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Abstractstructural Design ofMinistries complexat Bethlehem

Abstract

The idea of this project can be summarized by preparing For Residential
Building. Which consists of all facilities that should be available in any
Residential Building. The project is consists of eight floors, and the total area
of the building is 10161.7 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 (2016), 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.
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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

X1l



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.

X1
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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Factored Load

4-3 Slab Thickness Calculation

4-4 Load Calculation For Topping
4-5 Design Of Topping

4-6Design Of One Way Ribbed Slab.
4-7 Design Of Beam

4-1 INTRODUCTION:

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

Reinforced concrete islogical union of two materias: 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.
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Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently

admixtures.

Reinforced concrete behavior is till under studying, building codes and specifications that give design

procedures change from time to time to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight about 1350 to 1850 kg/m®.
= Normal weight concrete with unit weight about 1800 to 2400 kg/m°.
=  Heavyweight concrete with unit weight about 3200 to 5600 kg/m?®,

4-1-1 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_14).

4-1-2 Strength design method:
In ultimate strength design method, the service loads are increased by factors to obtain the load at which

faillureis considered to be occurring.

This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of this
strength takes into account the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following, Strength provided = strength required to carry
factored | oads.

NOTE:

For rectangular ( fc'=30* 0.8 = 24MPa)
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4-2 FACTORED LOADS:
Factored loads are the loads specified in the genera building code multiplied by appropriate load

factors. Load factors also account for variability in the structural analysis used to cal culate moments and

shear.

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

W, = 1.2 Dy + 1.6 L (ACI-code-318-14(Table 5.3.1Eq (5.3.1b))

NOTE:

Use concrete B300
[ =24 Mpa.

fy =420 Mpa

fye =420 Mpa , will be used at design and calculations.

4-3 SLABS THICKNESS CALCULATION:

According to ACI-Code-318-14(Table 9.3.1.1)
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RE.I.Z Mi:ﬂ;-l'lllllll 1I|IIPI.'II:II£5|!|

To evntrel delection, ACT i .52 0 speciiies mimemum thickness values. R oraeoway
rbbet slabs shivwn in Table 8.3 These values wneapphcable e nomral vading conditians
and far slahs not supporing or attached o parttions ar ather comstraction likely to he

damaged by lacge deflectons,

Talile 8.3 Minimum ihickness of one-wny ribhed slibs

F et Hinply O ened Haa by eiicks Cain v
snippuetizl wuilinm BRI
Ume-wny
ribed slahs 6 FI1ES &2 [

The minimum thickness of non-prestressed beams or one way slabs unless deflections are computed as
follow:

For rib:

hnin for one-end continuous = L/18.5 longest one-end cont. is 6.07m.
hmin =6.07/18.5 = 32.3cm.

hmin two-end continuous = L/21 longest two-end cont. is 6.28m.

hmin = 6.28 /21 = 30.00cm.

Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.

4-4LOAD CALCULATION FOR TOPPING:

v' Statically system for topping:
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Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs

M/

yyu

- 40 cm -

W2
12

WL
24

Fig 4.1: topping load and moment diagram.
For the topping, the total dead load to be used in the analysis and design is calculated as follows:

Table (4.2) Dead load calculation for topping

No. | Parts of Rib Calculation
1 Tiles 0.03*22= 0.66 KN/ m
2 Mortar 0.02*22=0.44 KN/ m

3 Coarse Sand 0.07*18=1.26 KN/m

4 Topping 0.08*25=2 KN/m

5 Partitions 1*1=1KN/m

Nominal total dead load =6.06 KN /m?2.
Nominal total live load = 2KN/m?2.
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4-5DESIGN OF TOPPING:

Teping —

Hollow Blzzs - 20—,

Fig. (4.2): Topping of one way rib slab.

Qu=1.2xD+1.6xL
Qu=10.472KN/m. (Total factored load)

W, # I#

o - 0.13962 KN.m

Mu=

_ 802
@M, = 0.55 + 0.42 V24 + 1000 * - * 107" = 1.2071 KN.m

@My = 12071 KN.m = My, = 0.13962 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must be
provided.

