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Structural Design for the building of
Academy of Al-gasmi

Prepared by

Ammar Y.Asafrah Tamer |.Atawneh  Mohamad M.Al-tel

Palestine Polytechnic University

Abstract

The city of Hebron is considered as the largest Palestinian city in terms of area and
population, it needs a lot of facilities for science and knowledge, so the presence of a
number of educational buildings is an urgent need to make a priority of the work
supervisor in the work of thinking about structural design of the building "Academy
of Al-gasmi"

In this project many useful previous studies and projects will be used as guidelines
to help through project, such as old graduation projects and civil engineering studies,
and is based on the study of architectural plans proposed for the project and modify
them as needed, then move on to construction work starting with the distribution of
the columns and then the beams, and determine loads that affect on the building and
system construction, which will be the best choice of all its content of elements of
construction, to move on after that to complete the structural design for each element
of the structural elements, and finally finish the work of construction and operational
plans fully and in detail each of them.

For structural design of this project, Jordanian Construction Code will be used for
determining live loads, where ACI-318-05 code well be used for structural analysis
and design for all structural elements, and some of the computer design software will
, Atir, and Office2007, Staad-Pro2007...etc be used, such as Autocad2007.

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.

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.

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.

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.

XVi



Vn = nominal shear stress.

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

Woc = 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.

Fy = yield stress.

Zx = plastic modulus.

b¢ = flange width.
t; = flange thickness.

t,, = web thickness.
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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 using many
computer software such as "ATIR, SAFE, ETABS, STAAD PRO" and to find the
internal forces, deflections and moments for all the structural element in order to

design the elements.

4.2 Deter mination of thickness of ribbed & solid slabs:

According to ACI-Code-318-08, the minimum thickness of one way ribbed slabs

are computed, as follows:

hmin for simple support = L/16
=3.05/16=19.06 cm.
hmin for one-end continuous = L/18.5
=3.56 /18.5 =19.24 cm.
hmin for both-end continuous = L/21
=5.10/21 = 24.28 cm.

= We selected h = 25¢cm.

According to ACI-Code-318M-08, the minimum thickness of one way solid
slabs are computed, as follows:
hmin for one-end continuous = L/24
=3.45/24=14.37 cm.

hmin for both-end continuous = L/28



=5.10/28=18.21cm.
hnmin for cantilever = L/10
=2.40/10 =24 cm.

= We selected h = 25¢cm.

4.3 Load Calculations (T section):

Effective flange width (bE) according to AClI-code (8.10.2):

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

b. =L, /4=450/4=1125cm
b =12+16t, =14+16(8) =142cm

b, =C/Cspacing=52cm........controls

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 0.10x0.52x17 = 0.884 kN/m of rib
Topping 0.08x0.52x25 =1.04 kN/m.
Concrete Rib 0.17x0.12x 25 = 0.51 kN/m of rib
Block 0.17x0.40x10 = 0.68 kN/m of rib
Plaster 0.02x0.52x22 =0.2288 kKN/m of rib
Partition 2.38x0.52 =1.23 KN/m of rib

Nominal Total Dead Load = 0.3432 + 0.2288+ 0.884 + 1.04 + 0.51 +
0.68+0.2288+1.23 = 4.5648 kN/m of rib

Nominal Total live load =4.0 x 0.52 = 2.08 kN/m of rib

Total Dead Lad (Unfactored) = 4.5648/0.52 = 8.775 kN/m?

Total live load = 4.0 kN/m?

4.4 Design of topping:

Factored load from ACI CODE 318M 08 the equation tell that:



DL =0.03*22 + 0.02*22 + 0.1*17 + 0.08*25 +2.38 = 6.0 kN/m?2.
qu=12DL+16LL.
qu=1.2(6.0) + 1.6 (4) = 13.60 KN/mz2,

Assume slab fixed at supported points (ribs):

v - GxI?_13.60x(04)°
D) 12

bx h?

=0.181kN.m

Mn=0.42x ./ fc' x

% 2
= 0.42 /24 x* oéos — 2.1947kN.m.

f xMn=0.55x2.1947 =1.20711kN.m
f x Mn =1.2071kN.m>> Mu = 0.181kN.m

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

r =0.0018
As . =r xbxh=0.0018x100x8 =1.44cm’ /1Im

Use ®8@25 cm c/c (4P8/m), with As =2.01cm?/m in both directions.

As =2.0lcm?/m> As, =1.44cm?/m

4.5 Design of ribs (R0O1) at ground floor

Using "Atir" software for the following figure of geometry, loads and values of

moment and shear:



Fig. (4-1) Geometry Diagram of Rib (RO1).
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Fig. (4-2) Load Diagram of Rib (R01).



Fig. (4-3) Moment Diagram of Rib (R01).

Fig. (4-4) Shear Diagram of Rib (R01).



4.5.1 Design of negative moment for rib (R1) :

e Support4:
Maximum negative moment is Mu= -13.2 kN.m
Mu =13.2KN.m
Mn, =Mu/0.9=13.2/0.9=14.66KN/m
d = h - cover — ®;— ®/2 = 250 — 20 —8- 12/2 = 216 mm.

fy 420

= - = =20.58
0.85x fc  0.85x24

_(13.2/0.9)x107° _

= = 2.62 MPa.
bx d2 0.12x(0.216)>

kn =

2mKn
fy

1 2(20.58)(2.62)
p= ( \/ o ) = 0.0067

p= (- -2
m

AsSreq, = 0.0067 (120) (216) = 173.64 mm’

As,;, =0. 25\/f_ (ow)(d)> 1; (S0 (s ) I~ (ACI -10.5.1)

(fy)

24 2
. =0.25—=(120)216)=75.6
R =025 (1201216) =75 6

> L ‘:)(120)(216) 86.4mn’
As . =86.4mnT >75.6mnT............. The larger is control
As,;, =86.4mn7
As,, =173.64mm’>As; =86.4mnT ................. controls
As,,
No. of bars = qu 173.64/113 = 1.54 bars * Note Ap12 = 113 mm?2

Select2® 12 mm ......oevviiiiiiiiiiiiiieee e T0tALAS provided = 226 mm2,



= Check for strain :
Tension = Compression
Asxfy=085xf xbxa
2x113x420=0.85x24x120x a

a=38.77mm
fc'< 28......... SO—->b=0.85
c=2_ 8877 _ ceimm
b, 0.85
o = 210-4561  hn3
45.61

e, =0.0112 > 0.005

= Ok
= Support 3:
Negative moment is Mu= -12.1 kN.m
Mu=12.1KN.m
d = h - cover — ®;— ®/2 = 250 — 20 —8- 12/2 = 216 mm.
fy 420

m = - = =20.58
0.85x fc  0.85x24

-3
o M _ (12.1/09)x10° o

" bxd?  0.12x(0.216)

2mKn
fy

_ 1 [ 2(2058)(24) ,
p=0( \/1 S e )= 00061

Asreq, = 0.0061 (120) (216) = 158.12 mm?

p= (- 12N
m

As . = O.ZSE(bW)(d)z %(bw)(d) .................... (ACI —10.5.1)

%)

24 2
As,. = 0.25@ (120)(216) = 75.6mm
14

> 120)216)=86.4mm?
420( f216) mm



As . =86.4mnT >75.6mn............. The larger is control

As, . =86.4mnT
As,,, =158.12mm’>As ; =86.4mnT ................. controls
As,,
No. of bars = K‘*: 158.12/113 = 1.4 bars * Note Ap12 = 113 mm?
Select2®D 12 mmM ....cooeviiiiiiiiiiiiiiiiee e TOtA1AS provided = 226 mm2.,

=  Check for strain
Tension = Compression
Asxfy=085xf_xbhxa

2x113x420=0.85x24x120x a
a=38.77mm
fc'<28......... So—>b=0.85
c= 23877 _ 45 61mm
b, 0.85
o _ 2164561
: 45.61
e, =0.0112 > 0.005

x0.003

= Ok

e Support 2:
Negative moment is Mu= -8.70 KN.m
Mu =8.7KN.m
d =h - cover — ®;— ®/2 = 250 — 20 —8- 12/2 = 216 mm.

fy 420

m = - = =20.58
0.85x fc  0.85x24

Mn _ (8.7/0.9)x10°°

= = =0.37 MPa.
bxd?  0.12x(0.216)

kn

2mKn
fy

- Ya. h- )
m



2(20.58)(0.37)
p——( \/ 20 ) = 0.00089

ASeq. = 0.00089 (120) (216) = 23.23 mm’

As,,, =0. 25\/f_(b Nd)> 1; (S0 () FA— (ACI318M —10.5.1)

(ty)

24 2
. =0.25—=(120)216)=75.6
A =025 (1201216) =75 6

> L ‘;(120)(216) 86.4mn’
As . =86.4mnT >75.6mnT............. The larger is control
As, . =86.4mnT
As,, =23.23mm’*<As, =86.4mnT............... not controls

