?P)!\Qaa_)“ﬂl\?ug

L4

L sl i€l 5 Aunigl) 4
4y slanall g dgiaall Zaaigll 5 yla

&J)ﬁh“ ?‘“‘
Uil e aatia giaal LYY apanail

Jaall G

iy
Al ot D
y
(4 s Tt SUSiades Basly ?
~ E Patestine Polv!echnlc Univonity
% {re
F__The Ltbrory i.u.SM
Acc. \\C?D\.\ kil 4
L@ss ...................................... Ml@—.ajj




I —TT
pa Craa A\“Mfuu

ual Y aamia el (A ﬁmaﬂ\

Jal) 35
chidaal) 3 g Jl oule gilaa I
i) )

s ?‘.ys 3
Z A £.9 e y A

%jﬁﬂ‘ghw\%ﬁgﬁ@)\&d{g@w\ daaigl) 538 ) pdiia

Crdandd SIS g9 dmala
Jﬁdyﬁd\&%‘h[y;}*;\éﬂ

) i caads Lusigl) & Gug il Ao




paa sl aa ) ) pusy

AT g asdha pull Bilged

Olacalh SliSil gy dnala
Oalacadd — J13N

Ul A asia sl LAY psasal)
Jeall e 8
Oidasd) 30 ga Jus ole s taa sM
AdaZeall Aiall) pline] gaay B gayy £ g pdiall (o i pial) Hinl) Cilgun g3 o Il
L ol 5360 g Aaatigh) 288 8 &y famal g iaal) Auadigh 5308 () £ g pdiald 130 oy o3

. ag sl Ao Al 8 A clallaiag (55 el

Al i) R 5 &9 4l LA ydia g8 g5
e sl 8 e ala




XYY

a1y el slanall L. kel 2l Juall aalaall Y
sy dde il Gl dama Ui . B o5 20
S glagd L Aol bl (s

clije s ., Sl Liadea )

Oy daal SV L gad

adla 53y . oalBYl ol )

A e

@ ol e Dadally s N
@ gide oe o s

Al Ll i
Oslanall SIS g9 dadlas | (Sl )

s Gl

..ozl ghall Jazll 138 gags




aaaT oSSl

Hlall i Waelua 0p M5 o g3 She A Uy ) Wb SN 42 58
Goala (8 Ay sl gl gl Y Ll Aty W jlusiiadd 0o AaYly Lo 5 pia
JEEY 5 il ghaally Ling 38 e #hgma , 188 Usmlas ol Okl ST 53
Uans o cpatill HKall dn LS a2 Sl o gl liaal gall o) dimpun 5l
| el e ghaally By g 3 e A Sinll 4S8 e i) il
iy S0 i e S

. aaill g ol ia B (J gy Ui Vs




—

il B4 asia sal AL ppaual

3las |
"!:.I” K(ETY M lalis ngl.eh }\ﬂ
22009~ (slacald LiS3 53 daaln
oadtall

oAl eY a@eghm\%mm\s,@w‘gsadm&gsg,;mx\z)ssuam

el L e 5 e ) gl Gibley I Bppel) e | il gl n (1350 g0l 0
Ll | Lyl il e e 550 Ja¥t Gl | 4y el Claa (e B ke sed o )Y Gl W
Jeass gl g iy 368 dmma o iaall 138 (g ginas, AiSan (B o Bl (568 331 Lusadll Gl oLl
Alila 48
g,}m,é,su‘,,Qs,&,,.ymu,ssu,sxm,w?mj,wszsujg\y,; (aall 13a 5
Zat) ALY pealinll e Lemy 355 o5 (rag ANy Apnal 1 515501 Juladl Al Jposlilh e

stial) 35S e JalSH pyancill | puie ISy uclal) Lyl Jaill o5 s M5




s ——™™™™™™™

Structural Design and Detail of A multi purpose
building

Project Team

ALAA H.Othman Nibal J.AL_Batsh

Palestine Polytechnic University -2009

Abstract

The main idea of this project is to prepare all structural

design and executive details for a multi purpose building.

This building consists of nine floors, the first and second
basement floors are multi purpose halls , the ground floor is
supermarket and commercial market .the first floor is also

amulti purpose hall , and the last five floors are apartments.

This building is a reinforced concrete structure , and it is

designed according to the ACl-code-02.

The project contains the structural analysis for vertical and

horizontal loads , and details for each member in the project .
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List of abbreviations

* Ac = area of concrete section resisting shear transfer.

* As = area of non-pre-stressed tension reinforcement.

* Ag = gross area of section .

* Ay = area of shear reinforcement within a distance (s).

* At =area of one leg of aclosed stirrup resisting tension within a (s).
* b =width of compression face of member .

* bw =web width .

* DL = dead loads .

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

* B¢ = modulus of elasticity of concrete .
* Fy = specified yield strength of non- pre-stressed reinforcement .
* h = overall thickness of member .

* T = moment of inertia of section resisting externally applied factored
loads .

* Ln = length of clear span in long direction of two — way construction
measured face to face of support in slabs without beams and face to face

of beam or other support in other cases .

* LL = live load .
* M = bending moment .
* Mu =factored moment at section .

* Mn = nominal moment .

* § = spacing of shear or 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 .(Kg/m3).

* W = width of beam or rib .

* Wu = factored load per unit area .

* ¢ = strength reduction factor .
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Structural Analysis 2

4-1) Introduction
4-2) Determination of thickness
(4-3) Loads
(4-4) Design of Topping
(4-5) Design of Beam
(4-6) Design of Column
(4-7) Design of Isolated Footing
(4-8) Design of Retaining Wall

(4-9) Design of solid slab

(4-10) Design of Strip Footing
(4-11) Design of Stairl
(4-12) Design of Stair2

nd Design

(4-13) Design of two way ribbed slab

(4-14) Design of Shear wall
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Structural Analysis and Desigh

4.1 Introduction

In This Project, all of design calculations for all structural members would be
e previous chapter.

made upon the structural system which was chosen in th

So. In This Project, there are two types of slabs: solid stabs and one-way ribbed

d designed by using finite clement method of

slabs . They would be analyzed an
design, with aid of a computer Program called " ATIR- Software" to find the internal

forces, deflections and moments for ribbed slabs and by using the previous program
and "STAADPRO 2004 and "Prokon" programs to find the internal forces,
deflections and moments for one way-solid slabs, and then handle calculation would
be made to find the required steel for all members

