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Abstract

Structural Design of a "Commercial _Administrative Center
Al-Dahryia Municipality"

Prepared by

Mohannad EwiwiAshwaq Abu Irfaiah
Shoroq Jaber Wafaa Manassrah

Supervisor
Eng .Hamdildais

The aim of this project is to design the structural elements of all
buildings. Thesebuildings consist of concrete and steel works that
contains slabs, beams, columns foundations & walls.The project
consists of one concrete building consists of six stories. The building
contains facilities that is designed to suit the needs commerce
according to the appropriate modern requirements.Moreover, the
design of the project consists of many stages, which are represented
by examining the architectural sketches, choosing different kinds of
structural elements such as columns, beams and slabs that are not
in contradiction with the architectural design.

After that comes the stage of designing the structural elements by
using computerprograms and then displaying the results as executive
sketches.There are many codes used in this project. Jordanian
Building Code is used to determine live loads. Uniform Building Code
(ASCE-16) is used to determine seismic loads. In Addition, the
American Concrete Institute’s code (ACI 318-14) is used for structural
analysis and designing sections.

The computer programs that has been used in designing the project
are AutoCAD 2016 Atir 2018, office 2010 and others
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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

face of beam or other supports in other cases.

X



- 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

- § = 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.

- € = compression strain of concrete = 0.003.

€, = strain of tension steel.

€= strain of compression steel.

p = ratio of steel area.
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Chapter 4
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4.4 Design of One Way-ribbed Slab (B-1,R6).
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4.1 Introduction:
Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others.

Reinforced concrete is logical union of two materials: 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.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes
and specifications that give design procedures are continually changing to reflect latest
knowledge.

Structural concrete can be classified into:

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

4.2 Design method and reguirements:

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318 _08).

4.2.1 Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain
the load at which failure is 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 loads.
NOTE:

The statically calculation and the key plans dependent on the architectural plans.
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4.2.2 Cod:ACI 2008 & UBC
4.2.3 Material:
Concrete: B300... Fou =30N/mm 2(Mpa ) For circular section

but for rectangular section ( fc'=30*0.8 =24MPa ).

Reinforcement steel: The specified yield strength of the reinforcement
{fy =420 N/mmz2 (MPa)}
4.2.4 Factored loads:
The factored loads for members in our project are determined by:
W,=12D +16L, ACl-code-318-08(9.2.1).

4.3 Check of Minimum Thickness of Structural Member:

MINIMUM THICKNESS OF NONPRESTRESSED BEAMSOR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimum thickness (h)

Simply Oneend Both end ]
Member Supported continuous continuous Cantilever
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
One_way Slabs L/16 L/185 L/21 L/8

Table (4 - 1): Check of Minimum Thickness of Structural Member
—+FORone-way ribbed slab:
Hmin for (one end) =L/18.5=5.57/18.5= . cm
Hmin for (both end continuous) =L/21=6.56/21= . cm

Useh=32cm
= FORone-way solid slab:

Hmin for (One end continues) =L/ =6.68/24 =27.8cm
Hmin for (Both ends continuous) =L/28=6.66/28= . cm

= Select slab thickness = 32cm with 24cm block & 8cm topping.
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4.4 Design of one-way ribbed slab
One way ribbed slab Design procedure is explained in the following steps:

4.4.1 Design of topping

Topping in One-way ribbed slab can be considered as a strip of 1-meter width and span
of hollow block length with both ends fixed in the ribs.

Laads an Tapging

T
e

Figure (4- 1): System of topping

4.4.1.1 Calculation of L oads on Topping.
Dead loads that act on Topping can be calculated as shown in the following table:

—Dead Load For 1m strip:

ualit
Material gensitzl/ Calculation DI(T\Ialdm —
(kN/m®) i)
| Tiles | 23 | =0.03x23x1 || 0.69 |
| Mortar I 22 I = 0.02x22x1 | 0.44 |
| Sand I 16 I = 0.07x16x1 || 1.12 |
| Topping | 25 | = 0.08x25x1 || 2 |
| Partitions | | =1.85x1 | 1.8 |
| |

~ Dead Load for 1m strip of topping= .1 kN/m

Table (4 - 2): Dead Load Calculation for topping

—Live Load For 1m strip =5.0 x 1 = 5.0 kN/m

—Factored load (W(1) =1.2xD.L+16xL.L ==12*6.1+1.6*5 =15.32 kN
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4.4.1.2 Analysis of topping
WI =15.32kN/m

lllll.,E1

WyxL _ 1532x04

- Vu==t == =3.06 kN W' im u
' 2 2 I
- Mu =Bt - BT - 0204 KNM
U \\ /| Mu

Figure (4-2): System and analysis of topping

4.4.1.3 Design Strength of topping
— Shear Design Strength:

For Plain concrete section one way shear is calculated using the following equation:

®.Ve= ®x0.11 x A xVFc xbw x h

®.Vc=0.55x0.11 x 1 xv24' x 1000 x 80 = 23.7 kN > Vu=3.06 KN . OK
—+ Moment Design Strength :
For Plain concrete section with“b=1m & h=8cm”
_ 2
CD.Mn=<D><0.42><\/Fc’><%

1000=80°

®.Mn=0.55x0.42 x V24" x

=121 kN.m0 Mu=0.204 KN.m OK

~. Plain Concrete Section is SAFE #

But According to ACI , Asmin shall be provided for slabs as shrinkage and
temperature reinforcement.
© shrinkage = 0.0018 According to ACI
Minimum (As) = p shrinkage x Ag
=0.0018 x b x h
=0.0018 x 100 * 8

= 144mm3/m

144
1)

n= (F@u) =( ) =2.87 bar so 3 bar@8@m
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Step (s) is the smallest of :
1. 3h =3%80 =240 mm « controlled
2. 450 mm.

280 280

3.5 =380(7 ) ~ 2.5Cc = 380 ;) — 2.5%20 = 330mm
3

But S <3002 ) =300 (%) = 300mm
z

Take S=200mm < Smax=240mm

., Select Mesh @8/20cm in both directions.
Provided As = (mx82/4)*(100/20) = 2.5 cm?m [ min As = 1.44 cm2/m

4.4.2Design of Rib (B-1,R1):
Rib (B-1,R1) is selected to be designed, the following figure shows its location in
Ground floor.

