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Structural Design for the building of
Jewel of the peace

Prepared by

Izzat M.Alasafra Muss'ab M. AlKawazbeh

Palestine Polytechnic University

Abstract

Perhaps one of Salam Street in the main streets of Hebron City, and he's an
active movement and population density is not too bad, but despite all these
specifications lacks some of the landmark buildings that likes to distinguish it from
other streets, although it contains the famous Al-Ansar mosque, it does not gives the
commercial character of the city known as Khalil al-Rahman as its economic aspect,
and had to be to be a facility to remove this cloud was the jewel of peace for its light
illuminates Salam Street are also

increasingly beautiful beauty.

In this project many useful previous studies and projects and used them as
guidelines to help through project, such as old graduation projects and civil
engineering studies.

For structural design of this project, Jordanian Construction Code was used for
determining live loads, where ACI-318-05 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-Pro2007...etc.

By the end of this project, the structural design for structural elements in this
building will be done.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

fc = 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.

Mn = nominal moment.

Pn = nominal axial load.

XV




Pu = factored axial load

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

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

We = 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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Chapter Four — Structural Analysis And Design

Chapter Four
Structural Analysis And Design

4.1 Introduction:

The project consists of several structural elements that will be designed
according to the ACI code, and by using the finite element method, and computer
software’s such as "ATIR" and to find the internal forces, deflection and moment for

all the structural element of the investigated.

4.2 Determination of thickness of ribbed slabs ( T section ) :

According to ACI-Code-318-05, the minimum thickness of one way slabs are
computed, as follows:
For rib (R05) in the 5™ Floor.
hmin for one-end continuous = L/18.5
=3.55/185=192 cm
humin for both-end continuous = L/21
=3.4/21=16.2 cm

L/8
=092/8=115cm

humin for cantilever

= We selected h =22cm.
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4.3 Load Calculations (T section):

Dead load:

Tiles 0.03x0.52x22 =0.3432 kN/m of rib
Mortar 0.02x0.52x22 =0.2288 KN/m of rib
Coarse Sand Fill 0.07x0.52x17 =0.6188 kN/m of rib
Topping 0.08x0.52x25 =1.04 kN/m.
Concrete Rib 0.14x0.12x25 = 0.42 kN/m of rib
Block 0.14x0.40x10 =0.56 kN/m of rib
Plaster 0.02x0.52x22 = 0.2288 kN/m of rib
Partition 1.5%0.52 =0.78 Kn/m of rib

Nominal Total Dead Load =

0.6188 +0.3432+ 0.66 + 0.56 + 1.04 + 0.2288 = 4.2196 kN/m of rib
Nominal Total live load =2.5 x 0.52 = 1.3 kN/m of rib

Total Dead Lad (Unfactored) = 4.2196/0.52 = 8.1146 kN/m?>

Total live load = 2.5 kN/m?

4.4 Design of topping:

Factor load From ACI code the equation tell that-

DL = 0.08%25 + 0.03*22+ 0.07*17 + 0.02%22 +1.5=5.79 kKN/mz2,
qu=12DL+16LL.

qu=1.2(5.79) + 1.6 (2.5) = 10.95 kKN/m>

Assume slab fixed at supported points (tibs):

s xI> 10.95x(0.4)>
< 12 12

bx h?

=0.1464AN .m

Mn =042+fc' x

1*0.08>
= o B - S 21947

39
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¢xMn=0.55x2.1947 =1.20711kN m.
éxMn=12071kN.m > Mu = 0.146kN m.

The Topping can be constructed in plain concrete, Therefore, shrinkage and
temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement:

p=0.0018
As,, = pxbxh=0.0018x100x8=1.44cm’ /1m.

Use ©8/25 cm (4®8/m), with 4s =2.01cm*/m both directions.

As =2.0lcm’ /m> As__ =1.44cm? /m

4.5 Design of ribs (R06) at 7™ floor

Using "Atir" software for the following values of moment and shear:

Fig. (4-1) Moment Diagram of Rib (R6)
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Fig. (4-2) Shear Diagram of Rib (R06)

4.5.1 Design of negative moment for rib (R06):

Assume slab is fixed at support points (Ribs)
Maximum negative moment is Mu= -5.9kN.m
Mn=59/0.9=6.56 kN.m
d=h-cover—®,—®/2=22-2-1-12/2= 184 cm

m = A i llC =201

0.85x fc  0.85x24

_ Mn _ 656x10°
bxd® 120x(184)

=1.615 Mpa

2mKn
by

\/ 2(20.1)(1.615)
410

el i )
m

Pl . )=0.00411

20.1
ASreq = 0.00411 (120) (184) = 90.8 mm 2

Ast =025 VE (bw)(d)> (bw)(d) .................... (4ACI-105.1)
As,, = 0.25(4%0)(120)(1 84)> 4‘T0(120)(1 84)

41
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As . =66.0mm* <754mm’ ............. the larger is control

4s,, =75.4mm’

As =00 8mmeAs.. =T754mnt’ ................. controls
No. of bars = As/ As par = 90.8/79 = 1.2 bars * Note Ap10 = 79 mm?
SeleCt 2 ¢ 10 LV00) 4 o cras Ao o A S A o A TOtal AS providedz 158 mmz_

e Check for strain
Tension = compression

Asxfy=085xf.xbxa

2x79 x410=0.85%x24x120xa

a=26.5mm
R0 W
B 085
gs:wxg.oog,
38

g, =0.0147 > 0.005
= 0Ok

4.5.2 Design of positive moment for rib (R06):

For all spans

Effective flange width (bE) according to ACI-code (8. 10.2):

by For T-section is the smallest of the following:

b, =L, /4=355/4=8875cm
by =12+16t=14+16 (8) =142 cm
by =C/Cspacing=52cm........ controls

Use Mu max. Positive for spans = 7 4 kN.m

Mn=74/09=823 kN.m
42
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Determine whether the rib will act as rectangular or T-section:
Assume a =t = 8cm

