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Project Abstract

The main aim of this project is to prepare detailed structural planes and shop drawings

For all structural elements. The project is a three stories Green School in Hebron city.

The building has a unique architectural design. Functional , Aesthetic , and Practical use

is considered in the building design.

Miscellaneous structural elements will be used accommodated with the architectural

functional purposes of the building.

Autocade , Staad pro , Safe and Etabs software are used for the structural analysis and

design process.

The ACI 318, UBC, and the Jordanians code are used For the structural design.



List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

Cc = compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

J¢' = compression strength of concrete .

Jy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction, measured
face-to-face of supports in slabs without beams and face to face of beam or other
supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.




Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.
We = weight of concrete. (Kg/m?).
W = width of beam or rib.

Wu = factored load per unit area.

O = strength reduction factor.

€; = compression strain of concrete = 0.003mm/mm.
&€ = strain of tension steel.

&s = strain of compression steel.

= ratio of steel area .
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Determination of Slab Thickness.
4.3 Determination of Factored Load.
4.4 Design of Topping.

4.5 Design of Rib 1.

4.6 Design of Tow way Ribbed slab.
4.7 Design of Beam (16).

4.8 Design of Tow way Solid slab.
4.9 Design of Long Column.

4.10 Design of Stairs 1 .

4.11 Design of stairs 2.

4.12 Design of Shear wall.

4.13 Design of Isolated Footing.

4.14 Design of strip Footing.

4.15 Design of Mat Foundation .
4.16 Design of Truss .

4.17 Design of truss column.

4.18 Design of footing under truss column .
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4.1 Introduction

The project consists of several structural elements that will be designed according to
the ACI code and by using the finite element method using much computer software such
as “ATIR” and “SAFE” to find the internal forces, deflections and moments for the all

structural element in order to design it.

4.2 Determination of Slab Thickness

;!"/ SR
XA

Figure (4-1): Ground Floor Slab.

According to ACI-Code-31 8-05, the minimum thickness of non prestressed beams or

one way slabs unless deflections are computed, given in table (9.5-a), as follows:
hiy, for one-end continuous = L1/ 18.5

=645/18.5=34.8 cm.
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hpmin for both-end continuous = L2/21
=510/21 = 24.3cm
huin for Simply supported = L4/16
=450/16=28.2 cm

We selected h = 35¢cm......

4.3 Determination of factored Load

4.3.1 Determination of Dead load

Tiles3 em
|Mortar2em
|Coarse Sand Fill 7 cm

|R Concrete Topping 7 cm
|Concrete block

R Concrete Rib

| Plaster 2 cm

Tiles 0.03x0.52x23 =0.3588 kN/m /rib
Mortar 0.02x0.52x22 =0.2288 kN/m / rib
Coarse Sand Fill 0.07x0.52x16 =0.5824 kN/m / rib
Topping 0.07x0.52x25 = 0.91 kN/m /rib
Block 0.28x0.40 X9 = 1.008 kN/m / rib
Concrete Rib 0.28x0.12x25 = 0.84 kN/m /rib
partitions 1.0x0.52 =0.52 kKN/m / rib
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Nominal Total Dead Load = 4.45 kN/m of rib
Nominal Total live load = 5 * 0.52 = 2.6 kN/m of rib
Total Dead Lad (service) = 4.45/0.52 = 8.56 kN/m?
Total live load = 5 kN/m?

4.3.2 Determination of factored dead & live load
Factored dead load = 1.2*Dead load = 1.2*4.45 = 5.34 KN/m of rib.

Factored Live load = 1.6*live load = 1.6*¥2.6 = 4.16 KN/m of rib.

4.4 Design of Topping:
Used fy =420 MPa & fc'=24 MPa
Dead load of topping = Wiopping + Wiites * Wiand + Winortor + Wartiones
=0.91 +0.3588 + 0.5824 + 0.2288+0.52 = 2.6 KN/m
Total Dead Load = 2.6/0.52 = 5.0 KN/m?,
Live Load = 5 KN/m”. (for First and second story while its 2.5 KN/m” for the Roof)
qu=12DL+1.6LL

=1.2%5.0 +1.6 * 5= 14.0 KN/m? (Total Factored Load)

P 140504y
-2 0
12 12
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_ 0.40 +/24 , 1000* 707

p =1.68kN.m.

@x Mn =0.55*1.68 = 0.924kN m.
P x Mn = 0.924kN.m > My = 0.187kN .m.

No structural reinforcement is required.

Therefore, shrinkage and temperature reinforcement must be provided
p =0.0018 ACL-318-02 (7.12.2)
ASpin = pxbxh=0.0018x1000x 70 = 126mm> / 1m.

Use 108/20 cm, with As =250 mm?1m in both directions.

As =2.5cm® /m> As_. =126em> Ok

4.5 Design of Rib (R1) at ground slab:

Using "Atir" software for the following values of the envelope moment and shear diagram:
1 2 3
1 2
L= - o ——y
A A
0.5 645 0.8 5.8 05
— t } +—
T 7.4 ; 6.45 ;
I 1) reganh

Figure (4-2): Rib 1 geometry.
' ¢ 6
I T
35.

12.

Figure (4-3) : Rib Section
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Dead load - Service

445 445 I
74 645
Live load - Service
260 250
74 645
Figure (4-4) : loading of Rib 1
Moments:
-54.9
\';9/1-40\
2.47,2.59
== ] |
F T S
It i.3351 3!‘; — 2
5 =S
31
396
4 T 3 426 3.87 , 2.58 |
I T T T L

Figure (4-5) : Moment Envelop of rib 1.

274

T T T
732.3/

3941

Figure (4-6) : Shear Envelop of rib 1.
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Effective Flange width ( b,) ............0veeeveeeeeens

by For T- section is the smallest of the following:
by =L/4=6.45/4=161cm
by =12+16t=12+ 16 (7) = 124 cm
by < center to center betweenrib =52 ¢m

Control .......... 52cm

® Check rectangular section or T-section

bw=12cm,h = 35cm
d=350-20-8-6=316mm

Mu__ =40KN .m

Mn ;= 0.85 * fc x bf * tf » (d—%‘)

0.07

ACI-318-02 (8.10.2)

Mn,=0.85*24 %052 0.07 * (0.316 — %7) * 10°= 208. 7KN .m

D Mn,=0.9*208.7=187.8 KN .m >> Mu,__

Rectangular section

4.5.1 Design of Positive moment of rib 1

4.5.1.1 Design of Span 1

Mu=39.6 KN .m
Mn= M =ﬁ =44 KN .m
()] 0.9
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Ve = (bw )(d) > (bw)(d) .........

Sulipe e \OWRA ) = == AbwNd ). . ............ ACI —10.5. l)
4(5) ‘
i
; 120)316 > =ty
Son = 1 420)( X316)> ( 20)(316)
Ase =11016<126.4....7.. 5. the larger is control

As,. =126.4cm?

_ Mn
b*d?
* =3
= it > =0.85 Mpa
0.52*(0.316)
S TS
0.85%fc'  0.85%24
p=i(1 ] 1_2mKn )
m
o Ly \/1_ 2(20.6)(0.85) b0
20.6 420

Areq=p*b*d=2.07* 102 * 520 * 316 = 339.8 mm?

339.8 mm?> Asmin =126mm?

33
Use @ 16 >> # of bar = ﬁ=1 69
201

h‘hei_l we select (Zjbe;s @ 1

- provzdeél ”2 *201 = 402mm?

* Note Apig = 201 mm?
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[.__e- Check for yielding

Tension = cdinpression
Astdaty =0.85%f tb+a

402%420=0.85*%24*520%*4
a=159mm

R0 (215D i s
B, 0.85
5= MXO.O%
18.7

£, = 0.048 > 0.005

= Ok

4.5.1.2 Design of Span 2

Mu=31KN .m
Mu 31
Mn = = =344KN.m
& 09
_ Mn
 b*g?
34.4%103 o
= =L a
0.52*(0.316)° ’
» 420

m = - = = 20.6
0.85* fc 0.85*%24

=i(1_ /I_ZmKn)
m 4

41



Chapter 4 Structural Analysis & Design

L \/1_2(20.6)(0.66))=1.6*10_3

20.6 420
Areq=p*b*d=1.6* 102 *520 * 316 = 263 mm?
263 mm*> As,, =126mm*

Use ® 14 >> # of bar = —22 =1.7
154

* Note Agps = 1.54 cm?

Then we select (2) bars @ 14

|

® Check for yielding

Tension = compression
AS*ify=0.85% f ®bi¥a

308*420 = 0.85%24*520* ¢
a=12.19mm
i
B, 085
L _316-1434
felpion 114134
£, = 0.063 > 0.005

X0.003

= 0Ok

4.5.2 Design of Negative moment

4.5.2.1 Design of support (1)

Mu =40KN .m
Mu 40
Mn = = — =4444KN.
® 09 E

42
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_ Mn
 b*g?
% -3
oo 44:44%10 BaG s
0.12*(0.316)
m b4 20 =20.6

T 085% & 085%24

1 2mKn
=—1_ 1_
P m( 1{ j )

3 1 i \/1_2(20.6)(3.7))= s
20.6 420

Areq=p*b*d=9.8*107 * 120 * 316 = 371.6 mm?
371.6 mm* > 4s,_, =126mm®

Use @ 14 >> # of bar = 2 16

=1.85 * Note Apis = 201mm?

Then we select (2) bars @ 16 A, provided =2%*201 = 402 mm>

® Check for yielding

Tension = compression
ASHEHy=I0IRS * fi*ih* 5

402*420=0.85%24*120*4

a=68.97mm
L CF CgE S
yi3 0.85

316-81.14
g —_—
5 81.14
g, =0.0087 > 0.005

X0.003

=10k
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4.5.3 Design of shear for Rib (R1):

ACI - 318 — Categories for shear design:

Vu=34.6 kN

Use @8 with two legs

Av=2x50=100 mm?>

1. Iteml:®Ve>Vu

O Vo= vgfc b scd

w

=@ Ve =0.75x x120x 316

/5
6
=23.22 kN

Since ® Vc< Vu

Not control

2. Item2

%(I)Vcs Vu <®dVe

© Ve=23.22 kn

l(DVc=§gg =11.561Kn
2 2

Not contro]

44
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3. Item3
DVe < Vu < dVe + (IDVsmin

Ds... Z%waxd
OVs,.. =0.75 (%)x0.12x0.316><103 =9.48kN
Ds. .. Z%X\/fC'XbWXd

DOVs in =%>< 24x0.12x0.316x10° =11.61 KN control

OVe+ Vs, =11.61+23.22 = 34.83kN

Vu=34.6kN < ®Vc+OVs_. =3483kN  control

Minimum shear reinforcement is required
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-6
ﬂzlb_w:}sreq=3x2x50x10 X420=1.05m
S 20 0.12
’ -6
ﬂZ—l— Je xbw:>Sreq=2XS0x10 ><16><42O=1.14m
Sreg 16 fy V24 x.12

4-6 Design of Tow way Ribbed slab:

Safe program has been used in the design of tow way ribbed slab , so when we make the

Dead Load calculation we make no accounts for Rib and Topping weights because the

program add them.

4-6-1 Dead Load Calculation

Tiles = 0.03*%0.7*0.7*#23 = 0.338 KN .
Mortar = 0102%0 7%0.7%22 = 0216 KN..
Sand = 0.07*0.7*0.7*16 = 0.549 KN .
Block = (10\100)\(0.5*%0.2) = 1 KN/m2 .
Plaster = 0.02*0.7*0.7*22 = 0.216 KN .
partition = 1.00 *0.7%0.7 =0.49KN.

Dead Load = 1.81 kN
Dead Load per unit area = (1.81/0.7%0.7) + 1= 4.7 KN/m?
Live Load = 5 KN/ m?
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Figure (4-7) : Two way ribbed slab(rib distribution).

