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k of
ood networ
What is transportation? rhis system comprise ofa B
Transportation means movement of mass and goods. )
road, railway and airway
Objective: yrses and goods from oné
s+ The primary purpose is relating population t0 Jand use by moving P .
place to another. — 1ity and place utility-
» Transportationincrease valuation of goods by contributing with time utl v
s and

« Iltincrease work opportunity.

o Transportation makes possible regional sp
finished goods.

The four major modes of transportation are:

i ria
ecialization both in producing of raw mate

ate — Roadways or highways
— Railways

— Waterways

- Airways

Road way type

» Geographical classification b,

i. Rural road : b e
ii, Urban road ; &
« Functional classification
i, Rural

- National Highway
- Regional Highway
- Zilaroad

— Upazila road

- Union road

-» Village road

fi. Urban

- Primary/Main/ Arterial road
- Secondary road
- Local Road

The geor}\etric design of highways depends on i
factors which control the geometric ele;r]nents are:s everal design factors. The important of these

-» Design speed

~» Topography

- Traffic factors

~+ Design hourly volume and capacity

- Environmental and other factors. |

DESIGN INTEGRITY, Calk: 01633905761
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i' Question: State the atectives of highw.ay planning { 1ih BUs)

Solution;

The objectives ot highway planning ave:

Pl a lghway network for safe, efficlent and fast movement of people and goods.

Neeping the uverall vost ol construction and mamtenance of the toads in the network to a
aunuum.

Planmng for future development and anticipated tratfic needs for a specific design period.

Phasing road development programmes from considerations of utility and impaortance as also
of financial resources.

Question: What do you mean by highway alighment? Discuss the tactors controlling the alignment
of highway, (34 & 35 th RCY)

Solutwen

The pasition of the center line on the highway in the ground is called highway allgnment. Simply
fosditection through which the road will pass. There ave two types of highway alignnent.

»  Honzontal Ahgnment

»  Verucal Alignment

Factors controlling alignment of a highway

Obligatory Points: The control points gnvefning highway alignment are called obligatory points.
These points decide where the alignment should pass and where the aligniment should not pass.

Type of Traffic: If the traffic is of vehicular ty;;e and for fast-moving vehicles, it is advised to keep

the alignment as straight as possible with fewer curves. Separate lanes for fast-moving vehicles
are recommended.

Ihe volume of traffic: The valume of traffic and an ingrease in the tratfic volume per year and peak
tratticis analyzed and alignment is finalized by considering all previous data of traffic respectively.

Hottsental Curve and gradient: The Horizontal carve must be as flat as possible. The gradient
shoull be kept as tlat as possible to avoid the excessive rise and fall ofthe highway alignment.

Earthwork and backtilling: To avoid excessive cutting and filling, the alignment should be changed
where tound necessary.

Railway  Crossing: Road  alignment . should cross a rail lane ideally at 90Degrees.

For fast-moving lanes or national highways or expressways, it is advisable to construct the bridge
over tail lane to avoid the traffic jams.

Sight Distance: To avoid accidents, minimum sight distance should always be avallable for the
drivers. The alignment should not abstruct the vislbility of drivers, especlally during nights.

DESIGN INTEGRITY, Call: 01633905761
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¢ to avoid water

| e alignme”
{’roper Drainage: Proper water drainage is provided at the edges of th
o K] I3 1
gging during monsoon. 45, the problem with

v . . . are . : e.
Stability of Slopes: Special care is to be taken for road alignment |r.1dh1l(l)y el o P eh is <tabl
the hilly areas is landslides. The road should be aligned to e side
Excessive earthwork cutting and backfilling affect stability.

hould be minimum for .the
ce cost S Sy

ing to reduce thecost of cons

Economy: The initial cost, operating cost and maintenan

finalized alignment. Avoid High embankments and deep cutt _
ometrnc

: ; i the ge
Question: State the importance of geometric design of a highway. Briefly discusS B
design elements of a highway. (34th BCS)

Solutijon;
res of the

i ; i isible featu
Geometr i i t and dimensions of visible fe
etric design of highways deals with the layout an Liht distance,  fersections etc. The

highway such as horizontal and vertical alignments : ]

_ ' X . ons with
geometrics of highway has to be designed to generate sufficiency 1n traffic operatl
maximum safety at reasonable cost.

Geometric design of highways deals with the following elements:

— Cross section elements.

—» Sight distance considerations.
— The gradient.

- Horizontal alignment details.
- Vertical alignment details.

- Intersection elements.

Question: Classify roads ﬁnd highway according to Bangladesh classification system.

(31th BCS)

Solutjon:

The road network of Bangladeshc
by "N"), regional highways (R num

onsists of national highways (designated by a number preceded
bers), and zilla or district roads (Z numbers). The total length

is nearly 21,000 km.
Road Class  Definition Length (km)
National Highways connedling Nabonal capital with Dvisional HQ's 3,570
Highways or sea ports or land ports or Asian Highway.
Regional Highways .cmnect‘ng District HQ's or main river or land 4323
Hghways ports of with each other not connecied by National
Highways. .
Zta Roads Roads connedling Distrcit HO's with Upazilta HQ's or 13,678
connecting one Upazilia HQ to another Upazita HQ by a
single main connection wth NationaVRegional Highway,
through shortest distance/route.
Total 21,57

Sowce : Bangladesh Gazetts, 8 November 2003 and Planning Commission, 2007

DESIGN INTEGRITY, Call: 01633905761
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F Stopping Sight Distance (SSD)

The minlmum sight distance available on a highway at any s
stop a vehicle traveling at design speed, safely without collision with obstruction. The absolute
minimum sight distance is therefore equal to the stopping distance, which is also sometimes called
non-passing sight distance. The distance within which a motor vehicle can be stopped depends

upon the factors listed below:

pot should be of sufficient length to

Stopping Distance (S0)

\
& Reacton Oistance (RD) | Braking Distance (80)
() . ) .

e Total reaction time of the driver.
e Speed of vehicle.

e Efficiency of brakes.
e Frictional resistance between the road and the tyres and N

Flrenssarsjaipnyy

AMALUEIZIA TS

e o —S—————h A S

e Gradient of the road, if any.

“ "
«m Jotalreactiontime

Reaction time of the driver is the time taken from the instant the object is visible to the driver to
the instant the brakes are effectively applied.

1y

The total reaction time may be split up into two parts.
1. perception time <
2. brake reactiontime

The perception time is the time required for a driver to realise that brakes must applied. It is the
time from the instant the object comes on the line of sight of the driver to the instant he realises

that the vehicle needs to be stopped.

on several factors including the skill of the driver, the type

The brake reaction time also depends
1 factors. Often the total brake reaction time of

of the problems and various other environmenta
the driver is taken together. '

Question: What is PIEV theory? (BB AD —2018)
PIEV Theory: According to this theory the total reaction time of the driver is split into four pans.

- Perception
e - Intellection
» -~ Emotion
“# - Volition

“ DESIGN INTEGRITY, Call: 01633905761
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REAEX ACTION

Stopping distance
Stopping distance = lag distance + braking distance
2

5D (m)=ve+ Zv_gf [When speed v is in"m/s" umit)
2

L 14
SSD(m)=0.278V ¢t + %” [Whenspeed V is in 'kmph unit]

f = design coefficient of friction
= 0.4 to 0.35 depending on speed, from 30 to 80 kmph
9 = acceleratian due to gravity = 9.8 m/sec?

Stopping di sl

When there is an ascending gradient of say, + n% the component of gravity add to the braking
action and hence the braking distance Is decreased.

2
v L | [ :
= S — When speed v isin'm/s’ unit
SSD(m)=ve+ Zg(f:tn%)2 [ P / ]
4
= 0. e — Wh dVisin' ' 1
SSD (m) = 0.278V ¢t + NETD) [When speed V is in'kmph’ unit)

Example: Calculate the safe stopping sight distance for design speed of 50 km
traffic on a two lane road (b) two way traffic on a single lane road. (35th BCS)
Solution;

Assume coefficient of friction as 0.37 and reaction time for driver as 2.5 seconds.

Slopping distance, SSD = lag distance + braking distance

2

4 502
SSD (m) = 0278V £+ = = 0278 x50 ¥ 2.5 + — 0. =
) 254f HIXLS T axoay - 613w

(a) Stopping sight distance when there are two lanes = 61.35 m
(b) SSD for two-way traffic with single lane =

ph for (a) two way

2x88D=2x61.35=12227m

DESIGN INTEGRITY, Call: 01633905761
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.r- Question: A car travelling at 50 mph on a highway observes a crash ahead of it. If the driver

stopped the car 5 m in {ront of the crash, find the distance it has travelled. Perception time 2.5 sec.
(DESCO = 2015)

Solution:
Assume, /' = 0.35
50x1610

V =50 h== ————=

mp 3690 22.36 m/s ;

v 22.36
SSD(im)=vt+ — =22. 5 ——ee—————— = ]
(m) 297 36X 2.5 + 5T 128.7m

ce for highway design speedis 50 mph. Assume, f=

Question: Calculate the stopping sight distan
WRGCL — 2014, BPDB — 2015)

0.42 and also required dated taken assume for standardization. (

Solution;
Given, V = 50 mph = 80 kmph, = 0.42, t = 2.5 sec
2

v
S..\.D =0. — = ), .
(m) = 0278V t + oo = 0278xB0X25 + 5oty

favehicle traveling ata speed of 80 km/hour
me t = 2.5 sec and

=1156m

Question: Calculate the safe stopping sight distance o
on an upward gradient of 2%. Assume perception and brake reaction ti

coefficient of friction = 0.36. (40th BCS)
V2 ) PR
55D (m) =0.278V¢t+ —_—254(f:tn%) = e
. 80% .
s i . = =121.90
SSD (m) = 0.278x80x 2.5 f_,254;_§0,3,6_+0.02) 1 m

Question: Calculate the ,stopping snéhf distance for a hi
mph. Assume f = 0.42 and also assume reasonable values for other data items i
calculations. (WRGCL — 2014, BPDB — 2015, BWDB — 2013,LGD — 2018).

i

ghway for which the design speed is 50
nvolved in

Solution;
Assume, t = 2.5 sec
50x 1610
= = = .36
V = 50 mph 3600 22.36 m/s
z .36°
22.3 =116.63m

v
SSD (m) = v+ 5 =2236X25+ 7, 58T x0.42

Question: C
design speed of 80 kmph. Assume f=0.35andt = 2.5 sec.
v? 802
=132 m

PN T _0278x80x25+
55D.(m) = 0278V t + Zeaor Ty ~ 0 Bx80x 2>+ e (035 - 002)

DESIGN INTEGRITY, Call: 01633905761
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Question: Calculate the safe SSD for design speed of 45 kamph for o ec. (LGD ~ 2018)

road. Assume co-efficient of friction f = 0.38 and reaction 517 =

' v2 45° _52.26m
Visin ‘mi/h’ e
. V2 ‘12
Breaking distance, D, = BT =—
- 30 (5 = G) of 112

; te
decelerationt 3
AASHTO represents the friction coefficient as a/g and "ecommem:; in reducing the speed ole

ft/sect. Similarly it can be shown that the horizontal distance m;e
vehicle from V:to Vzin mi/hduring a braking maneuver 1$ given by
Vi - V7

Db=_———

30(%¢5)

Stopping sight distance = lag distance + braking distance
V‘_Z . Vlz

30 (2+6)

SSD (ft) =147V t +

Question: «¥b 5.1% grade e 55D frfy i TR & e 30 mph. (HED = 2020)
Solution:
Assume, Reaction time, tz= 2.5 sec
v

SSD = 1.47Vt+———a———""

30 (3 + a)

302 3 = s
= 185.06 ft (If the gradientis positive)

SSD = 147x30x 25+ 355355 0.051)

302
=147 . = 21058 f (If the gradientis ne ive
SSD 1.4/x30x25+30w.35_0.051) ¢ gra gative)

Question: A motorist traveling at 65 mi,/h on an expressway intends toleave the expressway us .7 =
an exit ramp with a maximum speed of 35 mi/h. At what point on the expressway should ==
motorist step on her brakes in order to reduce her speed to the maximum allowable on the rar™=
just befare entering the ramp. if this section of the expressway hasa downgrade of 3%?

Solution:

Breaking distance, Dy = = =
reaking distance, Dy = 27—y = 307035 —93) 3125ft
The brakes should be applied at least 312.5 ft from the ramp.

DESIGN INTEGRITY, Call: 01633905761
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‘,Quesﬁon: A motorist travelling at 55 mi/h down grade 5% ona highway observes a crash ahead

o ¥

of him, in.volvir_lg an overturned truck that is completely blocking the road. If the motorist was able
to stop his vehicle 30 ft from the overturned truck, what was his distance from the truck when he
first observes the crash? Assume perception reaction time = 2.5 sec. (NHA — 2020)

Solution:

5_147Vt+“-=——vz 1.47 x 55 552
=1 —= =147 x55x 2.5 =
‘ 30 (E - G) X3t 3035 <005 - O3B0

Distance of the motorist when he first observed the crash = 538.2 + 30 = 568.2 ft

* Question: In an attempt to estimate the speed of a vehicle just before it hit a traffic signal boie, a

traffic engineer measured the length of the skid marks made by the vehicle and performed trial
runs at the site to obtain an estimate of the coefficient of friction. Determine the estimated
unknown velocity if the following data were obtained.

Length of skid marks = 585 ft, 590 ft, 580 ft and 595 ft

Speed of trial run = 30 mi/h, Distance traveled during trial run= 300 ft

Examination of the vehicle just after the crash indicated that the speed of impact was 35 mi/h.

. 0
585 + 590 + 580 + 595
Average length of skid marks = u 2 =587.5ft
. 'This is assumed to be braking distance D,
D 12 ™ eg7 55 12
Unknown velocity, U, = (D—”ui + u{-). = ( 25 %900 + 1255) = 54.66 mi/h
b ' 2

Question: What is stopping site distance?aﬂuj'car is travelling at 50 mph during perception and
reaction time. Perception and:rgaction time is 2.5 sec and deceleration rate is 11.2 ft/sec?

-----

Determine the stopping site distance:(EGCB — 2020)
Solution; '
The minimum sight distance available on a highway at any spot should be of sufficient length to

stop a vehicle traveling at design speed, safely without collision with obstruction. The absolute
minimum sight distance is therefore equal to the stopping distance, which s also sometimes called

non-passing sight distance.
2

SSD =147V t+—7—
30 (E:ta)
2

50
= ————— =423.33 1t
S§SD =1.47x50x2.5 +30 0351 0) 4

DESIGN INTEGRITY, Call: 01633905761
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= 552
= 1.47X55x2'5+ =
30 (5-¢) 30 (035 - 0.05) ~ >>0-20f

) on. Determine the estimated
unknown velocity if the following data were obtained.

l.ength of skid marks = 585 ft, 590 ft, 580 ft and 595 ft

Speed of trial run = 30 mi/h, Distance traveled during trial run = 300 ft
Examination of the vehicle jus

st after the crash indicated that the speed of impact was 35 mi/h.
ton: 5+5 5 5
5 90 + 58

Average length of skid marks = S5eeo90 7 0459 = 5875
* i
A This Is assumed to be braking distance D,
¢ D V2 < sgn.5T e :

Unknown velocity' Uu = (-b-!-u: + u%) ,r o= (—3—0'6" X900 + 1255) = 54.66 ml/h

" b 0, %

) i, )
. I3 [ 3 © = : d
uestion: What is stopping site distance? A car Is travelling at 50 mpt_x during perception an
» -’Q",'Eﬁdlf"‘ﬁﬁ'ie;’ 'Pchépggn' and. rgaction time is 2.5 sec and deceleration rate is 11.2 ft/sec?,
términe the stopping site distance. (EGCB — 2020)

Solutjon:

-

The minimum sight distance available on a highway at anynsipiot shg;x}l‘d t;e tgi csgf:;l‘ci;r:; l:ggg;utt:
i i i obs .

stop a vehicle traveling at design speed, safely wnhox..\t collision with ob: .

mir?imum sight distance is therefore equal to the stopping distance, which is also sometimes called

non-passing sight distance.

VZ
SSD =147V t 4 ——
30 (Ej:a)

502
S5SD =1.47x50x25 + 30 (035 £ 0)

=423.33ft

W

. s marAARATRIA
——
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0 mph' Veh‘Cle

Question: A directional sign needed. Highway turn-off 85m percen:on a];ed reaction time, l::";?-
turn at design speed is 25 mph, car travel at 50 mph during percep d decelera

e sign an
perception and reaction time is 1.25 sec to read and understand the Sig aced In advance

1d be pl
(breaking) at 0.3g. What is the minimum distance the direction sign shou
of the turn of? (BWDB — 2016)

Solution;

2 __y?
SSD =147Vt + nav,
30 (3“)2 z
SSD = 1.47 x 50 x 1.25 +%§25__ =300.2ft
0 (5h£0)

. ue to
Question: A temporary diversion has been constructed on a highway Ofu+ 40/3 gftc}l:: gfvzrsion
major repairs that are being undertaken on a bridge. The maximum speed allowe o b located
is 10 mi/h. determine the minimum distance from the diversion' that aroad sign sho d on highway
informing drivers of the temporary change on the highway. Maximum allowable SPEZS ume that a
= 70 mi/h. Letter height of road sign = 4" and Perception-reaction time = 2.5 sec. AsS o
driver can read a road sign within his or her area of vision at a distance of 40 ft for each inc

letter height.
702 — 102

VE -V}
_ - ) = 666.93 ft
SSD = 1.47Vt+———30 (-‘-;-+G 1.47x70x25+30.(0.35+0.04)

Readability = Letter height in inches x 40 feet/inch of letter height
= 4 inches x 40 feet/inch = 160 feet

The sign can be read at a distance of 160 feet.

Distance from the diversion the sign should be placed,

x = SSD — Readability distance = 666.93 — 160.00 = 506.93 feet

The sign should be placed approximately 510 feet prjortoth.e diversion to aleft drivers thhe

change on the highway. - R LN T o i e Traaiadil

FA LS

PNV A

Dmcn,m'rzcmm Call; 016339657'51'
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assine Sio is

The passing sig TS ver i .
hat P\*‘:l‘l“‘a 515_1“ td.\l.'mw is the mintmum sight distanee requirad on . gwo-lane, two w.y highway
e will permit @ driver to complete a passing maneuver without colliding with an oppostug

vehicle and without cutting off the passed vehicle.

The minimum passing sight distance is the total of four components as shown i Flgure,
FIRST PHASE

oPPOUNG VIMIOLE
APPL ARS WHIN PASSING

PASSING
vEMICLE vEMICLL REACHCS PUINT A
— r'-) ’/
g, | Ys¢,
SECOND PMHASE
—— e — — .2;;;‘_‘??-,‘— ._;:‘.‘.""..-....:.- —
Y59,
9, g, dy 9,

Where, d1 = distance traversed during perception-reaction time and during initial acceleration to
the point where the passing vehicle just enters the left lane.

d- = Distance traveled during the time the passing vehicle is traveling in the left lane.
d, = Distance between the passing vehicle and the opposing vehicle at the end of the passing

maneuver.

d, = Distance moved by the opposing vehicle durin
in the left lane (usually taken to be 2/3 d,)

d, =147¢, (u -m +_a_2t_,_)
The distance d, is obtained from the expression
u = average speed of passing vehicle (mi/h)
a = average acceleration rate (mi/h/sec)
t, = time for initial maneuver (sec)
m = difference in speeds of passingan

g two thirds of the time the passing vehicle is

d impeder vehicles

The distance dz is obtained from

dz =147u fz
= time passing vehicle is traveling in left lane (sec)

tz
u = average speed of passing vehicle (mi/h)

DESIGN INTEGRITY, Call: 01633905761
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. e, two-way i
Question: Determine the minimum passing sight distance required for at;wo al::ed vehicle is T
highway where average speed of passing vehicle is 51 mph, average speed ofthe Il)eration rate for
41 mph, time of the preliminary delay for passing vehicle is 4 sec, average e 10 sec and safe
passing vehicle is 1.43 mph, time passing vehicle occupies the opposite lan€ %
clearance distance of 180 feet. (DTCA — 2018)
Solution:
Here, time for initial maneuver, t; = 4 sec
Time for passing vehicle is traveling in left lane, t; =10 sec
Average acceleration rate (mi/h/sec), a = 1.43 mph
Average speed of passing vehicle (mi/h), u = 51 mph
Mean difference in speed of passing and impeder vehicles, m = 51-41=10mph
Distance traveled during perception-reaction time,
at 43x4
d, =1.47 tl(u—m+—2—1-) = 1.47x4(51—10+1 -l =257.89ft
Distance traveled while passing the vehicle,d, = 1.47u t2 = 147x51x10 = 7497 f
Distance between the passing vehicle and opposite vehicle, d; = 108ft
Distance moved by opposing vehicle, d, = 0.67 d; = 0.67x 749.7 = 4998
Minimum sight distance = d; + d; +d + d = 257.89 + 7497 +180 % 499.8 = 1687.39 ft
- “ m
‘=~
Yisual acuity e

Visual acuity refers to how well a person can see. Normal visionis defined asthe ability of a person

to recognize a letter or an object of approximately 8.5 mm size from a distance of nearly 6 m. A

person with normal vision is said to have 6/6 vision. A person with 6/9 vision has poorer than
distance of 6 m what a normal person

normal vision because he/she canread or reco gnize froma
can read (or recognize) froma distance of 9 m. Alternatively, a person with 6/9 vision canread (or

recognize) from a given distance letters (or objects) which are 9/6 (=1.5) times bigger than those
which a normal vision person can read (or recognize) from the same distance.
Peripheral vision
10° cone

3% cone

\ J Line of vision

Peripheral vision

Diagram not to scale

Persons can see most clearly within a 3-degree cone- Sign should be placed within the 10-degree
cong o.f vision of drivers. Information on field vision is important while deciding the placement of
road signs.

3. L.

DESIGN INTEGRITY, Call: 01633905761
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uestion: -
?he Spe: i (l)iir]n?tﬁc-;cmag a Shdr‘p honzontal curve exists. The speed limit on the curve is 40 kmph.
impending curve and adi’_‘l{rewway Is 75 kmph. A sign is to be posted, warning drivers of the
placement of the sign andlS}lng them t'o slow down to the speed limit. Determine the longitudinal
15 s, the Coefﬁciengr iy the letter size for the sign. Assume that the perception reaction time is
Also ssurmethyes lcthn is 0.3, .the r'oad has 0% grade and a design driver has 6/9 vision.
at the perception reaction time includes the time taken toread the sign.

Solution;

s?t the letter height used be h mm. Hence the sign can be read by a 6/6 vision person from a
6‘5“’6“;3 of (64/8.5) m. Therefore, a 6/9 vision person can see the sign from

SsX+—==0.377hm

9 85

VR - y2

Now,SSD = V‘t+-—‘—i
29g(f £6)

20.832 — 11.112
55D =20.83x1.5 + At
2x981(03+0) 4R

Therefore, the total distance required between the point a which the sign becomes legible to the
driver to the start of the curve should be 84 m. Ifxis the distance between the sign and the start
of the curve, then

0.377h + x = 84

£ x=84-0377h

B

Generally, the letter heights on such roads are notless than 80 mm. Hnece, if 80 mm is used then
the sign can be placed at a distance of 53.84 m (or 54 m) before the start of the curve.

Sight Distance at Intersections

The high crash potential at an intersection can be reduced by providing sight distances that allow
drivers to have an unobstructed view of the entire Intersection at a distance great enough to
permit control of the vehicle. At signalized intersections, the unobstructed view may be limited to
the area where the signals are located, but for unsignalized intersections, it is necessary to provide
an adequate view of the crossroads or intersecting highways to reduce the potential of collision

with crossing vehicles.

DESIGN INTEGRITY, Call: 01633905761
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Sight Tnangle

N
—

S
.%"': """"""" seresen aweaa D . -'::l-"p".
d,-b b
N d, :
CB _ED '
AB ~ AD
d_u_ a
dg dg—b

Question: A two-lane minor road intersects a two-lane major road at 90° forming a four-leg
intersection with traffic on the minor road controlled by a yield sign. A building is located 125 ft
from the centerline of the outside lane of the major road and 35 ft fromthe centerline of the nearest
lane of the minor road. Determine the maximum speed that can be allowed on the minor road if

the speed limit on the major road is 45 mi/h.
: Sight Triangle
Here,a = 125ftand b=35ft
VZ
We know, S =147Vt +———=
o a0 (2x0)

452
30x (0.35 0)
d, = 358.23 ft (major approach)
db _ a
d, dg—b

. =147x45x25+

DESIGN INTEGRITY, Call: 01633905761 =
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ﬁ“
R 358.23 x 125
d, = —
- 7 38823 -33 = 13853

Using d, as Stopping sight distance,

30x035
U, = 23.45 mi/h

m=R [1 - cos
Where m = the
R = Radius of h
S = Stopping si
€ = One half ce

28.65 S)J

horizonta] sightli
orizontal curve
ght distance
ntral angle

ne offset, HSO (ft)

; [ Sight Distancy (s) -

|

_— Highway contirime \
- TR
- /, s RN
A . / * . - *
Conterline fasidte fane % Sight obstructlon

20

7
/

4

Horizontal Curves with Si ght-Distance Restrictions and Range of Lower Values for Stopping Sight Distances

\®s

DESIGN INTEGRITY, Call: 01633905761
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' 0-lane highway
Question: A horizontal curve with a radius of 800 ft connects th ¢ = 0, determine
that ha§ a posted spewd limit of 35 mi/h. If the highway curve is not Supif;’:g:;he'centeﬂine of the
the horizontal sightline offset (HSO) that a large billboard can be place time is 2.5 s€c

L N P jon
inside lane of the curve, without reducing the required SSD. Perception-react
and f = 0.35.