For the shrinkage and temperature reinforcement:-
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p = 0.0018

A; = p+b+h=0.0018 + 1000 « 80 = 144 mm~,

=~ Use B8 @ 20 cm in both directions.
Check of shear strength:

|
Vi = q"T= 3.01KN.m

5 __
p+Ve= #V24 +1 +80 = 49 KN

49  3.01

. No shear reinforcement is required.

4-6DESIGN OF RIB 12 (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 follows:

CWa iy s slab —. s rage b | ampdrwues Un-p 5,
by

Mok Bockd 2T am ) <

“Fig. (4.3): One way rib slab.

4-6-1PLAN OF RIB 11 AND RIB 11 AND RIB 12:
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Fig. (4.4): Rib for first floor.

4-6-2LOADS OF RIB:

Table (4.3) Dead load calculation for rib

Quality
Densi
Material ensity Calculation
KN/m3
1 | Topping 25 0.52x0.08x25 =1.04
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2 | Rib 25 0.24x0.12x25 =0.72
3 | Sand 18 0.52x0.07x18 = 0.6552
4 | Mortar 22 0.52x0.02x22 =0.2288
5 | Tile 22 0.52x0.03x22 =0.3432
6 | Plaster 23 0.52x0.02x23 =0.2392
7 | Block 10 0.4x0.24x10 = 0.96
8 | Partitions 23 2.3x0.52 =1.196
Y | 5.3824 KN/m/rib

L =2%0.52 =1.04 KN/m

Qu =1.2* D = 6.4588KN/m
+1.6*L = 1.664KN/m

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

De For T- section is the smallest of the following;:-
b. =L (smallest span) / 4 =4.05/ 4 =100.1 cm
by =12+16t=12+16 (8) =140 cm

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

e For T-section = 52cm.
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Lzrametry Limit= meter om

2 bl
— ¥ L A-I B o EI T—FT EI T
—_aT ’j R ,5 14 T ,ﬁ 1y
0.8 ; B.2T 0.3 h .82 i 0.8 ; ot 21 II:l.'[': ,
' T ' aky ' ' Lilh e
I } f {
[ %]
33,
A-A
Loading
Toad group mas 1
Dead lead - Scrvice Unita:kN.meotcr
5.3 5.ED L
L°] L
ROT 4.R2 4.5
|
Fig 4.5: Dead load on therib.
Live load - Servics Load faciors: 1.40,7.401.70,0.00
T T T TR T T TR T T TR W T
.07 1 Pt 1.4 A

Fig4.6: Liveload ontherib
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Fig 4.7: Geometry of rib and its dimension.

Reacticns
Factored
I i 1 i 1 i i
T L | LI
DeadR 18.58 47.81 3243 12.54
LiveR 462 11.TE 3.21 .46
MaxR 2321 58.57 41.24 16.
MinFE. 18.32 51.51 J4.56 12.03
Service
DeadB 13.27 3448 33 CE B.O5
LiveR 272 601 h42 2.03
MaxR 15.94 41.07 /T 10,99
MinE 1342 36.33 24.64 2,66

Fig 4.8 : Reactions of rib (live and dead).
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Mumenli!Shear Envzlupe [Faclured] Dluids Ehlinele,
RS
-33.6
273 -~
il -
-~ 410.0 A6,
f__f_,.—" -12.5 i ADB
: e ——t e gl =
16.3 ?‘,’9_3 L~ 1.2
23.2 26, 22.58
Fig 4.9 : Shear diagram of rib
Momenl/iZhear Envelvpszs ([Faclual) LETETER NI -
T Mumenls: ipgans Lo 3
-32.5
aaa O 2R
\\ 4.9
™ 4.1 5
. /ﬂi.zﬂllzm ~ - Aﬁﬂf I
et i Ty -
S i 15 54 Te—— 0.6, *
| -
\E‘Da\_‘ o o ! 5. FoEt 1 T~ A
~ - 13.7
""-\.\_\_‘_‘_‘_'_._,.o-"’
4.9
| 243 i J.h4 2.54 i LUs | .43 . 1.62
I I I I I 1 1

