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Abstract

Structural Design for Hebron Sport Center
Prepared by

Mohammad Barakat Al Qassrawi Mohammad AbdelKarem Sultan
Khaled lhsan Al Bakri Haytham Jamal Swaity

Supervisor

Eng. Khalil Karameh

The idea of this project are summarized in the structural design of the Athletic
building contain all the necessary services to all individuals and community
groups, young and old, male and female, and therefore it includes all activities for
them.

The project is a building consists of two floors and a basement of a total area of
15900 square meters, The importance of this project comes from the need of
Palestinian society, especially for the younger generations to the centers and sports
clubs working to attract young people and fill their free time, and build a healthy
and sporty society to change to reality Palestinian for the better, especially in light
of the lack of Palestinian society to such centers and clubs, despite of its
importance and its impact on young people socially, culturally and healthy.

It is worth mentioning that we were using the Jordanian code to determine the live
loads, and to determine the loads of earthquakes we used (UBC- 97), As for the
analysis of the structural and design sections have been using the American code
(ACI_318- 08), It must be pointed out that we were relying on some computer
programs such as: Autocad2007, Office2010, Atirll.5, and others.
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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.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinfocement

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.

IX



LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.

Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.

&= strain of compression steel.

p =ratio of steel area.
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Factored load.

4.3 Slabs thickness calculation

4.4 Load calculations.

4.5 Design of Topping.

4.6 Design of Rib (R1).

4.7 Design of beam (B 55).

4.8 Design of Truss
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4 .1 Introduction:-

Concrete is the only major building material that can be delivered to the job site in a plastic
state. This unique quality makes concrete desirable as a building material because it can be
molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete structure
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is
embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond forms
between the steel and the concrete, and stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are two types of slabs : One way ribbed slab and Two way ribbed
slab. They would be analyzed and designed by using finite element method of design, with
aid of a computer program called "ATIR- Software " to find the internal forces, deflections
and moments for ribbed slabs and by using the previous program and Etabs,Safe,And
programs to find the internal forces, deflections and moments for both types of slabs, and
then handle calculation would be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its cross
— sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength
calculated in accordance with the requirements and assumptions of ACI-318-08 code.

NOTE:
fc'= 24N / mm?(MPa)
fy = 420N / mm?(MPa)

4 .2 Factored loads:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:

qu=1.2D.L+1.6L.L.

33



4.3 Slabs thickness calculation:

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of non prestressed beams or one
way slabs unless deflections are computed as follow:

The maximum span length for simply supported (for ribs):
hmin for one end continuous Rib = L/18.5
=565/18.5 = 30.5 cm
hmin for two end continuous solid = L/28
= 800/28=28.6 cm
Select Slab thickness h=32cm with block 24 cm & Topping 8 cm

4.4 Load calculations:

The calculation of the total dead load for the topping is shown below:

Loads for 1m strip:

Parts Density Thickness Calculation
Topping 25 8 25*0.08*1=2 KN/m.

Sand 16 7 16*0.07*1 = 1.12 KN/m.
Mortar 22 2 22*0.02*1 = 0.44 KN/m.

Tiles 23 3 23*0.03*1 = 0.69 KN/m
Partition - - 1.5*1 =15 KN/m.

Dead Load =5.75 KN/m?.
Live Load =5 *1 =5 KN/m?2.
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4.5 Design of Topping:

Wu=12DL+16LL
=1.2*575+1.6*5=14.9 KN/m?. (Total Factored Load)

W, x> 14.9+0.47
12 12
=0.199 KN.m

M, =

M, = f,*S
2 «0.082
= 0.42 [fo* 2o = 0.42 V24« =2« 10° = 2194.55 KN.m
@M, = 0.55 + 2194.55 = 1207 KN.m
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@M, = 1207 KN.m » M, = 0.199 KN.m

l 4
Vu=Wu*E= 14—.9*0.E=2.98KN

1
([)*Vc=0.75*5*\/24*1000*80:49 > 2.98

~No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided to prevent cracks.