Salution
Weknow, S =147Vt + -;-
0 0
SSD =147x35%25 -{-i = 245.29 ft
30x0.35

_ 28.65S 28.65 x 245.2
m=R [l-— cos( Ra )] =R [1_505(_%3—%]:9.6&

Question: The corner of a building is situated next to inner side of a two-lane honzontz-ﬂ c(:)ugvr:
with a radius of 50 m on a rural highway. Each lane is 3 m With 2m shpulder. 1he con;]er is 0. m
away from the shoulder. Is it safe to drive at a speed of 90 kmph on this curve? If not, how W_‘_J\; 3
you remedy the problem? Assume. Perception-reaction time = 2.5 sec and dedaration rate = 3.
m/sec?. (JB —2017)

Solution

Here,V = 90 kmph = 25 m/s
3
Radius of inside lane, R = 50 -3 =485m

3
Horizontal Sightline Offset (HS0) = 3 +2+08=43m

28.65x SSD
Weknow, HSO =R [1 - ¢oS (—-—R-—)]
VZ ' 2
SSpm=Vt +-i—a =25x25+ 7333 157.197 m

Forsafety, the available sight distance should be equal to SSD.

Therefore the bullding should be locted ata disance, = R |1~ cos (22522 550 )

=485 [1 - cos (28.65 X 157.197)\
48.5

: =35092m > 43m (Avaiable distance)
The building is not located at safe distance.
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cle/day. The current toll is 150 taka. When the toll is

h" gestion: A toll bridge carries 5000 vchi
'Q ases by 500 vehicle/ day. Determine the amount of toll

R

3
?.

RRB S TaS

=" Thetollis T = 150 + a

increased by 25 taka, traffic volume decre
that should be charged such that revenue is maximized.
(DTuA = 2018 RUET M. Sc - 2018, DMTCL — 2019)

s qlution:
Lot a = the toll increase in taka.

Assuming a linear relationship between wraffic volume and cost, the expression for Vis.

Fr e

V= 5000 - == x 500 = 5000 -20a

Revenue is the product of toll and volume:
R=VT=(5000- 20a) x (150 +a)
— 750,000 - 3000 a + 5000 a - 20 a

= 750,000 + 2000 a-20 a?

For maximum value of a, compute the first derivativeand set equal to zero:

dR
—=2000-40a=0
dt

n.p

a= 50 tk RRRCEY "4y

The new toll is current toll plmﬁie«wu'ihieifs?;;r

T o e S g 5 ML B

sipavedis <150 50 = 200

£, ] =Vm'&371?;¢x' Veurrent Tourrent
W j'-."g,_ ‘.1_," "'50

= (5000 - 7 x 500) x200 - 5000 x 150

" = 800,000 - 750,000
= 50,000 tk.

o v
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Superelevation

In order to counteract the effect of
overturn or skid, the outer edge of the pavem
providing a transverse slope throughout the
inclination to the pavément surface is known as

.

i duce the ’
centrifugal force and to red S s
- ent is raised with r:espect to th (

length of th
can %,
superelevatio o B A

et+f=—
gR

e = Rate of superelevation = tan 6

f = design value of lateral friction coefficient =
v = speed of the vehicle, m/sec

R = radius of the horizontal curve, m

g = Acceleration due to gravity = 9.8 m/sec?

015

Road Surface

‘.

A Iﬁ c
Supereleval

T ] ' itten as follows:

I the speed of the vehicle is represented as V kemph. The equation may be written as{o '

_(0278V)* _ V2 :
etf=—"7Jgr " 127R oy
V = Speed in kmph; R = Radius

f transvefse_ sidd resistance f for design purpose

.

is standardised equal to

The maximum value 0
0.15 and Maximum superelevation is 7%.

Steps for superelevation design
Various steps in the design of superelevati
erelevation for 75 percent of design speed (v m/sec of V kmph) is calculated

DO 3 R A

on in practice may be summarized as given below:

Step 1: The sup
neglecting the frjction

75V (075 _ V2
€7 R 127R  225R

Step 2: If the calculated value of e is less than 7% or 0.07 the value so obtained i . .
value of e as per equation exceeds 0.07 then provide the maximum supemlll::ag provided. If the =
and proceed with steps 3or4 ) on equal to 0.07

Sf'ep 3: Check the coefficient of friction develo d f ; -
value of design speed, ped for the maximum value of e = 0.07 at the fuu\
T

DESIGN INTEGRITY, Call: 01633905761
.",'1' ooy ’ . 110 |

Scanned with CamScanner



o

L |

B W (]

v2
= —=0.07
f gR : _ ,
If the value of thus calculated is less than 0,15, the superelevation of 0.07 is safe for the design

speed. If not, calculated the restricted speed as given in step 5.

Step 5: The allowable speed (v, m/sec or V, kmph) at the curve is calculated by consldering the
design cocefficient of lateral friction and the maximum superclevation,

v2 V2
e+f=007+015=022=—2 =8
gR 127R

Calculate the allowable speed, v, = ,/0.22 g R = V2.156 R m/s
V, = VZ7.94R kmph

Question: Define super elevation. (ISTT — 2015)

Solutjon;

In order to counteract the effect of centrifugal force and to reduce the tendency of the Vehicle to
overturn or skid, the outer edge of the pavement is raised with respect to the inner edge. Thus

providing a transverse slope throughout the length of the horizontal curve. This Transverse
inclination to the pavement surface is known as super elevation or cant.

Question: Draw diagram for attaining super-elevation pavemnent rotating about centerline.
(WASA —2017,DTCA —2018) ‘

savenvvsag M esveonaane emsssmesveodecnsovany

Rotation about €  Rotation about inneredge Rotation about outer edge

bESIGN INTEGRITY, Call: 01633905761
111

Scanned with CamScanner

QUES



~2017) J

Question: Why super elevation is provided? (EED — 2015, HED
Solution;

Purpose of Providing Superelevation in Roads:

« The main aim of providing super elevation is to countera

on the moving vehicle.
« To prevent the damaging effect on the surface of the roads due to imprope

on the roads.
: ;z he(lip the fast-moving vehicles to pass througha curved path without overturning or skid
T reduce the maintenance cost of the road on the curved portion. .

o ensure the smooth and safe movement of vehicles and passengers on the curved portion of

theroads.

ct the effect of centrifugal force acting

r distribution of load

ding.

Question: Why are super elevation and extra widening provided at the curved portion of the

roadway? (31th BCS)
Solution:

When a vehicle travels in a circular path or curved path, it is subjected to a
makes a vehicle to overturnand skid due to Centrifugal force. TO overcome this force and for safe
travel of a vehicle, the outer edge of the road is raised above the inner edge. It reduces the effect of
centrifugal force on the running wheels. If super elevation is not provided the entire centripetal
force is produced by the friction between the vehicle’s tires and the roadway, thus results in

reducing the speed of a vehicle.

y when there arenot ma ny very

lightly more than the normal wi
widening. The reasons 0

n outward force which

S

Jarge radius, itis common to widen
dth. This additional increase in the

On a horizontal curve especiall
f providing extra widening are

the pavement or carriageway s
width of the pavement is termed as extra
given below:

ngalong the curve they don't trace the

f rear wheel base of the vehiéle movi
s called off tracking. During this case,

1. Due to therigidity o ‘
by the front steering wheels. This i

same path as taken

mechanical widening is required.
2. Due to the psychological tendency of drivers, drivers tend to take the outer lane for greater
visibility and easy gradientat the beginning of the curves. So extra width is provided.

3. The extrawidthis provided to ensure safe and efficient overtaking operations.

Question: Design the rate of superelevation for a horizontal highway curve of radius 500 m and

speed 100 kmph.
Solution;
For mixed traffic conditions, superelevation is given by equation
, = vz 1007

T 225R " 225x500

As the value is greater than the maximum su ;
e d perelevati
provided is restricted to 0.07. Check for coefficient of la(::rg{ 21?:2:: Ti:\cf::lls\ S:;p[eret} elva tionf 3
ped for full spee

= 0.089

- DESIGN INTEGRITY, Call: 01633905761
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«  _V 1002
i =—=007 = ——— - .

As the value is less than 0.15, the design is safe witha superelevation of 0.07.

| Sy‘:;g;llo:on[t);fmgs ;};e slafe radius of circular curve for the following condition where the
(PGCL — 2014) ual meaning V = 60 mph, e = 0.4 ft/10f, f = 0.15 and g = 32.2 ft?/sec.

h _ 60 x 5280
T 3500 88 fps

e+f_

882
g(e+f) = 32.2(0.04 + 0.15)

Question: Radius = 300 ft, frictional factor is 0.02. Limited speed 30 km/hr What is the angle of
curve or banking of road? (NPCBL — 2017, RPGCL - 2017)

= 1265.77 R

—-300& 91.46 m,V = 30 kmph = 30/3.6 =8.33 m/s

""; e+f=
’ 8.332
t H b= ——- T e— — —3 .
an —f=GaizeTas 002 =00573,

' 6 = tan‘1 (0.0573) = 3.28°
: stion: Ife = 0.10 and f= 0.15, desngn speed = 100 kmph, determine radius of curvature.

Que

(PGCB — 2017)

Solution: ,

e+f=o7p (Where V is in km/hr)
R= Ve e =314.96 m

127 (e +f) _ 127 (0.1+ 0.15)

m. The design speed is 50 kmph and design
ired if full lateral friction is

Question: Radius of a horizontal circular curve is100
co-efficient of lateral friction is 0.15. Calculate super elevation requi

assumed to develop. (BB AD —2018)
solution: 2

v -
Weknow e+f= 7R (WhereV isin km/hr)

—0.15 = 0.047

B
y 127:100
\

1 ' - DESIGN INTEGRITY, Call: 01633905761
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TISETIRILR G,

. 1 ‘feet unit)
ummmmmuwﬂmgﬁmm!—‘
V:

R = . * i o
g e+ £ : inimum radius R i given in feetas
If g is taken as 32.2 ft/secZ and u s measured in mi/h. the mi!
VZ

R — ——
15(e + f5)
Coe*ficient of Side Friction for Different Design Seeds -
Coeftictents of Stde Friciwon, fs
L J

Design Speed (mih)

_‘.u 0.:0
10 0.16
0 0.14
0 0.12
70 0.10

. 1 i & e Of 0-10
For highways located in rural areas with no snow of ice, a maximum s‘;sge:!::;i!rlnognf:::n 208 to
generally is used. For highways located in areas witl:x snow and ice, vai e or0.08 is used
0.10 are used. For expressways in urban areas, a maximurm superelevation ’ '

rve required for a highway if the

ion: i s imum radius of a horizontal cu righwa
e e d coefficient of friction is 0.12.

design speed is 60 mi/h. The superelevation rate is 0.04 an
(SGFCL — 2017)

Solution:
B v: 602
T 15Ce + f5) 15(0.04 + 0.12)

Question: An existing horizontal curve on a highway has a radius of 465 ft, which restricts the
posted speed limit on this section of the road to only 61.5% of the design speed of the highway. If
the curve is to be improved so that its posted speed will be the design speed of the highway,
determine the minimum radius of the new curve. Assume that the rate of superelevation is 0.08
for both the existing curve and the new curve to be designed. (DSCC - 2019)

Solution;
Since the posted speed limit is not known, assume f; is 0.16.

i v: -
“15(e + f)

. Vz
=15(0.08 + 0.16)
V = 40.91 mi/h
The posted speed limit is 40 mi/h, as s im
» as speed limits

Check assumed f; for 40 mi/h = 0.16, are usually posted at intervals of § mi/h.

Determine the design speed of the hj .
ghway = 40 /0 61
015 = 65.04 miyy

= 1500 feet

R

R

465

DESIGN INTEGR;
TY, Call; 016
: 016339057
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ﬂ Design speed = 65 mi/h.
Find the radius of the new curve,
[f; =0.11, interpolating between 60 mi/h (f;
e 652 _ 652
~ 15(0.08 + f;) 15(0.08 + 0.11)

Question: A horizontal curve is to be designed for a section ofa highway
60 mi/h. (a) If the physical conditions restrict the radius of the curve to 500
required for the superelevation at this curve? (b) Is thisa good design?

Solution:
(a) For 60 mi/h design speed, fs = 0.12
VZ
=15 + f.)
y? 602
| ¢=15F T 15x500

(b) The superelevation for this curve would be 0.36.
Sincee = 0.36 > 0.10 (allowable maximum superelevation)

This would NOT be a good design.

~ 0.12) and 70 mi/h (f; =0.10)]

= 1482.45 ft.

havinga design speed of
ft, what value is

R

-0.12=0.36

| curve on an existing highway is 750 ft. The superelevation

sted speed limit on the road is 65 mi/h. Is this a hazardous
nd to correct the situation?

P
% Question: The radius of a horizonta

, rate at the curve is 0.08, and the po
location? If so, why? What action will you recommeé

~ Solutjon;

t  (a) Determine superlevation required for the given speed and radius
N

S T A)

i Forspeed of 65 mi/h, f, = 0.11 (from the table)

i V2 652

e =-1—5—E—[, =m—0.11= 0.266
. The superelevation that is required for a speed of 65 mi/hism

the curve. The curve is thereforea hazardous location as. Also the
higher than the maximum of 0.1 normally used.

uch higher than the provided at
superelevation 0f0.266 is much

(b) Corrective measures
Determine a maximum safe speed for a radius of 750 ftand e of 0.08 and post this s

Try aspeed of 50 mi/h, f; = 0.14
3 V2

peed at the curve.

REBE+h
| V=TSR (e + £2) = y15x 750 % (0.08 + 0.14) = 49.8 mi/h
* Amaximum safe speed of 50 mi/h should be posted at the curve.

{
|
4
|
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h L radin® ot onty 300 .
e th ¢
: c ia curve w1 *
_Quesu'on: A section of hizhway hasa SUPt’r:‘it‘\'athj of t‘,'}),‘;l:r}\‘(ig e |
ft. What speed hmmt will you recommend at this section 0 |
Soluti
!
Assume. f; = 0.15
V3

15 + f)
- ‘-2
300 = —

i5 (0.05 + 0.13)
P .
=30 mi/
ati idering a
ini S Jevation consic
Question: Explain diagrammatically the method .of 'atm:l:;g( :,1’1551:’ b
crowned pavement revolved about the profile of the inside edge: .
Solution;
ethods-

Superelevation is provided in the following two ™
1. Elimination of the crown of the cambered section-
2. Rotation of pavement to attain full superelevation-

1. Elimination of the Crown of the Cambered Section
be done by two

ed. This may
t the desired

camber is gradually decreas
half of the camber is rotated about thecrowna

In this method, the outer half of the
e as theinner half.

methods. In the first method. the outer
falls on the same plan

rate such that the surface

In the second method, the crown is progressively shifted outwards. This method is not usually

adopted.

2. Rotation of Pavement to Attain Full Superelevation

In this stage, superelevation is
. dually ;
the required s on 15 gradually provided ov .
e e el sl e begin of e S s e A
. e superelevation is circular curve. The differem
as fO“OWS: ) a

DESIGN INTEG
' ! RITY, Call: 0
» Lall: 016339057
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d&‘ A Revolving Pavement about the Center Line

In this method the surface of the road is rotated about the center line of the carriageway, gradually
lowerlng the_ inner edge and rising the upper edge. Thelevel of the center line is kept constant. This
method is widely used.

Outer edge

Inner edga

Rotation About Centre Ling

B. Revolving Pavement about the Inner Edge

" Inthis method, the surface of the road is rotated about the inner edge, raising the center and outer
edge.

L

Outer Edge

!—
? Inner Edge

C. Revolving Pavement about the Outer Edge

In this method, the surface of the road is rotated about the outer edge depressing the center and

inner edge.

e e wewmwenur A1 DA £990NnC7A1
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Ds‘!!‘mliuin(’ q"m SD!‘Q!’ S l[])PIQ S]zp
Minimum s‘.lmplo size,
LY

d
Where, Z = number of standard deviations corrcSPO"‘“

o = Standard deviation (mi/h) i/h
S T mi )
d = Limit of acceptable error in the average speed estimate (Mi/

Constant Corresponding to Level of Confidence .

) ence
ng to the rcqunrcd confid

Contidence Level (%) Constant Z
68.3 1.00
86.6 1.50
90.0 1.64
95.0 1.96
95.5 2.00
98.8 2.50
9.0 2.58
9.7 3.00
ass around her cityata confidence

tal of 130 spot speed samples and

An engineer wishing to obtain the speed characteristics on a byp
t with all of the requirements of

level of 95%, and an acceptable limit of + 1.0 mi/h collecFed ato
determined that the variance is 25 (mi/h)2 Has the engineer me

the study? o
Question: As part of a class project, a group of students collected a total of 120 spot speed samples
at a location and determined from this data that the standard variation of the speeds was + 6 mi/h.
If the project required that the confidence level be 95% and the limit of acceptable error was + 1.5
mi/h. determine whether these students satisfied the project requirement. (BWDB - 2016)

Where, Z = 1.96 (from Table),s = +6,d = 1.5

oy 2
@

Therefore, the minimum number of spot speeds coll )
Since the students collected 120 samples, they satis ;;:letdh:opsraotjls
e

= 61.45

fy the project requirement is 62.
¢t requirements,

DESIGN ]NTEGRITY, CGall; 016339

_
118 5761
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&# Question: An engi ishi i ‘

A confidence le\?eg]lgfe;gt;mhlgg to obtain the speed characteristics on a bypass around her city at
camples an determineg' ahn an acceptable limit of + 1.0 mi/h collected a total of 130 spot speed
requiremnents of th that the variance is 25 (mi/h)2 Has the engineer met with all of the

e study? (DESCO — 2015, BWDB - 2016, BWDB — 2018, DPDC — 2019)

Solutijon;

N=(za)2=zz’“’2
d d?

_ 25
=1962 x T [For 95% confidence level, Z = 1.96]

= 96.04 < 130, the engineer met the requirement

Standard Deviation of Speeds

Which is a measure of the spread of the individual speeds. Itis estimated as

P ICE - a)’
J A-1

Where, S = standard deviation
# = Arithmetic mean

u; = jth observation

N = Number of observations

The standard deviation of the differences in means is given as,

- w'y

sz s2
Sd= —l--}- ._2_
n "

Where,
n1 = sample size for study 1

nz = sample size for study 2
iance of the difference in means

| S, = square root of the vari
$2 = variance about the mean for study 1
§2 = variance about the mean for study 2

collected at a section of highway during and after utility maintenance
below. Determine whether there was

95% confidencelevel.

Question: Speed data were
ristics are given as, and as shown

work. The speed characte
any significant difference between the average speeds at the

iz; = 35.3mi/h w; =387 mi/h
S, =7.5mi/h S,=7.4mi/h
n= 280

n, = 250

AMEDUAT AMERA:
B 01633905761
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selutisil

780 741
s e R 0."5
h) M)

Nt

..
5
."-;3

&

noMNy
¢ inmeans = 30.78 - 35.5
= 32> 196 x 0.65

= 3.2 > 1.3 mi/h
{ the difference in mean spece

Ditlerin

15 is sigmificant at the 95% confidence level.

1t can be conchuded tha
mummmme;:nanuunnnmananc:

avenment on horizontal curves is divided
cal widening

into two parts,

The extra widening of p
(i) mechanical and (1) psychologl

Ill'

Extra-widening ata horizontal curve
sontal curve, the rear wheels follow a path

of shorter radius than the front wheels as shown in figure 15. This phenomenon is called off
tracking, and has the effect of increasing the effective width of a road space required by the vehicle.
Therefore, to provide the same clearance between vehicles traveling in opposite direction on
curved roads as is provided on straight sections, there must be extra width of carriageway

available. This is an important factor when high proportion of vehiclesare using the road.

nl?
Wo =2

2R

Here, R is the mean radius of the curve.
I = Length of wheel base, m.
n = Traffic lanes.

. When a vehicle negotiates a hori

Psychological widening: Widenin one for some psychological reason

; Widening of pavements has to be d i

also. There is a tendency for the drivers to drive close to the ed;e; of the paven: ltc o f-ve:-
ent on cu

on curves.

DESIGN INTEGRITY, Call: 01633905761
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Hence the total widening W, m required on a horizontal curve is given by:
W, = W+ W,

Hence, n = number of traffic lanes
V = design speed, kmph
R =radius of horizontal curve, m

1=1ength of wheel base of longest vehicle, m. The value of | may normally be taken as 6.1 m or 6.0
m for commercial vehicles, if not known.

Example: Calculate the extra widening required for a pavement of within 7mona horizpntal curve
of radius 250 m if the longest wheel base of vehicle expected on the road is 7.0 m. Design speed is

70 kmph.

Solution:

Here,n = 2 (two lanes for pavement width of 7.0 m)
[ =7.0; R=250m; V = 70 kmph '

" Extra widening required W, = W, + Wy,

W_nlz+ 14
€ " 2R 954R
2x7? 70

= + = 0,196 + 0.466 = 0.662m
e =2%250 Fosvzm0
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lign
sts of straight sections known as grades, (or tangan; ,
f the vertical alignment therefore involves the Sel;gﬁu) 1
cn i

and the appropriate length of vertical curves, T
d traverses has a significant impact on the d&‘i.gn‘:f

nt of a highway consi
| curves. The design 0
r the tangent sections
rough which the roa

The vertical alignme
connected by vertica
of suitable grades fo
topography of the area th
the vertical alignment.

hange from one tangent grade to another sg thae
e highway. These curves are usually parabohc"."
lengths of vertical curves are therefore based o
curves that are classified as crestor sag o

o

202

Vertical curves are used to provide a gradual ¢
vehicles may run smoothly as they traverse th
shape. The expressions developed for minimum
the properties of a parabola. Figure illustrates vertical

PV1
1
I”
PVC -
l’,\' ;-i—— -5—-—-.-
fo—
TYPEI TYPEN
‘G’
\\
\\ —"’_
[ 4

TYPEII

(b) Sag vertical curves

Gy . G, = grades of Laneents (%
A = algebrak diference o
1. = lenath of vertical curve
II:VC = poinl of vertical curwe
’:'_Ir = paint of venical intersectica
. = point of wrtical
Figure: Types of Vertical Curves e

Length of Crest Vertical Curves

Provision of a minim
] um stopni : .
crest vertical curve, The PpIng sight distance (SSD)
. There . i _
are two possm!e scenarios t)hast zil(cjlnggni;‘;fg:mdused flor desi%;)oé:
e design length:

SSD is greater th
vertical curve. an the length of the vertical e and (2) oy
e SSD is less than the length of ¥
(<]
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L.

-—— o

L = kengthof vertical carve ()

S = sight distance (ML)

H, = heighl vf ¢ye abuve ruadway surface (n)
H. = beight of object above roadway surface ()
G) . Gy = gradvs of tangenls (%)

PVC = puint of wrtial cune

PVYT = point of vertical langent

Figure: Sight Distance on Crest Vertical Curve (S>1)

L = kengih of vertical curve (1)
i S = sight distance (M)

H, = hight of ¢ye above roadway surface (11)

1, = eight of object above roadway surface (1)

G, . GGy = grades of vangeats (%)

PVC = puint of vertical canve

PVT = puint of vertical langeat

Figure: Sight Distance on Crest Vertical Curve (<L)
When the sight distance is greater than the length of the crest vertical curve,
The minimum length of the vertical curve '
200 (JH, +yH

Linin = 25— ( 1; 2 (for S > L)

e that the height Hi of the driver is 3.75 ft, and the height of the
object is 0.5 ft. Due to the increasing number of compact automobiles on the nation’s highways,
the height of the driver’s eye is now assumed to be 3.5 ft, and the object height, considered to be
the tailight of a passenger car, is 2.0 ft Under these assumptions, Eq. can be writtenas -

2158
(forS > L)

Lingn = 25 -
A
When the sight distance is less than the length of the crest vertical curve, the minimum length of

the vertical curveis
AS?

bmin = 200 (V/H; +Hz) |
Substituting 3.5 ft for H1 and 2.0 ft for H3, Eq. can be written as

It had been the practice to assum

(forS <L)

DESIGN INTEGRITY, Call: 01633905761
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AS?

