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ABSTRACT

Structural Design of Industrial Building

By
Ishag Mah. Jweiles Ma'moun Abu Rayyan

Palestine Polytechnic University - 2004

Supervised By

Dr. MAHER AMRO

As aresult of growth of population and civilization development in Palestine,
the fixture is appeared to exist of many large industrial buildings, these may need
large areas, to reach this requirements, suitable structural systems and suitable
structural materials should be used. This means that the production should take the
shortest time, the minimum cost and to resist high stresses.so the steel is one of the

most suitable materias, which is used for these kinds of construction.

We try to reach many objectives by this project, such as the structural study of
construction system for this industrial building and administrative building, design of
all the constructions elements and drawing all of construction plans for this industrial
building. So we will use steady steps to reach to our objectives by this project such as
structural analysis study for this industrial building, design of all structural elements,
that contains of concrete and steel elements and drawing all of executive plansfor this
building, that consist of concrete and structural steel elements.
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CHAPTER 4
STRUCTURAL ANALYSISOF INDUSTRIAL BUILDING

4.1 - Introduction:

In Generdl, all parts of the steel framework of the structure shall be capable of
sustaining the most adverse combination of the Dead loads, prescribed imposed
loads, wind loads, earthquake loads where applicable and any other forces or loads to
which the building may reasonably be subjected without exceeding the permissible
stresses specified in this standard.

4.2 - Material Characteristics:

The existing profiles are from Germany and they satisfied the conditions of the
Germany Code in addition to there are available types of profiles.
There are two main types of steel used:
1- (ST-37) t <40 mm Fy = 240 N/ mn?, Fu=360 N/mm?[6]
t>40 mm Fy =215 N/ mm?, Fu = 360 N/mm?
2- (ST-52) t<40mmFy =360 N/ mmz, Fu =510 N/mm? 6]
t>40mmFy =325 N/ mmz, Fu=510 N/mm?
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4.3 - Design of corrugated Roofing sheets (CS.1):

The used systemis:

Figure (4 -1): system of loads for corrugated roofing sheets (CS.1).
Loads: -
Selected from specifications of producer (1).
Hoesch — Sandwich elements.
(TL75in  ta=0.63mm ti =0.55 mm)

Figure (4 -2): section of corrugated roofing sheets (CS.1).
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Table (4 -1): properties of corrugated roofing sheets types(1).

Thickness (t)

mim
0.63
0.75
0.88
0.63
0,75
0.88
TL 115i-n 0,63
0,75
0,88

Deadload D=125kg/m2 =0.125 KN/mz.
Snow load S=100kg/m2 =1.00 KN/m2.[§]
Windload qgw=0.80 x -0.6 =-0.48 KN/m?2. [8]

The design of corrugated steel roofing (corrugated sheet) will be done by using
design values of alowable snow load and allowable wind load; these values are
taken from table produced by the producer.
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Table (4 -2): Table of design values of allowable snow load [5]

T
LF =
B3 083 076 0.70

rs

TL 118kn

LB

0.5z

0.86 0.78 474

FH 106 090 091 085,

1.5

116

108 100 (88

Salowable= 1.5 KN/m2 > Existing S= 1.0 KN/m?

Allowable L for Wind load (0.48 KN/m?)=5.37 m > Existing span =2.5m
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Table (4 -3): Table of design values of allowable Wind load [5]

Building type closed

Hieght over ground Q0 <l 100
wind load (KN/m2) 0 048 066~ 078 |

wimml ] max

TL76kn 083 085 | 628 53 425 378
05 0S5 42 448 405
088 D55 543 C44R 408
08 055 625 488 405
0% 055 625 530 4M
088 0S5 625 530 48
081 085 650 850 AT
078 085 | 650 650 605 545
088 088 650 613 580
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4.4 — Design of Purlines: -

4.4.1 -Design of PurlinesP.1: -
1- System and loads: -
A. System

WL
SL

DL

Figure (4 -3): System of loads for Purlines P.1.

B. Dead Load
Dead load of beam = 0.5 KN/m.
Load of corrugated sheets = 0.12 x2.5 = 0.32 KN/m.
Installation = 0.1 x 2.5 = 0.25 KN/m.
C. Snow load 1x 2.5 =2.5 KN/m.
D. Windload =-0.48 x 2.5 =-1.2 KN/m.
E. Load combination
- 1:12D+16S=12%x11+16x%x25=532KN/m.
- 11 09D-13W=09x%x11-1.3x12=-0.57 KN/m.
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2- Design of beam dueto load combination (1): -

Figure (4- 4): Shear & Moment diagram of load combination (1).

Mu =29.1 KN.m
Vu=23.83KN

A. Design of bending moment (Select ST-37, fy = 240 Mpa): -
Assume compact section
Mn=® Mp = Mu, Mp=fyxZ
Mp =240 x Zreq. x 0.9 > Mu

PRI

6 ETOR T 2 e
Zreq.2 29.1x107 _ 134.7 Cm?3
240x 0.9 =T
S0 Zreg. = 134.7 Cm3 O S
Select (l PE-ZZO) ’ Ll :
[ |
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Check of compact section: -

Ml <Ap

| fl =E= 110 =5.98<Ip
2f 2x9.2

1p=2__ % _p0
Jiy /348

AMIE=5.98 < AP = 1L0L ..o e e e Ok

twet 22 a0 cip=- 1085 Ok
w 59 \34.8

Nomina moment strength: -
®fyxZ=>Mu

0.9 x240%143%x103 = 30.9 KN.m
® fy x Z2=30.92>29.1 KN.m
B. Design requirement of shear :-
®Vnz=Vu
Vn = 0.6xfy xAw
Aw =tw x d = 5.9x177 = 1044.3 mm?
Vn =0.6x240x1044.3 = 15.4 KN.
® Vn=0.9x150.4 = 135.4 KN > 23.83 KN.
C. Design requirement of deflection: -
Amax (liveload) < L / 360.
Amax = (7.5 x 1000) / 360 = 20.83 mm.

5|2
A= Mf —0.1(M1+ Mr)]|.
28E] [ I )]
2
Az > 7500 _[127x10* - 01136 x 10*)]|=11.4mm
48x 21x10" x 2770x 10
A=114mMm<Amax=20.83mm. ............... The Condition is satisfied

Selected profileis | PE-220
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3- Design of fastenersdueto load combination (I1):-
A- System and loads:-

Figure (4 -5): system of loads for combination (11)

Maximum value of support reaction at B (Bu = -4.52 KN)
A-aselected material M 5.6 where: fy (bolt) = 300N/mm?

Fu (bolt) = 500 N/mm?2

B- Design of Bolts:

Two bolts are used to prevent the translate of beam in Y -Direction.
Where: @tn>tu tu=Bu

0.75 x fu (bolt) x0.75x2A (bolt) = Bu

0.75 x 500%0.75x2(Tixd?/4) = Bu

Bux4
0.75x500x% 0.75xp

» 452x10° x 4
dreq>
0.75x500x 0.75xp

dreq.=3.2 mm

d’req>

=10.23mm?
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Figure (4 -6): Method of connection of fasteners.

4.4.2 - Design of purlines P.2:

1- System and load:-
A. System

Figure (4 —7): system of loads for Purlines P.2.
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B. Dead Load
Dead load of beam 0.5 KN/m.
Load of corrugated sheets 0.12 x 2.5 =0.32 KN/m.
Installation 0.1 x 2.5 = 0.25 KN/m.
C. Snow load 1x 2.5 =2.5 KN/m.
D. Windload -0.48 x 2.5 =-1.2 KN/m.
E. Load combination
- 1:12D+16S=12%x11+16x%x25=532KN/m.
- 1 09D-13W=09x%x11-1.3x12=-0.57 KN/m.

2- Design of beam dueto load combination (1): -

Figure (4-8): Shear & Moment diagram of load combination (I).

Mu =37.41 KN.m
Vu=19.95 KN.m
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A. Design of bending moment (select ST-37, fy = 240 Mpa): -

Assume compact section

Mn=® Mp=Mu ,Mp=FY xZ

Mp =240 x Zreg. x 0.9 > Mu

37.4x10°
240x 0.9

S0 Zreq. =173.15Cm3

Zreq> =173.15Cm®.

LU o' S

Select (1 PE-240)

Check of compact section: -

AL =612 AP = LLOL oot
t 190 040 1085 e

M < Ap
=2 _ 120 _g1500p
2f  2x9.8
65 65
Ip=—r =—2_=110L
Jfy /348
W=—=""=306<|p=——
tw 6.2 P~ s

Nominal moment strength: -
®fyxZ>Mu
0.9 x240x183%x10% = 39.53 KN.m
® fy x Z=39.53>37.4 KN.m

B. Design requirement of shear :-
®Vn=Vu
Vn = 0.6xfy xAw
Aw =tw x d = 6.2 x190 = 1178 mm?
Vn=0.62x240x1178 = 175.3 KN.

® Vn=0.9x175.3 = 157.8 KN > 19.95 KN.
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C. Design requirement of deflection: -
Amax (liveload) < L / 360.
Amax = (7.5 x 1000) / 360 = 20.83 mm.

_ 5wl* 5x 2.5x 7500*

= = n = =12.6mm < A max = 20.83 mm.
384El 384 x21x10" x389x10

From these results we will use the maximum section Dimensions of (1) profile, so we

will use (1) profile (I PE-240) for al purlines.

4.5 - Design of bracing:

4.5.1- Design of wind bracing of roof (br.1):
1. System and loads:
A. System:

Figure (4-9): System and loads of wind bracing of roof.
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B. Loads: -

':I'.".l

064 KM,'m.

-—

-—
-—
]
]

L]

-

-
-
+—
B —

Figure (4-10): Wind loads act on bracing of roof.

gw= (0.4 + 0.64) x 13%x0.5x0.5 = 3.38 KN/m
gw f = factored wind load = 3.38x1.6 = 5.41 KN/m.

2. Design of tension:
tu = 56.91 KN
din=tu
4.tn=0.75 x Ab x fu = 0.75 x Ab x (0.75 x fu)

3
RequierdAb = ftxtn _ 56.91x10 _ 281mm
0.75x0.75x fu 0.75x 0.75x 360
p xd?
Ab=281= 4 = d=189mm (selectd=20mm)

Select (Rod ST-37, 120 mm, L= 7.90 m)
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4.5.2- Design of wind bracing at the sides (br.2):
1. System and loads:

iz Cr

20, 25 KM,

13.05

Figure (4-11): System and loads of wind bracing at the sides

2. Design of tension:
In this system it's shown that the member (BC) is tension member, and member (AD)
IS compression member, in this case we will ignore the compression member.
So:
Tension force in member (BC) =tu (BC) = 122.2 KN

ftxtn 122.2x10°

RequierdAb = =
0.75x0.75x fu 0.75x 0.75x 360

= 600mm

p xd?

Ab=281= = dreg. =27.6 mm (select d= 28 mm)

Select (Rod ST-37, 128 mm, L= 15 m)
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4.6 - Design of mainframe: -

The industrial building roof will be designed as frame & truss, and then the best
structural solution must be used, but the selected structural system must be

acceptable for architectural engineer.

4.6.1 - Design of Roofing system as main frame: -

1- System and loads: -
F. System

=
15,00 L 750

Figure (4-12): system of loads for frame.
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G. Dead Loads:-
Dead load of frame D = 0.43x7.5 =3.22 KN/m.
Dead load of frame D = assumed = 1.0 KN/m.
—> Dt=4.22KN/m.
—> Dt=(4.22)/ (Co0s6.84) = 4.25 KN/m.
H. Snow load = 1x7.5=7.5 KN/m.
[.  Windload =-0.48x7.5 =-3.6 KN/m.
J.  Load combination
- 1114D.
- 1 1.2D+16S=12%x425+1.6%75=17.1KN/m.
- 1I: 09D-13W=0.9x%x425-13x%-3.6=-0.855 KN/m.

2- Design of frame dueto load combination: -

-3 g,

Figure (4-13): Shear & Moment diagram of load combination.
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Mu = 361.361 KN.m
Vu=151KN

D. Design of bending moment (select ST-37, fy = 240 Mpa): -

Assume compact section

Mn=® Mp=Mu ,Mp=fyxZ
Mp =240 x Zreq. x 0.9 > Mu

. 361.361x10°

Zreq> =1619Cm*
. 240x 0.9
So Zreg. = 1619 Cm?3
Select (HEB-400)
Check of compact section: -
Ml < Ap
| fl =E= 300 =6.98<Ip
2tf  2x215
=11.01.

| pzﬂzi
Jfy /348

Al = 7.895 AP = 1101 oottt e et

Ly L 298 640
tw 135 V348

Nominal moment strength: -
®fyxZ>Mu
0.9%240%1620x10% = 362.9 KN.m
® fy x Z =362.9> 361.361 KN.m
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E. Design requirement of shear :-

®Vn=Vu

Vn=0.6.fy. Aw

Aw = tw. d = 13.5%298 = 4023 mm?

Vn = 0.6x240%x4023 = 579.3 KN.

® Vn=0.9x579.3 =521.4 KN > 151 KN.
F. Design requirement of deflection: -

Amax (liveload) < L / 360.

Amax = (15 x 1000) / 360 = 41.67 mm.

5|2

A= Mf —0.1(M1+ Mr)]|.

285 [ I )]

2

A= >x 15000 _[13926x10* — 0.1(15819 10*) |- 23.88

48x 21x 10" x576.8x10
A=23.9mMm
A=239Mm<Amax=41.67mm. .................. The Condition is satisfied

Selected profile is HEB-400

3- Design of fastenersdueto load combination (111):-
A- System and loads:-

T T TN T TRV

Figure (4-14): system of loads for combination (I11)
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Maximum value of support reaction at B (Bu = -33.8KN)
A-aselected material M 5.6 where: Fy (bolt)= 300N/mm?
Fu (bolt)= 500 N/mm?

B- Design of Bolts:

Two bolts are used to prevent the translate of beam in Y -Direction.

Where: @tn>tu tu=Bu

0.75 x fu (bolt) x0.75xA (bolt) = Bu

0.75 x 500%0.75%2(mixd?/4) = Bu

Bux 4

2x0.75x500% 0.75x p

d?req> 33.8x10° x 4
2x0.75x500x 0.75xp

dreg.=8.7 mm

d’req>

=153.0mm?

