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Project Abstract

The idea of this project in the structural design of the Centre for Research and

Graduate , project is a research center of scientific and Graduate of the University

Palestine Polytechnic available in which all the requirements and events that work to

provide the scientific atmosphere of the researcher, through the provision of

laboratories, classrooms, auditoriums and specialized libraries. In addition to a special

section to serve the public interest and to develop their skills and scientific ideas.
The project consists of four blocks as shown below:

1 - Building Centre for Research and Graduate Studies.

2 - the building of educational and cultural.

3 - the central administration building and cafeteria

4 - Library building and the exhibition.

will be design - God willing - based on code requirements for the American Concrete
(ACI _318) and will be drawing on some programs, design and construction drawing
programs such as Autocad2007, Office2007, Atir, etc. It is worth mentioning that the
use of code Jordanian to determine the loads of live and will be available on some
graduation projects the previous , and the project will study the construction of
detailed identification and analysis of the structural elements and different loads and
then the expected structural design of the elements and the preparation of shop
drawings based on design prepared for all the structural elements that are structural
frames of the building.
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

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

e Ag = gross area of section.

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

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

e b =width of compression face of member.

e bw =web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C,=compression resultant of compression steel.

e DL =dead loads.

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

e Ec =modulus of elasticity of concrete.

e fc' = compression strength of concrete .
o fy =specified yield strength of non-prestressed reinforcement.

e h=overall thickness of member.

e 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.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn =nominal moment.

e Pn =nominal axial load.

e Pu = factored axial load

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

e VVc =nominal shear strength provided by concrete.
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Vn = nominal shear stress.

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

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

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

és = strain of compression steel.

p = ratio of steel area .
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Chapter Four

Chapter Four

Structural Analysis and Design
4 —1 Introduction.
4 2 Factored Loads.
4 3 Determination of thickness.
4 4 Design of Topping.
4 —5 Load Calculation .
4 — 6 Design of one way Ribbed slab.
4 —7 Design of two way Ribbed slab.
4 — 8 Design of Beam .
4 9 : Design of long column .
4 10 : Design of short column .
4 11 : Design of Stair.
4 12 : Design of basement wall .
4 13 : Design of Isolated Footing (FO4c 125libary).
4 14 : Design of Shear wall .
4 15 : Design of truss .
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Chapter Four

4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus", which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and two-
way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software" to find
the internal forces, deflections for ribbed slabs, and then hand calculation would be
made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code.
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Chapter Four

4.2

The factored loads on which the structural analysis and design is based for our project

: Factored Loads.

members, is determined as follows:

Qu=12DL +1.6LL

4.3 : Determination of Thickness:

ACI — 318 - 08 (9.2.1)

4.3.1 Determination of Thickness for One Way Rib Slab:

value of the load depends on the structure type and the intended use.

The overall depth must satisfy ACI Table (9.5.a):

The minimum required thickness of the

joist is:
i = % =0.33m for exterior
185 185
span ACI-318-08 (9.5a)
ﬁ = 6.08 =0.29m for interior span
21 21
5 = % =0.35m for cantilever
span...(control)

The structure may be exposed to different loads such as dead and live loads. The

T
Il

1 _
[T ||‘ ‘HHDH

Fig. (4-1) Spans location
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4.3.2 Determination of Thickness for Two Way Ribbed Slab:
Assume the thickness of slab is 36 cm .

Fig. (4-2) Two way rib slab Location

. 40x8x4+12x36x18
40x8+12x 36

bh®  0.8(0.36)°
1b(08) === (12 :

=12.043cm

=31.104x10*m*

3 3
Ib(0.5) = blhz _ 0-5(0.36) =19.44%x10*m*

3 3 3
rib — 0.52(0.;2043) B 0.4(0.034043) N 0.12(0.23957) 8430510 ¢

4
_843940 05+ 192 _ 06 886 x10*
0.52 2

I 1
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4
Is, = 243940 08, 24y _g934x10°
0.52 2
4
5, = 2439107 0841994 10175510
0.52 2
_4
o =030 054 24, 198 153310
0.52 2 2
4
a, _Ib =% — 0.2006
s~ 96.886x10
4
a, = b _ w —0.3482
s 89.34x10
4
b 31104x10°

Q3

Is  101.755x10°“
Ib 31.104x10°*

a4 :—_—4=0.203
Is 153.3x10"
a, =a1+a2 +o; +0, —0.264
4
0.2<ay, <2

_ Ln(0.8+ fy/1400)
™ 36+5p8(a,, —0.2)
~10.94

=——=1.1626
p 941

__10.04(0.8+420/1400)  _ 4n
™ 36+ 5x1.1626(0.264—0.2)

Select Slab thickness h=36cm with Topping 8cm.
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4.4 : Design of Topping:

Design of Topping for Ribbed Slab:

Hollow Block ( 27cm)

Dead load for topping =
0.03 x 22 x1 (tiles) e
+ 0.02 x 22x1 (mortar)
+ 0.07 x 16.4x1 (sand)
+ 0.08 x 25x1 (slab)
+ 2.38x1 (partitions’) = 6.628 KN/m
Live Load = 4x1 = 4KN/m. Fig. (4-3) Toping of slab

Wu =(1.2x6.628 )+ (1.6 x 4)
=14.3536 KN/m

—> For a one meter strip Wu = 14.3536 KN/m

Assume slab fixed at supported points (ribs):

2
MU :Wu x |
12
2
SRCE LR
fr =0.42x / fc' ACI-318-08 (22.5.1)

fr = 0.42x+/24 = 2.0576 MPa
—2.0576 x1000 = 2057.6 KN /m?

Mn = frx s
2 2
S= bg _1.00x0.08" 4 h67x10%m’

Mn = 2057.6x1.067 x10° = 2.195 KN.m
® Mn =0.55 x 2.195=1.21 KN.m
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® Mn =121 KN.m > Mu = 0.1914 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement:
p =0.0018 ACI-318-08 (7.12.2.1)

As = p x b x h=0.0018 x 1000 x 80 = 144 mm?

Try bars & 8 with As =50.27

Bar numbers n = As _ 144 =2.87

Asg8 50.27

Take 3 @ 8 with As = 150.8 mm?/m strip or ® 8 @ 300mm

In main direction step (S) is the smallest of :-

1) 3h=3*80=240mm............ control ACI-318-08 (10.5.4)
2) 450mm
3) = BBO(EJ —2.5Cc =380 280 |_ 2.5x20 =330mm but
fs 2
3 x 420

280 280
s < 300[—] =300 = 300mm
fs 2 420 ACI-318-08 (10.6.4)

4) Take ® 8 @200mm in both direction S= 200mm<Smax =240mm.....ok

\UseCI)S@ZOcm
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45 :Load Calculation:

4.5.1:0ne - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

One way rib slab Shrinkage & Temperatuer Bar's

Hollow Block ( 28cm )

Fig. (4-4) One way rib slab

Effective Flange width ( b.) ACI-318-08 (8.12.2)
b: For T- section is the smallest of the following:

be =3.7/4=925cm

by =12+16t=12+ 16 (8) = 140 cm

b =52CM ., control

Calculation of the total dead load for one way rib slab is shown in the

following table:
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Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation
1 Rib 0.12 x 0.28 x 25 = 0.84 KN/m
2 Top Slab 0.08 x0.52x 25 = 1.04 KN/m
3 Plaster 0.02x0.52%x22 = 0.2288 KN/m
4 Sand Fill 0.07 x 0. 52 x 16.4 = 0.59696 KN/m
5 Tile 0.03x0.52%x22 =0.3432 KN/m
6 Mortar 0.02x0.52%x22 =0.2288 KN/m
7 partition 2.38 x0.52=1.2376 KN/m
4.52 KN/m

Nominal Total Dead Load:

D.L. toras = 0.84 + 1.04 + 0.2288 + 0.59696+ 0.3432 + 0.2288.2376+1.2376 =
4.52 KN/m of rib

For library the live load is 4 KN/m?2

Live load =4 x 0.52 = 2.08 KN/m of rib

4.5.2: Two-way ribbed slab :
For the two-way ribbed slabs, the total dead load to be used in the analysis and design

is calculated as follows:

\5.::._

Rib (2)
Rib (1)

Steel Bar's

Steel Bar's

Hollow Block ( 27cm )
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Fig. (4-5) Two way rib slab
Table (4 - 2) Calculation of the total dead load for two way rib

slab(104).

