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Material of construction is steel 37.
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Fig.(1) illugirates o plan of an industrial building to be constructed wsing
a series of steel trusses. From Azxes (1) to (6) the spaecing between the
brusses iz Pm. However, from Azes (6) to (12) the spacing between is SM
The regquired minimum cleor height under the lower chord iz 7m. '
Draw to scale 1:100 a complete general layout of the building showing the
main supporting elements and the bracing systems. (Structural reof plam,
Flevations ot dzes (4), (C), and longitudinel bracing. Cross section of

Ares (1) and (6) .

Ouestion (2) (34marks) @

v+ field connections of the shoum TMM
are at joints "e” and "f . It is |

o
| 1L go%a

reguired to: - &

2.1) Design a suitable section for the v v
narked members (a—C) and (b-e),
given that | Fig. EEJ.
F_, =—28ton (D.L+L.L+Find Load) 8.6 | & Bon | 6.1
Fye =+30ton (D.L+L.L) 19.2m:
I'se non—pretensioned bolts M20 grade (4.6) and 10 mem thick gussel plate.

(&marks)




2.2) Check the siresses and the suitability of using o single angle section
70x70x7 for member (a—b) (4marks)

2.3) Design the welded conmnection of the truss members meeting at joint
(b). (8@marks)
2.4) Design the bolted connection between the monorail beam (HEB240) and

the lower chord of the truss af joint *p"”, Use pretensioned bolts M20 (8.8)
(4s=2.45Cm?%, Ps=3.451, T=10.8t) (4marks)

2.5) Draw to scale 1:10 the connection ol joint b7 in different views.
(10marks)

______—_.__—’4___—7/—_——_____—/—_—_——/—_————-_'

stion (3
Ques ~—_=L)—(2ﬂﬂ:fﬂ?k3) HEB500 -

Fig.(3) shows a PLAN wview of steel it Hrt ==
plafform (7.50mx8.0m) supported on
four colurnns. 4 machine weighting 20
fon iz to be located on top of the 5t 54
platform os illustrated in Fig.(3). SR
The total deal load of the plaiform b T _T
including steel grating (flooring), floor L -
beams & horizontal bracing (if required) ot 5t
— 200kg\m2. The live load = 400kg\m2.
HEB 500 section iz used for columns
and main girders of plafform. It i2 A HEBS00 1,
required to : o e 2w —2m—
(3.1) Suggest and draw to secale 1:50 o structural plan for the floor
nenng and the horizontal bracing. ( 8marks)

Jre

T

T

"7 2) Design the critical secondary beam {Assume Cb=1). (12marks)
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SECTION AT AXIS (6)
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SECTION AT AXIS (1)




41-&3&011 (2 }

2.1) Design o suitable section for the marked members (a—C) and (b-e )
given that

Fo, =—28ton (D.L+L.L+Wind Load)
Fy, =+30ton (D.L+L.L)

M20 grade (4.6)

10 mm thick gussel plaie.

filed conn.Jl e Bases 4blas oY

bolted 4l e member be A r-_!-l-rﬂ'-: = " | g b‘rrr'—|_‘ﬂ Fr—

filed conn. (e) agblay sl 57 —{ 9.2
3
\Memher (ac)|=> Upper chord = ﬂﬁ i
i
1) Data | K
——— P S j__ﬁ,‘ﬁ e
+ Length :\/554—?85 — 174 om o055 — _ b
e .
« Force = — 28 ton (Case B) By simdlarity | | i
1.65=—
* |bi, = Distance between joints = 174 cm *
* b owt = Distance between Purlins = 174 cm
2) Choice of section
From stresses From buckling
« assume Fp, =0.75t \em? s assume A b k{ﬂ =100
l 74
o force _ 28 - L T |
9L TR 12 0.75+1.2 100 =—"—=0.30a,
=31.11 cm? = ae=[6.80 cm|
l
-'-A = AHJI— — 31.11 & 100 = troict = ;?54
gL 2 = 2 Ty 0. g
—l S 3.86 cm
:t 15.55 cm?
b
Choose o22a 1 100+100%10

(e)



/ »S59
a;+(az0r®3) 10+5.80_ . 90um

Aoy =
2 2
Choose JL 80x80x8 l
> mminimum welded angle 46x45x5 a_ . =45 cm
i Y
3) Checks i L 808028
_alll® ] A= 230t
ar €T
[ |= e =2.26 C'm
Tay= T, Jea=dl o = 2. 42 e ‘ e dws ry=2.42 Cm
¥ ry=1.55 Om

(LESUITLE icp =1 em
= \/T§L+(e+15§l’f = \fﬁ.g:ﬁ.‘i{’g.zﬁ +’j2;'5')2 -3.67 em

7y,

a) Buckling
lbin 174
N W o 71.90< 180 = (Safe)

; lb 174
T W T:“i = - 47.41< 180 = (Safe)

"~ 3.67
b ) Stress
A, =71.095100
« F=1.2+ [1.4- 6.5 10°N . J=1.24 [1.4— 6.5 +10°(71.09)]

=1.28 t\em” 7
- . orce 28 = 7
*'fﬂ. = actual stress = E*Ag]_ = 5, 12.3 =71.183 t\cem

£ F, => (Safe)

fo bl = 0.89 —> (Safe and economic)

* = -
FE‘ 1.28

D




Design of tie plate

?"‘U < )'m-:m:
& r

P o = I < 1.55+71.09 =112 cm
Tyl_ 1'55 T ?rf gﬂ I. ¥

I X 112 em = —> Use one tie plate at the

middle of member

B
2

Member (be)|= Lower chord = |

1) Data “

+ Length =330 cm
« Force = +30 ton (Case A) ' -—3

# [bin = Distance belween joints = 330 cm

* 1bout = Distance between longitudinal bracing = 660 em

2) Choice of section

______-———-———'_——_-—__

a— From Stress Condition

Force ton __ 30  _ 25 21cem?

A = =
T .85 2 0.85%1.4
Rolied F}_. * Ff (t\ cs ) :

Ag = ’Eg‘w-fi’ﬂfﬂm

asJdl
|£-_'_.—Lf':r Choose _JI_HH*HH:ETl a;=9.0 om

_ From Slenderness Condifion




559 3l
.z =4.88cm

r — I L 330
J o"s ﬂﬂ-— bin — =4
3 =030 —a=3 5'?“-““]

- e Ehnut ESG A

--30{}— y :9‘45{1 :}m-#.ﬂﬂ"m
AN

C — From Construction Condilion pggited

=71.1+3 1.6 =5.28cm

minimum angle as =1.1+3¢
ay & g & Az 5S¥Angle )l Jslasdl Ge a2 ~

Choose AL 90 +90+9

L 90«90«89

s 4 =155 Cm*
e =2.54Cm

o  Te=Ty=2.74 (m

3) Checks _
;t

Anet = 2[ Agross — (0 +0.20m) « t ]
= 2[15.50— (2.0 +0.2em) + 0.9 ] = 27.04cm’
a) Stress

Force 30 2
= = — = 4
LT s 11 T

Lasluan o5 gl @ngles J) hLJ..-_E < Fy = 1.40 t\ em? (Safe)

b ) Slenderness

> T
Toy= T Jood) 0= = 2.74 e

. Lhiﬂ - 3430 B —
. T 120.44 < 300 (Safe)

TH_IL.= JT;L'-“(E—J—EEGP)E . \/2+?¢E’_{/25# +j'?,-ﬂ)2 -4.09 em

(2)




Vh, g ot = 660 _ 167,37 <300 = (Safe)

Ty, 409
¢) Length to depth ratio (Deflection)
d a 9.0

2.2) Check the siresses and the suifability of using o single angle section

v0x70x7 for member (o-b)

2 O8
Member (AB) ;=2.;;
1) Data Hy shmiiee
« Length = 220 cm
+ From equilibrium of joint B I
Force= +8.0 ton(Case A) Fap
s [bin = Distance between joints = 220 ¢ “Viaint (»)
% 1 out = Distance between joinis = 220 cm i
3) Checks
i == T L 70+707

- A =940 Cm?2
r,— 1.37 Cm

Check T?'ﬂ + 707

Y
welded 43 ke Tember ab gle Check Jas p
filed conm.J) e (Bases agilad o

ATLE"E :Agrﬂga L — 9-4” Emz




a) Stress

_ Force_ 8.0 _ Nt
AT =4 os 2D 5
laslesn o5 Allangle JI 1.hL...E L Fi = 1.40 t\ em® (Safe)

b ) Slenderness
Tr.l'|_ JJ"-’-?'JJF ot = 1.37 E’?ﬂ

_ Ebu‘u# . 220 _ %
I 160.6 < 300 (Safe)
.

¢) Length to depth ratio (Deflection)
Vertical member o member J| 1is 3 Cheek JI 1in Joo (o gzl ¥

L 70+70+7 is Safe ]

2.8) Design the welded connection of the fruss members meeting at joini
E‘]'_ Tk =0 |_
Fro= Fye = 30 (given) :

[ A '_:
Foree A I—“"JLHH member (EEJ,,_;_‘; / .

5 e BG4 memb d)ed 30t 30t
ot HAl s er{’b,!:.#{ b }i

=

Force J| ,_’J =3 Joind (&) 51581 e

Lower {!ﬁ,ﬂ'}'{i." F-mnsﬂ'unnecﬁm f’ﬂ o
Continuwowus member ‘-'J L;-Lﬁv

Bton

assume size of weld =5 m

[T min = 5 €0 Em”: 70S=70+0.5 = 35 cmn




Member (ba)| L70-70,7 =>e = 1.97 ¢

Force =+8.0 ton F, < \

=
| =

f

'Ff:F*( E)
Fe€—-———

R e

"l‘b |

=8.0 t( ;‘ 9?) =5.Y4ton o - Kx/
#* F2 = F — F}' =8.0 —5.74=2.26ton

Feld (1) Subjected to Fy

S  F, 574
Stress = 0.72t\em’ = B L05

i, 2 15.94em
% lth:EfEff + 2858 =15.94 + 2 = 0.5 = 16.94 em

=—>5 Take (b, .= 17 cm

Feld (2) Subjected to F

E e G
Stress = 0.72t\cm’ = 1.5 L0565
EEe_fj = 6.28 cm

wlguef_='lgﬂf_f+35—523+,3* 0.5 = 7.28 em

—= Take l-gmt_: 8 cm




ower Chord

Lower ChordJl r.'LmJ
ff HISE-EI :Jl fs

gton - y
+ Submerged ploll He Jas (2

Jiwd Plate )1 Joyal lais F A=
monorail Jl 45 s 5 acd

Blon

O Aanll

& B gagal| Forces ! JB g» Gusset PlateJ| g Lower Chord JI al=J

: SIS Forces J| oia 5 Gusset Plate J| ) Lower Chord J

3,8)l sda g F, = 30— 30 = 0 4» 3 Lower Chord J) 48 i)l dlass -
. ploll gle Shear caus AL 5 pll] L3l ee

Lower Chord J| ¢l monorail beam Jl e JEE5 Lasl dum monorail foree I |

ook e Gusset Plate J) )| Lower Chord JI & JEs 8 pelad 3yl oo

- plall} fle Tension cas JEIL 5 (L) ele Boses 35301 oda 5 Pl
le ALl 5555 S ylad Plodll le Shear J) s @l s ¥ 3,3l ol Gus o
collad £ Goyko oo Gusset Plate U 31y g lald Tension

¢ assume size of weld = & mm

t G.p 1

3 rde = 5 = 5 = 0.5 crn > For submerged weld

F 8.0
— B e RN
Stress = ﬂ.?Ef\ﬂm = [—f*S*ﬂ Ii‘*ﬂ+5*4




= 5.85em

'!"Eﬁ‘
# Efmt_:lfeﬁ + 28 =555+2% 05=6.55¢cm

= Cusset Plate J| L35 55 ¥ Connection | sls 8
S palis o) WY Lloll Lower Chord JI Jiul
[1 . monorail beamJ
o
T&tﬂn

2.4) Design the bolted commection between the monorail beam (HEB240) and

the lower chord of the truss at joint "b”. Use prefensioned bolts M20 (8.8)
(Az=2.450m<, Ps=3.45f, T=10.8t)

T=10.81

Bolts connecting upper flange of mono rail
to lower chord of truss

— Subjected to —> Tension = 10t [
_ _F - 8 - i !'-. j ;
:;‘?L-—H-ET ST 1.23-|4.Bnlt5 : .

L__ghﬁ&ﬂ_}w&:ﬂjﬁﬁfﬁfm Ea!ﬂ-hJE'"L

b

¥

Fy

=

-
— i maa e



) Draw to scale 7:10 the connection af joint b in

different views.

70 7007

10mm Thicknes :
! k. Cusset Pm-.t:—\ =i ,{
Ty

10mm Thickiess. \ /|
B 705 ™~

L70s 707

it v

| I
| L1904 9:1.9_:‘“ ]

T | 1A

5 T=Is 4 Bolts ___
| HEB240 | M20,grade(8.8)
HEB240
SECTION B—EB ELEVATION
el
I
i
i
% |
= 1l
-
o
! AL 80« 90:9 I AL 90+ 909
| I &0l & I47 |
[ | |
I
-MH&
Notes 4
T i
|
7- Bize of fillet weld is Smm. H
43— Pretensioned bolis grade M20 (8.8). M
1}
4— Thickness of gusset plate is 10mm. = T
SECTION A-A

5— Al dimensgions are in TMmas.

= Scale used i3 1:70.




(3.1) Suggest ond drow to scale 1:50 a structural plan for the floor
bearns and the horizontal bracing.

