QUESTIONS ~ ANSWERS ON ROAD
CONSTRUCTION & ROAD STRUCTURE WORKS

(Revised)

MAY 2018

ENGINEERING CONSULTANCY SERVICES PUNJAB (PVT.) LI MITED

Address: 83A, E/1, Main Boulevard, Gulbergi lll, Lahore, Pakistan
Phone: 048571768184 Fax: 04235717®5 Email: info@ecsp.conpk

Web: http://www.ecsp.com.pk/webmail



mailto:info@ecsp.com
http://www.ecsp.com.pk/webmail

Questions~ Answers Road Construction &
Road Structure Works

TABLE OF CONTENTS

EARTH WORKS. ...t e et et e e e e e e e e e e e e e e e s e e s s s e s s e s e e e s s e neneeneeeees 1
SUB BASE AND BASE COURSE .......cooiiiiiiiiiiii e a e e e e e e e e e e 15
SURFACE TREATMENT & HOT MIEX ASPHALT . ...oovtiit 23
CONCRETE WORKS ...ttt e e e 47
CULVERTS AND BRIDGES..... .ottt a6l
ANNEXUREL ...t e e e s e s 75
REFERENCES . ... .t r e ettt ettt e e et e e e e e e e e e e e e aae e e s s aa s s e s annanbbb bbb rnsnnnsnnene e 83




Questions~ Answers Road Construction &
Road Structure Works

Foreword

For construction supervision of works, Field Engineers and Staff engaged on highway constructits proje
of various departments, requir@ecessary technical knowhow and acquaintance with the relevant
speciftations and standards. On the other hand, they normally do not have access to the required
literature and specifications in the field.

During site visits to the projects, the senior Departmental officers quite often put technical questions to
the field stdf to gauge their competence and knowledge.

In order, therefore, to acquaint the field staff with common questions which arise both in theory and
practice, a Question ~ Answers booklet has been compiled whicbovers pertinent specification
requirements, naterials of construction, quality control, better engineering pracsec.

It isnot a text on highway engineering but a simple and brief treatise of tech@Qigaktions ~ Answeys
which is expected to improve technical knowhofthe field staff and tamprove quality control of works.

Feedback to the earlier version by Mr. Shahbaz Safdar, the Material Engineer, is gratefully acknowledged.
The effort and help rendered byir. Rizwan Munirthe ®nior Enginer and Mr. Fazal Rehman Safhe
JuniorEngineeyin compilation of thisevisedbookletis appreciated.

Duerational care has beetakenin preparing this booklet. However, project specifications and standards
should be onsulted if any problem arise8./ {t R2Say QG I OOS LI ndefuencésdrfa L2 v & A
any inaccuracies which it may contain.

Muhammadigbal Khokhar
Advisor,Highways ECSP
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EARTH WORK

1. Whatis soil and what are its basic types?

Soil in the engineering field refers to all unconsolidated (loosecamtpact or dense) material in the
earth crust.

Basic Types:
Type Soll Grain Size Soil Group
Coarse Grawel Over 4.75mm (3/16in Granular
Sand From 4.75mm (3/16in) to smallest visible particle Granular
Fine Silt Particles not visible to eye Silty
Clay Particles smaller than silt Cohesive

(Source: Highway Material, Soils and Concrete Fourth Edition Harold N. Atkins)

2. What is the difference between gravels and clays?

Gravels Clays

Gravels and sands are composed of rounded | Claygrains are extremely small in size or flat
cubical grains. shape

Gravelscan carry loads due to friction among | Clays are soft and do not carry loads
them.

Do not hold water due to high porosity Can absorb moisture, hold water and can sw

3. What are AtterbergLimits (D4318 ASTM & T89 AASHTO)

TheAtterberg limitsare the basicmeasue of the critical water contendf a finegrained soil: its
shrinkagdimit, plasticlimit, andliquid limit. Asdry, clayey soil takes on increasing amountwafer,

it undergoes distinct changes in behavior and consistefogse are Liquid Limit (LL), Plastic Limit (PL)
and Plastic Index (PI=EL) of soil.

Shrinkage Plastic Ligquid

Limit Limit Limit

Solid Semi-Solid Plastic Liquid

Plasticity

Index

s Moisture Content High
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4.  Whatdo you know about grain size distributio(@422 ASTM &88 AASHTQ@urve?

A grain size distrildion curveis drawn on a chart showing % passing aloagig and gain size along
x-axis to determine the grading of soil ewgell graded (having different particles size mix), uniform

graded ( same size particles mix) and gape graded (missing one osip®ii@ mix)The gradation
detail is given below:
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100 -
N |
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80 [ (1IN
[ Tt
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| Juill
[ AR
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It
40
N
.
ey
20 —h(
My
H |I..‘
| =
0 il
10 1 01 0.01 0.001 1 0.1u

Grain Size in Millimeters

5. Whydo we use Atterberg.imits in Soil Investigatio®

To find the behawr of soil when it gets moiguch as whether the soil under investigation is plastic
(day), semi plastic (silt) or meplastic(sand).

0. How Plastic Index®]) values can be used to classify the plasticity of soil?

PI Term Material Dry Strength
0-3 non Plastic sand very low

4-6 slightly plastic y si¢tnd low

7-15 moderately plastic silt low to medium

16-35 plastic clay medium to high
Over 35 highly plastic heavy clay high

(Source: Highway Material, Soils and Concrete Fourth Edition Harold N. Atkins)
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7.

What is the AASHT@nd Unified Soil ClassificationyStem(USCS)
AASHTO Soil Classification:

General Classification

Granular Materials (3526 or less passing the

0.075 mm sieve)

Silt-Clay Materials
(=35% passing the
0.07S mm sieve)

A-1 A-2 A-T
‘lassificati -3 - -5|A- -7-5
Group Classification A-l-a A-1-b A Ar-ala-2-5la-s-6la-a-7 A4 A A-G6| A-T
A-T7-6
Sieve Analysis, 0 passing
2.00 mm (No. 10) 50 max
0.425 (No. 40) 30 max S0 5.1
max 1Timn
0.075 (No. 200) 15 max 23 10 35 1 351 35| 35 | 36 | 36 | 36 |40 in
max | max | max [max|{max|max | min | min | min
Characteristics of
fraction passing 0.425
mm (No. 40)
Liguid T.imit 40 4.1 40 4.1 40 4.1 40 41 min
max | min max | 1mmin max | mmin max
Plasticity Index 6 max N.P. 10 10 1 ] 1 1 10 10 1 ] 11 min®
max |max | min mMin max | max | min
Tsuse ) >S .
. T.“:udl types (.Jf stone fragments, | fine |silty or clayvey gravel . . .
significant constituent silty soils | clayey soils
h gravel and sand sand and sand
materials
General rating as a excellent to good fair to poor
subgrade i & “ P

Unified Soil Classification System (USCS) ASTM D 2487

. Lo Symbols Name Permeability
Major Divisions || etter [Hatching) Color E bval‘i"e fo: cm per sec
mbankments
3
k= Well-graded gravels or gravel- | Very stable, pervious shells of k>1072
G | GW & sand mixtures, little or no fines | dikes and dams 0
:s\ée P Poorly graded gravels or gravel{ Reasonably stable, pervious K>1012
Gravelly sand mixtures, little or no fines | shells of dikes and dams
Soils P ; Reasonably stable, not — i3
Silty gravels, gravel-sand-silt : i y k=10
= - articularly suited to shells, .
GM H o mixtures But may be used for to 1076
E impervious cores or blankets
Cap - — LILS)
(%] Clayey gravels, gravel-sand- Fairly stable, may be used for k=10
Coarse- GC o clay mixtures i i | i8
pesacigles % = );I . - impervious core to 10
Soils o8 ell-graded sands or gravelly | Very stable, pervious sections, k>1073
SW | 883 - sands, little or no fines slope protection required
X @ Reasonably stable, may be -
Poorly graded sands or onaply e, may 3
Sand [ sp EE::E = grave)I/I)9 sands, little or no fines ;‘I%%de'sn dike section with flat k>10!
San_dy Fairly stable, not particularly k=1073
Soils SM = Silty sands, sand-silt mixtures | suited to shells, but may be used i6
3 for impervious cores or dikes to 10
3 -
> i Fairly stable, use for R
sc %Ii?(¥5',)é§ands‘ sand-silt impervious core or flood-control k=10 .:.:
structures to 10
norganic silts and very fine i -
ML sands, rock flour, silty or clayey E&%;ﬁgﬂg%gcﬁ% %erOL‘l)Seerd for k=10' 3
Silts fine sands or clayey silts with control to 1076
and - slight plasticity
Clays 3 Inorganic clays of low to medium i i k=1016
LL< 50| CL 5 plasticity, gravelly clays, sandy gltaar?‘l(ee,tslmpervmus cores and to 18 78
clays, silty clays, leanclays
Fine- [TTT Organic silts and organic silt- i — i4
Gé%l”gd oL J clays of low plasticity Not suitable for embankments lt<0_ 18 e
T norganic silts, micaceous or Poor stability, core of hydraulic- k=1014
silts MH diatomaceous fine sandy or fill dam, not desirable in rolled- to 1076
and Ll silty soils, elastic silts fill construction o
Clays 7 L Inorganic clays of high Fair stability with flat slopes, k=10"6
LL > 50] CH @ lasticity, fat clays thincores, blankets and dike i8
Ed m p ty, y i to 10
sections
L Organic clays of medium to Not suitable for k=10""
OH o high plasticity, organic silts embankments to 1078
Highly Organic | py oo :g)’ Peat and other highly organic Not used for construction
Soils oo 3 soils
— o
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10.

= =4 =4 =

11.

12.

= =4 =4

13.

=A =4 =4 =4 =4

What do you know about soil wate?
Waterfound in soil is of thre¢ypes given below:
Free Waterg Foundbelow the ground water table (GWT) and is free to flow under gravity.

Capillary Waterg Water moves uphrough the soil pores above GWT due to surface tension.
Attached or Held Water, Water in the moisture film around the soil grains.

Whatis ground water table (GWT) andhy its level is importantto find below existing grade level
(EGD)?

Groundwater tabke (GWT) is the surface below which all pores are filled with water that is free to
flow. As water, due to its capillary action, caseto upper layers of road such as subgrade and base
course.This water can cause swell of subgrade soil as well as sambdsoil density and moisture
contentat optimum level. Moreover, it can cause flow of fine particles from base and sub base course
making these layerweak Sq water table(W/T)rise potential and monthly fluctuation in level is of
great importance foroads to be construetdin an area surrounded by water bodies such as et
canals.

What is embankment and why it is constructed?

Anembankmentrefers to a volume of earthen material that is placed and compacted for the purpose
of raising the grade foa roadway (or railway) above theviel of the existingground surfaceWe
provide embankment on a road section where there is sail filling and such conditions usually are:

Before the bridge crossing also called bridge embankment

To meet the highest flootkvel (HFL)

To meet the level of crossing roads in case of urban interchanges
To avoid the stagnation of surface water

What are thetypes of failuresoccur in soils?
The main types of failusghat occur in soils are:

Failures dudo shear- where grainsslide w.r.t other grains

Settlement failureg; (i) where a layer of soil compresseddabecomes thinner under loading.
(i) wherea layer of st depressed and goes downward.

How the shear strength of soil can beeasured?

Following tests are used to find shear strength of soil:

Unconfined Compression Te§tlays OnlyAASHTO T 208STMD 2166)

Direct Shear Te¢AASHTO@ 236 & ASTM D 3080)

Triaxial Compression TERASHTO T 296297)

What type of testsare usualy carried for Soil Investigation

GrainSizeDistributionby Sieve Analysis

Relative Density (Specific Gravity) of Sail

Max. Dry Density at Optimum Moisture Content

AtterbergQ E@mits Test

Unconfined Compression Test

4| Page
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1 Direct Shear Test
1 California Bearingation (CBR) Test

14. What is CBRast(AASHTO T 193and why itis done?

TheCalifornia bearing ratiCBR) is a penetratidest for evaluation of the mechanical strength of
natural ground, subgrades and basmirses beneath new carriageway constructionvds developed
by the California Department of Transportation before World War Il.

It is done for the evaluation of subgrade strength of roads and pavements. The results obtained by
thesetestsare usedwith the empirical curveg equationsto determine the thickness of pavement
and itsconstituentlayers.

15. What minimum CBR value is normallgedfor sub grad®
 For top 30 cm CBR shall not be less than 895% max. drydensitya 2 Af GAGK &agStt QI ¢
1 A minimum CBR of 7%, for embankment materialopf 30 cm shall be used withsavell value not
more than 0.3%.
1 Whereasa minimum soaked CB# 5% of embankment materialdbow the formation of 30 cm shall

be taken unless otherwise stated on the project drawing.
(Source: General SpecificatianidHA, Deceiver 1998)
16. What alternates are adoptedor sub gradeif CBR value of a section is less than 8%?

Based on cost and site prevailing conditions one of the alternates is exercised:

1 Use tre imported material having CBRoBmore
Stabilized the exigg soilwith lime, cemenhaving min. CBR 5.
91 Provide covef capping layeof suitable materiaon poor quality existing ground.

=

17. What is a borehole log?

Smalldiameter borings are frequently used to allow a geologist or engineer to examine soil or rock
cuttings in ase of undisturbed soil sampling. So borehole log is a graphical representadiifie @nt
layersto find the detailsof sub surface sail

18. What is disturbedand undisturbed soil ample?

Adisturbedsample is one in which the structure of the soil hasrbelsanged sufficiently that tests of
structural properties of the soil will not be representative ofitu conditions, and only properties of
the soil grains (e.g., grain size distributigwterbergQ lémits, and possibly the water content) can be
accurately determined.

An undisturbed sample is one where the condition of the soil in the sample is close enough to the
conditions of the soil #situ to allow tests of struaral properties of the soil to be used to approximate
the properties of the soil irsitu.

19. Whatdo you understand by borrowimported soil term used in Material Report?

The prime objective o$oil investigation of a road section is to determine the quabfyexisting
material as well as material to be used for new construction. The results of differeastest as grain
sizedistribution, CBR value and maximuiry density in terms of compaction are actually indicative

5|Page
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of material quality and help enginear decidingwvhether to useavailable materiaor not. If the soil
based ontests resultsfound to be of poor quality the good quality soil be importethat maybe
located in sirrounding of the road siter in remote area. This soil of good qualityeismed as borrow
or importedsoil/material.

20. Whatdo you know about compaction and dry densitf soil?

As we know that a dense and solid platform is required to place varioerslaj/a road for its stability,
hence, loose soil of existing grade be cauied by appling some mechanical efforthat cause
expulsion of air voidsCompaction requirements are measured in terms of the dry density of the soil.
The expected value for dry density varies with type of soil being compacted. For exarclpley sall

may be rolledcompactedmany times andloesnot reach 2.@m/c.cwhereas a granular soil may have

a dry density above this value without any compaz®ifort. Therdore, a valueof maximum dry
density must be established for each s$gje. Typical vales for maximum dry densities and optimum
moisture content (OMCIpr soils classifiedccording tcAASHTO system are given below

AASHTO Classification Max. Dry Densitikg/m3 (gm/cc) Optimum Moisture Conten{%o)

Al 18502200 (1.85¢ 2.20) 7-15

A2 17502150 (1.75¢ 2.15) 9-18

A3 17501850 (1.75¢ 1.85) 10-18
A4 15002100 (1.50¢ 2.10) 10-20
A5 14001650 (1.40¢ 1.65) 15-30
A6 15001900 (1.50¢ 1.90) 10-25
AT 14001850 (1.40¢ 1.85) 15-30

(Source: Highway MateriglSoils and Concret&ourth Edition Harold N. Atkins)
21. What is Optimum Moisture Content?

During compaction of soil when compacting effort is applied, grains of soil sigk land rearrange
themseles Some lubrication is required to ease this phenomenon and for that water is used. So, the
max value of water or moisture athich maximundry densityachievesis called optimum moisture
content.

Max._dry

density

(vagmax) = Compaction
curve

Zero air voids
=" (Saturation
curve)
=
=
oo
|
(=57
>
=
=3 Optimum
Mmoisture content
(OMC)
—~<— Dry side e VWet side —>

T
(of optimum)
Moisture content (Ww) —
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22.

23.

=A =4 =4 =4 =4

24,

What criteria is used fofb6 of Max. Dry Densitgf Embankment?

Formation of Embankment as per NHA

Heightof Embankment below sub gradep % of MaxDry Density as per AASHT-Q8D
0-30cm 95
30-75cm 93
Over 75cm 90
Below the foundation of the structure 95

(Source: General SpecificatigiHA, Deember1998)

Formation of Embankment as per C&W Punjab:

Since the intensity of stresses induced in the different layers of subgrade and embankment decreases
with depth, the requirement of maximum attainabtiensity in the sub grade reduces slightly below
90 cm 8ft) from the top of sub grade such as:

At least upper 90 cm (3ft) of the fill should be compacted to obtain a density in excess of 95% of max.
Modified AASHT@ensity andhe lower portion to 906 of max. Mdified AASHTO density.

In the sub grades consisting oflAo A3 grougs material, whichmay eliminates the necessity of sub

base, the sub grade compaction should be at least 100% of the max. Modified AASHTO density to a
minimum depth of one foot and th@Wwer portionto at least 95% of max. adlified density.

The soils ar&eompactedin layers of about 15 cm (6 in) at or near the optimum moisture content
GKAOK Aad 02dzi HHpP YY O0pé0d 0STF2NB O2YLI OlAzy

(Source: Highway Materials, Constiioatand Quality Contit Road Research and Material Testing Institute Jurég)19

How the compactiomjuality be controlledin the field?

