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Structural Design of special school Building

Prepared by

Islam Abu-sharikh Mohammad Hroub
Mohammad Dababseh
Palestine Polytechnic University -2015
Supervisor

Dr. Nafez Nasereddin

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and foundations,
walls and other structural elements.

It is worth mentioning that we have used the Jordanian code to determine the
live loads, seismic loads and to determine the use of (UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code

(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2012, Office2013, Atir v.11.5.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project it's expected to gain a various results and to link
the information that have been studied in the different courses , and the analysis and
design of all structural elements and the statement of the impact of each of the

elements on the other, and then the work of structural plans of the Executive are Full
and detailed for each.

God grants success.
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Structural Analysis & Design
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4.1.1 Design method and requirements: 41
4.1.2 Strength design method: 41
4.2 FACLOT@ 10AAS: w.vuurrerrerenensssssessssssssssassassassssssssasassssssscssssssssssassassssssasanssssnsssasacsanacs 42
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4.5.2 Calculation of live load............. 44
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4.6.4.1 Design for positive Moment for Rib (R3):- 49
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4.7.1 Determination of Thickness for Two Way Rib Slab:- 53

4.7.2 Load Calculation:- R I 55
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DL = dead loads.
d = distance from extreme compression fiber to centroid of tension reinforcement .
Ec = modulus of elasticity of concrete.

fc = compression strength of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

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

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

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

We = weight of concrete.

W = width of beam or rib.

Whu = 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 & Design

4.1 Introduction.

4.2 TFactored Loads.

4.3 Slabs Thickness calculation.
4.4 Load Calculation.

4.5 Design of Topping.

4.6 Design of Rib (3).

4.7 Design of Tow Way Ribbed Slab.
4.8 Design of Beam (B015).

4.9 Design of long column.

4.10 Design of Isolated Footing.
4.11 Design Of combineq Footing,

4.12 Design of Strip footing,
4.13 Shear wajj (No 1) design,

4.14 Design of stair (4),
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4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, typpe)g
any structur :

and others.

e . of two materials: plain concrete, which possesses Bigg
inforced concrete is logical union 0 ' '
comprle{::;?\fg strength but little tensile strength, and steel bars embedded in the concrete, which gy
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 ﬁrom complete, building codes ang
specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit 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’.

4.1.1 Design method and requirements:

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

4.1.2 Strength design method:

In ultimate strength design

method, t i ; :
foalhich tailute 19 Gonsidere he service loads are increased by factors to obtain the

d to be occurring,

This load called factored load or f;
‘ a
thgn proportioned such that the str Tedas
this strength takes into account th

ength i ervice load. The structure or structural elemen't is
: gt 1.15 reached when factored load is acting. The computation?
honlinear stress-strain behavior of concrete.

The strength design method is expressed by the following

Stren :
gth provided > strength required to carry factored loads.
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4.2 Factored loads:
in our project aré determined by:

ACI-code-318-08(9.2.1).

The factored loads for members

W,=12Dp+ 1.6 Lp

NOTE:
f = 24 Mpa.
fy = 420 Mpa

fyt = 420 Mpa , will be used at design and calculations.

4.3 Slabs Thickness calculation:-

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non- prestressed
beams or one way, slabs unless deflections are computed for simply supported one-way rib given as
follow:

For rib (R3), as shown in fig. (4.1)

] i
ool

Fooraiin o
ig (4-1): Rib(3) a¢ the groung floor slab
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hyy, for Simply supported = L/16

- is5.11 m
hyi = 5110/16 =319mm  longest simply supported cont 15 5.1

is 6.50m.
hy, for one-end continuous = L/18.5 longest one-end cont. 18

hin = 6500/18.5 = 351 mm

hpmin for both-end continuous = L/21.]longest both-end cont. is 7.017 m

hpin = 7017/21 = 334 mm

For Ground floor slab, use thickness of slab 32cm.

4.4 Load Calculation:-

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

table(4-1) calculation of total load of rib(3) Fig (4-2) Typical section in ribbed slab)

Mortar 22 2 Tem 5208
Sand 16 7
Topping slab 25 S
Hollow block 9 o
o = 24
Plastering 22 \2\
partition i SR e
e
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4.5 Design of Topping:-

4.5.1 Calculation of Dead load

- Design For 1m strip: wl® b

Tile  =23*0.03*1=0.69KN/m o 40

Mortar = 22*0.02*1=0.44KN/m

Sand =16*0.07*1=1.12 KN/m - RThEARES

Topping = 25%0.08*1=2 KN/m S &

Partition=1*1=1 KN/m wl®
21

a3

D.L total = 5.25 KN/m
Fig (4-3) Typical section in Topping,
4.5.2 Calculation of live load
L.L ota = SKN/m

Wu=12DL+1.6L.L
=1.2¥5.25+1.6*5=14.3 KN/m

Check ®Mn > Mu
w, *I12  14.3%0.4>
My = —* = - & =
2 B 0.19AN .m

Mn =042/ fc'*s

o
6

Min=042,75 + 21
6

S

H 1*0.08°
=0.42+/25%
V25 s 10’ =224k,
©=0.55 for plain concrete

$*Mn=0.55%224 =1 230kN .
*Mn=1232> Mu=0_19KN m
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i d.
re reinforcement must be rovide

% atu
Shrinkage and temper einforcement:

For the shrinkage and temperature I
p =0.0018 ACI-318-08 (7.12.2)

As = p*b*h=0.0018%1000%80= 144mm” [ 1m.

As (¢ 8)=50.27mm2
So number of bars =144/50.27 = 2.86
select mesh ¢ 8/20cm, ASprov = 2.51 cm

urposes in both directions.

2/m > ASmin=1.44 cm?/m

Then use @ 8 @ 20cm for practical p

4.6 Design of Rib (3):-

Materials:-
Concrete B300, Fc'=0.8*30 = 24 N/mm”=24Mpa
Reinforcement Steel, fy = 420 N/mm* =420 Mpa

4.6.1 Design constant:-

- OgFor T- section is the smallest of the following:
be=1n/4=325/4=08125m
b —bw+16tf=12+16(8)= 14 m

by - c/c spacing between beams =0. 52 m
Control ... 52cm

- Requirements for Slab Floor Accordingto ACI- (318-08)

bwe=l0em...........

Select bw=12cm oo ACI8.13.2)
IS W o

SeleotleDomes 5510, e AGINEIIS )

W EnI2=50mng ...

Select tf=8cm -+-ACI8.13.6.1)

45
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4.6.2 Calculation of Dead load:-

Teneikon \'“033,5 T‘\,\m.’i 2 1;\“\ ”‘W;»f:&w'i i S
/ | (LAE LA y = /m
Tiles 23%0,03%0.52 0.3588 KN
Mortar 22%0.02*0,52 =(.2288 KN/m
Sand 16%0.07*0.52 =0.5824 KN/m
Toppin 25%0.08%0.52 =1.04 KN/m
Block 10%0.24*0.4 =0.96 KN/m
Rib 25%0.24*0.12 =0.72KN/m
Plastering | 22%0.02%0.52 =0.2288 KN/m
Partition 1*0.52 =0.52 KN/m

Table (4-4) calculation of the total load for (R3).