For the shrinkage and temperature reinforcement :-
p=20.0018

A;= p*bxh=0.0018 « 1000 80 = 144 mm?.

#0f @8 =23rea = 1% _ 5 g8, Spacing(S) = — = 0.347m = 347 mm.

Apar 50 2.88
280 280
<380 (F) -25*C. < 380 (F)
=380 * (222) _2.5% 20 <380 * (222)
3y 3y
_ % 280 * 30 < %, 280
380 (g* 220 )—2.5%20<380 (g* 220 )
=330 mm. <380mm.
<3*h=3*80=240 mm........... controlled.

<450 mm.

~Use @8 @ 20 Cm with As=2.5 cm?2 >1.44 cm? C/C in both directions.
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4.6 :Design of Rib (R1):

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

Section :-
b =12cm bg=52 cm
h =32cmT;=8 cm

Figure (4-1): Rib geometry.

Load Calculations:

Parts of Rib Density Thickness Calculation

Toppings 25 8 25*0.08*0.52 = 1.04 KN/m.
Rib 25 12*24 25*0.12*%0.24 = 0.72 KN/m.
Sand 16 7 16*0.07*0.52 = 0.583 KN/m.
Mortar 22 2 22*0.02*0.52 = 0.229 KN/m.
Tile 23 3 23*0.03*0.52 = 0.359 KN/m.
Plaster 22 2 22*0.02*0.52 = 0.229 KN/m.
Block 15 40*24 15*0.4*%0.24 =1.44 KN/m.
partition - - 1.5*0.52 =0.78 KN/m.
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Total Dead Load =5.38 KN/m.

Total Live Load =5*0.52 = 2.6 KN/m.
Factored load:

Pu=1.2*5.38 + 1.6 * 2.6= 10.62

Three moment equation for Rib:

ML * L—l+ 2MB (LL LR) + MR * LR
IL IL " IR IR
3 LR? 3 LL3
=—(ZPL* ) (KL—KL®) ~ PR+~ (KR—KR®) -~ Wi+
WR LR3
41R
ML=MR=0
PL=PR=0
IL=IR=1

3 Load Cases:

1- Dead+live on the two spans.

2- Dead on the two spans + Live on span 1.
3- Dead on the two spans + Live on span 2.

5.65 10.62+5.653  10.62+43

1- 2MB (22 4+ 2)=-
IR 4IL 4IR
MB=33.6 KN.m.
M @ B=0
Ay * 5.65 + 33.6 — 4.16 * 25> 646*565 =0

Ay * 5.65 + 33.6 — 66.4 — 103.1 = 0
Ay= 24 KN.

Y M @ B=0

By*4 + 33.6 — 16%42/2 — 6.46*4%/2 =0
Cy=12.85 KN.

By=65.6 KN.
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565 4 . 6.46+5.655 10.62x43
2- 2MB (T+E)_ T 4L 4R
MB=23.9 KN.m.
Y M @ B=0
2
Ay *5.65+239-6.4%22=0
Ay=14 KN.
Y M @ B=0
Cy*4+239-1062*% =0
Cy=15.3 KN.
By=49.68 KN.
565 4 _ 10.62+5.65° 6.46%43
3 ZMB(T+E)__ 4L 4R
MB=30.2 KN.m
Y M @ B=0
2
Ay *5.65+302-1062*22-=0
Ay=24.66 KN.
Y M @ B=0
2
Cy*4+30.2-6.46*2=0
Cy=5.4 KN.
By=55.8 KN.
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4.6.1 Design of flexure:-

Calculation of Shear:
D=320-20-10-20/2=280 cm

Shear Envelope:

Figure (4-2) : Shear Envelope
Calculate Critical Shear at Distance d from face of support.
Edge Beam : 30 cm+ 28 cm=58 cm.
Center Beam: 40 cm+28 cm=68 cm.
AtA:
Vu=Ay-Wu*Distance from center of support
Vu=24.66-10.62*0.58=18.5 KN.
At B left:
Vu=35.9 -10.62*0.68=28.67 KN.
At B Right:
Vu=29.6-10.62*0.68=22.38 KN.
AtC:
Vu=15.3-10.62*0.68=8.08 KN.
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Calculation of moments:

Positive Moment span 1:

24.66 _ 60

= Tes X=2.32m

Zero Shear at
> M at 2.32 m— Ay*X- Wu*X?/2

2
=24.66%2.32 — 10.62 * % = 28.63 KN.m

Positive Moment span 2:
Zero Shear at 1573 = % x=1.34m
> M at 1.34 m— Cy*X- Wu X?/2
=15.3*134 - 10.62 * 22 = 10.97 KN.m

Negative Moment at Face of Support B:
=Cy*(4-0.4)- Wu*(4-0.4)%/2
=12.85*3.6 — 10.62 *3.6%/2= -22.6 KN.m

4.6.1.1 Design of negative moment of rib (Rib1):
Maximum negative moment Mu® =22.6 KN.m.

Assume bar diameter @ 20 for main negative reinforcement.

d = depth - cover — (diameter of bar/ 2)
20
=320-20-10 -5 = 280 mm.

M, = Mu /$ =22.6/ 0.9(assume) = 25.1 KN.m

f 420
=—2_= =20.6
0.85f.  0.85+24

_ M, _ 251x10°
n pwsd? 120+ (280)2

1 2xKp*
p=—(1- /1—Tm)

=2.66 MPa
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-1 (1 — 1= M): 0.0068
20.6 \/ 420

—As=p * bw *d = 0.0068 * 120 *280 = 228.5 mm?.

fe 14
gyt hwrd 2T ebyrd (ACI-10.5.1)

V22
T 44420

ASpin =

14
* 120« 280 = 20 120 + 280

=98 mm?< 112 mm? ............. Larger value is control.

—Asmin = 112 mMmM?<Asreq = 228.5 mm?,
- As = 2285 mm?,
2 @ 14 = 308 mmM?>Asreq = 228.5 mm?. OK.

~ Use 2 @14

— Check for strain: -(e. > 0.005)

Tension = Compression
As*fy=085*f.*b*a
308*420=0.85*24*120* a
a=52.84 mm.

fe =24 MPa< 28 MPa— B, = 0.85.

a _ 5284 _
X = 5. 0ms 62.16 mm

g, = X% 0,003

= 2220222 % 0,003 = 0.011 > 0.005::¢ =0.9 OK
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4.6.1.2 Design of positive moment of rib (RIB 1):
For positive moment Mu ® = 28.63 KN.m

Assume bar diameter@ 20 for main positive reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=320-20-10 -?: 280 mm.

bE < Distance center to center between ribs = 520 mm...........

< Span/4 = 5650/4 = 1412.5 mm.
< (16* tr) + bw= (16* 80) +120 =1400 mm.

—bE= 520 mm.

Assume a=hf

— My = 0.85 f, + by + ty + (d — L)

= 0.85 + 24 + 520 + 80 « (280 — =) = 203.67 KN.m
dMnt = 0.9 * 203.67 = 183.3KN.m

—dMnf =183.3 KN.m >> My*= 28.63 KN.m.

Design as rectangular section with b = bE = 520 mm

M, = Mu /$ =28.63/ 0.9((assume)= 31.8 KN.m

K. = M, _ 31.8+10°
n pxd?2 520+ (280)2

1 2K+
p=—(1- /1—Tm)

-1 (1 — 1= M): 0.00189
20.6 420

=0.78MPa

—As=p * bE *d = 0.00189 * 520 *280 = 275.18mm?.

shy,*d > 2xb,xd ... (ACI-10.5.1)

Controlled.



V24 1.4
= 120 280 > =20 120 « 280

= 98 mMm?< 7112mm? ............. Larger value is control.
—Asmin = 112 mm?<Asreq = 2 75.18mm?,

* ASreq = 275.18mm?,
2@ 14 =308mm?> Asreq = 263mm?. OK.