Fig 4.9 : Moment diagram of rib
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4-6-3DESIGN OF FLEXURE FOR RIB ( ):

4-6-3-1DESIGN OF POSITIVE MOMENTS:

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

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimps— = = 320 — 20 — 10 — = = 284 mm

My _ 2aax10®

"™ pha? T pows2ox2842 0.765 Mpa
I 420
=—21 = =206
nesf  0B5x24
1 2mn.R 1 2206107145
p=— 1-— - =— 1- 1—-—7"—"— =0.00185
m 420 20.6 420

As req = p.b.d = 0.00185 x520x284 = 274.23 mm?

Check for As min:-

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

Asmin= 24 24 20) (120)(284) = 99.37mm’

A =——(bw)(d
smin (fy)(W)()
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Asmin :%(120)(284) =113.6mm?controls

ASeq = 274.23mm’ >Asyn=.113.6 mm* OK

Use2g ,As provided= .  mm*>As required= 274.23mm?... Ok

_ 120=20=-20=-20=(Zx16)
1

S 28mm >d,=12>25mm OK

Check for strain:-

_ Asfy  _ a0192x420
0.850 f]  085x520x24

= 15.91 mm

i 1591
X== =

=— = 18.72mm
4 0.85

d—x 284 — 18.72
£, =0003 —— =0.003 ————— =0.0425 > 0.005 0k
x 18.72

Design of Positive Moment for (Span2) :- (Mu=5 KN.m)

d =h- cover - dgimps— = = 320 — 20 — 10 — = = 284 mm

My 5x10°

Ra= DBd? | 0OX520%284° 0.132 Mpa
Y -
T oesy 08524 206
1 2.m.R ! 2%20.6%0.132
p=— 1— 1-"70 —— 1 1 -2 —0,000315
m 420 20.6 420

As req = p.b.d = 0.000315x520%284 = 46,56 mm?
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Check for As min:-

[
(fy)

Asmin= (bw)(d) ACI-318 (10.5.1)

4

Asmin= V24 (120)(284) = 99.37mn7
4(420)

. _ 14
A =——(bw)(d
smin (fy)( w)(d)

A s min :%(120)(284) =113.6mm?controls

ASeq =46.56 mMM? <Asyin =113.6 mm® OK

Use 2 10, As, provided= 157 mm?*>As, requires= 113.6mm>... Ok
g =12 E"l 20210 — 20 mim > d, =12 > 25 mm 0K
Check for strain:-

_ As fy - Iﬁ?x--’}z:l — 621 mm

[LB5h Ic 0B5=520=24
_oa 621 e
= T ung =7.3mm
d—x 284 —7.3.

£. = 0.003 = 0.003 73 = 0.1137 = 0.005 0k
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Design of Positive Moment for (Span3) :- (Mu=13.7KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimps—= = 280 — 20 — 10 — = = 284 mm

My 1amaa®

N= DbdZ | DO%520x284Z 0.3629 Mpa
I 420
=1 .= = 20.6
085f!  0.B5x24
L 2R 1 2x20.6%0.36249
p=— 1— 1" —— 1 1 -2 —0,000871
m 420 20.6 420

As req = p.b.d = 0.000871x520x284 = 128.77mm>

Check for As min:-

Jic
(fy)

Asmin= (bw)(d) ACI-318 (10.5.1)

4

Asmin= V24 (120)(284) = 99.37mn’

4(420)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

A smin :%(120)(284) =113.6mm?controls

48




Chapter 4

Structural Analysis & Design

ASieq = 128.77 mm®> ASyin = 113.6 mm?