The design procedure started from the top t0 the bottom of structure, SO, numbers
were being given to each member to simplifying and classifying these members. The
key plans for each level which show the keys for each member can be shown in the
figures in appendix "B " then the calculation started step by step from the roof to the

foundations.
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4-2 Determination of thickmness:

Determination of thickness for two way rib slab:-

A*Y

y=ZT

Soack 2*.2*.08*.04+0.15+O.35*0.175 AR oim = 1250
rib="——"7302%08+0.15%035 : ] 3

b 0.55*(0.123) (0.55—-0.15)*(0.006) L 015 (0264) _3 14%10~*m™ /b
:/‘ — 3

Iri : 3

4
Islab=§-_1—‘-‘%9——*s.ez= 534+107°m"*
0.

Ibl=—b* _1.pg*032=0021m"
12 12
b2 =0.01m"
1 _0021_ .
Is 0.03
052=_12%=__—0‘01 =033
Is 003
al+a2 =0.7+0.33 _1.061
2 2
02<om<2
ACI
e 1n* (0.8 + £/1500)
36+5* B(am—0.2)
la
_la_832_, 4
Ib 105
mify 8.63* (0.8 +412/1500) _ 0.
s e Rt

al=

am =

We select from the way ribbed slab , the thickness will be =32 CET_\
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4-3-1 Determination of

Material type

Concrete Rib

Coarse Sand Fill and Tile
LS

Topping

ey

Loads of tW0 w

ay rib slab:

| pable (kD)
Table The 1oa d

0 24*0_40*9*.4 = 3456 KN/l.lﬂ'lt of rib

12*(.52+_4)*.24*25 — 6624 KN/ unit of 1ib

y* oY* oY =.,0% KN/ unit of rib

// - s
0.52*0.52*25*.08 —0.54 KN/ unit of rib

0.03%0.52*.52%22 = 0.178 KN/ unit of rib |

Total Dead Load

Total Dead Load = 2.266/0.52*0.

— 2.266 KN/ unit of 1ib

52=8 3KN/m”

ultimate dead load = 1.2*8.3=9.96 KN/ m?

live load =5 KN/ m?.

ultimate dead load=5*1 6=8 KN/ m?

qu=1.2DL+1.6LL=1

%8 3+1.6%5=17.96 KN/ .

4-3-2 Determination of Loads of one way rib slab:

Table (4-2)
Material type The Load
Block 0.24%0.40%*9 = 864 kN/unit of rib
Concrete Rib 024*%0.12*%25 =72 kN/unit of rib
Coarse Sand Fill and Tile
Foppin GV RLOYRYY =Y.+ ¢ KNJunit of rib
pping 0.08*0.52*25 = 1.04 kN/unit of rib
Plaster

0.03*0.52*22 = .23 kN/unit of rib

Total Dead Load = 3.89 kN/ unit of rib

Total Dead Load = 3.89/0.52=7 48KN/m

ultimate dead load = 1.2*7.48=8.97 KN/ m?

live load =5 KN/m"2.

ultimate dead load=5*1.6=8 KN/ m?

qu=1.2DL+1.6LL~=1.2*8.97+1.6*5=18.76 KN/ m?
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4-4 Design of Topping:
(4-4-1) Design of Topping of one way rib slabe ]
e a5l B

Dead load of rib = bW * height * Density = 0.12¥0.24 2

= (.72 KN/m

BLOCK 27X40%20
=72 kg/m o =3
ad load

(Total dead load ) — (de

Dead Load of the topping = AR
fig(4-1): section in ribbed slab

of one rib) 0.52)=72 KN/m2

=(3.89+0.52 - 0.72+
Live Load = 5 kN/m?
g, =12(@L)+16(L)

_12(72)+16(5) = 1664 KN/m?.

Assume slab is fixed at support points (Ribs)

* ]2 * 2
12 12 k +

is small so design as plain concrete

Mn = 0.42% ] fc *sm
b*h> _ 1000%(80)’ |
= _ 1000*®9)" _; g7+10"6mme l\\

Sm
6 6

® Mn=0.55%0.42*%/24 ¥1.07%10~=1.35 kKN.m Fig(4-2):moment and sheat of

1.35>>>.22 the slab is plain concrete

To prevent shrinkage cracks and minimize temperature, we will put minimum
reinforcement bars:
As_, =0.0018*b*d

=0.0018 * 100 * 8 = 1.44 cm?

select 2 @ 12 per one meter —--— A4s =
=2.26 cm? /’]
prov.
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4-5 Design of Beam (BO8 Basement):

6.80

2.65 3, ! 3.4

Fig (4 — 4) Beam moment values

Fig (4 - 5) Beam shear Values(ton)
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4-5-1 Design for Positive Moment:

h=32cm
b=140cm

d=32-4-1-1=26cm "if @ 20 are used "'

1= span:

Mu = 248 KN. m

\/fC' 1.4
b )(d) = —— (W) E) oo
4(15’)( e Jy

As min =

A2 14
= As min =7 (140)(26) = 412(140)(26)

As min=10.8 cm® > 12.4 cm>

— Asmin=12.4 cm>

Determine A s req:-

My 2756%10°
¢*b*d®  1400%(260)"

Rn=

bi4 412

m

T 085*fc  0.85%24

1
P = ‘2—0(1' 1_3(—2%)1(—22;—9)—):-0076

A o= -0076%140%26 = 27.7 cm*
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Determine As max.
Cheek As req < As max.
C=T
85*fc*a*b=As*Fy —As max.=P *p*d
.85*24*a*140=27.7*412
Xmax=.375d
Xmax=a/p
A s max .=.85*24*.85*.375/412

pmax = .015
A s max =015%140%26
=54 6cm”

As req< As max.

As req=27.7crn2

Seloct 10® 20 with As prov. = 31.4 cm?.