Figure (4-15): Method of connection of fasteners.
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4.6.2- Design of Roofing system asatruss:

1. System and loads: -

1:Top Member /0 2:Diago-al MembzrD)

JiPzrzendicul =r Mer ceri=) 4iLawe- Membzrl)}

Figure (4-16): System and loads of truss.

2. Design of top member (O): -
A. Design of member as a compression member:
Pu=-208.7 KN
Select (I PE- 180)
Lx =125 cm, Ly =250 cm

| x— kX|X:lX125:16.85
Rx 7.42

_kxly 1x250
ry 2.05

1/2 1/2
p°xE p“x21x10

ly =121.95
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I c\/a =1.31x1 where Q = 1 for this case.
Fcr = 0.658 power (Q x Ac?) x (Qxfy) = 0.658 power (1 x 1.3x12) x (1x240)
For = 0.658%"< (Q x fy)=0.658""%" (1x 240)
Fecr= 117 Mpa
1 Pn>Pu

(0.85 x 117 x 2390 = 237.7 KN) > (Pu = 208.7 KN)
(SO it’s Safe)

B. Design of member as a tension member:
L.tn>tu
(. tn =0.9 x 240 x 2390 = 516.24 KN) > (tu = 84.13 KN)
(SO it’s Safe)
The selected profile (1PE-180) is safe and economical

3. Design of diagonal member (D):

A. Design of member asa compression member:
Pu=-111.5KN

1. Select rectangular tabular section Where:
Ag=134cm? Rx=3.62cm, Ry =241 cm
Ly =325cm

_kxly 1x325
ry 241

12 1/2
|c:|y( WJ :134.8(&) 1
p’*xE p?x21x10*

5
=
TR

l=170
le<77.5 004

=134.8

ly
folagils s
B [T S A

66




For =0.658%< (Q x fy)=0.658""*" (1x 240)
Fcr=99.54 Mpa

_ 1115x10°

g=—""—_-13.18Cm’
0.85x 99.54

But (Agselected =13.4Ccm2 > 1318 CMA)...cviivi i e e e e e

2. Check of local plate buckling: -

_9_ 60-2x2x4.5
t 45

I'r _bn 65 40.3

Ty 20

I =9.33

.OK

So: (A=933<Ar=40.3) .....................Local plate buckling will not control

lc=,/Q=145x1 where Q = 1 for this case.

1. Pn>Pu

(IxFcr x Ag=0.85 x 99.5 x 1340 = 113.3 KN > Pu=111.1 KN)
(SO it’s Safe)

B. Design of member asatension member:
tu=134.33 KN
L.tn>tu
(L x tn =0.9 x 240 x 1340 = 289.4 KN) > (tu = 134.33 KN)
(SO it’s Safe)

The selected profile (100x60x4.5) is safe and economical
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4. Design of perpendicular member (P):

A. Design of member asa compression member:
Pu=-192.89 KN ey
1. Select rectangular tabular section Where:
Ag=10.9 cm?, Rx = 3.66 cm, Ry = 2.45 cm
Ly =0.50 + 0.833=1.33m =133 cm

_kxly 1x133
Ry 241

1/2 1/2
lc=I y( zfy j = 54.29(#) =0.584
p°xE p‘x21x10

Fer =0.658%'¢ (Q x fy)=0.658"%% (1x 240)
Fcr=208.48 Mpa

=53 -wn.q

ly =54.29

K zctananlar tzlealz
axcriom (L)

AQ — 192.89x10°

=——"—=10.88Cm*
0.85x 208.48

But (Agsdected=10.9cm?2>10.88CM2)......ccoiviiiiiiiiiiiiiiiii e e eaa s

2. Check of local plate buckling:
_9_ 60-2x2x3.6

| =12.67
t 3.6
Jfy V240

So: (A =12.67 < Ar =40.3)

Local plate buckling will not control

| c/Q =0.584 x 1=0.584 where Q = 1 for this case.

Ix Pn=Pu

(YF x cr x Ag=0.85 x 208.5 x 1090 = 193.2 KN > Pu =192.9 KN)
The selected profile (100x60x3.6) is safe and economical

68

=n

o

a=1diemd
y=2a.2 ord

...0K




5. Design of lower member (U): -

A. Design of member as a compression member:
Pu=-194.8 KN
Select (I PE- 180)
Lx =125cm, Ly = 250 cm

_kxIx  1x125
Rx 7.42

_kxly 1x250
ry 2.05

12 1/2
PEVEUS I S S
p-xE p?x21x10*

I c\/5 =131x1 Where Q = 1 for this case.

=it rm s

| x =16.85

ly =121.95

For =0.658%< (Q x fy)=0.658""% (1x 240)
Fcr= 117 Mpa
L. Pn=Pu
(0.85 x 117 x 2390 = 237.7 KN) > (Pu = 194.8 KN)
(SO it’s Safe)

B. Design of member as a tension member:
Tu=128.5 KN

l.tn>tu
(L. tn =0.9 x 240 x 2390 = 516.24 KN) > (tu = 1285 KN)............. (SO it’s Safe)

The selected profile (1PE-180) is safe and economical
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4.6.3 - Comparison between the two systems (frame & truss) and selection.

1. Thetota weight of frame (HEB-40) = 35.092x8 =280.7 KN

2. Thetota weight of truss:-
W=0.188x22.64+39.6x0.105+36.07x0.0855+22.5x0.188 = 15.73
Wt =15.73x # of truss=15.73 x 8 = 125.8

The total weight of frame is greater than the total weight of truss, so it's not
economical if it's compared with truss but if the trussis used in this case we will rise
the height of structure, in order to that the cost of truss is higher than that in frame
because it's connected by welding. So this solution is not acceptable from
architectural engineer.

So the frame system is selected

4.7 - Design of cranegirder (Run way beam): -

Crane girders are provided in workshops, power and factories, to support
cranes for movement of machinery, raw way materials and finished goods. The
present-day cranes are electrically operated (EQT) and move at a greater speed, thus
cause greater stresses due to impact. For smaller crane capacities wide flanged
I-beams are used. For heavy capacities I-girder with channel riveted on top is used.
For heavy capacities build-up plate girder with channel or built-up channel at top is
provided.
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A. System and loads according to (Y) axis:
1. System:

Yy l yYryxw

¥ Y YY¥Y¥rYYTYF¥

Y ¥ r ¥y "y ¥ rYr¥yYyyYyy

X and ¥ are variables

Figure (4-17): System and loads of crane according to (Y) axis.

2. Loads:
Dead loads:
Dead load of crane girder (1) profile=1.5 KN/m.

Dead load of Channel profile (50x50 mm) = 0.5 KN/m.
Total Dead load = 2 KN/m.

Liveloads:

R max =34.9 KN (Where impact factor = 1.25)
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B. System and loads according to (X) axis:

1. System:

> P h
HM_1 LHMLZ
. ST .
| - |
. e,
el =
. e
Xand Y are variabhles
Figure (4-18): System and loads according to (X) axis.
2. Loads:
HM.1=9.79 KN these valuestaken from table (3-1).
HM.2 =236 KN
C. System and loads according to longitudinal axis:
= — =017 — hd
L=17 KN - < S |
ol e,
) E

2 and yw are variables

Figure (4-19): System and loads according to longitudinal axis.
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D. Moment about (X) and Shear forcein (Y) direction:

1. Moment:
Fore maximum bending moment about (X) the distance between one wheel and the
resultant of two wheels should be bisected by the center of span as shown in figure
(4-17).

So: (x=3.25m, y= 2.25m, the distance between the two wheels= 2m)

Ay = 34.9x 1.6x1.25/7.5 = 60.49 KN
Maximum B.M (due impact factor=1.25) = Ay x 3.25
=60.49 x 3.25 =196.6 KN.m

Maximum B.M dueto sdlf load and cranerail = %

= 35X75 _ 4 oakNm

Total maximum bending moment = 196.6 + 3.28 = 199.88 KN.m

2. Shear:
For maximum shear, one of the two wheels should be at the support as
Shown in figure (4-26), but in this case the value of (x=0 m) and (y=5 m).
So: a (x= 0 m, y=5 m) the value of maximum shear=Vy max.

35x75

Where Vy max = 69.8 KN + =82.92 KN.
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E. Moment about (Y) and Shear forcein (X) direction:

1. System:

2.2 ; c J— 2.2 ’
_HM.1 _HM
o g

Figure (4-20): location of horizontal loads that produce the maximum moment

2. Maximum Shear and moment Vaues:
My max. = 32.56 KN.m
VX max = 15.68 KN

F. Design of cranegirder (B.2):

1. Selection of profile:

A tria section is chosen and checked for stresses. The section is revised if
Stresses are not within the limits or if it is uneconomical.

Use HEB-360 (h=360 mm, W=1.50 KN/m)
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Charmnel Prcfile
e 2050

I profile
(crare girder)

Figure (4-21): Profile of crane girder (B.2).

2. Determination of moment of inertia (1x, 1y):

v 50x 9% 205+ 22.5x 300 x 169 — 22.5x 300 x 169
50x 49 + 22.5x300x 2+ 261x12.5

Y' =26.10 mm.

bx h®
12

50 x 49°

= 26.10mm

Lx =4319x10° +

(channel) + Ad?(Iprpfile) + Ad?(channel)

Lx =4319x10° +
X'=0

(channel) +181x 26.1x10% + 50 x 49x 177.5 = 43329.7Cm"*

Ly =10129Cm"*,

_ 2(22.5x 300°%) , 261x 12.5°
- 12 12
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3. Maximum tensile and compressive Stresses:

M“'i L MUY gy = 240Mpa)
dbx X dbx—Y
Cy Cx
5 5
0.9x TOETIXIT g gy TSN AY
207 150
= 160 Mpa< 240 Mpa.............. (It's safe)

4. Maximum Shear:
Vxvn=>Vu  but (v=0.9)
Vn = 0.6xfywxAw = 0.6x20x3262=469728 N
IV=0.9x469728 = 422 KN
(V=422.7KN) > (Vu=82.92 KN)

5. Sizeand length limitations for fillet weld (Channel with | profile):

Figure (4-22): Dimensions of fillet welds.

Note: For more about design of bolts & welding, see Appendix 7.3/7.4.
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SU _VySX
Lyb

Z _82.92x 10°% x 150
10129 2x 33.51

f Rnw=0.75x 2x tex 0.6 x 240=0.75x 2x 335x 0.6 x 240=723aMpa

Where b=2xte

=18.32Mpa.

fROW>>U ... OK (It's safe)

6. Limitation of deflection:
Amax (live load) <L / 700
L/ 700 = 10.71 mm

Figure (4-23): Equation of deflections values.

ButA max =

Pxa [3>< L2 —4><a2]
24 x El

3 43.62x10° x 2.75
24x 21x10° x 43329x 1078

AmMax =7.61mm<10.71MmMm .........ccoviviiieiiiiieiee e e e (IU'S SEFE)

A max [3x 752 — 4x 2.75?]
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7. Check for local web yielding:

Figure (4-24): Ability of local web yielding

x-t_C_ o
4

L=25K+N whereN=0
_H-hl 360-261
2 2
L= 2.5%0.0495 = 0.1238 m

JRN=Lxtw xfy x @=0.124 x 0.0125 x 2.4 x 10 x 1 = 372
ceeeneen (It's safe)

K =49.5mm.

3725 (RUZ69.8). c.vee oo,

So the profiles used (HEB-360) and channel (50x50) is safe

78



G. Design of Boltsfor cranewith columns:; -

In this case the design of boltswill beto resist shear force, where Ru = 17 KN.
Select the material M5.6 Where:
f,” = 300N / mm’
f,° =500N / mm?
®Rn>Ru
®RN=0.75x 0.4x Fu® x mx A,
0.75x 0.4x Fu® x mx A =17x10°
0.75x 0.4x500x1x A =17x10°
A, =113.3mm’*

select2.bolts
d,e =8.5mm

4.8 - Design of solid slabs:

The critical sections for positive and negative moment in the spans of a
continuous girder are located at or near mid span and at the supports. These
sections must be designed for the maximum moments created by both dead and
live loads. Analysis for the dead load, which is fixed in position and magnitude,
needs to discussion; however, the maximum values of positive and negative
moment at critical sections in a given span are produced by different live load
patterns.
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4.8 - Design of solid slab (S.2):

A. System and loads:

——— =Ll
(L2260 Kz LL 1=500 Kgind

TTIPYYYEYYPYYEYYY e
¥IrTi F'!"I'1"I"I"I'F'|"I'ﬂ—']'1'!'!'l"lfl"l" TFYIFETITYY

DL.2-5289." Kgm DLI=:3: 5 Kei Ilg,;rﬂ
'I'r"rTl—ﬂrrmr'l'fF'lrr'l'Ff'l"lrr'l'r% YFYYETIYYYYRTY
il H 5 i A

e £y TE. 7= =11 o

s
=
Eoily:

Spanl} Jand) pand3) fpani ) Spanlf] Spanlé]

Figure (4-25): System and loads of solid slab S.2.

