Chapter 4

Structural Analysis& Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Design of topping.

4-4 Design of Rib.

4-5 Deter mination of Factored L oad
4-6 Design of Beam.

4-7 Design of Two Way Ribbed Slab .
4-8 Design of stair .

4-9 Design of basement wall.

4-10 Design of Isolated footing

4-11 Design of column.

4-12 Design of shear wall .
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4.1 Introduction:-

The project consists of severa structural elements that will be designed according to
the ACI code and by using the finite element method using much of computer software
such as “ATIR” and “STAD pro” to find the internal forces, deflections and moments for

the all structural element in order to design them.

. ([

0 X@[ ol TN

Figure (4-1): First Floor Slab.
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4.2 Deter mination of Slab Thickness:-

According to ACI-Code-318-05, the minimum thickness of non pre stressed beams

or one way slabs unless deflections are computed as follow:
for rib, the maximum span:

hin fOr one-end continuous= L/18.5
=582/185=31.46¢cm. ----- Control

for the Beams, the maximum span of:

hmin for one-end continuous = L/18.5
=529/18.5=28.59 cm.

hmin for both-end continuous = L/21
=499 /21 =23.76 cm.

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

Check the thicknessfor the Tow way slabs:
52.

J2.

12.
A-A

¥ =((40*8*4) + (32*12*16) / (40*8)+(32* 12))
=10.55cm
lrip  =0.52*(0.1055)"3/ 3 - 0.4*(0.0255"3) / 3+ 0.12 *0.2145)"3/ 3
=5.96*10"-4 m'4
| peam = 0.8 *(0.6"3) / 12
=0.0144 m™4

oal=IEbeam/IE dab
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| gap1 = 5.96/.52 *10"-4 * (12.2/2 +0.8)
=7.90846 * 10M-3 m™4
01=0.0144/7.90846*10"-3
=182
| gab2 = 5.96/.52 * 10"-4 * (11.95/2 +0.8)
=7.7652* 10"-3m'4
02=0.0144/ 7.7652* 10n-3
=185
| gab3 = 5.96/.52 * 10"-4 * (12.2/2 +0.8)
=0.0149 M4
a 3=0.0144/0.0149
= 0.966
| gapa = 5.96/.52 *10"-4 * (11.95 +0.8)
=0.0146 m4
04 =0.0144/0.0146
=0.985
o m = (1.82+1.85+0.966+0.985) / 4
=20>14>0.2
h=1Ln (0.8 + 412/1400) / 36 + 5B (a m-0.2)
h=Ln (0.8 +412/1400) / 36 + 5(12.2/11.95) (1.4-0.2)

=0.3169m<0.32m OK
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4.3 Topping Design:-

Topping in one way ribbed slap can be considered as a strip of 1 m width and

gpan of Hollow block length with both end fixed in theribs.
Dead load calculation : 0.03* 23* 1.0 (Tiles)

+ 0.02* 22* 1.0 (Mortar)

+ 0.12* 16* 1.0 (Sand)

+ 0.08* 25* 1.0 (Slab)

+ 1.00* 1.5* 1.0 (Partitions) =6.55KN/m.
LiveLoad =5 KN/m.
Total Factored Load =1.2DL +1.6LL

=12*655+1.6*5=1586 KN/m

Wu* |2

Mu =15.86* 0.4 /12

9
= 0.21KN.m

=0.21 KN.mfor 1 m streip width

®Mn = Mu - strength condition, where ®=0.55- for plan concrete

2
> Mn=0.42, fc'* % (ACI-22.5.1 —(Equation-22.2)

* 2
=042 /24 *@ =2.19KN.m.

f *Mn=0.55*2.19 =1.2KN.m.
f *Mn=1.2>Mu =0.21KN.m.

Reinforcement is not required by anaysis. Provide Shrinkage and Temperature

Reinfor cement
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Accordingto ACI-7.12.2.1, r =0.0018

As =r *b*h=0.0018*1000* 80 = 144mm?*/1m- strip.
Try ®8 with As =50.27 mnv’

Number of Bar = 1.44/0.502

=2.87

Take 398/ 1 m strip.

Use @8 @ 30cm c\cin both directions.
Accordingto ACI- 7.12.2.2, Limitation of spacing between bars:
spacing < 5t and spacing < 45¢cm
spacing =30cm < 5*8 = 40 and < 45cm
OK
4.5 Deter mination of factored Load :-
4.5.1 Dead load Caculation:-
Tiles - 0.03*0.52*23 = 0.359 KN/m.
Mortar —> 0.02*0.52*22 = 0.229 KN/m.

Coarse Sand->0.12*0.52* 16= 0.998K N/m.
Topping = 0.08*0.52* 25 = 1.04 KN/m.

Rib—>0.12*0.24* 25= 0.72KN/m.
Hollow Block - 0.4*0.24*9 = 0.864 KN/m.
Plaster - 0.02*0.52*22 = 0.229 KN/m.

Interior Partition=> 1.5*0.52 = 0.78 KN/m.
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Nomina Total Dead Load =
5.24 kN/m of rib

Nomina Total liveload =5* 0.52 = 2.6 kN/m of rib

4.5.2 Determination of factored dead & liveload
Factored dead load = 1.2*Dead load = 1.2¥5.24 = 6.29 KN/m.

Factored Live load = 1.6*liveload = 1.6*2.6 = 4.16 KN/m.

