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Structural Design of Conferences palace in Hebron.
Prepared by
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Mohanad Arafeh
Palestine Polytechnic University -2014

Supervisor

Eng. Sufian Al-Turk

Abstract

The main aim of this project is to prepare detailed structural plans and shop
drawings for all structural elements. The project is a three stories Conferences Palace in
Hebron.

The building has a unique architectural design. Functional, aesthetic and practical
use is considered in the building design.

Miscellaneous structural elements will be used accommodated with the
architectural functional purposes of the building.

AutoCAD, STAAD pro, Safe, Atir and Etabs software are used for the structural
analysis and design process.

The ACI_318, UBC-97 and the Jordanian code are used for the structural design.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

As’= area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d =distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

f’ = 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

Xl



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

Vn =nominal shear stress.

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

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® =strength reduction factor.

€ = compression strain of concrete = 0.003.

& = strain of tension steel.

& = strain of compression steel.

p =ratio of steel area .

Xl
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Chapter 4
Structural Analysis And Design

4.1 Introduction .

4.2 Design method and requirements .
4.3Design of one way rib slab .

4.4 Design of one way solid slab .

4.5 Design of beam .

4.6 Design of long column .

4.7 Design of stair .

4.8 Design of shear wall .

4.9 Design of basement wall .
4.10 Design of isolated footing .
4.11 Design of strip foundation .

4.12 Design of truss .
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4.1 Introduction :

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses
high compressive strength but little tensile strength, and steel bars embedded in the
concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes
and specifications that give design procedures are continually changing to reflect latest
knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m?.
= Normal weight concrete with unit weight from about 1850 to 2400 kg/m?®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m?

This project consists of several structural elements that will be designed according to the
ACI code and by using the finite element method using much computer software such as:
Atir & Safe & Etabs to find the internal forces , deflections & moments for all structural
elements in order to design it .

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318_11).

v' Strength design method :

In ultimate strength design method, the service loads are increased by factors to obtain
the load at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element
is then proportioned such that the strength is reached when factored load is acting. The
computation of this strength takes into account the nonlinear stress-strain behavior of
concrete.

The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.
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Chapter 4 Structural analysis and design

NOTE:
The statically calculation and the key plans dependent on the architectural plans.

* Code: ACI2011
UBC 97

B

* Material :
Concrete: B350, fc’=35 N/mm? , for circular section
but for rectangular section , fc’ = 35 *0.8 = 28 N/mm? (Mpa)

Reinforcement steel :
The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}
Mild steel :  A-36
Connection Type :  Weld, Bolts
% Factored loads:
The factored loads for members in our project are determined by:

Wu=14DL
OR: W =12D_L+16LL ACl-code-318-11
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Chapter 4

4.3 Design of one way Rib slab (R 1):

4.3.1Determine the thickness of one way rib slab:

Check Thickness of one way rib slab :

Fig 4.1: One Way Rib slab (R1)

Statically system for (R1) :

X3

*

The minimum required thickness is:

for one-end continuous

=113.5 mm

2100
18.5

L —
18.5

hmin

end continuous

for one

119.0 mm

2200 _
18.5

L —
18.5

min

for two-end continuous

=119. mm

2500 _

hmin

for two-end continuous

L_ 200 =214.3 mm
21

L
21

hmin
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L _ 3400 .
hmin = R =162.0 mm for two-end continuous
L _ 4300 .
hin = IR =204.8 mm for two-end continuous

Selecth=35cm .

4.3.2 Design of topping :

% Statically system for topping :
Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.
VVU

- 40 cm -

Fig 4.2: topping load.

«» Load calculations:
Dead load calculations:

Dead load from: Oxyx1 KN/m
Topping 0.08x25x1 2.0
> 2.0
Live load :

Le=1.5 KN/m>—— » L =1.5 KN/m? x 1m=1. 5KN/m
Factored load :
Wyu=1.2%x2.0+ 1.6x1.5=4.80 KN/m.

Check the strength condition for plain concrete, aM, > My, where g = 0.55.

Mn=0.42 A \/ﬁ Sm (ACI1 22.5.1, equation 22-2)
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__b.h? _ 1000x802
Sm = =

= 1066666.67 mm?.

oM, =0.55%0.42x1/24 x1066666.67 x10~° =1.207 KN.m

2
My = % = 0.064 KN.m (negative moment)
Wy L? ..
My=—=—"—=0.032KN.m (positive moment)

gMn>> My =0.064 KN.m

No reinforcement is required by analysis. According ACI 10.5.4, provide Asmin for slabs
as shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACl17.12.2.1
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m.
Step (s) is the smallest of :

1. 3h=3*80=280 mm. control

2. 450mm.

_ 280, _ 280
3. $=380 () - 2.5C; = 380 (2420

) - 2.5* 20 = 330 mm.

280, _ 280
S<300 (f_s) =300 (g420

) =330mm.

Take ¢ 8 @ 200mm in both direction , S =200 mm < Smax = 280mm ... OK

4.3.3 Design of Rib (R1, At Level +11.6) :

% Requirements For Ribbed Slab Floor Accordingto  ACI- (318-11) .
BW > 10CM. ..t ACI(8.13.2)

RS 35%BW oo, ACI(8.13.2)
Select h=35cm < 3.5*12 = 42cm
tr>Ln/12=40/12=33.3 i ACI(8.13.6.1)
> 50mm

Select tr=80cm
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% The effective flange width (be), according to ACI 8.12.2 is the smallest of:

"<t = w = 800 mm L, is the clear span of the rib.

4
* be <bw+16hs = 120+16x80 = 1400 mm.

= be < center to center spacing between adjacent beams = 520 mm.
Control

«»+ Statically system and Dimensions :

D)

Shrinkage & Temperatuer Bar's

One way rib slab

Hollow Block (28cm )

Fig 4.3: Section of one way Rib slab (R 1).
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«+ Load calculations :
Dead load calculations:

LL
oL

E,Gl0

Dead load from: dxyxDbe KN/m
Topping 0.08x25%0.52 1.04
RC rib 0.27x25x0.12 0.81
Hollow Block 0.27x15%0.4 1.62
Plaster 0.03%22x0.52 0.3432
> 3.8132
Live load :
Live load /rib = 1.5 KN/m? x 0.52m = 0.78 KN/m.
Factored load :
Dy=1.2 x3.8132 = 4.576 KN/m.
Ly= 1.6 x0.78 = 1.248 KN/m.
W, =5.824 KN/m,
% Flexural Design for (R 1):
Moment design for R1:
B.G4 | B.GS £ B.Ge B.G7 B,GS E,GP
Moments: spans 1to 6
-8.3 -7.5
2.1 WALT 7 G e
I 9 0.4 0.I 8 ,p/-?slt | |

1.62 |

0.7 g 0.b5
07'—03_?'\/6ﬁ_| i~

|0.94, 1.15 |0.88
I T T T

T

e
(¥
o

Fig 4.4: Moment envelope for R1
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Design of positive moment :

Assume bar diameter g12 for main positive reinforcement.
d =h- cover - dsnrrups —=350—-20—-10 — == 314mm.

be =52 cm =520 mm
Span 3 :

Max. My* = 6.8 KN.m
Checkifa <t

Ifa=t

a
%My =09C (d~3)

80
® x M, = 0.9 *0.85 %24 * 80 * 520 * (314 —7) =209.3KN.m

@+« M, =209.3KN.m > 68KN.m
a < t for all spans

Design as rectangular section with b = bg

My 6.8%10°

=90 - 0.9 _
Kn T pxd2  520%3142 0.147 Mpa.

420
=0 =20.6
0.85%fc  0.85%24

p:1<1 _ 1 _M> = ;<1 _\/1 _w) = 0.000351
m 420 20.6 420

ASpeq. = p*b*d =0.000351 * 520 * 314 = 57.31 mm?

