THE OPEN UNIVERSITY OF SRI LANKA

Diploma In Technology (Civil) / Bachelor of Technology - Level 3. _ ..
CEX 3231 - Structural Analysis & Design 1 :
Final Examination - 2013/2014

Time Allowed 3 hours

“Date: 27 August2014 Time 9.30p.m. - 12.30 p.m.

Answer five questions selecting not less than two questions from section A and Section B.
Please write answers clearly showing any derivations required and stating necessary assumptions

SECTION A
1. a). i). State three methods used to find the member forces in trusses (3 Marks)
ii). State three assumptions used in analyzing plane trusses. (3 Marks)

b). A structure is loaded as shown in Figure Q1 that is supported at L1 and L2. Loads of 5 kN each are
applied at joints U1, U2 and L2 in the direction shown in the same figure.
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Figure Q1
i.) Analyze the truss shown on Figure Q1 with the method of joints and tabulate the member forces

with their usual signs. (Sign Convention, Tension is positive) (7 Marks)
ii.) Justify your answers in part i with the Graphical metho (7 Marks)

2. a). Discuss the advantages of virtual work method over strain energy method used to determine the
deflection of trusses. (4 Marks)

b). Find the defection of point L2 of the truss given in Figure Q2 (14 Marks)
(Assume the AE value for all the members)

c). Explain why strain energy method cannot be used in answering question 2.b) (2 Marks)
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a). Find the degree of statical indeterminacy of the beam given in Figure Q3
(2 Marks)

1). Reactionat A
ii). Suppert moment at B : :
iii). Bending moment at mid span of AB (10 Marks)

b).-Assume that there is a hihge atmid span of BC and hence draw the influence lines for

¢). Following loads (given in parts c(i) and c(ii) are moving along the beam. Find the maximum Bending
Moment at mid span AB and also indicate the corresponding positions of the loadings.
i.) Uniformly distribute load of intensity 2 kN/m act length of 2 m.
ii.) Two tires of a bicycle which are 2m apart and front wheel applies 5 kN and rear wheel applies 10
kN. (Loads are moving from left to right) (8 Marks)

A . Do

3m i 2m —-—._>|

Figure Q 4
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Following loads are identified as critical load cases.
Case 1 - Maximum load at both spans.
Case 2 - Maximum load at span AB and minimum load at span BC

_ After introducing a hinge at mid span of BC

a). Draw the Shear Force diagram and Bending moment dlagram for Load case 1 (8 Marks)
b). Draw the Shear Force diagram and Bending moment diagram for Load case 2 (8 Marks)
c). Draw the Bending moment envelope for Load case 1 and Load case 2. (4 Marks)
N Maximum Load =14 Gx+ 1.6 Qx  and Minimum Loading = 1.0 Gx
SECTION B

Description for Q5 and Q6

Truss shown in Figure 1 is proposed to design with Equal Angle steel members.

The single angle members are proposed to use for web members (internal) . Back to back double angle
members are proposed for chord (external) members. Bolted connections with M 18 bolts (one line
parallel to axis) are proposed for all the joints. Table 1 gives the results of analysis of truss.

The results of truss analyzing is shown in Table 1

Member Member Force (kN) Tension or Compression

L1L2 19.5 Tension

L2L3 15.5 Tension

L1U1 15 Compression

U102 25 . Compression

U2L2 18 Compression

U1L2 7.5 Tension

L2u2 10 , Compression

Table 1
- 5. a).Define the two terms effective sectional area and gross sectional area of a single angle member used
as a member of steel truss. Explain why effective area is used for designing tension members and
gross area is used for designing compression members. (6 Marks)
b). Design member U1L2 selecting steel 50 x 50 x 7 mm equal angle member (5 Marks)

c). According the results given in Table 1 bottom chord is subjected to tension tension. Design the
bottom chord using steel 50 x 50 x 7 double angle members (back to back connected)

(5 Marks)

d). If perpendicular loads of 0.5 kN each applied on mid span of each member of bottom chord check
the selected double angle members (part c) are adequate to resist this additional load. (4 Marks)

6. 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). Design member U2L2 selecting steel 50 x 50 x 7 equal angle member. Assume members are

connected with at least two M18 bolts in both ends. (6 Marks)
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The beam given in Figure Q4 is loaded with a dead load (gk) of 10 kN/m and lmposed Joad (qk) of 5kN/m.

/K



). Accordmg the results glven in Table 1 upper chord is subjected to compression. Design the-upper
chord using steel double 50 x 50 x 7 equal angle members (back to back connected) ‘Assume members .

are connected with at least two M18 bolts at both ends.

The radius of gyration of double angle member is given by
" I xx(double) =1 ’
_ 2
ryy (double)= ryy +(c, +1/2)

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

(8 Marks)
7.
A ey

| 4m i 3m Hl

Figure Q7

The steel beam given in Figure Q7 is used to support the timber (teak) floor of 125 mm in thickness and

following details are provided.

Spacing of the beams = 1.5 m

Dead load from the finishers = 1.0 kN/m?2
‘Density of Teak = 800 kg/m3

Total imposed load =2.0 kN/m?

a). Find the design load applied on the beam. (Take the self weight of the beam as 25 % of total
calculated design load). (4 Marks)

b). Design the beam selecting 100 x 200 mm T section. (Design for considering maximum sagging and
. (12 Marks)

hogging moments).

c) Sketch the four failure modes of bolted steel connection +-+(4 Marks) - -
8. a). Explain the following terms as used in wind load calculations. ‘
i). Post Disaster Structure -
ii). Basic wind speed
iii). Leeward slope of the roof
(2x 3 = 6 Marks)

b). Derive the formula for Euler buckling load of strut fixed supported at both ends with first principles.
(8 Marks)

c). A strut fixed supported at both ends of effective length 4 m is used as a column and which is loaded

only with axial compression load of 100 kN.
Dimension of column - 300 mm x 400 mm
Elastic modulus of column material - 6.9 x 108 N/ m?
Compressive strength of column material - 5 N/mm?

