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Palestine Polytechnic University -2013

Supervisor
DR. Nasr Aboushi

Abstract

The main Aim of this project is to prepare all of the Structural Design .

We choice this project for necessary of increase the number of Professional Literal
College’s in Palestine that reflects the ideas of the old town of Hebron and other
cities .

This Building consists of 3 Floors (6570m?) approximately for all project.

And it's contains :

In the Basement Floor : Main Store , Generator Room , Air conditioning and
cooling Room , Water well , Cars Operator .

In the Ground Floor : Studies Rooms , Multipurpose Room , Admission and
Registration Department , Department of Administrative Affairs , Cafeteria ,
Bathrooms , Carpentry Operator .

In the First Floor : Studies Rooms , Department of Administrative Affairs, Library
, Electrical installations Operator , Car Electrical Operator, Aluminium Operator,
Bathrooms .

In the Second Floor : Studies Rooms , computer lab , Chemistry Laboratory ,
Physics Laboratory , Computer Science Department , Teachers Offices , Electronics
Operator, Laboratory of Human Resources , Ceremony , Blacksmith’s Operator ,
Bathrooms .

For structural design of this project, Jordanian Construction Code was used for
determining live loads, whereACI1_318- 02 code is to be used for structural analysis
and design for all structural elements, and some of computer software will be used,
such as Autocad2008, Atir, and Office2007, Staad-Pro2006...etc.

By the end of this project, the structural design for structural elements in this

building will be done .
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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Aq = 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.

Cs= compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

- LL = live loads.

- Lw = length of wall.

- M = bending moment.

- Mu = factored moment at section.

Xi



- Mn = nominal moment.

- Pn = nominal axial load.

- Pu = factored axial load

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

- Vn = nominal shear stress.

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

- Wc = weight of concrete.

- W = width of beam or rib.

- Wu = 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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CHA4 Structural Analysis & Design

Structural Analysis& Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Determination of Dead L oad

4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of Tow Way Ribbed Slab.

4-8 Design of oneway solid slab.

4-9 Design of Stair(ST2).

4-10 Design of column (C98).

4-11 Design solid dlab for Ramp.

4-12 Design of composite Beam (B14-C).
4-13 Design of solid slab of the stair roof.
4-14 Design of shear wall.

4-15 Design of Isolated Footing (F4).
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CHA4 Structural Analysis & Design

4.1 Introduction :-

The project consists of several structural elements that should be designed
according to the ACI code, using the finite element method by means of computer

software such as “ATIR” for analysis and design.

4.2 Deter mination of the Slab thickness : -

1 W A" -
_ ST =_E
| 3
'I_E-/ % .| E ey S— —
——
|I
I
e =
[
i — =
=
I = 2 f— B K
B = = B
|I
|
s
B ]
TN :E_’:_'j:‘;_____.__..___.. N—————tunls - vl

Figure (4-1): Beamsand Ribs Plan
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CHA4 Structural Analysis & Design

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

follows:

hmin for Simply supported = L/16 longest simply supported is 4.15 m
Nmin = 4150/16 = 259.375 mm

hmin for one-end continuous = L/18.5 longest one-end cont. is 4.18 m
hmin = 4180/18.5 = 225.946 m

hmin for both-end continuous = L/21 longest both-end cont. is 4.30 m
hmin = 4300/21 = 204.762 mm

Select Slab thickness h= 32 cm with 24 cm block & 8 cm Topping.

4-3 Deter mination of Dead L oad :-

Topping Load Calculations

: Gama
material (KN/m?) H (m) B (m) KN/m
tiles 23 0.03 1 0.69
mor tar 23 0.03 1 0.66
sand 18 0.07 1 1.26
topping 25 0.08 1 2.00
patition 2.38K N/m? 1 2.38
Total DL
LivelLoad 5 1
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CHA4 Structural Analysis & Design

Rib Load Calculations

material | (S48 | H TR
tiles 23 0.03 | 0.52 0.3588
mortar 23 0.03 0.52 0.3588
sand 18 0.07 | 0.52 0.6552
block 9 0.24 0.4 0.864
rib 25 0.24 | 0.12 0.72
topping 25 0.08 | 0.52 1.04
plaster 23 0.02 | 052 0.2392
patition 2.38K N/m? 0.52 1.2376

DL

LivelLoad 5 0.52

4.4 Design of Topping :-

Wu=12D.L +1.6L.L
Wu=12*6.99+1.6*5=16.388 KN/m. (Total Factored Load)

Check ®Mn>Mu

w, *1?  16.388 *0.4°
12 12

Mu = =0.22kN.m

Mn=0.42,/fc'*s §s= ——

2 * 2
Mn = 0.42 fc’*b% =0.42+/24 * 1 0é°8 *10% = 2. 19kN.m

@=0.55 for plain concrete

f *Mn=0.55*2.19 =1.53kN.m
f *Mn=1.53>>Mu=0.22KN.m

No structural reinforcement isneeded. Therefore, shrinkage and temperature
reinforcement must be provided.
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CHA4 Structural Analysis & Design

For the shrinkage and temperature reinforcement :-

- p= 0.0018

As =r *b*h=0.0018*1000*80=144mnT /m

A (q’8) = 50.27mm?

So number of bars =144 / 50.27 = 2.86

Spacing= 1000/ (number of bars) =1000/2.86=349.65mm
Check for max. Spacing

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

S=450mm

S=380(280/f;)-2.5C =380(280/0.667*420)-2.5*20=330mm
S=300(280/fs)=300(280/0.667*420)=300mm

=Use 8 @ 25 Cm C/C in both directions.

4.5 Design of Rib(10) :-

Figure (4-2): Rib geometry

1 2 3 4
1 2 3
0.8 3.2 0.8 3.4 0.8 3.2 0.8
| % —— ——rt ——
4.2
} i i {
52.
32.
12.
A-A
load group no. 1
Dead load - Service Units:kN,meter

5.47 5.47 5.47




CH4

Structural Analysis & Design

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

2.60 2.60 2.60
. 4.2 4.
Moments: spans 1to 3
-19.1 -19.1
95 -10.4 -10.4 95
1.13/1.84 11.13 J
I 1.84! ‘
L i 1 1 1 i 1 1 i ]
b.67l0.81 lo.6
0.81
6. 3
8.9
14.9 14.9
16 | 2.1 1 2.1 | 2.4 .16
[ 1 1 1 1 1
Shear
-26.2 -23.8
-16.4 -17.9
-10.5
} } } } } }
10.5
17.9 16.4 18.8
23.8 26.2
Reactions
Factored
I 1 1 ] 1 1 ] 1 ]
I T T T T T T T 1
DeadR 10.38 29.66 29.66 10.38
LiveR 7.51 20.38 20.38 7.51
MaxR 17.89 50.04 50.04 17.89
MinR 9.44 37.76 37.76 9.44
Service
DeadR 8.65 24.72 24.72 8.65
LiveR 4.7 12.73 12.73 4.7
MaxR 13.34 37.45 37.45 13.34
MinR 8.06 29.78 29.78 8.06
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CHA4 Structural Analysis & Design

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

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

++ Design constant :-
_ bz For T- section is the smallest of the following:

b. =Ln/4=(4-0.8)/4=0.8m
b =bw+16tf=12+16 (8) =1.40 m

b. = c/c spacing between beams =0. 52 m  Control

- Requirements For Slab Floor Accordingto  ACI- (318-08) .
DW= 10CM..... i e ACI(8.13.2)

Select bw=12cm

A<35*BW oooooveieeieeeeeeeeieeeeeeeeeeeeee . ACI(8.13.2)
Select h=32cm<3.5*12=42cm

Tf>Ln/12250mm .......cocevveveiiieiieeveeen. .2 ACIH(8.13.6.1)

Select tf=8cm

e Design of flexure:-

|I Design of Positive moment of rib 10 :- “

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

=320-2o-1o-%=284mm.

