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2) Built—up sections
Combined of R2—Cross I-Sections
or 4—angles (Square)
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Design of Built—up sections
(Combined Sections)
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3) Choice of section

« Assume d = H = |40=60cm|
12=15 — :
| gactl glis,| oo H I of S
~ « Force on one channel = C = TZN- + -%l-

« Assume (allowable stress) f = 1.00 = 1.30 t\em?

| f — Force (C) = Aom[ - Fo'rce (C) = v~ em?
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In Case of My, iu. & M inc & N
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+ Force on one channel = ( = N + M
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5) Check Compression
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VA ek A2 +180
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6 ) Check Bending
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7) Check the interaction equation
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4) Check Class of section

Flange subjected to comp. (Code page 11)

* 16 9 —> Compact
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* 16.9 < ¢ 23 |:{>No'n—C’ompa.ct

CaAN

Web subjected to comp. (Code page 9)
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Yy | | _
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5) Check Compréssion |
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+k = 1.00 => For lac'mg bars
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{ 1.4 6.5 ¢10° N maz. SE37 A o < 100

¢ 7500 A maz. > 100
xmax.
N FO’I‘A,&AZ
*Jea = A |«If ;?“ £0.15 = A;=Ay,=1
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3) 4—Angles|
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Properties of Area :

* AE]=4A|_ sz
d 2
*IYE]=4[IYI_+A|_("—2—)] cm"

*IXE]=4[IXI_ +A|_ (%_eL)z] cm“
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L

P = | h _
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Tyeq=V Bt = (L)) om
-_I__l a4, R

4 ) Check Class of section

of s LuC'heclc Jaes JUIL o o590 Js J:Lm,& tuam
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* f = : < 23 @Flwnge subjected to comp. A——O—o
s \Py

(Code page 11) ll — ¢

5) Check Compresswn
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Where
¢k = 1.00 => For lacing bars’
1.26 = Fd'r_".Ba_ﬁen- plates Tz="

! | 7 /- daisd) syl Jom
> bin | Z |
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6 ) Check Bending ﬁ Mows

| — .=
To(aot )y, = M ( +e|_)=fby T Y- .F
I, 2 il Al
i b e
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7) Check the interaction equaﬁ on
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4) 4—Angles with PlateT

" 8) Choice of section

s dssume d = =L = 40 60 cm
R | Sgactl glis,| o H JI o o
., N M
+ Force on one Side |= ( = — + —
_ k >t o

+ Assume (allowable stress) f = 1.00= 1.30 t\cm
f = Force (C) = A _ Force (C)= e
A, . One side f
=10=12 mim el (5,8 & Plate Il oleyl (554 2% o
=(1.8=02.0)h Il 4S5 ol Jaky Economic glaill oS &> o
3529 Uls @b A =h osS ol Jiady 5 Lads My 0, 9529 Ul o
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Properties of Area :
¢ Apiate = hot
* A[]=4A._+ 2Ap,, om?

+2[ ’;Et + Plate*(——+e|_+ )] em?*

*IX[]—4[Ix._ +A (-h——el_)]+2[t"‘h ] em?*

x Ix[]
3= A
* Ty
[J AC)

4) Check Class of section

wf 5,500 Check Joss ‘,Jl.db 3 Oso Jsr Slia b pUadll

Non—Compact
* f-——- : < 23 —> Flange subjected to comp. o
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5) Check Compression |

Sgacdl o Dgusan supdl Jslall ga bz Il S

element Jmin. radius of gyrationJ| s 72 i
- S gacl L‘,ﬂlelements i ol s
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Channel 5o §,ke JS2JI KPRPALY pakssy 3l Plate Ju

055 JWG 5 Channel 1S U<l 1aa &. J,,u.»
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= ol e JEIL,
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A ’
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A"c';n = \/Aa\mf+(kA;z)2 $ 180

b out

A'o'u.t

= 3 180

Where
Y 1.00 => For lacing bars

1.25 —> For Batten plates
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6 ) Check Bending