N

LS N L N

{[TEET
it
iilll

NIy, AL a =

INNNANNENER x ay '
. 1 ¥, z
; ] | i b
4 . 118 -
. MER RS 1 e

167

B 1B44

gl 111

Fig 4.3: Location In Ground Floor Slab of rib (B-1,R1)
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4.4.2.1 Rib geometry

Requirements for Ribbed Slab (T-Beam Consideration According to ACl)are as follows.

& bw=>= 10cm - sdect bw=12cm
X h <35bw=35x%x12=42cm - select h=32cm

x tf 2:—:250mm - sdect tf =8cm

= Statically system and Dimensions

4.4.2.2 Loads Calculation for Rib (R-1,R1)

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

=L oad calculations;

~ Dead Load =5.27 kN/m/Rib

—Dead loads:
Material ggﬁlslitt)g/ Calculation Do L_oad
(KN/m) (kN/m/Rib)
| Tiles I 23 | = 0.03x23x0.52 || 0.359 |
| Mortar | 22 | = 0.02x22x0.52 || 0.229 |
| Sand I 16 | = 0.07x16x0.52 || 0.582 |
| Topping | 25 | = 0.08x25x0.52 || 1.040 |
| Block I | =0.24x12x0.40 || 1.152 |
| Rib | 25 | = 0.24 x25x0.12 || 0.720 |
| Plaster I 22 | = 0.02x22x0.52 || 0.229 |
| Partitions || | = 1.85x0.52 | 0.962 |
| |

Table (4 - 3):Dead Load Calculation for rib (R-1,R1)

— Liveloads=5x% 0.52 = 2.6 kN/m/rib
— Factored Load (W[]) = 1.2xD.L + 1.6xL.L
WuD =1.2x 5.27=6.32 kN/m/rib

WuL =1.6x . =4.16 kKN/m/rib
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-Figure below shows the shear and Moment envelope of the rib (B-1,R1) obtained from
Atir 2018 software .

F Codes AL
L Dasfgned boy: ete: L6

Momanl!/Shaar Emnvealogs (Faobomd) AN R KM T

Eomenic:  cpanc 1 B0 &

=Rl -4
25.3 =41 e BB
-3.! -16. &
.?‘_EE 1.7 E 1.508.7
"I_EE
1 t-'-r'1 ba i HW
q1.82
| =. i X I .57 J .27 | 1.83 | 1.549 i +.81 | 1.684 II].BE
I 1 T ] T T T 1 T 1
Anwar
a1 a8
ST -z8.2
224

a5 il 23.8
IB.6 aza
=283
Fesotiono
Fagiomnad
It ——t 1 — |
DeadR 1E.87 E0.72 &34 &.21 Z7F.62 E.44
LivaRs 14.88 4£.82 &T.821 Z#.89 Z4.61 T.13
EaxR ZE.03 SE.54 B2.1E 23.8 EI.03 1Z.83
MInR 1D0.44 T1.26 4D.7d -10.82 =8.4 2.07
dariioe
[ T L2 1114 4227 ZB.BE 3.E IZ.BZ &.65
LivaR B.1d ZT.EE 2Zp.B3 16.43 16.22 &89
ME=xA 0.3 ThIE EB.23 1&8.84 TB.26 B.032
MInR B.21 E6.H#8 =8.7T1 -6.ES IE.48 =.08

Figure (4-4). Shear & Moment Envelope Diagram (B-1,R1)
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=Design of Rib of Shear for (B-1,R1):

Shear strength V¢ , provided by concrete for the ribs may be taken greater than that for
beams. This is mainly due to the interaction between the slab and the closely spaced ribs.
Max. Vu at the critical section at distance d from the face of supportis -

obtained from figure (4-5) , where Vu = 39.5 kN

If i @.Vc<Vu<@.Vc .... No shear Reinforcement is required for slabs . -
@Nc=@*11* l—: *VFd *bw*d =11*0.75* :—2 * 24 * 120 * 284 *10=22.956 KN -
Vu max =39.5 kN > @.Vc = 22.88 kN ... shear Reinforcement is required -

Case #2 : @.Vc < Vu<@(v, + Vg min)
Vgmin = 3 b d== -+120+ 284103 = 8.5 KNcontrol
- Vymin= 7 fCb,d=—-+V24+120+28410"3 = 7.86KN
B(v, + Vsminy = 3L.5KN < Vu=395KN -
Case #3: B(v, + Vgpminy < Vu = O(v, + vy)
- wg=: feb,d=:V24=120+284+10"% = 41.74

- Ejl:'l?,_. o vs,min i = vy = Ejl:'ﬁ',_. <= vs")
315<395<646.......0k -

— shear reinforcement arerequired.

- Use2leg® 10.

- Av=314.2 mm? Note:

- Vs=Vp-V,= E— 30.6=22.1 KN Assume @10 stirrupswith 4 legs

. = Aufyed _ 157.144200284 _ areused,
s 22141000 _ T 104 _ 2
847 mm (control) then Av=12 i 157.1 mm
d _ 284
Smar = B @

142 mm o7 S0, = 600 mm
Use2leg @ 10 @150mm.
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Design of Rib for Flexure:

Design of Positive Moment — Bottom Reinfor cement
Check for chosen effective flange width (be) :
According to (ACI 318-14) (be) is the smallest of:
- be < Span/4 < (3640/4) = 910 mm
- be <£16*hf + bw = 16*80 + 12 = 14000 mm
- besbw+%Lc=120+%*400+%*400=520cm « Cont.

