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Abstract

Design of the ""Palestine National Library" in Ramallah
Prepared by
Aseel Mustafa Ameer Ihrebat

Mais Mohammad

Supervision:

Eng. Inas Shweiki

The idea of this project can be summarized by preparing the structural design for
Palestine national library that located in Ramallah . Which consists of all facilities
that should be available in any Library .

The project consists of five floors , and the total area of the building is 13400 meters
square, the design of the project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

ACI-318-11 code will be used for structural design and structural designing programs
such, ATIR, AutoCAD (2014), and we studied some old graduation projects, and the
project will include detailed structural study of identified and analysis of the
construction elements and the expected various loads, and then the structural design of
elements and the preparation of shop drawings based on the prepared design .

God grants success
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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.

Cs = 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.Z: = 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.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.
Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load



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

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = 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 structural analysis and design
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Chapter 4 structural analysis and design

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_11).

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.
v' Code:-

ACl 2011
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UBC
v Material:-

Concrete:-B300

[l 2
fc'=30N /mm*(MPa) £ circular section

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

v" Factored loads:-

( fc'=30*0.8 = 24MPa ).

structural analysis and design

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

Wu =1.2 D|_ +1.6 L|_

ACl-code-318-11(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): The Minimum Thickness of Structural Member.

Minimum thickness( h)

Simply One end 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/18.5 L/21 L/8

For Rib :-

hminfor(one end continuous)=L/18.5=5.9/18.5=31.9cm

hminfor(both end continuous)=L/21= 7.11/21=33.9cm

ForBeam :-

hminfor(one end continuous)=L/18.5=9.5/18.5=51.4cm
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Chapter 4 structural analysis and design

hminfor(both end continuous)=L/21=7.15/21=34.04cm
hminfor(simply supported)=L/16=7.85/16=49.06cm
Take hgap =35 cm with drop beams .

27 cm block + 8 cm topping = 35cm

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.

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping for 1 m strip .
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Chapter 4 structural analysis and design

Interior
o 1*1=1 KN/m
5 partitions
Sum = 5.47KN/m
Live Load :-
L. =5 KN/m?

L, =5 KN/m?x1m=5KN/m
Factored Load :-
Wy = 1.2 x5.47 + 1.6x5 =14.56KN/m

Check the strength condition for plain concrete, M, > M, where g = 0.55
My = 0.42 L \/f/ Sm (ACI 22.5.1, equation 22-2)

_ b.h? _1000.802

— 2
S = —g— = ————— = 1066666.67 mm

@M, =0.55x0.42x1x/24 x1066666.67 x10~6 =1.21KN.m

Wy L?

M, =
U7 12

= 0.194KN.m (negative moment)

Wy L?

M, =
U™ 24

= 0.097 KN.m (positive moment)

gMp>> M= 0.194 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACI7.12.2.1
As= pxbxhigpping =0.0018 x1000x80 = 144 mm*/m
Step (s) is the smallest of:

1. 3h=3x80=240 mm control ACI1 10.5.4
2. 450mm.

280

£

280

3. §=380(%%) - 2.5C = 380 (zm> —2.5.20 = 330mm ACI 10.6.4
3
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Chapter 4 structural analysis and design

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

4.5 Design of One Way Rib Slab (R41)

- -_ GF. B106 ™= -
—

a

m

‘ o

=D :

B ] ] -

Fig (4.2) : Rib 41.
Requirements For Ribbed Slab Floor According to ACI- (318-11) .
BW > 1O ettt ACI(8.13.2)

B < 3. 5 W e ACI(8.13.2)
Select h=32cm<3.5%12=42 cm
tF>Ln/12>50mm oo 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 =520mm

Bw=120 mm

h=350 mm

t= 80 mm
d=350-20-10-16/2= 312 mm

uUu il

v" Load Calculation:-
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Chapter 4 structural analysis and design

Dead Load:-

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

Dead Load /rib = 5KN/m

Live Load:-

Live load = 5 KN/M?

Live load /rib = 5 KN/m? x 0.52m = 2.6 KN/m.
% Effective Flange Width ( b.):-ACI-318-11 (8.10.2)

b: For T- section is the smallest of the following:-
b =L/4=2313/4=78.25cm
b, =12+ 16t =12 + 16 (8) = 140 cm

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

b For T-section = 52cm .

v' Statically System and Dimensions:-
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Geometry Units:meter,cm
1 2 3 4
1 2 3
| 0.6 ) 5.01 ) 0.6 ) 3.54 ) 0.6 ) 3.23 ) 0.6 ,
o 5.61 o 414 o 3.83 o
T 52- T T 1
35_
12,
A-A
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
5.p0 5.p0 500
5.61 414 3.83

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

[ || | |

zfo | [z | |

414 3.83

Fig 4.3: Statically System and Loads

Distribution of Rib(R41).

MomentiShear Envelope

(Factored) Units:kM, meater

Moments: spans  1to 3
-30.4
207 23.
15.2
9.6 £.6
I 1.22, _/I\D\?B Il
I 1 I 1
L o — ;
0.94]1.15 'n.kg
o 6.1 0.72 aT
14.5
277
[ 2.24 , 3.37 | 2.28 , 1.86 | 2.11 \ 1.72 |
I }
Shear
-33.9 I
277
-20. 7.2
-13.8 1.
) )
T T T T T T
17.6 17.2
20.1
23.8 26.3 2z.4

Fig 4.4: Shear and Moment Envelope Diagram of Rib (R41).

v Moment Design for (R4 1):-

1. Design of Positive Moment for (Rib41 ) spanl:-(Mu=27.7KN.m)

Assume bar diameter g 14 for main positive reinforcement
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d =h- cover - dyimps— -2 = 350 — 20 — 10 — = = 313 mm

Check if a>h¢ to determine whether the section will act as rectangular or T- section.
— 1 hf

Mi =0.85. f¢'. be. hy. (d — 7)

:0.85><24><520><80><(313——)x10 6 = 231.68 KN.m

Mn>>% 207 277 30.78KN.m , the section will be designed as rectangular section

with be =520 mm.

