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Answer ant Five questions

Please write answers clearly showing any derivations required and stating necessary assumptions.

SECTION A

Q1a). The structure of the roofs normally analysed as trusses. Explain the validity of this analysis

(5 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. Determine the forces in all the members of the truss by the ‘method of joints’.

(9 Marks)
c). Determine the member forces of U1L2, U2L2 and U2U3 using method of section.
(6 Marks)
10 kN
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Figure 1

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

strain energy method.
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b). Figure 2 shows a pin-jointed steel 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 specified directions due to the given load:
i). The value and angle of deflection of the point U2 (14 Marks)
ii). If the maximum allowable deflection of point U2 is 5 mm find the minimum area of the
members if elastic modulus of steel is given as 200 GPa (3 Marks)

Q3) Figure Q3 shows a continuous beam with a hinge at C.

A B C D

S 4m —>

Figure Q3

a). Draw the Influence lines for the following
i). Reaction at B
ii). Reaction at D
iii). Bending moment at mid span of the AB

iv). support moment at D
(10 Marks)

b). If following loads are moving on the beam, find out the maximum Support Moment at D
and their respective load positions.
i). Two concentrated loads of 5 kN each at 2 m apart.
ii). A Uniformly distributed load of 2 kN /m and 10 m in length.

ii). A Uniformly distributed load of 2 kN /m and 4 m in length.
(10 Marks)

Data for Q4 and Q5

The Figure Q4-Q5 is shown a joint of steel truss. Members are connected to a 12 mm thickness
gusset plate with M 18 bolts (at least two bolts per each connections. Equal angle steel sections are
available with standard sections and it is proposed to use single angle members and double angle
back to back sections. Two members are perpendicular to each other and member A makes 60° to
the horizontal. A 10 kN horizontal load and 5 kN vertical load are applied as shown in figure. Length of
Member A and member B are given as 2 m each.

5 kN

I0OKN —>
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Q4 a). Define the term “eccentricity of the connection” and explain how the eccentricity is allowed in

BS codes. (2 Marks)
b). i). Find the tension member of the joint with its member force. (2 Marks)
ii). Design the tension member with suitable single angle member. (Minimum thickness — 8
mm). (6 Marks)
iif). Design the tension member with suitable back to back double angle member. (Minimum
thickness — 6 mm). (5 Marks)
c). If additional 2 kN load is applied perpendicular to the member at mid span check the
suitability of single angle selected in b). ii). (5 marks)
Q5 a). Define the terms i). Buckling of struts, ii). Slenderness ratio, iii). Effect of slenderness ratio to
the buckling of struts. (4 Marks)
b). i). Find the compression member of the joint with its member force. (2 Marks)
ii). Design the compression member with suitable single angle member. (4 Marks)

iii). Design the compression member with suitable back to back double angle member.

(4 Marks)
c). Explain why slenderness ratio should be checked for axes uu, xx and yy for single angle
member but only xx and yy axes for double angle members. (6 Marks)
Q6 a). Discuss the failure modes of a bolted joint with suitable diagrams. (4 Marks)

b). A bolted joint shown in figure Q6 is used to connect two steel plates of 10 mm and 15 mm
thicknesses.

O O O
—
O O @)
Figure Q6

Applied load — 50 kN, Bolt size — 20 M,

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

End/ Edge distance — 50 mm (from center of the bolts)

Check the given bolted connection considering all appropriate failure modes. (7 Marks)
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c). A cantilever beam of 5 m effective span is subjected to 10 kN/m dead load and 6 kN/m

imposed load. -
i). Find the design load and maximum bending moment. (3 marks)
iif). 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 cm3, Zyy — 142.5 cm3, rx— 18.6 cm, ry—3.24 cm

7 a). Explain the difference between the “Normal” and “Post Disaster” buildings or structures.
(2 Marks)

b). Discuss three factors used in determination of design wind speed according to BSCP 3

Chapter v part 2.
(6 Marks)
¢). The Steel column fixed at bottom end and pinned at top end is loaded by an axial load P.

i). Derive the formula for the Euler Buckling load of the strut using standard symbols.

(8 Marks)

ii). If length of the member is 2 m check the strut can withstand 1000 kN compression load
applied at 0.3 m eccentricity. Assume a strut is a cylinder with diameter 0.2 m and Elastic
Modulus of steel is 200 GPa. (4 Marks)

Allowable compressive stress — 170 N/mm?2
Second moment of area of circle = (1/4) x r*
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CofG Moment Of Inertia Radius Of Gyration Z

M 1 A X Y- XY
g | L G ox, oy N vu | v PR u | vy
mm | mm | kg | mm | mm e [ em [ emt [em* [ em® [ em [ em [ em | emd

377 |70 |24 |40 |140 |110 |74 |as54 |51 oo losr |05
447 [0 |24 |669 [|145 |128 02 P33 |50 lee loor 361
582 |10 |24 [|741 152 |63 7 687 |48 liee logs lzes

50x50 |5
6
7
60x60 |5 4.57 18,0 2,4 582 J1.64 |19.4 [30.7 ]8.02 1.82 [230 [1.17 4.45
6
8

