=teel asdu e
wid” Term
Al
MIDTERM REVISION
EXAMPLES
&
IDEAS

(2012-2013)



2oyl 185k

U Tozle JS oo Ul Jo o oo Aoy o] @Y A5 Y
Tension Members )| Layle 8 37 4w Ul Jo -7

Quizzes Loy ls g YO daao - 1 ,_j.—»- - ¥
Tension and Compression members Ji r.!..a.-,n::l'-: ) U P Y ERE
43J) gys)) o Comnections Jl e Sl lat 4

e r,}'-‘tl-**:d—“-.‘-}’ A58 5 dea byl 5 oo dple HaBs Gl Jo -0
S rr&-rzr;-,}l..paj}ljrm

o8l ¥ Graphical Solution JU JoJ) Jak s8] Jalo3 e =1

- lpedsdiea

e

Hleaedl (g

Slelaill Jolis 350 o 0¥ -

Hleda Yl 8 Laslacaos 5 gSall 550 o 958 e LanlBas Al aladall Lblasl -



.57

LP.E100

L |

gx2.0=16.0mm

The figure show Llhe typical truss of an industrial building:
It iz required to :

a) Design suilable sectiom for the truss members A&B.

b) Design Comnmnections CA&D using 16mm. diomeler ordinary bolis.




_/ Solution

u,J ﬂemgﬂ switable section for the fruss members AdB.

F‘I:fmnhe'r (A}\ — Lower chord = |
1) Data

« Length = 200 ecm
» Force=+ 12 ton(Case 4)
* lbin = Distance between joints = 200 cm

% b out = Distance between long. bracing = 400 cm

2) Choice of section

a — From Stress Condation

Force ton 12 3 2
Y0 0.854+ Fy (1\ om?) T 0.85+1.4 D e
Bolted = |
AQ‘ — IG{}B :5,”4ETTL2
L 2
Jeasdl e
S [Choose 1L 60x60x6| ar= 6.0cm

b — From Slenderness Condition

mwme?gﬂut = }-'in =300

S 300= E:f“* ﬂiﬂﬁﬂ —>a =2.96™
Y

C — From Construction Condiliorn

rrinimum angle o .. = .13 =11 3 + 1.6 =H.20cm

g — 5.28 cm



g & @z & azor ,S¥) Angle J] Jslasd) eyl ~

lihnnse _LL_EU:EE-H_IE l

. |
3) Checks ML L 60+60+6
=—=——— =l B 4 =6.91Cm?
L _!]* e =1.69Cm
T ———  TxT Ty'—‘?.ﬁ'z Cm
Y

A'ﬁ-&'t = E{Ag‘rﬂaﬂ']_'_ (¢ + ﬂgﬂ“) E tl_]
— 2[6.91— (1.6 +0.2em)« 0.6 ] = 9.50 cm”
a) Stress

Force 12 2
= _ — i o th\ cmi
& i il 9.50 1.26 t\

- L Fy =1.40 t\ cm? (Safe)

Laslas o5 (Alangles Ji E.aqL.ul

b ) Slenderness

(LESLLITLE tep =1 ecm

= e o

Loin_ _ f‘; _109 <300=>(Safe)
_ _Lbout ‘;ﬂﬂ — 140.3< 300 = Saje
E l'ﬂru.E "]"';F_"_ 3‘85 f - ( f )

depth ratio (ﬂiﬂwﬁnﬂl

— 6.0

&l A T
)

=2.85 cm




1) Data
« Length = 200 cm
. Force=—18 ton(Case B)

* [bin = Distance belween ot
# [bout = Distance belwee

2) Choice of section
ﬁ

nts

= 200 cm

n Purlins = 200 cm

From buckling

From siresses
- #
# (LSSLLITLE F-E-' =0.75- f.zﬂt\ﬂ']’ﬂz *a_c;mme?uﬂut :xiﬂ =100
e = fﬂTﬂE - 13 - {} cE I’h‘l-.-ﬂ " ZDH
o= 0.75.1.20 5100 == ") 30a,
e = 0= (6607
- _ Ag . _20.0 l
"A.'E”__ - 2 .~ 100 = bout Eﬂﬂ
2 Tt =Ty, 0.4503
= 10.0 cm” Y
tables = 4.44cem
Choose —>L_80%80*8
LS9
a a W
a,, o 21 (2207 3) _8.0+6.6_ 53 cm
2 2
[Choose JL 75+75+7 |
= f.te39 =1 123 +1.6 =5.28cm

> minimum angle G,



3_-———————) Checks L 754757
— - A= 10.1Cm*=
e =2.09 Cm
Tﬂ,—ﬁ,:E.EE Cm
) =
a) Class. of section 1, = 1.37 Cmn
B ) 23 __23 e
o s s RS = = 14.84 t=7 l
A T X I
: :

—— The section is mon—compact (Code puge 12)
b ) Buckling

Tey = T Jeazdl 5e = 2.28 em

assume Leop = 1 cm

Ty, = \/;tfl_ —;'-(E-I—E?’)E = \[2.332—1—[’2.{}9 +%£)2 = 3. 45 ern

lb{n 200
L= = e BT 72« TRO == Safe

16 out 200
= = _ 57 97 < 180 = (Safe
* h‘ﬂyf T*_L_;_H_ 3-45 5 9 < 8 ( f/}

¢) Stress
Ao = 87.725 100
+F, =1.2¢ [1.4- 6.5+ (G o ot 241 4= €5 L10°(87.72)]

= 1.08 t\ em? f
OTrCce 18 2
R T i = s == {}_39 T\ o
*f{, actual stress E*Agl_ 7 + 0.1 1'\

L Fp = (Safe)



ki r
= < gr.72=> 1" 5 1 45,87.72 =127cm

IIH L 127em 2 -—PE,—' —" Use one tie plaie at the
middle of member

— e e
p——— ————————

— e
—————— = — R — ==

@



Design Comnections CéD using 16mMM. digmeter ordinary bolis.

W16 ordinary bolts grade (4.6)
Connection (C)

 —

LRSheu.r:"_ Qs » AS * ’ﬂ:l
[Rh :Fh *d* tmiﬂ l

*Fu.h:‘f;:tl\ﬂma k- (b:f.ﬁﬂm
= §
7, 28 36t \o
2
s = 0.25Fu s Ag = TT‘;I

* Take e>20=23.2 e ——= X =0.8

2
2
=201 ton

-
e Rps =(0.25F.u) * Td’, o 24Res =4.02ton

*Rﬁ :({:}{*Fu)*d* tm-iﬂ: ﬂ+lﬂ *3;5# 1-ﬁ*tmiﬂ'7:4-5ﬁmin

Member (J’ﬂ I 604 Eﬂ;fﬁ'

e, 3
* Lonin = 1 crn ar 2:0.6 cm = 1.2¢em n::’:s-[tmm = f[r“ﬂ"ﬂ

s By — 4.6 toen = 4.6%1=[4.60 ton/

+ Ricast 5{ R p.s =[4.02] Ricast =|4.02 ton]

»R oy = 4.60
Force 3.0
«Tb 1t = = = .75 ——= 2 Bolis
Rl.ncmt 4'{}2

Compression force — No need to check block shear Tuplure



‘Member (2)| r75+75s7

1 tL -
= fc?'ﬁ, ar 2:0.7 con=1.4cm I—‘——'f?l_fmin =Tem

*tm

H :
Ri. D.s Ricast =|4.02 lom
i Lu&t—’CRh_‘ﬂLEﬂ Least l i

Force _ _18.0
-RI-EEI'.-Ft * 1‘2 '4- ﬂE* 1*2

Compression force — No meed to check block shear rupiure

Tz = =373 —:D]# Bolls

Member (3)| L70+70+7

te. 118 -
# Tomin = fﬂﬂi?’b or 0.7 cm :ﬁbﬁ,m{ﬂ =7 :‘_‘rﬁl_‘

$ Ry = 4.6 tomin = 4.6%0.7 =[3.02 ton.
* RLeu.&t—"‘C R ss : Rieast =|E.D‘i‘ tﬂﬂ|

g Loree . 280 .50 ——[2 Bolis
Least 2.01

Check block shear ruplure

% Take e = 3.5 cm e P

pP=50cm>P. =30 mT#' =

+ L—e+ 1xP=3.5+ 1«5 =8.5¢em

2 Anet =[ L —(n—ﬂ.ﬁ)(dJnL{}.Eﬂ*tl_

Shear

—[85 —(2-05)(1.6+0.2)]« 0.7 =4.06 cm?

¢ Apt =[m— 0.5+(9+0.2)]stL

Tenstomn
—[ 34005+ (1.6+02)]+0.7 —1.75¢m?



P e ﬂi‘#Fy Anet Shen.fr‘f‘ ﬂ.?’Zﬁ Fyﬂmf Tersiont
= 0.4 5 2.4+ 4.06 +0.725x 2.4 1.75 = 6.94 ton

+ Check =—> P = 6.94tomn > Tension force = 3.0ton
— Safe = No B.S.R failure

Member (5)_| 70+ 70+ 7

iG. t

2 Rp=4.6 tmin = 4.6*1=[4.60 ton|

* R Least »(_’ Rops ‘:ILT'_GE. B riaat :lfiﬂz tc:-ﬂl

=R, = 4.60
o
*T 5= J‘EDTEE = j;g = 0.87 T_T—T'—}|E Bolts |
Least : '

Compression force — No need to check block shear rupture

Connection (D)

[Members (1,2)| JL60+60+6

Design as coniinuous member

te. L
% Tonin = fc?rﬂ or 2:0.6 cmm=1.2cm nﬁ}limiﬂ = fﬂﬂﬂ

y Bo= 4.6 tmin = 4-6 *1=[4.60 ton]
* RLE{!.Et —>C R ps : RLeﬂSf =|4[}2 tﬂﬂrl

Rb:"‘;-ﬁlﬂ

F>—Fy
12— (-3) =|15] 53

Fye.. — Design force
F3 CosCA — F4 Cos X
6 CosdZ — (—3.5C0542) = 7.1

D



T2 = Force _ 15 — 370 ——> |4 Bolls
RLEE.H 4+G'2

Continuwous Joini —— No mneed to check block shear ruplure

—_________f.—._-_-._

Member (3)' AL70+70+7

ic. o
* tmin = 1{5[;’-'131'.- or Etﬂa? cm = 1.4em ':t*}Emin = 1 em

* Ry =4.6 Tmin :i+ﬂ#f:§4iﬂﬂ fon

* RLEu.st -){j- Eps : Rj_,gu_gﬁ ‘—'l#.ﬂg tﬂﬂ-,

>R, = 4.60

xTLg= Eﬂ?‘ﬂe — jgg = 1.50 ——> |2 Bolis
Least *

Check block shear rupture

s Take € = 3.5 cm S
p=50cm>P, =30 {74 |
* L= ﬂ’; :E%?:S.Iﬁcm J:TL::_:F:

s+ =+ 1xP=3.5+ {1+5 =8.5em

s Ay =[L—(m—05)(0+0-2)]+t0

Shedar

= [dd =808 Jf 161te )] 4 0.7 =4.06 cT??
ke == 0.5*(¢i+ﬂ_2)}*tL

Tension

—[315-05+(1.6+02 )] » 0.7 =1.58cm”

* P = ﬂ-4Fy A et Shear T ﬂ-?zﬁ Fyﬂ*net Tension
= 3;4*2‘4* 4.06 +{}‘?E5t 2.4 % 1.58 = 6-54 toT

% Check =— 2P = 13.3ton. > Tension Jorce = 6.0tom

—> Safe = No B.S.R faalure




—

iG. b
n 2.0.7 en=1.4cm l—-:-—_:”\imiﬂ =

AL 707047
3'[."1‘]":\

o= EoT08 55 o057 [z Bolls
Ricast 4.02
—— " ——— _-___#'_




For the shown figure, it 18 required to design member (a—b)
for compression force _30 ton. (Case A) using MZ20

pretensioned bolis. Then design the bolted connection af point (o)
using M20 pretensioned bolts (grade 10.9) with connecting angles.