M, _ 27.7x10°

R, = -
"™ @bd2 ~ 0.9x520%3132

= 0.6 Mpa

420
m= 2 = = 20.6
0.85f ~ 0.85x24

p= l(l - 1= 2.m.Rn> _ <1 - 1= 2X20.6><0.6> = 0.00145
m 420 20.6 420

Asreq = p-b.d = 0.00145 x520x313 = 236 mm?

Check for As min:-

As min= \/_ (b w)(d) ACI-318 (10.5.1)

o \/ﬁ
Asmin=
4(420)

(120)(313) =109.53mm?
.14
A =——(bw)(d
s min (fy)( w)(d)

As min= i—240 (120)(313) =125.2mm?controls

Asreq= 236mm? >Asyin= 1252 mm>  OK
Use 2 @ 14 A provided=_308 MM*>As required=236_mm>.... Ok

120-40-20—(2x14)
1

S=

=32mm>d, =14 > 25 mm OK

Check for strain:-

Asfy _ 308x420
0.85b f  0.85X520%24

=12.19mm
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=2 =Y _1434mm
B, 0.85
= 0.003 (d _ C) = 0.003 (313 _ 1434) = 0.062 > 0.005 0k
&= c ) 1432 ) '

2. Design of Positive Moment for (Rib41 ) span2:-(Mu=6.1KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_? = 350 - 20 - 10 - 7 == 314‘ mm
Check if a>h¢ to determine whether the section will act as rectangular or T- section.
— I hf
Mus =0.85. f. be. hy. (d — =)
= 0.85 x 24 X 520 x 80 x (314 —2) x 1076 = 232.53 KN.m

Mn>>% = %: 6.78KN.m , the section will be designed as rectangular section

with be =520 mm.

_ My, _ 61x10%
Rn= @bd? ~ 0.9x520x3142 0.13 Mpa
fy _ 420 _ 506

T 0.85f/  0.85x24

p:l<1_ 1_m>_ <1_\/1_M)=0.000311
m 420 20.6 420

Asreq = p.b.d=0.000311 x520x314 = 50.62 mm?

Check for As min:-

As min= V -318 (10.5.1)
As min= ‘/ﬂ (120)(314) =109.53mm?
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

As min= % (120)(314) = 125.2mm? controls
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Asreq: 50.62mm? <ASpin=125.2 mm? use ASmin

Use 2 8 12 As provided=_226 MM*>Ag min=125.2 mm?.... Ok

_ 120-40-20—(2x12)
- 1

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

Check for strain:-

AS.
a= fy = 226X%X420 — 895 mm
0.85b fc 0.85X520%24
c=2=3% _1053mm
B, 0.85
= 0.003 (d _ C) = 0.003 (314 _ 1053) —0.086 > 0.005 0k
&= c ) 1053 /) '

3. Design of Positive Moment for (Rib41 ) span3:-(Mu=14.5KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_? =350—-20—-10— ? =314 mm
Check if a>hs to determine whether the section will act as rectangular or T- section.
- ’ hf
Mut =0.85. f¢'. be. hy. (d — =)

80

:0.85><24><520><80><(314— :

) % 1076 = 232.53 KN. m

14.5

Mn>>% =<5- 16.11KN.m, the section will be designed as rectangular section

with be =520 mm.

_ My, __ 145x10°
T @bd?2 ~ 0.9x520x3142

R, = 0.31 Mpa

420
m= 2 — = 20.6
0.85f¢ 0.85%x24

o= 1(1 11 _m) - ;<1 _\/1 _M> = 0.000744
m 420 20.6 420

Asreq = p-b.d = 0.000744 x520x314 = 121.48 mm*

Check for As min:-
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As min= Jfe! (bw)(d) ACI-318 (10.5.1)
4(fy)

i
(420)

As min=

(120)(314) =109.53mm?
.14
A =——(bw)(d
s min (fy)( w)(d)

As min= % (120)(314) = 125.2mm? controls

ASreq= 121.48mm? <Aspip= 125.2 mm*  use ASpin .

USE 2 1] 12 ,Agvprovided: 226 mm2>Aq'm|n: 1252 mm2 cooe Ok

_ 120-40-20—(2x12)
- 1

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

Check for strain:-

AS.
_ Asry = 226x420  _ g oo
0.85b £/~ 0.85x520x24
=2 =85 _ 1053 mm
By 0.85
—0003<d_c)—00 (314_10'53>—0086>0005 0k
g =0 c )7 1053 /) " :

4. Design of Negative Moment for(Rib41 ) for span 1&2:- (Mu=-23KN.m)
Assume bar diameter g 12 for main negative reinforcement
d =h- cover - dyimps— 2 = 350 — 20 — 10 — — = 314 mm

My, _ 23x10°

R.— —
"™ @bd2 ~ 0.9x120x3142

= 2.16 Mpa

420
m= 2 — = 20.6
0.85f¢ 0.85%x24

p= i(l -1 _M) = L(l _\/1 _M> = 0.00545
m 420 20.6 420

Asreq = p.b.d = 0.00545x120%314 = 205.36 mm*
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Check for As min:-

As min= Jfe! (bw)(d) ACI-318 (10.5.1)
4(fy)

24
4(420)

As min= (120)(314) =109.53mm?
.14
A =——(bw)(d
s min (fy)( w)(d)

