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(41) Civil Engineering - 1

Answer five questions only. Calculators can be used.

1. A beam of span 3a is simply supported at its ends and loaded as shown in the figure given below.
If wa = W, find the deflection at “a” distance from A.

w kN/m
| a a a |

2. A beam of I section 400 mm deep has a flange 150 mm wide and 30 mm thick and a web of thickness
20 mm. Compare the moment of resistant of this section with that of a beam of rectangular section of the
same area whose depth is twice its breadth.

3. A girder of I section has a web 400 mm x 20 mm, and a flange 200mm x 40 mm. Determine what precentage
of the shearing force is carried by the web and what precentage of the bending movement is carried by the
flange at any section of the beam.

4. 10 kN

The truss is loaded as shown above. Find the forces of each member. Assume horizontal reactions at A and
B are zero and pin joint.

|See page two
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A simple supported beam is subjected to a concentrated force of 80 kN together with a distributed load of ~
30 kN/m length applied as shown below. Write equations for the shearing force and bending moment at any
point along the length of beam. Also draw bending moment and shear force diagrams.

6. One way continuous three spans slab shown below has a thickness 125 mm and cover 20 mm.

Properties of the slab are as follows.

Density of concrete = 24 kN/m?
Cubic strength of concrete = 30 N/mm?
High yield stress of steel = 460 N/mm’
Imposed load of slab = 2 kN/m*

(Use 10 mm high yield steel)

(i) Draw bending moment and shear force diagrams.

(ii) Design main reinforcement and distribution steel.

S5m Sm
— Sm Sm
e Sm 5m
4 Sm S5m

7. The footing is required to resist characteristic axial load of 1000 kN dead and 350 kN imposed from a
400 mm x 400 mm column.

The safe bearing pressure on the soil = 200 kN /m?
The characteristic strength of concrete = 35 N/mm?
Characteristic strength of steel = 460 N/ mm?*

Assume a footing weight of 150 kN.

Design the pad footing. Use 20 mm diameter high yield steel and cover 50 mm.
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{e) Where a section is designed to resist only flexure,
the lever arm should not be assumed to be greater than
- " 0.95 times the effective depth.

b
In the analysis of a cross section of a beam that has to
resist a small axial thrust, the effect of the design ultimate
axial force may be ignored if it does not exceed 0.1 7,
times the cross-sectional area.

3.4.4.2 Design charts. The design charts which form

BS 8110 : Part 3 include charts, based on figure 2.1,
figure 2.2 and the assumptions of 3.4.4.1, which' may be
used for the design of beams reinforced in tension only
"or in tension and compression.

" 3.4.4.3 Symbols. For the purposes of 3.4.4 the following

symbols apply.
A, area of tension reinforcement
A, area of compression reinforcement

b width or effective width of the section or flange in the
compression zone

b,, average web width of a flanged beam
d effective depth of the tension reinforcement
d' depth to the compression reinforcement
hs thickness of the flange
M design ultimate resistance moment
x depth to the neutral axis
lever arm
By the ratio:
{(moment at the section after redistribution)
(moment at the section before redistribution)
from the respective maximum moments diagram

0.0035

R

Strain

09x

Fiqure 3.3 Simplified stress block for m:;ncuta at ultimate limit state

3.4.4.4 Design formulae for rectangular beams. The follow-
ing equations, which are based on the simplified.stress
block of figure 3.3, are also applicable to flanged beams
where the neutral axis lies within the flange:

K ' =0.156 where redistribution does not exceed 10 %
(this implies a limitation of the neutral axis depth
to d/2); or 4

K'=0.402 (8, - 0.4) - 0.18(8, - 0.4)* where
redistribution exceeds 10 %

and K = M/bd*f., )
If K <K', compression reinforcement is not required and:

z=d {o.5+\/(o.25- EKB) }

but not greater than 0.95d
x = (d - z)/0.45
A, =M/087 f,z ;
If K > K', compression reinforcement is required and:

z=d{0.5+\/(0.25- %) }

x = (d - 2)/0.45 -

A= (K -K')f. ,bd* 087 f,(d- d)

A, =K', bd* /08T f,z+A,
If d'/x exceeds 0.43, the compression stress will be less
than 0.877, and should be obtained from figure 2.2.

3.4.4.5 Design ultimate moments of resistance (flanged
beams where the neutral axis falls below the flange).
Provided that the design ultimate moment is less than
Bf..bd* and that not more than 10 % of redistribution

067 ful7a |
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Equation 1 is.cnly applicable when h; < 0.454.

Tab_lc 3.7 Values of the factar §,
Dlb - dihy. biy o
et k3 '-la Fel@  [e,
: 1 |a1s lo1s |05 [ 0.as | 015 |0s
2 0.15 1 0.14 |0.12 | 0.12 | 0.17 [0.08
8 0.15 | 012 [ 0.11 | 0.10 | 0.09 |0.04
6. 015 013 [0.11 | 0.09 | 0.08 |0.03
8 _}0.15.40.13.{0.10 | 0.09.} 0.08 | 0.02
| ee -1 055 1033 |0.10. ] 008 | 0.07 |0

. The values in tabie 3.7

-equation: . . . ]

i R 1 B ¥ ( h,) Lo i

45 — f1-—=] f1-L)sois=
B ( ) ) 2d b

A equation 2

are calculated from the following
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Table 3.8 Fogfp_hnd- ariifﬁ shear reinforcement m beams