Quality control of compaction on the construction project involves measuring field density after
compaction and comparing the results withbbratory maximum density values for the soail, to
ascertain if the specifications have been met. Field density tests are usually made with:

Core cutter(Direct insitu)

Sand Cone ( Dirett - situ)

Water Balloon ( Diredh-situ)

Nuclear Densometer ( Indict in-situ)

Standard Penetrometer, Vane Shear, Nilcon Vane (Indirect Lab tests)

Please describe the compaction equipmenised inthe field?

Compaction equipment consists of various types of roller and tamping equipment. Most modern
compaction rollers @ selfpropelled with compacting wheels or wheels equipped to vibrate for
improved results. The major types of roller are:

Vibratory $nooth Drum Rolles ¢ these are very effective for gravelkrsd and silty soils as well as
asphalt concrete.
Padded whee2 NJ a K S S LIGsdthede 2r2 tie mbdt effecBviddype for clay and silty clay soils

7|Page
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25.

26.

27.

b)

c)
d)

b)

c)

d)

Pneumatic tires rollexg asphalt course imitially kneaded and compacted with these rollers
Smooth drum non vibrating rollersmay be used for finishing and segipasses on saind
granularlayers and finallyelveling passes on asphalt layer

What understandingdo you have about EGL and P&L

Existing grade line (EG&)a line passing through the elevations or other controlling points of natural
surface or topof existing road.

The profilegrade line(PGL)is a longitudinal section taken along the centerline and shtves
elevationsto which road is built.

How do you control back filling in the field?

Granular backfill whawver directed shall be placed in pti@n and to the required depth, shown on

the drawings or where and as required in writing by the Engineer and it shall be well compacted in
layers not exceeding 2€min thicknes#ill to 100% of max. dry density aer AASHTO-I80(D).In

water logged aras the thickness of layer shall not exceedcB0or as directed by Engineer.

Common backfill shall be compacted in layer not exceed 20 cm in depth to the 95% of max. dry density
as per AASHTOIBO(D).

How do you declarewhether a material for sub gradesisuitable or unsuitable?

If a material fulfis the specificationgequirement such as CBR value, dry density and soil classification
group than it is accepted as suitable material otherwise unsuitable.

The criteia of NHA for suitable material for sub desare given below:

Use Al, A2, A3, A4 or A5 soil as specified in AASHTGLNA.

CBR of the material shall not be less than five (5) percent, determined in accordan@eABithiT O-T
193.CBR value shall be obtained at a density corresponding to thee®egicompaction

Swell value of the material for embankntéormation shallnot exceed 0.%ercent.

In areas subjected to flood and prolonged inundation of the embankment, such as at bridge sites,
material used in embankment, unless rock, shalbbb&ASHO class A & A2-4 soils. Others soils can

be used only with written consent of Enginasras provided in the specifications.

C&WPunjabrecommendations fosuitable material for sub grade:

Soil belonging to A group are highly desirable for embankmeand sub grade as they can be
compacted to high degree of density and stability.

A-2 group soils are quetsuitable for thigurpose, although they requinétle more careful control of

the compaction process during the construction.

A-3 soils can be coewiently used but they aaot be satisfactorily compacted by sheep foot roller
and for adequate compaction they required pneumdtie rollers, crawlers tractorand vibratory
compactors.

Soils of A4 group require careful control of the compaction proseend would give satisfactory
performance under pavements where moisture content of soil during the life of the road is expected
to remain the same or less than that used in the compaction process i.e. their optimum moisture
content. Soils of A4 group arecomparativelymore difficult to compact than the soils of the

8| Page
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proceeding group because these soils must be controlled within narrow limit of optimum moisture
content during construction in order to secure adequate density and stability.

e) The soil group A isless desirable for embankment and sub graddts strength undergoes serious
changes with varying moisture content

f) Soils of A6 and A7 are not suitable material due to higlolume change characteristicEhesecan,
however, be used after stabilizati/treatment.

28. What isS.P.P Describe the procedure of this test in detail.
S.P.T. or Standard Penetration TE®#ASHTO 206 & ASTM D 1586)

The standard slit tube sampler, 18 inches in length and 2 inches diameter is driven into the soil, with
a drive weght of 1401bs. (63.5 kg)at 30 inch of fee falling. The blow count for the first 6 inch is not
used as tld isto seat the sampler below the disturbed soil in the bottom of the borehole. The number
of blows to drive the final 12 inches is the penetrati@sistancelf it is not practical to drive the
samplerup tothe full 12 inches because of very dense, cemented hardpan, rock, etbgrigegwill
indicate the blow count and penetration as ratio i.e. 70:4 for 70 blows 4 inches penetration.

29. Can we ue sand agmbankment material?

Yeshy plating whichis a method of covering or confining of unstable material filtk wiable material
or some structure such as wall on both sides.

30. What are the tests you cayroutto determine the suitability of sub gade material?
a) Sieve analysiAASHTO T 27, ASTM D451)
b) AtterbergQ@st (AASHTO T 89, T99STM D493
c) Proctor testtAASHTO T 99 T 180, ASTM D451)
d) C.B.RtetAASHTO T 193, ASTM D1889)
e) Drydensity testtAASHTO T 99)

31. How do you determine the shear stregth of a soil?

By Triraxial Est: the basic principle is that a cylindrical soil specimen is first encased in a thin rubber
membrane and subjected to fluid pressumeound the cylinder surface. The lateral pressisréeld
constant while an axial load &pplied and increasedntil failure occurs.

32. Why and when C.B.R value needs adjustment?

To determine CBR of given specimesiggssstrain (resistance to penetratiedepth of penetration)

curve for each specimeis plotted In some instances, the initial petration takes place without a
proportional increase in the resistance to penetration and the curve may be concave upward. To
obtain the true stresstrain relationships, correct the curve having concave upward shape near the
origin by adjusting the locain of the origin by extending the straight line portion of the streain

curve downward unt it intersects the absciss@alifornia Bearing Ratio values are obtained in percent

by dividing the corrected load values at@2.5 F YR p ®ny Y Y¢) by thebstandérd Ibadstof n ®H n
6.9 and 10.3 MPa (1000 and 1500 psi), respectivelypantiplying these ratios by 100 such as:

CBR%)= (Corrected Load Value / Standard Lagalie) X 100

9| Page




Questions~ Answers

Road Construction &
Road Structure Works

33.

34.

35.

36.

37.

38.

39.

40.

The CBR is genefrab

A = 7

) (penetrdtipm 1 th8Y N iide@n é 4 )p dny

penetration is greater, the test shall be rerun. If the check test gives a similar, résutatio at 5.08
Y'Y 0 s genefration shall be used.

How you take a sand sample from a sand stockpile?

Take sample frormner middle ofstockpile at random.

How would you carry out irsitu density test on prepared subgrade?

By sand cone methoin accordance with AASHT@ T91)

By Core Cutter Metho(AASHTJ-204)

How will you distinguishoetween A-1 and A7 soil visually?

A-1 soil is well graded gravel or sand or a migtaf sand and gravel with or without ngaastic soil
binder. A7 material is clayey soil.

What is the pressure itires ofpneumatic rollers?

80 psi

What is the construction procedure for preparing natural ground to receive the embankment layers?

Removabf undesirable materialorganicspuch as logs, tress, stumps, weeds and heavy grass, etc.

How much thickness is allowed for rodil?

Mass per meter width o] Maximum Number of passes o
vibrating roller (kg/m) | thickness of layer| the roller on each
(cm) layer

2300- 2900 40 5
2900- 3600 50 5
3600- 4300 60 5
4300¢ 5000 70 5

>5000 80 5

(Source: General SpecificatignidHA, December 1998)

What types of soil are well suitable for subgrade?

A-1-a, Al-b, A2-4, according to AASHTO soil classificatio

What do you mean by relative density?

It is a state of compactness of a soil with respect to the loosest and densest state at which it can be

placed.

% R.D. =

field- min.) x max./( max. -

Where is a unit veight of soil.

min.) X field X 100

10| Page
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41.

42.

What iseffective grain sizeand uniformity coefficien?

Hfective grain size is the digeter of particles corresponds tt0% passingf particlesfrom a given
sieve setWhereasuniformity coefficientdCLE is defined as the ratio of D6¢/ID10(D60/D10)where
D60 corresponds tdia of particles havin§0% passing from a given sieget So wherCLE isgreater
than 4 it is takenas a well graded soihd when the Cu is less than 4, ittsnsidered to be poorly
graded or uniformly gradesoil.

What are the factors effecting density of soil?

a) Relative volume of solid and void spaces: the greater the volume of solids or less the volume of voids,

the greater is the density.

b) Specific gravity of solids particles: the greater the specific grafisolid particlesthe greater is the

43.

44,

45,

46.

a)
b)
c)
d)

a)
b)
c)

density.
Amount of water in void spaces:iff obvious that greater the amount ofater greater will be the
densityup to optimum moisture contentThis factor only effects the wet density.

What is the permeabilityand its significance?

Permeability is the hydraulic property of a soil which indicates the ease with which water flows
through the mass. It is significant on numerous engineering problems such as seepage through dams
and irrigation canal.

What is the diference betweernconsolidation and compaction agoil?

Consolidationis the escape of water and decrease in air voids among the soil particles. Consolidation
is time dependent process where a gradual transfer of sthesa the water to solid in a soil mass
occurshy the load of overburden.

Compactionis the artificial compression of soil by-agrangement of its particlsto decrease volume
by somemechanical effort aided by lubricating effect of water

What is the proctor test?

The Procter Compaction Teista laboratory method ofexperimentally determining the optimum
moisture content at which a given soil becomes most dense.

What are the types of tests to determine the strength of subgrade?
In-situ:

Loading test

Plate bearing test
Cone Penetrometer
Feld CBR

In Laboratory:

California bearing ratio (CBR)
TriraxialCompressiortest
Hveem stabilometer test
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47.

50.

N

What is group index and how it is determini

It is empirical value used to evaluate the quality of soil type to use for subgrade ma&edap inde

(GI) imnumber assigned to soil based on its physical properties like particle size, liquid limit and plastic
index It varies form a value of 0 to 20, lower is the valb@gher ishe quality of subgrade and grea

the value pooer is the sub grade.

G.l. = (B5) (0.2+0.005(140) +0.001(F15) (P{10)

Sub Grade Group Index Value
Where: G.I. ¢ Group index Very Good 0 (Soil Class-&)
F - % passing 0.075 mrhl¢.200) geve Good 0c1
LL - Liquid Limit Medium 2¢4
Pl - Plastic Index Bad 5¢9
Very Bad 10¢ 20

What are the engineering properties of soil?

Granular soils:

Good load bearing qualities

Permeable

Comparatively incompressible when subjected to static loads.

Not subjected to strength and volume change daervibration and water content
Fine grained soils:

Poor load sustaining quality

Highly impermeable

Compressible under sustained loads

Subjected to change in strength and volume due to variation in water content.

Organic soils:
Inferior than fine grained stsi with respect to properties stated undtre latter group.

What issoil stabilization?

Soil Stabilizatiors the alteration ofoilsto enhance their physical propertieStabilizatiorcan
increase the shear strength okailand/or control the shrinkswell properties of &oil, thus improving

the load bearing capacity of a sgbade to support pavements and foundatioiftscan be mechanical

by using heavy loads/vibration and chemical like lime, cement, bitumen and fly ash etc. are added to
improve soilstrength. Polymer/synthetic materials like polyethylene, polyester etc. are added to
reinforce the soil.

What youknow about compaction of sand?
Compaction is performed on sand in cases of:

Water contents are between dry and saturated state.
Completely weered (Saturated).
Completely dry (Unsaturated).
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51.

52.

53.

54.

56.
b)
c)
d)

57.

58.

w N e

59.

Compaction in completely dry sate gives the highest dry density and layer thickness can be increased
by using dry compaction. Compaction could be madeibratoryroller with low amplitude with high
frequercy.

What is the relation between standard and modified proctor?

The standard and modified proctor gives the result very close together for granular soil, but for plastic
clay soil modified gives higher resiMaluesthan of standard.

Can we use &, A7 in embankment?

Not desirable at all, however, if it is lthto avoid then we can use & and A7 in embankrent after
stabilization by lime or cement.

What are the minimum required no. of passes for roller in rock fill?

Min. 5 passes.
(Source: General Spkcationsg NHA, December 1998)

What is the purpose of compaction?

Increase the shear strength of soil

Decrease permeability and water absorption

Decrease swelling and shrinkage of soil when exposed to water.
Decrease settlement of embankment under repeiteads.

What are the factors effecting degree of compaction?
Optimum moisture content (OMC)

Type of sail

Compacting effort

State factors effecting density of soil?

Water content

Temperature

Rate of compactioas well as intensity of compactive effort
Granular size

What is the advantage of plating?
Confining A3 material(to protect against lateral displacement)
Protecting A3 against erosion and scouring

How we can sg soil is non plastic?

When liquid limit cannot be determined

When plastic limit is equab liquid limit

When a soil cannot be rolled in to threadfspecific dia.

What is the time elapse between two embankment layers to get proper compaction?

Not more than 3 days
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60.

f)
9)

h)

Define these terms: compression consolidation, shrinkage, compactiogtound, expansion,
swelling, loosening or scarifying?

Compression:
Thelossin external volume under sustained load

Shrinkage:

The loss in volume resulting from capillary stress during digfisgil.

Consolidation:

Consolidationis the process of rediion in volume due to expulsion ofater under an increased load.
It is a time related process occurring in saturased by draining water from void.

Compaction:

The loss in volume due to artificial temporapgpliedloadssuchas rolling, tanping, vibation.
Rebound:

Theincrease in volume due to removal siistained load.

Expansion:
The increase in volume with tintue toaccumulated stresses

Swelling:

The increase in volume resulting from increasing of water content.
Locsening or scarifying:

The incease in volumelue to artificial operations.
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SUBBASE AND BAGBURSE

What are variougoad components and their functions?
The functions of the various components of the pavement are:

Subbase

Distribution of the traffic loads over thgoil formation/sub grade sufficient to prevent the soil from
being over stressed.

Protection of the soil formation from adverse effects of weather by providing proper drainage.
Prevention of damaging frost heave and salt heave.

Prevention of volume changed the sub grade due to excess moisture.

Base Course

Distribution of thetraffic loads and hence increasing the structural stability.
Protection against frost or frost susceptible soil.

Providing a suitable surface for surface course.

Surfacing
To provde dust free running surface.

Provide a smooth riding surface and resistance to traffic abrasion.
Water proofing the pavement structure against surface water.
Protection of the base against raveling atigintegratingeffects of traffic.

What are aggregaes and their sources?

Aggregates are granular mineral particles used either in combination with various types of cementing
material to form concrete or alone as road kasd subbase. Sources of aggregates for construction
include:

Natural sand and gravekposits

Crushed rock

Steel $ag and mine refuse

Artificial and processed material

Pulverized/ crushedoncrete andeclaimed asphalt pavement (RAP)
Other recycled and waste material

Some aggregate terms and types?

Aggregate are very common materials ahe terms used to describe them are many and varied.
These descriptive terms are based on the source, size, shape, type, use and other properties

Fine Aggregatésand sizes)Aggregate particles mainly b/w 4.7m (No.4 sieve) and 75 um (No.200)
in size
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Coarse Aggregat@gravel sizes} Aggregate particles mainly larger than 4.75 mm (No. 4 sieve)

Pit run¢ Aggregate from a sand or gravel pit without processing

Crushed gravet Pit gravel that argut in a crusher either to break or to produce rough faues.

Crushed Rock Aggregate form the crushing of bed rock. All particles are angular not rounded as in
gravel.

Screeningsg the chips and dust or powder that are produced in the crushing of bedrock for
aggregates.

Concrete sand, is a coursesandthat iswashedand screened to a larger grit than Masor$gnd

Finescg Silt, clay, or dust particles smaller than 75 um (No0.200 sieve)

What is nominalmaximumsize of aggregate

Nominal size term is often use to specify the size of aggredfatebased orthe mass retained and
passing each sieve. It is not necessary 100% of the aggregate particles are within specified size range
for construction purpose. A small amount, usually 5% to 10%, is allowed to larger or smaller than the
specified size, as it woulde economically impossible to ensure all the particles size wihin
specified size rangd hereforejf specifications indicate that 19 mm (3/4 in) is nominal maximum siz
desired for a concrete mix time in this case, 90% of the sample (minimum) messimaller than 19

mm and 100% smaller than the next higher standard size, 25 mm (lhinjher words, nominal
maximum aggregate size (NMAS) is defined as one size larger thahdilegel that retains more than

10% aggregate.

Describe the important proprties ofaggregates and tests used for their quality assurance?
Gradation(or grainsize analysis)Grain sizedistribution curves are used for dense, strong mixture.
Relative density(specific gavity) - RD §G) =M/ V* g (WhereM=Mass, V= Volumef Agg. and

"¢ A& RSyaAlte 2F gl GSND

Hardness (resistanceto wear) - Los Angles abrasion apparatus used to measure the hardness of
aggregate

Durability (resistanceto weathering)- The soundness test is used to measure susceptibility to
weathering.

Shapeand surface texture- Flat particles, thin particle and flaky particles break more easily than
cubical particles. Particles with rough, fractured faces allow a better bond with cementing material
than do round, smooth gravel particleBest iso find themount of thin or elongated particles.
Deleterious Substances These substancesclude organic coating, dust, clay lumps, shale, coal
particles, friable particlesésy to crumble), badly weathed particles soft and light weight particles

etc.

Qushing Strength is the compressive load that aggregate particles can carry before breaking. This
trait is relatively unimportant for most aggregate uses since aggregate streswgiiich greater than

the strength of asphalt and concrete mixture.

How do you do sampling in the fieldor aggregate®

To ensure that samples are as representative as possible, authorities require that specified procedure
be followed. The following general rules should be adhered to:

Samples should be obtained from the final puotl
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At least three samples should be taken at various times from a production.

Conveyor belts should be stopped for sampling.

Special precautions must be taken when sampling from stockpiles. Coarse niatetgato roll down
the sides of the pile duringlacing. A minimum three samples shobkitaken, one from the topone
from the midpoint ofstockpile, and one from bottom. These shoulddeenbined forasample.

