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The figure shous an intermediate sicel frame that supports
pipe lines. The frames are spaced every 8.0 m.

¢ Suggest suitable bracing system for the column (48)

¢« Design a hot rolled I-Section for the column (4B)
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Side View Elevation

The figure shows a cantliver intermediate column of an
The figure shows a cantliver intermediate column of an
support the top crane girder at level (70.00m) only. an
industrial crane girder will be added at level (7.50m).
Find the value of the interaction equation for the column
section given that:

lug,= 750 om Cp=1 Comg = 0.85

If the column section is unsafe, what would you propose to
make the I.P.E section safe?. what would be the value of the
wnteraction equation for this case.
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7 ) Check Interaction equation
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S Check Compression
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7) Check Interaction equation
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{,’f("sihg bracing systemn
‘b ) Using Portal frame bracing

O Solae vgacd) Lin 54 ULJI oda 45
out of plane direction JI 43 Cantliver

”'\

f‘" (,)No bracing at all
a

Lisyo WS Crane girderJ) Jlo! olus I ¥,] b v gacdl 1an Jod
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B L/, I,/S

~d.c|‘,§J' r_-.\Aa.aS




fr-

Vi

&
;1

& 7

iy Permitted to sway charts J| O kN AS le oo
HWSWI el e Check Jaes o8
7 Section 2 v v r

M.

M 1
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FXAMPLE :

;fg‘_Fo-r the shown main system with spacing = 7.0m, it is
( / required to design a built up section for column (1) using
E welded lacing bars. the column section is as shown.

sl

column (1) 5 Fheel loads on
Crane girder ~

“J

L= —5
2 1 =
:

Suggest suitable bracing system .

‘'—og 0 crn——"

Column cross section

Reactions from crane girder

Dead Load: w;=0.2t\m w;=0.2t\m
S
*RD.szd*7*2 AIIIIIII1AA_IIIIIIT—IA
=0.2.-§-*2=1.4t ! 7m ¢ Tr 7m '
Live Load: RD.L
10t 10t
*R;, , =10 +(10..§%_5) . s
=17.861 /S YA o
* Assume I =25 % ——m vT TR m !
L.L
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P4 r
£
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&
/0
f" =1.4+ 17.86(1+0.25) = 22.32

ox PX = 7%'RL.L Without Impact

= ,—g- x17.86 = 1.786 ¢

* B = Braking force :A}—) Without Impact

1 7 |
= - *%(10+10 ) = 2.86 ¢

1)Suggest suitable bracing system

_l ;

5 S /

I Cfvertiear ||
Bracing

7777777

Inside—plane outside—plane v e

2 ) Calculate the straining actions

Py= 2282t
¥ B
Pz = _1 =2.861
1.7861 ” 5]'”
n

1 :,=-,,,=\: 7 | :
—7m—
Inside—plane outside—plane



£
4
’){
' 4

£
Lection 1 assumed 0.1 t\m
,&7:.‘"‘

e e o

4
£

£ oN =Py + 0.W gopmn = 22.32 + 0.10+5=24.22¢
4Q = Py =1.786t
*Min = 1.786 *5= 8.93m.t

+ M= Zero
SWL , Braking force Ji a4l i) 50 Vertical Bracing Ji

@Ml@o@lwwu,owlwmbﬁhi
3) Choice of section

+ Assume d = 40 cn = gven

+ Force on one channel = (C = N + M
| 2 d
=242.22+ 8.93 _ 34.4 ¢t

0.4
+ Assume (allowable stress) f = 1.20 t\em?

*AOMI = For;f (¢) = 3745— = 28.67 cm?

—> Choose 2 IPE 220
d =(1.5=02.0)h I 455 ol Jak Economic glall) 05 g o

d = 40 cm & h=22cm = 0K i

_ .“‘_UJA....., 2




&£
£ 4

f,»f‘properties of Area :

'!. 7 st f ;
£ d,=17.7cm Jslax A=383.4cm? L ///A,l tf
t.. =0.59 it F
w cm IX:2770 cm? 7702
bf =1711.0cm /
t; =0.92cm 4=209 . . ot I

r =1.50cm

*AII=2AI =2 % 33.4 _l Y L
= 66.8 cm? ' | |
*IXII:2[2770] G T
=565840 cm* ] !
_ 40y T gl
s Iy =2[205 +33.4+(20 Y ==~
YII [ *( 2 ) ] | 400m ,5.5
=R271830 ecm?
s Ty =/ =11 _ [ 5540
T AII 66.8 - 9.170 cm
e 7, =/ dviz _.[27130
Yy =
T AT 66.8 20.15 ecm
4) Check Compactness
For Jtarge Subjected to compression
c _F(b,—tw—-27) 5(11.0-0.59-24+1.5)
= oy = 595 = 4.03
o ( 16.9 _
o —2- = 4.03 < = 10.9 —> Compact Flange
> 7 D g
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&

¥
v
V’_l

/ For Web

o @
g 5
4
. i
7
'

o
£ 7
£

Subjected to compression

dw _ 17.7 _'_30 < 58

tw 0.59 \,7;

s The section i3 compact

= 37.4 —> Compact Web

— — — . — A —

5) Check Compression

lp. = 2.1 (5.0)=10.5m ly = 5.0m
Tx = 9.10 cm Ty = 20.15 cm

™~ b 1050
N W 7 = 20.15 _52.11.

