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Abstract

Arab Evangelical School

Work Team

Yazan Dweik LOai N. Tanineh Abdulmajeed Zaro

Palestine Polytechnic University - 2013

Supervisor

Sufian Al-turk

The project is an "Arab Evangelical school™ The project is located in the town of Beit
Sahour, east of Bethlehem, the project consists of five floors and an area of Project 8673 m?.

The project contains several sections, containing sports and entertainment hall for
students and swimming pool. And also is available in the building a special section for
kindergarten and the mechanical part of the building, and also fire service department.

We will work to find a structural system of the building, to carry out the design for it,
based on the international standards, using the ACI Code and the German code, and Jordanian

code.
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Terms used & Observation:

fc': Concrete strength.

Fv: yield stress of steel.

b: width of section.

c: depth of rectangular compressive stress block.
d: effective depth , measured from the extreme compression fibers to centroid
of steel area.

h: total depth.

As: area of the tension steel

T: resultant tension force in steel.

Mn: nominal moment strength of the section.

p . Ratio of reinforcement.

¢, . Strain at tension steel.

@ for flexure = 0.9.

@ for share = 0.75.

@ for compression = 0.65.

Vu : factored shear force.

Vn: nominal shear strength.

Vc: nominal shear strength provided by concrete.
Vs: nominal shear strength provided by stirrups.
I: moment of inertia of the section.

E: modules of elasticity.

klu - Slenderness ratio.
r

Cq: pressure coefficient.
v: unit weight of soil.
Qall: allowable pressure Bering soil pressure.

Xl
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4 Structural Analysis & Design

4-1 Introduction.

4 -2 Design One Way ribbed slab (R27).
4 -3 Design Beam (B94).

4 -4 Design Two Way ribbed slab (TWS5).
4 -5 Design One Way solid slab (Ramp).
4 -6 Design of Stair.

4-7 Design of Column (C192).

4-8 Design of Truss Column.

4-9 Design of Foundation.

4-10 Design of Truss.

4-11 Design of Share Wall (SW16).
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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 three types of slabs: one way ribbed slab, one way solid 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 "STAAD PRO 2006", Etabs, and
Safe programs to find the internal forces, deflections and moments for One way solid slab, and then
handle calculation would be made to find the required steel for all members.

The design strength provided by a member, it is 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- code.

NOTE:
" pB3po fcu=30N / mm?(MPa) For (150 —-mm) cube section , for cylinder section

(fc'=30*0.8=24MPa).
®  The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}

35
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4 — 2: Design One Way Rib (27):
W, =1.2DL + 1.6L ACI—318-08(9.2.1)

= Slabs Thickness calculation:
The overall depth must satisfy ACI Table (9.5.a):
For (Rib 27), as shown in fig.

LI L L JEFE
A A A A

0.6 6.41 0.6 6.51 0.6 6.5 0.6 5.77 06
'I ' 7.01 ' | ' 7.11 ' |I 7.1 'I' 6.37 ' I'
I | | I 1

52.
35.

12.

A-A

Fiqg (4-1): Spans Length of (Rib 27).

s From ACI-318-08 table (9.5a)

Min h >:

L0l e
185 185

L 637 4 3aam
185 185

L = ﬂ' =0.338m

21 21

For Rib27, will try thickness of slab 35cm

36
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« Load Calculation:

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

calculated as follows:

* Dead load :-
Material S e
Tile 23 3 23*0.03*0.52 0.3588
Mortar 22 2 22*0.02*%0.52 0.2288
Sand 17 7 17*0.07*0.52 0.6188
Topping slab 25 8 25*0.08*0.52 1.04
Hollow block 10 27 10*%0.27*0.4 1.08
Rib 25 27 25*0.27*0.12 0.81
Plastering 22 3 22*0.03*0.52 0.3432
partition 1KN/m? 1*0.52 0.52
Total dead load = 5 KN/m/rib

Table (4-1) calculation of the total load for (R27)
= Live load:-

- From Jordanian Code live loads table live load for School is 5 KN/m?
Total live load = 5*0.52 = 2.6 KN/m/rib
+ Design of Topping:-
= Calculation of Dead load

Material Unit weight Thickness
(KN/m3) (cm)
Tile 23 3 23*0.03*1 0.69
Mortar 22 2 22*0.02*1 0.44
Sand 17 7 17*0.07*1 1.19
Topping 25 8 25*0.08*1 2.0
partition 1KN/m? 1%1 1.0
Total dead load = 5.32 KN/m

Table (4-2) calculation of the total load for topping.
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= Calculation of live load
L.L total = 5KN/m

- Wu=12D.L +1.6L.L =1.2*5.32+ 1.6*5 = 14.384KN/m

Check ®Mn > Mu
w, *I1?  14.384*0.4

Mu = =0.192kN.m
12 12
Mn = 0.42,/fc' *s
- bne
. s= 6
bh?

Mn =0.42,/fc'*—
6

* 2
=0.42/24* %*103 = 2.19kN.m

@=0.55 for plain concrete
¢*Mn=0.55*2,19=1.2kN.m.
¢p*Mn=1.2>Mu=0.194KN.m.
Shrinkage and temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement:
o =0.0018 ACI-318-08 (7.12.2)

As = p*b*h=0.0018*1000*80=144mm?*/m.

As (¢ 8) =50.27mm?

So number of bars =144/50.27 = 2.86

Spacing= 1000/ (number of bars) =1000/2.86=349 mm

Check for max. Spacing

S=3h=3*80=240mm......... (Control)

S=450mm

S=380(280/f,)-2.5C, =380(280/.667*420)-2.5*20=330mm
S=300(280/fs) =300(280/0.667*420) =300mm.

Then use $p8@200mm for practical purposes in both directions.

v Design of Rib (27):

= Materials :
Concrete B300,  Fc'=0.8*30 = 24 N/mm?=24Mpa
Reinforcement Steel, Fy = 420 N/mm? =420 Mpa
= Design constant :
For T- section ""b,"" is the smallest of the following:

be  =Ln/4=(6.52-0.6) /4=1.48m
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by =bw+16tf=12+16 (8) =14 m

b = cl/c spacing between beams =0. 520 m ......... (Control) .
- Requirements for Slab Floor Accordingto  ACI- (318-08).
bW > 10CM. ... ACI(8.13.2)
Select bw=12cm
N<3.5%DW oo ACI(8.13.2)
Select h=35cm<3.5*12=42cm
Te>Ln/12>50mm ..o ACI (8.13.6.1)

Select tf=8cm.
= System : One -way ribbed slab:

E Al — A o A — A j
A e A - A e A
0.6 6.41 0.6 6.51 0.6 6.5 0.6 5.77 0.6
' | ' 7.01 || ' 7.11 I.I 7.1 I.I 6.37 ' ||
[ 52 1 T T 1
35. '
12.
A-A
Fig. (4-2): Geometry of Rib (Rip 27).
* Loading:
By using ATIR program we get the envelope moment and shear diagram as the following:
Dead load - Service Units:kN,meter
5.00 5.00 5.00 5.00
7.01 7.11 71 6.37
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60
7.01 7.11 71 6.37

39



[Structural Analysis & Design|

[ Chapter 4 ]

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

Momenis: spans Tio 4
-56.3
-50.9
-43.7 , 4.8 -45.2
345 345 -39.5 , -39.2
——— i R | /I"'\‘ |
= / iz i \\\“-h_ _.’/ liﬁdl \"-\ / 2'13 i \\ H
1.21.39 .Ba 142
v \—/1 03 \_/ 1.23 \/E/‘
27.2 .
28.8 351
42.9
| 28 4.21 | 3% | 38 | 355 | 355 | 382 | 25 |
I T T T 1 T T T 1
Shear
-43.6
-37.3 a7, .y -33.4
-30.7 ' -28.7
%
[ L1 P 'l I i
L/ T T T T T T T
. 7/
296 3.
33.9 34,
402 3.3 403
Reactions
Factored
(I L L g |
IT TTT TTT TTT L}
DeadR  16.52 48.1 40.64 45.81 1467
LiveR 13.04 35.7 33.67 34.1 12.03
MaxR 29.56 83.8 74.31 79.72 26.7
MinR 14.93 61.9 51.89 59.59 12.81
Service
DeadR 13.77 40.08 33.87 38.01 12.22
LiveR 8.15 22.31 21.04 21.31 7.52
MaxR 21.91 62.4 54.91 59.32 19.74
MinR 12.77 48.71 40.9 46.75 11.08

Fig (4-3) Rib 27 envelopes
v Flexural Design FOR rib 27 : -

= Design for positive Moment:-

Use Mu max. Positive for span = Mu=42.9 KN.m.

Determine whether the rib will act as rectangular or T-section:
For a=t=8cm
d = h — cover—dia. of stirrups — db. /2 = 350 — 20-8 — 14/2 = 315 mm.
®.Mnf=0.9%0.85 f, *t* b, *(d- t:/2)
=0.9* 0.85 (24) (0.08) (0.52) (0.315-0.08/2)*10°
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®Mnf =210.0 KN.m
®Mnf=210.0 KN.m > Mu =42.9 kN.m

So Design as Rectangular section, with b, =52 cm.

As=p.be .d
= fy - = 420 _ 20.59
0.85* fc 0.85*24
* -3
RN = Mu/¢ _ 42.9*10 /0'920.9238 Mpa

b*d?  0.52*(0.315)2

m fy 20.59

420

* x
p:i(l— L 2mRnJ: 1 [1_\/ ~ 2%20.59 0.9238J:O_00225178

As = p.be .d = (0.002252)* (520)* (315) = 368.84 mm?,
Then use 2 @ 16, A = 402.1 mm?

» Check Minimum Reinforcement Ag min...(ACI- 318M-08 — (10.5.1) )

ASmin=

Jie V24
d =

(fY)( W 4(420)
14

AS min = ) (bw)(d)

For 2 @ 16, As =402.1 mm2 > 368.84mm2
= Check for Tension steel yielding:-

Tension = compression

As*Fy=085*f *b*a

402.1*420=0.85*24*520*a

a=159mm

_ 2 _159 1g73mm
B, 085

B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

315-18.73

&, =(d—c)/cx0.003= x0.003=0.0475

g, =0.0475>0.005........ OK

41

(120)(315) =110.23mm?

1.4
=" (120)(315) =126mm* .........
420( )319)

(Control)
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= FOR Mu=35.1 KN.m.

_ Mu/g_ 35.1%107°/0.9
b*d?  0.52*(0.315)°

x* >*
p:i(l— L 2mRnJ 1 (1_\/1_2 20.59 0.7558J:O_001834

Rn

= 0.7558Mpa

m fy | 2059 420

As = p.be .d = (0.001834)* (520)* (315) = 300.46 mm?.
Then use 2 @ 14, A, = 307.87 mm?

»  Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

Asmin=J1C (bw)(d) =£(120)(315) =110.23mm?
4(fy) 4(420)
A’ min :ﬂ(bw)(d) :ﬂ(lzo)(315) =126mm? (Control)
) 220 120(315) =126mm™ .............
For 2 @ 14, As = 307.87 mm2 > 300.46 mm2....... Ok

= Check for Tension steel yielding:-
Tension = compression
As*Fy=085*f_*b*a
307.87*420=0.85*24*520*a

a=12.19mm

_a _1219 ., 24mm
B, 085

B=0.85..... f.<28MPa ....... ACI-318M-08(10.2.7.3)

£, =(d—c)/cx0.003=12"1434 4 003-0.0628
14.34

&, =0.0628> 0.005........0K

= FOR Mu=28.8 KN.m.

_ Mulg _ 288*10°/0.9
b*d?  0.52*(0.315)°

x> *
polfy_ fp_2mRn)_ 1 1_\/1_2 20.59*0.620 | _ 1 551499
m fy 20.59 420

As = p.be .d = (0.001499)* (520)* (315) = 245.67 mm?.

Rn =0.620 Mpa

42



[ Chapter 4 ] [Structural Analysis & Design|

Then use 2 @ 14, A, = 307.87 mm?

» Check Minimum Reinforcement Ag min...(ACI- 318M-08 — (10.5.1) )

Asmin=YC_(bwy(d) = V241000315 ~110.23mm?
4(1y) 4(420)
As min=—2 ow(d) =24 (120)(315) = 126mm? (Control)
o 15 120(315) =126mm* ..........
For2 @14, As=307.87 mm2 >24567mm2....... Ok

= Check for Tension steel yielding:-

Tension = compression
As*Fy=085*f_ *b*a
307.87*420=0.85*24*520*a
a=12.189mm
c_.a _12189
B 085
B=0.85..... f.<28MPa........ ACI-318M-08(10.2.7.3)

£ =(d—c)/cx0.003=22=1434 4 603 0.0628
14.34

=14.34mm

&, =0.0628> 0.005........0K

= FOR Mu=27.2 KN.m

_ Mulg_ 27.2%10°/0.9
b*d?  0.52*(0.315)°

* x>
polfy fp_2mRny_ 1 1_\/1_2 20.59*0.586 | _ 0 15142
m fy 20.59 420

As = p.be .d = (0.00142)* (520)* (315) = 231.814 mm?.
Then use 2 @ 14, A = 307.9 mm?

Rn =0.586 Mpa

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

ASmin= ‘/E (bw)(d) = 24 (120)(315) =110.23mm?
4( fy) 4(420)
A min =£(bw)(d) =£(120)(315) =126mm? (Control)
) 270 120(315) =126mm™ ............
For2@ 14, As=307.9 mm2>231.814mm2....... Ok
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= Check for Tension steel yielding:-

Tension = compression
As*Fy=085*f *b*a
226.19*420=0.85*24*520*a

a=38.955mm
_a _895% .5camm
yin 0.85
B=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

¢, =(d—c)/cx0.003= 21054 4 503-0.0866
10.54

g, =0.0866>0.005........ OK

% Design for Negative Moment for Rib (R27):

= Use Mu max. negative for support =» Mu= - 44.8 KN.m
Design as a rectangular with b=12 cm

m = fy = 420 =2059
0.85* fc' 0.85*24
Mu/ ¢
Rn - b*d2 — 44.8*1073 /09 - 4 2 Mpa
0.12*(0.315)?
1
p= m (1_ 1_2mRn)
fy
p=_ 1 (1- J;_2(2059(4.2) y=001132
20.59 420

As = 0.01132 (120) (315) = 427.86 mm?2.

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

. 4 fc 24 B )
% ASmin= ) (bw)(d) =220 (120)(315) =110.23mm
14 _14 3 )
A min ——( ") (bw)(d) ——420(120)(315) =126mm* ...... (Control)

AS =427.86 mm2> AS=126 mm?
A req= 427.86 mm?, Use 2 @ 18 for top bars with As =508.93 mm? .

= Check for Tension steel yielding:-
Tension = compression
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As*Fy=085*f *b*a
508.93*420=0.85*24*120*a
a =_87.32mm

a 8732

=2 _°0°% _102.73mm
B 085

B=0.85..... ACI (10.2.7.3)

g = (d—c)/cx0003=12"20273 4 403 0.0062
10273

g, =0.0062>0.005=¢=0.9
¢ Mn=0.9*0.85*24*87.32 *120(315-43.66)=52.2KN>Mu=44.8KN

= For Mu=-34.6 KN.m
Mu/ ¢ .
Rn= b*d? = 346*10°/09 _4
0.12*(0.315)2

23 Mpa

1
p_m(]__ 2mRn)

L @- \/ 2(20.59)(3.23) ) = 0.00842
20 59 420

As = 0.00842 (120) (315) = 318.3 mm?.

» Check Minimum Reinforcement Ag min...(ACI- 318M-08 — (10.5.1) )

’0‘ H -
% ASmin= V(fy)( w)(d) _—4(“420) (120)(315) =110.23mm?>
14 _14 B 2
AS min -—( ") (bw)(d) -—420(120)(315) =126mm~ ...... (Control)

AS =318.3 mm2> AS=126 mm?

A req= 318.3 mm?, Use 2 @ 16 for top bars with As =402.12 mm?.

= Check for Tension steel yielding:-
Tension = compression
As*Fy=085*f *b*a
402.12*420=0.85*24*120*a
a=68.99mm
a _ 6899

——— =81.17mm
,Bl 0.85

B=0.85..... ACI (10.2.7.3)
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e = (d—c)/cx0003=12=8L17 4 003 0.008642

g, =0.008642>0.005= ¢ =0.9

= For Mu=-39.5 KN.m
Design as a rectangular with b=12 cm

m - fy = 420 =20.59
0.85* fc' 0.85*24
MUTd  305%10°/0.9
Rn= b*d® = ===~ = =3686 Mpa
0.12*(0.315)
1
p= m (1_ 1_2mRn)
fy
NI \/1_ 2(20.59)(3.686) ) = 0.009756
20.59 420

As = 0.009756 (120) (315) = 368.78 mm?.

» Check Minimum Reinforcement Ag min...(ACI- 318M-08 — (10.5.1) )

4( fy) 4(420)

& AsminzL1C (bw)(d) —£(120)(315):110.23mm2

A min :ﬂ(bw)(d) :£(120)(315) =126mm® ...... (Control)
(fy 420

AS =368.78 mm2 > AS$=126 mm?
A req= 368.78 mm?, Use 2 @ 16 for top bars with As =402.12 mm® .

= Check for Tension steel yielding:-
As*Fy=085*f *b*a
402.12*420=0.85*24*120*a
a=68.99mm
c=2 -89 g1 17mm
g, 085
B=0.85..... ACI (10.2.7.3)

¢ =(d —c)/ch.oosz%xo.oosz 0.008642

g, =0.008642>0.005= ¢ =0.9
¢ Mn=0.9*0.85*24*68.99*120(315-34.5)=42.64KN>Mu=39.5KN
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v Design shear for Rib (R27):
Factored shear forces at distance d from face of support.

Shear

436
373 37, -394

-30.7 334 -26.7
%
[} P P P |
L/ INR N BB |
123 /
29.6 33.9 . 34,

40.2 373 403

Fig (4-4) Shear Diagram for Rib 27

VUmax = 37.3 KN at distance d from the face of support.
Determine shear strength provided by concrete (@ Vc).

@Vec=11*® * Jfc' pw*(

6
= 1.1%0.75* % 0.12 * 0.315%10° = 25.46 KN

- Check if the dimensions are big enough:

q)Vsmax:%d),/fc'*b*d

:%*0.75*@*120*315/1000: 92.50KN

OV, =dV,—- dVc=V,/ D -V.=37.3/0.75 - 33.95 =15.78 KN
® Vsmax > @ Vs. ... So dimensions are big enough.

Case 1:

Vu < —(DVC
2

g\c/l2=12.73 ...... Not case 1.