Check whether the member is safe under these conditions
(6 Marks)
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DATA SHEET

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 areas 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,
3a, + a,
where a, = the net sectional area of the connected leg.
a, = the sectional area of the unconnected lcg.

' Where lug angles are used, the net sectional area of the whole of the angle

.mcmber shall be taken.

2. Apairofangles,channels or T-sections,connected together along their length,
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 thick-
ness of the connected parts, with solid packing pieces.

(ii) connected by bolts or welding as specified in Subclauses 51e or 54g so tha_i
the maximum ratio of slienderness of each member between connections s
not greater than 80. i
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50x50 |5 3.77 7.0 2,4 4.80 1.40 17.4 4.54 1.51 1.90 3.05
‘16 4.47 7,0 2,4 5.69 1.45 12.8 20.4 5.33 1.50 1.89 0.97 3.61
] 7 5.82 7,0 2,4 7.41 1.52 16.3 257 6.87 1.48 1.86 0.96 4.68
60 x 60 5 4.57 8,0 2,4 5.82 1.64 19.4 30.7 8.02 1.82 2.30 1.17 4.45
6 5.42 8,0 2,4 6.91 1.69 22.8 36.2 9.43 1.82 2.29 117 5.29
8 7.09 8,0 2,4 9.03 1.77 29.2 46.2 121 1.80 2.26 1.16 6..89
10 8.69 8,0 2,4 111 1.85 34.9 55.1 14.8 1.78 2.23 1.16 8.41
70x70 6 6.38 9,0 2,4 8.13 1.93 36.9 58.5 15.2 213 2.68 1.37 7.27
8 8.36 9,0 2,4 10.6 2.01 47.5 75.3 19.7 2.1 2.66 1.36 9.52
10 10.3 9,0 2,4 13.1 2.09 57.2 90.5 23.9 2.09 2.63 1.35 17
80 x 80 6 7.34 10,0 4.8 9.35 217 55.8 88.5 231 2.44 3.08 1.57 9.57
) 8 ‘jo:63 10,0 4.8 12.3 2.26 722 115 29.8 2.43 3.06 1.56 12.6
o 1.9 10,0 4,8 151 2.34 87.5 139 36.3 2:41 3.03 1.55 15.4
90 x 90 6 18.3 11,0 4,8 10.6 2.41 80.3 127 33.3 2.76 3.47 1.78 12.2
8 -110.9 11,0 4,8 13.9 2.50 104 166 43.1 2.74 3.45 1.76 16.1
10 134 11,0 4,8 171 2.58 127 201 52.6 272 3.42 1.76 19.8
12 159 11,0 4,8 20.3 2.66 148 234 61.7 2.70 3.40 1.75 233
100x100 |8 12.2 12,0 4,8 15.5 2.74 145 230 59.8 3.06 3.85 1.96 19.9
12 J17.8 - 12,0 4,8 22.7 2.90 207 328 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 1:93 356
TABLE 19. ALLOWABLE STRESS P, IN AXIAL TENSION
Form Grade Thickness P,
mm N/mm?
Sections, bars, plates, 43 =40 170 :
wide flats and hot over 40 but = 100 155 ;
rolled hollow scctions 50 =63 215 ;
over 63 but = 100 200 :
55 =25 = 265 :




3 ) , .. TABLE 18 ANGLE STRUTS

Connection BRI

Slenderness ratios
(seenotes 1 and 2)

vvaxis: 0.85Ln/r,, but =0.7L . Jr,, +15
aa a.ru. 1.0L,/r,.but =0. TL,Jr., +30
bb axis: 0.85 Lyy/ry, but 0.7 Loy/rey + 30

vvaxis: 1.0LJr,but =0.7LJr., + 15

aa axis: 1.0L ,Jr,,but =0.7L,./r,. + 30

bb axis: 1.0Loy/rey but 20. 7Ly /1y, + 30
(See note 3)

%}'
6 'H‘
I

(See note 3) la

xx axis: 0.85L,,/r,, but =0.7L,,/r + 30
yyaxis: 1.0L,/r + 10

ln
=]
t_._i-‘]«

(See note 4) Y

xx axis: 1.0L,,/r,, but Z0.7L,/ry + 30
Yy axis:0.85Ly/r but =0.7L, /r, + 10

El l!
<

{

'

[«

: {(Sce notc 4)

NOTE 1. The length Lis taken between the intersections of the centroidal axes or the intersections of the setting out lines of the bolts, irrespec-
tive of whether the strutis.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, [. .. is taken
between lateral restraints perpendicular to either aa or bb.

NOTE 3. For single angles connected by ane bolt, the allowable stress is also re.

duced 10 80 per cent of that for an axially loaded member.
NOTE 4. Double angles are interconnected back-to-back to satisfy Clause 37,

TABLE 2. ALLOWABL
(Sec.alse Clauses 19 ard 24

’ IThickness 2

Form cof material.

‘Sections, bars, -plates, wide flats and =.40

‘Hot rolied hollow sections. . >4O but = 100
Corny ound bedms composcd of g 6 : .
: =63

=63but = 100

25
: ?Pi'a-te:.girders with single or " 432 =40 e
rmiultiple webs =40 but = 100 |
S0
55 = 25 265
Siab bases v SRR ATSteels “watoy8s
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Lover40 mm thick re
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