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1) Caleulation of siresses
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2) Grades of steel
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Grades of steel | Fy (t\ecm?) | Fu (t\ cm?)
St. 37 (24/36) 2.40 3.60
St. 44 (28/44) 2.80 4.40
St. 52 (36/52) 3.60 5.20




3) Allowable stresses
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4) Buckling length of members
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Summary of buckling length (Code pages 56 & 57)
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L bout

L
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| Upper chord
for any Truss

distance between
joints.

Lb'i-‘ﬂ. e L

distance between
purlhns.

Lbﬂut = L

L

Lower chord
for any Truss

distance between
joints.

Loy, = L

distance belween
longitudinal bracing

Ly, = 3L

Vertical and Diagonals

distance between

1 2 joints. Lﬁuut = [
Diagonal Liz = £
I~ | distance befween
! | | joints. Lo, = L
Veriical Ly, = L
m c_ii_sta.nce between
joints. Loy, = 1.2L
small vertical Lbiﬂ = I
! * Eii.?tunce befween
| |joints. Ebyui= 1.2L
small diagonal Lbiﬂ = T
distance belween
W joints. Eio= L
Vertical Lb{m, = ]
T | distance beltween
RN | joints. Lo, =L
Diagonal me = I




Lbin Lbout
e distance between
Diagonal L= L
distance between
m e Logus = L
. Vertical Lﬁin = 0.5L
: distance between
W g L bout = 0.75L
] Diagonal Ly, = 0.5L
distance belween
W’ FoATLES. Lhnru.t =L
h Vertical Lh'i.n = L




Special cases

1— Lower chord in cantilever truss

a) with longitudinal bracing ||| b) without longitudinal bracing

L
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]
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| .- | —1—| |
L¢ L¢
#Lhin: L #Lb'i.‘n: L
#me;.t = 3L #Lbout = of = 2L¢
= Distance between long. bracing
2— Sky light -
i r|
C e 0
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= _':"_ﬁ{_'ll;'.j_“_l_‘l_ |
member 1, ' member 2
L R L
member (1) member {'2)]
Ly;, = a =Distance between joints Ly;, = a =Distance between joinis
Ly,,: = a =Distance between purlins Ly, ; = 2a =Distance between purlins

3— Using lower horizontal bracing
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i i gt : .
[m _ =7 lower horizontal bracing
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|// member (1)

L¢ 2 _—
. i Ly;, = L =Distance between joinils
SRS Ly, = 2L =Distance between points of horizonial bracing
"'".-_-4""1 M :
e / i | member (2)
4 Ly;, = L =Distance between joints

: ! Ly ot = L =Distance between poinis of horizontal (:E
| bracing



5) Sections used in design
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6) Slenderness ration (1) and
radius of gyration (r)

radius of gyration ()
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For Double angle L "

# In plane buckling occurs around X—axis

|# Out of plane buckling occurs around Y—axis
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For Single angle L
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Gus 45 20 gl able o s (u and v) JI g Principal axisJl Lol 4
Sl 555 Wals 4l Principal axis )l Js> Sasy Buckling ) =]

. Qut of plane buckling &asos Wslo Single angleJ) Al o8 JUEIL

l i lb out l e lbaut
out 4 Tl out Ty |

58 o, Critical J) S5 Laay WY 550 (M) J) lus ) pliss 3 W)
Single angleJ) Ul by (1)) o siuod) 35l WL cul Jobdl o] dus
c siaod) oo Tw Jl 555

The V—axis is more critical than the U—axis for single angles




For Single angle L

# There is only out of plane buckling

4 Critical Out of plane buckling occurs around V—axis |

- lb Out

For Star shape ‘ﬁL'

yl

Principal axis )| g Sl (X and Y)JI 6 Star shape J) Ul 5
Cus 5 80 Ligly able 4o o (uw and v) JI g Principal axisJl Ll
PBle 555 Lals 45U Principal axisJI Js &as BucklingJl

- Out of plane buckling &ass Wslo Star shape JI Ul 5 S

l . Lb st k " LD oui
out 4 Ve _II_ out z T ...11-

LS o 4 Critical J) 1aSs Lan Y 5550 (A1) I olas () zles 3 aS)
Single angle)) Ula by (1)) o se0¥) 321 WL el Jolll of dua
i) a Tudl 565

S g 5555 JEIL 5 (1) 5550 sole JB Samy ¥ S

The U—-axis is more critical than the V—axis for single angles




[ For Star shape -1L

# There is only out of plane buckling

4 Critical Out of plane buckling occurs around V—axis
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Slenderness ration ( ?\.) e

radius of gyration (7)
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7)Approximate values for radius of gyration

Radius of gyration U 415,38 18 45,00 CE'"":""" SLLedl jaes (68
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X U
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8 ) Gross area and Net area

— — A Gross & A net
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9) Minimum angles used

axaxt JUE angle J) Las 5 Lok
t

welded anglesJ! 5 Bolted angles U minimum a>g

Smam

Minimum Bolted angles = axax t
= a=3¢x1.1 ”{H

Minimum welded angles = 45 x 45 x 5 ©



10) Classification of sections

Symmetric sections

sections classified to

Unsymmelric sections

# Symmetric sections

C.9J) gl Galane member J| ¢ladl C.g J) La o5 Al oleUadll 4o
- Gusset plate
_II__HJ_JI_JI U ¢ G0 lae

Gusset plate

Gusset gpmte: g e

C.g

/'of gusset plate

; £
;. and angles g

) :J_} gusset plate
 and angles

# Unsymmetlric sections

C.gle galie i member J) ¢t C.g J) Lass 55 i) Slelhdl) g

(rigset pote . Gusset plate )|

o i a8 5508 5
f/" of angle

-

oo ..

of gusset plate
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Design Procedure

1) Symmetric sections

C.gJl oo Gl member | ¢lad) C.gJ) Lasd (55 @) Slelalll 42,

- Gusset plate U

K,-"U

I -
== = d =2a+ tg
n| ® l z g ¢ Wil Depth 5o d J) 5f S
- =
d = h
A) Design of 2 angles back to back| j_
1) Data
x Length = v~ _ * [bin =~
C t
L B i :’— given " lb i o } alculated

. ijJL-.o L':.n.-:_;d wlbmt Ji jl‘;bm Ji :_aL...m- &




2) Choice of section

Angle ST jas 5 olbladl BIW gle bly gUadl jLasl Jeos p5®

a — From Stress Condilion o Sl 38 Y oda (383
Allowable tensile stress
ALEE b
Force |
Stress = => Take the stress= F; = 0.58F,
Area
For st.37
=> F, = 0.58 F, == ={.4 t\ cm®

For welded connection

o Force (tcm): Vo om?
8| = Ff; (t\ cmz)

For Bolted connection

Az = Force (ton) _ - . .2
"= 0.85x+ F: (t\ cm?)

Lilcdllangle J) 4ol O35 bolted connection J) Ul 8 e WTES
lasa) 158 ool Wl Gus LIS Lo lss (e Jst
-A-Bﬂlt — 15% Af_?russ ‘1:>Anet = 0*8514{:?'033

Cpmins JoleaS Usled) 5 0.85 J) iy <A

Jaaadl ;e
:DAEL —_— AQJL' —_ '!,/’F sz F——————> ChDOSE’ | ﬂ.f# ﬂ.pf*t

35T JfArea ) sdn haes ) (@) J) ks g Area ) Lab Joon Sus

b — From Slenderness Condition

s N = ———lbiﬂ = v~ <3005 &
ay T in ':PT.I:_“_
& Tout =Ty, Ly ¥ dussdngle,liss

pBLY e Slenderness ratio Jl

- 950G 80 52 5]

(z2)



.Radius of gyration U
u,ssumelﬂut = l,,m =300

A 3002 lbiﬂ lbi"ﬂ-

= :}mzfﬁm
rp 0.30ay }{szjﬁﬂ‘ ol

o - lbﬂut Ebm&t i .
= g T ¢

Ty

C — From Construction Condition

—— 4545 x5 (Welded) gz = 45 mm
a=1.7«3¢ (Bolted) a5 =171.71x3¢

minimum angle

s & ap & g »S¥Angle )l Jslasd) o Hl55 o3

3) Checks

Avet L =R % Ayrﬂss L, " (WELdEd)
Aﬂ.et_lL. :E[Ag-rusgl_ = (q) + G.zﬂ‘m-) + tL] = (’Bﬂlte{i)

I

(Welded) F} (Bolted) A + 0.2 e

| 1

wy [

11
1

s Ll (o 22301 (oo actual a8 ()5 Wl g Checks J| Lalos
ool preail) 555 @ix 5 9550 55 8352 5el) ey g sensall ga 5 Allowable
- Allowable J| il e actual JI R

L

ppn oy b B le ChecksJ) Jocs oo S s



a) Stress
Allowable )| e w53 gladll glo 552 o)l actual JI Stress JI oF by g

-JJS” Lg_éd_,_?n-}a.”
F For st.37
orce
x Jo= Aiia. v t\em? < Fy=1.4 t\ em?

b ) Slenderness (Stiffness)
. member U ;.S Buckling & ja- pae e a5k s

r A :—'lbm = v~ < |300| > o
Ll T in ‘::>TI_“_

Out B
nuf == ’r'y_u_ LJJ\-'L‘;‘-J! o
_ - , 2 t .
Vay = Vo gt "HH Ty, = \/nﬂ— +(€+‘2@)2 J] b
tt:;a =1 em

¢) Length to depth ratio. (Deflection)
L8 awsd ¥ g member U jolb Deflection & yas pae (o Sl g
Saly LalS sl Sus depth JI ) Jsla) s s Lol 5 Deflection Jl
051 o Allowable Laxdh Ws,)lE 5 Deflection J) 5oly) olice Layil) oda