4.5 Design of Rib :-
The Effective Flange width (be) According to ACI- 8.10.2
be for T- section isthe smallest of the following:

be=L/4=5.82/4
=2.925m
be = bw + 16t = 0.12+16*0.08
=14m
be = Center to Center = 0.4 +0.12
=052 ----- Control
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Geometry Units:meter,cm

1 2 3
1 2
‘ 0.5 ‘ 3.45 ‘ 0.8 ‘ 5.17 ‘ 0.5 ‘
[ [ a1 [ [ 582 [ |
—Y 1 1
32.
12.
A-A
Figure (4-2): Rib geometry, Rib Section
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.24 5.24
4.1 5.82
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60
4.1 5.82

Figure (4-4) : loading of Rib 1
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Using the structural analysis and design programs, we obtain the Envel ope Moment

diagram for the Rib:

Moments: spans 1to 2

-35.
| 2.441.35 |
I I 1
| I I | I |
! | 1.1611.04 ‘
I I 1
11.3
29.9
1.43 ‘ 2.66 3.49 ‘ 2.33
[ [ [ [ |
Figure (4-5) : Moment Envelop of rib 1.
Shear
30 25
-22.9 195 :
I I I
9.9
15.4
29.3
36.4

Figure (4-6) : Shear Envelop of rib 1.
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4.5.1 Design of flexure:-
d= 320-20-10-(12/2) = 284 mm.

4.5.1.1 Design of Positive moment of rib

Maximum positive moment is Mu = 29.9 kN.m

Mn ftota) = 0.85* fc'* b * ht * (d- ht/2)
= 0.85* 25* 520* 80* (284-80/2)* 10"-6
=215.7 Kn.m

Mn = Mu /P

=29.9/0.9 = 33.223 Kn.m
Mn f(tota) = 215.7 Kn.m >>> Mn = 33.223 Kn.m

Design asrectangular section with b = 520 mm

Mn=29.9/0.9 =33.223 kN.m

m=_ - 40 _ 574
0.85* fc  0.85* 25
223*10°°
Mn _ 332237107 _ 2000 Mpa

Kn= > = >
b*d 0.52* (0.284)

pzi(l- 1. 2mKn
m fy

)

p:

1 - \/1_ 2(19.7647)(0.7921)): 0.0017245

19.7647 420

As = 0.0017245 (520) (284) = 254.67 mm’

fc¢
AS =Y

= o) 0)° %(bw)(d) .................... (ACI - 105.1)
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ASun = 41001 (120)284)°

)

As,. =10143<1136

J25 1.4
4(420

As,. =113.6mm’

254.47 mm’> As, . =113.6mm’

5 (120)(284))

* Note Agp1s = 153.94 mm?

Select 2 ® 14mm . with area or steal = 307.876 > 254.47

Chick for yielding
Tension = compression
As* fy=0.85**b* a

307.876* 420 = 0.85* 520* 25* a

a=11.7mm

o  284-1376
*7 1376
e, =0.0589 > 0.005

C0.003

4.5.1.1 Design of Positive moment of rib

positive moment = 11.3 kN.m
Mn=11.3 /0.9=1256 KN.m

oo fy 40
0.85* fc  0.85* 25

Mn _ 1256*10°

Kn= 2~ 2
b*d?  0.52* (0.284)

=19.7647

=0.29947Mpa
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1 2mKn

==(1- [1-

p m( fy )

o= 1 - \/1' 2(0.29947)(19.7647))ZO_00071812
19.7647 420

As = 0.00071812 (520) (284) = 106.052 mm’

fc¢ 14
As .. =——\bw)ld)3 —(bw)\d)......censrinn ACl - 10.5.1
=3y 00> B AC1 - 105
_ 25 , 14
ASnn = 2laz0) 20N84)° 755 (120)289)
As, =10143<1136
As,;, =113.6mm’ - - - - Control

As,;, =113.6mm’ > 106.052 mm’

* Note A¢10 = 78.54 mm?2

Chick for yielding
Tension = compression

As*fy=085* b*a
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157.08* 420 = 0.85* 520* 25* a
a=5.97mm

o o 284-7.024
*T 7024
e, =0.11830> 0.005

C0.003

ok

4.5.1.2 Design of Negative moment of rib :

Maximum negative moment Mu = 23.9 kN.m
Mn = 23.9/ 0.9 =26.56 kN.m

fy 420

m = - = = 19.7647
0.85* fc 0.85* 25

Mn _ 2656*10°

Kn= > = >
b*d 0.12* (0.284)

= 2.744Mpa

2mKn
fy

1
p=—@- J1- )
m

1 - \/1_ 2(2.744)(19.7647)): 0.00702

P~ 197647 420

As = 0.00702 (120) (284) = 239.255 mn’

As.. :TE()D (bw)(d)? %(bw)(d) .................... (ACI - 10.5.1)

B = g1 120(204)2 2 1000

As,, =10143<1136
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As . =113.6mm’ - - - - Control

Check for yielding

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

307.876* 420 = 0.85*120* 25* a
a =50.709mm

o = 284 - 59.66
° 59.66
e, =0.011>0.005

C0.003

OK

4.5.2 Design of shear of rib:

® Ve = CD*—VEfSCbW*d

0.75* ? 0.12 * 0.284* 1000

=21.3KN
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1.1*d Vc=1.1*21.3=23.43KN.

check if the cross section islarge enough

J25

®Ve +0.75*2 3 0.12* 0.284* 1000

137.03>29.3
Ok now Check for items:-
YV Vus®dVel2
29.3 < 11.715 ( X )
2 ®Vcl2sVu<sd Ve

11.715 <293 < 2343 ( X )

3/ ®VcsVugsdVe+ dVsmin

2343<29.3< 31.95 (V)

® Vsmin > 0.75 (%) *bw*d =0 .75*(%)*0.12*0.284*1000: 8.52KN. (control)

Nen \/E * 0.12* 0.284* 1000 = 7.9875kn.