2™ span:

Determine A s req:-

M equiredy= 282/0.9 =313 3 KN.m

ok 31334100
Rn= o =73
¢*b*d> 1400*(260)°
412
m - =20

T 085% fc  0.85%24

L 2(20)(3.
P Zgells 1_"‘(—;1(2—3)‘)?0087

AS (o= .0087¥140%26 = 31.96 cm >




Determine A s req:-

Mo 136/0:9 = 1314 KN.m

Mu 151.1¥10° _
Rii= = Tyoeet 1.6
¢*b*d’ 1400* (260)

412

A NEAT 00

B 0.85* fc 0.85%24

e ’ 2(20)(1.6) .
P =2 L e

A'S (req)= -004¥140%26 = 14.56 cm”

[Select 8 16 with As prov. = 16 o,

4™ span:
Determine A s req:-
M requiredy™ 416/0.9 =462.2 KN.m
s 4622*10° _,
$*b*d® 1400*(260)° 5
s 412
e o_ssf{ % 08524 (=t
%‘v‘\ ol LS8 mw W
1 Palestine Polytechni " University
ol \Il 2000688), _ - %g £ PPUL
20 412 5 e THE Lubmy heSdt —
A
As(req)= 013*140%26 = 50 cm 2 @Q .......... } ...... C\ ................. JoubeaZlt 431
L 58, ssssusnsrensssnmRaNeRscTETATERaNs Mg

[ Select 16® 20 With As prov, = 51 cm?.
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4-5-2 Design for Negative Moment:

_2"suport:

Determine A.s 1€q--
Mn(required)= 396/ 0.9 = 44OIG.\Im
* 6
Rn e _'M—'—‘Z‘ :4.6
p*b*d’ 1400* (260)

m = ogs5*fc  0.85%24

= AN _,_2(_2.,0)(_‘}@ =2
p =50 y1"" 2 )= 012

AS gog= -012%140%26 = 46.6cm”

Select 15® 20 with AS oy = 47 1cm?.

3= suport:
Determine A s req:-
Mngequireay= 307/0.9 = 341.1KN.m
Rae Mu  _ 341.1%10° _
§*b*d®  1400* (260
412
m 144 =20

T 085%fc 0.85%24

ol 2(20)(3.
= el 1‘(—4)1—(2§‘Q)=.0096

AS (req= -0096*140%26 = 35 2cm 2

[Select 12® 20 with As prov. = 38cm?.

50
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4" suport:

Determine A €4~
Mnrequired)™ 423/0.9 = ATOKN.;0
470%10°  _
Rn=—=32 12 SN L T =5
grb*d> 1400% (260)
m= /7:___?_142——— =20
085* fc 0.85%24

o A s !_2(20)(5) %
; zo(1 -2 e

A'S (o= -014%140%26 = 51cm”

Select 17® 20 with As prov. = 53.38cm’.
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4-5-3 Design Of Shear:

f 24 _.lqu) =25.3ton
oV, %.SS(L?—}M%.SS (IT)(MO)(%)(]OOO

10
1/ ¥ 1)=9.1ton
O Vmin=( ®* 1/3* bw * d):(,75* /3 140%26) (1000))—

V=32 ton (From Shear Envelope)

oV, + @ Vsmin =05.3+9.1=34.4 ton

oV, < Vu< @V + @ Vsmin

753 < 32<34.4 cecereorenes -, Category(3) Satisfy :

3*F, * AY(min)

*
b7, St ——
3*F, b,
* *¥6*
o3 41263 09 i

Av(min)=

d
(S)s-izg;—:B em ..Control

(S§)<60cm
Use S=10cm.

Wse $10@ S = 10cm
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Fig(4-6):design of beam




s

4-6 Design of Colum® (C12):

The Column is an Internal one:

Pu = 810 ton 835.26/0.7 = 1157 ton

Pnreq =
Use p =Pp8=2 %

Pn=0.8 Ag {0.85 f'+ P8
1157 = 0.85 Ag {0.85(0.24)+0.02(4-
Ag = 4821 cm?

Ag=nD*/4

4821=3.14*D/4

D=80cm

— Ag=5024 cm’

(fy — 0.85( N}
12-(0.85)(0:24)

Determine P8 :
1157 = 5024(0.85) {(0.85)(0.20) + P8 (4.12-(0.85)(0-24))}
pg=0.017> pmin = 0.01
< pmax =0.08
Ast req = (0.017)(5024) = 81 cm?

[Use 26® 20 with As prov. = 81 .64cm?. 9

Determine S :
el
ps .45{(( e )Fy)}

4060 ) 412
=6.1 5* 10—3

Smax=(“s * 7(Dc — db)
ps* As

=(1'13*3'14"‘(72—1.2)
615510 * 2065 )

=7.8 cm

Max clear S=6.6 cm
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Fig(4-7) design of spiral column
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4-7 Design of Isolated Footing:

From Column (C 12):

Total dead load = Y1V ton

Total live load = 139.25 ton
Factored load = 810 ton

Soil weighting = 1.7 ton/m®
Allowable soil pressure = 5.00 kg/cn’

Column Diameter = 80 cm

4-7-1 Footing Area:

Estimate footing to be about 80 cm thick, in addition to about
10 cm of blinding concrete.
Service Load =367 +139.25= 506.25 ton.

Footing Weight = (0.9) (2.5) =2.25 ton/m?
P net = 50 — 2.25 = 47.75 ton/m?

Area (A) = Total Weight / Soil Pressure
= 506.25 ton / 47.75 ton/m?

=11 m?

[ Use ....... L=3.5m,B=3.5m, A=12.25m

4-7-2 Determine depth based on shear strength
oV, =®1\f,bd =085x 2
SEAX B5x=N24%(350)x (d) x10 = 24294
et = — = 1555 =6612 ton/m? =661k / cm?
Vu = (Pnet)(one way sh =
y shear area) = (6.61)(350)(135-d) = (3124.3-2314.3d)
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D Ve = 429d=
d=66.8 cm
. Use d=70cm :
+
Total depth of footing = 70+ 8
=80 cm
for two Way shear action (punching):

¢.V.¥ Check this depth

7. =Fx x(B)x(L)—(a+d)(b+d) )

6.61 [(350)(350) — (75+70)(75+70)]/1ooo — 670.7 ton

The punching shear strength is the smallest of:

Vc =l(1+—%—)\]—__f?’bod = 033dfc bod
v = l(b /d+2}/ Thd =05W7. bd

V.= L. f. b d =0.33\[}:b0d..............Control
% 3
Where:

B.=al/b=80/80=1

b, = Perimeter of critical section taken at (d/2) from the loaded area
= n(d1+d) = 3.14(80+70) =471 cm

a, =40 for interior column

V. =0.334/24(4710)(700)/10000 = 532.9 ton

oV, <V, 0.85%532.9t0n<670.7 ton NOT OK

Recalculate required "d" to satisfy punching sh
ear

Use h=90 cm.
d=90-8-2=380 cm.
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Check calculations again;

o+ )-
0)(75+80))/100
 the smallest of:

=T (B)x(L) (a+d)
=6.62[C 50)(350) ~ (75+8
The punching shear strength i

V———(l+———-)\/,bd =o.33\lf/cb,,d
VG_,( )\//bd ostfs
1

V.= f.bd ... "........Control

Where:
,Bc=a/b=80/80=1

0= 651.9 ton

b, = Perimeter of critical section taken at (d/2) from the loaded area
_ n(d1+d) = 3.14(80+80) =502.4 cm

a, =40 for interior column

7. =0.3324(5024)(800)/10000 = 649.76 ton

v, <V, 0.85%649.76 ton < 651.9 ton  NOT OK

Recalculate required "d" to satisfy punching shear ;

Use h =100 cm.
d=100-8-2=90 cm.

