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Communications addressed to the following members have
been returned unclaimed by the Post Office. Members able to
give information regarding the present address of any of those
concerned are requested to forward particulars to Secretary,
Indian Roads Congress.

Sertal | Roll
No. | No. Name | Address
1 652 Guruswamy, S. No. 8, Appaswami  Koil
Street, P. O. Mylapore,
Madras,
2 1026 Hege, W. D. Agphalt Sales Engineer, (*/o.

Caltex (India) Ltd., P.O.
No. 155, Ballard  Estate,
Bombay.

Paper No. 160.
“Design of Road Beds.”
By

(. SRIRANGACHARY, B, K, M. 1. k.
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SYNOPSIS

Tho Paper suggests that unbalavced design of the road structure is the cause
of most of the ills that afflict Indian roads. A road should be designed as a
strueture with the * traflic widih”’, i.e. the width needed by traffic, forming the
starting point of the design. Earth shoulders, turfeq edges, and_ s}opes protected
with grass should be provided with the express function of retaining and main-
taining the 'traffic width™. Unnecessarily wide ** standard " {ormations
consisting of marrow contral strips of macadam with wide earth shonlders should be

deprecated.

The Paper suggesté a method of designing the road structure based on
experience and observation of construction and maintenance methods practised in

Madras.
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1. DESIGN OF THE ROAD BED STRUCTURE

1.1. [Iatroduction

1.1.1. For designing a road successfully, like any other
structure, all the factors affecting the design have to be taken
mto consideration. Whereas the days of hit-and-miss methods
in road construction are gane, never to return, stage by stage con-
struction is still in vogue in many countries,
them. To build a road for the immediate requir
it as changing circumstances demand, is & u

country, just ss o man of moderate means builds the ground
floor of his house first and adds other storeys as his requirements
increase and when he can aflord to make additions. But such
storeys can be added only if the foundations are initially designed
for the heavier foads. So also & road can be upgraded to stand
heavier traffic only if ¢

he foundation, that is the voad bed, has
been well and truly laid.

Indis being one of
ements, and upgrade
sual practice in this

1.1.2. Tt is the purpose of this Paper to suggest a method of
designing road beds in this country.

1.2. The Principal Variables

, 1.2.1. An examination of the available design methods and
,published literature shows that there are FOUR PRINCIPAL
FACTORS generally recognised as important for the rational
design of the road structure. These four factors are ' %

(1) The natural goil under the road-bed ;

(2) The volume and character of traffic expected to use the
road ;

(3) The moisture conditions which would exist in the road-

bed and the subgrade after the construction of the road
strueture ;

(5) The olimatic conditions, e.g., rainfsll, temperature
range, etc.

1.2.2. To arrive at a reasonable method of handling the
variables involved, they may be evaluated on s numerical basis,

or else they may be expressed by the use of adjectives like * fair .
‘‘good”’ etc; or a combination of the two methods may be
adopted.

* The references are to the bibliography at

page 851,
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Evaluating on & numerical basis requires research and
simple test procedures. The ‘“adjective’’ method involves
personal judgement based on experience.

1.2.3. Subgrade Soil

There are several methods and procedures for testing soils,
e.g. the C. B. R. method, the 30-in. plate bearing test, the North
Dakota Cone method, and the Triaxial-shear test method. The
results of these methods are correlated with road behaviour
records, and numerical values evolved for use in design.

1.24. Traffic

Traffic censuses can be taken and the figures obtained used

in designing a road structure, allowance being made for the
éxpected growth of traffic.

Adjectives like

“heavy ”, “medium’’, and ‘ light”’ can be
used to denote spec

ified ranges of traffic density.

1.2.5. Moisture Conditions

. This i & factor which is difficult to determine with accuracy. ¥
It ig generally evaluated only on the ** adjective '’ basis, e.g.— .4

(h
(2)
(3)

Arid or high land not subject to standing water :
Subgrade subject to oceasional standing water :
Subgrade subject to saturation for short periods; and

(4) Subgrade subject to saturation for long periods.

1.2.6. Climatic Conditions

Variations in weather from one area to another ~are well
understood and may be.evaluated correctly. Sometimes the
évaluation may be on a rainfall basis, e.g.

Wet, average annual rainfall over 50 inches
Medium, -do- ~-do- 25 to 50 |,
Dry, -do- -do- 15 to 26 ,,
Very Dry, -do- -do- under 15

LR}

Such classification may help to evaluate erosion of shoulders and

embankments, probable duration of soaked conditions, and wear
and tear of the wearing surface.
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1.2.7. Breakdown of the Princi
pal Variables Aff
Design of Road Beds eoring the

—Granulometric Compo-
¢ sition
]‘—wPlastic limit and Plastic
Type of inde ¢
——Subgmdo ——|—Colloid content
Soil —Presence of detrimenta)
salts
—Degree of compaction
Design of pavement —Bearing Power
and foundation to ) —Availability of water
offer adequate resis- ““,““”"‘.“?"‘ —Ground water
tance to deforma.. . Condition ~-——'——Precipitation
tion for the required —Condensation
standard of riding ! —Speed
surface and width, —Traffic —~——Total Wheel loads
—Repetition
F—Ra?nf&ll causing erosion
r—Rumfa]l softening the
shoulders, and/or the
wearing surface
— Variation in tempera.-
l ture
—Maximum temperature
affecting pavement.

—Climate —_—

1.3. Breakdown of Design Problem into Four Steps

1.3.1. The desi f - .
four important stepsg:n of road-beds may be broken down into

The first step is to determine the com onent > i
the road-structure should consist of, for thg given !élgalzﬁtﬁi*n:ﬂl}cllll
fgr the values of the four principal factors. As the given C(’m l
tions may vary a:lopg the length of the road, the sections 6f f(}1:
road having dissimilar prevailing conditions should he vmm'dl 1»(’
ed separately, and separate designs worked oug if nece'assa,nkl‘ o

Accurate data should be obtained regarding

factors for each section of th i
factorn e road, if they vary fr

the principal
om section to

1.3.2. "The second 8tep is to fix the criteria or standards

pertaining to the service required of th

. ’ e road
and other properties necessary for each co’m;r;getrlllte eronath
Materp'ls suitable for each member, for the desired' e bor.
durability, and safety should then be selected. economy,
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1.3.3. The third step is to find out the strength and other
properties of the chosen materials or mixtures of the materials,
and work out the thickness and width necessary for ensuring that
the road will provide the service it is designed for.

1.3.4. The fourth step is to work out complete designs for
each change in any of the variables, draw up specifications, and
work out the limits and other details regarding field controls
required for ensuring satisfactory construction.

1.4. Structural Requirements

1.4.1. In the design of all structures, including road-beds,
the first step is the determination of the structural requirements:
in other words, to determine the type and magnitude of the loads
and other forces which the component members of the structure
may be called upon to withstand.

1.4.2. The different component members of road-beds are
shown in Fig. 1(a) and (b). Certain component members, (e.g.,
sub-base, base, edge protection, slope protection) may be omitted
under certain conditions, if the design considerations support
such omission. The design procedure should lay down that
reasons for omitting any of the component members of a road-
structure should be placed on record.

1.4.3. For determining the type of each component member,
a careful consideration of the principal factors is required.

1.4.4. The nature and intensity of traffic largely determines
the type of the wearing surface, for economy, safety, and durabi-
lity. Climatic factors also may require consideration under
certain conditions, e.g., steep hill roads, dry and waterless areas,
etc.

1.4.5. The type of subgrade soil and moisture conditionsa
determige the type and strength of foundation layers®".

&

1.4.6. ¥For a given soil, climate, and rainfall indicate the
nature of the edge and slope protection required (members v and
viof Fig. 1). Slope protection may sometimes be obtained after
a lapse of time by a natural growth of grass or shrubs. If the
protection is not provided as a part of the design, serious erosion
and damage may be caused before the natural growth makes its
appearance. Grass cultivation, sodding, or turfing used for slope
protection have to be carefully designed and planned.

1.4.7. Edge protection (v of Fig. 1) will be necessary for
most types of soils. If properly designed and constructed, it
should also protect the soil shoulders from erosion,

2

v
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1.5. Criteria Applicable to Design

1.5.1. It is usual to have diffe
] ! rent
judging thq performance of different ro
on the service desired. The stand

general standards for

ad-structures, de i
ards relate to ' pending

(1) the width available for traffic ;

(2) the distortion permissible in the cross-section :
(3) the riding surface ; ,
(4) the speed of traffic using the road ;
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(5) safety; and
(6) durability of the road structure.

1.5.2. There is no one simple criterion to judge the perfor-
mance or adequacy of a road bed, but the overall problem is one
of economics. ¢ What is the minimum width and thickness
which will be most economical for a given situation? ‘“What is
the type of pavement and base most suitable 7’ These questions
have to be answered with an eye on the overall economy.

1.5.3. Many good roads have been successfully built in the
past before these questions were fully answered as it was always
possible to ADD adequate thickness and strength to cover un-
certainties in the design concept(®’.

Even now there may be situations where, on grounds of
economy, the width or thickness of the wearing surface may have
to be so designed that a part of it is to be ADDED at a later
date, provided the base and subgrade are adequately designed
for that purpose.

1.5.4. It is important to remember that there is no one
particular thickness below which a pavement would utterly fail,
and above which it would serve without any signs of failure.
Serious and widespread failures occur with small thicknesses of
pavement. As the thickness is increased, the rate of development
of failures and the area that fails decreases with increasing thick-
ness, rapidly at first and then more and more slowly (%),

1.5.5. As a general rule, the sub-base and base MUST be
designed of adequate width, strength, and durability even if the
wearing surface is to be constructed in ¢ stages . It is often
extremely costly to rectify a foundation failure, whereas a pave-
ment failure may not be so serious.

1.6. Balance in the Design of Road Beds

1.6.1. Up to very recent times road construction has been
of the nature of almost a practical trade. The specifications were
often based on previous experience or merely on rule-of-thumb
methods.

1.6.2. Ask a competent road engineer the following
questions —

““Why was the road from A to Z built to a specification of
6 in. of soling with 4} in. of metal on top ¢ (%)

“Why was the metalled surface 12 ft wide and the soling
13 ft wide 2 '
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The answer will probably be supported by reference to
departmental specification or to some practice in vogue.

It is quite unlikely that the answer will be based on calcula-
tions or experimental evidence.

1.6.3. Take, for instance, the widely prevalent practice of
making the foundation layer of the road structure from 6 in. to
12 in. wider than the wearing surface. This practice is very
much like that of dimensioning the footings of buildings. The
inference is perhaps admissible that the practice was originated
by building engineers who had also to look after roads, as in
 Buildings and Roads > departments of State governments.

1.6.4. Design concepts applicable to building foundations
may not be valid for the design of road foundations. The absence
in the past of any reference in departmental specifications to.thls
important aspect of design was due to the lack of criteria or
standards regarding the TRAFFIC WIDTH which should be

available for safe use by traffic.

1.6.5. Speed and safety of travel and reasonable safety
without a serious loss of speed while crossing, are expected by

the road user.

1.6.6. Road bed design should, therefore, start off with the
above-mentioned requirements as the chief criteria. The
« PTRAFFIC WIDTH”, or the width of the road surface which
should be available for the safe passage and crossing of traffic, is
a function of the present traffic and its probable future develop-
ment. It is a simple matter to fix reasonable standards in this

respect.

1.6.7. The type of the wearing surface is of no interest to
the road user so long as he is assured, within limits, of the
required service all through the year. Whether the traffic width
is made up of one or more types of wearing surfaces should be
governed solely by economics and not by traditional rules and
standards.

1.6.8. If & one-lane traffic-width could be conceived of as
sufficient, i.e. if no vehicles would ever pass or overtake each
other, there would be no justification for flanking the lane with
wide earth shoulders. Such roads would, however, be very few.
On most roads in India the traffic uses mainly the centre of the
road for the greater part of the travelled length, yet there is need
for a greater traffic width for the safety of passing and overtaking
traffic. If, on grounds of economy, the extrs width is to be
provided by means of a cheaper surface flanking a central strip

DrstaN oF Roap Beps 309

of a superior type, the design should take into account the
detrimental effects of the junction between dissimilar surfaces.

1.6.9. Regardless of the nature of the strips which comprise
the wearing surface, the whole of the ¢ Trafic Width '’ should at
all times be assured of adequatc lateral support. One way of
achieving this is by providing the required width for the founda-
tionf®'. Limiting the width of foundations so as to support only
the central wearing strip results in exposing the edges of the
central strip to water-softening under the zone of loading'®).
Such a condition, if allowed to persist, may cause a permanent
deformation of the central wearing strip. This is usually accom-
panied by holes and other irregularities at the edges of the central
strip, resulting in an appreciable diminution of the available
main-traffic width.

1.6.10. The importance of traflic width is pertinent not only
to the wearing surface and the foundation, but also to other
component members of the road-structure. Given the ** traffic
width ’,—the starting point of the design—the other component
members should be determined so as to suit that * traffic width .
In other words, the design of the component members should
be such that the resulting road bed is structurally well
balanced (7).

1.6.11. It is important, however, that drainage crossings,
the positioning of avenues, the land-width to be acquired, and
other details take into account the future increase in the traffic
width.

22.ft
Avenve. o
X 4" '

) d Stag —24 1, Cuivert Widened
medﬂ?g %‘%s eh\:?OPé:::? - %‘ th 24 ft.
toReouire Wider Rood.
¢ ES FOR STAGE CONSTRUCTY
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1.6.12. Fig. 2 illustrates a design in which the traffic width
(T), initially 14 f{t, is required to be increased to 26 ft at some
future date. When the road is new and traffic light, the forma-
tion need. be only 22 ft wide at the top. = The foundation, which
is 19 {t wide, supports the entire traffic width (14 ft). The wearing
surface is 16 ft wide and congists of 12 ft wide macadam and
only one shoulder 4 ft wide. (The useful traffic width is reckoned
as two feet less than the wearing surface leaving out one foot on
each side to allow for a possible weakness of the edges). Edge
protection with grass sodding should be of sufficient thickness and
strength effectively to prevent erosion of the shoulder.

[t L e = e — e o

xe! - ‘
Avenve [ —— 32 "_—"'l Avenue.

2.nd Stage. 32/ ——*I
Avenue. 1= ! Avenve.

FIG. 3 . EXAMPLE OF AN UN-BALANCED DESIGN.

1.6.13. Fig. 3 illustrates an unbalanced design as conceived
by the Author, the subgrade initially formed to the final width of
32 ft whereas the effective traffic width is only 10 feet. The soil
shoulders, each 10 ft wide, are not of much use for traffic as they
are liable to get eroded seriously in every heavy shower
of rain. (See photo 1.)

1.6.14. In the design shown in Fig, 2 the road width over
drainage structures may preferably be the final width desired.
If, on grounds of economy, the larger structures are to be of

minimum cost compatible with safety, the traffic width over such
structures may be as low as 15 ft.

Fig. 2 shows a suggested alignment of drainage crossings with
respect to the road centre line. It may often be advantageous to
‘construct the substructure of culverts to the required final width
to avoid construction difficulties in future widening operations.
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Photograph 1.
An unbalanced design
with a 12-ft macadam strip with wide earth shoulders. (Para. 1.6.13)

1.6.15. The design procedure should indicate the r.elfava.nt,
data to be used under different conditions for obtaining a
balanced design of the road-bed.

1.7. The Subgrade

1.7.1. The travelled portion of a paved road consists of a
pavement structure resting on the subgrade. The pavement
structure consist of a top portion serving as a wearing surface,
and the lower portion which may consist of one layer, the base
course, or two layers, the base course and sub-base.

All design procedures deal with the design of these sev.era.l
layers to suit the bearing capacity of the subgrade and the given
traffic loads.

1.7.2. Field and laboratory studies combined with long
experience in the evaluation of sqil, geologicq,l, climatic, and
moisture conditions, serve to determine the practice to be followed
in design(?).

.1.7.3. Most of the design controls regarding soil refer to
conditions which can best be determined by sight, feel, and
judgment in the field when the soil survey is made(®), Bearing
capacities are usually determined at the expected moisture con-
dition, and maximum density by the Proctor Test. Depending
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on the nature of the soil and the expected moisture conditions,
soils may be ‘rated” into categories. A suggested “ rating”’
into four categories as adopted in North Carolina (U.S.A.) is
shown in Table 1%,

Table 1—Subgrade Bearing Values(’.

~ Subgrade
Bearing value | Classifica- Descrinti .
pounds per tion. escription of soil.
sq. inch.

30 Good Nandy soils, with not more than 35
per cent passing No. 200 sieve—
Goad drainage.

20 Fair Clay soils but not heavy clay soils (50
per cent or more clay) — Good
drainage,

15 Poor Heavy clay soil, or Clay soils where
drainage is uncertain.

10 Very poor Heavy clay soils. Poor drainage.

1.7.4. Since the strength of a given subgrade varies inversely
as the water content (®), its future value will depend on the
amount of water that it can absorh, It is, therefore, most
important that—

(i) the subgrade showld bhe well compacted so as to reduce
as much as possible the water it can absorb :

{if) the variation in the moisture content from the centre
to the edge should be as low as possible, so as to
minimise the variation in the hearing power,

- 1.7.5. The entrance of water into compacted soil may
simply displace the contained air, or in addition it may produce
swelling. The latter is not likely to oceur if the soil is adequately
confined, such as by the overlying layers of a road-bed. Swellin‘g
may, however, occur if the soil is unconfined as in earth roads or
in the earth shoulders of paved roads, If swelling occurs dur,ing
absorption, additional water-holding capacity is created, and by
this process practically all the strength of the soil can be
destroyed(®),
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1.7.6. Fine grained (clayey) soils are most likely to suffer by

water absorption. It is, therefore, important o ascertain the

wettest condition in a given case and the basiz of design should
be the strength of the wet soil (%),

1.7.7. Let us consider a subgrade of clay soil, confined at
the top by means of a pavement which is porous but compact and
well-knit. Let the subgrade be dry to start with and let water
percolate through the porous pavement to wet the subgrade
(Fig. 4 (a) ).

Saturated Road Ped.

. W
T....‘.,.‘r‘fﬁ.‘;. <N 50 1P 50 100
y K] ¢t = | r 4
Water Seeping % o L 11' ﬁ
gﬂmc)' Pavement.\"g : =l
S lolerfoced > 1 £ /
< g 3 3 Ce f b1 J-(-—-
o838 A
=05 < |0 \
X e |2 X
523 Eoglll
5 U6 NM & M
%2575 25 15
Percent Saturahon.

l
FIG. 4 .. MOISTURE ‘ABSORPTION THROUGH POROUS,

PAVEMENT, WITH GROUND WATER BELOW.

The fine-grained soil of the subgrade of high capillarity will
quickly absorb the moisture passing down the porous pavement.
The rate of capillary flow is a function of the net capillary force
at the interface, and the resistance offered by the pavement to the
passage of water. If water is available for a sufficient length of
time, it will get absorbed by the subgrade and the percentage
moisture at the interface will increase. Fig. 4 (a) indicates
capillary potential curve MN for equilibrium for the supply of
water from groundwater alone (1°! and curve PQ for equilibrium
for the supply of water percolating from the top only. Consider
the case where water is being supplied from both directions.
After some time, when both top and bottom get saturated, the
line of capillary potential will be MKP,
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At some intermediate stage when the top is not yet saturated,
the line of capillary potential will be M'JP' in Fig. 4 (b).

If the supply of water from the top is not adequate the
moisture content at the interface may not reach saturation but
remain at some intermediate value.

It has been observed that this value, in general, may not
exceed 75 per cent of saturation moisture for olay soils (see
para 1.7.9) except near the edges of the road bed and when the
water table is almost at pavement level.

If the groundwater table is at a considerably lower level, the
maximum moisture content at the interface will be less than when
the groundwater table is at higher levels.

