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Structural Design For Institute of Tourism and Heritage

Abstract

The project is aiming to prepare a structural design of the Institute of
Tourism and Heritage building located in Abu Rumman Mountain in
Hebron City. The six-story building (including two-level basement, a
ground floor, and 3 upper floors) is to be built over a 25000 m? land with
a total floor area of 5945 m’. The structure will include educational
facilities, administration offices, recreation spaces, laboratories, and

tourism related offices.

The design will be conducted in accordance with the ACI-318 design
code. And loads will be determined as per the Jordanian National
Building Code. The structural system is to be first identified, followed by
the structural design of the slabs, beams, columns, and footings. The

following commercial software will be used:
AutoCAD 2007, ETABS 2013, SAFE 12, BEAMD, Office 2010.

Finally, a full package of the design documents will be provided,
including the structural analysis, design calculations, and full detailed

structural drawings.
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As=area of non-prestressed tension reinforcement.

e A, =area of non-prestressed compression reinforcement.

e Ag=gross area of section.

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

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

e b =width of compression face of member.

bw = web width¢« or diameter of circular section.

C.= compression resultant of concrete section.

C,= compression resultant of compression steel.

DL = dead loads.

Xl




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 face.

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.

Xl



@ = strength reduction factor.

€. = compression strain of concrete = 0.003.
€, = strain of tension steel.
€ = strain of compression steel.

P =ratio of steel area.
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Structural Design For Institute of Tourism and Heritage

Abstract

The project is aiming to prepare a structural design of the Institute of
Tourism and Heritage building located in Abu Rumman Mountain in
Hebron City. The six-story building (including two-level basement, a
ground floor, and 3 upper floors) is to be built over a 25000 m? land with
a total floor area of 5945 m’. The structure will include educational
facilities, administration offices, recreation spaces, laboratories, and

tourism related offices.

The design will be conducted in accordance with the ACI-318 design
code. And loads will be determined as per the Jordanian National
Building Code. The structural system is to be first identified, followed by
the structural design of the slabs, beams, columns, and footings. The

following commercial software will be used:
AutoCAD 2007, ETABS 2013, SAFE 12, BEAMD, Office 2010.

Finally, a full package of the design documents will be provided,
including the structural analysis, design calculations, and full detailed

structural drawings.
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Chapter 4
Structural Analysis & Design

Introduction
Factored Loads
Load Calculation
Design Of Topping
Design Of Rib (FF-R30)
Design Of Beam (FF-B130)
Design of Column (C2-C3)
Design of Stair
Design of Isolated Footing (F4)
Design of Basement Wall
Design of Shear Wall
Design of Strip Footing



v" Introduction:

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it
can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary strength.
Steel is embedded in the concrete in the form of a mesh, or roughened or twisted bars. A
bond forms between the steel and the concrete, and stresses can be transferred between both
components.

In this project, all of design calculation for all structural members would be made
upon the structural system which was chosen in the previous chapter.

So, in this project, there are five types of slabs: One way solid slab, one way ribbed
slab, two ribbed slab, flat slab, and waffle slab. They would be analyzed and designed by
using finite element method of design, with aid of a computer program called "ATIR- Soft
ware " to find the internal forces, deflections and moments for ribbed slabs and by using the
previous program and Etabs, Safe,And programs to find the internal forces.

v" Factored loads:

The factored loads on which the structural analysis and design is based for our
project members, is determined as follows:
qu=1.2D.L+1.6L.L.



4-1 Design of Rib 11:

_Moments: spans 1to 3
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Table ( 4.1) : Dead load calculation Topping

Tiles 3 e

Nortar 7 an

Coarse Sand fill 7cm

R concrete Topping 8 e

Concrete block

R Concrete rib

Plaster?2 cm

LTI ST T SIS TSI TSI T TSI LS T TS TS TS
N Y Py 3 A >

R e T e Ty

pn el e N e Bt O il A & S N T e
TR W R e AT e T N e “..,-h"- e r oA s IR e AN T e
" s, A - N - _ 9= o¥ .

TYPICAL SECTION IN RIBBED SLAB

Compressive strength of concrete fc” = 30 Mpa

Yield strength of steel , fy = 420 Mpa
Live Load,LL=3 KN/m’

v Minimum thickness (deflection requirements):

There are two groups of ribs and beams

The thickness of the one-way ribbed slab with drop beams can be obtained

according to ACl code, table 9.5 (a).

The maximum span length for one-end continuous (for ribs): [ =640cm  then
l 640

hmin=E = E =34.6cm

The maximum span length for both-ends continuous (for ribs): I =510cm then

l 510
in=—— = — = 24.
h min 21 21 3cm

The minimum ribbed slab thickness willbe hmin = 34.6cm
Take slab thickness h =35cm > hmin= 34.6cm
h=35cm  (27cm HOLLOW BLOCK + 8cm TOPPING )



v 4-2 Topping Design:

Topping in One way ribbed slab
can Be

considered as a strip of 1 meter
width and span of hollow block
length with both end fixed in the
ribs.

