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Abstract

The construction design is the most important design for the building after the
architectural design, the distribution of the columns and the calculation of the loads and
maintain durability and best economical way the highest degree of security and safety is
the responsibility of the construction engineer.

The idea of this project can be summarized by preparing Residential commercial
project in Hebron.

The project is consists of eight floors, and the total area of the building is10000
meter square.

We used ACI-318-14 code and structural designing programs such, ATIR,
AutoCAD (2014), we study some old graduation projects, and the project include
detailed structural study of identified and analysis of the construction elements and the
expected various loads.

God grants success
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e As = area of non-prestressed tension reinforcement.

e Ag=gross area of section.

e Av = area of shear reinforcement within a distance (S).

e bw =web width,

e DL =dead loads.

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

reinforcement.

o f.'=compression strength of concrete .

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

e h=overall thickness of member.

e Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
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face of beam or other supports in other cases.

o LL = live loads.

o M = bending moment.

e Mu = factored moment at section.

® Mn = nominal moment.

e S = Spacing of shear in direction parallel to longitudinal reinforcement.
e Vc =nominal shear strength provided by concrete.

e Vn = nominal shear stress.
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e g, =strain of tension steel.
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Chapter Four

Structural Analysis and Design

4-1 Introduction
4-2 Design method and requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping .
4-5 Design of One Way Rib Slab .
4-6 Design of Beam (4).
4-7 Design of Stair (Stair#1).
4-8 Design of Column (C2).
4-9 Design of Shear Wall (SW,2).
4-10 Design of Footing (FA,C2).
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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 Requirements

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

v" 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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v Code:-

ACIl 2014
UBC 97
v Material:-

Concrete:-B300

v 2 . .
fc'=30N /mm*(MPa) £qr circular section

but for rectangular section ( fe'=
Reinforcement steel:-
The specified yield strength of the reinforcement ( fy = 420 N/mm? (MPa) ).

v" Factored loads:-

30*0.8 = 24MPa ).

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

Wu =1.2 D|_ +1.6 L|_

ACI-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are Calculated.

(ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

Minimum thickness( h)

Simply One end Both end
Al supported Continuous continuous Sxdlzeer
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

For Rib :-

hminfor(one end continuous)=L/18.5=4.5/18.5=24.32cm

hminfor(both end continuous)=L/21=5.88/24=28.0cm
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For Beam :-

hminfor(one end continuous)=L/18.5=4.25/18.5=22.97cm
hminfor(both end continuous)=L/21=4.67/21=22.29cm
Take h =28 cm for rib

20cm block + 8 cm topping = 28cm

4.4 Design of Topping
v' Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

* 40 cm -

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping.
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Live Load :-

Ly =5 KN/m?

L =5 KN/m?x1m=4 KN/m

Factored Load :-

Wy =1.2 x6. 5+ 1.6x5=15.3KN/m

Check the strength condition for plain concrete, gM,, > M, where g = 0.55

Mn=0.42 1 /£) Sm (ACI 22.5.1, equation 22-2)

B b.h? B 1000.80%

S, = 1066666.67 mm”
6 6

@M, =0.55%0.42x1xv/24 x1066666.67 x10~% = 1.207KN.m

z

M, === = 0.189KN.m (negative moment)
w, " ...
M= ~a = 0.0946 KN.m (positive moment)

oMp>> M= 0.189 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.
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Pshrinkage= 0.0018 AC17.1221
As= pxbxhopping =0.0018 x1000x80 = 144 mm?/m

Step (s) is the smallest of:

1. 3h = 3x80 =240 mm control ACI1 10.5.4

2. 450mm.

3, s =380(%%) —2.5C = 380 (EB“D) — 2.5 .20 = 330mm
10.6.4

Take g 8 @ 200 mm in both direction , S = 200 MM <S;ax =240 mm ... OK

4.5 Design of One Way Rib Slab (R1)

Requirements For Ribbed Slab Floor According to ACI- (318-14) .

bW > 10CM. ... ACI(8.13.2)
Select bw=14 cm

R<3.5%DW oot ACI(8.13.2)

Select h=28cm<3.5%14= 49 cm

tf>Ln/12>50mm ..o ACI(8.13.6.1)

Select tf=8cm

v' Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
v Section :-
= B =540mm
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Bw= 140 mm

h= 280 mm

t= 80 mm
d=280-20-10-16/2= 242 mm

uUuudl

v' Statically System and Dimensions:-

Live loads - Service

Fig 4.2: Statically System and Loads Distribution of Rib(R1).

v" Load Calculation:-

Dead Load:-

Table (4.3): Dead Load Calculation of Rib(R1).

