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Abstract
The structural design for school in Hebron city

Project team
Ahmad Badran Moath Shalalfeh

Supervisor

Dr. Maher Amro

The main idea of this project is analysis and design of all
structural system of the school building, we will study and design all
of structural element and the preparation of all drawings that needs to

execute project.

The project consists of three floors, and contains many services
needed by student and people, this project designed according to
modern architectural system.

The project area is 3500 msq., divided as follows.
Ground area is 1500 m sq.
First floor is 1100 m sq.

Second floor is 900 m sq.

We will design according to ACI Jordanian load code, and use
many programs for structural design.
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Ac = area of concrete section resisting shear transfer.

o As = area of non-prestressed tension reinforcement.

o A = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

o At=areaof one legofa closed stirrup resisting tension within a (S).

o b= width of compression face of member.

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

o C.= compression resultant of concrete section.

o Cs= compression resultant of compression steel.

o DL = dead loads.

o d = distance from extreme compression fiber to centroid of tensionreinforcement .

e Ec=modulus of elasticity of concrete.

o f.0=compression strength of concrete.

o fy = specified yield strength of non-prestressed reinforcement.

e h = overall thickness of member.

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

o LL = live loads.

o Lw = length of wall.

e M = bending moment.




e Mu = factored moment at section.
e Mn = nominal moment.
e Pn =nominal axial load.

o Pu = factored axial load

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

o Vn = nominal shear stress.

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

o W = weight of concrete.

o W = width of beam or rib.

o Wu = factored load per unit area.

o @ = strength reduction factor.

e g.= compression strain of concrete = 0.003.
e &= strain of tension steel.
o & = strain of compression steel.

e p=ratio of steel area.
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Chapter 4

°

Structural Analysis & Design

- S

4.1 Introduction.

4.2 Factored Loads.

4.3 Slabs Thickness calculation.

4.4 Load Calculation.

4.5 Design of Topping.

4.6 Design of Rib (03).

4.7 Design of two — way ribbed slab.
4.8 Design of Beam (B08).

4.9 Design of long celumn (C2) in Ground Flour.

4. 10 Design of isolated footing.

4.11 Design of Stairs
4,12 Design of Shear wall

4.13 Design of composite slab
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4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels,

and others.

rials: plain concrete, which possesses high

; i ical union of two mate ; :
Reinforced concrete is logic 1 bars embedded in the concrete, which can

compressive strength but little tensile strength, and stee
provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and
specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit from about 1350 to 1850 kg/m?>.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m>.
s Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4.1.1 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318_08).

4.1.2 Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the
load at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is
then proportioned such that the strength is reached when factored load is acting. The computation of
this strength takes into account the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.




4.2 Factored loads:

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

v=12DrL+ 1.6 LL ACI-code-318-08(9.2.1).
NOTE:
f = 24 Mpa.
f, = 420 Mpa

fyr = 420 Mpa , will be used at design and calculations.

4.3 Slabs Thickness calculation:-

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non - prestressed
beams or one way, slabs unless deflections are computed for simply supported one-way rib given as
follow:

For rib (R3), as shown in fig. (4.1)




a2 _)\} \ h}!“_}ah 8 \ \.\_

Fig (4-1): R03 at the ground floor slab.

hmin for Simply supported =L/16

hmin = 4400/16 = 275mmSimply supported cont. is 4.4

hmin for one-end continuous = L/18.5 longest one-end cont. is 5.9m
hmin = 5900/18.5 = 319 mm

hmin for both-end continuous = L/21 longest both-end cont. is 4.1 m

hmin =4100/21 = 195 mm

For Rib 03, use thickness of slab 32cm.
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4.4 TLoad Calculation:-

calculated as follows:

For the one-way ribbed slabs, the total dead load t

Tile 23 3
Mortar 22 3
Sand 18 7
Topping slab 25 8
Hollow block 10 24
Rib 25 24
Plastering 22 3
partition 2.39KN/m?*

calculation of the total load for (R3)

4.5 Design of Topping:-

Tile  =23*0.03*1=0.69KN/m
Mortar = 22*0.03*1=0.66KN/m
Sand =18%0.07*1=1.26 KN/m
Topping = 25*%0.08*1=2 KN/m
Partition=1%2.39=2.39 KN/m

D.L total = 7.0 KN/m

4.5.1 Calculation of Dead load

o be used in the analysis and design is

7iles 3 ¢
Nortar 3 an

‘Coarse Sand 111l T

R concrele Toppue §

Concrere block

‘R Concrete rib

Plaster 3 cin

TYPICAL SECTICN IN RIBBFED &

Table (4-1)  Fig (4-2) typical section in ribbed slab)
w =1.2DL +1.6LL

FRETRNNNRNNNE

= 40cm o8

jol

Fig (4-3) typical section in Topping.




4.5.2 Calculation of live load:

L.L total = SKN/m

Wu=12D.L +1.6L.L
=1.2%7 +1.6*5 = 16.40 KN/m

Check ®Mn > Mu
w,*I>  16.4*0.4°

DR 12
Mn = 0.42\/ﬁ G

Mu = =0.218kN.m

o

6
2
Y N

S

* 2
=0.42+/25 * 10—;’8— *10% = 2.24kN.m

?=0.55 for plain concrete
¢*Mn=0.55%224=1.232kN.m.

¢*Mn=1232>Mu=0.218KN .m.

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

p=0.0018......ACI-318-08 (7.12.2)
As = p*b*h=0.0018*1000*80 = 144mm> /1m.

As (¢ 8) =50.27mm?2

So number of bars =144/50.27 = 2.86

Spacing= 1000/ (number of bars) =1000/2.86=349 mm
Check for max. Spacing

S=3h=3*80=240mm... (Control)

S=450mm

S=380(280/fs)-2.5Cc =380(280/.667*420)-2.5%20=330mm
S=300(280/fs) =300(280/0.667*420) =300mm

Then use @ 8 @ 20cm for practical purpeses in both directions.




4.6 Design of Rib (3):-

Materials:-
Concrete B300,  Fc'=0.8%30 =24 N/mm*=24Mpa

Reinforcement Steel, Fy = 420 N/mm? =420 Mpa

4.6.1 Design constamnt:-
- b For T- section is the smallest of the following:
br 1 n/4=41-08/4=0.825m
br —bw+16tf=14+16(8)=142m

be = ofc spacing between beams =0. 54 m
Control ... 54cm

- Requirements for Slab Floor According to ACI- (318-08).