600[ - ' —
AN ST
. = OS !C ’m‘ bl —_ J-
peo 4 g Plastic Index - 4% ‘;{, 8 5
S £ Density- 8% To %e. Tb. ha
400“&/ ‘g Moigture absorbed
g’. & [ Sub Grode V8
500"%,'\ — favemen! Thickness, g'q
S &
200 ? 1 \ g?,
Moigture vs. Cone R 1
foe ¢§ i Bearing Stren?ll‘. % 2 E
| |

= 90 25 30 3% 40 4% Yo
o 15 20 Mmsl'u?e- Per Cent. 2

FIG 5. SUB-GRADE OF BLACK-COTTON SOIL UNDER
POROUS PAVEMENT.

1.7.8. Fig. 5 represents moisture condition in a typical black
cotton soil subgrade in Madras State, with NO groundwater table,
after the equilibrium condition is reached for different thicknesses
of the porous pavement. 1t is seen that for a 9-in. thickness of
pavement the subgrade moisture is 33 per cent, which is in excess
of the plastic limit of the subgrade soil by 8 per cent. Fig. 5
shows also the bearing power by the cone penetrometer, at the
different moisture conditions of the subgrade '

v
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Madras State ~Guntur Dt.
*‘ l";«.5'+ Macadam-12'x 5" —»|Steb e
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Sub-srade Soil, -Black Colton,PL = 259 ;
P.l. = 7‘0%); Density 90 1b fe. Ft 2

FIG. 6.

1.7.9. F¥ig. 6 represents a typical equilibrium condition of
compacted subgrade of black cotton soil under a road bed in
Madras State. Fig. 7 shows the final moisture condition after
full saturation of the subgrade, sub-base and base-course at the
Test Track at Alipore, 1949-Series Tests.

After a severe summer, a few inches of rain over the
mocadam pavement may often be adequate for the subgrade to
attain equilibrium moisture condition. The strength of the
subgrade in this condition may be taken to represent the worst
condition for the purpose of design, as will be explained in
greater detail in paragraph 2.3,

3
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{
YMacodam. |

(W-Bengal)-1949 Seri’es Test at Alipore Test Track.
[~ 4

) ;:,Stltv Clay,
PLz 2l Pl.= |57
Density g5 1b. '~
Sub-Base, 6 thich,
13and + 1{-Clov.
Base Qourse,6 thick,
».Sand « 1-€1av.

FIG. 7 . MOISTURE IN THE ROAD-BED AND
SUB-GRADE AFTER THE FIRST RAINS AFTER SUMMER.,

Fig. 8 represents an analysis of the moisture conditious at 80
test points on a six-mile length of road where the wearing surface,
base-course, blanket course, and subgrade were the same as those
shown in Fig. 6, The analysis shows that for the greater part of
the road

(i) the moisture content in the subgrade beyond the width
of the foundation layers was within 85 per cent of full
saturation, or 120 per cent of its plastic limit ;

(ii) the moisture in the subgrade just below the foundation
was for the most part within 80 per cent of its plastic
limit, or 59 per cent of saturation moisture ;

(ili) the moisture in the stabilised soil base-course was for
the most part within 75 per cent of its theoretical water
absorbing capacity.

The soil mix of the base-course was designed so that its
theoretical water capacity was within 70 per cent of its plastic
limit, i.e. 70 per cent of 15 per cent, or 10.5 per cent. Hence the
maximum moisture content of the base-course was within 75 per
cent of 70 per cent, ie., 52.5 per cent of its plastic limit.

_ L710. An experienced soil engineer should be able to
identify and to estimate quite reliably the consistency and bear-
ing strength of natural clay soils and compacted clay soils.
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Burmister has suggested tentative criteria for rating clay soils
with regard to relative supporting value on the basis of relative
shearing strength (') as shown in Table 2.

Table 2—Rating of Clay Soil.

Maximum | Relative
- shearing strength | au mrti(n . valie
Ib per sq. in, ;| YUPl g value

Clay soil at Liquid limit 0.5 None

Clay soil, soft 0.8 to 1.5 Practically none
Clay soil, medium soft ! 1.5t08 Poor to Fair
Clay soil, moisture |

at ‘“ ball ”’ moisture 8 Faig
Clay soil, firm or stiff Sto 16 Fair to Good
Clay soil, medium hard 16 to 30 'Good to Very good
Clay soil, hard ! 30 to 65 | Very good

1.7.11.  In the case of sandy soils, the detrimental effect of
moijsture is much less than in clay soils. As the subgrade
resistance is largely dependent on shearing strength (!0 and as
the shearing strength of sand depends on its density(13), it iy
important to compact sandy subgrades to the maximum density
possible. C )

1.8. The Base Course

1.8.1. Under this heading will be considered the principles
governing the design of the base course, which may consist of one
layer or two layers, the base course and the sub-base. The
design should aim at the highest quality economically attainable
under the given conditions. The use of a sub-base is indicated
when the emphasis is on economy, since a large variety of
combinations of materials may have been successfully used.
Specifications should not be too rigid, but should be designed
to take full advantage of locally available materials (%),

1.8.2. Almost every construction material, whether it be
stone, concrete, lumber, or metal, consists of some kind of
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particles bound together by some sort of cementing agent. The
particles may be sand grains, pieces of metal, crystals, etc.; the
cementing agent is normally composed of smaller particles,
liquid, plastic, or solid ¢1*).

The strength and durability depend on the type of the
particle, the type of the cementing agent and the method of
compounding or processing. Tests on untreated soil materials of
known behaviour indicate that they should have a cohesion value
of at least 12 pounds per sq. inch and an angle of internal friction
in excess of 30 degrees, for successful use in the base coursei14),
Fairly well graded sand can be used as a sub-base to within 6 in.
of the road surface '8 if the sand, by suitable compaction, can
develop ““apparent cohesion ”” of about 5 pounds per sq. inch.
The angle of internal friction may then be over 35 degrees.

1.8.3. 'The importance of a sufficient base width on the
outside to provide cnough lateral support to develop the full effect
of the base thickness cannot be over-emphasised. This is
particularly important in widening rigid-type pavements, if the
widening is limited and receives only a onc-wheel assembly, the
other wheel being supported by the older part of the road“..

1.84. If an average can be indicated, base courses vary
from 6 in. to 8 in. and sub-bases from nothing to 12 in., and the
trend is towards an adjustment of the overall thickness in the
sub-base as a matter of general practice (17),

1.8.5. The strength-imparting power of base courses has
been examined by several investigators. This power varies with
tho inherent properties of the subgrade, and for a contact area of
890 sq. in. it may be 0.8 to 4.0 1b per sq. inch per inch of the
thickness' 18 of the base course. The eftect of the size of the
contact area, in other words the perimeter-area ratio, on the load-
bearing capacity is important when considering the design of
road beds to carry heavy pneumatic tyred loads. “The perimeter-
area ratio of these heavy wheel loads may be much lower than
the wheel loads usually assumed and the bearing capacity may
consequently be lower. This may require a,thic'ker base than
what is required for the lighter load. By knowing the rate of
strength increase, as indicated in b‘lg. 9, the extra thicknesg
required of the base can be calculated 19).

1.8.6. For the design of rigid pavements, the stability of the
subgrade is, within reasonable limits, more important than the
thickness of the pavement %) Reinforcing the subgrade with
an additional underlayer of selected material, granular in type,
is recommended in all cases of subgrades of low bearing value,



320 NRIRANGACHARY O
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1.8.7. In the design of flexible pavements, the most im
tant requirement is to prevent shear deformation. If tho‘ b e
subgrade should fail by shear deformation a n.lajor reﬂ aiase‘ 01;‘
may be necessary.  The second requirement is to avoid eI‘)(cgs;igre

compaction by traftic, which may be m i
e tn ths st 1), y ore important than was

1.8.8. The latter requirement is met by dderi
streng§11 of the road bed ll}ld(’l‘ repeated ]oatdi]:]}g cof::‘;g;;}n‘g .t‘he
made in other countries show that the permanént deforlr%&ttl(')m
aften: 10,000 repetitions may be taken as equal to the total dafmn
mation produced by one application of the load. sor

1.8.9. If the basc is designed as suggested :
surface sho'uld be capable of withsiindit(llgdlﬁlz defo ti
produced. The use of thin bituminous pavements thmm o,
requires & base of very high quality and strcng},ﬁ 'erelflore,
macadam or sand-clay-gravel of high density and stabifit;:l!ca) o

e, the wearing
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1.9. Wearing Surface

191, In the design of the roand-structure two sets of
oriteria are used, one for selecting the type of wearing surfaco
and another for determining the foundation designt®.

1.9.2. The volume and typeof traffic largely control wearing-
course design. While it is usual to refer to the < 30-year Cost”’
basis for selecting the type of the wearing surface, inability to
meet the heavy initial cost may, in some countries, be a determi-
ning factor in constructing a large milage of low-cost roads(?2),

1.9.3. Stage by stage construction of the wearing surface, as
widely practised in India, may be adopted where conditions are
favourable to the durability of lower type pavements. A macadam
gurface is frequently used for this purpose. A superior surface
may be laid over the macadam surface subsequently depending
on traffic, economic, and other considerations.

1.9.4. There is no fixed procedure governing the use of the
traffic factor in designing wearing surfaces. Tt is usual to keep
in mind some arbitrary limits of traffic, by count or by total
tonnage, when deciding upon pavement type.

1.9.5. As the deforming of the subgrade and base tends to
bend the surface upward, it is necessary to make the surface of a
material capable of resisting tensile deformation. Therefore the
wearing surface must possess enough cohesive strength to resist
tensile stresses(®).

1.9.6. A striking illustration of the cffectiveness of tensile
reinforcing was the discovery during World War II that a strong
waterproof membrane like P.B.S. (pre-bituminised sheeting)
placed under a metal network would automatically seal the ope-
nings in the network. The upward flow of soil under load was
thus completely blocked. The P. B. S. made an effective seal even
in waterlogged clay soil, as the plastic soil pressed on the P. B. S,
and held it firmly against the metal network. By this method a
large number of all-weather runways were built within a matter
of days, instead of monthst*®).

1.97. If a macadam wearing surface is built with fragments
of a refractory stone like granite or quartz, and a soil binder, the
surface is likely to get torn up due to suction by fast-moving
pneumatic tyred wheels. The wearing surface may often be
completely torn up within a matter of days or weeks. The
superior wearing quality of hard stone has little chance to
develop, and the surface might have to be re-built at frequent
intervals. ' ‘ ‘
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1.9.8. A possible explanation is to he found in t
tensile strength of 1he surface owing to the poor cohesion of
ordinary =oil used as binder, The use of a highly cohesive soil as
binder is hardly possible on account of jts tendeney to stick to
the roller during compaction. Rotten granite * soi] or disinteg-
rated granite soil taken from below the layer of the top soil has
been found to serve more effectively than ordinary soil binders in
Hongkong, 24 and in Madras State(2¢:. Analysis of typical
‘“ rotten granite  soils ig given in Table 3,

he negligible

Table 3-—~Engineering Properties of “Rotten Granite ”,
known also as “Disintegrated Rock Gravel ” in Madras,

. - - I
Atterberg | Mechanical Analysis ’53,5 ags
Source Limits % passing sieve No. 8 é‘ g SE
B ) >7W“ ST C T HQ)O
LLPLPL| 1" 10(40 60 200 SR4 gg
—— - — ' .- B AN i
L M. 23/1 ot
Southern !
Trunk I
Road

|
(Madras) 136.3118.3118.0194.8 64.8 36.426.7(19.6 113 70 to 80
i

|
2- M. 25"3 ol i

Southern /
Trunk
Road l

(Madras) {39.8 2].9,17.9 100 [96.1171.1(66.0 46.31 111 -do-
8. M. 27/8 of
Southern

Trunk |
Road

|
(Madras) 34.11117.9 16.2 100 (97.8165.3 53.6127.8( 109

! i
\\M'

* Cementation Value of Macadam Stoneg:

Granite — gy, 6
Lmie 8tone — g9 to 97
Laterite 95 to 40
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i i hard stones by itself is meﬂtecf;l\‘re,

o rlihol:m:ff:‘il::sklgl%l;f in two dil.ncnsions. (‘)n ?h@ ‘:,90‘,31

oo, A thave i hardly any interlock in a vertical direc lbl’

e ot th'erg 1:5 of the required cohesion iy of (ef)nmd'elratle

the uze Ofe“inbllgc:.iities' where a macadam surface is still the
importanc s

ruling specification.

1.9.10. The foregoing discussion leads t‘o tllfoérll(fi(:lrzr’l’(zebftl‘olﬁz

; ‘.'f hction of the binder is to prevent *‘ un- oc xR i
ﬂ:gct;ggn;lstone fragments by the sucft%nn "l"llll((lm(t j"(oll(\l(nq avelling
e P o byA[)tI;Ei‘rlllI::::;l:ci‘(')):{: (f{iIt;;l()f(lasphﬂ.lG-san(l mixtl;l_re,l (1)1)
Verthal e d to the " interlocked " macadam surface, (1 ig. 0
eﬁectlvelyfke’s;g from recent, experience in Ma,.dms,' mué_ci]l‘ )ml)ce
gggcti)izezlthzz th,e best ¢ rotten ;granite >’ soil binder. (Also sce

Section 1.10.)

Tenacious Min 3}
4 Layer of
Sand-Asphalt
£ Ffectively
Kayed to he
Interstices
betwean St
Frogmcnts.

Hard,ReFradorg Stone Fragments v
Compocted & Thereu hly Interlocked
in Two Direclions in e homzontal
Plane. Mooram or Seil Binder

is NOT used. .

. 10 . TENSILE STRENGTH REQUIRED FOR
EQ-10. 12 MACADAM SURFAQE .

ES 1.9.11. Whereas there is no fixed procedure forwgz,ll((;tlag;r;g
RO i rse, a g
T he macadam wearing course,
the thlckn%s lof riquil‘e a greater thl_ckness of maca.ia:nll{ nt;,’a.sn OaE
would obvmusyIn actual construction, an extra t-leth oo
it.z:onﬁe: 'gaf:’ has to be added for possible wear before the n
inch to . has

renewal of the surface.

re  distribution
suggested that the pressure
thro;.g!l)ili. n}:cl;a‘dzrlr)lee:urff(i follows a curved line, and from

4
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Boussenesq’s equation and pressrue bulb conception the following
formula for the depth of road metal has been derived!?6) :—

R
-1
P

where ¢ = mctal depth in inches

d=rx

r = radius of equivalent circle of tyre contact area

P
p = base or subgrade bearing valve, Ib per sq. inch.

i

I

tyre pressure, |b per sq. inch

Another method of determining metal thickness is described
in paragraph 2.6.

1.9.13; Asphaltic concrete which has high tensile strength
requires less thickness than macadam for the wearing surface. It
has been reported from tests made in the Asphalt Institute
(U. 8. A.) 27 that the load-supporting power of asphaltic concrete
may be more than twice that of erushed rock of equal thickness.

1.9.14. The design of cement concrete pavements is based
on the modulus of subgrade reaction. The limiting deflection is
taken as 0.05 in. in Westergaard’s formula which, with some
modifications where necessary, has been widely used in all
countries.

Where a cement concrete pavement is constructed over an
old macadam surface of considerable thickness (over 10 in.) the
cement concrete may be only 3 in. to 4 in. thick,—-a specification
widely used in India. As the cement concrete surface is then
very thin, great care is taken to obtain the strongest possible
concrete with the given materials.

1.9.16. Protecting the edge's of the pavement from water
absorption is of great importance. Ifthe shoulders are pervious
successive rains may cause waves of wetness to travel downwar(i
and also towards the centre of the pavement where the subgrade
is relatively dry ‘1°.. Increasing the thickness of the pavement
at the shoulders is a remedy, but it may be insufficient. In some
cases protection of the shoulders by an impervious blanket may
also be necessary to prevent the cntrance of water and consequent
lossg in subgrade bearing value at the edges.

1.10. Braking Stresses

1101, In addition to vertical pressure, the sfopping of
vehicles causes shear stress, s, on the surface in the direction of

A
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travel. The magnitude of & depends on the rate of deceleration
and is limited by the product of the vertical pressure and the co-
efficient of friction between the tyre and the surface.

Radivs.
Shear Stress, S_Eq‘j
‘ :
' Normal
{ ‘I—: deph * Pq. h{ud';, Stress, Pn—i
Oh isfance. Horia.Shear

ELEVATION. Stress;Sh

Loaded  Areo

Plane of
Max .Shear.

(From.Ref #28
of Bibliography ) Pl E N

EIG- 1. STRESS FROM APPLIED SHEAR
STRESS.

1.10.2. The horizontal shear stress s, near the contactof a
surface course may be a factor determining the thickness of thin
bituminous surfacings. The horizontal normal stress developed
by the braking action, (Fig. 11), is compressive in front of .the
area of contact, but tensile behind the centre of the area. The
maximum tensile stress is at the edges 4 and B of the contact
area, and theoretically is of infinite value(%%).

1.10.3. If c is half the compressive strength of a cohesive
surface, the thickness, Z, of the surface is given by%#)

2 (8 -8)
Z=_3—-a. ¢
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where @ = radius of loaded arca

8

i

shear stress induced at the contact surface

sp = shearing resistance between the wearing sur-
face and base-course

¢ =} the compressive strength of the surface.

Fo~r the worst condition, s, = 0 and s =¢, Z = 2 3 a; which, for
2 5,000 1b load and @ = 3} in., gives Z = 24 in..

~ For ¢ greater than s, and with an appreciable value of s,, the
thickness Z will be less. If¢ = 25, and s, = ls, Z equals }a,
which, for a 5,000 1b load and @ = 3} in., gives Z = 0.9 inch.

2. A SUGGESTED METHOD OF ROAD-BED DESIGN
2.1. Operational Research*

2.1.1. Experience of road construction and maintenance in
Madras State focussed attention on the need for a rational asses-
sment of the current specifications and methods, on the basis of
economy, durability, and satisfactory performance from the user’s
point of view. .

2.1.2. Investigation into the problems met with in construc-
tion and maintenance was followed by the devising of solutions
compatible with given technical-economic considerations Factors
met with in the actual working of functioning organisations
(contractors, departments, etc.) were considered for assessing the
effect of differences between actual practice and written specifi-
cations,

2.2. The Problem Expressed as Three Issues

2.2.1. The result of these studies in Madras has been expres-
sed in the form of three issnes as described hereunder (~—-

(1) (a) 'The lack of standards required to ensure & minimum
« traffic width ’ for different classes of service.

(b) The lack of standards, except for superior type pave-
ments, required to cnsure a satisfactory riding
surface. l :

* “ Operational Research ” is a term used since the last war to describe the
application of scientific methods of thought to the analysis of observation and
experience,
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(2) The width and the thiekness of base course acecording
to the current practice ave rarely ever designed for the
actual soil and drainage conditions. (In most specifi-
cations the soil and drainage conditions are hardly
ever mentioned.)

(N In designing foundations for a road in *“ unfavour-
able ’" areax the occurrence of a prolonged saturated
condition of the subgrade and base course may be fre-
quent.  The foundations should therefore be designed
for such conditions.

lesue (1) Traffic Width and Riding Surface

2.2.2. Current specifications preseribe a minimum width of
20 to 32 feet for the subgrade. The wearing surface, however,
is limited to a narrow width, 8 ft to 12 ft at the centre of the
formation. The surface type on either side of the central wearing
strip is rarely ever specified. In consequence it is usnal to fill it
with soil from nearby borrow pits, forming in effect two narrow
earth roads called ‘“ berms ’” or ‘‘ shoulders.”™

2.2.3. Inadequate width of the central pavement results in
a frequent use of the shoulders by fast traffic. "The shoulders,
however, are rarely evor in good shape. They are either ¢ gullied,”
or have had a recent addition of fresh soil. Rains saturate the
fresh soil and often make the shoulders useless for fast traffic.

2.2.4. 'The unsatisfactory condition of earthen shoulderst?®)
is often a recurring feature. A by-product of this condition is
the undermining of the edges of the paved surface. Improve-
ment of the ‘‘traffic width® is hardly ever possible and the
road remains unsatisfactory for several months cach vear.
{See Photo 2.)

