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General Instructions
. Read all instructions carefully before answering the questions.

1
2. This question paper consists of Eight (8) questions in Eleven (11) pages.
3. Answer any Five (5) questions only. All questions carry eqlial marks.

4. Answer for each question should commence from a new page. :
5. Relevant charts / codes are'prnovided‘.‘ ;
6. This is a Closed Book Test (CBT).
| 7. AnSwers should be in clear handwritiﬁg. -
8. Do not use Red colour pen. |

9. Marks are deducted if the instructions are not followed

PART A

Qla). State four assumptions used in analyzing of pin-jointed trusses. * (6 Marks) -
b). A pin-jointed truss is hinged to a support at L1, on a roller support at L3 and loaded as
shown in the figure Q1. Determine the forces in all the members of the frame by the

‘method of joints. (10 Marks)

c) Determine the forces in members U2U1, U212, L2L3 of the truss by. the ‘method of section”.
-(4 Marks)
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Figure Q1

Q2.) a). Discuss the advantages of virtual work method for calculation of displacement of

trusses-over strain energy method. (5 Marks)
b). _ 2m l 10 kN
Ul ‘ .
60° 6
4m
L2
L1 -
L3
4m
4m
Figure Q2

“Figure Q2 shows a pin-jointed frame, which is hinged to the support at L1 and on a roller
support at L3. Take EA as constant for all members.

Calculate movements of the following joints in the spec1f1ed directions due to the given load:
i). the vertical deflection of the point U (9 Marks)
ii). the vertical deflection of the point L2 (6 Marks)
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Q3) Figure Q3 shows a simple beam with an overhang

! — 4m — ’ ~ 2m ‘9|

Figure Q3

a). Draw the Influence lines for the following.
i). Reaction at A
ii). Bending moment at mid span of the AB
iii). Moment of Support B '
iv). Shear force at B ‘ (12 Marks)

b). If following loads are moving on the beam, find the maximum Bending Moment at mid span
of the AB and respective load positions.
i). Two concentrated loads of 5 kN each and 2 m apart.
ii). A Uniformly distributed load of 2 kN /m and 10 m in length.
iii). A Uniformly distributed load of 5 kN /m and 2 min length. (8 Marks)

Q4

10 kN/m
IRALRARE:

2m

§.!3mi<—4m—>l~ i

1m<—-——> o

Figure Q4

a). State the difference between two pinned arch and three pinned arch with neat sketches.
(3 Marks)
b). 3 Pin Arch given in Figure Q 4 is loaded as shown The gene1 al equation of the arches
can be givenasy = ax?+bx + ¢ '
i). Find the constants a,b and ¢ with the terms of L (Length of the arch) and h (height of
the arch (4 Marks)
ii). Find the support reactions of the Arch. ’ (7 Marks)
iii). Find the Shear Force and Bending Moment of the section when x=6m (6 Marks)
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PART B

Q5. a). Define the two terms effective sectional area and gross sectional area of a single angle
member used as a member of steel roof truss (4 Marks)

b). Check the suitability of a 70 x 70 x 8 equal angle member which is subjected to 75 kN

tension load. Assume that the member is connected with 20 mm bolts at both ends.
(8 Marks)

c). If 4 kNm sagging bending moment is applied to the member other than the applied
tensile foice check the suitability of the given member for this loading condition. (8 Marks)

Q6. a). Define the terms effective length, radius of gyration and slenderness ratio used in steel
design. Explain why members should be rejected if calculated slenderness ratio is more

than allowable maximum slenderness ratio.
(6 Marks)

b). A compression member of length 2.5 m is proposed to design with
i). Single angle member 70 x 70 x 8 EA
ii). Back to back double angle member of 50 x 50 x 7 EA,
both the members are connected with two M20 bolts in both ends.
Find the capacity of each selection.

The radius of gyration of double angle member is given by
I xx (double) =1 «x

r,, (double)= 7y, + (¢, +1/2)°
" Where rx and 1yy have their standard meanings and thickness of gusset plate is taken as 12
mm. ' (14 Marks)
Q7 a). Discuss the failure modes of a bolted joint with suitable diagrams. (4 Marks)

b). A bolted joint shown in figure Q7 is used to connect two steel plates of 10 mm and 15
mm thicknesses.

