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ABSTRACT

Structural Design For Muslim Youths Society School

Work Team
Arwa R. Abu Khalaf Inas F. Abu Hadeed

Rawan S. Qasrawi

Pal estine Polytechnic University - 2009
Supervisor:
Dr. Haitham Ayyad

The main aim of the project stands behind the preparation of design and analysis
needed for the structural parts of the building. It furthermore, aims at preparing the
shop drawings of the project in order to have the school to be built in Hebron. the
school is expected to satisfy all conditions needed in terms of safety, reasonable cost

and beauty.

The building consist of five modern floors(firs basement, second basement, ground
floor, first floor and second floor) to cover 4171 m?.

The building is designed in accordance with ACI code mainly, and other codes as
Jordanian code which is used to determination the loads, in addition to specific

computer programmes for structural analysis.

At the end of the project it is expected that the ability to perform structural design for
al structural parts will be achieved.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = gross area of section.

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

At = area of oneleg of aclosed stirrup resisting tension within a(S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.

LL =liveloads.

Ld = development length.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.
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Woc = weight of concrete. (kN/m3).
W = width of beam or rib.

Wu = factored load per unit area.
@ = strength reduction factor.

SH = Shear Wall.

BS = Basement Wall
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Chapter Four

Structural Analysisand Design

4-1 Introduction:

The three most common materials from which most structures are built
Reinforced concrete (including pre stressed)
Steel
Wood

Because reinforced concrete is widely used in the world especialy in Palestine, and
because of many properties that it has, so the main material used in the project is

reinforced concrete.

In this chapter, we will show the procedure for designing the several structura

members of the project, so we will Discuss the steps that we followed to design them

So, this chapter will contain a sample calculation related to one of the preceding

members contained in this project.

All of these members will be designed according to (ACI - code318M- 05).



Chapter Four Structural Design and Analysis

4-2 Loadson Structures:

All structural elements must be designed for all loads anticipated to act during the life
gpan of such elements. There are two main types of loads acting on the structure:
1- Dead loads: thiswill be determined by the weight cal culations based on its
density.

2- Liveloads: its value will be taken from the Jordanian code.

4-2-1 Factored L oads:
The factored loads on which the structural analysis and design is based for the project
members is determined as follows:

qu =1.2%DL + 1.6xLL ACI - 318 - 02 (9.2.1)

4-3 Deter mination Thickness of The Slab:

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

as follows:

Table (4-1): overal depth of one—way ribbed slab.

element smply Oneend con | Both end con | cantilever
Oneway slab Ln Ln Ln Ln
16 18.5 21 8

We will take the most length span available in the project:

Ln 4.60
hrnm -— Z - Y =0.22m 22cm
Ln 5.55
hrn:n = m = ﬁ =0.3m = 30cm
Ln 5.48
hipin = 16 = ETS = 0.34m = 34cm v eer e .. cONtrol

So the thickness of the dab = 35cm
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Structural Design and Analysis

4-4 | oad Calculation:

For the one-way ribbed dlabs, the total dead load is calculated as follows:

Section A-A of Rib

Figure (4-1): Section of the Rib.

Table (4-2): Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation

1 Rib 0.27%0.12%25 = 0.81 KN/m Linear
2 Topping 0.08x%0.52%25 = 1.04 KN/m Linear
3 Plaster 0.03%x0.52%22 = 0.343 KN/m Linear
4 Block 0.27%0.4%x10 = 1.08 KN/m Linear

5 Sand 0.10%0. 52%16.4 = 0.853 KN/m Linear
6 Tile& Mortar | 0.05%0.52x24 = 0.624 KN/m Linear

4.75 KN/m Linear

Partition is neglected since L = 5KN/m?2

Liveload = 5%0.52 = 2.6 KN/m
Factored load = 1.2%DL + 1.6x%LL
=12x%475+1.6 ¥x2.6=5.7+4.16 = 9.86 KN/m
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4-5 Design of Topping:

4-5-1 Design of Moment:

Figure (4-2): Topping.

Dead load = total dead load — dead load of onerib

DL_|4,75 8L _y cok/md
=I5zl T gzl T /oRRN/M

qu=12xDL+1.6 xLL
qQu=12x758+ 1.6 x5
qu = 17.1 KN/m?

= For a one meter strip: qu = 17.1 KN/m#

_quxl* 171x047

Mu 5 5 =0.23KN.m
fc = 0.8 % fcw = 0.8 x 30 = 24MPa
Mn=frxS

fr = 0.42 % Vfc = 0.42 % /24 = 2.06MPa

_bxh? 1x0.08?

= — =3m?
S 6 6 1.06 x 10™"m

Mn = 2060 x 1.06 x 10™* = 2.2KN.m
$.Mn =055 % 2.2 = 1.2KN.m
¢.Mn >> Mn = 1.02 >> 0.23

No structural reinforcement is needed. Therefore, shrinkage and temperature

reinforcement must be provided.



Chapter Four Structural Design and Analysis

For the shrinkage and temperature reinforcement:

r = 0.0018 ACI-318-02 (7.12.2)

As =p x b x h=0.0018 x 100 x 8 = 1.44cm*/1m

Use 1F 8/25 cm =3(4F 8/ 1m), with AS provided = 2.00 cm%1min both directions

4-5-2 Design of Shear:
The topping must be designed so that no shear reinforcement is required.
u=qu>>': L=17.1>c0.4
2 2
. Vc =W

= 3.42KN

1 —
¢.Vc=0.75><6><\/fc><b><d

1 —
. Vc =0.75 ¥ 5 % V24 % 1000 x 35

. Vc = 21.43KN
. Ve = 21.43KN = Vu = 3.42KN

“ No shear reinforcement is required for topping.
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4-6 Design of Rib (R2):

Figure (4-3): Rib (R2) location.

4-6-1 Introduction:
The envelope for shear and moment diagrams using ATIR program as shown below:

Momerts: spars 1bo 4

AL [ IS8T NE |48
26.8 1 -ma FRE A 84
£ 08 MS2 2
A 5 ) ¥
L—;"jﬁ'ﬂ—\‘\_ Eﬁi\a_--f - |mr'
7 infE S ME3 2 i—— i ~ A
€ iy o T S eo a1 o,
L ?\,."1- 1! .‘I. f_/' I ]‘\E‘F' o 2
Do 7.7 2 “., MF1_ .-
248 372 31 245 1.£3 256 4.03 o 268
| \ | . | | 2% |
I ] 1 T 1] T T T 1
shaar
T
332
7 04 o wa 5 ae
& o
= o
o | - ~ _
-~ I B = o ' o |
95 - 13 e
5.1 8.3 o 1
3.2 s M Vaax

Figure (4-4): shear and moment diagrams for Rib R2.
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4-6-2 Design of Moment of Rib (R2):

Design of Positive Moment of Rib (R2-MF1):
According to the ACI318M-05 (Sec. 8.10), the effective flange width bg of T- section,
isthe smallest of the following:

L 62
g = 2 = T = 155cm
b =124+16xt =12+ 16 ¥ 8 = 140cm
be c/c =52cm
Select by =52
n :W =ﬁ = 4255KN. m
09 09

Determineif therib will act as arectangular section or T-Section for a=t=8cm.
C =0.85x fc x t X by = 0.85 x 24 x 80 x 520 = 848.64KN

d = h —cover *% — gstirrups
1.2
d=35-2 *7*0.8 = 31.6cm

a
Mn=CorT d—~§

80
Mn = 848.64 316 -5 = 234.22KN.m

Mn = 234.22 » Mn,,,, = 42.55KN
= Design as arectangular section with b = bg =52 cm
Mn 4255 x 10°

RN =%~ 520x 3162 o2 MPa
_fy 420
Mm=085xfc 085%2a 20
= 1 1 2%m¥Rn
p=— oy
__ 1, 2x2050x082
P =3059 420
0 =1.99 x 10-3

Asieq =pxbxd
Aspoq =1.99 X 107% x 52 % 31.6 = 3.27cm*
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-Check For As,,ir,
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A B 0.25 x Vfc x bw x d _0.25x V24 % 120 % 316
min fy 420
1.4><bw><d_1.4><120><316
fy - 420

= 1.10cm*

Not less than As,,;,, = = 1.26cm*

= ASppq = 3.27cm?
Select 2§16 with As = 4.02cm? > As,,, = 3.27cm?
According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 x 520 x a = 402 % 420

= a=15.92mm

_a 1592
E.=Mx 0.003 =0.048 >0.005 = OK
8 18.73 ' ' '

Design of Negative Moment of Rib (R2-M S1):
The design of negative moment for the T-section is made as a rectangular section with
b = bw =120,Mu = 26.9KN.m

n—Mu—29'6—3288KN m
09 09 7 '

Mn  32.88 x 10°

Rn:bxd2_120><3162 = 2.74 MPa
420

Mm=0585xfc 085x2a 20
_1 1 1 2%m¥Rn

p=— oy
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__ 1 | 2X2059x274
P =3059 420
0 =7.05% 10~

ASieq =pxbxd
AS;eq =7.05% 10 % 12 x 31.6 = 2.67cm*

-Check For As,,iy,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xvfc xbwxd 0.25xv24x120 x 316
Smin = fy - 420

1.4xbw><d_1.4>c120x316
fy - 420

= 1.10cm*

= 1.26cm*

Not less than As,,i,, =

= Ay = 2.67cm?
Select 2914 with As = 3.08cm® > As,,, = 2.67cm?

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

- Check of yielding
Compresion = Tension
C=T

085 % fc xbxa=Asxfy
0.85 % 24 x 120 x a = 308 % fy

= a=>527
X =2 =@ =62.11mm
B 085
€, = 316 —6211 % 0.003 =0.012 = 0.005 = OK
: 62.11

Design of Positive Moment of Rib (R2-M F2):

Mu=5.9KN.m
Mn = MU _ 59 _ o sekn
=09 00 ° m

Mn 6.55 % 10°

RN = % d% ~ 520 % 3167

=0.126 MPa
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m = y g 40 o 20.59
T 085xfc 085x24
~ 1 2xmxRn
P fy
1 . 2 % 20.59 ¥ 0.126
P =3059 220
p= 3.02x10°*

As..q =pxbxd
As;.q =3.02 x 107% % 52 % 31.6 = 0.5cm*

-Check For As,,i,,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xVfc xbwxd 025x V24 x 120 x 316
Smin = fy = 420

1.4><bw><d_1.4><120><316
fy B 420

= 1.10cm*

=1.26cm*

Not less than As,,i, =

= Ay = 1.26cm?
Select 210 with As = 1.57cm® > As,,, = 1.26cm*

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

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 520 x a = 157 % 420

= a=6.22mm

=202 g 31mm
"B 085
316 —7.31
€, = ———— %0003 =0.126 >0005 = OK

7.31
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Design of Negative Moment of Rib (R2-M S2):
The design of negative moment for the T-section is made as a rectangular section with
b = bw =120,Mu=9.4KN.m

Mn 1044 x 10°

RN =%~ 120x 3162 o7 MPa

_fy 420
Mm=0585xfc 085%2a 20

e 1 1 1 2¥%¥m¥Rn

_ 1 2 % 20,59 X 0.87
P =2059 420
p=2.12x 10"*

As..q =pxbxd
ASpeq =212 % 1077 x 12 x 31.6 = 0.81cm?