2.2.5. A satisfactory solution of this problem obviously
rests on the principles of structural design, as will he described
in section 2.5. Results of experiments in Madras clearly indicate
the all-the-vear-round satisfactory serviee that can be ensured;by
specifying the ¢ traffic width ™ as the chief criterion of design.
In thix specification the base width and subgrade width™ are
dependent. on the traffic width 7" instead of heing independent
according to traditional specifications.

Issue (2): Width and Thickness of Foundations

2.2.6. The current practice in Madras and some other States
in India is to make the base course 6 in. to 12 in. wider than the
pavement. In other States it is just equal to the width of the
pavement,
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Photograph 2.
Undermining of the edges of the pavement, (Para. 2.2.4)

The thickness of the base course under flexible pavements is
usually a fixed quantity irrespective of soil and drainage condi-
tions. This thickness is 6 in. in Madras, and 8 to 9 in. in
Madhya Pradesh.

2.2.7. The need for a scientific basis for determining the
thickness of the base course is indicated by :

(a) the unsatisfactory performance or early failure of the
road structure under unfavourable conditions of soil
and drainage ;

(b) the avoidable waste due to over-design, i.e. providing
a thicker base course than is necessary. (If the soil
and drainage conditions are favourable, & total thick-
ness of as low as 6 in. including the wearing courses
may be adequate in most cases.)
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2.2.8. For a given soil, the subgrade moisture content is the
most important factor in determining whether or not failure
occurred at any given thickness, Tests in Minnesota State (U,S.A)
showed that at 20 test points where the subgrade moisture was
below 70 per cent of the plastic limit, only one failure had
occurred where the combined thickness of the base course and the
wearing course was not less than ¢ inchesx. At 17 test points
where the subgrade moisture was 95 to 105 per cent of their
plastic limit, the surface was good only at three points where the
combined thickness was less than 10 inchesti6:,

Porous Macaodam

SurFdce.
3 DR AN LYY
ey CCNCE AT
olin / N/ & N
K 1V N PV
-—.L.-_':f:%- == < _:;‘ ==/
Moistore | T ¢ ~¥-=x=::5vb-Grade

FO: 2" o n¥ dePth may be of Clay-Soil.
207, or more gbove the Plastic Limit.

FiG. 12. FAILURE OF STONE-BASE OVER CLAY
SUB-GRADES IN WET CONDITION.

2.2.9. In subgrades of high-plasticity soil, and where the
wearing course and the base course are permeable, observations
in Madras show that the moisture may rise up to 20 per cent
above the plastic limit for a few inches at the top of the subgrade;,
Where- stone - soling is -used as a base, this condition may result
in. the wet soil going up into the space ov cavities A, B, C (Fig.
12) between the stone pieces. As plastic deformation in all wet
bodies.. of earth including fragilc and tough clays depends on the
moisture content and not on the magnitude of the load, " even
light traffic during successive wet periods may cause progressive
deformation of the road-bed.

2.2.10, It has been recognised that a sandy sub-base (or
sand blanket) is effective as a capillary cut-oft if soil and drainage
conditions are unfavourablet®!:. For such conditions the use of
stabilised soil has distinet advantages. Experience in America(8?)
and in Madras State indicates that stabilised road-beds are
required for long life and satisfactory performance.
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Issue (3): Design should take Account of Actual Soil and
Moisture Conditions

2.2.11. Current specifications generally do not tauke account
fo the soil and drainage conditions actually existing. Subgrades
are usually allowed to get compacted by rains or by *‘ ponding ”’
with water, a practice quite harmful for fine grained soils. 11,
however, the suhgrade is used by traffic for some time as an earth
road, the top (12 to 18 inches) is likely to get compacted to 90 or
95 per cent of the maximum density of the subgrade soil. In the
absence of traffic compaction, the subgrade should be compacted
for at least one foot depth!”?, to 85 to 90 per cent of the maximum
density:32.,

2212, 1t is important to know how much water the sub-
grade is likely to absorb. The strength of a given subgrade
varies inversely with the water content ®, and its future value
will depend on the amount of water it can absorb. Tt is, there-
fore, of utmost importance to ascertain the wettest condition in
a given case, and the basis of design should be the strength of the
subgrade in that condition‘®:.

It is recognised, however, that ascertaining the data in each
case as stated above may involve laborious field and laboratory
work. Classifying the prevailing soils and the drainage conditions
into a few categories may be sufficient to cover different condi-
tions in & given area,

2.3. Suggested solution

2.3.1. Most roads in Madras State are provided with a
wearing surface of macadam, which is more or less pervious
depending on the cementing value of the stone fragments. Conti-
nuous rains may cause sufficient water to percolate through the
macadam to saturate the subgrade.

2.3.2. Standing water on one or both sides of the subgrade
may keep the subgrade in & saturated or nearly saturated condi-
tion for prolonged periods. After the wet season, evaporation of
the subgrade moisture through the macadam layer may cause

serious variations in moisture content between the centre and
the edges of the subgrade.

2.3.3. Experience in Madras State indicates that it may be

adequate to provide:for three categories of wetness of the subgrade
as follows .—

(1) Good — Subgrade not likely to get saturated.

(i) Poor — Subgrade likely to get saturated and remain
so for short periods.
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(iii) Bad — Subgrade likely to get saturated and remain
so for prolonged periods.

No data are available regarding the subgrade moisture con-

) ditions existing just aftor construction. It has therefore, been

thought desirable to use as a basis the_ conditions which might be
.xpegt,ed to exist after a perind of service'*®).

i i i in Madras shows that fine-
3.4. On this basis, experience mt s
te t112red aoils with plastic limits above{ 20, may rgaqh 85 to 90
):' cent saturation. Sandy loams with pl.astxc limits of 15 or
?:ss may reach up to 70 or 75 per cent saturation.

e moisture content of subgrades of black cotton or
ot,her2 c31:y s;[;{; may rise to 30 to 35 per cent, }f the der%sk:ty Oftt}:}
subgrade is 85 to 90 per cent of the maximum. e a.c(:i \;Or
strength of clay soils in that condition should be measure
ascertaining the lowest bearing value.

i ‘0 be compacted
of loamy soils may be expected to be
toa glelrlzgi?;'dezf 105 to 1510 Ib per cu. ft., and moisture may

not exceed 15 to 20 per cent.

2.3.6. It has been suggested that probably two, and certmr}l}y
not more than three, values may be‘asmgned ‘t.o §oxlshra\2g0;2§
from good to poor'3*'. Experience in Madras using ef. rth
Dakota Cone Penetrometer suggests that a bearing value o s‘le b
grades from 100 to 200 Ib per sq. in. may be taken to represent
tl.e prevalent conditions.

2.3.7. Design Load. The prevalent loads in Madras are:
(1) Bullock-cart wheel load 1500 to 1800 Ib, and

(2) Pneumatic-tyred dual wheel, 5000 1b.

It is the latter load that has the greatest effect on the subgrade.
The future load standard in India, which is to be 9,000 b wlxll
only affect the subgrade at lower depths where it may gener?{ ly
be stronger having less moisture than the top of the subgrade.

9.3.8. Designing at the present moment for a single-tyre
joad of 5,000 1b would cover also thg future 9,000 Ib. wheel load
which will consist of two tyres with 4,500 Ib loading on ea:.ch.
The amount of load transferred from one tyre of a dual whee! to
the point of maximum subgrade pressure beneath the other tyre is
not in excess of 10 per cent. The maximum intensity under dual
4,600-1b wheels may then be equivalent to the maximum intensity

? v
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under a single tyre of 4,950 1b loadt®%), Hence to design for a
single tyre of 3,000 1b load scems to be adequate.
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2.4. Typical Soils of Madras State

2.4.1. The map (Kig. 13) indicates broadly the chief soil
groups of Madras State. It has been drawn by the addition of
certain particulars found in the ¢ Sketch Map of the Geological
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Foundations of the Chief Soil-groups of India ’,(3%) to the map of
the agricultural soils of the State. It shows the four main soil
groups, as well as the areas of lateritic soils and plateau
lime-soils.

2.4.2. A perusal of the map shows that soil and drainage
problems are severer on the coastal regions than in the interior.
The black-cotton soil areas and the deltaic areas present special
problems which are described in the paragraphs which follow,

2.5. A Suggested Method of Road-bed Design

2.5.1. As a result of the experimental work carried out in
Madras State, a new design method has been developed. The
principles underlying this method may be used for reviewing the
specifications and practices relating to road construction and
maintenance in Madras State and possibly in other parts of India.
The criteria applicable to this method, as well as the actual
design procedure, are, however, much at variance with the
current specifications.

2.5.2. Based on the principles of structural design, the
Madras method starts with the ‘Required Traffic Width’ as the

chief criterion.

Table 4 shows tentative standards which may be snggested
for meeting different conditions of soil, drainage, and traffic in
Madras State. The availability iof the full ¢ traffic width >’ for
safe use during all seasons of the year is assured irrespective of
the composition of the wearing surface. Gullies caused by erosion
are "completely eliminated by providing grass sodding of the
required width shown in Table 4.

Photographs 3 and 4 show views of a road built according to
this design, after having been under traffic for about two years.
Photographs 5 and 6 illustrate the edge protection provided by
grass-edging.

2.5.3. This design was initially worked out for the coastal
and deltaic regions of Madras State, where the soil and moisture
conditions are generally unfavourable. In these areas the cost of
stone- is .very high. Wide foundations with stone soling have
been found to be prohibitively costly. Stabilised soil under these
conditions is very economical. In several cases it is even cheaper
than the narrow width of stone soling of the old specifications.

2.5.4. As already stated in Section 2.3, draina.ge conditions
are divided into three categories.

3
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gned according
(Para, 2.5.2)

Subgrade Black Cotton Soil.

Photograph 8 (above) and 1 (below):

Two views of a Major District Road—2 years old —desi
to the Madras Method ;
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Photograph 5 (above) and 6 (below) ;

Edge Protection by Grass Sods. Same Road as in
Photographs 3 and 4. Gullies have formed on the slope only.
Traffic width is maintained right up to the edge, (Para. 2.5,2)
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2.5.5. Traffic is divided into only two categories :—
(1) Under 500 tons mixed traffic per day ; and
(2) Over 500 tons mixed traffic per day.

- At the present moment the average wheel load of heavy
vehicles is about, 5,000 b and it is probable this may remain so
for many years to come. Heavier vehicles of the future may be
confined to small .areas around cities and industrial centres.
This traffic can be provided for at a later date by suitable modifi-
cations in the design data. Coe

2.5.6. As the design procedure was developed- in connection
with the use of stabilised soil for the road foundation, it may be
pertinent to describe briefly the factors on which the design is
based. . ‘ : . '

(1) The lowest bearing power of a given soil layer (base
course) is dependent on its theoretical water-absorbing
~capacity. If water is available for sufficient time the
water absorbed may approach or be equal to the
theoretical capacity(2 2. )

(2) An appreciable part of the strength of a soil is due to
the cohesion of the clay binder. If the maximum
moisture of the soil is not in excess of the plastic limit
of the clay, the cohesive strength is still appreciable.
Restricting the maximum moisture content to 70 per
cent of the plastic limit is reported to provide an
adequate factor of safety against excessive deforma-
tion!32),

(3) Testiug the compacted soil for bearing. strength at
100 per cent saturation is cssential for areas subject
to water logging. e

For the uniformity of test procedure. the same test
may be applied for other areas also even though the
maximum moisture may not amount to full saturation:
A suitable weightage is then to be allowed for assessing
approximately the bearing power at the expected
moisture condition.

(4) The test procedure and the apparatus to be used for
determining bearing power should be simple and not
costly. ' The North Dakota Cone bearing test was
selected as the most suitable both for use in' the
laboratory and for field control. .
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(5) For the present and expected future conditions of
traffic in Madras State, two categories, i.e. light traftic

and heavy traffic, appear to be adequate for design
Purposes. . :

(6) The variable due to draina
" may be reduced to three cat
in section 2.3,

ge and maximum moisture
egories as already described

Given the required traffic width, the desig
& simple - affajr as will be described by
section 2.6,

h procedure is quite
some examples in

2.6. Design Procedure : Examples -

2.6.1." The average accuracy of the
80 per cent which is about equal to that
Usually three to four readings are take
varies by more than about 20 per ce
disearded, and the aver

Cone Penetrometer is
of the C.B.R. method.
n and any reading which

nt from the majority is
age taken of the others,

the soil mix) within th the soil may cause erratic
results. A larger number of tests, 5 or § or more, may be neces-
sary in such cases, from the results of which the average of the
lower values is worked out.

26.2. The soaking test,” ag developed by the Author, is
condueted by constructing a Prototype of the proposed base
course of u thickness of 5 in. to 8 in. and messuring about 3 ft
square. The density should be plu

8 Or minus 2 per cent of the
Proctor standard density of the soil-mix, b

This prototype is Iaid over a
in the laboratory ground
called a ‘* Test Block.”

good, well compacted subgrade
S Or near to the field la.bnra,tory and is

After the ““test block  is lajq and the density checked, &
small bund of clay is formegd alround, 4 in. to 5 in. high. Burnt
bricks or a perforated plank of wood is placed over the test block,
and water is filled to g depth of 3 to 4 inches (Photograph 7).

This creates a smal} pond over.the
complete saturation to be attained in & fey hours. However, the
time prescribed for complete saturation is three days, during
which periad the ‘pond’’ig kept full making up from time to

time the shortage caused by the seepage and evaporation of
water,

test block and permits

330 |
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Photograph 7. othod of
Madras Metho
Soaking Test in the
Pondh:lgI;:fi tll)l:slgon. On the right is a patch already
R{mm:ded and soaked, and a Cone Penetron;«;ter
° set up for Bearing Test, (Para, 2.6.1.

“thr av soaking, the ‘pond * and the })l.‘lcks are

s the tlﬂeee;dt;gi) T;);’"(la‘: :)? loose .}oil t to L in. t}nck rirsl‘ay

I‘BmOVe'd- it ty the slaking action resulting from ineffec xl\)re,

e e tlo ’tnyp> This loose skin is carefu]ly removeq 3'1
COYlﬁnement f.tt 1 lt?xe‘bc;uing power of the soaked soil deterr_nme

b ﬁrO:vVBI ‘L;:}‘( &;tmmeheu Samples of the s.atumtcd soxl‘arg
Eg téfké;lot?gs-\.r iﬁe test points and the total moisture determine

en g

by oven drying at 105 to 110 deg. C.

s ical results obtained in the labora-
2’6‘3: e gezlim:lv:tfggpel,uzlﬂwwloll as the f'vsulf& measured
ey o ghe mil gunder waterlogged (‘Olldi‘b]f)ns. One of the
e 0w ’&Jble 5 relates to the 1949-Series Tes‘f)‘q at the
o et T ck. The other examples shown are f;yplcal gf the
T Tosti Tl;l&qn‘Mddms State. The soaking test is used 11‘1 the
ot o d:asign test and on the field as a control test to
L?lgziaz?liyb:;:ing power after eonstruction.
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TABLE*5. SOAKING TEST~ SOME EXAMPLES.
ewmg_‘\'ﬁncgﬂ Cases of Laboralory Resulls o
The Design Stage , And Actual Moislure Contents on
The Road Subjécted 1o Prolonged Walev-logging .
Type of ‘ Laboralory Results, On The Road,
Localion | Soail-Mix L‘é%l\o"iévé ;g % v T»q- '§® £ ri" Moisture Observed
of And SETD E g5 |as |5 9. £ & =|on e Road dfler’
Road Use onthe | |5 5 x & \: i ‘:dI 53| &y |prolonged waler -
&2 9w | 9O 5% 195 ~1'6 £ §Hogged Condiki
| Rood. E2 2G| oF |2 s&| 8 €3 og9ed Conditiong
| Ramnad - bcmd—BCloy o 1 iD. ) 9% 26 e 96
1 ~Mandopam | Sun-Base | 2.60 7 18 128 4.9 [l-8-12.8 \Q
i 9 - 1249
f T 2P.Road Sand-Clay
| Madras. Base. [2:65] (5 [\28 | 23 12 19.5-15 &:0- 90
Sauvrhern Moaram ‘
Trunk Road| Sana=Mix | 2.60 {145 {133-5( 10 G .0-9. -y
{(Madras) | Sub-Base y o-95 &
for O Rkead.
Bapatia Mooram - 5 B
Rood ~ Sand GO 1e {123 24 12414 B TS .
(Madras). | Base. WS &
A Majherar 5and-Clay ]
| Tesl-Track Rase 265121 127 2y5] e 109 10.0
(W-Bengol), Sand-Clay
oub-RBase | 265|121 | 121|265 | 136 | 18.p 1270 ‘o B0
@ Theoretical Waler Capa:il’y = %100 Z

2.6,

A suitable weightage, up to 104 per

4.

As the governing factor is the bearing stre
full soaking, anyv soil which may utterly f
be discarded or it should he impm\'(.*
suitable admixture.
logging may not he serious, the soil mix
tested after full soaking. the only e
grades of sandy soil. .

‘ - .
Even if the location

cen

only it the =il is good enough to show at le

value after full saturation.
possible condition that might occur due to
even in dry areas:
macadam surtace may saturate the bhage

2.6,

S, Sampl

T e O
Lhis specification

and water percolat

ex of available

t. max be allowed
bearing
the
' sudden clowd-hursts
g through the porous
and the subgrade.

ast a small
toprovides

ngth after
all under this test iy to
& by compaction or by a

s drey avea and water-
and the subgrade must he
xeeption to this being sub-

for

soUs are obtained and alter-
native design mixes worked out within the preseribed limits of
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iy shows the maxumum strength 1
" ¢ considerations may some-
¢ than the bestoas regards

o dex, The mix whie
Jasticity ndex. mix which #10
ll<11;Lll\' celected.  How ever, f(.,( xmix e
t" jox indicate the celection ob
imes ;

strength.
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TENIATIVE DESIGN CURVES FOR FLEXIBLE PAVEMENTS

of the several layers is worked out by reference
i SN t'ivch in Fie. 14, The following examples
1 design curves g Fig. The d ving examb o
v t1l' viken f:()m actual problems in the Bll‘uha,s {m(l f])t-lzﬁ‘:li«‘n (.md
il i drote the general procedure 16 wign ¢
S cerve o ilustrate the g
and will =

For fixi ipecifications
for fixing up =pt cit

The thickness

and controls.

Example (1)

(a) Problem. . Lk
District Road  recently formed o black
\-L required to be surfaced to have @ total

e width of 16 feet, Praftic was - light zmd‘ Wit
traflic Wil & of about 100 tons per day of bus
‘ -u.ul 200 ton~ of bullock-cart traftic.

A major
cotton soil are

2.6.0.

(-X])("Jtt—wl to .
arnd car tradte
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The subgrade being newly formed had not yet
attained fudl compaction @ the density atthe top 12 in,
was ondy 73 1h per cul ft. Moisture conditions ¢ bad *7,
suhject to waterlogaing for lanyg periods.

Ntone was very costly for soling. Loceally availahle
materials were moornm and sand. Clay-soil suitable
for pulverising was not available,

(h) Proposed Solution :

The formation width required for o trafiic width of
16 1t was 26 ft. The subgrade was to he made up to
this width wherever deficient. The subgrade was then
{o be compaeted to at least SO Th per cu. It density for
the top 12 inches

The bearing power of the subgrade, compacted to 80
i density and contaming moisture O per cent ahove
it pl:t\'t-i;' liwit. was 120 10 per sq.inch by the Cone
Penetrometer.

A reference to the design chavt (Figo 1) showed that
the desien curve to he used was curve Noo 3, whiel
cave atotad thickness aof road-hed of 105 mmehes.