Type Nominal Max. Size Approximate Min. Mass (Field Sample in Ib or kg)
Fine @g. No.8 (2.36mm) 25 (10)

No.4 (4.75mm) 25(10)
Coarse Agg. 3/8 in (9.5mm) 25(10)

Y% in (12.5mm) 35(15)

3/4in (19 mm) 55(25)

1in (25 mm) 110(50)

1% in (37.5 mm) 165(50)

2 in (50 mm) 220(100)

3in (75 mm) 330(150)

(Source: ASTM International)
Why do we blend aggregates?

To meet the gradation requirements for asphiix or concrete, it is often necessary to blend two or
more aggregatesogether. Charts and diagrams are available for this blendlingthe trial and error
methodis simpleand just as fast as any more complex methods.

Describe the aggregate base course material?
Material: (Crushed stone or crushed gravels)

Hard

Durable

Free from dirt

Not more than 8% flat, elongated, soft, disintetg@ pieces

What do you know about Fuller Maximum @nsity Gradatior?

Gradation has a profound effect on material performance. But what is the best gradation? This is a
complicated question, the answer to which will vary depending upon the material (HNEG), its
desired characteristics, loading, environmental, material, structural and mix property input.
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10.

=

It might be reasonable to believe that the best gradation is one that produces the maximum density.
This would involve a particle arrangement where Beraparticles are packed between the larger
particles, which reduces the void space between particles. This creates more padicdicle

contact, which in HMA would increase stability and reduce water infiltration. In PCC, this reduced void
space and hencereduces the amount of cement paste required. However, some minimum amount

of void space is necessary toomote rapid drainage and resistance ftost actionfor base and
subbase coursest KSNEF2NB> | fiK2dzZaK Ad YlIeé y244 06S GKS
density gradation does provide a common reference. A widely used equation to describe a maximum
density gradation was developed by Fuller and Thompsa®0@. Their basic equation is:

(3]

where: P = % finer than the sieve
d = aggregate size being considered
O = raximum aggregate size to be used
n = parameter which adjusts curve for fineness or coarseness {(for

rmaximum particle density ns= 0.5 according to Fuller and Thompson

Calculations for a 0.45 Power Gradation Curve Usingrhn@0.75inch) Maximum Aggregate Size

Particle Size % Passing
(mm)
19 P =(19/19 =1.00 X 100 (100%)
12.5 P =(12.5/19)4 =0.828 X.00 (82.8%)
9.5 P =(9.5/19)4 =0.732 X 100 (73742)
2.00 P =(2.00/19)4 =0.363X 100 86.3%)
0.300 P =(0.300/19)45 =0.155X 100 15.5%)
0.075 P =(0.075/19)4 =1.00 X0.083(8.3%)

Why is washed sieveanalysisperformed?

This is the best method of separatisiffs and clays from sand agdavels

To obtain the grairsize distribution curve for fine aggregate

It is difficult to break up soil particles into individual soil grains so they can pass through the small
openingsof the #200 sieve.Washing the soil through the #200 sieve with water produces more

accurate results as the water helps to break the soil down into its elemental particle size and wash the
silts and clays off of individual sand and gravel particles
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11.

12.

What are the specifications and gradation of sulbase?

Gradingrequirements for Sub Base material (Dense graded mechanically stabdliZg&€d)/ Punjab

Seve Percentage by weight passing squaresh sieve

Designation Grading A Grading B Grading C Grading D

50 mm (2 in) 100 100 - -

25 mm (1 in) 60-80 7595 100 100
9.5 mm (3/8 in 30-65 40-75 50-85 60-100
4.75mm (No.4) 2555 30-60 3565 50-85
2 mm (No.10) 1540 2045 2550 40-70
0.425 mm (No.40) 8-20 15-30 15-30 2545
0.075 mm (No.200) 2-8 5-20 5-15 5-20

(Source: Highway Materials, Construction and Quality Contradl Research and Material Testing Institute June, 1985)
Grading Requirements for Subbase Materad NHA

Sieve Designation Percent Passing by Weight
(mm) (in) A B
60.6 2.5 100 -
50.0 2 90~100 100
25.0 1 50~80 55~85

9.5 3/8 -- 40~70
4.75 No. 4 35~70 30~60
2.0 No. 10 -- 20~50
0.425 No. 40 -- 10~30
0.075 No. 200 2~8 5~15

(SourceGeneral Specification NHA, 1998)
What are the specifications and gradaticof Basé

50 mm to 25 mn(2in 1 in) size

Passing 63 mr{2 %2in) sieve

Passing 50 mr¢ in) sieve

Passing 37.5 mm (1t sieve
Passing 25 mrfl in) sieve
Passind 2.5 mm(%zin) sieve

63 mm to 37.5 mnf2% into 1% in) siz

Passing 75 mm (B) sieve
Passing 63 mm (2ir) sieve
Passing 50 mm () sieve
Passing 37.5 mm (1i¥) sieve

Passing 19 m (3/4 in) sieve

Percent
100
95-100
37-50
0-15
0-5

100
90-100
35-70
0-15

0¢5

(Source: Highway Materials, Construction and Quality Contriad Research and Material Testing Institute Jun85)L9
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Grading Requirements for Base Material

Sieve Designation Percent Passing by Weight
(mm) (in) A B
50.0 2 100 100
25.0 1 70~95 75~95

9.5 3/8 30~65 40~75
4.75 No. 4 25~55 30~60
2.0 No. 10 15~40 20-50
0.425 No. 40 8~20 12~25
0.075 No. 200 2~8 5~10

(SourceGeneral Specification NHA, 1998)

13. What arethe main quality specifications fogranular basek sub basecourse?
1. Grain size distributiong the shape of the curve is a good indicationstrength. Strength is not so
important for sub basgtherefore, grading requirements are usually more open.
2. Maximum value for plasticityc to control the amount of clay fines, since these are considered more
dangerous as for as frost damaged is concerned.
3. Maximum loss in abrasion test to ensure that hard aggregates are used that will not degrade to

smaller sizes.

4. Maximum loss in soundness testto prevent degradation due to cycles of freezing and thawing.
5. Petrographic requirements to govern over all &se and sub base quality.

6. Compaction- Field density results are compared with the max. dry density achieved in lab.

Test Propertyfor Base Course Specified Limit
Los Angles Abrasion Value % (Max) 40
Sand Equivalent (Min) 45
Liquid Limit and Plastic Index (Max) 25 and 6
Soundness % (Max):
Loss with sodium sulphate cycles 12
Loss with magnésm sulphateb cycles 18
Water Absorption % (Max) 2
Laminated Material % of Total Volumé 15
(Max)
CBR % (M) 80
Coefficient Of Uniformity(D60/D10) >4

(SourceGeneral Specification NHA, 1998)
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15.

16.

17.

18.

Test Propertyfor Sub Base Course Specified Limit

Los Angles Abrasion Value % (Max) X pn

Fraction Passing 0.075 mm (N0.200) | XK HK O 2 F (
Passing 0.425 mm

Sand Equivalent (Min) 25
Liquid Limit and Plastic Index (Max) 25 and 6
Soundness % (Max):

Loss with sodium sulphate cycles 12
Loss with magnesium sulphafecycles 18
Water Absorption % (Max) 2
CBR % (min) 50
D1Ysubbase)D85subgrade) <5

(Source General Specification NHA, 1998)

Why screening is added to base and sub base material?

Screening or stone dust is added in base and sub tmeiserease 6 density and strength. Screening
has also cementing property and hence, it provides bonding among interlocked aggregate particles.

How screening is added to base and sub base?

The stone screenings may be spread by means of mechanical spreader or by latzu8ipreading,
brooming and rolling operations are carried out at the same time. Enough screenings are applied,
preferably, in installments till the surface voidstloé coursearefilled up.

How water is added while rolling of base and sub base?

The sirface of layer is sprinkled with water and rolling is continued until all the voids are filled and
wave of grout flushes in frordf the roller. Water shoulgreferably be applied through the pressure
distribution mounted on pneumatitires of a water lory.

In which meaningHydrophilA Gefm is used for Aggregates?

Some 8iceous aggregagesuch as quartz are hydropibi(water liking, meaning they have greater
affinity for water than asphalt due to their surface charges. This may lead to strippirgphalt
coating comes away from the particles in the presence of water.

Why water bound macadam (WBM5 preferred overgranular base course?

Irrespective of dry granular base course, in WBM water is sprinkled on the placing layer of base course
to flush the slurry in to the voids among the relatively larger aggregate particles. The complete water
bound macadan{WBM) is allowed to cure under traffic for a period of at least 7 ddyslerives
strength through interlocking of particle#\ll these actions makwater bound macadam a dense
matrix.
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In the light of experience and field result8/ater bound macadam (WBM) have high strength
compare to granular base course, and also have bettgistance againghear stresseghat is why it
is preferable overmgnular base course.

Coarse Aggregatérading forWater Bound MacadanfWBM) as per NHA

Sieve Designation Percent Passing by Weight
(mm) (in) A B C
102 4 100 - -
89 3% 90~100 - -
76 3 -- 100 -
63.5 2% 2560 90~100 100
50 2 -- 25~60 90~100
375 1% 0~15 0~15 3560
25 1 -- - 0~15
19 3/4 0~5 0~5 0~5
12.5 1/2 - -

Fine Aggregaté&rading forWWBM as per NHA

Sieve Designation Percent
Passing by
mm in Weight
9.50 3/8 100
4.35 No. 4 85~100
0.15 No. 100 10-30

Similary, the additional physical requirements of coarse aggregates for water bound macadam wiill
satisfy the following limits:

a) Loss Angeles Abrasion Value max. 45%

b) Flakinessndex max. 15%

¢) Loss when subjected to five cycles of< 12

Sodium Sulphate (AASHTO 4)10
19. When we did not provide sub base?

Sub bases are usually not provided oib grade belonging to-A to A2 groups (granular sub grade).

20. 2 KF G ' NBX ONX G S Nunfalsicr sul? Bhse larid basescoursCBR and compactioffo)?
Agency Material Min. CBR®% Min. Gompaction%
NHA Sub Base Course 50 98
Base Course 80 100
C&W Sub Base Course 30 100
Punjab Base Course 80 100
21. What do you understand about artificial aggregate?

Blast furnace slag is the most commounsed artificial aggregate, hang unusual resistance to wear
andit isused in bridge deck and roof deck.
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SURFACE TREATMENDT MIX ASPHALT

1. What is the function of surface treatment?

Asurface treatmenis placed on a crushed stone base to provide a roadway with the least expensive
permanent type of bituminousurface. It seals and protects the bas®l gives waterproof cover over
the existing pavement surface and provide resistance to abrasion by traffic.

2. What is Bituminous Surface and how many treatments are applied?
It is a top lagr made from mineral aggregates together with the bitumen or tar

a. Surface application in which the bitumen binder and the aggregates are applied separately tacdthe ro
b. Premixed materials in which the bituminous binder and aggregate are apportioned aredl mix
together in mixing plant before being spread on the road.

1. Single Surface Treatmen# single surface treatment is a wearing course of bituminous material and
aggregate in which aggregate is placed uniformly over the applied bituminous material iglex sin
layer, the thickness of which approximate the nominal maximum size of aggregate used. Single surface
treatment is applied only for very low traffand favorable field conditions.

2. Multiple Surface Treatment: A multipleSurfacelTreatment Double(DSY or preferablyTriple(TS7,
is a wearing surface composed of bituminous material and aggregate in which coarse aggregate is
placed uniformly over initial application obituminous and followed by subsequent applications of
bituminous material and finerggregate. Generally, the maximum size of the smaller aggregate is one
¢ half of the aggregate used in the proceeding application. Each application of aggregate is placed
uniformly in a single layer. Out of these, triple surface treatnismonsidered mosdppropriate.

3. What are the quantities of materia used in Surface Treatment?
Treatment Application | Nominal Sizel Rate of Application
mm (inch) Aggregate Bitumen

ms3/100m?  ft3/100 ft2  kg/100m? lbs /100 ft?

Initial MH®p (0.76 2.5 107 22
Surface Dressin| -do- bPp 6061 2.0 98 20
Initial Hp OM 1.68 55. 195 40
DST (Heavy)
2nd MH®p ¢0.48 2.75 122 25
Initial 19 (3/& 0 | 1.22 4.0 171 35
DST (Light) 2nd hPp 60061 2.0 88
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Treatment Application | Nominal Size Rate of Application
mm (inch) Aggregate Bitumen
m3/100m?2 ft3/100 ftz  kg/100m2 Ibs./100 ft2
Initial Hp O m|1.68 55 195 4
TST (Heay 2nd hdp 06d0.84 2.75 122 25
3 c o 0N 0.46 15 68 14
2.98 9.75 385 79
Initial 19(X n € (122 4 171 35
TST(Light) 2nd bPp 09gO0.61 2 88 18
3 c ®o 0O nN0.46 15 68
2.29 7.5 327

(SourceHighway Materials, Construction and Quality Control, Road Research and Material Trestifoge 1985

4, What type of Aggregate and Bituminous materiate used in Bituninous or Asphalt Concrete?
Aggregate Material:

Aggregate used are crushed stone, natural screened gravel and crushed gravel. The aghoedete
be clean, tough, durable arfdee from excessive amount of flat or elongated pieces, dust, clay film
and othe objectionable materials.

Bituminous Material:

The selection of grade of bituminous material used and its rate of application govern the final
performance of surface treatment and should be given careful considerafioa.type of wearing
surface whetheit be a single or multiple surface treatment, texture of the base surface, character of
aggregate and seasorf the year or prevailing weatherondition for the execution of work and
expected traffic are the principle factors to be considered.

The use of the bitumen (asphalt cement), heavy grades of liquid asphalt high viscosity ro@dFtars
10 and thicker grades} practicable in warm weatheAghaltic grades of bitumen most gable
during warm months are 40penetration grades of bitumen sd%-50.

5. In how many layers Bituminous/Asphalt Surface can be applied?
Depending upon the total thickness of Bituminous Surface, it is generally applatbwihglayers:

1 AsphalticWearing or Surface Cmse
1 AsphalticBinderBase Corse (also called Intermediate Base Course)
1 Asphaltic Base Cosg
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Asphalt Concrete Base and Surface Course?

Hot mix, hot laid and dense graded asphalt concretsédfor hightype pavements which comprises

of suitable grade of bitumen and graded aggregate so that the voidindhrse material are filled
with the finer materials and thostner materialghat are filled withbitumen thus creating very dense
mixture. The asphlt concrete mix is produced in a central mixing plant and then hauled by trucks
(dumpers) to the mechanical paven the projectsite where it is placed in smooth layer and
compacted by rolles.

What are Asphalt Gradirgp

Asphalt is normallysed infollowing gradesiepending on weather and traffic condition
Penetration Grade ( e.§0/70, 80/100 and.20/150)

Viscosity Gradege.g. A, AC10andAG30)

Supepave Performance Grading ( e.g. PG284where PG is performance grad Cis average 7
days max. temperature of pavement af22 C is minimumpavement temperature)

Which grade is commonly used in Pakistan?

Penetration gradés widely used in Pakistan.

Which grade is nanally used in hot and cold climate

The penetration dpth (albeit only roughly) correlated with asphalt binder performance. Therefore,
asphalt binder with high penetration grade (called soft) are used for cold climates while asphalt
binders with low penetration grades (called hard) are used for warm climagghalt of 4860is used

in very hot climate60-70 penetration grade isised in hot climate condition85-100 & 120150
penetration grade used in mildiimate conditionWhereas, 206800 grade used for very cold climate
(northern areas).

What tests areused for quality of Asphalt?

Following properties of asphalt are measured for its quality:

ViscosityTest

PenetrationTest

Flash PoinTest

Sdubility in trichloroethylene

Ductility Test

Spot Test

RollingThin Film Oven Test

Specific Gravity

SofteningPoint

What isJob Mix FormulgJMFY

JMFis an economical blendf aggregate and asphé#titumenthat meet design requirements such
as:

Sufficient asphalt to ensure a durable pavement

Sufficient stability under traffic loads

Sufficient air voidso accommodate volumetric changes due to climate and loading.
Upper limit to prevent excessive environmental damage

Lower limit to allow room for initial densification due to traffic
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16.
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What methods are used fadob Mix Formula (JMEnd which one is common in Paidtan?
Marshall

Hveem

Superpave gyratory

Marshal Mix Design is most common in Pakistan

What are the basic steps afob Mix Formula (JMP)
Mix design involves the following steps:

Selection of aggregate proportions to meet the specifications requirements

Corducting trial mixes at a range of asphalt contents and measuring the resulting physical properties
of the samples

Analyzing the results to obtain the optimum asphalt content and to determine if the specifications can
be met

Repeating with additional triahixes using different aggregates blendatil a suitable design is found

Explain Marshal Method ofob Mix FormulgJMF)Desigr?

The aggregates blended in proportions that meet the specification

The mixing and compacting temperatures are obtained fromtéimperature viscosity graph.

A number ofspecimens 4 in diameter and 2 % in highre mixed using 1200g of aggregates and
asphalt cement content at various percentage both above and below the optimum. Therefoesthes
specimensvould be made at 3.5%, @6, 4.5%, 5.0% and586 asphalt content are recommended in
MS-2 Asphalt Mix Design Method.

The Marshall gecimensareimmersed in water bath a0+1 C for 3640 minutes Stability and flow
values are obtained in a compression test in the Marshall apparatus to measure strength and
flexibility.