Yaiue of v
(N:mm? )

Form of shear rernforcement 1o be
prowidad |

Area of shear reinfarcament to be
provided

Less than 0.5 v, throughout '
the beam . -

See note 1 -

05v, <v<lv, +04)

Minimum links for whole length of beam

A, 204 b,:,/Q.ﬁ? /.
{see note 2) :

(ve +0.4) <v < 0.8V %,
or 5 N/mm* o

Links ar links combined with bent-up
bars. Not more than 50 % of the shear
resistance provided by the steel may be

Where links only provided:
Ay, P bs, v~ v.)/087 ¢,

in the form of bent-up bars (see note 3)

Where links and bent-up bars
praovided: .

see 3.4.5.6

NQOTE 1. While minimum links snouid be ufo—v-ﬂtd in a1l beams of structural
in members ni MIAGE Struciqeal impor@ance such as lintels where the maximum design she.

NOTE, Minimum iinks provide a qun_ snear resistance of 0.4 N/mm?,
NOTE 3. Se 2.4.5.5 for guigance on seacing of inks and bent-up oars.

"meortance,

it will be satisfactory 1o amit them
ar stress is lass than halfl v,
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OOA; ! Ef_hc-tivl depth {in mm) -

e T o ’}

Bvd 2 tiso 175 00 {225 I 250 300 |>4oo
B ¢ '

. N/mem?! N/mm? |t N/mm? | N/mm? | N/mm?| N/mm?| N/mm? | N/mm®
<015 |045 043 |041 [040 (039 {038 1036 [0.34
025 1053 P05t [049 - |047 - 1046 {045 [043 040
"050 |067 |0s4 [062 060 |058 056 [054 |00
0.75- {077 lo73 |071 - |o68 (0.66 [065 |0.62 |057
1.00 [084 |08t |078 |075 °|073 |071 |068 [0.63
150 {097 (082 |0.89 |e86 (083 |081 |078 |072
200° ['106 (102 (088 [095 092 (089 |086 |0.80
»300 |122 |16 {112 108 |105 |102 1098 091

4

NOTE 1. Allawlnct na.bm made in these iuum for 3 Vo of 1.25. -
NOTE 2. The values in tna table are derived from tne expression:
0.791 IOGA,ITb an ”-"uoo/a: "‘m
where N e, f Yy bha
1004, °
-D_d! thonln not ba taken a3 greater | than 3;
e . 4
v 4°q S i = ; ¥l .
shouldnntboukmnmsmm! oo it ; =

1%

- Table 3,12 Modification factor for
‘compression reinforcement

.

1002, grou. Factor
L e '
+0.00 1.00
Q.15 1.05
0.25 1.08 -
0.3s 1.0
0.50 | 14
A 1 s 1.20
1.0 1.25
1.5 I %33
20 t 1.40
25 1.45
230 1.50

NOTE 1. The values in ths table are derived from the
following equation:

be multiplied by {f /25113, Thewtue ot fcy-shouid nat be taken 3 greater than 40.

Fuf :hlractm:ceunuul tu .Ngihy greater than 25 Wmm the values in table J.9 may \

Table 3.10 Basic span/effective deptivratios for -
. rectangular. or mngld bm-?@»‘- sﬁy- SOURY B

Madificanion factor for compression reinforcement =

5= IDDA,:,,,./(J' mo.a.'_,,,,,) s
bd ’ bd =

equation 3
NOTE 2. The area of compression reinforcsment Ag orov
used in this table may «nclude ail bars in the compression
tone, even those not atfectively tied with linkg,

Sepportcontitions . | Rectaiguiaéir i Flanged beams.
L5 ‘sections | < | owith
1 ’ 5,
. 2 <03

o g B

Cantilever - | 7 N | '5-'5'-
_Simply supported | 20 60
Continuous R o '~“203

Service stress M/ibd' i v

080 075 - .'_.‘.'nq 3180 1. 2.00 ! 3.00

. 100 200-{200 |200 | 186 ;163 | 136
- ' 150 |2.00 71200 {198 | 1.69 | 149 | 1.25
*lf,=250) 156 [200 [2.00 [1.96 | 1.86 g 147 | 124
Shil) ©200 [200° {195 |176 151 ;135 |1.14

L= 45

fy=460) 288 |68 |°7.507:£1.38 2| 121, 1.09 | 0.95 .

250 - 1F90— IO —f55-~H34——+20 1104 -

300 {160 ‘.«-1;44 ‘:'rtza 136 ;| TU6 | 093 .

4.00 _ll— 5.00 6.00
119 | 108 1o
.11 | 1,01 | 084
110 : 1.00 | o084 °
1.02° | 094 | 088

094 | 087 | 082
087 | 082 | 078
085 [™0.80 | C.76

HGT‘! ki Thc values m rbc unll dorwt‘lrom x!w lﬂul{
i l#?"f B

Mod'lu:tmn factor » 0.5§ 5 - -M
130 (nsn =

“3

g "“ A 2% e R A . o
NOTE 3. For a continuous beam, it thrnlrmnugta. redi

taken a3 EBI‘

— = - ! -

NOTE 2. Th- dmn service umrm the tenuon rtmtorctmm ina rnlmber may be esumated from tM equation:

At mid-span. is obviously the same as o, gnmt :hu ihn au:- ulumn marnent, the stress] f,;'in this table may be

equation 7

equation 8

s T
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- Table 3.13 Ultimate bﬁiding moment and shesF forces in one-way spanning slabs