[on == (forS <L)

. 2158 ; 3% radewitha D2V prade at asoec;

. i  eal eistobe Jesigned tojoin a+3%Rr. it i (h-‘)i e w“‘ :ction

Question: A crest verticll el - © By inimum lenpth of the curve : duesii speet of the
highwayv. Deternune t \ction time of 2.5 sec. The deceleration rate for

of a two-lane
highway is 60 mi/
braking (@) is 11.2

h.S<Landa perception-Te:

ft /secd. (SFGL = 2021)

ot S e value for G ol 3%
Since the grade changes constantlyona vertical curve, the wWo! sL-case Ve s ol s s used 1o
determine the braking distance. 2
v? - =598.11t
S=1.47Vt+-———————=1.47x60x2.5+ 112 2
= 30 (337790 )

30 (:q- -G
The minimum length of the vertical curve,

A=+3-(-2)=5
3 AS? _5;:59:3.12
Lmn = 3758~ ~ 2158

Question: An existing vertical curve on a hi
length of the curve is 275 ft, what is the max
posted if 5 mph increments are used? Assume d
and that S < L. (BUET M.5c.—2013)

Determine the SSD using the length of the curve T

A=+44—(~44) =88

=8288ft

ghway joins a + 4.4% grade with a - 4.4% grade. Ifthe
imum safe speed on this curve? What speed should be
=11.2 ft /sec2, perception-reaction time = 2.5sec,

_AS?
Lmin = 7158
88x52
i 2158
§ = 259.69 ft

Determine the maximum safe speed for this sight distance using the equation for $SD

259.69 = 147x25xV + Ve

11.2
30 (375 ~ 0.044
r 322
Which yields the quadratic equation )

VZ+3350V —2367.02 =0

Solving the equation, th '
» the maximum safe speed, v
¥V =347 mi/h

The maximum safe s
peed for
posted to satisfy this b an SSD of 253.69 ftis therefore 34.7 i /h. 1f a speed lim! is b

N

Scanned with CamScanner




W\ cutival Cuaxes OVMBS uniQ)

! .;v \.\-o:".u abeanves used mchighway may be classified into two categories:
\;x SHEMLAUIVES o erest curves with convexity upwards

M Vadley or sag curves with concavity upwards

Line of sight

--.b:

Length ofsummit curve for slopping sight distance (SSD)
(i) When L > 5;51): The general equation for length L of the pai'abolic curveis given by:
NS .

- (VIH + v2h)?
b Here, L = length of summit curve, m
'»
H
'
b
|
|
!
i

L=

§ = Stopping sight distance, (SSD), m 5 :

N = Deviation angle, equal to algebraic difference in grades, radians or tangent of the deviation
angle. .

H = Height of eye level of driver above roadway surface, m

h = height of subject above the pavement surface, m
The value of H, the height of driver’s eye above roadway surface is taken as 1.2 min. The height of

object h’above the pavement surface for the purpose of safe stopping distance is taken as 0,15 m

as per the IRC standard. Substituting these values in equation, the length of summit curve is

obtained as:
_ NS?
T

(ii) When L< SSD: The general equation for the len

less than the sight distance is given by:

( VZH + V2h)?

gth of the parabolic summit curve, when it is

Here the description for L, S, N, H and h are the same. By substituting the values of H= 1.2 mand

h = 0.15 m the length of the curve is obtained as,

T
B v

ummummmmﬂgmﬂimnﬂmgmmﬂﬂmmﬂmmumml
t n this case, the value of Hand

i ! inthi Iso. Buti
i) WhenL > S: The same general is applicable in this case also.
I g\%oth are taken equal to 1.2 m. Substituting h= H in the equation,

; DESIGN INTEGRITY, Call: 01633905761
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NS* )
.z i ' aken
. i the height of the approaching objectare t
The height of the eye lave! of the driver as \_vell as g obe  rface
as f..l.’ . subsgreting the value of H, the height of eye level of driver above the pavetﬂglltr s

equal 0 1.2 ™M
. NSt
d = —

9.6 .
Here, L = the lengzh of parabolic surnmit curve, .
fthe deviation angle,

¥ = Deviaticr angle, radians or tangent 0
S = overmking or intermnediaze sight distance. (OSD /1SD)

(i) When L <S: When L s less than 0SD/ISD,
8

L=25S——F
N _ _
Here again stbstitutng the value of H as 1.2 m, the equation reducesto,

96
L=25-—+

N 2
dignts

Coa e
the intersection of two gradienis

Question: A verrical summit curve is formed at n ot 7
t Design the length of summit curve to provide astopping sight distance for a aegigh

percen
of 80 kmph. Assume other data.
Solution:

VZ

SSp=0278Vt+ 7547
de of the summit and descending gradient on the other

As there is ascending gradient on one si
side, the effect of gradients on the SSD is assumed to get compensated and hence ignored in the

calculations,
Assuming t = 2.

5sec and £ = 0.35 for ¥ = 80 kmph

go? -
=0278x80x 25+ —_—=127.6
SsD =0.278x80x S-r- 254 %035 2

Deviation angle, N = 0.03 — (—0.05) = 0.08

s NS? _ 0.08x 127.6% =29

=33 .._; Y =296.03m > 128 m

Therefore lergth of summit curve = 298 m

Qum(m An ascending gradient of 1 in 100 meets a descending i i i
. ' gradient of 1 in 120. A surmmit

curve is to be designed for a speed of 80 kmph so as to have an overtaking sight distance of 470 m

Solution:

1
Ny = 4 =— o e —
1700 ™ = 120

— — —

_1 ¢ 1y 1
100 120)‘7{03

s, INTEGRITY, Call: 01633905761
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 1fL>0SD, length of suminit curve,

T

N §2 11 x 470%
—__—-—’_

L="55 _ 600x9.6 =422

m

As this value is less than OSD of 470 m, assume L less than OSD.

1If L <O0SD, length of summit curve,

9.6 9.6
L =zs——ﬁ—=2x47o-__"_939=415.4mz417m

11

This value is less than 470 m.

Therefore, the length of sum

mit curve = 417 m.
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Vehicle characteristics:

»  Static Characteristics:
e Axle Load
e Width
e Length
e Height

* Dynamic characteristics:
e Speed: It effects
e Acceleration / deceleration

Road user characteristics: Factors affecting road user’s characteristics,

* Physical factor
* Mental factor
* Psychological factor

Question: A vehicle travelling at 40 kmph was stopped within 1.8 seconds after the application of
the brakes. Determine the average skid resistance. :

Solution;
40
Initial speed, u = 35" 11.11 m/sec
11.11
V=u+at,a T T 6.17 m/sec?
w
Force, F=ma =Wf=Ta
6.17

- a — —
Average skid resistance, f = 798" 0.63

Question: A vehicle moving at 40 kmph speed was stopped by applying the brake and the length
of skid mark was 12.2 m. If the average skid resistance of the pavement is known to be 0.7,

determine the brake efficiency of the test vehicle.
o 40
Initial speed, u = 35" 11.11m/sec, L = 12.2 m,f =0.70

Average skid resistance developed f’ = v? 11.112
g Istance developed f’ = 751 . T i 0516

100" 100x0.516

Brake efficiency, % = =
'i . ," f 0'7 73-7%
o BN

“ '
B L ' ?

‘~ -':;;- “ it ;\"\q: ..,x,;- »‘" :,
\ Qqh’ﬂf"@kd“”ﬁicklw Call: 0163390576
g EDUATICAN R PPN

1]
g Ny

.-

v
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g Theoretical maximum capacity from space headway
» - D

! Traffic volume per lane = Density per lane x Space mean speed

|

1
Traffic volume per lane (q) = Space headway x Space mean speed

Theoretical maximum or basic capacity of a single lane may be made from the reiation:
1000V
S
C = capacity of a single lane, vehicle per hour

V = speed, kmph
S = Average centre to centre spacing of vehicles, m

The minimum space gap Sg is givenby:Sp =Vt = 0278Vt m
Where v and V are average speeds in m/sec and kmph

The minimum space headway S in a traffic stream is therefore equal to the minimum space g3p
plus average length of vehicle Lin the stream,

§=5,+L=0278Vt+L

o In a stream flow, as the driver of the following vehicle is quite alert, the average reaction time is
> found to be low; this value is often assumed to be 0.70 to 0.75 sec. If the value of reaction time has
assumed as 0.7 sec. in the empirical relation for spacing i.e.5 = (07 v+Ll)= (0.2V + L),m

N

T

Theoretical maximum from time headway

1
Volume = o T headway
¢ : 1
Max theoretical capacity = G yime headway (sec/veh)
T 3600 _ 3600
Max theoretica c.apaCll’y = Minimum time headway in sec T He

3600
If the minimum time headway H, is knoWN, Gmax =
14

Where gmax is the capacity in vehicles per hour and H, is the minimum time headway in seconds.

AW
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Question: Estumate the theoretical capacity of a tralfic lane with I
speed of 40 kmph. Assume the average space gap between vehiclesto fol 00 = gec; asSume
Vt where Vis the stream speed in kmph, tisthe average reactionime =07 '

length of vehicles = 5.0m.

Solution;

V=40kmph: ¢t = 0.7sec. L =50m

$=02"8Vet+L=0278x40x0.7+5 = 12.78

1 r .
000V _ 1000)\4(): 3130vehic]€5/h0urﬁane

Theeretical capacity, ¢ =

s 1278
v ve Volu '
g =KXt iod of tir=
Wh;re[ q = the average volume of vehicles passing a point during a specified peniod OF H-=
vehicles perh .
( per hour) given inste=<

K= the average density or number of vehicles occupyinga unit length ofroadway ata
(vehicles/km)
s = space-mean speed of vehicles in a unit roadway length (kmph)

. q (vehicles/hour)
K (vehicles/km) =
{ ' Vs (kmph)
_hK
Qmax = 2

Jam density (max density) space mean speed will be zero because vehicles will be in stand s=.
conditions. When density zero there is no vehicle on road, the speed will be maximum called f-z=

mean speed. Relation between speed and density is,

| 4
We know, V; = ¥, —-LK
]

We know, Traffic volume (q) = Space mean speed (V;) x density (k)

s
q—V,B— K/
To find density at maximum flow (volume)
dg
—_—=0
dK
“r ¥
[ p2
d[VK——.—K]:O
f 4 1\1
2Ve K
v, ——L==
Kj
K.
'
K 2

Thus maximum flow (volume) will occur at density equal to half of jam density

DESIGN INTEGRITY, Call: 0163399576,
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» To find speed at maximum flow (volume)

dq_

dK ~

d{VK K’Vgl-o
sy Vf
2K:V

K]— 1= -

Ve

Y

Ve -—2—

Thus for maximum volume speed should be half of free mean speed.

To find maximum fAow

K:
Maximum flow will occur at X = 7’
V,
_ [ 2
=V, K- L
g =V(ﬁ)_ﬁ(ﬂ)z="f’\'i_vr’(i___"f"'i
max T \2) K \2 2 4 4
b4
v Yy t
= | L
i :
b denslty (k) bm " ! air

flow, Q ———p-

Example: The free mean speed on a roadway is found to be 80 kmph. Under stopped condition
the average spacing between vehicles is 6.9 m. determine the capacity flow.

Solution:

Free mean speed Vy; = 80 kmph

100

0
Jam density K; = oo = 145 vehicles/km (per lane)

80 x 145

l Maximum flow gpay = = 290 vehicles/hour (per lane)

\...4:

DESIGN INTEGRITY, Call: 01633905761
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Vool
’ lowi ondition. /
2 ) de’erminethe folowingc /

Question In speed density relationship Vs = 65 (1 ~116 DESCO - 2015)

eire and capadity-
G Flow densiny and flow speed (i) free flow: jam density and ¢3P
Solutleny
K
Weknow V=V, [ 1=
o ( A)

Considenng Vis in km,/hour, from equation, L
free flow ¥y = 65 km/hour and jam density K; = 116 vehicle/ho

. dq
For maximum value of q.-‘-i-}z =
dq ;
—=65-112K=0
aR
- K = 568.03 vehicle/km = flow density
V. 65
Flow speed.V = —2'- u = 32,5 km/hr
Capacity,q = K V;, = 58.03 x32.5 = 1885.97 vehicle/hour

Oor

Considering V is in km/hour
K
q=KV=K (1-——) = 65 K — 0.56 K2

116 f'_
If q=0,65K—056K2=0
K (65-056K) =0 . ¥
K = 0,116.07 vehicle/km = jam density

dq
For maximum value ofq.d—x =0

fq _65-112K=0
an

K = 58.03 vehicle/km = density at maximum capacity
Maximum capacity, Gma, = 65x 58.03 — 0.56 x 58.032 = 1B86.16 vehicle /hour

K
At K = 0,Maximum speed V; = 65 (1 —1—1_5) = 65 km/hour

58.03
Speed at maximum capacity ¥; = 65 (1 _Tl?) =32.48 km/hour

Question: What are the four steps of transportation planning?

(BUET M.sc —2013)
The four stages transportation planning are given below,
. Trip Generation
. Trip Distribution
. Modal Split
. Traffic Assignment

DESIGN INTEGRITY, Cajj. 0163390576,
132
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;4 Question: What is the theoretical relationship between speed, density and volume for a highway?
" (WASA -2017,DTCA - 2018, BWDB — 2019, BCIC - 2019)

Solution:

Speed, flow and densj
speed, density, and flo
¢ =K

Where, g = Flow (vehicles/hour)

Vs = Speed (miles/hour, kilometer’s/hour) '

K = Density (vehicles/mile, vehicles/kilometer)

ty are all related to each other. Under uninterrupted flow conditions,
ware all related by the following equation:

The relationship between these parameters of the flow may be derived as follows. Consider a short

section of highway of length L in which N vehicles passa point in the section during a time interval
T, all the vehicles travelling in the same direction.

The volume flowing @ = N /T

average no. of vehicles travelling over L
The density D = g .

L
The average number of vehicles travelling over L is given by
N
D N F
>,: =1
- T f
Where t is the time of travel of the it vehicle over the length L; then
N N
Z T
p=L1_ [ =
L
N
l z fy
N =)
Densi Flow
ensity =
nsiy Space mean speed
& ? Optimum Speed (v,) “‘“
| SR
vy l -
>
i o i ] (o e sovwy: “on B[
z zZ I 3
= 2 < |
4 Vo b e 2 ' v )
F = | !
| |
l ; I 1N ‘h'-
»~ | ij e A ke , Flow (q)
K Vebicle Densiny (k) - Vobicle Doy (i) .
—

DESIGN INTEGRITY, Call: 01633905761
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/
i im: ; eed at point where the density
{ Question: Draw flow density relation curve. Esnmdt;ec%li nzxgazr;) )sp ¢ p
is 175 vehicle/mile and flow is 10000 vehicle/hr. (E
! Solutjon:
Sy

g z
E So[------- : = j

4 E : \\ §. i ’/- :
s : \‘\ ) —_".J:':::'-:'-f ::/bj !

0 Do Dj 0 Vm |
Density {vehimlin) Fiow (vehh/n) ™
’. N
i‘ 5
V| = 84 = =5l
3 4 . : \
é ¢ ‘o ' Legend
o ! o ' \
z H ' \ — -— Oversaturated flow
ol 1 e
it ; \
0 D, Dj
Density (veh/mUn)

Weknow,q = K |;
V. = q/K = 10000/175 = 57.14 mile/hour

B e U TR

. Question: Draw transportation & Land use flow diagram. (BUET M.Sc.~2011)
: Solution:

‘ . [*> Changed land use
. ( Increased land Value ) (Increased trip generat\on)

4

Increased accessibility

Greater traffic needs

Added transportation facilities

Figure: Transportation & Land use flow diagram

pESlGN INTEGRITY, Call; 01633905761
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#‘ ' q!\l.'l.'n SI.”DY

‘ . . = : ' ringa
Elow: Flow (g) is the equivalent hourly rate at which vehicles pass a point on a highway during

rere ~omiod less than 1 hour, It can be determined by:

= x 3000
c= - veh/h

I .
| \Where, n = the number of vehicles passing a point in the roadway in T scc
] g = the equivalent hourly flow

Density: Density (k), sometimes referred to as concentration, is the number of vehicles traveling

over a unit length of highway at an instant in time (veh/mi).

‘ speed: Speed (u) is the distance traveled by a vehicle during a unit of time. It can be expr essed
ﬁ in miles per hour {mi/h), kilometers per hour (km/h).
‘ Spot Speed: Spot speed is the instantaneous speed of a vehicleat a specified location. Spot speed

can be used to design the geometry of road like horizontal and vertical curves, super elevation etc.
Location and size of signs, design of signals, safe speed, and speed zone determination, require the

spot speed data.

Average running speed: Running speed is the average speed maintained by a vehicle overa
given course while the vehicle is in motion. '

»_} = Time mean speed: Time mean speed (V;) is the arithmetic mean of the speeds of vehicles passing
a point on a highway during an interval of time.

Time mean speed, V; = N

Where, n = number of vehicles passing a point in the highway
U = speed of the i vehicle (ft/sec)

Space mean speed: Space mean speed (V) is the harmonic mean of the speeds of vehicles passing
a point on a highway during an interval of time.

Space mean speed,V; = —3

Where, U = space mean speed (ft /sec)
n = number of vehicles

Time Headway: Time headway (h)is the difference between the time the front of 2 vehiclearrives
at a point on the highway and the time the front of the next vehicle arrives at that same point. Time

headway is usually expressed in seconds.

Space Headways: Space headway (d) is the distance between the front of a vehicle and the front
of the following vehicle and is usually expressed in feet.

DESIGN INTEGRITY, Calk: 01633905761
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£
4
¥ .
.
.
| o 1 km were 1.6,1.2, 15 &,
‘ icles for rravelling 1 012,158 17 .
.' , equired by 4 VeiC — 2017 Minuge
S ot s 05
i respectively. Fin
2
,' Solution:
- =_11,’:5,1'.’.209= 10,416 m/s
x
; ) = 0,80 m/S
! imilarly, Uy = 1388 m/s Uy = 1111 m/s, Uy = 980/ 0,80
sU 10416+1388+ 1111+ 980 _ 1130
Time mean speed, Ve = N = 4
4
‘ | 4 =110 m/s
| : spacemeanspeed 6 =—"T= "1 1 i)
‘ 54 oae tT3m Tl 080

r the values of 55, 60, 45, 95 and 60 mile/hr. %

I ' Question: Find space and time mean speed fo
(TGTDCL — 2018)

Zvu 554+ 60+45+95+60 _ . ‘
Time mean speed, V¢ = = : z — 63 .ml!f:/hr.
= I 1 =.59.34 mile/hr.

Spacemeanspeed,V,= T=T 1 T 1
Iy st tsi BT

N i 4 '\'.:5- ;'\'N ) .
i Question: Find the Time mean speed and space meggspeed from the following data.
Time (sec) 20 8 |- 21-. ] 16 20 20
; Distance (m) 300 300 300 300 300 300
(NPCBL—2019,BCIC—2019) i . '

300 N
U1=—26'= 15m[s

Similarly, U, = 16.66 m/s, Uy = 14.28 m/s, U, = 18.75 m/s,Us = 15 m/s,Ug = 15m/s

.ok meah speed,Vy = ENU = 15 + 16.66 + 14.286 +18.75+15+15

6

=15.78 m/s

= 15.65 m/s

Spa’ce méan speed;V, = Nl = 1 1 1
! . L
! Ly mtueatnstent s
i tion: ilding i . . |
i dq::::gi?:l‘egfgxivggfﬁqe building 1s,expected to add 800 pedestrians per hour at its 15’ sidewa“‘
minutes. The sidewlk already has a flow 1400 pedestrians during the peak
ot

period. Around 3' :
nd 3' of the width of the sidewalk is used for light posts and other obstruct®

Determine the new flo
wrate and . : .
(PGCL — 2014, SGFCL — 2017, By maA nianzx}) tI}:)e) unit measurement.

O SRS

S ‘ESIGN INTEGRITY, Call: 01633905761
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Sidewalk width = 15’

Effective walking width = 15' =3 = 12’
v _ 1400 + 800

tW, 10x12

Question: Define the term " traffic volume”. Explain the different methods for carrying out traffic
volume studies. (34th BCS)

Solution:

Traffic volume is defined as the number of vehicles (or persons) that pass a point on a
transportation facility during a specified time period, which is usually one hour. Traffic volume
studies are conducted to determine the number, movements, and classifications of roadway
vehicles at a given location. Two methods are available for conducting traffic volume counts: (1)
manual and (2) automatic. Manual counts are typically used to gather data for determination of
vehicle classification, turning movements, direction of travel, and vehicle occupancy.

Avg.flowrate, q = = 18.33 pedestrians /min/ft.

Manual Count Method: Most applications of manual counts require small samples of data at any
given location. Manual counts are rarely used when the effort and expense of automated
equipment are not justified. Manual counts are necessary when automated equipment is not
available. Manual counts are typically used for period of less than a day. Normal intervals for a

v manual count are 5, 10, or 15 minutes. Traffic counts during a rush hour of Monday morning and
Friday evening rush hours shows exceptionally high volumes and is not normally used inanalysis;
therefore, counts are usually conducted on Tuesday, Wednesday, or Thursday.

Automatic Count Method: The automatic count method provides a means for gathering large
amounts of traffic data. Automatic counts are usually taken in 1-hour interval for each 24-hour
period. The counts extend for a week, month, or year. When the counts are recorded for each 24-
hour time period, the peak flow period can be identified. Automatic counts are recorded using one
of three methods: portable counters, permanent counters and videotape.

r——

Average Daily Traffic (ADT) is defined as the average number of vehicles passing a specified
point during a 24 hour period.

Annual average daily traffic (4ADT) is defined as the total traffic volume of vehicle on
a highway or road for the period of one year divided by 365 days. AADT is a useful and simple

measurement of how busy a road is.
" Total traffic volume for 1 year
365 days

Hourly Expansion Factors (HEF) are based on the average hourly distribution ofthe traffic flow
for the 24 hour period over the extended time.

Total volume for 24 hour period
. ~» HEF =

AADT =

Volume for particular hour

ﬁ DEF = Daily Expansion Factor
| DESIGN INTEGRITY, Call: 01633905761
137

Scanned with CamScanner



tion.
e of 2401 dura
| i .Kly volume from courits ©
[r ] These factors are used to determine WC€ y , 1
' Average weekly volume '
HREES Average volume for particular day
' i ion.
y MEF = Monthly Expansion Factor from counts of month duratio
These factors are used to determine annual V(%_h"“e
MEF = Average Annual Daily Traffic (AADT)
; - rticular month . .
1 Ao forparte fic volume that 1S determined by

; . y trafl

Desi \ DHV): The DHV is a two-way . allv range from 8to 12%
: m‘:n?:igpr;yg(g:}:e :l;gr:; a(percgltage called the l?‘.factor. values forK typically rang 0
for urban facilities and 12 to 18% for rural facilities.

Design Hourly Volume (DHV) = K x AADT ‘ |
DHV): The directional design hour volume is the one-way

volume in the predominant direction of travel in the design hour, e{(pre_sse? z:;:rp(e 5():8!2?::50;-?,:
two-way DHV. For rural and suburban roads, the directional distribution '3

55 to 80 percent. A factor of approximately 50 percent is used for Wbaﬂ highways.

Directional design hour volume (DDHV) = K xDx AADT

Directional design hour volume (D

K = Ratio of the two way design hourly volume to the two way AADT = AADT

D = Ratio of design hourly volume in major direction to the two way design hourly volume

Question: Define ADTand AADT. (37thBCS) -~~~
Solution: - 5

Average Daily Traffic (ADT) is defined as the average number of vehicles passing a spedified
point during a 24 hour period. Sy

Annual average daily ‘traffic (AADT) is defined as the total traffic v i

: ) olume of vehicle on
a highway or road for the period of one year divided by 36 i i
measurement of how busy a road is. ed by 365 days. AADT is a useful and simple
Total traffic volume for 1 year

365 days

AADT =

128

NNy ~e.

