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Abstract

Structural Design For''Dora General Hospital' InDora City

The idea of this project can be summarized by preparing
Dora General Hospital. Which consists of all facilities that
should be available in any Hospital.

The project is consists of five floors, and the total area of
the building is 17583 meter square, the design of the
project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

We used ACI-318 code and structural designing programs
such, ATIR, AutoCAD (2014), and we studied some old
graduation projects, and the project will include detailed

structural study of identified and analysis of the
construction elements and the expected various loads, and
then the structural design of elements and the preparation
of shop drawings based on the prepared design

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

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

b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C,= compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
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face of beam or other supports in other cases.

- LL = live loads.

- Lw = length of wall.

- M = bending moment.

- Mu = factored moment at section.

- Mn = nominal moment.

- Pn = nominal axial load.

- Pu = factored axial load.

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

- Vc = nominal shear strength provided by concrete.

- Vn = nominal shear stress.

- Vs = nominal shear strength provided by shear reinforcement.

- Vu = factored shear force at section.

- Wc = weight of concrete.

- W = width of beam or rib.

- Wu = factored load per unit area.

- @ = strength reduction factor.

- g = compression strain of concrete = 0.003.

- & = strain of tension steel.

- €= strain of compression steel.

p = ratio of steel area
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Chapter Four

Structural Analysisand Design

4-1 Introduction.
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4-1 Introduction

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

others.

Reinforced concrete islogical 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:-

O Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

O 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/m3.
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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.
Thisload called factored load or factored service load. The structure or structural el ement 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.

Code: -
ACl 2008
UBC

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

but for rectangular section ( fc'=30* 0.8 = 24MPa ).

Reinforcement stedl:-

The specified yield strength of the reinforcement {fy = 420 N/mmz (MPa)} .

v" Factored loads:-

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

Wy=12D_ +16L, ACI-code-318-08(9.2.1)
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4.3 Check of Minimum Thickness of Structural Member

Tabled-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=5. /18.5=27.3cm
hminfor(both end continuous)=L/21=4.65/21=22cm

hminfor(one end continuous)=L/18.5=5.5/18.5=29.7cm

Takeh =35cm

27 cm block + 8 cm topping = 35cm

For Beam :-

hminfor(one end continuous)=L/18.5=3.7/18.5=20cm
hminfor(both end continuous)=L/21=3.4/21=16cm
hminfor(both end continuous)=L/21=4.8/21=22.8cm

hminfor(one end continuous)=L/18.5=3.7/18.5=20cm

Takeh =35cm
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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 theribs.

Wu

i

40 cm

Fig 4.1: Topping L oad.

v" Load Calculations:-

Dead L oad:-

0.03*23*1 = 0.69 KN/m

0.02*22*1 = 0.44 KN/m

0.07*17*1 =119 KN/m

0.08*25*1 = 2.0 KN/m

Table(4.2): Dead Load Calculation of Topping.
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LiveLoad :-
L, =5 KN/m?

L, =5 KN/m?x1Im=5KN/m
Factored Load :-
Wy = 1.2 x4.32 + 1.6x5 =13.2 KN/m

Check the strength condition for plain concrete, oM~ M, where g = 0.55

Mn=0.42% f Sn(ACI 22.5.1, equation 22-2)

oM, =0.55%0.42x1x/24 x1066666.67 x10~7 =1.21 KN.m

W

Z
M= ]—; =0.176 KN.m (negative moment)

2
My= % = 0.088 KN.m (positive moment)

oM>> M= 0.18 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for slabs as
shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACl 7.12.2.1
As= pxbxhigpping =0.0018 x1000x80 = 144 mm?/m
Step (s) isthe smallest of:

1. 3h=3x80=240 mm control ACI 1054
2. 450mm.

280 280

3. S=380 N = 2.5C. =380 Tan 2.5.20 = 330mmACI 10.6.4

= E"I-l;

Take@8 @ 200 mm in both direction , S= 200 Mm < Sy =240 mm ... OK
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4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor Accordingto ACI- (318-08) .

DW > 10CM . et ACI(8.13.2)
Sdlect bw=12 cm
N< 35 bW oo ACI(8.13.2)

Select h=35cm<3.5*12= 49 cm
tF>Ln/12250Mm ..o ACI(8.13.6.1)

Sdlect tf=8cm

< Material :-

b concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel fy = 420 N/mm?

«» Section :-

B =520 mm

Bw= 120 mm

h= 350 mm

t=80 mm
d=350-20-10-12/2= 314 mm

T T U UTTU
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v' Statically System and Dimensions: -

JUTTI———

Iql
£
T4
] &
1 %
| L

g [

Fig 4.2: OneWay Rib Slab (R1).

Nneometry | Inltazmerer,mm

1 - 3 1
1 2 3
i A A _I
B A ™ T
0.5, 1.46 a7 4.85 07 1.3 0B,
| 505 4 E5 ¥ 55
I s t
35,
12
a A
Leading
Imdrmmznni , B
540 510 Slﬂ
4 [ l ¢ J 1 v b - v & I ]
£.00 188 5.5
_Liyve lpend - Servige b Pagtore: 12,7 20160000
2RO izzn b
| = | |
o005 L Xite) 0.5

Fig 4.3: Statically System and L oads Distribution of Rib(R1).
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v" Load Calculation:-

Dead Load:-

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

Structural Analysis and Design

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

0.02*22*.52= 0.229 KN/m/rib

1*0.52= 0.52 KN/m/rib

Table(4.3): Dead Load Calculation of Rib(R1).
Dead Load /rib =5.1 KN/m

Live Load:-
Liveload =5 KN/M?

Liveload /rib = 5 KN/m? x 0.52m = 2.6 KN/m.

®,

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

b =L /4=>550/4=137.5cm

b, =12+ 16t=12+ 16 (8) = 140 cm

% Effective Flange Width ( b, ):-ACI-318-11 (8.10.2)

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

b. For T-section = 52cm .
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Momeni!Shear Suvelope (Focloed)  Units:hN mele

Mamants, spais 150 3
257

15,5 f,r\,‘ =17.3

31
I1.a ;""“' 8.8

A P 5|.z§"1
| Y filf .‘ql L& ‘-l\'... o |
| on) | ™ =y L L
7411 - : . E
}5\ / H‘"‘_"—# (RE \ /a’c.
S - -l )
T e \"\q_ f..f
=k 78
T 278 | __em 2 | 3a . zr |
Moment!Sheer Envelope (Factored)  Unita:kN meater
Sregr
1 583
E 1 e 258
24% =301 :.": AR T
// i i .-P"//- ..-"//- i
T o 1 T / T T — ™
LE s /
&2 23 =
BT

Fig 4.4: Shear and Moment Envelope Diagram of Rib (R1).

v' Moment Design for (R 1):-

Design of Positive Moment for (Ribl ):-(Mu=23.8 KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimps— = = 350 — 20 — 10 — = = 314 mm

Check if a>h; to determine whether the section will act as rectangular or T- section.
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Mnt =0.85. £ b, hy. (d _“?r

B

=0.85 % 24 % 520 ¥ 80 X 314—— %10 & =232.5KN.m

M2 % = ?—fz 26.44KN.m , the section will be designed as rectangular section

withbe =520 mm.

