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Structural Design for Residential and Commercial Building
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Palestine Polytechnic University -2016
Supervisor

Eng .Sufian Al-Turk

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls , Trusses , Rafters and other structural elements.

The design will be based on the requirements of the American Code (ACI -318-
08),German Code (DIN),and the Jordanian Code of loads and It must be pointed
out thatwe was relying on some computer programs such as: Autocad2010,
Office2010, Atirll.5.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building.

After designing this project and the work of what has been said is expected to
conclude a number of results and projections is to link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive are Full and detailed for each.
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List of Abbreviations

fc' : Concrete strength.

FY: yield stress of steel.

b: width of section.

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

As: area of the tension steel
T: resultant tension force in steel.

Mn: nominal moment strength of the section.

p : Ratio of reinforcement.

&, : Strain at tension steel.

@ for flexure = 0.9.

@ for share = 0.75.

@ for compression = 0.65.

Vu : factored shear force.

Vn: nominal shear strength.

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

E: modules of elasticity.

kel .
Tu: Slenderness ratio.



Cq: pressure coefficient.
y: unit weight of soil.

Qall: allowable pressure Bering soil pressure.
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R.C
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Chapter 4
Structural Analysis And Design

4.1 Introduction.
4.2 Design Of wood beams
(4.2.1) Pos/BW1/: Rafter in Roof.
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(4.5.1) Pos./TS: Design of Steel Truss.
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(4.5.3) Pos./F/: Design of Foundation.
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4.1 Introduction:
Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others.

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

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

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

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m°.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m°.

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318 _08) , and German Code ( DIN).

v Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain
the load at which failure is considered to be occurring.
Thisload called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-strain
behavior of concrete.
The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.
NOTE:

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

Y Code: ACI 2008

uBC
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Material :
B300.  fC'= 30N /mm?(MPa) For circular section

but for rectangular section ( fc'=30* 0.8 = 24MPa ) .

Concrete:

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420
N/mm? (MPa)}

Mild steel :  A-36

Connection Type: Weld,

v Factored loads:
The factored loads for membersin our project are determined by:

W,=12D_+16L, ACI-code-318-08.
W,=14D, ACI-code-318-08.
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4.2 Design Of wood beams

(4.2.1) Pos./BW1/: Rafter in Roof.

(4.2.1.1) Material : Coniferouswood class|l .

(4.2.1.2)Section : selected  b/h=8/20cm.

Distance between the raftersis < 60 cm.

| h—

(Figure 4- 1: Rafter 1 Section)

(4.2.1.3)Loading :
1. Dead Load:

Self weight of the Timber Beam. 6 kN/m** 0.08 m* 0.20 m = 0.096 kN/m

Roof tiles 0.55 kKN/m?* 0.60 m = 0.33 KN/m
Ceiling and Boarding 0.20 kKN/m?* 0.60 m = 0.12 kN/m
Heat insulation 1kN/m** 0.20m* 0.60 m = 0.12 kN/m

Dead Load torg = 0.666 KN/m

XVIII



2. Live Load:
* Snow Load (Sp):
According to the Jordan code h =920

SL= (h - 400) / 320
=(920 - 400) / 320
= 1.625 kN/m?
=1.625* 0.8 kN/m?
=13 kN/m** 0.6 m

=0.78 KkN/m

* Wind Load (W):
According to the German code (DIN 1500-T4)
20<h<100m so q=0.1.1kN/m?

a =15° so Cp=-0.6

W =Cp* q
W=-06*11
= - 0.66 kN/m?

=-0.66 kN/m?>* 0.6 m
=-0.396 kN/m
(wind load acts suitable of the system)

This mean that effect of the wind load on the roof istension or in the opposite
direction of the dead load , so we will check if the dead load > wind load or not .

Dead Load 1ota = 0.666 KN/m

WindLoad  =0.396 kN/m
XX



——= Wind Load will be not used .

(4.2.1.4) System:

SL ok 4 w & % k¥ w 4 4
Dils, de s,

1.38
i
{
i
¢
=
3
¢
i
i
!
¢
/
i
!
¢

S |
"'\-\._\_l_\-\-
" -H-\-"-\.
¥ 4.15 A0

(Figure 4- 2: Statically System of Rafter 1)

(4.2.1.5) Analysis:
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|
; 1110.53 -
™ 1
2.08 23 2.08 1.
I I ] 1
Shear
3. 2
14 13
29 2.7
Reactions
Factored
DeadR 1.3 213
LiveR 1.62 2.49
Max R 2.92 4.62
Min R 1.1 3

(Figure 4- 3: Rafter 1 Shear & Momment Diagram)

(4.2.1.6) Design :
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According to German code DIN1052
1) Allowable bending stress for soft wood .

S g <10MN/m?

N: Direct load.
A: Section area.
My: Max moment about y-y axis.
Iy : Moment of inertia about y-y axis.
Zmax - Stressin point .
N ~ zero.
A =.016 m?

= Lepe e
12

|y:i* .08* .2°= 533107
12
My = 2.9 kN.m

Z.. =0.1m

2.9

Sg=———*.1=544MPa
So 5.33+10

5.44MPa < 10MPa so thetaken dimension is suitable .

2)Allowable shear stress.

XXI11



t <0.9N/mm?

t =—-°
b* h

But for timbert =1.5 v,
b* h

3.2
t =15 — = 300kN/m?
0.2*0.08

= 0.3 N/mm’
0.3 N/mm? < 0.9N/mm? so the taken dimension is suitable .
3) Deflection .
* Deflection for span

gi where L =4.3m

300

Fmax

430
300

Fmax =

SO0 Fnx< 1.433cm

We find the maximum deflection from for the span STAAD .Pro = 0.822 cm

0.822<1433cm Soitsok

Moz 5,354 mm

(Figure 4- 4: Deflection of Rafter 1)

* Deflection for cantilever
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— where L =1.04m
150

Frax <

1.04
150

Frax <

S0 Frax< .0069 m
We find the maximum deflection from for the cantilever STAAD .Pro = 0. 536 cm

0.536<0.69cm Soitsok.
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(4.2.2)Pos./BW5/: Rafter in Roof .

(4.2.2.1) Material : Coniferouswood class 1 .

(4.2.2.2)Section : selected b/h=20/30cm.

(Figure 4- 5 Rafter 2 Section)

(4.2.2.3)Loading :
1. Dead Load:
Self weight of the Timber Beam 13.6 kN/m** 0.20 m 0.30 m = 0.816 kN/m

Lineload from the reaction support of (rafter 1) 2* 1.3/0.6 =4.33 kN/m
Total Dead load =0.816 + 4.33 = 5.15 Kn/m

2. Live Load:

Lineload from the reaction support of (rafter 1) 2*1.6/0.6 =5.33 kN/m

(4.2.2.4) System:

DL=5.15 KN/m
LL=5.33KN/m

et
b

e
e |
e
pe
e
e—te—
p
et
—le

¥
yaY lz—"'*

A——————4,2500 v 4,5000 . 45000 ————

(Figure 4- 6: Rafter 2 Statically System)
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(4.2.2.5) Analysis:

-21.4

-23.2

2.25

-24.2

-25.8

19.

17.4

25.1 23.8

28.7

(Figure 4- 7: Rafter 2 Shear & Momment Diagram)

(4.2.2.6) Design:

According to German code DIN1052

1) Allowable bending stress for soft wood

S 5 <1IMN/m?

N: Direct load.

XXVI
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A: Section area.
My: Max moment about y-y axis .
Iy : Moment of inertia about y-y axis.

Zmax - Stressin point .