1) Positive moment Mu =149 KN.m .

Determine whether the rib will act as rectangular or T-section:
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For a=T;=8cm
d = h — cover—dia. of stirrups — db/2 = 320 — 20-10 — 12/2 = 284 mm.
®.Mnf=0.9%0.85 f, *t;* b, *(d- t/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.284-0.08/2)*10°
2> d.Mnf =186.36KN.m
®Mnf =186.36 KN.m >> Mu =14.9kN.m

= Rectangular section
Design as rectangular with b, = 52cm

As =p.be .d
m = fy - = 420 =20.59
0.85*fc  0.85*24
* -3
RN = Mu/f _ 14.9*10 /0.920.39 Mpa

" b*d?  0.52*(0.284)2

* *
r:il_ 1_2mRn _ 1 1_\/1_2 20 .59 *0.39 — 0.0009
m fy 20 .59 420

As = p.bE .d = (0.0009)* (520)* (284) = 140.16 mm? .

Then use 2010, As=157.1 mm2

Check Minimum Reinforcement A smin...(ACI- 318M-08-(10.5.1)

_fc s ~ )
Asmln—m(bw)(d) = 2(420) (120)(284) =99.38mm

. 14 .
As min =——(bw)(d) =ﬂ(120)(224) =113.9mm’ (control)
(fy) 420
2010 with As=157.1 mm? > Asmin.=113.9 mm? O.K

=>» Check for Tension sted strain:-

Tension = compression
As*fy=085*f . *b*a
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157 .1*420 = 0.85*24 *520 *a
a==6.22mm
a 6.22

c=—
b, 0.85

=7.32mm

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

e, = (d—c)/cx0.003 = %x 0.003=0.11

e,=0.11>0.005=f =0.9

2)_Positive moment Mu =8.9 KN.m.

m = fy - = 420 =20.59
0.85* fc 0.85*24
* -3
Rn= MU/l _ 89*10°/09 o0

b*d2  0.52*(0.284)

* *
A, 2mRn | 1 1_\/1_2 20.59 *0.37 | _ 4 40089
m fy 20 .59 420

,
I

As = p.bE .d = (0.00089)* (520)* (284) = 132.22 mm?.

Then use 2010 with As=157.1 > Asreg. =132.22 mm2

2010 with As = 157.1 MM’ > Asmin.= 113.6 MM O K

= Check for Tension sted strain:-
Tension = compression
As*fy=085*f *b*a
157 .1* 420 = 0.85 * 24 *520 * a

a=6.22mm

c- 2 _682 Sa7mm
b, 0.85

B=0.85..... f_<28MPa ....... ACI-318M-08(10.2.7.3)
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e = (d—c)/cx0.003= 2247317 6003-0.11
7317

e, =0.11>0.005
For all spanswith +veMu <=89KN use2 ® 10 mm

e
|| Design of Negative moment of rib R10: ||
L

= Negative moment Mu © =10.4 KN.m.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d=320-20-10-12/2 =284 mm

Mn=Mu/¢=10.2/0.9=11.56 KN.m

Design as a rectangular with b= 12 c¢cm

m=_ &y =_ 40 =2059
0.85 * fc' 0.85 * 24

Rp= Mu/f _ 10.4*10°/0.9
bxd? 0.12*(0.284)2

92 Mpa

p=(U/m)(1- | 2mRn)
fy

p=_1 (@- J_w) 0.0048
2058 220

As = 0.0048 (120) (284) = 164.128 mm? .

AS= 164.128mm2 > A smin =113.6mm?2

Select Top bars2 @ 12 mm. Total As= 226.2mm”°.

=> Check for Tension sted yielding:-
Tension = compression

As*fy=085*f_*b*a

226 .2*420 = 0.85*24 *120 * a

a=38.81mm
c= 2 _388 o s6mm
b, 0.85

B=0.85..... ACI (10.2.7.3)
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e = (d—c)/cx0.003= 2224500 003 -0.015
25.66

e, =0.015>0.005=f =0.9
For all spanswith -ve Mu <=10.4KN use2 ® 12 mm

e e
!l Design of shear of rib R10. ||

Vuy = 18.8 KN.
[t
L1* ¢ Ve = L1 * = * by, * d

= 1.1%0.75 * X2 % 0,12 * 0.284*10° = 22.96 KN.

&

— Check for items:-
1]

&

1- Casel: V<
18.8 < 22.96\2=11.48........ Not satisfy
2- Case 2: ¢_—:'E <Vy < Ve

1148 < 188 < 22.96 ....... Satisfy

=Case (2) issatisfy — minimum shear reinforcement is required.

OVsmn 2 = 7%y *d=L2 33%0.12%0.284 * 10° = 7.83 KN,

1

> ;—b* bw*d= % *0.12%0.284 * 10° =8.52 KN.......... Control.

- q) VS min = 852 KN

1% 24
(E)min 2 70 = *by = 1 %120 = 0.087

1t f::.-r 1k

> 3*”— = 1*120/3*439= 0.091....... Control.

ve

Try ®8 (2 Leqgs):

JUi.b =0.091 - S=1102.99 mm
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S max.
The smaller of 600 mm and d/2

S max. = d/2= 284/2 =142 mm
Use #8 (2 Legs) @10 cm for Im from the face

4.6 Design of Beam 28 : -

< Material :-
= concrete B300 Fc' = 24 N/mm?
=  Reinforcement Steel fy = 420 N/mm?
«» Section :-

= B =800mm
= h=500 mm
= d=500-40-10-22/2=439 mm

Loading :-

= Reaction from Rib(R1),
D.L =29.66/0.52 = 57.038 KN/m

L.L =20.38/0.52 = 39.19 KN/m

=>» Total serviceload
DL=self weight + 57.038 KN/m + plaster on two sides

DL=(0.8*0.5*25) +57.038+(23*0.02*(0.5-0.32)*2) =69.24 KN/m

DL=69.3KN/m LL=39.2KN/m
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Figure (4-3): Beam geometry

1 2 3 4
1 2 3
LTI j I I 11
A A A
0.8 6.8 0.8 7.7 0.8 3.2 0.8
— — — —
7.6 8.5 4.
} i i {
load group no. 1
Dead load - Factored Units:kN,meter
69.3 69.3 69.3
7.6 8.5 4.
Live load - Factored
39.2 39.2 39.2
7.6 8.5 4,
Shear
-513.4
4223 -450.8
' -359.7
-146.4
-55.3
1 1 1 1 1 1
1 1 1 1 1
238.8 257.6
330. 2075 348.7
498.7
Moments: spans 1to 3
-768.5
-571.8 -577.7 -526.9
-355.2 -399.5
| 2.37 | 2.53 | | | 3.6 Al
I I 1 I 147 | 00
L i [ | i ) i ] i [ |
152 116 1tz ——— !
1233 ! ‘ 1.26 98.7
5018 419.4
3.04 | 456 4.25 | | 2.6 .14
I I I I I I |
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—Factored
DeadR 199.37 643.2 487.92 62.44
LiveR 130.6 368.89 311.61 83.99
MaxR 329.97 1012.08 55 799.53 146.43
MinR 181.53 815.62 541.7 13.78
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Design of flexure:

|| Design of Negative moment:- I
il

1) Negative Moment Mu =577.7 KN.m

C o = —d
7
= o 430
7
c =188 .14 mm
a=Db,xc
a = 0.85 %188 .14 =159 .9mm

max

®=0.65+ 250_*(0.004-0.002) = 0.82
3

Mnc =0.85 f_ *b* amax *(d- (amax /2))

= 0.85 (24) (0.8) (0.1599){(0.439-(0.1599/2)}*10°

= 936.96 KN.m

= ®Mnc =0.82*936.96 =768.31KN.m>Mu=577.7 KN.m

= The section must be designed as singly section:

m=__¥Y - 420 _,559
0.85% fc _ 0.85*24

RN = Mu /f
b*d?