Dead load:

Tiles 0.03x0.52x0.52x 22 = 0.178464KN/rib
Mortar 0.02x0.52x0.52x22 =0.118976 KN/ rib
Coarse Sand 0.07x0.52x0.52x16.4 =0.3104192 KN/ rib
fill

Topping 0.08%0.52x0.52x25 = 0.5408kN/rib
Concrete Rib | 0.28x(0.4+0.52)x0.12x25 =0.7728 kN/ rib
Plaster 0.02x0.52x0.52x22 =0.118976 kN/ rib
partition 0.52x0.52%2.38 = 0.643552KN/rib

4.6 : Design of Rib for one way rib slab :

= =

|
e =

[T | |h [T

Fig.(4-6) Rib location
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By using ATIR program we get the envelope moment and shear diagram as the

follows:-
1 H 3
i H
fy a
XN 511 LA 1.69 XN
' . ' 576 ' . ' 434 ' . '
I 52 T 1
16,
.
Fig. (4 - 7) Spans length of rib
Loading
N v-Tu T T
Dead load - Serdce Uitz kM rreter
4.5 452
i 434
Live load - Service Loadfactors: 4 204,204 .60 0.00
2.&8 Eéﬂ
57 434
Fig. (4 - 8) surface Load of rib (1)-(KN.m).
-236
EER 433
139,2.33
| [ i
L1 1 | 1 [ |
T I Ilﬂ‘q'h"ldl I L |
4 f ] 1 3z
112
244
| 23 . 24 2.8 . 1.3 |
| I 1 1 1
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Fig. (4 - 9) Moment diagram for rib -(KN.m).

-30.3

258

Fig. (4 - 10) Shear diagram for rib -(KN).

4.6.1 : Design of Positive Moment for Rib :
Assume bar diameter @ 12 for main positive reinforcement :-

db 12

d =h-cover —d 7:360—20—10—?:324mm

stirrups

The maximum positive moment in all spans of rib 110 Mu =24.4 KN.m

»When M, max positive for span = 24.4 KN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m
d= 360—20—10—% =324mm

M = 0.9 0.85x ¢ xbx hf x (d _h?f)

dMNn = 0.9x0.85x 24 x0.52x 0.08 x (0.324 —0—28) =216.91KN.m

® Mn =216.91 KN.m > M, = 24.4KN.m
Design as a rectangular with b, =52 cm
f !
As min =" (bw)(d) ACI-318-08 (10.5.1)
4(fy)
J24

As min = (120)(324) =113.38mm?>
4(420)
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A in=——(b d
S min ( )( W)( )

AS min =%(120)(324) =129.6mm’ .....control

fy 420

m = = = 20.59
0.85fc' 0.85x24

-3
_Mn _(24.4/0.9)x(A0)> _ | soconion

kn= 2 2
bd (0.52)(0.324)

o=ty fp_2mkn)_ 1 1_\/1_2><O.4967><20.59 — 0.0012
fy 20.59 420

As =0.0012(520) (324) = 202.176 mm?>As min = 129.6 mm?
# of bars = As / Aspar = 202.176/113 =1.8 * Note Agip = 113 mm?

\ Select bottom bars 2012

* Check Strain:

Tension = Compression
A x fy=0.85x f 'xbxa

226x420=0.85x24x120x a
a=238.77mm

-2
By
38.77
C=——
0.85

c

=45.6mm
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 324-456

S

g, =0.018 > 0.005

x0.003=0.018

» My max positive for span = 11.2 KN.m

® Mn =216.91 KN.m > M, = 11.2KN.m

Design as a rectangular with b. =52 cm

_ Mn _ (11.2/0.9)x (10)°
 bd?  (0.52)(0.324)2

p:i(l— L 2mknj 1 (1_\/1_2><o.22797><20.59j

kn = 0.22797MPA

m fy ) 20.59 420
£ = 0.00055
As =0.00055(520) (324) = 92.664 mm?>As min = 129.6 mm?
# of bars = A/ Agpar = 92.664/79 = 1.2 * Note Agpio = 79 mm?

Select bottom bars 2®10

* Check Strain:

Tension = Compression
A x fy=0.85x f xbxa

158x420=0.85x24x520xa

a=6.25mm
c=2 324-7.35
B £ =———x0.003=0.129
7.35
c= 82 _a5mm e, =0.129 > 0.005........0k
0.85
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4.6.2 :Design of Negative Moment for Rib :
According to ACI 8.9.3 — for beams built integrally with supports, design on the
basis of moments at faces of support shall be permitted.
The maximum negative moment at the face of support is
Mu = 19.9 KN.m

Design as a rectangular with b, = 12 cm

_ Mn _ (19.9/0.9)x(10)®
“bd? | (0.12)(0.324)

poLfq fp_2mkn)_ 1 1_\/1_2><1.755><2o.59 — 0.00438
m fy 20.59 420

As =0.00438(120) (324) = 170.2944 mm?> As min = 129.6 mm?
#of bars = As/ Aspar = 170.2944 /113 =15 * Note Agiz = 113mm?

kn =1.755

Select top bars 212 |

* Check Strain:

Tension = Compression
A x fy=0.85x f xbxa

226x420=0.85x24x120x a
a=238.77mm

_a
B
38.77
C="—
0.85

c

=45.6mm

. _324-456
* 456
¢, =0.018 > 0.005

x0.003=0.018
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4.6.3 : Design of shear for rib :

The maximum shear force at the distance d from the face of support Vu =24 kN
Shear strength, VVc , provided by concrete for the ribs may be taken 10% greater than
that for beams. This is mainly due to the interaction between the slab and the closely
spaced ribs (ACI Code, Section 8.13.8).

VU critical = 24 KN
Use @10 with two legs
AV =2x79=158 mm?2

1- VuS%xl.lx(DVC

f 1
%xl.lxd)VC:%xl.lxd) V6° xb,, xd

24
6

%xl.GCDVc :%xl.lx 0.75x x0.12x0.324x1000 =13.1 kN
1
Vu > Ed) \C..........notcontrol

2- %CDVC <Vu < dVc

1.1xdVc=1.1x0.75x% \/2_4 x0.12x0.324 %1000 = 26.2

%@Vc ~13.1 <VU =24 < DVC =26.2

Minimum shear reinforcement is required except for concrete joist construction. So,

No shear reinforcement is provided.
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4.7 : Design of two way ribbed slab:
Nominal Total Dead Load = 2.684 kN/rib
WuD=1.2x2.684/(0.52)?=11.92KN
WuL =1.6 x 4= 6.4 kN/m?
4.7.1:findVuonrib:
d=360-20-8-14 =318 mm
Vud = (4.705-0.318) x (11.92 + 6.4)x 0.52 = 41.8KN / rib
Vu = (4.705-1) x (11.92 + 6.4) x 0.52 = 35.3KN / rib

NeC = %MX 0.12x0.318x1000 = 23.37KN
1.1pVc =25.7 KN
Vs min IngXd Z%X,/fc‘xbWXd

0.75  0.12%.318x1000 = 9.54

ANsmin =
0.75
>

x /24 x0.12x0.318x1000 = 8.76
item : 4

ANC + gVsmin <Vu < ¢Vc+§\/?
35.24 <41.8<72.44

Av Vs

s fytd

Av Vs/g-Vc
s fytd
Vu 41.8

Ve = ——(lﬂxo.12x0.318x103) = 24576
y 075 6

2x50 24.576x10°

S 420x 318
s=543.4mm

$<600
s<d/2=318/2=159

Use2 ) 8@ 12.5cmclc
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4.7.2 :design for negative moment:
Ca=0.0648 from table when La/LLb=0.86 by interbulation:
Ma-ve=0.0648x(11.92+6.4)x9.41 ?x0.52=54.66 KN.m

- fy 420
0.85x fc' 0.85x24

=20.59

(o Mu/d (54.66/0.9)*10°°
" bxd? 0.12x(0.318)?