—_—

e ————————————=

Solution -
L&fember ( ub)‘ = zﬂL 3'”%
1) Data

+ Length = \[35’92-# 300° = 424 cm

. Force = —30 ton (Case 4)
¥ [bin = Distunce belween joints = 190 em
* b out = Distance between joints = 7190 cm
Bucklingll 1.,\5) v J} 5¥ U3 5 Star shaped plasiesl ks U3 e S Jsladl 5
0.3a eo stued) T I 555 angles back to back plisiel e o= o3 0.38a LS 5555
Stur shaped slasi.l Jinis i) ndrout JLis Buckling length J! o) us



) Choice of sectiom
E
From stresses

# OLSSLLITLE FE' =0.751 \cm‘e

sy = force _ 30
. FE' 0.75
= 40.0 cm®
cdg = A;‘IL _ 400
=20.0 cm?®

tables

Choose e 4 10x1 1010

From buckling
#

s assume N gut = ?"in =100
Lpost 424
e 100.= Tz _ﬂ-33ﬂ.2

—>ap=[11.15 cm|

a; +0z

H—H“f 15_

Aoy =
2 2

E_Thnmse gL 110x170x10

> grirdimum angle G .

11.07em

= 1.1+39 —1 1+3+2.0=6.6 cm

3) Checks rl_ L {10+110%10
B —— 4% A= 2r20m®
|_ e =3.07 Crn

Yo = Tia Jeaadl e =4.23 em o r,=4.23 (m
r,= 2.16 Cm

=

«) Class. of sectiom

b _ 70 _ 23
— The section 1§ 1O
b ) Buckling

" % = Ehm{.t o 424
ﬂ'l,-ti T'u_IL- 4723

23
=== 14.84

n——cnmpuﬂt (Code page 12)

-k

===
irg

- 100.2< 180 = (Safe)



) Siress '

A, op = 100.2 >100

_ 7500 7500 _
e X 100.2" Q.2 o

force 320 - 7
Bid, FeziZ C e

< F, = (Safe and economic)

*fﬂ. = getual siress =

Desgign of tie plate

?“ v =3 l'm::m:

i B
- < : N < 2164 100.2 =216.4cm
’rq_“_ 216 2 fﬂﬂg'::} E o *

I < 216.4cm - —é— —> Use one tie plate at the

rriddle of member
_.—.—————_.—.—__=—_-_

e
e e —— e
- —— — — =

Design of connection (4)

Ao 5 ayS Laaayy Jadl Jseeit) § 2 gasdl o Truss members 1l Siay 4xis Tles o




Page 106
om code = = A
fm{cm.ie rn-sr)‘F',S 4.93 1

LNn Block shear ruplure for slip—critical c::rnnecﬁunJ

. Shear

Connecting L 1104110+ 10 with gussel plate

4 bolis h
+ T 1= Force = 43;}3 =6.08 = 8 Bolts wﬂle ﬂ;ﬂtﬁm

Ps star shaped

|Fm' '"'El —— Shear

Connecting gusset plate with connecting angles

Force 30
Tl = = = _ =
+TL 2 52493 3.04 |4 Bolts l

For ms| —> Shear + Compression

Connecting the columi with connecting angles

Neglect the compression force and design only on shear

- 45"
+ {] =30Cos 45 =21 12 tor =
2 301
+ 0 =308indd — 2 tnn lq

.;Pﬂgta?wmﬂumﬁumﬁuumwgma

13 bolizs for h
,ng Foree _ 2112 _ 430 = [6 Bolts vias o

ne

Plan o




—————=

D

|
|
| 1
i
|

et Lo [m |
J000rm

i| AB
W |
e - (B
5545545 | | |
J000rnaTe

= = e == - =

For the truss shown, it is reguired lo !

1) Design economic section for member (4) F=+32t and Jor
member (B) F=—1.5%

Note Use Unequal angles for member (4)

2) Design the joint in the enclosed dotted rectangle using M16
ordinary bolis (Grade 4.6), then draw it to secale 1:10

Member (ﬂj —— L55+55+9 F = +071

Member (D) —=> JL90+90+9 F=—351

lMET.ﬂ-bET(A)':? Lower chord = i | -
1) Data

« Length = 300 cm
. Force=+82 ton(Case A)
¥ [bin = Distance bebween joints = 300 cm

* | bout = Distance between long. brocing = 900 cm

For economic geclhion
Ib oz >>>> Lbin = 7% Use unegqual angles

(e)




_ Force (ton) L
0= TR, (t\om2)+0.85  1.4+0.85

\symmmetric bolted

e

32 __ _ 26.89 cm?

o
26.89 _ 13 45 em? U o rep ose L 139*3[]*3_‘

Ay =
Sl
a =80 mm=8.0cm > minamum angle {——L
o .= f.1=3 ¢ —f ta3+f.6=5.28em _5
8.0em Jsb (Ul plall & 595 Hlewadl E—— .
3_) Checks _ @
- L.t' L 120+80% 8
= A 15.5Cm?
% Ll Y i~ g b
e = —= r.=3.82 Cm
™ * r,=2.29 Cm

Y
Anet = 2[ Agross — (§+0.2em) » el

—2[155— (1.6 +0.2em)+ 0.8 ] = 28.12cm*

a) Stress
= = = £\ e
v fi = = =% % 1.14 E\

o 3 Sl engles 4 ol

b ) Slenderness

< Fy= 1.40 t\ e’ (Safe)

‘ Jaaadl 5 i.45cs Unequal angles AL} jaloms

- -

T, = Ty Jed) 02 =2.29 em




tep =1 em

Ty, = \/;*i +et B2 - w/:?.aﬁifa,sca +L02 =5.77 cm

—

Lo 300
. = T =131 <300 = (Safe
*Ain™ ., 900 (Safe)

o 9
e Xsur ™ f:j ¢ _ 900 _ 45572 <300 = (Safe)

Yo

¢) Length to depth ratio (Deflection)

L _300em _ 555 < 60 = (Safe)

=

a 8 cm

"*-Eeﬂ,e_-:.-_ﬁ.{m I pslis o) pa Uil gl ) 2z

x

 e— [Tse_W_120 +80+8 l
_._'—_.——ﬁ

e
e — —

Member (B)‘ = Diagonal = |_
1) Data

« Length =/ 150%+150% =212 cm
« Force=—1.5 ton(Case 4)

* [bin = Distance befween joints = 212 em

* Lbout = 424 cm



Choice of section

From buckling

From stresses Fromy e oY
s assume F. = 0.60:0.75 t \em? |y assume, oyt =100
iy force 1.5 ~ P Lhout _ 424
F, 0.45 1y 0.2002
= 3.33 cm” = Lz= 27.2_om]
Choose .f:‘mlﬁ:ﬂp L 45+45*5

a; +Qaz
B = . AE1i202 _ 42 860m
2 2
[L 130 +130+12]
2 angles back to back f.!_'l..'v-.‘i..d Lk 2l o 5505 angle ) ods
2) Choice of section
From stresses From buckling
s assume I =0.75 t \em” *ﬂ.ssume)uﬂut :?“ifn. =100
e = fﬂTﬂE = 1.5 . s Ebm - 212
= S Y 0.75 | =100~ ~~0.30a,
= 2.0 em* —>ag= 7.06cm
l
- - Ag . _ 20 100 =—== =£’%§-
gL 2 2 Ty Aoy
5 — '13:
= 1.0 cm
Choose é’gl'eé,}!__ﬂ‘ﬂ *x30+* 3
359

a; +(az0res) 3 +9.42
= = =6G.21Tem

ﬂ'm.: =
P

Ehﬂﬂsr&' L 60«60=6 1

> minimum angle O .,

— . f+3 :?.f#.’itf.ﬁ:ﬁ.

2

28 cm




L | L 60+60+6
_ = AP A =6.91 Cm*?
€T

Ul ® o ~i1690m

o ——  y,=1,=1.82 Cm

a) Class. of section Y r,=1.17 Cm
23 23 - =
< =—==— = 14.84 t—EH
VFy V2.4 1
PR
—= The section 5 non—cornpact (Code poge 12) 7] |

b ) Buckling

assume tep = 1 em

Ty, = \/EL'P(E"'EEE)E - \[LBJE%;—(I.HE —!—%E)‘? =2.85 em

s h = = 212 74.38< 180 = (Safe)

re, 1.82
Lbout 424
* = = _ 148.7 < 180 = (Saje
M= 22 = 72 (Safe)
c) Stress

A = 148.7< 100

7500 _7500 _ 5

force 1.5 P
tf{:.- actual slress 2#Ag|,__ 5. 6.91 \

< Fp = (Safe bul waste)

You can fry using L 55+55%5






, of connection (1)
ber (C) = L55s55+5 => F = #0.7 t ﬂr
ember (D) 'i__L'}—jl—gﬂ#SﬁtgL:} F =-—-351

Member (E) = 55255+ 5 = F= <1

M 16 , Gruade 4.6

RShEﬂn‘: (Ih * AS‘ # 'ﬂ-‘ th zFb *d# tminJ

s Fyp=4 Lot + p=1.6cm

L, LS5, 3.6 6\ em?

* gy = 0.25Fup g o 11‘4.:13

¢ Take o> 2h=232cm=—>CX=08 .
» Rs.5= (025 Fu) Trfg x# 1=(0.25% 4)*E%fi

=2.01ton
7 d°
W o spoRsPalr—F 2« Res = 4.02ton

« Ry :[’C}{*Fu,}* d * tmin = 0.8 x 3.0 % 16w fansdn — 4.6 tmin

lM ember (C)| 1L55+53+2

| 29
et =lh or 05cm [ = 0-6 0|

* Rb-: 4+H tm':l'.ﬂ o= 4-5*{]-5:—|2_30 iﬂni
*RLEﬂSt—--,CR D.5 = Rieast =|2.01 1010

R b — 2-3{}
xTec = Force T 0.70 =0.38 — 2 Bolts Mindrmalim
Ricast 2.01

[—= Check B.S.R |

€2




ember (D) r90s 909

t
i 192 or 209 cm=1.8cm ==|tmn = Tom

« Rb= 4.6 tin = 4.6 %1 =[4.60 ton/

% RLeu&t )‘C’R o —Lil’iﬁ—gi- .RLeu.Erf =l_4. 02 tﬂﬂl
¥ TV 1= F"T”E _35__ 0.1 > 6 Bolts

By 02
—= Long joini = Upper chord

— we have to use VI. splice for members 1&2

For n
EPW Sl 5 Jla. JE oY
——> gssume FSP = me = 35 ton 2 upper chords Jl g8 5 o]
Fore -
*ﬂSP: _E..E_ R‘# 2 :4 *HS'_H L"_g.l.-.-a.m
RLeu.Er! —C .2 tl_
RE: :D{*Fu;d#tmiﬂ{
1