Use 2 910, As, provided= 157 mm?*>As. required= 128.77mm?>... Ok

_120-20-20-20-({2x10)

S=
1

Check for strain:-

A [ r
- s fy = L ':-‘::-c--uﬂ = 6.21mm
[.B5H Ic NEBEx 52024
x=2 =221 _73mm
fiy 0BS
d—x 284 - 7.3
£. = 0.003 = 0.003 73

=40mm >d, =12 =25 mm

OK

= 0.1137 = 0.005 0k
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4-6-3-2DESIGN OF NEGATIVE MOMENTS:

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

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dsimps— = = 320 — 20 — 10 — = = 284mm

My 3isa10®

N= DbdZ | D9x 1202842 0.86 Mpa
—_Ir = 20 _ 06
nBsf’  0.85x24
p=— 1— 12 _ 1 g g ZRISOE _go02
m 420 20.6 420
As req — p.b.d =0.00 x x284 = . mm2

Check for As min:-

4 fc
A =—~—(bw)(d)ACI-318 (10.5.1
smin 4(fy)( w)(d) ( )

2

220 (120)(284) = 99.37\m

Asmin=

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin :%(120)(284) =113.6mm? controls
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Aseg= . >Asyn=113.6 mm*OK
USG 2 4] y AS pro\/ided= . 2 mm2>As requiredz . mmz... Ok
s=rE 0 — 28 mm > 25 mm>d, =12 OK

1

Check for strain:-

_ .4:-.!_1; .= 41}1.']2-33(42[] — 15.91 mm
0es5h 1 DB 120=24
x= =01 = 1872 mm
{1 G
d-—x 284 —18.72
£, = 0.003 =0.003 ———==— =0.0425 = 0.005 0k
18.72
Design of Negative Moment for (Support2) :- (Mu=- . KN.m)

Assume bar diameter @ 12 for main positive reinforcement
d =h- cover - dgimps— = = 320 — 20 — 10 — = = 284 mm

My 14.9:10%

Rn= DBdE | D9x120%2B4E 0417Mpa
m= —2 = 20 _ 506
NB5f;  OB5x24
p=t 1— 12w _ 1oy g ZESONT _ g0
m 420 20.6 420
Asreq=p.b.d=0.00 x x284= mm?

Check for As min:-
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Asmin= (bw)(d) ACI-318 (10.5.1)

[
A1)

N
4(420)

ASmin=

(120)(284) = 99.37mm’
1.4
Asmin=—"—(bw)(d
smin (fy)( w)(d)

Asmin =% (120)(284) = 113.69mm? controls

ASieq = 75.6mm? < Asyin=113.6 mm?

- 2 -
Use2@  AS provided= MM™>As, required=

6mm?... Ok

_120-20-20-10-10-{2x12)
1

S

Check for strain:-

_ Asfy 2822420
nESh ff DESx520=24

= 10.93 mm

d—x 0003 284 — 122
e 12.2

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

= 0.0066 = 0.005 0k
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4-6-4DESIGN OF SHEAR FOR RIB:

V, at distance d from support (V, max=- . KN (for Span ))

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. (ACI, 8.13.8).

Vo= fib,d ==~24 %120 % 284 x 10~% = 30.6KN

L
8 8

oV.=0.75x . = . KN

05gV.=05x . = . KN

® Vsminz 0.75 (%) * pw * d =0 .75* (%)* 1000+  *10%= KN Controls

® Vsmin 20.75(_V1;C)* bw*dzO.?S*(%)* 1000*  *10%= . KN

® Vce<Vu < @ (Ve+ Vsmin)
< . < L. satisfied

Case 1... is not suitable

Case 2 ... is not suitable

Case 3... satisfied
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_Vu
Vs = ——=Vc=". KN
Use2leg ® 8for b=12cm
"q'v i :10053 mm2

AL’ min Vs min

s dfy

J‘q'!.’ min

i“'.'\.' i

e =

dfye

$=692.18mm

& u'.'If_244_142
=555 7 mm

I":"‘:'Iln'..l.'l.'

Use 2 leg @ 10 @15 mm

O Smux = 600 mm
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4-7DESIGN OF BEAM AT FIRST FLOOR SLAB:

Material:-
Concrete  B300 Fc' = 24 N/mm?

