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Foltowing precodont,  the  vecommoewdations of tho  Specifications and
Standards Committoo on “Glogsars of Highway Bugineering Perms® wre publish-
e in the Joarna! for discussion and commaornrs of Membors before  finalization
as i approvod standard.)

1. Highway Engineering like every other branch of Engineer-
ing Is a science as well as an art.  Both in science and in art, the
terms used must have exact meanings which are understood by all
coneerned. A dictionary gives several meanings for cach word
applicable to the context in which it is to be used: a glossary
gives the particular meaning to cach word or phrase which is
applicable to the sclence or art for which the glossary has been
brepared.i; Some examples are  Glossary of  Acoustical Terms,
Glossury of Electrical Engincering Terms, Glossary of Welding
Terms ete.

2. TFurther it may be conceded by every highway engineet
that, in the absence of specific limitations to the use of & word in
relation to technical literature concerning his subject, there has
often been a confusion in understanding.  Similar confusion may
often arise in the interpretation of orders, instructions, or similar
communication from one engineer to another, if there is no common
basis for understanding,  The Glossary of Highway Engineering
terms is intended to give philological exactitude amd to serve as
the common basis of understanding.

3. SOURCES AND REFERENCES.

3.1, In the compilation of this Glossary, the Commnittee have
cxamined the glossaries published in the English language and
listed in Appendix 1. B

3.2. The Committee has also heen inﬂu@éed by the meani
of words as commonly understood in Indig¥as they did not wis

o Suggest any violent departures from common usage. They\ t
aimed at the same time in establishing o hase for the understand-
ing of technical literature published in US.A. and U.K. and have
therefore, on occasion, added explanatory noges. c

A

*Rocpived for publication un 14-11-49-“;%)‘.) R. ¢,
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248 SPECIFICATIONS AND STANDARDS COMMITTER ON

4. THE LANGUAGE.

The Glossary has been compited in the English Janguage.  If
at any time in the future it is proposed to use the National Langu-
age, Hindi, in engineering also, this Glossary will he o help in
compiling one in the National Language.

5. THE SECTIONS.

For the purpose of easy reference the terms have 1

. ] ! 3 ¢ cen grouped
in_ eight sections, and sub.sections as given helow

Section 1. Highways — gencral, classification,

Section 2. Preliminary operations.
21. Location.
22. Surveying.
23. Setting out.

Section 3. Preparatory works.
31. Earth works.
32. Soils.
33. Drainage.
34. Structures.

Section 4. Surface construction.
41. Surfacing types.
42. Construction details.

Section 5. Materials.
51. Classes.
52, Properties and  tests.

Section 6. Plant and  Machinery.

Section 7. Traffic.
71. Genera) terms.
72. Signs and directions.

Section 8. Miscellaneous.

6. lIn this Paper, Sections 1, 2, and sub-section  31. are dealt
with.  After receipt of comments and discussion at the coming
General Session the finalised Glossary will be published ws a sepa.
rate publication of the LR.C. To facilitate reference to pablished
literature as classified and arranged i librariey, the Univm-ﬂl
Decimal Classification  number has heen given against (“l‘(th
term as far as possible. ooae

7. The use of term appearing within brackets |
¢ , ackets iy deprecate
e.g. (Vertex under term No. 23-01), depreeated.
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GLOSSARY

OFr

HIGHWAY ENGINEERING TERMS.

SECTION 1.
HIGHWAYS, GENERAL, CLASSIFICATION

TEEM | U. D. C. \ .
¥o. No. TERM DEFINITION ]
11.01 } 625711227 BLIND A way or road open at one end
ALLEY. only. (Nee 11.25)
J1.02 | 6257127 | BRIDLE A way limited to the use of led,
PATH. driven, or ridden animals.
BRIDLEWAY.
11.03 | 627118 | BY.PASS A road to enable through traffic
ROAD to avoid congested areas or
other obstructions to passage.
11.04 CARRIAGE- That portion of the roadway
WAY. designed and constructed for
vehicular traffic.
(See 11.12 and 11.28)
11,05 | 6257118 GART A way for use by carts and over
TRACK. wkich a right-of-way exists.
1106 | 6257114 {CYCLE A way or a part of a roadway
TRACK. designed and formed for use by
pedal bi-cycles and over which
a right.of-way exists.
11.07 | e271L1 | DISTRICT A road classified as such by a
: ROAD. competent Authority.
MAJOR
11,08 | 6257111 | DISTRICT A road classified as such by a
ROAD. competent Authority.
OTHER
L1.09 DRIVEWAY. (A way to secure access from a

road to private property, and
constructed with the permission
of and to the standards fixed by
the highway Authority, & fur-
ther subject to certain condit-
ions imposed by that Authority
for the portion within the limit
of the road land. (See 1126.)
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THERM | U. D. 0.
Xo. Yo, TERM DEVTINITION

11.10 | 625.711.2 FIELD.PATH,\A foot-path providing mcans of
Passage across a field or similay
epclosed lands and over which
right-of-way exists. (See 11.11)

1111 | 6257116 FOOTPATH. |A way or means of passage for use
by pedestrians only and over
which there is a right-of-wa‘y.‘

11.12 FORMATION 'J.‘h.e finished width of carthwork

WIDTH. in f;lill or cut for receiving the

road structure, (v ] 2;
and 110, (See11.26 17 2;

11.13 62571 | HIGHWAY. An important yoag in a road gvs
bom. (See 11,25, 17,20 and 11 v,

11.14 INTER- The a

réa common to twog or
SECTION. roads which meet, at ar? 'urr?()ll;xe

whether or not one such rgwri
Crosses another. (

11.15 INTER-

11.16 |eza.71223 | LANE.

11.17

An intersection on whic ;
gf)ﬁ’{i‘%N number of tratfic ils;}(; t’}(‘;f
, A carriageway widths exceedg the
norma_l number of laneg o nor
mal width ot carriagewayg. )

A narrow way or pass
hed.gcs, walls, or bui
which a right-of.wa

age betweey
ldlngs7 over

Y ¢Xists
LIMITED A public hj i
ghway, des ‘or
ﬁ?gg\SNSAY through traffic, to Whiclﬁlﬁgn:;l
. or occupants of abutting prope ;
ty or the tr N

; avelling publi :
Do right of ingregss[ (E'“Z:;i";:
from or across such highwem);
except as may be provided by
the highway Authority.  Nuel,
hlghw.:mys may be park'wuys with
or without landscaped rouq
sides, from which trucks, bum:g

i N q 51
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\

TERM | G. D. C.

TERM i DEFINITION
NO. NO.

excluded : or they may be motor-
ways open to use by all common
forms of hichway traffic.

|
\ } or other commercial vehicles are
| |
|
|
| |

series of roads to avoid an obst-

11.18 {f;z;‘».s,r:.m; ' LLOOP ROAD. A route formed by a road or a
| ruction or provide an alternative

| | . way for traffic. (See 11.03)
11.19 ‘ MOT()RWAY.E‘ A special purpose highway reserv-
o " ed for high speed vehicles.
ichwayv classifi , h by a
¢ 257 i g NAL |A highway classified as such by
1120 | AT \gfxcl;}(\)m@ competent Authority.
11.21 ‘{PARKING i An area, on or off the road, other

|
‘ ‘ N0 | than a garage, set apart for
{ PLACE. 1 temporarily accommodating
“ | stationary vehicles.

‘ \

‘ ‘ | A highway clascified as such by a
s 7111 | PROVINCIAL A highway _
11.22 \('L”"H i}gl;{(;ﬂw,\y, | competent Authority.
| J |A road roughly circumferential
;Rll\G ROAD. 4 to the centre of an urban ares
| | and enabling traffic toavoid the
centre of such an area.
(See 11.03 & 11.18)

11.23 | 6207103

RIGHT-OF. |The privilege of use of a way

11.24 WAY. acquired by the public by law,
ownership, custom, or usage.
11,25 i#h.7 D. A way over which both vphicles
P e ROA ]) and other types of traffic may
i lawfully pass.
It includes the whole area upto
| the defined boundary and all
| structures and appurtenances
| pertaining to the road.
5 | The land secured and reserved
120 \ﬁx%ﬁglé?N D ‘L to the public for road purposes.
' WAY. i
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TERM | U. D. O.

NO.

11.27

11.28

11.29

11.30

11.31

|
1

11.32

i1.33

XO. TERM

ROAD
MARGIN.

ROADWAY.

62571225 | SERVICE
ROAD.

625712

STREET,

! TRAFFIC
; LANE.
|

| 62571116 | TOW PATH.

LY L%

|
|

VILLAGE
ROAD.

620,711

ROAD SIDE.

DEFINITION

The portions of the road Iand
not reserved for traffic.

That porti(m of a road improved
desngned. or ordinarily used for
traffic. Tt includes earTiaZeways
& shoulders. (See 17.04 & 17,2

() A subsidiary road const.
ructed between o rond and
buildi ugs or properties facing
thereon and commected only
at selected points with the
principal road.,

(1) A way at the hack of buil.
dings for “servicing” and

providing  other means of
access.
A road within a town ar other

centre of habitation which has
become partly, or wholly
defined by buildings establishod
along one or hoth frontages.

A longitudinal strip  of  the
carniageway of a road, rogarded
as of unit width {usually taken
as 10 feet) to accommodate
safely the forward movement, of
a single line of traffic.

A road or way along the bhank of
acanal or waterway to give
access to the latter and used for
towing or other services inrelq.
tion to o navigable waterway.

A voarl clissified as such by g
contpetent Authority.
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SECTION 2.
PRELIMINARY OPERATIONS

SUB-SECTION

21, LOCATION

TERM
NGO,

|

21.01

1
?

21.03

21.04

21.05

21.06

21.07

U.noC,
N1,

H25.72

<
o

KNG

®

¥

G25.721/2

TERM }

DEFINITION

ALIGNMENT,

ALIGNMENT
POSTS,PEGS.

ANDSTONES,

CENTRE.
LINE.

DETOUR,

DEVIATION.

DIVERSION.

LOCATION.

The course along which the centre
line of a roadway 1s located
in plan. {See 21.03}

Marks to define on the ground the
centre  line of the proposed
roadwuy. 1See 21.63)

The median axis of a road, bridge,
culvert, sewer, or drain, in the
direction of its length, The
centre line may be straight or
curved, (See 21.01)

| . .
‘An alternate cirvcuitous road for
traffic.

posal, relating to the geometric
or structural design, or the
specifications, ov the estimated
;‘ provisions.
|
An alteration in the course of
road, river, or siream, as a
temporary expediency during
construction, improvement, or
repairs.

|
i
! An alteration of an approved pro-
1
|
i

The act of selecting and defining
in the field or ona plan the
route of a proposed highway or
the site of a work.

{b) The actual route or site 8¢
determined,

12
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0. D.C
NO.

TERM
NO.

TERM DEFINITION

21.08 52631 RECONNAI. A preliminary, and usually rapid,

6256.72  SSANCE. examination or survey of a re.
gion in reference to ity natural
features, or other local condi-
tions to determine the location
of a proposed highway or other
work.

|
|

21,09 52632 REFERENCE ‘A:“mar_k, signal, or object, distant
w MARK. - from observation station., Also
| the anguler direction of a mark
‘ from the obhseravtion station
1 from which the relative diree-
tions of other marks, signals, or

‘, objects may be measured,

21.10 625524 TURNING The intersection of any two con-
"POINT. secutive straight survey lines
forming part of a elosed or

open fraverse,
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SECTION 2.

PRELIMINARY OPERATIONS
SUB-SECTION 22. SURVEYING

TERM | U, D.C.

NO. NO. TERM DEFINITION

22.01 | 526011.2 | BASE LINE. |A straight line in the field the
horizontal length of which is
accurately obtained and from
which, by traingulation, the
position of other points may be
determined or from which a
survey may be expanded.

29202 5260113 | BEARING. The angular deviation of a survey
line at any point in the line
from a known direction through
that point. (See 22.14)

!

| Generally, the known direction

; [ is taken as the true north and
| south line through the point.

q N. B. For definition in relation to struc-
tures refor to Sub-section 34,

22,03 | 526,95 | BENCH- A well defined permanent mark
MARK. or point of known or assumed
elevation used for ascertaining
the Jevels of other points.

(See 22.10)

22.04 | 526.95 CHANGE A peg or a pouint on which the
POINT. staff is held when levelling and
which permits the transfer . of
the instrument after a foresight
reading. (See 22.12)

22,05 | 526,45 CHECK Supplementary levels taken for
LEVELS. the purpose of verifying a series
of levels of points previously
measured.
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TEE ON

TERM
NO.

22.06

22.09

22.10

U.D.C.
NO.

TERM

DEFINITION

526.952

526.95

526.95
625.8

CONTOUR
LINE.

CROSS
SECTION.

DATUM.

FORMATION
LEVEL.

G.T.S.
BENCH
MARK.

An maginary line connecting g
series of points on the surfbacc
of the ground which are at the
same height above g preseribed
d.atum; also the line represen-
ting this on the map or plan.

(See 22.08)

A vertical section at ri ht ar
12]e
to the centre lines, %See 20{.3’2(13

A defined plane of elevation wi
wit
the level of which the levellol;

other points may be compare
or related. v pared

This Ievgl may be an assumed
level of a known or fixed point
or the mean sea level,

(See 22.15)

(2) The reduced level 4o which
the carthworks, oXcavation
or embankment, are ¢ be
or have been exccuted,

(b) ’J.‘hc‘ hew  surface oy
obtained on completioy ;f
carth works on which
terial and construction a? .
superimposed, °

(See 22.16)

A b()l'l(}h niark fixed by the «
',I_‘ng‘ox}?metrical Survey  of
India,” with reference to the
mean  sea level at Karachj
(lhes{e G.T. 8. Beneh Marks
are indicated in g SurvxH
of India maps with their Joy (‘]
and & complete record of th (ﬂ
18 maintained by the Surve ot
ndia and 4| revenue depir(t),f

great

1
nents. ) (See 22.03)

‘—.—_-—-—.‘
\
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TERM | U.D. . | i
NO. Xo. TERM DEFINITION
22.11 GROUND The reduced level of any particu-
LEVEL. {ar point on the surface of the
ground. (See 22.16)
22.12 LEVELLING. | The operation of ascertaining the
| relative elevations of different
| ‘ points with reference to the
! assumed level of a known or
! fixed point. The mean sea level
) is often assumed as the datum
J | level if this is not otherwise
] specified.
2218 | 625.728 | LONGITU.  The outline of a vertical sec-
DINAL tion usually along the centre
SECTION. line.
22.14 | 526015 | MAGNETIC The angular direction of a survey
BEARING. line from a point with refercnce
to the magnetic north-and-south
line through that point at the
date of observation.
22.15 MEAN SEA The mean level of the sca at a
LEVEL. i fixed pointonthe coaxt asgsumed
as the datum.

This is the mean elevation of the
tidal curve at any agreed sta-
tion. (This is fixed for each

! country.)

22.16 | 526.95 REDUCED The level of a point or mark as
LEVEL. computed with reference to a

prescribed datum.
22,17 | 526.9 ROAD ‘'The surface level of the centre of
625:8 SURFACE the normal carriageway in cross
section. (In a super elevated

section with extra widening,
the road surface level is the
level at the centre line of the
carriageway without taking

|
|
|
|

LEVEL. s
|
’, into account the extra width.)
|
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TERM | U. D. .
o, -y TERM DEFINITION
22.18 | 536.952 SPOT The reduced level of a defined
LEVEL. isolated point on the ground.
(See 22.16)
22.19 | 52645 TEMPORARY| A well defined object or mark,
BENCH whose clevation has heen de-
MARK. termined, preferably in rela-
tion to a known datum, avai-
lable temporarily for the con-
struction of a particular work.
(See 22.08)
22.20 | 5269138 | TRAVERSE, |A survey frame work consisting
of a series of consecutive
straight lines, the length, and
the angular direction of which
are measured. (When the lines
form a circuit which ends at
the starting point, it is termed
a closed traverse, otherwise it
is termed an open traverse.)
9991 | 625.732 ;I}‘IY{'SISCSAM A crogs section of the road show-
ing standard dimensioned de-
SECTION. o

tails and features of the design.
(See 22.07)
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SECTION 2
PRELIMINARY OPERATIONS

SuB-sECTION 23. SETTIXG OUT

TERM | U. D, .
NO. NO.

TERM

DEFINITION

23.01 [s25.

[=13
3
el

23.02 | 625,732

23,03 | 625.746,7

23.04

526,951

23.05 | 526.951

APEX OF A
CURVE.
(VERTEX).

APEX DIS-
TANCE OF
A CURVE.

BATTER.

BONING.

BONING
RODS.

The point of intersection of two
straights (main tangents) con-
nected by the curve.

In a reverse curve, the apex is
the point of intersection of the
extreme tangents for each of
the two individual components.

(See 23.13 & 23.14)

The shortest distance from the
apex to the curve.

The inclination of a surface to the
vertical, as of a wall, expressed
as a ratio of one horizontal
linear unit to the number of
vertical linear units. (See 23.37)

(Used generally in the cage of masonry
structures,)

The process of locating and driv-
ing in pegs so that they are in
line and have their tops also in
line, carried out by sighting
between a near and a far peg
previously set to the gradient
desired. (8ee 23.05 & 23.36)

Tee-shaped rods of equal height
used in sets of three tofacilitate
the process of boning; two of
the rods are held on the near
and far pegs to establish a line
of sight between them in the
desired gradient while the third
is used to fix intermediate pegs
in line. (See 23.04 & 23.36)




DEFINITION

The convexity applied for some

) The convexity
given to the cross section of the
surface of carriageway. Camber

(i) in the ease of a curved pro-
file, as the slope of the
chord joining the crown
and the edge of the carriage

(See 23.0%)

(ii) in the case of a straight
line profile, as the slope of
actual surface.

A camber of 1 in 60 in a carriagc-
way 30feet wide means a diffe-
rence of 3 inches in level bet-
ween the erown and the edges.

Structural : A convexity applied
to structural members to allow

The rise of the centre of a bridge
or a culvert above a straight
line through its ends,

Pegs placed to mark the centre
line of a carriageway or other

The fall at right angles to an align-
ment given to the surface of
any part of a roadway. It may
be expressed as a total, but
preferably as a rate,

(Ser. 23.06)

The highest point of a curved

260 SPECIFICATIONS AND STANDARDS COMMITTEE ON
TERM | U.D.C.,
¥o. NO. THRM
93.06 | 625.732 - |CAMBER.,
specific purpose.
Road Usage:
is expressed-
way.
for deflection.
23 07 025.4715 CENTRE
PEGS.
work,
23.08 | 625732 | CROSSFALL,
93,009 [625.732  |CROWN.
624,023,671

surface such as a carriageway
in cross section or an arch. The

. oA 9
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TERM | U. D. C.

infinity to a

(See 23.24)

TERM DEFINITION
NO. NO.
\ crown lies commonly at or near
\ the centre of the envved surface.
25 10 813,73 |{CURVE. The angle in degrees subtended
’l)EGREE OF at the centre of a circular are
! by @ chord of a given length,
‘( nsually one hundred feet.
l . .
23.11 {62520 JGURVE. A curve in plan to provide change
HORIZON. in direction of the center line
TAL of a road.
23 12 1625724 CURVE. A curve whose radius gradually
TRANSITIO-| changes from
NAL OR selected minimum. or the con-
EASEMENT verse, for the purpose of giving
| casy changes of direction of a
] road,
z
DR CURVE. A curve consisting of two or more
COMPOUND ares.of different radii curving in
the same direction and having
a comumon tangent at the point
or points of junction.
23.14 625724 |GURVE. A curve consisting of two arcs of
I REVERSE the same or different radii cur-
! ving in opposite directions and
having a common tangent at
the point of junction,
23.15 [e2s72s |QURVE, Acurve in the longitudinal section
272y (' VERTICAL of a rowdway to provide for
easy chanze of gradient.
2316 625728 |QURVE., The vertical eonpexr curve con-
625725 |SUMMIT necting two intersecting grades.
23.17 625523 |CURVE. The vertical concave curve con-
625775 [VALLEY

23.18 |625.772

(Curve Sag)

DAGBEL.

neeting two intersecting grades.

(See 23.25)

13
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TERM | U.D.C.
oy a0 TERM DEFINITION
9319 | 625724 | DEVIATION |The external angle of interseetion
;ANr(;LE between two straights  (main
TOTAL. tangents) at the two ends of o
curve.
This is the supplement of the in-
tersection angle. (See 23.24)
23.20 | 625725 ;;NR(Q]?&ENT, () The rate of rise or fall with
INCLINE. respect to the horizontal
along the length of a road
(or other work) expressed
as aratlo orasa percentage.
(b) Ttlllle length of a road or
other work which ;
level. b is not
9391 | £25.725 GR/}DIENT, The net vige or fall of the road
AVERAGE 81.11'1:1-0.0 lqvel n a longitudiI;a[
glrectum - any section divided
v the longitudinal length of
that section meagured in the
Same units and expressed either
as a fraction or a Percentage ,
9399 | 625725 E]R]\f[\[l’)rll[f\}l\é;’l A gradient which must nover be
GRADIENG exceeded in any part of a road,
MAXIMUM).
23.28 | 625725 |GRADIENT. |The desirable upper limit
sirable T limit :
RULING gradient. m o
Whm'c.keopgng within the ruline
gr;L(l_len,t 18 not  feagible th:
maximum  gradient mn/y, not
exceed the Nmiting gradion,
28.94 |e25r24 |INTER. The  internal (Fee o.22)
VT The ernal angle of intergeo
SECTION fion - bhetween  {w n?‘("m((’-
ANGLE. ety Ly

(y;min tangents) at the twe, ends
0 & eurve. This is the supplul-
ment of the deviation angle.

(See 23.19)

~
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TERM
NO.

U.b.C.
NO.

23.25

23.26

23.27

23.28

23.29

23.30

2331

6205722

DAGBEL.

OFFSET.

a26.497

OSCULA-
TING
CIRCLE.

PROFILE.

RADIUS OF
A CURVE.

RADIUS OF
A CURVE.
ABSOLUTE
MINIMUM

RADIUS
RULING.

625.724

TERM ‘

;
|
|

DEFINITION

LOCKSPIT. A narrow continuous cut made in

the ground surface along
detined line of demarcation.

A linear  measurement made
from a survey line to an object
situated  to one side of that
line, at right angles to that line.

A cirele having a common  tan-
vent with a curve, and  having
the same radias as the curve at
the point of contact.

(1) An outline of a vertical
section of ground usually
along or at right angles to
the centre line of a work.

(h) The actual surface of such
@ vertical section,

(In curee setting)

The radius at the point of maxi-

muni curvature in a continu-

F \ - .1 progr e

oux curve of varving radii (This
ix also the =mallest radiug.)

(In curre scttiny)

The minimum radius of curva-
ture of the centre line of a
curve necessary  to  provide
safe and comfortable travel,

1 without skidding of vehicles at

a particular design speed under

wet  conditions  of the road

surface,

The desirable minimum radius

of the centre line of a curve
I for a particular design speed
l of vehicular travel. (See 23.30)




264 SPECIFICATIONS AND RTANDARDS COMMITTEE ON
TERM | U.D.C. TERM DEFINITION
NO. NO.
{
23.42 62571282 | RAMP, A shm'.t stvaly‘ melined way con.
’ 1 neeting  surfaces  at different,
j levels.
2333 625422 |REFERENCE Objects  or fixed pegs  with  a
- : OBJECTS. measured refation as 1o level,
REFERENCE direction, and distance, to other
: PEGS. Pegs i a survey set out to cna.
hle the latter pegs to be
‘ estublished, if disturhed,
23.34 iﬁgaut SHIFT. The disnlu‘c(snwnt of a cireular
| curve from t}}c straight 1o pro-
: i vide room tointroduce a transi-
tlon curve between it and the
straight,
]
435 ! SIGH'I GE iThe distance along the road sur
o DISTANCE. I face at which w driver has
‘ | visibility of objects Stationary
3 | or moving af a specified height,
} : above a tarriageway.
29 46 !m,n:,,u SIGH'L SAn above-ground horizontal rail
! RAIL. C fixed to two upright posts, one
o on each side of a trench exeavi.
ted for o sewer, drain ete., used
with other rails to establigh
a reference Jine from  which
i the sewer, drain, ete., mayv be
L laid at the required gradient.
g (See 23.04 & 23.05)
1
$.37 725 |SLOPE. The inclination of o surface to the

<
o

' horizonta) expressed as one vy,
[ tiea] linear unit to the mimhey

of horizontal inear wnits,
(See 23,00

C-g. slope of 1 in 30 means
rise of 1 footiin a length of 50 feet

"
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- !
r;;gm U.D.C. TERM I DEFINITION

NO. (

The iewerd i or transverse in-
clination gisen to the cross

|

25 38 I 6237525 |SUPERELE-
[VATION.

|

FOANT, L section of o carriageway on a
!“ANMN‘I"' | hovizonral enve to reduce the
’ effects of centritugal foree on a
J ( mnving vehicle, Saperelevation
‘ ! 18 generally expressedas aslope,
| | |
23.39 ;HZS.TH TANGENT  The fength on the straight bet-
} DISTANCE. | ween the tangent point of a
curve and its APex.
| J (See 23.01 ( 23.40)
2340 | 620724 } ANGENT “Tlu‘puim where a straight  align-
‘l’()lNT. | went  ceases wud curvature
[ begins: also u point of reversal
E - of curvature.
2840 1 62e72y ’TRANSETION The length of  the transition
LENGTH. curve  connecting  a straight

fength of road with  another
main cir e which may be cir-
culatr or trensitional.

|
23.42 Radius of the pathoof the outer
front wheelof o vehicle making

its sharpest possible turn,

!
RADIUS. )
!

