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Palestine Polytechnic University -2019
Supervisor

Eng. Fahed Salahat.

Abstract

The idea of this project can be summarized by preparing Dura Rural Services
Center. Which consists of all facilities that should be available in any service center.

The project is consists of three floors , and the total area of the building is 5000
meter square, the design of the project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

We used ACI-318-14 code 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-pre-stressed tension reinforcement.

A= area of non-pre-stressed 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. =compression strength of concrete.

fy = specified yield strength of non-pre-stressed 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.

W(c = 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

A

Chapter Four

Structural Analysisand 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 (R1,GF).
4-6 Design of Beam (B30*, GF).

4-7 Design of Tow Way Rib Slab .

4-8 Design of One Way solid Sab

4-9 Design of Tow Way solid Slab

4-10 Design of Column (C93)

4-11 Design of Footing (F3,from column 59)
4.12 Design of Shear Wall (w1l)

4-13 Design of Stair (Stair#2)
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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 M ethod and Reguir ements

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.
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Chapter 4 structural analysis and design

NOTE:-

The statically calculation and the key plans dependent on the architectural plans.
v' Code-

ACI
UBC
v Material:-

Concrete:-B300

y 2
fc'= 30N /mm*(MPa) £or circular section

But for rectangular section ( ¢'=30%0.8 =24MPa

Reinforcement steel:-
The specified yield strength of the reinforcement ( fy = 420 N/mm?2 (MPa) ).

v" Factored loads:-

The factored loads for members in our project are determined by:-
W,=12D_+16L, ACI-code-318-08(9.2.1)

4.3 Checkof MinimumThicknessof Structural Member:

MinimumThicknessofNon prestressedBeam or One-Way Slabs UnlessDeflectionsare Calculated.
(ACI 318M-11).

Table (4.1): Checkof Minimum Thicknessof Structural Member.

Minimumthickness( h)
Simply One end Both end
ST supported Continuous continuous A
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 1/18.5 L/21 L/8
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For Rib :-

hminfor(one end continuous)=L/18.5=5.91/18.5=31.9 cm
hminfor(both end continuous)=L/21=5.29/21=25 cm
Takeh =32cm

24 cm block + 8 cm topping = 32cm

For Beam:-

Hminfor(one endcontinuous)=L/18.5=11.7/18.5=56.8cm
Hminfor(both end continuous)=L/21=11.8/21=30.3cm
Hminfor(Simplysupported)=L/16=7.28/16= 45.5cm

Takeh =60 cm

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.
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v" Load Calculations: -

Dead L oad:-

Table(4.2): Dead Load Calculation of Topping.

No. | Parts of Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.03*22*1 = 0.66 KN/m
3 Coarse Sand 0.07*16*1 =1.12 KN/m
4 Topping 0.08*25*1 =2 KN/m
Interior
" 1*1=1 KN/m

5 partitions

Sum = 5.47KN/m

LiveLoad :-

L. =4 KN/m?

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

Factored Load :-

Wy = 1.2 x5.47 + 1.6x4 =12.96 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, =0.55%0.42x1x+/24 x1066666.67x10~7 =1.21KN.m

Z
M, = % = 0.3KN.m (negative moment)
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Z
M= % =0.15KN.m (positive moment)

oMp>> M= 0.3 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 ACIl 7.12.21
As = pxbxXhigpping =0.0018 x1000x80 = 144 mm?*/m
Step (s) is the smallest of:

1. 3h=3%x80=240 mm controlACl| 10.5.4
2. 450mm.

280 280

3. S$=380 % = 2.5C =380 Tor 2.5.20 = 330mmACI 10.6.4

% 3

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

4.5 Design of One-Way Rib Slab (R1)

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

DW= 10CM. ..o ACI(8.13.2)
Select bw=12 cm

NS BB W ettt ACI(8.13.2)

Select h=32cm<3.5*12= 42 cm

tF > Ln/12250mMm ... ACI(8.13.6.1)

Select tf=8 cm

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

36



Chapter 4 structural analysis and design

1

.lll'.|"l-l vl .I'- -
1l N
, o
| .
\ I
\ : =r [

SR |

|

Fig 4.2: One Way Rib Slab (R1 ,GF).
v’ Section :-

B =520mm

Bw=120 mm

h=320 mm

t=80 mm

d=3 0-20- -1 /2=2 mm

R A

v' Statically System and Dimensions: -
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Fig 4.3: Statically System and Loads Distribution of Rib(R1 , GF).
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v" Load Calculation:-

Dead Load:-

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

No. | Parts of Rib Calculation
1 Tiles 0.03*23*0.52 = 0.36 KN/m/rib
2 Mortar 0.03*22*0.52 = 0.34 KN/m/rib

3 Coar se Sand 0.07*16*0.52 = 0.62 KN/m/rib

4 | Topping 0.08*25*0.52 = 1.04 KN/m/rib

5 RC. Rib 0.24*%25*0.12 = 0.72 KN/m/rib

6 Hollow Block 0.24*10*0.4 = 0.96 KN/m/rib

7 plaster 0.02*%22*0.52= 0.23 KN/m/rib

8 partions 1*0.52=0.52 KN/m/rib

Sum =4.79 KN/m/rib

Dead Load /rib =4.79 KN/m

Live Load:-

Live load = 4 KN/M?
Live load /rib = 4 KN/m? x 0.52m = 2.08 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=527/4=131.75cm
b =12+16t=12+16 (8) =140 cm

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

b For T-section = 52cm .
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Moment/Shsar Envelepe (Fastored) Moife:EH, metar
Momsnts: WID [
“1RcR -1&A 138
134
g,gf*m £3 A Mf\, 11, “fﬁ_m
f 35 4 ke
i j‘% ”-” 5{'
7 IR AN s IMA J
% Tl \ _|"ﬁ'_h] §ny / ", % 'u.-\ '
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Fig 4.4: Shear and Moment Envelope Diagram of Rib (R1,GF).

v Moment Design for (R1,GF):-

Design of Positive Moment for (Rib1,GF ):-(Mu=12.3KN.m)

Assume bar diameter g 12for main positive reinforcement

d =h- cover - dyimps— = = 320 — 20 — 8 — = = 286 mm

Check if a>h¢ to determine whether the section will act as rectangular or T- section.
Mt =0.85. . b, hy. (d — L)

