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Abstract

Structural Design For "Tariq Al-Sakhal — Aloul Building " in
Nablus

Structural design is the most important designs necessary to the
building after the architectural design, distribution of columns and the
highest level of security and safety is the responsibility of the structural
designer.

We will in this project, the architectural design for " Tariq Al-Sakhal —
Aloul Building " in Nablus which it consists of ten floors as follows:-

One floor for barking ,two floors for basement and another seven
floors ,ground floor , first floor, second floor , third floor ,fourth floor,
fifth floor and roof floor with a total project area of 5900 m?.

The project is designed to meet the purpose for which the project which is
to provide apartments for people and some shops.

It is noteworthy that Jordan's code will be used to determine the live
loads, and to determine the seismic loads, but for the structural analysis
and design section will be the use of the US Code (ACI_318 14), it must
be noted that it will rely on some computer programs such as:-

AutoCAD (2007+2015), Atir, ETABS 2015, SAFE 2014, SAP 2000
Google Sketch Up, Microsoft Office XP.

The project will include a detailed structural study of the identification
and analysis of the elements of construction and different loads expected
and then the structural design of the elements and the preparation of shop
drawings based on the prepared for all the structural elements that are
structural frames of the building.
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Chapter 4

4

Structural Analysis & Design

4-1 Introduction.

4-2

4-3

4-4

4-5

4-6

4-7

4-8

Design of two way rib
Design for Beam
Design of one way rib
Design of a shear wall
Design of column (7)

Design the stair

Design of a panel of two way solid slab
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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”

to find the internal forces, deflections and moments for the all
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structural element in order to design it.

Figure (4-1-1): Structural plan
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4.2 Design of two way rib

e Determination of Dead load

Tiles 3 cm

Mortar3 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Concrete block

R Concrete rib

Plaster 2cm

X 3 . - T Q A-A‘. ;c z Q R | ~".l‘“,‘-b

"= 1l
wbp

i)

771 YT/ A (VU Y AT T AT NDTDD N ST A D
a/ } /1/(/ 11// »\' /'/ L x//(.)l‘"-“ j,‘u'/ 1"-\41/.,!)))./‘/ .'f./ 2D L IJIH

Figure (4-2-1): Section in rib slab

table (4-2-1) calculation of dead load

Material Calculation kN/m
/rib

Tiles 0.03x0.52=23 x 0.52 0.186

Mortar 0.03x0.52x22 x 0.52 0.178
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Coarse Sand 0.07x0.52x17 x 0.52 0.322
Fill
Topping 0.08x0.52%25 x 0.52 0.54
Block 0.24x0.40x10 x 0.4 0.38
Concrete Rib 0.24x0.12x25 x (0.52+0.4) 0.66
Plaster 0.02x0.52x22 x 0.52 0.12
Partitions 2.3x0.52 x 0.52 0.62
Total Dead load , KN 3.006
Dead load for slab ' fr—a———
DL=—°_ = 17,12 kN/m?
0.52-052 X
wp=12x11.3=13.34 E — T _—
kN/m? |

DEAD LOAD FOR SLAB

LL= 2.5kN/m?

d0om —w

fh

e—d0em

wr=1.6x 2.5 =4 kN/m?
w=1334 + 4 =17.34 kN/n¥’
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4-2-1Check for the minimum thickness of the slab take h=32cm :

—
<j”. -

W
o
@
b
N\

CO0OC
UmDDDH

0ooood
B612

00

i

188
LO0000000CK
(OO

4-2-1-1 Form of slab

All Exterior beams have rectangular section of 60 cm width
and 32 cm depth

Note: we consider the upper beam which connected with the
building as exterior beam because the other part of the building
is one way slab so there is no integrity between the one way

and two way slabs so this beam is considered as pin not fixed.
bh®  s0x32°%

I, = = = 163840 cm*
12

12

e Slab section for Exterior beam:

& em Li2 | o

101 I } JL T T T

The moment of inertia for the ribbed slab is the sum of moment
of inertia of T-section ribs within a distance (1/2-bw)

T
| ST R

= 40 crm —e=}
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4084 +32-12+16
V. = = 10.55¢cm

40-8+32-12

I, = 52-10.55°  40-(10.55-8)% " 12 - 231.453 — 50609cmA

3 3

v' Short direction I=585 cm

I 525
Iip (= +byw) 59609 (— +60)
L= : = — = 404080.24 cm*
f pu ]

v’ Long direction I=620cm
Iri {é +by) 59609 (=2 +60)

b_f 52

424140.96 cm* 52
2-4-4

In 163840

an=—=————=03866

Iz 424140.96
Iy 163840

ap =7 =———— =0.405

I.  404080.24

10,55

21,45

- 12
2 {0.271+0.365)

am =) ar/4 = =

4
0.3955
02<am<Z’

Ig = 520/585:], 06 4-2-1-3 T-section

Iy 420
In-(0.8+—2 6.2 - (0.8+

h= 1400 — — — =0184m=184

36458(afm—0.2) 36+5-1.06-(0.3955-0.2)

cm <32cm = ok

4-2-2 Moment calculation

m= 1/l = 585/620= 0.7

form Case |
Ca,neg:O. 0387 Cb,neg:O. 0554
Copr=0.0622 Chp=0.0207
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Co10=0.0315 Cp10=0.0265
W.=0.387 W, =0.613

+ve moment ;

o longdirection =0.52x0.0622x13.34x5.852 +0.52x0.0315x4
x5.852 =17 kN.m/rib

o shortdirection =0.52x0.0207x13.34x6.20°
+0.52x0.0265x4x6.20° =7.6 kN.m/rib
-ve moment

o longdirection =0.52x0.0554x17.34x5.852 =17.1 kN.m/rib

o Short direction =0.52x0.0387x17.34x6.207 =13.4 kN.m/rib
Negative moments at Discontinuous edges (1/3 positive ) :

Mb, neg=1/3% 17.1=5.7 kN.m/rib

4-2-3 Slab reinforcement
design for +ve moment short direction
Assume P14 are used:
d=h - cover - dsirmps - 2 =320-20- 10 -= = 283mm

2 2

Check if a>hft:

M, ; = 0.85x24x520x80(283-40)x 10 = 207KN.m
M, =207>>"* = 7.6 /0.9 = 844D a<h

= design as rec. "b =520mm”
Ry =—2 T —0.202

" @®bd?  0.9%520%283%2

m=-L_-"22 _ 5

" 0.85f, 0.85x24

p:iﬂ_ 1 _ 2Bnm :i(l—\jl—%]:awwg

fy 4

mm?
As= pbd = 0.00048x520x283 =70.6 mm?
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1.4

22p,.d
fy

Asmin =025 b g >
5

V24

Asmin ={].255 120X 283 =99.02mm?

Asmin :ﬁ 120x 283 =113.2mm? _ control

> Asmin > AS,I’E’q = so take As min
Ifwe use 20104s=157.1mm2>Asreq=113.2mm? = ok
Check for strain:

= AS’_}% =_2T3%420  _ 6.2 mm < hr= 80mm
0.85fb  0.85x520x%24
c=== 6'2_ =73 mm
[ 0.83
d= h - cover - dstirrups - “;—f’ =320-20-10-=" =285mm
= 0.003(*=5) = 0.114 > 0.005 S ok

c

design for +ve moment long direction
Assume PJ14 are used:

d=h - cover - dstirrups - “;—f’ =320-20-10-=" =283mm

Check if a>hf:
Mnf = 0.85x24x520x80(283-40)x10°¢ = 207.07KN.m

M, =207.07>>2 =17/0.9 =188 D a<ly

= design as rec. "b =520mm”
Ry =—* e —0.453

T @bd?  0.9x520%283x283

m=-L_="2__ 5

" 0.85f. 0.85x24

1 || 2Rym., 1 _ __ 2X0.453%X205,
,02;(1— 1—7] _20.5(1 \(1 —420 j =0.00109

As=pbd = 0.00109x520x283 = 160 .4 mm?

o =025 g =14 g
f f

V24

Asmin =0.25-=120 X 283 =99.02mm?
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Asmin :ﬁ 120X 283 =713.2mm? __ control
9 As,req > As,m]'n 9 Ok