C=0385 f, xaxb,

C=0.85 (24) (0.08) (0.52) = 848.64 kN

Mn=T or C (d-0.5 a) = 848.64 (0.184 — 0.5 (0.08)) = 122.2 kN.m
Mn available =122.2 kN.m > Mn required = 8.23 kN.m

Then design as a rectangular with 5, =52 cm

SN s 410
0.85x fc  0.85x24

6
s an __823x10 _— 0.468MPa
bxd” 520x(184)

2mKn

plediq ofpuanin,
m

)=0.001154

ol i \/1_2(20.1)(0.468)
20.1 410

As=pxbxd

As,, =0.001154 x 520x184 =110.4mm >

As = =050 ‘/— (b Xd)=> —(bw)(d) .................... (ACI -10.5.1)
ds.. =025 @T‘/z—:) (120)(184)> % (120)(184)

As,.,. =66.0mm* <754mm* ... _the larger control

As,. =75.4mm*

Asreq =110.4 mm® > As, = 75.4 e, ok

So select 2010

As =158 mm?,

provided
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o (Check for strain
T=C
Asxfy=0.85x f, xbxa

2x79%x410=0.85x24x520xa
a=6.11mm
c:i:ﬂ:7.l8mm

B 085

184—-7.18
& =——

7.18

g, =0.074>0.005

x0.003

= 0Ok

4.5.3 Design of shear for rib (R06):

ACI - 318 — Categories for shear design:
VU gitica = 11.9 kKN

Use @10 with two legs

Av =2x79=158 mm2

VUS%(DVC

%CI)Vc=lx(I) “f xb, xd

2

=lCI> Vc:lx0.75xﬁx120x184
2 7 6
= 6.76kN
1
Vu > E(D Vec............not control

%CI)VC <Vu < ®Ve

D®Vec=6.876x2=13.52KN
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Vi< DV ... control

Minimum shear reinforcement is required

gy Iebw 1 4
S 3 16 jjzt
v o120 1424
iS¢ 80410 16 410
Av

——2>0.0976 >0.0896

req.

A _6.0976

req.

2*79

=0.0976 = S,,, =1618mm =161.8cm

req.

S <g .o 9.2cm
e

Then Select S=7.5¢cm <g ............... ok

Select @10 @ 7.5 cm c/c

4-6 Design of Beam (B10) at 7" floor:

Using "Atir" software for the following values of moment and shear:

Fig. (4-3) Moment Diagram of Beam (B10)

45
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Fig. (4-4) Shear Diagram of Beam (B10)

4.6.1 Design of negative moment for beam (B10):

d =400—40-10-10 =340mm
Mu=2554kN.m
Check Singly Or Dubly:

0.003  0.003+0.004
c d
c=145.7mm

a=p xc

a=0.85x145.7 =123.86mm
Conax = 145.7Tmm

a,.. =123.86mm

Mn =0.85x fc'xbxa_ (d =a. /7)
Mn =0.85x24><0.6><0.12386(O.34—0.12386/2)
Mn =421.6KN.m

DPMn = 0.82x421.6 =345.7TkN.m > My — 255.4kN.m

= The section must be singly reinforced section:

= Compute Area of steel
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it A il iy o
0.85x fc  0.85x24

, _Mul® _(02554/09)

- - =4.091MPa
" bxd®  0.6x(034)
1 2mkn
= ————
P m( » )
1 2%20.1*%4.091
= -
A 20.1( \/ 410 )
p=0.01125

As=0.01125x 600x 340
As = 2295 mm?

Use 5 ®25
Area of steel = 5x490 =2450 mm?>

e Check for strain
T=C
Asxfy=0.85x f. xbxa

5x490x410=0.85%24x600xa
a=82.07mm
a 8207

c=—=———=96.61mm

BE 05
362-96.6
96.6
&, =0.0082 > 0.005

x 0.003

5

= 0Ok
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4.6.2 Design of positive moment for beam (B10):

e Spanl

d =400—-40—-10—8 =340mm
Mu=93.5kN.m

Check Singly Or Dubly:

0.003 _ 0.003+0.004

c d
c=145.Tmm

a=pf xc
a=0.85x145.7=123.86mm
Coax = 145.Tmm

a,. =123.86mm

Mn =0385x fc'xbxa_, (d—a_, /2)

Mn =0.85x24x0.6x0.12386(0.34—0.12386/2)

Mn =421.6KN m

D®Mn = 0.82x 421.6 =345.7kN.m > Mu = 93.5kN.m

= The section must be singly reinforced section:

T
0.85x fc'  0.85x24

20.1

o _Mul® _ (0.0935/0.9)
" bxd®  0.6x(0.340)>

_1 . [ 2xmxin
p=—(-f1 =

1 2x20.1x1.498
e
7 ( \/ 40 )

=1.498MPa

20.1
p =0.0038

As=0.0038x 600 x 340
As =775 mm?

Use 3 ®20
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Area of steel =3x314 =942 mm’

e Check for strain
T=C
Asxfy=0.85x f. xbxa

3x314x410=0.85x24x600xa
a=31.55mm

c:i:ﬂ:37.12mm

B 085
342-37.12

83
30
&, =0.0246 > 0.005

% 0.003

=0k

e Span?2

d =400-40-10-10 =340mm
Mu =273.3kN.m

Check Singly Or Dubly:

0.003 0.003+0.004

F o iy Uiy Jade )
c=145.7mm 3 Patestine "ﬂ{y;tl;n}-ic University
a=p xc L= The Library  AeLSIt —
a=0.85%x145.7 =123 .86mm gaR L s \QQS“O .......... Susanll ! 4 !
e, 45 7mm L&-S. ...................................... J,,‘...L'la_ij)

a_. =123.86mm

Mn =0.85x% fc'xb xa_ (d =a_ I 2)
Mn =0.85x24x0.6x0.12386(0.34—0.12386/2)
Mn =421.6KN.m

®OMn =0.82x421.6 =345.TkN.m > My — 273.3kN.m

= The section must be singly reinforced section:
49
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0.85x fc  0.85x24

g Mul® _(02733/09) _ 4 3700p,
" bxd®  0.6x(0.34)

1 2xmxkn
Grnl

1 2x20.1x4378
p:—(l—\ﬁ— )
20.1 410
p=0.0122

As =0.0122 x 600 x 340
As =2481.8 mm?