Dead Load calculations:

Dead Load from: dxyx1 KN/m
Tiles 0.03%x23 0.69
Mortar 0.02 %22 0.44
Coarse Sand 0.07x 17 1.19
Topping 0.08%x25 2
Interior Partitions 1.5 1.5

> 5.82

Live Load calculations: 3 X1=3KN/m

Total Factored Load: wyy =1.2%5.82+1.6+3 =11.78KN/m

_wul®>  11.78+0.4 7
“T12 T 12
@Mn > Mu Strength condition, where @ = 0.55 for plain concrete

= 0.157KN.m/m of strip width

Mn= 0.421,/fc’ Sn

where S, for rectangular section of the slab:

bh?> 1000+807

S =
m 6 6

=1066666.67mm?

Mn= 0.421/fc" Sm = 0.42*1*+/30 * 1066666.67 X 10-6 = 2.45 KN.m

@PMn =0.55%2.45=1.35KN.m> Mu=0.157KN.m

NO Reinforcement is required by analysis. According to ACI 10.5.4., provide  ASpin

for slabs as shrinkage and temperature reinforcement.



p —0.0018

AS= pbt =0.0018 * 1000 *80= 144mm?/m strip
Try bars @ 8 with  AS =50.27mm?

AS 144
Bar number n = — = ——=2.87
ASP8 5027

Take 3 @ 8/m with AS=150.8 mm?/m strip or @ 8 @ 300 mm in both direction
step(s) is smallest of :

1. 3h=3x80=240mm -

control
2. 450 mm
3. S=
280 280
380(f—s) _2.5Cc =380 (%4—20) — 2.5%20=
330 mm but

S < 300 (2%) =300 (28") = 300mm

2
§4-20
Take®8 @ 200mm in both directions S=200mm < Smax=240 mm — ok
From practical consideration, the secondary reinforcement parallel to the ribs shall

be placed in the slab and spaced at distances not more than half of the spacings
between ribs (usually two bars upon each 40 cm width block).

be =520mm

i T=80mm
|

. A — _¢_ fi= 350
’

7 7R
T T

% z
— VA

5.

AR L

i %
i ] P



v Load Calculations for Rib 11:

T=h=80 mm bw=120 mm be =520 mm

Dead Load calculations

0.03*23*0.52=
0.02*22%0.52= | 0.2288
0.07*17*0.52= | 0.619
0.08*25*0.52= 1.04
0.27*25%0.12= 0.81
0.27*10*0.4= 1.08
0.02*22*0.52= | 0.2288
1.5*%0.52=

Table(4-2):Dead Load Calculation of Rib (R 11)

Live Load calculations:
LL=3*0.52=1.56 KN/m

Dead Load / rib: DL=5.146 KN.m
Live Load /rib: LL=1.56 KN.m

v' Design of Rib 11 for positive moments:

1.Mu =+29.9KN.m

*Assume bar diameter & 14 for main positive reinforcement.

d=h - cover— das— 5=350-20-10- - =313 mm
*Check if a>hs

Mo = 0.85 fc'b hf ( - %)

80
=0.85 *30*520 *80 (313 — 7) * 10 — 6 =289.6 KN.m

Mnr=289.6KN.m > 22 = 22 =33.2 a < hf

h=350 mm



*Design:

M 29.9x10°
RN = —— = — = 0.652 MPa
bd“ @ 0.9+x520+«313
420
Y = 16.47

" 085fc  0.85+30

1 2Rnm 1 2+0.652+16.47

As = pbd =0.00157 * 520 * 313 = 255.5mm?

*Cheak for Asmin :

ASmin = 0.25 % bwd = % bw d

ASmn= 0.25 g «120 * 313 = 122.46 mm?
ASmn=  gog* 120 +313 = 125.2 mm? ----- Control
As = 255.5mm? > Asmin = 125.2 mm? ---- 0K

use 2 14 with As = 3.08 cm? > ASreq = 2.56 cm?---- 0Kk

*Cheak for strain (Tension-Controlled section-€s = 0.005):

_ As fy _ 3.08%x420 — 976177177
085 fch  0.85x30%520
_a _
c= & B =0.836
C=>7%—11.67 mm
0.836

(313—11.67

d—c
€S = 0.003(7) = 0.003(*— ) — 0.0775 > 0.005.---- OK

2.Mu =+10.8KN.m

*Assume bar diameter @ 12 for main positive reinforcement:

d=h—cover— dyrp— 27=350-20—10- > =314 mm

*Checkif a>h;

My = 0.85 fc'b hf ( _ ’;_f)

80
=0.85 *30*520 *80 (3 14 — ?) * 10 — 6 =290.7 KN.m



Mn=290.7KN.m>» M2 _ 198 _ 45 s <hf
[7)] 09

*Design:

M 10.8+10°
RN = —— = ~ = 0.234 MPa

bd“ @ 0.9x520+x314

420
[y = 16.47

" 085fc  0.85+30

1 2Rnm 1 2x0.234%16.47
p=- (1— 1-=5 )_ﬁ <1—J1—T)-o.ooose

As = p bd =0.00056 * 520 * 314 = 91.4mm?
*Cheak for Asmin

ASmin = 0.25 Jre bwd > 14 bw d
fy fy

AS.. = 0.25 V:;(’)' +120 * 314 = 122.8 mm?
AS,. = % +120 * 314 = 125.6 mm?  --—--- Control

As = 91.4mm? < Asmin = 125.6 mm?
use 2 10 with As = 1.57 cm? > AS min = 1.26 cm? ---—- OK