Ifwe use 20124:=226.2mm?>A;req® 0k

Check for strain:
Aty 2262x420
=l _ 2PN _ 695 < hr=80mm
0.85f:b 0.8253x5320=24
c== :S'S? =10.5 mm
[ 0.85

d= h - cover - dsimps - 2 = 320 - 20~ 10 -= = 284mm

d—c

c

&= 0.003(*=5) = 0.078> 0.005 & ok

design for -ve moment long direction

Assume J14 are used:
d=h - cover - dstirrups - “';—f’ =320-20-10-= =283mm

My, 17.1x10%

R T #bd?  0.9x520x283x283 =0453
=B 2 _ 5

0.85f.  0.85x24

1 2Rpm, 1 . _ 2X0.453X205,
p=i(- 1-Em -2 Jl 2200 = 0.00109
As=pbd = 0.00109x520x283 = 160 .4 mm?
Asmin =0.25%%2p g >2%p g

fy fy

V24

Asmin :ﬁ 120 X 283 =113.2mm?_ control
9 As,req > Aslmjn 9 Ok

Ifwe use 20124:=226.2mm?>Asreq® 0k

Check for strain:
Asfy _ 2262x420

0.85f.b  0.85x520x24

=895 < hr=80mm
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c=== B'E? =10.5mm

g a5
d=h - cover - dstirrups - “';—f’ =320-20-10-=" =284mm
&= 0.003(5=5) = 0.078> 0.005 & ok

design for -ve moment short direction

Assume J14 are used:
d=h - cover - dstirrups - “;—f’ =320-20-10-7 =283mm

M 13.4x%10°
R, =—%X = =0.357
T abhd? ~ 0.9%x520%283x223
f 420
=¥ _ — =205

T 0.85f. 0.85x24
1 ZRym, _ 1 . B
,0:;(1— 1 _T] _20.5(1 Jl
As= pbd = 0.00085x520x 283 = 126.2 mm?
Asmin =0.25%%2p g >2%p g
fy

2x0.337x205

) =0.00085
420

1.4
fy

V24

Asmin =0.257=120 X 283 =99.02mm?

As min =§ 120x 283 =7113.2mm?_ control

9 As,req > Aslmjn 9 Ok

Ifwe use 20104s=157.1mm?>Asreq® 0k

Check for strain:
Asfy 57.
= Asly _ I57AX420 _ poh b= 80mm
0.85f:b 0.85x520x24
6.22
c=== - =/.3mm
B 0.85

d=h - cover - dstirrups - “';—f’ =320-20-10-7 =285mm
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d—c

c

&= 0.003(—) = 0.114> 0.005 = ok

design for Negative moments at Discontinuous edges (Mu= 5.7
kN.m/rib)

Assume J10 are used:
d= h - cover - dsimps - 2 = 320 - 20~ 10 -= = 285mm

M 5.7%10%
Rn = = ~ ~ ~ :0.]5
dbd? 0.9%x520x285x285
For 420
= _ = =205

" 0.85f, 0.85x24

1 2Rym, 1 _ __2ZX0.15x20.5,
pza(l— I_T) _20.5(1 Jl —4‘20 j = 0.00035

As=pbd = 0.00035x520x 285 = 51.87 mm?

Asmin =0.25%2p d =2%p g
f f

V24

Asmin ={].255 120X 283 =99.02mm?

As min :ﬁ 120x 283 =7113.2mm?_ control

> As,min > Ag,req = so take As min
Ifwe use 20104s=157.1mm?>Asreq® 0k

Check for strain:
Azl 57.
= Asly _ 1573X420 _ poh b= 80mm
0.85fb  0.85x520x24
6.22
c=2= - =/.3mm
B 0.85
&= 0.003(=%) = 0.114> 0.005 > ok
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4-2-4 Design for shear
The shear in the slab calculated using tributary area for

shear (as simply supported 1m strip):
In

Vg = Wybs (= —d

ud Wy _;I"{:Z ]

V,; =1734-0.52(3.1—-0.285) = 25.38 kN

V., = 1.1& 24-120 - 285-107% = 30.72kN

OV, =0.75-30.71 = 23.03kN

1 [ 1
Veimimy = — Xb, Xd=—+24x120x285x 1073
s{min) 11J£ W 11
= 10.47kN
EixbwXdzglx120><285><1{]‘3=11.-’-19c0ntr01

OV, = 23.03kN < V4 = 2538 kN < B(V, + Vs ppuimy ) = 31.58

Provide minimum shear reinforcement.
Use 2 0 8 for stirrups A, ;45 = 2 - 50 = 100 mm?
(Al,,mz-n) =1 1412000971,

5 3 fyr 3 412
100

(_) =0.0971 - s = 1030mm

=

Use 208 @ 12.5 cm c/c for the distance of 1 m from the face of
support, and 20 8 @ 30 cm c/c in the middle space. Note that
the shear force at distance 1 m from the face of support is

|4 =1734-0.52(3.1-1) = 189kN < @V, = 23.03kN,

uatlm
so no shear reinforcement is required for the middle space.
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4-3 Design for Beam (B015)

4-3-1 Load Calculation

The Load on this Beam it is From Rib 11

Rib 1
1
|:: - ::l
A
. 0.8 ) 2.83 , 06
k 1 t 1
, 3.53
52.
32.
12
AA
Loading
load group no. 1
Dead load - Service Units:kN, meter
558
3.53
Live load - Service Load factors: 1.20,1.20/1.60,0.00

R R R Y A |

353

Figure (4-3-1-1) Rib 11 and loads on it

I 1
1.76 187 1.76
Shear
-15.5
-12.9
12.
15.5
Reactions
Factored
L
T 1
DeadR 11.82 11.82
LiveR 3.67 3.67
Max R 15.49 15.49
Min R 15.49 15.49
Service
DeadR 9.85 9.85
LiveR 2.29 2.29
Max R 12.14 12.14
Min R 12.14 12.14

Figure (4-3-1-2) Shear and moment diagrams for Rib 11 and its reactions on
beams
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Support reaction from rib on beam 015:

DL=9.85 = ;E —18.94KN/m

LL=2.29 +— =4 4 KN/m
0.52

Assume the width of the beam b =1 m, then:

Table (4-3-1-1): Dead load of beam

Material Calculation KN/m / rib
Tiles 0.03x0.6x23 0.414
Mortar 0.03x0.6x22 0.396
Coarse 0.07x0.6x17 0.714
Sand Fill

Partitions 2.3x0.6 1.38
Plaster 0.02x0.6%22 0.264
Total Dead load, KN/m 3.168

The live load within the beam width (1 m) :

LL=25x%0.6=1.5KN/m

Total factored Dead load = 1.2 (18.94 + 3.168) = 26.53 KN/m
Total factored Live load =1.6 (4.4 + 1.5) = 9.44 KN/m
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4-3-2 moment calculation

Using the structural analysis program Atir , we obtain the envelope

1 2 3 4
1 2 3
E 1 A 1 A :I
L, T LI
A A
06, 545 0.6 5.15 06, 6.25 06,
| | | [ | |
| 6.05 | 575 J 6.85 |
| | | |
32,
60.
A A
Loading
load group no. 1
Dead load - Factored Units:kN,meter
26.5 26.5 26.5
6.05 5.75 6.85
Live load - Factored
9.44 944 94’4
6.05 575 6.85

moment diagram of the beam:
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Figure (4-3-2-1) loads on beam 015




Moments: spans 1to 3

32.6

3.63 | 2.88 | 2.88 4.11

-129.8
-109.6

126.5
146.7
eactions
ored
DeadR 65.75 166.36 188.54 7413
LiveR 25.96 67.37 72.88 28.46
Max R 91.71 233.73 261.42 102.59
Min R 63.18 188.11 211.75 72.05

Figure (a-3-2-2) The envelope moment and shear diagrams for beam

015

Design of Positive Moment :

Design of Span(3)

11 | 2.74
N\ ' FA
_a1 271026

Figure (4-3-2-3): Moment envelop of span 3
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Assume g 25 is used:

bw = 60cm, h =32cm
d =320—-40-10-12.5=257.5mm

Mu=146.1 KN .m

Mu 146.

