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Question (1) (63 marks)
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Figure 1 shows the main supporting system for an industrial bduilding
with a total area of 34x54m® . The spacing between main systéms is 60
m. The main bay of the building has a crane bridge as shown in figure
The side bay contains a two story administration bdbuilding.

1) Draw to scale 1:200 the vertical bracing of column ABC and DE'KFG
(5Marks) . :

2 ) Design a suitable rolled section for the hinged column ABC.
Girders BE and CE are rigidly connected to the column at B and C,
respectively. The stfa’.ining actions affecting column ABC are shown
in figure (2) and given below. (15Marks). |

~ For part AB:
For part BC:
F
18m.t
c
5
12m.t P20 ™" E
8m.t




in figure (3), determine the required diameter ey (’_f_t)
of the bolts connecting the two crane brackets _Eil | ®

to the column at K. Each bracket is atltached
to the column using 6 bolts. The bolts are
Sfriction type (Pre—tensioned) bolts grade 10.9
(10Marks)

4 ) Determine the required thickness for an

3) Based on the crane girders reactions shown - ljgt

intermediate bolted batten plates if the max.

straining actions affecting the combined
column are Np=60t Qp=7t (6Marks)

(450500450

5) Design the column fixed base at D. A sectional A
' plan of the base is shouwm in figure (4).. Design - F- (3) o
‘should 'melude the fouow'mg ditems. ( 15Marks) . Al cepl

- o o . 1pg
1.Vertical weld T S 1‘0—4’ 3
' 2.Horizontal weld r ~ '

S8.Anchor bolts diameter g ® i S ®

4.Base plate thickness. § : - |

Np=60t Qp=7t Mp=25m.t ‘i ® ®
1

6 ) Draw the two parts enclosed by

| dotted rectangles shown in figure _ _ o
to scale 1:10 (minimum two views for each Fig. ( 4)
detail). Assume reasonable sections, bolts diameter, number of bolts

1000 )

and or welds sizes for any undesigned elements and indicate on your
drawings. (12Marks)



Question (2) (14 marks)

3t \5m
B l« ) 19t
400 IPE 270

Using Tee stub moment Connection, design the shown
bolted and welded connection.

1-Use M16 grade 10.9 pretensioned bearing type bolts

(Threads are excluded from plane of shear).
Also calculate the Tee stub thikness

2—check the safety of the column agoainst local
siresses.



Question (1)
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Question (1) | F
18 m.t
[2] Mp=12m.t  Np=40t c
M-=18m.t Nc-=61 B_zom.t

aale ol g0 @l Eus Section (C) raanclis fas !
- »S¥ mmomentJi 2

L \4

1)Suggest suitable bracing system

c Golad) Jlgead)

. 2)Calculate the straining actions

3) Choice of section

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

¢ 5o = =100 = 18000m’

—> Choose I.P.E 500
4) Check Compactness

For flange
r flang Subjected to compression - C
i f—
w=42.6em  Jolox I 2 tf
t,=1.02cm | v/}
b, =20.0cm :t J
l, =1.60cm é w bt
r=2.1cm A
— ]
C =-§—(gf—tw ~21)_ £(20.0 — 1.02—24+2.1) — 0.24
t_f tf - 1.60 )
e gf =924 < ’}"'9 = 10.9 —=> Compact Flange .
| v

fa RO



For Wed _
* dw*tw*Fy =42.6 x1.02 x2.4=104.3t > N=61

Web —> Subjected to Bending

*‘1—2[ *t v +1] = 2[1043+1]=0528>05

dw _ 42.6 699/ JFv c :
=102 =41.7 < T O—7 = 76.9 —> Compact Web

e The section is compact

p———————

5 ) C'heclc .Compression
b

= Frame IZI>G_4&'GB -
I/lc 48200 /4. 5+48200/3 5
Gp = = =1.73
: L/l 141200/10
O 8)lae G B.MLD J) Lu)_,a_,.o.o‘_,-_sliwu 55801 oY F pasius ¥
momenits JI pad Jads lane o bll 4 Statical system

I/lc 48200/3.5
Ge = L/l, ~ 16270/10 =846

+ From charts permitlted to sway

in

k= 1.9 lb,, =71.9+3.5 =6.65m

lb —35'm
Ty = 20.4 e Ty = 431 em
Uy, 665
in _
*A,,Ln——?:;———z-ﬁ—"—-—3259 < 180
x _




v Fr = 1.4~ 65*1057\,mm
1.4— 6.5+10 +81.21° =|0.97 t\cm?

N 6.0 '
* fca .—_—_(_)_05__0.05 <0. 15 A, =1.00
FC 0.97

p—— ——
e i ————————————————

6) Check Bending

v So(act. )x _ M. =1899 _o.933 t\em?

S, 1930
* luact 350 cm b 20*200 2582 om
* lu ‘ 1877.?,.t
13804, . %C
biter > lum’ —> LTB Occurs . amt
_ 2
* C,=1.75+1.05 0. + 0.300" = 2.27 a—%=044
800 +A; 800 + (20.0 +1.60) ,» 5y — 335 ¢\ em?

