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INDIAN ROADS CONGRESS
NOTICES AND ANNOUNCEMENTS

NEW ADMISSIONS

LIST OF MEMBERS OF THE INDIAN ROADS CONGRESS
ENROLLED FROM 1-8-1855 TO 30-9-1955.

Seriall Roll | - | -
No. | Ne. ‘ Name. Address.
I e S
1 1961 G. C. Sarmah Executive Engineer, P.W.D.,

P. O. Goalpara (Assam).

2 1062 Ganesh Prakash Assistant  Engineer, P.W.D.,, Chief
Lall Engineer’s Office, P.W.D., R. & B.
) Secretariat, Patna (Bihar).
3 1963 Rajinder Singh Sub-Divisional Officer, Akhnoor, R. &B
Division, P. O. Jammu (Tawi).
4 1964 B. V. Gururaj Junior Engineer (Highways), Bridges,
Brahmaur, Via Mangalore.
5 1963 R. B. Desai Engineer, D.L.B., ‘¢ Amidhara’’,
Near Char Rasta, Maninagdr,
Ahmedabad 8.
6 1966 A. R. Mathur Assistant  Engineer, Planning, Sub-
Division No. 2, P.W.D., B. & R,
Jaipur (Rajasthan).
7 1967 S. P. Sarker Assistant Engineer, P.W.D., Nowgong,
(Assam).
8 1968 F. Kharkongor Executive Engineer, Aijal Division,
Silchar {Assam).
9 1969 D. N. Konwar Temprrary Engineer, Tura Division,

P. O. Tura, Garo Hiils (Assam).

10 1970 Om Sagar Sahgal  Asstt. Professor in Highways, Punjab
Engineering College, Chandigarh,

11 1971 K. K. Sarin 6, Hospital Road, Jaipur (Rajasthan).
12 1972 . : :Kesri Singh l\»IéhtviE“- Asstt. Engineer, Health Circle, P.W.D.,
T e e 23 N\ >Clo, Shri Lehar Singh Mehta, Joint
S O Nlaw Secretary, Rajasthan Sectt.,
Fooan \ \ﬂ\;\laipur (Rajasthan).

e
o 7 2
1 vy
13 7 1973{  J..S. Mathur \\ “Asstt. Engineer, P.W.D., Garmukh-
I ; s téshwar, Distt. Meerut (C.P.).
P { ;
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120 NEW ADMISSIONS
:S'ngzl 1;\‘?:1 Name, { Address,
14 1974 V. S. Khilnani Senior Civil Engineer, Rohtas Industries
Ltd., P. O. Dalmianagar, (Bihar).
15 1975 S. M. Ghatge Proprietor, Modern Builders, Kolhapur.
16 1976 Parmanand Sub-Divisional Officer, P.W.D., Darbh-
anga Sub-Division, No. 2, Laheria-
sarai, Distt. Darbhanga, (B har).
17 1977 P. C. Punnoose Asstt. Engineer, P.W.D,, Trichur,
(Travancore-Cochin State).
18 1978 B. K. Sinha Technical Assistant, Office of the Chief
Engineer, P.W.D., B. & R., Patna,
(Bihar).
19 1979  Syed Ziauddin Asstt, Engineer, P.W.D., P. O. Raya-
Ahmed gada, Dist. Koraput (Orissa).
20 1980 J. V. Prasad Asstt. Engineer (Highways), Pennar
Bridge Division, Nellore (Andhra
State).
21 1981 A.N.Bhatta- Sub-Divisional Officer, P.W.D., M. B.
charyya Road Sub-Division, P, O. Maw-
phlang, (K. & J. Hills).
22 1982 T. M. Jalaluddin  Junior Engineer (Highways), Pennar
Bridge Works, Villupuram, South
Arcot Dist.
23 1983 C. B. Purohit Asstt. Engineer, P.W.D,, B. & R.,
Pokaran (Rajasthan).
24 1984 A. Nagoji Rao Asstt, Engineer (Highways), Dorual,
Markapur Taluq, Kurnool District,
(Andhra State).
25 1985 8. Hanumantha Asstt. Engineer (Highways), N. H.
: Rao 5 Diversion Sub-Division, Rajah-
mundry.
26 1986 B. N. Banker Sub-Divisional Officer, P.W.D., Gogri-
: Jamalpur, P. O. Muskipur, Monghyr,
(Bihar).
27 1987 Dharmadeo Prasad Sub-Divisional Officer, Project Sub-
Division, P.W.D,, Gaya (Bihar).
ASSOCIATE MEMBER
60 M/s. Pashabhai Construction House, Ballard Estate,

Patel & Co., Ltd.

Bombay-1.
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II. DEATH

The Council have received ‘.vith regret intimation of the following

death :

Serial! Roll Address.

No. | No.

1 319 I. C. Chacko

Name.

Retired Chief Engineer, Travancore
State, Thiruvellah.

11I. ADDRESSES WANTED

Communications addressed to the following me}ubers have been rert;firzfld
nclaimed by she Post Office. Members able to give nformgtu{n tr'eAb rd] 1,%
:;lhe present address of any of them are requested to forward particu

Secretary, Indian Roads Congress,

Roll Address as last known.

Serial Name.
No. No.

5 jwani , Mr. Moti G. Ajwani, No. 56, Bhag-

! 02 Ajwani, J. M. C/:)vantfas Chawl, Bhavani Peth, Poona,.

: ji { Assistant Executive Engineer, Assam

2 1133 Banerji, 8 & Rail Link Project, Seveke, D. H. Rly.
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SYNOPSIS

The Paper deals with the design of an experiment to evaluate the cost
: . 8l ; .
of operation of motor vehicles on different kinds of surfaces of roads.

In view of the large number of factors that have fto be taken into
account, a factorial experiment is neccssary, and the most suitable design
of experiment for minimising the cost and supplying the information
required within the time available is discussed. In applying the accepted
methods of experimental design in  this new ficld, ecrtain unusual
difficultics wore met with, and the methods adopted to meet them e alzo
discussed,

1. INTRODUCTION

1.1. The science of experimental design is a comparatively
new subject. Its methods were mainly developed in the agri-
cultural field though in the exact experimental sciences also the
value of proper statistical design is now being recognized.

J—n
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1.2. This Paper describes the problems confronted in the
design, under the application of scientific statistical principles, of
an experiment of intimate interest to road engineers. It is hoped
that this Paper will give an illustration of the applicability of
statistical methods in less explored fields and create a wide
interest in the adoption of scientific experimental design,

2, “ORIGIN OF THE PROBLEM

2.1. In 1953 the Council of the Indian Roads Congress
appointed, on a recommendation from the Transport Advisory
Council, a Committee to study the cost of operation of motor
vehicles on different types of road surfaces and the economy of
road improvement. The Committee were given about a year’s
time to furnish their report.

;

2.2. Though the members of the Committee were, because
of their experience, well informed about the magnitude of the
differences in the cost of operation on various types of surfaces,
and though the results of elaborate experiments carried outin
western countries on the subject were available, the Committee
was of opinion that it was advisable to substantiate the existence
and magnitude of the cost differentials with data obtained from
operation on Indian roads. Accordingly they decided to collect
detailed figures of operation from as many operators as possible,
private as well as official. A detailed questionnaire was drafted
and circulated. In response, a large volume of data was
obtained. Many of the small private operators were, however,
not able to supply all the figures required, but some of the larger
nationalised undertakings gave a large volume of data in the
form required. ‘

2.3. When the data obtained were processed, it became
evident that the rich diversity of factual information obtained
was more of a hindrance than a help for the purposes of the study.
The problems before the Committee required data extracted under
controlled conditions. In other words, an experimental approach
was essential.

3. ANALYSIS OF THE OPERATORS’ DATA

3.1. Table 1 gives the performance in regard to petrol
consumption of fifty buses of the same type and make, every one
of which had run about one lakh miles,

) 1 n Y A RS Tay 1-)(')
i v Assess R TRANSTORT OPERATION Costs 12
PN PERIMENT TO ASSESS LoaDp TRANS

TasLE 1

Average Miles per Gallon of Petrol Consumed

f Joad Surface

i e

A ! \Vétcr-bourld

tegion \ Conerete Black-Top Macadam
- \fifags \ilage . . . Milage
‘ No. of Milage * x. of ‘ )I;‘l:rg,e io. of | per
G W Sl
é\\ 8 11.95 % 6 “ 10.9
Agra | { 16 12.39% 1__ |
Anahabad\\ 12 1210 | 3| 126%

- 5 | 10.5¢
Kumaon :

2 i shows the degree of consistency 1in the
13;‘ Hébtz?riﬁe‘drr:slfgives 5 sort of measure of thc‘relzytlye in:rl‘is
of the iff t types and conditions of surface. Statistical tests
of the & ere;n mzmce of the 20 buses on ‘fair.’ concrete roads
o *the b %r Allahabad show the observations to be very
oo A_gra t',ar:‘ at is to say, the patterns of consumption in respect
cons‘lstgn,, ~'olncrete roads at the two places do not d}fferl
Oifgni{fii{:ntl; The two experiences can, thc:;rcﬁorgl, biaezgng}l):lx:fo(t
) ’ roup. & similar ‘
wod trc_aa-tefd astlfenetxsgmgéseenﬁvaalﬁo%s fgr wa,ter—bf)und macadam
b valld. % known that one of the observations relates to
gfi:lclguzfreealtar:z that, in consequence, there are extraneous factors

at work,

ividi fore, into five groups, viz.,
3 Dividing the data, there , : - iz,
: 3;1;:(3 rood cor?crete fair, black-top good, water bouninfli}sits
((i(fml;frfair E’a,nd’wantcr—bound macadam (hilly tracts), an 3
< 3

NP
e e

- P v poads while the
. . . «Good Condition ™ reat
s Asterisked t]gur}(‘&{ r:?t‘?}?‘&;ir Condition '’ roads.
M rao P o 0 <
other figures rela

+ Hilly roadss
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of variance gives the following results :

TABLE 2

Analysis of Variance

| | T IF for s
Source of . Degrzes Sum of | S?;I;agf ' F igefrogei;lt ! Iéefrijtf‘ Il)xg)e-r

|

|
|

Total | 49 r’43.26
1 !

variation |, i
ion lbrcedom SquareS;Squares} !'L_’robabl-' bability
‘ 1 | illty levell level
Between f \r i
groups 4 1 21.93 | 5.48 11.57' 2.61 3.83
Within | a |
groups 45 | 2133 | 047 i
' !

|
—
|
|

3.4,  For those not acquainted with th kni rari
gxfltalyds}s,' a little explanation may be u:egix(i?nl'(ll‘ﬁgrgfz;r‘;rilzn;ﬁ
hasya, é:ﬁ?rcatl c;lﬁzlalrev?:;)(;gsén%r%uged.tinto five groups. Each group
. I sented by its mean, and a spread
its central ya.lue which can be represented l; its Dord ound
:;S;;ns or:ane;r;lcle. Tpe variance is nothing l;yut thfsatzﬁe(iirdva(;zzlgi;
! square of the deviations from the central value and the standard

eviation is thfa square root of the variance. In regard ¢ ‘
gz(:-"]p’ the variance worked out is what may be callégd theo fggh
duallagaciauzexgx%v;:hgiilv:i:grlonud;cation of the extent to which ir%diviIj
lue - vary ameng themselves, I
words, it is a measure of the errors due ; ’ otper
:ﬁue;c%s 1:Vhen observations are taken.toSl;ﬁzgzz‘lelzgrozpi;arflﬂ%%
vari};ﬁzeseo;v:ﬁn fci)ne group and_ another, we can pool the group
varances of Eil Zi} groups (splt.ably weighted) to give a measurle
of the noﬁ(:cénkroﬂ? e error existing in the experiment. Actuall
we don ake the weighted mean of the variances but the t tyl’
8 of squares divided by a number designated as the de"x(?e:s
o

of freedom which, in this case, i
avatt i namely’, o €, 1 the number of comparisons

3.5. We have five groups i
required to ascertain the;g rela{)ti:endmaéfiz;ngfaréigndli)fftween Jon o
(?ategorles. But, at the same time, these diﬁerenceesre?lf ki
;rﬁez.geciid (ll)y the uncontrollable errors, and the qu:sltxalif)‘ilvc's
b ttﬁr e differences are I.arge enough to warrant conﬁd1 o
at they could nothave arisen from uncontrollable errors oennlg’e
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Treating the five values as five sets of observations and allowing
for the fact that each of the means is derived from a number of
observations, we get another pooled sum of squares which divided
by the number of degrees of freedom (which is less by unity than
the number of observations) gives a mean sum of squares.

3.6. 'The two mean squares are 5.48 and 0.47 respectively;
the former is 11.57 times the latter. If only uncontrollable errors
were causing the variations, the probability of the ratio exceeding
2.61 is only 0.05 and the probability of the ratio exceeding 3.83
is only 0.01. Thus it is in the highest degree unlikely that a
ratio of 11.57 would arise from random errors only and we can
confidently assume the existence of influences differentiating the

groups.