Use 6 @25
Area of steel = 6 x490 =2940 mm?>

e Check for strain
T=C
Asxfy=0.85x f. xbxa

6x490x410=0.85x24x600x a
a=98.48mm

e OO e
B 085
342-115.
g o 22 TN s
115.86

g, =0.00586 > 0.005
= 0Ok

4.6.3Design of shear for beam (B10):

ACI - 318 — Categories for shear design:
VU aiticat = 246.6 kN

Chapter Four — Structural Analysis And Design
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Use @10 with two legs
Av =2x79=158 mm2

ISV %(I)Vc

_l_q)Vc=lch)—fc—xbw xd
2 6

2
1 V24
6

:§x0.75>< x 600 x 340

= 62.46kN

Vu> %d) Ve............not control

2. %(I)VC <Vu <®lrc

Lot a ) xb, xd
2 2 6

D Vc=6246x2=124.92kN
Vu>=®Ve............ not control

3. ®Ve<Vu<dVc+ DOVs,...

1
DVs,_. 20.75(§)xwad2%76£,/fc'xwad

1 0.75
PVspip 20.75()x0.6x0.34x10° =g V24x0.6x034x10°

Vs, > 51.0kN > 46 85kN
®Vs,. =51.0kN

Ve + DV, =124.92+51.0 =175 924N

Vu = DVe H OV .. ..o not control
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1 ;
4. OVe+DVs,, <Vu S¢Vc+d)x§1/fc xbwxd

q)—-——"fc'x bwxd =0.75x ;4 x 600x340 = 24985K]V
3

CI)Vc+(I>><l fe' xbwxd =124.92+249.85= 374.77>Vu
3

@Vs,,, +PVe=Vu
= OVs,,, =Vu—®Vc=246.6-124.92=121 68KN

_ OxAvx fyxd 0.75x158x410x340
T s 121.68 x10°

req.

Ss£:&:17.0cm.
2 2

=13.6¢cm............ control.

S

Select @ 10 @ 12.5¢cm c/c

4.7 Design of One-way solid slab

Fig (4.5) One-Way Solid Slab Plane

4.7.1 Check if it's one way

Ly 6.2
—=—=21>20 .,
b 30 One way




4.7.2 Determination of thickness:
potl _20
20 20
Select h=15cm

=13cm

4.7.3 Load Calculation

D.L=42KN /m®
L= 5K (m”
From Ater Por.we get
V., =11.8KN

M, =10.2KN.m

4.7.4 Design for positive moment:

d=150-20-12=118mm
1y M 102

= =——=113KN.m
0.9 409

T Mrzz 4 11.3
bd*> (1)(0.118)>

Teew a0
0.85* fc' ~ 0.85*24

e _ 2mRn
p—m(l ,/1 e )

=0.814Mpa

20.1

Yo,

T 201 410

A4s,,, = pxbxd
=0.00203x1000x118 =239 2nm>

nd Design

Chapter Four — Structural Analysis A

1 2x0.814x20.1
[l—\/l— = J=0.00203

As,., =0.0018xbxh=0.0018x1000x] 50=270mm>

As,;, =270mm* > 4s,, =2392

= As =270mm*

#ofbars:2—70=3
113
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Chapter Fo

Usegl2@25cmc/c

4.7.5 Check for Strain :

Tension =Compression

A, x fy=085x% fc' xbxa
270x410=0.85*24*1000 *a
a=0.543cm
c=i=%=0.64cm
B, 085

11.8-0.64

g =—
0.64

£,=0.052>0.005 ... ok

*0.003

4.7.6 Shrinkage & Temperature Reinforcement in top layer:

As i =0.0018xbxh

As .. =0.0018x1000x150 =270
#of bars =ﬂ=4
79

UsedlO@25cmc/c

4.7.7 Development length of the bars:
i

Y
=XaxfBxyxd,
c

2N f

410
L, = XIx1x1x1.2=48.99
‘o 4

L=

Use L, =50cm.

54
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120025 B.B
=« L=5.8m

Fig (4.6) Details of One-Way Solid Slab

4.8 Design of Stairs:

Fig.(4-7) Cross Section for the Staircase

4.8.1 Determination of Slab Thickness:
By limitation of deflection for solid slabs -

h. 2 %....simply sup ported case
= 2—0 =0.2115m = select siab thickness = 22¢cm
d=22-2-1=19cm
¢ =tan” (;—(7)) =29.54°
4.8.2 Load Calculation:

Dead load companation for flight--

55
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= 5
Concrete = (0.22) x (24) x (1)/cos (29.54) = 6.069 kN/m?2.

= 2
Plastaring = (0.02) x (22) x (1)/cos (29.54) = 0.506 kN/m?.

R

Stair =(0.5) x (0.3) x (0.117) x (20)/(0.3) = 1.70 kN/m?.
Mortar = (0.17+0.30) x (0.02) x (22)/(0.3) = 0.689 kIN/m?.
5. Tiles  =(0.17+0.33) x (0.03) x (27)/(0.3) = 1.35 kN/m?”.

Total dead load = 6.069+0.506+1.70+0.689+11.35= 10.314 kN/m?.
Dead load companation for landing:-
1. Concrete = (0.22) x (24) =5.28 kN/m?.
2. Plastaring = (0.02) x (22) = 0.44kN/m?
3. Mortar =(0.02) x (22) = 0.44 kN/m>.
4. Tiles  =(0.03) x (27)=0.81 kN/m?
Total dead load = 5.28+0.44+0.44+0.81= 6.97 kN/m?2.
Live load for stairs = 5 kN/m?

4.8.3 Design Against Shear:-

The following figure shows the shear envelope of the staircase.