Check calculations again;

V, =P, xB)x(L)-(a+d)b+d) ).

=6.62 -[(3 50)(350) < 80+90)(80+90)]/ 1000 =619.6
The punching shear strength is the smallest of: e
o

y =L{1,2 7
= Mebd 0331 s
12 bo/d+ cbd —057J\bd
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f'b _.Control
1 033\ Jc %
1
_LJf b4
=5V

Where

_a/b=80/80=1
5 i mtheloadedarea
p = Perimeter of critical section taken at (d/2) fro

=534.4 cm

a. =40 for interior column

78 ton

vV 08

u

oV, >

4-7-4 Check transfer of load at base of column:

®Pn = ©(0.85fc'Ag)

®Pn= 0.65(0.85)(0.24)(7:(80)2 /4)="T17.4ton< 810 ton
- Dowels are required for load transfer.

®Pn = ©(0.85 fc'Ag) + ®Pnsteel

®Pnsteel =PAsFy

5 (8100—7174)*10°
65%412

As> As min

=35¢cm’

But the minimum reinforcement of dowels:
As = 0.005 *(5024) =25 cm’

WSE covoss dowels 12 ® 20 with 4 =737.68 cm >

4-7-4-1 Development Length (L, ):
p gth (L,):

Ld for @ 20:
412
Pt
b — — =
= oz 20 =42em>0.044 (dy) (fy) =363

Available embedment = 100 — g _ 2*2)-2
B =86 cm > 42 cm
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g nt:
47.5 Design for Bend!"E Mo

L € os(—L——g')
MU=(RMXWX(E”’2})X- 2 2

80 —7211.13 ton.m
30 350 ,,) /100000
350, ))XO.S( 2 7)

—

=(6.62x350x(~5‘ 2

ISOLATED FOOT) ...

35 /350cm

_ Mu 21113 9346 ton

® :
Mn =}§i6:_1—(£—§8.3 Kglcm
Ro= -5~ 350%(900)°
T

ool _Z@@Q — 0279
P—za(l'm) ' | f

p =000279> Py =0.002 ‘
Fig(4-8)footing detail

Req. 4, =0.00279(350) (90) = 88 cm”

[Use.... 28@20 vith A —87.92 cm® (In each way) \

4-7-6 Development Length (L, ):
Category (A), item 2 applies,

Ld for @ 20:
412
L = * % o 412
v IRl E1%1M1*2 = Ream

Available embedment = ((350-80)/2) — 8 = 127cm > 84
cm
. OK.
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1
4-8 Design of basement wa

4-8-1 load calculation :

Fig(4-9) : loads on the basement wall

e }/”‘h*K°
0=30
—si ~sin30
=i+‘:1_11:12___11+38in30__.033
e. =17%8.96*0.33=503KN/
e, =P*K,=5*033=165KN/nt

H 8.96

E, =e,*H=165*896=148KN/m
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i =92 KN.m
After doing hand calculation
m
Factored Mu =1 6*92=147.2 KN
Assume
p=05* pax
=0.01
W _1472 _163.6KN.™
R0 0.9
5 M2 _202

=
_0.01*412 (= 0.5%20.2% 0.01)=3

d? =44216.2mm —> d =210mm =21cm
h=21+3+1=25¢:m

Select h=25cm

4-8-3 wall design:
Mu =147.2KN.m
v M W2 163 kN m
0.9 0.9
Mn 163.6*10°
TrRE — =371
b*d? 1000 *210
412
e e
085% fc© 0.85 * 94

1 % Z*m*Rn 1
= — 1- 1- = 2*20.2*3'
S m ( \l— fy } 20.2(1_\]1_ 71}.—.—0_01

412
Asreq = p*b*d =0.001*100 * 21 = 21cm 2
Asreq =21cm?
checkAs min

Rn

m

. onsEiR
i Jfe *b*a _ 0.25*+/24 #1000 * 210

ﬁ — 2
notless 412 6.24cm

As min =w_1_4*1000*210
B e

Asshr & temp =0.0018 *p+p, — 00183 *

Asreq < As min 100 * 25 = 4 5cm 2
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4-8-4 Design of $€¢

1-As=(1/ 5)*Asmain=4.ScmZ

2-As shri&temp=0.0018*100*25=4.50m2 .............

— 5.65 cm2 (main reinforcement layer)

@19220@25 Aspli(())nzontal and vertical at the other layer

Select 2 12

4-8-5 check shear design:

Vu =94.3KN
¢*ve=Vu

¢*Vc~—6—*075*\/f'c*b*d=%*0.75*«/24*1000*210=128.6KN
128.6>943

No shear reinforcement is required

4-8-6 Basement wall detail:

$12@20

%12©20L=100

e
Fig(4-10): the re Seiion (BE)

10): the reinf:
0
rcement of the basement wall&its foun Jation

63




4-9Design of s Slab:-

4-9-1 thickness

Select b =1./20 =330/20’16 5¢C =20 C
D"20—2—1'17cm

4-9-2 Dead load

Kfx=46.1, Kfy=43 Je KAFZ.Ol, KAy=2.05
*[x* 14.53* 8"
qu 1453 6.8 ___14'57KNm

Mux=
Kfx 46.1

s1y? 1453%7.43° KN
Muy=qu Y oot e KN.m
Xy 237 18.36

_qutl_1453*68
KAx 501 =49.15KN I m

*] 4.53*%7.43
Ay=qu = : o

Check shear reinforcement:
¢*Vec=Vu

1
075% %24 *
< *24 #1000*170=104 KN

Lo¥VexVu

No shear rei
ar reinforcement i
ent 1s I'equ'
ired.
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rt direction )
of ma reinf rcement (in the sh
4-9-3 Desight
Mux=14.57KN,m/m
M ,M£=14 A 16.2KNm/m
=09 .. -0 9
~”'ML o *10°__0.56 IMPa

