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Abstract

Structural Design For "College of Arts & Architecture' In
Palestine Polytechnic University

Structural design is the most important designs necessary to the building
after the architectural design, distribution of columns and the highest level of
security and safety is the responsibility of the structural designer.

We will in this project, the structural design of the Art and
Architectural, Which it consists of four blocks as follows:-

a library of single-story, Runway bungalows at a height of two floors, two
block and two other at an altitude of three floors with a total project area of
10100 m’.

The project is designed to meet the purpose for which the project seeks to
achieve a special building to provide building specialization architecture and
art first idea in Palestine, this project, we need your presence in Palestine of
the importance of this specialization in Palestine, and this project we need
your presence in Palestine of the importance of this specialization.

It is noteworthy that Jordan’s code will be used to determine the live loads,
and to determine the seismic loads, but for the structural analysis and design
section will be the use of the US Code (ACI_318 14), it must be noted that
it will rely on some computer programs such as:-

Autocad (2007+2015), Atir, ETABS 2015, SAFE 2014, SAP 2000Google
SketchUp, Microsoft Office XP.

The project will include a detailed structural study of the identification and
analysis of the elements of construction and different loads expected and
then the structural design of the elements and the preparation of shop
drawings based on the prepared for all the structural elements that are
structural frames of the building.

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.

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.
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- 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 Four Structural Analysis and Design

4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnelsand

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:-

0 Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

0 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

0 Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.



Chapter Four Structural Analysis and Design

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_08).

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.

Code:-
ACIl 2008
UBC

Material:-
Concrete:-B300
fc’=30N /mm?(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/mm? (MPa)}.

v" Factored loads:-

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

Wy=12D_ +16L, ACI-code-318-08(9.2.1)
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4.3 Checkof MinimumT hicknessof Structural Member

Table4-1 :- MinimumThicknessofNonprestressed Beam or One-Way Slabs Unless
Deflectionsare Calculated. (ACI 318M-11).

Table (4.1): Checkof Minimum Thicknessof StructuralMember.

For Rib :-

hminfor(one end continuous)=L/18.5=5.32/18.5=29cm
hminfor(both end continuous)=L/21=5.07/21=24cm

hminfor(one end continuous)=L/8=4.77/18.5=26cm

Takeh =32cm
24 cm block + 8 cm topping = 32cm

ForBeam :-

hminfor(one end continuous)=L/21=7/18.5=38cm

hminfor(one end continuous)=L/18.5=5.58/18.5=31cm

Takeh =60cm

4.4 Design of Topping
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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.

Wu
Zl i
]
o

40 cm

Fig4.1: Topping L oad.

v" Load Calculations:-

Dead L oad:-

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1=1.19 KN/m

0.08*25*1 = 2.0 KN/m

Table(4.2): Dead Load Calculation of Topping.

LivelLoad :-
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L. =5 KN/m?

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

Factored Load :-

Wy = 1.2 x4.54 + 1.6x5 =13.45 KN/m

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

My=0.42A f Sm(ACI 22.5.1, equation 22-2)

@M, =0.55x1x1/24 x1066666.67 x10~F =1.232 KN.m

2
M, = % = 0.18 KN.m (negative moment)

2
M, = 2l — 0.089 KN.m (positive moment)

24
gMy>> M= 0.18 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 ACI 7.12.2.1
As = pxbXhigpping =0.0018 x1000%80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h=3x80=240 mm controlACI 10.5.4

2. 450mm.
3. S=380 ? —2.5C, = 380 {% ~2.5.20 = 330mm
s 3
280 280

S< 300 T =300 ;77 = 300mmACI 10.6.4but
N E

Take@ 8 @ 200 mm in both direction , S=200 MM < Sjax =240 mm ... OK
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4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor Accordingto ACI- (318-08) .

DW 2 OCIT. e+ et v oo, ACI(8.13.2)

h<35%OW oo, ACI(8.13.2)
Select h=35cm<3.5*14= 49 cm
tF > Ln/12250mMm ... ACI(8.13.6.1)

Select tf=8cm

< Material :-

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

«» Section :-

B =540 mm

Bw= 140 mm

h=320 mm

t= 80 mm
d=320-20-10-12/2= 284 mm

T T U UTTU

v' Statically System and Dimensions:-
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v' Load Calculation:-

Dead Load:-

0.03*23*0.54 = 0.373 KN/m/rib

0.03*22*0.54 = 0.356 KN/m/rib

0.07*17*0.54 = 0.643 KN/m/rib

0.08*25*0.54 = 1.08 KN/m/rib

0.27*25*0.14 = 0.95 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.02*22*.54= 0.24/rib

Table(4-3): Dead L oad Calculation of Rib(R 19).

Dead Load /rib =4.72 KN/m
Live Load:-

Live load = 5 KN/M?

Live load /rib = 5 KN/m? x 0.54m = 2.7 KN/m.

®,

% Effective Flange Width ( b, ):-ACI-318-11 (8.10.2)

be For T- section is the smallest of the following:-
b =L/4=532/4=133cm
b =12+16t=12+16 (8) =140 cm

be = be < center to center spacing between adjacent beams = 540 mm.

b. For T-section =54cm .

Control




Chapter Four

Structural Analysis and Design

Awearrmw iy el orsdsn pan
1 2 = A
1 2 E]
| SN Al A al [OECL I al L
i " Eitf,-y S0 n | EEA | n -
) Ll.bl +.B67 : LR . 340 : LS ! . 2 U.DI
vk 532 : J 507 ; ; 47T ;
| | | |
B
=2
14
n—h
I oo By
load g|ru|.|: no. i
Mheard Jraanll - Riwn uiins ITngis kb pmesiesn

Live load - Gerwice

&.2a 8. aur
Momenl/Shear Envelope (Faclored) Uniis ki, mealar
T NOmMENET spang T 3
-7
-25.2
193
-1r.e \-._L -15.4 ‘l_.--'\._‘\L 44.4
s )
dAz -
Ao "= ST . 5
i I-;_ = 1 {I [l H\--\-\- _—_'_‘-'-FH 1 ! i I -
% A OBBEMeOE < T o3 N A
: . — e T e R v
Ez\ - SR 0.97 N j_..g’j;
= f,/ 12, o SRR
T 20.3
£4.8
243 . 312 2.54 . .54 2.86 . 191 |
] ¥ 1 ] 1 1
Shear
. |
96, 264 e
4 : -2,
f,/”rf_ e 444
— .f"r”f T
o e e
' —= $ f > t ] _d_,-' =
_.-"’f- I_.-""'- __d_.ad"#-
i___.u-’-*"',l'_';_! JT_’_,JH'" e
223 20.3 2
27.9 9.4

Fig 4.4. Shear and Moment Envelope Diagram of Rib (R 19).
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Factored
| | [ ] Pi] ) ||

D2adR 1207 J2.92 30,04 10.77
LiveR 40,21 701 25,44 9.42
Max R 22,20 G, 55,48 20,13
i R 11.08 43.02 39.78 9.58
Servico

DazadR 40,06 27.48 28,03 887
LiveR B.323 16.88 159 L]
Max R 1h.44 44 .57 40.93 14 RR
Min R 9.43 33,76 311 822

v' Moment Design for (R 19):-

4.5.1 Design of Positive Moment for (Rib 19 ):-(Mu=24.8 KN.m)

Assume bar diameter g 12 for main positive reinforcement

iy

d =h- cover - dyimps — = = 320 — 20 — 10 — = = 284 mm

Check if a> h; to determine whether the section will act as rectangular or T- section.