ETR ) 500
out __ _
® Rt g = =570 =54.9< 180

* assume lZ = d =40 cm TZ = 'r,yI

lz 40 54.9
= = = 16.13} 60 /
* 7\. Z ’I”Z s 2 ,// lom
} ?Max’z ~. :3603
VA (kMg )? -
#* A‘ n = 'i'n+(k Z) assume batten plates

- _/
——
= \V52.1°+ 1.25+16.18° = 54.5 < 180

=k 2
+F, = 1.4- 6.5+10 Ao,
= 1.4— 6.5+10 x54.90°=1.204 t\cm?
N 2422 _
*fro= y) =g = 0.362t\cm
Fca _ 0.362

=0.30 >0.15
F. 1.204



_ 7500 7500

- xgy - 54.5% = 2. 525107‘m1ttrd to sway
(o _Cmy  _ 0.85
Ao = T T T < o =0.99¢1.0 [4,=1
Fry 2.525

6) Check Bending

Mm
Iy 22

_ 893 40

27130 ( 2

R, =0.64F, No LTB

et
\  Compact (,sSI-Section JI uu’

- - ———— —— — ———— —— — — — — — — — ——

To(act.);,, = L) = foy
R2¢

= )=|g.84t\cm~‘-’

Fy, = 1.536t\cm?

|
!
h

7 ) Check Interaction equation

a x (ac f ct
J;f' +%+ b;( ~Adz < 1.20
C bC'x bCy

0.362 4 0.84
1.204 1.536

* 1.0 = 0.94
< 1.2 = Case B (lateral shock)

—> SAFFE




V. Intermediate Column Carries 2 cranes

T 11 r

Q

o

77777777

o v Jhess @l ) gling 9 sacd) 1

1) Two cranes are working.

2) Only one crane is working.

m—
— —
—_— —

_CE-——Q—___(U Two cranes are working.

Py Py

I

Px 4 \ 4

h,T‘4~ €x 11, ex"'r" » Px ﬁ

re D [ 1] B 2
2

l
h 3
|

!
77777777

N

Min
Inside—plane outside—plane

A[m:‘Zth*(hj-l-hz-f*h) N=2*Py+0.w

column

M,..= Zero

M, s ULJI oda 3 4 Portal frame bracing alasisl (Sedl G




Only one crane is working.

Pd Py

/
é! r 2;;2' ez ’l——) Px
L ——k B
hz | ' B 2
F | 2
h
A TT777777
Min
Inside—plane outside—plane

M, =2sPrs(hithz+h) + Pys €z, — Pys €y,

N =Py + Pqg + 0.W co1umn

M, = Zero
M. T ULJl 0de 45 4 Portal frame bracing ’.l..\_&:;wl Ol e 9




,0:4.0.9m 4 £.B360

E - 3

~.1.P.E300
5t 5t
i‘aOm‘i 5 Column (1)
o
' PWheel loads on =~ 777 P
Crane girder
For the shown main system with spacing = 6.0m, it 18

required to design column (1) for the following cases :

1)Design a B.U.S for column (1) if we use portal frame

bracing outside plane,

(the column’s section is as shown)

2)Design a combined column for column (1) using mo bracing
at all (cantliver), (which is better 4angles or 2channels).

Co L

ST

B S




£ 7
,&‘#

/Reactions from crane girder

£
/f‘ prens Loads il o wy;=0.2t\m w,;=0.2t\m
f JaRp = wWir5 %2 AT JITTTI)
=0.142 +$v2-09 ¢ ‘~—~——6m—°T Tf Y —
Live Load: RD.L
15t 15t
=251 AN 7\

JANVAN :
* Assume I =25 % b TR 6m: -
%

+ B, = Rp 1+ Ry (1+])
=0.9+25.0 (1+0.25) = 32.15
+ B = % R; ; Without Impact

!
= L *250 =250 t

* B — Braking force =ZP Without Impact

7
— 7’-*(15+15)= 4.30 ¢

Straining actions for inplane direction :

—_—

32.15 32.15
2.5 neglect o.w of column
| —>X-0.4 -*——)
036 “——40-4, 2.8 +N=2»382.15 =64.831
0.5 [ |
T sM,, = 2%2.5*(5+0.5+0.36)
Case of = 29.3m.t
Sm "l maxrimum
Normal
b 777 ,

7.
Min =29.3m.1

N=64.31




Case of
maxirnum
Moment

O
3 -

7777777

\T)'Mm =27.2m.t
N=33.051

neglect o.w of column
«N =32.15 +0.90 = 33.05 ¢

oM, =25+(5+0.5+0.36)

+ 32.15% 0.4 — 0.90» 0.47
=27.156 m.t

oda 3 Ll 4 Normal ST slaes Case of maximum Normal JI
+lats Case JI ode oy WU JUIL , Momnent 5 ST plaes ULl

