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Bachelor of Technology - Level 3
CVX3531/CEX3231- Structural Analysis & Design 1
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Time Allowed 3 hours

09th February 2019 Time ~ 9.30 - 12.30 hrs

Answer any Five questions
Please write answers clearly showing any derivations required and state necessary
assumptions.

Q1 Trusses are used specially in roofs and bridges.
a). List down three idealizations used in analyzing the trusses. Validate those
idealization respect to the real truss used in buildings or bridges. (3 Marks)

b). Method of Joints, Method of Sections and Graphical methods are main three methods
used in analyzing Statically determinant trusses. Discuss the applications of each
method. (2 Marks)

c). The truss shown in figure 1is proposed to use as a tower.

U2
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3
16 kN 12 kN
M2
M1 M3
11 2
Figure Q1
Member Lengths
U1lU2, U203 - 5.0 m, M1M2, M2M3 - 2.0 m, 112 -4.0m
L1M1, L2M3 - 4.0 m, M1U2, M3U2, L1M2, LZM2 - 4.47 m
M1U1, M3U3 -5m
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Determine member forces in all the members of the truss by the ‘method of joints’ or
Graphical method for the loads given. (10 Marks)

d). Determine the member forces of M1L1, M3L2 and L1M?2 by method of section to verify
the results obtained in part c). (5 Marks)

Q2.) a). State three methods that can be used to find a deflection of the statically determinant
(4 Marks)

trusses.

b). The truss shown in Figure Q2 is pin jointed to a support at .1 and on a roller
support at L2. The truss is loaded as given in Figure Q2.

i). Calculate the vertical deflection of the joint U3, (10 Marks)
ii). Calculate the horizontal deflection of the joint M1, {6 Marks)
20 kN S0 kN
¥ \
Ul {\ 3
2 Y
2m
3m
{ 3im
M1
2m

Q3) Figure Q3-a shows a continuous beam of ABC

Figure Q3-a

a). Draw Influence lines for the followings
1). Reaction of A
if). supporl moment at B
iii). Bending moment at mid span of AB (9 Marks)

b). If following loads are moving on the beam, find the maximum Bending Moment
of mid span AB.
i). Two concentrated loads of 5 kN each at 2 m apart,

ii}). A Uniformly distributed load of 2 kN /m and 3 m in length.
(9 Marks)
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Figure Q3-b
With the knowledge of Influence lines only find the Bending Moment of
Support B for the load given in Figure Q3-b (2 Marks)
Data for Q4 and Q5

The truss shown in Figure Q1 is proposed to design with structural steel. 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 for the design.

All the members are connected to a 12-mm thickness gusset plate with M 20 bolts (at least two

bolts per each connection).

Q4 a). i) With appropriate figure of single angle member connected to a gusset plate using
one bolt line show
Connected leg, unconnected leg, Gross area, Net Area and Effective area.
(4 Marks)

b). i). Check the suitability of 60 x 60 x 6 EA section for the tension member if

maximum Tension load is 20 kN. If not propose a suitable single angle section.
(6 Marks)

ii}. Now it is proposed to replace single angle member with back to back double angle
section. Determine suitable back to back double angle section for the tension

members. (b Marks)

¢). Find the maximum Bending Moment can be applied without faiture for single angle
section selected in b). i} (5 Marks)

Q5 a). Define the following terms
i). Effective Length  ii). Radius of Gyration. iii). Slendermess Ratio (6 Marks)

b). Normally if the slenderness ratio is more than 180 the member is failed due to buckling,

Suggest two methods to avoid buckling of above mentioned truss member.
(4 Marks)

c). The analysis of truss shown in Figure Q2 reveals that following two members are

compression.
Member U2M1 - 20 kN and L1M1 - 30 kN
i). Check the suitability of a single angle 70 x 70 x 6 EA section for member U2M1

(4 Marks)

ii). Check the suitability of a back to back double angle 2 x 50 x 50 x 6 EA section for
member L1IM1 (6 Marks)
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The radius of gyration of double angle member is given by
T wx (double) =T xx

2 2 2
~ #y, (double)= r, +(c, +1/2)

Where 1, Iyy and ¢y have their standard meanings and thickness of gusset plate is
taken as 12 mm.