Mus =0.85. £ b,. by (d — £

2

BO

=0.85 % 24 % 540 % 80 x 284—? % 107" = 215.03 KN.m

) 24.8 i . ] - -
Mnt f =—5=27.55 KN.m, the section will be designed as rectangular section with
be =540 mm.
_ My 24.8x10° .
" phd? T 0oxs40xzE4E 0.632 Mpa
420
m= 4 P = __ =206
O.BS5 E5=24
=2 — _ZmRy __ 1 . _ 2%20.6x0632
P 1 420 20.6 1 1 E8 0.00153

Asreq = p.b.d = 0.00153 x540x284 = 234.64 mm?
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Check for Asmin:-

Asmin= m(bw)(d)ACl -318 (10.5.1)
4(fy)
Asmin= V24 (140)(284) =115.94mn’

4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i—;g (140)(284) =132.53mm’ controls

ASreq= 234.64mm? >Aspin= 132.53 mm*  OK

Use2 814, Asprovided = 307.87 mMM>> A oquired = 234.64 mm? ... Ok

Ld0=40=20= (2= 14)
1

S =

=52mm=>d,=14>25 mm 0K

Check for strain:-

Ast I07.RT =420
=—21. = =11.73 mm
[LB5h Ic 08554024
11.73
c=— =——=13.8mm
By 0.85
d—c 284 —13.8

£, =0.003 —— =0.003 ——=——— =0.0587 = 0.005 Ok
c 13.8
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4.5.2 Design of Positive Moment for (Rib19 ):- (Mu=12KN.m)

d =h- cover - dgimps — = = 350 — 20 — 10 — = = 284 mm

M, 12=10%

Ri=—== == 0.30 Mpa

P 0.9%540x284

i 420

m=——= = 20.6

nEsf DESx2d

1 2R 1 2 20.6%0.30
p=— 1-— 1—— =— 1—- 1—-"——"— =0.000719

m 420 20.6 420

As req = p.b.d = 0.000719x540%284 = 110.26 mm?

Check for Asmin:-

Asmin= m(bw)(d)ACl -318 (10.5.1)
4(fy)

N

(140)(284) =115.94mm?
4(420)

Asmin=

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= :—2‘; (140)(284) =132.53mm’ controls

As’requiredz 110.26 mmz.

Use 2 310, Asprovided = 157.08 MM*> Asrequired = 110.26 mm?Z... Ok

_ 140-40-20-(2x10)
1

S =60mm=>d,=10>25 mm 0K

Check for strain:-

Asf L57x420
=—1t = =5.98 mm
085D [ DBExG40x24
i 5.98
=—=7mm

T @, 08s
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d=¢ 284 -7

£, = 0.003 =0.003 =0.118 = 0.005 0k

C
4.5.3 Design of Positive Moment for (Rib19 ):- (Mu=20.3 KN.m)

Assume bar diameter g 12 for main positive reinforcement

iy

d =h- cover - dyimps — = = 320 — 20 — 10 — = = 284 mm

My zoawie®

" pbd? T pows40=284% 0.517 Mpa
I 420
=2 o =20.6
nesf  0Bsxo4
1 2am.R 1 2%20.610.517
p=— 1-— 1—=— =— 11— 1—-—"T"—_ =0.00125
m 420 0.6 420

Asreq = p.b.d = 0.00125 x540x284 = 191.7 mm?

Check for Asmin:-

Asmin= \/f_cq:(bw)(d)ACI -318 (10.5.1)
4(fy)
Asmin= V24 (140)(284) =115.94mn’

4(420)

.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= % (140)(284) =132.53mm? controls

ASreq= 191.7mm* >Aspin= 132.53 mm*OK
Use2 812, Asprovided = 226.19 mMM>> A equired = 191.7 mm?... Ok

_ L40-40-20-(2x12}
1

S =56mm=>d,=12>25 mm 0K
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Check for strain:-

A i £
- :-.,I'J_r I. - 22019420 - 862 mm

[.BSH f,_. NBESx 54024
=2 —5% _ 1014 mm

Hy (.85

d—c 284 —10.14
£, =0.003 — =0.003 ————— =0.0789 > 0.005 0k
c 10.14

4.5.4Design of Negative Moment for (Rib19 ):- (Mu=-19.3 KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimps = = 320 — 20 — 10 — = = 284 mm

My 19.a3x10®

" abd? T powid0=2842 1.9 Mpa
f 420
m=-—2. = =20.6
08sf] ~ 0.85x24
1 2Ry 1 . 2w20.6%19
o=t 1— 1-FMAn _ 1 g g BROEAS 444400
m 420 20.6 420

Asreq = p.b.d = 0.00475 x140x284 = 188.86 mm’

Check for Asmin:-

Asmin= m(bw)(d)ACl -318 (10.5.1)
4(fy)

22
4(420)

Asmin=

(140)(284) =115.94mm’

.14
=——(bw)(d
Asmin (fy)( w)(d)



Chapter Four Structural Analysis and Design

Asmin= :—2‘; (140)(284) =132.53mm’ controls

ASeq = 188.86mm? >Asyip= 132.53 mm?OK
Use2 812, Asprovided =.226.19 MM>> Asrequired = 188.86_mm?Z... Ok

S= 1'“]'4“'11“"23“23 =56mm=>d,=10>25 mm OK

Check for strain:-

Asfy _ 226.19%420

= i = = 33.26 mm
[LBESH Ic 0BG 14024
=2 =225 — 3913 mm
Hy (.85
d—c 284 —39.13
£, =0.003 —— =0.003 ————~ =0.0187 >0.005 0k
c 39.13

4.5.5Design of Negative Moment for (Rib19 ):- (Mu=-15.4 KN.m)

Assume bar diameter g 12 for main positive reinforcement

i

d =h- cover - dgimps = = 320 — 20 — 10 — = = 284 mm

My  154x10%

Rn= phd? T 001402842 1.51 Mpa
I 420
m=_2_ = =20.6
nesy  0Bsxo4
1 2m.R 1 2w 2(.6% 151
p=— 1-— - =— 1—- 1——""——""— =0.00374
m 420 20.6 420

Asreq = p.b.d = 0.00374 x140x284 = 148.7 mm?
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Check for Asmin:-

Asmin=

4/ fcC
bw)(d) ACI-318 (10.5.1
Ay @ (105.1)

Ner
4(420)

Asmin=

(140)(284) =115.94m’
.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= % (140)(284) =132.53mm? controls

ASeq = 148.7 mm?® >Aspin= 132.53 mm? OK
Take
Use 2 210, A provided = 157.079 mMmM*> Asrequired = 1148.7mm?... Ok

L40=40=20=(2x10)
1

S= =60mm=>d,=10=>25 mm OK

Check for strain:-

As f 157.079x420
=25 = = 23.1 mm
0850 ) 0BG 14024
i 231
c=—=——=27.18mm
Hy (.85
d—c 284 —27.18

£, =0.003 = F 0.003 718 0.0283 = 0.005 0k
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v" Shear Design for (R 19):-

V, at distanced from support=25KN
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).

Ve =% A fib,d =22V24 % 140 x 284 X 103 = 35.71 KN

a

2 V. =0.75%35.71 =26.78 KN
0.50V=0.5x26.78 =13.39 KN
050V <Vi <8V

for shear design, minimum shear reinforcement is required (A, i), €xception for Ribbed slab
No shear Reinforcement.

Use stirrups U-shape as montage (2 leg stirrups ) 2 8 @ 150 mm , A, = 2 x 50.24 = 100.5 mm?

1 = By L by s

AVpmin =— f/—=-—
min =g e Fut = 3w

L
G20

AVpin =100.5 =1—‘h_\/ﬂ — 5 =0.98m

L 1405

100.5 =5

— 5 = 0.905m

420
i
S max _fE = 157mm

S max - <600mm

Take (2leg stirrups) g8 @ 150 mm

__ 2503
0.15

A'\.-' - 67067 mmzlmstrip
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4.6 Design of One Way Solid Slab
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Fig4.5: OneWay Solid Sab(S 10).