*Cheak for strain (Tension-Controlled section-&s = 0.005 ):
Asfy _ 1.57+420

= = =497 mm
085 fch  0.85%30%520
_ a _
C= ; B =0.836
C =297 _ 5.95 mm
0.836

315-5.95

£s = 0.003(?) - 0.003( o~

) —0.156 > 0.005 - OK

Usually, no Reinforcement less than 2010 can be used .So for other span with positive
moment equal 8.6 KN.m, use 2010 for rib span .

v' Design of Rib 11 for negative moments:

1.Mu = -24.8KN.m
*Assume bar diameter & 14 for main negative reinforcement:
d=h - cover— du— 27=350-20—10- =313 mm




*Design:

Mu 24.8x10°
Rn=—p— = ~ = 2.34 MPa
bd“ @ 0.9+x120+x313
420
Iy = 16.47

T 085fc  0.85%30

p=1 (1 - |1- 2’;’;’") =— <1 - \/ 1- —2*2'3:2*016'47) = 0.00585

As = pbd =0.00585 * 120 * 313 = 219.86 mm?

*Cheak for Asmin
As = 219.86mm? > Asmin = 125.2 mm? ---- OK
use 2 014 with As = 3.08 cm? > ASreq = 2.19 cm? — — — ok
*Cheak for strain (Tension-Controlled section-&€s = 0.005 ):
= w7~ G5 a0-az0 = 1226 mm
C= % B =0.836
C :%: 50.55mm

313-50.55

£s = 0.003(%) = 0.003( o

) = 0.0156 > 0.005  --— OK

2.Mu = -7.6KN.m

*Assume bar diameter & 12 for main negative reinforcement:

d=h—cover— dusp— 27=350-20—10- 2> =314 mm

*Design:
Mu 7.6x10°
Rn=—5— = ~=0.714 MPa
bd“ @ 0.9x120+«314
420
Iy _ — 16.47

M= =
085fc  0.85%30

1 2Rnm 1 2x0.714+16.47
p—;(l— 1-— Fy )_ﬁ<1_\/1_T>_000172

As = pbd =0.00172 * 120 * 314 = 64.81mm?



*Cheek for ASmin

ASpmin = 0.25 i bwd > 14 bwd
fy fy

AS.. = 0.25 “43;(’)' +120 * 314 = 122.8 mm?
AS, = % «120 * 314 = 125.6 mm?®  --—-- Control

As = 64.81mm? < Asmin = 125.6 mm?

use 2 10 with As = 1.57 cm? > AS min = 1.26 cm? ---- OK

*Cheak for strain (Tension-Controlled section-€s = 0.005):

— As fy = 1.57+420 — 21.55 mm
085 fch 0.85%x30x120
_a _
c= 4 B =0.836
C=255_ 2578 mm
0.836
£s =0.003($) = 0.003(%) =0.0337 >0.005 - OK

v" Design of Rib 11 for shear:

Shear

e 228

-20. -20.6
138 -16.6 _—"]

L— 7.4
13.7 135

26.9
33.2

Fig(4-3) Shear Envelope (factored) units:KN



The maximum shear force at the distance d from the face of support V. =
26.9 KN.

Shear strength, Vc , provided by concrete for the ribs may be taken 10%
greater than that for beams. This is mainly due to the interaction between
the slab and the closely spaced ribs.

Vu
Vn=—
1)

Ve=1.1%2 4/fcbwd = 1.1%2 5 130 *120 *314 *10-* = 37.84 KN
@ Ve =0.75+37.84 = 28.38 KN
Vu = 26.9KN < @ Vc =28.38 KN

—Minimum Shear reinforcement is required expect for concrete joist
construction . So, no shear reinforcement is provided .



4-3 Design of Beam B G 1:
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Dead load from two way ribbed slab

22*0.03*0.52*0.52 = 0.178 KN

22*0.02*0.52*0.52 = 0.119KN

16*0.07*0.52*0.52 = 0.303 KN

25*0.08*0.52*0.52 = 0.541 KN

25*0.27*0.12*(0.52+0.4) = 0.745 KN

9*0.27*0.4*0.4 = 0.389 KN

22*0.02*0.52*0.52 = 0.119 KN

Table ( 4.3) : Dead load from two way ribbed slab

DL=2.8/(0.52*0.52)=10.36 KN/m?
LL=3 KN/m’
Dead Load from Two Way Ribbed Slab on Beam=2x3.37x10.36=69.83 KN/m

Live Load from Two Way Ribbed Slab on Beam=1x3.37x3=69.83 KN/m

Dead Load from One Ribbed Slab on Beam=5.146 KN/m

Live Load from One Ribbed Slab on Beam=1.56 KN/m



Dead load of Beam:

22x0.03x0.8=0.528
22x0.02x0.8=0352
16x0.07x0.8=0.896
22x0.02x(0.8+0.3)=0.484
1.5x0.8=1.2

3.46

Table ( 4.4) : Dead load of Beam

Service DD upon the Beam=3.46+0.8x0.5x25=13.46 KN/m

Service LL upon the Beam=3x0.8=2.4 KN/m

_Moments: spans 1to 4

-623.3

-426 9 -375.8

4429
*Tates =249,

: ?z“ };ifﬂi.:{' e

1 L'\_,/073 \/e‘{

| 205 3.08 | 281 L 220 | 2 .2 ! 238 13_«1__]

Fig(4-5) :Moment Envelope (factored) units:KN.m



v Design of Positive Moment :

MAX. Positive Moment=108 KN.m

bw =80cm, h =50cm
d =500-40-10-12.5=437.5mm

Mu= 108 KN .m
M= L= 8 = 120 KN m

min 4(fy)
30 1.4
As .. =———=(800)437.5)> ——(800)437.5
S = e EOONAET)> 0037

As_. =1141.1mm? <1166 .7mm?