T = N0Ema, s 0 SR SR .\ 1 (4 )
Select bw=14cm

IESEES b - R L6 S L e ACT(8:13.2)
Select h=32cm<3.5%12=42cm
T DS OIIM ... eooos oee e ase ses e een oee won o= ACI(8.13.6.1)
Select tf=8cm

4,6.2 Calculation of Dead load:-

eadiload{Caleniation’ A
Tiles 23%0.03%0.54 0.3725 KN/m
Mortar 22*0.03*0.54 = 0.3564 KN/m
Sand 18%0.07*0.54 = 0.680 KN/m
Topping 25%0.08*0.54 =1.08 KN/m

Block 10%0.24%0.4 = 0,96 KN/m

Rib 25%0.24%0.14 = 0.84KN/m
Plasterin 22%0.03*0.54 =0.3564 KN/m
Partition | 2.39*0.54 =1.2906 KN/m

Table (4-2) calculation of the total lead for (R1).

Total dead load = 5.936 KN/m/rib

' o 3vd
,;. gLy 4,




4.6.3 Calculation of Live load:-

From Jordanian Live Loads, table live load for hospital and school is 5 KN/m?

Total live load = 5%0.54 = 2.7 KN/m/rib

System:-
One -way ribbed slab.

Gecmetry Units:melersm.

1 2 3 4 5
1 2 3 4 5
() T i, B .
1T e g 7 LSO e T
Ay A
0.4 3.3 0.8 3.3 0.8 3.3 08 3.3 L 08
= = et i } ; 21 t i
\ 3.8 ; 4.4 . : ‘ ”
) ] ) 1

Fig. (4-4) Spans Length of Rib (3).

Loading:-
By using ATIR program, we get the envelope moment and shear diagram as the following:-

D.L tota1 = 1.2%5.936 =7.12KN/m/rib L.L tota = 1.6*2.7=4.32 KN/m/rib

MomentiShear Envelope(Factored) Unils: kN, meter

Moments: spans 1to4

195 -20.7
5.9
10.4 11.5
15,1.5 1. 1.4
1 | =0 = (s | 1 s 1
| T 1 L | 1 f ﬁt
Rt 05810, = = 1525%0 N = 7 > A
\, \ . .’\ 0.71 o
3\'2 / R \_// .53 Al 0.83 \ 4
S e N 6%
B 10 9.6 S
14.2 ;an
| 186 2.34 [EIRAR2i05. 2 & 55205 | 186 . 2.25 | 2.46 e e 3]
I 1 B | I 1 1 T 1 1

Fig. (4-5): Rib(3) geometry.




-25.2
-18.6
A0
-11.2
L__ﬁ———f( t
201
27.6

Reactions
Factored

[ gLy B (L | 4H

LI e U Tl o ] R e
ReadR 10.38 31.08 26.34 31.98 171 .
LiveR 7.3 20.3 1947 20.81 .61
Max R 17.67 51.39 45.81 52.78 18‘6;
Min R 9.39 39.07 32.61 39.9 10.1
Service
ReadR 8.65 25.9 21.95 26.65 9.13
LixeB 4.56 12.69 12.17 13.01 4.76
Max R 13.21 38.59 34.12 39.65 13.95
Min R 8.03 30.9 25.87 31.6 8.63

4.6.4 Flexural Design: -

4.6.4.1 Design for positive Moment for Rib (R3):-

Use Mu max. Positive for span Mu= 15.8 KN.m .

Determine whether the rib will act as rectangular or T-section:

Eor* ¥ a = tr—"8cm

Assume @

d =h — cover—dia. of stirrups — db/2 =320 —20-10 — 12/2 = 284 mm.

O.Mnf=0.9%0.85 f, *te* b, *(d- t2)
8 =097 0.85 (24)(0:08) (0.54)(0.284-0.08/2)*10°
®.Mnf =186.354KN.m
OMnf =186.354 KN.m > Mu =15.8 kN.m
Rectanglular section

Design as a rectangular with 5, = 54cm

As =p.be .d




SRS ey 420
0.85* fc'  0.85*24

=20.59

_ Mul/¢_ 158*107/0.9
b*d?  0.54*(0.284)

*
oo [ T 1_\F_z*zo.w 0.420 ]20.001007
m » 20 .59 420

As = p.be .d = (0.001007)* (540)* (284) = 148.72 mm>.

= (0.420 Mpa

Then use 20 10,As= 157.08 mm2

Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

Asmln— J_ (b W = 42/—_0) (120)(285) = 99.03mm’

AS min —Uj}—)(bw)(d) =_4£—O(120)(285) =113.2mm*>  (control)

For 2010,As=157.08 mm2>113.2 , OK

Check for Tension steel vielding:-

Tension = compression
Asfvi=(:351¥f E D * a

307 .87 *420 = 0.85 *24 *540 *a
a=12.19mm
a 12.19

c=—=—=14.34mm
B, 0.85

B=0.85..... £, <28MPa........ ACI-318M-08(10.2.7.3)

g,=(d-¢c)/cx0.003 = -2851;—:;;'4%x 0.003 = 0.05583

g, =0.0558 > 0.005




4.6.4.2Design for Negative Moment for Rib (R3):

Use Mu max. negative for support Mu= - 11.5 KN.m
Design as a rectangular with b= 14 cm

i = 1 =__ 420 =20.59
OESORERfcient 1 0. 85. % 24

-3
b*d~ 014*(0284)

p=i(1- 1_2mRn )
7

e L . \ﬁ_ 2(20.59)(1.32) ) = 0.003258.
20.58 420

As =0.00795 (140) (284) =271 O mm?*.
Then use 2CI) 10, As—157 876 mm2

Check Minimum Reinforcement A ! min...(ACI- 318M-08 — (10.5.1) )

5 _ 24
A smin= (b ) — 4(420) V2P 120)(285) = 99.79mm?
As min =(1—]°§)5 (bw)(d) —4—26(1 20)(285) =114.2mm’ (control)

For 2010,As=157.85 mm2>114.2 , OK

Check for Tension steel vielding:-

Tension = compression
ASEiy=0.8S* f *b*a
307 .87 *420 = 0.85 *24 *540 *a

a=12.19mm
I DM s
B, 0.85
B0lsS A= RN Pa ... ACI-318M-08(10.2.7.3)
3-14.
e 00— L 00320105583

14.43
g, =0.0558 > 0.005
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4.6.4.3 Design shear for Rib (R3):-

Factored shear forces at d=0.285 m from support
Vumax =20.1 KN (From Shear Envelop)
Determine shear strength provided by concrete (¢ Vc).

DVe/2 < Va<DVe
1.10 Vo= 1.1*® * V2 bw*d
6
—1.1% 075% Y24 0.1 % 0285%10% =22.875 kN
6

0.5® V.=11.436 KN.