As min= % (120)(314) =125.2mm? controls

ASreq = 205.36mm? >Aspin= 125.2 mm*OK

Use 2 8 12 As provided=_226 MM*>As required= 205.36_mmZ... Ok

_ 120-40-20—(2X12) _
= - =

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

Check for strain:-

_ Asfy 226%x420

= - = = 38.77 mm
0.85b f!  0.85X120x24

38.77
c=— =22 = 4561 mm
B, 0.85

d—c 314 —45.61
& = 0.003 <T) = 0.003 (W) = 0.0176 > 0.005 Ok

5. Design of Negative Moment for(Rib41 ) for span 3:- (Mu=-8.6KN.m)
Assume bar diameter g 12 for main negative reinforcement
d =h- cover - dyimps— -2 = 350 — 20 — 10 — - = 314 mm

_ M, __ 86x10°
T @bd? ~ 0.9x120x3142

Rn

= 0.81 Mpa

420
m= 2 = =206
0.85f,  0.85x24

p=i<1 -1 _M> =L<1 _\/1 _M) = 0.00197
m 420 20.6 420

Asreq = p.b.d=0.00197x120x314 = 74.23 mm?
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Check for As min:-

As min= Jfe (bw)(d) ACI-318 (10.5.1)
4(fy)

V24

20 (120)(314) =109.53mm

As min=
4
.14
A =——(bw)(d
s min (fy)( w)(d)

As min= % (120)(314) =125.2mm? controls

ASreq = 74.23mm? < Asyin= 125.2 mm?  use ASpin -

USE 2 1] 12 ,Agvprovided: 226 mm2>Aq'm|n: 1252mm2... Ok

_ 120-40-20—(2X12) _
= - =

S

36 mm>d, =12 > 25 mm OK

Check for strain:-

Asfy _ 226X420

= - = = 38.77 mm
0.85b f! = 0.85x120x24
=2 =3877 _ 4561 mm
By 0.85
= 0.003 (d _ C) =0 (314 _ 4561) = 0.0176 > 0.005 0k
&= U c ) 4561 ) '

v" Shear Design for (R 41):-
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).

1. Vyatdistance d from support=27.7 KN for span 1:-
Ve =/fibyd = =V2& x 120 X 313 X 107 = 33.73 KN

oV, =0.75%30.6 =25.3 KN

0.5 9 V; =0.5%x25.3 =12.65 KN
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050 V,<o V<V,

Case (3) for shear design, find V5.
1 1
VS = E ﬁ;’bwd > 3— bwd
% fib,d = %\/ﬁ * 120 * 313 = 11.5KN
~ byd = 120 %313 =12.52KN control

1.16V.+ 9 V=253 +12.52 = 37.82 KN
1.1V + o Vs>V,

Use minimum shear reinforcement .

Avfyt 157 =« 420
= = = 1809.1 mm
0.062b,,,/fc’ 0.062 x 120 * V24
Ay fye 157 x 420
S = = = 1570
0.35b,  0.35 * 120 mm
d 314
Smax = 5= = 157 mm control
or Smax < 600 mm

Use stirrups (2 leg stirrups )g10 @ 150 mm , A, = 2 x 79 = 158 mm?.
2. V,atdistance d from support=20.1 KN for span 2:-
Ve ==[fib,d = V2% x 120 X 314 x 107° = 33.73 KN

oV =0.75%33.73 =25.3 KN

0.5 9 V. =0.5%25.3 =12.65 KN
050V.< V<9V,

Case (2) for shear design.

Use minimum shear reinforcement .

Aofye 157 * 420

= = = 1809.1 mm
0.062b,,,/fc’ 0.062 120 * v24
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Aofye 157 420

S = = = 1570
0.35b,  0.35 = 120 mm
d 314
Smax = >= 5 = 157 mm control
or Smax < 600 mm

Use stirrups (2 leg stirrups )10 @ 150 mm, A, = 2 x 79 = 158 mm?.
3. Vyatdistance d from support=17.2 KN for span 3 :-

Ve ==\[fib,d = V2% x 120 X 314 x 107% = 33.73 KN

oV =0.75%33.73 =25.3 KN

0.5 V. =0.5%25.3 =12.65 KN

058V.< V<oV,

Case (2) for shear design.

Use minimum shear reinforcement .

Avfyt 157 =420
= = = 1809.1 mm
0.062b,,,/fc’ 0.062 x 120 * V24
Ay fyt 157 420
S = = = 1570
0.35b,, _ 0.35 % 120 mm
d 314
Smax = 5= = 157 mm control
or Smax < 600 mm

Use stirrups (2 leg stirrups )g10 @ 150 mm , A, = 2 x 79 = 158 mm?.
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4.6 Design of One Way Solid Slab (S1):

=
=]
v

4 %

[ % GF_B162(1L60%30) 8" Qo i

5,2 525 525 . 528

Fig 4.5 : One Way Solid Slab (S1).

v Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v" Slabs Thickness calculation:-

The overall depth must satisfy ACI Table (9.5.a):
= from  ACI-318-08 table (9.5a)

Min h ( deflection requirement ) :

- For one end continuous one-way solid:

L:5'—28:0.22m
24 24

- For both end continuous one-way solid:

L35 _51875m
28 28

For One way solid slab ,will use thickness of slab 20 cm .

v" Load Calculations:-
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Dead Load:-

Table (4.4 ): Dead Load Calculation of Solid slab (S1) .