Reinforcement Steel Fy = 420 N/mm?

By using ATTIR program we get the envel ope moment and shear force diagram as the follows:-

IIi.l..':l-I J.h Ill.!:l : Suath Ill.!:l i o Ill.'.':-I S i b
h 275 RE 275 ] 1.95 B 3.07 ;
I I I I I
3
&0,
A-4
Loading

Fig. (4.11): Beam geometry.
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Loading of beam:-

Load of this beam come from reaction of Rib11 and Rib 12 asfollowing:

Loading
ToaY Qi oup 1. 1
Dead load - Service Units:kN.meter
1E.T 6.7 16.T 14.7
I L y o Y o
¥ 480 b F¥ul A & FN 3 | agn ¥
375 i 37 .25 392
L 1
I Ive 10a7 - SRTYICE 1 nad TanTars: 1.40,1.400 70,000
I dagpl L b daged L - | depgnl W y b -gp & 1
306 EXS Idh 3.0

Fig. (4.12): Loads on the beam.

»Self-weight of beam = (0.32*0.6) *25 = 4.8 KN/m
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Mumenl!3hec Enseluope (Farwoed) ks kW aude .
Thcar
|
‘__; 0.7
E4E
- Memnment/Shzar Envelepc (Faslored) Upiba kM. orcher
Moments: Spang. 1 o 3
5.1 = |
-38.3 4
-38.2 s“\\ 3.9 -39 ﬂ\ 4
A8 . S0

g9z 113, T .z/ 0B8]

bk —
5 A T e T H
N s 0.7 e ) A RS T 1.4 \\. /‘

1)‘5\ - e t.51 125 0,59 . 135
S 255 R o
211 e
: 478

R 2.25 | 208 | 169 | 146 179 | 235 L s |
I T T T T T T T 1

Figure (4.13): Momenté& Shear Diagramof beam

Load calculation:-

Dead Load Calculations for Beam (B ):-
The distributed Dead and Live loads acting upon

From Rib4

B4can be defined from the support reactions of the R .

The maximum support reaction from Dead Loads for R12 upon B26 is29.5 Kn.

Self-weight = 0.6*0.32*25= 4.8 KN
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DL=./052= . KN/m

Live Load calculations for Beam (B 4):-

From Rib4

The maximum support reaction from Live Loadsfor R upon B is8.96KN the distributed Live Load
from the Rib 4 on B4.

LL=/052= . KN/m.

4-7-1DESIGN OF FLEXURE FOR BEAM:
4-7-1-1DESIGN OF POSITIVE MOMENTS:

Flexural Design of Positive Moment for (Span1) :-( Mu=47.6KN.m)

Determine of Mn, max

d= -40-10-16\2=2 mm
—3d—3 262 =112.28

x—7 =3 = 28 mm
a=fi.x =112.28 #0.85 = 95.44 mm

MnNma= 0.85+ ! =a*b (d - ?:_ ) = 0.85* 24* 95.44* 600* (262-95.44/2) * 10°°= 252.21KN.m

@ Mnma = 0.85* 252.21 = 212.68KN.m >47.6KN.m.

Design as singly reinforcement

o Mo 4TEXx10°
"= PhdZ T 09 x600x 2622 —copd
_ Wy - 20 _ 06
nasf’  085x24
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p=_1 1— 1_2mBa _ 1 4 4 2x206x1281 — 0.00314

m 420 20.6 420

As = p.b.d = 0.00314x600%262= 495.14 mm*

Check for As, min:-

ASmin = \/_( bw)(d) = */_ Tragg | 600" 262= 458.4 mm?

4(fy)
ASnin = (b )(d) = 14 4 600* 262 = 524 mm2Controls
n (fy) 420
Agnin= 524 mm?