~ Use 20014

— Check for strain: -(e. > 0.005)

Tension = Compression
As*fy=085*f.*bE*a
308*420=0.85*24*520*a

a=12.2 mm.

fe =24 MPa <28 MPa— B, = 0.85.
a _122 _

x—E—0.85—14.4mm.

g, = X% 0,003

_ 280-14.4

™ *0.003 = 0.055> 0.005-.¢ =0.9 OK

For positive moment Mu® =11 KN.m

Assume bar diameter @ 20 for main positive reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=320-20-10 —22—": 280 mm.

M,, = Mu /¢ =11/ 0.9(assume) = 12.2 KN.m

K. = M, _ 12.2x10°
7 pid2 520+ (280)2

1 2xKp*
p=ta- |1- )

=0.3MPa
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— L (1 _ 1-— 2*0.3*20.6)2 0.00072
20.6 \l 420

—As = p * bE *d = 0.00072 * 520 *280 = 105mm?.

fe
ASmin = 75 * burd 2 ;—:* by *d oo (ACI-10.5.1)
_ vz

1.4
= 120 280 > =20 120 « 280

=98 mm?> 112 mm? ............. Larger value is control.

—Asmin = 112 mm?>Asreq = 105mm?,

ASreq =112mm?2.
27 10=157 mm?> Asreq = 112 mm?. OK.
- Use 2010

4.6.2Design of shear of rib (R1):

1) Vu = 28.7KN. (at distance d=280 mm from the face of support)

Cl)Vc:Cl)*E*bw*d

6

24

=0.75* —* 120 * 280 =20.5 KN.

»[3]

1.1 d Vc=1.1*20.5=22.6 KN.

. 1 \/E* oy 1 28 oo
Min ¢Vs > 0.75*;* f_yt bw*d ==* 3o 120*280=18.38
L by g 21,120 000
> 0.75% 3* f_yt xd = 3* 370 *280=20...cc00eereeeeene Control
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—Check for cases:-
Ve

1- Case 1 :Vu sq’z

28.7< Z22=11.3.......Not satisfy

2- Case 2 :¢:“< Vi< Ve

11.3<28.7 < 22.6......... Not Satisfy
3- Case 3: Vu> ¢ Ve+ min ¢*Vs
28.7 < 22.6+20=42.6 ............. Satisfy

~Case (3) is satisfied — minimum shear reinforcement is required.

Sreq=Av*fy*d/Vs
Try @10 two legs
Av=2*1*102/4=157 mm?
S=157*420*280/26.66=692.5 mm
<280/2=140 mm
<600 mm
Use @10 two leg/10 cm.
4.7 Design of Beam (B 55):

Material :-

Concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
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Section :-
B =60 cm, h =32 cm

The load acts on the beam from one way ribbed slab as shown below:

Figure (4-3) : load on beam from slab

3 Moment equation for Rib to calculate the dead + live reaction separated:

ML Ll+2MB (LL+LR)+MR L
* — — 4+ — * —
IL IL IR

ZPL LL® KL — KL3 PR LR® KR — KR3) — W1 LL?
= - * — —_ * — — *
( IL)( ) — X IR ( ) 2L
WR LR3
— *
41R
ML=MR=0
PL=PR=0
IL=IR=1
4 Cases:

1-Dead along the Rib.
2-live along the rib.
3-Live only at span 1
4-Live only at span 2
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* 3 43
LZMB(565+4): _646+5.65° 6.46+4

4 4
Mb=20.5 KN.m

Y M @ B=0

Ay*5.65+20.5-6.64*5.652/2= Ay=14.62 KN.

Y M @ B=0

Cy*4+20.5-6.46%4%/2 Cy=7.8 KN
By=39.9

4.16+5.653  4.16%43

2:2MB (5.65 +4) = - = ;

MB=13.2 KN.m

Y M @ B=0

Ay*5.65+13.2-4.16%5.65%/2 Ay=9.42 KN.

Y M @ B=0
Cy*4+13.24.16%4%2 Cy=5 KN
By=25.7 KN

4.16+5.653
4

3-2MB (5.65+4 )= -
MB=9.7 KN.m

Y M @ B=0
Ay*5.65+9.7-4.16%5.652/2 Ay=10 KN.

