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Answer five quesuons selecting not less than two questions from each section. :
‘ Please wnte answers clearly showing any derivations requlred and stating necessary assumphons

SECTI_ON A

1. A Symmetrical sh’uctﬁre is loaded as shown in Figure QI.l

| - L3
s e &
Figure Q1 '

i) The structure is proposed to be designed as a truss. What are the assumptions and idealizations
required to analyses the structure as a truss. By conmdenng the given structure, discus the
validity of your assumptions. . (5 marks)

ii) Find the member forces of the given truss using methed of joints and mdlcate whether the
members are in tension or compression. (10 Marks)

iii) Re check your values of member forces of members L1M1 MIL2, M1M2 using the method of
_sections. (5 marks)

2. i) Deflections of the joints of trusses are very important design criteria of truss analysis/design.
List three methods use in calculating the deflections of trusses and discuss their applications
and limitations. (4 Marks)

it} As shown in Figure Q2, the truss is loaded. :
a) Find the vertical deflection-of joint UL -~ . _ ' (6 marks)
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b) Find the horizontal deflection of joint U1 ' (6 marks}

L1 : - _ — : ‘
L3
A . L2 o _&
Figure Q2

) If the allowable deflection is 0.003 x L, where L ~ maximum member length of the truss,
Check the deflection of joint Ul.

(4 Marks)
Area of the section = 736 mm® o
Elastic Modulus of Steel =205GPa (1 Pa=1 N/m?) -

. i) State what you understand by the term * Inﬂuence Line” of rmd span moment of the simply
' supported beam .

I T

A .

| |5 | A
lenn >|< _

(3 Marks)
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Figure ()3

if). Figure Q3 shows a propped cantilever and a hinge introduced at point B
Draw the Influence lines of following actions

i). Reactionat A
ii), Reaction at C
iii), Momentat A

iv). Bending moment at mid span of AC {3xd=12 Marks)
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' 111) Find the maximum Bending Moment at m.ld span AC 1f fo]lowmg Ioads are l:ravelmg alcmg the
beam. Also mdlcate the corresponding positions of the loadmgs

a). Uniformly distribute load of intensity 5 kN/ mofa Iéngth 2m. (2 Marks) .

b). Two tires of a bicycle which are 2m apart and front wheel applies 5 kN and rear
wheel applies 10 kN. L - (3 Marks) L
A Vi B . :
‘é— Im >| < Im Se— 1m —>
' : . Figure Q4
/\/\/\ o Maxlmum Loading -
VA VAVAN - Minimum Loading

The beam shown in figure 4 is loaded with dead load, 5 kN/m and imposed load B'kN/'m.

) Find the maximum and minimum loads applied to the beam. , (4 Marks)
ii). If the beam is loaded as shown in the figure 4 draw the Shear Force diagram and
- Bending moment diagram of the beam for given load condition. (12 Marks)
iii). State what do you understand by “Bending Moment Envelope” - (4 marks) |
SECTION B

Description for Q5 and Q6

Truss shown in Figure 1 is proposed to design with 50 x 50 x 8 mm EA members.

The single angle members are proposed to use for web members and double angle members are
proposed for Chord members, Bolted connections with M 16 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

~ LiL2 19.5 Tension
L2L3 8.9 Tension
-E1IM1 ' 25 Tension

L3M2 125 Compression
MI1U1 5 Tension

M2U1 10 Compression

L2M1 75 Compression
L2M2 7.5 Tension
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oMMz - | 355 . Compression '
Tablel
5. i). -Design the web members subjected to fension. o o (8 marks)
ii). Design the chord members subjected to Tension - - (6 Marks)

iii). If bottom chord members are subjected to 1.5 kNm of bendmg moment other than axial load,

. check the suitability of selected section. = ' 6 Marks)

. 6.d). Define following terms used in design of compressmn members
' i). Effective length '
11) Radius of gyration
iii). Slenderness Ratio ' (2x3 = 6 marks)
ii). Design the web members subjected to compression. Assume at least two bolts per each
connection (If selected section is not satisfied select a suitable sectlon from Section table:of Equal

angles). : © {8 Marks)
iif}. Design the chord members subjected to compressmn : {6 marks)

Radius of gyration of double angle members can be calculated from
Ixx (double) =1 » (smgle)

rﬂ (double) r (sin gle) + (c: wy 2)

030, 0 ;30 4 o _ _VSVpliEé plate 95 x 10

T .

e . e —— — ]

| !

| [ s ~ |
‘ T - HIW | | | — I 1
o 1 S oS e i e 8 it T
o i |
Cower plote 140x8
2 No. 100x65x8 1L
Bolts ~ 20mm dia- ordinary bolts
Holes - 22mm. dia.
Figure Q7
The connection shown in the figure 7 is designed with M20 bolts.
i). Find the capacity of M20 bolt in single shear connection. {6 Marks)
ii). Find the capacity of M20 bolt in double shear connection. {6 Marks)

iii). Using the capacities found in i), ii), calculate the capacity of the connection. (8 Marks)
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B. 1) Explain fo]lomng terms used in Wmd load calculahon
i). Basic wind speed o
ii), Design wind speed
- iii). Post Disaster Structures
iv). Wind Zones in Sri Lanka ‘ o
v}). Windward slope and Leeward slope . "~ . - (2x 5=10 Marks)

11) The fruss ShDWIl in Flgure Q1 is proposed to use as a roof truss. Considering follnwmg
details find the total wind load apphed on Joint M1, ifL1ULis windward slope (10 Marks)