-Check For As,;in,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xvfc xbwxd 0.25xv24x120 x 316
Smin = fy - 420

1.4xbw><d_1.4>c120x316
fy - 420

= 1.10cm*

= 1.26cm*

Not less than As,,i,, =

= Ay = 1.26cm?
Select 24010 with As = 1.57cm® > As,,, = 1.26cm*

According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 120 ¥ a = 157 % 420
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= a=26.93mm

x=23-209 _ 4 cgmm

B 08

_ 3163168 1003 =0026>0005 - OK
=" 3168 Fee =0 ' .

Design of Positive Moment of Rib (R3-MF3):

Mu=17.7KN.m
Mn = Mugliig 19.66KN

N=09 09 —rorvm
oy Mn__ 19,66 % 10° S 0,38 MP

" “bxd? 520x3162 oo

_fy 420
Mm=085xfc 085%x2a 20

= 1 2¥xmxRn
P fy

__1 ., 2%2050x038
P =059 420
p=910x10"*

Asieq =pxbxd
AS;eq =9.10 x 1074 % 52 x 31.6 = 1.50cm?

-Check For As;in

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xVfc xbwxd 025x V24 x 120 x 316
Smin = fy - 420

1.4xbw><d_1.4><120x316
fy - 420

= 1.10cm*

Not less than As,,,i,, = = 1.26cm?

= AS = 1.50cm?
Select 212 with As = 2.26cm® > As,,,, = 1.50cm?

According to Atir Program the limitation of deflection is satisfied and so, no
additional reinforcement is required.
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- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 520 x a = 226 % 420

= a = 8.9mm

525 89 = 10.5mm
B 08
316 —10.5
€& =—gg  X0003=008>0005 - OK

Design of Negative Moment of Rib (R3-M S3):
The design of negative moment for the T-section is made as a rectangular section with
b = bw =120, Mu=28.4KN.m

—Mu—28'4—3155KN
N=09 09 °r>ornhvm
R B Mn _31.55x10“_263MP
“bxdZ 120x3162 a
420
Mm=585xfc 08524 20
_1 1 2%m¥Rn
p=— oy
__ 1, 2x2050x263
P =3059 420
0 =674%10"2

ASieq =pxbxd
ASpeq =6.74 x 1077 x 12 x 31.6 = 2.55cm*?

-Check For As,,iy,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xVfc xbwxd 025x V24 x 120 x 316
Smin = fy - 420

1.4xbw><d_1.4>c120x316
fy - 420

= 1.10cm*

Not less than As,,,;,, = = 1.26cm?
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= AS = 2.55cm?
Select 2914 with As = 3.08cm® > As,,,, = 2.55cm*
According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

0.85 x fc x b x a = 308 x fy
0.85 % 24 % 120 X a = 308 x 420
= a=52"79mm

a 5279

=227 _6211
X 5~ 085 6 mm
e 31076211 0032001250005 - OK
ST 6211 e ' h
Design of Positive Moment of Rib (R2-M F4):
Mu=32KN.m
Mn=MU_ 32 _ oc s5kN.m
T09 09 U '
oy Mn__3555x 10° S 068 MP
" “bxd? 520x3162 oo
_fy 420
Mm=085xfc 085%2a 20
e 1 1 1 2¥%¥m¥Rn
= 1 1 2 % 20.59 % 0.68
P =2059 420
p=1.66% 103

As..q =pxbxd
AS;oq = 1.66 X 107% x 52 % 31.6 = 2.72cm?

-Check For As,;ir,
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)
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A B 0.25 x Vfc x bw x d _0.25x V24 % 120 x 316
S fy 420
1.4><bw><d_1.4><120><316
fy N 420

= 1.10cm*

Not less than As,,,i,, = = 1.26cm?

= ASpoq = 2.72cm?
Select 2914 with As = 3.08cm® > As,,, = 2.72cm*
According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 520 ¥ a = 308 % 420

= a=1218mm

s2g1218- 14.33mm
X8~ 085
316 —14.33
e.=2 %% 0003 =0063>0005 - OK

14.33
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4-6-3 Design of Shear of Rib (R2- Viyay):
VU,.x = 34.8KN from shear envelope
According to the ACI318M-05 (Sec. 11.1, Eq.11.3)

b xVicxbwxd 075 xv24 x 120 x 316
6 - 6

X Vs, =t X=xbwxd=075x-x 120 x 316 = 9.48KN
] 3

d x Ve = = 23.22KN
b % 2 X VE X bw X d = 0.75 X X v24 X 120 X 316 = 46.44KN

b ch+¢x7:vax bw x d = 23.22 + 46.44 = 69.66KN

1 —
q::ch+¢><Vsmm{F1:5¢xvc+¢x§x\/fcxwad

32.7 < 34.8 <69.66 Category 4 is satisfied
B % Vs =Vu—i x Ve =348—23.22 = 11.58KN

% Av % fy % % Av % fy %
b % Av % fy d=h=h8=¢: Av x fy x d

th x Vs =

S % Vs
0.75 % 100 x 420 x 31.6
S= 1158 =85.96 cm
= 9 = y =15.8cm
2 2
S =60cm
Select S=15cm

Use 2 legs $8@15cm
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4-7 Design of Beam:

Figure (4-5): Beam B(15) location.

4-7-1 Introduction:

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

shown in the following page:

fhesr
2627 -388.2
F 4 279 =304 2858 2781
\.% /ﬂ VE2 % 124
L/’_/ 1 = 1 H
131.1
135.4 L/ 205 4
330.3 VF3 288.5 7.3 VI
4133 L4
Moment
W53 478.8
258 A 24D 5
7 bt 2627
W X, 7354 37
T "
186.7 :
347.5
|78, 33 | 373 . 373

Figure (4-6): shear and moment diagrams Beam B(15).
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4-7-2 Design of Moment of Beam (B15):
Design of Positive Moment of Beam (B15_MF1):
Check if the section can be designed as a singly reinforced section or must be as a

doubly reinforced section .

Select p = Pinax
fc = 24 MPa < 28 MPa = 3, = 0.85

0.85 x fc 600
Py = Ty X By X 600 £y

0.85 % 24
Py =50 X 0.85 X oo——ms = 0024
Pmax = 0.75 % py, = 0.75 % 0.0243 = 0.0182
m fy 40 o 20.59

T085xfc 085x24
12
d=50—-4-=0.8 —~7 = 44.6cm

RNipaw = Prmax Xy %X 1 =05%xpxm

RN, .« = 0.01823 x 420 x 1 —.05 x 0.0182 x 20.59
RN, = 6.22MPa

MnN,,. = RNy ¥ b % d?

Mn,,,.« = 6.22 % 700 x 446° = 866.08KN. m

o MU, 5756, 417.3KN.m
req T ¢: = 0.9 = ' :

MNpax = 866.08 > M, = 417.3

Mn

= Design the section as a singly reinforced section
Mn 4173 x 10°

RN = = —30MP
" =bxd? 700 x a6~ oOMPa
420
Mm=585xfc 08524 20
_1 1 1 2¥%¥m¥Rn

= 1 1 1 2% 2059 %30
P =32059 420
p=77x%10"3

Asieq =pxbxd
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ASpey =7.7%10 % 70 X 44.6 = 24.2cm*

-Check For As,,ir,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xVfc xbwxd 025x V24 x 700 % 446 _
Smin = fy = 420 =

1.4><bw><d_1.4><700><446
fy B 420

9.1cm?

Not less than As, i, = =10.41cm*

= ASpoq = 24.2cm?
Select 66p25 with As = 29.4cm? > As,,, = 24.2cm*

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

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 x 700 x a = 2940 % 420

= a=386.5mm

a 865
e 4461018 03 —001>0005 - OK
s 101.8 ' ' '

Design of Negative Moment of Beam (B15 M S1):

Mu=289.3KN.m
n= Mu o, 2893 o 321.4KN.m
09 09 T

Mn  321.4x10°

RN = b d? ~ 700 x 4462 ~ ~MFa
oy 420

Mm=G585xfc 0s5x2a 20
_1 1 1 2% m*Rn

p=— oy
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__ 1, 2x2050%23
P =3059 420
0 =58x 103

ASieq =pxbxd
As..q =5.8x% 1077 x 70 x 44.6 = 18.26cm*

-Check For As,,iy,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xVvfc xbwxd 0.25x V24 x 700 x 446
Smin = fy - 420

1.4xwad_1.4x700x446
fy - 420

=9.10cm*

=10.41cm?

Not less than As,,i,, =

= As., = 18.26cm?

Select 525 with As = 24.5cm® > As,,,, = 18.26cm?

According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 x 700 x a = 2450 % 420

= a=72mm

=3= 12 =84.7mm

B 085

446 — 87.7
€, = 877 % 0.003 =0.012 = 0.005 = OK

Design of Positive Moment of Beam (B15_MF2):
Mu=47.8KN.m
MnN,.q = W = ﬁ =53.11KN.m
S ¥ 0.9
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Mn 5311 x 10°

RN = = — 038 MP
"= bxd?~ 700x4a67  O8MPa
420
Mm=0585xfc 085x2a 20
_1 1 1 2%mxRn

__1 ., ,_2x2050x038
P =3%059 420
p=92x10"4

As..q =pxbxd
AS;oq =9.2% 1077 % 70 % 44.6 = 2.9cm*?

-Check For As,,iy,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xVfc xbwxd 025 x V24 x 700 x 446
Smin = fy = 420

1.4><bw><d_1.4><700><446
fy B 420

=9.1cm*

=10.41cm?

Not less than As,,i, =

= ASppq = 10.41cm?
Select 4920 with As = 12.56cm* > As,,,, = 10.41cm?
According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 x 700 ¥ a = 1256 % 420
= a=36.9mm

446 —43.46

E. 1346 0.003 =0.028 = 0.005 OK
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Design of Negative Moment of Beam (B15 M S2):

Mu= . KN.m
Mn = _ 2979 _ 531 ki
N=09~ 09 _ |m

Mn 331 x10°

RN = = — 2.4MP
N = O XdZ 700 x 4462 a
420
Mm=0585xfc 0s5x2a 20
~ 1 1 1 2%m¥Rn
__1 ., ,_2x2050x24
P =3%059 420
0=6x10"3

ASieq =pxbxd
ASpeq =6 %1077 x 70 x 44.6 = 18.7cm?