1)Using portal fram—e- bracing (outside plane)

———————————————————————————
=

2 cranes are working |
| Braking =2 * 4.3=8.6t

[I: | Y 2'/B » /l/rr MOut /r
' = 8.60t Iy
[
5m Ic Ic
77777777 J" B B
| = 4.30¢
N = 64.32%‘11{{71 =29.3m.t
Inplane outside—plane

+ assume [, = 2 I,

M, ,=430%x(5)=21.58 m.t




odw J_,AC.“ 'J.A &;‘:‘, rs

Y o> Jo> Inertia JI

fabiin JWL ,

JANJ_,@J'

B

L




5m

N=64.3 1 Min =29.3m.t

Inplane outside—plane

LIy 5 amly bald Gaelaly G oS0 5 Olelad BIW Tl G gbs

. ngl.v ‘_9_5 \.\:JJ K) J‘,—u:.”
Section (1-1)

M, = 29.3 m.t N =643t M. =0
Section (2-2)

M,=0 N =643t M,.= 21.6 m.t

& skl aalosl Ul o gacdl ,lins Choice of section J) Jae wic
Out plane J) 45 Lol aalosl i ogecdl y M, J) o35 (SU Inplane JI

* Assume [ = 1.0 t\em? M) psls (S
* Sy = i = 2;9%0 =2930 cm? Mout
I.P.EYT f i

—> Choose I.P.E 600

Mouwt 2150
*Sa= g =250 =2150em ook

M,
= Choose LP.E 550 p=5=d— 5>




£ 3
{ 'r
‘/-
1”’ ."
s 3
£ 7

lPropertzes of Area :

G
/ ILP.E 600 VI L=,
4 ""‘ - T

Zw:;fg‘;:; I=92080 cm* i’ X
/A o 2 }”“—C w _ |dw

tf =1.90cm ‘ I,=3390 cm ‘

r =2.40cm [ gf -—;—*
I.P.E 550 y
dw:46.70m ‘JJL.\.?. A=134 em?
o= 1.4 0 I=67120 cm*
bf=21.0cm 2670 ,
tf =1.72¢ecm Y Cae
r =2.40cm [p§~§5_0

Yy /
+ A= 134+156 =290 cm? ——
+ Iy = I X1.p.E600O + I Y 1.P.E550
Inside P - -—X

Ay _ Arprsoo* 0+Arprsso*Z

= 92080 + 2670 =94750cm? 1 |
h _[(Lh_'—__)___'%pgtum

* y - ZA = ZA 'y//
55 Y,
134 * 35— 7
= =12.7cm 3
134 + 156 [ LP.E 550
_ 55 2
*thde— [IXI.P.ESSO * AI.P.E550 (—2— — - 7) ]
.2
* [ I YI1.P.E600 * AI.P.EGOO (y) ]

= [67120+134+ (52— 12.7)"]
+ [3390 +156+ (12.7) ] =125028 cm?




e

V4 #;
& F
7 4

/: 7 b i et

V. I.‘ DEM)D
LT \/ - .\[125023 _, .

” y onfmde 290
1 . 7y Iv =/ 94750 _ )
d Msde ZJ()

e

l ) Check Compactness

u\smm that the section 18 compact

o o

5) Check Compression

b et e e

Ly = 21 (5.0)=10.5m ly .. => Frame = G4&Cp

« assume I, = 2 I

\‘. ]_
21 5 &m IC IC'
GB = Ie/te = o/5 =2.4
I/ I,/6 L4 &
« From charts permitied to sway T G 7
=22 loow=22+5=11m
Tx = 20.7 cm Ty = 18 em
o in 1050
e Ain = T = —ap = 5833 < 180
looue 1100
. A:out= r;u = 720.7 F OSiE S a0
- 2
+Fop = 1.4= 65410 A pmax
= 1.4- 6.5+10 +58.88°=|1.18 t\cm?
N _ 64.30 _
*Jou= A 790 =10.22 t\em?




G .
(-] g5

£7
Vs,
£
JJTca _ 022 4195015
SR NT:
p - 7500 _ 7500 _
* fry xz T 58.3% 77 __Permitted to sway
y ’/
a,=—Cmy 085 _ _pg9q4f1.0 [A=1

6) Check Bend'mg

I Jeow 250 7.0m = 1.56mAS Lass JS 9sactl b Stiffener paxiwo

LTB J) paey JWIL 9 85at0

Stiffener

—
(Seapens~

Stiffener

[

Stiffener

lu act.
Stiffener_ _Stiffener
’ luact— 100 %0 by _ 20+22.0
l AU J2-4
* YU max. T
13804, o
atFy b
luact, > lumax —> NO LTB

—

Lo
1

= 284 cm




60cm
fb(act.)m = A} %0) Lon Section (1;1)
2930 Y M, =29.83 m.t
“94750 ¢ 2 =)= - 0.93 t\om? N = 64.3t
M,.:= 0
Fy.,=0.64Fy No LTB
il |
\ Compact (s I-Section JI u?!

| T VR AU SO (R

Fyey= 1.536¢ \em?