=0.001
Asreq —0.001%100%17 -9 34cm’/m

Check As min

Asmin= » 412

Not less than

14*b*d 14*% 000 *17
=___.1————1——q=5.8cm2/m
I 412

1.3*Asreq=1.3%2.34=3.042 cm2/m

Asmin=

Asshr&temp=0.0018*b*h=0.0018*100*20=3 .6 cm2/m

As=3.6cm2/m

Use ®10@ 20 cm......... ASprov. 3.92 cm? /m

02s*fe *b*d 025424 *1000"170 _ 5 o5cm” /m

ste.... ®10@ 20cm ........ with 4. =3.92 cm?
. =392cm* /m

65
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=0.002
A s req =0.002*100%17 —9 98cm’/m

Check As min

3 *
ey | e =92§f/\/53£)w=5.05cm2 /m

By
Not less than
o 4*b*d 1 %1000 *
Asmin= = M =58cm* Im
fy 412

1.3*Asreq=1.3*2.98=3.87 cm2/m
Asshr&temp=0.0018*b*h=0.0018* 100%¥20=3.6 cm2/m

As=3 87cm2/m

Use ®10@ 20 cm........ ASprov. 3.92 cm? /m

Use.... @
\ 10 @ 20cm ........ with 4, =392 ¢cm? /m
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Fig(4-11):strip footing

4-10-1 load calculation:

The total dead load the it is taken is the sum of the weight of columns that he carries:

DL=8980KN/m2

LL~=4306

L=26.2 m

Allowable soil pressure =500 KIN/m2

4-10-2 design of the bearing pressure:
o=P/A < ¢ allowable
B= (4306+8980)/(26.2*500) =1m
Select B=1m
qu = (1.2*D+1.6*L)= 176656 KN/m

qu/lw =17665.6/26 2=674 26 KN/m2

—'T 67




pepth of footing:

4-10-3 Determination of the

Select h=30cm

d=30 =5=1F 24 cm

Pnet = Pu/Area=674.26/(l 2 1)‘674.26 KN/m2
PU'=(674.26*(.24+.24+.2)* 1)—'—458.5 KN

Vu =500—458.5=41.5
=(0.75*1124*1000*240)/6=147KN

@ *Ve =(0.75*V fo*b*d)/6
@ *Ve>Vu

© No shear reinforcement is required
30 cm due to the ACI C(E‘

So select strip at minimum thickness =

e ——————

4-10-4 Determine Reinforcement for Moment Strength:
footingwid th — wallwidth )#( footingwid th — wallwidih
2 4

Mu = (Pnet )*( )

= 674.26*%0.38*%0.19
=48 .04KN .m

Mu = 48 04KN .m
_Mu 43.04

Mn === == 53 38KN m
Rn= Mn  459%10°
AR L
b 412

0.85* fe = T =202

1
- % 2* *
m [1—\/1_ m*Rn =,_L g 2%202%093
¢ 20.2 B =2 1=p.002

=0.002 *
Asreq =4 8¢m? 100 *24 = 4 8¢ 2
checkds min

Ao 085 % 5 e g
== 0k B
= 24 *
aeltEsh A
412 =7.13cm?

- l. *
As min =&=l.4*1000 i
\

Asreq < As min 412 28.16c'n2
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0¥300=5.4 cm2...control

ry reinforcement

P da
4-10-5 Design of secon 0=5.4cm2
18*100*30=5.4C

As shrinkage&temp —0.0018*b *h =0.00

Use 5912

Use o 12 @20 cm Asprov. = 5.65 cm2 j

4-10-6 Development length of main reinforcement:

Ld:ﬂéiﬂ*a*ﬂ*?’*db
fe
forg12:
0.5%412
Ld =—
24
Ld =51.4cm >30cm

*1*1*1%1.2>30cm

Avialable Ld = 30-5=25¢m <Required Ld=514 cm .
024* fy*1.2%0.7*

\/_f_T =17cm
C

So a standard hook of (20cm ) must be used

4-10-7 Design of dowel bar:

As min =0.0012*100%24 =2.88 cm2

U g
s¢ 8 10@20cm Aprov. = 3.14cm?2

=
Ld= 0.044*db*fy=0.044*1*420=18 S cm E

Not less than -

Ld=2Bfy 241241y
e e 20T

Ld available=00¢y,

_7 69



Fig(4-12):detail of stail

4-11-1 Thickness:

& m
H=1/20=307/20=15.35cm take h=20c

_116 2
= —=28.1
@ =tan 30

DeadLoad -

%
LD s TN
cos28.1

2-steps =0.16*25%0.5 = 2KN / m?

1- concreteplate =

*
3— plaster = 293722 _ 0.75KN / m*
cos28.1

*
4-V morter = 0 eoils

—_— T —————

= 2
30 0.352KN /m

3~H.morter =0.03%29 — 0.7KN / m?
0.03*22%1¢
6-V. =
plate T = 0.3521(1\[/"12
71— H plate - M

30 = 0.968KN / m?

Total deaq load =108 KN/m

: 70



For 1m strip qu=21KN/ m

4-11-2 Dead load of the plates:

2
1— concrete = 25%0.2= 5KN /m

o — sand & tiles _2KN/m’

3 — plaster = 0.02*%22= 0.44KN/m2

Total dead load of plate =7 44KN/m2

Q=1.2*D+1.6*L=1.2*7.44+1.6*5=16.93 KN/m2

For 1m strip =7.44 KN/m



18

i
. ribution load of stairs.