Jo(act.),, = M. d +e +t )=Jv
act.) Iy 2 L Y
fb(act.)out= g 2 fbx

Fyox= Fyoy=0.58Fy No LTB
S —
\ No'n—Compa.ct 0.954 a.ngle Ji O'X

gl 53 l_,.la.v LTB 3oy ¥ Combined clovimns J) CI,J ,JS PN
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7 ) Check the interaction equation

fCa + fbw(act.) A fby(act.) 1.0 case 4

+ A
F. " F tArt = 2 < 2 s




5) 4—Angles

t =10=12mm

|
X1

+ Assume d = H = 40@ 60 em

12=15 ssacl] tta.»_,l@aHJl of &
* Force on one angle = = e— o —
7 4 " z2d

+ Assume (allowable stress) f =1.00= 1.30 t\cm?

_ Force ( C) Force (C)

f =
Apnst - r . |
Jolaadl oo angle jLusly a0

|::>A0m|_— = v em?

Properties of Area :

*A|=4=4AL_ em? :
* IY#=I| '=4[IYL_ +A ('g—)z] em*

* le__‘ =4[IX|_ +_AL (%——QL)Z] cint

¢ Vo = f::::: . ')"yl__‘-—-\/.ﬁy_".j | *
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4) Check Class of section

0 5,800 Check Jass HWL 5 Gaysoe Joo Sl sub Ll

Non—Compact

* f= ‘t" <23 —> Flange subjected to comp. A—a—
) \py

(Code page 11) “ Rt

—— e ——————

5) Check Comp'ress'o.on

Local Buclclzng |

. 2:' . 'xmt |

| J,A.t.” o Dyusne 532l Joladl g2 Uz JI Eun
element Jmin. radius of gyrationJl o 77 JI ,

| JI . « Sgacd] 4545l elements JI e 9ol

s Jolaadl (B Bagarge up 9 17 =Ty JI 4S5 angles JI UL ) s
e 55 0L A Y 90w Js> Sasy Local Buckling JI ¥
Outside PlaneJ) y Inplane J| ola3l 43 Global Buckling J)

\[ 'm"'(ka)z ‘1’180

Mout = \/A,\o;gt+(kxz)2 +180

Where
«k = 1.00 = For lacing bars —

1.25 —> For Batten plates
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* ., =

mn ry}:g‘
x\ _ lbout

* out 'rg}:#

* x max. = Btgger of {

7500

e

2
'xmaz.

' xOut
x mn

1.4- 6.5 .10“'7\,_'m St.37 7\,

dw?l 90l J o
xOut

2 4 6o
} x m

2 kmmg

<100

| If ‘;‘i‘“'

¢If-‘;£2->0.15 =>4 0=
c

ForA & A,

<0156 =D A,=A,=1

Cmz,y

' [1'_-—?1”]

X 2,

6 ) Check Bending

Fo(aot),, =M= e )=
in = Iy 2 L Y
f Mout
b(act.) s = T, ( 5 +a) = Jox




Byoy=Fyoy=0.68 Fy No LTB
Non—Compact (S5 angleJ) ;¥

7 ) Check the interaction equation

fCa " fbx (Gctoi 4 fby (act.i 1.0 Case A
- 1 2
F, T F, Py Case B



5) 4—Angles with plate] ==

- 8) Choice of sect—ibn_*_ |
H

«Assume d = P 15’~40:>600m |

| L gandl glisy) a H I of Gus
« Force on one angle = C——+ .
: 7 47 2d

353 o5 sangles! o Foroed) olus o Plate ) Jlaa) (Sadl (o
( allowable stress)J) dls

+ Assume (allowable stress) f 1.20 = 1.40 t\em? |
f _ Force (C) Force (C) = v em?®

Apa f
Jolaadl e angle )LasLy 048

= Ape | =




Properties of Area :

.b=d+}e.L

¢ Apipe, = b at

*AH 4A +Apu. cmf

tIyI___I —4[IyI_+A (—) ] +[ t*b] em*

*IXI-—-I =4[IXI_+A|_( l_)]+[b*t] em?
=/ Lz =\/II-—-I
e AR Ry

H - .

