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Structural Engineering Dept. Time allowed: 3 hours.
CES 452 CF: Design of steel bridges-(Second Term)

- Material of construction is steel 52
- Any missing data may be reasonably assumed

Question 1:

The main girders of a triple-track open timber floor railway through bridge are
composed of warren trusses having a span of 55 ms divided into 10 equal panels 5.5 ms
each. The depth of main girders is 7.5 ms. Depth of upper chord or lower chord
members as well as the spacing between gusset plates; is 50cm. Cross girders are
-overhanging beams of depth 1.5 ms. The central span of the cross girders (spacing
between main girders) is 12.6 ms. which is divided into 7 equal sub-panels 1.8 ms each;
i.e. the spacing between any two stringers is 1.8 ms. The cross girders have double
cantilevers of length 2.5 ms supporting 16 cm R.C. slab side walk.

Stresses for St. 52

-Fy=36tcm’ . -for H.S.B. quality 10.9 M27 :P,=9.08t
-forA <100 f=2.1-0.00013542 tiem? -for 2 >100 £=7500A2 tcm?
It is required:

1. Using a scale (1:50), draw a layout for the bridge cross section; [show ail
elements comprising the typical cross section]. ‘

2. Design a welded section for an intermediate cross girder and the necessary web-
to-flange fillet welds (consider only in-plane bending [ Note: F,, at mid span of
the cross girder and at its supports are 1.45 t/om® and 1,12 tem?; respectively].

3. Propose (using neat sketches) a system to transfer reaction from upper wind
bracing to lower wind bracing; and explain briefly how this system is analyzed.

4. If the maximum forces in the truss members L5, U4, D5 are as noted, design a
welded section for member U4 and choose without check suitable section for
members V5, L5, and D5. [ Note: Fus=-1350t;, Fis=+1400 t and +330 t;
respectively, also Fps= -250 t and +160 t; respectively. Also consider F,, = 1.62
tfem? and assume that all upper nodes of the truss are laterally braced 1

5. Design a field splice for member U4 using HSB quality 10.9 M27.

& Using H.S.B, quality 10.9 M27; design and draw to scale 1:10 the marked joint
along with the field splice of member U4; [ in elevation and side view ].
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May. 20083 (Str.)
Question (1-1)

Upper Chord
ws. ﬂ%ﬂhﬁ?ﬁg Upper Wind Bracing _EF’
l

Haunch_to |make rigid <§Mww -
Connection |for the portal frame mem
6.60m
Hand 7.50m
ail
Rail (15Cm)

0.16m Sleeper (20Cm)

X.G Cantliver

i String .m.wq.ﬂ._ﬁ%l 1 l\ B

—— 2.60m ——] 12.60m | 2.50m —
Verical stiffener

Jor cross girder webd

Lower Wind Bracing




May. 2003 (St'r.)
Question (1-2)

1 )Live Loads

For Rail Way Part

12.5t 12.5t 12.5t 12.5t

fffn | ! | innnnsannn

0.80m——k1.60m-1.60m1.60m-+—F-0.80m §
b—— 5.50m ¥ 5.50m————F

I.LL Reaction

7 A 7
1.00

Rpp= 3*%12.5%0.709+12.5%0.709+4*1.5*%0.136+4*3.1*0.281
Rip = |39.751

(1+1)=0.73 + 216

~L;—0.2
Ly = 2%12.6 = 25.20m
2.16
1+1)=0.73+ =1.17||> 1.1 , <2.00
(1+1) +25.2—0.2

Rip,1=839.75%1.17 = 46.5075%

For Side Walk

w o.stqpf 02.511%2 - o.szst]/_m'

f &.60m f 6.60m {

% Ry; =0.625*5.50m = |3.43t




2)Dead Loads
For Rail Way Part
Wogg = 600/2 + 40/2 + O.W = ......... Kg/m'

Weaqa = 0.6/2 + 0.04/2 + 0.15 = 0.47t/m'
Ry= W; *S = 0.47 * 5.50 =[2.601

0.W = 0.3t/m’
For_Side Walk

+0.15t/m'
Woeas = (ts*V;+F.C.)*a/2 + ow =(0.16*2.5+0.15)*2.5/2=0.84t/m}

Ry= W, *S = 0.84 * 5.50 =

Max. +ve moment @ Sec. 1 due to LiveLoad+Impact

46.5t 46.5t 46.5t 46.5t 46.5t 46.5t

1

7

—1.80m ——1.80m ——1.80m —— 1.80m ——1.80m ——1.80m —— 1.80m —,
,——.e.son@_E 12.60m }— 2.50m —,
Max. —ve moment @ Sec. 1 due to LiveLoad+Impact
3.43t 8.43t ' 3.43t 3.43t
L l A l l
A S
A
— 2.60m — 12.60m f—2.60m —,
6.8t

Total dead Loads

4.6t 4.6t 2.6t 2.61 2.6t 2.6t 2.61 2.6t 4.6t 4.6t

& M, =12.43m.t

—1.80m ——1.80m ——1.80m ——1.80m —— 1.80m —— 1.80m —— 1.80m —

— 2.50m —] 12.60m }— 2.60m —, @




Q. = 139.5t rail Qs = 9.7t (right)

Q.1 = 6.8t road | Qy = 10t (Left)
My = 509 m.t (@ mid. Span) My, ;=8.5m.t(@ Support)
M; = 21 mt (@ mid. Span) M;= 12m.t(@ Support)
Mooe. = My, = 630 m.t (@ mid. Span) | [Mid. Span Values]|
M, e = 20.5 m.1(@ Support) [Support Values]
Mrosigue = 509 + 8.5%0.3 = 511.55m.t

Qurrzer = 139.5t (rail) + 9.7t (dead) = [749.21




Design Of Built—Up Section
Calculate Web depth = 150Cm
Calculate Web thikness

4r 830 1504830 % ty, =0.65Cm

1 Py By
From Shear Qarurr _ 116.5t _ * % tyz =0.61Cm
g i, = 0-35K  z53’= 0.35%3.6 wz
%y =150 Cm . o, 2r_190  150_190 oty =1.49Cm
Vi. Stiff. Only trs /Ry tes [Py

From 1,2,83 o°% tyg =1.60CM

Get Flange Dimension
%o allwable Stress=2.10t/Cm?

0.58F =T9T-C o get 4 = .....onf

. Mauer _ 530%100 _
Calculate T=C= 098d — 098%i50 —360.541

0%3%‘22.10 o A= 1720m?