/7

I
As min =0. 25*(*b *d=0. 25* *120*314 =109.9 mm?

Asmin = *b w*d = *120*314 = 125.6 mm? (control)

ASpeq. = ASpmn. = 125.6 mm?

For ®10 As = 78.5 mm?
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Use 2 @10 For all Span with As = 157 mm?

_ 120-40-20—(2x12)
- 1

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

Check strain :

T=C

As*f, =0.85*fc*a*b.
157*420 =0.85*24*a*520

a=6.22

6.22
X =— =222 =73 mm
B, 085

7.3 194

0.003 _0.003+£s

£5=0.0767 >0.004

As < As max.

£5=0.0767> 0.005

% =09

Tension controlled section .Ok.
Design of negative moment :
Support 3:

Max. My = 8.4 KN.m

Design as rectangular section with b = b,, = 120 mm

My 8.4+%10°

Kn=—2—=—22__ =(.789 MPa.

T pxd2 12043142

m=—__=_%20 906

T0.85%fc  0.85%24

p=l<1_ 1_%)=L<1_\/1_M>=0.0019
m 420 20.6 420

ASpeq. = p*b*d=0.0019 * 120 * 314 = 71.59 mm? < Asy;, = 125.6mm?
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ASpeq. = ASpmin. = 125.6 mm?

For ®10 As = 78.5 mm?

Select 2@10 For all spans with As = 157 mm?

Check strain :

T=C

As*fy =0.85*fc*a*b.
157*%420 =0.85*24*a*120

a=26.9mm

_a _269

= =31.69 mm
B1 0.85

0.003 _0.003+£s
194

31.69

£5=0.015 >0.004
As < As max.
£5=0.0767> 0.005
=09

Tension controlled section .Ok.

Shear Design for (R1) :
-13. -12.3
. 9.9 a4 -9.9 52
- 58 y 4.1
29 / :
-0.9 1/_
H —— —— t T —— H
l7/2_2 /1.4
5.4 5.4 5.7
9 6.4 6 ; 8/
10.5 .
13, 12.1

Fig 4.5: Shear envelope for R1

41




Chapter 4 Structural analysis and design

Max. Vu at distance d from support = 9 KN
Vy at d =314 mm from the face of support.

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

1
1.1*¢*vc=1.1*0.75*6*\/E*bw*d

1
1.1*<D*vc=1.1*0.75*8*\/24*120*314=25.38KN>Vu=9KN

No shear reinforcement is required

Select ®8/50 cm montage.
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4.4 Design of one way solid slab ( S3) :

-~

.
- l / =
[‘ B.W. 13

h

Fig 4.6: One way solid slab (S3)

Live load(KN/m2) fc' fy

LL =5 KN/m2 fc'=28Mpa fy = 420 Mpa

4.4.1 Slab thickness and load calculation :

The overall depth must satisfy ACI Table (9.5.a):

From ACI-318-11 table (9.5a)
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Min h (deflection requirement) > :

L 61 0.25m , for One end continuous:

24 24

For One way solid slab, we will use thickness of slab 25 cm
Assume bar diameter ¢ 14 for main reinforcement.

d=h-20-dp/2 =250 - 20 — (14/2) = 223 mm

Thickness of slab provided Thickness of slab required

h =25cm 25¢cm

«+ Load calculation :

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

Determination of Dead Load :

Load Calculations for 1 m strip Solid Slab

material Y h b KN/m
Tiles 23 0.03 1 0.69
Morter 22 0.03 1 0.66
Sand 16 0.07 1 1.12
RC slab 25 0.25 1 6.25
Plaster 22 0.02 1 0.44
> dead 9.16
Live Load 5 1 5
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Loading
load group no. 1
Dead load - Service Units:kN,meter
2.91 3.25 2.91 2.91 2.91
E.f5 E.f5 6.25 6.25 6.25
6.6 3.7 54 5.6 3.6
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00 5.00 5.00 5.00
6.6 3.7 54 5.6 3.6
Geometry Units:meter,cm
1 2 3 4 5 6
1 2 3 4 5
E A A A A A :|
LT ) Iy ) Iy LT
A A A A A
p§ 5.95 ‘IJ B‘ 2.9 IIJ.B‘ 4.6 IlJ B‘ 4.8 IIJ 8 2,95 pﬁl
T T 6.6 T T 3.7 T T 5.4 T T 5.6 T T 3.6 1

100.
A-A

Fig.4.7 : Spans Length and loads of One way solid slab (S3).

% Moment and shear diagrams :

The Development Moment diagrams for slab has width =1m , and the thickness is 25 cm

as following :

Units:kN,meter

Moment/Shear Envelope (Factored)

Moments: spans 1fo 5
-75.6
. -58.1
a3 N502 433
-36.3 1 -36.9 2 2
-23.8 p -27-
8
Wil : R A
K et ot 1'?355 /'?‘zu, H
1411554 0 099 07~
12,3 #2 {7 2\/0.94 684 108 02
36.2 32.6
70.6
| 264 7 3.96 | 222 148 | 243 207 | 28 | 28 | 2146 144
I T T T T T T T T T 1

Fig.4.8 : Moment envelope for S3
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Shear

51.5 : 53.6 ’ 49.2 56.8 49.3 45.7

Fig.4.9 : Shear envelope for S3

4.4.2 Design of slab (S3) :

% Design of shear :

check whether thickness is adequate for shear :

Vi max = 65.8 KN/ 1m strip
©Vc=%*®*ﬁ*bw*d

= %*0.75*\/%*1000*223 =147.5 KN/ 1 m strip

%(DVC = % = 73.75 KN/1m strip

®dVe= 1475 >%q>vC= 73.75>V, .. = 65.8

The thickness of the slab is adequate.

V, e (KN) Ve (KN)

65.8 147.5
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%+ Design of moment :
For negative Moment :

Mu max. = 56.2 KN.m

m=_ =420 _j76
0.85% fc  0.85%28
Kn = Mu/ ¢
b>d?
* -3
Kn= 56:2%10°/09 _ joq 1oy

1.0*(0.225)2

p :i(l_ /1_ 2m> Kn )
m fy

o 1 L- \/1_2(17.65)(1.233)):0_003
17.65 420

As=p *b *d=0.003* 100 *22.5= 6.75cm*/m

As (cm2/m) m Kn (Mpa) p

Mu (KN.m)

6.75 17.65 1.233 0.003

56.2

Check Minimum Reinforcement A smin...(ACI- 318M-11 (10.5.1))
As min=p_ *b*h  =0.0018*1000* 250 = 450mm?
Asreq = 6.75 cm®> As min =4.5cm? ... Ok

Use ®14/20 cm , Asprov. = 7.69cm?/m

Step(s) is the smallest of :-

1. <380 (%) _25*C,
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<380 * (222) - 2.5%20 =380 * (o) - 2.5* 20 = 330 mm

3y 2+ 420
280, _ . (280 _ « 280
< 300 ) =300 () = 300 (73

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

Use @14 /20 cm in main direction

Check for strain :
Tension = Compression

A * fy=0.85* fc' *b*a
769*420=0.85*28*1000*a

a=13.58mm
_a _1338 15 97mm
5. 0.85
5 _225-1597 ) 00
15.07

g, =0.0392> 0.005——> 0k

For Positive Moment :
Mu max. = 70.60 KN.m
Assume bar diameter @10 for main reinforcement

d=h-20—db=250-20-(10/2) = 225 mm

) =300 mm (control)

h(mm) db(mm)

D(mm)

250 10

225
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fy _ 420

= - = =17.65
0.85* fc 0.85*28
Kn = Mu/ ¢
b*d?
_ 70. 6*107°/0. 9 _ 1.55Mpa

1.0*(0.225)°

P =£(1_ 1_2m*Kn)
m fy

1 .. \/1_2(17.65)(1.55)

P= 765" 420

) = 0.00382

As=p *b *d=0.00382* 100 *22.5=8.595 cm*/m

As (cm2/m) m Kn (Mpa) p

Mu (KN.m)

8.595 17.65 1.55 0.00382

70.60

Check Minimum Reinforcement  Asmin...(ACI- 318M-11 (10.5.1) )
As min=p_ *b*h =0.0018*1000* 250 = 450mm?

