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Abstract

The Structural Design of Hospital

Work Team
Bashaer Nieroukh Rana Naser Al-deen
Palestine Polytechnic Univer sity-2008

Super visor
Dr. Haitham Ayyad

The purpose of this project is the structural design of a Hospital in
Hebron city.

This building consists of four floors and it contains a plenty of

activities.

The structura design of the building was carried out according to
the ACI318M-05 Code, in addition, some assistant codes were used.

The project composed of analysis & design of the structural parts of
the building, and all of the plans needed to complete the construction.
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Vs = nominal shear strength provided by shear reinforcement.
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4.1 Introduction

This chapter shows the steps of the analysis and the design for some of the
structural members of the building, they would be analyzed and designed, by using
the finite element method of design, depending on the computer aided analysis &
design, such as ATIR- Software; to find the internal forces and the deflection of the
one way ribbed slabs, then other steps of calculations would be made; to find the

required reinforcement for the all members.

4.2 Factored Load

For the project structural member's analysis and design, the factored load can

be obtained as follows:

g, =1.2xD +1.6xL (ACI318M-05, Sec. 9.2, Eg. 9.1)



4.3 Determination of Thicknesses

4.3.1 Deter mination of Thickness of the One-Way Ribbed Slab

The structure may be exposed to different loads such as dead loads and live
loads. The values of these |oads depend on the structure type and the intended use.

1. %
1
]

0.5 3.2 0. 585 0.5
I T 'E.I% T EIE T 1

Figure (4-1) Rib .

The overall depth can be obtained according to the minimum thicknesses of non
pre-stressed beams or one way slabs given in the ACI318M-05 (Sec. 9.5.2.1- table
9.5.a), asfollows:

hs Ln - 0.2 — 0335 m

18.5 18.5

Select h =35 cm



4.3.2 Determination of Thickness of The Two-Way Ribbed Slab
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. LAY
Wty = s A
.- SAY 40X%8%4+32%12%16

=10.5 cm

T e T T 40x8+432x12

0.52(0.105\}3 0.4 X I:O.OZS::I3 0.12 % {0.125)3
Ribh = 3 = 3 + 3

=027 %107 m*/b

0.27 x 10°#

lilsmb = 052 (7} = 3.6 % 10-31‘?14

1 1
= 3= __ i =3 4
Iy P bh v X05%x0.35"=178x10""m

Iy 178x%1073

'lsil'.lb - 3.6 x 10-3 - 0.49
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For the other direction:

0.27 x 1073 ,

Litap = —o5z 6.35 =3.29 x 10~ % m*

I, 178x%1077

2= T329%102

 2a,+42a, 0.49+0.54
Om=""7 = 2

2> ap, >02
According to the ACI318M-05(Section 9.5.3.3, Eg. 9.12),

=0.54

= 0.515

_ 1n(0.8+ fy\1500)
T 36+58(apm—0.2)

& Not Less Than 125 mm

_large clear span
"~ short clear span

==
_ 13(0.8+420\1500)
T 3645 11 (06-02)  Oooom

B 1.1

= Select h =35¢cm



4.4 Load Calculation
4.4.1 One-Way Ribbed Slab

For the one-way ribbed dlab, the total dead load to be used in the analysis and
design can be calculated as follows:

Nominal Dead L oads and Factored Dead L oads of one Rib

Topping= 0.52 % 1 ¥ 0.08 ¥ 24,5 = 1.0192
Tiles=0.52 x 1 x 0.03 x 23 = 0.3588
Mortar=0.52 x 1 % 0.02 x 22 = 0.2288
Sand= 0.52 ¥ 1 % 0.07 X 16 = 0.5824
Concrete=0.27 x 1 % 0.12 x 245 = 0.7938
Partions= 052 % 1 % 1 = 0.52

Block=0.4 % 1% 0.27 x 9 = 0972
Plaster= 0.52 x 1 x 0.02 x 22 = 0.2288

Total Dead Load = 4.7 kN/mlrib

Factored Total Dead Load == 1.2 x 47 = 5.64 KN/m?*
Live Load=5 x 0.52 = 2.6kN/m/rib

Factored Total Live Load === 1.6 x5 =8 KN/m?

Total Factored Load= 5.64 + 8 = 13.64 KN/m*

Nominal Dead L oads and Factored Dead L oads of Topping

Tiles=0.03x 1 x 1 %23 =0.69
Mortar=0.02 x 1 % 1 % 22 = 0.69
Sand=007x1x1%x16 =0.12
Concrete=0.08 x 1 x 1 x 245 =1.96

Pations=1x®x1x1=1



Total Dead Load = 5.12 kN/m?*

Factored Total Dead Load == 1.2 x 512 = 6.144 KN/m?
Live Load= 5 kN/m?

Factored Total Live Load == 1.6 x5 =8 KN/m?*

Total Factored Load= 6.144 + 8 = 14.144KN/m?

For 1m strip of topping:

Factored Total Live Load == 1 x 14.14 = 14.14 KN/m

4.4.2 Two-way Ribbed Slab
For the one-way ribbed dab, the total dead load to be used in the anaysis and

design can be calculated as follows:

R

S Ba's —

Figure (4-3) Details of Two way Ribbed Slab.

Nominal Dead L oads and Factored Dead L oads of Two-way Ribbed Slab
Topping= 0.08 x .7 x 0.6 x 25 = 0.84

Tiles=0.03 % 0.7 % 0.6 x 23 = 0.2898

Mortar=0.02 ¥ 0.7 % 0.6 ¥ 22 = 0.1848

Sand= 0.07 x 0.7 x 0.6 x 16 = 0.4704

Concrete=(0.7+0.4) ¥ 0.2 ¥ 0.25 x 25 = 1.375

Partions= 1.52 % 0.7 x 0.6 = 0.63

Block=0.5 %04 % 025%x 9 =0.45

Plaster= 0.7 % 0.6 % 0.02 x 22 = 0.1848



Total Dead Load = 4.42 kN/m?

Factored Total Dead Load == 1.2 x 442 =53 KN/m?*
Live Load= 5 kN/m*

Factored Total Live Load == 1.6 x5 =8 KN/m?*

Total Factored Load= 5.3 + 8 = 13.3KN/m*

4.5 Design of Topping

4.5.1 Design of Topping of One-Way Ribbed Slab

4.5.1.1 Design of Moment

Teplng —.,

Rib /
\ Figure (4-4) Design of Topping. |

Z
M, = “':‘:‘ (Sec.14.8.8.,Eq. 14 — 3)
14.144 % (0.4)?
M = = = 0.189KN/m?

dMn = Mu ............. ACI318M-05 (Sec. 14.8.3. Eq.14-3)



. bh*
OPMn=d x 042 x fc x?