HEB500

L b ~
3 S : S 3
L =} w [+'1) (<]
[z o m o ]
L5 £l Bl gl i | S
£ B g k! E
7§ : 5 5 5
L 2 o] - o
L ]
5t 5t
= L4} )]
& £
o EH
ot 5t
i H— ———0
s §
o
A HEBSOO :
| P Koo o
E'JTI.._'L'_'_.Em l Pl g ] 2T l



) Design the evitical secondary beom (dssume Cb=1 P x

: HEB500 N

: 7 :
: O

{.8m

/
. HEB50 /

2 SR e G N, T
1— Straining actions
Tﬂtu..! Load
2 Wrotal = D.L. + L.L = 0.20 + 0.40= 0.60 t /m*

% Wsee. = Wrotal + @ = 0.60s+ 2.0 = 1.20 t/m

5t 5t
f 20 t\m
|||II Illlll A0S :
T—a&m——r'—fs—r'—amn—ﬁT |
Sm.t
9.5t 9.5t 23.5m.t
9.5t o
S.F.D. 0.9t
0.9
5.9t

9.5t

# Mrotal = 23.5 m.t

# Qrotal = 9.51



2— Choice of section
ﬁ_—_—_—
assume F,= 0.64F, = 1.536 t\em’

Table
Sy= My _23.5 2100 _ 530 om® ———}> Use[LP.E 500

1.536  1.536

3= Checks
3a— Compactness (Local buckling) Lﬁ
T

]

fw: 1.02cmm +1 tw hau.r
b_f =20 em ¢

"
tf =71.60cm I ]

r=2 1ecm

¢ L(b,—tw—27)_ F(20—-1.02-2s+2.1)
ty - iy B 1.60

ol gps o 16.9 _ ;9.9 —> Compact Flange

Ly i

b iz_ﬁi — 41.76< 127 — g2 —> Compact Web
ty, 1.02 '?y
% The section is compact A5 el

lh{@wﬁba_;dha}ﬂ' =0.4 hf_“ JEHTUS:AMJIEJA

= 4.62




_Lateral Torsional Buckling l ~1v Cy,=1.0 (given)

Lyt =250 cm (braced at locations of hz. bracing)

20 by _TEH*‘ED — 958.2 em

LU =
e E JPv 2 (o Ak

1380+(20+1.60)
= g =
= 7 o Cy R s 368 cm

Ly .. =R50 em < Ly, o = 298.2 cmt —> NO LTB

Compact Section —=> F, =|r.536t\c—mz

3a—Check bending stresses

M :

e X o RS =100 g98¢\em® = le— 1940
Sx I hasdl ¢ (Safe)

H__'I'J" iy ta U'_‘
3b— Check Shear siresses =
4 Q 9.50
- — = : = ﬂ- fﬂ <
q“’“’ Apen h #t. 50 x71.02 iieme i gggf F‘H
(Safe)

3C— Check deflection
2 Wgec.= Wr.L.» @ = 0.40+ 2.0 = 0.50 t /m

5t 5t &t
sl | [
| 1T 1 .11 I_I _-_‘]|> E &
A—a..-.}m—-'——r 5—-1—0HF. .thn.—-—-—'-'-f,ﬁ—-"-—fn‘.[rrrr—T
| Beam (1) (—B
8t at at 0.80 t\m 5t

Live Load &5 LSl Je o P i)
,ﬂ-m—-[-—I'.E—'—'-—-ﬂ'.
[Heum {E'.! !



A Lol { ,:_,.-E‘,.ﬁﬂ deﬂecm." anl y Eﬁ@' E_,.-i" MM

- rm;:.;
Beam (1)
@ 5t &t @
b :
VAN i !
T—’&.ﬂrn—-'—l—l'.-ﬁ'-l——.?.ﬂﬂl—‘T i
1am.t
5t St
S a
? Flastic loads &
57,

W f"' Elastic reactions
Y  15m.t

. deflection |
e = 33.75+3.75 — 22.551.75 — 11.26 +0.375 =86.72 mit

mTt

e

. g
157.1 _ 86.72+10

oo =257 = 2100045200~ 020
e ) Lo
Beam (2) )
a WL #* S 0.80 t\mi
- - tllll!illllil]
&Mtg 384 ExTyx lb . JAS
t\em em Om—— ' —f.5———8.0m T
P Beamn (2)
3 3t 3t
0. 0 75
_ b 080300600 5 0m
384 = 21004 48200
t\ord! | em

(%)

e



AT&#&I . Am&tf =+ A&-untz

—0.86em + 0.33cm =1.19em < _5%3&
750
< =i S
200 2.50 e (Safe)

-

15SL) cos kil 3 Live load az ¥ of Uludl ods (o oytiall e
FSE{:. 1 CHEME I-T:l’l.,mn- e C_.,a'i' L,;J‘IEJL- _!.ﬂ-Eclrd Load Ao g L')SJ &
! HEBS500 HEB500

o 7
3 0 /
t // t /
E| / 3] :
] w5
. 3 t. 1 /
/ 7
& 2
= =
aY HEB50 , HEB500/ /)
—zm— l— g g — 2l — 2
D.L. 5t ot L.L.
Wsec.t ‘Fg “'2‘ Fsec.;
VN
8. Om— .5~ —3. O

4 Wrotal,= D.L. + L.L = 0.20 + 0.40= 0.60 t /m?

# Wsec.,= Wrotal,» @ = 0.604+ 2.0 = 1.20 t/m

4 Wrotal,= D.L.=0.20 t /m*

# Wsee,= Wrotal,» @ = 0.20+ 2.0 = 0.40 t/m

AE paaaill 555

(z)




— Straining actions

at

at

1.20t/m t 4t/ j 1.20%/m

LN

rﬂ.mﬁlﬂ.ﬁl—ﬂ.ﬂ

8.91

£ MTotal = 21.4 m.t

2 QTrotal = 8.9t

N

8.91

5.3t
.~ 2- Choice of section
assume F,= 0.64F, = 1.536 t\cm?*
My 21.4 s100 Tables
— s = 1397 Cm® ——> Use|LLP.E 450
X 1.536 1.536 >
3— Checks C
— — . 3
3a-Compactness (Local buckling) I—/ﬁrmiff
T, 5
h,=387.8cm Jsl= s
t,,=0.94cm Ht, |hw
E}_f = IH L
H—"
tf =171.46em I
r=2.7Tcm




L(b,—tw—271) 5(19—0.94-2+2.1)

= 4.62
i 7.46

16.9 _ ;0.9 —> Compact Flange

£
tf_qr.?# {J?z._r_

hw _ 37.8 = 40.2 < 127 _ 82 —> Compact Web
t., 0.94 ’;?y

' The section is compact

b—Lateral Torsional Buckling &_!L J, ¢, =1.0 (given)

T

Ly, .: =R50 em (braced at locations of hz. bracing)
' 20 b 20419
. - . S50 o = 246 cm
ma. g JTv \Z.4 o il
13804, _ 1380x(19x1.46) {0 — 354
T F, C° T T 45.2.4 s SRR

Ly, =246.0cm

Ly, =250 em > Ly .. = 246.0 cm —1> ETH occurs

o= Fup = .'{(_Fm_,’f_;_{ija £ 0.58 Fy

0+ A o 19+7.46
Fog = 520221 ¢, = 8902 (192 ) u10 = 1.97 t\em?
> 0.58 F,= 1.4

A T S




—Check bending silresses

My _ 214 100
e L et 2R b
——> Use[L.P.E_500
3— Checks c

3a—Compactness (Local buckling) |——1.- 7
g
hw=42.ﬁﬂm JJLJ;E-

¢, =1.02cm Ut |hw
bf:Eﬂ CTrt ﬁ |
tI=f.Eﬂﬂm I =—
r=2.1cm

1 !

(b, —tw — 20 — 1.02—2+2.
L:E(L 2r)_ 5(20 —1.02—2» 1’}:4.52
tr ts 1.60

o C _ 462 < 169 — 19.9 —> Compact Flange

hw _ 42.6 _ 41.76< 127 _ g2 —> Compact Web

- D2 7

. The section is compact




" Lateral Torsional Buckling ~L wlr YN e (given)

.LUm:t. =250 cm (braced at locations of hz. E:-Tcr,mng)
20 by 2020

L[f = = = 258.2 em
TIVLE. E rfy \JEA 2 Yl =l
13804, _ 1380+(20+1.60) 2
_d_*F_E - = ¢ +1.0 = 368cm

L‘U‘I’ﬂ-ﬂ-r. = .253*.2 CTrL

Ly, =260 em < Ly __=2582cm —]> NO LTB

Compact Section —> F, = [1.536¢\em?

3a—Check bending stresses

M
S act. = X - 214 ’:}mﬂ = 1.10 t\em?* < Fy.= 1.536
Sy £ o Jaladl G (Safe)
3b— Check Shear siresses -
q Q 8.90
- — = — = G.}‘? f ﬂm’?’
= 0.84
(Safe)
3C— Check deflection
2 Wsee.= WLL.+ @ = 0.40+ 2.0 = 0.80 i1 /m
st 56t
0.80 t”\fni"i L o ‘L L
él I 1 1 1 1 1 1 Iﬁ :D 5 &
H,Dhm—l—f,ﬁ—hj-—-—ﬂ.ﬂlr—T 3. Ome— —1 .5 c-m—T
| Beam (1) (1:"-)
7.4 7.4t at 0.64 i\?ﬁ“ﬁt
| | 1 1
Live Lood 415 1Sl Jas ies ﬁlll - e ijl_\
=1 LS 3 | | gy 3. 0m———.5~'—38.0m
o Sl e eodl Jasdl as “:Bmm 5 5

2.4¢



Ip.: ._,Lu:ﬂ .-_,.aEJ.AS'JSJ deﬂechﬂﬂ.” heasd g LEJJAS-L;.H n_).-s'."l.u—:-'l-d_.l.l.—uu

Beam (1) T

5t 5t @

V .
/< yaN 9
Tfan-m—v'—-—nhl-——amn—aT |

1o6m.t
5t 5t
@ ¥
? Flastic loads &
0,87 Elastic _reactions

et

Y 15m.t
&7 @29 (1.2
@ s 05 BT gle dend 5 5,801 A, GSElastic moment ) iass

. deflection J
Mo v, = 33.75+3.75 — 22.5+1.75 — 11.25 +0.375 =86.72 mt

et
it

&
_ 157.1 _ 86.72x10
ANl 7 2100*4&2{}& ~Eaba

thent em?
bDeam (2)

4 "

5 WIL*D s IH;EMt\m
— * ] I i:I_I_I'“I_l_T_l
&““f-g 384 Exly £ L& AN
t\ﬂm Ccn . (e 7. 3. Ohre T

-t = Bearn f.E'!

= Py 3t 3t

5 m E#\fﬂﬂ) (?50)
384 2100 432{19

t_\_t}_ﬂiz. v em?

(28)

= 0.26cm




N

Total — &m:rt.f i A&\mt.g

—0.860m + 0.26em =1.12¢em < 5;‘;“
750
s 5
< e 2.50 e (Safe)
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SHAMS UNIVERSITY |li= poe FACULTY OF ENGINEERING

RUCTURAL ENGINEERING DEPARTEMENT
THIRD YEAR CIVIL STRUCTURAL DIVISION

January 2010 STEEL STRUCTURES TIME:3.00 Hrs
Material of construction iz steel 37.

Question (1) (14parks)

An exhibition hall is fo be constructed

over the area shown in figure (7). It is 12000

required fo use steel lrusses to cover the

hall. The clear height of the used lrusses Z N o) 2
is 7.00m. An opening is Teguired in roof #2400 2
at the inner solid lines. Columns are el )

allowed along solid lines only. —12000—! 1800 L —42p00— E[
It is regquired io : 12000

1) Draw to scale 1:200 a complete s
general layout for the building, showing | 42000

all necessary wviews and bracing systems. Fig.{?)

Z) Write brief notes on the following :
a— How the wind forces oare transmitfted fo the foundatfions .

5) Function of end gable columns & their ideal spacing.

Question (2) (zgyarks)
For the part of typical truss, shoun in figure (2), it is required fo :

Sl ol J5e

1) Design an intermediate roof purlin, using hoi—rolled channel section
(Spacing between trusses=7.50m, weight of roof covering= 8 kg/m?*)

2) Design the truss members, intersecting af the marked joint. Use
back to back channels for chord members and back fo back angles
for the web members (Use H.S.B M20 (8.8) with threads excluded from

.. planes of shear and 15mm thick gusset plotes).

3) Design the mnon—pretensioned bearing type bolied connection for the
marked joint, considering the monorail reaction

4) Draw to scale 1:10, the designed comnection in different views.

Note Monorail capacity = 6.00t
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Question (3) (23parks)

For the shown plan of floor beams in figure (3), it is regquired to :

1) Degign the marked secondary and main beams (R.C slab overaoge

thickness

{2¢m, F.C= 150kg/m?& L.L= 400kg/m?)

2) Design the marked connection between the marked beamsz and the
column using slip—eritical connection and M76 bolis (grade 710.9 with

A=s=1.57 Omi,

=9.89 ton and Ps=3.16 ton)

Szl 56 o) el 53 5540

3) Draw to scale 7:10, the marked connection in different views.

Cotumn
‘/ \1 TILP.E 600
—:- <2 :
g :
3 o,
_:: é: ', T
i = @
| é 2
| = Fig.(3)
&m | o
i “\
| ~
| :;/" i
et e \P
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it lz700
ills500
Ms500
?ﬂﬂﬂi roon
|
il |s000
l 24T S00=36000 |
MAIN SYSTEM
@ Axes (B&G)
: B g f&; (5 i
@ @ &) 7 © ® @
I | : |
.E 000 il lr500
| 1500
: | 17000
| |
| D & | &5 & G [il[s000
k. e il e i 8 rl o A
| 8000 5000 £000 6000 £000————E000——
2dx 1 5O0=36000
END GABLE

@ dxes (A&H)




2
| - : | i o
, o ,
[
| i | 1500
i I i 1500
I : |l 1000
| l |
! : i | |3000
| 12000 ] {2000 | 12000 |
MAIN SYSTEM
@ Arxes (D&E)
&) (5]
) 3 T @
T .
2700 2000 1500
l1500
l1000
3000
I {2000

2421500=36000
MAIN SYSTEM

@ Axes (C&F)

Main System @ Azes B&CJl Jio System JI lis 555 ol oSl 5o
Azes B&G pbls sie saecl ply roasdl Go Wb ydsall 55
. 14550 ldis JWL s Spand! Jl8 lacos Jadd Axes 3&5 g

()
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Wind loads will !]E._t‘]_"l‘.-]]ﬂ-ﬂ'?'l'l'iﬁﬂd from corrugated sheets fo side
girts. Then from side girls to the columns of the main system
and finally from columns lo the foundations.