Q6  a). List down all the failure modes can be applied on Bolted connection of steel
members, (3 Marks)

b). The truss shown in Figure Q1 is designed with 70 x 70 x 6 EA steel standard
sections. After the design following decisions were taken.
Single Angle Sections - M1U2, M3U2, L1M2, 1.2M2
Back to back double angle sections - All other members.

i). Find the single shear capacity and double shear capacity of a M18 bolts if the angle
sections are connected to a Gusset plate with 12 mm thickness. (5 Marks)

ii). Design and detail the joint U2 by considering following details

Member Furces - UTU2 - 75 kN (Compression), U2U3 - 52 KN (Compression)
M1U2 - 80 kN (Tension), M3U2 - 100 kN (Tension)
Bolt Size - M18
Minimum number of bolts per joint - 2
(b Marks)

c). A simply supported beam of 5 m effective span is subjected to 8 kN/m dead
load and 6 kN/m imposed load.
i). Find the design load and maximum bending moment (3 Marks)
it). Design the member with 457 x 152 x 82 UB section. (4 Marks)

457 x 152 x 82 UB Properties : D - 457.2 mm, B - 153.5 mm, T - 18.9 mm , - 107 mum,
A-104.4 em?, Zxx ~ 1555 cmd, Zyy - 142.5 cm®, 1 = 18.6 cm , 1y = 3.24 em

Q7 a). Describe the difference between Normal Structures and Post Disaster structures used
in wind load calculations. (4 Marks)

b). State the factors that should be used to modify the basic wind speed to find design
wind speed. (4 Marks)

c}. A steel column is joined bottom with fixed support and top is kept as free. The
column has cross sectional area A and elastic modulus of steel is [}
i). Derive the formula for Euler Buckling load of the column described above.
(8 Marks)

ii}. If the length of the column described above is 2 m, find the compressive capacity
of the column, load applied without any eccentricity. The column has 0.03m x 0.02 m
Cross section. (4 Marks)

Allowable compressive stress - 150 N/ mm?

Elastic Modulus of steel - 200 GPa
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DATA SHEETS

| CG(? f ‘Moment Of Inertia F(E%(/jrl:tsio%f Z
a T |'M r1 2 | A
ol Ronel KUETE RYAYA RoseZ EUACH RVAY;
Cy | Y-y Y-Y

mm |mm| kg |mm|[mm]cm?]em |em?*lem* | cm* | em J cm | cm | cm?®
50x 50 |5 377 70 [2.4 [4.80 [M.40 |11.0 17.4 |4.54 |1.51 j1.90 |0.97 [3.05
B 447 |70 |24 |569 [1.45 |12.8 [20.4 |5.33 |1.50 {1.89 j0.97 [3.61

7 582 |70 |24 |7.41 [1.52 [16.3 |25.7 |6.87 |1.48 |1.86 |0.96 |4.68

60 x 60 |5 457 |80 [2,4 1582 [1.64 [19.4 [30.7 |8.02 |1.82 |2.30 |1.17 }4.45
6 542 |80 2,4 i6.91 |[1.69 [22.8 |36.2 [9.43 |1.82 |2.28 |1.17 }5.29
8 7.09 180 2,4 1903 |1.77 |29.2 |46.2 |12.1 |1.80 |2.26 |1.16 16..89

10 869 180 [24 {11.1 |1.85 |34.9 |55.1 [14.8 |1.78 |2.23 |1.16 |8.41

70x70 |6 5.38 {90 |24 [8.13 |1.93 |36.9 {585 {15.2 |2.13 |2.68 |1.37 [7.27
8 |8.36 9,0 [24 106 {2.01 |47.5 {753 [19.7 |2.11 |2.66 |1.36 |9.52

i0 Ho3 lo,0 |24 [|13.1 j2.09 [57.2 {90.5 j23.9 |2.09 |2.63 |1.35 [11.7

80x80 16 7.34 [10,0 |4,8 [0.35 [2.17 [55.8 [88.5 [23.1 |2.44 |3.08 |1.57 [9.57
i8 963 [10,0 |4,8 |12.3 |2.26 [72.2 |115 |29.8 [2.43 |3.06 |1.56 |12.6

10 K19 |[10,0 |48 N5.1 |2.34 [87.5 |139 [36.3 j2.41 J3.03 |1.565 |154

30 x 90 16 8.3 [11,0 |4,8 [10.6 [2.41 |80.3 |[127 [33.3 {2.76 [3.47 |1.78 |12.2
3 10.9 |11,0 4,8 [13.9 [2.50 |104 |166 |43.1 j2.74 [3.45 [1.76 |16.1

10 N34 |11,0 48 K71 |2.58 [127 |201 [52.6 {2.72 |3.42 |1.76 |19.8

12 K59 [11,0 4,8 [20.3 |2.66 {148 234 [61.7 |2.70 |3.40 }1.75 |23.3
100x100)8 12.2 12,0 14,8 155 [2.74 {145 230 [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 21.9 12,0 |4.8 |27.9 |3.02 |249 393 [104 |2.98 |3.75 [1.83 |356

TABLE 18, ANGLE 5TRUTS

Connaction

Sections and axes

Slendernessratios

{3ce rertes ¥ and 1y

vvaris: 0.85L . r bl 2070/, + 15
aaaxiz: LOLL/r,but =071, 00, + 30
Bh axis: 085 Ll bist 20,7 L/ + 30

e
i
.