[
|

625,724 }TURN ING
(‘ MINIMUM
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SECTION 3,

PREPARATORY WORKS
SUB-SECTION 31 EARTHWORKS

TERM | U.D. C. THRM
4,
NO. NO. DEFIN|TION

. Lot 1as | ,
31.01 (624135 BACK-FILL. | (a) Earth or other maderia]

ING. | used 10 replace material
removed during construe-
t'mn,'su('h a8 oian culvert
and pipe line  trenches and
Imhr'nd bridge abutment
retaining  walls, cte. 'I’h;t
material  remoyed :
construction
as back-fill,

(b) Material placed be
old structure

during
may he use|

tween an

| fariv &onew
31.02 |M5.726 | BALANCED | Barthworks i, length of
s . . © “Hgth o
\F;V%‘}&I; (]‘)m]vct it which the qu’mnt(i)t y ;?
. EX(:;?,\'&T‘(‘(]nleit(’l‘i:l‘” is ne‘ir;)V
}(111:11 to the quantity of ﬁl]‘in‘u
(.md van be eeonomically ntjl hl
for filling, ) e
31.03 |62635  |BANK. Soc
e See Embankment (31,15)

In canals, rivers ete.
A ridge of carth,  stones, ege
naturally existing o Npi’(}iit“(’
constracted to guide the flow or
prevent overflov in floods

31.04 BENCH, Alevelledge on the side of 4y,

cimbankment op cutting
g,

(i) to intereept eart)
down the slopeg
. .. . ’
() to improve the stability of
the construction; op
(i) to improve visibility
31.05 62413603 | BENCHING. | The formation of o series l( 1
STEPPING, platforms or ledges ‘u AN
neline, pon

v rolling

(iLoSSARY OF Hicuway ENGINEERING TERMS 26

a

TERM
NO.

31.06

31.07

31.08

31.09

31.10

31.11

3112

31.13

31.14

U. D.C.
NO.

641.11313.22
6374354

620,051

62413187

624.134.1

6241855
snel
6257732 2

625 .731.6
and
G23.5.080

TERM

CLAY.

CLEARING.
STRIPPING

CONSOLIDA.
TION.

CUT.
CUT AND
FILL.

CUTTING.

DRAGGING.

EARTH-
WORK.

|
|
|

DEFINITION

BORROWPIT.! An c¢xcavation (generally regular

haped) for obtaining the mate-
vial for a fil) or an embankment.

Fine grained hygroscopie silicate
of alumina  (usaally oceurring
mixed with imypurities) which is
plastic when moist.

The operation of removing from
the site of works, grass, weed,
hrushwood, and other objection-
able material.

The process of reduction in the
volume of a soil, with a corres-
ponding increase in density,
such as can be produced by the
expulsion of water or air from
the pores of the soil under
application of external foree.

For ‘“‘CCompaction’’ see

Sub-section 32

The material excavated to make
a eutting.

A term used to deseribe any
section of earthwork which is
partly in cutting and partly in
embankment.

That portion of the site of a4 road
where the formation is attained
hy excavation below ground
level.

The operation of smoothing out
and reshaping irregularities in
surface carthworks by means of
a drag.

(For Drag see Section 6)

Any excavation in or filling with
soil.
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|
TERM | U. D. C.
| TERM

|

NoO. NO. DEFINITION

31.15 6257314 |EMBANK. !

An earthwork rais
or aiged above the
624156 | MENT. natural ground by the deposi-

BANK. - :
FILL, + tion of material to support con-
| struction ag a higher Tevel.
31.16 FILL.

Also see 31.03 for Bapk
See Embankment 3115

31.17 [624.135 |FILLING. [Material wsed for ralsing  the
' 1 earth-wark to a desired level,
|

31‘18 625.725 GRADING, fSee Trimming 3'40.

3119 GRUBBING. fRemo\'ingthu stumps and  roots

of trees and plants from an
area.,

551.244.2
31.20 P |LAND-.SLIDE
824151537

31.21 LEDGE,

}Em-th sips on a large seale.
| (See 31. 32)

'A shelf-like level

i projection on

side of rock or mountain,

31.22 |634.131.222 | LOAM.

and A loam is & soil having a rela‘-
551811, ively even mixture of the dif-
334.4

| ferent grades of sand and of
silt and clay. It is mellow with

a some-what gritty feel, yet
fairly smooth and slightly
plastic. Squeezed when dry, it

" will form n cast that will bear
carcful handling, while the casi
fo;'med by sqeezing the moist
soil can be handled freely with.
out breaking. Some ‘]oam\'

‘ soils contain a considerahle

proportion of organie matter,

21,23 | 624.131.228 MARL.
and
552542 |

An eav'rth_\' mixture of mineyals
consisting of quartz, clay (‘:lvl‘-
cite, and sometimes glauconitic
sands. Quite often found in
swamps and lakes,

Tuy
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PERM J . D. .

NU. > NO.

TERM

DEFINITION

! —_—

31 24 | 624.131.276
and
532.577

31.25 1624181216

31 26 [62+131.213

31 27 le24181.212
and

551311

2342

31 28 | 6241502
and
62:4,131.526

31,29 mh2n22

31.30 | 625.7:46

31.31 {muz.n8t

PEAT.

QUICKSAND.
RUNNING

SAND,
QUICKSAND.,

SAND.

SETTLE-
MENT.

SHALE,

SIDE CUT.

SILT.

Dark fibrous spongy soil shgwing
evidence of vegetableo rigin.

See Running sand 31,26.

Any sand which upon saturation
hehaves almost like a liquid.
(state) Any sand which behaves
like a thick viscons flaid. (ma-
terial)

Granular, gritty, loose gra_ins of
silicious origin of grain size not
exceeding 2.00 m. m. and free
from appreciable amonnts of
clay and silt and hence non-
pl:{stic and cohesionless.

(For purposes of mortar elc., See
section 51)

Pownward movement of the 301.1

| or of the stiucture which it
supports due to shrinkage by

S consolidation or subsidence
caused by the movement of the

[ subsoil,

[

(See 31.37.)

A compressed and lnminateﬁ_l clay
not so hard as slate, with or
without associated organie mat:
ter.

An excavation in a transverse
siope to form a bench or shelf
wholly within the profile of the
ground before excavation.

(See 31.03.)

Mud consisting of fine, }?arely
visible grains, with grains of
specified size, with little or no
plasticity and no cohgsmn,
usvally deposited as o sediment
in water.

14
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Tﬁgf“ v 1?(').0' 7 ERM
31.32 621131543 SLIP,
31.33 {6314 SOIL.
624.131.2
and
551.311.234
31.34 SPOIL.
31.35 SPOIL BANK.
31.36 |624136.13 STEPPING.
31.37 |624.131.526
and
624.159.2
31.38 |625.731.1 |SUB-SOIL.
31,39 |624.131. |SURCHARGE.
5311
31.40 |624136.1 [TRIMMING.
GRADING,

Local soil movements produced

by a mass of soil sliding over a
slope.

A mixture of earthy materials
with particles differing physi.
cally in size, shape, and cel-
lular structure, and varying in
chemical composition.

(Soil is of secondary origin and
is produced by the decomposi-
tion of various kinds of rocks
inter-mingled more or less with
organic matter resulting from
the growth and decomposition
of animal matter or vegetation,)

Surplus excavated material,

An earthwork bank formed by
depositing spoil. '

See Benching 31.05.

SUBSIDENCE.|Downward movement of the aoi]

produced by removal or displace.-
ment of the underlying strata,

The undisturbed strata lyin
below the natural top soil.

Earth supported by a retaining
W&% above the top level of the
wall,

The operation of excavating and

shaping the surface of earth-
works.,

9.

10.

11.

12.

13.

14
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1947,

Barnet, J.—¢Transition Curves for Highways™ Federal
Works Agency. U. S. A.

“ Specifications for construction of Roads and Bridges in
National Forests and National Parks ”—

Federal Works Agency. U. 5. A, 1941

“ Design and layout of roads in built up Arcas”~— Ministry
of War Transport London-1946

8oil Mechanics Nomenclature ” American Society of Civil
Engineers,

Hogentogler C. A.—Enginecring Properties of Soils-McGraw ‘
Hill Book Company, New York and London - First edition -
1937.

« Definitions of Terms and Symbols relating to Soil Mechanics’'+
Standard No. D653 - 42T American Society of Testing
Materials.—1946

E. Seelye—Data Book for Civil Engineers Vol. II. Speci-
fications and costs.” John Wiley and Sons, New York 1946,
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17.

18.

y
R
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s . :
Soils, concrete, and bituminous materialg” Record of

iomae dealing with airfield construction given' at tho R()-Lzl
esearch Laboratory, Harmondsworth, England-1943 (

B. e - TPNeRL) I :
31"[];_1.’194% D. “Soil Physics” John Wiley and Sons, New
Wooltorton, B,L.1D. “Fundamentals of Soil M i
, B, . amentals B schanic
No. L-43, Proccedings of the Indi L (‘g‘ ;
Vol VIl lons g ndian  Roads

s”—Paper
Congress

Plummer F. L. and Dore S. M. “Soil

' Mechanics
ler L : Mechanies  anc
Foundations”, Sir Issac Pitman and Sons, wd

London,

.‘-\
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Paper No. 147.
‘“ An Adaptable Steel Centring for Reinforced Concrete
Bridges”’
By A. NAGESWARA AYYAR

L. Much of the cost of long span reinforced concrete hridge
structures is due to the necessity for providing an efficient
centring for retaining the concrete until it set and became strong
cnough to sustain its own weight and the extrancous load
coming on it. Before the second World War, timber fit for use in
centrings was fairly cheap and was being extensively used for the
purpose but the price of tinmber has now increased considerably, up
to four to five times the pre-war level, whereas other structural
materials like cement and steel have risen only about two and a
half times.

2. Henee the cost of centrings which are, after all, only
temporary structures erected to retain the concrete until it sets
and no part of the finished structure, often bears an undue relation
to the cost of the bridge itself. Structures like bowstring girvders
of large span, which in suitable conditions make for considerable
economy in the use of steel and cement, possess considerable reserve
strength, and reduce the cost of approaches by giving the maximum
clearance over floods, often prove unceconomical on account of the
high cost of centring.

3. In shallow rivers which dry up in the hot season, it is not
difficult to support the centring from the dry bed, but this implies
cessation of work in the flood seasons and entails Jong delays and
mounting overhead charges in the case of bridges having a series of
spans,

4. Where the rivers are deep, or when there is deep water
during all seasons, the provision of supports from the bed is very
costly and often impracticable. In such cases, R. C. bridges of
large spans become cxceedingly costly as specially designed
centrings, often spanning large gaps, have to be provided.

B. A heavy programme of bridge construetion is now in hand
throughout the country. Some convenient form of steel centring
8o designed that it

(i) can be adapted to varied structures,

(if) can he repeatedly used any number of times during ite
life, and .
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(iii) will not require stoppage of work in the flood season

is necessary for the economical construction of brj
has been Woyked out for a centring satisfying the 21?532’ o
and is described below. [Plates I, & II].

A design

6. In designing thi tri . L
been kept in vie%v:—g 18 centring, the following objectives have

(i) The structure should consist of 5 min;
interchangeable parts; # mimimum number of
(i) The component parts should be of such di i
weight as to .be capa,b!e of being easily tﬁ:ﬁ:;lo?’::;l’;d
the bridge site readily assembled there and a,fte(l)-

completion of the work, readily digm:
bk to shoms: Yy dismantled and brought

(iiiy The parts should be capable of bein fitted f !
centring for any span in multiplesgof 10 fe:tr Ese ta,s )J
maximuni pf 150 ft and for any kind of reinIf) '0 i
concrete bridge structure commonly met with, : orced

(iv) Consistent with interchangeability of part ahac

for sustaining the maximum loads coImin; 2:1(113}221(;&02/?/

ing, its weight should be the minimu onr

m 80 as er
economy ; a8 o seoure

(v) In long series of spans the trusses form
should be capable of being moved fr
another without being dismantled ;

g the centring
om one span to

(vi) Parts of the centring should be so desi ;
can be used as centrings for othe ghed that
structures.

> do they
r reinforced concrete

CENTRINGS FOR BOWSTRING GIRDER BRIDGES
150 FT. SPAN ’

7. Except in rare cases, spans of more t} ;
be used. The usual width of roadway is th:;n :fli)uflizg fw lutnOt
lane traffic, genemll_y 22 feet, with or without foot-paths 0:‘ Wwo-
feet wide on each side. The centring described in this Pe 5 to 6
been designed initially for use on a bowstring girder B us
150 feet with 22 feet roadway and wheel guards one foot wﬂigan of
each side but it can be adopted for use on other types of b © on
and other spans. P ridges

8. The trusses for the 150 ft span bowstri i i
a bearing of 3 feet on each pier and can be réltltg,egngvgiihwsluli&aﬁe
packing pieces on the bed blocks outside the bowstring arch Th:

onditions

W
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main trusses will be in three tiers, fitted one over the other, making
a total height of 37 ft. 6 in. This height was adopted so as to
support an arch with a rise of one fifth of the span or 30 ft and
depth at the crown of about 4 ft. 6 in.

9. By a series of trials it was found that a length of 11 ft.
3 in. gave full interchangeability of parts without fouling
adjoining members and provided the necessary height for the
truss. The diagonals should have an inclination of 65° to the
horizontal. Utilizing the above data, a complete design has been
worked out and is shown in the plans attached.

10. The whole centring is to be carried by two main trusses.
The total load to be carried by each truss as shown in the calcu-
lations attached is 450 tons. The trusses have been designed for
this loading. As the designed truss comes under the category of
an indeterminate structure, the stresses on whose members cannot
be directly determined, the stresses have been calculated by two
approximate and indirect, but recognized, methods and for any
member the higher of the stresses obtained by either method has
been adopted.

11. The stresses on every member have been shown in Plate
No. III. The stresses that will be taken up by the middle horizon-
tals are not easily calculable and their existence has been neglected
in calculating the stresses on other members. This error will be on
the side of safety as it will reduce the stresses on other members
such as the top and bottom booms etc. The middle horizontals
are, however, necessary to give lateral stiffness to the compression
members and to give rigidity to the structare.

12. As the stresses in the top and bottom booms come to
nearly 250 tons, the net area required in the tension member, after
making allowance for bolt holes and limiting the stress to about
8 tons per sq. inch, is 32 sq. inches. The members being inter-
changeable, they will have to bear either tension or compression
according to their position in the truss. With these considerations
in mind, and taking into account the facilities for jointing, a
channel section 15 in. X 4 in, with an area of 12.5 sq. inches and
weighing 42.5 1bs. per Rft. has been adopted. Making allowance
for two hbolt holes in flanges to pass 1 in. diameter holts, the net
area of each channel will be slightly over 11 sq. in. Three channels
jointed together as shown give sufficient material for the tension

boom.

_ 13. Asregards the compression boom, the minimum dimen-
sion of the built up member with the channels fitted as shown in
drawings is 15 ips., and the panel length is 11 ft. 3 ins. There is a
strong wind brace connecting the two trusses at each panel point,
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The length of the compression member for stress
therefore, been taken as 11 ft. 3 ins. With ﬂﬁe‘% ol
maximum compressive stress on the boom ccym(zsoi
per sq. inch which is quite safe. N
do not require any discussion
different panels is more th
on them.

ation has,

assuniptions, the
to about 7 ¢

Hns

Thtei other portions of the booms

mon as the material allowed in the

R equired to take the stresses coming

14. Regarding diagonals, except i

‘ als, except in the case of g p
1‘);{:,‘ ‘ohtti strf?sses are less t:h;m what the membery t(‘hnen ﬁ;-sf(ijhme

ere they are not sufficiently strong, two (.,}m,me;; (-,n;\,bgf; ]H)(

added on cach flange of the mai
- ain channel, ag s I
these make them quite strong. é » a8 shown in plans, and

15. The cross beams are t .
bolted to the main trusses. Thgy Iisilloi llnulF 11
24 ft. and 16 ft. length so that, when o e
10 feet long, and will enahle (:er,ltri ox for
Individually, these can be used f()ilo(*ml‘]?”i”l:;)s‘fllz(::}:LL]U }l;(i;\‘lnpportw!.
webs have a smooth surface. With this Objed iln( v)' A lv" g]es ag the
angles of the channels should be welded to the w(‘blL \}" the e
rwet'ted. For each panel‘ point, two cross. il‘/de]") r;te and not
provided so that the' centring of deck slab inge- ;}]s}lave heen
separately removed without disturbing the adjoini;:; ;nz:y can be

16. The wind braces which, under the wi
in compression, will consist of ?ytln:r(ll(bi .‘;il:I]Wl}n(l ‘J:;'(TSS“"C; will be
properly braced so as to form a cnlﬁnll{l’."fg_ (m by 3/8 in,
For the unsupported length of 32 feet, they will e ";)lmt. square.
a 'l()ad of about 25 tons whercas the actual load c/o(l;ﬁ:,'g Suf}t;iuu
will be less than 5 tons. They will be made in 16 ft Ie!ral tr}ll '1?1;1
facilities to combine two to make up a length of 32 e %l‘} s with
also be used as derrick posts for hoisting purpnqoq- cet. They can

17. The form-work for arches wij ol f
trusses and the wind braces. In ad(l?ti‘t;vrll]1’0()})8’(»}1?1]1:(]))())1tf';:ldfl(;n} }11(»
additional timber spars will be tied at the illf;El'tIn(‘(li-lto )'-(L(l(;S’
partly to support the arch work forms and partly to ‘&:’tiff]*hm(l .
whole centring. Some wood work as shown in the )i‘u ‘(,13 the
required to complete the centring. Plans s

p_channels firmly
il > 1n two pieces of
Jointed, they will form beams

also

18, As some of the bolts in the middle of the hooms and j
some of the dm%ona]s will be heavily stressed, the holts qholul(l ];]I
: i ar diameter e : o Q
be of 1 in. clear diameter and made of high tensile steel. Newal] holts

are recommended for the purpose orbolts made from speeial steel
19. The varieties of standard parts are only eleven as under
- 1. Main channel bars 15 in. by 5 i o "
. ) -by 5 in. b : .
holes drilled so as to suit every posig;,olr]l- ft. 3 in. with
H
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9. Additional channels 6 in. by 3 in. for strengthening
diagonals; *

3. Intermediate gussct plates.

4. Gnusset plates for top and hottom booms.

5. Gusset plates for end sloping booms.

8. Bolts 1 in. diameter, 2% in. to 3 in. long.

7. Cross girders 24 ft. long.

8. Cross girders 16 ft. long.

9. Wind braces 16 ft. long.
10. Brackets for holding arch form-work.

{1. Channel connecting pieces for connection at panel joints.

20. Centrings sufficient for at least threc spans should be
held in stock. It is only then that they can be combined to form
a continuous truss over three spans and be capable of being moved
from the one span to another withoot dismantling or providing
supports from bed when moving. As each truss will weigh only 65
tons and has been designed for a load of 450 tons, there is no
danger in allowing one full truss to overhang and hence, when
centrings for three spans are provided, they can be moved from
one set of threc spans after concreting to the next set of three
spans,

CENTRING FOR OTHER SPANS
AND OTHER TYPES

21. For bowstring girder bridges of say 100 feet span, the
trusses may be made of two ticrs. This will give a height of 26
feet and, as the rise will be only 20 feet, there will be ample margin
for the arch form support. For T-beam bridges of 60 to 70 feet
apan, a single tier truss can be built up to support the form work.

22. Thus, if centrings for three howstring arch spans of 150
feet be held in stock, the centring for any type of bridge of a single
span or a series of spans can he huilt ap with the available
materials.

93. Plans and estimates, with calculations for the strength of
the various parts, are attached.

94. The Author wishes to express his thanks to Shri Brij
Narayan, who encouarged him to work out the design and gave
him valuable advice on important aspects of the design and indi-
cated a rough outline. He wishes also to cxpress his thanks to
Messrs. P. S. Subramaniam, Designs Engineer of Messrs. Gannon
Dunkerley and Co., Madras, and Srirangachari, Divisional Engineer,
Highways, Madras, for independently calculating the stresses in the
various parts of the indeterminate trusses and for their general
check of the design.

16
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o &.B. (Weight due to foot-paths, hangers, wind braces and i
e APP . g paths, gers, wind braces and wearing
g ENDIX I coat have not been taken into account as these will be done

AN ADAPTABLE STEEL C]:DNTRING FOR A only after the arch-itself is partlv set and is able to take the

BOWSTRING GIRDER OF 150 FT. SPAN loads.)
Given below are detailed calculations of . ) Total height of the bridge = 37 ft. ¢ inches.
mo_mentS, sections &fiopted, quantities of StruCturav{,e;%él:]s’wl;?ﬁdlg% Effective depth from centre to centre of boom 36 ft. or 432
quired, and approXximate cost for a stee] centring for inches,

irder bridge of 150 feet cles a bowstring '
¢ i o Flear span. Incidentally the weight of finished superstructure for a 150 ft,

span bow-string girder is estimated below for reference only.

CALCULATIONS
Assumptions made for determining weights :— WEIGHT OF ONE SPAN OF CONCRETE FINISHED
Arch sect%on at crown 2ft. 3in, x5t Concrete as above = Y898 cft.
%’;"l‘)::;f;"“ at haunches 3 ;: gﬁn. x TH. Foot-paths 2% 156 ft. x 6 ft. x 3 in. ~ 468 cft.
OE;BB (l)ffl-3 ftx .5 ft. with a Te- Cross-beams for foot-paths

Cross beams at 11 ft. 3 in. centres, - 8in. by 1 ft. 3 in, 2 x 15 x 6ft. x 1ft.3in. x 6in. = 113 cft.
Roadway 22 feet, Wind braces 4 x 24 x 1ft. 6in. x 2 = 288 cft,
W%xeel-guards 1 ft_- by 1 ft. : Wearing coat 1 x 156 ft. x 22 x 3 in. = 838 cft.
g;%tg it):.}t;?slr{l.glrders 21 Handrails 2 x 156 ft. x 1 ft. = 312 cft.

11937 cft.

Structural Steel

i a i ! ad 800 tons.
Safe tensile stress 8 tons per sq. in. Total weight of one span as finished (dead load only) 800 tons

Safe compressive stress 74 tons per sq. in. Main Girder
Safe stress in bolts with high tensile steel 8 tons per 8q. inch. Three tiers of triangular trusses arc proposed as per plan
Weight . (Plate I1.)

Aggregate height = 37 ft, 6 in.

Arches on both sides, 2by 165 ft. by 21, § in.by = 4084 oft..
Net depth of beam hetween centres of booms = 36 ft. or

5 ft. 6 in. (average)

Tie beams (sectional area 63 sq. ft,) 2 x 156 ft. x - = 432 inches.
63 (sq. ft.) = 2106 cft, * Top boom consisting of 3 channels 15in. x 4 in. weighing
Cross beams, 15 x 24 ft. x 2 ft. 6 in, x 1 ft. = 900 cft, 42.5 Ibs. per foot and area 12.5 sq. inches.
Slab 156 ft. x 24 ft. x 9 in, = 2808 cft - Allowing for bolt holes of 1 in. dia the net deduction in any
—_— section willbe (2 x 1 x 0.4) + (2 X 0.6) = 28q. inches

in the extreme case when 4 holes are in one section.