My 2aswi®
Rn= phdf T n9xs20x3142 0.516 Mpa
Iy 420
m=_—"—= = 20.6
nesy  0Bsxo4
_1 . 4 _ZmRy _ 1 . 2x20.6x0516 _
P=n 1 1 420 20.6 1 1 G 0.001244

Asreq = p.b.d = 0.001244 x520x314 = 203.12 mm’

Check for Asmin:-

Asmin= \/f_c¢(bw)(d)ACI -318 (10.5.1)
4(fy)

N
4(420)

Asmin= (120)(314) =110mn7v

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi n=%(120)(314) =125.6mm’controls

Ase= 203.12mm? >Asyin= 1256 mm*  OK

Use 2 812 Aqprovided= 226 MM*>Asrequired= 203.16 mm?.... Ok




Chapter Four Structural Analysis and Design

_ 120-40-20-(2x12)
1

S =36mm=>d,=12>25mm 0K

Check for strain:-

A ¥ i
_ sty = EZﬁx--HH — 8.94 mm

0850 /- DBS5=520x=24
X= i =29 —10.53 mm

By  QBS

d—x 314 —10.53
£. =0.003 —— =0.003 ——————— =0.0864 > 0.005 0k
X 10.53

Design of Positive Moment for (Rib1 ):- (Mu=8KN.m)
d =h- cover - dsimps— = = 350 —20 — 10 —= = 314 mm

My 12x10%

" pha? T pows2ox3i4E 0.26 Mpa
I 420
=D o =20.6
nesy  0Bsxo4
1 2am.R 1 220, 6x0.26
p=— 1-— 1——" =— 11— 1—-—"T——"_ =0.000623
m 420 0.6 420

Asreq = p.b.d = 0.000623x520%314 = 102 mm?

Check for Asmin:-

Asmin= \/f_ctr(bw)(d)ACI -318 (10.5.1)
4(fy)

2
4(420)

Asmin=

(120)(314) =110mn7’
.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi n=%(120)(314) =125.6mm’controls
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Asrequired= 125.6 mm?,

Use 2 210 A provided= 157.08 MM*>Asrequires= 125.6_ mm? ... Ok

120-40-20-(2x10)
1

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

Check for strain:-

A [ -
_ fafy = L ':-‘x--izn = 6.22 mm

NBSY §Y DBRSxE20424
x=," S =7.31mm

By 085

d—x 314 —7.31
£, =0.003 —— =0.003 —————— =0.125 = 0.005 0k
x 7.31

Design of Positive Moment for (Rib1 ):- (Mu=27.6K N.m)

Assume bar diameter @ 12 for main positive reinforcement
d =h- cover - dgimps— "2 = 350 — 20 — 10 —— = 314 mm

My 27.6%10°

" pha? T pows2ox314E 0.598 Mpa
f 420
m= —= ;= = 20.6
08sf] ~ 0.85x24
1 2m.R 1 23 20,6 0.508
p=— 1-— 1—— =— 1— 1——""——— =0.001445
m 420 20.6 420

Asreq = p.b.d = 0.001445x520x314 = 236 mm?

Check for Asmin:-

As mln—£(bw)(d)ACI -318 (10.5.1)

22

A'smin=—Y2"_(120)(314) = 110mn?
4(420)
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.14
A s min=——(bw)(d
(fy)( )(d)

A'smi n=%(120)(314) =125.6mm’ controls

ASieq = 236mm’ >Asyin= 125.6 mm°OK
Use 2 214 A provided=308 MM>*>As  equired= 236_mmZ... Ok

_ 120-40-20-(2x14)
1

S =32mm=>d,=14>25 mm 0K

Check for strain:-

Asfy 3082420

= ;= - =12.2mm
0850 /¢ DBES=520=24
x=—2 =122 — 1435 mm
By 085
d—x 314 — 14.35
£, =0.003 —— =0.003 ————— =10.0626 = 0.005 0k
x 14.35

Design of Negative Moment for (Ribl ):- (Mu=-17.5KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps— = = 350 —20 — 10 —= = 314 mm

M, 17.5x10%

Ri=—5= ——— = 1.64 Mpa

P 0.9x120%314

i 420

m=——= = 20.6

0ESf 0ESx24

1 2R 1 Z2x20.6% 164
p=— 1-— 1—— =— 1~ 1——"——— =0.00410

m 420 0.6 420

Asreq = p.b.d = 0.00410x120x314 = 154.5 mm®
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Check for Asmin:-

Asmin= */_ (bw)(d)ACI -318 (10.5.1)

@
4(420)

Asmin= (120)(314) =110mn7
.14
A =— (bw)(d
smin (fy)( w)(d)

A'smi n=%(120)(314) =125.6mm’ controls

ASieq = 154.5mm? >Asyin= 132.53 mm?OK

Use 2 812 Aqprovided=226 MM*>Asrequires= 154 mm?>... Ok

140=40=20=(2x12)
1

S=

=56mm=>d,=12=>25 mm OK

Check for strain:-

Asfy 226420

= i = : = 38.77 mm
0850 /- DES=120=24
=2 397 _ 4562 mm
By 0BS5S
d—x 314 — 45.62
£. =0.003 —— =0.003 ———— =10.0176 = 0.005 0k
x 45.62

Design of Negative Moment for (Ribl ):- (Mu=-21.3KN.m)

Assume bar diameter g 12 for main positive reinforcement
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iy

d =h- cover - dsimps— = = 350 — 20 — 10 — = = 314 mm

My  21.3x10%

" pbd? T paxizomdil4d 2 Mpa
I 220
m= 2 = =206
085! 085x24
1 Zm.R 1 22 20,62
p=— 1-— 1——2 =— 1= 1-— - = 0.00502
m 420 20.6 420

Asreq = p.b.d = 0.00502 x120x314 = 189.2 mm’

Check for Asmin:-

Asmin= \/_(bw)(d)ACI -318 (10.5.1)

24

220 (120)(314) =110n?

Asmin=

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i—;) (120)(314) =125.6mnY controls

ASieq = 189.2mm* >Asyin= 125.6 mm°OK

Use 2 212 A provided=.226 MM>>Asequired= 189.2mm?>... Ok

120=40=20=(2x12)
1

S= =36mm=>d,=12>25 mm 0K

Check for strain:-

As 226%420
a=—lr  — = 38.77 mm

nESh Y DESx120=24

d—x 284 —45.62
£, =0.003 —— =0.003 ————— =0.0176 = 0.005 Ok
X 45.62
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v" Shear Design for (R 1):-

V, at distanced from support=27 KN

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

o .