=Design of span 1 - Max Mu+ = 27.6kN.m

Assume bar diameter g 12 for main positive reinforcement.
iy 12
d =h' cover — d stirrups _.-_Z- = 3‘2{] o 2'[] T B _"E = 284 mm.
Check if a > hs to determine whether the section will act as rectangular or T- section,

Mt =0.85. 7. b, hy. (d =)

=0.85x24x520x80x 284 -5 X 107° =207.1KN.m

My _ 276_

Mg T 30.7 KN.m , the section will be designed as rectangular section with

be =520 mm.

oMy 278x10%
Rn= obd® ~ 09x520x284% 0.73 Mpa.
m= fy = 42“. —206
085/, N85=Z4

~ l . . 2m.Ry = L . . 2 206x0.73 =

p=g 1 420 ik 1 420 0.00151

Asreq = p.b.d = 0.001515x520x316= 221.52mm?
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A min IS the maximum of :-

Asmin=0.25-L%p, d=22p, d
fy fy
1. Asmin =0 25% 120 x 284 = 99 37mm*

2. Asmin =1*120x 284 = 113. 6mm? Control
420

A req=221.52mm*> A -113.6mm*

Use 2012 . A provided = 226.2 MM*> A required = 221.52mm°. Ok

Check for strain:

_ Aspy  _ 226.2x420
4 =ossh L7 0ssxsz0xz4 fl. 95mm
c=2 =22 -10.53 mm
By 085
d—c 284 —-10.53
£, =0003 — =0003 ——— =0.077 = 0.005
c 10.53

=Design of span 2- Max Mu+ = 35.3kN.m

Assume bar diameter g 12 for main positive reinforcement.

M as3x10f
Re= BH:E T 09x520x284% 0.935 Mpa.
m= Iy = 42“. —20.6
0.85f¢ NB5x24
g q_ZmR o _ 1 4 g 22060935 _
= 1 @ zos 1 1 s — 000228

Asreq = p.b.d = 0.00228x520x284= 336.7mm?
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A min IS the maximum of :-

' 14
f b,d= 7 b,.d

Asmin =0. 25

1. Asmin =0 25& 120 x 284 = 99. 37mm?*

420

2. Asmin =£ 120 x 284 = 113. 6mm* Control
420

A req = 336.7mm*> A, -113.6mm*

U% 2@16 N Aq provided = 402 mm2> Aq required = 3367mm2 Ok

Check for strain:

_ Aspy  _ 402x420
4 =083 ossxszoxzd 15.9mm
Czi _._E =18 7 mm
By 0ES
d—c 284 —18.7
%=10.003 ¢ 0.003 187 0.042 = 0.005 ok

=Design of span4&5- Max Mu+ = 13.3kN.m

Assume bar diameter g 12 for main positive reinforcement.
d =h- cover — d uimps — 2 = 320 — 20 — 8 — 2 = 284 mm.

My _ 13.3x10°

Ru= obd?  0.9x520%284 0.33 Mpa.
_ fy _ 4 _
T o8sf! T 08sx24 20.6
_ 1 o o 2mRy _ 1 o o 2x206x035 _
p=g 1 1="%% “ms * 4 420 =1.00es

As req = p.b.d = 0.0008x520%316= 124mm?
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A min IS the maximum of :-

' 14
f b,d= 7 b,.d

Asmin =0. 25

1. Asmin =0 25& 120 x 284 = 99. 37mm?*

420

2. Asmin =£ 120 x 284 = 113. 6mm* Control
420

Agreq = 124mm*> A -113.6mm*

Use 2010 . As provided =158Mm?*> A required = 221.52mm>. Ok

Check for strain:

_ Asfy  _ 158x420
4 =ossh L7 0ssxsz0xz4 6. Zamim
c=2 =2 —-736mm
By 085
d—c 284 -7 36
£, =0003 — =0003 ———— =0.112 > 0.005
c 7.36

Design of negative Moment — Top Reinfor cement

=Design of Max Mu- =-35.3 kN.m @Support (2)

Assume bar diameter g 12 for main positive reinforcement.
d =h- cover — d gimps — £ = 320 — 20 — 8 — 2 = 284 mm.

My _ 353x10%

Re= Obd® | 09x520%284% 0.935 Mpa.
_ fy _ 420 _
T0BSf]  085x24 20.6
1 g q_ZmRy _ 1 o o 2x206x0935 _
= 1 1==57 s 1 1 o — 0.00228

Asreq = p.b.d = 0.00228x520x284= 336.7mm?

Ok
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A min IS the maximum of :-

Asmin=0.25-L%p, d=22p, d
fy fy
_ VIt = 2
1. Asmin =0 ZSE 120 x 284 =99 37mm

2. Asmin =£ 120 x 284 = 113. 6mm* Control
420

A req = 336.7mm*> A, -113.6mm*

U% 2@16 N Aq provided = 402 mm2> Aq required = 3367mm2 Ok

Check for strain:

_ Aspy  _ 402x420
4 =083 ossxszoxzd 15.9mm
Czi _._E =18 7 mm
By 0ES
d—c 284 —18.7
£,=0003 —— =0003 ———— =10.042=>0.005
e 18.7

=Design of Max Mu- =-35kN.m @Support (3)

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover — d gimps — £ = 320 — 20 — 8 — 2 = 284 mm.

My 3sx10%
Rn= phd? T DO9x520x2842 0.9 Mpa.
m=tr - % __9g¢
0850 085224
= . _2mRy _ 1 o _ 2x206x09
P25 1 420 206 1 1 420 =0.002

Asreq = p.b.d = 0.002x520x284= 295.36mm?
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A min IS the maximum of :-

Asmin=0.25-L%p, d=22p, d
fy fy
1. Asmin =0 25% 120 x 284 = 99 37mm*

2. Asmin =1*120x 284 = 113. 6mm? Control
420

A req = 295mm*> A -113.6mm*

U% 2@14 N Aq provided = 308 mm2> Aq required = 3367mm2 Ok

Check for strain:

_ Asfy 308420
d=——— = :
0.853h fi  085x520x24

=12.19mm

d-c 284 —14.35
£,=0003 — =0003 ———=—— =0.056 >=0.005
c 14.35

=Design of Max Mu-=-8.7 kN.m @Support (4)

Assume bar diameter g 12 for main positive reinforcement.
d =h- cover — d gimps — £ = 320 — 20 — 8 — 2 = 284 mm.