Total :
! 9_8_&18 oft, Hence net area for each channel is equal to (12.6—2) or

Allowing 15 cft. per ton, weight = 680 tons “ 10.5 sq. inches.
Girders and centring = 212 tons For three channels 10.5 x 3 = 31.5 sq. inches.
Add for timber work in centring = 12 tons Maximum stress in middle bay is 245 tons.
Work people and additional loads = 11 tons : ~ Ares required, 30 sq. inches at 8 tons per sq. inch.
Total gf-)i tons Three channels as provided give 31.5 sq. inches which is more

On each truss — 448 tons or 32 tons per panel, than ample.
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In Compression

Least dimension = 15 inches

Panel length = 1351 . 1
in, Therefore i 9 and hence the

column will be treated as a short column

. = 37.6 8q. inches,
Maximum stress in end posts is 249 tong

Total sectional area

Stress in compression membe 249
" 37.6™ 6- 6 tons per sq, inch,

Hence the section a,(-lopted is sufficient

Actually the middle horizontalg
cing the stresses in the hooms. H:nz}asg;: ke u
channels 15 inches X 4  inches weighin «1:826c
as shown in plans, is sufficient. § %o

D some load, redy.
tion consisting ofu3
6 1bs. per foot, fitted

Although we can redace 3 channel
near the supports of bottom boom, it ?ssbto 2 for
section as in the centre because when the
over the next set of spans these will beco

the last

etter to continue}ﬁf: sl;ags
girders are moved forwarde
. o | me compression membersy
Diagonals-Minimum dimension of a 15 in i '
onals ) « X 4in. channel ig 4

Unsupported length effective = 120 inches

Least radius of gyration is 1.15.

i 120
Therefore; = {5 = 105
Capacity of column = 126 x 713

30000 X 106 x 105 .37

In tension the net area =12.5 — 2 = 68 tona,
Strength = 90 tons, Bor =113 8q. inches

The compression members whose stresses
are nil.
The tension members which exceed 90 tons a
re L, A, xK
L, A, x K, X, (vide Plate 11’1.3)[”

The compression memb |
strengthened, o A,/B, and H,K, may be

are more than 62 tong

For strengthening 2 ohannels 6 i .
per foot are to be added on each side.m' x 31,

The net area added is 2x 38 —29
= 7.2 — 130 = 5.9 sq. inches. X 68

weighing 12.4 1bs.

v
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The additional strength in tension is 47 tons giving a total. of
90 + 47 or 137 tons.

In compression, the strength of the column will be 120 tons,

The number of 8 in. x 3 in. channels required for strengthen-
ing are

LyA,, K, Y, = 2x2= 4

L1A3, KIX! = 2 X 4 = 8

L,B,, H,K, = 2x6=12
" = 24 Nos.

All other diagonals are stressed less than their strength.

Cross Girders
Weight coming on the cross-girders.

Tie-beams wt. 2 % 11 £t 3in, x 6% sq. ft.= 10 tons
5 tons acting 3 ft. from end on each side uniformly distributed

load

Cross-beams 1 x 24 x 2 ft. 6 in. = 60 cft.
Slab I x 24 x 11 ft. 3 in. X
9 in. = 203 cft.
Wheel guards 2 x 11 ft. 3 in. X 1 ft.
X 1 ft = 23 oft.
986 oft. or 19 tons
Add for wt. of cross-beams and centring. 3
Add for workmen ’ 2,
_ 24 tons
Unsupported length of girder is 32 feet. 7
. 24 x 32 x 12 .
- B.Moment = -«---—_—_—r——«-{— 5 x 3 X 12 in tons,

= 1152 + 180 = 1232 in tons
.. Bection proposed to be adopted is shown in ske‘t,oh,-. E
- This section is proposed so that it can be useful for centring
for T-beams, etc. The angle is proposed to be welded.

Area of angle 4 in. X 4 in. x % in. section= 8.75 aq. inches.
Add for that portion of the plate which adjoins the angle

A 4 X t inch, .- - = 1 sq. inch.

Total 4.75 sq. inches,

Resisting Moment = 21 x 4.75 x 7 (only 7 tons allowed
being welded steel ) = 698 inch tons. oL

" Two of these will give 1396 inch tons, which is more than the
bending moment.
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Load on cross beams

Concrete in beams 24 x2 ft. 6 in. x 1 ft. = 60 cft. (provision
‘ made for
6 inches more)
Slab 2411 ft. 3 in.X 9 in. =203 cft, B
Wheel guards 2 x 11 ft. 3 in. x 1 ft. x 1 ft.= 23 oft.
© 288 oft. or 19 tons

Add for weight of cross-beams and centring 3 ,,
Add for workmen 3

25 x 24 x 12 25 tons
BM = 22X X 1o, tong= 900 inch tons.

8

Resisting moment = 4.75 X Tx21=698 inch tons as ahove
As there are 2 girders, this is more than sufficient.

Details of weight of cross-girders
For 24-ft. length

weighing 12.75 1bs.
per foot

Web 3" thick weighing
10 1bs. per sq. foot. } 124 6. %2 ££. X 10 Ibs. = 480 1bs.

2 Nos. x 24 ft, X 12.75 1bs,

Angles 4" x 4" x §" }
= 612 bls.

End angles for connect-
ing with adjoining length

3"x 3"x " weighing 7.2 r 2X2 1£.X 7.2, 1bs, = 29 1ps,
J

Ibs. per ft.
é\ingleistiffners 24" X 88 Ib
7x 1" weighing 4 1bs, } 11x2 ft. x4 1 8.
por foot, P = o The
For 16 ft. Length |
Angles x4 % 3
\agles, &' X booexi8tx12msihe  w gog

_Web plate ~—~do—

 Btiffoners 23" x 241" Tx 2 ft. X4 Ihs,

o Ix166 X286 x10 Ibs, —
End angles 3"x3"x 3"  2x2 ft.x 7.2 Ibs, = 3223 :E:.

= 081
Total: . 813 1bs.

i
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To connect the two 24 ft. and 16 ft. lengths, we require two
4in. x § in. plates 2 ft. 6 in. long weighing 10 lbs. per foot for

“each.

ie.4 x 21t 6in. x 10 bs = 100 Ibs.
Total for 1 beam 40 feet long— (1209+-8134-100) 1bs. =2122 lbs.

Add for bolts for connecting ... e 18,
Total weight for 40 ft. length =2200 lbs,
Weight per foot = 55 lbs.

Weight for 24ft. beams =1209 Ibs.

Add for bolts - 15 ,,

Total for 24 ft. length =12241bs. or weight per foot=>51 lIbs.

Brackets for holding arch plates.

Channels 4 in. X 2 in. section weighing 7.91 Ibs. and area
1.4 sq. ins.

Each bracket=18 ft. X 7.91 lbs, =142 ibs.
Add for cross bar plate 12 Ibs,
1564 lbs.

Add for fixing bolts 1 in. dia. and plate
washers for fixing. 26 1bs.

180 Ibs.

Boits

Tension boom maximum stress 245 tons.

No. of bolts provided = 40 Nos. of which 20 are in double
shear and the rest in single shear.

The resistance=2x20x .78 x 8 (+20x.78x8) =375 tons.
Even if they be in single shear 40 x .785x 8 tons =251 tons,
Hence the bolts are sufficient.

Diagonals maximum is 116 tons.

These have 10 bolts, where strengthened by additional chan-
nels, they are in double shear.

The resistance 2x 10 x.785 x 8 =125 tons.
In other cases, stresses are less than 62 tons.
10 bolts will take up 10X .785x8 = 63 tons.

These bolts will, therefore, suffice,
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Top Ties

: Wind ties at every apex point: built u

Length 32 feet in two Pieces of 16
Angle iron 2} in. x 2} in

4 32 ££. X 5.90 Ibs. -

Plates at ends { in. thick

for a length of 9 ft. 2xax1 1t 6in.

*x 2 ft. % 5 1bs.

Plates at centre connectin,
the a
4 x 3ft. x 1ft. 6in§x 5 lggles

P struts as shown in plan
feet: each. c .
weighing 5.90 4. per R. ft

A Braces 2in. X §in. weighing 2.6 lhs, per foot

2xX2X6x4x3ft.x 2.6 Ibs,

Add for bolts etc. to connect the
two pieces and the main trusges

Total

or  Say

Weight‘ for 32 ft. = 1500 1bs.
Per foot . = 47 1bs,

755 1bs.
120 ibe.
90 vlbq.
499 ibs.
I11.
20 1bs.
1484 1bs.
1500 1bs, HL
1Vv.
V.
VI
VIl

16
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DETAILED QUANTITIES OF STRUCTURAL.
STEEL-WORK

Channels 15 in. x 4 in. weighing 42.5 lhs. per foot,
each 11 ft. 3 in. long :— .

For top and bottom hooms for

two trusses 2 x 256 x 3 150 Nos.

and sloping booms 2 X 6 x 3 36

horizontals 2 x 25 50 ,,

inclined members 2 X 72 - 144 ,,
Total 380 ,,

15 in. x 4 in. channel section conuection

pieces for top and bottom hooms 4 ft.

2 in. long 2% 27 54 Nos.

channels for sides 6 ft. long 8

Cross girders suspended from main

girders woighing 55 1bs. per foot.

2 % 13 Nos. x 40 ft, 26 Nos.
Cross beams as supports for decks '
weighing 51 lbs. per foot

2 x 15 Nos. x 24 ft. 30 Nos.
Top built-up wind hraces weighing
47 1bs. per foot.

12 Nos. x 32 ft. 12 Nos.
Intermodiate ties and stiffeners to be of
timber 12 in. X 6 in. in section or rounds
9 in. dia. (not included in steel work.)

Gusset Plates.
1. Top and bottom gusset plates of size

4ft. 2 in.x 3 ft. 9 in.x } in. each

weighing 315 Ibs.

10 Nos. in top and 13 Nos. in

bottom. Total  No. required

2% 23 Nos. x 2 92 Nos.
2. Middle gusset plates of size 5 ft.

4 in.x3 ft.x6 ft. 3 in. weighing

375 lbs. each

92 Nos.

Upper 2 x 11 x
Lower 2 x 12 x

!

44
48
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3. End gusset lpates 4 ft. 6 in. x 4 ft.
6 in. X 4 in. weighing 405 1bs. each.

Middle gusset at end booms 4 ft.
6 in. x6 ft. < & in. weighing 540 {bs.
each. 2x2x4

Bolts to be cut of higher tensile stecl
g0 a8 to give a safe gtress of not less
than 10 tons per sqg. inch in tension
and 8 tous in shear approx. weight
of bolts including nuts and washers
ete. 3 per cent of total weight.

Plates § in. thick weighing 5 1bs. per
sq. ft.

Connecting cross beams

15 x 24 ft. x Y} f6 6 in,

Plates under tie beams 2 x 150 x 3 ft.
Side plates 2x 150 x 6 ft.
Inner side plate 2x136x21t. 6in.=
For wheel guards 2x 180x1 ft. =

Plates for decking 14 x 10 ft. 6 in x
24 ft. =

2X2x165%6 ft, =
2 x 165 x 3 ft. =

it

i

]

For arch sides
Tor hottom avch

Strengthening bars for hraces, channels
6 in.x3 in. weighing 12.4 lbs. per
running foot,

Channel bracket for arch work each
weighing 180 lbs. 2x 15

Flat bars 4 in. X ¥ in. and 3 ft. long
74 Tbs. cach for connecting bottom of
cross beams G Xx 15

Weight of the Steel Work.

380 Nos. channels 15 in. x4 in. x 42.5 Ibs.
per running foot 380 x 11 ft. 3 in, x 42.5 Ibs.

26 Nos. bottom cross girders 26 x 40 ft. x 55 lbs. =

30 Nos. cross beams 30 x 24 £, x 51 1hs.

75 flat bars 3 ft. x4 in. x % . connecting
top booms of cross girders at 7.5 Ibs each.)

16 Nos.

16 Noa.

540 sq. ft.
900 sq. ft,
1800 sq. ft.
680 nq. ft,
300 sq. ft.

35628 aq. ft.
3960 sq. ft
990 sq. ft.

12698 sq. ft.

24 Nos,

30 Nos.

75 Nos.

= 1,81,688
57,200
= 36,720

= 5643

10,

1.

12.
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Wind braces at 47 ths. per faot 12 x 32 % 47

92 Nos. gusset plates 4 ft. 2 in, x 4 1t 2 in.
weighing 315 ths. cach,

92 Nox. gusset plates 5 1. 4 in. « 3 ft. 6 in.
weighing 375 1bs. each.

16 Nos. End gusset plates 4 1t 6 in,

x 4 ft. 8 in. weighing 403 s each.

16 Nos. middle gussets at end boom

i ft. x 4 £6 6 in. x } in. weighing 340 ths,
12698 sq. ft. plates for decking for arches
weighing 81 Ihs. pey sq. ft.
24 Nog. strengthening channel bars 11 ft.
3in. long 6 in.x3 in. weighing 12,5 Ihe
per foot. 24 x 11 £t 3in. %125

287

= 18,048 1
= 28 93¢

= 34,500

i

6,450
= K640

63,490

3,375

30 Nos. channels for brackets for arch shustering

at 180 lbs. each

5,400

b4 Nos. connecting picces - ft. 2 in. 54 4 ft,

2 in, x 42.54
8 piecves 6 fi. long.
Total:

Add 89, for weight of bolts, nuts, cte,

Sundries,
Totat:
Or 212 tons, allowing for svme wastage,

Parts excluding side girders.

Bottom cross girders = 57,900 lbs.
Pop wind braces = 18,048
Cross beaws = 36,720
Plat bars = 563 ,
Total 1,12,531 Ibs.
For bolts ote. at
3 perceut, 1,373 1bs,

Total 1,15,906 1bs,

Plates 63490 ths. or 23.4 tons.

Ate:

Brackets for arch shuttering =

9,562

13,500
3,000

Be.

2y

LR

1y

rs

kel

LR

14

4,73,386 lbs,

or 52 tons,

5400 Iba. or 2.4 tons.
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Main girders 21283 = 129; each girder is 85 tona.

A. Main side Girders = 129 tons.
B. Cross Girders and

wind ties = 52 tons,
C. Plates = 28.4 tons,
D. Brackets for arch

formwork = 2.4 tons.

Total 211.6 tona,

) or 212 tong.
For 1 span 212 tons steel work at Rs. 800 per ton. Rs. 169,600
Contingencies. 10;400

e ———

Rs. 18
Cost for 3 spans:— 0,000

Add extra for connecting the thirec trusses so that they can be
moved from one set of spans to the next.

Channels top boom 2x2x3x 3 ... 86 Nos.

Middle 2 x2x 2 .. 8 Nos.

Bottom 2x2 . 4 Nos.

) Total 48

48 Nos. channels 11 ft. 3 in. @@ 425 }bs. per foot, 220560

Add 3 per cent for bolts. 590

T ——

23,640

or 11 tong,

Steel work for 3 spans @ 212 tons per span, 636 tons
Extra bars for connecting the ‘phree trusses

so as to form a continuous girder. ~. 11 tong

m T—
Total 647 tons
COST
647 tons @ Rs. 800 per ton ... Rs. 5,17,600
Contingencies e 32,400

e s e e

Total Rs. 5,50,000

—— e .

289

PLATE T i

CENTERING FOR
REINFORCED CONCRETE
BRIDGES

o v 2 3 4 [1

AN ADAPTABLE STEEL |

i

SCALE ;- ™ m—




291

PLATE No. IIL,
Hy #2 A3

X

Z\
K

7
Y2
2 K3

G3 K1




| U

RESEARCH PUBLICATIONS

1. USE OF STABILISED SOIL IN ENGINEERING
- CONSTRUCTION

Effect of moisture of compaction on the structural
stability of soils,

By
S. R. Megara & H. L. Uprawn

1. INTRODUCTION — THE PROBLEM

1.1.  Construction of mud houses is an ancient practice. IFrom
time immemorial, man has constructed shelters for himself out of
the local soil. The method of construction has varied from place
to place and various improvements have been made from time to
time as a result of experience. ‘

1.2. Owing to the fact that sufficiently weather-resistant
types of construction have not so far been generally evolved in
northern India, the technique of building in mud has not been reco-
gnised as standard practice even in limited arban arcas. No reeord-
ed information is, therefore, casily available about the actual beha-
viour of mud construction in changing weather conditions or about
its cost of maintenance. The general belief based on current practice,
however, is that the outside plzmstcr has not only to be frequently
renewed but it has also to be constantly watched and carefully
maintained during wet weather to avoid serious damage.

1.3. The only type of mud construction which has received
recognition in the engincering profession in this country, is masonry
consisting of sun dried mud bricks laid in mud mortar, But even
that type has the following inherent limitations and is, therefpre, fi1
only for inferior temporary structures.

a. No plaster will adherc properly to it for any ‘length of
time.

b, It has no resistance to water and this, together with the
fact mentioned above, involves risk of serious damage
during the rains.

. c. It has a low and uncertain compressive strength of about
four tons per square foot,

1.4, There are reports from other countries of the world of
rammed earth churches and other buildings having stood up to the
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woather very well indeed. This happened in particul

probably becapse of the suitability of the local soil ag “ t"“‘ areas,
But, so far as is known, no scientific investigationg hgv 1t existed,
made on the good behaviour of these structures, nor hac, o faipeen
been explained. ve failureg

1.5. This is in great part responsible for the f, t
truction in mud has never had official bzmcking. In( ¢ i that cons-
however, the young science of soil mechanics has beenrccent years,
veloped that it is now possible, by a proper scientific s ﬂi) well de.
to predict with reasonable accuracy its behaviour udy (_)f a spil,
structures. There is, consequently, a rapidly incre n e“gmeerlng

. . ) asi
now to consider soil as an alternative material of co;lqé:%cg?hdency
g lon.

1.6. Use was made of this so-called soil-conscig
when the East Punjab was faced witl, the problem oFSl-l
structing several thousand permanent house !
West Punjab, as a result of the pavtition of the count
lack of transport and other reasons, sufficient con] wy ry Thl:()llgh
for burning bricks and it was decided to resort to th<:,S n‘ft ibv‘iulab]e
of local soil for replacing burnt brick magonry in pep .Selentlﬁc uge
construction, Permanent hoyge

£83 recently

apidl -
s for refugecs fro}x,n ctolrlxle

1.7. To achieve this end, it was necessar
local soil that it should attain the following pi
ing structure :

Y to so Improve
‘ 0 > tl
operties in the resullte:

a. High density.

b. High resistance to softening under water,
c. High compressive strength,

d. Low shrinkage on drying.

e. Low thermal expansion and contraction,

f. High adhesion to plaster, under changing

tions. climatic condj.

2. SCIENTIFIC USE OF SOIL PROVIDES SoLy

T
2.1. Bach one of the above problems wag ) ION

\ ) . tud;j
Soil Research Laboratory at Karnal in continuat; led af the
work done at the Soil Research La,boratory at L&ibg;): ‘;f Previogg

this work related to soils found generally in g
Four typical soils were selected for this e
gical and chemical characteristics of thege
and Fig. 1.

I 80 fy
E s
study an:lLSt Punmb_

are given jy, ;’able 1

d
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TABLE 1
Analysis of soils selected for the study.
3§ fé" P %N? 'cg‘ 58 Exchangeable |
S ESEE(22(R2EE e Total
S 8% |54 |28|=n 8§ €8 [me.%100m.e.*/100 solids
®n A & °1o'8 gm. . gny,
—
1. Silty
Loam 27.2 8.0 380 130 6.4 130 Negligi
ble
2. Silty
loam 275 8.7 189 120 70 1.60
3. Silty
clay
loam 37.0017.3 84 120 14.8 1.10
4. Loam 247 95 439 110 8.7 114 o

* m.o. stands for mili-equivalonts,

2.2. The object of the present stady, which ; i
proposed series, is to investigate the effact, o comll)zglieo nflrfgt of a
at different moisture contents on the stability  of eno' & soil
gtructures in which it is used. » Mgineering

2.3. Soil compaction is process in which the ca;
are forced to get packed together. Thig jq brought},l ;}?g:ft th
the help (’}f‘ n:ioxsture fwhieh plays an important part o ugh

rocess. The degree of compaction ig encrally deseri

Fhe density attained as a result of thegcnmpnc);iors:(}l) egxt hrough
as the weight of dyy soil per cubic foot, volume, or in metric? Mroned
as grams of dry soil per cubic centimeter, Immediate]y after \émts
paction, the weight of the wet soil and the volime occlupied bon}-
are measured to find out the wet density, The moisture ¢ ty "
of the wet soil is then determined to caleujate the dry denqi;m P
cording to the following formula : ‘ e

Particles

. . _ Wet density
[)r} denmty = m X 100

When a soil is compacted at different, moisture ¢
mum density is attained at What'is termed the Omi;::ltfnnts, Mmaxi.
content for thz}t mode of compaction. Thiy ig an imPOrtalY;msture
in soil mechanics. The optimum moisture varies from soili tf)Mt?]r
) 801],

[V
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2.4. A typical moisture density curve is given in Fig. 2.

MOISTURE DENSITY CURVE
fig - 2. 126 —
2: 0+
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z
=)
22— 6
1954 >
w F
o]
g 120—— &
> A Y
- o] b
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‘80 4 1D —— .
o
—d
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PERCENTAGE MOISTURE

The reason for different densities at different moistures of com-
paction is that at low moisture content there is not enough mois-
ture to lubricate all the particles to enable them to slip into posi-
tlon and drive out the airin the voids. As the moisture is
Increased, the particles are lubricated more and more and get
packed further, resulting in higher density and lower percentage of
alr voids.  As the quantity of water is still further increased, the
eXxcess water, after lubricating all the particles, combines with the
residual air in the voids and tends to push the soil particles apart,

17
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The voids thus continue to increase and the density continues t
s 1nues to

fall correspondingl indi : .
the curve.p ’ gly as }ndlca’red on the right side of the peak of

, o = . . .
i 2.5. Tt is possible to increase the density still further by add:

{ing a very small quantity of an electrolyt
X ' A s . . © to t i

ci)mfaftmn' This is due to the fact tﬂa‘t, in ileemc;;sture before
i elec $o. yﬁe, water is able to exist in much thinner: }f) sone of an
}. soil particles, than without i, *i films betwoen

QUBIC _FDOT NOLUME.
B

© e enee e e oa

o
.

3

®
:
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B:-Soowm ChLoRripe
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°
e
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: G

y
Y

5. o 2

g
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2.6. A few typical curves showing the change in density with
a change in the percentage of the electrolyvte are given in Figure 3.

A small increase in density at those higher limits. means
a colossal increase in the engineering properties of soil such as
compressive strength and abrasive resistance ete. ’

3. THE APPARATUS

3.1, An apparatus for determining optimum  moisture s
shown in the photograph.
It consists of a 55 1h. rammer dropping freely through a height

The Compacting Apparatus.

of 13 inches, within 4 2.5 inch diameter copper pipe standing on &
detachable base. The number of blows of the rammer represents
the degree of compactive effort spent on the soil. ' For doternnxung
the optimum moisture for use in fleld compaction, the number
of blows iy correlated with the mode of compaction in the. field.

3.2, The higher the compactive effort the higher is the maxi-
mum density attained and correspondingly the _]()\.\'('.l' is the opgl-
mum moisture requirement for the same soil. T}us s 1llusfu'ated v
moisture-density curves of a soil compacted with increasing blows
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of the compaction a
obvious from these
congiderable effect upon the resultin

the optimam moisture, it h
wet side, .

TABLE 2

Effect of Increased Compauction on the Density of
Soil at various Moisture Contents.

