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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Design Method and Requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4-6 Design of Beam.

4.7 Design of Two Way Rib Slab.

4-8 Design of Combined Footing.

4-9 Design of Stair.

4-10 Design of Column.

4-11 Design of Shear Wall.

4-12 Design of Isolated Footing.

4.13 Design of Basement Wall.
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Chapter Four Structural Analysis and Design

4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnelsand

others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which

can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and

specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:-

0 Lightweight concrete with unit weight from about 1500 to 1850 kg/m3.

0 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

0 Heavyweight concrete with unit weight from about 3200 to 5600 kg/ma3.
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Chapter Four Structural Analysis and Design

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

v" Strength design method:-

In ultimate strength design method, the service loads are increased by factors to obtain the load
at which failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of
this strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.

NOTE:-

The statically calculation and the key plans dependent on the architectural plans.

e Code:-
ACIl 2008
UBC

o Material:-
Concrete:-B300
fc'= 30N /mm?(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa ).
Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mmz2 (MPa)}.

v’ Eactored loads:-
The factored loads for members in our project are determined by:-

W,=12D_+16L, ACl-code-318-08(9.2.1)

VY



Chapter Four Structural Analysis and Design

4.3 Check of Minimum Thickness of Structural Member

Table4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless Deflections are
Calculated. (ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

For Rib :-

hminfor(one end continuous)=L/18.5=6.03/18.5=32.5.3cm
hminfor(both end continuous)=L/21=4.29/21=20.4cm
Take h=35cm

27 cm block + 8 cm topping = 35cm

For Beam :-

hminfor(one end continuous)=L/18.5=7.26/18.5=39.2cm
hminfor(both end continuous)=L/21=7.24/21=34.5cm
Take h =55cm

V¢



Chapter Four Structural Analysis and Design

4.4 Design of Topping

v' Statically System For Topping :-
Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Wu

V777074

40 cm

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load:-

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1 = 1.19 KN/m

0.08*25*1 = 2.0 KN/m

Table (4.2): Dead Load Calculation of Topping.

Live Load :-
L. =5 KN/m?

L, =5 KN/m?x1m=5KN/m
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Factored Load :-
Wy =1.2%x4.32 +1.6x5=13.5 KN/m

Check the strength condition for plain concrete, M, > M, where g = 0.55
My = 0.42 L \/f/ Sm (ACI 22.5.1, equation 22-2)

_ b.h? _1000.802

= =1 .67 2
S 3 3 066666.67 mm

@M, =0.55%0.42x1x/24 x1066666.67 x10~6 =1.21KN.m

2
M= W”ZL = 0.18 KN.m (negative moment)
Wy, L? ..
M, = el 0.09 KN.m (positive moment)

oM>> M, = 0.18 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACI17.12.2.1
As= pxbxhigpping =0.0018 x1000x80 = 144 mm*/m
Step (s) is the smallest of:

1. 3h =3x80 =240 mm controlACl 10.5.4
2. 450mm.

280 280

3. S :380(—) —25C, =380 (22 ) - 2.5.20 = 330mmACI 10.6.4
fs 2420

Take g 8 @ 200 mm in both direction , S = 200 MM <Syax =240 mm ... OK

1
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4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor According to ACI- (318-08) .
BW > 10CM. ..ttt ACI(8.13.2)

h<3.5%DW i ACI(8.13.2)

Select h=35cm<3.5*12= 49 cm

> /12250 <o ACI(8.13.6.1)
Select tf=8cm

s Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

s Section :-

B =520 mm

Bw=120 mm

h=350 mm

t= 80 mm

d=350-20-10-12/2= 314 m

uu il

v" Statically System and Dimensions:-

5] BS{TE0/A45) Baso3s) =

H <51 £ B3(TBO/55) : : |

g =

g

| H

Bcsz ] B2(TB055) &
*&12.3

H<oo S O Pl B1(LBOISS) = cB7 ) Gl |

Fig 4.2: One Way Rib Slab (R1)
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Structural Analysis and Design

Geometry Units:meter,cm

Bl B2 B3 B4
1 2 3
‘0.6‘ 3.78 | 0.8 | 3.5 | 0.8 | 5.33 ‘0.6‘
o 4.48 ‘ ‘ 4.3 ‘ ‘ 6.03 -
} 5. [ [ |
8.
32.
12.
A-A
Loading
load group no. 1. .
Dead load - Service Units:kN,meter
5.37 5.37 5.87
4.48 4.3 6.03
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
4.48 4.3 6.03

Fig 4.3: Statically System and Loads Distribution of Rib(R1).
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Load Calculation:-

Dead Load:-

0.03*23*0.52 = 0.359 KN/m/rib

0.03*22*0.52 = 0.229 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.27*%25*0.12 = 0.81 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.03*22*.52= 0.343 KN/m/rib

1.5*0.52=0.78 KN/m/rib

Table (4.3): Dead Load Calculation of Rib(R1).

Dead Load /rib =5.25 KN/m

Live Load:-

Live load = 5 KN/M?
Live load /rib =5 KN/m? x 0.52m = 2.6 KN/m.

% Effective Flange Width ( bg):-ACI-318-11 (8.10.2)
b For T- section is the smallest of the following:-
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be =L /4 =380/ 4=955cm
by =12+16t=12 + 16 (8) = 140 cm

be = be < center to center spacing between adjacent beams = 52 cm.

b For T-section = 52cm .

Structural Analysis and Design

Control

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3
| |
—1 [
I I
5.8 .6
20.4
33.6
| 202 2.46 | 193 2.37 3.62 ‘ 2.41
[ [ [ [ [ [ |
Shear
-28.2 -28.5 -26.7
-21. -21.3 -20.6
I I I I I I
147 14.8
20.8 22.1
30.7
38.

Fig 4.4: Shear and Moment Envelope Diagram of Rib (R1).
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v" Moment Design for (R 1):-

Design of Positive Moment for (Ribl ):-(Mu=33.6 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_7 = 350 - 20 - 10 - ? = 314‘ mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

h
Mas =0.85. f. be. hy. (d — )

80
2

= 0.85 X 24 X 520 X 80 X (314 - ) % 1076 = 232.5 KN. m

Mn>>% = 3;’—';: 37.33 KN.m , the section will be designed as rectangular section

with be =520 mm.

_ My __ 336x10°
Rn= @bd? ~ 0.9x520x3142 0.728 Mpa
m= —2 20 _ 206

T 0.85f/  0.85x24

p:1<1 _ 1 _M> :;<1 _\/1 _M> = 0.001765
m 420 20.6 420

Asreq = p.b.d =0.001765 x520x314 = 288.19 mm>

Check for As min:-

As min:E(bw)(d) ACI-318 (10.5.1)
4(fy)

J24
4(420)

As min= (120)(314) =110mm?