3.7. This analysis compares all the five groups simultaneously,
but it does not say anything regarding the magnitude of indivi-
dual effects. Nor does it say that, as between any two particular
groups, there is a  real differentiation. It might conceivably
happen that while as between two particular groups there is no
significant difference, there are very marked effects as between
other groups. In order to examine this, paired comparisons are
necessary. Table 3 gives the figures appropriate for a ‘t’ test
between any two of the five groups :

TaBLE 3
¢ denotes Conerete Good. b Conercte fair, ¢ Blackstop good. o Waters
bound Macadan Fair. ¢ Water-bound Macadam Hilly.
i . | 7
a Difference | ¢ | Drobability levelof :
roups  of means . Vaiug o on 45 degrees of freedom
compared ‘ (miles per t ‘ . 3 ,
(Per cent)
| gallon)
e e e |‘ TS ‘._.-__“,.HM..J. S

ab \ 0.34 ‘ 1.47 } 15.53

ac : 0.21 ! 0.48 60.00
ad ; 1.47 ‘ 4.46 <1
«e 1.89 5.36 <.1

|

he 0.65 1.20 20.40
bd 1.13 ( 3.53 <.1
be ‘ 1.55 | £.50 <.l
cd 1.68 3.45 0.1

i .

ce 2,10 l 4.18 , <]

. 31.95
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3.8. The six comparisons ad, ac, bd, be, cd, ce, given in Table
3, prove the above statement conclusively by showing very low
probabilities for the hypothesis that the differences in question
are only chance effects. In other words, a highly significant
value of ‘¢” in the present case indicates that the differences in the
average milage per gallon of petrol in the pairs compared are

actual features which cannot be explained as due to sampling
variatiorn,

3.9. Again, with a degree of confidence associated with
eighty to.eighty-five per cent, it can be said that a * good’ concrete
road gives better milage than a “fair > concrete road {comparison
ab above) but the existence of a difference cannot on the evidence
available be taken to have been conclusively established. In fact,
the actual difference brought out is only 0.34 miles per gallon.
Since the data available here are not homogeneous enough to give
a conclusive finding on a difference in performance, which appar-
ently is of a small order of magnitude, a controlled experiment
becomes necessary to confirm these observations.

3.10. Therefore, under Indian conditions, road surfaces can
be broadly classified into the three groups given in Table 4, in
which the difference in performance between the first two groups
is yet to be conclusively established.

TanLe 4

Mil.age Per Gallon of Petrol

Concrete or Concrete or Water~bound

Black-top \ Black-top macadam
Good Surface 1 Fair Fair
12.42 ' 12.05 10.92

3.11. It seems that much is not likely to be gained* by
choosing between black-top and concrete surfaces under other-
wise identical conditions so far as petrol consumption is con-
cerned.  Thus, though the data supplied by the operators
throw some light on this subject they are extremely inadequate

*It must be specially noted that we are here ouly dealing with petrol
vonsumption. The comparison between the surfaces with regard to traftic
volumes, length of life, cconemies of maintenance cte, are separate issucs,

M
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awi alid conclusions with confidence. The lack of
izztggf':xf t}‘lre lel}(zlperimenta,l data i.s ev'ideny in that 1nforrqat}on
in respect of many important combinations is completely missing
from the table: there are only six separate ObSelV&tllonfj
(Table 1) while the number- of observations required are xtnag}ly‘
more if we have to study the other factors that might affec tu,
problem such as age of vehicles, season, traffic cqngegtloﬁ, e c.r
Apart from this, the data available are also Slefectn}r?e in a.vx?‘g,
been collected under heterogeneous conditions. ort exdam(}) :;%
even within the fleet of a si.ngle undertaking the standar
maintenance seemed to vary widely.

For these reasons the data collected could not meet the full
requirements of the Committee.

4, SUGGESTED EXPERIMENT

ommittee having been satisﬁed that an
ctpeiixlriénqtjz}xlle a(;proach was uqavoidable decided thait ]t\xt'vn
ifnportant nationalised undertakmgs should be approac 18(‘tt 0
carry out an experiment on their behalf. The Comm}l o}o
suggested the following outline for the expenme‘ntl‘ f‘ii;
un?lertaking should select two (or three) roads, onelea.(:gl Oof' 1
required surfaces, of approximately .the‘ same ing, 1,f 1 q:
uniform condition throughout, with similar I‘lllvnl erfﬁo f)fu}h
stoppages, with similar conditions of traffic densm}’, tm‘ tc cl) :_n
ing, etc. Vehicles of the same make and type, new ?I}e,s o1 )&nl‘p
with, should be run simultaneously on these roa(..s' air;(A d ?rt,]
expe;ience sliould be recorded for assessing the relative financi
effoct of the different surfaces.

i i isi i ing this outline and the

difficulties arising in following ' ) ’

consgl(‘lleleia.tions to be allowed to influence the design are discussed
in the following paragraphs.

4.9. The modern trend is to prefer the method known as
0 em-t‘-‘i.onal Research to a purely laboratory experlmeﬁ
agpr;ach. The research is condu'cted under aclual ﬁe(
conditions, the experiment beingf Sl;lltabg (3031%n§1(116 tx?argi:l?]cz
te and accurate picture of the eltect ol 1 ,
?3%&—23. In so far as the present experiment 1s an adthocf
scheme, it might perhaps be IIQId(;haEI it ’ZE a}‘l‘r]z‘a.rll)(;)raitoriyq
" er h ;
i t of the outmoded type. On the oth ) It ]
;}lg)rex;légeﬁl the actual field under normal operating condxt}xonsﬁ,
and to this extent it might equally well be considered a schem:
of Operational Research.
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5. BASIC APPROACH IN FACTORIAL DESIGN

5.1. In an experiment designed to study one or more out
of a large number of varying factors it has been the practice
during the course of observations, to vary at a time one only of
the factors involved and keep all the rest constant. But recent
researches have shown that not only is such a restriction in
procedure unnecessary, but also that it is undesirable. The
modern trend in experimental design is to vary all the relevant
facto‘x:s simultaneously so as to secure data under as many factor-
combinations as possible. In statistical language, the interaction
eﬁects.would thus be brought out without loss of information
regarding the main effects. The essential principle of a factorial
experiment is that if there are a number of relevant factors
(say m) to be studied, each of which is capable of assuming one
or more leyels (say »), the experiment has to be designed to
study the different possible combinations (m X #) so as to obtain
all the comparisons required.

The above is illustrated by assuming a simplified version -of
the proposed investigation. The two ‘factors’ affecting
operation costs are the type of road surface and its condition
Each of these is capable of being in one of three ¢ levels ’: namelv'
concrete ¢, black-top b, or water-bound macadam w, and the
condition may be goodyg, ‘fair’ f or ‘bad’ b. The tx,vo factors

hoe AN . .
(tai:t)cns’ ‘;E:.,three levels will give in all the following combina-

Segs Sefs Scvs Svgs Stfy Son, Sugs Suwfy Sy

where S.; represents Surface § with Concre i
Condition g and so on. Note that  means * blaittco?ﬁdo;n‘%z?lq
acco'rdlng as it occurs first or second in the suffix. In case it is
possible to procure data about the cost operation (e.g fuel
consumption, life of tyres, etc.) for all these nine combi'nzitionq‘
it will be' easy to estimate and compare the influences of hoth t)ie,
factors simultaneously from the same experiment. |

5.2. An important point is that the effect of ¢ i
available from all the nine combinations as if the ?ﬁgleftﬁggrlﬁ
ment has been devoted only to study of either of them For if
the data‘ are arranged as shown below, comparison of the column
totals will give the relative performance of the different surfaces
namely, concrete, black-top and water-bound macadam : ’

Sey Sig Sy
Sef Suf Suwf
SOb S”b S’u:b

EXPERIMENT TO AssEss RoaDp TrRaNsPORT OpErATION CosTs 131

The same data, if arranged as shown below, will bring out the
effect of the other factor, viz., condition of surface.

Sc// Se f S el
Sb_q oS bf Sip
Su‘ﬂ Suwf Seer

The column totals now measure the relative response of the
different conditions of surface, viz., good, fair and bad.

.5.3. In fact, every observation in a factorial experiment
supplies information on each of the main factors which the
experiment is designed to study. While the experiment thus
provide a sufficient number of observations to study the main
effects accurately, opportunity is taken to permute the levels
among the observations in a manner designed to throw light on
the effects of the levels as well as the variation between levels in
regard to each main factor or between main factors in regard to
each Jevel—what is known as ¢interaction.” With the large
number of observations the necessity for further replications in
respect of the main factors is thus reduced. ’

The effect of ¢interaction’ cannot be studied properly when
only onc factor is varied atatime. A concrete road may be
observed in an experiment to be more economical than a water-
bound macadam road but this might not be true for all con-
ditions of thesurface. TFor instance, a bad concrete surface
might conceivably be worse than a good water-bound macadam.
This aspect of differential response is likely to be missed unless
the combinations of the various factors are studied. Thus a
factorial arrcngement not only provides greater statistical
efficiency and broad-basedness but also a wider inductive basis
for the conclusions. The aim in the design of a factorial
experiment should be to bring into its scope all the relevant
factors, and in all their relevant levels, subject, of course, to the
consideration that the introduction of additional factors implies
inecreased time which increases the cost of the experiment.

6. DETAILS OF DESIGN

6.1. Tt is well known that an improvement in the surface of
a road leads to cconomy in the cost of operation in the following
respects :

(1) Decrease in consumption of fuel and lubricants ;
(2) Decrease in wear and tear of tyres:

(3) Decrease in consumption of spare parts;
2—11
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(4) Increase in vehicle speed which leads to economies
throughincreases in vehicle utilisation, and consequent
savings under :

{a} insurance,

(b) vehicle tax, wheel tax, etc.,

(c) interest on capital (on vehicles),
(d) operational staff, and

{e) maintenance and workshop staff.

There are thus four main factors and each of them has to be
studied individually.

6.2.' There are the following disturbing factors which have
to be e!lmilnated or whose effects have to be estimated fora proper
appreciation of the main factor effects :

(i) difference in types of vehicles,
(ii) variation in ages of vehicles,
(iii) seasonal effects and weather conditions,

(iv) operating conditions including influence of driving
technique and driving standards,

(v) variation in standard of maintenance,
(vi) differences (in loadings), |

(vii) dxﬁeren.ces in route characteristics and traflic
congestion, and

(viii) fuel and lubricating oil characteristics.

In carrying out a controlled experiment, the effects of the
above disturbing factors have to be eliminated. Because of the
necessity for restricting the experiment to reasonable limits,
it is out of question to study interaction effects of these disturbing

factors. Their effect can be eliminated by the following
methods.

W_here the effect is controllable it should be kept constant,
e.g. (i)and (ii) can be controlled by using the same make of
vehicles which are of the same age, say, new vehicles. So also
(v), (vi) and (vii) should be controlled, the uncontrollable part of
t}1e variation being allowed for in the experimental design. Item
(iv) can be controlled by a * combinatorial design *’ in respect of
the agsignment of d_rivers_, ete., while item (viii) can be controlled
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in the present case, purely as a matter of expediency, by using
only a single make of fuel and lubricant.

6.3. The factors entering into the experiment and the
associated levels are listed below :

Item Detail of Levels No. of Levels

A. Types of Surfaces Concrete, Black-top,

Water~bound macadam 3
D. .Condition of surface Good, Fair, Bad 3
C. Seasons Monsoon

Non-monsoon 2
D. Age of Vehicles New or old 2
L. Make of Tyre Assuming 2 makes used 2
F, Condition of Tyres New, Retrcaded 2

-Number of combinations 144

Thus there are 144 combinations, even after using broad groups
such as two groups for age of vehicles and two groups for sca-
sonal variation in a year. A design allowing for all these levels
in all combinations would be unmanageable, time-consuming and
too costly. Some simplification is obviously desirable and the
first step is to combine items £ and F. Together they give four
levels in all and since a vehicle has four tyres (in some cases six)
these four levels can be simultaneously tested on each vehicle,
should this at all be necessary. It might even be that the main
questions can be answered without studying these levels e, by
using new tyres of a single make only. So there will be 36 levels
which involve primary factors relevant to the problems to be
studied and further pruning is not possible.

6.4. In this connection there are certain important points to
be considered. The condition of a road surface cannot be altered
haphazardly. If we start with a surface in good condition, its
condition might become ‘fair’ after some time and ‘bad’ after a
later period. These periods would depend upon the kind of
surface, the traffic intensity, etc., and the actual durations have
to be estimated. Moreover, the order in which the three levels
appear is a natural onc and cannot be changed except in one con-
trollable way, namely, that if we start with a bad surface, we can
ensure, with the co-operation of the road engineer, that thc
surface is made fair or good whenever desircd. Thus improve-
ment to a better level is possible but not the reverse. Also, a
bad or fair surface can be maintained without altering its condition
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f9r as long a period as is necessary. But even if these considera-
tions are fulfilled, the design would not be a very satisfactory
one in the sense that the investigation is likely to cover a long
per.lod. We have, therefore, to rule out the possibility of cona-
ﬁmng the experiment to a particular route and vary the surface
conditions from time to time. In other words, the choice of
separate routes with varying surface conditions is essential.

