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Project Abstract

The 1dea of this project in the structural design of school in eity of
Hebron | projeet is a school availahle where all the requirements and
activities needed by the students as well as reachers, through the
provision of classrooms and rooms for staff, and also includes p many
public services and the cafetena, and others.

will be design - God willing - based on code requirements for the
American Conercte (ACT _318) and will be drawing on some programs,
design and construction drawing programs such as Autocad2007,
Office2007, Atir, ete. It is worth mentioning that the use ot code
Jordanian to determine the loads of live and will be available on some
graduation projects the previous , and the project will study the
construction of detailed identification and analvsis of the structural
clements and dilferent loads and then the expecied structural design of
the elements and the preparation ot shop drawings based on design
prepared for all the structural elements that are structural frames of the
huilding,




Gl ginal) (s 5g8
ladal 2 £ sall
e : el dake
1 Slglall fabes oo il
[Tl FAL g e Aedia sl Salgd
v elaadl
\ iy )
v Lol BRI gyl ile
Vi iy B g ) adle
XI-X11 gl L |
X111 List of Abhreviations
|
fadal o, doaadall | JaY1 Juadl
5-1 -
2 dusky 1-1
2 £8 el A8 iy -1
2 Bosdall ol cld | 3-1
3 s sl Lita] -1
4 (Basdall) Gad Lgis &1
4 £ 5 el gl 61
s Fodially Sl Jad sl vu,.rl .hh.u:. T=1
6-20 Eydall g banal) cuagll [ B Loadl)
o donsia 1-2
6 £ il o dale dad 2=2
6-7 Eohd gea| 32
7 fhaal Ll 1-4-2 . 4-2
8 ThAy el 42 2-4-2
8 4 faxall paliall 3-4-2
8 Bl A rliyll dSa 4-4-2 i
B-15 AGEY) Bl iy 32
9 ! .-__g,‘_lh.‘l I~5-2 i

Wi




I Al 2-5-2

i o) gkl 3-5-2

12 D gk 4-5-2
15-12 Slgalll ciay 6-2

13 PEUINCUT- PR B (S

i agurind) Agalsll 2-6-2

= iyl dgaly! 3-6-2

1o Al diay| 72
1190 AoUEI) pealial) Liiag | AN i

17 dasha 1-3

17 q.iL-:nHI agancdl] Liik 2-3

1= el 4-3

19 algall fLaa¥! 1-4-3

20 4al Jlas¥l 2-4-3

20 asill Joaa¥! 3-4-3

21 T Jeal 1-3-4-3

A Jlaal 2.3.4-3
ST Reat 3-3-4-3

22 I._,E‘H:dl il 541 5-3
11-22 Alaadl 2 LSLY) 63
24-23 Sk 1-6-3

23 A gll slady il caeali Balie [-1-6-3 |

24 AT T Lucal 508 2.1-6-3 |

23 7l 2-6-3

26 Jundl 3.6-3 s

27 sl 4-5-1

28 wabll & jas 5-6-3

29 Sl 6-6-3

30 Cwgdalimaly | 9

VI




g & enrf - - b
bi-11 ey ardaill g luladll | b.nl,]i i)
33 Imtroduction 41
33 Factored Loads _ 42
34 Determination of thickness 43
15-34 Load caleulatinn -4
7-35 Design of Topping 4-5
0-37 Desion of Rip 4-b
42-40 4-6-1 desizgn of positive moment for R.-i'pl
4-6-2 design of positive moment for Ripl
43-42 4-6-3 design of negative mament for Ripl
=4 | 4-6-4 design of shear for Ripl
50-44 4.7.1 : Design for Beam . 4-7
47-44 Desigm of beam
49-47 4-7-1 design of paositive moment for beam
50-49 4-7-2 design of posilive moment for beam
s1-50 | 4-7-3 design of positive moment for beam
52-51 4-7-4 desizu of pasitive moment for beam
55_53,_ 4-7-5 design of pusilive moment for beam
S6-55 4-7-n design of negative moment for beam
£7-56 4-7-7 design of negative moment for heam
58-57 4-7-8 design of negative moment for beam
§0-58 | 4-7-9 design of shear for beam
_6&0 Design of enlumn 48
(1] 4-8-1 Inad calculation
62-G0 4-8-2 check slenderness effect
62 4-8-3 desipgn the reinforcemenlt
) 4-8-4 gdesipn the short column
6362 4-8-5 design of column C21
&d-63 4-8-6 check slenderness effeet
70-64 Design Isolated footing 49 |
- G564 4-9-1 load calculation
05 4-9-2 detcrmination of 'fuot_igg dred
65 4-0-3 determination the depth of fouting based on
shear strength
65 4-9-4 check for one way shear strength




hio— 65

4-9-5 check for two way shear action (punishing)

6867

4-9-6 design of bending moment
4-9-7 develapment length of main reinforcement for

0%=68
Mul
) | 4-9-8 Design of dowels
Ti} 4-9-9 Tsolated footing detail
TE="0 Design of stairs 4-10
70 3-10-1 determination of slab thickness
T 4-10-2 load calculation at section (A_A)
72-71  4-10-1 load on stringer
72 | 4-10-2-2 lnad in landing
73-72 | 4-10-3 design for shear
7413 4-10-4 design of binding moment
74 4-10-5 secondary reinforcement
(] Sgua il 5 il 5-1
76 Aadnal 1-5
77-76 G 2-5
77 Sibpa il 3-8




Jglaadl e el

[ daiuad ) Jeaa)
5 &5 phally Jaad dalpal i dalbealt | 173
ol Pl b dasiiond) Jpall Lott A30SH | 173
% all ealin? Lt Juaal) | 2-3
2 | el gl o8 pUSN) e gl Juaal | 373
s Calculation of the total dead load for one way rib slab | -4
JEIYI
| fadall &, e f
7 alal) adpall Lol 3 i 1-2
8 sl Sa Gl 5ypa -2
B o illal) e | 32
10 Ja¥) gele) dekesa 4-2
T A B s 5-2
12 2050 geldal s 62 |
13 addl agaigll | 72
P gl B2 |
15 Bl dgalsl y-2
[ 16 | gi|  10-2 |
B Pl Sl AN el ay | 13
24 a3 alati! il wend) Sllaby 3-3
B 25 CalaTl ) el SRS 1=3
26 g 4-3
27 Al el E1 3
PED PIFECTR T 6-3
29 el (g gl aglia gl 7-3
30 bl 8-3

poil |




3d One way rib slab -4
35 Topping of slab 2-4
37 | Riblocation 34
a8 Geometry of rih 1 4-4
RH Service of dead load of rib 1 -4
38 Service of live load of rib 1 -4
a0 Moment Diagram of rib 1 7-4
30 Shear of rib | B-d
45 Support reaction of rib 1 9-4
460 | Geometry of Beam 1n-4
40 Factored of dead load of beam 11-4
46 | Factored lived load of beam 12-4
47 Moment diagram of beam 13-4
47 Shear diagram of beam 14-4
a7 Isulated Footing 15-4
70 Isoluted Footing Detail 16-4
71 Stairs plan 7-4
72 Shear Envelope 18-4
73 Moment Envelope 194
T4 Stair Seetion 20-4

X




List of Abbreviations

Av = grea of shear reinforcemenl within a distance (8).