4.6.2 Design of Moments:

Figure (4-8) : Two way ribbed slab(rib reinforcment).
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298@©20cm
L=158
2012 o 3

Section (A-A) & (B-B)

Figure (4-9) :Section in Two way ribbed slab.

4.6.3 Design of shear:

From Safe Program we took the value of Vu .

Vu =105 KN
Vec= i bw * d
6
24 *200 * 0.560 =91.44 KN

@ Ve = 0.75 * 91.44= 68.58 KN
1.1* ® Vc = 68.58 * 1.1 =75.44 KN
DVe<Vu

Item 1 &2 is not suitable .

= Jtem 3
DVe <Vu < CDVC'+(DVsmm

DVs >?xwad

min =

48

60

15




Chapter 4 Structural Analysis & Design

]
DOVs,in =0.75 (g)x 0.2x0.560 x10% = 28.0kN

DYs .2 i
16

e’ x bwx d
Vs i =%X 24x0.2x0.560x10° =34.3 KN control

DVe+DVs,, =75.44+34.3 =109.74kN

Vu=105kN < ®Vc + Vs, =109.74kN  control

Minimum shear reinforcement is required .

Av _1bw 3x2x50x107 x 420
=S = =0.63
85 ™ 0.2 i

_2x50x107° x16 x 420 o
T o = 0.69m
S e J 3 V24 x2




Chapter 4

Structural Analysis & Design

4.7 Design of Beam (16) :

1
2
A .
ﬁ L r
A_i 2
?3'; 6.85 03 7.55 0
L
i 7.15 h ' y 7.85 |
70. '
70
50.
A-A

Figure (4-10) : Beam (16) Geometry.

573%\‘1

100 1$N
7.15 7.85
Dead Load
3.5.511(1\
7.15 785
Live Load

Figure (4-11) : loading of Beam (16)
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4.7 Design of Beam (16) :

g
0.3 6.85 03 7.55 03
H 715 T 7.85 3
|- i ]
I T T
70

Figure (4-10) : Beam (16) Geometry.

573%N

100 I$N
4
7.15 7.85
Dead Load
38.5 tl(l\
7.15 s
Live Load

Figure (4-11) : loading of Beam (16)
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-892.4
-807.5 -802.5
) 2.68}2.28 i
\ 15511 /
51 ]
494. 634.
| 28 { 4.29 ! 47 ' 344 _!
Figure (4-12) : Moment Envelop for Beam (1 6).
-576.6
-476. -388.9
003 1
2534
383. ‘
L—509.
608.6
Figure (4-13) : Shear Envelop for Beam (16).
® Check rectangular section or T-section
bf =70cm,h = 70cm
d =700-40-10-10 = 640mm
Mu, =634 KN .m
Mn ;=085 * fc+ bf «tfx (d - >)
Mn;=085%24%0.7*0.35 % (0.64 - 22%) % 10 = 5354 kN
© Mn, = 0.9 * 2324 =2091.0 KN .m >> i Rectangular

Design for Flexure :-
® For Negative Moment :-

W Mu E
"T "o 807.5/0.9=8972 KN.m
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Mn

W

B bw*d?

DR
i 897.2

m)—z =438 Mpa

Ao e - 20 C
0.85*fz  0.85%24

=i(1_ 1_2mKn)
ne 1608 5

g (1_\/1_2(20.6)(4.38))=0.0119
20.6 420

As=p*bw*d=0.0119 * 500 * 640 = 3808 mm?

Sl 1.4
As,, = m(bw)(d) > g(bw)(d) .................... (ACI-10.5.1)

S, = 4(4£2240) (50)(64) > % (50)64)

AS . =988 <1067 ... the larger is control

As,; =10.67cm?

38.08 cm?> As,. =10.67cn?

Use @ 25 >> # of bar = 38.08

= —7.76
4.91
fmm 1 we select (8) bars ®25 ided =1

52
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e Check for yielding

Tension = compression
As *fy=0.85* f *bw * a

3928*420=0.85*%24*500*¢g
a=161.74mm
a 161.74

B 0.85

_ 640-190.28

5 St ket il (T
190.28

&, = 0.007 > 0.005

=190.28mm

= For positive Moment ;-

Mu = 634 KN .m

Mu
Mn =

Mn

— w

bw*d?

704.4%1073
Kn=——___ -6
0.7%*(0.64)? Mpa

A 420
m = - = =20.6
0.85* fc'  0.85%24

vl 4 i 2miKn
=l \/1 5 )

® 634/0.9=704.4 KN.m

= 2(20.6)(2.46)
gl | L0
206 220 )= 0.00626

As=p*bw * d = 0,00626 * 70

0*640 =2804.5 mm?
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S w)d)> 14 (bw)(d) .................... (ACI -10.5.1)
~4(p)
V24
o = 2020 CN64) 2 2 (5
Asmln 4(420)( X ) ( 0X64)
ASmin =933 <0167 ........... 3 the larger is control

Asp =10.67cm’

28.045cm*> As,_. =10.67cm?

Use @ 25 >> # of bar =

Then we select (6) bars @ 25 As provzded 6*4.91=29.46¢cm’

® Check for yielding

Tension = compression
A, *fy=0.85 *f.*bw*a

2946 *420 = 0.85*24*500 * 4
a=121.3mm
B, 0.85
640—-142.7

£, =—————X0.003
2 142.7

£, =0.010 > 0,005
Mu =494 KN .m

Mu

Mn = 5 T494/09 = 548.9 KN.m
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Mn

W

PR

_ 5489*107

= m = 1.91 Mpa

b . . 420
0.85*fz'  0.85*24

1 f 2mKn
p-—;/l'(l- 1— ﬁ) )

e 1 i \/1_2(20.6)(1.91)
20.6 420

m 20.6

) = 0.00478

As=p * bw * d=0.00478 * 700 * 640 = 2141.5 mm?

As, = %(bw)(d) > %(bw)(d) .................... (4CI-10.5.1)
_ V24 1.4
As . = 2020) (50)(64) > o (50)64)

Ay =983 < 10:67............. the larger is control

2141 cm’®> As,. =10.67cm?

Use @ 25 >> # of bar = M =436
4.9]

[mm we select (5) bars @25 ‘;asp;av;ég;i;‘é#;;51“;3;33;,‘,‘;2‘“‘"""“““““"""’?
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e Check for yielding

Tension = compression
A, *fy=085*f *bw*a

2455%420=0.85*24*500* g

a=101.1mm
x=i=1—(E=118.9mm
B;.. ' 0.85
e bl LR
118.9

&, =0.013 > 0.005

Design of shear for beam (16):

#Ve = 0.75(24)(b)(d) / 6 = 0.75(~/24)(500)(640) / 6 = 196 KN
Vu=509 KN

dVce <Vu.

Category 3:
®Vc <Vus OVe +DVs
min ¢¥s 2 0.75(1 /3)(b)(d) = (1 /3)(0.75)(500)(640) =80KN
min ¢¥s > (1/16)(y/ /¢ ) (b)(d) = (1/16)(v/24)(500)(640) = 98 KN is Control
®Vc + min OVs = 294 KN
Vu=509KN > ®Vc +®Vs = 294KN

S0 not in the Category (3).
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Category 4:

dVe+ /3 \[fe' (b)(d) = 196+ (0.75 / 3) /24 (500)(640) = 588 KN

DVe +OVsmin =294 < Vu=509 < OVc+ ¢/3 /1’ (b)(d) =588 KN

(Av/s)=Vs/(Fy*d)

Vs=(Vu/ ¢ )-Vc

Vs = (509 / 0.75) — 261 = 417.7 KN
(Av/s)=417.7 | (420*640) = 1.554*103
Try ¢10, 2 legs
S=(2*%79*107%)/1.554%1073

S=101.7 mm

S<d/2<600

S<(640/2)<600

S<320<600

Souse ¢ 10 @ 10 cm c/c,2legs.
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4-8 Design of Tow way Solid slab:
4-8-1 Determination of Loads :

Plaster = 0.02* 23 = 0.46 kN/m?
Slab =0.15* 25 =3.75 kN/m?

D.L =421kN /m?>

From TANK L.L =10iAN/m?
9w =12 p.L =1.2%4.21= 5 kN/m?
Qo= 16 LL=1.6*10 =16 KN/m?

0
1N

58

qu = 21KN / m*
For 1m Strip in X & Y direction
qu=21 KN /m

Lb=53m
La=4.0m

Ib 53
B 02 139540,
% 40 w20

. Tow way

select h =150 mm

b=100cm,h =15¢cm

4-8-2 Designs of moment

= Design of positive moment:
La/Lb=4.0/53 =0.75

From table ( 12-4)
Case (1)

e

5052

>
s,

SRS

B.B||012/20 L=400

R TR

B.B 610,

R S SR KRR

R R S s,
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C, 4. =0.061
C, . =0.019

M4 = Cow T ™ (La)z
=Gy * 90" @D

From table (12-5)

C,..=0.061

C,1.=0.019

My =Coyp * gy * (La)®
My, =Cyy *qy * (Lb)?
Mopos= (Mg + M, ) =

{(0.061*5%(4.0) %) +(0.061*16* (4.0) %)} = 20. 5 KN.m

M, bpos (M, bar T M, brL) =

{(0.019%5%(5.3)2) +(0.019%] 6* (63)%)) =121 KN.m

M, =20.5 KN.m

a,pos

M .. ;
Mn = ("I;” =%0—9—§=22.8KN.m
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1.4
As bAd)2—(bfd)............... (ACI -10.5.1)
s = A5 04> 2 xa)
: 1000K118 >— 10004118
Smm 4(420)( )( ) ( )( )
A =844 <303 . the larger is control

As,.;. =393mm’

Kn= an
b*d
*10-3
= “22'8 L 5 = 1.64 Mpa
1*(0.118)
m = big - = il =20.6
0.85* fe 0.85*24
p=i(l- 1_ZmKn)
m
2(20.6)(1 .64)
= 1- j1-——2-"7 y~ * 1073
p 20.588( \/ o )=4.08 * 10

Asreq=p*b*d=4.08 * 10° * 1000 * 118 = 481.44 mm?/
481.44 mm*> As_. =393mps?

* Note Apj2 = 1.13cm?
Use 10 12 @ 20 cm c/c

® Check for strain

Tension = compression

As*fy=085*f xp*a
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565*%420=0.85*24*1000* g
a=11.63mm

085
118-13.7
g.s —_—
13.7
£, =0.023 > 0.005

X0.003

=10k
M, ,=11.21 KN .m
M

M= 2o 2L N m
) 0.9
Jre 1.4

As,, = bd) 2 —BNd)oooooooeee.... ACI -10.5.1
« ﬁ)( Xd)= % &Xd) ( )
=

Soin =7 20420) (1000)118)> 2= (1 000)(118)
As, =344<393 ... the larger is control

As,.. =393mm’

Mn
b*d?

Kn=

s BRI
EOIDE e
A o)

— - _206
0.85* ' 0.85%24

m =
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1 2mKn
= — (1 = 1 o )
" f
1 2(20.6)(0.895) =
= e =218*10
P= 206" \/ T

Asreq=p*b*d=2.18 * 10° * 1000 * 118 = 257.24 mm?
257.24 mm’< A4s, . =393mm’

* Note Agjo=0.79 cm?
Use 10 10 @ 20 cm c/c

® Check for strain

Tension = compression
ALy =085* f *b* g

395*%420=0.85%24*1000* g

a=28.13mm
a 8.13
=—=—=056
B 085 S

118-9.56

8: = —
9.56

£,=0.034 > 0.005

X0.003

4.8.3 Design of shear:

La/Lb=4.0/5.3 = 0.75

From Table (12-6) :

Case (1)
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W,=0.76
W,=0.24

Vs Laxly

V,,=21¥4.0%0.76=63.84KN control

V,,=21%53 %024 =26.7 KN

ui

Shear at distance d :-

I/ud= qu*(L’?‘\2 i bbw\z _d)
=21(4\2-0.3\2- 0.118 )

=36.37KN.

i
6

*1000 * 0.118 =96.34 KN

@ Ve = 0.75 * 96.34= 72.3 KN

DVe > Vu

.. No Shear Reiforcement Required
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4.9 Design of Long Column (C61) :

4-9-1 Design of the longitudinal Reinforcement:

Pu=3586 KN.