R— Mu _ 8.7x10%
" obd? T 09x520x2842

=10.285Mpa.

m=tr_ =_*0 _9p¢6

T o8sf! T 08sx24

p= l 1- 1- ZmBRy L 1- 1- 2x20.6x0.285

n 420 206 420

=0.00068

As req = p.b.d = 0.00068x520x284= 101.04mm*
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A min IS the maximum of :-

' 14
f b,d= 7 b,.d

Asmin =0. 25

1. Asmin =0 25& 120 x 284 = 99. 37mm?*

420
2. Asnmin =£ 120 % 284 = 113. 6mm?* Control
! 420

A req= 101mm=< A, -113.6mm*

Use 2012 . A provided = 226.2 MM*> Ag required = 113.6mm?, Ok

Check for strain:

_ Aspy  _ 226.2x420
4 =ossh L7 0ssxsz0xz4 4. 9mm
c== =22 = 10.47 mm
By 085
d—c 284 —-10.47
£, =0003 — =0003 ——=— =0.078 = 0.005 Ok
c 10.47
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4.5 Design of Beam (B1B6):
Beam (B1B6) is selected to be designed, the following figure shows its location in

ground floor slab

n1R1

B 1B7
B- 183

B-1 B3 E-1 53 E-1 B3 B-1B3

F
m

roB-1 B-1 BS
| H1 RS TER"

8- 1834
B-1B37

REF] B-1 BG B-1 B8 BE-1 BB B-1 B

B- 1834
B-1B37

1 BS

o

s

i
1B31B- 18

X

L]

34
3

Figer(4.5): BEAM (B1B6) Location In Basment Floor Slab
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=L oad Calculation For beam

The following figure shows the geometry of beam and loads that act on it

e
Dimchgne-d By: Dumbe
Moment/Ehoar Envaliope [(Factomd] Eings kN mmeiar
HomEnis: toant 100 &
F4a.T Py
/\‘ A,
M|
1 -1-!"-| 2 '”l i e i
1874 TE
EEE.G

178 iz | 8 ) ; | =27a zra | .38 2rz |

Ansar

-Beta

-42B.1 i ~418.7
-1EB.B -5E6.3
-ZEBE 4%
[T HH = HH = HH = i

t
E"’ﬁ;_a L’/
ZOT.6

HBE.

4EE.4
EatH 5B2.3
BBZ.8
Eoaotionc
Esantlons
Faotorad
ft it t tt t
DeadR HE.5 EEE 42 E1R.TE 44577 211,86
LivaR 11214 &10.6T 503,06 44828 28E.02
EaxA 20T BE 1102.8% 1H8.TH asE.07 418.ET
EinR 24511 TI4E FIR.TY E1Z.63 12008
2arvioe
TeadR TB.B2 453 88 EEoiR: ] ATIBE 17827
LivaR TD.08 =te.1 481 TEDE1 138.02
xR 14887 J41L.78 T4E.02 dE4.TH 28,50
EinR £4.54 ETE.DE 47572 413.B2 18811

Figer (4.6): Moment Envelope of beam (B1B6).
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Design of Beam for Flexure:
The following figure shows moment envelope resulted from analysis of beam (B1B6) using
Atir 2018 Software:

Design of max negative moment Mu- =-743.7KN.m @ all support
The maximum span length for one-end continuous (for Beams):L =6169.75 mm

hmm ﬂ =333.5mm

185
The maximum span length for both-ends continuous (for Beams): then L=7280 mm

T80

hmm __ = 346 67 mm

The minimum beam thickness will be h =600 mm

_ Fy 420
To8seFe’ | 08524

=20.59

d =600 - 40 -10 - 20/2 = 540 mm

Mu/¢ _ 743.7-10%09

Rn = bhed? ~  BODs5402 =3.5 Mpa
_1y, __ ZeRNem | _ * (1. _ 2e35:2059 _
preq=—*(1- 1 o )= =5 53 (- 1-=—-—)=0.0087

Asreq=p =b=d = 0.009 =800 = 540 = 3758. 3mm’

As min : As (min) = ozs*“"” *bw *d=0.25* 10 *800*540 1259mm?

As(min)=—*bw*d= m * 800 * 540 = 1440 mm? « Controlled

Use 5032 with As = 4020mm?2> Asreg =3758mm?2in one layer
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Ags 4020420
= Ashy =103.4 mm
N85 «Fc+«h 085 « 24 « HO)

c=a/p=103.4/.85=121.64mm

d—c 540-121 64

=0003 12164 =0.01 > 0.005 Ok

£, =0.003

Design of postive moment Mu+ =187.4kN.m @ span (1)

_ Mw/@ _ 187.410%09 _
Rn = bed® ~  800-5402 =0.89 Mpa

ZeRN«m

—_ 1 *
preq=— a- 1 o

2e(LBE9«20.59
420

)= ——*(1- 1

=; ) =0.00317
20.59
Asreq=p=b=d = 00317 =800 =540 = 1369. 4mm°

As req =1369.4 mm?> As min =1440mm?, As =1440 mm?
Use 5620 with As = 1570mm?2> Asreqg =1440mm2in one layer

Design of max postive moment Mu =635kN.m @ span (2& 4)

_ Mw/@ _ 635:10%/09 _
Rn = hed? ~ BODs5402 =3.02Mpa

1 ZeRN«m Z2:3.02+20.59
preq=—*(1- 1- P il
m Fy 420

)=——*(1- 1

T 2059

) = 0.0078

Asreq=p=b=d = 0078 =800 = 540 = 3378mm°

As req =3378mm? > As min =1440mm?
Use 5732 with As = 2020mm?2> Asreq =3378mm? in one layer

Design of max postive moment Mu =72.9kN.m @ span (.)

_ Mw/g _ 729:10%/09
Rn = bed® ~ B00+5402 =0.34/Mpa

2«RN+m
Fy

2e0L347-20.59
420

e me @ 1=

2059

preq=—*(1- 1- ) = 0.0008

Asreq=p=b=d = 0.0008 = 800 = 540 = 360mm’

Asreq =360mm?< As min =1440mm?

Use 5720 with As= 1570mm?2> Asreq =1440mm? in one layer
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Design of Beam (B1B5) For Shear:
Vu=273.2KN for span 1&2

Category :@ .Vc=@ * ?]-. *VFc' *bw*d = 0.75* ?]-. * /24 * 800 * 540 *10°° = 310 kN

@dNc>Vu
No shear reinforcement need ,should add minimum shear reinfor cement
Use4leg @10 @25 .
Max Vu=551.9kN for span 2& 4

If iQ.Vc <Vu<@.Vc .... No shear Reinforcement is required for slabs .