2) Direction perpendicular to frames

Wind loads will be fru,nsmiﬁed. from corrugated sheets to end
yirts. Then from end girts to the end gable columns. Half of
load will be transmitted by the end gable column to foundations
directly. And the other half will be transmitted to the hz.

bracing then to the vertical bracing then to the foundations.

(32)



olos ¥l (@8 Jlen ¥l Loslie 52 Bracing system J| e gt )] Saall

oo JooI palns Frames]| 4] Trusses J| ,,:,T Gus gl b alall
Jleat 5 2ol Jlaa¥) Jao pad U3 5 Lanlos) o8 5050 gad) 53]
cl:;__}“ LJL.\_-;-.TBT[:{.'ing system JI rn_gﬁg Lo gual) juadl) alas¥l 63 El:_}_)JII
 lad ga g Al o8 Braking foree U oYL auell Lolall ala3dl (08

Wind Corrugated End
=7 — End Gable Columns
Loads sheetls Girts =2 !

Jlent Hlisd ui s | |
f - ' ' L —> Base
olo3¥l gb FLJI | T —> Horizontal bracing > as

o gl sl .
ooy 3 oIl ertical bracing

{

Base

(38)



isall Jsslall olo3 ¥l (43 Wind loads J) 5l

Corrugated sheets JU salaas Jislall ginal alas) 8 gl Jlal -
. End girtzl]l e t_‘;.ﬁj

. End gable columns JI | Jle=¥l &5 End girts J) oe =Y

(buse) 8,500 5,9 Q) U555 Jladl da End gable columns Jl e -V
. Horizontal bracing Jl ) Jiu 53 Al

Al saes JE Horizontal bracing JI ) Ji5s 3 Aandl -£
. (base) o, = Vertical bracingJ)

iuneiion of the end gable columns and their ideal spacing

DT

o | = | @@ =D | S

;

C———
s

——
[ ————— ]

-

Lﬁm to &m—|—5m to Ew'-ﬁm to Sm——Gm fo Bmr——bom to Bfn—LSm o Hm—-!

“upport end girts which support corrugated sheets.
2— Transmit half of wind load to the foundafions.
3— Can be used as a support for the truss in case of no
Juture extension.
4— [deal spacing is from 5.0m to 8.0m .




1) Design an intermediate roof purlin, using hoi—rolled channel section
(Spacing between trusses=7.50m, weight of roof covering= & kg/m#*)

Sl a5l Jote

2) Design the truss members, intersecting of the marked joini. Use
back to back channels for chord members and back to back angles
for the web members (Use H.S.B M20 (8.8) with threads excluded from
the planes of shear and 15mm thick gussei plates).

|




e

L 2l o —em—|—om ]
Y6t

Lo e

iember (1)

Lower chord|_, j = Bolted Botted Connection pracs wpllan 433

Joint J) ods die 20l glladd] b
r =
f) Data

x» Length = 200 cm
+ Force=—23 ton (Case 4)
# [bin = Distance between joints = 200 cm

* byt = Distance between long. bracing = 2+ 200 = 400 cm

2 ) Choice of section

From Stresses

s oesume P = 0.765 1 \em®

A % Force (fﬂ‘ﬂ..) e 23 — 30_?'%2
gC Fe I:"t\\ Emz) 0.76
Aol
A,;rl_ :3':;'?0 = 15.4cm? H Choose C 120

From Construcltion regquirements
Flange 5 jole Monorail J) 5,8 w85 (Ko Sy Channelll ,lasl f. Y
» Channel J|

&)




+h =71.71+ 39 =3.32 716 = 66.0 mm

T

66.0 i e s Flange | joye J5 ¥ dusy Channeldl Ll js 23
Choose 1C 180

oy Webl) oy e

3) Checks — 2. b=7 Cm

h=180Cm
| | _ 7.=6.95Cm
Il * rn=20zcm
- _|-___. A4 =280Cm?
Y e =1.92Cm

a) Buckling (Slenderness)

Vo Top Jeaadl e =6.95 e

Fiven fﬂp = 1.5 ‘o

¢ = \/Tul: +[’E+%‘P)2 = \/E.HE"?+(I.HE +%§)2 =3.34 em
o |

__bbin _ 200 _ 59 77 . 180 = (Safe
* Ain Tey 6.95 (Safe)

_ lbowr _ 400 _ 149 47 < 180 => (Safe
* luut " TL']E-_ 3.34 | ( f )

(20)




) Stress

gy = 119.47 5100

7500 7500
+F = = = 0.525 t\cm?

2 2
Ao 94T

Jorce (- . 23 - F
Agjt 2;23.ﬂ—0'4f t\ em

> Fp = (Safe)

0.41
* /o = 0.78 = (Safe but waste)

FE 0.525

ﬂesjguf tie plate

. g Bamlyll Channel U

:l:_f.,:. = agctual stress =

i & A
A L

S 20z £119.47=> [* < 2.025119.47 =241cm
y -

"< 241 em > Il = No need for tie plales

IEIUET ﬂhn’rdil___} j — Bolted Botted Connection pie.d o pllas 437

Member (Z)

i) Data

« Length = 200 cm
x Force=+ 13 ton(Case A)

* [bin = Distance between joints = 200 cm
% Ibout = Distance between long. bracing = 2+ 200 = 400 cm

(£1)




) Choice of section

From Stresses

« F, = 1.40t\cm?

13 !
Ag Force (ton)  _ e
Fy?nwljeEt:w 0.85 + F; (t\ em?) 0.85+1.40
Yoled
| JsiaJl o

Choose [ 40

Ay = 1.{;92 =5.46 em?®

From Construction regquirements

*h:ﬂiﬂ.

Flonge 8 jelae Monorail ) 8.8 S5 550 dues Channelll las) o oY
=1.1+3¢ =3.3x20 =66.0 mm . Channel J|

BE.0 1rvm e e flange )l oje 6 ¥ dues Channeldl las] f. 0Y

Choose 1C 7180

3) Checks — . b=7 Cm =
E. !_ rx=ﬁ‘.95 Cm '
| * w=202cm
1 ¥ i
. 4=28.0Cm? UL
' e =1.92 Cm : =

Anet = 2[ Agross T — (9 + 0.2em) 48, CJ

= 2[28.0— (2.0 +0.2:m)+ 0.80 ] = 52.48 om®
a) Stress

Force _ _Force_ 13 _ £\t
« T S 2+AC 52.48 0.25 t\

I
|
LIJL-.-EI-- r..u {_;ZJIBMHHEIJF EES :

< Fy=1.40 t\em?  (Safe)




Slenderness
asJl
1';,.][ Tap Js g =6.95 ecm

Given LTep=1.5 em

Ty = \/;"y |_"e+799j \[2,322-1—{'1’.92-:'--{&—5)3 =3.34 em

aC
* Min™ E,:I:[ 200 28.77 <180 = (Safe)
b ou 400
i = Eﬁ t_ 400 _119.47 <180 = (Safe)
aC
¢ ) Deflection
L 200 em
e —_ -r;’ —
&= 7gom 11.1 60 (Safe)
LY ELlns.f.l i_,Jldr_Ji

Alogll yiies laal 5 L 180 gl juss lea) Two Lower ChordsJl
. Continuous Joint o= 5)le Laaiy

1#"E‘Tﬁ»ﬂﬂl —> JL > Bﬂltﬂd Bolted cﬂﬂﬂﬂt!ﬁﬂ'nr.}q.g.ﬁ nff",}jﬂ.c a5y
Star shaped (e 5,lue Longitudinal Bracing | oSLl s Vertical JI 55 of emslall e

5 |

« Length = 280 cm s
« Force=—9.0 ton (Case A) 3

¥ [bin = Distance between joinis = 280 cmn

* Lbnfu.t: 280 cm

()



Choice of section

From stresses From buckling
¥ (LSSULTTLE _F::- :ﬂ.?’ﬁt\ﬁm‘? *ugﬂml e }Uin =100
: Jorce _ 9.0 : lyn 280
W .75 5100 ===
= 12.0 em? = az=9.33 em
Ag_“_' 12.0 100 = Lot 280
b = -i.- 'ﬂ_ - T
lurdg'i_ z .3 Ty 3.45113
asz= 6.22cem
— 6.0 cm? =t
tables zJl cluad s zliss ¥
Choose ——>1_60+*60+6
Py |

a,, .21 +(220ra3) 6.0+9.33
2

2
Choose 1L B0 +80+8

> minimum angle a_ . = 1.

| ¥

= 7.66cm

1+3¢ =1.1s3+2.0=6.60cm

L 80.80+8
— =12.3Cm?*
e =2.26 Cm

Yy

3) Checks

T = Ty=2.42 Om
= 1.5 Cm

a) Class. of section (Compactness)

B 80 45 o BT "
Z 8 VFy V2.4

— The section is npn—compact (Code page 12)

= 14.84

a0




=) - T“"L‘J"J?JI = =2.42 em

Civenn Tep = 1.5 em

Yy = ﬁ*fl—+f€+%‘?)z = \/2-4Eﬂ(2.36 +%§}3 =3.86 em
b) Buckling

i Lhi‘ﬂ- s 280 - —
= s (Safe)

A I:Wt = ;ig =72.53< 180 = (Safe)
s L;wﬁm'aﬁaﬁw@m:flmemmEmg

¢ ) Stress
A .. =115.7>100
+Fy = ?éii =222 = 0.56 ¢\ em?
*ff_-; = actual siress = Jotne = 9.0 _ 0.36 t\ em?

E*HQI_ 2% 12.3
< FE’ —> (Safe) but waste

e 0.36
. 7, = —n 0.64 => (Safe but waste)

Design of tie plate

Ay < A

A i .

i < . < 1.55,115.7=179.3 cm
T‘UL 1‘55 — 115 ?:} E " #* C
> <179.3em 2 2i‘ —» Use one tie plate al the

middle of member

(45)



onal |= JL_. —=> Bollted Bolted Connection aass —sllas &3

1) Data : ‘L_
. Length =\/200%240° = 312 cm ;
+ Force=+12 ton (Case A) =

* Ibout = Distance between joints = 312 cm
* lbout= 312 cmn.

2) Choice of section

1) From stress condilion

Force ton 15 e e

T ==
0. 2 0.85x1.4
P 135* Fi (t\ em?) -

I

4y =129 —5.04 om’
Jysed o
)

Choose L 55x558x8 | a;=5.50cm

2) From buckling condition

* Ain = I:;m = {133’;}’2 = 300 —> a.=3.47 cm
T ! & }ﬂ-g =3.47 cm
#l - lﬁwfs 312 =300 — a.=2.31 em

out .,  0.45a
3) From construction condition
minimum angle a_, = 1.1+3¢ =1.1 3+2.0=6.60cm

a g =6.60 cm sl e angle ,:s1 s

Choose _L 70x70x7




| ¥

L L 704707
® L —_ 4=9.40 Om?
| | =" e =1.97Cm

= Te=Ty=2.12 Cm
| Yy

Anet = 2[ Agross . — (0 +0.2em) « T ]

=2[9.40 — (2.0 +0.2em)+0.7 ] = 168.72cm?

a) Stress ,
_ Force _ _ 12  _ £\ ot
&= ma e

sl (5 langles J) Tolaa S F: = 1.40 t\ em® (Safe)

b) Slenderness
. =T Jeaadl 5e =212 em

_bbin _ 312 _ 44v 17 < 300 = (Safe
*l{,n_ T:H'JL 2 {2 14 - = ( f)

Lo "./}!fl_-ffﬁ-—tch)z - \[E.fﬁquff_g?_,_%&)z - 3.44 em

Y

_ _bbout 312 _ 909 69 < 300 = (Safe
out o, 3.44 )

¢ ) Deflection

¥

\ L _ szem: 372 em _44.57 < 60 => (Safe)
o o 7.0

(#2)



_—*—_

sign the non—pretensioned bearing type bolted commection Sfor the
ked joint, considering the monorail reaction

__5_._

Crade 8.8
Threads are excluded

sl

£»
E
{

- = s cxr:taﬁff’%—=39+a’1
i o | - :
“© AR
* *
<
@
F,=-23t 4 F =13t
e
1C 780

5
~_ qmono rail beam

6t

R.S'hemrz IIb # AS x TV Rb -='Fb #d* tmiﬂ.

« Fup = 8 t\em? % q);'E.ﬂcm

Threads exchuded
*Fu'fw Stﬂ?}::}'.ﬁt\cmg nl— ——2
. Q5 = 0.25F.u sAs = '”f

; Take e >20=4.0em—=——>X=0.8

2
Fi
4 E3_3=(ﬂ.25Fuh)# ﬂ4d 1 5(9.251: 3,]* -Tlt;j—@
=6.28ton :
« Rps =(0.25Fu) * ”f « 2—2xRss =12.56ton

s+ Rp =( CX+Fy) xd* lmin = 0.8 % 3.6% 2.0 % tmin=5§.76 Tmin




tep tL

* tonin = 1-500m or 2+0.80

er (1&2) ———* Confinuous member —— I 7180

= 1.6em |:3|tm¢ﬂ: 1.5em

# R =5.76tmin = 5.76 1.6 =8.641on

Rps=12.56
R A
* LEM&{RbZS.BQ{

RLEMt .

8.64 ton)

sl el o SV a5 558l LEY) LSl a2 Yy

F,—F,=-23 —(13) =361

s Cos 39.8 = 12 Cos 39.8 =

— 361

St —

R:i—R> _ 35.43:‘#.22

*Tbi—2 = =
) o 8.64

i = \/3572+53 = |36.49 ton
Lols prolisall jyme ole Bpagae Aasall 5 uo o
.'E‘L.a.q.”tﬂ.G-ShEﬂTJ_\:muﬁ

1S yall Aane an g HJWL 5 Monorail J) Jao o Lol ) TS 5adl
Memeber JV ole 5550) 5a8)) oa §Sa8 LEEAN LS50 sl !