-Check For As,,iy,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

_ 025xvfc xbwxd 0.25x V24 x 700 x 446

Asrnm b=
fy

1.4xwad_1.4x700x446

=9.10cm*

=10.41cm?

Not less than As,,i,, =

fy

= AS = 18.7cm?

Select 66p20 with As = 18.84cm® > As,,,, = 18.01cm?
According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding

Compresion = Tension

C=T

085 % fc xbxa=Asxfy

0.85 % 24 % 700 x a = 1884 % 420

= a=>5541mm
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_a_ 5541
e =40 70518 03— 001750005 - OK
s 65.18 ' ' '

Design of Positive Moment of Beam (B15_MF3):
Mu = 347.5KN.m

Mn  386.1x 10°

RN = = —277MP

N =X dZ 700 x 4462 a

fy 420

— S == = 20.
Mm=0585xfc 085%x2a 20

e 1 1 1 2¥%¥m¥Rn

_ 1, 2x2059x277
P =2059 420
0=712%10"3

As..q =pxbxd
AS;eq =712 %10 # % 70 % 44.6 = 22.2cm*

-Check For As,,i,,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _025xVfc xbwxd 025 x V24 x 700 x 446
Smin = fy - 420

1.4><bw><d_1.4><700><446
fy B 420

=9.1cm*

=10.41cm?

Not less than As,,i, =

= ASppq = 22.2cm*
Select 5p25with As = 24.5cm? > As,,, = 22.2cm*
According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding

Compresion = Tension
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C=T
085 x fc x b xa=As xfy
0.85 % 24 % 700 ® a = 2450 x 420

= a=72mm

s9g 2 o 84.7mm
B 08
446 —84.7
€ =—gz7 — X0003=0013>0005 - OK

Design of Negative Moment of of Beam (B15_M S3):
Mu = 358.2KN.m

gy Mu_3582
=09~ 09 _ m
o Mn o 308x10°
" Thxdi T 700x4467  “OME
_fy 420
Mm=085xfc 085%2a 20
_1 1 1 2¥%¥m¥Rn

= 1 1 2 % 2059 x 2.85
P =32059 420
p=73x10""

As..q =pxbxd
AS;oq =7.3% 1077 x 70 x 44.6 = 22.8cm*

-Check For As,;in,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A _ 025xvfc xbwxd 0.25x V24 x 700 x 446
Smin = fy - 420

1.4><bw><d_1.4><700><446
fy B 420

=9.10cm*

Not less than As, i, = =10.41cm*

= Ay = 22.8cm?

Select 525 with As = 24.5cm? > As,,, = 23.6cm*
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According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

085 % fc xbxa=Asxfy

0.85 % 24 % 700 ¥ a = 2450 % 420

= a=72mm

a_ 72

B 085

446 —84.7

847
Design of Positive Moment of Beam (B15 MF4):

Mu= . KN.m

X = = 84.7mm

E. % 0.003 = 0.012 = 0.005 =~ OK

_ Mn 2074 x10°
" bxd? 700 x 4467
_fy 420

T 085xfc 0.85x24

Rn = 1.5 MPa

=20.59

m

2%xmxRn

=1 1 1

1 2%x2059x%x 15

—

=%059 * 420

Y

p=37x10""
As..q =pxbxd
ASpeq =37 % 1073 X 70 X 44.6 = 11.6cm*

-Check For As,,in,
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

_ 025xvfc xbwxd 0.25x V24 x 700 x 446

A = =9.1cm®
Smin fy 420 9.1cm
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1.4><bw><d_1.4><700><446

5 220 =10.41cm?

Not less than As,,i, =

= Ay = 11.6cm?
Select 3p25with As = 14.7cm? > As,,, = 11.6cm*
According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=Asxfy
0.85 %24 % 700 xa= 1470 x 420

= a=43.2mm

zagd32 50.9mm
"B 08 T
446 —50.9
=—————— % 0.003 =0.023 > 0.005 = 0K

€ 50.9
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4-7-3 Design of Shear of Beam (B15):
Design of Shear of Beam (B15-VF1):
Vu = 307.3KN from shear envelope
According to the ACI318M-05 (Sec. 11.1, Eq.11.3)

b x Vicx bwxd 075 x V24 x 700 x 446
6 - 6

¢:><Vsm,,,=¢:><,—1><bw><d=0.75><,—1><700><446=78.05KN

dxVe= = 191.18KN

R — i
¢:xgx\/fcxbWXd=O.75><§><\/24x700>¢446=382.37KN

b X Ve + b X = X VFE X bw X d = 191.18 + 382.37 = 573.55KN

. 1 —
¢:><Vc+m|n=1]><Vs-::I=’u5¢><Lf’r:+¢:><§><\/fcxbw><d

269.23 < 307.3 =573.55 Category 4 is satisfied

th ®xVs=Vu—d¢ xVc=307.3—-191.18 = 116.12KN
¥ Av ¥ fy % * % fy x
iy v x fy d::sz¢ Av x fy x d
S th % Vs
_0.75>c2><78.5><420><446_189
= 11612 x 10° —tesom

th X Vs =

S =60cm
Select S=15cm
Use 2 legs h10@15cm

Design of Shear of Beam (B15-VF2):
VU4 = 206.7KN from shear envelope
According to the ACI318M-05 (Sec. 11.1, Eq.11.3)

b x Vicxbwxd 075 x V24 x 700 x 446
6 - 6

¢::=<Vs,.n,,,=¢:x%xwad=O.75><;:><700><446=78.05KN

= 191.18KN

th x Ve =

th % Ve + X Vs, =191.18 + 78.05 = 269.23KN
hxVe<Vu<dgxVc+dgx Vs,
191.18 < 206.7 = 269.23 Category 3 is satisfied

= minimum shear reinforcement is required.
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Av=was=h=h8=3XAVXfy
3 xfy bw
3x2x%x785x 420

S= 700 =28.3cm
d 446

S=§=T=22.3cm

S =60cm

select S=20 cm

Use 2 legs h10@20cm
Design of Shear of Beam (B15-VF3):
VU4 = 330.3KN from shear envelope

According to the ACI318M-05 (Sec. 11.1, Eq.11.3)

b x Vicx bwxd 075 x V24 x 700 x 446
6 - 6

<:|::>¢Vsmm==:|::>¢,—1i><bw><d=0.75><7:>¢700>¢446=78.05KN

d x Ve = = 191.18KN

¢ % =% ViC x bw x d = 0.75 X = X V24 X 700 X 446 = 382.37KN

b X Ve + ¢ X = X VFE x bw X d = 191.18 + 382.37 = 573.55KN

1 —
¢:><Vc+min4:|::><Vs-c:I=’u5¢><Lf’r:+¢:><§><\/fcxbw><d

269.23 < 330.3 =573.55 Category 4 is satisfied

hxVs=WVu—o xVc=330.3—-191.18 = 139.12KN
®xAv xfy x d ®xAv xfy x d
pxAvxfyxd . _dxAvxily

h X Vs =

S b % Vs
= 0.75 % 2 % 78.5 % 420 % 446 —158cm
139.12 x 10°
= 9 = 446 =223cm
2 2
S = 60cm
Select S=15cm

Use 2 legs h10@15cm
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Design of Shear of Beam (B15-VF4):
VU4 = 279.6KN from shear envelope
According to the ACI318M-05 (Sec. 11.1, Eq.11.3)

b x Vicx bwxd 075 x V24 x 700 x 446
6 - 6

¢:><Vsm,,,=¢:><,—1><bw><d=0.75><,—1><700><446=78.05KN

b x Ve = =191.18KN
B x,-:xx/ﬁx wad=O.75>¢,—:><\/ﬂx700x446=382.37KN

b X Ve + ¢ X < X VIE x bw x d = 191.18 + 382,37 = 573.55KN

1 —
e:I::><Vc+mine:|::><Vs-::L’u5¢><Fc+¢x§x\/fc><wad

269.23 = 279.6 =< 573.55 Category 4 is satisfied
b xVs=Vu—d xVc=279.6—191.18 = 88.42KN
% Av % fy % % Av % fy %

b %X Av X fy d=h=h8=¢: Av x fy x d

hxVs =

S th %X Vs
5 0.75 x 2 x 785 x 420 x 446 — 24.9cm
88.42 x 10
= 9 = ﬂ =223cm
2 2
S =60cm
Select S=20 cm

Use 2 legs h10@20cm
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4-8 Design of Stair1:

2450

0.4 3.6 , 0.4 I

—n

Figure (4-7): structural system of stairl.

4-8-1 Determination of Slab Thickness:
L=04+4+36+04=44

h —Ln—4'4—022 =22
rL'q_ZO_ZO— ZZM = cm

fy = 400 MPa

h..q = modificatio factor x h

moditficatio factor M =04 + l
700

dificatio factor M =04 + =2 — 1
moditicatio factor =0. =00 =

Neeg =1 X% 22 =22 cm
8 =tan-1(16.5/ 30) = 28.8
Cos 6 =0.870

4-8-2 L oad Calculations:
Dead loads

33
vertical tiles = 0.04 % 23 x 30 = 1.01KN/ m*
) ) 16.5
horizontal tiles = 0.03 x 23 ¥ =0 0.03KN/ m#

. 16.5
vertical morter = 0.03 ¥ 22 x —— = 0.36KN/ m?

30
horizontal morter = 0.03 % 22 = 0.66KN/ m?
laster = 22 x 0.02 =22 % 0'02—05KN/ 2
PIaSIer = 22 % Cose ~ ““ 087~ oM

16.5
step = 25 x - = 2.06KN/ m*#

0.14x25 0.14x 25
Cos®6 087

slab = = 4KN/ m*
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total dad load = 9KN/ m*

liveload
live load for stairs =5KN/ m*

Factored load

qu = 12xDL + 16 % LL
qu = 12%x9 + 16%5
qu = 18.8KN/m

4-8-3 Design of Shear:

Shear
-33.8
33.8
Figure (4-8): shear diagram of stairl.

vy E qu.l 188x36 33.8KN

u=—-= > =33.

b xVicxbwxd 0.75 % V24 x 1000 X d.,
X Ve = = =6124 % d;.
6 6 .

hxVc=W
612.4 x d.., =338
dieq = 5.5cm

¢
Neeq =d +cover +§

Ny =55 +2+1=85cm = hypjeereq = 22CM

— No shear reinforcement is required.
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4-8-4 Design of Bending Moment:
The Following figure shows the Moment Envelope acting on the stair.
Seefigure (4-9).