¢« Ry =4 Ass = 1B.D4tc}n[ TALA

B2 vertioat spiioe

- S

tG.p L 1'-5]5' 2 :i:f.'|_ 1
# boin = Tem +2xTem OT 2.0.9 em =— |tmin = 1.8 em

* Ry =4.6 tmin = 4.60 *1.8=8.28{on

_ Force _ 35
*gpm S = T =455 = [ 5 Bolis |




2 upper chords J| g8 E_}EJI.L;JUJL:- 5 Pl !_ji:'..}! 54

a5t —»" 351
F-F, 35-35
« Mgirr = £ = = Zero
diff RI RI
ko o3 yed| two members | w wsll b G55 asms Ul & F5 Mgy ! O3
. Splice JLs
No meed to check block sheor rupliure in cose of splices
[Member (E)| 55 5545
ic, |
* Tonin = 1 e or 0.5 em L——&]tmﬁl = 0.5 em
4+ Rp— 4.6t = 4.6%0.5=[2.30 ton]
*RLEME"CRB‘EE R reast :|E,ﬂftﬂﬂ|
R, = 2.30
n.. Force _ 2.0 _ Minimuim ., o o1t for each
+TLp = = 5071 =1.0 r—_-—:‘-’!-ﬁf: Bolts lc;ngle of the
Least ) star shaped



ernhber (A) —x Il 1208048 —» F = +32 ¢

Member (B) —=>-L60#60+6 —=> F=-151 EB
Momber (B) == 56s55u5=0 F = =21 @
Member (A) —-120+80+8
*tmm'—‘fﬁr?ﬁ or Et'ﬂt-l_é cm:f.ﬁﬁm;-—bfmm=fcm1
« Rp= 4.6 tmin = 4-6 *1=[4.60 ton/
¢ Rpcast (" B 05 “LLO8  Riut =|4.02 ton

. = 4.60

#TLg = Force _ —E’E—--——?.EE — 8 Bolts > 6 Bolls
RLEMI

—— Long joint = Lower chord —— Hz. splice

=16ton

« Res =2.01 ton

te. b
* Lanin = fﬂﬁ'ﬂ or 0.8 cm —— |Emin = 0.8 ::w_tl

« Rp=4.6 toin =4.60 #0.8=|3.68 tﬂﬂl

_ Force _ _16 _ - Its
*Mgy= o= Z07 7.96 = [ 8 Bolts | _
4 Bolts at each stde

B
-y ; -~
- -
-
s -
—— '}

2 1

(z)




F, - F5, F-F, 32-16 _3gp

— [ 4 Botts |

R,  Ros 4.02
o 3 ,sr@uummwu
5 jaelasall Gols )

E‘:L-;&-._l ‘&' d.l.ll ;-'l_g.L.-m;:;: lowrer chords JI
L,;J:n'il ﬂ..wuLL]I L‘:'J Lower chm‘d--“

E :
32t 2 32t
. o 2 =

Member (B)J_H_Hm 6046
I

te.
et = foh  or 20Gom=Tiem ——|tmin = T

¢« Rp=4.6 toin = 4-6%1 =[4.60 ton)

v RLeast ,(*Rw—m Ricast =|4.02tom]

>R, = 460
F Minimuim
g = orce = 1.9 =+). 38 I:-'_'"—-?l.g Bolis
B 4.02 -



mber (E) _L55456+5
o] By Aasas ol g3 ¥ PWIL 5 Connection (1) &5 dareds (5

ﬂ—’*’*—'—‘
Notles l

o= E"PH.{?E'.” o Lt r.._\aa:l“ L}&JL'!'_'I ,JSJL&LI r.-u-:_).“ Ahe s T Y
W 3‘]3‘!:1'-{-‘& .”_q

: Asdl odle]) 8 Splices JI Jacs r-_gj:'l- o ¥
Continuous members])) U= & -
of ol 2k @hLo) Lal two membersJl S5 131 L Ul B -
S G | B Lasast

Details J) 5 gl Gos o 825 e Al Jre\E




For the shouwmn fruss

a) Design the marked members.
b) Design the comneclion enclose
1 6mm diameter non—pretensione

Consider the end distance equals 3 times the
ber of bolis in any memnber TNOTE

d by dotled rectangle, ustng
d (ordinary) bolts grade (4.6)
polts diameter

It iz noi allowed to use MUt

6 bolis.
C) Drow the part enclosed by dotted to scale 1:10.

| 2Ls 90x9
1:10 —32t__—29% |
| T —
| A {1
% | £
r'LQ' Y D
xh I,“ .‘N.'i"‘i | t
+29 +26t &
2Ls 75x7
Solution
a) Design the marked members. @,.?Ls S0x9 |
| 1:10 “Z32¢ —29¢ |
Member (1) = F = —32 1 : t =
Member (2) =>F = +29 t | ¥ .|1:JLQE':" 'Jé
: 8% <
Member (3) —pF = =5 1 e e | okt
(3) 29t 126t

| |
L,Em 2Ls 75x7

!Hemher (f)i => Upper chord = B

1) Data

+ Length = 200 cm -— =2m
Jalal) csle Lol Jslalt 35} R L — =
5 il Josad) Uls b G359 Jshal L____E;“___ |

e ——————

5 S Jspal) s b 05 ¥ 085



ree=—32 ton

2) Choice of section

From stresses

«assume Fp =0.75¢ \ em?

2 _ force _ 32
- g’_ll._—l —
F. 0.75

= 42.6 om?”
g Ao _426
L gL —_— 2 —— 2

= 21.8 em”?

tables

Choose ————> L 110%110%10

bin = Distance between joints = 200 cm

% [ b gy = Dstance between Purlins = 200 cm

From buckling

_;___-—____——-———————__'_-

*uﬁsumelwt = }Vin =100

& I’biﬂ- k.. 200
3 0= T, 0.300p
:?H—z-‘:@

L bou
-‘-I{}D:—_ b - == EDU

LS

ﬂ_w:ﬂ'f +(u,3.f}7~u.3)

11+ 6.7

= Biﬂﬁﬂm

2
Choose 1L 90+ 90%9 |

> minimum ongle Q..

3) Checks

o) Class. of section

_90 _ 23
==y 10 < i

b
* T

=1.1+3¢ =

3)lng
oy | |G

2

L 90+90+9

£

—> The section is non—compact (Code poge i2)

1 f+3+1.6=5.28cm
H

_ A=15.5Cm?*
e =2.54 Cm
T = Ty=2- 74 Cm
r,= 1.76 Cm

= 14.84 f=5l k%
o
a0

— e I T




= \/;.?4£+(2.54 +’—§)E =4.09 em

_73.0 <180 = (Safe)

_ 49.0 < 180 = (Safe)

*Mowt = T, T 4.09

c) Stress
A . =730 <€ 100
*FE = f-#‘_ 55 ¥ fﬂ_g kzmu;c,

. =BG (B

=1.05 t\ em?® |
Joree .. 92 = 7,09 thomd

*f1 = getual stress = =
& E#Agl_ 2 % 15.5
—> (Safe and economic)

<
< Fe

Design of tie plate

1‘1’ =4 1'1".r'|-1:::~.4":

o be
= 11?5 & g22

> £1.76+73.0=129cm

T’UI_

.
I £ 129 em 2 _2.1"_ — [Ise one tie plate at the
middle of member

S



ember (2)| = Lower chord = B
1) Data

« Length = 200 cm
« Force= +29 ton (Case A)

% [bin = Distance between joints = 200 cm

% b oyt = Distance between long. bracing = 800 cm

2) Choice of section

o — From Stress Condition

= Force ton __ 29 — 94.36 em?
o 0.85 = Fy (-t\‘ﬂmz) 0.85=x1.4
Bolted |

Ay = f’a:;B =12.18em?

[

Jyasdl G
2 Y lchoose 1L 80x80x8| ar= 8.0¢m

b — From Slenderness Condition

ﬂ.SEILTHElwf i k‘iﬂ- =00

2200= L bin 200

i 0.30a

(L =5.92cm

—=>a =2. EEW} 59 32l

- fo E’b:rut Bﬂﬂ o
< 300= o = —> =5.92em
o

C — From Construction Conditiorn

minimum angle a_ .. = f.7+34 =11 3 1.6 =5.28cm

g = 5.28cm
Bolted Conmn. ‘-.Lg.a-«‘-ﬁ g‘_ﬁm.wjl L'Fj 1_1_9]]9.4 439 Holted Conneclion lasl L:.i'_}_l:-




& g o RSYlAngle I Jslasdl oo Sl &

Ly & Oz
Choose JLBﬂmBﬂxE?__l
A
3) Checks UL | L 80+80+8
- — Gt a=12.3Cm*
¥ 'I_||_~~->_~I e =2.26Cm
_—: T;‘::T,H:E."f.g Em

- o

LY

Wi 2ldcasi= (§+0.2em) s te ]

-:Effﬂﬂr(Ti%+ﬁ£md*ﬂﬂj::ﬂt72mﬁ
u)StressT _
Force _ _29 _ _ 1 34 t\ﬁmg

s fe= st 2LT2
laslan 5 Allangles J) ol = Fi = 1.40 t\ em® (Safe)

b ) Slenderness
T::.-_"_': TIL LJ.';"‘-"-?‘-“ e FE“;E CTrL

assume Lop = 1 cm

Ty, = \/;:ft_jL(e-Ir-%;P)z - \[E.JEiL(E.ES-P
lbin__ 200 _g2.6 <300 —> (Safe)

1.0v2 =
?) 3.67 cm

* Min™ re, 2.42
[bout _ 800
+ MouT == _ 218 < 300 = (Safe)
out ., 3.67
c) Length to depth ratio (Deflection)
d o 8.0

G2




Vertical rmember ol
ber (3). = Long. Bracing = ‘___]ﬂ[_.L_.

« Length = 175 cm
. Force—= —5ton (Case A)

* [bin = Distance between joints = 176 cm

* Ibout= 179 e
2) Choice of section

e
From stresses From buckling
—_———— ______._-—-—,_._-'—'—_-—'—____

® (ILSSULTTILE F-‘_'-' :ﬂ.?ﬁf \cmz f* E.SE‘H-T?'LEZJ aurd = fﬂ{}

ok, o JOTEE 5 e Lbout _ 175
=g 0.75 100 === 0 38a
— 8.67 crn® I':',}ﬂu?:
I-'IA — Ag-]'_ — H-E?
g1 2 2
= 3.33 em”
Choose EM_HS L 45 = 45+5

.  @11+02 45446 455,

2
> nindmum angle & ., = 1.1+30 =1.7=

3a11.6=5.28em




ose L 90+90+9 l ”
L | 554555

3) Checks ":_q% *-l_ — 4 =5.32Cm?
e T 1_ |_L“‘: r,= 2.09 Cm.
—a =107 Cm
o) Class. of seclion =
e f:"i :-E%—:m_m tzsl_lg
e 12) =5

— The section is non—compact (Code pag

b ) Buckling
T L= TuL J..‘E"'L"JL ot =2.ﬂ-9 CITL

3
* M= E‘;:i: ;EZ - 84 < 180 = (Safe)
¢ ) Stress
Moy = 84.0 < 100
+F. =1.4- 6.5 10N = 1.4-6.5+10 (84.0)°
=0.94 t\ em? 3
+ fo = actual stress = g:;;i Wil = *35'32 = 0.47 t\em®

< F, => (Safe but waste)

Design of tie plate

7."’i..-’ % z'*:':r't.uil.::::

A A
& gy = < 1.07+84.0=90cm

-E’—- — Use one tie plate at the

> <90 em 2 >
middle of memnber H‘)




sign the connection enclosed by dotied rectangle, using
. diameter non—pretensioned ( ordinary) bolts grade ( 4.6)
Consider the end distance equals 3 times the bolts digmeter
It is not allowed to use number of bolts tn any member TNOTE

6 bolls. |

Desin of connection (4) 1 @ 4
e o citil =
Member (1) T 9049049 => F = —32 ¢ 3
Member (4) T 90309 —> F = —29 t

Member (3) = -68455:8=p F = -5 t

Member (5) —» L 20 705 7= F = +4 t

LRShE-:w: 9y « As * ﬂk ‘ Rh =F #d# tminw

« Fup = 4 t\ om? * [b:fﬁc:m
*Fu'irr Stﬂ?—?—:} = 3.6 E\cme .
+Qy = 0.25F +As = rrf