B. Shear and moment Diagrams:

[
4Z W

]
=il
=1n
—hll

—-T7i.21 : -T1.51

[ = Hn]
=0n
=Fhll

a0

I

Jo

o

Figure (4-26): Shear and Moment Diagrams
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A-span (1) & (6):-
1-material properties:

fy= 400 Mpa fc'=25 Mpa
2-Requirement of deflection:

> LN = 73 =0.30m=30Cm
24 24

3- Design of bending moment:
Mu = 82.08 KN.m p max = 0.0203
Assume Concrete cover C=2cm

D(bar) 2

d=h-c- =30—2—§:27Cm

fy 400

m= = =18.82
0.85fc’ 0.85x25

Mn :w:@:mZ.G KN.m
() 0.8

Mn 102.6
Rnreq = = =1.047
™ bd? 1x0.272

rreq=1|1- [1-omx 2= L 1—\/1—2x18.82xﬂ —0.0036
m fy | 18.82 400

r min=E:£:O.0035
fy 400

preqg>pmin soit'ssatisfied
As req = p req xbxd = 0.0036x100x27 = 9.72 cm?/m
Select 420@ 25 cm Ast provided = 12.57 cm?/m
Ast>202xAd = Ast=0.2 x 12.5=2.5 cm?m
Where: Ad = longitudinal stedl.
Ast = transverse stedl.
Select 410 @ 25 cm Ast provided = 3.14 cm?/m
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4- Design of shear:
Vu=75.63 KN

Vu at (g +d ) =68.38 KN (by interpolation) (a= width of beam)

Dx VC=0.75><%>< fc' xbxd =0.75><%><\/2_5><270><100

dx V¢ =168.75 >68.38 s0 the limitation is satisfied

No shear reinforcement isrequired
B-span (2):

1-design of bending moment:
Mu=7.75KN.m p max = 0.0203
Assume Concrete cover C=2cm

D) _39_2_-2_ 27¢m
2 2

Sod=h-c-

fy 400

m= = =18.82
0.85fc" 0.85x25

anmzmz 9.69KN.m
(0)) 0.8

_ Mr21 __ 969 ~=0.133
bd 1x0.27

rreq:l 1- 1—2mx& :i 1—\/1—2><18.82><0'133 =0.00033
m fy | 18.82 400

r min:E:H:O.OOC’:S

fy 400
preq>p min soit'snot satisfied
As req = p req xbxd = 0.00033x100x27 = 0.891 cm/m
But As needed =Asregx1.3 = 1.16 cm?/m

Rnreq
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Select 8 @ 25 cm Ast provided = 2.01 cm?/m
Ast>0.2 x Ad = Ast = 0.2 x 2.01=0.402 cm?
Select 6 @ 33 cm Ast provided = 0.85 cm?/m

C-span (3) & (4):

Design of bending moment:
Mu =58.03 KN.m p max = 0.0203
Assume Concrete cover C=2cm

D(bar) 2

Sod=h-c- =30—2—§=27Cm

fy 400

m= = =18.82
0.85fc’ 0.85x25

_Mu _58.03

Mn =72.53KN.m
() 8

Mn 72.53
Rnreq = = =0.995
™ bd? 1x0.272

rreq:l 1- 1—2mx& :i 1—\/1—2x18.82x% =0.00254
m fy | 18.82 400

preqg>pmin soit'snot satisfied
As req = p req xbxd = 0.00254%100%x27 = 6.858 cm?/m
But As needed =Asregx1.3 = 8.92 cm?/m

Select 420@ 25 cm Ast provided = 12.56 cm?/m
Ast>0.2 x Asl = Ast =0.2 x 12.56=2.51 cm?
Select 410 @ 25 cm Ast provided = 3.15 cm?/m
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D-span (5):

Design of bending moment:
Mu=13.6 KN.m p max = 0.0203
Assume Concrete cover C=2cm

Dlbar) _ 4 2—%: 27Cm

Sod=h-c-

fy 400

0.85fc’ 0.85x25

anmzﬁzﬂKN.m

® 08

Mn_ 17 (o033

" bd?2  1x 0272

rreq:l 1- 1—2mx& :i 1—\/1—2><18.82><0'233 =0.0059
m fy | 18.82 400

r min:E:H:O.OOC’:S

fy 400
preq>pmin soit'ssatisfied
As min = p min xbxd = 0.0035%100x27 = 9.45 cm?/m
As req = p req xbxd = 0.0059x100x27 = 1.566 cm?/m
Select | 8 @25 Ast provided = 2.01 cm?/m

Rnreq

Ast>0.2x Ad = Ast=0.2 x2.01 =0.402 cm2.
Select 4 6 @33cm Ast provided = 0.85 cm?/m
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E-support (2& 4& 6): -

Design of bending moment:
Mu = 99.24 KN.m p max = 0.0203
Assume Concrete cover C=2cm

M=3o-2—§=27cm

Sod=h-c-
fy 400

m= = =18.82
0.85fc’ 0.85x25

Mn = Mu_ 992 =124.05KN.m
® 08

Rego Mn _ 12405

bd? 1x0.272

rreq:l 1- 1—2mx& :i 1—\/1—2><18.82><1'70 =0.0044
m fy | 18.82 400

preq>pmin soit'ssatisfied
As req = p req xbxd = 0.00444x100x27 = 11.975 cm?/m

Select 420@ 25 cm Ast provided = 12.57 cm?/m
Ast>02xAd = Ast=0.2x 12.57=2.51 cm¥m
Where: Adl =longitudinal steel.

Ast = transverse stedl.

Select 410 @ 25cm Ast provided = 3.14 cm?/m
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F-support (3&5): -

Design of bending moment:
Mu = 62.66 KN.m p max = 0.0203

Assume Concrete cover C=2cm
D(bar) 2
2

Sod=h-c- =30—2—§=27Cm

fy 400

0.85fc’ 0.85x25

Mn=Mu _ 6266 o oo m
® 08
Rnreq = Mrz' - 78'3232 ~1.074
bd 1x0.27
rreg=—|1- f1-2mx 0oL 1—\/1—2><18.82>< 10741 _ 50025
m fy | 18.82 400
r min=E:£:O.0035
fy 400

preqg>pmin soit'snot satisfied
Asreq = p req Xbxd = 0.0025%100x27 = 7.44 cm?/m
But As needed =Asreqx1.3 = 9.68 cm?/m

Select 420 @25cm Ast provided = 12.56 cm?/m
Ast>0.2x Ad = Ast =0.2 x 12.56=2.51 cm?m
Select 410 @ 25cm Ast provided = 3.14 cm?/m
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CHAPTER 4

Structural Analysisof Industrial Building

c. Design values.

Table (4-4): Design of Solid Slab (S.2).

S1
Su Mid Sp Mid Mid Sp Mid Sp Mid Sp Mid Sp Su
p. i an i an i an i an i an p.
Sup. (B) Span Sup. (C) Sup. (D) Sup. (E) Sup. (F)
(A) D (3 4 ©) (6) (G)
%))
iy 0.0 82.1 99.2 7.8 62.66 58.0 99.2 59.8 62.66 13.6 99.2 855 0.0
(KN.m)
Req. 0.0 1.407 1.701 0.133 1.074 0.995 1.701 0.995 1.074 0.233 1.701 1.466 0.0
Rn(M pa)
R 0.0 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0
()
Req. (0) 0.0 0.00364 0.0044 0.00033 0.0025 0.00254 0.0044 0.00254 0.0025 0.00059 0.0044 0.0038 0.0
R el 0.0 9.72 11.975 0.89 7.44 6.86 11.975 6.86 7.44 1.57 11.975 10.26 0.0
(cm?)
AsL $20@25cm | {20@25cm | L20@25cm | 8@25cm | 120@25cm | L20@25cm | $20@25cm | 420@25cm | L20@25cm | 8@25cm | 120@25cm | L20@25¢cm | 420@25cm
Provided
) As=1256 | As=1256 | As=1257 | As=201 | As=1257 | As=1256 | As=1257 | As=1256 | As=1257 | As=201 | As=1257 | As=1256 | As=12.56
cm
$10@25cm | {10@25cm | 110@25cm | {6@35cm | $10@25cm | L10@25cm | $10@25cm | 410@25cm | 110@25cm | {6@33cm | 110@25cm | L10@25¢cm | 410@25cm
Ast (cm?)
As=314 | As=314 | As=314 | As=0.85 | As=3.14 As=3.15 As=3.14 As=3.15 As=314 | As=0.85 | As=314 | As=314 | As=3.14
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4.9- Design of beams under the solid slab.

Design of Beam B.3: -
1- System and load: -
a) System

Es

Figure (4 — 27): system of loads for Beam B.3.

b) Dead Load

Dead load of beam = 0.5 KN/m.

Dead load of beams = 0.5 KN/m

Dead load of slab =7.5x7.5=56.25K N/m

Total dead load = 56.75KN/m

Du=56.75(1.2) =68.1 KN/m
c) Liveload =5x7.5= 37.5KN/m.

Lu=1.6x37.5=60 KN/m.
d) Load combination
-12D+16LL=12x56.75+ 16 % 37.5=128.1 KN/m.
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2- Design of beam: -

Figure (4- 28): Shear & Moment diagram of load combination.
Mu = 900.7 KN.m

Vu=480.4 KN.m

G. Design of bending moment (select ST-37, fy = 240 Mpa): -

Assume compact section

Mn =q3|\/|p2|\/|u ,Mp:fyxz -’,_,=I.'n;¢
Mp = 240 x Zreq. x 0.9 = Mu \ = —— La=m
6 l
Zreq> 207107 _ 1169.90me S .
240 0.9
So Zreq. = 4169.9 Cm? | e
B

Hew =1

Select (HEB-500)
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Check of compact section: -
Ml <Ap

=2 30

= =535<Ip
2tf 2x28

E = i =11.01.

| p=
P Jfy /348
MI=5.96 ADPZ L1101 ..ottt e

! @:26.8<| p=ﬂ=10850k

W=—=
tw 145 \34.8

Nomina moment strength: -
®fyxZ>Mu
0.9 x240% 4290x10° = 926.6 KN.m
® fy x Z=926.6 > 900.7 KN.m

H. Design requirement of shear :-
®Vn=Vu
Vn = 0.6xfyxAw
Aw =tw x d = 4.5x390 = 5665 mm?
Vn =0.6x240x5655 = 814.32 KN.
® Vn =0.9x814.32 = 732.89KN > 480.4 KN.

I. Design requirement of deflection: -
Amax (live load) < L / 360.
Amax = (7.5 x 1000) / 360 = 20.83 mm.
A= 358"1'; - 384?;:?0’; 15;)21 o = 6:86mm< A max = 20,83 mm...Ok
So use HEB-500

Note: For more about design of bolts & welding, see Appendix 7.3/7.4.
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4.10- Design of Columns:

Sample of calculation*“Design of Column (C.1)”:-
A. System and loads:
1. System:

P.AID=2%.71 KM
P.AL=536.27 KM

|

q4 L m

1

1

P.2D=7.5 KM
P.ZL=75.06 KRN

1
;

-

481 KN/ m

W

FIYYEYYY

P.3D=25.07F KM

w=3 KNfm
L
TYTEYTEYTILY YR

!

Ef%f}é; f!f I?%f.

Figure (4-29): System and loads of column (C.1).

2. Loads combinations for designing a structure of “mixed" construction:-
e Load combination (I): U=1.4DL.
- Pu=76.564 KN.
- Mu=0.45x10.5=4.72KN.m
e Load combination (I1): U=1.2D+1.6L+0.5S.
- Pu=219.02 KN.
- Mu=0.45x+0.45%x120.98+8%15.66 = 184.19KN.m
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e Load combination (I11): U=1.2D+1.6S+0.5L.

- Pu=197.724KN.
- Mu=319.29KN.m

B. Column Strength: -
Select (HEB-450)
Local plate buckling Q=1.0

£ _ 30 _gop 20 _ 20 469
tt 2x26 Jiy V240
lw=" 23 o711 =98 408
w14 240
Kx=20 Ky=1.0
2. a. Buckling about X-axis Kx = 2.0
Kx.Lx _ 2x12.6x100 1319
X 19.1
2. b. Buckling about Y -axisKy = 1.0
Ryly 1x126x100 _ o1 q @ CONTROL
ry 7.33
Ac=193W
Ae=193 o Pef o0

= ®cxfer = 240x0.20 = 48 Mpa

dcxPn = (48)(21800) = 1046.6 > PU= 197.64KN........c.eveireereeeeeeeeeeaen,

Pu 197.64
dc.Pn  1046.6

- Mp = Fyx Zx = 240x1990x10° =477.6 KN.m
- Mr = (Fy - Fr) Sx = (240-68.95)x13550x10° =604.4 KN.m
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Lb=12.6m.

Lp=M:3.7Zm
\/34.8
ry. X1 -
Lr = —22= 1+ 1+ X2(Fy - Fr
Where:-
. x1_P |EGA
«\V 2
x2= 22 =y
ly Gj

Using for (HEB-400)
o Sx =3550x10° mm2.
e E=210000 Mpa.
e (G =81000 Mpa

e J =3.903x10°.
e A =21800 mma,
32

o oo TN oo

e Fr=689Mpa
= X1 = 23805 Mpa.
= X2 =2.263x105 Mpa.

ry. X1 -
= Lr = —>""—~/1+1+ X2(Fy - Fr

_ 73.3x 23805

- MW V1+2.263x10°(240-68.9)° =13.15m

Lr=13.15m
LP<Lb<Lr = 3.76<126<13.15
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O 300 G ) 108
2f 2% 26
3

Pu___ 19764x10°  _ 4 0419<0.125.
®b.Py  0.9x 240x 21800
=280 1275 PY

JTy ®b.Py

640
| p=—2 (1—2.75x 0.0419) = 36.55,

J240

| :£:24.57<| P=36.55 ..
tw

Mn= Cb[Mp— (Mp — Mr) Lb- Lp} <Mp
Lr —Lp

1735.9 < Mp

1735.9 >Mp =477.6 KN.m
Since Mn cannot exceed Mp, Mn = Mp for thisanalysis.

pZxExAg p?x21x10°x 21800

Pe2 = =1529.1KN
KL, (171.9)*
)
r

Pu=197.64 KN.

1 1
B2= A = 19764 =1.15

Pe2 1529.1

Check LRFD formula:-
Mux = MLt x B2 = MuxB2
=319.29 x1.148 =366.5 KN.m

Pu J{ Mux  Muy }31.0

ZcPn | ®b.Mnx dbmny
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366.5

197.64 N
2x1046.6

0.9x477.6

} =0.947<1.0

0.947< 1.0

So it is satisfied and HEB-450 is used

Table (4-5): Design of columns.

Length of Selected
Pu (KN) Mu (KN.m) | Mp (KN.m) :
column (m) Profile
C1 12.6 197.64 263.16 477.6 HEB-450
C.2 10.7 1080 273.69 1368 HEB-600
C.3 9.8 578 290.16 1029.6 HEB-500
c4 12.16 6.0 75.18 IPE-330

Note: For more about design of columns "C2-C4" see Appendix 7.1.