Case 2:

CDTVC<VU <dVe

12.73<37.3<25.46
Not item 2.
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Case 3:
dVe <Vu < dVce + Vs

min

DVs_ . > % fc’ *bw*d = 01'—25\/24*0.12*0.315*1000= 8.68KN
P 0.75
DVS, > bw*d = = =*0.12*0315*1000= 9.45KN.......(Control)

S DVe + DVs = 25.46+9.45=34.91KN < 37.3KN

Not case 3

Case 4:-

%] (VC + VSmin) < VU <@ (VC + VS')
1

QVs' = 3* 0.75yfc" * bw = d

QVs' = g* 0.75v24 * 0.12 * .315 * 1000 = 46.3 KN
D vs '+ D \/c=46.3 +25.46 =71.76 KN

DVC +DVs,,=34.91 < 37.3< D Vs '+ D Ve = 71.76 KN.

So Case 4 is Control

Vs = (Vu/ @)- Vc = (37.3/0.75) — 33.95 =15.78 KN.

Use 2-leg @ 8 As =100.5 mm?
s= (Av*fyt*d)/Vs.
s= (100.5%420*315)/ (15.78*10°%) = 842.595 mm.

Check for max. Spacing
Smax=0d/2=315/2=157.5 mm...... control
Smax=600mm

Use 2-leg @ 8 @150mm.

=  For Vu= 34 KN.m at distance d from face of support .

Case 1:

Vu < —(DVC
2

¢Vce/2=12.73 ...... Not case 1.
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Case 2:

(DTVC <Vu < ®dVc
12.73<34<25.46
Not item 2.

Case 3:
dVe <VUu < PVC + DVs

. DOVE+ DVs . =25.46+9.45=34.91KN > 34KN

Vs = (Vu/)- Ve = (34 /0.75) — 33.95 =11.38 KN

Av,min 1 , bw Av,min
=— | fc' — But not less than,
S 16 fyt s
Av,min

1 120
=T \/245 =0.0875

S

1 120

— =0.09523 -control
420

Av,min _

N

Use 2-leg @ 8 A, =100.5 mm?
100.5/5=0.09523, s=1055.34mm

Check for max. Spacing
Smax=0d/2=315/2=157.5 mm...... control
Smax=600mm

Use 2-leg @ 8 @150mm.

_ 1 bw

3 fyt

So use 2-leg $8@150mm for all ribs which Vu at distance d from the face of support
more than 25.46KN, and other ribs has no need for shear reinforcement.
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4 — 3: Design of Beam (B94):-
% Material :
Concrete B300 , Fc'=24 N/mm? Reinforcement Steel Fy = 420 N/mm?

1 2 3 4
1 2 3
E i o A A ]
A — T A
0.2 6.05 0.5 217 0.25 6.33 0.2
H v - e H = H
f - f f I
35.
0.
0.
A-A
Fig (4-5) Geometry for B94
Section :-
Bf=120mm hf=350 mm
Loading:-

» Reaction from Rib(R27) :
D.L =40.08/0.52 = 77.1 KN/m.
L.L =22.31/0.52 = 42.9 KN/m.

= Dead load calculations :

. Unit weight Thickness
Mat I *9 ¥ KN
ateria (KN/m?) (cm) Y*86*b /m
own 25 60 25%0.6*0.6 9
weigth
plaster 22 3 22*0.03*0.6 0.396
Total Dead load 9.396

Table (4-3) calculation of the total load for (B94)

=  Total load :

DL=77.1+9.396=86.496 KN/m.
LL=42.9 =42.9 KN/m.
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= Using "Atir" software for the following values of moment and shear :

Dead load - Service

Units:kN,meter

8q.4 86.4 86.4
6.4 2.55 6.55
Live load - Service Load factors: 1.20,1.20/1.60,0.00
42.9 43.9 42.9
6.4 2.55 6.55
Momenis: spans Tio 3
-658.2
45”'521'_543.? -615.7 -577.4
1 1'1EI I'1'2 |
I ] I 1
[n I I I H
0.5 ' .03
3 e = 3
255 201 3.84 127 | 127 3.93 §43.9 2.62
I T T T T 1
Shear
-648.8
-510.9 -471.7
-350.5 -350.6
-234.1
[ | Il o Il
T T T T LI
M 187.
350.9 325,
463, 549,
665.4
Reactions
Factored
[ [ [ ]
T L L L 1
DeadR 277.36 509.63 539.18 282.65
LiveR 185.6 464.16 476.69 189.01
MaxR  462.96 973.8 1015.87 471.66
MinR 275.18 472.29 508.54 280.56
Service
DeadR 231.13 424 69 449.32 235.54
LiveR 116. 280.1 297.93 118.13
MaxR  347.13 714.8 747.25 353.67
MinR 229.77 401.36 430.17 234.24
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Fig (4-6) envelops for B94

v Design flexural of Beam:
= Design of Positive Moment for Beam Mu = 643.9 KN ..m
d = h — cover — dstirrups —dn/2 = 600 — 40 — 10 — 20/2 = 540mm
Determine whether the rib will act as rectangular or T-section:
For a=t=35cm
®.Mnf=0.9%0.85 f_ *t:* b *(d- t:/2)
=0.9* 0.85 (24) (0.35) (1.2) (0.540-0.35/2)*10°
®Mnf =2814.6 KN.m
®OMnf = 2814.6 KN.m > Mu =643.9 kN.m
So Design as Rectangular section, with bz =120 cm.

Take @ = 0.9 for flexure as tension- controlled section
Assume p = 0.4 pp.
pp = 0.85 fc'/fy B (600 / ( 600 + fy )) = 0.85 * (24/420) *0.85 ( 600 /( 600+420))
=0.02428.
p=0.4pp=0.4*0.02428 = 0.009714.
Rn = pfy (1- (pm/2)) =.009714 * 420 (1- (0.009714 *20.59 / 2)) = 3.672 Mpa.

Rn= " 22% _, bd®=Mu/ ¢Rn = 643.9%10%/0.9%3.672 = b* (540)°
b =668.17 mm

- Take b=60cm.
= Check whether the section will be act as singly or doubly :

c. 34
7

max

max

C = §*54O
7
c=231.43mm

a= [ xc
8, =0.85x231.43=196.71mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

Mn =0.85 f_ * b ™* amax *(d- (amax /2))

= 0.85 (24) (0.6) (0.19671){(0.540-(0.19671/2)}*10°

=1063.36 KN.m

®Mn =0.82*1063.36=871.956 KN.m > Mu=643.9 KN.m
The section must be design as SINGLY section

52



[ Chapter 4 ] [Structural Analysis & Design|

m=__ - 420 _,5gg
0.85* fc _ 0.85*24
RN = Mu/ @
b>d?

* -3
Rn = 643.9%10°°/0.9 _5 o45 (Mpa)
1.2*(0.540)2

p=£(1- 1_2m*Rn)
m fy

1 - \/1_ 2(20.59)(2.045) ) = 0.00514
20.59 420
As..=p * b * d =0.00514 * 1200 * 540 = 3331.5 mm?

p:

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

4 fc 24 B 2
Asmin= 4(y) (b)(d) = 2420) (600)(540) = 944.8mm
14 _14 B )
A'S min -—( ) (b)(d) =120 (600)(540) =1080mm~ .....  (control)

ASreq > ASmin
Use 7 @ 25with As = 3436.1mm?
» Check for spacing
S= {600-(2*40)-(2*10)-(7*25)}/6
=54.2mm > 25mm > db=25

= Check for strain
__ Asxfy
" 0.85fc'+b

3436.1%420
= ————=58.95mm
0.85%24+1200

C=a/B1=58.95/0.85=69.35mm
£, =(d—c)/cx0.003=229"0935 4 503002
69.35

e,=0.02>0.005=¢=0.9

= Design of Positive Moment for Beam Mu = 620.1KN .m
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m=__¥__ - 420 _,55g
0.85* fc _ 0.85*24
RN = Mu/ ¢
b>d?

* —3
Rn= 620.1%10°/0.8 _ 4 o7 (\mia)
1.2%(0.540)°

=£(1_ 1_2m*Rn)
m fy

p= L (1- Jl_w ) =0.004939
20.59 420

As..=p * b * d=0.004939 * 1200 * 540 = 3200.67 mm?

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )
Jfe' J24

* ASmin= 4(y) (b)(d) :m(600)(540) =944.8mm
=  AS min :%(b)(d) :‘1'—242)(600)(540)=1080mm2 «.ee.  (control)

Asreq > ASmin
Use 7 @ 25 with As = 3436.12 mm?

= Check for strain
_ Asxfy
"~ 0.85fc'+b

3436.12+420
= ————=058.95
0.85%24%1200

C=a/p1=58.95/0.85=69.36mm

¢, = (d—c)/cx0.003=29=093€ 4 403-0.02
69.36

g, =0.02>0.005=d=0.9

= Design of Negative Moment for Beam Mu = -615.7 KN_.m

m=__Y__ - 420 _,4gg
0.85* fc _ 0.85*24
RN = Mu/ ¢
b>d?2
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> —3
Rn = 615:7*10°/0.9 _ 391 q\inay
0.6*(0.540)2

pzi(l_ 11_2m*Rn)
m fy

o 1 - \/1_ 2(20.59)(3.91)):0_01043
20.59 420

As.;=p *b *d=0.01043 * 600 * 540 = 3379.1 mm?

= Check Minimum Reinforcement As min...(ACI- 318M-08 - (10.5.1) )

4 fc V24 B )
14 14 ~ )
A min ——( ) (b)(d) =120 (600)(540) =1080mm~ .....  (control)

Asreq > ASmin
Use 7 @ 25with As = 3436.12mm?

= Check for strain

_ Asxfy
"~ 0.85fc'+b

3436.12%420
=———=11791mm
0.85%24%600

C=a/B1=117.91/0.85=138.72mm
e, =(d—c)/cx0.003=229"1179L 4 503 0.01074
117.91

&, =0.01074>0.005=¢=0.9
= Design of Negative Moment for Beam Mu = -543.7KN _.m

m=_ 0 - 420 559
085%fc  085%24
RN = Mu/ ¢
b~d?

* -3
Rn = 5437%10°/0.9 _ 345 (\moa)
0.6 *(0.540)°

pzl(l- 1_2m*Rn)
m fy

o 1 - \/1_ 2(.20.59)(3.45))20_00906
20.59 420
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As..=p * b * d=0.00906 * 600 * 540 = 2935.2 mm?

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

e ASmin= Y b)) =24 (600)(540) = 944.8mm?
a(fy) 4(420)
14 14 ) )
As mm__(fy) (b)(d) ——420(600)(540)_1080mm <o (control)

Asreq > ASmin
Use 7 @ 25 with As = 3436.12 mm?

= Check for strain
Asxfy
"~ 0.85fc'+b

2945.24%420
=———=101.06mm
0.85%24%600

C=a/p$1=106.06/0.85=118.9mm

£, = (d—c)/cx0.003=29"1189 4 003-0.0106
1189

&, =0.0106>0.005= =09
v Design Beam for shear:

=  Vu=549 KN at distance d from face of support.

@ Ve =%*cp*,/ fc' *bw*d = %*0.75\/ﬂ*600*540/1000:198.41KN

=  Check if the dimensions are big enough:

Vsmangtl)w/ fc' *b*d

= %*o.75*ﬂ *600*540/1000=1058.2KN

@ Vs=549-198.41=350.59 KN

Vs.max > Vs, dimensions are large enough.

Case 1:

Vu< (D_VC
2

@ Vc/2=198.41/2 =99.21 KN , not case 1.
Case 2:
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(DTVC<VU < dVce

Not item 2.

Case 3:
dVe <Vu < dVe +DVs,;,

DVS iy 2 %\/ fc' *bw*d = %m*0.6*0.540*10002 74.4KN

0.75

Vs > %bw*d = =2*0.6¥0.540*1000=81KN (control)

min

- OVC+®Vs . =198.41+81=279.41KN

Not case 3
Case 4:-
@ (VC + VSmin) <VU<@ (Vc + VS')

1

QVs' = 3* 0.75yfc’ * bw x d

QVs' = § % 0.75v24 = 0.6 * 0.540 * 1000 = 396.825 KN
D s '+ D \/c=396.825+198.41 =595.235 KN

DVe +DVs,;,=279.41 <549 < D Vs '+ D /¢ = 595.235 KN.
So Case 4 is Control
Vs, = (Vul @)- Ve = (549 /0.75) — 264.55 = 467.45KN.

Use 2-leg @ 12 A =226.2 mm?
s= (Av*fyt*d)/Vs.
s= (226.2*420*540)/ (467.45*10%) = 109.75 mm.

Check for max.Spacing
Smax=0d/2=540/2=270 mm...... control
Smax=600mm

S=109.75mm< Sy=270mm

Use 2-leg @ 12 @100mm.

=  Vu=510.9 KN at distance d from face of support.

) Vc=%*(l)*1/ fc' *bw*d = %*0.75@*600*540/1000: 198.41KN

=  Check if the dimensions are big enough:

Vsmaxzétl),/ fc' *b*d
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. %*o.75*ﬂ *600*540/1000=1058.2KN

® Vs=510.9-198.41=312.49 KN
Vs.max > Vs, dimensions are large enough.

Case 1:

Vi< dVe
2

@ \Vc/2=198.41/2 =99.21 KN , not case 1.
Case 2:

q)TVC<Vu < dVe

Not item 2.

Case 3:
dVe <Vu <DV +DVs, .

DVs,;, > %1/ fc' *bw*d = 01'—?@ *0.6*0.540*1000= 74.4KN

.DVs . = %bw*d = %*0.6*0.540*1000= 81KN (control)

S OVC+®Vs,, =198.41+81=279.41KN

Not case 3
Case 4:-
(] (Vc + VSmin) <VU<d@ (VC + Vs')

1
QVs' = 3* 0.75+/ fc' * bw = d

oVs' = § % 0.75v24 * 0.6 * 0.540 * 1000 = 396.825 KN
D vs '+ D \Vc=396.825+198.41 =595.235 KN

DVC+DVS 1 =279.41 <510.9 < D Vs '+ D V¢ = 595.235 KN.

So Case 4 is Control
Vs, = (Vu/ @)- Ve = (510.9 /0.75) — 264.55 = 416.65KN.

Use 2-leg @ 12 As =226.2 mm?®

s= (Av*fyt*d)/Vs.

s= (226.2*420*540)/ (416.65*10°%) = 123.13 mm.
Check for max.Spacing

Smax=0/2=540/2=270 mm...... control
Smax=600mm
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S$=123.13mm< S;5=270mm
Use 2-leg @ 12 @100mm.
=  Vu=359.6 KN at distance d from face of support.

@ VC:%*(D*W/ fc’ *bw*d = %*0.75@*600*540/1000: 198.41KN

=  Check if the dimensions are big enough:

Vsmangtl)J fc' *b*d

= %*0.75*\@ *600*540/1000=1058.2KN

® Vs=359.6-198.41=161.19 KN
Vs.max > Vs, dimensions are large enough.

_Casel:

Vu< (D_VC
2

@ \Vc/2=198.41/2 = 99.21 KN , not case 1.
Case 2:

(DTVC<VU < dVce

Not item 2.

Case 3:
dVe <Vu < dVe +DVs,;,

DV, > %./ fc' *bw*d = %\/ﬂ *0.6*0.540*1000= 74.4KN

0.75

Vs > %bw*d - =2*0.6¥0.540*1000=81KN (control)

min

. OVe+DVs,, =198.41+81=279.41KN

Not case 3
Case 4:-
%) (VC + VSmin) < VU <@ (VC + VS.)

1
QVs' = 3* 0.75yfc’ * bw = d
QVs' = % ¥ 0.75v24 * 0.6 * 0.540 * 1000 = 396.825 KN
D /s '+ D \vc=396.825+198.41 =595.235 KN

DVe +DVs, ;1 =279.41 <359.6 < D Vs '+ D Ve = 595.235 KN.

So Case 4 is Control
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Vs = (VU/ @)- Ve = (359.6 /0.75) — 264.55 = 214.92KN.

Use 2-leg @ 12 A =226.2 mm?
s= (Av*fyt*d)/Vs.
s= (226.2*420*540)/ (214.92*10%) = 238.7 mm.

Check for max.Spacing
Smax=0/2=540/2=270 mm...... control
Smax=600mm

S=238.7< Spnax=270mm.

Use 2-leg @ 12 @200mm.

= Vu=350.9 KN at distance d from face of support.

1) VC:%*(D*W/ fc/ *bw*d = %*0.75@*600*540/1000: 198.41KN
=  Check if the dimensions are big enough:

Vsmanga/fc’*b*d

:5*0.75*\@ *600*540/1000=1058.2KN

d Vs=350.9-198.41=152.49 KN

Vs.max > Vs, dimensions are large enough.
Case 1:

Vu< (D_VC

2

$Vc/2=198.41/2 = 99.21 KN , not case 1.
Case 2:

q)TVC <Vu < dVc

Not item 2.
Case 3:
dVe <Vu < dVe +DVs,;,

VR %./ fc' *bw*d = %\/ﬂ *0.6*0.540*1000= 74.4KN

0.75

DVs,, > %bw*d ~=2*0.6¥0.540*1000=81KN (control)

. OVe+DVs,, =198.41+81=279.41KN

Not case 3
Case 4:-
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@ (Vc + Vsmin) <Vu <@ (Vc + Vs')

QVs' = % * 0.75\/ﬁ* bw x d

QVs' = g % 0.75v24 * 0.6 * 0.540 * 1000 = 396.825 KN
D Vs '+ D \/c=396.825+198.41 =595.235 KN

DVe +DVSs ;1 =279.41 <350.9 < D Vs '+ D V¢ = 595.235 KN.
So Case 4 is Control
V, = (Vu/ @)- V¢ = (350.9 /0.75) — 264.55 = 203.32KN.

Use 2-leg @ 12 As =226.2 mm?
s= (Av*fyt*d)/Vs.
s= (226.2*420*540)/ (203.32*10°%) = 252.32 mm.

Check for max.Spacing
Smax=0d/2=540/2=270 mm...... control
Smax=600mm

S=252.32< Spax=270mm.

Use 2-leg @ 12 @200mm.

=  Vu=234.1 KN at distance d from face of support.

] Vc:%*q)*w/ fc' *bw*d = %*0.75@*600*540/1000= 198.41KN
=  Check if the dimensions are big enough:

vSmangqx/fc'*b*d

:5*0.75*\@ *600*540/1000=1058.2KN

® Vs=234.1-198.41=35.69 KN

Vs.max > Vs, dimensions are large enough.
Case 1:

Vu< —(DVC

2

$Vc/2=198.41/2 = 99.21 KN , not case 1.
Case 2:

dDTVc <Vu < ®dVe

Not item 2.
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Case 3:
dVe <Vu < PVe + DVs ;.