‘ 65 Agair.l, one of the chief objects of the investigation is to
find "ont the life of tyres for various types and conditions of
surfaces. For this purpose it would be necessary to run vehicles
under each of the different conditions till the life of tyres is
exhaus’ce_d. That is to say, a tyre would have to be worn to
destructionon a ¢ good ’ condition surface, another should be worn
to destruction on a fair’ condition surface, and so on. Unless
we are prepared to prolong the experiment, this means that the
trials should be carried out simultaneously on the different kinds
of surfaces with different surface conditions.

) 6.6. The requirement, therefore, is that nine separa

(J.types of surfaces and 3 conditions of surfaces), thfec otfe :\?llllitcelf
will be concrete, three black-top and three water-bound maca-
dam, and which are similar in character with respect to length
traffic pattern, load, stoppages, etc., should be selected. Each grgul;
of three will have one represenling good, another fair and the third
bad surf@cq condition. All the roads should also be of similar
characteristics with regard to gradient, curvature, ete., in fact, in
respect of all the other controllable factors in the exp’erimenb’ as
far as it is pr'a,ctlcable. Vehicles allotted to particular roads
should not be interchanged or substituted. The same make of
fuel and lubricant should be used in all vehicles.

6.7. Two vehicles oi different ages ca 2
thc§e routes throughout the year and mgnthfy [;l?:e;‘tflgtﬁ)x;;‘f)cfhtgé
various factors may be made. It may Dbe observed that this
arrangement would require as many as 18 buses and 9 sixnilai‘
routes which may prove to be costly and unmanageable. To
start with it is suggested that two conditions of surfaces oo;l d
not g?od (k:y Whl_cl_x is meant a road somewhere betweeg ;fi?r’
and ‘bad’ conditions) may be tried instead of three. This will
ggt;;x;lytﬁzduee 'ch.eé cosft of the experiment but at the.saine time

‘ '  necessity of running new vehicles on very bad
Simplification, if necessary ca; be made i T the nee o
the vehicle also. If it is dii‘zﬁcult to sete part o e s
for this experiment, only new vehicles 2§:r§nszamany Toetes
‘ . , — ch route,
ll:ettx:;ed. In that event, the experiment would not be exhallsr'?iav)é

ut it would nevertheless cover a fairly good ground. Furth
enlargement of the scope of this experiment would ix;volve ‘tsg
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much cost and it is desirable to dispense with absolute replication
altogether. The numerous higher order interactions available,
the effects of which are primarily due to error, may be used to
provide a suitable estimate of error. Moreover, though replication
as such, for its own sake, is not incorporated in the design, the
monthly observations within monsoon or non-monsoon months
(or for the whole year in case there is no significant variation
between monsoon and non-monsoon periods) are virtually repli-
cations for analysing consumption of petrol and spare parts.
Similarly, while comparing lives of tyres under different condi-
tions and types of surfaces, the data for the four tyres on a vehicle
(or at any rate two in case two types of tyres are used) form
replications. Thus, the design even without replications will
provide sufficient number of degrees of freedom for the estimation
of error and the drawing of valid conclusions with

confidence.

7. INSTRUCTIONS FOR EXPERIMENT

The details of the proposed experiment worked out in the
form of instructions to the operating concerns are given in the
Appendix. The chief purpose in presenting this Paper is to invite
criticism of the design so that the design of the experiment could
be finalised after giving due weight to all the criticisms and

suggestions reccived.

In conclusion, it may be mentioned that although only two
operating concerns are being invited to carry out the experiment,
it will be extremely useful if other concerns who are in a position
to carry out the experiment also volunteer to carry outa similar
experiment.  In order to maintain comparability it is essential
that the experiment should be carried out on the same lines as
those detailed in the Appendix (in the form in which it is finalised
hereafter). In case any one would like to make proposals for
carrying out the experiment on different lines, but yielding
comparable data, these would also be extremely useful.
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Appendix

FACTORIAL EXPERIMENT ¥OR ASSESSING THE COST
OF OPERATION OF MOTOR VEHICLES ON DIFFERENT
TYPES OF ROAD SURFACES.

1. The experiment is to be carried out for a period of two

full years at least. The period may be longer, but on no account
should it be less.

2. A year is to be treated, for the purposes of the experi-
ment, as consisting of two halves, one of which is rainy and the
other non-rainy or dry. 1In Bombay region, the rainy season
starts on 15th June and ends on 15th December. In the U.P
the rainy season starts on Ist July and ends on Ist December.

_ 3. The experiment should start in Bo b 5

December 1955 and in U.P. on 1st December 15?)53,};1' (())121 011:‘1)123
convenient dates not far removed from these dates. The idea is
to work' in alternate periods of six months each, each of which will
be a rainy _season or non-rainy season as the case may be. A
few days difference in choosing the date for the beginning of a
season may not make much difference, but care should be ?aken
once the experiment has been commenced on a particular date, tc;

take the season as lasting for consecutive e i
€ xact x-
periods therefrom. ° si-monthly

4. Each uundertaking should choose six routes
(non-hilly) terrain. All the six routes should be of
the same length and should be such that one or moro buses can
be run excluSI_vely on those routes. For example routes of length
90 miles to ‘lv)O miles, raay be satisfactory, ' An illustratoivc
cxample might be the Satara-Pandharpur route in Bombay or
Delhi-Haridwar route in U.P. The six routes chosen should h}a.v
the following surfaces and conditions of surfaces : °

all ou plain
very uearly

Route Surface

Condition
1 Cement Concrete Good
R Cement Concrete Avlera,ge
3 Black-top Good
4 Black-top Average
S5 Water-bound Macadam Good
] Water-bound Macadam Average
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A good road means one which i3 in very good condition through-
out, that is, one on which an ordinary light motor car can main-
tain a speed of 30 miles or more, throughout its length, except for
traffic obstructions. TIf portions are bad on account of repairs or
otherwise, such lengths should not normally cxceed 10 per cent of
its length.

An average condition means that the road is in a deteriorated
condition and a light motor car cannot maintain, say, a speed of
more than 20 miles throughout its length. In case of doubt, it is
better to choose a road which is known to be definitely bad.
That is, the ‘ good’ road should err, if at all, on the side of being
too excellent, while the ¢ average’ should, if at all, err on the side
of being too bad. In fact, there would be no objection if
‘average ' isread as ¢ bad’, but the difficulty is that it may be
difficult to find a road that is really “ bad ’ and is kept bad for the
wiole duration of the experiment.

It would be desirable to arrange with the engineering depart-
ment to ensure that they do not make changes in the road surface
which vitiate the experiment. Their co-operation should also be
sought in maintenance of the status quo, i. e. in seeing that the
*good ’ road is kept ¢ good ’ and the ¢ average ' road as ‘average .

5. On each route, as many vehicles as may be required may
be put, but for the purposes of the experiment, at least one per
route, if not more, should be earmarked. All the vehicles should be
of the same make and type and year model. If only one vehicle
is put on a particular road, it must, to begin with be ‘new ’; a
vehicle being defined as ¢ new’ if it has not run more than 20,000
miles in all, and if it has not undergone any major item of
repair. If morethan one vehicle is put, ther other must be an
‘old ’ one, this being defined as one which has run more than
(60,000 miles and less than 100,000 miles. Again, the vehicle
should not have upndergone any major repair due to having met
with an accident, but, of course, it can be one which has becen
thoroughly overhauled and engine reconditioned.

6. When starting the experiment, all the vehicles concerned
must be fitted with new (not retreaded) tyres, all of the same size
and make. There is, however, no objection to two makes being
experimented upon, in which case half of the tyres must be one
make and half the other. In the latter case, fit the same make of
tyre on each lateral side of the vehicle (i.e., one in front and one
or two as the case may be, in the rear on each side). Changing
over of the tyres should be done systematically, at almost the
same time on all the vehicles, and the same tyres should be kept
on the same vehicles in all cases,
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7. The spare tyres do not come into the experiment and they
may be of any make ; but, the spare tyres should not be changed
over with the experimental tyres. If, at any time, due to
puncture or otherwise, the spare tyre has to be fitted, see that the
experimental tyre is replaced as soon as practicable and keep a
separate note of the milage run in the meanwhile, so that the
necessary corrections may be allowed for in the calculations.

8. See that the milometer is working alright and that the
milage readings are regularly taken.

9. The tyres should always be kept properly inflated and at
the same pressure on all tyres of all the vehicles. If a difference
in pressure between the front and the rear wheels is required, see
that this is maintained in all cases always. ‘

10.  Any defect becoming apparent in a vehicle which might
affect tyre life (e.g., wheel alignment), should be attended to as
expeditiously as possible.

11. The tyres having been fitted in new condition at the
commencement of the experiment, the milages for which cach tyre
runs before it becomes unserviceable, should be noted. A tyre
becomes unserviceable if it is worn out, or bursts or receives a
cut which cannot be repaired satisfactorily. A tyre should be
treated as worn out, when the treads on it cease to be visible,
even though it may be possible to carry on*with that tyre for
some time more.

12, It will be permissible in unavoidable cases, to replace a
particular vehicle with another of the same make, age-category
and condition. DBut this should normally be avoided and the
same vehicle should be made to run on the particular route
during the whole duration of the experiment. Where a new
vehicle of the same make is substituted, sce that there is no
difference in the specifications of the engine, carburettor ete. and
also fit the tyres of the old vehicle to the new one so that the
experiment in regard to the tyreis continued. (This is not
necessary if a vehicle is only temporarily out of service for repairs
cte. In this case, any substitute vehicle temporarily put on the
road, would not be taken into account and the original vehicle
would be deemed to be still in service, but running only zero
miles during the temporary period).

13. The same make of fuel and lubricants should be used
throughout in all the vehicles. The grade of oil and lubricants
may, however, be changed seasonally but the change-over should
be made at almost the same time. Abnormal engine oil leakage
should be attended to expeditiously.
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14, The engine of cvery vehicle should be keptin good
tune always and periodical check-ups for this purpose are
desirable.

15. The spare parts issue and maintenance programme should
be such that the vehicle is maintained in a normally satisfactory
condition. All normal repairs necessary should be carried out in
proper time.

15.  As far as possible, allot good experienced drivers for the
experiment; a good experiment can easily be spoilt by bad
execution.  The drivers should also be asked to follow correct
driving techniques.

17. The drivers should be asked to maintain safe maximum
speeds. That is to say, while dangerous speeding is to be
avoided, they should run in a normal way and not act as road.
hogs.

18. In order to eliminate driver effect, the drivers sheuld be
systematically rotated with respect to the wvehicles and also if
possible, with respect to routes.

19. 1t might be advisable to entrast a responsible officer with
the implementation of these requirements and for continuous
control and direction of the experiment.

20. The foliowing observations should be taken:
(1) TFor each trip.
(») Milometer reading as at the commencement.
(b} Exact time of commencement of the trip.
(¢) Exact time of intermediate halts,
(d) Exact time of end of trip.

(¢) Milometer reading as at the end of the trip.

(Alternatively, the cxact time of starting and stopping at
cach halt on the way may be noted).

The object is to work out the exact speed attained in running
on the roads. The daily milometer readings will be a useful
check. The times of running should exclude stoppages times.
The persons concerned should be asked to record the times of
arrival and departure accurately and on the same watches/
clocks.

3—11
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(2) For every instalment of fuel {petrol) delivered to the
vehicle, the date on which delivered, the quantity delivered (in
gallons), price, the milometer reading at the time of delivery.
If petrol is taken loose in cans, the same particulars should be
taken but care must be taken to see that the petrol taken is used
wholly for running the vehicle. If petrol is required separately
for cleaning etc. such petrol should be taken separately and
accounted under spare parts.

(3) A separate account should be kept of all Jubricants
supplied to the vehicle, viz., engine oil, grease etc., mentioning
the date, quantity supplied and price. Engine oil for topping
up purposes should be shown separately from engine oil used for
oil-changing.

(4) A record should be kept in respect of each vehicle
listing the spare parts issued (or fitted), the date and the price.
Similarly, all other expenses incurred on the running of the
vehicle will also be shown in a list datewise.

(5) For each tyre, the size, make, date on which newly
issued, price, milage run before being discarded
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SYNOPSIS

The drawbacks of- an  unconfined (~mnprcsjs§un test as s used {or
determination of bituminous mixture compositions are discussed. It
is suggested that, in spite of these L.h"uwbglcks from a fundmr.lc“ntal ‘pomt
of view, it could be used as an empirical indicator test for mixtures such

as sheet asphalt or sand carpets.

1. INTRODUCTION

1.1. Amongst the various types of stability tests that have
been employed for the evalnation of an asphalt mixture for_road
paving purposes, the simplest and the most common one is the
unconfined compressive strength test. But of late, with the
advent of triaxial apparatus as modified for asphalt mixtures, the
purely unconfined compressive test result is not o much in vogue
as one of the test criterin for the design of bituminous

mixture compositions.
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1.2. The object of this Paper is to find out and to cnumerate
the various drawbacks of the compression test as applied to
bitumen mixtures and to find out, if possible, whether the com-
pressive strength values could be interpreted in a different way
and to see whether diagramatic analysis of the data could be used
for epecific design purposes.