The best o stabilised soif mivture was I part of
moornm to 3 parts of <and o P L 4.5 per cent s
maximum densitv = 125 per cufts bearing power in
fullv saturated condition was 306 1h per sq. ineh,

Another reference to cirve Nooo 3 against hearing
power 3000 per squne showed that L ins was the
thickness of the macadam layer needed over the base
course after compaction

The base course, therefore, worked out to (104-41) =6
inches. This might consist of o 2-in. thickness of
sand-blanket compacted to about T2 Hh per cu ft. as @
sub-base © and o 4-in. thickness of moorum-sand base
course of 128 1 density

(¢) Economics

The total cost of the design deseribed ahove wis
considered o Httle on the high side and it was nevessary
to reduce the total cost slightly o by reducing the
macadam to 3 in. compacted thickness. This regnires
@ base course of 400 Th per sq.in. bearing strengthe
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Fxperience had shown that o moorume—sund  base
conrse, if allowed {0 e ironed out by pneumiatic-tyred
traftic for a short time after construction (during which
period it should be kept more or less noist) and then
cured by dryving, had a final bearing strength of 400 10
139 1h per =q. in. in a soaked condition.

A reference to design eurve No.o 3 against 400 11 per
i, in. showed that a 3-in. thickness of macadam was
adequate, The hase course then might he 4] in. thick
and the sand=blanket of 3 in. compacted thickness,

The tinal design is shown in Fig. 15

—— 2 e —Macadam 18'x3" i o'l
Graoss S0dding | ———Traffic Widh, 16’ - |

L

3 }Béséaou;f;é 267;;«;;'?"‘-‘% (-

t y 2 |

I L‘L— Sand Sub-Base,22'x3"____ ‘

L‘—— —— Formation wid P‘h,Zé' ey
FIG-15. DESIGN FOR MATOR DT.ROAD.

In Black Coklon Soil Area -Traffic light;
Moisture Qondition “Bad’.

(d) Specification and Controls

19
=

The specification was then dreafted in detail emhbody-
ing the  factors  discussed above,  particularly  the
requirement. rogarding traflic compaction and curing
by subsequent dreying out to aequire the maximum
strength of the base conrse,

The coutrots should specify the limits within which
the finished work may vary for each item.  Detailed
procedure should be worked out for the field controls,
reporting of results, and action to he taken if the
required standard was not attained.

Exampl> (2):
(n) Problem :

2.6.10. The 1949 NSeries Tests at the Majherat (Alipore) Test
Track were intended to test the value of stabilised soil
a8 a foundation in a road-structure. The subgrade

’
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witx to be newly formed 210 3 f1 thick and  ponded ™
with water and. on deving, rolled with a power roller A

The subgrade soil was siltv-clvy ) o typieal Bengal soil, G-O"ﬂg FO‘NG"O‘{?OY Cempad’lun ol"‘i:ﬂMe‘sf-
with o P1ooof abont 15 per cento o plastic limit of .
ahowt 21 per contand the masimun Proctar density 25 =% Beanng PowerAfter 1 4°o§
of anbout 101 1hH per on 1 l 'wdg OQthQ
(]
The stabilised soil was to consist of o mixture of the \1 £
sitv-clay xoil and coarse sand avatlable at 30 miles ZO""& . ©o E
from Calentia. The problem was to dexign the road- E 'Om] Mole'ure. T ~ l ©
hed for heavy loading of the test. namely, o 2000-0hH - Phig o
bullock-cart wheel load fallowed by a 6000 1h pueu- 19 0“ Na affers ~day Soa ‘"‘3 ¢~ g 200 g
matie-tvred wheel Toad. The test was to be made with = I | U
the subgrade fully saturated and with water standing 10 L /L 1 !
at 12 in below road level on the sides of the Test ' ' ! { ! !
Track. (30 ' ‘ ! ‘l l T
' Pro
. : crm Max
{by Proposed Solution: £; | I Denoity.
- 20 —
2611, The subgrade soil when compacted 1o its maximum —? |
density (101 1h per el ft) and sonked for three davs, S Sand-Clou Mix, For !
Wiy f()llll.(l to have no bearing strength at adl; and the 1o a base & Sub-pase. S SO M
total moisture was 24 per cent which was three per '
cent above its plastic limit. : Pr
oporhen of Ssan . ef Cl wt.
150 portion of Sanp ho t:cfclay (by wt) |

With a surcharge of about 12 in. above the subgrade 1 o 7
the hearing power was Too Ih per sq. inch. The condi- o 2 5 4- 3 S 8
tions of the test required design curve No. 4 1o be F'G 16 . DESIGN CURVES FOR ‘942:SE:R|E53
u<ed, A reference to ocurve Noood4 (g T4) against —f'_:”"‘_""’m'—"'_“"”“ T e S e e
hearing  power 100 b per sq. in. showed the required I‘ ST AT ALIPORE JESTTRACK "’Lw' BENGAL)
total thickness of road-bed asx 15 inches.

Laboratory tests of bearing power (after soaking)
of different mixes of the sand and the stlty-clay vielded
results shown in g 16,

At Alipore Test Track-Base & Sub-base.
f-—— l6Feer——~~ bt |
7 001000 rer e oIea’® X 1:_

The foundation wax obviously to consist of o base

or 1op laver of 1 sand to 3 clay tand a sih-hase less "; —— :

.\lr(;ngl Hum]ﬂ.ui 1»;}1&0.] 'I'Ihv sl}l;—l»;l.t.w ('4l:lll<l l;}x{;l' I|I>:\11(l @ "‘: pRe \\\ T 1:\» RSN S \\\\@//;

to 1 clay which had o bearing strength of 150 1h per " F Vo

<. in. after sonking. A reference to design curve Noo 5Ub‘G O]de ° L 6Ub-BOSQ)6 thick
against 180 1h per s in. showed the thickness required : ﬁllfy‘c ay Soi 1-%and +1 QIO‘{ Mix
above the sub-base as Y inches, Macadam .

Base-AL" thick,
% Sand + 1 Clay.

The base course which had a bearimg strength of 340
Ih per =q. in. after soaking required o surface laver of
4L in. thickness.  From this the thickness of the hase
course was found to he (4 - 4) = inches,  (See FIG |7. DESIGN FOR(|94P SERIES TESTS,

Fig, 17,
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() Economics:

2612 Ax siltveelay =oil waxs the prevailing =oil in most
parts of .li(-ng::n‘l, the costof the Toundation lavers was
determined Jargely by the cost of transporting the
required  sand, For localities where sand was costiy,
the foundation conld he in three layers as follows @

f.ower laver of sub-base of 1 =and to 2 ¢lay, hearing
strength 130 1h per sq.in. after soaking.  This
vequired 105 in. thickness over it (from curve
No. 4). Therefore, this Iaver micht be (15 - 10
=4 in. thick

Upper laycr of sub-base of 1sand to | elay as hefore,
required above it a total thickness of 9 inches: 1
the macadam was 4} in. thick, the base would be
1L in. thick. That left only 1L in. for the sub-huse.

Tt the sub-base of 1T sand to 1T elay was cured by
drying hefore the hase course was laid ) its <treneth
increasced to over 200 per \1] in. after St);l[(ill}_‘,’. This
permitted hase course 3 in. thick and the sub-hase
would then be 3 in. thick.,  The different lavers would
then bes:

Lower laver of subbuse - Hins thick of T sand to 2 clay
Upper layer of <ub-base = 3 inc thiek of | sand to 1 elay
Base-course -3 I thick of 3 «and to 1 elay
Macadam - 4L in. thick

Total 15 in.

This design (g, I8) resulted in o saving of abont
18 per cent in the total quantity of sand required as
compared with the previous design solution,

(1) Specifications and Controls:

2613, 'The specifications and field controls should  be drafi-
e with allowable tolerance to narrower limits than
nsial in view of the rapid deerense in bearing power
with deerease in density of the siliv elay soil,  Parti-
cular adtention was to be paid to the necessity for cwr-
il‘!_‘; (])_\' 1]1‘)il];{) of the sub-base before ”‘}'I’I_\'i“}-i the
Lase conrse.  Poeumatic-tveed  construction-vehiele
might be encouraged to use the completed suh-hase
and the base course to improve their strength,
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At Alipore Test Track- Base & Sub-bgse.

= ‘Q\\ e Ce @@ e se! *_'_______ »; o,
A e—— = %@3?

N7 N\ \%’ N \%\% \W /\\\'
L:Wb b053,4 H‘\.ch

band + IQla
Macadam - Sub- bose =Y th:ci

4:5"(Compoded) lband + lQon
Base 3" thiek

3%and + | Qlay
This desgn w.l( Provide a Foundalion

l&/, 18533 QUoany of SOr?d bu eq‘“rea

FIG-18. ALTERNATIVE DESIGN, 1949 TESTS

Example (3) 2

2.6.14.  This example pertamed to the case of a <ubgrade
consisting of <andy soil or sand.

{a) Problem :

An o Other Distret Road 7 formed in tine sandy soil
required to be sirfaced to carry a total traftic of about
300 tons per day, including 50 tons hies and car teadiic,
The traffic width was 14 feet.

The subgrade had been under local traftie for over
one vear and had a density of about 95 pounds per
cu. {0 The drainage was generally poor heing subjeet
to vccasional waterlogeing.

Medium sand and clay soil were available nearby.
The clay soil having a Po Loof 20 per cent was oasily
pulverisable.
(by Proposed Solution:
2.6.15. The formation width required was 24 feet.  The
sandy subgrade wax to be =cartfied and compacted for

about 6 in. depth to 105 b per cu. ft.. so that the hear-
ing power by the Cone Penetrometer immediately after
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compaction was 120 to IS0 Th per =g meh. (The
Hsoaking  test wis not required  for subgrades of
sandy or loamy =oil )}

The hest stabilised soil wixture consisting of medn
sl Gne sand (subarade so) and powdered clay had
acdensity of 123 1h percu, foooand o bearing power of
250 1h per < in after soaking for three davs

The desion curve o be nsed was No 20 Beadiny
against bearing power IS0 1h per < . the tofal
thickness pegnired was 7 inches

s the base course was subject only to oceasional
waterlogaing, it bearing power ander the expected
worst conditions conld be calealated from the soaked
hearing power by allowing oo weightage  of 50 per cent,
Leoas 375 1h per s in. N veference to design curve
Noo 2 against 375 1h per sq. ins showed the required
thickness of iacadanm as 20 inelies

e . . 20 e e oo
Pheseb 10 ks

J:‘JI

- —
!

w2
I

I
R AN

A ? (Y
- »\ ; Hh._
245 T |
ub- grade, fine Sand,
Compacted o 105 1b denwiry
For the top © .
_5tab-Soil Base, 18'x5"
Maocodam ,10/x 3"

Slope
Protechon

fdage Protecton
Ooddin? > B ek

Stab Sai ,
Shoulders,3x3

FIG- 19. DESIGN FOR A ROAD OVER SANDYSO!
‘©her District Rood: Light TraFFic)Droinoge Poc~

Therefore the base course had to he (7 —24) = 44 o
5 inches.  The final design could be maeadam
10 ft X 3 in.: base course IS ft x 3 i, and shoulders
3 It x 3 in. (Lg. 1Y),

2500,
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(¢) Economics:

1§ the originad cost of construetion was required 1o
be ax low as possible. the thickness of the macadam
conll he 21 in. provided the stone wsed was not of a
vefractory naturve. eow cranite, guartz, ete The
shonlders itself conbl consist of tine <andy =1l (sub-
e soifi well compacied at optimum moisture

¢l Specificaticns and Controls

The specitications <should deaw particnlar attention
to the necessity for a rencwal coat of macadam at the
erd of one or two vears i the ©economy desion ™ iz
adopted as sugoested above, The behavionr of mere
e ~andy soit for the shondders <honht be carcfully
waehed uonder tratlic D and b there shouid be any signs
of disteess at the junetion with the macadam  svrface,
prompt steps shaould have (o be taken for re-dotag the
shonlders with stabitized =oil of adeqgquate strength,



SRIRANCACHARY O

CLASSIFIED SUBJECT INDEX

('Phe numbers refer to the bibliography)

General Information:

3100 3

1t

The Principal Vactahles

b, 12

Performance of Road-hed s Stabilitv s Failure :

3.7, 4, 20
Load o Repetition of Load:
2070102003

Deformation
7, 19, 30

Internal Friction: Cohesion . Bearing Strength

S 12005
Moisture @ Saturation
dG, 0 0, 1L, 12, 16, 20, 32
Criteria for Design .
o204 6,9 L 16, 20 27 32 34
Ceontetry and Balanee in Design
3.0, 6.7
Design Curves:
S TR TS
Uxe of Stabilised Soil
6, 32
Subgrade
3,708, L0120 13016, 20

Blianket Course . Sub-lise

Wearing Surface

20806, 7, 08024, 25, 26, 27
Nhoulders :

36, 20

()

(10)

(I

Desiax or Roap Bens 351
BIBLIOGRAPHY

S Desien of Flexible Bazes ™ -R0 . Livineston —Procee-
dings Hhchway Boeseaveh Boaondo 1947

< Pesign of Flexible Soacfaces in Michigan & MeLaughlin
and Stoekstad =Proceedines Highwayv Besearch Board,
FO e

The Factors Underlving the Rational Design of Pave-
ment= " 1N Hyeem and BN Carmany- Procecdings
Hichway Besearch Board, 194s,

= Flexible Pavements 7—Dexsign and Seleetion of
Materials 7 =X T Britton Proceedings Hichwayv  Pe-

senreh Board, 1947

“Calentation of the Ntructure of - Roads ™ < Brigadier
WGl Lane Anderson Journal of  the lodian Roads
Congress, Vol TN 1911,

Sxub-bases for Rigid Type Pavements 7= Technieal
Bulletin® Na. 122 (1947 - Xmerican P Butlders
A==sociation

> Foundations for Flexible Pavements 7 0.0 Porter—
Procecdings Highway Research Board, 1942

“Current Base Design Practice in North Caroling 7"—
L. D. Hicks—Proceedings Highway  Research Board,
19446

“The Behaviour of Denstficd Sotl-water Mivtures Under
very  Adverse Moisture Conditions 7—3W, A (';ml})(‘n &
J. 1R smith -—=Proceedings Highway o Research Board,

1943,

< Some Problems in Subgrade Moisture Control ==, (3.
Spangler—Proceedings Highway Rescarch Board | 1945,

“ Principles and Technigque of Soil Tdentifieation " —
D. M. Burmister —Proceedings Highway Research Board,
1945,

“Pavement Evaluation Loading Pests at Naval And
Marvine Corp Ve Station 7 - Palmer & Thomson-- Procee-
dings Hichway Besearch Doard, 1947

~ General Engineering Approach to the Classifieation and
Tdentification  of  Soils ™ -Dr. T, l"t-lfl——]’mo(\,odings
Highwayv Research Board, 1948,



)

iV

(hH

115

(146

(1)

[

{200

NEIRANGACHARY oY

Approach to  the Stabilisation  of
Proceedines Hich-

<0 Fundamentad
Coliesive Soils 7 =Ho U Wintercorn
wav Rescarch Board, TO4S,

< Prevelopment. and Use of Strength Tests Tor Subgrade
Noile and o IFlesible Base o Materiads 7 U0 Mebowelt -
Procecdines Highway Rescareh Board | 1916,

© Devetopment of a Procoedure for the Desian of Flexible
Vaees ——=swanberg and Hansen  -Procecdings Highway
[Zescareh Board, 1916,

< levible Pavement Design 7 Contercia b Beporr
Techuical  Dulletin Noo 1T (1947)  Nerican R
Paildors Associntion

A A cthod for Bstimating Reguired Thicknessof Flexible
Pase 1B Bail - Discussions by WO H Coaipen
Procecdings Highway Researvch Board, 14947,

- Use of Load Tests in the Desion of Flesible Pave-
ment< WO HL Campen and J0 RO Smith- Symiposium
on Load Tests of Bearing Capacity of Noils AN M.
Specint Teehnicad Publication Noo 74 (1H48)

~ Cureent Design of Conerete Pavement in New Jepsey ™
William Van Breeman Proceedines Hichway  Roesearcl
Soard, TO4S,

S Results of  Accelerated Traflie Tests of - Plmway
Pavements T A Middlebrooks—-—Proceedings High-

wayv Besearch Board, 1943
© Low Cost Boads e India 77— (4 l\'l‘il‘:l.ng:l‘(‘h:l‘l')’—-.lnurn;l,l

of Tndian Roads Congress, Vol NTH-U—1914s,

< Pretabiricated Bituminons Membreanes and Motal Net-
work«  as Load-spreading Deviees 7 =0 M
Proceedings Highway Rescarelr Board, 1949,

Baskin- -

< Practical  Road  Engineering 7 H. K Goldsmith-—

(1925).

“Binding Materials New and OLd 77—, Srivangachary —-
Joof L& M Association Madreas, Mavel 1040

© Relationship hetween Metal Deptho Subgrade Proper-

tiecs and Modern Loads ™ I M. Ho Hansen  * New
Zealand Fngineering ™ Volume 3 Noo 1 (191s)
o The Structure Design of Flexible Pavements ™ 2N (L

S])zmglcl'—il’mu-(-(linq.\' Highway Research Board, 1942,

N~

DrsicNy or Roap BEebps 353

“ Applieation of Triaxial Compression Test Results to

the Calculation of Flexible Pavement Thickness “—1. S
Barber—Proceedings Highway Rescarch Board, 1946,

S Structural Design of Non-rigid Pavements- - Progress
Report "—Dr. H. Kersten—DProceedings Highway Be-
search Board, 1945,

© Simplified Soil Tests "—Charles Terzaghi, Public Roads,
Volume 7, No. 8.

< Granular Stabilised Roads —Wartime Road Problems
No. 5 (1943) —Highway Research Board.

¢ Principles Applying to Highway Road Beds “-—=Tra. B.
Mullix —Trans. Am. SCE—Volume 104 (1934

© Field Loading Tests for the Evaluation of the Wheel
Load Capacities of Airport Pavements —1.. A, Palmer-—
Symposinm on ‘ Load Tests on Bearing Power of Soils’—
ACRCTUML Speeial Technical Publication Noo 79 (1948).

“;\.n Analysis of Wheel Load Limits as Related to
Design -~ Keith Bovd  Proceedings Highway  Research
Board, 1942,

‘“ Records of the Geological Survey of India ”—Volume
LXVHT—Part 4--(1935).

fi—-A



RESEARCH PUBLICATION
« CAUSEWAYS OR SUBMERSIBLE BRIDGES."”
By

S. P. Rasu, r.N.IL

DIRECTOR, ENGINEERING RESEARCH LABORATORIES,
HYDPERABAD-DECCAN,

SYNOPSIS

A '"Causeway " is a submersible road bridge across a stream with the double
function of allowing the normal dry weather flow to pass through the vents below
the rcadway, and the occasional floods both through the vents :1,_nd over the
roadway, thus entailing a temporary cessation of traffic. Oun account’of their dual
function causeways present problems peculiar to themsclves and unlike other
hydraulio structutes like spillways, sluices, barrages, lifting-weirs, and road bridges.
This article deals with some hydraulic investigations in connection with
causeways.,

1. DEFINITION OF ¢« CAUSEWAYS”

The word ‘* Causeway”, at least in India, denotes a sub-
mersible road bridge across a stream, which is designed and builit
in such a way that the normal dry weather {low of the river passes
entirely through the vents below the roadway and the occasional
floods pass both through the vents and over the roadway, thus
entailing temporary cessation of traffic.

2. TYPES OF CAUSEWAYS

These causeways may have the roadway just a few feet above
the river bed, say about the order of 5 ft when they are some-
times called LOW LEVEL CAUSEWAYS. Or, the roadway may
be very high, up to say 25 or 30 ft above the hed, when they are
called HIGH LEVEL CAUSEWAYS.

Secondly, the vents may consist of pipes or short-span
culverts., Or, they may be constructed with arched vents of big
spans, say of 25 or 30 feet.

Thirdly, the depth of water designed to flow over the road
may be of the order of just a few fect or as high as 20 feet.

