\/Zbod
67, =621 bd

Where:

Column Length (a) 60

= =—=20
Pe Column Width (b) 30

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

b, =2(d +a) +2(d +b) =2(60+ 51.1) + 2(30 + 51.1) = 384.4cm
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s =40 for interior column

V. = ¢%(l+ﬁi}/ﬁ’bod = %*[H%}* 28 *3844*().511=2598.50KN

0.75,(40*0.511
V. = 2 WS bd— +2 [*4/28%3844%0.511=4753.56KN
Pe=01; (b/d J [3.844 j
oV, = ¢%\/fcrb0d =% * /28 *3844*0.511=2598.50KN

¢V, =2598.50KN ... Control
Vu. = Pu—FR,

FR, =o,, *area of critical section
Vu,. =2635 - [457.46 *(0.6+0.511)*(0.3 + 0.511)] =2222.82KN

@Vec=2598.5KN >Vu, =2222.82KN........ satisfied
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4-15-4 Design for Bending Moment:

o 9 ¥ ]
L)
I’
ol o TT° =+ |8
g3 S UL wp
L)
= 1)
N o 17914 L=275 #
225
25
==
10 90 60 90 1
10 240 1
260
Figure (4-34): Isolated Footing
1.05°

Mul =457.46*2.40* =605.22KN.m

Mu =605.22 KN.m in one direction

Using Reinforced Concrete.

_605.22

Mn =67246KN.m

Mn 672.46x107°
Kn = =
bd* 2.40x0.511°

=1.073Mpa
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I 420
m = - = =
0.85* fc  0.85*28

p=l[l 12xmenJ

m y

17.65

] ( \/ 2x17.65%1.073
P I—,/1-

T 17.65 420
ASpe, =p*b*d=2.615%10" *240*51.1=32.07 cm’
AS gyinage = 0-0018 b * 1y = 0.0018 * 240 * 60 = 25.92cm’
ASge, =32.07 > A4S gintage = 25.92cm’

Select 21¢14.... As,., .., =32.34cm” >32.07cm’....ok

J=2.615*103

Select 21¢14....Asp, g =32.34cm” >32.07cm’....0K

Check of strain:
As *fy=0.85*f *b*a

3234 *420=0.85*28 *2400 * a
a=23.78mm
c -4 =M =27.97mm
B, 085
_ 511-27.97

&
2797
&, =0.052 >0.005

X0.003

= OK

0.9°

Mu2 =457.46%2.40* =444.65KN.m

Mu =444.65 KN.m in the other direction

Using Reinforced Concrete.
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444,65

Mn =494.05KN.m

Mn  494.05x10°
Kn = =
bd* 2.40x0.511°

=0.788Mpa

40
0.85% fc'  0.85%28

1 2xmx Rn
p=—1- 1-————
m fy

1 1_\/1_2><17.65><0.788
17.65 420

ASye, = p*b*d =1.909*107° *240*51.1=23.42 cm®
AS ginage = 0.0018%b% 1y = 0.0018* 240* 60 = 25.92cm’
Ay, =2342< ASg 000 = 25.92em’

Select 17414....Asp, ,,00s = 26.18cm’ >25.92cm’ ... 0k

Check of strain:
As *fy=0.85*f.*b*a

17.65

P J=1.909*103

2618*420=0.85*28 * 2400 * a
a=19.25mm
c -4 :% =22.65mm
B, 0.85
_ 511-22.65

&
T 2265
£, =0.065>0.005

X0.003

= OK
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4-15-5 Development Length of main Reinforcement :

I
e 10 A\Jf. Ktr+cb

db

Ktr = 0 (No stirrups) ch=75+7=82cm

ktr+cb_0+82

b - 5.86 > 2.5

ktr + cb _

2.5
db

9 420 1+1%0.8

ld = — 14 = 320
e =10 1. vag . 25 mm

Ldl uyaitabe = 1050-75= 975 mm
Ld2 available— 900-75= 825 mm

Ld available ~ ldreq =320mm

e ot required hook
Development length of column

L, =024%L qp =024+ 420
| V28

V7

>0.043%* f *db=0.043*420*14 =252.84mm
L,available =600 — 75 —2*14 = 497mm
L,available > L ;req = 266.7

*14 =266.7TmmControl

Using hook >16* ¢
Required length of hook>16* ¢ >16*1.4 = 22.4cm

Use Hooks= 25c¢m > 22.4cm
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Lap splice of column

L, =0.071* f, *db=0.071*420*14 = 417.48mm

4-15-6 Design of dowels :

P,=2635 KN

@.Pn=¢.(0.85fc'Ag)
¢.Pn =0.65%[0.85*28*(0.30*0.60)]*1000 = 2784.6 KN
But Pu=2635<¢.Pn=2784.6KN