——— ——— —_—

7 ) Check Interaction equation

a x (ac f ac
B s T <
C b bey

0.22 4 0.93
1.18 1.536

* 1.0 = 0.84
< 1.2 => Case B (lateral shock)

—> SAFF

T




£

. &
2
¥l
F
¥

.

¥
Jl/’ j;"
£/

Y .

/"L‘heck on section (2-2)

‘M, =0 . N =643t M,.=21.5mt

Check bending JI Jol e 45 szl 4 466 oY) &lahs Luasd)

dl BJI _ ﬂ;ffm

,I' 60cm J’
fb(act.)ouf-'i;ﬁi( 55+1é‘—2")7)=fbx
y
1.2
=1225105203(55+—2—~ 12.7 ) =P.74t\cm2
_ 7500 _ 7500 _
* Py = 2, = 53.17 = % permitted to_sway
S G . 085 .
Az = [1- Jca ] - [1-2:22 —0'937&1'0 4, =1
Ty 2.65

By =0.64Fy No LTB

—
\

\ Compact (,sS; I-Section JI ;¥

——— T Cut — —> —— —— —— — — — — — — — —— — —

Fyer = 1.536t\cm?




P —
f{

&

;' ) Check Interaction equation

£ 7. =

f f a f x act. . f ac
/ 1«5 ’ _iFL')*A’ s 220 < 1.2
{7 C be b(;

¢ 7 v
0.22 " 0.74
1.18 1.536

* 1.0 = 0.70
< 1.2 => Case B (lateral shock)

—> SAFE




#

47 :
/2)Using mo zmng system (outside plane) (cantliver)

e Sp————

§ o=

/ ¥,

B
I T
=4.301
5m
Normal
\L' —:%1 Y LLLLL

- “AMout=21.5m.1
N=643t Mm—29.3'm,.t

Inplane outside—plane

KPUIVIRRYOvS | OU Jadd (o gac e 55 braking force JI (,I 0P
B Jax ol gzﬁ Je2

Section (1-1)

M, = 29.3 m.t N = 64.3t M, = 21.5 m.t

g;J‘.‘.‘LJ' J.>~.'> Mout J' K) MnJ' r"‘_.‘i.}J Combined t'Lla.; _’t::.'x.‘z' Qe K

Mout
Saacd) Loyt ¥ Same pllad g Uadll Jis T
Channel ,ST 53 i 5 40cm e L) 3 9 N Min
Jiais ¥ UL 4 UP.N4OO 4» 395250 g
double moment Jl Uls (d anlasisl .
o

J

7




& -F

v/,
£

yard a3l 5 5 a8l g Uas

/ Jab ¥ el fe WY 5 60em e Wi :!3)

# «
v by
4 8

Jiiy 5 209 LS waye 5 Usb b ()

double moment JI Ul o8 anlazin) Y

Mou
tUa.'ﬁJl e =) :
N Min
) L .

spacdl of Gum 1lal) ode (o5 Aelasinl %
o LS double moment J (o ,ce
saelas¥) g3 ,uS Buckling length J) 1 J
sk
3 ) Choice of section O T
_____lr '-_—_1_ Iy A ‘!
500 P
= —>2 _=40cm 'f '
x Assume d - i ! . HE
+ Force on one angle BY s -iX
| |
I : !
= ( = .LV_ + __M. E l ] ) ”-_
4 < B ey L =i
_ 643, 29.30 45, LR e 7
4 2+0.4
+ Assume (allowable stress)f = 1.0 t\em?
_ Force (C) _ 527 _
*Aom I__ f - ’.0 oo 52.70?’)’12
d J) 5ol (I b el o 5,08 daid
Assume d = 70cm




& 4

Y. '

F o
F 3%
4 ¥

Arorce on one angle

+ Assume (allowable stress) f =

* AOne

N

4

64.3

—
_——

71‘-

M

2d

29.30 —387.0¢

2+0.7

7.0 t\em?

_ Force (C) _ 37.0 _ g0 pom?

=

f
—> Choose 4 I 150x150x14

1.0

Properties of Area :

O M— I_..__—— 4.21
| .= ! ' | '
___iU?_ -
I . ; |
|
Tx T T | A=40.3cm?
|
Hl ' ,: I.=845 cm*
- —— B |
QLI'IL; _____ == I,=845 cm*
‘4____d___.-4’—}'eL_
*A"'"':4A|_=4*40'3: 16’.20m2
L J

*Ixr‘ -4[IX1_+A (‘_—)] IY'—ﬁ
= 4[845+ 40.3(-712) ] =200850 cm?

-‘/200850 35.29 e = (._) 35 cm
161.2




oy 4

¥
FL
5

£

el

Y 4

&, =
£ .

/o215 _ 4097 <23 _ 448

£y t 1 4 A—ﬂ—4§£
J i i [ I "y'_ U—_:

s The section is Non—compact

Flange subjected to comp.

7 Check Compactness

5) Check Compression

Iy, = 21 (5.0)=10.5m =1y .