Atouter | Newmicdle | Atfirse | Middwot | Interior
. suppart . | of end span- i nteriac . | interior « supparts
= F7' o . l- 3 = “:im‘f‘;_ﬂ  Spans 3 :
Moment |0 1 0086F/ . [-0.086FL C.063F/  |-0.063F!
3 g 5 o : e e ‘F i TR S ’
. M“_“‘ "mtfw“-—w-»»,_ﬂr_o.sf: - |:0.5F

e g8 R R T

: 3 oz onp o
NOTE. Fisme fotdl dewgnluiimate load (1 4G + 160, 1
T the o d0an e e e T

L . e e A gt PO

-

Table 3.14_§gndir.4 -ncmeﬁ; coefficients for 5isbs spanning

' _ r in two directions
at right-angles, smy-supported on four sides

tyity | et < fe 12 fta- w [1s ’1.75 2.0

@ | 0.062 10.074 |0.084 [0.093 . 0099 |0.104 |o.na 0.118
o, |0062 {0.061 |0089 |0.055 jo.ns: 0.046 Io.oa7 0.029

~

Reinforcement: Cross-sectional areas of bars at specific spacings Table 79
Bar size Bar spacing in millimatres )
in mm . 75 100 125 150 178 200 225 250 278 300
5 an 283 226 188 162 141 126 13 103 94
8 - * 670 .503 402 335 287 261 223 201 183 168
10 1,047 785 628 524 4¢3 393 349 314 286 262
12 1508 - 1131 905 754 646 565 503 452 an m
16 2681 - 2011 1.608 1340 1,148 1,005 8 804 b3 670
20 4,189 3.142 2513 2.094 1,795 1,571 e ——5E5T— T TmMY
25 6,545 4,909 3827 3272 2805 2,454 2,182 1.963 1.785 1,636
22 - 8.042 6,434 5,362° 4,596 4021 . 3574 3.217 2925 2,681
40" — - 10,053 e.378 7181 6,283 5,585 5,027 4570 4,189

Cross-sectional aross of matric bars in mm2/m width

Aeinforcement: Cross-sectional areas of specific-numbers of bars (and perimeters) Table 80
Number of bars . - A : | Perimeter

,sﬁ.’m 1 | | 4 s & Ty 8 -8 10 | (mm)
s 283 S65 848 1131 1414 1096 1879 2262 2545 2827 | 1885

8 50.3 1005 150.8 201.1 2513 3016 . 3519 . - 4027 4524 | 5027 "%, - |
10 785 - 15%.i 2356 3142 77 3927 - c4M2° 5498 6283 . 7069 7854 31,42
“q2 1131 . 2262 % 3393 4524 5655 678.6 9.7 9048 1,018 113 37.70
16 2011 4021 6032 8042 1.005 1,206 . 1,407 1,608 1,810 2011 50.27

20 242 6283 9425 1,257 1uS71 1885 2199 2513 2827 3142 62.83
25 4905 - 98817 1.473 1,963 2,454 2,945- 3436 3.92‘_! 4418 - 43809 1 7854
32 8042 1,608 2413 3,217 4,021 4825 5630 6438 7238 8,042 1005

0 1.257 2513 3770 5026 G283  7540° 8796 10053 11310 12566 1257

Y

" aseas are given in squara ‘moliwetees
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(42) Civil Engineering 11 '

Answer only five questions. Calculators can be used.

1 (i) Name the different type of water sources used for water supply schemes. Describe any one of above

water source with the help of a neat sketch. (06 marks)

(i) Give a sketch of a sanitary dug well used for rural areas. (06 marks)

(iii) If the water obtained from a deep borehole is found that contained iron and manganese, describe the

method of removing them. (06 marks)

(iv) Name two types of water seal toilets used in Sri Lanka. (02 marks)

Zi (i) Compare rapid sand filters and slow sand filters used in water supply schemes under the following
activities.

(a) Rate of filtration

(b) Quantity of wash water

(¢c) Effective size of sand

(d) Depth of bed for gravel and sand

(e) Method of cleaning (05 marks)

(ii) Calculate the area of rapid sand filter producing 6000 m*d when operating at 5 m/h. How much of
back wash water will be required for this filter, if the filter wash is at 1 m/minute and continues for
5 minutes. (05 marks)

(iii) Explain the functions of

(a) Gate valve

(b) Scour valve

(c) Air valve

(d) Non return valve

(e) Ball valve (05 marks)
(iv) Explain how to find “Yield of a well.” (05 marks)

3 (i) Water is pumped from a shallow well in to a service tank supplying water to a housing scheme at
the rate of 10 cubic meters per hour (10 m*h). The pump is operated for 5 hours each day and chlorine
is added to the water at the inlet of the service tank. If chlorine is added at the rate of 1 mg/l using
a solution of Bleaching powder. Estimate the quantity of bleaching powder required for a period of

3 months.

(Bleaching powder has 33% available chlorine by weight) (06 marks)
(ii) Draw a flow diagram of a water supply scheme based on the pumping of water from a river showing

all major units from the source to consumer in their correct sequence. (06 marks)
(iii) Name the common water borne diseases. (04 marks)

(iv) Calculate the water needed per day for a housing scheme consist with 30 houses.