Scanned with CamScanner



)

o
\ps' Table 4.5 Hourly Expansion Factors for a Rural Primary Road

Hour Volume  HEF Hour Volume HEF
6:00-7:00 a.m. 294 42.00 6:00 -7:00 p.m. 780 16.62
7:00-8.00 a.m. 126 29.00 7:00-8:00 p.m. 706 17.49
$:00-9:00 a.m. S&0) 22.08 8:00-9:00 p.m. &6 2038
9:00-10:00 a.m. 657 18.80 9:00-10:00 p.m. 489 25.26

10:00-11:00am. 722 17.10 10:00-11:00pm. 3% 31.19
11:00-12:00 p.m. 667 18.52 11:00-12:00 a.m. 360 H31
12:00-1:00 p.m. 660 18.71 12:00-1:00 a.m. 241 51.24
1:00-2:00 p.m. 739 16.71 1:00-2:00 a.m. 130 §2.33
2:00-3:00 p.m. 832 14.84 2:00-3:00 a.m. 100 123.50
3:00-4:00 p.m. 836 14.77 3:00-4:00 a.m. % 13722
4:00-5:00 p.m. 961 12.85 4:00-5:00a.m. 86 143.60
5:00-6:00 p.m. 892 13.85 5:00-6:00 a.m. 137 00.14
Total daily volume = 12.350.
Table 4.6 Daily Expansion Factors for 3 Rural Primary Road
Day of Week Volume DEF
Sunday 7895 9.515
Monday 10,714 7012
Tuesday 972 1.727
Wednesday 11,413 6.582
Thursday 10,714 7.012
Friday 13,125 5.724
Saturday 11,539 6.510
Total weekly volume = 75,122.
Table 4.7 Monthly Expansion Factors for a Rural Primary Road
Month ADT MEF
January 1350 1.756
February 1200 1.975
March 1450 1.635
April 1600 1.481
May 1700 1.3
June 2500 0.948
July 4100 0.578
August 4550 0521
September 3750 0.632
Oclober 2500 0.948
November 2000 l.lifS
December 1750 1354
Total yearly volume = 28.450.
Mean average daily volume = 2370.
DESIGN INTEGRITY, Call: 01633905761
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termineé th "
d needshtg‘:: in Tables 45,468
ih of May. Determineé

Question: A traffic engineer urgently ne
has the volume distribution characteristicS
shown below on a Tuesday during the mon

Hour
7:00 - 8:00 a.m.
8:00 - 9:00 a.m.
9:00 - 10:00 a.m.
10:00-11:00 a.m.
11:00-12:00 a.m.

Solution;

Estimate 24 hour volume,
_ 400 x HEF1 + 535 x HEF2 + 650 x HEF3 + 710 x H

EF4 + 650 x HEF5

5
400 x 29 + 535x 22.05 + 650 x 18.80 + 710x 17.10 + 650 x 18.52
5

= 11959 pcu
Adjust the 24 — hr volume for Tuesday to an average volume for the week

Total 7 — day volume = 11959 x 7.727 = 92407.2
92407.2

Average 24 hour volume = 7= 13701 Pcu
Since the data were collected in May, MEF for May month = 1.394
" AADT

t i A = e—
Monthly expansion factor, MEF DT

AADT = MEF x ADT = 1.394 x 13201 = 18402 Pcu

Question: In a place number of vehicle passes p

er hour is shown in i
factor is 42 then find daily ADT? (PGCB - 2019) the table. f hourly expansion

Vehn;;l: sgrpe PCU ;actor. Flow (vehicle/ hour)
Car, jeep 1 -
Micro, Taxi 0.5 263
NMT 0.5 25
Motorcycle 0.1 48
43
Solutjon;
Volume = 41x3 +263x 1 +55x0.5+0.5x48+0.1x43 =
Hourly expansion factor. HEF = 47 = 4418 vehicle /hour
Average Daily Traffic =

Volume for Particular hy HEF
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M tone
Y Question: A four lane two way road ADT is 4000 and commercial vehicle is 45%. Determine the
{ number of vehicle in one way road.
l o
| Number of vehicle = ig(m;ﬁ =900
Re.ak.ho.ur_mmufﬂﬂ. A measure of the variability of demand during the peak hour. It is the
ra.tlr(:.of the volume during the peak hour to the maximum rate of flow during a given time period
within the peak hour. For intersections, the time period used is 15 min, and the PHF isgiven as
PHF = Volume during peak hour
4 x volume during peak 15 minute within peak hour
t  The PHF may be used in signal timing design to compensate for the possibility that péak arrival
rates for short periods during the peak hour may be much higher than the average for the full hour.
Design hourly volume (DHV) can then be obtained as i R x
P .
DHV = eak hour volume
PHF A
Question: The table below shows 15 minute volume counts during the peak hour on an approach
of an intersection. Determine the PHF and the design hourly volume of the approach.
X Time volume n
% | 6:00- 6:15 p.m. 375
r 6:15 - 6:30 p.m. 380 ‘
6:30 - 6:45 p.m. 412 e
, 6:45 - 7:00 p.m. 390 '
l Total volume during peak hour = 375 + 380 + 412 + 390 = 1557
;{ Volume during peak 15 min = 412
i " Volume during peak hour = _}_5_51. = 0.945
PHES 4 x volume during peak 15 minute within peak hour 4 x412
Peak hour volume _ 1557
e = ——= 1648
DHY == PHF 0.945
v
i i 3905761
? DESIGN ]NTEGR]TY' call: 0163
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2
./’J/:
9, 4.1and 4.5%. Find
: Question: CBR value found of 10kms length as 3.8, 2.8, 32, 4.3.2.8_, _4.7. 43,394
/( the average CBR, standard deviation, CBR at 50% and 85% reliability.
(BWDB — 2014, BPDB - 2016, CPGCBL — 2018)
Solution; Percentile | Z .
gg=™ 2.32
Average CBR, x = & = 3.84 97.5" 1.86
n g5M 1.645
o—— 90" 1.282
Standard deviation, Sq = JM = 0.687 75™ 0.675
n-1 50 0
gs™ 1.04

CBRat 50th reliability, XSO =XxX- st =3.84-0=3.84
CBRat 85th reliability, Xgs = - Z S, = 3.84 — 1.04 x 0.687 = 3

Question: CBR value found of 10 km lengthas 3.8, 2.8, 3.2, 43 2.8, 4.7, 4.3, 3.9, 4.1 and 4.5%. Find
the average CBR, standard deviation, CBR at 50% and 90% reliability. (PGCB — 2018)

. T x ] ’ Percentile | Z
Average CBR, X = e = 3.84 B, ; ggth 2.326
Y ' 97.5* 1.96
I _ |20y — X)? , g5t 1.645
Standard deviation, §; = =1 - 0.687 | : 505 1.287
CBRat 50th reliability, Xso = %~ Z S; = 3.84 -0 = 3.84 ;05: 3'675
CBRat 85th reliability, Xps = £ - Z5; = 3.84 — 1.282x0.687 =2.96 [ g5® 1.04

Question: What are the different causes of traffic accidents? Explain various measures that may
be taken to prevent accident? (40th BCS)

Solutjon:

Causes of traffic accidents

1. Over-speeding or driving in excess of prescribed speed limits.

2. Drunken driving or driving under the influence of drugs.

3. Use of mobile phones or ear phones while driving/crossing the road.
4. Violation of road signs, signals, traffic lights and road safety rules

5. Avoiding Safety Gears like Seat belts and Helmets

6. Insufficient driver knowledge

7. Bad Weather

8. Defective Automobiles

Measures that may be taken to prevent accident are given below:

DESIGN INTEGRITY, Call: 01633905761
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$’- Develop the right attitude about driving. Many teen auto accidents are a result of attitude and

maturity, not skills or knowledge. Make a commitment to yourself to practice a responsible
attitude about driving.

Always wear your safety belt. Get into the habit of wearing a safety belt whenever you arein a
car, whether as a driver or a passenger - no exceptions.

. Underage dl'iﬂk.ing and drug use is illegal. Even if you've consumed only one drink or smoked
one joint, there is a chemical effect on your brain that can impair judgment and reaction time.

?;'iving under the influence of alcohol, marijuana or other drugs can cost you your license - or your
ife. _

Train for poar weather conditions. Even when you begin to feel confident driving on dry
pavement, it's best to avoid driving in bad weather conditions unsupervised. Keep it simple at first,

and get as much supervised practice driving in poor weather as you can before trying it on your
own.

fjell -phom.as are for emergency use only on the road. One of the worst habits anyone can get
into is talking on a cell phone while driving. Keep a cell phone with you in the car for emergency
situations only. If you have to use a cell phone, pull safely over to the side of the road.

Drive a safe vehicle. If you are thinking of getri;hg?your own car, look for one with high safety
ratings. Avoid small cars, trucks or sport utility vehicles. .

Drowsy Driving: Driving exhausted isn’t talkéa about a lot, but is about as dangerous as driving
under the influence. Most of the car accidents caused by drowsy driving occur at night.

Improper Turns: The reason that we have stop lights, turn signals, and lanes designated for
moving either right or left as opposed to straight is to guide drivers. When drivers ignore these
guides, car accidents are often the result. To prevent a car accident, always look for signs and obey
the proper right-of-way before you make a turn.

Question: Write down some reasons why road accident occurs? (EED — 2019)
S l !. . . "ol A .

Reasons for the traffic accidents:

1. Over-speeding or driving in excess of prescribed speed limits.
2. Drunken driving or driving under the influence of drugs.
3. Use of mobile phones or ear phones while driving/crossing the road.
4. Violation of road signs, signals, traffic lights and road safety rules
5. Avoiding Safety Gears like Seat belts and Helmets
6. Insufficient driver knowledge
7. Bad Weather
» 8. Defective Automobiles

DESIGN INTEGRITY, Call: 01633905761
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The rate per million of entering vehicles (RMEVs) is the number of crashes per million vehicles
entering the study location during the study period.

Ax1,000,000
RMEV =—

Where, RMEV = crash rate per million entering vehicles.
A = number of crashes, total or by type occurring in a single year at the location.

V = average daily traffic (ADT) x 365
This rate is often used as a measure of crash rates at intersections.

Question: The number of all crashes recorded at an intersection in a year was 23 and the average
Determine the crash rate per million

24-hr volume entering from all approaches was 6500.
entering vehicles (RMEV).

Solution:
23 x 1,000,000
6500 x 365

The rate per 100 million vehicle miles (RMVM) is the number of crashesper 100 million vehicle
miles of travel. It is obtained from the expression:: '

Ax100,000,000
RMEV = VMT

A = number of crashes, total or by type at the study location, during a given period

VMT = vehicle miles of travel during the given period

= ADT x number of days in study period x length of road
This rate is often used as a measure of crash rates on a stretch of highway with similar traffic and

geometric characteristics.

Question: It is observed that 40 traffic crashes occurred on a 17.5 miles long section of highway

in one year. The ADT on the section was 5000 vehicles. ‘

(a) Determine the rate of total crashes per 100 million vehicle-miles.
Determine the rate of fatal crashes per 100 million vehicles-miles, if 5% of the crashes

involved fatalities. (DPDC — 2019)
s l I- (% o

RMEV = = 9.60 crashes/million entering vehicles. _ -

40 x 100,000,000

(a) RMVMy = 7.5 x 5000 % 365 = 125.24 crashes/100 million vehicle — miles

(b) RMVMg = 125.24 % 0.05 = 6.26 crashes/100 million vehicle — miles

DESIGN INTEGRITY, Call: 01633905761,
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W Crashes prevented = N x CR x

5’ N—

| Crashreduction capabilities are used to estim

_ A § . ate the expected reduction that will occur during a
given periodasaresult ofimplementing a Proposed countermeasure. Crash reduction capabilities
usually are expressed as crash reduction factors (CRFs) or crash modification factors (CMFs).

Crashes prevented = N x CR x ADT after improvement
T before improvement

Where, N = expected number of crashe
volume remains the same

CR = crash reduction factor for 3 specific countermeasure
ADT = average daily traffic

s if countermeasure is not implemented and if the traffic

Question: Thf’ CRF for a specific type of countermeasure is 30 percent; the ADT before
improvement is 7850 (average over three-year period) and the ADT after improvement = 9000.
Over the three-year period before the improvement period, the number of specific types of crashes
occurring per year are 12, 14, and 13. Use the following method to determine the expected
reduction in number of crashes occurring after the implementation of the countermeasure.

Solution;
Average number of crashes/year = 13

ADT after improvement
ADT before improvement
_13x0.30x9000
- 7850

= 4.47 (4 crashes)
Crashreduction factor
CR=CR;+ (1= CR)CR,+(1— CRy) (1= CR)CR3+... +(1— CRy)...(1 = CRp_y) CRyy

CR = overall crash reduction factor for multiple mutually exclusive improvements at a single site
CR; =crash reduction factor for a specific countermeasure i
m = number of countermeasures at the site

Question: At a single location, three countermeasures with CRs of 40%, 28%, and 20% are
proposed. Determine the overall CRF if all countermeasures are used.

Solutjon;

CRl = 0-40
CR, = 0.28
CR; = 0.20

CR=CR, +(1—-CR,) CR, + (1— CRy) (1- CR;) CR;

¥ CR=0.4+(1-0.4)0.28+ (1-0.4) (1-0.28) 0.2=0.66

N~ RS S S S

DESIGN INTEGRITY, Call: 01633905761
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YN AN O 567N TEGRITY, Cal: 01633905761

eated by the increasingroad wraffic. Itis
space in urban areas has increased

| business district

m Parking is one of the major problems that s cr
an impact of transport development. The availability of less
the demand for parking space especially in areas like Centra

Parking index: Parking index is also called occupancy or efﬁciency: Itis deﬁqed as the ratio of
number of bays occupied in a time duration to the total space available. It gives an aggregate

measure of how effectively the parking space is utilized.

Parking index = pal:klng load. 10D
parking capacity
On street parking

the street itself. Thiswilt be usually

i isted below.
elf. Common types of on-street parking are as liste .
the vehicles are parked with respect to the road
taken as 5 x 2.5 meters and that fora

On street parking means the vehiclesare parked onthe sides of

controlled by government agencies its
This classification is based on the angle in which _
alignment. As per IRC the standard dimensions of a car 1s

truck is 3.75 x 7.5 meters.
L

Nlustration of 45‘:-parking
e
—
25 )
[llustration of 90° parking

1

NI RN R C LA
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In many urban centres, some areas are exclusively allotted for parking which will be at some
distance away from the main stream of traffic. Such a parking is referred to as off street parking.

They may be operated by either public agencies or private firms. A typical layout of an off street
parking is shown in figure.

IR

( - Y " — = ENTRY
LIS
TTTTITITTTT
— — —_— _._EXIT

AW T

lllustration of off street parking

Question: Write the name of six equipment’s for cqns’trﬁt;tior'_l‘of highway. (BUET M. Sc. -2013)

| . V:""! -{‘..} .-.-‘.
;, The 6 equipment’s for construction of highway are given below,
Dump Truck F .:‘-?;-;;_: e
Excavator
Concrete mixer
Bulldozer
Front loader
Road roller

Truck crane LT, e =

S Y -
3 o

5

—

JE e ]
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ortati

pavement: A highway pavement is a structure consisting of superimposed layers of processed

materials above the natural soil sub-grade, whose : e 1
T hicle loads to the sub-grade. primary function is to distribute the applied

S T ™,

Requirements of a pavement: An ideal pavement should meet the following requirernents:

. Sufficient thickness to distribute the wheel load stresses to a safe value on the sub-grade soil.
»  Structurally strong to withstand all types of stresses imposed upon it

« Adequate coefficient of friction to prevent skidding of vehicles.

= Smooth surface to provide comfort to road users even at high speed.

« Produce least noise from moving vehicles. R

= Dust proof surface so that traffic safety is not impaired by reduciné visibility. -

« Impervious surface, so that sub-grade soil is well protected. -
« Long design life with low maintenance cost.

/Y
2

Types of Pavement , _

Pavement

4 ‘P } *

Flexible Pavement ' Rigid Pavement

Semi-Rigld Pavement

Question: Define flexible pavement apd rigid pavement. (ISTT — 2015)
SQI!lﬂnn. 3 . v ’

A flexible pavement is one that is made up of one or more layers of materials, the highest quality
material forming the top layer. Loads are transmitted tprqugh the layers, care being taken to
ensure that the stresses in each layer are within the permissible values and the stress on the sub-
grade is within its bearing. The flexible pavement layer transmnts.the vertical or compressive
stresses to the lower layer by grain to grain transfers through the points of contactin the graxTu\ar

structure.

*

igi | strength or beam action of the slab for withstanding
Arigid pavement depends upon the flexura gt o to transmit the e

the wheel load. Rigid pavements have sufficient flexural . . .
stresses to awider frearl))elow. The major contributor to theload- Rigid Pavement bearing capacty

. i i lower layer as in case
is the slab itself, The stresses are not transferred from grain to grain tothe ?
of flexible pavement layers. Rigid pavement is laid in slabs with steel reinforcement. Rigid

pavement is designed and analyzed by using the elastic theory.

DESIGN INTEGRITY, Call: 01633905761
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Methods of pavement design

; re:
Various methods used for designing flexible pavementa

e Asphalt institute method.

o AASHTO flexible pavement design method.
e Group index method (based on property of soil)
e California bearing ratio method.

e California resistance value method.

e Triaxial method.

e Burmister method.

e North Dakota cone test method.

Various methods used for designing rigid pavement are:

e Portland cement association method.
o AASHTO rigid pavement design method.
e IRC method.

Question: What is the right of way? Sketch the right of wa
(EED — 2015, ISTT — 2015) N

-~ ' ruct f the roadway. Its width
The right of way is the total land area acquired for the construction 0 ]

f the roadway cross section, any future
1d be enough to accommodate all the elements of tl :
\s/\}rlizgningeo?the foad and any public utility facilities that will be installed along the roadway.

yhn& its different parts.

]
—
Yt Right of way : !
|

i Roadway ——!margin

| -

—, margin
g +e— Carrlageway — 5
]

hd »
’ B A St DA
o e, e, S e 4 eyl Bttt e A
- |

S- shoulder
Question: National Highway @A & Corss-section o ¥ i RSW agrtar a1 Frgetl

(HED — 2017)

N
-

:

16.3

K l
l;g 3.0 0.6 7.3 0.6 3.0 09
—t- } i 1 gl | ] 1 I
Vege NAMViens [ | lL [ | NWLlam Veigs
/ Divider : Dwider \
<
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Ditch Y Sheulder
; Traveled way—s >

\IL Fores}cPe' L/ ‘E ., /

() A two-lane undivided roadway

Shoulders ]
Traveled way <«— Median—>._ Traveled way L
// TJ\.
€

(b) A two-lane divided roadway with raised median.

Question: What is right of way? State the factors goveming the land width of highway. (34th BCS)

The right of way is the total land area acquired for the construction of the roadway. Its width
should be enough to accommodate all the elements of the roadway cross section, any future
widening of the road and any public utility facilities that will be installed along the roadway. RoW
is the area of the road acquired for carriages way + other necessities + future extension, along its
alignment. - s

;: > Right of way '

'
: —_——='margin |- :
—! margin ,;_,__ Roadway

——»‘ s »-—— Carrageway — S

T

S- shoulder

Factors governing the land width of hlghway
= Topography of the area

* Designspeed

» Trafficloads

» Economy

DESIGN INTEGRITY, Call: 01633905761
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nt layers Of F

in differe
Question: Write Course & coats used in d

(BUET M. Sc.— 2011)
Solution; J Viscous cutbac 5

Prime Coat: Prime coat is an application 'onlmced. 1t provi sbon l:i% g
like granular bases on which binder layer is pid below, plugs the v ’
tack coat, prime coat penetrates into the ayer

surface. b raffic loads and generally

t
. in contact Wit = raded aspha
Surface course: Surface course is the layer dlrsgtul;’“‘y o sructed with dense 8 phalt

contains superior quality materials. They ar€ 22 T o are:
concrete (AC). The functions and requirements of this lay

. . ffi
» To provide resistance against wear and tear due t_° ttrt;e pressu
» To provide smooth and dense riding surface to resis
surface water infiltration.

en two layers. Unlike
d forms a water tight

c movements

re exerted by vehicle andto resist

cture. Its chief purpose is
Binder course: This layer provides the bdlk of the asphalt concrleltecs ;::;c:s of aggregates having
to distribute load to the base course. The binder course generally

less asphalt and doesn't require quality as high as the‘.sur_facle co}.;rs&

l'immédiately beneath the surface of binder

Base course: ourse is the layer of materia :
e il 4 d contributes to the sub-surface drainage.

course and it provides additional load djstribqtipn an

Tack Coat Seal Coat _; PrlmT coat
Surface Courss (25-50 mm)
Binder Courss {S0-100 mm) |
Base Course (100-300 mm)
Subbase Course (100-300 mm)

Compacted Subgrade {150-300 mm)

¥ Natural Subgrade

Sub-Base course: The sub-base course is the layer of material beneath the base course and the
primary functions are to pr9v1de structural support, improve drainage an i ion
of fines from the sub-grade in the pavement structure, ge, and reduce the intrusl
o Actasa support for base and wearing course
» To improve drainage condition.

rotect above layers from bad qualiti . )
“op g qualities from underlying sojls,

Sub-grade: The top soil or sub-grade isalayer of natyra) soil

the layers above. Itis essential that at no time soil sub prepared to receive the stresses from

gradeis overstresseq,
» To receive the stress generation from the aboye layers

+ To receive the materials of the above layers apng
actas a beddgip
g layer,

DESIGN INTEGRITY, Call: 0163390544
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solutioni
Typical layers of a conventiona] flex

binder course, prime coat, base ¢coyr
grade.

Write down the differen : -
ce between Prime coat, tack coat and seal coat. (GTCL - 2016)

ible ; _
" SSSVement includes seal coat, surface course, tack coat,
] ase course, compacted sub-grade, and natural sub-

Seal Coat: Seal coatis a thinsurfac
SeSismanice. etreatment used to water-proofthe surface and to provide skid

Tack Coat: Tack coat is a very light application of a
water. It provides proper bonding between two
uniformly cover the entire surface, and set very fast.

sphalt, usually asphalt emulsion diluted with
layers of binder course and must be thin,

Question: Write short notes on application of seal coats,
construction of flexible pavement, (30th BCS)

Solution:

Prime C-oat: Prime Coat is an application of bituminous materialsto a previously untreated base
or wearing surface. The bituminous material penetrates the surface and is generally completely
absorbed. A prime coat serves several definite purposes. )

I508 98 4558 %0 45
St LA LRI R LR LAIEL

prime coats and tack coats in the

3

580 48 09 B
LN K
) 1

Promotesbond or adhesion between base and surface.
b = Consolidate the surface to which new treatment is to be placed.
= Protect rise of capillary moisture into wearing surface.

Track Coat: Track Coat is single application of bituminous materials in an existing bituminous,
Portland cement concrete brick or block surface or base for adhesion between existing surface and
newly constructed bituminous surface.

Seal coat: Seal Coat is the application of bituminous materials at the top the wearing surface to
seal the surface and make it water proof. Seal coats are appliedasa final step in the constructions
of many types of bituminous wearing surfaces, their primary purpose inthe application being to
water-proof or seal the surface.

Question: Write down the functions of base, subbase and surface course in flexible pavement.
(31th BCS)

Solution;

. iali iately beneath the surface of binder
Base course: The base course is the layer of material unmec_ilate ¥ !
course and it provides additional load distribution and contributes tothe sub-surface drainage.

Sub-Base course: The sub-base course is the layer o_f material bfneath the base course and Phe
primary functions are to provide structural support, improve drainage, and reduce the intrusion
of fines from the sub-grade in the pavement structure.

e Act as a support for base and wearing course

¢ * Toimprove drainage condition. ) .
* To protect above layers from bad qualities from underlying soils.

DESIGN INTEGRITY, Call: 01633905761
163

Scanned with CamScanner



b

d genem :
) ffic loads an ly
in contact W‘shvggl dense graded aspha);
constructé

ire
is the layer dir
Surface course: Surface course is the 1aye” © = o)

. . jals. They ar® °% . Javerare:’
contains superior quality materials. of this 13y’ ents icle and to resj
concrete (AC). The functionsand reqmrer::;‘:_t;ue to traffic mzvem erted by vehicle st

» To provide resistance against wear andf o resist
« To provide smooth and dense riding suria

surface water infiltration. i (RRI _
. t design-
Question: Write down the factors affecting pavemen

Solution; .
g the pavement design- B

There are so many factors which influencin fe ows:
environment, materials used etc. Which are as 10

2015, GTCL 2016)

he factors may be of loading,

Wheel load
Design life

Traffic forecasting

Axle configuration

Shear Strength

Contact pressure

Vehicle speed

Repetition of loads

Sub-grade type

Temperature

Precipitation o

Question: Draw the cross section with detailirig of rigid and flexible pavement.
(WRGCL - 2014,DPDC — 2014, RRI — 2015, BEPZA - 2016, BCIC — 2017, MPA — 2019,

PGCB - 2020,DNCC — 2020) '

Portiland Cemenm Cancr
[ "150
[ 8230 or Subd1e Course 150 = 300 Ma
- r—— — (=20 M

Fig: Typical cross section of rigid pavement,

Surface Course (25-50 mm) ‘s'
Binder Course (50~100 mm)
Base Course (100-300 mm)

: Subbase Course (100300 mm)
, Compacted Subgrade (150-309 rom)

Natiral Subgrade
Fig: Typical cross section of flexib]e Pavement -

DESIGN_INTEGRITY, Gll: 0162man.
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Question: Draw a flexible pavement and show the materials inside as well
(WASA — 2014, CPGCBL — 2015, BIFPCL — 2015, BCIC — 20145)l e as well.