1 2xmxkn
PZE(l—Wfl—T)

oot (1_\/1_2><20.59><5
20.59 420

o =0.0139

= 5MPa

)

As=0.0139x120x 318
As =530.4 mm?

As .. = %(bw)(d)z 0.25*/W (7)) T (ACI —318-05)

(fy)

1.4 24
As .. =-—=(120)318)> 0.25——(120 318
e = o 0200219) 2025° 28 2019

ASpmin =127.2mm? <530.4 mm?
Use bars with ® 20
As =530.4/314.15=2 bar ® 20

Check for strain
T=C
Asxfy=0.85x f xbxa
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628.3x420=0.85x24x120x a
a=107.8mm

c:i:w:126,8mm

0.85 0.85

, _318-1268
* 1268
£.(0.005

% 0.003 = 0.0045

$=065+(g, - o.ooz)*z—::’,0

¢ = 0.65 + (0.0045 — 0.002) *2—20 = 0.858

_ Mu/® (54.66/0.858)*10°°

kn - 2 2
bxd 0.12x (0.318)

=5.25MPa

1 \/1_ 2x2059x5.25

-~ (1-
P= 5059 420

p =0.0147

As=0.0147x120x 318
As =561 mm?
use2¢20

= Mb-ve=0.0352x(11.92+6.4)x10.94 ?x0.52=40.13 KN.m

Ty 420
0.85x fc'  0.85x 24

=20.59

_ Mu/® _(40.13/0.9)*10°°
" bxd? 0.12x (0.318)?

1 2xmxkn
L

1 \/ 2x20.59%3.67
p=——@1-1-
20.59 420

o =0.00971

k =3.67MPa

)
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As=0.00971x120x 318
As = 370.5mm?

As . =%(bw)(d)2 0.25‘/_(b ) (<) (ACl —318-05)

A, = (izi)) (120)318)> 0. 25%(120)(318)
ASmin =127.2mm? 370.5 mm?

Use bars with ® 16

bar ® 16=402.1mm

Check for strain

T=C

Asxfy=0.85x f xbxa

402.1x420=0.85x24x120x a
a=69mm

c:i:ﬁzgl_me
.85 .85

_318-812  003=00087

&

g, =0.0087 >0.005.............. ok

4.7.3 : Design for positive moment :

Ma+ve=[Ca,dl.W.La* +Ca,ll.W.La?]

Ma+ve=[0.0354x11.92x9.41 ?+0.0236x6.4x9.41%]x0.52= 26.38 KN.m
Mnf =0.85*fc"*bf*hf*(d-hf)
Mnf=0.85*24*0.4*0.08*(0.318-0.08)*103

Mnf=155.4KN.m

dMnf =155.4KN.m>Mu=26.38KN.m

The design as rectangular section:
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fy 420

0.85x fc 0.85x24

_ Mu/® (26.38/0.9)*10°°
" bxd? 0.52x(0.318)?

1 2xmxkn
Pza(l—wfl—T)

1 2x20.59x0.557
p=— (L1~
20.59 420

p =0.00134
Asin=127.2mm? 221.6 mm?

k

=0.557MPa

)

Use bars with & 12
2 bar ® 12=226.2mm?2

Check for strain

T=C

Asxfy=0.85x f xbxa
226.2x420 =0.85x24x520x a

a=_38.96mm
Cc= 2 8.9 =10.54mm
0.85 0.85
g, = 318-1054 1, 003=0.0875
10.54
g, =0.0875> 0.005............. ok

Ma+ve=[0.0196x11.92x10.94 %+0.0236x6.4x10.94*]x0.52= 23.94 KN.m

= fy 420
0.85x fc' 0.85x24

* -3
Mu/® (2394/09)110° o o nn
bxd?  052x(0.318)

=20.59

k
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1 2xmxkn
p= e 1=

1
- ' a-h
P =059 \/

o =0.00122

B 2x20.59 x 0.506)
420

As=0.00122 x 520 x 318

As = 201.75mm?
ASpin =127.2mm?

201.75 mm?

Use bars with & 12
2 bar @ 12=226.2mm?2

Check for strain
T=C

Asxfy=0.85x f xbxa

226.2x420=0.8
a=238.96mm

a 896

5x24x520x a

C=——=—-=10.54mm

0.85 0.85

~318-10

gS
10.54

o4 % 0.003 =0.0875

g, =0.0875>0.005.............. ok

4.8 : Design Of beam for flexure :-
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Fig.(4-11) Beam location

Load calculations for Beam 107:

The distributed Dead and Live loads acting upon the Beam 107 can be defined from

the support reactions of the rib 109.

Factored

Max R Z0EE
MinRE 1126
Sangice

OeadR 1037
Live R a4
Max R 155
Min R 110,

[ead 12 44
jua 8=

@

4327

2839
1334
42 33
3436

.74
6.23

10,32
5 45

Fig.(4-12) support reactions of the rib 109

Dead Load calculations:

The maximum support reaction (factored) from Dead Loads for rib 109 upon beam

107 is 34.79 KN . The distributed Dead Load from the Rib 109 on Beam 107:

—@=66.9KN/m

DL fromripi10 ~ () 52

Assume the width of the beam = 0.9 m , then the own weight of the beam and the

weight of the floor layers within the beam width can be calculated:

Dead load of topping =

0.03 x 22 x0.9 (tiles)
+ 0.02 x 22x0.9 (mortar)
+ 0.07 x 16.4x0.9 (sand)

+ 0.36 x 25 x0.9 (RC beam)

+ 0.02 x 22 x 0.9 (plaster)
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+ 2.38x 0.9 (partitions’) = 12.6612KN/m
The total factored Dead Load: WbL= 66.9+1.2x12.6612 = 82.1 KN/m

Live Load calculations:
The maximum support reaction (factored) from Live Loads for rib109 upon beam
107 is 21.35 KN . The distributed Dead Load from the Rib 109 on Beam 107:

W —@=41..06KN/m

LLfromripii0 () 52

The Live Load within the beam width (b=0.9 m) can be calculated:
LL =0.9x4 =3.6 KN/m
The total factored Live Load: WiL =41.06+1.6 x3.6 = 46.82 KN/m

By using ATIR program we get the envelope moment and shear diagram as the
follows:-

SGeometry Unisom eter.cm

1 2 3 F
1 2 ES
E £ £ . Fal j
I, 1r
] A A
025 PRt [ 458 oz 262 [E
! 45 o 488 T 2 87

Fig. (4 - 13) Spans length of Beam

Loading

TR TR T

Dead load - 3anvice Units -k Nomestar
=4 814 =4
45 455 25T

Live load - Sarvics Load factors: 1 20,1 200180, 0000
41 441 41
45 453 2ET
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Fig. (4 - 14) Factored Load of Beam-(KN.m).

~411E

(M} 1
[(E3%] P.E U'
\’/ o
1Moz
I3

| 18 . 27 | 4 244 | 172 . 145

Fig. (4 - 15) Moment diagram for Beam -(KN.m).

4537

Fig. (4 - 16) Shear diagram for Beam -(KN)

Assume bar diameter @ 18 for main positive reinforcement.

b, =90cm, h =36cm

d =360—40—8—%:303mm

The width of the Beam 107 can be defined from the maximum factored moment.
The maximum factored moment in Beam 107 Mu =-411.8KN.m .

Take @ = 0.9 for flexure as tension-controlled section

Assume p = 0.4 pb

Take B =0.85 (fc' = 24).

_0.85.¢ 600 |_og5x-2* 085 %99 |_0.02429
1
fy " 600+ fy 420 600 + 420
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p=0.4po= 0.4 x 0.02429 = 0.009716
fy 420

m= - = 20.59
0.85fc’ 0.85x 24
kn=px fy( —%j = 0.009716 420(1— 0'009715 . 2059) = 3.67MPa
6
bg? o Mu_4118x10° _ oo,
Hn  0.9x3.67
b =1358mm

Usually in construction the maximum width of the beams is 120 cm. Here, take
b=90cm and no need to recalculate the loads acting on the beam.