361

N,
61 R

5 Bolts

No B.S.R check for conilinuous member

o

Member (3)|=——> JL70,70.7 = Shear

L
% topin = 1.50em. or 2:¢0.7 = 1.4cn —

*+ Ro=5.76tn = 5.76 %1.4=

8.06 ton]

tnﬁ“ = 1.4' i

(s2)




RLmst-)CR ps = 12.56 Rieast =|8.06 ton

R, =|8.06
xTty = M: —IE—S 1.4 — 2 HDHS
RLem-.-t 8.06
Check block shear rupture
* Take e = 4.0 e e, P ,
* 1L = mé_t: ?':E_U'?-E_S.fﬁmn | - |

* L=e+ 1+P=4.0+ 1%x6 =10.0cm
2 dpet =[L—(n—-05)(0+0.2)]+1_

Shear

=[100—-(2~-0.5)(2.0+0.2)],0.7=4.69 cm?
s Anet =[m—0.8x(0+0.2)]+1t_

Tensior

=[8315§-0.54(2.0+02)]407=1.43cm?

* P = 0.4Fy Anet sheart 0.725 FyA ot tension
= 0.4+2.444.69 +0.7254 2.4+ 1.43= 7.0 ion
trgu gD,
* Check =—=>2 P = 14.0ton > Tension force =12.0ton
—= Safe —— No B.S.R failure




tep
# bopin = 1.00cm or

* Ry =576t = 5.76 %

R R;,mt{ﬂ ps=12.56 R, . _[8.64ton

e o AOTOR. .. I

Ri...  8.64

ber (4) | ——> 1L80.80,8 = Shear

(48
2:0.8 = 1.6em ——

1.5=|8.64ton

Lining = 1.0 CT90

=171.04 —— |2 Bolts

No B.S.R check for compression member

Bolts connecting upper flange of mono rail
to lower chord of truss

—= Subjected to —> Tension =61

Tr 2
Ri= (0.78x=%) (0.33+F,; )
2
Rt=0.78 « m(2.0) +0.33 » 8 =6.47ton
' 4
4 Bolts
s ohlawe J5¥1 Gle

__E.J;;_;_-':-ﬁl Lol ol eas s
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Design the marked secondary and main beams (R.C slab average
thickness = 12em, F.C= 150kg/mi& L.L= 400kg/m?*)

_E‘-::-Iumn

Secondary Beam

1— Straining actions

assume o.w = 100 kg/m

4 Wrotal = ts+Bpc+ F.C+ L.L
=0.12+2.5 + 0.15+ 0.4 = 0.85t/m?

e |
£ Wsee.= FTnmzti_E;—f— oO.W = G,Sﬁs%ﬂﬁ+ 0.10 = 0.89 t/m

Fsee. HEA Baly 1l oo Jao Jo3 @
EENEENERE
B 12.25m ALP‘ AN TP

Loads B.M.D. tqm S.ED. Q
il 2
| HX :0.33; 1.2.25 e Q :9.33; 13.35:5'39 o

R ... =5.39 ton

&)




Choise of section

assume F,= 0.64F, = 1.536 t\em?

My _ 16.5 +100 g Tables
= - =71074 Cm _'_:1} Use|l.P.E 400

Sx=7536 " 1.536

3— Checks

a— Compaciness (Local buckling) l, C

I zzzA 1 t

h,=33.1ecm Jsla= 1/:‘:":4__1 f
t,,=0.86em :

h‘f —_— fﬂ CTT X tw h'w
t, =1.35em /
r=2.17em I » 1

S_=1160cm’

1
¢ _F(o—tw—-27) FH(18-086-2.2.1) _ o
Il A 4.79 < 16.9 _ 4p.9 —> Compact Flange
tI .g'jy

hw _ 33_'f = 38.4 < 127 _ g2 —> Compact Web

tw 0.86 5
! ] — - =y x
i+ The section is compact als |

Lasluam o J 5,500 € = 0.4 b,y J) L RN

b—Lateral Torsional Buckling

juszzanzsnsy Cp=1.713
Lt ger = ZeTO (R.C slab supported the upper flange)
—> no L.T.B

Compact Section —> Fh e f.ﬁsﬁ‘f\cmz

(54)




—Check bending siresses

M .

Fact, =—— = 16.5 +100 _ 1.43 t\cm? < Fp= 1.536

- oy 1160\ prom Tables (Safe)
— Check Shear siresses
Q qQ 5.39
— = = : == 'ﬂ.fE 2
ot Apes  Ro#tw 40 +0.86 Exenk i g*ff Fy
& ;
3C— Check deflection (Safe)
# Wi = LL-—_ 0.40 + f§5 —037t/m

4
A _ a + wLL*S t"\{!‘l"ﬂ- CT.
act. ~ 384 ~ " Es+lx -~ |

0.37\ 100 225
| -2 ( \f ) » (7 '} =2.23em < _Span_
| 384 2100+ 23130 30

t\mnf‘ "___Gm‘i < Iiﬁg = 4.08cm
(Safe)




= ¥

'{— Straining actions

outer Sec. beamn

—
—

150 kg/m

assume o0.Ww
Lia,] 13

. 351 Sec. Beamsd

]
- A 75 '\
9 ,ﬁ"
|3
[l sy
I w©
| 4 @ 3
| i W =]
: -"'f .-I-m AR
E‘ﬁs"w:’ m ‘E\:P-
1 ~ Fiy !
s
bl o — o ——- T
L—_-'ETH_ E S |
a1
= Wrota? 2+ 0. F
L""*ﬁl-‘ﬂ-i_! Tl e oo J‘H"_

= a.am%ﬂit 0.10 = 0.89 t/m

i | R
# H':'.ﬂﬂﬂ'r‘ Sec. beam FT“*“’“H‘":-F 0.W
S hasbaddend e
= 0.85+1.85+ 0.10 = 1.67 t /m
_ WaSpan
HRSEE._ 2
- R, :9’39;3‘35=5.39 ton *+R,= 1.67+9.12_ -7 67 ton
SR :I.ﬁ?;fﬂ.?ﬂ_sﬂ_gﬁ tom « R :f.ﬁf?:?.ﬁﬁ gl ton
2 2 4 2
- RE :{.}1-39';5- 1.2 :E_?’E fﬂn
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10.78t 17.92t 15.34t 12.81 5,441

'l l¢ I{?*Inlg i
L

35.691 27.791

+ M =85.69%4 — 10,784 — 179222 — 0.1524%2
af mid spon

=62.6 m.ton

* Q =35.69 — 10.78 =24.91
at support

2 Choise of seclion

assume F,= 0.64F, = 1.536 t\em?

Tables
Sy = My _62.6 #2100 _ 4405 cm® 222% yse[HE.B 500]
71.536 1.536

3— Checks
a— Compactness (Local buckling) s
h,=39.0crn  Jslar : M‘MI by
t,=1.45em

h._: =30 cm f tw hw
t, =2.80c g

g i ) -
r=2.7em | |

S, = 4290 em?




o 1730 — =
_ (b —tw 2r)_z(30—1.45 3*2.?):4‘13
ts 2.8

o =4.13 < 16.9 _ 40.9 ——1> Compact Flange

Ly ,,i'jr
hw _ 39.0 _ 509 . 127 _ go —> Compaet Web
tw 1.45 175

s The section is cﬂm;!ﬂu.ct aly P.J.,o

lasluo o J 533l ¢ = 0.4 thILi oSaadl e

Ly e =ZeT0 (R.C slab supported the upper flunge)
—> no L.T.B |
Compact Section —> F, =(1.536¢\em?

2o —Check bending siresses

M
fog =—% =626 +100 _ 1,46 t\em? < F= 1.536
Sy 4290- prom Tables (Safe)
3b - Check Shear siresses
g g 24.90
rj-’ T = —_ : —_— H‘S‘i i m’?
act. Arﬁb hw* tw 50 x].45 \ﬂ f_ g.gf Fy

&
3C— Check deflection S

4 Wrp = L.L*%z 0.40 *L;i =037t/ m

outer Sec. beam

4 Wrr = LL+a =0.40+1.85 = 0.74 t /m
| inner Sec. beam




_ Wi+Span
-

Lee. L.L

0.74+9.12

A R, 50.3?5 12+35=3_35 ton * R3 = - =3.37 ton
2 7.

2 Rz =ﬂ.?4; rﬂ'?2=3.9'? i & Ri :ﬂ ?4; 645 —2.83 ton

+ RE :{}13?;3.12 -_—f_f.?tﬂ‘ﬂ..

452t 7.94t 6.741 5.661 2.261 Cigmiall o8 Deflection | s

‘l' VI' 'lr w]r wL 155k 38 o I gl

wlha sl 3 Conjugate Beam J|

cgose Ja= S Jlas ¥l oda (LsoS
i oY Josed (s Baas¥l G JLadI S ghse Jo= ) Jo soil) due g
RS- | B | I e £V

4.521 2.261
3.39 t/m %
7.94+ 6.74 +5.66 EEGEERCEEREEEN
# W=
main 3
am
= 3.39t/'m '
4
2oy B . WS them cm
INact “384 * TEaly T
e | 4
=S (3.39\100) « (800) _ b Bl Span
384 2100% 107200 300
t\ent Lem? <« 822 _ 2 660m

300 “(sare)




30 J3l 4 5 s J) 55800 (glo Jlen ) ol Jased 2T =

Bdke Jesdl oles (Ko Jaausll
Jasd) gosis Apasyll SIS e

o s 55800 agle Bl o "
Sec. BeamsJl Reactions ol
SPAN J) 35850 W] 5 Logeas

'B.125+3.06

-————I_ .S‘t'rm,ﬂ-:mg {I-_{.?f’lﬂﬂ_._ﬂ_ assume o.w = 1560 icg/m

i Wrotal = ts* ﬁg_[:‘f‘ F.C+ L.L
=0.12+2.5 + 0.15+ 0.4 = 0.85t/m?

244.59
4 W .= Wrotais @ + 0.W = 0.8549.18+ 0.15 = 7.96 t /'
ALY
Wnain
EEEEEENE Izg
ﬁ% am
Loads
-
7.96+8 _P988 oo
MX == =£3.6 m.lon Q-— > .8

c3 gl o LS il Jadl e oS0 5 1S e Gplod) o G4 of Lam35
ol ¥l (B delasiul (Saall Ge <UA
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n the marked conmection between the marked beoms and the
n using shp-critical connection ond M716 bolts (grade 70.9 with

—1.57 Cm#, T=9.89 ton and Ps=3.16 ton) |
Sl L 86 o) Ll ;53 , 553l To g -~

ni
% Connecting main beam with framing angles
# assume angles 80x80x8
# Double Shear ng—"

o Rmu‘iﬂ: 24.90
EPS. 2x3.16

= 3.94 = |4 Bolis

Secondary &5 Jsl Reaction e CJ-’L" R oiiine i Tns¥ 5 s

.78 3,50 sanl) cindy lales of S
110.78%\ 17.92t 15.34t 12.8t 5.441 s ipgas e o S

\ H ﬂ.)‘E#t/m#v
5 BEEEE

SR

I
I 2 D
125.69t | 27.791
e
nz

& Connecting column with framing angles of main bearn
+ assume angles 80x80x8

+ Single Shear

T 4.
TS = main _ .E.;filﬂ

Pg
2oLL g gy pd) O3 B T2
;ﬂa:tdhméu.dim;ﬁuaﬁidlw :
- Ol (S o2 o
E Bolts | each side

= 7.86 = |8 Bolis




onnecting secondary beam with framing angles
+ agsume angles 80x80x8
¢ Double Shear

RSE:::. = 5.39
ZPS 2x3.16

=0.85 = |2 Bolis

+xTL3 =

N4
% Connecting column with framing angles of secondary beam.
+ assume angles 80x80x8

= Single Shear

= TLgd = R see — g?g = 1.71 = |4 Boltls

Ps
Ll JS o S5 ple Guylane gy iz Y
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SHAMS UNIVERSITY |1> p2e| FACULTY OF ENGINEERING
UCTURAL ENGINEERING DEPARTEMENT
THIRD YEAR CIVIL STRUCTURAL DIVISION

January 2013 STEEL STRUCTURES TIME:3.00 Hrs

Material of construction is steel 37.