Total dead load = 4.6388 KN/m/rib

4.6.3 Calculation of Live load:-

From Jordanian live loads table live load for hospital and school is 5 KN/m?

Total live load = 5*%0.52 = 2.6 KN/m/rib
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Loading:-

Fig. (4-5) Spans Length of Rib (3).

B o R ~Chay,
Structural Analysis & Design ____— T4 3
System:-
One -way ribbed slab.
2 2 w
1 1 5
D ks e S A
3 6 0.8 2.9 06
0.3, 3. : : - L
e 3.85 ;
S “'
8.
35.
12.
A-A

By using ATIR program, we get the envelope moment and shear diagram as the following:-

D.L tota = 1.2*4.6388 =5.566KN/m/rib L.L tota = 1.6%2.6=4.16 KN/m/rib

Loading

Toad group no. 1
Dead load - Service

Units:kN,meter

| 4.y0
3.85 ! : ;
Live load - Service
Load factors: 1.20,1 2014.60,0.00
*J"L;_L 2.50
3.85
= 36

Fig. (4-6); Rib 3 geometry
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Moments: _spans_1to 2 =

11.9
2.16 1.44
S ' 2.31 | t ‘|
P 1
Shear S
23.3
16.3 14,
.8'Z
i ‘ i i
| — 10.8
15.3 15.4
22.4
Reactions
Factored
= e =i
DeadR  8.31 26.28 743
LiveR  6.97 19.39 6.58
m?x g 15.28 45.67 14.01
inF 7.46 35.52 6.32
Service
l_):eg,gi_[g 6.92 21.9 6.19
LiveR  4.36
12.12 411
MaxR 11.28 34.02 103
MinR  6.39 3 ;
27.68 5.5

Fig. (4-7) Rib 3 Envelope.
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4.6.4 Flexural Design: -

4.6.4.1 Design for positive Moment for Rib (R3):-

an Mu=11.9 KN.m (spanl) bt
{1 act as rectangular or T-section:

Use Mu max. Positive for spe
Determine whether the rib wi
For a=t=8cm
Assume @=0.9 25
d = h — cover—dia. of stirrups — db/2 =320 - 20-8 — 12/2 =286 mm.
O Maf=0.9%0.85 * fo * t* D5 *(d- t2) de
=0.9* 0.85 (24) (0.08) (0.52)(0.284-0.08/2) 10

®.Mnf =187.89KN.m
OMnf=187.89 KN.m > Mu=11.9 kN.m

Rectanglular section

Design as a rectangular with b, = 52cm
As=p.be .d

el D gh 59
0.85% f'  0.85%24

_ Mul/g _ 11.9%10°/0.9
b*d*  0.52%(0.284)°

: [1 - ) (1_\/1_ 2.2 031 ]= 0.0007558 .

=0.315 Mpa

o e 30 5 T
As =p.be .d=(0.0007558)* (520)* (286) = .
Then use 2® 10,As=157 2( )* (286) = 112.4 mm? .

QIM‘M%SM---(ACI- 318M-08 — (10.5.1) )

i ile’ V24
ASmin=Y""_ N o 1 =
min ) (bw)(d) @20) (120)(286) 100.0mm?

: 14
AS i il
min “( ) (bw)(d) I (120)(286) = 114 41mm>

For 2010,As=157 mm2>1144 . Qg

(control)

Check for Tension

. St . c
Tenwl-m&
As*fy=0'85*fc*b*a
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Structural Analysis )est

157 * 420 = 0.85%24 %520 *a

a=6.22mm
x=—€—=—6—£—731mm
yij 0.85

8  ACI-318M-08(10.27.3)

286-731 003=0.114
731

g, =(d-x)/xx0.003=
g, =0.114>0.005

4.6.4.2 Design for Negative Moment for Rib (R3):

Use Mu max. negative for support Mu= - 8.9 KN.m
Design as a rectangular with =12 cm

M= s =120, =2059
085 fc' 0:85*24

kn=Mu/é - M 1.021
Svd o.azrEsy e

p=-l—(1_ 2mkn )
m

R L

202
p= 2059(1\/ (05;))(1021)) 0.00249

As = 0.00249 (120) (286) = 85.63 s
Thennse 20 10,As=157)mm2 R

Check Minimum Reinforcement A

Asmm_ﬂ(bw)(d) V2 s 1in..(ACI- 318M-08 - (10.5.1))
(m 4(420)(120)(286) 100.0mm?

As mi ='_ b 14
s O _470(120)(286) =114 4mpm?

For 2010,As=157 mm2>1144 _ O (control)
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Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
157 * 420 = 0.85 *24 * 520 *a

a = 6.22mm
o= ol SR8 -6—'23= 7.31mm
B 0.85

B-085.. . f.<28MPa ....... ACI-318M-08(10.27.3)
286731 4003=0.114
731

g, =(d—-x)/xx0.003=

g, =0.114>0.005
0K

@

4.6.4.3 Design shear for Rib (R3):-

Factored shear forces at d=0.286 m from support
V. =16.3 KN (From Shear Envelop)
Determine shear strength provided by concrete (O Vc).

DVe/2 < V, <OV,
110 Vo= 1.1*@ * V' bw*d
6

= 1.1% 075 * @ 0.12 * 0.286*10° =23 12 kKN

OV, =2312>Vu=16.3kN

Min shear reinforcement is required exce

Use®8/50 cm Montage pLIor conerete joist construction.
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2crr-. morter
7cm sand

2010 e

5/20em

////////////}’/X///////// ///// ///// 777 7777,

[
D) =

@) es
7L //// M

[
9

[

é{w 10 Bes/50cn

Fig (4-8): Reinforcement of Rib (3).
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4.7 Design of Tow Way Ribbed Slab:-

ckness for Two Way Rib Slab :

4.7.1 Determination of Thi

== - -
LS oy
o)
2
&9;
R%2 1)
=
: - % B1{60°45)
0 1_15511(?? Ileloll) T LILILILT LTI
SOO00000C o000 HE Lo
000000000000 BEEERAEH0S
OOOOOOOC00000 | DA AAO
e A SRR
DO000L4000gY
000003000405
000000004
OO000J0000
B3(60°45
Fig. (4-9): Two waye rib slab in ground floor.
2 DAY
EBA o
?_40*8*4+35*12*17.5 2
= G =11.66cm
40*8+35%12 e
1, 252x(1L66) (40)x366° 12x(23 34)
rib 3 = "
3 3 e7
1,,=7768221cm*
1 1
I =—bh =— %
» =200 =15780*(52)" = 937386 6y e
f—e—7