Y M @ B+=0

Cy*4+9.7 Cy=-2.43 KN
By=15.9KN

4.16+43

4-2MB (5.65+4)= - ==

MB=3.45 KN.m

YM @ C=0
Ay*5.65+3.45 Ay= - 0.61 KN.
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M@ A=0

Cy*4+3.45-4.16*4%/2 Cy=7.5 KN
By=9.75 KN
Reaction on Beam From Rib:

Dead=14.62/0.52=28.11 KN/m.
Live=10/0.52=19.23 KN/m.

The tributary load area beam from ribbed slab as shown above .In addition to factored
load acting on the beam from the ribbed slab, the own weight of the beam must be added.

Load calculation for the beam:
Weight of the beam =05*0.6 * 0.32 * 25 = 2.4 KN/m

The width of the beam for the floor materials and live load on the beam willbe smaller
because of the thickness of the exterior wall (0.5-0.25=0.25m)

Weight of RC wall= 0.3 x 4.38 x 25 = 32.85 KN/m

Total Dead Load=28.11+2.4+32.85=63.36 KN/m
Total Live Load=19.23 KN/m

Three Moment Equation For Beam:

Ll LL LR LR
ML*E+2MB<E+E) +MR x5
= —(Z PL « LLZ) (KL — KL3) — YPR * LR (KR — KR3) — W1« LL*
IL IR 41L
LR3
~WR*ZIR
ML=MR=0
PL=PR=0
IL=IR=1
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3 Load Cases:

1- Dead+live on the two spans.

2- Dead on the two spans + Live on span 1.
3- Dead on the two spans + Live on span 2.

82.6+4.523 82.6%5.153

1- 2MB (4.52 +5.15) = : :

MB=244.4 KN.m
SM@B=0

* 2
Ay*4.52 +244.4 - &2 -

> 0

Ay=132.6 KN.
Y M @ B=0

* 2
Cy*5.15+ 244.4 — 228315

2

0

Cy=165.2KN
By=501KN

82.6+4.523  63.36%5.153

2- 2MB(4.52+5.15)= - —— -

MB=210.5 KN.m
> M @ B=0

* 2
Ay*4.52 +210.5 - 22022 =

> 0

Ay= 140.1KN.
> M @ B=0

Cy*5.15 + 2105 — 836515 _

> 0

Cy=122.3 KN.
By=437.3 KN.
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63.36%4.523  82.6%5.153
4 4

3-2MB (4.52+5.15) = -

MB=221.5 KN.m
Y M @ B=0

63.36%4.52% _

Ay*4.52 + 2215 - =2

0

Ay=94.2 KN
Y M @ B=0

82.6%5.15% _

> 0

Cy*5.15 + 221.5 —

Cy=169.7 KN
By=447.9 KN

Figure (4-4) : Beam Geometry
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loads - Factored

Figure (4-5) : Load of Beam

Moments: spans 1to 2

-244.4
197.9 , -194,

1.551.29"

Figure (4-6) :Moment Envelope for Beam
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Shear

Figure (4-7) : Shear Envelope for Beam

Critical Vu at distance d from face of support:
D=320-40-10-20/2=26 cm

AtA:

Distance from center of support= 20 +26=46 cm
Vu=140.1- 82.6*0.46=102.1 KN

At B Left :
Vu=240.7-82.6*0.46=202.7 KN
At B Right:
Vu=260.1-82.6*0.46=222.1 KN
AtC:
Vu=169.7-82.6*0.46=131.7 KN
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Calculation Of Moment:

Positive Moment of span 1:
Zero Shear at

x _ 1401
452 3734

3> M at x = Ay*X-Wu*X?/2
=140.1*%1.7-82.6%1.7%/2=118 KN.m

Positive Moment of Span 2:
Zero Shear at

x _ 1697
515 4254

> M at x = Ay*X-Wu*X?/2
=169.7%2.06-82.6%2.06%/2=174.3 KN.m

Negative Moment at Face Of Support B:

Zero Shear at

Distance=4.52-0.2=4.32 m

Y M at face = Ay*distance-Wu*distance?/2
=132.6%4.32-82.6%4.32%/2= - 197.9 KN.m

x=1.7m

X=2.06 m

4.7.1 Design of flexure:-

4.7.1.1 Design of maximum negative moment:-
—Mumax = 197.9 KN.m.

Assume bar diameter@ 20 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 320 - 40— 10 ~>= 260 mm
Xmax=2*d = 2% 260 = 111.4 mm.

f.. =24 MPa < 28 MPa—f1 = 0.85
dmax = ﬁl* Xmax =0.85*111.4=94.7 mm.
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M, max = 0.85 * f;*b*a*(d-g)

0.0947

=0.85*24*0.6 *0.0947 * (0.26 - >

) * 103 = 2465 KN.m .

es=0.004
¢$=0.65+ 250 *(0.004-0.002) = 0.816
3

—PMnmax = 0.82 * 246.5 = 202.13 KN.m .
—dpMnmax = 202.13 KN.m> Mu =197.9 KN.m .
~.Design as Singly reinforced concrete section
Design of Negative Moment:

M, =Mu/p=197.9/0.9 = 219.9KN.m.

420
Iy - =20.6
0.85f.  0.85+24

m-=

K. = M, _ 21991073
n pxd?2  0.6% (0.26)2

1 2xKp*
p=—(1- /1—Tm)

- L(l _ \/1 _ M): 0.0153

= 5.42MPa.

420

—As = p * by *d = 0.0153 * 600 *260 = 2386.8mm?.

ASmin = 75+ burd 2 Febyed .. (ACI-10.5.1)
=21, 600260 > 1% 600 260

4420 420
= 455mm?<520mm? ............. Larger value is control.

—Asmin = 520Mm?<ASreq = 2386.8mm?,

. As = 2386.8mm?.

ASyeq _ 2386.8
Aper 314

=~ Use 86320

#0f@ 20 = =7.6— # of bars = 8 bars.
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— As =8 * 316 = 2528 mm?>Asreq = 2386.8mm? .
— Check for strain:- (g, = 0.005)

Tension = Compression

As*fy =085*f.*b*a

2528* 420 =0.85* 24 * 600 * a

a=286.75mm.

fe=24 MPa <28 MPa—B1=0.85

a _ 8675
X=—=——-

=3 085 102mm.

1
—-X
g, =—*0.003
X
_ 260-102

irean 0.003 = 0.0046> 0.004 -¢ =0.9 OK.

~ Use 80320

4.7.1.2 Design of positive moment:-

1) For positive_ moment Mu ™ = 174.3m
Assume bar diameter @ 20 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

= 320—40—10_§= 260mm
—dMnmax = 202.13 KN.m> Mu = 174.3 KN.m .

~.Design as Singly reinforced concrete section.

Mn =Mu /p =174.3/ 0.9 =193.7KN.m .

f 420
= =20.6
0.85f.  0.85+24

m-=

M 193.7+10°
Kn —_ n __

= hed? ~ 600- 260 4.77TMPa.
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1 2K,
p=—(1- /1—Tm)

_ 1 _ _ 2+4.77+206 | _
—m(l 1 0 )0.0131.

—As = p * bw *d = 0.0131 * 600 *260 = 2043.6mm?>,

1l
ASpn = Jr b,+*d = 2xb,*d .oo....... (ACI-10.5.1)

iy 1

_ V24
T 4x420

+600 * 260 > -2+ 600 % 260
420

=455 mm?< 520 mm?............. Larger value is control.

— Asmin = 520 mm2<ASreq = 2043.6 mm?,

. As = 2043.6mm?.

ASyeq _ 2043.6
Apar 31415

#0f @20 = =6.5— # of bars = 7 bars.

. Use 7020

— As =7 * 314.15 = 2199 mm?>Asreq = 2043.6mm? .
— Check for strain:- (g, > 0.005)

Tension = Compression

As*fy =085* f.*b*a

2199 *420=0.85*24 * 600 * a

a=755mm.

fe=24 MPa <28 MPa—B1=0.85
_ 755

x =%_E:88'8 mm.

g, =2*0.003

- % *0.003 = 0.0058> 0.005 -~ =0.9 OK.
- Use 7020
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2) For positive_moment Mu®) =118 KN.m

Assume bar diameter @ 20 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 320 - 40 - 10 - 2> = 260mm

Mn =Mu/d =118/0.9 =131.1KN.m .