2. THE .UNCOXNFINED COMPRESSION TEST

2.1. The procedure for conducting compressive strength tests
on asphalt paving mixtures differs in no way from the normal
methods that are 'in vogue for concrete and allied materials.
Cylindrical specimens 3 in. high and 3 in. in diameter as well as
2 in. high and 2 in. in diameter were used by the joint committee
set up by the British Ministry of Transport and the British
Standards Institution!. In Germany and the U. S. Al
cubes of various dimensions have becn tried. Because of the
plastic nature of the test specimen, due importance is always
given to the rate of deformation and the temperature of testing,

2.2. By doing a series of experiments on various coriposi-
tions, Vokac? has shown that the load deformation curves in a
compressive test reveal a straight line relationship initially and
then a deviation from the straight line showing a decrease in
increments of load, as deformation continucs, until a maximum
load is reached. The load then starts to decrease at an increasing
rate as deformation continues entering another region where load
is proportional to deformation, after which the increase in load
diminishes causing the curve to flatten out. The modulus of
deformation which is derived from the slope of the load-deflection
curves beyond the deformation at which compressive strength is
measured is claimed as an evaluation of the mixture after the
packing arrangement of the aggregates is disturbed. Vokac goes
on further and gives a set of equations for obtaining the various
properties of each mixture, and he has deduced that the
resistance offered by a bituminous surface to traffic can be
measured in a resultant compressive stress regardless of the
nature of the ingredients used or any other individual
characteristics.

It bas been found Dby other investigators that the
reproducibility of the results in a pure unconfined compressive
test for bituminous mixtures is very poor and that the method of
compaction, density and the size of the sample ete. influence the
test values a great deal and that although the results can be

expressed on a Ib per sq. in. basis, they are not fundamental or
rational in nature.
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3. UNCONTFINED CCAMPRESSION TEST I RELATION
TO OTHER TYPES OF STARILITY TESTS

3.1. The criticisma mentioned above could be :Lpplezd
to the varicus other forms of stability ‘tost such as the
Exztrusion and Indentation tests or the l*lo',y tests.  Almost
all these test values are influenced .c0n51dembly by the
methods of compaction employed, the size of the samples, the
rate of deformation and the temperature of testing, apart from
the composition of the mixture. The only justification fqr
these forms of stability tests scems to be that the factor of plasti-
city or viscous resistance which isone of the s;xhen‘t chara_cterlstxcs
of a bituminous mixture is Dbrought out more mgarly in a flow
type of test rather than in an unconfined coimpfcssxf)rz Eos;,‘ whxc%x
by giving the test data in the form of an ultimate ]‘ollu at ?actun,
stresses more on the stability of ths gnncral agzregates rather
than on the cohesive properties of the binder.

3.2. Tt is obvious that the unconﬁneq compression test is
only a particular case of the triaxial test, with Zero lateral pres-
surc. [urther, the test results of a triaxial shear are -usuz}'l‘l)
expressed in terms of the two physxcul. c}xamgtcglstlcs viz.
cohesion ‘€’ and the angle of internal friction G, Because
of this the advocates of the triaxial test claim a more rational
approach to the problem of the design of an z:sphalt mixture
than those of the unconfincd compression test, The various
forms of the triaxial tests in use yield the same primary
properties viz., «C’ and ¢ (,‘)‘ " and the game are }ltllst(l as
design criteria by using different eqllatx?ns. ‘.Smlthl makes
use of equations developed from the mathematical theory of
elasticity. Nijboer* uscs Pr:z'ndtl's' cquations for the same
purpose and McLeod® bases his findings on tl’lO geometric rc\ilau
tionships of the various quantities in the Mohr’s dm’gram. . 1; n’d‘
although the equations that have been 'dcvelopcd by the aliove
mentioned workers arc quite rigorous in character, they are not
above criticisms.

3.3. The theory of elasticity frequently does not hold go‘od
in analysing a flexible pavement structure, particularly with
regard to deflection and uncertainties may result from the appllr
cation of this theory to stressed materials close to tlfcloa.dcd area ;
because viscous resistance is an important factor in bituminous
pavement design, Nijboer has quite suecessfully attem.pted to
bring this factor in his equations.  But thero are exp(.?nm’enta.l
evidences to show that histindings may not hold goodr unn'ersnll)’.
Coulomb’s Law which is used for the envelope of the I\I_ol_xrvs
circles, has very often been questioned as regards its validity.
A curved Mohr envelope has been the finding of many an experi-
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mentor on asphalt mixtures. The use of stress analysis for
strength computations has also been questioned. I'urther, Housel®
has strongly challenged the application of Mohr’s circles for
granular mixtures.

14, SHORTCOMINGS OF TIIL COMI'RESSION TEST

4.1. However, based on Mohr’s diagram the inadequacies of
an” unconfined compression test asa stability criterion for the
design of asphalt mixtures have been proved?. Geometrically, it is
possible to have three distinct compositions of an asphalt mixture
(with varying proportions of the ingredients) having the same
unconfined compressive strength but different values of cohesion
and internal friction. Similarly there can be three dissimilar and
totally different (based on the values of ¢'& @) bituminous
mixtures possessing three distinctive unconfined compressive
strengths but showing the same principal stress difference for a
given lateral pressure in a triaxial compression test. So it follows
that wide variations in the compositions of an. asphalt paving
mixture could be made with little or no change or effect whatsoever
on the value of the unconfined compression test.

1.2, It is apparent that the above eriticism is based on the
assumption that the stability of a pavement is solely governed by
factors such as cohesion and the angle of friction. This assump-
tion implies that weightage should be given to and emphasis laid
cn the so called fundamental concepts of the material and not on
a strength factor such as the unconfined compréssion value. But,
when it is realised that the definitions of coliesion and angle of
internal friction as based on Coulomb’s Law are not so very
rigorous and definite 2s one would like them to be, the high
amount of relative weightage that is attached to these
primary physical properties of the material as against its
compressive strength, seems to be not wholly justified.

4.3. However, if it is still assumed that the values of
cohesion and friction are definite constants for a given mix com-
position, are not affected by considerations of anisotropy inside
the mass and are independent of the size of the sample, it may be
possible to work out the values of ¢ and ¢ based on compressive
strengths. If two samples of the same mixture are compacted
exactly under identical conditions to the same density and then
tested at the same temperature and by employing the same rate
of deformation-—only difference being in the size of the specimen—
and if the end frictions between the faces of the specimen and the
platens of the testing machine are eliminated completely by

~——
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providing rubber sheets or some such adequate device, the values
of cohesion and friction may be worked out as shown in
Para. 5.2.

5. DETERMINATION OF ¢ and ¢ FOR DESIGN OF MIXTURES

5.1. If a cylindrical sample of diameter ‘d’ and height ‘7’
with a low ratio of height to diameter is taken, it is obvious that
Aue to the interference of the platens, the planc of failure on
application of the ultimate compressive strength intensity of < p’
will be forced along a slope making an angle = ‘o<’ such that

tan oc = % , instead of an angle = 40° + g
of internal friction. And if 7 and o are the shear strength
intensity and the normal stress intensity for the plane of failure,
it follows that:

where ¢ is the angle

o = L (14 052 (1)
and, T = g SIN 2 oC.iiiveriinenisnisrierannas N (2)

At the time of failure, assuming Coulomb’s Law, it is known
that
T = C 4 otan ¢.

where ¢ and ¢ are the values of colicsion and internal

friction for th- mixture in question. From the above three
equations it foilows that:
gsin2cc:(7—{-»g(l+cos2oc) AN Querrereenee (3)

5.2. If two samples of the same mixture, but of sizes
L, d, and h,, d, are taken and if the compressive strength values
are obtained as py and p, respectively, the values of ' and ¢ can
be obtained readily by substitution in Iquation (3) and by
solving the simultaneous equations. These values of * and ¢
could be nsed for the mix design by using charts similar to those
of McLeod or of the Asphalt Institute. But then, it may be
criticised that these values of € and ¢ are not truly correct
because of the large number of assumptions invelved which are
too audacious in character.

5.3. Perhaps, because the nature of an unconfined compres-
sion test is such that it is intended only for the determination of a
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strength characteristic and because an asphalt paving mixiure is
a plastic mass, it may not be possible—nor can it be justified —
to evaluate correctly the values of tlie so called plhysical proper-
ties of the material based on a compression test data. But when
a load deformation curve for a compression test on a sample of
asphalt mixture is drawn, a characteristic shape is obtained,
showing an initial rise and a subsequent fall. This indieates the
probable existence of either a definite stress strain relationship
for tho mixture or a more intrinsic property for the material.
And it is because of this that earlier investigators were prone to
treat & bituminous mixturc on a par with otbher engineering mate-
rials. And again inspite of the advent of other forms of stability
tests, there is still a tendency to give weightage to the compres-
sive strength value. Possibly a detailed and accurato study of the
total work done before fracture setsin or between any load incre-
ment intervals, might give a difierent interpretation or under-
standing of the phenomenon of stress strain relationship within
the mass.

6. USE OF ISOMETRIC DIAGRAMS BASED ON COMPRESSIVE
STRENGTHS FOR DESIGN OF MIXTURES

6.1. Till such a time when compressive strength values
could be used to give an insight into the fundamental properties
of the test specimen, cnly the ultimate load at failure will
be recorded, and with these values Vokac® has developed a
graphical method by which a mix composition could be worked
out. The principle of the method is similar to that of drafting of
isobars or isotherms in weather maps or contours on a topographi-
cal map.

6.2. In the diagram on page 147 the vertical axis represents
the binder percentage and the horizontul axis the filler perecentage
for a sheet asphalt mixture. The sum of these two subtracted from
100 gives the percentage ‘nf sand. Taking a set of different
compasitions of filler and Ditumen, their compressive strergths
are recorded and the points plotted such as A, B, C, D, ete.,
depending on their percentages of bitumen and filler which are
their coordinates. ‘Their corresponding compressive strengths are
written in brackets. When a sufficient number of points is
obtained, lines connecting all points having the same compressive
strengths are drawn as shown in the diagram. These linesare the
iso-lines. At the four corners of the diagram are written the
salient characteristics of & representative mixture of that
region. So the composition of any mixture required for any
particular specification as given by cach of the four zones, could
be obtained based on a compressive strength of three or four

A Desigx CRITERION FOR BITUMINOUS MIXTURES

4
|
=

: :
A = w
r -
EC5 585
Swe Seh
O CRCRY,
28 = Bz
g xga
2 =
e N R 7]
vto ‘—\OO ]'
L / pull _\,_W}
/1/ 2
) //_1 /
V o 7 [Jf
A R .
) N S RRERE 248
i ‘_c: J4 / v/
! fodil B | it / A
/s Al A X TA
A / // /[ =
2 / / z
F by i ﬁ’é ayyd =
i o7 1] o
Q N ot
z 6 ( J\' 4 “ [S)
%’8 L?'\ _.n\o A =~
BER Ny 4 :
: 0 =
. 23
A\l SN INEES! =
R [N R o | [ A =
N8 B
: \ I \‘U} L) Q i~ 1A £t
LN A/TJJ% SESlAT | A7
r &;‘ | L /7<N = ! Z //
] palinsapEuNs Y
| /7 L "\LN, o A ‘ A Z—;E/
| 4 EdER P T [
- T 11 )
CT ESZEPE - % +
- 9_ o o
% @ LNAD MAd YAANII g
<Aan - =
Q& g5z
=z 0 =R~
- 7 B
B sFe
og: Sk
Z e S4L
ez Rl
-«_& - ]
Qe 2 ~
=g =
¥ W =

147

Isometric Diagram



148 SwaAMINATHAYN oNX COMPRESSIVE STRENGTH AS

trial mixtures. To make this method more useful, lines
joining all points having the same voids percentages are drawn
(inclined lines of theé diagram) and with the help of these
lines, the area forthe choice of a mix composition could be
narrowed down still further and undesirable mixtures could be
eliminated. This method could be made versatile by drawing the
iso-cost lines as well. A similar chart could be drawn for
selection of quantities of fine aggregates, coarse aggregates ete.
required for an asphaltic concrete though it may be asked as to
whether crushing of aggregates would not be the result under
direct compressive loads. Tor sheet asphalt or sand carpets,
compressive, strengths may be relied on and Rice and Goetz’
have used a similar method for their investigations for lake and
waste sands.