B0

=0.85 X 24 % 520 X 80 % (286 ——) x 107 = 208.77 KN.m

Mna — '”” = %:: 13.67KN.m, the section will be designed as rectangular section withb, =5 0

mm.
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My 12.3%10%
= - = -=0.32 Mpa
" phd? T noxs2ox2a6? p
Iy 420
m=—t;= = 20.6
085/ 0.B5x24
1 ZanLR 1 2% 20.6x 0,22
p=— 1- 1——" =— 1— 1——"——" =10.00077
m 420 0.6 420

Aqreq = p.0.d = 0.00077%x5  x286= 114.51 mm’

Check for Asmin:-

Asmin= (bw)(d) ACI-318 (10.5.1)

Jio
(y)

4

Nen
4(420)

Asmin= (120)(286) =100.1mm’
.14
A =——(bw)(d
smin (fy)( w)(d)

As minz%(lZO)(Z%) =114.4mm’ controls

ASreq= 114.51mm* >Aspin= 1144 mm*>  OK

Use 2 812 Aqprovided= 226MmM>>Asequired= 114.51 mm? .... Ok

_120-40-16-({2 =12}
1

S =40mm=>d,=12>25 mm OK

Check for strain:-

Asfy _ 226x420

= = : = 8.95 mm
[LB5h I 0.B5=520=24
i 5.95
X=—=—=10.53 mm
By  QBS
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d—x 286 —10.53
£, =0.003 —— =0.003 —————— =0.078 = 0.005 0k
X 10.53

Design of Negative Moment for (Rib1,GF):- (Mu=-18.1KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dsimps— = = 320 — 20 — 8 — = = 286 mm

My _ 181x10°

" abdE T powizo=2ReE 2.05 Mpa
f 420
m= —= ;= = 20.6
08sf] ~ 0.85x24
1 2am.R 1 2 2(.6% 2,05
p=— 1-— 1= =— 1—- 1—-—"—"—- =0.00515
m 420 0.6 420

Aqreq = p.b.d =0.00515x1 0x28 =176.75 mm’
Check for Asmin:-
| fc’
4(fy)

e

Asmin=
4(420)

Asmin=

(bw)(d) ACI-318 (10.5.1)

(120)(286) = 100.1mm°
.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(286) = 114.4mm’ controls

ASreq =176.75 mm? >Aspin= 114.4 mm°OK

Use 2 8 12,A«provided= 226 MM>>Asequired=_176.75mm?>... Ok

_ 120-40-16-(2x12}

S

=40mm>d, =12 >25 mm OK

Check for strain:-

_ fafy  _ 22axazo

= i = : = 38.77mm
0850 /- DB 120=24
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i I8.77
X=—=——=45.6mm
By (.85

286 —45.6

d—x
£, =0.003 —— =0.003 ———— =0.0158 = 0.005 0k
x 45.6

v' Shear Design for (R 1,GF):-

V, at distanced from support=16.2 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).

L1 =5

Ve== fib,d ==v24 %120 x 286 X 1073 = 30.82 KN
@V =0.75x30.82 =23.118KN
0.5 V =0.5x23.118 =11.56 KN
Check for items:
1- V,< 0.5@Vc
16.2>11.56  (Not Ok)
2- 0.5 @Ve< V<@V

11.56 <16.2<23.115 (Ok) , minimum shear reinforcement is required .

S max min of :
1- E’ =143 mm control
2- 600 mm
—7 bwSs —7 bws
Av min= 16 f;; f
1 121'}*143 120+143
“16 V%4 300 V24 300
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175 < 19.067

Select Ay min= 19.067 mm?
Use stirrups U-shape(2 leg stirrups) 88 @ 150 mm, A, = 2 x50.24 = 100.48 mm?

Vs.min is the max of :

Vs.min = (%) *bw * d = (%)*120*268*10’3 = 11.44 KN Control

. fc'
Vs.min =(%) *bw * d = (%) * 120 * 286%10° = 10.5 KN

BVe< V<@ (Ve + Vs, min)

23.115 < 31.9 <31.6 (Not Ok)

4'@ (VC + VS m|n)<Vu<®(VC + VS )

J fc
Vs - (T)*bw*d = g*120*286 *10°%=56.04 KN
31.6 <31.9<65.15 (Ok)

Vu _ 3082

Vs=— =41.09 KN
g 075

Vs. min < Vs. <Vg
10.5<41.09 <56.04

S max min of :

3- %’ =143 mm control

4- 600 mm
Bal's 1 43«41.09
Ay = =220 — 48 9 mm?
Fyecd 20«28k

Use stirrups U-shape(2 leg stirrups) 88 @ 150 mm, A, = 2 x50.24 = 100.48 mm?>.
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4.6 Design of Beam (B30* ,GF)

v' Material ;-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
v" Section ;-
= B =60cm
= h=32cm
= d=320-40-8-14/2= 265 mm

v' Statically System and Dimensions: -

Geomatry Unitz meter, cm
1 ) 2 3 a
5 F 3 4
|"‘V A * J:I ] ":I [} 'ﬂ ‘I.'l
L -+ L
4 4 o
IZ'I.E.E A1.85 ﬂlliﬁ 1.06 ﬂ.lIE 6.03 'DI.EIE- 3.93 I}I.JIE-
; 211 i £.5 i = ] i 408 ;
I 1 1 1 1
B=ih,
Lozding
lpag group reo. 1
CeadfLive load - Service Load factors: 1.20,1.20M.60,0.00
2 5.000.0 yﬁk'n_r_ : s_mr{n 25000
b V¥ v L K N ¥ v
E*-ﬂ%ﬁ £ i EI}?.'“III.{ | ?D.ﬂr*] L . 2100y y
A L i %56 150 n

Fig 4.5: Statically System and Loads Distribution of Beam (B30*,GF).
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v Load Calculations: -

structural analysis and design

v' Dead Load Calculations for Beam(B30* ,GF):-
v The distributed Dead and Live loads acting upon (B30*,GF) can be defined from the support

reactions of the R1, R2 and R3.