Vs, > %*/ fc' *bw*d = %\/ﬂ *0.6*0.540*1000 = 74.4KN

DV, 2 %bW*d = %*0.6*0.540*1000= 81KN (control)

S OVC+®Vs . =198.41+81=279.41KN
Ve =19841KN <Vu =234.1KN < @V +DVs = 279.41KN

So Case 3 is Control

Av,min 1 , bw Av,min 1 bw
= — But not less than, - ==

S - E ¢ fyt S 3 fyt
Avmin 1 600 _
= V24 220 0.4375

S
Av,mi 1 600
VIR — 2 22 =0.476 -control
S 3 420

Use 2-leg @ 12 A, =226.2 mm?
226.2/5=0.476, s=475.21mm

Check for max. Spacing
Smax=0d/2=540/2=270 mm...... control
Smax=600mm

Use 2-leg @ 12 @250mm.

=  Vu=234.1 KN at distance d from face of support.

%) VCZ%*@*,/ fc' *bw*d = %*0.75@*600*540/1000:198.41KN

Case 1:

Vu< —(DVC
2

$Vc/2=198.41/2 = 99.21 KN , not case 1.

Case 2:

CDTVC<VU < dVce

(DTVC =99.21KN <Vu =187KN < ®Vc =198.41KN

Use 2-leg @ 12 @250mm.
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4 — 4: Design of Two way ribbed slab (TW5):

+* Check Thickness of the slab:-

= = JEER B
[ | | | T I I I | |
o e o
[ I O O
%DDDDDDDDDDDDDDDDDDDD
[

0.60

B /3

I O
OO00000000 0000000000

N o [ e o
DDDD[ as 10232
OOO0oo0OoonNGOO00000n B
OOoOoOo00opOoo0onnonn
T

[

I | A 6 O | O
%%DDDDDDDDDDDDDDDDDD
[

DO0000F=p000000000
1 O o O

e e T EE s e T 2] ][] (s v N o f s U v

N B LB 100 E& B 100 Ea X

Fig: (4-7): Two way ribbed slab

= Check the thickness for slab:-

100.
T Beam: 35.
_35%100%42.5+25%50+12.5 _ 60.
Ye= 100%35 + 25%50 =34.6cm 0
3 3
I, =100 + 2%+ 100 « % + 50 % — 836143.4cm®
R Beam:
0.4
In, = 40*60%/ 12 = 720000 cm? S
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54,
_8%54%31+27%14%13.5 _ 35, .
Ye= 8+54 + 2714 22.8 cm
14,
3 3 3
Lrib :54*123'2 - 2420 *% +14+ 2% — 87008.4 cm®
Short direction L =9.13m =913 cm.
E
I, =2—— % 87008.4 = 799994 ¢cm®
Long direction L = 11.25m = 1125 cm.
1125
|y = —2 * 87008.4 = 986901 cm®
_ I'beam
O = Tslab1
1= ——- =0.073
986901
_ 8361434 _
02 ="50002 1.05
ag=—220 — 0073
986901
_ 8361434 _
04= " 50000 1.05
X1+x2+x3+x4
Oy = . =1.123 <2
f
o O g =1L — )3
36458 (afm—0.2) 9.13
11250 (0.8+ 20
( ta0) . 206.9>125mm ...OK

~ 36+5+1.23( 1.123—-0.2)

So select h = 35 cm, with (8 cm topping) and (27 cm rib).

64



[ Chapter 4 ] [Structural Analysis & Design|

< Load Calculation:-

Determination of Dead load:-

Material Unit weight Thickness
(KN/m3) (cm)
Tile 23 B8 23*0.03*0.54*(0.54 0.201
Mortar 22 2 22*0.02*0.54*0.54 0.128
Sand 17 7 17*0.07*0.54*0.54 0.347
Topping slab 25 8 25*%0.08*0.54*0.54 0.583
Hollow block 10 27 10*0.27*0.4*0.4 0.432
Rib o5 27 0.27*25*0.14*(0.54+0. 0.888
4)
Plastering 22 3 22*0.03*0.54*0.54 0.192
partition 1KN/m? 1*0.54*0.54 0.292
Total dead load = 3.06 KN/ rib

Table (4-4) calculation of tow way dead load

Nominal Total Dead Load = 3.06 KN/Rib
3.06/ (0.54%) = 10.5 KN/m?

Nominal Total live load = 5 KN/m?
Factored dead load = 1.2*Dead load = 1.2*10.5 = 12.6 KN/m?.
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m?.
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v" Design for Flexure

¢+ Design for positive moment:
La/L,=9.13/11.25=0.81. ... Take Case 1
= Positive from dead load
In short direction
Ca neg=0.0548
Ma-ve=Ca*W*La?=0.0548*12.6*9.13?*0.54=31.1 KN.m/Rib
In the long direction:
Cb neg=0.0236
Ma-ve=Ca*W*La*=0.0236*12.6*11.25°*0.54=20.32 KN.m/Rib
= Positive from live load:
In short direction
Caneg=0.0548
Ma-ve=Ca*W+*La?=0.0548*8*9.13%*0.54= 19.73 KN.m/Rib
In the long direction:
Cb neg=0.0236
Ma-ve=Ca*W+*La’=0.0236*8*11.25"*0.54= 12.9 KN.m/Rib

= Ma+=Map+ Ma, =311+ 19.73 =50.83 KN.m
= Mb+=Mbp+ Mb_=20.32+12.9=33.22 KN.m

¢+ Design for discontinues Negative edge:

= 1/3Ma+=1/3*50.83 =16.9 KN.m
= 1/3Mb+=1/3*33.22=11.1 KN.m
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¢ Design flexure "in short": Ma = 50.83 KN.m

d:35o—2o—10—%:313mm

fy 420

T 085%fc  085%24

* -3
Rn= Mn _ (B083/09710°
b*d?  0.14*(0.313)

2mRn

1
p=—Q- j1- )
m
p=_+ (1- Jl—w)zo.onm
20.6 420

As =0.01107*140*313 = 484.9 mm?

 fc 14
As .. =———(bw\d)>—(bw)d) As,,, =127.8>146.1
ey 0= (Bwi)

ASmin =146.1 mm?

Use 2@ 18, T.B. with As = 508 mm?
=  Check strain

Tension = Compression
A x fy=085x f xbxa

480.71x420=0.85%x24%x140x a
a=74.85mm

c=1255 _gg1

0.85

_ 313-88.1

& x0.003=0.0766> 0.005...0k
88.1
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¢ Design flexure "in long"': Ma = 33.22 KN.m

d:350—20—18—%:305mm

fy 420

T 085%fc  085%24

* -3
Rne Mn _ @322009710°
b*d?  0.14*(0.305)

2mRn

1

p=—Q- j1- )
m

p=_L (- \/1——2(2'82)(20'6) ) = 0.00726
206 420

As =0.00726 * 140 * 305 = 309 mm?

 fc 14
As ., =———(bw\d)>=—(bw)d) As,,, =127.8>146.1
ey 0= (Bwi)

ASmin =146.1 mm?

Use 2@ 14, T.B. with As = 308 mm?
=  Check strain

Tension = Compression
A x fy=085x f xbxa

308x420=0.85%x24%x140xa
a=42.78mm

C =@ =50.33

0.85

~ 305-50.33

& x0.003=10.0152> 0.005...0k
50.33
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¢ Design flexure Discontinues M, = 16.94 KN.m

d:35o—2o—10—%:311mm

fy 420

T 085%fc  085%24

* -3
Rne Mn | (0694/09)°10° 0
b*d?  0.14*(0.311)

1 2mRn

p==(1- 1~ )
m

p=_+ (1- Jl—w) = 0.003353
20.6 420

As =0.003353 * 140 * 311= 146 mm?

 fc 14
As ., =———(bw)d)>—(bw)d) As,,, =127.8 <146
ey 0= (Bwi)

As =146 mm?
Use 2@ 10, B.B. with As = 157 mm?

= Check strain

Tension = Compression
A x fy=085x f 'xbxa

157x420=0.85x24%x140x a
a=23.1mm

C= 281 =27.16
0.85

311-27.1

S

x0.003=0.0316> 0.005...0k
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+¢ Design flexure Discontinues M, =11.1 KN.m

d:35o—2o—10—%:311mm

fy 420

T 085%fc  085%24

* -3
ane Mn _ (LU09€0° (o0
b*d?  0.14%(0.311)

2mRn
)

p= (- f1-
m

p= L@ 120000208

) = 0.002198
420

As =0.002198 * 140 * 311= 95.74 mm?

 fc 14
As ., =———(bw\d)>=—(bw)d) As,,, =127.8>146.1
ey 0= (Bwi)

ASmin =146.1 mm?

Use 2@ 10, B.B. with As = 157 mm?
=  Check strain

Tension = Compression
A x fy=085x f xbxa

157x420=0.85%x24%x140x a
a=23.1mm

C= 231 =27.16
0.8

gl

g, = %w.oo& 0.0316> 0.005...0k
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v" Design two way slab for shear :

Max. Share coefficients will be in the short direction for the slab with boundary conditions
in case 9 W, = 0.83.

= Total load on the panel = 9.13*11.25*20.6 = 2115.9 KN.
= Total load per rib at face of the long beam is
=0.83*2115.9*0.54/ (2*11.25) = 42.15 KN.

= The share critical section is at distance d from the beam face:

9.13
-

Vud—Wubf(_—d) 20.6 *0.54 * —0.311) =47.3 KN.

= The share strength of one rib in the slab is :
= 1 - 1 -3
=11 —/fcbwd = 1.1 ~24 *140*311* 1073 = 39.11 KN.
@ Vc=0.75*39.11 = 29.33 KN.

29.33

@ Ve =2 =1466 <@ Vc =29.33 KN < Vud = 47.3 KN,
. Vs,min:1—6\/ﬁbwd2§bwd
Vs, min = —/fcbwd = —24 + 140 311 x 107° = 1333 KN,
Vs, min = Zbwd =~ * 140 * 311 * 1073 = 14.5— CONTORL.
" @ (Vc+ Vsmin) <Vu<@ (Vc+Vs') .... Case 4

1
QVs' = 3* 0.75yfc’ * bw = d

@Vs' = <% 0.75v2% * 0.14 + 0.311 » 1000 = 53.33KN
0.75 (39.11 +14.5) < 47.3 < 0.75 (39.11+53.33)

A__ Vs _ N 2
= ... Take Av=2 ® 10 with As =157 mm".
S Fy*d
Av,min 1 bw Av fyt3 157 * 420 * 3
= = - s = = = 1413 mm.
s 3 fyt bw 140

Smax = d/2 = 311/2= 155.5 mm OR 600 mm.

Use 2- legs @10 @ 150 mm c/c.
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4 —5: Design of One Way Solid Slab ""Ramp "":

= Geometry :
0.6 6.29 0.6 2,54 0.6
i i 6.89 i i 3.14 i 1
25
100.
A-A

Fig: (4-8): Solid slab geometry for ramp

= Determination of Slab Thickness:
hreq = L/ 24,
hreq = 6.89 /24 = 28.7 cm.
Use h=25cm.

The slope by 0 = tan™? (115—5567

)=5n

= | oad Calculations:
= Dead Load for solid:

Quiality Density

KN/m?®
23 %0.03 1
Tile 23 ( role ) 0.69
cos 5.72
22 21
Mortar 22 ( *0.02+ ) 0.44
cos 5.72
17 7 *x1
sand 17 ( *0.07 ) 1.19
cos 5.72
Concrete 25 <25 *0.25 « 1) 6.28
cos 5.72
22 1
Plaster 22 ( *0.03 « ) 0.66
cos 5.72
Total =9.26

Table (4-5) calculation of solid dead load

= Live Load for solid =5 KN/m? =5 *1 =5 KN/m.
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Loading
load group no. 1
Dead load - Service Units:kN,meter
1Q.1 10.1
6.89 3.14
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.}!0 5.00
6.89 3.14

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

Moments: spaps _1fo 2

|
I
| }
T
f
1.
749
| 2.76 . 443 2.51 , 063
I T T T 1
Shear
-82.6
71.9
134
29 __—
T I T 1
8.6
46.4 49.9
56.9 60.4

Fig: (4-9): Moment and share diagram for ramp

= Design flexure positive moment Mu = 74.9 KN.m

d:250—20—%:223mm

f
- Y _ 420 _,q4
0.85* fc  0.85*24

* -3
Rne Mn _ (49/0910° o
b*d?  1%(0.223)
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pzl(l- l_ZmRn)
m fy

o= 1 (1- Jl_w) = 0.004153
20.6 420

As =0.004153 * 1000 * 223 = 926.28 mm?

As min.= 0.0018 bh = 0.0018 * 1000*250 = 450 mm>. . . .. As > Asmin

= Spacing :
3h = 3*250 = 750 mm.
450 mm

s =380 (@) — 2.5% 20 = 330 mm .... Control
280

Use @ 14 @150 mm, B.B.

= Temperature and shrinkage

Asmin=0.0018*250*1000= 450mm2.
Use ® 10@ 150 mm with As = 523.3mm2 > 450 mm?.
= Check strain

Tension = Compression
A x fy=0.85x f 'xbxa

938.79x420=0.85%x24x1000x a
a=19.3mm

Cc= ﬁ =22.7mm
0.85

| 223-227

& x0.003=0.026 > 0.005...0K
22.7
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= Design flexure negative moment Mu = 68.6 KN.m

d:250—20—%:223mm

f
m=_— " __ 420 _,¢
0.85% fc _ 0.85*24

Mn _ (68.6/0.9)*10°

Rn=_—"—"_= =1.53 Mpa
b*d? 1*(0.223)° P
1 2mRn
p==(- 1- )
m fy

p=_* (1- Jl—w ) = 0.00379.
20.6 420

As =0.00379 * 1000 * 223 = 845.33 mm?

As min. = 0.0018 bh = 0.0018 * 1000*250 = 450 mm? ......... As > Asmin
= Spacing :
3h =3*250 = 750 mm.
450 mm
s =380 (%) —2.5%20 = 330 mm .... Control

Use @ 14 @150 mm, T.B.

= Check strain

Tension = Compression
A x fy=085x f . xbxa

938.79x420=0.85x24x1000x a
a=19.3mm

c= & =22.7mm

0.8

oW

| 223-227

& x0.003=0.026 > 0.005...0K
22.7

75



[ Chapter 4 ] [Structural Analysis & Design|

= Temp. & shrinkage :
As = 0.0018 bh = 0.0018 * 1000 * 250 = 450 mm®.
Use @ 10 @ 150 mm.

= Design for share :

@ V. =0.75 =[fc bw d =0.75 =24 *1000%223* 1073 = 136 KN.

DVe>Vu=719KN...... NO NEED STIRRPS.

76



[ Chapter 4 ] [Structural Analysis & Design|

4 — 6: Design of stair:

Fig: (4-10) stair plan

= Determination of Slab Thickness:
= For Flight:
hreq = L/ 20.
hreq = 3.96 /20 = 19.8 cm.
Use h=20 cm.

The stair slope by 6 = tan™? (;%i) =289

= Load Calculations:
= Dead Load for flight:
Quality Density

KN/m?®
Tile 27 27 (M) 0.03 %1 0.66
0.3
Morter 22 22 %) £0.02 %1 0.682
i 25 /0.1 .
Stair Steps 25 —5 (M) * 1 21
0.3 2
RC o5 (w) 57
cos 28.8
0.03 %1
Plaster 22 22 ( - ) 0.75
cos 28.8
Total =9.89

Table (4-6) calculation of flight dead load
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= Dead Load for landing :

_ Quality Density Weight
Material 3
KN/m KN/m
Tile 27 0.03%22x*1 0.66
Mortar 22 0.02%x22x%1 0.44
R.C 25 0.2x25x1=5 5
Plaster 22 0.03%x22*1=0.66 0.66
Total : 6.76

Table (4-7) calculation of landing dead load

LL = 3 KN/ m?
= Factored load :
Flight = 1.2 *8.67 + 1.6*3 = 15.2 KN/m.
Landing = 1.2*6.76 + 1.6*3 = 12.91 KN/m.
v' Design Flexure for Flight:

[T
T LT L LTI T T T T LT LTI T T wemsoosaum
AN
et
LL:E““"‘*”‘“"‘mLf—D_m 3.00 : 1.38
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Moment/Shear Envelope (Factored) Units:kM,meter

Momenis: spans Tio 1

26 518 28
I T 1
Shear
-37.7
-32.3
1 1
T |
304
Reactions
Factored
—t | |
|l T |
DeadR 21.25 25.56
LiveR 8.87 12.15
MaxR 30.12 377
MinR 30,12 KTg|
Service
DeadR 17.71 213
LiveR 5.54 7.6
MaxR 23.25 28.89
MinR 23.25 28.89

Fig: (4-11) Moment & shear on flight F

v' Design Flexure for Flight :
Mu = 51.6 KN.m
d= 200 — 20 — 14/2 = 173 mm.
__Mn
" T hg?
51.6*10°
" 0.9%1000%173
fy
" 0.85x fc'

420
0.85x 24

R

=19MPa .

=20.6
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1 2mR, * *
p=—|1- [1- _ 1 1_\/1_M — 0.00476
m f, 20.6 420

As req = 0.00476*1000*173= 823 mm?...... Control
Asmin=0.0018*200*1000= 360 mm?

= Check for spacing
3h=3*200= 600mm

S=450 mm
380( 280 ) 2.5 %20 = 287.8
= ——— | — 2.5 % = .
S 0.75 * 420 mm
s = 300( 260 ) = 266.7mm - Control
0.75%420

Use ® 10@ 100 mm with As(provided) = 785 mm? > 763.8 mmZ.

= Temperature and shrinkage
Asmin=0.0018*200*1000= 360mm2.
Use © 10@ 200 mm with As = 392.5mm2> 360 mm?2.

=  Check for strain:
Tension = Compression
A * fy =0.85* fc' *b*a
785*420=0.85*24*1000*a
a=15.3mm
c=2 153 _ 17 96mm
B, 0.85
, _173-17.96
: 17.96
g, =0.026>0.005........ ok

*0.003

= Design of Shear for flight:

#*Vc >Vn

$*Ve = %*0.75*ﬁ*b*d = %*0.75*\@*1*0.173*1000 =105.94KN

¢NVc =105.94 >>Vu = 32.3KN
= No Shear Reinforcement Required
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v" Design for landing:

Service load of landing:

DL=6.76 KN/m

LL=3KN/m

Reaction service load from flight:
DL=17.71KN/m

LL=5.54KN/m
17.71 KN 17.71 KN
HEEE RN
Deadlead 9 S S S0 W W S S P S S W
Py PN
DL=272 T T DL=28.42
2 08l 403 138 p
r [ [ r
5.54 KN SS4KN
Liveload | | | 0 ) L L[]
5 S P 0 S S S S S 0 S S
Py £
DL=9 61 T T DL=099
4 08l 403 2 138 p
r [ [ r
Moments: spanz Tfo 1

-38.5

6.4

43.