Asreq = 859.5 mm?/m > Asmin= 450 mm%m... Ok

Use ®16@200 mm, As prov. = 1005 mm?/m

Step(s) is the smallest of:-

1. <380(@) 2.5*Ce

280 280

<380 *(7—)— 25*20—380*(2 ) 2.5* 20 = 330mm

37y

< 300 (@) =300 * (28")_ 300 * (2280 ) =300 mm (control)
y

3

2. <450 mm.
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Use @16 /20 cm in main direction

Mu = + 36.20 KN.m

m=__ - 420 _,;4
0.85* fc _ 0.85*28

Kn = Mu/ ¢
b*d?
> —3
Kn= 362*10°/0.9 _(g\pa
1.0*(0.225)2

pzl(l- 1_ 2m*Kn)
m fy

o 1 (1_\/1_2(17.65)(0.8)):0_00194
17.65 420

As=p *b *d=10.00194 * 100 *22.5=4.365 cm*/m

As (cm2/m) m Kn(Mpa) p

Mu (KN.m)

4.365 17.65 0.8 0.00194

36.2

Check Minimum Reinforcement  Asmin...(ACI- 318M-11-(10.5.1) )
As min=p_ *b*h =0.0018*1000* 250 = 450mm?*/m
Asreq = 436.5 mm?< A s min= 450 mm?/m

As = Asmin= 450 mm%m

Use ®12@20 cm, As prov. = 565 mm?/m > As req = 450 mm?/m
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step ( s) is the smallest of :-

280

1 <380 () -25%C

<380*(@) 2.5% 20 =380 * (28") 2.5 * 20 = 330mm

3y

< 300(@) _300*(§8°)_ 300*(2280 )=

2. <450 mm.

Use @12 /20 cm in main direction
Check for strain:

Tension = Compression

A * fy=0.85* fc' *b*a

1005*420=0.85*28*1000*a

a=17.73mm
_a 1773
"B 085

o 225-20.86
) 20.86

g, =0.0293> 0.005—— 0k

=20.86mm

*0.003

As min. for Temperature and Shrinkage :

p =0.0018

As min=p_ *b*h =0.0018*1000* 250 = 4.5cm>

Use @10 @150 mm

Step(s) is the smallest of :-

1. <5*h=5*%250=1250 mm
2. <450 mm. (control)

51
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4.5 Design of Beam :

4.5.1 Load calculations:

Dead load from: Oxyxbe KN/m
Beam B,G 10 0.35*0.5*25 4.375
Plaster 0.03x22x0.5 0.33

: e
Dead load calculations:
Live Load = 1.5 KN/m?. L. = 1.5*%0.5 = 0.75 KN/m.

Determination of factored dead & live load:
Factored dead load = 1.2*Dead load = 1.2*%4.705 = 5.646 KN/mZ.
Factored Live load = 1.6*live load = 1.6*0.75 = 1.2 KN/m?.

W =5.646 + 1.2 = 6.846 KN/m?.

1 2 3 4
1 2 3
A A |
1031 44 1051 4.2 ‘0.5| 4.4 l03I
L 28 1 27 [ 28 L

35

40.
A-A

Fig.4.10 : Beam spans and section
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34.3 34.3
-24.2 N\ 259 259 A 242
| 051,67 | | A |
[ | | [ 1.67' |

| 192 2.88 | 235 235 | 2.88

Il 1l P Il
' 0.86116 "lo'se /
105

Fig.4.11 : Moment envelope of beam.

4.5.2 Design of beam (B,G10) :
span 1 and span2 :

Mumax =28.6 KN.m.

d =h- cover - dyimups — -2 = 350-40-10-6 = 294
_ Mn _ 3178 _
KN = " w0onzaz 092 Mpa.
D i 420 _ 06

m = = =
0.85+xfc  0.85%24

p:l<1 -1 _M> :L(l _\/1 _M> = 0.00224
m 420 20.6 420

Asreq=preq*b*d =0.00179*400* 294 = 263.42mm?

ChECk As min:

As min :O.ZS*%*bW*d = 0.25*V/24*400*294/420 =342.93 mm?
1.4

Asmin :E*bw*d =392 (control).

So; Asmin >>Asreq

Select 12
22— 3474
AQ12
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So, Select 4912

with A's=452.4 mm?
Check of strain :

T=C

As*fy =0.85*fc*a*b.
452.4*%420 =0.85*24*a*400

a=23.26

23.26
X == =222 =27 4 mm.
[0} 0.85

0.003 _0.003+£s

27.4 294

£5=0.029 >0.004
As < As max.
£5=0.029> 0.005
=09
Tension controlled. OK.
%+ Design of positive moment :
Span 2:
M, =10.5 KN.m

_ Mn _11.67+10°
bxd2 400%2942

Kn

=0.337 Mpa.

420
m=—_Y_= =20.6
0.85xfc  0.85%24

p:l<1 -1 _%) :L(l _\/1 _M) = 0.00081
m 420 20.6 420

Asreq=preq*b*d =0.00081*400* 294 = 95.25mm*

AS req< As min =392

Asreq =392 mm?  (control)
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Select @12

32 _ 346 ~4
AQP12

Select 4912

With As =452.4 mm?. (control)
Check strain :

T=C

As*fy =0.85*fc*a*b.

452.4*420 =0.85*24*a*400

a=23.26

_a _23.26

=27.4 mm.
[0] 0.85

X

0.003 _0.003+£s

27.4 294

£5=0.029 >0.004
As < As max.
£5=0.029> 0.005
=09
Tension controlled. OK.
Design of negative moment :

My =-34.3 KN.m

_ Mn _38.1x10°
Kn=———=
bxd2 400%2942

=1.12 Mpa.

m=—__=_%20 906

T0.85%fc  0.85%24

p=l<1_ 1_M)=L<1_\/1_w>=0.00274
m 420 20.6 420

Asreq=preq*b*d =0.00274*400*294=322.22mm?

A S min> As req
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Asreq =392 mm? (control)

Select @12

392 N
T 3.4~4

Select 4912

With As =452.4 mm?2.  (control)

Check strain :

T=C

As*f, =0.85*fc*a*b.
452.4*%420 =0.85*24*a*400

a=23.26

23.26
X == ==22° =37 4 mm.
@ 0.85

0.003 _0.003+£s

27.4 294

£5=0.029 >0.004
As < As max.
£5=0.029> 0.005
=09

Tension controlled. OK.
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¢+ Design of shear :

-42.5 s
-34.5 R
-27.8 =29,
/ e
[ I 4 I I /‘j
L’/ | I I l .
29. 0 27.8
35.7 4.5
425

Fig.4.12 : Shear envelope of beam.

BV =2 \[fib,d = 2224 X 400 x 294= T2 KN
at Vumax =34.5

case 2 :

0.5* gVe <Vy<oV

Vumax <0.5*% gV =36 KN

Minimum shear reinforcement is required.

Use @8 two legs with A, = 100.53 mm? .

Req.s = min. Of : 32lyt = 953 mm
16Avfyt -
il 275 mm.
S=253 mm

d 294
Smaxf; :T =147 mm.