No. | Parts of Rib Calculation

1 | Tiles 0.03*23*0.54 = 0.373 KN/m/rib
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Dead Load /rib =5.2KN/m

Live Load:-
Live load = 5KN/m?

Live load /rib =5 KN/m? x 0.54m = 2.7 KN/m.
% Effective Flange Width ( b.):-ACI-318-14 (8.10.2)

b. For T- section is the smallest of the following:-

b =L /4 =234/ 4=58.5cm

b =15+ 16t=15 + 16 (8) = 143 cm

be = be < center to center spacing between adjacent beams = 54 cm.

b. For T-section = 54cm .

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R1).
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v Moment Design for (R 1):-

Design of Positive Moment for (Rib1 ):-(Mu=24.80KN.m)

Assume bar diameter g 12 for main positive reinforcement

L =244 mm

-
r

d =h- cover - dgirrups— 22 = 280 — 20 — 10 —

Check if a>hs to determine whether the section will act as rectangular or T- section.
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Maf =0.85. £ b, . by (d — -5)

a0

= 0.85 X 24 X 540 X 80 X (244 — ) x 107 = 179.78 KN.m

Mn>>%“ = Ez 27.55 KN.m, the section will be designed as rectangular section

with be =540 mm.

My, 24.2x10%
= = =0.85 Mpa
"™ Bua® 05540 x244? p
Fr 420
=F = = 20.6

T 0.85F)  0.85x24

'f ] e
p=i(1— II1_ &-mﬂ‘n) _ 1 (1_ |1_M) = 0.002067
m + 470 20.6 + 220

Asreq = p.b.d =0.001597 x14.0x24.4 = 0.68 cm®

Check for As min:-

) L fc’
A =Y (bw)(d)ACI-318 (10.5.1
S min 4(fy)( w)(d) ( )

W24

AS mMin =—
alazm)

(14)(24.4) = 0.996cm?

. 14
AS =——(bw)(d
min (fy)( w)(d)

AS min =_(14)(24.4) = 1.139¢cm? controls

Aspin = 1.139 cm? > As,g = 0.68 cm*  OK

Use 2 8 12 A provided= 2:26 CM>>A required= 1.139 cm? ... Ok

_ 140-40-16-(2x12)
1

S =60mm>d, =12> 25 mm  OK
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Check for strain:-

_ Aspy  _ 228%4a20

= ; = = 0861l cm
0.85b f,  D.B5x540x24

a

x=2 =2 1014 cm
B, 0.85

d —x) —0 (244 —10.14

g, = n.una( = —

) = 0.0691 = 0.005 Ok
x

v" Shear Design for (R 1):-

V, at distance d from support = 28.7 KN

Shear strength V., provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

VA :%wfﬁb d= % /24 X 140 X 244 X 107% = 30.68 KN

W

2V =0.75x30.68 =24.3 KN

vs min =1/3*bw*d =11.3

1
vsmun =+——=— = 1045

|
16 | febyd

BV <vu<8(Ves vs min)
Case (3) for shear design, minimum shear reinforcement is required (4, :» ), €xception for

Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups ) 28 @ 250 mm , A, = 2 x 50.24 = 100.48 mm?®.

A, =22 = 401.92 MM’ /Mgy,

s max = d/2=244/2=122 =10cm<60co ----- AN ok
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4.6 Design of Beam (B2).

v Material :-

— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?

v" Section :-

B =80cm
H =28 cm
d=280-40-10-20/2= 220 mm

Uyl

v' Statically System and Dimensions:-
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Fig 4.4: Statically System and Loads Distribution of Beam (27).

v' Load Calculations:-

Dead Load Calculations for Beam(B4):-
The distributed Dead and Live loads acting upon (B4) can be defined from the support reactions
of the rib R1.