Long direction right I, =563.4 cm
1,=(77682.21x(563 .4 4+ 60))/52 = 931290 2 ¢y ¢
2Cm
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Long direction left L =563.4 cm

4
I, = (77682.21x (5623 4, 30))/52 = 465645.1cm
short direction L = 534cm J
I,=(77682.21x (534 +60))/ 57 = 887369.86cm

I, 937386.6 1,056

ESlbe
%177~ 88736986
Sl 937386.6 _

E0 T 4656451
a3=1_,,= 93738661 _ 1 o5
I, 887369.86
o CEREESH

a,="t=""T"—=
J=931290.2

s

o a, +a, Za's +a, _ 1.056+2:1.056+1 ~1278
a<2——————— 1278<2
According to ACI-code:

i In(0.8+ £y/1400)
" 36+ 56(a;, —0.2)
L 5634
=—%=———=1055
2 L, 534
h,, =228.63mm >125mm
First trial thickness h=350mm>228 63mm —ok

Take slab thickness h=350 , 80mm — topping , 270mm concrete block.
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4.7.2 Load Calculation:-

ination of Dead load:- :
Determina _ﬁo.—’/‘ P;.;rts of slab % SRR
BEe 002°052°0.5222=0.119KN |
P 0.02+0.52%0.52*22 = 0.119 KN
: = 0.0770.52+0.52*16= 0.303KN
: - 0,080 52+0.52°25 = 0.541 KN
: gf km 0.4+0.4%0.27*9 = 0.3888KN
. Ri(l))c 0.52+0.4)*0.27*25%0.12= 0.7452 KN
; Partions 0.52%0.52*1.5 = 0.4056 KN
2.7996 KN [-

Table (4-10) Calculation of two-way dead load.

Total Dead Load = 2.7996 KN/Rib.
2.7996/(0.52%) = 10.353 KN/m®
Nominal Total live load = 5 KN/m?

4.7.3 Determination of factored dead & live load :-
Factored dead load = 1.2*Dead load = 1.2*¥10.353 = 12.424 KN/m?2.
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m>.

4.74 Flexural Design: -

4.7.4.1 Design for Negative moment:

d=320-20-8- 1 _5g5
2
Lo/Ly = 5.634/5.34 = 1 055

Caneg=0.071 Cb neg=0.071

Ma-ve=Ca*W+] 32— 071*21 424+ 2
X : 5.634%%() s_ :
: 4°*%0.52=25 1 KN.m/Rib

e 420 P
085*fc'  0g5%5q 206

Ry (25.1/0_9)*10-3
25.1/0.9)*10%
b*d*  0.12%(0.2857 =3-16 Mpa,
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1
= 2mRn
=m(l- |1- )
P »

P G 420

As = 0.00822%120%*285 = 281.124 M :

i L4 60 )d
4(ﬁ))(bw)(d)2 ﬁ’( w)d)
As ;= 99.73 2 114

As_. =114 mm’.
A s= 281.124mm?> A smin =1 14mm?

As =

select (2) bars ® 14 As=2307.87

4.7.4.2 Check for strain

Asxfy
0.85fc’*b

_ 307.87+420

T 0.85424%120 52.82mm

C=a/B1=52.82/0.85=1Y \ ¢ Ymm

4.7.4.2 Design for Positive moment:

d=sp0gnk g L0 o
2

Ca pos/dl=0-032
Ca pos/ll=0-035

Ma+vej (( OCOasdzliwlzd]*Laz*O.SZQ-l-(( Ay *W ¥ o2%
= (0. A24*5.634%+() 59 s <
92)+(0.035%g%5 m/R
634%%( 52)=11.2KN '
S2)=11, .1m/Rib
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T 085%fc  085%24

-3
My _ (11.2/0.9)"19__ g 39 Mpa
Rn= d?  052*(0.287)

1 2mRn
=_—(1- f1- )
= 5
_ 1. [ 2029308),_ 4 000695.
D 420

2
As = 0.000695%520%285 = 103.8 7"

Vior ;/(j;_c—l)(bw)(d)z

As,. =99.73>114

Asmin =114 mm2
A s= 157mm? > ASmin =114mm?* OK
As =157 mm *

%(bw)(d)

Select 2 bars ®10
Check strain

Tension = Compression
A4 x fy=085x f,'xbxa
157 x 420 = 0.85x 24 x 520 x g

a=62m

6.22
= =73
oms e
_287-7316

g, S 0.003=0.114> 0.005...0k

& =(d-c)/cx0.003=287-622
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4.7.4.3Design Discontinuous edge:

= 2
As= L 4s b =L $157=52.33 mm*< A p=lilG
3 S.pos 3

Select As=114 mm?
Select 2 bars @ 10.
Used As=157 mm®
4.7.4.4Design for shear:

The shear in the slab calculated by using tributary area for shear :

Vud = wux bf (In/2—d)
Viud = 21.424%0.52x (5.34/2—0.285) = 26.5TKN

Vc=% fexbwxd

Vc=%1«/ﬁ «120x 285%10°=3 = 30.7KN

#Ve=0.75%30.74 = 23.04
Ve Vud

4 1

Vs min =§bw xdzl—lts—x,/fc'xbw xd
: 1

Vs min =§x120 x 285 x10r-3 =114

1
> 1—6—>< V24 x120 x 285 x 1073 = 10.473

case 3

@Ve =23.04 <Vu =26.57 <¢(Ve + Vs min) =31.6

Case 4:-

T
ous =§*0'75\/f_c'*bw=sd

i
OVs' = =+ 0.75v27
OV VL Ol ory 2285 1000 = 41.88KN

DV + DV =31.6<44.47<¢ Vs'+¢ V=649

Provi ini
de minimum shear reinforcment
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2

Avmin _ 1bw _ 14129 _ 0957
S 3fyt 3x420

100 _ 5 0952 — s = 1050 mm

S

S max < d/2 and <600

S max = 285/2 = 142.5 mm < 600mm

Use 2-leg 08@100mm

4.8 Design of Beam (B015):-

JJI> I BOl2:= 3 B —
1 O | <
ey D0CC000000000 Al 1=
20 I O Al O]
T oo0 10000000 0
7'1___][,%1/ I !
NI 4 z e e
sz af] BOIS  my =
00000 i
00O000ogo
DE]%DDEm
DO000
BO5 m
Eo00ad
Sin/nuae
Ol
B
.A%WTF

Fig. (4-11): location Beam B015.
Material :-
= concrete B30(
= Reinforcement Steel
= Section :-
= Be=800mm
= Bw=800mm
= h=320 mm

= d=320-40~10-18/2=261 mm

FC' = 24 N /mmz
fy = 420 N/mm?
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Loading :-

Dead load of beam

structural Analysis

_ Structural ARAWYS= ="

e —

& Design ___— %

Reaction from Rib(R3),
D.L =21.44/0.52 =41.23 KN/m.
L.L =12.02/0.52 =23.12.KN/m

4.8.1 Calculation of Beam dead load
= selfweigh of beam = 25%(0.8%0.35 = 7 KN/m

Geometry Units:meter,.cm

1 g 2 3 : i
s A EETE
i 7
223 0.2 413 - o
2.43 e - 04 1.3 04
! 4.43 L T 17 ‘11
|

Fig (4-12):
): Beam (015) at the ground floor slab
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Toad group no. 1
Dead load - Service

Structural Anz

e ———— (h«
i ~—1dpte,
uh@g&ﬁkmw1,,,/’"“‘””’“’/’##dw__ﬂ by

Loading

57.0 51.0
.0
3 ————
—— : %

Live load - Service

Load factors: 1.20,1.204 80,

5 ’ 315 ' 35
243 443 17

Fig. (4-13): Beam (015) geomefry.