Ve=— Jfr_llbwd

&

%\/24 % 120 % 314 X 103 = 33.84 KN

2V =0.75%33.84 =25.38 KN
0.5aV:=0.5%x25.38 =12.69 KN
050V<Vi <@V,

Vy>oV,

for shear design, shear reinforcement is required (4,,),
VSnin :1—; Flbwd E,—i bw d

Vs min=1—l\/ﬁ +120 =314 = 11.54kn

[
Vsmin =2 bw d=— =120 =314 = 12.56kn
BV ¢+V Smin)= 0.75(33.84+12.56)=34.8kn
2V <VU <@ (V+VSnin)
25.38<27<34.8
for shear design, minimum shear reinforcement is required (A, i), Reinforcement.

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

by L By’

1 =7 bues
L =— =
AVmin 14 fe vt T3

—~ 120%

AVin=100.5 :1—; V24

— 5 =1.145m

420

L1205

1005 =——— = 5§ =1.055m
3 420

S max—»% = 157mm

S max —<600mm
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Take (2leg stirrups) g8 @ 150 mm

2503

A, == = 670.67 MMM

4.6 Design of One Way Solid Slab .

v' Determination of Thickness:-

hmin = L/20
hmin=3.20/20 =16 cm

Takeh=20cm

v" Load Calculation:-

Dead L oad For Solid dab:-

Structural Analysis and Design

25*0.20*1=5Kn/m

22*0.02* 1= 0.44Kn/m

Table(4.5): Dead Load Calculation of Solid slab.

Live LoadFor Solid dab:-=10*1 =10Kn/m
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v System of L anding:-

Sarvice Live Load =10KN/

.........................................
||||||

d.2

Fig 4.5 : Statically System and L oads Distribution of Solid dab .

Mogncnls, spars T 1

R e
15 “RA 1.8
T T
Shear
B,
_zj_"_l e =
1 =T =
T -
s —~Z
| =1

Fig 4.6 : Shear and Moment Envelope Diagram of Solid slab.

Structural Analysis and Design
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1- Design of Shear:- (Vu=29.1Kn)

Assume bar diameter g 10 for main reinforcement

d =h- cover —f—’;—' =200 — 20 —g =175 mm

Ve=+ fc'h, d == -v24=1000 =175 = 1429 Kn
(=] (=]

®* V.=0.75* 142.9 = 107.175Kn> Vu = 29.1Kn...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=28.8Kn.m)

Assume bar diameter g 12 for main reinforcement

i 12
d =h- cover —— =200 — 20 —— = 174 mm
My mex10®
" pha? T pox1000%1758 1.045 Mpa
I 420
=2 = = 20.6
085/  0.B5x24
L 2R 1 2x20.6% 1045
p=— 1— 12" —— 1 1 -2 —0.00255
m 420 20.6 420

Asreq = p.b.d = 0.00255%1000x174 = 444.6 mm?

Asmin =0.0018* 1000* 200 = 360mm?®

Asre=444.6Mmm*>Ag in360 mm?... ... is control

Check for Spacing :-
S=3h=3*300 =900 mm

280y 25¢20=330
* 421)

S=380*(z
3

S=450 mm

S=330mm ......... is control
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Use g12@ 20 MM A provided= 565 MM>>As; cquired=444.6mm?>... Ok

Check for strain:-

_ .4:..!_1_; : - SH5x420 - 1163 mm
[.B5H Ic 0B85 100024
=2 =% _ 1368 mm
By .85
d—c 174 —13.68
£, =0003 —— =0003 ————— =0.035>0.005 ....0k
c 13.68

lateral or Secondary Reinforcement of Solid dab :-

Asreq= Asmin =0.0018* 1000* 200 = 360 mm?

Use 210 @ 200 MM Asprovided=_395 MM>>As; equired=.360 mm>... Ok

Top Reinforcement :-

Asmin =0.0018* 1000* 200 = 360 mm?

Use mesh g10 @ 200 mm .

4-7 Design of Beam

< Material ;-

P concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel fy = 420 N/mm?

% Section :-
P B=50cm
P h=35cm

P d=350-40-10-18/2= 291 mm
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v’ Statically System and Dimensions: -

Goometry Unblis:meter.cm

1 2 3 4 3
9 2 3 = 4
& e A A . A e
o iz 05, 20 0.5, i 0.5 52 A
[ 7 i 34 i 4 3 3T '
ﬁ ‘
EQ.
AR
load group no 1
Cazd load - Sanice Unitz:k mrebar
7.0 a o
Lo 2 270 AL a7
i L 'f W Wy '.r W
Y. I.r‘ig'EL 14,4 ] y 1.4y y '.;r14.5-.|
z 3 L 1
f P i iy 1
Live lzad - Se-voe Load fagtors: 1.20,1.20M.60,0.00

v v vignb | b odot 4 v 4 e 44 v vgv 4
37 34 48 " 3.7

Fig 4.7. Statically System and L oads Distribution of Beam (B 11).

v" Load Calculations:-

Dead L oad Calculationsfor Beam(B 11):-
The distributed Dead and Live loads acting upon B11 can be defined from the support reactions of the
R2 R3 and R5.
From Rib2
The maximum support reaction from Dead Loads for R2 upon B11 is7.54 KN, The
distributed Dead Load from the R1 on B11.
DL =(7.54/0.52) = 145KN/m

Self weight of beam = 4.37 KN/ m
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DL =14.5+4.37 =18.83 KN/ m

From Rib3

The maximum support reaction from Dead Loads for R3 upon B11 is7.47 KN, The
distributed Dead Load from the R2 on B11
DL =(7.47/0.52) =14.43KN/m

Self weight of beam =4.37 KN/ m
DL =14.4+4.37 =188 KN /m

From Rib5
The maximum support reaction from Dead Loads for R5 upon B1lis 10.2 KN, The
distributed Dead Load from the R5on B11.
DL =(10.2/ 0.52) =19.61KN/m

Self weight of beam = 4.37 KN /m
DL =19.61+4.37 =23.98 KN /m

Dead L oad from Exter nal wall
D =3.6*0.3*25=27 Kn/m

Live L oad calculationsfor Beam (B11):-

From Rib2
The maximum support reaction from Live Loads for R2upon B 11 is4.83KN The distributed

Live Load from the Rib 2 on B11.

LL =4.83/ 0.52= 9.3 KN/m.

from Rib3

The maximum support reaction from Live Loads for R3 upon B 11 is 4.8 Kn The distributed
Live Load from the Rib 3 on B11.
LL =4.8/ 0.52= 9.3 KN/m.

From Rib5
The maximum support reaction from Live Loads for R5 upon B 11 is5.2KN The distributed

Live Load from the Rib 5 on B11.