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

b — width of comprazsion face of member.

bw = web width, or diameter of circular scction.

DL = dead loads.

d = distance from extreme compression fiber to centrotd of tension
reintorcement.

E¢ = modulus of elasticity of concrete.

i = specified yield strength of non-prestressed reinforcement,

h = overall thickness of member

I = moment of mertia of seclion resisting extemally applied fctored loads,
Ln — leagth of ¢lear span in long direelion of two- way construction,
measured [ace-to-face ol supports in slabs withowt beams and face 1o face of
bzam or other supports in other cases.

LL = live loads,

M = bendling moment.

M= tactored moment at section,

Mn = nominal moment.

8 — Spacing of shoar or in dircetion parallel to longinudinal remlvrecment.
V¢ = nominzl sheur strength provided by concrele.

¥ =nommal shear siress.

Vs =nominal shenar strength provaded by shear reinforcement.

V1 = factored shear force at scction,

¥Wau = [acrored load per unit area.

P = strength reduction factor. |
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Chapter Four

4

4 — 1 Introduction.

4 — 2 Factored Loads,

4 - 3 Determination of thickness.

4 —4 Load Calculation.

4 — 5 Design of Topping,

4 — 6 Design of Rib

4.6.1 : Design of Positive Moment for Rib.
4.6.2:Design of Negative Moment for Rib.
4.6.3 : Design of shear for Rih,

4 - 7 Design of Beam
4.7.1 : Design of Positive Moment for Beam.

4.7.2 Design of Negative Moment for Beam.

4.7.3 ¢ Design of shear for Beam.

4 — 8 Design of columns

4.8.1: Load Calculation.

4.8.2: Check Slenderness Effect.
4.8.3: Desizn of the Reinforcement.
4.8.4 :Design of short Column.
4.8.5 :Design of Col 21.

4 — 9 Design of isolated footing

4,01 : 1.oad Calculation,

4.9.2 : Design of Positive Moment for B

4.9,3: Determine the depth of footing based on shear strength
31




Structural Design Chapter 4

4.9.4; Design for Bending Moment.
4.9.5: Development Length of main Reinforcement for Mul.
4.9.6 :Desiogn of dowels .

4.9.7 : Isolated Fosting Detail

4.10 Design of Stairs
4.10.1 Deserminstion of Slab Thickness

4.10.2: Load Calculations at seclion (A-A)

4.10.2.1: Load on Stringer
4.10.2.2 Load en landing

4.10.3 Design of Shear

4.10.4 Iesizn of Bending Moment
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4.1: Introduction

Concrele is a construction material composed of cement (commonly Porlland
cement) as well as other cementations materinls such as fly ash and slag cement,
apgregate foenerally a coarse aggregate such as gravel, limestone, or granite. plus a
fine uggregate such as sand), water, and chemienl admixtures. The word concrere

cames from the Latin word "concretes”, which means "hardened” or "hard”.

Concrese solidifiss and hardens aller mixing with water und placement duc 1o 8
chemical process kmown as hydration. T'he water reacts with the cement, which bonds
the other vomponents fogether. eventually crealing a stone-like material. Concrete 13
used 0 make pavements. archilectural structures, foundations, mulorways/roads,

bridges/nverpasses parking structures, brick/block walls and footmgs for gates.

In This Project. there are three types of slabs: solid slabs, onc-way tibbed and
two-way ribbed slabs. They would be analyzed and designed by using finite clement
method of design, with aid of a computer Program called * ATIR- Software” 1o find
the internal forces, deflections for ribbed slabs, and then hand caleulation would he
made to find the required steel for some members,

The design strength provided by a member, s connections o ather members, and
its cross-sections in termg of (lexure, and load. shear, and torsion is taken as the
nominal strength caleulated in accordance with (he requirements and assumptions of
ACl-code.

4 .2 : Factored Loads.
The lactared loads on which the structural analvsis and design is based for our prajeet

members, 15 determined as follows:

Gu=12DL+ LéLL ACT— JIR -8 (.21}
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4.3 : Determination of Thickness:

4.3.1Dctermination of Thickness for One Way Rib Slab:

The struciure may be exposed to dilferent loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

The minimans reguirad thickness of the joist 1s:

I 3 8% ) 0 5
b OB For cierie s (RIE) ACL318-08 (9.5a)
185 185
i—i= 41] = 0.201 4% For mtenor spun (Rab)

i ‘'

,‘E;'_"HF' =0 .318m For exterior span (Beam)

185 |IRS

4.4:Load Calculation:

DOne - way ribbed slab.

Eor the onc-way nibbed slabs, the total dead load to be used i the analysis and
design 15 calculated as follows:

L O T T Frae e S

Fagr; Brmak 4 P B e § —

Fig. (4-1) One way nb siab

srallest of the llowing:
by —(4230-8300) /4 = 857.5 mm
by =120 + 16 1= 120 + 16 (80) = 1400 mm

B =520 MM iiiviiiininni cONETOl

Calculation of the total depd Ioad for one way rib slab is shown in the following

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

_Hﬂ. PARTS OF RIG CALCULATION
1 Rib 0,12 027 x 25 = 0.8]1 KN'm
2 Hollow Block | 0A4=027= 10- 108 KN'm B
1 | TopSlab | 0.08x0.52x25 = KN/m1.04
- Plaster 003 =0.52=22 = .3452 KN/m |
3 Sand Fill .07 =0, 52 % 164 =0.59406 KN/m |
& | Tile 003 =0, 5222 =03452 KiNim
7 Mortar 003 %0.52x22 —03432 KN/m
2 partition 1.5%032=.78 KN'm
533 EN/m
Nominal Total Dead Load:

D.L. o =081+ 1.08 + 1.04 + 0.59696—0.3432 + .2432+ 3432 + 7R =
533KNmofnb

For library the live load is 5 KN/’

Live load =4.5> 032 =26 KN/m ol nb

4.5 : Design of Topping:
Design of Topping for Ribbed Slab:

Fig. (4-2)Topping

Dead load of wopping =
0.03 = 22x1 (tiles)

+0.03% 23%]  [mortar)
+0.07% 16.4x1 (gand)
+0.08 = 25x1 (slab)

4+ 1.5%1 (partitions') =5.068 KN/m
s
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Live Load =5 * 1 = 5EN/m. (for schools)

Win=(12x3968)= (1.6 x5)
=15.162 KN'm

-» For a one meter stp Wo (15162 ) KN/m

Assume slab fixed a2 supported points (ribs):

_Wuxi®

Mu

I'l

15362 x0.4°

Mu =0 2022KN.

fr=082x K" ACEL318-08 (225.1)

fr=042x+24 =20576 MTa

Mo=fr«s
s ="'1:_ - ]-ﬂmﬁ' 1066666 667 mm’

Mu=20576= 1066666 867 x 10" = 2.1947KN.m
Mo =0.55 x 2.1947= 1. 20708SEN.m

& Mn= 1207085 KN.m >> Mu = 0.2022KN.m

No structural reinforcament is needed. Therefore, shrinkage and temperature

reinforcement must be provided

For the shrimkage and temperature reinforcement:

p=0.0018 ACL318-08 (T.122.1)

As=px b= h=0.0018 = 1000 80 = 144 mm’

Try hars 8 with As — 50.27
ds 144

A58  50.27

Bar numbers & = =287

Take 3 P § with As = 150.8 mm¥m strip or P § @@ 300mm

In bath direction step (S) 15 the amallest of :-
1) 3h=3*30=240mm....... .. control . ACI-31E-0F (10.5.4)
2) 450mm

36
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f I
(T | ¥
| 3y #=380] 0 | 2scc =380 - P |- 2520 = 330 mm
i | = % 420 |
v3 }
BUI:
A
55300 22 |_300 22 | _300mmn
e E!Eu
3 }
Take 8 S0 = both dircction 5= 200mm=<Smax =240mm. . ..ok
UtedZ 2 em

—=— = — o u
Tt T T
| 111 W
i | 1L |
| Iil |’ | | | _!r"l T
| | | "‘*
i L!l CHLURRANYE RN il |
:.- . W B w W b WG oW o )
]{ | | i |
(S il
L|=I ;;l----=|-!| s"!:.él‘l'""r% | gl
- - - m,; - e -.:___ - . = I
UL T e
{ | |I #i.'“'ll I
| | R s
ECARRRRN L
< 7 | ——— )

B Fig.(4-3) Rib lacation .
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1 7 3 &
1 2 2
e ol —— A S A ::[
|—'-‘ A L.t A L 5
o4 A.ET o4 ¥ T o 6.5% o
"'_ 5.57 ‘I' 43 i 503 '!'
| 52,
12
AR g
Fig (4-d)Goometry of rib
basd grown o 1
Dead loas - Service Uniés:
BESRRRREETRRERRESE
‘ 5.33 ‘ ‘ 533 ‘ 433
|r ‘ L | | | ] L
[ 547 " 4.24 fioe 5.83
Fig.(4-5)Dend load service
Live o= - Servics Load factors: 1.20,1.2001.60,
[
i WEECIEF RN
ipg . | 266 l z%g | l
k 1 o A ¥ - i iy J il | . . i ! i 4
1 il ‘ 4.24 1 5.03

Fig.{4-6)Live load service
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Mameants: spans 1ho 3

237 -33.2
116 s 1.;5. I
Kt _u.E::a!rti_sz ‘z" i ,H
15! e
. e
269 344 178 212 . 212 3.26 4, 287

Fig.(4-71Moment diagram of ribl

Shear
a2 ik
= 5.8 =27
20.3 : =y o R
i e - i —
|,, T3 -7 205
274 28, =
A
ar.z

Fig. (4-8)shear diagram of rib 1
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4.6.1 : Design of Positive Moment for Rib for maximum span 5.97:

Assume bar dameter © 14 for main positive reinforcement :-

dt 14
d=h—cover—d,__ ——=350-20-10—— =313mm
-

The maximum posstive momen! m all spans of rib=33.1 KN.m

»UIse M, max positive for span =597

» Determine whethes the rib will act as reetanpularor T — seetion:
For hi=80mm

=
d=350-20-10- — =313mm

L
oMn=09x 085x fic' xbxhfx(d —%i

U'au ) = 231.679KN.m

aifn=09x0.85x 24 x 052 » 008 (0315

PMn=231679 KN.m> M, =34 4KN.m

Design &8s a reclangular with 6, = 52 em

J
P .;'.'.:-1 (o)) ACE-318-08 (10.5.1)

V24
AS$ min = s (120)(313) = 109.53mnmr*
4(420)

A min =1—'f}- (BN )
[

A ¥ min = %[ 120)314) =125 2mm" .....contral
M= JtL‘ = —4-2(}—- =
GBS 085 =24

20 .59

Mn _ (34.4/09)x(10)~

Rn = = 0.7502 MPA

hd ’ (0.5230.313)°
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. e ' e 5o )
:”=1_ 1= h 2mfn s ]_ |] _.Ifl_lxt’l.;jﬂﬂ # 20 .59 |=U.ﬂ[}1«32
mi Ao ) 20390 N 420 )

As ={ 0.00182) (520) (313} — 206,31 mm’>As min = [252 mm"

Use 2814 with A=3.07em™>2.66em"

Sclect bottom bars 2414
* Check Stran:

Tension = Compression
A = fy=085xF xhxa

T8 420= 0 88 % 245200 &

a=1218mm

a
-
8.
.:-=2—E-—143?9mm

GI—-

Leih R T
14329

o

&, =0.0625 > 0.005

3,

»L'se M, pesitive for span( 4.24 )= 2.1 kN.m

$Mn = 209.2743KN.m> M, —2.] KN.m

Design as a rectangular with &, =52 em

Axmin= "[:‘; (BN ACT-315-08 {FO0.5. 1)

J2a
AS min= g (213 = 109.53mm”
4{42nf NB13)