Dead Load:-

Table (4.4): Dead Load Calculation of Beam(B4).
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-335.5
-251.7 -266.3 , -259.1
-189.5 , -188.2

296261 213
— 3.61
' 0.8211.07, . / 117,
406 R D e - e B

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B4).
v" Moment Design for (B4):-
Flexural Design of Negative Moment for(B4):-(Mu=266.3KN.m)

X M, 266.3 x 10° oM
1. = = = = = R i
@bd® 0.9 X 800 X 4402 P

fy 420
0.85f;  0.85x24

p= i(1 - [1- :‘f‘) == (1 - [1- —"“‘;’;Z”‘l"") = 0.004756
N 2 20. N 2

As = p.b.d =0.01355 x800x220 = 1674.42 mm?

= 20.6
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Check for As min:-

4 fc' oy
ASmin = (bw)(d) = == 800 = 440 = 513.22 mm?
4(fy) 4+420

1.4

o * 800%440=11733 mm? Controls

1.4
ASpmin = ——(bw)(d) =
S (fy)(W)()

A, =1674.42 mm? Controls

Use 79 18 A provided=_1781.2 MM*>As required= 1674.42mm>... Ok

Check spacing :-

S = suu—m:;:u—c?sm} = 95,675 mm > d, = 25mm > 25mm OK

Check for strain:-

Az ro 24z
a= .s.f} = 1781.2=420 — 45.8 mm

0.85k fl:. 0.8 =800 =24
x=2 =22 _539mm

B, 085

d—x 440 —53.9
c, = 0.003( ) =0. (—) = 0.021 > 0.005 0k
x 53.9
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v" Shear Design for (B 2):-

V, =218.3KN
Ve=zy/fch, d== 224800 =440 = 287.4KN

® V=0.75*287.4 =215.57 KN

(218 J—215.57
0.75

Vs = ) =3.64 KN

vy = ;M,’ﬁbw d= § [24 = 800 = 440 =574.8 KN
[

shear reinforcement are required

Use 2 leg @ 10
A, =157 mm?
A f..d 157 =420=220
S = ofye d _ = 302.85 mm
v, 47.9= 1000
d 440
S = —=—= 220 mm control
2 2
ar 5 = 600 mm

maox

Use2leg ® 10 @ 100mm
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4.8 Design of Column C44

fc =24 Mpa fy = 420 Mpa
Dead =2000 KN Live =1000 KN
Solution: 990 089 0 W 0 6
R .

4 Check Slenderness: f -
(3)—- E = B H

@ =34 —-12 m_l = 40 (;Lff g F s & H E

r = Gn2’ = -
About x & y axis oL iﬂﬁ

B=50cm, h=30cm
K =1 for braced
L=3m

13

— = < <
035075 1333=22 =40

Its Short Column in Both Direction
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Pu =1.2*Dead +1.6*Live
=1.2*944 .8+1.6*381.7 =1744 5KN

Pu=0+0.8{0.85+ fc (Ag— Ast) + Ast=fy)

® = 0.65 for tied olumn

Ag = 600 *600 =360000 mm*

17445* 10% = 0.65+ 0.8 {0.85+ 24 (360000 — Ast) + Ast = 420}

Ast = 737.76mm?

001 < p <0.08

p=22"2 — 00063 <001 ... (not OK)
150000

As

0.02= =
150000

As = 3000mm?

Select 16 @ 18 As = 4069.44 mm? As longitudinal bars

4+ Design for Ties:




Use @ 10

1. 48* d_ = 48*10 =480 mm

2. 16*d, = 16 *32 =512 mm

3. The least dimension of the column =600 mm
Use @ 20@ 20cm as stirrups bars

+ Check code required

1. Clear spacing between longitudinal bars:

600—40%x2—10%2—5%16
4

=110mm > 40mm ......... (OK)

Clear spacing =

2. Gross reinforcement ratio:

002 < p <0.08
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Sections

Stirrups
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4.9 Design of Footing F1

Dead =944.8 KN
Fy=420 Mpa

Y soil = 17 KN;/mg

Live =381.7 KN
fc =24 Mpa

Yre = 25 KN/m?®

(;)
=

SOLUTION: :

>)

+-®

RG]
)]
——

%)

I I

€]

|
|

+ Design of Bearing
Pressure:

(;Jr‘:)
1
T

(:"T)
|
i

-~

|
|

)]

Assume h=0.6 cm

FOR (1m?) Under the footing:

Live load = 5 KN /m?