* -3
0.8*(0.439 )2

=1(1_\/1_2W)
m fy

0= 1 L- \/1_ 2(20.59)(4.16) = 0,011
20.59 420

Asreg=p *b*d=0.011* 800 *439= 3935.31 mm?

56




CHA4 Structural Analysis & Design

=>» Check Minimum Reinfor cement

A smin...(ACI- 318M-08-
(10.5.1))

Asmin= \/_()( d = V24

4(fy) = aazg) BOO439) =1024. 12mm?

= :ﬂ — 2
As min (fy)( b)(d) 220 (800)(439) =1170.67mm (control)

As=3935.31 mm2 > Asmin = 1170.67 mm?

Select 14 ® 20 mm , As =4398.8mm*.

-> Check for strain
As*fy=085*f . *b*a

4398.8*420=0.85*24*800*a
a=113.2mm

c= 2182190 18mm
b, 085

e, = (d—c)/cx0.003= 39-133.18
133.18
e, =0.00689 > 0.005 = f =0.9

x0.003 =0.00689
S = (800-2*40-2*10-14*20)/13 = 32.31mm > 25 mm>db
®.Mn=0.9*0.85 f, *a*b*(d-a/2)

=0.9* 0.85 (24) (133.2) (800)(439-133.2/2)*10°
®.Mn = 728.578 KN.m > Mu =577.7 KN.m

2) Negative Moment Mu = 399.5 KN.m .

RN = Mu /f
b*d?

x40 -3
=399 5710 "70.9 _5 g79 N/mm? (Mpa)
0.8* (0.439 )2

=1(1_\/1_2W)
m fy
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0= 1 L- \/1_ 2(20.59)(2.879) ) = 0.0074
20.59 420

Asreg=p * b *d =0.0074 * 800 *439=2606.6 mm?

As=2606.6 mm2 > Asmin = 1170.67 mm?

Select 10 ® 20mm , As= 3142mm?.

-> Check for strain
As*fy=085*f . *b*a

3142*420=0.85*24*800* a
a=280.86mm

o= 2 _8086 o oomm
b, 085

e. = (d—c)/cx0.003 = 23995129
95.129
e.=0.011>0.005=f =0.9

x0.003=0.011

S = (800-2*40-2*10-10*20)/9 = 55.55mm > 25 mm>db
®.Mn=0.9*0.85 f, *a*b*(d-a/2)

=0.9* 0.85 (24) (80.86) (800)(439-80.86/2)*10°
®.Mn 473.37 KN.m > Mu =399.37 KN.m

|I Design of Positive moment:- “
1) Positive Moment Mu = 501.8 KN.m .
RN = Mu /f
b*d?

* -3
n= 501.8%10 ° /0.9 _ 365 N/mm? (Mpa)
0.8* (0.439 )2

p=t- f_2mrR)
m fy

0= 1 L- \/1_ 2(20.59)(3.62)):00095
420
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Asreq=p * b *d =0.0095 * 800 *439= 3353.64 mm?

As=3353.64 mm2 > Asmin = 1170.67 mm?

Select 12 ® 20 mm, As = 3770.4mm” .

-> Check for strain
As*fy=0.85* fc*b*a

3770.4*420=0.85*24*800* a
a=97.03mm
a 9703

2 221 114.156mm
b, 085

e, =(d-c)/cx0.003= 439-114.156 _ ; 103 = 0.0085
114.156

e, =0.0085 > 0.005=f =0.9
S = (800-2*40-2*10-12*20)/11 = 41.81mm > 25 m > db
®.Mn = 0.9%0.85 . *a* b *(d- a/2)

=0.9* 0.85 (24) (97.03) (800)(439-97.03/2)*10°
®.Mn = 562.24 KN.m > Mu =501.8 KN.m

2) Positive Moment Mu = 419.4 KN.m .

Mu /f

Rn= —
b*d?

* -3
Rn= 4194710 /0.9 _ 305 N/mm? (Mpa)
0.8*(0.439 )2

p=t- f_2mrR)
m fy

0= 1 L- \/1— 2(20'59)(3'02))=O.00783
20.59 420

Asreq=p * b *d =0.00873 * 800 *439=2748.89 mm?

As=2748.89 mm2 > Asmin = 1170.67 mm?

Select 10 @ 20 mm , As = 3142mm?>.
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-> Check for strain
As*fy=0.85* fc*b*a

3142*420=0.85*24*800*a
a=380.86mm
a 80.86

b, 085

=95.129mm

e, = (d—c)/cx0.003 = 23995129
95.129
e, =0.011>0.005=f =0.9

x0.003=0.011

S = (800-2*40-2*10-10*20)/9 = 55.55mm > 25 mm>db
®.Mn=0.9*0.85 f, *a*b*(d-a/2)

=0.9* 0.85 (24) (80.86) (800)(439-80.86/2)*10°
®.Mn 473.37 KN.m > Mu =419.4 KN.m

3) Positive Moment Mu = 98.7 KN.m .

RN = Mu /f
b*d?

-3
Rn= 98.7*107°/0.9
0.8*(0.439)?

p=t- f_2mrmn)
m fy

0= 1 L- \/1_ 2(20.59)(0.72) ) = 0.0017
20.59 420

= 0.71 N/mm? (Mpa)

Asreq=p * b *d =0.0018 * 800 *439=632.1 mm?
As=632.1 mm2< Asmin = 1170.67 mm?

Take As= Asmin = 1170.67 mm?2

Select 5@ 20 mm , As = 1256.6 mm®.
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-> Check for strain
As*fy=085*f . *b*a

1256.6*420=0.85*24*800*a
a=32.34mm

c:i :ﬁ =38.04mm
b, 0.85

e = (d—c)/cx0.003=232=380% 0030031
38.04

e =0.03>0005=f =0.9

S = (800-2*40-2%10-5%20)/4 = 150 mm > 25 mm>db

®.Mn = 0.9%0.85 f_ *a* b *(d-a/2)

=0.9% 0.85 (24) (32.34) (800)(439-32.34/2)*10°
®.Mn = 144.94 KN.m > Mu =98.7 KN.m

|I Design of shear:- “

CDVC:%*CD* fc’' *bw*d = %*0.75@ *800*439/1000 = 215.065KN

Check if the dimensions ar e big enough:

vSmaxzécpJ fc *b*d

:%*0.75*@ *800*439/1000 = 860.26 KN

VUnmax=215.065+860.26=1075.33KN
=1075.33KN > 422.3 (shear_envelope) , Dimention is big enough

1)Vu=238.8 KN
Case 1.