< Material:-

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

v' Slab Thickness Calculation: -

The overall depth must satisfy ACI Table (9.5.a):
Min h ( deflection requirement ) :-

-For One end continous:-

L _49_ 0.204m
24 24
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For One way solid slab, will use thickness of slab 20 cm.

v' Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:-

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

0.03*23=0.69

Tiles

mortar 0.03*22=0.66
Coarse sand .07*%17=1.19
RC concrete 0.2*25=5

Plaster 0.02*22=0.44

Table(4.4): Dead Load Calculation of Horizontal Solid Slab.

Live load =5 Kn/m

-Load Calculation For the Inclined Solid Slab:- (For one Meter Strip)
@ =tan’(1.7/6.5)=14.7°

flight = 0.2*25/cos14.7=5.17

plaster =.02*22/cos14.7=0.45

horizontalmorter = 0.03*22=0.66

horizontal tiles =0.03*23=0.69

verticalmorter =0.03%22*0.3/1.2 = 0.165

vertical tile=0.03*23*0.3/1.2 = 0.17

triangle = 0.5%0.3*25= 3.8

DL=11.1 KN\m
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Fig 4.6: Shear and Moment Envelope Diagram of Solid Slab (S10).
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Beactinns

Factored

DeadR 19. . ; 64.41 18.6
LiveR 17.3 . ¥ 42.07% 14.26
Ma= RIG.21 i 11506 106G.40 J2.00
Min H 1/.b8 1. gs.hl 4.3 Thhl
Service

DeadRi5.B4 ; G777 53.64 16.5
LiveR 10.02 : 20.77 ¢6.29 031
Max Héb.bh 1Y, th.hq fif 8. B £4.41
Min R 15.01 : 69.14 63.03 13.67

v' Moment Design for (S 10):-

Spacing Between Bars|sthe Smallest of:-

280

<380 (75)-25*C
2840 2840
<380 % (3,)~2.5%20 =380 * (7, -)~2.5* 20 = 330mm
e 3"
<300 ((2) =300 * (22%) = 300 * (+22 ) =300 mm (control)
fs 3 4420
<3*h=3%200=600m
<450 mm.

4.6.1 Design of Positive Moment for ( S10):-(Mu=37.4KN.m)

Assume bar diameter ®14 for main reinforcement

m = fy - = 420 =20.59
0.85%fc  0.85*24

Mu /f

Rn= ——
b*d?
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Rn 37.4%10°/0.9
1000 * (173 )2

p =t 1- h.2m” R
m fy

. 1 ‘0 \/1_ 2(20.59)(1.39)
420

=1.39 N/mm? (Mpa)

= ) = 0.00343
20.59

As=p * b * d = 0.00343* 100 *17.3= 5.93 cm?
Check for Asmin:-
Asmin=r . *b*h =0.0018*100* 20 = 3.6cm’

Asreq= 5.93cm? >Asyin=3.6cm*  OK

Use @ 12/18cm A provided= 6-28cM>>Asequired= 5.93cm? .... Ok

Check for strain:-
Tension = Compression

A *fy=085* fc'*b*a
628 *420 = 0.85*24*1000 * a
a=12.9mm

o - 173-15.2
s 152
e, =0.031 > 0.005 %® ok

*0.003

4.6.2 Design of Positive Moment for ( S10 ):-(Mu=14.3KN.m)

m = fy - = 420 =20.59
0.85% fc  0.85%24

Mu /f

Rn= ——
b*d?
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Rno 14.3%10°/0.9
1000 * (173)2

o=t~ . ZmiR1
m fy

. 1 ‘- \/1_ 2(20.59)(0.53)
420

=0.53 N/mm? (Mpa)

= ) =0.00128
20.59

As=p *b * d =0.00128* 100 *17.3= 2.2 cm?

Check for Asmin:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

ASreq= 2.2cm* <Asmin=3.6cm’>  NOT OK

Use @ 10/20cm A provided=.3-6cM*2As equired= 3.6cm? ... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc' *b*a
360*420 =0.85*24*1000*a
a=7.4mm

e, =0.0566 > 0.005 %® ok

4.6.3 Design of Positive Moment for ( S10 ):-(Mu=32.1KN.m)

m = fy - = 420 =20.59
0.85%fc  0.85*24

Mu /f

Rn= ——
b*d?



Chapter Four Structural Analysis and Design

Rno 32.1%10°/0.9
1000 * (173)2

o=t~ . ZmiR1
m fy

. 1 ‘- \/1_ 2(20.59)(1.19)
420

=1.19 N/mm? (Mpa)

- ) = 0.0029
20.59

As=p * b * d =0.0029* 100 *17.3=5.05 cm?

Check for Asmin:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

Asreq= 5.05cm? >Asyin= 3.6cm*>  OK

Use @ 10/15cm ,Asprovided=5:23cM>>As  equired= 5.05cm? ... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc'*b*a
523*420 =0.85*24*1000* a
a=12.9mm

o _173-127
=T 127
e, =0.038 > 0.005 %#® ok

*0.003

4.6.4 Design of Positive Moment for ( S10 ):-(Mu=28.6K N.m)

m = fy - = 420 =20.59
0.85%fc  0.85*24

Mu /f

Rn= ——
b*d?
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Rn- 28.6%10°/0.9
1000 * (173)2

p =t 1- h.2m” R
m fy

. 1 ‘0 \/1_ 2(20.59)(1.06)
420

=1.06N/mm? (Mpa)

= ) =0.0026
20.59

As=p * b * d =0.0026* 100 *17.3= 4.5 cm?

Check for Asmin:-
Asmin=r . *b*h =0.0018*100* 20 = 3.6cm’

Asieq= 4.5cm* >Aspin= 3.6cm*  OK

Use @ 10/15cm A provided=5.23cM>>As required= 4.5cm? ... Ok

Check for strain:-

Tension = Compression

A *fy=0.85*fc' *b*a
523*420 = 0.85*24*1000* a
a=12.9mm

o o 173-127
ST 127
e, =0.038 > 0.005 %#:® ok

*0.003

4.6.5 Design of Positive Moment for ( S10 ):-(Mu=25.3KN.m)

m = fy - = 420 =20.59
0.85% fc  0.85%24

Mu /f

Rn= ——
b*d?
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an- 25.3%10°/0.9
1000 * (173 )2

p =t 1- h.2m” R
m fy

. 1 ‘0 \/1_ 2(20.59)(0.94)
420

=0.94N/mm? (Mpa)

= ) =0.0023
20.59

As=p * b * d =0.0023* 100 *17.3=3.98 cm?

Check for Asmin:-
Asmin=r . *b*h =0.0018*100* 20 = 3.6cm’

Asreq= 3.98cm? >Asyin=3.6cm*  OK

Use @ 10/15cm A provided=5:23cM>>As  equired= 3.98cm? ... Ok

Check for strain:-

Tension = Compression

A *fy=0.85*fc' *b*a
393*420 = 0.85*24*1000* a
a==8.1mm

e, =0.052 > 0.005 %4® ok

4.6.6 Design of Negative Moment for( S10):- (Mu=-31.9KN.m)

fy 420

m = - = =20.59
0.85*fc  0.85*24

Mu /f

Rn= ——
b*d?
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ano 31.9%10°/0.9
1000 * (173 )2

p =t 1- h.2m” R
m fy

. 1 ‘0 \/1_ 2(20.59)(1.18)
420

=1.18 N/mm? (Mpa)

= ) =0.0029
20.59

As=p * b * d =0.0029* 100 *17.3= 5 cm?

Check for Asmin:-
Asmin=r . *b*h =0.0018*100* 20 = 3.6cm’

ASreq= 5cm? >Aspin= 3.6cm>  OK

Use @ 12/20cm ,Asprovided=5.65cM>>Ass. equired= 5cm> .... Ok

Check for strain:-

Tension = Compression

A *fy=0.85*fc' *b*a
565*420 = 0.85*24*1000* a
a=11.6mm

o _173-137
S 137
e, =0.03>0.005%4® ok

*0.003

4.6.7 Design of Negative Moment for( S10):- (Mu=-28.7KN.m)

. fy _ 420 _
0.85* fc  0.85*24

20.59

Mu /f

Rn= ——
b*d?