Length L L _
— = —_— < J_,SJ'I
’ depth d a O 60 -
| vp‘ _
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::._a_q--l il
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dole 45 gols
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L ' P "
EQUAL ANGLES
y i N 2l 7l | s
: Fa R =
A i "_\
o e
i]
i |
-]I_ —
size e B HImEnsions Axis X-XandYY | Axs u-u Axis vy
Wedght] Ared —
a = e ¥ I S._ | I i. i I
mm | mm |{kgm”| cm® I nm cm® | om’ r
3 136 | 174 | 034 1.41 | o0&t i
a0 [ 4 [ 176 [ 227 | o8y | 212 . 181 | mEE |
5 | 248 | 278 | pez : 245 | 184 | O : 0]
3 1960 [ 208 ] 096 136 | 123 ] 773 | 090 | 106 | 363 0.4
346 4 | 230 | 257 | 100 | 2a¥v [ 151 | 124 | 296 | 1.8 | 105 | 458 7.4
& V257 [ 328 ] 104 147 | 195 | 3.5 | 145 | 104 | 583 oA
4 343 (308 ] 112 158 | 140 | 24 8 | t2 [ ron | il
40 6 | Zg7r | 379 | 106 | a3 | 18& | 142 | 543 [ 181 | 170 | BRa 0.
EEECEEEL 20 770 | 743 | 6.33 | 226 | 149 | 65 | +45 | 287 | 157 | 0
—b (5] | 538 [ 230 | 128 [ 1a1 | 158 [ 785 | 243 | 135 [12406] 170 [ 325 | 120 | 0.9
45 | ® |00 | 509 | 132 | 398 | 187 | 155 | 9.5 | 288 | 1.34 | 1450 168 | 385 | 205 | 0.9
I V480 [ E% | 13% | i%7 | 1@l | 1n4n | 3371 | 132 | 640] 167 | 439 | 229 | 04
P A5) | 237 | 5580 | 140 | 156 | 178 4100 | 305 | 151 |q740| 180 | 459 | 232 | 0.9
50 & | 447 | 585 | 145 | 354 | Zog | i | 1280 [ 3% [ 150 [S040| t8% | 594 | PE7 | 0.9
2. | 515 | 656 | 148 %11 | 178 [ 1ae0 | 215 | 149 [25i0| 188 { 602 t 7385 | od
bls) {418 [ 53z | 162 I 215 | 153 [ 1470 | 270 | 168 [ 2330 208 | 611 | 24 11
55 6 | 455 | 631 | 156 | 389 | 221 | 184 [ 1760 | 420 | 166 |2740| 208 | 724 | 326 | 1.0
3 |64 | 823 | 185 | 237 { 187 [ 22w | 572 | 164 | 3880 | 208 | 9.35 | 403 | 1.4
p_(g) 542 | 651 | 165 | 230 | 211 [ 2=8p | 579 | 182 3610 229 | 943 | 335 | 1.1
&0 700 | D03 | 177 | 424 (250 | 274 [ 2510 | 683 | 180 [ 4610 226 [ 1210 484 | 1.1
10| #68 [1i10] 180 {282 | 247 | 3290 | B4l | 176 | 5510 | 225 | 1460 | 657 | 1.1
(7) { 683 | 870 | 1485 | 262 | 225 [ 3340 | 743 | 1.6 | 5300 | 247 527 |14
85 | B | 713 | 385 | 1o9 | 480 | 287 | 259 [aFcn | B43 | 195 [ 5040 246 584 | 13
5 [ 857 [1100] 152 | 27232 19130 [ 04 [ 154 [E540] 244 830 | 17

N & =nol avalebls for this angie s=c

6 em? Laislue angle ,Lax] ) 2ol wie Mo Lol (]
55% 5556 ,55 ¥ 5 60606 5,50 ) Jad¥ o LS



B) Design of 2 angles STAR SHAPE | |_

S
1) Data

= * Lbout= v — ted
x Length v© j_ O [bout= Calculate
x+ Force = v~ Ll By LS Thout ) ol o3

2) Choice of section

Angle ST o 5 Olblabl BIW e by gUaill Hlas) Joos oo
a— From Stress Condition - Ol 3sY) ods (33

Allowable tensile stress

Force
Siress = ———— = Take the stress= F; = 0.58F,

Area

F .37
= Fy = 0.58F, =——="> =1.4 t\ cm?

For welded connection

Ag = Force (ton) _ -~ .2
L Fi (t\ em?)

For Bolted connection

Force (ton) e 3P gyald

g

-~ 0.85 » Fy (f\cmz)
Liledllangle]) 4ol (555 bolled comnection J) Ul (o5 G G

Dlawad) $153 ok Wl G LIS Lt bass 0 Jsi
Apot = 157 Across —=> Anet =~ 0.85A¢ross

- pains JoledS Usled) 450.85 J) g 2UA

Jaaadl e
= Ag'_ = AH_IL — V"‘ ﬂmz ————5 {Choose L. ;% {l;*t

5:ST JJArea J) sdn gaes &l (@) J) 50 jAreal) Lol Joo Sus

(30




b — From Slenderness Condition

Lb out .
*Nowt = = = v~ K [300]55 o
Tout = 'ru_lt_ Ly ¥ SussAngle ,Gas
ALY e Slenderness ratioJl
. J_-)SJLJ EJHJ—QJI
Tan 81 )l pasius olidngle ) HLas] U ye 3 Wl Qs
wwmelmt =300 . Radius of gyration U

l l
e 300= "bout _ “bout Pl
r, 0.38 a,3[::> Pz o

C — From Construction Condition
—— 45+ 45x5  (Welded) a3 = 45 mm
a=1.7x3¢ (Bolted) a3 =1.71+3¢

minimum angle

A & Oz & Agoe »SYAngle IV Jylasdl o 5155 W3

3) Checks

Aret L s 2 * AQ‘T‘HSS L = (Welded)
Anet_.lL. == Z[Agross == (¢ + Uzm) * ti_] ——— (Bnlted)

Tt

2 |

(Welded,) (Bolted) e +0.2em




a) Stress
Allowable JI e WY gladll gle 35> 5ol actual J| Stress JI i S g

. J}gl dj d_g.g-_,.a.”
” For st.37
i ft == A:;Gi = v t\cmzx‘g Ft: 1.4 t\ﬂ?ﬂg
&
b ) Slenderness (Stiffness)

. member L) ;.S Buckling &gas pie (e Sty i

W P et = v < [300]55 o

Ut Tout =T

c) Length to depth ratio. (Deflection)
Lol s ¥ gmember U el Deflection Syus pae (o Tt
&0ly LS sl us depth JI ) Jola)) s s Wl 5 Deflection J)
< __1.3i|| o Allowable Ll Les, & 3 Deflection J| 500L5 olacws Laril) 0dn

Length L L _
= = {l ._'i-.,i”
depth d 2a + tep O e -




ﬂemgn Df tie Plﬂ.f,‘e Tension MembersJl 5 Lluow o35 )
@ pliiun Bsw (8 4 Bp0lod) o3 pode o) 3
Compression Members J|

GCusset

For 2 angles back to back plate

| or 2 angles star shaped

1 Tie plate

\"7

U 5 2 angles.Ji 5 oolwl ole e 35:L4J) Slenderness JI SLLas
@ 08 5 ke 2 angles U | IS g UWasll 555 Lea) Buckling & yo-

Gusset plate J| goo la88 052 sall 2Ll 51 jaelisadl 3 Leain law )3 3429 pac
<3 Buckling o 581 lax gle Leaase JSI Buckling &asy o oSed) Gab
angle JS &asys i)l Local Buckling J oly 13) A 5 Leo B Sasy
Local Bucklingll — Ol 48an 4 Tie plate gos: pob las e

il Total Bucklingl)l &sas [yeiss las cleangle JS) Sasy o3

e GBW Saso

s> 5% 0L las Gle angle JS &ass Local Buckling JI 5] &us
angle 1) o )90



;\ru :_% < lmﬂ-ﬂt‘ =300 : hé/
- - i \1\;'
H I = 300 - T lm_: Joadl e

Baos ¥ 555 o w5 o9 Ui of oSa I Jslall 5o T o S
. Local Buckling J|

Tie plate gns ol gls ¥ member )l Job oo ST 518 13) JWIL
&5 Tie plate gi> emberll Job i (e _,.‘-STZ\JI G181

g member J| Job &b e ST 5 dhandl e S5 515 131 5 Chaniad)
cJsldl (A8 58 Tie plate y Jskll &b 43 Tie plate

> > | = No tie plate

[

I > 1 > — = Use one tie plate at the middle
.