_ fy _ 420 _
m=oss fl 0.85+24 20.6

K. = M, _ 131.1x10°
n pxd?2 600+ (260)2

1 2xKp*
p=—(1- /1—Tm)

1 2+3.23+20.6 \ _

= 3.23MPa.

—As = p * bw *d = 0.00842 * 600 *260 = 1313.5mm?,

shy,*d > 2ub,xd ... (ACI-10.5.1)

_ V24
T 4+420

=455 mm?< 520 mm?............. Larger value is control.

+600 %260 > ~* 4600 * 260
420

—Asmin = 520Mmm>?<Asreq = 1313.5 mm?2.

& As = 1313.5mm2.

ASyeq _ 13135

Apar 31415 =4.2— # of bars = 5 bars.

#0f@20=

-~ Use 5@20
— As =5 * 314.15 = 1570.8 mm>*>Asreq = 1313.5mm?.
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4.7.2 Design of shear:-
1)Max Vu = 222KN .

(*b *d

dVe=¢ *-—

= 0.75* g 600* 260 = 95.53KN.

— Check For dimensions:-

oVe + ( g*cl)*\/ﬂ *bw *d) =95.53+( %*0.75*@ *0.60 *0.26 * 10°)
= 95.53+ 382.12=477.6KN > Vu = 222KN.

- Dimension is big enough.

1- Casel: Vu< %,

222< 95.53

=47.7.......Not satisfy.

2- Case 2 :%< Vu< Ve
47.7<222< 95.53....... Not satisfy.

3-Case3:p V< Vu £ P Ve + VS min

& Vsmin > -=\/fe* bu*d =224 *0.60 *0.26 * 10° = 35.8KN
> Lxpy*d= 222060 *0.26 * 10° = 39KN.....Control.
~PVS min = 39KN.

&Ve + GVS min = 95,53+ 39= 134.53KN.
dVe< Vu < oVe + PVSmin
95.53<222<134.53.......... Not satisfy.

4-Case 4 :opVc + ¢VSmin< Vu < ¢V + (; *\/ﬁ *bw*d)
95.53 + 39< 222 <95.53 + (? *\24 *0.60 * 0.26 *10%)

134.53< 222 < 286.6 ............. Satisfy.
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Minimum shear reinforcement is required.
Vs.min =39 KN

Try @10(2 Legs) =2 * 78.5 =157 mm? .

2785107 _ 39 x 1073

= — s = 0.44 m......... control
S (420 +0.26)
Smax < 2 = 260 =130 mm.
2 2
<600 mm.

= Use @10 @ 10Cm 2L egs.

4-8 Design Of Truss:

Span Length=40 m.

We have 10 cm Concrete Slab (Lightweight Concrete).
Calculation Of Loads:

Dead=0.1 *25=2.5 KN/M?*

Live=Snow.

Our region in this range h=1000.

1500>h>500........ Jordanian Code.

h 100 _ 1000 100 _ 1.5KN /M2
400 400 /

loads on Joints:

we assume that spacing between members is 1m.
Dead=2.5*40*40=4000 KN.
Snow=1.5*40*40=2400 KN.

Internal Joints:

D=4000/40=100 KN.

S=2400/40=60 KN.

Pu=1.2*100 + 1.6*30=216 KN.
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External Joints:

D=4000/2(40)=50 KN

$=2400/2(40)=30 KN.

Pu=1.2*50 + 1.6*30=108 KN.

Then we Apply this on Sap2000.

Using Wide Flange Sections for main Members.
Hollow Steel Section for Bracing Members.

Wide Flange Sections for purlins.

We have This Results:

Figure (4-8) : Truss Geometry

1=L5*5*3/4
2=W14*48
3=W14*48
4=15*5*3/4
Purlins=HSS 3*2 %, * 1/8
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