. __Seal coat

-
WP L .«—Weaﬂngcourse

Coarse <+—— |ntemediate course
L e “4—Prime coat
Sub-base
Sub-grade

Fig: Flexible pavement with (celaits surfacs)

Question: Draw cross section of a rigid pavement.

Alrplane Wheel
]:so wn Dowel + Concrate Slab l
\150mm Treated Base
[160men Subbase
2000 mm Boll Subgrade

DESIGN INTEGRITY, Call: 01633905761
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1. Where extra pe
impact) is n€¢
- Junction

-Bus pull.out,’ba}’
- Toll plaz@

. Level crossin
- Runway thres

- Taxiway

2. Road at Narrow (Lane b
3. Channelized/ guided T’f‘afﬁc ol
4. Inundation / Submersible poten

5. Heavy duty pavements (Sea Port an

8 :
hold /turning area

Question: Compare rigid pavement and flexib

d Airport)

le pavement. (36th BCS, EED

n the sub grade is not

Slaions ___—]
— Flexiblepavemet oy on i
Deformation in the S0 grade’® e Wer&
%;J%E%W Design is based on flexural strength or slab
isti nt layers. action.
W Have high flexural strength. . -
Toad is transferred by grain to grain No such phenomenon of grain to grainload
contact.  transfer exists: :
Have low completion cost but repairing Have low repairing cost but completion
cost is high. cost is high.
Have low life span. Lifespan is more as compare to flexible.
Expansian joints are not needed. Expansion joints are needed. o
Strength of the road is highly dependent on Strength of the road is less dependent on
the strength of the sub grade. thestrength of the sub grade.
Road can be used for traffic within 24 hours. | Road cannot be used until 14 days of
: curing.

Question: Write down the distress of flexible

Solutjon:

pavement and maintenance. (RRl — 2015)

Different types of distress encountered in flexible pavements are as follow

1. Fatigue Cracking (Alligator Cracking): Fatiguecracking is commonly called alliga

Thisi i i :
sa series of interconnected cracks creating small, irregular shaped pieces of paveme

caused by failure of the surface layer or base

due to repeated traffic loading (fatigue)-

DESIGN INTEGRITY, Call: 01633905761
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cracks. Transverse cracks will initi
as hairline or very narrow cracks and widen with age

ally be widely spaced (over 20 feet apart). They usually begin

. Block Cracking: e
?ntl; irregular ;igeczoc}'ls}fil: Ciklng IS aninterconnected series of cracks that divides the pavement
- cersecting. Th ’ ] § sometimes the result of transverse and longitudinal cracks
inter. g- They can also be due to lack of compaction during construction.

S.idge T ching idge cracks typically start as crescent shapes at the edge of the pavement. They
will expand from the edge until they begin to resemble alligator cracking. This type of cracking
results from lack of support of the shoulder due to weak material or excess moisture.

6. Rutting: Rutting is .the displacement of pavement material that creates channels in the wheel
path. Very severe rutting will actually hold water in the rut. Rutting is usually a failure in one or
more layers in the pavement.

7. Potholes: Potholes are bowl-shaped holes similar to depressions. They are a progressive
failure. First, small fragments of the top layer are dislodged. Over time, the distress will progress
downward into the lower layers of the pavement. Potholes are often located in areas of poor

p drainage.
De-lamination is a failure of an overlay due to a loss of bond between the

ent. Common causes of de-lamination include: wet or dirty surface
failure to use a tack coat, or poor compaction of the overlay.

8. De-lamination:
overlay and the older pavem
during paving of the overlay,

enance of cracks using sealing or filling techniques
ry cost effective if done properly. The road user

should be as per consideration only. If the nature of traffic changes due to une?cpected growth of
the area than it should be well maintained. There should not be any delay in maintenance. A crack
repair program begins by determining if crack repairs are suitable for the type of distress.

Crack repairs are the proper and timely maint
to extend pavement life. Crack repairs are ve

» Sealing versus Filling
» Asphalt Resurfacing
* Rejuvenation

» Infrared Repair

» Fog Seal (PASS)

» Chip seal
+ Self-Adhering Waterproofing Membranes

» Shallow Surface Repair (Pothole)

153
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d maimcnanec. (50 BMQ)

W an
. < ¢ !.'{\f“‘C‘
Questiom Write down the distress of fexidle §

Selution

Distress:

Fatigue craching (Alhgater cracking)

Longitudinal cracking
Transverse cracking
Block cracking

Edge cracking
Rutting

Potholes

e De-Lamination

s s

s s s

Maintenance:

Sealing versus Rlling

Asphalt resurfacing

Rejuvenation

Infrared repair

Fog seal (PASS)

Chip seal

Self-Adhering Waterproof Membranes
Shallow Surface Repair {Pothole)

Question: What are the advantages and drawbacks of ceme

Solutions
Advantages of Cement Concrete Road

s & 9

s 5 5 s 9

nt concrete road? (30th BCS)

1. Concrete roads have a long life. ‘ ‘
2. They are quite durable and practically unaffected by weathering agencies.
3. They provide an excellent riding surface under all-weather condition.

4. They provide an impervious, dustless and sanitary surface.

5. No corrugations are developed in cement concrete roads.

6. They can be laid on any sub-grade.

7. They provide good visibility for traffic during night hours.

8. They are practically non-slippery and offer less tractive resistance.
9. Their load carrying capacity is more.

10. Their maintenance cost is very low.

Disadvantages of Cement Concrete Road

1. The initial cost of construction is very high.
2, They require skilled supervision and labour for their construction.

3. They are liable to crack and warp due to temperature variations.
4. They become noisy under iron-tyred traffic.

DESIGN INTEGRITY, Call: 01633905761
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<. g They are less resilient than bitumin

4 ¢ They may cause glare due to reﬂect:
' 7.They cannc_Jt be opened to traffic sho
g.Itis very difficult to provide or repai

us or WBM roads,

d sunlight,

rtly after construction.

! | r underground pipes below cement concrete.
Question: W.nte down the definition of fo]
surface dressing. (BWDB — 2016, NPCB - 2

lowing: (i) Racked in surface dressing (ii) Sandwich
019, NHA — 2020) £

Solution:
OOOOOOOOOOOODOO Sralier ChoNgs
Racked-n QOO OT Cropngs
FETIEN T U IASE SIS e A m g e

Existing road surface

(i) Racked in surface.dressmg: One application of binder, one layer of chippings at about 90% of
what would be_usgd in a single dressing system followed by a second layer of smaller chippings.
The smaller chlp?mgs lock the larger chippings in position producing a stable matrix. It is used
where the traffic is partially heavy and fast and where the stresses are high.

OO0 0TO OO O000 Stnaller chippings

(ii) Sandwich surface dressing: A layer of chlpﬁihgs only is applied before a single dressing. The
system is used in situations in which the road surface condition is binder rich, usually just in the

wheel-paths.

Question: Concrete pavement &2 bituminouspavement a7 R e o @ % LGED Catalogue
e Bituminous Surfacing 7 oU FE S memwmw
a) Bitumen b) Aggregate ¢) Mix of Bitumen and aggregate (LGED —2019)

Bituminous Road: Bitumen road consists of its surface with bituminous materials and biturmen is
a sticky dark viscous liquid obtained from natural deposits.

effective material and that’s why initial cost of bitumen road isless

1. Bitumen is very cost- : B
o flicient, Bitumen dries very fast and doesn't need-to

2.Construction of bituminous road is time-e

block the road for a long time.

3.Bitumen road hasa smooth surface to ride
. 4, Gives less sound emission

5. Bituminous road is easy to repair,

Repairing is time-efficient and easy.

DESIGN INTEGRITY, Call: 01633905761
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isadvantag :enzince than concrete. You need y,
1. Bitumen road are less durable, pavement is MOre of mailf

reseal it every 3-5 year to prevent it from cracking.
2. Bitumen road have low tensile strength her and improper

3. Bitumen road will slick and soft in extreme weat
pollution :onis high.
f constructionl h

4. To soils, bitumen with impurities can cause 4
. During extreme conditions of temperature, the coSt '

as rigid pavementis aconcrete laye,
nt purposes and applications,

weather conditions.

which is also called

Concrete Pavement: Concrete pavement
’ itis used for differe

that is in contact with traffics directly and

Advantages;

1. Concrete road has good longevity and no maintenance costls requlreq.
2. Concrete produces hard pavement.

3. It has good sustainability against truck loading. e
4. Concrete has the ability to give protection against high temperature. .
5. Provides impervious, dustless & sanitary surface. ¢ ‘

".

1. Initial cost of concrete pavement road is high. i ;
2. Skilled supervision & labor are required during construction,
3. Less resilient than bituminous road. R

4. Become noisy under fron-tyre traffic. T, /««

5. Required long time curing, thus can't be opened earlier.

"
7

a) Bitumen 140 °C -155 °C N
b) Aggregate 150°C-170°C =,
¢) Mix of Bitumen and aggregate 140 °C -160 °C

[N

DESIGN INTECDY.
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Joins in concrete Pavement

'
Longitudinal joint Transverse joint

l 1 1

W'ar.ping Construction  Expansion Contracuon Ceastracuon
joint joimt joint joint joint

Question: Why joint used in rigid pavement? Type of joints? (BUET M.5¢c. —2014)
Solution;
Joints in concrete pavements are provided due to following reasons:

* To permit expansion and contraction of concrete under the actioz of temperature and moisture

content.
» To prevent irregular longitudinal cracks developed due to heavy wheel Icads: in continwous siab.
» Torelieve warping and curling stresses due to temperature betyveen tcp and bottom of pavement

slab.
* Toallow for break in construction at the end of the day’s work

> Types of Joints: Joints are broadly divided into two types:

Surface smoothﬁm Thickness design
or rideability

Longitudinal joint
Transverse joint

Surface texture

Subbase or base

1. Longitudinal Joints: The jo
are called longitudinal joints. The
concrete pavements and are provid
joints which are provided at right angles to the centre line of the

i i the centre line of the pavement
ints which are provided parallel to re li pave
'Ir"hese joints are provided to prevent longitudinal cracking in the
ed to pavements which have widthover 4.5m

ints. Transverse joints are further classified as:

2. Transverse Joints: The
& pavement are called transverse jo

DESIGN INTEGRITY, Call: 01633905761
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, - of the slab due rising in
" e,(panslonak throughoutthedepty,

th

roallow for e = anbre (oF is iy
R prmcd t?: ctgnstl'uc wé:};t;lnCe across the join sually
s mus ear

. The ¢l

(1) Expansion joint: These joint

the slab temperature. Expansion joint
! e

of the slab to permit expansion to take plac

maintained at about % inch.
Top of concron

Nv‘montocb.nn\ {
] iy b

T

| ¢l

Sieeve

e
r

N L—\pmom-d axpansion jort
T fillor v tension develo
(ii) Contraction joint: These joints are PmVidEd X r:}:el ansion joints.
contraction. Contraction joints are spaced closer than the exp s ‘ :
Jolnt seal resenvor = '

Top of Ly
oopnvemm\ :

14 £ NE— — Dowel

|
!
N N N S SN

ped in concrete dueto

-t

e — — ——— —— — — — ——

t . t -

T2 - 9 ﬂ, ==
l Reintorced concroto of plain concreto

(iii) Warping joint: These are also called higher joints and are provided to relieve stresses
included due to warping. Warping joints are used on highways to control cracking along the center
line of the pavement. o i

A warping joint (hinged)

(iv) Construction joint: These joints are provided when placing of concrete is suspended for

more than 30 minutes. These are provided as transverse joints at the
e
contain dowel bars for transferring the load across the joint. PC olieath days workand

? % +/Mw' | %{ o

Dowel Construction Joint
Keyway Construction Joint

A

-

. b
e ————— ¥
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Question: What is expansion joint i pavem
énts and wh

E\‘Pans"%“ J'Ointts are(g)laced in concrete to

change- Concrete undergoes ) Prevent
hich leads to crack_«-:g °Xpansion d '

W él ing i, thl'ixlpal'lsn:m joints : h temperature when in a confined boundary
indu stres 0 the elements 3
due to earthquakes or ground settlement. Sion joint absorb vibrationsand permit soil movements

¥ it's provided? (DSCC - 2019)

] "‘1\&-
\

: N

‘L\

\

Figure: A typical JRC pavement.

the difference between tie bars and dowel bars? (52 BMA)

Question: What is

Solution:

holding faces of rigid slabs in contact
Tie bars: Tiebarsare deformed rebar or connectors used for h ; :
to maintain aggregate interlock. Tie barsarenot load transferring device. Formst]n:ce, Ue;)ars i:fl
used in longitudinal joints in concrete pavement. Tie bars are smaller than dowel bars and spa

at grater intervals. |
rs are smoothroun nly serve asload mnsftl::' device acrosst
toallow movemen
joi nsverse joints of concrete pavement
concrete joints. They are placed acrosstra TS 10 e for o il Joints, e ke
EmEnE= purposely i hear and beari
:?1 takedpl;lce- V]Vll:ere mo;,ed at close intervals t0 provide resistare” t;lf)::tdlion:é an spaced 1 ro':ﬁ
of :grtle et o;ve h?r;vsvg; work, dowel bars 1.25 Inches in diameter,
crete. ror nl
; gverse joint are typical.

on centers across the tran

Dowel bars: Dowel ba

1633905761
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travel lan¢

b
/
I———"’ (ransverse joint with dowel bars

ate resting on soil sub-grade,

Modulus of sub-grade reaction . alastic P!

Westergaard considered the rigid pavement slab as a thin is assumed 10 be proportional to the

which is assumed as 3 dense liquid. The upward reaction dulus of sub-grade reaction K i

deflection. Base on this assumption, Westergaard defined 3 MOTTE , n

kg/cm3 given by

k=L

A .

A = displacement ]level taken as 0.125cm ) .

p = pressure sustained by the rigid plate of 75 cm diameter ata dgﬂectlon of 0.125 cm.

Relative stiffness of slab to sub-grade ok, .

A certain degree of resistance to slab deflection is offered by the sub-grade. The sub-grade
1ab deflection 15 direct measurement of the

deformation is same as the slab deflection- Hence the s
magnitude of the sub-grade pressure- .

] 4 Eh3
“J1zKk(2-H2

| = Radius of relative stiffnessincm . '
E = modulus of elasticity of cement concrete in kg/cm? (3.0 x 105)
= Poisson's ratio of concrete = 0.15 ‘ot

h = slab thickness incm ‘ ;
K = modulus of sub-grade reaction in kg/cm3

f 15 cm thick cement concrete slab from the

Question: Computé the radius" of relative stiffness 0
following data: .

Modulus of elasticity of cement concrete = 210000 kg/cm?
Poisson’s ratio for concrete = 0.13

Modulus of §ubgrade reaction, K =3 kg/cm3
Solution:
ER?

) '
Radius of relative stiffness,l = = *
RKA-p5) |1

210000 x15°

2300159 "

DESIGN INTEGRITY, Call: 01633905761
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:_ . B4 uivalent radius of resisting section

v he interior point js | ‘
When t point is loaded, op)
’ moment of the plate. Westergaar e Small area of the pavement {s resisting the bending

d's gi
in cm in the equation, BIVes a relation for equivalent radius of the resisting section
" 24 h2a .
i {\/1.: a*+h? - 0.675h ifa< 17244
OthenN'ise

a = radius of the wheel load distribytign i
h = slab thickness in cm. utionin ¢m

Wheel load stresses - Westergaard's stress equation

:‘:ilfhcs?:;:lczzggz Zl:ﬁ;;: :ﬂssumet_i to be homogeneous and to have uniform elastic properties
on being proportional to the deflection, Westergaard developed

relationships for the stress at interior, eq
. . I e and c . :
' respectively and given by the equation, 8 orner regions, dcnoteq as g, OC' and o, inkg/cm

0.316 P !
0= 37— [4 logyo (3) + 1.069]

0.572 P ! K % Y
O, = T [4 logm (‘E) + 0.359] - 2 B ;

3P avz\
.;."FF i ,

h = slab thickness in cm

P =wheel load in kg :

a = radius of the wheel load distributionin cm ~
1 =radius of the relative stiffnessin cm .

b = radius of the resisting section in cm

s TN
4 4
Tension at Tension at {Top

€9

Tenrsion at Botiom

o L
Figure: Critical stress locations
_ Changes in temperature and moisture will create volume changes in concrete materials and will

» have significant effects on the concrete pavement slab. If a concrete slab, for example, is prevented
? from moving fr:el;cduznto the friction between the slab and the supporting foundation, then

" DESIGN INTEGRITY, Call: 01633905761
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ed, and In the tie bars

jud
el if ft is In° -
stresses will develop in the concrete, in the reinforcing sté Jva f
across longitudinal joints and shoulders. | / 1
@ L planc of ' 1
tr
Unit width symmetry ;
ah q
t F
h | T
* -— —— — — —— I
(b) Frictional stress Center of slab
« T
’ A
%8
=i A
=
i5 b
P h
i 55 W
() Friction stress in concrete block and (b) friction stress distributlon“along (?ncmte slab. ; ;
_Yclfa 4 v ¢ 4 A
2 4, "
o, = concrete tensile strength in psi . N S X
Y. = concrete unit weight in pci R e \ & F
L = length of the concreteslabininch - - " s ‘ 7 d
f, = average coefficient of friction between the slab and the subgrade. ?. S
. - o b
In CGS unit e * ar
i _WLL e
The frictional stress, oy =57 2¢ 3 .- Q
T ' co
of = frictional stress in kg/cm? . . s
W = unit weight of concrete in kg/cm? (about 2400 kg/m3) fo
f= coefficient of sub grade friction = 1.5
L = length of the slab in metres.
i are placed along longitudinal joints to keep two adjacent concrete slabs tied together or
Tie bars P 8 ;
across pavement slabs and concrete shoulders. Tie bars are also used to maintain load transfer
across the joints. The amount of steel required is given by, s
Yehl fa ;
s = f Giv
: : Joi
Ag =area of steel required per unit length of slab .
Yc = unit weight of concrete ]
h¢= pavement thickness o J’/“ a.
L' = distance from the longitudinal joint to the free edge where no tie bars are present 7,

f, = average coefficient of friction between the slab and the subgrade.
DESIGN INTEGRITY, Call: 01633905761
166

Scanned with CamScanner



KRiIB[iIBEITWYY

&

/

‘b

- f = steel yield strength

Length of the bar, Ly = 2 (J_‘_}%)

L =length of the tie bar

f, = steel yield strength

A=area of tie bar, nd2/4

¢ =bond strength between steg ¢
P = tie bar perimeter, t d

The equation can be reduced to

e barand concrete

The equation can be reduced to, Ly = l(fs_d)
. ) 3
In CGS unit 4
Area of steel required, 4; = _bhwf
100 S,

A =area of steel required per meter

b = width of the pavement panel in m

h = depth of the pavement in cm,

W =unit weight of the concrete (assume 2400 kg/m3),
f = coefficient of friction (assume 1.5)

§s =allowable working tensile stress in steel (msume 1750 kg/cmz)
Assume, 0.8 to 1.5 cm 9 bars for the design.

ds
Length of the bar, Ly = 2 S, Y
d = diameter of the bar in cm g thi

Ss -allowabletenslh:stresslnkg/cm2 L “,

Sb allowable bond stress and can be assumed for plain and deformed bars respectively as 17.5
and 24.6 kg/cm2.

Question: A concrete pavement slab as shown in Figure has a joint spacing of 30 ft (6.1 m) and a
coefficient of friction equal to 1.5, the concrete unit weight y.= 150 pcf, and the concrete
compressive strength is 3500 psi. Determine the stress developed in the concrete due to frictional
forces.

Given the concrete unit weight ¥, = 150 pcf = 0.0868 pci
Joint spacing, L = 30 ft = 360 in.

o =te Ié fo _0.0868 xzsso X1S _ 52 4psi (026 MPa)

DESIGN INTEGRITY, Call: 01633905761
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24 wide with a
ft long .'"Bd"lt!‘ steel with 40 kst

thi
ment is 9 inch ), unit welght ye =

Question: A two-lane concrete pavet

yars. Ust =
v ‘ mo -‘4 n
longitudinal joint in the center. (1) Determine lh‘: dl[;fnbt-' width L = 12 f (1
yield stress and an allowable stress of 27 ksi. The

ine [hc Ic
i [)eleﬂmfll-
150 pef = 0.0868 pci and coefficient of friction Cquﬂtli tc(:)glwsrtglg = 350 psi.
Assume ¢ = bond strength between steel tie bar an

&
- Py \a.}—.-F»o Lo B 4 -~ { b,
n.)’ ¥ “ 4:". » | Y
SIS XTI ST SAT Rotpi]
P.’-‘-‘-, Fow Loy d s deab o,
i 0 Gl T e o
W T4 N kE 5 Ak AN
UL R R
,\\."‘ "‘tv 4 8 '." .& Ly q
FLligreh ey gy
BT - JATS SCIE DD Y I
S50 R
* —5
. hlf, 0.0868x9 144x 1.5 2
. _Ychlfy 0.0860x9X 2 = 0.00624 in* /in
Area of steel required, A; = i A 37000 ’

Using No. 4 bars with (0.5 in. diameter; area = 0.2 in?)

The spacing of the tie bars = 0.2/0.00624 = 32 in.
1 fdy _ 27000x 0.5
Length of the bar, Ly = > (T) =05x 355

For misalignment = 19.3 + 3 = 22.3 in = use 24 in length

= 19.3 in

Therefore, use no 4. Tie bars with 24 in. léngth and spaced 32 in. atthe center.

ngth of thetie bar.
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' arailway gauge.

&% = Sleepers (or ties)

Intercity
- Long distance.

- Generally not very frequent.
- Every 20/30 minutes to oncea day.

Urban
- Short haul.

- Frequent: Frequency as high as every 3 minutes.

Sub-urban
-» Suburb to main city. Mostly caters to commuting traffic.

Advantages of railway £
-» High capacity AT
- Lower operating cost :
- High speed

- Fixed route and easier operation

Typical components
- Rails

— Fasteners :
- Ballast e NN
- Subgrade , %

Rail Gauges: The gauge of a rail track is deﬁ;ed as the dear minimum perpendicular distance

between inner faces of the two rails. " /.,
Gauge

TYPCSOanugg‘

> Broad gauge: 1.524m — 1.676m (5’ 0" — 5' 6”)

- Standard gauge: 1.435m — 1.451m (4' 8.5" — 4'9.125")
- Meter gauge: 1m — 1.067m (3’ 3.375” — 3' 67)

- Narrow gauge: 0.610m — 0.762m (2'0"—2'6"

Questioﬁ: State the advantages of uniform gauge of a railway line. (37thBCS)

Solution:

The clear horizontal distance between the inner faces of the two rails forming atrack is known as

DESIGN INTEGRITY, Call: 01633905761
S [
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lowing advantagz-‘; goods from the vehicle of one gaugey,
s .

has the fol ngers

The use of a uniform gauge .
1. The delay cost and hardship in shifting pass

the other are avoided.
f shifting are saved.
rationis eliminated.

2. Labour expenses 0 s sided
3. Breakage of goods due t0 S ifting is avoitiE™ e ODE
4. Possibility of thefts and misplacement d.un;g the shifting oP
5. Large sheds to store goods are not requiréd. ) ins.
6. Labour strikes etc. do not affect the service and Pperanon 2fi§r:111iform.
7. Wagons can be efficiently used on all the tracks if the gaug iform gauge is adopted
8. Locomotives can be effectively used on all the tracks if aun! ormpg :
d on which trains run. It consists of twq
tween them. The sleepers are

1 grqgnd known as formatiop,

railroa
d distance be
doverleve

and show all the elements.

Railway track: The track or permanent way is the
parallel rails fastened to sleepers with a specifie
embedded in a layer of ballast of specified thickness sprea
Question: What is permanent way? Draw a permanent way

(DMRTP - 2018, PGCB — 2019)
Solution:

A permanent way is the combination of rails, sleepéfs,,béllasts. fixtures and fastenings, etc

|=— Centre of track

Question: D o
n: Diagram of railway section wi ;
(BUET M.Sc.- 2017) d emm_l with its different component.

Solution:

. Bollost shoulder

TS L Wy,
e L A Lt
b e B et e et D
TR I Tttt s

Scanned with CamScanner

-
¢




(o]
0128ne3 ou0}

'~ Rall: Rail is similar to steel girders. Rajls are the memb

(I

ers of the track laid in two parallel lines to

rovide an unchanging continuous, and level surf:
ace .
withstand stresses, they are made of high-carbon steel,ﬁ)r e

rarlhead ————

web ———

foot —

The following is the thumb rule for de

. \ fining th i - ¢ g
section: Maximum axle load = 560 x sect g the maximum axle load with relation to the rail

ional weight of rail in 1bs per yard or kg per meter
Rails perform the following functions:

- To provide continuous and level surface for movement of train.

-+ Provide a pathway which is smooth and has very little friction

- Serve asa lateral guide for the running of wheels.

- Transferring the load into formation through the sleepers and the ballast.