No. | Parts of Beam Calculation

1 RC. Slab 1*0.20*25 = 5 KN/m

2 plaster 0.03*22*1= 0.66 KN/m

Sum = 5.66 KN/m

Live Load:-

LL=1KN/m (Snow load).

v" Statically System and Dimensions:-

Geometry Units:metsr,cm,
1 z 3 4 5
1 2 3 4
[ — — — —
1T T B —
| [1K:] | 4.4 , (1R ] | 4435 | 1].3| 445 | [1%:] | 4.48 | oe )
r T 52 T T 525 T T 525 T T 52’3 T 1
k } } } |
&
100
AR
Loading
load group no. T
Dead load - Service UnitsckN.meter
6. 00 G.0:0 600 G.0:0
5.2 1 5.25 5.25 5.28
Live load - Service Load factors: 120, 1. 20160, 0_0:0
& b e ool €& i e ool 1 Wk & e onl ik 1L ke ond ik
ryiaiy Loy igid - gy
a2 b =] B a8

Fig 4.6: Statically System and Loads Distribution of Solid slab (S1).
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Moment/Shear Envelope (Factored) Lpits: kM. meter
Moments: spans Tto 4
-36.3 -26.8
15.8 -16.9 -18.3 -17.3 161
-10.7 -10.7
I 2=I| & | | g2 I LB I
I | 1 I T 1
/ 21 1.64 \.‘ L
|—|—|1 h!li '22 \\__/ I I \___/ I Ii h':i- ;
|
19.9
| zo8 112 | 2.88 236 | 238 2.88 | 3147 211 |

Moment/Shear Envelope (Factored) Units: kN, mstsr

Fhrear

= L/L/ L/

5.2 8.3

Fig 4.7: Shear and Moment Envelope Diagram of Solid slab (S1).
v" Design of slab:-

Assume bar diameter @10 for main reinforcement.

12
d=200—20—7=174mm

e For shear:

check whether thickness is adequate for shear:

Vime = 93 4 KN/Im strip

1
Ve = 8*0'75* /fc’ * bw x d

- %* 0.75 * /24 +1000 * 174 = 106.55KN \ 1m strip

2@Ve = 2+ 106.55 = 53.28 KN / 1m strip

Vumax < > @Vc — No shear reinforcment is required
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e For positive Moment for all spans :

Mu=19.9 KN.m /m

m = fy - = 420 =20.59
0.85* fc 0.85*24
R = Mu / ¢
b*d?
6
Rn = 19.9*10 =0.722 (Mpa)

© 0.9*(175)%*1000

p =l(1_ 1_ 2m*Rn)
m fy

2(20.59)(0.722
sz(l_\/l_ (20590722
20.59 420

=0.00175< p,, =0.0018

use P, =0.0018
As=p *b * h=0.0018* 1000 * 200= 360 mm?
= Use ®12/20cm , As prov = 565 mm2/m

step ( s) is the smallest of :-

5380("%)—2.5%c

<380 * (22%)_2.5% 20 =380 * (222 )~ 2.5 * 20 = 330mm
3hy 3420
280 280 280
< —) = *(=—)= * =
< 300 ( s ) =300 (gfy) 300 (g* 420) 300 mm (control)

<3*h=3*200=600mm
<450 mm.
S=200mm < Smax = 300mm

~Use @12 @ 20 cm in main directions.

Temperature and Shrinkage :

> p=0.0018
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As min=p_ *b*h =0.0018*1000*200=360mm?

(control)

Use @12 @ 200 mm

e For Negative Moment :
Mu=-17.3 KN.m /m

0.85* fc  0.85*24

20.59

Rn= MU/ ¢
b*d?

6
R < 17.3*10
0.9*(175)" *1000

=0.628(Mpa)

1

p=—(1- 1_2m*Rn)
m fy

o= (1- \/1— 2(20.59)(0.628) )=0.00152< p_. =0.0018
20.59 420

use P, =0.0018
Asmin =p * b * h=0.0018* 1000 *200= 360 mm?
= Use ®12/20cm , As prov =565 mm2/m

step ( s) is the smallest of :-

5380(%)—2.5*@

ssso*(%)—z.s*zo =380 * (o

)— 2.5 * 20 = 330mm

2
Sy E* 420
280, % 280 % 280
< 300 ( s ) =300 (_z—fy )= 300 (g* 220 ) =300 mm (control)

<3*h=3*200=600mm
<450 mm.

S=200mm < Smax = 300 mm
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~Use @12 @ 20 cm in main directions.

Temperature and Shrinkage :

> p =0.0018

AS min=p_ *b*h =0.0018*1000*200=360mm? (control)

Use ®12 @ 200 mm

50



Chapter 4 structural analysis and design

4.7 Design of Beam (GF,B106)

- W GF.Bl106 ™= -
—

—

x m

‘ FLy

k) :

| N = -

Fig (4.8) : GF.B106

v' Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v’ Section :-
= B =60cm
= h=40cm
= d=400-40-10-16/2= 362 cm
Load Calculations:-
Dead & Live Load Calculations for Beam(GF.B 106):-
The distributed Dead and Live loads acting upon (GB,106) can be defined from the wall above
it.
1)Dead Load:-

D.L= thikness*height*density + Own weight of beam
= 0.3*4*25 + 0.6*25*0.45= 36.75 KN/m
1)Live Load:-

L.L =0 (external beam).

v' Statically System and Dimensions:-
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Geometry

Units:meter.cm

1 2 3
T+ A e o A T 1T A T
i - 'ﬁ 1y —L 'ﬁ 1 —L 'ﬂ p T
|D'5| 516 ID.EI 3.64 ID.EI .38 ID.EI
o 5.66 T 414 T 3.88 T
I } } |
45
B0.
A—A
;
Loading
Toad group no. 1
Dead load - Service Units kN, meter
zq.0 zq.0 zq.0
566 414 388
Live load - Service Load factors: 1.20,1_20/1_60,0.00
T 5.66 T 414 T 3.88 T
| I I |
Fig 4.9: Statically System and Loads Distribution of Beam (GF.B106).
MomentiShear Envelope (Factored) Linits: kM, meter
Moments: spans 11to 3
-130.2
a4.6 -104.3
-55.3
-3g.4 —21.T7
L0589 | : ER
L P _.-—""'FF{??I } |
t T T i
3 5.4 £
5T7.5
117.4
2.26 , 34 2.48 . 1ss | 2.33 , 155 |
r T T T T T 1
Shear
-147 .8
-119.6
-T3.2 T1.3
45 421
t t t t t t
73.6 E1.2 T1.6
101.8 109.4 99.8

Fig 4.10: Shear and Moment Envelope Diagram of Beam (GF.B106).

v" Moment Design for (GF.B106):-
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1. Flexural Design of Positive Moment for(GF.B106) for span 1:-
(Mu=117KN.m)

Determine of My max
d =450 — 40 -10 — 16\2 = 392 mm

—3d—3 392 =168
—2g=24 —
c=z - mm

a=B.c =168 *0.85 = 142.8 mm

Mnima= 0.85+ f{ xa*b(d - 2 ) = 0.85%24*142.8*600%(392-142.8/2 ) *10°°= 560.37KN.m
@ Mnpax = 0.9*% 560.37 = 504.33 KN.m >117KN.m .