N = zero.
A =.016 m?
= Lo e
12
1 3 4
ly=—*.20*.30°=4.5*10
12
My =232 KN.m .
Z.»=015m

Sg= LZ_A* 0.15=7.73MPa
So 4.5*10

7.73 MPa < 11 MPa sothetaken dimension is suitable

2)Allowable shear stress.

t <0.9N/ mm?
VZ
t =
b* h
But fortimbert =1.5 Vs
b* h
t=15% 27 717 5kN/m?
0.20* 0.30
= 0.7175 N/mm?
0.7175 N/mm?< 0.9 N/mm? so the taken dimension is suitable
3) Deflection :
L = A% 0.5 mm T
) Jas: 2462 i

Maz: 3 435 mim

(Figure 4- 8: Rafter 2 Deflection)



*** Deflection for the first span

L
300

425
300

S0 Frax< 1.42cm
We find the maximum deflection from for the span STAAD .Pro = 0.314 cm
0.314cm<142cm Soitsok

Frax < where L =425 cm

(4.2.3) Pos./CW1/: Timber Column in Roof.
a) Material : coniferous Wood class Il

Allowable compression stress stress
_ NDL )
Compression s . // = 8.5 NLL N/mm

b) System and section : 1
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(Figure 4- 9: Timber Column System & Section)

c) Loading :

Dead Load ( from Beam rafter Pos./BW5+ self-weight):

NDL=25.76 KN.

Live Load ( from Beam rafter Pos./BW5):

Total Load:
N=55KN.
d) Design (DIN 1052-1.9)
axially loaded column

N
A

allow sk
Allowable s . // = 8.5 N/mm2

Selected Rectangular section bxh =

A=400 cm?
l, =1,=13333.3cm*
wy =W, = 13333.3 cm®

13333.3

= =5.77 cm

!
A 00

ly=l, =

fy ==
LK = 1.h = 1x4 m = 400 cm
]

fy= fzzﬁ =69.32< 150

from the code: w = 1.85
B.5

Allowable Sk=1—['+'q= 4,595 N/mm2
Design :
— S5+103/400000 =0299 <1 . .

4.545

=1..

NLL=28.75 KN.

v e @llow sk = allow sc /w

20x20 cm

N
A

allow sk
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4.3 Design of glass .

(4.3.1)Pos . Glass (£1).

(4.3.1.1) Material : Overhead Safe Glass according to the German Code

(Verglasungsrichtlinie des (DIBT)) .

(VSG, E = 70,000 N/mm?)

(4.3.1.2)Section : selected * Externa glass— plate 210 =20 mm.
* Internal glass— plate 2*7.5 =15mm.

10 mm74
10 mm7 .
iy PVB-folie
10 mm | Space
7.5 mm B
7.5 mm7
(Figure 4- 10: Glass Section)
(4.3.1.3)Loading :
1. Dead Load
Self weight of the Glass. 25 kN/m** 0.035m = 0.875 kN/m?
2. Live Load:

* Wind Load (W):
According to the German code (DIN 1500-T4)
0<h<8m so q=0.5kN/m?

W= Cp*q
W=-06*0.8
= - 48 kN/m?
= - 48 kN/m?* 0.6 m
=-.288 kN/m

(wind load acts suitable of the system)
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This mean that effect of the wind load on the glassistension or in the opposite

direction of the dead load , so dead |load > wind | oad.

* Snow Load (S):

According to the Jordan code h=920 (height aboveR.L.)

SL= (h-400) / 320
=(920 — 400) / 320
=1.625 kN/m?
=1.625*0.8 = 1.3 kN/m?

(43.14) System:

N A
™ N o

(Figure 4- 11: Glass System)
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(4.3.1.5) Design:

According to German code DIN1052 .
1) Allowable bending stressfor Safe Glass .

S5 <1.20kN/cm? =12MPa.

N: Direct load.

A: Section area.

My: Max moment about y-y axis.

Iy : Moment of inertia about y-y axis.

Zmax - Stressin point .

N = zero.

ly=—=* b* h?
12

lys =L1igv or=g33+10°
12

1
My = =*q*I2
y 8q

=%* (5+1.3)*1.2**1m*

=0.324 KN.m/m.

Z,.. =0.005m

Sg= sz* .005=9.724MPa
So 8.33*10°* 2 for the top plates(10,10)

9.724 MPa < 12MPa so thetaken dimension is suitable .

3) Deflection :
XXX



* Deflection for the first span

L
Frox<—— where L=1.20m
T 200
1.2
Fmac = 200
S0 Frax< .006m
1
M =>*q, * L2
8 %o
1 2
==*(0875*1.2
8
=0.16kN.m/m

* E = 7000kN/cm?
* | = i*(1)3*1ooo*2
12
=8.33cm?
1 |
Defl. = ——[M,* M, *dx
ExIy

- 1 * MO * Ivll
E*I 2.4
1 ,16*324
- 7000*8.33 24
=0.37cm
We find the maximum deflection = 0.37 cm

0.37cm<0.6cm Soitsok .

*** Notes .

1) For the bottom part of glass(7.5mm,7.5mm) we make check that if that happen
any crash for the top plat (10mm,10mm), the bottom plate can carry the weight of the
broken glass & snow load for a specified period of time.

2) PVB-falie: Poly-Vinyl-Butyral —folie.
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4.4 Design Of Concrete members

(4.4.1) Check of Minimum Thickness of concrete Structural Members.

Table 1:MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-WAY SLABS UNLESS DEFLECTIONS ARE

CALCULATED. (ACI 318M-11))

Minimumthickness, h
Simply One end Both end
member . . Cantilever
supported continuous continuous
solid one way

slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

FORRIB :

hminfor(one end)=L/18.5=4.05/18.5=21cm
hminfor(both end continuous)=L/21=4.12/21=20cm
hminfor(Cantilever)=L/8=2.15/8=27cm

FOR BEAM :

hminfor(both end continuous)=L/21=5.35/21=25cm
hninfor(Cantilever)=L/8=2.1/8=27cm

hninfor(one end)=L/18.5=4.16/18.5=22cm

FOR SOLID SLABS :

hninfor(one end continuous)=L/24=4.2/24=17.5cm
hninfor(both end continuous)=L/28=4.05/28=14.5cm
select (20+8)=28cm for rib slab with hidden beam
select (20cm) for solid slab with 20 cm drop beam.
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(4.4.2) Topping.
v’ Statically system for topping:
Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the

ribs

- 40 cm =

(Figure 4- 12: Topping load)

v" Load calculations:
Dead load calculations;

Table 2:Dead load calculation Topping

Dead load from: Oxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarsesand 0.07x16x1 1.12
Topping 0.08x25x1 2
Interior partitions 1.5x1 15
)3 5.97
Liveload :
L. =2 KN/m?

L, =2 KN/m?x1m= 2 KN/m
Factored load :
Wy = 1.2 x5.97 + 1.6x2 =10.364 KN/m.

Check the strength condition for plain concrete, M p > M, where g = 0.55.

M,=0.42\ f% Sm (ACI 22.5.1, equation 22-2)
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2 2
g, = 2r _ 1000807 _ 1066666.67 mm?.