+ Take e >3 ¢=4.8 em —= CX =1.2

2
2
* RS.S=({},£5FHI,)# Ti:;i. w ] :(ﬂ_£5$ 4)* TT[’;B)
=2.01ton

2
s Ros = (0.25Fus) s L& » 2= 24 Rss =4.02ton

+ Ry :(E}{*Fﬂ)*d* Liww= 1.2 3.6% 1.6 % tomin = 6.9 Lomin

IMETTLI}ET (T,#)l '"H_Sﬂn.sﬂt‘h.'}‘ —> Continuous mmember

te.
el =deh  or 208 cm=1.8em =\t 1em]

s+ Rp=6.9 tyun =6.9%1=6.9 ton)

* Hicast ’)C i J:‘S-_.—:ﬁ% R peast -":lii. 0.2 tﬂ?‘;‘ _)>




A iLiaE.ll oads Lea) Upper chord JU (pass sl 2 membersJl ;] dus
. Continuous member Lans) (ole Lomasandd o el Loyl el
Fi—Fy
B ieast Fy =—32¢ F, =29

3229 _ A IUSE minimum% l————lg Bolts
T 402 @ 4.02 e L -

—— For confinuous mermber

——> No B.S.R Check

Member (3)| _L55:55+5

tG‘P tL.
=1em or 0.5 e _——b] tmin = 0.5 em

* Toninn

+ Rp= 4.6t = 6.9%0.5=[3.45 ton/|

* RLeu_qt__,{__}Rﬂ-S =[2.01] Ricisr =i2.01 tr.::-ﬂ.l

}Rb'_—3+45

2 bolt h
T3 = M:— _5;{]—-:2,48 |:".}|4 Bolts Iuﬂgﬂlg aﬂ}fu;‘h;fw

.01 star shaped

Mirviraurn

Member (5) L70+70+7

te 5 B .
cfoo = 1CTR  OF 8% i e—=[tmin = 0.7 o]

+ Ry = 4.6 topin = 6.9%0.7 =[4.83 ton]

*RLeust—yCRﬂ‘S :EE-‘D_—I R 1east =|2.{}'1 tm;l
R, = 4.83
Force _ 4.0

+ T o —

.01 = 2.0 ﬂlﬁﬁ’@mﬂ*ﬂ‘“‘m
i':::" Check B.S.R ‘ ‘

RLeuEt




\%
ember (2) =>L804+80+8 —> F = +29 1

Yember (6) DI 75:7547 = =

{
1
&
L

F"|
Meiriber: (3) =50 55+ 5 —

Member (7) => Lo, 70s T => F = +4 1

Efembe*r (.E) ‘ JLHE*Bﬁ*tB

mﬂ

* Ry = 6.9 Lomin ’59*f=-
*RLem{RDS_’- Ricast =|4.02 ft}’lﬂ

R, = 6.90
Force _ 29.0 — » 20 —> & Bolls > 6 Bolts
#Ma= 5 — =~ 2.02

—= Long joinl = Lower chord =—— Hz. splice

Fmiﬂ 25
> agsuIne FS}:! = =

P

+ Reg =2.01ton

& . = 0.8 cm
*imm—fem or (0.8 ﬂﬂmu.—'—-r:*ltmm —‘

s Bi=4.6%n =69 *-‘.’LS:
Force _ 13.0 _¢ 50 =| 8 Bolts |
*Thsp= = 5.0 '

Bl 4 Bolts at each side

ey
e
e
e ok
~
-~ -

— =1 =




;A =
e 2l Sp _ 25 13 —30
Rps 4.02
— [4 Bolts |

|Members (3)
s e darad ) gl ¥ Julb

4 Conneclion (A) &3 dezeds p5

Efemhers (7) |

il B0 darad ) gl ¥ Jul 5 Connection (4) &b *azads &




knowing that the mmember is
plate is bolted to the column
type. ( exrcluded threads)

Design the shoum connection
welded to the plate while the

using M16 grade ( 4.6) bearing
45

—4- 20t

Solution
For WEE{E
» Force on weld =577 10 tonv_ ryo cuannELS
+ Assume size of weld = 5 mam
Force 10 2
= = = = i T
+ Strese on weld e I 52 0.6+1 0.72 \ﬂ

l=13.88 mm
« Actual Length = L+ & 8=

+l Take the actual length = 15 Tnm—l

13.88 + 2+0.5 = 14.88 mm




of connection

Rb "Fh *d*tmﬂm

Rshear= Ty + 1‘1? * ﬂj

o Bup= At ot 8 (b:f.ﬁ'cm
IEEL, B i onf

T P —

2
£ Qo = 0.25Fu +As = Wf

+ Take e 22 b=232cm—CX =0.8

2
2
+ Res=(0.26 Fyp)s 0% 1=(0.254 4)x Tfl’;’-ﬁj

=2.01 ton
- Td* o _
+ Kp.s ——[’G.E-’iFua,}* 4 + 2=2+Rgs = 4,02 ton

s Ry =( X% Fy)*d*tmn=0.8x3.64+ 1.6 % tanin = 4.6 tmin

For 1M+ —* Shear — Connecting gusset plote with angles

assume oangles 80+ 80+« &8

assume thickness of gusset pate = 10mm
T,
G
* Lmin = 1 emn or 2a0. B em = T.6cm n.————bl_mm = i"em_l

« Ro= 4.6ty = 4.6 %1=[4.6 ton
* R peast CRH-S : R Least =\4.02 ton

Force Eﬂ _
ﬂ — =, Ly
st T N s =




Br n: |—> Shear+Tension

— Connecting angles with cnlumarh 2

+ Q =20Cos45 = i4.14 ton

2
e (0780 L8 ) (0.33+F,,) |

4
G
Rit=10.78 « M £0.33 + 4 =2.06ton n;
4 Tz e
—— assume Tvg = 2mg =10 Bolis u ol
finad] b Ladsas) % %
Plan ~,__R§_5_
Interaction equation
( Q\n )3 . T\ n )2 1
+ =
‘R sh allowable 'R t allowable 2
14.14 5 14.14
10 10
(=5 ) + (206 ) =096 1
——

'Rs.s




plate and M20 bolls

ing steel 37, 10mms thiek gusset

(grade?0.9), it is reguired to
the welded and bolted showmn

design and draw

oA paele ct plate
member J| g sxelan L2503 I-beam |




= 4.931

=20
= its | 3each side
Hf 2P5:493 Sbus\ ea

® Q = FCos 30 = 20Cos 30 = 17.32t

T = FSin 30 = 20 Sin 30 = 10t

assume size of weld = |]@| E:;tﬂ?ﬂal]

iy 10.00 2
tensile Stre = =0.21 t/Cm
% = Aweta  2%40%0.6 /
shear Stress = 17.9% = 0.36 t/Cm %

T Aweid  2%40%0.6

[Che ck using Interaction E_‘_quatimﬂ

j/f'? + 392 < 0.2F,*1.1

Vﬂ.zra3+3(ﬂ.3ﬂﬂ)£ =0.65 < 0.2F, *1.1







.;_ Lower Chord

Monorail beam




—— Subjected fo

——" Designed on

of a3 1Bl Aol S

—— Lower Chordll t_:pHcmumiﬁ beam J| a5

Tenzion

the tension foree Fp

M, ——* Lower Chordll = Connecting angles Jhdas 3

——" Subjected to

—— Degigried on

Tension + Shear

the ftension force FC"'L Shear force { F A

T, —— Cusset Plate J| g Conmecting angles J| La ;3

——> Subjected to

c— Designed omn

Double shear

the resultani sheor force of

R =/[F,- Fs]*+F;

Ty — Fuszet Flale

— Subjected [0

—— Designed on

Tz — Gussel Plale

—— Subjecied lo

r— Dexigned on

Mg —— Gusset Plate

—" Subjecied io

i g Vertical member JI 1o 3

Sheor

the tension Jforce Ff

J &aﬁght dingonal member N das 43
Shear

the tengsion force F E

J fo left diagonaol member J) da 35

Shear

——— Designed on the tension force Fy

- Fp]




e = Q.xE'
S = i\
-'!5".? 2 "
SO W ii..
o L. Y 23
% 2
I IPE 400 IPE 400
+E5E +22t

For the shown Connection and using Steel 37, boll M20
grade8.8 and 16mm thick gusset plate, it is reguired to

a)Design the slip—critical bolted Connection

b)Draw the Connection to scale 1:10

The mmono Rail Capacity = 15ton

e N
e 5,Le 5o lower chord Ji glld plasdl ods & ) Al el
[u-’.ﬂJLJ i LS lower chord Jl Jsb M saiesas JPE 400



i

L eonnecting

i angle 80*80*8
——r i ————




IPE 400J) Jo1s 553! G55 38 mdt , n3 J) ole 3554 sl o) L d
mmono rail o)) 555 Je Lads




aLSSUINE 1"1-5 = 271,4 'T:;.f5t
T ~Text _ 19 . 109t < 06%0.7°T -
eghb g A8 6.48t
P 1= s /T = HAS (= r.w/mf)
= 3.1081 0.7*T
Q

, 43
ext _ " _3 07t < 8.1081

(52)



Pl
T I

Z o)
- sconnecting
ot angle 80*80*8
5 I:
| |
IPE 300

..E""L""‘“'H ) “Saadl Sy a5l L
gusset plate J) ixbes L5

&)

Ui, 2 gauge line oo Rl &




IPE400

F
For m: |—=> Shear —> Connecting gusset plate with angles
F
For n: lu::: Shear+ Tension
f T

—" Connecting angles with column

@




EXAM (2003)
iqure (3) shows a part of vertical bracing system of @ steel

building. Available sections are equal angles 802:80x8 OR LESS
Design the bracing members (a—C) and (b-C) from the

available zections. |_ |
: C ||
r
't}’ >
Xy \ L 5
4 J
I—— e —_‘l'

— e
jrm— — - — =—

Assume Bolts (M16) —=> ¢ =16 mm

L —> Bolted

L > 4m — Long memberll-——} =
1) Data

. Length =1/ 300%400" =500 cm
, Force= * 4ton(Case 4)

+ b = DMstance between joints = 500 cm lasbas o) g3 ¥

* lbout= 1-20 % 500 =600 cm

2) Choice of section

L 8018 s 3= olellagll ;] 2ue Choice of section Je= 30 o Sl s
laia J5T e ol GSaad! e Waste ol 131 5 3,1 L 80x8 izam JEIL 5

2LsLite Ll ua TensionJ) @3 Compression I ode Checks Joss 3l s

53




L 80+80=8

_ 4=12.3 cm2
_ r,=3.06 Cmn
3
b 23 -
gl B g - = 14.84 i—ﬂ}
-8 ¥ VFy V2.4 i:
s |

— =~ The sectiom is non—compact (Code page 12)

b) Slenderness (Buckling)
_ Bracing R LYY
Tot= Ty Jsadl o0 =247 e oopare by 180 mot 200

~ Ibowt _ 600 _ '
™ " 196 < 200 = (Safe)
|

¢ ) Stress
Compression
A, = 196 >100

7500 _7500 _ :
% r_-: — xm _TEE-{}E H*IBEtRﬂm

force 4.0 z
# = aetuwal stress — = .-:{},fﬁ'Ef\cm
fc & Ezcher_ 25123

< F = (Safe)

f[:' 0.162 = B8 = (S{I,fe bt Wﬂaﬂtﬂ)

" F, 0.195




ks as tension member

Anet = 3[1!.97-933[__ (d]".l"‘ﬂ.gm)n: EL_}

—2[12.8— (1.6 +0.2em)+ 0.8 ] =21.72 cm®

a) Stress
__Porece 4 _ 2
* ft ot A.TI-Et e ,21.'}‘:',2 '—01184 t\Em

sl 3 llangles Ji . < Fy = 1.40 t\ em” (Safe)

b ) Slenderness (Stiffness )

. J5! Lalowy 5 Compression J| b ol 1Y b= o

¢) Length to depth ratio. (Deflection)

L 500 em 500 cm
s — _29 4 £ 60 = Safe
*T T Zatt, Z2+8.0+1 pods (Safe)

——] EIEE -+ 80 *30*8_]

:!“lll: 80 +80+8 S JS2)) plasiul Saall o 5| Angles

ri :-- wn

e LS 3 oo » Unsafe 5\5 -~ 80x80+8 i) HlS 191 UL ﬂ
|

SIS Checks )l 555 Uladl ean s
v

L 80808
A =1230m*%
T‘.E:E.JE i

i s e
=t —Tm o Ty tm
! e =2.26 Cm
‘ | = i
U ﬂ:&?y.uJdeLJﬁiuJ}ﬁi_ld:-le

']"'Ic'ﬂ.‘ 'T'y Ji A {_q-“:!-“-:_g.