(Assume number of consumers in a house is 10) (04 marks)

[See page two



(i)
(ii)
(iii)

(iv)

0]
(i)

(iii)
(iv)

(i)
(ii)
(iit)
(iv)

Explain the term “water distribution” (04 marks)
What are the factors to be considered when designing a water supply scheme. (04 marks)
Destinguish between gravity water supply system and pumping water suply system by drawing flow
diagrams. (08 marks)
Why it is necessary to store water in residential buildings. (04 marks)
Write short notes on “wastage of water” in the distribution system. (04 marks)
The population statistics pertaining to a town area are given below. Estimate the population expected
in 2010 by incremental increase method. (08 marks)
Year 1960 1970 1980 1990 2000

Population 14 000 19 000 25 000 35 000 40 000

There are wide variations in the use of water in different hours of the day. Explain it.(04 marks)

Explain why centrifugal pumps are widely used in water supply schemes. (04 marks)
Draw a flow diagram of an activated sludge sewage treatment plant. (06 marks)
Name traps used for sanitary fittings. . (03 marks)
State how water seal in traps could be broken. (05 marks)
A drain of internal diameter of 150 mm is laid to a fall of 1 in 100 (0.01) and has a chazy coefficient

of 58. The flow in the drain is assumed to be full bore.
(a) Determine the anticipated velocity of flow of water in the drain in m/s.

(b) Determine the discharge of water in m¥/s. (06 marks)

* & ¥
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(43) Road Construction & Maintenance

(Civil Engineering Works - II C)

Answer all questions.

& (i) Write down five types of macadam bases.
(ii) Describe one of the above macadam bases.

2. Write short notes on the followings:
(i) Cut back bitumen.
(ii) Bitumen emulsion
(iii) Types of bituminous surfacing.

3. (i) What are the tests carried out in road construction?
(ii) Explain two of the above tests.

4, (i) Briefly explain the following and write down the equations using usual notations.
(a) Bulk density
(b) Dry density
(c) Moisture content
(d) Optimum moisture content
(e) Maximum compaction
(ii) What is the test you carried out to find the bulk density in field?

5. (i) What are the types of road construction equipments?
(ii) Explain the road compaction procedure using a roller.
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(44) Civil Engineering III -

Answer four questions including question No. 1.
Provide answers relavant to each question using clear sketches wherever possible.

1. Figure 1 shows a front elevation of the reinforced cement concrete members of the 7% floor proposed to the
corected in a building with reinforced concrete frames. Most of the concrete members of this building are
produced by using ready of mix concrete. Those concrete members are transported from a ready mix concrete
batch mixing plant situated about 02 km away from the worksite. Some of the descriptions contained in the
delivery ticket of readymix concrete sent by the company that owns the plant are given below. Answer the
questions below with the help of the following details.

# (A) Grade of concrete : 20N

# (B) Slump in mm : 130 £ 2

# (C) Type of cement : Ordinary Portland Cement
# (D) Maximum size of aggregate : 20 mm

# (E) Water : Cement Ratio : 045

# (F) Admixture type : Conflast 11

# (G) Departure from plant : 1425

#  (H) Arrival at worksite : 1515

# (J) Pouring start i IS18

(i) Describe what cement concrete are. Mention four types of them and state their
(a) Proportions of materials.
(b) Grades.
(c) Where they are used.

(i) Explain what is indicated in “A”.

(iii) Describe with the help of diagrams how you would test at your worksite whether the value indicated
in “B” is correct.

(iv) In addition to the type of portland cement mentioned in C name three other types of cement, and state
their initial setting times and the final setting times according to British Standards (B.S.S.), and explain
what is meant by “Setting Time”.

(v) In the concrete mixture brought to the worksite according to what is mentioned in “D”, it appears that
there are aggregate elements of size less than 20 mm. Draw a rough sketch of the sizes of those elements
and their percentages. If there were no elements of varying sizes, but only 20 mm size was available,
describe the state of the strength of concrete.

(vi) According to “G”, “H” and “J" the time taken from mixing the concrete to pouring is 53 minutes.
However, this exceeds the intial setting time of normal portland cemment. Explain this. Here take into
consideration what is mentioned in “F”

(vii) It has been proposed to pump concrete to the slab in the 7* floor from the concrete truck that comes
to the worksite. Taking this into consideration, state in order all the steps of manufacturing of this slab.

(viii) Explain what is ment by “E". That value should not be more or less than the value given there. Explain
this too.

(ix) In addition to the details mentioned in the delivery ticket of readymix concrete mentioned above, there
are other details. Mention them.

(40 marks

[See page two



(i)
(ii)
(iii)
(iv)

(i)
(i)

(iii)

(iv)

(i)

(iii)

(iv)

(v)

(vi)

()]
(i)

(iii)
(iv)

(v)

(i
(i)

o

Indicate how reinforcing bars are fitted for C,C,C,C,B,B,S,S, and W in figure 1, and draw
the same figure again clearly and show all the details in it (10 marks)
Mention the functions performed by reinforcements you fitted. (04 marks)

Show by means of diagrams the laps that should be kept for reinforcing bars in C,and C,. (02 marks)

Mention the damage that may occur to the concretes if the laying of concretes and compaction are
not done according to the specifications provided. (04 marks)

Describe briefly with the use of diagrams how ordinary Portland cement is manufactured. (08 marks)

Indicate what is required for setting the cement mentioned in (i) above, and briefly describe the setting
process of cement. (03 marks)