So, its axially loaded,

Type of column: "Tied column".

Assume pg = 0.02.

P, = 0.804g[0.85* ' + pg(Fy — 0.85 * 7]
5517 = 0.80.4g[0.85* 24 +0.02(420 — 0.85 * 24))]
Ag req = 0.24m>.

Use 0.6m * 0.4m .

Ag=0.6*0.4 = 0.24 cm?.

-Determination of required prg -

P, =0804g[0.85% fe' + p(Fy ~0.85% )]
5517 =0.80*0.24 *[0.85* 24 + pg(420 — 0.85 *24)]
pg =0.02.

27 =l g DT SRR S (ACI-Cod-10.16.8.6)
Required As = p, * Ag=0.02 * 2400 = 48 cm?.

Use16 020 .......... AS provided = 50.24 cm?.

AS max = 0.08%2400 = 192 2.

AS min = 0.01*2400 = 24 cm2.

As xRS AGETRE. .. el OK.
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4-9-2-Check Slenderness Effect:
a) In 60 cm direction (about Y-axis) :

(KLu/r)<(34-12[M1/M2))

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

r: radius of gyration =0.3 *h = [T/ 4 .

X «
MI/M2 = 1 for the interior column.

Lu=3.9m.
(1#3.9/(0.3*0.6m)) < (34-12[1])
DTS 20 0 short in the 60 cm
direction.

b) In 40cm direction (about X-axis) :
(KZu/r)<(34-12[M1/112))

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
r: radius of gyration =0.3 * j = VIA .

MI/M2 = ] for the interior column.

Lu=3.9m.
(1*3.9/0.3*0.4m)) < (34— 12[1])
325 2. long in the 40 cm direction.

-Slenderness effect must pe considered,

C,, =1.0 (for single curvature — braced frame)
£ = 2*D1) - @EGTILLL ).
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P, = 3586 KN.
L LI A.CI(10.12.3) eq (10.10),
(K7
EI = large of:
02E 1 +E1
Bl= ( ; gﬂd R e G eq (1)
+
Or
04E 1
El= : ,Bc’dg ...................................................................... eq (2)
+

E, = 4700,/ fc' «—— N/ mm?>.

£ _ 4700V24

: =23.03 MPa
1000

I, = moment of inertia of gross concrete section about centroidal axis, neglecting

Reinforcement, mm* .

_b*K’  600*400°

/L
4 12 12

= 3200000000mm"*.

1,, =Moment of inertia of reinforcement about centroidal axis of member cross section,

mm* .

I =20 *x?) = 2(6*314*115%) = 49831800mm"* .
Es = 200000 Mpa .

Jactored  axial dead loaqd

P = T
Jactored  agxial 1o14] load 3586

From equation 1 and 2 we select the large value:

— ((0-2*23.03*3200000000) + (200000 * 49831800
e 0705 ) =5.79*10" N.mm?

(control).

66




Structural Analysis & Design

Chapter 4

2

_ 0.4%*23.03*3200000000
14+0.725

7w’ *579%10"2

=1.71*10"° N.mm

EI

> = —=37571 KN .
(1.0*3.9%1000)
1.0
5 = : = N | OK .
g 598
0.75*37571

€min=15+(0.03%1) =15+ (0.03%400) =27 mm

€ used for the design =1.15* 27 =31.05 mm .
the value of e is too small to use the inter action diagram .

so as we found above use Use 16 @ 20

4-9-3 Check for spacing between the bar-:

g 600-2%*40-2%10-2*20—5%20
5

S=72 mm > gM.A.S

> 40 mm

2 1.5db = 30 mm

4-9-4 Design of Tie Reinforcement:

Use 9 10 ties.
1) Spacing (S) < 16*d, (Longitudinal bar diameter) = 16 * 20= 320 mm
2) 48*d, (ties bar diameter) = 48+ 10= 480 mm,

3) Least dimension = 4(( mm.
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Use "0 10" Ties @ 25 cm spacing.

_—
—_—

16620

_%,_

210@25
L=190 cun B0

Fig. (4-14):Section of column (Ce61).
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4. 10 Design of Stairs 1 :

Determination of Slab Thickness:

L=04+2.7+0.9=4m.

hreg=1/20

hreq =400/20 =20 cm
= Use h=20cm.

4. 10 .1 Load on Flight:

Dead Load:
Tiles = 0.03*27%((0.3+0.17)/0.30) = 1.27 KN/ mZ.
mortar = 0.02*22 *((0.17+0.30)/0.3) = 0.689 KN/ mZ2.
Plaster = (0.02*22)/ (Cos 29.53) =0.51 KN/ m2.
Steps = ((0.17*0.3)/2) * 25/0.3 =2.125 KN / m?.
Slab = 0.20*25/ Cos 29.53 =5.75 KN/ m2.
Total dead load =10.34 KN/ m2,
Live load:

Live load for stairs =5 KN/ m>.

Factored load
qu=1.2*10.34 + 1.6*5 = 20.41 KN/ m2.
For one meter Strip, gu = 20.41 KN/ m.
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4. 10 .2 Load on landing :

Dead Load:
Tiles = 0.03*22 =0.66 kN/m?2
Mortar = 0.02*22 =0.44 KN/m?

Slab =0.20"25 =5KN/m2
Plaster =0.02*22 = 0.44 KN/m=.
Sand = 0.07*16 = 1.12 KN/m2.
Total dead load =7.66 KN/m=2
Live load:
Live load for stairs = 5 KN/ m?.
Factored load
qu =1.2%7.66+ 1.6 *5 = 17.2KN/ m?>.
For one meter Strip, gu = 17.2 KN/ m.

Design of Flight :-

4. 10 .3 Design of Shear -

® Assume @ 12 for main reinforcement:-
So, d =200-20 -6 = 174 mm

Figure (4-15) : Shear Envelope
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Vu'=33:98KN'".
b, td
¢VC=¢JZ6 ‘.

0.75*~/24 ¥*1000*174
PVe = 5

Vu=339 KN < ¢Vc=106.6 KN.

=106.6KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4. 10 .4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

“Moments: _spans 1t0 7

Figure (4-16) : Moment Envelope

Mu = 38.7 kN.m
Mn =Mu/0.9=387/0.9=43 KN.m.
d =174 mm.
i Mn
n bd2
. 43*10°
" 1000%*1742

— _L
0.85x fe!

=1.42MPq .

m
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0.85%x24
o e L \/12_20_61_4_2 ~3.51%10°
m e 20.6 420

4s,,, = 3.51*10° *100*174 = 610.74 mm*
A5, =0.0018 *b* 1 = 0.0018 *1000 * 200 = 360mm>
AS iy =360 mm” < As,, = 610.74 mm”

Use ¢ 12>>>610.74/113 =5.4

Use'l @ 12 @17.5cmc/c......coven. with As =(100/17.5)*1.13 = 646 mm>.

As provided = 6.46 > As FC SRS satsinsbeans OK.

Check for strain:

Tension = Compression

A *f=085*%fo\ *p* 4
646 *420 =0.85%24*1000* o
a=13.3mm

168-15.6

E =————
el15.6

&, =10103> 0.005—5 oF

*0.003

4. 10 .5 Secondary reinforcement:
ASShrinkage =0.0018xbx A =0.0018x 1000x 200 = 360mm?>

Use ®10@20cm ......
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4. 10 .6 Design of landing :-

-Reaction (factored) of the staire on the landing = (1.2*15.6)+(1.6*8)=31.52 KN /m.

-Factored Total load/m. = Factored (D.L) + Factored (L.L) + Reaction of the satire =

(1.2*7.66) + (1.6*5) + 31.52 = 9.2 + 8+31.52 = 48.72 KN/m2.

Design of Bending:

_quxL’ 48.72x3.4
R 8

Mu =70.4KN.m

Assume @ 16 for main reinforcement:-
d =200-20-.8 =172mm.

Mn
b

_ 78.2%*10°
" 1000 %1722

,,=1[1_ 1_2&J

=2.64 MPa.

m 7,

1 2%20.6%2.64
= el = 1 =20 01 208
P 20'6( \/—T] 0.00676

Asm]. =0.00676 x1000 x172 = 1162 .7mm ?

i

<2 iy 14
AS iy = 25) ®w)(d) 2 5 (bw)(d)

_ 24 1.4
A (10001722 2% 1000)a72)

AS i.:=501.6= 573.3
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— As. =5T3mm?.......... Control

As,,, =1162.7mm* > 4s_. = 573cm’

Usel ¢14 @ 12.5cm

Secondary reinforcement:

ASgrintage=0.0018x bx 7 =0.0018x1000x 20 = 360mms?

Usel ¢12 @ 25 cm
4. 10 .7 Design of shear:

T qux L _48.72x3.4
2 2

O\, *b *d
6

o=t v ¢

=82.8KN

* £ 3
e = 075 @6 1000%172
$Ve=1053KN > Vu =82 8KN

=105.3KN

No shear Reinforcement js required.

4.11 Design of Stairs 2 -
4.11 .1 Determination of Slab Thickness:

L=09+2.7+09=4.5m,

hreq=1/20

heq=450/20=225cm ... ... . take h= 25 cm.
= Use h=25cm.
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4.11 .2 Load on Flight:

Dead Load:
Tiles = 0.03*27*%((0.3+0.17)/0.30) = 1.27 KN/ m?.
Mortar = 0.02*22 *((0.17+0.30)/0.3) = 0.689 KN/ m.
Plaster = (0.02*22)/ (Cos 29.53) = 0.51 KN/ m?.
Steps = ((0.17*0.3)/2) * 25/0.3 =2.125 KN / m?.
Slab = 0.25*25/ Cos 29.53 = 7.18 KN/ m?.
Total dead load = 11.8 KN/ m?,
Live load:

Live load for stairs =5 KN/ m2.

Factored load
qu=1.2*11.8 + 1.6*5 = 22.16 KN/ m>.

4.11 .3 Load on landing :

Dead Load:
Tiles = 0.03*22 = 0.66 kN/m?
Mortar = 0.02*22 = 0.44 kN/m?
Slab =§0.25%25. = 625 KN/m?2,
Plaster = 0.02*22 = 0.44 KN/mz.
Sand = 0.07*16 = 1.12 KN/m2

Total dead load = 8.9 KN/m2,

Live load:
Live load for stairs = 5 KN/ m?,

Factored load
qu =1.2%8.9+ 1.6 *5 = 18.68 KN/ m2.
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4.11 .4 System and Loading :

11.8
4.45 4.45
/ - \L 7
0.9 2.7 0.9 —
Dead load
5.0
2.5 2.5
\/
N
+——0.9 27 0.9
Live load
Figure (4-17) : Loading on stairs.
4.11 .5 Design of Shear -
® Assume @ 12 for main reinforcement:-
S0, d =250-20 -6 = 224 mm
Shear
355 383

Figure (4-18) : Shear Envelope
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Vu=35.6 KN.
N Th, X
o= 8

0.75*~/24 ¥*1000* 224
gVe = 6

Vu=35.6 KN < ¢Vc=137.2 KN.

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

=137.2KN

4.11 .6 Design of Bending Moment

The Following figure shows the Moment Envelope acting on the stair

Moments: |

5.6 56

1% 225 29 225 |

Figure (4-19) : Moment Envelope

Mu = 50.9 kN.m
Mn =Mu/0.9=50.9/0.9=56.55 KN.m.
d =224 mm.
i Mn
n bdz
NS 6L55*10°
" 1000*2242

o4
0.85x fe!