7. CONCLUSION

However, as it stands at present, the compression test
for asphalt mixtures has been shelved and is not very much used
ag a stability test for evaluation and for purposes of bituminous
pavement design. But the fact remains that it is very simple to
carry out either in the laboratory or in the field and that it is
applicable to a very wide range of bituminous materials, It is
true that it is not capable of giving an insight regarding the
fundamental properties of a mixture with the result a definite
design based on compressive strength, alone will not be a rational
or scientific one. It is equally true that it does not at all
represent road conditions where the surfacing material is
supported laterally, whereas in the test the sample is unconfined.
Yet, when a series of tests solely for purposes of determination
of the composition of a mixture such as one required for
bituminous stabilisation of a <candy soil has to be
conducted, an indicator type of test like the unconfined
compression may be thought of—in spite of its drawbacks—and
used to the best advantage in conjunction with a set of curves
such as the isometric lines. The rational design however will
have to be based on a different finer test data.
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SYNOPSIS

The Paper describes the design and construction of the prestres-ed
concrete bridge across Mahi River at Vasad on tho Delhi—Ahmiedabad—
Bombay Road, twelve miles to the north of Baroda. The Bridge consists of
16 spans of 110 ft centre to centre of piers each and is founded on twin
8—shaped wells. The superstructure of the bridge is 9 in. thick R.C.C.
slal) cast in situ over two precast presiressed (Lee McCall systewn) I-shaped
girders,

. Animportant feature of the bridye is its great height (66 {t) above the
river bed level and consequent difficulties in construction. The girders
were cast and prestressed on the bank and then launched into position by
an ingenious method by successfully moving a launching girder from span
tospan and utilizing the previously launched girders to carry the track
over which subsequent girders were conveyed by trollies.
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Full details of precasting, prestressing and launching of girders, weigh-
ing 93 tons each, from the place of casting to their final position in the
bridge aro giver,

1. MAHI RIVER AND LOCATION OF BRIDGE

1.1, Tae river Mahi forms a natural boundary between
Kaira and Baroda districts of Bombay State, and is also the
boundary between North and South Gujerat, The river is popu-
larly known as Mahisagar because of its great width in this area.
It flows from the Malwa plateau of Central India through rocky
country up to Sewalia in Gujerat and thereafter through loamy
country until it joins the Gulf of Cambay, Plate . The National
Highway, Delhi—Ahmedabad—Bombay, passes through Baroda
and crosses the river at Vasad. The crossing is unfordable
during six months of the year, therefore an improvised temporary
crossing is provided during these six months of the year to cater
to the needs of road traffic. Construction of the bridge at this
crossing was given the topmost priority as it linked two highly
developed regions on the National Highway route.

2, HYDRAULICS OF THE RIVER

The river has a catchment areaof 12,000 square mifes at
Vasad and a high flood discharge of 12,00,000 cusecs. The width
of the river is 1,760 ft from bank to bank and the high flood
depth is 64 feet.

3. TYPE OF BRIDGE

3.1. The railway bridge downstream has eight spansof 220 ft
centre to centre of piers. Sixteen spans of 110 ft each centre to
centre were selected for the road bridge so as to keep the alternate
piers of the two structures opposite each other. Tenders for
the superstructure were invited for the following alternatives :

(a) Steel plate girder—balanced cantilever design—
Four girder system.

(b) R. C.C. balanced cantilever—three girder system.

It was ultimately found advisable to adopt the prestressed
concrete girder design (Lee McCall system), as it solved success-
fully the problem of arranging centerings for a span of 110 ft at a
height of 69 ft and thus led to a greater elegance in construction
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and considerable saving of time. The lowest tender for
the departmental design was Rs 10,73,815 for the R. C.C.
balanced cantilever, whereas the tender for the prestressed girder
was for Rs 1113,912, ie., Rs 40,000 more, an amount quite
insignificant considering the magnitude of the work and the
advantages enumerated above. A comparison of costs of the
superstructure (16 spans) for these two types of construction on
the basis of fair rates is at Appendix 1.

4. GENERAL DESCRIPTION OF THE BRIDGE

4.1. The bridge is 1,765 ft between the outer faces of the two
end piers and consists of 16 spans 110 ft centre to centre of piers,
Plate II. The piers are of mass concrete, 1 : 3: 6, 10 {66 in. by
27 ft 6 in. at the base and 5 ft by 22 ft at top. The batter iz 1 in
24. The piers have a lightly reinforced cap 3 ft in thickness. The
foundation of each pier consists of twin 8-shaped wells with
dredge holes 14 ft diameter and a steining thickness of 2 ft with
overall dimensions of 35 ft by 18 ft with a waist of 13 feet. The
wells are provided with cutting edge of angles and plates, Plate
II. The depth of wells is from 30 ft to 34 ft with about 5 ft in
stiff clay, Plate III. The bottom plugs are 6 ft thickin 1:2:4
concrete. The top plugs are 2 ft thick in 1:2: 4 concrete. The
rest of the well space has been filled with sand. The capsare 3 ft
thick of 1 :2: 4 R, C. C. (High Grade).

4.2. Superstructure

The superstructure comprises two I-shaped precast prest-
ressed givders connected by cast-in-situ R. C. C. diaphragms at
15 ft intervals and decked by a cast-in-situ R.C.C. slab to give
a 24-ft wide roadway, Plate IV. ’

All the girders are 9 ft deep with 4 ft 6 in. wide top flanges.
The web thickness is 8 inches. The top flange is 4 in. thick at"
the edges and increases linearly to 8 in. where it meects the web.
The junction of flange and the web is chamfered in order to have
a smooth transition. The girders have solid rectangular end
blocks for a distance of 4 ft 8 in. at each end. Each girder is
post-tensioned with fifteen 1} in. diameter Macalloy bars. The
bars, except two in the top flange, are stressed before launching.
Adequate mild steel reinforcement is provided in the web and
flange to take care of any adverse stresses due to handling,
temperature and shrinkage. TFhe girders have stiffeners 8 in.
thick, 15 ft apart. The two girders of one span are connected
through stiffener diaphragms 6 in. thick cast after they were placed
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in position. The girders are provided with roller and rocker
bearings 107 ft centre to centre, Plate V.

5. DESIGN

5.1. The girders were designed to carry their own weight
together with the dead load of the diaphragm and the slab, and
also to carry the surfacing and live load jointly with the deck
slab as a composite unit. The girder esection could have been
reduced if higher stresses had been allowed but for the sake of
safety the maximum compressive stress in concrete was limited to
1,500 1b per sq. in. in the design.

To obtain the necessary bond between the girder and deck
slab and to ensure that they functioned properly as a composite
unit, castellations 9 in. wide and 2 in. high have been provided
along the top flange of the girder at 1 ft 9 in. centre to centre. In
addition to this, three 2 in, diameter U-bars project out of the
top flange of the girder into the deck slab in between the castella-
tions. In the design of the composite unit due consideration has
been given to the difference between the permissible compressive
stresses in theslab and the girder, the maximum compressive
stress in the slab being 950 1b per sq. in. as against 1,500 1b per
sq. in. in the girder. The girders have been designed to have
no tensile stress in the concrete under all conditions of
loading.

The Macalloy bars employed for prestressing have an
ultimate strength of approximately 66 tons per sq. in. and a 0.2
per cent proof stress of 58 tons per sq. in, and are initially
stressed to 42 tons persq. in. An allowance is made in the
design for loss of prestress due to shrinkage and creep of the
concrete to the extent of 15 per cent.

The design calculations of the girder are given in Appen-
dix 2.

6. CONSTRUCTION OF FOUNDATIONS AND SUBSTRUCTURE

6.1, Well Kerb

The cutting edge of the wells was built up of angles 4 in. by
4 in. by 5/8 in. and 12 in. by } in. plates. It was assembled in
pieces at site and welded. The river bed was dry for eight
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months during construction and hence no difficulties were
encountered in placing the cuttting edge in position. Bent
up flats 3 in. by 5/8 in. were welded to the cutting edge to form
the shoe of the kerb. One cutting edge with flats without bond
rods weighed 2.7 tons. The shuttering for the kerb was of wood.
Bond rods were screwed to the angles of the cutting edge. The
cutting edge and kerb were kept in perfect level and concreted in
1:2: 4 mix, Plate IL

6.2. Steining

The foundation well was of the shape of numeral 8, i.e. twin
wells connected by a common side. Overall dimensions of a well
were 35 ft by 18 ft with 14 ft diameter dredge hole and 2 ft thick
steining and 3 ft thick connection wall. Reinforcement of the
steining consisted of % in. vertical rods at 9 in. centres and 2 in.
hoop rings at 12 in. centres, which came to about half per cent.
The concrete used was 1:2:4 mix with i} in. gauge Mahi river
gravel as coarse aggregate. The steining was raised in stages of
4 ft using steel shutterings. To facilitate the fixing of the shutter-
ing for the next stage, holes were left 6 in. below the top of each
stage so that the shuttering for the next stage could be conveni-
ently fixed on the concrete surface of the bottom lift and made
flush with it. Timber and angle distant pieces were used to
maintain the thickness of the steining and to preserve tho
shape of the twin well.

6.3. Sinking

The wells were to be taken to a minimum depth of 30 ft
below river bed and 5 ft into stiff clay. The wells werec sunk
through sand, shingle, sandy clay, and stiff clay, Plate ITI.

Initial sinking was done by dredging up to about 20 feet.
Two steam cranes with grabs of 5 cu. ft. capacity were used for
the purpose, Photo 1. There was no special difficulty in sinking
except in sandy clay and stiff clay. In the latter case, all opera-
tions of sinking like chiselling, sending divers with diving outfits for
scooping out and cleaning lumps from beneath the cutting edge
using pneumatic pavement breakers and light blasting Dy gelig-
rite for loosening the clay at the bottom, were resorted to.
Generally, it took about 17 days to concrete and sink a well from
R. L. 23.00 to -3.50 piercing the sandy strata. No kentledge or
special effort was required. The whole sinking was carried out
by open dredging by means of crane and grab. It took about 15
days for the well to pierce the sandy clay strata from R. L. -3.50
to -7.91, with a kentledge of 120 tons.

5—11
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The stiff clay strata was very hard and it took about 20 days
to sink from R. L. -7.91 to ~13.12. A total kentledge of 600 tons
was put on the well, Photo 2, and 19 shots of gelignite, cach of
1/16 b were fired to loosen the clay. '

The entire operation of concreting the steining and of sinking
the well to a depth of 36 ft took 52 days.

6.4. Bottom Plug

After the well was sunk to the required level, bottom 6 ft of
the well and the scooped out portion below the cutting edge were
plugged with cement concrete 1:2:4 by using a skip box. A
skip box measuring 2 ft by 2 ft by 2 ft was used and was filled
with 1 : 2: 4 cement concrete just wet mix and lowered into the
well through the water by means of a crane. The box, when it
touched the bottom, was made to open out automatically and the
concrete was deposited in place. Divers were sent at intervals
to level up the concrete. Depth was ascertained by means of
soundings. After the concrete of the bottom plug had set, water
was pumped out and the watertightness of the plug was tested
and was found satisfactory. The strength of the concrete was
tested by means of a hammer.

6.5. Sand Plug

Sand plugging was done under water as sand becomes more
compact in that condition. The top 2 ft of the well was
plugged with cement conerete 1: 2: 4.

6.6. Well Cap

The well cap is 35 ft by 18 ft by 3 ft. At the waist, the
width is 13 feet. The concrete mix was 1:2:4 high grade,
the maximum size of aggregate being % inch. Steel shuttering
was used. The reinforcement worked out to about 2 per cent.
The tendered cost of one well including well cap was
Rs 50,000. The average strength of steining conerete at
28 days came to 3,500 'b per sq. inch and that for the well
cap concrete came to 4,500 1b per sq. inch.

6.7. Piers

The pier was ccncreted using 1:3:6 mix. It was raised
in 5-ft stages. Shuttering of straight portion was made of
stcel plates while that for the curved ends was of timber with
necessary angles, Concreting up to three lifts was done by
manual labour on scaffolding. For heights from 15 to 30 ft,
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steam cranes and bucket were used, Photo 3. At an elevation of
more than 30 ft from the bed and upto the top, ie., 66 ft, the
concreting was done by a tower and a steam winch. DBetween the
tower and the pier a chute was arranged at such an angle that no
segregation of concrete could take place. The bucket was lifted
through the guides in the steel tower actuated by means of a
steam winch and pulley.- The conerete was vibrated by means of
internal vibrators.

Nominal temperature steel consisting of % in. bars at 12 in.
centre to centre both horizontally and vertically with 1} in. cover
was provided on the exterior of the piers. The piers were provided
with R. C. C. pier caps 3 it thick and projecting 6 in. all round.
Picr caps were reinforced both ways at top and bottom. The
percentage of steel came to 13 per cent.

The quantities of materials used in a pier are given
below ¢
Per Pier

1:3:6 concrete 12,000 cu. ft.

1: 2: 4 concrete in pier cap 400 cu. ft.
Cement for pier and cap 75 tons
Total steel for pier with cap 3 tons
Cost of pier with cap Rs 28,000

7. PRECASTING AND PRESTRESSING OF GIRDERS

7.1. Casting Yard

In all 32 girders for 16 spans were to be cast. It was, thore-
fore, necessary to plan the casting in two instalments. The
casting yard was established on the south bank of the river and
measured 300 ft by 150 ft. A trolley linc was laid centrally from
one end of the casting yard to the other. The casting bed
consisted of sleepers put at intervals below the girder bottom
flange and along the length of the girder to distribute the glrder
weight evenly on the soil while concreting, At the ends timber
grillages for support were provided to distribute the girder load
at 2 ton per sq.ft. The timber grillages were subsequently
replaced by concrete rafts as they were found to be yielding
during the curing of the girders by reason of the curing
water finding access to the soil bed and reducing its bearing
capacity.
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7.2. Girder Shuttering

The shuttering was built up of steel plates. First the bottom
flange and one side of shuttering was erected and then the Macalloy
bars, inserted into sheaths of lead coated steel unitubes, were
put in position with necessary spacer blocks, Photos 5 and 6.