Define the stability and flow w.r.t. Marshall Test?
Stability ¢ is the maximum loadbken in kgthat a specinen in briquette can carry

Flow ¢ is the deformation, elastic plus plasti¢measured in units of hundredths of an inch or in
millimeters) that the sample undergoes between no load and maximum load in compression test

What are the factors that affect staibity?

a) Gradation of aggregate

b) Hardnes®f aggregate

c) Shape and surface texture of aggregate

d) Quantity of asphalt

e) Degree of compactiorat least 95% compaction
d) Temperature

If stability is low say 40kgwhich is less than the specificatip what is the problem?
Asphalt content is less than optimum
Poor gradation of aggregate used

iii) Round aggregate, little or no crushed surfaces.
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18.

19.

iv) Excessive medium size sand in mixture
v) Degree of compactiois less than specified i.e. &/

What are the specifictions of Marshall Methodfor JobMix Formula(JMFP
As per C&WPunjab(1985)

Layer Base Course Surface Course
No. of Blows 50 75

Marshal Stability Min. 300 kg. 500 kg.
Flow 2.4¢5.0 mm 2.4¢4.0 mm
Voids in Mineral Aggrede (VMA) 12¢20 % 12¢20 %
Voids in Total Mix (VIM) 3¢8% 3¢5%

As per NHA1998)

Layer Base Course Surface Course
Compaction, No. of Blows 75 75

Marshal Stability Min. 1000 kg. 1000 kg.
Flow 0.25 mm{.01 in) 8¢l4 8¢l4
Voids in Mineral Aggregate (VMA) as perAl,MS2 1993 as perAl,MS2 1993
Loss in Stability 25 % (Max.) 20% (Max.)
Voids inTotal Mix (VIM) 4¢8% 4¢7%

What is the difference betweerPrime Coat and TacdR@t?
Prime Coat

When a bituminous / asphaltic wearing course is to be placed over an untreated and compacted base
course layer (say water bound macadam), the base is generally given a single light application of a
liquid bituminous magrial called a primeoat. It serves to promote adhesion or bond between base

and wearing course.

The bituminous materials used for prime coats should have high penetrating qualities. After, turing
should leave a high viscosity residue in the voids of the upper portidredfase course. The suitable
materials for this purpose is liquid asphalt (d#ck) or road tar (RT) of low viscosity. Rapid curing
grades are not generally used because of their rapid increase in viscosity after application. Medium
curing grades are mostidely used which best serve the purpose. The grade and rate of application
will be govern by the condition of the existing surface.

The ideal rate of application of primer is maximtimat will, under favorable weather conditions, be
completely absorbedythe base material within 24 hosifrom the time of application. When a prime
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20.

coat is nt entirely absorbed within 24 hosror so, it is customary to apply a very ligandblindage
to blot up the excessive primer.

Primer Rate of Application Surface
MGC-30 0.8¢ 1.5 Kgmz2 (18- 32 Ibs. per 108q.ft) DenseFlexibleBase
MGC70 1.2-2.4 Kg/m? (27-541bs. per 100sq.ft) Open and Lose Surface

(SourceHighway Materials, Construction and Quality Control, Road Research and Material Trestiintg 1985

Tack Coat:

Tack coat is a single and initial application of bituminous material on surface which have been
previously treated or prepared, such as existing bituminous surface, cement concrete or even brick
surface.

The purpose of tack coat is to emsuadhesion between the existing bituminous or concrete surface
and new bituminous surface. A tack coat would not be required if a wearing surface is to be single or
multiple coat surface treatment but would be required for asphaltic concrete wearingcgirfa

Materials commonly used for tack coats include the rapid curing liquid aspha5&®CRE00,
emulsified asphalt of quick breaking type, bitumen (asphalt cement) €f080) 126150 or 156200
penetration and higher grades. Regarding the rate of apptin, the quantity of bituminous materials
which is normally required for a tack coat is usually @Zbkg/m2 6 - 101bs. /100 sqgft maximum).

Tack coats do more harm than good when they are applied in too large a quantity as it would
unnecessarily emch the superimposed course and decrease its stabfliiye should be taken not to
cover a large area at one time, so that a tack coat may cool and harden before theplaaed over

it.

What is seal coat?

Seal coat is a very thin surface treatment whis either applied as final step in the construction of
certain bituminous surfaces or to existing road surfaces which have cracked or oxidized over a number
of years and have commencedravel.

The purpose of seal coat is to water proof or seal thdames and thereby preverits deterioration

from moisture and air oxidatiarif the surface has oxidizeashd become open texture, a portion of the
binder will penetrate the existing surface and will practically act as a primer. This condition requires a
heavier application than for the neabsorptive surface having a smooth texture.

Rates of application of bitumous material materials may range as high as 2.0 k¢gAtfbs. per 100
sq.ft) for seal coat of open textured and absorptive surface or when edweith aggregate of 25 mm

6 ME U Y kie loYasiidi as 0.9 kg/m? (. per 100 sq.ft) when covered with aggregates of 9.5
YY 60okyé0 YIFEAYdzy aAl So

Prevailing climatic conditions and the season of the year in which the seal coat is applied has
considerble bearing on the selection of the type and grade of asphaltic matEnabest result, the

work should be performed during the early part of the warm season so that the newly sealed surface
may be subjected to a considerable amount of traffic durimgwarmer months.
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22.

23.

What should be mixing and compacting temperature of asphalt concrete?

As per C&W Specifications:

In case hard grade bituminous material are useikjmg temperature should be 148(300 F) and the
difference of temperature between aggyateand asphalt should not exceed1 C 0 F). However,

the temperatures would vary according to the grade of the bitumen used in thelmoase of soft
grade materials these temperatures would vary depending upon the grade selected.

The rolling of miture is recommended as soon as the spread mixture will sustain the rolling without
excessive displacement. Some higtigblemixes can be rolled at21 C (250 F) or more, whereas a
very fine mix with low stability may not be able tolled until the tenperature hasreached93 C

(200 P or less.

Roughly initial rolling should be done at a temperature so that the sum of air temperature and mix
temperature equal to 15@- 190C(300 F- 350 F).

(Source: Highway Materials, Construction and QualitytrébRoad Research and Material Testing Institute June, 1985)

As per NHA Specifications:

Asphalt Cement shall be mixed at a temperature as required to achieve a kinematic visc(id of
300) centistokes. Typical plant mixing temperature is 155163 C(310°F- 325 °F) and at no time
shall the mixing temperature exced®3 C(325 °F).

In no case shall the temperature be less than 12@or initial breakdown rolling and all other
compaction operations shall be completed before the temperature drdpwn to 110C

All mixtures shall be spread at a temperature of not less than hundred and thirty ded@eeC) and
all initial rolling and tenping shall be performed when the temperature of the mixtigsuch that the
sum of the air temperature pluse temperature of the mixture is between 165-190 C The mixture
shall not be placed on any wet surface or when weather conditions prevent its proper handling or
finishing.

Hot asphaltic mixture shall be placed only when the air temperature is futggree centigrade or
above and no asphalt shall be laid under foggy or rainy weather.

(Source: General Specifications NHA,JE398)

What precautions shoulde exercised while compactingsphaltic mixture?

After each course has been laid, it is roNedile still hot until it is thoroughly compacted. When a mix

is rolled at too high a temperature, it will creep out rather than being compressed downward or
alongside this, it will oxidize at faster rate which might cause premattaieks Also blisters i
sometimes form behind the roller as it passé#en this occurs, the irregularities thus created should
be quickly repaired by raking. Rolling performed after the pavement has partially chilled may be
responsible for some cracking.

What are the stage®f rolling an asphaltic mixture?

Breakdown Rolling:

The initial rolling is done by 8 toneaXle or 12ton 3 axle tandem rollers, as soon as the roller can
safely get on the mixture. Breakdown rolling compacts the material to obtain practically allrik#éyde

it will receive. This requires usually2passes of the roller. Maximum speed of breakdown roller is 3
miles per hour.
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Intermediate Rolling:

This is done by employing pneumaticller with 45 psitire pressure immediately behind the
breakdown rolle. It imparts a very high density particularly in top 25 mm (1 irgooby kneading the
mixture into a compact position without particular crushigpneumatic roller usually operates at 15
mph during intermediate rolling.

Final Rolling:

This is accomp@hed by 12 ton, 3 axtandem roller which adds little more density to the material and
removes all the irregularities left by breakdown roller.

24, How to determine layer thickness of asphalt concrete for high degree of compaction?
As per C&WPunjabSpecifiations:
1 To adieve high degree of compaction, asphalt concrete base course, should not be laid in a placement
thickness, exceedint0 cm(4 in).
1 Similarly placement thickness for asphalt concrete surfacing should not efceed (3 in)in the
binder cours.
1 5 cm(2in)in wearing course when compacted.

(Source: Highway Materials, Constiootand Quality Control Road Research and Material Testing Institute J@&5¢, 19

As perNHA Specifications

Mix Designation Class A Class B
Course Leveling /Base Leveling /Base
Compacted Thickness 70-90 mm 50m¢ 80 mm
Mix Designation Class A Class B
Course Asphaltic Wearing Course AsphalticWearing
Compacted Thickness 50-80 mm 35m¢ 60 mm

(Source: General SpecificatignidHA, December 1998)

25. Determine optimum asphalt content by immersieonompression stability test?
A. a) Prepare trial mix specimen at different emulsified asphalt cangnl% increments using the
specified compaction method.
b) Calculate theoretical maximum density (D) of each specimen from equation,
D, g/lcc = 100 Whereas, S.G= is the specific gravity.
%aggregate+ % asphalt
SG. (Aggregaje S.G. (abplt)
b) 58GSN¥AYS O0lGddt RSyaride 6RO 2F SFOK O2YLI O
unconfined comparison test.

d) Calculate percent air voids in total mix from equation,

% v = D-d x100 D
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27.

28.

d) Determine wet stability to evaluate resistance to water action on duplicate specimen after immersion
in water for 4 days. Loss in strength is considered measure of water action.

How would you adjusthe mix if stability is low?
Either by reducing the asphalt content or by increasingatm®unt of aggregate particles.

*Air void is kept above % to allow film thickness of asphalt to the aggregate particle which give
durable and stable asphalt mix.

Whatis Slow Curing (S@®edium Curing(MCQ) and Rapid Curing Cutback’qg?

Asphalt cutbacks use petroleum solvents for dissolving asphalt cement. If the solvent used in making
the cutback asphalt is highly volatile, it will quickly escape by evaparadiolvents of lower volatility
evaporate more slowly. On the basis of the relative speed of evaporation, cutback asphalts are divided
into three typesrapid curing (RCjnedium curing (MCandslow curing (SC)

The degree of liquidity developed in each case depends principally on the proportion of solvent to
asphalt cement. To a minor degree, theuiijty of the cutback may be affected by the hardness of

the base asphalt from which the cutback is made. The degree of fluidity results in several grades of
cutback asphatt some quite fluid at ordinary temperatures and others somewhat more viscous. The
more viscous grades may require a small amount of heating to make them fluid enough for
construction operations.

Slow Curing (S@sphalt cement and oils of low volatility generally in the heavy distillate ré§&Ge

70, 250,800, 3000. The degree of liquidity developed in each case depends principalitheon
proportion of solvent to asphalt cemenBlow Curing (SC) cutback asphalts are often called road oils
and are used primarily in roasixing and dustaying applications. This term originated in earlier days
when asphalt residual oil was used to givads a lowcost, allweather surface.

Medium Curing Cutback (M@0, 70, 250, 800, 3000 a liquidasphaltic material having keroseras

a solvent. Its purpose is to stabilized and waterproof the absorbent surface and to promote adhesion
to the bituminous courss. The medium setting grades are designed for mixing with aggregates.
Because these grades do not break immediately upon contact with aggregate, mixes using them can
remain workatte for extended periods of time.

Rapid Curing CutbacREG70, 250, 800, 3000 is a liquidasphaltic material having ga#te ornaphtha

as a solvent. Its purpose is togpide bod with a super imposed coursghe rapidsetting grades are
designed to react quickly primarily for spray applications, such as bond/tack coats, aggregate chips
seals, sand seals, and similar soeféreatments.

What are the ests you should run on a compacted asphalt pavement?
a) Density and Thickness test
b) Smoothness test
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30.

31.

32.

33.

How would you classify cutback asphalt respective spraying temperasére

Cutback, also called liquid asphalt, is simply a combination of asphalt cement and petroleum solvents.
Cutbacks are used because they reduced asphalt viscosity fer temperature uses e.g. Tack coats,

fog seal, slurry seal and stabilization.

Cutback
Asphalts (RC, | Spraying Tempeture
MC, SC) (C purface
Treatments
30 30 min
70 50 min
250 75 min
800 95 min
3000 110 min

(Source: General SpecificatiapdHA, December 1998)

What is rutting and its causes?
It is the channel like grooveBoseoccur in the wheel track &f pavement. The main causes are:
a) Poor compaction
b) Fine graded mix
c) Excessive asphalt content, low air voids
d) High temperature
e) Excessive wheel andhffic loads
f) Natural aggregates
g) Dune sand more than 7.5% of fine aggregates
h) Low softening point

On the mixing plant, how can you say thdtot mix is okay or not okay?
For hot mix is ok, following are the requirements:

a) Require temperaturehoutd be uniform

b) Mix should be free from excessive fines

¢) Mix should be free from free asphalt

d) Largeaggregates shouldot be uncoated

e) Appearance should be uniform

f) Should not be burn

g) Should not be too brown or gray

h) Should not be toat

i) Should not steam in trunk

When do you put the flow meter to determine the flow of an asphalt mix?
Before Marshal testing stars.

What is the Marshal mixing and compacting teragature of hot mix asphalt?
Mixing temp. 160C 5 C
Compactingeémp. 145C £10 C
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34.

35.

36.

37.

38.

39.

These temperatures are those required to produce viscosities of 1.7+@/8 ¢h70+20centisibkes)
for mixing and 2.8+0.3 cm?/s (28(# centisbkes)for compaction
(SourceMS2: Asphalt Mix Design Methods? Edition, Asphalt Institte)
From where will you get asphalt sample during production and paving operation?
During production, samples should be taken from the truck, one saocguisisting of foumixsamples
taken in a smaljuantityto form a composite sampl®uring paing, samples should be taken behind
the paver, sample units taken from different locations constituting of minimum of fourssmtples
to make one composite asphalt sampgte grading, Marshalestsand Extraction.
What is raveling and its causes?
It is aprogressive loosening or separation of aggregatdiglas in a pavement surface cse.
The causes are;
a) Lack of compaction
b) Construction in thin lift during cold weather
c¢) Dirty or disintegrated aggregates
d) Too little asphalt in the mix
e) Qverheating of asphalt mix
f) Mix is very close to coargever% of coarse material)
g) Action of water
h) Sensitive aggregate refuasphaltcoating due to special charge (anti stripping materials must be
used)

What is softening poinof asphalt?

It is an indicative measurement of temperature at which the harden asphalt reach an arbitrary degree
of softening.This is useful in the classification of certain asphalts (bitumen) andSaftening point

can be determined using AASHTO T53.

What isstripping test and its purpose?

Bitumen and tar adhere well to all normal types of aggregates provided they are dry and are not
exceptionally dustyThe filmstripping testis used to measure the resistance of bituminous material
to stripping fromthe rock particles and is generally used to evaluate adhesive capdaityneral
aggregate anthituminous materiallts purpose islsoto determine the retention of &dituminousfilm

on an aggregate surface in the presence of water.

What is the reason fosome spots appear after every 20 meter behind the paver?

a) Dirty lumps of old asphalt from the pav

b) Temperature of the mix is low

) Auger is not distributing the mix properly

d) Paver operator is folding the hopper sides after each load

e) Screed is tilted or uneven

f) Screed is not vibrating properly

g) Screed is not heated properly

h) Stopping of Continuity

What is the temperature for bituminous mixture delivered to the paver at site?

The mixture delivered at site will not be 13 C
(Source: General SpecificatiapdHA, December 1998)
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41.

42.

43.

44.

45.

What is therate of application of the bituminous/ asphaltic materi&l

Liters per square meter

Type of surface — .
minimum maximum

Subgrade, subbase, water 0.65 1.75
bound base course and
crushed stone baseourse
Bridge, wearing surface, 0.15 0.4

concrete pavements
(Source: General SpecificatianidHA, December 1998)

Whatis the maximumloss of marshal stability allowed for asphathix?

25%.(Asphaltic Base Course) and 20% (Asphaltic Surtagse&)
(Source: General SpecificatianidHA, December 1998)
What is the min. temp, required for applying prime coat?

15 C (the application is prohibited when the weather is fogy, rainy or atmosphere temperature is

below 15 Cunless otherwise directed by Engineer).
(Source: General SpecificatiapdHA, December 1998)

How do mineral filler improve properties of mix?

When voids ardnigh but stability is satisfactory in the mix, it leads to higher permeability resulting in
premature hardening of the asphalt. To reduces voids, filler is increased which improves the properties
of the mix.

What will happen if we over gethe filler?

Overuseof filler may bring the voids low in the mix, consequeniigtability or flushingnay occur

after the pavement is exposed to traffic.

What factors affectthe compaction of asphalt mix?

a) Mix Properties:

1) Aggregate

If maximum aggregateise or percentage of coarse aggregaiethe mix increases, the workability
decreases and greatepmpactiveeffort is required to achieve the target density.

Natural sand turns the mixes tender which are easily @terssed by heavy relts andby too much
rolling.

Combination of filler and asphalt produces necessary cohesion when the mix cools. But too many fines
will make the mix "gummy" and very difficult to compact.

2) Asphalt

Proper compaction can be achieved only when asphaltlilgiil enough. Consequently, compaction

of the mix is extremely difficubnce the mix has cooled to &. Grade of asphalt is also important.
Higher viscosity asphalt in the mix requires higher comipacttemperature and/or greater
compactiveeffort. If quantity of asphalt in mix increases, film thickness of asphalt on aggregate also
increases, which make the mix workable and easy in compaction and vice versa.
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46.

b)

c)
d)

f)

47.

48.

3 a) Mix Temperature

Up to a certain point, the hotter the mix, the more fluslthe asphal and hence, éss resistant to
compaction and vice versa if it cools.