*E“" Toed 0 = 350+ 50 058 F
| < 0.58 F, =

Fbea:_ Fltb \/(Fltbi) +(Fub2) < 0'58 Fy

Fbca:-__ 1.40 t \sz




7 ) Check Interaction equation

fa, z (act. f ac
Ff +be( “ed - Y, < 1.0
C be bCy

0.932

0.050 + —*1.0=0.72 < 1.0 => SAFE

Check on section at point B
Mp=12m.t Np=40t
5) Check Compresswn - LT
. I/lc . 48200 /4. 5+48200/3 5
Gp = = o= =1.73
3= L/, 141200710 |
oo SHle Cuad BMDJ) Lavy g 950 o5 WSl 558l (¥ Fpasins 3
moments J) o3 lais Lase o2l 4 Statical system

G4 = 10 (Hinged base)

« From charts permitted to sway

lbout__: 4.5 m
" Tx = 20.4 em Ty = 4.31 em
” Ly, 945
= —_ T =
_*)\,%— T o = 46.82 < 180

| lv,.. 450
: ' _ out _ _
. )\, ot ™ T T ST 104.4 < 180

*F =1.4- 6.5+10°N 00

14— 6.5410 x104.4 =|0.71 t\em? |




N _ 400

*fCa:: A = 776 =10.34 t\sz
Ica L 034 oo o5

F. 0.71
| 7500 _ 7500 _
* Fpy = A\’ = 26.3° ~ %% permitted to_sway

X //
Cmx 0.85 |
f= e = o2 =0.9941.0 [4, =1
[1--7=] [Fm L I —

——— —
————— — - e —

6) Check Bending

« Fo(act), ——H= _1200 (5620 \om?| 7|

Sx 1930
lu“"t 450 cm 20by 20x20.0 _2582 cm -
’fy \'.204 ) -
* lu max. .. 12m.t B
_ _ : 138044, ‘ SR

Py Co  wlun I gl ¥

bitaot. > litimaz, = LTB Occurs

* Cy=1.75 + 1.05 0. + 0.300Q° = 1.75 0

®=7z=0
- 800+A; ., 800  (20.0 +1.60) _ 2
E,,,, T.a O 450+ 50 +1.75 = 2.02 t\cem

< 0.58 F = 1.4

Fye.= Fltb J (Fuss) + (Fus)® < 0.58 F,

Fbcx= 1.40 t\cmz




7) Check Interaction equation

0.480 + 0 * 1.0 = 0.92 < 1.0 => SAFE

F
I
|
||
||

Question (1) ol

| Straining actions

|
o - B _ 15 _ R 19|
¢ Q.= == 0.75¢ ;::
® =_y__ 18 _ 4 L
Q=2 =—3 = 9t

« M, =9+ (0.3 +o.-25')'-”
-+ _0.75(0.50+0.02+%’5—): 5.51m.t.

(460500450~
N
§|
3

15
ol

|

| |
1 75 i1 ~. Channel
RAPPP il
TIAL Y 400
o

Calculate the force on critical Bolt and Check
> r'= 3 (£+Y) = nat £ 4(YryYsF..) | Bolt 1
ST =64(19.5) + 44(15) =8182cenl AP
' (=]
: Qx M -E\'@ ®
R = ¢ _0.75 , 5.51 %100 _
Ty T T E Y =t Ty ¥16=272 8 kg
Q. M
R,=—Y 4+t , z _—_-9;’ 4 2ot %100 g5 4.87 ¢

Y n s, 3182

| R, =\/2.722+ 4.87‘2 =668 t
Ps =Ry =558t | |
Use M 22 with Ps = 9.25t|




Question (1)

[ 4] Design of Ballen plales

X
TEFEF
[ | * ~
T Y F— J°
o | | Y
> | |2 Felo o
| I
s s il s |
| | T DN I
L = T S I
1 IR l 2 |
S | N e | & 10 0
| | S
| ___ ! {;'_._"_:.___L._ l.L_.__. __,__{___’ ________ L.__'_

=5 - b d=50-
Dimensions of Batien plates

* h =80 cm Given
*ly=45em  Given

Forces on Batten plates _Q_* o
| | 2 2 75 Batten plate
* * = < N = - ‘—) | .
Q" =Q+ 755N =7.0+--+60=8.20¢ T/
| c y
* R = Q** a  8.20x95 . Lfolumn | |~ |
o - 2xd 2«50 " | b s |
Design of batten plate << (bb) 1%

1)Straining actions 4
*Q = 7.79¢ M= 7.79 + 25 = 195 cm.t i




-
Q

2— Properties of area

. ¥
Lol JS o8 saelusatsn g Ulall b lace yroluwal sae § ]
; z’\f’ .
o éé -
tAnot =454 1.0~ (24483 )5 1.0 =87.8cm? “N° ¥
1.0%45% 2 \
* I groes™ 75 —2[1.0«2.4415%] S
—6514 cm? $ -
‘3—Check Stresses
No'r'md.l Stresses
| f _leth 6514 +22.56=|0.67 t\cm?| < 1.4 t\em
Shea:r stresses
| '3 . Q
q-? * A—;r_oss } 0.35Fy |
| 3 7 79 -
= =10.21 2l < 0. 2
9= = *3o8 t\em 0.84 t\cm

~ 4— Check Bolts
- *Shear = 7.79t

* ZyZ—z*(152) =450 cm?

Ul ode b yllae I
* Torsion=195 cm.t —)

&
* 15 =6.50t

kg . _ 195

o zyz() 450 g
. __R_7.79_ o ——\

*x YV = - T3 =2.60 t

F=NTV+H' =701 Single shear FuaV

2 .

v Rs.s =0.20:10% 1L22%" = 7.60t Hﬁ |
« Rp=0.8+3.6x1.0+2.2 = 7.77

»*

_Rleast = 7.601

F=70 t< Ripget = 7.601

o

— SAFE



Question (1) _ 100

[5] E ® ®
M=25mt N=60t Q=7t § |
LE :
Ee —+000mm I
1 )Design of wvertical weld e

+ Assume size of weld =6mm

l=50cm _
n__ N M ere -
T - - S o | 10
60 25 _ o : S — i A
2  0.5563 75—'2t - E A ' o
E>0 6C = 45 1t “i o o
- N M _ ) 4
T =—— > + = | / 100crmm—————
' Plan
60 25 - =
2 *to553 - 152t
* Check stress
- , _ 451 _ |
1 = Tz"ff‘ifc = 5355+006 ~0-68 t\en? 3 0.72 ¢\ om?