(See note 3)

e

(Seanotcd)

+

j
b

veazis: 1.0L,/r. but 20,70 /r, + 15
aa axis: LOL, /r,but =070 ,7r,, + 30
bbaxis: V.OLow/ g bt 22071 o frey, + 30

(See pote )

xxaxisy: 0850, Je bt =0 7L, /e + 30
yy axis; 1.0L,/r, + 10

(Sce notc 4)

{

lx
_z_-#.%‘g..g_ E
e

sy axisy 1LOLG/rbut =070, ,/r, + 30
pyoxis:0.85L W frp but=0.7L, 0 + 10

NMOTE 1, Thelength Lis taken between the intersections of the centrojdal axes or (he intersections of the sciting oul lines of the bolts, irrespec

tive of whether the strul is connected to a gusset or directly 1o another member,

MOTE 2. Inlermadinte fateral reseraints reduce the vaiue of L for buckiing about the refevant axes, Forsingle angle members, L, is tnken

between fateral restraints perpendicular 10 gither a2 or bb,
MOTE 3. For single ungles connecled by one bol, the allowable stress is also raduced 10 B0 per cent of that far an asially loaded member,
NOTE 4. Doubie angles are interconnected back-to-back to satisfy Clauss 37,
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TABLE 2. ALLOWARBLE STRESS poe OR o IN BENDING

(See also Clauses 19 ond 20 and Tubles 3 and 4)

. - Thickness
Form Grade -
of rnaierial
Sections, bars, plates, wide {iats and 473 = 40 b8
hot rolied hollow sections. =40 but = 100 185
Compound  beams composed  of - !
rolied sections plated, with thickness 30 =83 230
of plate. (3 buts 100§ 203
Double channcl sections {orming a
SyT meliical I:-m;ction Which acts as 55 3% 720
an integral unit.
Plate girders with single or A3 =040 170
multiple webs ZA0 bat = 100 155
(1 = G 215
=03 bt = T 200
A5 Elie 2635
Slab bases Allsteeis 185
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 BS 449 ; Part 21 1969 .

TABLE 17a. ALLOWABLE STRESS 2. ON CROSS SECTIO‘\J As altered
FOR AXTAL COMPRESSION _ Dec. 1959

p, (Nfmm’®) for grade 43 steel

o 1 2 3 4 5 K3 7 8 °

L 170|168 | 169 {168 168 | 167. L167. | 166 | 166 | 165
10 165 |1ea |64 (163 163 | 162 [162 [ 161 160 {160
3 159. | 159 [ 158 {158 157 |157 [1s6 156 | 155 |55
i 15 | 1s4 |53 [ts3 453 jis2 fisz st (151|150

) 150 1149 {149 1148 P48 F 147 146 ] 146 145 | 144
144 [ 143 ] 142 | 141 140 1139 {139 438 1137 | 136
135|134 1133 131 130 ] 129 1428 |27 1126|124
123 1122 (120 (149 Lifg 16 s |t iz [1n

109, [ 108|107 1105 [ 104 [102 [101 1100 | 98 | 97
g5 | 94 93 91 90 .| 89 | 87 ‘| .86 85 84
82 | 8t BOL79 78 | 17 EET A 7 N A & T B 7
T 70 | 69 | 68 | 67 | 66 | 65 | 64 | 63 | 62

62 | 61 60 | 59 58 57 | 57 56 .| 55 | 54
54 1353 | 32 | si. | 5t 50 | 49, ].49 | 48 | 47
47 |46 | 46 | .45 | 45 | 44 | 43 | 43 | 42 | 42,
41 41 .1 40 | 40 |39 | 39 | 38 | 38 | 38 }-37

37 D3 01 36 | 35 l:35 1035 134 | 3. 33 | 33
33 {32+ 1R 32 31 3 3 30: 30 30
29 f29.p 29 |28 jo28 | 28 |28 |2 2701 27
2 L2626 | 26 .25 |25 L2525 ] 24024

24 24 | 241 23 23 23 |23 22 2200 220

2 2 |2 21 2 2t 2] 20 20 2007
0 | 20 20 19 19 i9 19 19 191 18 .