These gpacer blocks were prepared in high grade concrete and
thoroughly vibrated as they were to go into the body of the
concrete to form an integral part of the girder. It was quite
necessary that the high tensile bars should not get disturbed due
to the pouring of concrete and vibration, The parabolic shape
and the exact position of the bars had to be maintained correct at
every section to ensure development of the correct prestress
without undue friction. The bottom side of the flange was given
a camber of one in. in the centre.

The detailed arrangement of secondary reinforcement and
bar ends for the end blocks are shown in Photo 4. The ends of
the Macalloy bars at the bottom of the girder come out straight
while others come out at an angle. In order to make it possible
for the Lee McCall jack to fit to the concrete surface and pull the
Macalloy bars axially, the end block had to be given a suitable
shape, Photo 11.

Necessary steel anchor plates were then threaded on to the
Macalloy bars and kept in position along with the shuttering.
This was done in such a way that the correct length of threaded
portion of the Macalloy bar end projected from the anchor plate
and the anchor plate was at right angles to the projecting end
of the bar. Spirals of 3/16 in. rods at the ends were provided for
the purpose of uniform distribution of the pressure through the
end block to the body of the girder.

Macalloy bars are supplied cut to predetermined lengths and
threaded for direct use and are available in lengths up to 65 feet.
Longer lengths were obtaired by using Lee McCall high efficiency
couplers, Plate VI.

7.3. Concreting of Girder

The girder was cast at one stretch in nine hours, usually
from 5-30 a.m. to 6-0 p.m. The concreting equipment consisted
of the following :

(1) two 10/7 cu. ft. concrete mixers,

(2) one double unit weigh batcher for weighing concrete
ingredients,

(3) weighing arrangement for cement,

Photo 1. Open dredging in well

Photo

N

e

Kentledge for sinking well in stiff clay



Photo 3. Pier co;lcreting inspectfon

at 30 feet elevation Photo 5. Macalloy bars

with spacer blocks in position

Photo 4. Girder end details

Photo 6. Macalloy bars in position



Photo 9. Prestressing operation—reading the vernier

Photo 7. Girder castellations
and dowel bars
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Photo 10, Trolley track for launching

Photo 8. Prestressing jack
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. (4) water regulating tank attached to each mixer for
regulation of water-cement ratio, and

(5) five internal vibrators and two external vibrators.

The first two feet of the end blocks were done in rich mix 1:1; 2,
while the remaining length of the girder was concreted in 1:1.4:3
(by weight) high grade mix designed for the specificd stress.
On completing the concreting in layers up to the joint of the web
top and the top flange, dowels were inserted, Photo 7, and
concreting of the final layer was carried out keeping neccssary
castellations.

During concreting, eight concrete cubes at four intervals wero
taken for testing the crushing strength of the concrete at 3, 7, 14
and 28 days. This was necessary as it was specified that the
stress at prestress shall be 4,000 1b per sq. in. and the strength at
28 days shall be 5,000 Ib per sq. in. The concrete test cubes were
cured under the same conditions in which the girder was curcd by
keeping them on top of the girder after removal of shuttering.
Photo 15, Precast prestressed girders being launched Test results showed that at 7 days the strength attained was about
5,000 1b per sq. in. and as such prestressing could have bleen
carried out at 7 days. However, to be on the safe side, prestres-
sing was carried out after 10 days.

7.4. Removal of Side Moulds

To avoid disruption of the concrete it was essential to remove
the side moulds of the girder as early as possible and before
shrinkage of the concrete started. A model sample of the girder
piece was prepared of the same mix and it was found that at’
the carliest the moulds could be removed after nine hours without
disturbing the concrete. Accordingly the side moulds were
removed after nine hours.

The girder was then covered with gunny cloth which was kept
wet and curing was done for 14 days. Necessary washers and
nuts were threaded on to the projecting ends of the bars and_
the uncovered threaded portion of the bars was kept well protee-
ted by a cap so that no thread was damaged. Threads on theso
bars arc of a'special type, Plate VI, and it was cssential to safe-
guard against any damage.

7.5. Prestressing Operation

Equipment: (1} Lee McCall 42 ton special jack

(2) A Tommy bar and ring spanner for tigh-
Photo 16. Precast prestressed girders being launched tening the nut as prestressing procceded.
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Before application of the Lee McCall Jack the Macalloy bar ends
were attended to as follows: .

(a) The nut at the bar was unscrewed and the end washer
was taken out and threads were cleaned and dirt removed.

(b) Requisite number of Les McCall washers were put at the
ends such that the threaded length of the bar projecting from the
washers was 4.61 in., the total threaded length being 7% inches.
Macalloy bars are always cut to a tolerance of plus } in. and the
concrete girder i3 cast to a tolerance of minus ] in. and the
arrangément has to be such that the Macalloy bar projecting from
the end bearing plate should be 4.61 in. plus one 3/16 in. washer.
If the bar happens to be somewhat longer than this, necessary
extra washers to compensate for the additional length have to be
inserted to bring the threaded length of bar to 4.61 in. beyond
the washer surface. The point is very important as will be seen
from Appendix 3 that the relative extension required for the
given stress is 2.65 in. at each end. So when there is full relative
extension of 2.65 in., the nut when tightened against the washer
should have (d/8=9/8x1/8)=0.14 in. of unthreaded bar inside
as necessary for the condition of high efficiency according to the
Lee McCall specifications, Plate VI.

(¢) On inserting the requisite washers the high efficiency nut
was screwed on and tightened against the washer.

Prestressing was then ecarried out with the 42 ton jack
specially designed for use with this system, Photo 8. Plate V
gives the outline details of its parts. The jack was connected by
means of a cotter to an adapter temporarily screwed on to the
extended thread at the end of the bar, and the thrust was
transmitted through the legs of the jack to the end anchor plate
of the unit. The jack was then actuated by a hand operated
pump and the relative extznsion of the bar read on the vernier,
Photo 9 and could be checked against the force read directly on the
pressure gauge. When the full stress had been applied to the bar
as verified by the relative extension and dial reading, the anchor
nut was screwed home and the jack disconnected. It is quite
important to see that when the nut is tightened up, the gauge
reading drops by 2 to 3 tons proving that the force is being
taken up by the nut,

In this case, the total relative extension required was 5.3 in.
whereas the jack run was 3} inches. Again, there were some
curved bars to be stressed. Hence the stressing operation was
conducted simultaneously and equally from both ends. This had
also the advantage of reducing frictional effects.
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To ensure synchronisation of the stressing operation from
both ends the stressing was done in instalments of § in. at each
end and the pressure gauge readings were tallied at each such
instalment. 'The results of stressing are given in Appendix 4.

In some bars the stressing was stopped at a relative extension
of less than 2.65 inches. This was because as the stressing
operation continued from one bar to another more and more elastic
compression resulting in elastic strain was induced in the girder
concrete. The relative extension for the subsequent bars was
thus required to be reduced by the amount of shortening of the
girder. The shortening of the girder was measured by counting
the number of turns required for the nut to tighten against the
end plate. There were 12 turns per one inch and, as such, for one
turn of re-tightening, the calculated relative extension of 2.65 in.
was required to be reduced to 2.57 and so on. Had the compres-
sion induced in the concrete been completely uniform as the
stressing progressed from one bar to another, the last bar would
have the minimum relative extension, but as will be seen from
Appendix 4 it is less than 2.65 in. but not the minimum.

Before lannching, thirteen out of fifteen bars were stressed as
was necessary according to the design, otherwise the compressive
stress in concrete would have exceeded that allowable. The
remaining two bars in the centre were to be stressed after the deck
slab was cast in situ. Grouting of the bars was usually carried
out immediately after the full prestress was applied on thirteen
bars in order to give the grout sufficient time for hardening before
handling of the girder. The grouting was carried out by a
combined grout mixer and pump. Grouting was done through
the slot in the end plate connected to the annular space as shown
in Plate VI. Macalloy bar diameter is 1} in. and the internal
diameter of the unitube sheath is 1} in. Thus the annular space
to be filled with grout was very small and it was imperative to
see that the cavities were completely filled up by grouting from
one end until the grout got expelled from the other end. To-
ensure this further tell-tales were alsokept for every bar in the
centre.  The grout mix was one of cement to two of sand.

After all the operations were over, the projecting ends of
the Macalloy bars were cut off with a hacksaw of high speed
level.

The whole operation of prestressing 13 bars took about
d4hours. So in one day of eight working hours, two girders could
be prestressed.
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The stressing sequence of bars was as follows:

10, 9, 7,6, 12, 5, 8,11, 13, 2, be—we—rd
T OT Aer
3,1, 4. B g =t
5’?—_—::7 T g PLAYE
It was essential to follow the 1. Whren 13
sequence so as to prevent un- 2'12/
symmetrical stresses. | A= -3 Fé;?::.‘v‘z_
N ;
Ll » o 4
Quantities for one girder i ’ y
Concrete 1,400 cu. ft. 4_*___::@‘/
Cement 17 tons e L
- 21_ t g L‘ _ 3 3 1 22%e'y
Macalloy bars L ton - Ve
v T L
Secondary steel 2 tons R P T 2y,
T
}-71/!1‘&&*11

8. LAUNCHING

§.1. The precast beams weighing 95 tons each posed the
difficult problem of transporting them from the casting yard to
their final position on the pier bearings. The equipment used
consisted of two latticed girders 182 ft long and 9 ft:, deep. each,
braced together at 6 ft 6 in. centres, to span two piers with one
10 ft bay overhanging towards the rear where the prestressed
girder is picked up, and 56 {tof light weight nose overhanging at
the forward end. Rails were fixed on to the top chords of the
launching girder and two trollies run on these, Plate VII. Under
the trollies another pair of wheels was fixed at 13 ft 6 in. centresy.
This outside pair of wheels was used to run the trolley over already
placed prestressed girders when ?he launchxr}g girder had moved
to a subsequent span. In addition, the trollies carry a platform
with a jack on each side. The cross beams of the trolley were
designed to carry one prestressed beam suspended on each side.
Plummer blocks were provided for running the launching girder
from span to span. The launching was done in stages.

8.2. First Stage

launching girder was assembled on level ground directly
bchiggethe abutm%rgt and was run out to the ﬁrst' span. A rail
track 13 ft 6 in. centre to centre supported on pillars was made
for the trolley line in the yard up to the {irgt pier, Photo 10. One
trolley was put on the track and fixed rigidly to the rear end of
the launching girder. A wire rope tied to the nose o_f the launching
girder was tied to the winch fixed on the end pier on the other
gide of the river. As the rope was being wound, t!ae g{rder
mwoved and the trolley was holding the end of the launching girder
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40 that the girder could roll smoothly over the plummer blocks
fixed 6 ft 6 in. centres, on the first two piers. The hauling was
further helped by fixing two winches on the trolley and passing
the two ropes on tothe third pier and fixing it. So when these two
winches were winding the wire rope the trolley was being assisted
in its motion and the run was quite smooth and straight.

The launching girder, shown in outline in plate VIII was so
designed as to be stable when the launching nose just touched the
next pier.

After the launching girder came into position across the first
span, the girder end on the yard side was jacked up and the
plummer blocks removed. The end was put back in original
position on packings in place of plummer blocks and the plummer
blocks were taken to the third pier and fixed in position.

8.3. Second Stage

The trolley fixed with the launching girder was then freed
and brought back to the yard on the temporary track after leaving
the launching girder in position. A second trolley was then put
on the rail track in the yard and kept on the side of the
other end of the precast girder in the vard. When both
the trollies were in their respective positions ready to
pick up the girder, two jacks of 50 ton capacity each were
mounted on each trolley for picking up the precast girder sus-
pending the same by means of four 2% in. rods as shown in
Plate VII. The casting of the girders had been done symmetrically
on both sides of the trolley line. This naturally involved sideway
movement of the girders to enable the trolley to pick them up.
The method adopted for effecting this sideway movement is given
below :

(1) The girder was jacked up at both ends by means of
60-ton capacity jacks.

(2) A channel, arow of rollers, and an R. S. joist pioce
with necessary packing were inserted in between tho —
support and the bottom of the girder.

(3) By means of chain and pulley at both the ends, move-
ments was effected towards the rail track. The rolling
friction was small and an effort of only about 14 tons
on each side was enough to move the girders weighing
about 95 tons each.