Y
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.14
A =——(bw)(d
s min (fy)( w)(d)

As min= % (120)(314) =125.6mm? controls

ASreq= 288.19 mm’ >Asyip= 125.6 mm*  OK

Use 2 8 14 As provided=307.9 MM*>As required=288.19 mm?”..... Ok

S— 120—40—210—(2><14) =32mm>d, =14>25 mm OK

Check for strain:-

Asfy _ 307.9x420

= - = =12.19 mm
0.85b fc 0.85X520%24
x=2 =12 _ 1434 mm
B,  0.85
= 0.003 (d _ x) = 0.003 (314 _ 14'34) = 0.062 > 0.005 0k
&= x ) 1432 )" '

Design of Positive Moment for(Rib1l ):- (Mu=5.5 KN.m)
d =h- cover - dyimps— -2 = 350 — 20 — 10 — - = 314 mm

_ M, __ 55x10°
T @bd?2 ~ 0.9x520x3142

R, =.119 Mpa

420
m= 2 — = 20.6
0.85f¢ 0.85%x24

- 1(1 _ 11 _M) - L(l _\/1 _w) = 0.000284
m 420 20.6 420

Asreq = p-b.d = 0.000284x520x314 =46.4 mm®
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Check for As min:-

As min= ‘/_ (bW)(d)ACI -318 (10.5.1)

As min= ‘/ﬂ (120)(314) =110mm°
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

As min= % (120)(314) =125.6mm* controls

Asyrequired: 125.6 mmz.

Use 2 8 10 ,As provided=_157.08 MM*>A; required=125.6_mm? ... Ok

120-40-20—(2x10)
1

S =

=40mm >d, =10 >25 mm  OK

Check for strain:-

AS.
a=—2y_ = 720 _ 699 mm

0.85b f, 0.85%X520%24
x=2 =22 — 731mm

B,  0.85

d—x 314 — 7.31
e, = 0.003 (—) = 0.003 (—) = 0.125 > 0.005 0k
x 7.31

Design of Positive Moment for(Rib1 ):- (Mu=20.4KN.m)
Assume bar diameter g 12 for main positive reinforcement

dp 12
d :h' cover - dstirrups_7 =350-20—-10 — 7 =314 mm

My 20.4x10°
@bd2 ~ 0.9x520x3142

= 0.442 Mpa

Rn=

Yy
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_fy 420
T 0.85f]  0.85x24

p:i<1_ 1_m>_ <1_\/1_w>=0.001064
m 420 20.6 420

Asreq = p.b.d = 0.001064x520x314 = 173.7 mm>

= 20.6

Check for As min:-

As min= ‘/_ (bW)(d)ACI -318 (10.5.1)

As min= \/ﬂ (120)(314) =110mm?
4(420)

As mln—'—4(bw)(d)
(fy)

As min= % (120)(314) =125.6mm?* controls

ASreq = 173.7 mm? >Aspin= 125.6 mm*0OK
Use 2 812 A provided=226.2 MM*>As required=_173.7_mm>... Ok

120-40—20—(2x12)
1

S= =36mm>d, =14 > 25 mm OK

Check for strain:-

Asfy  226.2Xx420
0.85b f  0.85x520x24

= 8.96 mm

x=2 =2%_1054mm
B,  0.85
= 0.003 (d _ x) = 0.003 (314 _ 10'54) = 0.0863 > 0.005 0k
& =Y x ) 1054 ) '

Design of Negative Moment for(Rib1 ):- (Mu=-11.9KN.m)

Assume bar diameter g 12 for main positive reinforcement

Y¢
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d =h- cover - dyimps— -2 = 350 — 20 — 10 — = = 314 mm

M, _ 11.9x10°
@bd2 ~ 0.9x120x3142

= 1.12 Mpa

Rn:

_fy 420
T 0.85f!  0.85x24

o= 1(1 _ - 2.m.Rn> _ <1 B \/1 B 2><20.6><1.12> — 0.00274
m 420 20.6 420

Asreq = p.b.d =0.00274x120%314 = 103.24 mm

= 20.6

Check for As min:-

As min= ‘/_ (bw)(d)ACI -318 (10.5.1)

\/ﬂ
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

As min= (120)(314) =110mm’

As min= % (120)(314) =125.6mm?* controls

Asyrequired: 1256 mm2

Use 2 8 12 As provided= 226 MM*>As required=125.6_mmZ... Ok

120-40-20—(2x12) _
1

S= =36mm>d, =12 > 25 mm OK

Check for strain:-

AS.
= oy 226X420 3877 mm
0.85b fc 0.85X120%x24
x=2 =337 _ 4562 mm
B,  0.85
= 0.003 (d _ x) = 0.003 (314 _ 45'62> = 0.0176 > 0.005
&= T x ) 4562 ) '
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Design of Negative Moment for(Rib1 ):- (Mu=-25.4KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dgimps— -2 = 350 — 20 — 10 — = 314 mm

_ M, 254x10°
Rn= @bd? ~ 0.9x120x3142 2.39 Mpa
420
=L = 20.6

m= = =
0.85f,  0.85x24

p= 1(1 _ 1 _M> = L(l _\/1 _w> = 0.006069
m 420 20.6 420

Asreq = p.b.d =0.006069 x120%314 = 228.71 mm?

Check for As min:-

As min= i (ow)(d) ACI-318 (10.5.1)
4(fy)

J24
4(420)

As min= (120)(314) =110m?

.14
A =——(bw)(d
s min (fy)( w)(d)

As min= Al,_;) (120)(314) =125.6mm” controls

ASreq = 228.71 mm? >Aspin= 125.6 mm?OK
Use 2 814 A provided=_307.9 MM*>A required=228.71 mm?... Ok

S = 120—40—210—(2><14) =32mm > d, = 14 > 25 mm OK

Check for strain:-

_ Asfy _ 307.9%x420
0.85b f  0.85X120x24

=52.82mm
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x=2 =228 _ 65 15mm
B,  0.85
= 0.003 (d_x) =0 (314_62'15) =0.0176 > 0.005 0k
& =Y - 6215 ) '

v" Shear Design for (R 1):-

V, at distance d from support= 30.7KN

Shear strength V., provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

Ve =%\/ﬁbwd = %\/24 X 120 x 314 x 1073 = 33.84 KN

2V =0.75x33.84 =25.38 KN
0.58V:=0.5x25.38 =12.69 KN
050V <V <8V,

V> 2V,

for shear design, shear reinforcement is required (4,,),
Vsmin =—+/f/bwd > = bwd
Smm —E f;- w = 5 w
Vs min=—-24 120 * 314 = 11.54 KN
Vsmin =5 bw d=2+ 120 * 314 = 12.56 KN

(Ve+Vsmin)= 0.75(33.84+12.56)=34.8 KN

Yv
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gV <VU <@ (Vc+VSmin)

25.38 < 30.7 <34.8

for shear design, minimum shear reinforcement is required (4, ), Reinforcement.

Use stirrups (2 leg stirrups ) g 8@150 mm , A, = 2 x 50.24 = 100.5 mm?

1 7 bws 1 bys
AVmin 16 V fé fyt = 3 fyt

AVnin=100.5 :11—6@ 222005 S s =1.145m
1005 =1 2% ¢ — 1.055m
3 420

S max—»% = 157mm

S max —»<600mm

Take (2 legstirrups) g8 @ 150 mm

_ 2%503
V" 015

= 670.67 mm*/Mgyip

eDesign of flexure of beam (27) :-

Design of positive moment of beam (27}

D=66 L=34.3
Material :-
concrete B300 Fc' =24MPa

Reinforcement Steel fy = 420MPa
Section :-

Rectangular section B=80 cm h =35cm
YA
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Figure (4.5) : Beam Geometry.
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-332.6
-286.7 -285.6 —2G0.5

-216.3 -225.4

Figure (4.6) : Moment and Shear Envelop for Beam

eDesign of flexure of beam (27) :-

-Design of positive moment of beam(27)

1) Maximum positive moment Mu =205.9 KN.m

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

A\
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=350 — 40 10 -22—52287.5 mm.