LL =5.2/ 0.52= 10 KN/m.
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Moment/Shear Envelope (Factored) Unite:kN meder

_Momonts: spans 110 4

s
58,2 =107 BT« /h' =10
B3 T4 » ERA 5
Gf 2 ;\ /"~.
; L e ] h I
'I ; & H' 'F_ - — ; : h 1.'.? ! 5, '{_‘,:
l\:‘ ﬂ -\Js 1 Vo ] 1 \ ¥ T -\.\ ..I
|_F'..3_i_| |_i.ﬁ'..§_9_] g M| P
Tra_ J,// .  om . cas RS
== e vl
5.2 89,1
| 148 220 | a7 o 4y | 24 . 24 | 22 o qus |
Moment!Shear Fnvelaopesa [Factored)  Unita:kN matar
Srear
-163.3 AT7.4
ITE BT ™ P
g o ST -
,.-*"f - L
- i I # t s
_I_.l"-r F 'F_.H’
= T84 T
(Fu N 142 o 1293
1651

Fig 4.8: Shear and Moment Envelope Diagram of Beam (B11).

v" Moment Design for (B11):-

Flexural Design of Positive Moment for (B11):-(Mu=93.2K N.m)

Determine of My max
d =350 - 40-10 - 18\2 =291 mm

3 3
d 7.291 = 1247 mm
1

Il

X =

7
a=1"h8.x 247 #0.85 = 106 mm

Il

Mnmo= 0.85+f/ =a*b(d- 2 ) = 0.85+24*106+500% (291-106/2 ) *10°= 257.32KN.m
B MNmax = 0.82% 257.32 = 211KN.m >93.2KN.m .

Design as singly reinforcement
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M, 93.2 x 10°

R = Bhd? ~ 09 x 500 x 2017 ~ 2 H4MPA
- fy - 420 —206
OBSf; E5=24
p=— 1- 1-200 - - 1 ZEEER _ 000622

As = p.b.d = 0.00622x500%291 = 901.0 mm?

CheCk fOI’ Asymin: =

Asin= L (b )(d) = V24 VT _«500* 291 = 424.3 mm?

4( fy) 4* 420
Asy bw)(d 14, 500* 291 = 485 mm?Controls
Smin = ( fy) ( w)(d) = o
A<= 901 mm?

Use 5@ 16 Bottom, Asprovided= 1005 MM*>As; equires= 901 mm?... Ok

Check spacing :-

SO0=40+2=20=({516)
4

S=

=80mm=>d,=16>25mm OK

Check for strain:-

Asfy 1005 x420

= i = =414 mm
0es5h 1 D.BS=50(0=24
x=2 =34 _ 487 mm
By 085
d—x 291 —48.7
£. =0.003 =0.003 ———— =0.0149 = 0.005 0k

48.7
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Flexural Design of Positive Moment for (B11):-(Mu=18K N.m)

My 18x10°

" pha? T poxso0w2o1l 0.47Mpa.
f 420
== =20.6
nasf ~ 085x24
1 2m.R 1 22206047
p=— 1- 1—-—= =— 1—- 1—-————— =0.001138
m 420 0.6 420

= p.b.d = 0.001223x500%291 = 165.6 mn’.

CheCk fOI’ As’min: =

Asin= L (b )(d) = V24 VT _«500* 291 = 424.3 mm?

4( fy) 4* 420
Asi bw)(d) = ——* 500* 291= 485 mm’Controls
Smin = (fY) ( w)(d) = 0
As= 165.6 mm?

Use 4914Bottom, Asprovides= 616 MM>>As; cquired= 485 mm? ... Ok

Check spacing :-

S=

SO0-40+2—20—(4+14)

=1147mm>d,=14>25 OK

Check for strain:-

Asfy  _ Bla =420

= ;= = 25.36 mm
0es5h 1 D.BS=50(0=24
x=2 =220 — 59 84 mm
By 085
d—x 291 —29.84
£. =0.003 =0.003 ———— =0.026 = 0.005 0k

29.84
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Flexural Design of Positive Moment for (B11 ):-(M u=89.4K N.m)

g = M,  894x 10° 235 i
N = ObdZ T 09 %500 x 2012 <22 MPd
. f_-|_r . G20 _
085/~ 08sx24 20.6

As = p.b.d = 0.00595 x500x291 = 867 mm?

Check for Agmin:-
ASnin = et ( w)(d) = ﬂ*500*291 = 424.3 mm?
4( fy) 4* 420

Asmin = =2 (ow)(d) = 12 % 500% 201= 485 mm?

(fy) 420

A = 867mm?Controls

Use 5@ 16, Asprovided=_1005 MM*>As. equired= 867mm?>... Ok

Check spacing :-

S00-40+2—20—(5+16)
4

S= =80mm=>d,=16>25 OK

Check for strain:-

_ Aspy - 1005 X420 _ 49 g0
0es5h 1 0.B5=50=24
x=2 =222 _ 48 7mm
B, 085
d—x 291 —48.7
£. =0.003 =0.003 ———— =0.0149 = 0.005 0k

48.7
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Flexural Design of Positive Moment for (B11 ):-(M u=67.6K N.m)

g = M, 67.6 x 10° 1773
"= ObdZ  09x500x 2012 'l MPA
m= 2 - 20 _ 506
l'.l.HEj,_- [BG=24
o= Log g _EmRyo 1 g PRSI onasoe
iy ] 4210 20.8 G20

As = p.b.d = 0.004415 x500x291 = 644 mm?

CheCk fOI’ As’min: =

. \/_ \/ﬂ * * — 2
ASnin = (fy)( w)(d) = 27420 500* 291 = 424.3 mm
ASqmin = (fy) (b )(d) = 0*500* 291= 485 mm?

A, = 644mm?Controls

Use 50 14 Ao ovided=_770 MM>>Asequires= 644mm?>... Ok

Check spacing :-

S00—40+2—20—(5+14)
4

S= =825mm=>d,=14>25 OK

Check for strain:-

Asfy _ T70x420

= ;= =317 mm
0es5h 1 D.BS=50(0=24
x=2 =217 _ 37 3mm
By 085
d—x 291 —31.7
£. =0.003 =0.003 ———— =0.0204 = 0.005 0k

317
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Flexural Design of Negative Moment for (B11):-(Mu=69.3K N.m)

Bn — M, 693X 10° 1.8 i
"= BbdZ T 09x 500 x 2912 o PA
B _ 420 _
nesy!  opsxa4 20.6
p=ﬁ l= 1= 2:;‘:?” - zﬂl.:a l= 1= EKE“:;T]LREI = 0.00455

As = p.b.d = 0.00455 x500x291 = 661.5 mm?

CheCk fOI’ As’min: =

. \/_ \/ﬂ * * — 2
ASnin = (fy)( w)(d) = 27420 500* 291 = 424.3 mm
ASqmin = (fy) (b )(d) = 0*500* 291= 485 mm?