A A
> I > = = Use two tie plates at the third

2 3 and two thirds of member

.One element (o (35 memberll ;5 Luc Tie plate paxiud I #



2) Unsymmetric sections

C.9 gle Galie ,z member JI ¢ld) C.gJ) Lasd 555 @ Sleladl] 4oy

| Gusset plate

- Gusset plate J)

-... 3 a

7 C.g S

- G 3 - A 2
1® Ay T

7 ;

7 T

. Qusset plate

e s3adl U Gusset plate)) 3 member)l o Eccentricity oo, douid
SLlandl (o6 Abulin o,% A2 4o 5 Cusset plate I Jaie 2l Area ]
Gusset plate JU Jaie b Gl Sus effective alS 55 ) ¥ Ui

SIS 555 s Reduction factor o5 Anet J| ©ypm ps® A

e 1071 3A
Anet =A1+ Az -[Rfi?f;?‘ i| =Ar1+ Az |:3Af+:‘12:1

a) For bolted connection

Freag -

o

|

= ¢+uzth
! A W S 1

fiit Ho
| 1 I
z a |

Af:[{I— (¢+0.20m)]* (A

'A*rea. of connected part

2:[a—t|_]* tL

'A'rea. of unconnected part

b) For welded connection

= —_— t L

3 tL

| W Z'll |
i !
| | ===

a |

Ar= o=t
|
|Area of connected part

AE :[{1’.“‘ 7fL._} + T

'A'rea. of unconnected part



Design Procedure

a) For bolted connection

1) Data
x Length = v~ } ey * bout=~ Calculated
x Force = v~ L Lioya LS Tbowt ) ol S

2) Choice of section

Angle ST ,ls 5 Olbolasl B e by plhill jlas) Jacs o8
a — From Stress Condition - Ol S Y eds 3853

Allowable tensile stress
;s ekt

Force '
Stress = T —> Take the stress= F; = 0.58F,

= F, = 0.58F, EZ=220 _[1 4 ¢\ om?

B Force (ton) B

0.85#0.85 * Ft (t\ (;mz) .
Lleill angle ) d5lue 4S5 bolted connection JI UL, (&5 Gl Cus
bl 155 ks Lol S LIS LaitaLse e J3T

ABGH e IS%AGTUSS |::>Angt e 0485.‘4.{};—333

Agl_ s cmz

s JelelS doleddl (50.85 ) g A
eccentricity J) isu Reduction factor J) Ly ,85 gad o,5Y)0.85 ]I Lf
. A2 J jr’-lf_lll Laad Liid ye, I.d.cJ L DES f:_r.’-j"r';""‘" b RPN |

Lola ALsgole

pae Ll paliis ¥ (il eccentricity JI 4o Reduction Sfactorll
0.85 &) 0.75 5o 355 5 daw,® Lad 0- A2 1 5 A7J) Loid L yow

(32



- Force (ton) _
0.65 » Ft (t\{';mz)

0.85+0.85
Jsaadl Ge
=y

Ag, v em?

Choose L a;* ;T

ST T area 3l sdn lacs ) (@) J) 5150 s Area ) dads Jon Jus
b — From Slenderness Condition

G - v <[B00]> o
= Tout = T v Ly ¥ Euss Angle 5o

r-'LE_J‘.zH o< Slenderness ratio J|

38U 30 5o gl
Lan, 8| wdll pasius Wldngle ) jlax) Aoy o3 Lol Gus
“’Smmexnut =300 . Radius of gyration U
[ l
T N — v m
ry 0.20ag %2

C — From Construction Condition

minimum angle @ =1.1*3¢ (Bolted) o3 =1.71+3¢

a; & ap & azde J:\S.'EfiAﬂgEE JI Jslasdl e ;150 |.3

3) Checks

Anet =V em?
For bolted connection

Calculate A; & Az & Anet

) Stress

F For st.37
OTCE
* ft

= A =V t\em® K Fy={1.4 t\ em®

b ) Slenderness (Stiffness)

AT i &
e R e = v~ <[300]+9 o

Tout => T v = Jaa=dl (e




¢) Length to depth ratio. (Deflection)

*

Length L L

depth ~ d  «a

=

60

3580 e

——f—

[ Ll dgole

Actual stressesl| sCapital letters ;S5 Allowable stresses J

. Small letters ;5 |

ft —» Actual stresses
F;, — Alowable stresses




b) For welded connection

1) Data
+ Length = v" ’ * Z.b out = v~ Calculated
I— given

2) Choice of section

Angle ST jliss 5 Olbladl B gle bl gUail HLan) Joos o8

a— From Stress Condilion B BE Y o8 34s3

A;_ng_a.t_:_f,e tensile stress

Stress = Force => Take the st F = 0.58 F.
Avia ake the stress= p; = 0. Y
+:-37

=|1.4 t\ em?

Ay = Force (ton)
L 085*Fﬁ (t\cmz)

eccentricity J| doub Reduction factorl] Lu,& .2 0.85 JI
- A2 J| Jﬂfﬁ Laad 39,00 [.._Lc.J 4 Lo &_d.:u....u PN |

= v em”

Jaaadl 5o
e —

Choose Las* @it
,ST T drea J) odn laes gl (@) JI b 5 Area ) Lad Joon Sus

dole 4l gols
paed Ll galiins ¥ () 5 eccentricity J| doun Reduction factorl)
0.85 &) 0.75 oo 355 5 Tan,B Tasd gn- A2 ) g A7 J) Lass Luidyen

b — From Slenderness Condation

| -

lbﬂut 25 e
* e — — f (f 300 A3 )J A Angle I..- .
lout ??Jutl:l)?‘vl_ ~ e LA 3

[.BJ}H oe Slenderness ratio J|

 355L 30 g gl



w8 i) pasis Wlidngle ) HLas) Us e o5 Ll s i

assumne K out =300 . Radius of gyration U

E’[)tm.t Ebrmﬁ
o’e 3002 — = V’.. cm
Vs 0.20&3:> e

C — From Construction Conditiomn

minimum angle 45455 (Welded) ag = 45 mm

a; & Ao & Az »SYAngled) Jsland) o )50 3

3) Checks

Aﬂ.ef— = f sz
For welded connection

Calculate A; & Az & A,

a) Stress
7 For st.37
v o= gl = v t\oemf < F=[1.4 t\ o
b ) Slenderness (Stiffness)
Lb 0wt .
i = v~ < [300] 52 o

Tout = T o= JsxJl o
¢) Length to depth ratio. (Deflection) i

Length L L +
= = ol 353}
depth d " 60 ik

*

l g —"



Ll AE L

Actual stresses)| jCapital letters 5 Allowable stresses J|

- Small letters i}ﬁ
ft —— Actual stresses

F; — Alowable stresses |‘

Lol Ayl
Forces JI ;| o ind Case (B) gle Designd! 518 13) Lo Uls (45
Jlaot sl tus  Wind loads JI Jis Secondary loads e o
Laad o oy WL dblo daa member]l le 50 9o g0 5t

. 20% i Allowable stresses J)

Case (A) o L
or St.
* [ = j’:::ce =" t\em® Ff=|f.4 t\ em?

Case (B) pr & L.L & WL Or D.L & W.L

For st.37
g Py = ﬂ%: v t\em? < Fy=[14*1.2 t\ cm?

3



ok JIge

Compare between symmetric & unsymmelric sections.

Or what is the main difference between symmetric &

unsymmetric sections ?

Symmelric section Unsymmetric section

A gee

Unsymmetric section J| Ul 3 52 ymembert) C.g 3 Ll 5% Force J)

oo Force J1 Jaws 8] JWL 5 Gusset plate JI C.g ole Golie (55 ¥
. moment g Force G b e J&5 Gusset plate J) J) member J)

momenf, Stresses due Stresses due
Thii to normal force to moment

Foree )\ (|42 \- )
-\.\ e I + II|
‘® A " - !

I

P |I
(AT k ,.“ +

This part is not workm.g
Gusset plute in tension

Do Bl Ge Llua US‘.u(Nut wurkmng)yy JJ.:Jl oadl laa
. Reduction factor J! 3 Unconnected area(Az)J)

3471 ] ngl
Reduction factor — FOF Shage )
| 3471+ A2 | unsymmetric angle |

S5A1
For double u mmetric angle
| 5A1+Az | A o 2

Reduction facltor =—

Gu.s-set plate ¥4



C.g 4uds g» nemberl) C.g o5 Symmetric sectionJl Ub. o5 Lo

| member Jl . Force JI Ji5 S JWL 4 Gusset plate J
.moment &b e Jis ¥ Gusset plate JI

Design of truss members

'Tn-l-l-uu
-

]
_ﬁ]g
2

"~ Field conmnection ".

rp ST P —_——————

24.0 m -
of Gun 2 3¥ 4o g35all prnall e alls (So steel element ¥ Jsb »ST#
5o 5 p W e ST TrussJl Job o8 o) ClA 5 0¥ 52 JB 55k Job 55T
Al o) yadl Jab Wy ¥ Cusy w3 13S (fle Truss ) 5 A Ll 1ASe Lalo
éﬂiﬁ“ﬂﬁinﬂwﬁj-&jﬂl &S Lo malan 5 o g Y e

. Field connection JL

Welded connections ) gle lasads o3 Truss )| connections J) JS #
. Bolted connections L) le aeas Field connection Jaele

0555 o) WY welded 43} le Tension member]) s @l oS g #
e Bolted aislay oao| 1_:.:LS._9J L] welded abley o8 connection Ji

. Bolted 43) ¢le Tension member J|

Compression member)) s Tension member)] JS mads oo B gy #
angles U Slellad 31 g0l Va5 paai LalS OleUai)) dao gi p o
- OYoo ol JalBs 5 praall (o llal bans) 23



Example

For the shown truss, determine the positions of the field
connections and determine which members are bolied and
which are welded. Also determine the posilions of the
longitudinal bracing.

|
T {4xZ2m=28m =

Solution

Positions of field connections

’ Field Field )

Field connection connection Field
connection — — connection
= ! ) '_!
8 b 4 |

- --jom E _ﬂm I—l_' fﬂm_—
. f4x2m=28m ———

L35 Y oo Truss U 4aaby 3 gecdl g Field connection ] 085 Lalo
cp W oo Wy ¥ bac () o Field connection JS ;o {3l

‘,_;T member (| , Bolted (,s5 Field connection JL Jaic member )
~welded ;5

73)



Bolted and welded members

= T~ =

I | |
L B BlIlB
T 07

_B'J‘Tr. o 7 O

b 14x2m=28m i
os5members J) ;5L 5 Bolted JI » (B) lanle o 5iSa)) members J

. welded

Positions of longitudinal bracing

pA G LY ¥ longitudinal bracingJl ju SULaa

£ rre —Grr |—4m -| &1 S

I 4x2m=28m s

76)



Example

For the shown truss, it is required to design the marked
members:

+ Member 1 (welded) => Force = + 30 ton (Case B)
+ Member 2 (Bolted) —=> Force =+ 6 ton (Case 4)
+* Member 3 (welded) => Force =+ 20 ton (Case 4)

(Bolts used are M16, tg,=10mm)

/ = o, —

i | : ' |
| 2 Ly 3 [
%\/ | @

3.0’ —

L] L1

Solution

Member (1) = Lower chord = L. welded

1) Data

+ Length = 300 cm
x+ Force=+30 ton (Case B)

* lbin = Distance between joints = 300 cm

* Ibout = Distance between longitudinal bracing

=2+300=600cm
2 ) Choice of section

a — From Stress Condition

e Force (ton) _ _ 30
5 1.20 % Fy (t\em?) 1.2 +1.4

Cuase (B), 'symmetlric welded

=17.86 cm?