Vu< —CDVC
2

®Vc/2=215.065/2=107.53 KN , Not satisfied.
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Case 2:

(D—VC <Vu < ®dVc

2

Not satisfied.
Case 3:

dVe<Vu<dVec+dVs

Vs, > %,/ fc' *bw*d = %\/ﬁ *0.8*0.439 = 80.65KN
DVs 0} 0.75

min —

>—bw*d = T*0'8*0'439 =87.8KN(control)

. OVC+dVs,, =215.065+87.8=302.86KN

215.065 < 238.8 <302.86 satisfied.
-.Case8 Minimum shear reinforcement is provided

Use 2U-shape (4-leg stirrups) ¢ 8 As=50.3mm?
s=(Av*fyt*d)/Vs min
Av = 4*50,3=201.2 mm*

$=(201.2*420*439)/(87.8/0.75 )=316.89mm

Check for max. spacing

Smax=0/2=439/2=219.5mm...... control
Smax=600mm
Use 2U-shape (4-leg stirrups) ¢ 8 @ 200 mm

2) Vu = 422.3KN

OVe + PVSmin < Vy £ PV + ¢ (VC+Vs')
215.065+87.8 < 422.3 < 215.065 + 573.51
302.86 < 422.3 < 788.57 case 4 is satisfy
Use 2U-shape (4-leg stirrups) ¢ 8 As=50.3mm?
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S=(Av*fyt*d)/Vs
Av = 4*50.3=201.2 mm?

Vs =(Vu/ ¢h)-Vc = (422.3/0.75)- (215.065/0.75)=267.31
S=(201.2*420*439)/(267.31 )=138.8mm

Check for max. spacing

Smax=0d/2=439/2=219.5mm...... control
Smax=600mm

Use 2U-shape (4-leg stirrups) ¢ 8 @ 200 mm

3) Vu = 359.7KN

OVe + PVSmin < Vy £ PV + ¢ (VC+Vs')

215.65+87.8 < 359.7 < 215.65 +573.51
302.86 < 359.7 < 789.16 case 4 is satisfy

Use 2U-shape (4-leg stirrups) ¢ 8 As=50.3mm?

S=(Av*fyt*d)/Vs
Av = 4*50.3=201.2 mm?

S=(201.2*420*439)/(267.31 )=138.78mm

Check for max. spacing

Smax=0d/2=439/2=219.5mm...... control
Smax=600mm
Use 2U-shape (4-leg stirrups) ¢ 8 @ 200 mm
4) Vu = 55.3KN

Vu<0.5 0V,
55.3 <0.5*215.065=102.88 case lissatisfy

No shear reinforcement isrequired

Vs min =87.8

Use 2U-shape (4-leg stirrups) ¢ 8 As=50.3mm?
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s=(Av*fyt*d)/Vs
Av = 4*50.3=201.2 mm?

$=(201.2*420%439)/(87.8 )=422.52mm

Check for max. spacing

Smax=0d/2=439/2=219.5mm...... control
Smax=600mm

Use 2U-shape (4-leg stirrups) ¢ 8 @ 200 mm
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4.7 Design of Tow Way Ribbed Slab :-

4.7.1 Determination of Thicknessfor Two Way Rib Slab (S3):

T
IR RN
IR EEIER R R
R RN
1 B
e
| P s
C 1L SCEpEad
| o e o [
AN RN
T T T
AR RN
OCJJCCO-—JCCcO0dD

N | Y I A O
[Ed

.“@

B8

Figure (4-4): two way rib dab.

*Q*x *19%
40*8*4+35*12 17'5:11.660m

40*8+35*12
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52x(11.66)°  (40)x 3.66 L 12x (23.34)
rib ™ 3 3 3

|, =77682.21cm’

I = ibh3 = i*80*(42)3 =493920cm’
12 12

Iy, = ibh3 = i"‘80*(72)3 = 2488320cm’
12 12

1

5*80*(52)3 =937386.67cm’

1
l..=—bh®=
b3 12

1

E*so*(ez)3 =1588853.33cm’

1
., =—bh®=
b4 12

The two direction = 7.6 m =760 cm

The exterior beam :(beam 1)

|, = (77682.21x (7_20 +80))/52 = 687188.78cm’

The interior beam :(beam 2,3,4)

|, = (77682.21x (7—62"0 +80))/52 = 687188.78cm’

493920
1, 687188.78
l,, 2488320

a, =

|, 68718878

l,, 937386.67
a,=-0 =200 g
|, 687188.78
l,, 1588853.33

Tba 9
|, 687188.78

4
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_a,+a,+az+a, 0.72+3.62+1.36+2.31
fm ™ - -
4 4

a>2==>21>2

2.1

According to ACl-code:

_ In(0.8+ fy/1400)

h,
36+9b

_ 7600*(0.8+420/1400)

" =185.78mm
36+(9*1)

185.78mm > 125mm ...ok
First trial thickness h=350mm>185.78mm —ok

Take slab thickness h=350 , 80mm — topping , 270mm concrete block.

4.7.2 Design for moment:

d =350 - 20 — 10 -14/2= 313 mm

i B
46 Hit-- |
I,
14
)
B e
)
- '.'.-];'- j
:;_‘.-_s.g..»-". |
[ &

Figure (4-5): Moment for Tow Way Ribbed Slab
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From safe program the positive moment for x-direction =48.5 KN.m/m

For rib the moment = 48.5 * 0.52 =25.22kn.m/rib

- L =420 _596
0.85* fc 0.85*24

mn< Mn _ (2522/09)*10°
b*d?  520*(313)?

_ 1, |, 2mRn
p—a(l 1/1 ty )

1, \/1_ 2(0.55)(20.6)

= 0.55 Mpa

) = 0.00133
420

As =0.00133*520*313 = 216.1mm ?

AS = ﬁ(bw)(d)z L4 (bw)d)

As .. =110.22 > 126

A$nin =12€ mm?
select (2) bars ® 14 with area =307.9mm
check strain

Tension = Compression
A x fy=085x f_~bxa

307.9x420 =0.85x24 x520 x a

a=12.19mm
c= % =14.34
0.85
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313-14.34
g =" ——

s x0.003=0.062>0.005...0k
14.34

The negative moment for x-direction :

The moment = 1/3*48.5 =16.16 kn.m/m
For rib the moment = 16.16 * 0.52 =8.4 kn.m/rib

d =350 - 20 — 10 -12/2= 314 mm

B A Y
0.85*fc  0.85* 24

Mn _ (8.4/0.9)*10°

Rn=_—_= >—=0.788 Mpa
b*d? 120 *(314)
:i(]_- 1_@)
m fy

o= 1. \/1_ 2(0.788)(20.6)):0.001916

420

fc' 1.4
ASpin = W(b Nd)=> F(bw)(d)
As =110 .22 > 126

AS,;,=12€ mm?—cont
As ., =126 > As= 72.2mm

select (2) bars ® 12 with area =226.2mm
check strain

Tension = Compression

A x fy=085x f_~bxa
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226.2 x 420 = 0.85x 24 x120 x a
a =38.8mm

C= 388 _ 45.65
0.85

e = 314-4565 x0.003=0.01763> 0.005...0k

° 45.65

From safe program the positive moment for y-direction =39.77 KN.m/m

For rib the moment = 39.77 * 0.52 =20.68kn.m/rib

d =350 -20 - 10 -12/2= 314 mm

Y w0 o,
0.85*fc _ 0.85*24

Mn _ (20.68/0.9)*10°

Rn=_—_= >— = 0.45 Mpa
b*d?  520*(314)

:i(]_- 1_M)
m fy

o= _1_ (1-\/1—w)=o.001079
20 6 420

As = 0.001079*520*314 = 176.19 mm ?