A, =957.7mm?Controls

Use58 14 Asprovided=_770 MM*>As . equired= 661.5mm?>... Ok

Check spacing :-

S00—40+2—20—(5+14)
4

S=

=825mm=>d,=14>25 OK

Check for strain:-

Asfy 7702420

= P = =31.7 mm
0.85h /¢ DS = 50 =24
x=2 =217 _ 37 3mm
By 085
d—x 291 — 37.3
£, = 0.003 = = 0.003 —373 =0.0204 = 0.005 0k
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Flexural Design of Negative Moment for (B11 ):-(Mu=77.4.m)

Bn = M, 774X 10° - 2033
"= %hdZ T 09x500x 2012 <A
B _ 420 _
nesy!  opsxa4 20.6
=1 1_ _2mRBy _ 1 . _ ZM206X203
p=is 1 1= % 20.6 1 1 420 0.0051

As= p.b.d = 0.0051 x500x291 = 742.25 mm?

CheCk fOI’ As’min: =

. \/_ \/ﬂ * * — 2
ASnin = (fy)( w)(d) = 27420 500* 291 = 424.3 mm
ASqmin = (fy) (b )(d) = 0*500* 291= 485 mm?

A, = 1052mm?Controls

Use58 14 A provided=_770 MM*>As  equired=_742.25mm>... Ok

Check spacing :-

S00—40+2—20—(5+14)
4

S=

=825mm=>d,=14>25 OK

Check for strain:-

Asfy 7702420

= P = =31.7 mm
0.85h /¢ DS = 50 =24
x=2 =217 _ 37 3mm
By 085
d—x 291 — 37.3
£, = 0.003 = = 0.003 —373 =0.0204 = 0.005 0k



Chapter Four Structural Analysis and Design

Flexural Design of Negative Moment for (B11 ):-(Mu=100 kn.m)

gy Mo _100x10°
N = ObdZ  09x500x 2012 <o Mpd
. .f:-|.r . G20 .
nesy!  opsxa4 206

As= p.b.d = 0.00671 x500%291 = 976.63 mm?

CheCk fOI’ As’min: =

. \/_ \/ﬂ * * — 2
ASnin = (fy)( w)(d) = 27420 500* 291 = 424.3 mm
ASqmin = (fy) (b )(d) = 0*500* 291= 485 mm?

A =1410mm?Controls

Use58 16 ,Asprovided= 1005 MM*>Asrequired= 976.63mm>... Ok

Check spacing :-

S00=40s2=20=(516)
4

S= =80mm=>d,=16>25 0K

Check for strain:-

Asfy  _ 1005x420

= i = =41.38 mm
0.85h /¢ DS = 50 =24
x=2 =29 _ 487 mm
By 0B85
d—x 291 —48.7
£, =0003 —— =0.003 ————— =0.0149 = 0.005 0k
X 48.7
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v" Shear Design for (B 11):-

1. Case 3:-

for shear design, minimum shear reinforcement is required (A, ,n:»), Reinforcement.

Use stirrups (2 leg stirrups ) 28/ 150 mm , A, = 2 x 50.24 = 100.5 mm?
1. V,=139.7 KN

Ve=< fc'b,d == =24 +500+291 = 1188 KN
(=] (=]

® V=0.75118.8 =89.1 KN

® Vsmin> 0.75 (:—13) * bw * d =0.75* (%)* 500*291* 10 = 36.37 KN Controls
® Vsmin >0.75 (1£g) *hw* d= 0.75*(1£64) * 500 * 291*10° = 33.41 KN
D Ve<Vu<d Ve + d Vsmin

89.1<139.7<1164...... not satisfied

Cases 1&2& 3isnot suitable

Case 4:-
Vg = —; }F’bw d =,—;\/ﬂ = 500 %291 =237.6 KN

B(v, + Vominy <ty < O(u. + vy)
0.75(118.8+ 36.37)<139.7< 0.75(118.8 + 237.6)
116.4 <139.7 <267.3

shear reinforcement arerequired

Use2leg ® 10

As =158 mm?
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_ 1397

Vs=Vp—Vc= Fr i 118.8 =67.47KN
o Mufyed 158420201
T T w e747=1000 oo
d 291
Boax = 2= = 145.5 mm control

or Smny = 000 mm

Use2leg @ 10 @120
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4-8 Design of Stair

Fig 4.9: Stair Plan.

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

P Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
v' Deter mination of Thickness:-

hmin = L/20
hmin = 3.30/20 = 16.5 cm
Takeh=25cm

The Stair Slope by 0 = tan(16.3 / 30) = 28.6°
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v" Load Calculation:-

+7.2
| et T
.
B E
| |_|—_I____. m
j +5.4 - "
5 e )
:: C I b w ._.-"'
RAERRS Bl N%ﬁ%ﬁ?@f*\ﬁﬁ% “_5 w
i\{'\- Y "--:.'.I‘a‘f =m ‘dertcr T
w
& \'5“: i Dlas ey "% _,é::;h '-“_"
a
o Eﬂ- ldm 3.6
o R
1
1.7m i 2751

Fig 4.10:Stair Section.

Dead L oad For Flight For 1m Strip:-

23+0.03* 1*((0.35+0.163)/0.3 ) = 1.18K n/m

22%0.03* 1% ((0.3+0.163)/0.3 ) = 1.02K n/m

25*0.5%0.163*1 = 2.04Kn/m

25*0.25*1/ €0s28.6 ° = 7.11Kn/m

22*0.02*1 / c0s28.6° = 0.51K n/m

Table(4.6): Dead Load Calculation of Flight.
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LiveLoad For Landing For 1m Strip =5*1=5Kn/m

Factored Load For Flight :-

Wy = 1.2 x11.90 + 1.6%x5 =19.9Kn/m

v" System of Flight:-

5 0 0 A

Service Dead Load = 1L9 KM/M

_'_'__.a" s
____.-" i i
s oL =197KN
L LL=2/yKN
o
- =
.r'--.--
_—
—
.-'.r.-‘.-"_;f':":
.. =19.T KN
LL =325 KM -
T I3 N .7 A
,..r—-g:-ﬂ.M'.- = -

Fig 4.11: Statically System and L oads Distribution of Flight.
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Moments: span 1to 1

2.15. 515 2.15

Shear

-37

37

Fig 4.12: Shear and M oment Envelope Diagram of Flight.

1- Design of Shear for Flight :- (Vu=37.0Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 250 — 20 — XX = 223 mm

Z Zz
Ve=+ fc'b, d == -v24+1000 =223 = 182.1Kn
(=] (=]

O V.=0.75% 182.1=136.6 KN >Vu=37Kn...... No shear reinforcement are required
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2- Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)

My _ 51.5x10°

Re phd? T pexilo00x223E 1.15 Mpa
f 420
m= —= P = = 20.6
nasf ~ 085x24
=21 1_ _ZmBy __ 1 . _ 2x20.6X115
P="n 1 1 420 0.6 1 1 420 0.00282

Asreq = p.b.d = 0.00282 x1000x223 = 630 mm?/m

Asmin= 0.0018* 1000* 250 = 450mm?/m
ASieq = 630 MM*>Ag in=450mm*/m

Check for Spacing :-

S=3h=3*300 =900 mm

S= 380" (72) — 2.5+20 = 330
E* 420

S=450 mm

S=330mm ......... is control

Use 212 @ 150 MM ,Asprovided=_770 MM>>As, cquired= 630mm?>... Ok

Check for strain:-

Asfy _ 770x420

= ;= =15.85 mm
0es5h 1 DEBES=1000=24
c= i =15 _ 1865 mm
By 085
d—c 173 —18.65
£, =0003 —— =0003 ———— =0.025>=0.005 ..... 0k
C 18.65
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3- Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018* 1000* 250 = 450mm?