&




top =1.0 e

= {TJL.f-{’E—J——'EgP)E = \/2.422-{—(3.351"-
Ty = \/T;L_-;-{'E—J—E?}z = \/2.422+f2.25+

b ) Slenderness (Buﬂkl’i:ng)

1.042 —
_E-) 3.67 cm

1.0h2 —
'E') 3.67 cm

Lbin 500
e Ery — f 5 f ,ﬂ 'Ij:? S
a:}u,mr T 3.67 36.2< 18 ( ﬂ-fe),} %
_ looutr _ 600 _ ) - 163.4
Aot ™y, 567 163.4< 180 = (Safe)
Dogyp o 20] 055 S Loy e I olasd Lua gloos ¥
CJ Stress Compressiorn

M = 16342 100

7500 _7500 _ ;
#FC — xmul 153‘43— G.EBva\\ﬂ"ﬁl

force 4.0 2
ff;- actual stress e lgL 2,123 \

< Fp = (Safe)

f{: _ 0.08
“F. = 0.287 - 0.29 = (Safe bul waste)

Checks ag tension mermber

Anet = E[AQWSEL_-— {¢+ﬂ.2cm) & Tyl

—4[12.83—- (1.6 +0.2em)+ 0.8 j= 43.44 em*
a) Stress
Forece _ 4 —0.09 t\em?

¥ ft - Anet T 43.44
taslas 5 langles J Ll S Fr = 1.401)\ em? (Smfb
el (56)




lenderness ( Stiffness)
. J3! danlews 5 Compression JI g ol Y wlas

c) Length to depth ratio. (Deflection)

L 500 em 500 em _29.4 < Sﬂ':?*(Su._fe)

e

& Zaditg Re80+1
_——___—__—ﬁ




EXAM (2003)
-couss briefly the function of the long

e in the longitudinal direction

itudinal bracing.

{— Brace the whole strucitur
" phich results in acting all trusses as @ space structure to
reduce the deflection.

2_ Reduce the buckling length of the

3— Brace the lower chord joints in the long

chord members.
itudinal direction.
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VALY T0aYS * 2

™ |
NV

e S
g AaE [smousy]

VALY UOLEUI[

+L,Dq
(zo+¢)E]

WOLELLA [ ﬂ_w

aynpd

_u.I.II a8 E.ﬁ.l\\

L ]

(z0+8) 5]

|
3




Pyovtical | — P ‘
l Tenstom
: = Tdrea
| - =
| : :
«{ ] —>
Shﬂﬂ-‘l"';f; - |
“Area '
| Lce+02)
4o

N

lE _q_:&_ﬂjii %:jﬂ.z{m

']h_._'F" ;_P .Mﬂh I

2+ Shear Area —

\
;

L)
1

1 Allowable shear strength (q,) = 0.4Fy

# Allowable tensile strength (F;. ) = 0.725 Fy

U P = 0.4Fy A net Shear T 0. 729 FyAnef Tension

Where

o= e E__,:JI lia & gas Ggds LalesS angle 1) ;Se Fm‘ﬂE_)_ESi
. Failure Jl




'j}Anet

= *[L-—(ﬂ-—ﬂ.5)(¢+0.2)]*t|__

[ = = e + ( n—1)% Brizonta

mn, —> Number of bolts

= f.ﬂ*(d)—f-ﬂ'.Z)]*f,_

Tenstort

Where

m O P Vertical

& W et o) wd Sase o FailurelJl o# tﬁ-“ i ol BSo E> s

- SIS Check Il 5% JUIL 5 s )l angle J) e 3550 353 O 51

Check
(Single angle)
P > Force on member = (Single Channel)

2P > Force oM member —> (Double angle)
(Double Channel)

Tension member L lais aloc pls Shear Tuplure check JI

Continuous member 1 Ll check JI las Joe o ¥ s




Maximum Capacity

o Jom ST o Makios 5505 Judlls 53 3 50 Comimection J cuess o s Lol La 3,540

aae o nembers i slesl I Connection JI o= tph JS ples Lol ol aee 50 alees
LasSle () Joo! em;,u_gh_;:ﬂgaaﬁym,mﬁ@j rwldﬁjﬂw!
- ales3

pokins I Jasdl 5 ales memberJl golde 3] Jasdl ol ppfi st L 5,530
= 052 JEYI Jasd) 5lns 3 1550 5 dess Pl ol o3l Jandl y adasS yaaliad!

. ConnectionJ Jass B33

Connection J| six) Maximum Capacity J| ax ol s Yaad

lﬁven._!l_ um*ﬂ

'| F€<—| & & $|

|
r, 39
. Double angle ;e 8e member Jl 4 ilons nember J| palfo el Jasdl 2z g
a ) Calculote the marimum force carried by mmember

In case of tension

Allowable tensile STress

Force Ft F__ 0.58F,

—
—

Area A et

Ef = F; s+ Apet = 0.58Fy+ A= ¥ tl‘.};‘

In case of Compression

Stress =

ﬂElﬂEucn_bEe _c?ﬂipr_esgip_e_stj'egs

Faorce : F
Area 4 A gross

‘FTEF{:: Amnﬂ: v tﬂﬂl




ok Fy B8

e ppelusal] paldind 3 Jasdl 2258

imum force carried by the number of bolis

b ) Caleulote the
il Jand! Byl 2z s

i el jlash 3 das3 saelusell pelS
b—1) From the bolis resistance [por Tension Force .:mlg\

F>
Tl » F shear In case of bearing fype
= | Conmnection

!

y i

d by bolis = Tb» Rieast= v~ fﬂﬂJ

ng:ﬂfm:-imum force carrie
n = Fz In case of slip—critical
2 + Ps Connection

Lm:ﬂ*Z*PS:v"tﬂnl

\Fz — Maximnum force carried by bo
ar rupture)

he resistance of member (Block _she
Slass ¥l )5 aless emnbert] palda i) Jead) 2z 5

b—2) From 1
Block shear rupturell

I ) L
4 |

ok i
r«— G A |

b > |
P = ﬂ-"iFy Anei .S'h-l?ll?"f_ ﬂ- 725 F'y-‘d'ﬂﬂf me'il:rﬂl
F il 505 S 5 iyl ses JUI 13a o 0 5 2ol 2l Aaslie g Py
| ada b L,,a_,'.iil-“ e

i fladl g5 ollacs e &P Il 555 o s

pad gy @ds U~ 5 oM s
dritnaam dimenstions I gle paiapts o 480

‘ F3 = Marimurmn force without bloek shear rupture

= Pton = For single angle
=2 Pton=>For Double angles i




ls Rl

asdl o¥lJl s Block shear Tupturel! MemberJl Jass oluss o550 ¥

i— Compression Forces

2— Slip Critical comnecliont

32— Continuous Joint

4— When using splices

Fi1aFo&Fs 50 J33) Jasdl 5= Conmeclion J| sia) Maztmum Capacity J) a5 s

e —

Ly LS sralusal) 5 @dogll He Tk plol 5 JUEBT (ole 3R 5S40l Galdis psfie s

peladdl g 5 Uogl) pad s Aoy Gy Lo 05553 L ] ff LBl

Lels 4l sl

. Gabandl adn Jlanl oSaal e M Cusset Platel] |3 355 b= oo pikal) G
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the marirnum capacily (F) can be carried by the showmn

conmneclion.
s 4
A\
"i*,‘“.
€ P 2 'Q -
e i I |
i g
F€—| ééﬁl@r-;
j , I \ o
| 3 -f -& =
N
ni
s s | S | e
o 14
j g
. Double angle ;e i3l member J1 5 ale3 member ] pald APt | I PESTRLECY =

a ) Caleuwlate the marimaurm force corried by mermber

I case ﬂf ternsion

Allowable te‘?‘tﬁ‘irEE‘ _st*r:esg
Force e

grarts Fi: = I = ﬂ.5-E|'F,y
Area A et

Fi=Fp« Apicr: = ﬂ.ESFy: Apet = vV~ tmﬂ

Stress =

FzaFg3 L'P__i._

s alea3 T gpeleaal] galdiad il Jasdh o g
. Shear J 4oyt _EALu.‘I.d-“ ods

b ) Caleulate the marimum force carried by Tiq
b—1) From _the bolls resistance

= Fz R In case af bearing €
Shear :
Ricast —™ Connec

Ry

Fz=Maximum force carried by bolis

=T+ Rieast = v~ ton

%)




In case of slip—critical
Comnection

:ﬂT#Z*PS = v""tﬂ']rﬂ

LFE = Maximum force carried by bolls

b—2) From the resistance of member (Block shear rupture)
aless Trember ) ok il Jasdl g

Block shear rupturell Slaadl a3

'ﬁi F :P‘[_P’[- _:
r<— T
— |
+ 0.725 FyAnet Tension

[P = 0.4Fy Anct snear
 F S JBl 5 sl 22 Jadi s g5 S 5 Bl 2 )3) Laglie 2 Py
_.FE;: 2 _E! LY

F E'IE

. alan3 Tz speloaall puldind eall Jesdl 2e
. Shear J Loy saalaall ada
by T2

¢ ) Caleulate the mazunum foree carried

¢—1)From_the bolts resistance

Fa
MNp= 7 » B shear In case of bearing e
Least _’(_} R Conmnection
B
holts = Tlz2* Briae =" iﬂﬂ

\F‘;:Muﬂmum force carried by
MNo— __E“’__— In case of slip—critical
2+ Pg Connection

holts = Tios 2 * Ps =v tn'r:l

LF# = Maximurn force carried by




F; 52U

s aleos P g srelasdl pakiins gl Jaadl am g
. Tensiorn J Looe __;.._1.4L.uj| PR

) Caleulate the moximum force corried by 73

D—1)From the bolts resistance
In case of mon—pretensioned

IBEH-S

Ry = v”"ﬁﬂﬂ.‘

a
ng:Mmrimum force carried by bolts =Tig+

In case of pretensioned
Bolis

Fs

Ng= ———
0.6T

0.6 T = v ton

FE:Hu:rimum force carried by bolts = Tig*

FraFo&F's o- Jidl Joo)) g» Comnection Ji sda) Mazimum Cupacity J) 555 »

FauFs

G




the maximum capacily (F) can be carried by the showmn

bearing type connection.

M16 grade 4.6, threads ewcluded ~— I
200x5

Ja

L 80+8 e
| Fe€—| & %

Al ——

weld

M |

LV T

S

|

ﬁ — =
For the mem! ber

a ) Caloulate the mazimum jforce carried by member
| Y

L 80+80+8
— = 12.30m*

*An&fzzfﬁgmgﬂ_—(¢+ﬂ.3m)mi|_j
_2[12.3— (1.6 +0.2m)+ 0.8 ] = 21.72 em?