< 600 mm.
Use P8 2 leg/ 10 cm .
AtV,=27.8 KN <0.5* gV, = 36 KN

Use Use @8 2 leg / 20 cm . ( Montage )
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4.6 Design Of Long Column (C 98 ) :

Fig 4.13 Position of column (C,98)

Column Column Dimensions fc' fy

Col. 98 50cm*30cm 28 Mpa 420Mpa
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C,98:

DI = 540.96
LI=129.65
Pu = 856.59

% In 0.5 m-Direction(about x axis)

kI—u<34—12m ............... ACI —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/L\: ~03h . For rectangular section

Lu=3.3-0.32=2.98 m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12ﬂ ............... ACIl —(10.12.2)
r M2

1x2.98
0.3x0.5

-.short Column in  0.5m:direction

=19.87<22

% In 0.3 m-Direction (about y axis)
Klu M1
—<34-12— ACI —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/,IA: ~0.3h

Lu=3.3-0.32=2.98 m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.
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m<34—12ﬂ ............... ACI —(10.12.2)
r M2

1x2.98
0.3x0.3

. long Coloumn in 0.3m:direction

=33.11> 22

E I
El =0.4 9, [ACI318-05 (Eg.10-15)]
1+ 4,

E, = 4700,/ fc' = 4700x /28 = 25135Mpa
*
_12DL _1.2*(54096) _ ¢ 4

Ps Pu 856.592
3 3
|g _ bxh _ 5%x0.3 — 0.001125n"
12 12
£y  04x23025x0001125_ . .o
1+0.76
2
P =”—E'2 ................ ACI 318 05(Eq. 10—13)
(KLu)
2
] _3147x5.89 X5'83 —7.06MN.
(1.0x2.98)
M1
Cm = O.6+O.4[mj ............ ACI318—05(Eq.10—16)

Cm=1.... According to ACI1318-05(10.10.6.4)
Cm

S =——pa— 210 AC1318—05(Eq. 10—12)
 0.75P,
14>5, = = =1.19-1
ST % T 856592
0.75x% 6500
€. =15+0.03xh =15+0.03x300 = 24mm = 0.024m
e=e, x5, =0.024x1.4 = 0.0288m
e_00288_
h 05

d = 500-40-10-(14/2) = 443

d=40 + 10 + (14/2) = 57
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y=0.75

From the interaction diagram in chart: p=0.01
Select the longitudinal bars:

As =p xAg =0.01 x500 * 300=1500 mm?

~use100 14 = A, = 1539.38 mm?

% Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:-

spacing<16xd, =16x1.4=22.4cm
spacing<48xd, =48x1.0=48cm
spacing<leastdim.=30cm

UseglO0@ 20 cm
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4.7 Design Of Stair 3 :

N
i g B
TR
115
AN
L 095 2.65 ) 1.36 )
Fig. 4.14 Stair 3
4.7.1 Determination of Thickness and load calculation :
«» Thickness of slab :
height =4.00 m
Rise =4.00/24 = 16.7 cm
height rise run LL fc' fy
4.0m 16.7 cm 24 cm 5 KN/m2 28 Mpa 420 Mpa

Minimum slab thickness for deflection is (for simply supported one way solid slab)
h,min =L/ 20

h,min=4.0/20=20cm
Use h=20cm.
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0 = tan™}(16.7 / 24) = 34.8°

h (cm)

20

34.8°

«+» Load Calculations :

Dead Load calculations of Flight :

0.02 % 22
Plaster = Cos 348 = 0.536 KN/m
0.20 = 25
concrete = 05348 6.09 KN/m

27
H.mortar = 2 0.02 *x 22 = 0.495 KN/m

V.mortar = Oﬁ 0.02 % 22 * 0.167 = 0.306 KN /m
stair = 0.5 % 0.167 x 1+ 25 =2.087 KN/m

H.Tile = 2Z 0.03 % 23 = 0.776 %X
24 m

1
V.Tile = 024 0.03 %23 % 0.167 = 048 KN/m

Total load (DL) = 10.77 KN/m
Live load (LL) = 5 KN/m?
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Dead Load calculations of Landing

material gama h(m) b(m) KN/m
Tiles 23 0.03 1 0.69
Mortar 22 0.02 1 0.44
Sand 16 0.07 1 1.12
RC 25 0.20 1 5
Plaster 22 0.02 1 0.44
Total load (DL)
Live load (LL) =5 KN/m?

Total Factored load : (W =1.2DL + 1.6LL)
For flight , W =1.2*%10.77+ 1.6*5 = 20.9 KN/m

For landing , W =1.2*7.7+ 1.6*5 = 17.24 KN/m

20.9 17.24
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4.7.2 Structural System of flight :

% Structural System Of Flight (F3) :

20.9 KN/m

N
()
=
ay
N
095 69 0.40
p p 7
7/ 7 7 7
Fig 4.15 Load of flight
Shear
-31.5
I T T
269 343

Fig 4.16 Shear envelope of flight
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Moments: spans 1t0 1

5.3 4.7

Fig 4.17 Moment envelope of flight

4.7.3 Design of flight :

% Design of shear :
Check for shear strength For Flight:
Assume @ 12 for main reinforcement:-
d=h-20-db/2 =200-20-12/2 =174 mm

Vu =34.3KN

_ 0.75*+/28*1000* 274
6

Ve =115.09KN /m

Vu=34.3 KN < 0.5* ¢Vc=57.54 KN.

—No shear reinforcement is required.

Thickness is adequate enough

db (mm) h(mm) d (mm) Vu (KN) #Vc (KN)

@12 200 174 34.3 115.09
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+«» Design of Flexure :
Mu max. = 37.9 KN.m
Mn =Mu /0.9 =37.9/0.9=42.11 KN.m/m

d=h-20-db/2=200-20-12/2 =174 mm

R = an
b-d
* 6
421170 aopp,
1000*1742
m =—fy
0.85x fc'
m = 4—20 =176
0.85x 28
1 2mR * *
p=—l1- p- M| _ 1 1_\/1_M — 0.0034
m f, 17.6 420
AS ., = 0.0034*100*17.4 = 5.94 cm?/m > AS_;\ = 3.6cm2/m--------- ok

As . =0.0018*b*h =0.0018*100*200= 3.6cm*/m

select @ 12 then,

37.9 17.6 1.39Mpa | 0.0034 5.94 3.6 200

Use ® 12 @ 15 cm , As = 7.5cm2/m
- Step ( s) is the smallest of :-

1. 3*h =3*200 =600 mm

2. 450 mm

3. 5380(%0)—2.5*&
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<380 * (222) - 2.5%20 =380 * (o) — 2.5 * 20 = 330mm
3y 3420
280) _ 30+ (280) = 300 % (2% )=
< 300 ( fs) 300 (gfy) 300 (2*420) 300 mm ... (control)

«» Check for strain:

Tension = Compression

A * fy =0.85* fc' *b*a
750*%420=0.85*28*1000*a
a=13.24mm
c=2 B2 _156mm
B, 085

174-15.6

g =——
15.6

g, =0.03>0.005—— 0k

*0.003

% Temperature & Shrinkage reinforcement:

As =0.0018xbx h = 0.0018x1000x 200 = 3.6cm?*/m

Shrinkage

Use @ 8 @ 12.5 cm , As prov = 4 cm2/m

Step ('s) is the smallest of :-

1.5%h =5*20 =100 cm

2. 450 mm — contro
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4.7.4 Design of landing (L1) :

WRA =27.41 KN/m WRB = 23.56 KN/m From Atir

Load For Landing = @ = 213—3566 =17.32 KN/m

«»+ Structural System Of Landing (L1A)

17.3 KN/m

17.24 KN/m

FA PN
70
// /l

Fig 4.18 Load of landing
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

6.6 6.6

1.35 315 1.35

Fig 4.19 Moment envelope of landing

Shear

-46.6
-35.9

35.9

46.6

Fig 4.19 Shear envelope of landing

Vu =359 KN
- Check for shear strength (L3):
Assume @ 12 for main reinforcement:-

d=h-20-db/2 =200-20-12/2 =174 mm

_ 0.75*+/28*1000*174
6

=115.09KN

@Ve
Vu=35.9 KN < 0.5* ¢vc =57.54 KN.
- Thickness is adequate enough
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- Calculate the maximum bending moment:
Mu = 31.5 KN.m

Mn =Mu/0.9=315/0.9=35 KN.m
d=h-20-db/2 =200-20-12/2 =174 mm

R = Mn
b-d?