Use g10@ 150mm A pr ovided= 523 MM*>As equires= 360mm>... Ok

2- Design of Middle Landing :-

v' Determination of Thickness:-

hmin = L/20
hmin=3.30/20=16.5cm
Takeh=25cm

v" Load Calculation:-

Dead Load For Solid 7 Landing For 1m Strip:-

23*0.03* 1= 0.69Kn/m

22*0.03* 1= 0.66Kn/m

25*0.25* 1= 6.25Kn/m

22*0.02* 1= 0.44Kn/m

Table(4.7): Dead Load Calculation of Middle Landing.
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LiveLoad For Landing=5*1=5Kn/m
Reaction From Flight:-

DL =19.7Kn/m
LL =8.25Kn/m

Total Dead Load = 8.04 + 19.7 = 27.74Kn/m
Total LiveLoad =5+ 8.25=13.25 Kn/m
Factored Load For Landing :-

Wy = 1.2 x27.74 + 1.6x13.25 =54.50Kn/m

v System of Landing:-

25 KN/IM

Service Live Load = Bi“._l _U._l ]._1 MUlLI ll H_HJU_J
19.7 KN/M

(T (T

Senrk:a D&ud uud
Samce Live Load =5 KN/M

.ELILD"_IIITITMT LLILLLILILL LI L LI LI TLILL)

Service Dead Load = §.04 KN/M

NERRARRRRRARRRRAARARNRRARRRARRRARAAN

# e,
Ceerentes s

15M 0.1M 15M

Fig 4.13: Statically System and L oads Distribution Of Middle L anding.
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spanltol

ga5 648

Fig 4.14: Shear and M oment Envelope Diagram of Middle L anding.

3- Design of Shear:- (Vu=64.8Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover —f—‘;—' =250 — 20 —1—2“ =223 mm
vc=;‘_ fc'b,d== ;‘_\/ﬂs 1000 =223 = 182.1 Kn

®* V.-0.75* 182.1 = 136.6Kn> Vu = 64.8Kn...... No shear reinforcement are required
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4- Design of Bending Moment :- (Mu=65.5Kn.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover —* = 250 — 20 — = = 223 mm
"= ﬂf:;'f-’ - n.ﬂif;:r::]:;;? =1.46 Mpa
- n.gh!' - n.:;;zq =206
p=— 1— 12 - g g ZEOUR _ 0036

Asreq = p.b.d = 0.0036%1000x223 = 807.12 mm?

As min =0.0018* 1000* 250 = 450mm?

Asreg = 807.12 mm°......... is control

Check for Spacing :-

S=3h=3*300 =900 mm
280

S=1380*(z 150~ 2520=330
3

S=450 mm

S=330mm ......... is control

Use g14@ 15mm _Asprovides= 1026 MM*>Aqrequired= 807.12 mm?... Ok

Check for strain:-

Asfy _ 1026x420

= = =21.14mm
0es5h 1 DEBES=1000=24
=2 =2 5487 mm
By 085
d—c 223 —24.87
£, = 0.003 =0003 === """ —0.024 >0005 .....0k

C 24.87
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lateral or Secondary Reinforcement For Landing :-

Asreg= Asmin =0.0018* 1000* 250 = 450 mm?

Use 210 @ 150 MM _As provided= 523 MM>>Asrequired= 450 mm?>... Ok

3 - Design of Main Landing :-

v' Determination of Thickness:-

hmin = L/20
hmin=3.20/20=16 cm
Takeh=35cm

v" Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

23*0.03* 1= 0.69Kn/m

22*0.03* 1= 0.66Kn/m

25*0.35*1= 8.75 Kn/m

22*0.02* 1= 0.44Kn/m

Table (4.8): Dead Load Calculation of Main Landing.
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LiveL oadFor Landing For 1m Strip =5*1=5Kn/m
Reaction From Flight:-

DL =19.7 Kn/m
LL =8.25Kn/m

Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m
Total LiveLoad =5+ 8.25=13.25Kn/m
FactoredL oad For Landing :-

Wy =1.2x30.24 + 1.6x13.25 = 57.48 Kn/m

v" System of L anding:-

Service Live I.n = 025 KMNiM
CELEL L ER L L) PP EL EE T EEE T L
Service Dead Load = 19 7 KNMA
(CTTEATEATIL L (LT
tL1111111111“!"1:1'1?1“" 1 1 A 0 5

054 KM
|

L
IRERRNRRRRANERERERNY

Fig 4.15: Statically System and L oads Distribution of Main Landing.
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Structural Analysis and Design

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spanl1to 1l

\ 15 69.1 15

go.1 627

Fig 4.16 : Shear and Moment Envelope Diagram of Main Landing.

5- Design of Shear:- (Vu=62.7 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 350 — 20 — 2% = 323 mm

Z Zz
Ve== fc'b, d == =24 1000 =323 = 263.7 Kn
(=] (=]

®d* V,=0.75* 263.7 = 19.8Kn>Vu = 62.7Kn...... No shear reinforcement arerequired
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6- Design of Bending Moment :- (Mu=69.1K n.m)

Assume bar diameter g 14 for main reinforcement

{4 14
d =h- cover —= =350 — 20 —— =323 mm
My B91x10° — 0.74 Mpa
" pee T poewiloooxiza o p
f 420
m=—— = = 20.6
0B5f  0.B5x24
1 2R 1 21 20.6%0.74
p=— 1— 1-"2 =— 1-— 1-—""—0" =00018
m 420 20.6 420

Asreq = p.b.d = 0.0018x1000x323 = 576.6 mm”

Asmin =0.0018* 1000* 350 = 630mm?
Asre=576.6MM*<Ag in630.0 mm°........... is control

Asmin630.0 mm?......... is control

Check for Spacing :-

S=3h=3*300 =900 mm
280

S$=380*(z——) — 2.5*20 =330
E* 420

S=450 mm

S=330mm ......... is control

Use g12@ 15 MM A provided= 753 MM>>Ag equired= 630mm?>... Ok

Check for strain:-

_ As.f}r I. . FE3x420 - 155 mim
[.BESH Ic 0BS5S 1000 =2 4
=2 =" _1823mm
By .85
d—c 323 —18.23
£, =0003 —— =0003 ———"" =0.05>0.005 .....0k
c 18.23
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lateral or Secondary Reinforcement For Landing :-

Asre= Asmin =0.0018* 1000* 350 = 630 mm?