Fig (4-12): Moment & shear on landing L6
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Reactions

Factored

[ —
DeadR 32,64 HA
LiveR 15.38 15.99
MaxR 43.02 50.09
MinR 43.02 50.09
Service
DeadR 272 28.42
LiveR 9.61 9.99
MaxR 36.31 35.41
MinR 36.81 3.4

v" Design Flexure for landing Mu = 29.1 KN.m
_ Mn
" b-d?

* 6
R, = 291710 =1.08MPa .

" 0.9*1000%173
By
0.85x fc'

420
m =———
0.85x24

1 2mR, * *
p=—|1- [1- -1 1_\/1_w =0.00264
m f, 20.6 420

As req = 0.00264*1000*173= 457.3 mm?...... Control
Asmin=0.0018*200*1000= 360 mm?

R

=20.6

= Check for spacing
3h=3*200= 600mm

S=450 mm
= S ) _25%20=287.
s = 380 (0.75*420) 5% 20 87.8mm
s = 300( 260 ) — 266.7mm . ... Control
0.75%420

Use @ 12@ 200 mm, B.B. with As (provided) = 565.5 mm2 > 457.3 mmZ.
= Temperature and shrinkage

Asmin=0.0018*200*1000= 360mm2

Use ® 10@ 200 mm with As = 392.5mm?> 360 mm?.
= Check for strain:

Tension = Compression
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A * fy=0.85* fc' *b*a
1359*420=0.85*24*1000*a
a=31.7mm
=2 —31'7 =37.3mm
£, 0.85

173-37.3

Eg=—T——
37.3

g, =0.01>0.005........ ok

*0.003

= Design of Shear for landing :

$*Ve >Vn

$*Ve = %*O.?S*ﬁ*b*d = %*0.75*\@*1*0.173*1000 =105.94KN

¢Nc =105.94 >>Vu = 38.5KN
=~ No Shear Reinforcement required.
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4 — 7: Design of Column (C192).

= | oad Calculation:

Axial service loads:-
D.L=1697.3 KN, L.L=815.81 KN ... .; From column table.
Pu=1.2*1697.3 + 1.6*815.81 = 3369 KN

g =002........... Assumed
®Pn = ®0.8* Ag{0.85* fc'(Ag — Ast) + Astfy)}
3369*10° = 0.65*0.8* Ag[0.85* 24(Ag — 0.02Ag) + 0.02Ag *420]
Ag = 22825203mm°
For rectangular section b*h ... take b=450mm
228252.03
= =507 mm

450
So take h =500 mm.

= Check Slenderness Effect:

Lu=4-0.35=2.65m
M1&M2 =1
K=1 - nonsway

@ < 34—12ﬂ <40 .. ACI — (10.12.2)
r M2

1*2.65/0.3 *¥0.45=19.6 <22 .. Short column for bending in X-axis.

1*2.65/0.3 *0.5 =17.6 < 22. . Short column for bending in y-axis.
®Pn = ®0.8* Ag{0.85* fc'(Ag — Ast) + Ast * fy}

3369*10 ° = 0.65*0.8[0.85* 24(22500— Ast) + 420Ast ]

Ast = 4726.84 mm?
Use 14® 22 with As = 5321.82 mm? > 4726.84 mm?>.

523182
225000
= Design of the Stirrups:

=0.024

The spacing of ties shall not exceed the smallest of:-
spacing<16xd, =16x22=352mm
spacing<48xd, =48x10=480mm

spacing < least.dim.=450mm
UseglO@ 25 cm
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= Check code requirement :

500—40%20—10%2—5%22
4

=72.5>40mm OR 1.5db = 33mm

- Clear spacing =
- 0.01< pg=0.024 <0.08.

- NO. Of bar: 14 > 4,
- Min. ®: ®10 for 22 (ties).
- Arrangement of ties: 72.5 mm <150 mm.

4078 132 126 84 40

500muww
{+=
[ 25Y
[ 8
~
[ a
& s
(1)
S [
b . §
[ 25
N
[
R_a = a -
=
O

C(192)

Fig (4-12): C192
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4 — 8: Design of Truss Column:-

= Load calculation:-

1. From truss
DL=19.6 KN

LL=121.22KN

2. From (beam 8) in Sport hall

DL=308 KN
LL=121.8KN
3. Wind load

Wind presser according to DIN 1055-5 is:

Wind Speed (m/sec)

28.3

35.8

42

45.6

Wind velocity Pressure (KN/m?®)

0.50

0.80

1.1

1.30

- 0—-8m..q =0.5KN/m2
- 8—-20m..q = 0.8KN/m2

W1 (Service) =0.8*q*(0.5 left span+0.5 right span) = 0.8*0.5*7.25 = 2.9 KN/m
W2 (Service) =0.8*q*(0.5 left span+0.5 right span) = 0.8*0.8 *7.25 = 4.64 KN/m

= System and loading:-

Service Load :

8.00

~— WZ2=484KN'm

B2

|

—d

W1 =2 90KNm

F Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YYY Y.

800

3.51

Fig (4-13) static system truss column
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v" Design column Truss :-

By using ETABS program design we define the section and enter the load and get the
design:

50 cm 11(,)@211%0
¥ ¥ (%) 22F
14T16 2 t
g 22
[} » /
42
Section A-A

Fig (4-14) Sections truss column
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4 — 9: Design of Foundation:

Fy = 420 MPa fc'= 24MPa

Pp =1452.3 KN PL=695.55 KN
Pu = 2855.64 KN

Column Dimensions = 40*40 cm.

Allowable bearing capacity Q= 400 KN/m?.

Area of Footing :
Live load =5 KN/m2.
Assume h=60cm
Wooting =0.6*25 = 15 KN/m?

Wi = 0.6 *18 = 10.8 KN/m?

Qnet= 400 - 5—15—10.8 = 369.2 KN/m ?

[ 1 T T~

2.45

Figure (4-15)

Area A=Pp+ P /qne =1452.3 +69555/369.2= 5.82m?

Use L=245B=245m, A=6m?

Depth of footing:
- One Way Shear (Beam share):

Vu =qy, X(?_dij

DV, =V,

B-a

VU = qult X(

d=0.448m=0.45m
h=450+75+20 = 545 = 550 mm
d =550 - 75— 20/2 = 465 mm.

Vu =475.74x 2.45[M

—dij =075 =\/fc by d

A75.74%2.45 0.75 (2.45/2 - 0.4/2 d) = /24 *2450 *d

- 0.465) =652.7KN

Inclined crack

Critical section for
one-way shear

\,i Tributary area for
_ one-way shear

Column

One-way shear.

@V.=0.75 =[fcbwd =0.75 =24 *2450+465*10° = 697.65 KN.

D V.>Vu.
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- Two Way Shear
Vu =q,, x((BxL)—(a+d)(b+d))

VU = 475.74x ((2.45* 2.45) — (0.4 + 0.465)? ) = 2499.6 7KN
According to ACI, VC shall be the smallest of:

v, =%[1+ﬂi}/ff'bod = 051, b,d

1 « ’ '
V,=—| =42 |f bd =0585f bd
: 12(bo/d+J ¢ Do ¢ o
V., =%\/ fc,bod .....Control
Where:

f.=alb=40/40=1 N ,
Critical section
for two-way shear ™

b0 = Perimeter of critical section taken at (d/2)

from the loaded area
=4(0.4+0.465) =3.46 m

s =40 for interior column

Tributary area for
two-way shear

AV, =0.75% 0.33v/24 x 3.46x 0.465x 1000 = 1970.5KN

@Vc =2486.4 KN < Vu = 2499.67 KN ... NOT OK

Try h=60cm.
d =600 — 75 -20 = 505 mm
bo= (0.4 + 0.505) * 4 = 3.62 m.
oV, =0.75x 0.33v/24 x3.62x 0.505x 1000 = 2239KN

VU = 475.74x ((2.45* 2.45) — (0.4 + 0.505) ) = 2465.9KN

@Vc =2239KN < Vu =24659KN ...NOT OK
Try h=65cm.

d =650 — 75 -20 = 555 mm

bo= (0.4 + 0.555) * 4 = 3.82 m.

oV, =0.75x 0.33v/24 x3.82x 0.555x 1000 = 2596.6KN

VU = 475.74x ((2.45* 2.45) — (0.4 + 0.555)? ) = 2422KN

@Vc =2596.6 KN < Vu =2422KN ...0OK

89
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¢ Design of flexural reinforcement :

Mu = (qult W X(E_EDXO.5(E—EJ
2 2 2 2

= (475.74x 2.45)x 0.5%1.025" ) = 612.3 KN.m

Mn = 612.3/0.9 = 680.33 KN.m
Rn = Mn/b.d*= 0.87 Mpa

m=— Y _ 420 554
0.85fc'  0.85(24)

polfy jp_2mRn)_ 1 1_\/1_2><20.6><O.87 — 0.00212
m fy 20.6 420

As = 0.00212*2450*555 = 2931.3 mm>. .......ccoeevve Control
A min = 0.0018*2450*650 = 2866.5 mm?>.
Use 10 @ 20, B.B in both directions.

s Dowels & Development length of flexural reinforcement:

- Load Transfer In footing:

Ay _ 2457245 oioe s
A 0.4*0.4
So 2

LR
A

®Pn.b =0.65x% (0.85%24x400x 400) x 2x1000=4243.2KN
®dPn = 4243.2 > Pu = 2855.64KN
No need for dowels.

- Load Transfer In column:

®Pn.b =0.65x(0.85x 24 x400x 400) x1000=2121.6 KN
®Pn =2121.6 < Pu = 2855.64KN

e Dowels are required

2855.64 21216

As (dowels) = 065065 — 2588 79 mm?

420%10-3
Use 6 @ 25
And the minimum reinforcement of dowels:
As =0.005 *(400 x 400) = 800 mm?
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e Development length in footing :

d=650-75-2*20=535mm....... Available

_ 0.24«fy=+db
Ldo= 252 > 0.043fy. db
_ 0.24%420%25

Ldc= - 514.4 = 515 mm..... Control

Ldc =0.043 fy db = 361.2 mm

Use Ldc =550mm < h=650mm
Lap splice of dowels in column
Lcc=0.071*fy*db

Lcc =0.071 * 420 * 25 = 745.5 mm
Use Lcc =1m.

e Tension development length in footing :

Ld for @ 20:
L, = gx fy y axfxyxA 5 :gx 420 x1X1X0'8><1><20:493.8mm
10 . [fc’ k, +C 10 /24 25
db
Available length = ((2450-500)\2) - 75=900mm
900mm > 493.8 mm ............... ok

Q‘ 235
<

025

025

=2.85

21310 1

pls,

0.5

0,65

Bl

Fig (4-16): Isolated Footing.
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4 -10: Truss Design:-

+» Load calculation
1. Dead Load:-

- Surface layer of steel sheet with thickness of 0.6mm=0.05KN/m?

- Heat insulation layer of rock wool with thickness of 200mm=0.1 KN/m?
- Sheet metal with thickness of 0.75mm =0.078 KN/m?

- D.L=0.05+0.1+0.078=0.228KN/m?

2. Snow load
S=h-400/400

=970-400/400=1.425KN/m?

e Qt=1.425+0.228=1.653 KN/m?

06mm Steel Sheet
100mm Heat Insulation
AN
4WVMM3L
— G ~— 01— ~51=
Fig (4-17) Cross section of sheet metal
Zwischenauflagerbreite = 60 mm A A | [

Zulassige, gleichmaRig verteilte Belastung in kN/m? bei einer Stiitzweite | in m (inkl. Eigengewicht)
Dicke Gewicht | 98,9 9 9 b kl. Eigeng

_mm kN/m? cm?/m 1,00 125 1560 1,75 200 225 250 275 3,00 325 350 375 4,00 425 450 4,75
1 798 564 398 292 224 177 143 1,18 099 085 0,73 064 056 050 044 0,40

0,63 0,066 16,5 2 798 564 398 292 224 1,77 143 118 099 085 0,73 061 050 042 0,35 0,30
3 798 564 398 292 224 177 137 103 0,79 062 050 041 033 028 023 0.20

10,700 7,44 5,16 3,79 290 230 18 154 129 1,10 095 083 073 064 057 0,51

0,75 0,078 20,8 10,700 7,44 5,16 3,79 290 230 18 154 129 1,10 094 0,77 063 053 044 0,38
10,700 7,44 516 3,79 290 230 173 130 100 079 063 051 042 035 0,30 025

1394 944 656 482 369 291 236 19 164 140 120 105 092 082 0,73 0,65

0,88 0,092 258 1394 944 656 482 369 291 236 19 164 140 1,17 085 078 065 0,55 047
1394 944 656 482 369 291 213 160 123 097 078 063 052 043 037 031

1717 11,41 7,92 582 446 352 28 236 198 169 146 127 1,11 099 088 0,79

1,00 0,104 304 1717 11,41 7,92 582 446 352 285 236 1,98 6 138 1,12 092 0,77 065 0,55
1717 11,41 7,92 582 4,46 346 252 189 1,46 092 075 062 051 043 037

9
5
3 201 1,75 154 136 1,22 1,09
1,25 0,130 394 24,56 15,78 1096 8,05 6,16 487 394 326 274 223 1,78 145 1,19 1,00 0,84 0,71
24,56 15,78 10,96 8,05 6,16 448 326 245 1,89 48 1,19 097 080 066 056 048
31,80 20,35 14,13 10,38 7,95 6,28 509 420 353 301 260 226 199 1,76 1,57 1,41
31,80 20,35 14,13 10,38 7,95 6,28 509 420 342 269 215 1,75 144 1,20 1,01 0,86
31,80 20,35 14,13 10,38 769 540 394 29 228 179 143 1,17 09 0,80 0,67 0,57

1
1
2456 15,78 10,96 8,05 6,16 4,87 394 326 2,74 2,
2
1

1,50 0,156 47,5

WN = WRN = W= WN = WK =
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Zwischenauflagerbreite = 60 mm 4 | A | A | &
Dicke Gewicht I, Zulassige, gleichmaRig verteilte Belastung in kN/m? bei einer Stiitzweite | in m (inkl. Eigengewicht)
mm kN/m? cmé/m 1,00 1,25 1,50 7,75 2,00 225 250 2,75 3,00 3,25 3,59 i75 4,00 4,25 4,50 4,75
1 89 573 398 299 238 193 160 13 1,15 099 086 0,75 067 0,5 0,53 0,48
0,63 0,066 16,5 2 895 573 398 299 238 193 160 1,21 093 073 059 048 039 0,33 0,28 0,23
3 895 573 398 299 209 147 1,07 081 062 049 0,39 0,32 0,26 0,22 0,18 0,16
111,62| 744 516 39 3,14 255 210 1,77 150 1,29 1,12 098 087 0,77 0,69 0,62
0,75 0,078 20,8 21162 744 516 396 3,14 255 203 153 1,18 092 0,74 060 050 0,41 0,35 0,30
31162 744 516 395 264 18 1,35 1,02 0,78 062 049 040 033 0,28 0,23 0,20
11475 944 665 511 404 327 270 226 192 165 1,43 1,26 1,11 099 0,88 0,80
0,88 0,092 258 214,75 944 665 511 404 327 251 188 145 1,14 091 0,74 061 051 043 0,37
314,75 944 665 488 327 229 167 126 097 0,78 081 050 041 034 028 024
11782 11,41 815 6,25 493 398 328 275 233 200 1,74 152 1,34 1,20 1,07 0,96
1,00 0,104 30,4 217,82 11,41 8,15 6,25 493 398 296 223 1,72 135 108 088 0,72 060 0,51 043
31782 11,41 815 5,76 3,86 2,71 1,98 1,48 1,14 090 0,72 0559 048 040 0,34 0,29
12465 15,78 11,55 881 6,93 558 459 384 325 2,79 242 212 187 166 1,49 1,34
1.25 0,130 394 22465 1578 11,55 881 693 526 384 288 222 1,75 140 1,14 094 0,78 0,66 0,56
32465 1578 1165 7,45 499 351 256 192 148 1,16 093 0,76 062 052 044 0,37
131,80 20,80 15,19 11,66 9,06 7,28 598 499 423 362 3,14 275 242 215 1,92 1,73
1.50 0.156 47.5 2 31.80 20.80 15.19 11.55 904 635 463 348 268 211 1,69 137 113 094 0,79 0,67
331,80 20,80 14,28 9,00 6,03 423 309 232 1,79 1,40 1,12 091 0,75 063 0,53 045
Table (4-8) sheet metal for 2&3spanes
] . 2
From the table above the bearing load of sheet metal is 5.16 KN/m
_ 2 _ 2
Qu = 5.16KN/m? > Qt = 1.653KN/m?........ Ok
Note: the members are A36 (Fy=36 ksi and F,=58 ksi)
o ] ]
¢+ Purlins design
_ _ 2
Qu=1.5(1.4*0.228) = 0.48 KN/m
_ _ 2
Qu=1.5(1.2*%0.228+1.6*1.425) =3.83 KN/m“....... Control.
3.83 KN/m
6.13 5.34 5.34 5.34 5.34 4.79
Fig (4-18) static system for purlins
= Design of Moment Max. Mu = 14.2 KN/m.
Moments: spans 1fo 6
-14.2
-9, -10.2
81 9.8 9.1
122078 Wé}_\% 49 4 a
: I % 16 12 25
X VA i it # \/.
3.1
€ 4.4
5.2 4.7 65
11.6
245 | 3.68 299 | 244 271 | 272 271 | 272 2.71 272 | 287 | 192 |

Fig (4-19) Moment envelope for purlins
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Mu (max) = 14.2/4.448x1000x1/25.4 = 125.7 Kkip.in
Mp > Mu
0.9*36*Zx=125.7 — Zx = 3.88 in®
Select HSS 4*2 1/2 *5/16 — Zx=3.97 in®
b/t =5.59 , h/t=10.7
= Check Compact :
Ap=1.12+ (E/Fy) =1.12 (28000/36) = 31.8
Ar=1.4\ (E/Fy) =1.4V (28000/36) = 39.73
b/tand b/t < Ap so Compact section

= Design of shear stress Max. =14.1 KN

Shear

437 -1441
a5 o Ay I a8 W3 02 106
62 T
7 W N l‘
ih t it T ]
94 9 i 104 97 105 104 102 98 #na w9
Fig (4-20) Shear envelop for purlins
14.1 .
Vu=——=23.17 kip
4.448
Vp 2 Vu

0.9%0.6*Fy*d*t,, > 3.17
0.9*0.6*36*4*136 =24.3Kip>3.17 .......... Ok

¢ Truss design
- Internals forces calculation :

Max support from purlins = 25.6 KN

Fig (4-21) Support reaction for purlins
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128 KN
256 KN
256 KN
256 KN
256 KN

|
v

T1 12 13

256 KN

256KN

T6

256KN
256 KN
256 KN
256 KN
256KN
256 KN
256 KN
256 KN
256 KN
128KN

I7 T8 T8 T6 T4 I3 12 Tl

VT
VZ
V3
v
VS

1.5

Bl B2 B3 B4 B3

-

A4
VY
V8
V7
Ve
Vs
V4
V3
V2
Vi

1.5
—

B BS BS B B B4 B3 B2 Bl

B o B8 5 15 15 13
%

15

P

5 A8 15 13 B s s . i, i3 15
+ %

Topmember (D
Diagonal member (D)
Vertical menber (V)
Bottom member (B)

Fig (4-22) Truss system

1- The vertical member(V)

The truss consists of four types of member

Value of compression force

NO. of member

KN Kip
V1 210.96 47.43
V2 196.08 44.08
V3 170.15 38.25
V4 143.91 32.35
V5 117.7 26.46
V6 91.49 20.57
V7 65.3 14.68
V8 38.92 8.75
V9 25.47 5.72

Table (4-9) vertical member forces

2- The top member (T)

NO. of member

Value of compression force

KN Kip
T1 197.72 44.45
T2 370.42 83.27
T3 516.38 116.09
T4 635.86 142.95
T5 728.81 163.84
T6 795.24 178.78
T7 835.18 187.76
TS 848.43 190.74

Table (4-10) Top member forces

3- The diagonal member (D)

NO. of member

Value of tension force

KN Kip
D1 277.41 62.32
D2 241.27 54.24
D3 204.03 45.87
D4 166.96 37.53
D5 129.87 29.2
D6 92.77 20.86
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D7 55.73 12.53
D8 18.45 4.15
Table (4-11) diagonal member forces

4- The bottom member (B)

NO. of member Value of tension force
KN Kip
Bl 1.53 0.34
B2 199.71 44.45
B3 372.04 83.27
B4 516.38 116.09
B5 635.86 142.95
B6 728.81 163.84
B7 795.24 178.78
B8 835.18 187.76

Table (4-12) bottom member forces

= Design of tension member :
v" Bottom member Max. tension = 835.18 KN = 187.76 Kip

- Tensile yielding
Pu=0*Fy*Ag
Ag=187.76 /0.9%36 = 5.79 in’
Try W6*20 with Ag = 5.87 in

- Tensile rupture
OPn=0*F *(U*Ag) = 0.75*58*(1*5.87) = 255.345 Kip > 187.76 Kip......Ok

v Diagonal member Max. tension = 277.41 KN = 62.32 Kip
- Tensile yielding

Pu=0*Fy*Ag
Ag=62.32/0.9%36 = 1.92 in’
Try L3*3*3/8 with Ag=2.11 in?