> 075 (Y24 «pwrd =075+
16

® vsmin=8.52 KN.
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So item(3) satisfy
(Av/S)min = bw/3 fyt
=1*.12/3*420

= 9.52384*10"-5 --- Control
(AV/S)min = 1/16 * @(bw)
(1)

= 8.9286* 10"-5
Try 2 leg ®8
50*10"-6/ S=9.52384 *10"-5
S=0.525
S<d/2=284/2
=142
S<600mm

Use P8 @ 10cmCto C
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4.6 Design of Beam :-

1 2 3 4
1 2 3
A . A , A
1 L1
A A A
03 4.67 0.6 4.39 0.6 4.8 0.3
a 5.12 - 4.99 ‘ | ‘ 5.25 o
I I
32,
80.
A-A
Figure (4-7) : Beam Geometry
load group no. 1
Deadd load - Service Uit e e M rrsber
—T
e,
=== . 3.0 0
.---""-_Fﬂrrﬂ_'_
138
&Y fd &Y
T
Live load - Serdce Losd] Tectors: 1.20,1, 2901.60,0.00
. ,’T/rm . 170 e
IEBS 3 L
2 L] L

Figure (4-8) : Load of beam
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Moments: spans 1to 3

-227.7
-200.9 -197.6
-158.9
-138. -135.
| '61\1' | | \1'36 |
| | | | 2'02\ |
1 11 1 |
0.86/0.84 'd.92
7.3 T —o— 2
1.08 :
88.3 96.5
177.9
‘ 2.34 2.86 ‘ 255 255 ‘ 3.12 2.08
| } | } | } |
Figure (4-9) : Moment Envelop for Beam
Shear
-237.5 206
-194.4 -£Jo.
. -169.2
162.9 -137.7
[ 1 1 1 1 1 }
\ I I I I I Ll
1654 0 159.8
202.9 200.1
243.2

Figure (4-10) : Shear Envelop for Beam
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4.6.1 Design of flexure:-

4.6.1.1 Design of Positive moment:-
Assume ®25 will be used for reinforcing
d=320-40-10-(25/2)

= 257.5mm

Maximum moment
Mu = 177.9 KN .m (Positive moment)

Deter mination of width 'b’

assume p=0.4 pb
where pb = 0.85 f'c/fy 1 (600/600+fy)
pb = 0.85* 25/420 *0.85 (600/600+400)
=0.02709
p=0.4*0.02709
=0.01084
Kn=p.fy (1-pm/2)
=0.01084 * 400 ( 1- 0.01084* 19.7647 /2)

= 3.89 MPa
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Mn=Kn.b.d"2

b = Mu/(0.9*Kn*d"2)

=177.9*10"6 / 0.9*3.89 *257.5"2)
= 766.4 mm

b, =80cmh=32cm

d= = *257.5=110.36 mm.

@)
Il
~Nw
~Nw

a=B*c=0.85* 110.36 = 93.8 mm..
Mn max = 0.85* fc* a* b* (d- &2)
=0.85* 25* 0.0938 * 0.8 * (0.2575 — 0.0938/2) = 335.82 kn.m
® Mn=0.9*335.82 =302.24 kn..m
® Mn =2 177.9kn.m

The section is Rectangular

Mn = Mu/®
=177.9/0.9

=197.67 Kn.m

Mn 197.67*10°°

Kn= > = 5
b*d 0.80* (0.2575)

=3.72Mpa

m=_ Y =40 g0
085* fc  0.85* 25
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i 2mKn
fy

p= T - j1- 20,
m

) = 0.010319

) 1 - \/1_ 2(3.72)(19.7647)

" 19.7647 420

As = 0.010319(800) (257.5) = 2125.703 mm’

ps, =3¢ (bw)(d)3 E(bw)(ol) .................... (ACI - 10.5.1)

As,, =613.09 £ 686.67

As,.. =686.67mn’

2125.703mn’ > As, . = 686.67mnr’

# of bars= As/ As 5 = 2125.703/490.874= 4.33 bars

. Check for yielding
Tension = compression

As*fy=0.85* b* a
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2454.37* 420 = 0.85* 800* 25* a
a =60.64mm

o = 257.5- 71.34
® 71.34
e, =0.00782>0.005

C0.003

ok

Design for another span

Mu=88.3KN.m
Mn = Mu/®

=88.3/0.9

=98.12 Kn.m

Mn 98.12*10°®
Kn= > = > = 1.85Mpa
b*d“ 0.80* (0.2575)
fy 420 _ 197647

m = - = =
0.85* fc  0.85*25

pzi(l- 1. 2mKn
m fy

)

) = 0.00409

p= = (1- \/1_ 2(1.85)(19.7647)

19.7647 420

As = 0.00402(800) (257.5) = 828.09 mm’?

As.. :ﬁ(bw)(dﬁ %(bw)(d) .................... (ACI - 105.1)

As,,, =613.09 £ 686.67
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As,.. =686.67mnT’

828.09mm’> As_. . =686.67mn7

# of bars= Ag/ As 5 = 828.09/254.47= 3.25 bars

. Check for yielding
Tension = compression
As*fy=0.85* b* a

1017.88* 420 = 0.85* 800* 25* a
a=25.15mm

o = 257.5- 29.59
® 29.59
e, =0.023>0.005

C0.003

ok

4.6.1.2 Design of negative moment
Mu = 200.9 KN .m

® Mn >Mu

302.24 > 2009 ....... Design assingly

Mn = Mu/®

=200.9/0.9
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=223.23 Kn.m

Mn 22323*10°°
Kn= 5= > = 4.2Mpa
b*d?  0.80* (0.2575)

ooty 4
0.85* fc  0.85* 25

_1 . 2mKn
p—m(l 1/1 fy)

1 - \/1_ 2(4.2)(19.7647)
19.7647 420

=19.7647

) = 0.010356

Y

As = 0.00864308(800) (257.5) = 1780.47 mm?

ps,. :ﬁ(bw)(dﬁ %(bw)(d) .................... (ACI - 105.1)

As,, =613.09 £ 686.67
As.. =686.67mnY

1780.47 mm’ > As, . =686.67mnY

Try ®25

. Check for yielding
Tension = compression

As*fy=0.85* b* a
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1963.5* 420 = 0.85* 800* 25* a
a=48.51mm

o = 257.5- 57.07
° 57.07
e, =0.010534 > 0.005

C0.003

ok

4.6.2 Design of shear

Vu =200.1 KN

4/ fc'
dVec=p* X —pw*d

J25

= 075* T2 0.8 0.2575*1000
= 128.75 KN

f 1
® Ve +(23) o * —V6C bw*d = 12875+ 171.67 = 300.4 KN .