AS,y = ﬁj)(bw)(d)z L4 (bw)(d)

As.., =110.22 > 126

A$nin =12€ mm?
select (2) bars ® 12 with area =226.2mm

check strain

Tension = Compression
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A x fy=085x f_xbxa

226 .2 x 420 = 0.85 x 24 x520 x a
a=38.95mm

c=——=10.54

8.95
0.85

e, = Mx 0.003=0.086 > 0.005...0k

s 10.54

The negative moment for y-direction :

The moment = 1/3*39.77 =13.25 kn.m/m
For rib the moment = 13.25 *0.52 =6.7 kn.m/rib

d =350 - 20 - 10 -12/2= 314 mm

Y w0 o,
0.85*fc _ 0.85*24

Mn _ (6.7/0.9)*10°

Rn= — = >—=0.63Mpa
b*d?  120*(314)

:i(]_- 1_M)
m fy

o= _1_ (1-\/1—w)=0.00152
20.6 420

As.., =110.22 > 126

min

AS,;,=12€ mm?—cont

As,, =126 > As= 57.42mm
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select (2) bars ® 12 with area =226.2mm
check strain

Tension = Compression
A x fy=085x f_Mbxa

226.2 x 420 = 0.85x 24 x120 x a
a =38.8mm

c=——=45.65

38.8
0.85

314-45.65
g =" ——

s x0.003=0.0267 > 0.005...0k
45.65

4.7.3 Design for shear :
The shear in the dab calculated by using tributary area for shear :

wu=12DL+1.6LL=1.2*6.15+ 1.6*5=15.38 KN/m*

Vud = wu x bf (In/2 -d)
Vud =15.38x0.52x (7.6/2 —0.314) = 27.87KN

VC:%\/f_bede

Ve = %\/ﬂ x120x 314*10"—3 = 33.84KN
fVc=0.75*%33.84 = 25.38

fVc=25.38 < Vud =27.87

Vs min :%bde Z%X,/fc‘xbde
Vs min = éxlzo x 314 x107-3 =12 .56

> %x /24 x120 x 314 x10"-3 =11.53
item :3
fVc =25.38 <Vu =27.87 <f (Vc +Vsmin) =34.8

72




CHA4 Structural Analysis & Design

Provide minimum shear reinforcement... use 2 ® 8 for stirrups A, =2*50=100mm >

Av(min) _ bW _ i* 120
s 3Fyt 3 420
100

—=0.09523 ,,,,,5s=1050 mm
S

= 0.09523

S < d/2 =314/2=157 mm -cont

< 600 mm.

4.8 Design of oneway solid slab S1.:-

Use 2d 8 @ 150mm for 1m from face of beam.
4.8.1 Deter mination of L oads:
hmin for one way solid slab = L/24

Nmin = 4.1/24=0.17m .

Take h=20cm.

DL :
Tiles 0.03x22 =0.66kN/m2
Mortar 0.02x23 = 0.46kN/m2
Coarse Sand Fill 0.07x17 =1.19kN/m2

Reinforced 0.2x25=5kn/m2

Plaster 0.02x22 = 0.44kN/m2
Partitions = 2kN/m2

Nominal Total Dead Load =

0.66+ 0.46+ 0.44+ 1.19+ 5 + 2=

= 9.75kN/m2
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Take L.L=5kN/n?
qu=1.2*9.75+1.6*5=19.7KN/n7
For Im Stripin'Y direction (qu) =19.7KN/m

Figure (4-6): Moment and Shear Diagram

1 2 3 4 5

1 2 3 4

A A A A
0.3 3.55 08 3.38 0.8 3.43 08 3.41 0.3
. 4.1 - 4.18 - 4.23 - 3.96 N
I T T T 1
20.
100.
A-A

load group no. 1

Dead load - Factored

Units:kN,meter

11.7 11.7 11.7 11.7

4.1 4.18 4.23 3.96
Live load - Factored

8.00 8.00 8.00 8.00

4.1 4.18 4.23 3.96

Moments: spans 1to 4
-33.5 -32.6
-26.7
K ot 126, 142 4 H
.73 | 0.86 0.6 0.7
\—/#% 0.64 e W‘Z‘\\/
15.6 16.6
Shear 25.1 232
\ 1.64 ‘ 2.46 \ 2.09 ‘ 2.09 \ 212 ‘ 2.12 \ 2.38 ‘ 1.58 \
I T _445 T T T /1‘1 T 1
-37.4 T
-34.4 273 30,9 28.7
’ -23.
[ 1 1 1 1 1 1 1 l
\ T T T T T T T Ll
24.2
20.8 30.7 7 278 332
7.9
40.8 43.3
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__§-:,1-c.a-co O A ¢ R T R O P i AL (e R AR :\E
LS i

: 8

:
:
:
%
:
i
u it
.
¢

Figure (4-7): OneWay Solid Slab

4.8.2 Design of Shear:
d =200 -20-12/2 =174 mm

Vu(max) = 34.4KN
f *Vc>Vn

f *Vc= %*0.75* fc *b*d = %*o.75*@ *1*(.174*1000 =106.55

f Vc=106.55>>Vu =34.4KN
= the thickness of the slab is adequate enough.

4.8.3 Design of Reinfor cement:

Design for positive moment:

Mu =25.1 KN.m
m= fy - = 420 = 20.588
0.85*fc 0.85*24
Mn = E = 27.88KN.m
0.9
* -3
Mn  27.88*10 _ 0.92Mpa

" b*d?  1%0.174°
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Lo fp2mRny
m fy

L1 *(1_\/1_2 20.588*0.92) _ ) 1944
20.588 420

As,,, =0.00374*1000*174 =390.52 mm’ /m

As,,. =0.0018*1000* 200 = 360mn? /m

ASeg> ASnin
. 39052
numberof bar's = e 345
' T = 1000 = Z§9.61
Spucing = 345 — .o1lmm

Check for spacing

1.3h=3*200=600mm
5= 380 (E) —2.5€C¢
=

= 3511( i j— 25 & 20 = 330mm

|'_:_.u- 420

s =300 (J_if

) =300 = (u"\m:“nj =300 ... ...... ...conira

=

Select ® 12@250mm

Design for negative moment:

Mu = 33.5 KN.m
m= fy - = 420 = 20.588
0.85*fc 0.85*24
Mn :%—';:37.22KN.m
* -3
Mn  37.22*10 —1.23Mpa

T p*d? 1%0.174
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oLg. fo2mRny
m fy

. 1 *(1_\/1_2 20.588 1.23)20_003021
20.588 420

AS,, = 0.00374*1000*174 = 525.654mm? /m
As,,. =0.0018*1000* 200 = 360mn? /m

ASey> ASun

525'554—%4
1131

Numberof bar's =

100w
spucing = m = 215.16mm

Select ® 12@200mm .

Shrinkage and temperaturereinfoecment:
As =0.0018*1000* 200 = 360mm?/m
Number of bar's=360/78.5=4.58

Spacing=1000/4.58=218mm

Check for spacing
S=5h=5*200=1000mm
S=450mme-control

Use ®10@200mm

77




CHA4 Structural Analysis & Design

4.9 Design of Stair ST2 :-

Minimum slab thickness for deflection is (for asimply supported one-way

solid slab).
Min h =(L/20)= 4/20=0.2m=20cm

Take h =200mm.