Design as singly reinforcement

R = M, 117 x 10°  a1m
m = %bdZ 00 x600x3922 - r-Mpa

_fy 420
0.85f]  0.85x24

p:l<1_ 1_m>_ <1_\/1_w>:0.00348
m 420 20.6 420

As; = p.b.d =0.00348x600%x392 = 818.5 mm? Controls

= 20.6

ChECk for Asymin:'

Asmin= 1 (bw)(d) = V24 0+392 = 685.86mm

4( fy) 4*420
ASpin = (f )( w)(d) = *600*392 784 mm?
As= 818.5mm?

Use 58 16 Bottom, As provided=_1005.3 MM*>A required= 818.5mm>... Ok

Check spacing :-
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g — 600-40-2-20- (5%x16)

" =105mm >d, =16 >25mm OK

Check for strain:-

Asfy _ 1005.3x420
0.85b f! ~ 0.85x600x24

= 34.5mm

a 34.5
c=—=—=40.6mm
B, 0.85

d—c 392 —40.6
& =0.003 (T) = 0.003 (T) = 0.026 > 0.005 Ok

2. Flexural Design of Positive Moment for(GF.B106) for span 2:-
(Mu=5.4KN.m)

® Mnpax = 0.9* 560.37 = 504.33 KN.m >5.4KN.m .
Design as singly reinforcement

oo Mu __ 5Ax106
m = ObdZ 09 x600x3922  ooMpa

fy 420
0.85f,  0.85x24

p=1<1 _ 11 _%> =L<1 _\/1 _M> = 0.000155
m 420 20.6 420

As = p.b.d = 0.000155x600x392 = 36.46 mm?*

m= = 20.6

Check for Ag min:-
ASmin = — (b w)(d) = V24 —="_*600*392 = 685.86mm?
(f ) 4*420
ASpin = %y )(b w)(d) = 0*600*392 784 mm? Controls

A= 36.46 mm? < ASpin = 784 mm?  use AS min .

USE 4@ 16 BOttom Ag provided_— 804 2 mm >AS min — 784mm Ok

Check spacing :-
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600—40%2—20—(4X16)
3

S =

=1453mm >d, =16 > 25mm OK

Check for strain:-

_ Asfy _ 804.2x420

= - = = 27.6 mm
0.85b f, 0.85xX600x24

27.6
= = = ——325mm

d—c 392 —32.5
& = 0.003(——) =0.003{———=——) = 0.033 > 0.005 0k
c 32.5

3. Flexural Design of Positive Moment for(GF.B106) for span 3:-
(Mu=57.5KN.m)

® Mnpax = 0.9* 560.37 = 504.33 KN.m >57.5KN.m .
Design as singly reinforcement

R — M,  575x10° —07M
"= BbdZ 09 x600x3922 - MP4

_fy 420
0.85f]  0.85x24

p:l<1_ 1_m>_ <1_ 1_M>=0.0017
m 420 20.6 420

As = p.b.d = 0.0017x600x392 = 399.84 mm?

= 20.6

ChECk for Asymin:'
ASmin = ~ ( w)(d) = V24 —="_*600*392 = 685.86mm?*
(f ) 4*420
ASmin = (f )( w)(d) = *600*392 784 mm? Controls

Use 4g 16 Bottom, As provided = 804.2 MM*>Aq min = 784mm?>... Ok

Check spacing :-

55



Chapter 4 structural analysis and design

600—40%2—20—(4X16)
3

S =

=1453mm >d, =16 > 25mm OK

Check for strain:-

_ Asfy _ 804.2x420
0.85b f! ~ 0.85x600x24

= 27.6 mm

27.6
= = = ——325mm

392 — 325

d—c
& = 0.003 (T) = 0.003( 37 E ) = 0.033 > 0.005 0k

4. Flexural Design of Negative Moment for(GF.B106 ) for support 2:-(Mu=

104.3KN.m)
M, 104.3 x 10°

"= %bdZ 0.9 x 600 x 3922 pa

_ fy 420
0.85f]  0.85x24

o= l<1 _ - 2.m.Rn> _ <1 _ \/1 _ 2><20.6><1.26) — 00031
m 420 20.6 420

As = p.b.d = 0.0031 x600x392 = 729.12mm?

= 20.6

ChECk for Asymin:'
ASmin = RNACE (b w)(d) = V24 ——"_*600*392 = 685.86 mm’
4( fy) 4*420
ASpin = bw)(d) = =% *600*392 = 784 mm’
min = )( w)(d) = o

A= 729.12 mm? < ASpin = 784 mm?  use AS min .

Use4ﬂ16 ,As providedz 8042 mm2>Ag‘min= 784.09.-. Ok

Check spacing :-
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S— 600—40%2 320 (4x16) _ = 1453mm > d, = 16 > 25 OK

Check for strain:-

_ Asfy _ 804.2x420
0.85b f! ~ 0.85x600x24

= 27.6 mm

a 27.6

C=————3247mm

d—c 362 — 32.47
& = 0.003 <T) = 0.003 (W) = 0.0304 > 0.005 Ok

5. Flexural Design of Negative Moment for(GF.B106 ) for support 3:-(Mu=

38.4KN.m)

R = M,  384x10° 0462 M
"= %bdZ 09 x600x3922 pa

m=-—2 =2 _ _ 06

0.85f]  0.85x24

p=1<1 i _M> =L<1 _Jl_w> — 0.00111
m 420 20.6 420

As=p.b.d =0.00111 x600x392 = 261.07mm?