Question (1) (rgyarks)

1:20
—»

=

I—Ih— —_—

&.0m

e [PEGOQ

| {222 00=24.00nr |
Figure (1): Cross section of Typical Truss Fig (1)
Figure (1) shows the maoin supporting system for an industrial building
with CL. dimensions of 24mx66m. The spacing between main sysiems is
6. E0m. Truss members are bolted with 710mm thick gusset plate using M16
Slip eritical prefensioned bolts. The gussel plates are welded to the column
joints (B)&(C). it iz reguired to:

1) Design the truss members (L1 ond D1) knowing that the marimum
forces in these members are Fp, =-3t (Case II) and Fp; =+9t (Case I f)

‘Gmarks)

2) For the truss—to—column conneclion af joints (B and C), design the
bolted comnection between fruss members and the gusset plate [use slip—
eritical pretenyioned bolls M16 grade (8.8), As=1.57em2, Ps=2.21%, T=7.0t]
Member Uf iz composed of two angles back—to—back Z0x8 (F=—5.0t). Design
alzo the weld between the gusset plotes and the column (ignore any force

'i:".ca-ntnmiy from the wleds C.G.). (6marks) Sl rJ'-‘“ J=3-
3) Design a suitable IPE rolled section for the roof purlin. The roof ie
covered by corrugated sheets of weight 12kg\m2. Roof lve load = 55kg\me
(6marks)

4) Drow to scale 1:10 the part enclosed by the dotied rectangle. Assume
reasonable sections for the un—designed elements (10marks)

o,

(63)




D
constructed over the area shown in \E c é
Pigure (2). Clear height iz 12m for - 1

area BCDEF, and iz 6m for area

| Clear Height
AFEG. Columns are allowed along 12m 1 G
golid lines only. It is reguired fo ]I
draw to scale 1:200 a complete I
general layout showing all B = i
atructural components and bracing PLAN

M (30Marks)

Figure (3) shows a steel platform at level +5.00 from zero ground level
composed of system supporied over secondary beams of channel cross
sections, 4 horizontal bracing system iz also provided fo resist any laferal
lpads, as shown in figure. The dead loads of groting including the weight
of steel beams ond bracings can be oszumed 680kg\m2, and live load iz 500
kg\m2. It iz regquired fo :

"z
[

25 I

1) Design an intermediate secondary beam ABC using suitable channel
(UPN) cross section considering that the loterally unsupported length
of cantilever part is 2.5 times the cantilever length and Ch=2.1. The
Internal part of the secondary beam iz laferally unsupported between
troced points of horizomtel bracing. Cb = 7.13 (8marks)

2) Design the connection enclosed by dotted recltangle at B belween
secomdary beam and main bewr of IPE 500 section, using non—pretensioned
M16 bolis grade 4.6 (threads included in shear planes), knowing that the
secondory bewms are flush with maoin beam. (Emarks)
(ol &6 o ol 55,555
3) Drow to seale 1:10, the devigned connection in different views.
(8marks)

4) Design the marked member in the horizontal braeing system DE using
one angle only knowing that the member has o maximum compression
force —2 tone and a marimum tension force of +4 ifons. (6marks)

(62)




B

gest using neat sketches different connection profile af joint (B)
(4#marks)

UPN No. P77
-ﬁ_‘ﬁ‘=1
ol ez —n w i
i
Horizontal SECTION X-X
Bracing
- UPN E -
D
= ih
= Gy
= B PN Al — -
= E“., 4 Secondary Heam L B Eir
ey I I I
3 H- UPN %
® |/
: : -_1'—:'3: Horizonfal Bra.cini;_
mernbers
4x1.60=6.4m e




) Design the truss members (L1 and D1) knowing that the mazimum
forves in these members ore Fp, =—3¢ (Cose IT) and Fpy =+8t (Cose I)

Member (L1)|= Lower chord = _JL_=> Bolted

members bolted to the gusset plate ALl 5 55 oY
]"—.E.ﬂ'ﬂ'—-

1) _i_“tﬂ' Janasil) 200 Lads HSaddl (e i,_ _l
. Length =\ 200%10% = 200.25cm : :
« Force=—3.0 ton(Case B) twzoo TUI5
R 1:20
% [bs, = Distance between joints = 200 cm '
* b oyt = Distance between long. bracing = 400 em
2) Choice of section
From stresses From buckling
* (ISSUTNE E; :ﬂ.‘?ﬁt\ﬂmﬂ tﬂ-ﬁ‘ﬂ'ﬂmﬂlmt = liﬂ =100
- _Jorce __3 . ﬂﬂ_ﬁam _ 200
9= 0.75 i v
o J.HETHE — 6.67cm
Az £0 ) lpour 400
.':Ag!_ =4 E_”_ == 3 e e = 'T"y _ﬂ4ﬁﬂ-3
_nen® —> ag=[8.88 cm
Choose :%L, 35%35%3
)
. a;+(a20rs) 3.5+8.88
Loy — E — — S,E T

From Construction
> minimum angle a_. = 1.1+3 6 =1.1s3+1.6 =5.28cm

Choose UL 70+70+7 |

(es)




L 70+70+7

A=9.4Cm?*

e =1.97 Cm

T = Ty=2. 12 Cm
a )Class of seciion r.=1.37 Cm

b 70 23 29 v =

*T:_‘f"—:fﬂ < ?ﬁ:—ﬂ—fiﬁi i ?‘|:~..
= The section is non—cormpact (Code page 1 2) LTn_j

b ) Buckling (Slenderness)

e ds=dl 5 = 2,12 e

ASSUITLE tﬂp =7 om’

Ty = \[”‘Efwt’w%fﬁ - 2.12%(1.97 +L9* =3.26 cm

loin 200
o = = 94, 180 — (Safe
- = s 33< (Safe)

. LB out _ 400 _
< W e 122.7< 180 = (Safe)

C) Stress
o= 122,75 100
7 7500
v F =1.20 200 =120 = 0.60 t\om’
122.7
CASE (B) | AL,
force 3 2
= = =] — . t
*fg actual stress E#AQL 2. 9.40 0.176 t\ em

L Fp = (Safe)

Jo _ 016 _ 500 (Safe but waste)

0.
Fl':" 60 But can not be changed due to buckling corudifion

(62)




of tie plate

© ¥ .
= < . < 1. .7 =168.

To. 1.37 227 =1 1.37« 122 168.1 cm

I < 168.1 em

L > F > % —> Use one tie plate af the middle of member

‘.Mﬁmher (I..T‘.")ir:-':~ Diagonal = L = Bolted

' members bolted to the gusset plate Ul.dl 48 55 &Y

e —— r TR e e g R I

, Length =\ 200%+170° =262 cm : ;
« Force=+9ton (Case A) Bl o et

o =R

* lbin = Distance between joinis = 262 cm. ol o)zl ¥

2 lbout= 1.22262 =314.4 cm
Joint JI 555 GJGIL o Tension pwly Compression J y2yoe Lower Chord JI ¥

Strong—weak member G L 4 Feak Joint o= i, member 1 il

2 ) Choice of section

o — From Siress Condilion

A - Force (ton) = 9.0  _ 9 om?
U= 0.65 4 Fy (t\om?) | 0-65+1-4 el o

\Unsymmetric Bolted

Lasadl e
== — |Choose L 75757 ar = 7.5 cm




From Slenderness Condition

aSSLITLE x&uﬁ =300

L 300= I‘ﬁwt 3714

Tvt_zﬂ.a?ﬂﬂ.zl::}a’z:izé em

.L' — From Construction Condition

minimum angle@ .= %3 = 1.1s39 =1.71+3 1.6 =58.28cm
;& 0z & agoe »S¥ldngle ) Jslasdl Ge laas 3
Choose L 75+75+7

2l Ehunks Fooe
o
A1 :{{Ir— (¢+ﬂ£m)], i %T =fﬁ
$ S| e+02 tL
[75- (16+02)] 07 = 2.990m* % L)
o i i
= oy
AE '—_[{I..— tr_]; tL a=r.2¢ccIm

=[7.5-07]+0.7 = 4.76 cm?

34+ 3 s 3.99
Lot =A1+ Az [3A1+Az:| = +4'?5*[3*3.59+4,?E}

= 7.40 em?®
a) Stress
= o Fopge foyee. U . 2
-t Anet = AL 7.40 =#22 # Lom
L-qu:-j.:,_p“Ji-mwi.ﬂJ} - 5 H{Ff': 1.40 t\cm’g
________ . (Safe)
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Slenderness (Stiffness)
TﬂLs.J.*JeJ" > =1.45 em
*lm.d.= lbnutz 314 ;21? {3001:}(Sﬂfﬂ)

o 145

- ¢) Length to depth ratio. (Deflection)
L 262 em

o o =34.9 < 60 = (Safe)

——— |llse L 76x75+7

— — e
m— e ——

2) For the truss—to—column connection at joinis (B and C), design the

bolted connection befween truss members and fthe gusset plate [use slip-—

eritical pretensioned bolis M16 grade (8.8), ds=1.07cme, Ps=2.21t T=7.0t]

Member Ul is composed of two angles back—to—back 80x8 (F=—5.0t). Design

also the weld between the gusset plates and the column (ignore any force

eccentricity from the wleds C.C.). |
Joint (B)

Chord

|Fn-r M| JL70+70a7

B-payq
+n s~ —torce
2+Pss 1.2
| _CASE (B)
= S =0.55 = |2 Bolts
222112 "




ormal Stress = f = A
Ay

- m*—gi' 0.72 t\em

assume size of weld = § mm

B e 3.0
0.7 = T730.5+2
A i 4.17 cm{{'.eﬂm—:mﬁﬂm —
lesr. = 5 em
#Iﬂnt-:I.Eﬂ-i-ES':ﬁ.ﬂ + 2% 05 =6.0cm

— Take |[lget = 6 e
15“L;,;d_g~s:.¢a__.jly1{,n,”5‘i:dl oayidall e s

stressesJ| wis 3l ole Check Joo o8 lus 5I L J1 (255 oSeal) o= 5

0.72t\em” o=
Joint (C)
;::ﬂ?'ﬂf ' L75%75+7
.n,~ Jorce
2+ Ps
= =2 _=4.24 =[5 Bolts
D o

For mz| r80+80.8

:2*2.1'2:?.18:230&5 @




int (C) : Weld subjected to Shear + Tension

S S 2wl 2l ©lShe ) members forces JI o5 I gliss
. Normal stresses + Shear stressesJl ol (e

% Inclination of the upper chord = tan ' E:l_ =2.86"

£ Inclination of the diagonal= tar | ; =40.4"

2.86°
TE e Tf
J l‘% 40.4°
at l Q. g, 9t

+Q, =9 Sin40.4=5.83 ton
+ Ty =9 Cos40.4=6.85 ton
* Q> =55in2.86=0.25 ton
£+ Ts =5C082.86=0.0 ton

T
« T=T,—-Ts =6.85-5.0=1.85ton ‘[ R

+Q =0+ Q=2 =5.83+ 0.25 =6.08 ton
+ assume size of weld = § mm & 1= 20 cm P70 S

+ Normal Stress = f _i_“_

J

T 1.85

A [+5+2 20+0.5+2
= 0.093 t\em’
6.08
+ Shear Slress =gq = IQ; - Itg':ﬂ T 20+0.5+2
= 0.304 t\em®

(=)




ck using interaction equaiion

2 3 2
V1o sq b 0.zF,x 1.1

_/(0.098)%+ 3 (0.309)% = 0.53 t\em’
>0.72s 1.1 t\.cm”
— Safe

3) Design a suitable IPE rolled section for the roof purlin. The roof is
covered by corTugated sheets of weight 12kg\m2. Roof live load = 55kg\m2

P e




=

COrErGpatan ahecty 0.
~ plate t=10mm :
B3 In |
.llr L]
/] =
" ._.1;_3 ___-______!

LE.F 800 |
e
"
™

Gusszet plate 1 i

|
FOECp  Gusmst plate 10

.

| ]
| ' l]:r :
-
L 7027 L
j

[
290 k=
% -
=
-5t used is sL37
2_Pretensioned bolts M16 (8.8)

3 eal Typ Ay
- -—ll_ gﬂmg
: ek ’ bd:
3-Size of fillet weld=5

lepr otherudise mentioned on

b
4 :
| " Gusset plate
1 0
4=-Thickness of gusset plates=10mm

&—Dimes are in Tms
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SxZ000=18000

() 20:1 20:1 3/
B - - — (13400)
¥ T D
| I I {400 (12000)
1 I it o
I 2000 : 1500
4 ||
| 11 1500
i 1=
| I 1500
i 1|_1
: i | rs00
¥ I ‘I L =
1 | 1500
1 1/
- 1| | 1500
I i
I 1
I I 3000
I |
£ |
] {222000=24000 |
MAIN SYSTEM AT AXES (B,[I’,B,Ej
7 oy
f; 20:7 20:1 g
(7400) - - P — - {7700)
T | — : R
(sooo) 1400 | ||! i : ‘ : I 2t g ’ il | 17700  (s000)
—_— i I - "
1500 I 2000 | 1600
I |
1500 : JI 1500
1 |
1 I
3000 1 : 2000
: I
| |

MAIN SYSTEM AT AXES (G HILJ)
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e : = l _ {13400)
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| 1 i 1400 (12000)
i IR e ee—"
: 000 1 1500
It &=
I 1 1500
H | P
| I 1500
11 !
| |
- , 1500
il I H—
1 | 1500
1 1l
! | 1500
| a
| I
Il D & G |1 | so00
2 i o o 1
| 1 222000=24000 |
END GABLE AT AXIS (A)
= S
= e N o
'i?:' \E) 209 = sy oL
{7400} _. — {7700)
R 1 BN - I | e T
78000 I-mﬂ| I | : 1700 (6000)
g RS : | T
1500 I Eooo | 1500
o I
1500 1 : 1500
I |
| |
3000 1 1 3000
| & |
L |
| I

ST2000=18000

END GABLE AT AXIS (K)




N 2000 e B

‘7 S
20:1 h‘f:' L)
Syl (12400)
¥ SR
| i i]| | 1400 (12000)
1 | T | I S~ o
! 2000 | Hl | 1500
11 1 IJ_
| I il | 1500
H | 11
I , 1 cr7o0) |1 | 1500
L = b v M
] M [ 1700(5000) 1| | 7500
I 2000 i|| 7500 i|| | 1500
| | l._
I 1] | 1500 1l | 1500
[ | t
| 1 I
| 14| 2000 IH | s000
| | =
L |
9x2000=18000 [ 9x2000=6000 |

MAIN SYSTEM AT AXIS (F)
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) Design an intermediate secondary bearn ABC using suitable channel
(UPN) cross section considering that the laterally unsupporied length
of cantilever part is 2.5 times the cantilever length and Cb=2.1. The
Internal part of the secondary beam i Lutmuy unsupporied between
braced points of horizontal braeing. Cb = 1.713 (8marks)

UPN E -+

i e "“tr

4 UPN e
X _[, iy Hmzmtmi Bracing

4xi.80=6.4m 2
1— Straining actions
Total Load
4 Wrotat = D.L. + L.L = 60+ 500 = 560 kg/m2=0.56t,/m"

4 Wsec.= WrTotal » @ = 0.56+ 1.75 = 0.981/m

2
'%“-— 5.01m.t "
0.98 t\m . _ 1.96mut
L L L EEL T T -1 Ll B.M.D. Rl
* 6. e f.ﬂm—
4.03m.¢
2.63t 5.40¢ 2.83¢ .
S F.D.




|
|
]
)

See. (1) Se::. (2)

—

Tﬂtﬂ-lmm (1) o 4‘{}3 m.t Fav

# MTotal setion 2 = 1.96 m.i =
El),qill L'Fl:'.lj:'!" r_,;_,:.ST LJ"“'L"J L;.I.l‘. E.up.!." __1.1:1_:!-3

£ @ Total = 3441

2— Choice of section

B MRS

assume F,= 0.58F, = 1.40 t\em?
Tableg

My 4034100
- =% =287.9Cm?® ——> Use
Sy 1.40 1.40

UPN 240 ]