’r‘x = 35.29cm = ry

Uy, 1050
in  _ — —

* assume lZ =70 cm ’rZ = ’r'vl_: 2.94 em

lz 70 N
r ANz = 7, ~z9d ~*%C %j
60 381 ] Z
T ¢
Elies § WEoH) N
. h:

* A«in = \/7\: in+(k A’Z)Z = A'Ou,t

Lacing Bars
______ I S

2 /- 2
= \29.70+ 1.00+23.8° = 38.1 < 180

1.4- 6.5+10° N o0
1.4- 6.5+10 '+ 38.10°=1.805t\cm?

*
>
[




'»f = N = 6’3 = 0.390t\cm2
Ca A 161.2

Soa  0.390

* B -"—‘0.2 > 0.
F(, 1.305 o A
7500 _ 7500 _
By Tar T 5gg7 T %D permitted to_sway
T,y ///
_ Cm_x,y _ 0.85 - _ 1
“Frry 5.16
Az - 1
- o Mog
6) Check Bending _____;”‘:%f__ y“:,-:l:___
] I
n W Ul
Jotact).. = M ( +e.) = Joy } N Min
(ac )vn Iy 2 SX il_ - l >
2930 70 2 : |
- 4.21)=10.571 mn ' .
500850 2 p-57 t\em Lé.__I:L 3 _-_Ly_-JIJ:-_
Mout d _ - e - - . PR et
(= re.) =Jox = TeL

fb(act.)ou{-‘ ]y 5

2150 . 70
= 4.21)=10.42 t \ecm?
200850( CE P \

Fyoy= 0.58 Fy No LTB
bl
\ Non—Compact ;, S5 angle JI ;¥

Fyoy=1.40t\cm?

Fyop=1.40 t\em?




7) Check Interaction equation

fCa fbx(act.) fby(act.)
+ * A

7 + *r A < 1.2
F F, F
C be bCy
0.390 0.570 0.42
* . * £
1.305 1.40 405 1.40 1.0

=0.99 < 1.2 = SAFFE
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EXAMPLE :

Design the shown crane column AB (N=40t , M=30m.t)
The column section is 4 angles and 2 plates.

|
1.5 c +
!

\\_Roof Column
BN -, oo vty L F R . T s AT

1

|
!
|
!
|
!
)
!
!
l
!
|
!
|
!
|
!
|
!

| B
Crane
& ~__Column _
A
/7224
Side View Lot Elevation
' ¥
do x oo e e %
‘— o I_-_ y—--_‘l
L
di

Proposed section




1)Suggest suitable bracing system

Al 5 e 0¥ Zlins ¥

e
—

2) Calculate the strm'mng actions

e

3) Choice of sectwn

== .-.L_.......i._.._-‘l_
x Assume d,= 7—2.&—0;—-5- =40cm —r——:y———r
+ Assume d,= -1—562’—3 = 2.5 emdd x f——@—— Y
* Force on one side jI | l____:y___"
- 20, 30 _ 954

x Assume (allowable stress) f = 1.20 t\em?

_ Force (C)__ 95.0 _ 2
*AOne side - 1.2 - 79 Gl

t =10=>12 mumn el (o8 &us Plate JI oleo] (5,4 psi s

+ Assume tp =10 mm  hp=25 cm

s Y WS 4 hp=25+2 € s» Plate U (il Jobll of (5,584

4 y = het . angles JI oles]

_ Aone wige " Aprate _ 79-(25x1) _ 2

* Aone angle - 2 - 2 o 27 Sk
d,J) Ll 5oLy Laldis (Sedl e y 5uSangles ) daluwe S

+ Assume d;=50cm d>= 30 cm




N

* Force on one side ]

N M

2 d

40 30

= — 4 — = 801

2 0.5

_ Forc C 80.0
* Ajne vice = ; ( )= > = 66.7 cm*
x Assume tp =15 mm  hp=30 mm

= haet
£ 4 Ao viae " Apie | 66.7-(3041.5)
One angle 2 - 2

= 10.85 cm?
—> Choose 2 I, 78x75x7

hp=25+2€ =25+2%x2.03=34cm

Properties of Area :

 2.03|
— =
J
i X+
P m»X T
. A=10.17cm? 1.5
: cm
L I=562.4cm?*
I=52.4cm?*
* Apiate = bt

R

3441.5 =81 ecm?
* A{_.]: 4A,_+ ZAPlate em?
= 445241 2451 = 142.4cm?



*IY[]"'4[IYL+A (——)]
+2[ hét +APlate‘(_+e[_+ t )2]

=4[524+10.1 (50)]

12

+2[34:1.57 5, %Q+203+’5)2]= 104176 cm?

tLxpy=4[In +A (L) ]+ 2 L1 ]

=4[52.4+10.1 (30)]+2[1_5_ﬁi]

12
= 19126 cm?
/I 19126 _
' 'rx[]—\/_i[_], = 9728~ 11.6 om
3 VA T V7224

4) Check Compactness
Flange subjected to comp.

s L@ _75_407 <2 _ 148 P

it t 07 ’ Iy U::N
o' The section is Non—compact

—— e
B e e

5) Check Compression

lbin= 1.5 (6.0)= 9.0 m lbout: 6.0 m
Tx =11.6 cm Ty= 270 cm

~ ly .. 900
Ny W T 270 =33.3




Ly
- out 600 n e
+ Aout= = TTe = o1 < 180

+ assume using lacing bars with angle 45

lz =2d N

l; =2:50=100cm Ty = 'I"y[

035 JWL § Channel GIS JS2J 1ie g2 Joled>
JSAJ 1 el Ty J 52 min. radius of gyration J| g
Nl @ s L
* APlate = htt=51 sz

> A] = 2AL+Amate: 2410.1+ 51 =71.2cm?