Moments:

spans 1to 3

-180.1
157.9  152.3 -178.6
1.78}0.86 :
ol
| ' " S P
142.2
1.58 ! 2.21 : s | k.
T = ; 4’{’—
- 2282 2645
i 2223
— 5.
ks A
—— .
2344 150.7

2838 :
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~ Reactions
kecpe! &”/___'_H//’— —— —
2951
DeadR  48.7 307.15 202.96 3,53
LiveR  55.86 204.92 % 0
MaxR 10456 512.07 335.25 o
MinR  24.95 376.65 3674
Service Sacos
DeadR 40.58 255.96 e 31 29
LiveR 3491 128.08 372.33 2%.66
MaxR 7549 384.04 b5 .01 2964
MinR 2574 299.39 y o

Reinforcement fem 2)

Fig. (4-14) Beam Envelope.

4.8.2 Check whether the section will be act as singly or doubly reinforceme
section:

d= h — cover — dstirmp =%
2

d=320 —40-10-28 = 2¢
5 2 B : > 1 mm.
= (i ;>< 261 =111.85 mm.
a=B;. ¢ =0.85 x 111.85=95.07 mm.
pmax = 0.85*(fc!/Fy)* B,*(3/7)
pmax = 0.85*(24/420)*0.85%(3/7) = 0.0177

assume singly reinforced section -
Mn = (T or C) *(d-a/2) :

Mn . . -

Kn = (Mn)/(b*d?)
Kn= [(331.9)*10’\6] /(800*2612) =6.07 M
: pa

m=Fy/(0.85*F¢)
m=420/(0.85%24) = 20.58

preq=$*(1_\/’1_2m)
F

Preq=(1/20.58) * ( 1. ﬁ_\

2=x6 67 x
67 % 205
218 8)/420 =0.0179
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i i cement S€
Design the section as smgly remfor

4.8.3 Flexure design:

4.8.3.1 Design for positive moment:

span 1:

For M, =+43 KN.m

_ My

k= Gpaz
43a108 . 0.876 Mpa

kn = Coxeooxze p

& vy
= Gasy;

20 20,58
085x24

L 2mkn
Ny
c 2059< . 1_ma+§0'876>=0.002133.

As=p.bd =0.002133 x 800 X 26
Asun =025

1= 44542 mm?2
b Ci:> b

ot F
As,mm =0, 25?0 800 X 261 = 608 8mm2
As mm“

420 800 x 261 = 696 mm?2

Agmin> Asreq 50 ASs,min contro]

Let use (1)16 with A =
=

2°°-96 = 4 bars, witp Ac= 803.84mm2

63
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Structural :

2
Use 4@ 16, with A=803.84 mml

Check for placement of bas:

_ g00-40x2-10x2=4X16 _ 212mm > 25mm ok
3
Check for the strain:
_ Aspy,  80384X420 _ 90 69mm
A=085b /] 0.85%800X24
x= 2= = 22— 24 34mm
B 261-24.34
&, = 0.003(£2) = 0.003 (—T) 0.0292 > 0.005 Ok
2=0.9,

OM,- 04, (d—2) = 0.9 x 803.84 x 420 (261 — 5=) = 7616 KN >|

43 KN.m

span 2

For M, =+142.2 KN.m
L RS
= g 2899 Mpa

420

preq':%(l 1_2m.kn)

1
=—11- __ 2X20.58%2.899
20'58( ‘/1 B ) = 0.00747.

y 7, Ow:
j:smin—o 2550 800 X 261 = 608 g2
smin = 15800 X 261 = 6o 1. 2
Asre =1AS S

min
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£ 2 >
A =1560.74mm _ys4.34 mm

Let use 18,with A :
: 156074 _ 7 pars, with As = 1780.38mm".

e 254.34

2
7¢ 18,with A=1780.38 mm

check for placement :

_800-40x2-10x2=7X18 _ gc c7imm > 25mm ok
6

S

Check for strain:

Asfy  1780.38x420

085bf]  0.85x800x24 45.8mm

a=

a _ 458

X e ooomm

% d-x\ _ 261-53,
;io 90.003( =) = 0.003 (Tj") =0.0115 > 0.005 Ok

@M, - ==
045z, (d-2) = 0.9 x 1780.38 x 420 (261 - £2%) = 16034 KN °

span 3

For M,=+8.4 KN.m
kn = % i
09x800x262 — 0-171 Mpq

=0.00041 x g
00 x 261
= 855 mmy
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A =101 251C Biid = —bw d

Aqin =0. 25£ 800 x 261 = 608.8mm”

control
e 800 x 261 = 696 mm?
As,req <As min
A= 696mm?2
Let use @ 16,with A=201.06 mm?>
n=-5__ 4 pars,with A; = 804.24mm?.
210.06
4@ 16,with A=804.24 mm’
check for placement :
S_800—40x2—610x2—7x18 T S e
Check for strain:
_ Asfy  1780.38x420 e
0.85bf7  085x800xz4 . To-8mm
i a 454
O B, 0.85 = 53.9mm
e = 0003 = 0.0 261-53.9)
gi().g ( = ) 03( 53.9 ) = 0.0115 > 0.005 0k

4.8.3.2 Design for negative moment:
For My = -157.9KN.m

o= 157.9x106
ot SR
0.9x800x2612 — 3+22 Mpaq

66
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2
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. 2.m.kn
preq =;;<1 —J1 "0 >

pen e __1_(1 B[R0 ) = 0.00839

20.58 420

As=p.b.d =0.00839 x 800 X 261 = 1751.7 mm2
AS,min <A Required

As=1751.7 mm2

Let use @ 18, with A=254.34 mm”

751y

= = 7 bars,with A, = 1780.38mm?.
254.34

use 7@ 18, with A=1780.38 mm>

Check for placement:

800—40x2— -
§= =228 _ 95.67mm > 25mm ok

Check for strain:

_ “4sfy  178038x420
0.85b f1 ~ 0.85x800xz24 — ¥0-8mm

& = 0.003(£2) = g o3 (20 = s 0.005 Ok

i Q)As'fy (d 75

=09 x 178
M,=157.9 KN.m 2 o 2

For My=-141.1KN.m
For My =-141.1KN.m

67
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6
Iy = ALLX1°_ _ 9 87 Mpa
0.9x800%2612

1 2.mkn
preq = L alerss >

1 2x2058x287 \ _ (00742
preq =— (1 3 \/1—_ 420 )

A= p.b.d=0.00742 x 800 x 261 = 1549.3 mm2

As,min < As Required

A =1549 3mm2

Let use @18, with A:=254.34 mm”

178517
254.34

use 7@ 18, with A.=1780.38 mm>

Check for placement:

L 800—-40x2-10x2-7x18
S - =95.67mm > 25mm

Check for strain:

_ “Asfy 178038420
0.85b f/ ~ 0.85x800x2s — 49-8mm

) = 0.003 (ﬂ;ﬂg

68

= 7 bars,with A; = 1780.38mm?.

ok

53.9 ) =0.0115 > 0,005

Ok
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45.8
—==) = 160.24 kN
%) = 09 X 1780.39 X 420 (261 2 ) 7
OM,-04s, (4-3) =0

M,=141.1 KN.m

4.8.3.3 Design the beam for shear:

Yomax =234.4 KN,
d= h — cover — dstirrup — 3 70.5 KN
1 / —l 61 x 107 =0 .
=g\/7c_b'd—6mx 800 X 2

@ V. = 0.75%170.5= 127.875 KN~

18 -
% — 320 - 40 — 10 — 5 = 261 mm.

4.8.3.4 Check for section dimensions:

-;-14_@—1705_142”

V=
0.75

Wi Jﬁb.d = gm X800 X 261 X 1073 = 681.93 KN

V, <

Vsmax so the section is large enough.

4.8.3.5 Check for the case of shear:

Vu=234.4 KN (At critical section distance ¢ from face of support )

Region (1):

Vu< DVe
2

<I>Vc/2=127.875/2=63.94 KN
Region( 2):
OV

2

> 1ot Region 1.
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Not Region (2)
Case3:

®Ve <Vu <®@Ve + PVs

DVs i 21% I *bw*d:Q%éd’z'Z*soo*zél — 47.9KN
LOVs 2 £;'1bw *d = 9—37—5— %61 % 800 = 52.2KN (control )

- ®Ve+ ®Vs_ =522+127.87=180.1.1KN

not Region ( 3)

Case 4:-

1
@Vs' =§*0.75\/E*bw*d

OVs' = § % 0.75v24 * 0.8 * 0.261 = 255.73KN
D Vs'+® Ve=127.87+255.73=383.6KN

Ve + @Vs ., =180.1<Vu=2344<® Vs + @ Vc=383.6

-« Region # (4)

Vs=(Vu/ o )-Vc=(234.4/0.75)-170.5=142 KN
Use 4-leg © 10 @125mm
D=2

G Fyxd
Av= (m/4) *(10)2 *4=314 mm?
s=(Av* fy*d)/VS
s=(314*420*261)/(142 =24

Check for max. S acin) S

Smax=d/2=261/2=130.5mm
Sees600mm -~ —

Use 4-leg ¢ 10@130mm
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Fig. (4-15) Detail of B015.
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Fig. (4-16) Section in B0O15.

4.9 Design of long column (C64);

For one Floor (servies)
D, =255.96 KN
L,=128.08 KN
For two Floor (servies)
D,=511.92 KN
L,=256.16 KN

Puro = 1.2(511.92) +1.6(256.16) = 1025 KN

4.9.1 Check the slenderness effect:

(Non-sway system)
kL
— <3 (ﬂ)
M,

72
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B X 0'4 = 0.12-

_ 1+ 03n=03x035=0.105.
= 7 -

L,=4.18m
WO Tedl8 3412 =77
r 0.12
RAE T e 34 12 =22
il 0.105

So the column is long at x and y directions.

4.9.2 Calculate emin ,Mmin:

€min =15 +0.03h =15+0.03x350 =25.5mm.
Muin= Py X €i5=1025x%0.0255 =26.1375KN.m

Bo=4700y 1 = 470024 —230252Mpa
b.h
I *—1429 x10"'mm*,

— Dy 6143

B Py, 1025 =0. 6<1

E] _0.4Eclg i 0.4><23025.2X1.4-29
1+Bdns

16 = 8225.75 KN. m>2

4.9.3 Determine of Euler buckﬂing load

P, =TEL _n?xg255 75

(K1,)2

@i = 464646k
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ifier factor:
4.9.4 Calculate the moment magnifier fa

Cu=06+04 () = 1

e el ok
- 1‘5?5_51;_6 T 0.75X4646.46
The magnified (¢) and (M):

€ = 8psCmin =1.416 x25.5 =36.1mm
M = 8, sMmin =1.416 x41.4 = 58.62KN.m.

e/h =36.1/350=0.103
d-d'/h=(350-80-20-20)/350=0.65.
¢Pn/ Ag= 1025/(400*350)

=133

From the interaction diagram constructed in PCA _ COLUMN program:
p=0.01.

As=p xA;=0.01 *(350*400) =1400 mm>

1400

D916 =501 0¢ = 816

Use 8916

4.9.5 Design the stirrups:

- 48Xd. =48 x10 =480 mm control.

- Least diminution of
Use § 10@250mm of the coan=350mm
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ieoments:
s requil em
4.9.6 Check for code req Ly SMEREERY

clear spacing between longitudinal bars =
101 mm > 40mm -
>1.5d,=24 mm .

0.01< 0.01<0.08 ok
- gross reinforcement ratio= 0.0308 ,

> . . :

e ] Fig (4-17): C (64)De

4.10 Design of Isolated Footing (F2):-

4.10.1 Determination of Loads:

Total factored load = 1025KN.

Total services load = 768.1 KN

Column Dimensijong = 40*35 ¢,

Soil density = 18 KN/m3.

Service Surcharge= SKn/m?2.

Allowable soj] Pressure = 400 KN/m2.
Assume footing to pe about (5() ¢m) thick
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¢ =25x0.5=12.5 KN/m2.

« ] h
Footing weig =i 18 = 7.2 KN/m2.

Soil weight above the fo

2
allow =400—7.2— 125 = 3803 KN/m

4.10.2 Determination of Footing Area:

768.1 :
=——=202m
&0

Try 2.00 * 2.0 m with area = 4 m2 2Areq = 2.02m2
Determinateq, = 1025/3.24 = 316.35 KN/m®

4.10.3 Determination the depth of footing based on shear strength:-

Assume h =50 cm.
d =500-75-20 = 405 mm

4.10.4 Check for one-way shear strength:- I ‘\_lb

Inclined crack/ —f j

5 1.8
Vi =31635% (5--0.35/2-0405)*2.3 = 232 833k N

Critical section for

|
|

Tr

1 one-way shear of
#Ve=4(* [f*b, *a) V/
1
Ve=075%—*
$Ve=075 6 V24 *1800*405 = 446 47 Column «_, i
@Ve=446.42KN > py = 232 833kN —
" Safe /

One-way shear.