(See Figure 4)

Soil Moisture
used |per cont, TR0 0 30 40 0 e

Number of strokes of rammer,

Dry Bulk Density

No. 4| 7 160 L71 179 183 186 1.86 1.9
9 L6L 173 183 186 1.80 1.80 193
11 L64 175 186 191 194 194 197
13 169 183 189 194 195 1.95 |1.497
15 L74 186 191 101 191 191 1.3
17 1.79‘5 183 186 1.86 186 1.8 1.g;

19 | 115 177 077 119 179 179 179
21 | 1.69

169 171 173 173 173 173

Note : The horizonta) stops indicate tho OM.C, pusition,

4. FIELD APPLICATION

4.1. It is obvious from the ahove that, fop the determination
of optimum moisture for field torstruction, it iy necessary to
correlate the laboratory compactive efforg (number of blows) with

the mode of compaction available in the field. Thig is done as
described hereafter. '
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4.2, With the com
concerned, four or five
same soil, but varying
percentage of moisture at
and the resulting density
density curve is plotted.
density curves are obtaine
but changing the number

paction equipment available for the work
small lengths are compacted, using the

bercentages of moisture. The exact
the time of compaction of each length,
are carefully determined and a moisture-
In the laboratory, a series of moisture-
d by using the same soil as in the field,
of blows in the compuction apparatus,
The moisture-density curve obtained in the field, is then compared
with the series of similar curves obtained in the laboratory, and a
suitable curve is selected from these, keeping in mind that the
field density should not be less than 95 per cent of the laboratory
density. The number of blows for the curve thus selected, gives
the laboratory compactive effort about equal to the field
compactive effort and on which is based the determination of
optimum moisture for the field construction concerned.

6. SCOPE OF THE STUDY

5.1. The effect of the conipaction of soil on its structural
stability has been studied in the following two aspects, ‘

(a) Eiffect of compaction of soil at di

Y fferent moistures on
the compressive strength.

(b) Effect of compaction of soils on the Water resisting
quality of the resultant mass. ‘

6. COMPRESSIVE STRENGTH

6.1. Two hundred grams of the oven.-

into a block in the compaction apparatus (described in para. 3.1)
with an effort of forty strokes. The resultant blocks had a
diameter of 2.5 inches and a height of about 1.3 inch,

dried soil wag compacted

6.2. Blocks were compacted, ag mentioned above, at different,
moisture contents, including the optimum for the goilg selected for
the stady. These blocks were allowed to dry in the shade and
then, finally, oven-dried to & constant weight at 50°C to 60°C The
blocks compacted at different moisture contents were subjec'ted to

the compressive strength test and the results are givon in Tabl,. ¢
and reproduced in figure 5. 5 n Table 3

STABILISED SOIL IN" KNGINEERING

Sow No. 4.

Q—-—_V—’A\\\
»

FinaL CRUSHING STRENGTH

fMiTiaL Crack

Sow No. 3.

EFFEC YT OF MOISTURE OF COMPACTION ON COMPRESSIVE STRENGTH,
Fis. No.5
\

——

Son. No. 1.

(1]

o

=4

.
°
PerceNTAGE MOISTURE of

T
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10O

M r T Y '0 Y '0 T ° M é
S T T A T
HONU D5 /@1 HADNIULS BMSSABIWO)

COMPACTION.,

303



3V
304 Mzura & Uprar on
TABLE 3
Compressive Strength of Soil Biocks

- Compacted at various Mojsture Contents,

B ‘Compresaive stregnth
Qi | Moisture | Ib.'per sq. in.

: Weight of dry
Used | content | Dry bulk

. T ; soil per cubic
per cent ICI:‘]:;?KI i € :E:ll: deusity foot xf)olume-lbs
T T
1 6 1869 - 185 g 109.25
8 250.4 : - 328.6 1.77 110.5
10 2780 - 84 18] 113.0
13 282.7 433.2 1.84 114.9
16 228.0 373.0 1.81 113.0
2 6 - 2100 250.0 1.72 106.0
8 288.6 482.8 1.75 109.2
10 - 490.2 547.0 1.81 113.0
12 - ©.'551.7 1.82 113.6
14 401.2 538.0 1.80 1124
e T———
3 6 437.7 471.9 1.75 109.2
8 6201 6429 182 1136
10~ 683.1 912.0 1.88 1174
12 784.3 1048.0 1.90 118.¢
14 63885 828.0  1.82 1136
4 7 . 7364 7843 g9 113.6
9 718.2 779.7 1.89 1i18.0
11 731.8 943.0 1.96 122 4
13 654.3 813.9 1.89 118.0
T \\

6.3. A comparison of the. re
soil, the compressive strength is
carried out at optimum moisture
done either above or below optimu

7. INCREASE IN DENSITY,
SHRINKAGE, AS A RESU

7.1. When a soil, compacted at 5

sults shows that, for
maximum wj
» and fallg w
m moisture,

certain moisture

he

the sage

len compaction is
It compactioy ig

ON ACCOUNT of
LT OF DRYING

¢ 3
is allowed to dry, it shrinks and decreaseq In volume, : ntei}g_
sult of the decrease in volume the dry density Increaseg, The faet
is brought out clearly in Fig, 6. Curye No. T ig g common Moistyre.
density curve, the density being the dry d mo of

compaction. .

¢
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. r
- Curve No. IT shows the densities of the same Z(:rl)tl:ai?tcl;: ;f)t;
they have been allowed to dry out, the mmggu:e the comprossive
paction heing - the same, Curve No. H} g1y "le moistare content
strength (finwl crack) corresponding t(i]t 1€ san
at compaetion as in curves No. [ and II.

F SOWL.
EFFECT OF SHRINKAGE ON DENSITY O
f—120 —¥Fg.- 6—
1921 9
904
88
Fwco
1561 L” |
I
v
\MJ " :
g
> 162 - :
M
E 1801 L
5 178 g
(& f’“ E
V6] .
t H
*
(74 N ?
vred 3
. 2e0
: DIATELY AFTER}  _ \%,_ 1 §
w010 AT mmconmmon. .j \ piid
) DENSITY AFTER DRYING 'nu} \ . o
el "% compacTeD BLOCK »
e COMPRESSIVE STRENGTM  ccvevoe
04 .
b‘ o 2 & ® . 20 .Es “
:mmwze CONTENT {PERCENTAG

: ‘ e com-
'7.2. It can be concluded from these curves. ;,h;to:-gclose Iy
pressive sttength of compacted soil is related m;ii(‘:m more closely
to the dry bulk density at the time of compatcd woil bas dried
dry buik density attained after the ‘compac e.t ! due to shein-
Oust' and coﬁsequently has attained a higher densi Yy, que
kage. -
N ’ . - - - . c -
XY The fact was further verified by detg%l‘m(;;llfll)%octkh: of the
t')ressi;re strength " (final crack) of a large number k

%
b
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same soil compacted at optimum moistare, on the dryiqj i-
mum moist.ure,‘and on the wet side of optimum I;IBt;i‘:;(ti:ieOf (;322;1
different number of blows, to attain various densities, In ’Eig 7
chg compressive strength is plotted against dry bulk density det"er-
mined ab the time of compaction. In Fig. 8 the compressive

strength is plotted against dry bulk density attai
“pacted goil has dried out, y aitamed when the com-

20

PR
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STRENGTH OF SQILS 8 DRY BPLK -»
DENSITY AT THE TIME OF %“
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.74, Comparing the two curves it appears that the compres-
sive strength bears a definite relation to the dry bulk density de-
termined soon after compaction. From Fig. 8 it is further clear
that the dry bulk density determined after complete drying out
bears & definite relation to the compressive strength, only when
the soil has been compacted either at optimum moisture or on the
dry side of it. But when the soil is compacted with moisture con-
tent higher than the optimum, no such relationship holds.

7.5. These results have a practical bearing on the field cont-
rol of esompaction in as much as they indicate that, for control pur-
poses, the density in the field should be determined immediately
after compaction and not when the compacted soil has dried out,

18
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" 'If under certain conditions it becomes impossible 16" détermire the
dry bulk density immediately after compaction then, for control
purposes, it becomes very essential that, in no eircumstance,
should the compaction be carried out "at moistures higher than
optimum moisture. In that case the dry bulk dengities of the
dried out soils can be used as an index of the compressive strength
of soils.: L : ;

, ‘
i .

§. DISINTEGRATION OF COMPACTED SOILS |

+ 8.1, Soil blocks, as used for tests of compressiva ‘strengtll,
were made. They were dried out in an oven at 50 deg. C. to
60 deg. 'C. to a constant weight. These were then placed under
water gt 20-25 deg. (€. and the time taken for complete dis-
integration was noted. The tests were carried out with the four
typical soils, and the results obtained are given in tahle 4 and re.

)
!

produced in Fig, 9.

' ; TABLE ¢4

Disintegration of Soil Blocks Compacted at
‘ Various Moisture Contents,

\

! Moi "
Soil - Moisture content

isi ion | Weight of dr.
of compaction | Disintegration ight of dry

3 o eE Density | Soi
"‘used ' per cent Im.me n mmutesi Y 3318311’0?1115;;&
Y .6 2 L5 o2
8 -8 1.77 1105
L 10 12 1.81 113.0
1 13 20 1.84 i114.9
R U I 18 - 181 . 1130
2 8 B | 1.72 W
. 8 14 1.75 109.2
10 15 1.81 113.0
12 20 1.82 113.0
14 16 1.80 112.4
3 6 7 175 109w
- 8 1 1.82 1136
%0 29 1.88 1174
12 61 1.90 1185
‘ o e 1136
4 ; 3 1.82 113.6
— oL 23 1.89 118.0 -

STABILISED SOIL IN ENGINEERING 309
e
<
o -
¢ i=
2
u‘?) P
"~
+
o
"
o {¢
g {2
-
o i»
(7]
w
49 d
=
f
¢
@]
e £
o
o
ol®
z w
e o
0 g
P
N, z
1%}
&
“w
o
<
—~ {1
i
z
N
e
Q
12
L]
9
— ]




310 Mamra & UpraL oy STABILISED SOIL 1N ENGINEHRING

8.2. It appears from the results th
a at block
optimum moisture are the mogt resistant to watei. > compacted ab

. 8.3. It is further illustrated (Fig. 9) ¢ . -

tion is concerned, a soil compacte((l slgight):lyh(?;f,tic; f:,;: 2&'5“’:‘98@'
mum moisture content resists failure better than one c: ey
on the dry side of optimum moisture content with the E‘amnlrnmtoel
of compaction and the same interval from the optimam © ,?Odc
even when the density is the same in both the cases (ta.b?l0§ ure,
This is probably due to the fact that free water is pushed 3 0. 4).
?}‘:rlng contliﬁacti)on, and brings to the surface some ola b ards
‘ne pores, thereby resisting further en

disirﬁ;egmtion. Y 8 bry of water and consequent

9. SUMMARY

9.1. The importance of compaction at optj isture
indicated. It not only increasesllhe dry bulﬁ I(?:I?slit;l l(::f:mel .
greatly improves the compressive strength and resistance to d.a.so
tegration, which play an important role in the uge of soil o
truction material. It has further been shown that the ¢ 29 & cons-
strength of compacted soil increases with the dry bulk (()lmpr.esswe
determined Immediately after compaction. ensity s
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2. EXPERIMENTAL TRACKWAYS FOR MOTOR
TRAFFIC ON THE DELHI-MEERUT ROAD*

Compiled by the Standards Section, Central
Roads Ogranisation

A note dealing with the performance of cement concrete traok-
ways for bullock cart (iron-tyred) traffic appeared in the I. R. C.
Journal for January, 1949 (Vol. XIII-3). Here is a similar note
dealing with brick trackways for pneumatic-tyred traffic.

SYNOPSIS

'This note denls with the construction and performunce of experimentusl track-
ways laid on the Delhi Meornt Road in 1941, The trackways wore laid to different
Specifications with the object of finding an answer to the problem of building roade
for pneumatic tyred traffic in localities where road building materials wers not
tvailable and water was scarce, but bricks could bo had within reasonable dis-
tances. Brick trackways behaved unexpected!y well, while composite trackways.
consisting of bricks bonded with brick ballast cement voncrote, did not fare so woll,
Various maintenance methods wera also tried.

The experiments showed that

(i) in tho conditions whore thoro is no risk of heavy traflic cui'ucidiug with
heavy rainfall brick trackwuays conld be usod in omergoncies :
(ii) occasional blinding with earth is advantageous und a paint coat with

chips or a light coat of promix restures ovouness to the surface and de-
velops good bond with the brick surface,

1. INTRODUCTION.

. L1, Several miles of new roads had to be constructed expe-
ditiously to take occasional heavy motor traffic as an emergent
measure in places where the usual road materials were not availa-
ble for construction and water was scarce. Bricks could, however,
be manufactured at some distance from the road and carted. This
circumstance suggested the adoption of brick trackways as an
emergent measure. Before adopting any particular specification
for the brick trackways which had not been tried before on any
large soale, it was considered desirable to lay experimental stretches
of these to different specifications, on a road subjected only to
motor traffic to see how these behave under traffic. The Delhi
Meerut road between Delhi and Shahdara was specially selected as
on this stretch there were two parallel carriageways, one with
bituminous surface reserved for fast motor traffic, and the second
with & concrete pavement reserved for slow cart and tonga traffic.
Further, being near Delhi, the specifications could be rigidly enforoed
under proper departmental supervision and the progress of experi-
ments carefully watched.

® Details of constrnotion were given in 1. K. C. Journa!, Volume V1I-2, January
1941 and are repoated here also,
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1.2. Advantage was also taken t
cement concrete trackways with brick metal s e g
thicknesses, with and without end reinforcemégg:ga?li‘)é :iﬁ?:;gt
quantity and hence the cost of cement concrete, brick blast Qemen(f;

concrete bonded with ordinary bricks and sial o Ve
bricks was also laid in some lengths. ne special semi-elliptical

0 test -the - performance of

‘ 1.3}.) T(z1 maiw the experiments conform to
on earth roads, the metalling and soling were ;
existing road and the road level brought %p by mﬁ‘églg‘ﬁ?d frio’m the
watered and consolidated in layers by sheeps-foot rmg,uessed,
rollers at optimum moisture content. Trencheg were u:nmers and
vated to the required width of the trackways ¢ then excu-

« o ye ¥ . and the bot i
consolidated again with sheeps-foot s o ottom soi
then 1ad. P rammers. The tmckw&ys were

actual constryction

‘1.4, In the case of cement concrete tr 3
14 e trackwy affic w
aflowed till the concrete was cured by ponding, vys traffic was not

2. DETAILS OF CONSTRUCTION

2.1. The trackways consisted of two tr

; 2 : .
cuch, and spaced 5 {t, 6 in. centre to centye, ke, 2. 9y, wide

2.2. The Specifications adopted for the diffun .
as detailed below. v or the differont sections were

A. Brick Trackw
Experiment No. 1. ays.

. Brick on edge laid with J in. joints,
% in. of the top and then grouted with a

the joints sanded ithi
to within
8 much as they woyld take

of.
(i} (s) Tar No. 2. o0 ft. length \ Herri -
(b} Bitumen. 50 ft. length | As ;glg,%g'f’f’f,l;’g;‘%
(i) (a) Tar No. 2 25 ft. cader and Stratoh o 1.
(b) Bitumen 25) ft. Hearderand Stretoher hond

as in Fig. 1, Plate 11,
Experiment No. 11,

Brick on edge laid with bricks half dipped in

{i) (a} Tar No. 2. 50 ft. __ ’
{b) Bitumen 50 ft, } Herring-hone hond,
(it) {a)} Tar No. 2. 26 ft. Y.
: (b} Bitumen 25 ft. }He*“j“" and Stretehor bund,

Kaperiment No, 111,
Dry brick-on.edge trackways without any grouting
(8} 80 1ft.  Herring-bone bond. ‘
(b 50ft.  Header and Strotcher hond,
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B. Cement Cogncrete Trackways

" The proportions for cement concrete in all the tests was 2 eft.
of sand and 4 oft. of aggregate for every 90 lbs of cement by weight,
Badarpur sand and brick ballast, 1in, gauge, were used for fine and
coarse aggregates.

Exiaerihimt No. IV.

Trackways in cement concrele laid in 26 ft. strips, width of
cach joint | in. with precast bituminous joint filler.

© (i) () 6in. thick with cantilever end reinforcement—

Length 75 {t

{b) 6in. thick without any reinforcement _—

Length 75 ft
{it) (a) 4in. thickwith cantilever end reinforcement—

Length 75 ft

(b} 4in. thick without any reinforcement. —_
. Length 75 ft

The cantilever end reinforcement consisted of four mild steel
rods 3 in, dismeter and 2 ft. 6 in. long.

i

Experiment No. V.
Brick-bonded brick ballast cement concrete (Fig. 2., Plate II)
with flat bricks bonded with brick ballast cement concrete.
e {») 6in. thick with cantilever end reinforcement —
Length 50 ft

{b) 6in thick withoat any reinforcement —
Length 50 {6

Raperiment No. V1.

Brick-honded brick ballast cement concrete (Fig. 3, Plate IT)
with bricks on edge bonded with brick ballast cement concrete.

{8} 6} in. thick with cantilever end reinforcement —
‘ Length 50 ft

{b} 6%in. thick without any reinforcement. —
Length 50 {6

Ei;beriment ‘No. VII.
Brick-bonded brick ballast cement concrete (Fig. 4, Plate 1I)

‘with specially burnt semi-elliptical bricka bonded with brick ballast

cement concrete,

" ' (a) 6in. thick with cantilever end reinfocement —
Co : Length 50 ft

. by 8 in, thick without any reinforcement. —
' Length 60t
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2.3. In experiments IV to VII, a porti .
tal length was done with selected blue * jll:a?m;(”!;):ifc?{aﬁgllextls) and the
remaining portion with assorted brick bdllast, ie. br?zk sl?:;illt:;:

from which only honey.combed .
oliminated. y y ed or under-burnt mateérial had been

2.4. The layout of the experiment
Plate I, and the cost per running f(?ot is g?v:rlrilzn

3. TRAFFIC.

A traffic count was taken over a peri d
February 1941). The intensity of tI;&ﬁ?c \(r)a.frggg gg;tgé%“““ry -
tons per day, the average being 1561 tong Per da 2 to 2530
tion of traflic was as under : Y.  The distribu-

gths is given in
Appendix I,

Light Cars  — 20 per cent
Buses — 50 per cent
Lorries — 30 per ceng

‘There was a slight reduction in the daj) . .
.middle of August 1941 owing to petro?lrgj tiﬁiﬁi" Intensity from the

4. PERFORMANCE OF BRICK TRACKW AYS
Experiments I, II, & III. ’

4.1.1. The trackways were opened .
January 1941. Whithin a few days there wazrh:;:ﬁw on the 1dth
in & few hours) and the subgrade under thege tzi,gli‘ln (2} inches
water logged. Ways became

4.1.2. The brick trackways (Experi .
treated with bitumen or tar, fuil};d ((zomglet;nl;n;xglgo;hw? were not,
were also crushed. The portions of Sections I and IIe 1? the brioke
tar (both grouted, and half dipped in tar) stood wel] ;‘?-:ted with
subsidence presumably due to the water-tightness of the i 01. hout any
portions similarly treated with bitumen failed in Joints. The

. 4 Places due to t
rain water seeping through some of the joints whi he
watertight. ! which were not

4.1.3. Traffic was suspended after 5
tracks. The total traffic that passed o
period was 8585 tons,

¥ days for relayi
ying the
ver the trackways il?thiﬂ

4.2.1. The portions of the trackwavy ; .
and .the enti_re lepgth of experiment )i\?ofnlﬁxlﬁal,mﬁms 1 and 11
subsidence were removed and relaid to the origin lf h&d' sho_wn
after recompacting th'e subgrade and improvin t% nal specification
defective. In Experiment No, III wh g the drainage, where

crushed, these were replaced by sounedm m?clie h:;ilegr‘h:d }) o
icks from
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Shahdara rejecting the soft and unsound bricks from Okhla. The
work was completed in four days and the traflic was allowed again
from the morning of the 24th Febhraary 1941.

4.2.2, After traffic had used the trackways for about ten days
(total traffic 14050 tons) it was noticed that the grout in the joints
in Experiment No. 1 had gone down by half aninch toone inch. The
joints were ve-topped with bitnmen to the surface. The performance of
the trackways continued to be satisfactory till 6. 11 41. with a
total traffic count of 3,535,000 tons. Further modifications in the
specifications were made inthe tracks tostudy relative performance
of different methods of maintenance, The speeial tests are detail-
ed in 4.3 below.

4.3. Special tests on brick trackways

4.3.1. Special test on Section I [i- (b)- Brick-on-edge Herring-
bone bond, joints grouted with hitumen).

In this section the surface of the trackways was sound after
3,55,000 tons of traffic but it was a little rough. Some of the bricks
had also been crushed. Half of this section was given a paint coat
with chips and the other half a light premix coat, screeded off with
a straight edge. The purpose of the premix was only to fill the
depressions and the joints, thus bringing the surface to the original
level, with the bricks practically uncovered as before. This gave
a smooth riding surface and secured good hond between the bricks
and the paint coat, and the bricks and the premix. The section
was dismantled in March 1942 after the purpose of the test had
been accomplished.

4.3.2. Experiment No. II (Bricks half-dipped in binder)

After a total traffic of 14,050 tons it was noticed by the
first week of March 1941 that the joints were wide and bricks were
loosely held without sufficient contact with the adjacent bricks.
Also, the bricks wore acting individually under the wheels and some
bricks were also getting ciushed. Blinding with Jamuna sand to &
thickness of half to 1 in. was done. The sanl worked into the joints
and the bricks got well packed. Thereafter the performance was sa-
tisfactory till the trackways were dismantled.

4.3.3. Experiment III: Dry brick trackways

 As in the case of Experiment I1. by Mirch 1941, after a traffic
of 14050 tons had passed over, the joints werc wide and the bricks
were loose and acting individually under the wheels with some
bricks getting broken. Road-side earth to a thickness of & to lin.
was spread over the whole section after the broken bricks had been
replaced. The earth gradually worked its way into the joints and

19
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made them tight. Further cryspy;

“ds . : ng of the brick : iced.
After 51 days of taffic with a total of 7061} t,o(xt\s the fwff .‘ffftﬁi?éi
trackways were as goor} as. those {n Experimonté 1 ’mngL[; AN o

316 E

A further test was made in th :
. N e dry bricks t i
nen tt 1) Mbt_h“;) stage.  Half of each sub-sectionract:(svg;g . ,(g]x‘,"ﬁf:e
jounts were brushed ont. The surface wag painted wi hmh ‘mini.
mam quantity of tar necessary to provide o ski d with t e.m.ml:
This was done on 22.5.41 after's m of tarred brick.

} tota] t .
passed over the sarface. The quantities ;?tﬁr‘(‘}"(:\fs:é:;i:f?: tons ha

Experiment 177 (a)
(1) Left side S
(it) Right side 21.7 1bs. per 100 sq. ft.

17.5 1bs. per 100 8q. ft.
~Note: Joints were raked anq kept deep !

Herring.bone bong

Experiment [1] () UHeader 4 St

(1) Left side
(ii) Right side — 18 Ibs. per 100 sq. ft.

11.6 1bs. per 100 ft:
Note : Joints were brushed and not, rak P 8q. t;

ed.
After two months (total traffic 9
difference in wear and tear of the 34,150 tons

retcher bond

——

; trackw. ) no appreciable
did not penetrate into the joints and a.dh:g: 't:&? noticeable, Tar
at the joints and was pealing off. em. Tt had caked
By 7-11-41 a total traffic of 3,55 300+ ‘
trackways without any noticeable de,fect,. °§:\¥:}i l?ggﬂed over these
discontinued. Servation was

434, General Conclusions

- The experiments on hrick trackways led to th Sl
ral conclusions:— e followigg gore:
(i) The behaviour of the dry brick trackways (after the o .

tial failare owing to heavy rain) was e};cgur:;i;he}nﬁ
showed that in places, where there is no risk of igx;aév
rainfall coinciding with a concentration of trafle, the

hrick trackways could he advantﬂ,geous]y used in pmer
gencies, ' er.

(i) Herring-bone bond gave a smoother rig;
the Header & Stretcher bond, though bo;l}llgg::;rf“»cﬁ_thtm
tory resalts. ® satisfae.

(iti) It is advantageous to blind the tracks oooga: e
sand or side-earth. This fills the iointac::i;)?{any with
trackways compaet, ' oeps the

\
4
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(iv) A paint coat with chips or a tight premix can be used for
restoring the even surface when the trackways become

uneven.
5. PERFORMANCE OF CONCRETE TRACKWAYS

Experiments 1V to VIL .-
" 5.1. The behaviour of all the experimental sections of concrete
trackways was very similar.

5.2. Within a month of opening to tratlic (tutal trafiic 50,009
tons) the 4-in. sections (Experiment 1V—(ii)) had cracked badly as
also brick-bonded brick ballast cement concrete with SPG?“{’J 9“’1’?“
ca) bricks (Experiment VII). Other sections had been giving satis-
factory performance.