=1.13Mp, .

m =
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¥ 420 ~206
0.85x24
pzi = _% =L I_JI_M =2 77*%10°
m I, 20.6 420

AS,0,= 2.77*10° *1000*224 = 620.5 mm>

As,;, =0.0018*b* /= 0.0018 *1000 * 250 = 450mm>

A8y =450 mm” < 4s,,,= 620.5 mm’

Use @ 12 >>> 620.5/113 = 5.5

Use 1912 @ 17.5emicle....omviiniis with As =(100/17.5)*1.13 = 646 mm?.

As provided = 6.46 > Asreq........................ OK.

Check for strain:

Tension = Compression

A* fr=0.85*% fo' *p* g
646 *420 = 0.85*24*1000 * 4
a=13.3mm

a 133

= = 56
B 0.85 L

168 -15.6

£, =————
S5 6

g, =0.03> 0.005——; of

*0.003

4.11 .7 Secondary reinforcement:

ASShrinkage = 0'001 8Xbx h = 0.001 SXIOOOX 250: 450mm2

Use g10@175¢cm......
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4.11 .8 Design of landing by using Safe:
-Reaction (factored) of the stair on the landing :
DIL=20KN/m , LL=9KN/m.

-Loads on the Landing :-

D.L=8.9 KN/m? , L.L=5KN/m>

i
Figure (4-20) :Top and side view for Landing.

4.11 .9 Check for two way shear action (Punishing):

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

5, LY
¢.Vc—¢.6(l+ﬁ] f. bd

c

o, =¢,%( a,

+2 '
b /d ] J-bd
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oV =¢%\/Z b,d

Where:

Column Length (a) o
 Column Width (b)

= Perimeter of critical section taken at (d/2) from the loaded area

d=250-20-12=218mm
b, =mD =3.14%(0.3+0.218) =1.63m

s = 40 for interior column

1 2 ! 0.75 2
Ve=¢—1+— 3 = *14+— [* 24 *1.63*0.218*10° = 652.81KN
¢ C ¢6( ﬂj f o 6 ( 10)

c

1 0.75 ,(40*0.218
Ve =¢. ) = Sl gy * * *103 =
ey [b /d ) fbd = = ( - +2) 24 *1.63%0.218*10° = 799.65KN

1
OF. —h= w/ cbd—\*\/_4*163*0218*103—4352KN

g, =835 2 KN Control
Vu , = AVu — Acr (Wu )
AVu = 268 .44 KN . From Safe
Aer —r [
=88l 14 Ey (08 the O2Z1IB)2+ . \ 4

= 0.211 m?
Vu , = 268 44 — (0.211 *13 .68 ) = 264 .SKN
¢Vc =435 2KN > py ge= 204 SRV | satisfied
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4 -12 Design of shear wall :-

F=350.15 KN
—

F=290.28 KN
e —

798.4 KN —F=168KN |

6382.7 KN.m

Shear & Moment Diagram

Figure (4-21) : Shear and moment diagram.
Fc =24 MPa
Fy =420 MPa
t=30 cm .shear wall thickness
Lw = 8.9 m .shear wall width
Hw for one wall = 3.9 story height

4 -12 - 1: Design of the Horizontal reinforcement:
ZFx =Vu="798.4KN

4 -12 - 2: Design of shear

The critical Section is the smaller of :

Iw 8.9

2_ = —2— = addse iy, control
hw 17
d=()8x1w—0.8x89=712m
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~ifet
VCI= 6 XbXd

cl
desfeixbxd N, xd
¢2 4 4x L,
Assume N, = 2690 KN

* 3
e V24 x 0.3x7.12 *10 + 2690 X712 _ .o pw

e fc’+ZXN“)
/fc+ l,xh hxd

Vc3= %
2 M L 10
vV 2

<M" -]—W>=o.7>o
e

u

V. = '24 x0.3x7.12 *10° = 1744 KN (control )

Vv

Ve =Will apply

2 _[«/24 8.9(~24 +51.7)] 0.3x7.12
3 = ar X X

10

2 0.7

10° =15423 .3KN

Vsive V. — We 1
S= (640 .4/0.75 ) — 1744 = — 890
use min

Avh ;
53 mm = 0.0025 *h = 0.0025 ¥ 300 = 10.75 mn

L
S§2< =2 =8900 /5 1780 mm

5
S2 <3*h =3%300 = 900 (e e control
select —— - ¢10 in  po side — 5 4¢ - 158 mm 2
158
W= 075 %=33 S-2. 21 cm
Select — 3 §2 = 208em < S min - 90 cm
e == JI10R@: 20 .o (C/c)l'n both side
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4 -12 - 3: Design for Vertical reinforcement:-

L

L 8.9

w

Avn = 0.0025 x S, x h,

S, S%Lw = %x8900 = 2967 mm

S, <3xh=3%300 =900mm
Select $10 With area As =158mm> in both side

158 =0.0025 x S, x 300
=8, =210.7mm
Select S, =20cm < 21.07cm

—> Select $10/20 cm c/c both side

Select 20 10/ 20cm. In tow layer

4-12 - 4: Design of bending moment:

Ty 8.9
@>(loiie ) 89
(0.007*600) o e

length of boundary element= C — 0.1xL,
length of boundary element= 2.12-0.1x8.9=1.23m

Select The boundary elemens — 1.25m

Lw
AVE=AS = Fx As, — =§'2—9><158 = 703 1mm?
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i 1
Lw  2+0.85*B* fo* Lw*h/(4s * Fy)
Z ! = 0.057

Lw  2+0.85%0.85% 24x8.9x 0.3/(7031x 10 x 420)

Z
Mu =0.9><Fyx0.5xAstwx(l—(L—/ZD =
w

Mu =O.9*420*O.5*7O31x10‘6x8.9*(1—¥)=11490KN.m

Mup, ., = 6382.7-11490 = —5107.3 KN.m

So we don’t need the boundary element

4-13 Design of Isolated Footing: (F6)
fe'= 24MPq
fy = 420 MPa

Total factored load = 3586 KN

Total services load = 2783KN.

Column Dimensions = 60*4( cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 25() KN/m2.
Assume footing to be about (60 cm) thick.

live load =5 KN/m2.

Dnee=250 - 5 - 0.4%18 - (.60%25 - 0.15*%25 =219 05 kN/m?
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Area (A) = Total Weight /( Soil Pressure*)

=2783 KN /219.05 KN/m?
=127 m?

Use L=3.7 m,B=3.7m, A=13.69m?

4-13-1 Determine the depth based on shear strength:

e Af ';a =3586/13.69=261.9 KN /m’

4-13-2 Check one way shear at distance d:
Assume (h) =60 cm

d=60-7.5-2=505cm

oV, >V

u

1 0.75
(DVC=(DE bid = = % 24*3.7*0.505*1000=1144.2KN

L—a

Vu=quhx( —d)xB

3.7-0.6

Vu = 261.9x( = 0.505)x 3.8 =1040KN

DOVe=1144.2 > V., =1040
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4-13-3 Check this depth for two way shear action (punching):
Vu=q, x(BxL)-(a+d)b+d))
Vu=261.9x((3.7x3.7) - (0.6 + 0.505)(0.4 + 0.505)) = 3323.5KN

The punching shear strength is the smallest of:

4 %[Hﬂi) Lad o.sJZ b,d

1| @ ; / ;
V =— = +2 bd =0.58 bd
c lz(ba/d ) -f;' o -f; o

i %w/ 1. bd <UL B ............ Control

Where:

B.=a/b=60/40=15

b, = Perimeter of critical section taken at (d/2) from the loaded area

= 2{(0.6+0.505) + (0.4+0.505)} =4.02 m

a, =40 for interior column

#. = 0.75%0.33v24 % 4.02x 0.505x 1000 = 2461.5 KN

DVe =2461.5<V, =3323.5

The Depth is not big enough .
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So Take h=75cm
d=75-7.5-2=655cm
Vu=q, x(BxL)-(a+d)b+d))
Vu=261.9x((3.7x3.7) — (0.6 +0.655)(0.4 + 0.655)) = 3238.6KN
b, =2{(0.6+0.655) + (0.4+0.655)} =4.62 m
@V, =0.75x0.33v/24 x 4.62x 0.655x1000 = 3669KN

DVe=3669 >V, =3238.6

4-13-4 Design for Bending Moment:

il a : L va
M= | g, xWx|=-2 || 05L& 2
. (2 2)) (2 2)

o 261.9x3.7x(3;7—%Dx0.5(32;7—9216—j =1164 KN.m

25
Mn =1164/0.9=1293 KN.m
Kn =Mn/b.d*= 0.815 Mpa

e 120 |
0.85/c'  0.85(24) ~

1
p=~(l— l_zmi_ =\1_1_ 1\2><20.6x0.815
m B 20 .6 ? = 0.002

As = 0.002*3700%655 = 4847 mm>.

20.6
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A min = 0.0018%3700%750 = 4995 mm?>.......

Use 25 ¢ 16 (for both directions).

control.

4-13-5 Check transfer of load at base of column (Design of dowels):

In column:

®Pn =®(0.85fc'Ag)

®Pn =0.65(0.85x 24 x0.4x 0.6x1000) = 3182.4KN

®Pn=3182.4< P, =3586
Dowels are required for load transfer.
As= [(Pu-Pn)\ @ |\Fy

= [(3586-3182.4)\0.65]\420

But the minimum reinforcement of dowels:

As = 0.005 *(400 x 600) = 1200 mm>

In footing :

DPn = @(0.85 fc'4, x‘/z)
Al

A1 =0.4%0.6= 0.24 m?

Ap=3.7858.7 = 13¥60m?
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e e
4 V024

®Pn =0.65%(0.85%24x0.24x 2) x1000 = 6364.8KN
®Pn =6364.8 > Pu =3586........... ok

4-13-6 Development Length :
In column:

Ld for ¢ 20:

e AP dp = 420
4. fc' 424

x20=428.Tmm

L,=0.043 x db x J/=0.043*20%420 = 361.2 mm
~ L, =428 7Tmm
In Footing:

Available embedment = 750 _ 75 _ (2 x20) = 635mm > 428.7 mm

S OK
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4-13-7 Development Length :

Category (A), item 2 applies,

Ld for ¢ 16:
Ld=2x » xaxﬂxyxlxdb=ix 420><1><l><0'8x1x20=493.8mm
10 /f' (k,,+cj 10" 24 25
db

Available embedment = ((370-60)\2)-7.5=147.5 cm

=1475mm >493.8 mm ............... ok
EEE
i7 Ly
v
- j >’
n O
=
& 25616 L=425 ]
=1 ] : —ﬂ e N
A 25816 L=425
_2s | e q
] 145
10 145 &N 145 10
10 350 1 JEE
| 370 j

Fig. (4-

22): Top view and section in footing (F6).
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4. 14 Design of strip Footing no 20 :

4. 14.1 Determination of load:

From Etabs:

Total Service load = 349.5 KN/m.

Total factored load = 446.5 KN/m.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 250 KN/m2.
Assume footing to be about (30 cm) thick.
live load =5 kN/m’

Qallow =250 - 5- 0.4*18 — 0.3*25 = 230.3 kN/m?>

g
B e

= For one meter strip
B=1.6 m,h=30cm
d=300—75 - 20 = 205 mm
Guit = 446.5/ 1.6 *1 = 279 KN/m>.

4. 14.2 Check of One Way Shear:

Vu = 1*%(0.65-0.205)*279 = 124.16 kN
Ve = g fexd=xb

0.75
OVc = -6—«/ﬁ* 0.205* 1 = 125.5 kN

@®Ve > Vu
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4.14.3 Design of Bending Moment:

In transverse direction:-
Mu = 279*0.65%/2 = 58.94 kKN.m

e YV
0.9
Mn  655%107
S 1560
ST 140205 i
" 420

20.6

0T 0

420
Aspe, = p*b*d =3.87*107 *205*1000 = 793.35 mm?/m |
AS Shringage =0.0018 *b* /1 = 0,0018 *300 *1000 = 540mm> / m
ASreq. =793.35> A5g, 1000 = 540mm? | m

ZL(I_\/l_2x20.6x1.56J=3'87*10_3

Use ¢ 14
No. =793.35/154=5.15

¢ 14 at 20 cm c/c

Check of strain:
As * fy =0.85 *f.*b*a

924*420 = 0.85*24*1000%* 4
a=19.02mm
a 19.02
X = E = W =22.38mm
e 205-22.38
* 22.38
g, =0.024 > 0.005

X0.003

= OK
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In longitudinal direction:
Asmin = 0.0018 * B * h
Asmin = 0.0018 * 1600 * 300 = 864 mm?