2.2 4. 2.2

Figure (4-9): moment diagram of stairl.

Mu= 44 KN.m
Mn=MU_ 44 _ e8KN
N=09 09 ~ocrim

- Mn 48.8 x 10° = 1 3EMP
N = pxd2  1000x 1002 —>°Vra
420
Mm=0585xfc 085x2a 20
_1 1 1 2¥xm¥Rn

= 1 1 1 2 % 20589 x 1.35
P=2059 420

0 =332 x 103

As..q =pxbxd
As;.y =332 %10 # % 1000 x 190 = 6.32cm*/m

-Check For As;in
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A 0.25 x Vfc % bw x d _025x V24 % 1000 % 190
iy fy 420
14 % bwxd = 1.4 % 1000 x 190
fy B 420

As min for shrinkage and temperature

= 5.54cm*

Not less than As,,;,, = = 6.33cm*
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As,.i, = 0.0018 X b % h
As,.;,, = 0.0018 % 100 % 22 = 3.96cm*
ASieq = ASpin = 6.33cm?

Select 912 with As = 1.13cm?

S g 118 % 100 =17.85
req = c== = 17.85cm

Select S= 15cm
S=15cm < Syuq = 17.85cm

S=15cm < 3 % h =66cm
S =15cm = 45cm

Select 12/15cm with As = 7.53cm? = As,..,, = 6.33cm?

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

- Check of yielding
Compresion = Tension
C=T

085 % fc xbxa=Asxfy
0.85 % 24 % 1000 x a = 753 % 420

= a = 155mm

S 18.24mm
B 08
190 — 18.3
& =—g3 % 0.003 = 0.028 > 0.005 = 0K

4-8-5 Development Length of the Bars:

fy
lLd=——xaxpBxdb
2+V/fc P
420
Ld = ®x1x1x12=514cm
224

Ld availane > Ld req = 51.4cm
100cm > 51.4cm = OK
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4-8-6 Design of Lateral Reinfor cement:
As = Asfor shrinkage and temperature
As =0.0018 x b x h

As = 0.0018 x 100 x 22 = 3.96cm*
Not lessthan:As = 0.2 ¥ AS,,.in

As = 0.2 x 753 = 1.5cm*/m

Select 412 with As = 1.13cm?

s _1.13>=:100_285
req = 306 = 28.5cm
Sdect S=25cm

Select $12/25cm with As = 4.52cm?/m > As,,,, = 3.96cm*
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Figure (4-10): Reinforcement of stairl.
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4-9 Design of Landing:
Design as one way solid slab

4-9-1 Load Calculations:

Dead loads

Dead load of tiles = 0.04 % 23 = 0.92KN/ m*
Dead load of morter = 0.03 x 22 = 0.66KN/ m*
Dead load of plaster = 22 % 0.03 = 0.66KN/ m?
Dead load of slab = 0.22 x 25 = 5.5KN/ m*
total dead load = 7.74KN/ m*

live load
live load on the landing =5K N/m?

reaction of the stairs on the landing = 33.8KN/m

Factored |oad

qu = 1.2x DL + 1.6 ¥ LL + reaction
qu = 12x 774+ 16 x5+338

qu = 51KN/m

4-9-2 Design of Shear:
y _qu.l _ 51x28

2 2

¢ x Vicx bwxd 0.75 x V24 x 1000 x 190
6 - 6
d. Ve = 116.35 KN 3 Vu = 71.4KN

“ No shear reinforcement is required for topping.

=714KN

=116.35KN

h x Ve =
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4-9-3 Design of Main Reinfor cement:

By using -Atir -software the Envelope Moment is :

\ 1.4 50.1 14 \

Figure (4-1 ): moment diagram of landing.

Mu = 50.1 KN.m

Mn—Mu—50'1—555KNm
09 09 T '

- Mn 55.5 x 107 = 1 E3MP
“bxdZ 1000x190Z o°vra
oty 420

Mm=G585xfc 085x2a 208
= 1 2¥xmxRn

P fy
__1 ., , 2X2058x153

P =058 420

0 =379 %103

Asieq =pxbxd
AS;eq =3.79 X 107% x 100 x 19 = 7.2cm*/m

-Check For As,,iy,
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

e 025% vfc xbwxd 025 x V24 x 1000 x 190
SHl = fy - 420

14 xbwxd - 1.4 x 1000 = 190
fy - 420

ASreq = 7.2cm* > AS i = 6.33cm?

Select 412 with As = 1.13cm?

= 5.54cm*

= 6.33cm*

Not less than As,,i,, =
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113
Sreq = = % 100 =15.69 cm

Select S=10cm < S

S=10cm <S,=15.69

S =10cm <3 h=66cm

S =10cm <45cm

Select $12/10cm with As = 11.3cm? > As,., = 7.2cm?

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 1000 x a = 1130 % 420

= a=23.2mm

x—a—23'2—273mm
B 08
190 = 27.3
E. = T * 0.003 =0.017 = 0.005 L 0K

4-9-4 Design of Secondary Reinforcement:
As ¢ for shrinkage and temperature

As;.q =0.0018 x b x h

As,., = 0.0018 x 100 x 22 = 3.96cm?

Not lessthan 0.2 ¥ AS,;;, = 0.2 ¥ 11.3 =2.26
Select 412 with As = 1.13cm?

S —1'13>< 100 =289
req =39 =28.9cm
Sdect S=25cm

S=25cm < S;., =28.8cm

S =25cm < 3 h=66cm
S =25cm = 45cm
Select 12/25cm with As = 4.52cm? = As,.., = 3.9cm?
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4-9-5 Design of Top Reinfor cement:

1
As = - X Asmain

3
1
As = 3 % 11.3 =377
. 1.13 % 100
Select $10/20 cm with As = ———— =3.93cm® > As,,, = 3.77 cm?®

25
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4-10 Design of One Way Solid Slab:

Ly - 68 =22>2 = oneway solid slab
Ly 305 - d |

bl

Ln
h= 20 : For one way solid slab .

h=2%_014
=55 =0 cm
select h = 15cm ” .

Figure (4-1 ): one way solid slab.
4-10-1 L oad Calculations:
Dead load of slab = 0.15 x 25 = 3.75 KN/m*
Dead load of plastering = 0.03 x 22 = 0.66 KN/m?
Total Dead load of slab = 4.41 KN/m*
Live Load = 2KN/m?

qu = 12xDL + 16 x LL
qu = 12x441 + 16x2
gu = 8.49KN/m

4-10-2 Design of Shear:
qu.l 849x3
T T
b xVicxbwxd 0.75x V24 x 1000 x 120
6 - 6
d.Vc = 735 KN 3 Vu = 12.74KN

“ No shear reinforcement is required for topping.

= 1274 KN

b x Ve = = 735KN

4-10-3 Design of Bending M oment:

_ Mn 1067 x 10°
" bxd? 1000 x 120?

Rn = 0.74MPa



Chapter Four Structural Design and Analysis

m = y g 40 o 20.59

T 085xfc 085x24

~ 1 2¥xmxRn
P fy

1 . 2 % 20.59 x 0.74
P =059 420
p=18x%10"3

Asieq =pxbxd
As..y =1.8%107% x 100 x 12 = 2.15cm?*/m

-Check For As,,i,,
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

025 % Vfc xbwxd 0.25x V24 % 1000 x 120
ASiin = Y = 220 = 3.5cm
1.4>cbw><d_1.4x1000><120_
fy - 420 -

2

4cm?

Not less than As,,i,, =

Select 12 with As = 1.13cm?

113 B
Sreq =~ X 100 =28.2cm

Sdect S =20cm
S=20cm < S, =282
S=20cm <3 % h=60cm

S=20cm = 45cm

. 1.13 % 100
Select /12/20 with As = —>g & 7.85cm? =4 cm?

- Check of yielding

Compresion = Tension

C=T

085 % fc xbxa=Asxfy

0.85 x 24 % 1000 % a = 785 % 420

= a=16.16mm
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X = agl6le 19mm
"B 085
120 =19
E. = T % 0.003 =0.016 = 0.005 ~ 0K

4-10-4 Design of Secondary Reinfor cement:

As,..., shall not be less than As,,,;,, for shrinkage and temperature.

reg
As.in =0.0018 x b x h

As,;;, = 0.0018 x 100 % 15 = 2.7 cm*
Not lessthan 0.2 % AS i,
=02%785

= 1.57cm*

Select 12 with As = 1.13cm?

Spen = 113 % 100 =41.85
req = 5= =41.85cm

sdectS =25cm
S=25cm < S,y =4185
S=25cm <3 % h=60cm

S=25cm = 45cm

. 1.13 % 100
Selectd12/25 cm with As = — = 452 cm? > As,,, = 3.9 cm?

4-10-5 Design of Top Reinforcement :

1
As = = X ASpain
3 &

1
As = 3 % 11.3 =377

L13=100
25

Select /10720 with As = =3.93cm? > As,,, = 2.7 cm? inthetwo ways
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4-11 Design of Two Way Solid Slab:

L, 5.5 . ’// 1\
=——=13<2 = Tow way solid slab. /

Ly 405 I/ \)
Ln )
h =%: For Two way solid slab . &
h —5'32—0177 m
=30 —© C

select h =20cm

$E.a

Figure (4-1 ): two way solid slab.
4-11-1 L oad Calculations:
Dead load of slab = 0.2 % 25 =5 KN/m*
Dead load of plastering = 0.03 x 22 = 0.66 KN/m?
Total Dead load of slab = 5.66 KN/m*
Live Load of the landing = 2KN/m?*
Niin = 125mm
selecth =200m = hg,;, =125mm

Kr':,: == 168
Kgy = 30.9
K.-'-'I.I = KA}' =1.96

For 1m strip:

qu = 1.2x DL + 16 % LL
qu = 12x566 + 1.6 % 2
qu =9.99 = 10KN/m

_qu.lx* 10 x4.05°

Mu, Ko 68 9.76 KN.m/m

Mu, = 0o x* g 105 405" =5.31 KN.m/m
¥ Ky 30.9

Ay =A; = Qu.Ix o 10%4.05 20.66 KN/m

K 1.96
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Increasing of field moment :

mg, = 1.285

my, = 1.285

Mu, = 9.76 x 1.285 = 12.54KN. m/m
Mu, = 5.31 x 1.285 = 6.82KN.m/m

4-11-2 Design of Shear Reinforcement :

Vu = 20.66 KN

d=20-2-=1=170mm

¢ x Vicxbwxd 0.75 x V24 x 1000 x 170
6 6

t. Ve = 104.10KN > Vu = 20.66KN

= 104.1KN

P X Ve =

“ No shear reinforcement is required for topping.

