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THE OPEN UNIVERSITY OF SRI LANKA
Diploma In Technology (Civil) / Bachelor of Technology - Level 3
CEX 3231 - Structural Analysis & Design 1
. -—Final Examination ~ 2012/2013-.—
Time Allowed 3 hours

Date: 14t August 2013 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). Sketch the supports used in structures and mark their appropriate reactions.
(3 Marks)

b). A structure is loaded as shown in Figure Q1 that is supported with a pin support at Ul.

U U,
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L] l LZ
W
Figure Q1
i. Show that the structure given in Figure Q1 is not in equilibrium (2 Marks)

-ii. The truss shown in Figure Q1 is now supported at Ly with a roller support (restricted on Vertical
direction). Show that the new structure is statically determinate. (2 Marks)

ili. Analyze the truss shown on figure Q1 after the modification mentioned in part ii using an analytical
method and give the member forces in terms of W. Also mention whether member forces are tension

or compression. (7 Marks)

iv. Justify your answers in part iii with Graphical method. (6 Marks)

2. a). List down three methods used to determine the deflection of trusses. Discuss their limitations.
(4 Marks)

b). Find the defection of point U, of the truss given in Figure Q2, in terms of W, A, E. (14 Marks)
(Assume AE value is same for all the members)
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Figure Q2

¢). Explain why strain energy method cannot be used to find deflection of point La.

(2 Marks)
7 |
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Figure Q3
a). Show that statically indeterminacy of the beam given in Figure Q3 is 2. (2 Marks)

b). Assume there are two hinges at mid spans of each span AB and BC and draw influence lines for
a). Reaction at B
b). End momentat A
c). Bending moment at B (10 Marks)

c). Following loads (given in parts i and ii) are moving along the beam. Find the maximum Bending
Moment at support A and also indicate the corresponding positions of the loadings.
i. Uniformly distribute load of intensity 5 kN/m of a length more than 10 m.
ii. Two tires of a bicycle which are 2m apart and front wheel applies 5 kN and rear wheel applies 10 kN.
(8 Marks)
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Figure Q4

The beam given in Figure Q4 is loaded with dead load (G) of 10 kN/m and imposed load (Q«) 5 kN/m.
Following load cases are identified as critical load cases.

Case1 - Maximum load at both spans.
Case 2 - Maximum load at span AB and minimum load at span BC

a). Draw the Bending moment diagram for Load case 1 (8 Marks)
b). Draw the 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)

Maximum Load =14 G+ 1.6 Qx and Minimum Loading = 1.0 Gy

SECTION B
Data - For Q5 and Q6
Properties 50x50x7EA 70x70x 8 EA
Area of Section 7.41 cm? 10.6 cm?
Distance to centre of gravity 1.52 cm 2.01 cm

Second moment of area

16.3 cm* xx and yy axes

47.5 cm* xx and yy axes

Radius of gyration
XX axis , yy axis 1.48 cm 211 cm
VV axis 0.96 cm 1.36 em

member of steel roof truss

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.

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

(8 Marks)

c). If 4 kKNm sagging bending moment is applied to the member other than the applied tensile force check

the suitability of the given member for this loading condition.
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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: —- e e
(6 Marks)

b). A compression member of length 2.5 m is proposed to desigh 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

r)zo, (double)= ryzy +(c, +t/ 2)

Where 1, and ryy have their standard meanings and thickness of gusset plate is taken as 12 mm.
(14 Marks)

7. A simply supported beam of effective span 4m is used to support the concrete slab of 150 mm in thickness
and following details are provided.

Spacing of the beams = 1.0 m

Dead load from the finishers = 1.0 kN/m?
Density of Concrete =24 kN/m?

Imposed load from the people = 1.5 kN/m?
Imposed load from the furniture = 0.5 kN/m?

a). Find out the design load applied on the beam. (Take the self weight of the beam as 15 % of total

calculated design load).
(4 Marks)

b). If a T beam 100 x 200 is selected for this simply supported beam, check the suitability of the selection.
(8 Marks)

From the tabulated properties of 100 x 200 T beam
Depth of Section, D = 100 mun, Width of the section B = 200 mm
Flange Thickness, T =12 mm, web thickness, t =8 mm
Radius of gyration, rx=14.6 cm and ry=3.77 cm
Sectional Area = 31.77 cm?
Distance to the center of gravity Cy = 82.7 mm
Elastic Modulus, Zx = 80.1 cm3, Zyy = 22.2 cm?