Use ¢ 14
No. =864/154=5.6 , Use 6 bars

Use 64 14

4. 14.4 Development Length of main Reinforcement :

ld a9 % FJ’ "/’ewsl/’t *db

e = Ip W3 * kt‘ri:cb

1d 9 420 1+x1%0.8
= — % *
N T T 2.5

Ld available — 800 - (3 00/2) - 75= 575mm

* 14 = 346 mm

Ld available= 575 mm < ldreq = 346mm

So use 1d = 575 mm

IO
el
o
N S
s i)
P9
!
;'ﬂ wvy
e =
ar g
&
=

Figure (4-23) Strip Footing Detai]
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4.15 Design of Mat Foundation :-

C/J @
75 Fig.(4.24) Mat footing
r_ﬁ‘
4.15 .1 Design of shear :
J
7 foid] }l Eiid R
%% 1 a8, fﬁi — o
\ e e 1——*—«; ~s00;
(/\) ~ __,%_& -] ’ }40(_5. !
i | . |00 |
z I , J |
;» 1 | 1200.
1 i fmo.! |
’ ¥ | ol
; l 5EL100.
| ] g 200,
: f R0
{ E , 4 X
i — ~600.
__ | A $ ;‘-700.
|
F ig‘(4-25) shear in X-direction
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E*+3
11.50

g
b {
¢

|
|
J |
et 5 AR o i
i
|

{1.00

[ = | . ;o.75j

{ : ;‘0.50:

5 e | o5/
i | | [ooo
0,25
+0.50
—to75
11.00
-1.25
L1.50

1.75

Fig.(4.26) shear in Y-direction

d=50-75-14=41.1cm

@¢Ve = 0.75*%*,//’0‘ *bw*d

1
¢Ve = 0.75*8* 24 *1000*411*107 = 251 7N

Vi i x directionis 126KN /m =126 *1 = 126 KN
Vu,.in y direction = 160KN /m =160 *1 = 160KN

¢Ve=2517KN >V  in pom direction ........... OK

4.15.2 Design of bending moment

following chart:
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}_M

[

|
____J__ +100-
|
9-:
w ' -50.
__:“ 3 ~100.
; -150.

| .

k\a
= =
i £
&3 i3
S Lo
N
P
3

Fig.(4.28) Moment in Y—direction
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h =50 cm
d=50-75-1.4=41.1cm.
Fy =420 Mpa.

Fc'=24 Mpa

4.15 2.1 Design of Negative Moment in x direction

~VeMu ., , =150KN.m/m
M= 160 o i
¢ 0.9

Mn _177.8*10°

R — = =1.053M a
agiws 1000 * 4112 "
— ﬁ =20.6
0.85 fe'
*
Lol - h-2mEn|_ 1 1_\/1_M =258%10"3
m B 20.6 420

AS,y =p*b*d =258 %107 *1000 * 411 = 1060 mm 2
Shrinkage & temperatur ¢ = 0.0018 * p * h=10.0018 *1000 * 500 = 900 mm 2
As,,, =1060mm? ... Control

100 (7 *162 2 s e
Select ¢l6@15c‘m:>As=F* i =1340 mm > As .. =1060 mm in  both direction

4.15.2.2 Design of Positive moment in x direction

+ve Mu_ . =250KN.m/m
Mu 250

Mn=— =="—=2778kN.

5 aoo ”

Mn _ 277.8*10°

Rn = = =il
bd® 1000%4112 1 -64Mpa
4 o .
0.85 f¢'

A [l2mkn) 2*20.6*1.64
pP= T [ )= [==—c coa it =4.08*103
m b/ 20.6 420 e 10

As, =p*b*d = 4.08*10- %1000 411 <0677 mm?

Shrinkage & temperamyre - 0.0018*p* ;= 0 001

8 l‘1000 *500 90 2
AS’,’q = 16; ;“““ -.........Conn 01

Sel _ 100 (=~ *182 X
eect¢18@15cm:As_\* e | = 1699 mme S i 5 ’ :
15 4 Smin = 1677 mm in both direction
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0.1 42 D.1 2.2 4’-,'
” 1?2 4r;
o085 p3 1.5 ﬂ 2
Gy i >
s f
) |
= j A
? |
?
}; D
3Lk Te16/15 g
¥
( 018/15
(
{ I | ‘@
¢ |
b L 1
: i | |
1% B
s g
'ng.D $303 37 03 ag 0.1
A 5.3 B

U Stirups L=155 ¢m

Section (1-1)

Figure (4-29) :Plan anq S€ction for mat fonndation:
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4.16 Design of Steel :

Truss:

In architecture and structural engineering, a truss is a structure comprising one o.r more
triangular units constructed with straight members whose ends are connec?ed at joints
referred to as nodes. External forces and reactions to tho§e forces. are conS{dered to act
only at the nodes and result in forces in the mem.bf:rs which are either tensile or
compressive forces. Moments (torques) are explicitly excluded because, and only
because, all the joints in a truss are treated as revolute.

A planar truss is one where all the members and nodes lie within a two d.imens.ional
plane, while a space truss has members and nodes extending into three dimensions.

Truss type:
The type of truss that will be use is Pratt Truss (Figure 4-30).

The design uses vertical members for compression and horizontal members to respond to
tension. What is remarkable about this style is that it remained popular even as wood

Different types of trusses shown in the figure 4-31.

_\

\_‘

Figure 4-3¢ . Pratt tryss
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Figure 4-31 : types of truss

The figure 4-32 shows plan of the sports hall that is wanted to do truss system in it.
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Figure 4-33 shows a gross section of the components that is located over the purlin, and j;

is as the following:

1. Surface layer of galvanized steel sheet with thickness of 0.6 mm.

2. Heat insulation layer of Rock Wool with thickness of 100 mm and specific weight
of 100 kg/m”.

3. Specific kind of ducts, its dimension taken from some tables depending on

numbers of spans and the dead and live loads that can it supports.

LG
R

A Al

BETERY Ve i L2 ]

Figure 4-33: cross section of the materials over purlins
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Stirtzweite L[m]

Dreifeldtrager, zulassige andriickende Flachenlast zul g [kN/m3
1,00 1,20 1,40 160 1,80[2,00]2,20 2,40 260 280

3,00

tw max f

Endauflagerbreite: b, =40 mm  Zwischenauflagerbreite: b, > 60 m

m

——— g
063|635 *
L/150
L/200

L/300

5,63
5,63
5,63
5,63

2,18
2,18
2,18
2,18

180 153
180 153
1,80 153
180 153

4,89
4,89
4,69
4,89

4,02
4,02
4,02
4,02

3,41
3,41
3,41
3,41

2,70
2,70
2,70
2,70

135
135
135
135

118
119
119
118

1,07
1,07
107
1,07

0751 75| *
L/150
L/200

L/300

7,16
7,16
7,16
7,16

5,96
5,96
5,96
5,96

5,11
5,11
8,11
5,11

436
436
436
4,36

3,44
3,44
3,44
3,44

2,79
2,79
2,78
2,79

2,30 | 1,98
2,30 198
230 1,98
2,30 | 1,98

1,75
1,75
1,75
e -

155
155
1,55
155

138
138
138
132

088| 88| *
/150
/200

L300

10,13
10,13
10,13
10,13

8,44
8,44
8,44
8,44

7,24
7,24
7,24
7,24

5,81
5,81
5,81
5,81

4,60
4,60
4,60
4,60

3,72
3,72
3,72
3,72

319 2,77
3,19 277
3,19 2,77
3,19 2,77

242
2,42
242
2,40

2,14
2,14
2,14
1,92

181
191
191
1,56

1,00 100 *
L/150
L/200

L/300

12,94
12,94
12,94
12,94

10,78
10,78 9,24
10,78 924 714
10,78 9,24 714

924 714

7,14

5,64
5,64
5,64
5,64

4,65
4,65
4,65
4,85

398 3,44
3,88 3,44
398 344
3,98 3.44

3,01
3,01
3,01

2,66
2,66
2,66

2,36
2,36
2,36

1,261 125| *
L/150
L/200

L/300

21,49
21,49
21,49
21,49

17,91 13,95 1068
17,91 13,95 10,68
17,81 13,96 10,68

9,15
9,15
9,15

7,65
7,65
7,65

6,50 559
6,50 559
6,50 559

17,91 13,96 10,68 9,15 7,61 | 572 4,40

2,75
4,86
4,86
4,88

2,20
4,27
4,27
4,16

15
3,78
3,78
3,38

5,46

2,77

2,25

Table 4-1. Values of the Chosen duct
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Load calculations:

1-Dead load:
0.6 2
1-Load of galvanized steel sheet = T X75 ~ 0.05 KN/m

2- Dead load of heat insulation =0.1m X 1 KN/m3 = 0.1 KN/m2.
3-Self weight of corrugated sheet (FROM TABLE 5.1) = 0.1 KN/m2.

=>Total dead load =0.25 KN/m2

2-Snow load:

Depending on the table of the snow load which it depends on the height of the building

over the sea level which is 970 m, the snow load is :

_ h—400
400
. _ 970400

— 1.
e 43kN / m2

L

= Total live load =1.43 KN/m2

=> Total load (qt = dead loaq + live load = 0.25 + 1.43

qu=1.79 KN/m* > g,

=L68KN/m2 . o
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e Design of purlins:-

KN
g, = 3[1.4D.L] = 3[1.4 x 0.25] = LOSW

gy =3[1.2D.L X 1.65] = 3[1.2 x 0.25 + 1.6 x 1.43] =[7.77

m?2

qu = 7.77 kn/m2

|

l

DTRYERE T T

- Design of moment:-

377, 1
M =37.7kn.m = =——i= 333.7 kin.i
u [max] kn.m 4'448><1000x25_4 333.7 kip.in
PpMp > M,
0.9 x 36 x Zy = 333.7 kip.in = Zy = 10.3 in3

select HSS 6 x 4 x 3/8 =Zx =11.9in3
b h
== 850="147
t t

Check Compact:

/E fzsooo
=112 |— =112 e
E 28000
Ar=140 |—= 140 [<8000
- /fy / 36 = 39.73

= 8.5 Ap= 31.8,

b
t

< compaqct Section

104
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- Design of Shear :-
38.7 {
Mu [max] =38.7kn.m = m =187 klp
o,Vp 2V,

0.9 % 0.6 X Fyxdxtw = 87kip

3 ;
0.9x0.6x36x 6 x5 =43.74kip > 87 kip -~ ok

Ib kn

i jon = 23.3—=0.34—
self weight of the section = 23 Ft =

e Design the members of the truss:-

'23.3 ‘;(;:,5 K:I;‘S ':(;'sl.s ::5 :35 Ka:s |fns.s Ks:s ':'
I§ T R W) RN W T
V1
oV O V3 v o3 Vsl o\l 4 |8 > 4 V3 3 vz Z
SO TR B4 B5 B4 B3 B2 B1

The truss consists of four types of members:-

1) The vertical member (V)

The section of these members are double angle

(2L5 X 3 x 7/16)

These members are under compression.