Note that the factored moments of other supports and spans may be satisfied by the
section width of 90 cm as a singly reinforced beam sections, but the support section
with Mu =-411.8KN.m may be designed as doubly reinforced section.

bused =90 cm <b required = 135.8 cm .

Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strain condition €s =0.004

C= §d: §><303:129.9mm.

7
a=pxc=0.85%129.9 =110.4 mm.

Mnmax =0.85x fc' x a x b x (d- a/2)

=0.85 x 24 x 0.1104 x 0.9x (0.303 — 0.1104/2) = 502.28 KN .m
® Mn = (.82 x502.28 = 411.87 KN .m
® Mn=411.87KN.m > Mu=411.8KN.m

** Design of beam as singly reinforcement concrete :
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4.8.1 : Design of negative moment :
Take Mu =411.8 kN.m ............ from Atir program

® Mn=411.87KN.m > Mu=411.8KN.m

3
Kn = an _ 411.8/0.9><102 - 5.54 Mpa
bxd 0.9 x(0.303)
fy 420

T 0.85fc’ 0.85x24

=20.59 mm?.

(bw)(d)—>(ACI ~10.5.1)

24

14
; 900)(303 900)303
o0 = gy 50013092 1% (6001209

As, .. =795.21<909——Thelargestiscontrol. =909
As_ . =909mm?

) = 0.0157
20.59

As = 0.0157(900) (303) = 4281.39mm?2 >As min =909 mm?

As., 4281.
# Of bars = 1= §1439 =13.635 Note Agpo =314 mm?

1y L- \/ 2(20.59)(5.54)
P 420

bar

Select bottom bars 14®20

Check for strain:
Tension = Compression
A x fy=0.85x f 'xbxa

4396 x 420=0.85x24x900x a
a=100.56mm
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a

A

cC= 100'26 =118.3mm

c

, _303-1183
* 1183
£, =0.0047 < 0.005

% 0.003=0.0047

£.(0.005

$=0.65+ (g, —0.002) *2—20

¢ = 0.65 + (0.0047 — 0.002) *2—20 =0.875

1 \/1_ 22050566,

= — 1 —_
=050 " 420

0 =0.0163

As=0.0163x900x 303

As = 4445mm?
As., 4445
# Of bars = " 1= a1 - 14.15 Note Agzo =314 mm?2

bar

' Select bottom bars 15020

TOta| AS (provide) =4710 mm2
Check for bar placement :

. _900-2x40-2x8-15x20

s =36mm > 25mm.....ok
14

Take Mu =287.9kN.m ............ from Atir program

® Mn=411.87KN.m > Mu=287.9KN.m
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Mn _ _287.9/0.9x10°
bxd? 0.9 x (0.303)?

_fy 420
0.85fc’ 0.85x24

Kn =

= 3.87Mpa

=20.59

As.. = %(bw)(d)z

V24
S min
~ 4(420)

E4(bw)(d)—>(ACI ~10.5.1)
1.4
——-(900)303)> 120 = (900)(303)

As . =795.21<909——Thelargestiscontrol. =909
As . =909mm?

1 1- \/1_2(20.59)(3.87)

P %059 420

) = 0.0103

As = 0.0103 (900) (303) = 2809 mm2>As min =909 mm?2 mm?.

2809

#Ofbars= ——="—"-=8.95 Note Apzo = 314 mm?
Spar J14

' Select bottom bars 9020

TOta| AS (provide) =2826 mm2

Check for strain:
Tension = Compression
A x fy=0.85x f xbxa

2826 x 420=0.85x24x900 x a
a=64.65mm
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a

A

Cc= % =76.06mm
0.85

c

£, = 303-76.06 1 503 0.906
76.06

&, =0.906 >0.005.............. ok
4.8.2 : Design of positive moment :
Take Mu =286.6 kN.m ............ from Atir program

® Mn=411.87KN.m > Mu=286.6KN.m

-3
_ an _ 286.6/0.9><102 385 Mpa
bxd 0.9x (0.303)

Kn

fy 420

m = = =20.59
0.85fc’ 0.85x24

As.. = E(bw)(ol)z H(bw)(ol )——(ACI —10.5.1)

Smin
4(ty)
J24 1.4

. =——-(900)(303)> ——(900)303

As, ., =795.21<909——Thelargestiscontrol. =909
As . =909mm?
oo 1 L- \/1— 2(20.59)(3.85) ) =0.01025

20.59 420
As =0.01025 (900) (303) = 2795.175 mm2 >As min =909 mm2 mm?.

AS.q 2795.17
# Of bars = s 1= 29554 : > =10.98 Note Ap1g = 254.5 mm?
bar '
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Select bottom bars 11 ® 18 mm. Total As=

2799.5mm* 52795 175

Take Mu =221.5kN.m ............ from Atir program

® Mn=411.87KN.m > Mu=221.5 KN.m

3
Kn = an _ 221.5/0.9><:|.02 - 2.98Mpa
bxd 0.9 x(0.303)

2mKn

1
=-(1- 1-
p m( y )
__ 420 559
0.85fc’ 0.85x 24
oo 1 L- \/ 2(20.59)(2.98)): 0.00771
20.59 420

As = 0.00771 (900) (303) = 2102.52 mm?.

As,, ‘/F(bw)(d) fy(bw)(d)——>(ACI ~10.5.1)

min 4(fy)
V24
AS in = 900303 900 (303
o = a3 200X303)= 1 (4004303)
As .. =795.21<909——Thelargestiscontrol. =909
As .. =909mm?
AS.q 210252
# Of bars = 1= =8.26 Note Agig = 254.5 mm?
As,., 2545

' Select bottom bars 9018

TOta| AS (provide) :22905 mm2
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Check for strain:

Tension = Compression
A x fy=0.85x f 'xbxa

2290.5x420=0.85x24x900x a
a=52.4mm

a

)
524

c=——=61.65mm
0.85

~ 303-61.65

85
61.65
g, =0.0117 > 0.005.............. ok

c

x0.003=0.0117

Take Mu =110.2kN.m ............ from Atir program

® Mn=411.87KN.m > Mu=110.2 KN.m

Mn _ 110.2/0.9x10°

Kn = 5= >— = 1.482Mpa
bxd 0.9 x (0.303)
1 2mKn
p=—(1- [1- )
m fy

fy 420

0.85fc’ 0.85x24

T 1.4
As. = m(bw)(d)z E(bw)(d )——(ACI —10.5.1)

J24 1.4
=——(900)(303)> 0 (900)(303)

As .
" = 4(420)

As . =795.21<909——Thelargestiscontrol. =909

As .. =909mm?

) = 0.0037

) 1 L- \/1_ 2(20.59)(1.482)

20,59 420
As = 0.0037 (900) (303) = 1009 mm2 > As min =909 mm2.
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As. 1
# Of bars = 4 =@=6.55
154

Sbar

Note Ap14 = 154 mm?2

Select bottom bars 7014

TOta| AS (pro\/ide) :1078 rnm2

Check for strain:
Tension = Compression
A x fy=0.85x f xbxa

1078 x 420=0.85x 24 x900 x a
a=24.66mm

a
C [ —
B
c= 24.66 =29.0Imm
0.85
& = 303-29.01 % 0.003=0.028
29.01
g, =0.028 >>>0.005.............. ok

4.8.3 : Design of shear for Beam :

Categories for shear design:
VU gritical = 389.7 KN

Use @10 with four legs
Av=4x78.5=314mm?