Fig (4-13): D1




4 Check shear design:-

4-11-
—104.1KN
felia 1*0,75*./24*1000*170 1
¢*Vc~l*o.75*Jf’C*”* %
o
104.1>35.3

i ired
No shear reinforcement is requir’

. oinforcement):
11-5 Design of pending moment (mAain reinfo
4-11-

Mu =43 6KN.m

Mn=—M3‘-=£'9=48.4KNm
09 09

6
~p*d* 1000*170
412

: * *
Y gl F 02 i 3 U e 1_\/1—_2 20*1.67 | _ g 0042
“m » 20 412

Asreq=p*b*d =0.0042%100*17 = 7.062cm*
Asreq =1.062cm”

checkAs min
psmin <025 * N *b*d _025+424*1000%170 _, o,
b 412 T
notless
Asmin = 14*b*d _1.4%1000*170 L
412 =35.67cm

Asreq > As min
Assh & temp = 0.0018 * p *

- h=0.0018 * =
Asroq > s otomp 100*20 =3.06cm*

As=Asreq=7.062cm2 —=—a

use ®12 @15 with As=7.54"




4-11-4 Check shear design:-

¢*VcZVu

1 = _ 1y .24 *1
¢*Vc=g*0,75* fc*b*d__6 0.75

104.1>35.3

No shear reinforcement is required

4-11-5 Design of bending moment (main reinforcement):

Mu =43 .6KN.m
Mn=ME_BE_ g arNm
09 09
_ Mn _ 484*10°
" b*d* 1000 *170
4417 Bavebapmudiiongl
0.85* fc'  0.85%24

* % k *
pedofo [TEE_ L[, [TETEOIET) g0
- ¥ 20 412

Asreq = p*b*d =0.0042 *100 *17 = 7.062cm’
Asreq =1.062cm*
checkAs min

025* fc *b*d _ 0.25%4/24 1000 *170
)4 412

=1.67

Asmin =

=4.96cm’

notless
* h ok *
Asminzl'4 b d=1.4 1000 *170
i 412
Asreq > As min

=5.67cm*>

Assh & temp = 0.0018*5*h = 0.0018 *100 * 20 = 3.06czm>
Asreq > Assh & temp

As=Asreq=7.062cm2

use @12 @15 with As=7.54>Asreq
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Check shear design:-

4-11-4
feken™ 1*075*\/24*1000*170=104.1[QV
p X =" ¥
¢*Vc=—1-*0.75*\/f0*b 6
6
104.1>35.3
No shear reinforcement is required
in rei ment):

4-11-5 Design of bending moment (main reinforce )
Mu =43 .6KN.m
Mn=M5=ﬁ'—6—=4s.4KNm

09 0.9

6
e M SRS eg
p*d® 1000 *170

Prvsiopsdls

M=085* fo 0.85%24

*9( *
p=_1—* e I—M :.——1— 1—\/11—2 2 ol =0.0042
m i 20 412

Asreq = p*b*d =0.0042 *100 *17 = 7.062cm”
Asreq =7.062cm®

=20

checkAs min
domin < O3NS *bYd 025424 ¥1000 *170 ;
# a2 =4.96cm
notless
ARpx, 7
At A4y o
A i =5.67cm"
Asreg > Asmin
Assh & femp = Q QQIR®A 2
d ?!: \;WL\*}*A:O\@le*meﬁmo_, St
Asreq > Assh & temp G oo




4-11-6 Check for yielding:

Tension = Compression

As*ﬁ’=0-85*fc*a*b

7.54*412=0.85*24*a*1
31.66*10’5 =0.85*24*a*1
a=1.55cm

X= @ . 183em
0.85

1.83
&s>0.005
OK

4-11-7 Development length of bars:

&= (_1_’_/__ ¥ 0.003) —0.003 =0.025

1d =03 kg gry e b
fe
fordl2:

%
Ld:g%l—%*l*l*l*l,z
Ld =51.4cm
use:

Ld =100cm

4-11- i
1-8 Design Secondary reinforcement:

Assh & temp =
p =T 00018*b*h*
= 00018*100*
20 = 3-06Cm2

e LN

Use @12 @30 with As=3.77
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Stail'sz G

4-12 Desig“ of

Fig (4-17): dimension of stair
4-12-1 Determination of thickness:

20 24

select...h =20cm.

~1

30 " 4-12-2 Dead loads:

4-12-2-1 dead load of stair:

0:2*25
1- concreteplate = =6KN /m>
c0s33.7 i

2-5teps=02%25%05=2 SKN / m?

0.03*22
3= plaster=—=—== - KN
cos337 O 79KN /m?

A=V imors — 2032 20 %0y
T: 0.44KN / m?
5 — H.morter =0 03 * 22=0.7KN / m?
6~V plate < 2.03*22* 20
= =0.44KN / 12
7~ H plate < %0422 %33
\30\=0968KN/mZ

: 75



/m2
: KN6*L=:1,2*11.8384‘1.6*5""22.21 KN/m2

Total dead load =11.83
Q=1 .2*D+1 :

For 1m strip q=22.21KN/m

4-12-2-2 dead load of plate:

1—concrete = 25%0.2= SKN/m2

o — sand & tiles = oKN/m’

3 - plaster = 0.02 %90 = 0.44KN/ m*

Total dead load of plate —7.44KN/m2

1.2*7.44+1.6*5=16.93 KN/m2

Q=12*D+1.6*L=
For 1m strip =7.44 KN/m

—



Fig (4-18): Distribution load of stairs.

Fig (4-19): Moment Diagram of stairs

as

Fig (4-20): Shear Diagram of stairs

-f- 77



ck shear design-

4-12-4 Che
p*ve >Vu

Al S*ﬁ*looo*wo =104.1KN
104.1> 475

No shear reinforcement is requ1red
n reinforcement):

4-12-5 Design of bending moment (mai

Mu = 60.3KN.m

09 09
Mn 67 *10°
L o R e
p*d* 1000 170>
b 412

———=20

S 085* fo 0.85%24 =

p=l*(l—\ﬁjm L By 2T S5
5 W 20 SR B

Asreq = p*b*d =0.0059 *100 *17 =10cm®

m

Asreq =10cm’®
checkAs min

g 025%. fo *p*
a it J;y_ btd _0.25*/24 *1000 *170
notless 412 — 4.96¢cm>
Asmin =2370%d _14*1000 *170

=5 2

Assh & temp =
118 Dt S (00018

q > Assh & temp 0018*100%20 = 3 06cm>

As= e B B 1
Asteq=10cm2
us
€ @14 @15 with As=10.25>As™ l

S .