Q 7 a2

f=ft+s = 7255206 = 0-05 t\em
Lol OSaad) o CUY 80800 QJ) 4oy Normal stress Jl Lws 545 Wsls
JGll Check JI Jacs LaJlenl pac U | POPY N

| Jo= N %+ 39% $0.2F«1.1=0.72+1.1¢\ o’

3



2)Design of horizontal weld

3) Chiclc_ Bearing stresses 10,

2 JX 1
+ Assume size of weld =8mm - —e
+Auwy,= 440.8422+ 240.8+ 100 s M\* M, 5,
=230 e /——5*56—'/
_ o, 0.84100° b 00 e
Iy =2+=73

3
+ 4 [QL8222 o 0.84224(39.0)°] =243251 e

243251

J:= Egg +—2i§§§, *50 -='0-2-5 t\em® = Tension

7

v fi = 0.6 550 —£200-+50]=0.77 t\em® = Comp.

- xq —-2—3'0—-—0030 t\cm

L =N 347 \/077 + 3%0.030% =0.77 t\em?

PORE, x1.1=0.72+% 1.1t\cm

A7

* Assume fn=260Kg\cmé | ];_ o E j T e
_ N 6 M o |

*fb - B*L + 2 1 > —— _. i

B=*L e —
— 60+10" 625410 g 100cm—
45100 " 45+100% Plan

= 46.66 kg\cm? } 75 Kg\em®

4-)D_esign of anchor bolts

-%_ 33—0"’-%2—042m> g.' =L =0.16m

—> Large bending moment —> Tension on bolis



xassume fo = 0.05 t\cm2 - - 100cm

60t
10cm
=(32.0.05)«B o S (Nesm.t
=3.375 a ton v:!' —
|
+ TM@T=0 y Jc
60+(50—10)+(25+100) y ¢c
_ 20 a
- 3.375a+(100-10-a) =0
3.375a% — 303.75a + 4900 = 0
B =45cem
S'olv'mg the equa.twn: | B
a= 68._94_cm. @ = 21 06 o
- VY

| * ZFo'rces 0 = ZY 0
N+T=Cc= 60+T=8875a=32.88 =|T=11.08t|
T _ 11.08 |

DA - Z
0.85Rt ) 05.0.3345.2¢0.78 "4"’
assume n=2 = ¢=2.49cem = Use|2 ¢ 25

* N=

*Rsh= qb *As* 1

Ll S 2 2
= 0.25Fy * 7T¢ * | = 025*52*17*25
4
T ¢°

1 =6.381

* 0.78

*Rt = .0-33Fub *

= 0.33% 5.2*"*;5 +0.78 =6.57t

['_Q\Zn]2+[ g\n ]2< 0.85
' sh t

7\ 4 11.08\2 7° _ 0.85 = S
[638] + [l 2= ey ] =0.79 <o. afe

@ ._



5)Get thickness of Base plate
sassume f,, = 0.025t\ cm?

— —\

41

=

7 20 2.5

8| g+
S s

N

BN
Ja

=

sl e lalos 5 cantilever moment JI Joos Jaouiill

E'mpz'mcal 'va,lues Jb cont'muous beam

* M, —-fm, 20 '—1 25 em.t y

1.0 cm;'-t-

8
* MZ =fav. 32

t.em
tom.,
it 6 Mmoz. \/ 6+1.25
- 0.72 F, 0.72+2.4
Nem®/ - 2.08cm" |
=> Use |[tmin. =22 MMM

__'_._..__..__._______,_..r_____

e - 777 /'0’
= % |
Y
. 7
| 7
: /A ®
Z
: A~ =Stri
Plan 1 cm St
AMmaa:.

|
b tom—

Critical section
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Question (2)

[1]




1—Bearing type

1-get straining actions [given]

Shear Force =3t Normal Force = 10 Bending Moment =5

2—assume dimns. of head plate ba

*B = bp + (0.0—4.0)cm

£l +

+
B = 13.5 + 1.5Cm = 15Cm L?

3—use 4 bolts only around T.Flange

4—Calculate T}

=

\Z\ ?

Text,b = Tension force in one boll

T
= jb_ < 0.6T (pretensioned)



M N _ 5§*100 10

Towtp = Lo = 1424 _ 356 t < 0.6T=0.6%9.89=5.934 ¢
4 4
(safe)
5—Calculate the prying force P
15em=2w
- a=3.2(m - b=3.20m o —
o+ +
tp=0.613 [M(R0+25+t) | _ o )+
IFw T
tp=0.618 | 500 (2*3.2+2%0+1.02)
(27—1.02)7.5%0.72*%2.4 T
o =2.08Cm wuse 24mm ——
+  +
4
1 wih
2 30ab4s
P:3 wtp4 (Text,b
a
()G 1)+ ——=
4071 4b 300 645
1 7.5+2.4° P=1.83t1
2 7 30+3.2+3.20%+1.57
P = (5.934)

- 7.5 2.4
4+83.20 4%x3.20 30+3.2x3.20°%x1.57

Texty +P=5.93+1.83=7.76< 0.8T=0.8*9.89=7.912 (safe)

@)