=rr=

*Fi =F¢ s Apet = 0.58F+ Anet
— 0.58+2.4+21.74 =|30.4 ton

b ) Calculate the moaximum force carried by the number of bolis

b—1 )F'ram the bolts resisiance

In_case of bearing type

ﬂ = R -R Shear
Legst —  |connection
70)




-Rb =Fh *d# tmin

* {I] = 1.6 ecm
* Fuffw ELS?“} = 3.6t\em’
2
# gy = 0.25 F * Ag :TT‘;i

+ Take e>20=23.2 e —— O = 0.8

s
2
#+ Rog =(0.25 Fyp) * T]:id * f:({}igﬁ*i;)*ﬁ(;-ﬁ)
=2.01ton

b il 5= A

+ Bps =(0.25F ;) * - 2=2x+Rgs =4.02ton

*Rb :({:}{*Fu,}*d* tmiﬂ: 0.8 #3-6$ f-'E*tmﬁL:d-ﬁtmiﬂ
te. tL

* Tonin = fcgﬁ or 2:0.8 cm=1.6cm —= toaa—1em

« Ry=4.6 topin =4.6%1=4.601ton

« Fo = Tvs Ricost= 2+4.02=|8.04ton

b—2) From the resistance of member (Block shear rupture)

* Givene = 3.0 cm ek
P=6.0 cm mIZ/;ﬂ!—_I

v =2zt 8-08 _360cm E

# [ =e+ 1«sP=3.0+ 16 =9.0 em

cAny =[L—(m—05)(0+0.2)]xt0

Shear

—[90 —(2-05)(1.6+0.2 )]+ 0.8 =5.04 cn??
« Ape =[m— 05+(0+0.2)]xt0

Teriaiorn

=[360-054+ (16102 )] 0.8 =2.16 cm?
i P = ﬂ*‘4Fy A'ﬂ#t Shear+ ﬂ.?35 F'HATIE# Tensiorn

— 0.442.4+5.04 +0.725+ 2 4.2.16= 8.60ton Cﬁ‘?




ble angle — 2P = 17.2ton

¢ ) caleulate the maximum force carried by weld

ol las miderm J) Hledel é Jo [;,.!1

*F.q! -='D..2Fut,2ItSw f*
= 0.2+3.6+2x20%0.5 :1 14.4ton

Forece ﬁi J.LHIB-:J

I*meum — Maximum force carried by connection = 8,04 'tﬂ’ﬁ]




the maximum capacity (F) can be carried by the shoumn
connection of o lower chord tension member with double UPN
160.

Bolts is grade M20 (8.8) Bearing type non—pretenisoned

+ Gusset plate thickness = 12mam

* I-b‘i.ﬂ, = 2m | & 2] F &
—
I,b = B i =
& I & & & 5
v =2 . F€<—1¢s & & ¢

— — — e ——

For the member

a ) Calculate the maximum [force carried by member g
C fﬁﬂl A =24.0 Cm? ;

w:G.?Sﬂm o e

s Anet = E{Amnﬁ[—gj?dlnLﬂ.Em)* f[}

i
N
b
£
T
st i e
T
I'.
i

L

'Y
=2[24.0— (2.0 +0.2em) x 0.75]= 41.4 em”

|

*Ff :Ff #Aﬂgf——— D.EBFH* At
= 0.58«2.4x471.4 :E?.g tomn

b ) Calculate the mawximum force carried by the mumber of bolls

b—1) From the bolis resistance

Fo

R —{ At citae
i » Ry Cornvneciio

@




—— qb*AS*ﬂ Rb —_—-_F{} td#tm‘iﬂ

+ Fup = 8 t\em? *d):ﬂ.{]c*m
. : Jor sedl . ZiEt)ond
*qb == ﬂ,ESFub *AE,' =

+ Take e >20=3.2 e ——> CxX =0.8

T df
4

2
2
£ Bss =(0.25Fyp) * TT;‘T’ x1=(0.25% Hj*ﬁ(j‘ﬂ'}
=6.28ton
+ Rpo =(0.25F ) *

2
”f . 2= 2xRes =12.56ton

s Ry =( X+Fy)*d#* tmin = 0.8 x 3.6% 2.0 % topin = 5.76 tmin
* Lanin = i'vgiin or E*ﬂfﬁl;ﬁﬂm = 1.5 01— tmin = 1.2 cm
s Ry = 4.6 tpin =5.76%1.2=6.91 ton

# o = Tvs Rieast= 8+6.91 = Eﬁ—fﬂm

b—2) From the resistance of member (Block shear rupture)

* Toke e = 4.0 cm f“--—P T—P Tix’ |
P:E.ﬂwr;-.aﬁ,:*gq) e _
- —1 |

£+ m= P =6.0cm

s [ = e+ 3xP=4.0+ 336 =22.0cm Two sides

—_

* A net :fL—(ﬂ——ﬂ.Sj(’{]Hfﬂ.E)]*t[ -2

Shewr

= 94[220-(4-05)(20+0.2 )]%0.75=21.45cm?
Two Holes

25
el =l G.5*E*(¢+ﬂ.2}j*t[

Teneiomn

—[6.0-0.5+2+(2.0+02)]+075 =2.85 cmn?
+ P = 0.4Fy Anet shear® 0-725 FyAnet rension

0.4 42.4421.45+0.725+2.452.85= 25.55#%“—3




ble angle — 2P = 51.5ton

F3 =51.5ton

Foree ﬁl Jt:'l:‘-'-d |

[+ Foarimum = Marimam force carried by connection = 571.5 ton




i ) r_\'—[hd“
|£H_ m——" L 90+90.9 —~x B

Ty : o Fb [ ]
[T e A T T | ol T S o R [T
— =17 | =k
I i
55 960 g Tgp =8 _jﬁsu' 60°30 Sec. A—A

For Capacity Fo_

a ) Calculate the maximum force carried by member

Y

L 80+80«8
A =12.3Cm#%

ST o
~-t\Reduoe two holes from angle |y

s Anet -:Efﬂgmg_qL— (Eb-ﬁ" ﬂgm;':tx?*tl_j
— 2[12.3— (1.6 +0.2m)+2x0.8] = 18.90 cm?

+ Fy = Ft s+ Anet = 0.58F % Anet
= 0.58+2.4+18.90 :123.46 ton




reulate the mazimum force carried by the number of bolts

1) From the bolts resistance

RShE{IT= qh * AS £ T Rb -':Fb #d# tm{ﬂ

¥ u[}=4f\ﬂmz % (b_-— 1.6 cm
e W

=z
*Qy = 0.26Fp xAg =Tr4d

x Take e>20=3.2 ern—=> Cx% =0.8

2
2
+ Rsg =(0.25F ) * T;d 1 =(0.25x4)« Wf;-ﬁ)

=2.01ton .
+ RE.S :{IG-ESFHI}) * T-I:;d- E .2= E*RS,S :4-{].2tﬂ‘ﬂ

*Rh :({:}{*Fu)*d* tm{ﬂ: ﬂfﬂ #3.6# -Ifﬂ:i‘-tmm-—_i-ﬁ tm’iﬂ

x* Fo = Tugps Breast + TVt + Rrcast

l l
1.0+4.6

| |
0.8+4.6
RS.S Rb=3-ﬂﬂ Rﬂ_g Rb =4.60
l

1 r

tS'p tL. tgp th

1.0 0.8 1.0 1.6
Fr =8+2.01+ 4+4.02=[32.16ton |

b—2) From the resisiance of member (Block shear rupture)

Can be neglected as it will be very large.

LFm‘ce ﬁi Jti;..'sj

t Fa, = Maxrimum force carried by connection = 25.46 ton

Stip eritical ilos! S8 L UL B

17 = nsws Ps o+ My =285
()




Capacity Fy

L 90+90«9

” = A =15.5Cm?%
__.-"1‘_ L ax
'H..x | :

~. Reduce two holes from angle |y

s Anet = 2 AgrosaL — (o + 0.2 om) *FIJ atid
— 2[15.5— (1.6 +0.2em) x2+0.9] = 24.52 em”

‘F}‘ :F-,f * J‘imf-_— H.SSFH* Amt
— 0.58+2.4x24,52 =|34.1 ton

b ) Caleulate the maximum force carried by the number of bolts

b—1) From the bolts resistance

B DoaAgerl] [ By = Hi et B |

s Foyp = 4 t\em? % (1).—-;.“_6;3?71.
*FuiuuLL 3.6 1\ ey
A I
* Jy = 0.25 Fup *A85 = 4
s Take e >20=382cem=—=CX=0.8 ]
£ .6
x Rs.s =(0.25Fyp) * Trf * f;(ﬂ.£5*4)*_TIf_4’__)

=2.01 ton
5 .
+ Rps =(0.25 Fy) * y x 2=2%Rss =4.021on

*Rh :({:‘?(*Fu)*d* el 0.8 *3.6# f-ﬁ*tmiﬂ:4.ﬁt1Tﬁﬂ

(78)




= Tisp+ Rrcast + M1 + Rreast

8,4.6 7.0s4.6

0.
Rs s R,=368 Rps Ry, =4.60
| ; i | |
tL typ th__
0.8 1.0 1.6

|
-ﬁﬂP
1.0

Fo=8+2.01+ ﬁ'm#.ﬂf—"‘zj{}_ﬁ{}tgni

b—2) From the resistonce of member (Block shear rupture)

Can be meglected as it will be very large.

& Bagmye paliaall 5 IalS ¥y oudl o Jool gaol s sl @3 O3
cHosly S5 sl

Lglyll ede o8 M=)

i TR
P = ﬂ.";F-y Aﬂ.et .Sh;eu:r‘f‘ 'ﬂ-?Zﬁ F-y A-n.et Tension

F=4P
LFWGE ﬁf _,l:‘-.én.}—‘

+ J, = Moaximum [orce carried by comnection = 34. ) tﬂﬁl




Loln Al gols
SEEST ke
Staggered Lo swoye Spliced) 3 ssbeaall G )53 1 L B &

Jadl b rolasall plSa s 8 Saosd Tl Jll 8 spelasalt o1
St

 — =
Sec. B—B

| e

[;1_955 Lale=l member J W ,_5.1".” 5_3.3” f-T'rL-m- A
S5 A net J!

Fasly 133 :.Elu_,ll-_i..-.___,tﬂh{,.- Eu_q,‘i,l pla #lpe

*Aﬂ’ﬁt = ‘Efﬂgrnssl__ (¢'+G.2m) % '.IIr *f.-|_j

pUT) s (g Laaid (lanad Baslyll 110l e ol
b Lo e R Y =

*Aﬂ.—Et o E{AQTESHL_ (@-f'ﬂ.:gcm) #:é*tL}

iAﬂetJi sho e e 2D sl Galall an ) pdies Staggered joladd) o2
el 553 Jeois member U pawd Sl
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d the marimwm copocity (FodFb) can be carried by the showmn

', Verticul splice

|i Verticul splice
St RN |
|

Gusset plaie !

Take el ,I'IE e o
bgp‘:ﬂ.ﬂ i A /

——

So Euﬁ::m

For Capacity Fa

a ) Calculate the maximum force carried by

rnerrber

In case of compression

Calculate )a.m Thet . caleulate F¢

'Fl‘ :FE*AGTDBS

In caze of Tension

Reduce two holes from wngle
SRR S = e

x» Anet = E[Agmﬁs;__— (d)-f'ﬂ.,«?mn) £ 1 #tL]
= Fy :Ft*Aneﬁz H-SSF-H*Amt




leulate the rnoaximaun force carried by the nmumber of bolts

1) From the bolts resistance
In case of non—pretensioned Bolis

* Fo = Nigp+ Ricast + TUdiff. * Rieast
l |
I

| 1
Rus Ry, Rps Ry

2tept tgp 2t e 21

In case of Slip erilical comnection
*Fﬂ:ﬂﬂp*4 Pg -+ ﬂd-iﬂ_tz PS

member (Block shear rupture)

b—2) From the resistance of
Can be meglected as il will be very large.