83— Checks

3a—Compactness (Local buckling)

h,,=18.5em Jslas
t,=0.95em B
b, =8.5¢cm
t, =1.30cm
r=1.30em

e e o 9
T30 6.54
2

1.0 _ ;3 5 —> Non—Compact Flange

s
oa —_— 3.54 <
lr ,!]y
hw _ 18.5 = 19.5 < 190 _ 82 :[)Nnn—ﬂ'nmpaﬂt Web
R ¢ ’fy

t.‘- The section 15 Nﬂﬂrﬂ'ﬂmpﬂfﬂtl




Lateral Torsional Buckling
Section (1) C,=1.13 (Given)

Lth =480 em (braced at hz. bracing only)
20 by _ 20x8.5

L. = = 108.7 em
Umaz. 7 NEZS saedl 350
13804 c, = 1380+(8.5+1.30) ., 45 _ 265cm
aFy 24+2.4

LU .: 109.7 e

Ly, =480 em > Ly = 109.7 en ——> LTB Occurs
ac TTLOLE:.
Fh = Fubr m““: 0.58 F'_'I_J

800+4;, _ 800:(85+1.3) ,, 1& = 0.867 t\em?
B .7 T Zmiaag : \
< 0.68 F,= 1.4

Fbﬂr: E-BE? t \ﬂ'm'al

3a—Check bending siresses
My

R 300 (Unsafe)
Try [UPN 280
C
_ By
3a—Compaciness (Local buckling) ‘r—ﬁ
— b
t,=1.00cm hw
b, =9.5¢em i i’r
tf =71.50em

r="7T.50crm

(84)




9.50
=

f o’ o 6.33 < 21.0 _ = 13.5 —> Non—Compact Flange

t.:f ~.‘jy
hw _ 21 '_3_. i el e 90 _ 82 —> Non—Compact Webd
T 1.0 ’?y
= The section is Non—Compact
b—Lateral Torsional Buckling

Section (1) Cy=1.13 (Given)

Ly, =480 em (braced at hz. bracing only)
.5
20 by ZURRT_inn e

L = :
Urnee. E JT; \IE.J- e 24

13804, 1380+(9.5+1.50) -
= 1.13 = 309
d. F, Ce 2842.4 * e

Ly = 122.1 em

Ly . =480 em > L = 122.1 em ——> LTB QOccurs

By = Fy. < 058 F,

_ 80044 800 + (9.5x1.5 ) Syae
Fus = Tod ©*= ~ 180, 28 rhbs t\em?
£ 058 F,=1

Foc= 0.96 t\em?|

3a—Check bending silresses
fﬂﬂ=M"" = 403100 _ 0 90 t\em? < Fpe = 0.96
5 148 (Sare)




ecfion (3) Cpy=2.10 (Given)
= 2.50+ 200 = 500 cm

Lﬂmt

9.5
L[f - M = 20+ — 122_1 T
TMILE. -
_ E [?y 24 Lol B
1380A; _ 1380+(9.541.50) =
iF, C* T T 2B.24 S

Ly . = 122.1 cm

Ly ,=500cm > Ly .. = 122.1 em ——> LTB Occurs

Fh=Fub’{(_f ﬂ.ﬁﬂ Fy

_ 800+Ay; , _ 800 % (9.5+1.5) » 2
F]ﬁr_ —m——ﬂh— 500+ 28 +2.10 = 1.71 t\\ﬂ'm :
> 0.58 F,= 1.4

F-= 1.40 t\n:.-'m.E'

3a—Check bending stresses

M

fﬂ_gf_ - X = 1.96 « 100 — 0.44 t\ﬂmz = be = 0.96
Sx 448 (Safe)

gb — Check Shear siresses

Q 4 (3.44)

) i = =0.12 t\em?c

N i s e <035 F,
(Safe)




— Check deflection
Conjugate beam JL 8,81 J=3 ,:,i deflection J| olusd [o53dadl e
deflection Ll ;5 Simple Beam WS deflection JI causd

0.8 &5 L4 e Simple Beam U laud oo Continous Beam J

# Wsee. = L.L+s a0 = 0.50+ 1.75 = 0.88t/m
L.L

A opmpighal g, SO LTy o
M %me T Ealp .o

&
¥

= s 4

=0.8 %
384 Ef-;}ﬂa: S%H{J 300

X m:riz i = _E_’-"?_l:f < g;g =213 em

SIS ;4585 Conjugate beam JU 5580) Jo Loyl 131 Ll

®
©

0.88 t\m Conjugate
Erhnlillllllliliu Beamn
. 4me Trz.om—]
-
2.541 4.851 3.62
'—-—i‘.ﬂ—l'—r. -—’-
¥i? T
a 8 y
=1.13m.t = 1.13m.t 0.4 frt
iastte = 7-8293.20 — 2.41+1.60 — 5.79+1.06 = 15.03 m?t
mit
-.-l-i__
i [
_ 16.03 _ 15.03x 710 . 640
AN = Z700. 6280 -lfams - = 2Z.13em

them® [/ | emf




Design the connection enclosed by dolfed rectangle at B belween
condary beam and main beam of IPE 500 sectiom, using non—pretensioned
M{16 bolts grade 4.6 (threads included in shear planes), knowing that the

secondary beams are flush with main beam. I e e T Las) Put! syl
0 8 & o

* Fup = 4 t\ em? #(b:f,ﬁ'cm

= Fu-'fﬂr At » = 3.6 t\ em? ?‘h“d—i“—ﬂ—“ﬁd
* Qs = 0.25Fy cAs —pons T;dz

+ Take e>20=32cm —>CX =0.8

2 z
* Bss =(0.25 F,)*0.78% T:[d x+ 1 =(0.25+4)+ ﬂ.?B*TT(;'E’]
= 1.87 ton

2
¢ Rp.s =(ﬂ'25Fub) * md

+ 2=2xHReg =3.7141o0m

ERh E(C:'{*Fu)#d* tmin = 0.8 3 3.6 % 1.6 & Tonin = 4.6 tmin

3.447%

G2




bolts connecting the secondary beam io the framang angles

T
s S assume angles 80x80x8

tweb of =ec. beam tL
* Tmin = 1.00em or 2.0.8 emn= 1.6 em

—=% L = 1.0 em
+ Rp=4.61in =4.6%1.0 =|4.60ton

* RL&&,&'&—)CR p.s =(3.14 RLeq.gt =\3.141ton

See. beam UShear fdree _,..S'T

RF
See. __ gf: =1.15 = |2 Bolts
RLeust )

For bolts connecting the framing angles to the main beam

*xTLI =

¥ (e
—— assume angles 80x80x8
fweb of main beam L
* T = 1.02010 or 0.8 em

— Tmin = 0.80em
*+ By =4.6 tomin = 4.6%0.80={3.68 ton

R =|1.57
R 5.5 Rireist =11 .57
* Leu&t—{:R 568 Leaat on

sN2 = Rse _ f‘;‘f =2.19 = 4 Bolts
Ricast 7

o) ele 453 Wb saell 1is ol okl G

o5 5 2l S Hlacse of b)) B g

Lol S5 b opylesse gumy oo 0¥ S5V e

minimum |2 Bolls | each side




S

bolts connecting the upper flanges of sec. beams writh

upper plate [TL3
R assume plate thickness = 10 mm

: M 0.75M, 0.75 x 3.44

= = = = =921t
+T =C 7 7 >3 2.21

iplate
1.0 e

tflange of sec. beam

— tmin = 1-0 CcM
=|4£.60 ton

+ Bp=4.6 tonin = 4.6 * 1.0
* RLeuaf"CRS.S: l2r Rieast =|1.57 ton
R, = 4.60
RLeuﬂt ’
For bolts connecting the lower flanges of sec. beams with
the lower plate ﬂ:ﬁl
T4 ;
—" assume plate thickness = 10 mm
+ T =0 =9.211
trlange of sec. beam tplate
# Cinin = 1.50cm or 1.0 e
——5 Tgiin-= 1l &0
* Rp=4.6tmin =4.6%1.0 =|4.601on
#RLEMi--.{:RS'S: 1.57 RLEﬂ,gt = fi'ﬁ-?tnﬂ'
R B 4-23
C 9.21
= 5.86 = 6 Bolts
Na=m3 o kbl . |




V-V uold E

e =
¢ (50 o€en |raBumd ¢ (082 Ndn 7T wogs
P e o2 (0 577 Ir9g°0L = 411 9 =7

i (7 900 | obuDyd £ Froed o [Cof (et /082 NdO |
: | @
F P o et 68 |1 ppunayy | _ R
g Bf Cofl joemp® opt oL € PpouMoNg e e - -
4 ST _ coeood | ° ____,umw___u_mnnmmau
i > y mJ :_.qu b
l
ta H w M B I _
| & Il & |
11
FULLL W3 SLD FUOLEUIULD V- :
progTpg ssn sa)fun Sununiy—g ___
- |
(9'¢) SN BH0Y prumsusjald—uoy—g T A
LEE & pasn 18- 00g Hdi __.I B

EBION

_ g-d '°a%

082 Nd'~ .- ‘wnagi d

| -
009 T'd'T T ELJLN e "
_ 8| S tte |8 |
| & T T W L
e @ |
| [T o
_ M

o8

P,

8 waagy g




Design the marked member in the horizontal brocing system DE using
angle only knowing that the member hdas a maTimuwm compression

force —2 tons and a maozimum tension force of +4 tons.

1.6m

" [Member (DE)= |_ = Bolted p 1Om
1) Data |

s Length =\ 175°+160% =237 cm
s Force=—2.0 ton(Case A) +4.0ton(Case A)

% lbin = Distance between joints = 237 e
* Ibout= 237 cn0

2) Choice of seclion pompression

From stresses From buckling

% IFSLLTTLE Fﬂ' = 'ﬂ E&ﬂ-?ﬁt \\ﬂmz *E'Bmme)hm.&t =100

[Tﬂ.ﬂy‘!'ﬂmai'rw section |

— .!
.4 _ force _ 2.0 100 =22 250
ity F ~0.45 e SEROE

—as=|11.85em

= 4.4 em?

Choose %I_ 50*50*5

a a
. f; 2 _ 5.ﬂ+;1.85:3_5cm

From Construction

> mintmum angle o . = 1.1£3¢ =1.1%3 +71.6 =5.28cm

1{;_‘h.ﬂﬂse L 90909




) Checks

angle J| 5F aSTa) 3,1 po il o L 90+ 90+9 ,
. Non—Compact (35 A=15.5Cm
a )Class of section r,= 1.76 Cm
* %=%= 10 < ?—f :—-—Eii = 14.84 t=9 ]za
¥ - —
— The section is non—compaet (Code page 12) c
b ) Buckling (Slenderness)

7y, =dJsdl o0 = 1.76 e

Ay = ot~ 237 _ 1346 <180 => (Safe)

. ¥y, L7
C) Stress o .
ompression
Aoy = 134.6 >100
750 7500
*F =0.6+— 2 =0.6+———— = 0.41 t\em?
Bt Jhm 134.6
*fl.: = actual stress = fj:ie = ::;{; = 0.13 t\cm”

< F = (Safe)

*';,—E:—g:;—‘? = 0.31 = (Safe but waste)

+ Checks Jl aies 4 J.EE..-..::I angle ;x5 5] Uldl sdn 8 Lojidel e g

Design of tie plate

No tie plate —> 4=z it i one angle




) Streas Tension E
o = 0.9cm
: o
Aa“—'[ﬂ,-— (¢+ﬂ.2¢m)]1- to ;.;T =1ﬂlﬂé
s S +0.2 tL
=[9.0- (1.6+0.2)]+ 0.9 = 6.48 em® 2 N ,.ﬂ.i |
e | [
| I EF‘—“H.EEIHTIL |

Az -:[{t'—fl_.]t (48

=[9.0-0.9],0.9 = 7.29 em?

3A1 3+ 6.48
Anet =A1+ Az [EAf +AJ =Gtk ?'29"[3. 6.48 +?.29]

= 11.7 em?
AR TN T e
b 5 @angle ) o) S Fe = 1.40 t\ em?
______ o (Safe)
E) Length to depth ratio. (Deflection)
L 237 em
v o= S =263 60 = (Safe)

———— |l/se L 90x90+9

p———

— e —
—

. Checks J1 ascs o siuel angle Jliss of U ods 8 poidddl 5o o
- S 3,4 Safe llS Checks ) ;¥ &l ,

I . [_ 80+80+8




L 80= 808

angle J) ;1 St I51 (o i) e et Bt

. Non—Cornpact .;-,ﬁ :

a )Class of section Ly
o B 23 __23 _ t=8| |2
* 7 g 10 < ?}r.,—r'— 4 = 14.84 ilun
— The section is non—compact {Code page 12) 80

b ) Buckling (Slenderness)

T, =dsdl 02 = 1.55 em

A, =Rt 237 _ 1559 <180 = (Safe)

re_ 1.55
C) Stress Compression
A= 152.9 >100
500
:FU =0.6% ?iﬂﬂ :ﬂ.ﬁ*—?-—a =0.19 t\ em?
s 152.9
_I.Ei._awtmhwl IO,
_ _force 20 _ "
+ o = actual stress = A, S 0.165t\ ecm
< F, = (Safe)
fc _o0.165
*Fc =579 = 0.86 = (Safe but waste)



) StTEE‘i Tension % At
o3 0.8emn
o
A1 :[{L-— (¢+ﬂ.2m}]t (AR %T —1.8
sell et
—[8.0- (1.6+0.2)]-08 = 4.96 em® 2 |z ,-.: |
s 1 5

1 o
a=38.0cem

Az :[ﬂ-'—tL]# T
=[8.0-0.8].08 = 5.76 cm?

34‘!3" 3.4.96
Aﬂnet :Af—f—Az [SAI-FAE:': 4.96 +5'?S{3¢4.95+5-?E:l

=9.11 em?

Force Force . 480 0.44 t\ em?