6—Check of bolt stresses

by
—+ —+
)-EALNA-” U' ‘Ua.s)l..q.” ) ‘Ut:J' PRT U_‘) —ll? /TJ|__
Lo J) Loymad) Tee Stub JI 5 5952 gal)
oaddl o983 Jeos U Ia%d e
/ — — \
(T + T+
—
@_3_
-4 =0.75t < \ _|_B +
R, = 0-20*10%2.01*1 = 4.02t AN T B

SAFFE




2—Check all the local stresses of the beam column
connection

I) Tension zone

tre=2.40cm > 0.4 \[byty, =0.4[13.5%1.02 = 1.48cm
—> Local bending is prevented

IT) Compression zone

Web local crippling

t, =1.35cm > bbp = 13.5%1.02 = 0.457
(ty+2tp +5k)  (1.02+2%1.8+5%5.1)
—> Web local crippling is prevented
IIT) Shear zone
t, =1.35cm > (Mdy) _ S00\(27-1.02) _,, ..

(0.35F, )*hy  (0.35%2.4)*40

—> distorsion to the column web is prevented




AIN SHAMS UNIVERSITY FACULTY OF ENGINEERING
STRUCTURAL ENGINEERING DEPARTEMENT

THIRD YFAR CIVIL STRUCTURAL DIVISION

MAY 2010 STEEL STRUCTURES TIME:3.00 Hrs

Question (1) (42 marks)

Two bays steel trussed frames are adopted as the main structural system
'fo'r a steel facto'ry as shown in figure 1, The spacing between main
Jrames is 7.0m. The intermediate column (ABC) is subjected to the
SJollowing straining actions :

Column Base A Column at noint‘ B
BM. | NF. |.S.F. | BM. | NF. SF

- Dead Load | 0.0 mt|~4.0 ¢t | 0.0t |0.0mt|-40t | 00t
Live foad | 00 mt|—40t |+1.5¢ [+0.9 mt|-40¢ |+1.5¢

f-%;’ﬁt"z?:;‘ 0.0 mt|-40t |[~1.5¢t [-09 mt|-40t |-151¢

Load -Case

Find Load |90 m.t|{+50¢t |-083¢t |-1.8 mt{+50¢t |-03 ¢t

- It is required to :

1) Design an intermediate side girt unstiffened cold—formed section if the
walls are covered by double layer steel sheets of wetght a5 kg\m
and the spacing between the side girts is 1.76m.

2 ) Calculate the forces acting on the two marked bracing members and
" design them. The spacing between the main frame is 7.0m.

'8 ) From the above table, calculate the maximum straining actions

(design values) acting on figure (1). Check the safety of the column
if it is composed of 4Ls 60x60x6 as shown in figure (1). Design
the lacing bars connecting the angles.

4 )'Des'.ign the column hinged base at point (4).




Question (2) (28 marks)

The portal frame shown in figure 2 is used as the main structural
system covering a 24x63m steel factory. The frame height is 8.0m.
Columns are only allowed along the area perimeter shown as solid lines
in figure (2). Intermediate floor at level +5.00m is added for offices of
the factory administration. No columns except for outer columns are
allowed within production area existing in the ground floors. It is
required to: |

1) Draw o plan of the floor at level +5.00 and an elevation for the
vertical bracing system of the frame columns. Use a scale of 1:200
Jor your drawings and suggest suitable sectwns Jor all brac‘mg

- members and the ﬂoo'r beams. . - )

. 2) Deszgn a sw,ta,ble HEB sectwn fo'r the hange'r AB i the design bend'm,g'
- moment a,ct'mg on the ha,nger at pom.t B is +401n.t and the deszgn '
tensile force acting on the hanger at the same loca.twn is +6. 0t

3 ) Design the welded connectwn of col'u.m'n AB to head plate at pmnt (B)

4 ) Design a suitable HEB sectwn Sfor the main floor bea,m ba.sed on
LRFD Concept if Mf=60m.t and Qf=15.01t. fl'c'” “_, ;,c|,

_ +40'm,.t

! |
| |
b ! =1 B ‘\—401:!”t1 .|. J....L I T T | E
B.ﬁLm T Main floor beams T 1’
| 5.(¥m I l F;‘L
' ' 1
1 |
,L 24.0my ,I’ - '
Section (1-1) | ][ |




50
100,

100,

100
50

| )Checlc the. safety of. thé- g'i'oup of -bolts -66ﬁﬁé¢t'ing the two brackets
- wpport'mg the ‘erane. gwde'r to the column as shown in figure 3 The
. bolts are M16 nan—pretenszoned bolts grade 8. 8

2 ) I_f you are asked to- st'rengthen the connectzon to be able to support
higher capacity Sfor a crane girder, mention two proposals of the
strengthe'mng and which p'roposal zs p'referable‘? state why?



Question (1)

[1]
1)Loads and straining actions:
a)Dead load

assurme

i) Own weight =Wy =20 kg\m?
i) weight of the steel sheets =W, =15kg\m?® Given

_*%L 0. W+W
=20+ 15*175 46‘25Icg\m

-.--_'.-b)L'we load
Neglect this case

C) W'md load - .
+wind loa,d Caakaq = kg\m®
C. = 1.1 (Pressure ) e = 0.5 (Suction )
K=10fo'rh<10m '

= 70 kg\m? in cairo

* Ww-':(ci*k*q)* Q="ooeen ]cg\,,n\
=11 %« 1% 70 )% 1.75 = 135 kg\m> = 0.135 t\'m

-+ Starting actions

| Wor | W,
EQQQQQQQQ% mm
. L N o

for side or end girt

| et S —
for side or end girt



x

ylf y Find load
* < causes M,

x

ﬂ Dead and live
loads cause M,

- g2 7%
 * My =Wy - =0.135 « —— = 0.827 m.t
O r
*My = %L*E- =0.046 + —/ = 0-.28m°_t o
 Using two tie rods
. S/3)* = |
N My=WpL*(8/3) o M,=0.827 m.t
. 2 —
~0.046 + —— =0.081 m.t M= 0.031 m.t