NO. of member | Value of compression force
Kn Kips
V1 (Max) 21549 U8.44
V2 TR ko
v3 W T
o 8262 T35
i 3932 " 1897
6 B8 W05
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- Design of Shear :-
38.7 :
Mu [max] =38.7kn.m = m ='8.7 klp
0,Vp = Vy

09x0.6xFyxdxtw = 87kip

3 :
0.9 x 0.6 X 36 X 6 X o= 43.74 kip > 8.7 kip - ok

Ib kn

self weight of the section = 23.3ﬁ = 0.34—5

e Design the members of the truss:-

':33 39.5 K:';‘—" '2'91.5 ::5 ':::_5 395 395 395 l:l
KN KN KN KN
IE S| TF e | T (R | SR T O e | ] n'%
V1 v v
& o35 3 v o3 Ve o % |V5 2~ Z V2
B VRS . wa o B o B4 B5 Be B3 B2 B1

The truss consists of four types of members:-

1) The vertical member (V)

The section of these members are double angle

(2L5 x 3 x 7/16)

These members are under compression.

NO. of member Value of compression force
7 D T
(Max) : | 48.44
V2 169.29 38.06
V3 127.40 28.64
V4 82.62 1 8'57
V5 39.32 8.97
V6 335 0.7 5
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- Design of Shear :-
38.7 ,
Mu [max] =38.7kn.m = m =87 kl.p
0,Vp 2 Wy

09%06XFyxdxtw = 8

.7 kip

3 ;
0.9 % 0.6 X 36 X 6 x & = 43.74 kip > 8.7 kip ok
Ib kn
self weight of the section = 23.3ﬁ = 0'347n-
e Design the members of the truss:-
" 2 = - = 2 i 5 a8
1 BT el e 1 __T 1 T4 | T5 IEE - S | n Tl o _l
V1 _‘?7 v > v3 v 0¢ VS| & \'43 7S V5 20 4 A \ £ Gy
B1 B2 BS e B5 A;: = B3 Bz I
The truss consists of four types of members:-
1) The vertical member (V)
The section of these members are double angle
(2L5 x 3 x 7/16)
These members are under compression.
NO. of member [ Value of compression force
A Kn Kips
V1 (Max) 215.49 Eg_44
V2 169.29 38.06
V3 127.40 baes: 4
V4 82.62 18.57
V5 3930 8.97
ey o |8
V6 3.35 0.75
ik R T V)
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2) The Diagonal members (D)
The section of these members are double angle

(2L5 X 3 X 7/16)
These members are under tension force.

NO. of Value of tension force
member Kn Kips
D1 (Max) 417.77 03.92
D2 290.89 65.39
D3 190.09 42.73
D4 90.77 20.41
D5 0.97 0.22

3) The top members (T):-

The section of these members are pipe

(HS510 % 0.5)
These members are under compression force.

4) The bottom members (B)

The section of these

(HSS10 x 0.5)

NO. of Value of compression force

member Kn Kips

T1 391.60 88.08

167 660.31 148.44

;31 835.47 187.82
919.89 206.80

T5 (Max) 920.14 D07.30

mMembers are Pipe

Th
€se memberg are under Tension force

s
1
l
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NO. of Value of tension force

member Kn Kips

B1 9.64 217

B2 400.36 90.00

B3 665.67 149.65

B4 838.92 188.60

B5 (Max) 022.64 207.42

e Design of tension members:-

1*") Diagonal members:-

Max. value of tension = 417.77 KN (93.92 Kips).

Check:

° Gross section yielding:-

@t Pn = 0.9 x Fy X Ag

Ot Pn=0.9 x 36 X 6.62 = 214.49 kip > 93.92 kip - ok
° Tensile rupture strength:-

@t Pn = 0.75 X Fu X Ae

@t Pn = 0.75 x 58 x (0.85 x 6.62) = 244.77 kip > 93.92kip -

2™) Bottom members:-

Check:

Gross section yielding:-

Max. value of tensiop = 922.64 KN (207.42 Kips)

|
|
i
|
|
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o Tensile rupture strength:-

@t Pn = 0.75 X Fu X Ae

ot Pn = 0.75 x 58 x (0.85 x 13.9) = 513.95 kip > 207.42kip -. o

e Design of compression members:-
1%) vertical members:-
Max. value of compression = 215.49 KN (48.44 Kips).

Take section member
(2L5 x 3 x 7/16)LLBB (3 /g Separation)

Geometric properties: (table 1-15 and table 1-7)

(2L5 X3 X 7/16)LLBB — Ag=6.62 in, r,=2.51, r, = 1.23, H = 0.644

Single angle( L5 x 3 x 7/16) - 1=0.220, X = 0.772,r
’ . 2 'y

=0.831. ‘
Length of the member = 1.5m (4.92 f)

Check the slenderness of angle:

0.45 ’E/Fy =045 29000/36 = 12.77

)
e — 23
7/16 =277

o~ | o

s Osi="1.0

108
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Q = Qa x Qs = 1.0
K XL 1.0 X 4.92

r )x 1.59
KXL 1.0 X 4.92
r )y ¥ 1.23

492 X 12
a= —3—— = 1968

= 3714

= 48.01

(KXL) sl Al ? 5. o pufay -
P ( r Jo. 14 1 42 rib)

i h  2x0.722+ 0.375
2rib 2 % 0.832 =

K XL
r

(1.09)> 19.68
1+ (1.09)2 ‘0.832

(

Im = \/48.012 + 0.82

K XL
7

(

)m = 50.54

Fey:lzXE _ T2 %29 x 103

o U 11200542 5020
A X 1,2 6.62x (2.51)z ~ = 118.16 ksi.

alieys
Fe = %[1_ 1\4-Fey><pesz
oY X FezogHl
(Fey + Fez)?

109
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112.05 + 118.16 4 x 112.05 x 118.16 x 0.644
s oo ~ T (112.05+ 1181620

Fe = 72.02
0.44QFy = 0.44 x 1.0 x 36 = 15.84 < 72.02
~ Fer = Q X 0.658(QFY/Fe) x Fy
Fer = 1.0 X 0.658(36/7202) x 36 = 29.02
@Pn= @ X Fcr X Ag
@Pn = 0.9 x 29.02 X 6.62 = 173.9 kip > 48.44 kip - ok

2" Top members:-

Max. value of compression = 922.14 KN (207.30 Kips).

Take section member Pipe (HSS 10x0.5) ...... (see table 1-13)

Length of the member = 3 m (9.84 ft)

Check the slenderness of pipe:

E
0.01 ¢=— — 0.11 x 275 10°

FyD == —8gler
=215 s,
“Qs =10

Q=Qa XQS:]__()

o 1.0x9g
r R W = 34.93

110
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2 x E m?:x29x10°

— 234.59%ksi.
HE= Hjg . (3495

0.44QFy = 0.44 X 1.0 x 36 = 15.84 < 234.59
« Fer = Q x 0.658@FY/Fe) x Fy
Fer = 1.0 X 0.658(36/234.59) % 36 = 33.76

@Pn = @ X Fcr X Ag

&? @Pn = 0.9 X 33.76 X 13.9 = 422.34 kip > 207.30 kip - ok |
=%
o
s e Design of weld:-
3
N The calculations of weld based on the following:
e
S 1). Fillet Weld is used.
) 2). The plates are A36 (Fy =36 ksi, Fu = 58 ksi).
Y 3). The plate thickness is (t=10.5 in).
e 4). The electrodes having FExx = 70 ks;i.
5). The shielded metal arc welding (SMAW) is used.
XJ
% o (17)- Design of weld between the vertical member and the Gusset
A plate in the corners of the truss:-

The section of th : !
7/16) © vertical member is double angel (2L5 x 3 X

For single Angle L5 x 3 x 116> Ag=3311m2,y= 172
The value of Max. :
48.44 kips, compression in the yertical member is Vu=

111
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Check:

e Gross section yielding:-
ot Pn = 0.9 X Fy X Ag
@t Pn = 0.9 X 36 X 6.62 = 214.49 kip > 48.44 kip - ok

e Tensile rupture strength:-
@t Pn = 0.75 X Fu X Ae
@t Pn = 0.75 x 58 X (0.85 X 6.62) = 244.77 kip > 48.44kip - ok

: 1 |
Max. weld size (aga) =t — — = L Sl in. |
6. 6. 16 16 !

: ; B
Min. weld size (amin) = el

- Use weld size (a) = Zin.
4

° Design strength of weld:-
PRnw = @ X te X 0.6 X FExx

ORnw =
nw = (.75 x (0.707 X 1/4) X 0.6 X 70 = 5.57 kips.

Design strength of base material:-

ORn =
(Dx(O6><Fy)><t=10 X 0.6 X 36 x 0.5
= 10.8 kip > 5.57kip ~ ok
S 5 Or

? x (0.6
( ><Fu)><t=(),75 X 0.6 X 58 X 0.5

= 13.05 kip > 5.57kip ~ ok
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& - =435in -~ use4.5in.
"~ @Rnw 57

Lw

‘_’ézxy_m xd =0

48.44
2

F1 = 8.33 kips.

x1.72—F1x5=0

Y
— 2 |

. 41844

2

Bl 833 15 j
Terr = o5 = LStin®ieduse 2l

Lwl =

F3 15.83 |

Llhe — = Tt =284in - use3in. |

_2+3)

L > = 2.5 in

5 x 0.722
UR=l— — =g Tee
L o5 = 0

@t Pn = 0,75 x Fu x ge
0.75/ x5
BR(071 667 — 204.46 kip > 48.44kip - ok

Select plate Size = 7*4.5%0 5 in

113




| e 4

structural Analysis & Design

Chapter 4

o (2")- Design of weld between the vertical member and diagona]

member and the gusset plate:- :
The section of the vertical and the diagonal member is double angel

(2L5 x 3 X 7/16).
The value if Max.Tension in the diagonal member is Tu = 93.93 kips.
The value of Max. compression in the vertical member is Vu= 39.13 kips.

For the vertical member use the same size and dimension of weld for the
previous vertical member.

For Diagonal member Tu=93.93 kips.

Check:

° Gross section yielding;:-

@t Pn = 0.9 XFy X Ag

OtPn =09 X 36 X 6.62 = 214.49 kip > 93.93 kip - ok
e Tensile rupture strength:-

@t Pn = 0.75 X Fu x Ae

Max. weld size (L 1

—

_____ 6 .
e e o in

Min. weld size (apn =2 i
16 ¥og

~ Use weld size (3) = 1;
(a) o

PRnw = 0.75 x (0,707 x 1

e /4) X 0.6 x 70 = 5.57 kips.

—

X q =
2 y Fle:O

114
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Tu X cosa =
93.93 X c0526.6 = 84 kips (shear force on plate)

9__3'293 x172-F1x5=0

Vu
F3 2

3.93
iz 9_2__ 16.16

F3 = 30.81 kips
Fllg 16,16

Lwl = = —ERIT 3 in.
w @Rnw 557 gil e
£ F3 30.81 52 % 6
W = = = l"
e gl 85
346
= ( ) = 4'.5 in
2
x 0.722
U=1-F=1-—"2—
L 4.5 a8

@t Pn = 0.75 X Fu X Ae

n=0.75 X 58 x (0.83 X 6.62) = 23901 kip > 93.93 kip - ok

tana = T L = 2616°,

Lw = —Vu/z 84/2

TR ﬁ =7.545n 0 use 8 in

115
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DIMENSIONS AND PROPERTIES

Table 1-7 (continued)
Angles
Properties
Axis X-X Flex:ral-To:slonal |
in. 1/t | in2 | in® | in3 | in. | in. | in3 | in. | in’ in® | in.