(5] (5]
@M, =0.55x1xv/24 x1066666. 67 x10~% =1.232 KN.m

2
M, === =0.138 KN.m (negative moment).

2
M, === = 0.069 KN.m (positive moment).

oMp>> M= 0.138BKN. m

No reinforcement is required by analysis. According ACI 10.5.4, provide Agminfor
dlabs as shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACl 71221
As= pxbxhgping =0.0018 x1000x80 = 144 mm?%m.
Step (s) isthe smallest of:

1. 3h=3x80=240 mm. controlACI 10.5.4
2. 450mm.

zan
fs

280

-2.5C, =380 — —-25.20=330mm
2420

3

3. S=380

but

280 280

S 300 — =300 — =300mmACl 1064
fs 420
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(4.4.3) Pos./R1/: Design of one way Rib slab.
Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .

bw = 10Cm.. ..o, ACI(8.13.2)
Select bw=12cm
h<35*bW oo ACI(8.13.2)

Select h=28cm<3.5*12=42 cm
tF = Ln/12250Mm .o ACI(8.13.6.1)

Sdlect tf=8cm

v’ Statically system and Dimensions.

(Figure 4- 13:0ne Way Rib slab (R 1))
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L ler=1.04 k2/m

Ll _ 1 | [ DL=4.93 KN/m
A \ Lo A
4.05 3.85 3.85 4.13
(Figure 4- 14: loads of rib and its statically system (R 1))
% »
g
. N
J | h
28
20
{ \
e 12 gl F| el 1 8 40 e 13
Load calculations:
Dead load
Table 3:Dead load calculations of Rib1
Material W=.. b(KN/M)
Tiles 0.03*23*0.52=0.359
Mortar 0.03*¥22%0.52=0.343
Course sand 0.07*16*0.52= 0.5824
Topping 0.08*%25%0.52=1.04
R.crib 0.20*25*0.12= 0.60
Hollow block 0.20*11*0.4=0.88
Plaster 0.03*%22%0.52=0.3432
Interior 1.5%0.52=0.78
partition
Total dead load | 4.9276 KN/m

Dead load /rib = 4.93 KN/m

Live load =2KN/M?

Liveload /rib = 2 KN/m? x 0.52m = 1.04 KN/m.
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*The effective flange (be) :

1) be < = 20 = 1030mm

2) be< bw +16hf=120+16*80=1400mm

400 400

3) be< center to center spacing between adjacent beam = 5 t5+ 120 = 520mm

Take be=520 mm

Maments: spans 113 4

13.
;., 2.4
£4 "‘ » T2/ &9
i i <, /o =42 P \“\5
pogi2a, i 409
| R | | | 5
L /_,/ m e /Jfll.51 e i 1.34 -II] N |
s /1 0Ten.Es P r TE P4
S " g3 i e 007 “ 2%
T 5.3 51 ™ "
E.a
| 158 2.4 | 2.2 : 18 1.75 214 z.42 = 161
I 1 1 1 1
Ehear
181
e -14.8
133 - i A6 39'12'4,
T B R I
s - - A
i .od"-’- i "f.-.' [] i -‘___-'J f i
T = T o T T - T
ol f.-v"’f {____,-"'f o
/_'___r_"' T_I . -~ = fgls J’___--"’f
7O
- 14.4
166

(Figure 4- 15:Shear & Moment Envelope Diagram (R 1))

Design of positive moment.
My=10.2 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dimps— 2 = 280 — 20 — 10 — % = 244 mm.

Check if a> h; to determine whether the section will act as rectangular or T- section,

Moy =0.85. £ b, hy. (d — D)

=0.85x 24 x 520 x 80 x 244*% x107* =173 12KN.m
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M 10.2
Mt —fpﬂ S 11.34 KN.m, the section will be designed as rectangular section

with b =b =520 mm.

oMy 102x10f®
Ri= obd? T 09x520x2442 0.3661 Mpa.
_ fy _ sz _
= ousy! ~ omsazs 206
P 1 1-T5 =g 1- 1-=—0— =000087958
m 420 20.6 120

Asreq = p.b.d = 0.00087958 x520x244= 111.60mm?
*CheCk fOI’ As’min .

Asminis the maximum of :-

As’min :“ 2 5

I 14
byd=1b,.d

1. Asmin=0. 25\/:—'M 120 x 244 = 85 4mm*

+20

2. Agmin=o-- 120 X 244 = 97 6mm? Control
AS,I‘&:]UiI‘&II = 97.6 mmz.

________________________________________________________________________________________________________________

S5 N P;" @10 =40 mm > dy, =10 > 25 mm 0K
Check for strain:
a= As.i’_p . = 15'?.EII:T.:<4ZIII = 622 mim

n.ash L__ 085=520=24
==L =22 _2313mm

By 085

d—-c 244 -7 313
£,=0003 — =0003 —————— =0.0971 = 0.005 ok
C 7.313

Design of negative moment.
My=-6.9 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dgimps — 2 = 244 — 20 — 10 — = = 244mm.

R= Mu _ 6.9x10°
"™ ohd? T 091202442

=1.073Mpa.
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Iy 420
m: - 7 —
085/ 0.85x24

=20.6

p= l 1—- 1-— 2m.Ry =4 L 1— 1-— 22061073 = 0.002626

m +20 206 420

Asreq = p.b.d = 0.002626 x120%244 = 76.89 mm?
*CheCk fOI’ As’min .

Asminis the maximum of :-

Asmin :ﬂ. 2 5

Fre 14
= 27
A b,.d: ) b,.d

1. Asmin=0. 25\/_'—“ 120 x 244 = 85.382 mm*

+20

2. Agrin=-- 120 X 244 = 97.6 mm? Control
As’ra:luired = 976 mm2

________________________________________________________________________________________________________________

120 =40=20-(2x10)

S . =40mm=>d,=10=>25 mm 0K
Check for strain:
Asfy 157 <420
= = —— = 26.94 mm

n.&sb ,|"{ D8x120=24
c=2 =% _39 7mm

By 0.85

d—c 244-31.7
£, =0003 —< ¥ 0.003 317 - 0.020 = 0.005 Ok

v" Shear Design for (R 1):
V, a distance d from support=13.7 KN

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

Ve== A fib,d ="2v24 x 120 x 244 X 1073 = 26.3 KN
@V, =0.75x26.3 =19.723 KN.
0.5 8V =0.5x19.723 =9.862 KN

058V <Vi<@V;
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for shear design, minimum shear reinforcement is required (A,, ;in), €xception for
Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups) g8 @ 150 mm , A, =2 x 50.24 =
100.5 mn,

1 7 bys 1 by
. :_ y — } ————
AVrmin 16 Y€yt T 3fyt

= 1200%

AVrin =100.5 =&\/24 —r - 5=115m

1120%

1005 =—— —+s5=1.055m
3 420

s max_E = 122mm

Smax - <600mm

Take (2leg stirrups) g8 @ 150 mm

A, =222 = 670.67 mmPimgrip

015
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(4.4.4) Pos./B5/: Design of Beam.
v" Load calculations:
L oad calculationsfor B5:

The distributed Dead and Live loads acting upon B5 can be defined from the support
reactions of theR1, R2and S2..
1. From Ribl
The maximum support reaction (factored) from Dead Loads for R1 upon B5is
21.66 KN . The distributed Dead Load fromthe R1 on B5 :
DL =21.66/ 0.52= 41.65 KN/m

Live Load calculations: The maximum support reaction (factored) from Live Loads
for R1upon B5is7.51 KN .