2 )Choice of section:

For Cold formed channels

Sz ' Sy

- —==Dassume Sy = 63,
c—>channels are non compact or slender so assume
Fy=1.4 t\em?
. 82.7+6+3.1 O
KX Sx* =1.4 —> S, =72.36em®
t—> Choose C200x100x4x6




3)Che cks:

a)Check code limits for slender sections
th=H—-2r -2t =200-2+«6—-2x4 =180

2
S
N

N £90

N ~

[
?’ = 1;0 45 < 200 ——> Web satisfies code limits
0
+b=B-7—¢=100-6—4=90 &
b _ 90 _ — |-
t 4 =22.5 <40 Flange satisfies code limats

Determine the effective pmﬂ—_t—.; of section
For flange e
Flcmge = Comp'resszon U'nstszened l:() l// = 1
+ K5 = 0.43

* b =90 mm

_b\t /B _ 90\4 [24 _
« Ap= 2 I% T~ T 44 0.43 - 1-*1

o

( A, —0.15-0.05w%)

— P
* P = }"2
pP
(1.21 —0.15-0.05+ 1)
= = 0.689 < 1
- 1.21%
* be=P+b=0.689 + 90=62.09 mm
For Wed
Web —D Bending Stiffened —> Y =—
* Ko' = 238.9

* h =180 mm

 _ b\t /E _ 180\4 [24 _
v A= 2 VR T —aa 23.9 - 0-3%




( Ap —0.15-0.05y7°)

*P.-_- )\‘}f

(0.32 —0.15-0.05+—1)

=2.16 > 1 == Fully effective

0.32%
: Reduced pa'rt
*+ he=P+h=1+180 =180 mm = ———————-"-—-

- A’_—100—"\—/
= — .
* Ixeff Ixtable Ixreduced part 44_'90J\7’
4 17
—96'9 7 —R2.791%0.4* (70 0.2)° 1 (’Fz._os. 27.91
= 862.5 em* s
* Iyeff _Iytable ' Iyredu:ced',paft . - | __________
| o 0.4+2.791° 200790 | | ©
=154.37—[ |
| 12 1
+ 2.791%0.4% (10 — 271—”—2—7—91)]
L
= 114.8cm* N 24 2

b)Check stress |

( Lu(act,) = 0 =) corrugated sheets)

- F,,.=|1.40 t\em? Fy,,=[1.40 t\cm?

Fy= .y+—ﬁL- ‘X H.4t\end?

Ix'new

82.7 40, 8.10
8625 " T114.8

(10 —2.71) =1.16 t\em?
< 1.4 t\em?® —> Safe

Suction Case Laii 3G oS 5 plode¥) @b Leasius o) o




smome

Question (1)
[2] W

Y Y Y Y Y Y Y VYN

1 2471y T 24my K

T
l\i Horizontal Bracing
\
\
R 1\ RZT R 1

= - = 8;6‘m
* Wy = (C*k*q) "?'v.
_ 8.6 _ _ : ~
= 1.1%1 %70 % > =331.1 kg\m
+R, ___331. 12*24 = 3973.2 kg= 3.973 tofn’,'_“'
R,
—>
o 20

'____L_.____L__L

_+_ K1
B =7 2cosO )
3.973 500
= 260s40.60 — 12.62 ton |

——7.00m——F——7.00m—>
 x equilibrium of joint |

F,'gz_’;_’ = +1.99 ton
E -*lbinf: 4.61m lbwt1=1.2 +4.61=5§.583m
"_‘lbmz‘—— 3.560m . lboutz': 7.0 m

~



Design of member (1) JL

* Choice of sec:

assume ?\. = 200

Lo Ly 461
200 = T 0300 —030a— ®=768 cm
200 = boe  _ bone  _ 5653

T, 0450 0.45a > @®=614 cm

—> a = 6'6'7 em = use_ll_80*80*8
SR Des'o,gn as Compresmon member:

N )Buck lzng

assume ty =1 cm.
'r

T - \f(rxme+ 1)* = ez ruzee L)

l | f = 8.67 cm
Wk Y _ a.61s100 _
* Nin, = = e 190.5 < 200
¢ Mgpm Dout _ 553100 _ o0 0 909
| T, 3.67 S
| _Z)St_'resses Mous > 100
CF,- 7500 _ 7500 _¢ 507
X 1905
orce 2.62
*Lact = —

A~ Tzs - 0107 t\cm <F, (Safe)
* Design as Tension member:

- 3)Deflection
11 461 <
* T 2 =5§7.6< 60



P

4)Stresses

5,.S allowable tensile stresses J| ;¥ CheckJ) \ia Jac Q\:o.s Y
'. Safe (sSius '-‘.-EST HAWL 5 1.4t \em? gols 4 oo

Design of member (2) L

* Choice of sec:

assumez,. = 200

| _ b oo 350
.200 B | _7} 0 30 a ~0.30 —> a =5.86 cem

045a, 045a:>' ’777 em

':D a = 6'67 om == use_||_80*80*8
+ Design as Compresmon member

1 )Buclcl'mg

assume g = 1 em
T

rlL = Ty =2.42 cm
’)"y_ll_ \[rx)?+(e+ g)%. —\/(242)2+(226'+__)2

! = 3.67 cm
e, - b _ 3.50+100 _
* Nim, = - 144.6 < 200
Y Ubout  7.004100
K Aous= 7t = Lagy s = 190.7.< 200
~ 2)Stresses % s 100
, out
.F, = 7590 _ 7500  =0.205
X o 190.7

| _ force _ 1.99 ,
*Lact = __—ZAL_ = oe12.3 0.081 t\em <F, (Saf@




+ Design as Tension member:

3)Deflection

L __ L 350 _ <
* T e - P = 43.8 60
4)Stresses

5,uS allowable tensile stresses J ,_',»:{ Check J) is Jao (gl Zlios ¥
Safe (sSius 38T JUWG 5 1.4¢ \em? sl 5 loa

Question (1)

o1

Column Base A | Column at point B
BM. | NNF. | S.F. | BM. | N.F. | S.F.