050 Vc<Vu<d V. case II. ‘
Min shear reinforcement is required except for concrete joist construction.
Use 2-leg ® 10@ 150mm for practical use.

0,08
Tl

014, 040
& 4

Fig (4-7): Reinforcement of Rib (3).

4.7 Design of Tow Way Ribbed Slab:-

4.7.1 Determination of Thickness for Two Way Rib Slah (TW1):

(
(¢ \w\, il LS 54 daslo o 49
g 7&( y Palesting Pnh;«ari aic Unwersnty
. ; {PFO}
S wmee ThE Library LS e

L\C)ass. ...................................... aaealll “"‘j




4.7 Design of Tow Way Ribbed Slab:-

4.7.1 Determination of Thickness for Two Way Rib Slab (TW1):

)
e
=
o
e
Q
@
@
; =)
; 5 @
© e
Fig. (4-8): Two-waye rib slab in ground floor.
R
Y=t
>4
= * Q¥ * *
= 40*8*44+32*14%16 B i D
40*8+32%14
7 _54x(11.00) (40)x3.00°  14x(21.00)
rib 3 3 3
I, =060931.33cm*
1 3 1 3 4
I, =—bh’> =—*80%*(54)° =1049760cm
12 12

short direction 7.5m =750 cm.
The exterior beam
Long direction 8.8 m =880 cm

I, =(60931.33x (§—§—O+80))/54 = 586746.14cm*

50




Short direction 7.5 m =750 cm

I, =(60931. 33x(Z—5—0+40))/54 513402.8cm*

The interior beam

Long direction Lieg = Lyigh=880cm

I,=(60931.33x (@ﬁgg +80))/54 =1083223.64cm

short direction Ljeg=Lright =750 cm

= (60931.33 x (15—9 +%0 +40))/54 =936537.12cm

a1=1_,,= 1049760 5
I, 936537.12
S 019760
2. 586746.14
S o0
° I, 1083223.64
NRN09T60
Y1 513402.8
oneiar e, o, 1.021.78+0.964-1.35
Qg = = =13
4 4
GE R 1.03<2
According to ACI-code:
_ In(0.8+ £/1400)
o 36+5ﬂ(af,,, =0D)
B L, 8800
L, 7500

h 238 7mm > 125mm

First trial thickness h=320mm>238.7mm —ok

Take slab thickness h=320 , 80mm — topping , 240mm concrete block.

4.7.2 Load Calculation:-




4.7.2 Load Calculation:-

Determination of Dead load:-

. Parts of slab | Calculation
11\10 Tiles 23*0.03*054*0.54=0.201KN
2 Mortar 0.02%0..54%0.54*22 = 0.128 KN
3 Plaster 0.02%0.54*%0.54*23 = 0.134 KN.
4 Sand 0.07*%0.54*0.54*18= 0.367KN
S Topping 0.08%0.54*.54*25 = 0.583KN
6 Block 0.4%0.4%0.24*9 = 0.346KN
i Rib (0.54+0.4)*0.24*25*0.12= 0.677KN
8 Portion’s 0.54%0.54*1* =0.292KN

2.728 KN

Table (4-3) Calculation of two-way dead load.
Total Dead Load = 2.728KN
2.728/(0.54%) = 9.36 KN/m?
Nominal Total live load = 5 KN/m?

4.7.3 Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*¥9.36= 11.23 KN/m>.
Factored Live load = 1.6*live load = 1.6*5 = 8§ KN/m?

W=19.23KN/m?

4.7.4 Flexural Design: -

4.7.4.1Design for Negative moment:

d=320—20—8—%=285mm

B IS5 88= 085 . ees.. Case 5.
Caneg=0.082 Cb neg=0
Ma-ve=Ca*W*La?=0.082*19.23*7.52*(0.54=47.89KN.m/Rib
ey 420

= = —=20.6
0.85* fc'  0.85*24




3 b*d? 0.14*(0.285)*

1

s 2mRn
p=m(1- [1- )
\/ )4

p=;(l_\/l_w)=om
20.6 420

As = 0.0131*140*285 = 522.69 mm *

P ;/(?j;j’)(bw)(d)z 54 ua)

As= e =199:.73 > 114

min

As . =114 mm’.
As= 522.69mm>> A s min =114mm?

select (2) bars @20 As = 628mm’

4.7.4.2 Check for strain

R Askfy
"~ 0.85fc'*b

628x%420

= ——=92.35mm
0.85+24%140 :

C=a/B1=92.35/0.85=108.65mm

4.7.4.2 Design for Positive moment:

d=320-20-8— % =285 mm
Ca pos/dl=0.031 Cb pos/dl=0.01 l

Ca p05/11=0.041 Cb pos/ll:O-O 19

-3
Mn__ (47.89109)*107 _\ corn

Matve= ( Ca g*Wq*La’*0.54)+(Ca  *W *La’*0.54)

= (0.031*11.23*7.5%*0.54)+(0.041*8*7.5°*0.54)=20.54K N .m/Rib




m=____.._ﬁ’ =_420 _906
0.85% fz'  0.85*24

-3
_ Mn _ (20.54/0.9)*10% _ ) crmnrg
b*d*  0.54%(0.285)°

p=—1—(1- 1_2mRn

m

et e \f 2(0.647)(20.6))= e
20.6 420

)

As = 0.001567*540%285 = 232.04 mm *

BEIR G )=
-5 6= )

As_. =99.73>114

ASmin =114 mm?
A g= 307.72mm?> ASmin =114mm? OK

As =307.72 mm >
Select 2 bars @ 14
Check strain

Tension = Compression
A x fy=0.85x f,'xbxa

307.72x420 = 0.85%x24 x540 x a
a=11.74mm

= M =13.81
0.85

_ 285-14.335

£ = 0.003=0.0589 > 0.005...
. i 5 X > 0.005...0k
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(301 241

£
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4.7.4.3 Design Discontinuous edge

As= % Ass_,,,,s=§=:=307.72=1 02,57 mm?< As,, =114 mm”

Select As=114 mm?
Select 2 bars @ 10.

Used As=157 mm?

A P T & Y Qo S .0
4.7.4.4 Design for shear:

The shear in the slab calculated by using tributary area for shear :
Vud = wux bf(In/2—d)

Vud =19.23x0.54x (8.8/2—0.285) = 42.73KN

=1—él\/7c_xwad

Ve = %\/Zi % 140x 285%107-3 = 35.84KN

Ve

@Ve = 0.75%35.84 = 26.87KN
Ve Vud

Vsmin=%wad zl—ltsxw/fc‘xwad
Vs min = %x140x 285x100"-3=13.3

= -1—1—6—>< 24 x%x140%x285x10"-3=12.22

case3
Ve = 26.87 <Vu =42.73 < ¢(Vc + Vs min) = 36.85

Case 4:-

@Vs' ==+ 0.75/fc’ * bw = d

W] =

1
BVs’ =3 *0.75V24  0.14 +.285 * 1000 = 48.87KN
BVs+§Ve=48.87+26 87=75.74KN

DVe+DVs, =36.85<42.73<$Vs'+dVc=75.74




Case #4

Vs=(Vu/§)-Ve=(42.73/0.75)-30.7=26.77 KN
Use 2-leg $8 As=100.53mm?