The distributed Live Load fromthe Rib 1 on B5 :

LL =7.51/ 0.52= 14.44 KN/m

2. FromRib 2 :
The maximum support reaction (factored) from Dead Loads for R2 upon B5is
22.62 KN . Thedistributed Dead Load from the R2 on B5 :
DL =22.62/ 0.52= 43.5 KN/m

Live Load calculations: The maximum support reaction (factored) from Live Loads

for R2 upon beam 5 is7.82.
The distributed Live Load from the R2 on B5 ;
LL =7.82/ 0.52= 15.04 KN/m

3. Edgewall :
wall thickness = 0.25 cm
wall length=2+2=4m
wall heigh=1m
Concrete density = 25K N/m®
Wall load =0.25* 4 *1* 25=25 KN
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(Figure 4- 16: System & loads of B5)
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(Figure 4- 18:Shear Moment Envelope Diagram of B5 )
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v" Flexural Design for (B5) :
Determine of Mnmax :

d =280-40-10-20\2 =220 mm
—Bd—322ﬂ—943
c=5d=x5. =94 3mm
a=Bc=94.3+0.85 =80 155mm

Mnmax = 0.85f ab( d - % ) = 0.85*24*80.155* 800* (220-80.155/2 ) * 10°%= 235.362
KN.m
@ Mnmax = 0.82* 235.362 = 192.997 KN.m >91.3 KN.m

Design as singly reinforcement

Design for positive moment :

1)Mu = 91.3KN. M

o My 91.3 x 10° —
"= Obd2 T 09x800x 2208 - oeMPa
m= r-“,= ““. —206
EI.EIEJ"{ DBhxZ4
p=2 1-— 31— L g 1 2R _ 006700

As = p.b.d = 0.0067x800x220 = 1179.28mm?>,

Cha:k fOI’ As’min .
Asmin=0.25-"%p d>2p d
fy fy
_ VIt = 2
Asmin =0. 25m B00x 220 =513.23 mm

Asmin =£ 800 x 220 = 586. 67 mm? Control.
420

Asmin= 586.67 mm?< Ag = 1179.28 mm?
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Check spacing :

_ BO0 =40+ 2=20=i4x20)

S= - =206.67mm>d, =20>25 OK
Check for strain:
a= .lis.f],. : = 1256064 }C4:.!Il = 32 34 mm

nash f{ DESxH00 =24
c=2 =23 _ 138 05mm

Ay 085

d—c 220 — 38.05
£,=0003 — =0.003 —————" =0.01896 > 0005
c 30.05
2) My =427 KN.m
il

Ro= . = R0 _ 9 225Mpa.

T phd? T 09x800%2202

m= f_pf= 42“. —206
085f; 085x24

1 2mR 1 226G 1.225
p=1 1- 120 _ 1 4 4 220828
m 420 206 420

=0.003009

As = p.b.d = 0.003009 x800x220 = 529.76 mm?>.

Cha:k fOI’ As’min .

Asmin=0.25-"%p d>2p d
¥ fy

N

Asmin =0. 2572 800 x 220 = 513.23 mm?

4320
Asmin = 800 x 220 = 586.67 mm?* control
420

Asmin= 586.67 mm?>> A = 529.76 mm?

Check spacing :

S= BOO0 =40 2=20=(3=18) =323 mm > dﬁ =20 =25 OK

2
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Check for strain:

_ Asfy _ 58667 420 _
To08shfl T 085x800x24 15.1mm
c=2 =22=17.76 mm
By 085
d—c 220-17.76
£.=0003 =0.003 1776 - 0.0341 = 0.005

Design for Negative moment :

1) My =-159 KN.m

S5k = M, 159 x 10° =i SER i
"= Obd® T 09x800x2202 pa.
_fy _ 4
T o08sfl T 0B85x24 20.6
~ % 5. _2mRy _ 1 o _ 220.6%4563 _
P= 5 t 420 206 1 1 420 =0.01246

As = p.b.d = 0.01246 x800x220 = 2193.575 mm-.

CheCk fOI’ As’min .
Asmin=0.25-"%p d>2p d
fy fy
_ Via = 2
Asmin =0. Zﬁm 800 x 220=513. 23 mm

Asmin =£ 800 x 220 = 586. 67 mm? Control.
420

Asmin= 586.67 mm?< Ag = 2193.575 mm?

Check spacing :

_ B00-40+2-20-(7x20)
- 6

S =93.34mm>d,=20>25 0K
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Check for strain:

_ Asfy 219911 =420
0856 f1 T 085x800x24

=566 mm

56.6
c=— =22 =66.6mm
By 085

d—rc 220-66.6

=0003 Y S 0.006909 = 0.005

£, =0.003

2) My=-88.3 KN.m

M, 88.3 x 108

Rn = GhdZ ~ 0.9 < 800 % 2202

= 2534 Mpa.

fy 420 —206

T ossfl T ossxze

1 2mR 1 22 Gx2534
p=1 1- 120 _ 1 4 g 2xE06x25M

n 420 206 420

=0.00646

As = p.b.d = 0.00646 x800x220 = 1137.603 mmZ.

Cha:k fOI’ As’min .

Asmin :ﬂ. 2 5

It 14
[ byd= b, d

Asmin =0. 2572 800 x 220 = 513.23 mm?

4320
Asmin =£ 800 x 220 = 586. 67 mm? Control.
420

Asmin= 586.67 mm?< Ag = 1137.603 mm?

Check spacing :

_ BO0-40+2-20-(4x20)
- 3

S

=206.67mm=>d,=20>25 0K

LI
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Check for strain:

_ sfy 125664 <420
0856 f1 T 085x800x24

=32.34mm

d—c 220-38.05
£,=0003 — =0003 —-—— =0.0143 >=0.005
c 38.05

v' Shear Design for (B 5):
1. Vy=139.1KN
vczé feb,d== I—Z\/ﬁ*ﬂnu*zzu* 103 = 143.7KN
® V= 0.75*143.7 =106.78 KN

1 -
vs,min"_ E fﬂ bwd

Vymin = 2b,d == 800+ 220103 = 58.667 KNcontrol
E‘jv,_. = vy, E Ejl:'t‘jr.' + vs,min J)

0.75%143.7 < 139.1 < 0.75(143.7 + 58.667)

shear reinforcement arerequired .

Avmin = 1 V24 Hm]-l]EBB
s 16 420
Avmin_l Hm]—l]ﬁ:]E o
§ 3 azp 000conimo
Use2leg® 10.
Av=157 mm?.
157
5 =0635.....5=24725mm
d 220
Smar = = =——= 110mm ... . control
2 2
= 600 mm

Use2leg® 10 @ 100 mm .

L1l
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(4.4.5) Pos./C5/: Design of Column.

Column

Column Dimensions

fc'

Col.5at

Basement

40cm*55cm

24Mpa

420Mpa

C5:
DL =870
LL=368

Pu = 1632.8kN

e |n 0.55m-Direction(about x axis)

m<34—12ﬂ
r M2

.............. ACI - (10.12.2)

Lu: Actua unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/% =0.3h

Lu=2.72m
M1/M2=1

For rectangular section

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

kl_u<34_12_M1
r M2
1x2.72

0.3x0.55

............... ACI - (10.12.2)

=16.485 < 22

- short Column in  0.55m:direction

LIt




e In 0.4 m-Direction (about y axis)

KU gy oML ACI —(10.12.2)
M2

r

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

R: radius of gyration = \/% =0.3h

Lu=272m

M1UM2=1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

Ku gy oML ACI — (10.12.2)
r M2

Ax2.72 _ 22 67 > 22

0.3x04

~.long Coloumn in 0.4m:direction

E
El =04—% . [ ACI318 — 05 (Eq. 10 —15)]
1+b,

E, = 4700/ fc' = 4700 x ~/24 = 23025 Mpa
_12DL _ 1.2*(870)

b, = 0.64<1
Pu 1632.8
3 3
I, = bxh _ 0.55x0.4 — 0.00293m*
12 12
El = 0.4 x 23025 x 0.00293 —16.45N.m?
1+ 0.64
p°El
P, = S e, ACI318-05(Eg. 10-13
(KLu)
2
_ 3.14°x16.56 _1823MN.