Select As,, = As,, =86.4mn¥

A
No. of bars = %: 86.4/79 = 1.1 bars * Note Ap1p =79 mm?2

Select2® 10 MM ...coovevviiiiiiiiiieiiee e T0tALAS provided = 158 mm2.,

= Check for strain
Tension = Compression
Asxfy=085xf xbxa

2x79x420=0.85x24x120x a
a=27.1mm
fc'< 28......... S —>b =085
c= a._ —27'1 =31.8mm
b, 0.85

216-31.8

e =————
31.8

e, =0.017 > 0.005

x0.003

= Ok



4.5.2 Design of positive moment for rib(R01):

e span3:

max Mu = 17.6 kN.m

Mn=17.6/0.9 =19.55kN.m

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

Assume a=t=8cm
C=0.85 f, xaxh,

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

Mn = TorC(d——) 84864(0216—%) 149.36 kN.m

Mn available =149.36 kN.m > Mn required = 19.55 kKN.m

Then design as a rectangular with b, =52 cm

3 fy 420
0.85x fc  0.85x 24

=20.58

-3
K = |\/|I‘l2 _ 19.55x10 _—08MPa
bxd® 0.52x(0.216)

, =1(1— 1- 2mKn)
m fy
=L(1_\/1 M) 0.00196
20.58 420
As=r xbxd

AS,,, =0.00196 x 520 x 216 = 220 mm?.

As,;, =0. 25\/f_(b Xd)> L 4(bw)(d) .................... (ACI 318M -10.5.1)
() fy
V24
=0.25 120)216 120)216
A =025 o0 1201216) 2% 1201210
As . =75.58mn" <86.4mnT ............the larger control
As,;, =86.4mm’

ASreq. =220 mm® > Aspin = 86.4 cmP......... ok



So select 212
As =226 mm2.

provided

=  Check for strain
T=C
Asxfy=0.85x f_xbxa

2x113x 420 = 0.85x 24x520x &
a=28.95mm
c= 2895 1053mm

b, 0.85
. _216-1053
s~ 1053
e. =0.059> 0.005

x0.003

= 0Ok

= Spanl:
Mu = 16.2 KN.m
Mn =16.2/0.9=18 kN.m

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

Assume a=t=8cm
C=0.85 f_ xaxh,
C=0.85(24) (0.08) (0.52) = 848.64 kN

Mn=TorC (d -%‘) = 848.64 (0.216 — 0;28) = 149.36 KN.m

Mn available =149.36 kN.m >> Mn required = 19.55 kN.m

Then design as a rectangular with bz =52 cm

fy 420

m= = =20.58
0.85x fc  0.85x24

-3
k = an __ 18x10 _=0.74MPa
bxd® 0.52x(0.216)




2mKn

r :1(1— 1- )
m fy

: :L(l—\/l— 2(20.58)(0.74)):0.00179
20.58 420

As=r xbxd

As,,, =0.00179 x 520 x 216 = 202 mm?.

As_. =025 Jfe (bw)d)> %(bw)(d) .................... (ACI -10.5.1)

(fy)

As,, = 0.25%(120)(216) > %(120)(216)

As . =75.58mn" <86.4mn7 ............the larger control
As,;, =86.4mm’

ASreq. =202 mm® > Aspin = 86.4 cmP......... ok
So select 2912
AS, oiged = 226 mm2,

= 0Ok

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

2x113x420=0.85x24x520x a
a=38.95mm
c= 289 _1053mm

b, 085

o _216-1053
* 1053
e, =0.059 > 0.005

x0.003

= 0Ok



= span5:
Mu = 5.6 KN.m
Mn=5.6/0.9=6.22 kN.m

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

Assume a=t=8cm
C=0.85 f, xaxh,
C=0.85(24) (0.08) (0.52) = 848.64 kN

Mn=TorC (d -%‘) = 848.64 (0.216 — 0;28) = 149.36 KN.m

Mn available =149.36 kN.m > Mn required = 6.22 kN.m

Then design as a rectangular with bz =52 cm

M fy 420
0.85x fc  0.85x24

=20.58

-3
Mn _ 622x107 _ ;- cempa

Ky = 2 2
bxd® 0.52x(0.216)

2mKn
fy

L1 (1_\/1_ 2(20.58)(0.256)):0.00014
20.58 420

P P LA
m

As=r xbxd

AS,,, =0.00014 x 520 x 216 = 69 mm>.

As . = O.ZSE(bW)(d)z %(bw)(d) .................... (ACI -10.5.1)

(fy)

~ V24 1.4
ASin = 0.25@(120)(216) > 4—20(120)(216)

As, . =75.58mnT <86.4mnY ............the larger control

As,;, = 86.4mm’

ASreq. =69 mm? < Aspin = 86.4 cm’........ ASmin controls



So select 210

ASonided =158 mm2,

= 0Ok

= Check for strain

T=C

Asxfy=0.85x f,xbxa
2x79x420=0.85x24x520xa

a=>6.2mm

c= a :2 =7.3mm
b, 0.85

e, = 21%773, 0003
7.3
e, =0.08>0.005

= 0Ok

4.5.3 Design of shear for rib (R1):

ACI — 318 — Categories for shear design:

= Span3:
VU griticat = 20 kKN

1. Vu< %@Vc

Ed)VC:ixq) fe
2 2

xb, xd

:Eq) VC=£><O.75>< V24
2 2 6

x120x 216

=7.93kN

1
Vu > E(D \c............not control



2.

%@Vc <Vu<odVe

dVc=7.93x2=15.87KN
Vu>®dVe............not control

dVe<Vu<dVe+ dVs

DVs, :%x bwx d :%xO.leO.ZlG = 6.48KN

fc' xbwxd = %x 24 x0.12x0.216 = 7.94KN

OVC+ Vs, =15.87+7.94=23.81KN.,

= 0Ok
Use minimum shear reinforcement
Ay obw 1,012 65, 10%m
3fyt 3 420
> 1 L */_ =7.29x10" ...........
16 fyt 16 420
(ﬂ)min = 7.29x10™
S
Try 2 legs ®8
-6
(ﬂ)min _ 2x50.24x10 _729x10"
S S
S =0.137 m. < 600mm.
<9:% =108mm

Select P8 @12.5 cm c/c.

controls

controls



4-6 Design of Beam (BO7)at Ground floor:

Using "Atir" software for the following figure of geometry, loads and values of

moment and shear:

BEAM 07

.-'"-'_“*-.
|
IklE).l

:

Fig. (4-5) Geometry Diagram of Beam (07).

boad groags . 1
Dhevrd fumiied - S vices

Fig. (4-6) Load Diagram of Beam (B07).
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Fig. (4-7) Moment Diagram of Beam (BO7).

Fig. (4-8) Shear Diagram of Beam (BO7).

Table (4-1) L oads computation for Beam(BQO7).

Dead load 21.32/0.52 41 KN/m
Live load 8.684/0.52 16.7 KN/m
Self weight for T section ((0.6%0.5)+(0.25%0..5)) x25 10.6 KN/m




For Isolated Beam according to ACI -318M- 8.10.4 the effective width to the
isolated T-section beam:

tf =25cm
bw < 2tf =50cm
take....ow=50cm

bE < 4bw=200cm
take....bE =100cm

4.6.1 Design of negative moment for beam (B07):

d = 600 - 40 ~10 - 10 = 540mm
Mu =635.4kN.m
Mn, oy = 635.4/0.9 = 706KN.m

me— Y _ 420 5458
085x fc 0.85x24
-3
. = Mu/cf _ (635.4/0.9)><120 _ 4.84MPa
bxd 0.5x(0.54)
; :i(l— 1- 2mkn)
m fy
L1 (1_\/1_2*20.58*4.84)
20.58 420
r =0.0134
As =0.0134 x500 x 540
As =3618 mm?
4 fc' 1.4
As,, =0.255—(bw)(d) = == (bW)d )oovverrerrenns (ACI -10.5.1)
(fy) fy
V24 1.4
- =0.25~—(500)(540) > ——(500)(540
s =0.25421(600)540) -1 (500)540)

As . =787.3mn’ <900mnY ............the larger control



As,, =3618mm’ > As ;= 900mm’

Select ®25..... As=491mm?.

No. of bars= @ =7.37bars
491

Select 8 ®25
As = 491x 8 =3928mn?