Fig (4-18): One waye shear.
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3 Critical section
for two-way shear ™~

Where:
Column Length (a) g _42 =

= 1.143
€ Column Width (b) 35
b
= Perimeter of critical section taken at (d/2) from the ~° Two-wav shear.
loaded area Fig (4-19): Two-waye

b, =2(d+al)+2(d +a2)=2(0.405+0.4)+2(0.405+0.35) = 3.12m

=40 for interior column %

B=400/350=1.143.

Sl T 0.75
¢-Vc—¢-g(l+ﬂ_c] fe b,d = . *(1+2/1.143)* 24 *3.12%0.405 = 2127.76Kn

1 la.td '
Ve =4.—| & [, . _0.75_(40%0.405
; 12( b, +2) A W”)* 24*3.12%0.405 = 2782.68Kn

I 7 5 s
Ve =42 =
#Ve =92/, bd= : *\/24*3.12*0.405=1607.1

¢V =1607.11kn ... Control

Vu=316.35%{(2.0* 2.0)-
pVe>vu,

1.8Kn

(0.4+0.405) *

............ satisfied (0.35+0.405) }=1264.8kN

7]
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4.10.6 Design of Bending Moment:

L. 4
L _a L.a
Mu=[q,,,,><W><(2‘§)J"O'5(2 2)

0035 )
—(316 35x1 SX(—Z—'Q—ES—)]XOj(g———T) =161.5Kn.m
Hee e 0 2 2

Mn = 161.5/0.9 = 179.4KN.m
d =500-75-20 = 405 mm

6
__Mn_194X10° o s
b*d*> 2000x405
e vEas il o659
085/ 0.85x24
2mKn)
4

1 2x20.59 x 0,546
s (il =
20.59 420

Kn

m

) =0.0013

As ., = 0.0013 x 2000 x 405 = 1053 mm 2 / m
Ay =0.0018%2000%* 500 = 1800mm? / my

AS iy =1800mm* /m > As . =1053mm? / m

1800
153.94

Use 12014 with As =1874 25 mm2 >As req =1800
In tow direction

#of bar in on meter =

=117
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Check of strain

A* fy=085%fc' *b*a
1847.2%420 = 0.85%24*2000% @

a=19.01
B 085
o 2 405-22.37 ) 003 = 0.0513
s 2337

g, =0.0513 > 0.005—— o0k

comepm———"

4.10.7 Development Length of main Reinforcement for Mu :

024f . 0.24%420

IL = db= *1.4=288cm.
diireq % 4 G

Ldayeq = 0.044 xfyxdb = 0.044 x420 x1.4 = 25.87

Ld(yeq = 28.8cm>Ld 2ye=25.87cm=> contro]
Available Ld = (500 - 75 - 2* 14)= 387 mm.

Available Ld = 38.7¢m >Ld(1yeq=28.8cm

2 B beysy
=—w—L_, TersPt
10*1\/}‘;*M*db
db

Teq

9 420 1+1s0g

ldreq =k e—

0 deipm 25 '14=3458 0

Ldavailable= 500-75= 425mm
Ldavaitabie= 425 mm >ldreq = 395.8mm
Use the column barsas g dowels
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4.10.8 Design the column — footing joint:

Total factored load = 1025KN. .
The allowable bearing on the base of the column 18:
$(0.85 fcA1) =0.65*0.85 *24*400%350 = 1856.45Kn

The allowable bearing on the footing is:
40,85 fedl) |22 = 0.65%0.85%24*400%350%2 = 3712.8Kn
Al

Total factored load = 1025Kn<3712.8Kn
As.. =0.005* Ag =0,005*400%*350=700mm" / m

¢ry

A dowels= >0.0054g

Use 6¢ 14 ,or use the same reinforcement as in the column if larger .

Figure (4

-20): Footing’s Details,

80




i =4
«is & Design ___—
Structural z\nzul}ﬁ!ﬁ.&\:—@ﬁ———‘

AR

ed Footing :

4.11 Design Of Combin

of combined Footing :

4.11.1 location and load

Fig (4-21 ) : location Of combined footing

loads are from columns (C96 and C93 )
service load pu=411.14+ 191.1+1160+547 = 2340 Kn.

4.11.2 Design of bearing :
2340\Areq = 400

Allowabl i Sl o 2
Areq = 5.85 m? able bearing capacity = 400 Kn\m?.
select A¥B=49%24

—0.3—
0V.45-

1‘|UU

)

4 3

.
® \-Onlbin T 1 o A
Lt Ooting load distribution.

i\

=8
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= 2 Kn.m
MRo = 1707 * (1.3) - 632.14 * (0.9) = 1650
e = MRo \ Pu = 1650.2 \2340 = 0.7 m.
a\6 =4.9\6=0.81>0.7

so max bu = Pu\A*B (1-6%¢\A) = 368.2 KN.m

= bu=368.2 Safe
1.3+ allowable bearing capacity = 1.3 * 400 = 520 > Max

4.11.3 Design against sliding :

H=0.0 e :
so design Against sliding is not required.

4.11.4 Design One Way Shear :

factored load :
Pu(from C93 )=1.2 (1160 ) + 1.6 ( 547) =2267 .2 Kn\m
Pu (from C96) = 1.2 (441.14)+ 1.6 (191.1) = 835.13 Kn\m

sum of Factored load = 2267.2 + 835 .13 =3102.3 Kn \ m
MRo =22672(1.3)- 835.13 (0.9)=2196 Kn.m

e =MRo\Pu=2196131023=07

max bu =489.9 Kn\m.
min bu=37.7 Kn\m .

assume h=1.00 m
d=1000 - 50 - 25 = 925 mm.

V u (at critica]

section ) from (93 .
bu (at critical se ) 3

ction ) = (489.9 - 37.7)\4.9 *4 85 + 37.7=485.3 Kn/m.