35*10°

J= > =T =1.156MPa .
1000*174

.
0.85x fc'

420
0.85x 28

1 2mR *17.6%
p==l1— p- | 1 1_J1_Z_EZ§_££§§ - 0.0028
m f, | 176 420

As,., = 0.0028*1000*174 = 490 mm*/m

=176

As . =0.0018*b*h =0.0018*1000* 200 = 360mm?*/m ..... ok

Use ® 12@ 20 cm with As =565 mm?/m> As min= 360 mm?/m
- Step ( s) is the smallest of :-
1. 3*h = 3* 200 = 600 mm

2.450 mm

280

S380(;)—2.5*Cc

% (280N okon — ~, 280
<380 (gﬁ) 2.5% 20 =380 (;420

)—2.5*20=330mm

280 280 280

29Uy = * (299 *
< 300 (%) =300 (25,) 300 (5*420

) =300 mm (control)
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- Check for strain:

Tension = Compression

A * fy =0.85* fc' *b*a
565*420=0.85*28*1000*a
a=9.97mm
c=2 229719 73mm
B, 085
o 174-11.73
) 11.73

g, =0.04>0.005——0k

*0.003

Temperature & Shrinkage reinforcement:
AS g rinkage = 0-0018x b x h =0.0018x1000x 200 = 360mm? /m

Use @ 10 @ 15 cm, As prov =526 mm2/m
- Step ( s) is the smallest of :-
1. 5*h =5* 200 = 1000 mm

2. 450 mm — control
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4.8 Design of shear wall :

403

4.3

RN R T -~
146 234

31

Fig. 4.21 Moment and shear diagram of shear wall
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Fc = 28MPa

Fy = 420 MPa

Shear wall thickness, t=30 cm

shear wall width Lw = 3.1 m

Hw for one wall = 4.5 m ( story height)

4.8.1 Design of shear :

2Fx =Vu =234 KN.

¢+ Design of the Horizontal reinforcement:

The critical Section is the smaller of:

— =—"=1.55m...... control
2 2
hw _885_, rcy

2 2

storyheigh(Hw) = 4.5m
d =0.8xlw=0.8x3.1=2.48m

V. is the smallest of :

1 1
1—Vc=g*w/fc*b*d =g* 28 * 300 * 2480 = 656.1 KN .....controlled

B /fc*b*d+Nu*d_m*300*2480

2-Ve=Y"— L " . +0=9842KN
2 x N,
NI N b (VFe+ Th)| hxd
Vel T 1, |10
Vu 2
28 3.1 (V28+0)| 300 * 2480
_[¥28 31+ ( )|. = 1257.3KN
2 t e 31 10
234~ 2

O@*xVec=492 KN > Vu =234 KN
— No need of reinforcement

- Minimum shear reinforcement is required:
0.5*@*Vc = 246 KN.
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Vu <.5*@*Vc
Take p = 0.002 ,for both sides .
=0.001, for each side .
As req = 0.001*100*30 = 3cma/m each side .

- Maximum spacing is the least of :
1- 3*h = 3*30 = 90cm.

2-S=45cm ........ controlled.
Try 310 ,with As =79 cm? for two layers .

A 279

'D=h*s_300*s=0'002

S=26.3cm.
Select S =25 cm.
Select 10 @ 25cm , each layer .

4 -18-1-2: Design for Vertical reinforcement:-

=

=-—=29

hy 9
l, 3.1

pu=0.0025+0.5%(2.5 — ) (p, — 0.0025) > 0.0025

lw

Pv _ 075

S

Select 10 ,with As =0.79*2 =1.58 cm?.

1.58
—=0.75
s

S=210 mm = 21cm.

- Maximum spacing is the least of :
l-s = % =103 cm.

2-5s=3*h =90 cm.
3-s=45cm........... Controlled

Select @ 10 @200 mm In two layer.
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4.8.2 Design of bending moment ( uniformly distribution flexural reinforcement)

Mumax = 746 KN.m

3100
Ag = ( ) %2 % 78.5 = 1622.3 mm?

W=( st )f_z( 1622.3 )42():002617
L,h/) f." \3100 %300/ 28 '
B,
a= lhfc =0
C w+a 0.02617 + 0

L, 2w+0853 2+0. 02617 1085085 0338

oM, = @ IO.SAstfylW(l +—)(1 - —l
stfy
= 0.9[0.5 * 1622.3 * 420 x 3100(1 + 0)(1 — 0.0338)] = 918.38KN.m > Mu

Select @ 10 @200mm for vertical reinforcement .
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4.9 Design of basement wall :

4.9.1 load calculation :
Fc’=28 MPa, Fy=420 Mpa, ys=18 KN/m?, gall=300KN/m?, ¢p=30,

surcharge =5KN/m? , wall thickness =30 cm

SR 411111 ]S KN/m2
SN\ a | N
Q8]
o =
N ~r
(8D
SN J N
SR :

Fig. 4.22 Basement wall
K=1-sin¢p =1-sin30= 0.5

W,=Kxhx*y=0.5=%4.03%18 = 36.27 KN /m?
Wy, =K *P =0.5%5=25KN/m?
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4,03

Fig. 4.23 Load of Basement wall

From Atir we have moment and shear envelop :

Moments: spans 1to 1

2.22 68.3 1.81

Shear

-86.

Fig. 4.24 Shear and moment envelope of Basement wall
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4.9.2 Design of shear :

Max. Vu =62.9 KN
d=300-20-12/2 =274 mm

0.75
A %\/ﬁ xbhxd= T«/ﬁ + 1000 * 274 * 1073 = 181.2KN
dV. >Vu =629 KN

The thickness is enough

4.9.3 Design of bending moment :

Max. Mu = 68.3 KN.m
Mn=Mu/ @ =68.3/0.9=75.9
K = Mn

b-d?

* 6
K, = 1597107 =1.01IMPa .

" 1000* 2742
By
0.85x fc'
420
m =——=
0.85x 28

1 2mR * *
po s g @R |1 1_\/1_M _ 00025
m f, 17.65 420

As req = 0.0025*100*27.4=6.85 cm?/m

p = 0.0025 > pmin = 0.0012 ... ....0K

Check for spacing

3h=3*300=900mm

S=450

Use ® 14@ 20 cm , As prov = 7.7 cm?/m > 6.85 cm?/m
Design Of Compression Face :

Use ® 10@20 cm , As prov = 3.95

17.65

For horizontal bars use the half of the min. in each side
p = pmin=0.001

p = As/ac

As = p*100*30 = 3 cm?/m

Use ® 10@25 cm , As prov =3.16 cm?/m > 3 cm?/m
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%+ Check for strain:

Tension = Compression

A * fy =0.85* fc' *b*a
770*420=0.85*28*1000*a
a=13.6mm

&, = %;16*0.0032 0.047

g, =0.047 > 0.005—— 0k
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4.10 Design of isolated footing :

= g
|
/
g ]
J— 2225
IR = 1 = [ " )
o A0 "‘D\I\ | | &0
. =0 -
Ly
£oFr
[ | [ ]
10 85 &0 85 10
10 220 10
240
_B_
+2.60m
: T
o 2
S — v 7 A— S
O‘l
" 5 ’ g
{ s S P eSS Rt 20m
10 8 . 50 . 8 10
10 220 10
240 _

Fig. 4.25 Plan and section of isolated footing
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fc’ fy
28 Mpa 420 Mpa

«+ Load Calculation:-

- From column (84): (DL &LL):

* Service dead load (DL) = 926 KN

* Service live load (LL) = 415 KN

* Column dimensions =50 cm* 30 cm

* Allowable soil pressure = 300 KN/ m?2

DL(KN) LL(KN) | Column dimensions | all. soil pressure
926 415 (50*30) cm 300 KN/ m?