Figure Q7

Applied load - 100 kN, Bolt size - 20 M,

Spacing - along the load - 75 mm (center to center)
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Lateral -~ 50 mm (center to center)

End/ Edge distance - 50 mm

Check the given bolted connection considering all appropriate failure modes and the :
detailing. (7 Marks)

¢). A cantilever beam of 5 m effective span is sub]ected to 10 kN/m dead load and 6 kN/m
imposed load. :

i). Find the design load and maximum bending moment.

(2 marks)
ii). Design the member with 457 x 152 x 82 UB section.

(6 Marks)

457 x 152 x 82 UB Properties : D - 457.2 mm, B - 153.5 mm, T - 18.9 mm, t - 10.7 mm,
A -104.4 cm?, Zxx - 1555 cm?, Zyy ~ 142.5 cm3, 14 = 18.6 cm, Iyy=3.24 cm

Q8 a). Explain why basic wind speed cannot be dlrectly used to calculate dynamic air pressure
results from the wind. (3 Marks)

b). Explain following terms with suitable sketches. ‘ ‘
1). Plan area, ii). Slope area, iii). Wind angle, iv) Wind direction v). Post disaster structures

(6 Marks)

c). A steel column is ]omed at top with pin support and bottom with fixed support The
column has cross sectional area A and elastic modulus of steel is E

i). Using first principals show that the effective length of the column is nearly 0.7 L, where
L is original length. (8 Marks)

ii). If length of the member is 2 m check the strut can withstand 10 KN ¢ compreéssion load

applied without any eccentricity. Assume a strut has square section w1th 0.02m 31de
Allowable compresswe stress ~ 150 N/ mm2 - ‘. N

Elastic Modulus of steel - 200 GPa 4 Marks)
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DATA SHEETS

C 0T | Moment Of nertia |Radius Of Gyration| - Z

Cx, [ XX T [ vy [26%

Cy | Yy V-V vy UV VY

Mm kg | mm|mm|cm?2|Ccm ] em* | cm* | cm* | cm | em | cm | cm?

3
3

50 x 50 3.77 170 |24 480 [1.40 |11.0 [17.4 J4.54 ]1.51 [1.90 |0.97 |3.05

4.47 170 |24 [569 [1.45 |12.8 |20.4 [5.33 |1.50 |1.89 |0.97 |3.61

582 |70 |24 741 152 [16.3 |25.7 |6.87 [1.48 |1.86 |0.96 }4.68

60 x 60 457 180 24 [5.82 |1.64 |19.4 |30.7 [8.02 |1.82 |2.30 |1.17 }4.45

542 18,0 {24 691 169 [22.8 |36.2 [9.43 |1.82 [2.29 ]1.17 [5.29

7.09 18,0 24 [0.03 [1.77 |29.2 J46.2 |12.1 [1.80 J2.26 |1.16 ]6..89

0 869 80 [24 |11 |1.85 |349 |55.1 [14.8 |[1.78 ]2.23 |1.16_[8.41

70 x 70 6.38 9,0 |24 [8.13 |1.93 [36.9 |585 |15.2 |2.13 |2.68 |1.37 |7.27

8.36 19,0 [2,4 |10.6 [2.01 [47.5 |75.3 |19.7 [2.11 |2.66 |1.36 [9.52

(]

10.3 19,0 2,4 |13.1 J2.09 |57.2 [90.5 |23.9 [2.09 [2.63 ]1.35 |11.7

80 x 80 7.34 110,0 |48 [9.35 [2.17 [55.8 |88.5 [23.1 [2.44 [3.08 |1.57 |9.57

9.63 [10,0 [4,8 [|12.3 [2.26 |72.2 [115 |29.8 |2.43 |3.06 |1.56 |12.6

0 [|11.9 10,0 [48 [15.1 [2.34 [87.5 [139 |[36.3 |2.41 |3.03 |1.565 |15.4

90 x 90 8.3 [11,0 |48 |10.6 [2.41 |80.3 |127 |33.3 [2.76 |3.47 |1.78 |12.2

[+3) Kol L3 Foe) Ior) B2 Kool Ko} BTN Kool Fo) K3, B EN] Ko} 4]