1- Wu g%xd)Vc

%=0.75x1xm
2 2 6

Vu > %@ VC.........notcontrol

2- %CDVC <Vu < dVc

%900 x 303x10~% =83.5KN
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Ae =0.75

‘/2_4 x900x 303x10° =167KN

Vu > ®dVe.....not control

3- DdVe<Vu<d Ve + ® Vsmin
GV 20.75(%)xbw><dzol'—fﬁxbwm

Vs mm_075( ) x 0.9x0.303 x 1o3>¥\/_ 0.9x0.303x10°

DVs,, >68. 175> 62.62kN
®Vs, . =68.175kN

dVCe+DVs, . =167+68.175 = 235.175KN
Vu>® Vc+ ® Vs.....not control

4- ®Ve +dVs,,, <Vu SdDVc+d)><% fc xbwxd

S
3

)] xbwxd =0.75x

\/5_4 x0.9%x0.303x1000 = 334KN

<I)VC+CI)><3 fc' xbwxd =167 +334 =501KN >Vu = 389.7KN

All Vud Are within item 4

Vu =389.7 kN .
OVs,,, +DVe =Vu
= ®Vs,,, =Vu—-DdVe =389.7-167 = 222.7kN

s _ Dx Avx fytxd 0.75x314x420x303
Vs, 222.7x10°

=134.6mm.

=15.15cm.

Select ® 10 @ 15cm c/c  (4leg)
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4.9:Design of long column(CO016) in

Administration building :

4.9.1 Load Calculation:

p, =1936.78KN
 1936.78

= =2979.7KN
Prre 0.65

Assume rectangular section with:
Usep = pg =1.6%
Pn =0.8* Ag{0.85* fc'+pg(fy —0.85fc")}
2.9797 = 0.8* Ag[0.85* 24 + 0.016 * (420 — 0.85* 24)]

Ag = 0.139m?
Use 0.3x 0.6 cm with Ag=0.18m? > Agreq = 0.139m?
4.9.2 Check Slenderness Effect:

In 0.6 -Dirction

@<34_12% ............... ACI —(10.12.2)

r

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

R: radius of gyration =0.3 h = \/'IA:

Lu=3.63 m
M1/M2 =1

cafeteria & central

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be

permitted to be taken as 1.0.

m<34—12ﬂ ............... ACI —(10.12.2)
r M 2

1x3.63
0.3x0.6

.. short Coloumn in y— y:dirction

=20.17 <22
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In 0.3-Dirction

k_Iu <34 —12E <40 ........... ACI —(10.12.2)
r M 2

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

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

Lu=3.63m

M1/M2 =1

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

klu M1

—<34-12—— <40 ............... ACI —(10.12.2)

r M 2

12383 _ 4033522

0.3x0.3

..long Coloumn in  x—x:dirction
E.|

El =04—"% ., [ACI318—-05 (Eq. 10—15)]

1+ B,

E, = 4750,/ fc' = 4750 x /24 = 23270.15Mpa
_12DL  1.2*(436.59)

0.27
P Pu 1936.78
3 3
I, = bxh _ 0.6x0.3 _ 0.00135m*
12 12
£y _ 0:4x23270.15x0.00135 _ o o0\
1+0.27
72El
P,=——— s ACI318-05(Eq. 10 -13)
(KLu)
2
b 3.14% x9.89 _74MN.

° (1.0x3.63)%

78



Chapter Four

Cm = 0.6+0.4[%) ............ ACI1318 — 05(Eq.10 —16)
Cm=1....... According to ACI318—-05(10.10.6.4)
Sps =C—r|2uzl.o ............... ACI1318 - 05(Eq. 10 —12)
~ 0.75P,
S = L =154>1
ns _1936.78 -
0.75x 7400

e, =15+0.03xh =15+ 0.03x 300 = 24mm = 0.024m
e=e_ x5, =0.024x1.54=0.03696

e 0.03696
h

=———=0.1232
0.3

From Interaction Diagram

#P. 1899.96 145

= X
A, 0.6*0.3 1000
p, =0.01
A, = px A, =0.01x600x 300 =1800 mm*"

s usedpl8 & 4416

=1.530 Ksi

4.9.3 Design of the Tie Reinforcement :

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

S < Least dimension.

spacing <16xd, =16x1.8 =28.8 cm

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

spacing < least.dim.=30cm

Usegl0@ 20 cm

g& 133
P10@UL=170  310@20 L=100
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Fig . (4-17). Reinforcement of column (016)4 — 10 Design of short

Colum(C111) in research & high studies centr.
4.10.1 Load Calculation:

Pu = 4253KN

Pn = 4253 /(0.65) =6543.1 KN

09 =0.018

Pn =0.8* Ag{0.85* fc'+pg(fy —0.85fc")}
6.5431=0.8* Ag[0.85* 24 + 0.018* (420 — 0.85* 24)]
Ag =0.296m’

Use 0.5x 0.6 cm with Ag=0.30m? > Agreq = 0.296m?
4.10.2 Check Slenderness Effect:

Lu=3.63m
M1&M2 =1
K=1
e In 0.5 m-Dirction

w<34—12£ ............... ACI — (10.12.2)
r M2

1*3.63
0.5*0.6

.. short Coloumn

A = p* A, =0.018*500*600 = 5400mm?

=12.1< 22

. Select 18¢20

4.9.3 Design of the Reinforcement:
S <16 db (longitudonal bar diameter)...........c.......... ACI-7.10.5.2

S < 48dt (tie bar diameter).

S < Least dimension.
spacing <16xd, =16x20 =320 cm

spacing <48xd, =48x10=480cm
spacing < least.dim. =50 cm
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Usegl0@ 20 cm

S

92 52

- 12
@10@20 L="75 @10@20 L=130 910@20 L=210

4.11 : Design of Stair :

h=(3.9+1)/20=0.245 ...... select h=25cm.
0= tan-l(@ —tan[ 129 |~ 26.56°
run 300

4.11.1: Flight Dead Load computation :-

The structural system & dead load calculation :- Fig . (4-19). Designed stair
Plastering =( 0.02*22*1)/(cos 26.56) = 0.49

Concrete slab = (0.25*25*1)/(cos 26.56) = 6.972

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

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

Tiles = (0.32+0.15)* 0.03*27/(0.3) = 1.269

Total load = 11.266 KN/m
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Dead load = 11.266 , Live load = 3

4.11.2: Landing Dead Load computation :-

Tiles = 0.03*22*1 = 0.66

Mortor = 0.02*22*1 = 0.44

Sand =0.07*16.4*1 = 1.148

Concrete = 0.25*25*1 = 6.25

Plastering = 0.02*22*1 = 0.44

Total dead load = 8.938 KN/m & Live load= 3 KN/m

By using atir program :-

Leading
T Ervica Lrits:k Nrmeter
Mz
24 \ l &1&“3 l
Live load - Service Load factors: 1 2041 204 E0,0.00

-

=]
+

| Y " A
a3 |

Figure (4-20): Load diagram

82



Chapter Four

Morneri=: spare Tio T

| 245 S2a z.45

apg 364

Figure (4-21): Shear & Moment envelope diagrams

4.11.3 : Design of Shear :
Vu=37.6 KN.
d=250-20-7 =223 mm

¢/ T, *b, *d
C=—7——
H 6

0.75* /24 *1000* 223
e = 5

Vu=429 KN < ¢Vc=136.65 KN .

=136.65KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4.11.4: Design for flexure :-

Mu =52.3KN.m

_ Mn _ 52.3/09x10°
bxd? 1x (0.223)?

Kn =1.169Mpa
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fy 420

m= = =20.588
0.85fc’ 0.85x24

2mKn
fy

oo 1 1- \/1_2(20.588)(1.169)
20.588 420

A.S =0.0029%1000% 223 = 646.7 mm2

)

N
m

) = 0.0029

Use = 14 @ 20 cm c/c

step (S) is the smallest of :-
1) 3h =3x250=750 mm ACI-318-08 (10.5.4)

2) 450mm

280

S = 380(]:—) —2.5Cc =380 280

—2.5% 20 =330mm but

S —x420
3

s< 300(@} =300 280 \_ 300mm

S §X420 ACI-318-08 (10.6.4)

S=20< S max =300

**Temperature and shrinkage reinforcement :-

As(Temperature and shrinkage) = 0.0018x1000%250 = 450 mm2 /m

Use= 10 @ 17.5 cm c/c

step (S — for Temperature and shrinkage reinforcement ) is the smallest of :-
1- 5h =5x 250 = 1250 mm .
2- 450mm — control .