Al ¢
Ag = 17.86 _ g 93cm? rdj——'—‘g Choose L 70 %707

z {L;:?’O CITt

b — From Slenderness Condition

assumelﬂut = liﬂ. =300

.300="Lbin__ 39{? o =8.33em— LS9 b
T:c_ll_ 0.30a :|> Lo =4.44cm
2.300= Lot _ 600 oy gqem

r., 0.45a
Yo

C — From Construction Condition

minimum angle 45+ 45 x5 (Welded) 0z = 45 mm
a; & A & agie S3Angled) Jylaadl o )55 S5
Choose L 70x70x7

3) Checks
L 70707
= ° A =9.4Cm?
e =7.97 Em
Te=Ty=R.12 {m
o) Diress Ty =1.37 Cm
Force Force 30 2
- = = =1. 5t\ em B
* ft Anet 2+ AL 2*9.|4 . ;591 rz\ f j__f C;FS_E (_2
Ia,Laa) 5 Al le J) dalius 2t =14 %1,
i aﬂg'edj—"—r-” o | L
e e e e e L R - 1.68 t\ ﬂmz
(Safe)



b) Slenderness (Stiffness)

Vo = T Jsaadl 00 =212 e

assume tep = 1 em

V= \/T‘fw(w%ﬁ’)z - \/2.12";(1.97 +%"2 —3.925 G

i Loin _ 300 _ 147 51 <300 — (Safe)

_
o lbnut = 600 = =
o e 325 184.6 < 300 (Safe)
c) Length to depth ratio. (Deflection)
L 300
r——= 7@:‘ —42.9 < 60 = (Safe)

————> |Use JL 70707




Member (2)| = Diagonal = | Bolted
1) Data

x Length = 360 cm
+ Force=+6 ton(Case 4)

* [bin = Distance between joints = 360 cm Lol ) zlos

* lbﬂ‘u‘t: 360 cm

2 ) Choice of section

a— From Stress Condition
Force (ton)  _ 6

=6.59 em?

IL70.65+ F; (t\cm?) 0.65x1.4
Unsymmetric bolted
Jaaadl e
——> |Choose L 60 x60+6 a;=60mm=6cm

b — From Slenderness Condition

assume 1, st =200

e 300= I'bwt . 360
Ty, 0-200p

—as=6.0cm

C — From Construction Condifion

minimum anglea, . =%3=1.1s3¢ =1.1x3+1.6 =5.28cm

a; & az & agoe xS Angle ) Jolaodl (o jL35 (5

Choose L 60 *60+6




3) Checks £
S

T 0.6em

.A.?'-'—_[ﬂ_ (¢+U.EM)]#fL_ ET -1.8
2 B||| g+02 toL
=[6 —(1.6+0.2)].0.6 = 2.62em*  § |'lomrn' |

A,E:[{I,- tL]* (AN i l a=6cem
=[6 —0.6]+0.6 = 3.24 cm”

B 3A1 S ——— 30 2.:52 ]
Anet =A1+ A2 3A1+A42 |~ = *3*2.52-%3.24

= 4.79 em?
a) Stress
Force Force 6 2
= = = = A
£ Jt= 7 — 1 S g LABDT b 2
le 5 @langle ) ol K Ft = 1.40 t\ em

i (Safe)
b ) Slenderness (Stiffness)

Tv[_zd,sd?-” o =1.17 em

lb{m,t _ 360 =
o W S 307.7 > 300 — (Unsafe)
L

=———51Try L. BH 65«7

Tvl_=d.5~"-?-” > =1.26 cm

Lt out 360
= = -285.7 <300 = (S
. A’O'Mi T . 1.26 < ( {LfE)

Safe §sSaw WSl ¥ Stress JI gle Checkdole) (gl pliao ¥
¢) Length to depth ratio. (Deflection)

L 360 em
t o= e =554 % 60 = (Safe)

———%illse L. 65365+




Member (3)| = Diagonal = L welded
1) Data

x Length = 340 cm
x+ Force=+20 ton(Case A)

* lbin = Distance between joints = 340 cm

* Ibout = 340 cm

2 ) Choice of section

a— From Stress Condition

Force (ton) _ 20

— . o 2
0.85  Fy (t\cm?) 0.85+1.4 168 eave

g

asJl -
% Choose L 100+7100%x10

Double anglepslsasl Jai <lld L 9059059 - ,81Single angleld ol &ua
Forece (ton))  _ 20

- = =14.28 em?
T 1.0 + F, (t\cm’a) 1.0 «1.4
Symmetric_welded
Jeadl ¢
Ag!_: 1‘228 =7.14cem? 5& Choose L 65657
m;-—-—ﬁ.ﬁom

b — From Slenderness Condition

assume A, out =300

300~ tbout _ 360
Ty 0.200a.9

—>az=6.0cm

C — From Construction Condifion

minimum angle 45x45x5 (Welded) 3 = 45 mm



Ay & Ap & agoe »S¥Angle Il Joladl 5o 555 (S
Choose L 65657

3) Checks
L 65657
= A =8.7Cm?
e =1.85 Cm
Te=Ty=1.96 Cm
a) Stress

Force Force 20 2
i = = — = P t
ft Anet 2+A4, 2x8.7 1.15 \Em
lm_JL_:La.Ir.sd'lemngleJil_a.Lm: S Fe=1.40 t\cm’g
ol s

_____ | (Safe)
b ) Slenderness (Stiffness

| Ve = To Jsaxdl e = 71.96 e

assume tep = 1 em

7, = VoL +(er ) = V 1.96%(1.85 +1.0)7 =3.06 cm

lbin 340
e = = =173.4 <300 = (Safe
Nin= = = 7.96 i (Safe)

lhm.t,f 340
= = = 17 00 — (Safe
N o 506 111.071 =3 (Safe)

¢) Length to depth ratio. (Deflection)

I 340 em
—— = fEem— =923< 60= (Safe)

#

————=> |Use _IL 65 x65x7

(z3)



Example
U4 10:1
<
21
e Concrete
“m L Column
16m |

The truss shown in the above figure is the main system of
a factory building. The spacing between the main systerns 1is
6m. The covering material used is single layer galvanized
steel sheets. It is requared to :

1) Calculate the loads affecting the truss due to dead loads,
live loads and wind loads. For wind load take g=70 kg/ma2.

2) Calculate the force affecting the upper chord member U4
due to dead, live and wind loads.

3) Design the upper chord member U4 (welded).

10:1
o> _
2 29n 2.8m
e
l—y0— ; S =
o =8.71°



1) Loads affecting on the truss

1—Dead load
# Using single layer corrugated sheets
= We¢ = 6 kg\m?
# As span = 16 m < 20 m = Takeﬁ's:ggkg\m

Por=We( gose* S) +Ws(ax5s)

_ 2
=6+ ( g s 6)+20x(2x86)

Ppi = 312.835kg = 0.312ton

2—Live load
4 Assume inaccessible roof = Wy = 60—(66.67 tan )

W.. =60—(66.67 « tan 5.71 ) =53.33 kg\m?* > 20 kg\m?*
P, =Wiz(axS)=53.83+(2+6)= 640kg

Pii. = 640kg = 0.64 ton

0.156 0.156
/

0.312
%ﬂﬁﬁ ton 0.312 0.312 b if 0.312 0.312 0.312 0.156
v \ v b — M \ &
Dead load




.64
0.32  Ton  o0.64 064 l ‘L 0.64 064 064 3p
} | |
| S \
Live load
B
055 B B RO0SR USESG KB,
T A
E—> —r
E—>X £y
Wind left
B
o52 B B 005 03E% LK B 0.58
A Lt ¢+ ¢ 4
L <« F
B <— A 4

Find right

Lol 5 9gacd) ole FindJ) 535 Lo, o) WL Bloyx sse 3525 Ul 4B
Joints J) gle Jlend) 35 o 0¥ JWL 5 ads Truss ) gle an,m

- lads



3— Wind load

# Height =7+ 28=98m =k = 1.0

# Given=> q = 70 kg\m?

2l g ollace Lis WS) 5 @oledl ool (@3 LS T I Glus ojyided] e oS
velleal) Laillasiile: ol

#1C] = ot =90° = |C,=+0.80

Cy = Slope 10:1 —> | C,=—0.80

C;=—0.50 C,=—0.50

#Wy, = Cixk+ =1 0.80x1 «+ 70 = 56 kg\m?*

= P; = Wy, xSs—a- = 56+ 6+ % =336 kg

#Wy, = Coxk» q=—0.80x1 x 70 = — 56 kg\m*

a _ 2
=*Fp =My, *C’osa*s = 796 * Foss.77 *.0

=—675 kg
#WF:} =Cyxkx9=— 0.50«1 « 70 = — 35 kg\m?