300.4 > vu=200.1 KN. - thedimensionisbig enough .

Check for items:-
1/ VusdVvce/l2 (X )
2l ®Vcl2<sVusdVe ( X )

3/ dVcsVusdVe+dVsmin ( X )
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® Vsmin > 0.75 (%) *pw*d =0 .75*(%)*0.8*0.2575*1000: 51.5KN. (control)

> 0.75( *bw*d =0.75* *1* 0.264 * 1000 = 48.28 kn.

V24 V24
16 16

® vsmin = 51.5 KN.

4/ fc"
4 dVec+dVsminsvVusg d Ve + CDT * bw* d

180.25 < 200.1< 386.25 (V)
Soitem (4) satisfy
Av/s= Vdfy*d
Try 2610
4*50*10M-6/ s = 95134 /2575420 > s=0.227m
S < d/2=128.75 mm
< 600 mm.
Select S=12.5cm

Usedleg ® 8 @ 12.5cm clc.
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4.7 Design of Two way Ribbed dlab :-

4.7.1 Check Thicknessof thedlab :-

2!
10 N N S S S S B |

?]DDDDDDDDDDDDDDD[

@ (O

I | |
L0000
L1000 O]

R N OO | O [ |
OO 0000000000

I O |
0 o o o 2

_ Boors2 @W“ (e@uess @

[]
L]
1
78 )

]
i
]
%
of
]
]
:

Figure (4-11): Tow way ribbed dab

** Check the slab thickness :-

0 = | beam
1= Tslab1

lp = 1i2 «0.8%(0.32)* =22%10"*

_Bgax10™t  rBaT

lg="———=*(+08) =5777+10""

a1 =0.38
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_ { beam
T i slab2

a2

lb=—%08% 052 3=94%10""*
12

5oe+10"% 547
lo == —x*x — 4+ 0.8 =46.2% 107"
0.52 2z

G4
O, =——=2.03

6.2

! beam
Oz =

Ty slab3

lb=—%08% 0.323=22%10""*
12

- 101
le==2""0« 847408 =106.25+%107"
U3= ——=0.21
10625
__ heam
O == oana

lb=—%08% 0.323=22x10""*
12

5.96+107% .
ly =>—— % 647405 =833x10"*
0.52
_Em 0.26
G4=g33 ™ "
cl+oc2+oc3+ocd  0.38+2.03+0.21+0.26
Oty = = =0.72
4 4
847 (0.8+ o0
h= 57 =0.23m
36+5 o7 *(0.72-0.2)

32cm > 23 cm

So select h=32cm
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4.7.2 Load Calculation :-

4.7.2.1 Deter mination of Dead load: -

No. Partsof lab ~ Calculation

1 Tiles 0.03*0.52%*23 = 0.187 KN/Rib .
2 Mortar 0.02*0.52%22 = 0.119 KN/Rib
3 Plaster 0.02¥0.52%*22 = 0.119 KN/Rib .
4 Sand 0.07*0.52* 16= 0.303 KN/Rib
5 Topping 0.08*0.52%* 25 = 0.541 KN/Rib
6 Block 0.4%*0.24*9 = 0.346 KN/Rib.
7 Rib (0.52+0.4)* 0.24* 25¥0.12= 0.662 K N/Rib
8 Partition 1.5¥0.52% = 0.406 K N/Rib

2.674KN/Rib

Table (4-4): Calculation of two way dead load

Nominal Total Dead Load = 2.674 KN/Rib
2.674/(0.52%) = 9.89 KN/m?

Nominal Total live load = 5 KN/m?
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4.7.2.2 Determination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.29.89 = 11.87 KN/m?.

Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m?.
& )
L il
%)
; :
e, 310 T R 310
: :
&
: :
& <]
le
@m-n @lﬂ'ﬂ Q%El@ln-u @

47.3.1:findVuonrib ;-

Vud =(3.24- 0.278)" (11.87 +8)" 0.52=30.60KN /rib
Vu=(3.24- 1) (11.87+8)" 0.52=23.14KN /rib

0.75

= V257 0.12° 0.320° 1000 = 23.52KN

fvc=

1.1f Vc = 25.87 KN
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stmin:f—bw' ds f— fc'” bw” d
3 16

stmin:%’ 0.12" .278" 1000 =8.34
0.75.

3

J247 0.12° 0.278° 1000=7.66

item: 3
fVc<VuEfVc+fVsmin
25.87 <30.60£ 25.87 +8.34
25.87 <30.60£ 34.21

SE£600£ d/2---278/2=139mm
Av, 1" bw

s 3 iyt

Av, 1012, 24
s 37420 16 420

AV, 0.0000952 3 0.0000875
S

Av

— =0.0000952
S

2" 50%10°
s=——
S

0.12

= 0.0000952

Thenuse 2 F 8 @ 12.5 cm c/c for 1m from the face of the support & F 8 @20 cm for
middle space .