But use the minimum reinforcement of dowels:

As_. =0.005* Ag = 0.005* 600 *300 = 900mm”

min

use6®14

In footing

A

|I\)

P, = $0.85% [ % 4, *

N

1

*
é = 24721 =529>2 use 2
4, V03%0.6

=0.65*%0.85*28*0.3*0.6*2=5.5TMN > 2.6

Use As=900 mm? or use 614
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4-15-7 Isolated Footing Detail:

+1.5
I 4
+1.1
I 4
17614 =275
+0.45 —————
% 21¢14L:275! el
PSRRI
10 90 60 90
10 240
260

Figure (4-35): Isolated Footing Detail
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4-16 Design of strip Footing(strip No. 11):

0.1 5.60 .1
— DI
01
01
e

Figure (4-36): strip footing

4-16-1 Determination of load:
From slab and Wight wall

Total factored load =413.6 KN/m.

Total service load =322 KN/m

Soil density = 16 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (30 cm) thick.

live load =5 kN/m’

Qallow net =400 - 5- 0.4*16 — 0.3%25 = 381.1 kN/m’

= For one meter strip

A=22 _oeas
3811 o™

L=1m, B=1.00 m, h=30 cm
d=300—-75—-20=205 mm
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Qui =413.6/ 1.0 1 =413.6 kN/m”.

4-16-2 Check of One Way Shear:
Vu= (25— 0.205) + 413.6 = 59.972 kN

PVe = %\/ﬁ xd*b
0.75
QVc = — V28 %0.205 % 1 = 135.6 kN

@Vc >Vu
4-16-3 Design of Bending Moment:

In longitudinal direction

Mu = 413.6%0.35%/2 = 25.33 kN.m
2533

Mn = 28.15KN.m
% -3
Kn— 202 28157107 6608Mpa
bd®  1%0.205

o Jy 420
0.85* fc 0.85%28

p=l[l 12xmenJ

=17.647

m Sy

P = 17647 420

Asye, =p*b*d =1.618%10 *205%1000 =331.66 mm*
AS Gintage = 0.0018 ¥ b * 7 =0.0018 * 300 * 1000 = 540mm >

1 (1_\/1_ 2><17.647><0.6698}21.618*103

ASRqu = 33166 < ASShrinkage = 540mm ?

Use ¢ 12
No.=540/113=4.78 , Use 6 bars

¢ 12 at 20 cm ¢/c=565 mm*\m.

149



Chapter 4 Structural Analysis & Design

Check of strain:

As *fy=0.85*f *b*a

565*420=0.85*28*1000 * a

a=997mm
x=i=&=11.73mm
B, 0.85
g, = MXO.O%
‘ 11.73

&, =0.049 > 0.005

= OK

In transverse direction :
Agmin = 0.0018 * B * h
Agmin = 0.0018 * 1000* 300 = 540 mm>

Use ¢ 12
No.=540/113=4.77 , Use 6 bars

Use ¢ 12 @ 20 cm c/c

4-16-4 Development Length of main Reinforcement

ld — i* Fy 1l}elpslpt *db

req — 10 AJf: kt:i-ll;cb

K, =0 and cb=75+%=8lmm
K + K, +
2e % o5 Select”d—cb=2.5

b b

14 9 420 1+x1%0.8
= — % *
910 14 /28 2.5

Ld available — 350 - 75=275mm

*12 = 274.3 mm

Ld available= 275 mm > ldreq = 274.3mm
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Use Using hook >16* ¢
Required length of hook>16*¢ >16*1.2 = 19.2 cm

Use Hooksel. =25 cm > Hookreq = 19.2cm

212@20 cm, L=595m —

]
Pl

10

120

Figure (4-37) Strip Footing Detail
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4-17 Design of Mat Foundation(Mat No. 6):

3

248 635 040

455

&30

Fig.(4.38) Mat footing
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4-17-1 Design of shear :

120.
100.

40.
20.

-20.
-40.

-80.
-100.

-120.
-140.

320.
280.
240.
200.
160.
120.

80.

40.

-40.

-120.

-160.
-200.

Fig.(4.40) shear in Y-direction
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d=40-75-1.4=31.1cm

$Ve =0.75 *%*ch'*bw *d

Ve =0.75* %* /28 #1000 *311 *10 * = 205 .7KN

Vi, =180 KN /m =180 x1 =180 KN
¢ Ve =205 7KN > Vu =180 KN ......... OK

4-17-2 Design of bending moment
By using the safe software to analyze the foundation, the moment result is as in the

following chart:

185.
150.
135.

120.
105.
0.
75.
60,
45,
30.
15.

-15.

-30.

Fig.(4.41) Moment in X-direction
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120.
100.
80.
60.
40.
20.

