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The Structural Design of “Hebron Municipality” in Hebron
City

Team Work:

Sajida diab aramin nadleen hassn alyamani
Diana asmaeel atwan salam anwar bahar

Supervisor:
Dr. nafez naser alden

The aim of this project is to design the structural elements of all
buildings. These buildings consist of concrete and steel works that
contains slabs, beams, columns and foundations walls.

The project consists of one concrete building. This concrete building
consists of four stories. The building contain facilities that is designed to
suit the needs of the Citizens according to the appropriate modern
requirements.

Moreover, the designing of the project consists of many stages, which is
represented by examining the architectural sketches, choosing different
kinds of structural elements such as columns, beams and slabs that is not
in contraction with the architectural design. After that comes the stage of
designing the structural elements by using computer programs and then
displaying the results as executive sketches.

There are many codes used in this project. Jordanian Building Code is
used to determine live loads. Uniform Building Code (UBC-97) is used to
determine seismic loads. In Addition, the American Concrete Institute’s
code (ACI 318-14) is used for structural analysis and designing sections.
The computer programs that has been used in designing the project are
AutoCAD 2014, Atir 12, ETABS 2016, office 2013 and others.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer. e

As = area of non-prestressed tension reinforcement. e

= area of non-prestressed compression reinforcement.A; o

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 withina (S). e

b = width of compression face of member. o

or diameter of circular section.cbw = web width e

DL = dead loads. e

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

reinforcement.

Ec = modulus of elasticity of concrete. e

= compression strength of concrete . &:f, o

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

h = overall thickness of member. e

<Ln = length of clear span in long direction of two- way construction e
measured face-to-face of supports in slabs without beams and face to face.

LL=live loads. e

Lw = length of wall. e

M = bending moment. e

Mu = factored moment at section. e

Mn = nominal moment. e

Pn = nominal axial load. e

Pu = factored axial load. e

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

Vc = nominal shear strength provided by concrete. o

Vn = nominal shear stress. e

Vs = nominal shear strength provided by shear reinforcement. e



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.
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Chapter Four

4-1 Introduction.

4-2 factored load.

4-3 Slabs thickness calculation
4-4 load calculations.
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4-6 design of rib (R19).
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4-8 design of one ways rib

4-9 design of 2 way ribbed slab.
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(4.1)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 one type of slab “one way ribbed 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 then handle calculation would be

made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its cross — sections in
terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in accordance with

the requirements and assumptions of ACI-318-08code.

36 A g b




(4 .2) Factored loads:

The factored loads on which the structural analysis and design is based for our project members, is
determined as follows:

wu=12D.L+1.6L.L

(4.3) Slabs thickness calculation:

(4.3.1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of non pres tressed beams or one way slabs
unless deflections are computed as follow:
The maximum span length for one end continuous (for ribs):
hmin( for one-end continuous) = Lmax/18.5
=6.82/18.5=0.3686 m =36.86CmM .................cc..nnns CONTROL
The maximum span length for both end continuous (for ribs):
hmin( for both-end continuous) = Lpax /21
=7.7/21 = 0.3666 M =36.66CM ...............ceuenen. CONTROL
The maximum span length for both end continuous (for ribs):
hmin( for both-end continuous) = Lyax /21
=7.08/21 =0.3371 m = 33.71cm
The maximum span length for one end continuous (for ribs):
hmin( for one-end continuous) = Lmax/18.5

=5.2/18.5=0.2811 m = 28.11cm

37 Al g b




fo

Select Slab thickness h= 35cm with( block 25 cm)&(Topping 10 cm)

Minimum thickness of nonprestressed beams or one-way slabs unless diflections are computed

Minimum thickness, h
Simply One end Both ends
Kl Supported continous continous Cantilever
Members not supporting or attached to patitions or other
construction likely to be damaged by large deflections
Solid one-way slabs 1/20 1/24 _ 1/28 E 1/10
Beams or ribbed

one-way slabs 1/16 1/18.5 1/21 1/8

Fig. (4-1) thickness of beams

(4.4)Load Calculations:

(4.4.1) One way ribbed slab:

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

llows:

O S Shrinkage & Temperatuer Bar's

Hollow Block ( 28<m )

Fig. (4-2) One way rib slab
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Calculation of the total dead load for one way rib slab is shown in the following table:

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

Rib *25*0,12=
Top Slab 0.1*25*0.52 = 1.3KN/m.
Plaster *22* =
Block *9*0.4 =
Sand Fill .07*17*0.52=0.619 KN/m
Tiles *23*0.52=
Mortar .03*%22*0,52=0,343KN/m.
partition * =

Nominal Total Dead load = 5.02 KN/m / Rib (service)
Nominal Total live load =5 KN/m * 0.52 = 2.6 KN/m / Rib (service)

(4.5)Design of Topping:

Dead Load = 7.34 KN/m

Live Load =5 KN/m

W,=12DL+16LL

39

Dead load of topping :

Tiles .03*23*1 = 0.69 KN/m
Mortar 0.03*22*1 =0.66 KN/m
Sand 0.07*17*1=1.19 KN/m
Topping 0.1*25*1 =25 KN/m
Partitions 2.3*1 = 2.3 KN/m.

A g s
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=12*734+16*5=16.808 KN/m (Tn'ral Factared | nad)

" = W, *1*  16.808 * 0.45?
w12 12

= 0.284KN.m

H
M, =o.55*o.42*ﬁ*b*g*1000

¢ = 0.55

0.12
6

@M, = 0.55 * 0.42 * V24 x 1000 * = 1.89KN.m

¢M,, = 1.89KN.m » M,, = 0.284 KN.m
No structural reinforcement needed
shrinkage and temperature reinforcement must be provided
For the shrinkage and temperature reinforcement :-
pmin = 0.0018

Ag = p*bxh=0.0018 % 1000 * 100 = 180 mm?.

ASreq _ 180
Apar 50

# 0f ©8/20 = =3.6

— Spacing(S) = — = 0.2778m = 277.8 mm.

3.6

280 280

<380 (7)) -25*Ce < 380 ()

280 280

=380*(7—)—-2.5%¥20<380 * (3—)
Iy Iy
_ % 280 \ * . 280
380 (g* 420) 2.5*%20<380 (3* 420)
=330 mm. <460mm.
<3*h=3*100=300 mm........... controlled.

oAl & 5 b




<450 mm

S=20 cm < Smax = 30cm OK

~Use

(4.6) Design of Rib (R19)

®8 @ 20 Cm C/C in both directions.

Material :-
concrete B300 — Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-
b =12cm bf=52 cm
h =35cm Tf=10 cm

fig 4.3 (System :

rib geometry)

=5

Z2T10 BB




Moments:

Shear

spans 1 to 3

Heactions

Factored

T

DeadH11.55
LiveR 9.38
Max A20.93

Min R 10.46
Service

DeadH 9.63
LiwveR 5.86
Max R15.49
Min R 8.95

fig 4.4 (Loading, moment, envelops)




*** for demonstration purposes only ***

(4.6.1) Design for flexure of rib (R19):
(4.6.1.1) Design of Positive moment of rib (R19):
Assume bar diameter @ 18

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

=350 -20-10 == 311 mm.

b.e < Distance center to center between ribs= mm .......... CONTROL

< Span/4= 4500 /4 = 1125 mm
<(16*tf) + bw = (16*100) + 120 = 1720 mm

My ey = 26.3 KN.m
— Myy = 0.85 f; + by * t; + (d — Z)
- 0.1 3
=0.85 %24 % 0.52 * 0.1 (0.311 - 7) £103 = 276.9 KN.m

dMys = 0.9 *276.9=249.2 KN.m

=~ Design as rectangular section.

. 1) Maximum positive moment span (1) Mu ®~20.4KN

Mn=Mu/ ¢ =20.4/0.9 = 22.67TKN.m.

__Jfy _ 420 _
T 085f, 0.85+24 =206
_ My _ 2267x10°% _
Ry =5 =0 Gy - 0.451 MPa

=1(1_ _ 2*Rpxm
(o

-1 <1 _ \/1 _ M): 0.0011
20.6 420
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*** for demonstration purposes only ***

44

—As = p * bg *d = 0.0011* 520 *311 = 177.9 mm?.