4.7.3.2 : Design for positive moment :

LJ/L, =6.47/8.47 = 0.764

by interpolation Caa = 0.04932

Matve=[Cadl.W.L&]

Matve=[0.04932%x11.87%6.47 2+O.05593><8><6.472] x0.52=22.48 KN.m

Mb+ve=[0.02056x11.87%8.47 *+0.02084x8%8.47%]x0.52=15.32 KN.m
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Maximum moment is Matve=22.48 KN.m
**Check 2 F 14 for positive moment:
d=320-20-8-14=278 mm

Tension = Compression

A~ fy=085 f."b" a

308" 420=0.85" 24" 520" a
a=12.19mm

c= 1219 _ 14.34

0.85

_278-14.34,

e 0.003 = 0.055 > 0.005...0k
14.34

F Mn=As* fy* (d-a/2)

=0.9%*2* 154 * 10°*420 *( 0.278 — 0.0122/2) *1000=31.65 KN.m
F Mn=31.66>Mu= 2248
Ok ...

4.7.3.2: Design for negative moment :
by interpolation Caa = 0.04596
Mb-ve=[0.04596x(11.87+8)x8.47 %]x0.52= 34.7 KN.m
**Check 2 F 16 for negative moment:
Tension = Compression

A~ fy=085 f."b a
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402" 420=0.85" 24" 520" a
a=15.92mm

c= no2_ 18.72
0.85

o . 278-1592,
*7 1592

F Mn=As* fy* (d-a/2)

= 0.9*2* 201 * 10°*420 *( 0.278 -

F Mn=41.03>Mu=34.7
Ok ...

0.003 = 0.049 > 0.005...0k

0.01592/2) *1000=41.03 KN.m

& &
= (65) 8ovz2 (s4)80v32
G ®
3 4= 3
% |3
3
12818 1=270 12918 L=270 |
L B2#14 |L=750 |
& 2 ©
: - :
J ‘*-‘
G Owsn g Qws O

o

Figure (4-12): Reinforcement of two way
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4.8 Design of Stair:-

L.00

Lg0

SECTION I[N STAIR

Slope of the stair = tan™ 1.8/2.7 = 29.05°
L=2.70+1.00/2=3.2
Thickness of landing=3.2/20 =0.16 m .....

use 20 cm

4.8.1 Load Calculation & Design of stair :-

The structural system & dead load calculation :-

Plastering =( 0.02* 22* 1)/(cos 29.05) = 0.503

Concrete dlab = (0.20* 25* 1)/(cos 29.05) = 5.72

Mortor = (0.3+0.15)*0.02* 22/(0.3) = 0.66

Stair = 0.15*0.3*0.5* 1*25/(0.3) = 1.875

Tiles = (0.30+0.15)* 0.03*27/(0.3) = 1.215

Total load = 9.97 KN/m

Dead load = 9.97 & 4.985 KN/m , Liveload = 5& 2.5 KN/m

By using atir program :-
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load group no. 1

Dead load - Service Unit sahke M, rmvistes
9.47
e
| 0.5 I 57
Live load - Service Load factors: 4.20,1.20/1.68,0.00
[Tkl P |
1 0.5 i 57
Figure (4-13): Load diagram
** Shear & Moment Envelope :-
Moments: spans 1to 2
f t } t i
3.1 3.6
9.5
| 0.5 | 0.84 16.2 1.26 |
Shear
-25.5
-22.5
1 1 1
T T T
The
16.5
214 199
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value of V, at the face of support = 19.9 KN .
d=200-20-7 =173 mm .
(Ve = (0.75/6) *v/24 * 1*0.173*10% = 106KN > 19.9 KN .

No shear reinforcement is required

**Design for flexure :-
My =16.2 KN.m , k.= (16.2/0.9)*10° / (1¥0.173%) = 0.6014 MPa

m= 420/(0.85 *24) = 20.58 .

1 2x0.6014«20.58
S Ty PR L
20.58 420

) =0.001454
A.S=0.001454 * 1000* 173 = 251.5 mm?
Use 1 10 @ 20cmc/c

** For secondary:-

A.Sqin = 0.0018* 1000* 200 = 360 mm? /m

Use 1 10 @ 20cm c/c

4.8.2 Design of landing:-

4.8.2.1Calculation of dead load :-

Tiles=0.03*22 = 0.66
Mortor = 0.02*22 = 0.44
Sand =0.07*16 = 1.92
Concrete=0.20*25=5
Plastering = 0.02*22 = 0.44

Total dead load = 7.66 KN/m & Liveload=5 KN/m
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** By using atir program :-

Shear

-47

-6.2

4.7
6.2

Figure (4-14): Shear envelope diagram

Thevadueof Vyg=4.70 KN < []V.=106 KN

S0 .... No shear RF. isrequired

**R.F. of landing from atir :-

4[114 per 1m for bottom bars & 47112per 1m for top bars .
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Figure (4-15): Reinforcement of stair
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4.9 Design of Basement Wall:-
4.9.1 Load Calculation:-

f =30

Soil density = 18 Kg/cm3

ko= 1-sinf

ko=1-sn30=0.5

1= 0.5*5=25KN

0= 18*3.5*0.5 =315 KN/m
QU1(factored) =1.6* 2.5= 4 KN/m
QUz(factored) = 1.6* 31.5= 50.4kN/m

Figure (4-16) : Load on Basement Wall
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3.5

&5

Shear

2.7 402

Figure (4-17): Loads & Shear/Moment envelope for basement wall

4.9.2 Design of Wall:-

Assume h =250 mm
d =250 - 20 - 14/2 = 223 mm
Vug=53.7 KN

gVe = %,Jr'f—c*d*b

0.75
Ve = wE 25%0.223 x1 = 136.56 kN

@Vec = Vu ... No Shear Reinforcement is Required.
**For Horizontal Reinforcement, Use ASqin
ASyin=0.002* b* h

Asyin= 0.002 * 1000 * 250 = 500mm?%/m = 50 cm*m

73



Use Two layer of f 8 at 200 mm c/c

4.9.2.1 Design for Bending Moment: -

M Umax = 54.6 KN/m

Mn:54;'6:60.67KN.m
0.9
Kn= N _ 0006067 _ ) 1175mpa
bd? 1*0.223
m=— Y = %0 _n4
0.85* fc  0.85* 24
& m 0
r=1G. o2 M Knj
& L
% 72067 o
o1 E \/1_ 27 206" 111750 _ ) 3y
20.6§ 420 p

ASeq =T *b*d =0.002738* 223* 1000 = 610.55 mm?
ASgyiniage = 0.0012% b* h = 0.0012* 250* 1000 = 300mm?’
ASreq = 610.55> ASq e = 300mm?’