¥ ft — = =
Anet Al_ 0.11
3 PL#J_TF_“JI:’"‘ : — 4

““““ =" (Safe)

—————— o T BH*BG#8|
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 Question (1) (59%)

l s [
A Store 0f a Faclory has to be consbrucied over
The area ABCDEF showing In Figure (1) . lc
4 System Of Steel trusses iz used to cover the
area . The clear Height 0F the Trusszes iz 6.00m
Columns are allowed On the outer perimeter. It
is regquired tfo :
{—Draw to scale 71:200 acomplete general loyout
for the building showing all necessary views
and Bracing systems.
2—How to build U'p the components of the
bracing Sysyterns | which elerneniz are from
the main truss and which are fo be added )
and exploin how will the wind loads affect the
Upper Chord of the fruss and purlins . A Q_

Lgapo-!

4200
=5 0}

I 24000 |

Question (2) (57%) Fig.(1)

For the showm in figure (2) . it is regquiredio:

{—Design the three—marked truss members

2—Design the connection enclosed by dotied rectangle usging 716mm
Tiameter non—pretensioned bolts ( bearing type ) bolt grade 4.60 consider
the end distance = 3 times the boll diameter

It iz not allowedto use a nurnber of bolts in ony member more than

& bolis

3—Compare between the fypes of splices you con use to reduse the required
number of bolts in chord members : The verfical gplice and Horizontal
splice

+—Design an intermediate Toof purlin (spacing between main trusses egual
5.50m) consider the weight of sheets = 10 kg/mf and the live load to be
50 kg/m'. Will the He rods be necessary in this case | & a ~ G

5- Drow the part encolsed by dotted rectangle fo seale 71:10

6—Draw the section X-X fo scale 1:10

()




LS0+30+9
: :
£ e o e [
g Z 1k ;
¥ |
2#t L zge i
- ELT547027
Fig.(2) X
-
]
Figure (3) shows an elevated circular waler tank
of dicgmeter 5.00m and the height 2.50m .
The tank iz rested over o sysiem of beams .
The secondary beams are supported over two main £
girders. Each of the two main girders iz supporied ¥
over 2 colmns spaced 5.00m az shown in figure .
Consider The total loads over the floor iz 2.60 t/m* -
It is required to :
{—Design a suitable I.LP.E Section for the secondary 5
beams (consider the beams to be fully laterally T
supported and the section iz a compaet gection
ie. E = 0.64 F = q
2—Design the connection between the secondary 02 S
bewm and the main beam wusing non—prefensioned £ V) ﬁj&
bolts (bearing type) bolits grade 8.80 consider the =2 IAZ2 %y
wd distance = § times the bolt diameier . Draw T
the connection to scale 1:70 in different views .
e i

[ olesadl o 5 Lasl 853, 380
43— Check the stresses in the marked member

M.B. I.P.E 450

shoun in Figure (3)

=
b

Fig.(3)

&
W

S‘IBI

S.B.

e, fr—————

M B, IP.E 450

5. D

Floor Arrangement

i,

)

g




Eﬁm 4 (B %)

A System of floor beamsis required fo be construcied over on area

3. 00mX9.00m . Two solufions "a” and "b" are suggested . Fithout
calculations compare between the fwo solutions from the point view of:
Connections , manufacturing , erection , steel weight , deflection & lateral
stability of compression flange , ete..... state why 7

‘ S M.H. - — S.B. =
404 44 49 = ¥
M.B. 4 m
9. 00re L 3.00r i
SYSTEM 4 SYSTEM B
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l.-" e,
D
| 5000
=

_ 1250
1850 1000
1000
& 1000

E i

=]
2000
1222000=24000 - 1
MAIN SYSTEM © AXES {3 to ?'J
-—-\\ |"' l'.d_
4) B) () (D) (E)
1 s : J
1 5000 ——s000 ?ﬂﬂ £000— 5000

|| |1250
j| | ro00
{| | ro00
g | 1000

¥

g

|
: S0

i

| 4

1 22 Z000=24000-

END GABLE AT AXIS (8)




: I
24500 ,

— —

1 2x2000=24000-
MAIN SYSTEM AT AXIS (2)

- m—
[ o e R R R AT e e

C— —0x 200018000

END GABLE AT AXIS (1)

1500
Q00
fooe

1000

3000

1250
iggo

1000

1a00

3000
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How to build Up the components of the bracing Systems ( which elements
are from the maoin truss end which are to be added ), ond erplein how will
the wind loads affect the Upper Chord of the truss and purlins .

For the horizontal bracing between axes (7) and ( 8)

_ﬂ'rm:iﬂgﬂu.-pl_ﬁuﬁﬂ
—————————————— - Upper Chord Of 2 nd Truss
i ST

| dngles of HZ. Bracing | Upper Chord Of 1 st Truss
Added Members

W, ¢\m)

PLAN

0f HZ. Bracing

\/Z_-_ A= T e Added Members Angles

VL. Bracing

VL. BRACING|

Col. OFf 1 st Truss
Col. OF 2 vl Truss

Added Mewnbers Angles
VL. Bracing




T— ———T———

the horizonial bracing between axes (1) and (3)

Upper Chord Of 7 st Truss

i idded Members Angles
FL. Bracing

"II.. BRJEINEJ

Col 0f f st Truss

' gol 0f 2 rul. TPruss

§ f
Added Members Angles
VL. Bracing

(106)



s of oeid) ge ol &y Wind load L A5 Purlins )i , Upper ChordJl
SIS Trussll oo gdsacl] ola3¥l (o5 Hind load JI JUn)

Corrugated sheets JL aalacs Jsslall uddl ola3) (o8 zb! JLla=) =)
. End girtsJ) ¢le 55455

. End gable columns JI I Jle=7Vl Jiz5 End girts Il Ge =Y

(base) 5,50 b,%) ) J55 Jlem¥) A Bnd gable columnsJl He - Y
_ Horizontal bracing )l ) Jiw 591 Al

) sacs Ji1s Horizontal bracing JI ¢ JE o3 e | R
. (base) yo; ¥ Gl S Vertical bracing J|

Hz. bracingll J)End gable columnsll ;. Find load J) Jlas) .usl oS
Hz. bracingJl jl&. e 53s2 e End gable columnnsJ) =slS 13

o1 osw Hz. bracing )l o) 5,5 J3is Find load J 5U long. bracing JI
o Hz. bracing | 3 23 50 LS Purlins JI , Upper Chord JI gle 5%

S | DO [ IR P

Truss J) dat i)l Hz. bracing JI e o5 e Upper Chord JI ¥ 53 5
. Si3Y1 Truss U Chord IS a5 ,llaiial yoyehs U (33

. G3Y) Truss Jl b agey 400D Jals a2y lts J Purlins JI jo,es LS



Hz. bracing J) 5|5 sic 83gase & End gable columns Ji o5 131 Ll

WU Hz. bracing JI J Jss S Find load J o long. bracing Jl ,
Compression or tension dawa. Purlins 1| , Upper Chord J| Gk e et
. Upper Chord J) 4 My 4 Purlins JI 45

%

e . S w—

ol i i

\ . 3 o
\ Compression J oS

Te-rwim; _J
N e . W
W, @\m)
(108)




1—Design the three—marked fruss members

X
iC— e | 8.00m ,
r‘-..?.ﬂﬂﬂ'l-—':
2] II'I___HI'.'._I'g__ﬂ_ ?
1 ==
1[ 1 é =t _1 —z5¢
' r e Ly
i ] - v"l“"\‘. | : :Fqﬁ"l :
: |
| 25 :-—li 26t
Design of upper chord (—32 ton) " L 757547
i) Data :
1) D0 pUpper chord = I
*LEﬂgfh = 200 cmn Bolted Las| wle members J| paad o

+ Force=—32 ton Bolted Connection J| szaali sa a5 Collaadl 59
* by = Distance between joints = 200 cm

% Lbout = Distance between Purling = 200 cm

E}_ﬂ‘hui.ce of section

From siresses From buckling
sassume F. = 0.75¢ \em? ,ﬂ_ﬁmmlmt =100
e _Jorce _ 32 . Lhout 200
o= |10, 0T o
= 42.66 cm* —=>az=|6.67/cm
Lbout 200
2 2 - - o
Aﬂf ;;f..‘?ﬂﬂm 100 =2 = 5 ey
e 2y 110410410 | =>ag= 4.44cm

oy + Az
o o ik +H‘E?=3,35cm

2 2
Choose _1L_ 90x90%9




From construction
Bolted

Amin=3® * 1.1 (Bolted)- 3.30%16 = 52.8 mm
Choose L 90%90%9

Checks L 90+ 9049
A=155Cm*
. r,=1.76 Cm
a) Class of secthion
b 80 i 2&_:;434 o
MmO e S e i=9 | [3
—> The section is non—compact | ]
(ﬂﬂﬂlﬂ page fEJ o0

b ) Buckling (Slenderness)
Ba1=2.74 em

o=\ 122 + (0.50+ef =\ 2.74°+(0.50+2.564) = 4.09cm

Ay, =22 - 72.99< 180 = (Safe)

2.4
200 _
™ T 48.89< 180 = (Safe)
A= 72.99
c ) Stress
A, .. = 79.41< 100

=2 —5 =
+F, =1.4- 6.5 A0 N e = 1.4- 6.5 +10 (72.99)

=1.05 t\ em?
fﬂ?‘ne 32

= = = =1.03 t\ em
th. actual stress A 2.15.5 \

g1

< F, => (Safe & Economic)

(19)



Design of tie plate

Ao S Ko

~

:. £ 72.99= > £ 1.76.72.99=128.5 cm

f?; i — Use one tie plate at the middle of member
e e

Design of lower chord (+29t)

U_ﬂ“‘_m Lower chord = |

% L'Eﬂgth« = 200 cm Botlted Laa] le members JI praa o
+ Force=+29 ton Bolted Conmection Jl i g8 S Galladdl 57
* Ibin = Distance between joints = 200 cm

¥ b oy = Distance between longitudinal braecing = 8§00 cm

2) Choice of section

1) From siress condition

A Force ton 29 o437 em?
g, 1 4% 0.85 1 4% 0.85 24,37 emy

Ag = 2237 _ 12 180m?

Jaazdl e "

————> |Choose L80x80x8)| a,=8.0cm

2) From Slenderness condifion

Tx, Ydlc o, =592cm

e = lbout _ 800 _ 399 — a=5.92cm
out Tge-_"_ 0.45 a

a0)



From Construction condifion
Omin. = 3=3P * 1.1 (Bolted)=3.30*16 = 52.8 mm

Slall 5e angle 81 565

Choose _L 80x80x8

Checks !
,H)—Ek_ 5 ! L 80808
B 1 SRR s T
a) Stress z L U e
——

T = Ty=2.42 Om

E
-

Anet = 2[449—_.-0331_ — (¢+ﬂ,2m) * wl__r?
—2[12.83— (1.6 +0.2m) +« 0.8 ] = 21.72 om®

_ Force _ 28 2
2 S et T e
< Fy = 1.40 t\ em® (Safe)
b) Slenderness
T;r_“_: T:LLJJ‘J'?‘“ e =2.42 CrTL

assume tep = 1 om
L VTEL 4 (er i) - \ 2.42% (2.26 #1072 =3.67 cm

lo; 200
Xo= it =82.6 <300 — (Safe
g AT ( )

Moz Ty, 3.67 g (Safe)

c) Length to depth ratio (Deflection)

L 200 em 200 em

Choose _L 80x80x8




esign of VL. member (—5t)

e

4 ___” deta Vertical = '=H
« Length = 176 em

—> At position of vertical brocing
Bolted Las! {_.;l:.ﬂwmbm.u R A

« Force=—-—5 ton Bolted Connection Ji sl 2 Al gllaadl 53

* lhin = Distance between joinis = 1756 em

x* lbout =175 em

2) Choice of section

From stresses

From buckling
xassume Fp = 0.75t \em? s assumep, gy =100
. _Jorce _ 5 Y Ay 175
Selly | = F.__ 075 i
= 6.66 e > Q= 4.54cm
Choose |EE—EE[} L 45+45%5
a; +a
SRl 2 _ 4.5+4.5ﬂ:4'5cm
o 2
Choose L 45%45+5
3) From construction
Bolted

Amin=3@ * 1.1 (Bolted)=3.30*16 = 52.8 mm
Choose —||—55#55*5




/Y| 55e55e5
A=532Cm*

a) Class of section ; | T 1.07 Cm.
o
"
b _355 23 23

=l € e 14.84

i 5 F‘H‘ '||.2.4 t=5 Alg
—> The section is non—compact i

(Code page 12) E—T]

b) Slenderness (Buckling)
T =T Jd9)os = 2.09 cm
2

175
* Mowt™ 3 g5 = 83-73< 180 = (Safe)
A= B3.73
c) Stress

},mﬂm‘—" 83.73<« 100

+F,=1.4-6.5 +10" A . =1.4-6.54+10°(83.73)"

=0.94 t\ em?
- force 5
*f'.: = getual stress = Ag = 2.2.52 = (). 4% ﬁ\eﬂ’f
< F, = (Safe)
f{: 0.47
= F, =B 0.50 = (Safe but waste)
Design of tie plate
7"‘1J = 2"rml:t:
~
i < 83.73=> [ < 1.07+.83.73=88.59 cm
;‘j ;, _E_ I'se one tie plate ai the

2 middle of member m



Design the connection enclosed by dotled rectangle using 6mm

er non—pretensioned bolts ( bearing fype ) boll grade 4,60 consider
the end distence = 3 times the boll diometer .

It is not cllowed fo use a number of bolis in any member Tore than

8 bolis | t-g_]__,g_q*g{::tﬂ ,EL_.'EIE{%E*_-?
Design of Joint J1 sl s
| 1JJ7 !
e a.lydj." ads ai dlas Al o :_._ﬂ:igti:f’;rx._, —29¢ !
. 2 I 1T . i
Continous Joint : 0% | 0 :
e s
e g :
| |
L gE
- | @
'ﬁ:;. | T I
I 90+ 9 2 O L@ @
Member 21904 90« 24 Pris
T bl 9s, 767

Rsmm-—_*- qh*-ﬁ‘igtn Rh =F{'.- *d#tmin

*Fub-:"-’.[f\ﬂmz * (I}:f_ﬁﬂm
> ?ulfw SLE?::-:B.Ht’\cm‘?