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

8x491x420 =0.85x24x500x% a
a=161.74mm
a 161.74

b 085

540-190.3

g =————
190.3

e, =0.00551> 0.005

=190.3mm

x0.003

= 0Ok

4.6.2 Design of positive moment for beam (B07):

= Spanl:
d =600-40-10-10=540mm
Mu =581.2kN.m

Mn,., =581.2/0.9 = 645.78KN.m

Determine whether the beam will act as rectangular or T-section:
a=t=25cm

C=0.85 f, xaxh,

C=0.85 (24) (0.25) (1.0) = 5100 kN

Mn=TorC (d -'g) = 5100 (0.54 — %) =2116.5 kKN.m

Mn available =2116.5 kN.m > Mn required = 645.78 kN.m



Then design as a rectangular with bz =100 cm

fy 420

m= - =20.58
0.85x fc  0.85x24

-3
- Mu/® _ (581.2/0.9)x10° .\ 1o

 bxd? 1.0% (0.54)2

1 ’ 2xmxkn
I‘:E(l— 1—T)

\/1_ 2x20.58x2.21
420

I
20.58

r =0.0056

)

As = 0.0056 x 1000 x 540
As ., =3021.3 mm?

ps. =025 (ow)d)> 2 ow)d ) (ACI ~10.5.1)
() fy
24 14
i =0.25——=(500)540) > ——(500 540
A =025, 2o (5001540)> 12 (500)540)
As,;, = 787.3mm’ < 900mnT ............the larger controls

As,, =3021.3 mm?> As; =900 mm*

Select ®25..... As =491 mm?.

30213 =6.15bars

No. of bars =

Use 7 ®25
Area of steel = 7x491=3437 mm?

=  Check for strain
T=C
Asxfy=0.85x f_xbxa



7x491x420=0.85x24x1000xa
a=70.76mm
a 70.76

C=—2= =83.25mm
b 0.85

540-83.25

gg=
83.25

e, =0.0165 > 0.005

x0.003

= 0Ok

= Span?2:
d =600 -40-10-10 =540mm

Mu=337.3kN.m

Mn,, =337.3/0.9=374.78KN.m

Determine whether the beam will act as rectangular or T-section:
a=t=25cm

C=0.85 f, xaxh,

C=0.85 (24) (0.25) (1.0) = 5100 kN

Mn =T or C (d -%) = 5100 (0.54 — %) =2116.5 kN.m

Mn available =2116.5 kN.m > Mn required = 374.78 kN.m

Then design as a rectangular with b =100 cm

fy 420

m= _ = =20.58
0.85x fc 0.85x24

-3
- Mu/® _ (337.3/0.9)x10° _ o\ o

 bxd? 1.0% (0.54)2

1 f 2xmxkn
r Za(l— l—T)

Lo 1 (1_\/1_2><20.58><1.29
20.58 420
r =0.00316

)

As = 0.00316 x1000 x 540
As . =1708 mm ?



NAo 1.4
Asmin =0.255—(bw)(d) > == (bw)d)........coevrrreeee. ACl -10.5.1
(17 0= o) ( )
~ V24 1.4
ASmin = 0.25@(500)(540) > E(SOO)(MO)

As . =787.3mn’ <900mnY .......
2

Asreq ~1708mm? > ASmin =9200mm*~ ...

Select ®25..... As=491mm?.

No.of bars= @ =3.48bars
491

Use 4 25
Area of steel =4%491 =1964 mm2

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

4x491x420=0.85x24x1000x a
a=40.44mm
a 40.44

b 085

540 -47.6

eg=———"—
47.6

e, =0.031>0.005

=47.6mm

% 0.003

= 0Ok

.....the larger controls

........Thelarger controls



4.6.3 Design of shear for beam (BO7):

Follow the Categories for shear design:
VU griticat = 407.3 kN

Use @10 with two legs

Av =2x79=158 mm2

1. Vugid)Vc
2
f!
1(I)VC:EXQD /1 xb, xd
2 2 6
:%xo.75x*/§_4x5oox54o=82.7kN

1

Vu > ECD \Vc............not control

2. %@Vc <Vu<dVc

lCI)VC:EXCI)—“]CCX b, xd
2 2 6

® Vc=82.7%x2=165.34kN

Vu>®dVec............not control

3. ®Vc<Vu<dVc+dVs,,,

DdVs, . 20.75(%)><bw><d2% fc' x bw xd

®Vs,. >0.75 (%)x 0.5x0.54x10° > %\/ﬂx 0.5x0.54x10°

®Vs,_ >67.5kN > 62.0kN

®Vs,,, =67.5kN
DVC+DVs,, =165.34+67.5 = 232.84kN

Vu>®dVe+ dVs,, ............not control



4. ®Vc+dVs, <Vu< CDVc+cD><%1/ fc xbwxd

x500x540 =330.7KN

()] “;C xbwxd :0.75x\/§_4

DVC+ d)x% fc xbwxd =165.34 + 330.7 = 496 > Vu

OVs,, +OVe=Vu
= ®Vs,,, =VU—-DVC=407.3-165.34 = 241.96kN

Sreq. = =11.1cm........... control
s 241.96x10°
d 54.0
S<—=——=27.0cm < 60cm
2 2

Select ® 10 @ 10cm c/c

4.7 Design of beam (B32) | -section :

Use A36-steel :

Fy=36 ksi.

Determine of dead load:
Tiles=0.03x1.0x1.0x22=0.66 KN/m2,
Mortar=0.02x1.0x1.0x22=0.44 KN/m2.
Sand=0.1x1.0x1.0x17=1.7 KN/m2
Plastering=0.03x1.0x1.0x22=0.66 KN/mz2,
Partitions=2.38 KN/mz.

Solid slab =0.2x1.0x1.0x25=5 KN/m2.
2 dead load = 10.84 KN/m>2.

Live load=5 KN/mz.

qu = 84.03 KN/m = 5.8Kip/ft.
Vu=5.8x14/2=40.6 Kip.
Mu=40.6x14/2-5.8x7x7/2=142.1Kip.ft



| | |
v J L D N S T

Mu=142.1 Kip.Il

Vo=t B Kip

Fig (4.9) moment and shear of beam (B32).

4.7.1 Design of moment for beam (B32) :
®.Mn > Mu
®=0.9 (Under Strength Factor)
Mn=Fy.Zx
0.9*36*Zx.req=142.1  ............. Zx.req=4.38ft3........ Zx.req=52.56 ins3.
From Standard Code.
Select W 12x45

Zx=64.7 in® >Zx.req=52.56 in® ...... ok
Check local plate buckling : -
From code standard d=12.0 in.
Af=bf/2t=7.0 <10.8 - code table 7.4.2
Ap=h/tw=29 << 107 - code table 7.4.2



4.7.2 Design of shear forcefor beam(B32):
®.Vn = Vu

Vn=0.6*Fy*d*tw.

0.9*0.6*Fy*d*tw = Vu
0.9*0.6*36*12.0*0.335 =Vu

78.1>40.6 Kip ....ok

Check shear local plate buckling:

h/tw=29 <A lim =69.7 — code table 7.7.1
limit of deflection:

Fallow =L/360=14.0*12.0/360=0.467 in.

Fmax = (5/384)*[ LL*(L)‘] < Fallow.
2900* Ireq

For profile W12x45 - |. provided = 350 in*.

0.467 = (5/384)*[6.5/12*(14*12) 4]
2900 * Ireq

I. provided = 350 in’> l.req =170 in® ... Safe
We select a profile W12x45.



4.8 Design of One-way solid slab:

T T m W

P ™,
e iabalele et Rt N

Fig. (4-12) Shear Diagram of One-Way Solid Sab.



4.8.1 Deter mination of thicknessfor solid slab:

=L =Q =8.3cm
24 24
SHect h=10cm

4.8.2 Load Calculation:

D.L=3KN/n?
L.L =15KN/m?

4.8.3 Design for positive moment:

d=100-20-12 =68mm
Mu =10.3KN.m

n=Mu_103 1 4akNim

09 09
_Mn 1144

kn=— = > =2.475Mpa
bd® (1)(0.068)

m = fy = 420 =20.58

"~ 085*fc  0.85*24

rzi(l— 1- 2mkn)
m- fy

1 {1_ \/1_2><2.475><20.58

r=—— =0.0063
20.58 420 }

As, =T xbxd
=0.0063x1000x 68 = 428.3mn"’
As,,, =0.0018xbxh=0.0018x1000x100=180mn"

As,;, =180mnT < As,, =428.3---controll

= As=428.3mnY

# of bars= % =3.79
113

Usef 12@ 25cmc/c



=  Check for strain

Tension =Compression

A x fy=0.85x fc' xbxa
565x 420 =0.85*24*1000* a
a=11.63cm
c= & 1183 _15680m
b, 0.85
_ 68-13.68

e, =
13.68
e, =0.01>>0.005........ ok

*0.003

4.8.4 Design of negative moment:

d =100-20-12=68mm
Mu=12.6KN.m

Mn=Mu_126 _, nm

09 09
Mn 14

kn=—= > =3.03Mpa
bd® (1)(0.068)

m = fy = 420 =20.58

"~ 085*fc  0.85*24

rzi(l— 1- 2mkn)
m- fy

1 \/ 2x3.03x20.58
r=——|1-./1—-
20.58 420

AS, =T xbxd
=0.00785x1000x 68 = 533.67mnT
As,;, =0.0018xbxh=0.0018x1000x100=180mn7

As,;, =180mnT < As,., =533.67....controll
= As=533.67mnY

} =0.00785

533.67 _
113
Usef 12@ 20cmc/c

# of bars= 4.7




=  Check for strain

Tension =Compression

A x fy=0.85x fc' xbx a
678x 420 = 0.85*24*1000 * a
a=13.96cm

c= 2 1398 0 iem

b, 0.85

e = M*OOO?,

° 16.4
e, =0.0095 > 0.005........ ok

4.8.5 Shrinkage & Temperature Reinforcement in top layer:

As., =0.0018xbxh

As,. = 0.0018x1000x100 =180

# of bars= @ =2.278
79

Usef 10 @ 25cmc/c

4.8.7 Chick for shear :

fVCz%\/ﬂxleOGBxlOS —41.6>Vu=31.1.....0k

no shear reinforcement is required.