*Repriated from the Annual Report of the Hyderabad Enginecring Bescarch
Laboratories for 1950, /
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3. PECULIARITIES OF CAUSEWAYS

Amonyg the hydraulie structures built across rivers, cause-
ways have a peculiarity of their own. Unlike irrigation dams,
spillways, barrages, anicuts, (or lifting weirs) and road bridges,
causeways have a double function of passing normal discharges
through the vents below the roadway and the flood discharges
both through the vents and over the roadway itself.

On account of this dual funetion causeways present hydraulie
problems which are peculiar to this kind of structures Tt is not
known to what extent such submersible bridges are used in other
parts of the world. At any rate, it has not been possible to get
any information,

4. CAUSEWAYS INVESTIGATED AND THEIR
HYDRAULIC FEATURES

The general problem of causeways was first brought to the
notice of the Author in 1936, while he was Professor of Hydraulies
in the Engincering College  of the Osmania University. The
Hyderabad Public Works Department had built several cause-
ways in the State and during the rains of that year some failed in
ways, the reasons for which could not be easily explained. The
Chief Engineer for Roads and Buildings referred them to the
Author for investigation in his Laboratory.

The first case taken up was the Aler Causeway typical of
many, consisting of 2 ft diameter hume pipes concentrated in the
centre of the river and built on sand foundation. The roadway
was 4 ft above the bed and the depth of flood water above the
causeway about 44 ft.  The next causeway that came up for
investigation way the proposed Tintiny submersible bridee across
the river Krishna, with a maximum discharge of about 6,00,000
cusecs. This was proposed to consist of 56 arched vents of 30 feet,
span. The roadway was 30 feet above the hed and the depth of
flood over the roadway was to be 20 feet.

In 1947 there were some failures of causeways which wore
investigated in the Hyderabad Engincering Research Laboratories.
The Peddavagu Causeway had 25 vents of 8 ft span, the height
of roadway above the bed being 826 ft and the tlood 11.55 ft
above the roadway. The other one so far investigated is the
Shahbazpalli Causeway with vents of 4 ft span, the height of
roadway above the bed about 4 ft and the depth of flood above
the causeway over 8,58 feet. This was placed in a very acute
bend of the river, '
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The following is a statement of the Causeways investigated
and their hydraulic features:

Causeways
Features e T
, Aler , Tintiny |[Peddavagu Shahbazpalli

1 |2 |8 | e 5
» 1 T
Maximum dis- .‘
]

charge in cusces 50,000 6,600,000 1 1,00,000 68,000
Nature of vents Hume Arched Arched | Culverts of
pipes 2 ft vents 30 ft' culverts 4 ft span
dia. + span 8 ft span

Location of vents  Middle  All along = All along lTowa.rds the

! side
Height of road- '
way above the ‘
bed in feet 4 ‘ 30 ‘ 8.26 | 4.00
|
Depth of flood ; 1
water above road-’ ‘ ‘
way in ft ‘ 4.56 } 20 11.556 8.8
Total flood water‘: ‘ ! |
in ft L 8B6 50 C19.81 12.58
! : |
Year of investiga-i 1 i
tion - 1937-38  1938-39 i 1948 1949

5. NATURE OF CAUSEWAY PROBLEMS

The experience gained from these investigations has indi-
cated that the three factors that contribute towards the causation
of problems in causeways are:—

(i) the design of the causeway,
(i) the configuration of the river including bed and banks,
(iii) the conditions of flood flow.

Experience also indicates that the causeway prob'ems for
purpose of study may be classified as follows :—

(1) Effects of the design of the causeway:
(a) on the river upstream of the causeway ;
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(b) on the river downstream of the causeway :
(e) on the river bed below the causeway ;
(d) on the flow of water inside the vents :
() on the flow of water over the roadway :
(2) Effects of the conditions of flood flow:
(@)  when the tlood s normal and rate of rise of tlood

is slow :

(b) when the Hood is abnormal and rate of rise of flood
is rapid;

(¢) when the tlood brings jungle trees and blocks the
vents.

6. INVESTIGATIONS CARRIED OUT SO FAR

A resume of the investigations carried out so far will first be
given before discussing the findings with respeet to the problems
as analysed above.

6.1. Investigations on Aler Causeway

6.1.1. Problems.—This causeway was built across the Aler
river on the Hyderabad-Hanamkonda Road. The level portion
of the causeway is 500 ft long and 4 ft above the bed. The
openings for the dry weather flow consist of 20 hume pipes of 2 ft
diameter, placed 2 ft 9 tn. apart from centre to centre and with
their bottoms at the hed level, so that the clear space between the
top of the pipe and the road surface was 2 feet. The pipes
occupying a total length of 61 ft were placed 169 ft from the
right end, and 270 ft from the left end of the level portion.

The bed consisted of pure sand, and the foundations for the
retaining walls were taken to a depth of 4 ft on the upstream side
and 6 ft on the downstream side.

In April and September of 1936 severe loods occurred, which
according to observations rose to 8 56 ft upstream of the cause-
way and the flood level 500 ft downstream was 5.98 ft showing
an afflux of 2.58 feet.

The significant features of the etfects of the flood were ;—

(1) On the upstream side of the causeway there wag
practically no scour.

{2) On the downstream side, while there was scour all
along the causeway, it was significantly small immedi-
ately in front of the vents amounting to only 2 ft deep
compared to 10 ft at some other places.

~1
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Photograph 1.
Aler Causeway—showing the approximate
line of scour in black line.

(3)  On either side of the vented portion the scours were
more severe extending from 6 to 10 ft depth near the
wall. Longitudinally they went up to about 100 ft
on the right side and about 75 ft on the left. The
decpest scours of 10 ft depth were spread over lengths
of 16 and 22 ft on ecither side, and their distances
from the end vents were 47 ft on the right und 18 feet
on the left, that is to say, for 16 and 22 ft lengths the
scour went down 4 ft below the foundation and the
wall was overhanging in those places without any
support (Photo 1).

6.1.2. Analysis of the probable causes of the scour:
The scours must have been caused either :

(1) by the subsoil flow, or

(2) by the surface flow, or

(3) by both.

The subsoil flow in permeable foundations may do damage to
the structure in two ways: (1) by uplift, and (2) by the under-
mining of the soil.

Regarding uplift, no rift or raising of the Hoor has been
observed either in Aler (‘auseway or in anv other, so that this
possibility may be left out of consideration. Regarding under-
mining the subsoil in the case of Aler Causeway is apparently
homogeneous, and the structure in the foundations was symmetri-
cal ull along the level portion. Tt is, therefore, to be expected
that the scour, if due to piping, must be uniform all along the
downstream end of the causeway. But this was not the case,
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not only in this but also in other causeways of similar conditions.
Severe scours did not occur all along, but only at the sides of the
vented portion, the vented portion itself being significantly free
from any high degree of scour.

It was, therefore, to be concluded that the scour was caused,
not by the subsoil flow, but by the surface flow. This was
confirmed. by the preliminary investigations in which it was
possible to reproduce in a model the conditions of scour corres-
ponding to those in the prototype by means of surface flow
only.

"6.1.3. Investigations.—Investigations were made on a
partial model of a causeway with three vents in the middle placed
in a glass flume with sand up to the level of the bottom of the
vents. Two rectangular vents were provided at the sides in such
a way that the glass of the flume itself formed one of their sides
and flow inside could be observed. These could be closed or
opened as desired.

The water was made to flow first through the three vents
only, the level upstream being just to the surface of the roadway.
As shown in Fig. 1 (a), the experiment indicated that the scour at
the sides was more than in front of the vents due to vortices
formed by a high velocity jet from the vent flowing adjacent to
region of still water at the side as shown in Fig. 1 (¢).

When the water was made to Hlow through the vents and
over the model, the character of the scour remained the same
but only intensified in degree as shown in Fig. 1 (b). It will be
noticed that this characteristic of the the scour bears a strong
resemblance to the actual method of scour in the prototype as
shown in Photo No. 1. These experiments showed that the
greatest scour at the sides was duc to dead-water region.

In the next experiment, the dead-water region was removed
by opening one of the side vonts and making water flow up to the
level of the causeway. This showed that on the side where the
vent was opened there was no scour, Fig. 2 (a). When the water
was made to flow above the causeway also, the same trend
continued, Fig. 2 (b). When next both the side vents were
opened, the scour at the sides was removed entirely, Fig. 2 (c).
These investigations have shown that the peculiar characteristic
of scour in the Aler Causeway was due to the concentration of
vents in the middle, the moral being, of course, that in the
design of the causeways the vents should be distributed through-
out the length of the causeways.

T—A
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Further studies were made to investigate conditions of flow
when the level of the water was gradully increased over the
causeway. When the water began to flow over in the addition to
passing through the vent, the flow became rather complicated.
To begin with at low head, when the nappe clings to the down-
stream side of the causeway, there is a little burrowing into the
sand bed immediately next to the wall. But as soon as the nappe
springs clear and falls at an angle on the sand through the water,
the impact breaks the nappe into two vortices of roller as
shown in Fig. 2 (d).

(a) Water Flowing through (b) Water Flowing through the
the Vents only. Vents and over the Model.
U.5.WATER LEVEL
v / h ]
7 W
CREST LEVEL VENTS

"‘—-\OQK’ML liD/_.‘-“ -Q."O -Q o

-— BRODED BED T

(¢) Water Flowing through the Vents showing
the formation of Vortices.

N PRI -~ g
\ &0 ’t“:'ff:’ v
$\, \ \ - «;'!:"

e B T8 adind
SIS R
—*E ————>- DIRECTION OF FLOW
]
S
V2.
Rt gase “ A%,
< &~ ACatr g

FIG. 1= MODEL OF CAUSEWAY- S/de Ven/ Close g

The forward roller lifts the sand at the line of impact and
carries it forward, while the back roller tends to keep the sand
up. As the sand is depleted from the zone of impact by the for-
ward roller, the sand in the rear begins to fall down but is main-
tained in position for a while by the back roller moving upward
till the sand surface become steeper and steeper and even gets
beyond its angle of repose. There is a peculiar pulsation observed
insuch movements, which seems to be periodic. There are move-
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ments at intervals at which the back roller seems to stop
functioning immediately the saud slips down and is carried for-
ward by the forward roller. Thus, there is a continual sinking of
the sand level next to the causeway. It was observed that for a
flow of 3 in. above the surface of the model the scour went deep
down to 7 in. and exposed the foundation in about 20 minutes
and thereafter remained stable even after running the water for
45 minutes. This simulates the scour going below the foundations
in the prototype.

CONDITIONS OF SCOUR WITH DIFFERENT OPENINGS
UNDER VARIED CONDITIONS OF FLOW

V16 . WATER LEVEL U.S.WATER LEVEL

2137
LEVEL

I .
ool 2
BED |

.. "} €RODED
) BRD

.(a).

(d) rouers ON OVERFLOW
F1G. 2 — MODEL OF CAUSEWAYeS/de Ven! Open.

6.2. Investigations for reducing the period of Submer-
gence of the Causeway :

In the rapid development of road construction in India the
causeway or the submersible bridge is drawing increasingly
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greater attention of road engineers on account of its possibilities
of providing a checaper cross-drainage work than an insubmersi-
ble bridge. The period of submergence and the period of cessa-
tion of traffic over the bridge may not be a matter of great impor-
tance in out of the way places where time is not of much
consequence. But on important roads some delay of tralfic may
be warranted by the savings effectcd by the construction of a
subniersible bridge but it behoves the roud engineer to reduce
this period as far as possible by suitable methods in the design of
a causeway.

To ensure this what is desired to sce that the expected {fload
passes through and over the causeway with as low an aflux as
possible, leaving the road surface dry as quickly as possible for
the passage of the traftic. In other words, it is necessary to de-
vise methods by means of which the discharging capacity of the
causeway for a given afflux is increased as much as possible.
From this point of view the vent of the canseway may be looked
upon as a short tube under submerged conditions and the top of
the causeway or the road surface as a weir. On this basis, experi-
ments were carried out to find methods of increasing the discharg-
ing capacity or the coefficient of discharge, both of the vent and
the road surface.

6.2.1. Increasing the ccefficient of the vent.— The co-
efficient of discharge of a vent of the kind used in causeways is of
the ovder of about 78 to '8). The experiments have indicated
that a provision of a bell-mouth on the upstream side increases
the co-efficient to about -88. In addition to this when a suitable
divergence is given at the end of the pipe the coefficient rises
to about 124,

6.2.2. Increasing the coefficient of discharge of the road-
way.— A broad crested weir with a sharp upstream edge corres-
ponding to the top of the causeway has a coefficient of discharge
of the order of about 2.94. Experiments in the Laboratories as
well as elsewhere indicate that when upstream cdge is rounded
or bevelled the coefficient may be increased up to about 3.23,

6.2.3. Streamlined Guardstone.— At present guardstones
that are used on causeways are rectangular in plan with sides
vertical, the top portion being curved towards innerside of the
causeway. ‘This shape naturally offers a considerable resistance
to flow and increases the aflux. This can be reduced by making
guardstones streamlined (as indicated in Photo 2.)

{

stream.— A road generally ix given a camber
the centre. Experiments have indic
towards the downstrenm have two advant:
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6.2.4. One-way camber of the causeway towards flown-
m. ou both sides of

ated that one-way camber
wges as shown in Fig. 3.

() The aftlux is considerably  reduced and there is o
chance of a standing wave being formed, as in the case

of a two-way camber.

at raises the level of the upstream

1is arrangeme
(b As thi s the roadway

edge, this contributes towards keeping
dry up to a higher depth of causeway upstreai.

el R

i - R

Photograph 2,
« Streamlined '’ Guardstone.

%.3. Investigations on Tintiny Gauseway

Studies on the model of the Tintiny causeway proved very
revealing regarding the effects of slow and rapid raise of flood on
the flow inside the vents.

The model was made to a scale of 1: 36 1.11 order to facilita-
te the observations of the character of flow inside the vents, the
model was made to represent only half the pier, the vent side  be-
ing fitted against a glass wall.
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Manometric arrangements were made for the measurements
of pressure at threo sections, near the upstream, downstream and
middle of the model.

For simulating normal Hoods with slow rise and abnormal
floods with rapid rise the screw valve of the supplying pipe was

given different number of turns to suit the low determined after
some trials,

To adjust the downstream levels accurately a special stream-
lined shutter was designed with vertical streamlined vanes with

arrangements for adjusting them as in the case of guide blades in
an inward flow turbine.

Observations of the rate of rise and for How under both condi-

tions are given in Figs. 4 and 5 respectively. The pressures obtain-
ed for different Hows are shown in Fig. 6.

While model discharges of 093, 1'25, and 1'40 cusecs could
be adjusted to give the same depth- of water on the upstream
measuring section, the discharge of 1'83 cusecs however could not
be adjusted to the same level on account of want of sufficient
height in the forebay. The results showed :

CROSS SLOPE ON CAUSEWAYS
FLOW 1IN THE'CLASE OF:
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OiCHARGSE

AR SRR | RV 194
PER FOOT LENGTH

ey -y — DAYUM 20
W Ry 20

e e
bt BIECHARGE

> 4% ; il 4R CUMC

datumad T * - PARETGT LENoTH
W w e s ‘WW ATiMad

oiscnaRgs
iR F8885e 1
[ T

® TF I

L e

o u

. —— e e DS 1Y T YR

OATUMZe , ., L T 3
e " T A et R ant T OATuMm 20

¥R ot o W

F16.3-FLOW OVER CAUSEWAYS WITH ONE WAY & TWO WAY CAMBERS .

SUBMERSIBLE BRIDGES RI

Q-0.93 CUSEC“\
14 l ‘ s

Qalsscusec o
4

.2

"

ul

z /

z 0"

z

2 CURVE SHOWING  —

9 RATE OF RISE OF FLOOD IN

; -4 | SUB-CRITICAL & HYPER-CRITICAL

" CONDITIONS OF FLOW.

[

o & e -—
2'
o’l

4] 40 80 120 160 200 240

TIME IN SECONDS.
F1G. A - SUBMERSIBLE BRIDGE

(1) When the tlood is normal and the rate of vise is sln.\\'
the pressures inside the vents follow the lly.(].l.“.\l‘iﬂ‘li
pressure law.  The velocities are below the eritical.

(2) When the fiood ix heavy and the rate of 1'is0; i rapid, »
standing wave is formed inside the vent. lhe' veloei-
ties go above the critical and the pressures indicate
that they do not follow the hydrostatic pressure law,
but are considerably below. At very high floods, they
go even below atmospheric pressure.

‘Phe consequence of the results of these investigations is, that
for norma) floods the arch has an upward hydrostatic thrust to
compensate for the downward hydrostatic thrust above it. B.nt:
in the hyper-critical stage the downward thrust may be  far
greater, in which case allowance has to he made in the design of
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the avrch and the piers.  Bach case may have to be determined by

model experiments.
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6.4. Investigations on Shahbazpallli Causeway

This causeway on the Karimnagar-Kamareddy Road in
Hyderabad State had failed three times, since its construction
about 40 years back and these failures arc primarily due to the
incorrect location of the causeway helow an S-bend in the river.

The investigations of Mr. R. XK. V. Narasimham show the
importance of the effect of a bend on the upstream side of a
(‘ﬂn]l.’s‘eWH.y.

During heavy tloods the high veloeity jets would rling to the
left concave bank due to centrifugal action and cause continuous
erosion of the bank at the left approach ramp of the canseway.
The presence of the causeway itself at this position is responsible

for augmenting this erosive action.  When the causeway failed in
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this manner in 1946 it was found that the river had cut into the
bank to a distance of nearly 50 feet upstream of the causeway,
The result of this crosion is that during heavy floods the founda-
tions of the causeway and approach ramp get undermined and
the causeways fail.

To safeguard this causeway from further failure, spurs had
to he provided at the bend to defleet the flow.  The location,
leagth, and height of the spur were determined by investigations
on scale models of the river and causeway. In the severe floods
of Neptember 1950 the spur has been effective in saving the
causeway from further damage.

6.5, Investigations on Peddavagu Causeway

The Peddavagu Causeway on the  Ramayanapet-Siddipet
Road in the Hyderabad State is a case of failure of some of the
central vents by getting blocked with  trees  and  brushwood
hrought by the heavy Hloods.

Thix had an apron on the downstream side aud none on the
upstream side. The extreme vents on one side were intact while
some on the other side were partially damaged.  But the central
vents had failed by deep scours on the upstream side resulting in
the sinking of the upstream retaining walls,  Investigations of
Mpr. 3 K. V. Narasimham have indieated that this may be due
to a transverse flow along its upstream side of the blocked vents,
creating a deep scour along its upstream side of the blocked vents,
creating a decp trench extending at places below the foundation
of the retaining walls.

Thix indicates that for the emergencey of the choking of vents
by hrushwood, ete., an apron on the upstream side is also to he
recontnended.

7. GONCLUSIONS

The above investigations have led to the following conclu-
sions about the effects of causeways on the regime of rivers and
the effects of the conditions of flood How on the causeways ;-

(1) For sub-critical conditions of How during normal flood
and slow rate of rise, the pressures in the vents follow
hydrostatic Taw. s this produces an upward thrust
on the arch, there is no special precantion needed in
the design of the arch,

(2) For hyper-critical conditions of low during heavy
floods and rapid rate of rise, the pressures in the vents
arc less than hydrostatic and in extreme cases could
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be even sub-atmospheric.  The consequent change in
the resultant thrust over the bridge must be taken into
account in the design.

The blocking of vents mayv produce transverse flow
along the upstream side and cause heavy scour.  or
protection against trees and brushwood blocking the
vents, an upstream apron will be necessary.

e

(H If vents arve concentrated in the centre, there will he
heavy scour ab the sides duce to high velocity jets
reacting on still water regions.  The vents should
therefore be distributed all along the canseways. Also
the jets through the vents act as cushions against the
energy of the nappe of water flowing over the causc-
way and thereby reduce the scour.  Tf soil ix loose, an
apron is needed.

(h) When the causeway is placed immediately below a
bend in the river, the crosive action on the concave
bank is intensified and the approach ramp of the
causeway attacked, while the silting on the other side
is increased.