4.11 - Design of mat slab: -

According to figure (4-31) the required thickness and reinforcement ratio for mat
slab subjected by forklift wheel loads 20K N.
Select h=20cm Where h= thickness of dab.
No reinforcement against shrinkage and temperature is required (see figure (4-31)).
So: Mat slab isreinforced with As min, according to ACI
Where:  As min=pmin xbxd
pmin=0.0018
d=h-c=20cm-3cm=17cm
b=100 cm
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Asreg. = Asmin = 0.0018x100x17 = 3.06 cm?/m.
Select: both upper and lower reinforcement as @8@15cm
And As provided = 3.35cm?2/m

QEM15cm 8@ 150m

£
28

pe@15m;

Figure (4-30): Reinforcement of mat slab.
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Figure (4-31): Required thickness (h) and Reinforcement Ratio for mat slabs
subjected by forklift wheel loads 20 KN.
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4.12- Design of footings: -

Sample of calculation*“Design of footing (F.1): -
Footing (1) carrying column (1) (HEB-450)

A. Design Requirements of soil:

Pt=582 KN
R U
Mt=439.6 KN.m e I e e b
Where: '
Pt=total no factored load. 5
Mt= total no factored moment. S S =
vl
1-Check of tension failure:
- Eccentricity due to dead load (ed): ) FD
M . b, 2 =
€y =_d=i=o_oo7g(_x=§=o_46)
Py 507.7 6 6
- Eccentricity dueto dead load & live load (ed+L):
€4l = Mt 4396 _ 0.85 < (b—X _26_ 0.867)
Pt 507.7 3 3
2. Limit state of bearing capacity (o b):
s, Pt Mc | 507.7  439.6x13 . ,|_ (s, = 300KN /m?)
by x by, I 26%x26 26x263

12

Limit state of bearing capacity is satisfied.
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3. Check of dliding failure:

Ht = 46.7KN
mp, = 0.4x 507.7 = 203.1KN
Ht 467

Limit state of diding is satisfied.

B. Design requirements of concr ete:

1. Design of bending moment:
Pu=515.4 KN

Mu=263.16 KN.m

Where:

Pu= total factored load.

Mu= total factored moment.

syma =Py Mc | 5154 263.2x1.3

min b, x by o 26x26 26x26°
12

—166KN / m?

S bmax

2
S byin = —13.6KN /m

fy 400

0.85fc’ 0.85x25
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@[/ e hu=E2E0—
: | [
2 |
l:- .
i | =4 0,50 =
o : i
| | Hs T
: — b -
250 — :
D \
i i
- H
lhm
03 KM el
160 KMN/m2

Figure (4-32): maximum stress and dimensions of footing (F.1).

At section (1-1):
Pu=136.2 KN

Mu = 78.2 KN.m

h=Im ——» d=0.96m

Mu 6 7816
bxd? 1000x 9402 1000 x 9402

potlql xRy 1 1—\/1— 2x1882x0098 |_, 45105 <1 -
m fy 18.82 400

wherer in—0,0035

10°

=0.098

Asreq. = 1.3xr1  xbxd

Asreq. = 3cm?m
Select @16@50cm  Asprovided = 4.02 cm?/m
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2. Design of shear:

fv. 2>y,

=>f Vv = 0.85><é \/E xh,xd = 0.85><é J25x1000<940= 6658KN/m
6658> (v=13617KN/m)

No shear reinforcement required.

3. Design of punching:
fv. 2y,
whereVu=5154KN

1, 2 T
vy =142 | FE iy xd =, 4 = 2| 1+—2- |V 25x6000x1050=1365KN
c1 6[ BCJ XRoxd=er 6( 1.25) *

12\ b, /d 12\ 6000/1050

NV :; Jfexhyxd =v, :éxJ?sxeoo&1050=1050m-

:chl( 8s +2}/Tc xtbxd:vc_zzl(?)o+2j\/§5><600(}<1050:19031<N

Where b, =4xd +2xbx+2x b)/ =4x1.05+2x04+2x0.5=6m
a ¢ = 30(edg..column)
Bc=0.5/04=125
The minimum value of V¢ = 10500 KN
fv.2V,
= 0.85x10500> 5154KN

No Punching failure .
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Table (4-6): Design of footings.

3.93
260 | 2.60 | 2.00 | 050 | 0.40 | 1.00
$10@20cm
7.70
240 | 240 | 1.50 | 0.70 | 0.40 | 0.75
$14@20cm
5.65
260 | 260 | 1.50 | 0.60 | 0.40 | 0.75
$12@20cm
252
1.00 | 1.00 | 1.00
18@20cm

Note: For more about design of footings "F2-F4" see Appendix 7.2.
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Chapter Five:
Structural Analyses of Administrative Building

- Introduction

- Design of concrete firewall (W.3)
- Design of sted rafter (R.1)

- Design of L beams (B.4 & B.5)

- Design of cantilever dlab (S.4)

- Design of solid slabs

- Design of concrete wall (W.1)

- Design of footings

- Design of Stair (St.1)



CHAPTER 5
STRUCTURAL ANALYSISOF ADMINSTRATIVE
BUILDING

5.1 - Introduction:

Usudly in this chapter all of structural members are reinforced concrete members
(solid dlab, beams, walls, stairs, mat slabs, and footings). So the over load factor of
this part will not be mixed over load factor as the previous part (industrial building),
since the load combinations that used in this part are: -

1. U=14D+1.7L.

2. U=0.75(1.4D+1.7L+1.7W).

3. U=0.9D+1.3W.
This load combinations will be used in all members unless that in the design of steel
rafter.

5.2 - Design of concretefirewall (W.3): -

When the industrial building is not existing there are tow case of design: -
A. Compression force due to wind load.
B. Tension force due to wind load.

Note: The dead load of wall will be neglected
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5.2.1- Design of concrete wall dueto: -

- Compression pressure of wind load: -

1. system and load: -

Qwz—
1.000
KM A

YY1 FY

C.J

1.1

C.68 KN,/ m

€9

qwl

FYYY Y Y YYYYYIPYY YD

4

Figure (5-1): System and loads of concrete wall when Compression

Force due wind |oad

2. Design of bending moment: -
A-Materia properties.
Fy=400 Mpa fc'=25Mpa
B-Assume the thickness (h) of wall is equal 30cm.
C- Design of bending moment:
Mu=5.12 KN.m p max = 0.0203
Assume Concrete cover C =3 cm
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_ D(bar) =30—3—§=26(:m

d=h-c

fy 400

0.85fc’ 0.85x 25

Mn:m :% =5.69KN.m
® 09

6
Rreq = Mr; _ 5.69x10 _—0084
bd“ 1000x 260

rreq:l 1- 1—2mx& :i 1—\/1—2x18.82x% =0.004
m fy | 18.82 400

_14_14
fy 400

preq>pmin soit'ssatisfied

As req = p req xbxd = 0.004x100%x26 = 10.4 cm?/m

r min =0.0035

Select 414 @ 12.5 cm Ast provided = 12.32 cm?/m
Ast>0.2 x Ad = Ast =0.2 x 12.32=2.46 cm?
Select 410 @ 25 cm Ast provided = 3.14 cm?/m

P min = 0.0018 for shrinkage and temperature
So the horizontal reinforcement = 0.0018x30x100=5.4 cm?.

3. Design of shear: -
Vu=3.487 KN

Vuat (g +d ) =3.23KN (by interpolation) (a= width of beam)

fVc:O.SSx%x fc'xbxd =O.85><%>< \/25 x 260 x 1000 = 162.5KN

® Vc=1625>3.23 so the limitation is satisfied

No shear reinforcement isrequired
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4. Limitation of deflection: -

Amax dueto ACI code equations = 0.9 mm.

| 85x10°
360 360

Limitation of deflection is satisfied

Amax =0.9< = 23.6mm

5.2.2- Design of concretewall dueto: -

- Tension pressure of wind load: -

1. system and load: -

Quw = - T
o644 | o
KM A e ‘
E (=
— |
= |
= —- L]
o |, —
== | L —
o (T o0
n
L o | e
= |-
o =K
=]
-
-
- -

Figure (5-2): System and loads of concrete wall when Tension force

Due to wind load.
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1. Design of bending moment: -
A-Material properties:
Fy=400 Mpa fc'=25Mpa
B-Assume the thickness (h) of wall is equal 30cm.
C- Design of bending moment:
Mu =3 KN.m p max = 0.0203
Assume Concrete cover C=3cm

_ D(bar) 2

d=h-c =30—3—§:26Cm

fy 400

m= = =18.82
0.85fc’ 0.85x 25

Mn:m:i:&%KN.m
® 09

6
Rrego M _ 333x10° o oo

bd®> 1000x 260°

rreq=1|1- [1omx 0= L 1—\/1—2x18.82x% ~0.000123
m fy | 18.82 400

p req=0.000123 < p min=0.0035

preqg>pmin soit'snot satisfied

As req = p req xbxd = 0.000123x26x100 = 0.3198 cm?/m

Asneeded = 1.3x p req xbxd = 0.3198x1.3 = 0.415 cm?m
Select 8 @ 25 cm Ast provided = 2.01 cm?/m

Ast>0.2 x Ad = Ast =0.2 x 2.01=0.402 cm?
Select 48 @ 25 cm Ast provided = 2.01 cm?/m

P min = 0.0018 for shrinkage and temperature
So the horizontal reinforcement = 0.0018x30x100=5.4 cm?.
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2. Design of shear: -
Vu=2.1KN

fVC:O.85><%>< fc' xbxd =O.85><%>< 25 x 260 x 1000 =162.5KN

® Vc=1625>2.1 so the limitation is satisfied

No shear reinforcement isrequired

5.3- Design of steel rafter (R.1): -

1. System and loads: -
A. System

=1y -

M =TLEkR

o . 11, #1

Figure (5-3): system of loads for rafter (R.1).

108



B. Loads

1. Dead Loads-
Dead load of rafter D = 0.3 KN/m.
Dead load of glass D = 25x0.02x1=0.5 KN/m.
—> Dt=0.8 KN/m.
2. Snow load = 1x1 =1 KN/m.

3. Wind load = -0.6x0.8x6 = -0.48 KN/m.
Tension force from wall = support reactions = 4.19 KN.

Compression force from wall = support reaction = 6.21 KN.

2. Design of stedl rafter asa beam: -

¢ Load combination

- 1:14D.
-11: 1.2D+16S.
- 11I: 0.9D-13W.

¢ Moment and shear diagram: -

Figure (5-4): Shear and Moment Diagrams
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3.Rafter Strength: -
Select (2U-100)
Local plate buckling Q=1.0

| f b _ 100 =588<Ir =

Tt 2x85

R Y
240 memmiy | s

=k

e,

lw=P 28 505,288 49 E
w 12 240 oTE -
Kx=20 Ky=10 Il
2. a. Buckling about X-axisKx = 2.0

Kx.|_x:2><5.12><1oo:130_9 e
rx 10.9 £ E

2. b. Buckling about Y -axis Ky = 1.0 2U-100

hl=rdma
=R

RyLy IxS512xA00 1 opqe CONTROL
ry 35

Ac=1640

dc. fer

Ac=196 = =0.194

= ®cxfer = 0.19 x240= 46.58 Mpa.
=>®cxPn = (45.58) (2x13.5) x100=125.8 >Pu=6.21KN.........ccovvviiiennnnnnn OK

Pu 621

= =0.05<0.2 i e e SatiSTiEd
dc.Pn 125.8

- Mp = Fyx Zx = 240x2x24.5x10% =11.76 KN.m

- Mr = (Fy - Fr) Sx = (240-68.95)x41.2x10°x2 =14.1 KN.m
Lb=5.12m.
 300x14.7x 2

V348

ry. X1 2
Lr =—— 1+ 1+ X2(Fy-F
r (Fy—Fr)\/ +\/ + X2(Fy - Fr)

Lp =1.495m
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Where:-

. Xle /EGJ/
2

. xa oSy,
ly G

Using for (2U-100)
e Sx =82.4x10° mm?.
e E=210000 Mpa.
e (G =81000 Mpa.

_ 2bif 3 + htw?

o J —93.64x 105,
e A =2700 mm2.

32
o cw=U0"N" 5 9e50x10°

e Fr=68.9Mpa
= X1 =5590.8 Mpa.
= X2 = 4.77x10° Mpa.

ry. X1
(Fy - Fr)

- _ 29.4x55907.8
(240 - 68.9)

Lr=13.81m

= Lr= \/1+\/1+ X 2(Fy — Fr)?

J1+ \/1+ 4.77x107%(240-68.9)2 =13.81m

LP<Lb<Lr
1.495<5.12< 1381

(O 888 <160 oo
21f

Pu 6.21x10°

= =0.0213<0.125.
®b.Py 0.9x240x1350
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640 Pu
| p=——=(1-275x%
P Ty ( CI)b_Py)

640

lp= >
P V240

(1- 2.75x 0.0213) = 38.89.

I W=£=5.33<| P=38.89 ...
tw

Lb—-Lp
Lr —Lp

Mn:Cb[Mp—(Mp—Mr) }gMp

14.19 < Mp
14.19 >Mp =11.6 KN.m
Since Mn cannot exceed Mp, Mn = Mp for thisanalysis.

pZxExAg p?x21x10% x 2700

Pe2 = =184.51KN
(&)z (174.15)?
;
Pu=6.21 KN.
1 1
L Pu 621
Pe2 184.5

4.Check LRFD formula:-
Mux = MLt x B2 = MuxB2
=3.4 x1.035=8.69 KN.m

Pu N Mux N Muy <10
ZcPn | ®b.Mnx dbmny

6.21 + 8.69 =0.845<1.0
2x125.8 [09x11.76

0.845<1.0

Soitis satisfied and (2 U-100) is used

Note: For more about design of bolts & welding, see Appendix 7.3/7.4.
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5.4- Design of L beams (B.4 & B.5):

5.4.1- Design of L beam (B.4): -
A. System and load:

LANEN

Figure (5-5): System and loads of solid slab (B.4).

B. Shear and moment Diagrams.

[T
An
n

—zo
L
an

L=

Figure (5-6): Shear and Moment Diagrams

113



C. Design of L Beam (B.4): -

1-material properties:
fy= 400 Mpa fc'=25Mpa
2-Assume the thickness (h) of (B.4) isequal 1.5m.
3- Design of beam at mid span (AB & CD):
Mu =95.01 KN.m p max = 0.0203
Assume Concrete cover C = 5m

._ Dba) 2
2

d=h- =150—5—E:144Cm

oo fy 400
0.85fc’  0.85x 25

=18.82

Mn = Mu = 95—'01:105.57 KN.m
() 0.9

_ Mn _ 1055x10°
bd?  300x 14402

rreq:l 1- 1—2mx& :i 1—\/1—2><18.82><0'17 =0.00043
m fy | 18.82 400

r min:E:H:O.OOC’:S
fy

Rnreq =0.17

400
p req=0.00043 < p min=0.0035
preq>pmin soit'snot satisfied
As req = p req xbxd = 0.00043x30%x144 = 1.8576 cm?
Asneeded = 1.3x p req xbxd = 1.8576x1.3 = 2.41 cm?