S =17.5 mm< Smax =450 mm - OK
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4.11.5 Design of landing:-
Thickness of landing=4.2 /20 =0.21 m ..... use 25 cm

the reaction of the flight is applied at the centerline of the landing .since width of
landing is 2 m , the reaction R will be distributed along this width . thus load per meter
WRr equals

R
D(per.meter) _ 25.8 =12.9KN /m
B 2

Wep =

R
We = —L(peé'memr) = % =4.8KN/m

** By using atir program :-

Loading
Tt Tt
Dawdlond - Sarvica Uitz kM rratar
1248
440
4.4
Lve load - Serdce Loadfactars: | .20,1.2000.60,0.00

S A A S S S ' S A A A Y A
1y

Figure (4-22): Load diagram

Momert=: Spare Tio 1

| 2z 48 22 |

-6,
B

B3,
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Figure (4-23): Shear & moment envelope diagram

4.11.6: Design for flexure :-

Mu = 74.8 KN.m
-3
K = an _ 74.8/0.9><1(2) - 1.67 Mpa
bxd 1x (0.223)

me_ Y __ 420 _,55gg
0.85fc’ 0.85x 24
1 2mKn

==-(1- 1-

p=— ( y )

o 1 L- \/1_ 2(20.588)(1.67)):0_0042
20.588 420

A.S =0.0042x 1000x 250 = 21050 mm?2

Use= 14 @ 20 cm c/c

step (S) is the smallest of :-

3) 3h=3x250=750 mm ACI-318-08 (10.5.4)
4) 450mm
5) =380 280) 2.5Cc =380 280 | 2.5x 20 =330mm but
fs 2
3% 420

280 280
s< 3oo£—) =300 = 300mm
fs § 420 ACI-318-08 (10.6.4)

S =20 < S max =300
**Temperature and shrinkage reinforcement :-

As(Temperature and shrinkage) = 0.0018x1000%250 = 450 mm2 /m
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Usew 10 @ 17.5 cm c/c

step (S — for Temperature and shrinkage reinforcement ) is the smallest of :-
3- 5h =5x% 250 = 1250 mm .
4- 450mm — control .

S =17.5 mm< Smax =450 mm - OK

4.12:Design of Basement Wall :

Yy ¥ l 1 Y l 1 i -
g St by LRGN [
--I'-_ -
| -
: Y soil
38 mf 41T m [ ! ™
o - -
il =
|t =
yxhx Kﬂ PKKD

Figure (4-24) : Load on Basement Wall

4.12.1: Losd on Basment Wall :-

o Self weight of earth :
g, =y xhxK,

Assume that :

Yooy =18 Kn/m?®

6 =30°

K=0.5

g, =18x4.17x0.5=37.53 KN/m?
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ql(factored) :16)(3753: 6005 KN/m

e Load from live load:
g, =P xK,

d, =5x0.5=2.5 KN/m?
QUa(factored) = 1.6%2.5= 4N/m

Lz lozrd - Factored

B0t

a1

Figure (4-25): Load diagram

Moments: spans 1to 1

2,29 704

Figure (4-26): Shear & moment envelope diagram

4.12.2: Design of the Vertical reinforcement:
Assume h =300 mm

Mn

Kn

:M:78.8KN.m
0.9
d =300-20-14/2=273mm
-3
_ Mn _788x10° o
bxd 1x0.273
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1 2mKn
p=—@-[1- )

1 (l_\/1_2><20.588><1.06
20.588 420

P ) =0.0026

AS,,, =0.0026 x1000x 273 = 709.8mm? /m
As . =0.0012x1000x300 =360mm?/m

AS i, =360mm*/m < As_, =709.8mm*/m

#of bar in on meter = M =5

154
Select ®14@20cm c/c

IN OTHER SIDE

As = % x709.8 =355mm*/m (According ACI code)

#of bar in on meter = % =5

Select ®10@20cm c/c

4.12.3: Design of the Horizontal reinforcement:

AS, 3 eranay = 0.002*1000*300 = 600mm? /m

#of bar in on meter = 600 =12

50.24
Select ®8@15cm c/c,In twolayer

Check for Shear :
Vug=61.2 KN

WC:%\/f_C'xd xb

e =%\/ﬂ x 0.273x1000 =870.79KN

#Vc >>>>Vu ... No Shear Reinforcement is Required.
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4.12.4: Design of Basement Footing:-

Total factored load in basement =1.2x (25x3.8%0.3)=34.2 KN/m
Soil density = 18 KN/m®.

Allowable soil Pressure = 350 KN/m?.

Assume footing to be about (30 cm) thick.

Footing weight = 1.2%(25%0.3) =9 KN/m®.

Soil weight above the footing = 1.6 (3.44) %18 = 99.072KN/m”.
live load =5 KN/m?

Qallow,Net = 350-5-9-99.072=236.93 KN/m?

Assume b=0.8m, h=30cm
d=300-75-14 =211 mm, qu; = 34.2/1 *0.8= 42.75 KN/m?

A
¥
0.3
0.25 0.25
Py - P e ———
d
au

Figure( 4-27): Footing geometry

4.12.5: Check of One Way Shear:-
Vu =1x(0.25-0.211)x 42.75=1.67 KN

¢\/C=%1/fc’><d xb

AN = %\/ﬂ x0.211x1x1000 =129.2KN

#Vc >>>>Vu ... No Shear Reinforcement is Required.
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4.12.6: Design of Bending Moment:-
Mu = 42.75x0.25%/2 = 1.34 KN/m

Mn :ﬁzlAQKN.m
0.9
-3
n= Mr; = 1'49X102 =0..034Mpa
bd 1*0.211
fy 420

=20.588

m= — =
0.85*fc 0.85*24

p:l(l_ /1_2><m><knJ
m f,

1 l_\/l_2><20.588><0.034
20.588 420

ASReq. = p*b*d =0.000081*211*1000 =17.1mm?
AS gyrinkage = 0-0018*b*h = 0.0018*300*1000 = 540mm?
As.  =17.1mm? < As =540mm?

P J: 0.000081

Req. Shrinkage

Use Asmin

Use ¢ 14
No. =540/154 =351 , Use 4 bars

Use hook >16* ¢
Required length of hook>16% ¢ >16x1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm
Use ¢ 14 @ 25 cm c/c

In the other Direction:-

Asmin = 0.0018 * b * h

Aqmin = 0.0018 * 1000* 30 = 540 mm®

Use ¢ 14
No. =540/154=351 , Use 4 bars

Use ¢ 14 @ 25 cm c/c
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_ 9 v v,
Idreq _10X/1\/f_c'x Kir + cb x db
db

9 420 1x1x0.8

Id_ =—x X
10 1x+/24 25

x14 =345.7mm

Ld available :250'75: 175mm

4-13: Design of Isolated Footing (FO4c 125libary).

Horizontal Plan Vertical Section (A—A)

-l

Fig. (4-28) Geometry of Footing (F04)

4.13.1 Load Calculation:
From Column 125 :

Service load = 347.22 KN .
Factored Load = 455.74 kN .
Soil Weight = 18 kN/m®.
Soil Depth=1 m.
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Column geometry 40x 25 cm.
Allowable Soil Pressure = 350 kN/m?.
4.13.2 Design of Footing Area:
Assume footing to be about (35 cm) thick.

Ao Force(service)

qall.net

Oopinet = 350 —5-0.65x18—0.35x 25
qa”.net = 32455kN / m2
347.22

32455
A=1.15m’
A=W x L =1.15m?
L=1.3m......W =1.2m

q, = Force(Factored)  455.74
: A 1.2x1.3

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

=292.14kN/m?