4-11-3 Design of Reinforcement in X- direction :

_ Mn _ 13.93x10°
" bxd? 1000 x 1702
_fy 420

T 085xfc 0.85x24

Rn = 0.48MPa

=20.58

m

2%xmxRn

=1 1 1

= 1 1 2 % 2059 % 0.48
2059 420

P

p=116x 107"
As..q =pxbxd
AS;.q =1.16 ¥ 107% % 100 % 17 = 1.98cm?*/m

-Check For As,;in,
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

_025xVfc xbwxd 025 x V24 x 1000 x 170

p— p— 2
ASin Y 220 4.96cm=/m
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1.4 x bw xd _14x 1000 % 170
fy B 420

1.3 X A,y = 1.3 % 1.98 =257 cm*/m

Not less than As,,;, = =5.67cm?/m

= ASpoq = ASpyiy = 2.57cm?*/m

As,.q shall not be less than As,,;,, for shrinkage and temperature.

AS,,;, = 0.0018 X 100 X 20 = 3.6 cm?
= ASpoq = ASyyiy = 3.6cm#/m

Select 912 with As = 1.13cm?
Spen = 113 % 100 =31.93
req = 35 =31.93cm

select S=30cm < S,

S=30cm <3 % h=60cm

S=30cm =<45cm

. 1.13 % 100
Select /12/30 with As = —35 = 3.76 cm?/m = 3.6 cm?/m

- Check of yielding
Compresion = Tension
C=T

085 % fc xbxa=Asxfy
0.85 % 24 % 1000 x a = 376 % 420

= a=77mm

a :
3085 9.1mm
170 -91

€, = o1 % 0.003 =0.05 = 0.005 = OK

4-11-4 Design of Reinforcement in Y- direction :

Muy =55 = W = 7.58KN.m/m
_ Mn_ 758x10°
RN = 5% ~ 1000 x 1702 _ O-2OMPa
fy 420

m = 20.58

T085x%fc 085x24
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= 1 2¥xm¥Rn

fy
= 1 1 1 2 % 20.59 % 0.26
P=2059 420
p=6.23x%x10"*

As..q =pxbxd

AS..q =623 % 107% % 100 x 17 = 1.06 cm*/m
As, = 0.2 X As,

As, =1.06 cm?*/m = 0.2 % 3.76 = 0.75 cm*/m

-Check For As,,iy,
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A B 0.25 x Vfc x bw x d _0.25x V24 % 1000 % 170
S fy 420
14 xbwxd - 1.4 x 1000 % 170
fy - 420

1.3 X A, = 1.3 X 1.06 = 1.38cm?/m

= 4.96cm?/m

=5.67cm*/m

Not less than As,,i,, =

= AS;oq = 1.38cm*/m

As..q shall not be less than As,;,, for shrinkage and temperature.

AS,.i, = 0.0018 X 100 X 20 = 3.6 cm?
= ASpeq = ASyiy = 3.6cm?/m

Select 12 with As = 1.13cm?

Speg = 113 % 100 = 31.93
req T 3.6 B : cm

select S=30cm < S,
S=30cm =3 % h=60cm

S=30cm =<45cm

. 1.13 % 100
Select /12/30 with As = —35 = 3.76 cm?/m = 3.6 cm?/m
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- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 1000 % a = 376 % 420

= a=7.7mm

a .
170-=91
E. = o1 % 0.003 =0.05 = 0.005 + OK

4-11-5 Design of Top Reinforcement :
Reinforcement of shrinkage and temperature .

As..q shall not be less than As,;,, for shrinkage and temperature.

ASiin = 00018 X b x h
AS,i, = 0.0018 % 100 X 20 = 3.6 cm?

Select $10/15 cm in the two ways

~ 0.785 % 100

15 =52cm?/m = As,,;, = 3.6 cm*/m

As
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4-12 Design of Column:

4-12-1 Design of Column (C5) in the First Basement Floor:
Pu =4161.25 KN

Pn = 0.8 x Ag(0.85 x fc + pg x (fy — 0.85 x fc})

6401.92 x 10% = 0.8 X Ag(0.85 X 24 + 0.015 X 420 —0.85 X 24 )
Agyeq = 303.24 x 10°mm?

Select 70cm x 50cm with Ag = 0.35m* > Ag,,,, = 0.3m?

Pn = 0.8 x Ag(0.85 x fc + pg x (fy —0.85 x fc})
6401.92 x 10% = 0.8 % 350 x 10%(0.85 x 24 +pg ¥ 420 —0.85 % 24 )
pg = 0.006 < pyin = 0.01

ASieyq = Preg X Ag = 35cm?

I'L'q
As.q = 0.01 x 3500 = 35cm?
use 18 with As = 2.54cm?

Select 16418 with As = 40.64cm® > As,,,, = 35cm?®

Figure (4-14): short column reinforcement.
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4-12-2 Check Slenderness Effect

For Braced System

KLU{34 12 M1 =40
r - M2 —

K:effective length factor (K=1, for braced frame)
Lu: actual (un supported) length
r: radius of gyration, r = 0.3 x h =/(I/A

K=1
Lu=4m
r=03x05=0.15

Ml_00

M2

KLU*-T34 12 M1 =40
r - I:MZ:J_

1><4—2667 <34
015

\' short column

\' Slenderness effect must not be considered

4-12-3 Lateral Ties Selection:
Design of the tie reinforcement
S = 16 % db longitudinal bar diameter
S = 48 x dt tie bar diameter

S < 60cm
S=16 x1.8 =28.8cm
S=48 % 1.0 =48cm

S = 60cm

use 10 ties/25 cm

ACI 10 12 2

ACI -7.10.5.2

Figure (4-1 ): short column ties.
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4-13 Design of Isolated Footing (F11):

4-13-1 L oad Calculations:
Factored load = 4257KN
Serviceload = 3243.1 KN
Column dimension = 65cmx50cm
Soil density = 18 KN/m?*
Allowable soil pressure = 400 KN/m?
Estimate footing to be about 60cm in addition to about 10cm of concrete
Soil weight above the footing= 1.5—0.6 x 18 = 16.2KN/m*
footing weight = 0.6 % 25 = 15KN/m*
4-13-2 Determination of Footing Area:

Paet =400 — 15+ 16.2 = 368.8KN/m*

service load = 3243.1 =
Pnet 3688

try 3m x3mwith A =9m? > A, = 8.8m?

8.8m*

required area(A.,) =

4-13-3 Determination of Footing Depth:
for the design of the reinforced concrete member factored |load must be used
Pu = 4257KN

Factored load = 4257
area 9

b x Vicxbwxd 0.75x V24 x 3000 X d.,
5 = 5 =1837.1 X dyq

Pnet = = 473KN/m?

th x Ve =

th x Ve =W

1837.1 X dyq = 1667.33 = 1419 X d,q
dieq = 51lcm

Niey =51 +8+2=61cm

Select h =70cm

d=70-8~-2=60cm

check this depth for two way shear action using critical section with d = 60 cm
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Vu=Pnetx BxL — a+d (b+d)

Vu=473% 3%x3 = 65460 (50 +60) = 3606.6KN
b=2x 654+60 +2x 50+60 =470KN

as = 40(interior beam)

a_ 65

Bc =+

b—%—l.S

4-13-4 Design of Footing Against Punching(Two Way Shear):
the punching shear strength is the smallest of

1 2 1 >
Vo= = 14— Vicxbxd= = 1+-—— V24 x 4700 % 600 = 5844.86KN
6 Bc 6 13
Ve = 24 % sexbxd= & 2+—2% 5754700 % 600 = 8181.3KN
= 12 “Toma V© = 12 “ T 27007600 = GL0L
Vc=;:><bxdx\/fc=,—1£><4700><600><\/ﬂ=4605 ........... control

Vu=473x 3 %= 13x%x115 =3549.9KN
¢. Ve = 3453.8KN < Vu = 3549.9KN

Calculate required d to satisfy punching shear
Let: h=75cm
d =65cm
b=2x 65+65 +2x 50+65 =490KN

VC:%xbxdx\/fc=7:><4900><650><\/ﬂ=5201 ........... control

$.Vc = 0.75 x 5201 = 3900KN
¢.Vc = 3900KN > Vu = 3549.9KN
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7 3,00 5
& Fd
\\
o 0.65
S 21T
% =1
\'\
J
——

, 118 Loes| 118

0.75

Figure (4-1 ): Geometry of the footing (F11).
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4-13-5 Design of Bending M oment:

Design as plain concrete

d.Mn = 0.55 x 0.42 x Vfc x Sm

s _bxh?
m="%

3000 x 750 "
Sm =————=028x 10" mm

@.Mn = 0.55 % 0.42 % V24 % 0.28 x 10® = 316.87KN.m

Mu =P net x W x E*E % 0.5 E*E
2 2 2 2
Mu =473 % 3 ¥ §—~@ % 0.5 §—~@
2 2 2 2

Mu =1042.08KN
¢.Mn = 316.87KN.m < Mu = 1042.08KN. m

Design in plain concrete is not satisfied so, the section of footing must be reinforced.

4-13-6 Design Of Bottom Reinforcement:
Mu=1042.08KN.m

_Mu_104208 .
N=09~ 09  —2foorim

R B Mn  1157.86 x 10° = 0.60MP

“bxdZ 3000x6502  —o-ovra

_fy 420

Mm=0585xfc 085x2a 20
= 1 1 1 2%m¥Rn

p=- oy
__ 1, | _2X2059%069

P =059 420

0 =167 %1072

Asieq =pxbxd

As,..q = 1.67 x 107 x 300 x 65 = 32.6cm*
As,.i» = for shrinkage and temperature
AS.in = 0.0018 x b x h

Asin = 0.0018 x 300 x 75 = 40.5 cm*
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As,., = 40.5cm?
Select 18 with As = 2.54cm?

Select 18¢p18 with As = 45.72 cm® > As,.