Self-weight of beam = 4.8KN / m
External wall = 25 KN/m

Load from Rib1 =21 DL and 10 LL
Load from Rib6 =20 DL and 10 LL
Load from Rib1 =20 DL and 10 LL
Load from Rib5 =21 DL and 10

Womentfshear Envelope Fachorad) Hnisky, maer
—WCTEE SN I
1822 13901
635 AT, AE L [
r'“ L FT R TS M
I‘.'lf \-. -‘ﬁ'\ f"
‘ N )
¥ N R Aok
h—d] b 4 —"'—| =
4 i —— A H
| S DORLE e LTd ™, i 1.3 l"\.__ ;
i Sty —— S, A e
", f," A "n,__ e ey
% i
bt e - 1B
- - 1A
172.4
14 107 | 2w am 264 78 | 2 1m7
T T T T T 1
FomenliShesr Svvelwiw (Faluwli FRETTIT Y 1 TET
Lhnar
254.3 2437
180.1 1A

o34
-
.-f.-l-"
L
o
1 a LLi
Ht

Fig 4.6: Shear and Moment Envelope Diagram of Beam (B30*,GF).
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v Moment Design for (B30* ,GF):-

Flexural Design of Positive Moment for (B30*, GF):-(Mu=172.4K N.m)

Determine of My max
d =320 - 40 -8 — 14\2 = 265 mm
3

d 265 1135
N = — = —= = 7
C 7 7 . mm

a=B.c =113.57 #0.85 =96.5 mm

MN = 0.85+ ¢ =a*b(d - 2 ) = 0.85%24*96.5*600*(265-96.5/2 ) *10°= 341.4KN.m

@ Mnmax = 0.82* 341=279.91 KN.m> 172.4 KN.m .

Design as singly reinforcement :

Bn = M, - 172.4 % 10° — 455 Mua
~Obd? 09 x600x 2652 22 MP
m= 2 - 20 _ 506
.85 Ic NESx24
1 2mBy 1 2%20.6X455
P=5& 1= 1~ 420 208 1= 1~ 420 =0.0124

As = p.b.d = 0.0124x600%x265 = 1973.3 mm?

Use 6@ 20 Bottom, Asprovided= 1884 MM>=As required= . mm>.. Ok

Flexural Design of Negative Moment for(B  *, GF):-(Mu=

My 192.2x10°
= - = - = 2.068 Mpa.
" phd? T 0oxe00%2657 P
Ty 420
m=——5= = 20.6
085/ 0B5%24
1 2R 1 220,63 2068
p=—1- 1-———F =— 1—- 1—-———"— =0014
m 420 20.6 az0

As = p.b.d =0.014x600x = 2245.3mm? Control
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Check for Agmin:-

ASin = */_(b w)(d) = V24 VT %600* 265 = 463.6 mm>
4(fy) 4*420

ASrin = bw)(d *600*265 530
s (fy)( w)(d) = mm®

A= 2245.3mm?

Use 7220 Top , Asprovided= 2198 MM*=As equires= 2245.3mm? ... Ok

Check spacing :-

GF0=40«2=20=(T+«20)
&l

S=

=60mm =25>d,=20 OK

Check for strain:-

_ sy = 2198%420 __ 75 4 mm
085D [ DBSxE00%24
x==2="_=887mm
By  0.85
d—x 265 —88.7
£. = 0.003 =0.003 ————=— =0.00596 = 0.005 0k

88.7

v Shear Design for (B30* ,GF):-

V,=203.1KN

fc'b, d = -V24 =600 * 265 = 129.82 KN

® V=0.75%129.82 =97.36 KN

0.5® V= 0.5 * 97.36=48.68 KN
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Check the items:
1- Vy< 05@Vc
203.1>48.68 (Not Ok)
2-05@Vce<V<@Vce
48.68 <203.1 >97.36(Not Ok)

3-@Ve<V < B(Ve + Vg min)

Vs.min is the max of :

Vs.min = (%) *bw * d = (%)*600*265*10"3 =53 KN Control

. fc
Vs.min :(%) *bw * d = (%) * 600 * 265*10°® = 48.68KN

@Ve< V<@ (Ve + Vs min

< . >137.1 (Not OK)

4'@ (VC + VS min)<Vu<® (VC + VS )

J fc
Vs - (T)*bw*d = @*600*265 *10°= 259.6 KN

@ (Vc + Vs. min) <Vu <@ (Vc + VSL)
137.1< . <2921 (Ok)

S max min of :

1- 225 =132.5mm control

2- 600 mm

Ve y 2031
= C= 075"

129.82 = 140.98 KN

Hul's 1325« 14098
= = T - 167.83 mm?
Fyecd 20265

Av
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Use stirrups U-shape(4 leg stirrups) @ 8, A, = 4 x50.26= 201 mm?.

g = Avefysd _ 20144200265
Vs 140,98

= 158.7 mm?

Use stirrups U-shape(4 leg stirrups) 10 @ 160 mm

4.7 Design of twoway Rib Sab:

-

5
)
l;@
E 1l
i
1 i
= Ly = WA o BN i e

Fig(4-7): two way rib slab

v' Calculations:

1- h=38cm

| e (| [
Geon, | | |

= =qi5cm T DT

Fig (4-8):section in two way rib slab
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Chapter 4 structural analysis and design

440=24+450=15
= =19.45 cm
4404450

yc

b(h®) 80=(38°
- biaT) _ SOt II=365813.3 cm?
12 12

Iy

55 =(8 4+ 10553 20 =10.55% %
Mibh = 3 e 3 = 109195.2cm

- W% M 4
=l B
'L“ 3 ﬂ . : lf_?,:l pe i ) [
N
a0 c '\.IL uL.'.- E
i lk"" ).i
Exterior beam:
Short direction: L=868 cm
Long direction L=930 cm
*dab section for interior beam:
melem—"" * 8em
- » 1) 1
' T R &
! i Lol o b ! T
- "15!3"‘] - TCIT) -
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Chapter 4 structural analysis and design

Short direction L=868 cm

Long direction L=924 cm

I'T'""“""""""“""i |

: : oy | o

i 365813.3 rl i
afl==—""—-_=0.34 'I o
I 108202516 | i

[ 365813.3 . b
af2="= = — =0.19 | = '
I 1882128175 Gz o el
— 5 5aw £

| 365813.3 '
af3="l = ———— =0.18 i &
I 20052209 | Camer P

I 365813.3 ! e ]
of4=— = ————=0.36 % tr i
I 10204789 AR .- =, 0 | F 22

B e e e -+

G e e ke

af (0.34+0.19+0.18+0.36)

Qfm= 2= 3 =027<2

v

= = =2812Cm <35cm ok
36+54 (0—0.2) 36+5:1.07(0.27—0.2)

930
B=- 5= 1.07
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2. load calculation:

Table (4-5): Dead Load Calculation of Rib(R1).

Type w=[1*v KN
Tiles 0.03*23*0.55*0.55 0.208

Mortar 0.03*22*0.55*0.55 0.2
Sand 0.07*16*0.55*0.55 0.339
Topping 0.08*25*0.55*0.55 0.605
R.C rib 0.24*25*0.15*(0.55+0.4) 0.855
Hollow block 0.24*10*0.4*0.4 0.384
Plaster 0.02*22*0.55*0.55 0.133
Partition 1*0.55*0.55 0.30
Sum 3.024

e Dead load of slab:

_ 3.024
"~ 055=055

WD =12%10 =12 KN/m?