Check for Asymin:'
smin= L (bw)(d )=, V24 600%392 = 685,86 mm?
4(Ty) %420
Ason = oo )(b w)(d) = *600*392 784 mm?

A= 261.07 mm? < ASpin = 784 mm?  use AS min .

USG4ﬂ16 ,As‘provided: 8042 mm2>A5’min: 784.09... Ok

Check spacing :-

g — 600-40+2-20- (4%16) _

. = 1453mm > d;, = 16 > 25 OK
Check for strain:-
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_ Asfy _ 804.2x420

= - = =27.6mm
0.85b f/  0.85x600x24

27.6
c=2 =222=3247mm
B, 0.85

c 362 —32.47
& = 0.003 (T) = 0.003 (—

3547 ) = 0.0304 > 0.005 Ok
6. Flexural Design of Negative Moment for(GF.B106 ) for support 1&4:-

Use minimum reinforcement Asmin =(1/3) Aseq Of positive .

ASpmin =(1/3) * 818.5 = 272.83 mmZ.
Use4ﬂ12 ,Ag‘provided: 452 mm2>Aq reg: 27283... Ok

v" Shear Design for (GB,106):-
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).

1. For span (1) V, at distance d from support =119.6 KN
Ve==\fc'b, d == V24 * 600 * 392 = 192.04 KN

® V.=0.75*192.04 = 144.03KN
0.5® Vc=0.5%144.03 =72 KN
0.5 ®dVe VU< d Ve

Case (2) for shear design

Minimum shear reinforcement is required
Use 2 leg @ 10
As =157 mm*

_ Afye  157%420
0.062b,,/fc’  0.062 * 600 * /24

= 361.8 mm
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Aofye 157 %420

S = = = 314
0.35b,, _ 0.35 * 600 mm
392
Smax = >= 5 = 196 mm control
or Smax < 600 mm

Use 2 leg ® 10 @150mm

2. For span (2) V, at distance d from support
= 1 ! == l * k =
Ve=cy/fc'b, d == -V24%600+392 =192.04 KN

® V.= 0.75*192.04 = 144.03KN

0.5®d Vc =0.5*%144.03 = 72 KN
0.5dVe<Vu<d Ve
Case (2) for shear design

Minimum shear reinforcement is required

Use 2 leg @ 10
As =157 mm?
A 157 * 420
= wlye = 361.8 mm

0.062b,,\/fc’  0.062 x 600 * /24

Apfye 157 %420
S = = =314

0.35b, _ 0.35 * 600 mm

392

Smax = >=5 = 196 mm control
or Smax < 600 mm

Use 2 leg ® 10 @150mm

3. For span (3) V, at distance d from support
Ve=2y/fc'by d == =V24 %600 * 392 = 192.04 KN

® V= 0.75*192.04 = 144.03KN
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0.5® Vc =0.5*144.03 =72 KN
Vu<05dVe<Vud Ve
Case (1) for shear design .

Minimum shear reinforcement is required.

Use2leg @ 10
As =157 mm?
A 157 x 420
_ Mol _ - = 361.8 mm
0.062b,,,/fc’ 0.062 = 600 * v24
Apfyr 157 %420
S = = =314
0.35b, _ 0.35 * 600 mm
d 392
Smax = 5= 5 = 196 mm control
or Smax < 600 mm

Use 2 leg ® 10 @150mm
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4-9 Design of Column (C103)

v" Material :-

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

v Load Calculation:-
Service Load:-

Dead Load =2000KN
Live Load =500 KN

Factored Load:-
Py =1.2 x2000+ 1.6x500 =3200 KN

v" Dimensions of Column:-

Assumepg = 0.01

$*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
3200=0.65x0.8x Ag{0.85*24(1-0.01) + 0.01* 420}
Ag=252248.2 mm2

Assume square Section

h =500 mm

b =124686.2/500 = 504.5 mm

Select b =500 mm

50

50

Fig 4.11 : Column section
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v" Check Slenderness Parameter:-

@ < 34—12ﬂ <40
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,
shall be permitted to be taken as 1.0.

R: radius of gyration = \/'IA\: 03h .o For rectangular section

Lu =4-0.35-0.35=3.3m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.50 m)

@ < 34—12ﬂ <40
r M2
1x3.3

——=132<22
0.5*0.5

Column Is Short About Y-axis

e about X-axis (h=0.5m)

KU gy oML ACI —(10.12.2)

r M2

1x3.3
0.5*0.5

=132<22

Column Is Short About X-axis
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v" Selecting of Longitudinal Bars:-
3200=0.65x 0.8{0.85* 24 (250000 Ast) + Ast * 420}

Ast = 2637.25 mm?

Use 16 ® 20 with Ast = 5024 mm?

Ast _ 5024
-—=—-—-=0.02
Py Ag 250000 0.0

v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing<16xd, =16x2.0=25.6cm
spacing<48xd, =48x1.0=48cm
spacing<50cm

Use@pl0@20cm
50
AL R
1
16 © 20 B
42
AR
— &
s 42

Fig 4.12 : Column section stirups
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4.10 Design of Basement wall :

¢ Load Calculation:-
y = soildensity = 18KN/m3.
@ = angleofinternalfriction = 30°.
LL(surcharge) =5 KN/m?.
Thickness = 25 cm, cover = 4cm .
The design will be for 1m width strip.
Neglect the axial load, since its low value
ql = soilpressure = Ko * y * h.
q2 = surchargepressure = Ko * LL.
Ko = soilpressurecoef ficientatrest = 1 — sin@.
So,Ko=1-sin® = 0.5.
ql =05%18%3.5=31.5KN/m2.
q2=05*5= 2.5KN/m2 .
Factored Load :-
qlu = 31.5 * 1.6 = 50.4 KN /m?
q2u = 2.5% 1.6 = 4 KN*/m?