Av = fyt =d
§= ———

Vs
s=(100.53*420%285)/(28.6*[10)"3 )=420.75 mm

Check for max. spacing
Smax=d/2=283/2=141.5mm...... control

Smax=600mm
Use 2-leg $8@100mm

4.8 Design of Beam (B08):-

eizET3

e

e 'Y = -
o - - s S =
= E oz M0 <
= — — jm— s i = =
= = ==
5 H
=== H ===1 :
= == === E : 5 e
e ——————— | — X L
= o = 8| (] =5 ol 0
: = H =
i = 8 : 2
! H= : He= \ =
_— it = ®  \ Scuasz o 13
= - - <
—
— o
=
—
—]
—]
—
Bll=—
—
= —

Fig. (4-09): location Beam B08.

Material :-
=> concrete B300 Fc¢' =24 N/mm?
=> Reinforcement Steel fy = 420 N/mm?
= Section :-
—> Be=800mm
= Bw=800mm
= h=320 mm

= d=320-40-10-18/2=261 mm




Loading :-

Reaction from Rib(R3),

D.L =31.1/0.54=57.60.
L.L =20.3/0.54=37.60.

Reaction from Rib(R4),

D.L =30.30/0.54=56.12.
L.L =19.86/0.54=36.80.

4.8.1 Caiculation of Beam dead load

Tile 23*0.03*0.8 =0.552 KN/m
Mortar 22%0.03*0.8 =0.528 KN/m
Sand 16*0.07%0.8 =0.896 KN/m
Beam 25%0.42*0.8 =8.40KN/m

Plastering 22*%0.03*0.8 =0.528 KN/m
Partition 2.39%0.8 =1.912 KN/m

Y Load=12.82 KN/m

DL~=12.82%1.2=15.384KN/m
LL=5%0.8%1.6=6.40 KN/m

Table (4-4) Calculation of Beam dead load.

1 2 3
1 2
e A A A Lt
0.4 2.9 0.2 57 3
e 3.2 iy 3 =l
= t ]
42!
80.
A-A

Fig (4-10): Beam (08) at the ground floor siab.
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-_"ﬁ-._\___‘_____,__,—"’
306.
e 2.4 |
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Shear
2722 -248.7
2241 _ //-192.14]
b T11 / i
34.2 /
92, W
L—" 313.6
360.
Reactions
Factored
—t -+ +—
DeadR  37.06 401.38 156.29
LiveR 54.93 230.33 92.4
MaxR  91.99 632.21 248.69
Min R 3.34 470.06 153.5
Fig. (4-11) Beam Envelope.
4.8.2 Check what her the section will be act as singly or doubly rein forcement
secticm
i dp
d=hiicoven Sld i i —

d=420 — 40 — 10—12—8= 361 mm.

c = §d=§>< 361 = 154.71 mm.
a=pB;.c=0.85 x 154.71=131.51 mm.

Mn,max=0.85x fc‘ Xax b X (d '%)




Structural Analysis & HeSITI e

= 0.85 x 24 x 232.2 x800(361- =)

Miumax= 111.883 KN.m .
g=0.82, & M, max = 250.92 KN.m > M= 111.9 KN.m.

Design the section as singly reinforcement section.

,.;
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=
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For Mu =+306 KN.m

_ My
Ra= @bd?

I s06x10°
" 0.9 X 800 x 3612

ey
0.85f

Rn = 3.26 Mpa

m==—20_ — 20.59
0.85%X24

1 2.Mm.Ry
p—;(l— 1- 420 )

o 1 (1 _\/1 = 2x20.59x3.26) L 0003681,
20.59 420

As=p.b.d=0.00861 x 800 x 361 = 2486.57 mm2 Control

s, g =5t g
Iy Iy

As min =025 2% 800 x 361 = 842.16mm>

As min =800 X 361 = 962.67mm>




Let use $18, with A~=2456.8 mm?

_ 245680 _ 40 pors with A, = 2456.8mm?.
254.34

Use 10§18, with A;=2456.8 mm’

Check for placement of bas:

S_800—40x2-;0x2—10><18 — 57.78mm > 25mm ok

Check for the strain:

_ Asfy = 2456.8x420 _ 63.26mm

0.85b f/  0.85x800X24

= 731 — 82% _ 7436mm
= 1 74.36
d—c 361 — 74.
L . = 0.01156 > 0.005 ok

£ 0.003( - ) 0.003( = ) 0.0
?=0.9,
O M, -0As . (d —2) = 0.9 x 2456.8 x 420 (361 — 22%) = 305.876KN > M,

For My=+40.7KN. m

6
Rn = —27X2° _ _ 0.434 Mpa

0.9%X800%3612

e i __ 2.m.Ry
p—m(l 1 420 )

( J1_2x2059x0434) ooinds

420

P= Zos9

— pb.d=0.001044 x 800 X 361 = 301.501 mm2
Asmm—ozsff’_b d>—b 9

Ausn =0, 25£ 800 x 361 = 842.16mm?

A 800 X 361 = 962.67mm?* control.




Asmin > ASRequired
As,=962.67 mm2
Let use §18, with A=962.67 mm?

_ %6267 _ 4 pors, with Ag = 1017.84mm?.
254- 46

4§18, with A=1017.84 mm2

check for placement :

S_800—40x2—310x2—4><18 — 209.34mm > 25mm ok

Check for strain:

Asfy  1017.84x420
Y = 26.194
0.85b f] = 0.85x800X24

a _ 26194

c=—= = 30.817mm
B, 0.85
d—c 361 — 30.817
= 0. ) e () = Q. . 0k
& 0003( = ) 0003( 30817 ) 0.0321 > 0.005
2=0.9,

aye 30817\ _
@ Ma= B4, (d —2) = 0.9 x 101787 x 420 (361 -2 )= 132968 KN > M,
4.8.3.2 Design for negative moment:
For My = -315.6KN. m

315.6x10°
= ———— = 3,36 Mpa
0.9X800%3612

Rn

. b __2m.Ry
g (1 1 420 )
b 2059( Jl_zxzo;zgoxsss) 0.008796.