Fig.(4-8) Shear Diagram of Staircase

Vu = Ay xc0s29.54
Vu=37.6 xcos 29.54 =32.71KN.




Structural Analysis And Design

Chapter Four —

ol Nf;wad

e = 0.75xJ§Z6x1xo.19o _116351KN

Ve =116.35>Vu =32.71

Ve >Vu

critical

- no shear reinforcement is required so the depth of stair's slab is OK

4.8.4 Design Against Bending:

sans 1 (1] 3

__Mn _ 4789%10°
bxd® 1000x(190)? 33N /m’

Jy 410

0.85x fe' m =201
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4.8.5 Design of Landing:-

2(20.1)(1.33) | _
1 Zmkn, 1o 1__&,41,0._) 0.0034
N et STy

2
As =p><bxd=0.0034x1000x190=646mm

(req.)

V24 14 1000)(190)
ds,, 20'25@17))(1000)(190) o (1000)(

As_. =567.6mm* <648.8mm’

As,, =646mm* < As_. =648.8mm®  As,, (control)
req‘ “een

2
= Usel®12@17cmc/c with As=678mm’ > As, . = 648.8mm

For secondary reinforcement:

AS 4 810mp, = 0.0018x b x 1 = 0.0018x1000x 170 = 306117

Select1®10@25cmc/c .. for top & bottom reinforcement

For top reinforcement:

Asi.) =,0><b><d=0.0034x1000><190=646mm2

V24 1.4
As =0.25———(1000)(190 >——(1000)(190
(410) )(190) 410( )(190) ......control

ASSh.&Iemp, = 00018>(th = 00018)(1000)(170 A 3O6mm2

= Usel®12@17cm c/cwithAs=678mn? > Asreq=

bottom reinforcen

646mm’ . for top reinforcement
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s ThleS (3 i)

Mortar 2 any

j SUSER Cancreee 22y

Plaster ( 2an)

Fig.(4-11) Section in Stair's Landing

e Dead Load calculations:-

h slab=22cm

Dl of Tiles =(0.03) x (27) = 0.81 kN/m?.
DI of mortar = (0.02) x (22) = 0.44 kN/m>.
Dlofslab  =(0.22) x (24) = 5.28 kN/m>.
DI of plaster = (0.02) x (22) = 0.44 kKN/m?.

2 D=6 9TUN /m...... forlmstrip
D2 (that comes from the stairs reaction on the lading) =21 kN/m

Total dead load = 0.97+21 =27 97 KN/m.

® Live load calculations:-

L1 : Live load on the landing = 5 KkN/m

L2 (that comes from the stairs reaction on the lading) = 10.5 kN/m
Total live load = 5 + 10 5 — 15.50 kN/m

® Total Ultimate Load -

qQu=1.2D + 1 6], = (1.2)(27.97) + (1.6)(15.50) = 58.364 kN/m

4.8.5.1 Design Against Shear:-

V< JUXL 38364 x2.8
u \2 —}:817 kN

¢VC=%
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0.75x Y24 1000190 _ 116 3540
6

e =116.35>Vu =81.7

Ve =

Ve >Vu

critical

4.8.5.2 Design Against Bending:

_quxI’ 58364x2.8
8 8

o =572 kNm

Mu 572
M :W:63_6 kN m

®
__Mn _ 63.6x10°

bxd”  1000x o0y = 76 Mpa

m=—J ___ 410

085x & 085x24 201

As,., =p><b><d=0.00'5><1000><190=950mm2

4s.;. =0.0018xbx h

A4S, = 0.0018x1000 x 220 — 396mm*

As, , = =
= bxd—0.005><1000><190=950 mm?

= Usel
el®14/15¢m CIc.... bottom reinforcermnt

For secondary reinforcement'

Ass,,.&,mp. =0.0018x px 1,

- no shear reinforcement is required so the depth of stair's slab is OK

1 2xmxK
el n, _ 1 2(20.1)(1.76
m ik 201" I_T)):O'OOS

.......... (control)




4.9 Design of column

4.9.1 Design of Short column (col .17)

4.9.1.1 Load Calculation:

., = 4880KN
S e
g = 0,65

Usep = pg =1.6%
4.9.1.2 Design of Main Reinforcement:

Pu=038xA4g(0.85x Fc + Pe(Fy -0.85Fc)

7507.7x10" = 0.84g(0.85 x 24 + 0.016(410-0.85 x 24)
Ag =3523.6cm?,

= Use 60cmx 60cm — Ag =3600cm>

7507.7x10% =0 g %3600 x10?
rg=0.0145> Prin =0.01
4,0y =0.0145x 360000 — 5238mm?>

X{0.85%24 4 pe(410— 0,85 24)

= Use ¢l 2@25 Ag provide= 5g 80 mm?

(&)3(34-12 2,
: VA A@nIo e

L, : Actuatun SUp ported (unbraceq Mength

K :eﬂectivelengThfactor(K =1 forbraced

Yframe)
R: radiusofgyratioy — 034 = \/Z
A4
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M1
kL, _ kL _165 <34—12m—22
it 8 0.8(h)

= Short........ Column

4.9.1.3 Design of Tie Reinforcement :

,____50__...[

210@20 L=230

210@20 L=165

B10@20 L=165

Fig . (4-12) Details of Column «(Col-

Spacing <16 x d, (Longz'tudinal.bar.diameter)
Spacing < 48xd, (tie.bar.diameter) =48x1.0
Spacing < Least. dim ension = 60cm

Use ¢10@ 20cm c/c Spacing,

=16%x2.5=40cm.
=48cm.

4.9.2 Design of long colump
Select column (C18) for design
4.9.2.1 Load Calculation:
Pu=1660 KN

Pn 1660/ (0.65) = 2553 g KN

. 4999 Determination of Agreq
P2=16Y%

62
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P 0.8*Ag{0.85* fc'+pg (V= O.SSfc O)} N
5553 8= 0.8* Ag[0.85%24+0.016*(410-0.