Load Casg_

Dead Load | 0.0 m.t|-40¢t | 0.0 ¢t 0.0 mt|-40t | 00t

Lo {;ggd 00 mt|—40t |+1.5¢t [+0.9 mtl-40t |+1.5¢

,I:;-‘;’ﬁtngg doomt|-40t |-1.5¢t |-0.9 mt|{-40t |-1.51¢

Wind Load 0.0 mt|[+50¢t |-03¢t |-1.8 mt|+50 ¢t [-03 ¢

D+Lyept 0.0 mt|-80¢t | +1.5 ¢t |+0.9 m.t| -80 ¢t | +1.5 ¢

D+Lyight | 0.0 mt|-80t |-1.56¢t |-0.9 mt|-80¢t |—-1.51

D+W 0.0 mt|+1.0¢t |-08¢t |-1.8 mt|+1.0¢ |-03 ¢

D+W7“L'zeft 00 mt|-80¢t |+1.2t |-0.9 mt|{-8.0¢t |+1.21t

D+W+Llyight | 0.0 mt|-8.0 t |-1.8 ¢t |-2.7 mt|-80¢t [-181¢ |

00 mtl 80t +1.5 t |+0.9 m.t 8.0 ¢ +1.5 t
CASE (4) 0 met ] =6 ~1.5 t |[-0.9 m.t| * —-1.5 t

+1.0t | +1.2 1t |-1.8 m.t|+1.0t |+1.2 ¢
-30t |-1.8t |-2.7 mt|-30¢t |—-181

CASE (B) |0.0 m.t




For column (at point B)

Case of maximum moment

My
My =—2.7m.t M, =—09mt =212
M,

_ 0552 s Case B gle paas Bgus JUL
Tension JI (o ot &l &us Comp. J) 50 Case B 43 Critical JI
« 5uS Moment 4c. 5 LLLIL

M=-27m.t N=-3t|Case B

Case of moaximum Normal

Np=—3t = N,=-8t <12

CaseA JJLMJWU-JUB_,-

M=—0.9m.t N=—8t| Case 4

Check Jo= 5 Maximum moment case | gle miadilly oo S

Maximum Normal caseldl (e

Case of maximum moment

1)Suggest suitable bracing system

n——

Ul 8 ‘,.Lm LY Zliss ¥
2 ) Calculate the straining actwns
N =3t Mz'n = 2. 7m.t
3) Choice of section

. [F=="tE=s,
vAry =44, = 4+6.91=27.64cm? TE_ T
| |
2 SX 1T T 1T 7T,
'*IX[]=4[IX._+AL(—IZL)] 1 e
. N | -y |
e N i ]

a 30 2 H
= 4[22.8+ 6.91(32) ] e
=6310cm* =] -



4) Check Compactness

Flange subjected to comp.

C _a 6 23
* === =10 < = 14.8 A—a—
t, t 06 ,fy “ZN
“|¢* The section its Non—compact

e p——————
— o ——

5) Check Compression

by, = 20 (6+F)=140m Ly 60m
Yx =1511em . Ty =151tem
~ Lo, 1400 . |
*x'&n: Ty = 7577 ~ 9565
AN lbowr 600
Y W = =89.7
out= " n = T 7511
& assume lZ =60 cm .’rZ =Ty = 117 cm
l lZ 60 | t
} 60 F!'gg-g_ I % |
5 / out %
* —3—2.m.{ =70.6 N
A"o'.'n. # '
| NS —d =
* _}'i’n = \fx in+(k A’Z)Z Lacing Bars
o [T

=
= \/92.6'52+ 1.00+51.8° = 105.9 < 180



.. *

Lacing Bars
______ _
= \/89.7°+ 1.00+51.8° = 64.87 < 180
+F, = 1.4~ 65410 y W
= 1.4- 6.5+10 % 105.9°=|0.67 t\cm?
3
*Jro= Z = 557 = [0-109t\cm?
fC“ =0.709 =0. 161>0 15
FC 0.67
7500 7500 _ -
; Fky N~ 64.87° 1-78 permitted to sway
vy T
Cmy _  0.85 o)
4; = 0.161 =0997é1-‘0 Az
[1_‘T;;'] [1-557
S AR IR B
- 6) Check Bending = Ll
= i |
IJ | ! . !
' fb(a,ct.),m-- 1‘;{“ (,‘21 +el.)..,,.=,fby iE_— ! N | Mir
] | SX — Y
__270 , 60 ~ P ! | 6
6310 (2 +1.17) =|1.88 t\em LE_H . 1
. e I~
R~ 0.58Fy No LTB o veL

\ Non—Compact ;S5 angle J| 3

Fyoy= 1.40 t\em?