1
Aspiy = F\C)* by*d 2 Pebyrd o (ACI-10.5.1)
_ 7

£120 %311 > ~2 4120311
420

T 4%420
=108.83 mm’< 124.4 mm* ........ Large value is controlled(Asmin=124.4 mm?)
( As = 177.9mm?)
n = Asreq/(As ®12) = 177.9/113.09=1.57
2 @12 = 226.19 mm?)>( Aseq=177.9 mm? ). OK
=~ Use 2 @12
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085*f/ *b*a

226.19*420=0.85*24 *520 * a

a =8.96mm.

c= Bi =222=10.54 mm * Note: f! = 24MPa< 28 MPa— f; = 0.85
& = % * &

= 22222 % 0,003 =0.086 > 0.005::¢ =0.9 OK

.2) Positive moment span (2 ) Mu®~12.3 KN.m.

Mn=Mu/¢ =12.3/0.9 = 13.66 KN.m.

fy 420

: =20.6
0.85f, 0.85%24

_ M, _ 13.66%10°
bxd?  520% (311)2

R, = 0.272MPa

oAl & 5 b




ok

or demonstration purposes only ***

1 2%Rp*
p=a(1- 75T

-1 (1 _ \/1 _ 2*0.272*20.6>: 0.0007
20.6 420

—As = p * bg *d = 0.0007* 520 *311 = 113.2 mm?.

fe
ASmin = 57 bu*d 2 ;—y“ sby*d oo (ACI-10.5.1)
_ 24

£120 %311 > =2 4120+311
420

T 4x420

=108.8 mm*<124.4 mm® ........ Large value is controlled(Asmin=108.8 mm?)
( As = 113.2 mm?)
n = Asreq/(As ®10) = 113.2 /78.5=1.44
2 @10 = 157 mm?)>( Aseq=113.2 mm? ). OK.
=~ Use 2 @10
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f/ *b*a

157*420=0.85* 24 * 520 * a

a=6.22mm.
c= ﬁi = % =7.32 mm * Note: f = 24MPa< 28 MPa— f3; = 0.85
70
& = % * &
= 31;‘372'32 *0.003 =0.125 > 0.005-.¢ =0.9 OK

3) Positive moment span ( 3) Mu ¢ = 15.8KN.m.

45
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*** for demonstration purposes only ***

Mn=Mu/ ¢ =15.8/0.9 =17.56 KN.m.

_ fy _ 420

; =20.6
0.85f, 0.85%24

R = Mn _ 17.56%10°
M pxd? 520+ (311)2

1 2%Rp*
p=—1- /1 —Tm)

-1 (1 _ \/1 _ M): 0.0008
20.6 420

—As = p * bg *d = 0.0008* 520 *311 = 134.61 mmZ.

= 0.349 MPa

I

1.4
ASmin = Fy) * bW xd > E * bW xd .. (ACI-lOSl)
=2 11205261 > =2« 120 261
4420 420
=108.8 mm?<124.4 mm? ........ Large value is controlled(Asmin=104.4 mm?)

( As = 134.61mm?)
n = Asreq/(As ®10) = 134.61/78.5=1.71
2 @10 = 157 mm?)>( As=134.61 mm? ). OK.
= Use 2 @10
— Check for strain:- (g5 > 0.005)
Tension = Compression
As*fy =085* f/ *b*a
157* 420 =0.85* 24 * 520 * a

a=6.22mm.

c= ﬁi = % =7.32 mm * Note: f = 24MPa< 28 MPa— f3; = 0.85
Lo

_311-7.32
7.32

*0.003 =0.125> 0.005..¢ =0.9 OK

|
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*** for demonstration purposes only ***

(4.6.1.1) Design of Negative moment of rib (R19):

1) Maximum negative moment at support ( 2 )&(1) Mu © =26.3 KN.m.

Mn=Mu/ ¢ =26.3/0.9 = 29.22KN.m.

f; 420
=2 = =20.6
0.85f, 0.85%24

_ My, _ 26.3%10°
bxd2  520x(311)2

1 2%Rp*
P :;<1— 1- fym>

-1 (1 _ \/1 _ M): 0.0013
20.6 420

—As = p * bg *d = 0.0013* 520 *311= 210.24 mm?.