- Check of yielding
Compresion = Tension
C=T

085 % fc xbxa=Asxfy
0.85 % 24 % 3000 % a = 4572 % 420

= a=314mm

X =E = ﬁ = 3.7cm
65 = 3.
E. = 37 % 0.003 = 0.049 = 0.005

=405cm*

= OK

4-13-7 Development Length of Main Reinfor cement:

fy
Ld =——=xaxpBxdb
2Vfc g
420
d=——x1x1%x18=77.16cm
2V24
300 =65
Ld;n-'mlahtu = T —8=109cm

demlahtu > I—dn_-q: 77.16cm = OK

Using hock > ¢ 16
Required length of hock > ¢ 16 = 16 X 1.8 =

Select: hock = 30cm > hock required = 28.8cm

28.8cm

4-13-8 Check Transfer of Load At The Base of Column(Design of Dowels):

d.Pn = ¢ % (0.85 x fc x Ag)

d.Pn = 0.65 % (0.85 X 24 % 65 X 50) = 43095KN

th. Pn = 43095KN = Pu = 4257KN
minimum dowels are required for load transfer
P,,.,,=0.005

ACI-Code-15.8.2.1
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Select 1420 with As = 30.77 cm*

4-13-9 Development Length of Dowels:

fy
Ld =—=xdb
4+/fc
420
Ld = % 1.8 = 36.74cm
424
300 — 65
Ld;n-'mlah[u = T —8=1175cm
Ld;wmlah[u > Ldruq: 36.74cm = OK
0.24fy
Ldy =——==xdb
' Vfc
0.24 x 420
Ld, =———— x 1.8 = 37.04cm

V24
Ld; = 0.44 x fy x db = 0.44 x 420 x 1.8 = 33.26cm

Using hock > 16 &
Required length of hock > 16 ¢ = 16 % 1.8 = 28.8cm

hock sgected = 30€m > hocK required = 28.8cm
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4-14 Design of Strip Footing:

4-14-1 L oad Calculations:
Weight of wall = 122.5KN
PUs.crored = 9395.55KN
PUcprvice = 7226.1KN
Estimate footing to be about 30cm in addition to about 10cm of concrete
Soil weight above the footing= 1.5—0.3 x 18 = 21.6KN/m*
Weight of footing = 0.3x25 = 7.5KN/m?

4-14-2 Determination of Footing Area:
Paet =400 = 754216 =371.4KN/m*

service load 72261

required area = h =312 = 195m?2
width of footing = . = 193 _ geem
length 29.6
select w = 80cm
PUactored 939555
B/C = = = 396.8KN/m?

area 0.8 % 29.60

4-14-3 Deter mination of Footing Depth(One Way Shear):
th x Vc =Vu

VU = 396.8 X (275 — d,oq )

b x Vic xbwxd 0.75x V24 x 1000 x d

B x Ve = 5 5 1 = 612.4 X doy
th x Ve =W

612.4 %X d;.qy =109120 —396.8 X dy

dieq =10.8cm

hreq =10.8 + 8 + 1.6 = 20.4cm

Select h =30cm

d=30=8=1.6 =20.4cm
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e

y 0275 {{:./U.ES-:; 0.275 B

. i I

2 ) 8 1 (05
A=)

Figure (4-1 ): Geometry of strip footing.

4-14-4 Design of Bending M oment:

Mu= 14 KN.m
Mn=Mu_ 14 cska
N=09 09 —2rvm
- Mn 15.5 x 10° = 0.4AMP
" Thxd? T1000%2047 O
420
Mm=G585xfc 08524 20
_1 1 2% m*Rn

p=— oy

__ 1, ,_2x20589x04
P =3059 420
0=096x10"3

ASieq =pxbxd

ASpeq = 9.6 X 107% % 1000 % 204 = 1.96cm*/m
As min for shrinkage and temperature

As.in =0.0018 x b x h

AS,in = 0.0018 % 100 x 30 = 5.4cm* /m

AS;oq = ASpin = 5.4cm?/m
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Select 12 with As = 1.13cm?
1.13x% 100

—=
Select 5¢p12/20cm with As = 5.7 cm“/m = As

Sreq = 20cm

req = 5.4 cm*/m

- Check of yielding
Compresion = Tension
C=T

085 % fc xbxa=Asxfy
0.85 % 24 % 1000 x a =570 x 420

= a=11.7mm

x—a—ll'7 =13.8mm
B 08
204 —=13.8
E. = — 38 % 0.003 = 0.04 = 0.005 ~ 0K

4-14-5 Development Length of Main Reinforcement:

fy
lLd=——xaxpBxdb
2+V/fc P
420
Ld = %1%1%x12=5199 =30cm
224

Ld availanie = 19.5cm< Ld = 51.9cm = OK
So standard hock of 20cm must be used to provide Ld

4-14-6 Design of Secondary Reinforcement:
As = Asfor shrinkage and temperature

As =0.0018 x b % h

As = 0.0018 x 100 % 30 = 5.4cm*/m

use 5¢12/20cm

4-14-7 Check Transfer of Load at Base of Column (Design of Dowels):
AS.in =0.0012 x b xd

As,.in = 0.0012 x 100 x 20.4

As,.i,, = 2.448cm*
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select $10/25cm

fy
lLd=——xaxpBxdb
4+/fc P

420
424
Id;wmlahlu =30—8-12=208=Id =20.4cm

So standard hock of 20cm must be used to provide Ld

Ld

#x1x1x1=204Z=30cm
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4-15 Design of Shear Wall (11):

4-15-1 Calculation of L oads:

W roor = Total dead loads of the floor.
W Firgt Basement Floor = Weight of slab+ Weight of stairs + 0.5( Weight of upper
columns & walls + Weight of lower columns & walls) = 11820 KN.

W' second Basement Floor = Weight of slab+ Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) = 11630.5 KN.

W Ground Floor = Weight of slab + Weight of stairs + 0.5( Weight of upper
columns & walls + Weight of lower columns & walls) = 10151.8 KN.

W First Floor = Weight of slab + Weight of stairs + 0.5( Weight of upper columns
& walls + Weight of lower columns & walls) = 10007 KN.

W second Floor = Weight of dlab+ Weight of stairs + 0.5( Weight of upper

columns & walls + Weight of lower columns & walls) = 9558 KN.

W Root Foor = Weight of dlab + 0.5xWeight of lower columns & walls =
491.5kN.

4-15-2 Calculation of Shear Forceon " Shear Walls":
\W Total = w First Basement Floor + w Second Basement Floor + w Ground Floor + \W First Floor + w Second

Floor + \W Roof Floor

=11820 + 11630.5 + 10151.8 + 10007+ 9558 + 491.5 = 53659 KN

According to the UBC, the total design base shear in agiven direction,

V =0.07 XW tota.
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V = 0.07x53659= 4668.3 KN.
Ft=007xTxV (UBC1997-Eq. 30-14)
Ft = 0.07 x 0.5x 4668.3= 163.39 KN.

S V—=Ft xWxh
- YW % h

(UBC1997 — Eq. 30 — 15)

Table (4- ): FX Caculations.

491.5 108867.7
9558 4668.3 | 18.7 | 163.3 | 4504.9 | 178734.6 | 1338.2
10007 | 4668.3 | 15.25 | 163.3 | 4504.9 | 152606.7 | 11425

10151.8 | 4668.3 | 11.5 | 163.3 | 45049 | 116745.7 | 874.1

11630.5 | 4668.3 | 7.9 | 163.3 | 4504.9 | 91880.95 688
11820 | 4668.3 | 4.3 | 163.3 | 4504.9 50826 380.5
53659 601680.6

From software program the following results are obtained:

+18.7 e —“E— b iR _'E
[Ex]
=
™

+15.25 1 il o s +15285 1
P
1209 BKN o

15 L — o #1185 B
&0

+79 _BE = B2 78 32| F424 7 TKN.m

o

1} s i

+4&43 i ;_bﬂ | +4.3 _.E'
™
(I
s B

Figure (4-1 ): FX, Vu, Mu.
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4-15-3 Design of Shear Wall:

fc =24 Mpa

fy =420 Mpa

h =25cm shear wall thickness
Iw =6.56m shear wall width

hw =2215m story hight

4-15-4 Design of Vertical Reinfor cement:

Vu=1209.8 KN
Vn = 12098 1613.06 KN
~ 075 '

d =08 xIlw=08x%656=5248m

1 —
Ve, = xVfc xbxh

1 _
= 5 % V24 % 0.25 % 5.248 % 1000
=1071.24KN
Vs =Vn — V¢,
=1613.06 —1071.24 =541.82KN

Ag _ Vs 054182 0.00024

S, fyxd 420%5248

A

S—““ =0.0025 % h = 0.0025 % 0.25 = 0.000625 mm
2 I

S, < Lw o 856 = 1312 mm

=5 5

S; = 3xh =3x250 =750 mm

Auh -
—— = 0.000625 mm
Sz

Try 2 @10

2% 79%10°°
Sz
— S, =0.316

= 0.005

selectS; =30cm
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= use 2010 @30 cm £~ for the reinforcement in tmo layer

4-15-6 Design of Horizontal Reinforcement:

hw A

A,, = 00025+05 25— -— —-00025 xS;xh
Iw S,

hl\/=%=:~3.54}2.5

Iw  6.56

— A, =00025%S; xh

1 = M =@ = 2180 mm

3 3

S, = 3xh =3%x250 =750 mm

S; = 450 mm

Try 2310

Ay =0.0025 %Sy x h

2% 79 % 107" =0.0025 % 0.25 % S,
— S, =0.252 Control
selectS; =25 cm

= use 2010 @25 cm £~€ for the reinforcement in tmo layer

4-15-7 Design of Moment:
Mu =9424.77 KN.m

As=|lv X 2% 79 = 6.56 X 2% 79 =0.00414 m*
S, 0.25

z 0.85 % fc ¥ Iw x h

w1 2* As x fy

z 0.85 X 24 X 656 X 025

w1 2% 000414 x 420 = 00544

Z
Mu = 09 05x Ast x fy xIw 1—~m

Mu = 0.9 05 x0.00424 x 420 x6.56 1 —0.0544 =497MN.m

Mu = 942477 — 4970 = 445477 MN.m

Iw
- T
~ 600 on/hw

Assume dn/hw = 0.007

6.56
-
~ 600 x 0.007

C

=156
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boundary element length Cw = C—=0.1 % Ilw
=156 —0.1 % 6.56 = 0.904

5 156 078
== 2 =1 .
~ The boundary element length Cw = 0.904
Mu/@ 4454.77 % 10%*/0.9
Ast = = 2083.6 mm*

T fylw—Cw _ 420 6,56 — 0.904
Ast = 2083.6 + 4 x 79 = 2399.6 mm?
& use 12@16 with As = 2464 mm?
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Structural Design and Analysis

4-16 Design of Basement wall:

5 KN/m

Figure (4-19): Geometry of basement wall.