4.13.3 Determine the Depth of Footing Based on Shear Strength:
Assumeh=35cm......... d = 350-75-20 = 255 mm
Check For One Way Action:-

For X- direction
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V, =(¥—d)xqu xW

v, = (33299 4 595) 4 202.14x1.2

V, = 78.88kN

DV, :% fc'xLxd

PV, = %\/ﬂxlb’x 0.255x10°

@V, = 203.00kN
DV, >V,.....0K

For Y- direction

(L-
2
v, - (£:2-025)

v, = (L= gy, xw

~0..225)x 292.14x 1.3

e Check for V, = 94.65kN
Two Way ®V, =203kN
Action :- DV, >V,....... O.K

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

1 4
V.=—|2+— |/ f. b,d
c 12[ ﬂj ¢ Mo

c

1({ea.d '
V. =—|=S 2 f b.d
Cc 12( bo + J C 0
V, = %w/ £ b, d
Where:

B Column Length (a) 40
¢ Column Width (b) 25

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

= 2% {(a+d) + (b+d)} = 2x {(0.40+0.255) + (0.25+0.255)} = 2.52 m.

a, =40 for interior column
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v, = %(2 + gj.,/ f_b,.d=0333/F, b, .d
1 (M n 2)\/ f.'b,.d =0.504 f. b,.d

© T 12\ 252

V. - %JT b,d =0333/ 1. b,.d........Control

VU = 292.14* (( 1.3*1.2)-( 0.755*0.505) ) = 344.35 kN

V, = %w/ £ b,.d =0.333v24 x 2.52x 0.255x 10°

Vc =1049.36kN........ ¢=0.75
@Vc =0.75%x1049.36 = 787.02kN

4.13.4 Design for Bending Moment:

At X- Direction

Mu = 292.14x 1.3 0.4 x 0;24 =30.38kN.m  (1.3-0.5)/2=0.4

Using Reinforced Concrete.

Mn = @ =33.76 kKN.m
0.9

_ Mn _ 3376x10°
bd? 1.2x(0.255)?

o fy 420
0.85x fc'  0.85x 24

pzi(l— f1_2><m><KnJ
m f,

= 0.43Mpa

=20.588
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IO (1_\/1_2><20.588><0.43

~ 20588 420
ASpeq, = pxbxd =0.00103x1200x 255 = 315.18 mm”
AS grrimagein ) = 0.0018x bx h = 0.0018x 1200 x 350 = 756mm?’

Asmin = 756mm?>.................. control
select 8412 withAs = 904.8mm® > Asreq. = 756 mm?

J =0.00103

At Y- Direction

MU = 292.14x1.2x 0.475x 2472

=39.551kN.m  //(1.2-0.25)/2=0.475

Using Reinforced Concrete.

Mn = @ =43.94kN.m
0.9

-3
_ Mn _ 43.94x10 _ 052Mpa

n =
bd2  1.3x(0.255)°

. fy 420
0.85x fc'  0.85x24

pzl(l— 1_2><m>< Kn}
m \/ fy

1 1_\/1_2><20.588><0.52
20.588 420

ASp., = pxbxd =0.00125x1300 x 255 = 414.4mm’
AS gprinagamin y = 00018 b x h = 0.0018 x1300 x 350 = 819mm*

Asreq =819mm°.................. control
select 9¢12withAs =1017.8mm? > Asreq. = 819mm?

=20.588

P } =0.00125

4.13.5 Check for Strain:
At Y- Direction

Tension = Compression
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Asx fy =0.85x fc'xbx a
1071.8x420=0.85x24x1300x a
a=16.96mm
X = a_ 16.9 =19.95mm
Sl 0.85
. 0.255-0.01995
° 0.01995
&, =0.0353>0.005 ...... OK
At X- Direction
Tension = Compression
As x fy =0.85x fc'xbx a
904.8x 420 =0.85x24x1200x a
a=15.52mm
x= & 215992 48 06mm
Bl 0.85
. 0.255-0.01826
° 0.01826

g =0.039>0.005 ... OK

% 0.003

% 0.003

4.13.6 Check transfer of load at base of column:

®Pn = ®(0.85fc’'Ag)
®Pn = 0.65(0.85)(24)(0.25*0.4) *10° =1326kN > 455.74KN.

Since ®Pn>Pu.
.. Dowels are not required for load transfer

4.13.7 Development Length (Lg):-

A A2
Id,, _lOX/l\/f_c’x R x db
db

—gx 420 ><1><1><0.8
10 1x+/24 25

Ld available =350'75= 275mm

Id x12 =296.3mm

Ld available— 275 mm > -;i'flz_.r.ﬁ = 296.3mm
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4.14: Design of shear wall :-
4.14.1 Design of shear wall by ETABS program:-
Design philosophy in ETABS based mainly on transform loads from slabs to walls
directly .
shear wall has been loaded by two kinds of forces :
1) Axial loads (Dead + Live)
2) Lateral "seismic loads, wind pressure"

Shear wall

Sample
Design

Figure (4-29): Shear wall plan from ETABS
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4.12.2 Design of shear wall by manual method:-

137.35
505.448 243.56
1401.75 307.66
2533.94

Figure (4-30): Shear force & moment on the wall from ETABS

Z=30
R=55
1=1.0
Ca=0.24
Ct=0.0488
Cv=0.24

Where:

Z = seismic zone factor as given in reference.

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.

I = 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, n or X, respectively.
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4.12.3: Design of Wall:

By Using Software (ETABS 9.5), We Get the shear wall Analysis Results as shown
in the following Diagram:-
Fc =24 MPa
fy =420 MPa.

h=20 cm. Shear wall thickness.

Lw=3.02 m. shear wall width

Hw=11.04m. Building height
Lw/2=3.022=151m.............. (control)
hw/2 = 11.04/2 =5.52m
d=0.8*Lw=0.8%x3.02=2.42m

!

fe xbxd

Ve =

x0.2x2.42x1000 = 395.18kN

C1

Jfc'xbxd Nuxa
Voo = +
4 4x|,

J24
6

_(\/ﬂxo.zszz

Ve, +0.0) x1000 =592.78 KN

W
Ve, = ( fc N wab)xbxd
R Mu |, 10

Vu 2
Mu = 1401.75 + 307.66(3.68 — 1.51) = 2069.4 kN.m

J24 . 3.02(v24 +0.0, 0.2x2.42

V., = X x1000 = 255.83KN........ control
2= " 20604 3.02 ST
307..66 2
Vs = \ﬂ -Vc
¢
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—255.83=154.38KN

Vs — 307.66
0.75

Avh Vs _ 0.15438

-5 =0.00015
s2  fyd 420x242

(—sz'h)mm ~0.0025xb = 0.0025x 0.20 = 0.0005
S

S <(lw/ 5) = 3020/5 = 604 mm
S, <3 xb=3x200=600mm......... Control

(ALlh) min = 0'0005
s2

Try 10

6
(2><79><10 ). =0.0005

s2
S2=0.316 m
Use 10 @ 30 cm c/c For Horizontal R.F.

**For Vertical Shear Reinforcement :-

A,, ={0.0025+ o.5(2.5—:‘—W) x (S/AV—hh ~0.0025)}xsxh
2 X

w

11.04. . 2x79
— {0.0025 + 0.5(2.5 —
An =1 2520 Goox 200

—0.0025)}x sxh

A,, =0.0025x s x h

2x79x10°°
S

S < Lw/3=3020/3 = 1006.7mm
<450mm
< 3 x h=3x20=600 mm
Use ® 10 @ 30 cm c/c

=0.0025 ......... s=0.30m

w

c>—w
600x (s, /h,)
Assume Sn/hw = 0.007
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C>L:O.7l9 ......... ,C=0.719

~ 600 (0.007)

boundary element length =C - 0.1 x |,
=0.719-0.1x3.02=0.417m
>0.719/2=0.360 m

The boundary element length = 45 cm

Ast = 3.02/0.3 x 2 x 79 = 1590.5mm?

z_ 1

|, 0.85xBx fcxl,xh
Ay x Ty

z 1

|, 0.85x0.85x24x3.02x0.2
1590.5x 420

=0.057

M, = 0.9%(0.5 xAstxFyxlx (1-Z/ly))

2 =0.9%(0.5 x1590.5%10°x420%3.02x (1-0.057/2))
M, = 0.882 MN.m
M, = 2533.49 — 882= 1651.49 KN.m

 1651.49/0.9
420 x (3.02 — 0.45)

As= 1700 +4x79 =2016mm?

A, =1700mm?