© T (LOx2.72)?
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M1

Cm =0.6 + O.4(—J ........

M 2

Cm =1 ... According  to
Cm
dns —_TZ 1.0 'R
0.75P,
1
1<dy = . 1632 8
0.75 x 22070

. .ACI 318 — 05(Eq .10 - 16)
ACI 318 - 05(10.10.6.4)

........... ACI 318 - 05(Eq .10 —12)

=1.11<1.4

e, =15+0.03xh =15+0.03x 400 = 27mm = 0.027 m

€= emin
e _0.02916 _ g
h 0.55

xd, =0.027 x1.08 = 0.02916 m

d = 550-40-10-(16/2) = 492 mm

d=40+ 10 + (16/2) = 58 mm

y =09

From the interaction diagram in chart: p=0.01

Select the longitudinal bars:

As=p xAg = 0.01x400 * 550=2200 mm?

Lusel2@16 = A, = 2412.7 mm?

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

spacing <16xd, =16x1.6=25.6cm
spacing <48xd, =48x1.0=48cm
spacing < least .dim.= 40 cm

Usef 10@ 20 cm
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(4.4.6) Pos./ST/: Design of Stairs.

rFl
. 4

120 20 120

F
s

i iy 270

(Figure 4- 19:Stair (ST))

NOTE: (Material)

v *B300. ... fc'=30N/mm?*(MPa) For circular section
but for rectangular section ( fc'=30* 0.8 = 24MPa) .

v' Determination of Thickness:

height = 4.40 m

4.40m 16 cm 30cm 3 KN/m?2 24 Mpa 420 Mpa

- Minimum slab thickness for deflection is (for simply supported one way solid slab)
h,min=1L/20

hmn=440/20=022m ............. take h=25cm.

= Useh =25cm.
6 =tan"}(16/ 30) = 28.1°
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h,min (cm) 0

25 28.1°

v Load Calculations

Dead Load calculations of Flight :
003 x22=x1

Plaster = 05281 =0.748 KN/m
025 ®x25x%x1
concrete = = 7.085KN/m
cos28.1
0.3+0.16
mortar = —03 %002 x22%x1=0675KN/m
tai —0'3x0'16x25x 1=20KN/
stair = 03 %2 =2. m
, 0.3540.16
Tile = T 003 27 %1 =1377 KN/m

Total load (DL) = 11.885KN/m
Liveload (LL) =3 KN/m

Table 4: Dead Load calculations of Landing

Dead Load calculations of Landing

Material ama h(m) b(m)
Tiles 22 0.03 1
Mortar 22 0.02 1
RC 25 0.25 1
Plaster 22 0.03 1

Total load(DL)
Live load (LL) = 3 KN/m2
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Total Factored load,,,, (W = 1.2DL + 1.6LL)
For Wy, , W = 1.2¥11.885+ 1.6*3 = 19.062 KN/m

For W

landing

W =1.2¥8.01+ 1.6*3 = 14.412 KN/m

19.062 14.412

- Structural System Of Flight (FL1) :

19.06 KN/m
il i fii MW W@ A
25.73
[
25.73
85 270 85

(Figure 4- 20:Structural System Of Flight (FL1) )

Check for shear strength For Flight:
Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20- 14/2 =223 mm

Vu =25.73KN

_ 0.75* +/24*1000* 223
6

fve =136.56KN/m

Vu=25.73KN < 0.5 fVc=68.325 KN .
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Thickness is adequate enough

@14 250 223 25.73 136.56

v Design of Flexure:

I I I =H
R AT

H-x-\ J-F-r--’-d_-\.r"'

W T e,

—_— = _—— i
|85 | 135 ]H:"? 1.35 | 085 |
95 7 257
“_,,.r'"

257 25.7

(Figure 4- 21:Envelope diagram for Flight )
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- Design for Flight:

Mu=39.2KN.m

Mn =Mu/0.9=39.2/ 0.9 = 43.56 KN.m/m

d=h-20-db/2=250-20-14/2 =223 mm

R =

Mn

" b-d?

_ 4356*10°
" 1000* 223

fy

~ 0.85x fc

420

m = =
0.85x24

r _1(1 /1%ji(1_ -
m f, | 206

=0.876MPa .

20.6

2*20.6* 0.876

420

j =0.00213

AS,, = 0.00213* 1000* 223 = 475.53 mm?/m< As,,, = 450mm?/m....

As.. =0.0018* b* h = 0.0018* 1000* 250 = 450mm’/m

Use @ 12 then,

Mu(KN.m)

m

Rn

p

ASreq( mmz)

Aspin(mnT)

S(mm)

39.2

20.6

0.876Mpa

0.00213

475.53

450

200

Use® 12 @ 20 cm c¢/c , As = 565.5 mm2/m strip
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- Step ( s) is the smallest of :-

1. 3*h=3* 250 = 750 mm

2. 450 mm

280

<380 (;)-25* Co

280 280

<380 () - 25 20 =380 (

)—2.5* 20 =330mm

F
3 420

< 300("’%') =300 * (%":—“)= 300 * (5%)=300mm ... (control
= EI" E...

- Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
565.5* 420 = 0.85* 24*1000* a
a=11.64m
c :i:%:B.?mm
b, 0.85
o _223-137
: 13.7

e, =0.0458 > 0.005—— ok

*0.003

Temperature & Shrinkage reinforcement:

ASqinage = 0.0018x b x h = 0.0018x 1000x 250 = 450mm? /m

Use ® 10 @ 15 cm c¢/c,As prov = 523.33 mm2/m strip

- Step ( s) is the smallest of :-

1. 5*h =5* 250 = 1250 mm

2. 450 mm - control
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450 150 ® 10

- Design for slab 1 :

15.135KN/m 15.135KN/m

|

142.412KN/m
4 2
[ 130 20 130 ]
40.86KN 280 40.36](N

(Figure 4- 22:Structural System Of Landing (L1A))

WR_ 25.73

—= = 15135 KN/m
L 1.7

Load For Landing =
The reaction at each end:

p _ 15135 +280

> + 1513513 =40.86 KN

Check for shear strength :
Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm

take the maximum shear as the support reaction V=40.86KN
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* * *
tyel 075 \/ﬂ61000 223 s eokN/m

Vu=40.86 KN /m< 0.5* fVc=68.28 KN/m.
- Thickness is adequate enough

Calculate the maximum bending moment :

(Figure 4- 23: Landing Moment )

M =37.7kn. m

Mn =Mu/0.9=37.7/0.9=41.89 KN.m/

Mn
b-d?

R =

n

* 6
o _ 418910

" = 1000% 22 =0.841IMPa .