Fi&Fz o J39) Jaodl g2 Connection J| «isl Mozimumm Capacity J! ey




L..ua_,ﬁ

4) memberd g~y e

5551 Gl ics Felded ;51 Zloyy Bolted Loy i
1 tue Agross JI puds Anet J) 33U laleos member J galdioy Al
. J5! Capacity lacs Amnet J)

B Felded
S
i
<
Y M6
A Bolted

] |

— ——

¥

For member AB

*A?T-Et = EI-AQT‘DHHL'_ (ql—f—ﬂ_,zcm)* tl._j
—2[12.83— (1.6 +0.2m)+ 0.8 ] = 21.72cm’

*FMM:FI‘ s Apet = ﬂ.ﬁﬁ'Fy* Anet

= 0.58+2.4+21.74 =|30.4 ton |

@ |




E..n.mﬁ_)s'j

u..aL..a'I' el dsrani o5 Compression member Js>s Ul &8
Tie Plate

D523
Jans 355 caand ol Lo calb 5 member ] i d Al
g pac f oS) y Double angles )| Sy I.,!.J..:.-.'L.a! Ul 3 member J)
. Tie Plate Jl

Sl 5 ol o daidd Bas-lg L 513 Buekling JI Saoges Ul ods 5

- Oislol) X&Y saee o) 9 B2
. memberJ] ele 555 5541 rjﬁﬂnuble angles )l M, 58 o

3._!“3'!‘).! V e Jyﬂuﬂkﬁﬂg_ﬂ uji;_w

_E:t:u.m,_ple

Find the *rr;u.'rimum capucity (F)
If it was designed using one tie plate
there is mo tie plotes.

* [bin = [bout = 200 cm

e be corried by L9090+ 3
at the mriddle, ol ot

Solution
L 90+90+9
=5 —15.50m*%
- b 4
= 1.76CTN
"y
lbout 200
= "= —113.6< 180 — (Safe
b }"ﬂut'. o, {76 8 ( f)

7500 7500
F =y —3 — 2
+ = T ifas 0.58 t\ cm

e Foowe =Fcs Agross= 0.58+2+ 15.5 = 17.98 ton




— T [ _zeos o
For the shown connection _IL_g0%§0*8
it is required to find the —
req A Tl
maaximum Force (F) AELES =
gl h
Columni| 55
i

use M16 boll grode 4.6 bearing type, threads are

excluded from plane of shear

-

w ﬂ-ﬂylﬂ J!b_:.blﬁ_,_;_g."iuﬂ;i l_‘hL-n-%&-“"l
5 23 ) Loes angle J) o) Amdke

o) For _IL_80*80*8

_ fﬂTﬂE =
= fm— Toat < f.4 e
where: easd an
Anet , = 2[Ag —( @ +0.2°m)xt_]
forece

—2[12.3—(1.6+0.2)x0.8] =21.72 G TR

F=21.72*1.4 = 30.408t

30.408% \
= ——

5)

G
o




L&Mﬁwluﬂ_g@ldiw;uﬁuﬂjﬂ :.T'I-L.u.'.'a-r:l_g—'f

) For bolis
F,
Ricast

n S,
s * 4 .* 2
R ouble Shﬁuﬁ"(RDS )= 44 A

R o = (0.258,,=025) (m216%) (2) = 4.021

Rh s FE] * ‘i *Et']"ﬂiﬂ_ = esmws tﬂﬂ

B, = (0.83.6) (1.6) (1.0) = 4.60t

¢)block shear rupture
block shear Tupture M Aeslae a8l ol & -

e = 3.00m  given ser B
L
P = 6.0Cm given “E_Eﬁi- _i_
m:“'—;- L E_?ﬂﬁ = 3.60Cm b1

L = 3.0+(2—1)*6 = 9Cm




= [L—(n—0.5)(0+0.2) [t
— [9.00—(1.5)(1.8)]*0-8 = 5.04 crre

P= 0.4F A.. + 0.725F, Ane:

shemr fension

P= 0.4*2.4*5.04-!—0.?25*2.4*2.3'6' = 8.6 ton

d)For Welded Connection

Jq’mm-u.__? @A:_-:!JI E.ﬁJ'Iﬂ'*‘ﬁ L;..‘l.” rL:-.” d_.-n_gLE.-n u,,ﬂ_'!?i LL_1L..1:-— |‘:.‘1 - £

L R
ﬂ-?ﬂf/ﬂ’fﬂ —AWEM '2*£ *S = 2*20*0-5‘
EF;:M.M

s el




6M16 connecting
s / angle 80*80*8

= |
r 'I g
For the shown connection ﬁ ; 202707 |
it is required to find the T :|1:+++_[ %—%
aximum Force (F g oy
= i © ( ) Coluwmn _E-"—EJ'—WJ’E‘
| I

use M16 bolt grade 10.9 bearing type, i_hreuds
are included in plane of shear, pretensioned bolt

-

a)For _IL_80*80*8

B force 2
a fﬂ-{:t Aﬂﬂf "'E‘: 1'4 t/ﬂm
where: ety
Aet , = 2[Ag —( P +0.2°7)x¢, ]
: foree
—2[9.4—(1.6+0.2)z0.7] =16.28 em * .*- 14 =465

F=1628*1.4 = 22.792%




bolts conmnecting lower chord to gusset plate

FE
Riecast

ﬂ:‘

R
Rn‘,ﬂuble s}mm‘( D&

F o+ d *Zt, =

R,
Rb
R

b = (0.8%3.6) (rﬁ)(fa)

= ((0.20E,, = =0.20*10) (TT“’E )(0.78)(2) =

4.60%

= 3 — E
E‘tmiﬂ‘ : min. of IEtL—_ ﬂ._? 2

- _1‘+4E'mn

¢)block shear rupture

6.271

govern

o 1o

e = 3.00m  given jep 2*P
P = 6.00m  given rr'f;r,ﬁ *}f’;,f;
L — % : I

-m,:f""g—t £ iz—? —3.150m T —

L = 3.0+(3-1)* = 15Cm




t = [L-(m—0.5)(0+0.2) [t

shear

Anet = [15.0-(2.5)(1.8)]*0.7 = 7.35 cm

shear

Apet  =[m—0.5(0+0.2) | t,

terisioT

2
Anet  =[3.15-0.5(1.8)]*0.7 = 1.575Cm

P'—_ 0.4_E Aﬂ.&t -+ ﬂ.?ES.F;. .Anet_
P—0.4%2.4%7.35+0.7256%2.4¥1.575 = 9.79 ton

Fg=2P =19.6 lon F = IQ.Bt

3 e ————]

d)For bolts connecting gusset plate to the connecling
angle ==

R, . = 6.27¢
Rh = 4.60t
T g T+ |F=13.8t
Ricast 4,601




column™=

bolls connecting the connecting angle to the

subjected to tension force

T = 9.89 [from tables]

" Rt _:D.:';? *_T_: 1;}'.6 *+ 9.89 = 5.93

——— T — =
——

il *n._ ) = ) FE
R ,= 5.931 N Fep




ample

For the shown conmneciion it is required to find
the maximum Force (F)

connecting
RS " gngle 80*80*8

ez ZUPN 140

=

-5
LY
A

md J

—

E .
+  Hile e
+ s
- =

i
¥+ 3

—

e o

B

+
-

Jo8a 60 gd
|+ +

T
.
E’uj.:.
| s

£
& |an

A

:

F

use M16 bolt grade 4.6 bearing type, threads ore
excluded from plane of shear

A‘ ——
a)For 2UPN 140 g —
& gL =
o TS o § g e ‘_ =
° fﬂ'ﬂt o A_fn,et_ : L| l
where: ] 5=
|5e.:- 48 —> 1 bolt - n;_-.r"'l._.‘ri
Anet(patnan) = 2 l:.r'i,;- — (o + -E)*tw_% A._ -
> & & ‘—1 iﬁ
=Efzﬂ_d—(f.6+ﬂ,2,]a:{l?’j =38.28 cm o ©
“Sﬂc ;1-'.2‘ o holf —= J:':“ I_,J
e, =]
Apct(potnac) = 2 | Ac—2( o +2)*t+eﬁ*—ﬂ

govern
=2[20.4-2(1.6+0.2)x0.7+ —5;%7'1} :




F =37.86*1.4 = 53.004%

b) For bolis connecting lower chord to gusset plaie

B
ﬂ o
Rlem'-:t
P RN
R ouble shear BDs )= g4

R, o = (0.25E,;=0.25"4) (””5){'2) 4.02t

Rb:F A T e ton

R = (0.8*3.6) (ra)(:n) 4.601

Jovern
Etmin Domin. ﬂfi;:..’tw: D.?’*E = 1,4(?7?1” or

% [Pr==




plate

to the connecting

bolis connecting gusset
i S
= 4.02%
R, = 4.60t
F F
i = 3 5 = =
Rieast 4.02%

d)For bolis conne

cting the connecting ang

le to the

p——

column

subjected lo tension force

2
€2),




Y
£
UPN120
F,

W
_ LT

sp 125 125 SO0
it so 125 125 50
A A

For the shown connection it is required to find
the maximum Force (F, ,F» ,F3 ,F4 Fs )

use M20 bolt grade 8.8 bearing type. threads are
excluded from plane of shear
gusset plate {5mm thick

[J:ll_ﬂ F‘1 ..1.:.1 } J.._*;J.L::.-A-“ 1-.5-7'1“ i-‘j_" U]a_;l JE:.A.” LLE- Lﬂj Mh E..!E::h:',,l..q.” =_'I:I-ﬂ
aial) 3 i)l o3l JY> O

F, =—ve [compression]
F, =—ve [compression]

Loadl Roglie wlasd 2l3y ULl ode 3 seie] Jsbo olact a3l do Y3

(95)




member 1
a)For | 260

| force 3
® fmat_ 1o < 1.4 t/em
where: e
Anet , = Efﬂgl--;{’ @ +0.2°™ )xtoy,x 2]
force
Z = P
—2[48.3—(2.0+0.2)x1.0*2]=87.8 cm" - - 1.4 .