- 1.4
A ———(bwd
& min U}'.‘!( wild ]

41
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A S min = El;irIEU]tili]:lzﬁ.lmmz ..... control

e 1 | N
085/ 085 x 24

b 59

Ma _ (2.1/09)x(10)7

Rn = : — =0, 0458 MPA
bd (0.32 0313 )"
1y [ 2mRa ) ‘fi— [ 2x0.0458 x20.59
TTml Yy B 20.59 'V 420
= 0.0001092

As {0 00010018K520) (313) = 17.77mm" < A8 mm =125.6 mm*
Select boltom bars 2910

Total AS (e =157 mm

* Check Stram:
Tension= Compression
A x e =085x f “hxa

[ISTxd20=085%«2d=x5M % a

g==6.210mm

o= ﬁ]ﬁ = T.313mm
0.85

314-TH135

£y = »0.003=10.1258
7313

g =0.1258=0.005

3] 2R

4.6.2 :Design of Negative Moment for Rib:
According 1o ACT 8.9.3 — [or beams built integrally with supports. desigm on the
hasis of moments at faces of support shall be permitied,

The maximum negsative moment at the face of support is for span( 4.24)

¥Mu =-31TEKN.m

$Mn = 209.2743KN.m> M, = 33.7TKN.m
42
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Design as a rectangular with b, =52 em

. s
AN min = twid ) 4C-315-0G8 (10.5.1
AN J{ﬁ-‘hl' Ke ) L /

x 24 .
A min =———— (120031 ) =109.53mm”
4(420)

e’

: 4 = 2
Ax min = ]—_H'r-u Nd) =1252 mom™
{1¥)

;':'-. 7
Y = e o = 20 .59
D,S:‘_II’:I 0.B5 » 24

33T 0 0y~
e 208 _ G309 (10)" _ 4 19 4p

e (012 }0.313 )*
o[y h_FmRa ) 1 () [ 2x3.185 %2059 ) e
=t pJ- w03\ L )

AS = (0.0083)(120) (313) = 300.48mm™> A8 min = 125,6 mm"
Seloct bottom bars 2 014

Total As gy =307 mm
* Check Stmin;

Tenswen = Compression
A = =085 f %bxg
MTx420 =045 23 =x120%n

a=3267Tmm

e
B
o= 5353 =] G6umen -

(.85

.

, _313-6196
Y6196
& =0.012250.005

x (0.003=0.0122

43
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4.6.2 :Desizn of shear for Rib 1:
V,= 32.3KN

vV, =117 [ d

V.= 2J73-120- 313
V=311T3:=EN
OV =075"33 728 = 25301 KN

0,500, < 1y

No zhear reinforcement reg

4.7.1 : Design for Beam (0-1)

Caleulation of beam load ;@

1 l PLASTER | 0.03= 8222 = 033KNM
2 Sand Fill 0.07 = 5 = 16,4 =0 574 KN/m
3 Tile 0.03=.8 x22 =033 KN/m
4 Mortar 003 =0.5x22 =033KNm
- RC Beam (.35 =) .5 « 28 =4.175 KN/m
[{] partition 1.8« 5=0.75 KN/m

Sum 6.689 KN/m

a4
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Reaction
.

E f i i HH it f
Daael B BET8 o <41 n] 255,88 28481 PR 130,45
LiveR v X 1054T 14275 125.06 150,77 8511
sy R 9585 =72 38873 190.E7 55554 154,56
Win R BEAT IMEsE 28037 iz 48156 13535
Senvice
Daac A 543 ot s HiNA A7 MBS 11621
LiveR A= ®I mo.e? T5.73 94.23 Has
Max R 7536 s I6.13 M348 {EX.85
En B as =5 ZILES 24885 BN 1424

Fig. (4-9)support reaction of rib |

Reuclian of rils

Dead load for first span of beam = 1.2*DL. | o

DL =12 %6689 +{13.08%1.2)/.52)) = GB.21 KN {m

Keietion o f rik
.52

Live load for first span of beam = LL6LL +

LL=1.6*5 + =—= = 28.676KN/m
Check weather the section will be act as singly or doubly reinforced section :
Assume bar diameter ©20 for main reinforcement.

] 20
d=h—cover—d___. —% =3550-40-10 2 490m

Fhr
M = 085 ' boxbf xd )

Mn,max=0.85 *24*300*350(490 -350/2)*10"=1124 55Kn .m
p=.E2
Mu=234.3 Kn.m< $Mn=922.131 Kn.m..... singly reinforced concrete section.

5
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4.7.1 : Design of Beam
[ 2 a 4 5
1 2 3 s 5
I: N e Al o Al i Fy A
05 282 05 438 2.5 a5 0.5 55 0.5, 562
; a3z 488 4 I B, bl 5.
| i i
Fig. (4-10Geometry of heam
ad mo. 1
280 - Bervice ) Units:
. | 200 | * | 309 20.0 L -l a0.0 | I | 20.0 l
' = ] i Ly o | f 7 d (%) d 1)
254 | 56 256 A
Clme[ ] [me [T [ ][ [ (=] [ | | =
. S L5 S A0 T g [ g

Fig. (4-11)Dead load ol beam

ii""f"‘““’ - Sgrvica Load factors: 1.20,1.2014.60,0.00

| ¢3¢ 1 4 | i & 0 L sl o . lizal )

L !-'1 3.1 i i
’ 1 v ! 488 i 4. 6.

Fig, (4-12)1.ive load of beam

45
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Structural Design Chapter 4
Momants: spans 1to 5
o -327.4
-261.5 , -255.4
-182.4 f
-1E5.3 -143.2 " ‘
1281063 Prtace SRR RS i
145101, Y it 1.54
L 2 b , ﬂ,&:.l'_r - = . Ll - 1'5.1|. b .|
T Eﬁ_"dﬂ '!d,'ﬁ e = ._.__I..Id_ﬂz . IITI.TB- . M
23601 : ~—=" O 468 o4 e A NS 237
1 147.1 S
234.3
115, 218 244 244 2 2 27 33 | 386 LR
] I ¥ T
Fig. (4-13) Mament diagram of heam
Shoar
ool 2reh
= =123, a = 1346
43713 1554 } 4308 iflsrz =161, -
H— HH H+——— 4 - - : ;
- 58 L .
8.7 7
3= - 1261 -
ey oAl 169.7 184,
22r7 2854
2089

Fig. (4-14) Shear diagram of beam
Design for positive moment( 234.3) for maximom span{6) :