" :X? _ ZAL*(eL+t) +APlate * %
4y

2% 10.1+x(2.03+1.5) + 51x0.
sk L 712) *075=1.54cm

H o

v Iycq=2[Iy +A (e +t-X)"]

3 _ 2
+ 2[ ’;ét 5= APlate*(X"‘ '%)]

=2[52.4+10.1(2.03+1.5-1.564) ]

3
+ [34""5 + 51« (2.03 —-1—2’§)ZJ=226.19 em?

12
v 1, = DkI _ /22619 _ 128 om
2 VA 71.20
lz 100
i 3 _ 65.
* XZ — rZ - 1.78 -‘56.5 * 60 /——-_..3_._




e Ain = \/k .if+(k7\,2)2 =

2 A 2
= V33.30+ 1.00+65.2° =653 <180

}v 7z > _g—xmax ='§—* 65.3 = 43.5 = Unsafe

Lacing Bars

JE > Lacing bars U Horizontal member 15L5) & CL"&B
Azl Js JUL , Ly J

lZ = 850 cm
Lz 50 R
*lz == ,rZ = 778 =28.1 ‘\#
$ 60 /,.?Z-{__ _47315' /j
2 /ax ™ s4s - |
* A'in:\/x\if'f(kxz)z-_- Jlr—df‘;

Lacing Bars
______ A

2 A 2
= V33.30+ 1.00%28.1 = 43.6 < 180

— 2
sF, =14 6510 N\ o

C Py . -
= 1.4- 6.5+10°:51.7 *=|1.280t\cm
N 40
— = — 2
i = y —55 =[0.280t\cm
yJca 0280 _ .0 0s
F, 1230
_ 7500 _ 7500 _
* Fy = % T 43.6% 3'9:’_1221'1&&6_%!9_?_@99
y 1
ot By s .85
Ay =gt = =0.8241.0 [d;=1
[1-5=-]  [1-35%



L)

6) Check Bending Mo

‘ l e i I
fb( t): = M., d ec+t, ) = H
act.);, Iy (2+ +1p ) fby | . °N . Mo
_ 3000 50 ox 11—
(od1ve 5 t4e1+1.5) d K1 T s
-p-82¢t\em? L, Siingy s iy
T,_ 50 }‘*el_
Fycy= 0.58Fy No LTB
b

\LNon- Compact ;, S5 angle JI ¥

Fyoy=1.40t\cm?

7) Check Interaction equation

fa x (ac fb act.
; +fb ( * A1 + o t?rAz<1.0

& bex FbCy

0.280 , 082 , 10=0.82 < 1.0 = SAFE

1.230 1.40




.

EXAMPLE :

3 Ve 1.P.E400
SN '"""HC

) E
5 Col.1 (Rolled section) |
o U
Vf 30 T

The given figure shows the main structural systern of an

wndustrial dbuilding . It i1s required to :
Design column (1) in the following cases:

a) Using horizontal member at the level of crane girder .
b) Without using horizontal member at the level of the crane

girder.

Data :
+ Brackets are I.P.E 500

+« Crane girder is H.E.B 360

+« Distance between centerline of crane girder and centerline
of column is 40 cm.

+ Assume braking force is to be carried by 2 columns.
* H=61 +V =38t

* H= 2.61 * Vo= 32.151
+ Crane girder wheel loads are 15t each and spaced 2m.

(63)



-

a) Using horizontal member at the level of crane girder .

——

O

<:>

SHmae pudd (¢ Bracing systemn J) 48 04> o)l Horizontal memberJ)
Ssactl 5B JWUL § Braking force Ji r_,l_'é:» sVl 3o Crane girder J
c9gacd) ple Moyeaz s ¥ JWL 5 Lo S ¥

| —— —— ——— o w—

T

Straining actions

* N
* N

%
Mlu-st below bracket

=381

Below crane

= 38-32.15 = 65.85t

Above crane

* M, .= 32.14+x0.4+2.5+(0.36+0.25)

* M
* M

Just above bracket

Upp

= 14.4dm.t

o= 628—32.7175+0.4
+2.5%(3.0 -0.25 -0.36)

= 41fm.t

=30-14.4 = 15.6 m.1

T

41m.t

N.F.D.