c) The beam is connected to a plate through its flange with two symmetrical lines of M 20 bolts.
i. Calculate the number of bolts required for the joint.

ii. Draw the arrangement of bolts considering spacing and edge/end distances.
(8 Marks)

CEX3231 - Final Examination 2012/2013 - August 2013 4



00093

The allowable strengths are:
the allowable stress in bolts in clearance holes, in shear = 80 N/mm?
the allowable stress in bolts in clearance holes, in bearing = 250 N/mm?
——the.allowable stress in bolts.in-clearance holes, in axial tension =120 N/mm?
the edge distance of 22 mm diameter holes = 30 mm
minimum spacing between center of bolts = 2.5 x Nominal Diameter

8. a). Explain following térms used in wind load calculation.
i). Design wind speed
ii). Post Disaster Structures
iif). Windward slope and Leeward slope (2x 3 = 6 Marks)

b). Derive the formula for Euler buckling load of cantilever strut with first principles. (10 Marks)

¢). A cantilever strut of effective length 4 m is used as a column and which is loaded only with axial
compression load.
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?2

Check whether the member is safe under these conditions
(4 Marks)
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TABLE 19 ALLOWABLE STRESS AN AXIAL TENSION

Form Grade. Thlckn&s P‘ ]

. . mm N/mm?

Sections, bars, plates, 43 =40 170
widc flats and hot over40but = 100 155
rolled hollow scctions 50 =63 215
’ ‘over63 but = 100 200
55° =25 265

DATA SHEETS

TENSILE STRESSES FOR ANGLES, TEES AND CHANNELS

-42. a. Ecceatric 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 cornected only through the flange. E

Fo the net'sectional Brea

of the cannected leg, add'the sectionsl area of the unconnected leg multiplied by:

‘where a; = the net sectional arca of thé connected leg.
a, == the sectional area of the unconnected.leg.

3a,
3a, 4+ a,

‘Where lug angles arc-uscd, the nét scctional arca of the whole of the nngle.

mcmber shall be taken.

2. Apairofangles, channclsorT—secnans connected tagetheralong theirlerigth,
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 thuck—'

ness of the connected parts, with sohd packing‘pieces.

(ii) connected by bolts or welding as specified in Subclauses 51e or 54g so that
the maxirmum ratio of slenderness of each member between COnnecthnSIS
not greater than 80.
TABLE 18, ANGLE STRUTS
Connection Sections and axes ‘ Stenderness ratios
- l“ ¥
b f -’!b . . vvaxis:0.85L /r, but 20.7L Jr.. + 1S
(o=t _v;ﬂ- F’T - aaaxis: 1.0L,/r, but =20.7L, 5., + 20
A bb axis: 0.85Ly/ros but 0.7 Ly /ryy + 30
) . N vvoxis: 1.0LJr but =0.7L Jr. + 15
-g_‘ H .Yy b T h aaaxis: 1.0L,/r,,but =0.7L, /r,. + 30
/-‘{}f ! Ha bb axis: 1.0 Lyp/ryy but 20.7 Lyy/rys + 30
(Seenote 3) la vl {See note 3)
| St————— y - -
m ' x x xxaxis:0.85L,./r,, but 20.7L,/r,, + 30
Yyaxis: 1.0L,J/r,, + 10
(Seenote 4) . S - I
N L3
17 n ! ,
— y A ¥ xx 2xis: 1.0L /r, but 20,70, /r,, + 30
Lot ] I F:I yy axis: 0.85Ly/ry, but 20.7L, Jr,, + 10
x
(Sce no(c 4)
NOTE L. Thelength Listaken bcheen the intersections of the ée troidal axes
- tive of whether the strut is cannected (o & gusset or darz:::iy to “mh::::‘\:r::;.sacuons ofthe ctting outlines of the bols. irrespec-
NOTE 2. Intermediate lateral restraints reduca the vatue of L for buckli bo i It
between Iateral restraiats pe Gicular 1o e 0t L D;){)b uckling about the relevant axes. For single angle members. L ., is taken
NOTE 3.
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For single ungles connected by one bolt, the allowable stress is also reduced 1o 80 per cent of that for
NOTE 4. Double angles are intercoanected back-1o-back to satisfy Claose 37.

an axially loaded member.
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