LexdxTle | 1% |27.2 | 798 |27.7 | 713 |1.86 |212 (127 |1.44 |203 4.04 282
X3 (1% |236 | 694 [245 | 623 [1.88 [207 (111 |1.38 |1.31 2.64 2.85
x5 |1Ys |200 | 586 [21.0 | 529 |1.89 |203 | 944 |131 |0.775 | 1.59 288
x%he |16 | 181 | 531|192 | 481 [1.90 |200 | 859 |1.28 |0.572 | 1.18 2.90
x2 |1 162 | 475 |17.3 | 431 |1.91 198 | 7.71 |1.25 |0407 | 0.843 |291
xhe | he[14.3 | 418 (154 | 381 [192 |195 | 681 | 122 [0276 | 0575 |29
x¥ | s |123 | 361 (134 | 330 [1.93 [193 | 589 |1.19 [0.177 | 0.369 |[294
x*he | 36103 | 3.03 (114 | 277 {194 [190 [ 496 [1.16 |0.104 | 0.217 |296

L&x3Y2x2 |1 153 | 450 (166 | 423 [1.92 [207 | 749 [1.48 |0.38 | 0.779 |288
x:/s U |17 | 342 |129 | 323 |193 |202 | 574 |1.41 [0.168 | 0.341 290
s | he | 9.80| 287 |10.9 | 272 |1.94 (200 | 4.83 |1.38 |0.0990 | 0.201 2.92

L5x5x7/ 3
o 7 o 1272 | 798 |178 | 516 |149 (156 | 931 |0.802(207 | 353 |264
4 |1%s 1236 | 694 |157 | 452 [150 [152 | 8
o : 14 10698133 | 232 | 267
6 | 1% 200 | 586 [136 | 385 [152 |1.47 :
S l1 . ez |am | ) e : 6.93 [0590(0792 | 1.40 |270
el el 1 ; 151153 1142 | 566 | 0479|0417 | 0744 |273
il 7 12--3 18 100 | 278 {154 |1.40 | 500 0422|0284 | 0508 |274
xShe | e | 10.3 3611876 | 241|155 |137 | 433 |0365(0183 | 0.327 |276
3 1303|744 | 204 [156 135 365 |0.307 0.108 0'193 iﬂ
1 : ? s .
L5x3 /»;:z :zw }28 5811139 | 426 1155 (174 | 760 | 1.1 1.09
gL 13.2 1921120 | 363|156 |160 | 650 |10 |o. o |28
1 i 400 | 996 | 297 (158 |1.65 533 | 0. Ol e
xShe | Y | 870 322 be | 22|15 1160 | 409 0,339; 8'13;3 ey
e | | 5701288 | 658 | 192 | 160 |17 | qgn 0.901 584 o i
e R R R 0128 |247

o 43 1 289 | 158 | 1.74

Gl o S ) s 1 e oo
e | a | 820| 240 | o 7y 160 169 | ggy ﬁ; gff? 8?04 d
XUa | e | 660 1.94 5:09 1:51 12; | & 1:15 0:0832 0'132 22;

1.64

Ldxdx¥s | 1V Rt

xs/; 15 185 | 544 | 760 279 | 118 i 12 10.0438 | 0.0606 |2.43
15.7 4.61 6.62 2.38 1.20 1:22 ig'; 0.679 1.02 1.12 210

X | s 128

o) e |15 ggf 552 1 1.9 1121 |118 05760610 | 0680 |213

I | Y | 980 286 333 WS 1ez s gfg 046810322 | 0366 | 216

%6 | g | 8.20| 2.40 3'57 150 1123 113 | 269 8;;; 8125(1) e 2.18
) ; 0162 |219

1.27
1 5 1. 26
xYa /s | 660 1.94 | 300 | 1,03 12; :2)(13 %3 2300/ 00832 | 0.0963 221
. 82 y V :

Note: For compactness criteria, refer 10 the end of Tale e 0.242( 0.0438 0.0505 | 2922
’ 4\—-‘

A\_\\’

MERIC
AREOTIUTS o e, ConsTRuCTION, |
’ NC
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Table 1-7 (continued)
Angles
Properties L6-L4
Axis Y"Y AXiS Z"’Z 0;
Shape ! S r X z Xp / s r | Tan |F=%
« ksi
int | in3 | in, in. | in3 | in. in4 in.3 in.

L6xdx7/s | 970 | 337 | 110 | 112 | 6.26 | 0.665| 5.82 |1.90 | 0.854 | 0.421 | 1.00
x¥a | 863 | 295 | 112 | 1.07 | 542 | 0578 | 508 |1.66 | 0.856 | 0.428 | 1.00
xfs | 748 | 252 | 113 | 1.03 | 456 | 0488 | 432 |1.42 | 0.859 | 0.435 | 1.00
x%e | 6.86 | 229 | 114 | 1.00 | 413 | 0442 | 394 |1.30 | 0.861 | 0438 1.00
x'2 | 622 | 206 | 114 | 0981 369 | 0396 | 355 |1.17 | 0.864 | 0.440 | 1.00
e | 556 | 1.83 | 115 | 0957 | 324 | 0349 | 314 |1.04 | 0.867 | 0443|0973
X% | 486 | 158 | 116 | 0933| 279 | 0.301 | 273 |0.908 | 0.870 | 0.445 | 012
o | 413 | 134 | 117 | 0908 | 233 | 0252 | 231 | 0769 | 0.874 | 0.449 | 0,825

L6x3‘/2><;;2 424 1150 | 0968 | 0.829| 288 | 0376 | 258 |0.914 | 0.756 | 0.343 | 1.00
:5/8 323 122 | 0984 | 0781| 218 | 0.287 | 200 |0714 | 0763 | 0.349 | 0912

®| %] 1031 0991 ] 0756 | 182 | 0241 | 170 | 0609 | 0.767 | 0352 | 0826
7]

L5x5x3/a 178 1516 | 149 | 156 | 930 | 0802 | 755 214 | 0971 | 1.00 |1.00
8 B B R s
g - 698 | 659 (186 | 0972 (1.00 |1.00
2 1020 f ams s | 547 | eiop | oisen
i |3 | gy e LS i 961 (159 | 0975 (1.00 |1.00
X6 [ 100 | 278 | 154 | 149 500 | oupy| 480 130 | ose0 | 100 |10
W | 876 | 241 | 155 | 137 | ggq | ga2| 408 115 | 0983|100 | 100
M| 7n | 3oal el ok | & 0365 | 355 |1.00 | 0986 |1.00 |0983

: : 365 | 0.307 | 301
oncd : 0.850 | 0.990 | 1.00 | 0912

L5x3Y2x%s | 552 220 | 0.974 0.993 | 407
X | 480 | 188 | 0987 | 0947 | 345 8332 poe |12 | 0744 | 0464 | 100
V2 | 402 | 155 | 100 | pgp 279 0'403 a2e | 105 | 0746 | 0472 100
xsja 815 119 iidalones | oo 0.305 Ty | OS82 ) 0750 | 0479 | 10

«| 220 | 0816 103 | ogos R 147 10569 | 0.758 | 0.489 | 0.912

5<% | 255 | 113 | gane el 119 10463 | 0761 | 0.491 | 0.804
7 : : | 37
;/'5 229 | 100 | 0831 | 0.7 | 182 | 03 71155 Josss | opaz | 0asz | 100

%8 | 201 | 0874] og3g | o R |
% ; 89| 157 | 03 575 ] 0.644 | 0.361 | 1.00
6 172 | 0739 0846 | o 286 | 1.20
i | 1t 1 o) 8731 131 | 0,249 i 0.503 | 0.646 | 0.364 | 0.983
; : 853 | 0.648| 15 0194 | o | 2428 | 0649 | 0.368 | 0912

U | 762 | 279 | 148 167 825 10350 | 0.652 [ 0.371 0.804

A : 501 | 067 '
662 | 238 | 120 | 1 9( 325

x1/2 3 ’ 4_28 0.57 ] -1 5 0-774 1 .00 1 .m
552 | 196 | 121 | 11g 61 276

s | 403 | 173 eidll 350 | 0.46g 508 0.975 | 0.774 [ 1.00 | 100

x¥s | 432 1.50 ].23 1}2 310 0.413 2:00 0797 | 0.776 100 f1.00

xhe | 367 | 1.27 1.04 11 : 268 | 0.357 1.73 0.706 | 0.777 | 1.00 1.00

XU | 300 | 103 | 18 108 226 | 0.309 16 0613 [ 0.779 | 1.00 | 1.q9

; 182 | 0.24p 118 0.517 | 0.781 | 1.00 0.997

Note: For compactness criteia, fefer o the eng of Taoi 1~7.\1\1\J 0.419 | 0783 | 1.00 | gg12

\_J—\j




DIMENSIONS AND PROPERTIES

Y
Table 1-15 (continued) i
Double Angles 1/
Properties Y
SLBB
Axis Y-Y LLBB SLBB
i Radius of Gyration 0 Q;
Shape ; LLBB SLBB Angles| Angles Iy Angles | Angles Iy
Separation, s, in. | Separation, s, in. _ in | Sepa- - in Ses::
2| 0 | % | % | 0] % | % it [ g 1

2L6x4xls |16.0 (157 |1.71 [1.86 [2.82 [2.96 | 3.11 |1.00 |1.00 |1.86 | 1.00 |1.00 |1.10
x¥s (139 |1.55 |1.68 {1.83 |2.80 |2.94 | 3.08 |1.00 [1.00 |1.88 [1.00 |1.00 [1.12 ;
s 1117 (153 |1.66 [1.80 [2.77 |2.91 | 3.06|1.00 [1.00 [1.89 [1.00 |1.00 |1.13
x%e 106 |1.52 |1.65 |1.79 |2.76 |2.90 | 3.04 [ 1.00 [1.00 |1.90 |1.00 |1.00 [1.14
x2 1950 (151 |1.64 (177 |2.75 |2.89 | 3.03|1.00 [1.00 {1.91 [1.00 [1.00 |1.14
x'he | 836 |1.50 [1.62 [1.76 |2.74 |2.88 | 3.02[1.00 |0.973|1.92 | 1.00 |0.973]1.15
Yo 722 (149 (161 |1.75 (273 | 286 | 3.00|1.00 |0.912|1.93 |0.998]0.912| 1.16
xs 1605 1148 |1.60 (1.74 |272 285 | 2.99 [1.00 |0.826(1.94 | 0.914|0.826] 1.17

2L6x3‘/2><;/2 9.04 (127 (140 [1.54 | 2582 [2.96 | 311 |1.00 1.00 {1.92 |1.00 |1.00 |0.968
xsls 6.88 (1.26 (1.38 [1.52 |2.80 |2.94 | 3.08 1.00 [0.912(1.93 |0.998(0.912| 0.984
x*he | 5.78 [1.25 |1.37 [1.50 | 278 |2.92 3.06 | 1.00 |0.826(1.94 |0.914]0.826/ 0.991

2L5x5xza 160 1216 |230 |2.44 |2.16 {230 | 2.44 1.00 (1.00 |1.49 {1.00 |1.00 | 1.49
e 0 213 (221 241 1213 1227 | 241|100 | 100 |150 | 100 |1.00 | 150
X2 958 2(11:; 225 1239 (211 (225 | 239 1.00 11.00 [1.52 {1.00 1'00 1'52
e e ggf ggg ggg 2.22 | 2.36 (1.00 |1.00 |1.53 |1.00 1.00 1'53

a oo |22 [235 1208 [221 | 2354
3/ : 00 |1.00 |1.
8 17.30 (207 (220 |2.34 |207 220 | 234 (1.00 |0.983 123 :'gg (1)'323 ::g

x*he |6.13 206 |219
96 1219 1232 206 {219 | |
25 (116 139 |153 |16 72| 098] 0912 156 | 0998|0912 156

X% |9.85 233 1247 1 262 1,00 |4,
< [sor [vap |10 (195 1230 | 265 | 259 [ 100 |10g |12 000" ok
x¥s 610 |1.33 1.45 162 |2.28 | 242 2.57 11.00 1.00 1.58 0 (000097
e (512 (152 190 750 12201230 | 254 | 1,00 | ggy |1 on [ 100 (100 ) 100
X 1413 |18t |14 1oy |22 |28 | 252 | 100 [a10(1 00 |aona] oo 102
A53xY2 | 751 [1.11 1 , 223 1237 | 259 1.00 | 0.804 1:61 835913 gg:]i ':gg |
xhs | 662 [1.10 |1I§§ ,}gg l2-35 250 | 264 [ 1.00 | 1,09 PP I o |
o 1673 1109 [12) [135 | oon | 248 | 263 [ 100|109 ];'58 1.00 [1.00 |0.824
X6 481 (1.08 |11 [435 2-33 247 | 262 | 19 0553 59 11.00 [1.00 | 0.831
Ao |am [107 (120 |15 2% (246 | 260 |10y |2583] 150 [ 100 [0983] 008
B || 20 2 s 00 di&f :g1 0.998] 0.912| 0.846
0 | 9804 1.62 | 0.894|0.804 | 0.853

g

L
Note: For compactness criteria, refer to the end of Tab) F\J \‘

AMERICAN INS |
TITUTE OF STE s

EL CONSTRU {

CTION, INc ‘

———————— O e

\\\\——_\ga

o F




DIMENSIONS AND PROPERTIES

1-103

Table 1-15 (continued)
Double Angles

Properties

i

2L6-2L5

Shape

Flexural-Torsional Properties

Long Legs Vertical

Short Legs Vertical

Single Angle
Properties

Back to Back of Angles, in.