Assume:

Y.,y = 18 KN/m?*
k,=05

el::l = kl::l x y x h

e, = 0.5 x 18 x 4.45 = 40.05 KN/m*

el::lp = kl::l x p
e,p = 0.5 x 5 = 2.5KN/m*

for 1m strip of the basement wall
e, =40.05%x 1 =40.1KN/m
e,p=25x%x1=25KN/m

internal forces of moments
e,u=401x%16 =641KN/m
e,pu=25%1.6 =4KN/m

by using software analysis
Mu = 91.5KN.m
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4-16-1 Deter mination of Wall Thickness:

o _ln_445
rea =50~ 0 <M
fy = 400 MPa
h..q = modificatio factor # h
moditficatio factor M =04 + l
700
dificatio factor M = 0.4+ o = 1.0
moditicatio factor M = 0. =00 = L

Neeg =1 %22 =22 cm
Useh =25cm

4-16-2 Design of Bending M oment:

Mn—Mu—91'5—1017KNm
09 09 T '

A S Mn _101.7>c10ﬁ'_31MP
"= bxd? " 1000%x1802 e
_fy 420

Mm=085xfc 085%2a 20
_1 1 1 2¥xm¥Rn

1 i 2 % 20.589 x 3.1

P =059 420

p=816x 107

As..q =pxbxd

AS;.q = 8.16 x 107% x 1000 x 180 = 14.69 cm*/m

-Check For As,;in,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

e 025% Vfc xbwxd 025 x V24 x 1000 x 180
Smin = fy - 420

14 xbwxd - 1.4 x 1000 % 180
fy - 420

=5.24cm%/m

=6cm/m

Not less than As,,i,, =

Asy = 0.0012 X b % h
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ASin = 0.0012 % 100 x 25 = 4.5¢cm* /m
ASioq = 16.74cm? /m > Asyy,, = 4.5 cm?/m

Select $16/10cm with As = 20.1cm?/m > As,,, = 16.74cm*/m

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

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As x fy
0.85 % 24 % 1000 % a = 2010 % 420

= a=41.38mm

_a_ 4138
e = 1804808 03 =0008>0005 - OK
s 48.68 ' ' '

4-16-3 Design of Shear:
Vu = 103 KN

d x vicx bwxd 0.75 x v24 x 1000 x 180
6 - 6
. Vc = 110.16KN = Vu =103 KN

“ No shear reinforcement is required for topping.

b x Ve = =110.16KN

4-16-4 Design of Secondary Reinforcement:
As =0.0012x b x h
As = 0.0012 x 100 x 25 = 4.5cm?/m

Also
As,. }l % ASai 51 ¥ 1674 = 3.35cm“/m
req = 5 main = ¢
Select ¢h10with As = 0.785cm?
0.785 % 100
Sreq = —— =17.5cm

4.5
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Select S=15cm
Select 10/15cm with As = 5.2cm?/m > As,,, = 4.5cm*/m
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4-17 Design of Water Tank:

4-17-1 Design the Slab of Water Tank

Ly 75 _ il
—=—=12<2 = Tow way solid slab.
I—x 62 '_ij.'..'.ZZ.Z.Z'.ZZZZZZZZZZ.Z.Z'..Z...'.....'..'.'.'...'...'..'.[“_“|
Ln _ 5
h= 30 : For Two way solid slab .
h= LA 0.25 E
=35 =0 cm : _
select h = 25cm
€13 - B

Figure (4- ): Geometry of the dab.
4-17-1-1 L oad Calculations:
Dead load of slab = 0.25 x 25 = 6.25 KN/m*
Dead load of plastering = 0.03 x 22 = 0.66 KN/m*
Total Dead load of slab = 6.91 KN/m*
Live Load = 5KN/m*
Ny = 125mm
selecth =250 m = h,,;,, = 125mm

Kge = 30
Key = 44
Ko = 1.75
Kay = 1.87

For 1m strip:

qu = 12xDL + 16 x LL
qu = 1.2x691 + 16x%x5
qu = 16.89KN/m

_qu.ix* 16.29 x 6.2*

M
U =R 30

= 20.88 KN.m/m
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_qu.ix* 1629 % 6.2°

Mu, = Ky 12 = 1423 KN.m/m
e qu.Ix 1629x%x62 577 KN/

T Ka | 175 onrRm
g S qu.Ix 1629x62 54 KN/

YT Kay | 187 m

Increasing of field moment :

my, = 1.14

my, = 1.14

Mu, = 1.14 x 20.88 = 23.8KN.m/m
Mu, = 1.14 x 14.23 = 16.22KN.m/m

4-17-1-2 Design of Shear:

Vu = 57.7KN

d=25—2—1 =220 mm

¢ x Vicx bwxd _ 0.75 x V24 x 1000 x 220
6 6

. Ve = 134.7KN > Vu = 57.7KN

“ No shear reinforcement is required for topping.

= 134.7KN

th x Ve =

4-17-1-3 Design of Reinforcement in x- direction :

M —Mu"—23'8—264KN /

U =9 ~og _ coarN-m/m
o Mn _ 264x10°
" T bxdZ T 1000x2202 0O

oy 420
Mm=085xfc 085%2a 20
= 1 2¥%¥m¥Rn

fy

_ 1 2 % 20.59 X 0.55

P =2059 420
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ASieq =pxbxd

As..y =13 % 107% % 100 x 22 = 2.9cm?*/m

-Check For As,,iy,

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A 0.25 x Vfc % bw x d _025x V24 % 1000 % 220
iy fy 420
14 % bwxd = 1.4 % 1000 x 220
fy B 420

1.3 % A, = 1.3 % 2.9 =377 cm*/m

= 6.4cm*/m

= 7.3cm?/m

Not less than As,,i, =

= ASppq = 3.77cm*/m
As,.q shall not be less than As,,;,, for shrinkage and temperature.

As,;; = 0.0018 x 100 % 25 = 4.5cm*
= Ay = 4.5cm#/m

Select h12with As = 1.13cm?
Spen = 113 % 100 =25
req = 25 = 25cm

select S=20cm < S,

S=20cm<3xh=75cm

S=20cm =45 ¢cm

2.01 x 100

Select $912/20 with As = >0

=5.65cm?/m > As,,, = 45cm?*/m

- Check of yielding
Compresion = Tension
C=T

085 % fc xbxa=Asxfy
0.85 % 24 % 1000 % a = 565 x 420

= a=11.6mm

_a_16_
X3~ 085

_ 220-136

136 % 0.003 = 0.045 = 0.005 =~ OK

€Eq
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4-17-1-4 Design of Reinforcement in y- direction :

M —Mu*—16'22—1802KN /
Uy =009 ~ 0g _ -orenm/m
R B Mn _18.02:«:10”'_037MP
N = Dxd2  1000x 2202 ~°fvra
420
Mm=0585xfc 0s5x2a 208
_1 1 1 2%m¥Rn

__ 1, 2x2050x037
P =3059 420
p=89x104

ASieq =pxbxd
As;., =89 %10 4% 100 % 22 = 1.96cm*/m

-Check For As;in
According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

A 0.25 x Vfc % bw x d _025x V24 % 1000 % 220
iy fy 420
14 % bwxd = 1.4 % 1000 x 220
fy B 420

1.3 X A, = 1.3 X 1.96 = 2.55cm?/m

=6.41cm*/m

Not less than As,,i, = = 7.33cm?/m

As,.q shall not be less than As,,;,, for shrinkage and temperature.
As,;; = 0.0018 x 100 % 25 = 4.5cm*

= As = As,,,;, = 4.5cm?/m

Select 12 with As = 1.13cm?

Siepy = 113 % 100 =25
req = 25 =25cm

select S=20cm < S,
S=20cm <3 ¥ h=75cm

S=20cm =45 cm

1.13 % 100

Select $12/20 with As = >0

=5.65cm?/m > As,,, = 4.5cm*/m
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- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 1000 % a = 565 % 420

= a=11.6mm

=316 13.6mm
B 08
220 —13.6
€&=—35 X 0.003 = 0.045 = 0.005 = OK

4-17-1-5 Design of Top Reinforcement :
Reinforcement of shrinkage and temperature .

As = 0.0018 x 100 x 25 = 4.5cm“

Select 210 with As = 0.785cm* in the two way

O.; 85
!"-'l-l 15 .

Select $910/15 with As = 15

=5.2cm?/m > As,,, = 45cm?/m

*All dlab are the same
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4-17-2 Design of Water Tank Base:
By using software analysis the values of moment and shear are as follows:

73

Figure (4- 1): Geometry of water tank base.

4-17-2-1 Design of Shear Reinforcement :

h = 45cm

d=45-8-1=36cm

Vu = 198.8KN

BR V=  x Vfc x bw x d _ 0.75 % V24 x 1000 % 360 _ 220.45KN

6 6
§.Vc = 220.45KN = Vu = 198.8KN

“ No shear reinforcement is required for topping.

4-17-2-2 Design of Moment in X-direction :

RAX (Il
kimim

L BT ]
573
418
w2l
O
4.0
208
8.8
14

ESfEEEE N

S

-
L]
114
)
145
M

I
Lol

Figure (4- 2): Moment in X-direction.
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Mn = —171—190KN
n= 9" 09 .m

Mn 190 x 10°

Mu
0.

RN = = — 1.47MP
N = b xdZ 1000 x 3602 a
oy 40
Mm=G585xfc 085x2a 208
= 1 1 2%m¥Rn
p=- oy
__ 1, 2x2050x147
P =059 420
0=36x10"2

Asieq =pxbxd
As;ey =36 %10 4% 100 % 36 = 13.1cm*/m

-Check For As;in

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

e 025% Vfc xbwxd 025 x V24 x 1000 x 360
Smin = fy - 420

14 xbwxd - 1.4 x 1000 = 360
fy - 420

= 10.49cm?*/m

= 12cm?*/m

Not less than As,,i,, =

= AS;oq = 13.1cm*/m
As..q shall not be less than As,;, for shrinkage and temperature.

AS,..i, = 0.0018 X 100 X 45 = 8.1 cm?
= AS;oq = 13.1cm*/m

Select h16with As = 2.09cm?
S s 209 % 100 = 15.3cm
eq =137 = e

select S=15cm <S,., =153
S=15cm <3 xh=135cm

S=15cm = 45cm

2.09 x 100

Select $916/15 with As = 15

= 13.4cm?/m > As,,, = 13.1cm*/m
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- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 1000 % a = 1340 % 420

= a=27/mm

X = = 27 = 33mm
B 085
360 —33
E. = 33 % 0.003 = 0.03 = 0.005 ~ OK

4-17-2-3 Design of Moment in Y-direction :

As..q shall not be less than As,;,, for shrinkage and temperature.
As,.i,, = 0.0018 x 100 % 45 = 8.1 cm*

= AS;eq = 13.1cm*/m

Select h16with As = 2.09cm?