Vu=(4853%0.05)+ (4899 . 485.3)2 * 0.05 = 244 xy

D*Ve=075*1

cXV24x 2 il
F*Ves vy 400 % 925 = 1359 57
50 h=1.00

Safe.
-—{t,l} Hs\ i .g <
AV £ fﬂﬁsv H i
‘3 D SH H ABO T Uﬂ@ﬂ“ng SEBQ?&TQ

Pu=22672 1

~Critical Parameter r
0= 4% 450 .
925 ) = 5500
mm,
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[
’/—/ d\e
L ——a—
a
. P
b
a\2

Y P
Fig (4-23) : critical parameter of column .
g (4

bu(l) = 2=7) x 3.01 + 37.7 = 315.5 Kn\m
bu(2) = (ﬂ%ﬂ)x439+377 442.8 Kn\m

Vu=(22672) - CRE54428 (0,925 « 0.45)%= 1551 Kn

e From Punching Shear Equations
@*Vc=3388.75Kn>Vu=1551Kn  so Safe

4.11.6 Design Of Bending Moment :

™.
Oo-cMu~.-_=_27 Merre

ig (4-

4-24) .
24, Momenpg Diag,
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o Design of positive moment :

Max + Mu At face of column C93:

bi@E(=v

0.975
Mu(D) = 399.9 x 0.975 ><24><-———
525Kn.m
e 400 106
M= O 8sxfor  0.85x24 1
R = ciks 525x10° _ (o5 Mpa

bxd? ~ 2400x925%

- 3

fy

® Design Of Negative Moment :

At Vu=0.0
X* +082(X)-7.52 =0.o

X=31m

bu(Neg Mu) _(4 9~ 377
Neg Mu=37.7 x (3.1) x
=37.7Kn.m

m =196
Kn = 0018 Mpa.

2xKn><m)__ 1
~ 19.6

As(req) = 0.000628 * 240 * 92.5 = 13.94 cm?

1"\/1_ 400

As(min) = 0.0018 * 100 *240 = 43 .2 cm?

2.4x%+(w

P

489.9~ 477) % 3.925+37.7 = 399.9 Kn.

@%3_9_9_2)x0975x24x()x09,

2 X 0.25 X 19.6

= 0.0006:

Ctrl

select 14 @20 with As(prov) =432 cm? > As (min),

Calculate (X) , Where (X) Is The Location Of Max Neg. Moment ;

* 0+ (2« 24) =00

T DGD+(37.7) = 324 Kn\m

) e (%) X 2.4 —835.13x09=
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i 2
2 s(minm) = 43,2 cm?,
i 240 x 92.5 = 1.019 cm <A
=0.000046 X
As(req) = 0.0

2> As(req) -
select 14020 with As(prov) = 439 cm

4.12 : Design of Strip footing.

3.7 —
=1 l—_‘—_"—-—————— |
,J_ I . ‘_—L" . (l‘:j'. []
1 o
| Sl 1|L_ |
2,0 8,5
[ ~ N )
R 25 e R Ef
e =g :

—
elele:

2

-

D

SRR

X

XX

2

Fig. (4.25) : location of Strip footing .

4.12.1 Load Calculatiop -

H (slab) = 0.35m,

H (34l =0.15m

Weight of wall DL)= height* Thicknesg * 1m wide * Yo =8%(.3*25=60KN/m
Allowable soj] Pressure = 4 KN/m?2

Assume footing thickness ig 025 m

85



A nalysis & Design

Structural / S

Reaction force from wall = 1500 kn

Pn= 1500/6.6 =227 kn/m

Pn _227 _ ) s67m2

=
qall 400
="B="1.2m
Take B=120 cm .
Pu=1.4%227=317.8 KN/m
qu= Fe 58 264.8Km?2
Al 2

Assume h=35cm

h=350mm
d=350-75-10=265mm

V, =1x(0.6-0.15-0.265)x 264.8 = 48.9kn

1
o= = / 1,/
oV, 0.75x61/fc .bw.d=0.75xg 27 x1000x0.265x10°

=172.28kn
v, >V,

So No Shear Reinforcement

M, =264.8x045x1x[ 945
x1x T =26.8kn/m

M, 263
M. == 20 &

Kn=-n__ 298x10°
10002657 ~ 44Mpa Sy 49

i
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2

J = 265 mm
A S (req) = 0.001 (1000) (265)

As min for shrinkage and temperature:

A s min =0.0018*b*h
2
=0.0018*1000*300=54O mm

As,,, = 450mm’

450
113.1
Select @ 12 /25 c/c with AS prov. 452 4mm?/

4

#Ofba}" =

4.13 Shear wall (No 1) design:

Fig (4-26)

87

' The shear wall.

(P2
= Wall(2)

-

159 :\

:P) Ef)

& 3

L 5

5 !

i I8

BB . 1
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AL S

SHCLEY

S9Le

e8e

S2€¢

M KN.M vV KN Lw=5.1

Fig (4-27): shear and moment for the shear wall.

Shear wall thickness, h = 30 ¢cm.

Story height, L,, = ¢.1m

4.13.1 Check max shear Strength permitted:

0Vnmax =0.75 x0.83x,/F7 xhxd

let thatd=081, =0 g X0V =408m

8Vomax =0.75 x0.83x+/27 x300x4.08

=3732.72 KN > Vu=382 KN ok .

Critical section for concrete is the smal]

est of*
Lw 5.

Lw _ 51
= =250

cont,
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Thw _ 2X505 _ 5 05 m
e z
- Story height =5 m.

Vc is the smallest of :
fhd—-«/_x300x408—9994KN .
C ——
v ozsﬁhd+ 2 _ 0.27+/2% x 300 x 4.08 + 0.0 = 1499
L 3
LW(O.M J}:+o ZW) 0

SN V=10.054yf7 + My _Lw

Vu 2

M, at critical section = 3325 KN.m

BRE FL e 00 ok
52
5.1(0.1v24+0.0) = 793.5 KN ....,cont.
- Ve]0.05vZE + 22CLZH00] 300 x 4,08

4.13.3 Determine required horizontal reinforcement:

V.=382 KN.
0.50V. = 0.5%0.75x793.5= 297.56 KN.
V> 0.5V, need reinforcement.

Yy
Vo= Vi Vel - V=22 _ 793 5 — 584 16KN.
Negative vs use minimum reinforcement

(Avh/s)min = 0.0025h
0.0025*300=0.75

Select ®14/2 legs with av=307.87 mmz2

30
787_075

T =400 mm_
inax s;pacmg 1s the smallest of:
;” = ; =1.02m
- 3h= 0.9m.
450mm

89



— <1
sis & Design___—

Structural Analy

ical rei ement:
4.13.4 Determine required vertical reinforc

Shy _5:05*2 _ 4 9gm.
i 5l

Zhw) (o~ > 0.0025.
o> 0.0025 + 0.5(2.5 — Z22) (p.~ 0.0025)

take p,=0.0025.
max spacing is the least of,
- oo 17m
Bl 3
- 3h=0.9m.

- 450mm cont.

Select @ 14 @400mm. In tow layer

4.13.5 Design for flexure (uniformly distributed flexure reinforcement);

Check moment strength based on required vertical reinforcement for shear,
The uniformly distributed vertical reinforcement @ 12@250mm.

A== X 2 X 113.09 = 3845.06 mm?