Vu max =551.9 KN > @.VVc =310 kN ... shear Reinforcement is required

Case #2 : @.Vc < Vu<@(v, + Vg min)

Vgmin = 3 b d == - +800+ 540103 = 99.2 KNcontrol

Vinti = 1—’6 fc'b, d=1—1s\/ﬁsﬂum54ﬂs 10-3 = 108 KN
O(v, + Vgminy = 41BKN < Vu =5519 KN

Case #3: B(v, + Vgpminy < Vu = O(v, + vy)

ve =< fcb,d=3v24=800+540+10"% =529

Ejl:vc o vs,min i = vy = Ejl:vc <= vs")
418< 551.9< 839 .......0k

— shear reinforcement arerequired.

Usedleg @ 10.

Av =314.2 mm® Note: _ |
Assume @10 stirrupswith 4 legs

Ve=Vo-Ve=222_3527= 383,17 KN are used, __
then Av =4 = =% =314.2 mm?

g Afyd _314.2+420-284 1

© w, 38317 =1000
=185mm (control)
d 284
Smax = 3= 5= 142 mm or Sy = 600 mm

Usedleg @ 10 @100mm.
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4.6 Design of Stairs

The following figure shows a top view of the stairs :

Ly
u
_.-:-'% R N I

Fig( 4.7): Stair Plan.
4.6.1 Design of flight
The structural system of the flight is shown in
figure (4-8) and the following steps explain the
design procedure of the flight :

1. Determination of flight thickness:

hmin = L/20

hmin = 400/20 = 18 cm il am 0.5m

Figure (4- 8): Structural system of flight
=Select h = 20 cm, but shear and deflection must be checked

The Stair Slope by 6 =tan(8) =16 /30 - 6=28°
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2. Loadscalculation:

Figure (4- ) shows a section in the flightin which the layers carried by the flight
appear.

Flight Dead Loads

Flight =(0.2* 25* 1)/ cos(28) =5.7 kN/m
Plaster = (0.03 * 22* 1)/ cos(28) =0.75 kN/m
Hor .Mortar =0.03*22*1 =0.66 kN/m

Ver.Mortar = 0.03*22* (222) = 0.35 kN/m

03

Hor Tiles= 0.04*23*(>) = 1kN/m 1 s

N
. “ < k
— 16 cm
er Tiles=0.0323+ (%) = 0.37 kN/m [ A x
Triangle =0.5%0.16*25 =2 kN/m >
Sum=10.83 kN/m .

Figure (4- 9): Section of The Flight
Table(4- 4): Calculation of Dead L oadsthat act on Flight

LivelL oad For L anding For 1m Strip =5*1 =5 KN/m
Factored L oads:

qu=1.2*10.83 + 1.6*5= 21 KN/m
Au=21*3/2 =315 kN

3. Analysis: The following figures show shear and moment Diagrams resulted from analysiof the flight

guil = 27T kN/m

L 1 1 1 3 3

No Load

31.5
MNO |..|..'ll"lt.,1
_,h-_,-—-*“'_

TD.Em 3m O0.5m

321.5
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Shear Diagram

36 78 / N

16.76

Figure (4- 10) :Analysis of theflight

4. Design
Of Shear For Flight:
Assume bar diameter g 14 for main reinforcement

d=200-20-(14/2) = 173 mm

@xVe = 0.75 * .‘]-.*‘/ﬁ * hw * d
=0.75 * r;*\/ﬁ * 1000 * 173
=105.94 kN

0.5 @xVc =52.97 kN > Vu max = 31.5 kN
No Shear Reinforcement is Requiredl

of Bending Moment for Flight :- (Mu=39.38 KN.m)

Fy _ %0 _ 56

Tn8s5.Fe’ T 08524

Muw/@ _ 39.38.10%09

~ kn = bedZ . 1000:1732 1.46 MPa
1, _ZeKNemy _ 1 oo 241464206\ _
- p== (1- 1 5 )= T (1- 1 T ) =0.0036

— Asreq=p=b=d= 0.0036+=1000=173 = 622. 8 mm?

— As min = 0.0018 *1000*200 = 360 mm?
~Select @14/25 with As = 769.5 mm? > As red .... For Main Reinforcement

Moment Diagram /:5
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Check for Spacing :-
S =3h =3*200 = 600 mm.
S =450 mm.
S =380 (280/fs) — 2.5 Cc < S = 380 (280/fs)
= 380 (280/280) 2.5*20 = 330 mm < 300 mm.
S =250<3000K.
For secondary Reinforcement select @12 /30 with As=452.16 mm?/m = As min

Check for Spacing :-

S =5h =5*200 = 1000 mm.
S =450 mm.
S =300 <450 OK

Check for strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 769.5 *420

a=1584mm - C=a/p=15.84/0.85=18.64 mm
£5 :0003( dT[:I = 0003 ( 1?:{*13,54)

18.64

~ & = 0.0250 0.005 ....@=0.9 (OK).
4.6.2 Design of Landing

Deter mination of Thickness:-
hmin = L/20

hmin =380 /20 = 19 cm LD
Take h =20 cm — 38m -

Figure (4- 11):Structural system of landing

~Select h =20 cm , but shear and deflection must be checked



Dead Load For Landing For 1m Strip:-
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L oad Calculation:-

Landing Dead Loads

Tiles = 0.03*23*1=0.7 KN/m

Mortar = 0.03*22*1=0.4 kN/m

Sand = 0.07*16*1=1.1 KN/m

Slab = 0.12*25*1=5 kN/m

Jom Plasiter

Plaster = 0.02*22*1=0.4 kN/m

Sum = 7.6 KN/m

Figure (4- 12):Section of The Landing

Table(4- 5):Calculation of Dead L oadsthat act on Landing

LiveLoad For Landing=5*1=5KN/m

Factored L oad For Landing :-

Wu=1.2*7.6+1.6*5 =17.12 KN/m

Factored L oad From Flight :-

Thelanding carries ( dead load & liveload of landing + support reaction resulted from
the flight)

Wrg = Rsy/B =31.5/1.1 = 28.64 kN/m.