DL =10 KN/m?

Liveload of dab:

LL =4 KN/m?

WL =16=4=64KN/m*
W =12+ 6.4 = 18.4KN/m?

3.Moment calculation:

{ 8.68
m=—=—=0.93
b 930

For Case 4:
(FOl" Negative) Ca,neg =0.057Cb’neg =0.043
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(For Positive) C,p.=0.0312C,p,=0.0232

(For Positive )C,1=0.0366C,,=0.0278

, Positive Moment:
Ma pos,di= Capt™ Wy *La® = bf
My o5 = 0.0312 = 12 = 8,687 = 0.550 = 15.51 KN.m
My, st = 0.0232 = 12 =9.30% = 0.550 = 13.24 KN.m
M, posu = 0.0366 = 6.4 =8.68% =0.550 = 9.7 KN.m

My, 50510 = 0.0278 = 6.4 = 9,307 = 0.550 = 8.46 KN.m

M, s = 15.51 4+ 9.7 = 2521 KN.m

M, 0 = 13.24 +8.46 = 21.7KN.m

. Negative Moment

My ney = 0.057 = 18.4 +8.687 # 0.550 = 43.46 KN.m

My ey = 0.043 # 18.4 9,307 # 0.550 = 37.64 KN.m

v Design of negative Moment short direction (M u= 43.64K N.m)

d =h- cover — duymps— = = 380 — 20 — 8 — = = 343 mm

Mu _ 335% _ 485 KN.m ..OK
@ 09
My _ 485x10°
Rn= bd? ~ 150x343% 2.75 Hpa
" _J"j, 420 = 206

T 085f) T 085x24
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2m.R 1 2206275
1— 1208 o 1 g g ZX00XEB

2 = = 0.00706
m 420 2006 420

p:

AS g =p * b *d=0.00706x150%343= 363.05 mm2

e Check for Asmin:-

Asmin= (bw)(d)

e

Asmin=025*Y2% (150)(343) = 150,03m?
(420)

Ji@
()

4

.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= %(150)(343) =171.5mm? control

ASreq= 363.05 mm? >Aspip= 171.5mm*  use As=363.05 mm?

Use 2 816 A« provided=402.1 MM*>A equires= 363.05_mm? Ok

e Check for strain:-

a= Asfy  _ 508.94x420
T085bf] T 085x150x24

= 69.85 mm

a 6985
C= — =
By 085

= 82.18 mm

d—c¢ 343 —82.18
£, =0003 —— =0.008 ——=—-— =0.0095 = 0.005 0k
c 82.18
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v Design of negative Moment long direction (Mu= 37.64KN.m)

d =h- cover - d simps— = = 380 — 20 — 10 —— = 343 mm

Mu __ 37.64

— =——=41.82 KN.mOk
7 0o
_ M _ 41.82%10%
T bd? T 1503432 2.37 Mpa
I 420
== =20.6
08s5f 08524
=1 1_ _ZmBy 1 . _ ZX20.6x237  _
p=p 1 1= 208 1 1 oo — 0.006

As,req = p.b.d =0.006x150%343= 309.5 mm2

Check for Asmin:-

Jie (bw)(d)

4(fy)

Asmin=

e

Asmin= 0.25*ﬂ(150)(343) =150.03mm’
(420)
.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= %(150)(343) =171.5mm? control

ASreq= 309.5mm?* >Aspin= 171.5 mm®  use As=309.5 mm?

Use 2 8 16.As provided=402 MM*>Ag required= 309.5mm? Ok

e Check for strain:-
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A, 402x4
a= Sty ;= VAR = 55.18 mm
085b f/  085x150x24
i 55.18
c=—= =64.91mm
By 0.85
d—c 343 -64.91
£, =0003 —— =0003 —————— =0.0129 = 0.005 0k
C 64.91

v Flexural Design of Positive Moment short direction (Mu=25.21K N.m)

Ml

Check if M, >—:

@
d =h- cover — dyimps— = = 380 — 20 — 10 — = = 343 mm
Mt =0.85. . b, hy. (d — =L

Mu __ 2521

M, =085 %24 x 550 x 80 343 —40 x107° = 27197KN.m>-= === =
28.01KN.m ...OK

My _ 2521%10°
Ri= 3bdZ — Doxs50x343% 043 Mpa
420
=L = =206
0851/ ~ 085x24
p=p 1 1558 =5 1- 1-520F =000103
Asreq=p.0.d=0001 x550x = . mm’

e Check for Asmin:-

Asmin= \/W (bw)(d)
4(fy)

e

Asmin=0.25% " (150)(343) = 150.03mn"’
(420)
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.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= %(150)(343) =171.5mm? control

- 2 — 2
Use281 Asprovided= . MM™>As required= . mm°0k

Check for strain:-

As fy 226.2x420
a= ;= = . mm
0.85b f!  085x550x24
_a _ B46 _
B, o085 ~ m
d—rc 343 —9.96
£, = 0.003 = =0.003 905 = 0.01 = 0.005 0k

v Flexural Design of Positive Moment long direction (Mu=21.7K N.m)

Check if M, ;> 2%

|I'.:|
d =h- cover - dstirmps—‘—;ﬂ — 380 — 20 — 10 _% — 343 mm
My =0.85. £, by hy. (d — =L

M,; = 0.85 % 24 % 550 % 80 343 —40 % 107° =271.97KN.m

i mcll 24.1 KN
0 0.9

M, >"ok

ol
My 217x10%
Rn= PbdZ ~ DIxE50x3I43E 0.373 Mpa
- fy - 420 _ 20.6
nESf) 0ESx2d
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p=_1 1— 1_2mBa _ 1 4 _ 2x206x0373 — 0.000896

m 420 20.6 420

Asreq = p.0.d =0.00 x5 0x =1 . mm?

e Check for Asmin:-

Jie (bw)(d)

4(fy)

Asmin=

e

Asmin= 0.25*i(150)(343) =150.03mm’
(420)
.14
=——(bw)(d
Asmin (fy)( w)(d)

Asmin= %(150)(343) =171.5mm’ control

Use2 812 As provided= 226.2 MM*>Aq required=____._mm-.... Ok

Check for strain:-

_ fafy _ 22E2x4a20
T085b ] DBSHE50x24

= 8.46 mimn

=& _ B4 _ 9.96mm

T @, 08s

d—c 343 —9.96
=0.003 ————— =0.01 >=0.005 0k

& =0003 — 9.96

v Design for shear:
For area tributary using calculated slab the in shear the as shear strip 1m simply supported

in

Vg = Wu* bf *(= = d)=18. *0.5 *(4.6 -0. )= . KN
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V, :% A f'b,d =%\/ﬂ ¥ 150 % 343 x 1073 =46.2 KN

oV.=0.75x . = . KN

VSmin max of :