Weight of soil = 17*0.6 =10.2 KN /m?

Weight of Footing =25*1.15 =15 KN /m?

Net allowable bearing pressure (& 4110, ) =500-5-10.2-28.75 =456.05 KN /m?

L




PU = 1.2*Dead+1.6*Live = 1.2*944.8+1.6*381.7 = 1744 5KN

1744.5
a*a

= 1.4+ 456.05

a=2.156m -»> a=2.3m

. 5
Bearing Pressure (o) = ? = ;?342 S 538.5 KN /m?

+ Design of one-way shear:
@ *vc =0.75 *E «+/f¢é *b*d

d = h- cover - ® =600 -75 -20 =525 mm

VU = g, *0.75*b

=538.5*0.75*1.8 = 726.976 KN
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@ *vc = 0.75 *% /24 *1800%525

=578.7 KN < VU = 726.976 ........(OK)

+ Design of Two-way shear:

d =600 mm
bo =4*(600+500) =4400 mm

p.=1.0
a,=40
@ *VC =Vu
VU: PU = FRB

=1744.5—-254.7*1.8*%1.8
=1286.04 KN

@*VC =0.75% (2+ 7 )* = *4400* 525 =4849.99 KN

12

40600
4400

@ *VC =0.75*( J* = *4400%525 = 4409.1 KN

LV



@ *\/C =0.75* ‘;_ *\[24 #4400 * 525 =323333 KN .. o0oveerenn) Controlled

1

@ *VC =3233.33 KN >VU =726.976 KN .......... (OK)

+ Design of reinforcement (Bending Moment):
Mu: Factored internal resultant moment at the critical section at the face of

column.

Mu = 603.64*1.6*1.1*0.55 =584.33 KN.m

Design of rectanqular section

b 1800
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Mu/ 0 _534.331:10% 0.9
bxd? =~ 1800%5252

Kn = = 1.3 MPa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p:l (1_ l_Z*Kﬂ*m)= 1 (I_Jl_z*l.gﬂﬂ.ﬁ):{].{]{]sz
m «.' fy 20.6 420

As (req) = p * b *d = 0.0032x 180x 525 = 30.3 cm?/total(a)

Check for minimum (As):

As (min) for slabs and footings is As (min) for shrinkage and temperature
Asmin =0.0018 x b x h =0.0018 x 180 x 52.5 = 17.01 cm?

Asreq = 30.3cm? > Asmin =17.01 cm* — OK#

Select 200014 with As =12 x 2. 54= 30.8 cm? in both direction

+ - Design of Connection between column and footing:

Design of bearing pressure at section of column (10
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@ x Pnb=0.65%0.85x fc'xAl1>Pu

@ x Pnb = 0.65 x 0.85 x 24 x 300x 500 = 1989KN >Pu = 1744.5 KN

Load transfer between column and footing can be done through concrete alone!

18a

L
=
3
=
kS
o

18418 L=18&3

20%14,3.B
20%14,8.B

4.10 Design of stair
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Figure(4-18) Stair Plan(2)
« Material :-

— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Rise =160 mm

= Run=300mm

= L.L=5KN
4-8-1 Design of Flight :-

v' Determination of Thickness:-

hmin = L/20 =8.027/20 = 40 cm
hmin = L/28 =8.027/28 = 28.6 cm
hmin = L/28 =8.027/24 = 33 cm
Take h=40cm

The Stair Slope by 6 = tan™(16 / 30) = 28.07

Table 4.6 :The Calculation of total Dead Load for Flight for 1m Strip of stair
() :-

No. Calculation
Parts of
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(0.03*22*1 )/ cos 28.07 = 0.747 Kn/m

((0.3+0.16)*0.02*22 )/0.3= 0.674Kn/m

0.16*0.3*0.5*1*25 /0.3 = 2Kn/m

(0.40*25*1) / c0s28.07 ° = 11.3Kn/m

(0.35+0.16 ) * 0.03 * 23 /0.3 = 1.173Kn/m

Factor Total Dead load of Flight q1 =1.2*D.L+1.6 *L.L=12*1589+1.6*5
=27.068 KN/M .

Table 4.7 : The Calculation of total Dead Load for Landing for 1m Strip of
stair (2) :-

22*0.03*1= 0.66Kn/m

22*0.02*1= 0.44Kn/m

25*%0.40*1= 10 Kn/m
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5 Tiles

23*0.03*1= 0.69Kn/m

Sum

11.79 Kn/m

Table (4-5): Dead Load Calculation of Landing.