Mn= —==—"==162.33 KN.m
® 09
Jfc 14
As... = bw)d )>——(bw)d
i 0W0) = (owa)
J24 1.4
As = =——-(600)257.5 600 )257.5
o = ataz0) C0N2579) 2 0 (600)2575)
As . =450.53mm? <515mm*............. the larger is control
As,.. =515mm?
Rn = an
b*d
Rn = L%Z =4.08 Mpa
600*257.5
m=_ = 40 _55
0.85* fc'  0.85*24
1 2mKn
p=—(1- - )
m

p=_L (1- Jl_w) = 0.01094
412

Areq=p *b*d=0.01094 * 600* 257.5.5 = 1690.44 mm?

1690.44 mm? > As . =515mm’

# of bar = 109944 =3 44
491
Then we select 4 bars ®25 A provided = 4* 491 =1964mm?

65




Check for yielding
Tension = compression

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

1964* 420 = 0.85* 24 *600* a
a=67.4mm
x=2 574 29 28mm
B 085
. _2575-79.28
: 79.28
¢, = 0.00675 > 0.005

% 0.003

d*Mn = O * As* fy *(d —g)
®*Mn =0.9*1964*420*(257.5-33.7) =166.1 >146.1 singly reinforcement
Check for spacing between the bar

g = 600-2%40-2*10-4*25
3

S=133.33mm >25mm

- Design of span(1):

Figure (4-3-2-4): Moment envelop of span 1
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Assume g 25 is used:

d =320-40-10-12.5=257.5mm

Mu=116.6 KN .m

Mn = '\%: 1166 _ 199 55 KN .m

¢ w)d)> 2 bw)d).

Asmin
4(fy) fy
J24 1.4
As ;. =——=(600)257.5 600 )257.5
alazg) CON25T5) > (6001257 5)
As . =450.53mm* <515mm*............. the larger is control
As,.. =515mm’
Rn= Mn_
b*d?

Rn=_ 1299  -395Mpa
600*257.5

m=_N - 40 _spg
0.85* fc 0.85*24

2mKn

)

p=2(1- f1-
m

o= (- \/1_ 2(20.5)(325) y _ () 0047
420

Areq=p*b*d=0.00847* 600 * 257.5 = 1308.615 mm?

1308.615mm? > As . =515mm’

# of bar = 1308.615 _ 2.66
491

Then we select (3) bars ®25 A provided = 3* 491 =1473mm’
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Check for yielding
Tension = compression

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

1473*420 = 0.85* 24*600* a
a =50.54mm
=& 9054 oo tomm
B 085
. _ 25755046
S 59.46
¢, =0.00999 > 0.005

x 0.003

d*Mn = O * As* fy *(d —g)
®*Mn =0.9*1473*420* (257.5—25.27) =129.3>116.6 singly reinforcement
Check for spacing between the bar

S = 600-2*40-2*10-3*25
2

S=2125mm >25mm

- Design of span(2):

-in4

Figure (4-3-2-5): Moment envelop of span 2
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Assume g 18 is used:

d =320-40-10—-9 =261mm

Mu=32.6 KN .m

24 14
As . =——<(600)261)>——(600)261
o = 32 000)261)2 2% (600)6)

As . =456.65mm* <522mm’............. the larger is control
As,.. =522mm?

Mn

Rn=_""_
b*d?

Rn=_ 622 =091 Mpa

600*257.5°

m=_ = 40 _55
0.85* fc 0.85*24
1 2mKn

- 101- ho

p=—( y )

p=_1 (L- \/1_—2(20'5)(0'91) ) = 0.002217
20.5 420

Areq=p*b*d=0.002217* 600 * 261 = 347.18 mm?
347.18mm?<As_, =522mm? . Use As= 522 mm?

# of bar = 522 _ 2.01
254.5

Try using 14
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#0f bar = 222 =
153.9

Then we select (4) bars ®14 A provided = 4*153.9 = 615.6mm*
Check for yielding

d =320 -40-10—7 = 263mm
Tension = compression

As*fy=085*f*h*a

615.6*420=0.85*24*600*a
a=2112mm
X :i :% = 24.85mm
p. 085
_ 263-24.85

5T T 85
¢, =0.02875 > 0.005

% 0.003

d*Mn = d* As* fy *(d —g)
®*Mn =0.9*615.6*420* (263 -10.56) =58.74>32.6 singly reinforcement

Check for spacing between the bar

g = 600-2%40-2*10-4*14
3

S=148mm >14mm

e Design of Negative Moment :

-Design of support (3) :
Mu=97.2 KN.m
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Figure (4-3-2-6): Moment envelop of support 3

Assume g 25 is used:

d =320-40-10-12.5=257.5mm

min 4(fy)
J24 1.4
As . =——-(600)257.5)> ——(600)257.5
o = azg) B0N2579)> 13 (6001057 5)
As_. =450.53mm’ <515mm°............. the larger is control
As . =515mm’
Rn = _Mn
b*d?
Rn=_ 1% -271Mpa
600 * 257.5
m=_0__ = 40 _s;5
0.85* fc'  0.85*24
1 2mRn
p=—(1- - )
m fy

p=_1 (L- J1_—2(2°-5)(2-71) ) = 0.006947
420
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Areq=p*b*d=0.006947 * 600 * 257.5 = 1073.31 mm?

1073.31mm?> As ,, =515mm’

# of bar = 1073.31 _ 2.185
491

Use gJ18 instead :# of bar = 1073.31 _ 4.2
254.5

Then we select (5) bars ®18 A provided = 2*254.5 =1272.5mm’

Check for yielding

New d :
d =320-40-10-9 = 261mm

Tension = compression
As*fy=085*f *b*a

1272.5%420 =0.85*24*600*a
a=43.66mm
o= 2 4366 o) semm

B, 085
_ 261-51.36
- 51.36
&, =0.0122 > 0.005

x0.003

S

d*Mn = d* As* fy *(d —g)

®*Mn =0.9%1272.5*420* (261 21.83) =115>97.2 KN.m
then singly reinforcement

Check for spacing between the bar

S = 600—-2*40—-2*10-5*18
4

S=1025mm >18mm
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-Design of support (4) :
Mu=127.9 KN .m

Figure (4-3-2-7): Moment envelop of support 4

Assume g 25 is used:

d =320-40-10-12.5=257.5mm

Mn= MY = 1279 = 949 11 KN.m
® 09
Jfc 1.4
As.. = bw)d )>——(bw)d ).
)= uka)
J24 1.4
As,. =-——(600)257.5)> = (600)257.5
As . =450.53mm* <515mm*............. the larger is control
As,.. =515mm’
Rn= _Mn
b*d?
Rn=_14211  —357Mpa
600* 257.5
m=_ = 40 _yp5

"~ 085*fc  085%24
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2mRn
fy

p=(1- -5

p= i w- 1 2EODOED) ) - g 009407
420

Areq=p *b*d=0.009407 * 600 * 257.5 = 1453.38 mm?

1453.38 mm?> As_. =515mm’

# of bar = 1453.38 _ 2.96
491

Then we select (3) bars ®25 A provided = 3* 491 =1473mm’

Check for yielding

Tension = compression
As*fy=085*f *b*a

1473*420 = 0.85* 24 *600* a
a =50.54mm
o= & 2205% 54 46mm
B 085
. _2515-5046
: 59.46
¢, =0.00999 > 0.005

x0.003

D*Mn = d* As* fy *(d —%)

®*Mn =0.9*1473*420*(257.5—25.77) =129>97.2127.9 KN.m
then singly reinforcement

Check for spacing between the bar

g = 600—2%40-2*10-3*25
2

S=2122mm >25mm
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4-3-3 Design of shear
Vu=126.5 KN
d= 320-40-10-12.5=257.5mm

V= @bw*d

Ve= %*GOO *257.5%10°=126.14 kN

®\Vc=945
Check for section dimesions:

Vs=Vu/ ®-Vc =126.5/0.75 - 126.14 =42.5 kN

VS max= % Jic by d= % J24 600 257.5 = 504.6 kN

Vs = 42.5KN <Vs.x = 504.6 KN — The section is large enough.
Find the maximum stirrups spacing:

V= % Jic by d= %ﬂ 600 257.5 =252 .3 kN

V.= 252.3 >V/S = 42.5kN the spacing:

Smax =d/2 =257.5/2 =128.75 mm

Check for Vsyn:

*
AV, = 1 fo' bws _ 1 J24 600*128.75 _ 56.3 mm?
16 16 420

*
AVpip= = 2WS =1 0007128:75 _ g9 3 im?_ control

3 fyt 3 420

Vs,..= +b, d=% 600* 257.5= 51.5 kN - control
3 3
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®

VSpin= % JTe by, dzé J24* 600 * 257.5= 47.3 kN

Case 3

O (V. + Vepmin) = 0.75- (126.1+ 51.5) = 1332 KN
oVe<Vu<0 (V. + Vi i)

Compute the stirrups spacing required to resist the shear forces

Use 2 leg 98 with A, = 100.5 mm?