Maximum positive moment Mu ®) =205.9KN.m

o My 2059x10°
"= 0bd?z T 0.9x 800 x 28752 U oMPe
fy 420

=20.6.

m= - =
0.85f]  0.85x24

o= 1(1 _ 1 _M> - L<1 - /1 _M> =.00905.
m 420 20.6 420

As=p.b.d=0.00905 x800x287.5=2083.72mm?.
Check for A min.

Asmin =025 d>1p g
Iy fy

A min =0 .25%800 X 287.5 = 670.69 mm?2

Asmin =— 800 X 287.5 = 766.6 mm? Control .
420

As min=766.6mm?< A;=2070.96 mm?
Use7@20Bottom. As,provided =2199.1 mm2>As,required =2083.72 mm?2. Ok

Check spacing :

800—40%2—20—(7%20)

S= - =9%4mm >d, =20>25......cc. ... OK
Check for strain:

AS.

_ Asry _ 2199.10x420 _ cocg o

0.85b f/ ~ 0.85x800x24
=2 =35 _ 6658 mm

B, 85

= 0.003 (d _ C) = 0.0 (287'5 _ 66'58) = .0099 > 0.005 0k
&= c ) 66.58 al '
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2) Positive moment Mu ) =194.2 KN.m.

M, 194.2x10°
~ @bd?2 "~ 0.9 x 800 x 287.5 2

Rn = 3.26Mpa

1 420
m= Y 7 =
0.85f; 0.85%x24

p=—(1- [1-2REn) - L (g [ Z200821) _ g 0g50,
m

420 |~ 206 420

= 20.6

As = p.b.d = 0.00850x800x287.5 = 1955 mm?®.
Check for A min.

1.4

hu-d

Asymin :0.25 @ bW' d 2
y

Asmin =0.25 322 800 x 287.5 = 670.69 mm?

As min =800 X 287.5 = 766.6 mm? Control.
420

As min=766.6 mm?< As =1955 mm?
~Use7 g20Bottom. As,provided =1527 mm2>As,required =1955 mm2. Ok

Check spacing :

800—40%2—20—(7%20)

S= ” =94mm>d,=20>25........cc.c..... OK
Check for strain:
_ Asry = 1936.95%420 _ oo

0.85b fc 0.85X800x%x24
c=2 =323 _ 6658 mm

B,  0.85

= 0.003 (d _ C) = 0.003 (287'5 _ 66'58) = 0.0099 > 0.005 0k
& = c )77 66.58 - '
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3) Positive moment Mu® =67.9KN.m

oM, 67.9 x 10°
~ @bd?2 "~ 0.9 x 800 x 287.5 2

Rn =.1.14Mpa

1 420
m= Y 7 =
0.85f; 0.85%x24

p=—(1— [1-2mfn) _ L (g [q_2200A4) 027940,
m

420 |~ 206 420

= 20.6

As=p.b.d=0.002794x800x287.5 = 642.788mm?>.
Check for A min.

1.4

hu-d

Asymin :0.25 @ bW' d 2
y

Asmin =0.25 322 800 x 287.5 = 670.69 mm?

As min =800 X 287.5 = 766.6 mm? Control.
420

As min=766.6 mm*> A, =642.788 mm?
~Use 4 gl6Bottom. As,provided =804.2 mm2>As,required = 638.48mm2. Ok

Check spacing :

§ =M 2 = 2133 mm > dp = 16> 25 . OK

Check for strain:

AS.
_ Asry = 804.2X420 _ 54 cq o
0.85b fc 0.85X800x%x24
c=2 =81 _9434mm
B,  0.85
= 0.003 (d _ C) =0 (287'5 _ 24'34) = 0.032 > 0.005 0k
& =Y c )T 2434 - '
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Design of negative momentof beam (27)-

Negative moment Mu® = 286.7KN.m.
M, 286.7 x 10°

Rn = _ = 4.81M
"= 3bdZ 0.9 x 800 x 287.52 pa
m=-—2_ = %20 _ 0.
0.85f/ ~ 0.85x24
1 2m.Rp _ L _ _ 2%20.6%4.81
p‘%(“ 1- 420 >_20.6<1 1 420

As = p.b.d = 0.013x800%x287.5 =2990 mm?.

Check for A min.
s,min ZO-ZSEbW- d > ﬂbw. d
’ fy fy

As min =0.25%800 x 287.5 = 670.69mm?

As min =——=800 X 287.5 = 766.6mm? Control.
! 420

As min= 766 mm?< As = 2990mm?
Use 10920top .

As,provided= 3141.6 mm2>As,required = 2990mm2.

Check spacing :

800—40+2-20—(10%20)
. =

S =

Check for strain:

A

56 > dp =20 > 25 eeveos e e

Structural Analysis and Design

) = 0.013.

Ok

OK
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AS.
— fy = 3141.6X420 — 8083 mm
0.85b fc 0.85x800x24
c=2 =88 _9511 mm
B,  0.85
= 0.003 (d _ C) = 0.003 (289'5 _ 95'11) = 0.00613 > 0.005 0k
&= T c )" 95.11 - '
Negative moment Mu ) =225.4
R — M,  225.4x10° 3.78M
"= 0bdZ_ 0.9x800x28952 > /oMpa
m=_r_—-_40 _906.

T 085f. 0.85x24

1 2mR,\ _ L _ _ 2+20.6+3.78 |
p= Z(l - 11— W) = 206 <1 1 —420 ) =0. 00902Mpa

As=p.b.d =0.00902x800x287.5 =2074.6 mmZ.

s,min :O_ZSEbW_d = Ebw.d
’ fy fy

A min =0. 25%800 x 287.5 = 670.69mm?

Asmin =- 800 X 437.5 = 766.6mm? Control.
Asmin= 766.6 mm?< A = 2074.6

As,provided= 3141.6mm2>As,required = 2074.6mm2. Ok

Check spacing :
800—40%2—-20—(10x20)

S = 5 =56>d,=20>25.................. OK
Check for strain:

AS.
a= fy _ 3141.6%x420 — 80.85 mm

T0.85b f. ~ 0.85x800x24
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a 80.85
C—‘B—l—m—gs.ll mm
—ooos(d_c>—o003(287'5_95'11)—0006>0005 0k
& =0 c ) 95.11 e '

eDesign of shear:-

1) Vu=-317.3KN .

fé
¢Vc:¢*£*bw*d

=0.75* ‘/%_4 *0.8*0.2875 * 10° = 141.82 KN.

— Check for cases:-

3-Case 3 :pV< Vy < dVe+ OVSnmin
PVSmin > = \[FZ * by * d = 2224 * 0.8 *0.2875* 10° =53.18KN.

> %* bw*d= 0'3—75 * 0.8 * 0.3375% 10°= 57.9KN.......... Control.

VS min = 57.9KN.
Ve + GVS min = 141.82+457.9=199.72 KN.

-OVe< V, < (1)VC+(§ *\/E * by *d)
=141.82<317.3< 199.72
Case 4 :-

vy = 2/fc'b, d =2V24 + 750 x 489.5 =378.2 KN

D(Ve + Vsmin) < vy < O(ve + vyr)
0.75(189.1+ 57.9)<317.3< 0.75(189.1 + 378.2)
199.72<317.3<425.47............. ok
shear reinforcement are required .