3 b) Environmental conditions

Ambient temperature, humidity, wind and the terapature of the surface under the mix also affects
the compaction.

3 ¢) Layer (lift) thickness

Generally, itis easier to achieved target density in thicker layens to a specified limitpf asphalt
concrete thanthinner ones, because of the difference in rate of cooling.

What do you check, when you go to the mixing plant?
inspection of truck beds

Mixing of aggegate- mixing time

Weighing of ingredients i.e., aggregate, filler & bitumen
Temperature of the mixturée. is it uniform?
Appearance of the mix

Rate of mixing should coordite with pavingequirements.

During the production ofasphalt mixwhat do yau look for the stockpiled material?
a) Do aggregate meet quality specifications

b) Are proper sizes being produced?

c) Satisfactory storage

d) Separation of stockpiles

e) No segregation allowed

f) Mineral filler kept dry

g) No deleteriousnaterials to aceptable limits

As asphalt inspector, what important properties you are looking for and what is your target on site?
a) Asphalt content should bshecled with jobmix formula

b) Aggregate gradation shoute checled with jobmix formula

¢) Required tempetare should be uniform

d) Mix should be free from excessive fines

e) Mix should be free from free asphalt

f) Mix should not be too brown or gray

0) Mix should not be too fat

h) Mix should not steam in truck
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49.

50.

51.

52.

53.

i) Mix shouldhot producesmoke on discharge fro hopper.
J) Largeaggregate particleshould not be uncoated, etc.
What do you watch during pavirg
a) Temperature of the paving mixtures
b) Appearance of the paving mixtures
c¢) Alignment and thickness of the pavement
d) Rolling at correct time and tempaure
e) Sufficient rolling
f) Surface irregularities and its repairs
g) Quantity paved during the day
h) Sations/Locations paved in eachif
i) Coordination with the mixing plant to maintain the rate of mixing and rate of paving
i) Weaher conditiors of the day, etc.
What is the rate of loading of test machine in the marshal stability test?
2 inches (50.8nm) perminute

If asphalt sample in laboratory is cooled then reheated for 2 or 3 tenffor a breakdown in
equipment), what will heating do to thesample?

Reheating of asphalt sample in laboratory is not permissible because by this process the asphalt loses
its viscous properties which will not yield thetualstability, voids in the mix, and flow etc., and aside
of it, re-heated samples will n@hger be a representative of the-gitu pavement.

Why not to use high penettion asphalt say 100120, Areair voids affected?

Harder asphalt cements are recommended for heavy duty pavements and for weathdition
Generally, asphalt of penetratiomagle 60- 70 is used in medium to heavy types of pavements. Higher
penetration grade like 100120 will not produce a thick film of coating around the jpaes. This will
turn the mix unstable, and low ahoids. This will fithe air voidscomparativey more, making the mix
more brittle and easily disintegrated whe&penedto traffic.

What are the types of Asphalt Mixes?

The most common type of tkible pavement surfacing hot mix asphalt (HMA)Hot mix asphalt is
known by many different names such as hot mix, asphalt concrete (AC or ACP), asphalt, blacktop or
bitumen.Following are the important types of asphalt mix:

a) Dens graded Type: A densegraded mix is a weffraded HMAintended for general use. When
properly designed and constructed, a derggaded mix is relatively impermeable. Dergaded
mixes are generally referrdoly theirnominal maximum aggregate siaad can further be classified
as either finegraded or coarsgraded. Finggraded mixes have more fine and sand sized patrticles
than coarsegraded mixes.
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54.

b)

c)
d)

55.

56.

b) Open Graded TypeJnlike densegraded mixan opengraded HMA mixtre isdesigned to be water
permeable. Opefgraded mixes use only crushed stone (or gravel) and a small percentagadf
The two most typical opegraded mixes are:

Opengraded friction course (OGFC). Typically 15 percent air voids and no maximunidair vo
specified.

Purpose:
OGFQ; Used for surface courses only. They reduce tire splash/spray in wet weather and typically

result in smoother surfaces than dengeaded HMA. Their high air voids reduce-tioad noise by up
to 50-percent (10 dBA) (NAPA, 1995

ATPBAsphalt Treated Permeable Bagd)sed as a drainage layer below dewggaded HMA, SMA or
PCC.

Stone Matrix Asphalt (SMA):

Stone matrix asphalt (SMA), sometimes called stone mastic asphalt, isguagbgnl HMA originally
developed in Europe to marize rutting resistance and durability. The mix design goal is to create
stone-on-stone contact within the mixture. Since aggregates do not deform as much as asphalt binder
under load, this ston®n-stone contact greatly reduces rutting. SMA is generatlye expensive than

a typical densggraded HMA because it requires more durable aggregates, higher asphalt content,
modified asphalt binder and fibers. In the right situations it is @ffictive because of its increased

rut resistance and improved durdiby.

Purpose:
Improved rut resistance and durability.

Other reported SMA benefits include wet weather friction (due to a coarser surface texture), lower

tire noise (due to a coarser surface texture) and less severe reflective cracking.
(SourceNational Asphal Pavement Association (NAPA95)

How to improve filler?

By adding certain amount of:
PortlandCement

Crusher Powder

Earth Fillers

Asbestos Powder
Limestone Powder

How to determine the mixing timeof asphalt?

Mixing Time in Seconds = Pugmill dead capacity in kirams
Pug mill output in kilogramssecond

What parameters are definedn the job mix formula(JMF}

a) Definite grading of aggregate

b) Definite Percentage of Asphalt

c) Delvery temperature
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58.

59.

60.

61.

62.

63.

64.

® oo ow

65.

66.

a0 o

What do you mean by effective asphalt content?
Asphalt concrete consists of asphalt cement, aggregates and air voids. However, some of the asphalt
cement seeps into air voids in the aggregate particles and therefore not available ttarmbéind
aggregate together. Hence, effective asphalt content is the volume of asphalt not absorbed by
aggregates or the amount of asphalt that effectivledyms a boning film on the aggregaserfaces
and serve as binder.
What do you mean by voids of Meral Aggregate (VMA)?
It is cumulativegranular spaceamongthe mineral aggregate particles.
Did asphalt effect by acids, alkalis, and salts?
No.
Why asphalt iscalledthermo-plastic material?
Becausef its softness as it is heated and hardenst as cooled
What is the percentage of Aggregate in Asphalt mix?
Normally from 90% to 95%
What is the desired properties of asphalt cement?
1. Consistencyls the term used to describe the degree of plasticity of asphalt at any particular
temperature spedied and measure by penetration test or a viscosity test.
2. Purity. Refined asphalt are almost pure bitumen and are usually more than 99.5% soluble in carbon
disulfide (Solubility test).
3. Safety Asphalt not foam at temperature up 175C and flash point of asphalt should be known.

Why you addfiller to mix?

a) To improve resistance to weathering.

b) To improve strength.

¢) To increase stability.

d) To close the space betweeonarse and fine aggregate, etc

What are the penetration grads of asphalt?
40¢ 50 penetration grade

60¢ 70 penetration grade

80¢ 100 penetration grade

120¢ 150 penetration grade

200¢ 300 penetration grade

How to determine the grade of Asphalt?
a) By Penetratiomest:Old Method
b) By Viscosity Tés ModernMethod at temperatureof 60 C to 135C

Q. What is the suitability of aggregate for use in asphalt construction?
1) Size and grading

Dense graded

Open graded

One siz€uniform graded)

Coarse graded
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e.
f.

67.

b)

c)
d)

69.

70.

Fine graded
Gap graded

2) Cleanliness:
3) Toughness
4) Soundness

5) Particle shpe affect workability and strength

6) Surface texture

7) Absorption¢ A certain degree of porosity is desirable as it permits aggregate to absorb asphalt
which then fams a mechanical linkadeetween the asphalt film and the stone patrticle.

8) Affinity for asphalt: Stripping separation of the asphalt film from the aggregate through the action
of water such material is referred to dsydrophilic (Water Loving) such as siliceous aggregate
(quartzite and some granites).

Aggregates that exhibit a high degr of resistance to film stripping in the presence of water are
usually most suitable in asphalt paving mixes, such material is referred tigdagphobic (water
hating) such as limestone and dolomite usualyehigh resistance to asphalt film stripping.

What are desired properties of asphalt mix?

Stability¢ Resistance to displacement and shearing stress caused by stationery and moving loads
Durabilityc Resistance to disintegration due to the effects of traffic, water, and temperature change.
Flexibilty ¢ Ability of pavement to adjusthe settlement of the pavementvithout cracking.

Skid Resistance The frictional resistance between the surface of the pavement &edvehicle tire

to resist skidling.

Workability ¢ Is the ease by which the materiarc be placed to its desired form and compacted to
required density.

Fatigue ResistanagResistance to wear and aging.

Impermeability¢ Resistance t@enetration of water.

What are the factors affecting durability?

a) Density of the compacted pavement

b) Roperties of the aggregate

¢) Quality of the asphalt

What are the factors affecting the flexibility?

a) Quality of the asphalt

b) Quality of the mineral filler

* The more viscosthe asphalt the more flexibli is.

What are the factors affecting skidesistance?
a) Quantity of asphalt

b) Surface texture of the aggregate

¢) Non polihing of aggregate patrticles
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74.

What is the effect of hydrated lime on asphatoncrete?

Hydrated limealkalinein nature,starts a chemical reaction to change the charactethe aggregate
surface and neutralized amgcidic properties present in mixt improves the coatingbility and

bonding process of miwithout reveling and bleeding with durable surface. It is usuallyeddib

aggregate at thepug mill

What are the tess recommended on fillers?

1) Particles size analysis by hydrometer (Mineral Filler)

2) Plasticity index (Mineral Filler)

3) Immersion compression test (Joint Filler)

What will be your recommendation to minimize rutting?

Asphalt mixes can be designed tesist rutting with the proper selectiomf materials, good
construction approaches and use of appropriate design methbd.following recommendations are
however,important:

Gravel shald be scalped on at least 1.5d9oreento prevent small agggatesize entering the batch.
Natural sand limited to 15% from fine aggregate and should not contain more than 50% dune sand.
Trial section should be made to determine the maximum density in the field and air voids in the mix
at that density.

Filler to asphalt amentratio should be between 1.4..5 to getthe maximumsoftening poin of 85C

to 95C.

Use asphalt 40/50 instead of 60/70 penetratiorvary hot climateareas.

The total thickness of asphalt layers shall eeteed 20 cm

Use of polymer modified abglt for areas having extreme temperature.

Rutting is also directly correlate to compressive strain on the top of subgrade. So, compaction up to
specified limit is also important to avoid rutting.

What are the types of asphalt cracks?

Fatigue/Alligator Craks Theseare interconnected cracks forming a series of small blocks resembling
an alligator skin.

CausesExcessiveeflection of the surfacever unstable subgrade or lower course of the pavement
or heavy loadings

Repair Deep patch, skin patch, Aggedg Seal coat patch, slurry seal patch

Edge Crackiongitudinal cracks, 1/3 meter from the edge of pavemeith or without transvers
cracks branching towards shoulder.

Causes: 1) Due to lack of lateral (shoulder) support.
2) Settlement or yielding of thmaterial under the cracked area due to result of poor drainage.
Repair:1) Fill as for reflection cracks.

2) Fill with asphalt emulsion slurry.

Edge Joint Crack# is the separation of joirbetween the pavement and shoulder.

CausesAlternate wettingand drying beneath the shoulder surface.

Shoulder settlement, mix shrinkage and truck straddling the joint.
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77.
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Repairimprove the drainage by gettingdrof the condition that trapesvater.

Lane Joint Crack&ongitudinal separation between the adjoiniragés

CausesA weak seam between the adjoining lanes in the course of pavement.
Repair Same as reflected cracks.

Reflection CracksThese typsof cracks occur whelpituminous surface course is laid over the existing
cement concrete pavement with someacks. These cracks reflect in the same pattern on bituminous
surface as beneath cement concrete pavement surface.

Repair Fill with asphalt emulsion slurry or light grade of emulsified asphalt mixed with fine sand.

Shrinkage Crack€racks forming a seri@$ large blocks usually with sharp corner or angles.

CausesVolume change in the asphalt mix or in the base of subgrade

Repair Fill cracks with asphalt emulsion slurry followed by a surface treatmeatslurry seal over
the entire surface.

Slippage Cxcks Crescemtshape cracks that point in the direction of thrust of wheels on the pavement
surface.

Causesl) Lack of good bond between the surface layer beneath, may be due to dust, oil, rubber, dirt,
water or other noradhesive material between the tweourses.

2) Mixture having a high sand content.
3) Improper compactin during construction caused the bond layers to be broken.

Repair Remove the surface layer around the crack to the point where good bond between the layers
is found,thenfill the area with plan mixed asphalt material.

What are themajor causes of distortion in asphafiavement?
Too little compaction of the pavement course.

Too many fines of surface mixture.

Too much asphalt

Swelling of underlying courses or settlement.

What are thedifferent forms of distortion?
Grooves or ruts

Shoving

Corrugation

Depression

Upheaval

What is the disintegration irasphalt pavement?
Disintegration is the breakingp of a pavement in to small loose fragments. Two common types are:

Potholes (these ardowl shapedholes of various sizes ithe pavement resulting from localized
disintegratior).
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Raveling (these are the progressive separation of aggregate particles in the pavement from the surface
downward or from the edge inward).

What are the causes ofkid hazard or slipping?
A thin film of water on the smooth surface.
May also develop from surface contamination such as from oil spillage or certain types of clay.

What is the bleeding in asphalt?

Bleeding or flushing is the upward movement of asphalamasphalt pavement resulting in the
formation of a film of asphalt on the surface.

Causes:

Too much asphalt in one or more of the pavement courses.
Too heavy a prime or tack coat.
Overweight traffic.

Repair:

Repeated applications of hot sand
slag screemig
Hot rock screening to blot the excess asphalt.

What is the polished aggregate?

Due to the passage of traffic over time, the angular aggregates become round due to thamndear
tear of sharp edges. Thesmooth and round aggregates particles calledgbmd aggregates.

What is longitudinal streaking in asphalt?

Alternating lean and heavy lines of asphalt running parallel to the centerline of asphalt
Causes:

Sray bar on the asphalt distributarot set at the correct height.

Wrong asphalt pump speed

Too cold asphalt

Too low a pump pressure.

What are the basic parts of asphalt plant?
Cold bines

Cold feeder

Cold elevator

Dryer

Dust collector

Hot elevator

Gradation control unit

Asphalt/ aggregateweight buckes

Pugmill or mixer
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What are different rejuvenating surface treatments for a road pavement?
Slurry seal

Fog seal

Seal coat

Chip seal

Sand seal

What are the classificatiosof asphalt treatment?
Sprayed asphalt treatment:

Dust laying

Road oiling

Prime coating

Tack coating

Fog saling

Sprayed asphalind cover aggregate treatment:
Single surface treatment

Multiple surface treatment

Sand seal

Asphalt aggregate mixture:

Emulsion slurry seal

Road mix

Plant mix

What are the advantageof pneumatic rollers?

Pneumatic rollers not increase densityespective of steel wheels rolletsut increases stability which
assures minimum distortion under heavy traffic

They provide a more uniform degree of compaction.

They orient the aggregate particles for greatest stability.

How will you determine the deficienciesf asphalt mixture?

Too Hot blue smoke rising from the mix indicating an overheated batch.

Too Cold: stiff appearance and improper coating of larger aggregate particles.

Too Much Asphalt: mix in truck appears lying flat.

Too Little Asphalt: granular appesnce and poor coating

Non¢ Uniform Mixing: brown dull appearance

Excessive Coarse Aggregateor workability and coarser appearance.

Excessive fine aggregate: different texture from a properly graded mix after it has been rolled.
Excessive moisture: s rising from the mix during dumped in to paver.

Segregation: Improper handling and load have become contaminated.

What are the reasons to providdrainage inpavement?
To collect and drain surface and ssinrface water

To prevent and retard embankmeatosion.

To lower the ground water table.
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99.

100.

Which requires more prire coat, Al-a or A2-4 material?
A-2-4 material because it absorbs more prime coat due to more surface area.

What is the use of hydrated lime hot mix?

Hydrated lime added to some low gmdggregates to render them suitable for use in asphalt mixture

in highway construction. Sometimes, it is difficult to coat certain aggregates with asphalt because of
their siliceous or acidic surface. Hydrated lime which is highly alkaline, starts ecahegaiction that
changes the character of aggregate surfaces and adding hydrated lime often improvattability

and bonding properties of asphalt to these aggregates.

How do you add anti stripping material?
At Pug Mill.

How do you get softening poihof asphalt?

By Ring and Ball Apparatus (AASHTO T 53 & ASTM D 36)
What is the initialcompaction renderedoy paver?

80% of the required compaction

What is the asphalt macadam?
Asphalt macadam is compacted crushed rock.

How do you express penetration anductility?
Penetration by mm/10

Ductility by cm.

Which hasmore sand equivalent, natural sand or crushed sand?
Natural sand gives more sand equivalent and fineness modulus belemssfiter and clay.

What is the function of loss of stability?

Stabilityis the resistance against deformatianderapplied loadLoss in stability iactuallytolerance
of asphalt mix stability i.e. a safety margin that how stable will be the mix in field when actual traffic
arrive on it.

What is the relation betweenvoids filed with asphalt(V.F.A) and asphalt content?
VFAIncreases as asphalt content increases

What is the relation between air voids and asphalt content?

Voids are more at low asphalt content.

What is the relation between asphalt content and stability?

As perthe curvebetween these two, thestability increases with increasing asphalt binder content,
reaches a peak, then decreases

Can bitumen absorption be higher than the absorption of water in the asphalt mix design?

Bitumenabsorption cannot be higher or em equal to water absorption in any case. As bitumen is
more viscous and has high molecular volume as compared to water.
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104.