5.3. After 90 days when a total tmﬁicj of 1,40,‘;{0.(.) t;ong 1\17‘)1,(%
passed over, all sections had cracked. Scctions l"(uj) and ;
referred to i,n 5.2 which had cracked w ithin « 11{101}th \lw (1? dsp(,;;m. y
bad, The * rail action” at the joints was also very ‘nu;xue w“;?:cz
lorry or a bus passed over them. The riding quality of the s
was, however, satisfactory.

e ; ; or  six the all the concrete
" 5.4, After a period of over sIX mon : 2
sectigns had very bgdly cracked but the riding surffaiel nc%gf;nt\;zc:
to be satisfactory, and this continued till a traffic o bl A20 toe
had passed over in a total period of about lUv wmont ourther
observations were not,made and the sections were consider
have failed and fit for removal.

that the brick-bonded brick

18 T {usiou s 4 1
(. 2:6. The general cono last cement concrete 4in. thick

ballagt cement concrete or brick bal :
will not be satisfactory for the trackways. :
6. COST. -

The cogt iaar running foot of trackways (¢W0 lines) are given in
Appendix I against each specification.
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APPENDIX I
Experimental Trackways Delhi-Meerut Road (1941.)
Specifications and Costs of Experiments,

. C
Experi- Specificati rt(l)fltnilr)ler
ment No. pocilications foot(pegod

1940-41)
I Brick-on-edge'laid with 1” joints; the joint Rs. 4.
sanded  to within 3” of the top and then
grouted with as much as they would take of
(i) (a) Tar No. 2~50 ft. length | Herring- 1 8
(b) Bitumen -50ft }bone-bond 1 7
(i) (a) 'l‘e.u' No. 2-25 ft. Headerand 1 7
(b} Bitumen -25 ft. ' Stretcherbond 1 ¢
{I. Brick-on-edge laid with bricks half dipped in
(1) (a) Tar No. 2 -50 ft. length Herring-
(b) Bitumen -50 ft. ' } boer::nll)%nd } 18
(ii) (a) Tar No. 225 ft. Header and
3 s b} l
_ (b) Bitumen —25 ft. Stretcherbond 1 Z
III. Dry brick-on-edge trackways without any grouting
(a) 60 ft. length, Herring bone bond. 7 1 0
(b) 50 ft. length, Header and Stretcher bond, 015
1V. Cement concrete trackways, with brick

ballast (1" gnage) Badarpur sand and cement
in the proportion of 4: 2: 1; laid in 25-foot
strips, width of each joint %", with pre-cast
bituminous joint filler,

(i) (a) 6 in. thick with cantilever end rein-
forcement, 76 ft. length.

50 ft. with selected blue ballast 2 10
25 ft. with assorted ballast

29
(b) 8 in. thick without i
o ehidy any reinforcement,
50 ft. with selected blue ballast 2 8
25 ft. with assorted ballast 2 7

Experi-
ment No,

VI.

VII.

Cost per
running
foot (period
1940-41)

Rs. a.
(ii) (a) 4 in. thick with cantilever end rein-
forcement, 75 ft. Jength.
75 ft. with selected blue ballast 2

Specifications

o

(b) 4 in. thick without any reinforcement
75ft. length.
76 ft. with selected blue ballast 2 0

Brick-bonded brick ballast cement con-
crete with flat bricks bonded with brick
ballast cement concrete 4: 2: 1.

(a) 6 in thick with cantilever end rein-
forcement ; 50 ft. length,

95 ft. with selected blue ballast

25 ft. with assorted ballast

Lo D

(b) 6 in. thick without any reinforcement,
50 ft. length.
25 ft. with selected blue ballast 2 7
25 ft. with assorted ballast
Brick-bonded brick ballast cement con-

orete with bricks on edge bonded with brick
ballast cement conrete 4 : 2 : 1.

(R
-3

(a) 6} in. thick with cantilever end rein.
forcement, 50 ft. length.
25 ft. with selected blue ballast
26 ft. with assorted ballast.

(b) 8% in. thick without any rcinforcement,
50 ft. length.
25 ft. with selected blue ballast
25 ft, with assorted ballast

' Brick-bonded brick ballast cement conorete
with specially burnt semi-elliptical bricks
with brick ballast cement conorete 4:2:1.

(a) 6 in. thick with oantilever end rein-
forcement, 50 ft. length.

25 ft. with selected blue ballast 2 138

N
s
o D

8 N
Q
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Ii-‘.‘Jt:‘}Seri- Specificati iy
b pecifications ¢ ,
‘ment No.|* ootp
o e
o 25 ft. with assorted ballast (- 2 18
(b) 6 in. thick ‘without any reinforcement,
50 ft. length.
25 ft. with selected blue ballast o 2 11
211

25 ft. with assorted ballast

ents Nos, IV to VII, part of each experimental
th selected blue ° Jhama ® brick ballast and
ck ballast, i e. brick ballast from which only
rnt material had been eliminated,

Note. 1. In experims
length was done Wit/
part with assorted bri
honey- combed or under-bu

,. 9. Costper running foot_includes Rs —/4/~ for providin

N c;t% ',rzla,yer of réar‘ah and consolidating it at optimum moisture cons

foot rammers, sheeps foot roller drawn by a

tent with sheeps ¢ S
o stor and Enished with a 4-ton roller, digging side trenches

and dressing.

e
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2 EXPERIMENTS ON CONCRETE TRACKWAYS
R ON BLACK COTTON SOIL . C

e e SYNOPSIS

This note describes the oxperiments on  Concrete Trackways on black
cotton soil. Thirtoen difforent specifications are being tried-noar Nagpur since
Augnst 1947.  Only specifications and construction details are civen hore, Per-
formance records will bo publislied in subsequent ixsnos.

1. OBJECT OF EXPERIMENTS

The Nagpur Conference of Chief Engineers recommended that
concrete trackways for District roads and Village roads “might
be cansidered - where maintenance was a problem or apt to be
neglected”. Such trackways have heen tried on ordinary good
soil and information on their performance on such soil is avail-
able but they have not so far becn tried on Black Cotton Soil.
In order to investigate the behaviour of cement concrete track-
ways on Black Cotton Soil experiments are being carried out in
the Clontral Provinces near Nagpur. . ) :

2. SITE:—fThe Nagpur-Katol road was selected and experi-
mental trackways were laid over half a mile between miles 5/5
and 6/2. -

3. SPECIFICATIONS :(—It was decided to try fourteen

different specifications of varying thickness, subgrades, founda- -
tions and joint supports. The details of these specifications are

giveh below :

Ex/ﬁériment lSketch ' IS Length
: ' at ~eng
No. } No. Specification in fout
1 IV-A Trackways in moorum embankment ~ =~
one ft. high without sleepers. Slah '
* . bin thick. 210
2 IV-A ~do- —do- but slab 6 in. thick. 210
8 . v Trackwaysin moorum embankment:

1 ft. 6 in. high with cement con- .
crete sleepers under joints. Slab - .
_5 in. thick. - 210 -

4 IV -do- -do- but slab 6" thick - Z10-

5 11T  Trackways on moorum subgrade =~~~
SR + 1 ft. 3in, compacted by sheeps- - Not
TR foot: rammers, natural soil below carried

moorum bed treated with sand piles - out, . -
4 in. dia. 3 to 4 ft. deep at 12t0 15
inches centres, slab 6 in. thick.
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s ~ ength
E"P&""m"m’ Sl{:‘:’ch'\ Specification Ii‘n!;got
o. .
U NU SESSNPES e IS
3 1 O centres, with c. c¢.
’ 1 sleepers under joints and slab B in. .’
thick. 5
7 [1-A Trackways on houlder soling hand-
: packed with c. c. sleepers under
joints. Slab & in. thick. 210
s 11-A -do~ _do- but Slab 8" thiok. 210
i i ithout
As in experiment 7 but Wi
Y = sleepers, Slab 8 in. thiok. £10
i ~do~ —do~ but slab B in. thick. 210
t bgrade
¢ on moorum 8ubgr
i 1-A 'fmf(;’l:xwg )lfn. thick comp:.wted by
sheeps-foot rammers with o. .
gleepers under joints, slab 4 in.
thick. 210
2 1-Aa —-do- ~do~but slab 6 in, thick, 210
1 -
As in experiment 11 but without )
13 ! sleepers. Slab & in. thick. 210
14 I ~do- -do- but slab 6 in. thick. 210

Due to exigencies of the site experiment No. 5 could not he
1aid out according to specifications.

Detailed cross sections of the above expervimental seotion as
aotually constructed are shown in Plates I and II.

4. SUBGRAI_)E :—The existing road has a W, B. M. surface
with a 21 ft.formation and 14 ft. metalled width. The subgrade for
the trackways Was.la-')d by the side of the existing road. [t
was consolidated V(;’lﬁh'T;: h&nd}-roller in6 in. to 9 in. layers and
thoroughly watered. is job was completed 1 ; P
raonsoon and Opened to traffic. P 1 hefore the 1944

Under the effects of the monsoon and ¢y
sottled down. The formation level wag bl'mflgf?

grade and camber by filling low plac i
dating with hand rommers. § oW places with moory

¢ the subgrade
up to required
m and consoli-

\ .7 V
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5. LAYING THE TRACKWAYS

3.1. Two parallel trenches, each 2 ft. 6 in. wide, and spaced 4
ft. 61in. centre to centre were exeavated to a depth half inch less
than the slab thickness specified for experiments 13 and 14 (420 ft.
length).  For subsequent lengths the centre to centre distance was
reduced from 4 ft. 6 in. to 4 ft. 9 in. in order to conform to the
distance (centre to centre) hetweert wheels ot carts usually plying
on the road.

The trenches were watered and thoroughly compacted with
sheeps-foot rammers hefore faying the conerete.

5.2. Insulation Layers.— An insulation layver of sand was
Inid on the compaeted subgrade on experiments 12,13, and 14
On the remaining lengths slabs were laid direct on the subgrade.

5.8. For experiments 13 and 14 the sltabs were laid 4 £, G in.
centre to centre, Over the remaining lengths they were laid 4 ft,
centre to contre,

Plates T11 to IX give the plans and cross sections of the track-
ways, date of laying enchbay, gnantity of cement used in each bay
and the maximum and mininuan temperatures prevading during
the construction period.

6 C. G SLABS
6.1. Materials:
6.1.1. Cement. “Swastika’ hraud cement was nsed.

6.1.2. Fine Aggregate. River-sand from the Kanhan river
(13 miles lead) was used. This sand is coarse, hard
and very cleaun.

6.1.3. Coarse Aggregate. Luval hroken trap-stone aggregate
(Boregaon Quarry. lead 2 miles) was nsed.  Sieve tests
and void tests for 1! in. size, 7 in, size and various
mixtures of the {wa sizes are given (vide tables T to
Iv).

6.2. Proportions.— It has heen found from experience of
conerete works in Nagpur that o very dense conerete results from
a mixture of 409 1} in. size and 60 ", § in. size metal. This is
horne aut by void tests also (Tahle T

The proportions specified were 1: 2 : 4. Each batch was there-
fore formed by mixing one bag (1.25 ¢. ft.) of cement, 24 c. ft. sand,
3¢ ft 3 in. gize aggregate and 2 c. ft. 1§ in. size aggregate.

6.3. Water-cement Ratio.— 34 to 6% gallons water was
used per bag of cement,
20
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6.4. Mixing.—All materials w :
wooden hoxes on to a portable plgﬁmﬁf’““%ﬁ? moasured by
thoroughly by hand, first dry and then wet after gddivrvlzr(:varg: e

6.5. Concreting.— Conocrete wag
‘ : — 1 é oure : .
forins, punned into position, sliced againsf? the fgrn?:tvtveen glml.)m
a wooden tamper and finished with wooden floa,t, %mpe( with
removed after 24 hours, o TOTms were

6.6. Joints.— Positions of joints are sho
I1. Slab lengths of 15 ft., 20 ft., and 80 ft. were acviv(:lp(t)gd.plates Fand

Ordinary joints were cleaned and filled with molten bitumen
and fine dry sand.

Expansion joints at 60 ft. or 65 ft. intervals were made with a
pre-moulded filler

6.7. Curing — Sla.bs‘in experiments 13 and 14 and some slabs
in experiments 11 and 12 (vide plates VIIT and IX) were cured with
a patent compound (‘“True Cure”) app}ied with a hand brush at 142
sq. ft. per gallon (Manufacturer’s Specification 200 sq. ft.per gallon
applied with aspray pump). Remaining portions were cured with
water by ‘ponding’ for about 14 days :

7. COMPLETION.— The work was completed in Julv 1047
and opened to traffic in August 1947, pletedin July 1947

8. COSTS.— The total cost of the experiment
Re. 20,808/-. Cost fignres and wunit costq Wi]lp he efl(lnfndw?s
Appendix — 1

9. TRAFFIC.— Traffic data will be found in Appendix — I

10. GENERAL.— The provincial P. W. D. has heen re
s . D. has testo
+o maintain and supply records of actual trafie intensities, Pe(l%i:)?isit;::ll
maintenance charges, and the performance of the trackwayvs. These
will be published in this journal from time to time. ' '
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TABLE No. 1

Sieve Analysis of aggregates of Experimental Trackways
Dated 19th May 1947.

Passed |Retained
. on gize
sieve ‘ of sieve

wize

Weight T.t | —
in Percentage oty N
tolas g Percentage. Remarks.

2 in.
L) in.
1 in.
4 in.

2 i
1 in.
in.

3 in.

% in. 8/16m. 1" 101

2 in.
14 in.
1 in.
#in.
Sin.

1 in.
39

i in.
2 in.

3/16 in.

2 1in.
L
11 in.
I in.
3 in.
2 in

304
315
27

5

1556
443
230

23

17
190
349
372
337

1} in. metal

46.7 16.7

B3V
0.9 100.0
28T
+ 600
8.37

Fineness modulus 8,37

¢ in. metal

18.2 ,
52.0 f 70.20
27.07 47.27
2.73 100.00
267.47

+ 500
7.67

Fineness modulus 7.67

Mixed aggregates 40% 1! in. and 60% 3 in.

1.24 1.24
13.91 15.15

25.47 "
97.93 67.85
24.67 92.52
7.4% 100.00
276.76

+ 500
7.76

Fineness modulus 7.76
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TABLE No. II

Sieve Analysis of aggregates of Experimeatal Trackways

Dated 22nd May 1947

Passed
sieve size

2//
1
13
’ 1
bl

4
an

1y
{N

an

4
o

‘“ "
3/16" (3")

o
1 .'r”
i

an

an

"
3/16" (§")

Voids 47 ¢

i Total
fftzlilcls(; delht P(:::(n percen- | Remarks
size in tolas e tage
1.7 metal
9 _ _ .
14" 216 21-90 21-90
17 510 51-:67 91.30
had 175 17-73
i 81 8-50 99-80
3/16" (") 2 0-20 100-00
Tos7 31300
T 500-00
8.13
Fineness modulus 8-14
4 metal
" 127 12-2 554
l 450 43-9 7540
Yo 365 35-06 090-46
.}/uﬁ;u (!u) 79 760 ()806
T 20 194 100-00
L _ 10000
1041 34392
400-00
7-43

Fineness modulus 74

Mixed aggregates 40% 11" and 607 3"

2!/

lé"
1"
:}”
n

3167 (1)

1/811

17 1-06 106
121 754 360
157 28-50 "
A71 93-37 66-47
406 2532 9179
100 623 9802

31 1-08 100-00
1603 36594
400-00

765

Fineness modulus 765

ox%
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TABLE No. I11

Voids Tests of aggregates of
Experimental Trackways

Dated Ist June 1947

14" metal 529, voids

, 489 voids

Mixed 409, 15"
60% j;!r

Y2
bl
50% voids
Void tests carrted out on 3rd June 1947

Voids 48,69

Mixed 85% 3
45% 147

Mixed 35,27 l;‘ff} Voids 50.57,
Mixed gg// li’,’, Voids 50.079

Voids tests carricd out on dth June 1947

609
407, 13
33;/‘; li,"} Voids 50.6¢,

Voids 48,49,

329
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TABLE No. IV

Sieve Analysis of Aggregates of Experimental Trackways

Dated 28th May 1947

.Passe.(i Ret:;l}“ed Weight Porcenta Total |
sieve sizol . o isel i tolas g percentage Kemarks
13" metal o
—_ 21! ) —_— — .
9 13" 280 24.47 24
13" 1" 730 63.81 47
1" g7 105 9.17 97.45
an B 29 2.55 100.00
221.92
+ 600
8.21
Fineness modulvs 8,21
1" metal
13" 1 107 5.78 49.17
1" 402 40.39
an 3 538 4417 493.34
ar 3167 (+y 74 5.07 9941
3/18" (3") No. 7(4") 7 0.54 100.60
341,92
+ 400
' 7.41
Finencss modulug 741
Mixed aggregates 40", 13" and 60
“ R
— 2" — —
9 13" 142 9.00) 0 ¢
14" 1" 4585 9904 .00
I i 63 35.70 73.74
3 7 349 22.13 5
g 3/16” (4) a0 3.74 0387
306" No.7(i") ¢ 0.3 10000
375.22
+ 400
7.78

Voids 487, Finenegs modulug 7,75

\\4__ "
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APPENDIX T~ &7 7757
Cost of Nagpur-atol Road Experiments.
' !
Exp.ISketch : : I Length | Cost per
No. | No Speelﬁqavtlons in feet | 100 sft.
S Rupees
1 IV-A Trackways in moorum embankment
one ft. high without sleepers sialy
5 in thick 210 159
2  1IVA —-do— —ediy— but slab
6" thick 210 172
3 IV Trackwayvs in moorum embankment
1 ft 6 in. hizh with cement con-
crete sleepers under joints, slah
5 in. thick. 210 186
4 1V —do—- —~do— hut slab e
‘ 6" thick. 216 1)
5 III Trackways on moorumsubgrade 1ft.
% in. compacted by sheeps.foot Not
ramners, nataral soil helow moo- carried
rum bed treated with sand piles oat
4" dia. 3 to 4 ft. deep at 12 to 15
inches centres, slab 6 in thick.
6 TII —-do— centres., with ¢ c.
sleepers under joints and slah
A in. thick, 60 215
7T I1-A  Trackways on houlder soling haud-
packed with c.e. sleepers under
joints, slab 5 in. thick 210 203
8 II.A —do—  —do— but slab 6"
thick. 210 216
9 11 As in experiment 7 but without
sleepers, alab 8 in. thick. 210 215
10 711 —do— —do but slab 5”
thick. 210 201
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Exp.[Sketch OIS Lengt i
No.| No. Specifications ir?l;ggltl ?(?(s)tslf):’
: Rupees
11 I.A  Trackways on moorum subgrade
1ft. 6 in, thick compacted by
sheep-foot rammers with c. c.
slqepers under joints, slab 5 in.
thick. 210 190
12 I.A  —do— —do— but glah
6” in. thick, 210 193
13 I As in experiment 11, but without
sleepers—slab § in. thick.
(Curing by “True Cure ) 210 184
14 I —do—  —do-— but slab
6 in. thick, 210 197

- = ) ,'!
< /.\“ .
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APPENDIX 1
Cost of Nagpur-Katol Road Experiments

Serial

No,

%3S e W

9
10
11
12
13
14
15
16
16 (a)
17

18
19

20

21

P

23

Rate  Per

3
I

Cost

Ttems ‘ Quantity
Rupees

Excavation in hard soil 66817 cft. 18 00 <9 1204
Benching out in  natural

ground 15750 eft. 0O 80 ¢ 58
Earth consolidation 62740 cft 3 40 9 2041
Moorum collection 45800 cft. 7 14 0 % 3609
Moorum consolidation 44340 cft. 3 4 0 < 1440
Cement concrete 1:2:4 4907 cft. 100 0 0 % 4907
Form work for C.C 5115 sft 0 30 sft. 959

Preparation of subgrade 10560 sft. O 0 6 sft. 330
Rubble and stone collection 4400 cft. 24 G 6 % 1056

~do- -do-consolidation 4400 cft. & 00 9 220
C C. Sleepers 56 cft. 100 0 0 < 56
Sand piles 240 cft. O 8 Oeach 120
Expansion joints —~ LS. 200
True cure treatment — LS. 100
Carriage of cement 1117 eft. 16 3 0 % 181
Carting metal 5000 cft. 5 23 <9 258
" sand 2500 cft. 47 86 9o 1188
Carriage of metal etc, du-
ring consolidation 50 carts 3 2 0each 156
Carriage of water 100 carts 3 20 ,, 313
Chowkidar during construc-
tion — — LS. 200
Sign boards for experiment
giving particulars e -— L.S. 200
Uprooting trees 80 Nos. 2 00 each 160
Chowkidars for directing
traffic 12 months 256 0 0 month 300
Huts for chowkidars LS. LS 100
Rs. 19356
Contigencies 59, ... 968
Work establishment 219, ... 484

GRAND TOTAL Rs. ... 20808
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APPENDIX 11

Statemient showing traffic for 24 hours on 17th, 18th

and 19th
June 1946 on Nagpur-Katol Roud at mije 2

Day —_ 7T AM to7P.M.
Night —_ 7TP.M. to 7 AM.

Date Traffic in tons per day Remarks

17-6.46 808:27 tons It rained till 9 a.m.

18-6-46 83863 , . Bazar day,

19-6.46 1058-24

i3}

—

Total 270514 tons

< Average traflic per day for 14 ft. width 90171 tons
say 900 tons per duy.

Deduct 25 per cent for quarry traffic passing
the counting post but not using the track-

ways .-+ 225 tons per day

- 675 tons per day

—— —

Nett traffic on trackways

',I‘/‘w *
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Track type troctors are suitable for work ap to 1,000 {t. lond b“t’l
when the Tead exvecds 500 f1 they hecome Toss cronomical rhit
wheel type tractors. Track type tractors can work in abl sorts “.
goils varying from faialy wet soils to solft rock, Thev may. however
get hogged in very wer and soft soils, ’ .

5.0 Where Torge guantities of earth having leads longer that
500 ft. arce involved, it is desirable 1o go o for :l,.““” of wheel type
tractors with RCTHpets Ataelicd i the siome woyv as for traek t):lw
tractors or motorised scrapers with the N(‘[,Il)[']";l“(l tractor forming
one machine, provided the soil where they are 1o work is not =0
or wet. °

Photo. No. 2. Wheel Type Tractor.

TRACTOR ATTACHMENTS

6. (1) Dozers are economical for enrth work involviug lift up
to about 4ft. and lead up to abont 150 ft. They arve also very usetul
for clearing jungle and 11p;'()(y1.|ng trees. For leads greater than 1501t
and lifts higher than 4t it s generally cconomieal to use SCTAPCTS,

(2)  Dozersare of two main types, straight dozers and anele

u N e R . Ve PRI ’ ) 2
dozers. Anglc d.nu rs have a genernl utility and are as a rule to be
preferred to straight dozers but the straight dozers have an advan-
tage over angle dozers where the nature of work is very hard, o, o
. N - . . * . o ot
uprooting of very big trees or (lls!m'ntmg big houl Wking
roads on hll!m.(l(*s argle dozers ave essential, as o
ed from one side to other which straieht,

. N =

can only push the carth forward,

ders. For making
arth has to he mov-
dozers eannot do, as they

Eavra - Movixe MACHINERY 347

Photo, No. 3. Dozei with Tractor,

. 7.5 Scrapers arve carth-moving machinery. capable of digging,
loading, hauling, dumping, and sprowding et The cutting and

spreading depths can be controlled within certan fimiis. They are
designed to make shallow cuts and spread cairth in thin layers.

(2) Serapers can he used to hanl breken rock and other
difficult material but they are more economical for light and medi-
um soils relatively free from heavy roots and boulders. They can
also be used [or moving send hat it is difticult to fill them comple-
tely in case of Toose, and dry sand.  Thws, In very dry and loose
sandy soils, their efficiency is reduced.

8. Rippers. Stiff ciay, soft vock, or other hard xoils, should
be l'm).\'vncd by means of rippers before moving of carth with either
dozmg equipmvnt or serapers 18 :Ltt(\lnptvd.