Usef 12
Use f 12 at 20 cm for virtica

4.9.3 Design of Basement Footing:-

Sail density = 18 Kg/cma3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (30 cm) thick.

Footingweight = 1.2" (25 0.3) = 9 KN/m2.

Soil weight above the footing=0.5" (3.5) ~ 18 = 31.5 KN/m2.
liveload =5 KN/m?

Oaitow =400-5-9-31.5=354.5 K N/m?
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Assumeb=1m, h=30cm
d=300-75-14 =211 mm, qu; = 72.6/1 *1.25= 58.52 KN/m?

A
¥
0.25
0.5 0.5
= F
d
au

Figure (4-18): Footing geometry

4.9.3.1 Check of One Way Shear:-

Vu =1*(0.5-0.211)* 58.52 = 16.9 KN
_? e

OVe= —/fcxdxb

0.75
oVe = T«/ﬁ 0.211%1=129.2 KN

@Ve = Vu.....No shear R. F is required

4.9.3.2 Design of Bending Moment:-

Mu = 58.52*0.50%/2 = 7.315 KN/m
Mn _ 1315 8.13KN.m
0.9

kn=Mn_ 813 4 1826Mpa
bd?  1*0.211
fy 420

m= - = =
0.85* fc  0.85*24

20.6

1¢ee (0]
==¢- 1-——7
mg L
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e O
\/ 2 206" 0.23 — 0.00053

__1g
206§ ;
ASqeq =1 *b*d =0.00053* 211* 1000 = 92.15 mn?
ASqyiriage = 0.0018* b* h = 0.0018* 300* 1000 = 540mm?
ASneq = 92.15< Ay piege = 540MITY

USEAsmin
Usef 14

No. =540/154=351 ,Use4 bars

Using hook 3 16* f

Required length of hook3 16*f 3 16*1.4 = 22.4 cm
Use Hook. = 25 cm > Hookreq = 22.4cm

Usef 14 a 25 cmclc

In the other Direction:-

Asnin=0.0018* b* h

Agmin = 0.0018 * 1000* 30 = 540 mm?

Usef 14
No.=540/154=351 ,Use4bars

Use4f 14@ 25cmc/c

lld _ 9 'rF ﬂ.ﬂ'.,ﬂp e * db

ren _m a “ktrdch
|”I

9 420 1*1%0.8
d,.., =—=x * * 14 = 345.7 mm

100 1« V24 2.5
Ld availanie =300-75= 225mm
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Figure (4-19): Reinforcement of basement wall
4.10 Design of | solated Footing:

4.10.1 Deter mination of Loads:
Total factored load = 1458 KN.
Column 22 with Dimensions = 60* 30 cm.
Soil density = 18 Kg/cms3.
Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (40 cm) thick.
Footing weight = 1.2" (25 0.4) = 12 KN/m2.
Soil weight above the footing=1.6" (0.6) ~ 18 = 17.28 KN/m2.
liveload =5 KN/m?
Oalow =400-5-17.28-12=365.7 KN/m?

4.10.2 Deter mination of Footing Area

L1458
“3657 oM

Try 2* 2mwith area= 4.00 M2 > Argq = 3.98 m2

determinate g, = 1458/4 = 364.5 KN/m?
4.10.3 Deter mination the depth of footing based on shear strength:
Assumeh=40cm ..... d = 400-75-20 = 305 mm

**Check for one way shear strength
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Vu =364.5* (ﬂ - 0.305)* 2 =360.86KN

f.\/c=f.(g*\/f_c'*bw*d)

f Vc=0.75* %* 24* 2000* 305 = 373.55KN

f Vc =373.55KN >Vu =360.86KN
\  Safe

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

fV, =f —gi F%d
fv, =t 183 1500t G g

128%b,/d 5

fV. =f .é\/f%od

Where:-

_ Column Length (a) 60 _
€ ColumnWidth (o) 30

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

b, = 2(d +al) + 2(d +a2) = 2(600+305) + 2(300+ 305) = 3020mm

s =40 for interior column
fV, =f —§I+——\/f¢bd 075, é‘i+2°* 24* 3020* 305 = 1128.1KN
2g
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* % ..
fV, =f. ia" d,5 \/ Yod= 075 851032305+29* 24 * 3020* 305 = 1703.4KN
e 4]

O

fV, =f —\l %d O;S* 24* 3020* 305 =1128.1KN

f V. =1128.1KN .... Control
Vu =360.68*{(2* 2) - (0.6+0.305)* (0.3+0.305)} =1245.24KN
f Vc=1128.1KN <Vu, =1245.24KN........ notsatisfied

Tryh=45cm ..... d = 450-75-20 = 355 mm

b, - Perimeter of critical section taken at (d/2) from the loaded area
b, =2(d +al) + 2(d +a2) = 2(600+ 355) + 2(300+ 355) = 3220mm
s =40 for interior column

f Ve f—gf[ ow/ o.d = 075 é’i+2° J24* 3220* 305 =1400.00KN

* * ..
fV, =f. ia@ d, 9 w/ Yod= 075 364033355+29* J24* 3220* 355 = 2345.7KN
e . 4]

0

f V. =f —\/ %d 0;5* 24 * 3220* 355 =1400.00KN

f V. =1400.00KN .... Control
Vu =360.68*{(2* 2) - (0.6+0.305)* (0.3+0.305)} =1245.24KN
f Vc =1400.00KN >Vu. =1245.24KN........ satisfied