State the field tests you perform in order to check whether the cement brought to your worksite is
suitable for use, and describe them separately. (06 marks)

Describe by means of diagrams, how the stock of cement mentioned in (iii) above, is stored safely.
(03 marks)

Mention three instances when rocks other than concrete are used in civil Engineering constructions,
and indicate the reasons for such use. (02 marks)

In the manufacture of concrete what is mostly used as coarse aggregate is granite. What is the parent
rock of granite? Mention two other parent rocks apart from this. State the reasons for using granite
as a coarse aggregate over other types of rock in the manufacture of concrete. (04 marks)

What are the properties that should be present in the coarse aggregates used for concrete? (03 marks)

One method of extracting these rocks from hill or rocks where they are found, is blasting the rocks

using explosives, Mention three other ways of extracting them. (03 marks)
Mention three types of blasting materials (explosives) used in blasting rocks and state the materials
that help in blasting those explosives. (blasting materials) (03 marks)
State the stages in the process of blasting rocks. Draw rough sketches where necessary. (05 marks)
Briefly explain how soil is formed and mention four types of soil. (03 marks)
Explain the followings.

(a) Disturbed soil sample.
(b) Un - disturbed soil sample.
(¢) Bore hole
(d) Trial pit
(04 marks)
Mention four engineering properties of soil. (02 marks)

The wash boring method is resorted to, in extracting a soil sample to send the soil of that layer for
a test to the laboratory for testing, a soil layer situated at a very deep level of earth and cannot be
extracted with an anger. Describe this method with the help of a rough sketch. (07 marks)

According to the size of soil particles too, grading and identification of soil is done. Write the grades
of soil particles according to the British Standard, and write the soil types too. (04 marks)

Draw the cross section of the trunk of an externally growing plant and indicate all its details. (03 marks)

Felling trees for timber should be done at the commencement of the basic growing stage of a tree.
If the trees are felled after or before this stage, briefly describe what happens to the timber sawn with
such trees. (02 marks)

[See page three



(iii)

(iv)
(v)

(vi)

s A

Figure 2.1 and 2.2 show the diagrams of a tree with a large perimeter and of one with a small perimeter.
To fell the tree shown in 4.1, an axe and a power-saw are used, while only the power-saw is needed
to fell the tree shown in 2.2. Showing how cuts are made so as to fell the trees towards the direction
indicated in Figure 2.1, and how cuts are made so as to fell the tree towards the direction indicated
in Figure 2.2, and the technological measures that should be adopted, redraw both these figures and
mention all the details. (03 marks)
Briefly describe what happens to the timber when it is seasoned. (02 marks)
To make the slab shown in Figure 03, the timber is used for one to lean against the another and for -
the plants to be levelled properly. When after 02 days it is dismantled the concrete surface appeared
in the manner jndicated is Figure 03 and the shaping planks had warped. Mention the causes for this
and briefly explain the measures you would adopt to prevent the occurance of such a situation in future.
(04 marks)

Figure 04. shows some of the timber members expected to be used for structural works. Write the answers
for the following questions using the figures of those timber members.

(a) Out of the timber members given in the Figure 4.1, which, out of A, B, and C are the most

suitable and suitable members? (02 marks)

(b) For beams in the timber upper floors
I. Which is the most suitable timber member out of D and E? (01 marks)
II. Which is the most suitable timber member out of F and G? (01 marks)
(c) Which are the most suitable and suitable members out of H, J, K for floor boards? Give reasons
for your choice. (02 marks)




(44) Civil Engineering III
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(45) Civil Engineering IV '

The candidates can refer to the following books.

BS 8110, CP 110-Part I and Part II, Reinforced Concrete Disigners Handbook and BS 449 Steel Designers
Manual.

Answer only one question.

2°
o m’ﬁ:}*ﬂ * 3
m

I 12m :

iR
>+]

Above figure shows a line diagram of a steel roof truss.
Construct this steel roof truss according to the following data.
® Structural Summary :

# Type of truss — Fan Pink

# Span = 12m

#  Pitch of truss = 22°

#  Spacing of the trusses = 3.0m

# Condition of support = Left end simply supported, right end roller supported

©® General loading conditions :
#  All the loading of the roof are placed on the truss across the purliness fitted to its joints.
s#  All the loads are axial nodal loads confined only to the joints.

® Dead loads :
# Load from the roof, that is,
weight of the roof covering and

weight of purlin = 400 N/m? on slope area

#  Self weight of truss = 155 N/m? on plan area
@ Imposed load on the roof = 550 N/m? on plan area
® Wind load on roof :

# Windward slope = 300 N/m? on slope area

s# Leeward slope = 400 N/m’ on slope area
® Matareial data = Grade 43 steel
@ All members will be fitted with bolts and nuts
@ The angle iron used should be of equal angle
® Inclined external members of the truss are made up of two angle irons, and all other members will be of

single angle iron.

[See page two



(i)

(ii)
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Above figure shows the plan of a reinforced cement concrete slab, held by end beams and internal beams
retained on reinforced cement concrete (RCC) pillars and a uniformly spread. Here the pillars, beams and
slabs are attached to each other.

Construct the BCHIJ internal panel of the slab with reference to the above figure and the following data.