51

sa
51

i
"2
|
=
L]

2,
Figure(4-8) : Stair ST2

L oad Deter mination:

Flight dead load computation :

a= tan*(rise/run) = tan"/(150/300)=26.56
concrete = (25*0.2*%1)/c0s26.56 = 5.58 KN/m
plastering = (22*0.03*1)/c0s26.56 = 0.738 KN/m
stair steps = (25/0.3)*((0.15*0.3)/2)= 1.875 KN/m
mortar = 22*((0.15+0.3)/0.3)*0.02*1=0.66 KN/m
tiles = 27*((0.15+0.35)/0.3)*0.03*1 = 1.35 KN/m

Total Dead Load =10.2 KN/m
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Landing Dead load computation:

Concrete = (25%0.2*1) =5 KN/m
Plastering = (0.03*22*1) = 0.66 KN/m?
Morter = 0.02*22*1 = 0.44 KN/m
Tiles =0.03*22*1 = 0.66 KN/m2

Total Dead Load = 6.76 KN/m?

Factored Total Dead Load =1.2*D +1.6L

Live load =3 KN/m2 .
For flight: w=1.2¥10.2 + 1.6 *3*1 =17 kn/m
For landing: w=1.2*6.76 + 1.6 *3*1 =13 kn/m

17Kn/m
13Kn/m
{1 T
B
s
— sl o 4 - SEEY) e
FA

Figure (4-9): Loadson Stair

The reaction at each end :

RA=33.2, RB=29.6
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Figure (4-10): Stair Geometry

load group no. 1
Dead load - Factored Units:kN,meter

17.0

Live load - Factored

2.7 1.3

1 2 3
1 2
A , A _
Py AJ T AJ J I
025 2.58 | 1.17 025
‘ | ‘ 2.7 : 13 ‘ | ‘
I I |
20.
100.
A-A

Moments: spans 1to 1

Shear

-35.6
-31.4

33.9
39.2 80
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Cheak for shear strength :

Assume bar diameter ®12 for main reinforcement
d=h -20-db/2=200-20-12/2=174mm

take the maximum shear at distance d from the face of support Vu=33.9 kn
Vc== %*1/ fc'*b*d = %* 24*174*1000*10"-3 =142kn

f =0.75

f *Vc=0.75*142 =106.5kn

f Vc=106.5>>Vu=33.9KN

The thickness of the slab is enough.

Calculate the maximum bending moment and steel reinforcement :
Mu(max) =34kn.m

Mn = Mu/0.9 = 34/0.9 =37.77

Mn  37.77 *10 *°

R, = =
b-d? 1000 *174 ?

=1.25

m = fy = __ 40 =720588
0.85 * fc' 0.85*24

=1l@g. jj_2mRn
p m( 1 fy)

o=_1 (- \/1_2(20.588)(1.25)):000306

20588 420
AS eq =1 bd = 0.00306* 1000*174 = 533.8 mm*m
A's min = 0.0018*1000*200=360mm*
ASeg> ASnin

Number of bars =533.8/113.09=4.71

Spacing = 1000/4.71=212.31mm

Steps (s) is the smallest of

1.3h=3*200=600mm
2.

5= 380 (f) —25Cc
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= 380 | —= )—2.5 x 20 = 330mm
!_;_.l\'- G20

5 = 300 (;—'f) — 300 *( o j: 300..

(Zjed20

3. 450mm
Select ® 12@200mm

Shrinkage and temperaturerenforcement:
As =0.0018*1000*200 = 360mm*/m

Number of bar's=360/113.09=3.18
Spacing=1/3.18=0.31m

Check for spacing
S=5h=5*200=1000mm
S=450mm-control
Use ®12@300mm

4.10 Design of column (C98) : -

4.10.1 L oad Calculation:

IR s 1 v |

DL=1553.15KN  LL=1164KN .....From Load Table

p, =1.2%1553.15+1.6*1164 = 3726.18KN

Pn = 3726.18 /(0.65) =5732.58 KN

rg=0.02.......... Assumed

Pn=0.8* Ag{0.85* fc+r g(fy—0.85fc’)}

5732.58*10° = 0.8* Ag[0.85* 24 + 0.02(420 — 0.85* 24)]

Ag = 0.25nm°

Try 0.5%0.5m with Ag = 0.25m?
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4.10.2 Check Slender ness Effect:

Lu=3.18m

M1&M2 =1

K=1

Ku gy ML ACl - (10.12.2)
r M 2
*

173.18 5 02

03%0.5

.. short Coloumn

Py mag = 0-8x Ag{0.85 fc +r (f,—0.85f,)}

n (max)

5732.58*0.001=0.8x0.25{0.85x 24+ r (420 0.85x 24)}
r,=0.02067 > r min =1% — ok

As=0.02067*500*500

o Selectl4f 22— A =532185mm?

Check As min:
r min =1%
Asmin = 0.01*500 *500 = 2500mm?

> As min < As req
Use 14922mm .............. with As = 5321.85mm? > Asyjp = 2500 mm?

4.10.3 Design of Stirrups:

The spacing of ties shall not exceed the smallest of:-

spacing <16 xd, =16x2.5=40 cm
spacing <48xd,=48x1.0=48 cm
spacing <least.dim.=50 cm

Usef 10 @ 30 cm
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4.11 Design solid slab for Ramp : -

4.11.1 Deter mination of L oads:

a=tan(1.5/8.37) =10.16

O [RIR @

Figure (4-11): Ramp

hmin for one way solid slab = L/24

hmin = 5.4/24 = O.225m y hmin = 2.97/24 = 0.123m

Take h=20cm.

DL:
Tiles ( 0.03%22)/c0s10.16 = 0.67kN/m2
Mortar (0.02%x23) /c0s10.16 = 0.47KN/m2

Coarse Sand Fill (0.07x17) /c0s10.16 = 1.2kN/m2
Reinforced (0.2x25) /c0s10.16 =5kn/m2

Plaster ( 0.02x22)/c0s10.16 =0.45kN/m2
Nominal Total Dead Load =

0.67+0.47+0.45+1.2+5=

= 7.79KN/m2

Take L.L=5kN/n?
qu=1.2*7.79+1.6*5=17.35KN/nv
For Im Stripin'Y direction (qu) =17.35KN/m
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Figure (4-12): Ramp Geometry

1 2 3
1 2
Al Al
1L 1
‘ 0.45 ‘ 4.95 ‘ 0.45 ‘ 2.35 ‘ 0.8 ‘
‘ | ‘ 5.4 ‘ | ‘ 2.97 ‘ | ‘
I I |
100.
A-A
load group no. 1
Dead load - Factored Units:kN,meter
9.35 9.35
5.4 2.97

Live load - Factored

8.00 8.00

5.4 2.97

Moments: spans 1to 2

\ 2.16 - 3.4 2.08 . 089 |

-55.7
-49.3

323
38.6 s 5
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4.11.2 Design of Shear :
d =200 -20 - 14/2 =173mm

Vu(max) = 49.3KN
f *Vc>Vn

f *VC=%*O.75* fc'*b*d =%*0.75*@*1*0.173*1000=106

f Vc =106 >>Vu =49.3KN
= the thickness of the slab is adequate enough.