R, = 0.523MPa

fc, 1.4
by*d = Zub,xd oo, (ACI-10.5.1)

V24 "
4x420

120 %311 > =2 4120311
420

=108.83mm? <1244 mm?........ Large value is controlled(Asmin=124.4 mm?)
( Asreq = 210.24 mm?) >( Asmin=124.4mm?)
«. Asreq = 210.24 mm?
n = Asreq/(As ®12) = 210.24 /113 =1.86
2 @12 =226 mm?) > ( Asrq = 210.24 mm?® ). OK.. Use 2 @12
— Check for strain:- (g, = 0.005)
Tension = Compression
A*fy =085* f/ *b*a

226*420=0.85*24*520*a
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a=8.9mm.

c= ﬁi - % =10.47 mm * Note: f;' = 24MPa< 28 MPa— f3, =0.85
Lo
Es = ? * &
=227 *0.003 = 0.0861 > 0.005 - =0.9 OK

Maximum negative moment at support ( 3 )&(4) Mu © =-22 KN.m.¥

Mn = Mu /¢ =22/ 0.9= 24.4KN.m

420
=b - =20.6
0.85f, 0.85%24
_ My, _ 244%10° _
Ry = bxd?2  120% (311)2 2.1MPa

1 2%Rp*
p=-(1- /1—Tm)

L <1 - 1= M>= 0.0053.

20.6 420

—A,=p * b, *d = 0.0053* 120 *311 = 197.3 mm?.

Asmln 1 (fy) * bW xd > E * bW xd (ACI'lOSl)
= 2% 120261 > 24150« 281
4%420 420

=108.8mm?*<124.4 mm? ........ Large value is controlled(Asmin=124.4 mmz)

— ASeq =197.3Mmm*>As i, = 124.4mm°.
~ As = 197.3mm’
n = Asreq/(As ®14) = 197.3/154=1.28
2 ®14=308 mm*>As,, = 197.3mm?*. OK.
~ Use 2 @14
— Check for strain:- (g, = 0.005)

Tension = Compression
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A *fy =085*f/ *b*a
308*420=0.85*24*120*a
a=30.19mm.

c= ﬁi - 300;59 =35.5 mm. * Note: f¢ =27 MPa< 28 MPa— f8; = 0.85
.o

£, = —*0.003
c

_311-355

s *0.003 =0.0233> 0.005 -¢ =0.9 OK.

(4.6.2) Design of shear of rib (R15)
d=350-20-8-18/2=311 mm

1) Vu =- 23.2KN
It
(1>Vc=(1>*7*bw*d

= 0.75* Y22
6

*120* 311 =22.85 KN.

1.1* $V.= 1.1 * 19.8= 25.14KN.

—Check for Cases:-

1- Case1: Vu < %

22.85_
2

23.2<( 11.42).......Not satisfy

2- Case 2 :%< Vu < ¢ Ve

1142< 232< 22.85...... Not satisfy

3-Case3 :dVec< Vu < ¢ Vec+mind Vs

min ¢ Vs =§cbbw *d =0.333 x0.75 * 120 * 311 = 9.32KN
22.85<232<32.17....... satisfy

Select p8—2legs  Av=2782 = 100.53mm?
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_Q+Avsfy=d
Srey= —

0.75%100.53%420%311

S
9.32%103

S=1056.7mm
S<d/2 =155.5mm
S<600mm

Use s =150mm

=~ Use 2 Leg ®8 @ 15 Cm C/C

4.7 Design of Beam(B32):

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-
According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way slabs unless
deflections are computed as follow:

The maximum span length for one end continuous (for beam):
hmin( for one-end continuous) = Lyax/18.5
=6.82/18.5=0.3686 m =36.86cm .....................

The maximum span length for both end continuous (for beam):
hmin( for both-end continuous) = Lax /21

=7.7/21 = 0.3666 M =36.66CM ..............ccuunen..

H=35 cm ( as slab)
|
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Loads calculations:
Dead Load from Rib19=(7.34/0.52) = 14.11KN/m
Live Load from Rib19=(5/0.52) = 9.6KN/m

Beam self weight =25 *0.35*0.50=4.38 KN/m

Plaster *22* =

Sand Fill 07*17*0.50=0.595 KN/m
Tiles .03*23*0,50=0,345 KN/m
Mortar .03*22*0.50=0.33KN/m.

partition 2.3*0.50 =1.15 KN/m

(service)D.L(O.W of Beam + Layers)=2.64+4.38=7.02 KN/m
(factored)D.L=(1.2*7.02)=8.424 KN/m

Total D.L from Rib19=8.424+14.1=22.52 KN/m

Total L.L from Rib19=9.6+(1.6*0.5*5)=13.6KN/m
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Fig.(4.6) rienforcement of beam




*** for demonstration purposes only ***

Moments: s 1t 3

; 74.1
69, y .
56. -57.3 62.1 -60.6

 0:950.13_, | '1_1!;1|]H{1

i1 - - 1

Shear

88.9
74.