10.9 [11,0 |48 [13.9 [2.50 |104 |166 [43.1 [2.74 |3.45 |1.76 |16.1

134 11,0 |48 |17.1 |2.58 [127 201 |52.6 |2.72 [3.42 |1.76 |19.8

—_
N]O

]15.9 11,0 |48 |20.3 [2.66 [148 [234 [61.7 |2.70 |3.40 |1.75 |23.3

100x100

[¢5]

12.2 12,0 4,8 |15.5 [2.74 |145 [230 [59.8 |[3.06 |3.85 |1.96 |19.9

17.8 12,0 14,8 J22.7 |2.90 |207 |328 |85.7 [3.02 |3.80 |1.94 29.1

==
AN

21.9 (12,0 4,8 [27.9 [3.02 |249 [393 |104 |2.98 [3.75 |1.93 |35.6
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TABLE 19. ALLOWABLE STRESS P, IN AXJAL TENSION

Form Grade Thickness P,
mm N/mm?
Sections, bars, plates, 43 =40 170
widc flats and hot over4Qbut = 100 155
rolled hollow scctions 50 =63 215
over63 but = 100 260
55 =25 265

TENSILE STRESSES FOR ANGLES, TEES AND CHANNELS

42. a. Eccentric connections. When eccentricity of loading occurs in connections
of angles and tees in tension, the net arcas to be used in computing the mean
tensile stress shall be as given by the following rules:

1. Single angles connected through one leg, channel sections connected through
the web and T-sections connected only through the flange. To the net sectional area
of the connected leg, add the sectional area of the unconnected leg multiplied by:

3a, :
301 + ay
where a, = the net sectional area of the connected leg.
ay == the sectional area of the unconnected leg.

Where lug angles are used, the net sectional area of the whole of the angle
member shall be taken.
: 2. Apairof angles, channels or T-sections, connected together along theirlength,
when attached to the same side of a gusset for the equivalent by only one leg of
each component:

(i) in contact or separated, by a distance not exceeding the aggregate thxck
ness of the connected parts, with solid packing pxeces

.(ii) connected by bolts or welding as specified in Subclauses 51e or 54g so that
the maximum ratio of slenderness of cach member between connections s
not greater than 80. :
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TABLE 18 ANGLE STRUTS

Connection Sections and axes S‘f,’:g:g&i"“‘nﬁ,’;‘%”'
v
b NN b ‘» -y . veaxis: 0.85L Jrbut =0.70L . Jr, + 15
P ‘x;ﬁ?t'd—* aaaxis: 1.0L,/r but 0.7 Ly /ryy + 30
, g bb axis: 0.85 Ly/ru, but 20.7 Lyy/rys + 30
Al vy axis: LOLw/rw but =0.7Lo/re + 15
{Eﬁ . i . N iy aa axis: 1.0L, /1y bt 0.7 L re + 30
Lo bbaxis: 1.0Lg/res but 0.7 Ly/ro + 30
(See note 3) la vf fa (See note 3)

xx axis: 0.85 L /1y DUt 0.7 Ly /res + 30
yyaxis: 1.0Ly/lry, + 10

{Seenote 4)

xx axis: 1.OL ofry but 20.7L,,/r + 30
yy axis: 0.85Ly,/ry, but 20.7 Ly, /ry, + 10

(Scenote 4)
NOTE 1.

The length Lis taken between the interscctions of the centroidal axes or the intersections of the setting out lines of the bolts, irrespec-
tive of whether the strut is connected (o a gusset or dircctly to another member,

{ntermediate ateral restraints reduce the value of L for buckling about the relevant axes. For single angle members, L ,, is token
between Interal restraints perpendicular to either aa or bb. '

NOTE 3. For single angles connected by one bolt, the alfowable stress is also reduced to 80 percens of that for an axially toaded member,
NOTE 4. Double angles are interconnected bck-to-back o satisfy Clause 37,

NOTE 2.