4.11.3 Design of Reinforcement :

Design for positive moment:

Mu =44.2 KN.m
me_ 420 5450
0.85* fc  0.85*24
Mn = 229 _ 47 67kN.m
0.9
* -3
_ Mn2:47.67 1o2 _ 1.59Mpa
b*d?  1*0.173
Lo fp2mRny
m fy
* *
Lo 1 (1 \/1_2 20.588 1.59): 0.003952
20.588 420

As,, =0.004078*1000*173 = 683.85mm’ /m

As,,. =0.0018*1000* 200 = 360mn? /m

AS 5> ASyin
Number of bars =683.85/153.93=4.44

Spacing = 1000/4.44=225mm

Check for spacing
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1.3h=3*200=600mm
== jﬂl}(” ) 25Cc

—jﬁ[l( ;j 2.5 % 20 = 330mm

Oy a8
5= 300 (}%):3[1[1*('.3?9“ )=3UU............CDHI‘?'GJ

%20

g

Select ® 14@250mm

Design for negative moment:

Mu = 38.6 KN.m
S S Y
0.85* fc' 0.85%24
Mn =22 _ 42 ggKkN.m
0.9
* -3
__Mn _4288"10° | jaioa
b*d®  1*0.173
2mRn
=—(1— 1-——)
fy
* *
(1 _\/ | 2*20588*143, ) 11ocag
" 20. 588 420

As,,, =0.003533*1000*173 = 611.25mm’ /m

As,.. =0.0018*1000* 200 = 360mn? /m

ASieg> ASnin
Number of bars =611.25/153.93=3.97
Spacing = 1000/3.97=251.82mm

Select ® 14@250mm .
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Shrinkage and temperature reinfoecment:

As =0.0018*1000*200 = 360mm? /m
Number of bar's=360/78.5=4.58

Spacing=1000/4.58=218mm

Check for spacing
S=5h=5*200=1000mm
S=450mme-control

Use ®@10@200mm
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4.12 Design of composite Beam (B14-C) : -

Figure (4-13): Composite Slab

ol -
]

Figure (4-14): Composite Geometry

load group no. 1

Dead load - Factored Units:kN,meter
11.7 11.7 11.7
4.3 4, 4.3
11.7 11.7 11.7
4.1 4.2 4.2

Live load - Factored

8.00 8.00 8.00
4.3 4. 4.3
8.00 8.00 8.00
4.1 4.2 4.2
Reactions
—Factored
—t +——+ +——t +——t +——t +——t +—
DeadR 20.14 55.01 46.34 50.56 46.16 54.03 19.33
LiveR 15.3 40.55 38.35 40.09 38.28 40.02 14.99
Max R 35.44 95.68 84.69 90.64 84.44 96.77 34.32
Min R 18.6 69.33 58.59 64.51 57.67 71.67 17.55
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Calculation of load for beam:

DL (s1an) =55 KN/m

DL (peam weighty = 3 KN/m

Total Dead load = 55+3 =58 KN/m

Total Live load = 40.5 KN/m..

Loading
foad group no. I
Dead load - Factored Units:kN,meter
58
16.75
Live load - Factored
40.5
16.75

Moments: spans 1to 1

8.38 3524.6 8.38

Deter mination width of flange(effective width):
Be=L/8=16.75/4=4.19m

Be=4.2m

Deter mination of beam section (As):

Take be=4.2m ts=25cm Mu=3524.6 KN/m
a=250mm

d=525.78/2+250 = 513 mm

Mn = As * Fy * (d-a/2)
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3524.6/0.9 = As * 345 * (513-250/2)
ASeq =0.029 m?
Select W18*211  (A572 Grade 50)
A=62.1in"=0.04 m*
d=20.7 in =525.78 mm
tw = 1.06 in = 26.92 mm
bf=11.6 in =294.6 mm
tr=1.91in = 48.5 mm
Fy = 50 Ksi = 345MPa
T=C
As * Fy = 0.85 fc *be*a
0.04*345 = 0.85*40*4.2*a
a=96.64mm
so the neutral axis in the slab
Cc = 0.85 fc *be*a
Cc =0.85%40*4200*96.64 = 13800.2 KN
Ts=As*Fy
Ts = 0.04*345 =13800 KN
Mn = Ts (d/2+ts-a/2)
= 13800(525.78/2+250-96.64/2)

= 6411 KN.m

@Mn = 0.9%6411 = 5769.95 KN.m > Mu = 3524.6 KN.m >>> Ok
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Connector design :

Select MC8*21.8

A =6.7 in*=4322.6 mm’

d=8in=203.2 mm

tw = 0.427 in = 10.85 mm
bf=3.5in=88.9 mm

tr=0.525 in = 13.3mm

Qn = 0.3(t; +0.5tw)Lc,/fe = Ec

Ec= 4700\.."ﬁ = 470040 = 29725.4 MPa
Assume Lc =300 mm

Qn =0.3(13.3 +0.5%10.85)*300* /40 = 297 25.4
Qn = 1837.6 KN

Cmax = 0.85fc*be*ts

= 0.85*%40*2000*250

= 17000 KN

Tmax = As* Fy

=0.04*345

= 13800 KN

N = S22 - 133% \vhich smaller

Un Un

N=13800/1837.6=7.5
Use 12 channel per half span

Qn per one channel = 13800/12 = 1150 KN

Welding Calculation :
Type of welding is fillet welding

Selecta =10 mm
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te =0.707a

=0.707*10 = 7.07 mm

Shear action :

DORnw = 0.75*te*0.6 * Fyy

Fuw= 70Ksi = 483 MPa

@Rpw = 0.75*7.07*0.6 * 483

= 1.53kN/mm

L =Qn/ @R, = 1150/ 1.53 = 751.63mm
Permeter of channel = 2*300 + 2*88.9 = 778mm

The welding is for all perimeter .
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4.13 Design of solid slab of the stair roof (ST 2):-

4.13.1 Determination of loads:
Dead load = 5.5 KN/m?

Live load = 5 KN/m?

u= (1.2%5.5)+(1.6%2) = 9.8 KN/m?

The overall depth of solid slab must satisfy the limitation of deflection

required in ACI for one way solid slab :

Min h =( L /20) =270/20=0.135 m
Select h=15 cm.
h= 15 cm

d =h-2-1=15-2-1=12cm
Mu=(q,*I?)/8 = 9.8*%2.7%/8 = 8.93 KN.m

me_ Y __420 o,
0.85fc  0.85(24)

o Mn _8.93%(10)°
bd 2 (0.9)(1)(0.12)2

= 0.68 Mpa

c_A(y f_2mRn ) _ 1 1_\/_2 20.2*0.68 | _ o 101668
20 .2 420

AS =0.001668*(100)* (12) =2 cm?
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4.13.2 Min reinforcement :

As min =0.0018*b*h = 0.0018*100*15 = 2.7 cm’
Select As =2.7 cm?

Use ®10 @ 25 cm c/c with As =3.14 cm>> 2.7 cm?
4.13.3 Longelir reinforcement for one meter strip :
As = 0.0018*100*15 = 2.7 cm’

Use @ 10@ 25 cm with As =3.14 cm? > 2.7 cm?
4.13.4 Top reinforcement :

According to shrinkage & temperature :

Use @ 10@ 25 cm with As =3.14 cm? >A, shrinkage= 2.7 cm®....... See figure (4-12)
4.13.5 Design of shear reinforcement :

Vu max =q,*L/2 =(9.81%2.7)/2=13.24 KN/m

@ Vc= Vumax

®Vc= 0.75 (b )(d)

=73.5> 13.24 KN/m

= The thickness of the slab is adequate enough.