— _(0.08)? x1x10°
®Mn = 0.55 X 0.42 X Vo, X 5 =121kN

®dMn = Mu = No structural reinf orcement is required .

Use shear shrinkage and tempreture reinforcement
According to the ACI318M-05 (Sec. 7.12.2.1, EQ. b)
= As = 0.0018 x b x d

As = 0.0018 x 1000 x 80 = 144 mm?*

Use @ 8 at 25cm c\c (Asfor 8 = 50) in both direction.

4.5.2 Design of Topping of Two-Way Ribbed Slab

The topping of the two-way ribbed dab is stronger than the topping for the
one-way ribbed dabs. Therefore, only minimum reinforcement due to shrinkage
and temperature is required as same as the one-way ribbed dlab.

Use 108/25cm = (408/1m) with As = 2cm?/Im > 1.442cm*/1m in both directions.

4.6 Design of Rib in the ground floor slab:

i e |
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e
AUy
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Figure (4-5) Designed Rib.

4.6.1 Introduction

The envelope for both shear and moment diagrams drawn using ATIR
program as shown below:

Momente: spsna “fo 2

-6,
W|e A6
- LS
I ™
.f'/ o
e e T = |
'r = et = 1'
-~ a3 4,95 T e
E“;‘M"‘x fff I I Hx‘_-\"'ﬁ. -r"-‘--P--' .
T = _ﬂ_rﬂ'f ~— e
J2.8
8.4
Ak 4.3 A | . 1B
I T 1
Shear
BT ]
'354 _,-'-“"--
iy 253
Id-r-” -TELE
_:—"'-FF-FFH-F _F"'-'-'---'-FH-
_,—'-'—'_'_f .,-'-"'"-f‘-
| -_— e
—— e
_r"'-- _o-"'-'-
" e
= =
:f s e R
15 " 3%.h
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Figure (4-6) shear and moments diagrams for Rib.



4.6.2 Design of Positive Moment of Rib

d=350—-20—-8—6=316mm
d =316 mm
fc <28 -+ =085

Design of .
g +MUMM-39.4KN_T"
55 M~
= xdz
. 394 x 107309 — 084 §iPa
T 052x 03164 2
N 1 1 1 2min
p’-"r.-'q' e m fy
fy
m =
0.85 % fc
420 0.6
Mm=085x24 °
1 2% 206 %084
Breg = 206 1—- 1- 220 = 0.00204
As,., =pxbxd
As,.., =0.00204 x 520 x 316 = 336 mm?
Check for ASmin
fc x b, xd
HS:‘ILIT! =025
4 _ 5\/ﬂx120 % 316 = 11058 Gl
Siin = 420 - . TrLrrn
Not less than
1.4 %120 x 316 5
ASpin = 420 =126.4mm* = Controls

As, ., =336 mm?® > As,;, =126.4mm?



selectAs 2016 = 402 mm? > As,,, = 353.28 mm?

According to Atir Program the limitation of deflection is satisfied and so, no
additional reinforcement is required.

-Check of Strain

Tension=Compression

T=C

fyx As =085x fc xbxa

420% 402 =0.85 % 24 x 520 % a

a= 15.92 mm
a
c= 085 = 18.73 mm
€, 0.003
d—¢c ¢
¢ =310 -18.73 003
= 18.73 '

€. = 0.05 = 0.005

Design of + Mu=32.6 kKN.m
select 2¢p14 with As = 307.8 mm?® > As = 277 mm?

4.6.3 Design of Negative Moment of Rib

The design of the negative moment for the T-section is made as a rectangular
section with b = bw.

Designot 1y, = 40.6 KN m
M@

Rn_bxdﬁ



40.6 x 102-0.9

Rn =512 % (0ateay: ~ >/ MPa
1 1 1 2mRn

p’-"r.-'q' e m fy

fy
m= ,

0.85 x fc
420 20,6

M= 085x24

1 2% 20.6 x3.75
Prea =508 17 17220 =001
As,., =pxbxd
As,,, =001 x 120 % 316 = 379.2 mm?
Check for ASpin

fc x b, xd
HS:‘IIIT! =025
4 _025\/ﬂx120 x 316 = 11058 Gl
S:'IIJ"I'! = 420 = . mm

Not less than

1.4 % 120 % 316
As = 220 =126.4mm* = Controls

As, ., =377.8 mm?* > As,;, = 126.4mm?
selectAs 2016 = 402mm? > As,,, = 377.8 mm?*

According to Atir Program the limitation of deflection is satisfied and so, no
additional reinforcement is required.

-Check of Strain

Tension=Compression

T=C



fyx As =085x fc xbxa
420% 402 =085%x24%x120x%a

a= 69 mm
a
c= 085 =81l.1mm
€, 0003
d—¢c ¢
~316-—-811
T 811

€. = 0.0087 > 0.005

* 0.003

4.6.4 Design of Shear of Rib

Design of Shear of Rib for the L eft Span

VU max = 35.4 kN. ( For the Left span)

1 .
CDI-"E.'=CD€ fc bw x d

075 —
PV = 5 X V24 % 120 % 316 = 23.22 kN

1
qJL’S:'IIJ'T! == CD§ x bW X d
1
PVs,uim = 075 % 3 % 120 x 316 = 9.48 kN == Control

®
PVSiin = 75 V24 X 120 X 316 = 8.7 kN

) .
dVe + dVs,y <Vu < PV +§ fc bw x d

075 —
2322 + 948 < 345 <2322 +T\/24 ®x 120 x 316

32.7 < 354 < 46.66

Category No 4 Is Satisfied



Vs = 5= Ve
354 B
Vs = 075 30.96 = 16.2 kN
Av bw 120

—_ = = = -3
S e 3wy = 3xa20 = 0095 X 10

bwx fe 120 x v24
16x fy 16 %420

AV_ Vs 00162 o
s dxfy 420x0316

= =0.087 x 1077

Av 2x50x%x10°°
— = = =122%10"*

s= 60 cm,select s = 15cm = Use ®8 — Stirrup at 15cm

4.7 Design of Beam (B 119,120,121) in the ground floor dab:
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Figure (4-7) Designed Beam.

4.7.1 Introduction
The envelope for both shear and moment diagrams drawn using ATIR

program as shown below:

Moments: gpans 1fa 3

09.4 -
B3 s/ i \-:-"1&2 £25 " a9
s !
_Iz' o " z;z
A0 ~ y l,uu\}k I
e e~ IO —
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B — a3, W o
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| 16 | 24 | 2 2 238 | 1s2
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464 100
i .
jﬁ,'.-"f_ AT BL.E
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Figure (4-8) shear and moments diagrams for Beam.