-20.
-40.

-60.

=100,
-120.

-140.

Fig.(4.42) Moment in Y-direction
Design In Y-directions:
h =40 cm
d=40-75-14=31.1cm.
Fy =420 Mpa.
Fc'=28 Mpa
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Design of Negative Moment

-ve Mu, =123 KN .m

M= M 15 136 616N m
¢ 09
% 6
Rn= Mn _136.67¢10° 0
b.d® 1000 *311*
m=—P_ _17.647
0.85 fc'
* *
po Ll fjzmKn)_ 1 1_\/1_2 17.647 * 1413 | _ o oo
m f 17.647 420

As . =p*b*d =3.4706 *10 > *100 *31.1=10.8 cm”’

req

Shrinkage & temperatur e =0.0018 *h* h = 0.0018 *100 *40 = 7.2 cm”’
As. =108 cm?*......... Control

req

2
Select 16 @ 15cm = As = 11050*[71 *‘1"6 ] =13.4cm? > 4s ,, =10.8 cm?
Design of Positive moment
100 *1.4°
Selectl4 (@ 20cm = As = * [ﬂ 1 j =7.7cm* > As,, =7.2cm’

20

Design In X-directions:

Design of negative moment

20

1 *1.27
Selectpl2 @15cm = As = 1050 * [ﬂ 1 j =7.54cm® > As,, =7.2cm’
Design of positive moment

1 *1.67
Select$l 6 @ 20cm = As = 00, [ﬂ 1 6 j =10.05cm* > A4s,,, =7.2cm’
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4-18 Design of Basement Wall :

pliind

Soil )
45000 7] 4.8600

v*h* Ko P*Ko

Figure (4-43) : Loads on Basement Wall

= 4-18-1 Loading of Basement wall :

e Self weight of earth :
g, =y xhxK,

Assume that :

Yoy =16 Kn/m’

0=30°
K=1-sm6O=1-sin30=0.5

q, =16x4.86x0.5=38.88 KN/m?

e Load from live load:
q, =PxK,

g, =5x0.5=2.5KN/m*
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e Normal Load :
Is very small, it will be neglected ( safe side ) .

Wnin= 2.5%1=2.5 kN/m

Winax= 2.5*%1 + 38.88=41.38 kN/m
ijn(factored) =1.6*2.5=4 kN/m
Wmax(factored)z 1.6%41.38= 66.2 kN/m

Live load - Factored

o ___]_“ 66.2
T _—lr___J_ L- ‘lr ‘[ —'I‘ —| { IV | "
4.86
Fig (4-44): Loading of Basement Wall.
_Moments: spans 1to 1
N p=
96 | | " "”2’[’]’.8
I 267 ?Jlss_ - I
Shear
-110.5
84—
60.1 57__2———————________

Figure (4-45) : Shear/Moment envelope for basement wall
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4-18-2 Design of the Vertical reinforcement:
Assume h=30cm
Mu =105.6 kN.m

Mn =105.6 /0.9 =117.33 kN.m
d=300-20-7=273mm

me_ 1Y 420 5058
0.85fc" 0.85x24 select h=300mm
Mn 117.33

K K =—">°_=15743Mpa

= f— =
" bd? " 1%0.273°

1 [ 2mKn
=—(1- [1-
P m( 5 )

1 (1_\/1_2x20.588x1.5743
20.588 420

p ) =3.9053 x10°°

As,,, =3.9053 x107 x1000 x 273 = 1066 .15mm * / m

As_ . =0.0012*1000*300 = 360mm’ / m
As,, =360mm’ /m < As, ., =1066.15mm* / m

1066.15

#of bar in one meter = 6

201

4-18-3 Design of the Horizontal reinforcement:

Select the greater of:
A8,y =0.002*1000%*300 = 600mm* / m

#of bar in on meter = % =7.6

159



Chapter 4 Structural Analysis & Design

4-18-4 Check for Shear :

q, =662-12.79*(0.2+0.273) = 60.15

Vu=110.5 -

w x (0.2 +0.273) = 81.40KN m

dxVe>Vu

¢><Vc=0'%1/fc' xbxdz%@x1000x273
@Ve=167.2>>Vu =81.4kN

.. No Shear Re iforcement Re quired
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3. Building Code Requirements for Structural Concrete )ACI 318M-

05 (and Commentary, USA, 2005.

4. Uniform Building Code ( UBC).



APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project
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APPENDIX (B)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

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

Member deflections.

Solid one-

way slabs £120 £124 £/28 £M10
Beams or

ribbed one-

way slabs £M16 £M18.5 £r21 L]

Motes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 k% ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural I| htweight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 =0 SOGWC but not

less than 1.09.
b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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