M,=234 3 KN m=92213] KN.m (Dezign as rectangular)

] a3 i
i - _'Ir::!'n_: (234 3/0.9)x (10)" _ 2.4% Moo

hd © (500 ) 490 )°
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R LN R
0.85/2 85 x 24
' f f 5 717 = 2 b
,fl-—l— e ”_231:1.'??: |= 1 I“_.,x.,.i. 20 .59 — 003
m| ) w59\ 420 )

A s = 00035 (500) (390) = 1347 44 mm°

o i
Asmin= ——I(wid) ACI-I1808110.3.1
) i 3 ( J

",

4420)

-

A min=

(SDON490) = 714.43mm’
1.4

Asmm=— (bwid)
Liv)

1.4

. 1.4 ;
As min ={—‘;—’|[tnr]tu‘] = o ¥ 900+ 490 = B16.67mm? (control)
(5

420

A5 =0.0055(500) (490) = 13475 mm=> A, .,
Select bottom bars 5020 1

Tﬂ{i‘tl As Ipesiide) = 1370 mm”®

* Check Stmin

Tension = Compression
A x fy=085xf %bxe

L5370 420 =085 24 = 500 % a

a =l 55mm

&
=

Fi
= O e O

0.85

L
i 4qm =00U3=0.0153
T6.06

£, =0.0163> 0.005

Ok ... &.ﬁ
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Check space

{500:40-40-10-10-3%20) 2 =170 mm

170 mom>25mm .

170 mue=dy, .ok

Design for positive moment (147.1) for maximum span(f m) :

M, = 147.1KN.m<922.131 KN.m (Design as rectangular)

7.1/0.9 -
Mn _ (147 1090 _ ) 60,

N (500 ) 490 )

Ra

bl 420

m= pam— = 20 .59
0857 085 x 24

Tl |

I T 2mRn | [ i 25-:1,361-:21}.59}
1= fIl=—— = fe = .0034
) m( vV b J v 420 |

A5 = 0.0034(500) (490) = 833 mm®

S

e
As min =L (bwid) ACI-318-08 (10.5.1)
g )

Asmin= 4;4%1 SOOW400) =7 14.43mnr

: 14
As min=——(w)d
iﬁ'}( ne)

AF min=—1'4-{hr‘|[;fj -——ﬁ £ 500 =480 = 8168.67mm” (control]}

Ay =0.00277(500) (490) = 833 mm < A

Selcet hotiem bars 3020
Tﬂtﬂl .l'".ks {praded =.t}'42 m"ﬂ;

* Check Strain

Temsian = Compression
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A w fo=0.85% whxyg

942x 420 =085 =24 %S00 %o

a = 38.7%mm

&
=

5
3879
0.85
}— 45,6
g, =20456 o 003=0.029
4556

£, =0.029 > 0.005

=45 Gnm

il

Check space :
(500-40-40-10-10-3*20)2 =170 mm
170 mm>23mm .

I70 mm>d, .ok

Design for positive moment (46.9) for span (4m):
M. =45.9 KN.m(rectangular)

Mn _ (46.9/0.89)x(10)"

Rn = —— ~ < = 0.434 Mpa
bd-* (300 ) 490 )2
f 420
oy e M 7 -
085f="  0.85 = 24 S
1 [ Tmin Ll [ 2x0.433 = 30 .50 )
A=<Jto fj. : = P— -2 = =272 | 0.00104
= \ Vit J 20.59 L 420 J

AL =0.00104(500) (490) = 25597 mm*< AS min

Select botiom hars 3020
Total As vz =942 mm’

Vi

&
- |
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¥ Check Stram

Tension = Compresson

A« fy=085x% [ whxa
U42 x 420 = 0.85x 24 x 300 x

=38 T%mm

S

32 =25 S

‘T—.

P i

g, =0.029 > 0.065

= 0005 = 0.02Y

Ok ...

Check space -
(S00-40-40-10-10-3%20)/2 = 17U/ mm
170mm>25mm .

| TOmm>d: ok

Design for positive moment(113.5) for maximum span(4.88) :
M,=1135KNm < 922.131 KN.m (Design as rectangular)

Ma (113 5/09)x (10)"

Chapter 4

Bn = — = 1.0505 M|
b * (500 ) 400 )’ &
085 D.85 =24
[ o 3 ' 0305 = 20.39
Pl IH—“”'E” et g . SIS “"qw-_.mzﬁ
m \ ) 2059 \ 420 )

Ax = 0.0026(500) (490) = 629.4 mm"
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A% min= uJe (Bad(el) ACI-318-08 (I0.3.1)
4 H)

~24

AS min= SOMA90) = 714.43mm
T e

As min= L-&— (Ewid)
(H)

A = l,j (b)) =« 500 + 490 = 816.67mm® (control)
) .

A3 — 0.0026(500) (490) = 629.4 mm < Ay me

Select bottom bars 3020

Total As jwides = 242 mm®
* Check Stram

Tension = Compression
A= fy=085c f %bxa

DE2x 420 =085 24 =500 a
2 = 38, U

o

C=—
B,

= 38.79 =45.6mm
0.8>

o ‘;?E « 0,003 — 0.0292

g, = 0.0292 > 0.005

L

Check space :
(SO0-40-40-10-10-3201)/2 = 170 mm

170 mm=25num .

170 mm=ds .ok
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Design for positive moment( 60.1) for maximum span(3.32) :

M, = 60.1 KN.m < 922,131 KN.m (Design as rectangular)

! |l :I
R M _ (60 1IG I RCE) _ 5 sep e

TR (500 (490 )°

medr AW _ a4 sy
085/ 085 =24

. 1_[1_ 8 ImBn | _ | (1— | _ 20,55 x 20 59 I n, S
m \ & 4, 220590 Y 420 ]

A = 0.00134(500) (490) = 328.9 mm’

I o s
A5 min —— (wld) ACI318-08 (10.5.1)
X f. /

e

24 =
Asmin= (5000490 = T1443mm"
§ min -H"ﬂﬁ}[ & L] iyl

A s min =£[Lm-}w)

A'S mai ={l;. () —% + 500 = 490 = 816.67mm* (contrai)

Ay =D.00133(300) (490) = 328.9 mm < Awwn

Select boltom bars 3'-?’3{1"
Tatal As previges = 942 mm”

* Check Stmin

Tension — Compression
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A, % fr=085x f “bxa

042 x 420 =0.85x24x300xa

v =38.7%mm

b
A,
318.79
0.85

490456

o

=435,6mm

e =

»0.003 = (.0292

g, = o.nzaé. > 0.005

Ok ...