Chapter Four Structural Analysis and Design

Rn- 28.7%10°/0.9
1000 *(173)2

p =t 1- h.2m” R
m fy

. 1 ‘0 \/1_ 2(20.59)(1.06)
420

=1.06N/mm? (Mpa)

= ) =0.0026
20.59

As=p * b * d =0.0026* 100 *17.3= 4.5 cm?

Check for Asmin:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cnm?

Asieq= 4.5cm* >Aspin= 3.6cm*  OK

Use @ 10/15cm A provided= 5-23cM*>Asrequires= 4.5cm? ..... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc'*b*a
523*420 =0.85*24*1000* a
a=12.9mm

o _173-127
=T 127
e, =0.038 > 0.005 %® ok

*0.003

4.6.8 Design of Negative Moment for( S10):- (Mu=-38.2KN.m)

fy 420

m = - = =20.59
0.85*fc 0.85*24

Mu /f

Rn= ——
b*d?
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R o 38.2%10°/0.9
1000 * (173)°?

o=t~ . ZmiR1
m fy

. 1 ‘- \/1_ 2(20.59)(1.4)
420

= 1.4 N/mm? (Mpa)

- ) = 0.00346
20.59

As=p * b * d =0.00346* 100 *17.3= 6 cm?

Check for Asmin:-
ASmin=r . *b*h =0.0018*100*20 = 3.6cm?

Asreq= 6cm? >Asyin= 3.6cm>  OK

Use 2 12/18cm ,Asprovided=6-28cM>>As. equired= 6cm> .... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc' *b*a
628*420 =0.85*24*1000*a
a=12.9mm

o _173-152
ST 152
e, =0.031> 0.005 %® ok

*0.003

4.6.9 Design of Negative Moment for( S10):- (Mu=-31.4KN.m)

m = fy - = 420 =20.59
0.85%fc  0.85*24

Mu /f

Rn= ——
b*d?
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Rn 31.4%10°/0.9
1000 * (173)°

p =t 1- h.2m” R
m fy

. 1 ‘0 \/1_ 2(20.59)(1.14)
420

=1.14 N/mm? (Mpa)

= ) =0.0028
20.59

As=p * b * d =0.0028* 100 *17.3= 4.84 cm?

Check for Asmin:-
Asmin=r . *b*h =0.0018*100* 20 = 3.6cm’

ASreq= 5cm? >Asyin= 4.84cm®  OK

Use @ 12/20cm ,Asprovided=5.65cM>>As  equired= 4.84cm? ... Ok

Check for strain:-

Tension = Compression

A *fy=0.85* fc'*b*a
565*420 =0.85*24*1000* a
a=11.6mm

o = 173-13.7
° 13.7
e, =0.03>0.005 %4® ok

*0.003

Shrinkage and Temper ature:-

>p =0.0018

Asmin=r . *b*h =0.0018*100*200 =3.6mm> (control)
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Use @10 @ 200 mm

v" Shear Design for (S10):-

Check for Wether Thickness Is Adequate For Shear :-

Vi max = 49.7 KN/ 1m strip

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

OVe= %*F * [fob*bw*d

= %*o.75*ﬂ*1ooo*173 =106 KN / 1 m strip

®Vc= 106 KN >V,

u,max

=49.7 KN/ 1m strip

The thickness of the slab is adequate enough.
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4.7 Design of Stair
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Fig 4.7:Stair Plan.
< Material :-
b concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight :-

v' Deter mination of Thickness:-

hmin = L/20

hmin = 3.8/20 = 19 cm

Take h=30cm
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The Stair Slope by 8 = tan(18.2 / 30) = 31.24°

v" Load Calculation:-

+4 4
v
|
-
L
— _
s 2
- ™
I0cm Concrete p 3 T
cm Tilas
S TRy " Zemn Moder
23.; .I-\. 4"'*-3"-5;'5"-.1- |.|.- LT o
S 2o Plasler® *w%ﬁﬂl oy s I_.%
L 'H"‘-,a,_j; " 2" . moq =
*‘gﬂj_ g, 045
:.-"‘.3.-',-_'.4

R

Q‘;-: '::3"&( {x -: - -:f:- P

f,_%"'{"; 7 /~“'

21 ; 2 ; 270

Fig 4.8:Stair Section.

Dead L oadFor Flight For 1m Strip:-

23*0.03*1*(0.35+0.182/0.3 ) = 1.22Kn/m

22*0.03*1*(0.3+0.182/0.3 ) = 1.06Kn/m

25*0.5%0.182*1 = 2.28Kn/m

25*0.3*1/ cos31.24° = 8.77Kn/m

22*0.02* 1/ cos31.24° = 0.51Kn/m
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Table(4.5): Dead Load Calculation of Flight.
LiveL oadFor Landing For 1m Strip =51 =5Kn/m

FactoredL oad For Flight :-

Wy = 1.2 x13.84 + 1.6x5 = 24.608Kn/m

v" System of Flight:-

Dervice Live Load = 5 Kn/m

LLLLLL DL L L]

Service Dead Load = 13.84 Kn/m

Fig 4.9: Statically System and L oads Distribution of Flight.

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

Moments: span 1to 1

1.9 424 1.9




Shear
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-36.9

Fig 4.10: Shear and M oment Envelg fagram of Flight.

36.9

rgn of Shear for Flight :- (Vu=36.9Kn.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —‘—’zﬁ =300 — 20 —g =273 mm

Ve== fc'b,d == 2v24 %1000 =273 = 222.9Kn
=] =]

® V.-0.75*222.9 = 167.18 KN > Vu = 36.9 Kn...... No shear reinforcement are required

2- Design of Bending Moment for Flight :- (Mu=42.4Kn.m)

M, 42.4=10%
Ry= ”:-3 = 5 = 0.63 Mpa
P 0.9x1000%273
f 420

m= —% = = 20.6

0ESf nESx2Z4

1 2R 1 2w 20.6%0.63
p=— 1-— 1-—— =— 1—- 1—-——""—— =0.00153

m 420 20.6 420

Aqreq = p-b.d = 0.00153 x1000x273 = 417.45 mm’
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Asmin= 0.0018*1000*300 = 540 mm?

ASreq =Asmin=540 mm°......... is control

Check for Spacing :-

S =3h =3*300 =900 mm
280

S =380*(z——) — 2.5*20 = 330
E* 420

S =450 mm

S=450mm ......... is control

Use 212 @ 200 MM _Asprovided= 565 MM>>As; cquired=.540 mm>... Ok

Check for strain:-

_ As fy = S65%420 11.63 mm
0856 0BSx1000x24
c=2 =22 — 1369 mm
Hy 085
d—rc 273 —13.69
£. = 0.003 =0003 ———— =0.0568 =0.005 ..... 0k
C 13.69

3- Lateral or Secondary Reinforcement For Flight :-

As req= As min =0.0018*1000*300 = 540 mm?

Use g12@ 200 MM _Asprovided= 565 MM>>Asequired= 540 mm?... Ok




Chapter Four Structural Analysis and Design

2- Design of Landing :- (For First One Meter)

v' Determination of Thickness:-

hmin = L/20
hmin = 6/20 = 30 cm
Take h=30cm

v" Load Calculation:-

Dead L oadFor Landing For 1m Strip:-

23*0.03* 1= 0.69Kn/m

22*0.03* 1= 0.66Kn/m

25*0.3*1= 7.5 Kn/m

22*0.02* 1= 0.44Kn/m

Table(4.6): Dead Load Calculation ofLanding.