As,.. =1166.7mm’

Rn = M_nz
b*d

Rn=_— 0 -0.784 Mpa
800 *437.5

m=— Y = 40 _445

T 085*fc  0.85%30

2mRn
f )
y

1
—2(1- 1-
p m(

p=_1(1- \/1- 2(16.5)(0.78%) y - 901896
16.5 420

Awqg=p*b*d=0.001896*800 * 437.5 = 663.72 mm>

663.72mm?<As_. =1166.7mm?

A min = AS

Use 3 @ 25>># of bar = 1166.7 _ 3
491

............. the larger is control



Then we select 3 bars 25 A, provided = 3*491 = 1472 .62mm?*

Check for yielding
Tension = compression

As*fy=085*f*b*a

1472.62*420=0.85*30*800*a
a=30.32mm

S, =0.85-0.007(fc—28)

S, =0.85-0.007(30-82) =0.836

wo & 8032 oo
B, 0.836

£, = 4371.5-36.27 % 0.003
36.27

¢, =0.033> 0.005
d*Mn=d*As* fy*(d —%)

®*Mn=0.9*1166.7 *420* (437.5-15.16) =186.25>108 singly reinforcement

Check for spacing between the bar

S = 800-2*%40-2*10-3*25
2

S=3325mm >25mm

v" Design of Positive Moment :

MAX. Positive Moment=415.8 KN.m

bw =80cm, h = 50cm
d =500-40-10-12.5=437.5mm

Mu=415.8KN .m

Mn= '\%‘z 4158 _ 462 KN'.m

0.9



Na(3 14
As.., = bw)d)==——(bw)d )
(1 0= wo)
V30 1.4
As. i = —7-=(800)437.5)> ——(800)437.5
Srin = (a20) COON375)> 15 (800)4375)
As,;, =1141.1mm? <1166.7mm*............. the larger is control

As . =1166.7mm’

RN = —an
b*d
Rn=_%2 _ -302Mpa
800 *437.5
m=_ = 40 _455
0.85* fc 0.85*30
1 2mRn
= 1 - l_
p=— ( fy )
D=1 (1- \/1-—2(16'5)(3'02) ) = 0.007677
16.5 420

Areq=p*b*d=0.007677*800 * 437.5 = 2686.95 mm>
2686.95mm? > As . =1166.7mm°

294522 _ 6
491

Use 6 @ 25>># of bar =

Then we select 6 bars ®25 A, provided = 6* 491 = 2945 .22mm”?

Check for yielding
Tension = compression

As*fy=085*f*b*a



2945.22*420=0.85*30*800*a

a=60.6mm

S, =0.85-0.007(fc—28)

S, =0.85-0.007(30-82) =0.836
a 606

X=—=———=72.5mm
B, 0.836
g, = B197125 4603
72.5

g, =0.015>0.005
a
O*Mn=>*As* fy*(d _E)

®*Mn = 0.9*2945.22*420* (437.5-30.3) =453.33>415.8 ..... singly reinforcement

Check for spacing between the bar

— 800-2*40-2*10-6*25
5

S

S=110mm >25mm

MAX. Positive Moment=259.2 KN.m

bw =80cm, h =50cm
d =500-40-10-12.5=437.5mm

Mu=259.2 KN .m

mn= = 292 _ 588 KN .m
@ 0.9
\ fc’ 14
As . = bw)d )>=(bw)d ).
(i 0= wo)
V30 1.4
As,., =———(800)437.5)> —(800)437.5
Son = gla20) BOON4375)= 13 (600K4375)

As, . =1141.1mm? <1166.7mm?............. the larger is control



As . =1166.7mm’

Rn = —an
b*d
Rn = LZ = 1.88 Mpa
800 *437.5
m = fy = 420 =
0.85* fc' 0.85*30
1 2mRn
=—(1- -
p=— ( fy )

p= L (1- \/1-—2(16'5)(1'88) ) = 0.00465
16.5 420

Aeq=p *b*d=0.00465%800 * 437.5 = 1629.23 mm?

1629.23mm? > As, , =1166.7mm>

Use 4 @ 25>> # of bar = 1953-123 =4

Then we select 4 bars ®25 A, provided = 4*491 =1963 .5mm?