4.10.5 Design of Bending M oment:

Mu = 3764.5**0.85” / 2 =131.67kN.m

Kn = Mr21 _ 013167/ 02'9 = 0.58044Mpa
bd?  2° 0.355
fy 420

© 0.85* fc  0.85*24

=20.6
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e “m’ 0
r l(}1- 1- 2 m Kn Knj
mg fy 2
Fos) ’ g (o}
r :i 1- \/1- 2 206 0'863j: 0.001402254
20.6 20 5

ASaeq =T *b* d = 0.001402254* 2000* 355 = 995.6 mm’
ASgyiriage = 0.0018% b* h = 0.0018* 2000* 450 = 1620mm?

useAs = 1620mm?
SHect f 14

@ =10.52 ® usellbars.
154

AS, g =1694mm® > 1620mm?......ok

and in the other diriction use 13f 14
**Check for strain :-

A * fy =0.85* fc'*b* a
1540* 420 = 0.85* 24* 2000* a

a =15.86mm
=2 18 _ 15 66mm
b, 085
e, =227 1850, 503 = 0,054
18.66

e, = 0.054 > 0.005%:® ok
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4.10.6 Development L ength of main Reinforcement for My, :
Ldyer 0.24fy db= 0.24* 420

Jic J24
Ld@yreq =0.044 " fy " db=0.044 * 420 ~ 1.4 = 25.87cm
Ld@yreq = 29.56cm < Ld(1)req=32.9cm=> control
Available Ld =(450- 75- 2*14) = 347 mm.

1.6=32.9cm.

Using hook 3 16* f
Required length of hook 3 16*f 3 16*1.6 = 25.6 cm use 30 cm
Total Length = 59.56.... use 60cm > Lde= 32.9 cm ... ok

— 9 F.'ﬁ’ l1£‘|r='i1|l'l‘l.~1"1f‘l'||'_
ey =16+ T 7 * Rer+.cb * %P

9 420 1+x1+0.8
10 1+v24 25

Ld available = 347mm

Ld aviitanie= 347 mm > Id,.., = 345.67mm

‘!drr_’q =

* 14 = 345.67 mm

4.10.7 Check transfer of load at base of column:

f.Pn=f.(0.85fctAg)
f.Pn=0.65*[0.85* 24* (600* 300)] /1000 = 2246.4KN
But Pu=1458 <f .Pn = 2246.4KN

. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
As_. =0.005* Ag = 0.005* 600* 300 = 900cm’
Use the column barsasadowels

Select 8F12

ASprovided = 904 mMm? > ASge, = 900 mm?
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4.11 Design of Columns:-

Figure (4-20): Location of columns 08

4.11.1 Load Calculation :-

**For (C08) :-

p, =1495KN
e =295 2300KN
%" 0,65

Usar =rg=1.2%

Pn=0.8* Ag{0.85* fc'+r g(fy- 0.85fc')}
2.300 = 0.8* Ag[0.85* 24+0.012* (420- 0.85* 24)]
Ag = 0.12m?

Use0.3" 0.6cmwith Ag=0.18m2> Agreq= 0.12n?
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4.11.2 Check Slenderness Effect:
**|n 0.6 m-Dirction

KU _gp oML ACI - (10.12.2)
r M2

1" 2.90
03" 0.6

\ short Coloumn in 0.6.Direction

=16.11< 22

**|n 0.3 m-Dirction

Lu=290 m
M1/M2=1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

KU gy ML ACI - (10.12.2)
r M 2

1" 2.90
0.3 0.3

\ long Coloumn in 0.3.Direction

=32.23> 22

E.|
El =04—9 . [ACI 318- 2002 (Eg. 10- 15)]
1+b,

E, = 4750,/ fc' = 4750* \/24 = 23270.15Mpa
_12DL _12(852) _ sq

by

Pu 1495

* 3 * 3
=2 0603 _ 4 ho135m¢

12

* * 6 x
El = 0.4* 23270.15*10° * 0.00135 — 7 46MN .
1+0.68
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................ ACI 318- 2002(Eq. 10- 13)

“ 7 (KLu)?
2 %
) - 31477748 7'45’ =8.75MN.
(1.0* 2.90)
Cm=06+ 0.49%9 ............ ACI 318- 2002(Eq.10- 16)
eM2g
Cm=1.... According to ACI 318 - 2002(10.10.6.4)
Cm

d_ = 310 oo ACI 318 - 2002(Eq. 10- 12)

1- (Pu/0.75P,

1

=1.30>1 ok.

d =
™ 1- (1495/0.75* 8.75* 10%)

Ry =15 +003%&=15+003%300 =24rmm =0.024 m

e=ey X&, =0024*128=0.03

e 0203
—=—z=01
k 0.3

From Interaction Diagram
fP, _ 1495 , 145

= * =1204.3 Ps
A, 0.3*0.6 1000

r, =001

As= p * Ag = 0.01*600*300 = 18 cm’
1800

Use ® 14 == #of bar = = = 117

Use 12 ® 14 with As = 1848mm? >Asygg = 1800mm?
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4.11.3 Design of the Tie Reinforcement :

S £16 db (longitudonal bar diameter)....................... ACI -7.10.5.2
S £ 48dt (tie bar diameter).
S £ Least dimension.