Use @ 18
Use 8D 18...ccovvvivia.. A = 2035.75
®10@30cm
418
\
4418 $10@30cm

Figure (4-31) : Shear Wall Reinforcement
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4.15: Design of truss:

4.15.1 Load Calculations:

1. Deadload:
dead load of corrugate sheets = 0.15 KN/m?.

dead load of purlins = 0.2 KN/m?.

dead load of installation = 0.1 KN/m?.

dead load of truss = 1.5 KN/m.

dead load of gypsum plates double layer = 0.5 KN/m.

2. Wind load :
W.L=Ce*Cq* Qs * lw

C.=0.67

Cy=0.7 ....... outward

Qs =16.4 Psf

lw=1

W.L =.067 x0.7 x 14.6 x 1= -7.69/20.88=-0.37 KN/m?,

3. Snow load :
S.L = 1KN/m?.

4.15.2: Design of purlins :

- Load Calculations:

dead load of corrugate sheets = 0.15x1.5=0.225 KN/m.
dead load of purlins = 0.2 KN/m.

dead load of installation = 0.1 x1.5=0.15 KN/m.

dead load of gypsum plates double layer = 0.5%1.5=0.75 KN/m.

D 1.325KN/m

Wind load = -0.37x1.5=-0.555 KN/m.
Snow load =1x1.5=1.5KN/m.
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- Load Combination :-

gu. =1.2D.L+1.6S.L

Qu: =1.2 x 1.325+1.6 x 1.5= 3.99 KN/m......... Control
Q. =0.9D.L+1.6W.L

Qu: =0.9 x 1.325+1.6 % -0.555= 0.31KN/m

0u.=3.99%0.06852=273.39 Ib/ft
273.39 Ib/ft

JITITT T,

15.322f1¢

2094.441Ib

8.023Kip.f¢ 2094.441D

Figure (4-32) : load, shear & moment diagram for purlins

*
Ay= 273.39%15.322 _2094.441b |
*
MUpa = 2094.44 ;15.322/2) _ 8.023Kip. ft

Design of bending moment :
Assume compact section:-

¢*Mn>Mu
0.9*Fy*Zx_ . > Mu

req =

_8.023*12

X = = 2.97in’
0.9*36

Select 4x4x3/8

Zx=6.39in® > Zreq =2.97 = Ix=10.3in*
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Check of local plate buckling

bf
ﬂ.f :E < /’Lpf :108

A, = % = 4.26 <10.8

yl =%s/1pw=1o7

W

A, =8.46 <107

The assumption is correct (compact section).
Design of shear:-

@,*V, =2V,

¢,*0.6* fy*d*t, >V, = d =13.66in = t, = 0.305in
0.9*0.6*30*4*(3/8) =29.2 > 20.94

A, =846< 1 =69.7

Limitation of Deflection:-

L :15.322*12

I:allow = —0.51
360 360
384 29000*10.3 :

F=043<F

allow

=0.51
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4.15.3: Design of truss :

Figure (4-33) : Truss Geometry
Space between truss and anther = 4.67m
L =15m
B=15m
h=0.8m
4.15.3.1: Load Calculations:
dead load of truss= 1 KN/m.
dead load from purlins = 1.325%4.67=6.188 KN/m .

> 7.188KN/m
Wind load = -0.37x4.67=-1.73 KN/m.
Snow load =1x4.67= 4.67KN/m.
4.15.3.2: Load Combination :-
Qu. =1.2D.L+1.6S.L
Qu =1.2 x 7.188+1.6 x 4.67=16.1 KN/m......... Control

Qu. =0.9D.L+1.6W.L
Qu: =0.9 x 7.188+1.6 x -1.73= 3.7KN/m.
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12.075 24.15 24.15 24.15 24.15 24.15

/

T5=-566.02

24.15

S

D1=230.91

B5=543.38

120.75

Figure (4-34) : Truss Analysis
4.15.3.3: Analysis:
D; =230.93 KN
V;=-120.75 KN
T5=-566.02 KN
Bs = 543.38KN

4.15.3.2: Design of Diagonal member:
D; =230.93 KN =51.92Kip

Yielding limit state :
¢Tn>Tu

o*Fy*Ag=>Tu
0.9*36*Ag>51.92
Alreg=1.6 in?

Stiffens limit state :

E <300 L =1.7m =5.6ft
r

5.6*12
r

<300
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r >0.224in

From Agre,=2.3 in” and r=0.224in

Select tube 2-1/2x2/1/2x %

Ag =2.35in? r=0.88in
4.15.3.3:Design of Vertical member:
V1=-120.75 KN = 27.15 Kip
Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1*2.62*12=31.44in

Critical stress F¢,

KX * Lx
X

Assume a middle value of =100

From curve of A36 steel F. = 22Ksi
Required Ag

oc*Pcr > Pu

oc*Fer*Ag=>Pu

0.85*22* Ag>27.15

Alreq =1.45 in?

Select tube 2x2x%

Ag = 1.51 in? r=0.704 in
Effective lengthratio :

KX* Lx _ Ky*Ly _ 31.44
rx ry 0.704

=44.66

From curve of A36 steel F. = 34Ksi
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Design strength:
@c*Pcr > Pu
oc*Fer*Ag=>Pu
0.85*34*1.51>27.15
43.64>27.15

= 0Ok

Select tube 2x2x% for the vertical member.

4.15.3.4:Design of Top member:
Ts=-566.02 KN = 127.25 Kip
Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1.5*3.281*12 =59.06 in
Critical stress F

KX * Lx
X

Assume a middle value of =100

From curve of A36 steel F¢ = 22Ksi
Required Ag

oc*Pcr > Pu

ec*Fer*Ag = Pu
0.85*22*Ag>127.25

AJreq =6.8 in’
3
Select tube 4-1/2x4-1/2x§

Ag = 5.48 in’ r=1.67in
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Effective lengthratio :

Kx*Lx _ Ky*Ly _59.06
rx ry 1.67

=35.4

From curve of A36 steel F¢ = 35Ksi
Design strength:

oc*Pcr > Pu

ec*Fcr*Ag=>Pu

0.85*35*5.48 >127.25
163.03>127.25

Ok

Select tube 4-1/2x4-1/2x§ for the Top member.

4.15.3.5:Design of bottom member:

Bs=543.38KN =122.16Kip
Yielding limit state :

¢Tn>Tu
o*Fy*Ag=>Tu
0.9*36*Ag=>122.16
AQreg=3.77 in°

Stiffens limit state :

E <300 L =1.5m =4.92ft

r
4.92*12

<300

r>0.2in
From Ag,=5.48 in” and r=1.67in

Select tube 4-1/2x4-1/2x§

Select tube 4-1/2x4-1/2x - for the Top and bottom member.
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Chapter Four

4.15.4 Design of fillet welled to connect diagonal member :

Use (SAW) ........ Fu= 60 Ksi
Tu=230.93 KN =51.92Kip

-
amin = 15 from table 5.11.1
amax ...... T joint ....no max size

”
selecta = 6

—_— 4“
T 16

_4II < 3" t_
a= < 5 so t.=a

1- Shear fracture of base metal :

oR_ ., >Ru

nw —

0.75*t*0.6*Fu > E
Lw

5" -
0.75% 15 *0.6*58 = 8.16 Kip/in

2- shear yielding of base metal :_
oR_ ., >Ru

nw —

1%t*0.6*Fy = 1%
Lw

1% 2 *0.6*36 = 6.75 Kip/in

3- Shear fracture of weld metal :

oR,, =2RU
Tu
0.75*t,*0.6*F,, = Hv
0.75*;1—; *0.6*60 = 6.75 Kip/in.............. Control
LW req = _Tu =—51'92 =7.7in
oR,, 6.75
LW min=4*a = 4*(4/16)=1 in UseL=4*2=8in>7.7in
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

Onga end
continuous

Both ends
continuous

Cantilever

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

Member deflections.
Solid one-
way slabs £/20 £/24 £/28 £N10
Beams or
ribbed one-
way slabs £16 £/18.5 /21 £/8

Notes:

Values gwen shall be used directly for members with normalweight concrete
(densi = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tlons the values shall be modified as follows:

a) For structural I| htweight concrete having unit density,
1440 1920 kg/m?, the values shall be multiplied by (1.65 -

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

w,, in the range
OSOSW,, but not

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