Live Load For Landing For 1m Strip = 5*1 =5 Kn/m.

Factored Load For landing :-g2 = 1.2 x11.79 + 1.6x5 = 22.148Kn/m .

4-7-2 Design of flexure of stair 1.

Because the load on landing is carried in to two direction , only half the load

will be considered in each direction q=22.148/2 =11.074 kn.

q2=11.074

Figure(4.15) FLIGHT SYSTEM

Ra=(11.076 *2) *2 + (27.068 * 3) = (125.5/ 2) = 62.75

Rb =62.75

Check for Shear Strength
Assume @ 14 bar for main reinforcement
D=h -20 — (db/2) = 400-20- 14/2 = 373 mm




Vu = 62.75 - 11.074 * (0.15 + 0.373) = 56.95 kn
Ve==\Fc'b, d = 0.16 24+ 1000+ 373 10~ = 304.55 Kn

® Ve =0.75 * 304.55 =228.41

0.5* ® Ve =0.5*228.41=114.2
0.5*®d Ve =1142 >vu=56.9 .... Ok
The Thickness is adequate enough .

4-7-3 Design The Maximum Bending Moment
Mu max =62.75* (7/2) - 11.074 * 2 * (2+3 /2) — 27.068 * (3/2) * (3/4) =
133.8kn
Mn=mu/ ® =(133.8/0.9) =148.6
Assume @ 14 bar for main reinforcement
D= h -20 — (db/2) = 400-20- 14/2 = 373 mm
m=—2_ =2 _206
0.85f;  0.85x24
Ry= 2o _ M26X10° _ 4 06 MPA

" bdZ  1000x373%2

m

p= i(l — j1- 2"”’*‘““) = 0.00259
420

Asreq = p.b.d = 0.00259 x1000x373 = 967.2 mm*
A min= 0.0018*1000*400 = 720mm?

ASpeq = 967.2 mm’ > A, in=720mm’ ..... OK

Use g14

N =AS/AS ®14

N=(967.2 /154 ) = 6.28

S=(1/n)=5=1/6.28

$=0.159

Take 7 ® 14 /150 With As = 1078 mm?

Check for Spacing :-

S =3h =3*400 = 1200 mm

E2

) 2.5*14 = 345mm
420

S = 380*(=
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20
) =300mm........ control .
420

S = 300% (=

S=150mm < Smax = 300mm ok

Use7 214 @ 150 mm ,A.= 1078 mm?

Temperature and Shrinkage Reinforcement

Take @ 14

AS =0.0018 *b* h = 0.0018 * 1000 * 400 = 720 mm?*
N=AS/AS ®14

N=(720/154) = 4.67

S=(1/n)=S=1/4.67

S=0.21

Take 5 @ 14 /200 With As = 770 mm’

Check for Spacing :-

S =5h =5*400 = 2000 mm

8

) 2.5*14 = 345mm
420

S = 380*(—

80
420

S= 300*(; )=300mm........ control .

S=200 < Smax =300 .....
Use5 g14 @ 200 mm ,A;= 770 mm?

4-7-4 Design of landing :
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ql=22.148
q2=11.074 q2=11.074

Ra=24 36

Figure(4.16) LANDING SYSTEM

Reaction = (11.076 *2) * 2 + (22.148 * 0.2 ) = (48.73/2 ) = 24.36

Mu = 24.36 * ( 3.40/2) — 11.076*1.6*( 1.6+0.2 /2) — 22.148 *(0.2/2) * (0.2/4)
Mu = 25.34

Mn = (Mu / ®)

Mn =25.34/0.9 = 28.15 kn.m

Assume @14

D= h -20 —14- (db/2) = 400-20-14- 14/2 = 359 mm

B _ 220 _ )06

"~ 0.85f)  0.85x24

R —Mn _ 2815x10° _ 918 MPA

bd? 1000x35582

p= i(l -1 —ﬂ) = 0.000517

m 420

Asreq = p-b.d = 0.000517 x1000x359 = 185.6 mm®
A min= 0.0018*1000*400 = 720mm?
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ASreq = 185.6 mm’ < A 1in=720mm?
Take AS min = 720mm?®

Use 914

N=AS/AS ©14

N= (720 /154 )= 4.67
S=(1/n)=S=1/4.67

S=0.21

Take 5 ® 14 /150 With As =770 mm’
Check for Spacing :-

S =3h =3*400 = 1200 mm

8

° ) _2.5%14 = 345mm
420

S = 380*(=—

80
420

S= 300*(33 ) =300mm........ control .