Apfpd 100.5 -420-257.5
g = 1:-}5, N =] =1
Vi 42,5102

= 255.8 mm > Sy = 128.75 mm

Take s =125 mm < Spa = 128.75 mm

Take 2 leg 98 @ 125mm

®
]

.

3123 41

9
4714 5718
E 1

T

1T

7

@
| |
| |

| LOCCEO OO e ke LT L TTO L INRRNAARNNANED T WL LT NN
Bj L4 I LI |
T E 4 J T |
|

[af®]
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Figure (4-3-3-1): Beam B015 Reinforcing
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450 &5 150 250 9. 280] 925

630 600 700

©4725 BB GWT14 BB, @4725 BB
Beam: BO15




o 4-4 Design for one way Rib1 :

4-4-1 Determining the total slab

thickness:

o For simple support member the

maximum length = 3.53m (rib)
353

= ForS.S, Nmin =0 = 22cm... control

= Take h=32cm
(24cm hollow block + 8cm Topping)

4-4-2 Designing the topping slab-

Topping in one way ribbed slab can
be considered as a strip of 1m width
and span of hollow block length with
both end fixed in the ribs.
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e (Calculation of dead load

Figure (4-4-1):rib 1

DL from Oxyx1 KN/m
Tites 0.03x 23x 0.69
7
Mortar 0.03x22x 0.66
7
Course sand 0.07x 16x 1.12
7
Topping 0.08x 25x 2
7
Interior 2.3x1 2.3
partition
2=6.77

Table (4-4-2-1): Dead load of topping
e Live load calculation : 2.5x1 = 2Z.5KN/m
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e Total factored load:w, = 1.2x6.77+1.6x2.5 = 12.1KN/m

Wy l®  12.1x0.47

o M= - P 0.16 KN.m/m of strip width.
Mp=0.42xAx JE XSm
S =2 =200 _ 7 066 7% 105mm?

il &
My = 0.42x 1\ 24x1.0667x 10 = 2.19 KN.m
OM, = 0.55x2.19 = 1.20KN.m >> M, = 0.16KN.m
= No reinforcement is required by analysis. Bur provide Asmin
for slabs as Temperature and Shrinkage reinforcement.
Asmin = Pminbt = 0.0018x1000x80 = 144mm?
Try bar 98 with As=50.27

#ofbarsn =25 = 14 =287

Asge  50.27

Take 308/m with As = 150.8mm?/m strip

Step (s) the smallest of:
1 3h=3 x 80 =240mm .... Is control.
2. 450mm.

3. 5=380 % )-2.5C. = 380(—)-2.5 - 20 =349mm but

S<300C7) = 380(z.5-) = 315mm.

But we have S = 300mm > Spax=240mm
o Take 8 @ 200mm in both directions. S =

200mm<240mm = ok
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4-4-3 Determining the total Dead and Live loads acting on the
ribs:

lllnit width = 520 mm

=
E
o=
o0

A

mm
—

320

Figure (4-4-3-1): T- section in rib

From the Geometry of T-section:

w=120mm, h=320mm, =hr=80mm
be is the smallest of:
1) b _<£ = EEETBM =607.5mm

2)  be <bw+16hr=120 +16x80 = 1400

3)  be < enter to enter spacing between adjacent beams
=400+120=520mm

take be=520mm.

Dead Load calculations: Table (4-4-3-1): Dead load of rib 1
DL from Oxyx1 KN/m
Tites 0.03x23x0.52 | 0.359
Mortar 0.03x22x0.52 | 0.343
Course sand 0.07x16x0.52| 0.582
Topping 0.08x25x0.52 | 1.04
RC rib 0.17x25x0.12 | 0.51
Hollow Block. | 0.17x10x0.4 | 0.68
Plaster 0.03x22x0.52 | 0.343
Interior partition | 2 3x (.52 1.196

=5.1
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Calculation of LL
LL=2.5x0.52 = 1.3KN/m

Wi=1.2x5.1+1.6x1.3=8 2KN/m

4-4-4 Design of Ribs in one way slab
o Designof Rib1:

Shear

Reactions

Factored

I
DeadR10.8
LiveR 3.67
Max R14.47

Min R 14.47
Service
DeadR 9.
LiveR 2.29
Max R 11.3
Min R 11.3

Figure (4-4-4-1): moment and shear envelop

It is a simple supported rib

Wy 1®
+ve Mumax = a
Wi, L
Vu,max =—
i2
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For flexure:
8,2%3,537

Mu:T =12.8KN.m

Assume J14 are used:
d=]]—COVer—ds[1'rrups' — =320-20 - 10—_ =283mm

Check if a>ht:
Mﬂf = 0.85x24x520x80(283-40)x10°¢ = 206.22KN.m

M, =206.22>>"2 =14.2 D a<ly
= design asrec. b =520mm”

My 12.8x10°
Rn = &bdZ  0.9%520%2832 =0.34
—fr 220 s
0.85f. 0.85x24
1 2R _ 2x0.34x20.5

As= pbd = 0.00085x520x283 = 125
Agmin =0. 25‘”""5; d }—b d

}
J24

Agmin = 0. 25—12{] X 283 =103.98mm?

Asmin :E 120x 284 =718.86mm? _ control

9 As,req > Aslmjn 9 Ok
Ifwe use 2010 As=157mm?>Asreq=125mm? = ok

Check for strain:
Asfy 157420

a= — = = 6.2 m< hr=80mm

0.85f-b  0.85x520x%24

a 6.2
c=—=——=/7.3mm
[ 0.85

&= 0.003 d:

=0.11> 0.005 =2 ok

e For shear :
Vu@d=12.3 kN

Ve=1.1 *lﬂ,f 24 *120*283*10%=30.5kN

D V.=0.75x30.5=22.87>12.3N
0 No shear reinforcement required
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4-5 Design of a shear wall (W1):

To design shear walls we use ( CSI ETABS) Software , and this

Is @ manual example of shear wall design :

Walll

Fig. (4-5-1) Location of the Shear wall

1 L L
=
I
453 KN
1140 KN
1653.45 KN.M
55T 45KM.M

bending moment

Fig. (4-5-2) Shear and Moment Diagrams of Shear wall

shear forces

82

453 KN
—_—

G637 KM

2.80

AES

360




Fc = 28MPa

Fy = 420 MPa

t=25 cm .shear wall thickness

Lw = 3.8 m .shear wall width

Hw for One wall = 3.60 m story height
Hw for One wall = 3.65 m story height

= Design of shear

Z Fx =Vu =453+ 687 =1140KN

= Design of the Horizontal reinforcement:

The critical Section is the smaller of:

M = ﬁ =1.9m....contorl
2 2

hw _7.25 535
2 2

storyheight = 3.6m
d =0.8xIw = 0.8x3800 = 3040mm

5
OVpmae = O=/f,'hd

6

=0.75 = 0.83 = V28 250 = 3040 = 10~_3 = 2503.4KN =V,

1 —
JE'hd = - /28 = 250 = 3040 = 107% = 670.25KN

o] =

Vc:

N, d

4;‘ = 0.27V28 = 250 = 3040 + 0 = 1085.8KN

V.= 027F£ hd +

w

575745 — 1653.45
Mu = +5757.45 = 6897 45KN. m

3.6
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M, I, 689745 338
— — — =——— — —=4.15 = 0 (4ve value)
V, 2 1140 2

l _(0.1 [f7+02 ‘—“]

w Wie ;
'[_fc = D'DSN'IE -|— T . Lk h—d
My _ hw
¥, 2
— 38(0.1428+0)
= |0.05v28+ 11t 250 = 3040 = 636.73KN Control

Vs =Vn —Vc
=(1140/0.75) —636.73 =883.27KN

A, V. 883.27=10° .,
= = 0.69mm* /mm
5  f,d  420+3040

A, 069
p= = —— =0.0027 = 0.0025
s=h 250

Use $12 As=113.1mm?