18 18 18 18 1% 18 17 17 17 7

TE 2
[ i‘a-‘ material over 40 inm thick refer 1o subelavse 30a.
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BS 449 : Yart :

TABLE 3a. ALLOWABLE STRESS py,. IN BENDING '(N/mm?') FOR CASE A
OF CLAUSE 192(2) FOR GRADE 43 STEEL

R S

Dir
flr,

5 10 15 20 25 30 35 40 45 50

40 180 | 180 180 180 180 180 180 180 180 180
45 180 180 180 180 180 180 180 180 180 180
50 180 180 180 180 180 180 180 180 180 180

S5 1 180 .{ 180 180 178 176 | 175 174 174 173 173
60 | iSO 180 176 172-4 170 169 168 167 167 166

65 | 180 |- 180 | 172 | 167 164 163 162 161 160 160
70 1 180 177 167 | 162 [ 159 |- 157 156 155 | 154 154
75 | 180 174 163 157 154 4 151 | 150 14 | 148 147
RO 1180 171 159 153 148 1 146 144 143 142 141
851 180 © 168 | 156 148 | 143 140 | 138 137 136 135
90} 1800 1165 | 152 144 139 | 135 133 | 131 130 129
95 | 180y 162 | 148 | 140 | 134 130 127 | 125 | 124 123
100 | 1804 160 | 145 -} 136 1290 | 125 122 119 1 118 117
105 | 180 1157 | 142 | 132 |' 125 120 | 116 | 114 | 112 { 11l
1104 18040185 L 139 D128 10120 115 | 111 { 108 1 106 | 105
11511780 “152 1 136 | 124 116 | 110 | 106 103 101 99
120 | 1771156 . 133 120 | 112 106 101 98 | 96 95

130§ 174, 146 o 127 113 104 97 94 91 89 88
140 ¢ 17p1 142 o b7 | 91 | 92 10 88 85 83 81
1501 168 {138 7 116 1 100 | 92 | 87 82 79 77 75

160 | 1661 134 w1 | 96 | 88 | s | 77| 74| 72| 70
70 | 163 4 130 L we | 92 | 84 | 77| 730 6| 6 | 65

180 | 161 | 126 7 w2} 89 | 80 73 69 65 63 60
190 i 158 { 123 47 85 76 70 65 | - 61 59 56
200 | 156 | 119 4 85 5 82 73 66 62 58 55 53
210+ 154 | 116 2.0 79 70 63 58 55 52 50
220 | 151 113 9 | 77 | 67 61 56 52 49 47
230 | 149 | 110 | 87 : 74 65 58 53 49 47 44
240 | 147 | 107 85 . 72 62 56 51 47 44 42
250 | 145 | 104 83 - 69 60 53 48 45 42 40
260 | 143 1 101 &0 a7 58 1 46 43 40 38
270 1 141 98 78 65 56 49 45 41 38 36
280§ 139 96 75 63 54 48 43 39 37 35
290 | 137 94 75 61 s2 46 41 38 35 33
306 | 13s 93 73 60 51 44 40 36 34 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 thickness < 40 mm:
For 40 < thickness = 100 mnt:

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 300 420 480

Close tolerance and turned bolts

Hand—_dnven rivets 550 : 350 400
Bolts in clearance holes

BS 449 Table 21: Edge distance of Holes

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

planed edge

mm mm mm

39 68 62

36 62 56

33 56 50

30 50 44

26 42 26

24 38 32

22 34 30

20 30 28

18 28 26

16 26 24

14 24 22
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Spacing of Bolts

The BS 449 clause 52 gives the following parameters for positioning of bolts, based on clause
51 pertaining to rivets.

Minimum pitch (BS clause 51 b):
A minimum clearance should be available between adjacent bolts; this is specified in terms of
the pitch i.e. distance between bolts as follows:

Minimurmn distance between centres of the bolts shall
#[2.5 x nominal diameter of bolt].

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).
() The distance between centres of any two adjacent bolts that connect together elements
of compression or tension members, shall
¥ 32¢ or 300 mm, where 7 is the thickness of the thinner outside plate.

(i) The distance between centres of two adjacent bolts in a line lying in the direction of
stress, shall
# 16 £or 200 mm in tension members, and

# 121 or 200 mm in the case of compression members.

(i} The distance between any two consecutive bolts in 2 line adjacent or parallel to an edge
of an outside plate
#[100 mm + 4 1] or 200 mm in compression or tension members.

(iv) When bolts are staggered at equal intervals and the gauge does not exceed 75 mm, the
distances between centres of bolts as specified in (ii) and (iii) above may be increased
by 50 %.
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