As=p.b.d=0.008796 x 800 x 361 = 2540.47 mm2-

61




As,min : <As Required

As,=2540.47 mm2

Let use $18, with A=2540.47 mm*

__ 254047

j — 2
—s232 — 10 bars,with A; = 2543.4mm?.

use 10§18, with A=2543.4 mm?
Check for placement:

__800—-40X2—-10X2—10X18
6

S = 57.78mm > 25mm ok

Check for the strain:

_ Asfy  2456.8x420

- = = 63.26mm
0.85b fJ  0.85x800X24

a 63.26
c=—=——=74.36mm
B, 0.85

361 — 74.36
0 3<

= 0.003 (d 3 C) L
s e ) 74.36

?=0.9,
O Ma-0Asp, (d - 5) = 0.9 X 24568 x 420 (361 — =2) = 305.876KN > M,

) = 0.01156 > 0.005 0k

4.8.3.3 Design the beam for shear:

Vu max = 313.6 KN.

d=h — cover — dspirrupy — 2= 420 — 40 — 10 — = =361 mm.
Ve==/f{b.d = 2v2% x 800 x 361 x 10~ = 235.8 KN

e
@ V=0.75%235.8= 176.853 KN.




Elvanatnval &nalvote L N \-\. s -
SERRCTUIEAE S ELALYSES BL EFCSURLY e nmsemcormmmraeen it

4.8.3.4 Check for section dinensions:

V= ﬁ—%=§61§9—2358_182331(1v

Vome=2+/f2b.d = 2\/2& x 800 x 361 x 10° -3 — 943,217 KN
Vi< Vimax 50 the sectlon is large enough.

4.8.3.5 Check for the case of shear:
For Vu=313.6 KN

Case 1:
Vu< (I)VC

®Vc/2=176.85/2=88.425 KN , not case 1.

Case 2:
SV e

Not item 2.

Case 3:
OVe<Vu<®Ve+@Vs,,,

@Vs._, z% fc'*bw*d=0—1'76§\f2_4*800*361=66.32mv

0.75 4 361%800 = 72.2 KN (control)

° min

DVs_. 2%)-bw*d=
S OVe+OVs,, =8824+722=16044KN

not case 3

Case 4:-

1
@Vs' = '§* 0.75@*bw* d




@Vs' = %* 0.75+/2% * 0.8 * 0.361 = 353.7KN

PVs+PVc=353.7+176.85=530.55KN

DVe + DV =160.44<313.6<pVs+pVc=530.53

.. Case # 4

Vs=(Vu/<I))-Vc=(313.6/0.75)-176.85=241.28 KN
Use 4-leg $10 @125mm

s=(Av*fyt*d)/Vs

s=(314*420%261)/(139.63 )=246.5mm

Check for max. spacing
Smax=0d/2=361/2=180.5 mm... control

max—=000mm
Use 4-leg $10@125mm

s0/42 S0s48
4.0 290 &4 570 40
¥ TIS =500 T.B. & 2
= 70— S4T12 175—86000 T.B. ;‘#a
eJSTleaTB
. 350 &S0
x4 T18 B.B. Sa0TiS B E

BEAMS

Fig. (4-12) Detail ofB0S.
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Fig. (4-13) Section in BOS.




For one Floor (services)
D,=334.9 KN

L,= 143.95KN

P,.oi= 12 KN

For three Floor (services)
D,=1040.7 KN
L,=431.85 KN

Pu col — 36 KN

Purow= 1.2(1004.7+36) +1.6(431.85)

Putotai= 1939.8 KN
4.9.1 Check the slenderness effect:
(Non-sway system)

-kf—“ <34-12 (ﬂ)

M;
r=\/§ ~ 0.3h = 0.3 X 0.4 = 0.12.

r=\/§ ~ 0.3h=0.3x 0.4 =0.12.

L,=3.4-0.64 =2.76 m.

Il 1 276
o T )
KB 1X2.76
. O

4.9 Design of long column (C2 ):

the column is long at x and y directions.

ACI(10.12.2)

=230 94~ 10—

=720 34— 10— 95




4.9.2Calculate emin ,Mmin:

emin =15 +0.03h =15+0.03x400 =27mm.
M.,;.= P, X emin=1939.8%0.027 =52.375KN.m

min~—

B, =4700,/f = 4700v/24 =23025.2 Mpa.

L =212 _ 5 1333 x10 ‘mm".
EENEHD.

D, _1040.7

Bans = P, 1939.8

=0.536<I.

EI _04E:I, B 0.4%23025.2X2.133 i 1278978 KN. mZ
1+Bdns 1.536

4.9.3 Determine of Euler buckling load:

BN FI TS X12789.78
12 KLL)? G 16570.84 KN

4.9.4 Calculate the moment magnifier factor:

C,=0.6+ 0.4 (%1) =1
2
C
S = —=1185>1 ok

0.75P¢ T 0.75X16570.84

The magnified (e) and (M):

€ = Ops€min =1.185 x27 =32.0 mm

M = 8,sMpi, =1.185 x52.375= 62.064KN.m.
e/h =32/400=0.08.
d-d'/h=(400-80-20-20)/400=0.75.

¢Pn/ Ag=1939.8 /(40*40)
=121




m constructed in PCA _ COLUMN program:

From the interaction diagra

p=0.01.

As=p XA, =0.01 *(400*400) =1600 mm’

1600
153.94

Ny 16 = = 1014

Use 1014

4.9.5 Design the stirrups:

The spacing of ties shall not exceed the smallest of:
- 16xd,=16%x14 =224 mm control.
- 48xd,=48 x10 =480 mm
- Least diminution of the column = 400 mm

Use ¢ 10@200mm.

4.9.6 Check for code requirements:

: IR 400-40x2—10X2—3X16
- clear spacing between longitudinal bars = =

2
126mm
126 mm > 40mm

>1.5 dy=21mm .ok

- Gross reinforcement ratio = 0.0308, 0.01 <0.01<0.08 ok
- NO of bars = 10> 4 bars for square columns.
- Min ties diameter: ¢ 10 for ¢ 32 longitudinal bars and smaller.




$100@25
L=228

40

32

Total factored load = 1939.8KN.
Total services load = 1472.55KN

Soil density = 18 KN/m3.

Defailing Of Colums No- (2)

10814

40 8

4.10.1 Determination of Loads:

Column Dimensions = 40*40 cm.

Fig (4-14): C (2) Detail.

4.10 Design of Isolated Footing (F1):-




Service surcharge= 5Kn/m2.
Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (50 cm) thick.

Footing weight = 25x0.5 = 12.5 KN/m2.