Use 4g 16 Bottom, As provided= 803.84 MM*>As. required= 524 mm?... Ok

Check spacing:-

GO0=402=20={4x16)

S= = 14533 mm > d,, = 16 > 25 mmOK

Check for strain:-

As f BO3.84x420
a=—~L. = = 27.6mm

nEshf  0BSxE00x24

X=—=——=3246mm

d—x 262 —32.46
£, =0003 —— =0.003 —=——— =0.0212 >0.0050 = 0.9
X 32.46
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Flexural Design of Positive Moment for (Span2) :-( Mu=12.3KN.m)

M, 12.3%10%
R=—%== - = 0.33Mpa.
phd 09xa00x262%
F 420
=1, = =206
DB5Sf,  0B5x24
1 ZnR 1 Zx20.6x033
p=— 1-— 120w 1 9 g ZEEEBE 0000796
m 420 20.6 420

As = p.b.d = 0.00536x600%262=125.22mm>.

Check for Ag, min:-

ASnin = \/_( bw)(d) = V24 27 _x600* 262 =458.41 mm?

4( fy) 4% 420
ASnin = —(b )(d) = 1% 4 500* 262 = 524mmZControls
" (fy) 420
As=524mm?

Use4g16 Bottom, As provided= 803.84 MM*>A required= 524 mm?® ... Ok

Check spacing:-

E00—-40+2—20—(4+18)

S= = 145333 mm > d, = 14 > 250K

Check for strain:-
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_ Asfy  _ BO3B4Ax420
0.858f  0BSx600x24

= 27.6mm

i 2? B

X=—= = 32.46mm

Hy | 085

d—x 262 —32.46
£, =0003 —— =0.003 —=——— =0.0212 >0.0050 = 0.9
x 32.46

Flexural Design of Positive Moment for (Span3) :-( Mu=25.5KN.m)

gy Mo 255x10°
"= BbdZ  09x600x 2622 ~oonPa
I -
nasf ~ oesxz4 20.6

As = p.b.d = 0.00164x600%262 = 258.9mm?

Check for As, min:-

ASmin = ;/(;)( w)(d) = */_ Txazg 8007 262 =458.41mm>

ASnin = (b )(d) = %* 600* 262 = 524 mm?Controls

(fY)

A= ASin =524m?

Use 4g 16 Bottom, As provided= 803.84MM*>As required= 524 mm?>... Ok
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Check spacing:-

GO0=40s2=20=(4x 16
3

S=

= 145.3mm > d,, = 14mm > 25 mmOK

Check for strain:-

Asfy _ BO3BAx420
0858f  0B5x600x24

= 27.6mm

i 2? B

X=—= = 32.46mm

Hy | 085

d=x 262 —32.46
£, =0003 —— =0.003 ——— =0.0212 = 0.005¢ = 0.9
x 32.46

Flexural Design of Positive Moment for (Span3) :-( Mu=41.1KN.m)

R M, 41.1 x 10° 119
" T Bbd? ~ 09x600x 2622 - PA
_ 420 _
nesy!  opsxa4 20.6
p:ﬁ 1— 1-— 2.:.:?;-! . ﬁ 1— 1-— 2x1r:;j< L1 _ 000269

= p.b.d = 0.0053x600%262= 432.463mm?

CheCk fOf As’ min:'

_Jfe J_ N,
ASmin = 4(fy)( w)(d) = 600* 262 =458.41mm?

ASnin = (b )(d) = %* 600* 262 = 524 mm“Controls

( fy)
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A= 520

Use 4g 16 Bottom, As provided= 804.24MmM?*>Aqrequired= 524mmZ... Ok

Check spacing:-

_ G0=40eZ=20=(4x16)
3

S 145.33mm > d,, = 16mm > 25 mmOK

Check for strain:-

_ Asfy  _ BOA24x420
0.858f 0BSx600x24

= 27.6mm

¢ — 275 _ 32 46mm

#Hy 0B85

d=x 262 —32.46
£, =0003 —— =0.003 ——— =0.0212 = 0.005¢ = 0.9
X 32.46

4-7-1-2 DESIGN OF NEGATIVE MOMENTS:

Flexural Design of Negative Moment for (Supportl) :-( Mu=39KN.m)

Bn = M,  39x10° .
T Obd?  09x600x2622 NP
m=—1, =" -206
085/  0B5x24
- ] - _2mRBy __ 1 . m -
= 1 420 20.6 1 1 R 0.00257

As = p.b.d = 0.00257 x600%x262 = 404 mm?