Check for yielding
Tension = compression

As*fy=085*f*b*a

1963.5*420=0.85*30*800*a

a=40.42mm

S, =0.85-0.007(fc—28)

p, =0.85-0.007(30-82) =0.836
a 4042

X=—=——=48.36mm
B, 0.836

g, = 331574830 4 43
48.36

g, =0.024 > 0.005

O*Mn=* As* fy*(d—g)



®*Mn =0.9*1963.5*420* (437.5—20.21) =309.72 >259.2 singly reinforcement

Check for spacing between the bar

g = 800-2*40-2*10-4*25
3

S=200mm >25mm

MAX. Positive Moment=299.3 KN.m

bw =80cm, h =50cm
d =500-40-10-12.5=437.5mm

Mu=299.3KN .m
Mn= MU = 2993 _ 335 56 KN .m
@ 0.9
fc' 14
As . bw)d )> bw)d ).
30 1.4
As . =———(800)437.5)> =—(800)437.5
Son = gty COONEST)2 20 600)4575)
As . =1141.1mm? <1166.7mm?............. the larger is control

As,.. =1166.7mm’

Rn= M0
b*d

Rn= 2% =517 Mpa
800 *437.5

no by 40 _

085*f  0.85*30

1 2mRn
==(1- -
p m( fy)

(1 J 2(16.5)(2. 17)) 0.00541
" 165

420



Aq=p *b*d=0.00541%800 * 437.5 = 1894.42 mm>

1894.42 mm?> As,_. =1166.7mm?

Use 4 @ 25>> # of bar = 189441 — 4

Then we select 4 bars ®25 A provided = 4*491 =1963 .5mm?

Check for yielding
Tension = compression

As*fy=085*f*b*a

1963.5*420=0.85*30*800*a
a=40.42mm

S, =0.85-0.007(fc—28)

£, =0.85-0.007(30-82) =0.836

wo & 2042 oaeim
B, 0836

¢ = 4375-48.36 1 003
48.36

g, =0.024 > 0.005
a
O*Mn=d*As* fy*(d _E)

®*Mn=0.9*%1963.5*420* (437.5-20.21) =309.72 >259.2 singly reinforcement

Check for spacing between the bar

— 800-2*40-2*10-4*25
3

S

S=200mm >25mm



v" Design of Negative Moment :

MAX. Negative Moment=442.9 KN.m

bw = 80cm, h = 50cm
d =437.5mm

Mu=442.9KN .m

Mn= MU _ 4429 _ 49511 KN.m
() 0.9

ns -V (bw)(d)z%(bw)(d )

min 4(fy)
As . = ﬂ(800)(437.5) > ﬂ(soo)(437.5)
4(420) 420

As . =1141.1mm? <1166.7mm?............. the larger is control
As,.. =1166.7mm’
Rn = M_nz

b*d
Rn=_ %21  —351Mpa

800 *437.5
m=_ ¥ _ 420 _

T 085*f  0.85%30

2mRn
fy

)

1
—2(1- 1-
p m(

p= 1 (1- Jl—w) = 0.008197
16.5 420

Areg=p*b*d=0.008197*800 * 437.5 = 2868.95 mm?

2868.95mm? > As__ =1166.7mm?



Use 6 @ 25>> # of bar = 29:';"122 =6

Then we select 6 bars 2, A provided = 6*491 = 2945.22mm*

Check for yielding
Tension = compression

As*fy=085*f *b*a

2945.22*420=0.85*30*800*a
a=60.6mm

p, =0.85-0.007(fc—28)

S, =0.85-0.007(30-82) =0.836

5, 0.836
g, = B19=125 4 603
72.5

¢, =0.015 > 0.005
a
®*Mn=d*As* fy*(d )

®*Mn = 0.9*2945.22*420* (437.5-30.3) =453.33>442.9 singly reinforcement

Check for spacing between the bar

g = 800-2*40-2*10-6*25
5

S=110mm >25mm

MAX. Negative Moment=249 KN.m

bw = 80cm, h = 50cm

d =437.5mm
Mu= 249 KN .m
Mu _ 249 _

Mn= —==— =276.67 KN.m
® 09



Na(3 14
As.., = bw)d)==——(bw)d )
(1 0= wo)
V30 1.4
As. i = —7-=(800)437.5)> ——(800)437.5
Srin = (a20) COON375)> 15 (800)4375)
As,;, =1141.1mm? <1166.7mm*............. the larger is control

As . =1166.7mm’

Rn= M
b*d
Rn=_2/°%" -1 81Mpa
800 *437.5
m=_—" __=_40 _455
0.85*fc'  0.85*30
1 2mRn
= ___ 1 - l_
p=—( fy )
o= i(l ] \/1_ 2(16.5)(1.81) ) = 0.00447
16.5 420

Areq=p *b*d=0.00447*800 * 437.5 = 1563.27 mm?
1563.27 mm?> As,_. =1166.7mm?

1563.27 _ 4
491

Use 4 @ 25>># of bar =

Then we select 4 bars @25 A, provided = 4*491 =1963 .5mm?

Check for yielding
Tension = compression

As*fy=085*f*b*a



1963.5*420=0.85*30*800*a
a=40.42mm

S, =0.85-0.007(fc—28)

p, =0.85-0.007(30-82) =0.836

wo & 4042 oaeim
B, 0.836

, 43754836 o oo
48.36

g, =0.024>0.005
a
O*Mn=>*As* fy*(d _E)
®*Mn =0.9*1963.5*420* (437.5—20.21) =309.71>249 singly reinforcement
Check for spacing between the bar

g = 800—2*40-2*10-4*25
3

S=200mm >25mm

MAX. Negative Moment=216.5 KN.m

bw = 80cm, h =50cm
d =437.5mm

Mu=216.5 KN .m

Mn= MU _ 2165 _ 516 56 KN .m
D 0.9

as.. =V uyd) %(bw)(d )

min 4(fy)
J30 1.4
As .. =———(800)437.5)> ——(800)437.5
Sun = 4130 COONSTS) 2 0 (B00)4375)
As,,, =1141.1mm? <1166.7mm?*............. the larger is control

As . =1166.7mm’



Rn = Mn

~ b*d?
Rn=_ 20 -1 57Mpa
800 *437.5
m=_0 = 40 _45g
0.85* fc 0.85*30
1 2mRn
-1@- -
p=—( fy )

p=_1 (1- \/1——2(16'5)(1'57) ) = 0.00386
16.5 420

Aeq=p *b*d=0.00386%800 * 437.5 = 1352.25 mm?