A=b; * t;+1/6dy,* ty
172 =b* t+1/6*%150%1.6 o bp* t, =132 Cm?
by = 20% 20t =132 Cm?

i, =2.8Cm] use |by =562 Cm

3
L = 1 26, *t, s(dy 244 J2F =......Om
3
i =DE7190 4 pe5p42.8(150/2+2.8/2) = 2149722.70mt

Coly =  2149722.7 Cm4

Checks

Check mazx. Stresses

Marus s _ 530*100 _

= Hd 24ty )= 5 oran s (150/2+2.8)=1.91t/Cnt ¥ 2.1t/Cnf safe

Check Stress Range |(+ve Section)

M 511*100
——-—M& (d/2+t,) 1497257 (150/2+2.8)=1.84t/Cm? ¥ E, =1.45t/Cn?®

Unsafe

Quut _ 116.8¢ _ , .
dy *ty _ 150*1.6 0.48 t/cm? # 0.35*3.6

get Size of Weld

Qururr *[bs *ts *(dy /244 /2)] —2x5%0.2F,
I

149.2[(52*2.8)(2.8/2+150/2)]
2749722.7

S=0.26Cm Use S=0.6Cm

=2*%S*0.2*%5.2



EFxample one
Question (1-1)

Systems to transfer reaction from upper to lower bracing
Case one

fupper bracing
L He beam P N —
e N !
N [ “©
| 3 | ? ‘}".‘
S I 3 N\
S — S W A8 = | 1
S ] [ portal l:
3 fame |~ o

T S R
lower bracing

the function of the portal frame is to trasnsmitte the loads
from the upper bracing to the bearing.
so all the intermediate vertical members are designed on Comp.

Only , While the first vertical member is designed on (M+N)

Ru

Tl

B.M.D
«— Ru/2

| ° | | lls 5/1/“%
]
A"

closed frame




Case two
W—truss without first vertical member

Case two—1

upper bracing

) Hz. beam Ru _— Jl: ___________
e < I '
r S ! &h
; |2
_ i ‘((. = e -))l / —— _L_“ R
o e portal =
3 fame
___________________________________________ 5

lower bracing

|

Ru

B.M.D

| i - | ;L; /\/n/"%
o
A"

closed frame

Loads i1n wvertical member

M =Bz 3y N = Reaction of X.G (tens.)



W—truss without first vertical member
Case two—2

upper bracing

) Hz. beam Ru __f_ ___________
_/; _________________ < / '
= /
' portall/ 7
] § fame ) //
3 £ 7 - -
o //
3 /
/ \" L1 L1

to

L lower bracing

/

«—Ru/2 - < Ru/2

Loads in Diagonal member

M =B N = Li/cosa

! o
L




Example one
Question (1-2)

Design of Upper chord U4

1)assume compression stress

Fe = 1.8t/Cmf For St.52

use h = 50Cm (given)
use b = 50Cm (given)
'= b+2%(10—=20Cm)

b'= 50+2*%(10—=20Cm)

2)F _ mazx. force / g=

area
area = 750Cm*
A=2ht+b*t = ... cmé
750 = 2*50*t+85*t
take t = 4.00Cm
Checks
1—Check Compactness
2= 53320*7 = 12.00
C_17.565-4—-1 _ 31
¢ 4.00
e il

to be :

Y
!
, |
1 i

X i X

pol } ' C=10—~20Cm

v i
LT
i
Y

= 70Cm to 90Cm wuse b' = 85Cm

1350t
area

, t =4.00Cm

<%= 33.7

<7/3L_’6 =11.1

< 30

5.6 =15.8

50Cm

—385Cm—

4.00

50Cm

f—+17.60m



2—Check global buckling

_ (2ht*0.5R)+b*t(h+0.5t) _
Yy 2hi+b't

_ (50%4.00*25%2)+(85*4.00*52)

= 37.4Cm
(50%4.00%2)+(85%4.00)
t*h8 ¢ 2 ¢ ¢ 2 4
Iy =2* S5~ +2%*h*(y'—0.5h) +b*t*(y'—~h—0.5tf = .....Cms

3
Ir =2%( 9250 244.0450%(37.40-25) +4.0%85%(37.40-52)°

Ir=217312 Cm’

* Qo8
Ir= [ %ﬁ]+2*4.0*50*(25+2.0)2 =| 496308 cm

A = (4.0*2*50) + (85*4.0) = 740 Cn

Calculate =[5 =/2L7312 = [77.70Cm|

Calculate 7 =-,/—£'— =—,/—4—.%}.§Q8 = [25.9Cm

— _La _0.85*550 _

Min - T 27 < 90
_ _Lou _0.85%*550 _

Mout = e % o 18 < 90

3—Check Compressive Stresses
1350t _

o 740

allwable stresses = Fe=2.1—183.5%¥107° * sz For St.52

actual stresses = 1.82 t/Cm?

allwable stresses = Fc=2.1—-13.5*10"°* 27" = 2.00 t/C'mz

Safe section



Design L5

h = 50Cm b = 50Cm
b'=(1/2 —= 2/3)*b = 25Cm to 33Cm wuse b' = 30Cm

1)assume tension stresses to be :

__Fe __162 _ 2
Finas. P 330 2.11 t/cnt
Trmasz. 1400 '
Fraz > 2.1 t/Cm? T L=
— 30— T
use Fm =2.1 t/Cm?
2)F _maz. force Touuu 21 = 1400
area ’ area
get A = 667 Cm’ = (2*30+2*50)*t t = 4.17Cm

use out stand stiffener 710Cm

get A = 667 Cm’ = (2*30+2*50+2*10)*t t = 8.77Cm
use t = 3.80 Cm

Design of D5 QD

1)assume compression stress to be :
Fe = 1.5t/Cn? to 1.9t/Cm? For St.52

maz. force 2560
2)Fe = area 1.7 = area

A = |147Cm?




3)assume tension stresses to be :

Frao = —4= = _1.62  _ 099 t/onf
Tonae. —250

Frue. < 2.1 t/Cm??
use Fme =0.99 t/Cnif

4)F: _mazx. force Touu 0.99 — 160
area area
get A =|162 Cm’® (govern)
b = 50Cm
b_ 64 50 _ 64 - _
tr R = e r=1.48 Cm wuse t,= 1.60 Cm

A=2%by ¥ty +b*ty=....C¥
162 = 50*1.6 + 2*bsr *ir
br *tr = 41 Cm’

br = 20%t; , |t =1.60mMm] by =26Cmy

bfmin:= 6¢ + twr+2S = 20Cm

1.6
1.6

46.8Cm

F—26Cm—

b——-—50Cm



Design V5

Ritr = 106.8+4.2 = 111 ¢

Rp =197 ¢

F ez = |130.7 t| (tension)
Foin. = |19.7 t| (tension)

1)assume tension stresses to be :

1.60 Cm

Fnae = —L= = _1.62_ _ 4 91 ¢/cp}
1 — Lontn 1-19.7
T'ma. 130.7
Frae. < 2.1 t/Cn?
use Fme =1.91 t/Ci
2)R _maz. force Tpuu 191 = 130.7
area area
get A =68.4 cni
b = 50Cm
b _ 64 50 _ 64 = =
B hy = 56 ty=1.48 Cm use|ty

68.4 = 50%1.6 + 2*b

br *ty = —wve value

A=2%b; *t;+b*tw=....C7

*tf

bfmiuz 6(1) + tlf‘/‘ZS =

20Cm tr=1.00Cm

[—20Cm—

1.0
1.6

48Cm

b——-250Cm——



Example one

Question (1-3)
Bolted Field slpice
1)Upper chord

i 86Cm ]