542 18,0 2,4 6.91 169 [228 362 [043 [1.82 229 |1.17 5.29
7.09 |80 2,4 9.03 |1.77 |29.2 6.2 12.1 180 [2.26 |1.16 6..89
10 8.69 18,0 2,4 111 |[1.85 349 [55.1 14.8 1.78 223 |1.16 8.41
70x70 |6 6.38 9,0 2,4 8.13 |1.93 369 |[585 15.2 213 268 |1.37 7.27
8 8.36 19,0 2,4 106 J2.01 |47.5. 753 [|19.7 211 266 |1.36 9.52
10 10.3 9,0 2.4 131 J2.09 |57.2 905 J23.9 2.09 263 |1.35 11.7
180x80 |6 7.34 10,0 }4.8 935 217 |55.8 885 ]23.1 2.44 [3.08 [1.57 9.57
8 9.63 10,0 J4,8 123 j2.26 122 |15 29.8 243 J3.06 156 |12.6
10 119 10,0 }4,8 151 J2.34 875 |139 36.3 241 [3.03 [1.55 15.4
90x90 |6 8.3 11,0 J.8 106 [241 Jso3 |27 33.3 2.76  |3.47 |1.78 12.2
8 10.9 110 |48 139 [2.50 |i04 166 43.1 274 345 |1.76 16:1
10 13.4 110 J4.8 171 J2.58 127 4_2£' 52.6 272 [3.42 .76 19.8
12 159 1,0 J4.8 20.3 ]2.66 |148 234  |61.7 |2.70 J3.40 [1.75 23.3
100x100 - |8 122 [12,0. }4,8 155 |2.74 1145 230 59.8 3.06 |3.85 |1.96 19.9
12 17.8.° |12,0 4.8 22.7 |2.90 . J207 328 85.7 3.02 [3.80 |1.94 [29.1
15 219 120 P48 27.9 J3.02 Jo49 ~ |393 104 |.2.98 3.75 |1.93 35.6

TABLE 18. ANGLE STRUTS

Stenderness ratios
Connection Sections and axes (seenotes } and 2)

. , o N . vy axis: 0.85L /ry, But =0.7L, Jr,, + 15
@i E-‘?% M AN | . aaaxis: 1.0L,/r,,but =0.7L,./r,, + 30
@ o a bb axis: 0.85 Lyn/res, but 20.7 Lyy/rys + 30

v 1 bb axis: 1.0 Lyy/ry, bt 20,7 Ly/rys + 30
(See note 3) fa 7 (See note 3)

l . X L.::ﬁz_& xxaxis: 0.85Ly,/r. but =0.7L,,/res + 30

yyaxis: 1.0L/r + 10

rhd vvaxis: 1.OL /7, but =20.7L . /r, + 15
@iﬁ . 3, b Hf7w aa axis: 1.0L /7 but 20.7L,/r,, + 30
—v—-uwsd.__

(Seenote 4)

*x
v H Yy v .Y xxaxis: 1.OL,,/r but 20.7L /r, + 30
3 yy axis: 0.85L o /ry but 20.7L,/r,, + 10

: (Scc-.not'c 4) x

NOTE 1. The lenpth Lis taken between the intersections of the centroidal axes or the intersections of the set ting out lines of the bolts. irrespec-
tive of whether the strut is connected to a gusset or directly to another member, - :

NOTE 2. Intermediate lateral restraints reduce the value of L for buckling about the relevant axes. For single angle members, L . is taken
between lateral restraints perpendicular to cither aa or bb.

NOTE 3. For single angles connected by one bolt, the allowable stress is also reduced 10 80 per cent of that for an axially loaded member.
NOTE 4. Double angles are interconnected back-to-back to satisfy Clause 37.
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BS 449 : Part 2 : 1969

TABLE 17a. ALLOWABLE

_ EoR
P, (Nf/mm")-fbrf grade 43 steel -

N GROSS SECTION sbiced
e Dec. 1989

166 | 165

160 | 160
1185 | 155
151 | 150

{170 | 169 1169 |1
165 {164 164 |
159 {159 1158
1154 | 154 (153

145 [44
136
124

150 149
144 1143 | 142 | 141
135 o133
1123 1122 120
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TABLE 2. ALLOWABLE STRESS pr. OR py IN BENDING

(See also Clauses 19 and 20 and Tables 3 and 4}

Thickriess

Form Grade e Poe
of material
Sections, bars, plates, wide flats and | 43 =40 - 180
hot rolied hollow.sections. >40but= 100 | 165
Compound. beams. composed of - et
rolled sections plated, with thickness 50 =63 230G
of plate.. - ' >63but = 100 | 215
Double channel sections forming a —
symmetrical I-section which acts as o PR 520
an integral unit. o ’
Plate girders with single or 43 = 4 170
multiple webs >40but= 100 | 155
50 =63 215
>63 bur= 400} 200
S5 =25 265
Stab bases Allsteels 185
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5LE 3a. ALLOWABLE STRESS py, INBENDING (N/mm?) FOR CASE A
~ OF CLAUSE 19a(2) FOR GRADE 43 STEEL

33
32
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Appendix - BS 449: Part2: 1969 Tables & Clause

from BS 449 Table 10: Allowable maximum shear stress p,

Allowable maximum shear stress p, for sections, bars, plates, wide flats and hot rolled
sections of grade 43 steel:

For

For 40 < thickness < 100 mm:

thickness < 40 mum: 125 N/mm?
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

Diameter of hole Distance to Distance to rolled,
sheared or hand machine flame cut,
flame cut edge sawn or planed

edge

mm mm mm

39 68 62

36 62 56

33 56 50

30 50 44

26 42 36

24 38 32

22 34 30

20 30 28

18 28 26

16 26 24

14 24 22
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