- Tensile rupture

®Pn=0*Fu*(U*Ag) =0.75*58*0.85*2.11 = 91.8 Kip > 62.32 Kip......Ok

= Design of compression member
v Vertical member Max. compression = 210.96 KN = 47.43 Kip
- Take section member L3*3*3/8

Section property: A=2.11 in? r, =0.91 in, ry =0.91in

96



[ Chapter 4 ] [Structural Analysis & Design|

L=1.5m= 4.92ft

- Determine of the reduction factor for slender ""Unstiffened element ™

t 3/88
f /29000
0.45 _045 T —1277>——8—>Q Qs =1
4,92 % 12 _ ea88
rx_ 091
L
0<—<80
rx

KL 492 %12
=>—_72+075—_72+075*— 120.66

’ / = 133.68 > 120.66
1%36

. _nZ*E _1'[2*29000_ 19.66
¢= (&)2 T (12066)2

r

Qs*F *
= Fer = [0.658 /re| « Fy = [0.658' %1966 5 36 = 16.73

OPn=0*F,*Ag=0.9*16.73*2.11= 31.8 Kip < Pu=47.43 Kip........ NOT Ok
- Try L3 1/2*3*1/2
Section property: A=3 in?, r, =1.07 in, r, =0.877 in
L=1.5m= 4.92ft

- Determine of the reduction factor for slender ""Unstiffened element ™

b3 e
t 1/2
, ’29000

0.45 = 0.45 T —1277>——8—>Q Qs=1
4.92 % 12 s

rx_ 1.07 77
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L
0<—<80
rx

KL 492 % 12
=>—_72+075—_72+075*— 113.4

2900 =133.68 > 113.4
1%36

. m % E T[ * 29000 223
e= = = 22.
(KL) (113.4)2

r

Qs+F .
= Fer = [0.658 /re| « Fy = [0.658"*%223| x 36 = 18.32 kip
OPn=0*F,*Ag=0.9%18.32*3= 49.5 Kip > Pu=47.43 Kip........ Ok
v Top member Max. compression = 848.43 KN= 190.74 Kip

Assume KTL =75

29+10°

471 = 133.68

% * E 11*29*103

(K l/ ) 752 = 50.88

F
For = [0.658 /re] « Fy = [0.6587%s088] « 36 = 26.77 Kip

Kl 1%12%492
?=f=75:>r=0.787

hoo Pu_ 10074
8= OFcr 09x2677 '™

~ Use W8*28 with Ag= 8.24 in?
++ Design of weld

- The calculations of weld based on the following:

Fillet Weld is used.

The plates are A36 (Fy = 36 ksi, Fu = 58 ksi).
The plate thickness is (t = 1/2 in).

The electrodes having Fexx = 70 ksi.

The shielded metal arc welding (SMAW) is used.

o krwbdPE
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First: Design of weld between the vertical member and the Gusset plate in the corners
of the truss:-

The section of the vertical member is angel (L3 1/2 *3 % 1/2)

Member property......... Ag=3in% y=1.12in

v The value of Max. Compression in the vertical member is Vu= 47.43 Kip.

. _ 1 _1 17 .
Max. Weld size (ama) =t — 7= =5 — - = - in. =
Min. weld size (amin) = in. M.
Use weld size (a) :% in.
= Design strength of weld :- I
B .
@Rnw = @ X te X 0.6 X FExx
F1

@Rnw = 0.75 x (0.707 x 6/, ) x 0.6 x 70 = 8.35 kips.

Fig: (4-23): weld between vertical

= Design strength of base material :- member and qusset plate

PRn =0 X (0.6 X Fy) xt =1.0 X 0.6 X 36 X 1/2
= 10.8 kips > 8.35 kips ... Ok

OR
ORn =@ x (0.6 Xx Fu) Xt = 0.75 x 0.6 Xx 58 x 1/2

= 13.05 kips > 8.35 kips ...0k
F; = 8.35 % 3.5 =29.23 Kips

F, = 47.43 —29.23 = 18.21 Kips

F : . :
Lw,_ 2 -2l _718in..... take 2.5in
@Rnw 835
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Second: Design of weld between the diagonal member and the gusset plate:

- The section of the diagonal member is angel (L3 * 3 x 3/8).
- For the vertical member use the same size and dimension of weld for the previous
vertical member.

v The value if Max. Tension in the diagonal member is Tu = 62.32 kip.

. 7 .
Max. Weld size (amax) = - in.
. . 3.
Min. weld size (amin) = o in.
. 6 .
Use weld size (a) = in.

62.32

Kip

NN
‘ \F2
\-\
FI N,

Fig: (4-24): weld between diagonal member and gusset plate

= Design strength of weld:-
@Rnw = 0.75 * t, * 0.6 * Fgxx = 0.75 X (0.707 X 6/16) x 0.6 X 70 = 8.35 kips.

= Design strength of base material:-
PRn =0 X (0.6 X Fy) Xt =1.0 X 0.6 X 36 X 1/2
= 10.8 kips > 8.35 kips ... Ok

OR
@Rn =@ X (0.6 X Fu) xt =0.75 X 0.6 X 58 x 1/2

= 13.05 kips > 8.35 kips ...0Ok

F; = 3% 8.35 = 25.05 Kips
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SMatF, =0

= F3%x1.5+ F,*3—6232(3—-y)

=25.05%15+F, *3—-6232(3—-0.884) =0

= F, = 31.43 kips

F, = 62.32 — 25.05 — 31.43 = 5.84 kips

o FL_s84_
wl = ORnw = 835— J/n S use 1in.
g F2_ 3143
Wa = @Rnw_ 835 = J. in s use4lin.

= Check for rupture

441
L=( )=2.5in
2
=151 98866
B L 25

Ot Pn = 0.75 X Fu X Ae

Ot Pn = 0.75 x 58 x (0.646 X 2.11) = 59.33 kip < 62.32 kip

= TrylL31/2*3*1/2 Ag=3in%y=1.12in

. 1 1 1 7
Max. Weld size (amax) =t — ==l ===

. . 3 .
Min. weld size (amin) = o in.
. 6 .
Use weld size (a) = in.

Design strength of weld:-

NOT Ok

@RnW = 0.75 * t, * 0.6 * Fryx = 0.75 x (0.707 x 6/ ) x 0.6 X 70 = 8.35 kips.

Design strength of base material:-
PRn =0 X (0.6 X Fy) Xt =1.0 X 0.6 X36x1/2
= 10.8 kips > 8.35 kips

OR
@Rn =@ X (0.6 X Fu) xt =0.75 X 0.6 X 58 x 1/2

= 13.05 kips > 8.35 kips ...

101
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F; =3.5%8.35 = 29.23 Kips
IMatF, =0
= F3 % ; + F,3.5 - 62.32(3.5—y)
=29.23%x1.75+F, *3.5-62.32(3.5—-1.12) =0
= F, = 27.76 kips
F, = 62.32 —29.23 — 27.76 = 5.24 kips

F1 524

Lwl = ORnw 835 =0.62in -~ uselin.
w2 = —o = 270 335in cuse3si
w2 = ORnw - 835 > in -~ use3.5in.

=  Check for rupture

3.5+ 1
ngzz.zsm

2
U=1 x—1 0'869—0614
B L 225

@t Pn = 0.75 X Fu X Ae

@t Pn = 0.75 x 58 x (0.614 x 3) = 80.1 kip > 62.32 kip ... ... Ok
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Third: Design of weld between the bottom member and the gusset plate:
The section of the bottom member is angel (w6 * 20).

11 /2.54= 4.33 in 44 1
37.5cm/2.54=14.76 in
R, =+/[Rv + Ry]> * [Rh+ Rx]? 62.32
Py
Rv = T =0
Ry === 1:‘7‘612 = 1.49 kip/in
Ip =2 14.76° 535.93 in?
= 2 x = .
1% 12 n
_ Mxy _ _
Rx==7=0-y=0.

Ry = M=% _ (44.1+4.33)+(*22) _ o7
Ip 535.93 ) Fig (4-25) weld between gust plate and bottom member

R, =+/[0+0.77]2 * [1.49 + 0]? = 1.68 kip/in
ORpyw = Ry,

0.75(0.707a) * 0.6 * 70 = 1.68 = a = 0.0754in

_2.
Take a= N
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Table 1-11 (continued)
sl 1l Rectangular HSS

Dimensions and Properties

Y
Design . ey
waﬁ Nominal | Area, Axis X-X
Shape Thick- Wit. A b/t h/ ! s r z
ness, t
in. Ib/ft in.2 in* in.2 in. in?
HSS5x2 ax/a 0.233 11.33 314 7.73 18.5 9.40 3.76 1.73 4.83
38 0174 8.79 2.41 11.4 25.7 7.51 3.01 1.77 3.79
x/s 0.116 6.02 1.65 18.6 40.1 5.34 2.14 1.80 2.65
HSS5x2x3/s 0.349 14.65 4.09 2.73 11.3 10.4 414 1.59 5.1
X518 0.291 1267 352 3.87 14.2 9.35 3.74 1.63 5.05
xa 0.233 10.48 291 5.58 18.5 8.08 3.23 1.67 4.27
%316 0.174 8.15 2.24 8.49 25.7 6.50 2.60 1.70 3.37
/s 0.116 5.60 1.54 14.2 40.1 4,65 1.86 1.74 2.37
HSS4x3x3/s 0.349 14.65 4.09 5.60 8.46 7.93 3.97 1.39 5.12
x5hs 0.29 1267 352 7.31 10.7 7.14 3.57 1.42 4.51
x4 0.233 10.48 291 9.88 14.2 6.15 3.07 1.45 3.81
>3he 0174 8.15 2.24 14.2 20.0 4.93 2.47 1.49 3.00
/g 0.116 5.60 1.54 22.9 31.5 3.52 1.76 1.52 2.11
HSS4x2 /2538 0.349 13.37 3.74 416 8.46 6.77 3.38 1.35 4.48
x5he 0.291 11.60 3.23 5.59 10.7 6.13 3.07 1.38 3.97
x4 0.233 9.63 2.67 1.73 14.2 5.32 2.66 1.41 3.38
x3he 0.174 7.51 2.06 114 20.0 4.30 215 1.44 267
x/g 0.116 517 1.42 18.6 31.5 3.09 1.54 1.47 1.88
HSS4x2x3/a 0.349 12.09 3.39 2.73 8.46 5.60 2.80 1.29 3.84
x5he | 0.291 10.54 2.94 387 10.7 513 2.56 1.32 3.43
x4 0.233 8.78 2.44 5.58 14.2 4.49 2.25 1.36 2.94
x3e | 0.174 6.87 1.89 8.49 20.0 3.66 1.83 1.39 2.34
=8 0.116 4.75 1.30 14.2 KIRG) 2.65 1.32 1.43 1.66
HSS3/2x21 /23 0.349 12.09 3.39 4.16 7.03 4.75 2.72 1.18 3.59
x%e | 0.291 10.54 2.94 5.59 9.03 4.34 2.48 1.22 3.20
x4 0.233 8.78 244 773 12.0 3.79 217 1.25 2.74
3 | 0.174 6.87 1.89 11.4 171 3.09 1.76 1.28 2.18
xfg 0.116 4.75 1.30 18.6 27.2 2.23 1.28 1.31 1.54
HSS3Y2x2x/a 0.233 7.93 2.21 5.58 12.0 317 1.81 1.20 2.36
e | 0.174 6.23 1.71 8.49 17.1 2.61 1.49 1.23 1.89
x/g 0.116 4.32 1.19 14,2 27.2 1.90 1.09 1.27 1.34

Note: For compactness criteria, refer to the end of Table 1-12.

Table (4-13.a) HSS
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Table 1-11 (continued)
Rectangular HSS
Dimensions and Properties
HSS5-HSS3Y,
Axis Y-Y Workable Flat |- Torsion

Surface
Shape I s r Z |Deptn|width| J c Area
in? in.3 in. in2 in. in. in4 in.2 ot
HSS5x21/2x Vs 313 250 | 0999 | 295 | 3 | — 793 [4.99 1.18
%316 2.53 203 | 1.02 2.33 46 | — 6.26 | 3.89 1.20
x'fs 1.82 146 | 1.05 164 | &ne | — 440 |2.70 1.22
HSS5x2x 2.28 228 | 0748 | 288 | 35| — 6.61 |5.20 1.07
xShe | 2.10 210 | 0772 | 257 | 8% | — 599 |459 1.08
/4 1.84 184 | 0797 | 220 | 3% | — 517 | 3388 1.10
e | 1.51 151 | 0823 | 175 | 4% | — 415 |3.05 1.12
/s 1.10 110 | 0.848 | 124 | 47| — 295 | 213 1.13
HSS4x3x¥s | 5.01 334 | 1.11 418 | 25 | — 106 |6.59 1.07
X6 | 452 302 | 1.13 369 | 2% | — 941 [5.75 1.08
x'/4 3.91 261 | 1.16 312 | 2 | — 7.96 |4.81 1.10
xYis | 3.16 210 | 1.19 246 | 3% | — 6.26 |3.74 1.12
X 2.27 151 | 1.21 173 | 3he | — 438 |2.59 1.13
HSS4x2'/ox¥s | 317 254 | 0922 | 320 | 25| — 757 |5.32 0.983
x5 | 2.89 232 | 0947 | 285 | 2% | — 677 | 467 1.00
X'fa 2.53 202 | 0973 | 243 | 2 | — 578 |3.93 1.02
x¥6 | 2.06 165 | 0999 | 193 | 3% | — 459 |3.08 1.03
xls 1.49 119 | 1.03 136 | 36| — 323 |2.14 1.05
HSSAx2xYs | 1.80 180 | 0729 | 231 | 25hs | — 483 | 4.04 0.900
x5e | 1.67 167 | 0754 | 208 | 2% | — 440 |3.59 0.917
x/a 1.48 148 | 0779 | 179 | 2% | — 382 |3.05 0.933
xIe | 1.22 122 | 0804 | 143 | 3| — 308 |2.41 0.950
XV 0898 | 0898| 0.830 | 1.02 | 36| — 2.20 |1.69 0.967
HSS3Y2x2"/2xYs 277 221 | 0904 | 282 | — | — 616 |4.57 0.900
xShe | 2.54 203 | 0930 | 252 | 2% | — 553 |4.03 0.917
xVa 223 178 | 0956 | 216 | 2% | — 475 |3.40 0.933
Y6 | 1.82 146 | 0983 | 172 | 2Me| — 378 | 267 0.950
/g 1.33 1.06 | 1.01 122 | 2846 | — 267 |1.87 0.967
HSS3V2x2xVa 1.30 130 | 0766 | 158 | 2 | — 316 |2.64 0.850
36 | 1.08 108 | 0792 | 127 | 2%e| — 255 |2.09 0.867
/s 0795 | 0.795| 0.818 | 0912 | 2'%6 | — 1.83 | 147 0.883

—Flat depth or width is too small to establish a workabie flat.

Table (4-13.b) HSS

105



[ Chapter 4 ] [Structural Analysis & Design|

U

b 1 Table 1-1 (continued)
@ xfx o7 W Shapes
[ 4
I — Dimensions
Y
S h
Web Flange : Distance
Area, | Depth, - - _—
Shape A d Thickness, | f, | Width, | Thickness, k W |7 a?:rle
ty 2 b tr Kees | Kot Gage
in.? in. in. in. in. in. in, | in. | in. |in | in.