_ Ty
0.85x fc'

0.85x 24

A P AL W 1_\/1—w — 0.0020488
m f 206 420

As,, = 0.002048*1000*223 = 456.898 mm*/m> As,,, = 450mm?/m.... OK
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As,, =0.0018* b* h = 0.0018* 1000* 250 = 450mm? /m

Use ® 12@ 15 cm c/c

Mu(KN.m) | m Rn P ASeqMnT) | ASpin(mn? | S(mm)

37.7 20.6 0.84 Mpa | 0.002048 | 456.898 450 150

- Step (' s) is the smallest of :-

1.3*h =3* 250 =750 mm
2.450 mm

<380 (F5)-25*C

s380*(:}f—“ —2.5%20 =380*(% —2.5*20=330mm
ELE P

< 300 (3) =300 * ()= 300 * () =300 mm (control)

! 3 S+ 420

- Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
456.898* 420 = 0.85* 24* 1000* a
a =9.407m
c= a._ 9407 =11.0667mm
b, 085
o _ 223-11.0667
: 11.0667

e, =0.057 > 0.005—— 0k

*0.003
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v" Temperature & Shrinkage reinforcement:

ASyinege = 0-0018x b x h = 0.0018x 1000 250 = 450mm*/m
Use ® 10 @ 15 cm c/c,As prov = 523.33 mm2/m strip
- Step ( s) is the smallest of :-

1. 5*%h =5* 250 = 1250 mm

2. 450 mm - control

450 150 ® 10
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(4.4.7) Pos./SW9/: Design of Shear wall.

655.2
1057.7
1566.24
2308.8 374

3673.9 427

4990.6

(Figure 4- 24:Moment and shear diagram )

Fc = 24MPa

Fy =420 MPa

t =20cm .shear wall thickness

Lw = 10.3m .shear wall width

Hw; for onewall = 3.12m

Hw,for one wall = 3.65 m story height
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4.4.7.1: Design of shear
> Fx=Vu=422KN

4.4.7.2. Design of the Horizontal reinforcement:

The critical Section isthe smaller of:

Iw _10.3

=——=5.15m
2 2
hw _ 2237 _ 49 1g5m
2 2
storyheigh (Hw) =3.12m...... control

d =0.8xIw=0.8x10.3=8.24m

5 —
El?jI"J::n'rz:.l;x: = Ejg .If't th
=0.75=0.83 = V24 = 400 = 8240 = 103 = 10051.5KN =V,

V. isthe smallest of :

— 1 :
1=V, =5 f'hd =5+24+200+8240 « 107 = 13456KN ... cont

1
6

L

5 N 57 :
2=V. =027 f'hd+ 2 =0.27V24 =200 #8240 = 10"* + 0 = 2179.8K'N

!lV
L, 01 f'4+02%
3— ¥ = 005 f + v hd

My T
Vy 2

103 0.1v24+0
= 0.05vV24 + 568 200 = 8240 = 1648.5KN

=3.56

M, I, 36739 10.3
Vv, 2 422 2

1
VU = 422KN< 2 *0.75* 1345.6 = 504.6 KN No need reinfor cement

- Minimum shear reinforcementisrequired:
Take " =0.0025

- Maximum spacing istheleast of :
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Lw
5 = &500 = 2060mm

3*h = 3*200 = 600mm

450 mm ....... Control

Try ¢ 12 (As=113.1 mm2) for two layers

Avh

r - h*S2 = 2*113.1
200* S2

S2=4524mm , ¢ 12@250 mm

=0.0025

- used 12@250 mm in tow layer

4.4.7.3. Design for Vertical reinforcement:-

h, _2237_, .-

L, 103

Lw _ 10300 _ 3433.3mm
3 3

450 mm ....... Control

3*h =3*200 = 600mm

An=0.0025* S*h

Try ® 12 (As=113.1 mm2)
113.1*2=0.0025* S* 200

S=452.4

Select @ 12 @250mm In tow layer.

4.4.7.4. Design of bending moment ( uniformly distribution flexural

reinfor cement)
10300 ~ )
Aw= —g5 *2+1131=93105mm
po Aw f 93195 420 o,
L,h £’ 10300%200 24
_ A _
0= !Whj'r" —
C_ wt+a 0.0792 +0 B
I, 2w +0850, 2-00792+085+085 089
F, c
@M, =@ 054, fl,(1 +m] (1 =g
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=0.9 0.5%9319.5 =420 =10300(1 + 0)(1 —0.0899) = 16511.3KN.m
= Mu

Sdect ® 12 @250mm for vertical reinforcement .
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(4.4.8) Pos./F3/: Design of Isolated footing.
v’ Design of Isolated footing (Under Col. 8):

!

f

c

fy

24 Mpa

v" Load Calculation:-

420 Mpa

- From column (8): (DL &LL)

* Service dead load ( DL) = 995.84KN

* Serviceliveload (LL) = 341.89KN

* Column dimensions =55 cm*40 cm

* Allowable soil pressure =400 KN/ m?

DL(KN) | LL(KN) | Column all. soil pressure
dimensions
905.84 |341.89 | (55*40)cm | 400 KN/ m?
v' Calculating the weight of footing:
- Weight of footing ( assume Miooing = 50cm)
Wiy = 0.5¥25 = 12.5 KN/m?2
- Required sizes of footing:
A required = Po _ 995.84 + 341.89 _ 352
. 400-5-(0.5* 25)
Try 2.2* 2.2Area = 3.61 m2
hfooting Wfooting qnet A ,r eq U| r aj
50 cm 25 KN/m? | 400 KN/m2 | 3.5m?

v Depth of footing and shear design:
Pu =1.2DL + 1.6LL = 1.2%995.84+ 1.6*341.89= 1742.032 KN

1742.032

= =482.56 KN/
3.61
Try area Pu qu
2.2m* 2.2m*0.5m 1742.032 KN 482.56 KN/

v' Determinethe Depth of Footing Based on Shear Strength:-

LXX




Check for One Way Shear Strength

3 KN.me

2 2 2 2

2

Inclimed efack

fVc=%\/ﬂ* 2.2%d*10°

|

Critical section lor
ohb-way Shear

—

1E

Trébulary area for

Let,f Vc=Vu | - one-way shear
d =0.379m rf”
h=379+75+16=470mm —-—I d /
Calumn 4
ENZ
Try h=500mm ..... d =500 - 75 — 16= 409 mm i//
r.-" P
[/.f /
s
v/
GI'I-L‘-wu:.I shaar
(0] d (mm) h (mm) Try h(mm) Try d (mm)
0.75 379 470 500 409

v’ for Two Way shear Action (Punching).

- The punching shear strength isthe smallest value of the following

eguations:

tv =f L1e 2 |t b,d
6l b,

fv =f 2 2 o)/t b.d
12\ b, /d

fv, =f.1f b,d

Where:

B Column Length (a) 550
¢ ColumnWidth (b) 400
b, = Perimeter of critical section taken at (d/2) from the loaded area

= 2* (10.55+0.409)+2* (0.40+0.409) = 3.536m.
Vu=((2* 2) - ((0.55+0.409) * (0.40+ 0.409))* 48256=1555855KN

=1.375

a, =40....... for interior column
f\V, =f %{u %]\/ fc,bod = o.gs * (1+ 1 ;75]* \'24*3.536* 0.409 * 10° = 2173.8kN
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1( a ' 0.75,( 40
fV =f.=| = 12| f, bd =——*| ——— +2|*24* 3536* 0.409* 10° = 293451kN
¢ 12[b0/d j cT12 [8.645 j

f\ =f .?1)’\/ f'b,d =0'—;5* 24* 3536* 0.409* 10° =1771.25kN

Vu=1555.855 KN <®dVc=1771.25KN.................. OK
be b, (m) a; f Ve (kN)
1.375 3.536 40 1913.17

v Design for Bending Moment of both direction.

h (mm) d (mm) b(m)

500 409 2.2

d = 500-75-16 = 409 mm

Mu, =482.56 *2.2* (2.2-0.4)2/8 =429.91 KN.m
Mu, =482.56 *2.2* (2.2—0.55)2/8 =361.28 KN.m
In x-Direction :

m = fy - = 420 =20.6
0.85* fc  0.85* 24

_ Mu/f _ 429.91*10°/0.9

Rn = = =1.3Mpa
b*d? 2.2*(0.409)° P
1 2mRn
p=—(-1- )
m fy
0= 1 1- \/1_ 2(20.6)(1.3) ) = 0,0032
20.6 420

ASeq = 0.0032 (2500) (409) = 3272.78 MNT >ASyin = 2250mn?