As =314.

Vi=V,—V,= %-189.1=233.96KN

1
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Apfyed 314 %420 % 287.5

S = = 163.18 trol
Vs 233.96 * 1000 mm (control)
d 2895
Smax < E = _2 = 144.75 mm O Smax < 600 mm

~Use4leg ® 10 @ 150 mm.
4.8 Design of two way ribbed slab (R24)

4.8.1 Minimum thickness (deflection requirements): Assume the thickness for the
ribbed slab=32

-Beams that have a rectangular section of 80 cm width and 80 cm depth:
L bxh® 0.8%0.8
PT o122 T 12
-Beams that have a rectangular section of 60 cm width and 80 cm depth:
- bxh® 0.6%*0.8°
PT 12 T 12

= 3413333.333 cm*

= 2560000 cm*

-The moment of inertia for the ribbed slab:

_ 40*8*4+32*12*16_1055
Ye= T a0x8+432+12  20m

10.553 2.553 21.453

o 40 * + 12 * = 59609cm* =

Irib = 52

Yv
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Short directionl = 10.92m = 1092 cm

Long directionl = 14.79 m = 1479cm
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I, 2560000

=L 22 579
%4 = 1. T 916488375

_ (4754336 + 4.75 + 2.79)
N 4

Uy, =3.91> 2.0

The minimum slab thickness will be:

£ 420
_ L,(0.8 + ?3(;0 B 14790 = (0.8 +—)

36+98  36+9+« T35 = 33788m
h =337.88cm > 32 cm -not OK
Take slab thickness 50 cm
et =520 mm bw =120 mm hi=80 mm

h =500 mm

4.8.2 Load calculation:

For the two-way ribbed slabs, the total dead load to be used in the analysis and design is
calculated as follows:
Table (4-4) Calculation of the total dead load for two way rib slab

No. | Material Qualth%/[;;agnsny Calculation

1 Topping 25 0.52x0.52x0.08x25 = 0.541

2 Rib 25 (0.4+0.52)0.42x0.12x25 = 0.1.134
3 Sand 17 0.52x0.52x0.07x17 = 0.321

4 Mortar 22 0.52x0.52x0.03x22 =0.178

5 Tile 23 0.52x0.52x0.03x23 =0.186

6 Plaster 22 0.52x0.52x0.03%22 =0.178

7 Partitio 1 1.5%0.52*.52 = 0.406

Y= |2944 | KN/unit

Y4
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Dead Load of slab:

2.923

_ _ 2
= 052% 052  L[0-88KN/m

DL
wp = 1.2 % 10.88 = 13.6KN /m?*
LL = 5 KN /m?

w, = 1.6 x5 =8KN/m?

w=13.6 + 8 = 21.6 KN /m?*

4.8.3 Moments calculations:

Ratio=10.92/14.79=0.75

Ma = Cawla®’bfandMb = Cbwlb?*bf

Structural Analysis and Design

52 cm

52cm

-

R

40 em —=

12em
S Wy

— 40 cm

12 em

40 em

40 cm

Fig.(4.8): Two way ribbed slab
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-Negative moment

Cameg = 0.085
Cpneg = 0.085

M ey = (0.085 % 21.6 * 10.922)  0.52 = 113.9KN.m
Mp ey = (0.085 % 21.6 x 14.792)  0.52 = 208.8 KN.m
-Positive moment
Cappos = 0.033
Cop,pos = 0.007
Carpos = 0.047
Chrpos = 0.023
M pos ariy = (0.033  13.6 + 10.92% + 0.0.047 % 8 x 10.922) » 0.52 = 51.147 KN.m
My pos arsiy = (0.015 % 13.6 * 14.79% + 0.022 = 8 x 14.792) « 0.52 = 30.93KN.m

Design of positive moment
- Short direction (Mu = 51.147 KN.m)
bf = 520mm

Assume bar diameter (114 for main positive reinforcement.

, d, 14
d = h — cover — dstirrups — 5 = 500 —20 - 10 — -5 = 463 mm.

M, 51147 x 10

_ _ = 0.509 MP
0bd? 0.9 X 520 x 4632 a

Ry

_ fy 420
©0.85fc’ 0.85%24

- i<1 _ - 2.m.Rn> _ L<1 _ Jl _ 2><17.56><0.5093) — 0.001227
m 420 20.6 420

&)

= 20.6

m
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As = p.b.d =0.001227 x 520 X 463 = 295.51 mm?

CheckforAs, min..

, NI 1.4
As,min = 0.25 b,*d =—»b,, *d
fy fy

120 X 463 = 127.37 mm?

V24
A in = 0.2
s,min = 0.25 = 220

1.4
As, min = 220" 120 X 463 = 145.6 mm? ..... Control.

e As,required = 295.51 mm?>As, min = 145.6 mm?  (0K)
Use 2014, with As = 307.9mm?>4s, required = 295.51mm?

Check for strain: (¢, = 0.005)
Tension = Compression

As x fy =085 f/ *b *xa
307.9% 420 = 0.85 * 24 x 520 * a

a =12.19mm
a 1219 .
X=—==——=1434mm
B 0.85
— X
£s = 0.003 * (—)
=0.003 + (*22) = 0.09 >0.005 = ¢ =09 ... OK.

- Long direction (Mu = 30.93 KN.m)
bf = 520mm

Assume bar diameter (114 for main positive reinforcement.

, d, 14
d = h — cover — dstirrups — 5 = 500 —20 - 10 — -5 = 463 mm.

&y
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M, _ 3093x10°
T @bd? ~ 0.9 X 520 X 4632

R, = 0.308 MPa

_ fy 420
~0.85fc’ 0.85%24

o= 1(1 _ 11 _m> - L(l _\/1 _M> = 0.000738
m 420 20.6 420

As = p.b.d =0.000738 x 520 X 463 = 177.911 mm?

= 20.6

m

e CheckforAs, min..

, NI 1.4
As,min = 0.25 b, *d =—»b,, *d
fy fy

4
120 X 463 = 127.37 mm?

A in = 0.2
s,min =0 5*420

4
As, min = 0 120 X 310 = 145.6 mm? .....Control.

e required = 93.26 mm? > As,min = 145.6 mm?>A4s,
° (0K)
Use 20312, with As = 226.2mm?>Asmin = 145.6mm?

Check for strain: (¢, = 0.005)
Tension = Compression

As + fy = 085 * f/ b * a
226.2« 420 = 0.85 * 24 * 120 * a

a = 8.95mm

_a 8.95_1053
x_,31__ ogc — 10 mm

¢y
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5
463—10.53
10.53

& = 0.003 * (

=0.003 « )=0.128 >0.005 = ¢ =09 .. OK.

Design of negative moment ( Mu = 105.097 KN.m)
bf =120mm

Assume bar diameter [114 for main positive reinforcement.

) dp 14
d = h — cover —d.stirrups —— =500 - 20 — 10 — — = 463 mm.

2 2
p M, 10597 x10° L53MP
nT BbdZ 09 x120 x 4632 a
420
m=_1Y =206

~085fc  0.85«24

o= 1(1 R _ﬂ> _ L(l ‘\/1 _M> — 0.0223
m 420 20.6 420

As = p.b.d =0.0223 x 120 X 463 = 688.26 mm?

e heckforAs,min..