=>4 =, *Cn‘:m M= Cusi.?f *G
=—422 kg
#Wy, = Cyxkx 9=—0.50+1 + 70 =— 35 kg\m*
—> Py = Wy +Sx—5~ =~35+6+2- = —210 kg
P, — 336 kg\m P, = —675 kg
P; = —422 kg Py=-210 kg\m




2) Force affecting member U4
Dead & Live loads

i hatiall y Ll b 5 51555 JS HISe g SLlusl WSS e Foig

section (z—x) 3n1 member (U4) )l 3 5581 oo
o f . ;0.5 0.5 1

li 1 1 0.5
x
v b L 4 Y \4 v i \
|
|
I
]
~ b s
x Z
167 ~A
4t 4t
0.-1 i}.5 1 f y "
U4 €«— ¥ Y v L 4
-
a I _zm__l
8m

41
. o357 GlS alos 5 jabue Y Upper chord JI o3 Jaad) Jons
TM@a =0

45x8—0.5x8—1+[6+4+2 ]+ U4x2.8=0

= |U4 = — 8.714 1
member J) 8 548)) Lasd bl Luiu;_ Py ) Prp Jldas o8 wyall
Due to dead load =>U8 = — 5.714x 0.312 = — 1.7831
Due to live load = U8 = — 5.714+ 0.64 = — 3.657 ¢
Fpr = — 1.783¢% Frp =— 3.6571




Wind left

0.211

0.337 0.675 0.675 0.6750-337 0.122 0422 0,455 g oy

b it
0.336 % 1 T ':] 0.210
—»> 1 >
0.336 |b 3 C f.';z 10
5= Y e ‘
. = 61 =
R YRy

il B8 alos 4 jais ¥ Upper chord JI b Jsadl Jons
To find Ra=>XM@b =0

—R,*16+0.211+16—0.422 +[ 14 +12+10]+ 0.548+ 8
+ 0.675% [6+4+2] —0.210x2 —0.336x2 =0

= (R =1.872 1

To find X =3I X =0 = |X =1.092

To find Ry => XY =0 = |Rs =2.56161

0.211
To f%ﬂd U4 => D33?|I

0.422 0.422 0.422 0211
TM@b = (,i f |
L

1‘ 0.210
— 1.BT 2B L2 %8 5
0.210
+ 0.422+ [6+4+2] < : ‘s >
ﬂ,- | (PO m__l
—0.210+2 + 7, +2.8 =0 o -
Ry
= |U4 = + 3.081

FF.L =+ 3.08¢% (TEﬂn?iﬂﬂ)




Wind right

0.337
4220.211
0.211 0.422 ”-"i‘? ”1 o 0.675 0.675 0.675 (.337
]
0.210 . 4 0.336
-« <
0.210 |b : cl 0.336
X3 LY e A
:1:' Z
== —f 611 -—
R, Y R

- i8] BlS als 5 ubee ¥ Upper chord JI b Jsad) Jans

To find Ry =>I M@C =0
R, x16+0.211+16—0.422 [ 14 +12+10]+ 0.548+ 8
+ 0.675% [6+442] —0.210+2 —0.336+2 =0

= |Ry =1.8721

To find X > XX =0 = |[X =1.0921

To find Ry =>2XY =0 = R> =2.516{J

0.337
7 A 1:::‘ 'II
To find Uy 0.211! 0675 0.675 0.675 0.337
Sl = - A 0.336

3
2.516+8—0.337+8

0.336
—0.675 % [6'4-41"2] < L5 1 - %
a —— 2 r—"

~0.336+2 - U*x2.8=0 . g h

Ro

= (U4 = + 8.081

Fyp =+ 3.08t| (Tension)




3) Design of U4 welded member

Case Cms:e (B)
(4) r———g—t—7———7——=—1

D+L|D+L| D D |[Case |Case

Member | D.L | L.L | W.L | WR|D+L |, g\, w Rl+W.Ll+W.R| (4) | (B)

- — 1 + | 7 = = = - F — |-2.36
Us 1.783(3.657|3.08 [3.08 |5.44 |2.36 |2.36 |1.297|1.297|5.44 & 29
Case (B
Member (B) Design Force
Case (A)
1 2.36/5.44=0.43<1.2 5 -5.44 (A)
* 1.297/0 > 1.2 +1.297(B)

2 0 yo TREMbET J) lin maedly oo ol o5l Ge
=> As compression member = F = — 5,44t (A)
— As Tension member = F =+ 1.297t (B)

1.3 pranad b guas Tension member ) pradS (50 9D N el . o
- Compression J) paand () Vaes ALo Labd 4 Tension J) e member Ji
Member (U4) | — Upper chord = L
1) Data

« Length = 200 cm
x+ Force= +1.297 ton (Case B)

* lbin = Distance between joints = 200 cm
* Ibout = 200 cm
2) Choice of section

a— F'rﬂm Stress Condition

A, - Force (ton)  _ 1.297
=3 1.20 « F; (¢\ em?) 1.2 + 1.4

Case (B) | symmetric welded ("“"
e (61)
| ]

o7y

=0.77cm?



Al ¢
Ay,__ O‘;? =0.39 6 H angle ol

fo:S.O cm

b — From Slenderness Condition

assume lout = liﬂ =300

Lbin 200 ..
> 300= b = = cm | :
3 =0.30 —=da=2.22 } S ke L

: as=2.96cm
5300="bwt 200 . . 5 96em
Ty 0.45a

C — From Construction Condition

minimum angle 45 455 (Welded) @3 = 45 mm

a; & az & agie »SIAngle ) Jslazdl (o [0 o
Choose L 45 45 x5

3) Checks L
= | L 45x45%5
ol A=430m2
L L] e =1.28 Cm
' & Te="7,=1.35 Cm
a) Stress "y r. ~0.87 Cm
Force Force _ 1.297 2
= = = =0.150t\ ecm B
x [t 7 v =4 =~ aaa 0.15 | \ ™" Case (B)
b,Lsl o3 &)l angle JI b K Epsl2=1da1.2
____________ ..JJ‘-"-’."” U'&JI — 1. 68 t\ cm,?
b) Slenderness (Stiffness (Safe)

Ty = To Js32dl 5o = 1.35 em

assume tep = 1 em

Ty = Ty +(er BB - V1.854(1.28 +1L9% -2.23 em



P, = i - 200 _ 1481 <300 => (Safe)

re, 1.35
loout _ 200
— — s - O :::>
* X = %23 59.68 < 30 (Safe)
c) Length to depth ratio. (Deflection)
L 200 ¢
v 4‘5;" —44.4 < 60 = (Safe)

———=> (Use I 45 x 45x5

Compression e 1 e I 4554555 le Check Jaco p s LJI g
s b Asibais Taw g (544 B) 455



Notes :

members J| JS 3 ForcesJ) olus ogllddl 18 13} Lo Ul (3
: SYE members)) duies slel e o

Uf .III U2 '|I|I Ua '-..II <|

# Upper chord = Ur & Uz & Ug& ———
# Lower chord —=> L1 & L& L3& ————
# Diagonals = D1 & Dz & D3 & ————

# Verticals —= Vi&Va& V& ———

Diagonal (D4) J) b Force Jl sloul 380 Ul (&8 oollae o

; 0.5 05 g 4

0.5 1 1 ¢ i 1 0.5
o
17 v 4 ) 4 l:l \ 4 \ v v
|
0
1]
!I"_ '—Em—i
Ir’Sm —A
4t 41



D4 Cos©

D4Sime — -

XY =0

D4Coso—0.5-0.5 —1—1—-1-0.5+4=0

0.5 0.5

1 1

0.5

S (= Cos©

i v
. = L4 ___Y 4
D4 |
S 4—N
{ '—Em—"
8m A
4t




For Sub—divided truss

kY

vlvilvi"l"'l'*";l‘rvv

Upper chord

.

\ | b
', Main diagonal

\ .. ‘Sub diagonal

“-\_.S'uh Vertical

L

| L

i

‘ Lower chord

%

‘Main vertical

Upper chord J| 3 ForcesJ| oloud Sub—divided trussJl Jo aic

Jlsb o585 Main diagonal J| s Main vertical J| 3 Lower chordJ| ,
. N=TrussJl Jo5 LS ado> 3 Sub VerticalJl 3 Sub diagonal J

ivl’*l'i*l*l"lv¢

o

Solve as before

5,

511 Jees Sub Vertical Jl 3 Sub diagonallJl 3 ForcesJ) slou? ,

- I VitenOn : JWIS Joint U
Y 3
L4 T ey
Vf a ' df
D a | d,Cos 6
1 \
b : I:Jl> X s
| M
| 4 "a@

;
]
[
|

4 From equilibrium of joint (a) >

I

— P (Compression)




4 From equilibrium of joint (b)

> XY =0 => V,CosCx =d;Cose

Cos CX
Y, =4+d, —m—— >
—> 2 & e (Tension)

rnasd 5L 5 LSL J,f (o8 Sub Vertical ) s Sub diagonal JI Jo
cLais 1S T 8 Joints U 5)p) Jeos W (T LIS SLSWI (SW




Example

For the shown truss, it is required to design the marked

members :

# member (1) (welded) —> Force = + 6 ton (Case A)

4 member (2) (welded) —=> Force = + 1.1 ton (Case A)

i
-

P M |

(] e ?‘:

/..-"
R

Member (1) = Diagonal = L
1) Data

x Length = 200 ecm
x Force=+6 ton(Case A)

* Ibin = Distance between joints = 200 em Lol (I Zlaas Y

* lbuut: 400 cm

2 ) Choice of section

a — From Stress Condition

A, — Force (ton) _ 6 _ 2
"L70.85+ F; (t\cm?) 0.85+1.4 %04 oms

Jaadl Ge
——> |[Choose L 55 x55x5| a;=58.56 em




b — From Slenderness Condition

assuImne k out = 300

L bou 0
l'l' 0: b t — 40 S 0 CTri
30 ol O.EOQ,EZDH'E 6.67

C — From Construction Condition

minimum angle 45x 455 (Welded) A3 = 45 mm
Choose L 70x70x7

g
;‘3 ) Checks é ~0.50m
|
A}': s T T‘i\z
]
= 7.0+0.7 = 4.90 em? G Ilt’L
\._?: ! B ‘fl !
et Tt — -
Az [EI, L]* - | l .:;:;:Sr:c'ml |

=[7.0—-0.7]+0.7 = 4.41 cm?