Calculating the weight of footing:

Weight of footing (assume Miooting = 50cm)

=0.5*25 = 12.5 KN/m?

Wfooting

- Required sizes of footing:
P, _ 926+415

Arequired = —= = 4.747 m2
Ot 300-5-(0.5*25)
V4.747 = 2.18m
Try 2.2*%2.2 ,Area = 4.84 m2
hfooting Wrooting O et Are(]UiFEd

50 cm 12.5 KN/m? 300 KN/m2 4.747 m?

Depth of footing and shear design:

Pu =1.2DL + 1.6LL = 1.2*926 + 1.6*415 = 1775.2 KN
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1775.2
qu = 17752 = 366.77 KN/m?
4.84
Try area Pu qu
2.2m*2.2m 1775.2 KN 366.77 KN/m?2

Determine the Depth of Footing Based on Shear Strength:-

Check for One Way Shear Strength

Vu=[1 8 g lequrn=| 222 _ql*36677%22
2 2 2 2

Vu=.85-d

Wc:%@*z.z*d*m%lsd

Let, #Vc =Vu
d =0.303m
h=303+50+20=373mm

Try: h =400 mm
d = 400-50-20 = 330 mm

) d (mm) h (mm) Try h(mm) Try d (mm)

0.75 303 373 400 330

for Two Way shear Action (Punching).

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

1 4 /.7
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We=917 [b /d ]de
#V. = 4. 2V1.b,d

Where :

Column Length (a
5. = gth () _50 _,
ColumnWidth (b) 30

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2 *(500+330)+ 2 * (300+330) = 2920 mm.

Vu = ((2.2*2.2) — ((0.5 +0.33) * (0.3 + 0.33)) *366.77 = 1583.4kN

os=40....... for interior column

e =g~ 2+ 2|t b,d =22 2+ij* 28*2920*330*10° =1400.66KN
127 B 12 1.67

*
AT 21y f. b d= 0 Dy ( 0 330+ 2)* 28*2920*330*10°° = 2078KN
12 b, /d 2920

AYA :¢.%\/ f, b,d :%* 28*2920*330*10°2 =1274.7KN — Control

Vu=1583.4 KN >®Vc=12747KN....ccceeveie. .. Not OK
2 b, () a, V. (KN)
1.67 2.92 40 1274.7
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Try h=500 mm. d=500-50-20 =430 mm

b, = 2*(500+430)+2*(300+430) = 3320mm

VU = ((2.2*2.2) — ((0.5+0.43) *(0.3+0.43)) *366.77 =1526.2KN
PV, = ¢_%w/ . b,d = %* 28+3320%430%10°° =18885KN .... Control

Vu=1526.2 KN < ®Vc =1888.5 KN

(Two Way Shear is OK)

h (mm) d (mm) b, (M) Vu (KN) ¢V (KN)
500 430 3.32 1526.2 1888.5

Design for Bending Moment of long direction :

h (mm) d (mm) b(m)
500 430 2.2

d =500-50-20 =430 mm
Mu =366.77 *2.2 * 0.85 * 0.85 /2 = 291.49KN.m
Design as a rectangular section:

m = fy _ 420
0.85* fc 0.85*28

_ Mu/g¢ _ 291.49*10°/0.9

=17.65

Kn = = = 0.796 Mpa
b*d?  2200%(430)° P
1 2mKn
p=—(1- |1- )
m fy
1
o L- \/1_ 2(17.65)(0.796) ) = 0,001
17.65 420
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Asreg= p * b *d =0.0019 (220) (43) = 18.24¢cm’
Asmin =0.0018*b*h == 0.0018 (220) (50) = 19.8¢m>... control

Take 1016 , Asprovided =20.1 cm2 > As required = 19.8 cm?

2200-50*2-10*16
S=
9
Step(S) is smallest of:
1. 3h =3*500 = 1500 mm

2. 450 mm - control
S =215 mm < Smax =450 mm — OK

=215 mm

291.49 17.65 | 0.796 0.0019 1824 1980 215

«+ Check strain :

Tension = Compression

A x fy=0.85x f.'xbxa
2010x420=0.85x28x2200xa

a=16.12mm

c=1012 1546
0.85

_ 430-18.96

& x0.003=0.065> 0.005...0k
18.96

2010 16.12 18.96 0.065
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Development length of flexural reinforcement :

Lgt for @ 16 :

1x1x0.8

x16 = 365.75mm

Ld:% fy axﬂx;/ db—g 420

X
A x4/ fc' [kt,+C] 10 1><\/2_8

db
Available length = ((2200-500)\2) - 50= 800mm

800mm > 366mm ............... ok

Use standard hook, a =25 cm

Design for Bending Moment of short direction.

h (mm) d (mm)

b(m)

500 430

2.2

d =500-50-20 = 430 mm
Mu =366.77 * 2.2 * 0.95 * 0.95 /2 = 364.11KN.m
Design as a rectangular section:

B fy _ 420

0.85* fc  0.85*28
Mu/¢ 364.11*10°/0.9
b*d? 2200%* (430)°
2mKn

=17.65

Kn = =0.995 Mpa

1
p="—(1- [1-500)

. 1 L- \/ 2(17.65)(0.995)):0_00242
17.65 420

Asreq= p * b *d = 0.00242 (220) (43) = 22.9¢cm? >Asmin = 19.8cm°

Asmin =0.0018*b*h == 0.0018 (220) (50) = 19.8¢cm*
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Take 1216 , Asprovided =24.12 cm? > As required = 22.9 cm?

=173.5mm

o= 2200-50*2-12*16
- 11
Step(S) is smallest of:

1. 3h = 3*500 = 1500 mm
2. 450 mm - control
S=173.4 mm < Smax = 450 mm — OK

364.11 17.65 | 0.995 0.00242 | 2290 1980 173.5

«+ Check strain

Tension = Compression

A x fy =0.85x f.’xbxa

2412x420=0.85x28x2200x a
a=19.35
c= % =22.8mm
5
 430-22.8

0.003=0.054>0.005
& 228 X > ... Ok

2412 19.35 22.8 0.054

Development length of flexural reinforcement :

Ld for ® 16:
Ldt:gx fy Xaxﬂxyx :gx 420 x1X1X0'8x16:366mm
10 Ax,/fe’ (kt,+cj 10 1x+28 25
db
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Available length = ((2200-300)\2) - 50=900mm
900mm > 366mm ............... ok

Use standard hook, a =25 cm

Load transfer at the column-foundation interface (Dowels design ):

In footing :

®Pnb = ©(0.85 fc'A, x \/%)

A1=0.5%0.3=0.15m?
A, =2.2%2.2=4.84 m?

\/%Z 489 _568<2....... Ao

®Pnb =0.65x(0.85x 28x0.15x 2) x1000=4641KN
®Pn=4641KN > Pu=17752KN.......... .ok

The Dowels are not needed for footing

As,min =0.005* Ac = 0.005 * 500 * 300 = 750 mm2

Use 8® 25, Asprovided = 3920 mm? > As required = 750 mm?

¢+ Lap splice between dowels and column :
Compression lap splice

Lsc=0.071 * fy * db > 300 mm
=746 mm > 300 mm

Select Lsc = 750 mm
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4.11 Design of strip footing :

Mesh@l0@20cm

3 ‘ // " 812@20cm

/ A -

Fig. 4.26 Strip footing

4.11.1 Determination of width :

From Etabs :

_121038

DL =201.8 KN/m

_5184
6

LL =86.4 KN/m

Qaliow =300 KN/m?