Details for Wmd load calculation’
Wind Angle = (0 ‘
Location of the Building = Matara :
Building is proposed to use as a Police Station
5 =1.0,5,=0.85,5 =1.0
Cpi=-0.1- ‘
Spacing of truss = 2.5 m '
TotaI hmghl: of the building=3m

SHI l.ll(l(l
WIND EOADING IOHES

Zone Basic wind speed Finmys. .
Post-disaster Normal
HatAR structures | structures.
1 53.5 49.0
2 1470 432.5
3 38.0 ] 33.5

HAE .
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TABLE 18. ANGLE STRUTS

Slenderness eatios
Connectlan Sectlonsand axes ) . {3¢€ nates T and 1)

viazis: 0.85L/r, but20.7L,0r,, + 15

b, b L : .
SI . f} ;-ffz‘ | maaxis:1.0L,Jr but 20.7L, /., + 30

bb axis: 0,85 Ly/ros but 20,7 Lopdrey +30

' ' a wwarle: L.OLafr, but 20.7L o Jry, + 15
o) By L ] aq axis: 1.0L,u/ry bt 207 Ly fry, + 30
b1 :
: la bb axis; LOLpfrey but =07 Lyyfey, + 30 -
(Seenote3) : _ ] (Seenote 3)
¥ )
@j = 3 ,_%L xxaxis: (L85 L,y but 20,7 L, + 30
g _ _ yyazis: 1LOLpdro + 10
(Sexnoted) C e s v
_ X
y M xx axis: LOLydFy bt 20,7 Ly dre -+ 30
i/ 1 yyaxis:0.85L/r, but 20,7L . fry, + 10
- x .
~ (Secaote d). :
NOTE .. Thelcngth Lis taken botween the i Jons of the centrgldal axes ar the intersections of the setdng oot lnes of the bults, irrespee-

tive'of whelher the sirul is connecied (o a gusset or directly 10 another member.

NOTE 2. intermedinte lateral restraints reduce the value of L for buckling about the relevant axes. For single angle membets, L .. s taken
belween lateral restralnts perpendicular 1o efther aa or bb, : i :

NOTE 3. For single nngles connected by one bolt. the ollowsble strese s also reduced to 80 per cent of Lhat far an uxizlly iooded member.
NOTE 4. Double angles dre intetcunnected bock-to-boek 1o satisly Clauss 37,
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~ NOTEZ. Thie prossure ceHidenton li:: und:mde of 1 nny rnuf overthangshould be inkea s - ‘
.- 1hat i fhe adjolniag sl surface., -

“Where, no local-coetlicients-are given the overll mcn' iclents apply.

NOTE 3. Forhipped-roots the-local metr cient for the hlp ndgn mny be m::scrva!lv:ly tuken
| lhtlppmpnmrndgﬂnlu:-:m"‘ :

5309-1:4k-8

719

R

N
Iy -

3 4 o R (]
: N 0.8 —2.0 B R N S
R 5 —0.9 -1.4 —-1.2 —-12 -1.0
fel & 10 ~1.2 =Ld ~14 —t =132
=2 I 220 . —0.d4 +1.0 : —-12
= ki) Q. -0.8 -1.1
' R 1 0.3 -11
@ 0T —L1
R E: =20 2.0 -20. 7 -
|- - -] ~2,0 -20. [-15 - |-to
S11¢ =2.0 -24. -15 |12
=07 0.5+ L -“1.5,, ~1.5- ~1.5 -1.0.°
-02 -05. |-08 =08 ‘|-10 -0
+0.2. .- - g
+0.6
0 —-0,7° =06 |-08 -07 j-20 =20 . |-2.0 -
5. -07 0.6 |[-08 -—0:8 (=20 ~2.0 -1.5 -1.0
g =1l ~07 -06 {~-0.& —08 |-20 @ }-20 -15  |=lL2’
q '<-.,,.<‘_s oo -0.8 —06 {-B8 —08. 315 ~1.5 ~L5 Z12
LBRWS # 30 -10 -05 |—-08 -07 [-13
. 40 -02 -05 |-08 -07 |-1.0
: _J Rl 0 +02 05 {-0B =07 :
w60 +0.5 -05 |—08 07
‘NOTE 1. & Is;tic. lu:tghl 10 eaves or parapiet and W is the fester hnnmnlal dlm:u;{nn of Key plan

)

y =t or.B18w,

whichever [s the lesser.

B/628
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BS 449: Par{2: 19,69 Tables & Clause

. Erom BS 449 Table 10: Allowable maximum shear stress Po

Alluwable maxlmum shear stress p, for seclmns,. bars, plates, wide ﬂats and hot roIIed sections of

grade 43 steel:

For thickness €40 mm: 125 N/mm?
For 40 < thickness <100 mm: 115N/ mm2

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

00196

Description of fasteners Axialtension .| 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 : A]lowable Beanng stresses on connected parts (N/mmﬂ}
Descnptmn of fasteners - Materml 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 cleara;lce holes 250 350 400
BS 449 Table 21: Edge distance of Holes .
Diameter of hole Distance to sheared - | Distance to rolled,
or hand flame cut | machine flame cut,
edge sawn or planed edge
mm mm mm
39 68 62
36 ' 62 56
33 56 50
30 50 44
2% 0 3
24 38 32
22 34 30
20 ' 30 28
18 28 || 26
16 26 24
14 24 22
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