1.4
b, *d >—»b,, *d
fy

As,min = 0.25 >
fy

120 X 463 = 127.37 mm?

] V24
As, min —O.25>l<420

1.4
As,min = 220" 120 x 310 = 145.6 mm? ..... Control.

e As,required = 688.26 mm?>As, min = 145.6 mm?
. (0K)

£¢
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Use 2022, with As = 760.3mm?>A4s, required = 688.26 mm?

Check for strain: (e = 0.005)
Tension = Compression
As * fy = 085 f) * b x a
760.3x 420 = 0.85 * 24 = 120 * a
a =130.44 mm
_a  130.44
B 0.85

d—x
x )

463—-153.46
153.46

= 153.46 mm

X

& =10.003 * (

=0.003 *( ) = 0.00605 > 0.005 -~ ¢ =0.9 ... OK.

4.8.4 Check shear strength:
W, = 0.94
W, = 0.06
Short direction

0.52
Aug, = 21.6 ¥10.92 x 14.79 * 0.94 x ———— = 57.64 KN

2 x14.79
Vu= Au, —W * 052« Wa = 27 —21.6 x 0.52 * 0.463 = 52.446 KN
: 0.75
PV, = 1.1+% xy/fc'xbwxd=1.1x * V24 %120 * 463 = 37.43 KN

1
I, = 52.446 > E* ¢b*V, =3743KN ... Not OK

¢o
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Case 2

1
SHOV <K< OV,

1
SV, =1871KN <V, = 52446 KN < ¢ » V, = 3743 KN - OK

not OK
Provide shear reinforcement
Case 4 :-

vy = 2/fc'by, d =2V24 + 120 x 463 =90.73 KN

@(vc + Us,min) <y = Q(Uc + vs’)
0.75(299.8+ 122.4)<380.6< 0.75(299.8 + 599.5)

316.7 <380.6 <674.5

shear reinforcement are required
Use 2 leg @ 8

As =100.5 mm?

V= V,—V, = 5§"7“5‘6 — 49.9= 50.99 KN

Ayfyed  100.5 * 420 * 463
vs  50.99%1000

463
2

= 244.8mm control

N

or Smax < 600 mm so

Use 2 leg ® 8 @100mm

A



Chapter Four Structural Analysis and Design

4.12 Design of combined Footing

<+ Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :- (From Column Groupc32,31)

v" Footing Dimension :-

P=538.6+325+420+176=1459.6

YM=0, (538.6+325)*1.56-1450.6xX =0 X=386+329156 _ ) g9

1459.6

1166.32 KN 785.6 KN

: )

0.4

0.73 1.56 0.81

3.1

1459.6 KN

Fig 4.9 :Foot Section.
2
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Allowable Bearing Capacity = 400Kn/m2

Assume h =40cm
v" Area of Footing :-

Pt 14596

— 2
200 3.649m

A=

qnet—allow

Assume square footing B=3.1m

v’ Bearing Pressure :-

P.1 = 1.2(538.6)+1.6(325) = 1166.32Kn/m?
Pu2 = 1.2(470)+1.6(176) = 785.6Kn/m?

P, = 1166.32+785.6= 1951.92 Kn/m?

_1951.92
T 3.1#3.1

= 203.11Kn/m?

¢A

Structural Analysis and Design
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1166.32 KN 785.6 KN

v v

1.56 0.81

3.1

203.11*3.1=629.64 KN/m

Fig 4.10 :Foot Section.

510.0

707.94

Fig 4.11 :Foot shear and moment diagram.

€9
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v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume h = 40cm , bar diameter g 14 for main reinforcement  and 7.5 cm Cover
d=400-75-14 =311 mm

Vu =1166.32-203.11 * 3.1 = (0.478 + 0.5 + 0.311) = 354.75

Vu = 785.6-203.1 * 3.1(0.56 + 0.5 + 0.311) =77.63Kn

#VC =¢%*1/fc'*bw *d

pNVc = 0.75*%* 24*3100*311=590.38Kn

¢Vc =590.89KN >Vu = 354.75Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu =Pu-FR,

FR, =q, *area of critical section

Vu =1166.32-(203.11*3.138) = 493.25Kn

The punching shear strength is the smallest value of the following equations:-
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1(, 2\ [
¢'Vc _¢€[1+FCJ\/?bod
AV, :¢.é[ % +2Jﬁbod

b, /d
¢'Vc = ¢§ \ fc'bod
Where:-

Column Length (a
Be = _g ()=@=1.43
Column Width (b) 35

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

b, = 2*(478+0.50+.311/2) + (0.56 +.311) = 3.138m

%s =30 for edge column

Ve =g 21+ 2 1. bod =%*(1+ij* 24*3138*311=1386.4Kn
6" 5 6 1.43

1(ayd ' 0.75,(30*611
Ve =¢—|——+2}f bd=—""%* +2 |*4/24%3138*311=234307.Kn
Pe ¢12[ b, j T 12 [ 3138 j

CONTROL
PN =¢-%\/ fc'bod =%* 24*3138*311=1195.2Kn

DV =2343.07Kn>Vu=493.25Kn ....safe .

o)



Chapter Four Structural Analysis and Design

3- Design of Bending Moment in the longitude direction :-

Design for maximum moment (midspan)

Mu=-396.44

M, _ 396.44x10°

R.— —
"™ @bd2 T 0.9x3100x3112

= 1.469 Mpa

420
m= 2 = = 20.6
0.85f ~ 0.85x24

o= l<1 - 2.m.Rn> _ L<1 B \/1 _ 2><20.6><1.469> _
m 420 20.6 420

Asreq = p.b.d = 0.00363x3100x311 = 3505.16 mm?

Aq min = 0.0018*3100*400 = 2232 mm®
A req = 3505.16mm?

Check for Spacing :-

S =3h =3*60 = 180cm
240

S = 380%( o) ~2.5*75=192.5¢m

2
— %
3
S=45¢cm ......... is control

Use 825@125, As provided=_3926.9MmM*>As required= 3505.16mm?... Ok

Design of Bending Moment in the transverse direction :-
d =400 - 75 — 2= 318 mm

2

For column 1

oy
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1166.32
31 3.3 0.5

Mu= —2— « (7 _ 7) = 263.36kn.m

0.318

Band widthunder column 1 is (c+d):(0.478+0.5+T):1.137

Take Band Width=1.2m

_ My __ 263.36x10°
@bd?  0.9x1200x3182

Ry = 2.41 Mpa

420
m= 2 = = 20.6
0.85f, ~ 0.85x24

o= 1(1 - Z.m.Rn> _ L<1 B Jl B 2><20.6><2.41> _
m 420 20.6 420

A req = p.b.d =0.006127x1200%318 = 2338.06 mm?

As,min = 0.0018*1200*400 = 864mm?
A eq2338.06mm?
Use 820@125, As provided= 2513.27MmM*>As required= 2338.06mm>... Ok

For column 2

785.6
33 05

Mu= 2L« (7 - 7) = 177.39%kn.m

Band widthunder column 2 is (c+d)=(0.5+0.318)=0.818
Take Band Width=1.0m

_ My __ 177.39x10°
" @bd2  0.9x1000x3182

= 1.949 Mpa

Rn

420
m= 22 = = 20.6
0.85f,  0.85x24

oy
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o= i<1 _ - 2.m.Rn> _ L<1 _ \/1 _ 2><20.6><1.94-9> _
m \I 420 20.6 420

Asreq = p.b.d = 0.004886x1000*318 = 1556.87 mm’

Asmin = 0.0018*1000*400 = 720 mm?
A req = 1556.87mm?
Use ﬂ16@125, Aq!provided: 160849mm2>Aq,requ|red: 155687.-. Ok

Provide 14@150 for Temperature and shrinkage

4-9 Design of Stair

[ E— /
. %
CO b b e
DL s
ﬁ/? o
>
ol I LM
ol | 5| o
E| o
N L |
R N-m
P o
i3
7
139 3.3 0.4
7 7 77

Fig 4.12: Stair Plan.

o¢




Chapter Four Structural Analysis and Design

<+ Material :-
= concrete B300 Fc' = 24N/mm?

= Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight :-

v" Determination of Thickness:-

hmin = L/20

hmin = 451/20 = 22.5 cm

Take h =25 cm

The Stair Slope by 6 = tan™(17/ 30) = 29.56°

v" Load Calculation:-

@ﬂIZ@ZO

Dot zaan

)
| S—
e
@12@20
(Ew12020
[ Gerzazo
\Qusanzz o\ Darsazo
1.39

{ &% Commumic:

Fig 4.13: Stair Section.

00
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Dead Load For Flight For 1m Strip:-

Structural Analysis and Design

No. | Parts of Flight Calculation

1 | Tiles 23*0.03*1*(0.35+0.17/0.3 ) = 1.196 KN/m
2 Mortar 22*0.03*1*(0.3+0.17/0.3 ) = 1.04 KN/m

3 Stair 25*0.5*%0.17*1 = 2.13 KN/m

4 |R.C 25*0.25*1 / cos 29.56 = 7.18 KN/m

5 Plaster 22*0.03*1 / cos 29.56° = 0.759 KN/m

Sum

12.94 KN/m

Table (4.5): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5*1 =5 KN/m

Factored Load For Flight :-

Wy = 1.2 x12. 94+ 1.6x5 =23.53 KN/m

v" System of Flight:-

1. Design of Shear for Flight :- (Vu=38.82 KN.m)

Assume bar diameter g 1¢ for main reinforcement

d =h- cover—%z 250—20—12—4: 223 mm

o1
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Ve==\fc'b, d = =VZ& x 1000 * 223 = 182.1 KN

6

® V.-0.75*182.1 = 136.56KN > VVu = 38.82 KN...... No shear reinforcement are required

2. Design of Bending Moment for Flight :- (Mu=63.47KN.m)

My 63.47x10°
@bd?  0.9x1000x2232

= 1.42 Mpa

Rn

420
m= 2 = = 20.6
0.85f ~ 0.85x24

o= 1(1 _ 11 _m> _ L<1 _J1 _M> = 0.0035076
m 420 20.6 420

Asreq = p.b.d = 0.0035076x1000x223= 782.2 mm?
As min= 0.0018*1000*250= 450 mm?
ASreq =782.2 MM*>A, =450 mm’......... is ok

Check for Spacing :-

S =3h=3*250 =750 mm

S =450 mm
S=380(280/(.66*420))-2.5*20=330 mm
S=380(280/(.66*420))=300 mm

S=300 mm ......... is control

Use g14 @ Zoomm y AS provided= 923.4mm2>As‘required= 7822mm2... Ok

Check for strain:-

ov
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_ Asfy  923.4x420

= - = = 19.01 mm
0.85b f/  0.85x1000x24

a 19.01
c=—=——=224mm
B, 085

d—c 223 — 224
& =0.003(——) =0.003(———=——] = 0.0267 > 0.005 ...... 0k
c 22.4

Parts of
No. Landing Calculation
1 Tiles 23*0.03*1= 0.69 KN/m
2 Mortar 22*0.03*1=0.66 KN/m
4 R.C 25*0.25*1=6.25 KN/m
5 Plaster 22*0.03*1= 0.66KN/m

Sum 8.26KN/m

Table(4.6)Dead load calculation of landing

3. Lateral or Secondary Reinforcement For Flight :-

As reqg= Asmin =0.0018*1000*250 = 450 mm?

USE 012@ 200 mm , As provided= 565m2>As’required= 450mm2.-. Ok

Design/ of Landing :- (For First One Meter)

Determination of Thickness:-

hmin = L/20

oA
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hmin = 3.25/20 = 16.25 cm

Takeh=25c¢c

v" Load Calculation:-

Dead Load For Landing For 1m Strip:-
Live Load For Landing For 1m Strip = 5*1 =5 KN/m

Reaction From Flight:-

W\ =38.82/1.48=26.23 KN/m

Factored Load For Landing :-
Wy = 1.2 x8.26+ 1.6x5=17.91KN/m

v" System of Landing:-

e loads - Service Load factors: 1.20,1.20/1.60,0.

AR R R RN ™ S T T S R
-------------ﬁ_------------
o e b ]

1.48 0.3 147

Fig 4.14: Statically System and Loads Distribution At First 1m 0f Landing
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Chapter Four Structural Analysis and Design

MOMENTS. Spans 110 |

Shear

Fig 4.15: Shear and Moment Envelope Diagram At First 1m of Landing.

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—bz 250—20—12—4= 223 mm
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Ve=2y/fc'b, d == —V24 %1000 * 223 = 182.1 KN

®* V.-0.75* =136.56 KN>Vu =KN...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=52.2 KN.m)

Assume bar diameter g 12 for main reinforcement

d =h- cover —dz—” — 250 — 20 —12—4 — 223 mm
M, __  522x10°

~ @bd?2 ~ 0.9x1000x2232

R, = 1.17 Mpa

420
m= 2 = = 20.6
0.85f, ~ 0.85x28

p:1<1 _ 11 _M> :;<1 _\/1 _w> = 0.002871
m 420 17.65 420

Asreq = p.b.d =0.002871x1000x223 = 640.14 mm®
As min =0.0018*1000*250 = 450 mm?
As,req = AYY oA mm2

Check for Spacing :-

S =3h =3*250 =750 mm

S =450 mm
S=380(280/(.66*420))-2.5*20=330 mm
S=380(280/(.66*420))=300 mm

S=300 mm ......... is control

Use g14@ 225 mm y AS provided= 7697 mm2>As‘required= 64014 mmz... Ok

Check for strain:-

_ Asfy _ 769.7x420

= - = = 15.85 mm
0.85b !~ 0.85x1000x24

a 1585
c=—=——=18.6mm
B, 0.85

1)
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d—c 223 —18.6
& = 0.003(——) =0.003{———=——) = 0.0329 > 0.005 ...... Ok
c 18.6

1- Lateral or Secondary Reinforcement For Landing :-
As req= Asmin =0.0018*1000*250 = 450mm?

USG ﬂ\ Y@ 200 mm y Aslprovided: 565 mm2>AS‘required: 450 mmz... Ok

1,39 <
Section A-A B=59
9 N . T1=72
&Tio100 © 7 &@‘2’0 Qbfﬁ #12@20
81 2@20 a® %
89 _
gt _80 BL=100 @
@p1-90 gL 612820
012@20
BL=170
#14@20
50
21 012020 L=121
50

Fig 4.16: Stair Reinforcement.
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4.10 Design of Column

«» Material :-

= concrete B300
= Fc' =24 N/mm?