Select 3312  Asprovided = 3.39 cm?
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4- Design of beam above support (B & C): -
Mu = 89.17 KN.m p max = 0.0203

Assume Concrete cover C = 5m
o D(bar) 2

d=h- :150—5—5:144Cm
me_ Y __ 40 _ioe
0.85fc’ 0.85x 25
anw:%:%.O? KN.m
() 0.9

_ Mn _ 99.07x10°
bd?  300x14407

rreq:l 1- 1—2mx& L 1—\/1—2><18.82><0'16 =0.00041
m fy | 18.82 400

p req=0.00041 < p min=0.0035

preq>pmin soit'snot satisfied

As req = p req xbxd = 0.00041x30%144 = 1.771 cm?
Asneeded = 1.3x p req xbxd = 1.77x1.3 = 2.3 cn?

Rnreq =0.16

Select 312  Asprovided = 3.39 cm?

5- Design of L Beam (B.4) to resist rafter moment: -
A- Compression forces
Mu =7 KN.m p max = 0.0203
Assume Concrete cover C =2m

_ D(bar) =25—2—§=22Cm

d=h-c
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fy 400

0.85fc’ 0.85x25
Mn = m = 127.77 KN.m
® 09

6
R M T77x10° e

bd?  1000x 2202

rreq:l 1- 1—2mx& :i 1—\/1—2x18.82x% = 0.000404
m fy | 18.82 400

p req=0.00041 < p min=0.0035

preq>pmin soit'snot satisfied

Asreq = p req xbxd = 0.000404x22x100 = 0.888 cm#m
Asneeded = 1.3% p req xbxd = 0.888%x1.3 = 1.15 cm?/m

Select 210 @ 25 cm Ast provided = 6.28 cm?/m

B- Tension forces

Mu =473 KN.m p max = 0.0203
Assume Concrete cover C = 2m

_ D(bar) 2

d=h-c =25—2—E=22Cm

oo fy 400
0.85fc’  0.85x 25

=18.82

Mn :m :4'—19: 4.655KN.m
® 09

Mn _ 4.655x10°

Rnreq = > = 5
bd 1000 x 220

=0.096
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rreq:l 1- 1—2mx& :i 1—\/1—2x18.82x% =0.00024
m fy | 18.82 400

p req=0.00024 < p min=0.0035

preq>pmin soit'snot satisfied

Asreq = p req xbxd = 0.000404x22x100 = 0.528 cm?/m

As needed = 1.3% p req xbxd = 0.528%1.3 = 0.686 cm2/m
Select 410 @ 25 cm Ast provided = 3.14 cm?/m

6- Design of shear:
Vu=78.4KN

Vu at (g+ d) =55KN (by interpolation) (a= width of beam)

dx VC=O.85><%>< fc' xbxd =0.85><%><\/2_5><300><1440

®x V¢ =306 >55 so the limitation is satisfied
No shear reinforcement isrequired so select min shear reinforcement
Select @8@20cm

7- Design requirement of deflection of (B.4): -
Amax (liveload) < L / 360.
Amax = (7.8 x 1000) / 360 = 21.67 mm.

5l
48ElI

A= [Mf —0.1(M1+ Mr)]

~ 5x 78002
48x 21x10° x 8.44 % 10°
A =0.33mm

A [03.6x10° - 0.1(87.93x 10°)|= 0.33mm
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A=033mMm<Amax=2167mm. .................. The Condition is satisfied
5.4.2- Design of L beam (B.5):

A. System and loads:

Figure (5-7): System and loads of beam .

B. Shear and moment Diagrams:
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Figure (5-8): Shear and Moment Diagrams
C. Design of L Beam (B.5): -

1-material properties:
fy= 400 Mpa fc'=25Mpa
2-Assume the thickness (h) of (B.5) isequal 1.25m.
3- Design of beam at mid span (AB & BC):
Mu = 11.41 KN.m p max = 0.0203
Assume Concrete cover C = 5m

C—M=125—5—§:119Cm

d=h-
fy 400

m= = =18.82
0.85fc’ 0.85x 25

Mn _Mu :%:126.77 KN.m

o

_ Mn _126.77x10°
bd? 250x1190°

rreq:i 1- 1—2mx@ =i 1—\/1—2x18.82x@
m fy | 18.82 400

p req=0.00090 < p Min=0.0035

preqg>pmin soit'snot satisfied

As req = p req xbxd = 0.00009x25x%119 = 2.6775 cm?/m

Asneeded = 1.3% p req xbxd = 2.6775x1.3 = 3.5 cm?m
Select 3014  Asprovided = 4.62 cm?

Rnreq =0.358

4- Design of beam above supports (B & C): -
Mu = 104.66 KN.m p max = 0.0203

Assume Concrete cover C = 5m
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_Dan) 195 5—%:1190m

d=h-c

fy 400

0.85fc’ 0.85x25

_ Mu _104.66
®

Mn =116.28 KN.m

Mn 116.28x10°
bd?  300x 14402

rreq:l 1- 1—2mx& -1 1—\/1—2><18.82><0'328 =0.000826
m fy | 18.82 400

r min:E:H:O.OOC’:S

fy 400
p req=0.000826 < p min=0.0035
preq>p min soit'snot satisfied
As req = p req xbxd = 0.000826x25x119 = 2.453 cm?/m
Asneeded = 1.3% p req xbxd = 2.456x1.3 = 3.19 cm?/m
Select 3314  Asprovided = 4.62 cm?

Rnreq = =0.328

5- Design of shear:
Vu=95.01 KN

Vu at (% +d ) =66.96 KN (by interpolation) (a= width of beam)

Dx VC:0.85><%>< fo' x bx d :0.85x%x@x250x1190

dx Ve =210.7 >66.96 s0 the limitation is satisfied

No shear reinforcement isrequired so select min shear reinforcement
Select @8@20cm

120



6- Design requirement of deflection of (B.5): -
Amax (liveload) < L/ 360.
Amax = (7.8 x 1000) / 360 = 21.67 mm.

5|2

A= Mf —0.1(M1+ Mr

23E] [ I )].

2

A= o Z8OO = [114.10 x10°® - 0.1(114.66 x 10°) |= 0.76mm

48x 21x10° x4.07x10
A=0.76 mm
A=076mMmmM<Amax=21.67mm. .................. The Condition is satisfied

5.5- Design of cantilever slab (S.4):

1. System and loads:

bbby by Rl e
bivbvovyuydtdudobgudy
W ¥ Y AN N
R T
:ES\: Mgt AL vx.&-\ .X.F){& t*'x LY x.ﬂ-)ﬂ&3¢ 5] LA A Y ﬁt?
g M A A e e e e e e N M U
:: <,;-< >c¢> ><;>=-$5A1<<>x<>:> xﬁxcnﬁwcg ><;>>$<< e >xﬁ> ) C»’ﬁ?gfffﬁ ':-:):f':ﬂfﬁ:'(&(:)_3&;1%5&%;):;){%
N S S R IR SR
N
:|. i U a_,-] l_,/"-f

Figure (5-9): System and loads of cantilever slab (S.4).
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B. Dead Load
Dead load of cantilever = 0.12x25=3 KN/m.
Dead load of plaster = 0.03x22 = 0.66 KN/m.
Total dead load = 3.66KN/m.
C. Liveload = 1.5 KN/m.
D. Snow load =1KN/m.

2. Design of cantilever dab (S.4): -

1-material properties:
Fy=400 Mpa fc'=25Mpa
2 Assume the thickness (h) cantilever slab isequa 12cm
3- Design of bending moment:
Mu = 3.84 KN.m p max = 0.0203
Assume Concrete cover C =2 cm

._ Doa) 2
2

d=h- =12-2-7=9Cm

oo fy 400
0.85fc’  0.85x 25

=18.82

anm:ﬁz 4.27KN.m
(0)) 0.9

_ Mn _ 4.27x10°
bd2  1000x 902

rreq:l 1- 1—2mx& L 1—\/1—2><18.82><0'527 =0.0013
m fy | 18.82 400

r min:E:H:O.OOC’:S
fy 400

Rnreq =0.527

preq>pmin soit'snot satisfied
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As req = p req xbxd = 0.0013x100x9 = 1.17 cm?m
But Asneeded =Asreqx1.3 = 1.3x1.17 = 1.521 cm?m
Select 8 @ 25 cm Ast provided = 2.01 cm?/m

3- Design of shear: -
Vu=7.67 KN

Vuat (g +d ) =6.02KN (by interpolation) (a= width of beam)

fVc:O.SSx%x fc'><b><d:O.85><%><\/2_5><90><1000:63.75

® Vc = 63.5>6.02 so0 the limitation is satisfied

No shear reinforcement isrequired

4- Design requirement of deflection: -
Amax (live load) < L / 360.
Amax = (1 % 1000) / 360 = 2.8 mm.

oo’ 1.5x1000°

= - =3.307x'%° mm < A max = 20.83 mm.
15El  15x 21000x 1.44x10°
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5.6- Design of solid slabs:

The critical sections for positive and negative moment in the spans of a
continuous girder are located at or near med span and at the supports. These
sections must be designed for the maximum moments created by both dead and
live loads. Analysis for the dead load, which is fixed in position and magnitude,
needs on discussion; however, the maximum values of positive and negative
moment at critical sections in a given span are produced by different live load

patterns.

5.6.1 - Design of solid slab (S.3):

A. System and loads:

IL=10EA

T  FYYTrYrr T ey 9 Yy YT rYTyYY ¥ § rYy re *rY¥YT T P ¥ rT ITYFYYTN ) J
LI=1:TF

¥ ¥YYTr¥YY TR IYEDNYYYNNYTYY 7T 0 ry *"» TYrYrTPrYrYT ITYFYYYTTN ) )
O=i.LF

TFIYTFrY TR O PYYT RNYYTY ¥ FY *YvP *FYTR¥T REYY ITYFEYY YN )

A - F A .

7.8 45 7.3

Figure (5-10): System and loads of solid slab S.3.
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B. Shear and moment Diagrams:

Figure (5-11): Shear and Moment Diagrams

A-span (1) & (3):-

1-material properties:
fy= 400 Mpa fc'=25Mpa
2-Assume the thickness (h) of solid slab (S3) is equal 25cm.
3- Design of bending moment:
Mu = 67.99 KN.m p max = 0.0203
Assume Concrete cover C=2cm

._ Doa) 2
2

d=h- =25—2—§:22Cm

fy 400

0.85fc’ 0.85x25

Mn =w:@:75.54 KN.m

d 0.9
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Mn 7554
bd? 1x0.222

rreq:l 1- 1—2mx& Lt 1—\/1—2><18.82><1'56 =0.004
m fy | 18.82 400

r min:E:H:O.OOC’:S
fy 400

Rnreq = =1.560

preq>pmin soit'ssatisfied
As req = p req xbxd = 0.0044x100x22 = 8.925 cm?/m

Select 412 @ 10 cm Ast provided = 11.31 cm?/m
Ast>0.2 x Ad = Ast =0.2 x 11.31=2.26 cm?
Select 410 @ 20 cm Ast provided = 3.93 cm?/m

4- Design of shear:
Vu=56.85 KN

Vu at (g +d ) =53.06 KN (by interpolation) (a= width of beam)

Dx VC:o.ssxéx,/fc'xbxd :0.85x%xﬁx220x100

®x V¢ =155.83 >53.06 so the limitation is satisfied

No shear reinforcement isrequired

5- Design requirement of deflection (of solid slab S.3): -
Amax (liveload) < L / 360.
Amax = (7.8 x 1000) / 360 = 21.67 mm.

5|2

A= Mf —0.1(M1+ Mr)]|.

28E] [ I )]

2

A= ha 2800 = [67.99x10° - 0.1(63.13 10%)| = 14.29mm

48x 21x10° x0.13x10
A =14.29 mm
A=1429 Mm<Amax=21.67mm. ............... The Condition is satisfied
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6-Design of bending moment at support B&C: -

Mu = 63.14 KN.m p max = 0.0203

Assume Concrete cover C=2cm
Sod=h_c_ 20 :25—2—%:22c:m
m= fy = 400 =18.82

0.85fc’ 0.85x25
Mn:wz%z 70.155KN.m

)] 0.9
Rnreq = Mr21 _ 70.1552 145
bd 1x0.22

rreg=—|1- [1-2mx = 1 1—\/1—2x1882x1'—45 =0,0037"
1 400

m fy | 1882
r min :E:H: 0.0035
fy 400

preq>pmin soit'ssatisfied
As req = p req xbxd = 0.000375x100%22 = 8.26 cm?/m
Select 414 @15 cm Ast provided = 10.26 cm?/m
Ast>0.2x Ad = Ast =0.2 x 10.26=2.10 cm?
Select 8 @ 20 cm Ast provided = 2.51 cm?/m
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5.6.2 - Design of solid slab (S.5):

A. System and loads:

Figure (5-12): System and loads of solid slab S.5.

B. Shear and moment Diagrams:

100 '-.._\___\‘\_\- S = ST e en e ---" _._,_..:-"'"-’-‘-

Lua e

Figure (5-13): Shear and Moment Diagrams
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c. Design values.

Table (5-1): Design of Solid Slab (S.3).