341 B Py 3x4.90 ]
Anet =AT+Ae |areris | = T EA g o0 v

= 8.29 em?
a) Stress
Force Force 6 2
— — = = t
* ft Anet Ai_ 8.29 0'72 \Cm 5
ol 5 @angle )l alasi S Fe = 1.40 t\ cm

_________________ | (Safe)



b ) Slenderness (Stiffness)
Ty, =dodl o0 = 1.837 em

Lo ou 400
o Tuj e =291 < 300 = (Safe)

c) Length to depth ratio. (Deflection)

Distance between joints

L 200 cm”
r o= Sp— =286 < 60 = (Safe)

———% |Use L. 70x7 T

Member (2)| = Diagonal = L
1) Data

+ Length = 285 cm
x+ Force=+1.1 ton(Case A)
*¥ lbin = Distance between joints = 285 cm Lol (2 lias

* Yoan=1.2 285 =842 cin

2 ) Choice of section

a — From Stress Condition

A, — Force (ton)  _ 7 B
T 085+ Fe (t\omz) 088+74 0

Jaazdl 5e
——— |Choose L 30+*30«3| a;=3.0 em




b — From Slenderness Condition

assume 2, it —a00

v L ot 342
Leg =0 =5.70cm
oL 0-20{12::‘){13 2.70

C — From Construction Condition

minimum angle 45x45x5  (Welded) @z = 45 mm
a; & az & agie »S¥Angled) Jslaadl o ;50 05

Use minimum angle L 60x60x6

5 | '
Ai= s i :‘%EI
= 6.0+0.6 =3.60cm? E | I f|_|
w | P i
s T ] =
Az [a’ L] - | l m=4.50m] |

=[6.0-0.6].0.6 =3.24 cm?

SA1 3+ 3.60
Anet =A1+ Az [SAI‘FAE:l: L +3'24*[3*3.6'0+3.24:|

= 6.09 cm?
a) Stress
Force Force 6 2
* = = = =. t
Tt = Tout Al 575 = 0-29 tiem ;
ol 5 Al angle JI L«L.ui < F; = 1.40 t\r:‘m,

“ . (Safe)
b) Slenderness (Stiffness)

TﬂLriJ?JI oo =1.17 em

()



= lbm:.f o= 342 o
* Mooyt = W =292.0 <300 = (Safe)

¢) Length to depth ratio. (Deflection)

Distance belween joints

I 285em” -
v = Fpom =47.5 < 60 = (Safe)

———> |Use L 60x60«6




Example

3m

I

T

T
I
i
1
I

For the shown truss,it is required to design
the marked member knowing thot:

Force= +3 ton case (4)
bolts used are M20 , {gp=710 mm

Member ———> wupper chord ———> |[

*

Data:

o force=+3 i o Uy, = distance between joints

= 300 ecm
o length=300 cm ® Loyt = distance between purlins
=300 em
* Choice of sec.:
force 5 § P
. A = = — 2,02
9, 0.85%1.4 7.19 oo
L N
bolted
o 2'5'2 _ 2 tables
-Adg = ——5— =1.26 em” 5 I 3023023
_____ use min.angle ————> a_ =330 =3.3x2.0=6.6 cm

use HL 702707




* Checks:

a) stress :
_ force g4 N P 2
. fact_ Anet  16.84 0.178 t/em’ < 1.4 t/cgqfe)
where: NESR

-~

Anet , = 2[Ag —( D +0.2m)xt, ]

=2[9.4—(2+0.2)x0.7] =16.84 cm’

b) slenderness :

m Ty, = Tx, = 2,12 em  (zasd o)

2 t[;_'p 2 2 2
- Ty, :\/(Ty_) + (e + 3 ) =[(2.12) + (1.97+0.5)

= 325 ot
0 L i 300
;l'v- = i —_ —
€ Sl . R 141.51 < 300 (safe)
' _ lbout _ 300 -
° )\,ﬂut— v oy =92.3 < 300 (safe)

c) Length to depth ratio. (Deflection)

L 300 °™
@ 2= = 42.9 <
3 5 60 (safe)

& use - 70x70x7




[l abyos

oo Ju star shape —|L I plasisl Lady long members JI Uls 43
. Double angle _Il_JI_I]
y .

‘ i

a | d a

€I = l — = e
-i_,__ar_,.._!g - d
Y
d = a i

d =2a + tg

- gUaill Depth 5o d JI o s

Check EJI Sun o Unsafe 35 Deflection J| LIl long members JI 43
Depth J 5oLy () 70 Ladll 8B 8o3 (L\d) e 5,Le 52 Deflection J)
. star shape -~ J| plasiel Jad Ui

L oo

EIFE need to increase (d) when
‘(L) is big

p & oo b ol 131 Ly, long member &3] member]! jiicy

long member long member




Fxample

It is regquired to design the shown marked member .

RN

ST T T

Force = + 12 ton case (A) , bolts used are M16

tecp = 10 mm

Bolts (M16) = ¢ =16 mm

-
-1

L > 4m — Long member | =
1) Data

+ Length = 600 cm
x+ Force=+ 12 ton (Case 4)

* [bin = Distance between joints = 6§00 cm Lol () Zliss ¥
* Lbouwt = 600 cm

2 ) Choice of section

a— From Stress Condition

S Force (ton) _ 12

—- = 2
L 0.65 * Iy (t\ em?) 0.85x1.4 10,08 e

Agl_: H;GB

=5.04em? ——— |Choose L 55+55%5




b — From Slenderness Condition

assume l out — 300

» - me&t 600 = e
s 300= s |_=U.38£[, > Ae=39.29cm
U 2

C — From Construction Condition

minimum anglea, =a3=1.1x3¢ =71.1x3 »1.6 =58.28cm

a; & Oy & Age »S¥lAngle JI Jolaadl (e 555 o3

Use minimum angle L 55 *55xH

Truss J| e Juadse 5 508 adgb ¥ Bolted ;,,So member J| 1ds

Lola Al gnle

Le. Jom r.}i Choice of section Jec aic Jady dbshll members J| 45
g Angled) cuwss ] Length to depth ratio | jlaxdl byl eb

o Jaszil Kas Lt 3553

d) from (Length to depth ratio)

d =~ 2as+ts, <*rastl

*

L4 =4.5 Cm

oy & as & o3& g e 2SI 550

Efse minimum angle L 55 x55x5

[P

(z2)



3) Checks

T

L 55x55+5
o A=5.32 O~

_ | . 5 |§\|x”
1L : x [l /14 =
% e ,/, . 1r,=2.09 Cm
. o o T o
\ a iay v

r,=1.07 Cm
tep AT
7

v

b

L

d =2a + te |

.A.ﬂef = Z[Agrnssl_'_ (II}-I-OEETH) * tl_j

=2[56.32— (1.6 +0.2em) s 0.5 ] = 8.84 cm”
a) Stress

P e FD?"GE: 12
¢ A’net 8.84
Lol 5 3l angles J) Lol |

1.35 t\em?
L Fit =1.40 t\ em® (Safe)

b ) Slenderness (Stiffness)
T = T dssl 5o - 2.09 em

i Yo ";:j““f - ;‘;‘; - 287.1 <8300 => (Safe)
u_L .
7
c) Length to depth ratio. (Deflection)
L 600 em 600 cm
£ — — == % ‘< —>
= Tatie Ze55F7 50.0 < 60 (Safe)
——>lllse -~ 55+555




.degiﬂﬂﬂ}ajJ}wlm%zgym{ﬁlgmgl&quﬁiﬁé:xﬁi

Check meed for tie plate

L;.ar..u-.s__u‘_d,_,bsij_,s_,.au.ultjjtf:,fyu;fﬂhec:cﬂmdu.“_,j;;,)

Compression MembersJl

Ay < Apge =300

~ N

L = L < 800 = I” £ 1.07+300 =321cm

Ty, 1.07

> < 321em > L. & < |l = Use one tie plate at mid span
3 p



[ Lol sl
Ty J) Jl U 8 Unequal angles 1L JI I.I,_\;'...'L,.,l S8l G

I 13) 4] ;uS Out of plane buckling lengthJl 5 Lac L_,;T 5y
Cld) 8 leelasal) b

A gl s8N Out of plane buckling length JI AUl 43 Y
8ol Iz Ll v Equal angles L Leasiwl 13) 57y, J) 0L
¥ Wl e 372 37y Jl 0 JWUL 4 Equal angles JI glay Jsb
sasly Jou Jslo Ly Unequal angles 1L JI L.J’r'le 3oy o i
cdal s UL o Lanliss @Iy J) 5ol oSeddl o JUWL 5 Lk

Example

Design the marked member using [unequal angles| knowing
that :

Force = + 20 ton case (II) , bolts used are M16

tep = 10 mm

8 : 1 | | 1

—

7x2m=14m:

Member = Lower chord = ,=” L
1) Data

x Length = 200 cm
x+ Force=+20 ton (Case A)

* lbin = Distance between joints = 200 cm

* Ibout = Distance between long. bracing

= 600 em



2 ) Choice of section

___ Force (ton) » 20 =14.00 em?
D720+ F; (¢\ om?)+0.85 1.247.45085 00
Case (B) Symmetric bolted
A 14.00 g Joxl o
g=—s =7.0 em® ——— |Choose L_ 90x60x6

a=60mm=6.0cm > minimum angle
a, . = F.1x8¢% =1.723 x1.6 =5.28em
6.0cm Jsb ) glall o5 555 Hlewall ! !