) On the downstream side the effect of the causeway on
the regime of the river is more or less loeal extending
to a distance depending upon the local phenomena of
hydraulie drop and hydraulic jump.

(7) The period of submergence may be reduced by decrea-
sing the hydraulic resistance and thereby lowering the
afflux by the following methods -

(a) increasing the coefticient of discharge of the vent
by bell-mouth on the upstream side and divergence
on the downstream side.

(b) increasing the coefficient of discharge of the road-
way by rounding or bevelling the upstream edge
of the causeway,

¢) giving one way slope to the road surface,

(d) making the guardstones streamlined.
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1. INTRODUCTION

1.1. The writer toured Canada for about 2 months (Septem-
ber and October 1951) as n member of the Indian Technical Mis-
sion on Highways & Bridges. (Photo 1).  The tour was conducied
by the Canadian Government in pursuance of the Colombo
Plan for technical assistance to the (ommonwealth countries.
The tour programme was specially laid out to suit both the Indian
Tecehnical Mission and other similar mission from Pakistan.
The two missions consisted of 8 engineers in all, drawn from
varions levels of service, but interested in highwavs generally,

1.2.  The report is a brief record of the writer’s impressions
about bridges and bridge engineering in Canada, formed in the
course of that tour, and is not the outcome of a special study of
bridges in _that country.

2. NORMAL ADMINISTRATIVE SET-UP OF
THE BRIDGES BRANCH AS A PART OF THE
HIGHWAY DEPARTMENTS

2.1. The organization of the provincial highways depart-
ment varies somewhat from province to province, but generally
the highways department in each province has a separate chief
engineer for bridges, in addition to the chief engineer or chief
engineers for construction and maintenance of roads. The work
of the different chief engineers is co-ordinated and controlled
generally by a deputy minister, which post is usually filled by
promoting the seniormost chief engineer.

2.2. For instance, the present deputy minister in British
Columbia was formerly a chief engineer for road construction,
while his predecessor was formerly a chief bridge engineer.

2.3. Co-ordination and liaison between the bridges branch
and the road construetion branch was said to be excellent every-
where and no difficulty, whatsoever, was reported to have arisen
so far due to the chief engincer looking after the alignment of a
highway being different from the chief engineer looking after the
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thotograplh No. 1
THE INDIAN MISSION IN CANADA

A Four-member technical mission representing India’s
Ministry of Transport arrived in Montreal on the 28th August
1951 aboard a Trans-Canada Air Lines North Star. They were
enroute to Edmonton to attend Colombo Plan conferences and
to study construction, maintenance, and snow clearance operi-
tions on Canada’s roads and bridges. Seen here from left to
right are;: G.H. KHAN, S. L. BAZAZ, M. N, BHUYAN and
GOVERDHAN LAL, (Leader of the mission),

— 1A, Pholo,
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location of bridge sites or construction of hridges on the same

highway.

2.4 The chief bridge engineer is generally assisted by an
assistant bridge engincer (called in some provincees assistant chief
bridge engincer), who again has under him a number of engineers
of different grades - resident engineer, assistant engineer and
bridge inspector.

2.5. The total number of engineers in the bridges branch is,
however, much less than that in the road construetion or road
maintenance branches.

3. BRIDGES BRANCH AS A PART OF THE
DEPARTMENT OF PUBLIC WORKS

3.1. In some provinces, the department of Highways is
entrusted with the work of roads and culverts only while the
bridges are a responsibility of the department of Public Works.
This arrangement cannot be expected to work efficiently as it fails
to recognise the basic fact that bridges are a part and parcel of the
highway system. Lack of proper co-ordination between the two
departments can lead to wasteful expenditure, and, if there is any
waiting because of lack of proper co-ordination, (which in itself is
annoying to the department more keen for the work) the result
can easily be a slowing down of progress as indeed was noticed
in one case by the Technical Mission.

4. RESPONSIBILITIES OF THE BRIDGES BRANCH

4.1. The bridges branch generally looks after the following
types of structures :—

(a) Bridges having a span or total ventway greater than
16 ft.

(b) Culverts having an opening greater than 60 in.
(¢) Grade separations.
d) Railway overpasses and underpasses.

{e) River training and protective works and other works
of river and flood control.

(f) Cattlepasses and cattlegates.
(g) Combined railway and highway bridges.
(h) Highway bridges over irrigation channels,

(i) Car ferriex.

.o
-
~1
b
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+.2. The bridges  branch  makes necessary inspections,
surveys, site investigations and foundation explorations for the
colleetion of hydraulic and other data for the design of bridges.

+.3. Tt also maintains the necessary equipment vequired for
the construction and maintenance of bridges.

5 PROCEDURE FOR DESIGN AND GCONSTRUCTION
OF BRIDGES

5.1.  The responsibility for the selection of & suitable bhridge
site rests upon the chief bridge engineer who makes necessary
investigations for the purpose. He, however, takes the final
decision in  consultation with the chief engineer, highways
Outline designs for all bridges are invariably prepared by the
bridges branch but if the bridge is going to be built in reinforeed
conerete, the design is usually worked out in complete detail by
that braneh.

5.2 In some cases, notably in the province of Alberta,
fully detailed designs are worked out even for steel structures and
the construction is  also  carricd out departmentally.  More
generally, however, the outline designs are put out to tenders and
the successful tenderer is required to prepare working drawings,
satisfying the basie reguirements incorporated in the ontline
designs or laid down in the specification.  The tenderer is free to
offer alternative designs of his own choiee also 1 but whether he
submits his own design or works out in detail the departmental
design, the design calculations and working drawings have to
satisfy the chief bridge engineer.

5.3. It is not unusual for the work of substructures to he
let out to one contractor and the work of superstructure to
another.

6. MACHINERY FOR CONSULTATION AND ADVICE

6.1. For designs of important bridges, eminent practising
engincers are consulted and for very importaut bridges, ad hoe
advisory boards of eminent engineers arc set up to advise on the
selection of site, preparation of plans and specifications, and
indeed all matters relating to bridge design. In some cases, e.g.
Montreal Harbour Bridge, the advisory board continues to fune-
tion as an active body during the period of construction also. Tn
such cases, the Board also gives final decisions in cases of dis-
agreement between the contractors and the Engineer-in-charge of
the work.

9—A
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6.2, The constitution of the advisory hoard for the Montreal-
South Shore Bridee mayv be mentioned as a tyvpical ense

The General Manager of the
Montreal Harbour, — Chairman.

President of the Dominion
Bridge Company, Canada.

1
|
Dean of the Faculty of Enginecring, %
MeGill University. |
r
|
|
|

A Consulting Engineer of Montreal. Members.

Director of Public Works, (‘ity
of Montreal.

Chief Enginecer, Department of
Public Works of the Province.

6.3. For outstanding bridges of the elass of the Quebee
Bridge, which at the time of itx construction had the longest and
the beaviest single span cver built, the advisory board is consti-
tuted with particular care. After the first disaster on this bridge,
the hoard appointed for advising on the revised design consisted
of an eminent bhridge engineer from London and another from
Chicago in addition to a Canadian enginecr. Some further
changes in the hoard were considered necessary later on and the
board was extended to include two more eminent engineers from
New York. After the designs were finalised, u new board was
constituted to advise on and supervise the construction work.

7. RESPONSIBILITY OF CONTRACTORS--CONTRACT
AGREEMENTS GENERALLY

7.1.  Even when a bridge is built to plans and specifications
prepared by the department ov to plans prepared or approved by

an advisory board, the contractor is required to satisfy himself as.

to the sufficiency and suitability of the design, plans, and specifi-
cations, and to undertake entire responsibility not ounly for
the materials and construction of the bridge but also for the
design, calculations, plans, and specifications. The contractor
has, however, the right to submit alternative proposals when he
disagrees with the Engineer-in-charge, but final decision rests
with the advisory board where one hag been set up, or with the
department.

7.2. Agreements are drawn up on somewhat similar lines to
contracts drawn up in this country. An important difference,
however, is that although there is a time clanse stipulating the
period for the completion of the work, there ix no penalty clanse
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to be invoked if the contractor fails to complete the work in the
stipulated time. Similarly there is no clause for the payment
of any bonus to the contractor if he finishes a rush job ahead of
the stipulated time. It was said that the contractors are very
reliable as a rule and that no difficulty arises in actual working
in the absence of the penalty clause.

8. BRIDGE CODE

8.1, Canada does not have a Bridge Code of its own : the
American Code prepared by the ALA S H.O. for highway bridges
s followed generally.

8.2. Canadian bridge engineers were, however, very interes-
ted to learn that India has drafted its own Bridge Code with
explanatory notes, and several chief engineers asked for copies of
this Code to be sent to them. It is suggested that the Indian Roads
Congress send some complimentary copies of the Code to the
Director, Technical Assistance Service, for distribution to the
provineial highway departments.

9. LOADING STANDARDS

%1, Al bridges on the wain highways are generally desig-
ned for H,,-S;sloading which is about 20 per cent lighter than
the 1.R.C. Class A loading for spans up to 30 ft and about 15 per
cent lighter in the range of spans from 30 ft to 100 ft.  Unimpor-
tant bridges on District roads are designed for H, , loading which
is roughly 15 per cent lighter than the I R.C'. Class B loading.

9.2. For very large bridges, special design loadings are
evolved, one of the reasons heing that the design is influenced
considerably by erection niethods and the weight of erection
cquipment required, which in turn are governed largely by the
problems of transporting and loading of materials.

10. GEOMETRIC STANDARDS

10.1. The minimum clear road width on all large bridges on
main highway is 24 ft, and on bridges in outlying districts 20 ft.
On deck bridges, however, a minimum width of 26 ft is preferred.
Over culverts as a rule, and on bridges less than 100 ft overall
length generally, the width of roadway is kept equal to the shoul-
der to shoulder width of the approach roads. Tt is wnusual to
provide parapets on culverts, the length of the culverts and the
design of wings or head walls being so arvanged that no elinge is
noticeable at the culvert in the earth slopes of the approach
cembankment.
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10.2.  Gradients on the structure of the bridge proper are
quite common and gradients as steep as 4 per cent to 5 per cent are
allowed even on very large bridges  On small and medium length
bridges, the location and alignment of the bridge axis are governed
to a large extent by traflic considerations.  Verv great care is
taken to avoid bad curves in the approaches.

10,3, Where traffic conditions so require, a bridge may be
skew and in addition have a gradient and/or a horizontal curve.

I1. TRANS-CANADIAN HIGHWAY-STANDARDS FOR
STRUCTURES ; FINANCIAL RESPONSIBILITY; &
CONTROL OF THE CENTRE

11.1.  The Federal Government's concept of the Teans-
Canadian Highway is not that of o super-highway for high speed
traffic from coast to coast :it is rather that of a ““first-class low
surfaced road, which should follow the shortest practical east-west
route across Canada and through each of the provinees, consistent
with the needs of the provinees and of Canada as o whole,”

11.2. The total length of the highway when completed will be
about 5,000 miles. s long lengths of road forming part of this
highway already exist and .as the various provinces through
which the highway runs have in the past imlvp(‘ndvntl_\'(luvvlnp(-(l
their own standards, which apparently meet their need? adeqgua-
tely, the Federal Government does not attempt to impose upon
the provinees higher stondards than are necessary for the necds of
traffic. A\t the same time it is realised that the highway has to
be built not for today but for the future, and that the standards
should not be so low that the highway becomes obsolete in a few
years” time.

11.3. The design standards usually suggested include  the
following :—

Loading standard on all hridges o Hgo 8,4

Minimum overhead clearance on bridges ... 14 ft

Minionun clear road width over bridges Fqual to full for-
or eulverts of 30 ft leugth or less < mation width (paving
[ plus shoulders)

~do- -do- over 30 ft length, up to 100 ft ... 27 ft
—-do— ~do- over 100 ft length . 241t
Maximum gradient .. 69
Minimum sight distance, horizontal & vertical 600 ft
Maximum curvature v U degrees.
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11.4. The contribution of the Centre towards the cost of
completing the highway is regulated by an agreement between
the Centre and each Province. Under the terms of this agreement
the Federal Government undertakes to pay one-half of the cost of
all new work ie. every mile of new road, every new  bridge and
culvert, and generally all new work necessary for improving
existing roads and drainage structures. The Federal Government
will not, however, pay for land and right-of-way costs. The
federal contribution is estimated to be about 8150 million.

11.5. ‘There are not many large unbridged streams on these
highways and the bridge works required are estimated roughly to
cost about 315 million only.

11.6. Under the agreement, the form of advertisement for
tenders, the tender forms, the specifications, and the plans and
estimates for all works on the highway require the approval of
the Federal Government. The tenders when received and the
specifications proposed are subject to review by the Federal
Government who also inspect work on the highway and audit the
expenditure. But the highway when completed remains the
property and responsihility of the province concerned.

12. TYPES OF STRUCTURES AND STRUCTURAL
MATERIALS COMMONLY EMPLOYED

12.1. In the past, timber has been the struetural material
most commonly used for short and medium spans.  Timber pile
bridges, culverts and.cattle passeshave been largely standardised.
Timber is used quite economically for trestles, eribs, piers, and
retaining walls.  Practice varies as regards the use of timber in
its natural state, or with surface treatment, or with depth treat-
ment. Generally, however, cedar has commonly been used in the
past without any treatment ; pine, spruce, hemlock, and Douglas
fir with surface treatment : and maple, birch, ¢lm, and oak with
depth treatment.

12.2. King rod trusses in timber are in use upto 70 ft span,
and Howe trusses upto 160 ft span. They are both of the through
type and the deck type. Such large span trusses are, however,
not all-timber structures:; they employ steel for the tension
members and steel castings for joints, the cost of steel used in the
completed structure being of the order of 40 per cent of the total
cost, (Photographs 2, 3 and 1),

12.3. Large spans are almost exclusively built in steel.
Steel structures take the form of the conventional plate girders
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Photograph No. 2 (above) and 8 (below) :

Two views of the timber Howe Truss Bridge, over the Columbia
River, near Canal Flats, British Columbia, (Para. 12.2)
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Photograph No. 4
A deck type Howe Truss Bridge, (Para, 12.2,)

upto 100 ft span (bigger spans have been built with welded
construction) and open web girders for spans upto about 400 ft.
For still larger spans, cantilever and suspended span bridges or
suspension bridges arc almost the only types employed, an occasio-
nal exception being a steel arch.

12.4. Recently, a very remarkable steel arch of 480 ft span
has been constructed over the Chandiere river on the south
approach to the Quebec Bridge. The deck is 33 ft wide at an
elevation of 140 ft above the river.

12.5. Bailey Bridges have been used at some places as
semi-permanent structures but their principal field of use has
been as temporary structures to accommodate traflic while a new
bridge is under construction or an old one is being replaced.

12.6. Recinforced concrete is coming more and more into
use. Simply supported solid slabs are favoured upto about 30 ft
span and T-beams and slabs beyond that span upto about 75 ft,
Continuous solid slab spans upto 50 ft are in use. Rigid frame
structures upto 60 ft span arc very common. Here and there a
large span structure in reinforced concrete is also visible, an
example being the Pont Vieu, having arch ribs of 350 ft span.
(Photo 5.)

10
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-

I'hotocraph No, 6
Pont Vieu, Quebec. (Para, 12,6,)

12.7. .\ large bridge, cmploying o central arch span  of
290 ft has been built entirely in aluminium. This bridge is
described in some detail in paragraph 17 and Appendix T1.

3. FERRY CROSSINGS

13.1. Major fervies, ax a rule, are owned and operated by
Government.  Ferries of  several types and sizes are in o ouse.
Examples are:

Arrow Park Ferry: 'This consists of a steel barge 70 ft
long, beam 24 ft, depth 46 inches. with vehicle ramps 12 £ 9 in.
wide and 14 ft 6 in. long overall, hinged as cant frames at each
end (as shown in =ketch).

Francois Lake Ferry:—Steel barge 116 ft long, 32 ft wide,
draught 5 feet, single-ended twin serew, capacity 16 carts
and 120 passengers.

Nelson Ferry :— Steel harge 122 f6 long, beam 43 ft 8 in.,
depth 5 {t with power cable machinery.  Draught 1 ft 6 in. when
empty and 1 ft S in. when fully loaded.  Capacity 28 cars,

Kootenay Lake Ferry :—'This ferry is among the largest
ferries in use and is deseribed in some detail here.
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13.2. Steel barge 182 ft long, 48 ft beam and 11 ft 6 in.
in depth. The draught when unloaded is 5 ft and when fully Toaded,
6 ft 6 in. The approach pontoon is 41 ft 6 in. x 43 ft and has «
small hinged apron which bridges the narrow ¢ap of 2 ft between
the pontoon and the end of the ferry.

13.3. The ferry has a capacity for 50 cars at a time and
makes 7 trips every day. The distance between the two landings
is 8% miles. The annual range of variation in the water level of
the lake is 22 ft, so that the use of an ordinary landing ramp is
out of the question.

13.4. Plate I illustrates the details of the landing used at the
Balfour end.

[The plan in Plate I does not indicate the position of
dolphins, cach of which is formed from a cluster of 20
to 30 piles, each 60 ft to 65 ft long. The piles forming
the guide bents which keep the pontoon in position are
50 ft to 60 ft long.]

14. CURRENT TRENDS IN THE DESIGN OF
STRUCTURES

14.1. General. The deck type is preferred to the through
type, and not without reason, for the ideal highway bridge is o
deck structure having the same width as the highway of which it
forms a part. and having unrestricted over-head clearance.

14.2- Steel Structures. There hax been a great develop-
ment in the design wnd construction of welded plate girder type
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bridees and several large spans have  already been buile, the
largest having 180 ft span continuous girders.  The factors which
have influenced  this  development are  discussed  further in
paragraph 15.

14.2.1. Where welding is used, shop inspection is very strict.
For ficld splices, both welding and riveting are in use, very
careful supervision being exereised over fleld welds. Complete
N-ray outfits are kept for testing of welds and a Jarge number of
N-ray photographs of welded joints are taken. In addition, some
of the welded picees are subjected to tensile tests to destruetion.
The use of supersonie test equipment is also under consideration.

14.2.2. From small spans, employing R. S, Js., to medium
spans employing plate web girders, welded or riveted, reinforced
concrete roadway decks are favoured.

14.2.3. Tt is becoming increasingly common to cncase the
top flanges of the RSO Js0 in the conerete decking, so as o
cnsure composite action between concrete and steel.

14.2.4. Among shapes and types of structures, going into
disfavour, wmay bhe mentioned the bow-string girders, for which
there was no enthusiasm anywhere,  For movable bridges, the
hascule type is going out of wse and lift type becoming more
CORLINOL,

1425 Ordinary carbon steel is still the most frequently
used type of steel, although alloy steels, notably nickel steel and
stlicon steel, are employed on structures of very large spans,
wherever the resulting saving in dead weight justifies their usce,

14.3. Reinforced Concrete Structures. Prestressed con-
crete has not yet come into vogue.  Rigid frame strucetures with
a very pleasing soffit line are coming more and more into usc for
spans upto 60 ft.  On new highways c.g. the Barrie highway and
the Elizabeth Regina highway, rigid frame structures are used to
the exclusion of all other types, for grade separations {Photo 6).
On the Barrie highway rigid frame spans upto 100 ft have heen
used, but structures of such large spans are, strictly speaking, not
made  of reinforced  conerete : they  are  formed of shallow
structural steel trusses, encased in concrete,

14.3.1. The continuous girder type with an arched soflit is
quite common.  In some cases continnity is carried to 6 spans of
oo {1 or xo. Badanced cantilevers with suspended spans are not
used, apparcutly because subsoil conditions under the foundations
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Photograph No. 6
A Grade Separation on the Elizabeth Regina Highway,
(R, C. Rigid Frame Structure : (Para. 14, 3))

do not call for such designs—Unyiolding strata are frequently
met with at the bed or at a short depth below the hed. '

14.3.2. Thin reinforced conercte webs with wide flanges at
the bottom are not used, although on steel structures, webs whiceh
would be considered extremely thin by eonventional standards,
are in comnion use.