CheCk fOf As’min:'
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ASnin = AL ( w)(d) = REZ 600* 262 = 458.4 mm?
4( fy) 4* 420
1.4 1.4
ASmin = —— (bw)(d) = =—* 600* 262= 524mm? Controls
Smin = ( fy)( w)(d) = 420
A =520 mm?

Use 4g 16, As, provided=804.3mm*>As required= 524mm°... Ok

Check spacing:-

E00-40+2—20—(6+16)
5

S=

=808mm=>d,=16>25 OK

Check for strain:-

Asfy _ BD4.3x420
0855 f]  0.B5X600x24

= 27.6mm

o __ 4139

X: - =
By 085

= 32.46mm

d=x 262 — 32.46
=0.003 ———— =0.0212 > 0.0050 = 0.9

8 = 0.003 32.46

Design of Negative Moment for (Support2) :-( Mu=-20.1KN.m)

M, 47.3 % 10°

R =127M
" = @bdZ ~ 0.9 % 600 X 2627 pa
_fy _ azo _
08sf ~ o0BSx24 206
- ] _ZmBy 1 . m .
P=e 1 1 420 0.6 1 1 hn 0.0031
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= p.b.d = 0.0031 x600%262 =493.56 mm?

CheCk fOf As’ min:'

ASmin = \/_( bw)(d) = */_ Tr apg | 600% 262 = 458.4mm>

4(fy)
1.4 14
ASmin= — (bw)(d) = ——* 600* 262= 524 mm? Controls
Smin = (fy) (bw)(d) = 420

A =524 mm? Controls

Use 42 16, AS. provided=804.3 MM*>As, required= 524 mm®... Ok

Check spacing:-

S=

GO0=40s2=20=({4:16

=148mm=>d,=14=>25 0K

Check for strain:-

Asfy  _ BO4.3+420
nESh ) DESxE00=24

= 27.6 mimn

d—x 262 —32.46

=0.003 a8 0.0212 = 0.0050 = 0.9

Design of Negative Moment for (Support 3) :-( Mu=-39.9KN.m)

pn=u __ S99°10° 6 mpa
T O0bdZ  09%600x2622 p
" - 20 _ o506
l'.I.H."_lj,'- NESx24
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p=_1 1— 1_2mBa _ 1 . 4 2x206x1076 — 0.00263

m 420 20.6 420

As = p.b.d = 0.00263 x600x262 =414.11mm?

Check for As, min:-

ASnin = VI (b )(d) = V24 Y27« 600* 262 = 458.4mm?

4( fy) 4* 420
ASnin = (b )(d) = 14, 600* 262= 520 mm? Controls
o (fy) 420

A =520 mm? Controls

USG 4ﬂ 12 AS provided— 804 3 mm >As mm 520 mm Ok

Check spacing:-

GO0=402=20={4:16)
3

S= =14533mm >d, =12>25 OK

Check for strain:-

Asfy  _ BO43e420
085D [ DBSxE00%24

= 27.6 mmn

=4 2o 32.46 mm

B 085

ol — 0003 29273248 _ ) 0012 > 00050 = 0.9
e 32.46 e ' o

£, = 0.003
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4-7-2 DESIGN OF BEAM FOR SHEAR:

1. span(1) : Vy max = 67.3KN

Ve=: fc'b, d = -v24%600 *262/1000 = 128.357 KN

® V=0.75*128.35 =96.26 KN

Casel

Y20 Ve=vu

48.13>67.3 ....No

Case 2

® Vc>vu

96.26 = 67.3 ...0k

We need min shaer renforcment is req
S=d/2=262/2=131

S= 450

So take @8 @100
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