2:113.1

P=—m = 0.0027 = 5§ = 335mm take it 350 mm
Max. Spacing

1, 3800

— =—=T760mm

5 5

3h = 3= 250 = 750mm

Use $12@150mm in tow layer

Design of bending moment :

3800 .
= ( )H 2% 2545 = 7736.8mm"
250

St
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A ) 7736.8 1\ 420
w=( ff)fi:( ) =0.122

L.h fc’ 35800 =250/ 28
'Pu
o = =0
lwhfc’
C W+ 0122+ 0

=0.13

I, 2w+0858, 20122+ 0.85=0.85

W

E, X c
A, f;_ .

OM, = 0|0.54,.f,1,.(1+

=09[0.5% 7736.8 = 420 = 3800(1 4+ 0)(1 —0.13)] = 5834.2KN.m = Mu

— use ¢$16@1500 mm for vertical reinforcement
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4-6 Design of Column (C7):

Fig.(4-6-1) :Place Of Column (C7) within the Ground floor .

Load Calculation for Column

Column Column Dimensions fc' fy

C7 80cm™* 45 cm 28Mpa 420Mpa
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e Load Calculation:

Pu =5944KN
Usep = pg = 2%

Pu =0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}

5944*10° = 0.65*0.8*[0.85* 28* (Ag — 0.02Ag) + 0.02Ag *420]
Ag =359319.3mm’

Ag =800*a

359319.3/800=a

a=449mm

Use800 x 450mm with Ag = 360000mm?

Pu(KN) 29 Ag, provided a( mm) Ag ,required

5944 0.02 360000 MM’ 449 359319.3 MM’

e Selecting longitudinal bars:

Pu = 0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}
5944*10° = 0.65*0.8*[0.85* 28* (360000 — Ast) + Ast *420]
Ast = 7225.56mm?

Take 16® 25 As,provided = 7854 mm® > As,req =7225.56 mm?

Ast

P9 _ Ag _ 8% i oo1g
360000
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D Ast, required 9
0.65 7225.56 mm? 0.0218

e Design of Ties:
- Use ties @10 with spacing of ties shall not exceed the smallest of
1.48 * ds =48 * 10 = 480mm
2.16 *db =16 * 25 = 400 mm - control

3. the least dimension of the column =450 mm

Use ties 10 @ 200mm

ds(mm) db(mm) S(mm)

@10 ®25 200

e Check for code requirements:

_800-40*2-10*2-6*25

1. Clear Spacing = =110mm
40mm>1.5db=1.5*25=37.5mm - OK
2.0.01< pg =0.0218 <0.08 - OK
3. Number of bars 16>4 for rectangular section — OK
4. Minimum tie diameter ds =®10 for db = ®25 bars — OK
5. Arrangement of ties 110 mm<150mm — OK
Clear Spacing | No. of bars 9 ds (mm) db (mm)
110 mm 16 0.0218 D10 D25
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e Check Slenderness Effect:

MU g4 oML ACI —(10.12.2)
M2

r

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

I
R: radius of gyration =0.3 h = \/;
Lu=4.5m
M1/M2 =1 (Braced frame with M,min)
K=1 , According to ACI 318-02 The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12ﬂ=22<40 ............... ACI —(10.12.2)
r M 2
Klu  1*45

=18.75<22 < 40......
r 0.3*0.800

.....short column.

Short column in both direction

Lu (m) M1/M2 K klu

4.5 1.0 1.0 18.75
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Fig. (4-6-2):Section of Column (C7).
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o 4-7 Design the stair

S2

1.20

IS
IS

2,60

1.20 0.90 1.20

1.10

Fig. (4-7-1): stair

Assume that the hight of stair = 16cm

Thickness:
Bmin =22 =175¢cm ... "as simple supported on way solid slab "
hmin = 35 125cm ... "as both end continuous beam fixed "

=>» Take a value for h greater than the bigger of them
Take himin=20cm
* Loads :

0= tan~! (’““) — tan! (ﬁ) — 2807

TR

0,3

0,165
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Table(4-7-1): Dead load of stair

Load of the stair:
DL from o) Oxyx1 KN/m
Tites 23 23 1.17
(0.16+D.35) . D {]3 . 1
Mortar 22 22 1.012
(0.16+D.3) . D 03 . 1
Stair steps 25 25 (0-16 * '3-3) 1 2
0.3 2
Reinforce con. 25 125-0.2-1 566
cos 28.07
plaster 22 22-0.03-1 0.747
cos 28.07
2=10.59kN/m
Load of the landing:

DL from Oxyx 1 KN/m
Tites 0.03x 23x 0.69

1
Mortar 0.03x22x 0.66

1
C solid slab 0.25x25x | 6.25

1
Plaster 0.03x22x 0.66

1

=826

Live load 4kN/nm? LL=4*1=4kN/m

Total factored load W= 1.2D +1.6L

For flight (stairs) ... W= 1.2 (10.59)+1.6(4) =19.1 kN/m
For landing .. W=1.2 (8.26)+1.6(4) =16.312 kN/m
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Design of Slab1 :

19.1kN/m

J

1,20 2,10 1,60

Fig.(4-7-2): Loading of slab 1
The reaction at each end:
R=19.1((2.1%0.5)+1.6)/(1.24+1.6+2.1)=21.7KN

=2RB = 21.7kN

RA=1841
Check for shear strength:

Assume P14 to be use for main reinforcement
d=200-20-14/2=173 mm

Take the maximum shear as the support reaction Vu=21.7
kN
w=21.7KN

HVC:D.TSE 24-1000-0.173 = 105.94 KN
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OV:->V, the thickness is enough "one of exceptions”
And OV,/2 = 105.94/2 =52.97>V,=> ok

No shear reinforcement is required

o Determining the max bending moment and As

M, at the middle
M,=38.3 kN.m
My, 38.3x10°
Rn = dbd?  0.9%1000x1732 =1.42Mpa
=B 22 _ 2958
0.85f. 0.85x24
,0=i(1_ anm]_ Sil_Jl_leafxznas)_00035]

As=pbd = 0. 00351 x1000x173 =606.8mm?
Asmin= pbd = 0. 0018 x1000x200=360 mm?
Asmin=360 mm?<As=606.8 mm?

&06.8

Used 14 =>n = = 3.94 mm?
A P14
Take 4014
S= : =253mm
32.94
Take 4014 or @14 @250mm

1- 3h=3 x 200 =600mm.
2- 450mm.
280

3- 5=380 —)-256} 380 I, l?)-2.5-20 =330mm but

s <30of8 20 = 380(28 ) = 380mm. .... Is control OK

Temp. and shr reinforcement
Asmin = Pminbt = 0.0018%x1000x 20= 360mm?
Try bar 98 with As=50.27

=233 bars s=1/2.33=0.34m

A
#ofbarsn =——=
Azpaa

Take 3014/m with As = 461.7 mmZ?/m strip
Or J14 @ 300mm in both directions.
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Design slab 2:
For flight (stairs) ... W= 1.2 (10.59)+1.6(4) =19.1 kN/m
Forlanding ... W= 1.2 (8.26)+1.6(4) =16.312 kN/m
Since, we have beams or walls from 4 directions, the landing
is carried only it's  load in one direction i.e. it's load carried into
two directions @ W= 16.31 KN/m

And we take the whole load of flight on it = 19.1 kN/m
Also we add the reaction that will be distributed along the width of

the landing:
Wr=20.55/1.2=17.125 KN

17.12KIN /1 17.12KkIN /1

Ll L L 1 Ll L L L
191k /mn
16.3kIN/mMm | | 16.3kMN/m
R
Fig.(4-7-3): Loading of slab 2
YM, =0

16.31- %AL 17.125 %+ 19.1-0.9- (1.2 + 0.45) + 1631-
1.2 (1.2+ 0.9 5) +17.125-1.2 (1.2+ 0.9 +£) — RB-33=0
2 2

=2RB = RA = 48.76kN

Check for shear strength:
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Assume J14 to be use for main reinforcement
=200-20-14/2=173 mm

Take the maximum shear as the support reaction
Vu=48.76 kN
= Vimax=48.76Kn

ﬂVC:U.?S-éﬂJZ'ﬂl- 1000-0.173 = 105.94 KN

OV.>V, the thickness is enough "one of exceptions”
And OV./2 = 105.94/2 =52.97>V,=» ok
No shear reinforcement is required

o Determining the max bending moment and As
M, at the middle
M,=38.84 kN.m

My, 38.84x10°
R, = =
©bd?  0.9%1000x1732

=1.44Mpa

fy 420
" 0.85f, 0.85x24

1 2Rym, 1 _ _ 2X1.44X2058,
ngl[l— 1= J_zu.as:[l Jl 20 ) =0.00355

fy 4
As=pbd = 0. 00355 x1000x173 =614.15 mm?
Asmin= pbd = 0. 0018 x1000x200=360 mm?
Take As=614.15mm?