4.9 Design of Stairs:

Fig.(4-13) Cross Section for the Stair case.

4.9.1 Deter mination of Slab Thickness:

By limitation of deflection for solid slabs :

req

ho >
'~ 20

> 2_L0 ..... simply sup ported case

3.75

=0.188m = sdlect dab thickness = 20cm

d=20-2-1=17cm

16.6

f =tan ' (—=) =29.0°
30

4.9.2 Loads Calculation:

Dead load compination for flight:-

1.

Concrete = (0.20) x (25) x (1)/cos (29.0) = 5.72 KN/mz2,

2. Plastaring = (0.02) x (22) x (1)/cos (29.0) =0.503 kN/mz2.

3. Stair =(0.5) x (0. 3) x (0.17) x (25)/(0.3) = 2.125 KN/mz2,
4,

5. Tiles =(0.17+0.33) x (0.03) x (27)/(0.3) = 1.35 kN/m2,

Mortar = (0.17+0.30) x (0.02) x (22)/(0.3) = 0.689 kN/mz.



Total dead load = 5.72+0.503+2.125+0.689+1.35= 10.4 kN/m?2.

Dead load compination for landing:-

1.
2.
3.
4.

Concrete =(0.20) x (24) = 4.8 kN/m2,

Plastaring = (0.02) x (22) = 0.44kN/mz2.
Mortar  =(0.02) x (22) = 0.44 kN/mz2.
Tiles =(0.03) x (27) = 0.81 kN/m2,

Total dead load = 4.8+0.44+0.44+0.81= 6.5 kN/m2.

Live load for stairs = 3 kN/m2

4.9.3 Design Against Shear:-

The following figure shows the shear envelope of the staircase.

Fig.(4-14) Shear Diagram of Staircase.

Vu = Ay x€0s29.0
Vu = 35.9 xcos 29.0 =31.4KN.

o Exbss

fVc

~ 0.75x+/24 x1x0.170

=104.1KN

6

fVvc=104.1>Vu=314

~FVe>VU,iea

. no shear reinforcement is required so the depth of stair’s slab is OK

4.9.4 Design Against Bending:



Fig.(4-15) Moment Diagram of Staircase.

Mu,,, =37.2KN.m

max

M
Mn=-—— =32 _ 41 3kN.m
0.9
%16
kn=MN__ _4L3TI0° 4 paunsme
bxd? 1000 (170)
fy 120 _ 2058

m= - =
0.85x fc  0.85x24

2mKn)= 1 (1_\/1_2(20.58)(1.43)):0_0035
fy 20.58 420

r =i(1— 1-
m

AS(eq) =T xbxd=0.0035x1000x170 =595 mm?

V24

1.4
AS,in =0.25—=—(1000)(170) > -~ (1000)(170
420)( )(170) == (1000)(170)

min = (
As,;, =495.7mnt <566.67mnT

AS,o, =595mm’ > As; =566.67mn _As, (control)

= Useld14@25cme/c with As=616mm’ > As, ., = 600.74mnt ...

For secondary reinforcement:

bottomreinforcenent



ASy, grarp. = 0.0018x bx h=0.0018x1000x 200 = 360mm?

Selectld10@ 20cmc/c ...for top & bottom reinforcement

For top reinforcement:
ASeq) = I xbxd =0.0035x1000x170 =595 mm2

e

o=V, —_— >——(1000)(170)..... contro
_025 (4;3) (1000)(170) j;; (1000)(170) |

= Useld14@2%m c/cwithAs=616mnf > Asreq=595mnt ..for top reinforcement

4.9.5 Design of Landing:-
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Fig.(4-16) Top View Landing.



Fig.(4-17) Section in Stair's Landing.

e Dead Load calculations:-

h slab=20cm

1. Tiles =(0.03) x (27) = 0.81 kKN/m2,
2. Mortar = (0.02) x (22) = 0.44 KN/m2,
3.Slab  =(0.20) x (25) = 5.0 kN/m2,
4. Plaster = (0.02) x (22) = 0.44 kN/mz,

> DL=6.7kN/m........ for Lmstrip.

DL2 (that comes from the stairs reaction on the lading) =21.5 KN/m
Total dead load = 6.7+21.5 = 28.2 KN/m.

e Live load calculations:-

L1 : Live load on the landing = 3 KN/m....... for 1m strip.

L2 (that comes from the stairs reaction on the lading) = 10.5 kN/m
Total live load =3 + 6.3 =9.30 kN/m

e Total Ultimate Load :-
qu=1.2D.L + 1.6L.L = (1.2)x(28.2) + (1.6)x(9.3) = 48.72 KN/m



4.9.5.1 Design Against Shear:-

_quxL 48.72x35

Vu =85.26 kN.
2 2
fif 'xb, xd
fVe=—"—""—"—
6
fVe = 0.75x4/24 x1000x170 _104.1kN

6
fVc=104.1>Vu=285.26

~fve>Wwu

critical

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

4.9.5.2 Design Against Bending:

_quxLl® 48.72x35°

Mu =74.6 kN.m
8 8
Mu
Mn=—=ﬂz82.9 kN.m
) 0.9
6
Kn = an _ 82.9x10 _-2.87 Mpa
bxd 1000 x (170)
fy 420 =20.58

m= - =
0.85x fc 0.85x24

r:i(l— 1_2meKn): 1 (1_\/1_W):o.0074
m fy 2058 420

ASeqy =1 xbxd=0.0074x1000x170 =1257 mms

As i, =0.0018 xbxh
As, .. =0.0018 x 1000 x 200 = 360mm?

AS(eqy =T xbxd=0.0074x1000x170=1257 mm?.......... (control)

= Useld16/15cmC/C...... bottom reinforcengnt
For secondary reinforcement:

ASy, gremp. = 0.0018 xbx h = 0.0018 x 1000 x 200 = 360mm?

Select 1d10@20cmc/c...for top reinforcement.



4.10 Design of two way ribbed slab:

4.10.1 Determine of thickness of two way ribbed dab:

Fig.(4-18) section of perimeter beam. Fig.(4-19) Top View dab.

assume h=60 cm.

Ybeam = 30

Xpeam = 45

3
~ 0.9x(0.6)
12

Ib =0.0162

8x50x4+15x60x30

Vet apn = ~235
Ydab 8x50+15x60

3 3 3
0.7x(0.08) +0-2><(0.365) ~ 0.2x(0.155)

-3
= :3.54)(
ISA 3 3 10



Fig.(4-20) section of rib in X-direction. Fig.(4-21) section of rib in Y-direction.

_ 8x40x4+20x60x%x30
Ygab = =245
8x40+20x60
3 3 3
0.6x(0.08) 0.2x(0.355) 0.2x(0.165) -3
IsB~ 3 + 3 - 3 = 338><10
|SA Lb 354><10 19.4_0049
IS1™ 97 "2 0.7 2
_ Iss E 338><10 14'5:00408
IS27 055" 2 0.6 2
Ib 0.0162
- = =0.33
al™ a1 0.049
_1b _00162_,
Is2  0.0408
a, - 2a1;2a 2 _ 2(0.33): 2004) _ 365

0.2<a, <2 Table 9.5(c) page 114 ACI 318-08

|n(o.8+l) 18.4(0.8+ 4—20)
Pin = 2550 Y 1400°  _(545m
36+5b (@ fm - O 2 4 5 ¢ (0.365-02)
Take h=60 cm.
fc' = 24 Mpa

fy = 420 Mpa



4.10.2 loads computation:

Tiles
Mortar

Coarse Sand Fill
Topping
Concrete Rib
Block
Polystrene

Plaster

Partition

Evalite block

Fig.(4-22) Etolite block.