Figure(4-21) : Detail of solid slab of stair ST2
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4.14 Design of shear wall (SW35) :-

Figure (4-16) : Shear Wallsin Building

B3 .49 '|II
\
13.3E \ 22223 :
'\_‘\k
\\. az
S
286 .12 Y B13
\1\\\ N
ll.
E45. 86 \2:21 5=
\_\'
\.\ L]
"k\d’l ET S
Fig (4-17) shear and moment diagram of wall SW35
Fc = 24MPa
Fy = 420 MPa

t=25 cm . wall thickness
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Lw = 6.3 m . wall width

Hw for one wall = 3.5 m story height

D Fx=Vu=54586KN

4.14.1 Design of the Horizontal reinforcement :

The critical Section is the smaller of;

Iﬂ: E: 3.15m... ... control
2 2

hlz £= 7m

2 2

storyheigh t =3.5m
d=08xIlw=0.8x6.3=5.0dm

5 ;
ﬂvmnﬂ.: = @E \"I'Fhﬂ
= .75 » U.83 x1/24 » 250 » 5040 = 3842.5KN > V],

1 — 1 — .
V. =z VF'hd = V27 %250 x 5040 x 10~ = 1091.2KN ....cont

N _
V. = 02/ hd + “H‘ — 0.27v/24 % 250 » 5040 + U = 1666.63K N
41678 — 227153 M, — 227153
35 ~ 35-315

= M, = 2416.15KN.m

M, 1. 241615 6.3
=g — =1.28

v, 2 545Hp 2

-

V.= [n.(}sﬂ; +

LT

Vg =
- {n.uﬁ-ﬁ:ﬁ +@J 250 » 5040 = $346.8K N
Vs =Vn - Vc
— (545 .86 /0.75) — 1091 .2 = —363 .4KN
also ...

f Vc =0.75*1091 .2 = 818 .4 > Vu = 545 .86

So we take minimum reinforcement ....

Use ¢ 10@250mm

97




CHA4 Structural Analysis & Design

2x78.5
= =0.0025 = 5 =251
=5y 250 = e
Max. Spacing

Lw/ 5 =6.3/5=1.26m

3n=3+250 =0.75m

Use ¢ 10@250mm in two layer

4.14.2 Design for Vertical reinforcement :

A _14 2.22
L, 6.3

W

R
Bomain = U.0025+ U.E(E.E - 1“ ){pz— 0.0025) > U.0025

Select ® 10 @250mm. In two layer

4.14.3 Design of bending moment :

6300 ) :
Ay = ( )# 2% 8.5 = 3956 4mm?

250
A\ Ly 3956.4 420
e ()= () o
L'~ \6300 «250) 723
B, g
TR
{II f 1
L__wte _0OHTU — 0.054
i, Zw+0855 Z=0.034 +085x085
oM, = B|0.5A £, (1 +— )1 ‘|
|/ T - Frlytw A’“r‘;' :“._
— 09[0.5 » 3956.4 x 220 » 6300(1 + 0)(1 — 0.054)] = 44565 > Mu
— 4167.5 .. 0k

- use $10@250 mm for vertical reinforcement

98




CHA4 Structural Analysis & Design

4.15 Design of | solated Footing (F4) :-

4.15.1 Deter mination of Loads:

Total factored load = 2455 KN.

Total services load = 1862 KN

Column Dimensions = 50*50 cm.

Soil density = 18 Kn/cma3.

Service surcharge= 5Kn/cm2.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (50 cm) thick.
Footing weight = 25%0.5 = 12.5 KN/m2.
Soil weight above the footing = 0.4 X18 =7.2 KN/m2.
Qatiow =400 — 7.2 = 12.5 = 380.3 KN/m?

4.15.2 Deter mination of Footing Area :

1862 ]
A=——=449m"
dal.d

determinate g, = 2455/5.29 = 464.1 KN/m?
4.15.3 Deter mination the depth of footing based on shear strength:

Assume h=50cm ..... d = 500-75-20 = 405 mm

*Check for oneway shear strength

Vu= 464.1*(%3—0.5/2 —0.405)*2.3 =528.4KN
1 1
fve=f.(*|fc*b,*d)

f Vc= o.75*%*@*23oo*405 —570.4KN

f Vc=570.4KN >Vu=528.4KN
. Safe

99




CHA4 Structural Analysis & Design

4.15.4 Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

fV, =f%[1+bicj\/ff'bod
fV, =f —(b - jrbd
f v, =f —\/7bd

Where:

b Column Length (a) 50
©~ Column Width (b)) 50

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

b, = 2(d + al) + 2(d + a2) = 2(0.605 + 0.5) + 2(0.605 + 0.5) = 4.42m

As =40 for interior column

fV, =f %(ubi]\/ £ b,d = %*(u 2)*~/24*4.42*0.405 = 3288.6Kn

=t 2

fV, =f —\[ bd—0;5* 24*4.42*%0.405=2192.4Kn

*
j\l b,d= 075 ( 042305+2j* 24*4.42*0.405=3105.1Kn

f V. =2192.4Kn .... Control
Vu =464.1*{(2.3*2.3) - (0.5+ 0.405) * (0.5 + 0.405)} = 2075kN
f Vc=2192.4Kn>Vu, =2075Kn........ satisfied

4.15.5 Design of Bending M oment:

Mu = | g, XW x L—EJ x0.5 L a
2 2 2 2
= | 464.1x2.3% E—E x 0.5 E—E =432.3 KN.m
2 2 2 2

Mn =432.3/0.9 = 480.34 KN.m
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d=500-75-20=405mm
Mn  480.34x10°
Kn= =

_ = =1.27Mpa
b*d? 2300x605° P

me Fy 420
0.85fc 0.85x24

1 2mKn
r :E(l_ /1— y )

1 2x20.588 x1.27
r= r-.1-
20.588 420

=20.588

) = 0.003132

As,, = 0.003132 x 2300 x 405 = 2918 mm*/m

As_ =0.0018*2300*500 = 2070mm’ /m

As,;, = 2070mn? / m< As,, = 2918mnt* /m

#of bar in on meter :%=14.51
201.1

Select 15016 with As = 3015.92mm? >Aspgq = 2918mm?

Check of strain :
A* fy=0.85* fc'*b*a
3015.92*420=0.85*24*2300*a
a=27
c=2 - 21 _3176mm
b1 0.85
e — 405-31.76
s 31.76
e, =0.035> 0.005—— o0k

*0.003=0.035
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4.15.6 Development Length of main Reinforcement for M, :
Ldgyeq= 0.24fy db= 0.24*420
Jtc J24
Ld@yreq = 0.044 xfy xdb = 0.044 x420 x1.6 = 29.6cm
Ld(1yreq = 32.92cm > Ld2)req=29.6cm=>control
Available Ld = (500 — 75 — 2*18) = 389 mm.

*1.6=32.92cm .

Auvailable Ld = 38.9 cm > Ld1)req=32.92cm

ld_, =i_:n: 'F:"_x Vot ¥ # dh
10 Aff kirtcb
db
9 420 1=1=0.08
Id ® Th = 495.1 o

= —= — k]
IO10 1424 2.5
Ld available = 500'75= 425mm
Ld available— 425 mm > Edr‘q = 395.1?’1‘1!?’.!

Use the columnbarsas a dowels

4.15.7 Design the column — footing joint :

Total factored load = 2455 KN.

The allowable bearing on the base of the column is :
f (0.85 fcAL) = 0.65*0.85*24*500*500 = 3315Kn

The allowable bearing on the footing is :

f (0.85 fcAl), /% =0.65*0.85*24*500*500*2 = 6630Kn

Total factored load = 2455Kn <3315Kn
As, . =0.005* Ag = 0.005*500*500 = 1250mm’ / m

A dowels= “U TP 5 005Ag
fFy

Use 6 f 14 ,or use the same reinforcement as in the column if larger .

Figure (4-18) : Footing’s Details
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