MomentiShear Envelope (Factored) Units: kM, meter

Moments: spans 1o 1

Figure 4. 13: Moment /Shear Envelope of basement wall
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e Design of bending moment of wall :-

Design for positive moment Mu = 47KN.m .

12
d=250—-40 —— = 204 mm.

2

Mu 47
Mn=ﬁ=@=52.22KN.m

Mn % 10% 52.22 % 10°
Rn = b e d? =1000*2042=1.25Mpa.

Fy 420

M= 085+ fc  085+2a 206

1 2*xRn*xm 1 2x1.25%20.6
P 1_j1_ Fy ) 1976 1_J1_ 420

=3.073 %1073

Asreq = pxb*d =3.073 * 1073 x 1000 = 204 = 626.89 mm?/m...

!

fy
= 594.88 mm?/m.

) V24
Asminl = 0.25 * * bw *d = 0.25 * 220 * 1000 * 204

1.4 1.4
Asmin2 = —xbw*d = 120 * 1000 * 204 = 680mm?/m .... control.

fy
For both sides of wall Select 12@10cm = 753.33 mm? > 680mm?

¢ Design of shear force :-
d =250—-40—-8=202mm

1 1
@ch0.75*6*\/fc'*b*d=0.75*g*\/ﬁ* 1000 * 204 * 1073

= 12492 KN.
(@Ve = 124.92) > (Vu = 54.1).
No shear Reinforcement is required and thickness of wall is adequate enough.
But horizontal Reinforcement due to Cracking:
Asreq h = 0.002 * b« h = 0.002 * 1000 * 350 = 700mm?/m.
For one side As = 350mm?/m.

Select for one side horizontal reinforcement 10@20cm = 392.7 mm? > 350 mm?
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4.10 Design of Stair :

23,23 \82|21 0|19 18|00 (6|15 (4|13

L

o)
-
e
o
N

XX

0
R O|@|3|@|®|6)|0|®)|@ |0 |12
L 3.3 P 1.5
/ 7
Fig 4.14: Stair Plan.
v' Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
v" Determination of Thickness:-

hmin = L/20
hmin = 3.3/20 = 16.5 cm
Take h=20cm

The Stair Slope by 6 = tan™(16.5 / 30) = 28.8
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Fig 4.15 : Stair Section.

Dead Load For Flight For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip = 5*1 =5 KN/m
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v" System of Flight:-

Service Live Load =5 Kn/m

LLLLLLLLLLLLLLLLLLLL]

Service Dead Load =11.9 KN/M

e
T oL =19.7 KN
L L.L=825KN
i
o.L L 19.7 KN
L.L =
225 KN 3.3 M . 05mM

Fig 4.16: Statically System and Loads Distribution of Flight.

Moments: span 1to 1

l ///
20 613 2o |

Shear

-32.67

Fig 4.17: Shear and Moment Envelope Diagram of Flight.
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v" Design of Shear for Flight :- (Vu=32.67 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —"2—” =200 — 20 —12—2 = 174 mm
1 7 1
Ve=zyfc'b, d == -\24 %1000 * 174 = 141.25 Kn

® V.-0.75* 141.25 = 105.94 KN > Vu = 32.67KN...... No shear reinforcement are required

v" Design of Bending Moment for Flight :- (Mu=61.3 KN.m)

_ My, __ 61.3x10°
~ @bd2 ~ 0.9x1000x1732

= 2.27 Mpa

Rn

420
m= 2 — = 20.6
0.85f ~ 0.85x24

p:1<1 _ 1 _M> :L<1 _\/1 _w> = 0.00574
m 420 20.6 420

Asreq = p.b.d = 0.00574 x1000x174 = 993.02 mm?/m

As min= 0.0018*1000*200 = 360 mm?/m
ASreq = 993.02 MM*>Aq in=360 mm?/m

Check for Spacing :-

S =3h=3*200 = 600 mm

S = 380* () — 2.5%20 = 330
E* 420

S =450 mm

S=330 mm ......... is control
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Use 12 @ 100 mm , Asprovided= 1130 MM*>As required = 993.02 mm?... Ok

Check for strain:-

Asfy  1130x420

= - = = 23.26 mm
0.85b f = 0.85%x1000%x24
a 2326
c=—=—=27.36mm
B 0.85

d—c 174 — 27.36
& = 0.003 (T) = 0.003 (W) = 0.016 > 0.005 ..... Ok

v Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018*1000*220 = 360 mm?

USE ﬂlZ@ 200 mm ,Asvprovided: 395 mm2>AS’required: 565mm2... Ok

2- Design of Middle Landing :-

v" Determination of Thickness:-

hmin = L/20
hmin =3.70 /20 = 18.5 cm
Take h=20cm

v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.7): Dead Load Calculation of Middle Landing.
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Live Load For Landing =5*1 =5 KN/m

Factored Load For Landing :-
Wy = 1.2 x8.04 + 1.6%5 = 17.65KN/m

Factored Load From Flight :-

WEFL1 _ 30.33 — 2022 KN/m

Wi ar =
LAL= 15

v" System of Landing:-

Service Live Load = 825 KN/M

N R 1 I 0 0 O

Service Dead Load = 19.7 KN/M

Service Live Load =5 KN/M

N PN N O O O A OO O O O O >

Service Dead Load = 8 .04 KN/M

Fig 4.18: Statically System and Loads Distribution 0f Middle Landing.
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spanltol

‘ 15 52.9 1.5

5, 629

62.9 °2

Fig 4.19: Shear and Moment Envelope Diagram of Middle Landing.