LiveL oadFor Landing For 1m Strip =5*1=5Kn/m
Reaction From Flight:-

DL =20.76 Kn/m
LL =75 Kn/m

Total Dead Load = 9.29 + 20.76 = 30.05 Kn/m
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Total LiveLoad =5+ 7.5=13.5Kn/m
FactoredL oad For Landing :-
Wy =1.2 x30.5 + 1.6x13.5 = 57.66 Kn/m

v System of L anding:-

Zervice Live Load = 7.5 Kn/m

L S0 U W 4 s I N s

Service Dead Load = 20.76 Kn/m
|" ot e J« |"-\."".- \f|"'.-""|»"".- \f|"'.-""\« R Car - - ) J« |"'-\.'J« \‘-’ |"'/ -\.""\« \‘-’ |"'.- "'\« |f -

Seorvice Live Load = & Kn/m

9SS S B0 O Vs o 0 o) 1 PO 8

Semwvice Dead Load = 9.29 Kn/m

b AL DLV L L L L]

Fig 4.11: Statically System and L oads Distribution AtFirst 1m Of Landing.

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

Moments: spanltol

-156.17164.5

164.5 1°7:5
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Fig 4.12: Shear and M oment Envelope Diagram At First 1m ofL anding.
1- Design of Shear:- (Vu=157.5Kn)
Assume bar diameter g 14 for main reinforcement
d =h- cover — = =300 — 20 — = = 273 mm

V== fc'b,d == 2v24 %1000 =273 = 222.9Kn
=] =]

®* V. -0.75* 222.9 = 167.18Kn> Vu = 157.5Kn...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=241.4Kn.m)

Assume bar diameter g 14 for main reinforcement

{ 14
d =h- cover —‘—2*-' =300 —20 —— =273 mm
My 2414x10°
Rn= pbd? T Do9x1000%273% 3.6 Mpa
f 420
m= g H: P =206
85/ 0.B5x24
L ZanR 1 Zx20.6XE6
p=— 1— 10 - 1 122207 —0,0095
m 420 20.6 420

Asreq = p.b.d = 0.0095x1000%273 = 2592.95 mm?

As min =0.0018*1000*300 = 540 mm?
Asreq = 2592.95 mm?......... is control

Check for Spacing :-

S =3h =3*300 =900 mm
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280

S =380*(z——) — 2.5*20 = 330
E* 420

S =450 mm

S=450mm ......... is control

Use 220 @ 120 mm A provided=2616.67 MM*>Asrequired= 2592.95 mm?... Ok

Check for strain:-

Asfy  _ 261667x420

= ;= = 53.87 mm
[.BESH fl_- 0BS5S 10002 4
=2 =2 — 6338 mm
By 0.85
d—c 273 —63.38
£, =0003 —— =0003 —————" =0.00992 > 0.005 ...... 0k
c 63.38

3- Design of Landing :- (After First One Meter)

v" Load Calculation:-

Dead L oadFor Landing For 1m Strip =9.29 Kn/m
LiveL oadFor Landing For 1m Strip =5*1=5Kn/m

FactoredL oad For Landing :-

Wy = 1.2 x9.29 + 1.6x5 = 57.66 Kn/m

v System of L anding:-
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Semvice Live Load = 5 Kn/m

0 [ 1S 1 e [ A Y P

Servica Dead Load = 2.29 Knim

........................................................

o ~
PRSI PR

2hm Lam Z2hm
a R s

Fig 4.13: Statically System and L oads Distribution After 1m of Landing.

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

Moments: spans 1to 1

Shear

546 204

57.4 251
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Fig 4.14: Shear and Moment Envelope Diagram After 1m of Landing.

1- Design of Shear:- (Vu=55.1Kn)

Assume bar diameter g 14 for main reinforcement
d =h- cover —‘—’2*-' =300 — 20 —g =273 mm

Ve== fc'b,d == 2v24 %1000 =273 = 222.9Kn
=] =]

®* V. -0.75* 222.9 = 167.18Kn> Vu = 55.1Kn...... No shear reinforcement are required

2- Design of Bending Moment:- (Mu=86.2Kn.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —‘—’2*-' =300 — 20 —g =273 mm

My BAZx10°

= - = -=1.29 Mpa
"™ phe? T nox1000x273E 129 Mp
f 420
m=——, = =206
08sf! ~ 085x24
1 2R 1 2w2(.6%1.29
p=—1- 1-——F =— 1—- 1—-——""—"=— =0.0032
m 420 0.6 420

Asreq = p.b.d = 0.0032x1000%273 = 863.45 mm?

As min =0.0018*1000*300 = 540 mm?
Asreq = 863.45 mm?......... is control

Check for Spacing :-

S =3h =3*300 =900 mm
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280
S =380*(z——) — 2.5*20 = 330
E* 420
S =450 mm
S=450mm ......... is control

Use 212 @ 125 mm _Aqprovided= 904 MM*>Asequired= 863.45 mm>... Ok

Check for strain:-

_ sty = P04X420 4o n
0858 /) 0BSx1000x24
c= i =% 21 9mm
By  0BS
d—c 2713-219
£, = 0.003 < 0.003 519 =0.0344 = 0.005 ...... 0k

3- Lateral or Secondary Reinforcement For Landing :-

As req= As min =0.0018*1000*300 = 540 mm?

Use 212 @ 200 MM _As provided= 565 MM>>As equirea= 540 mm>... Ok
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+4 4.

2t 3 ‘ 7 75m

Fig 4.15: Stair Reinfor cement.

4.8 Design of Beam
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< Material :-

b concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel fy = 420 N/mm?

% Section :-

P B =800mm
P Bw=500 mm
P h=600 mm
P tf=350 mm

P d=600-40-10-25/2= 537.5 mm

v’ Statically System and Dimensions: -

Structural Analysis and Design
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Im=r=n
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| I
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load group no. 1
Deac lcad - Service Units-kN.meter

L ] ]

7. i 5.58

Live load - Service Load factors: 1.20.71.2001.60,0.00

204 20.4

Fig 4.16: Statically System and L oads Distribution of Beam (B 20).

v" Load Calculations:-

Dead L oad Calculationsfor Beam(B20 ):-
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The distributed Dead and Live loads acting upon B20 can be defined from the support reactions of the
R19.

From Rib19

The maximum support reaction (factored) from Dead Loads for R19 upon B20is
25.03 KN, The distributed Dead Load from the R19 on B20.

self weight = 3.5 KN

DL =25.03/ 0.54= 46.35+ 3.5 =49.85 KN/m

Live L oad calculationsfor Beam (B 20):-

The maximum support reaction (factored) from Live Loads for R19 upon B 20 is 15.9 KN The
distributed Live Load from the Rib 19 on B 20.

LL =15.9/0.54= 29.44 KN/m

MamentiShear Envalopa (Faclamed) Linils kM rnster
T MomEnTEr  EpAENE T 2
549,
4A23 4807
o
i
A
18628 -
I _ﬂ_...ﬁ e {, i "‘.‘"5.-‘____ 4
H = s — =
- 1. B . -
& | | -
";}-9-,,_&_ - | T 1 — ) __d_,-#‘b'g.—;
"-\_‘__\1- _'_,.:—"'
S L 244.4
1.6
| 2] , 43 5356 . 273 |
L ) T L 1
Shiear
-A52.T
a8 _—
o o~ 2387
o - - ~=1
.-""_-.-'— . —
L il _'____,--"-
T ——— T T ———
\‘ .-'_-F_F.--F_F.-_Fr .-'_'.-'_.-F._F.--
53386 i |
3074 —""322.9
3957 I

TTrr i e

Fig 4.17: Shear and M oment Envelope Diagram of Beam (B20).