Check space
{500-40-40-10-10-3%20)/2 = 170 mm
170 mm=>25mm ,

170 mmi=d, .ok

Design for Nepative moment :
M.=-261.5 KN.m

. L
Adn s [EGL SI09)x (10) = 2.42 Mpa

Rm = - =
"= (300 3490 )
e R e
0.854' 0.85 x24
i 1|“'|__ |’1_2_HIRH_:W= 1 [l— I!I_Z-:-cz.ilxii}j?\’eﬂ_mﬁz
v ) W N 420 /

AS = 0,0062(500) (490) = 1507.1 mm™> As min

Solect Topbars 10014
Total As previde) =1538.6 mm"
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* Check Strain

Tension — Compression
A fy — 085 f et
1534 62420 =0.85x 24x300=a
=583 39mn
_d

B

3 35
84 53

0.85

_495-?4.53

AT
g, =0.017 >0.005

i

r

»x 0,003 = 0.017

Ok ...

Check space .
(500-20-40-10-10-6*14)/5 = 53,2 mm
63.2 mm>25mm .

63.2 mmed, .ok

Space ok .-

Design for Negative moment ;
Mu:_[39|] K—N-m

[ ' 158
My (139.170.9)x(0)° ;56 40,

Bn = == 5
bd (500 )( 490 )*
ey el
0.857c' 0.85 = 24
= 4 CYRE ="
p;i_]_ fl_ElR"_‘L 1  f= FJ_E;LE'}::_[L‘_-!; = 0.0031
ml N » ) 208 N a0

A = 0.0032(500) (490) = 776.3 mm’< AS min

55
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Select Topbars 6®14
Total Az {pruvidel =423 16 mm

* (Check Strain

Tension = Cqmpt:ﬁsinn
A x fr=085x f«bhxa

03316420 =085 24« 5i=a

g =38.012mm

o Li
B
7
o= 28002 _
0.55
—a4.92
5 = WO=HT 003 =0.020
4472

&, = 0029 0003

Ok ...

Check space :
(500-40-40-10-10-6%14)/5 = 63.2 mm
63.2 mm=25mm .

63,2 mm>d; ok Space vk

Design for Negative moment :

M.=-1033KNm

T Mn EII}“: 3/0.9)x (10" - 0.956 Mpa
et * (300 490 )
A L S

{Hiﬁﬁ. 085 x 24

! | e 59 )
[I vl_zmﬂn_]: 1 [T_ﬂll_ % 01956 % 20.59 | _ , nos1a

| A ) 20.59 420 J

A § =0.00233(500) (490) = 571.4 mm’< As min

56
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Select Top bars 6 @14
Total As (e —222- 16 mar

= Check Stoun

Tension — Compression

‘1; « r=085x1 b

673 12 420 =085= 2% w300 x a

g =38.012mm
]

L = -
i d
iZ0n2

= 44 T2mm

(1,45

490 -44.72
¥ A2

£, = 0029 0.005

£ % (1,003 =0.029

Ok ...

Check space &

(S00-40-40-10-10-6%1 4)/5 = 63.2 mm
£3.2 mmeEZimm .

B3.2 mm>ds ok

Space Ol

Space ok ..,

Design for Negative moment :

M,=-112.6 KN.m

; 12 6/0.8 n)°
Mn__ (112 .6/0.NxU0) 4§ 04 Mpa
b ® (500 ) 490}

fn =

= 20 .59
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¢ amin |— 5 )
([ 2mEn | 1 1 1x1.szﬂ.59_J:ulmm

420

A § = 0.00255(500) (490) = 624.75 mme< A§ min

Select Top bars 6 @14 :
Total AS jrmvide) ~ 2o fr mm®

* Theek Stram

Tension = Compression
A x fy=083x f *bna

92116 x 420 =085 24x 500> ¢
a=38.012mm

=)s

012
0.85
_5490 -44.72
, 4472
g =0,029>0.005

e
0

= 44.72mm

o=

£ < (1003 =0.029
Check space :
(500-40-40-10-10-6%14)/5 = 632 mm
632 mm>25mm .

63 2 mm>d, .ok

Space ok

Design a heam for shear (distance d) .
V=253 3 KN

v, —-:: fc'by, d

V.= TV/Z# » 500 + 490

V= 200,042 KN,

@ V.= 0.75%200.042 =150.03KN

58
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Structural Design

vy = SNZ8 e 500 =490 = 400.08KN
Case4
BlU, + Vormin) <P < O+ %)
0,75%200.042 <253.3< 0. 73{200.042+400.08)
shear reinforcement are reguired .
Use 4les® 10.
As=314.16mm" .

2574

Vi :‘Fu HV::' “"""HE(}U,M: =137.7 KN

7h

Afad 31416-4204490
wfpd 31416=420+ DB _ 4o 5tmm

S= =~ 137.7 =1000

cd .

¢ Sl
2— 7 = T

Smn;- E G'Dﬂ ﬂ'm‘l { ':DT“TD”

Use 4 leg @ 10, @ 300 mm
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4.8 : Design of column:
4.8.1 Load Caleularion:

s ar Col C2
g, =1500KN

1500 _ 2307.7KN

Fuee =70 65

Usep=pr=16%

Pn=08" Az {0.85* fo'~pe( fr-0-85 fe'y)
3 3077 = 0.8 Agf0 85 % 24 +0.016¥ (420 —~0.85 %243

Az =0.11m°
Use 0.4 % 04cm with Ag= 0. 16m" > Agreq = 0.0 1
4.8.2 Check Slenderness Effect:

= In 0.4 m-Direction

ﬂﬁ}i—lz'—ﬂ“- APty a1 ACT =(10.12.2}

r Af2
Lur Actual unsupported (unbraced) length.

K- effective length factor (K— 1 for braced frame).

R: radius of gyration = 0.3 h= ,EH-

Lu=300m

MILMZ =1

K=1 . According lo ACI 1122002 (10.10.6.3) The effecuve tength factor, k, shall be
permitted to be taken as L0
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P [
Kbl o g B W i ACT —(10.12.2)

"1
¥ 4 p=

G ,

> e R

0.4 0.4

= Long Colownn  inw odirec lion

frid T
Fyawiflastan | ACT318 —05 (Eq. 10-15)]
-4 r|:u
E =47150 ) &' = 4750 » J24 = 23270..15Mpa
1201 1278452 :
B, == h = .68
Pu 1500
beh® 400 x 400’ wn sy TP
I = = = (0033 * 10 0m
I 193 1
0 TN AS=2133 ..., =
El'= Lt ' =23 = 12630 ARN m*
1+ O.68
a El

P 314" x> l;.'h.'.nff.*.- 13836 7KN.