Beactions

Factored

H——t—H
DeadP&6.84
LiveR 0.
Max A56.84

Min A 56.84
Service
DeadRA7.37
LiveR 0.
Max RAT.37
Min R 47.37
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*** For demonstration purposes only ***

4.7.1 Design of flexure
4.7.1.1 Design of Positive moment:-
—Muma =52.7 KN.m .
b,=0.40m. , h=0.35m.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 350~ 40 ~10 —~= 284 mm.
Coax =2 * d =2 %284 = 122.mm.
amax = B1* Cmax = 0.85 * 122=103.7 mm.  *Note: £, = 24 MPa < 28 MPa—§3; = 0.85
Mnpey = 0.85* f/ *b*a*(d-3)

= 0.85 * 24* 103.7% 500* (284 - =22 ) * 10°

=245.6 KN.m.
$=0.9
—PMnpay = 0.82 * 245.6 =201.4KN.m . * Note: e,=0.004 — ¢ =0.82
—PMnmy = 201.4 KN.m> 52.7 KN.m .
~ Design as singly reinforced concrete section.
Design for positive moment :

1) maximum positive moment span (3) Mu ) =52.7 KN.m .

Mn = Mu /$=52.7 /0.9 = 58.6KN.m .

f 420
=—2_= =20.6
0.85f/ 0.85%24
M, _ 58.6%10°

= 1.45 MPa.

R = =
M pxd?2 500+ (284)2

1 2%Rp*
p=—(1- /1—%)
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*** For demonstration purposes only ***

206 420

- L(l - 1= M): 0.0036
—As=p * b, *d = 0.0036 * 500 *284 = 511.2 mm?.

fc, 1.4

ASmin = i by*d = =—x*by,*d ... (ACI-10.5.1)

= 2% 500284 > 1% 4500« 284
4x420 420

= 414.1 mm*<473.3mm2............. Larger value is control.
—(ASreq = 511.2 mm®) >(Aspyi, = 414.1mm’)
~ As=511.2 mm’.
n= Ast/As(D16)
=511.2/201.06=2.54

~Use3®16 — As=603.2 mm?

> Astotal = 511.2 mm?

Check for spacing:

S= (500 — 2*40 -2*10-3*16)/2

=176 mm

S>25mm, S >db............... 0.K

— Check for strain:- (g5 = 0.005)
Tension = Compression
A *fy =085*f  *b*a

603.2* 420 =0.85* 24 * 500 * a

a = 24.84mm.
a _ 2484 _ * Y -
C=2 = s - 29.22 mm. Note: f; =24 MPa< 28 MPa— f; =0.85
€ = %C *0.003

_284-29.22

*0.003 =0.0262 > 0.005 -.¢ =0.9 OK.
29.22

BB
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*** For demonstration purposes only ***

Tension — controlled section

2) maximum positive moment span (1) Mu® =47.6 KN.m .

Mn = Mu /$=47.6/ 0.9 = 52.9KN.m .

fy _ 420
0.85f! 0.85%24

=20.6

_ M, _ 529%10° _
Ry = b+d2 500+ 284)2 1.31 MPa.

1 2%Rp*
p=—01- ’1—Tm)

- L(l - 1= M): 0.0032

" 206 420

—A,=p * b, *d = 0.0032 * 500 *284 = 454.4 mm’.

fe
Asmin = 753 *bw rd = ;—y“’* by *d oo (ACI-10.5.1)
_ vz

= £ 500 * 284 > ~2 % 500 « 284
4%420 420

= 414.1mm*<473.3mm?%............. Larger value is control.

—(ASreq = 454.4 mm?) >(Asi, = 473.3 mm?)
~ As = 454.4 mm°,

n= Ast/As(®14)

=454.4/154=2.95

~Use3®14 — As =462 mm?

> Astotal = 462 mm?