Chapter Four Structural Analysis and Design

Factored

| | |
CeadR 15549 475.19 111.85
Lives 141.83 374,16 116.65
MaxR 307T.42 349,57 22E.T
Min = 1h3.81 B3d.5 53,08
Semnvice
DeadR  137.31 395,99 33,21
LiveR 58.71 235,06 F3.03
Max R 22§.52 629,65 166.24
Min * 130,85 454.5 TH23

v" Moment Design for (B 20):-

4.8.1 Flexural Design of Positive Moment for (B20 ):-(Mu=441.6 KN.m)

Determine of My max
d =600 — 40 -10 — 25\2 = 537.5 mm

3 3
Z d= 7 537.5 = 230.35 mm

{: =
a="B.c =230.35%0.85 =195.8 mm
Mnma= 0.85f‘ab(d - % ) = 0.85*24*195.8*800*(537.5-195.8/2 ) *10°= 1404.72 KN.m

@ Mnpax = 0.82* 1404.72 = 1151.9KN.m >441.6

Design as singly reinforcement

pn=u__ M4L6X10" _ owpa
T Bhd?  09x800x53752 <P
m= Iy = 420 — 206
OBSf; 0.85=24
p:ﬁ 1— 1-— 2.::?;; - Eﬂl.':i 1— 1— zxzf:j:-izj 2 _ 0.00534

As = p.b.d = 0.00534x800x537.5 = 2296.2 mm?
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Check for Agmin:-

Asm.n-“ ( w)(d) = V24 N7 _x500*537.5 = 783.7 mm?

4( fy) 4*420
ASmin = ( w)(d) = 14 «500+537.5= 895.83 mm’Controls
(fY) 420

As min= 895.83 mm?< A, = 2296.2 mm?

Use 5 @ 25 Bottom, A provided= 2454.36 MM>> A equired = 2296.2 mm?>... Ok

Check spacing :-

SO0=40s2=20=(5x25)
4

S= =6875mm=>d,=25>25 0K

Check for strain:-

Asfy 245436 %420

= P = =63.16 mm
0.85h /¢ D.B5xB800x24
o= =20 =7430 mm
By .85
d—c 537.5 - 74.3
£ =0.003 —— =0003 —— ——— =00187 >0005 0k

4.8.2 Flexural Design of Positive Moment for (B20 ):-(Mu=244.1 KN.m)

My  Za41x105

Rn= phd? | 0O9xBOO0xS37.5% 117Mpa.
I 420
=—2 .= =206
nesf  0Bsx24
1 2mn.R 1 22064117
p=— 1—- 1———F =— 1—- 1——"—— =0.00287
m 420 20.6 420

= p.b.d = 0.00287x800x537.5 = 1234.1 mm?.
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Check for Agmin:-

As min =0.25

ey d=b,.d
Iy Iy

N}
420

Asmin =0.25 600 x 290 = 507.4 mm*

As min =1 600 x 290 = 580 mm? control
4

20

Asmin= 580 mm?< As = 1234.1 mm?

Use 4 g 20 Bottom, A provided= 1256.63 MmM*> Asequired = 917.36 mm? ... Ok

Check spacing :-
S B m‘zfﬂ (Y —96.66 mm >d, =20 >25 OK

Check for strain:-

_ .45..:_1_, = 1256.63 =420 - 3234 mim
0.85h /¢ DBES=B00=24
c= i =29 _ 381 mm
By 0.B85
d—c 5375-38.1
£, = 0.003 =z = 0.003 381 =0.039 > 0.005 0k

4.8.3 Flexural Design of Positive Moment for (B20 ):-(M u=-490.7 KN.m)

pn_ M, 4%07x10°
= 0bdZ T 09x500x53752 /M Mpd
_ by - 20 _ 06
l‘.l.HEf,_- NBG=24
1 2Ry 1 2X20.6X3.77

p=— 1- 1228 =2 1 2B -0

4210 20.8 4210
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As = p.b.d = 0.01 x500x537.5 = 2687.5 mm?

ChGCk fOI’ Asymin: =

Ag min ZOZSL bw-. d E E bw-. d
' Iy I

¥
Asmin =0.25°21 600 X 290 = 507.4 myn?
Asmin =600 X 290 =580 mm*  Control.

As min= 580 mm’< A = 2014.6 mm?

Use 6 825 Top , Asprovided = 2945.24 mMM*> Asrequired = 2687.5 mm?... Ok

Check spacing :-

_ Gl0=402=20=({6x25)
5

S

=50mm=>d,=20>=25 0K

Check for strain:-

_ As fy = 294524 X420 _ 121.27 mm
[.BESH Ic 0.B5x 5024
C=— = 12127 142 .67mm
Hy .85
= 0.003 a=g _ 0.003 227> 14267 _ 083 = 0005 0k
=0 e 14267 '
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v" Shear Design for (B 20):-

1. V,=-3789KN

Ve=: fc'b,d == -v24+500 5375 =219.43KN

® V=0.75*219.43 =162.32 KN

® Vsmin = 0.75 (%) * bw * d =0 .75* (%)*500*537.5*10‘3 = 67.19 KN Controls

. Jic
® Vsmin >0.75 (1—6‘3) *pw * d = 0.75*(%) * 500 * 537.5%10° = 61.75 KN

® VesVu < d Ve + & Vsmin
162.32<378.9<22951...... not satisfied

Cases 1&2& 3isnot suitable

Case 4:-

ve =< fc'b, d=-Vv24 = 500+5375 = 4389 KN

Ejl:i“r_ + v.a',:n:n 1 = L, E Ejl:vr_ + i‘:.a"')
0.75(142.1 +58) < 378.9 < 0.75(219.43 + 438.9)

shear reinforcement arerequired
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Use 2 leg @ 10

As =157 mm?

_ 3801
~ nr7s

Vs=Vh-V¢ —219.43 = 287.37KN

_ Aufyd 157 %420 5375

Structural Analysis and Design

s .~ 287371000 =123.33 mm control
d 5375
Saxy = > = — = 268.75 mm OF Spue = 600 mm
Use2leg ® 10 @100mm
2. V,=-233.6KN
1 =3 l ==
V.= z feb,d== E\/24 #500 #537.5 = 219.43 KN

® V=0.75*219.43 =162.32 KN

® Vsmin = 0.75 (%) * bw * d =0 .75* (%)*500*537.5*10‘3 = 67.19 KNControls

® Vsmin >0.75 (—“’1';0) *pw * d = 0.75*(%4) * 500 * 537.5*10° = 61.75 KN

®d VesVu < d Ve + @ Vsmin

162.32<233.6 < 229.51...... not satisfied

Cases 1&2& 3isnot suitable
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Case 4 :-
ve =< fc'b, d=-V24 = 500 +537.5 = 4389 KN

Ej(i"‘r_ + 1';.'1',:11111 I} < i"‘r.: E Ejl::-i':r_ + i‘;.w")
0.75(142.1 + 58) < 233.6< 0.75(219.43 + 438.9)

shear reinforcement arerequired

Use 2 leg @ 10

As =157 mm?

_ 2336
~ nr7s

Vs=Vh-V¢ —-219.43 =90.97 KN

g Aufyed 15742045375

n 9097 =1000 _ Soo-6mm

d 5375
Rpne 5 7F 5 = 268.75 mm control

Or S0 = 600 mm

Use2leg @ 10 @ 250 mm



Chapter Four Structural Analysis and Design

4.9 Design of Column

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

v Load Calculation:- (From Column Group A)

Servicel oad:-

Dead Load = 417KN
Live Load = 82 KN

FactoredL oad: -
Py=1.2x417+ 1.6x82 = 631.6 KN

v Dimensions of Column:-

Assume rg = 0.01
f *Pn=0.65x0.8" Ag{0.85 fc (1- rg) +rg*Fy}
631.6 =0.65x0.8" Ag{0.85*24 (1- 0.01) +0.01*420}

Ag=49787.48 mm?2
Assume Square Section
b =h =300 mm

v Check Slender ness Parameter : -

Ku 54 1o MLeyg
r M 2

Lu: Actual unsupported (Unbraced) length.

K: effective length factor.