- Analysis:

-

GuU=2E.649 KM/m

-||.- - - - ilr

|
LS

azz

— ATI ==

3

2307

Figure (4- 13):Analysis of Landing

= d= 200-20-(14/2) = 173mm

Vumax= (17.12*3.8)/2 — (28.64* 1.8) = 84.07 kN

A2 B

— e P

S

B4.07

h
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— Shear Force Design :
d=173mm & Vu max=84.07 kN

@xVc=0.75* I—Z*\/ﬁ * 1000 * 173=105.94 kN > Vu max = 84.07 kN

.No Shear Reinforcement is Required#

- Bending Moment Design : (Mu max=72.13 kN.m)

- m =206
.10%
- kn = ZRT =541 MPa
1000173
1 262404206
- Pp= m* (l- “'T) =0.0061

Asreq = 0.0061 = 1000 = 173 = 1055.3 mm?

- As min = 0.0018 *1000*200 = 360 mm?
». Select @14 /15cm with As=1077.3 mm?/ m > As req .... For Main
Reinfor cement

Check for Spacing:-
S =3h =3*200 = 600 mm.
S =450 mm.
S =380 (280/fs) — 2.5 Cc < S =380 (280/fs)
= 380 (280/280) 2.5*20 = 330 mm < 300 mm.
S=150<3000OK.
For secondary Reinforcement select @12 /30 with As=452.16 mm? = As min

Check for Spacing:-
S = 5h = 5*200 = 1000 mm.
S =450 mm.
S =300 <450 OK.
Check for strain:-
C=T
0.85*fc'*a*b = As*fy

0.85*24*a*1000 = 1077.3 *420

a=2218mm - C=al/p=22.18/0.85=26.09 mm

A 17342609
£, =0.003(——) = 0.003 ( Jzﬁ.ug )

~ g = 0.0170 0.005 ....@=0.9 (OK).
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The following figure shows section A-A of the stairs in which reinforcement detailing
appears .

SECTION A—A

SCALE 1:20

Figure (4- 14):Reinforcement Details of Stairs
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4.7 Design of Column (C39)

4.7.1Calculation of Loads act on Column (C39)

Loads acting on columns are obtained from support reaction when analyzing the
supported beams.

Loads acting on column (C39) are as follows:

Service dead load ServiceLiveload Self-weight
Floor number Reaction From Reaction From Of column
Beam(KN) Beam(KN) (KN)

FIRST
BASEMENT 197.93 156.76 455
SECIUND 423.76
BASEMENT 302.76 455
GROUND
FLOOR 439.82 288.6 455
FIRST FLOOR 442 .85 312.85 455
SECOUND
FLOOR 442 .85 312.85 455
THIRD FLOOR 442 .85 312.85 455
TOTAL 2390.09 1695.67 273

Table (4 - 6):Loads acting on column (C39) from Beam

Dead L oad = Total Service Dead reaction from Beam+TotalSelf weight of the column
=2390.09 + 273 =2663.09 kN

Live L oad= Total Service Live reaction from Beam = 1695.67 kN
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Factor ed loads (Pu)
Pu=12DL+16LL=1.2x2366.06+ 1.6 x 1695.67=5915.7 kN .

4.7.2 Calculation of Required Dimension of Column (C39)
Total load Pu =5915.7 kN
Pn = 5915.7 /(0.65) = 9001.08 KN
Assume pg =2.0%
Pn=0.8+Ag 0.85 =fc' + pg(fy — 0.85fc")
9001.089=10°=0.8=Ag 0.85=24+0.02 = (420 - 0.85 = 24)
Ag =0.49 m*
~Select 80*65cm with Ag = 5200 cm?.

=Check Slenderness Effect:

For braced systemif A < 34 — IZE = 40, then column is classified as short

column and slenderness effect shall not be considered.
Klu
A= —
=
Where:

Lu: Actual unsupported (unbraced) length = 3.18 m

K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section = i0.3 h
System about x System about Y
A=ﬂ=1325 ~+A=ﬂ=16.3
0.3+0.8 ' 0.3=0.65
A=<34-121 =22 =40 A= 34-121 =22 =40
A= 13.25 < 22 . Short about X A=16.3 <22 - Short about Y

= Column is Short, So Slender ness effect will notbe consider ed.
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4. .3 Calculation of Required Reinfor cement Ratio

Since Column is short and slenderness effect will not be considered, then Design

Strength of column can be calculated using the following equation:
¢Pn=0.65=0.8=Ag 0.85 =fc' + pg(fy — 0. 85fc")
Where, Pu =5915.7 KN

7583.8 = 10° =0.65= 0.8+ 650+ 650 0.85 24 + pg 420-0.85 = 24

= p, =0.015>p,,;, = 0.01 &<p,,,, = 0.08

As req = 0.015 *800 *650 =7800 mm?

12252.5

Use ©25 == #of bar T B 16.89

= Use 18 @ 25 with As = 8820 mm? >As o = 7800 mm?

=Check spacing between the bars:

_ B00-2:40-2+10-6+25
- 5

S =110mm

$S=110mm = EM.A.S

> 40mm

>15db=37.5mm

=Deter mination of Stirrups Spacing
§ < 16 db (longitudonal bar diameter)
S < 48dt (tie bar diameter).

5 = Least dimension

Spacing < 16 x dy, Longitudinal bar. diameter =16 x 2.5 = 40cm.

Spacing < 48 x d,(tie. bar. diameter) = 48 x 1.0 = 48cm.
Spacing < Least. dimension = 65 cm

~Select @ 10/20cm
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Column (C39) Section is shown in figure (4-9) where bars arrangement and
stirrups detailing appear

B
o N D . Fe = e - 72 _-_I_Iga-_ﬁ
o d i | 5??" 57 57 o
2 S 3 w2 T :
) i
o = - R e AR
1825

Figure (4- 15): C39 Reinforcement Details
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4.8 Design of Shear Wall

Analysis and design were done using ETABS program in which the seismic loads
were taken into account. The following is a sample calculation for one of the
walls, S.W2.[For detailed information see appendix C]

The following data that used in design:

- Shear Wall thickness = h =20 cm

- Shear Wall length Lw = 6.5m

- Building height Hw=21 m

- Critical section shear : Lw<hw - d =0.8*Lw =0.8*6.5=5.2m

4.8.1 Design of Horizontal Reinfor cement
Calculation of Shear Strength Provided by concrete Vc:
- Shear Strength of Concreteisthe smallest of :
1- Ve ::_: fe'xbxd
= ?Z‘/E % 200 % 5200 = 849. 16 kN <« Controlled

_ fetubxd | Nuxd

2-Vc =
4 Alw

:M.;u:lz?&?kﬂ

_— w7 . &Nu
_ e bw ferpm | hed
3-Ve= = +_-'|I'Ir1_l.n-— X W
Fu )

Where:
- Mul=827.12 kN.m
- Vu=1158KN

-— - —= —— - — = =254 <0 =This equation is not applicable.

s Ve =849.16kN - @Vc < Vumax! = 1158 kN —Horizontal Reinforcement is Required.