=0.2772 kN/unit
=0.1848 KN/ unit

0.03x0.7x0.6x 22
0.02x0.7x0.6x 22

0.10x0.7x0.6x17 = 0.714 kN/ unit

0.08x0.7x0.6x 25 =0.84 kN/ unit
(0.7+0.4)x0.2x0.52x 25 = 2.86 KN/ unit
0.06x0.5x0.4 x10 =0.12 kN/ unit
0.5x0.4%x0.46%0.2 =0.0184 KN/ unit
0.02x0.7x0.6x22 = 0.1848KkN/ unit
2.38x0.7 x0.6 =0.99 KN/ unit

Nominal Total Dead Load =0.277+0.1848+0.714+0.84+2.86+ 0.12+0.018+0.18

+0.99 = 6.2 kN/unit

Nominal Total live load =4.0 x 0.6x(.7 = 1.68 kN/unit
Total Dead Lad (Unfactored) = 6.2/0.6x0.7 = 14.76 kN/m?

Total live load = 4.0 kN/m?

WuD=1.2xD.| =1.2x14.76=17.712 KN/ m?
WUL=1.6 x| [ =1.6x4=6.4 KN/ m?



4.10.3 Shear design :-

Table 12-6:-

La/Lb=14.5/19.4=0.75

Wa=0.88

Wb=0.12

(Vu)a= (17.712+ 6.4) x 184x1350)x088 ) o o0 ga5kn
2x18.4

(Vu)b = (17.712+6.4) x (18'4X213'153°;x 012 0.7 -18.634KN

d =600—-20—8—6="566
0.75

fVc:T@ x0.2x0.566x1000 = 69.3KN

1.1Vc=1.1x69.3=76.2> VU =74.6

There is no shear reinforcement is required.

Use f 8@ 25cmc/c

4.10.4 Flexural design:

4.10.4.1 Design of negative moment......... table 12.3
Ca.neg=0.088

Ma.neg=[Ca.negxWuxLa?]+ [ Call.WuD.La?]
Ma.neg=[0.088x(17.712+6.4)x13.5 °x0.6=232KN.m

Ty 420

= _ = =20.588
0.85x fc 0.85x24

_Mu/® _ (0.232/0.9) _, oaiinn

~ bxd?  0.2x(0.566)2

1 L, 2xmxkn
rza(l— 1—T)

1 2x20.588x4.023

r= @a-.1-
20.588 420

r =0.01077

K

)



As=0.01077x200x566

As=1219.16 mm?.....controll

AS i = %(bw)(d)z 0.25 YL (b )(d) s o (ACI ~10.5.1)

(fy)
1.4 V24
L =-—"_(200)(566)> 0.25~——(200)566
Asnin = (150 200)586)> 025" (200)566)
ASmin=377.3mm? > 330.1 mm?
Use 4® 20
No. of bars =1084.3/314=3.45 bar

Area of steel = 4 x314 =1256 mm >

=  Check for strain
T=C
Asxfy=0.85x f_,xbxa

4x314x420=0.85x24x200x a
a=129.3mm
a 1293

—="—""—=152.1mMm
b 0.85

566 —152.1

Bg=——
152.1

e =0.0082 > 0.005

% 0.003

= Ok
4.10.4.2 Design of Positive moment........ table 12.4

Ca.dI=0.048, Call=0.055

Cb.d1=0.012, Cb.11=0.016

Ma+ve=[Cadl.WuD.La’+ Call.WuD.La?]
Ma+ve=[0.048x17.712x13.5 *+0.055x6.4x13.5%]x0.6=131.46KN.m
Mb+ve=[0.012x17.712x18.4 >+0.016x6.4x18.4%]x0.7=74.64KN.m



Mat+ve=131.46KN.m

oy 420
085x fc 0.85x24

=20.588

_Mu/® _ (0.13146/0.9) _ oo

" bxd?  0.6x(0.566)2

1 [, 2xmxkn
r :E(l— 1—T)

1 2x20.588x0.76
r= @a-.1-

20.588 420
r =0.001844

K

)

As=0.001844x600x 566

As = 626.3mm?...controll

1.4 4 fc'
As... =—(bw)d)>0.25 bw )(d
fy( )d) () (bw )(d)
1.4 NeY
As. .. =-——(200)566)>0.25——(200)(566
Snin = (470 2004668) 025 (200)566)
ASpin =377.3mm? > 330.1 mm?
Use 2922
No. of bars =626.3/380=1.65 bar

Area of steel = 2 x380 =760 mm 2

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

2x380x420=0.85x24x600x a
a=26mm
a 26

C=—=——-=30.6mm
b 0.85

_ 566—-30.6
30.6
es=0052>0005 Ok

%x0.003

S

(ACI 318 M -10.5.1)



Mb+ve =74.64K N.m

oy 420
085x fc 0.85x24

=20.588

_ Mu/c2D _ (0.07464/0.92) _ 0.37MPa
bxd?  0.7x(0.566)

1 [, 2xmxkn
r :E(l— 1—T)

K

L1 (1_\/1_2><20.588><0.37)
20.588 420
r =0.000889
As =0.00889x 700x 566
As=352.1mm?.
1.4 fc’
As_, = —(bw)(d)> 0.25 —(bw )(d
i, (bw)a)>0.25 5 (o))
1.4 V24

ASnin = (4'70)(200)(566) > 0.254—20(200)(566)

ASmin=377.3mm? > 330.1 mm? ... control
Use 2016

No. of bars =377.3 /201=1.877 bar

Area of steel = 2 x201 =402 mm ?

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

2x201x420=0.85x24x700x a
a=11.8mm
a 118

—=""=13.9mMm
b 0.85

566—13.9

Eg=———
13.9

e =0.119 > 0.005

x0.003

= 0Ok

(ACI 318 M —10.5.1)



4.11 Design of column:

4.11.1 Design of Short column (col .63):
4.11.1.1 L oad Calculation:

DL, =405x1.2 =486 kN.

L.L, =73x1.6=116.8 kN.

DL, =212x11x1.2 =2798.4 kN.

L.L, =102x11x1.6 =1795.2 kN.

Sf Weight =0.8x0.8x3.75x25x12x1.2 =864 KN.
p, =486+2798.4+864+116.8+1795.2=6060.4KN

4.11.1.2 Design of Main Reinfor cement:
=Use 80cmx80cm=> Ag = 6400cn’
Pu=0.8x0.65x Ag(0.85x Fc +r ,(Fy-0.85Fc)

6060.4x 10" = 0.8x.0.65 x 640000(0.85 x 24 + I, (420 — 0.85x 24)
[ g = —0.009

= Use 65cmx 65cm= Ag = 4225cm’
Salf Weight =0.65x0.65x3.75x 25x1.2x12 =570.4
Pu=5766.8KN

5766.8x 103 = 0.8 0.65x 4225 x10% x{0.85* 24 + I (420 — 0.85 x 24)
[ req =0.015 > 1 iy =0.01

Agreq = 0.015 x 422500 = 6337.5mm?

= Usel4f 25



[k-Lujg(%_lz(%j)go ............... ACI.10-12-2
r

2
L, : Actual unsup ported (unbraced) length

K : effective length factor (K =1for braced frame)
R:radius of gyration=0.3h= \/%

Kby _ Kby 1993<34-12ML o)
r  0.3(h) M2

oo Short.......... Column

4.11.1.3 Design of Tie Reinforcement :

a7
31 0fz20 =250

D@20 L=195

K20 L=175

Fig . (4-23) Details of Column (Col-63).

Spacing <16 x d, (Longitudinal bar diameter) =16x2.5=40cm
Spacing < 48 x d, (tiebar.diameter ) = 48 x1.0 = 48cm.

Soacing < Least dimension = 65cm

Use f 10 @ 20cm c/c spacing.



4.11.2 Design of long column:

Select column (Col.35) for design

4.11.2.1 Loads Calculation:

Pu=1571.5KN
Pn =1571.5/ (0.65) = 2417.7 KN

4.11.2.2 Determination of Agreq:

rg=16 %
Pn=0.8* Ag{0.85* fc'+r g(fy —0.85fc')}
2417.7 = 0.8* Ag[0.85* 24 + 0.016 * (420 — 0.85* 24)]

Ag =1128cm?
Use 30x 50 cm with Ag=1500cm2> Agreq=1128cm?

4.11.2.3 Check Slender ness Effect:

e |n 50cm-Dirction

MU _gp oML ACI —(10.12.2)

r M2

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

R: radius of gyration =0.3 h = \/}

Lu=3.75m

M1/M2 =1

K=1, According to ACI 318M-2008 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.