5.85%

38t

B.M.D

32.15t
o > 2.5t

400m| H.E.B360

D .-

Bracket|

i

Bracket
I.P.E500




Section (1-1) 41m.t 5.85¢

e S 1 tﬂm’
N= 56851t M, = 41 m.t 15.6 ‘
, 781
Section (2-2) IO G 2
N=381 M, = 30m.t
Yl o : 5 s s . 4
o ¥l moment Jl e ¥ Section (’)rw NF.D. BM.D

Section (2) e Check Jazd I~
Section (1-1)

T

1)Suggest suitable bracing system
N AUl b a7 gliss ¥

2 ) Calculate the straining actions

—

N=5851 M, =41 m.t
3) Choice of section

x Assume (allowable stress) f = 1.00 t\cm?

' st-—FAil-’f— = 212100 — 4100 cm?

H.E.B ,5 2U3) S: =3070 em® Jylaadl 3 I.P.E ST

—> Choose H.E.B 500
4) Check Compactness

Far jlange Subjected to compression C
Sy
d,=39.0cm Jsla> S ,=4290cm? [ At
) f

t,=1.45¢cm =107200 cm* T

b, =30.0cm

S t dw
tf =2.80cm L
r=2.7cm H—

A=239 cm? l ]



_ %(bf— tw —Z'r): £(30.0 — 1.45-24+2.7)
tr tr 2.8

=4.13

K A =413 < 182 - 409 —> Compact Flange
tr \Py

For eb

+ dysrt,+F =39.0+7.45+2.4=135.7t > N=5.851
Feb ——> Subjected to Bending

_ 1[N 585 , 7.
*O0=Flg- vioaF, P = F[%8% +1]=052 > 05

w

g o Skl __695/ C t Feb
t. = 7.45 = 26.8 < IS(IJi 78.83 ——> Compac e

'« The section is compact

——————e —

5) Check Compression

lbin = Frame = G4& Gp

G4 = 10 (Hinged base) Iy
Ic/1 107200 /8 8m I, I
GCp= Lle £8_17.4 ‘ ’
Ii/1lg 23130 /30
A = _(?_ _()-
« From charts permitted to sway g 7 P

k=38 lp, =3.8+8=80.4m

lbwf 5.0 m

66)




Te = 21.2 e Ty = 7.27 ecm

ly
- in 3040 _
Ly
_ out 500 _
*)""gt" o = 7z7 ~ 688 <180

7500 7500

— — 2
max.
__N 58 _
fCa 0.024
= . = A — ’.00
* FC 0.360 0.06 >0.15 1

em— e —

— — ——

6) Check Bending

b = = = 2 x : v
+ Jo(act), S 1290 0.955 t\cm i
x
Ly 500 em
20 by - 20x30.0 =
Jﬁ J27 387.3 cm
* lu maz.
’380Af6‘ R
thv b QLA:» UJ' cL\N b4
41im.t
luact. > lumax. —> LTB OQOccurs T:.
15.6 --
_ Smaller moment _  15.6 _ =
« Q= Bigger moment 41 0.38 50

Co=1.75+ 1.05 O + 0.300° = 1.39< 2.80

»

(67)




\

_ B00« A 3 800 o (30.0 2.80 e 2
» Etbl - m—lcb = "0(() ¢ 00 ) [ = 00 \c"n
< 068 F = 1.4

* Fbcx Fltb \/(ﬁ !bl)z-f-(]',ubt)‘ ( 0.58 I",U: 1.4

7) Check Interaction equation

fC f act. fb t
F“ " ";,( ay + 224, < 1.0
C be bC’U
0.024 0.955 _
ach + T *x 1.0= 074 < 1.2 => SAFF

/
/

Lateral shock /

— —— — —— —— —_ —— ———— -

Section (2-2)

N=38t M, = 30 m.t

Check Comp. I Jsl (o 03 smiid) 5 208 ¥l Olylas 4oy, Yl
5) Checlc Compresswn

25 Normal W55 s ool Fedl g A gue J! s A4 JI
+F, =10.360 t\em?

N 38

_ _ - 2
*foa= A 539 0.159 t\cm
yJca _0.159 0 5045

F. ~ 0.360



_ 7500 _ 7500

* Fi‘x xz T 143 4% = ,__E@"P}@ie_d___tg_gu_jgy
x //
—— COma 0.85
A =T o 1.56241.0 [4,= 1.52
Py ~70.36
6) Check Bending e iR
__M. _3000 _|L_¢
o Pocact), =-G==3990 _[o.699¢\emq] F| T UV
xS, 4290 \ g
* Ly o= 500 cm |
20by _ 20+30.0
= = 387.3 em
’ \’2.4
max.
13804, !
d+F, b lus Ct-u-o?
41m.t
luact. 2 lumax —> LTB OCC’u,’rs 7’;_—1
oL = Smaller moment _ 0  _ 0 15.6 -~
* " Bigger moment 30 - 30

+ Cp=1.76+ 1.056 0L+ 0.300° =1.75

Fyei= Fup FByor=1.40t\cm?

p— ——————— i e pys— e
— P — SS——

7) Checlc Interactzo'n equa,twn

f a f x (act. fb act,
; +_2F_(__1A, + 22O 4, < 1.20
C be bcy
0.159 | 0.699 .4 52= 1.2005 = 1.2 => SAFE

0.360 1.40

/
/

Lateral shock



”
. b) Without using horizontal member at the level of the crane

= "u'

SHae Hadd o8 Bracing system JI 3 Horizontal member ax o Y
HAWL 5 95eed) Lalesly Braking forceJ) U <,y Crane girder J

.