PRIZES i OR oy, TN BENDING.
aricd 20 and Tables 3 and 4)

TABLIE 2. ALLOWABLIS
(See also Clawses 19

, Ehickness | ’
e g ke P ¥
Eorme : Crrade of radterial e
Seations, bars, plates, wide flats and 43 1806
hot rolled hoflow sections; | 165
Compouad  beams ‘composed  ©f A
colled sections plated, with thickaess 5 ?):» »
of plate.. o TR =
Drouble channel scerions forming e
§ ymunetTical IfSl;‘»C.(‘h’;)n N’V‘S’vlic‘h ac 54 580
an integral unit. vl :
Plate givders with single or 43 kS 1:}(}
Cmultiple webs 100 135
S50 B ] 2
=GB bt 400 200
55 25 o4 265
Siab bases ) . ’ ‘Adlsteels P 185
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33449 Partz 1969,; o

TABLE 17a. ALLOWABLI‘ STRESS p, ONGROSS ShCTlON , 3 Afj“.,'rcr;'d‘ ;
:  FOR AXIAL COMI’RESS!Oh for ot e Deg 4989 1

P, (N/mm’) for. grade 43 siccl -

or‘materialic

Appendix - BS 449: Part2: 1969 Tables & Clause

from BS 449 Table 10: Allowable maximum shear stress p,
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Allowable maximum shear stress p, for sections, bars, plates, wide flats and hot rolled sections

of grade 43 steel:
For thickness £ 40 mm:
For 40 < thickness < 100 mm:

125 N/imm?
115 N/mm?

BS 449 Table 20: Allowable stresses in Rivets and Bolts (N/mm?)

Description of fasteners Axial tension | Shear Bearing
Power-driven rivets 100 100 300
Hand-driven rivets . 80 80 250
Close tolerance and turned bolts 120 100 300
Bolts in clearance holes 120 80 250

BS 449 Table 20A : Allowable Bearing stresses on connected parts (N/mm?)

Description of fasteners Material of connected part

Grade 43 Grade 50 Grade 55
Power-driven rivets
Close tolerance and turned bolts 300 420 480
Hand-driven rivets
Bolts in clearance holes 250 350 400

BS 449 Table 21: Edge distance of Holes

pitch i.e. distance between bolts as follows:

Minimum distance between centres of the bolts shall
£ [2.5 x nominal diameter of bolt]. -
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Diameter of hole - | Distance to Distance to rolled,
sheared or hand machine flame
flame cut edge cut, sawn or
planed edge
Mm 4 mm mm
39 68 62 Spacing of Bolts
36 62 56
33 56 50 The BS 449 clause 52 gives
30 50 44 the following parameters for
positioning of bolts, based
26 42 36 on clause 51 pertaining to
24 38 32 rivets.
gg gg gg Minimum pitch (BS clause
51 b):
A minimum  clearance
12 gg gg should be availab[e
12 54 55 between adjacent bolts; this
‘ is specified in terms of the




Maximum pitch (BS clause 51 c¢):
There are a number of conditions given about the maximum distance between adjacent bolts. The

main conditions are as follows: (please refer the BS for the complete specifications).

(i)
(i)
(iii)

(iv)

The distance between centres of any two adjacent bolts that connect together elements of

compression or tension members, shall
# 32t or 300 mm, where ¢ is the thickness of the thinner outside-plate.

The distance between-centres of two adjacent boits in a line lying in the direction of stress,

shall .
# 167 or 200 mm in tension membeérs, and

# 12 tor 200 mm in the case of compression members.

The distance between any two consecutive bolts in a line adjacent or parallel to én edge of

an outside plate
#1100 mm + 4 1] or 200 mm in compression or tension members.

When bolts are staggered at equal intervals and the gauge does not exceed 75 mm, the

distances between centres of bolts as specified in (i) and (jii) above may be increased by
50 %. ~ '
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BS 449 Part

TABLE3a ALLOWABLE STRESS p,,. INBENDING (N/’mmz) FORCASEA
e OFQAU&JWM%FORGRADE@Sﬂﬂm T

Eyinetg

25 | a0 | o3s | 40 ;_._457 1 s0
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