Check for spacing:

S= (500 — 2*40 -2*10-3*14)/2
=179 mm

S>25mm, S >db.....cu.ueeeens O.K

— Check for strain:- (g, = 0.005)
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Tension = Compression
A *fy =085*f  *b*a

462* 420 =0.85* 24 * 500 * a

a=19.02 mm.
a _ 19.02 ,
C=5 =08 22.4mm. * Note: f, =24 MPa< 28 MPa— $; =0.85
1o

g, =25+ 0.003
c

_284-22.4
22.4

*0.003=0.035> 0.005 -.¢ =0.9 OK.

Tension — controlled section

positive moment span (1) Mu ® =26.1 KN.m &11.4KN.m

Mn = Mu /$=26.1/0.9 =29 KN.m .

f; 420
L ;=————=20.6
0.85f/ 0.85%24

R. = Mn _ 29%10°
M pxd2  500% (284)2

1 2%Rp*
p=—(1- /1—Tm)

_ ;(1 [ M): 0.0018

=0.719 MPa.

~ 206 420

—A,=p * b, *d = 0.0018 * 500 *284 = 255.6 mm’.

fe
Asmin = 75 *bwrd = %*bw*d ............ (ACI-10.5.1)
_ V7

= £500 * 284 > ~2 % 500 + 284
4%420 420

= 414.1mm*<473.3mm?%............. Larger value is control.
—(ASpeq = 255.6 mm®) <(Aspin = 473.3 mm?)
~ As = 255.6 mm®.
n= Ast/As(®14)

& As = 473.3mm>,

57
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*** For demonstration purposes only ***

n= Ast/As(D12)
=473.3/113.1=4.2

~Use5®12 — As=565.5mm?

> Astotal = 565.5 mm?

Check for spacing:
S= (500 — 2*40 -2*10-5*12)/4
=85mm
S>25mm, S >dh............... 0.K
— Check for strain:- (g5 = 0.005)
Tension = Compression
A*fy =085*f/ *b*a

565.5* 420 = 0.85 * 24 * 500 * a

a=23.29 mm.
c=2=2%_9739mm.
B1 085

g, = 5% 0.003
c

_ 284-27.39
27.39

Tension — controlled section

* Note: f/ = 24 MPa< 28 MPa— f; =0.85

*0.003 =0.0281 > 0.005 -¢ =0.9 OK.




*** For demonstration purposes only ***

(4.7.1.1) Design of negative moment

1) negative moment support (3) MU (-) = 74.1KN.m

Mn = Mu /d=74.1/ 0.9 =82.33 KN.m .

fy _ 420 _
0.85f! 0.85%24

20.6

R. = M, _ 82.33x10°
M pxd2 500+ (284)2

1 2%Rp *
p=—(1- fl—Tm)

— 1 (1 _ 1— 2*2.042*20.6>: 0.0052

=2.042 MPa.

20.6 420

—A,=p * b, *d = 0.0052 * 500 *284 = 738.4 mm’.

f
Asmin = 75 *bu*d 2 ;—:* By *d e (ACI-10.5.1)
_ 22 1.4

= * 500 %434 > — x 500 * 434
4x420 420

= 414.1 mm*<473.3mmA............. Larger value is control.
—(ASeq = 738.4 mm?) >(Asi, = 473.3 mm?)
~ As = 738.4 mm’.
n= Ast/As(D16)
=738.4/201.06=3.7
~Used4 ®16 — As=2804.24mm’

L> Astotal = 804.24 mm?

Check for spacing:

S= (500 — 2*40 -2*10-4*16)/3

=112 mm

S>25mm, S>db...cecuennenen. O.K
— Check for strain:- (g5 > 0.005)

BB
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*** For demonstration purposes only ***

Tension = Compression
A *fy =085*f  *b*a

804.24* 420 = 0.85* 24 * 500 * a

a=33.12 mm.
a _ 3312 _ * .ol —
c= B o085 - 39mm. Note: f, =24 MPa< 28 MPa— f; =0.85

g, =25+ 0.003
c
Tension — controlled section

¥) negative moment support (2) Mu () =69 KN.m

Mn = Mu /$=69/0.9 = 76.67 KN.m .

f; 420
L - = =20.6
0.85f/ 0.85%24

R. = Mn _ 76.67x10°
M pxd2  500% (284)2

_ 1.  2%Rprm
p=—(@1 /1 5 )
:L(l _ /1 _M>= 0.0047
20.6 420

—A, = p * b, *d = 0.0047 * 500 *284 = 667.4 mm®.