Soil weight above the footing = 0.4 * 18 = 7.2 KN/m2.
Quitow =400 — 7.2 — 12.5 =380.3 KN/m’

4.10.2 Determination of Footing Area:

~1472.55 S
#.23803 5

Try 2.0 * 2.0 m with area = 4.0 m2 >Areq = 3.87m2
Determinateq, = 1472.55/4.0 = 368.14 KN/m®

4.10.3 Determination the depth of footing based on shear strength:

Assume h =50 cm.

d =500-75-20 = 405 mm

4.10.4 Check for one-way shear strength [\_l
2.0 l-#_—
Vu =368.14* (7 —-0.4/2-0.405)*2.0 =290.55KN Inclined crack
Ve =.Cr [T b, *d) e I
¢Ve=0.75* = *N/24 #2000 * 405 = 496.02KN

Ve =496.02KN > Vu = 290.55KN
. Safe

One-way shear.




4.10.5 Check for two-way shear action (punching)

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

1 2 !
V. =¢—|1+— b,d S
or.=sgl1+ 7)o (e
Inclined crack |
L[ !
Y =0.— S 2 bd ributary ar
gl ¢12(b0/d+ J I Iwé’.&;?:h

oV, = ¢%\/frc’bod

Where:
Column Length (a) 220 . 0
€~ Column Width (b) 40

Critical section
for two-way shear ~

[ d12 /
°

Two-wav shear,

: sl : b
= Perimeter of critical section taken at (d/2) from the “°
loaded area Fig (4-18): Two-waye shear.

b, = 2(d +al) +2(d +a2) = 2(0.405+0.2) + 2(0.405+ 0.4) = 2.82m
=40 for interior column o
B =400/200=2.0.

VRS T
¢.VC_¢.6(1+[3J 1. bd=

c

0.75

*(1+2/2.0)*~/24 #2.82%0.405 = 1398.1Kn

el 12 2.82

o

1(a,*d 7 0.75 . ( 40*0.405
¢V =¢ ( +2J f.b,d= *[ +2)* 24 %2 .82%(0.405 = 2708.28Kn

. 0
¢-Vc=¢-§~/ fo byd === */24*2.82%0.405 = 1398.78Kn

¢V, =1398.71Kn .... Control
Vu = 484.95*{(2.0*2.0) - (0.4 +0.405) * (0.2 + 0.405)} =1256.02kN

............




4.10.6 Design of Bending Moment:

2.00702 ___2'0 ——O'2j =1392.81KN.m
P L b 5 — .
(368 14 % 2. Ox( 2 5 D x 0 ( > 5

Mn = 392.81/0.9 = 436.455KN.m
d =500—"75-20=405mm

Mn  392.91x10°

Kn= = —1.198Mpa

T *dr T 2000x405°

_ T
0.85/c' 0.85x24
1 2mKn

=== 1=

p m( 5 )

s FR (_\F2><20.59><1.198)=O.O02941
20.59 420

s, =0.002941 x 2000 x 405 = 2382 mm >/ m

As_. =0.0018*2000* 500 = 1800mm” / m
As ., =1800mm* /m < As,,, = 2382.0mm* | m

2382
53.94
Use 16014 with As =2463.0 mm2 >As req =2382

In tow direction

=15.47

#of bar in on meter =

Check of strain




A* f=085*% ' *b*a
2463* 420 = 0.85* 24*2000* a

a=2535
28 G
/31 0.85
£ = 405-29.83 ) 103=0.0378
: 29.83

g, =0.0378> 0.005——> 0k

4.10.7 Development Length of main Reinforcement for Mu :

0 db= 0.247 420, 1.6=32.92cm .

Ldqyeq= T o7

Ld@yeq = 0.044 xfy xdb =0.044 x420 x1.6 =29.6cm
Ld()req = 32.92c¢m > Ld2yreq=29.6cm=> control
Available Ld =(500—75—2*14)= 387 mm.

Available Ld = 38.7cm > Ld(1yeq=32.92cm

ld 9 Fy ¢8¢S¢t
zeql = 10 3 \/E ktr+ch

1d 9 420 1= 1 * 0.8 = e

o= ek * * =
0 1 24 25 roAlI
Ld avaitable = 500-75=425mm

Ld availabie= 425 mm >1d..q = 395.8mm

* db

Use the column bars as a dowels

4.10.8 Design the column — footing joint:

Total factored load = 1939.8KN.

The allowable bearing on the base of the column is:
$(0.85 fcAl) = 0.65%0.85* 24* 400* 400 = 2120,6 Kin

e i e

7/




__Structura

The allowable bearing on the footing is:

$(0.85 fcdl), f%f- _ 0.65%0.85% 24 % 400%400%2 = 42432Kn

Total factored load = 1939.80Kn<4243Kn

As_. =0.005* 4g =0.005*400*400= 800mm” /m

Pu—¢Pnb
gFy

Use 6 ¢ 14, or use the same reinforcement as in the column if

A dowels= >0.0054¢g

larger.

> .—} —
193 T .20
o ||F
5 /
:] #8&25cm
pr— _‘.—— 23
-
q
W o e b L " E
1 «l ®l 5 °
1 ] o o e |-«
S e —— — r o ru— 4 a
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=) 2 56‘/‘ 2
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16914 L=2.25 ] 1.85 9|
n 18014 L=2.25
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Figure (4-15): Foeting’s Details.

4. 11 Design of strip Footing:



Figure (4-16): location strip footing

4.11.1 Determination of load:

From slab and Wight wall

Total factored load = 150 KN/m.

Soil density = 18 Kg/cm3.

Allowable soil Pressure =400 KN/m2.
Assume footing to be about (30 cm) thick.
Live load =180 kN/m

Qallow =400 - 0.5%18 — 0.3%¥25 = 378.5 kN/m?

= For one meter strip

__ 150+180

~esg = 08605 m?/meter length of wall.

A

B =1m, h=30 cm
d=300-75-14=211 mm
quit =468/ 1 *1.0 = 468 kN/m?.

4.11.2 Check of One-Way Shear:



Vu=468*1(%—2‘225—d)

Vu=175.5-468d
Ve = 0.75*%J2_4*1000*d —612.4d

6124 d=175.5-468d.....--..-. d=0.18m.
Cover=75mm

Assume (db)=14mm
= Total thickness = 180+(14/2)+75 =262 mm .

= Select h =300 mm.
4.13.4 Determine Reinforcement for Moment Strength:

( footing width—wall width ) ( footing width—wall width )
2 4

Mu = (Pper)™*

= 468*1* .375 * (0.1875)
= Mu=32.9 KN.m
= Mn=36.5
= d=300-14/2-75=218mm.