'

- b4 -1

= |—t2
18.60m ———, | &00m | —4om

Fe *(b,*t
number of bolts in one flange (nf1) = c *(bs*t,)

y 22 *2
2.00*%85*3.80
number of bolis in one flange (n1) = 5% 908 = §Z4

No. of bolts/row = 37.4/7row = 5.3 use 6 Bolts
Check for flange plates

b1*t1 = 0.5*bf*if b1 = bf b1 = 85 Cm

t1 = 0.5*%, =| 2Cm

b4*t3 = 0.50*bf*if b4 = 50—4Cm= [46Cm], then get t3
t3 = 0.5*85%*4/46 = 3.69Cm t3 = 3.80Cm

use b3 = 11Cm
Check for Web plates

* * *50%
number of bolts in one Web (n2) = Fe *(br *tr) = 22 *509.%:3

B *2
n = 22 bolts

No. of bolts/Tow = 22/5row = 4.4 use 5 Bolts
b2 = 50 — 3.80 — 20m =[44.2Cm| t2 =[2.4Cm




EFrxample one
Question (1—4)

Diagonal bolts

Apgmar = 2*26*1.6+48*1.6 = 155 Cm?
Fougna = 1656*F = 1556*2.1 = 8325.51

number of bolts per one flange = St'rﬁsi*%'rea

n = 9’%%5‘,:‘5 5 = 17.9 bolt per one flange

use n = 18 bolt (2column*9rows)

brma for diagonal = 2*3*( +tr =2*3*2.7+1.6 =17.8Cm < 26Cm

Vertical bolts

Aversion =(1.6%48)+(2%20%1.0) = 116.8 Cmé
Froow = 120%F, = 116.8%2.1 = 245 t

n = 9.054,:52 = 14 bolt per one flange
use n = 14 bolt (2column*7rows)

byma for vertical = 2*3*9 +t, = 2*3*2.7+1.6=17.8Cm < 20Cm
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§00*40

260*16
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Upper bracing

650Cm

I—-Section
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200*10
480*16
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AIN SHAMS UNIVERSITY Fourth Year Civil - ( Structural Section)

FACULTY OF ENGINEERING DESIGN OF STEEL BRIDGES

STRUCTURAL ENGINEERING " COURSE NO, CES 452
DEPARTMENT June 2004

Time : 3.00 Hrs

The Exam Consists of Three Questions in Three Pages. 1/32

Material of construction is Steel 52 and Live load is according to the Eeyntian Code of Practice.
Data not given may be reasonably assumed.
QUESTION (I) {80%):

PART A
0
I____“___“,_Luz__llwa._._m_»_______,_ﬁ_-,___..-_l
D D! (V1
8.%111: | _ v | . ll
R - Te S BT e e
b— 10x6.00=60.00m - |
[350m | 350m p 3850m | 350m l
1 1 A
’l 1 . 3 1 1 b 4 ]
T F1 1 F T T

1.75m

118m 1 1.7m (1.8m 11.7m 11.8m |
1 1 k| 1 1 1

a

| 6x2.0=12.0 m i
| g
 30m_, 14.0m o 30m
| |
‘ Bridge Cross Section

A rail-roadway through welded truss bridge of the shown cross section has a span of 60.0 ms and is
divided into 10 equal panels 6.0 ms each. The main trusses are spaced 14.0 ms apart. Depth of the
main truss is 8.0 ms. The inner spacing between the gusset plates is 50.0 cm, and depth of the upper

and lower truss chords is taken as 55.0 cm. The bridge is provided with upper as well as lower wind
. bracings.

Required:
1- Design a suitable section for an intermediate continuous upper stringer (only for railway).

2- Design the first diagonal and vertical members of the stringer bracing.

3- Design and draw (to scale 1:10 in elevation & plan) a bolted field connection between the
 stringer and the cross girder, showing the connections of the stringer bracing members. Use M24

H.S. Bolts, quality 10.9. Assume a welded built up section for the cross girder of web plate
1750x10 mm and flange plates 500x30 mm.

 ———




f/ L, 1,

2/3

\waka » E/E

4- Find the maximum axial forces in the vertical members V1 and V2 due to live loads and impact
only.

5. Design a suitable section for the upper chord member U, lower
member D1, and vertical member V1, given that the maximum
following table. Find, without check, a suitable section
diagonal member D2, and vertical member V2.

chord member L1, diagonal
forces are as shown in the
for the upper chord member U2,

MEMBER MINIMUM FORCES | MAXIMUM FORCES
Ul - 5601 - 16801
02 -470t - 1420
L1 + 540t + 1620t
Dl -80t +1951
D2 -30t -3301
Vi - 141 - 104 1
V2 +461 +861

6- Design the joint J1, using M27 H.S. Bolts, quality 10.9. Draw the part A to scale 1:10.

7- Design a roller or-rocker bearing for the main truss, using 4 cast steel rollers, given that the
maximum reaction is 900 t. Consider the eccentricity of the half section of the vertical member at

support (box section) for design of sole plate e = 25.0 cm. Assume a uniform distribution for the
reaction on the rollers or rockers. Draw the bearing in elevation to scale 1:5.

8- Draw to scale 1:200 the different bracing systems for the shown bridge (wind, stringer, and
breaking force bracing). Design the first diagonal member of the upper wind bracing. Find the
additional straining actions on the first vertical truss member due to transferring of the upper

wind bracing reactions to the truss bearings. Calculate the forces on the breaking force bracing
members (without design of members).
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June 2004 (Str.)
Question (1—4)
For Member V1
Live Loads

Rail Level

Hoad Levdl

12.51 12.5¢ 12.51 12.5t

o | } | ' innnsannn

0.80m—+—k1.60m-1.60mo1.60m-t—k-0.80m. g
b——  6.00m ¥ 6.00m———}

I.I, Reaction

7 A 7
1.00

Rrp= 3*12.6%0.733+12.5%0.733+4%2.0%0.167+4*3.6*0.30
Ry = [42.30t

(1+1)=0.73+-2-16

~L;—0.2
Ly = 2*%14.0 = 28m
2.16
(1+I)=0.73+ =1.15> 1.1 , <2.00
~428.0—0.2

Rip ;=42.30%1.15 = 48.645t



For Member V2

Live Loads

Rail Level
1k 1 4 j’w gl gl 1
1 1 }_ioa, Levél 1 1 1 1
15t 15t

Stript l

Get Ri %7 .|1 zom/__/ A/
| 6.00m " 6.00m 1"

X 0.9 t/m?