Ag =1198.6cm’

2
Use 25x 50 cm with Ag=1250cm*> Agreq=1198.6cm

4.9.2.3 Check Slenderness Effect:

e In 50cm-Dirction

Bibeurapdl 25! ACT-(10.12.2)
r M?2

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

R: radius of gyration =03 h = Aé
Lu=340m
M1/M2 =1

K=1, According to ACT 3182002 (10 10,6 3) Th i
permitted to be taken as 1.0. ( 03) The effective length factor, k, shall be

=l —

klu M1
— <3
= <34 5 e ACT —(10.12.2)

1300 =5
03x05 <08<22

.. short Coloumn in 50 :'dirction

* In25em-Diregiop

—_—

Wk o ACT~
Lu: Actya) Unsupporteq

klu
=]

(un braceq) length

K: effective length factor (K=

1 for braced ﬁame).

63




(S
-

R | -.p;mu;-l'.{’,/:J”(;ii &

i ACT 318-0 10.10.6.3) T1 I
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0.03xh=15+ 0.03 x 250 = 22.5mm = 0.0225 m
=55y, =
emme x 8. =0.0225 X 2.64 = 0.059%4
€ = €nin ns
e 0.0594 _ 424
heo 02

From Interactio n Diagram

g 100 0 1S gs by
4, 0.5x025 1000

p, =0.023

4, = px 4, =0.023x500x 250 = 2875 mm™’
- use8¢22

4.9.2.4 Design of the Reinforcement:

§ <16 db (longitudonal bar diamefer)oi o - ACI-7.1052
§ <48dt (tie bar diameter).

§ <Least dimension.

spacing <16 x d,=16x22=35 72 cm

spacing < 48 Xd, =48 x1.0 = 48 cm

spacing < least dim - 25 cm
Usedl0@20 cm

e

1010 42 { 8322
17 i i 5
75)
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4.10 Design of Shear wall:

4.10.1 Load Calculation :

W, + W 0.5 (Wuppcr columns &walls + wlower columns & wals ) :2448 KN
= Walab stairs

WBascmenl Floor

w =W,., + W toits +0.5 (Wupper columns &walls £k Wlower columns & walls ) = 4786KN
Ground Floor — slab s

\"% = W] b & Wsmi;s +0.5 (Wupper columns &walls 3k Wlower columns & walls ) = 4860KN
Store Floor slal

== = =W, =W. = 4860KY
Wﬁrst Floor Wsecond Floor = Wthird Floor Wfoun.h Floor fifth Floor ixth Floor Ky

S|

W Seventh Floor = Wslab o Wstairs 3 05 (Wupper columns &walls L3 Wlower columns & walls ) = 2467KN

WTo!a] 7 WBasement s W
Wi =43721KN

Ground +WStore N WFixst g WSecond +erd +WFourth +WF1ﬁh +Ws:")

4.10.2 Calculation of shear force on "shear walls” :

(v otal design basc shear ina given (UBC)From Uniform Building Code 1997

m the following formula:
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H Building =13.8m
Z=3.0

R=55

1=1.0

Ca=0.24

Ct=0.0488

Cv=0.24

Where:

Z = seismic zone factor as given in Table 16-I .

16-p.

I =€mportance factor given in Table 16-K.

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

Ct = numerical coefficient given in Section 1630.2.2.

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

hi, hn, hx = height in feet )m (above the base to Level i nor
3

D=C, (hn)Z (UBS)

V1 :(%)XW:( 024X10

8T mjx 43721= 29761y
Not Exceed
25xCax I
I/l 2(\ XW — 25X024X1
i i ?} X 43721 = 477007
And Noy Less thap

67
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R = numerical coefficient representative of the inherent over strength and glob|
ductility capacity of lateral force resisting systems, as set forth in Table 16-N o

X, respectively .




4-1) Calculation of the total Fx

Table
e - B R
L | <m0 n
ﬂg— 2076 | 31 | 231.79 | 76477 @ #
7th 2420 2976 | 27.9 | 23179 | 135504 | gjo¢ ~
o rG0 | 2976 | 24.8 | 23179 | 12058 Tn%‘
s :360 2976 | 21.7 | 231.79 | 105462 4\04?:;1
- 4860 | 2976 | 18.6 | 231.79 | 90396 Tﬁz\]f
2 4860 | 2976 | 15.4 | 231.79 | 74844 Tﬂﬁ
e 4860 | 2976 | 12.3 | 231.79 | 59778 2\29}L
s:::e 4860 | 2976 | 9.2 | 231.79 44712 TBE
Ground 4786 2976 5.8 231.79 27759 1063 T’Su
| Basement 2448 2976 2.6 | 231.79 6365 24.2 w
R 43721 741915 |
For shear wall in theater
Wall take percentage force from total horizontal = 10.6%
Jor  seventh gy - F. L 11(())T'6x 27 =45 3 &
j 10 .
Jor sixth  flooy e ﬁx 9465 =100 33 Kn
0. h 4 10 .6
Jor fifih  floor FoTE Too X 14082 = 149 3 Kn
Jor  fours, Y/ alllg
oor Fx = WX 18122 = 192 A Kn
Jor third 0. I A0 &
i 100 21585 - 95g g
ﬁ’l‘ S€C ongd ﬂOOr F i 10 6
13 00 2452« - 259 9 Kk
Jor  firgs Moor P10
P Moo _ o
Or  Sstore Jloor M 10\6
or  groung e its - - 0 5 Kn
ﬂOOr F o 10 .6
Jor basemey,; 100 % 29518 = 312" oWy
ooy e 10\6
Wil SO T
68
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sis And Design