' {1.0=3.04)
G 2 0O A Y i o iCT 318 — 05 (Eg 10 —16)

LA 2
Cm =1 ... According s AT 3R - 05 (10 10.6.4)
== L — ) s e Acr 31 =050 FEy - 10 =12
< By B
Al

s ; _=1.169 >

e =15+0.03xh= 15 4+ 0,03 %400 = 27 mm = 0.027 m
e=e. xd., =0,027x1.168 =0 03156

T1%
g D.{},]J{_rzﬂﬂﬁ

i 0.4
From Inteructio n Diggram

" * ATy
¢F, 1S00*1073 o 145 =1.350 Ksi
A, 400%400

W, = 0.01

61
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A, = prd, =0.01x400x400 =1600 mm’
Sousel Dgld

4.8.3 Design of the Reinforeement:

§ <16 db (longitudoun] bar diameter) ... e ACI-7.105.2
§ < 4¥drt (e bar dinmeter).
§ < east dimension.

acing <16xd, =16%1.4=22 4cm
spacing ﬂﬁlﬂ,;43!|.ﬂ';4§mﬂ
spacing < [past dim .= H) cm

UselOi@ 25 em

4.8.4 Design of short Column:-
4.8.5 Desizgn of Col 212

Dead load from {Beam (4 slabs)=331 74%4=1526.50 KN
Live load from {Beam £) (4 Slabs)=276.91%4=1107 64 KN

Sell Weight of Columns=2540.5%0.5%3 *6=75 KN

Total Dead Load=1401.96KN

Total Live | 0ad=1107.64 KN

62
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Pu = 1401.96 + 1 107.64 = 3000KN
Lwe=340

44 divume pp =002

== Braced column
Pn=084g/08Sfc(1— o)+ e2* V)

0
—=AK154KN
0.65

4.6154 = 08 Agf085 * 24(1 - 0.02) +0.02 *420)

Pri=

Ag =0.203m

Use 50 50=025m"

4.8.6 Check Slenderncss Titect:

fEL LT )
el S(4 13'?" izrgain b ACTN0=12-2
| yoEE

L+ detal imsup ported (i hraced )lemgth

K effectivel ength factor

oI
R :radius af gyration = 0.3 = =

=N 1 #3908
- e

e DA%0.S

K*Luy 1*300

= =2 =20
ry O3%08

— Short Column in Y Direction,

— Short Column in X Direction.

Selecting Longtitudinal bars !

3000+ 1073 = 65* S[.85% 24 % (250000 — Aist)+ st *420]
Ast =1674.75em"2

Useldgpld: Ast=21.54cm"2
B3

Chapter 4
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P=1674.75/250000=065
Design of higs:
Use Lies ol0 with spacing of ties shall not excead the smallest of
1_48 times the tic diameter, 48ds=48*10-480mm.
2 16 times the lonptiudinal bar diameter, 1 6db=224mm. Control
3_the least dimension of the colunmn—500mm
Usee D@2 5mm
Cheack for code requirements
I.Clear spacing between longtitudinal bars :
Clear spacing={ 0-40%2-10*2-14%5)/4=83.5 mm =4{lmm
»1.5db=1.5"25=37.5mm _ OK
2.Gross reinf ratio:
D <pe=066<08.
3 Number of bars: 14>4 for square scetion,
4 Min tie diameter:o10 for ol 6bars
§5.Spacing of ties : 224 mm

& Arrangment ol tes:100<150mm OK

4.9 Design of Isolated Fooling (K1)
4.9.1 Load Calculation :

Total services lead 10DO0KN.

Column Dimensions = 25%40 cm.

Soil density = 18 Kofem3.

Allownhle soil Pressure = 400 KN/m2.

Assume footing (o he about (45 em) thick.
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live load =4.5 KN/m2,
gall =400 —4.5-0.65%18 -(.45%25 =372.55 kN

4.9.2 Determination of Footing Area @

= L= 153m

Tryl 45* 1.60 m with arer — 2.32m’

Determinate g, = 1000/2.32 = 431 O3KNm’

4.9.3 Determinc the depth of Tooting based on shear strength:

Mssume h =45 ¢my ..., d = 450-75-20= 355 mm

4.94 Check for one way shear strength

LR 5 [
CriticalSection at ;+d

L

“‘22-5 L0355 — 0,.48m

- M D8
2

l"n=431.ﬂ3"l:1'?ﬂ-

.

0.48)%1,45 = 200K¥
B¥e =42 S *h, )

$¥e =0.75 *%* J3E = 3000 * 0,255 = 1019.6KN

dbe =T019.6KN > Fu =121 SBEN
' Safw

4.9.5Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

P | E]J_f'ﬁd
A L

H49.6

A=zg7es
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S = kﬁ —+"’J~,.|,fbd

] 8
gF.=p. : J . b

Where:

%  Column Length (@) 40 _, o
< = Column Width (B) 25

B, _ perimeter of critical sction taken at (€2) from the loaded are
b =240+ 355)+ 2(0.3+.355) =282
2y =20 for comer colamn
{ T N
,

—

as  an#
1.|f i =02 lm_'*;;;ﬁ 2434+ 282070355 13R4 8RN

a’

o == Jﬁ&d’~ 2 %24 +2820%0.355=1226 1KN

$F. =1226.1KN ... Contral

Vi —431.05*%[145%1.60-[4 + 3551%[0.25 + 355])
Vire = RO3NIEN

6 ¥e=1226.1KN = Vi, = 803 1EN ... sarisfied
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4.0.6 Design for Bending Moment:

W =431.05%1 45% —
i

M =117.5 KN_m for ane side

Using Reinforced Concrete

1 ot s
Mn=—— =1 25KNam

0.9

;i” " i i‘a ll.'_- = “”EIS_H‘F":E!