1352.25mm? > As, . =1166.7mm?

Use 3 @ 25>> # of bar = 132;-125 =3

Then we select 3 bars ®25 A, provided = 3*491 = 1472 .62mm°

Check for yielding
Tension = compression

As*fy=085*f *b*a

1472.62*420=0.85*30*800*a
a=230.32mm

S, =0.85-0.007(fc—28)

S, =0.85-0.007(30-82) =0.836

x= & 8032 a6 o0mm
5. 0.836

;4153627 000
36.27

&, =0.033>0.005
a
O*Mn=d*As* fy*(d _E)

®*Mn=0.9*1472.62*420*(437.5-15.16) =235.095>216.5 singly reinforcement



Check for spacing between the bar

g = 800-2*40-2*10-3*25
2

S=3125mm >25mm

v" Design of shear

Shear

-687.9

514, 4256 -458.5
-315.3 285.2 -305.2

-195.2

t L 1 1+ H
[—="254. % l7/
364.4 b 352. 369.2

44,
637.3 RNk

Shear Envelope (factored) units:KN Fig(4-6)

Viuma=514 KN

d=500-40-10-12.5=437.5mm

Ve = gbw*d

Ve= @*800 *437.5%10°=319.5 KN

= 0.75 * 319.5 = 239.63KN <V max=514 KN



DVs min=0.75 (%) Jfc * by *d=0.75 (%)@ * 800 * 437.5=89. 9KN
Vg min =0.75 (%)* by * d =0.75 (%)* 800 * 437.5=87.5kN

CI) VC+ q)VS’m|n:32953 KN < VU,maX

DV's :0.75(£ )*by * d=0.75 (l )*+/30 * 800 * 437.5=479.26kN
3 3

® Ve + DV §=239.63+479.26=718.89 KN >V nax=514 KN
-Stirrups are required-
Use 4 leg 010

Av= 314.2 mm?

~ _479.26

= = 639.01 KN
0.75
&_ Vs
s fy*d

S _314.2%420%437.5
"9 639.01+103

— 90.35mm < g = 218.75 mm,, S= 7.5 cm

-control-



4.7 Design Two Way Ribbed Slab

v Determination of Thickness for Two Way Ribbed Slab:

Assume H =35cm

* 3
Iy = 1001235 =357291.66 cm”
% 3
lp,= 80125 -285833.3 cm*
%353
lp3= 1001235 =337291.66 cm”
%353
lpg= 80125 -285833.3 cm*
Yc= 40%8+4+35%12%16 -10.81 cm
40%8+35%12
52%10.813  40%2.81% = 21%24.193 4
= — + =78219.6 cm
3 3 3
78219.6%(222+80)
lg= - =571604.77 cm*

78219.6+(>>+80)

o= = 563331.54 cm”
52

78219.6+(222+100) .
z =601689.23 cm

s3— 52

78219.6+(*o>+100)
52

= 593416 cm*

s4=

« _ 2858333
1

=——=0.51
563331.54



o _ 357291.66 _

)= =0.59
601689.23
337291.66
%= =——"2-—0.57
593416
285833.3
%y=——""=0.48
601689.23
0.51+0.59+0.57+0.48
%= " =0.538>0.2
6
B=—-=1.02
5.89

6000*(0.8+(ﬂ

= 1100) =174.9 mm
36+1.02+5%(0.538—0.2)

min

h=35cm > h,,;,=17.49cm

v" Load Calculation:

22*0.03*0.52*0.52 = 0.178 KN

22*0.02*0.52*0.52 = 0.119KN

16*0.07*0.52*0.52 = 0.303 KN

25%0.08*0.52*0.52 = 0.541 KN

25%0.27%0.12%(0.52+0.4) = 0.745 KN

9*0.27*0.4*0.4 = 0.389 KN

22*0.02*0.52*0.52 = 0.119 KN

Table ( 4.3) : Dead load from two way ribbed slab



Dead Load of slab:

DL=—22_-10.36 KN/m>

"~ 0.52%0.52

Wp =1.2*%10.36 =12.432 KN/m’
LL=3 KN/m?

W, =1.6*3=4.8 KN/m”’

W = 12.432+4.8 =17.232 KN/ m?

v" Moments Calculations:

From tables use Case (9 ):

Ca. neg=0.0626 ,, Cb.neg=0.0314

Ma,neg = Ca,neg * Wu * (La)’ = 0.0626% 17.232 x (5.89) x 0.52= 20.1 KN

.m/ rib.

Mb,neg = Ch,neg X Wu x (Lb)” = 0.0314x 17.232 x (6)° x 0.52= 10.13 KN

.m/ rib.
Cat,dL=0.0234 ,, cb* dL=0.019

M¥a.d = Cadl X Wud * ( La)* = 0.0234% 12.432 x (5.89) x 0.52= 5.25 KN .m
/ rib.