Table (4-1) Calculation of the total Fx

W VvV H Ft (W.H) Fxi FX
floor (Kn) | (Kn) | (Kn) | (Kn)
7th 2467 2976 31 231.79 76477 293 427
6th 4860 2976 | 27.9 | 231.79 135594 519.5 946.5
Sth 4860 2976 | 24.8 | 231.79 120528 461.7 1408.2
4th 4860 2976 | 21.7 | 231.79 105462 404 1812.2
3rd 4860 2976 | 18.6 | 231.79 90396 346.3 2158.5
2nd 4860 2976 | 154 | 231.79 74844 286.7 2445.2
1st 4860 2976 | 12.3 | 231.79 59778 229 2674.2
Store 4860 2976 9.2 231.79 44712 171.3 2845.5
Ground 4786 2976 5.8 231.79 27059 106.3 2951.8
Basement 2448 2976 2.6 | 231.79 6365 24.2 2976
¥ 43721 741915
For shear wall in theater
Wall take percentage force from total horizontal = 10.6%
for seventh floor F, = %(f—x 427 = 45 .3 Kn
Jor sixth, floor F_ = 11%66 x 9465 =100 .33 Kn
Yor s e el gpichncy 11%0'6 x 14082 = 149 .3 Kn
Jor fourth floor F_, = 11(2)0'6 % 18122 =192 .1 Kn
Jor ithird floor F, = 11%0'6 % 21585 = 228 .8 Kn
Jor sec ond floor F = 11(:)0'6 x 24452 = 259 .2 Kn
for first floor F, = 11(:)0'6 x 06742 =233 5 K
10 .6
Jor store  floor F_ = o x 28455 = 301 .62 Fn
10 .
Jor ground floor K. = 1006 X 29518 =31 0O K
101,
Jor basement floor F_ = 1006 2976, =315 5 K
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2035

30162 KN

31290
2188.55KN 22066 SKN

4| l’” " \mmr

155N

Fig. (4-14) Shear & Moment Diagram For Shear Wall

4.10.3 Shear Wall Design Parameters:

fc' =24 Mpa

Sy =410 Mpa

h = 20cm shear wall thickness
w = 6m shear wall width

hw =30m building height

4.10.4 Design of Horizontal Reinforcement:

Critical Section

=Sk ooaie control

d=08xw=0.8%x6=48m
V, =2188.55 KN
M, =22066.5 KN.m
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,f‘cl
V01: B xbxd
14 =V24x0.2x4.8=783.84KN ... control
cl 6
w/fc’xbxd_}_Nuxd
T 4xL,

Assume N, = 0.0
_N24x02x48 N,xd _ .00 pn

Ve 4 4xL,
i ’ ,+2><Nu i
RNfEL Je 1,xh hd
Vo= g X
/ 2 B il 10
Voo 2 4

M
L= tye
Ve

.V, =Will apply

4 :{«/ﬂ o 6(«/ﬁ+0.0)}< 0.2x4.8

; 2 (7.083) 10
V., =633.54KN
Aul 0§
S, Fyxd
v 2188.55
V,=—L_y = —633.54=1798.
. 5 7982 Kn
1798.2x10°
AVh: x1 =0.914 mm
s, 410x4800
Ath_ —
—=0.0025x5=0.0025x 200 — 0.50 mm
52
16
S, <% ="-1200
oG e

S, <3xb=3x200= 600 mm

__2XxA4, 2x79%107°
5. :\:0.173}”
0.000914 0.000914

2
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1 éﬂ?hl
U ¢1 @1 SC'm C/C 0 the reinforcement m tWO layers (hO 7 D
s.use () F 4 re.

4.10.5 Design of Vertical reinforcement:

B hy | 4w _ 00025 ||xS, xh
Ayn =10.0025+ 0.5 2.5——1;- Sz 5
[ 30Y_2x70 0025 ||x .S, x A
Aynz 0.0025+ 0.5 25——6— 5% 250 1
A, =0.0025x .S, xh
-6
1=M=0.316m=316mm ... control
0.0025 x0.20
S, < I—W=6000—2000 mm
3 3

S, <3xh=3x200= 600 mm

= Usedl0@25cm c/c  For the reinforcement in two layers (Vertical)

4.10.6 Shear Wall Detail;

Y, \\\\\'\\‘\\‘\\-w v, YT
7 % W \ SAVAVAVA
/”M- = //‘\\/\\/\\/// \/\'\\ \”‘%\”\\\”“@\"“Q"?x‘ v '\"'\'\}‘ 3 '\\'«- :
////// SN // DN
/,\/,\);\‘,M//// //v\ NN \\<\ N \/ I \\\ N ’/ R
AR AN A NIRRT &
AP AAY AP // R
LGRS NS AR N //\\\Z\\//g:\-},\.\/\,_

1]

A
A \’/
: ,\,, N

A S5 YN
S /,\\/\ N \\’ ’/(//m
@ NI /\\/\\,\\j\\\\

2

Fig. (4-15) Shear Wall Detaj]
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4.11 Design of Basement wall:

Analysis And Design

Fig. (4-

4.11.1 Load Calculation :
9 =7 xhxK,

Yeit =17 Kn/m?

0 =30°

K=05

q, =17><3.38><0.5=28.73 Kn/m2
qz :PXKO

9, =5x0.5=2.5Kn/m?

4.11.2 Thickness Calculation g
Assume p =0.01
Mu =46 5 kN.m

16) Geometry of Basement Wall
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Mn =46.5/0.9 =51.7kN.m

=4.56Mpa

085/ 0.85x24
T o
o

X T05x20.1x0.01

Mn SITRT0"
o d=.,——=107mm
&l T oo xase

h=107+30+10=146 mm

= select h=20cm

4.11.3 Wall Design :

d=200-30-12=158 mm
M 51.7x10°
bxd® 1000x1582

TR _ 2mKn
p—m(l ,fl 5 )

Kn

=2.071Mpa

1 2% 20 1x 2.071
=—(1-.f1-2x20.1x2.071
P=501" \/ 410

) = 0.00534

= As,,; =0.00534 x1000x 158 = 843 32 /m

925 E

min

But not less than

b 0.254/24 x1000x158
—\=472mm2 /m

Ao S LAxBgd? 1.4x1000x158
_\

min

As iy =539 Smm? /m < As,,.