L | ma—

5o

3) Checks |

L_90+60x+ 6
A =8.96Cm~

r.=2.87 Cm
Ly Ty-——f.?'E Cm

Anet = 2[ Agross. — (0 +0.2em) « £ [

X
c

Serm 'i

=2[896— (1.6 +0.2em)+ 0.6 | = 15.22 cm?
a) Stress

_Porce_ 20 _ . . 2
itk ety e o Tl

Lesbos o5 (gl angles J) Zon Lo | {: F: = 1.40 t\ C?’TLE (SﬂrfE)
b ) Slenderness (Stiffness)

Jsasdl 53 A See Unequal angles JL_J) ;5lsw

?";,_,-_J:- TFI_LJ..?‘:”."JI o =1.72 e

(81)



_ \;-q!

i
Sern i
[

tep = 1 em zl 1Y lzx

- \XT’:?L +(Ex+%?)z = \[2-372+(2.89 +%‘] 2 —4.44 em

_ lvin 200 _
* A= e 141.51 < 300 = (Safe)

lbuut 600
= = = ¥ 3513 00 — (Safe
out Tin 4.44 <3 (S .f )

* A

¢) Length to depth ratio. (Deflection)
L  200cem
d  6cm
\Deflection J| aglis il go ¢ Uaill gl el

=33.83 £ 60 = (Safe)

%

————> |Use_IL_90x60%6




Maximum Capacity

Maximum strength of tension member

gl galiie Tensionforce 38T e 5,Le g2 Maximum capacity J)

Force
Anet \g Ft

s o Stress ST Jaos &Uaiii o) e Mazimum capacity J) olusd

- S Uoled) puss JEIG 5 Fy J)

Force = Fi s Anet

(Maximum capacity)

Example

Calculate the maximum force that can be carried (resisted)

by single and double angle 80x80x8 welded and bolted (M716).
Solution

L 80+x80:8
e A=12.3Cm?7

1) Double angle (Bolied)

Anet = 2[‘4§T033L T= (¢+ 0-2':"“) * tl—]

=2[12.83— (1.6 +0.2em) x+ 0.8 | = 21.72 cm?

Forcey,,= Fix Anet = 1.4421.72 = 30.411



2) Double angle (Welded)

Anet = 24 Agross. =2+ 12.3= 24.6 cm”
Forcey,.= Fisx Anet = 1.4+24.60 = 34.44 ¢

3) Single angle (Bolted) 0% ———
Ar=[a— (6+0.2mm) ]« tL ET' — 18
S 3! 9+0.2 tL
=[8 —(1.6+0.2)]+0.8 = 4.96 cm? R R s
il it
AB:[{I-fL]* i | | a=8cem | |

=[6 —0.8].0.8=5.76 cm?

341 3+ 4.96
Anet =A1+ Az [3A1+Az]“ &0 *5‘73*[3,.4.96+5.73J

= 9.70 em?
Forceyy,= Fix Anet = 1.44+9.10= 12.751¢
4) Single angle (Welded) § —= 0 8em
A7= astL 'E‘T
= 8.0+0.8 = 6.40 em? z T ?L'
Ar=fa—t]ote ===

= [8.0-0.80].0.8 =5.76 cm?

3471 3% 6.40
Anet =A1+ Az [3A1+A2J" a0 +5'70{3*6.40+5.?6:|

= 10.8 em?
FﬂTﬂEMm_‘—— Ft* Anet = 1.4+10.8= 15.161

(84)



Case (B) ole Capacity J) olux Gollae G158 5 L8l AU juds o)
1-20 5 Fy sy o Jushills A8, 01 puks 555
1) Double angle (Bolted)
Forcepy,,=1.2+Fix Anet =1.241.4+21.72 = 36.49 ¢
2) Double angle (Welded)
Forcep,,=1.2xFix Anet = 1.2+1.4+24.60 = 41.33 ¢
3) Single angle (Bolted)
Forcepy,,.=1.24+Fix Anet =1.241.4x9.10 = 15.30¢
4) Single angle (Welded)

Forcepy,,.=1.2+Fiy« Anet =1.2+1.4510.8 = 18.19




Important notes for tension member

1) different examples for unsymmetric sections

For single angle or single channel

Az . 4

-y

i

NN |

Reduct
Anet =A1+ Az [ factwoﬂ] = A1+ Az 1: 2 ]

3A1+Az

For double symmeiric angles

Reduction 5A
Anet =A1+ A2 l: factor ] =A1+ Az [SAf-fjAz]

A1 = net area of connected leg
A2 —> area of unconnected leg

2) different cases of Anet

angleJl 5 yiolas anly io S92y yoyils LSbolted memberll aeas aic

. |

T
+ + = =]
= .

AﬂetJL = Z[Agross L— One hole ]
AnetJL:z[AgTﬂssL'_ (¢+0-2m)* tL]



Ex:xSLm_.}.LC.E_;S.‘;AJI EJEJIJEJ:ES‘ETIQEE_” QJS’SLLE- P e, { O 1 u.:n.c.:a ng- l:)SJj
Goolae §155 ool ULl oda o8 5 Gado ple saelsad) yoy o ] Cusy

—>» T

s N

Apet oL = 2[-‘45;?'033 L — Two hUEES]
Anet_lL :2[AQTBS3L — 2* (¢+ O.Ecm) * ti_]

+ +
+ +
L_+ +_J

2o | Staggered saelaadl oy @B a5 DY) pacy S
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Design of tension member
Using different sections
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For box sections in tables

A e Jeal asse 5 LS

(y) 5900 o) 90 Jalasdl (&8 505> sall Box sections JI Slcllal Lab
el glall o3lsall Hemal 58 (%) 550 5 Jashall plall o5l sad) 5sonel] 5
Figure 1 43 WS gl Joghl) glall by wie JWL

gUaill (8391 )5oud) JooIn plane buckling I S Wslo Truss JI 4
-erLnE.U )l 5 snall Jso Out of plane bucklingl) ,

liTL s lb i l " lb out

s out 7,

Figure 2 5 LS 351 s glall glall goy 2ie

glaill (85Y] 50wl JsoIn plane buckling J! 055 Wasla Truss JI 43
W i sl )l ysoadl s> Out of plane bucklingl) ,

= lbiﬂ - lﬁ oud
z‘im. N Ty ll:m.t i .

by pUalll H5lowe of Cus Jslazdl o Ty JI 5 Tz JI 555 Gl 5

X

For Channels in tables E

y
(v) 5590 o) a0 Jslasdl (o5 5052 sall Channels JI Slelbill aaaJb

Figure 3 o5 WS wl, WebJl gy e JUIL

gUaill 859 soall JooIn plane buckling ) 5% Wbls Truss JI (4
- glail eyl jsoal Jo Out of plane bucklingl) ,

= I bin - l b out
l’i- T 1'aD'lJ!.‘l': Ty

(20)



Figure 4 5 LS 2831 WebJ) t__i.;:dl foos Mac

g Ualll (8591 ) 500)l JsoIn plane buckling J| o9 Lala Truss JI (43
- g Uadll ol )l 5 soall Jo> Out of plane bucklingl) s
_ loin . Lbout
1‘1’#1 Ty )'nu.fﬁ T
Y s 0¥ Wb o WY Ty law Jsaadl oo Tz J) 55 o)) o8
+ﬁ l:_éj...n Iy &Ty Huc:xié d.“:\.“_: 3 Lc.a 2 channels &.-,-:?_g. dae 'i::Lc_;.a‘Jﬂ.é..;

— . 2 :
T_r.;:]['— 7‘-_1;.'[ LJJ"l’:“'JI e Ty:":.': \/Ty[ _’L(E-.-j—%ﬁ’)z ;': P

t-::p::f crm




Example

Design the shown truss members as :

1) Pipes

2) Square hollow sections

3) Rectangular hollow sections
4) 2 Channels back to back
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A= pperey

Solution

1) As pipe

1) Data

+ Length = 200 cm
x Force=+75 ton (Case A)

* [bout = Distance between joints = 200 cm

* lbout= 600 cm

2) Choice of section

A £ Force (tﬂ’na) i 75 =59.6 ceme
‘O T Fi (t\ o) 1.4

Jaazdl e
e

Choose Pipe 278 x7 | mm




3) Checks m D=27.3 Cm
- oy =0.7 (m
U r =9.4 Cm

A =58.5Cm~

a) Stress
_ Force _ 75 2
1 ff  Anet 58.8 =ikt t\ﬂm
bylan) 5 @ipipe Jl nbaa1 S Ft = 1,40 t\ em?

e RO O (Safe)
b) Slenderness (Stiffness)
T = Ty (J_‘?"L""“ oo =9.40 Cr.