14.3.3.  Bowstring girders are disliked for various reasons,
the chief being,

(i) they are considered more costly than other types, and

(ii) they do not lend themselves to future widening of the
roadway over-bridge.

The scecond reason was considered important as Canada is a
M}.udly developing country and has had to widen some of its
bridges, built not many vears back.

14.3.4. The use of precast slabs is also being developed.

1.4 Timber Structures. Timber s perhaps going out of
fashion and is uow rarely used on new bridges of any importance
lts. use on new structures is restricted largely to tompurm-:
bridging. Replacements of old and worn out timber 'ln'idges zui)
in most cases carried out in reinforced concrete or steel as a
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matter of long range cconomy and not under the belief that the
timber hridge is an anachronism.

14.4.1. In some cases however o new timber bridgo has been
built in place of the old one, though with a slightly wider roadway
or a somewhat higher loading. if necessary.  There are, however,
thousands of timber bridges in active use and their replacement.
by steel or conerete is not thought of.  Apart from the enormous
cost involved in such replacement, it would indeed be foolish to
attempt it

1442 Where timber is now wsed, it is generatly considered
preferable to incur some extra expenditure on treatments with
suitable preservatives and  thereby increase the life of  the
structure than to use timber in its natural state, which means low
initial cost but more frequent and therefore costly vepairs or
replacements.

14.4.3. The use of split ring connectors, where several
members meet in a timber structure, is becoming common.
Timber bridges with o reinforced concrete wearing surface keyed
on to a creosoted timber-laminate decking, thus forming & com-
posite timber-concrete structure, are finding much favour in
British Columbia.

14.5. Aluminium Structures. Although Canada has built
the first all-Aluminium arch bridge in the world, (see para. 17),
there is very little evidence of the use of aluminium and alumi-
nium allov on bridge works generally as an alternative to mild
steel,

14.5.1. The raw material for the manufacture of aluminium
has to be imported and consequently the initial cost of aluminium
manufacture is high. While the aluminium is finding its use in
other ficlds, it scems unlikely that its use will extend to normal
bridge building programmes. There is only one type of bridge
i.e. the movable, whether of the bascule or the lift type, for which
aluminium is specially suited, on account of its light weight and
it is possible that in future. aluminium ix employed on such

bridges.

14.5.2.  Aluminium does not seem to have come into favour
even for light weight bridge deckings, a field of uxe which has
found some favour in the United States of America.

14.6. Foundation works generally,

14.6.1  Where foundations have to be laid in deep standing
water, and the depth of rock or other suitable strata for founda=-
tions is great, special designs are evolved for deep water piers, as
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the normal pier design invelving pnenmatic caisson s{inl\'inu and
cofferdan work with dewatering operations 15 considered hoth
evpensive annd hazardons,

14 6.2, The design which is coming into use consists of steel
H-piles driven inside a steel sheet pile formwork and = Prepakt ™
concrete placed round the H-pilesowithont dewadering the coffer.
dams.  This design has already heen employed on the followine
three bridges recently completed

(1) Stave River Bridge on Loughead hichway in British
Columbia (The depth of water averaged 25 to 28 ft)

(2) Bridge over the Vedder Canal, British Columbia,

(3) Bridge over the North-west Miramachi River in
New Brunswick (This bridee is 1660 £t long, with nuain
spans of 287 ft. The deep water pier goes to rock 130
ft bhelow high water level and the maximum depth of
water 18 34 ft at high tide.)

14.6.3. A speeial feature of these bridge confracts was the
inclusion in the specifientions of o definite stipulation that the
piers shall be constructed by the < Prepakt ™ method.

14.6.4. Prepakt Concrete. The method essentially consists
of the following operations. A\ steel sheet piling cofferdam is
formed around the periphery of the pier hase, going down a few
feet. bolow the hed to a firm stratum, and sand or other loose
material is dredged out. The cofferdam serves as a form for the
conercete in the pier base and is left in place.  Nteel H-piles are
driven within the cofferdam going down to hard rock.  Selected,
graded coarse aggregate is deposited aronnd the H-piles, necessary
grout pipes and reinforcement bars, if any, being placed in posi-
tion before depositing the aggregate.

14.6.5. A special grout consisting of cement, sand, and
water with some proprietary admixtres to prevent early harde-
ning of the grout and to hold the solids in suspension, is then
pumped under pressure, without dewatering the cofferdam, to
form ‘¢ Propakt "' conerete. :

15. WELDED STEEL STRUCTURES

15.1. A large number of welded plate girder bridges have
been built of varying lengths and spans.  The longest bridge of
this type is perhaps that at St. Rose, which is 1,548 ft long,
with 2 spans of 79 ft and 8 spans of 108 ft each, while the longest.
spans employed are those on the Duplessis bridge, which consists
of 2 spans of 150 ft and 6 of 180 ft cach.



RIS Bazaz on

152, The basie pattern of most of these bridges is the same
the common features heing -

(1) Each span has two main girders, their spacing being
so arranged in relation to the overall road width and
the overhang of floor heams, that the positive and
negative bhending moments in the floor beams are
nearly equal.

(2) The main girders are continuous from abutment to
abutment, being supported on roller bearings on all
piers excepling the central pier where fixed bearings
are provided.

(3) The concreted decking is continuous from abutment to
abutment and is Hinked on to the floor heams hy means
of snitable tension straps and brackets areanged on
the floor heams,

(4) Suitably spaced knee braces, welded to the girders
and floor beams and forming rigid frame structures
with the floor heams, serve as stiffeners.

(5) At the piers and abutments, deep welded sway girders
replace the floor heams,

15.3. Tt is claimed that there 18 an overall saving of 28
per ecent in the girder material, on such spans due to the combi-
nation of welding and continuity. In addition, the simplification
of design results in further savings on the cost of fabrication and
erection. - Again, the design enables substantial economies to he
made on the design of piers.

15.4. The use of a number of thin flange plates, fillet-welded
together, has been completely discarded in favour of a single
thick plate.  This makes welding easy, reduces stresses in the
weh-to-flange welding zone, and facilitates inspection of the
finished work by radiography.

15.5. On some of these bridges, a very notable departure
was made from the conventional practice of limiting the ratio of
depth of girders to web thickness to about 170, The corresponding
ratio on the Duplessis Bridge (part of which collapsed after about
4 years of serviee) was 370, a web thickness of only 3/8 in. being
used on a girder of 12 ft depth. The Duplessis Bridge is described
in paragraph 19.

15.6.  On short-span bridges having gradionts either on the
bridge itself or on the approaches and thus requiring vertical
transition curves, the difficulty of providing curved Hanges i
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casily solved by welding. Welding is similarly wseful when (',IAl[‘VOA(l
soffits are provided as on continuous spans.  Again, welding is
extremely useful on skew bridges which require some awkward
connections if the normal riveted design is adopted.

16. NEW BRIDGE CONSTRUCTION

16.1.  During the period under report, there was very little
new bridge construction in hand, although there was considerable
activity in the designs offices. Some very interesting dewigns
were being worked out departmentally by the bridge engineers of
Alberta, British Columbia, Quebec and Ontario.

16.2.  Apart from some minor bridges and some rigid frame
reinforeced concrete structures, the only bridge construetions of
importance that were going on at that time were :-

(1) The Rock Creek Bridge This bridge lies on the
Trail-Penticton highway in DBritish Columbia and
provides a very good example . of current Canadian
practice regarding the erection of steel bridges across
deep gorges.  The crection of this bridge is described
in Appendix L.

(2) The McKenzie King Bridge at Ottawa, also known
as the bridge over the Rideau canal. This bridge i
partly a steel structure and partly reinforced concrete.
The decision is conventional.

Some detailed drawings of these bridges supplied kindly by
the Department of Highways, Ontario and British Columbia may
be seen in the office of the (‘onsulting Engineer (Roads), New
Delhi.

17. THE ARVIDA BRIDGE
(All-Aluminium Structure)

17.1. This bridge has formed the subject of several articles
in technical journals but a brief note on the interesting features
of this bridge would not. be out of place in this report and is,
therefore, added as Appendix IT.

18. CANADIAN PRACTICE ON SOME POINTS OF
STRUCTURAL DETAIL

18.1. Reinforced Concrete Decking Slab.— Two-way
reinforcement top and bottom, is favoured, as the labour invol-
ved in bending of bars is costly. Usually 5/8 in. bars are used
for stifiness to prevent displacement of bars during pouring of

11



390 BAzAZ oN

concrete. This design of reinforcement ensures that the slab does
not develop any cracks even when used on steel truss spans,
where the supports of the decking are relatively more tlexible and
there is greater vibration than on spans with reinforced conerete
main girders.

18.2. Cement Concrete Wearing Coats. Practice varies
in different provinces as regards laying the wearing coat separate-
ly from or integrally with the structural slab. Where the wear-
ing coat is laid integrally with the slah, only 1 in. extra thick-
ness of cement concrete is added, but the design allows for an
additional dead load due to an extra thickness of a-2 in. laver of
asphaltic concrete which may have to be laid when the 1-in.
wearing coat actually shows signs of wear.

18.3. Light weight floors. Various proprietary types of
open grid floor are in use, e.g. Trving, Trilock and Teegrid.

18.3.1. The Irving type has a Jdiamond shaped open mesh
and weight only 15} 1b per sft.

18.3.2. The Trilock type also provides an open mesh usual-
ly of 2 in. X 3in. also weighing about 15 1b per sft.

18.3.3. The Teegrid type consists of 3 in. x 3in. T irons,
placed in contact with each other, with stems upwards, the Hanges
being welded together. The spaces between the stems are filled
with concrete forming an armoured non-skid surface. The com-
plete flooring with concrete filling weighs only 52 [b per sft. as
against about 125 Ib per sft. for the usual 74 in. reinforced con-
crete slab with 3 in. wearing coat. The material of the grid is
medium carbon steel with a copper eontent varying from 02 per
cent to (3 per cent.

18.3.4. Another type of light weight floor is the Battleship
Deck, which consists of a thin steel plate rigidly fastened over
the stringers. A steel grid having a depth of about 1} in.is weld-
ed to the steel plates and the grid ix filled with an asphaltic mix-
ture.

15.4. Asphalt planks. Asphalt planks consists of pre-
formed mixtures of refined asphalt (or a combination of refined
asphalt and flux) of a suitable penetration, organic fibre, and a
mineral filler. They are available in various sizes, usually 3 ft
and 6 ft in length, 6 in. or 8 in. in width, and L} in. in thickness.
They are extensively used on timber bridge decks, to which they
can be nailed, but are used to some extent on concrete decks also,
to which they can be cemented with hot asphalt.
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18.4.1. Under favourable conditions, these planks have a
very long life.  The planks laid on the Main Street Bridge at
Winnipeg have not required replacement since 1931, except for
some isolated picces,

18.5. Drainage of Slab Deckings. The usual design is
to place drainage pipes vertically, extending about 2 in. below
the bottom of the slab.

Is.i. Plum Concrete (Called rubble stone in concrete).
The use of plum concrete is permitted in abutments, piers, wing
walls, and footings, having a thickness or width of more than
31t 6 in., subject to the conditions that,

(I) the stones are placed not less than 6 in. from the form-
work or reinforcing bars,

(2) they arc placed not less than 8 in. apart, and

(3) the quantity of stones used does not exceed 20 per cent
of the volume of the conercte. These conditions are
remarkably similar to the conditions laid down
independently in this country, for the use of plun;
concrete.

I8.7. Joint between Wing Walls and Abutments (con-
crete). The abutments and wing walls are usually poured as a
monolith. Construction joints, where necessary, are usually of
the tenon and mortise type and continuity of the work is ensured
by anchor bars.

IS8, Bridge Bearings. With refcrence to a problem
which had arisen in the office of the Consulting Engincer (Roads)
as to the desirability of having two in preference to three rollers
in a bearing, or an even number of rollers in preference to an odd
number, the writer made enquiries about the Canadian practice
on this point. The results indicated that the Canadians did not
attach any importance to the number of vollers, provided the
design was otherwise sound. It was found that an odd number
of rollers was actually in use on some very large and important
bridges.

19. THE DUPLESSIS BRIDGE

19.1. This bridge was built over the St. Maurice river ut
“three rivers " in 19047 and has been in service since then. The
western arm of the river was bridged, by 8 continuous all-welded
spans, 2 of 150 ft cach; and 6 of 180 ft each ; while the eastern
arm was bridged by 5 continuous spans, 2 of 110 ft each and 3
of 140 ft each. In the 180 ft spans, the girders were 12 feet
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deep at the supports and 8 feet decp at midspan with a web
thickness of ¥ in. The shape of the soffit was parabolic. The
clear roadwidth of the bridge was 42 ft with a footpath of 5 ft
width on each side. The decking was 8 in. thick reinforced
concrete slab.

19.2.  On the 31st January 1951, after more than three years
of service, 4 out of the 8 spans over the west crossing suddenly
collapsed and fell into the river. The remaining 4 spans of this
crossing and the entire bridge over the east crossing arc intact.

19.3. The bridge has had an interesting history. Tn
February 1950, a fracture was discovered in the downstream
girder in the 2nd span of the cast crossing, at a distance of about
12 ft from the 1st pier. While this fracture was being repaired,
a somewhat similar fracture was noticed at a very similar loca-
tion in a 180 ft span of the western crossing. In both cases the
fractures originated in the top flange and travelled down the web.
In the east crossing the web got torn and buckled and the
bottom flange was also bent and cracked, but in the western
crossing the fracture stopped at about the middle of the depth of

the web.

19.4. Inthe investigation which followed, all joints of these
bridges as also of scveral other similar welded bridges were
inspected but no other physical defects were found.  Investiga-
tion covered physical tests, chemical analysis of tho flange, web
and weld material, impact tests, hardness tests, miecroscopic
inspection, X-ray examination, checking up of design, actual
loadings and impact, examination for pier settlements, tempe-
rature and futigue stresses.

19.5. Many theorics were advanced to explain the origi-
nation of cracks but the only plausible explanation was that the
general quality of the plate material was poor and that internal
cracks existed in the plates as rolled before fabrication. It was
held that the welding procedure followed on the bridge and the
standard of workmanship obtained were of a very high order.
The bridge was closed to traffic for 5 days only after which
restricted traffic was allowed.

19.6. Subsequently, on the completion of investigations,
these restrictions were also withdrawn and the matter was for-
gotten. But shortly afterwards the engineering profession was
startled by the collapse of 4 spans of the west crossing.

19.7. A public enquiry into the failure was demanded, and a
commission consisting of a lawyer and a civil engineer was set
up to report on the cause of failure.
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19.8.  As all the four collapsed spans had sunk below the ice
and as the spans had to be cut from their heavy conerete deck,
salvage work was long delayed.  However, the wrecked mass of
stecl work was salvaged from the river bed in 2 to 3 months and
collected in a yard. The various clements of the bridge were
then pieced together as far as possible in the positions they
occupied in the bridge before collapse.  The yard was guarded to
prevent any picee of evidence being tampered with in the course
of the enquiry, but through the courtesy of the Canadian Govt.
the members of the Indian Technieal Mission were atforded
facilitics to inspect the wreek.

19.9. The findings of the court of cnyuiry had not heen
published during the period of the writer's stay there but the
Dominion Bridge Company, the contractors ro.s'.ponsil)lv for the
construction of the bridge, were kind enough to give the writer an
opportunity of glancing through the results of a series of very
exhaustive technical investigations made by the cngineers of that
firm and by various other eminent engineers.

19.10. It was extremely gratifying to note that the investi-
gations were being conducted in a truly scientific spirit, without
f(mr.or pre]udl(?e, in keeping with the highest ideals of the engi-
neering profession.

19.11. The design of the bridge was certainly bold and
courageous ; the web plates employved were porlmim the most
slender ever used before on a plate girder bridge, the ratio of the
d.ep.t}} of the girder to the thickness of web being 370 ax against a
limiting ratio of 170 laid down by the AL A.S.H.O., and the span
lengths adopted were among the longest for all-welded plate
girders continuous over 8 spans.

. ]9.12. As regards the slenderness of the web it is being
increasingly recognized that the traditional method of desien by
the shear flexure theory is not quite in keeping with the (lo;mn\:—
trated cu]{ucit,y of buckled webs to carry STl(‘ZlI‘. Test gir(]vlrs
have not infrequently borne loads three or four times the caleu-
lated critical buckling load. In the field of acronautical enginee-
ring, which indeed has given the present trend to the methods
of web analysi¢, thin web givders are the rule. lnvostig‘mtinn;
have shown that failure of the bridge cannot be u,sm'il)cd‘i(’) 1h;‘
slenderness of the web, nor can the failure be charged t«l) 'Lll\'/
disability of the structure arising from welding, as faLilurc‘(li:l
not originate at a welded joint, o

19.13.  Various other possible factors which could have
contributed to the failure have been vestigated e.g. jammed or
frozen bearings 1 frozen expansion joints (finger ])1;:1'/(‘,.\')' ﬂtAl'L'Qgcq
arising from differential conductivity of steel and cuncr’cm‘! : 1;(l)11:
thermal increase in the length of concrete, non-udcqu&cviof the
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repairs of 19530 0 settlement of piees ete., ete. But none of these
actors appear to have been responsible for the failure.

19.14.  The failnre has certainly marved the vecord of a
number of suceessful welded structures, but there is no doubt
that out of the failure, new ideas will be born, new technique
developed, and new means devised for dealing with  difficult
engineering situations,

20. BRIDGE PROBLEMS ARISING OUT OF THE
CLIMATIC CONDITIONS OF CANADA

20.1  The bridge engineer in Canada has to face quite a
number of problems arising out of the severe elimatice conditions.
Some of these are mentioned helow.

(1) Frost heave-—There is o large number of bridges foun-
ded on timber piles not going down to rock. Some of
these structures heave up regularly every year. The
extent of the heave is dependent upon the soil eondi-
tions, the depth of piles and the degrees of frost. The
usual vertical movement is of the order of 6 inches
but in some cases it is as great as 2 feet.  Every year
the piles have to he driven back so that the bridge
decking comes back to the level of the approaches.

The reverse problem of the approaches heaving up,
while the bridge remains stationary, is also encounter-
ed in some places. The writer was shown an app-
roach road which had heaved up to the level of the top
of the kerbs on the bridge decking.

(2) Ice hammering on pier noses - Large sheets of floa-
ting ice in some of the rivers, cause heavy damage to
pier noses. The design  features which have been
introduced in piers, to meet this trouble are -

(a) o very heavy nose batter is provided, and

(h) angle iron ice cutters are fixed to the pier
noses.

(3) Freezing of concrete — Alternate freezing and thaw-
ing results in the spalling and shattering of concrete
whether in piers or in the superstructure. Kxtensive
research is being carried out to evolve a suitable design
of & concrete mixture which can stand this annual cycle
of freezing and thawing.  In general. tests have indi-
eated that the use of an air-entraining agent improves
materially the resistance of concrete to such damage.
Air-entrained concrete is therefore specified for use on
new structures.
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20.2. The damage resulting to existing structures is being
repaived by guniting the eoncrete faces. This has 1o he doneevery
3rd or 4th year.

21. GENERAL ECONOMICS OF BRIDGE DESIGN

2i.1.  As compared to conditions in India, fabour is extre-
mely scarce in Canada and consequently the cost of lubour invol-
ved on any bridge work is very high.  Attempt is theretore made
to get out designs which cconomise on the use of labour rather
than on materials and involve the use of mechanical equipment
as much as possible.  Steel is refatively cheap, and o ix the cost
of its fabrication and erection with mechanical equipment. The
result is that large spans which would be considered highly une-
conomical in this country are frequently adopted. Tt is common
to see a bridge with a pier height of only 50 ft or so but spans as
large as 200 to 250 ft.

21.2. The ecase of ercction, speed of construction and the
aesthetie appearance of the hridge are other factors which appear
to receive more attention than in this country.