TS<BMI120T ACl —(10.12.2)

Ax3.75 56599
0.3x0.5

~.long Coloumn in 50:dirction

e |n 30cm-Dirction

MU _gy_ppML ACI —(10.12.2)

r M2

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

R: radius of gyration =0.3 h = \/}

Lu=3.75m

M1/M2 =1

K=1, According to ACI 318M-08 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

MU gp oML ACl — (10.12.2)
r M 2

AX375 416752

0.3x0.30

~.long Coloumn in 30:dirction
E.|

El =04—9% . [ACI 318M — 2008 (Eq. 10 -15)]
1+ b,

E. = 4750,/ fc' = 4750 x /24 = 23270.15Mpa
_12DL  (13815)

b, = =0.88
Pu 15715
3 3
|g _ bX h _ 0.5%x0.3 _ 0001125m4
12
El - 0.4x23270.15x0.001125 5 75MN.NT

1+0.88



_ p’El

Pr=o— ACI 318M —2008(Eg. 10-13)
(KLu)
2
, 34T 3 91mNL
(1.0x3.75)
M1
Cm :O.6+0.4(WJ ............ AClI 318M -2008 (Eq.10 —16)
Cm=1.... According to ACI 318M - 2008 (10.10.6.4)
dnszc—r;uﬁ.o ............... ACI 318 M — 2008 (Eq.10 —12)
1-—
0.75P,
1
dns_l_ 1571 5 =2.15>1
0.75x3.91x10°
€min = 15+ 0.03xh =15 +0.03x30 =24mm = 0.024 m
e=ep i xdps = 0.024 x 2.15 = 0.0516
e _ 0.0516 _ 017
h 0.3
From Interactio n Diagram

fPy 1571 .5 145

= X =1.52 Ksi
Ag 0.5x 0.3 1000
rg = 0.01
e |n 50cm-Dirction
@<34—1ZE ............... ACI —(10.12.2)
r M2

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

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

Lu=3.75m

M1/M2 =1
K=1, According to ACI 318M-08 (10.10.6.3) The effective length factor, k, shall be

permitted to be taken as 1.0.



klu M1

<B4 12—, ACI —(10.12.2)
r M 2
1x3.75 25 > 22
0.3x0.50
. long Coloumn in  50:dirction
E.|
El = 0.41 bg ................ [ACI  318M —2008(Eq.10-15)]

d
E, = 4750,/ fc' = 4750x+/24 = 23270.15Mpa
_12DL _(13815) _ oo

bd
Pu 15715
3 3
| 2 Bxh_0.3x05 ) hg105m!
97 12 12
g _ 04x23270.15x0.003125 . o\ o
1+0.88
pEl
R — ACI 318M —2008(Eqg. 10-13)
(KLu)
2
P ECNET Y VIV
(1.0x3.75)
M1
Cm:0.6+0.4(mj ............ ACl 318M — 2008 (Eq.10 —16)
Cm=1.... According to ACI 318M —2008(10.10.6.4)
d. =C—r&121.o ............... ACl 318M —2008(Eq.10 —12)
0.75P,
d_= ! =1.24>1...... ACl 318M —2008(Eq.10 —9)
= 571 % =1.24>1..... g.

©0.75x10.85x10°

€pin =15 +0.03x h =15 +0.03 x 50 = 30mm = 0.03m
e=e . xdng =0.024 x1.24 = 0.03

e_0.08 406
h 05



From Interactio n Diagram

fPy 1571 .5 y 145
Ag 0.5x 0.3 1000

=1.52 Ksi

A =t x A, =0.01x500x 300 =1500 mm?**
suse 816

4.11.2.4 Design of the Reinfor cement:

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

S < Least dimension.
spacing <16 xd, =16 x1.6 =25.6 cm

spacing <48 xd; =48 x1.0 =48 cm
spacing < least.dim.=30 cm
Usef 10@ 20 cm

42

@10@20 L=148 ' @10@20 L=42

Fig . (4-24) Details of Column (Col-35) .



4.12 Design of Shear wall:

4.12.1 Load Calculation :

W Basement Floor = Wslab * W stairs + 0.5 (Wupper columns &walls + W lower columns & walls )=13200 KN
W Ground Floor = Wslab Wstairs +0.5 (Wupper columns &walls T Wlowercolumns&walls )= 8145KN
W first floor = Waslab * W stairs + 0.5 (Wupper columns &walls t W lower columns & walls )= 7265 KN

Wfirst Floor = Wsecond Floor = VVthird Floor = Wfourth Floor = Wfifth Floor = Wsixth Floor = 7265 KN

Wseventh Floor = Wslab + Wstairs +0.5 (Wupper columns &walls T w lower columns & walls ) = 7115KN

Weigtht Floor = Wsiab * W gtairs +0.5 (Wupper columns &walls + W lower columns & walls )=5720KN
W nintht Floor = Wslap W stairs T 0.5 (Wupper columns &walls T W lower columns & walls ) =5523 KN
W tenth Floor = Wslab + W gtairs +0.5 (Wupper columns &walls + W tower columns & walls ) =5050 KN

Wioof = Wslap + W stairs + 0.5 (Wupper columns &walls t W lower columns & walls )=2542 KN

WTotaI =W Basement T w Ground T W First T w Second T W Third * WFourth +W Fifth + WSixth +

Wiseventh + W eigtht Floor + W nintht Floor +W tenth Floor™ W roof
Wror| = 90884 KN

4.12.2 Calculation of shear forceon ""shear walls"
the total design base shear in a given (UBC)From Uniform Building Code 1997

direction shall be determined from the following formula:

V=2 Wi, (Eq.30-4)

The total design base shear need not exceed the following :



"W, (Eq.30-5)

The total design base shear shall not be less than the following:

V =0.11CalW............. (Eq.30-5)

H Building =50.5m
Z=10.3

R=55

1=1.0

Ca=0.24
Ct=0.0488
Cv=0.24

Where:

Z = seismic zone factor as given in Table 16-1 .

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set 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 base to Level i, nor x, respectively .
3

T=C,(h)* (UBS)
T =0.0488*(50.5)"'* =0.92

v, = (CVX ! jXW _ (ij 90885 = 4310.8kN

RxT 5.5x0.92
Not Exceed

v, (@j KW = (%j « 90885 = 9914.73kN

And Not Less than
V, =0.11xCax | xW =0.11x0.24 x1x 90885 = 2399.4kN

V =4310.8 KN........... (control)



Ft=0.07 x T xV =0.07 x 0.92 x 4310.8 =277.6 kN

Fyi = (iJ xW, x hj = (4310'8 _ 2776) xW; x hj =0.00191xW; x b
(W x H)o 2109405.1
Table (4-2) Calculation of thetotal Fx.
. W \% H Ft (W.H) Fxi FX
(Kn) (Kn) | (Kn) | (Kn)
Roof 2542 4310.8 50.5 2717.6 128371 523.05 523.05
10th 5050 43108 | 47.25 | 277.6 | 238612.5 455.75 978.8
9th 5523 43108 | 4325 | 277.6 | 238869.8 456.24 | 1435.04
8th 5720 43108 | 39.25 | 2776 224510 428.81 | 1863.9
7th 7115 43108 | 3525 | 277.6 | 250803.8 479 | 23429
6th 7265 43108 | 31.25 | 277.6 | 227031.2 433.63 | 2776.5
5th 7265 43108 | 27.25 | 277.6 | 197971.3 378.13 | 3154.6
4th 7265 43108 | 2325 | 277.6 | 168911.3 322.62 | 3477.23
3rd 7265 43108 | 19.25 | 277.6 | 139851.3 267.116 | 3744.34
2nd 7265 43108 | 1525 | 277.6 | 1107913 | 211.6114 3956
1st 7265 43108 | 11.25 | 277.6 81731.3 156.1068 | 4112.1
Ground 8145 4310.8 7.25 277.6 59051.3 112.788 | 4224.8
Basement | 13200 4310.8 3.25 271.6 42900 81.939 4307
> 90885 2109405.1




523.05
|o78.8
| 1435.04

+71.25

+3.25

+00.00

Fig. (4-25) FX-diagram.

Mu diagram Mu diagram

Fig. (4-26) Shear & Moment Diagram For Shear Wall.



4.12.3 Shear Wall Design:

4.12.4 Design of Horizontal Reinforcement:

Critical Section:

M = E =2.75m...... control
2 2
h—W = 50—'5 =25.25m

2 2
d=08xlw=0.8x55=4.4m
V, = 486KN

M, =3161.6 KN.m

!

c
VCl: xbxd
Vg = ‘24 x0.2x4.4=718.5KN... control

VCZZ,/f(:’xbxd+ N, xd
4 4x Ly,
Assume N, =0.0

V24 ><O.2><4.4+ N, xd

Vo = =1077.8 KN
4 4x Ly,
2xN
| J[fe" + 55U
fc' lwxh hxd
VC3 = + X
2 <|\/|u |W> 10
Vy, 2
My lw = +ve
v, 2
~.Vez =Will apply
V24 5.5(\/24 +o.o) 0.2x4.4
VC3 = + X
2 (3.76) 10

V3 =846KN



fVc =539 KN > Vu = 486 KN

As 2
min =0.002 x1000 x200 =400 mm

....... ACl (14.3.3)
#of bars = 400 = 2.53
2 x
szsi=@=noo mm
5 5
S, <3xh=3x200 =600 mm

~Usef 10@25cm c/c  For the reinforcement in two layers (horezental)

4.12.5 Design of Vertical reinforcement:

S, x

A= {0.0025 ¥ 0.5(2.5—T—WJ[ Ath —o.oozsﬂ xS xh

2x79

50.5
~10.0025+ 0.5 2.5— ~0.0025 h
An [ ( 55 j(ZSxZOO HXSIX

A, =0.0025x S xh

2x79x10°6

S = =0.316 m=316 mm ... control

0.0025 x 0.20
lw 5500

S <X T:1833 mm..........