After picking up two girders and placing them on the two
trolleys, one at each end, the first trolley was moved by working
the winches mounted on it. This involved the movement of the

6—11
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other trolley also as it was connected with the first through the
prestressed girders. ‘

8.4. Third Stage

When the first trolley, while moving came to the overhanging
portion of the launching girder, the motion was slowed down as
the movement was now to be taken on the inner wheels of the
trolley and to the launching girder. The 10 ft overhang in
launching girder was thus necessary for transfer of girder loads
without shock. The level of the top rails fixed on the launching
girder was slightly higher so that when the inner wheels of the
trolley got engaged on the rails fixed on the launching girder, the
wheels on the outer track were off the rails. Two pieces of rails
tapered both vertically and horizontally were inserted at the end
for easy transfer. Thus the trolly carrying the prestressed
girders on both sides moved on to the launching girder until the
girders were exactly in correct longitudinal position in relation to
their bearings.

8.5. Fourth Stage

As stated above, the precast girders in their turn formed the
support for the track extension, the girders held in position by the
trolley lines remaining sufficiently on one side of their final
alignment. A worm and screw arrangement fitted to the cross
girders of the trolley lines was required to be operated before the
girders were lowered and put in position on the bearings.

8.6. Fifth Stage

When the prestressed girders were in position the first trolley
was again fizxed to the rear end of the launching girder and it was
made to move on the next span.

The trollies then came back and picked up another pair of
precast girders and carrizd them over to the next span, the track
being extended over the precast girders already in place on the
piers. This process was repeated for launching all the remaining
girders, Photos 12 to 16. The various stages of launching arc
shown diagrammatically in Plate VIII,

The whole operation of launching one pair of girders took on
an average five days.

9. IN SITU WORK

- 9.1. In situ work consisted of casting the diaphragm
between the girders and laying the deck slab.

PRESTRESEED CONCRETE BRIDGE Across Manr RiIVER 173

9.2. Diaphragm between Girders

Details of shuttering will be as shown in Plate IX. It is
Rroposefl to support the shutteringon the bottom flange of girders
Shuttering will be of mild steel plates stiffened with angle jrons.
I\?ecessar.y holes for fixtures have been kept in girder flanges and
ribs during concreting of the girder. The diaphragms are pro-

posed to be concreted in advance of the deck slab with 1 : 2 : 4
concrete mix. o

9.3. Deck slab

. The shuttering for the deck slab is proposed t

on the girder web as shown in Plate IX.p N%cessar(;f lileolsegpfr())c;r:gg
purpose of fixing angle bearers and verticals have been provided
in the girder web during concreting of the girder. The erection
and removal of shuttering is proposed to be done by means of a
mobile suspended platform. Details are shown in Plate IX. This
platform will move on trolleys overrails fixed on the top of girders
to carry materials for erection of the centering. After the slab is
cast and cured the same platform will run on rails to be fixed on
the slq.b for removal and taking the shuttering to other spans and
so on. In order to avoid the obstruction of pier and for through

movement of the platform, hinge i
boTted o the e blatfort ges are provided on the channel

' It is proposed to use three such platforms for concreting the
sixteen spans of 110 ft each. It is expected that about four spans

will be concreted in a month and it will tak
complote e ten i ake four months to

The sl_a.b will be of high grade cement concrete with a working
stress of 950 Ib per sq. in. The concrete shall be vibrated with
pin and screed vibrators. Necessary expansion joints will be
provided at every 110 ft over the piers. ’

Tke thickness and reinforcement detai i
per Plate IV, ent details of the slab will be as

10. BEARINGS

10.1.  The fixed and free bearings are of cast steel conformi
to the Provisional I. R. C. Standard Specifications. T

10.2.  Free Bearings

'The top plate of the bearing was fixed with the girder while
casting. The bottom plate was fixed in the pier cap with the
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necessary bolts etc. The roller was then inserted and kept in
position by a removable frame and the girder was slowly lowered
in position just to fit the lug into the recess of the roller.

10.3. Fixed Bearings

On fixing the lower plate of the bearing on the pedestal on
pier cap, a pin lin. diameter and 1} in. long was inserted and
the girder was lowered so as to fit in the pin. The top plate was
fixed to the bottom of the girder while casting.

11. MATERIALS

11.1. Macalloy Steel Bars 1} in. Diameter

The alloy steel contains :

- Per cent
Carbon 0.53 to 0.65
Silicon 1.70 to 2.00
Manganese 0.70 to 1.00
. Sulphur - 0.018 to 0.03

" Phosphorus 0.026 to 0.031

After being specially treated it has an ultimate tensile strength
from 64 to 72 tons per sq. in. and 0.2 per cent proof stress of
over 38 tons per sq. in. Sixteen samples of these Macalloy bars
were machined in the middle portion so as to reduce the diameter
to about 0.98 in. and were tested in the V.J.T. Institute,
Bombay. Results are given in Appendix 5. The average strength
of the bar worked out to be 67.5 tons per sq. in. The stress
strain curve shown in Plate X is practically straight up to well
over the initial prestress of 42 tons per sq. in. which worked out
to about 0.65 of 64 tons persq. in. For this particular alloy, tests
show that there is practically no creep.

Rods are available in this quality steel up to a diameter of
14 in. Theends of the bars are provided with special form of
screw thread to take the high efficiency nuts which when fully
tightened against the ends of the concrete member maintain the
load on the rods.

11.2. High tensilerods suitable for prestressing have no yield
point of the kind that characterises mild steel. The term
““equivalent yield stress’’ or ‘¢ 0.2 per cent proof stress *> used for
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this high tensile steel denotes the stress at the point of the stress
strain curve at which the plastic or residual strain equals 0.002.
It will be seen from Plate X that the elastic range of rods extends
practically to a stress larger than the initial prestress.

Initial working stress allowable is 42 tons per sq. in.

11.3. Sheath of Steel Unitubes

In a curved tendon (bar) the percentage loss of stress depends
directly on the coefficient of friction between the materials invol-
ved. The value of the coefficient for high tensile steel on concrete
is about twice that for high tensile steel on steel. The Macalloy
bars are therefore inserted into steel unitubes and kept in position
before casting the girder. These tubes are left in the girder, and
the annular space between the tubes and the bars is grouted after
prestressing. TFurther to reduce the friction, these tubes are lead
coated on the inside. The diameter of these tubes is 1} in. as
against 1§ in. of the rods. Tubes are available in coils imported
from Europe along with Macalloy bars. The jointing of these
tubes is done by tape.

The estimation of friction is given in Appendix 6

11.4. The specified stresses for the concreto are as follows :

. b per sq. in.
Concrete cube crushing strength at

28 days 5,000
Safe working stress 1,500
Stress at transfer 4,000

To attain the above stresses, concrete mix of the following
proportions was adopted : '

b

Cement 168

Sand - 200
Crushed stone grit black trap

3/16 to 2 in. 130

Crushed stone black trap 2 to$in. 140

Shingle § to # in. 260

The water-cement ratio was 0.40, i.e. 4} gallons of water per
one bag of cement weighing 112 Ib. The mix was found to give
satisfactory test result.
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" 11.5. Fine Aggregates

The Mahi river sand is fine and so coarser particles were
required to be added to it to bring the sieve analysis curve within
the standard curves for fine aggregate, Plate X. Crushed " black
trap metal grit 3/16 to £ in. from the quarry at Timba was added
in suitable proportion.

11.6. Coarse Aggregate
This comprised, the following :
"(1). Mahi river shingle 2 to § in.
(2) Crushed stone (black trap) 3/16 to } in.
(3) Crushed sfone grit (black trap) 3/16 to 3 in.

Mahi river shingle is mostly quartz and useful for the purpose.
The maximum size of coarse aggregate to be used was specified
as 3 in. Shingle of $ to 3 in. size was not readily available in
Mahi river as it was mixed with kankar nodules which had to be
hand picked. So, to supplement this, crushed stone (black trap)
kapachi 2 to § in. available from Timba quarry near Sewalia was
required to be added in suitable proportion. The coarse aggregate
composed of Mahi river shingle and crushed stone kapachi from
Sewalia, however, lacked in smaller sizes, below # in. Crushed
stone grit (black trap) 3/16 to § in. was, therefore, added to suit
the grading curve, Plate X.

The whole mix works out to 1:1.4:3 approximately by
weight and per 100 cu. ft. of concrete 24 bags of cement weighing
112 1b each were used.

Plant and machinery used in the work are listed .in Appen-
dix 7.

12, COSTS
Rs
12.1, Cost of substructure with foundations 14,51,000
Total cost of superstructure as per
accepted tender (excluding pitching
approaches and box returns) 11,13,912

Ratio of cost of substructure to
superstructure 1.3

L |
-3
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Rs
12.2. Cost of Bridge
1. Per sq. ft. of carriageway 82
9. Per linear foot of bridge 2,000
3. Persq. ft. of elevation above bed level 25
4. Per cu. ft. up to the lowest level of
foundation without deduction for
span opening -/10-
5. Per cu. ft. of bridge of actual con-
struction 6
Total likely expenditure on the whole
bridge including box returns, approac-
hes, pitching and W. C. Establishment,
etc. 34,59,000
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Appendix 2

DESIGN CALCULATIONS OF THE GIRDERS

The
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In all there were 15 Macalloy bars out of which 13 bars werg
stressed and grouted first and the remaining two bars were stressed
after casting the slab for keeping the initial stress within permis-
sible limits, :

2. Details of loading and bending moments for the pre-
stressed girder are given in Table 2.

TABLE 2
Bending Moments for Class A Loading

Dead
d load Maximum
2 Ttem per |B.M. on girder Remarks
= linear in.-1b
ft. Ib
1 Girder ... 1486 The B.M. to be
2 Stiffener ... 140 2875 x 10¢ resisted by
3 Castellation ... 48.3 girder alone.
4 Slab (less Castel- 1301.7) To be taken by
lation) v 24203 x 10¢ girder alone as
5 Diaphragms ... 112.9] the slab center-
ing is supported
by the girder.
6 Surfacing includ- 559.5 9.61 x 10°%
ing kerb and 1 To be resisted by
parapet ete. ¢ the composite
7 Live load Class A ... 38.28 x 10° | section.
loading, 2-lanes 100,93 x 10° J

3. Stress in top and bottom fibre of the girder at different stages
of loading : ‘

(V) Stresses due to prestress

Initially 13 bars were stressed to 42 tons per sq. in.
giving total —

Initial force, Py,=13x%.994%x42x 2240=1215702 1b say.

Moment due to Pyz=P,, X ¢, where €y 3 1 the distance
of centre of gravity of 13 bars from  the centre of
gravity of the girder.

This comes to 1215702 x (55.2~6.54) = 59.16 x 106 Ib-inches.
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Therefore
ft = stress at the top fibre of the girder

= Pis _ (Pyaxess)
4 7
1215702 59.16 x 10

1399.5 40667
= (868 —1453) = minus 587 1b per sq. in.
o

stress at the bottom fibre of the girder

fl

Py (P13 X eys)
o T Zy

1215702 + 59.16 x 10¢
1399.6 38899

= 868 4- 1521 = 2389 1b per sq. in.

(2) Stresses due to dead load of girder etc.

My = moment of girder plus stiffener plus castellation
My 2875 x 108

fg = 7_~ = —W = 707 Ib per Sq.in.
247
? ) 6
fo= MZdl = 251%5855939 = minus 740 1b per sq.in.
b

(3) Stresses due to dead load of deck slab etc.

Mg, = moment due to dead load of deck slab cte.
Mgy _ 24.203 x 10°

fo= . = T iigoe = 5801 1b per sq. in.
b 24. 0¢ :
fo= léd;s = igzg@;(O 10° = minus 553 1b per sq.in. -~

(4) Stresses due to prestressing of remaining two bars
Prestressing force, P, = 2 x 0.994 x 2240 x 42=18703 1b
Moment P, X e, = 187031 x (77.03 minus 19.5)

10.76 x 10¢ in.-1b.
P2

_ . (Pom X e5)
Therefore f; = 4 minus 7

I
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t'Where Zi = modulus of section and A is area of composite TaBLE 3
section, .
Stresses

_ 180731  10.76 x 10°¢
2522.446 145780 . Girder Alone

= 11b persq. in. '

1 l
Residual {Dead load

;Dead load

fo = 187031 + 10.76 x 10° Plr):i tos . 15 per |moment of| Residual moment ofl Residual
"7 2522.446 58611 SUICSS | cent less | girder ete. . slab ete. |
i 1 ’
= 259 Ib per sq. in.
: ] Py =587 ~499 707 208 580 788
(5) Stresses due to dead load of finishes etc. and live load F, 2389 2030 -740 1290 -553 737

M, = moment due to surface finishes etc. and live load

M, _ 41.89 x 10

Composite Section

fom Ao 410 x 10 | | ;
; = 3291‘11:75:1 sq. in, ’ Residual piifclftalss lﬁgi%}?::% Residual 1 Lnil‘(v)eml;:td; SIZ;lelsaql

gy M _ 48 x 100 | | @ |
Zy 58611 | F, 788 1 1 789 329 1118
= 818 Ib per sq.in. F, 737 259 220 957 -818 139

\
. The stresses .have been summarised in Table 3 and shown in
Fig. 3and 4. Fifteen per cent loss of prestress due to creep etc.

in the concrete has been assumed. (4) Stress limitations for the design

The stress limitations for the design are as follows :

(1) Concrete in the girder to have a minimum compres-

: ~tosss ‘ sive strength of 4,000 1b per sq. in. when the prestress-
_ T o+ - ing is done and 5,000 1b per sq. in. at 28 days (cube
* - ' \ / crushing strength). .
— L h 1/_ Maximum initial working stress in concrete shall be

.....

