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(d) The other half of the curve can be set out from the second tangent point T,.
Leta point D, be taken ata distance y from T,. The offset O is then calculated

as O, =R*+y* -R.

The calculated distance O, is set off along the radial line OD, to get the point
P, on the curve. Thus by increasing the value of y, the required offsets are
calculated and set off along their respective radial lines to get the point on
the curve for the right half.

6. (c) () Solution:
Greenshields Model

The Greenshields model is one of the earliest and most fundamental traffic flow models.
It establishes a linear relationship between traffic speed and traffic density. The model
assumes that speed decreases linearly as density increases.

According to Greenshields:

Where:
u = speed at density k
Up = free flow speed
k = traffic density
k; = jam density
When:
. k =0, speed u = Uy (free flow condition)
. k = k]. , speed u = 0 (jam condition)
The corresponding flow equation is obtained by multiplying speed and density:
k .
q= uk=ufk (1—]{—} ..(i)
i
This results in a parabolic relationship between flow and density.
. dq
For maximum flow, — =0
dk
2k
j
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(=

- "D
Maximum flow (capacity) occurs when:

k.

k=L

2

At this condition:

i

Traffic speed, U=
o ugk;
From equation (i), Tmax = ~4

Thus, according to the Greenshields model:
* Maximum flow occurs at half the jam density.

* Speed at maximum flow is half of the free flow speed.

R v/
¥
g5 | o Y )
& 2 : Volume
Densi L
Volume ensity max @
@)
qmax
Density (K)
6. (c) (ii) Solution:
o 4 kN
2 kN
1kN 5m
alllb ¢ d
: I
i AN alilb ¢ vld O

l tv, | i 1%
e 4m - 4m-—~3m—~3m—| ’

Using force equilibrium equation
,=0 = -1+V,+2+V,=0
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V,+V,=-1 (1)
3 =0 = H +4=0

H +4=0

H, =4kN (<)
>M = 0 about pin support
= -1x4-2x4+4x5-V,x10=0 = V,=08kN ()
V,=-1-08=-18kN ({)

At sectiona -a

Free body diagram

P =4 kN (Tensile)
V=-1-18=-28kN
M=-1x8-18x4
= -15.2 kN-m (hogging)
At sectionb-b
Due to concentrated level of 2 kN (upwards), only shear force well get change.
P =4 kN (Tension)
V=-28+2=-08kN
M = -15.2 kN-m (hogging)

p 0.8kN
LAY

4kN
| </
b 152kN

At section c-c
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1kN 2kN

1 | T @M
4 kN — (:j l v
<_l 1.8 kN
<—4m I 4m =—3m —
P=4kN (T)
V=-0.8kN
M=-1x11-18%x7+2x3=-17.6 kN-m
¢ 0.8 kN
| T J 4KN
é 17.6 kKN
At sectiond -d
MV 241N-m 4
P C I §<— 3m p=0 C l E
d 0.8 kKN 0.8kN 4
P=0
=-0.8 kN
M=0.8%3=24kN-m
7. (a)(i) Solution:
Station | BS IS FS HI RL Remarks
1 1.315 251.315 | 250.000 BM
2 2.035 1.150 | 252.200 | 250.165 CP
3 1.980 3.450 | 250.730 | 248.750 CP
4 2.625 2.255 | 251.100 | 248.475 CP
5 1.655 249.445 P-1
6 2.155 248.945 P-2
7 2.655 248.445 P-3
8 3.155 247.945 P-4
9 3.655 247.445 P-5

The first peg is fixed with the RL of its top at 249.445 m and the height of instrument is
251.100 m. The RL of the subsequent pegs at 20 m interval will depend upon the
decreasing gradient, which is 1 in 40. Difference in level, between two consecutive
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distance 20 _

gradient 40 0.5m. The ground is decreasing by 0.5 m between the

readings =

consecutive pegs.

Reduced level of pegs:

Peg 1 = 249.445 m
Peg 2 = 249.445 - 0.5 =248.945 m
Peg 3 = 248.945 - 0.5 =248.445m
Peg 4 = 248.445 - 0.5=247.945m
Peg 5 = 247.945 - 0.5 = 247.445m
Subsequent staff reading at pegs will be
Peg 1 = 251.100 - 249.445 = 1.655 m
Peg 2 = 251.100 - 248.945 = 2.155 m
Peg 3 = 251.100 - 248.445 = 2.655 m
Peg 4 = 251.100 - 247.945 = 3.155 m
Peg 5 = 251.100 - 247.445 = 3.655 m
2.035 3.450 8 8 B B 8
2.625 = |l & | &
1.3%% 1.980 2.255 | |
750 250.165 m/"ﬂl\w :
248.750 248.475 % § p
(All dimension are in m ) ©d
Check: ¥BS - XFS = 7.955 -10.51 =-2.555 m
Last RL - First RL = 247.445 - 250.000 = -2.555 m (OK)
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7. (a)(ii) Solution:
Two-point problem: In this problem, two well-defined points whose positions have

already been plotted on the plan are selected. Then, by perfectly bisecting these points,
a new station is established at the required position.