S 529 % 100 =258
req T 8.1 B .oCm

select S =20cm < S, =25.8cm

S=20cm =< 3% h=135cm
S=20cm =< 45cm

i 2.09 x 100
Select /16720 with As = —>g & 10.45 cm?/m > As,,, = 8.1 cm?*/m
- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 1000 % a = 1045 % 420

= a=21lmm

X = = 21 = 25mm
B 085
360 =25
€., = —— % 0.003 = 0.04 > 0.005 L 0K



Chapter Four Structural Design and Analysis
4-17-3 Design The Walls of The Water Tank: S KN

Case A:static system against earth pressure i L
e,=kxyxh

e, =05 x 18 X 3.6 = 30.6KN/m?

e.p=kxp

e,p =05 x 5 = 25KN/m*

for 1m strip of the basement
e, =30.6 x 1 = 30.6KN/m
e,p=25%1=25KN/m

internal forces of moments
e,u=30.6 x 1.6 =48.96KN/m
e,pu=25x 1.6 =4KN/m

by using software analysis

Mu =64.1 KN.m

Figure (4-23): Geometry of wall.

1\'| = |
IIII
\
|
|
f
|
'i

Figure (4-24): moment diagram of basement wall.
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Case B:static system against water pressure

e, =kxyxh
e, =0.5x 10 x 3.6 = 18.2KN/m?*
esp=kxp

e,p = 0.5 x 5 = 2.5KN/m*

T

for 1m strip of the basement g
e, =182 %1 =182KN/m
e,p=25%x1=25KN/m \

internal forces of moments

e,u=182x 1.6 =29.1KN/m
e,pu=25x 1.6 =4KN/m :
by using software analysis ;
Mu =44.7 KN.m

T

Figure (4-25): moment diagram of basement wall.

4-17-3-1 Deter mination of Wall Thickness:

h _Ln_3.65_18 0
1 =20 20 o
fy = 400 MPa
h..q = modificatio factor x h
moditficatio factor M =04 + l
700
dificatio factor M = 0.4 + 222 =10
modificatio factor M = 0. =00 = 1

Nreg =1 % 18 =18cm

Useh =25cm
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4-17-3-2 Design of Shear:
The wall thickness must be determined so that no shear reinforcement isrequired

VU = VU, pp40=91.1 KN
¢ x vic x bw x d

¥ \Cc =
b x Ve 5
0.75 % V24 % 1000 % d,
b xV =
6
thxV=6124 x dreq
thxVec=W
6124 x d..q =911
dieq = 148.8mm = 14.8cm = 15cm
hyey =d + + ¢
req = cover 2

Ny =15+ 5+ 1 =21cm = hygjecreq = 25CM
Select h = 25cm

— No shear reinforcement is required.

ik

B
T -

P
A =

Figure (4-26): shear diagram of basement wall.
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4-17-3-3 Design of Bending Moment:
Mu= 64.1 KN.m

641 15
N"=09 " 00
Mn 71.2 % 10°

=712KN.m

RN = = — 1.97MP
N =X dZ 1000 % 190Z _ 197MPa
oty 420
Mm=585xfc 085x2a 20>
= 1 2¥%xmxRn
P fy
__ 1, 2X20589x197
P =059 420
0 =495 x 10~2

Asieq =pxbxd

AS;eq = 4.95 % 107 x 100 x 19 = 9.4cm*/m

ns 025X Vfc xbwxd 025 x v24 x 1000 x 190
Smin = fy = 420

14xbwxd 14x1000x 190
fy B 420

=5.54cm*/m

Not less than As,,;,, = = 6.33cm“/m

As,.i,, = 6.33cm?/m

AS;oq = 9.4cm?/m >As,,,;, = 6.33cm?/m

As,.i, =0.0012 X b % h
ASin = 0.0012 % 100 x 25 = 4.5cm* /m

Select 16 with As = 2.01cm?

2.01 x 100
Sreq = o2 21.4cm

Select S=20cm

S=20cm < Syuq = 21.4cm
S=20cm < 3% h=75cm
S=20m < 45cm
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. 2.01 % 20
Select 16/20cm with As = —00 = 10.05cm? > As., = 9.4cm*/m
- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 % 1000 % a = 1005 =% 420

= a=20.7mm

a_ 207 _
190 -2435
2435

E. % 0.003 =0.02 = 0.005 =~ OK

4-17-3-4 Design of Secondary Reinfor cement:
As =0.0012 x b x h

As = 0.0012 x 100 x 25 = 4.5cm?/m

Also

1 1
ASrL'q = g X ASmain = g % 10.05 = 2.01cm*/m

Select h12with As = 1.13cm?

Sreq 1.13 % 100 — 25cm
eq = 45 = 25¢c
Sdlect S=20cm

S =20cm < Syuq = 25CM

S=20cm < 3xh=75cm

S=20m < 45cm

Select 12/20cm with As = 5.65cm*/m > As,,, = 4.5 cm?/m

4-17-3-5 Design of Interior Walls:

As = Asfor shrinkage and temperature
As =0.0018 x b % h

As = 0.0018 x 100 x 25 = 4.5cm* /m
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Select p10with As = 0.785cm*

Sreg S 0.785x 100 _ 17
9= 35 —-M
Sdect S= 15cm

S=15cm < Syuq = 17cm

S=15cm < 3% h =75cm

S =15cm < 45cm

Select $10/15cm with As = 5.2cm?/m > As,,, = 4.5 cm*/m
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4-17-4 Design Cornersof The Water Tank:
Case A:static system against earth pressure
e, =kxyxh

e, = 0.5 x 18 x 3.65 = 30.6KN/m? . .
esp=kxp
e,p =05 x 5 = 25KN/m*

1,13

|
for 1m strip of the basement |

e, =30.6 x 1 = 30.6KN/m |
e,p=25%x1=25KN/m

/
internal forces of moments

FEL

e,u =30.6 X 1.6 = 48.96KN/m ’f
e,pu=25x 1.6 =4KN/m
by using software analysis
Mu=60.5 KN.m....... control ]

s

B/ 2

Figure (4-27): moment diagram of b

ent wall.
Case B:static system against water pressure
e,=kxyxh
e, = 0.5 %10 x 3.65 = 17KN/m?
esp=kxp \
e,p = 0.5 x 5 = 2.5KN/m*

|
for 1m strip of the basement /
e, =17 %1 =17KN/m |
e,p=25%x1=25KN/m

/
internal forces of moments ;
e,u=17 % 1.6 =27.2KN/m p
e,pu=25x 1.6 =4KN/m /
by using software analysis i/

Mu =-42.8 KN.m Figure (4-28): moment diagram of basement wall.
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4-17-4-1 Design of Bending M oment:
Moment by earth pressure > moment by water pressure
Mu = 60.5 KN.m

Mn = 905 =67.22KN.m
09 '
- Mn  67.22x 10° = 1 86MP
“bxdZ 1000x190Z —oovra
oty 420
Mm=585xfc 085x2a 20>
= 1 2¥%xmxRn
P fy
__1 ., , 2x20580x186
P =059 420
0 =465 x 1072

Asieq =pxbxd

AS;.q = 4.65 x 107% x 100 x 19 = 8.84cm*/m

ns 025X Vfc xbwxd 025 x v24 x 1000 x 190
Smin = fy - 420

14xbwxd 14x1000x 190
fy B 420

ASieq = 9.4cm?/m >As,,,;, = 6.33cm?/m

=5.54cm*/m

Not less than As,,;,, = = 6.33cm“/m

As min for shrinkage and temperature
AS.in =0.0018 x b x h

ASin = 0.0018 x 100 x 25 = 4.5cm* /m
As., = 8.84cm?/m

Select 14 with As = 1.54cm?

s _ 154100 =174
req = 8.84 = Lfacm
Sdlect S= 15cm

S=15cm < Syuq = 17.4cm

S=15cm < 3% h=75cm
S =15cm = 45cm
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Select16/20 cm with As = 9.4cm?® > As,,, = 8.84cm*/m

- Check of yielding
Compresion = Tension
C=T

085 x fc x b xa=As xfy
0.85 % 24 ¥ 1000 x a =904 % 420

= a = 18.6mm

x—a—18'6—218mm
B 08
190 —21.8
€ =—7g —X0003=0023>0005  OK

4-17-4-2 Design of Secondary Reinfor cement
As =0.0012 x b x h

As = 0.0012 x 100 x 25 = 4.5cm? /m
Select h12with As = 1.13cm?

S _1.13>< 100_174
req = 15 =17.4cm
Sdlect S=20cm

S=20cm < S, =17.4cm
S=20cm = 3% h=75cm
S =20cm = 45cm

Select12/20 cm with As = 5.65cm? > As,..,, = 4.5cm?/m
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0.47 | 0.52 | 0.56 | 0.55 | 0.60 | 0.64 | 0.63 | 0.67 | 0.72 | 0.73 | 0.78 | 0.83 | wi4 3
0.50 | 0.55 | 0.60 | 0.60 | 0.65 | 0.70 | 0.70 | 0.74 | 0.79 | 0.78 | 0.83 | 0.88 5
058 | 0.62 | 0.67 | 0.69 | 0.74 | 0.78 | 0.83 | 0.88 | 0.93 | 0.90 | 0.95 | 1.00 10
0.64 | 069 | 0.74 | 0.78 | 0.83 | 0.88 | 0.91 | 0.95 | 1.00 | 0.94 | 0.99 | 1.03 15
0.70 | 0.75 | 0.79 | 0.85 | 0.90 | 0.95 | 0.94 | 0.98 | 1.03 | 0.96 | 1.01 | 1.06 20
0.79 | 0.85 | 090 | 092 | 0.97 | 1.01 | 0.98 | 1.03 | 1.07 | 1.00 | 1.05 | 1.09 30
0.89 | 093 | 097 | 096 | 1.01 | 1.05| 101 | 1.06 | 1.10 | 1.03 | 1.08 | 1.12 40
0.94 | 098 | 1.02 | 1.00 | 1.04 | 1.08 | 1.04 | 1.08 | 1.12 | 1.06 | 1.10 | 1.14 50
098 | 1.02 | 1.05|1.02 | 1.06 | 1.10 | 1.06 | 1.10 | 1.14 | 1.08 | 1.12 | 1.15 60
103 | 107|110 | 106 | 1.10 | 1.13 | 1.09 | 1.13 | 1.17 | 111 | 1.15 | 1.18 80
107 | 110|113 109|112 116|112 116|119 | 113|117 | 120 100
110 | 113 | 115|111 | 115|118 | 1.14 | 118 | 1.21 | 1.15 | 1.19 | 1.22 120
112 | 115 | 117 | 113 | 117 | 112 | 1.16 | 1.19 | 1.22 | 1.17 | 1.20 | 1.24 140
114 | 117 | 119 | 115|118 | 1.21 | 1.18 | 1.21 | 1.24 | 1.19 | 1.22 | 1.25 160
116 | 1.19 | 120 | 117 | 1.20 | 1.23 | 1.19 | 1.22 | 1.25 | 1.20 | 1.23 | 1.26 180
118 | 1.21 | 122 | 118 | 1.21 | 1.24 | 1.21 | 1.24 | 1.26 | 1.21 | 1.24 | 1.27 | 200
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