Vs min=1/16* f7h,d=1/16*v24*1 0* *107%= . KN
VS min=1/3*1 0* *107%= . control

@VC<Vyg < P (Ve + Vspin)
< . = . (NotOKk)

D (Vc+Vsmin<Vy<@ (Vc+Vs )

f’
Vs - (L) sowrd= Y24 xq ox  *10%= | KN
3 3
< . < . (0K

Take Av=2® =2 *50.27 = 100.54 mm?
Provide minimum shear reinforcement

For stirrups 2 ® 8 use

100.54_1_ 150
—=—*(—)>S= . mm
5 3 412

Use 2-legd 8@ 1 cmc/c

In the middle space:

Vuat 1 m=Wu*bf*(%‘—d)=18.4* 0.5 *(4.6 -1)=36.94 KN
@Vc <Vud £ d( Ve + VSpin)
34.66 <36.94 <4751 (Ok)

Take Av =2 ® 8 =2 * 50.27 = 100.54 mm?
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Provide minimum shear reinforcement

For stirrups 2 @ 8 use

10054 1 150

——%

5 3 ‘412

)->S5=828.45 mm

Use 2-leg® 8 @ 10 cm c/c

4.8 Design of One Way Solid Slab (Basement).

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

v Slabs Thickness = 300 mm
v’ Statically System and Dimensions: -

structural analysis and design

Hroametry Unpsimies 2m

100

(HEH

[LTTE= 1 RTH IR

)
¥

Live gae - Lomdles

O A A T

Load faptors: .20 4201 20,0 00

Fig 4.9: Statically System and Loads Distribution of Solid Slab(Basement).
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v" Load Calculations:-

structural analysis and design

Table (4.6): Dead Load Calculation of Solid slab (Basement)(for 1 m strip of slab) .

0.025*23*1 = 0.575 KN/m

0.025*22*1 = 0.55 KN/m

0.05*16*1 = 0.8KN/m

0.30*%25*1 = 7.5 KN/m

0.02*22*1= 0.44 KN/m

1*1 =1 KN/m

DeadLoad:-DL.=10.865KN/m .

Live Load:-LL=4*1 = 4KN/m .

MomznliShhacu Emvriuvpe [Feclurad) kb meba

TN

Fig 4.10: Shear and Moment Envelope Diagram of Solid Slab(Basement).
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v" Design of dab:-

Assume bar diameter@12 for main reinforcement.
d =300 — 20 —% =274 mm.

e For shear:

Check whether thickness is adequate for shear:

Vu,max =21.2 KN/1m strip

1
AVe = 6*0.75* fc' + bw+d

= ~40.75 4 V24 + 1000 + 274 = 167.8 KN\ 1m strip

2@Ve = 14167.8 =83.9KN/1mstrip

1
Vi max = > @Ve — No shear reinforcment is required

For positive M oment:
Wu =1.2DL + 1.6LL = 1.2*10.865 + 1.6 *4 = 19.44 KN/m’

Wu * 12 19.44#(615%)
8 8

Mu=

Mu = 91.9*10°KN.m /m

I A

0.85* fc  0.85*24
Rp= MU I f

b*d?

* -3
1%(0.274 )

p = i(l - 1 _ 2m * Rn )

m \ fy
s —_(1- Jl—w )=0.00335=T,, =0.0018

0.6 420

As=p * b * d =0.00335* 1000 *274=917.9mm?
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Check Minimum Reinfor cement:

As min...(ACI- 318M-14 - (10.5.1) )
. _r . *b*h _ 2
As min =" min =0.0018*1000 *300 = 540mm (control)
As > As min
917.9mm?>540 mm2 .OK .
= Use ®14/15cm , As prov = 1026.25 mm2/m

Step (S) is the smallest of:-

<380 (i;”f) _25%C,

<380 * (%f—“)—z.s* 20 =380 * ( ffz{l)—z.s* 20 = 330mm
'Y s
<300 (22 =300 * (22) = 300 * (2L ) =300 mm (control)
Is 3 3¢ 420

<3 *h=3%300=900 mm

<450 mm.

S=15mm = Smax = 300 mim

~Use ®14 @ 15 cm in main directions

4.9 Design of Two Way Solid Slab (S1).

= .hu'.T sy
L s
b , ::
gl byl
‘81 Jo
;..\,:,—:
= R
o o
ol _'-r'\-\.\_\.
1 o
S b S
HSE om
[

Fig 4-11: two solid slab panel
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v’ Material :-
= concrete B3 0 Fc'=2 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v SlabsThickness=3 0 mm.

check the minimum thickness of the slab :

Amin= Paitel Periameter _ 2[1.B5+1.67)
me 180 T

= 0.039m

, take hmin=0.05m

| For edge Beam:
(20 +27) »
Iy=——
| For int Beam:
(5= 20+27+27 = 27+ 2 +(20+427+ Z)
= : 2 =20.005cm*
o (5+ 20427 +27 +(20+27) '
(20 +27 +
=TT

| For edge slab:
e LongDirection:

(204185 -

I 5 =1171.875cm?
e Short Direction:
s 167 o, =3
1,= 22" _ 1078.125 cm?
| For int dab:
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e Short Direction:

(204167 , 4167 .53

% ™ =1947.9cm?
e LongDirection:
185 _ 185 .3
(=2 2% - 2135 4 cm?
1 B978313
0f=0f3 = = = —— = 46.09
1, 19479
My 19tz
sz_;_, T 1171875 67.87
_dy _ 79m442
ars 1, 1078125 73.96
_ly _ ®oTEa3
Gf4—}5 = TreR =42.05

am= ¥ o /4 =t 575> 2

Fy 420
_In(oas" T a0 18508+ s
v T B 36+9( 185 "“L“Tj =4.43 <32cm  OK

v' Load Calculations:-

Dead Load:-

Table (4.7): Dead Load Calculation of Solid slab (S1) .

0.025*23*1 = 0.575 KN/m

0.025*22*1 = 0.55 KN/m

0.05*16*1 = 0.8 KN/m

0.32*25*1 = 8 KN/m

0.02*%22*1= 0.44 KN/m

1*1=1 KN/m
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structural analysis and design

Sum = 11.365 KN/m

Dead load of slab= 11.365 KN/m2

Live load of slab=4 KN/m2
W, =1.2=11.365 = 13.638KN/m?
W, =16#4 =6.4 KN/m?