6
R an 2 32.9x10 : _ 769Mpa
¢bd 0.9*1000x218

m=—d 4 __30¢
0.85% e 0.85%24

1 2xmx Rn
p=—|1- l-——
m fy

e 1_\szzo.sxmo e
206 0

ASge, =P *b*d =0.001866*1000* 218 = 407.24 mm?
Check As..

Asmin=0.0018*5*% = 0.0018*1000 * 300 = 540mm>
.. Asreq < Asmin.

Select ©14 @ 15cm with Ag prov. = 9.26 cm?/m>As R T




4.13.5 Development length of main reinforcement:

For ®14 bars db=1.4 cm :

i
Ld = afyd
2 By-d,
420
Ld =——=1*1*1*14
2424
Ld =602>40cm

Available Ld = 40-7 =33cm < 60cm

024157 7Fniil A0S L =19.2cm
JFe

So a standard hook of (30 cm ) must be used to provide Ld.
4.13.6 Design of Secondary Bottom Reinforcement
AsSmin for shrinkage & temperature

Aspin=0.0018 *b * h

Asmin=0.0018 * 100*400

As=7.20 cm®

Select @14 @ 20cm with A proy. = 7.7 cm?.>Asmin=7.20 cm?

4.13.V Strip Footing Detail:
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914015 || #1400

Fig.(4-17)Strip Footing Details




hmq =450/20= 200255 (110 505 000000 bucs

= Use h = 25cm.

9 =tan’'(1.76 / 3.3) =28.1°
Cos 6=0.88
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Figure (4-17): Stairs plan
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4.11.2 Load Calculations:
Load on Stringer:
Dead Load:
Tiles = 0.03*22*((0.33+0.16)/0.30) =1.078 KN/m.

Mortar = 0.02%23 *((0.16+0.33)/0.3) = 0.751 KN/ m.

Plaster = (0.03*23)/ (Cos 28.1) ~ =0.782KN/m.
Steps=((0.16*0.3)2) * 2503 ~ =2.0KN/m.
Slab = 0.25 *25/ Cos 28.1 — 7,085 KN/ m.

Total dead load = 11.7 KN/ m.

Live load:
Live load for stairs =5 KN/ m*.
Factored load
qu=1.2%11.696 + 1.6*5 =22 KN/ m?,
For one meter Strip, gu =22 KN/ m-
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/m?.
Plaster = 0.03*23 = 0.66 KN/m?.
Total dead load = 8.03 KIN/m?

Live load:

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

qu =1.2%8.03+ 1.6 *5 = 17.64KN/ m?,

For one meter Strip, gu =17.64 KN/ m.
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Figure (4-18): Leads on stairs.

4,11.3 Design of Shear:

a  Assume @ 12 for main reinforcement:-

So,d=250-20 -12 =218 mm = 21.8 cm

Shear
-44.7
L — = |
1.6
Figure (4-19): Shear Envelope
Vu =429 KN.

7. %D, *
¢VC='\/7C—6 w d




3 S 5 TYAnSETR e

et EERERU

0.75% 24 *1000* 218 _ 3 sy
6

Vu =42.9 KN<gVc =133.5 KN.

>>>>No shear Reinforcement is required. Th

Ve =

erefore, the depth of the stair is OK.

LY R TIN A S e w £ Randineg Mament:
fod D‘.’.’&,E&LE of Bending Vioment:

The Following figure shows the Moment Envelope acting on the stair

Moments

| 247 514 248 |

Figure (4-20): Moment Envelope.
Mu=51.4 kN.m
Mn =Mu/0.9=514/09=57.1 KN.m.
d=21.8cm.
e b]ﬁqz

%k 6
K, =20 1 ompa .

"~ 1000% 218>

m =_>Q__.
0.85x ft'

420
m =———
0.85x24

1y o2\ 1 (. [T220seeia
7= 7, ) 20588 TR

4s,,,= 2.947*10°*100*21.8 = 6.4 cm>

=20.588




As . =0.0018*p* h=0.0018"* 100%25= 4.5cm”
As,;, =45 cm’<4s, =64 cm?

Use @ 12 >>> 640/113 =5.66

o = 6.46 cm>.
Usel®12@17.5cmc/e .cconnnenn Wwith As = (100/ 17.5)*1.13 6

As provided = 6.46 > Asreq.... ... OK.
Check for strain:
Tension = Compression

A * fy=085*fc' *b*a
646*420=0.85%24*1000*%a
a=13.3mm
x=i=£§=15.6mm
B 08

218-15.6

g, = ———
15.6

g, =0.0389> 0.005——> ok

*0.003

4.11.5 Secondary reinforcement:

AS ghintage = 0.0018xbx h =0.0018x100x 25 = 4.5¢m>

Use®10 @ 15¢cm ................. With As=(100/15)*0.79 = 5.27 cm?.



=70

A

SECTION (A—4)

Figure (4-21): Stair Section.



4.12 Design of Shear wall:

4.12.1 Calculation of loads:
; " : olumns &walls) =
W Ground Floor = Weight of slab + Weight of stairs +0.5% (Weight of upper ¢ )
10692KN

W First Floor = Weight of slab + Weight of stairs + 0.5% (Weight of upper columns &walls + Weight of

lower columns &walls) = 13391KN

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

8376KN

Wrotal =W Ground + W First + W Second

Wrotat = 32459KN

4,12.2 Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
7Z=0.3 zone "3"
R=5.5
I=1
Ca=0.24
Cv=0.24
h, =122
Ct=0.0488

Where: Figure (4-22): Shear wall Section,
Z=Seismic zone factor as given in table 16-1.

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.

N I
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[= 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.
Cy = seismic coefficient, as set forth in Table 16-R.
hi, hn, hx = height in feet (m) above the base to lev

r-c ()" B 30-8 (UBC)

eli,norx, respectively.

7 =0.0488(12.2)"* =0.32

&
y 2Oy GRAFL L e
R 555033

V <0.11*WKN.....control

V 20.03*WKN
F,=007*T*V = 0.07*0.32*3571=82.5KN

A i g

~ 279949

Table (4 -5) Calculation of the total Fx.
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Figure (4-23): F x-Diagram

By using the software (ATEER.) to Analysis the shear wall, it was get result as the following:

| Mu Diagram Vu Diagram

|

: 62 62 KN

; L~ 2387 KN.m A5 5 177 KN

i f

! % 920.15KNam 211, 388 KN
AL 5 T e ) S SR SIS

Figure (4-24): Moment & Shear-Diagram for Shear Wall



4.12.3 Shear Wall Design Parameters:
fe' =24 MPa

=420 MPa.

h=25 cm. Shear wall thickness.