=1.9 MPa.

s
Aspin = J*bu*d 2 ;—y‘** by *d o, (ACI-105.1)
_ V2a 1.4

= * 500 %434 > — 500 * 434
4x420 420

= 414.1 mm?<473.3mm>............. Larger value is control.
—(ASreq = 667.4 mm?) >(Asyi, = 473.3 mm?)
- As = 667.4 mn’.
n= Ast/As(D16)
=667.4/201.06= 3.32

~Used®16 — As=804.24 mm?

60
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> Astotal = 804.24 mm?

Check for spacing:
S= (500 — 2*40 -2*10-4*16)/3
=112 mm
S>25mm, S>db...ccurannnnn. OK
— Check for strain:- (g = 0.005)
Tension = Compression
A;*fy =085*f/ *b*a

804.24* 420 = 0.85 * 24 * 500 * a

a=33.12 mm.
a _ 3312 _ * Y -
€= =78 - 39 mm. Note: f; =24 MPa< 28 MPa— (3; = 0.85

g, = 5% 0.003
c

_ 284-39

s *0.003 =0.0188> 0.005 -.¢ =0.9 OK.

Tension — controlled section

(4.7.2) Design of shear for beam:-

1) Vu=778KN.
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*** For demonstration purposes only ***
/fc’
d)VC:d)*T*bW*d

* 500 * 284 * 10° = 86.96 KN.

—0.75% Y2
6

— Check For dimensions:-

dVe + ( ;*(1)*\/7 *b, *d) =86.96 + ( §*0.75*\/ﬂ * 500 *284* 10°)
=86.96 +347.83=434.79 KN >Vu =77.8 KN.

-~ Dimension is big enough.

— Check For Cases:-

1- Casel: V, < %.

86.96_

778 < — - 43.5...... Not satisfy.

2- Case 2 :%< V, < oV,

43.5< 77.8< 86.96....... Satisfy

use min shear reinforcement.

Use @10 4legs ,Av = 314 mm?.

Av/s min >= (1/3) bw /fyt >= (1/16) y/fc’ Iyt (bw)
314/120 >= (1/3) *400 / 420 >= ( (1/16) V24 ) / 420* 400
2.6 >= 317 > =.292

~ take( s =120 mm) < (Smax = 142 mm)

Use @10 4legs @ 12cm
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (S)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £/20 £124 (/28 £M10

Beams or

ribbed one-
way slabs £N16 £N8.5 e L8

Motes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 k% ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural I|ﬁhmr9|ght concrete having unit density, w,, in the range
1440 1920 kg/m¥, the values shall be multiplied by (1.65 - 0.603w ) but not

less than 1.09.
b) For f,, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m)

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
SLABS UNLESS DEFLECTIONS ARE CALCULATED
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to b considered Deflection limitation
Flat roofs not supporting or aftached o non- | Immediate deflection due to live load L .
structural elements likely to be damaged by (/180°
large deflections
Floors not supporting or atiached to nonstruc- | Immediate deflection due to live load L
ural elements likely to be damaged by large £/360
deflections
Raaf or floor construction supporting or That part of the total deflection occurring after .
attached fo nonstructural elements likely to be | atiachment of nonsiructural elements (sum of £,/480¢
damaged by large deflections the long-erm deflection due to all sustained
Root or floor construction supporting or g}sgwi;nnadl m ‘{Q;”d‘)’?‘ate deflcton due o any .
attached fo nonstructural elements not likely o {/240°
be damaged by large deflections

* Limit not intended to safequard against ponding. Pondmg should be checked by suiable calculations of deflection, including added deflections due to ponded
water, and considering long-ferm effects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

f Lon?-term deflection shall be defermined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur bafore aftach-
ment of nonstructural elements, This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-
ilar to those being considerad.

Flim may be exceaded if adequate maasures are taken to prvent damage to supported or attached elements.

$Limit shallpot be greater than folerance provided for nonstructural elements. Limit may be excaaded ff camber s provided so that total deflection minus camber
doas not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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