SleePem: Sleepers are thetransverse ties that are laid to su pporttherails. They have an important
role in the track as they transmit the wheel load from the rails to the ballast.

Types of sleeper
- Wooden

- Steel

- Concrete

Functions of sleepers:
- Holding rails to correct gauge and alignment.
- Giving a firm and even support torails.

- Absorb the blows and vibrations caused by moving loads
- To maintain the alighment and gauge of the track correctly.

- Transferring the load evenly from the rails to wider area of the ballast.
- Providing lateral and longitudinal stability of permanent way.

Question: Write the advantages & disadvantages of woodensleeper.

Solution:

Wooden sleepers have the following main advantages and disadvantages.

Advantages

- Cheap and easy to manufacture . o
= Absorbs shocks and bears a good capacity to dampen vibrations;

- Easy handling without damage
= Suitable for track-circuited sections
= Suitable for areas with yielding formations
- Alignment can be easily corrected
DESIGN INTEGRITY, Call: 01633905761
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ore suitable for moder last ~
: (bZAan be used with or without stoneé bal | | Vi

its also
- Can be used on bridges and ash}]:lts als
— Can be used for gauntleted trac

Disadvantages secay
— Lesser life due to wear, ecay, king
- Liable to mechanical wear due to beater pa

- Difficult to maintain the gauge

— Susceptible to fire hazards

—» Negligible scrap value sleeper over

of steel
' e advantages of
Question: Write the requirements of an ideal sleeper. Write th .

wooden sleeper. (34th BCS)
Solution:

— It should be economical. ‘ ‘
— They should be quite durable. be moderate SO that it can be handled easily.

- The weight of the sleepers should [ , skt '
-t should%]:a easy to handlepso that gauge may be ad]u§ted easily a}? d max(t);‘),xir:lzdl:::i!s'ealy
~ They should be capable of resisting shocks and vibrations due to heavy 5

- The sleepers should have sufficient bearing area. .

—» The bearing area of sleepers should be enough to resist crushing.

— They should facilitate easy removal and replacement of ballast.
- They should have high scrap value. = :

Steel sleepers has following advantage“s'over wooden sleepers in railway track.

= The life of steel sleepers is more than wooden sleepers.

= The gauges can be easily maintained and adjusted

= These sleepers are light in weight and requires less fastenings.
» Lesser damage during handling & transportation.

» Manufacturing process is simple.

» Their scrap value more than the wooden sleepers

» Free from decay & attack by vermin.

= [t is not susceptible to fire.

Ballast: Ballast is a layer of broken stone gravel oran

) oth i
belmfv _and arc_:und sleepers for distributing the load);rome:lfgzrlmlar material placed .and packfe(:
providing drainage. _ eepers to the formation and fo
Functions of ballast:
— To provide a level and sound foundation f

orth

—» To hold the sleepers in position during the pasz:leepers .to rest on,
- To transfer and distribute the load from sleepersgte of trains,
- To provide necessary resistance to trac for. o thelarge area of formation.

-+ To provide effctive drainage to rack ur l:::ngitudinal and lateral stability i
5 :
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Capping Layer

Formation (Subgrade)
Functions of ballast:

To provide necessary resistance to track fi i al stability

1 . or longitudinal and lateral stability.

To provide effective drainage to track and keep the sleepers in drycondition,
s )

Question: Discuss the function and requirements of sleeper and ballast, (37th BCS)

Functions of sleepers: A >

- Holding rails to correct gauge and alignmer;t: . K

= Givinga firm and even supporttorails. ~ - .1l

— Absorb the blows and vibrations calﬁed by ‘movin.é loads

— To maintain the alignment and gauge of the track correctly.

= Transferring the load evenly from the rails to wider area of the ballast.

— Providing lateral and longitudinal stability of permanent way.

Requirements of railway sleepers are:

- The initial as well as maintenance cost should be minimum.

- The weight of the sleeper should be moderate so that it is convenient to handle.

- The sleeper should have sufficient bearing area so that the ballast under it is not crushed.
— The sleeper should be such that it is possible to maintain and adjustthe gauge properly.
- The design of the sleeper should be such that it is possible to have track circuiting,

- The sleeper should have anti-sabotage and anti-theft features.
- The sleeper should be capable of resisting vibrations and shocks caused by the passage of fast
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moving trains.
Functions of ballast:
- To provide a level and sound foundation for the sleepers to rest on.

= To hold the sleepers in position during the passage of trains.
- To transfer and distribute the load from sleepers to the large area of formation, ’
- To provide necessary resistance to track for longitudinal and lateral stability.

- To provide effective drainage to track and keep the sleepers in dry condition.

DESIGN INTEGRITY, Call: 01633905761
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Ballast material should possess .menf:)“"w g o oving loadS-
= It should be tough and wear resistant rushed under ,
— It should be hard so that it does not get ¢ edges.
= It should be generally cubical with Sha:pabsorb water.
— It should be non-porous and should no

= It should resist both attrition and abraS:::'
- It should allow for good drainage of water.

— It should be cheap and economical. y done. (34th BCS)

dan gt
: heels is main
Question: What is coning of rails? Why coning ofw

o on of 1 in 20, and the same slope is

inati is di
The Surface of wheels are made in cone shape at an “}c\}\:})eels. The diameter of wheel is different
ning o the straight track try to move in

rovided in the rails (see fig), this is knownas co
f:t different cross secEion ofg) the wheel, when the train runnlngn(:aﬂrail and the wheel assembly is
any direction, the diameter of the wheel increases over 0 ition due to difference of distances
automatically forced to move back in its original central posl quu | force the train s forced in
moved over two rails. Whereas on a curved track, due to centri hg distance on two tracks are
outward direction, the diameter on outer track increases and the

adjusted. ;
vomamet .
Cuning of Vtwel Troad A . ' $
r N
.. ,
\ G 1
Vel condrally Lyow Owrety of Biesier Omestnd o
[ L) Cova on Ouinge Ml Cane on e Ratt !
ragh Treck Poghi Cune

- To keep the train in its central position of the rails, coning does not allow any sidewise
movement on a straight track.

= To allow the wheels to move different distances on a curved track and thereby reduce wear and
tear.

Question: What are the purpose of signaling alonga railway track? (DMRTP — 2018)
e To pfovide safety to passengers, staff an

e Tomaintain a safe distance between the trains runpj

* To provide protection against collisjgp and deraj] INgon a same line,
s To give direction indications at divergent junc ilment 3
» Toincrease the capacity of the track, SR

* To provide facilities for the efficje
Nt movement of
| of train,

d railway track,

t conversing junctions,

DESIGN INTEGRITY, Cal; 0163
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pestion: Standard rail length of BG track i
,-?1 Rajshahi, what is the total welghe 1S 12.80 m. If 45 kg rail is used in a particular BG track
be safely imposed on that track? (sGcL, — 2017

solution:
Here, Number of ra'il =1, Length of raj] = 12.80 m, weight of rail per unit length = 45 kg
we know, Total weight of each individual rgij girder

=N ; i
umber of raj] x weight of rail per unit length x Length of rail
=1x45x 12‘8=576kg

According to IS, maximum axle load = 560 x sectional weight of rail in kg/m
=560 x 45 = 25200 kg=25.2 ton

N

Radius or degree of a curve: A curve is defined either by its radius or by its degree. The degree

% of acurve (D) is the angle subtended at its centre by a 30.5-m or 100-ft chord.

» ;_n;dg;“the rail head in millimetres. This is equal to 1750
. cks,

1750 ‘ e
The degree of curve, D = = (when Ris in meters)

5730 - -

The degree of curve, D = R (when Ris in feet)

Equilibrium Superelevation: To counteract the effect of the centrifugal force, the outer rail of the
curve is elevated with respect to the inner rail by an amount equal to the superelevation. A state
of equilibrium is reached when both the wheels exert equal pressure on the rails and the
superelevation is enough to bring the resultant of the centrifugal force and the force exerted by
the weight of the vehicle at right angles to the plane of the top surface of the rails. In this state of
equilibrium, the difference in the heights of the outer and inner rails of the curve known as

equilibrium superelevation.

G Vz ) »a ‘
e= gT "
Where ¢ is the equilibrium superelevation, G is the gauge, Vis the velocity, g is the acceleration

dueto gravity, and R is the radius of the curve.
_ G2
T127R

Where e is the superelevation in millimetres,
Metres, and G is the dynamic gauge in millimetres,

e

Vis the speed inkm/h, R is the radius of the curve in
which is equal to the sum of the gauge and the
mm for BG tracks and 1058 mm for MG

DESIGN INTEGRITY, Call: 01633905761
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4 sectiol of broad saugc. The
0 s siruated onhenmf’“"t of equilibrium cant

Question: Deline equilibrium cant. A tci:::fs e0 km/hr. Find OU
maximum permissible speed in the sec
(35th BCS)

‘ withres
Solutlon il of the curve is elevated " pect
gal force: the outer r@ = * fequilib Gum is reache when

To counteract the effect of the centrifu st ) ough to bring the
R superelevad wation 1S en .

;0 tl}w : mwrt mkllsby mr‘:am():;‘:)::;‘;ﬂ:: tl)}r‘\clheprails and the ;U ;'el ev the vehicle at right angles

yoth the wheels exert equ e

e ) ce inthe heights
resultant of the centrifugal force and the force exert ilibriurm the differen B

to the plane of the top surface of the rails. In this Lilibrium Superelevntion.
of the outer and inner rails of the curve known eq

1750 1750
Radius of curve, R = - = =350m

V = 50 km/hr and G = 1750 mm

GVv?:
Superelevation for equilibrium speed, & = 127 R
_ M =98.42 mm
€ =T27x350

. " ound a curve at a speed higher
Cant Deficiency: Cant deficiency occurs when a train travels arount .

than the equilibrium speed. Cant deficiency is the difference between the actual cant provided and
equilibrium cant necessary for the maximum permissible speed on acurve. Ccant deficiency should
be as low as possible and is limited due to following reasons:

. Higher discomfortto passengers due to higher cant deficiency
. Higher cant deficiency results in higher unbalanced centrifugal force and hence extra pressure
and lateral thrust on the outer rails, requiring strong track and more fastening for stability.

. Sidewear and creep of outer rails of the track are more due to higher cant deficiency. Maximum
values of cant deficiency as prescn‘bed on Indian Railways on BG.

Question: A 7 degree curve branches off from a 4 degree main curve in an opposite direction in
the layout qf a B.G. yard. If the speed of the branch line is restricted to 30 km/hr, determine the
speed restriction on the»maln line. Assume permissible cant deficiency 75 mm. (40th BCS)

Solution:
- 1750 _ 1750

Radius of curve, R= -5 - - =250m

v = 30 km/hr and G = 1750 mm

GV?

Superelevation for branch line, e =
127R

1750 x 302

e= m = 49.60 mm

Negative superelevation = 49.60 — 75 = -25.4p
40 mm
Maximum superelevation can be provided on the main }j
ine = 75 4 95 4p =
40 = 100.4 mm

DESIGN INTEGRITY
Call: g
1 1all: 01633905
178 761

Scanned with CamScanner




x

i
t

»

»; Radius of curve, R =

1750 1750

Therefore, speed for main line,e = \G Vz.

127R

\
) 127Re _ 127 x 437,50 100.4
V= 3 1750  ——— = 56.45 km/hr

Question: What are the different Points that has tg be ¢
in

A curve of 6° is situated onaBg, ] onsidered in selecting a railway stations?

it. Calculate the curve resistance? (35t}axmlj3(alst;a P S welght of 1200 tons it passing over
Solution:

A railway station is defined as any place on a raj i . X
: way line wh
Following factors should be considered while site seicﬁorxo:ﬁmcszgngmd e dealewith

be well drained.

2. Water Supply: There should be Plentiful supply for water at the site of station.

3. Future Allowances: There should be sufficient land available for the purpose of future
extensions along both sides

4. Gradient: The site should be such that permissible maximum gradients can be obtained without
much difficulty. The vehicles may start moving with wind which is very hazardous.

5. Location or Horizontal Alignment: The location of station yards should be such that it is neither
located near a curve nor on a curve.

6. Vertical Alignment: The train should not be situated in a sag but it should be ona summit.

7. Accessibility: The station yards should be such that it is easily accessible from city or town.
There should be well developed and efficient transportation system which leads the people and
their goods to station with much ease.

8. Visibility: The environment around the site selected for a station should be such that their exists
clear and improved visibility for the drivers of trains. There s?wul:.i be certain enough
armangements made which improvements made which improves the visibility of a station.

9. Facilities: The site selected for the station should be such that for the passengers of trains,
Machinery works, garages, workshops etc.

Forbroad au rve resistance = 0.0004 x degree of curve x weight of train
sge. = 0.0004 x 6 x 1200 = 2.89 MT

DESIGN INTEGRITY, Call: 01633905761
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Function of railway st:mondS o parcelS-
- Toloa
- To contr
_ To enable the train :
— To enable the faster trains to -
—» To enable the locomotives t0 take -
— To attach or detach coaches or wagons

_, To entrain or detrain the passengers:

_ To collect food and water for the passenger: .
— To provide facilities for change of engines an

Mass rapid transit (MRT): Grade separated and segregated heavy rail system.

Forms of MRT
« Subway metro = under ground, most €Xp

» At-grade metro —>on ground, least expensive.
« Elevated metro - above ground or elevated.

ensive to construct & run.

Main advantages of MRT :
e

A7
%

-» Most reliable mode of transport. PR A

- Huge reidership potential (40,000 - 60,000 passenger/phpd)

- It is very effective or strong congestion relieving tool. =

_» Has enourmos potential to reduce over crowing atat-grade level.
-» Most importantly it is a demand responsive sustainable mode.

e
e
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Question: Draw Accessibility verses movement function diagram.
r‘ (PGCB — 2015, BUET M. Sc.- 2017, DTCA 2018 BIWI'A 2019, DMTCL — 2019)

;k
ion: bRy en

Cul-de-sac

Local street (_ou.ao,- m“‘

Major arterial

ACCESS FUNCTION
Increasing vsé of street for occess purposes

MOVEMENT FUNCTION
» Increasing peoportion of throvgh ot

NTEGRITY, Call: 01633905761
) |
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rt system designed to A

Bus rapid transit (BRT): Bus rapid transitis a bus-based public transpo
improve capacity and reliability relative toa conventional bus system. Ty pii Gtizlalt?s‘ :ng:ssgx:g
includes roadway that is dedicated to buses, and gives priority to buses at in

buses may interact with other traffic.
TGTDCL — 2021)

Question: Write down the six point of BRT Characteristics. (DSCC = 2019,

Solution:

Bus Rapid Transit (BRT) is a high quality bus based transited system that delivers fast, comfortable
and cost effective urban mobility through the provision of segregated right of way infrastructure.
Six points of BRT system is given below, '

» High capacity vehicles

e Dedicated lanes and alignment
Quality stations

Off-board fare collection

Run buses very frequently

In tunnels or subterranean structures
Give buses their own lanes

trip on the route, including

Cycle time is the number of minutes needed to make a round
including playing a partin the

layover/recovery time. Cycle time is important for several reasons,

formula used for determining the number of vehicles needed to provide a given level of serviceon
aroute. Since cycle time equals the number of minutes needed to make a round trip, including the
layover/recovery time, the scheduler determines the amount of time it takes to operate or "run”
from one end of the route to the other and back, then adds layover/recovery time to yield the cycle

time.

stationary at each terminal

time that transit vehicles should remain
and for maintaining

Layover/Recovery Time the
me isused for resting, administrative purposes,

point. The layover/recovery ti
proper headways.

Question: Distahcé of two compasses of a university is 5 km. Operation speed of bus is 30 kmph.
Total time required for return whole distance is 10 min. What is the number of bus needed for 10

minute headway? (NPCBL — 2017)

Assume, Layover time =
Travel time + Layover time/Recovery time

2L 2x5x60
Cycle time =—V-+T“ +Tg =

T,=Tp=2 minute at either end of the route’

Cycle time =
+ 2 4+ 2 = 24 minutes

ime 24
Cycle timé _ 22 _ 2.4 = 3 unit

——— T

Number of vehicle = m 10

DESIGN INTEGRITY, Call: 01633905761
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Cycle time,C = Travel time + Layover time/ Recovery time

C=65+65x(5%+5%) = 71.5 minutes

Cycle time 715

Number of vehicle = = = = X
e Headway -~ 15 = 4.76 = S vehicles

Since the number of vehicles and the headwa
_ y are set, we should solve for the new cycle time and
determine what layover /recovery period is actually provided. 7

Cycle Time = Number of Vehicles x Headway
Cycle Time =5x 15 = 75 minutes

Since the actual travel time is 65 minutes and the total cycle time is 75 minutes, the total
layover/recovery period for each bus is 10 minutes, or 5 minutes at each end. The

_layover/recovery period at each end is 7.69% of the travel time and the number of vehicles that
d\‘-’ arerequired is 5.

3

,r Traffic control device: Before a highway is opened to traffic, careful thought must be given to
conveying to drivers clear and concise information concerning its proper and safe use. Such
information is given primarily by traffic control devices (TCDs). They are of great help In
regulating traffic by imparting message to the drivers about the need to stop, give way and limit
their speeds.

Traffic control devices:

* Signs,
e Marking & Lighting,
» Signals.

Traffic Signs are mainly used to
* Inform drivers about the regulations,
* Adjust their lamp position, speed.
* Guide traffic flow.

are meant to inform the road users of certain laws, regulations and

Mandatory Signs: They e, Generally round.

prohibitions; the violation of these signs is a legal offens
the hazardous conditions that exist or adjacent to the

¢ f equilateral triangle with one point upwards.

Warning Signs: They are used to warn
Roadway. The warning signs in the shape o

DESIGN INTEGRITY, Call: 01633905761
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Question: Draw the following road signals a) No parking D) R

d) Prohibited right turn (WASA - 2014)
Solution;

(3) No parking (b) Roundabout (c) No stopping (b) Prohibited right turn

Question: The sign shape for (i) Mandatory sign (ii) Cautionary sign (iii) Information or Guide

sign. (GTCL — 2016, TGTDCL - 2018)

Solution; .
Circles Triangies Rectangles
Mandatory wam inform

Tralffic Signal: Traffic signals are used to assign vehicular and pedestrian right-of-way. They are
used to promote the orderly movement of vehicular and pedestrian traffic and to prevent
excessive delay to traflic.

Types of Traffic Signal-

o Traffic control signals
¢ Pedestrian signal

Traffic control signals - They have three colored light glows facing each direction of traffic flow.

RED light means to STOP, GREEN means to GO,
'I‘lMl'.-:.8 0 GO, YELLOW or AMBER means allows the CLEARANCE

Pedestrian Signals - They are meant to give the right way to pe '
“walk period” when the vehicular traffic shall be stoppedyby rl:dd:rs:?an
of the road. op

to cross aroad during the
signal on the traffic signals

DESIGN INTEGRITY, Caj). 01633905761
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.. Question: What are the advantap ~ A
(BCPCL — 2016, SGFCL — 2017) ges and disadvantages ol trafhic signals?

Solution:

Advantages of traffic contro| signals on the road

* Provide for orderly movement of traffic;

* Increase traffic-handling capacity of an intersection;

: 'l;gdu%e. frequency and §everity ofcertnip types of crashes, CS])L'L'.I'J”yriuht’(lllgll‘C()”l.'illlll-'ii
ey direct traffic on different routes without excessive congestion,

* They control the speed of vehicles on main as well as on secondary roads,

* Interrupt heavy traffic at intervals to permit other vehicles or pedestrians to cross,

» The provide economy over manual control at the intersection,

The disadvantage of traffic control signals on the road

» Traffic control signals may result in a re-entrant collision of vehidles;

» Excessive delay; _
s Increased traffic congestion, air pollution and gasoline consumption;

e Disobedience of signals;
« Increased use of less-adequate streets to avoid traffic signals.

o S
J ynle irg‘ﬂ)'h_j[_yw%: .
(") J T TR Ty -~ T A \‘&{
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gransmit the load to its

. d the 2! o
The weight of the vehicle is distributed among 1% axles 7 equired t0 ensure that the sup*‘.ade
wheels. Wheel load determines the depth of the pavemen r-5qtribution and deflecton within 2
soil is not failed. Wheel configuration affect the StTesS. B which ensure that the contact

pavement. Many commercial vehicles have dual rear wheed wheel into an equimlent single
pressure is within the limits. The normal practice jstoconve  Equivale £ Sing

wheel load so that the analysis is made simpler- The concept q umber of wheels witha
(ESWL) is used to convert the equivalent effect due to dua} whee's

given configuration) to a single wheel load. Equivalent single W ~lue of maximum Stress,
wheel load having the same contact pressure, which prod ev

deflection, tensile stress or contact pressure at the desired depth

A vehicle can have a number of axles. A standard truck has two axles, pamely th;: front ?:; ﬂ:;
rear. The weights of individual axle's arc called the axle load which may e assu L the
approximately half the total weightof a standard truck. In practice, the weights ofthe reaé an i
front axles are not equal and they depend onthe position of the load the v.ehlcle carries. enerally
for design purposes, it is the weight of the rear axle of a vehicle which is taken into account. A
standard single axle load of 18,000 1b (18 kip or 80 KN) is assumed.

n—H
n—u i
1 Bn—i w—H i

Single axle Single aulke Tandem axle Trdem axle
single wheel daal wheel dual wheel &ual wheed
The ESWLis given by:
0.301 log1o (H%)
loglo ESWL = lagw P+ 25
logs (372)
P

|

22 fo—pg—o n

g

i
al A1y TN

Com piste streas cueriip (ESWL225)

Figure: ESWL-Equal stress concept

DESIGN INTEGRITY; Call: 01633905761
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+he wheel load. § is the center to center distance between the two wheels, d is the clear

\Where F s

dissance between two wheels, and Z is the desired depth.

f Tvpes ! In KN Unit | In Kip Unit

MSimee ave with single wheel | 65 145

TSimgie avie with dual wheel | 80 18
Tincenm axie with dual wheel 148 33
Trdom axle with dual wheel | 224 50

Tabie: standard single axle load

The influence of traffic on pavement not only depend on the magnitude of the wheel load, but also

on the frequency of the load applications. Each load application causes some deformation and the
total deformation is the summation of all these. Although the pavement deformation due to single
axle load is very small, the cumulative effect of number of load repetition is significant.

Scm, 20cm and 40cm for a dual wheel carrying 2044 kg each.

Question: Find ESWL at depths of
ewalls of the two tyresis 10cm.