A o T d?
* 0o = 0.25 Fup *Ag = p

el 33 15 @¥ 2ldy oA Ge Far BT sgles Laals CX O0F sl (B S5

= Edge dist.=3Q JI ;)

£
Tk m(1.6) , 4
4

4
T d*
4

*+ Rss =(0.26 F ) *
=2.01 ton
* Rps =(0.25F ) *

E f'—_{ﬂ'.Eﬁ* 4_)*

*2=2x2Res =4.021on

s Ry =( CA+Fy ) #d*Zlmin= 1.2 £ 3.6+ 1.6 5+ 1.00= 6.90 ton

% s M o7 R

govern

()




=200 = |2 Bolis

Member L 704+ 70+7
R-S'heu.f: qh*ﬂg*ﬂ Rb =Fb #d*tmin

2
W, i—(025.1)%

+ Rss =(0.25F ) *
=2.01ton

s Ry =(CA+Fy )% d*Zmin= 1.2+ 3.6x 1.620.70= 4.838 ton

Bt s o

2
r(1.6) /
F

govern
_ Joree - 4 o
Tk, = Rooeee =T 2 Bolts
Check block shear rupture
+ Take e = 4.8 cm LI |
— - - = T ‘-:‘,.-'r' r L
P=60cm>P =3¢ Iﬁé- ¥
r m= a—t _7-0.7 _3 15em ko k !

2 2
+ [ =e+ P=4.8+6=10.8em

el =il = Fu-05HP+02) &2

Shear

=[108-(2-05)(1.6+0.2 )] 4 0.7 =5.67 em*®
At =[m—05x(0+0.2)]+t,
Tension

=[3.15-054(1.6+0.2)]50.7=1.57 em?

* P = ﬂ.‘#Fy A net Shear T 0.725 Fyi‘im—t Tenwion

= 044324567 +0.7254 2.4 1.97= B.TTfDﬂ.



« Check =—= P — 8.17 ton > Tension force = 4 ton

R.S’hem-z gy » A.S' + T Rb "—"Fb « O+ Lt

2
2
* Rs.s :(ﬂ+25Fuh)* TT4{Z{- ¥ f=(ﬂ.351: 4)* TT(;E:} * 1

=2.01ton
« Rp =( CX*Fy)* d*Ztmin= 1.2 x 3.6x 1.6

3 Eomin: Min of [t = 0.50 cm] OR

goverm

Force 5 a
. = — =
Ty R 5 07 ]430&3 2 each side

+ 0.50= 3.456 ton




esign of Joint J2 219049049 2L.90+90+9

Member [6] 219090 %9

« Rps =4.02ton =Ry =6.90ton

i, = SOTOE = [8 Bolts
Ricast 4'{?2 I
>6 Bolts |—‘?]-t @& |
So we have to use HZ. splice | ' gz~ Eﬁf‘_'

ELEﬂn BﬂtE \ 21_’?54: 754 '?

&
T 1 I '
B b tep=10 mm
& bs-p: 0.8a = ﬂﬂsc&.—:ﬁ‘.#ﬁcm
#Fﬁ__:: Fimin — 26 =13t
3 ple 2
z
& 1.6
md”, 1:(:}.25*4)*”(4 ) 4 1

P =(U.35Fub) *
=2.01ton

x iy =( HA*xFy ) * d*Ztmin= 1.2 +3.64 1.6 +0.80= 5.5291ton

Y lmin: Min of OR [|
F
™= 13t _ g Bolts [4 each mﬂglel

LA - T 2.01

(128)



For ng| member (6) _IL 80+80+8

* Ry =(D¢*Fu)'t d*Ttmin= 1.2 + 3.6x 1.6 x 1.0 = 6.91 ton

3 tmin: Min. of [2t,=1.60 cm] OR [t,,=1.00 o]

F, - Fg, K 2013 .
* Ty = = P = T = 3.98

R, Rps
= | 4 Bolts

For ns| member (5) JL 75+75.7
+Rp =(CX*F, ) * d*Etmin= 1.2 x+ 3.6 1.6 5 1.0 = 6.91ton

% tomin: Min. of R [[=1.00e]

F,-F, F-F, _ 26-13

=——L = i
e R, Ris .02
= | 4 Bolls
IMemher (7) L7047047
|
#fmm=13?r'ﬁ or 0.7 em ———] tmin = 0.7 cm.

s Ro =(CA+Fy )+ d*Elmin= 1.2 £3.6x 1.6 0.7 = 4.84 ton

# RLEﬂEf{R =it Rieast =|2.01 ton
R b = 4;8#
Force 4
£TL3 = = ——=1.98 = |2 Bolis
L 2.01



'. —Compare between the fypes of splices you can use fo reduse the required

" number of bolts in chord members : The vertical splice and Horizontal

splice

Horizontal Splice

Vertical Splice

Use

Lower chord Only

Upper & Lower chord

Shear

Bolts Work in single

and double shear

Bolts Work in 4 shear

surfoces

number

bolts

Inerease total number
of bolts in the connection

(nwmber of bolls in one

row is reduced)

Decrease total nwmber
of bolts in the conmeclion




otipd. 7= _ _EPTN rE § —l
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| .t.ﬁl‘:i:.'. A -__—___-
| : :
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e ‘ l
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,,,, l
l |
|
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l |
; |
i |
I_ —

~_ T Flals |
e

i
S

Z=Non—pretensioned bolts M16 -
3—Thickness 0f C.P=10mm
e Rl
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Question (3 !

{—Design o suitable LP.F Section for the secondary beamsz (consider the beams
to be fully laterally supporied and the section iz o compact section

ie. F,= 0.64 F, |

M.B. I.P.E 450

5.8
S.B
S.B.
S.B
3. 00

M.B. I.P.E 450
5001

PLAN

—. 0 ﬂ*ﬂ'l:—-'|-—4 ﬂﬂm—|-'—4. 00— 2. 50~

Design Secondary Beam

l— 5.00m——
* Wrotar=2.60 t /m? (Given)

. FSEE. beam — FTD!‘-EL“‘ a
= 2.60+(5/3) =4.33 t/m

Fsec.
FEREEEEEE
S=45mn
RS-H:- RSE(:.
wﬂe::.#S 4.33+5 L
*RSE‘:_: 2 — 2* - Iu-ﬂzt




1— Straining actions

4.33 t/m g
Sm ; W A\w

Loads B.M.D. s.F.D. 8

R See.

2
1 MI = 4'3i*5+ﬂ =13.53 m.Ton Q =4'3g*5 =10.82ton

R, =10.8 ton

2— Choice of seclion

assume F,= 0.64F, = 1.536 t\em?

My _ 13.53:100 Tables

= = . =880.8 3 U I.P.E 360

SY=7 536 1.536 il e
+ Sy =904 Cm?

3— Checks
a— Compactness (Local buckling) ,;L_[;
h,=29.8cm Jsla= I_.r/fﬂr'{ 4‘*- %
£, =0.80cm :
b, =17.0cm ’;tw haw
tf =1.27em
r=1.80cem =%
L :%(hf' Ly —2 r): L(17.0—0.80—2+1.80) ~on
¥, tr 1.27

(=)



sl — o pelE 16.9 _ 10.9 —> Compact Flange

ty ; .}'ju
hw _ 29.8 =979 « 127 _ g2 —> Compact Web
|||"_]F

< The section is compact

el

Ll o J 85500 C :ﬂ_.ithlLT 1o T | G

b—Lateral Torsional Buckling gy, Gy =113
LUm& i =Zero (Fully laterally supported) ( Fiven)
=—ne LLI.B

Compact Section —> F, = |1.536t\cm?

2a—Check bending siresses

Fuot = My _ _13.5634100 _ 4 49 t\em? < Fy= 1.536
e Sx 904 prom Tables (Safe)
3b— Check Shear siresses
Qo 8 10.82 =
= = Tt = 0.37 t\em“c 9.35 F
quﬂt Aﬁ'ﬂh h— *tw 36 %x0.80 = .84 ¥

‘ (Safe)
3C—- Check defleciion
live loaddl olus palius ¥ 1Y Lulll sda Leasssl

4
5 \wrpsS ti\ﬂ’rﬁt cm

LN = 3a7 T\ Falg s

5 o | o
500 P
384 2100+ 16270 300

f f i 1.67em

t\enl! L ST )
(126)




onmection between the secondary beam and the main beam
d bolts (bearing type) bolis grade 8.80 consider the
the bolt diameter . Draw the connection to seale

Z—Degign the ¢
uging non—preiensione
end distoance = 3 fimes

|

1:10 in different views .

- . - . Secondary
Design of conneclion ny-= -+ -y Beam

BOLTS M16 Crade 8.8
Threads are exrcluded

Design of connection

—For ]

(Bolts connecting the sec. beam io the framing angles)

'RShE“T-=Qb#A5-*n Rb '—_FEI #d*tmin

Main
Beam

e Fop = 8 t\ em? -td)::f.ﬁr:m
for R, 3.6\ en?

& g

+ Ag Td’

* gy = 0.25 Fyup

4
el a8 HI8 ¥ ey uh o T W gplus Tads O oo passill g Ssw
Edge dist.=3¢) J) o)

2
r(1.6) | 4
A4

——> CX =1.20

_ md®, 4 _

#+ Rs s —[’D.ESF‘@)* 7 # f—[’ﬂ.ﬂﬁ_#ﬂjt
=4.021on

+ Rps =(0.25F ) *

+ Ry =( CX*F,)* d+*Zlmn= 1.2 x 3.6 1.6 +0.80="5.521Ton

—08%2 = 1.60 cm] OR

govern

2
TT;E £+ 2=2x+Rss =8.041ton

Et mvin : Min. of

Rsec.beam 10.80




Design of conmmnection

[e=For nJ

(Bolts connecting the main beam to the framing angles)

* RS.S =4.02ton
s Ry =( CA+Fy ) * d+*Etmin= 1.2 £ 3.6 1.6+ 0.80= 5.52ton

Etmin: Min. of OR ||§| = ﬂig_fﬁﬂm“

govern

jzwc.bﬂm fﬂ.ﬂﬂ .
ﬂr _— —
#* o 3 = 4BI‘J‘EE5 .2 E!‘.I-ﬂh S’LdE




: I.P.E 450 :
SIDE VIEW
—— ——
. I.P.E 450 |
E.__ ---- _—i:ﬁ:::_..]—“-—l
. | 4 | |
| i |
PLAN | |
i |I.P.E 360

= |
? 1.p.5 560
I.P.E 430
ELV.

NOTES

j—Steel used iz ST.37
g_Nm—pretmu'imrl-Ed holis M6
3—Framing ongle used is J0X8
4— All. Hm. Im mmaT.8




39— Check the stresses in the marked member shoun in Figure (2)

1) Data

+ Length = \/5{}{} 2, 400% = 640 %
+« Force=—3.0 ton(Case B) '
+ Lbin= Distance between joints = 320 cm §

-

* lbour= 1.5 #3200 = 480 cm

2)Checks

As a compressiort member

| ¥

-t.| L 70707

= e A =91 0mE

* ll=_* e=1.97C
| e g = .

— Te= ry:é.‘. 12 Cm
g r,=1.37 Cm

—df. 00— 1. 00717
[=]
*a
G
%

a) Class of sectlion [ s

B J0 23 __23 _ 1484 =
R g VFy V2.4 ' S t=7

—> The section is non—compact
(Code page 12) | =

|

h ) Buckling (Slenderness)

Y =1L dodl e = 212 em

1= \[TJL+(E+%P)3 B \[E,I,E'ir-{’f.ﬂ? +%}j3 = 3.25

320
Yoo = = .94 < 180 — (Safe
e Tn 150.94 < (Safe)

_ 480 _ =
b~ 5 TG 180 => (Safe)

=151.0

?“mu:r,

o



c ) Stress

A =161.0> 100
+F,= 1390 - 0.328t\om?
TILOLE.

5.50
= gectual str — =0.29 t\ ent
*f{: L egs E-ﬂ_#ﬂ g \

< F, = (Safe & Economic)

d) Design of tie ;pbmti

Ay < Ape
E"x

< 151 = D £ 1.37:151 =206.8 em

T"L-"I.
D > l Iise one tie plate at the
2 riddle of member
Checks
Ags a Tension memnber
a) Stress

AHEEL: z[dgrmaﬁ_. = (@ "-'I_U*Em) *tijl
— 2[9.40 — (1.6 +0.2em) + 0.7 ] = 16.28 e’

¢ fum FOTEe B 03370\ om
< Fy = 1.40 t\ em? (Safe)
b ) Deflection
a

Choose JL 75x75x7 @



L MB. - 5.0. I
. | ]
s 9 3 3§ 3 s = 3S
? - H - S.B. ¥ T
M_H. B L
3.007re 9.00m
SYSTEM A SYSTEM B
SYSTEM A SYSTEM B
Connections 16 Connections 10 Connections
Kyers | - MBl & 3 gad | fes Ml
dgpacdl pe BB U £ dgacl o 5B U &
MBI g 5.8 1A MBI fgs 5.8 1 ¥
Steel Weight Heavier Lighter
e 5T SYSTEM A 5 MBI clelad (55 ol g8l o
gz o) I VLoV, SYSTEM B b 5.8 J) Slellss
| SYSTEM B e AS1 SYSTEM 4 olS )bl
M i Take more lime Take less time
e - AST esaSl aae i i N 4 | R
5T Wiyl ppens JAT Ll Lol g gens o
Erection Harder Eosgier
_,._xﬂ ull| PTIN | BRKTS ._JjT Trile el dace

(22



SYSTEM A

SYSTEM B

Deflection

Smaller

BRigger

G5 AL 5 las jube System 4 3 S.B Jl Span
MBIl gle Jusd) 555 (51 3 jaiwe deflection Jl
a5 deflection Syae 55300 ol U3 g g S 5%
paliins L 5 5 Laclled 5% MB ) ol S

- deflection JI L. ,yl5.

L.T.B

Zero (Conc. slab)

Zero (Conc. slab)
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