Use #12 @ 150 MM _Asprovided= 785 MM>>As equirea= 630 mm?... Ok

+7.20
.

E&
N

\

\ — £
! I“.@ﬂ;g_t;—:,_ q__-:—::jﬂ! teit o
\ Q10015 = 210=ms) N AR &
Erir0150=560 ' grizors +3.60
.'Ill = \\‘
' e (@mtae5 =188
A0S o T uizois,Le 205
. 1.70m 3.30m C1.00m |

Fig 4.17:Stair Reinforcement Details.
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71 D8 5L —284
. 130 7.0,
e 2F 5,L=560 £

1hh LE : R
P B T A12815,L=185
SM10E15,=250 e & 145 TR
12C B.E Fas, Fn.
ki
1_5[' -,
.
i S
= F
s so AiEeEIs, =121 d=-304) 2 x'n.___[;ETm[zafn[fIL—' A0
e &1 0 [
s i
i {He 28 5,L—205
5 -
: 105 0.0

Fig 4.17:Stair Reinfor cement Details.
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4.9 Design of Column

< Material :-
b  concrete B350 Fc' = 28 N/mm?

P Reinforcement Steel  Fy = 420 N/mm?

v Load Calculation:- (From Column Group B)

Service Load:-

Dead Load =760KN
Live Load =730 KN

Factored L oad: -
Py = 1.2 x760+ 1.6x730 =2080 KN

v Dimensions of Column:-

Assume rg = 0.01

f *Pn=0.65x0.8" Ag{0.85fc (1- rg)+rg* Fy}
2080=0.65x0.8" Ag{0.85* 24 (1- 0.01) +0.01* 420}
Ag=163961 mm?2

Assume Rectangular Section

h =350mm

b =163961 /350 = 468 mm

select b =500 mm

Fig 4.18:Column section
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v Check Slender ness Parameter : -

Ku 34 1o M1e g
r M 2

Lu: Actua unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,
shall be permitted to be taken as 1.0.

R: radius of gyration = \/% ~0.3h ... For rectangular section

Lu=3.60-0.35=3.25m
M1/M2=1
K=1 for braced frame.

about Y-axis (b= 0.50 m)

KU 3412 ML £ 40
r M2
L35 _516<2
0.3" 0.50

Column Is Short About Y-axis

about X-axis (h= 0.350m)

KU g ML ACI - (10.12.2)
r M2

L3 _ 49552

0.3” 0.350

Column Is Long About X-axis
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v Minimum Eccentricity:-

_ Mux _

=55 C
min ey =15+ 0.03" h=15+0.03" 350 = 25.5mm = 0.0255 m
ey =0.0225 m

v Magnification Factor :-

d_=—CM 51 0and £1.4
~ Pu
0.75 P,
cm = 0.6+ 048105 g4
eM 2g

Cm =06+04*1=1% 0.4

_ pZEl
“ (KLu)?
E.l
El =04—29%
1+b,

E, = 47004/ fc' = 4700 /28 = 24870.6Mpa
_1.2DL _ 1.2*(760)

b, = 0.438<1
Py 2080
s 13 . 3
D080 038 e
12 2
o - 04" 24870 0.001786 _ .0
1+0.438
2%
p =P 1236 _ ) saun

o (1% 3.25)
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1
= = 3
d. : S5 1.313 1.0and £ 1.4

©0.75 * 11530

v' Interaction Diagram:-

ey=e,, d.=0.0225"1.31=0.0295m
ey _ 0.0295
h~ 05
g _350- 2*40- 2*10- 25
h~ 350

From theinteraction diagram chart

=0.06

=0.643

fromchart A9- afor% =0.6® rg=0.01
fromchart A9-b for% =0.75® rg=0.01

then for % =0.643® rg =001

Select reinforcement

Ast=rg” Ag=0.01" 350* 500 = 1750mm?

Select 8f 20 with As = 25.12mm? > Ast =1750mm?.
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v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing £16° d, =16" 2.0=32cm
spacing £48° d, =48" 1.0=48cm
spacing £ least dim =35 cm

Usef 10@ 20 cm

Fig 4.19:Column Reinfor cement Details.
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4.10 Design of Shear Wall

5813 m

\ :
-

Fig 4.20: Shear Wall.

107.5

2221

3001

380 66

Fig 4.21:Shear Diagram of Shear Wall.
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387

1186.56

2266.92

6123 .1

Fig 4.22:Moment Diagram of Shear Wall.

% Material and Sections:- (From Shear Wall 2)

P concrete B350 Fc' = 28 N/mm?
P Reinforcement Steel Fy = 420 N/mm?
P Shear Wall Thickness h=30cm

P Shear Wall Width Lw=55m

P  Shear Wall Height Hw =3.6m
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v" Design of Horizontal Reinfor cement:-

a Fx=Vu=690.5 KN

The critical Section isthe smaller of:

Iiv:ﬁ:ZJSm
2 2
h—W:l—8:9m

2 2

storyheigh(Hw) = 3.6m........Control

d=08 Lw=0.8" 55=4.4m

5 —
E:II"l:”r::.lx = ﬁé fr_"hd
= 0.75 *0.83 # /28 # 300 = 4400 = 4365.5 KN > ¥, = 895.9954KN

Kisthesmallest of :
1

1— V. == f'hd ==V28 =300 = 4400 = 1164.13KN ........ Control
—. . N, _
2V, =027 f'hd+Z7—=027V28+300 *4400 + 0 = 1885.9KN
L, 01 E'402.%
3-V¥ = 005 f + ——— hd = 1490.2KN
Vu 2

61231 -3637.3 M, —3637.3

e =57 = M. =4224.22KN.m

My L, 422422 5.5_3367
¥, 2 6905 2 7
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Vc=1164.13KN
0= vec+ 0vs =vu
0 = vs=vu-@ = vc
Vs=vu/@ — v
Vs=690.5/0.75-1164.2= -243.533kn No need re nfor cement
Minimum shear reinforcementisrequired:

Min(Avh/Sh)=0.0025*h
=0.0025* 300=0.75

Select @10 ,tow layers

Avh=2*p *10%/4=157 mm*

157/Sh=0.75

Sh=157/0.75=209.33

Select Sh=200mm=Smax=Lw/5=550/5=110 cm.

=3*h =3*30=90 cm.

v" Design of Vertical Reinforcement:-

A =[0.0025 +05 25— 20,0025 ]*300
00025 +05 25— _2__00025 |+300
& 55 200300

Ao 0736

5.

Select @10in Two Layer

Tl £
Ayy = =25 = 157 mm2
157 0736
g T

§,=213.2mm
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- Maximum spacing istheleast of :

Lw_ 5900 _ 163334 mm
3 3

3*h = 3*300 = 900mm
450 mm ....... Control

Use ¢ 10/200 mm for two layers

v" Design of Bending Moment:-

Ay = 2 #79 = 4345 mm?
e T 200 - T
- Ag f 4345 420 .