F = 87.8 *1.4 = 122.92t

E = 122. 935”

b) For bolts K
ﬂ Famri
R{’.eust
B J—g. P A2
R G onibte shear2DS )= 4, s

R,q = ( 0.25F ; =0.25%8) (”;3'02) (2) = 12.561
R, =F, = d *Xt .. = e ton

R, = (0.8*3.6) (2.0) (1.5) = 8.64t
govern

>t . ¢ min. Df‘EE‘.:-: 7.0%2 = giﬂ.-:m‘ or

T “ F}_: 51.81 N
8.64 . —




lock shear ruplure

block shear rupture U <.yl ) R BREREES T

_.LE_{_E.P_
e = 5.00m  given r
e £ . i -
'PH‘ — 2 S0 g"lﬂ?ﬁﬂ S EI
g
i foor L
m—ﬁ,_l = 11.60m -

I = 5.0+(3-1)*12.5 = 30Cm

Anet =2 [L—(n—0.5)(0+0.2) [t

shear

2
Angt =2 [30.0-(2.5)(2.2)]*1.0 = 49 (m

shear

Apet  =[m—-1.0(0+0.2) | t,

terston

At . = [i1.6-1.0(2:2)]*1.0 = 9.40Cm”

teTLSLOTL

P= 0.4E An.. + 0.725F, A,

shear tErLELOTL

P=0.4%2.4%49+0.725%2.4*9.40 = 63.39 ton

F,=2P =126.8ton | p - 126.8
: :

[r——sim——et




where: b

Anet, =2[Ag—( P +0.25™)xty,x 2]

force
=2[32,,2—(3.ﬂ+ﬂ.zjxﬂ.35*3}=55_5 et 1.4 = =

B— 569 % L4 = 79.68t

F
b
) For bolts e 1
Ricast
R )=g, *A "2

double Shem* ﬂ' S

‘RD.S = (ﬂ,ESF _—r:r.zﬁ*a} (rr;,e.az) (;3) = 12.561

Rb“_‘F * g Xt . = e ton

.—(93*35) (29)(:5) 8.641

St i o T T7] ol 20

6= Iz FE: 51.8t
8.64

(s8)



ck shear rupture

block shear rupture J aaglio all olus & -

|
_'__E'!|, oo i B
e = 5.0Cm  given
P = 12.5Cm given Sl =
= e |
m= P = 8.9(m ;— s

L=5.0+(3-1)*12.5 = 30Cm

Anet :E[L—(ﬂr—'ﬂ-ﬁj(ﬂ'f'ﬂ-g)]tw

shear

&
e = = s *1.0 = 49 Cm
Anet =2 [30.0—(2.5)(2.2)]
A'?Et _ =[m~f.ﬂ(ﬁ+ﬂ.3)]tw

2
Anet  =[8.90-1.0(2.2)]*1.0 = 6.70Cm
tenatomn

P= 0.4E A,. + 0.725F, A..

sheoar tenEion

P=0.4*2.4%49+0.725%2.4%6.70 = 58.69 ton

FE:.ZP i I 0 ton F = ff?.4

2 e——




member 3

E[,)Fﬂ-"_l" 140

™ EHﬂ:Lbﬂuﬂ = 400 com

TE@J:;z fi_ﬁif; cCTri

< 2
Ty]:\/ T;E—f—[’ﬂ,’?ﬁ-f—e)z :\/5,45+(ﬂ,?’5+3'.?5) = 5.99m

400 = 73.39
}“iﬂ—’ﬁ_ﬁ ~ 7389 £ w9 — _ ) -
Ao - 400 ooy < 180
out™ 5 99

-5 2 2
Fe=[1.4-6.5x10 (73.39)] = 1.05 t/em

force

o Fo =5

= 1.05 t/Cm"




Fs

" Ricast
R, .bie shear' DS J=a, *As* 2
R, o = (025F,=020"8) (m28) (2) = 12.561
Rh = F, * d5EL . = e ton
B = (e3y) (2.0) (1.4) = 8.064t

govern

L0 A M. nf‘ztcz 0.7*2 = Id.‘.’l‘ml or tg.;::rj 1.5Cm

Fy
8.064 E l
l};mﬂ; 32.:2‘_t_l

No E}S_RI For Compression member




member 4

E-_)Fm' 140

_ Jorcee
A net

2
® 'fcmt < 1.4 t/cm

where: o

=

Anet = Efé‘ig[:“{r @ +0.2°m Jxt,y, x 2]
force
=2[20.4—(2.0+0.2)x0.70%2]=34.6 A =

F,= 34.6 *1.4 = 48.44%

F
b) For bolis o 4

R least

R (R

_q, *A.*2
double shear HS"} ay =

Rﬂ.S = [’I.’II.EEFM:G-EE*H’} (TT;‘“:'&) (’2) = 12.56t

R, = F od o3t ., = tom

R, = (0.8*2.6) (2.0) (1.4) = 8.0641

govern




lock shear rupture

block shear Tupture ) 4ssle afl ol g =7
ey P

= 6.5Cm given

e
" "1._—'- L
P = 9.5Cm  gwen i / -
S % |

|
m= P = 6.00m Lz

L= 6.5+(2-1)%*9.5 = 16Cm

Angt =2 [L—(n—0.5)(0+0.2) [t )
Anct =2 [16.0—(1.5)(2.2)]*0.70 = 17.8 Cm

shew

Apet :[m—r.ﬂ(g+ﬂ,2)]¢w E
Anet . =[6.00-1.0(2.2)]*0.70 = 2.66Cm
tension

P= 0.4E A, + 0.725F, A

ahooy FeTLFiTE

P-—-0.4*2.4*?‘?+3+ﬂ.?’25*2.4*2.66 = 21.71 fon




member 5

EL)FUT‘_j[ 120

¥
Y

2 Ii.ri-n:lbm.li = 300 cm ki
i

Ty = 4.52 cTm I}E 3

J,y

Z
Ty‘IJ =\/ T:i_l-;-(ﬂ_?ﬁ—}-e)z .-:\/4_ 62 +(0.75+ I.EDJE = 5.18m

Y. _ 800 _ p493 :
= = a '!': =

17 4.62 64.9 FEEy - - 64.93
B 8300 _

—5 b
Fi —[1.4-6.5x10 (64.93)] = 1.12 t /e

force

o Fc = T 112 t/Cm°

E= 2%17.00 *1.12= 38.081




For bolts ﬂ ol k b
i = Ricast

. * ]
R ouble Fea DS J—ay T 5

Ryo = ( 0.25F,;=0.25%8) (‘”"‘f*ﬂg) (2) = 12.56t

R: = Fb .d wnd .. T s tomn

b

Rb = (0.8*3.6) (2.0) (1.4) = 8.0641
govern

12 M AT, nfﬂ:&fc: ﬂ‘?_*E = f._ff[l’mi’ or

T3 |F =322
8.064

~|F, = 32.2t

No l‘ For Compression member




e

35 5,
38 wsyg=225 -*‘Eh—f— 505 = 250mm =

Elevation ]

For the shown Connection, it is required to:—

{_Caleulate the maximum force Fi1, F2 in the
lower chord

usging high strength pretensioned bolts M16
grade 10.9




For _IL90*930*9

_ foree "
» fm:t-_ Tt < 1.4 t/cm H

where: R

Aget , =2[Ag ;{’ @ +0.2°™ )xt_ X 2

force

o 14 = o466

=2[15.5—( 1.640.2)x0.9x2] =24.6¢ent

F, = 24.66 *1.4 = 34.524%

‘FI = 34.524t~

EJFHT bolts Ff — PS * n":‘p + .ZPE *ﬂ{rhﬂ?"df

F’S: 3.1{\ From tables

F =316+8 + 2*8.16 *6 = 63.2¢

‘F, = 63.2t ‘

cAE = 34.5t

fmax




or _IL_B0*B0*8

_ force 2
'fmat_ A < 1.4 t/em H

whETE: : sl p
Anet, = 2[Ag —( P +0.25)xt x2]

force
<o 14 =884

—2[12.3—(1.6+0.2)x0.8z2] =18.8cmt

F — 18.84%1.4 = 26.376%

F,= 26.376%

b) For bolis =
i_—i—g—_ Fé—PS*ﬂEP+ 2Ps * T pord2

p,= 3.16t| From tables

— B 48*8 ¥ 2*3:A6%4 = 50.561

F;
F,= 50.56t
_ 26.3%




A factory building is to be constructed over @ rectangular
areq (22m x 42m), and a cor shed of ared.

The main system is made Up of steel trusses. Steel columns
are provided alonyg solid lines only, clear height = 6.,

the covering material uzed is galvanized steel sheets.

It is reguired fo droaw to scale 1:100 or 1:200 o complete
general layout showing all structural components.
(Muin trusses, purlns and all bracing systems).

22m Area of factory building

N—— ~ 81 24m—/J2mL




<UL a5
saes d) Ho Liladd L;Jnspa.ﬂ_“ . Truss Jl £ 3ol =)
52 1 esls Ba Ll L.J]

N—Truss or E—TrussJ| &5 T

- Truss l depth J} awand =7
_ Span (B) _ 22

T T j2=16 @ 12=16
Take H= 1.80 m

= 1.38= 1.83m

Rpin, )l oo Ji59 Lol oSk, Truss)) Llas o8 3ap29a)l B J) s =¥
homin. = f-EEm‘H Jl Ll (e pakS s B, A sl il «als 130

+ Take slope 10:1 = h= H-IE t_;—-j 4 Rhmin= 1.261m
Fip f
= e x = 0. i AT
1.502{2 mj 0.70 < 1.25m
s+ Take slope 20:1 = h=H-[ ; *_ELJ? ?5 Romin= 1-26m

H=180 m h=1.25m]

565 o) Jads Ao galae Lol 555 i 5 panel length (a))) olu= —£
. Number of ponels Jl oles 5 (H & R pole (o) J) Lad
H+h 1.80 + 1.25

ﬂ,. = E _— IE i ?.5.211‘1"?1-
Nurmnber of panels = ; ;?jﬁ = 14.4 | Take 12 pﬂ.ﬂEﬂﬁ' =50 fj_-‘-'
28
G sapiot = —5 = — Laddnw a gopual = 1-833m
- 25
I:::,Eh k t T h' - 1. . : o
e LT = 783 343
o e H - T.Hﬂs &
e a 1.83 4#4.5




ilaad] W ¥ Juoo rxuSLaT 5 longitudinal proacing J) sas des -0

lais g» end gable columns JI (SLI ;S5 o Jaks g ph oo e
. longitudinal bracing Ji I:,SL.@T

22 < 24 = | Use 4 longitudinal bracing|
AL R el r1drp-._'l.n“..1i Soaadl e s

16 < span=

o Jashll oles¥l 8 spacingsJl sas a3 =1

36
Number o ‘ = =7.2=45
f spacings =7
36

take 6 spacings = Spoacing = —— =6m

LNumher of spacings =6 & Spacing =ﬂm_|

53] member 13Lal I glas Bm ;o S| clear heightJ) 5\5 131 -Y
. BucklingJl Jul&) vertical bracing J) b dsecl) 2oL

Clear height = Bm
;-'?“{ No need for add member in vertical bru.cingl

25—>80m. e 351 Horizontal bracing =1 5 Jsl on Bl E515 13F=A
e Horizontal bracing e

Distance between Horizontal bracings = 24mM

B! LNa need for additional bﬂmiﬂg_l
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xample (3)

Draw Ceneral Layoul for

the shown land with clear height

equals 6.

J61—

r__f Orre

701

10m

101
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1 cture
Figure 1 shows the column's layout and @ cross fech;::a. fiuu; :_rfwgfaﬂ_ .
cnfnpuasd of series of steel brusses. Assume uliﬂzg mwith e
the roof cladding is composed of sundwich po
height, it is regquired fo : -
erner ale 1:100 jor siruc

w o complete g al layout o =c : +

gfhwnm ing all I;m;etmi elemnents and the bracing systermns
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5,88
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Example

A dairy products factory has to be constructed over the area BCFE
shown in figure (7). The area ABED is used for loading and unloading
products. The maoin systerm used to cover the foctory area is sieel
trusses. The marimum height of the building top level shall not exceed
8.00m from the ground level (wecording to the construction loaws),
while the minimum clear height inside the factory is 6.00m from the
ground level. Two doors of width 6.00m must be taken into
conzidration along line BE. A sgquare opening 18 the roof cover of
dimensions 3*3m has fo be taken inlo considration for o chamney

The opening of chimeny is loeated at distance 2m from line CF and af
distance 2m from line EF. Columns oare allowed only at lines BC,CF.FE,
EH. it iz required to Complete general loyout for the building

— gpon 1= 2000

B b
: "G
ForE ;
Top Level of the truss < 9.00m I_L j
[ |
minruem olear height = £00m
5
|- gopo—! 22000 !
Seotion (X-X)
Fig.( 1)
4 |B ¢
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Example

It is reguired tlo construct a group of steel trusses to COvVeEr
ar areq between two eristing concrete buildings. The distance
hetween the two columns is 20.00m, while the required lengih

to be covered iz 32.00m. Draw o cornplete general layout for the

showmn truss.
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