The center to center tyre spacing is 20cm and distance between th

Solution:
For desired depth z = 40 cm,which is twice the tyre spacing,
ESWL = 2P = 2 x2044 = 4088 KN

For z = 5 cm, which is half the distance between the walls of the tyre,

: Q ESWL = P = 2084 KN,

Forz = 20 cm,

0.301 logyo (a%)
(23
"

20
0.301 logyo (W?)
7x20\ - oM
g0 (3577)

Therefore, ESWL = antilog (3.511) = 3244.49 KN

log,o ESWL = logy,o P +

logyo ESWL = log,p 2044 +

Question: Determine ESAL for load repetition is 1.5 million and axle load is 120 KN,
(WARPO — 2017)

ution;

Load = 120 KN
Repetition = 1.5 million = 1.5 x10°

Axle load )‘ (120

4
Equi = = =
quivalent axle load factor, EALF (Stan Jard axle load 80) 5.0625

vf‘k- ESAL = EALF x No. of repetition = 5.0625 x 1.5 x 10° = 7.59 million
. 4

DESIGN INTEGRITY, Call: 01633905761
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o and load 27

. leis 4
. reial vele _ OCL -
Questivn: A two way two Jane road ADT IS 4000, 1f the Fomn“: 1L - 2017, MPL 2017,]
kip. Caleulate the ESAL for commercial vehicle inon¢ direction- L
J018)
Selntion:

: 4000 x 45
Commeraial vehicle inone direction = =70 _ 900
2x 100

4 74
4 Axle load z - 5.0625
1 Ty R R ~ — /) = ( ) ¢
Equivalent anle load factor, EALF (Stnmlnrd —lc load

Total ESAL =900 x 5.0625 = 4556.25
_ tively on averment
Question: Axle load of 27 kip and 36 kipare repeated 30 and 15 times l’e-??f’(evfl 1;5 Ay_ 20p17)

of 24 hours. What will be the Equivalent Single Axle Load (ESAL) In @ year

Solutions
Assume, Standard axle load = 18 k (Single axle with dual Wheel)

27\ :
ESAL for 27 kload = EALFx No.of repetition = (—1—6) x30 = 151.875

4
36\*

ESAL for 36 kload = EALF x No. of repetition = (ﬁ) x30 = 240

Total ESAL = 151.875 + 240 = 391.875k

ESALinayear = 391.875x365 = 143034.375 = 0.143 MSA

Question: A 36 kip axle load is repeated 1000 times a day. What will be the number of standard

axles for this axle load in a year? (PGCB — 2019)
Solution:
Assume, Standard axle load = 18k (Single axle with dual wheel)

36\*
ESAL for 36 kload = EALF x No. of repetition = (ﬁ) x 1000 = 16000

ESAL inayear = 16000 x 365 = 143034.375 = 5.84 MSA

Y )

DESIGN INTEGRITY, Call: 01633905761
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The tyre contact pressure is the pressure excrted by the tyre on the
more than, equal to, or lessthan the tyre pressure but
and uniform in distribution.

re contact pressure:
round. The tyre contact pressure could be

generﬂll}' it is assumed to be equal to the tyre pressure

and tyre pressure0.7 MIPa are acting
wheel with the sume tyre

fthesingle wheel.

parated wheels ofload 20.5 KN each
f the two wheels are replaced by a single
lius of the tyre imprint (idealized as circle) 0

Question: Two closely se
on a pavement section. |
pressure, calculate the rac

(BPDB - 2016)

Solution:

The total load acting on pavement is = 2X 20.5 KN = 41 KN
Tyre pressure = 0.7 MPa

If the radius of the equivalent single wheel is 7, then

7z 72 (0.7x10%) =41x 10°
r=0.136m

20.5 kN each

.54 NMPa
LyTe preasure

e T P L L R T
cscsewww
-

each road. The applied pressure is 0.7 Mpa.
rty, thenfind outtheimparted effective

y thesingle wheel.

arted 20.5 KN load on
le wheel of same prope
ar imparted effect) b

Two close wheel imp
heel isreplaced byasing
1 (by considering circul
CBL — 2018)

Question:
Ifthetwo w.
diameter on soi
(BPDB — 2016,CPG

Solution:
We k 'P"F-
e know,P =7

aD? F 2x20.5x10°
_F _xcat
0.7 x 108

4 P

4
» D=0273m

NTEGRITY, Call: 01633905761
189

DESIGN |
ST A TR A M ER Al

Scanned with CamScanner




- of 150 mm. What is the
ed to @ C]l;(;:Ck moving at a speed of 60

roximat
app ment by a

Question: The radius of a tyre i'"p.rmt ¥y int of pave
maximum loading durationon a p.xmculnr pol

kmph? (RPGCL — 2017, GTCL - 2018)
Solution:
Duration is the time required to crosst

2x150
- . : Q= e = 0.018s
Therefore, the time required is 50 x 10°

i int.
he diameter of the tyTé impr

b a 300 mm radius rigid plate. A ‘

Question: A plate load test is carried out on subgrade soil l‘ISing ¢ dulus of the soil, if s
load of 5 tonnes resulted in a deflection of 1.2 mm. Determiné the elastic mo | i
the poisson's ratio is 0.5. !
Solution: . li
5x10

Th ied is = ——— = 0.176 N/mm?

e pressure apphedn: —300° 0.176 N/m |
We know, § = 1.18 I—Jl-‘:—
12= 1.18x0.176 x 300

E

E =52.16 MPa

Skid resistance: The skid resistance force generated due to interaction between the pavement
and locked tyre when the vehicle is moving. Skid number is defined as 100 times the frictional
coefficient between the wheel tyre and the pavement surface.

Skid number = 100 x coefficient of friction .

Question: A force of 25 KN is required to pull two locked wheels ata speed of 40 kmph, loaded
with 50 KN of weight. Calculate the skid number.

1o 25
Skid number = 100 x — =50
50
Traffic Calculation: The design traffic in terms of the cumulative standard axle is obtained using
the equation,
a+nt-1
N =365x4x - x VDF x LDF

N = design traffic

A = Number of expected vehicle
r = growth rate

VDF = vehicle damage factor
LDF = lane distribution factor.

/ DESIGN INTEGRITY, Call: n1&nnn- -
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< Question: The pavement will be a two-lane road with a single carriageway. The traffic expected is

' 500 commercial vehicles per day in both the directions with average vehicle damage factor of 1.9.

The lane distribution factor is 0.75 and the assumed design life of the pavement is 12 years.
Calculate the design traffic.

Solution:

The lane distribution factor, as per recommendation, is chosen as 0.75. Traffic growth factor is
assumed as 7.5%. The value of cumulative standard axle repetitions is calculated,

(1 + 0.075)2 — 1

; 75 =479
0,075 x1.9x0.75=4.79 msa

N =365x500x
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roundness: In this case, oven-

f . : :
. ' , el onverse 0 : sieve size y).
Angularity number: The angularity of aggregates 1s the ¢ e size X and retamefi by losed at 03';38 \ ‘
dried aggregates of appropriate size (passing throus‘.‘} 5‘? £ speciﬁed dimensions ¢

The aggregates arc filled in three layersina metal cylinder ©

. the top surface is
O while filling and £ %
end. A tamping rod is used to apply 100 blows to each layer whi regates as otherwise they are

levelled. Tamping should be done carefully to avoid brgaking °{) :r (AN) is determined as,
adjudged unsuitable for angularity testing. The angularity num

W,
AN =67 - =
T x 100

Where, W, is the weight of the aggregate mass.
W, is the weight of water occupying the mould
G, is the specific gravity of the aggregates.

i -ty 00

minus voids) with spherical aggregates of the same size as that of the ageres - .
more angular the shape of the aggregates, the more will be voids, resulting in ar;rlnctr.zérllsesgzgllg
angularity number. The aggregates suitable for bituminous pavement cons uct

generally be angular in shape for better interlocking.

Question: Calculate the angularity number for the aggregate sample from the following data
relative density of the aggregate 2.8, mass of water required to fill the cylinder 2500 gm, mass of
cylinder filled with compacted aggregate 5150 gm and mass of cylinder 1100 gm.

(PGCB — 2015, DNCC — 2016, BPDB — 2018)

- ,&
Solution: :
Here, W = Weight of aggregate = 5150 - 1100 = 4050 gm.
C = Weight of water to fill the cylinder = 2500 gm. -
G, = Specific gravity of the material = 2.8

100w
We know, Angularity Number = 67 - G

s
100 x 4050
= 67- 5ooxzs =0

- A

DESIGN INTEGRITY, Call: 01633905741
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" Intersections: An intersection is an area,

to provide for the change of route dire
intersection, which has only two roads ¢
intersection, at which three or more rog
into three general categories: grade

_shared by two or more roads, whose main function is
ctlops. Intersections vary in complexity from a simple
rossing at a right angle to each other, to a more complex
ds cross within the same area. Intersections are classified

h 1 -separated without - i
(commonly known as interchanges) and zi—grade. PR e Sepercel with ramps

:::‘ Op‘):ixrt;pc;:e of t;)e intersection design is primarily to modify the zone of conflict (by either
. § 1t or reducing it to a large extent) with the twin objectives of improving the safety and
efficiency (in terms of delay to vehicles) of the intersection,

A AN
N7 |

CROSSING WiTh SEPARATE TUPNING LANES

,___./:‘é& :——j&‘

T ONTRRSPL TI0N T w.Tr SLPARATE TURNNS Laxls
v

teeu? a

>
/
7 /ﬁ /
q — 7 1 = )
r - ‘l-gf':cc' BRANDH WITH 3L PARATE TURNING LARL

PLARELD CROS3ING
FIGURE 5-1 Types of Intersections at grade. (Courtesy Federal Highway
Admunustration.)

Interchanges: As stated earlier, interchanges are grade separated intersections (commonly
referred to as flyovers in India) where the conflict in traffic flow is resolved by duplicating the
intersecting space at various heights. Grade separated intersections obviously need to have roads
which connect the intersecting roads. These connecting roads are called ramps.

B

DESIGN INTEGRITY, Call: 01633905761
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Figure
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—

| cumpat inlsronsnge.

Mgure Pertial cioverdes! interchange. Figure . . Cloverdeal nterchangs.

Question: 4 leg intersection ¥ 4 phase signal ¥ W traffic movement we¥ Wi | (HED —~ 2020)

Solution;
: | i
— | 1 e——
) *
= = W W —:— mameme 303z Somam= s e mmtm - w
E |
Phass Iight) Phase |
“z“““‘;&m hnom;m'm
) K
e E f j |l e e——
Phane d (phd) Phane 4 (xbd)
e e o “‘“mm:ﬁ:mm
DESIGN INTEGRITY, Cajjs 01633905761
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N Yellow interval or Clearance Interval
!

Mimimum clearance Interval, bin =8 + M + ﬂ
Uy 2a

It the effect of grade s added,
W+ 0L Ug
+
Uo 2(a+Gg)

¢ = Perception reaction time (sec)

a = Constant rate of braking deceleration (ft/sec?)
G = Grade of the approach

9 = Acceleration due to gravity (32.2 ft/sec?)

tmin = 0 +

Safety considerations indicate the use of no less than 3 seconds of clearance interval. In this case,
the clearance interval is set equal to the yellow indication

Question: Vehicles approaching an intersection with 60 km/h have to cross a 12 m street. If the
average reaction time of a driver is 1.5 seconds, the deceleration rate is 3 m/sec?, the average

length of a vehicle is 6 m, determine the clearance interval required. If the desired yellowinterval
Is 4 seconds, should there be an all red indication? ’

Solution;
60 x 1000
=————=16.7 m/sec .
Q Uo 3600 / -
_ e W+L ug
-~ Minimum clearance Interval, tmin =8 + +—
/ i Ug 2a.
12+6 16.7 ‘ '
= + +——=5.45sec
tmin = 1.5 16,7 2x3

Using a 4 second yellow, the remaining 1.4 seconds should be accommodated using an all red
indication. -

Question: Determine the minimum yellow interval at an intersection whose width is 40 ft if th.e
i maximum allowable speed on the approach roads is 30 mi/h. Assume average length of vehicle is
: 20 ft. (DNCC — 2020)

Solutjon;

We must ﬁrst decide on a deceleration rate, AASHTO recommends a deceleration rate of 11.2 ft
/secZ Assuming this value for a and taking d as 1.0 sec, we obtain

w+L Up
+—
Ug 2a

Minimum clearance Interval, tp;, = § +

40 + 20 30x147
fmin =10+ 57 * %112

% In this case, a yellow period of 4.5 sec will be needed.
i

DESIGN‘INTEGRITY. Call: 01633905761
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eginning of the green indication

Lost Time: Traffic leavingthe approach ofan intersecﬂl‘)‘;;; nd drivers do [:lot responc}l1 !nstant!y
is not discharged at full rate, since vehicles need to accelé ing of the yellow interval ve 1cl§s vfnll
to the change of signal indication. gimilarly, at the beginn that there are enough Yehxcles inline
start decelerating and the discharge rate will drop- een interval, thetimes when the
to maintain a maximum constant discharge rate thr
discharge rate drops is called lost time.

Lost time, t, = Gqai + Yi - Jel

|
'.
1
4 . 'l
8 \ |
2 1 l
3l | |
b | ‘
f) ! I
! Effctivegreen _—
T |
) | |
| o8t
1 i T
T'&‘.ﬁ‘:’f Vﬁrl ]
r— ! 1 - 'l v, ‘Rcd
1 ! Green +—'9""'|"

Figure: Lost time conceptat signalized intersections

e

Effective green time - | =

Effective green time is the actual time avéilable for the vehicles to Cross the intersection. It i_S the
sum of actual green time (G4:) plus the yellow minus the applicable lost times. This lost time is the
sum of start-up lost time (1,) and clearance lost time (I;) denoted ast,. 1f yellow time for phase!

is Y; thus effective green time for phasei can be written as,

gei=Gat * ¥t~k

Normally, the lost time is assumed to be taken as equal to 2 seconds, with the amber time setatd
seconds. Effective green time is thus equal to actual green time plus 1 second,

\Ab
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! |l !
= 1 il
< i Sarurgtion flow ll,
- ] |
g !
o
g /
:c% / Etfechve green tme |
lf |
’ Y
¢ e sh—
Red Green Amber Red

Diagrammatic representation of actual green time, effective green time and lost time.

Lane capacity

R The ratio of effective green time to the cyclelength (g./C)is defined as green ratio. We know that

= saturation flow rate is the number of vehicles that can be moved in one lane in one hour assuming
the signal to be green always. Then the capacity of a lane can be computed as,

o et
Ci=si7g

, Where C; the capacity of lane in vehicle per hour,
' per lane, Cis the cycle time in seconds.

S; is the saturation flow rate in vehicle per hour

! Question: Let the cycle time of an intersection is 60 seconds. The green time for a phase is 27
seconds and the corresponding yellow time is 4 seconds. Ifthe saturation headway is 2.4 seconds
per vehicle, the startup lost time is 2 seconds per phase and the clearance Jost time is 1

second/phase, find the capacity of the movement per lane?
(BWDB - 2018, BUET M.Sc— 2018, NHA — 2020)

Solution:
Total lost time, [; =2+ 1= 3 seconds
3600 3600
Saturation flowrate, S1=="p— = 5" = 1500 vehicle per hour

Effective green time, Jei = Gy + Y-l =27+4- 3 = 28 seconds
28

Capacity of the green phase, C; = -‘1;—‘- XS; =gy % 1500 = 700 vehicle per hour per lane

DESIGN INTEGRITY, Call: 01633905761
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Cycle time cycle of jterations. i.e. one complste
u

Cycle time is the time taken by asig
rotation through all signal indications. 1

Cycle length by Webster method,
_ 15L+5
’ 1= ZT:(], Y
C, = optimum cycle length (sec)

L = total lost time per cycle (sec)
Y; = maximum value of the ratios of appr

phase i (i.e. _‘ﬂ)
5]

h flows to saturation flows for all lane groups using
oac

¢ = number of phases .
qi; = flow on lane groups having the right of way during phasei
S; = saturation flow on lane group j :

i Arca under solid
cunve = GA S

i Saturanion flow ~ $ |
ly 1

oy

Lost Lost

rime . ) . e
\ Effective preen =G
— Ve

Rate of ditthargc

¥

: |
! 1
L)

= Time 1
) 1

Sz g -~ —— |
Green Amber Red

Discharge of Vehicles at Various Times during a Green Phase
Total lost ime, L =X [ + R

Where, R = Total all red time during the cycle

Total effective green time, g = Co - L

Yi
h+t+.. .y, It [

Effective green time for each phase, Gei =

Actual green time for each phase,
Gg1=9ar? li-nN
Gaz=8e2t1l2-Y2

Ga¢ =g!¢;"lw-y¢

'S
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Scanned with CamScanner



4
#é

o “”
10}
N, wadwo?d

y
ﬂ'- Question: Determine the total ente
Green time for NS direction Gyg =

solution:

I green time for two phase traffic having cycle time C = 66s;
24s and for EW direction Ggw = 27s. (PGCL - 2017)
Cycletime = Gys + Ggyy + total inter green time

Total inter green time = Cycle time —
Question: The average normal flow
and 250 PCU per hour, the saturatio

PCU per hour respectively. The all r
phase traffic signal with pedestrian

Solution;

Gns — Ggw = 66 -24 -27 = 15 sec

of traffic on cross roads A and B during design period are 400

n flow values on these roads are estimated as 1250 and 1000
ed time required for pedestrian crossing is 12 sec. Design two
crossing by Webster’s method.

Given, normal flow on roads A & B: 9a = 400 PCU/hr and g, = 250 PCU/hr
Saturation flow, S, = 1250 PCU/hr and Sp = 1000 PCU/hr
Allred time, R = 12 sec & number of phase,n = 2
_qa_400_ _qb__400__

e =5 = T250 0.32and y, = E =350 = 0.25
Y=y, +y, =032+0.25 = 057 '
>, Totallosttime,L=2n+R =2x2+12 = 16 sec
1.3" , 15L+5 15x16+5

-+ Optimum cycle time, Cy = 17 =
0.32

G, = }% CG-L=

—

1-0.57
D - =2
057 (67.5 — 16) | 9

0.25
Gazy-?b(co—l‘)—__

555 (675-16) =29

= 67.4 say 67.5 sec

Provide an all red time, R for pédesﬁ‘ian crossing = 12 sec

Providing Amber times of 2 sec each for clearance,

Total cycle time = 29 + 22.5 + 12 +2+2=675sec

Logit Models

An alternative approach used in transportation demand anal
of each mode as a summation of each modal attribute. Then t

ysis is to consider the relative utility
he choice of a mode is expressed as a
Uy = Utility of mode x

n = number of attributes

probability distribution. For example, assume that the utility of each mode is
Ur=Xia; X;
A Xi=attribute value (time, cost and so forth)

«. @ = coefficient value for attributes i (negative, since the values are di

sutilities)
DESIGN INTEGRITY, Call: 01633905761
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ered, the probability of gelecting the auto

If two modes, auto (4) and transit (T), are being consid
mode A can be written as
eUA
P(A)=’eua+eur y
; ; Determine their
Question: If utilities for auto, bus and walk are 0.47, -1.525 and 12)5 reSpectlvely
20

mode share probabilities using a basic logit model. (DTCA—
Solution:
Pauro =0.47
Pgus =-1.525
PWalk =-2.5
v.
el-auto 2047 g 1.599 =0.842

Piuto = = —
Auto ~ ,U.aguto 4 gUbUS + eUwalk ~ @047 ¢ e~1525 + e—25 1.899

U.bus -1.525
e £ 0217 _114

—
-

Pgyus = =
Bus = U.auto 4 gUbUs + gUwalk ~ g047 4 g—1525 + e~ %5 1.899

Uwalk -~2.5

e 0.0820

Pwaix =70 = : == 0043
eUauto eUbus + gUwalk 047 4 e-1325 + e—2S 1.899

Question: The utility functions for auto and wransit are as follows.
Auto: U = - 0.46 - 0.35T, - 0.06Tz - 0.005C
Transit: Uy = - 0.07 - 0.05Ty - 0.15T2 0.005C

Where

T, = total travel ime (minutes)
T, =waiting ime (minutes)

C = cost (cents)

The travel characteristics between two zones are as follows:

Auto Transit |
T 20 30
T, . 8 6
€74 | 320 100
Solution:

Use the logit model to determine the percent of travel in the zone by auto and transit.

Up=-0.46-035%20- 0,08 x 8- 0.005x 320 =-970

U =-0.07-005x30- 0.15 x 6 - 0.005 x 100 =-2.97

eld e’ 0.965
a7

Pa= ;—Uj‘_;_‘;ﬁ— 297 +e-2%7

uT -2.97 * s
e e —=0.034 -

e ——— —
Pr=gUAsevr 7% =257

DESIGN INTEGRITY, Call: 01633905761
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CBR test: CHR teststands for California Beanng Ratio Test. This test ws originally developed by
the Calitornia Division of Highways prior to the World War I1. The CBR test procedure is very
popular in manv countries for determining the subgrade strength of the soil. brecause of it
simpliaty and low cost for conducung the test. The test is arbitrary and the results give an
empincal strength number which may not be directly related to fundamental properties governing
the strength of souls such as cohesion, angle of internal triction, etc. For CBR test on the remoulded
sample, soil is compacted in the CBR mould (inner diameter 150 mm) with optimum moisture
content (determined from standard or modified proctor test), The material should pass through
the 20 mm sieve. The larger size materials, if present, arc replaced by an equal amount of material
passing through the 20 mm sieve and retained by the 4.75 mm sieve.

In the CBR test, a plunger of diameter 50 mm penetrates the mould of diameter 150 mm, at the
rate of 1.25 mm/min where the soil sample is placed (see Figure 10.3). The load values
corresponding to the penetration values of 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 7.5, 10, and 12.5
mm are measured and plotted on a graph.

The standard aggregates are the aggregates from California on which the CBR test was actually
evolved and the values of the pressure sustained by them are 70 kg/cm2 and 105 kg/cm? for 2.5
mm and 5.0 mm penetration respectively. The CBR generally selected is at 2.5 mm penetration. [f
the CBR at 5 mm is greater than at 2.5 mm, the test should be repeated. If check test gives the
similar values, then CBR at 5 mm is used.

pressure sustained by the specimen at 2.5 mm or 5 mm penetration

CBR= pressure sustained by the standard aggregates
Standard load value
Penetration,mm | Standard loading kg | Unit standard stress, kg/cm?
2.5 1370 70
5.0 2055 105
7.5 2630 134

Proving Ring

Plurgt? penansion
123

M) qun
Seniage
-~ 1
7 Collar .
) _n.aeuago
Mok
n/ R
Soil aample y ..
l Specimen
130 pm
Schematic dagram of the mould and the pingsr in CBR leal.

DESIGN INTEGRITY, Call: 01633905761
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Question: CBR test el AT I S0
(LGED — 2019)

Solution;
CBR test: The California Bear

subgrades and base course m
runways and other pavements.

ng Ratio or CBR

Why CBR test is important:
value gives an indication of t
property of soil is extremely importan

of whether or not th
pavements layers S0 that design is safe.

Un-Soaked CBR: When the CBR test is perform
under the condition of un-soaked sample or not

CBR is known as soaked CBR.

Soaked CBR: Pavement ma
n after rainfall the

aked ¥R un-

test is perfo

aterials. It's performe for

cular loads aré

In roads, all vehi g ' eo
e SOl y
bgra use this C

he strength of su
tin road construc on

e soll can bear such load &a

ed to evaluateé the

terial is not always rem
Soake

soaked (BR et

to evalu

ed 1
s used in highways:

materials

ndicatio

tion beca

1so helps in deciding t

strength 0

mal field conditions sample,

ains dry- Considering weake
d CBR test is performed. When the CBR test

it is in soaked conditio
performed to evaluate the strength of subgrades materials under
sample, that time the value of CBRis known as soaked CBR.
e
Soaked CBR test : Un-soaked CBR test
CBR test in soaked condition. CBR test in un-soaked condition.
Performed to simulate the worst conditions Performed to simulate the normal conditions
in the field. in the field.
Water content is likely equal after the

"Submerged in water for about 4 days (96

construction of the pavement.

hours) before testing.

"CBR value will generally be Jower for soaked

CBR value will generally be higher for dry

soil.

| soil.

Question: CBR tests weré conducted on specimen fo
ts 210 kg load in celebrations chart to ring.

100 division of load dial represen

Penetration, mm Dial reading
Tl 0
RETE 10
1 18
15 26
2 33
2.5 38
3 42
[ 48

r a soil determine the CBR value of the s0

DESIGN INTEGRITY Call:
. : ‘,7(Eall. 01633905761
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/

é Load dial reading at 2.5 mm penetration 1s 38

f

. ]

Smm =210 o
Load at 2. mm =150 38 =79.8kg

_210
Load at 5mm = 100 X 55 =115.5kg

79.8
CBRat25 = — =
a mm 1370 x 100 = 5,829

11
CBR at =
atSmm = —oes

So, selected CBR is 5.82%

x 100 =5.62%

Question: What is improved subgrade? Why it is provided in Bangladesh? (CPGCBL — 2015)
Solution;

When the subgrade material is not adequate to support the necessary loads, then additional work
should be done to make the material suitable for the construction. Normally, subgrade material is
improved by installing geotextiles. They are used to prevent mixingof soft or inadequate soil that
might affect the structural capacity of the subgrade. Geotextiles must have specific mechanical and
hydraulic properties to ensure they have the right characteristics for their intended use.

* Provide strength and support to the overlying pavement
* Provide drainage and frost protection

+ Prevent settlements to pavemnent and slab on grade

* Bereusableif you decide to change your pavement surface

Question: Define and describe the design of concrete Mix and mention the different method of
designing of concrete mixes. (RAJUK — 2016)

Solution;

Some of the commonly used mix design methods are,
* Marshal method

« Hubbard-filed method

* Hveem method

» Smith traxial method

Quesdon: What are the methods of grading asphalt? (PGCB - 2017)
Solution:

Four methods of grading of asphalt:
* Performance grading
* Penetration grading
* Viscosity grading
* Viscosity of aged residue grading

DESIGN INTEGRITY, Call: 01633905761
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n data by Marshall Method.

Question: Drz itati 2 ix desi
raw qualitative test property curves for hot mix desig 2015, BCIC-2017, PGCB-

(BUET M.Sc.-2013, 2014, WRGCL-2014, BWDB-2014, PGCB-2015, BPDB-
2018, DTCA-2018, DMRTP-2018, BPDB-2018, DESCO-2019, SGFL-2020)

Solution;

% Air Unit
void welght Flow M

% Asphalt content % Asphalt content % Asphalt content

% Asphalt content % Asphalt content % Asphalt content

Mix design; Mix design is an economical blend & grading of aggregate and asphalt to obtain better
stability and durability. The objective of dry mix design is to determine the amount of various sizes
of mineral aggregates to use to get a mix of maximum density. The dry mix design involves three
important steps, viz. selection of aggregates, aggregates gradation, and proportion of aggregates.

Objective: The objectives of asphalt paving mix design are to select and proportion materials to
produce a mix that has,

e Sufficient asphalt to ensure durable pavement.

e Sufficient mix stability to prevent distortion and displacement.

o Sufficient workability to ensure efficient placement.