= Reinforcement Steel  Fy = 420 N/mm?

v Load Calculation:- (From Column Group H)

Service Load:-

Dead Load = 3166.1KN
Live Load = 1170KN

Factored Load:-
Pu=1.2 x3166.1+ 1.6x 1589.22=5311.32KN

v Dimensions of Column:-

Assumepg =0.01
$*Pn=0.65x 0.8x Ag {0.85 fc (1- pg) + pg * Fy}
5611.32*1000=0.65x 0.8x Ag{0.85*24 (1-0.02) +0.02* 420}
Ag=380071.85 mm?2

Try h=600mm

b=600mm

ay
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v" Check Slenderness Parameter:-

ﬁ < 34—12ﬂ <40
r M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.

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

Lu=3.5m
M1/M2 =1
K=1 for braced frame.

e about X-axis (h=0.6m)

m < 34—12m <40
r M2

1x35
0.3x0.6
Column Is Short About X-axis

=19.44<22

e about Y-axis (h=0.6m)

m < 34—12ﬂ <40
r M2
1x3.5

0.3x0.6

Column Is Short About Y-axis

=19.44< 22

¢

Structural Analysis and Design

For rectangular section
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5611.32*1000= 0.65X 0.8 x 360000{0.85* 24 (360000 As) + As * 420}

As=8626.12mm?
29 =As/ Ag =0.02

Use20d25 with As=9818mm?

v" Design of the Stirrups:-

Use @ 10 for ties
The spacing of ties shall not exceed the smallest of :-
spacing<16xd, =16x18.0=28.8cm

spacing<48xd, =48x1.0=48cm
spacing < leastdim =50cm

UseglO@20cm
\ Il
£ %
g a|s
£ 3 2 De10820
» B A 52/ -
< | (Zw10820
n ‘ T T =144
[fa]
o
S E|E 8 52| |52
£l u|e
@ 2@
sg 20825 e
EEI@ —
o
E‘; Section
B
H
5|8
: 38
e
Org- HE
Group H

Fig 4.17: Column Reinforcement
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4.10 Design of Shear Wall

shear &moment diagrammes

87.74
109.97

35

49.36
173.38 84.66
39.82 179.6
177.06 e
shear diagramme moments d Bgramme

% Material and Sections:- (From Shear Wall 33)

= concrete B500 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=30cm

= Shear Wall Width Lw=3.85m

= Shear Wall Height Hw=18.4m
S
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v" Design of Horizontal Reinforcement:-

D Fx=Vu=177.0659 KN

The critical Section is the smaller of:

M=E=1.75m
2 2
h7VV=18—'4:9.2m

storyheightHw) =9.2m........ Control

d=08xLw=0.8x3.5=2.8m

5 1A
OVmax = Q)g\/fc hd
= 0.75 x 0.83 * V24 x 250 * 4600 = 3507.056 KN >V,, = 177.0659KN

I is the smallest of :

1 -V, = =/f'hd = =VZ& * 300 4600 = 1126.76......... Control
N,d
2— V. =027/f hd + 4’1‘ = 0.27v/24 * 300 * 4600 + 0 = 1825.35KN
w
L (0.1 +0.2:2%)
3V, =|0.05/f + | hd = 3239.41KN neglected

vy 2

363.1 -179.602 M, —179.602
= = M, = 267.77KN.m

3.85 - 3.6—-1.75
M, L, 26777 35 03 locted
V. 2 177.0659 2 eommnegrecte

Vc=1126.76KN

1 .
5(25 * vc < vu No need reinforcement
%
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v" Design of Vertical Reinforcement:-

o [0.0025 + 0.5 (2.5 - ) (222 — .0025) ] 250

Lw/ \Sp*h

AS— - [0.0025 +05 (2.5 - ﬂ) ( 7 _ 0.0025)]*250

3.5 200%250

Ay
2 —0.7
S 0.736

Select 10 in Two Layer

_ 2xmx10?

Ayp = =157 mm2

7
= 0.62137
s 0.621375

Sy=252 mm

- Maximum spacing is the least of :

L?W: igoo = 1166.6 mm

3*h = 3*300 = 900mm

. Control

Use ¢ 10/200 mm for two layers

v" Design of Bending Moment:-

~ (3500

st = 200)>f<2>|<79=2765mm2

TA
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A 2765  \ 420
w=( “)fy—( ) — 0.0553

L,h) .~ \3500 * 250/ 24
Py
a=——2t_=0
Lyhfe
c w+a 0.0553 + 0

l, 2w+ 0858, 2%0.0553+ 0.85 *0.85 0.0

B, ¢
oM, =@ lO-SAstfylw(l + Astfy)(l B le)l

0.071
=09 [0.5 * 2765 * 420 * 3500(1 + 0) (1 — T)] = 1764.1 KN = 267.77KN.m

Mub=Mu-@Mn=267.77 — 1764.1= -1496.34 KN.m
X> W = 3500 9495457 mm

= 600+2 600+.007
hw

Lb> X
2

=714 mm

Mub (moment carried by boundary steel)=27247 KN.m

_ _ (27247+10%6)/0.9 _
ASb—Mn/{Fy*(LW-Lb)}— m = 1375 mm”~2

select 8¢ 16 with As=1608 mm”2 for each boudary element

4.12 Design of Footing

«» Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v Load Calculations :- (From Column Group D)

Dead Load = 1321Kn, Live Load = 503.5Kn

14



Chapter Four Structural Analysis and Design

Total services load = 2147.6+ 649.3 = 2796.9Kn

Total Factored load = 1.2*1321 + 1.6*503.5= 2390.8Kn
Column Dimensions (h*b) = 50*60cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400Kn/m2

14920 L=1.65

22914,L=2.9

Fig 4.18 :Foot Section.

Assume h = 70cm

Oet—aitow = 400 — 25*0.75 — 18*1.1-5= 356.5kn/m2
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v" Area of Footing :-

Pt 1896

_ _ 2
T

A=

O net—atiow
Assume Square Footing
B required =2.3m
SelectB=2.3m

v’ Bearing Pressure :-

qu = 2435.52/2.3*2.3 = 460.4Kn/m?

v" Design of Footing :-

4- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume h = 70cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d=700-75-14 =311 mm

B—
2

Vu=gue (52— d) «L

VU = 460.4 (2'3‘0'5

_ 0.311) + 2.3 = 306.02Kn

\A

2
[~ 5 KN/m
— ,/
Inclined crack I
Critical section for _ |
: Tributary area for
one-way shear “l one-way shear

d

-
)i

NN

One-way shoar,
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AYe :¢%*./ fc'*b, *d

pVc = 0.75*%* 24*2300*611=860.56Kn

¢NVc =860.5KN >Vu =306.2Kn
. Safe

5- Design of Two Way Shear Strength :-

Vu =Pu-FR,

FR, =q, *area of critical section

Vu = 460.4(.2.3%2.3[(0.5+ 0.611) * (0.5 + 0.611)] = 1867.23Kn

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

1 2 '
¢'\/c = ¢g(1+ EJ\/?bOd

b,/d
N, = ¢.%w/ £ b,d
Where:-

Column Length (a) 50
B, = _ ~2_10
Column Width (b) 50

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

\Al
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b, = 2*(61.1+50) + 2* (61.1+50) = 444.4cm

s =40 for interior column

PN = [ }/ bd—075 ( ioj* 24*4444*611=4988.3Kn

PN = _(

CONTROL

*
AL, bd_°75 (50 611 2}* 24* 4444 611= 3229.04.Kn
4444

PN =¢é\/ fc'bod =%* 24*4444*611=3325.53Kn

®Vc =3229.04Kn>Vu=1867.23Kn ....safe .