“ L,h £ 5500%300 28

E, .
LR
C_ wt+a 0.0395 +0
l, 2w+085f, 2=0.0395+0.85=0.85
OM, =0 054 fL,(1+ (A~
'-u! ¥ s

Structural Analysis and Design

= 0.04928

= 0.9 0.5 %4345 =420 =5500(1 + 0)(1 —0.04928) = 4294.05 KN = 4224.22KN.m

Mub=Mu-@Mn=4224.22-4294.05= -69.83 KN.m

fwr 5500

XZ —%y=———=91.67 mm
G ]‘_, Gilke, 1

Lb} = =4583 mm

Since Smallest value of Lb & Mub not require Boundary .
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4.11 Design of Footing

< Material :-
b  concrete B350 Fc' = 28 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

v’ Load Calculations:- (From Column Group B)

Dead Load = 760 Kn , Live Load = 730 Kn

Total servicesload = 760 + 730 = 1470 Kn

Total Factored load = 1.2*760 + 1.6* 730 = 2080 Kn
Column Dimensions (a*b) = 3550 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500 Kn/m2
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0 O 1
! o
Hfi..' {5
{1 50m
|
]
o
1 10m )
E‘i' -L';.‘-UT.I'.I.
10 80 50 g0 10
10 210 10
230 =
Fig 4.23 :Foot Section.
Assume h = 60cm
Ohet- aliow = 500 — 25*0.6 — 18*0.4 — 25*0.7 = 460.3kn/m2
v Areaof Footing :-
Pt
ﬂ — '
qnet— allow

Assume Square Footing
B required =1.79 m
Select B=1.9m

v Bearing Pressure :-

Ou = 2080/1.9%1.9 = 576.2 Kn/m?
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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 = 60cm , bar diameter g 14 for main rei nforcement
and 7.5 cm Cover

d=600-75-14=511mm

B

-I!_d #L

Vu:qu* =

1.9=0.35

Vu=576.2- —0.511 *1.9=289.023Kn

f.\/czfé*q/fc'*bw*d

f Vc =0.75* %* /28 *1900 * 511 = 642.64Kn

f Vc =642.64KN >Vu = 289.02Kn
\  SHfe

2- Design of Two Way Shear Strength :-

Vu=Pu- FR

FR, =q,*area of critical section

Vu = 2080- 576.2[(0.5+0.511)* (0.35 + 0.511)| =1578.43Kn

Pl

Inclimed erack

Critical section lor
ohb-way Shear

_J.
. )
N

d

.
1

b
N

NN

S
A

GI'I-E-wn:.r shaar,

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

fV. =f %g‘nb_i%\/f%od

Structural Analysis and Design

3 Khim

Trébulary area for
ong-way shaar
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+2\/7¢Dd

fV—f—

fV, =f —\/7%d

Where:-

Column Length (a
b, = gth (@) _50 _, 4o
Column Width (b) " 35

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

b, =2*(51.1+50) + 2* (51.1+ 35) = 374.4cm

@5 =40 for interior column

f v, =f —gﬁ 201/ Sa=0", i3°*J_8*3744*511 3035.32Kn

fv, =f L&3s +2—1/ %d_°75 0”511 | )0, 15+ 3744* 511 = 4720Kn
128b./d 5 3744 4

f V. =f —\l %d—075 28* 3744* 511=2530Kn

®Ve =2530 Kn>Vu=1578.43Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

1.9=0.35

#[=576.2% =5 *1.9=848.45Kn

H=i1

FR= qu*

Mu = 848.45* 0.775/2 = 328.8Kn.m

My 32AEml0®
Rn— Qb - 0.8% 1900%51 15 =0.74 Mpﬂ
! 420
Me =ty = = 17.65

nEs/  nESxzs
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p=—l 1— 1_2mBa _ 1 g 4 2X17.65x074 —0.00178

m 420 17.6 420

Asreq = p.b.d = 0.00178x1900%511 = 1737.8 mm’

Asmin = 0.0018* 1900* 600 = 2052 mm?
Asreg = Asmin = 2052 mm° ......... is control

Check for Spacing :-

S=3h=3*60=180cm
22y 25¢75=1925¢cm

2 . 420
o

S =380*(

S=45¢cm ......... is control

Use 1116 in Both Direction, Asprovided=_2211MM*>As equired= 2052 mm?>... Ok

Check for strain:-

_ As fy = 221 :.xr;:-zu — 2053 mm
0es5h 1 DBES=1900=28
c= i =203 24.16 mm
by 0.85
d—c 511 —24.16
£.=0003 —— =0003 ————— =0.06 =0.005 ..... 0k
' 24.16

4- Design of Dowels:-

Load Transfer In Footing :-

FPnb=F (0.85fc®, ’ \/%)

A;=50* 35=0.175 m?
A, = 190* 190 = 3.61 m?

\/E: ﬁ:4_54>2 ................ 2 =2
A V0175 A

FPnb=0.65" (0.85" 28" 175" 2) = 5414 .5Kn
F Pn=5414.5> Pu = 2080.......... .0k
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No Need For Dowels

Load Transfer In Column :-

FPnb=0.65" (0.85" 28" 175) = 2707.25Kn
F Pn = 2707 .25 > Pu = 2080 kn.......... .0k

No Need For Dowels
Asmin=0.005* Ac= 0.005* 500 * 350 = 875 mm2

Use 8816, Asprovided= 1608 MM*>Asequired= 875 mm?... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

Fy i E
Ldrreq = 15 * 3= * “krses = db> 300mm
g dh

Ktr =0 Nostripes

16 150
ch=754+—=83mm Orch=—=75mm

2 2
ktr +ch  0+75 4685 25
db 16 '
ktr +cb o5
db
Ly poq = =+~ 2222 4 16 = 365.75 mne> 300mm
L dr avalable =~ -75= 625 mm

2

Ldt available = 625 mm >|'.'d.,.e.q, = 395.054 mm........ OK
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Compression Development Length In Footing :-

Ldoieg= "2 0,043* Fy*dB >200mm
Ldoreq= "2 = 304.8> 0.043* 420" 16 = 288.96>200mm

L dCreq= 304.8 mm

LdCavaitable= 600 — 75— 16 — 16 = 493mm >L dcreg= 3048 mm ........ Ok

Lap Splice of DowelsIn Column :-

Lsc=0.071" fy” db=0.071" 420 * 16 =477.12 mm > 300 mm

Select Lsc =500 mm

T
[ = |
= |
-.\4
I
A .
Ly o T A W f
o o & 1 L
s . !
=]
o |
. e
R
lie=y I

10 0 . S0 . 70 10 .
10 180 10
210

Fig 4.24 :Foot Reinforcement Details.
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