#of bar in one - metey — 8433
113

= Select PI2@12.5cmc/c

i 410

= 5395mm2 /m

=843 3mm ? I m
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As min — OOOIZXb *h
_ 00012 x1000% 200

— 240 mm*/ m

4.11.4 Design of Secondary Reinforcement:
Select the greater of:
=0.002x1000x 200 = 400mm” / m

Ashorezantal

#of bar in on meter = %) =3.5

= Select g12@25cmwith As=452mm*/m

4.11.5 Check for Shear :

oxVe>Vn

05 = 0.75
¢ch_T,/fc xbxd:T\/ﬁxlooouss

PVe =96 8kN >> Vy — S1.2kN
-~ No Shear Reiforcement Re quired
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4. 12 Design of Footing

i 01):
4. 12.1 Design of Isolated Footing (F01)

Swctian (A-K)
Scals (17100)

Fig. (4-18) Geometry of Footing (F01)

Once the ultimate column or load is determined, the proper footing can be designed.

The following subsections describe the analysis and design of footing (FO1) :
4.12.1.1 Load Calculation:

From Column :

Factored Load = 5749 9 kN.
Soil Weight = 17 kN/m?
Soil Depth=02 m

- Column geometry 70x60 ¢m.

Allowable Soj] Pressure = 45 kN/m?

4.12.1.2 Design of Footing Area:

Assume footing to pe about (85 cm) thick
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Force(service)

A

qall .net

=450-5-0.2x17-0.85x24
=421.2Kn/m’

anl.nel
anI .net

3

Ve 4453
4212

A=10.57m?

A=W xL =10.57m*

L=W =+10.57 =3.252m=3.3m
_ Force(Factored) 5749.9
i A 10.57

Where :
A: Area of footing.
W: Width of footing.
L: Lenth of footing.

=528Kn/m*

4.12.1.3 Determine the Depth of Footing Based on Shear Strength:

Assume h=75¢cm ... d =750-75-20 = 655 mm

® Check For One Way Action:-

For X - direction

L-a
2Dy, xw

* 1630170
= 5 )—0.655)x528><3,3

V, =1123.85Kn

075 —

V=

0.75
Y == V24x33x0655x10}
DV, =1323.65Kn
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For Y- direction

v, =D ayxg, xL

V,= (—(33—_2%@—0.655)x 528x3.3
Z.=1210.97Kn

oV, :0_7_5,/ "x Lxd

OV, = %5\/2_4“3 x 0.655x10°

@V, =1323.65Kn
oV, >V,.....0K

e Check for Two Way Action :-

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

Sl 4
V= 12(2+ﬁc}\/f_c,.bo.d

1l r
Ve — [ =2 ,/
c 12( b J by d
1 ’
Vc=§\/fc \Dind
Where:

5 Column Length (@ 70
e =y
olumn Width (b) 60

=2x{(a+d) + (b+d)} = 2 {0.70+0.655) + (0,604 655)} =522
: . =) m.

a, =40 for interior column
1
Vc-— L
( 117)1/ Jfob,d= 0.45,/ 7. Job,d
1 (40x0.655
12( T +2j\/ b,d = 058\/ b,d

7/
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!

v =Ll b d=03331, bpd
(4 3 JC

3
I} e 522x0.655x10
_L1J7 b,.d=0333/24x
c 3Jf‘;‘

Vo =BT TBKR...covromen ®=0.75
@V, =0.75x5571.78= 4183.34Kn
YT i OK

4.12.1.4 Check Transfer of Load at Base of Column:

$.Pn = ¢.(0.85fc'Ag)
#.Pn = 0.65x[0.85x 24 x (700 x 600)]/1000 = 5569.2 kN
But Pu =4970.2kN < §.Pn = 5569.2kN

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

4s,,;,, =0.005x Ag = 0.005 x 420000 = 2100 mm>
Select 7®20

ASprovides = 2198mm” > Asy. =2100 mm?

4.12.1.5 Design for Bending Moment:

At X- Direction

Mu=5 2
u=528x33x13x 5 =1472328kN 1,

Using Reinforced Concrete,

1472328
Mn = 56 =163597 N m

Kn= Mn 1.636 |

—_—

bd* —m=1.16Mpa

ma LI g
0.85x fc'  0.85554 ~ 20.1
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Ly M@J
L "

! | 2x20.1x1.161_ 5 0029
Ceronl 410

2
=6268.35 mm
s = pxbxd —0.0029x3300x 655

2
—0.0018xbxh=0.0018x3300x 750 = 4455 mm

AsShrinkage(min 5)
As = Asreq = 6268.35mm” ............... control :
select 25418 withAs = 6350 mm® > Asreq.=6268.35 mm

At Y- Direction

Mu=528%x33 X1.35X% =1587.762kN.m

Using Reinforced Concrete.

Mn=1sf¥=176418 kN .m

Kn=Mr __ 1764 e
bd*>  33x(0.655)2 lpa
410
b 20.1

m= < - = &
0.85x fc'  0.85x24

p:l[l_ 1_2meKn
o Iy

e 1— |1—2%20.1x1.25
20.1 W L

Skeq = PXbxd =0.0032x3300><655—6916 8 mm?
= -6 mm

A

As = Asreq = 691 618mne

select 28418 withyy — 7112 792
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4.12.1.6 Check for Strain:

At X- Direction

Tension = Compression
Asx fy=085x% fe'xbxa

6350x410 =0.85x24x3300xa

a=38.7 mm
. Rl
Bl 085
410-45.53
e

R
& —002A=0005 .. . OK

x0.003

At Y- Direction

Tension = Compression
Asx fy= 0.85x fe'xbxa

7112x410 = 0.85 X24x3300x g

a=4331 mm
x=i=\43'3l =60 mm
Bl 0385
el U OLBEY
60

% =0.0175 > 01005 - i, 4 OK

4.12.2 Design of Wall Footing:

4.12.2.1 Determination of Footing Depth

-Allowable soil Pressure = 450 KN/mz2

-Assume footing thicknegg 40 ey > h mj
-Service Load (Force) =281) i ey

KN/m (g
(From Wwall + Load in columen).