6- Design of Bending Moment :-

Critical Section at the Face of Column

Mu =g+ (2) + (52) /2 + L = 460.4 * (2222) *(2222)/2%2.3 =428.86Kn

M, __  428.86x10°
@bd2 ~ 0.9x2300%3112

= 0.59 Mpa

Rn:

_fy 420
0.85f,  0.85x24

o= i<1 _ - 2.m.Rn> _ <1 B \/1 B 2><20.6><0.59> _
m 420 20.6 420

Asreq = p.b.d = 0.00142x2300x311 = 2023.44 mm?

= 20.6

A min = 0.0018*2300*600 = 22484 mm®
A req = 2023.44mm?

\al
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Check for Spacing :-

S =3h =3*60 = 180cm
240

22y 2.5%75 = 192.5 cm
5*4-20

S = 380%(

S=45¢cm ......... is control

Use 22914 in Both Direction, As provided=_3388MM*>As required= 2023.44 mm>... Ok

Check for strain:-

AS.
==l 338940 _ 95995 mm
0.85b £/~ 0.85x2300x24
c=2 = 25995 _ 30.58 mm
B, 0.85
= 0.003 (d _ C) =0 (311 _ 3058) = 0.056 > 0.005 .....0k
g = 0. —) = 3058 = 0. .005 ...

7- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = (0.85fC'A, x \/%)

A; =50 *50=0.25 m?
A, =2.3*2.3=529m?

®PN.b = 0.65x (0.85x 28x 250% 2) = 7735Kn
®Pn =7732> Pu =.243552.......0k

No Need For Dowels

\&4
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Load Transfer In Column :-

®Pn.b =0.65x (0.85x 28x 250) = 3867.5Kn
®dPn =3867.56 > Pu = 243552.8kn........ Not..ok

we Need For Dowels
As dowels =As column

Use 14220, A = 4398.22 mm?

8- Development Length In Footing :-
Tension Development Length In Footing :-

°o _F Yehsp
Ldr req — 7, * Fj}—c * t:;fbt * db> 300mm

Ktr = 0 (Nostripes)

14 150
cb=75+7=82mm 0rcb=T=75mm

ktr+cb _ 0+75

7 n =535>25
ktr+cb_25
dp 7

9 420 1%1%0.8

Ldrreq = 75 * Tos ¥ 55 * 16 = 365.75 mm>300mm

_ 2300-700

Ld available = > -15=725mm

LdT available — 725 mm >ld7’€q = 395.054 mm........ OK
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Compression Development Length In Footing :-

_ 0.24xFy*dB

I—dCreq— T> 0.043*Fy*dB >200mm
Ldcreq= % = 2610.929> 0.043*420*14= 252.84>200mm

LdCa\/ai|ab|e: 600 - 75 - 14 - 14 = 497mm >LdCreq: 267mm csesccee Ok

Lap Splice of Dowels In Column :-

Lsc =0.071xfyxdb = 0.071x420 x 14 = 417.4 mm > 300 mm

Select Lsc =600 mm

-
|

50

L]
14020

Fig 4.19 :Foot Reinforcement Details.
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4.13 Design of Basement Wall:

[ — 1
{}_
= —
q_
{]—
3.5 |
]
-
- N T 504 4
Figure (4-20): Geometry of basement.
Fc¢’ =24Mpa Fy =420 Mpa
= 30° vy = 18.00KN/m3
Ko=1-sin®
=1 —sin30
= 0.50

4.11.1 Load on basement wall:

For 1m length of wall:
* Weight of backfill:

ql =Kox*xy=xh
=0.50*18*3.5 =31.5 KN/m
01 (Factored) = 1.6 *31.5 = 50.4 KN/m

* Load from live load:
LL=5 KN/m2

\a%
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g2 = Ko * LL
=0.50 * 5=2.50 KN/m
q2 (Factored) = 16 *250 :40 KN/m

4.11.2 Design of the shear force:

Assume h =300 mm,
d=300—-20—14 = 266 mm

Vmax =48.32 KN
f'*b *d
Pl .

CJ‘@ 1200 266 _1 ¢ aoKN

Vu <gVc

No shear Reinforcement is required.

4.11.3 Design of bending moment:
Mu max =67.89KN.m

oy Mu_ 6789
"=09" 00 ~ 7 -m
oo _Mne10° 7543-10°
Mo 10002662 pa
Fy 420
m = 20.6

T 085+fc 085 * 24

1 \/ 2*xkn*m

2 *x1.066 % 20.6
420

YA

Structural Analysis and Design
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= 2.608 x 1073
Asreq = p *b *d = 2.608 * 1073 * 1000 * 266 = 693.77 cm?/m
Asmin = 0.0012*b+h = 0.0012 = 1000 * 300 = 3.60 cm?/m
Amin < Areq
Select 12@15cm/m
Vertical reinforcement at compression face:
As req =As min = 3.60 cm?/m

?10@15cm/m

4.10.4 Design of the horizontal reinforcement:
Asmin = 0.0012 *b xh = 0.002 = 1000 = 300 = 360cm?/m

Selectp10@20cm/m, in two layer.

2 N 2 1 21
L)
4O6'm
- o
= 4 8
g S. =
P e
] .
~
©1015 / <:/
B Do12/15
4 Bonns
2 < -
Qm.J\' o
..... - - — %) ERZBU TN
ﬂ“i 210 4‘[ ‘ h»dlig;.ﬁnn ‘
©28 @ 10cm s — { & 7 g
- = 2 =

Figure (4-21):Reinforcement for Basement Wall.
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List of Abbreviations

e As = area of non-prestressed tension reinforcement.

e Ag=gross area of section.

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

e bw =web width,

e DL =dead loads.

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

reinforcement.

e f.'=compression strength of concrete .

o fy = specified yield strength of non-prestressed reinforcement.

o 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.

o LL = live loads.

e M = bending moment.

o Mu = factored moment at section.

o Mn = nominal moment.

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

e V/c = nominal shear strength provided by concrete.

e \/n = nominal shear stress.

Vi



e Vs = nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e b= width of beam .

e Wu = factored load per unit area.

o @ = strength reduction factor.

e . = compression strain of concrete = 0.003.

e £ = strain of tension steel.

e £.= strain of compression steel.

e p =ratio of steel area .
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Abstract

The construction design of the*"Dora Hospital**

The construction design is the most important design for the building after the
architectural design, the distribution of the columns and the calculation of the loads and
maintain durability and best economical way the highest degree of security and safety is
the responsibility of the construction engineer.

The building consists of five floors and tank water, where the total area (8980) square
meters, it features the architectural design of the project that is based on the multiplicity
of the blocs, leisure, so as to be arranged in harmony with the aesthetic elements, in
addition to the attention in the distribution of the blocks to provide comfort and ease and
speed of access and mobility to users.

The importance of the project in a variety of structural elements in the building, Such
as:beams,columns and concrete tiles,also multiple blouck and setbacks in the area bunk
beds.

It is noteworthy that the Jordanian code will be used to determine the live loads, and
seismic loads, either for the construction and design analysis will be used in the US Code
(ACI_318 08), it must be pointed out that there would be dependence on some computer
programs such as:

Autocad (2007), Atir, Microsoft Office, Etabs, Safe.
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