W8x67 19.7 | 9.00| 9 |0.570| %6 | 516 | 8.28|8Ya |0.935| '51e|1.33 [15/8 | 5/16|5%4 | 52
x58 17.1 | 8.75 8%40.510 V- s 8.22| 84 |0.810| '31s8|1.20 (12 /s
x48 14.1 | 850 8Y2(0.400 38 | %6 | 8.11|8Ys |0.685| '15/1.08 [1%s 316
x40 11.7 | 8.25| 8Y4|0.360| 38 | 316 | 8.07|8Ys |0.560| %/16 | 0.954|14 1316
%35 10.3 | 8.12 BVBF 0.310| %he | %6 | 8.02|8 0.495| /2 | 0.889|1%1s | 36
=31 9.12 8.00[ 8 (0.285| %16 | 36 | 8.00|8 0.435| 716 {0.829|1"/s 3/4

W8x28 8.24| 8.06| 8 |0.285 %6 | 316 | 6.54|6Y2 |0.465| /e [0.859] 'She 8 | 6V 4
%24 7.08( 7.93| 77/8|0.245| Ya | s | 6.50|6%2 |0.400| %s |0.794| /s | %6 | 6Ys 4

W8x21 6.16] 8.28| 8'/4|0.250( Vs | 8 | 5.27|5Y4 [0.400| %8 |0.700f /s | %M | 6Y2 | 2%/49
=18 5.26| 8.14| 8'8/0.230| "a | '8 | 5.25/5% |0.330| e |0.630] 316 %16 | 6V2 | 2348

W8x15 4.44) B11| 8Y8(0.245| Va | Vs | 4.02]4 0.315| 516 | 0.615| 1316 %6 | 62 | 2Va8
%13 3.84] 799 8 |0.230| Vs s | 4.00{4 0.265| Y4 |0.555| ¥4 | %18 % *
x10%f 2.96| 7.89| 77/8|0.170| 316 | Vs 3.904| 4 0.205| 3he |0.505| "6l 2

W6x25 7.34| 6.38| 6%80.320! 516 | % | 6.08]6Ys |0.455| 7/he |0.705( %16l e | 42| 32

%20 5.87| 6.20| 6's/0.260| Vs s 6.02| 6 0.365| 38 |0.615| s | %1 ¢ *
x15f 4.43| 599 6 |0.230] Vs s | 5.99/6 0.260| Y4 |0.510| 34 | %1
W6x16 4.74] 6.28| 6'4/0.260| Vs Yg 4.03| 4 0.405| 38 |0.655| /s | %16 | 4V2 | 21/49
x12 3.55| 6.03| 6 [0.230] Vs g 4.00( 4 0.280f /4 |0.530| 34 | %he
xaf 2.68| 5.90| 578|0.170] 36 | Vs 3.94| 4 0.215] 3he | 0.465] el 2
x8.5! 2.52| 583 57/8/0.170| 36 | s | 3.94|4 0.195| 316 | 0.445 Vsl /2
W5x19 5.56| 5.15| 5'/8|0.270| 4 s 5.03| 5 0.430} 7/e | 0.730| '3/16| e | 32 | 23/49
%16 471 501 5 [0.240| Vs s 5.00{5 0.360] 38 |0.660| 3 | THe | 32| 2349
W43 3.83| 4.16| 4'/8{0.280| Vs /g 4.06| 4 0.345| 38 [0.595] 34 | Vo | 258 | 2Va8

¢ Shape is slender for compression with F, = 50 ksi.

' Shape exceeds compact limit for flexure with £, = 50 ksi.

9The actual size, combination, and orientation o¥lastener components should be compared with the geometry of the cross-section
to ensure compatibility.

Table (4-13.c) W shape
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Table 1-1 (continued)

W Shapes
Properties
W8 - W4
Compact ] Torsional
Nom-| - section Axis X-X Axis Y-Y Properties
al | o riteria s | h
w J [
b | h | s | r] z 1 s| r| z w
Ib/t] 2t | fw | in® | ind |in.| ind | in? | ind | in. | in® | in. | in in. in.®

67| 4431111 | 272 | 604 | 3.72| 70.1 | 886 | 214 (212 | 327 (243 | 807 5.05 1440
58| 5.07(124 | 228 | 520 | 365 598 | 751|183 |210 | 279 [239 | 7.94| 3.33 1180
48| 592|159 | 184 | 432 | 3.61| 49.0 | 609 | 150 [2.08 | 229 {235 | 7.82| 1.96 931
40 7.21{176 | 146 | 355 | 3.53| 39.8 | 49.1 | 122 |2.04 | 185 | 231 | 769 1.12 726
35| 8.10(120.5 | 127 | 312 | 351 347 | 426 | 106 |2.03 | 161 [2.28 | 7.63] 0.769 619
311 019|223 | 110 | 275 | 347 304 | 371 | 9.27/2.02 | 141 |2.26 | 7.57| 0.536 530

28| 7.03(223 98.0] 243 | 345 272 217 | 6631162 | 101 |1.84 | 760 0.537 312
24| 812|259 827 209 | 342 231 | 183 | 563/ 1.61 857|182 | 753 0.346 259

21| 6.59(27.5 753| 18.2 | 3.49 204 977 3711126 | 569|146 | 7.88( 0.282 152
18| 7.95/20.9 61.9] 152 | 343 17.0 7971 3.04/1.23 | 466|143 | 781 0.172 122

15| 6.37|28.1 480 11.8 | 3.29] 136 341 17010876 267|106 | 780 0.137 51.8
13| 7.84/29.9 396 991 3.21) 114 273| 1.37|0843| 215/1.03 | 7.74| 0.0871 408
10| 9.61/40.5 308/ 781|322 887 209 1.06/0841| 166|101 | 769| 0.0426 309

25| 6.68{15.5 534| 16.7 | 270 189 | 171 | 581|152 8.56(1.74 | 593 0.461 150
20} 8.25(19.1 414 134 | 266] 149 | 133 | 441150 | 672|170 | 584| 0.240 113
15111.5 (216 20.11  9.72| 256 10.8 9.32) 3111145 | 4751186 | 573 0.101 76.5

16| 4.98{19.1 321 102 | 260 11.7 4431 220{0967| 3.39(1.13 | 588 0223 38.2
12| 7.14|21.6 2211 7311 249 830, 299| 1.50|0918| 2.32|1.08 | 575 0.0903 247
9| 9.16/29.2 16.4[ 556| 247 623 220| 1.11/0905( 1.72|1.06 | 569| 0.0405 17.7
8.5 {10.1 |29.1 149 510[ 243 573 1.99] 1.01/0.890| 1.56|1.05 | 564| 0.0333 15.8

19| 5.85(137 26.3) 102 | 217] 1186 9.13| 363128 | 553)145 | 472 0316 509
16| 6.94[15.4 214 855 213 963 751 3.00126 | 458|143 | 465 0.192 40.6

13| 5.88{106 113| 546( 1.72| 628] 3.86] 1.90|1.00 292(1.16 | 3.82| 015 14.0

Table (4-13.d) W shape
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Table 1-7 (continued)
— g Anglgs
Properties
Axis X-X . Flexural-Torsional
k | wt |Area Properties
Shape | A 1 s r y Z |y J Cw I
in. | b/t | in2 | in® | ind | in in. | in? | in in® in® in,

L4x3Vax/z /s |11.9 | 350 | 530 | 192 (123 [1.24 | 346 |0497{0301 | 0.302 2.03
x%8 % | 910| 267 | 415 | 148 [125 [1.20 266 |0433/0132 | 0.134 2.06
s | e | 7.70| 225 | 353 | 125 {125 [1.17 | 224 |0.401|0.0782 | 0.0798 |2.08
x4 % | 6.20] 1.81 | 289 | 1.01 [1.26 |[1.14 1.81 | 0.368]0.0412 | 0.0419 |2.09

L4x3x5s |1 136 | 389 | 601 | 228 | 123 |[1.37 | 4.08 | 0810|0529 | 0.472 1.91
x1f2 %78 |111 | 325 | 502 | 1.87 |124 [1.32 | 3.36 | 0747|0281 | 0.255 1.94
x%a 3% | 850| 248 | 394 | 144 | 126 [1.27 | 260 |0.683(0.123 | 0.114 1.97
xhe | e | 7200 209 | 336 | 1.22 | 127 [1.25 | 219 |0651|0.0731 | 0.0676 |1.98
x/a %% | 580) 169 | 275 | 0988|127 |[1.22 177 | 0.618|0.0386 | 0.0356 |1.99

L3V2x32x'/2 s (111 | 325 | 363 | 148 (105 [1.05 266 |0.466)0.281 | 0.238 1.87
x'he | 3e | 9.80| 287 | 325 | 1.32 ({106 |[1.03 236 (041210192 | 0.164 1.89
x%8 % | 850| 248 | 286 | 1.15 [1.07 |[1.00 206 (0357|0123 | 0.106 1.90
x5 | e | 7.20| 209 | 244 | 0.969|1.08 0979 | 1.74 |0.301|0.0731 | 0.0634 |1.92
x4 % | 580|169 | 200 | 0.787(1.09 |0.954 | 1.41 |0.243[0.0386 | 0.0334 |1.93

L3V2x3x/2 /g |10.2 | 300 | 345 | 145 [1.07 |1.12 261 |0.480|0.260 | 0.191 1.75
x7he | e | 9.10] 265 | 310 | 1.29 (1.08 |1.09 232 {0.446|0.178 | 0.132 1.76
x¥g % | 7.90( 230 | 273 | 1.12 |1.09 |[1.07 203 {0411]0.114 | 0.0858 |[1.78
x%w | s | 660| 1.93 | 233 | 0.951(1.09 |1.05 172 | 0.375/0.0680 | 0.0512 | 1.79
x4 S | 540|156 | 1.92 | 0.773/1.10 |[1.02 1.39 | 0.336|0.0360 | 0.0270 |1.80

L3222 o | 940 275 | 324 | 1.41 |1.08 {120 252 [0.736)0.234 | 0.159 1.66
*38 ¥ | 7200 211 | 256 | 1.09 | 110 {115 1.96 |0.668{0.103 | 0.0714 |1.69
x5e | s | 6.10) 178 | 220 | 0925(1.11 [1.13 167 |0633|0.0811 | 0.0426 |1.71
x/a s | 490| 144 | 1.81 | 0.753|1.12 {1.10 1.36 |0.596(0.0322 | 0.0225 |1.72

L3x3x'2 s | 9.40| 275 | 220 | 1.06 [0.895 [0.929 | 1.91 [0.458/0.230 | 0.144 1.59
x's | 'Yhe | 830 243 | 198 | 0946/ 0903 |0.907 | 1.70 [0.405|0.157 | 0.100 1.60
38 3 | 720] 211 | 175 | 0.825/0910 [ 0.884 | 1.48 [0.351(0.101 | 0.0652 |1.62
e | s | 6.10] 1.78 | 150 | 0.693| 0.918 |0.860 | 1.26 | 0.296|0.0597 | 0.0390 | 1.64
/4 % | 490| 144 | 1.23 | 0569|0926 |0.836 | 1.02 | 0.239|0.0313 | 0.0206 |1.65
x$he | %s| 3.71| 1.09 | 0948 0433|0933 |0.812 | 0.774| 0.181|0.0136 | 0.00899 | 1.67

L3x22xV2 /8 | 8.50| 250 | 207 | 1.03 | 0910 (0.995 | 1.86 | 0494|0213 | 0.112 1.46
> | '3he | 7.60] 221 | 1.87 | 092110917 [0.972 | 1.66 | 0462|0146 | 0.0777 |1.48
x3s % | 660( 192 | 1.65 | 0.803| 0.924 [ 0.949 | 1.45 | 0.430|0.0943 | 0.0507 |1.49
xShe | 'he | 560 167 | 141 | 0.681(0932 {0925 | 1.23 [0.397|0.0560 | 0.0304 |1.51
x'/a o | 450( 1.31 | 1.16 | 0.555|0.940 | 0.900 | 1.000| 0.363|0.0296 | 0.0161 |1.52
x3e | %s| 3.39| 0.996| 0.899| 0.423|0.947 | 0.874 | 0.7610.328|0.0130 | 0.00705 | 1.54

Note: For compactness criteria, refer to the end of Table 1-7.

Table (4-13.e) Angle
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Table 1-7 (continued)

Angles
Properties L4-L3
Axis Y-Y Axis Z-Z Qs
Shape i s r X z Xp I s r Tan |F=36
@ ksi
in.* in.2 in. in. in.2 in. in.? in.? in.

Ldx3V2xV2 3.76 1.50 | 1.04 0.994| 269 | 0.438| 1.80 0.719 | 0.716 | 0.750 | 1.00
s 2.96 1.16 | 1.05 0947 206 | 0334 | 1.38 0.565 | 0.719 | 0.755 | 1.00
x5 | 252 | 0.980| 1.06 0923 1.74 | 0281 | 117 0.470 | 0721 | 0.757 | 0.997
x/a 207 | 0.794| 1.07 0.897| 1.40 | 0.227 | 0.950 |0.382 | 0.723 | 0.759 | 0.912

L4x3x5(s 2.85 134 | 0845 | 0.867 | 245 | 0.498 | 1.59 0.720 | 0.631 | 0.534 | 1.00
x/2 2.40 110 | 0.858 | 0.822| 1.99 | 0.407 | 1.30 0.592 | 0.633 | 0.542 | 1.00
>3 1.89 | 0.851] 0873 | 0775 152 | 0.311 | 1.01 0.460 | 0.636 | 0.551 | 1.00
x5 | 1.62 | 0.721| 0.880 | 0.750| 1.28 | 0.262 | 0.851 | 0.330 | 0638 | 0.554 | 0.997
xa 1.33 | 0.585| 0.887 | 0.725| 1.03 | 0.211 | 0.691 [ 0.318 | 0.639 | 0.558 | 0.912

L3V2x3"/2x/2 3.63 1.48 | 1.05 1.05 266 | 0.466 | 1.51 0609 | 0679 | 1.00 | 1.00
xTe | 3.25 1.32 | 1.06 1.03 236 | 0412 | 1.34 0.540 | 0.681 | 1.00 | 1.00
<3/g 2.86 115 | 1.07 1.00 205 | 0357, 117 0.471 | 0.683 | 1.00 | 1.00
=%he | 244 | 0969 1.08 0979 1.74 | 0301 | 0.989 (0.400 | 0.685 | 1.00 | 1.00
x/a 200 | 0.787| 1.09 0.954| 1.41 | 0.243 | 0.807 | 0.326 | 0.688 | 1.00 | 0.965

L31/2x3x/2 2.32 109 | 0877 | 0869 | 1.97 | 0431 1.15 0.537 | 0.618 | 0.713 | 1.00
xThe | 209 | 0971| 0.885 | 0.846 | 1.75 | 0.382 | 1.03 0.478 | 0.620 | 0.717 | 1.00
x3a 1.84 | 0.847| 0.892 | 0.823 | +.52 | 0.331 | 0.895 | 0.418 | 0.622 | 0.720 | 1.00
»x%hs | 158 | 0.718| 0900 | 0.798 | 1.28 | 0.279 | 0.761 [ 0.356 | 0.624 | 0.722 | 1.00
x/a 1.30 | 0.585( 0.908 | 0.773| 1.04 | 0226 | 0.623 | 0.292 | 0.628 | 0.725 | 0.965

L3Vax2Vex/2 1.36 | 0.756| 0.701 | 0.701| 1.39 | 0.395 | 0.782 [ 0.420 | 0.532 | 0.485 1 1.00
w8 109 | 0589 0716 | 0655| 1.07 | 0303 | 0.608 | 0.329 | 0.535 | 0.495 1.00
xShe | 0.937| 0.501| 0.723 | 0.632| 0.900( 0.256 | 0.518 | 0.281 | 0.538 | 0.500 | 1.00
xY/a 0.775( 0.410| 0.731 | 0.607 | 0.728 | 0.207 | 0.425 | 0.232 | 0.541 | 0.504 | 0.965

L3x3x/2 220 | 106 | 0.895 | 0929 1.91 0.458 | 0.924 | 0.436 | 0.580 | 1.00 | 1.00
e | 198 | 0.946| 0.903 | 0.907 | 1.70 | 0.405| 0.819 |0.386 | 0.580 | 1.00 | 1.00
<38 1.75 | 0.825| 0810 | 0.884| 1.48 | 0.351 | 0.712 [ 0.336 | 0.581 | 1.00 | 1.00
x5he | 1.50 | 0.699| 0.918 | 0.860 | 1.25 | 0.296 | 0.603 | 0.284 | 0.583 | 1.00 | 1.00
x4 123 | 0.569| 0926 | 0.836 | 1.02 | 0.239 | 0.491 |0.231 | 0.585 | 1.00 | 1.00
>3Mis | 0.948 | 0.433| 0933 | 0812 0.774| 0.181 | 0.374 | 0.176 | 0.586 | 1.00 | 0.912

L3x2V2x/2 129 | 0736| 0718 | 0.746| 1.34 | 0418 | 0.666 | 0.370 | 0.516 | 0.666 | 1.00
e | 117 | 0656 0724 | 0.724| 1.19 | 0.370 | 0.591 | 0.329 | 0.516 | 0.671 | 1.00
=8 1.03 | 0573| 073t | 0701 | 1.03 | 0.321 | 0.514 |0.287 | 0.517 | 0.675 | 1.00
=56 | 0.888| 0.487| 0739 | 0677 | 0.873| 0.271 | 0.437 | 0.244 | 0518 | 0.679 | 1.00
x4 0.734 | 0.397| 0.746 | 0653 | 0.707| 0.220 | 0.356 | 0.199 | 0.520 | 0.683 | 1.00
x3he | 0.568| 0.303| 0.753 | 0.627 | 0.536| 0.167 | 0.272 | 0.153 | 0.521 | 0.687 | 0.912

Note: For compactness criteria, refer to the end of Table 1-7.

Table (4-13.f) Angle
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Table 1-7 (continued)

Angles
Properties L4-L3
Axis Y-Y Axis Z-Z Qs
Shape ! s r X V4 X I s r Tan |Fr=36
@ ksi
in.* in.? in. in. in.2 in. in.? in.2 in.