R: radius of gyration = \/% =0.3h .o, For rectangular section
Lu=4-0.6=34m

M1/M2 =1
K=1 for braced frame.
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about X-axis (b= 0.3m)

@<34- 12m £ 40
r M2

1" 34
037 0.3

=37.78>22

Column Is Long About X-axis
about Y-axis (h=0.3m)

Ku oy oML £y
r M 2
1" 3.4

= °7 -37.78>22
0.3 0.3

Column Is Long About Y-axis

v Minimum Eccentricity:-

Mux
eXx =gy = PU =

min ex = min ey =15+ 0.03" h=15+0.03" 300 = 24 mm = 0.024 m
ex =ey =0.024 m

v Magnification Factor :-

Cm

=—3
= — gy 1.0ad £1.4
0.75 P,
cm =0.6+ 048105 g4
eM 2y

Cm =06+04*1=13%30.4
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_ pEl
“ (KLu)?
E.l
El =0.4—=9
1+b,

E, = 4700/ fc’' = 4700 /24 = 23025.2Mpa
_1.2DL _ 1.2*%(417)

b, =0.8<1
Pu 6316
s 13 . 3
1, =20 _038 03 _ go675m¢
T 12
o 0472302527 0.00675 _ .\
1+0.8
? %345
=P 2% 95MN
(1*3.4)
d,. = L =1.431.0and £1.4
T eLe '
0.75 *2.95

v' Interaction Diagram:-

Assume rg = 0.02
ex=ey=¢, d,=0.024"1.4=0.0336 m
ex e _0.0366 _

e _ e _0.0366 _ .
b h 03
9_9_300-2%40-2*%10- 25 _ ¢
b h 300 '
* *
For L =06andrg=002p - PX _T*PW _53kg
h Ag Ag

1000 , 0.3*0.3

Pnx = Pny =2.23 *
145 0.65

= 2.13MN
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v' Bressler Equation:-

1 1 1 1
Pn Pnx Pny Po

0.8%300 *300 *{0.85 *24 * (1- 0.02) + 420 *0.02}

Po =
Po = 2.04 MN
r . .1 1
Pn 2.13 2.13 2.04
Pn = 2.23 MN

f *Pn =0.65 *2.23 =1.45MN 3 Pu = 0.6316 MN
\ Safe

As
As

rg*Ag
0.02 *30 *30 =18 cm 2

Select 4f 25 b Asprov =19 .64 cm 2

v" Design of the Stirrups:-

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

spacing £16° d, =16" 2.5=40 cm
spacing £48° d, =48 1.0 =48 cm
spacing £ least dim =30 cm

Usef 10@ 20 cm

Fig 4.18:Column Reinfor cement.
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Group A:- From 0 To 500 KN

» (C73) D.L=417 KN, L.L =82 KN

External Columns:-

Structural Analysis and Design

C 21 =453 KN C62= 67KN

C 73=498 KN C 74 =447 KN

C 86 = 311KN C 87 =483 KN

C 94 =230 KN C 95=231 KN
C98=112 KN C99 =121 KN

C 102 =50 KN C 103 =49 KN

C 106 = 294 KN C 107 =82 KN

C 110 =262 KN C 111 =112KN

C 114 =40 KN C 129 =178 KN
C132=178 KN C 133 =401 KN

C 140 = 401 KN C 141 =178 KN

C 144 =178 KN

Internal Columns:-

C 115= 354 KN C 116 = 368 KN
C 119 =354 KN C 120 = 404 KN
C 123 = 341KN C 124 = 354 KN
C 127 = 368KN C 128 =422 KN

C63=4 KN C 72 = 490 KN
C 75 = 497 KN C 77 = 304 KN
C 92 = 328 KN C 93=76.07 KN
C 96 = 262 KN C 97 = 112 KN
C 100 = 40 KN C 101 = 277 KN
C 104 = 49 KN C 105 = 50 KN
C 108 = 230KN C 109 = 231 KN
C112 =112 KN C 113 =121 KN
C 130 = 382 KN C 131 = 382 KN
C 136 = 401 KN C 137 = 401 KN
C 142 = 382 KN C 143 = 382 KN

C 7=42KN  C 18=341KN
C121=159KN  C122=178 KN
C 125 = 404KN C 126 = 354 KN
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Group B:- From 500KN To 1000 KN

» (C )D.L= KN, L.L= KN

External Columns:-

C0l1= 40KN C 04 =793 KN C 06 =840 KN C19=747 KN
C22=9 4KN C 23 =584 KN C 24 =932 KN C 25 =664 KN
C 26 = 583KN C29=972 KN C 30 =941 KN C 33 =553 KN
C 44 =789 KN C 45 =629 KN C47=735KN C 49 =545 KN
C 50 =784 KN C 53 =696 KN C 57 =644 KN C 67 =916 KN
C 68 =780 KN C 71 =636 KN C 76 =552 KN C 81 =541 KN
C82=776 KN C85=726 KN C88=677 KN C 90 =687 KN
C 91 =545 KN

Internal Columns:-

C 78 =949 KN C 134 =837 KN C 135=837 KN C 138 =837 KN
C 139 =837 KN

Group C:- From 1000KN To 1500 KN

» (C52) D.L= KN,LL= N

External Columns:-

C02=1378 KN C 03 =139 KN C 18 =1016 KN C 34 = 1495 KN
C37=1 KN c40=1 KN C46=12 KN C48=12 0
KN

C52=14 KN C 89=1032 KN

Internal Columns:-
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C 12=1135 KN C 16 = 1442 KN
KN

C79=1214 KN C 80 = 1450 KN
Group D:- From1 OOKN To 00 KN
»(C )D.L= 35KN,LL= KN
External Columns:-

C 05 =1642 KN C07=1761 KN
C 27 =1701 KN C 32 =1662 KN
C 69 = 1503 KN C 70 =1503 KN
Internal Columns:-

C 09 = 1522 KN C 36 = 1801 KN
Group E:-From 2000 Kn To o

»(C )D.L=23 KN,LL= KN
External Columns:-

cC = KN C = KN
Internal Columns:-

c = KN Cl = KN
cC = KN c = KN
cC = KN C = KN
Group F:-

» (C58) D.L = KN, LL= KN

Structural Analysis and Design

C 20 = 1350 KN C35=12
C 83 = 1035KN C 84 = 1070 KN

C 15 = 1566 KN C 17 = 1567 KN
C 51 = 1503 KN C 61 = 1525 KN
C 38 =1804 KN C 43 =1854 KN
C = KN

C = KN c = KN

c = KN cC = KN

= KN C = 4KN
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Circular Column

C 39=1412 KN C42=1131 KN cC = KN C = KN

4.10 Design of Shear Wall

Foozrt Jlacran Skears Logoor P kAT 3 ;

Fig 4.19:Shear and Moment Diagram of Shear Wall.

s Material and Sections:- (From Shear Wall 2)

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

P  Shear Wall Thickness h=30cm

How =1, 1+
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b Shear Wall Width Lw=83m

P Shear Wall Height Hw =12.45m
v' Design of Horizontal Reinfor cement:-

a Fx=Vu=1253 45KN

The critical Section is the smaller of:

:£:4.l5m

2

245

|\>|j N|§

storyheigh (Hw) = 4m........ Control

d=08"Lw =0.8"8.3=6.64m

5 —
E:IL‘:IH!LII = ﬁé fr_"hd
= 0.75 *0.83 =24 = 300 = 6640 = 6099.23 KN > V, = 1253.45KN

I.is the smallest of :

1

1— V. == f'hd =-Vv24 =300 * 6640 = 1626 46KN ....... Control
Y Nred T~
2~ V, =027 f'hd+7—=027V24 300 = 6640 +0 = 2634.867KN
L, 01 E'4+02.%
3— V.= 005 f + T hd
Yy 2

8883.3 —4584.36 M, —4584.36

4.45 — 4

4.45
M Ly 5019082 83
— - = ——=-0.15 <0.00 ........ Neglected
Ve 2 125345 2

= M, = 5019.082KN.