Wu == 13.638+ 6.4 = 20.038 KN/m?

v Design of dab:-
. Positive Moment :

la 167
m=—= =0.90
l 18

[#a

CapbL=0.039Ch,0L.=0.021
CaLL=0.042Cb,..=0.025

Long direction of D.L = €, * Wy, *Lb*

=0.021*13.365*1.85%=0.96KN.m

Short direction of D.L = €, * Wy, **La®

=0.039*13.365*1.67% = 1.45KN.m
Long direction of L.L = €, ,* W, **Lh?

=0.025*6.4*1.85%= 0.55KN.m

Short direction of L.L = C,;,*W,, *La*
=0.042*6.4*1.67%= 0.75KN.m
Mo =145+075=22KN.m

M,,,. =096 +055 =151 KN.m

o Negative Moment:
My e = Ca* Wu + La®
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=0.079 * 20.038* 1.67* =4.4KN.m

1 1
Mp-ve = 5 Maswe = 3 +22=0733KN.m

Flexural Design of Positive Moment(M u=2.2K N.m)

Assume @12 are used:

. M,
Check if M, ;> r

d =h- cover — 2 = 320 — 20 —% = 294 mm

z
M, z2.2x108
Ry= —% = - =0.028 Mpa
phd 0.9x1000x294%
F 420
m=—— = = 20.6
D85 (.85x%24
1 ZnR 1 Z2e20.6+0.028
p=— 1— 120 9 1 2P _0.000067
m 420 20.6 420

As req = p.b.d = 0.000067x1000x294= 19.7 mm?

As,min = pmin*b* h = 0.0018 * 1000 * 320 = 576 mm?
DAsmin>Asreq® (select Asyin)

Use 12/17.5 cm ,As provided=_645.7 MM>>As required=576_mm? .... Ok

e Step () isthesmallest of :-

S$=150 mm < 2h=2*320=640mm <450 mm (OK)

Flexural Design of Negative Moment (Mu=4.4KN.m)

My a4x10®

" pbdZ T nowi000w2o4E 0.056Mpa
I 420
m=—2— = = 20.6
nesf  0Bsx24
1 2mn.R 1 2420.6+0.056
p=—1- 1———— =— 1—- 1———— =0.000134
m 420 20.6 420

Asreq = p.b.d = 0.000134x1000x294= 39.4 mm?
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As,min = pmin*b* h = 0.0018 * 1000 * 320 = 576 mm?
DAsmin>Asreq® (select Asyin)

Use 12/17.5 cm A provided= 645.7 mMM>> As requires=576_mm?.... Ok

( Mu=0.733KN.m)
As=%;4£,;rm.¢ = l_: #+ 19.7 = 6.55 mm?2< As min = 576 mm?

=>» So take As min=576 mm?

Use §12@17.5 cm.

4-10 Design of Column (C93)

v’ Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel  Fy = 420 N/mm?

v Load Calculation:-
Service Load:-

Dead Load =134.4KN
Live Load =41.4 KN

Factored L oad: -
Pu=1.2 x134.4+ 1.6x41.4 =231.12 KN

v Dimensions of Column:-

Assume r g = 0.025
f *Pn=0.65x0.8x Ag{0.85fc (1-rg) +rg*Fy}

231.12*10% = 0.65x 0.8x Ag{0.85*24 (1-0.025) + 0.025* 420}
Ag=14625.25 mm?2

Assume Rectangular Section

h =500 mm

b =14625.25/500 = 292.5 mm

Select b =300 mm
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ol

30

Fig 4.12 : Column section

v" Check Slender ness Par ameter : -

Ku g4 oML _ 4
r M 2

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

R: radius of gyration = \/; =0.3h .o, For rectangular section

Lu=4-0.32=3.68 m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.50 m)

Ku g4 1o M1 _ 49

r M 2
1x3.68 _ 24 5> 22
0.3x0.50

Column Is Long About Y-axis

e about X-axis (h=0.30m)

MU gy ML ACI —(10.12.2)
r M2

1x368 _ 408> 22

0.3x0.30
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Column Is Long About X-axis

v Minimum Eccentricity:-

Mux
= :O
& Pu
min ey =15+ 0.03xh =15+ 0.03 x300 = 24 mm = 0.024 m
ey =0.024

v Magnification Factor:-

d, = —CSM > 10ad <1.4
Pu

0.75 P,

Cm =0.6+0.4 M1 >0.4
M 2

Cm =0.6+04*1=1>0.4
_ p’H
“  (KLu )?
E.l

1+b,

E, = 4700,/ fc’ = 4700 x /24 = 23025.2Mpa
_12DL  1.2*(134.4)

b, -07<1
Pu 231.12
3 3
I, = bxh _ 0.50x0.30 _ 0.001125 m*
12
o _ 0.4x23025.2x0001125 o .
1+0.7
256,09
p, =P > _ 44383MN
(1*3.68)
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1
dns—l 531 12 =1.08 >1.0and <1.4

0.75 * 4438 .3

v" Interaction Diagram:-

ey =e,, xd, =0.024 x1.08 = 0.026 m
e _ 0.026

= 0.051
h 0.5
_ 9% _ 2% _
9 _ 500 -2*40 -2*10 16:0.832
h 500
From the interactio n diagram chart

from chart A9 - b for %: 0.75 - rg = 0.01
from chart A9 -c for %: 0.9 rg =0.01

then for %: 0.832 — rg = 0.01

Select reinforcem ent
Ast =rgx Ag = 0.01x300 *500 = 1500 mm *
Select 8f 16 with As = 1608 .5mm 2 > Ast = 1500 mm 2 .

v" Design of the Stirrups:-

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

spacing <16xd, =16x1.60 =25.6 cm
spacing <48xd, =48x1.0=48 cm
spacing <40 cm

Usef 10 @ 20 cm

4.11 Design of Footing (F3)

v Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
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v’ Load Calculations:- (From Column C59)

Total services load = 744.07Kn

Total Factored load = 1041.7Kn
Column Dimensions (a*b) =50*25 cm
Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 300 Kn/m2

Assume h = 40cm

Ohetaliow = 300 —18*0.6 — 25*0.40 = 279.2kn/m2

v" Area of Footing :-

Assume Squar e Footing
B required =1.65m
Select B=1.65m

v Bearing Pressure :-

qu = 1041.7/(1.65*1.65) = 382.63Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-
Critical Section at Distance (d)From The Face of Column
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Assume h =50cm , bar diameter g 12 for main reinforcement and 7.5 cm Cover
d=500-75-12 =413 mm