— e S s




7 ) Check Interaction equation

fa, x (ac f act.
ca Tt (/”*jﬁ by (wt) 42 < 1.2 => Case B

FC bC’x Fbcy
1.33
0.161 + ot 1.0=1.11 < 1.2 = SAFE
Case o?maximum Normal —
5) Check Compression =

eFp =14 65410 Noppan |
1.4- 6.5+10 +105.9°=)0.67 t\cm?
N _ 8

*fea= T4 T 7767 71029 t\em
cJea_ 029 o 005015
F, 067

_ 7500 _ 7500
Y aZ 6487
Ay

= 1.78 Permitted toswa,y "

e . ——— e — —
P
-~

_ Cmy  _ 0. 85/

2= T T 7 .
T T

6).Check Bending f__]l-.:-:—J[;‘:t-,-lr_
— = | J! .
| n d E 3 'NV . lM‘.'n
- Fotats - v =T t-*i—*—r*
_ ) (
__90 60 . p a1,
o (517 = P44 t\em?| il el




R~ 0.58Fy No LTB

—_—

\LN on—Compact ;, ¢S5 angle JI ;¥

Fycy= 1.40 t \cm?

7) Check Interaction equation

f a x (ac f act.
_C~ +fb ( * A1 + by ( tiAz<1.0':>CaseA
C be bCy

. 0.430 + - ‘;‘_j‘o‘t *1.02 = 0.75 < 1.0 \::>'SAFE- | o |

m——
s —

- Design of lacing bars
- From table :

. Qp=-1.8t Q, =—1.5¢ —L.<1.2

1o =—1.5t N=—8t|case a4 C05¢ 4 e paa dsu JUL

- Forces on lacing bars

¥ _pn, R A — 2
* Q" = Q+ 100N = 1.87+ 30 *8 = 2.081




*

Q

* Force in lacing bar =+
. 93 4 Cos Ol
= f . = ° t
4 Cos 45 0.72

Dimensions of lacing bars
d 60 '

Cos O =Cos45
_ L _ 85 _
=70 = 7o =8.5cm

+ assume thickness of lacing bar = t =2 em

* I =

~ 85 cm

*+ b

| Qz_éclc on sictig_n.

1)As -compression_member
* Lb.x': Lby= 0. 75L = 64cm
* rX = i = 2 = 0.577cm

Viz 1z

Check buckling

2% | '
. 64
- = -1 140 = Safe
* xX Ty 0.577 ”< | d
Ch'eclc Stresses
T 7500 7500

*FC = Az = 7117 - 0.6081t\cm”

maox.

Force 0.72
*fCa= Area  8.5%2 =10.04 t\omf| < FC

2)As Tension member

- Check S'tresses

Force 0.72 |
*Joot. ™ Trea ~ 85wz ~(0:04_t\em’| < 1.4 t\em?




Check deflection

Assume welded connection

* assume- size of weld S'=8 mm

_ Force _ 0.72 :
Laot=94F,« 5 * 25 “50.72+0.80" 2*0:60=1.79em
* use min. length |L_.=5 cm
_Question (1)

* [4] Prom table : S
2—Cases Lwl,s CL""‘" dJl.aJL» 9 No'rma,l &' Shewr Lu.l.r. P% ’o’d.cL‘iJ‘ _

Case of maximum Normal

- Nj
Ny =—3t N,=-8t% B 1.2
| Ny

Case A gl pacs Gy S

N=-8t Q=-1.5%t | Case A

Case of moaximum Shear

Qp=—1.81 Q, =— 1.5 —B 1.2

=-8t =—1.5t | Case A )
Jads 3..\9-'_,0&89 ‘_;J.r, ro.a:»c_‘.)_,m &J‘:\JL.) 9




1)Check Weld

x+ Assume size of weld =6mm
*Ay,, = 2+0.6 x+62=74.4 cm®

+Ay, = 2+0.6 +62=74.4 cm’

*AwTotal =Awhz +val =

2.34—
80—

. =148.8em?? :
fi = ngﬁl = 2822 _0.03 temé E—%Ei_; |
f \/f + 3q '—0'.05-t-\'éfm’2 . g | N B

P 07241 08\em® | [ ez ||

2)Check Bearing stresses

* Assu'm,e Jou=260 Kg\ ecm®

3
fb- B’Z,‘j —8%*gg =1.47 Icg\cm }75Kg\cm

| 3)Deszgn _anchor Bolts

*R.S'h qb *As* 1

2
= 0.25 Fyp * ¢

* 1
Fub =85.2t\ emf Il S 4 steel 52 aloasius Lsls anchor bolts Jl
9y,= 0.25 Fyp ) 3oL Wals

| Q 1.5
_*n_ =2
Rs 2
n*0.85 T . 0.85

_ (0.25 45.2 )+
| = ¢=0.73cm =7.30mm => Use [2¢ 20




4)De§%:gn of base plate %

«Jo =0.0015 t\ em? A ,
™~ © ’ 7
=<k e i % _I
> 5 / ™o
& °D. 5 % C\i (53]
= &l %
S | é
<t [ et
- J\Q; é
£ 7
+ M, =f, » 8'33 =0.06 cm.t o "—62-§ :/7L
 tem |
B j\ .
tNer® /' - 152em 0 L A I
= Use |[tmin. =20 mMm | T

Critical section

s ———— — —
—— — — —




key elevation

24 o 4.
/7 L2 d {17 7 A~ HTIC 7

m Corrugated sheets 0.5mm L 100x100x10

200x80x40x4
gl
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Ve
Ve

Elevation




A 90x90x9 |
Ve
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_______ e —
V,
< s,
@9
(~]
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Se
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key side view

L 1002100x10

————
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¥

1
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>\ Batten plate 20mm

~—

iac'mg bars

-
r 80x80x8
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Question (2)