Procedure:

(@) Suppose P and Q are two well-defined points whose positions are plotted on map
as p and g. It is required to locate a new station at A by perfectly bisecting P and Q.

(b) An auxiliary station B is selected at a suitable position. The table is set up at B, and
levelled and oriented by eye estimation. It is then clamped.

(c) With the alidade touching p and g, the points P and Q are bisected and rays are
drawn. Suppose these rays intersect at b.

(d) With the alidade centered at b, the ranging road at A is bisected and a ray is drawn.
Then, by eye estimation, a point 4, is marked on this ray.

(e) The table is shifted and centered at A, with a, just over A. It is levelled and oriented
by backsighting. With the alidade touching p, the point P is bisected and a ray is
drawn. Suppose this ray intersects the line ba, at the point a,, as was assumed
previously.

(f) With the alidade centered at a,, the point Q is bisected and a ray is drawn. Suppose
this ray intersects the ray bq at a point ;. The triangle pgq, is known as the triangle
of error, and is to be eliminated.

(g) Thealidadeis placed along the line pg, and a ranging rod R is fixed at some distance
from the table. Then, the alidade is placed along the line pgq and the table is turned
to bisect R. At this position, the table is said to be perfectly oriented.

(h) Finally, with the alidade centered at p and g, the points P and Q are bisected and
rays are drawn. Suppose these rays intersect at a point a. This would represent the
exact position of the required station A. Then the station A is marked on the ground.

i e ‘\\\ \\ q
g 1 ==
q] \\ R
b, a b ay

Two-point problem
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7. (b) (i) Solution:
Given:

Mass of Compacted Specimen (W, ) =1150 g

Volume of Compacted Specimen (V, ) = 490 cc

Constituent Weight (W, g) | Specific Gravity (G,) | Percentage by Weight (P,
1250 0
Coarse Aggregate 1250 2.66 2500 100 = 49.603%
Fine A t 950 2.58 950 x 100 = 37.698 %
ine Aggregate . 2520 =37.698%
Mineral Fill 200 2.72 20, 100 = 7.937 %
ineral Filler : 2520 .937%
. 0
Bitumen 120 1.03 x 100 = 4.762%
2520
Total Mix 2520 - 100%

Volumetric Calculations
1. Theoretical Maximum Specific Gravity (G))

This is the specific gravity of the mix assuming zero air voids.

(wy +w, +ws +wy)

Gt = x 100
(wl+wz w3+w4)

+7
G G G G

c 100
el =
R
Gl GZ G3 G4
100
= G, = = 2451

t 49.603 N 37.698 N 7.937 N 4.762
2.66 258 272 1.03

2. Bulk Specific Gravity of Compacted Specimen (G,)

Weight of specimen 1150

m = Volume of specimen Xy, 490x1

2.347

U
o
I
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3. Percent Air Voids (V)

yo= GG g 2451-2347 0
2451

v
t

= V., = 4.243%
4. Percent Volume of Bitumen (V)
y G, B, _2347x4.762
b G, 1.03
= V, = 10.851%
5. Voids in Mineral Aggregate (VMA)

VMA represents the space available for bitumen and air between the aggregate

particles.
VMA =V _+V,
= VMA = 4.243 + 10.851
= VMA = 15.094%
6. Voids Filled with Bitumen (VFB)
V, 10.851
= x100 = ——x100
VEB VMA 15.094
= VFB = 71.889%
7. (b) (ii) Solution:
" A
% ASPHALT BINER BY WEIGHT % ASPHALT BINER BY WEIGHT 9% ASPHALT BINER BY WEIGHT
% 1
=7 /\ < T
© p=
= 4 > L
= 52
L
g 1 1 1 1 T 1 1 1
% ASPHALT BINER BY WEIGHT % ASPHALT BINER BY WEIGHT
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7.  (c) Solution:
Given: E =2 x10° N/mm?
=5 %108 mm?*
EI=2x10% x5 x 108 = 10 x 10'® N-mm?
=10 x 10* kN-m?

6 kN
2kN/m l
B
A C
—3m—
6 m 3m I
R, Ry
M, =0 = Rpx6=(2x3)x45+6x%9

R, =135kN (T

R,=3x2+6-135=-15kN{)
Negative sign shows that R, will be acting downwards. In order to obtain general
expression for the bending moment at a distance x from the left end A, which will apply
for all values of x, it is necessary to extend the uniformly distributed load upto point C,

compensating with an equal upward load of 2 kN/m over the span BC as shown in
Figure. Now Macaulay's method can be applied.