Sitrip INERENEEENEEER |{7|n|n|||u||n

Get W, Ay AN
| 6.00m 6.00m |

10t 0
Strip3 l
Get R, L JA\
74% soom T

Strips l l

Cet Ry 4% e AN
| 6.00m 20 6.00m. W’r’

. 0.25 t/m?
Strip4 lllllllllllllll/I'”ILIIIIIIIIIIII
Get W,

10*%(1+0.80) =

%S\OOm 1" & 00}/7%7

15%(1+0.80) = 27t

5%(1+0.80) =

18t

= 0.90*6.00 = 5.40t/m’

0.25*6.00 = 1.50t/m’



Case Of Mazx. Reaction

27t 2t
ot 18 18t | 541/m

o ARaTEgnn munt un: nant 11000 lauc
” 7

l— Ly o0m
6.00m ! 3.00m ! 3.00m ! 3.00m —

— 38.00m ' 14.00m ' 3.00m '—

7 (+)
I.L For Maz.
@ 1

1+3/14=1.214

Q.= 1.5%2.0%1.14+5.40*3.0*0.96+2*27*0.964
R*¥18*0.785+2*9*0.53+1.5*%12%0.428 = 116.532 t
= |116.5t (tension




Example two

Question 3

Design of Upper chord Ut

1)assume compression stress to be :
Fe = 1.8t/Cmf For St.52

Y)
|
use h = 55Cm (given) -t !
use b = 50Cm (given) <4 i :
‘= b+2*%10—=20Cm) x h L—(:=10--—X2'06'm

t

= 650+2*(10—=20Cm) = 70Cm to 90Cm wuse b' = 90Cm

2)F: _maz. force / 8= 1680t

area ) area
area = 933Cm’
A=2ht+b*t = ..., cmé
933 = 2*55*%t+90*¢ , t =4.665Cm
try to wuse closed box setion
933 = 2*55*+90*t+50*t , =4.00Cm

Checks

1—Check Compactness

r =20 12.00 < 2% = 337
; 700 8.7 <A =111
7 00 11 <B4 =337



2—Check global buckling

._ (2ht*0.5R)+b"*t(h+0.5t) _
2ht+b't

. (55%4.00%27.5%2)+(90*%4.00*57 )+ (50%4*7)

- = 34.02Cm
Y (55%4.00%2)+(70%4.00)+(50*4)

t*h?
Ix =2* 55 +2%t*h*(y'—0.5h) + b *t*(y'~h—0.5tf = .....Cm¢

4.0%55° 2 2
Ir =2%[ 22 +2%4.0%55%(34—27.5) ]+ 4.0*90%(34—57 )+ 50%4(34—7)

[x =484336 Cm’

* 3 * 3
Ir= [ = ,0290] 55— ,0250 J+2%4.0*55%(25+2.0)° = 605427 Cm'

= (4.0*2*55) + (90*4.0) + (50*4) = 1000 Cm’

Calculate 1 =[5 = /484336 — 22 oocm
Calculate = ——-7/{4"— -—-7/@10—0@0‘%7 = 24.60Cm

— Lw  _0.85%600 _

Ain - 200 23 < 90
— Lou _0.85%*600 _

Aout 2 T 60 21 < 90

3—Check Compressive Stresses

_ 1680t _
1000

allwable stresses = Fe =2.1—18.5%10° * Xme For St.52

actual stresses = f, 1.68 t/Cm?

allwable stresses = Fo=2.1—13.5*107°* 23" = 2.02 t/cm’

Safe section we can reduce t' to be economic section



Design L1

h = 55Cm b = 50Cm
b'=(1/2 —=2/3)*6 = 25Cm to 34Cm wuse b' = 35Cm
Y
1)assume tension stresses to be :
F. 1.12 2
maz, = - = = 1. t
T'na. 1620 L
't
Fran < 2.1 t/Cm? l_’;’ |
35
use Fme =1.68 t/Cnt e
Y
2)R _mazx. force Tpu. 1 68 _1620
area area
get A = 965 Cm®= (2*35+2*55)*¢ t = 56.36Cm

use stliffeners to increase section area
get A = 965 Cm®= (2*35+2*55+4*15)*t t = 4.00Cm
use t = 4.00 Cm

1—Check Compactness [fension) U Joheck Ji i gus Joid| 6.000m
N |—I—150m
h_  55-10 "y "
C_ 15Cm  _ 21 _ I
- = = 37 <-£L =11.06
t 4.00 ~3.6 — 35—

2—Check global buckling

. R*h*H(0.5h+8)+ 2% (0. 68)+ 4*c*t(trh—5-1/2) _
2ht+2bt T

Yy

_ (2.0%4.0*35%2)+(2%55%4.0%31.5)+(4*15%4*52)
(2*20%3.4)+(2%40*3.4)+(4*15%4.00)

= 28Cm

A = 2%35%4.0 + 2%55*4.0 + 4*15%4.00 = 960 Cm?

@9



4.0%55°
L =2*[~ 75 +2*%4.0*55%(28-31.5) ]+2+36%4%(2-28F +

4*15%4%(52-28)° =[Ix =449216.66 Cn?’

4.0*35° 2 2
Ir =2*—75 +4.0%35%2%(50/2+4.0/2) + 4.0%55+2%(25+2)" +

* 3
2% 4',0—230 + 4.0%15%4%(50/2+4.0/2) = 746423 Cn

[r =746423.333 Cm*

Calculate 7 =7/—f4"— =7/4—§—g§w = 21.60Cm

Calculate n =4 = /746423 =  27.80m

Miw = 2:85L _ 0.85%600 _ 236 « 150
T 21.6
- 0.85I, _0.85%600 _
Aout > s 18.3 < 160

3—Check Stresses
3—1i)Check mazx. Stresses

actual stresses = f, =1966L00=1.69 t/Cm* » 2.1

3—1i)Check stress range

1620—-540
960

= 1.12 = 1.12 t/Cnt safe



Design DY

N (roadway) = 2,000,000 Detail B, E. =1.26t/Cnt
N (railway) = 500,000 Detail B, F,, =2.00t/Cm’

1)assume tension stresses to be : @b @
Frawn=—2= = _1.26  _ g9 t/crk
{ — Lmin {— =80 1
Tmaz. 195 ’ 1 ]
- b
Frae < 2.1 t/Cmi ®
use Fme = 0.89 t/Cmf
2)R = Maz. force Toiue 0.89 = 195
area area
get A = 219 Cnt
b = 50Cm
b _ 64 50 _ 64 - =
il - e tr=1.48 Cm usg tr 1.60 Cm

A=2%b;y *ts +b*twr=....CTM¢
_19 = 50*1.6 + 2*b *i
bs ¥ty = 69.5 Cm¥ wuse|b, =36Cm| , |t, = 2.00Cm

bfmin.'—_ 6¢ + twr+2S = 20Cm

1—Check Compaciness

b 64 _ 50-2%*2.0-2*1 _
. S@ 1 60 Q7.6 < 33
C 21 . 18-1.60/2-1 _
Z < o 5 00 8.10 < 11




2—Check global buckling

3
L =20 o6, wt, M(dy 248, s2f = omd
3
L =LE246 242 0*36%(25-1.0)f = 95922.18 Cm?
I =2* ;%)E = . cm?

3
L =2*%§§ = 15552 Cnt

A =(1.6%46.0)+(2*36*2.0) = 217.6 Cm?