614.15

Used 14 =>n = = 3.98mn??

A014
Take 4014
S =250mm

" 3.98

Take 4014 or @14 @250mm
4- 3h=3 x 200 =600mm.

5- 450mm.
6- S =380 % )-2.5C. = 380(5-)-2.5 - 20 =330mm but

=20.58

Egﬂﬂ) = 380mm. .... Is control OK
42

$<300 ? ) = 380¢

2
2

96




Temp. and shr reinforcement

Asmin = pminbt = 0.0018x1000x 20= 360mm?
Try bar 98 with As=50.27

#ofbarsn =—=— = 2.33 bars s=1 /2.33=0.34m

Aspia

Take 3014/m with As = 461.7 mm?/m strip
Or J14 @ 300mm in both directions.

4-8 Design of a panel of two way solid slab :

| i
l T T~
| isi| ;
_T _______ L f?] e o
] i
|
| 5
[ | z
j g
!
| 8
Ir[ c
'_IF_'T_.___._. LTI g or——— = T
!
| )
| :\‘:‘ﬂ__,:¥/ i
| e S

Fig(4-8-1) two solid slab panel

1- Thickness : 0.25 08 025

Panel Perimeter 2(5.5+6.2)
= =0.13m ,

hei =
i 180 180

take hmin= 0.15m

& ]

025 015
0.2237
P

0

check the minimum thickness of the slab :
Fig(4-8-2) section of slab

There are interior beams only in this panel, then:
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15+(80+25+2)+(2 5+%)+ 80+25+(>")

ye= 15x(80+252)+80s25 = 22.37cm
| left/2 0.80 | right /2
[ K]
8]
o
[, = BOT2SRIASHRE)E 2252885 130 ¢ 2272 = 349093.76 cm*

3

for beams :

short direction : 1 right =4.89m, | 1ert = 3.67m

_ (0.5%429+0.55367+80)+15"3
12

[s =142875 cm*

Long direction: 1 right= 2.83 m, | et = 5.85m

_ (0.5283+0.5+585+80)15"3
12

[s =144562.5 cm*

Ib 349093.76
arn =ap=—="—_—=244
=2 1< 142875

Ib  249093.76

A= A= e T 1aas62.5 =2.41
2+2.44 + 2+2.41
am =) ar/4 = : =2.425> 2 then the minimum slab
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thickness will be:

Iy 420
n - (0-8+75) 6200 (0.8+———)

00 = 147 mm > 90 mm - ok B =

36+9,|9 36+9=1,127
620/550=1.127
147 mm< 150mm - ok
Take h=20 cm

2- Loads calculation :

Material Quality Density W KN/m?
KN/m?

Tiles 23 23 *0.03=0.69
Mortar 22 22 *0.03=0.66
Sand 17 17*%0.07=1.19
R.C sloid slab 25 25*%0.2=5
Plaster 22 22%0.02=0.44
Partitions 2.3 KN/m? 2.3
Total Dead Load 10.28

Table (4-8-1): Dead load of slab

Dead load of slab = 10.28 KN/m? , wg= 1.2 *10.28 = 12.336 KN/m?

Live load of slab = 2.5 KN/m? , w; = 1.6 *2.5 = 4 KN/m?
w=16*25+12*1028=16.336 KN/m2

3- Moments calculations:
Ma = Ca W]az aHde — CbW]bZ

la 53 _ 0887
Ik 8.2

Ca,neg:0.069 > Ma,neg =0.069 *16.336 *5.52=34.1 KNm/m

Chneg=0.0239 > Mpneg = 0.0239 *16.336 *6.22 =15 KN.m/m
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Cop=0.026 > Mapipos= 0.026 *12.336 *5.52 =9.7 KN.m/m
Co1=0.0367 > Mapos= 0.0367 * 4 * 5.5? =4.44 KN.m/m
Cr,p=0.0184-> Mp,pjpos= 0.0184 *12.336 * 6.22 =8.73 KN.m/m
Cp1=0.0214 -> Mppipos= 0.0214 *4 * 6.22 =3.29 KN.m/m
W.=0.62

Wy=0.639

So,

Mapos= 9.7 +4.44 = 14.14 KN.m/m
Mppos=8.73+3.29=12.02 KN.m/m
Maneg=34.1 KN.m/m

Mpneg=15 KN.m/m

4- Slab Reinforcement :
-Short direction:

design for Midspan (Mu = 14.14 KN.m/m) :

Assume J14 are used:

d:b —COVer_dstirrups - "-Z_E:I :200_20 —§ :]73177172

My, 14.14X105
" @®bd?  0.9%1000%1732
fy 420

= =205

" 0.85f, 0.85x24

1 || 2Rym., 1 _ __2ZX0.52x20.5,
,02;(1— I_T) _ED.S{:I Jl —420 ] = 0.001254

min?

As=pbd = 0.001254x1000x173 =216.97 mm?
Asmin = Pmin b h = 0.0018 * 1000 * 200 = 360 mm?
2 Agmin > Asreq P S0 take As min

R]] :0.52
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use g10 @ 150 mm with provided As=520
mmP>Asreg=360mm? =2 ok
S=150mm< 2h =2*200 = 400< 450 - OK

design for Continuous edge (Mu = 34.1 KN.m/m) :

Assume J14 are used:

d=h - cover - dstirrups - i—f’ =200-20-= =173mm

R, = My, _ 34,1%10° —7127
®bd2  0.9x1000%1732
=B 29 _ 5
0.85f. 0.85x24
1 _ 2Rpm, 1 . _ 2X1.27X205,
p—m(:l 1 fy _20.5(1 \(1 420 ) =0.00312
mm?

As=pbd = 0.00312x1000x173 =539.76 mm?
Asmin = pmin b h = 0.0018 * 1000 * 200 = 360 mm?
9 Aglreq > As,min 9 SO take ASreq

use P12 @ 150 mm with provided
As:753.33mm2>145,1‘eq:539. 7517]1772 9 Ok
S=150mm< 2h = 27200 = 400< 450 - OK

- Long direction:

design for Midspan (Mu = 12.02KN.m/m) :

Assume J14 are used:
d= h - cover - dstirrups - % = 200-20-= =173mm

2 2

My 12.02x10%
" &bd?  0.9%1000%1732
f 420

= =205

~ 0.85f. 0.85x24

R =0.446
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2%0.446x205
420

1 ZRpm _L . . _
p=ta- i-Em_ta- fi ) =

0.001073 mm?

As=pbd = 0.001073x1000x173 =185.75 mm?
Asmin = pmn b h = 0.0018 *1000 * 200 = 360 mm?
2 Asmin > Asreq P S0 take As min

use 910 @ 150 mm with provided As=520
mmP>Asreqg=360mm? 2 ok
S=150mm< 2h = 2*200 = 400< 450 - OK

design for Continuous edge (Mu = 15 KN.m/m) :

Assume J14 are used:

d=h - cover - dstirrups - i—f’ =200-20~ =173mm

M 15x10°%
Rn = = = :0.56
dbd? 0.9x1000x1732
F 420
= _ = =205

T 0.85f  0.85x24

1 || 2Rym., 1 _ __ 2ZX0.56x20.5,
,02;(1— 1—7] _20.5(1 \(1 —4‘20 j =0.001352

min?