H=i1
2

Vu:qu* _d *L

L65=050

Vu = 382.63«

—0.413 *1.65=102.28 KN

f.Vc:f%*ch’*bW*d

fVc= 0.75*%* 24 *1650*413 =417.3Kn

f Vc=417.3KN >Vu =102.12Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu =1041.7 — 382.63[(0.25+ 0.413) * (0.5 + 0.413)] = 810.08KN

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

v, =f 112 | 0d
6" b,
1( a ,
fv, =t 2 2 ol bd
: 12(b0/d+J ¢ Do
fV, =f é\/ t'b.d

Where:-

Column Length (a) 50
© " Column Width (b) 25
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b, _ Perimeter of critical section taken at (d/2) from the loaded area

b, = 2*(41.3+50) + 2* (41.3+ 25) = 315.2cm

as = 40 for interior column

fV, =f %(ubi]\/ f.'b,d :%*(u%)* 24 *3152* 413 =1594.3KN

c

*
f Ve =f — ANRR bd—075 ( 40 413+2)* 24*3152* 413 = 2886.2KN
b /d 3152

fV, =f —\/ bd_O;S* 24 *3152* 413 =1594.3KN

®Vc =1594.3 KN >Vu=810.08 KN

3- Design of Bending Moment :-

Critical Section at the Face of Column

H=-n L65=0.50

= [ =382.63* =g *1.65=363.02 KN

FR =qu*

Mu = 382.63*1.65*0.7*(0.7/2)= 154.7KN.m

My 154.7x10°
= — = - = 61Mpa
" phd? T 09x1650%4137 P
T 420
m=—"— = =20.6
085/  0B5x24
1 2R 1 23 20.6x%0.61
p=— 1— 1" =— 1—- 1-—"""""" =00015
m 420 2.6 G20

Asreq = p.b.d = 0.0015x1650x413 = 1006.1 mm?

As min = 0.0018*1650*500= 1485 mm?
Asmin= 1485 mm?®>A eq =1006.1 mm?
Asreq =1485 mm-......... is control

Check for Spacing :-
S =3h =3*50 = 150cm

75



Chapter 4 structural analysis and design

280

S = 380*
(%* 420

)—2.5*75=192.5cm

S=45cm ......... is control

Use 10g14in Both Direction, Asprovided= 1539.3 MM? >As equires= 1485mm?... Ok

Check for strain:-

_ As fy = 1337x420  _ 1718 mm
085b f! ~ 0.B5x1650%24
c= i =118 20.2 mm
By .85
d—c 413 —-20.2
£. = 0.003 7 =0.003 %02 = 0.058 == 0.005 ..... 0k

4- Design of Dowels:-

Load Transfer In Footing :-

®Pnb = ®(0.85 fc'A, x \/%)

A; =50 * 25 =0.125 m?
A, = 165> 165 = 2.72 m?

/iz,/ﬂ=4.66>2 ................ A s
A 0.125 A

®Pnb=0.65x(0.85x 24 x125x 2) = 3315KN
®Pn=3315> Pu=1041.7........... ok

No Need For Dowels

Load Transfer In Column :-

®Pnb =0.65x(0.85x 24 x125) =1657.5KN
®Pn=1657.5> Pu=1041.7KN.......... ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 500 *250 = 625mm2

Use 6812, A provided= 678 MM*>A, cquired= 625mm?>... Ok
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5- Development Length In Footing :-
Tension Development Length In Footing :-

Far "
Ly req = 1o % 3= * Yietyogt- = db> 300mm
. dh

Ktr =0 Nostripes

12 120
ch=75 +?=81 mm Or ch =T=6Omm

ktr + ch4 ~0+60

=5=2.
db 12 7%
ktr +ch .
db 7
Ly yoq = % * fj; * l';:'ﬁ +12 = 296.3 mm<300mm
Ld available = LRAN W -75=550 mm

2

LdT available = 500 mm >||.Id-l|-e.q| - 300 mimt........ OK

Compression Development Length In Footing :-

_ D24+Fy+dB

Ldcreq= 2-250,043*Fy*dB >200mm
Ldereq= "2 = 246.9>0.043*420*12 = 216.7 >200mm

Lap Splice of DowelsIn Column :-

Lsc =0.071xfyxdb = 0.071x420 x 12 = 357.8 mm > 300 mm
Select Lsc =400 mm
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Fig 4.13 :Foot Section.

4.12 Design of Shear Wall (W11,GF)

Fig 4.14:Shear Wall.
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Fig 4.15: Shear Diagram of Shear Wall.

Fig 4.16: Moment Diagram of Shear Wall.
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v' Material and Sections:- (From Shear Wall)

= concrete B300 Fc' = 24 N/mm?
=  Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=25cm

= Shear Wall Width Lw=33m

= Shear Wall Height Hw=4m

v" Design of Horizontal Reinfor cement: -

D Fx=Vu=187.1232 KN

The critical Section is the smaller of:

ll" - E =1.65m...Control
2 2
h—W = § =4m

2 2

storyheigh(Hw) = 4m

d=08xLw=0.8x3.3=2.46m

S —
Ej“lrrm:r ™= Ejg .rr_' hd

structural analysis and design

= 0.75 % 0.833 # V24 = 250 * 2460 = 18823 KN >V, = 187.1232KN

K is the smallest of :

1— ¥V, =2

— 1
f.'hd = 6\/24 * 250 # 2460 = 502.145KN

6
Y Nred T~
2~ V, =027 f'hd +7— = 02724 =250 + 2460 + 0 = 81348KN
_ Ly, 01 FT+02:%
3— 1= 005 f+ " hd
Vo 2
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structural analysis and design

= 0.05v24 + 250 = 2460 = 362.185KN ... .....Control

4.7

12965658 — 1131.8872 4
12965658 — M, 165

M, 1, 11828 33

W, 2 "187az32 2 M

Vc=321.061KN
@Vc =0.75*362.185 = 271.6>187.1232

Vu =187.1232 KN>51*O.75*362.185: 135.8 KN

0.5 Vc<Vu< Vc—> minshear reinforcement is req:

- Maximum spacing istheleast of:

]__L_\N: @ =660mm
5 5

2- 3*h =3*250 = 750mm
3-450 mm ....... Control
Take r =0.0025

Try 810 (A; = 78.5 mm?) two layers

=2t = 2702 —0,0025

hSy 3005

§,=209.33 mm

- use@10@250 mm in tow layer

v" Design of Vertical Reinforcement:-

Take r =0.0025

Try ©10 (A = 78.5 mm?) two layers
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Apy  2+785

r = — =——=0.0025

hsp 3005,

§,=209.33mm
- Maximum spacing istheleast of :