20
d =350—40—10—? =290
d =290 mm
Cpax = ;i d

Clq,_r‘)q_],:' =124.28 mm
fc <28 -+ #=0.85

4.7.2 Design of Positive moment of Beam

Design of | pyyux =72.4 KNm

Check if the section can be designed as a singly reinforced section or must be as a
doubly reinforced section
Mny e =085% fc xbxax(d—a?2)

My, .y = 0.85 X 24 X 0.5 X 0.105 % (0.29 — 0.105-2)
Mnlq,_r‘,qx = 254.36 kNm

250
® =0.65+ (e, — 0.002}—3
250
® =0.65+ (0.004 — O.OOZ}T =0.82
Mﬂ — %
MAX D

OMnyy = 0.82 X 254.36 = 208.6 KN.m > MU

Design the section as a singly reinforced section

M~
“bxdz?

_ 724x%102309
" 05 x(0.29)2

fn

=2 MPa



- 1 1 2mhAn

p‘."l’.-'q' = m fy
fy

m=———

0.85 x fc

__ 40

M =085x24 <

B L, 2X206x490 _
Frea =506 420 -

ASTE‘Q =p x IEBF.' X d
As, ., =.005 x 500 x 290 = 725 mm?

Check for ASnin

fc x b, xd
AS:‘IIIT! = 025
V24 % 500 % 290 q
As,.i, =0.25 =422.82 mm* = Controls
420
Not less than
4 _1.45':500>':290_4834 4
S:lm'ﬂ = 420 = AT

As,.q =725 mm? > As,,, = 422.8 mm?

selectds 4014 = 615.44 mm?® > As,,, = 725 mm?*

According to Atir Program the limitation of deflection is satisfied and so, no
additional reinforcement is required.

-Check of Strain

Tension=Compression

T=C

fyx As =085x fc xbxa



420x% 615 = 0.85 % 24 x 500 x a

a= 33 mm
a
C= 085 = 39mm
€, 0003
d—¢ ¢
290 — 39
TS
€, = 0.019 > 0.005

% 0.003

Design of + Mu = 65.8 kN.m
select 4¢p14 with As = 615.4 mm* > As = 600 mm®

4.7.3 Design of Negative moment of Beam

Design of MUy g = 58 2

55 M, ~®
=y xdz
o 582 % 10309 153 P
T 05x%(029)
1 2mhAn
Preq = — 1= 1= y
fy
m =
0.85 % fc
420 206
0.85 x 24 '
1 = 2 %20.6 % 1.53 PP
Frea =306 420 e

ﬂs?'eql =p X 'EBF.' x d
As, ., = 0.0038 x 500 % 290 = 552.6 mm?



Check for ASmin

ic X by, X d
"q'qun =0.25
V24 x 500 x 290 "
ASpim =025 220 = 483 mm
Not less than
1.4 x 700 x 540
A = = 4223 mm* = Controls

420

ASpoq = 5526 mm* > Asp, = 422.3mm?

selectds 4014 = 615 mm?

According to Atir Program the limitation of deflection is satisfied and so, no
additional reinforcement is required.

-Check of Strain

Tension=Compression

T=C

fyx As =085 x fc xbxa

420% 615 = 0.85 x 24 x 500 x a

a= 25.32mm
a
C= 085 =30 mm
€, 0003
—¢ ¢
e, =229730 5003
- 30 '

€, = 0.026 > 0.005



4.7.4 Design of Shear of Beam

4.7.4.1 Design of Shear of Beam for the L eft Span

VU max = 95 kN. ( For the right span)

) .
CDI-"[.‘=€>< fc x bw x d
0.75 _
PV = T % V24 % 500 % 290 = 88.8 kN
1
OVs,in = Cbg x bw x d

1
PV = 0.75 X 3 X 500 X 290 = 36.25 kN

1 .
o] J— x X
PVs,p =P 16 fc x bw x d

d
OV Sopin = Ex/m % 500 % 290 = 33.29 kN == Control

PVe<Vu<PVe++PVs,,
88.8 < 95 <1 88.8 +33.26
88.8<< 95 < 122

Cate%}w'y No 3 Is Satisfied
U :

Vs = 5= Ve
4831 B
Vs = 075 308.6 = 335.5 kN
Av bw 500

S min 3% fy  3%420 0 0~ == Contro

bwx fe 500 x 22

> =
16x fy  16x420

=0.36x 107"

Av 4x79x10°" 5
Fika = =04x10"%

g§=10cm



=22 — 145¢m

s< =
2 2

s< 60 cm , select s = 20cm = Use ®10 —

Stirrup at 20cm

4.8 Design of Two Way Ribbed Slab
4.8.1 Determination of coefficients

I, is the Shortest side & I, is the Longest side |

l, 127

E =4 0.9

C,yy = 0.042

Coyy = 0.025

Capeg = 0.079

Cag = 0039 Figure (4-9) two way Ribbed design
€, = 0039 '

4.8.2 Internal Forces and Moments

Total Dead Load = 4.42 kN/m?/rib

442 _ 2
BT 1053 EN/m

Factored Total Live Load =16 x5 =8 KN/m*
Factored Total dead load = 1.2 x 10.53 = 12.64 KN/m*

Total dead load =

4.8.3 Design of Bending:
In x- direction

M, =C

Tneg Aneg

X W, % L,*=0079 % (1264 +8) x12.7?x 0.6



=173.08KN.m

M, o Coyy X Wy, % L% +Cyp X Wy X L7

ddl cll |

= 0.039 x 12,64 % 127 +0.042 x 8 x 12.7* % 0.6 =883 KN.m
My & Cpygy % Wy, % Ly 4 Cpyy X Wy, X Ly

= 0.021 X 12,64 x 14* +0.025 x 8 x 14* % 0.7 =70.7 KN.m

4.8.4 Design in x -direction

id =600 —20 —8 — 6 =566 mm
d =566 mm
fc =28 -+ f§ =0.85

Designof _prpy. . — 235 38KN m

5 M, ~d
"= hxdz
pn - 17308x10209
T T 02x%(0566)2 .
N 1 1 1 2mhin
p’-"r.-'q' e m fy
fy
m =
0.85 x fc
420 206
Mm=085x24 °
1 2% 206 %3
Preq =m 1- 1 —TO = 0.007

As,., =pxbxd
As,., =.007 x 200 x 566 = 878.84 mm?