4 ) Cheok Class of seotwn

af o,..,uc'heck Jass JWL o Gy e J,, JSL.M,.&, f_uam
Non—-Compact
e Lo 23 '::>Flange -subjected to comp. F—a—

t t JFv (Code page 11) ‘rT:N

5) Check Comp'ress'o,on

Local Buckl'mg

Plate JI ;¥ <3 4 Local Bucklingasys ¥

Sgacd) 3 s32 amg ¥ JUL 5 9gacdl Job JolSs 99250
Local Buclclinng &,\.\9. O® ‘L\.‘.i S d‘,.uw ).\.5 '
&,JI e (o8 Wy ¥ Global Buclcl'ngl HBIL

Lo | :



A'Ou.t
)l mn

{ 1.4- 6.5 ¢10° N ppas. St37 A o < 100

*_,xmax.-:Bigger of i

*FC =
7500 ‘ A naz. > 100

X mas.

N ForA,& A,
_*ff’“__=' A s If f“ <. 15 1::>A,;—A2=1

*If ‘;fca .>015 :DA’&Z_[m—'z"LyJ .-

".

6 ) Check Bend'mg

fb(act.) M‘" +e )=Jo
in = Iy 2 L . Y
fb(a"t)out g;‘t (é +Q) = Jox

Fi)cx Fi,cy— 0.58Fy No LTB
Non—Compact 4S5 angled| ;¥

7 ) Check the interaction equation

. .’;-a + fb;’(aoaiA1 + fb;(aot.i 2‘ 113 Case A
C bC'a: bCy o . | Case B



EXAMPLE :

Design the shown roof column (N=7.0t , M=4m.t) and design

. the combined column (N=25t , M=29m.t) (2 channels spaced

by l5Ocm) using batten plates.
!

I
| +
] |
! \_Roof Column

‘lL gom \| || 0o
! o
: | 1]
|
l
|
|
|
|
|
|
|
I

e Cbmbzhed .-
6,5  Column _
— S 29m.t e
Side View | - Elevation

—— e—

Roof Column :

1) Suggest suitable brac'mg system

ALl (g8 (placs Y plaas Y
2 ) Calculate the straining actions
N =7t Ma=dmt
3) Choice of section
+ Assume (allowable stress) f =1.00t\cm?
' Sw—%"”— =22100 — 400 cm’
—> Choose I.P.E 270




4) Check Compactness

lange |
For f - g S'ubjected to compression C
) —
=22.9cm ‘J_,L\.? I o ;\L tf

t,=0.66cm e
b, =13.5cm

4 t, |duw
tf =1.02cm
r=1.5em | _

C 7(bf— tow —2'r) $(13.5 - 1.02-2+1.5)

£ P ——07 —464

16.9 _ 10.9 —> Compact Flange |

e dyety +F, =22.9+0.66x2.4=36.2% > N=71
Feb ——> Subjected to Bending
«0l = +1] =4[5 +1] = 0.896 > 0.5

1IN
2 dw*tw*Fy

o« The section is compact

5) Check Compression

by, = 15(25+ 19 )= 4.876m ly,, —25m

Te = 11.7 em . Ty = 3.02cm



by 487.5

—A — —

*xig’ o = 77 = 48.6< 180
lbout 250 -

= 1.4 6.5 .10':A,2m.
= 1.4— 6.5410 +82.7° =|0.95 t\em?