M¥b.d = Cb.dl X Wud X ( Lp)* = 0.019% 12.432 x (6)° X 0.52= 4.42 KN .m /
rib.
Cat,1L=0.031,, cb™,1L=0.027

MTaL =Call xWu *(La)* =0.031 x 4.8 x (5.89)" x 0.52= 2.68 KN
.m/ rib.



M¥b,L = Ch Il xWu *(Lb)* =0.027 x 4.8 x (6)° x 0.52= 2.43 KN .m
/ rib.
Ma positive = 5.25 + 2.68= 7.93KN .m / rib.

Mb positive = 4.42+2.43 = 6.85KN .m / rib.

Negative moment at discontinuous edges = 1/3

positive.

Mb neg = (1/3) X 6.85 = 2.28 KN.m/ rib.

v Design of positive moments:
Design of Positive Moment :- (Ma=7.39KN.m)

Assume bar diameter ¢ 14 for main positive reinforcement
dp 14
d =h- cover - dstim,ps—7 =350—-20-8— 5= 315mm

_ M, __ 7.39x10°
" @bd2  0.9%x520%3152

= 0.16Mpa

fy 420
m: 7 —_—
0.85f,  0.85x24

- i<1 _ 4 _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.000382
m 420 20.6 420

As req = p.b.d = 0.000382x520x315= 62.65 mm?®

= 20.6

Check for As min:-

As min= Jic (bw)(d)ACI-318 (10.5.1)
A(fy)

J24
4(420)

A's min= (120)(315) =110.22mm?



14
A ==" (bw)(d
s min (fy)( w)(d)

ASreq = 62.65mm? <Asyi= 126 mm?®....0K

Use 2 ¢10, As, provided= 157.08 mm’>A requirea=126mm?>... Ok

Check for strain:-

Asfy  157.08%X420

a= - = = 6.22mm
0.85b f, 0.85x520%24
x= 2 =222 = 7 32mm
B1 0.85
d—x 315 —7.32
& = 0.00B( ) = 0.003 (—) = 0.126 > 0.005 Ok
X 7.32

Design of Positive Moment:- (Mb=6.85KN.m)

d =h- cover - dumps— 2 = 350 — 20 — 8 — = = 315 mm

M, __  685x10°
Ro= @bd? ~ 0.9x520x3152 0.148Mpa
= Iy 120 _ 906

m= - =
0.85f/  0.85x24

o= 1(1 _|1- Z-m-Rn> S (1 _ \/1 - M) = 0.000354
m 420 20.6 420

A; req = p.b.d = 0.000354 x520%315 = 57.99 mm’




Check for As min:-

A's min = Jfe (bw)(d)ACI-318 (10.5.1)
4(fy)

22
4(420)

As min= (120)(315) =110.22mm’

14
A == (bw)(d
s min (fy)(w)()

ASieq = 57.99mm? <Asmin=126 mm?.....OK

Use 2 10, As, provided= 157.08 mm’*>A. ;equires=126mm?>...

Ok

Check for strain:-

4= Asfy __ 157.08x420

= - = = 6.22mm
0.85b f!  0.85x520x24

X= — = 622 _ 7.32mm
B, 085

d—x 315—7.32
& = 0.003( ) = 0.003 (—) =0.126 > 0.005

X 7.32

v" Design of negative moments:

Design of Negative Moment :- (Ma=-20.1KN.m)

Assume bar diameter ¢ 12 for negative reinforcement

d =h- cover - dumps— 2 = 350 — 20 — 8 — = = 316 mm

Ok



M, _ 20.1x10°

R,.= =
" @bdZ  0.9x120%x3162

= 1.86 Mpa

f 420
m= —X— = = 20.6
0.85f,  0.85x24

o= l<1 _ - Z.m.Rn> _ 1 <1 _ \/1 B 2><20.6><1.86> — 0.0047
m 420 20.6 420

As req = p.b.d = 0.0047 x120x316 =178.22 mm?

Check for As min:-

A's min = Jfe (bw)(d)ACI-318 (10.5.1)
4(fy)

Nex
4(420)

s min= (120)(316) =110.5mm’

14
A == (bw)(d
s min (fy)( w)(d)

As min= i_;) (120)(316) =126.4mm?....controls

ASreq = 178.22 > Asyin= 126.4mm” ....OK

Use 2 812, AS ,rovided= 226.2 MM*>A, ;equired=.178.22mm°>... Ok

Check for strain:-

Asf 226.2X420
=— = = 38.81 mm
0.85b f,  0.85x120x24
a 38.81
X=—=——=45.66mm
B 0.85

d—x 316 — 45.66
) = 0003

£ = 0.003( = T

X

) = 0.0178 > 0.005

Ok



v" Design of Negative Moment :-

(Mb=-10.13KN.m)

Assume bar diameter ¢ 12 for negative reinforcement
dp 12
d =h- cover - dstirrups—7 =350—-20—-8— 5 = 316 mm

M, __  10.13x10°

R,.,= =
" @bd?2  0.9x120%x3162

= 0.94 Mpa

f; 420
m= —— = = 20.6
0.85f.  0.85x24

o= i<1 _ _Z.m.Rn> _ 1 <1 _\/1 _w> = 0.00229
m 420 20.6 420

A req = p.b.d =0.00229 x120x316 = 86.92 mm?®

Check for As min:-

A's min = Jfe (bw)(d) ACI-318 (10.5.1)
4(fy)