In case bitumen absorption is higher than the water absorption in your asphalt mix design? What

does it mean?

It means either Gis almormally higher or Gis lower. In case, s higher thartheoretical maximum
specific gravityGnm) Will also higher. So botBs. and Gy heed to be recheckedrhis is all due to the

experimental error.
(Ga> Ge> Gy)
Where Gaisd | LILJF NBy i aLISOAFAO INI GAGes

GKAOK 2yt

Apparent Specific&sravity = Mass of aggregate oven dry / vol. of aggregaténcluding surface pores

Effective Secific Gravity (&) = Mass of aggregate oven dry /lvof aggregatencluding pores not

filled with asphalt

Bulk Spcific Gravity is a real specific gravity.ildass of aggegate oven dry vol. of aggregate

including pores (including both vol. of permeable and impermeable pores)

What is rigidity or stifhess? How it is caused in asphalt mix and what does it harm?

Rigidity or stiffness caused in mixes whew penetration asphalt is usethaking the pavement rigid

and gives higher values of marshal stability and low flow values.
Pavement of such hot mig tracked under heavy volume of traffic.

What are causes of high loss of stability?

Stripping more than 5%

Natural sand is more.

Plasticity index is more (more clay)

More asphalicontents

Less value of sand equivalent (more clay).
Temperature of marshahold and water temperature.
% of filler asphalt ratio.

How to determine Optimum Binder Content as per Marshall Mix Method?

The optimum asphalt binder content is finally selected based on the combined results of Marshall

stability and flow, deniy analy$s and void analysiOptimum asphalt binder content can be arrived

at in the following procedure

Plot the following graphs:

Asphalt binder content vs. densityensity will generally increase with increasing asphalt content,
reach a maximum, and tharecrease.Peak density usually occurs at a higher asphalt binder content

than peak stability.

Asphalt binder content vs. Marshall Stabilit$tability increases with increasing asphalt binder

content, reaches a peak, then decreases.
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Asphalt binder cordnt vs. flow:Asphalt binder content vs. air voidBercent air voids should decrease

with increasing asphalt binder content.

Asphalt binder content vs. VMRercent VMA should decrease with increasing asphalt binder content,

reach a minimumandthen inagease.

Asphalt binder content vs. VFRercent VFA increases with increasing asphalt binder content.

Determine the asphalt binder content that corresponds to the specifications median air void content
(typically this is 4 percent)This is the optimum gdhalt binder content.
Determine properties at this optimum asphalt binder content by referring to the plGtanpare each

of these values against specification values and if all are within specification, then the preceding
optimum asphalt binder contensisatisfactory.Otherwise, if any of these properties is outside the
specification range the mixture should be redesigned.

What are theaggregatespecifications forAsphaltic Base Course & Asphaltic Wearing Course?

Test Propertyfor Asphaltic Base Course
Aggregate

Specified Limit

Los Angles Abrasion Value % (Max) 40
Sand Equivalent (Min) 45
Liquid Limit and Plastic Index (Max) 25 and 6
Soundness % (Max):

Loss with sodium sulphate cycles 12
Flaky and elongated particles % (Max) 15
Stripping testas per AASHTO T 182 Qualify Test

(Source: General SpecificatiapHA, December 1998)

Test Propertyfor Asphaltic Wearing Course
Aggregate

Specified Limit

Los Angeles Abrasion Value % (Max) 30
Sand Equivalent (Min) 45
Liquid Limit and Plastindex (Max) 25 and 6
Soundness % (Max):

Loss with sodium sulphate cycles 12
Flaky and elongated particles % (Max) 10
Stripping test as per AASHTO T 182 Qualify Test

(Source: General SpecificatiapiHA, December 1998)
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CONCREWORKS

1. Describe different types of concrete?

The concrete islassified as follows:

1. Plan Cement Concrete(PCC) consist of cement, sand and coarse aggregate mixed in suitable
proportion in addition to water. Relatively weaker to tensile stresses.

2. Lime concete ¢ lime is used for replacing cement. This is cheaper and has less strength than plain
concrete.

3. Reinforced Cement Concrete (RCGE)Reinforced concrete is a cement concreie which
reinforcement such as steel bars are embedded. This is equally gdloddnaompressive as wedls
tensile stresses.

4. Pre Sressed Cement ©ncrete ¢ Type of RCC in which high compressive stresses are artificially
developed before its actual use. This type of concrete can take up high tensile and compressive
stresses withoutlevelopment of cracks.

5. LightWeight ncrete ¢ The light weight concrete is prepared by using cokeeeze, cinder or slag
as aggregate in cement concrete. It is used for partition and wall lining purposes.

2. What is Bulking of Sand?

The increase in the Wame of sand due to the presence of moisture up to certain extent is called
bulking of sandThe ratio of the volume of moist sand to the volume of dry sand is known as bulking
factorof sand. It is noted that fine sand bulks more compare to coarser sand.

3. What is Fineness Modulus?

Fineness modulus of sand (fine aggregate) is an index number which represents the mean size of the
particles in sand. It is calculated by performing sieve analysis with standard sieves. The cumulative
percentage retained on eachiese is added andhen divided by 100 gives the value of fineness
modulus This test should be conducted as per AASHT® Ivis calculated by

Ca I' H /dzyYdz I GAQGS 2 /MBGFAYSR 2y &ALISOATASR aAiASoe

Fineness modus gives the idea about how or finethe sand is. Lower FM indicates fisand

and higher FM indicates crser sand. Fine sand requires more cement paste due to high surface area
and tendency to develop cragkOn the other handcoase sand produces a concrete mixture that is
harsh and diitult to finish and will caussegregationThereforerecommended FM range is:

Type of Sand FM Range
Fine Sand 2.2-2.6

Medium Sand 2.62.9

Coarse Sand 2.93.2
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To understand the FM index value, following example given:

Sieve Size WeightRetained | Cumulative Weighty  Cumulative %
(9) Retained (g) Weight Retained
4.75mm 0 0 0
2.36mm 100 100 10
1.18mm 250 350 35
0.6mm 350 700 70
0.3mm 200 900 90
0.15mm 100 1000 100
TOTAL 275

Therefore, fineness modulus of aggregate = (cumulative % retpiri0 = (275/100) 2.75

Fineness modulus of fine aggregate is 2.75. It means the average value of aggregate is in between the
2ndsieve and 3raieve. It means the average aggregate size is in between 0.3frérton as shown
in below figure.

1 2 3 4 5 6
0.15mm 0.3mm 0.6mm 1.18mm 2 36mm 4. 73mm
4, What is water cement ratio and why it is important?

It is ratio of water and cement (by weight or by volume) in a concrete mix. It is usually expressed in
liters of water per bag of cement (50kdhe strength of concretdependsupon the amount of water

used in thke preparation of concrete mix i.e. strength of concrete is inversely proportional to water
cement ratio. In other wordsthe strength of concrete decreases as water cement ratio increases. It
may be noted that when watecement ratio is less than 0.4 (maxim value of W/C ratio as per NHA

is 0.45, whereas as per C&W 1971 its maximum value is @hé3)oncrete is not workable and causes
honey combed structure containing a large number of voids. If the water cement ratio is tinene,

the capillary voids Wlibe more in the physical structure of hydrated cement.

5. What is workability and on which factordoesit dependupon?

It is defined the property bfreshly mixed concrete or mitar which determines the ease and
homogeneitywith which it can be mixed, plad, compacted and finished. The concrete mix is said to
be workable if it has mixability, stability, movability, corojifaility and finishability. Following are the
factors on which its value depends upon:

T Water content
Size of aggregates

1 Shape of aggretes

=
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1 Surface texture of aggregates
9 Grading of aggregates
1 Temperature

6. How the workablity is measured in the field?
Following are the empirical tests widely used:
Slump Test In this test a cone of dimensions @200x300mm is used to measure the slumpsTh
methodis only suitable only for the concrete of medium to high workability. The slum value for high
degree of workability should vary between 80 to 100mm, its value normally varies with activity and
densification of reinforcement such as high workatx&crete is recommend for columns and beams
compare to raft slabThis test is conducted in accordance with AASHTIOOT
Compaction factor test.This test is more accurate than slump test especially for concrete of medium
to low workability.
Vee - Bee Tst. The veebee test is on} suitable for concretamixes havig low and very low
workability.

Recommended Workability Valug€ivil Engineering by R.S. KHURMI)

Degree of Workability Slump in | Compacting Facto] Vee-Bee time in Seconds
mm
Very low 0-25 0.75¢ 0.8 20¢ 10
Low 25-50 0.8¢0.85 10¢5
Medium 50-75 0.85¢0.92 5¢2
High 75-150 >0.92 2-0
7. What Concrete Gades are commonly used in Pakistan

C&WDepartment,Standard Specifications for Road & Bridges 18@i1t. of PunjalioncreteClasses

Concrete| Mix CubeCrushing | Rough Proportioof Material Remarks
Class Ratio Strength (psi) Cement Fine Coar
7 days 28 day AggregateéAggregate
A 1:1:2 | 4500 6000 | 1.25cft | 1.25cft | 2.5 dt Used for road pavemen
and Pre stressed Conc.
1:1% :3 | 2500 375 1.25dt [1.88dt | 3.75dt For R.C.C Work
1:2:4 2000 300 1.25 ¢t 2.5dt 5.0cft For R.C.C Work
1:3:6 1500 2000| 1.25dt | 3.7 dt 7.5 dt For mass concrete in
foundation
E 1:4:8 1200 1800 | 1.25dt | 5.0 dt 10 dt For mass concrete in
foundation
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NHA General Specifications 1998ncrete Grades

28 days Consistency Max.
Clasof Min. Cement | Max. Size of Compressie (Range in Permissible
Cacrete Kg/ Cubic Coarse Strgngth Slump) mm Water _
Meter Aggregate (Cylinder) . Cement Ratio
kg/sg.cm (psi)
Al 300 20 210 (3000) 25¢ 75 0.58
A2 350 25 245 (3500) 100¢ 150 0.58
A3 400 38 280 (4000) 100¢ 150 0.58
250 51 170 (2500) 25¢ 75 0.65
C 275 38 210 (3000) 25¢ 75 0.58
D1 450 25 350 (5000) 50¢ 100 0.4
D2 500 25 425 (6000) 50¢ 100 0.4
D3 550 25 500 (7100) 50- 100 0.4
Y 400 13 210 (3000) 25¢ 75 0.58
Lean 175 51 100 (1400) |  ---—---
Concrete

Why 28 days cube strength is taken?

If we draw a graph between compressive strength and aging in days, graph will show a trend of
increase in strength. Afte28 days, the curve showingcirease in strength roughly becomsistraight
exhibits a little increase in strength with aging.

9. How do you consider the importancef curingof concrete as angineer?

Curing of concretés defined as the process of maintaining the moisture and temperature conditions
of concretefor hydration reaction, so that concretedevelops hardened properties over time. The
main components which needsreto be taken arenoisture, heat and time aturing

9 Curing of concretés done to maintain the Optimum Moisture@ent (OMC) i.e. to prevent the loss
of water which is required fothe hydration of cement to avoid shrinkage cragk®mature stressing
or disturbance irconceete.

9 After concrete is placed, the concrete increases in strength very quickly for a per8sd days.
Concrete which is moist curddr 7 dayss about 50% stronger than uncured concre@eiring can be
done by water as well as by the application of chemsicalled concrete curing compounds

1 A28 dagcuringis generally specified. It is desirable to keep the surface of the concegtervdamp
after it initially sets up and prevent dout which ends the curing process and limits final strength.
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9 Properly cured concrete has an adequate amount of moisture for combined hydration and
development of strength, volume stability, resista 1 freezing and thawinggbrasionand scaling
resistance.

10. What are the curing procedures?

a) Water Method: By maintaining a moist environment by apaliion of water through ponding or
sprays.

b) Curing Compound Methody preservation of lasof mixed water fronthe concrete by means of
sealing material such as impervious materials such as sheets of paper or plastic by application of a
membrane forming curing compound to the freshly placed concrete.

c) Reinforce Waterproof Paper Metho@ihe exposed finished surfacefsconcree shall be sprayed with
water,using a nozzle that so atomizes the flthat a mist and not a sprayfiermed, until the concrete
has set, after whit the waterproof paper shall bglaced. The paper shall remain in place for a period
of not lesghan seventytwo (72) hours.

d) Formsin-place Method:Formed surfaces of concrete may be curgdrétaining the formsn-place.
The forms shall remain in place for animum period of seven (7) dagdter the concrete has been
placed, except thiafor membeis over five (5) cnin least dimension, the forms shall be in ggafor a
minimum period of five(5) days. Wooden forms shall be kepttwsy watering during the curing
period.

e) Steam MethodAfter placing and vibrating, the concrete shalddlowed to atta its initialset before
steam is applied. During the plag of concrete and applicatiasf steam, provision shall be made to
prevent surface drying by means otaating of approved material. The optimm curing temperature
shall notexceed sixtyive (69 °C.

f) Polyethylene Sheeting Methodrhe wet surface of fresh concrete shall bevered with white
polyethylenesheeting as soon as possible without magrthe surface and should covalt exposed
surfaces of the concrete.

11. Factors on which curing of conete depends?
The length of adequate curing time is dependent on the following factors:

Mixture proportions
Specified strength
Size and shape of concrete member

Ambient weather conditions

=A =A = =2 =4

Future exposure conditions

12. What are the methods used to accelerateiing of concrete cylinder samples?
1 To boil the cylinder for a certain period of time
1 To cure the cylinder in an autogenous curing box

13. Minimum period for curing?
Slabs on grounde(g. Pavements sidewalks, parking lots, driveways, floors, canal linings) a
structural concrete (e.g. bridge decks, piers, columns, beams, slabs, small footingsptast walls,
retaining walls) requirea minimum curing period of 7 days for ambient tenapove 40 F (4.4C).
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American Concrete Institute (ACI) Committee 3BHcommends a minimum curing period
corresponding to concrete attaining 70 percent of the specified compressive strength. The often
specified sevemay curing commonly corresponds to approximately 70 percent of the specified
compressive strengths. The 70rpent strength level can be reached sooner when conceeres at
higher temperatures or when certain cement/admixture combinations are used. Similarly, longer time
may be needed for different material combinations and/or lower curing temperatures.

What are the methods used to accelerate curing of concrete cylinder samples?
To boil the cylinder for a certain period of time

To cure the cylinder in an autogenous curing box

What is difference between creep and shrinkage of concrete?

Creep:

Creep can be defad as the elastic and lortigrm deformation ofconcreteunder a continuous load.
Generally, a long term pressure changes the shape of concrete structure and the deformation occurs
along the direction of the applied load.

Shrinkage:

The volumetric changes of concrete structures due to the loss of moisture by evaporation is known as
concrete shrinkage or shrinkage of concrete. It is a tilapendent deformation which reduces the
volume ofconcrete without the impact of external forces.

What ishoneycombingand whatits causes are?

Whenconcreteis poured into the foundatio forms it flowslike water and fikk up the forms to the
top. If it is not vibrated properly it maleave voids calledi K 2 y S &2 YOKS SELR & SR
leaves ahoneycomblook.

Concretehoneycombings usuallycausedby afew common factors, including:
Improper cement to water ratio thatausegpoor workability.

Poor consolidation practices or inefficient means ofadion.

Insufficientfine material in the mix

Incorrectaggregategrading.

Leakagef grout or mortar fraction from the concretat formwork joints

What arethe remedial measursfor Honeycombing

This can be corrected by increasing the sand and cenmrient of the mix and by proper mixing,
placing and compaction. The obvica@utionis to ensure that joints are well sealed and |dede.

Small, shallow areas of honeycombing are probably mainly cosmetic. However, deeper areas will lead
to a local redution in the protection to the reinforcement from the concrete coverdahence can
causedurability problems in the future.

The honegombing developed in the concrebe corrected as under

Removethe laitance(an accumulation of fine particles on the fage of fresh concrete due to an
upward movement of watgrand clean.
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b)
c)

b)

Wash the surface with clean water.

Prepare approved bondinggent (Sika ur 32) as recommended by the manufiaie / approved by
the Engineer

Prepare the concrete mix confirming thp@oved design.

Fill the honegombing area

Trowel with force

Finish smoothly with float.

Next Morning cure with water and clean.

Continue curing as desired.

The site Engineer, Foreman and workers have been strictly instructed to follow the specifinadi
fully understand the scope of work.

Foreman must remain at site while the work goes on.

What is segregation and bleeding of concrete?

Segregation in concrets a case of particlisolationin concreteapplications, in which particulagolids
tend to isolateby virtue of differences in the size, density, shape and other properties of particles of
which they are composed.

Bleedings a form ofsegregatiorwhere some of the watenithe concretetends to risethe surface of
the freshly placed maitial. Conversely, if evaporation of the surface water is faster than the rate
of bleed, plastic shrinkage cracking may occur.

Bleedingn freshconcreterefers to the process where fregater in the mix is pushed upward to the
surface due to the settlementfdieavier solid particles such as cement avater. Somebleedingis
normal but excessivbleedingcan be problematic.A higher W/C ratio can also lead to
excessivédleeding

How shrinkage acks and honegombing are repaired?
ByGuniting- It is pneumaticly applied mortar
By Shotcretingg it is pneunatically applied concrete

How you will choose or specify theominal maximum size of aggregate
Nominal maximum size of coarse aggregate shall be not larger than:
1/5 of the narrowest dimension between thélss of forms nor

1/3 of the depth of unreinforced slab, nor

3/4 of the minimumclearspacing between thendividualreinforcing bars.
(Source: ACI 31805)

What is the minimum length of splicing of rebars?
40x dia of rebars: in case of tension
20x da of rebars: in case of compression

(Source: General SpecificatiadHA, December 1998)
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22.

23.

24.

25.