N 7
fpo= ya— =10.153 t\em?
fCa_-Q-’-ﬁ-o.m >.0. 15 o
"‘FC'- 0.95
7500 _7500 Ceame
* P = 2’ =435° % 96_Bemzt£e_d__t<_>_§u_fqy
. " Cmax 0.85/
A, = —F 0.884£1.0 [A, =1
(=]  [+-558 f
6) Check Bending I |
2 N[ Mo
M. 400 — '
s Jo(aet), =—==2 =299 _lp9g2t\em? =| T Y
T Sy 429 \ |
* lugo 2500, o _ 204135

= 174.3 em
N7~ S
by = g 7

13804, . . - Amd
1"7—11_ b Gl Zlss ¥

bt ” litmaw, = LTB Occurs

¢ Co=1.76+ 1.06 O + 0.300° =1.76 ~

®

Roof Column

Q
]
-h.l S
I

S



_ _ 800 « (13.05+1.02) _ 2
* Fm;— T g Cv= 550 - 27 *1.75 = 2.85 t\em

< 0.58 F, =
= Fiy = / (Fins)' + (Funz)® < 0.58 F,

F,,.=11.40 t\em?

7 ) Check Interaction equation

- Jea Jextaoty . Joy ety
+ A Aoy

Bl ¢ F_béx" bey
0.153 , 0.932 o o
0.95 + 740 _.* 1.0 = 0.83 < 1.0,::> SAFE

Combined Column :

1)Suggest suitable bracing system .
- IJLMJld.s‘_,.huu’ch»N’J
" 2)Calculate the straining actions e
N =25t M= 29 m.i |

3 ) C'howe of section

' 650 1
+ Assume d = T 15—500m )
* Force on one channel |
N M e -
= (==—+4+ —/ 1= r
25 29

»-2—'+0'—.-= 70.5 t ]



* Assume (allowable stress) f = 1.20 t\em?
Force (C) = 105 _ g8 75 cm?®

f . 1.2
—> Choose 2 UPN 300

d =(1.552.0)h I 4S5 oI Jads Economic glaill oS i o
d =50cm & h=38cm => 0K

*Am[ =

Prope'rties of'A.'rea 3 b,
‘_'_.---.'_b,-fo em I = 803 em* %t’- L
A= 588cm‘" I, 49.5 emt W “ UPN 300

« V] \/ x[=11-7cm :

« Iypq= 2_[49.5+ 58.8 » (_g_o)e]= 74490 cm?*

e 1y 1=/ L -, /74490 _ Cody e
vO=V F g = 2617om _(?)_25 cm

——— e ———————————————————— — —
e —— e ——— — - a—

4) Check Compactness | c

xt
d,=232em C =10.0cm A =10.0cm ¢ d
w

tw= 1.0 cm tf =71.6 cm ‘ ‘ | dw)




For flange

Subjected to compression
¢ - _10 _ 6.25< 23 _ 14.8 —3> Non—Compact Flange
tf 1.6 Py )

For Web

Subjected to compression
dw _ 23.2 o030 84 _ 41.3 —> Non—Compact Web

tw 1.0 \]7;_

o« The section is Non—compact

&) Check Compression |
lp, =16 (65)=9.76m lb '-6'5m;

Ty = 11.7 om . Ty =25.17 em

Ty _26.17
Lbo: 650
' }\,out e =77 = 56:6< 180
« assume [z =100 cm Tz = ’ry[
lz 100 oo 67.94
eANg = 7 =gg =345} 60
VA / t
r £ '{T =38.62
: in
2 o
* A‘ n = \[A"in""(k A’Z)z assume_batten plates

\/38 7t 1.25484.5° = 57.94 < 180

+F.=1.4- 6.5410° A ma. -
= 1.4 6.5+10 +57.94"=|1.18 t\cm?




N 25

= = r— 2
*Joa A 77§ = |0-218t\cmv
. Jca =0218 5 418>0.15
F, 7.18
_ 7500 _ 7500
* Fyy = N 57.94 = %23 permitted to_sway
’ >
Cmy _ 0.85

A,

==

6 ) Checlc Bend'mg

M;nd

fb( act.);, = Iy 2 +e[)'—"fby
_ 2900 , 50 _ P
4490 ( 3 +2.7) =11.08 t\cm

Ryoy= 0.58Fy No LTB
"
\ Non—Compact O ,S.» Channel JI 4% d

Fyoyy= 1.40 t\cm?