# The density of the reinforced concrete = 24.0 kN/m?
# Strength of the concrete = 25 N/mm?
# Strength of the high tension steel (f) = 460 N/mm’
# Load imposed on the slab = 4.0kN/m?
# U.D.L that occurs due to partition walls and finishes of the slab = 1.4 kN/m®
# Fire resistance i l-;- hrs

The size of an internal reinforced concrete cement column (RCC internal column) of a building is
225 mm x 225 mm. The ultimate load of this column is 700 kN, Taking the allowable bearing capacity of
the soil as 160 kN/m?, and taking the following details also into consideration, construct a square shaped
pad foundation for the above column.

# the strength of the high tension steel = 460 N/mm?
#  the strenghth of the concrete = 25 N/mm?
# the thickness of the reinforced concrete = 24 kN/m’
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(46) Builing Quantity Surveying and Estimating of Buidling

Three hours

Answer all question.

N.B.

% In answering Q.1 use either the Standard Method of Measurements in building works in Sri Lanka prepared
by the Buildings Departments or method of Measurements of Building works - Sri Lanka Standard
published by Sri Lanka Bureau of Standards (Sheets should be prepared by candidates).

¥ Use taking off sheets when answering question No.0l.

% If there are problems in the given drawing you should prepare a query sheet and give your own
assumptions for such queries / problems and proceed with taking off quantities / measurements accordingly.
The query sheet prepared should be attached to the answer script.

% Extension of measurements should be done. And all other necessary additions and subtractions also
should be done. Preparation of the BOQ is to be done.

% Accuracy in taking off including computation of measurements which are not given in the drawing,
descriptions of items of work with the correct abbreviations and entering measurements in the taking
off sheets are very important.

% It is necessary to state the method of measurements very clearly in the answer paper.

% If the Standard Method of Measurements used is the one prepared by Buildings Department is used
the taking off measurements should be in Imperial units. If the method of measurement - Sri Lanka
Standard is used, the taking of measurements shall be in metric.

Assume that,
1 m (1000 mm) = 3.28 feet
(1) Using the given drawing, take off the following items of work.

(i) Excavation for pad foundation.

(ii) Excavation for strip foundation

(iii) 1:2:4 (20 mm) concrete for pad foundation

(iv) 1:2:4 (20 mm) concrete for strip foundation
(v) 1:2:4 (20 mm) concrete for column

(vi) 1:2:4 (20 mm) concrete for beam

(vii) 1:2:4 (20 mm) concrete for slab

(viii) 1/2 Brick work for the outer and interior walls separately.
(ix) Prepare a bill of quantities for the above items of work.

(80 marks)

(2) Estimate the cost of 1:2:4 (20 mm) concrete per m® for 1* floor slab. To prepare the rate use present
labour wages and reasonable material prices. (20 marks)

Al
i o
-
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(47) Architectural Drawing

Answer four questions including the compulsory question No. 1.

1. The given drawing carries ground and upper floor layout plans and the schedule of doors and windows prepared
for a Post Office building. Draw the following views of the building, using them.
(i) Front Elevation
(ii) Side Elevation
(iii) Cross sectional Elevation of XY and AB

2. (i) What are the service requirements that should be indicated in a set of architectural drawings of a building?
(ii) What are the drawings to be prepared for each of them?

3. Draw detailed sketches of the following.
(i) Eave gutter and down pipe joint
(11) Concrete Column foundation

4. (i) What is the importance of a contour plan in a set of architectural drawings?
(ii) What are the necessary details to be indicated in a site plan included in an architectural drawing?

5. (i) What are the scales you use to produce the following architectural drawings.
(a) Layout plan
(b) Detailed drawings
(c) Site plan
(ii) Write short notes on any one of the following.
(a) Architectural Drawings
(b) Building Service Drawings

* % ¥
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SCHEDULE OF OPENINGS

Size

Description

Cill ht

1500%2700
300x2700

Powder coated Aluminium framed glazed door with Louvres
above and Fixed Glass At both sides

—

000x2700

Powde coated Aluminium framed glazed door with louvres above

p00x2100

Powder coated Aluminium framed glazed door

poox2100

Powder coated Aluminium framed giazed & PVC coversd plywood panel door

7'50x2100

PVC door & frame

p00x2100

Steel door & Frame

pO0x 1800

Steel duct door

11800x 1800

Powder coated Aluminium framed glazed window

1800

Powder coated Aluminium framed glazed window

500x1200

Powder coated Aluminium framed fixed glass window

600x1200

Powder coated Aluminium framed glazed fanlight

450 x450

Powder coated Aluminium framed fxed glass

FG1

[2225%600

Powder coated Aluminium framed fixed glass

FG2

3375

Powder coated Aluminium framed fixed glass

2225x3500

Flat arch

G1

[1450x800

Stainless steel gate
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(48) Surveying and Levelling

Answer five questions only. Scientific Calculators are allowed to be used.

Three hours

1. (i) Explain the principle of chain surveying. In what conditions, is the chain surveying more suitable?

(ii) Define the followings.
(a) Systemic errors
(b) Check lines
(c) Main Survey Station
(d) Tie Line
(e) Random Errors

(05 marks)

(05 marks)

(iii) Explain the main factors to be considered when selecting survey stations and survey lines in chain surveying.

(iv) Explain with help of diagrams the way of taking offsets for the following objects.

(a) Gate and Gate post
(b) Curved Road

(c) Straight boundary
(d) Sea shore

(e) Square building

2. (i) Explain the method to erect a perpendicular at a point in chain surveying.