What is the criteria of accepting the concrete cores?
According to American Concrete Institute (AT

No individual sample shouloe less than 75% of the reqeid compressive strength and their avg.

strength should not be less than 85% of the required compressive strength.
As per NHA General Specifications 1998:

Average test result of cores shall not be less than the minimum required 28 days strength. No
individual core shall show a strength less than 95% of the required 28 days strength in accordance

with the specifications of AASHTO T 24.

Why are trial batches prepared faroncretemix productior?

The placing of concrete shall not begin untéktatches of th mix design tde used have been
produced by the Contractand tested and approved by thengineer. The trial mix proportions shall
be sich that the average strength €iffe (5) consecutive test cylinders shadl taventy (20) % higher
than thespecifiedwenty-SA A Ki o6Hy 0 RIFI2aQ aGNBy3adK |yR y?2
be below the specified strength.

When concrete compressive strength is spedifis a prerequisite to applyingads or stresses to a
concrete structure or membyetest cylinders will & curedunder conditions similar to those at the
casting site. The compressive strengftconcrete determined for such purposes will be evaluated
on the basis oindividual tests. Equipment used for trial batches will be the one that would be

used on thatspecific job
(Source: General SpecificatiapHA, December 1998)
What are the usual testfor Portland cement?

Chemical Test:

a) Chemical composition
b) Loss on ignition

Insoluble residue
Physical Test:

a) Initial and final setting time
b) Compressive strength ¢fie mortar

© 0o N WD

Air content of mortar
Fineness
Autoclave expansion

If you have ready mix designow to inspect batch plant?
Calibration of plant

Accurate weighing as per mix design

Drying mixing of aggregate prior to adding the water
Wet mixing of mix shoulte sufficient

Doses of admixture should be controlled

Temperature of concrete should be 15¢ 33 C

Should meet slump requirements

Rate of batching should meet rate of pouring at site
Avoidsegregatiorof stockpiles, etc.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

When adjustment of watercement (W/C)ratio in the mix design is required?
If the slump is incorrect
If the required strengths not achieved

What happens it rains on a wet concrete?

If the rainoccurs when theoncreteis fresh (about 24 hours after mixing), the surface shoulé b
protected from therain. If the finishing process was recently completed, rainwater may not cause
damage as long as it is not worked into the surface and the slab is left untouched.

Can we use snow water in concrete?

No, because this kind of water casi carbon dioxide, which can react with lime in cement causing
concrete cracking

What is the effect of efflorescence in concrete?

Efflorescence is described as the deposition tifga.g. white powdery sulphageon the surface and
within the pores of oncrete, masonry mortar and plaster, which occurs when a salt solution
evaporates. Due to evaporation from concrete dissolved salte left behind the surface as it will
appear to be dry, and the deposition take plagithin pores under the surface,hichwill result in

the disruption and corrosion of reinforcement of concrete.

If a choice is given where from you will start pouring concrete of@dinary beam?
From the center of beam, aording to recent ACI findings.
What is the maximum and minimum slopef chutes during concrete pourgf
Minimum slope is 1:3
Maximum slope is 1:2
Maximum height of chute: 1.5 m
Typical height at less than 1.0 m
(Source: @ A Road Construction Nagyl@n, KSA)

What should be the mixing speed of mixer?
6 to 18 revolutiongper minute(Central Plant Mixing)
6 to 10 revolutions per minutéTransit Mixing)

(Source: General SpecificatignidHA, December 1998)
How many cylinders or cube samples are you going to get in every pouring?
One set okixsampledfor every 50 mof corcrete.

(Source: General SpecificatignidHA, December 1998)
Why do we cure concrete samples while structure has different curing procedures?

In sample, volume is less comparéal surface area. So, the watéor hydration is easy to lose
Whereasin strudure, volume is bigger compatktto area, sdossof water for hydration is minimal.
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35. Why do we provide capping on concrete cylinder sample?

To provide flat, smooth ends that are perpendicular to axis of sample.
36. Where is the weakest point in concrete struate?

In the joints
37. What is fatigue and creep in concrete?

Fatigue is the failre of concrete after a numér of repeated loads (may cdllas plastic deformation
i.e. deformation does not recover when load is removed), whereas creep is tsicalaformaton
(deformation that recover when load is removed) occur immediately when concrete is Ioaded

38. What should be the mixing time for a batching plant?
Mixing time shall be measured from then& all material except water ia the drum.

Mixing time shouldheither beless than 50 ssonds nor more than 90 seconds.
(Source: General SpecificatiandHA, December 1998)
39. Why volume of concrete changes anchat are the effects of volume change on concrete?

The major cause of volume change in concrete is variationoisture and temperatureChange in
volume has two important effeston concrete:

1) Itinduces tensile stresses and causes the concrete to crack.
2) It causes thgoint to open and decreases load transfer efficiency
40. Why do we provide dowels and tie bars in rig pavement?

Dowelsbars are provided on transvergoints for the efficient load transfer, whereas, ties bars are
provided on longitudinal joints to hold up the concrete interlocking.

41. At what depth these bars are provided?
At the mid of concrete slab.
42. What do you know about sealants?

Joint openings are sealed with sealants. The sealant used in the joints must be capatiistahding
repeated extensions and compression as the temperature and moisture in the slabs change. Sealants
can be classified asfd molded and performedealants Field molded sealants are applied in liquid

or semi liquid form and performed sealant are shaped during manufacturing.

W W
1/4" below Surface Sealant Material 1/4" below Surface Sealant Material
TP I oL
ape to Prevent

Sawed Joint Face Bond between \ gnpl:: or i{ioctl "
Sealant and Concrete | ack-up Matena
Initial Saw Cui Sawed Joint Face Initial Saw Cut
or Inserted Strip or Inserted Strip
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43.

44,

45,

46.

47.

48.

49.

50.

b)

c)
d)

)

1)
2)
3)
4)
5)

Why the sand equivalent is determinétl

/[ trentAlS YFOGSNRAIfA KFE@ZS I RANBOG STFFSOG 2y GKS
AaK2dzf R 6S O2yGNBEtSR® ! fFNHS FY2dzyd 2F Of Fe&mnf A
liquid asphalt cement from completely coating andhadng to the aggregate.

Thesand equivalentest (ASTM E2419 AASHTO-I76)quantifies the relativéof sandversus clay

in soil.The test is used to qualify aggregates for applications whanelis desirable but fines and dust

are not A higher sandlgdzA @I £ Sy i @ f dzS AYyRAOF(GSa (KIFIMNHAEKSNS A
recommends a minimum value of sand equivalent of 30 for filler used in base course.

What is the difference b/w sand equivalent and material passing no.200 sieve?

Sand equivalat gives therelative proportion of clay and dust materials in fine aggreghtevolume
while material passing no. 200 sieve is the same thing determined through gradation/sieve analysis
by weight

Which one give more strength, standard cube or standard¢/linder? Why?
Standard cube, because of the ratio L/D is equal to 1 and also the test load is applied parallel to layers.
What is the initial and final setting time for concret@

Ambient temperature, relative humidityral wind velocity are determinarfaictors thatset the initial

and final setting time of a nelyplaced concrete mixtureAdmixtures are also be used to increase or
reduce the setting time of concrete. So, truly speaking, mix design determines the initial and final
setting time of concrete. Mst commonly, 30 45 minutesfor initial setting and - 10 hoursfor final
setting.

What are types of admixtures?
Plasticizer

Retarder

Accelerator

Plasticizer with retarding agent
Plasticizer with accelerating agent
Super plasticizer

What is the effectof retarder in concrete mix?

To delay the initial setting time of about¢}4 hours

At what time concrete should be placed after mixing water?
As soon as possible, not more than 30 minutes.

What are the factors affecting the strength of concrete?
Age of oncrete

Coarse aggregate

Richness of mix

Curing of concrete

Temperature of concrete
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51.

52.

53.

54.

55.

6) WI/Cratio

7) Surface texture

8) Percentage of cement
9) Fineness of cement
10) Type of cement

11) Type of water

N

What is petrographic examination of aggregate?

To know the following:

Physial and chemical properties afjgregate.

To describe and classify the constiti® of aggregate.

To dentify the constituents of aggregateg. lime stone, basalt, dioritetc.

What is DPC and why it is provided? Is there ariffjesience betweenDPC and ater proafing?

Damp proofingn construction is a type of moisture control applied to building walls and floors to
prevent moisture from passing into the interior spac@ampproblems are among the most frequent
problems encountered in homes.

Rising damps caused by capillary action drawing moisture up through the porous elements of a
building's fabric. Rising damp, and some penetrating damp, can be caused by faults to, or the absence
of a dampproof course (DPC) or danmpoof membrane (DPM

American Conete Institute definesvaterproofingas a treatment of a surface or structure to resist
the passage of water under hydrostatic pressure, whetaap proofings defined as a treatment of
a surface or structure to resist the passage of water in the absehlogdrostatic

What is the purpose of Vertical DRG provide?
The purposeof aVertical Damp Proof Courge to prevent the ingress of damp and water into
subterranean structures such as basements, cellars, tunnels and earth shielded buildings.

What arethe advantages RCC have over PCC?

The tensile strength of reinforced concrete is about @@eth of its compressive strengtCC is not
good enough for tensile stresses whereas reinforcement usdRiCds good for these stresses. So,
RCC is good in witanding the énsile stresses compattéo PCC.

PCC exhibits brittle failure whereas RCC behaves as ductile in case of failure. So QS esHIR
compara to PCC.

When the concrete pavement bepened to traffic?

Pavement shall remain closed to traffic until tests show the concrete to have a minimum modulus of
rupture, when tested in accordance with AASHO7T of not less than 500 pounds per square inch,
but in no case shall the pavement be operio traffic in less than 14 dayafter concrete is placed,
unless otherwise directed by the Engineer, concrete bridge floors and culverts shall be closed to traffic
for a period of at least 14 days after placing for normal strength concrete and 7 ddyiglioearly
strength concrete, and for such additional time as may be deemed advisable. In the operation of
placing,concrete may be wheeled acropseviously poured slabs after they have set fortrs,
provided plank runways are used to keep the loadsover the beams.

58| Page




Questions~ Answers Road Construction &

Road Structure Works

56.

No stockpiles of aggregates, no heavy equipment or other material other than light forms or tools,
shall be stored on concrete bridge floors until 14 days after they have been poured. All stockpiles,
tools and equipment stored on bridgedrs at any time shall be subject to approval by the Engineer,
and the Contractor will be required to disperse any such stored materials or equipmenbiw av
overloadingany ofstructuralpart. In the case of piers or bents with concrete caps the weidlth®
superstructure or of beams shall not be placed on the caps until they have reached the ages required
in the following table:

Structural Part Normal Strength Concrete Early Strength Concrete
Superstructure 7 days 3 days
Beams 3 days 24 hours

C&W Deartment, Standard Specifications for R&@ridges 1971 Govt. of Punjab

Removal ofForm Work?

The timeand method of removal of formshall be as directed by the Engineer. Removal shall be done
with careto avoid injury to the concrete. No loading oregn concrete shall be permitted. As soon as
the forms are remoed, the surface of the concrehall be carefully examined, and any iméggities
immediately repairedto the satisfation of the EngineerUnless otherwise specified, durirg
moderate weatler about 60°H16°C}he form work of various types of work shall be removed after
the periad shown in the following table:

Type of Formwork Ordinary Portland Rapid Harding
Cement Portland Cement
Formwork to vertical surfaces such 12 hours - -

as beamside wall and alumn

Slab (Props left under) 3days 2 days
Beam soffits (props left under) 7 days 4 days
Props to slabs 7 days 4 days

Props to beams 16days 8 days

Source: C&W Department, Standard Specifications for Road & Bridges 1971 Govt. of Punjab

If the temperature falls down to 45°(F°C) the above timing shall be multiplied byi#2 and if it falls down still further i.e.
up to 40° K4.4°C)the time shall be doubled.

As per NHAGeneral Specifications

If field operations are not controlled byeem a cylinder tests, the followingeriods, exclusive of days
when the tempeature is below five (5) °C, feemoval of forms and supports shall beed as a
minimum subject to the approval of the Engineer.

Type of Formwork Removal Period
Arch Center 14 days
Centering Under Beams 14 days
Supports under Flat Slabs 14 days
Floor Slabs 14 days
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58.

59.

Vertical Wall Surfaces 24 Hours
Columns 24 Hours
Side of Beams 12 Hours
Top Slabs R.C. Box Culverts 14 days

=

If high early strength cemetig used or by these of additional cement, thegeeriods may be

reduced as directed.

1 When field operations are controlled by cylardests, the removal of forms and suppongy begin
when the concrete is faud to have the requiredcompressive strengthprovided in no case siii
supports be removed in lesBan seven (7) days after placing the concrete.

1 All forms shall be removed, except when nerpanent access is available tle cells, the forms
supporting the deck of bogirders and the forms in hallv abutments or piers may remain in place.

1 Methods of form removal likely to cause overstressing of the concrete shall not be used. In general,

the forms shall be removed from the bottom upwards.

In general, arch centering or falsework shall be strucktaedarch made selupporting before the

railing or coping is placedhis precaution is essential arder to avoid jamming of the expansion

joints and variations in alignment

=

What are the types of concrete mix design?
Water Cement Ratio Method
Weight Method
Absolute Volume Method
How much cover is provided in concrete structures?
The minimum covering, Measured from the suoé of the concrete to the faaef any reinforcement
bar shall, unless o#rwise shown on the Drawings directed by the Engineebe not less tharive
(5) cm except as follows:
Top of slab 4.0cm
Bottom of slab 3.0cm
Stirrups and ties in-beams 3.5cm
in the footings of abutments and retaining wathe minimum covering shall Be5cm. In work
exposedo the action of sea water theinimum covering shall be Idn.

=A =4 =4

What are thetypes of joints in concrete Explain?

1) Construction Joints:
These joints are merely stopping places of construction. They separate the areas of concrete placed
at different times, and should bal new concrete to existing concrete.

2) Cold Joints
When the plaement of concrete delayed for any reason and concrete takes its initial set, a cold joint
said to be occurred.

3) Expansion Joinis
A narrow space is left between two parts of a concrete structure to allow for expansion of concrete
with changes in temperaturand loading. These joints are provided to permit both horizontal and
vertical movement tadjoining parts of structure.

4) Contraction Joints
These joints are needlto permit horizontal differential movemennithe plan of a slab or wall. These
joints aremost effective method of preventing unsightly cracking.
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CULVERTS AND BRIDGES

1. What is the difference betweem Culvert anda Bridge?

Bridgeis a structure that spans a physical natural hurdle or obstruction like river or a valley. A bridge
carries a passagthat can be a roadway or railway across an obstrudiach as a riveq railroad or
even another roactc.

Culvertis a structure that allows the easy passage of water through a physical obstruction that can be
achannel,a roadwaya passage or a wakl & ¢ ®

Technically the only difference is tepanlength. Culvertsare upto 6.5m length wherea®ridgesare
longer than 65 m.

Bridges are classified as Minor Bridges if the span ranges from dver 6p to 60 mand as Major
Bridges ifonger than 60 m.

Culverts Terminologies and Definitions.

Back fill- To refill (something, such as an@wvation) usually with granular better fill materid.
Trench- A trench is a cut or an excavation made in the ground for the placement of culvert.

Bedding- The bedihg is the material placed at the bottom of the trench on which the p#pkid.
Bedding is placed in the bottom of the trench to cushion the bottom of the culvert from crushing
forces.

Cover -The cover is the depth of backfill over the top of thévert pipe.

Critical Flow- How where the velocity head is equal to chalf the hydraulic depth (the area of the
flow section divided by the top water surface width).

Crown- The crown is the inside top of the culvert.

Hydraulic Grade LinéHGL) - Thehydraulic grade line represents the depth to which water would
rise in vertical tubes connected to the sides of the culvert barrel.

Head Water- The headwater is the depth of the upstream water surface measured from the flowline
at the culvert entrance.

Tal Water - Thetailwater at aculvertis the depth ofwvater at the downstream end of theulvert
Invert - The invert is the inside bottom of the culvelttcan be considered floor level

Soffit ¢ The soffit is the highest point of the internal surface gifge or culvert at any cross section

Culvert

—)

Barrel

Y
Headwater
v

Invert

a— Soffit or Crown

Slope, Sg Tailwater
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2. What types of culverts are normally used?
Following types are common:

Masonry (Brick and stormaasonry Culvert
Pipe culvert (single or multiple)

Box culvert (single or multiple)

Arch culvert.

=A =4 =4 =

3. What is bed plate?

To attain the crown in the slab of culvert, a bed of suitable material is provided under the slab of
culvert.

4, What is the hydrologicatiata?
Drainage area

Slope factor

Silt factor / roughness coefficient
Design discharge

Slope of channel

Highest flood level

Hydraulic radius

No o hsMwDdhpRE

5. What are the types of protectionin road construction?
1) Slope protection.
2) lIrsh crossing
3) Grouted and lose rip rap.
4) Retainingwalls
5) Guard Rails
6) Gabions
7) Dykes
8) New Jersy Barrier
9) Benching
10) Kerb stone®tc.

0. What arethe materials used for culvet construction?
The most common culvert materials are:

Concrete (reinforced and ureinforced)
Brick / stone masonry

Corrugated aluminum

Corrugated steel

Plastic (corrugated or neoorrugated)
High density polyethylene

=A =4 4 4 -8 -
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11.
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T Necking.
1 CrackBreak.
1 Bulging

What isHighest Flood LeveHFD) and why it is important to know this level foa culvert?

Highest Floods thelevelat which a body ofvater's surface has risen tolavelto cause sufficient
inundation of areas that are not normally covered by water, causing an inconvenience @aatthr
life and/or property.

Thesoffit levelof a culvertslabis alwayskeepabove the Highest Flood Level (HFL). Moreover, it is
very important toknow the top level of a culvedlal when placing theprofile grade line (PGLlof a
road.