24

(120)(316) =110.57mm’
4(420)

S min=

14
A = (bw)(d
s min (fy)(w)()

As min= 41,_;) (120)(316) =126.4mm?....controls

ASreq = 86.92 < Asn= 126.4mm”.....OK

Use 2 312, AS provided= 226.2 MM°>A, requireq= 126.4mm>... Ok




Check for strain:-

= 38.81 mm

4= Asfy  226.2x420
0.85b f,  0.85x120x24
a _ 3881

Xx=—=——=45.66mm
B,  0.85

d—x 316 — 45.66
& = 0.003 (T) = 0.003( 1566 ) = 0.0178 > 0.005 Ok

v" Design of shear for rib:

Maximum shear coefficient in short direction as in case (9) W, @ m =0.98

W, =0.686

The total load on the panel =5.89*%6*17.232= 608.98 KN

The load per rib at the face of long beam =0.686*608.98*0.52/(2*6)= 18.1 KN
W, =0.306

The total load on the panel =5.89*%6*17.232= 608.98 KN

The load / rib at the face of long beam =0.306*608.98*0.52/(2*5.89) = 8.23KN
Vg = Viface - Wu*bs*d = 18.1 —17.232*0.52*0.316= 15.27 KN

The shear strength of one rib:

Ve="2[fbyd = -2 x 120 X 316 X 107% = 34.05 KN

@V, =0.75%34.05 =25.54KN

0.5 ¢ V. =0.5x25.54=12.77KN

059 V<V, <o V.

12.77<15.27<25.54



Minimum shear reinforcement is required except for joist construction.
V. =17.232%0.52%(3.8 - 0.316) = 31.3 KN

@V, =25.54 < Vud =31.3KN

® Vsminz 0.75 (%) * bw * d =0 .75* (% }¥120%316*10" = 9.48 KN ....Controls

® Vsmin >0.75 (%) * bw * d = 0.75*(%“) * 120* 316*107 = 8.7KN

® (Vc+ Vsmin)=35.021>Vu=31.3 > ®Vc = 25.54
Vs' = g\/ﬁ *bw *d =61.9 KN

Vs = % — Ve =12.92 KN
Vsmin =11.4<Vs=12.92< Vs’  =55.85 ......... Case IV

Use2leg® 8
Ay min =100 mm?

Av min __ Us

s dfy

A .
s = v min dfyt

vS
$=926.5mm
d 285
Smax = 5= = 142.5 mm OT Smax < 600 mm

Usedleg ® 8 @125 mm



4.7 Design of column (C36)

calca

AT T T e

Fig.(37) :Place Of Column (C36) within the second basement floor.

Load Calculation for Column

Col. C36 60cm* 45¢cm 24Mpa | 420Mpa




v" Load Calculation:

Pu =1941 .6KN
Use > p=,09=2%

Pu=0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}

1941.6*10° = 0.65*0.8*[0.85* 24 * (Ag —0.02 Ag) + 0.02 Ag * 420 |
Ag =133389.76.mm*>

Ag =600*a

133389.76/600 = a

a=222.3mm

Use 600 x 250mm with Ag =150000mm?

1941.6 0.02 150000 mm? 222.3 133389.76 mm?

v" Selecting longitudinal bars:
Pu=0.65*0.8*{0.85* fc'(Ag— Ast) + Ast(fy)}
1941.6*10° = 0.65*0.8*[0.85* 24* (150000 Ast) + Ast*400]
Ast =8737.6mm?

Take 18® 25 As,provided = 8834.4 mm*> As,req = 8737.6 mm’

Ast

m - Ag - 8834.4 —0017
525000

0.65 8737.6 mm? 0.017




v" Design of Ties:

- Use ties @10 with spacing of ties shall not exceed the smallest of

1.48 * ds =48 * 10 = 480mm
2.16 *db =16 * 25 = 400 mm - control
3. the least dimension of the column = 700 mm

Use ties @10 @ 200mm

ds(mm) db(mm)

S(mm)

@10 ®25

200

v Check for code requirements:

_750-40*2-10*%2-6*25

1. Clear Spacing c

40mm>1.5db=1.5*25=37.5mm - OK

2.0.01< pg =0.017 <0.08 - OK

3. Number of bars 18>4 for rectangular section — OK

4. Minimum tie diameter ds =®10 for db = ®25 bars — OK
5. Arrangement of ties 100 mm<150mm — OK

=100 mm

Clear Spacing | No. of bars jos) ds (mm)

db (mm)

100 mm 18 0.017 @10

®25

v" Check Slenderness Effect:

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

r

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

I
R: radius of gyration=0.3 h = \/;
Lu=35m
M1/M2 =1 (Braced frame with M,min)




K=1, According to ACI 318-02 The effective length factor, k, shall be permitted to
be taken as 1.0.
Klu M1

KU g 120 M2 00 a0 ACI —(10.12.2)
r M2
*
Klu_ 1735 o552 <40...
r  0.3%0.750

....short column.

Short column in both direction

Lu (m) M1/M2 K klu

3.5 1.0 1.0 15.55

70
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Fig. (38):Section of Column (C2)
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1. American Concrete Institute (A.C.I), Building code Requirement for structural concrete (ACI-
318M-08).
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