* Mout © s
41im.t 585t

| g
[ b Vo "~ o
i 3( ;Hv \\15.6—x
: <—B ) so > 38
! \ \\\“-—-’///
I Mout B
9" ] T B.M.D N.F.D.
Straining actions 38t
. : D Y b
* B — Braking force = = Without Impact
= L x(15+15 )= 4.28 1
* M _.=802m.t r

Inplane directionJ| 8 Straining actionsJ) JS

Mo «—4.28t
AL UL e

T




41m.1 5.85t

b =3=1
3 15.6 - .y
Mout [—{—1€—4.28t 30 oo 3
8.02 m.t
T
N.F.D B.M.D

Out of plane Inplane

Section (1-1)

N=5851 M, =41 mt Mu=0 mt
Section (2-2)
N= 388t M, =30m.t M= 802m.t

Double moment JI aule 5% Section (2) D
Section (1) lc Check Jac> N

Section (2-2)

1)Suggest suitable bracing system
- UL (8 lace Y pliss Y

2 ) Calculate the straining actions

S
——

N=38t M., = 30m.t M= 8.02 m.t

3 ) Choice of section

* Assume (allowable stress) f = 0.50 t\cem?

M. 304100 _
*Sp=-F— =550 = 6000 cr

H.E.B ,tss cUY Sz =3070 cm® Jylasdl s I.P.E ,S1

—p Choose H.E.B 650




%

* 4) Check Compactness

For flange Subjected to compression C
d,=563.4cm Jylax S,= 6480 cm? L f:“—‘f 1 tf
t,=1.55cm I,=210600 cm* il
by =30.0cm Sy=932 emS Ht o w
ty =30 cm =13980 cm? v
r=2.7cm ="
A =286 cm? [ ]
c _Z(b—tw—27)_ 5(30.0-1.55-2:2.7) .
t; . 3.0 '
. C

o = =384 < 16.9 _ 10.9 ——> Compact Flange
tr ﬁy

For Feb

* d,*xl,*xF, =53.4x1.55+2.4=198.61 > N=38.0t
Feb —> S’ubjected to Bending

1 r.38.0
*a_z[ t 7 +1]_2[,986+1] 0.59 > 0.5

w w
dw _ 53.4 _ 695/\}3!'
T = 34.4 < S o7 = 67.7 —> Compact Webdb

s The section is compact

I

5) Check Compression

lbin =3.8+8=80.4m  Lis LI UL L
lb “80m




Tx = 27.1 ecm ry = 6.99 cm

2\ b, 8040
* in T

i = T = 5 =112.2 < 180
Ly 800
t
o =114 <180
o Ty 6.99
750
By = ai = g = |0.57_them
xmax.
N _ 380 _
foqa 0.132
== = A, = 1.00
* F 0570 0.230 >0.15 1
C .
_ 7500 _ 7500 _
* Fro o 112.2f 0-690 permitted to_sway
x o
Cmx  _ 0.85 =
A1 =TT <o =1.09¢1.0 [4;=1.09
Fyy 0.60
7500 7500
¥ F‘Ey = 2'2 :114.02 = 0.58 41m.t
y
15.6 ~_
* Cmy = 1.0 ——> Prevented from sway 30 2
with lateral loads
(braking force)
Cmy  _ 1.0 ik
Az = [1- Jca ] - [1- 0.1327 1'30%1'0 Ap = 1.30
Fry L7058




*  6) Check Bending

M. 3000
b —s — —g
* f(act.)x S. 5480
* fb(a(\t.)y = gy = ggg
Y
L4 luact_.: 800 cm

* Etbl =

=.!Fvbc

'

20b; _ 20+30.0

0.460 t\cm?

=[0.80 t\cm?

7 T

*x lum =
= %1380,4,

da T, Co wlua Jl zlaos ¥
« Co=1.75+ 1.05 0L + 0.30 Q.
S gosan i)l Jolill le B 5uk py3edl p3 5F Cp = 1.0 J) o) Lo

800¢Af

800 « (30.0 +3.0 )

lusd G =

800+ 65

= 387.3 cm

+1.75 = 1.39 t\ecm?

< 0.58 Fy= 1.4

Fltb = \[(Fubt)z+(Fubz)z < 0.58 Fy= 1.4

Fyox=Fup=1.40t\em?

By = 1.40 t\cm?




7) Check Interaction equation

fCa fb (act.) fby(act.)
+——x—-——*A1-/—-————-—*A2< 1.2
FC F F
be bCy
0.132 0.460 0.840
0.570 " 1.40 il o 1.40 w10

= 1.37 > 1.2 => UNSAFE

/
/

Lateral shock /

_______________ =

—> TRY HEB 700

e

———r——

Section (1-1) gle Check Jass ps% oS
Section (1-1)

N=5.8561 M, = 41 m.t M,=0 m.t

lp,, =3.8+8=304m

anct: G:0 "