Describe the common types of Bridges?
Deck/ BoxGirder Bridge

Arch Bridge

Truss Bridge

Cable Stayed Bridge

Suspension Bridge

Where we do provide Piles foundatich
In a soil whose bearing capacity cannot sustain the weight of a structure?
In high level of water where eavation is not possible

What types of Piles are normally used?

Based on Function:

Load Bearing Piles

Sheet Piles Driven Piles
Friction Pile<
Anchor Piles Cast in Place or Bored Piles

Based on Material

Timber Piles
Concrete Piles
Composite Piles
Steel Piles

What are theintegrity problems in concrete pile®
Followingare the integrityproblems in concrete piles:

Necking Crack - Break Bulging
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b)

1)

2)

3)

What are the constructionrequirements of Piles?
Driven Piles
Location and Site Preparation:

Piles shall be used where indicated on drawiily excavations for the foundation in which the piles
are to be driven shall be completed before the driviegpegun

Determination of Pile Length

The criteria for pile length and bearing capacity will be determined by Engineer according to results
from test piles and load tests. The piles are driven to such depths, that the bearing load mentioned on
drawing are obtaind.

The criteria for pile length may be one of the following:

Piles in sand or gravels are driven to a bearing value determined by pile driving formula.
Piles in clay are also driven as per pile driving formula.
Piles are driven to refusal on rock or haagidr.

Pile Driving:

All piles shall be driven accurately to the vertid@iles shall be supported in line and position with
leads while being driven. Piles driving leads shall be constructed in such a raano@fford freedom

of movement of hammer.

Piles shall be used only in places where a minimum penetration of three (3) meters in firm material
and five (5) meters in soft material can be obtained. Where soft stratum overlies atratdm, the

piles shall penetrate to hard material up to a sufficidigtance to fix the ends rigidly.

Full length piles shall be used where practicable. Splicing of piles when permitted shall be in
accordance with the provision of standard and specifications.

Cast in Place / Bored Piles

Boring Procedure:

The method and guipment of boring generally either the dry method, wet method, temporary casing
method or permanentasing method shall be one thataintains staility andverticality.

All holes are drilledip to the tip elevation shown on drawing. Rejected boreholedl seafilled with
leanconcrete

The boring method shall be such that allows soil samples to be thkeim sitesoil test(if required)

to be carried out during or ahead of boring operatioiitie procedure useith execution of borehole

shall not be suchs to cause vibrations resulting in damage of piles and adjacent structure or causing
harmful loosening or softening of soil outside the pile. The equipment used for execution of borehole
shall be adequate to ensure that eapthe penetrates to required fandinglevel.

Drilling Methods To stabilize the bore hole, three methods can be used:

Dry Pile Constructiogis usedwhere the soil is stable

Wet Pile Construction drilling mud (bentonite and polymer mud) is used totfik borehole while
drilling to preventthe borehole walls from collapsing.

Cased Pile Constructierfo drill the borehole, casings are used to maintain open the borehole. It has
two methods such asemporaryCasing Metho@énd Permanent Casirdethod.
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Drilling Stagesvithout casing The construction process consists of drilling the pile, removing loose
material from the borehole, placing the reinforcement cage, and concreting the shatft.

Stage 1- When drilling through loose soil or very soft clay below the water table, special bentonite
polymer slurries are used to stabilize the borehole walls. Due to greater specific weight of bentonite
slurry compared to water and its capacity to create a waterproof layer over the borehole walls, these
slurries, when applied at least meter above thater table, help make the shaft watertight.

If drilling fluids cannot be used, boreholes can be supported by temporary casings. As for the foreshaft,
the temporary casing can be driven into the ground using the rotary head of the drilling rig (up to 15
20 m) or a hydraulic vibratory hammer connected to a service crane. As a general rule, the techniques
described above are not effective at depths greater than 20 m and the temporary casing can only be
driven using a special piece of hydraulic equipmenScRll ¢ OF A Ay 3 2a0Af I 12 NE @
Stage 2 Descading

Stage 3 Insert reinforcement

Stage 4 Casting concrete

Stageb ¢ Finished Pile

Drilling Stage with CasingSegmental casing is used as a temporary or permanent support for a bored
piling system with deepeunstable soil conditions. It igilized during thedrilling stage and can be
installed and extracted by using a drilling rigaoroscillator attached to a rig service crane. A large
casing driving plate is fitted under the rotary to couple the fir& mcasing section. The soil therein

is removed by means of boring tools such as an auger or drilling buckets. The sections are joined using
mechanical joints until the desired length is achieved.

Temporary Casing he temporary casing remains in plaoetil the concrete has been poured to a
level sufficient to withstand ground and groundwater pressures. The casing is removed after the
concrete is placed.

Permanent Casind®ermanentcasing remains and becomes a permanent part of the foundation.
Stage 1- Casing + Drilling

Stage 2 Insert reinforcement

Stage 3 Casting concrete

Stage 4 Casing extraction

Limitations of Boring Sequence

Piles shall be constructed in such a marered sequence as to ensure thad damage is sustained by
piles already costructed in adjacent positiond.he Contractor shall submit to the Engénéor his
approval a progranshowing sequence of construction of various piles.

Tolerances

Followingconstruction tolerances shdlke maintained

Thedrilled shaft shall be withir8 inches of the plan gsition inthe horizontal plane at the plan
elevaion for the top of the shaft.

The vertical alignment of the shaft ex@tion shall not very from thplan aligiment by more than
1/4 inch per foot of depth.

65| Page




Questions~ Answers Road Construction &

Road Structure Works

13.

14.

=

After all the shaft conctte is placed, the top of the reinforcing steel cegjwll be no more than 6
inches above athno more than 3 inches below plan position.

When casing is used, its outside diametealsnot be less than the shaftameter shown on the
plans. When casg is ot used, the minimundiameter of the drilled shaft shall be tltéameter
shown on the plans for diameters ##chesor less and not more thanihchless than the diameter
shown on the fans for diameters greater than 24 inches.

The bearing area of belldall be excavate to the plan bearing area asminimum. All other plan
dimensions sbwn for the bells may be variagdhen approved, to aa@nmodate the equipment used.
The top elevation of the shaft shall be wiithl inch of the plan top of shaft elevation.

The bottom of the shaft excavation dhbe normal to the axis of thehaft within 34 inch per foot of
shaft diameter.

What do you know about Defective Piles and Test Piles?

Defective Piles:

Any pile delivered with defects such as damaged during drosimgst insitu, placed out of its proper
location,incapable or partially capable of permanently carrying the load which it is intended to carry,
driven below the elevation provided in drawing, due to immature setting of concrete in the pile or due
to cdlapse of borehole fully or partiallyn a case, when casting piefound to be defectivefollowing
actions then to be taken:

The pile shall be withdrawn and replaced by a new and when necessary by longer pile.

A second pile shall be driven or castaadint to defective pile.

The pile shall be spliced or built up properly.

Test Piles:

Any pile that is used to conform to the requirements for piling with the given or set specificdfions.
the pile, which after serving its purpose as a test ,pefoundunsatisfactory fortilization in the
structureshall be removed or cut off below the ground line as directed by the Engineer. Test piles are
generally driverwith the same equipment that is to be used for driving foundation pile.

What is Load Test and whit is used?

Load testingis a method to assesgxle'sbearing capacity by applyindaadto the pile head (a falling
mass) while recording acceleration and strain on pilehead. lbad testings a high strain
dynamictest which is applied aftepile installation.

A load test shall consist of the application of a load equal to a minimum of 2ttmepecified bearing
capacity. Suitable approved apparatus for determining accurately the load on the pile and settlement
of pile under each increment édad should be used.

All pile load settlement shall be measured with adequate devices such as gauges. Increment of
deflection shall be read just after each load increméntapplied and at 15 minutes interval
thereafter. The safe allowable load should bensidered as 50% of the load, after 48 hours of
continuous application, has caused not more than 6 mm of permanent settlement, measured at the
top of pile.

The first load applied to the test pile shall be 50% of the pile design load and the first imtremad
up to the pile design load by applying additional loads in three equal increments. A minimum 2 hours
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shall intervene between thapplicationsof each increment, except that no increment shall be added
until a settlementof less than on tenth (0.1m is observed for period of 1&minutes under the
previously applied increment. If there is a question whether the test pile will support the test load,
the test load shall be reduced 50%. The full test load shall remain on the test pile not les8than 4
hours. The full test load shall then be removed and the permanent settlement read.

The pile may be considered to have failed when the total permanent settlement exceeds (6) mm.
(General Specifications NHA, Qel998)

How to calculate the pile load?

Pile Driving Formula:

Pile driving formulas may be used tetdrmine the number of blows dfammer per unit of pile
penetration neededo obtain the specified bearingapacity for piles driven in the stdwils at the

Jte. Piles shall be driven tofimal resstance as indicated on the plans determined by the following
formula:

For drop hammer:

v 8
For singleacting steam or air hammers and for diesel hammer having unrestricted rebound of
rams:

0 — (Use when driven weights are smaller than striking weights)

0 — (Use when driven weights are larger than striking weights)

For doubleacting steam or air hammers and diesel hammers having enclosed rams:

0 — (Use when driven weights are smaller than striking weights)

0 — (Use when driven weights are larger than striking weights)

(GeneralSpecifications NHA, Ded 998

In the above formulae

Q all= Allowable pile load in kilograms

W = Weight of striking parts of hammer in kilograms

H= Height of fall in centimeters for steam and air hammers and the observed average height of fall
in centimeters, of blows used to determine penetration for diesel hammers with unrestricted
rebound of hammer

S= Average net penetration per blow in centitaes for the last 10 to 20 blows of steam, air, or
diesel hammer; or for the last 15 cm of driving for a drop hammer

E= Actual energy delivered by hammer per blow ircky

WD = Driven weights in kilograms

(Note: Ratio of driven weights to striking weigktsould not exceed three)

WS= Weight of striking parts in kilograms
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b)
c)
d)

For piles driven to and seated in rock as high capacityberading piles:

Drive to refusal (approximately four (4) tedi(5) blows for the last 0.62%n of driving). Relrive
open endpipe pilesrepeatedly until resistance foefusal is reached within two and a half (21/2) cm
of additional penetration.

i) For piles driven through stiff compressibhaterials unsuitable for pilleearing to an underlying
bearing stratum:

Add blows attaied before reaching kaing stratum to required blowattained in bearing stratum.
iii) For piles into limited thin bearing stratum:

Drive to predetermined tip elevation ancetermine allowable load by loaest.

The bearing power as determined by the appriate formula in the foregoingist will, be considered
effective only when it itess than the crushing strengti the pile. Other recognized formula for
determining pile bearing power may

be used when given in special specificatidowever, it shalbe understoodhat the relative merits
and reliability of any othe pile formula can be judgeshly on the basis of comparisons with the
results of load tests.

What are the kinds of bearingp
Single roller bearing

Multiple roller bearing

Linear rocker baring

Point rocker bearing
Knucklepin bearing

Knuckle cylindrical bearing
Knuckle spherical bearing
Knuckle leaf bearing

Plate sliding bearing

. Elastomeric laminated bearing

What arethe construction and cold joints?

Construction Joints:

It is merely a®pping places of construction. They separate the areas of concrete plackiieaént
times, and should bad new concrete to existing concrete.

Cold Joints:

When the placement of concrete delayed for any reason and concrete takes its initial setj@rtold
said to be occurred.

Where to provide metal beam guardr&ll
Whereheightof embankment is more than 3m or 10ft
In the sharp cure

In the hilly areas

In the steeper slopes

Tohigh risestructural locations
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What are varioussteel gradesn use?

Grade Yield Strength Tensile Strength
Grade40 40000 psi 60000psi
Grade60 60000 psi 90000 psi
Grade75 75000 psi 100000psi

(Source: ASTM Intertianal A615)
Are grade 40 & grade 60 steel could be welded?
Grade 40 steelCould be welded

Grade 60 steehlvelding involve speciallectrodes ¢therwise its properties will change and its yield
strength reduce, nearly becoming 40 grade)

What is the diffeence betweenformwork and falsework?

Formwork:

Temporary structure built to contain fresh concrete so as to form it to required shape and dimensions
Falsework:

The extensive supporting on framework such as in bridges and large structures.

When we use cigsons (wells) in foundation?

Required to extend the well below the river bed in order to attract necessary net soil resistance against
overturning.

The substrata contains large boulders which obstruct penetration of piles.

The foundation is subjected targe lateral forces.

What are precautions for concreting underwater?

Concrete must be completed in one operation.

Rich cement(370kg/cum), slypmot less than 15 mm

Temporary Casing (stand by)

Use the tremie pipe

What arethe precautions for concretingn hot weather area®

Moisten subgrade, steel reinforcement, and form work prior to concrete placement.

Erect temporary wind breaks to limit wind velocities and sunshades to reduce concrete surface
temperatures.

Cool aggregates and mixing water added to thearete mixture to reduce its initial temperatur&€he
effect of hot cement on concrete temperature is only minimal.

Use a caocrete consistency that allows rapid placement and consolidation.
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Protect the concrete surface during placement with plastic sheeting or evaporation retarders to
maintain the initial moisture in the concrete mixture.

Provide sufficientabor to minimize tte time required to place and finish the concrete, as hot weather
conditions substantially shorted the times to initial and final set.

Consider fogging the area above the concrete placement to raise the relative humidity and satisfy
moisture demand of therabient air.

Provide appropriate curing methods as soon as possible after the concrete finishing processes have
been completed.

In extreme conditions consider adjusting the time of concrete placement to take advantage of cooler
temperatures, such as earlyaming or night time placement.

What are the typesof reinforced and pre stressed concrete super structur®

Reinforced Concrete:

Solid slab
Slab and girder (Beam)
Hollow box girder

Pre Stressed Concrete:

Void slab

Slab and girder (Beam)

Hollow box gder

What are the causes of horizontal deck movement?
Shrinkage of concrete

Creep of compressed concrete

Elastic shorting of concrete

Change in body mean temperature

Movement due to externally applied loads (Earthquakes, wind and vehicle braking)
What arethe causes of foundation movement?
Differential Settlement

Slide failure

Bearing failure

Consolidation

Seepage effect

Water table variations

Scouring
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What is P.T.F.E?

It is polytera-flouro-ethylene, usd in sliding bearing.
What are the components of Bige Super Structure?
Deck

Beams / Girders

Diaphragms of cross frames

Truss components

Bearing devices

Arch components

Connectors

What are the components of Bridge Substructure?

Abutments

Piers

Transom

What is the differencebetween substructure and superstructuref a Bridge

Substructurds portion of bridge that supports the superstructisach as piers, abutmenté/hereas
structure thatis part of bridgavhich takes the live load is called as super structfra bridge. Some
exanplesof super structureare grders,deck slaband walkways

What is the difference betweembutment and Pier?

Abutment: In engineeringabutmentrefers to thesubstructure at the ends of a bridge span whereon
the structure's superstructure rests or m@acts

Pier: Apieris a raised structure typically supported by wsghced foundation system. The
foundation system can be a Pile, Caisson or simple brick pillar based on theilsctndition.

What are the causes of structuraracks?
Over loads

Overstresses

Dynamic loads

Impact load

Fire

Foundation Movement

Superstructure Movement

Bearing Failure
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If the contractor submis Bearing, bw would you accept it?

The contractor shall submit calculations, shop drawing and n@atuwfing specifications to the
Engineer which includell details about the bearing.

What are the types of vibratos?

Internal vibrator

External vibrator

Surface vibrator

What are thefactors effecting anchorage glpage?
Wedgeslippagedue to rust

Elastic deformation of wedge

Yieldingof concrete under anchorage plate

What are the causes of yielding at anchorage?

Concretedoesnot reach to required strength

Honey combing or air voids

Over vibration

What is the function of approach slab?

To absorb impact effect

To protect entrance of bidge from sudden effect

What is the value of friction for free sliding bearing?

0.03

Wheredo you prefer to put fixed bearingon abutment or pier?

On Pier

What is end block?

Enlarged end section of a member desidite reduce anchorage stresses.
What type of loads are considered while designing Bridge Structure?
Live Load

Dead load

Impact or dynamic impact of live load

Wind load

Horizontal forces due to water currents

Longitudinal forces due to the tractiedfort or by braking of vehicles

Centrifugal fores
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44,

45,

Buoyancy

Earth pressure

10. Thermal forces

11. Shrinkage forces

12. Rib shoréning

13. Erection stresses

14. Earthquake stresses

=

=A =/ =4 =4 =4 =

What are the types of foundatios?

Shallowfoundation;

Spread footing
Combined footing
Strip footing

Mat or raft foundation

Deep foundation

Basement

Buoyancy rafthollow box foundations)
Caisson

Cylinders.

Shaft foundation

Pile foundation
What is the function of foundation?

Foundationis the lower portion of the building usually located below ground level, which transmits
the loads of thesuper structure to the supporting soiFollowing are the major functions of a
foundation:

Uniformly distribute stresses due to applied loads on a wider.area

Protect structure from differential settlement

What is the difference between foundation footig and foundation mat?

Foundation footing:

Footingsare an important part ofoundationconstruction. They are typically made of concrete with
rebar reinforcement that has been poured into an excavated trench. The purpdsetifgsis to
support thefoundationand prevent settling
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Foundation mat:

Mat-slab foundations are used to distribute heavy column and wall loads across the entire building
area, to lower the contact pressure compared to conventional spread footingtsslab foundations
can be constcted near the ground surface, or at the bottom of basements.

Why we use raft foundation?
Raft foundationis a tpe offoundationused for heavy loading, or construction on soft ground,

composed of a continuous slab of reinforced concrete below the erdirface We prefer raft
foundation when soil below ground is of poor quality or bearing capacity is very low.

What is a strip foundation used for?

Strip foundationsare used where the soil is of good bearing capacity. The key sizestmb a
foundationfor concrete cavity wall construction and timber frame cavity wall construction are similar.
The size and position of trgdrip is directly related to the overall width of the wall.
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