Calculate 5 =5 =/98922 = 20.99cm

Caloulate 1 =4 =/15582 = g 450m

Y buckling length inplane = L » 90
raduis of gyration @ Y azxis = n

e — 0.70*1000
- 8.45

= 82 < 90 safe

2., 0.85*1000
T 720.99

= 41 < 90

(RailWay)



3—Check maximum Stresses
3—1 Tension Stresses

actual stresses = f, =%= 0.89 t/Cmé < 0.58F, =2.1t/Cni

fatigue stresses 199180 = 1.26 < 1.26 t/Cn? safe
217

3—11 Compression Stresses

actual stresses = f,, = _2‘307 = 0.37 t/Cm?

allwable stresses = Fe¢ :2.7—73.5*10_5 * sz For St.52
allwable stresses = Fe=2.1—13.5*10"* 82" = 1.19 t/cm’



Design V1

1 )assume compression stress to be :

Fe = 1.5t/Cnt to 1.8t/Cm? For St.52

__maz. force 104
2)Fe = area 1.7 = area

b = 50Cm

A = 61Cm?

tr Py tr ~ J5.6 1.48 Cm use t 1.60 Cm

A=2%b; ¥ty +b*twr=....C?
61 = 50*%71.6 + 2*by *i;
br *ty = —ve value

luse by = 36 Cm tr = 20m|
1—Check Compactness

b < 4 - [— . .

C 21 _ 18-1.60/2-1 _
tf < ‘/E 200 810 < 11 1 46.00

2—Check global buckling : 50 |

3
h =Y200 4 26, st ¥(dy/248, /2f =....Cm?#

3
o =TL246  ox2. 0436%(25-1.0)f = 95922.13 cm?

b= 120

4
79 = ... Cmi

3
L =2*%3—6- = 15552 Cmf

A =(1.6%46.0)+(2*36%2.0) = 217.6 Cm?




Calculate 5 =4 =/92922 - 20.99Ccm

Calculate 7 =4 =[15552 = g.45cm

y buckling length inplane = L $ 90
raduis of gyration @ Y azxis = n
An =0-72800 _ g6 g9

8.45

Nowus = 0.856*800

2099 - 32 <90

3—Check Compressive Stresses

_ 104 _ .
w =575 = 0.48 t/Cm

allwable stresses = Fo=2.1-13.5%10" * X

actual stresses =

(RailWay)

For St.52

allwable stresses = Fe =2.1—13.5*10°* 66" = 1.51 t/Cnt



Suitable Section for U2

1)assume compression stress to be :
Fe = 1.8t/Cnmf For St.52

use h = 55Cm (as before)

use b = 50Cm (as before)

use b' = 90Cm

_maz. force _ 14201
R2)F = —ared 1.8 -

area = 835Cm?

835 = R2*55*t+90*t+50%t , |t =3.40Cm

Suitable Section for D2

1)assume compression stress to be :
Fe = 1.5t/Cnmf to 1.8t/Cm* For St.52

_mazx. force _ 330 _

R2)F: = ) 1.7 = Trea A = 194Cmé

b = 50Cm

b _ 64 50_ 64 - =

b Ry - 56 t =1.48 Cm wuse t 17.60 Cm
| T-l-200

A=2*b;y *¥t;+b*tw=....C? g4 1.60

194 = 50*1.6 + 2%*b; *i; 5Om

bf *tf = 57 sz o | 50 |

luse by = 36 Cm tr = 2Cm| to safe global buckling




Switable Section for V2

1)assume tension stresses to be :

- Fsr —_ 126 = 2
Finaa. — T 2.70 t/Cri
T'maa. 86

Fnee > 2.1 t/Cm?
use Fme = 2.10 t/Cm?

2)R = Tax. Jorce Toun 2.10 = 56

area
get A = 41 Cm?
b = 50Cm
b _ 64 50 _ 64 = =
A » tr =~ 3.6 ly =1.48 Cm wuse —t—y 1.60 Cm

2.00

A=2%*b; *t,+b*tw=....C 20 1.60
41 = 50*1.6 + 2*b; *L; 46.00
br *iy = —wve wvalue O 50

brmn= 6¢ + tr+2S = 20Cm wuse t,= 2Cm

luse br = 36 Cm tr = 2Cm| to safe global buckling




Example two

Question 4

Diagonal bolis D1

Avagma = 217 Cm? (tension stress govern in this member)

Fowgma = 217*F: = 217%2.1 = 455.7 ¢

number of bolts per one flange = St?}gsi*%'rea
n = 9.%585.*72 = .25 bolt per one flange

use n = 28 bolt (4column*7rows)

brmn for diagonal = 4*3*(Q +tv =4*3*2.7+1.6 =34Cm < 36Cm

Diagonal bollis D2

Avgna = 217.6 Cm? (Compression stress govern in this member)

Fowgma = 217*F, = 217*1.1 = 238 ¢

number of bolts per one flange = St'rl'gsi*%'rea
n = 9.20%8 *tz = 18 bolt per one flange
use n = 16 bolt (4column*4rows)

brma for diagonal = 4*3*%$ +tyr =4*3*2.7+1.6 =34Cm < 36Cm
Vertical bolts

ADiagcmal = 217 Cm?
Fowgna = 217*Fy = 217*2.1 = 455.7 ¢

number of bolts per one flange = St'r]'gsi*%'rea
n = 9.13585.*7 5 = 25 boll per one flange

use n = 28 bolt (4column*7rows)

brmn for diagonal = 4*3*) +tyr =4*3*2.7+1.6 =834Cm < 36Cm

33



56Cm

4™qws * 7 bolts

360%20
460*16

gusset plate

(7columns*4rows)

N L L
//:\\ /o ofe o\ //:\\
=====:====// y L] N e oo o /§. ® * o\
/ ./ o/» (\' :\
4rows * 4 bolts Zoe /o /s ele o] N °\e
% ad i
° y / o ole o N\
[ ] //
I 900"1 1 \./ o oo o
4.00 / / %;_Q
&660m 50Cm \< '{/e//o/
Y s
- A
somd — I—200m Ve
I-Section ’V-V%
~360%20 $iYe
460*16
i
(4columns*4rows)
(cross Girder) I
4% 4
75
7
(7columns*4rows) /

-\

-

1T
RES ‘l-

—86—

4}

A
v

65Cm




Ezrample two

Question 6

Different Bracing System

——— — o e

14.00m

10 * 6.00 = 60.00

Plan _of Rail Way Bridge

4 VARNEEN

/1 TN T\

NN /1 /

NN/ 1/

10 * 6.00 = 60.00

Plan_of Road Way Bridge

T
3.00m

3.00m
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Fourth Year Civil - ( Structural Section )

FACULTY OF ENGINEERING DESIGN OF STEEL BRIDGES ~

' STRUCTURAL ENGINEERING - COURSE NO. CES 452

DEPARTMENT May 2005

, . Time : 3.00 Hrs
o The Exam Consists of Four Questions in Three Pages. ' 1A
Material of consfruction is Steel 52 _ Data not given may be reasonably assumed.
QUESTION (I) Truss Bridge:
vwi 186m
R

_A —— - Pian of Upper Wind Bracing

I J1 | Ut s

| e e e e e e e e e e e e e e =

| o | -

l v / 1 !