7 ) Check Interactwn equation

S T o
o +f"“’(% s 2Ot 4 < 1.0

1

FC . bC’x FbC’y
0.213 , 1.08 _ — i
8 T 7 40 * 1.0 =0.95 < 1.0 = SAFE



EXAMPLE :

Design the shown crane column AB (N=30t , M=380m.t)

The column section is 4 angles spaced 70 cm in the direction
of truss and 40 cm in the direction perpendicular to truss
using lacing bars .

! |

| —

| 1.5 c L

g T I

: \. . o N Roof Column

+ - .. 3m S~
O S

[ B|

|

{ X Crane

i ¢ . Column _

|

| A

T 2

Side View E'levation

p—— p—————— s
—— e —— —

1)Suggest suitable bracing system

ALl o3 plase Y Zlss ¥

2 ) Calculate the straining actions
N _30t Mz'n - 30W¥vt




3) Choice of section S I RN T
— l ~ _,
* Force on one angle 7 y__3[1:__
N _ M i SRR
= C = —— o — ] |
4 7 2d ) A T B B
30 30 ‘ | ' It
= — 4 =289t 1_ __ _ 14—
4  2+0.7 e IC— ~ I
| ~—70em—+ €L
*Assume (allowable stress) f = 1.20t\cm?
_ _Force (C) 28.9 _

.AWL ¢ .—-12l—2410m
= cChoose 4 L 1205120212 o
Lot <l 5 Laa P oSy ¥ L 5 pledass Rl seg¥)

: . Laa LS

Properties of Area :

A —4A._—4*275—110cm

=4 [368 + 27. 5( 201 _ 45472 em?t

*Iyrﬂ—4[Iy,_+A ( )]
=4[368+ 27. 5( )]—136222 em*

LJd

*

%
-
rA

%
Qﬁ
:
J
W -
:u?l
S
LJIJILd LY
I

110

G4 ra

110

A

/25472 _ 20, 330mm, = (—) 20 em
/136222 _ g5 , cm:___(% )=85cm



4) Check Compactness

Flange subjected to comp.

e Lo0_12 49 R _ 448 g

t, t 1.2 P

: F%t
o« The section is Non—compact

5) Check Compression

lp, =15 (6.0)=9.0m ly, = 6.0m
Tz = 20.33 cm . Ty=85zem
Uy 900 D
*Xm= r, 352 _2556_
oo 600 A
* A'out 7, ~ 20.33 ~ %99 | |
* assume lz =60 cm Tz =Ty =285 cm |
lz 60 3
T R g N4
» 60 1347 “'"I T
5 2 / th E/
£ M. =28.98 Nl
3 A'in ! \ ‘t
-
* mn = \/x 'm,+(k A‘Z)z Lacing Bars
Laoing Bors
______ v

25.56% 1.00+25.5° = 40.9 < 180

* W't‘ \/ 0ut+(k A'Z)z Lacing Bars

29.5°+ 1. 00*255 = 43.47 < 180



= 14— 6.5410° N s

\ Non—Compact , sS5 angle J U'X

Ewy= 1.40 t\em?|

7 ) Check Interaction equation

= 1.4~ 6.5+10 +43.47°=|1.28 t\em?
*Joo= fX =10.272t\em?
Jea _0272 ;0001045
F, 1.28
_ 7500 _ 7500 o
* By = V. 4097 468_13.61?3&_@1!9_@2%
0 Cmy - 0.85 o
o Ay == [ T ] T 0907é1.o [Az=1
L 0" KX A
6 ) Check Bending = TE
- I |
fb(a,ct.)in.; M{n (d +e|_)=fby o : . *N
I, ‘27 x —L-
| 3000 70, oy mEremd | |
0.58 F e [t 1 —
Fooy= 0.58Fy No LTB B s wiaw

feo | Sooty [

Fn Ay, F

0.272 0. 845

1.28 * 1.40

* 1.0 = 0.82 < 1.0 => SAFE




EXAMPLE :

Design the shown column with the shown straining actions

n addition to Mo =4m.t using 2-I-Sections connected with
batten plates .