[2]
1)Suggest suitable bracing system

. Layout JV 45
2 ) Calculate the straining actions
3) Choice of section |
% Assume ( a,llowa,ble st'ress) f 1.00 t\cm
M: - 40+100
*S‘”_F = 1.0 = 4000 om®
| => Choose HEB 500
4) Check Compactneés |
For flange Subjected to compression C
w=39.0cm Jslax - Ce C 777 Ry tf
ty,=1.45cm Ve
[/
by =30.0cm 4
tf =2.80cm |
r=2.8cm ) / —_—

L ]

c _F(b,—tw-27) 5(30.0-1.45-2+2.8)

=8.19

= 10.9 ——> Compact Flange

)



For Web
* d,xt,xF, =39.0x1.45+x2.4=566.56t > N=61

Wedb —> Subjected to Bendin.c
+1] =% [zz8=+1]=0.44 <0.5

*a_Z[ t *F

ww

dw =_3ﬂ =26.9 < __6._31 = 93.3 —> Compact Web
tw 1.45 (X,,Py

o’s« The section 1s compact -

5 ) C'heclc Tenswn o

lbz —> Frame :>GA&GB
Gad& Gp I olus paliis o) UL 5 S Slelad elo ¥ Wl &
Sway J yoyee Hanger Jl of ciu:- A ‘:,_,.:Sflc I poyd HSaddl (yab

ly, =2+3=6m lb =3.0m
Te = 21.2 cm Ty = 7.27 em
| Lo, 600
N = o = z7g —28:8<300
x lx
N out = = gy = 41.27< 300
Yy Yy |

*F_'t =11.40 t\sz

__Tr __6 _
-*fta_ A = —>39 =10.025 t\cm?

+ No compression —> No Buckling —> |47 =




6 ) Check Bending

N[ Mo
Fo(act), =M= _4000 _15932 N\ o ?l%*% \v»

*

S, 4290 i
* s 150 0m
' 20b; _ 20+30.0 _ .. *‘“mtA .
N N[5
ot =§ NN
1380AfC _ 13804304+ 2.8 . 2.3 3 piIE-40m
deFy 7 7 50024 _ 59910m >
l =378 cm. Cy, = 2.3

U max.

- luact. | < __l_u maz.

= No LTB

Fbcm'-"f:_- 1.40 t\sz

7) Check the interaction equation

- For tension side

I Ly 2 (act)
A b= A,< 1.0

1.4 F

0025, 0932 . _ 060 10> Safe
1.40 1.40 |

2



Question (2)

[8]  secd) 5 Welded Conmection JI pres s daid o gllaad) o Lo ¥
acl gl Jio mreas Jao @by Head platel)

HEB 500
AR WUU

|
!
rzzzzzz

|

|
+40m.t
Q@ =75 30 267t <3 %AE

« HEB 500 dimenstions:
e de=80cm o be=830cm « te=2.8cm e We=1.46cm

weld dimensions bo=30cm
@ |
[ o— ]

assume Sy =26 mm < {¢ =28 mm

— _ 0.4b
Sw=12 mm < we=14.6 mm 1265 0.8%50
J=400m

| e I S—

—

For one flange

'w.Hz.= (30*2.6) +2*(12 *2.6) =140 ecm?
A eb=2*(40*1.20)=96 cm?

W w

swea= L ’-3;47-73] +2 + [(2.6%30)(21.3)" ]+ 2
+ [(2.6%12)(15.9)" ]* 4

=115126.328 cm*

3



* ¥ Check stresses:

Point 1: (Horizontal weld)

5
f,= Y — .y, = 201100 (20+2.6) =0.785 t/oni <0.72 t/om’
weld, 115126.32
(unsafe)

Point 2: (Vertical weld)

=M ., _ _40%100 * 20 =0.69 t/cm °*
7 I S Y2 < {15126.32 /
Q@ 26,7 2
% = 4, " 9% = 0.28t\cm

= \/fzz +3 qj =0.843t/cm® > 0.72 *1.1  (unsafe)



Question (3)
[1]

Straining actions

B
« Q= F=12 = 0.60¢
5
- Y _ 15 _

. M, =7.5x (04+o 25)
+ 0.60(0.32-+0. 01+ML)

5.19 m.t.

Calculate the force on critical Bolt' and Check

Bolt 1

Sri-os (x+y) na +4(y+yz ) o ®
S 1= 84(20.0) + 44(15°+5°) =4200cn® %o | @
%e | o
R — t _060 , 519 100 . _ 200
e + > * Yy gt —azgo *15=1.92 1
R -2y t _75 |, 519 £100 ., _
By=—o71 >, * x, g1 —zp0 *20 3.40 t
R, =\/3.4o”+ 1.92 =8.91 ¢
*Rsh q, *Ag*n
T ¢° 6
= 0.25Fyp * * 1 =025+ 8 * * 1=4.021

)



edge distance = 50 mm > 3¢ = 48 mm
> O = 1.2

_ ty =1.80
UPN400
+Ry = 1.20F, * ¢ * tmin
tp=1.40

= 1.20%3.6% 1.6+ 1.40 =9.671

Rleast = 4-02t
R, =38.91 t < Ripget = 4.02t = S@fé"

Queft?onﬂ_. Y e il e Mol TpB e b oyl
[ '2] | Jes Ly g 83 9 g0 s ‘_;'1 existing connection

=+ Lal strengthening

Lol o oS i~ lace 4alsd , Batten PlatesJ| s Plate LiLsl -

T |

19 Tel_ New plate

K ol ————~"——— —

lo !

CHIRE

=e| | @ !

= te

|®

s

i

T, SEEVY WHON | o Weld 43Lo) -
New Weld




