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e Any missing data may be reasonably assumed. Any sketch may be neat and drawn to scale.
Question No. One (20marks),
It is required to construct a steel storage building on an area of (24m width x 55m length). The main supporting
clement is a hinged-roller frame shown in figure with double cantilevers 3m each, taken from the width of the
area. The spacing between frames is 5.5m. Secondary beams are arranged above the frame rafter at 3m apart.

The clear heiglif of the frame is not less than 6m. A crane girder is provided in the hall as illustrated.
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Data: - _
e Secondary beams of the roof support an R.C. slab of 15cm thickness with floor covering weighs
150kg/m?.

e L. L. on the roof of the frame is calculated according to the Egyptian Code for the accessible roof. _
e Maximum crane wheel loads are two loads of 16 fon each spaced at 2.5m. The lateral shock effect is 10%.
The crane type is electric.

Requirements.
mtq a convenient scale the general layout of the storage showing the distribution of the selected
secondary beams and the main frames, {plane and elevation only}. (6 marks)
2. Draw the BMD. of the main frame due to the applied loads then design the main beam (rafter) of the
frame. (8 marks)
3. - Design the crane track girder as a built-up section. (6 marks)

Good luck



Model Answer

1- Draw to a convenient scale the general layout of the storage showing the distribution of the selected secondary

beams and the main frames, {plane and clxaﬁ; only}. l (6 Fark’)

1
L
L}
I
1}
I
1
1
1

Main flame rafigr

R.C. Slab 15cm tlﬁckness

D e—

g —

Sec. beam Main frame rafter

span 5.5m spaced at 5.5m
spaced at 3m

o

Structural plan of the frame roof




Horizontal bracing

Vertical bracing

Elevation



2- Draw the BM.D. of the main frame due to the applied loads then design the rafter of the frame.  (8marks)

For the secondary beam:

Wp.L.=0.15x2.5x3+0.15x3+0.05=1.63 t/m, Wr.=0.183x3=0.55 t/m, W1=2.18 t/m

Reaction =12t . t/m
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For an intermediate frame rafter:
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Mmax.+ve at ¢= 149mt

Qmax. = 38t

Design of section:

F = M / Sx

Assume compact section therefore, F=0.64Fy=1.54t/cm® & Mmax. = 38.76mt,
Thus Sx =9675cm? Choose ( B.F.L.B. 800, Sx=9890cm?)

Check of section class:

Check of stresses:

Check of normal stress:

Fact= M / Sx = (149x100) / 9890 =1.51t/cm? Safe 0.K.
Check of shear stress:

q = 38/(80x1.75) = 0.27 t/cm? less than 0.84 t/cm? Safe O.K.
Check of deflection:

Due to L.L. on the main beam only is:



Equivalent distributed load 1.5t/m

= 1t/m *
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3m 18m 3m

Therefore, 8.1 is calculated



3- Design the crane track girder as a built-up section. (6 marks)

1- Dead load:
Assume O.W. of the crane girder = 0.20t/m.

Wp.r =0.20t/m
AR i
AN N

S=55m"

Mp.L= 0.2*5.5 8 1 0.76 mt, Qo..= 0.2*5.5/ 2 =0.55 1.

2- Live load and impact:
Calculate the maximum moment:
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Cases Of maximum moments

Therefore:
MLL= 26.3 mt., MLL+1= 26.3*%(1+0.25) = 32.9mt.
Calculate the maximum shear force:

16t 16t

PAN AN
P 5.5m |
I i
Case of maximum shear
QuL= 24.73t, QuL+1=26.3*(1+]) = 24.73*(1+0.25) = 30.9t
Design values on the crane girder are:
Mx=Mp.r+ MpL+1=33.7mt, My=MrL./ 10 =3.37mt and Qmax= Qp.L.+ QLL+1=31.5t.
Choice of section as a hot rolled section
Assume the section is non — compact, therefore Fy=0.58F, = 1.4 t/cm?.
(33.7+8*3.37)*100 .
=3610cm

‘ 1.4%1.2
Note that the stress is increased by 20% due to case I (lateral shock effect).
Choose BFIB No.550 {55*30/1.6*3}, =2.4cm............... Sx=5100cm’.

S, required = -



a- Check of'the class of section

16.6 16.
L =55 < 69 =10.9, the flange is compact.
1 3 E,
. 442
—(:-“— = 1—‘; =276< 127 =82, the web is compact.

¥
Therefore, the section is fully compact.

b- Check of tl{é lateral torsional buckling of compression flange
Lu act =S=550cm

20b, 20*30
....ﬁ'— JEE

1380Afc _1380*30*3
T dxF, " 60*24

=387.3cm
387.3cm
*1.35=1164.38cm

Lu max =the least of

Lu at:t> Lu max

8004, .. 800(30*3)
Ld * 700%60

Therefore, Fiy= 0.58Fy = 1.4t/cm?

2- Check of stresses:
a- Check of bending stress:

Fip1= 1.35=2.31t/cm® 20.58F,

(+) Yy

Point 1.3:

;oM. 3370100
TS, 5100

Point 2:

M, M, 337*100 3.37*100
-fl — -+ = +
S, 055, 5100 0.5*902

=0.7<1.4t/cm>. Safe 0.K.

=14<1.4*%12t/cm* =1.68¢/cm?.

x

Safe 0.K.
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