S=200mm < Smax = 300mm ok

Use5 g14 @ 150 mm ,A;= 770 > AS min = 720 mm? mm’,

4.11 Design of Shear wall 3& 4

F¢ =24 Mpa Fy =420 Mpa h=b=20cm
Lw=3.7m Hw=9.9m
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+ Design of horizontal
Reinforcement:

Ex =Vu = 540 KN

Critical section of shear the smaller of:

Iw 3.7

—=—=185m............. Controlled
2 2

h_w — _9 — 4 95

> =4.95m

Story Hight (HW) =3.3 m

d=08*Lw=0.8¥3.7=296m

shear strength of concrete vc

Ve = % * VFE*b *d = =+ /22200 ¥2960 = 4834 KN ............ (Controlled)
Ve = Fesbsd = Nusd _ w"ﬁ*ﬂﬂﬂ*EQEU_F 0-2960  _ 752 05 KN

4 Llw 4 43700
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Y Ft: Iw (v Fé+— k:]
VC { N mul_ LI:$ } *

T

he=d

i foa

VZa 372440 —on ) 20042960
-7 + 37.].]3"'3“2 20071 * 10 = 669,81 KN
950 2

Vc =483.4 KN

@* Vc + 0*Vs = Vu

Vs =Vu/@ - Vc = 540/0.75 — 483.4 = 236.6 KN

Avh_ Vs
s fy=d

Avh  236.6+1000
s 420+2960

Avh
% —0.0025+h = 0.0025 = 200 = 0.5
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Avh

=

=0.5 is controlled

Smax = Lw/5 = 3700/5= 740 MM.eeeeeeee. controlled

= 3*h =3*200 = 600 mm

Select @12

Avh =2 legs * m/4 * 12% = 226 mm®
Avh /s=0.5

Sreq = Avh/0.5 = 226/0.5 = 452 mm
select S= 300 mm < Smax = 620mm (Ok )

Select @ 10

Avh =2 legs * /4 * 10> =157 mm®
Avh /s=0.5

Sreq = Avh/0.5 =157/0.5 = 314 mm
select S= 200 mm < Smax = 620mm (Ok )
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+ Design of uniform distributed vertical reinforcement:

Awv = 0.0025 + 0.5 (2.5 — hw/Lw) *( Avh/(S horizontal*h) -0.0025 )* h *S

Avv/s =( 0.0025 +0.5 (2.5 — 9.9/3.70) * (2*79 /( 200%200) — 0.0025) ) * 200
=0.5

Select @10, 2 layers

Avv = 2*79 =157 mm?

157/S=0.5

Sreq =314 mm

select S =314 mm

Smax = Lw/5 = 3700/5= 740 mm
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= 3*h =3*200 = 600 mm

= 600 mm controlled

S =314 mm <600 mm......... Ok

+ Design of Bending Moment:

Mu = 3204 kKNm

Mu = Muv + Mu boundary

Asv = 2*79 * 3700/200 = 2923 mm?

z 1 1
Lw 2+0-85*ﬁ*ffI*LW*h: 2+U.85*{].85*24*3?{]{]*2{]{]
Asv+fy 2023+ 420

=0.081

Muv = 0.9 (0.5*Asv*fy*Lw*(1- =)
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=0.9* (0.5 *2923*%420*3700*(1-0.081/2)
=1961.3 KN.m< Mu = 3204 KN.m

Mub = Mu — Muv = 3204-1961.3 = 1242.7 Kn

X = (Lw /(600 *Au/hw)) = 3700/(600*0.0135) = 350.3mm

LB >X/2=450.3 /2=225.15mm
>x-0.1*Lw =450.3 - 0.1*3700 = mm

Select LB=20cm

Ass = MuB*@ /(fy*(Lw-LB))

=1242.7 * 0.9 / (420(3700-200)
= 1988.7 mm?

Select 10016 with As =2010.61 mm?
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