4-12-6 Check for yielding:

Tension = Compression

*a*b
x94*a*1
24*a*l

As*ﬁz:O.SS*fc
1025*412= 0.85
43.05%107° = 0.85*
a=2.11lcm

L& A%em.
0.85

A 0.003) _0.003=0.0175
248

&s>0.005
OK

4-12-7 Development length of bars : -

%
1a=22Lsg* gy
Je
forgla:
0.5%412

24
Ld =60cm
use .
Ld =100cm

Ld =

g e L R

4-12-8 Design Secondary reinforcement:

Assh & temp =
p—0.0018*b*h_
0:3.060”22

S S :



4-13  Design of two way ribbed slab:

4-13-1Load

2512 2
T

o i S TR

2412 1= 10 t
I

1
4 IQ | 40 |

Fig (4-21) ib detail

Kfx=25.2

Kfy=49.6

KAx=167 . KAy=1.84 .......... ( Kfx, Kfy, Ksx, Ksy)=reduction factors
from appendix A

DL =8.3 KN/m2

LL =5KN/m2

qu =1.2*DL+1.6*LL=1.2*8 3+1.6*5=17.96 KN/m2
qu*Lx* 17.96*5.3>

max Mfx = X e 20.02KN.m/m
_qu*Ly® 17.96*7.1
maxMjfy = e e 18.25KN.m/m
Ax =57 KN/m
qu*Ix 17.96*53
Ax = = =
Kix 167 STKN /| m
*7 1796*7.1
A = qu y = - =
y Kdy 134 69.3KN /m
30

— |



moment for rib in the A_
4-13-2 PDesign for posntlve
Mux =20.02 KI\; B N
Mnx=Mux_=

2 ACI 318 02
Effective Flange SAdBIBE): -+ 0 s S
owing:
Be for T section i8 the smallest value of the fo
e —
bE =L/4 —5.3/4=1.325 m.
bE =bw+16*t = O.12+16*0.08=1.4 m
5%0.4=0.52m

bE =bw+o.5Lc1+o.5Lc2=o.12+0.5*o.4+0.
check if a<t for T-section for the rib :
leta=t:
c=0.85*fc"*t*bE=0.85*30*80*520 = 1060.8KN

d =h-cover-d/2= 32-3-(2/2)=28 cm

Mn=CorT(d-0.5*a) =1060.8*(0.28-0.08)=254.6 ] KN.m

2
Mn =254.6 KN.m >22.24 KN.m

Soa<t:
Mn =22.24 KN.m.

d=620 cm.

me—lo 42 _
085* & osseng 20

e 22)10°
520 * 2802 = OSSWQ

1
P= (- 1= 2CONGiSs)
213 )=00013>p

4s,,, =0.0013% 55+ 28=1.93¢2

k %



for rib in ¢he X_direction:

i E:..............

mallest value of the

Effective Flan Cana
Be for T_section isthe s
bE =L/4 =5.3/4=1.325 m.

bE =bwt16*t = 0.12+16*0.08=1.4 m

=0.52m
bE =bw+0.5Lc1+0.5Lc2=0.12+O.5*0.4+0.5*O.4 0.5

check if a<t for T-section for the rib :

leta=t.

c=0.85*fc"*t*bE=0.85*%30%80%520 = 1060.8KIN

d =h-cover-d/2= 32-3-(2/2)=28 cm

Mn=CorT(d-0.5%a) =1060.8%(0.28-0.08)=254.6 KN.m

2
Mn =254.6 KN.m >22.24 KN.m

So a<t:
Mn =22.24 KN.m.

d=620 cm.

ol E
0.85*fc' m_zo

R
52072802 = 0-55MPq

1
p= (- = 20!
G (T

4s,,, =0.0013+ 55 % 28=1.93¢p,?

‘ -



kAsmini
g 55% (24 #120*280 _1 09cm2

*d 2//'/
g}fﬂfﬂ/‘ 212

Asmin = #

Notlessthanl
14*W*d,w=1.1zcmz
Asmin=—""7y’/' 412

As req =1.93>As min

Select 2 @ 12 with As =2.26>As 1€q

4-13-3 Check for yielding:

Tension = Compression
As*fy=0.85*fc*a*b
226%*412=0.85%24%a*52
a=0.72cm

x=-2_-084cm.
0.85

& =( 28 40.003
o5l 0B =0000=0007

& >0.005
OK

4-13-4 Desi iti
esign of positive moment for rib in Y-direction:

Muy = 18.25 KN.m

My <1825 _
0o~ 20.28KN m

Effective Flange width (bE):

Be for T se 3 Sl N A
—Section is the sma]jegs va'lil’e“;fw'ﬁxCIfT o2 (8.102)
bE =] /4 =7.1/4=1.775 m y onowulg:



Mn =254.6 KN.m >22.24 KN.m

Soa<t:

Mn =20.28 KN.m.

T Al o
085*fc 085%24

6
= .(_2_0—2—8)2;9_ o OSOM)a
520*280°

k 2(20)(0.50) , _
e e ) = 0 0012 puin
o \r a2 ) p

4s,,, =0.0012*52* 28 =1.75cm*

m:

Check As min -

Asmin = 925" Fe*bwrd 025+ 3

Jy *120*280
Not less than - o
dsmin = 247bw*d - 14*120%2g
2 \W =1.12cm2

Select 2 12 with As

83

= lcm2

=2.26> As req



4-13-5 Check for yielding:

Tension = Compressmn

As*fy =0.85

a= 0.89cm

*fc*a*b
5%24*a*52

a
Bk o 1.05cm
£ 0.85

1.05
es>0.005
OK

28 z
&= (——-—* 0.003) ~0.003=.077

Anchorage reinforcement for resistance against rotation:

1
As = —5* Asreq = %* 1.93 = 0.643cm?2

Select 1 @ 12 with As =1.13>As req

34



0-way rib in poth directions:
r the tW0~

075*,["*120*280 20.6KN
1 i *b*d=

: 1
#~*120
*¢*bw*d =0.75 3

*
¢*V°'°75 * 280 —8.4KN

e « /24 *280=41. 15KN

1*¢ fc*bw*d——*075*120

005>
Suga o B0 S
*bw*d
§*Vets Lage [Fo *bw*d>Vu> 9" Vc+—*¢ Jre
c

2 4 24 *120 *280 =82. 3KN

20.6 +41.15<69.3 <20.6+82.3
61.75<69.3< 102.9
category (S)issati.sﬁed

Vu
Vs=—-Vc
¢

Av =50 24mm®.
S= AV*fy*d a1 2*50'24*412*280

Vs 63.2*10°
d 28

8'< Z=*4‘=7cm

use.". S =5cm

=196.94mm =19.7cm.