L.~ 5.6m. shear wall width

Hw=12.2 m. Story height.

P . o -~ er e
¢ 15 4 Mactan of tha Bomzantal remmigicenzent.
{.12.4 Design of the Herizontal reiniol cement

Internal forces & moments:
> Fx=Vu=388KN

Critical Section

Lwmon 2.8m(Control)
2¢ 52

Ly - opl 6.1m
2 2

Mu=2132.65KN

4.12.5 Design it by using Reinforced concrete:

Vu =388KN
Vn=Vu/0.75=517KN




d=08*Lw=08%56=4.5m

s = Control)
Yy = % * [fe*h*d= %«/24 %0.25%4.5 = 449KN(

J/@*h*d N, *d_24*025%45 1"45 _g736KN
= + =

VCZ 4 4*1 ; 4 4*56
w 2*1 ]
2*Iqu 24 = *
| Ve + T J el T 5'6( 24+ 56%0.25 »025%45 ol
J7e Ianpaiehrd [ ~ves 5.6 10
Ve, = i3 NIAE Sl 10 2 2132.65_>-6
% = i 388 2
Vs=Vn-"Vcl

Vs =517— 449= 68KN
(Avhj Esi. . 68%107°

~ Fy*d 420%4.6

=0.0736*107m

(__A‘;- min J — 0.0025% 1= 0.0025* 0.25 = 0.625* 107> m(Control)
2

S2= L?w =5600/5=1120mm

S2=3*%h=3%250="750mm
select >2¢10 > As =1.58cm?2

—41 =0.625mm
S2

158
S2
Select.....S2 = 25cm < Sreq. = 25.28cm
S2selected = 25cm < 75cm < 70cm
use...2¢10 @ 25cm(c/ c)in2layer

=0.625—> S2 = 252.8mm(Control)

Select 20 10/ 25cm. In tow layer



R e 11 ()1 L3
4.12.7 Design of the Vertical reinforeermen

hw, Avh S 7
e — 5—-— ———-—00025)) 1
Puin = (0.0025+05(2 T X S,

Avn=0.0025x S, x hy

S; = le = l>< 5.6 = 1866mm
3 3

S, =3xh=3x250=750mm
Select2§10Witharea As = 158mm’
158=10.0025x% S, x 250

58, =252, Smm(Control)
Select S, = 25cm < 25.28cm

S =25cm

——>Select2¢10/25cmc/c

© Select2010/25cm. Intowlayer




Design of composite beams:-

Dead load for solid slab :-
Sum of dead load =25*.25= 6.25 KN/m2

Live load = 5 KN/m2
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compute factored load on beam :-
ts=25/2.54=9.85in
concrete weight=.15 kip/sqft

span =4m=13.1ft
9.85

RS 2 0.15%13.1 = 1.62kip/ft




Assume a=1 in,
Beam weight=0.15kip/ft '
LL=0.1%13.1=131kip/ft

Factored load :-

D.L = 1.2*(1.62+0.15) =2.124kip/ft

LL=1.6*131=2.1kip/ft
Wu=2.1+2.124=4.224kip/ft

Compute the moment :-
L=16.7m =54.791t

w2 (4.224) * (54.79)7
Mu = 3 — 3

— 1585kip/ft

Select the section ,ASy¢q : —
25

=§-—5—; =9.85in

ts

Assume a=1 in ,W18%*130, d=19.3in

Mu 1585 % 12

@b * fy (g 4 ts— g) 0.9 %50 (192&+ 9.85 — 0.5)
= 22.25in?

Asreq =

selectWig.gs  Ag=25.3in sq, d=18.4in

Be=1/4*L
Be ——1 *54.79 * 12 = 164.37 in
< beam spacing =13.1*12=157.2in ... controlled

=@

As *fy =0.85%f \ *be*a
25.3*50=0.85%4*157 2%a
a = 2.4<ts =9.85

N
91




the nominal strength moment:-
G 4
pnee *fy(; e 5 2)
=38.20*50(*5—+ 9.85 — 242) /12 = 1889

OMn= 0.9%1889=1700> Mu =1585KIP/FT  .......--

Design of shear (studs) :-
asum 3/4 in used

Ec=(1.45)"3 (| 4)=3492 ksi

Qn=0.5*As* ((Ec* f¢)

=0.5*0.4418* (1/3442%4 )= 26.1ksi

The # of shear connectors required for each half span (N) :-

_AsxFy  25.3%x50

N o A TT =48.47
SEN o dsdse o e e 49
Spacing for studs :-
L _ 54.74%12 ,
“¥INONERAW a9 13-in

P max =8*ts=9.85* 8§ =78.8 in
P mini =6 * diamerter =6 * 0.75 =4.5 in

Then p max > p > p mini

78.8>13.5> 4.5




Deflection of beam :

be/n=157.2/8=19.65in
bELs _ 157:2%9.843 0 193 4in3.

n 8 : R
slab....area=193.6in 3  distance from centroid=14.1251n Ay=2734.6in

Ay*=38626.3in" 10=1564.9 in’.

Acr=

. . «.3 2. s d
W18*86.... area=25.3 distance from centroid=0in Ay=0in" Ay =0in
To=1530 in*.

Ix =lo+Ay’=3095+38626.3=41721.3in’
Y=2734.6/218.9=12.5in
I,=Ix-Ay=41721-218.9*12.5’=6141 in*

yt=18.4/2+9.85-12.5=6.55in...... to top slab.
Yb=18.4/2+12.5=21.7in...... to bottom steel.
Compute the load deflection:

_ 5WL4

~ 384.Es.Itr
_ 5*1.31%54.79* *12°
384 *29000 * 6141
ADimist /b i 54.79*12

400 400

ALL =133 < Alim it =1.6437in

=1.33in.

=1.6437.

............
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Commentary, USA, 2008.
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TABLE 9.5(a S
NONPRESTRESSED BEAMS COR ONE

J—MINIMUM THICKNESS OF
WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, f

Simply
supported

One end
continucus

Both ends
continugus

Cantilever

Member

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

deflections.

Solid one-
way slabs

£120

£124

£/28

£40

Beams or
ribbed one-
way slabs

£

£118.5

€121

£/8

Notes:

Values given shall be used directly for members with nermahweight concrete

(density w, = 2320 k i
tions, the values shall be modified as follows:

J %htwelght cencrete having unit density,
1440-1920 kgim?®, the values shall be multiplied by {1.65 — 0.
less than 1.09.

a) For structural li

‘m¥) and Grade 420 reinforcement. For other condi-

W, in the range
03w, ) but not

b} For #, other than 420 MPa, the values shall be multiplisd by {0.4 + f,, {700}

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

xXrxXrrvy
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