AUXILIARIES

2o Graders.  When the ground 1s uneven, it is often desirable
first to grade the surface with motor graders hefore nsing serapers,
as this feads to wreater cflicieney.
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PLANT, MACHINERY AND APPARATUS SECTION
Technical Note No. 3
SoME Types OF EARTH-MOVING MACHINERY FOR Roaps

atively short leads are concerned, there are two

Where compar
~-moving machinery, namely,

meain categories of earth
(1) dragline excavators and shovels, and
(2) tractors with various forms of auxiliary equipment.
avators are cficient and economical where a
ntrated work is to be done and where the

Ordinarily, these are not svitable for road
work required per foot length of a

2. Dragline exc
large quantity of conce
maximum lead is small.
work as the quantity of earth
road is relatively small.

3. Tractors with attachments like dozers or scrapers are more
versatile and are better suited for road work as they are more
awbile and can economically handle work where the cross seetion
of the earthwork is relatively small.

TRACTORS

4 Tractors themselves can be divided into two eategories,

namely,
(1) track type, and
(2) wheel type.

Photo. No. L Track Type Tractor.
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Track type tractors ave suitable for w
when the lead excecds SO0 fhen beconge T ceanomical  than
wheel tvpe trnctors.  Track LV pe traetors can work in all xorts of
soils varying from fairly wet solls to soft roek. They may, however,
get hbogged in very wet and soft s0ifs,

ork up to 1,000 {t. (end but,

5. Where lapge quantities of eayth L
500 ft. are involved, it is desirable to goin
tractors with serapers ot tachod in 4}
tractors or motorised RCraper
one machine, provided the
or wet,

aving leads longer than
for a it of wheel type
L Same way as for {paek type
s with the scraper and tractor forming
soll wheve they are to work s not soft

Photo, No, 2.

Wheel Type Tractor,

TRACTOR ATTACHMENTS

6. (1) Dozers are economica)
to about 4ft. and lead up to about 150 1 They
for clearing jungle and Uprooting trecs, i, fead
and lifts higher than 4ft._ it is generally ceong

(2} Dozers are of two m
dozers. Angle dozers have a general utility and ape
preferred to straight dozers It th
tage over angle dozers wher

for eurth wark involving lift up

are also very useful
s greater than 15011,
mieal to uge serapers,
amtypes, straight dogers and angle
as a rule to e
e straight dozers have gy advay.
. : ¢ the nature of Work is very hard C. o
uprooting of very hig {vces op (Iislomting big houlders,” For m"'l'.il;ﬂu.'
roads on hillsides » rete dozers are essenﬁzd,‘hs carth has to 4o (‘n:n\:

ed from one side to other which straight dozers cannot do, as they
can only push the earth forwapd, .

Eawrn Movineg Macmisppey 3475

Tk

KL

Phaoto, Nos 4. Dores with Teactar

LT

- L s G 1rerl
3 Scrapers e carth-moving mochmery . eapable of diguing,
Toadiy,

g . il s coth, The cutting and
g budding, duwmping, and sl H'[s ‘notimits. Thev are
Spreadipe depths can be conteolled wiilim cer . ’” 'xl , Vers.

s - s " . SN thil paVers.
estened 1o muhe shallow cais and speead eardh

< L)
(2) Sevapers ean be ased 1o h:ml-hmlﬂg.-x‘\ lr«r\]vi\’,\n((ll S}L}:{Llr
(viiﬂi(‘,HH mateeiad hut they ape more econom. el o !‘.‘;‘ 11 :j\‘ll\ e
Um soils relativelv froe f'("nm vy roocs -}’”'l h““}'-l:\‘h‘} : "-311} )ie.
Also be used for n;mv;n:.: send hat it is didlienh to “.”. ‘11»'\},-).1(,4 13088
tely in case of looseaud dey sand, Thus, i very ey

Sandy soils, theiy efficiency is reduced,

- feard soils, should
S Rim)er% Sttt el soft voek, or other head }.\Ull;ilb(} her
: - . : i Cearth with e
he foosened by means of vippers before m-ll\. it of eart
Qozing eqnipment or serapers is attermpted.

AUXILIARIES
: . ten desirable
Yo Graders. When the sround is uney e ! JS‘&;{;“(}:"‘ serapers,
, : S. ‘ < hefore nsing sevs E
first t, prade the surface with motor graders befor

W this leads o vreater efficiency
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OPERATION OF DOZERS AND SCRAPERS

10. Both dozers and scrapers are operated cither hydraulically
or by means of cables. Tn the case of eable operated serapers, it is
esgential to have a double drum power control unit, In the case of
dozers, though they reguire o single denm power control unit, it
is best to have o double drim power control unit for these also. In
this case the same unit can he used for both scraper and dozer
attachments. Also a tractor with a double dram  power control

Photo. Nu. . Scraper with T'rack Type ‘I'ractor.

unit can have a dozer attached to it in front while it is operating a
ripper or hauling another tractor at the back. In the case of
hydraulically operated dozers or scrapers, the hydraulic
equipment is supplied together with these items and if, is not
necessary to provide any separate power control unit.

11. Hydraulic operated dozers and serapers are better for
very hard material where a great deal of foree iy required in giving
a cut but, under normal conditions, cable operated dozers and
scrapers are preferable, as they are casior to maintain,  Some
engineers prefer to have cable operated scrapers at the baok and
hydraulic operated dozers at the front of all thejr tractors, This
has certain advantages, particularly ag , dozer can remain
attached to a tractor while it is operating a scraper.

HORSE POWER

12.  For earth work in ordinary soil, tractors having horse
power as low as 50 or lower can be usod but jt 18 gonerally
economical to provide tractors of much greator horse power oxcept

2
EARTH-MOVING MACHINERY 240

. - ‘ing the life
where the quantities of carth work tol be Lem]o\ c;tl dwr n;g ttl: Llot
i ractor arc 1clatively small at each site and 1t 1s
{ime of the tractor arc ¢l 3 cacl and, ot
considered desirable to lock up a large capital outlay in higg
wmachines.

Photo. Ni. 5. Motorised Scraper.

WORKS ORGANISATION
i 1 ' fr to 10
13. Tractors shounld be worked 1n u.mtls oiialtilgqgce -
trwctorls cac‘h as this results 1n econcruu:i }:?\('e tenane e
- N ' it B e S
isi iy, 10 tion, necessar) td work.
amervision. It is, in additi . ot e
bﬁpcr\\\}ibtl;il cach unit to enable running Ie])du.\‘c‘ics)ql)v t(; ried oat
:mo}b)}w spot and without delay. It is u‘lb()fliltltlc\hi(nés o st
adequate quantity of sparex of all types o
of the well-known types of
track type tractors and
I motorised scrapers.

stails of some

14. I[mportant detal 5 o

tractors are given in Appendn\” I—t 1:1 N
Appendix I for wheel type tractor

i : ive details of units of fnra,ck
SRR Lty ::':c:or;(si (l:z,ns%é‘(;red economical. ”Itl lwﬂlarll)g
Clagrior Whee] tyP§ (of both these units, motor gm; c)rsi Jnd
ot ovorlcsh th? C:m?rovided and that in the cage. of w:;isledyli)n
?:Jgtgzs(')rk:l}qlgf;s;ggtI"ollors and pusher dozers are pro
addition. | | N
16. Motor graders are useful toq .leiflz‘l]lglr:i; t inl()l(‘ %Zﬁfnpd’%
hoth tl‘le ground to be dug and the emban
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while pusher dozers ars requived to help the wheel type tractors
and serapers o nesion serapers indigeing and loading  as in
both of them ihe drow-bar-pull is generally not sufficieni for tlis
parpose,

17 Details of ficld workshops are given in Appendix V.
IS, Appendices VIand VIt

give iy evage hourty working expel-
ses under the present div condil;

onsc inciuding repairs and deprecia-
tion of teaciors with dozers sl serapers respeetively, 11 will be
seen from these calculations tha e Hfe of tractors has heen assu-
med as 10,000 working howrs, This s the fif to be expected from
tractors which arc well tooked wter. The fife may be less or more
depending upon the sw.onunt of cape devoted to their maintenance.

Plhoto. No. 6, Ripper.

RATES

190 1o is difficult to work out, rivtes of
pend upon the natuye of soily lead, it
amount of care given o taintenance,
that under the present-day

carth work ag these de-
cllicieney of operators, and

His, however, considered
conditions, the rate for carth work in
medium soils done hy heavy track type bactors will work out  to
about Rs. 15 per 1,000 ¢ 1 for work up Lo 150 11 fead. j. . work
saitable for dozers and ahout Rs. 20 per L1000 ettt for work in-
volving leads up o 500 {1 i ¢ waork saitable for NCFAPCIS,

FarTi-Moving Macmiveny 351

20, With wheel type tractors or motor serapers, it would pro-

= . : swork in Rso 20 per 1,000 ¢t up to

biy be possible to do the work ] _ ; c ;

]:"(z)l(k))li\'t tl‘( n]:;)“ These rates ave incinsive of repairs, intevest and
i . K - v G S N 2 o
depreciation of the machinery used. but issume 'h‘“_ the operators
-u-g ,Q(,.l;,\,,,‘},]‘v ctficient and  thot the machinery is well looked
after,

21, These Agures are very o pproximate and shonld not be
taken as anvthing more than a very rough guide,

i ‘heops- 2oller with Tractor,
Photo, No. 7. Double-drum Shevps-foot Rolle
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Remarks

[ = T
é [} 0—-4}
¥ BAR PULL IN LBS %§*§§-§|
4th gear 5th gear 6th gear |§ ; ©7 %
ipeed/D.B.P.|Speed/D.B.P.[Speed D.B.P. g,s;.s 3 ;c,;]
3.7/12,600 4.8/9,650 13.6
4.6/5994  6.0/4,650 .7
4.4/4,730 5.8/3,130 8.0
14.2
3.54/8,060  4.62/5850  6.03/4,100 .7
5.0/3,600 5.50
3317527 4.8/5,157 5.7/8,733 f.7

3.4/5,683  4.8/3,824 5.8/2,025 >50

Electric starting
equipment is pro-
vided on extra
payment.

—do—

—do—

Exact speeds
corresponding -to
the drawbar pulls

are not known.

Also equipped
with engine of
80.5 DrawbarHor-
se power,
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LAY e

J. P2 00 Deawhar Pultin ths

o drd xeor Mthoecio o drh pear

S7.2,5.000 117 3035 18.8/1,070

VO 7513400 15.0 6700

8.65/not
kuown

17.3 not.

W known

b 1139 00t 20,00, not

wn known knowu
v1017) 76

‘ 1wt l 4 ) D Sl 14
awn / .69/ n0t 25 27/not

known known

Bws5205 1w 306

TH1L0/3.672 28 10,1 836
10.23 not  Ix

own SOt IS0/ n0t

known known

known

Brakes

A upm':nwl Sy
chroniged with
teaetor hrakes

Multiple Dist Air
Beakes

do

deo

do
Wagner Electri¢

Hydranlic Sys-

tem

Multiple Disc Air
brake

Special Heavy
Duty Timken-
Pefront HE
brakes.

Tyvres

fwo 12,020 0.14 Ply

Fowr 210 . 25000 Ply

Four 24.00 < 249-24 Ply

Four 21.00 x 25-20 Ply

Four 21.00 % 2520 Ply

Four 14.00 x32-12 Ply

Four 2).00x 24-20 Py

Two 1400 < 3210 Ply ]

Two .00 A 16-10 Ply

Foav 2100 « 29.20 P‘.V

Turning
Radius
for non-

stop turn

Poemarks

Not known Electric alarting equip-

33

14767

146"

3

3y

2w

ment is provided o
cxtra payment
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APPENDIX T

A Unit of Farth-Moving Machinery (Wheel type Tractors).

1.

‘[\’7

-1

8
9,

Four Wheel type Tractors with Serapers ov maotorised seri-
pers, | ’

One Tl;;l(‘fi( type Tractor of 130 H. P for pushing.

One Houble Drum Power Control Unit for above,

One Straight Dozer fortabove,

One 45'H. P. track type Tractor for Sheepsfoot Roller.
One Double Dium Sheepsfoot Roller.

One Heavy duty Ripper for operating with itewm No. 2.
One Motor Grader 45 to 80 H.P. ‘ .

One Field Wn;‘kahup,

&\'Ott’:—-*

(h Sheepsfoot rollers ave necessary as the wheel type topne.
tors o not consalidate the carth, '

(2) Number of tractors and serapers may be inereased upto
ten if there is o large quantity of concentrated work. In
this case the number of teack type tractors and their
anxiliary equipments may be suitably inereased,

k1,

t

hl
Rantu-Movixe Mscuiseay 57

APPENYDIX )
Equipments required for Field Wockshop, - -

One N KW, gencrating unit,
One Lathe, #%% 6 herd,
One dyilling muehine, 37 <pisscile.

One Al Comppressor, capacity 20 to 23 eu, it
pev min. ab 109 ) hs sq. i

One Portable ¢ Bleotric firi??.: Co
One Spark Plug cleaner ﬁmi tesstor, -
One Oxy-Acetyiene Welding and catting pi(\?nt:
One 3 Tong Hyvilraslio Press, V ’
Two vices,

One 10 Tan Bting and teaversing juck,

One 10° Grinder, ‘

Blackansiths’ Foote-Portable folding furge pfuasa e
seected assortwent of hlacksmiths’ tools.

Master mechanies” tos kir, machinists” precision tons
kit, and complete set of haad touls,

Blevtrictans' tool kit
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INFORMATION SERVICE :
BITUMINOUS TREATMENT OF WET |
' AGGREGATES., |

; The Council of the Indiag

' U Roads Congress, at their 218°
imeeting held at Lucknow in Sep

tember 1044 decided tq il‘]ﬂ"i’j“b
ra Subcommittec to cxamine the Jiterature on the uul»jbctffOf the
rinereage in  the adhesive capiucity  of  binders  that  could be
!mu,(le possible by dding water, cerfain otls suell as  turkey
Ered oil and certain minerals suel, as lime, ofel, to the dugrogates
_;n,nd to correlate the results of the tests made in different places.
: An inter('stinf_: ,Pll‘])('l' (No. 9H)
“binders to stone metals

streatment  of e
"Volume IX of the
» discussed at the Nint

on “Adhesion of bituminous
and the use of slaked |jmd for the
aggrogates” by C. ). Fielder p)}}lished uf
Jourtial of the Indian Roads Congress Wik
h Session held  at Madras in Februayy, ]9-/‘15.

: Arising  out of this Paper, and in  compliatce 1with the
-Council’s decision referred to above, a separate technical Sub-
.committee wags appointed fo  examine and investigate. niethods
:designed to render the bituminous treatment of wet, aggregind ox
‘both feasible and effective under Indian elimatic conditions,

f On the recommendation ol the Subcommittee,  detailed
specifications  ( Appendices! 11 1o V) supplied by (i) Road
Tar Manufacturers, (ii) B#umen Supplices. and (1) Emulsion
‘Manufacturers, along with a Memorandon ¢ Appendix 1), and a
‘form for recording details of experiments { Appendix T1 ), were
Horwarded to Chicf Engineers of ol Provivees, major States,
: Engineer-in Chief s Branch, (. P, W. 1) and athers, cecomniending
“full scale field trinls of wet agarecates vnder controlled (:,,,“m_i”“;
“in their road building programues for 1946 47. ’

The following recommendations were made in reened to {he
: -
“trials ;—-

(1) 4\1.1 :b(](‘qlljlt(,‘ fength of rond should he allotted to cach
f:l:n] s!)v.mh(-atwn‘. One farlong was considered to he
the munmum suitable length an as mach aw one mile
would be prefoyred.

(1) The binder SUPPliers" specificn Gion should
to and exact records of {he trials

(i) Full details of {he methods and materialg used in the
construction should he recovded, including tlje quanti-
ties, sources, and exiyct nature of the aggrégates. A
copy of the information should he sent. to the f\‘(‘('l‘(‘{:l-l'\\

be adhered
should be kept.

1
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Indian Roads Congress, as soon as possihle after the
completion of the work,

(iv) Ton orderto establish the efficacy, or otherwise, of the
methods proposed, the triais should include control
lengths in which wet aggregate and bm(le"r should be
laid mwithout the nse of Jime or special wetting agents.

(v} The trial soctions: should he ]-u'«? ‘m')d.er wet w’outl.xm'
conditions but not during Leavy rain. The section
should be inspected ot regilar intervals, and a careful
record made of the condition of the surfﬂ(:es ;m(l. of
other rappatent factors, A oopy of rach inspections
should he sent quarterly to the bw'r(*tu.r‘v, Indian Roads
Congress, with a view to the (‘f)]‘l‘(‘l(‘,T]()n of the results
and theeventund compilation o a general reporf by the
Subcoinmittee.

i Hiers of the binder materiais should he given
(vi) The supph(li of \l.u innrf‘u m ’t-(l S \h | he gi e
' adequate notice of the trial inorder they might make
the services ob  their technical persommel available

doring the Iaying of the trial sections,

i wegard to the specifications for the ase of Bitumuls
(vii) In regard to the hp((lﬁ_( fons T lstans s
with wet aguregates, M s. Bitumen Emulsions (
td.. suggested that the process should be carried ont
S, SHasY
with : .
(a) Bitnmuls Two Cont Wearing Surface, as outlined
in Appendix V, _ ' . .
(1) eold premix, to the specification given in Appendix
V and of a thickness that would be 111.keel‘nng with
the thickness of the premis carpets Iu;d Wl}tlh tar or
et . AT i N t ) same
hitumen  and  carrving approxim ttely  the
amount of traffic ax these carpets.

. N v Provinces and
) [ i 1 wports receives! from Provinces ar
NSome ol the interim reports rece ' ‘
‘ ! . ¥ e { r
States whieh wers examined Ly the }-«ui); U“”,“lt:f; l(llullgeggzu:uy;
ing results wcelned to qustity carr)
1947 showed promising results and ses ] Hy car
of more tri'blj ‘]’1’()\'1'8(‘(1\', States, and other .\_<h_mmsna,tl(l)ns lv.vt'!;;es
] o N . f i ls | : i 3 <
aceordingly asked to cavry ont fnll seale trial m (l"?ﬁl(]'l:ll:?xqm;?ullsed
ax possihl(: The administrative and  transport l” , 'Wl(t. ca sed
by the partition during 1947 generally prevented any f’}ll({(t 2‘1q(:‘gb‘,‘t
being achieved in the testing of the spomﬁvat!nns i that yea ‘
a fair number of trinls were caried out during ,t-h(f I;IUHSO(')"a;)l
1948, The test lengths covered o total of about 157 furlongs in all,
The experiments have embraced high altitude localities near

Simla, Darjecling and Dehra Dun, down to ioca)i{‘i}es n‘e:l-lrllt:b?::
sea.level with uniformly satisfactory results. The ve ’

summariged in Appendix VL
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APPENDIX 1
INDIAN ROADS CONGRESS
Memorandum Dated February 1846.

Bituminous Treatment Of Wet Aggregates.

Tho pres \
Papor éml}’)lrl(—‘:(;l]l)lieﬁ;i(ttoul,l;»f our knowlodgo on this subjoct has boen xunimavisod in
vord heforo the ') t'“ t o ln(]mn. ]:!nut!s Congrors in Jnnuul‘y, 1846, oand in o Paper
November 194_, O'xllzi;:rlnt]“";f“f Civil Engincers by A, R. Lee and H. 1. E C'u-terpin
. H § ad ¢ ! x nd AL Jo ke L
rnetions of an’]s and A“I'()dleinH::,j'f Cold & Wot Aggrogntes in Bituminous Conste

The 3 . .
:uihoxim: ;l)zfzv(v)l Hlx;lfe«l lfnno lm's beon proved to be very beneficinl in promobing
of wot 'lrgrnv?::: ] nmmfmonn binders and stone motuls and ronders possible the use

] Zi m surfae inti : N N A o
offact, o painting and premix macadam without dotrimental

Farthermore it pr .
ol l)i\l\)\‘]th.o‘nmn0 it promotos aud groatly improves adhosion botweon stone mogul
et t,\ e;.m €308 wha_re the furm‘m‘ has hoon found, oven whon wvod in the ( "
stuto, to diaplay poor hinder adhesion, o.g. quartzites and granitos , ry

As pointed ont in Paper 99 roforrod to above, thoe § i

- i 10 Slnk y
:Y‘x(:;:::(:?ns?po&m to have special interost for Road }'}ngi;:::;nl-sbli,x?olx:rl?: :ﬂg ﬁfﬁ"’“f
o oun agn.smnt occurs during the warm period of the yapr when it would, in m:ne‘
mt.iox‘x o B_vt:m Bgoous for Road Surfacing programmes to proceed. Surfn’co dot, o

) ifnminons Treatment oceurs for the most part during the rainy P
and this process enablos oxpeditions repuirs to ho eurriod FUhO rainy Soason
acnnrumc:\”y. ‘ @t ”ﬂ‘o(.mvn]y "’"“

It is dosirablo that tho possibiliti ' Lhi
. possibilities of this procoss undor Indi i
wblo tha . ; ndipn ¢ ic ¢
;!xt\.(ms be fully oxplored as soon as possiblo and thet Road 1']u1.zinc:nl'lu‘ ]l“um'“"mlf.
inrise thomselvos with the techniquo and assess the vah 1 oI fai-
actunl field Teostx, Hme ot the treatmont by

It is hopod, therefore, that it wi i
» that it will bo possiblo for Rowd ¥nei N, i
;.‘o?s\::‘xer: moengonn c-nndxti.ons are Jinblo to provail, to ::)‘g:;:;g:?l:‘]]lﬂ, n
M::‘ so(\a k:no_nt to the .~sp0mﬁcntiqus recommendod, during the 1946, T
sabmit reports on such brirls in due course to ghe (' no
and pablication, e Tongrass for

al provin.
lo trinix af
aon soason,
corvalatioy
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APPENDIX 11

A, Bituminous Treatment of Wet Agdregate — Surface

Dressing
1. Province (or State) i s
Division
Subdivision
{}. Location of treatment
() Road R
(i)  From Milox fnrlongs
To — —
(iii) Total Ranning Ieot
1, Troatment commonced on
—_— campletod  on
IV, Typo of Troutemont
Surface Dresaing Ist Coat

' _— _— 2nd —
— simutianeons TWo e

V. Treated Read Width

V1. Condition of Read  Sueface priov o
treatment "

VIL. Nature of Repairs (if any)

VI, Quantity of Limo appliod per 10054, f1.
to tha ovigina) sarface (if any)

IX. (i) Grade of Bituminous Binder (I
tho Bindor contains n Wetting
Agont or if w Wetiing Agent i
added prier to applieation of the
hindor, thig shou'd be clearly
statod with details of quantitios)

(i) Quantity of binders appliod pey

100 s, 11, of surface.

(i) Nutuve of st mo ehippings and sizo
crpdings

() Quantitios omployed por 10 k. 11

$55) Quantity of Limo (if any) addod
per en, fo. of chippings .

XL iy Woight of Roller
(i1} Number of Passex

X11, Woenthor conditions provailing
() nt timo of laying
(i) 1day after — .
(i) 2 days — —
vy 8 — — -

v 7 — =~ -

@
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XML Appoarance of Surface (with specind ro.
forenea to wdhiesion of hindor to chipp-
¢ bing and eltippings tor the Road Surfacs
in comparison with control Tongths
(D 7idaysafter luying -
(ii) I month - -
(i) 6 months —
v) 1 yvear - -

B. Bituminous Treatment of Wet Aggregale

Premix Macadam

1. Province (or Stato)
Division
Snbdivision
11. Location of treatment
(i) Ronad .
(i) From Milos furlongs

To -— -— ren

(i) Total Running Feot

111, Troatment commonced on,
- caompleted on
1V, Typo of Troatment Promixed Maon-

dam{Chipping  Carpor Consolidated
Thickness

V. Treatod Road Width

VI. Condition of Road Surlaco priov 4o

troatmont

V1L Nuturo of Repairs (if any).

VIIL Quantity of limae (i any) :upp.liwl por
L0 5. £t to the ovicinal syrfaeo

IX. () Grade  of  Bituminons Bindoy
appiod ax Tack Coat (it any)

(i) Quuntity of hinder emplon
) ovad .
100 5. fu, of anrfaen prevod po

X. () Grade or Bituminogs * Bindoy
m"n];luyml for promixing, (It LII
Binder contains g Wotting A ”t,
or it v Wotting Awont, i: :I(i(l):ll‘
PO to application of gl hinde
this shontd he clearly apato \"Hy
letails of quantitios) v

(in Quantity of Bindor
ft. main course

(i) — —
top course

applied por ¢y,

e

Brrumivous TREATMENT 0F WET AGGREGATES

X1 () Nature of stone chippings/
aggrogate and size gradings

(i) Quaniitios of stone motal cmp-
Joved per 100 xq. ft.