Fc =28 Mpa, fy =420, C=5cm.
Ysoil =18 KN/m?,

Tryh=30cm.

Qallow (net) = 300-25*.3 =292.5 KN/m2

Pn _ 201.8+86.4

= = 0.98 m?
danet 292.5

A=
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A =b*1
098=b*1 — b=0.98
Take b =1m.

4.11.2 Depth of footing and shear design :

Pu=1.2*Pp +1.6 *PL = 380.4 KN.

380.4

Qu=2= = 380.4 KN/m2.

A
% Design of one way shear :

Let Vy =DV,
OVe=z+[fexbxd==+V28%1000 +d = 881.9d
Vo= que (22— d) = 380.4%1* (- 22 - d)
881.9*d = 380.4*(0.5-0.15-d)

d =0.105m

assume C= 50 mm.

h=d+c+10 =165 mm.

select h =300 mm.

d =300-50 -10 = 240 mm.

V, =41.8 KN.

dV, =158 >V, =418 KN.

4.11.3 Design of flexure :

My = quit *1 * (0.35 *0.35/2)
=233 KN.m.
Mp = %= 25.9 KN.m

_ M, _ 1035
bxd?  1000%2402

K

= 0.45 Mpa
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420
m=—2_— = 17.6
0.85+fc  0.85%28

1 2mR *17.6%0.
p=tl1- f-Ma L 1_\/1_M ~0.0011
m f, ] 176 420

Asreq =p *h*d =2.64 Cm2/m .

As min = 0.0018 * b * h = 0.0018*100*30 = 5.4 cm?/m.
Asreq = Asmin=954 cm?/m.
The maximum step (s) :

1- S=3*h=3*30=90cm.
2- S=450mm=45cm....... Control

Select 12 ,with Asprov = 1.13 cm?

No. of bars = 4.8

s=1_-1_208

48

S|k

Use @12 @ 20 cm ..

®,

% Temperature & Shrinkage reinforcement:

Asmin = 0.0018 * b * h = 0.0018*100*30 = 5.4 cm?/m.
Use ®12 @ 20 cm , with As = 5.65 cm?/m > A min

«* Check for strain;

Tension = Compression

A * fy=0.85* fc' *b*a
565*420=0.85*28*1000*a
a=9.97mm
c =1=E=11.73mm
S, 0.85
o 240-11.73
? 11.73

&, =0.058> 0.005——>0k

*0.003
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4.12 Design of truss :

4.12.1 calculation of loads :

1. Dead Load :

- Surface layer of steel sheet with thickness of 0.6mm = 0.6*78.5/1000 = 0.0471 KN/m2
- Heat insulation layer of rock wool with thickness of 100mm = 0.1 KN/m2

- Sheet metal with thickness of 0.75mm = 0.078 KN/m2

- Additional for installation = 0.02 KN/m2

-D.L=0.0471+ 0.1+ 0.078+ 0.02 = 0.2451 KN/m2
2. Snow load :

S=h-400/400

=950-400/400= 1.375 KN/m2

e Qt=0.2451 +1.375 =1.621 KN/m2

Fig (4-27) Cross section of sheet metal
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Table (4-1) Sheet metal for 2&3 spans
From the table above the bearing load of sheet metal is 5.16 KN/m2
Qu=5.16 KN/m2>Qt=1.621 KN/m2 ...Ok

Note: the members are A36 (FY=36 ksi and Fu=58 ksi)

4.12.2 Purlins design :

DL =0.2451 KN/m?, LL =1.375 KN / m?
Qu = 1.5* (1.4*0.2451) = 0.55 KN/m2
Qu =1.5* (1.2*0.2451 +1.6*1.375) =

=0.48 + 3.52 =4 KN/m? ... Control.

D=0.48 KN/m

L=3.52 KN/m

XQ Ay Ay A ey Fa AN AN AX

Fig (4-28) Static system of purlins
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%+ Design of Moment : Max. Mu =6.9 KN.m

Moments: spans 1to 10
‘ /&% ‘ A?“ ‘ /&&5 ‘ A% /&% ‘ A% ‘ /&“35 ‘ A%
0.5 \ 0.85 \ 0.85' \ 0.85" | ogs‘ ‘ 0?4‘ o‘gs‘ 0.78!
||| |I| |I| |I| |I| i||| |I| |I| |I| \/'1'
3 3.6 34 3.4 3.4 3.4 34 34 36 3
105 |2 2|2 2|2 2|2 2|2 2|2 2|2 2|2 2|19 |
[ \195\ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ ioé

Fig (4-29) Moment envelope of purlins

Mu (max) = (6.9/4.448)*(1/25.4)*1000 = 61.1 Kkip.in

Mp > Mu

0.9%36*Zx=61.1 — Zx = 1.9 in®

Select HSS 3*2 1/2 *1/4

With : Zx=2.16 in*> 1.9 in® — b/t="7.73 , h/t=9.88
%+ Check Compact :

Ap=1.12 (E/Fy) =1.127 (28000/36) = 31.8

Ar=1.4\ (E/Fy) =1.4V (28000/36) = 39.73

b/t< Ap so Compact section

95




Chapter 4 Structural analysis and design

% Design of shear stress : Max. Vu=9.2 KN

g1 87-86 %g4 9lggs Olgs 9lgg Olgg 91gg Ol g, 9
s 49
': i i i i i : i i i :|
o 43
8.1
o, 83 g, 85,5 85, 85/ 85 850 84 ' &6 g7

Fig (4-30) Shear envelop of purlins
Vu=9.2/4.448 =2.1 kip
Vp=Vu

$dVn = 0.9%0.6*FY*d*tw > 2.1

=0.9%0.6*36*3*- *1 = 14.58 kip >2.1 Kip ... Ok

4.12.3 Truss design :

- Internals forces calculation:
Max support from purlins = 18.4 KN

Max support on the edge = 5.5 KN

L3

Top member T2

Dlagonal member {03
Vertical member (v
Eottom member ()

Fig (4-31) System of truss
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¢+ The truss consists of four types of member

1- The vertical member (V) :

NO. of member

Value of compression force

KN Kip
V1 125.1 28.1
V2 119.6 26.9
V3 101.2 22.75
V4 82.8 18.6
V5 64.4 14.48
V6 46.0 10.34
V7 27.6 6.2
V8 18.4 4.14

Table (4-2) Vertical member forces
2- The diagonal member (D) :
NO. of member Value of tension force

KN Kip
D1 180.8 40.65
D2 143.1 32.17
D3 117.1 26.33
D4 91.1 20.48
D5 65.1 14.64
D6 39.0 8.77
D7 13.0 2.92

Table (4-3) Diagonal member forces
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3- The top member (T) :

NO. of member Value of compression force

KN Kip
Tl 135.4 30.44
T2 236.4 53.14
T3 319.5 71.83
T4 383.9 86.3
T5 429.9 96.65
T6 457.5 102.85
T7 466.7 104.92

Table (4-4) Top member forces

4- The bottom member (B) :

NO. of member Value of tension force

KN Kip
Bl 0 0
B2 135.5 30.46
B3 236.7 53.21
B4 319.5 71.83
B5 383.9 86.3
B6 429.9 96.65
B7 457.5 102.85

Table (4-5) Bottom member forces
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% Design of tension member :
1. Bottom member Max. tension = 457.5 KN = 102.85 Kip
-Tensile yielding
Pu=0*FY*Ag
Ag=102.85/0.9%36 = 3.17 in?
Try W6*12 with Ag = 3.55 in?

® Pu=0*FY*Ag = 0.9 * 36 * 3.55 = 115.02 Kip > 102.85 Kip . . . OK

- Tensile rupture
®Pn = O*Fu*(Aefr) = @*Fu*(U * Ag), assume U =0.85
= 0.75*58*(0.85*3.55)
=131.3 Kip > 102.85 Kip...Ok

2. Diagonal member Max. tension = 180.8 KN = 40.65 Kip
- Tensile yielding

Pu=0*FY*Ag

Ag=40.65/0.9*36 = 1.25 in?