Sufficient voids on the total compacted mix to allow for a slight amount of additional
compaction under traffic and a slight amount of asphalt expansion due to temperature

increases without flushing, bleeding, and loss of stability.
For surface mixes, proper aggregate texture and hardness to provide sufficient skid resistance
in unfavorable weather conditions.

ioq: The mix design (wet mix) determines the optimum bitumen content. The
stability portion of the test measures the maximum load supported by the test specimen at a
loading rate of 50.8 mm/minute. Load is applied to the specimen till failure, and the maximum
load is designated as stability. During the loading, an attached dial gauge measures the specimen's
plastic flow (deformation) due to the loading. The flow value is recorded in 0.25 mm (0.01 inch)

increments at the same time when the maximum load is recorded.

DESIGN INTEGRITY, Call: 01633905761
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Propertics ol the mix; The properties that are of Interest include the theoretical specific gravity
Ge, the bulk specilic gravity of the mix G,,, percent air voids ¥, percent volume of bitumen v,
percent void in mixed agpregate VMA and percent voids filled with bitumen VFB. To understand
these calculation a phase dingram is givenin Figure,

Load Wessring
@ Peaving King o - - -
At Ve Tw ¥ I
1 T vua
| ‘ml " Bitwnen -L“ _L
: "j" Filiers v l
f 4 wm T - "" Vm
¥ L. Dstorrmation isesanng Fine Aggregates
Im-n I ! ) ou Guagn (Fiow nwer i 2 T . -i-w
Specimen " T m_l_ :-‘ e g o] +W
/ 7 w1 ‘ CoawAayteoﬂeeﬁ‘ _’l_vv
H Weloht Specimen Volkame
Marshall Test setup Phase diagram of a bituminous mix

Theoretical specific gravity of the mix G,
Theoretical specific gravity G, is the specific gravity without considering air voids and is given by
_ WI+WZ+W3+Wb

W W Wy Wy
G1 Gz G3 G

- Where, Wh is the weight of coarse aggregate in the total mix, W2 is the weight of fine aggregate in
the total mix, W3 is the weight of filler in the total mix, W), is the weight of bitumen in the total mix,
G1 is the apparent specific gravity of coarse aggregate, Gz is the apparent specific gravity of fine
aggregate, G3 is the apparent specific gravity of filler and Gs is the apparent specific gravity of

bitumen, |
Bulk specific gravity of mix G,

The bulk specific gravity or the actual specific gravity of the mix G, is the specific gravity
considering air voids and is found out by:

bl

&S Wm =Wy

Where, W), is the weight of mix in air, W, isthe weight of mix in water, Note that Wn—W, gives

. thevolume of the mix. Sometimes to get accurate bulk specific gravity, the specimen is coated with
thin film of paraffin wax, when weight is taken in the water. This, however requires to consider
the weight and volume of wax in the calculations.

Alrvoids percent V,,

Air voids ¥, is the percent of air voids by volume in the specimen and is given by:

v _(G6t-G) 100
'—\
Gy

DESIGN INTEGRITY, Call: 01633905761
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he bulk oF jctual specific gravity
th

. . ' = . Wd Gm 1S
\Where. G, is the theoretical speatic gravity of the mux anE2

of the mix given by equation.

Percent volume of bitumen V) tal volume and given by:
to the totd
The volume of bitumen Vy is the percent of volume of bitumen
“p
' Gy
‘b =W1 - H"; +\4'3 "“'h

; Wz is the weight of fine aggregate in

Where, Wi is the weight of coarse aggregate in the total mi%, ight of pitumen in the to.tal mix,
the total mix. W3 is the weight of filler in the total mix, """b is:EhE ks ecific gravity of mix given by
G, Is the apparent specific gravity of bitumen, and G, is the bulk SP

equation.

Voids in mineral aggregate VMA

= i the sum of air voids
Voids in mineral aggregate VMAis the volume of voids in the aggregates: andi

and volume of bitumen and is calculated from
VMA = V'D + Vb

g ; i i en content
Where, V, is the percent air voids in the mix, given by equation and Vj is percent Bimm
in the mix, given by equation. )

Voids filled with bitumen VFB

Voids filled with bitumen VFB is the voids in the mineral aggregate frame work filled with the
bitumen, and is calculated as: '

Vy x100
VFB =.L__—
VYMA

Where, V, is percent bitumen content in the mix, given by equation and VMA is the percent voids
in the mineral aggregate, given by equation.

Question: The specific gravities and weight proportions for aggregate and bitumen are as under
for the preparation of Marshall Mix design. The volume and weight of one Marshall specimen was

found to be 475 cc and 1100 gm. Assuming absorption of bitumen in aggregate is zero, find V;, Vp,
VMA and VFB.

Item Al A2 A3 A4 B

Weight (gm.) 825 1200 325 150 100

Sp. Gr 2.63 251 2.46 2.43 1.05
Solution:

G _W1+W2+W3+ W+ Wp _ 825 +1200 + 325 + 150 + 100
"%’—1+%§+%+ﬂ+ﬂ 825 | 1200 325 150 100 =2.406
1

Gs  Gp 263 251 246 T 243 t 103
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i‘\\ f\“ N

Ww 1100

3 N - < ',.3 :
A 4 m*= W = Wi 475 =316
iy (Ge = Gy 100 = (2406 - 2.316) 100 ;
v Gy 2.406 1%
w
i o G 100 2.316
' WL WS HV'”W“WF:lUleGOO = 8.483%
Gm j

VMA =V, +V, =3.741 + 8483 = 12.224%

Vp X100 8.483x100
VFB = ———=
vMA 12,224

=69.39%

Question: The following materials with given masses are used to produce a batch of concrete.
What is the volume of concrete if the air content is 3%?

(Air content Is the volume of air expressed
{8 percentage of the concrete volume) (BB AD — 2018)

. _Materials | Cement | Water SSD (FA) SSD (CA)
Mass (kg) 279 166 760 1044
SP. Gravity 3.15 1.00 2.60 (bulk SSD) 2.63 (bulk $5D)
| S—
" [Material Mass, kg | Specific Absolute Absolute
-, gravity density, kg/m? volume, m3
 [Cement 279 | 315 3150 0.089
* | Water 166 1.00 1000 0.166
SSD, fine aggregate 760 2.60 2600 0.292
SSD, Coarse aggregate 1044 2.63 2630 0397
Total absolute volume = 0.944 m3

Volume of the concrete V. is the summation of the absolute volume and the volume of the air Vo

V. =0.944 + 1,

By definition of air content,V; = 0.03 ,
So V. = 0.944 + 0.03 V,

Therefore, 0.97 V. = 0.944 and V. = 0.944/0.967 = 0.973 m3

DESIGN INTEGRITY, Call: 01633905761

207

Scanned with CamScanner




. ' 6. Al

Question: Specific gravity of cement, CA & A are 2.9. 2.67& 2

(a) Find the unit weight of CA,

(b) W/C ratio,

() unit weight of concrete sive Str ength nd workability

(d) If water is increased what will be the effect on compré

)

[ Weight (ke
Water | Cement
187 | 397
(Combined Bank — 2020)

Solution:
W, 187
(@) Volume of water, ¥, = Y= /__—0187m’
of water, ¥y = 7=~ = 1% 1000
W, 397

Volume of cement, V; = —— = = 0136 m’
ment, Ve = ¢~ 2.9x1000

W, 6
Volume of FA, Vs = G ‘;‘ =3 66:1000 = 0.245m’®
sIiw 4

Volume of CA,Vga =1 — (0187 + 0.136 + 0.245 +0.02) = 0.412 m3
Weight of CA,Wea = Vea Gs Yw = 0.412 x 2.67 x1000 = 1100.04 kg

(b) Water cement ratio = EZ- = 0.47
397 | -

. y w 187 + 397 + 636 + 1100.04

(¢) Unit weight of concrete,¥e = 7 = 5157 + 0.136 + 0.245 + 0412+ 0.0

(d) If water is increased the concrete compressive strength will decrease and workability will

increase.

=2320.04 kg/m?

Question: Determine the specific gravity of a bituminous material from pycnometer test.
Mass of pycnometer = 30.48 gm.
Mass of pycnometer filled with water = 57.66 gr.

Mass of pycnometer filled 3 part with bitumen = 57.68 gm. (BADC —2020)
Solution:

5 pecific Grasity Compwiation of Bituminous Material

) 4 ¢
Y S

b -

DESIGN INTEGRITY, Call: 01633905761
208

Scanned with CamScanner

e



% Here,Mass of pycnometer, 4 = 30.48 gm,
Mass of pycnometer filled with water, B = 5766 gm.
Mass of pycnometer filled % part with bitumen, ¢ < 57.68 gm.

D = Mass of pycnometer + % part bitumen + % part water
D =57.68 + 1/4 (57.66 - 30.48) = 64.475gm

Specific Gravity = Mass of bitumin with a definite volume G =4
Mass of water with same volume — = (B-4)-0-0
57.68 — 30.48 27.2

~ (57.66 = 30.48) = (64475 —578) = T — 6.705 ~ 133

Mass of bitumin with a definite volume _ 5768 - 30.48
Mass of water with same volume

Alternatively, G, = =133

3 (57.66 ~ 30.48)

Question: In a fatigue test on bituminous mix, a single point sinusoidal load of 1500 N is applied
with 10 Hz frequency to a specimen of size (100 x 100 x 750) mm3. A maximum deflection 1.3mm
was noted and the specimen was found to sustain 5.3 x 107 repetitions till occurrence of failure
(constant strain). Calculate the stiffness modulus of the bituminous mix at the test temperature.
11500 N sinusojdal
{ 10 Hz

XL h 4

3 100 mm
i A 750 mm y
5 i —]
: | ' 100x 1003
' X
: Moment of inertia, / = —37 — = 8.333x10° mm*
o6 =F 3
E Central deflection, § = 18E]

' 1500 x 7503
B 5

i 48xEx8.33x10
E E =1216.8 N/mm?
| Stiffness modulus of the mix, E = 1217 MPa
|
i
i3

)
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jrement.
| | indi jal of flexible P
Question: Compare between bitumen and arasa binding mater
(30th BCS)
qmown for being strongly

: . . : is K ) 3
Bitumen is a binding agent produced from pet.roleurn. Bitumen lkes bitumen the ideal binder
and driveways.

adhesive and resistant to damage from water and oil spills- This ma;ds car parks
for asphalt because asphalt is commonly used as 2 surface for rO4=>
Presently, roads are mostly constructed using Bitumern- 4 l
. At eal, Woo or other
Tarisa black solid mass which is formed during destructive distillation ?_f CU;‘;_SH ocenic effectand
organic material. Tar isno longer used for road construction pecause 0 n;: o asc;\ling agent
high temperature susceptibility. It has many uses as 2 waterproofing
; b way construction?
Question: What are the common requisite properties of aggregates 10 highway €O
(36th BCS)

Common requisite properties of aggregates in highway construction aré given below:

1. Strength: The aggregates to be used in road construction. particularly the aggret“,ates usgd inthe
wearing course of the pavement should be sufficiently strong/ resistant to crushing 1o withstand

the high stresses induced due to heavy traffic wheel loads.

2. Hardness :The aggregates used in the surface course aré subjected to constant rubbing or
abrasion due to moving traffic. Abrasive action may be increased due to the presence of abrasing
material like sand between the tyres of vehicle and the aggregates exposed to thetop surface. Thus,
they should be hard enough to resist the wear due to abrasive action of traffic.

3. Toughness: Aggregates in the pavement are also subjected to impact due to moving wheel loads.
The magnitude of impact increase with roughness of road and speed of vehicle. Severe impact i
common when heavily loaded steel tyred vehicles move on WBM. The resistance to impict or

toughness is thus another desirable property of aggregates.

4. Durability: The aggregates used in roads are subjected to physical and chemical actions of ralns
and ground water, the impurities in them and that of atmosphere. Thus it is desirable that the road
stones used in the construction should be sound enough to withstand the weathering action. The
property of aggregates to withstand the adverse actions of weather may be called soundness.

5. Shape of Aggregate: Road aggregates may be rounded, angular, flaky or eluh rated. Flaky and
elongated particles have less strength than rounded and cubical particles. Thus ::)ohﬂ.;l- “!yq t\‘\m
much elongated particles should be avoided. g Y

6. Adhesion with bitumen: The aggregates in bituminous pavements should h |

. ] . b av WG
water when compared with bitumen, otherwise the bituminous coating on !hec«,\,‘ ss.a,l’llnlly .v\vnh\
stripped off in presence of water. ) apgrepates will e
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ggregate: Aggregate is a collective term for the mineral materials such as sand, gravel,

and crushed stone thatare used with a binding medium (such as water, bitumen, Portland cement,
lime, etc.) to form compound materials (such as bituminous concrete and Portland cement
concrete). By volume, aggregate generally accounts for 92 to 96 percent of Bituminous concrete

and about 70 to 80 percent of Portland cement concrete. Aggregate isalso used for base and sub-
base courses for both flexible and rigid pavements.

In order to decide the suitability of the aggregate for use in pavement construction, following tests
are carried out:

_Crushing test

_Abrasiontest

_Impact test

_Soundness test

_ Shape test

_ Specific gravity and water absorption test
_ Bitumen adhesion test

Crushing test: One of the model in which pavement material can fail is by crushing under
compressive stress. The aggregate crushing value provides a relative measure of resistance to
crushing under gradually applied crushing load. The test consists of subjecting the specimen of
aggregate in standard mould to a compression test under standard load conditions (Figure 22:1).
Dry aggregates passing through 12.5 mm sieves and retained 10 mm sieves are filled in a
cylindrical measure of 11.5 mm diameter and 18 cm height in three layers. Each layer is tampered
25 times with at standard tamping rod. The test sample is weighed and placed in the test cylinder
in three layers each layer being tampered again. The specimen is subjected to a compressive load
of 40 tonnes gradually applied at the rate of 4 tonnes per minute. Then crushed aggregates are
then sieved through 2.36 mm sieve and weight of passing material (W,) isexpressed as percentage
of the weight of the total sample (W,) which is the aggregate crushing value.

W.
Aggregate crushing value = Wl x 100
2

Load

AR et

A N
S DR Sl QX ol g - s
L epete. Ml il R0y

A value less than 10 signifies an exceptionally strong aggregate while above 35 would normally
beregarded as weak aggregates.
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of aggregates and ¢

rdness propcrty gt .
hons:ruction works. The principle of Los
due to relative rubbing action _betWeen the
e machiné consists of circular drum

e. Los Azfséezn horizontal axis enabling it to be

Abraslon test; Abrasion test is carried
deaide whether they are suitable for different p

Angeles abrasion test is to find the percentage
apgregate and steel balls used as abrasive charg

of internal diameter 700 mm and length 520 mm mou

jameters and weight
: .1 balls of 48 mm diameters: g
rotated. An abrasive charge consisting of cast iron SPhencaels The number of the abrasive spheres

340-445 g is placed in the cylinder along with the aggregat to be used depends upon
varies according to the grad);ng of the sample. The q“a.nmy qf::}g]g;i%itlfesd and rotated at the speed
the gradation and usually ranges from 5-10kg. The C}’“"de(ri,‘s : on the gradation of aggregates,
of 30-33 rpm for a total of 500 -1000 revolutions depen ing uP e and passed fraction is

- siev
After specified revolutions, the material is sieved through 1.7 mm eles abrasion valu
expressed as percentage total weight of the sample. This value is called Los Ang e

i ian conditions. Fo
A maximum value of 40 percent is allowed for WBM pase course 1n Ind r
bituminous concrete, a maximum value of 35 is specified.
Cover Plate

\‘

v 4
N
Steel Balls

Impact test: The aggregate impact test is carried out to evaluate the resistance to impact of
aggregates. Aggregates passing 12.5 mm sieve and retained on 10 mmsieve s filledina cylindrical
steel cup of internal diameter 10.2 mm and depth 5 cmwhichis attached toa metal base of impact
testing machine. The material is filled in 3 layers where each layer is tamped for 25 number of
blows. Metal hammer of weight 13.5 to 14 Kg is arranged to drop with a free fall of 38.0 cm by
vertical guides and the test specimen is subjected to 15 number of blows. The crushed aggregate
is allowed to pass through 2.36 mm IS sieve. And the impact value is measured as percentage of
aggregates passing sieve (W) to the total weight of the sample (W;).

W,
Aggregate impact value = —Wl x 100
2

Aggregates 10 be used for we_aring course, the impact value shouldn't exceed 30 percent For
bitumninous macadam the maximum permissible value is 35 percent.

. Soundness test is intended to study the resis : hor
action, by conducting accelerated weathering test }t,:ycles. Thzaggic?:saggg;?taizsmsxﬁ :t;:g I;‘g)
freezing and thawing are likely to disintegrate prematurely. Aggregates ofgs eciﬂed) S are
subjected to cycles of alternate wetting in a saturated solution of either sodIi)um sulphate or
magnesium sulphate for 16 - 18 hours and then dried in ovenat 105 - 110°Cto a constan‘: weight.
After five cycles, the 10ss In weight of aggregates is determined by sieving out all undersized

: iohing. And the loss in weight sh ;
particles and weighing. An : ght should not exc h
P sulphate and 18 percent with magnesium sulphate solutt:iﬁ 12 percent when tested Wit
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~ai— Mould
O |

shape tests: The particle shape of the aggregate mass is determined by the percentage of flaky
and elongated particles in it. Aggregates which are flaky or elongated are detrimental to higher
workability and stability of mixes. The flakiness index is defined as the percentage by weight of
apgregate particles whose least dimension is less than 0.6 times their mean size. The elongation
index of an aggregate is defined as the percentage by weight of particles whose greatest
dimension (length) is 1.8 times their mean dimension. This test is applicable to aggregates larger

than 6.3 mm.

=

UU c__ﬂ;__,:ﬂ- ﬁnﬂ""“"““‘L

|| :
1 Flakiness gauge Elongation gauge
r
| Bitumin: Bituminous materials or asphalts are extensively used for roadway construction,
fing properties and

primarily because of their excellent binding characteristics and water prao

| relatively low cost. Bituminous materials consists of bitumen which is a black ar dark coloured
solid or viscous cementitious substances consists chiefly high molecular weight hydrocarbons
derived from distillation of petroleurn or natural asphalt, has adhesive properties, and is soluble
in carbon disulphide. Tarsare residues from the destructive distillation of organic substances such
as coal, wood, or petroleum and are temperature sensitive than bitumen. Bitumen will be

dissolved in petroleum oils where unlike tar.

Question: What are the test of bitumen?

Solution:

The following tests areusually conducted to evalu

ate different properties of bituminous materials.

Penetration test
Ductility test
Softening point test
Specific gravity test
Viscosity test

Flash and Fire point test
Float test
Water content test
Loss on heating test
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.« of bituminous materials,
the proper“.es f pituminous materials
mber of tests t0 asse;S ot pro rties 0 '
eanu ditter
evaluaté

Tests on bitumen: There ar
ucted to

The following tests are usually cond

1. Penetration test

2. Ductility test

3. Softening point test

4, Specific gravity test

5. Viscosity test

6. Flash and Fire point test
7. Float test

8. Water content test

9. Loss on heating test . he depth

It res the frness of bitumen by meaﬁ“‘;‘:g ;eson?ig T}i:;,
Penetration test: it measu ; rtica .
tenths of a millimeter to whicha standard loaded needle will peneﬁabtg V:nd L d}; vice for releasing
penetrometer consists of a needle assembly with a total weigh_t y consgistency. stirred thoroughly
and locking in any position. The bitumen is softened to a pouring

i i in excess of the expected penetration. The
and poured into containers at a depth at least ::3 nTr? ;? 2e50 s O b noted that enetration

test should be conducted at a specified tempe temperature, size of the

value is largely influenced by any inaccuracy with regards to pouring )
needle, weight placed on the needle and the test temperature. A grade of 40/50 bitumen means

the penetration value is in the range 40 to 50 at standard test conditions. In hot climates, a lower

penetration grade is preferred.

Penetration

\-

est; Ductility is the property of bitumen that permits it to undergo great deformation

or elongation. Dugnhty is defined as the distance in cm, to which a standard sample or briquette

of the material will be elqngated without breaking. Dimension of the briquette thus formed is
exactly 1 cm square. The bitumen sample is heated and poured in the mould assembly placed on2
plate. These samples with mouldsare cooled in the air and then in water bath at 27 C temperature.
The excess bitumen is cut apd the surface is leveled using a hot knife. Then th I:ﬂd with
assembly containing sample is kept in water bath of the ductility machi : ‘ enb e moulc e
The sides of the moulds are removed, the clips are hooked on the ma::?\t-e or about 90 m;?ue "
pperated. The d-ls_tance up to the point of breaking of thread is the ductili ine and t.he mac in f

in cm. The ductility value gets affected by factors such as poyri ctility value whichis reporte
rate of pulling etc. pouring temperature, test temperature:

| fu‘q
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Ductility

medium is heated at a rate pf 5° C per minute. Temperature is noted when the softened bitumen
'tothes the metal plate which is at a specified distance below. Generally, higher softening point
indicates lower temperature susceptibility and is preferred in hot climates

Thermometer
2 // \ﬁ
»
—— Softening
e T =) £y Point
b e b | :
T o4 —
p
Strarting Point End Point

Specific gravity test: In paving jobs, to classify a binder, density property is of great use, In most
cases bitumen is weighed, but when used with aggregates, the bitumen is converted to volume

using density values. The density of bitumen is greatly influenced by its chemical composition.
Increase in aromatic type mineral impurities cause an increase in specific gravity. The specific
gravity of bitumen is defined as the ratio of mass of given volume of bitumen of known content to
the mass of equal volume of water at 27¢ C. The specific gravity can be measured using either
pycnometer or preparing a cube specimen of bitumen in semi-solid or solid state. The specific
gravity of bitumen varies from 0.97 to 1.02.

Viscosity test: Viscosity denotes the fluid property of bituminous material and it is a measure of
resistance to flow. At the application temperature, this characteristic greatly influences the
strength of resulting paving mixes. Low or high viscosity during compaction or mixing has been
observed to result in lower stability values. At high viscosity, it resist the compactive effort and
thereby resulting mix is heterogeneous, hence low stability values. And at low viscosity instead of
providing a uniform _Im over aggregates, it will lubricate the aggregate particles. Orifice type
viscometers are used to indirectly find the viscosity of liquid binders like cutbacks and emulsions,
The viscosity expressed in seconds is the time taken by the 50 m! biturnen material to pass through
the orifice of a cup, under standard test conditions and specified temperature. Viscosity of a
cutback can be measured with either 4.0 mm orifice at 25° C or 10 mm orifice at 25 or 40° C

}i "~ DESIGN INTEGRITY, Call: 01633905761
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Flashiand fire peint Lesti At high temperat

leave out volatles. And these volatiles

essential to qualfy this temperature for eac
temperature at which the vapour of bitumen mo

specified test conditions. The fire point

ures depending upon the grades of

catches fire which is very hazardous 3 ; ‘
de. BIS defined the ash point as t€
the form of ash under

mentaril catches fire in
d fied test

is defined as the lowest temperatureé under Speci

conditions at which the bituminous material gets ignited and burns.

Bitumen Sample

L J
¢
50 cc Flask ’
T .

. Normally the consistency

applicable and Float test is used. The ap

% float value.

briefly. (31th BCS)
Solution:

Los angeles abrasiontest: Abrasiontestis carriedoutt

and to decide whether they aré suitable fo

penetration test or viscosity test. But for ce

screwed in to oat. The total test assembly is float
for water to pass its way through the specimen p

of bituminous material can be
rtain range of consistencies, these tests are not

measured either by

paratus consists of an aluminum oat and 2 brass collar

r different pave

of Los Angeles abrasion testisto find the percentage wear
the aggregate and steel balls used as abrasive charge.
P B~

filled with bitumen to be tested. The specimen in the mould is cooled to a temperature of 5°C and
ed in the water bath at 50°C and the time required

lug is noted in seconds and is expressed as the

» Question: Why is Los Angeles abrasion test performed? Write down the Jaboratory procedure

o test the hardness property of aggregates
ment construction works. The principle

due to relative rubbing action between
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-0s -‘--’P-—'Se.es machine consilsrs of circular drum of internal diameter 700 mm and length 520 mm
‘“C;ed on ‘honzontal axis enabling it to be rotated. An abrasive charge consisting of cast iron
sphenca. v2.ls of 48 mm diameters and weight 340-445 g is placed in the cylinder along with the
azzregates. The number of the abrasive spheres varies according to the grading of the sample. The
1L27TTy or aggregates to be used depends upon the gradation and usually ranges from 5-10 kg.
Tre ‘C‘:‘L}nder is then locked and rotated at the speed of 30-33 rpm for a total of 500 -1000
revc..dons depending upon the gradation of aggregates. After specified revolutions, the material
is sieved through 1.7 mm sieve and passed fraction is expressed as percentage total weight of the
samp.e. This vaiue is called Los Angeles abrasion value. A maximum value of 40 percent is allowed
for V-'f}?é: base course in Indian conditions. For bituminous concrete, a maximum value of 35 is
specified.
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