Check for ASmin

fc xb, xd

1‘15””-“ = 025

. V24 % 200 % 566
420

ASin = = 330 mm?* = Controls

Not less than

W o 1.4 %200 % 173.08
v 420

As,., = 87884 mm?* > As,,;,, = 330mm?*

=115.3mm*

selectds 2025 = 981 mm? > As,,., = 878.84 mm*
-Check of Strain

Tension=Compression
T=C
fyx As =085x fc xbxa

420x% 981 =0.85% 24 x 700 % a

a= 28.85 mm
a

c= 0.85 =34 mm

€, 0.003
d—c ¢
566 —34
T 34
€, = 0.046 = 0.005

€, % 0.003



4.8.5 Design of Positive Reinforcement in y -direction

Designof _pyy,, ., =80 3 KN m

oy M@
"= xd?
p, _803X10309
"= T06x(0566) @
- 1 L L 2mRn
.p'."r.-'q' T m fy
fy
m=———
0.85 % fc
__420 .
M =085x24 <
2 % 20.6 X 0.46
Prea =555 1= 1= 130 —0.001

As ., =pxbxd
As,., =.001 x 600 x 566 = 376.23 mm?

Check for ASmin
fc xb, xd
AS:‘ILIT! == 025
V24 % 200 % 566
A5, =025 = 330 mm? = Controls

420
Not less than

A - 1.4 % 200 x 80.3 — 353 4
Simin = 420 - . Ly

As,., = 37623 mm?* > As,,;, = 330mm?
selectds 2016 = 402 mm? > As,,., = 376.23 mm?*




-Check of Strain
Tension=Compression

T=C

fyx As =085x fc xbxa
420x 402 = 0.85 % 24 ¥ 600 % a

a=13.79 mm
a
c= 0.85 =16.2mm
€, 0003
d—¢ ¢
566 —-16.2
162

€, =0.10 = 0.005...0k

€ % 0.003

4.8.6 Design of Positive Reinfor cement in x-direction

Designof _pryy, . =707 kN m

55 M, ~d
"= hxdz
pn = 07 X20309
T 07x%(0566)2
1 1 1 2mRn
p‘."&'q‘ e m fy
fy
m=———
0.85 x fc
420

m=oesxoa ~ 206



2% 20.6 x0.35
Breq = 5A A 1- 1-

206 220 = 0.00084

As ., =pxbxd
As,,,0.00084 x 700 x 566 = 333.34 mm?

Check for ASmin

fc xb, xd

AS:‘IIIT! = 025

5\/ﬂ % 200 % 566

- 2 .
220 330 mm? = Controls

AS:‘IIIT! =

Not less than
he _L1AX200x707 .,
S:lm'1'i = 420 = ' mm

As,., = 33334 mm?* > As,,;, = 330mm?*

selectds 2016 = 402 mm? > As,,., = 333.34 mm?*

-Check of Strain

Tension=Compression
T=C
fyx 4s =085x fc xbxa

420% 402 = 0.85 % 24 ¥ 600 % a

a= 13.79 mm
a
C= 085 = 16.2 mm
€, 0003
—¢ ¢
566 —16.2
ST 162

€, =0.10 > 0.005...0k

% 0.003

4.8.7 Design of Shear



10+12.64 X14x12.7x0.6x0.79

Wy, = ST =68.14 kN
o = 1041264 X14X127X07X02 _ o
Up 2%12.7 S

4.8.7.1 Design of Shear Reinfor cement in y-direction

1 1 ,
— = R K
ZCDI-"E.' q>12 fc bw x d

1 075 —
ECDI!'E STy % V24 % 200 % 566 = 34.5 kN

1 ‘o , ,
In case of 5 OVe < Vu == shear reinforcement is required

1
ECWE < Vu < @V¢

345 < 68.14 < 69
Category No 2 Is Satisfied
1
OVS i = CD§ X bw % d
1
OVs,,m = 075 % 3 % 200 x 566 = 28.3 kN == Control

o
PVSipin = 75 V24 X 200 X 566 = 26 kN

0.85 x area of stirrups x legs x fy x d
Spacing

PdVs = PVs,, i =

Assume 2 stirrups of ®10 & spacing= 15cm.

- 0.85x 0.79 x4 % 420 % 56.6

PV pin = = 42.5kN
Sonin 15 S

Ve + VS =Vu
Use 2 ®10 @ 15cm

4.8.7.2 Design of Shear Reinfor cement in x-direction



1 1 ,
ECDVE_CDE fc bw x d

1 075 —
ECDI!'[.' STy % V24 % 200 % 566 = 34.5 kN

1 T i ;
In case of ECDIfr: = Vu == no shear reinforcement is required

Use &8 @ 20 cm

4.9 Design of Long Column:
The column as an internal NO. 90

4.9.1 Design Of Longitudinal Reinfor cement

pu = 312168

pu 312168
P = =065
k=1
lu=3.6m
=03 % h=03x03 =009
M1

M2t

kx lu

= 4802.5 kN

= 34-12 M1|M2 =40

1x36
0.09
= Long columnin 600 direction
k=1
lu=3.6m
r=03xh=03x06=021
M1

M2t

k% lu
r
1x36
0.21

=22 =40

= 34-12 M1|M2 =40

< 22 =40 = Short Column




Slenderness effect must be considered

El =040 e, ACI -318-02(10.12.2)

L+

. = 4750 | fc = 4750 X V24 = 23270.15 MPa

_12xDL _1820.88

q Py 312168 8
DX _06X(03) ) g
8712 12 '

 2327015x 000135 .
El = 0.4 HO5E =7.95MN. m

_mPXEL _ (314)*x 795

Cm =06+047> =1
sn, = ! =1 ACI 318 029(10.12.3)
* 1—(Pul0.75x B) — -
P l N
e = T 3121681075 x L68 X 10°)
€in =15 4003 . .o ACI 318 029(10.12.3.2)

154003k 15+0.03 x 300
“min =71000 1000
£ = E:.lu'rl X 5?‘1};
2=0024 x1=0.024

- =227=008

k300

=0.024

Using Interaction Diagram

¢Pn _ 312168 145
Ag 03x06 1000

fy =0.02
As= 3600 mm?
Use 12 ¢p20 As = 3768mm?* >As= 3600 mm?

= 2514.6 Psi

| 2820

1

54

@10 L=1




4.9.2 Design Of The Tie Reinfor cement
Spacing< 16 x db longitudinal bar diameter
< 48 X dt tie bar diameter

< Least dimention

s<16x2 =36
<48 x1 =48
< 30
s= 30
Use ¢p10 mm @20cm spacing

Figure (4-10) Long Column Reinforcement.

Figure (4-10) ) long Column Reinforcement..



4.10 Design of I solated Footing (F7)
4.10.1 Load Calculation

@ Total serviceload = 2340 kN.

@ Column Dimension = 60*30 cm.