Kn= = =
Fed: 435+« 0.355
[ &)
o= _'III_ e - :'III.:T':"L"
DES* i (.R5*24
|| Tum= B |
a=— | e |
m !
.|'
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el a0 rl__zxzn.sas.xu.css_“ﬁEl_ﬁmﬂ,
20588,V 420 |

g =1.65%10 * #145%35.5 =84.94 amt

J{_}

Asg,, =070
—0.0018*H* h=00018%145%45 =1 | Jont®

".Lv."k'.-' jiTkgEn
A5y = G405E Asy e = 1. %em”

Splest 6ld. A g = 82 2o = 84 Gdem .0k

Select 6414, Aso oy =92.2m’

Check of sirain:
As*fy=085*f*b*n

9231 65420=0.857247145%a

a=31.46mm
24.4
L LB
g 0&3
155.-27
g == X0.003
)

£, = 0.025> 0.005

= 0K

4.9,7 Development Length of main Reinforeement for Mul :

2 Fj-' w!”l'rsll!'-,[ '*‘d_b

lreg =10 % 577 Kertl

ML

Ktr =0 (No stripes) éh= TS5+ 14 = 8%

=h36 > 45

ktr+ch 0489
ab 14

ktr +ch
db

o 420 1+1r08
! | —. - N [ = 3,
dros = 70" T e vid g G 345.67 mm

LA gaibie= 1015-75= 940mm
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L st S0 mm = ltyay = 345 67 mm

o not requirad hook

4.9.8 Design of dowels

P, = 1000KN

¢ Pn =@ (085 f'4g)

4Py =0.65°[D.85%24 * (400" 250)1/1000 = 1326KN
Hut Pu=1000 <¢.Pn=1326KN

Dowels are not required for load transter,

Bt use the minimum reinforeement of dowels:

As., = 0005 Ag = .005% 40 25 = Sem”
Use the column barsasa dowels
Kaleat 106816

A5y s =32.20m° > A¥p,, = Sem’

= Dj%dﬁru—'?ﬁéﬁl.duﬁﬂ.ﬁlumi
L = 0.083 %Iy wily—0.043 X420 x1.4=253cm
Ldpyyeq =23.3cm < Ldmmflﬁ-.ﬁlum =3 (ontrol
Ls = 0.071xfy xdb = 0071 %420 %1.6=47.7 cm =28.8lem
Ls=47.7cm
Availahle Ld =45—7.5-27 1.4=347Tcm.
Available Ld=34.7 em > Ls = 47.7em
(sing hook = 167
Required length of hook 2 16% ¢ = 167 1.6—25.6cm

Use Hooks= 30cm > 25.6em
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4.9.9 Isolated Footing Detail:

Migure (4-18): [solated Footing Detail

4.10 Design of Stairs !

4. 10.1 Determination of Slab Thickness:

L=2T7r1.021+148=519m
b= 120
B =519/20=254cm ... re0no0. 0K h=25cm.

— Use h=25cm.
1= I.;tn':'il 51 2 T)y=2%

Cosd =085
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Figure (4-17) Stairs plan

1.10.2: Load Calculations at geetion (A=A

4.10.2.1: Load on Stringer:
Dead Load:
Tiles = 0.03*22%((0 15-0,175)/0.30) = L.155 KN/m.

mortar — 0.02%22 E(0.1 7440.35)0.3) = 0.77 KN/ m

Plaster = {0 (13#22) [Cos 29 = {1755 KN/ m.

Steps = ((0.175%0.3V2) * 25/0.3 =2.188 KN /m.

Slab = 0,25 *¥25/ Cos 29 =7.14 KN/ m
‘I'otal dead luad — | 2.66 KN/ m.

Live load:

[ ive lond for stairs = 4 KN/ m”
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Factored luad
ait =1 241266 + 1.6%5 =23, 192 KN/ m’,
For one meter Strip, g — 23.192 KN/m..
4.10.2.2 Load on landing !
Dend Load:
Tiles=0.03%22 = 0.66 kN/m’
Mortar =0.03*22 = (.66 kN
Slah = D25°25 =625 KN/m".
Plaster = 0.03*23 = 0.65 KMN/m'.

Total dead load = R.23 KN/m*.

Live load:

Live load for atairs = 5 KN/ m”,

Factored load

gu =1.2%8.23+1.6 +5=17876KN o,
For one moter Slrip, gu = 17.87 KN/ m.
4,11.3 Design of Shear !

s Assyme @ 14 for main reinforcement:-

So. d = 250-20 -7 =223 mm =223 ¢m

Chapter 4

Shaar
273 _El.'l
- |
| e = 1
e |
= i i——
239 238

Figure (4-18) « Shear Envelope




Structural Design Chapter 4

Momenis: spans 1te 2

'|_ 7.3 [
|

1.4 | 2.1 | oz |

Frgure (#-19) : Mement Envelope

Vo= 30 KN

" T oy i

i

n.75% ":_ 1 I.']*ZE:‘ -
s v 24 FLON0TLZS )36 56KN

4]
dhc— 13656 KN= Vig= 3 KN

~===Np shear Reinforcement is requircd. So the depth of the stair is Dk

4.10.4 Design of Bending Moment ©

The Following figure shows the \oment Envelape acting on the stair

Mu = 44496 kN.m
Mn = Mu /00 =44406/0.9= 49 44 KN m.
d=223 cm
An
T od
. 49.4-4__‘”‘3"_

" = 000+ 223" = 904MFa .

i
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R e
UEJ_'_"D-'. e
420
e ZZUERQ
0.85x 24
| I, | i +20,568 * 994
| i | ] | [ 2 58 SEN :
p_-—]— N U oy (S R P ]_wT“lu
i | \ / T8, | 320 )
fs, = 2437107 *100%22.3 = 5413 ¢
Ay =00018%D *h = DO0IS*100* 25 = V5o
As =435 em < A s 5.413%cm”
Lise i A==54], 53 0= 3.52
Use 4t 14 @ 300Cm &/¢ oaonnnee with As —615.6 cm? /m sip
As provided > As eqﬂh
Check For strain:
Tension = Compression
4 * 5 -—DESEfe *h%a
615.6%420 =(.85% a4+ 1000% 0
a=12.6mm
(T
y= = ——=14.91mm
,f‘,. .85
| _223- 1451 o443
r IJI‘ql
s =0.042 = (0.005— = ik
4.10.5 Secondary reinforeement:
AS g piree = 0.0018% bt =0 Q018 x100%25=43cn
Llee ]2 i@ 300 em ..ovanvaninine W ithy Ag=6156 cm./m strip

74
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SECTION (A-4)

Figure (4-20) : Star Seehon
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