L4x3Vax/2 3.76 1.50 | 1.04 09941 269 | 0438 | 180 |[0.719 | 0.716 | 0.750 | 1.00
x3/8 2.96 1.16 | 1.05 0947] 206 | 0334 138 |0.555 | 0.719 | 0.755 | 1.00
»%hs | 252 | 0.980| 1.06 09231 1.74 | 0281 | 117 |0.470 | 0.721 | 0.757 | 0.997
x4 2.07 | 0.794| 1.07 0.897 | 1.40 | 0227 | 0.950 |0.382 | 0.723 | 0.759 | 0.912

L4x3x5/8 2.85 1.34 | 0.845 | 0867 | 245 | 0498 | 1.59 0.720 | 0.631 | 0.534 | 1.00
xfz 2.40 110 | 0.868 | 0.822] 1.99 | 0.407 | 1.30 0.592 | 0633 | 0.542 | 1.00
x3s 1.89 0851 0.873 | 0.7751 1.52 | 0311} 1.01 0.460 | 0.636 | 0.551 | 1.00
xShe | 1.62 0.721| 0.880 | 0.750| 1.28 | 0.262 | 0.851 | 0.390 | 0.638 | 0.554 | 0.997
Py 1.33 0.585| 0.887 | 0.725| 1.03 | 0.211 | 0.691 |0.318 | 0639 | 0.558 | 0.912

L3Yax3Ya2x/z 3.63 1.48 | 1.05 1.05 266 | 0.466 | 1.51 0.609 | 0679 | 1.00 | 1.00
xThe | 3.25 1.32 | 1.06 1.03 236 | 012 | 1.34 0.540 | 0.681 | 1.00 | 1.00
/3 2.86 1.15 | 1.07 1.00 205 | 0357 | 1.17 0.471 | 0683 | 1.00 | 1.00
xShe | 2.44 0.969( 1.08 0979 1.74 | 0.301 | 0.989 (0.400 | 0.685 | 1.00 | 1.00
x4 2.00 0.787| 1.09 0954 | 1.41 0243 | 0807 | 0326 | 0688 | 1.00 | 0.965

L31/2x3xV/2 2.32 109 | 0877 | 0869 1.97 | 0431 1.15 0.537 | 0.618 | 0.713 | 1.00
e | 2.09 0.971| 0.885 | 0.846| 1.75 | 0.382 | 1.03 0.478 | 0.620 | 0.717 | 1.00
38 1.84 0.847| 0.892 | 0.823| t+.52 | 0.331| 0.895 (0418 | 0622 | 0.720 | 1.00
x%hs | 1.58 0.718| 0.900 | 0.798 | 1.28 | 0.279 | 0.761 [ 0.356 | 0.624 | 0.722 | 1.00
xfa 1.30 0.585( 0.908 | 0.773| 1.04 | 0.226 | 0.623 | 0.292 | 0.628 | 0.725 | 0.965

L3Vox2V/2xf2 1.36 0.756| 0.701 | 0.701}| 1.39 | 0.395| 0.782 | 0.420 | 0.532 | 0.485 | 1.00
»¥8 1.09 0583 0.716 | 0.655| 1.07 | 0.303 | 0.608 | 0.329 | 0.535 | 0.495 | 1.00
x5hs | 0.937 | 0.501( 0.723 | 0.632| 0.900( 0.256 | 0.518 | 0.281 | 0.538 | 0.500 | 1.00
xfa 0.775( 0.410| 0.731 | 0.607 | 0.728 | 0.207 | 0.425 | 0.232 | 0.541 | 0.504 | 0.965

L3x3x/2 220 | 106 | 0895 | 0929} 1.91 0.458 | 0.924 | 0.436 | 0.580 |.1.00 | 1.00
e | 198 | 0.946| 0.903 | 0.907 | 1.70 | 0.405| 0.819 | 0.386 | 0.580 | 1.00 | 1.00
x3/a 1.75 | 0.825| 0.910 | 0.884 | 1.48 | 0.351 | 0.712 | 0.336 | 0.581 | 1.00 | 1.00
x%we | 150 | 0.699| 0918 | 0.860| 1.25 | 0.296 | 0.603 | 0.284 | 0.583 | 1.00 | 1.00
xa 1.23 | 0.569]| 0.926 | 0.836| 1.02 | 0.239 | 0.491 | 0.231 | 0.585 | 1.00 | 1.00
»31s | 0.948 | 0.433| 0.933 | 0.812| 0.774| 0.181 | 0.374 [ 0.176 | 0.586 | 1.00 | 0.912

L3x2'/2x/2 1.29 0.736| 0.718 | 0.746| 1.34 | 0418 | 0.666 | 0.370 | 0.516 | 0.666 | 1.00
xe | 117 0.656| 0.724 | 0.724| 1.19 | 0.370 | 0.591 |0.329 | 0.516 | 0.671 | 1.00
=<8 1.03 0573 0.731 | 0701 | 1.03 | 0.321 | 0.514 | 0.287 | 0.517 | 0.675 | 1.00
x5 | 0.888| 0.487| 0.739 | 0677 | 0.873| 0.271 | 0.437 | 0.244 | 0518 | 0.679 | 1.00
>\ 0.734| 0.397| 0.746 | 0653 | 0707 | 0.220 | 0.356 | 0.199 | 0.520 | 0.683 | 1.00
x%e | 0.568| 0.303| 0.753 | 0.627 | 0.536| 0.167 | 0.272 | 0.153 | 0.521 | 0.687 | 0.912

Note: For compactness criteria, refer to the end of Table 1-7.

Table (4-13.9) Angle
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4 -11 Design of shear wall (SW16):

1208.55

266.98

1240

V- Diagranyv ( KN) M- Diagrany (KN.m)

Fig (4-26) Moment and shear diagram

Fc = 24MPa

Fy =420 MPa

t=25 cm .shear wall thickness
Lw = 12.4 m .shear wall width
Hy=7.05m

Nu =1271.42 KN.

Design of shear

> Fx=Vu = 266.98KN
v' Design of the Horizontal reinforcement:

The critical Section is the smaller of:

w124
2
hw  7.05

— =——=3.525m
2 2

storyheight =3.35m ....... control
d=0.8xIlw=0.8x12.4=9.92m

5
OVrimax = 02/ f:'hd

= 0.75 % 0.83 x V24 x 250 * 9920 = 7563KN >V,
= 26698KN ...... OK
1

1
-V = 3 f'hd = g\/27 * 250 x 9920 x 1073 = 2024.9KN .... CONTROL

N,d 1271.42 * 9920
— V. = 027f,'hd = 0.27v/24 * 250 * 9920
¢ Je'hd + - eouE T 12400

= 3820.6 KN

111
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L (0.1/Frr+0.22%
_chlo.os f + ( T ‘Wh)lhd
Vu 2
My Lwy o Mu Lw, 40761 124
- = . - — — = — = —
f yu——3 SO0iNeglected - = —== o8 ™ 2

®dVce =0.75*2024.9 = 1518.7 KN.

1 1
> PVe = > * 1518.7 = 759.35 KN

1
> ®Ve > Vu = 266.98 KN.

=  Min. Reinforcement:

Use ®10
A _2+785 0.0025 251.2
= = = VU. - = .
P s*h s=*250 S mm

= Max. Spacing

by 124 oo
5 = 5 = mm

3h =3 %250 =750 mm
450 mm............... CONTROL.

Use ®10@ 250mm in both sides.

v" Design for Vertical reinforcement:-

h
Pomin = 0.0025 + 0.5 (2.5 - TW) (p, — 0.0025) > 0.0025

=0.0025 + 0.5 (2.5 -222)  (0.0025- 0.0025) = 0.0025
12.4

Use ®10@ 250mm in both sides.

v" Design of bending moment:

(12400) 2+ 78.5 = 7787.2 mm?
= x 2 % 5= .
A 7787.2 1\ 420
:( St)f_y,:( ) = 0.044
Lh) 7~ \12400 « 250) 24
__R__ a4z o
ST Rf T 12400 %250 « 24
c W+ a 0.044 + 0.0171
== = 0.0754

I, 2w+ 0858, 2+0.044+ 0.85 * 0.85
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R,
Asefy
=0.9 [05 * 7787.2 x 420 * 12400(1 + m
@M, = 6559.6 KN.m > Mu = 1208.55 KN.m

oM, = ¢ [O.SAst Fyl (1 +—)(1 — lil

(1 — 0.0754)| = 6559.6KN.m

Use @ 10@250 mm in both sides.
v' Design Strip footing for share wall (SW16):

Axial DL =976.02 KN, Axial LL=295.4 KN ... Reaction from ETABS.
Qall=400 KN/m?, ysoit =18 KN/m?®, Surcharge = 5 KN/m?
Total factored loads = 976.02 + 295.4 = 1271.42 KN.

97602 | 2954 _ 977975 KN.
1.2 1.6

Total service loads =

1271.42

Total factored loads per line = = 102.53 %

997.975
124

Total service loads per line = 80.5 I;—N

Qnet = 400 — (0.4*25) — (1.1 *18) — 5 = 365.2 KN/m?

A=LE =2 _ goom?
gnet 365.2 ¢
Take b =80 cm. \

v Depth of footing & shear design :

0.60

Qu =Pu/A =102.53/0.8*1 = 128.16 KN/m2

.30

I N
One Way Shear: E‘ g
|
VuzqunX(%—dij E ‘_O;\ A
'Q.l(,), 0.80 ,g 19, )
, 1.00 ,
DV, =V, . ;
VU =gy x| 222 d |xL =075 = [Fc by d
= Qo 2 o 6 fc W Fig: (4-27): Strip footing for shear wall
128.16* (0.5/2 - 0.25/2 -d) = = 1/24 *1000 *d
d =0.022m

Assume h=40cm
d =400 - 75 -20/2 = 315 mm.
Thickness Enough.
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¢ Design of flexural reinforcement :

Mu = 128.16*1*0.275% /2 = 4.85 KN.m
Rn = Mu/0.9 b.d® = 4.85/0.9 * 1000 * 315° = 0.054 Mpa

me_ 1 __420 556
0.85fc’  0.85(24)

oo lfy [y 2mRn)_ 1 1_\/1_2><20.6><0.054 _ 0.0001287
m fy 20.6 420

As = 0.0001287*1000*315 = 40.55 mm?/m.
Asmin = 0.0018*1000*400 = 720 mm?/m.
Asmin > Asreq.

Use 14 ® 200mm B.B. with As (provided) = 769 mm>.

= For Temp. & shrinkage:
As = 0.0018*1000*400 = 720 mm?

Use 14 ® 200mm with As = 769 mm?.

T
{110 @ 200 10 @20cm ;
>< 0.00ma
—_— 2 Ty
ES =
1.95] 1585 \:'s# ‘}‘Z&n
il
[
e L@ P,
3 v
835 10cm blinding layer
Fig: (4-28): Strip footing for shear wall
= |4 for @ 20:
L, = ix fy 5 axfxyxi y :gx 420 ><1X1X0'8X1x14:345.6mm
10 /[fc' [kt, +c) 10 24 2.5
db

Available length = ((800-300)\2) - 75=175mm
175mm < 345.6 mm....Not ok , need hook length = 345.6-175=170.6mm
Use hook length = 250mm < L (available) = 400-75 = 325mm.
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4 -12: Design of basement wall:-

= Load calculation
Fc’=24 MPa, Fy=420 Mpa, Y's=18KN/m°, Qall=400KN/m?, ¢=30, surcharge =5KN/m?

_"‘m .......
un
o 0 3%
| |
i S b
s
" %@umsc

?--l-..r" L
?dxl.

010 =1 30

o —— ] {J ——

— 08—

Fig (4-29) basement wall

C,=1-singg =1-sin30=0.5
W,=C,*hxy =0.5%3355%x18 =30.2KN/m
Weu =Co P =05%*5=25KN/m

& —ITAKN
T 363 KN
i
=1
L'y
& =)
] q 5019 KWm
g
1 SIIKM
Wa=37 5 KNm W2 5K M

Fig (4-30) shear and moment diagram
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v" Design of Bending Moment
d=300-75-10=215 mm
_ _Mn
"= b.d2
50.9*10°
"~ 0.9%1000* 215"

by
0.85x fc'

R

=1.22MPa .

420
m =—————
0.85x 24

1 2mR, * *
p==|1- 1 _ 1 1_\/1_2 20.588*1.22 | _ 1 150997
m f, 20.588 420

As req = 0.002997*1000*215= 644.4 mm?/m.
= As.in for vertical bars:
- 0.0015*b*h = 0.0015 *1000*300 = 450 mm?/m

=20.588

. 025 g *1000%270 = 787.34 mm?/m.

- % *1000 *270 = 900 mm¥m. .. .. ... CONTROL

Use ® 12@ 10 cm, with A = 1121 mm? > As = 900 mm?
= For horizontal bars :

0.002*b*h =0.002*300*1000= 600 mm?/m.

Use @ 12 @ 15 cm, with A = 747.3 mm? > As = 600 mm?

v" Check for shear :
OV = 2[f + b+ d = 2224 1000 * 215 + 1073 = 131.66 KN

0.5¢V=0.5%131.66 = 65.83 KN >Vu=55.3 KN ........ OK

The thickness is enough.

116



Table Calculation Loads OF Columns :~

NO.# Column Loads W(ilﬁl?t 1Base | 2Base | G. Floor | 1 Floor | 2 Floor TOtZL:\?)adS serv(llgﬁ)load EZZI?;E?\;;
1 C1 (25*50) bL= 42 99.67 141.67 190.65 248.37
LL= 48.98 48.98
2 C2(25'50) ——= 67.2 206 333.2 455.00 594.72
LL= 121.8 121.8
3 C3(25*50) bL= 42 80.71 122.71 165.59 215.86
LL= 42.88 42.88
_ DL= 12.4 621.41 633.81
4 C7(D=40) L= 32161 32161 955.42 1275.15
5 C8(25*50) DL= 123 | 238.77 25107 379.66 507.03
LL= 128.59 128.59
6 CO(25"50) |—rm 125 o2 29451 317.80 426.64
LL= 113.19 113.19
. DL= 12.4 509.43 521.83
7 C10(D=40) e 85 e 65 tE 804.38 1078.28
_ DL= 12.4 554.15 566.55
8 C15(D=40) L= 2914 291.4 857.95 1146.10
9 C16(25*50) s 123 | 209.58 221.88 338.60 453.01
LL= 116.72 116.72
10 C17(25*50) DL= 12.3 202.33 214.63 326.38 436.36
LL= 111.75 111.75
11 C18(D=40) |2 124 | 534.81 >47.21 826.02 1102.75
LL= 278.81 278.81
DL= 12.4 564.56 576.96
12 C23(D=40) e 5747 TTh 851.66 1131.87




DL= 12.3 | 213.69 225.99
13 C24(25*50) e 110.03 110.03 336.02 447.24
DL= 12.3 41.05 53.35
14 C25(25*50) e 35 3 g 77.22 102.21
i DL= 12.3 | 102.26 114.56
15 C26(20%50) T 28 08 S5.05 172.61 230.35
i DL= 12.3 | 140.39 152.69
16 C27(20%50) e S oo 223.66 296.78
DL= 3156 | 120.27 | 120.27 272.1
17 20* 22.52 407.1
€30(20%50) LL= 2521 | 25.21 50.42 3225 07.19
18 e — DL= 21.1 4519 | 105.16 171.45 211 21 260,36
LL= 19.88 | 19.88 39.76 ' '
i DL= 26.4 3.73 89.03 119.16
19 C32(25*50) T —— a0 26 5 155.71 201.47
DL= 26.4 297.34 323.74
20 C33(25*50) T =V =V 398.14 507.53
i DL= 26.4 209.05 235.45
21 C34(25*50) i 2051 051 285.96 363.36
DL= 31.02 306.1 337.12
22 C35 (80*20) == o6 o6 406.72 515.90
’3 —— DL 26.4 53.73 | 216.3 296.43 287 89 £02.05
LL= 4515 | 46.31 91.46 ' '
o S—— DL= 26.4 | 127.43 | 514.48 668.31 20313 100168
LL= 84.06 | 40.76 124.82 ' '
o S— DL= 26.4 | 241.83 | 260.09 528.32 575 54 560,54
LL= 104.46 | 42.76 147.22 ' '
i DL= 26.4 61.73 88.13
26 C39(25*50) T =108 51 08 140.11 188.92




DL= 30.82 23.05 53.87
27 C40 (25*50) T 879 879 72.66 94.71
DL= 54.2 356.11 410.31
28 C41(40*40) T ToRT TR 592.58 784.00
29 C42(D=40) DL= 18.22 928.99 947.21 1418.39 1890.54
- LL= 471.18 471.18 ' '
30 C43(25%50) DL= 26.4 175.67 | 715.12 917.19 1192 59 1429.97
LL= 18.75 186.65 205.4 ' '
DL= 26.4 324.95 560.5 911.85
1 44(25* 1262.11 1654.64
e SEEl), LL= 195.5 154.76 350.26 6 654.6
32 C45(25*50) DL= 264 244.3 396.3 667 955.40 1261.84
LL= 160.6 127.8 288.4 ' '
. DL= 26.4 290.2 316.6
33 C46(20*50) T 5808 5808 385.58 490.29
. DL= 26.4 258.3 284.7
34 C47 (20%50) T 017 017 354.87 453.91
- C48 (30*50) DL= 26.4 479.6 683.12 1189.12 1589.99 2068.34
LL= 233.2 167.67 400.87 ' '
DL= 26.4 181.14 | 632.17 839.71
49(25* 1092.71 1412.4
g SlEaEl), LL= 35.68 217.32 253 09 >
a7 C50(D=40) DL= 17.6 1111.69 1129.29 1605.07 2116.40
- LL= 475.78 475.78 ' '
. DL= 54.2 426.15 480.35
38 C51(45*45) T 184 05 184 0 664.40 870.90
i DL= 54.2 402.9 457.1
39 C52(45*45) T 15442 15442 611.52 795.59
20 C53 (D=40) DL= 23.9 1051.05 1074.95 1474 12 1928.61
- LL= 399.17 399.17 ' '




DL= | 264 | 352 | 26748 297.4
41 | C54(25'50) [y YRR 563 341.33 427.17
C55(D=30 | DL= | 239 1551 | 9364 | 9364 | 1551 | 521.38
- ) LL= 6174 | 253 | 253 | 6L74 | 174.08 09540 204.18
C56(D=30 | DL= | 23.9 2195 | 46.97 | 46.97 | 47.35 | 384.69
- ) LL= 7374 | 1775 | 17.75 | 17.75 | 126.99 >11.68 064.81
w | cs7oms0) | D= | 544 | 4455 | 22336 | 873 | 873 | 7679 | 5737 o107 .
LL= 243 | 6644 | 401 | 401 | 37.33 | 20827
DL= | 264 59.86 86.26
45 | C58(40°40) [ e e 112.86 146.07
46 | C59(25%0) o = e 112.86 146.07
LL= 26.6 26.6
47 | Co1(40%40) %2 L7a.22 22822 313.30 409.91
LL= 84.88 84.88
48 C62(40%40) = 32 >16.19 >48.19 779.00 1027.12
LL= 230.81 230.81
49 | C63(40%40) 52 398.14 290.14 626.30 829.78
LL= 195.56 195.56
DL= | 542 105.47 159,67
50 | C64(4040) P w61 o~ 223.28 293.38
s | cosuoan D= | 542 100.59 21456 | 369.35 c00.48 67 43
LL= 68.26 71.87 | 14013
52 | C66(40%40) i 2010 589,29 1045 626.29 835.48
LL= 209.84 209.84
53 | C67(40%40) i 2010 29251 >28.47 776.14 1030.44
LL= 247.67 24767
54 | C68(40%40) —r %2 e s 311.44 410.16
LL= 91.08 91.08