[ 2" - et L NC L NZ L N L]

1 _—
i ? ! L=1260=720m 7
LTI
asm|_hsm 550m osml 25m , 28m pam a%m asm| {050
- . ITF | 7 1 &g ‘ A
s ml 7 t ?‘_I_L____YT NNy Igw IM
20m F— 200m—+—2.00m~+Z00m~ —1.80m—~ = 200M—t——2.00m —+2.00m~
.. . 1
b B-lagm . ~———~——l
' Cross Secbon atMidspan

The main girders of a rail-roadway through bridge are welded W-trusses of the shown cross section
having a span of 72.0 ms divided into 12 equal panels 6.0 ms each. The main trusses are spaced 18.5 ms
apart. Depth of the main truss is 8.5 ms. The flooring for the single-track railway is the usual open timber
type while for the roadways on either side consists of a 20 em R.C. slab covered with a layer of
bituminous concrete. The bridge is provided with lower bracing, special braking force bracing, upper
bracing as well as end-portal-frames as shown in Fig. The inner spacing between the truss gusset plates is
50.0 cm, and depth of the upper and lower truss chords is taken as 55.0 cm.

" Required:

e

-

- 1- Design a suitable section for the upper chord member U3, and choose without check suitable
sections to Ul& lower chord member L1, diagonal members D1& D2, and vertical member

V1, given that the maximum forces due to dead loads, live loads and impact are as shown in the
following table. ' ' -




i

~ MEMBER | MINIMUM FORCES | MAXIMUM FORCES |
U1 -340¢ - 720t
U3 “610t - 1300
L1 + 170t +3651
D1 =340t - -722 ¢
D2 +2401t + 519t
Vi +481 + 102t

2- Design the first vertical member of the upper bracing (VW1).

3- Design the joint J1, using M27 H.S. Bolts, quality 10.9. Draw the part A to scale 1:10 (Assume a |
reasonable section for the cross girder and the rocker bearing).

4- Suggest a suitable lower wind bracing and braking force bracing for the bridge. Find the forces
on the first diagonal members of the lower wind bracing for the case of loaded bridge only.

QUESTION (1) : Composite Grid Bridge

1.5— 15.00 m 1.5+ /
- - > -—ﬁll ) Vil :',‘ |
| + T é St '
1 \\ /// |
56— L 501 5o |

CROSS SECTION

A roadway plate girder composite deck bridge of the shown cross section has a span of 48.0 ms and
is divided into 8 equal panels 6.0 ms each. The main girders are spaced 5.0 ms apart and provided
with cross frames every 6.0ms. The main girder is composed of a web plate of thickness 14 mm and
depth 2.5 ms. The web plate is stiffened with transverse stiffeners every 1.5 ms along with
longitudinal stiffeners at one fifth of the depth from compression flange.. Depth of the cross girder
is taken as 0.80 ms. Thickness of the R.C. slab is 20.0 cm with a haunch of 8.0 cm depth. Consider
Ceu of concrete as 400 kg/cm? with modular ratio n=8§

" Required:

1- Assuming infinitely rigid cross beams, calculate the maximum bending moment and the

maximum shearing force for the outer main girder, due to dead loads, live loads and impact.

2- Using shored method of construction, design a suitable composite section for the outer main
girder. )

3- Find the pitch for stud shear connector with diameter 24 mm. (Note: Ry=0.17 Asc{Fcch]°'5 )

U777

mf[ ui:r[‘mt:[g—_{
101 10 1o

3 =

e 4@1.5m =6m
iR

Live Loads on Roadway Bridges
L, :

R

Y|




May. 2005 (Str.)
Question (1—1)

Design of Upper chord U

1)assume compression stress to be :

Fe = 1.8t/Cné For St.52

use h = 55Cm (given)

use b = 50Cm (given)

b'= b+2%(10—=20Cm,)

¢

2)F _maz. force 1 8=

area
area = 722Cm’
A=2ht+b*t = ... cm?é
722 = 2*55%1+70%¢
take t = 4.00Cm
Checks
1—Check Compactness
2 - 53f020*7 = 12.00
ottt = s
h _ _656—-1 _ 13
t 4.00

= 50+2*%(10—=20Cm,)

Y
1
1
~1 i
B A —
X ; X
h l. $ '—C=10—+~20Cm
y |
NG B
i
yi
= 70Cm to 90Cm wuse b' = 70Cm
1300t
area
, =4.00Cm
——70Cm——
64 _
< s 33.7 4.00
21 =171 §5Cm 50Cm
3.6
f—+}100m
<30 —158
3.6



2—Check global buckling

. (2ht*0.5h)+b"*t(h+0.5t) _
2ht+b't

. (55%4.00%27.5%2)+(70%4.00*57)

= 88.9Cm
(55*4.00*2)+(70%4.00)
t*hs ¢ 2 ¢ ¢ 2 4
I =2% 55 +2%*h*(y'~0.5R) +b"*t*(y'—h—0.5tf = .....Cm

Ir =2%( L0255, 524 0+554(38.9-27.5)* +4.0%70%(38.9-57)° )

Ir =408743 Cm*

4.0*70° ‘
Ir= [~F5]+2*4.0*55%(25+2.0) = 435093 Cm

= (4.0*2*55) + (70*4.0) = 720 Cn’

Calculate n =[5 = /408743 — 23 g82cm

Calculate 7 =4 = /438093 = 24 50m

—_La  _0.85*600 _ '

A o CENT 21 < 90
_ Low _0.85%00 _

Nous = 2 295 21 < 90

3—Check Compressive Stresses

actual stresses = f, = 77‘,32000t

allwable stresses = Fe=2.1—18.5*%10"° * sz For St.52

= 1.80 t/Cm?

allwable stresses = Fe=2.1—13.5%10"°* 21" = 2.04 t/C'mz

Safe section



suitable section for wi

1)assume compression stress to be :

Fe = 1.8t/Cmé For St.52

— .