As=pbd = 0.001352x1000x173 =233.9 mm?
Asmin = pmn b h = 0.0018 * 1000 * 200 = 360 mm?
D Agmin > Asreq D S0 take Asmin

use 910 @ 150 mm with provided As=520
mm>Asreq=360mm? = ok
S=150mm< 2h =2*200 = 400< 450 - OK
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Chapter 5

5 Design of steel truss

5-1 Introduction.

5-2 Design of steel truss
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5.1Introduction

Truss :

In architecture and structural engineering ,a truss is a structure comprising one or
more triangular units constructed with straight member whose ends are connected
at joint referred to as nodes .External force and reaction to those forces are
considered to act compressive force .Moment (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
dimensional plane , while a space truss has member and nodes extending into
three dimensions.

Truss type:
The type of truss that will be use is low truss .

The design uses vertical member for compression and horizontal member to
respond to tension . what is remarkable about this style is that it remained popular
even as wood gave way to iron , and even still as iron gave way to steel . the
continued popularity of the low truss is probably due to the fact that the
configuration of the member means that longer diagonal members are only in
tension for gravity load effects. This allows these member to be used more
efficiently , as slenderness effects related to buckling under compression loads
(which are compounded by the length of the member ) will typically not control
the design . therefore ,for give planar truss with a fixed depth ,the low truss
configuration is usually the most efficient under static , vertical loading.

Figure 5-1-1 shows a gross section of the components that is located over the
purlin , and it is as the following :

1. Surface layer of galvanized steel sheet with thickness of 0.6 mm.
2. Specific kind of duct, its dimension taken from some tables depending on

number of spans and the dead and live loads that can it supports.
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(Figure 5.1.1:Cross section of sheet metal)

Table 1.1.1:sheet metal for 2&3spanes

Table 5.1.2 shows the values (type, weight ,support load) for duct that will be used to carry the
live and the dead loads , consult the number and the length of spans.

Zwischenauflagerbreite 2 60 mm A A A

gleichmalig Belastung in kN/m

Dicke Gewicht |

mry kN/m? em®/ir

2,50

0,63 0,066 16.5

1.00 0,104 304

4

1.25 0,130 39,4 4
6,28
1,5C 0,156 47 6,28
5,40
1.0V u. 100 4/7.9 J ZU. BV b Y, U4 0.35
20,80 1428 9,00 6,03 4,23

Zwischenauflagerbreite > 60 mm a [ A I A | &

~ Zulassige, gleichmalig verteilte Belastung in kN/m? bei einer Stiitzweite | in m (inkl. Eigengewicht)
Dicke Gewicht | 9.9 e ung gengev

mm  kN/m? cm¥/m 100 125 150 1,75 200 225 250 2,75

895 573 398 299 238 193 1,60 135

895 573 398 299 238 1,60 1,21

895 573 398 299 209 147 1,07 081 9 039 032 026 022 0,18 0,16
1162 744 516 396 314 255 210 1,77 150 129 1,12 098 087 077 069 062
1,53
1,02
2,26
1
1

} 350 375 400 425 450 475
1
2
3
1
075 0078 208 211,62 744 516 396 314 255 203 118 092 074 060 050 041 035 030
3
1
2
3

5
9 086 075 067 059 053 048
3 059 048 039 033 028 023

063 0066 165

1162 744 516 395 264 18 135 078 062 049 040 033 028 023 020

192 165 143 1,26 1,11 099 088 0,80
1475 944 665 511 404 327 251 8 145 174 091 074 061 051 043 037
1475 944 6656 488 327 229 167 126 097 076 081 050 041 034 029 024

11782 11,41 815 625 493 398 328 275 233 200 174 152 134 120 1,07 096

1475 944 665 511 4,04 327 270
088 0092 258

1,00 07104 304 21782 11,41 815 625 493 398 29 223 172 135 108 088 072 060 051 043
31782 1141 815 576 386 271 19 148 114 09 072 059 048 040 0,34 029
12465 1578 11,56 881 693 558 459 384 325 279 242 212 187 166 1,49 134
1,26 0,130 394 22465 1578 11,55 881 693 526 384 288 222 175 140 1,14 094 078 066 0,56
32465 1578 11656 745 499 351 256 192 148 116 093 076 062 052 044 037
131,80 20,80 15,19 11,56 9,06 7,28 598 499 423 362 314 275 242 215 192 173
150 0156 475 231.80 20.80 15.19 11.55 9,04 635 463 348 268 211 169 137 113 094 079 067
331,80 20,80 1428 9,00 6,03 423 309 232 179 140 112 091 075 063 0,53 045
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Design of a steel truss
5-2-1 Design of truss
5-2-1-1 :Load calculation :

1-Dead load :

* 75 = 0.05kKN/m2

1-load of galvanized steel sheet= ':;'5

1000

2-Dead load of heat insulation =0.1m*1kn/m3=0.1KN/m2

3-Sheet metal with thickness of 0.75mm =0.078KN/m2
—>  Total dead load=0.228KN/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 740m, the snow load is :

_h—400
400

Sl

_740-400

Sl = 0.85KN/m2

—>  Total snow load=0.85KN/m2
2-Wind load :
Pww=Ce*Cq*qs™*Iw

Ce=1.06 (Exposure C)

Cg=0.8 (Inward wind)

Qs = 0.604 KN/m2

Iw=1

Pww = 0.513 KN/m2

—  Total load (gt=dead load +snow load +wind load =0.228+0.85+0.513
=1.6KN/m2)
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From the table (5-1-1) the bearing load of sheet metal is 5.16 KN/m2
Qu =5.16 KN/m2> qt=1.6 KN/m2 ....ok

5-2-1-2 Design of purlins

Assume the members are A365 (FY=36 ksi and Fu=58 ksi)

78 7.
6'2;’\_6 ’ 46, 45 45 46 _6'4,”'\._6'2
a-’" \ ’ "’\ . ’ /,-"\ ’ / !
116148 / 1108 L/ e, | 11.16
A 19 '7.08] ! 7148 !
(W / L L L [
LN L) LN L) LI LI L5}
24 24
— 34 —
58 58
| 22 | 3.3 | 303 | 247 275 | 275 247 | 303 | 3.3 L 22 |

By using the previous dead and snow loads determine the max reaction on the
purlins , and then apply these values as a linear on the length of the purlin.

(Figure 5.2.1.2.1:Moment Envelope Purlins)

Qu=(1.2D.L+1.6S+0.8W)=(1.2*0.228+1.6*0.85+0.8*0.513)= 2.044 KN/m2

-Design of moment:

2 +1000* — = 69.04 kip.in

7
4,448 23.4

MU=7.8 kn.m =

@b Mb > Mu

0.9*36*Zx=69.04kip.in Zx=2.13in3

Select HSS SxSxi Ag=2.44in2

107




Check compact:

2p=0.38 [==0.38 2222 _10.5>4.94
Fy 36
A=3.76 I£= 3.76 Ff;““ —104.86 > 9

....compact section

-8.2
68 -6.4

6.7
53

5.7

-1

-53
-39

L It
3.9 ‘ ’
53 57

7.1 6.7

L
53 }
6.4

8.2

68

(Figure 5.2.1.2.2:Shear envelop for purlins)

-Design of shear:

8.2
4.448

@, Vu=8.2 kn =

Vb > vu
0.9*%0.6*fy*d*tw > 8.2kip

0.9%0.6*36*3* = 14.58 kip > 8.2 kip ..... OK

* 1000 = 1.53kip
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5-2-1-3 Design the member of the truss :

41KN 4.1 KN
205KN 44y 41 KNP1EN 4.1KN 41KN 41KN 4.1KN

Td — [ |

T2 n
Wi e B
A * "t “

+*
B B Bx LD B ] B <] B2 B

4.1 KN

(Figure 5-2-1-3-1:Truss system)
The truss consist of four types of members :
1) The vertical member (v)

These member are under compression Force :

NO .of Value of
member compression force
Kn Kips
V1 2.05 0.461
V2 6.14 1.38
V3 10.23 2.3
V4 14.33 3.22
V5 18.43 4.14
V6 22.53 5.07

Table5-2-1-3-1:Vertical member forces
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2) The Diagonal member (D)

These member are under tension force :

NO .of Value of tension force
member .
Kn Kips
D1 3.48 0.78
D2 10.44 2.35
D3 17.4 3.91
D4 24.38 5.48
D5 31.35 7.05