Vu 1158

- Vs=—=Vc= —-—849.16 = 694. 84 kN
a 0.75

Avh _ Vs _ 694.84+

3
o = " — p.318

5 fyed  420-520
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Avh
but 5 min=0.0025+=h = 0.0025 = 200 = 0.5 <« Controlled.

- Avh : For 2 layers of Horizontal Reinforcement

Select @10 :
Avh = 2 *79 = 158 mm?
Avh _ 318 o5 8
— == — — |
3 K I'E'q u 318 mm

Smax= Lw/5 = 5200/5 = 1040mm
= 3h = 3*200 =660mm
= 45cm <« Controlled

ASelect @10 @ 250 mm at each side.

4.8.2 Design of Vertical Reinfor cement

Avh
Shorsh

~ Aw = [0.0025 +0.5 (2.5-)

hw_ 21 _ 4435250
Iw 65 '

—0.0025)] = h = Sver

Awvy

S 2 - 10,0025 +0.5 (0)(—2>

Sver 2504200
- Aw —

—0.0025)] =200

Sver
Smax = Lw/ =6500/ =21.66 mm
=3h=3* 00= 00mm
= 450 mm << Controlled.
Select @10 :
Awv = 2 *79 = 158 mm’

0.5-=8 i 316
[ — = =
z ) redq 0.5 Im

PSelect @10 @ 250 mm at each side.
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4.8.3 Design of Bending Moment

- Max Mu =3651 kN.m
-  Part of Moment that resisted through Awv :

Muv =0.9 [ 0.5*Asv*fy*Lw (15)]

Where:
- Asv=2¢79*28 = 5135mm’
Z 1 _ 1 N
T Iw . z_l_nlﬂg.ﬁ[.;',_--’.f_w.ﬁ_ 5+ 085085 24-6500-200 — 0.08
; Aspefy 5135420

R

& Muv =0.9[ 0.5*5135*420*6500 (1—T]] =6056 KN.m

Muv = 6056 kN.m > Mu =3651kN.m
So, Boundary Element is not required. #

from ETABS
@ASelect @10 @ 250 mm at each side.
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4.9 Design of Basement Wall
The wall spans vertically and it is considered to be pinned at both ends as

—
-
:

| - e—
L B
AT _TG KoM At 2 =5k

v b fr

Figure (4 - 16): Basement Wall system and loads

The different lateral pressures on a 1m length of the wall are calculated as follows:
k,=1-sin35=0.426

Due to soil pressure at rest: qul = k,.y.h = 0.426*16*7=47.76 kN/m?>

Due to surcharge: qu2 = 5*0.5 =2.5 kN/m?
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The following are shear and moment diagrams that obtained from Atir Software

== Moment/Enear envelope [Faokred) Lirstssih meter

T EIOIEE, BpEnE TIs 2

E4.5
415 . A
7 \_\‘
I A"rl::!":.'E K"-.._\___\_‘_\__‘_ |
L I/' L | : e ' |
in P I — ——
5:5,_\ P T 1 113 £k
. fe :
e -
“'\-\.____ _._._,..-l'"
| 1a7 s 208 sl 1 b
ECE]
AR5
-Fj:l_.ﬁ -
.r"'-'-ﬂ-
et azy: 18T
I -rf-' i I _F'_'_'__.____,_.——I—|
Ei:- eg._--"ii'.-r
F1E ] ’
TN

Figure (4 - 17): Moment and Shear Envelope of Basement wall
4.9.1 Design of Shear Force

Max value shear force is obtained from figure (4-17), Vu=80.8 kN
d=25-7.5-2=16.5cm
@*Vc=0.75* :—: * /24 * 1000 * 165 =101kN > Vu

@h=25cm is correct.

4.9.2 Design of Wall Reinforcement

1. Design of Vertical Reinforcement at Tension Side:

Max value Moment is obtained from figure, Mu = 54.3 kN.m,Span (1)
420
=20.6

85«24

N —

— Mn =54.3/0.9=60.33 KN.m

Mn _ 60.33 «10%

- kn= b 1000-165% 2.22 MPa
1 22224206 _
- P50 *(1- 1 T ) =0.005609
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~ Asreq=p =b=d=0.005609+ 1000 = 260 = 925 mm?/1m

— As (min) = 0.0012*b*h = 0.0012*1000* 250= 300 mm? /1m < As req

~Select10 @12 OR @12/10cm with As= 1131 mm?/m > As min

Max value Moment is obtained from figure, Mu = 11.9 kN.m,Span (2)
420 20 6

T nas.z4

—

- Mn=11.9/0.9=13.22 KN.m

; &
Mn 13.22 4105 _
bed? ~  1000-165% = 0.48 MPa

-~ kn=

S opE—* (1 1-220) 2000117

T 206

~ Asreq=p=b=d=0.00117= 1000 = 260 = 193 mm?/1m

—~ As (min) = 0.0012*b*h = 0.0012*1000* 250= 300 mm? /1m >As req

~Select @10/20cm with As = 632 mm?/m > As min

Max negative value Moment is obtained from figure, Mu- = 46.1 kN.m,Span (1)
420
=20.6

T pas.2d

—

—

- Mn=46.1/0.9=51.2 kN.m

—

n 2+10°
Mn - 212410 _ 188 MPa

bed? ~ 1000-1652

p= L (1_ 1 - 2:1.88+20.6

: ) =0.0047
2.6 420
~ Asreq=p=b=d=0.0047+ 1000 = 165 = 776. 8 mm*/1m

—

— As (min) = 0.0012*b*h = 0.0012*1000* 250= 300 mm? /1m > As req

- kn=

~Select7@12 OR @12/15cm with As = 791 mm?/m > As min

2. Design of Vertical Reinforcement Compression Side:
~ As = As (min) = 360 mm?
. Select @10/ cm with As= 632 mm?/m
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3. Design of Horizontal Reinforcement:

~ As = As (min) = 0.001 *1000*300 = 300 mm? /m for one layer

~Select @10/ cm with As= 632 mm?/m

4.10 Design of Basement Footing

=L oadsthat act on Wall footing is obtained from ETABS where:

- gD=43 KN/m & qL=24.67 kN.m

- Total Service Loads: qtot =43+24.67+43.75 = 111.42 KN/m
- Total Factored Loads: qu =1.4 *111.42 = 155.988 kN/m

4.10.1 Check if footing width is correct

tot
Ty = q Areqs Tp (allow . net)

. 111.42 0.75 = 1. 0~ 148.56 < Fp(aiow . ney =400 kN/m?

~a=0.75 is corr ect#

4.10.2 Design of one-way shear

— Assume h =35cm

- 0=350-50-20 = 265 mm

— \Vu=294.63*0.25*1m = 37.14 Kn

L @*Vc= 0.75*5*\/ﬁ*1ooo*
230 =162.3 kN > Vu

~h =35 cm (SAFE) .

a=0 75 cm

qu=156KN.mm*2
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Figure (4- ): Critical Section of Shear
force

4.10.3 Design of Bending M oment
Main Sted: o

Mu =148.56*0.25*1*(0.25/2) = 4.64kN.m

. Mn =4.64 /0.9=5.16 kN.m
el
Mn - 204410~ 0.073MPa

; :’ :L=..I'I 5 om it
h_d2 - Iﬂﬂ“-zﬁﬁz | Ea ] T T ] r .-.T ] T ]
N ﬂ e L* (l_ 1 ‘_%{:‘“5) :0000175 qu—1SSHKM mm" 2

2.6

~ Asreq = 0.000913 = 1000 = 265 = 46. 4mm*/m

h=3A8 om

-~ kn=

~ As (min) = 0.0018*1000 * 250 = 450mm*m

. Select @12/20cm 5@12/1m with As = 565 mm? > Asmin Figure (4- 19): Critical Section of
Bending M oment

Secondary Stedl:

_ As (min) = 0.0018*b*h = 0.0018*1000 * 250 = 540 mm’
~Select @12/20cm 5@12/1m with As= 565 mm? > Asmin

The Following figure shows details of a section taken in a basement wall and its footing.
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- @820 cm
Yoo
b dlas £ & S
@12/Z0cm_ e 5 @12
~ 5012

i -}
il . Y .
, i b = =z

Figure(4- ): Basement wall Reinforcement Details

4.11 Design of | solated Footing (F6)
Loads that act on footing F5 are:

- Pu=25915.7 kN

The following parameters are used in design:
- Yeoncrete = 25 kN/m?

- Vsoil = 16 KN/m®

- Tllow = kN/m2

- clear cover =7.5cm

4.11.1 Deter mination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing
pressure.

- Assume h=115cm

~  @paliowne = 400 - 25%1.15 - 0.4*18 = 371.25 kN/m?

- Opy(allow.nety = 1.4* 371.25 = 519.75 kN/m?

- on=Pu Areq= Tou(aliow. ney



Chapter4 Structural Analysis and Design

- 7583.8 ,=51975 _ a=3.82m - Selecta=3.90m
. BearingPressureobu = P 5= Z22= 498,60 kN/m” < 519.75 kN/m?2 ...(SAFE)

393

4. .2 Determination of footing depth (h) .

To determine depth of footing both of one- and two-way o
shear must be designed.

L AreT g
4.1 .2.1 Design of one-way shear e s
~ d=h-cover- =800-75-20/2=709 mm ,/5:,/ Jl'ljl
- Vuatdistance d from the face of column: TR &
Vu=FRB=abux0541x b _WWW
= 543.22x0.591x 33 = 1050 kN qU=516.2KN.mm?2

-  @*Vc=0.75*- *\/Fc’*b d

=0.75 * —* V24 * 3500 * 709=159.6 kN >Vu Figure (4- 21): Critical Section of
Shear Force

~h=115cm iscorrect v/

) 1.30 )
4. .2 Design of Punching (two-way shear) : \
N d = 709mm .33,63.35
~ bl =5736mm r %7}‘ £\
-~ Bc=123 ~ V %a <
~ s =40 (interior column) 2 & 2
Vu=543.22 3.3+3.3-1.509+1.359 =4801.7kN h M: E
@x\/c is the smallest of: ! 36, L
1 Ve= 2+ x z"xh x d {
= 2+% xE % 5736 x 709
= 8719.8kN
_ egwd Vic!
2. Vc= hﬁ+2:«c‘.12 xb,xd =
= BRI L5 x‘/—‘” x 5736 x 709 il
5736 12
= 11529, 3kN

guF516 2ZKN.mm*2
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Viic!

12

3. Vc=4x

xb,xd
Vi

=4 % = % 5736 = 709=6641.1 kN .. <cont.

- @xVc =0.75 x 6641.1 =5000kN > Vu = 4801 kN

~h=80cm iscorrect v’

4.11.3 Design of Reinfor cement

Mu = 543.22 *3.3* (1.325/2) = 1573.6kN.m

F 420
L m=—2—=—"—"—=20.6
Da5h«F¢ D8h«24

- Mn=1573.6/0.9=1748.4kN.m

_ Mn/0 _ 174844100 _
- kn= oo Rl = 1.054MPa
_ 1 __Z-H.H-m
- ﬂ—;* (l- 1 Fy )
= x(1- 12282208y -0 00257797

206 420

Figure (4- 22): Punching Shear Critical

Section
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Figure (4- 23): Critical Section of
Bending M oment

~ Asreq=p=b=d= 0.002577 =3300 =709 = 6031.69 mm?

— As (min) = 0.0018*b*h = 0.0018*3300* 800 =4752 mm?*

- Asreq > As (min)

~Select for both directions: 30816 with As= 6033 mm?> > Amin ... (ok)
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