(05 marks)

(05 marks)

(07 marks)

(ii) Explain the method of overcoming difficulties if there are obstacles both in chaining and ranging in chain

surveying.

(08 marks)

(iii) Determine the maximum length of the offset if the error in direction is 4°. The maximum displacement on

plan should not exceed 0.020 cm. Scale of plan is 1:2500.
3. The following readings are successively taken with a level:

0.355, 0.485, 0.625, 1.755, 1.895, 2.350, 1.780, 0.345, 0.685, 1.230 and 2.150 (m)

(05 marks)

The instrument was shifted after the fourth and seventh readings. Prepare a level book page (rise and fall method)
and calculate the Reduced level of different points. The reduced level of the first point is 225.500 (m). Apply the

arithmetic checks and indicate the highest and lowest points.

4. (i) What is meant by Face Left and Face Right observation of a Theodolite?

(20 marks)

(05 marks)

(ii) On a given AB line, a straight line AC of length 2000 m is required to be set out at right angle to the given
line AB. This is done by traversing from A towards C through D,E and F. The observations are as follows.

Line Length (m) Bearing
AB - 00° 00
AD — 731 113° 48’
DE 467 81° 18
EF 583 105°5T

Compute the necessary length and bearing for FC.

(15 marks)

[See page two



(iii)

(1
(i)

(iii)

s

What is contour line interval? What are the factors to be considered in selecting the contour line interval?

Define the followings in levelling.
(a) Levelling station
(b) Height of instrument
(¢) Datum surface
(d) Altitude
(e) Turning point
The fore bearings of the four lines AB, CD, EF and GH are respectively as follows.
(a) 15°30'
(b) 115°45'
(c) 250°30
(d) 340°0
Determine the back bearings with diagrams.

Explain two methods of chaining on a sloping ground.

A survey line AB is run along different slopes as described below.

A to C, elevation 7° 11', measured distance is 300 m

C to D, rise = 30 m, measured distance is 200 m

D to B, downward slope of 1 in 10, measured distance is 247 m.

Find the horizontal distance between A and B. (C and D lie between AB)
What are the different methods of representing the scale of a map?

(05 marks)

(05 marks) !

(10 marks)

(05 marks)

(10 marks)
(05 marks)
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(49) Mechanical Engineering I

Answer only five questions.

1kN

2kN

90° 90° | 307 | KN

" Im i 4m 4m

sle- ol
o s 1

The above figure shows a truss 11 m long Pin - joined at one end and freely supported at the other end. It
carries loads as shown in the figure.

Determine the forces in all the members of the truss and state their nature. (20 marks)
2 2 kN/m 3kN
/ D
0 /A C-’Y\‘YWY‘NYV“KY‘Y‘MWYYWY‘{WWYYWYYW\ Y\“{YY'Y‘Y\I B
/ 1
2. 025m m e 025m
7

The cantilever (1.5m long) shown in the above figure is loaded with a uniformly distributed load of 2 kN/
m run over a length of 1.25 m from the free end. (up to C) It also carries a point load of 3 kN at D at
a distance of 0.25 m from the free end, Draw the shear force and Bending moment diagrams of the cantilever.

(20 marks)
100 mm
3. e -|' —L

TZO mm

20 mm

150 mm

1
Tzo mm

The cross section of an I-beam is shown in the above figure and its dimensions are also shown in the figure.
Calculate the second moment of area of the section about the neutral axis. If the bending stress in the beam
material does not to exceed 180 MN/m?, determine the maximum bending moment in the beam.(20 marks)

i
|
|
|
|
|
|
|
|
|
|
|

[See page two
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4. Briefly explain the following mechanical properties of metals.
(i) Ductility
(1) Malleability
(iii) Brittleness
(iv) Plasticity
(v) Hardness
(20 marks)

_— Steel

&
.+ Rubber

i — i — —— s —— i i — i i

FTTTTETEEETTTTE T EL LTI

FTTIIETTIFT S P I T TITIL

5kN 5kN

FTFTTETT ST TS TIF T I T FFTF

As shown in the above figure, a steel tube with outside diameter 26 mm and inside diameter 20 mm is filled
with rubber and subjected to 5 kN compressive force on their two ends.

Calculate the developed stresses on Rubber and Steel.

For Steel, E = 200 GN/m?

For Rubber, E = 2.5 GN/m? (20 marks)

6. (i) State the Torque Formula for a Circular solid shaft and write the units for their symbols.

(i) When subjected to an applied torque, a circular shaft of length 600 mm twists through an angle of
2°, If the shear modulus for the shaft material is 80 GN/m?, determine the shear stress,

(a) at the centre of the shaft.
(b) at a radius of 20 mm.
(iii) If the maximum shear stress in the shaft is 120 MN/m2, what will be the outside diameter?
(20 marks)

* 0 oH %

[See page three
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(50) Mechanical Engineering II

Answer five questions selecting at least two questions from each part, A and B.
Steam table can be used for reference.

Part A

1. Inaslider crank mechanism, length of the crank shaft AB is 100 mm and it makes 45° from outer dead centre (ODC).
The length of the connecting rod BC is 500 mm. The crank shaft rotates about A, in anti clock wise (ACW) direction
with angular velocity of 75 rads” and angular acceleration of 900 rads2.

Find the acceleration of the piston at point C.

2. Asix cylinder engine running under full load conditions develops maximum torque at 1500 rpm when the power is
22 kW. Calculate,

(i) the torque transmitted by the clutch.
(ii) the force exerted by each of the eight springs if the clutch is a single - plate type.