[ st
N B B
, |
\
6m \ 6m

1?

N=71

1 ).S'uggest suitable brac'mg system

ULl (@ (dace B Lo ¥

2 ) Calculate the straznzng actions

N =7t M, = 12.8 m.t Mout = 4m.t

3) Choice . of section

B 1 L__

_ 600 _
« Assume d = 2 15—400m
* Force on one I-Section
N M
= C=% "4
7 1 .8
= — — = 85.51
2 0.4 |



* Assume (allowable siress) f = 0.50 t\emn® Mund&Moutsses):

Force (C) _ 35.5
¥ 0.50

—> Choose 2 [JPFE 360
d =(1.5=52.0)h N ,4S o Jass Economic glaill (S, (o

d=40ecm & h=8cm = 0K
Jiis ULl odn b 3 byl lia 3853 ol J) 30l oSedd) o LY
d‘,a_,Jo).uShJ'u,fa Iuhﬁ,;uwumwyuﬁ,hu

=71 cem?

* Ao =

: ' S : M‘&n&Maut
Propei'ﬁes.of Aréa s - -C_ | e
=29.90m Jshe Ix= 16270 cm* Z?L .
0.80cm. I=1040 cm* |
b, =17.0cm
s | ; D
tf =1.27cm w
A=72.7cm? | \
¢ ATT=2A1 =2+ 72.2
= 145.4 em?
¢ Iy =2[16270] R
= 82540 cm*
« Iy =2[1040+72.7 ( 40) ]
= 60240 cm*
\/ =/ 32540
145.4 = 14.96cm _

* ryII V =\ 60240 = 20.35 cm



4) Check Compactness

For flange

Subjected to compression

_F(b,—tw—27)_$(17.0 - 0.80-241.8)

> 57 = 5.0

.
ty

C — 50 < 16.9 _ 40.9 —> Compact Flange
tf Py

For Web

Subj ected to comp'res_s_'io'n

'dw_'_299
tw | 080

,P'u_ R

1o% The section is 'c'o'mjbact

5) Check Compression

lp, =21 (60)=12.6m Iy, '—60m'

Ty = 14.960m - Ty = 20.35 cm
-

* Mot = l,l;.;“t - =40<180

+ assume [z =100 em Tz = ryI |

N fr‘zz =100 =26.4 } 60 /r_‘§1-_9__t

Compact Web -



2
\/ 'm,+ (k A'Z ) assume batten plates

= 619+125*264 =70.0 <180

«F, = 1.4- 6.510° N o
= 1.4- 6.5+10 +70.0 °=|1.08 t\cm?®

__N __7 _
*Jea= A AT 0.05 t\em?

o fCa _—9—0-5—_0.05 <0.15
- ”"’FC 1.08

~ 6) Check Bénding- ‘
M{n (d bf
I, ‘272

_ 1280 , 40 17, _
60240z 'z )-P-G"t\cm

fb(“ct Jin = ) f by

Mout
Ix 2

( 36 )=|g.22 t\cm

J blact.) o= ) "f bx |

_ 400
32540

Fyox= Fyoyy=0.64Fy No LTB
— Y
\ Compact ,SaI-Sectzon Ji u’.’!

Byox= ooy = 1.536 t\em?




7 ) Check Interaction equation

Jea Jbz (act.) : fby (act.)
+ * A

1+ *A2 < 1.0
0.05 , 0.60 0.22 ~
708 * 7536 * "%" 7536 * 10 = 0.64

< 1.0

—=> SAFE but waste

. Try to use IPES00