S3

Sup.(A) Mid Span (1) Sup. (B) Mid Span (2) Sup. (C) Mid Span (3) Sup. (D)

Mu (KN.m) 0.0 67.99 63.14 0.0 63.14 67.99 0.0
Reg. Rn (Mpa) 0.0 1.560 1.45 0.0 1.45 1.560 0.0
'(\g)i“i mum 0.0 0.0035 0.0035 0.0 0.0035 0.0035 0.0
Req. (p) 0.0 0.0040 0.00375 0.0 0.00375 0.0040 0.0
Req. AsL (cm?) 0.0 8.925 8.260 0.0 8.260 8.925 0.0

$20@25cm | {12@10cm | d14@15em | d12@10cm | d14@15cm | l12@10cm | 420@25cm

AsL Provided (cm?
Vi ( ) As=12.56 As=1131 As=10.26 As=1131 As=10.26 As=11.31 As=12.56

$10@25¢cm | |10@20cm 18@20cm 110@20cm I8@20cm | J10@20cm | Y10@25cm

Ast 5
(cm?) As=3.14 As=393 As=251 As=393 As=251 As=3.93 As=3.14
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A- Design of solid slab (4):-

1-material properties:

fy=400 Mpa fc'=25 Mpa
2-Assume the thickness (h) of solid slab (S.5) isequa 25cm.
3- Design of bending moment:

Mu=129.21 KN.m p max = 0.0203
Assume Concrete cover C=2cm

d=h_c PO o 5 2_50cm
2 2
me_ Y __ 40 _ioe
085fc  0.85x 25
MpoMu 12921 o e nim
® 09
Rnreq = Mrz‘ - 143'562 ~ 2.966
bd 1x0.22
rreg=—|1- f—2mx 0|1 1—\/1—2x18.82x@ —0.0080
m fy | 1882 400
r minzﬁzﬂzo.OO%
fy 400

preqg>pmin soit'ssatisfied
As req = p req xbxd = 0.0080x100x22 = 17.645 cm?m

Select 414 @ 8 cm Ast provided = 19.24 cm?/m
Ast>0.2 x Ad = Ast =0.2 x 19.24=3.85 cm?
Select 410 @15cm Ast provided = 5.24 cm?/m
4- Design of shear:
Vu=66.26 KN

Vu at (g +d ) =60.82 KN (by interpolation) (a= width of beam)
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Dx Vc=0.85x%x fc'xbxd=o.85x%x@x220x1ooo

®x V¢ =155.83 >60.82 so the limitation is satisfied
No shear reinforcement isrequired
5- Design of deflection: -
| _7.8x100

A max(liveload) < = 21.66mm
360 360
4 3\4
_ 5wi _ 5x2x(7.8x107) . 4590
3B4El  384x 21000x1x10
4.59mm < 21.66mm

Table (5-2): Design of Solid Slab (S.5).

Mid Span (1)

129.21

2.966

0.0035

0.0080

17.645

d14@8cm
As=19.24

$10@15cm
As=5.24

131



5.6.3 - Design of solid slab (S.6):

A. System and loads:

Figure (5-14): System and loads of solid slab S.6.

B. Shear and moment Diagrams:

Figure (5-15): Shear and Moment Diagrams
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A-span (1) & (3):-

1-material properties:

fy=400 Mpa fc'=25 Mpa
2-Assume the thickness (h) of solid slab (S.6) isequa 25cm.
3- Design of bending moment:

Mu =92.39 KN.m p max = 0.0203
Assume Concrete cover C=2cm

._ Dba) 2
2

d=h- =25—2—E=22Cm

oo Ty 400
0.85fc’  0.85x 25

=18.82

Mn :m :@:102.65 KN.m
(0)) 0.9

Mn 7554
bd2 1x0.222

rreq=—|1- 1—2mx R0 =1 1—\/1—2x18.82><102'65 = 0.0056
m fy | 18.82 400

r min=E:£:O.0035
fy 400

Rnreq =

=1.560

preqg>pmin soit'ssatisfied
Asreq = p req xbxd = 0.0056x100x22 = 12.31 cm?m

Select 414 @ 12.5 cm Ast provided = 12.32cm#m
Ast>0.2x Ad = Ast =0.2 x 12.32=2.45 cm?

Select 48 @ 20cm Ast provided = 2.51 cm?/m
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4- Design of shear:
Vu=77.25 KN

Vuat (g +d)=72.122 KN (by interpolation) (a= width of beam)

Dx VC=O.85><%>< fc' xbxd =0.85x%x\/2_5><220x1000

®x V¢ =155.83 >72.122 s0 the limitation is satisfied

No shear reinforcement isrequired

5- Design requirement of deflection (of solid slab S.6): -
Amax (live load) < L / 360.
Amax = (7.8 x 1000) / 360 = 21.67 mm.

5|2

A= Mf —0.1(M1+ Mr)]|.

2ag Mf - 0.4 )]

2

A= ke 2800 n [92.39 x10° - 0.1(85.75 106)]= 19.45mm

48x 21x10° x 0.13x 10
A =19.45mm
A=1945mMMm<Amax=21.67mm.................. The Condition is satisfied

6-Design of bending moment at support B&C: -

Mu = 85.75 KN.m p max = 0.0203
Assume Concrete cover C=2cm
sod=h-c- PO o5 5 2_ecm
2 2

me_ Y _ 400 _,o0e,

0.85fc’ 0.85x25
anm:@:%.Z?KN.m

0} 9
Rnreq = Mr21 = 95'272 =1.96
bd 1x0.22
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rreq=t|1- 1—2mx R0 o1 1—\/1—2x18.82x@ = 0.00517
m fy | 18.82 400

preq>pmin soit'ssatisfied
Asreq = p req xbxd = 0.00517%100x22 = 11.38 cm?/m

Select 414 @ 12cm Ast provided = 12.83 cm?/m
Ast>0.2x Ad = Ast =0.2 x 12.83=2.57 cm?
Select 48 @ 15 cm Ast provided = 3.35cm2/m

5.7 - Design of concretewall (W.1):

A. System and loads:
-System:

|

&0

qw

TYTYYFYFYYYPYYYYYRYRY

concrete wall

Figure (5-16): System and loads of concrete wall W.1.
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Table (5.3): Design of Solid Slab (S.6).

S6
Sup.(A) Mid Span (1) Sup. (B) Mid Span (2) Sup. (C) Mid Span (3) Sup. (D)
Mu (KN.m) 0.0 92.39 85.75 0.0 85.75 92.39 0.0
Reg. Rn (Mpa) 0.0 1.560 1.96 0.0 1.96 1.560 0.0
'(\g)i“i SIS 0.0 0.0035 0.0035 0.0 0.0035 0.0035 0.0
Reg. (p) 0.0 0.0056 0.00517 0.0 0.00517 0.0056 0.0
Reg. AsL (cm?) 0.0 12.31 11.38 0.0 11.38 12.31 0.0
_ J20@25cm | V14@125cm | d14@izem | L14@125em | d14@12cm | L14@125cm | d20@25cm
AsL Provided (em9) | \o_ 1555 | As=1232 | As=1283 | As=1232 | As=1283 | As=1232 | As=1256
410@25cm | {8@20cm l8@15cm 48@20cm l8@15cm l8@20cm | Y10@25cm
Ast (em?) As=3.14 As=251 As=3.35 As=251 As=3.35 As=251 As=3.14
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-Loads:
gw (factored) = 1.42 KN/m.
B. Shear and moment Diagrams:
Vu=855KN
Mu = 25.65 KN.m
C- Design of bending moment:-
1-material properties:
fy= 400 Mpa fc'=25 Mpa
2-Assume the thickness (h) of wall isequa 25 cm: -
3- Design of bending moment:
Mu = 25.65 KN.m p max = 0.0203
Assume Concrete cover C=2cm

_ D(bar) =25—2—§=22Cm

d=h-c

fy 400

0.85fc’ 0.85x25

Mn:w:@:28.5 KN.m
) 0.9

6
Rireg Mn _ 285x10° _ o

“bd2  1000x 2202

rreq:l 1- 1—2mx& L 1—\/1—2><18.82><o'589 =0.0015
m fy | 18.82 400

r min:E:H:O.OOC’:S

fy 400
preqg<pmin soit'snot satisfied
As req = p req xbxd = 0.0015x100x22 = 4.26 cm?/m

Select 410 @ 25 cm Ast provided = 3.14 cm?/m
Ast>0.2 x Ad = Ast =0.2 x 3.14=0.628 cm?
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Select 8 @ 25 cm Ast provided = 2.01 cm?/m
4- Design of shear:
Vu at (% +d ) =8.06 KN (by interpolation) (a= width of beam)

Dx VC:0.85><%><4/fC'xb><d :0.85x%x\/£x220x1000

s0 the limitation is satisfied

®x V¢ =155.83 >8.06 KN
No shear reinforcement isrequired

5- Design of deflection: -

A max(liveload) < 1 = 6000 =16.67mm
360 360
3 3
oowl? 1.42 x (6000) 11x10°3mm

A= =
15El  15x 21000 x 887.3x 10°
A MaX. < 2L 00MIMN ... oo e e e

% It'spossiblethat the wind load at thiswall is come from the other side, so

these values of sted reinforcement for this wall, will be in both sides,

(double stedl).
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5.8 - Design of Stair (St.1):

1. System and loads:
A. System:

Tlle
Flu=trr Sirn

Figure (5-17): System of stair (St.1)

B. Loads:
1. Dead loads;
D.L of dab= MzaﬁKN/m
c0s29.1
D.L of plaster = M:O.mKN/m
€c0s29.1
D.L of stair= w: 2.19KN /m
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D.L of horizontal mortar= 22 x 0.03=0.66KN / m

D.L of vertica mortar= 22x 0.03x % =0.38KN/m

D.L of horizontal tile= 22x 0.03x % —0.73KN/m

D.L of vertical tile= 22x 0.03x%=0.38KN/m

Tota D.L =10.26 KN/m
2. Liveloads: L.L=5KN/m

2. Shear and moment diagrams:
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Figure (5-18): shear diagram of stair (St.1)
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Figure (5-19): Moment diagram of stair (St.1).

5.8.1 -Design of stairs:-

1. Material properties:
fy= 400 Mpa fc'=25Mpa

2. Limitation of deflection:

h> L/20 = 300/20 =15 cm

Select h=18 cm
3. Design of bending moment:

Mu =16.1 KN.m p max = 0.0203
Assume Concrete cover C=2cm

_ D(bar) 2

d=h-c :18—2—§=15Cm
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fy 400

0.85fc’ 0.85x25
Mn :m = £'1:17.89 KN.m
0] 0.9
Mn 17.89
Rnreq= = =0.795
™ bd? 1x0.15?
rreq= i 1- [1-2mx & =i 1- \/1— 2x18.82 x 0.795 =0.002
m fy 18.82 400
r mn =E:£: 0.0035
fy 400

preqg<pmin soit'ssatisfied
As req = p req xbxd = 0.0020x100x15 = 3.04 cm?3/m
As needed = 1.3xp req xbxd = 1.3x0.0020x100x15 = 3.96 cm?/m

Select 412 @ 25 cm Ast provided = 4.52 cm?/m
Ast>0.2 x Ad = Ast =0.2 x 4.52=0.9 cm?/m
Select 48 @25cm Ast provided = 2.01 cm?/m

4. Design of shear:
Vu=24.6 KN

Vuat (%+ d) = 24 KN (by interpolation)

Dx vC=o.85x%x,/fc' «bxd :0.85x%x@x150x1000

dx Vc=93.7 >24 so the limitation is satisfied

No shear reinforcement isrequired
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5.8.2 - Design of stairsdlab: -

1. Design of bending moment:

Mu =4.08 KN.m p max = 0.0203
Assume Concrete cover C=2cm
d =15Cm
me_ ¥ _ 400 _,o0e,
0.85fc’ 0.85x25
Mn:mzd"—%: 453 KN.m
()] 0.9
Mn 453
Rnreg = = =0.20
. bd? 1x0.15°
rreq 1 1- [1-2mx Rof__1 1- \/1— 2x18.82x 020 _ 0.0005
m fy 18.82 400
r mln:E:H:O.OOC’:S
400

preq<pmin soit'snot satisfied
As req = p req xbxd = 0.0005x100x15 = 0.78 cm?/m
As needed = 1.3xp req xbxd = 1.3x0.0005x100x15 = 1.01 cm?m

Select 8 @ 20 cm Ast provided = 2.52 cm?/m
Ast>0.2x Ad = Ast =0.2 x 2.52=0.5 cmzm
Select 48 @25cm Ast provided = 2.01 cm?/m
2. Design of shear:
Vu=12.4 KN

Vuat (%+ d) = 11.6 KN (by interpolation)
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Ox VC:O.SSXéx\/fT:' xbxd :O.85><%x\/2_5><150><100C

OxVc=937>114 so0 the limitation is satisfied

5.9 - Design of footings:

5.9.1- Sample of calculation" Design of footing (F.5): -

Footing (5) is strip footing, carrying concrete wall (w.1)

A. Design Requirements of soil:

strip wall W.1 |
Pt= 142.6 KN ¥, [
Where: _Mat slab
Pt= total no factored load.
‘~|\ ‘fxrﬁ <:{‘=,. R " __J
i ch el B
: I. /z /f:: XX\?:'- |
R
1-Check of tension failure: | f\f"zx
- Eccentricity due to dead load (ed): o i
M b
€ = —d =0< =X
Py 6
- Eccentricity dueto dead load & live load (ed+L):
bx
€4+ = 0< ?

2. Limit state of bearing capacity (o b):

PP Mc _[ 142.6

S b = + =
by x b, I 0.60 x1.00

= 237.7} (s, = 300KN / m?)
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Limit state of bearing capacity is satisfied.

3. Check of dliding failure:

Horizontal forces will be neglected because that the foundation is supported with
mat slab.

B. Design requirements of concr ete:
1. Design of bending moment:
Pu=199.6 KN

Where:

Pu= total factored load.

S bmaX =
min

Pt

199.6

bxxby_ I

Sy, = 332.7KN / m?

fy

400

M.c [
+ -

0.60x1.00

|

=18.82

m p— p—
0.85fc’ 0.85x25

~—|0.6 —
™ £ s £

SN OSSO N

| ORI K | EL B ¥ &4
D OO DRSO
= K/}(‘x a% = %ﬁ% >&§)

: >”\ : A )\}‘{.}" 3
| BXXXX || BXXXAX
I A N

b=332.7 K _11’4_'112
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Figure (5-20): maximum stress and dimensions of footing (F.5).
At section (1-1):
Pu=59.9 KN
Mu = 5.4 KN.m
h=60cm —— d=0.54m

mx106

54
Mn 0.9

x10°
Rn= 2 2 2
bxd 1000 x 540 600 x 540

r =£ 1- 1_2><m—><Rn =T =i 1—\/1— 2x18.82x0.034 :8.51X10_5 <Tr min
m fy 18.82 400

wherer in—0,0035

=0.0343

Asreq. = 1.3x 1 1o xbx d =1.3x851x10"° x 54x 60 = 1.73cm*
Asreq. =1.73 cm?
Select @10@25 As provided = 3.14 cm?/m

2. Design of shear:

fy. 2y,

=fy, = 0.85><(13 Jfoxh,xd= 0.85><é J25x1000<540=3825KN/ m
6658> (Vu=599KN/ m)

No shear reinforcement required.
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5.9.2- Sample of calculation” Design of firewall footing (F.7): -

Footing (7) isstrip footing, carrying (I strip wall

concrete wall (w.3)

B. Design Requirements of soil: |1 p—o ~Mat slab

Pt=91.5KN
Where;
Pt= total no factored load.