Y,
use h = 55Cm (given) ; E
use b = 50Cm (given) i ! § !
1 t;
b'= b+2*%10—=20Cm) 1 S
L
i
!
Y

use web to be 18 mm 1in thikness

‘= 50+2%(10—=20Cm) = 70Cm to 90Cm wuse b' = 70Cm

2)F: _ max. force / g= 720t

area ) area
area = 400Cm?
A=2ht#+b'*t, = ..... Ccmé?
400 = 2*55%1.8+70%t, , t =2.88Cm
take t = 3.00Cm
————70Cm ———
T 3.00
55Cm 50Cm
1.80 1.80
i oo




suitable section for L1

h = 85Cm b = 500m
b'=(1/2 —=2/83)*b = 25Cm to 33Cm wuse b' = 30Cm
}7
1)assume tension stresses to be : 0| |-
Fue=—"x =112 _ 544 t/om T
g Lonin _ 170 50
T'mac. 365 .58
_,_ 1'[' Tp R 1.2
Frmaz > 2.1 t/Cm? ] :'r
30
use Fre =2.1 t/Cm? T
¥
2)R _maz. force Tpuu. 21 — 365
area ) areaq

get A = 174 Cm’ = (2*30+2*55)*t t = 1.20Cm

suitable section for D1

——70Cm——

55Cm

—}100m

same as U1



suttable section for D2

N = 500,000 for train single track, N = 2,000,000 roadway
use N = 2,000,000 E = 1.26 t/Cnf

1)assume tension stresses to be :

__Fe  __126 _ .
P = L2 126 2.30 t/Crd
T—me  1-%9 @4
Foae > 2.1 1/Cm?

USe Fmee =2.1 t/Cm?

maz. force T
Z)E —_ f D+LL+1
area

get A = 247 Cm?

> = 64 50 _ 64 tr=1.48 Cm wuse tr= 1.60 Cm

A=2%bs *t; +b*tr=....Cn?
247 = 50*1.6 + 2*b,*t,
bs *tr = 83.3 Cm?

br = 20*t; , tr=2.20m br =38Cm

brmn= 60 + twt+2S 2 200m wuse t,= 2Cm

2.20m




May. 2005 (Str.)
Question (1-3)

Diagonal bolts |D2

Abigonar = 2*38%*2.2+45.6*1.6 = 240.16 Cn?
Foogma = 240.1*F = 240.1*2.1 = 504.33 ¢

number of bolts per one flange = St'f;si*%rea
n =—55043%  — 27.7 bolt per ome flange

use n = 28 bolt (4column*7rows)

brma for diagonal = 4*3*(p +tr =4*3%*2.7+1.6 =34Cm < 38Cm
Vertical bolts (V1

Avrsoa =(1.6*46)+(2*20%2) = 153.6 Cné?
Free =153.6*E=153.6%2.1 = 322.5t

n = 9.0§2f 5 = 17.73 bolt per one flange
use n = 18 bolt (2column*9rows)

brmn for vertical = 2*3*Q +t, = 2%3%2.7+1.6=17.8Cm

Upper Chord & last Diagonal (check on Fillet Weld)

there is mo difference between U7 , D1 ( U1-D1 ) = zero

this is Sprate joint (then) use maxz. strength of flange

0.2F, — Lorce_in flange _ F.* Area flange = 1.8 * (70%2.4) —0.2%5.9

area
4 * S * [ wed

taking size of weld = 1Cm

L wea = 73Cm




8500mm
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CES 452 CF: Design of steel bridges.

- Material of construction is stee! 52 - Any missing data may be reasonably assumed

Question 1 {35%): .

The main girders of a triple-track open timber floor raiiway bridge are composed of
warren trusses having a span of 72 ms. .The depth of main girders is 8.5 ms. Width of the
bridge is 12.6 ms. The spacing between stringers is 1.8 ms. The depth of cross girder (hw)
is =1.5 ms. Height of construction is 2.5 ms.

Stresses for St. 52; - for A < 100 f,=2.1-0.000135 A2 t/cm?
- for & >100 £.=7500/A% tlcm?
-fy=2.1 tem?
- for H.S.B. quality 10.9 M27 : P; = 0.08 t

- 1- Draw to scale 1:200 a fully dimensioned layout for the bridge (elevations, plans, and
cross section) showing all the necessary bracings. Mention all the horizontal loads and
forces acting on the given bridge, and explain how these forces will be transferred to the
bearings.

2- Calculate the max. force in braking force bracing system.

3- Design a section for the diagonal member having the max. force. Using neat sketches;
draw a longitudinal sectional elevation for the floor beam sub-panel that includes the
braking force bracing system. , {4 .Dvaw farnel of Plaxe fo <ale Lilotund . 9

Question 2 (40%): Bt

; A double-track, open timber railway, through bridge of span 64.0 ms is shown in figure.

The main girders of the bridge are subdivided, warren trusses of depth 8.0 ms. and type

shown in figure. The live load affecting the bridge is train type “D”. It is required to:

1- Design suitable sections for the members U1 and D2.

2- Draw the influence line of the maximum forces of member V1 and then caiculate the
maximum force affecting this member.

3- Design the joint J-1 using M 27 pretensioned bolts grade (10.9).

4- "Draw joint J-1 to scale 1:10. N

5- Without any calculations, draw joint "J-2" to scale 1:10. & DESIAN iy

9.00m JS

A ‘v*—; v
. , ) /\/
Upper Bracing System _ )’f" \
— F=-500" i
| Ul r"]. e - )
- % 2, : \ 12 - 3.50m ~
80m - % 4 BYS L y )
! ‘c”/ >l / s i ! / Ba T = T
| T N T H T " 30m ! ! Tom L
1 ﬁ/ 1 ' - = .
—— 80m . 80m ; 80m , e Boo0m — ‘4

Main Truss Bridge Cross-Section
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Question (1—1)
Solution

7—iry to use deck bridge

Height Of construction = 850Cm  + |35cm|=850(given)+52Cm
6Cm
L/800 = 9.00 Cm
2 Cm

1—iry to use deck bridge

Height Of construction = 850Cm (given)+ 52cm = 902 Cm.

Height Of construction = 9.02 m
avilable height = 2.50m
9.02m > 2.50m

Deck Bridge is not allowed

C—try to use through bridge
Hm.g — Hz.g— Hbveam — 0.45 =clear h,e'igh,t
Hzg = (given)1.50m

8.560m

Clear height = 8.50-1.50—-0.35—-0.3 = 6.35m > 5.50m

o°c use through triple track rail way bridge
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1) Wind Load

upper bracing

Hz. beam - Ru __vl__ __________
_____________ — ,

~ portal’/ 4

’ 3 fame p

Q 4

3 4 € -

Q /

L1” L ASY L1

bracing, wind acting on lower braicng

wind transferred to upper & lower

transferred directly to the bearing level
and wind acting on upper bracing

transferred to the bearing level through

portal frame. - o-—FRuZ
2)Braking Force 3)Lateral Shock
P transmitte to stringer bracing

Ry

and then to wind bracing

b and then to bearing level

K Kon

Y. Wheel Loads
B = >

1—braking force bracing
2—Wind bracing
3—Bearings
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Question (1-3)

Longitudinal sectional elevation

Full Depth Stringer

at the first and last panel and may be at middle pannel

(if span > 50.00m) , the stringer is taken with the same

hight as cross girder , then the braking force is transmitted

to the level of lower flange of the cross girder to the braking

force bracing to the wind bracing to the bearing

Full Depth Stringer

Foeoeces]

normal depth stringer I”