v" Design of Shear:- (Vu=52KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —"‘Z—b =200 — 20 —12—2 = 174 mm
1 7 1
V.= g\/fc b,d == g\/Z * 1000 * 174 = 142.1 KN

®* V,-0.75* 142.1 = 106.58Kn> Vu = 52KN...... No shear reinforcement are required

v" Design of Bending Moment :- (Mu=52.9KN.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover—dz—”z 200—20—12—4= 174 mm
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M, _ 529x10°

R.— —
"™ @bd2 ~ 0.9x1000x1742

= 1.94 Mpa

_fy 420
T 0.85f!  0.85x24

p= 1(1 _ 11 _m> - L(l _\/1 _w) = 0.00486
m 420 20.6 420

Asreq = p.b.d = 0.00486x1000x174 = 845.6 mm?

m = 20.6

As min =0.0018*1000*250 = 450mm?

As req = 845.6 mm°......... is control

Check for Spacing:-

S =3h =3*250 =750 mm
280

S = 380*(——) — 2.5*20 = 330
5 * 420

S =450 mm

S =330mm ......... is control

USE ﬂlZ@loo mm 1AS provided: 1130 mm2>As‘required: 8456 mmz... Ok

Check for strain:-

_ Asfy  1130x420
0.85b !~ 0.85x1000x24

= 23.26 mm

23.26
== =22-2736mm
B, 0.85

d—c 174 — 27.36
& = 0.003< p ) = 0.003 (W) = 0.0161 > 0.005 ...... Ok

Lateral or Secondary Reinforcement For Landing:-

As reqg= Asmin =0.0018*1000*250 = 450 mm?

Use 210 @ 150 mm _As provided=526.7MM*>A required=450 mmZ... Ok
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+7 .20

200,

=N
-

Fig 4.20: Stair Reinforcement Details.

Fig 4.21:Stair Reinforcement Details.
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4.11 Design of Footing (F2)

v Material :-
= concrete B300 Fc' = 24N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :- (From Column C103)

Dead Load = 2000KN , Live Load = 500 KN

Total services load = 2000 + 500= 2500 K

Total Factored load = 1.2*2000 + 1.6*500 = 3200 KN
Column Dimensions (a*b) =50*50 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 350 KN/m?

__\[\__

35

10 65

10 108 50 108 10
10 80 10
2.00

Fig .(4.22): Section in F2.
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Assume h = 65cm
Ueration = 350 —18*0.35 — 25*0.65 = 327.45 kN/m?
v" Area of Footing :-

Pt 2500
"~ 327.45

A= = 7.63m?

Onet—atiow
Assume Square Footing
B required =2.76 m
SelectB=2.8m

v’ Bearing Pressure :-

3200

qQu = = 408.16 KN/m?
2.8%2.8

v" Design of Footing :-
1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column
Assume h = 65cm , bar diameter g 18 for main reinforcement and 7.5 cm Cover
d=650—-75-18 =557 mm

B-a
2

Vu:qu*( —d)*L

2.8-0.50

Vu = 408.16*( - 0.557) «2.8=677.71Kn

#VC =¢%*,/fc'*bw*d

PNC = 0.75*%* 28*2100*413=573.6Kn

¢Vc =573.6KN >Vu =382.5Kn
Safe
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/ 2.8 /
/ 7
N
2- Design of Two Way Shear
Strength :- o
The punching shear strength is the smallest |:| o
value of the following equations:-

o1, 2 [ N
AR —¢-g[1+ﬂ_cj\/?bod 05+d

1
We=917 (b /d J‘/»bd
#V, =921 nd

Where:-

Fig (4.23): two way shear

Column Length (a) 50
Column Width (b) ~ 50

C:

b, _ Perimeter of critical section taken at (d/2) from the loaded area

b, = 2*(55.7 +50) + 2* (55.7 + 50) = 422.8cm

s = 40 for interior column

PV = _( ]1/ bd_075( 1) 24*4228*557=4326.4Kn

075 40*557
V. = 2 £ b,d = +2|*y/24%4228*557 =5241.9Kn
e (b /d j ( 4228 j

PN = ¢-%\/ fc’bod = %* 24*4228*557 = 2884.27Kn

OV =2884.27 Kn>Vu=2743.9Kn
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3- Design of Bending Moment :-

Critical Section at the Face of Column

B—-a
2

*2.8=1314.28Kn

FR:qu*(

) + L = 408.16 * (L”O)

Mu = 408.16*2.8*%1.15*1.15/2 = 755.71Kn.m

_ My __ 755.71x10°
T @bdZ ~ 0.9x2800x5572

= 0.97Mpa

Rn

420
m= 2 = = 20.6
0.85f ~ 0.85x24

p:l<1 -1 _M> :L(l _Jl_w> = 0.00237
m 420 17.6 420

Asreq = p.b.d = 0.00237x2800x557 = 3696.25 mm?

A min = 0.0018*2800*650= 3276 mm?
Asreq = 3696.25 > A min =3276 mm?
As,req =3696.25......... is control

Check for Spacing :-

S =3h =3*65=195cm
280

)—2.5*75=192.5cm
420

S = 380%(

2
— %
3
S=20cm ......... is control

Use 12¢20in Both Direction, As provided= 3768MM>>As required= 3696.25 mmZ... Ok

Check for strain:-

_ Asfy  3768x420

= - = = 27.7mm
0.85b f! ~ 0.85x2800x24

a 27.7
C=—=—=32.6mm
B, 085

d—c 557 —32.6
& = 0.003< p ) = 0.003 (T) = 0.0482 > 0.005 ...... Ok
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10
10

106

= I

3.00
280
50
—= I

| [F1T 3
¥ [

105

10
10

10 105 50 105 10
10 280 10
3.00

Fig 4.24 :Foot Reinforcement Details.
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