DL= 35.4 30.36 65.76
55 C69 (25*45) T 52 86 52 86 88.62 115.49
DL= 28.75 88.47 117.22
56 C70(25*45) T 5571 551 179.93 241.00
. DL= 28.75 71.39 100.14
57 C71(25*45) T c8 EE T 158.69 213.85
i DL= 28.75 89.62 118.37
58 C72(25*45) T 6343 6343 181.80 243.53
DL= 28.75 31.18 59.93
59 C73(25*45) e 33 >33 83.23 109.20
. DL= 54.4 55 109.4
60 C74(30*45) e 273 373 142.13 183.65
61 C75(D=30) DL= 23.9 178.88 73.89 73.89 229.37 579.93 263.70 989,95
- LL= 62.16 15.83 15.83 89.95 183.77 ' '
62 C76(D=30) DL= 23.9 177.31 32.42 32.42 257.03 523.08 599,05 909.25
- LL= 71.12 11.79 11.79 81.27 175.97 ' '
63 C77(D=30) DL= 23.9 -8.23 11.16 11.16 -13.6 24.39 26,18 3213
- LL= -15.19 7.19 7.19 2.6 1.79 ' '
DL= 25.35 158.87 185.2 158.2 0 527.62
4 78 (20* 710.51 25.77
g S (e, LL= 58.29 62.3 62.3 0 182.89 0.5 925
- C70 (20*50) DL= 33.43 91.6 148.37 | 148.37 264.4 686.17 1038 62 1387 32
LL= 81.28 72.88 72.88 125.41 352.45 ' '
56 C80(D=40) DL= 23.9 348 90.58 90.58 372.91 925.97 1338 79 1771 68
- LL= 153.37 48.75 48.75 161.95 412.82 ' '
&7 C81(D=40) DL= 23.9 329.22 | 138.41 | 138.41 | 372.91 1002.85 1438.49 1900.44
- LL= 154.47 59.61 59.61 161.95 435.64 ' '
DL= 23.9 8.54 32.44
68 C82(D=30) T 201 201 71.54 101.49




c83(D=30 | DL= | 239 62 | 14034 | 14034 | 1094 | 42018

* () LL= 30 59.2 59.2 54.4 202.8 022.98 828.70
DL= | 239 2035 | 4433 | 4433 | 4433 | 360.39

70 | c84(D=30) —r— 555 S S o e 472.39 611.67

7| cos(oms0) D= | 239 170.53 | 1284 | 1284 | 11186 | 563.09 62117 108508
LL= 10053 | 521 | 521 | 5335 | 25808

| cos(oms0) 2= | 239 76.86 | 4147 | 4147 | 1054 | 194.24 28149 2769
LL= 4183 | 1516 | 1516 | 151 87.25
DL= | 54.08 1368 | 4422 | 4422 | 4422 | 200.42

8| CeTer®) 288 | 288 | 283 | 288 11.52 eli.o4 298.94

| cosposo) D= | 388 98.99 | 121.38 | 12056 | 12056 | 495.29 522,03 o713
LL= 3464 | 3112 | 3049 | 3049 | 126.74

75 | csooso) D= | 338 66 | 18585 | 18585 | 18585 | 657.35 510 42 04813
LL= 2152 | 4685 | 4685 | 4685 | 162.07

76 | C90(2050) > 2545 2035 311.51 393.02
LL= 48.01 48.01

77 | co2(2050) > 295,50 242,59 355.84 472.32
LL= 113.28 113.28
DL= 9 135.82 144.82

78 | C93(20%50) . = 203.03 266.92

79 | coa(20%50) o OH 1errl 136,15 185.47 242.29
LL= 49.31 49.31

g0 | cosusso) D= | 38 152,63 | 52247 | 52247 | 52247 | 1753.84 716 61 Seas 0t
LL= 5134 | 303.81 | 303.81 | 303.81 | 962.77

g1 | coresso) D= | 38 235 | 17497 | 17497 | 17497 | 58221 122278 77555
LL= 494 | 21517 | 21517 | 21517 | 64057

82 | CO8(5025) o —t—to0 S e 392.32 515.92
LL= 112.83 112.83




DL= 33.8 137.15 | 161.32 | 161.32 | 161.32 | 654.91

88| Co9(200) e 46.56 | 101.46 | 101.46 | 101.46 | 350.94 100585 1347.40
DL= 33.8 221.36 | 129.96 | 129.96 | 129.96 | 645.04

84 | C100(20%0) P 81.61 | 7222 | 7021 | 7021 294.25 999.29 1244.85

B - 0; (0'50) el 33.8 25.18 | 168.84 | 168.84 | 168.84 565.5 67939 1169.62
LL= -3.7 | 10353 | 103.53 | 103.53 | 306.89

B o oic0on) el 42.25 224.14 | 236.02 | 236.02 | 738.43 1059.31 1399.52
LL= 108.76 | 106.06 | 106.06 | 320.88

87 | C105(20*50) [L)t; = 345_'1879 4:'1374 48.51 59.88

B ocoos) el 33.8 226.29 | 230.76 | 310.07 | 213.41 | 1014.33 149617 187614
LL= 117.04 | 124.87 | 135.03 | 34.9 411.84

S C107(50720) el 33.8 66.22 198 | 240.07 | 80.05 618.14 87 3 1076.46
LL= 40.38 | 6637 | 866 | 1583 209.18

B 10c5020) s 33.43 28.74 | 8349 | 8349 | 469 233.84 33574 143,65
LL= 894 | 3108 | 31.08 | 308 101.9

B Cooss0) 0L 25.35 523.71 | 345.46 894.52 1167 75 1510.59
LL= 194.37 | 78.86 273.23

92 | C110(40*40) [L)t; — 246525_:5 :22:2‘51 744.79 998.77

B o0 el 25.35 319.9 | 377.26 722.51 803 26 1140.91
LL= 84.09 | 86.66 170.75

O C1122050) el 25.35 275.09 | 81.7 | 303.56 685.7 926,68 1908.41
LL= 826 | 6583 | 9255 240.98

B oo 00) el 25.35 478.28 | 443.46 | 505.21 1452.3 0147 85 285564
LL= 238.26 | 2304 | 226.89 695.55

9% | C115(2050) e 02 dzlod | 45270 L 1105.51 1420.46
LL= 115.72 | 118.89 234.61




DL= 16.9 528.45 | 571.59 1116.94

97 C116(40%40) e 25235 | 259 26 1161 1628.55 2158.90
DL= 16.9 332.59 | 334.97 684.46

98 C117(20%50) e 8860 o138 180.07 864.53 1109.46

99 C118(20°50) DL= 33.8 181.29 | 125.39 | 163.71 | 187.73 691.92 0847 1298.78
LL= 111.52 | 73.18 74.59 33.51 292.8

100 C110(50°25) DL= 42.25 230.22 | 115.9 115.9 504.27 692,52 906.32
LL= 95.93 46.16 46.16 188.25
. DL= 33.8 21 169.22 | 168.57 | 168.57 519.16

101 C120(20%50) LL= -20.54 83.63 82.5 82.5 228.09 747.25 987.94

102 C121(25%30) DL= 22.18 11354 | 113.25 | 113.25 362.22 465.68 £00.20
LL= 34.56 34.45 34.45 103.46

103 C123(50+25) DL= 31.69 107.25 | 107.25 | 107.25 353.44 309,67 498.10
LL= 15.41 15.41 15.41 46.23

104 C126(50°20) DL= 37 170.2 170.2 170.2 547.6 500.97 4251
LL= 17.79 17.79 17.79 53.37

108 C120(45%50) DL= 25.35 516.1 516.1 516.1 1573.65 9302.05 3053.82
LL= 242.8 242.8 242.8 728.4
DL= 25.35 208.97 | 208.97 | 208.97 652.26

106 C132(50%20) T 35 68 35 68 35 68 10704 759.30 953.98

107 C133 1L DL= 98.23 334.74 | 334.74 | 334.74 1102.45 1461 58 1897 55

(135*25*20) LL= 119.71 | 119.71 | 119.71 359.13 ' '

108 C134(40°45) DL= 31.69 367.25 | 367.25 | 367.25 1133.44 1957 54 678,69
LL= 274.7 274.7 274.7 824.1

100 C135(40%45) DL= 31.69 385.63 | 385.63 | 385.63 1188.58 203191 0775 62
LL= 281.11 | 281.11 | 281.11 843.33
DL= 31.69 449.18 | 449.18 | 449.18 1379.23

110 C138(45*50) e 29793 | 29793 | 29793 893,79 2273.02 3085.14




DL= 31.69 42457 | 42457 | 42457 1305.4
*
111 | C139(40*45) = 2901 | 2901 | 290.1 5703 2175.70 2958.96
DL= 25.35 568.94 | 568.94 | 568.94 | 1732.17
112 | C140(40*45 2146.59 2741.68
( ) = 138.14 | 138.14 | 138.14 414.42
i DL= 31.69 109.84 | 109.84 251.37
113 | C147(50%25) = aloa | a17a 2348 334.85 435.21
[ DL= 25.35 101.94 | 101.94 | 101.94 331.17 416,52 533,06
LL= 28.45 | 2845 | 28.45 85.35 ' '
DL= 28.125 53.69 | 53.69 | 53.69 189.195
11 151(20* 244.97 16.27
> | C151(20°50) == o 1859 | 1859 | 1859 55.77 9 316
I 152 (20045) DL= 20.25 147.42 | 147.42 | 147.42 462.51 0446 047 13
LL= 80.65 | 80.65 | 80.65 241.95 ' '
[ DL= 20.25 349.84 | 349.84 | 349.84 | 1069.77 1587 66 211235
LL= 172.63 | 172.63 | 172.63 517.89 ' '
I 157(50+20) DL= 15 127.71 | 127.71 270.42 479,90 650,67
LL= 104.74 | 104.74 209.48 ' '
[ DL= 18.75 597.52 | 597.52 1213.79 1528 81 1960.58
LL= 157.51 | 157.51 315.02 ' '
DL= 15 387.73 | 387.73 790.46
12 164(50*2 1097. 1439.82
0 | C164(50°20) |== = 153.52 | 153.52 307.04 097.50 398
| 1 65(50+20) DL= 15 24575 | 245.75 506.5 47 20 992,92
LL= 120.35 | 120.35 240.7 ' '
- DL= 28.125 1132 | 113.2 93.2 347.725 497 75 657 a7
LL= 53.48 | 53.48 43.1 150.06 ' '
N 6 (2550, DL= 28.125 101.13 | 101.13 | 83.8 314.185 405,77 503 55
LL= 33.24 | 33.24 25.1 91.58 ' '
I 165(50+25) DL= 18.75 239.53 | 239.53 497.81 a135 087 04
LL= 121.77 | 121.77 243.54 ' '




DL= 28.125 131.91 | 131.91 46.96 338.905
*
125 C169(50*25) = 50 50 e eh Ll 460.31 600.93
DL= 18.75 168.61 | 168.61 355.97
126 C170(50%25) = T T T 586.77 796.44
. DL= 18.75 124.61 | 124.61 267.97
127 C171(50%25) = o o 07 333.19 425.92
. DL= 18.75 242.92 | 242.92 504.59
128 C172(50%25) = i i G5 696.89 913.19
DL= 18.75 16.25 129.66 164.66
129 C173(50%25) = T = SiLaE 246.59 328.68
. DL= 15 204.98 219.98
130 C174(50%20) = 0 o e 323.63 429.82
DL= 15 290.56 305.56
131 C175(50*20) = EEL L 437.26 577.39
- C176(50+25) DL= 18.75 387.73 | 387.73 794.21 (G VIVLEE
LL= 153.52 | 153.52 307.04 : '
. DL= 15 517.08 | 517.08 1049.16
133 C179(50%25) = T T G 1389.76 1803.95
DL= 18 212.95 | 212.95 443.9
134 180(40* 2 2
< CHAEE, LL= 112.69 | 112.69 225.38 669.28 893.29
— C181(50°25) DL= 28.125 327.04 | 327.04 | 327.04 1009.245 e —l
LL= 139.76 | 139.76 | 139.76 419.28 ’ '
a5 C182(45+45) DL= 22.5 555.55 | 555.55 | 555.55 1689.15 —_— —
LL= 285.39 | 285.39 | 285.39 856.17 ' '
. C183(50+20) DL= 22.5 50.74 50.74 50.74 174.72 il VI
LL= 132.29 | 132.29 | 132.29 396.87 ' '
DL= 9.375 59.38 68.755
138 C184(25*50) = 6.5 e e 87.94 113.19




DL= 9.375 103.77 113.145

139 | C185(2550) [y —— o 189.86 258.51
DL= | 28.125 586.78 | 28658 | 286.58 | 1188.065

140 | C186(50*30 1706.16 2254.62

(50"30) 265.25 | 12642 | 126.42 | 518.09

w1 | cisrasas) P 22.5 379.35 | 52007 | 520.07 | 1441.99 S 2105 22
LL= 273.92 | 3208 | 3208 915.52 ' '

142 | cissasas) |_PL= | 28125 49857 | 448.09 | 448.09 | 1422.875 7281 65 son150
LL= 322.28 | 318.25 | 31825 | 958.78 ' '
DL= | 28.125 370.71 | 370.71 | 370.71 | 1140.255

14 189(50* 1620. 2137.22

B C189(50°30) pu 160.19 | 160.19 | 160.19 | 480.57 620.83 3

s | cioosozs) D= | 28125 164.24 | 389.81 | 389.81 | 971.985 (380,55 520,09
LL= 83.01 | 16233 | 162.33 | 40857 ' '
DL= 9.375 379.13 388.505

145 | CL91(50°25) [ i 53 574.81 764.29

146 | c1ozasas) L= 22.5 38451 | 65638 | 656.38 | 1719.77 Ja5 o5 236,02
LL= 187.29 | 314.26 | 314.26 | 81581 ' '

a7 | cieasos) P 22.5 230.01 | 254.72 | 254.72 | 762.85 18463 1500.27
LL= 118.14 | 151.82 | 151.82 | 421.78 : '
DL= | 28.125 149.05 | 172.33 | 172.33 | 521.835

148 | C194(25'50) [ e 555 555 o 720.84 944.60
DL= 9.375 50.6 59.975

149 | C195(25%50) = 5535 6 3 80.37 104.59
DL= 9.375 58.02 67.395

150 | C196(2550) — o525 525 90.63 118.04

151 | crovsoes) D= | 28125 96.07 | 96.07 | 9607 | 316.335 a1 c26.99
LL= 32.79 | 32.79 | 32.79 98.37 ' '

152 | C201(50,25) 2= 6.56 16.54 23.1 29.45 37.88

! LL= 6.35 6.35 ' '




C202(50*25)

DL= 9.375 100.01 109.385

C203(50*25)

0204(50*25)

144.655

 DL= | 9375 | | | | 13528 | | 144655
I S I I R Y7 2

151.69 198.94
193.38 251.54
193.38 251.54




[l Juail) ]

AN il 3 A Juadl 3

LAdadia 1-3

ALY aranall) (e cingl) 2-3

o ALY apanall) Jal e 3-3
Jaa¥) 4-3

Aoland) ) J5aY) 5-3

. iall 4 gSal) Aulidy) yalind) 6-3
Ll Jual b 7-3

(Truss) «Uislaall 8-3

Ssalad) mal  9-3

19



[ AUy s gl | [ Gl Juad) |

-2 dadia 1-3

ALY yealial) Al 52l SLESY) Calall QYD e 0 4 jlendl) Lalill (e & 5 el Al 53 2ay
zoAl Lgae Jelaill 4S5 il e ddaliall Jlea¥) Gagds Gl )0 25 Cun iy liay Lghiays
g s odall Bl Culall el s oleY) cilillaie iea ol L) aranaly

Bl e o5kl Al el g5 pdall dnuliall ALyl pualiall sl ALEY) aeail) callay LS
Ay el aselaill e Lailas g el caall 0 5 Camy a8l ) (il e el 408

—2 ALY apanall o ciagll 2-3

s AN adl) o A CaIaY) oA 5 e s yall Chngd) (i Liiiay 5 5all Ll e ) Jal sall

Adbida) dpnglall o jaill o glie s U aY) paas 8 Ol el )5 Cus : (Safety) oY) -1

Agalias) 28<s JaL Lanall Gla¥) (e )38 S0 (38a3 4 5 :(Economical) dssbaiy) ddsdly -2
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Aai) JlaaY) 3-4-3

Jleals #Loll s 7 SBIS Lasdl e e i) dpndall ol puaill Cassy i G Jlaa) Jadii
Dl LS A g i YY) il gl

gL Jeai 1-3-4-3

5l 2L e e AL Y1 5 2 el apinl el e A1 55 25 Ll e
- GOAY) Sl i) e paall g i ) adi e qdse

Deda 138 @) FLll 5w Ao Jsasll (DIN 1055-5 ) Slad¥) 35S alaie) aiu g
Do Latd i sall (3-3) @8 Jsaall aladiuly g ¢ 000 Aalaal) 8 Lls

Wind Speed (m/sec) 28 3 45.6

Wind velocity Pressure (KN/mz2) | 0.50 0.80 1.1 1.30

DIN 1055-5 (Atal¥l 258l o Talaie) gLl ki g de e (3 -3 ) Jsta

u\t_u;

-

T e (e a0 g W) e ~L 1 Sialiall Laaall (wind velocity pressure) : g
(KN/ m2) ddassall (5!

(m/sec) bl Lnpenaill de i 1V
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N |
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aty center Subtirban area  terrain Wind Speed
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Lagaas Qg cdiull S8 ey all mhu e dihid) gl ez Bl Jleal adia
Gl i A5l 5 el e e Ll g li ) 2l Jglaa DA e cAdliaall cLll Cila S alasiuly

Landl e L Sigs ol o il da ppaal s

(Y el 35S e 13 ale ad) mdas e g LY Ces GBI Jleaf A Gan S Jsaad)

0 h < 250
(h-250) /1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h - 812.5)/ 250 2500 > h > 1500

. A e o pUEY) a7 ol Jleal (4 -3 ) Jo

Gl A 5 ol mhaw e el gl paad aey Gl B Jual s ) o
IS o Bl Jland s 3 ) ill s (,097)

h —400
S, =
400
997-400
S, =—————
400

s, =1.4925(KN /m?)
:d N Jeal 3-3-4-3
ity jaaall Y il il A8 all Cu, Al 481 @) sl e Y g
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wL@:\AAJSJQLA}M\ dAS;Jj 64.)5};1\ bM\}JM\JLJﬂ\&u‘JQ}é}A\ u\.&ﬁub:@v\r—\.@
Jaaisd o Jpanll g ALaY) Getigall 4 o e ST clgale ol die oy jill Co jni 48y lay
il bl asaail 44 3301 (Bearing Capacity ) 4 )

s il 45 gal) AuLaTY) jualiad) 6-3

celall o 4aB) gl Jlaa¥) o gl Lgiany ae @l 40l jualic de same (e Bale Al (o 5S35
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.(One way ribbed slab) a5l slai¥1 I3 Cuasll Gilade

.(Two way ribbed slab) i) Gld cuaall Glaie

.(one way solid slab ) sl olai¥) il diaaall Cilasall

Flat plate

NG VCI O

(One way ribbed slab) 2a) s} slai¥) <3 uanl) Cilaie 1-1-6-3

Al skl e i e 0 S 5 A3 038 8 Cilaal) aranal 8 deadiall 5k jedl (saa)
(2-3) JSal (8 a9 LaS ol g olaihy el (5 580 g ccuanl)
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. 23 gl Gaanl) il claiad) (2 — 3) JS&
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Shear wall

Staircase

Tempreatuer & Shrinkage Bars

Shear wall

Lo (5-3) Jsa
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ol sl . Baee Y1 ) liae ) e a8l gl Jlaa¥) Jiy s iaal) & bl jualic 4
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