X 6 kN
2K/m r‘v‘v*v'\IerJ
A ; DI > Ya'a'aa'a’2'= 8o
m } m i

Writing bending moment for endspan (section x - x)

2(x-3)" 2(x-6)*
M(x) = RA<x> _ M.}.RB <x_6>+¥
Eld’y , )
= o =-15x-(x-3*+135(x -6) +{x - 6)
Integrating both sides,
2 a\3 A2 3
AP SN k) MU E Y ) ML ) APPSR
dx 2 3

Again integrating both sides,
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3 /. a\d 3 4
El(y) = _1-5%—%+13.5X<x 66> +<x126> +0px+¢y...(11)

Using boundary conditions:
At x=0, y=0forequation (ii) = c¢,=0
At x=6m, y=0 for equation (ii)
> (6-3)"
= 0= -15x % - ( )

¢, =10.125

+6Xxcq

Now, slope at Point “C’

dy
EIO = atx=9m
¢ dx

Considering only positive terms of x from equation (i)

2 _na\3 a2 3

= EIO = —1.5><9——M+13.5><(9 6) +(9 6) +10.125
¢ 2 3 2 3

o - —-52.875 -52.875

= ¢~ EI  10x10%

Deflection at c (x = 9 m) from equation (ii)

= - 5.2875 x 10*rad ()

3 _ 4 _ 3 _ 4
EI5 = —1.5><9——M+13.5><(9 6) +(9 6) +10.125 x 9
€ 6 12
5 = -131.625
= ¢ EI
-131.625
= ———— %1000 = _

10x10° 1.316 mm ({)

Slope at Point D, put x = 3 in equation (i)

2

EI6, = —1.5><37+10.125
3375 3375
= %= "B T10%10°
= 0, = 3.375 x 10 Rad ()

Deflection at Point D, put x = 3 in equation (ii)
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33
EI;, = -15 x ~—+10125x3

23.625
= 6D= I
23625 1000 = 0.236 )
= ——— X =
= D~ 10%10* -236 mm (1)

8. (a) (i) Solution:
Given: f =150 mm, H = 2500 m, B =900 m
1. Elevations of points A and B
First, we calculate the parallax (p) for each point using the formula:
p =X -X
* Parallax for A (p,):
p, = 45.20 - (-38.40) = 83.600 mm
* Parallax for B (py):
pp = 22.50 - (-52.30) = 74.800 mm

Now, we use the elevation formula:

- g Bxf
p
* Elevation of A (h,):
Beo= 0500 - 20XI0 o 1614.833 = 885.167
AT T 83600 7 1010997 000,107 M
* Elevation of B (h):
B = 2500 - 220XI0 1804813 = 695.187
B~ T 74800 T OVReLS = O L0/ m

2. Horizontal ground distance between A and B

We need the ground coordinates (X, Y) for both points. The formulas are:

X = E><xL,Y :ExyL
p
e For Point A:
900
X, 33.600 486.603 m
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900

- x52.60 =
A= 83600 566.268 m
e For Point B:
900
X5 = 21800 270.722 m
900
= x(—40.10) = -
Y5 = 21800 ( ) =-482.487 m

* Horizontal Distance (L):

L= \/(XB—XA)2+(YB—YA)2
L = (270722 - 486.603)* + (~482.487 - 566.268)>
L = 1070.744 m

3. Gradient (percentage slope) of line AB

The gradient is the ratio of the vertical difference (rise) to the horizontal distance

(run).
* Vertical Difference (Ah):

Ah = 885.167 - 695.187 = 189.980 m
* Horizontal Distance (L): 1070.744 m

Gradient % = (AThj x 100

189.980

Gradient % = (7
1070.744

j x100 =0.1774 x 100 = 17.743%
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8. (a) (ii)) Solution:

Map Photograph
Definition A symbolicrepresentation of the Avisual image captured by a camera
Earth's surface showing features showing the actual appearance of a place
like rivers, roads, elevations, etc. ata particular moment.
Nature Abstract and symbolic Realistic and pictorial
Scale Represented withascale No scale, shows actual view
(e.g.,1:50,000)
Details Shows selected features, may Shows everything visible in the scene,
generalize or omit minor details including minor details
Purpose To provide information, navigation, | Toobserveand record real-time
planning appearance
Perspective Can be from top, oblique, or thematic | Usually from a single point of view (aerial
view or ground)
Interpretation | Requires readingskills Canbe interpreted directly by sight
(symbols, legends)
8. (b) Solution:
e, +e
Weaving width, W = % +3.5
Given, e; = e,=10m
10+10
W = +3.5=13.5m
Length of weaving section,
L =4W
= 4x135=54m

Calculation of proportion of weaving traffic to the non-weaving traffic in all the four

approaches.