Table5-2-1-3-2:diagonal member forces

3) The top member (T)

These member are under tension Force :

NO .of member

Value of
compression force

Kn Kips
T1 0 0
T2 2.81 0.63
T3 11.25 2.53
T4 25.33 5.69
T5 45.05 10.13

Table5-2-1-3-3:Top member forces
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4) The bottom member (B)

These member are under compression Force :

NO .of Value of tension force
member .
Kn Kips
Bl 2.82 0.63
B2 11.26 2.53
B3 25.33 5.69
B4 45.05 10.13
B5 70.4 15.83

Table5-2-1-3-4bottom member forces

Design of tension member:
1st) Diagonal members :

Max. value of tension =31.35 Kn (7.05 Kips)

Check :
o Tensile yielding:

Pu=0*FY*Ag
Ag=7.05 /0.9%36 = 0.217 in2

Try L2*2*1/8 with Ag=0.484in2

o Tensile rupture strength :

@AtxPn=0.75xfuxAe
@txPn=0.75x58x%(0.85%.484)=17.9 Kips > 7.05 Kips...ok
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2nd) Top members :

Max. value of tension =45.05 Kn (10.13 Kips)

o Tensile yielding:

Pu=0*FY*Ag
Ag=10.13 /0.9*36 = 0.31 in2

Pu=0*Fu*Ae
Ag=10.13/((0.75"2) * 58) = 0.31 in2
Try W6*8.5 with Ag = 2.52 in2

) Tensile rupture strength :

@txPn=0.75xfuxAe
@txPn=0.75x58x%(0.85%2.52)=93.17 Kips > 10.13 Kips...ok

Design of compression member:

1st) vertical members :
Max. value of compression =22.53 KN (5.07Kips)
Take section member

(Try L3*3*3/16 with Ag=0.948 in2 )
Ag=0.484 in2,rx=0.933 in ,ry=0.933in .
Length of the member =1.5m(4.92 ft)
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-Determine of the reduction factor for slender "Unstiffened element ":

0.45 5—045 29000—12??
U Fy 36
0.91 E—091 29000—284
U Fy 36

284> 16> 12.77....Qs =1.34— 0.76 G)E —0.91

Q=QaxQs=1.0
L _4.92*12_632?
rx 0933 7
L
0<— <80
TX
kX1 L 12 +4.92
( ): 72+ 0.75+— =72+ 0.75%* (—) =119.46
r 0.91

TX
4.71 E =471 290GD—13368}12366
T Qs+ fy 1+36 ' '

m? X E % X 29000
27 (119.46)2
(k%) (11946)

Fer=Q X 0.658W@f¥/fe) x fy

fe = = 20.05ksi

Fer=1.0 x 0.65838/2005) % 36 — 16.97 kips

@Pn=@ X fer X Ag
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@Pn=0.9 X 16.97 X 0.948 = 31.8kips > 3.82kips .....0k

Note : use L3*3*3/16 for both of diagonal and vertical members .

2nd) bottom members :

Max. value of compression =70.4 kn (15.83 kips)

Assume K_ 75

471 29000 _ 133.68
. 36 - .

m* X E _T[E X 29000

= 50.88ksi

fe =

(m/?,) 77

Fer=Q x 0.658@f¥/fe) x fy

Fer=1 X 0.65811*36/50.88) 5 36 — 26 77kips

KI 1+12+4.92

=75-7r=0.787

T

11.98

A == ==
9= OFac  09+2677

= 0.5in2

Use W6*8.5 with Ag=2.52 in2

Design of weld:

The calculation of weld based on the following :

1)
2)
3)
4)
9)

Fillet weld is used.

The plates are A36(fy=36 ksi,Fu=58 ksi)
The plat thickness is (t=0.5 in)

The electrodes having FExx=70 ksi

The shielded metal arc welding (SMAW) is used.
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1st) Design of weld between the vertical member and the Gusset plate in the
corners of the truss:

The section of the vertical member is angle (L3*3*3/16 ), Ag=0.984 in2
,y=0.812.

The value of Max. compression in the vertical member is Vu=5.07Kips.

. 3 .
Max. weld size (amax)=t = o n

(Figure 5-2-1-3-1) weld
between vertical member

. . . 1.
Min . Weld Slze(amln):; n and gusset plate)

Use weld size (a):i n

5.07 kips
. Design strength of weld :

@xRnw= % tex0.6XFEXxX
@xRnw=0.75 X (D.?D? X 3X16) X 0.6 X 70 = 4.18 kips
o Design strength of base material :
@xRn= @Jx (0.6><fy)xt:1.0><0.6><36><%: 4.05 kips <4.18 kips.... control

Or

@xRn= @Jx (0.6><fu)><t:0.75><0.6><58x§: 4.89Kkips >4.18> 4.05kips....ok

£1=4.05*3=12.15 Kips

5.07 kips < f1 = 12.15 kips

Takelw=1iIn

@ X RnwxX Iw=4.05x1=4.05—-o0k
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2nd) Design of weld between the diagonal member and the gusset plate:

- The section of the diagonal member is angel ( L2*2*1/8 ) y=0.534 in .

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

The value if Max. Tension in the diagonal member is Tu = 7.05 Kip.
Max. weld size (amax)=t = é in

n

Min = Weld size(amin)zé n

. 1.
Use weld size (a):g n Fig(5-2-1-3-2) Weld between

diagonal member and gusset plate

Design strength of weld :
@xRnw= @x tex0.6XFExXX

@xRnw=0.75 X (D.?D? X 1f16) X 0.6 X70=1.39kips

o Design strength of base material :
@xRn= @x (0.6xfy)xt=1.0x0.6x36x2=2.7kip >1.39 kip....ok
Or

@xRn= @x (0.6xfu)xt=0.75x0.6x58x-=3.26kip >2. 7> 1.39kip. ..ok

F3=3+1.39=4.17 kips

YMatF1=0
=417+15+F2+3—-7.05*(3—-0534)=0
F2=3.7 kips

F1=7.05-4.17-3.7=-0.82Kips

For lwl use 1l in
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Q}X RI]WX IW: 139)‘( 1: 1.39_Gk 5.07 kips

fz 3? ] . 7.05 kixps }
EW2=ﬁanw= 139~ 2.66in ..... use 3 in \\\|_1
Check for rupture
(5+1.5)
L=——-——=325 (Figure 5-2-1-3-3:weld between
; 1 . 0534 ; 835 gust plate and bottom member)
S 1T 325 7

@tPn= 075+ fu* Ae
@tPn=0.75+ 58+ (0.835+0.484) = 17.58 kips = 7.05 kips ..... 0k

3rd) Design of weld between the bottom member and the gusset plate:
The section of the bottom member is angel (W6*8.5)

11/2.54=4.33 in

Ru = ,/(Rv + Ry)? = (Rh + RX)?

Py
Ry —— =0
T
oy _PX_ 507
=L T 14763 Q7 kw/in
Ip =2 +*7% — 53593in3
Re =Y 0
X = =0...y=
Ip )
Mex 507)=((32)
Ry — - ~0.02

Ip 535.93

Ru = /(0 + 0.02)2 + (0.17 + 0)2 = 0.171 kip/in
@ * Rnw = Ru

0.75%(0.7072)*0.6%70=0.171......a=0.0076 in......... Takea = iin
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5-2-2 Design of Steel Truss Column.

DL
LL

3.5m

(Figure5-2-2-1: Steel truss Column System )
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Loading:

-vertical load from truss:

Pu=100KN

-Lateral load (wind load):

The value of moment from wind load :
PW.L =4 KN from ETABS
M=4*3.5*3.5*0.5=24.5 KN.m

Design:

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

We use 6016 .
0.3
Eyj— ] L ]
[

g/’ @ )
11 22
11 AT

o cc -

EE

(Figure 5-2-2-2:Steel Truss Column Design)
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5-2-3 Design of Foundation.

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

.04

L=

0485

135
127

3

0.3
N A
s s

0485

.04
noe

D483 004

| =4
£

0485

g
m E

004

|
| 5]

]

40,

0,04 0,483 0.3 0485
.04 1.27 Q.04
1.38 .04

(Figure 5-2-3-1 :Steel foundation)
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