Back to Back of Angles, in.

0

g

34

0

38

3

Area,
A

I

To

H

Z

H

o

H

H

o

H

o

H

in.2

.
in.

2L6x4x7/s |2.96

x3a | 2.97
x5 | 2.98
x%16 | 2.98
x'2 |2.99
x'hs | 2.99
x¥s |2.99
x%he | 3.00

2L6x32x"2 | 2.94

x3s | 2.95
x5he | 2.95

2L5x5x7/s | 2.85

X% | 2.85
x%s | 2.85
xY2 | 2.85
xs | 2.85
x¥s | 2.84
x%s | 2.84

25x3"Y>%s | 2.49

xs | 2.49
x'2 | 2,50
x¥s | 2.61
x%6 | 2.51
xYa | 252

2L5x3xY2 | 2.44

xs | 2.45
xYa | 2.45
x%6 | 2.46
xVs | 2.46

S

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

0.667
0.665
0.663
0.662
0.661

0.615
0.613
0.612

0.845
0.840
0.835
0.830
0.828
0.826
0.825

0.699
0.693
0.688
0.683
0.682
0.680

0.628
|0.626|
0.624
0.623
0.622

0.678| 3.04
0.673| 3.04
0.669 | 3.05

3.05
3.05
3.06
3.06
3.06

2.99
3.00
3.00

2.96
295
295
2.94
2.94
294
2.94

2.57
2.57
2.58
2.58
2.58
2.58
2.51
2.51
2.51
2.52
252

0.694
0.688
0.684
0.682
0.679
0.678
0.676
0.674

0.630
0.627
0.625

0.856
0.851
0.846
0.842
0.839
0.838
0.836

0.717
0.711
0.705
0.700
0.698
0.696

0.646
| 0.644
0.642
0.640
0.638

3.12
3.12
3.13
3.13
3.13
3.13
3.13
3.13

3.06
3.07
3.07

3.07
3.06
3.06
3.05
3.05
3.04
3.04

2.66
2.66
2.66
266
2.66
266

2,58
| 2.58
2,59
2,59
2,59

=7

0.710
0.705
0.700
0.697
0.695
0.693
0.691
0.689

0.646
0.642
0.641

0.866
0.861
0.857
0.852
0.850
0.848
0.847

0.736
0.730
0.724
0.718
0.716
0.714

0.667
0.661

0.659
0.657

|0.664] 2.54°

2.52
2.51

e Sl

0.952
0.949
0.946
0.945
0.943
0.942
0.940
0.939

0.964
0.962
0.960

0.845
0.840
0.835
0.830
0.828
0.826
0.825

0.943
0.940
0.936
0.933
0.931
0.929

0.962( 2

59
0.958
0.957

3.23 (0.956
3.22 (0.953

3.21

3.20 (0.949
3.19 (0.948
3.19 (0.946
3.18 {0.945
3.17 | 0.944

3.17 | 0.967
3.15 | 0.965
3.14 1 0.964

2.96 |0.856
2.95 | 0.851
2.95 | 0.846
2.94 | 0.842
2.94 |0.839
294 [0.838

2.94

273
2.71
270
2.69
2.68
2.67

2.66
2.65
2.64

\[_\J

68 | 0.96p
10961] 2,67 10 oe
253 |09 | 267 0.964]

0.950

0.836

0.949
0.945
0.942
0.938
0.937
0.935

0.963
0.962
0.961

3.37
3.35
3.34
3.33
3.32
3.31
3.31
3.30

3.31
3.29
3.28

3.07
3.06
3.06
3.05
3.05
3.04
3.04

2.86
2385
2.83
2.81
2.81
2.80

2.81
2.80
2.79
2.78
2.77

0.959
0.957
0.954
0.953
0.852
0.950
0.949

0.967
0.966

AMER|ICAN INST|
mrrE EF Steg, C()NS'I‘RUCTI()N IN
S _\—»\ﬂ._.‘_ Al C.

~——

7.98
6.94
5.86
5.31
4.75
418
361

0.948/3.03
0.969) 4.52

3.44
2.89

0.866] 8.02
0.861)6.98
0.8575.90
0.852|4.79
0.850|4.22
0.848)3.65
0.847(3.07

0.953)5.82
0.950/4.93
0.947)4.00
0.944 3.05
0.942)2.56
0.941)2.07

0.969|3.75
|0.968] 3.31
0.967| 2.86
0.965/ 2.41
0.964 1.94

0.854
0.856
0.859
0.861
0.864
0.867
0.870
0.874

0.756
0.763
0.767

0.971
0.972
0.975
0.980
0.983
0.986
0.990

0.744
0.746
0.750
0.785
0.758
0.761

0.642
|0.644
0.646
0.649
0.652

paa - (S po S el
. e
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DIMENSIONS AND PROPERTIES

1-94
—
Table 1-13
Round HSS
Dimensions and Properties
HSS20.000-
HSS10.000
Design 3 Torsion
Wall h::l:l Area, / S r V4
Shape Thick- A D/t
ness, 1 wt. : .
in. | I/t | in? int in3 in. in.3 int in3
HSS20.000x0.500 | 0.465 [104.00 | 285 | 430 [1360 |136 | 691 (177 |2720 |272
x0375'| 0349 | 7867|215 | 573 |1040 |104 | 695 [135 (2080 |208
HSS18.000x0.500 | 0.465 | 93.54 | 256 | 387 | 985 [109 | 620 [143 [1970 |219
x0.375'| 0.349 | 7066|194 | 516 | 754 838 | 624 [109 (1510 |168
HSS16.000x0.625 | 0.581 | 103.00 | 28.1 | 27.5 | 838 {105 | 546 |138 (1680 |209
0500 | 0465 | 8285|227 | 344 | 685 | 857 | 549 |112  [1370 [171
:g.g;g gg% ;ggz 139 393 | 606 | 758 | 551 | 99.0 [1210 [152
x0312| 0291 | 523 142? ggg iﬁg ??IZ ggg 3152 1322 m
x0.250'| 0233 | 4209|115 | 687 | 359 ' '
; ; 48 | 558 | 579 | 717 | 897
HSS14.000x0.625 | 0.581
) G gg?g fgg gg} jgg 789 | 475 [105 |1100 |158
x0.375| 0349 | 5462|150 | 401 | 349 §3§ 3;3 S?,f 33; }(3,8
x0.312| 0291 | 4565 | 125 : ' ;
e AR 481 | 295 421 | 485 | 547 | 589 | 842
A91701 1601 | 289 | 341 | 487 | 442 | 478 | 682
HSS12750x0.500 | 0.465 | 6548 | 17.9 | 274 | 339 .
035 | 0340 | aon | 1rg | g | 2 832 1435 | 702 | 678 |106
HSS10750<0.500 | 0465 | 5479 [ 150 | 931 | s
0375|0349 | 4159 | 114 | 30 154 2y | S84 402 |3 | 4
(e e gl R s gy | | e e
HSS10.0000625 | 0581 | 6264 ] 175 | 17, |29y s
:g-gggl 83: gg.;el 139 | 215 :gs; | 2?3 | 3'34 | 216 1589 | 766
; : 581106 | 287 : 38 | 423 | 317 |6
x0.312 | 0291 | 32 | e T ' ==
w0250 | 0233 | ooy 888 | 344 | 105 | poe | 341 [ 325 247 a3
31 2606| 715 | 49 9 1343 | 274
0188 0174 | 1972| 537 SR 3.45 | R e
0o aai e |26 22 fan |Lag
© 1347 | 168 | 130 | 259
" Shape exceeds ¢ \_N“\J
0mpac1 limit for ﬂexme with Fy= 42 kSI \\J\J
e )
EL CONmUC”ON‘ i




structural Analysis & Design

Chapter 4

4.17 Design of Truss Column :-

4-17-1 System and Loading :-

LX - 165 KN
- Vertical Load from truss : -
P,,=75KN.
P,,= 165KN. =
- Horizontal Load from wind :- §
s
P =5F* 0.8%0:5 3
I 8Sm

=2.04 KN/m =
S
=
=

ST Jr

Figure (4-35): Fixed free column.

4-17-2 Section -

We choose circular i
section for this col i
umn and its diam i
eteris SO0 cm .

121




structural Analysis & Design

Chapter 4
4-17-3 Design :-

By using STAAD.Pro program design we define the section and enter the load apg gl
the design .
We use 10 @ 16 with area of steel 2010 mm?.

10216

#10020
,_Jﬂ_—: =

e

Figure (4-36)
* Section in
truss co]
umn

122




.

Chapter 4

structural Analysis & Design

4.18 Design of footing under truss column :-

4-18-1 Materials :-
fc'=24 MPa

f» =420 MPa

4-18-2 Section :

et
8IR
ajay
s ) |
o
_300 _
% 320 —J9

4-18-3 Loading :
e Vertical Load ( From Truss) :
D.L=75 KN. .
L.L=165KN .

° Lateral Load ( Wind Loaq s
Wind load = 2.4 KN\m |

123




ter 4 structural Analysis & Design
Chapter

The value of moment from wind load :-
M=2.04%8 *4
=65.0 KN.m

4-18-4 Design :

By using SAFE program design we define the section and enter the load and get the
design .

;
’.
s

£8620cm

b e e B R |

Saloge g

12616 L=335

10916 L=285 |}

124
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ARCHITECTURAL DRAWINGS
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L

KNESS OF
ABLE 9.5(a)—MINIMUM THIC
-I{IONPRES'(I'RESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, A

[ Oneend | Bothends :
suspl;)noprltséd continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member deflections.

Solid one-
way slabs €120 €124 £/28 €£/10

Beams or
ribbed one-
way slabs £M16 £/M18.5 £121 £/8

Notes:

Values given shall be used directly for members with normalweight concrete
(density w, = 2320 k%!m3) and Grade 420 reinforcement. For other condi-
tlo;xsi:, i 1etvak:es Isl?_aill1 e m<h>d|fied as folllows:

&) ror structural lightweight concrete having unit densi . W., in the range
]1648-'35%1 a?2(1) lég/ms, the values shall be multipl?ed by (1.65mi 0.003w,.) but ngot

n 1.09.

bj For f,, other than 420 MPa, the values shall be multiplied by (0.4 + 1,/700).

e

Table MINIMUM THICKNESS OF NON PRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project
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APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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CKNESS OF
TABLE 9.5(a)—MINIMUM THI
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED
Minimum thickness, A

Both ends j
prisone continuous | Cantilever

Simply ;
supported | continuous

i titions or
Members not supporting or attached to par
other construction likely to be damaged by large

Member deflections.

Solid one- '
way slabs £120 €124 £/28 £/10
St

ribbed one-

way slabs £/16 £/18.5 £/21 £/8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg!m3) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural llﬁhtweight concrete having unit density, w.., in the range
11440th1 92(1) lég/m3, the values shall be multiplied by (1.65 — 0.603wc) but not
ess than 1.08.

b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + 1, 1700}

—__4

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