Let the proportion of traffic in West-North direction be denoted by p,,, in North-East
direction as p, in East-South direction as p; and finally in South-West direction as p,,

and proportion can be calculated as,

Weaving and crossing traffic

b+c

= Total traffic

Traffic weaving in East-South direction

a+b+c+d
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d d
410
b>_< [T Z\/
¢ b (400 + 325) ¢ >—<
390 0
a a
a = Vg b=Vy+ Vo=Vt Ve d=Vy,
(400+325)+(525+712) _ 071
Pes = (410)+(390)+(525+712)+(400+325)
Similarly for leg WN
a = Vyn, b=Vyst Viyp, c= Vot Vi, d=Vy
(600+712)+ (325 +280)
= =0.713
Pwn (570)+(200) + (600 +712) + (325 + 280)
For leg NE, a = Vyp b=Vt Vg =Vt Vypd=V,
600+ 200+ 525+ 410
= =0.594
PEs (470)+(712)+ (600 + 200) + (525 + 410)
For leg SW, a = Vg, b=V, + Ve, c=V,p+ Vg, d=Vy
280+ 200+ 400+ 410
= =0.730
Psw = (150)+(325)+ (280 +200) + (410 + 400)

Here we observe that proportion of weaving traffic to non-weaving traffic is highest in
South-West direction i.e., p, .. = pg, = 0.730 and lowest in North-East directioni.e., p, ;.
= 0.594.

Capacity of rotary is given by Q,

280W(1+i)(1+3)
W 3

Qcp = W
1+—
L

It is clear from the equation that highest proportion of weaving traffic to non-weaving

traffic will give the minimum capacity.
= pgy = 0.730

pmux
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8.

13.5

280 x 13.5(1+ 10 )(1— 0'730)

3

Qep= Qs 135
1+——
54

(c) Solution:

<= b=50 mm —

Al 12 mm
Steel 12 mm
Given Parameters Dimensions:
Width, b =50 mm
Depth of each plate, d=12mm
Total depth =24 mm
Span, L=12m=1200 mm
Material Properties
Steel: E,=2x10°N/mm?; 6, 0.
Aluminium: E,=7x10*N/mm% o, ..
Moment of Inertia for One Plate
bd’ _ 50x12°
12 12
= 7200 mm?*

(i) Plates Bend Independently (Not Connected)

3983.09 veh/hr ~ 3983 veh/hr

=120 N/ mm?
= 80 N/ mm?

When not connected, both plates share the same radius of curvature, and the total
moment M is distributed based on their flexural rigidities (EI).

Stiffness Relationship

M, M,

EI EI

S a
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4
M = M{E) :Ms(ﬂ) =035 M.

2x10°

Check Limit states
If Steel Reaches 120 N/ mm?

Gs,allow ‘ I _ 120 X 7200

M. = = 144,000 N-mm
S y 6
M, = 0.35 x 144,000 = 50,400 N-mm
_ 20200%6 _ 42 N 2 (Safe, < 80
5= o0 /mm?~ (Safe, )
If Aluminium Reaches 80 N/mm?
M, = 96,000 N-mm
M = 26000 _ 274,285 N
ST o035 e
_ 275255x6 228 N 2 (Unsafe, > 120
S /mm?~ (Unsafe, )
Maximum Central Load (P)
M, ... = M, + M, = 144000 + 50400 = 194400 N-mm
p- 4-M,,y _ 4x194400 618 N
L 1200
(ii) Plates Firmly Secured (Composite Action)
Modular Ratio
E, 2x10°
m= =210 5 e57
E, 7x10
<= b=50 mm — — 50 mm —=
Al 12 mm 12 mm
Steel 12 mm T ]

e 2857 x50 ———

Transformed section
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Neutral Axis (¥ from Bottom)

__ (m-b-d)-6+(b-d)-18
~ (m-b-d)+(b-d)

(2.857x50%x12)x 6+ (50x12)x 18
(2.857 x50x12)+(50x 12)

= y =

= ¥ =911 mm

Composite Moment of Inertia (I_,,,,)

Using parallel axis theorem for the transformed aluminium section:

3 3
[ = {(2'857 X50)x12” | (1714.2)(9.11 - 6)2} + [50 “12_ 4 (600)(18 —9-11)2}
comp 12 12
Loump = 91766.4 mm*
Check Limit States

Steel Limit (120 N/ mm? at Bottom)

G allow * Icomp _ 120x91,766.4

M, = = 423094 N-
s m-y 2.857%9.11 i
Aluminium Limit (80 N/mm? at Top)
_ css,allow : Icomp _ 80 X 91,7664 _ 49 3036 N
" (24-7) 14.89 ' -
Maximum Central Load (P)
The steel governs the design.
p- 4x423094 1410 N
-~ 1200
01010 JO)
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