Try L2*2*3/8 with Ag = 1.36 in?

®Pn=dP*FY*Ag=0.9 * 36 * 1.36 =44.1 Kip > 40.65 Kip ... OK

- Tensile rupture
®Pn= O*Fu*(Aefr) = ®*Fu*(U * Ag) , assume U = 0.85
=0.75 * 58 *(0.85*1.36)
=50.3 Kip > 40.6 Kip...Ok

K/
L X4

Design of compression member :

1. Vertical member Max. compression = 125.1 KN = 28.1 Kip
Take section member L3*3*3/16
Section property: A=1.09 in?, rx =0.933 in, ry =0.933 in
L=15m=4.92ft=59.04in

- Flexural buckling:

Determine of the reduction factor for slender "Unstiffened element "

For single angle L3*3*1i6

=2=_2_=16
t 3/16

0.45 /i =045 |22%0_1277< 2
fy t

36
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’ E _ ,29000 _
0.91 v 0.91 e - 25.8

/ E b , E
0.45 E< o= 16 <0.91 7

Qs =1.34-0.428 =0.91
Q=Qs=091

L =4.92%12/0.933 = 63.3

rx

0< L =633 <80
rXx

M=72+075L
T X
Kl — 11946
T
4.71 / E —a71 / 29990 _ 140.14
Qxfy 0.91%36
KTI <140.14
2 2
Fe = T~ = "2222=20.06
(7)2 119.46

Qfy
Fcr=Q[0.658 re ]fy

0.91%36
= 0.91[0.65872006 ] *36 = 16.54
bPn= ¢* Fcr*Ag
=0.9*16.54 * 1.09 = 16.22 kips < 28.1 kips .... Not Ok

—Try L3*3*>
Section property: A=2.11in?, rx =0.91 in, ry =0.91 in
L=15m=492ft

Flexural buckling :
Determine of the reduction factor for slender "Unstiffened element ":
For single angle L3*3*§

_b_3 _
x_t_3/8 8

0.45 /i = 0.45 /290"0 =1277>2=38
fy 36 t
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Q=0Qs=1
é =4.92*12/0.91 = 64.88

0< L =64.88 <80
rXx

M=72+075L

T X

K—l = 120.66
4.71 /Q — =471 /290"0— 133.68 > 120.66
12 29000
kl2 T 120.662 =19.66

) Qfy
Fcr=Q[0.658 re ] fy
1*36
= 1% [0.65819.66 ] *36 = 16.73
bPn= ¢=* Fcr*Ag
=0.9 *16.73 * 2.11 =31.8 kips > 28.1 kips .... Ok

2. Top member Max. compression = 466.7 KN = 104.92 Kips

- Design of flexural buckling :

Assume % =75

4.71 \/E =471 /29"0" = 133.68
fy 36

KTI — 75 < 133.68

2 2
n“ E “ 29000
Fe= "5 =" 27 =5088
T

Fcr=Q][ 0.658%] fy

36
= 0.91[ 0.6585088 ] *36 = 26.77 kip
bPn= ¢* Fcr*Ag

104.92 .
= =4.35in?
0.9%26.77

L =4.92* 12 =59.04 in
K=1
Select W8*15, with Ag=4.44,r=0.876, kl/r =67.4, Fe = 63
Fcr=28.34
bPn= ¢* Fcr Ag =0.9*28.34* 4.44
=113.2 kip > 104.92 kip ... OK
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4.12.4 Design of weld :
- The calculations of weld based on the following:
1. Fillet Weld is used.
2. The plates are A36 (FY = 36 ksi, Fu = 58 ksi).
3. The plate thickness is (t = 1/2 in).
4. The electrodes having FEXX = 70 ksi.
5. The shielded metal arc welding (SMAW) is used.

First: Design of weld between the vertical member and the Gusset plate in the corner of
the truss :
The section of the vertical member is (L3*3*3/8)
Member property ... Ag=2.111in% YV=0.884 in

The value of Max. Compression in the vertical member is Vu= 28.1 kip.
Max. Weld size (a max) =t—1/16 =3/8 — 1/16 = 5/16 in
Min. weld size (a min) = 3/16 in
Use weld size (a) = 1/4 in

_ 28.1
Design strength of weld :

D Rnw=® *te * 0.6 * FExx
=0.75*(0.707 *1/4)* 0.6 * 70
= 5.57 kips/in

S bl =

F1

Fig: (4-32): Weld between vertical
member and gusset plate

e Design strength of base material :-

®Rn=0.6*t*fy=0.6*'%* 36 = 10.8 kip/in > 5.57 kip/in ... Ok
OR
@ Rn = 0.45 * t * fu = 0.45 * 14 * 58 = 13.05 kip/in > 5.57 kip/in .... Ok

F1=® Rnw * Lw1 ,Lwi =d=3in
=5.57*3=16.71 kip
cFy=0
MRF;=0
=28.1*(3-.884)+16.71*15-F,*3=0
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F, = 11.39 kip

B _ 1139 _ .
Lw, = ®Rnw 557 2.051n

Take Lwz =2.51in

CFy=0
28.1-16.71-11.39-F3=0
F; =0

Second: Design of weld between the diagonal member and the gusset plate:
- The section of the diagonal member is ( L2*2*3/8)
Member property ... Ag=1.36 in?, ¥=0.632 in
- For the vertical member use the same size and dimension of weld for the
previous vertical member.

— The value if Max. Tension in the diagonal member is Tu = 40.65 Kip.
Max weld size (amax) = 5/16 in

Min weld size (amin) = 3/16 in

Use weld size (a) =¥ in

&
- Q«
e Design strength of weld w
® Rnw =@ *te * 0.6 * FExx
=0.75*(0.707*1/4)* 0.6 * 70
= 5.57 kips/in
\be
& €

Fig : (4-33): Weld between diagonal
member and gusset plate

e Design strength of base material :-

®Rn=0.6*t*fy=0.6* % * 36 = 10.8 kip/in > 5.57 kip/in .... Ok
OR
@ Rn = 0.45 * t * fu = 0.45 * % * 58 = 13.05 kip/in > 5.57 kip/in .... Ok

F3=® Rnw * Lws ,Lws =d=2in
= 557*2=11.14kip

cFy=0

MRF1 =0
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=40.65*0.632-F2*d-F3*d/2=0
=40.65*0.632-F2*2 -11.14*1=0

F, = 7.275 Kip

LWZ:(Dgﬁ:%:LIS in
Take Lw2=1.51in

cFy=0

4065-F1 —F2 —F3=0

F1 = 22.235 kip

Lw, = Fi 22235 _ 4in

® Rnw 5.57

Check rupture:

L = (1.5+4)/2 = 2.75
U=1-x/L=1-0.632/2.75=0.77

D Pn=0.75*Fu * Ae

= 0.75 * 58 * (0.77*1.36)
—45.55kip >40.65kip ... Ok
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Third : Design of weld between the bottom
member and gusset plate
The section of the bottom is W6*12
Assume L=101n

Ru=./ [Rv + Ry]? * [Rh + Rx]?
Rv=Py/L=0
Rh = Px/L =28.1/10*2 = 1.405
kip/in
lp=2%*10°/12 = 166.67 in®
Rx = M*y/lp =0
Ry = M*x/Ip
= 28.1*4*(4/2)/166.67 = 1.35

Ru=,/ [0+ 1.35]2 * [1.405 + 0]2

=1.948 kip/in
Fig: (4-34): Weld between bottom
member and gusset plate
® Rnw =Ru
0.75* (0.707*a) *0.6 *70 = 1.948
a=0.087in

Selecta=1/8in=0.125in
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