@ Soil density = 18 Kg/m®.

@ Allowable soil Pressure = 450 kN/n.

@ Assume footing to be about (50 cm) thick, in addition to about (30cm) of
Ground Slab.

@ Footing weight = (25x0.5) = 12.5 KN/m®.
@ soil weight above the footing = (1.5-0.5) x 18 = 18 kN/m?.
@ Base Slab weight = 0.3x25 = 7.5 KN/m?”.

@ (Qa)net = 450-7.5-18-12.5 = 412 KN/n’.



4.10.2 Deter mination of Footing Area

total ervice load 2340
Area .. = = =754
e {Qall)net 412
L= A?.E.q, =5.67

Try 2.9 x 2.6 witharea=7.76m* > A,,, = 7.54 m*

4.10.3 Deter mination of Footing Depth
( One way shear)

__ (1.2%1520+1.6xB20)
Qu = 29%2.6

d =650 — 75 — 20 = 555 mm

=416 kN/m?

V, = (£ —03—0.555) X 2.6 X 416 = 6435 kN

1 .
CDLf’r:=CD€ fc bw x d

075 —
dVe = 5 % V24 % 2.9 x 555 = 985.6 kN

OVe =V, == 0K

4.10.3.1 Design of Footing against Punching(Two way Shear)
-The punching shear strength isthe smallest of :

fc
4
G0~30

b'.d=(2+

Vo= 24 )2} x 362 % 0,555 x 107 = 328047 kN.....control

12

fc
2l

< 242 —b.d=
h 12

400555 Vai
1

22042 %362 % 0455 X 10° = 6670.4 kN

2

5,—; fch.d= ,—;\/ﬂ % 3.62 % 0555 % 10° = 3280.74 kN ....control



Where:

B, =60-30 =2
b° = Perimeter of critical section taken at (d-2) from the loaded area
= 2x{(at+d) + (b+d)} = 2x{(60+45.5) + (30+45.5)} = 362 cm.

a.=40.....cccciiinin. For interior column.

V, =416 x ((2.9 x 2.6) — (0.3 + 0.455)%) =2899.52

V=21 ]fch.d= ;f‘ V24 % 3.62 % 0.455 % 10° = 2689.7kN

1
3

®Ve =3280.74 =V, =2689.7 == 0K
No punching shear failure.
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\ Figure (4-11) geometry of the footing (7). |

4.10.4 Design Of Bending M oment

(1.15)2
My =416 X 2.9 X == =797.7 kN.m
o _ M@
= bxdz
p = 1977 % 10309 e
© 29x(0555)7
1 2mRn
fy
m=————
0.85 x fc
_ 40
Mm=085x24
1 2 %206 %1
Preq =551 1 I1 ——50 | =00024

As,,, =pXbxd
As,.,-0.0024 x 2900 x 555 = 3931.03 mm*



Check for min. reinforce check for ASmin

fc xb, xd
‘qs:lm'rz =025

5\/ﬂ % 2900 x 555

i —_— —_— 2 B
ASpin 420 3184.33 mm* = Controls
Not less than

1.4 % 2900 % 416
A, = = 3650.3 mm?

420
As, ., =3931.03 mm?® > As,,;, = 3650.3 mm?

As,.i,, for shrinkage and temperature = .0018 x b x h
=.0018 x 2900 x 650 = 3393 mm*
Use 22 [114 Vertical,25 114 Horizontal

As 25 (114 =3846.5 mm*

-Check of Strain

Tension=Compression
T=C
fyx As =085x fc xbxa

420x 3846.5 =0.85 % 24 % 2900 % a

a= 273 mm
i1

ﬁ = 32.1 mm

e 0003

C

d—c o

_ 555321
=731 '

E.

. =004 >0.005..0k

4.10.4.3 Development Length of main Reinfor cement



9 Ty ahpxpexyy
Ldreq . 10 f— tf-’:til:in'ﬂ .db
A fc b

Ld available = 900 — 75 = 825 mm
W, =1 Y.=1 1, =08 Ktr=0 ch=75+14=89mm

Ld. — 9 420 1x1x0.8,
T4 710 1y24 25

14 = 339 mm

Ld available = 825mm > Ld,,., = 339 mm

4.10.4.5 Development Length of Dowels

P, = 1.2 % 1520 + 1.6 x 820 = 3136 kN

@F, = @(0.85 fc )A; =0.65(0.85x 24)0.18 = 2386 kN

_ 3136~065—-3.67
420

ASpim = 005 X 600 X 300 = 900 mm?

A, =274 mm?

420
V24

fc

Ldc =650 — 75 — 2 % 14 = 544mm

Ldc available > Ld(req) ok.
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n of stairs

4.11.1 Deter mination of Slab Thickness

11
De

sig



-L1=33+1.0+0.2=45m.
-L2=22m

- hreq = L/ 20.
-heg=4.5/20=0.225m =22.5 cm.

~ use h=20cm

4.11.2 Load Calculations

» Fight dead load computation

1

e Slab=—— x 02 X 25 = 577 KN/m?
 Plastering = —— x 0.02 X 22 = 0.5 KN/m?
 Stair = 225 X 25 X — = 2 KN/m?

e Tiles= 034015 % 0.03 % E = 1.242 KN/m?
e Mortar= 0.3+ 0.15 % 0.02 x ﬁ =0.67 KN/m?

— Total dead load = 10.18 KN/mz2

» Loading dead load computation
e Slab=0.2 x 25 = 5 KN/m?
e Plastering = 0.02 x 22 = 0.44 KN/m?2

e Tiles=0.03 x 22 = 0.66 KN/m?



e Mortar= 0.02 % 22 = 0.44 KN/m?2

— Total dead load = 6.54/2 = 3.27 KN/n??

Shaar

a5y 573

» LivelLoad
e Liveload for stairs =5 kN/m=2.

4.11.3 Design of Shear



Vu=40.6 KN

d=200-20- 14 =166 mm

0.75 .
Eﬂf’r:=T fc xbxd

075 — 5
@Ve = T\/24 % 1.0 X 0.166 x 10* = 101KN

Ve > Vu

~ No shear reinforcement is required

4.11.4 Design of Momet

Mu=47.2 KN.m



M0

kn= b dz
_ 472%102309 Lo
"T10x 0166 2
fy
m=————
0.85 % fc
B 1 1 1 2mRn
p‘."&'q‘ e m fy
2x%x206x%x19
Prea =555 1= 1= =0.00475

420
As,., =pxbxd
As,., =0.00475 % 1000 x 166 = 788.5mm?2

fc xb, xd
AS:‘ILIT! = 025

420
7 0.85 x 2

AS:‘ILIT! = 025 '

s use 012@1!
As,.i, for shrit
As,.i, = 0.001

AS,,i = 0.001



~use PLO@2(
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Section B-B
Scale 1-20

Figure (4-15) Reinforcement of Stair 1. q




4.12 Design of Basement wall

4.12.1 Load Calculation

Shivmy

| | | ‘ |
;;;;; L :
= e .