3

$ £3xh=3x200 =600 mm

o Usef 10 @ 25cm c/c For the reinforcem ent in two layers (Vertical )



#10925

#10825

Fig. (4-27) Shear Wall Detail.



4.13 Design of Basement wall:

SKN/m

_ |
N/ TR,

LF)

e

D

L3

Al

=y

i

gl ANLF TR FOEELT
..-'l

=k

Fig. (4-28) Geometry of Basement Wall.

4.13.1 Loads Calculation :

th =g xhxKp

Osoil =17 Kn/m?®

q =30°

K=05

g =17%x3.6x0.5=30.6 Kn/m2
02 = PxKg

qp =5x0.5 = 2.5 Kn/m?

4.13.2 Thickness Calculation :
Assume p =0.01
Mu =35.25 kN.m



Mn =35.25/0.9 =39.1kN.m

o__Fy 42
0.85fc  0.85x24
Kn=r x fy(1-0.5mr ) = 0.01x 420 x (1- 0.5 x 20.58 x 0.01) = 4.42Mpa

6
Kn:mjd = M =94.1mMm
bd 2 \ 1000 x 4.42
h=94.1+40+7=141mm

= salect h=20cm

=20.58

4.13.3 Wall Design :

d=200-40-7=153mm
Mn  39.1x10°

Kn= 5= > =1.67Mpa
bxd 1000x153
. :1(1_ 1- 2mKn)
m fy
L1 (1_\/1_2x20.58x1.67)=0.00415
20.58 420

= ASpeq =0.00415 x1000 x153 = 635.5mm? /m

As,. =0.0015xbxh.......ACI (14.3.2)
As.. =0.0015 x 200 x1000 = 300mm? /m

_ 2 _ 2
As in =300mm© /m < Aspeq = 635.5mm = /m

#of bar in one- meter = @ =4.126
154

= Select ®14@20cmc/c

Spacing=20 < 3xthickness=3x20=60cm
<45cm.......... ACI(14.3.5)



As for other sidezéx 635.5=423.67mm*/m....... ACI (14.3.4)

423.67
113

=3.75

#of bar in one:- meter =

= Select ®12@25cm c/c

Spacing=25 < 3xthickness=3x20=60cm
<45cm.......... ACI(14.3.5)

4.13.4 Design of Secondary Reinforcement:
=0.002 x bx h....... ACl (14 .3.3)

Ashorezantal

AS, o = 0.002 x1000 x 200 = 400 mm 2/m

#of bar in one meter in both sdes = 400 = 2.53
2x 79

= Select ®10@25cmc/c
Spacing=25 < 3xthickness=3x20=60cm

<45cm.......... ACI(14.3.5)

4.13.5 Check for Shear :

f xVc>WVu
f ><VC=O'% fc'xbxd :().%\/24 x1000 x153

f Vc=93.7kN >>Vu =33 kN
". No Shear Reiforcement Re quired



4. 14 Design of Footing:

4. 14.1 Design of Isolated Footing (FO03):

Columns No.
{CE3)

“

1

et
j
3 FrT
- L]
v Lt |
||
|
14425

20820 Ludin

i ~
e . 020 L=400

Z08320 L=410

zwzo Lewao [ [

Faating No. (3]
(F8)

Fig. (4-29) Geometry of Footing (FO3).

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

The following subsections describe the analysis and design of footing (F63) :

4.14.1.1 Loads Calculation:

From Column :

Factored Load = 5820 kN.

Soil Weight = 17 kN/m°.

Soil Depth =0.6 m.

Column geometry 65x 65 cm.
Allowable Soil Pressure = 400 kN/m?.



4.14.1.2 Deter mine the Footing Ar ea:
Assume footing to be about (80 cm) thick.

Ao Force(service)

Qat net

qall.net :400_5_06X17—08X25
qaana = 364.8Kn/m2
A 4358

 364.8
A=11.95m

A=W x L =11.95m?
L=W =+/11.95 =3.46m=3.5m

q - Force(Factored) 5820
! A 12.25

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

=475.1Kn/ m?

4.14.1.3 Deter mine the Depth of Footing Based on Shear Strength:
Assumeh=80cm ......... d = 800-75-20 = 705 mm



e Check For OneWay Action:-

V, =(("—;a)—o|)><qu x W

v, = (

u

w ~0.705)x 475.1x 3.5

V, =1197.3Kn

DV, :% fc'xLxd

OV, = %@x3.5x 0.705x10°

®V, =1511Kn
DV, >V,......0K

e Check for Two Way Action :-

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

1 4
V.=—|2+— |./f.b.d
¢ 12( +bJ\/_°°

C

1(a.d g
v, = L[3:d o))t b d
C 12( bo + ] C (0]
v :%w/ t'b.d

Where:

Column Length (a) 650
© " ColumnWidth (b) 650

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

= 2 {(a+d) + (b+d)} = 2x {(0.65+0.705) + (0.65+0.705)} = 5.42 m.

a, =40 for interior column

v, = %(2 . %)\/f_ b,.d =057, b,d



1 (40x0. 705
Ve = b,.d =0..43 b d
: 12( 5.42 )V N3
:% “ fcr bd = 0'333\/‘? b,d.......] Control

- % V1. b,.d = 033324 x5.42x0.705x10°

V, =6233.6.KN.............. ®=0.75
DV, =0.75x 6233.6 = 4675.2Kn
DV, >V, OK

4.14.1.4 Check Transfer of Load at Base of Column:

f.Pn=f.(0.85fc'Ag)

f.Pn=0.65x[0.85x 24 x (650 x 650)] /1000 = 5602.4 kN
But Pu =5820kN > f .Pn =5602.4kN

The reinforcement of dowels:

ﬂ_p ﬁ_gmg

fy 420

As . =0.005x Ag = 0.005x 422500 = 2112.5 mm’......control
Select 7920

AS,, i = 2198mm* > As

=2112 mm?

Req.

Idc =0.24 x \/fy_’xdbz 0.043x fyxdb

fc
420
=0.24x x 20 =411.5mm> 0.043x 420 x 20 = 361.2mm
J24
ldC, e =800 —75—2x 20 = 685mm
1dC, a0 = 685 > ldC o, = 411.5



4.14.1.5 Design for Bending M oment:

1.425

Mu =4751x3.5x1.425x =1688.3kN.m

Using Reinforced Concrete.

Mn= % =1875.9 kN.m

G- Mn_ 1876
bd® 3.5x(0.705)°

=1.08Mpa

me fy 420
0.85x fc  0.85x 24

r _ 1 1_\/1_M —0.0026
20.6 420

AS,, = xbxd =0.0026x3500x 705 = 6415.5 mm’

=20.6

ASqyiegeminy = 0-0018x bx h = 0.0018 x 3500 8000 = 5040 mm?
As= Asreq = 6415.5mm’.................. control
select 20f 20 with As=6595 mm® > Asreq. = 6415.5 mm?

4.14.1.6 Development length:

9 fy _jtiejs
e T100 x\/ﬁx(ktwcb))(db
db

Where:
jt=1 non  epoxy.

j t=1, bottom bar.

js=0.8, for f 20 and smaller.
kir =0, no  stirrups.
cb=75+20=95

| =1, normal weigt concrete
kir +cb  0+95

db 20
take=2.5

=4.75>25




J 420 X S x20=617.3mm

= — X —
10 1x424 25

=1425-75=1350mm
=1350mm>Id , = 617.3mm

ld

Id
Id

available

available

=  Check for Strain:

Tension = Compression
Asx fy =0.85x fc'xbxa

6280 x 420 =0.85x24x 3500 x a

a=36.9 mm
x:ﬁ:@:43.5 mm
bl 0.85
e, = 10185 4003
43.5
e, =0.046>0.005  ....... OK

4.14.2 Design of Wall Footing:

4.14.2.1 Determination of Footing Depth:
-Allowable soil pressure = 400 KN/m?
-Assume footing thickness = 40 cm > h min = 25cm.
-Service Load (Force) = 72 KN/m (From W wall).