30
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Force(service)
i {10 LAt

qall.nel
_450—5-0.6%17-03%24

anI .net

qall.net = 4276Kn/m2

B=—23—0—:054m

427.6
Because we will used ¢12  of steel

sothat > B=0.24 fy, x db
VJe

B= (02412 «12) +75)x 2) + 250 > B = 88 21cm = 90cm

J24
Assumed h= hy;, =25 cm

——>d =h-cover —db
—>d =250-75-20=155mm

4.12.2.2 Check shear action s

1 1.2DL+16L1
Imx B

b 1.2(1 84.762) + 1.6(44.673) b

Im x 0.90

=325.77KN / m?

u

~293.19]
0.90

B-0.25
2

& 0.90 -
V, = 325.77(&—0.155)“

2
V,=5538KN

0.75
QK:?\/ZXLxd

0.75
e = 2
o

u

Ve=q,(

~d)x L

4><]x]55
DV, =94.92KN
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4.12.2.3 Design of Bending :

B=70cm & h=25cm

g 5900
Mu e qu(z)

0.325
Mu=32577% (==

Mu =8.6KN.m

_ Mu _0.0086
540i0%% 009
Mn 0.0096

SeE = 0.40Mpa
bd*> 1.0x(0.155)°

m= -fy _ = 410 ~201
0.85x fc'  0.85x24

p=1[1— I—MJ

=0.0096

Mn

m Z
1

i 1_\/1_2><.2o.1><0.4o
20.1 410

£ =0.001

A =pxLxd

4, =0.001x1000x155

A, =155mm®

4in =0.0018x I x i
A =0.0018 x 1000x 250

Use.4®12

A:Aavailable i 452}an > As.req = 405mm2

32
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4.12.2.3 Design of Dowels Bars:

2
= /m
As mingq = 0.0012 x 1000 %250 =300 mm

Use @ 12@12.5 cm

T
4./ fc'

410
424
Ld =251mm
Ld >0.4fyxdb
Ld >0.4x410x12=197mm
Ld e =250 —75-3x12 =139mm.... notO K

avi

Ld = x12

4.12.3 Design of Mat Foundation:

4.12.3.1 Determination of Depth Of Footing:
VUumax=30.9 kKN
Select h=30 cm. d=30-7-1-1=2] cm

oVe =0.75x VSC

xbxd

4
¢Ve =0.75x% ><1000x210=128.6 KN

oVe >y

83
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4.12.3.2 Design of positive moment:

mEEm ==

8

1
m
g
g
o
o
5]
u]
5]
5]

EEE T

Fig. (4-19) moment diagram of Mat Foundation

Mu=10.6kN.m

» 410

m= e
085x fc  0.85x24

|
|

20.1

k =M\u/<D:(O.OIOM_026
" bxd®  Ix@anz - 267MPa

i
=—(1- 1—\2”’1‘") s
o Sy |
pyi = 2220 1%0367 =
20.1 g |

£ =0.00066

As =0.00066 x 1000 » 210
As =137.7 mm?
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L 025241000210 57,7

o 410
& =1.4*1000“210___71,7mmz
e 410

—As=717 mnf...... Control

Use @14@20 cm c/c

4.12.3.3 Design of negative moment:

Mu =143kN .m

gl N ()
0.85x fc'  0.85x24

=20.1

Mu/® (0.0143/0.9)
k = = —
i T 0.36MPa

1
2=—(l- 1_2’”\]‘”)
i V4

1 *
p=-La 2105
20.1 410

£ =0.000887

As =0.000887 x 1000 x 210
As =186.2 mm?2

4s . _925/24%1000021¢
11 e T e S
410 027 mnt
4s . _14*1000:210
Ay, ot

=As=T1Tmnt..._ Control

Use ®14@20 cm c/c
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2. Building Code Requirements for Structural Concrete (ACI 318M-05

3. Uniform Building Code (UBC-97) .
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ApPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project



APPENDIX (B)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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AppenDIX (C)

ESS OF
MINIMUM THICKN
Imf:i%ssg;ssen BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

: Oneend | Bothends j
suspl&elt)éd continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

?vgyllds%nlfs: £/20 £124 £128 €10

Beams or
ribbed one-
way slabs /16 £/18.5 £/21 L/8

—

Values given shall be used directly for members with normalweight concrete

(density w,, = 2320 kg/m3 and Grade 420 rej i
tions, t?:e values shall 5 m)o dified as folloc: nforcement. For other condi

a) For structural Ji htweight concrete having unit densi i
ensity, w,, in the range
1440-1920 kg/m3, the values shall be multipl?ed by (1 .65% 0.603wc) but n%t

less than 1.09.
b) For £, other than 420 MPa, the values shay] be multiplied by (0.4 + 1,1700)




#_____--————'___—__\

D DEFLECTIONS
—_ IMUM PERMISSIBLE COMPUTE e
TABLE 9.5(b) :I,I:::,ber Deflection to be considered Deflection fimitation
ot Immediate deflection due to live load L T

or attached to non-

rtin
Flat roofs not supporting oDy

Istmc!graﬂl ellgmems likely to
arge deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due fo live foad L e
tural elements likely to be damaged by large
o | deflection occurring after
Rool or floor construction supporting or That part of the total deflection ;
at?:choéd tooo :longlructuml eleggents lii’kely to be | attachment of nonstructural elements (sumdof ¢,/480°
damaged by large deflections the long-term deflection due to all sustaine
loads and the lmmegiate deflection due to any
additional live load) L2408

Roof or floor construction supporting or
aftached to nonstructural elements not likely to
be damaged by large deflections
* Limit not infended to safeguard against ponding. Ponding should be checked by suitable calculations of deflection, incl
v;aler. and considering long-term effects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage.
Long-term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of daflection calculated
rnento?no tructural i i i ineeri i i i 1o occur befor
mentol osgwngumglsrenr:ms This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of mmeea’m
! are taken to prevent damage to supported of attached elements.
for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus
camber

;Limﬂmnybo ded if adeq
Limit shall not be ter th K
M

(MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)

added deflections due to pondad
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