Select ® 8 @Scm



4-14Design of Shear Wall:
4-14-1 Calculation of Loads:

W forame sioor = DI * Area+ LI* Area* 0.25

—8.74%553.40 +2.5*%553.40%0.25 =5183KN

Jor9 to right 5 floor

=8.74* 689 + 2.5 *0.25 * 689 = 6453KN

for 4 to 1 floor

4-14-2 Calculation of shear force on shear walls:

From Uniform Building Code 1997 (UBC):

Z=0.3 zone "3"

R=5.5

I=1

Ca=0.3

Cv=03

hn=27.6

Ct=0.02 K
.

Where; P
Fig(4-22) shear
= 1 1 W
Z=Seismic zone factor as given in table 16-1 >
R= numerical coefficient representati .

I= importance factor given in table 16

Ca = seismi 1
Se1smic coefficient, as get forth in Table 16 Q

C‘t i i
.2.2.

86




4 14Design of fhear Wall:
f 1 poads

4141 € aleulation ©

#0775
() Y24
— /*/’II,‘//*’- ,//* /1,‘//
W/) s i &
o bin# JIY
2L R
4 5673 4% 025 =S1E3EN
74 _ B IAKEEIA 4 L #5307 0L
[ 1a iight 4§ flani ’

0/ e £72 ' V4
/4 _8 TA* GBI+ 2.5% 025 * 649 = CASIEN

for A la i flaar

4-14-2 Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):

Z=0.3 zone"3"
R=5.5

I=1

Ca=0.3
Cv=03

hn=27.6 ;
Ct=0.02 | =

Wh 2
ere: Fig(4-22) shear wall
Z=Seismic zone factor as given in table 16-1.

é“s

e e | o e o



C (h )3/4 Eq..-- 30-8 (UBC)
T=(,"

3/4 ~0.63
7= 0.0488(30.30) o
cvlt., . 03 1 = 00865W C
V==0? = 55%063
o 5Cal ., 25%03*Lapy—0.136W
R s s
V,=0 11CaJ.W=0.11*O.3*1*W=0.0
- =0.

trol
¥ = 0.0865*W = 0.0865 ¥11636 = 1006.50 KN ....Contro

F =007*T*V =007* 0.63*1006.50 = 44 A0KN

Floor | W(KN) | V(KN) | H(M) F(KN) | (V-F) | (W*H) | Fx
9 | 5183 10065 |2950 |4440 |962.10 | 152899 | 5425

5183 10065 |26.50 |[44.40 [962.10 |137350 |5125
5183 10065 [23.50 [44.40 [962.10 | 121801 |4825
5183 1006.5 |20.50 |[44.40 [962.10 | 106252 |4525
5183 1006.5 |17.50 | 44.40 962.10 | 90703 4225
6453 1006.5 11470 4440 |962.10 | 94859  |3225
6453 10065 |11.60 [4440 [962.10 | 74855 222.5
6453 10065 1720 14440 [962.10 [46462  |1225
6453 10065 [3.50 4440 |962.10 | 22586 80.5

[

I T e 847767

Table(4.3) Calculation of the total Fx

Vu = Fx*309,
Vu9 = 686.9% 03= 206

87
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Floor

iy

\~\

Table (4.4) Moment & Shear Values

4-14-3 Design of shear wall #(2):

Fc =24 MPa
Fy =412 MPa

t=30 c¢m .shear wall thickness

Lw = 7 m .shear wall

width

hw=30.30story height

88

///’\75// [ Mae
/,/E/ 206 721

686.9 e e

1;::: 505 3749
/——51—53:2// 640 5989
ks 767 8673
o4 | 864 11697
——1019 | 931 14956
——5044 | 967 18340
EE 040 | 992 21812
B ooy



Design it by using plain concrete

p*Vn=Vu
0.55* /24 *7000*300*.11= 622.42
622.42 < 6232KN

Plain concrete not Satisfied

Check of eccentricity e = 21812/363 = 60>>1.17

Design it by using Reinforced concrete
Mu =21812KN.m

Pu =363KN

Vu =6232KN

Design of shear

d=7-08=62m

1 /
P*Ve=—*_[fo *px =l
l . /f d - 24 *300*620():113910\/
E¢*Vc= 569.5KN <6232KN

*We have Sheqy Reinf orcement
$*Ve+ ¥ Vs> py =g

394+ >
¢*VS=5093IQV ¢ VS‘6232

¢*VS=0_75*Fy*d* ﬂ
S =35093
Av re

(\) . S033%jgr )
S G \ —
o 0.75 % 400 * 6200 S 27.38mm = 2.7380”1

89



_0.075¢cm

5 isfied
Avj_ 16432 _p 555274  Satige
S

4-14-3-2 Design of the Vertical reinforcement:

hw
P =0.0025+05(2.5— ——)(p,, —0.0025)
P, =(2*0. 785*——-)/100*30 3.48*%107°

p.. =0.0025+0.5(2.5 ———)(3 48*107° —0.0025)
Do =3.74 %105

4s, =p*b*h=0.00374*%30%100=11.22cm> At 2 - side

Select @ 12 @ 10cm. AS e = lile3em®

4-14-3-3 Design of moment:

d=620 cm.
Mu = 21812 KN.m

m=--B_ 4y

0.85% o~ g5 57~ 20

R — (21812/0.9) *106
300*62002 =2 1MPq

s ‘(l - 1= 220)2.1)

- %



_104.5cm’

Select 13 @ 32 AS provided

aded shear wall:

¢_\¢-¢ Design of heavy lo

10cm)
The Vertical reinforcement (A5 eq ¢12/

700 2
_10%1.2*—— =840cm
4s,, =10%12% 5

1
e oy
0.85* B, * fc*Lw h
Lw 2+—_______1__'-————"‘

As* fy

S L el
=0.85*.85* 246200*300
gpa

840* 412

o

y A
M1=¢(0.5*ﬁz*As*LW*(1—'L—;))
M1=0.9%0.5%840%412*6200* (1—0.01) = 928KN .m
M2 =Mu—-M1=21812—928=20884KN m

oo MGG G ((20884)08) -
= Fy(Lw-Cw)  412(6200—200)

2

67cm

Select @ 12 # b 9.67

-
1.13 bars
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structural concrete (ACI— YA - Y).

o A M Neville , Properties of concrete , Third edition ,Longman
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