_ Force (service)

B

Qait ret

Oy e = 400—5-1*17 —0.4*25
Oy e = 378 Kn/ 7P



B= E =0.19m
378

Becausewe willused f12 of steel

The main reinforcement needs an enough
Distance to anchorage development length due
to the following Equation :

4 =0.24 fy xdb

Jic

- B=[({0.243%0

e

Assumed h= hyin =25 cm

x12) + 75}x 2] + 200 - B =84.4cm=90cm

——>d=h-cover —db
——>d =200-75-20=105mm

4.14.2.2 Check shear action :

_1.2D.L+1.6L.L
%= meB

1.2(61) +1.6(11)

"~ 1mx090

_ 308 _ 100.9KN /m?
0.90

u

B-0.2
Vi =0, (

u

—-d)xL

V, :100.9(&2_0'2—0.105) x1

V, = 24.7KN

®VC:9g§JT;xLxd

OV, = %\/ﬂxlxlﬁ

DV, =64.3KN
VARV oK



4.14.2.3 Design for Flexure:

B=90cm & h=25cm

2

X
Mu=q —
A
2
Mu =100.9x 232
Mu = 6.18KN.m
Mn=Mu _ 000618 _ 1 serknm
09 09
o Mrzl _ 0.00687 __o62pa
bd?  1.0x(0.105)
fy 420

20.6

m= - _
0.85x fc  0.85x24

. :i 1- 1_2xmen
m fy

1 \/ 2x20.6x0.62
r=——|1- -2~ ~2>~¢
20.6( 420

r =0.0014

A =r xLxd

A, =0.0014x1000x105

A, =147mm?

A, =0.0018xLxh
A, =0.0018x1000 x 250

A, =450mm°........... (control)
Use®12 @ 25cmc/c

Transverse direction(shrinkage)

Ay, = 0.0018x 900 250

A . =405mn’........... (control)
Use4®d12

o =452mm? > = 405mm?
.available .reg.



4.14.2.4 Development length:
=2, Jues g
10 | x4 /fc (ktr+cb)
db

Where:

jt=Lnon epoxy.

j t=1bottom bar.

j s=0.8, forf 20and  smaller.
kir =0,n0o  stirrups.
cb=75+20=95

| =L, normal  weigt concrete

kir +cb  0+95

db
take= 2.5

9 420 i><12 =370.4mm

=—X—X
10 1x4/24 25

10 e = 20— 220 75 = 275mm
2

ld

=4.75>25

ld

=275mm<Id ., =370.4mm

available

So a standard hook of (15 cm ) must be used to provide Ld.
4.14.2.5 Design of Dowel Bars:

As Mingq = 0.0012 x 1000 x 250 = 300 mm*/m

use I 12@12.5cm

Idc=0.24 x fy xdb>0.043x fyxdb

4 fc’
420
=0.24x x12 =247mm> 0.043x420x12 =216.72mm
V24
ldc, ;e = 250 — 75— 2x12 =151mm
10C e =151 < 1dC,o = 247

So a standard hook of (15 cm ) must be used to provide Ld.



=  Check for Strain:

Tension = Compression

Asx fy =0.85x fc'xbx a

4068 x 420 = 0.85x 24 x 900 x a
a=93 mm

a 93

X=—=——+=109.5 mm
bl 0.85

~ 420-109.5

e, == —=-°2,0.003
109.2

e, =0.0085 > 0.005 OK

ey .
] fe——>9  s12095 1z120

SECTION IN WALL. FOOTING. (1)

SECTION {1-1)

Fig. (4-30) Details of Wall footing.



4.15 Design Of Spherical Shell Dome:

Fig. (4-31) Geometry of spherical shell dome.

4.15.1 Loads Calculation:

Snow loads:

According to Jordanians code::
h—400 960-400
320 320

P, =1.6*1.75=2.8kN/n7.

Snow load = =1.75kN / m?

where:

h: high above sea level.

Self weight of Dome:

Assuming thickness to be = 10 cm.
= 0.1*%25 = 2.5kN/m’

1.2*2.5=3kN/m?



weight of Finishing materials of Dome:

plastering 0.02x22 = 0.44 KN/ n?
stone 0.05x27 =1.35 kN/n?.

= 0.44+1.35=1.79kN/m’ = p=1.2*1.79 = 2.148kN / n7’

4.15.2 Analysis of internal forces:

Internal membraneforcesN, , N, for spherical shellscan be calculated by:

___ 9a
® (cosa +1)
N, =—gacosa + @
1+ cosa
snow load:
_ _ *
when a =0°:>(:050:1:>{Na =N, = 2Pa: 2'82 2'1=—2.94kN/m
_ _ *
N, ——a_=28721_ ,anNim
when a =90° = ¢c0s90=0= P2 24*221
Np :761: : 5 —=2.94kN/m

Fig. (4-32) Ny , N, from snow loads.



self weight of Dome:

ga -3*21
5 =

N, =—ga=-3*2.1=-6.3KN/m
N, =ga=3*2.1=6.3kN/m

Whena:0°:>c050:1:>{Na =N, =— =-3.15kN/m

when a :90°:>cos90:0:>{

Weight of finishing of dome:

— _ *
whena =0° :>cosO:1:>{Na =N, = zga: 2'1428 21
N, =—ga=-2.148*2.10=-4.51kN/m

N, =ga=2.148*2.10=4.51kN/m

=—-2.255kN/m

when a :90°:>cos90:0:>{

Fig. (4-33) Ny, , N5 from dead load(self weight & finishing).

Total factored internal forces:

whena =0° = {N =N, =-3.15+-2.94+-2.255=-8.345kN/m

N, =—6.3+-2.94+-451=-13.75kN/m

a —

N, =6.3+2.94+4.51=13.75kN/m

a

when a =90°:>00590:0:>{

Note: Negative sign mean that the force is compression.
Positive sign mean that the force is tension.



LY
-1 :
204 2
N N,

B 345 -8 345

A L\

N ] 1S

a4

Load Combination{sell weight+finshing+smow )

Fig. (4-34) Ny, N, fromload combination.



4.15.3 Tension reinforcement (radial reinfor cement):
N -3
(As) :( o 137507 _ 5 64105 m? /m = 0.364cm? = 36.4mm?.
frfy 0.9x 420
(AS)min =0.0035x1000x100 = 350mm?>....controll ACI 318M (19.4.8)

= Number of bars= % =443 =usef10@20cmc/c

20cm < 8 inchesx 2.54 = 45.72cm
< 5xthickness =5x10 =50cm

Sdect ®10@20cm .

4.15.4 Compression reinforcement (meridian reinforcement):

0.1x0.65x0.85x24x10°= 1326 kN/m > 13.75 KN/m
(A;). .. =0.0035*1000*100 = 350mm............. ACI (19.4.8)

= Number of bars:% =443 =usefl1l0@20cm c/c

20cm <18 inchesx2.54=45.72cm........ ACI (19.4.10)
< 5xthickness=5x10=50cm

Sdect P10@20cm.
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2. Building Code Requirements for Structural Concrete (ACI 318M-08)

3. Uniform Building Code (UBC-97).




APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project



APPENDIX (B)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project



APPENDIX (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

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

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

Member deflections.

Solid one-

way slabs £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

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

w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

{densirﬁ I
tions. the values shall be modified as follows:
, In the range

a) For structural tﬂmmghi concrete having unit density, w
1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.603w, ) but not

less than 1.09. o
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + 1, /700),

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




TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Defaction 1o be considerad Diefaction imitation

Fiat rooks nat supporting of attached to non- | Immediate deflection due b live bad L
struckural elernents likedy 1o be damaged by EABl
large deflections
Fioors nal supgorling or aifached o nanskuc- | Immediale deflection dus bo lhve had L
tural alenants likely 1o ba damaped by £/360
deflections
Racd or floar construction supparting o That part of the fotal deflection occurring after
attached b nonshuchiral elements Iikely 1 be | atachment of nonsiructural elaments (sum of £ 480
damangd by lrge defiecions the lang-term deflection dus 1 all sustained

" - leads and the immediate deflecion due o any
Rt or floor construction sLpperting of . BP
aftached lo nonstrucursl elements o ey o | B0CIonal e loac] (a0
be damaged by large defiections

* Limi nol inlanded bo safepuard against pancng. Poncing should be chacked by sutabla cakulafons of deflection. peluding added detlectons dus to ponded
wetter, @nd considarng long-beem alkects of af sestained loadk, cambsr constnuction tolerances, and reiabiity of provisions for drainage:

! L-::T-larm deflection shal be dedermingd in accordince with 2.5.2.5 0 8543, but may be reducad by amounl of deflecion calculatad b occur bedors aftach:
ment of nonstnaciural elements, This smount shall be determined on basis of acosphed engineering data refatieg bo Bme-defecion chamclnstics of members alm-
flar to thosa being considered.

¥ Limi may ba exceaded ¥ adecute masours: are takan fo provent damage bo supponied or attached elsments

E'ijliha"!"!itﬁ_';l'aﬂlﬂﬂ‘mmm poordad for nonstructuml elements. Limit may ba aicosdad f cambar is providad so 1hat total dallaction mius camber
does ol abcand bmil,

(MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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