1-Check of tension failure:
- Eccentricity due to dead load (ed):

Py 6
- Eccentricity due to dead load & live load (ed+L):

bx
€4+l = 03?

2. Limit state of bearing capacity (o b):

o M.C_[ 91.5

byxb, | | 0.60x1.00

=152.5}< (s, =300KN /m?)

Limit state of bearing capacity is satisfied.

3. Check of dliding failure:
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Horizontal forces will be neglected because that the foundation is supported with
mat slab.

B. Design requirements of concr ete:
1. Design of bending moment:
Pu=128.1 KN

Where:

Pu= total factored load.

P, Mc [ 128.1 }
Sbmax =
mn  byxb, 1 | 0.60x100

s = 213.5KN / m?

_fy 400
0.85fc’ 0.85x25

=18.82

Figure (5-21): maximum stress and dimensions of footing (F.6).

At section (1-1):
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Pu=32KN

Mu = 2.4 KN.m
h=60cm —» d=0.54m
" Mu 108 2%,108
Rn = -09 0.9 —~0.0152

“bxd? 800x5402 800 x 5402

c_1l o 2xmxRn)_ 1 1_\/1_ 2-1882x00152 | _ ) 1 105 oy
m fy 18.82 400

wherer in—0,0035

Asreq. = 1.3xT o xbxd =1.3x4.45x 107> x 54x 60 = 1.3cm*

Asreg. = 1.3 cm?
Select @8@25cm  Asprovided = 2.01 cm?m

2. Design of shear:

fv. 2y,

=>f\v = 0.85><é \/E xh,xd = 0.85><é J25x1000<540=3825KN/m
3825> (Vu=320KN/m)

No shear reinforcement required.

3. Design of punching:
a ¢ = 30(edg..column)
Bc=0.3/100=0.30

The minimum value of Vc = 681.7 KN
fv.>v

% c=Vu
0.85x6817 >1281KN

Punching failureis not occurred.
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4. Design of binding moment reinforcement: -

Mu = 25.56 KN.m p max = 0.0244

Assume Concrete cover C=2cm

._ Dba) 2

d=h- =20—2—§=17Cm

oo Ty 400
0.85fc’  0.85x 25

=18.82

Mn:m=@:28.5 KN.m
(0)) 0.9

Mn 285
bd2 1x0.172

rreq=1|1- [l-omx 0= L 1—\/1—2x18.82x@ ~0.00252
m fy | 18.82 400

r min=E:£:O.0035
fy 400

Rnreq = =0.986

preqg>pmin soit'snot satisfied
As req = p req xbxd = 0.00252x100x17 = 4.284 cm?/m
As needed = 1.3xp req xbxd = 0.00252x100x17 = 5.57cm?/m

Seect @8@8cm  Asprovided = 6.28 cm?m
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Table (5-4): Design of footings.

2.01
28@25
3.14
210@25
3.14
210@25

0.60 8.65 0.60 | 0.25 8.25

0.60 8.65 0.60 | 0.20 8.25

0.60 45.60 0.60 | 0.30 45.60
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Chapter Six:
Conclusion and Recommendation

- Conclusion

- Recommendation
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Appendix (A)

7.1 Design of Column: -

(7.1.1) Design of Column (C.2):

A. System and loads:
1. System:

P.iD=66.04 KM
Poll=84.F7 KM

P.2D=210.9KHM
P.2L=140.%6 KK

P.2ZD=Z210.2 KM
P.2L=140.6 KM

P.3=22.7 KM

B R

Figure (1-1): System and loads of column (C.2).



2. Loads combinations for designing a structure of “mixed”construction: -

Load combination (I): U=1.4DL.
- Pu=721.62 KN.
- Mu=172.43KN.m

Load combination (I1): U=1.2D+1.6L+0.5S.
- Pu=1080.4 KN.
- Mu=273.69KN.m

Load combination (I11): U=1.2D+1.6S+0.5L.
- Pu=901.58 KN.
- Mu=180.87KN.m

B. Column Strength: -
Select (HEB-600)
Local plate buckling Q=1.0

|f:£_ﬂ_5<|r:@:@:]ﬁl
tt 2730 JIy 240
N _M0_135<1r=98 _ 408
w 155 0

Kx=20 Ky=1.0
2. a. Buckling about X-axisKx = 2.0
KxLx _2"10.7" 100

=84.92

rx 25.2 ToEme

HEE 302

2. b. Buckling about Y -axisKy = 1.0

Ky.Ly 1" 10.7" 100 _
ry 7.07

A=170D

Fc.fer

Ac=170 = =0.258

= Fcxfer = 240x0.258 =61.92 M pa.

CONTROL



dcxPn = (61.92) (27000) = 1671.9> PU=1080 KN..........cceviveeeceeeeeennn . OK

P 2080 A5 02 o Satisfied
FcPn 16719
- Mp = Fy. Zx = (240x5700000) = 1368 KN.m
- Mr = (Fy - Fr) Sx = (240-68.95)x32100000 = 549.23 KN.m
Lb=10.7 m.
300" 70.8
Lp="———-"=36m
\34.8
ry. X1 2
Lr =—2 2~ 1+ .1+ X2(Fy - Fr
(Fy - Fr)‘/ J (Fy- Fr)
Where: -
1= P [EGIA
x\ 2
K22 4O S
ly G

Using for (HEB-600)
Sx = 3210000 mm?®.
E = 210000 M pa.
G = 81000 Mpa.
_ 2bif * + htw?

= 5.58000000.
A = 27000 mmz.
Cw= tf b’h” =1096.54
Fr = 68.9 Mpa.

= X1 =35033.3 Mpa.
= X2 = 16.35x10°Mpa

= Lr= —( ry. X1 \/1+\/1+X 2(Fy- Fr)?
y_




wmmlm 10°° (240 - 68.9)

(240- 68.9)
Lr=2158m
Lp<Lb<Lr
3.6<10.7<21.58
(—_ﬂ_50)<108 ...............................................
230
s 1A3
Pu___ 1080 10° _ 18550125
FbPy 09 240" 27000
0= 075 _PY
Jfy F b.Py
970
|p=—2_(1- 0.74" 0.209) =52.92
J240
| = 30551 P=5292 o
tw
Mn = Cbel\/lp (Mp - M)Lb ::puEM
oly
1092 < Mp
1092 >Mp

Since Mn cannot exceed Mp, Mn = Mp for thisanalysis.

2. . 2, , 5 -
pep=P~ E Ag_p- 21 10° 27000 _, 5 4N
r
Pu = 1080 KN.
1 1
B2 = = =1.789
Pu 1080

T pe2 T 24501

=21.58m

.................. OK

............. Satisfied



Check LRFD formula: -
Mux = MLt x B2 = MuxB2
=273.69 x1.789 = 490 KN.m

Pu +§( Mux )<1.0
fcPn 9 F.Mnx

N 1080000 +§ ( 490

X )<1.0
16719075 9 0.9" 1368

0.990< 1.0
Soitissatisfied and HEB-600 is used

7.1.2 Design of Column (C.3):

A. System and loads:
1. System:

P.lD=F.L KM

B_11 =2R8_1KH
B.2D—=—21N0_49 K
P.2EL-1L90.0KMN

B.2D=210.49 KK
P.2L-1L490.0KMN

l

=

T]. Li1Ra

P.2=31%.19 KM

BRI EEREERE!

pepasees é’iﬁ?

Figure (1-2): System and loads of column (C.3).



2. Loads combinations for designing a structure of “mixed”construction: -
Load combination (I): U=1.4DL.
- Pu=621.726 KN.
- Hu=0KN
- Mu=0.3x2x295.3 = 177.18KN.m
Load combination (I1): U=1.2D+1.6L+0.5S.
- Pu=997 KN.
- Hu=0KN
- Mu=0.3x2x (253.08+224.96) = 286.8KN.m
Load combination (I11): U=1.2D+1.6S+0.5L.
- Pu=7185KN.
- Hu=0KN
- Mu=0.3x2x (253.08+70.3) = 194KN.m
Load combination (IV):
U=1.2D+1.6S+0.8W.........ccoviviiiieeiieiiiiieeeieeeinee eenn . . CONTROL
- Pu=578KN.
- Hu=0KN
- Mu = 3x0.8x4x8+1.8x0.8x4.8x8.9+2x253.08%0.3
- Mu=177.18KN.m

B. Column Strength: - _
Select (HEB-500) |2 T e
Local plate buckling Q=1.0 e= AN

Y- IB20CT

-




w="=42_g501 =98 _ g
w 145 \240
Kx=20 Ky=10
2.a. Buckling about X-axisKx = 2.0

KxLx 2" 9.8 100
rx 21.2

2.b. Buckling about Y-axisKy = 1.0

Ky.Ly _1" 9.8" 100
ry 1.27

=92.45

=1348......ccciiiiiiiiiiiee e .. CONTROL

A=152®

Fc.fcr

Ac=152 = =0.323

= dexfer = 240x0.323 = 77.52 Mpa.
dexPn = (77.52)(23900) = 1852.73> PU=578 KN......oeveeieeeeeee e OK

Pu _ 578
FcPn 185273

- Mp = Fy. Zx = (240x42900000) = 1029.6 KN.m

- Mr = (Fy - Fr) Sx = (240-68.95)x2410000 = 412.2 KN.m
Lb=9.8m.

300" 727 _

031502 Satisfied

Lp 3.7m.
\34.8
ry. X1 2
Lr =0———=4/1+ 41+ X2(Fy - Fr
(Fy- Fr)\/ J (Fy- Fr)
Where: -
x1=P_ EGJA
57 2
XZ:ﬂ(g_)z
ly Gj

Using for (HEB-500)
Sx = 2410000 mm2,



E = 210000 Mpa
G = 81000 Mpa.

3 3
J= M = 4.87000000.

A =23900 mmz.

tf b°
24

Fr = 68.9 Mpa.

Cw= =701.7

= X1 = 41014 Mpa
= X2 =8.30x10° Mpa

> Lr -(FWAJH JL+ X2(Fy - Fr)?
y
wﬁ J1+83 10°°(240- 68.9)> =25343m
(240- 68.9)
Lr=25.343m
Lp<Lb<Lr
3.7<93<25.34
(—-ﬂ-536)<108 ................................................................. OK
27 28
Pu___ 98000 _44130<0.125.
FbPy 1852.73° 23900
1p=2% 1. 275 _PY
Jfy Fb.Py
640
| p=—_(1- 2.75" 0.0130) = 39.83.
J240
| = h =32 55 P=30.83. . Satisfied
tw
Lb- Lpu

Mn = Cbel\/lp (Mp - M) £ Mp

- |_pL<I



3270.55 < Mp
3270.55 >Mp =1029.6 KN.m
Since Mn cannot exceed Mp, Mn = Mp for thisanalysis.

2 - , 2 - - 5 -
pep=P~ E Ag_p° 21 107 23900 _ 006 ok
KL, (134.8)°
(—)
r
Pu=578 KN .
1 1
B2= = =127
) Pu 1. 578
Pe2 2726.07
Check LRFD formula:-
Mux = MLt x B2 = MuxB2
=290.16 x1.72 = 499 KN.m
Pu 8( Mux)<1.0 N 578 ( 499 )<
fcPn 9 F.Mnx 1852. 73 9°0.9" 1029.6
0.790< 1.0

So it issatisfied and HEB-500 is used



7.1.3 Design of Column (C.4):

1- System and load: -
a) System

w=4.81 KN/ m

w=3 KN/ m
|

[ 3'¥

Figure (1-3): System and loads of column (C.4).

b) Dead Load
Dead load of beam = 0.262 x12.6 = 3.186 KN.
Total dead load = 3.186 KN.
U=12D+08W+16S
Du=0.8[4.81%4.16+3x8]= 35.21 KN.

2- Design of beam: -
Mu = 75.18 KN.m
Vu=2448 KN.m



A. Design of bending moment (select ST-37, fy = 240 Mpa): -
Assume compact section
Mn=® Mp=Mu ,Mp=fyxZ
Mp =240 x Zreg. x 0.9 > Mu
, 75.18" 10°
240" 0.9
S0 Zreq. = 348.1 Cm?
Select (HEB-270) with Z= 429 Cm?. > Zreq. =348.1 Cnmé.
Check of compact section: -

=348.1Cm°

Ml < Ap

[ fl :i:,li:G.Gld p
2tf 27 10.2

| p:ﬁ:i:ll()l
Jy /348

A =6.6L < AP =1L.0L ..ot e e e e e OK

W:L=@=33.2<Ip:£108.5 .................................... OK
tw 6.6 \V34.8
Nomina moment strength: -
®fyxZ>Mu

0.9 x240x4290x10°% = 926.6 KN.m
®fy x Z=926.6=>75.18 KN.m
B. Design requirement of shear: -
®Vn=Vu
Vn = 0.6xfyxAw
Aw = tw xd = 219x6.6 = 1445.4 mm?
Vn =0.6x240x1445.4 = 208.13 KN.
® Vn=0.9x208.13 = 187.3 KN > 24.48 KN.
C. Design requirement of deflection: -
Amax (live load) < L / 360.
Amax = (12.16 x 1000) / 360 = 33.8 mm.



, 4 s 4
p=> W 5 3121600 g5 ... .Notsaisied
384EI 384" 21° 10°° 579 10

Select IPE-330 to satisfy.