300
w=(ﬂ)§_< 3845.06 )420

3 Lyh/ f ~ \5100 x 300) 24 ~ 00439
=i =00
AR L 0.0439 + 0.0
bw 20+0858 ~ 200439 1 085 0.85 -0

9Mn=g[0.5AstfyLW (1 - il) (1 * L) ]

Asfy Ly,
=0.9[0.5 x 3845.06 x 420 x 510

0(1-0.054)]
oM> M,

X 107%=3506.11 KN.m

Use ¢ 12@250 for vertical reinforcemeng
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Figure (4-28): stair plan

4.14.1 Determination of Slab Thickness:

For Flight:

L =4.70m.

heeq =1/ 24,

hreq=4.70 /20 = 0.235 cm.
Use h=25 cm.

The stair slope by § =tap=1 (;oig) = 26.56.

4.14.2 Load Calculations:
For Flight :
Dead Load for flight:

fite s (0.15 + 0.35
s+ 0031~ 135 KN /m
e 015403
Mortar = 27 (\(T) *0.02 e
S 25 (0.15 *0.35

05 \& s )* 1=21875 ki 1y

0.66 KN /m,

0.3
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25 * 0.25 * 1) — 6.98 KN/m
slab = (—5;275'6‘

0.03 * 1) N/m
DA Y 0738 KN/
Plaster = 22 (cos 26.56

Dead load sum=11.915
Live load for flight:
Live load for stairs =5 KN/ m’.

For landing:-

Dead Load for landing:

Tiles = 23*0.03*1=0.69KN/m
Mortar = 22%0.02*1=0.44KN/m
Slab = 25*0.25*1=6.25KN/m
Plaster = 22*0.02*1=0.66K N/m
Total dead load= 8.04KN/m.

Live load:

Live load for stairs =5 KN/ m?.

Geometry Units:meter,cm

5

[T -

0.3

4.4

100.

A-A

foad group n,
Dead loadp- soe'r:rice el g

Units:!

Live loaq - Service

H
w
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Moments: spans 1to 1
—

et 74
\

ss. 235

235
|

—

Shear

3619

Fig. (4-30)Moment & shear on flight

4.14.3 Design of Shear for flight:

Assume @16 for main reinforcement: -

So, d =250-20-8 =227 mm,
Take d= 222 mm
" Vu=433KN.

. ¢Vc=@ﬂ

o ge=275*V24*1000% 209414
c =1366KN

Vu=433 kN <VVe = 136.6KN.

Vu=433 kN <0.50V¢ = 683 KN

Depth is ok since there ;
€T€ 1S No sheyy Re:i
elnforcemem
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4.14.4 Design of Bending
M;.l = =58.0KN.m.

Mnreq=Mu/0.9= 58.0/0.9=64.4
d =222 mm.

_ Mn
Cas

=—6M =131MPa .
' 1000%222°

L
0.85x fc'

420

T =20.588
0.85x24

i

ememresm—

4 KN.m.

—————

Moment for Flight:

B

1 2mR, :
pzz(l_\/;}m[l-\/l

2%20.588 *1.31

420

As req = 0.003226%1000%222=716.214 mm?*"...control

Asmin=0.0018*250*1000=450mm?
$=201.06/716.214=0.2807 m
N=716.214/201.06=3.562.

Check for spacing
3h=3*250=750mm cont.

S=450

s =300 (
Use 1016 @25 cm
or

Use 40 16/m,.

Check for Strain:

Tension = Compression

m) ~ 2.5% 20 = 330mm

280

0.667 + 420

94

J = 0.003226

) = 300mm
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A *fy=0.85*fc\*b*a

*
804 24 * 420 = 0.85 * 24 *1000 *a
a =16.558mm

=_‘3_=&;5—5—8—=19.48mm
e

_ 222 -19.48 4 003

5 19.48

5, = 0.0311 >0.005 —> 0k

c

&

4.14.5 Design of landing:-

Same thickness =25 cm

Dead load = 8.04 KN/ m'

Live load =5.0 KN/ m

Load from flight =¢1.9/Y.¥=Y+ Y4KN/m
Load =Y+ Y%+ (A« §) =YA ¢ KN/m.

Geometry Units:meter,cm

0.3
‘w —
|
25
100,
A-A
load group no, 1
Dead load - Service
Units:kN,m

28.4

23
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L : .
Live load - Service oad factors: 1.20,1.20/1

4.8

Fig. (4-31) Geometry

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

Moments: spans 1 to 1

14.3 143

2.4 11 15.5 2.4

Shear

-84.3

-

843
98.6

¥

Fig. (4-32)Moment shear on landing
= Assume @1A for main reinforcement:-

SO, d=250-20-% = 22 mm.

B Vu=A¢{YKN.
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P A

3
_0.75%24*¥1000¥221%10° _ 12535 oy
6

= Ve

= Vu=843 KN <@Vc=13557KN.

Depth is ok since no shear reinf is required.

4.14.6 Design of flexure for landing:-

Mu = 115.5KN.m.
Mnreq =115.5/0.9 = 128.33KN.m.

d=221 mm.
PO Mn
LD
*
k, = 128330 ) o mpa.
1000221
"
0.85x fc'
m =-—i20—=20.588
0.85 x 24

Chapter 4

p=l(l_ {1—%} 1 (1_\/1_2*20.588*2.627
m il 20.588 420

As req =0.00672*1000%*221 = 1485.33 mm> ™

As min=0.0018*1000*250=450mm?
S=254.47/1485.33=0.172 m.

Check for spacing

3h=3%250=750mm

S=450

} = 0.00672.
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280
2 B SRS E o 2.0 = 330mm
S0 (0.667*420) 2o
280
I - _}=300mm
si= 200 (0.667 % 420)

Use 6@ 18/ m. or 1 @18 @15 cm
Check for strain:
Tension = Compression

A,*ﬁ/=0.85*fc\*b*a
1526 .82 * 420 = 0.85 *24 *1000 *a

a =31.43mm
Ci= e ﬂ= 36.98 mm
By 0.85
£, = w* 0.003
36.98

g, = 0.015 > 0.005 —> ok

4.14.7 for shrinkage and temperature reinforcement:

As min= 0.0018*1000%*250=450mm"*

Assume @12 for main reinforcement:-

N=450/113.09¢=3.98
Take 1912 @250 mm.
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3. Building Code Requirements for Structural Concrete )ACI 318M-08 (and

Commentary, USA, 2008.

4. Uniform Building Code (UBC).
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £/20 €124 €128 ¢M10

Beams or

ribbed one-
way slabs €16 £/18.5 €/21 £/8

Notes:

Values given shall be used directly for members with normalweight concrete
(density w, = 2320 kg/m?) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural light\.-.feight concrete having unit density. w,. in the range
l1440-h1 920 kg/m3, the values shall be multiplied by {1.65 - 0.503wc) but not
ess than 1.09.

b} For £, other than 420 MPa. the values shall be multiplied by (0.4 + f,,/700).

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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