10 - 10
| 10 :
12014 104 10820em 22 22 aﬂffgg’;’m
iz B L=168cm =
12

Spacing £16” d, (Longitudinal bar.diameter) =16 1.4 = 22.4cm
Spacing £ 48" d, (tiebar.diameter) =48 1.0 =48cm

Spacing £ Least.dimension =30cm
\ Use If 10@20cm
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4.12 Design of shear wall :-
4.12.1 Design of shear wall by ETABS program:-

Design philosophy in ETABS based mainly on transform loads from slabs to
wallsdirectly .

shear wall has been loaded by two kinds of forces :
1) Axial loads (Dead + Live)

2) Latera "seismic loads, wind pressure’

Shear wall

Sample
Design

Figure (4-21): Shear wall plan from ETABS
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4.12.2 Design of shear wall by manual method: -

13.21
54.55
104.06
391.70
337.4
1491.5
343.89
23315
347.57

Figure (4-22): Shear force & moment on the wall from ETABS
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Z=03
R=55

| =1.0
Ca=0.24
Ct =0.0488
Cv=0.24

Where:

Z = seismic zone factor asgiven in Table 16-I.

R = numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set forth in Table 16-N or

16-p.

| = 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 baseto Level i, n or X, respectively.

4.12.2.1 Design of Wall:
By Using Software (ETABS 9.5), We Get the shear wall Analysis Results :-
Fc =24 MPa
fy =420 MPa.

h=25 cm. Shear wall thickness.

Lw=5.20 m. shear wall width

H,=15.8m. Building height
Lw/2=5.20/2=26m.............. (control)
hw/2 =15.8/2=79m

d=08* Lw=0.8*520=1.04m

_ 4/ fce

VCl 6 ’ b, d
Vm:@' 0.25" 1.04 =212.29kN ... ...... Control
6
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fxbxd N, xd

Vis = +
e 4 4%,
V24 % 0.25 * 1.04
Vs = I +0.0 =318.43kN
o = 2xN
Voo = .rr_ IW ‘FL+IW*E bxd
c3 2 + ﬂr_i__il-;}’_ * 10
W, 2

Mu = 1491.5 + 343.89(2.70 — 2.60) = 1525.89 kN.m

V24 522440 0.25 % 1.04

Vo= ——+1s3589 520 * 10  — T19:06kN

34389 2

Vs=—=—V
5 2 C

~343.89
Vs =78
Av.h Vs 0.24623
s, Fy.d 420 *1.04
Av. h
5o

— 212.29 = 246.23 kN

= 0.00005637

= 0.0025 = b = 0.0025 * 0.25 = 0.00063

min

S<(ly/ 5) =5200/5 = 1040mm
S$<3*p=3*250=750mm ......... Control

Av. h
= 0.00063

2 i

Try 910

2%x79%10°°
5

= 0.00063

S=0.251m
Use 10 @ 25 cm c/c For Horizontal R.F.
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**For Vertical Shear Reinforcement :-

hw ‘qrh
A, = 0.0025+0.5 2.5 —— x —0.0025 *sxh
S5 % h

A 0.0025 + 0.5 2.5 — 28 2*79 ) 0025 h
iy . . WD = * — . * 5§ %
520 = 250 250 )

A, =0.0025*5xh

Zx 71070

=0.000625 ......... $s=0.253 m

S < L/3=5200/3 =1733.34mm
< 450mm
< 3*h=3*250= 750 mm

Use @ 10 @ 25 cmcl/c

c E Iw
600 * IIo:-E::lz/'IEIl.';r:l

Assume Sn/hw = 0.007

5.20
C=
GO0+0.007

=124 ......... ,C=1.24

boundary element length=C-0.1* |,
=124-01*52=0.72m
>1.24/2=0.62m

The boundary element length = 75 cm

Ast = 5.20/0.25* 2 * 79 = 3286.4 mm’

z 1
I, . 085+f«f«l,«h
2+ Ay * f_v
z 1
I, . 085«f«f«l, «h
2+ Ay * f:v
- = ! = 0.054
E_z+0.85*0.85*24*5.20*0.25 e

3286.4 « 10 * 420

Mp = 0.9%(0.5 *Ast* Fy* |, * (1-Z/,,))

My, = 0.9% (0.5 *3286.4* 10°%* 420%5.20% (1-0.054))
My = 0.3055 MN.m
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M, = 2331.5-305.5 = 2026.00 KN.m

M
“H}@

Ast = = 1343.6 mm?
St 420+ (5.20 - 0.75) i

As=1343.6 +6*79 = 1817.60mm?
Use @ 20
USL6®D20 ...uviveeneennnn... A, = 1884mm?

Figure (4-23) : Shear Wall Reinforcement
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The Structural Design of a building of the
Palestinian embassy in Jordan

WORKING TEAM:
Ahmad W.l Adwan Hazem M.l Amro Muntasier 1.M Talbishe

Palestine Polytechnic University -2012

SUPERVISOR:

DR .HAYTHM AYYAD.

Project Abstract

The summary of the idea of this project, is to prepare a structural design of a building of
the Palestinian embassy in Jordan, consisting of al the facilities required by the project.

This building is consisting of 5 floors with a nice elevation, which reflecting the
Diplomatic face of the building, on the other hand , no doubt that the structural design at
a same level of importance of architecture one ,by supporting the building with a

structural element ,which will be designed according to ACI code.

The project contains the structural analysis for vertical and horizontal loads and the
structural design and details for each member in the building.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed stirrup resisting tension within a(S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fc¢= compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span inlong direction of two- way construction, measured

face-to-face of supportsin slabs without beams and face to face of beam or other

supportsin other cases.

LL =liveloads.

Lw = length of wall.

M = bending moment.

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

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.

Xiv



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. (Kg/mgd).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003mm/mm.
& = strain of tension steel.

és= strain of compression steel.

p =ratio of steel area.
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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
supported

One end
continuous

Both ends
continuous

Cantilever

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

Member deflections.

Solid one-
way slabs

Beams or
ribbed one-
way slabs

Notes:

Values given shall be used directly for members with normalweight concrete
Edansrtﬁ W, = 2320 k m>} and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural lightweight concrete having unit density, w_, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.603w,) but not
less than 1.09. h _

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

£/20 £/24 (/28 £/10

£/8

£N6 £M18.5 /21

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