(i) Quantity of Lime (if any) appliod
per cu. ft. of  chippings or
B u.g.rg.n-cgntu. ..
NI (i) Weight of Ruller
(i) Number of Passes
NI Weather conditions proyiiling
(i) at tinie of layine
() 1day after  —
(i) 2days — -
v 8 - — -
W 7 =
XiV.  Appoarance of Surfuco (With spucial
reference to adhoesion of Dhinder o
chipping and chippings to the Road
surface in comparison with comtr!
lengths)

() 7 daysaftor laying

(i) 1 month — — e
(ii) 6 months — —
(iv) 1yewmr — —

P

365
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SURFACE TREATMENT WITH SHALIMAR ROAD
ABPENDIX 111 TAR AND WET AGGREGATES

SURFACE TREATMENT WITH SHALIMAR ROAD
TAR AND WET AGGREGATES

11. Renewal or 2ad Coat Surface Painting

)M any potbolos exist those st be previously sepaived with prowix
l i metad or by pateh paintine boaecordanee With onr standard sperifieg
I. Single Coat Painting Over Water Bound Macadam. et Vi
G Mwoup off @t watey Ty ing in depressions. In ptaces where wtkeo surface
';:\‘ sorionstv worn st the stone ometal of the watorboumd base is axposed
« Jight nml'u’i\sm-inn of winked Limo i wivete at 8 s, per WO sq.0t, prioy
1o the spplication of che Roxd Tar.

) The oxisting watorh nud mucsdian saefaen wast bo swept Froe of yxeoss
b indiago sud watar, tang-handlod bracts boing uand for the PREPORE,
Wire brudhes max bo asod o venovn eakod mnd bt not i suel wis ax
Lo dpatroy woad dnserioeking, )

(i1} S'aked Lo o dey powdared fovm iv ahon dusiod sver e suetucn by (i) Hod Tar No, 8 hentml r,-;"zm“s-. v wprayed or poaved fveim i perforatod
bastsd at the vate of 8 s, pov 100 s, f1. A Jony handbed traos I can 7 38 e, por 300 =q. 11
wsed to ho'p digtribuato the fhae oveuly W vamiy g s : ) L N .
Fovraod i ae oveuly and o vemsyn atty  tamps “V) Wab stoue chippings or vy el of bl qua’ity wnd ta the sporiiod size

araddite are conted with Siaked Line as foltaws s~
This best quality ol Siaked Lime (Fat £3mo) senitable shiahl fa seloey- ;

) s . L ™ ot oY pinas o prvel washed free o smy adbasing mwd

e, Hydeaubie or ¢ Kankavr? {imoe is definitoly unswitublo,  Tf e is The wet l‘”l;pnuz M(L?l ‘;;:Z‘ it imgevoviced drwm wixer with
unvhtninabie coment wiy by substitntod and sproad ai 10 tha . i necussary, e luaaes LR AN : Y

3 A FLINLou and o i A, poe 3 : . e g v, One 5

sy Tl I Stawkod Lime o L Bper oo S5 o8 vhippings. One ninades

wiging i tho drum is sutficient v emsaee o goml condiug of
(i} Rowed Tae N 8 hostod o 2200 . is tham appliod from a porforstmd Jime on the wot eloppings.
wie

-\;nm.l. g v :,,n‘m‘ praforahiy e(gﬂ.l‘.\'()‘t( over tha limeanvoreal surfues il Pl fallowine gradite of 3tono Chipping= o navet is rocom-
Fhe vabe of 56 s, per 300 50 100 Pl Rod T gy be binshiod et if Plhe follow ey gradae:
DULCSSATY, fo ensave an s wpphicalion, ) ’ wended 7~

Papsairz 7 mush & vetalnod on 3 St negsti-—-2 3sds by votume
ity s 8o the Rpueitind  ®ize ‘1‘1 F 7> It mesh— 130k by valame
st Follows s X

(i) Wag stone vhippinzs ov grin il o laad g
arviing wre eontoit with Staked Linme
{are then .\pruaudc\'cn(‘\ over tho Rond Tay

. ‘ L Loaeenbosd ehiips or grave 4
() The lwe vobwd ehips o TSR LU UINTR .

fhe Wor chippings, v wrave?, swisheod frow of any selborine road i i s
" application b vhe rate af 43 ¢

’1"3“““"“".’;'.‘1;‘-““ foaded ito an Fmprayisol degin nisor with Staked
1‘;“'0 :'l.:‘ 1{:}3!\}' (LN & TE S «-ln[»]ainu's. One  minyle!s mixing iy tho . - .
Qs swiheient Lo s wood conbing of o on e ot rhipe vy Hatling witl bo grosh .
By wyer the tinislod snrface as soom w3

ed by o Bod ton Roottor and trathe may be allowed
y g i cotsplete,

The Sobhwing wraditr of

Ntotie Ubipndsws - ; .
LY HAs ey » : -
wessdod 1— PRIRKs,  or weavel, I8 vecain

Ynut 3 ovatad ’
Passing 3" & votadsorl o AT P 7 T by volume

n b = LIt anosh 13rd by volurge,

O Tha mewoniod <hins o
v) -i"“" '?sm:’ voabud chips o geavel arp Lhon spramd avenly vyey G Koad
A awppbention ot the wte of § . §3, pee U se 1

(vi) Reallingis providud with & 6 1 % 4on ro

Hov & teaflie . L. -y
over thy surfuco ns soou A 4 ratlic winy  bo allowe

uiting is complobe,
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SURFACE TREATMEN'T WITH SHALIMAR ROAD

TAR AND WET AGGREGATES.

II1.  Simultaneous Two Coat painting Over Waterboupd

(i)

(31)

1ii1)

(i)

(v)

(vi)

{vi})

(visi)

(ix)

Macadam.

The exisving waterboimd macidin surfieo nust be swept frea of oxeass
Dlindage and wasor, long handivd Trooms hoine wsed for i purpose.
Wire brushes may ho wsod to cemave cukod i Yt not in sneh Wiy as
[T dost,rny goad intorloeking,

Slaked Lime in Ay powdored Form ix vhen drsted
hand at tho rato of 8 s por 100 s, fi.
wsod to ho'p distribute the Hme o
formed,

mver the surtice by
A Tong ol raom myay e
venty ol to ramove any  amps

The best, ynalivy of Saked Liwe (Fatbime) waitublo shoudd be
solected. Hydraubic or ‘Kankar? Vimoe is detinite’y unsuitablo.
I Nime ix unobtainable coment iy bho substitutod and <proqud
10 s per 100 s 1, '

Roud Tar No, 8 heutod to 220° §,
sprinkling cin or spraye
42 hs. por 100 sy, Tt

avou application.

i3 thon wpplicd Ceam oy perforatod
daver the Hmo-covored surface ot the rate of
Tha Rt T may b brashiod out Lo ensure an

Wob Stone Chippings ov wravel of hpd qality Uy vhe spoeiiod size
arading ave conted with Saked Lita ux follows ;
The wet chippings or 2ravel washod fy
it necossury, are loaded int uprovised dvaw mixor with
Nhked Lino & 1 . per e, fe, of chiippines,  Ono migute’s
mixing in tho dewnd s sufficiont o ensave o gond conting of
limo on the wot chippines,

ce ol any adhoring moud

Tho following cradine of Nume Chippings ar cravel

IS raco-
mended 1—

Passing 37 mesi & vevained on o owmesh 2 Sdss by valuan
” o 4 1o meshe i by valuma

Tho “l“({'U"'-E"U‘l chips or ,:;’l"'o\_(;f e bhow spreagd eyendy over the Rowd
Tar application at the rate of 43

4. por 1on sip, It

Rotl twico with 6 1o 8 bon Rolloy,

hnmediatly arver volling apply Rl oy N

S heidad Lo 2000 B g the
rate of 28 ths, per 100 sq, 1y, I ¢

sSproad 24 o 15, por oo s Fe b Sstone ehippinee o
boon coated with lime ws e

! ! sy el whieh have
scribed oy Pava UV) above

The Following grading of spona clidppines or vyl 1s reconondod ;=
wosh & rotuinod on 3860 mesdy - - 23vids.

OB wost, & 0 20U imesl - 1,3vd.

Pusgsing 3

Roll to set : 8 4, 12 barns of the Ratiey I wanlly suflicignd,

Open tu trathic aftor 24 houvs,

()

'/.
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SURFACE 1REATMENT WITH SHALIMAR ROAD

TAR AND WET AGGREGATES

1V. Tar Premix Macadam

Premix Chipping Carpet

U]

(i)

Phe standard w)wn-u'\v‘\\inn for prewix uging ry stone wetal aggragato
W sLa 4 ks ¥ . 3 O o

1 v hese medifiengions .
(‘rhi]i]ll'll"'-\‘ ,\-huu\_l\ e toltow ed with the JAIN

. i) egremate or chippings
, R s wot eraded stone metal azaregate or chip .
Moy measuring the “]"'L i) ';, ;‘rml]-mi\'(‘i‘. i powdered Saked Lime
into the miging wehiee or Ran xew i powd ked Lime
":ﬁ:)‘ od quatity ot the rae of 1ibo per e froof <tme mot ,1.“, lc:‘:};
D ‘nm\l l;lixi‘ll" in continued for T mae, ov H\f\ casa uf o t‘\. -
l‘“}}l: ‘l"m' 12 revatutions of the drame This i= .-'nﬁ'\mc\}\‘ t.«‘> ;:m\. N 3 ‘.(‘
U 2 101 Py % shpe - .
”UXt( | with Slaked Timo aud the hot Boad Tar as specifier \,,,. ¥ 1:‘1 "
'“0[«" léit‘\' ix then inteadueed wud premixine competad in o
A AN LI} = b : ! ] .
nkm-ﬂi way i 23 minutes to 3 minutes.

i i " { (hye ic or ‘Kankar?
i Hnke o, Fat Lawe—(hydraalic ov g
0 X wality Saked Lime e, oy ‘ {
! lir"h u"‘W(lloi(ilniml;' wuxiith' @) excollent voating of the stine metal
ime is 0l suitil'c) excols
or eliippings with Road Tar s attained.
i : : tucod,
1 Stakad Limo is wot avilable cowent iy be substituc
< of < thi " eonroli-
ix Chipping Carpets of lesw than 1% o <
Foart (o - For Promix € )np]nm.' \ e - than 14 consalt
Pack (“")dltsnw a4 taek eont of Romwd Tar N, :5 musy first ‘u‘ :,f}aico “”_
P \(’\]L is to bho applied over s previons)y {,10&;0&);}1‘1‘ bco i
. RN > ' . e - , N .
1 the ‘:\‘\‘lﬂmoii‘iucudun i nvolved but v oaE ]1 t,:l ﬁ[‘.:tl l]m o
anap ’ . S e
! !"'l’]L-]‘»: ind mpendam surface then tho futte l ; l‘"]l'l) b e o 160 5 31
\Hu"]"’ )ﬁ( ool Slaked Lime in dry powdered for s.
:Llll) i H

N PARLL ¢ i specification.
! pplied corimy to he specifion

N hen i 1] 1i¢ ceonr <
nd Ro wl av 3 they i t

V. Patch Repaics With Shalimar Road Tar and Wet

Aggregates faced road s most likely
S phat wosurface f S )

b O ) i< a4 weathey vhat @ ul s 4

PRE A, e mi“l:l‘l( -« those are trested ab onee oriiis d?ft;-l;d
o lime,  Tho I ing specifications are a

i ¢ Lho =urfaco follows, The fullow l‘n.;: ‘.g)(i::)l: ot are o e
”\“'\v\r\“‘{ ;‘ "( paivs to ho executed [.rumptm)v] 1 L athon
et nd nuil ho=¢ normally uws K .

Sheath s oare =nniliar to those wly Ay e ain
ot ‘L("" “\'? ;\‘)("()! Jima is used ta coat the wet stone snrf:
axeopt (hat =faKRC b

. e Tt
siubistietory adhesion of the I

o dovelop pothales
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SPECIFICATIONS

1. Shallow Depressions And Breaks in the Surﬁce Up To
¥’ Deep.

1. Cuat tho aroa square or roctangular dopending on tho shape of the brenk
and cloan ont loosa material,

2. Dust tho hottom apd sides with slakod lime at 8 tha. por 100 aq, ft.

3. Paint battom and sides with Rond Tar No. 3 at 200°F at 45 Ibe, por 100
nq. ft,

4.  Blind with chips or gravel of suitablo size pro-contol with slaked lime
at 1 1Ib. por c. ft. of stono meta!,

5, Hand-ram or roll ag conveniont and opon o fraffic,

II. Potholes And Ruts Up To 17 Deep.

L Cat the aren square or roctingular according ¢y the shipo of tho hrowk,
Romovo lonse materin’. The cut ont sides <hou'd be as vortica) ne possi-
hlo and axcess water removad, :

2. Dust the hottomn and sides of tho cut with slaked lima af & b, per 1oy
o, £t and paint lightly with Tar No, 3 at 200°T,

1. Fil{ doprossion saitably proud with 2" chippings prowmixed ws doseribed
under.

4. Handeram or roil as convenient, dusg lightly with sand and open to
traffic,

IIT. Potholes And Ruts Up To 2{” Deep.

Trent damaged aroa as in 11 (@) nbove,
2. Treat as in 11 (&) above,

3. Fiil deprossion suitably prowd with promixed stono matuy! 1§71~
ram well, i 1%, and

4, Sproad topping conrso of premixed ehippings or gravel ¥ & o
= [y M Xz,

5. Hand-ram ov voll. Bprinkle lightly with sy and opan ta tyad
s b bl

IV. Premixing With Wet Aggrogate,

. Place tho wet aggrognto in u mixor, add sluked limo

stono and give a fow titrns b procont the st at bW per o, £, of

e with Hma,
2, Add Tar No, 3A heated to 220°

or 51bs, per c. £t. of § and unde M tho rate of 44 the, per ¢,

T eliippings or gravel,
3. Rotate till thoroughly coated with Tar

ft. of metnl
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wews v ... . APPENDIX IV

Notes On The Execution of Road Surfacing With
Bitumen In Wet Weather and Suggestions For Trials

1. Introductory:

A'process has been devoloped, initially in the U. K. and, during the War, in
India also, that enables rond surfacing with Bitumen to be carried qut in wet wea-
ther, e, g., on a wet surfaco and using wot aggregate.

The process takes advantage of the ability of a co_mbinatinn of SLAKED
LIME and:certajin ACIDS to form calcium compounds which impart hydrophobic
properties. to the aggregate. Wet aggregates cnming in contact with these caleinm
compounds in the presence of Bitumen throw off their water ilm and attract the

Bitumen Binder in its place,

The process enables surfacing work to be carried out in Wet weather. A second
advantage is sometimes claimed; this is that the procass_results in inore_asod
adhesion between tho agaregate and the film of Bitumen Binder. The validity
or otherwise of this claim has yot to be established.

2. Methods of Work :

A. The principal uso of the ‘ Wet stone? process is in the construotion of
Premix Stone Carpets of dny thickness, Ordinary standard metbods are employed
with $he following modificationg :— .

(1) The aggregate, which i8, of course, wet, ‘s treated Wwith slaked Jime
before the Bitumen Binder (hot) is added.

@ A special (hot) Bitumen Binder, in Cat-back form in which a small
percentage nf fatty acid has been added, is used. -

A typieal specification for a 17 consolidated carpet is as follows ;—

Aggregate; shall bo hard, clean, graded stoue §—3" size. (60/3—%, 40(8—
) 3*) 10 oubic feot stone be used for 100 sq. feet of area.

ot : hefore coating with Bitamen slaked lime

. s il be w
Lime; The shone B quantity of #—1 per cent by

shall be thorocughly mixed withit in
weight.

Bitumen Binder: Specially treated Bitumen cuntaining & small percent-

age of acid shall bo used. The Binder shall be applied hot at a temper-

f - cubic feet of sione.
tare of 276—800°F, at a rate of 41b. per cubic
g’or d(\%nﬂs of nlternative binders see further Note @) below,

i N ixed with the lime treated
Mixing: The Lot binder sha'l be added to and mixe o | ¢
wogstox'fe in portable, power driven mixing machines and mixing continued
uptil the water has been driven off and al! stones are properly mmd
with binder.

1f power driven mixers are -not availablo, hand operated drnm mixers

may be used.
Laying . The conted stome shall belaid to templates and true to line and
.+ . "lavel at the rate of 10 cubic feet per 100 sq. feet.

Shall be carried out with 6-8 tun power rollers as soon &

‘onsolidation : 1aid to permit rolling to commence,

& sufficient aren of carpot has been

Qs
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Opening to Traffic: The onrpst may be opened tn trafie after 84 honrs At

the direration of the Enginner in charge.

NOTES:

@ Tack Coat: The question of whether or nat & tack cont ahall be pravic
ded under the carpet depends npon :

®

@
®)

(@)

@

{n} the textnro of the existing surface nvor which tha carpet is to be
laid, and

(n) the thickness of the carpet,

Carpets of thickness of 1" and abave are considersd e have
sufficient inherent stability not to require a Tack Coat. For oarpsts
of & thickness lesa than 1in. a Tack Cont is adviash'e, particularly
if base is smooth, 1f a Tack Coat it raguired it oan be applisd
in the same binder as used in the constructinn of the carpet, at &
rate of 16—20 1. yper 100 sq. ft, by the methad described balow
onder “ Burface Dressing.!?

Seal Coat: A Ses! Coat is not immadiately nacassary for light carpets
composed of graded agyragate, Whather or not a Beal Coat in
required tator depends upon the ‘working mp* of the surface under
traffic and ean he detormined by the Kauinaar in charge, by inapeo-
tion, '

Binder : A npecially treated Cut-back Binder, containing » porcentage

. of added acide, is available i Iimited quantitioa from Mausrs

Burmah-8beil 0l Ca. Ltd,, and 3s called ‘Shelmac D2,

Normal Cut-hack Bindors sach as Shelmac S. 125 or Bhelapra
B-8, can be trented with Fotty Acids at aite. The amounts of
acid reguired con unly be determined by test and vary with the
soid used. The amount, in oach case, ja of _theordor of 8 to 6

per cent by weight of the Binder, The follow; ty aci
been found autisfactery fov this purpose r— ing tasiy acids have

Cresylic Acid : Thisis a particalarly effeotive agont,

Turkey Red Ofl : (Sulphoosted Caster Oil): Itia difioult to obtain
this matorial free from wator and troub's from frathing is apt to be
axporienced When it s added fo hot RBitumen, Rupplies are avail-
abie from Oil mills in the U, P,

Ofeic Acid: This noid is wlso offective in this process. Supphies o
had from Chemical mannfactarers, e. x, Mesars. Smibh,p&nnisbz?;::
114, Ca'outts. 4

Blown Rapeseed Oll: This fatty acid is alio snitadle £
work, Supplies are nvailable from 01l Mille in the T, ;: wot stone

Burface Dressing:

The wat atotie process can alsn be s liad to
ws!l a8 to $h® conatruotion of Prem)‘xp r!:)arpete, The e
ween this work and vrdinary surface painting

dressing ar
The differences bet-
RPO fom

1) The wet anrface to bo treated

lima at 8 rate of § tha, per 100 &g, f¢, This form

» ¥O X 8 & &! H
water on the wet surfave and: this siarry shamld }:‘;!\.)y;'n:l;:g t{.)l;et
pven!y £a that the whole surface is covered,

is first sprinkled with alaked

&
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2) A special binder containing fatty acid is required. The same
binders as are recomended for the Premix carpets — vide A (3)
above — will be suitable.

%) The Bitumen should be applied by pressure sprayers as owing
to the underlying lime slurry it is nov possible to brash it ont by
brooms or squeegees s cap be done in normal dry weather surface
dressing.

4) The chippings to be app'ied over the binder, which will be wet,
shonld be pro-treated by mixing with $—1 per cent of slaked lime,

In all other respects normul quantities and sequences of opera-
tion are fullowed,

¥, Additional Notes:

() Road Trials To-date:

The first road tria) of this msthod carried out in India was lajd in
March 1942 when a Jength of 1"Premix chippings carpet was laid by
the Central P. W. D., on the Graud Trunk‘ Road, De hi - Shadra
sectiop near the Jumpa Bridge. This bhas given very snpisfaot(nry
servies ungder heavy lorry traffic for vver 4 years. 'L'ne'bmde_r used
was Shelmac §/125 with varivus guantities of Cresylio Acid and

Turkey Red Oil.
Other practical trials were carried by the Military in 1943-46
in Assam and Bengal.
e i i d surface
More recaut'y practical trial of Premix carpets an
pa.inth;)g were car}:"isd out, in 1945, by the Bombay P. W. D, on the

T binder
Poopa Tronk Road near ''hana and near Puuna. 'I:he
fs‘::gb\zis gbel mac ‘D in the former and Shelspra B8 with Blowa

Rapesved Oil in the latter.
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APPENDIX V

Bitumuls Specifications
Bitumuls Two Coat Wearing Surface

(/2 in. fully compacted)

This specification can be laid over water bound macadam or over an alroady
treated surface.

This is the standard specification for the surfacing of watorbound macadam
rouds, but it is also recommended for laying on concrete and other bard surfaces,
where fast and heavy traffic is encountered., 'i'he aggrogate i8 bonded between the

lower and upper application of emulsion and an excellent surfacing of 1/2 in, thick-
ness is obtained.

PREPARATION OF SURFACE

Clean the surface of the roadway thoroughly. Fine materin! should be removed
from the interstices of the base metal to a depth of at least  in, for n waterbound
maoadam surface. This may be done with brushes or brooms, but in the case of
caked mud, dirt, cowdung, etc., it will be uocossary to use wire brushes, It is
esgential to have the exposed metal faces clean so as to obtain firm sdhesion.

Patoh holes or depressions with Bitumuls HX
ed under *“ Patch Repairs,

FIRST COAT APPLICATION

8prinkle the road surface lightly with water as this will lay the dust and siso
ensgure better ponetration of tho emalsion. On the waterbound macadam surface
spray Bitumuls HX at the rate of 2.75 gallons per 100 sg. ft. (In the ocase of an
already treated surface tho tirst application should bo modified to 2.0 gallons of
Bitamuls HX.)

First Layer Chippings.

Immediately aftor spraying, sproad chippings or bajri £ in, — $in. at tho rate
of 8.5. cu. f6. por 100 sq. ft. ovonly over the Wholo surface, Leval off where neces-
sary. (A Bitnmuls drag broom can bo used for this with great advantage,)

Two hours after the aggregate has boon lavelled off, roll twice,
pressions or levelling up can be done by the addition of more bajri,

SPECIFICATIONS

and chippings asalready detail-

Any low de-

Per 100 sq, ft.

Clean the surface of the road thoroughiy,
Sprinkle the road surface lightly with water,
On the dampened surface - Spray Bitumuls HX. 3.76 gailons,
Immediately after spraying - Spread 2
in, - }1in. chips or bajri 3.6 ou. ft,
Drag-broom and roll over twico after 2 hours,
Sprinkle the surfuce with wator.
On the dampened surface - Spray Bitamnls HX.
. Immediately after spraying - Sproad
in. - 1/8 in. ohips or bajri,
9. After two hours roll to compaoction and
apen to traffic after 12 hours,
This specification may also be laid over au alre,
where 1'; gs dﬁe:itred to 1efve§ ’\:p a 1;rmgh surface or |
face. 6 Lrst spray of Bitumu!s (item No, i
gollons, THIS ispthz only change 1'1(: the slfaeoiaﬂ)oaili]:::]gortr::h l:voox?i'?d]ﬂed W 20
TOTAL REQUIRED. 6.5. gallons Bitamuls,

L o o o

[ -

2.76 gallons.

2.0 cu.f#,

ady tarred or bitumen surface
ay a more durable wearing sur-

88, ou. ft. ohippiugs

=T
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ryov, Lo COLD PREMIX

s 'd premi Iy scientific and practical method of
Some engineers regard premix as the only - y
road construgtion, the reason being that every face of every stona is covered h;"th
a thin film of Bitumen and a cold emulsion 18 very smte'd for this process. om,i
over, when using emulsion for premix work all preparations ure carf-xed .out co:d
and there is no difficulty to contend with in regard to heating the binder or co
damp aggregute.

i roaki i ich has been specially adapted
. 1s HRM is a slow breaking emulsion whic : ocially ¢
for cf;gu}ﬁ}gnfi?wnrk with aggregate for new road construction, resurfacing and

patching.