®© 0 o

|le © 06 2 o o 0 o
T T T

Cross girder

\ Cross girder

\ Cross girder



Example three

Question 1

Design (U1)

use h = 60Cm

1 )assume compression stress to be : Yi
g
Fe = 1.8t/Cné For St.52 f | q' |
B Pannel length _ 800 X _!_ 4 X
10—=15 10—=15 B 4 b \— C=10—~20m
h = 80Cm to 53Cm l | |
i
¥

b=(0.756——=1)h  For deck or through bridge

b=(0.75——=1)*60 = 45Cm to 60Cm
use b = 60Cm
b'= b+2*(10—=20Cm)

‘= 60+2*(10—=20Cm) = 80Cm to 100Cm wuse b' = 80Cm

__mazx. force 5600
R)F: = Trea 1.8= Troa

area = 277.7Cnt

A=2ht+b*t = ..... cnm?é
277.7 = 2*60*t+80%*t , t =1.88Cm

take t = 1.40Cm = 14mm
Checks

1—Check Compactness

—80C0m —

b _60—2%1 _ 64 _

7 T4 41 > 5.6 33 wunsafe 140
take t = 1.80Cm and recheck 60Cm 60Cm

b _60-2*1 _ 64 _

7 T8 33 » 3g 33 safe



F g 4 <7/*T6_ 11.06
7 1 80 33 > .6 156.8 wunsafe

——80Cm——

use outstand stiffener and recheck 180

h _ 60—1 . 64 _ 60C: 60Cm
T- 18 = 33 » 7/7?6_' = 33 safe
—+100m

2—Check global buckling

._ (2ht*0.5h)+b"*¢(h+0.5t) _
2hit+b't

_ (60*1.8*30*2)+(80*1.8*60.9)

— 42.36C
(60%1.8%2)+(80%1.8) m

% 7,3

t*h

Iy =2* 55 +2**h*(y'—0.5h) +b'*t*(y'—h—0.5t) = ....Cm’
= 1 8*60 * %* * * *

Iy =2*—75 —+2*1.8%60*%(42.36—-30)" +1.8*80%(42.36-60.9)"

Ix = 147295.584 Cm’

1.8*80°
Ir= [—75 ]+2*1.8*60*(30+0.9) =|283038.96 cm’

A = (1.8*2*60) + (80*1.8) = 360 Cm?

Calculate 1 =[5 =/122295 = 20 22cm

Calculate n =4 =/223038 = 28.03Cm

A = 0:85L _ 0.85*800 _ 3363 <« 90

% 20.22
A= 2L — _2*800  _ -
out ™ 58.03 57.08 < 90

L e =R2L from plan of wupper bracing



3—Check Compressive Silresses

actual stresses = f, :—%(6)78—: 1.38 t/Cnt

allwable stresses = Fe=2.1—13.5%10" * 7\~2m For St.b52

allwable stresses = Fe=2.1—-13.5%10"° * 57.08" = 1.66 t/Cnt

safe



Design D2

1 )assume tension stresses to be : @b @
Fo 2.80 2 |
£ — Toin _ 120 t/em |
Tmaz. 262 o I $ |
Frae. > 2.1 t/Cm? ®

Uuse Fmuw =2.1 t/Cm?®

2)R _maz. force Tpuu 07 = 252
¢ area ' area

get A = 120 Cm?

b = 60Cm
b_64  60_ 64 _ _
= 2= 54 4y =1.77 Cm wuse tr= 1.80 Cm

A=2%bys *t;+ by =....Cr?
120 = 60*1.8 + 2*b,*t,
br ¥ = 6.00 Cm?

brmn= 60 + tvr+2S =120Cm| wuse t, = 2Cm

1 —Check Compaciness fensionivn Soheck Jite o Joid| _

b 64 60—2*%2.0—2%1 B

& S—/—FTy_ = 1.8b = 380 < 33 2 1.80
c 21 _ 10-1.80/2—-1 _

i < 7/@ > 00 4.056 < 71.0__ 66.00




2—Check global buckling

o =1r0r Zd" +2by *, ¥(dy 2+t /2f =......Cm
k=L ;9260 +2*2.0%20%(30—1.0)° =[709280 Crt
I =2* i%b-t = cmt

F =2% 2‘7’;20 =[2667 Cm#

A =(1.8%56.0)+(2*20*2.0) = 184.4 Cn?

Calculate 1 =4 =/109280 — 24 37Cm
Calculate 1 =4 =/-2667 = 3.80Cm

New = buckling length inplane = L 760
* "~ raduis of gyration @ Y axis = ?

2, — 0.85*1131.3 /2
"= 3.80

2 0.7*1131.3
T 24.37

= 126 » 160 safe

= 88.6 < 160 safe

3—Check mazxzimum Stresses

actual stresses = f, =%54—2= 1.37 t/Cm¥ < 0.58EF, =2.1t/Cm
fatigue stresses <92—120 = 0.86 < 2.80 t/Cm?
184
T-§-200
1.80
20
6§6.00
o 60 |

(RailWay)

safe



Example three

Question 2

- 8.00m / S

I.L vertical

7.00 3

'—38.00m—"-—8.00m—

12.5t 12.5t 12.5t
elzst slzst l 10t 10t

! 8.00m ! 8.00m !

1.00 X

L

Wa=1.9(0.75+0.05*L=64)/2 + (0.6*2/2) = 4.35 t/m'

Fa= 4.35%(1%16/2) = 34.8t

Fu = 12.5%14+2%12.5%0.75+2*6. 25*0 422+2%10%0.26 = 41.7 t
Fus = 41.7 * 0.9 * (1 + 2 = 107.22 ¢

double 24 + 2*76 )
Fartrer = Fmar. = 107.22t + 34.8t = [142.031

double @




Example three

Question 3

Diagonal & Vertical bolls

* 8.00m 7

diagonal & wvertical are subjected to zero force so assume

cross section for those members

T 1.00
1.60
20 L

‘L 54.00

| 56 !

AmT = 2*%20*%1.0+54*1.6 = 126.4 Cm’
Fomgona = 126.4*F; = 126.4*2.1 = 265.44%
veriical

number of bolts per one flange = St";si*%""ea

265.44%

n =-508 * 5 = 14.6 bolt per one flange

use n = 16 bolt (2column*8rows)

brma for diagonal = 2*3*( +tr =2*3%2.7+1.6 =17.8Cm < 20Cm

take gusset plate length from drawing cause there is no
difference in force in the diagonal member.

(39
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Question (2—4) S ) N
// X
- 8.00m Y
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# e 7 _82mm | | .
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7 7 4 — R 65
mm | :
| ﬂz Gusset plate /
I-Section
H 200*20
560*18

200*10

540*18

200*10
540*18

sub divided member Jly diagonal J! H» yeelue Aoy Jos Jais¥
E, J)lSJ’ S member Joo3 5,03 Ho ey 0l ojyae diagonal JV ¥ iy
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Example three

Question 4

Pakin

bracket

|
DUOSNSNNANNNANNN \\\\/lQ

Head plate 20mm

Lower Chord

Gusset

plate