Vu =1253.45 KN

@*Vc =0.75%1326.46 = 1219.85 KN

. 4 fc
Vs, min =1_6C* bw*d= % *300 * 6640 =609.92 KN ........... Control
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Vsmin= =*bw*d= = * 300 * 6640 = 664 KN

Wk
Wk

@ =(Vc + Vs,min) = 0.75*%(1626.46 + 609.92) = 1677.285 KN
Case 3 :-
@*Vc =1219.85 KN < Vu = 1253.45 KN < @ =(\Vc + Vs,min) = 1677.285

Apn . I"J.rw,:lm"rz . 609.92 = 10°
Sy Fy=d  420+6640

= 0.2187

Min (2 = 0.0025*h = 0.0025*300 = 0.75 .......... Control

B

Select @ 12in Two Layer

_ Zepe122

Aup = 25 = 226.2 mm2

2262 _ o
5.’: e

5,=300 mm

- Maximum spacing istheleast of :

Lw _ 8300

— = —— =1660mm
5 5

3*h = 3*300 = 900mm

450 mm ....... Control

Use ¢ 12/300 mmfor two layers

v" Design of Vertical Reinforcement:-

- =[o.0025 +05 25— 2L 00025 ]*300

Lw Eyeh
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[o 0025 +05 25——— =22

8.3 300300

—0.0025 ] *300

'L‘b-i.qh

=0.752

5[,

Select @ 14 in Two Layer

Zeqte 148

Ay = —a =307.876 mm2

307.876

=0.752
5. 0.75

5,=409.4 mm

- Maximum spacing istheleast of :

w_ @ = 2766.67 mm

3
3*h = 3*300 = 900mm
450 mm ....... Control

Use ¢ 14/400 mmfor two layers

v" Design of Bending Moment:-

4, = B0 15394 = 6388.43 mm?
= 200 94 = A3 mm

_ Aq f _ 638843 420
W= IR f 8300+300 24

7 0
A

c W+ a 0.0449 + 0
haalf = - =0.055
I, 2w+0858, 2+ 00449 +085+085
EjMn =0 OSAHEI_UIW{]' + f }{1 __}

Hf ¥

=09 0.5+6388.43 #420 = 8300(1 +0)(1—-0.055) =9467.6 KN.m = 8883.3KN.m
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Use ¢ 14/400 mmfor two layers
4.11 Design of Foooting

< Material :-

b concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

v’ Load Calculations:- (From Column Group B)

Dead Load =846 Kn, Live Load = 126 Kn

Total services load = 846 + 126 = 972 Kn

Total Factored load = 1.2*846 + 1.6*126 = 1216.8 Kn
Column Dimensions (a*b) = 40*30 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 300 Kn/m2

Live Load=5  KN/m?2

)

B,
e R fir
el | T g (L

I h

FELEPTREE T o PR, PP 1 s, ] TR T WY
et B P 8o R i S S L SRR P R

1, E 11

Fig 4.20 : FoundationSection.
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Assume h = 45cm

Ohet- allow = 300 — 25*0.45 — 18*0.45 — 25*0.45 — 5= 264.4kn/m2

v Area of Footing :-

Assume Square Footing
SelectB=1.9m

v’ Bearing Pressure :-

Qu = 1216.8/1.9*1.9 = 337.06Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume h = 45cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d=450-75-14 =361 mm

H=i1
2

—d =L

Vu =(qy =

1.9=0.3

Vu = 337.06~« —0.361 *1.9=281.14Kn

Pl

Inclimed erack

Critical section lor
ohb-way Shear

—-I-:r

Column \_i:l

Y H

<
NN

L'}I'I-E-wn:.r shaar,

Pt
A=

qnet- allow

3 Khim

Trébulary area for

/" ohe-way shear
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f.\/c=f%*,/fc'*bw*d

fVc= 0.75*%*\/24 *1900 *361 = 420.03Kn

f Vc =420.03KN >Vu =281.14Kn
\  Safe

2- Design of Two Way Shear Strength :-

Vu=Pu- FR,

FR, =q, *area of critical section

VU =1216.8 - [337.06* (0.4 +0.361) * (0.3 +0.361)] =1047.25Kn

The punching shear strength is the smallest value of the following equations:-

fV, =f —§+——\/T¢bd
fv =f L2 22/t %.d
12 b/d+ 315,

fv, =f —\/7%d

Where:-

_ Column Length (a) 40 _
~ Column Width (b) 30

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

b, = 2*(36.1+40) +2*(36.1+30) = 284.4cm

as - 40 for interior column
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f V. :f.%§+b£%/fc¢ood—ﬁ*§+ 24 *2844*361 = 1574.15Kn
c@
f.VC:f +22/1%.d = 075 «ZHOTIOL | 90 54+ 2844 %361 = 2224.81Kn
/d B € 2844 g
f V. =f —\/ %d—% 24*2844*361=1257.43Kn

®Vc =1257.43 Kn>Vu=1047.25Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

H=-n 1.9=03

= [, =337.06 * =5 *1.9 =512.33Kn

FR =qu*

Mu =512.33* 0.4 = 204.93Kn.m

My 20493x10°

Rn= pbd? T D9x1900x361E 0.92 Mpa
F 420
m=——, = =20.6
nasf ~ 085x24
1 2m.R 1 2220, 6097
p=— 1- 1——=L =— 1—- 1——""—— =0.00224
m 420 20.6 420

Asreq = p.b.d = 0.00224x1900x361 = 1537.27 mm?

As min = 0.0018*1900*450 = 1539 mm?
Asreq = Asmin = 1539 mm?* ......... is control

Check for Spacing :-

S =3h=3*450 = 135 mm
el —)-25*75=1925mm

S= 380*(

S =450 mm

S=450mm ......... is control
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Use 9916 in Both Direction, Asprovides= 1809 MM*>Asequirea= 1539 mm?... Ok

Check for strain:-

Asfy _ 1809x420

= ;= =19.6 mm
0.85h [ LS L0024
C=—=—2=23mm
By OBS
d—c 361 — 23
£, = 0.003 3 0.003 >3~ 0.044 = 0.005 ..... 0k

4- Design of Dowels:-

Load Transfer In Footing :-

FPnb = F (0.85 fc®, * \/%)

A;=40*30=0.12 m?
A, = 190* 190 = 3.61 m?

\/E=1/ﬂ=5.48>2 ................ \/Ezg
A 0.12 A

FPnb=0.65" (0.85" 24" 120" 2) = 3182 .4Kn
FPn =3282.4>Pu=1216 8.......... .0k

No Need For Dowels

Load Transfer In Column :-

FPnb=0.65" (0.85" 24" 120) =1591 .2Kn
FPn =1591.2 > Pu =1216 .8.......... .0k

No Need For Dowels
As,min =0.005* Ac = 0.005 * 400 * 300 = 600 mm2

Use 8220, Asprovided= 2512 MM*>Asrequired= 600 mm>... Ok

5- Development Length In Footing :-
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Tension Development L ength In Footing :-

Far T,
Ldg poq = — * =t Feshe & db> 300mm
L di

) 16 200
Ktr =0 Nostripes ch =75+ — =83mm 0r cbh = —— = 100 mm

2 2

ktr'+cb_0+83_519}25

db 16 7 '
ktr +cb

dbh
Ly oq = =~ « 2228 416 = 395,054 mm> 300mm
I—dT available = oo -75=725 mm
Ldr availabte = 725 mm >ld, ., = 395.054 mm........ OK

Compression Development Length In Footing :-

Ldereq= "> 0.043*Fy*dB >200mm
N24:420:12
Ldcreq= 2 = 246.9 > 0.043*420*12 = 216.72 >200mm

LdCava||ab|e 450 75 16 16 343 mm >LdCreq 246 9 mm........ Ok

Lap Splice of DowelsIn Column :-

Lsc =0.071" fy" db=0.071" 420 * 12 = 357.84 mm > 300 mm

Select Lsc =500 mm
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Fig 4.21 :Foundation Reinfor cement.
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