21.3. In cxamining the relative economy of alternative
designs, designs are worked out in fair detail, for different types
of structures, employing different methods of construetion (c.g.
welded or riveted), and employing different qualities of materials
(e.g. ordinary mild steel or high tensile steel). Fairly detailed
quantitics are taken out for cach design bhefore taking a final
decision,

21.4. In one casc, a design with balanced cantilevers and
suspended spans was rejected and a design with continuous spans
adopted instead, although the foundations could not be relied
upon to be unyielding, which s one of the desirable conditions
for this design. Caleulations showed that provision for extra
stresses which would be et up by the maximum probuable settle-
ment of a pier, would mean less extra cost than the provision for
joints and bearings required by the eantilever design.

21.5.  Although, the advantage of continuity beyond 3 or 4
spans, in reducing the design moments, is very nominal, bridges
have been buils with as many as 8 continuous spans in order ta
econontise on the cost of bearings and to avoid joints in the deck,
which are a source of trouble in freezing weather.  There are
bridges whose length exceeds 1500 ft but are jointless from abut-
ment to abutment, c.g St. Roscand St Bustace bridges which
are 1,548 ft and 1,520 ft long respectively.  On these bridges,
provision is made at each abutment for an expansion of over Y
inches.

12
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Photograph No. 7

Rock Creek Bridge, under construction.

(See Appendix L)
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APPENDIX I
The Rock Creek Bridge

1. This bridge was under construction across a very deep
gorge on the Trail-Penticton highway. The overall length of the
bridge is 900 ft., with a central span of 300 ft and side spans of
200 ft (2 Nos.) and 100 ft. (2 Nos.)

2.  The design and construction procedure adopted was such
as to obviate the need of false work in the deep gorge which could
have been very costly because of the great height.

3. Designs of ordinary trussed girders and also of steel arches
using the conventional method of erection were considered and
rejected because they involved the use of very high and costly
formwork erected from the bed of the deep gorge.

4. The bridge is essentially a continuous trussed girder
supported on tall and slender steel towers having pinned bearings
at top and bottom. The bridge is symmetrical about the centre
line and erection was started from either end, two 20-ton Lorain
cranes with 50 ft booms being used for the purpose.

5. The erection procedure may be described in 7 stages.
The joints and members of the upper and lower chords are
indicated by their corresponding numbers suffixed to letter U and
L respectively.

0
1
[}
i
FALSE
BENTY
e
ABUTMENT ¢ PIER NO.1.

First Stage.
(1) Erect false timber bent.

(2) Set bearings on abutment and pier No. 1 and lock the
expansion bearing.
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(3) Assemble the section consisting of members OU,
U,U,, U,L,, L,L,, L, U,, U,L,,L,L,, L;U,, L,0on
the ground and erect in one piece, placing onc end on
the abutment and the other on the timber bent.

(4) Fill in lateral system.
(5) Complete erection of 100 ft span upto pier No. 1.

Second Stage.

PIER NO.4.

(1) Jack at pier No. 1 to release false bent. Drop false

bent.
(2) Unlock expansion bearings on abutment.
(3) Fill in stringers with the Crane.

(4) Assemble Ist section of main span on ground.

Third Stage.

PIER No. 1.

BRIDOGE ENGINEERING TN (CANADA 401

(1) Connect lst section of main span to the end of the
approach span, forming a cantilever arm. connected
to the approach span with a fie.

2y Fill in lateral systom.

(3) Continue extending the cantilever arm into the main

span till joint Ly and Uy is reached.

Fourth Stage. (See photo 8).

TIE
o 1 2 3 A 5 v 2 %108
I'IT' T T I\IT T T I T TIT51I
| "".""7
t !/,

FALSE
BENTY

\_JJ\~

ABUTMENT PIER NoO.3Y,

(1) Erect false bent in porition shown.

(2) Assemble members L,Ls. LyLg, LU, and L;Uy
when false bent is in position. L

Vo

(3) Assemble chain dotted membors
bent.

(4) Free the tie over pier No. L.
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I T I T T T I T T TTTX ; % L Iu,

FALSE BENT
ABUTMENT PIER NO. |

(8)  Jack down again at pier No. 1.

(9) Dismantle false bent.

P’hotograph No. 8

" = . .
[Stages 1 0 5 carried out simultancously from
the other end also, with a second crane.| )

Ssath Stage.

Rock Creek Bridge (4th stage of construction from one
abutment). (Appendix I)

(1) Cantilever central span to centre line and one b

Fifth Stage. beyond (upto member AB) from one . ay
i f l member CD from the other end. end and upto
(1) Jack on pier No. |, remove pins from pier members 9) Take or
and lower end of main span by 6 in. @ - ane and truck off the span.
(2) Tic down end of main span to hottom chord of Seventh Stage.,
approach span. ®
‘ H ] 1 Y , . ’ : WEST / EAST
(3)  Build out to U7y 4. (rane and truck not to pass  posi- P/ ®
tions shown, ‘ I - / .
' N, NB 4 -
(4) FKrect permanent steel tower. FLZ N 7N : N _
N\ 100"~ e -
(3) Connect dotted members. : e 200° - )

3) Remove crane and truck and jack up on pier No. 1 to
close on permanent tower.

(7) Continue jacking to free falae bent at L.

SIXTH& SEVENTH STAGES

13
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(1) Close bottom chord first at point A

(2) Add members marked (2) and (3) with crane on East
Cantilever.

(3) Add top chord marked (4).
(4) Jack up at piers 1 and 4, to close top chord at B.

(5) Jack further to insert main bearing pins,

APPENDIX II
The Arvida, all-Aluminium Bridge

The principal dimensions of this bridge are—

Overall length — 504 ft.

Main span (arch) — 290 ft.

Rise of arch — 474 ft.

Approach spans — 5 Nos. of 20 ft each, at
each end.

Clear road width — 24 ft.

Footpaths — 4 ft wide, one on each side.

Interesting design features.

2. The principal aluminium alloy employed on the bridge
was 268—T Alcan for extruded shapes and also for Alelad plates.
A number of other alloys with special properties were, however,
also used for various elements such as rivets, hand railings, ecte.

3. The outstanding characteristics of this alloy are—

(1) its light weight, about 36 per cent of that of the
structural grade steel :

(2) high coefficient of thermal expansion, about twice that
of steel ;

(3) low modulus of elasticity, about onc third that of
steel ;

(4) susceptibility to galvanic corrosion.

4. The total weight of metal used on the bridge is about
380,000 Ib as against an estimated weight of 875,000 1b re-
quired for a similar structure in steel ie. the saving in dead
weight was about 56 per cent.

BrRIDGE ENGINEERING 1N ('ANADA 405

5. 'The heaviest single fabricated picce used on the bridge
was an arch seetion which despite its length of 65 ft weighed only
64 tons.

6.  Thermal expansion of the structure 1s relatively large as
compared with that of a steel structure and is taken care of by
specially designed finger plate expansion joints at cach end of the
structure.

7. A still greater problem, however, which required very
eareful thought, was the differential expansion and contraction
between aluminium and concrete. It was caleulated that if the
concrete slabs were anchored to the floor members at the arch
crown, the relative slip between them at the ends of the bridge
would be 1} inches, which would result in very serious conse-
quences.

8. It was decided to prevent all relative movement between
the concrete decking and the floor system by anchoring them to
each other. The resulting longitudinal forces both in the floor
members and in the conerete slabs were caleulated and provided
for in the design.

9. The awrch ribs are of the elosed box type 54 in. deep by
32 in. wide.

{Experience has shown that condensation of water vapour
present in the air enclosed in the box takes place. No
provision was made originally in the design for draining
out the resulting moisture but necessary outlets were be-
ing introduced on the day of the writer’s visit.|

10. In the interests of safety, the aluminium hand rails are
designed to withstand horizontal foreces much greater than the
forces usually specified. Thus, the individual posts and their
connections are designed for a coneentrated load of 4,500 1b
apyplied laterally at the top of the post, and the complete hand
railing is designed for a total laterally applied, uniformiy
distributed load of 1,140 Ib per rft. or a concentrated load of
5,700 1b.

[The I.R.C. Bridge Code requires the railings to be designed
for a lateral horizontal force and vertical force, each of
100 b per lineal foot applied simultaneously to the top
of the railing.]

11. One end of the bridge is 13 ft higher than the other, but
the gradient is not uniform from one end to the other. The
gradient is 4.125 per cent on one side of the crown of the arch and
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1.034 per cent on the other, a vertical curve being introduced at
the crown.

12, Roadway consists of o continuous conerete slab 8 in.
thick, reinforced in 2 directions, covered by a bituminous surface
2% in. thick throughout. There is no camber on the road surface
and no drainage outlets on the decking.

13. Kerb height is only 6 inches to allow the casy opening
of car doors.

14. Riveting. After an extensive programme of experi-
mental rivet driving and testing, a special technique for driving
aluminium rivets was developed. The rivets used were all driven
cold. Extruded rod was found unsuitable for usec as rivet bloek, and
therefore rivets were made from hot-rolled and cold-drawn rods.
Where possible a 50-ton power riveting machine was used, but
rivets inaccessible to the machjne were gun-driven, ‘““annular
rivets ”’. A 3/16 in. dia. hole ¥ in. deep is made in the rivet end
into which fits a projection in the snap of the gun.  As the rivet
is driven, the gun is rolled and an annular head is formed. To
niinimise the upsetting of rivet shank driving, the rivets were
made only 1/64 in. less in dia. than the rivet hole which wasy
reamed with a 13/16 in. dia. reaming drill.

15. Care was taken in all details to eliminate absolutely the
formation of the water pockets.  The reason is that alumininm
surfaces when in contact with other metals, or even ‘with each
other in the presence of moisture, are subject po g:}.\va.mc ilc_tion_
Even a thin layer of some insulating material \:\fc bhituminouy
paint is considered adequate to prevent . To protect the
aluminium from the eficet of grout or of the moisture t.hat Mmight
sap through the concrete slab, . sheets of commerciall Yy pure
aluminium 116 in. thick were interposed between the conercte
slabs and the top flanges of all aluminium floor members.

16. Fabrication in general. Aluminium and its alloys are
not suited for high temperature applications. With inerease in
temperature, they lose their high strength. Aluminium cannot
therefore be flame cut, welded or heated to a temperature higher
than 350° F.

17. Sawing is, however, easy and expedient and was used
instead of flame cutting and even shearing. Shearing can be used
for sections up to { in. thick but better edges are n\)\,:un_(jd with
sawing. Punching is satisfactory upto 4 in. thickness it sharp
edged punches and neat dies are used.

—— () ———



SHOVELS : ‘

In three patterns. Filled vrith
seasoned wooden handles.
Balanced construction permits
easier handling. Deeper
blade carries bigger load.

HAMMERS :

Sledge hammers in different
sizes. Also, Ballast-breaking,
Spiking and Keying hammers.
Made from special heat-treated
sleel. c

PICKS & BEATERS:

In four basic patterns. Parli-
cularly preferred by road-
builders and miners. Specially
sirengthened, sharp cuiting
poinis ensure efficient working.

Wiy
STRONG, LONG-LASTING

TATA AGRICO

IMPLEMENTS

THE TATA IRON & STEEL CO,, LTD.

Sales Office : 23.B, Netap Subhas Road, Calcutta
lranches at° BOMBAY, MADRAS., NAGPUR, AHMEDABAD, KANPUR, SECUNDERABAD,
VIZIANAGRAM CANTT. AND JULLUNDER CANTT, ’

T— - -
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PAVING ASPHALTS ® INDUSTRIAL ASPHALTS
CUTBACK ASPHALTS @ EMULSIFIED ASPHALTS
snd for technical sssistance and sdvice without obligstion
write to:

STANDARD-VACUUM OIL CO.

( The Liability of the Members of the Company i Limited)
Sombay - Calcutzs - Colombo - New Dalhi - Karachi - Madras - Rangoon

WARSOP

ROCK DRILL

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-

nes includes:

1. Jaw Crushers & Granulators

2. Gyratory Crushers

3. Vibrating & Rotary Screens

4. Complete Crushing & Screen-
ing plants, capacity from 3 to
400 tons per hour.

Apply for details to:—

§ Garlick & Co.Ltd.

N e N e

JACOB CIRCLE. BOMBAY N

iii

The most modern

self-contained One

Man power-tool for

. Stone Quarrying

. Surface Mining
Prospecting

. Trenching for power,
water & sewage lines

. Breaking concrete &
general demolition

[+ - W -

BENFORD

CONCRETE MIXERS

Mixers from 5 c.ft. max.
input and 3} c.ft. max. out-
put to 10 c.ft. input and
1 c.ft. output—with Diesel,
Kerosene, Petrol or Elect-
zic drives—available from
stock.

Branch Offices :—
P. O. Box 168, NEW DELHI

26 Errabalu Chetty St.,
G. T. MADRAS

Coex St., COIMBATORE.

SISTA'S==G. 158,
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FOR

HEAVY FAST TRAFFIC
USE

“HOTFIX?”

Asphalt
DURABLE & ECONOMICAL
®
For Estimates
Please write

to

Messrs. McLEOD & CO., LTD.,
P. O. Box No. 78 2 CALCUTTA

vii

Surma Road Bridge at Sylhet, T span of 240-feet, tio of
100-faet and 17 of 10-feet an Cylinder Piers.

BRAITHWAITE & CO.,

(INDIA) LIMITED
CALCUTTA

'm
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WESTERWORK

CONCRETE BLOCK

MACHINE

@ Strong
® Durable
® Smooth
® Economical

Choice of
12", 8" & 4" wall units

Attachments available’for
a large variety of special

shapes
Contact
THE WESTERN MANUFACTURING CO.,
Hagsan Chambers, P-33, Ganesh 9, Tirumurghi St.,
Parsee Bazar St., Chandra Avonnuo, T. Nagar,
Fort, BOMBAY, 1. CALCUTTA, 13. MADRAS, 17,

ix

5@@@0&?0@@?{1@@6

t. (Shalimar) Road Tar macadam. . grggmaone N

. -vvw ..) "1 ﬂ;"‘.
2. Waterbound macadam._, 3.,‘$..‘». .o, 'Z

3. Adequate soling.

4. Stable formation. > {r
Shel:
AN Vi %
witisliitt vl

Monging s TAR PRODUCTS

TURNER MORRISON & CO.LTD.
6, Lyons Range, Calcutta,l. ( |935 ) LI MITED

[y am




MILLARS’
MACHINERY

Concrete Mixers—Tilting and non- Tilting Types

Asphalt Mixers—ior Hot and Cold Mix

Roller Pan Mixers—ior Mortar.

Diaphragm Suction Pumps (., ¢ffeetive Lifl, up to 25 1t

Self-Priming Pumps {or handling  Secpago  at lowest

possible cost.

Tower Hoists jor speedy consbruction

Complete Wellpoint Pumping Equipment {, dewatering—
the only successful method of combating running sand

TIMBIR
HARDWOODS - SOFTWOODS - PLYWOODS
MILLARS’ TIMBER & TRADING CO., LTD.
CINCORPORATED (N ENGLAND
Victoria House, Victoria Road, BOMBAY 27.
Telephone. 41077 Telegrams . JARRAH

Branches and dgents throwghout the World

xi

Manufacturers & Suppliers of:
AIR COMPRESSORS

AIR LIFT PUMPING PLANTS
DIAMOND DRILLING PLANTS
ELECTRIC TOOLS, A.C. & D.C.
HICYCLE ELECTRIC TOOLS
MINING EQUIPMENT
PNEUMATIC TOOLS
VACUUM EXHAUSTERS
VACUUM PUMPS, &c., &c.

THE

Consouoateo Pueumaric
TOOL COMPANY LIMITED

Contractors to the
BRITISH ADMIRALTY, WAR OFFICE, ATR MINISTRY, INDIAN
GOVT. & RAILWAYS, FOREIGN GOVTS., RAILWAVS, ote.
BOMBAY CALCUTTA KARACH!I LAHORE MADRAS

P.0. Box 205. P.O. Box 805. P.O. Box 179. P.0. Box 185. P.O. Box 1282,

EVERY WELL PLANNED ROAD LAID IN
REINFORCED CONCRETE
IS A STEP NEARER TO NATIONAL
HIGHWAY .PERFECTION

Is Reinforcement At Its Best For Roads.

SOLE AGENTS

HEATLY & GRESHAM

ESYABLISHED 1882 LIITE INCORPORATED IN ENGLAND
P. O. Box 190 P, O, Box 225 I'. 0. Box 228
CALCUTTA BOMBAY MADRAS

1,-13, Counaught Cirens No. 4, West Wharf Road, P. 0. Bux 45

NEW DELHI KARACHI] 2 LAHORE

BRC is manwfactured an India wader license frone The British Reinfoiced

Conerete Fngineering Co., Ltd., Stafford, Fngland.
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SANKAR®ud

PURTLAND CEMENT

Hot,
HINDNESS—
and
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FACTORY. SANKAR
AL YOTHY, TINKEY,
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REMEMBER
BLACKSTONE!

FOR THE BEST IN STONE MATERIALS

o STONE CHIPS : For all types of reinforced concrete works,

precast concrete jobs, hollow and solid

blocks ete.

) STONE METAL: For everlasting roads, runways, rail tracks,
etc.

® STONE SETTS : For permanent godown floorings, roads,
etc.

@ STONE SAND: For damp.proof plast:ring and joining.

A unique material for hollow blacks,
Associated with the PAKUR QUARRY OWNERS’ ASSOCIA-
TION, “BLACKSTONES” are helping the country in the
solid construction of permanent highways, bridges, homes,
dams and other essentia] projects. BLACKSTONES, one and
only aim is to standardise and make available only the
best in stone materials,

BLACKSTONE PRODUCTS LIMITED

59/60, STRAND ROAD, CALCUTTA -6
'Gram: ‘ BLAPROLD ** - 'Phone: B.B. 2252

xiii

USE 1007 INDIAN ROAD TAR

FROM INDIAN COAL MINE

THROUGH
INDIAN

CHEMICAL INDUSTRY

- L., = o\;‘ .
. ;g.,_ f?lﬂ/—
5 e f‘ B

TO INDIAN ROAD &«

2" TARCRETE WORK IS IN PROGRESS

KRISHNAGAR - HRIDOYPUR ROAD

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.
94, Chittaranjan Avenue, Calcutta - 12
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ALSALES LIMITED

USE

axwels

S
N

Guaranteed

FABRIC
T

BEST FOR R.C.C. WORK

Available with
ALSALES LIMITED,

9, Wallace St., Fort, Bombay.

Caleutia Dranel -
30, Bentinck Street,
CALCUTTA.

Madras 1]5/1‘}1/,\'2
Messrs. Bombay Co,, Ltd,,
Post Box No. 109,
169, Broadway, MADRAS,

THE BRAITHWAITE BURN AND JESSOP
CONSTRUCTION COMPANY, LIMITED
P13, MISSTON ROW ENTENSION, CALOUTTA
ENGINEERS AND CONTRACTORS
GENERAL ENGINEERING CONSTRUCTION
INCLUDING
BRIDGES, JETTIES, PIPE LINES, FOUNDATIONS,
ETC.

Sole Licensces in India for

FRANKI COMPRESSED CONCRETE PILING
' AND
«“« SCREWCRETE ” FOUNDATIONS

—Reinforced concrete bowstring bridge constructed at

PERIYAR RIVER BRIDGE

The bridge is 540 feet

Alwaye in Travancore State.

f 148 feet each with

long consisting of three spans o

piers founded on piles and wells.

J. C. GAMMON LIMITED

XV

BOMBAY-1

BALLARD ESTATE

HAMILTON HOUSE
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TOURNAROCKER |

DRIVES AND STEERS ON FRONT WHEELS

No rear-wheel drive truck
can ensure safety under such

conditions.

TOURNAROCKER has been
designed from the drawing
board for hauling rock, over-

burden, coal, etc.

Modet E-18 Tournarocker
J

wix 13
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