A e

I Fiﬁure (4-16) Geometry Of Basement Wall . ]

e Assume VY., = 18KN/m

e 0 =30
ek =1—sinP =1-sin30=05
e =yxhxk
e. =18 x 3575 x 0.5 = 32.175KN/m*
ee ,=pxk =5x%05=25KN/m*
o W, = 2.5KN/m?
o W, =25+ 32175 = 34.675KN/m*

o Wity = 1.6 X 25 =4KN/m*



o Wi, = 1.6 X 34.675 = 55.48KN/m?

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

4357

R1

R2=106.3-68.5=37.8

5548 —4
3575

4.12.4 Design of Shear

g, = 55.48 —14.4(0.25 +0.223) = 48.7KN

55.48 +48.7

V, =685 —| 5

| % (0.25 + 0.223) = 43.9KN



75
@Vﬂ=%_]lf{: xbxd

075
Ve = T_J'E/-l % 1% 0.223 % 10° = 136.56KN

OVe >Vu

. No shear reinforcement is required

4.12.5 Design of Bending M oment

Gur =4 +14.4x

> fy=0

44 (4+14.4%)
2

378 —| \xx:O

X=2 (zero shear)

Gux =4 +14.4 X 2 = 32.8KN

-4y .-



2

M”x =378%x2—-4x

g M.~
"= pxdz
Py _484%10509
"TT1o0x 02232
fy
m=———
0.85 x fc
N 1 1 1 2min
p’-"r.-'q' e m fy
1 1 2 %206 x1.08 0.00264
Preg =5-= 1= 1- =0.
T 206 420

As,., =pxbxd
As,., =0.00264 x 1000 x 223 = 589.8mm2/m

As, ., = 0.0012 x 1000 x 250 = 300mmz/m
As =590mm2/m

s~ use 012@20cm ¢/c ® vertical reinforcement
— horizontal reinforcement

As,,;,, = 0.002 % 1000 % 250 = 500mm2/m

2 2
— 328-5 X§X§=48.4H’N.m

420
"~ 0.85 x 2¢

&~ use 010@1°
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h iiﬁure (4-17) Basement Wall Detail . 1




4.13 Design of Shear Wall

Moment Diagram Shear Dhagram

=27.31

h iiﬁure $4-18) Geometry Of Shear Wall . l

fy =420Mpa
fc =24Mpa
Shear Wall thickness = h = 25cm

Shear Wall length=Lw =6.4m
Building height = hw = 11.15m



4.13.1 Design of Horizontal Reinforcement

Figure (4-19) Shear Wall Design .

Vu =-38.25KN (from ETABS program)
d=0.8xLw = 0.8x6.4=5.12m

1 .
If'clzg fc xhxd

Vel = ;‘ V24 % 0.25 x 512 = 1045KN _ Control

fc x hxd +Nu % d
4 4 % Lw
V24 % 025 % 512

= +0

4

Ve2 = 1567.7KN

Mu Lw_ —336.75

Vu 2  —3825

Ve2 =

Ve2

3.2 = —5.6 negative



& Ve3 will not apply

Vs = Fu Ve =

5= 3 =
Vs = 825 4714 — —15024KN
= 7075 o= '
i 00025

§2

Avh

—5 min = 0.0025 x h = 0.0025 x 0.25

= 0.000625 — Control
Iw 6

S —= ?=128mm

= Try 810

2x79x%10°°
.
S=25cm

s~ use @10 at 20cm c/c

= 0.000625

4.13.2 Design of Vertical Reinfor cement

hw  Avh

Avn= 00025+05 25 “Iw S2xh

1115 2% 79

Avn= 00025+05 25— 64 300X 250 —0.0025 S1xh

—0.0025 S1xh

Avn =0.00225 x 51 % h
&~ use 2010 at 30cm c/c

s< W _64 a3
= 3 - 3 _ T



8 = 450mm
5 =3x h=3x 300 =600mm
4.13.3 Design of Moment

Figure (4-20) Shear Wall Design .

Mu=-336.74KN.m(from ETABS program)

Lw
- T
~ 600 dwhw
Assume duw~hw = 0.007

6.4
22—
600 0.007

=152

Boundary element length = C — (0.1xLw)
=1.52 - (0.1x6.4)
=0.88

C



153
=—
2

 The Boundary element length = 90cm

6.4
Ast = 03 ¥ 2 % 79 = 3370.7mm*

z 1

Lw 2+0.85xﬁ1xfcx£.wxh
As X Fy

£ 1

Iw~ ,,0B5x085x 24 X64X025 0.046

33707 x 105 x 420

; &
Mn=09 05x Ast X fyx Lw X 1—m

Mn=0905x%33707 x 107 % 420 x 6.4 x 1 —0.046
Mn = 3.89MN.m
Muy = —45955 — 3890 = —4349.55KN. m

1y 434955 X 10509
S T T12064-009

= 2092.13mm?

As =2092.13 + 4 x 79 = 2408.14mm?*
s use 12016 = 2464mm? or 10018 = 2540mm?



igure (4-21) Shear Wall Detail q
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3.1 Introduction

A building can generally be broken down into the following

physical systems:

E STRUCTURAL SYSTEM
E EXTERIOR SYSTEM
I INTERIOR SUBDIVISIONS OF SPACE

."-2'::"'\-\. el ! © FHVELCFE

; S « raef asgerples
] .'J x%i oy ':;; ':::-saTﬂL:j_;g
Each of these, in turn, can be seen to be ._.,'f jré_-:,m v Fekiaws
made up of linear and planar assemblies. .-'f ﬁslx,‘ !
/

@ Planar Assemblies

] o IHTEKM'.;EMLHPN
& i - Auonfceling acesmblies
L ! * wall goecmbiies
YR/

e £ iy

T R - A

+ Hori : SN I%ﬁ b
Horizontal or sloping roof planes N R LO EFL 2 o
ﬁ = vl assem bies
. * ot se s e

H{.‘:Q«.JI.J' heatirg waile

& Vertica wall planes S+ eolumris 3ud tesme

+ Horizonta floor planes S

Figure (3-1) Building physical systems.

@ Linear Assemblies

# Horizonta beams

+ Vertical columns

These elements and assemblies can act together in a number of
ways, depending on the nature of the materials used, the method for



transferring and resolving the forces acting on a building, and the desired
physical form.