. R, = ?: :jig -21.0 <300 = (Safe)

lbﬂut _ 600 _
b Jiu =g, g e = ERB0 w300 = (Safe)

¢) Deflection (Length to depth ratio)

L 200 em
* = ez 2
7 g =3 £ 60 (Safe)

———% |Use Pipe 273 a7

2) As Square hollow section

2 ) Choice of section

Force (ton) % 2
A = = =53.6 cm
Fy (t\cmg) 1.4
Jsasd) o
———— |Choose square 250 2506 | mm




3) Checks K

———_, h=25Cm
l ] _ =0.63 Cm
ix . * r =9.94 Cm
y | A =612 Cm?
@) Stress L
Force 75 2
_— = — _r t cm
% T Anet 671.2 1.20 t\
boylint 5 Wi section)l inle 1 X Ft = 1.40 t\ em?
PR (Safe)

b ) Slenderness (Stiffness)
T =7y Jsxdl o0 =9.94 e

r Mo = ’;ﬁ: " j_‘;‘z -20.12 <300 = (Safe)

lbmt 600 _
* Moyt = e BEE 60.0 < 300 — (Safe)

¢) Length to depth ratio. (Deflection)

L 200 em
* == — { :D
= oo =80 < 60 (Safe)

——— |Use square 250 x250%6

3) As Rectangular hollow secﬁun1

2 ) Choice of section

Force (ton) _ 75

=583.6 cm®
Fi (t\ em?) 1.4

A-_—

Jsadl e
 Eom—

Choose square 300 x200%6.3| mm
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3) Checks '__!———; b =20Cm

l | h =30 Cm.

e — t =0.63 Cm

‘ ! ., =11.3 Cm Ty:S.SU Cm
a) Stress |y | =61.2 (m?

-—b—
_ Force 75 . 2

N ft  Anet 671.2 =1.20 t\ﬂm
Lo, L] o5 (Al sectiond] hlm: \{Ft = 1.40 t\cm‘z
- i el (Safe)
b ) Slenderness (Stiffness)
Tw =dsxdl 0 =77.83 em Ty = dJosxdl o0 =8.30 em

glaill (83Y) jsall JsoIn plane bucklingJ) 55 Wl Truss JI 45
- Wil gl ) 5 9oad) Js Out of plane bucklingJl s

Dy = i 200 _ 4y 5 <300 = (Safe)

T 11.3
lbout 600
+ At = T;"* Sy e 72.3 <3800 = (Safe)
c) Length to depth ratio. (Deflection)
L 200 cm
* = = ‘C: ::}
~_ = S ~6.70 < 60 = (Safe)

el gl acyl)

——> |Usesquare 300 x200x6.3

3



i8] fslall glall gby Uls 43

3) Checks | = o B 225 o) ol 5]
e h-gocm et ERs e

Y Y t =0.63 Cm R e P
o z| J ,=11.3Cm 1,=8.30(m

a) Stress - B A =61.20m?

« fo= F;Tfe o= 67152 =1.20 t\em? Check J) 1is

b, lanl 5 all sectionl by & Fe= 1.40 t\ﬂm‘e T r‘J

e RO (Safe)
b ) Slenderness (Stiffness)
T =dexdl e =717.3 em T, = Jsadl o0 =8.30 em

glaill (853 s00ll JsoIn plane buckling J| 5% Wasls Truss J) 3
. &UaiU ,;_;,.,;f_}JI sl J s> Out of plane bucklingl) ,

* Ny = bbin _ 200 _ o409 <300 = (Safe)

ry 8.30
Bions 00
. ‘?:rx L- 600 _55.0 <300 = (Safe)
c) Length to depth ratio. (Deflection)
o LS < 60 = (Safe)

d 20.0 cm

———> |Usesquare 300 x200+6.3

g



4) As 2 channels back to back

2 ) Choice of section

Force (ton - 2
Ag:":: Ft (t\ci'ng)) == 1 4 2= 513.6(3??1,
AQE _ 923.60 =26.8cm? 2& Choose [ 180
3) Checks b=7 Cm
=18 Cni
A T, =6.95 Om
“ o =2.02 Cm
- A=28.00Cm~*
e.= .92 v
LF“’I.J WebJ) goy e
a) Stress

Y, ]|"' Y
Force Force 7its) P
— — — e t CTry

} ft Anet 24 AL 2528 1.34 \

r 1
Lo, L) o5 (Gl channel J) 3L
il |

< Fyo1.2=1.40 t\ ecm?  (Safe)
b ) Slenderness (Stiffness)
’rx][‘: Tx[ Jﬁ‘-k"‘“ o = 6.95 Crri

assume tGp =1 em

h-ﬂ e — i, i —

*ryf \/‘?'yE +(e+32)? - \/2.02‘1(1_92 1#%5')*E =3.15 em

Lbin 200
. = = =28.80 <300 — (Safe

_ lbouwr _ 600 _
Y Ty 313 =190.0 <300 = (Safe)




c) Length to depth ratio. (Deflection)

L  200cm
d =~ 18cem
L gladl puly) acul

=17.1 < 60 = (Safe)

*

331 Web)) g5y dic

Check JI 1ia
a) Stress 12 o x
& 5, = Force _ Force _ _ 75 \; I Y
£ Anet 2+ AL 2328 ¥ = ——— ¥
Lo Ll 8-all ohmremel Jf Tailue , | \"y
gir I.JLPJ{: mﬂn.djd_?.]!&,,' 5

=71.34t\em? K Fi+1.2=1.40t\ cm? (Safe)
b ) Slenderness (Stiffness)
Vel = T, Jo2dl 0« =6.95 em

=
assume tep = 1 em

Ty = \/Ty._.+(e+%;f)2 = \/2.022+(1.92 +%‘G)2 =3.15 em

lt"’i.’ﬂ.- 200 — f
*Ain Pyis 348 © ( )
A

lhnut 600
= = =86.33 <300 = (Safe
oul ; 6.95 ( f )
i

c) Length to depth ratio. (Deflection)

I 200 em
- - < 3
d 217+ I 13.3 < 60 (SEJE)

*
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4.2.2 The slendemess ratio of a tension member shali not exceed
hmax Of Table 4.2

Table (4.2) Maximum Slenderness Ratio for Tension Members

Member B Amax -
| Buildings: _ o -
| Tension members ] 300
Bridges: ] =
Tension members in railway bridges R 160
Tension members in roadway bridges ! 180
Vertical hangers [ 300
Bracing systems i 200

The use of rods and cables in bracing systems Or 45 & main
tension member is prohibited in this code.

4.3 BUCKLING FACTOR (K)

41311 The recommended values for ihe puckling length factor
( K - Equation 4.1} are given in Table 4.5 for members with well-
defined ( idealized ) end conditions.

4.3.2 Trusses

4.3.2.1 The effective buckling length {(KL) of a compression member
in a truss is either obtained from Tables 4.4 and 4.5 for buildings and
bridges respectively, of determined from an elastic critical buckiing
analysis of the russ.

43.2.2 For a simply supported truss, with laterally unsupported
compression chords and with na cross-frames but with each end of
the truss adequately restrained ( Figure 4 1), the effective buckiing
length (KL), shall be taken equal to 0.75 of the truss span.

Stability and Slendemness Ratios 92
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Ftgure (8,3} Single Angles, Channels and T-Sections
Connected to Gusset Plates

Where -
As = Netarea of connected leg.
A2 = Area of unconnected leq.

For back to back double angles connected to one side of 3 gusset
or section, the angles may be designed individually as given above.

Where lug angles are used in the connaclion of single angle the
net area of the whole member shall be taken as effective.

li- Double Angles

For back to back double angles connected to one side of a gusset
or section which ara:
1. In contact or separated by a distance not exceeding the thickness
of the parts with solid packing pieces, or

Complementary Requirements
for Cesign and Construction 142




2. Connected by bolts or welding such that the slendemess ratio of
the individual components does not exceed 80,

A, A,
e [
___}&:A vt Bk T ';"\LZ‘I""/A"'I""’FH’«"""; e
4 —/‘"_ R R

S
Gusset - Gusgsel -

Figure {9.4) Double Angles Connected to Gusset Plates

then the effective arsa may be laken as the nel area of the
connected legs plus the area of the outstanding legs multiplied by -

5A,
I 1 Ihd s dwmmd s r S AR ARAEE EEE LERSme prg sd b AAmE R R T Aw TS 5-4
5311-1‘-#.2
Where :
A, = Net area of connected leg.
A2z = Area of unconnected leg.

9.2.2 4 Connections and Splices

The connections at ends of lension or compression members in
trusses shall be designed on the actual forces in the members.

The full splices of members of the section shall be designeg on
the maximum strength.

9.2.3 Columns and Column Bases

Proper provision shall be made to transfer the column loads and
moments, if any, to the foundations.

Complementaly Requirements
for Design and Constriction 143




Notes :

members JI JS 3 Forces Jl olus wgllaadl 518 13) Lo Ul 3
s S¥ 8 membersJl L slel o Loy

# Upper chord —> Ur & Uz & Us & ———
# Lower chord — L1 & L& L& ————
# Diagonals => D1 & Dz & D3 & ———-

# Verticals = Vi& Ve& Va& ————

sda mieds alb , members JI JS 3 Forces J) ,Uac) Uls 43 4
VA U.Jl:_J'lS members J|

Member |D.L |L.L | W.L | W.R
Ly 8.0 10.0\1— 8.0 3.0
L> 12.0| 17.0|1—14.0{ 10.0
D, 3.0 -5.0)| 6.201— 3.0
U; —0.2 | 14.0|—14.7|—11.2
Us — 2.4 |—156.3] 15.2}1—13.1
F, ve | v | v | ¥
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