1o tw_ 3300 _ 1 0omm
3 3

2- 3*h = 3*250 = 750mm
3-450 mm ....... Control

- use@10@250 mm in two layer

v" Design of Bending M oment:-

- Try @10@ 200 mm

As = 3300 %2 %785 = 2590.5 mm*
" 200
L As £: 25905 420 PP
L,h £’ 3300%250 24
F,
(e} =m 0
¢ wH4a 0.055+4+0

I, 2w+085f, 2=+0055+(085=085) 0.066

EjMiz =0 0 Sﬂﬁtrvtw{]- + f }{1 __}

=0.9 0.5%2590.5 %420 *3300(1 + 0)(1 —0.066) = 1509.05KN = 1296.5658KN. m
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4-10 Design of Stair (Stair#2)
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Fig4.17: 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 8 = tan™(16.25/ 30) = 28.4°
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Dead Load For Flight For 1m Strip:-

Table (4.8): Dead Load Calculation of Flight.

23*0.025*1*((0.35+0.1625)/0.3 ) = 0.98 KN/m

2 *0.025*1*((0.3+0.1625)/0.3 ) = 0.77KN/m

(25/0.3)*((0.1625*0.3)/2)*1 = 2.03KN/m

25*0.2*1 / c0s28.4 = 5.68KN/m

2 *0.02*1 / c0s28.4 = 0.48KN/m

LiveLoad For Landing For 1m Strip = 3*1 =3 KN/m

v' System of Flight:-
Factored Load For Flight :-

Wy = 1.2 x9.94 + 1.6%x3 =16.73KN/m

16.73KM/m
LILLELIELL)
- e
el T
~ s 27.08xN
T e
-
Ej.:-ihl
At i 44 e |

Fig 4.18: Statically System and Loads Distribution of Flight.
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Rismmeriic  apan * B0

Shcad

Fig 4.19: Shear and Moment Envelope Diagram of Flight.

v' Design of Shear for Flight :- (Vu=28.2 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —‘—'ZE =200 — 20 —g =173 mm
Ve = é\,n’f_r:'bw == é\/% #1000 =173 = 141.25Kn

® V.-0.75* 141.25 =105.94 KN >Vu =28.2 KN...... No shear reinforcement arerequired

v" Design of Bending Moment for Flight :- (Mu=45K N.m)

My 45x10%
fhd 09x1000=173%

= 1.67 Mpa

n

m=—2_=_*% _50p

T oasf! T 08524

p=i|i— 12 = 2 1g . [y BXEOSKAE _ 00415

m 4210 206 420
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Asreq = p.b.d = 0.00415 x1000x173 = 718.6 mm?/m

As min= 0.0018*1000*200 = 360 mm?/m

ASreq = 718.6 MM*>Ag 1in=360 mm?/m

Check for Spacing :-

S =3h =3*200 = 600 mm

280
S =380*(z——) — 2.5*20 = 330
E* 42{]
S =450 mm
S=330mm ......... is control

Use 212 @ 150 MM A provided=_753.3 MM*>Asequired=_718.6 mm?... Ok

Check for strain:-

_ fsfy  _ 7533x420
0B5H [ 0BSX1000x24

=155 mm

a 155

c= — =18.24 mm

T @, 08s

kol _ 0003 131824 005~ 0005 0k
c 18.24 e R

£, = 0.003

v Lateral or Secondary Reinforcement For Flight :-

As reg= As min =0.0018*1000*200 = 360 mm?

Use g10@ 200 MM A provided= 395 MM*>Ar equired= 360mm?... Ok
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2- Design of Landing :-

v' Deter mination of Thickness:-

hmin = L/20
hmin = 3.2 /20 = 16 cm
Take h=20cm
v Load Calculation:-

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

Table (4.9): Dead Load Calculation of Middle Landing.

23*0.025* 1= 0.575K N/m

20*0.025* 1= 0.5KN/m

25*0.20*1= 5 KN/m

21*0.02* 1= 0.42KN/m

LiveLoad For Landing=3*1=3 KN/m
Factored L oad For Landing :-

Wy =1.2x6.5+1.6x3=12.6 KN/m

Factored Load From Flight :-

WrL1_ 282

— =188 KN/m

Wias = I 15

v System of L anding:-
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18.BKMN/m 18.8 KM/m

"\._‘ CEN s

12.6KMN/m
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s F s s

- o -
# 2 , l 1 _,r
SAAKM S2.1KN
,J* Sy ”

Fig 4.20: Statically System and Loads Distribution Of Middle Landing.

RESrTeeins  Epean 1t Y
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Fig 4.21: Shear and Moment Envelope Diagram of Middle Landing.

v' Design of Shear:- (Vu=53.1KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover _‘f =200 — 20 —‘—2“ =173 mm

Ve==/fc'b, d =124 +1000 =173 = 141.25 KN
=] 5]

®* V.-0.75* 141.25 = 105.9 KN > Vu = 53.1 KN...... No shear reinforcement are required
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v' Design of Bending Moment :- (M u=49.66K N.m)

Assume bar diameter g 14 for main reinforcement

{4 14
d =h- cover —= =200 — 20 —— = 173 mm
My  4966x10%
" abdE T nowi000w1i7IE 1.84 Mpa
f 420
m=—— = = 20.6
0B5f  0.B5x24
1 2R 1 21 20.6% 184
p=— 1— 1-"78 —— 71— 1227 —0.0046
m 420 20.6 420

As req = p.b.d = 0.0046x1000x173 = 795.8 mm?

A min =0.0018*1000*200 = 360 mm?
Asreqg=T795.8 mm’......... is control

Check for Spacing:-

S =3h =3*200 =600 mm

280
S =380*(z——) — 2.5*20 = 330
E* 42{]
S =450 mm
S=330mm ......... is control

Use g12@125 mm _Aqprovided= 904 MM>>Aequired= 795.8 mm?... Ok

Check for strain:-

_ sty = P04X420 4o
0858 ) 0BSx1000x24
c=2 == 219mm
B;  0BS
d—c 173 —18.76
£, = 0.003 =0.003 ———-— =0.0207 >=0.005 ..... 0k
c 18.76
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L ateral or Secondary Reinforcement For Landing:-

As reg= Asmin =0.0018*1000*200 = 360 mm?

Use 210 @ 200 MM _As provided=.395 MM>>As equirea= 360 mm>... Ok
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