Asmin =0.0018* b* h == 0.0018 (2500) (500) = 2250mn¥ ... control

Take 179 16 , Asprovided =34.18 cm? > Asrequired = 32.72cm?

_TIE* 9 _17%*
S=2500 75162 17 16=129.88 mm

- Step(S) issmallest of:
1. 3h = 3*500 = 1500 mm
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2. 450 mm - control
S=129.88 mm < S;max = 450 mm — OK

429.91 20.6 | 1.3Mpa | 0.0032 3418 2250 129.88

- Check strain

Tension = Compression

A x fy=0.85x f,'xbx a
34.18x420=0.85x 24x 2500x a
a =28.14mm

=21 _zu
0.85

_409-33.11

e, % 0.003=0.034> 0.005...0k
3311

3418 28.14 33.11 0.034

In y-Direction :
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m=_1¥ - 40 _»545
0.85* fc  0.85*24
_ Mu/f _ 361.28*10°/0.9 _

RN v d® ™ 227 aoey? PR
1 2mRn
=—(1- 1-
p= (1 -0
0= 1 (1- \/1_ 2(20.6)(L.2) ) = 0002693
20.6 420

ASeq = 0.002693 (2500) (409) = 2754.4mn?>ASnin = 2250 mn?

ASqin =0.0018* b*h == 0.0018 (2500) (500) = 2250mn ... control

Take 14® 16 , As,provided =28.15cm? > Asrequired = 27.54cm?

o= 2500 — 75]’-*32—14* 16 _ 163.54 mm

- Step(S) issmallest of:

1. 3h = 3*500= 1500 mm
2. 450 mm - control
S=163.54 mm < S max = 450 mm - OK

Mu(KN.m) | m Rn p ASpou MY ) ASpin(mn?) | S(mm)
361.28 20.6 | 1.1Mpa | 0.002693 2815 2250 163.54
- Check strain

Tension = Compression

A x fy=0.85x f.'xbx a
2815x 420 = 0.85x 24x 2500x a
a =23.18mm

c _ 218 _ 27.27

085

_ 409-27.27

€, x0.003=0.0419> 0.005...0k
27.27
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As mnt) a (mm) ¢ (mm) e,

2815 23.18 27.27 0.0419

v' Development length of flexural reinforcement:

Ld for ® 20:
Ly = g>< fy & b xgxI x db =3>< 420 x1X1X 0'8X1><16:395.054mm
10 [fc' (kﬂ+cj 10 /24 25
db
Available length = ((2200-500)\2) - 75=775
775mm > 395.054mm ............... ok

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

- In footing :

®Pnb = ©(0.85 fc'A x \/%)

A;=0.55* 0.40 = 0.22 m?
A, =22% 2.2=4.84m°

\/E: /ﬂ:4.7>2................\/E:4.7
A Vo022 A

®Pn.b=0.65x(0.85x 24 x 0.22 x 4.7) x1000 =13710 .84KN
®Pn =13710 .84 > Pu =1742.032.......... .ok
The Dowels are not needed for footing

Asmin=0.005* Ac= 0.005* 550 * 400 = 1100 mm2

Use 6® 16 , Asprovided = 1206.37 mm? > As, required = 1100 mm?
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4.5 Design Of Steel Truss

(4.5.1) Pos./TS/: Design Steel Truss.

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 4-33 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.

0.6mm Steel Sheet
=== 100mm Heat Insulation

0 75mm Sheet metal

(Figure 4- 25:Cross section of sheet metal)
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Table 5:sheet metal for 2&3spanes
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Table 4-8 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.
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Load calculation :

1-Dead load :

0.6

=iy 2
Tk 75 = 0.05kKN/m

1-load of galvanized steel sheet=

2-Dead load of heat insulation =0.1m*1kn/m>=0.1KN/m?

3-Sheet metal with thickness of 0.75mm =0.078K N/m?
—> Total dead load=0.228KN/m?

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 920m, the snow load is :

_h=400
= 400

_920-400

i 2
Si= 500 = 1.3KN/m

—> Total snow load=1.3KN/m?
—> Total load (q;=dead load +snow load =0.228+1.3=1.528KN/m?)
From the table (4-8) the bearing load of sheet metal is 5.16 KN/m2

Q,=5.16 KN/m?*> ¢,=1.528 KN/m? ....ok

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

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.

e Design of purlins:

Qu=1.5(1.2D.L+1.65)=1.5(1.2*0.228+1.6*1.3)= [3.53 KN/m

3.53KN/m

sissssesassnnnn )

L L4 L]
N

(Figure 4- 26:Statically system for purlins)

LXXVIII



-Design of moment:

2.3 B.3
|22 33 303 var 278 2275 vm|27s venl2ar 303 33 22|
I T T T T T i T T T T T 1

(Figure 4- 27:Moment envelope for purlins)

115 1 oo i
My=11.5 kn.m Tk 1000 = T 101.8kip. in

gb MbZ Mu

0.9%36* Z,=101.8kip. inZz=3.14in°

Select HSS 3><3><§Zx%.25i n

Check compact:

E 280010

A=112 — =112 —— =313
Fy 36
g - 28000 _
A=1.40 = 140 e 391

b
3= 56 <Ap =313 ,...compact section

-Design of shear:

-11.0
-1 1.4 .
. sy B2 o5 ¥ g4 87 4y wE o9 103 g7
o i b . P i i ik
3 ya A // : 4 &
. r E P (/ ¥
} 7 7 l_,'( - 3 /.f' ' ,.'/
o i i B s 4 4
il o - ' 3 f
?j? 7.3 ¥ ' 4 d i v
3 oA .4 g5 g MO g
by 73 88 0.7 g.n 9.5 g
(Figure 4- 28:Shear envelop for purlins)
114

vy=11.4 kn = + 1000 = 2.56kip

4448
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Dy Vp = Vy

0.9*0.6*fy*d*tw = 2.7kip
0.9%0.6*36* 3*> = 21.87kip > 2.56kip ... OK

e Design the member of the truss :

L3 ZEAEHN ERATKN ERAGEM S
FEATEN RN St 1 ERASEN FEAmEN .
™ T4
T T2 e TE T
e va ve & & v
W - b = o ay i e
ix | ) B3 B4 ES S B4 B3 iz Bl

(Figure 4- 29:Truss system)

The truss consist of four types of members:

1) Thevertica member (v)
These member are under compression Force :
NO .of member Value of compression force

Kn Kips
V1 19.37 4.355
V2(max) 91.90 20.662
V3 55.44 12.46
V4 20.90 4.699
V5 10.46 2.352
V6 0.91 0.20

Table :Vertical member forces

2) The Diagona member (D)
These member are under tension force:
NO .of member Valueof tension force

Kn Kips
D1(max) 227.14 51.067
D2 150.37 33.807
D3 85.77 19.284
D4 31.64 7.114
D5 14.0 3.148

Table :diagonal member forces

3) Thetop member (T)
These member are under compression Force :
NO .of member  Value of compression force

Kn Kips
T1 4.90 1.102
T2 193.68 43.545
T3 313.88 70.569
T4 379.76 85.382
T5(max) 402.69 90.537
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Table :Top member forces

4) The bottom member (B)
These member are under Tension Force:

NO .of member Valueof tension force

Kn Kips
B1 187.85 42.235
B2 310.55 69.821
B3 377.95 84.974
B4(max) 402.02 90.386
B5 391.94 88.119

Table :bottom member forces

Design of tension member:

1%) Diagona members:
Max. vaue of tension =227.14 Kn (51.067 Kips)

Check :
e Tensle yieding:
Pu=0*Fy*Ag
Ag=51.067 /0.9*36 = 1.58 in?
Try L3*%2%3/8 with Ag=1.73 in’
e Tenslerupturestrength:

OtxPn=0.75xfuxAe

@txPn=0.75x58x%(0.85x1.73)=63.97 Kips > 51.067 Kips..