3.2 Analysisand Design of Structures

3.2.1 Structural Analysis

In the structural analysis of buildings, we are concerned with the
magnitude, direction, and point of application of forces. And their
resolution to produce a state of equilibrium. Three conditions are

necessary for a structural system to be on equilibrium:
1. Thesum ( > ) of all horizontal forces=0
2. Thesum (5 ) of all vertical forces=0

3. Thesum (3 ) of all momentsof all forcesabout any point =0

Therefore, as each structural element is loaded, its supporting

elements must react with equal but opposite forces.

3.2.2 Structural Design

The Structura design is the determination of the general shape and
all specific dimensions of a particular structure. So that, it will perform



the function for which it is created, and will safely withstand the

influences which will act on it throughout its useful life.

Three codes are adopted in this project such that:

1- THE JORDANIAN CODE (1990), to estimate the loads act on the
structure except seismic loads.

2-THE UNIFORM BUILDING CODE (UBC 1997), to estimate the
seismic and wind loads act on the structure.

3- BUILDING CODE REQUIRMENTS FOR STRUCTURAL
CONCRETE AND COMMENTARY (ACI318M-05), for the elements
structural design.

3.3 Objectives of Structural Design

The basic am of structural design is to produce a safe and
economical structure that will serve its intended purposes. In addition to
the safety and the economical, intended purposes of limitations must be
provided. There are code limitations that had been developed by
scientific and academic institutions based on experiments and case

studies.



Why Do We Use Reinfor cement?

As aforceis applied to concrete, there will be compressive, tensile
and shear forces acting on the concrete. Concrete naturaly resists
compression (squashing) very well, but is relatively weak in tension
(stretching). Horizontal and/or vertical reinforcement is used in all types
of concrete structures where tensile or shear forces may crack or break
the concrete. HORIZONTAL reinforcement helps in resisting tension
forces. VERTICAL reinforcement helpsin resisting shear forces.

Cracking and Reinforcement, Reinforcement alone WILL NOT
STORP cracking, but helps control cracking. It is used to control the width
of shrinkage cracks.

3.4 Materials

. Reinfor cement Position
The position of reinforcement will be shown in the plans.

Reinforcement must be fixed in the right position to best resist
compressive, tensile and shear forces and to control the cracking.

3.4.2 Concrete Cover

The reinforcement must be placed so there is enough concrete
covering it, to protect it from rusting and to be bonded well with



concrete. To ensure durability, both the concrete cover and strength

should be shown in the plans.

3.4.3Concrete Reinfor cement Bond

To control the width of cracks or their location (at joints), there

must be a strong bond between

concrete and reinforcement. This - ADS oN BUILDINGS ]

alows the tensle forces (which
concrete has a very low ability to |
resist) to be transferred to the
reinforcement. |

To achievea strong bond:

v" the reinforcement should
be CLEAN (free from

Shrus *""“"-'_:.--_::_'-L o

gV i e

flakey rust, dirt or grease). le‘*:r% ‘ J ['

v’ the concrete should be P terariat esstamen 5 &-'\:’“ww
PROPERLY N
COMPACTED around the
reinforcement bars.

Reinforcing bars and mesh
should be located so that,

there is enough spacing

Figure (3-2) Loads On Buildings.



between the bars to place and compact the concrete.

3.5Loads
3.5.1 Introduction

Perhaps the most important and most difficult task faced by the
structural designer is the accurate estimation of the loads that may be
applied on the structure during its life.

A building's structure must be able to support two types of loads,
static and dynamic.

3.5.2 Types of Loads.

3.5.2.1 Primary loads are described as,

1- Dead loads. S
o Do lood
[——n
Dead loads can be defined as the AL
weight of the permanent elements of a e
structure. In the case of the room

shown, the dead load comprises of the
roof beams, floor joists and the walls.

Figure (3-3) Dead and live loads




These elements are aways present. Therefore, the dead load will remain

constant unless any major alterations are carried out to the building.

The dead load is often the most important load acting on a
structure. If you consider large structures such as churches and those
constructed from heavy materias, the dead load would outweigh al
other loads.

The dead load can be calculated in advance, once the structure is

designed and dimensions have been determined.

According to the Jordanian Code, the following table shows the
densities of the materials used in the structure:

VECE! Density (kN/m?)
1 Tiles 23.00
2 Sand 16.00
3 Reinforced Concrete 24.5
4 Block 9.0
Plaster 22.00
mortar 22.00

Table (3-4) materials Densities

The Dead load of partition has taken to be 1 KN/m®.



2- LiveLoads

Liveloads are classified into:

1- Static Live Loads: The variation of magnitude and location is slow
along the time such as persons, furniture and stories.

2- Impact loads. The variation of magnitude and location is fast
along the time such as bridges and cranes.

people which act randomly and vary with time and space during
the lifetime of the building. They are determined for each element of
structures considering design limit states, particular use of the building,
temporary concentration of people and furniture and the dynamic effects
of live loads.

According to the Jordanian Code, the following table shows the values

of thelive loads act on the structures:



Wind L oads

Wind loads play a much important role in modern construction
than they did in the past. In Victorian construction, heavy masonry was
a prominent feature, which was not affected by wind loads. In modern
construction, where a steel framework is used, wind loads effect the
strength and stability of the building. Due to the fact that modern
structures are constructed from lightweight materias, the dead weight of
the building may not be sufficient to hold it firmly in position. As a
result, the structure has to be:

+« Braced - to resist the horizontal load.
+« Anchored to the ground - to prevent the structure from being

blown away.

Figure (3-5) Bracing systems.



In the above figure, you can see two different examples of external
bracing. In the high rise office building, a vertical wind-bracing system
IS used to protect against wind loads. This system is usualy hidden
within the walls of a building. In the bridge a horizontal wind-bracing
system is used.

When the wind flows around a building,
it can produce quiet high suction pressure,
especially at the edges of the building. It is
important if the building is protected, that the
cladding is firmly fixed to the structure and
that the roof is firmly secured. The suction .-~
pressure increase with a decrease in pitch of ek ™
the roof. Therefore, it is important that flat

Figure (3-5’) Wind loads

roofs are firmly held down.

The effects of wind load or wind pressure acting on the vertica

faces of the building depends on the following:

The wind speed.

The condition of exposure: exposure to severe gusts would be
more likely along sea coasts than inlands.

The size of the building.