The friction surfaces are 1.8 m outside diameter and 0.25 m inside diameter and the coefficient of friction is
0.32.

3. Asteem plant, works on ideal Rankine cycle having the boiler pressure 14 bar and condenser pressure 0.015 bar. Find
the thermal efficincy of the plant. Now a superheater is fixed so that it delivers super heated steam to the turbine at
a pressure of 14 bar and a temperature of 500°C. Find the new thermal efficiency. Also compare the specific steam
consumption. (SSC)

4. Asingle-acting two-stage Reciprocating compressor with complete intercooling delivers 6 kg/min of air pressure at
16 bar. Assuming an intake state of 1 bar and 15°C, that the reversible compression and expansion processes are
PV!3 = C and polytropic with n=1.3. Calculate the power required, the isothermal efficiency and free air delivery.
Given that,

. . n-1
m=2mﬁRTi{rp" —1}

Part B

5. A Porter governor has 300 mm arms and the rotating balls each have a mass of 1.8 kg, At the mean speed of
120 rpm, the arms make 30° to the vertical. Determine the central dead load and the sensitivity of the governor if the
sleeve moment is 25 mm.

6. Asigle phase motor operating of a 400 v, 50 Hz supply is developing 7.5 kw with an efficiency of 84% and a lagging
power factor 0.7.
Calculate,
(i) The input kVA.
(ii) Active and Reactive component of current
(iii) kVAR

[See page rwo



B

7. Acentrifugal pump is required to lift water to a total head of 40 m at the rate of 50 litres/sec. If the overall efficiency
is 62%. Find the power required for the pump.

8. A leather belt, 125 mm wide and 6 mm thick, transmits power from a pulley 750 mm diameter which runs at
500 rpm. The angle of lap is 150° and u = 0.3. If the mass of 1 m®of leather is 1000 kg and the maximum stress in
the belt is not to exceed 2.75 MN/m?. Find the maximum efficiency which can be transmitted by the belt.

Given that,

T _ ue
—-——Tz =¢"" and

T or y
Puax = 30 3-0= ")
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(51) Mechanical Engineering III

Answer four questions. All questions carry equal marks.

1. (i) Discuss the main functions involved in production management. What are the procedures / techniques that
helpful for the success of the ahove process?
(ii) What are the advantages and disadvantages of specialization of labour?
(iii) Describe the concept of Work Study with reference to method study and time study techniques.

o

(i) Discuss the importance of production scheduling for a manufacturing work site.
(i1) Describe two techniques (methods) used for production scheduling.

3. (i) (a) Briefly describe the main functions of store keeping.
(b) What are the important information that should be included in a “Stores Requisition™?
(ii) Write short notes on the following topics.
(a) Usefulness of Inventory Control
(b) Ordering cost

4. (i) Discuss the importance of occupational health and safety.
(i) Explain the basic steps in an industrial accident prevention (safety) programme.

-

(i) What is meant by standardization? Discuss to its usefulness in production processes.
(ii) Discuss the purposes of implementing industrial research and development programmes.
(iii) 'Write short notes on any two of the following topics.
(a) Factors contributing to reduction of production cost
(b) Important objectives in purchasing
(c) Demand and supply effect on prices
(d) Capital and Income

ats Al )
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- (52) Economics of Engineering ‘

mo- Answer four questions.

1. (i) Whatare the factors needed to be considered by the employers when salaries of employees are determined?
(ii) What are the steps that employees can take when they are not satisfied with their salaries?

e

(i) Explain how a Manager uses “supply and demand theory” when taking decisions related to production of
goods.

(ii) Explain with examples how Managers use “incentive plans™ to increase production levels.

3. Discuss the provisions in Industrial Disputes Act for prevention and settlement of industrial disputes in an
organization.

4. Write short notes on,
(i) Selling of goods
(ii) Marketing of goods
(iii) Objectives and limitations of standardizartion

5. Discuss about the advantages and disadvantages of having Trade Unions in an organization.
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(53) Mechanical Engineering (Drawing)

+ Answer question No. one and two others.

1. The figure given in the annexure shows the detail parts of an “Adjusting Unit.” According to the numbers, those
parts are

(1) Body
(2) Handle
(3) Pivot
(4) Screw
(5) Collar
(6) Pin
(i) Assemble the parts in their correct positions and draw the following views to a scale of full size in First
Angle Projection.
(a) A sectional front elevation (view) on the cutting plane A - A.
(b) An end elevation (view) looking in the direction of arrow B including all hidden details.
Note: Assume any dimensions not given.
(ii) Add the following items to your answer.
(a) Main title and sub titles
(b) Scale
(c) Symbol to show the projection angle

2. Draw neat sketches to show the specific details / features of following types of keys.
(i) Flat Saddle key
(i) Round key
(iii) Feather key
(iv) Rectangular key
(v) Square key

3. (i) Draw neat sketches indicating all the important parts/parameters of screw threads (internal and external).
Name the important parameters.

(i1) With neat sketches illustrate the details of:
(a) Square threads
(b) Acme threads
(c) Knuckle threads

4. (i) Sketch the conventional representation of a bearing.
(i) With neat sketches illustrate the details of the following types of bearings.
(a) Single and double - row deep - groove ball bearings
(b) Needle roller bearings

(¢) Tapered roller bearings

E
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