_5 wt_ 5" 3" 12160" _
384El 384" 21° 10*” 1177  10°
Amax (liveload) < L / 360.
33.5<33.8
ok.
So it issatisfied and IPE-330 is used

veuee.n.....Not satisfied

7.2 Footing design:

7.2.1 Footing (2):

Footing (2) carrying column (2) (HEB-600)
A. Design Requirements of soil:
Pt=1134.4 KN

Mt=165.9 KN.m

Where:

Pt= total no factored load.

Mt= total no factored moment.

1. Check of tension failure:
- Eccentricity due to dead load (ed):




My 1156 2.4

€4 :—:——0161£(————040)
P, 7185 6
- Eccentricity due to dead load & live load (ed+L)
€4+l :ﬂ:@_o:mg; E(b_xzﬁ_ogo)
Pt 1134. 3

2. Limit state of bearing capacity (o b):
. = Pt &, &
b = e1+6—u-2689<(sb-300KN/m)
bx by é bx u

Limit state of bearing capacity is satisfied.

3. Check of diding failure:

Ht = 9.79KN
mp, = 0.4” 1134 .4 = 453.8KN
My _ 4388 _ 35150k
Ht _ 9.79

Limit state of diding is satisfied.

B. Design requirements of concrete:
1. Design of bending moment:

Pu= 1324 KN

Mu=273.7 KN.m

Where:

Pu= total factored load.

Mu= total factored moment.

bmax - pt A1+ 6

me bx ’ by e X
Sba = 348.8KN /m?
sbi, =112.4KN /m?

1342 '+6o.207u
2.4° 2.4%‘ 2.4 H

RO

o | )
x
O\



ooy 400
0.85fc’ 0.85" 25

=18.82

"/:%hj' b= 2w l—
| T [
= | - — 070 = i
g = i : =
T ; e L
| l [ L
L o PR TR T T Ly #
can | ¥+ {
1 I8
i
T T
Pl L |'!P'dl-r'r"f' =
371853 KENSm2

Figure (2-1): maximum stress and dimensions of footing (F.2).

At section (1-1):

Pu=213.1 KN

Mu=102.4 KN.m
h=0.75m ——» d=0.69 m

Mu. 6 1024,
rn=_ MN _ 09 _ 09
b” d? 1000° 690° 1000 6902

é s , l:l é s ’, l:l
_1§ o ZmRnd_ 1€ \/1_ 2°1882 02390 _, o 15
Mg fy G 18.82é 400 G

wherer in=0,0035

10°
=0.239

Asreg. = 1.3 rreq.' b” d

Asreq. =5.38 cm?m
Select @14@20cm  Asprovided = 7.70 cm?/m



2. Design of shear:

fv 3y,

b fy =085 éﬁ' b, d=085 é\/z? 1000 690=4888KN/m
4888> (v, = 2131KN/m)

No shear reinforcement required.

3. Design of punching:
fv 3y,
whereVu=1324KN

b vy = &+ 20/t b d=v,, =~ &+ 2 /25" 5600 850=92555KN
6§ Bog 68 175

1 ea, lee 40
by, +23 ,/ d= & D 59025 5600 850=1645KN
2710 gtb/ p T T e

P Vo2 ::—3\/?(:' "y d=v, =:1)) " /25" 5600 850=79333Kx
Whereh, =4" d+2" bx+2" by =4° 0.85+2" 04+2" 0.7=5.6m

a ¢ =40(interior..column)

Bc=0.7/04=125

The minimum value of V¢ = 7933.3 KN
fve 3V,

0.85" 79333>67431KN

Punching failure in not occurred.




7.2.2 Footing (3):

Footing (3) carrying column (C.3, HEB-500)
A. Design Requirements of soil:
Pt=1017 KN

Mt= 367 KN.m o

Where:
Pt= total no factored load.

Mt= total no factored moment.

izl

1-Check of tension failure;

- Eccentricity due to dead load (ed):

M
ey :—d:@_0185£(—_2—;_0433)

€4+l :ﬂ:£_036£(b_xz%_0867)

2. Limit state of bearing capacity (o b):

é e, u
s, = Py 1017 36036u

A+6
bx'bygl bxﬂ 26" 2.6

Limit state of bearing capacity is satisfied.

— —2757<(sb—300KN/m )

3.Check of diding failure:

Ht = 32.7KN

mp, = 0.4° 1017 = 406.8KN

M 4068 _ 15 45515 0K
Ht  32.7

Limit state of diding is satisfied.




B. Design requirements of concrete:

1. Design of bending moment:
Pu=863.9 KN

Mu=290.2 KN.m

Where:

Pu= total factored load.

Mu= total factored moment.

é
S = '?tb a6
X y €

Sbe = 226.9KN / m?
sbi, = 28.7KN /m?

ey u 863 .9 §1+ 60.336 )

u_ u
b.f 26 2.6 2.6 H

fy 400

m= = =1882
0.85fc’  0.85 25

At section (1-1):

Pu=174.4 KN

Mu=95.9 KN.m

h=0.75m ——» d=0.69 m



{? L= 2/&0
L .

5 | |
o A0S0 -
4. | I ey ]
| - ”_” = cﬁ
— E— ‘_\, bz =
Hon | P = J
FL -
L

|

RSN TR I o T

Figure (2-2): maximum stress and dimensions of footing (F.3).

Mu.jps 959 408

Rn=—M0___09 =09 o

b” d? 1000 690° 1000 690°

Y U é u
_ él 2m Rnu:r _ 1 él_\/l_z 18.82° 0224UI 563 104 <r
fy g 1882 40 g

wherer min=0.0035

Asreg. = 1.3 rreq.' b” d

Asreq. =5.05 cm?m

Select @12@20cm  Asprovided = 5.65 cm?/m

2. Design of shear:

fv 2y

b fy =085 éﬁ' b, d=085 é\/z? 1000 690=4888KN/m
4888> (v, =1744KN/m)

No shear reinforcement required.




3.Design of punching:
f:3y,

wherevVu=8639KN

by, =28+ 29/fc" b, d=v, = &+> /25" 6000 1000=116667KN
6& Bcg 6e 1b5g

lea. O/, . 1ae 30 O o=
bv,=—G oS +2%[f¢ b d=v.,=— 6 +22/25" 6000 1000= 700KN
©2 7 o8 1d " b =% = o 0001000 25

b Ve, ::1)) Jfe by d=v, ::1%’ V25" 6000 1000=10000Kx
Whereh, =4" d+2" bx+2" by =4" 1+2" 04+2° 0.6=6m
a ¢ = 30(edg..column)
Bc=0.6/04=15
The minimum value of V¢ = 7000 KN
fv.3v
So C ) u
0.85" 7000>8639KN

Punching failure in not occurred.

7.2.3 Footing (4):

Footing (4) carrying column (4) (IPE-330)
A. Design Requirements of soil:
Pt=126.4 KN

Mt= 63.28 KN.m

Where:

Pt= total no factored load.

Mt= total no factored moment.




1. Check of tension failure:
- Eccentricity due to dead |oad (ed):
M4 1.8

eg =——=0£ ————03
=P, ( 5 )
- Eccentricity dueto dead load & live load (ed+L):
ed+|:ﬂ:ﬁ_o5o]_£(b_x_£ 0.6)
Pt 126.4 3

é u
é : ¥

s, =P Mc_5126.4 633 09 14 1< (s, = 300KN /m?)
by b, | é.8°18 18 1.83 v

& 12 H

Limit state of bearing capacity is satisfied.

3. Check of diding failure:

Ht =19.53KN
mp, = 0.4° 126.4 = 50.6KN
M %06 _56515...0k
Ht 195

Limit state of diding is satisfied.

B. Design requirements of concrete:
1. Design of bending moment:
Pu=151.7 KN

Mu=50.6 KN.m

Where:

Pu= total factored load.

Mu= total factored moment.



é v
S ma = P Mc_g151.7 506 0.9
Pmn " b, b, | 618" 18 18 1.8
& 12

S bg = 98.9KN /m?

- 2
S byin = - 9-29KN /m

ooy 400
0.85fc  0.85" 25

=18.82

LD PR RN

Eix = L300 —

(1

[ —

:}%

1 50 e
g

e e RN T R e

Figure (2-3): maximum stress and dimensions of footing (F.4)

At section (1-1):
Pu=57.1KN
Mu =229 KN.m
h=1.5m——» d=146m
Mu ., 108 229,

R Mn _ 09 _ 09
s 42 - 2 - 2
b” d? 1000° 1460% 1000° 1460

1€ 2’m Rnu 1 é 2°18.82° 0.012u
=—g- 1-——0=r =——dl- \/1- G
Mg fy 18.82é 400 G

wherer in=0,0035

10°

=0.012

]

=3710°<r 4,



Asreg. = 13" r req. “b" d
Asreq. = 0.6 cm?m

Select @8@20 cm  Asprovided = 2.52cm?/m
2. Design of shear:

fv 3y,
b fy =085 é\/ﬁ' b, d=085 éJ?S' 1000 1460=1034N/m
1034<N > (v =57.1KN/ m)

No shear reinforcement required.

3. Design of punching:
fv:3y,
whereVu=1517KN

b vc.1=}gi+£9\/f>0' ‘b, d :Vc_lzi&i%' 3920 735=47321KN
6& Bcg 6& 206g

Vep =— Vop= =& 30, 50/55 39201 735=91538KN
- 12§tb/d @ 1283920735 4

P Vo2 :;\/TC h d=v, =:13' V25" 3920 735=480Kx
Wherely =4" d+2" bX+2" by' =4 0.735+2" 0.33+2" 0.16=3.92m
a ¢ = 30(edg..column)
Bc=0.5/04=1.25

The minimum value of Vc = 4732 KN
fv3V
0.85 4732>15168KN

Punching failure in not occurred.




7.3 Design of bolts:

7.3.1 Design of bolts for Detail (4):

Ru =17 KN.

FRn3 Ru

FRn=0.750.4fu®)m” Ab
FRn=0.75(0.4" 500)" 1" (4Ab)
17° 10% = 0.75(0.4° 500)" 1" (4Ab)
Abreq = 28.3mm’

select...4F 6mm

7.3.2 Design of bolts for Detail (5):

Ru=42.4KN

FRn3 Ru

FRn=0.750.4fu®)m” Ab
FRn=0.75(0.4" 500)" 1" (6Ab)
42.4° 10° = 0.75(0.4° 500)" 1 (6Ab)
Abreq =35.3mm* b dreq =6.7mm
select...6F 8mm



7.3.3 Design of bolts for Detail (6):

Ru = 480.4 KN

FRn3 Ru

FRn=0.750.4fu®)m” Ab
FRn=0.75(0.4" 500)" 1" (8Ab)
480.4° 10° = 0.75(0.4° 500)" 1" (6Ab)
Abreq = 300.2mm’ b dreq =19.5mm
select...8F 20mm

7.3.4 Design of bolts for Detail (8):

Ru=6.21 KN

FRn3 Ru

FRn=0.75(0.5fu’)m" Ab
FRn=0.75(0.5" 500)" 1" (2Ab)
6.21° 10° = 0.75(0.5" 500)" 1~ (2Ab)
Abreq =16.6mm* b dreq = 6.5mm
select...2F 8mm



7.4 Design of weld:

Design of weld for Detail (8):

Ru=10.71 KN

FRnw?3 Ru

FRnw=0.75" te(0.6 )
FRnw=0.75" te” (0.6" 483)

s 103
M =0.75" te” 0.6 483

te=10.7mm
te=0.707ab a=15mm



Table of Most Commonly Used Symbols

A = fillet weld leg dimension; i.e., weld size, in. length (dimension parallel to load)

A = area of the cross-section; area

Ab = gross cross-sectional area of bolt; threaded rod area based on major diameter

Ae = effective net area an of tension member

Ag = gross area subject to tensile yielding.

Ap = gross area subject to shear yield.

Asl  =longitudinal steel area.

Ast = transverse steel area.

An = net area; "tensile stress area" through threaded portion of tension rod; net area
through holes on tension member.

Aw = web area; dtw for rolled J-shaped beams; A/H. for plate girders.

Ashear = area of shear reinforcement parallel to flexural tension reinforcement,
for a bracket.

Aw  =web area.

B = width; beam width; flange width; dimension of plate perpendicular to load
direction.

bE = effective width of unstiffened compression element effective slab width

bf, bfb = flange width, usually for steel W section; for beam, bfb

B = magnification factor for member in braced frame.

KL/r =slenderness ratio. Separating long and short columns for ASD, compression
force.

C =Cover or spacing dimension, defined as the distance from center of bar being
developed to the nearest concrete surface.

Cb = factor which varies with the moment gradient between bracing points.

Cf = shape factor.

Cw  =tensional warping constant; compression force in web of steel section.

d = overall depth of section; nominal bolt diameter or rod diameter.

e = eccentricity of load

Fc' = compressive strength of concrete, measured at 28 days after casting.

Fr = modulus of rupture (tensile strength in bending).

Fy = yield stress of steel.

Fu = tensile strength of structural steel.

Fu (b) = tensile strength of bolt material.
FEXX =Weld Metal tensile strength.

G = shear modulus of elasticity.

H = overall depth of section.



[, Ix, ly = Moment of inertia about X-or-Y respectively.

J =torsion constant.

K = flexural stiffness.

L = Length, span.

Lb  =laterally unbraced length.

Lp =LRFD: maximum laterally unbraced length for using Mn = Mp.

Lr = LRFD: maximum laterally unbraced length for using plastic analysis.
Lw  =length of fillet weld.

L x,y =length of member in X-or-y direction respectively.

m =fY/ (0.85 fc') ratio.

m = number of shear planes.

Md = dead load moment.
Md+L = dead load plus live load moment.
Mmax = maximum service load moment acting at the condition under which Def- lection

is computed.
Mn  =nominal moment strength.
Mr = moment strength when extreme fiber reaches (FY - Fr).
Mu  =factored service load moment.
Mx  =moment about x-axis.
My  =moment about y-axis.
P =service axial load.
qw = wind |oad.
S = snow |oad.
SX = section modulus about major axis.
t = thickness.
tn = nominal tension force.
tu = factored tension force.
tw = thickness of web.
tf = thickness of flange.

A max = maximum vertical deflection.
r = reinforcement ratio.

AP =limiting slenderness parameter for compact element.
ry = radius of gyration about minor axis.



Appendix



Appendix (B)
Ar chitectural Plans



Appendix (C)
Structural Plans
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