The height up the face of the building, the

pressure acting is also important. If the building is
5m or less in height, then the pressure is uniformly N /
(evenly) distributed along the face. For taller \\

buildings, the pressure would be much greater near

the top than it would be near the ground level. flEie3;6) Snow loads:

According to the Uniform Building Code, the intensity of wind loads act

on the structure can be calculated as follows:

p:vf:ﬂ, ){Cq KI‘."I-" X {5
qs =.00256 X V

Where:
p: design wind pressure.
Cq - pressure coefficient for the structure .
Ce: combined height, exposure and gust factor coefficient.
Iy : importance factor .

g5 - wind stagnation pressure at the standard height of 33 feet.



1- Snow L oads:

The extent to which a building will be affected by snow loads
depends on the climate of that region. Some countries have snow for six
months of the year or more while some have little or no snow in the year.
Structures have to be designed to withstand the appropriate amount of
snow for their climate.

In relation to buildings, the type and pitch of the roof is important.
Some roofs will hold a greater amount of snow. Therefore, resulting in a
greater load acting on the roof. As you can see, if you have a pitched
roof, the snow will eventually slide off, whereas if you have aflat roof,
the load would continue to increase and eventually result in the collapse
of the roof.

2- Selsmic L oads

Loads that are applied to architectural
Structures are usually not of an impact nature except
that of earthquakes. An earthquake is a jerky
movement of the ground and this movement is

transmitted to the building through its foundations.

TS

[T —— —

Figure (3-7) Seismic loads



As can be seen from the figure, the effects of the earthquake are felt
much greater at the top of a high rise building.

According to the UBC, the total design base shear in a given

direction shall be determined from the following formula:

The total design base shear shall not be less than the following:
V =0.11CalW ... (Eg. 30- 6).

Where:

V: Thetotal design base shear in a given direction.

Z: Seismic zone factor as given in Table 16-1 and it equalsto 0.30
I Importance factor given intable 16-K and it equalsto 1.00

R Numerical coefficient representative of the inherent over
strength and global ductility capacity of lateral force-resisting
systems, given in table 16-N and it equalsto 5.50

Sa: Soil Profile Type given in table 16-J (V. > 1500nmvsec.).



Ca: Seismic Coefficient given in table 16-Q and it equalsto 0.24
C,: Seismic Coefficient given intable 16-R and it equalsto 0.24
W: Thetota seismic dead load of all floors.

The value of Structure period T may be approximated from the

following formula:

T=C (h)¥* ... ( Eq. 30-8).

Where:

Ct = 0.035 (0.0853) for steel moment-resisting frames.
Ct = 0.030 (0.0731) for reinforced concrete moment-resisting
frames and eccentrically braced frames.

Ct = 0.020 (0.0488) for all other buildings.

h,: height in feet (m) above the base to Leve i, n or X,
respectively.

T= 0.0488 (29.18)¥* = 0.61 seconds. ........... ( Eq. 30-8).



=924 L9\ _oo7w......(Eq. 30-4).
550" 0.61

_ 0.25" 0.24" 1.00
5.50

V =0.11" 0.24° 1.00°W =0.03 W ........(Eq. 30-6).

W =0.11W ........(Eq. 30-5).

. 0.24” 1.00

= - W =0.07W........ Controls
5.50" 0.61



3.6 Structural elements

3.6.1 Introduction

Structural elements can be classified according to their geometry,
rigidity, and how they respond to the forces applied to them. External

|loads create interna stresses within structural e ements.

Upper
Calumn
.‘.—

Flaor slab

\ End
Spand e

&
\ beam
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rmoss Beam
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§ —

Foundation
{focting)

Figure (3-8) Structural Elements .



3.6.2 Structural elements description

3.6.2.1 Slabs

1- OneWay Solid Slabs.

The slabs are supported on two opposite sides only. So, loads being

carried by the dlab in a direction perpendicular to the supporting beams.

2- OneWay Ribbed Slabs.

The dabs which Contain blocks and supported on two opposite

sides only. So, loads being carried by the dab in a direction
perpendicular to the supporting beams.

I:flrrrwul.-nb!lah—, Strinkage & Tempearatuer Bars —-H.'
N, X
" \..

Hollows Black [ 17 am | —

L Figure (3-9) One Way Ribbed Slab.




4- Two Way Ribbed Slabs.

The dlabs which contain blocks and supported on all four
opposite sides. So, loads being carried by the slab in a direction

perpendicular to the supporting beams.

Hiotow Block [ 17 em ) =,

IIIII

ﬁ' Hre (3-10) Two Way Ribbed Slab. I

3.6.2.2 Beams
The structural elements which carry loads from ribs within the slab

to the columns. There are two types of beams:

1- Hidden Beams

St (11— R

mre_(}ll) Hidden Beam. |




2- Drop Beams (T-Section)

ugure (3-12) Drop Beam. I

3.6.2.3 Columns

Columns are defined as members that carry loads in compression.
Usualy they carry bending moments about one or both axes of the cross
section. The bending action may produce tensile forces over a part of the

Cross section.



Maire Bairs ﬂ‘_\_‘_\

Column

L Figure (3-13) Column.

3.6.2.4 Shear Wall

Shear walls are latera stabilizing elements may be placed within
the building or along its perimeter, and combined in various ways. In all
cases, however, a number of stabilizing elements must be used to resist

lateral forcesin all directions.

The arrangement of lateral stabilizing elements is important to the

stability of a structure as a whole. Any asymmetrica layout, where the



centroid of the applied force is not coincident with the centroid of the
resisting mass can cause torsional effect. A symmetrical arrangement of
lateral stabilizing elements is therefore always desirable. This principle
is especially important for tall buildings.

L Figure (3-14) Shear Wall. |

3.6.2.5 Stairs

Stairs provide means of vertical movement between stories of a
building and are therefore, important links in a building's overall

circulation scheme.



Shear wall —\‘k

Figure (3-15) Stairs.

3.6.2.6 Foundation System

The foundation system for a building - its substructure - is the
critical link in the transmission of building loads down to the ground. A
foundation is defined as that part of the structure that supports the weight
of the structure and transmits the load to underlying soil or rock. Bearing
directly on the soil, the foundation system must distribute vertical loads
so that settlement of a building is either negligible or uniform under all
parts of building. It must also anchor the building's superstructure
against uplifting and racking due to wind or earthquake forces. The most
critical factor in determining the foundation system of a building is the



type and bearing capacity of the soil to which the building loads are
distributed.

The bearing capacity of the soil where the project we have will
be constructed is assumed to be 4.5kg/cm?.

/7~ Maing Bars
.

Square Footing —.

Figure (3-16) Foundation. |

3.7 Computer Programs

Many of computer programs used in the analysis, design and

drawing. Such these programs are:

1) AutoCAD 2007, computer aided drawing.



2) ATIR, computer aided analysis & design.
3) STAAD PRO 2004, computer aided analysis.
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