2" Bottom members
Max. value of tension =402.02 Kn (90.386 Kips)

e Tensle yidding:
Pu=0*Fy*Ag
Ag=90.386 /0.9*36 = 2.79 in?
Try W6*12 with Ag = 3.55 in?

e Tenslerupturestrength:

DtxPn=0.75xfuxAe

@txPn=0.75x58x(0.85x3.55)=131.3 Kips > 90.386 Kips..

e Design of compression member:
1%) vertical members:
Max. vaue of compression =91.90 Kn (20.662Kips)

Take section member

L XXXI

.ok

.ok



(Try L3*3*3/8 with Ag=2.11 in?)
Ag=2.11ir’,=0.91in,r,=0.91in.
Length of the member =1.5m(4.92 ft)

-Deter mine of the reduction factor for ender " Unstiffened element " :

===
: 8
0.45 E—075 29000—1277
T Fy 36
S=5=8<1277...Qs10
8
Q=QaxQs=1.0
L_4.92s12_6488
rx 091
L
0<— <80
rx
kxl L 12 =4.92
- =724075%#=—=724+075%« ———— =120.66
rx 091
471 ud =471 29000—13368}12066
T Qss=fy 1«36 '

mix E _:r2 % 29000

= = 20007 ~ L9-66ks!
r

fe=

Fer=() x 0.658 “/¥7¢ x fy
Fcr=1.0 x 0.658 #1966 % 36 = 16.73 kips
@Pn=@ % fcr x Ag
@Pn=0.9 x 16.73 x 2.11 = 31.8kips > 20.662kips .....ok
Note : use L3*3*3/8 for both of diagonal and vertical members .

2" top members:
Max. value of compression =402.69 kn (90.537 kips)
Aswme% =75

4.71 200 < 133.68
. 36 —1 .
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_HEXE_HEXZQOOO_SO%J!{,
TR @

Fer=0 x 0.658'@/¥7fel % fy
Fer=1 x 0.658!1*36750.88) % 36 = 26.77kips

KI _1+124.92
— = =757 =0787

pu 90.537

A9 = Grer “09=0677 > 76in2

Use W8* 15 with Ag=4.44 in’

e Design of weld:
The calculation of weld based on the following :

1) Fillet weldisused.

2) Theplates are A36(fy=36 ksi,Fu=58 ksi)

3) Theplat thicknessis (t=0.5in)

4) The electrodes having Fex=70 ks

5) Theshielded metal arc welding (SMAW) is used.

1%) Design of weld between the vertical member and the Gusset plate in the corners of
the truss:
The section of the vertical member isangle (L3*3*3/8 ), Ag=2.11in? ,y=0.884.
The value of Max. compression in the vertical member is Vu=20.662Kips.
1 3 1 5

Max. weld size (@max)=t =—— ==——=—in

16 a8 16 16
Min . Weld size(anin)=— in

Useweld size (a):;li in

e Design strength of weld :
@xRnw= @x tex0.6xFEXx
@xRnw=0.75 x (0.707 x 1/,) x 0.6 x 70 = 5,57 kips

e Design strength of base material : (Figure 4- 30)
3 . . weld between
@xRn= @x (0.6xfy)xt=1.0%0.6x36x%-= 8.1 kips >5.57 kips....ok vertical member
. Or and gusset plate)

@xRn= @x (0.6xfu)xt=0.75x0.6x58x== 9.79Kips >5.57 kips....ok
£1=5.57*3=16.71 kips
LXXXIII



f2=20.662-16.71=3.952 kips

12 —3'952—071m use 1.0 in
@%Rnw 557 '

w2 =

2" Design of weld between the diagonal member and the gusset plate:
- The section of the diagonal member isangel (L3*3*3/8)

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

Thevalueif Max. Tension in the diagonal member isTu = 51.1kKip.

. _ 1 3 _ 1 _ 5. :
Max. weld size (amax)=t e BeT S W
Min = Weld size(@min)=— in W=
. 1. x;; 2 \x
Useweld size (a):!—I in N\
AN O
t Q/ < i
e Design strength of weld :
@xRnw= @x tex0.6xXFEXX (Figure 4- 31:weld
— 1 = i between diagonal
@xRnw=0.75 x (0.707 x */4) x 0.6 x 70 = 5.57 kips e and peset
e Design strength of base material : plate)
@xRn= @x (0.6xfy)xt=1.0x0.6x36x-=8.1Kip >5.57 kip....ok
Or

@xRn= @x (O.6><fu)><t:0.75><0.6><58><§:9.79kip >5.57 kip....ok

F3 =3=557 =16.71 kips
YMat F1=0
=1671+15+F2+3—-511+(3—-0.884)=0
F2=27.69 kips

F1=51.1-16.71-27.69=6.7 kips

lwl = B o 67 o 1.21in use 1.5in
“@xRnw 557 T '
f2 27.69 | .
w2 = = =497in ... .. use 5in

@ %xRnw 557

Check for rupture
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_(5+15)

L 5 =3.25
=1 I—l 0'884—0728
- | 325

GtPn =075 = fu = Ae

@tPn =0.75+58 = 0.728 *2.11 = 66.82 kips >>51.1 kips ..... o0k

3") Design of weld between the bottom member and the gusset plate:

The section of the bottom member isangel (W6*12)

11/2.54=4.33in

Ru= (Rv+Ry)=(Rh+RX)?
Py
H’L---T-—-O
pp o PX_ 20862 _ .
=T T1aveep  frpam
e Fard
Ip =2 +2= = 53593in’
gia et oo 520
X = B LY =
Msx 20662 =( -
Ry = =
Y= 535.93
Ru= (0+01)%+ (0.7 +0)2=071kip/in

@ =Rnw = Ru

0.75%(0.7078)* 0.6+ 70=0.71......a=0.032 in

2
Take a —-Em

L XXXV
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L J
(Figure 4- 32:weld between gust
plate and bottom member)
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(4.5.2) Pos./CS/: Design of Steel Truss Column.
4-5-2-1 System and Loading:

OL
LL




(Figure 4- 33: Steel truss Column System )

ETABS 3D Anaysis:

(Figure 4- 34:Etabs Model)

4-5-2-2 Section:
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we choose square section for this column and its dimension is 40*40 cm

()

4-5-2-3 Design:

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

Weuse 12 716 .

s o @ e
@ ™
] ™

e @ @

(Figure 4- 35:Steel Truss Column Design)
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(4.5.3) Pos./F/: Design of Foundation.
4-5-3-1 materials:

f. = 24MPa
fy = 420MPa

4-5-3-2 |oading:

-vertical load from truss:

Pu=150KN

-Lateral load (wind load):

Wind load=2.04kn/m

The value of moment from wind load :

Pw.. =5.1*0.8*0.5=2.04KN/m at the column

M=2.04*8*4=65.3 kN.m
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4-5-3-3 Design:
By using Atir program design we define the section and enter the load and get the

design.

(Figure 4- 36:Steel foundation)
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