' Ision is mixed with the cold aggregate and no heating .pla.nt i Te-
qnirelzll.10 :i‘lﬁ:: aggregute must be olean and may be dmp;})le%gd, es‘};egxilg bmhg:(yl
dusty weather, Aggregate up to §io. may b'e mixed wit lxt,uhm: HE dr;{mror
in troughs or cut drums, but if over %in, 1t'xs recommeude(. t a rlo atyghe ms ot
mechangicul mixers are employed. If mixed in & cent’;‘al Ix:u:lr.m.gmp a.l:)s,monc a'.l‘ze
aggregate should be transported to the road side an ‘ dra_ e hl‘[l‘h cps eition, Py
mixing may #'so be done in & concretc mixer on .thc ro(ix t’h inw ﬁ;d n?atel-ia] e
wate is stored at suitable pni(zixts zlosn%et;l:f\:(i?gs;;}:vﬁs or i:l::s Rolling shou!d be
‘ : ced an e y . g
ngwg?egh:utﬂ';?;ezntgg :‘::?sinn has bgr)keu, usaally any time up to 24 hours, depend

ing ou climatic conditions.

LAYING.

Clenn the surface of the roadway. Spray or brash (:;1 1; I:wkl; :so:t; ;n ;px:;it :::
remi only with rakes, forks or shovels to the r'lesn-e v 1(;,{ s and oo oom:
pileo?vli:: ‘;‘or Zonsolidation Leave until the emulslonfh&a's rz dexlx and roll to_oom:
N otion: i " 13 damp, Premixes of ¢ 1n. & .
F[E?lt}on(’ni(: Zgiieﬁh;u;olf;t‘gil;? over lli)n. should be laid in two courses, the larger
aid in s

yraded aggrogate providing the base for the finer agyregate surface courae.

After the promix has been rolled and cﬁnpa(i;%?;nt;x:d!i:;lt(h:ozz ::-:):lsi :g sf:?;
1lons per 100 sq. ft. an ' 5
b ab(i\a%%O tf()t 1.gpge’:1 to tf&ﬁic aftor 48 hours or When tl:‘e px:r:;:‘ h;z t;hﬁm
;:l fst:;tp}t:;rd. .'gi'tm.nuls HX or HRM can be nsed for the tack an X
y o
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BOOK REVIEWS

=]
) .
E f. < HIGHWAY SPIRALS, SUPERELEVATION AND
& VERTICAL CURVES”
g ; 5 § g a G f -: = - > g ] 14 1 AN B .
= E § z E g e AL ¢ i E by H'. (,»I.HSWELL, _M.l‘.C.E.‘ heupnd h.dltlgp (Rgvmed and enlarg-
& E SEE = 33 3 -g E T z t"ll). The Carriers Publishing Co., Ltd., 65, Victoria Street, London,
o e g EE Z 2 2 S. W. T. Price 42 sh. net. :
The second edition of this pocket-book for Highway Engi-
ZE] THE - neers containg 445 pages, 125 Figures, and 75 Tables. The first
AT RS- I z20 edition was published in 1937, In the revised edition the scope of
2L ww E » - o= the book has been greatly mcrca.?ed and the chapters on “Vertical
TEvese T < ~ tarves” have been entirely rewritten. : ,
ne - e - £ The Tables of Tmnsi’tions.f(_)r horizontal curves ha;ve been
a5 0z - - inereased in number by the addition of Tables for 40 and 35 m. p. h:
o= e o x e o © so that the range now extends at 5_ m. p. h. intervals from _20 to
FZ EE5Ez 2 R P . - 60 m. p. h. and includes Tables for 75 and 100 m. p. h.
il . == = 3 j; ‘New chapters Lave been added on the layout of transition
2? - E - - - Curves of unequal length and for compound curves. The setting
a3 & = 4 z z w . 3 g out of dual carriageways by means of concentric arcs and their
e Rz RE= 3 5 fio g < 132 transitions hus 1:ece1vwl attention as well as methods of effecting
g 5 AE Q2 ;,: 2 g § TE05%% ? f»;; g 55_;3 N g * concentric widening.
- g ER i?o i 2 85 ”:': EEle ‘i l 5 g v O3 2 g = The theory of superelevation and its application to practice is
8 g ,5 2 Qj § ;E - 8E = ﬁ?“ £ 2 E '8 & é A thoroughly discussed, including the superelevation of dual carrxz}igc.
« FLEFC%r Rg%s” %8 3 §’ Hes o3 ways treated separately oras @ single wnit, no less than five
# £ _g g 2% s E 29 £ :g % £ s a s’—g X : methods being referred to in some detail.
- AR ARE nESE M 2 4 922 E g There is also a new chapter ot the formulae used in the compi-
a 5 B Jation of the “A” and “B” Tables for the 1010\':3111 (ile;sfl%:;i ;ge:a;)i:;
i : + w brief description and metho¢ o1 he
U included, followed by a brief hlich %;wi]imte the  plotting of the

perspex transition curves, w

transitions.
evoted to the subject of

A substantial portion of the book is d 3 :
vertical curves which has been very thoroughly dealt with. The

principles determining the vision distances z.md thc:v le}lg-frlxls 3f1 :li‘l":ye
required for summits or valley curves for two- f’ }1( bv several
roads are discussed, Such curves are 1lluat~rf‘t - ) t) S% de
examples of both simple and cubic  parabolas, compuee with de-

tailed working.

146
1948
1946
1948
M8
18
1944
1944
19
1946
1847
1946
1942
1046
1948

ove very useful for highway engineers.

5 .

g E 3 g E ! is sure to pr 0 o

2 § £ 2% E -é _ 'The book is sure t0 1 tions have appeared from time to time

Ev E=FE gz 2% 3 % The Author whose contributions ve bl e raction” deserves
. g % £ E & ; . . 9

16 2E3s 2% E‘% 2 E In tho vaious s of “Rous ng( t Oin peing able to put in the

5 ZZi7 ) « very high commendation for his efiorts mg 8 e L ractical
' R > : } h ; h an authoritative and  pre

e e T Y wnds of highway engineers such 2

guide to aid them in their work.

e



384 Book REeviiw

II. “ROUTE SURVEYS " by Russel R. Skelton, published
by MoGraw~Hill Book Company, Inc., 330 West 42nd Street, NoW
Y}:)rk 18, N. Y, first eddition, 1949. Pages X+ 531. Price % 4.560.

.. Fhe Author is the Professor of Civil Engineering in the Univer- .

sity of New Hampshire, U. 8. A., with 25 years of professional and
teaching experience. The book is thus sure to appeal to hoth the
practical engineer and the student. It caters for the highway as
well as the railway engineer. i

The three brief and pithy chapters on survey deal with recon-
naissance, preliminary and location surveys. The advantages of
aerial survey are stressed. In any book on route surveys curves
woald naturally come in for detailed analysis and the Author covers
this ground over five chapters. Simple circular curves, compoduand
z{nd'rgvel‘se curves, parabolic curves, and spiral curves are exa.
mined. ,

The vexed questions concerning earthwork, various® mothods
of earthwork measurement by cross.sections or by borrrow pits cor-
rections for earthwork on curves, shrinkage, swell and so ox;mw
discussed. The text is accompanied by numerous worked out vxmn;
ples illustrating methods, theory and economy. l

Extensive curve tables and trignometri i ieta
s trie and logarithmic tablos
make the book self-contained. ° b

e —

I “MODERN RAILROAD STRUGTURES"
P. Disney and Robert K. Legget, McGraw-Hill Bonj. t
330 West 42nd Stl‘ect, LYeW Yol-k, 18, N Y U S A ”
dollars) 1st Edition, 1949. o USAL ¢

by (‘hdrlcs
mpany, Inc.,
Price 5.00

The Senior Author of this excelfe ; T :
nheer of the Canadian National Rall(\sl’f:;lst }\);))(1)5(:”;{“ QYBI.I(IKG.P:Ilg"
Director of the Division of Building Res’em'ch of {h i? get is the
ses:u‘ch Couneil of Canada. Althoagh the book (lealﬂ( y ational '[.{P"
railroad structures there is so much common gm“'hgllir::a‘nl-::ghv;xﬂ}

and railroad structures that highwav enes :
book with interest and advanmge. 1Y chigineers: might ktudy the

The book is an attempt to com
of new processes, new techniques
fully on structures like bridges
A chapter is devoted to stregs
all types of transportation engi
or even navigation canals whj
sidence and land slides.

pile, in a handy form, acconnts
and new materials, used ﬂuéccss-
, ub}xtmcnts, piers. andjtunnels etc.
the mportance of s0il ' mechanios in
neering, Whetherra.ilroads, highways,
ch have to he made safe aguinst sub-

Traffic Statistios, Road M
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The chief interest of the book, however, centres in the chap-
ters on methods of restoration and repair. Recent improvements
in the art of grouting and repairing concrete and masonry wunder
water are fully covered.

The book is printed on art paper and is profusely illustrated.

IV. “BASIC ROAD STATISTICS OF INDIA, 1948,

Compiled by the Cohsultying Engineer (Roads) to the Govern-
ment of India. Published by the Manager of Publications, Delhi.
Imperial Octavo pp. 184 +vii. Price Rs. 8/8 (or 13 sh. 6 d).

In India, the first obstacle which one meets with when initi.
ating any sort of enquiry, Whether of resqa.rph or administmtiv'e
planning, is the ahsence of & sa.tmfactor'y stnt}stloal bac!(ground, This
disadvantage has in no department of enquiry been ‘more evident
than in road transport. The present pubhcau‘on is the outcome of
a very laudable attempt on the part of the Statistical Section of
the Roads Organisation to o\ercome this  disadvantage,
by providing a source of authoritative reference on statistical
data of overyday utility to the Road Engineer and those
interested in road transport generally'. The large volume .of
statistical data contained in this volume is at present not easily
available from any other soarce. The extent of _the patient a:nd
exacting labour which must have })eell gxpended in the collecting
and compilation of the data is easilv evident on every page.

numerical data fully classified in regard
ad transport for as m_t:inylb&clf; years
ble. is feature by itself makes 1t an ldeal relerence
:i(?]:)?fl l;:grmg;gnt value. I}tr will not be disputed that the prepa-
ration of this volume has made the problem of maintaining
and publishing the data uptodate_ very much eamell th“‘l‘ﬂ‘?’h? 1t
was previonsly. We hope to see in future an ar}nua put 0(;0: ion
giving the necessary figures to keep this volume uptodate.

The publication gives
to details on every aspect of ro

are the incorporation of comparative
p herever relevant, and a short
ndia and of the Central Road

Other useful features are
statistics of foreign oountries W
history of road developement 1n I
Fund,

tle of the publication is more

: , , ti .
Lucidentally, we feol that oy It would even seem justifiable

modest than its contents warrant. . L .
to oall it Basic ITransport Statistics of India. In addition to six

. ; : :th Growth of Traffic, Current
8ections dealing respectli\;:'lg};’ §Lt£d Finance, the Central Road
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Fund, and Road Expenditure, a separate section is devoted to
other forms of transport, another to the changes in estimates
necessitated by the Partition of Indin, and a third relating to
« Miscellaneous’ items,

‘The last mentioned is a veritable hotchpot of statistical infor-
mation and contains date on such diverse subjects as area, popu-
lation, agricultural production, production of cement and steel,
and imports of asphalt, to give only a short random sclection.
Because of the inclusion of such information the book is bound to
be of permanent interest, not merely to the road engineer, road
transport exeoutive, or planner, for whom it is primarily intended,
but also to the administrator, the research worker, and officials
connected with any of the present day forms of transport, nof
to mention students of economic affairs generally, We commend
it to all these persons with confidence. o

.
|
1.
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 The Right Machine

© forEvery Job!

‘International’ and Allied Equipment

Fast and economic roadbuilding, earthmoving
or material handling calls for reliable
machines built “for the job”. ‘International’
Tractors and engines lead the field in power :
economy and performance. Volkarts offer
an efficient spare part, pump and magneto,

p————— repair service to back up operations in the, ——

field. Consult our Engineers today.

Bucyrus Erie Bucyrus Erie Adams Motorgrader «
Bulldozer Bullgrader |
LAV

D=

Bucyrus Eric 2.wheel and 4-wheel Scrapers .

Bucyrus Erie Hough Payloader Hughes Keenaa
Tamping Roller Mobile Crane

VOLK A\'l:! T BR 8 THERS (Agricultural Dept.)

Bombay — Calcutta — Madras — Cochin = New Delhi — Karacht ~— Lahore
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BITUMULS

COLD BITUMEN EMULSIONS REQUIRES
NO HEATING

¢ Direct From Drum To Road >’

For construction of :—

ROADS
FOOTPATHS
ASSEMBLY AREAS
RAILWAY PLATFORMS
AERODROME RUNWAYS

Spray pumps and ex-service supervisors provided
free for all major works

Full Particulars and Technical Advice from :—

BITUMEN EMULSIONS (INoi) LTD.

Head Office, Factory o« Laboratory:
7/1 HIDE ROAD, KIDDERPORE, CALCUTTA.

PAKISTAN FACTORY
LAHORE CANTONMENT.

Telegrams:~ BITUMUL S.

GANNON, DUNKERLEY & CO., (MADRAS), LTD.,,

CIVIL, SANITARY & CONSTRUCTIONAL ENGINEERS

NEAR MADRAS

’

GREAT SOUTHERN TRUNK ROAD

CONPHALT ROAD
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MILLARS’
MACHINERY

Concrete Mixers—Tilting and non-Tilting Types.

Asphalt Mixers—for I{ot and Cold Mix.

Roller Pan Mixers—ifoy Mortar.

Diaphragm Suction Pumps {or effective 1ift up to 25 {t.

Self-Priming Pumps {or handling Seepage at lowest

possible cost.

Tower Hoists (¢ speedy construction.

Complete Wellpoint Pumping Equipment [o; dewstering—
the only successful method of combating running sand.

TIMBER
HARDWOODS - SOFTWOODS - PLY WOODS
MILLARS® TIMBER & TRADING CO., LTD.

(INCORPORATED 1IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 27.
Telephone: 41077 Telegrams: JERRAH
Branches and Agents throughout the World.

We can supply
Ex stock
Any Quantity

“COLFIX”’ EMULSION
“HOTFIX’’ ASPHALT

TO MEET
YOUR REQUIREMENTS

Please Apply:—

McCLEOD & CO. LTD.
3, Netaji Subhas Road,
CALCUTTA.

M,as You kaow, asphy);

s the easiese, fastest ang most
economical way to builg new
roads op repair broken Surfaces.

"‘f‘;\tk

F
r:vma ASPHALTS @ INDUSTRIAL ASPHALTS

s .
CUTBACK ASPHALTS @ EMULSIFIE!: Atsml:it-:n
and for technical assistance and advice withou 2

. write to:

STANDARD-VACUUM OIL CO.

is Limited
jability of the Members of the Company is Limited)
a

e New ODelhi - Karachi - Madras - Rangoon

Bombay - Calcutts - Calombe -
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COTTON EXCHANGE

BOMBAY

Whether it be to get your agricultural produce

' A4V Cty "
to market, or to serve highly Industrialized areas :‘\ “
- Lad
with safe, free-flowing transportation, the cop- = -~
I/ o)
crete road Is the best road, not only for to-day 3

but also for the anticipated demands of to-morrow. [y I
st vist
CONCRETE IS THE ULTIMATE LOW COST ROAD.

THE CEMENT. MARKEHNG B0, 0F (NG iL.- uu

BSY-114

SALES MANAGERS 0F The A, C.C.

' or ng and)
H- -SHELL [+] T ¥ TING CO. ()F IND‘ﬂ LTD. Inc Daraied in Engl
s ORAG[ 8 DISTRIBU ING

SALCUTTA - MBAY -
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REINFORCED CONCRETE ROADS

Pre-war Roads that have carried Heavy War Traffic

The heavy demands of war-time traffic have proved the strength
.and lasting qualities of REINFORCED CONCRETE ROADS.

Even with roads constructed long before the war, the amount spent
on maintenance has been negligible,

The use of Reinforcement means—

Saving in Cost, Labour and Trans-
port of Materials,

A suitable  reinforcemont  gives  oqual

strength with onc-halt the thickneas of

concrete,

Prevention of hair Cracks Developing
into Major Fractures.
Reinforcomeont limits the coniraction
cracks in o concrote slab and prevonts tine
cracks doveloping  into major fractures,
with subscquont spallinz of the concroto,

Reduction in the Number of EXpan-
sion Joints.

Roiuforcoment permits the construotion of

Jongor bays with consequont reduction and

oconomy in the numbor of expangion joints.
Reduction of Corner Gracks in the
Slab.

Tho addition of top reinforcemout at the
cornors of slabs, provonts cornor craoks.

LondonfFastheurie fioad,

A complote concrote road Construoic
in 1996 reinforced with BRC Fabric, .

This road has carried heavy War
braffic without any maintonance oost,

ix

REINFORCEMENTCONCRETE

TN

b sheet of fabric

30

separate rods.

is the casier to handle ?

U

The yield point of drawn wire fromn which B R C Fabric is
constructed is more than twice that of rolled steel rods.
A sheet of B R (! Fabric is a single physically connected unit made
of the hest steel available for concrete reinforcement.

It is equivalent to, on the average. not less than thirty separate
rolled steel rods. The labour of handling it iz less than 1/10th the
labour of handling rods and the supervision required for correct
placing is only a fraction of the supervision required for separate
rods,

The British Reinforced Concrete Engineering Company Ltd.
STAFFORD England.

BRC Welded Fabric is now made in India under Licence.
HEATLY & GRESHAM Ltd. (Incorporated in England)
SOLE AGENTS.
CALCUTTA-BOMBAY-MADRAS-NEW DELHI.
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The B 131 Microptic Level includes:—

DIVIDED CIRCLE made of giass which is read
through a conveniently situated microptic eyepiece-

PRISM SYSTEM for reading the bubble by the
coincidence method,

METAL CASE into which the level locks, and
which ensures its protection.

SOLFE AGENTS:
Associated Instrument Manufactupeps (India) Ltd.

274, Hornby Road, BS5, Clive Buildings
P, O, Box 119 P. 0. Box 2136

BOMBAY CALCUTTA NEW DELHI

76, Queensway

xi

Bridge at Sylhet, I span of 2401‘f(0.f. teo of
Surma Ig(;)-‘}‘:el arrlldg” of 40-feet on Cylinder Piers.

BRAITHWAITE & CO.,

(INDIA) LIMITED
CALCUTTA

? e —
W



lashing 1ts way through the most stubborn
ground, *Caterpillar’ earthmoving equipment 1s
fike a giant’s hand extended to help you...yet
'ts enarmous power s always under control. ..

Track-type tractofs
for short-distance
tamed to respond to your lightest command.  Push™ earchmoving

Whatever your requirements for earthmoving !
or road building, “Caterpillar builds the '

g P Track-type tractofs
€quipment you need —bulldozers, scrapers,  for loading an

. ) fling scrapers
tractors, wagons. Each rugged piece, either ::\ucd'iufn distance
tracked or wheeled

»is designed and engineered
to work with the rest as a3 matched ynit —
and all

. . for high-speed long
organisation ready to provide parts or main- di;tanfe hauls
tenance wherever your machines are working

.

Let our experts advise YOU as to the exact
equipment you need
And remember—
" nowadays.

. . . without obligation, of course.

Coterpillar’ equipment is more readily available
You won't have to wait long for delivery.

Caterpillar .

: )npmﬂ":”“‘
fy
rry
TORED TAACT Many € Xk—x(\"—‘)/ te

s R s'ﬁﬂsw - "’;"“ "
Higw%uk’l 5 Vd:}' @@ reacrons "

ENGINES
‘CATERPILLAR

5

sOMBAY °c"t:'|'.u,°.' IN INDIA i
LARSEN & TOUBRO TRACTORS (INDIa) WILLCOX »
LIMITED LIMITED (BUCKWELL - IND!I

LimiTeo

# 0 Box No 2/2 P. 0. Box No. 313 P. 0. Box “0;12

. as ors
backed with an outstanding service  Wheel-typetract

INDRAVATI BRIDGI

tng of 13 spns of 43’ and 34 cach.

sdgned as continwous framos resting on mass

Consis

dge hiag a't tal length of 524/

The picrs ud deck 8'ab are rigitdly connected and de

1¢

i i River thisreinf reed concrete submersib'e br
Crossing tho Indravati River this roinf roed concrote sy

14’ wide throughout.

ay 18

The roadw

concrete open foundations

J. C. GAMMON LTD.,

BOMBAY.

Ballard Estate

Hamiltou House



For long-range Road economy
consuit CALTEX (INDIA) LTD

iy (o

! q e . TR
o . L

-

DISTRICT OFFICES

BOMBAY Caltex House, Baflard Rd., Ballard Estate. Post Bag 1047-
zEW DELHIL Peareyiaf Bidg., Queensway, P. O, Box )Y, 183
ALCUTTA United Indis Life Bid; nev
.22, CN - 0. Box
AT I3 hittaranjan Avenue, P

16, Armenian Street, George Town, P, O, Box §.

'THE BRAITHWAITE BURN AND JESSOP

CONSTRUCTION COMPANY, LIMITED

MERCANTILE BUILDINGS, LALL BAZAR, CALCUTTA
ENGINEERS AND CONTRACTROS

GENERAL ENGINEERING CONSTRUCTION
INCLUDING
BRIDGES, JETTIES, PIPE LINES, FOUNDATIONS,

ETC.

Sole Licensees tn [ndia for
FRANKI COMPRESSED CONCRETE PILING
AND
«SCREWCRETE"” FOUNDATIONS
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LOW COST
SOIL-CEMENT PAVEMENTS
FOR LIGHT TRAFFIC ROADS
AND RUNWAYS £,

$0IL-OEMENT - the modern way to build Light Traffic Roads - Village
‘ Roads-Ruaways of fighe traffic Aerodromes.
8DIL-CEMENT - gives 2 dusrfree and all-weather surface.

SOIL-CEMENT - the effective, easy and quick way to patch up potholet "
macadam and black-top surfaces.

SOIL -CEMENT - s economical as 90% of lts ingrediants 1s mother earth
found right on the sice.

Full details regarding soil-cement construction are given in this Haad-book
priced at Rs. 3/8- (postage As, 8/ extra), Pleasc write to the nearest branch
of the Concrete Association of India for your capy ar post the coupon beol#:
r——--——--.-—-‘-———n—-——_——-——‘-—ﬂ
1 THE CONCRETE ASSOCIATION OF INDIA,

1 . f, QUEEN'S ROAD, BOMBAY.

) ronches a¢: New Delhi, Ambaia Cantt, Patna jn., Calcutta, Madras.
: Bangalore. Nagpur, Kar:ehi, Lahore.
§

L

L]

i

Please send me ... copies/c “8oil-C v i
covering cost and postage. opy of “Soil-Cement Roady " 1om remitting RS ..o+
NAME

ADDRESS _

epanrnr

L&—-—-—-

L———ﬁ--—-_—___- -

THE CEMENT MARKETING CO.. oF INDIA, LTD-
SALES MANAGERS GF THE

C. v10.

apTs oM F

on the road to progress

The Sindri Fertitizer Plant :

A solution of (ndia’s food problem
lies in incrassing the productivity of
her fand. This glant plant, when
completed, will sim at & daily production
of 1000 tons of Sulphate of Ammonia—
an invaluable fartilizer for increasing

the yisld of our {ood crops,

Thousands of tons of Indian Steal are
helping to build this mighty plant ; and
Steel in its various forms will assist at every
stage in the production of fertilizars

and in their distribution.

CRE
THE TATA IRON & STEGL COMPENT LIMNED. WEAD SALES OFFICI«

TATA
STEEL

3D NETAJI SUBMAS ROAD, CALCUTTA.

xvii
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"AUSTIN-WESTERN
AL [ p ALl
WHEEL WHEEL

BRIVE {1
N

Plus:-
HIGH-LIFT BLADE
EXTREME REACH
COMPLETELY

REVERSINLE  BLADE
HYDRAULIC CONTROL

Powered py
16 K. P, OleSEL
ENGINE‘

Attachments

O SsCARIFIER ® BULLDOZER
LOADER @ REAR ROLLER

AVAILABLE FROM stock ORDERS
FOR MORE PARTICULARS
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