ENS equal to 1,500 1b per sq.in,

pALSTRISS

Fig. 3. (2) 1% in. diameter Macalloy bars to be stressed to 41.7
' tons giving a stress of 42 tons per sq.in.

Stresses as seen from the stress diagram are within permissi-
ble limit at every stage.
(5) Factor of Safety at first crack

It is interesting to investigate the factor of safety at the
first crack and also at the failure of the prestressed concrete
girder.

A31.DuAL LI R I NL
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(1) Moment at first crack M, = M, plus fop X Z. Where
2., is moment at which first crack is anticipated in
concrete. MM is bending moment due to all dead and
live loads. f.r is allowable stress causing firet crack
in concrete at the bottom fibre. .

Now, first crack will appear when total tensile stress in
bottom fibre is 500 lb per sq. in. J[; causes a
compressive stress of 139 b per sq. in. Hence
total allowable stress to cause first erack in the bottom
fibre is given by

. fer = minus (139 plus 500)= minus 639 b per sq. in.
Z, of composite secticn = 58611 in.?

Therefore the additional moment which can be taken up by
the section for the first crack

58611 x 639

i

= 37 x 10% in.-1b.
M., = (100.93 plus 37) x 10°¢ in.-1b.
i.c. against the total moment there is factor of safety of 1.37.

Live load moment without surface finishes ete. is
38.28 x 10° in.-1b

M,y = 137.93 x 10° in.-Ib.
My = 6205 x 106,
M, = 3828 x 10°

Therefore factor of safety with reference to live load only
will be
M — My,

137.93 - 62.65
38.28

12.28
38.28

= 2 (Approximately)
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(6) Investigation of Section at Ultimate Load

For ultimate load investigation, effect of prestress is assumed
to be nullified due to plastic elongation of steel causing a
stressless plastic strain equal to
euzsne the elastic strain originally requi-
ey bt red to maintain the requisite

\'77 % 77, prestress.
: R\
1 X

’5232?;:?':? Concrete in the Dbottom fibre

R or ot has already failed due to tension
and only the section above neutral
axis is effective.

Hence the beam is treated as
a conventional reinforced concrete
member subjected to simple ben-
ding moment, Fig 5.

Tensile stress in concrete is

Fig. 5. .
'8 2 disregarded.

fo is ultimate compressive strength of 2850 1b per sq. in.
in the slab of high grade concrete.

fi is ultimate tensile strength of 145000 Ib per sq. in.

¢ is strain in the extreme fibre in concrete i.e. 0.003

Effective modulus of elasticity

2850 - . -
= =503 0.95 x 10¢ 1b per in.

Modulus of clasticity of steel

i.e. modul 0= i - .
n e modular rati Modulus of elasticity of concrete

25 x 10°

L2 Y = 96,6
T 095 x 108 26.6

p i.e. percentage of steel

= Zids where #d is the effective area in sq.in.
15 x 0.994 ‘
12X 90 0,002

fe = 2350 1b per sq. in.
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E=pn+vp2ar 4 2m
= 0.006 % 26.6 + A/ (0.006 x 26.6)* - 2 X 0.006 x 26.6

1596 4- A/ 0.0254 - 0.319

i

= 0.159 4 .058
= 0.217
= say 0.22
kd = 0,22 x- 108.27 = 23.9 in.
" jd = 0.93 x 108.27 = 100.37 in.

stress at a, Fig. 5 = 2850 x 1643 _ 1850 1b i
, Fig. b = 285 3390 = . per sq. in.
11.43
t t b, Fig. 5 = = i
stressat b, Fig. 5 = 2850 x 23.90 1360 1b per sq. in.

To find the resisting moment of the concrete section above
neutral axis it is necessary to know whether the composite unit
will fail in concrete or steel and to find out the effective ultimate
resisting moment.

Resisting moment of force on slab

2850
— (__0_‘2*_‘@) % 122 X 8.47 x 104.04

= 255 x 108 in.-1b.
Resisting moment of force on top flange of girder

:‘Mxﬂx«;kgzso

= 0.34 x 10 in.-1b.

Resisting moment of force on web

= 1360 X 8 x 11.43 x 88.18

)

P4

= 5.5 x 10¢% in.-1b.

Thus total moment in concrete section with top fibro having
stress of 2850 1b per sq. in. will be 260.84 x 10° in.-lb.
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The resisting moment in steel 3, is also equal to AgxfuXja
where A, is area of steel Macalloy bars, jd is lever arm

and f, is ultimate stress.
M, =15 x 0.994 x 66 % 2240 x 100.37
= 220 x 10¢ in.-1b.
i isti i ill be
the effective resisting ultimate load m9ment wi
220 ?(hlllge iue.-lb and the girder will fail in steel since before the
stress in concrete reaches 2850 1b per sq. in., the steel would reach
its ultimate stress of 66 tons per sq. 1D.
M, = 220 x 10° in.-1b.
Ma = 62.65 X 108 in.-1b.
Mu = 38.28 x 10¢ in.-1b.

I

The factor of safety with reference to total load will be

My _ 220 x 10° oximately.
o 30 - 100.37 x 10° 2 approximately

The factor of safety with reference to only live load will be

M, — Ma _ (210 — 62.65) x 10°
M 38.28 x 10°
147.35

~ 38.28
4 approximately.

i

(7) Shear Calculations

. Dead load shear
Dead load of girder etc. = 1674.3 lb per rft.
of slab etc. = 1414.6 ’s

3

" of surface etc. = B659.5 v
36484 1b

107
Pead load shear = 3648.4 ><—2— = 195189 1b.

8—u
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35 TONS 35 TONS
}-5'47{—%-—— 69 81—
st Y Jr' 53
A B
Fig. 6.

2. Live load shear, class AA loading

W6 — Ty 4 13 — 4l
By= F N Ta—

= 1481 IV
with impact allowance of

10 per cent B 4

1.481 IV -+ 0.148 I
= 1.629 7.
ie. Ry = 1.620 x 35 x 2240

= 127713 Ib.
127713
Shear £ = 22N
‘ r Iorce 107 X 101
= 120551 1b.
}——-\2’-—~|

eI CENTRE OF TRACKED
R VEMICLE
D

1
1 1071

—

ot

Fig. 7.

(8) Effect of bent up bars on shear at ends

Out of 15 bars at the centre, 8 bars have been taken strai

. : h
in lzot:?lm ﬂarégd? and 5 are bent up at the end and two :r;alignz
up in the middle as shown in Plate IV. Detai 5

bars are as shown in Fig. 8 and 9, ctails of & bent up

PRESTRESSED CONCRETE BRIDGE Across MAHI River 18¢

[ P s TR

— s

1\41‘\ 3 BANT LR '““!”:?75.

o -

Nz T —

Fig. 8.

) 2 x 88.75
Sin @1 = “g5e.30

=0.27
Negative shear due to tensioning of three bent up bars.

= 3 x 42 x 2240 x 0.994 x 0.27

= 75747 1b.
l — 634" !
{ ] -
42| ~ 2 PENT UP BA9S _
o5 HEY o
1) = 4! in
L RN = ——{ s
i 4“9_ ‘P‘
Fig. 9
. 2 x 61.5
Sin ¢, = —6i = 0.19

Negative shear due to tensioning of two bars bent up
= 2 x 42 x 2240 x 0.994 x 0.19
= 35536 lb.

Combining the above two total negative shear is 111283 1b.

-After 15 per cent loss
Negative shear = 0.85 x 111283
= 94590 1b.
Maximum unit shear at centroid is given by
,_ 84 Y.
b. 1
\Where § = Horizontal shearing stress at centroid :
S = Total vertical shear on section.

b = Width of section at centroid.
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I = Moment of Inertia of entire section about the.
centroid.

= Area of section on either side of the centroid. -

N[

Distance between the centre of grativity of this
area and the centroid of section.

A Y of girder alone above neutral axis of composite
section.

=8 x 30.97 x 1549 - 46 x 4 x 28.97

-X 25.64

46 X 4
2

+

= 38378 4 53305 4 2358.9
= 11527.2 in.3

A Y of slab above neutral axis of composite section
= 1224 X 8.47 x 35.20
= 36492.8 in.®

Total 4 ¥ = 48020 in.?
Shear intensity on girder alone
Loads (a) 16;14.3 girder etc.

(b) 1414.6 slab ete.
3088.9 1b per rft.

3088.9 x 107

Shear 5

il

= 165256 1b.

165256 x 11527.2 _
0 =3 < 2315459 103 Ib per in.?

This intensity on girder alone will be negatived by the bent
up bars

94590

by =103 X 155955

=59.2 1b per in.
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Net intensity on girder (g) = (103.0-59.2) = 43.8 1b per
sq. in.

Shear intensity on composite section.

107
Shear due to surfacing etc.=559.5 X - = 29933 1b.
. 120551
Due to live load = 150181 12
150484 x 48020
Therofore & = =g 4514786

200 1b per sq. in.

Resultant shear stress = 200 4~ 43.8 = 243.8 1b per sq. in.

NIC RIS

V1317 F 243.87 — 434

i

Principal tension

= 63.8 1b ver sq. in.
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* - S Appendix+3

RELATIVE EXTENSION OF MACALLOY BARS
Relative extension in inches X = 12 L I,3+j—.—°—
. LS EG
where L = length of member in feet equal to 109 ft
(average).

fs = stress in bar, in lb per gq. in. - 42 tons or 94,000
Ib per sq. in, : ‘

fo = stress in concrete adjacent to the bar, 1,500
1b per sq. in. allowable.

E; = elastic modulus for Macalloy steel .25 x 10°
b per sq. in.

E, = elastic modulus for the concrete assumed as
5 x 10% 1b per sq. in. '

- f 94000 1500 } o
Then X = 12 x 109 \ 25 % 10° + 5% iov § =9:30in.
So when the temsioning is started simultaneously at both
ends, extension at one end will be 0’30 = 2.65 in.

The above calculations are based on the final compression
in the concrete when all the bars have been tensioned. Thus to
obtain the extension, the first bars to be tensioned will be slightly
overstressed and this overstress will be successively reduced as
stressing goes on. From the above it will be seen that the maxi-
mum elastic compression of concrete comes to

fe
12 X L » z,

1600
{
12 x 109 x E_Q_Tﬁ?

= 0.39 in.

It means that the total relative extension shall vary from
5.30 to 4.91 in., i.e. 2.65 to 2.45 in. at one end.
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APPENDIX 4

PRESTRESSING DETAILS FOR GIRDER No. 9

Baroda side Vasad side ] A

e i verage Av o
v _— Gauge Readings | i | : Gaugs Readines exten- | erage
}13:; Ro. Initial { Final Tota] Reading | ; - — Initial | Final 1 Total | Reading | _\.f"" sion in tOICf‘ mn
equ- reading | reading otal | on gauge . For extension in instal- reading ' reading otal | on gauge | For extension in instal- | jnches ons on

oo Mo Mo ™) exten | e | memts on | on e e | wews onboih | G

< . . ] N R : | . 0ta ce: - N
vernier ‘ vernier exerted . 1 | 17 : 137 i o vernier ; vernier i exerted ; 1 5 1 11 7 o sides ‘
——— — — - _ i . P J - — -

10 0.57 3.22 2.65 45 10 19 29 37 ‘ 0.46 3.11 2.65 44 10 21 23 36 2.65 44.50
Y 0.63 3.28 2.65 45 11 20 28 37 0.91 3.56 2.65 44 11 20 24 36 2.65 14.50

7 0.72 3.37 2.65 44 10 20 27.5 335 (.88 3.53 2.65 44 11 10 23 36 2.65 41.00

6 0.83 3.48 2.65 44 10 16 27 35 1.01 3.66 265 45 10 20 28 36 265 14.50
12 1.87 1.42 2.55 45 12 21 30 38 1.22 379 2.57 44.50 95 18 28 35 . 2,56 4475
5 ©0.70 3.27 2.57 45 Sl 20 29 37 0.97 3.58 2.61 43.00 10 19 250 35 2.59 14.00

8 0.94 343 2.49 45 12 21 20 37 0.53 3.07 2.54 43.50 9.5 19 26,0 3D 2.51 14.25
11 1.13 3.70 2.57 44.5 11 20 29 37 0.15 2,69 2.04 45.00 10 19 27 35.5 2.5 4475
13 2.82 4.35 2.53 45 12 21 30 38 0.21 2.75 2.54 43 9.5 18 275 35 2.53 44.00
2 0.73 3.38 2.65 44 11 19 25 36 0.65 3.32 2.57 43 10 205 24 37 2.61 43.50

3 0.91 3.40 2.49 42 10 20 28 34 0.53 3.10 2.57 45 12 21 28 37 2.53 43.50

1 ! 0.88 3.37 2.49 42 10 19 27 36 0.80 3.37 2.57 43 9 18 26 3 2.53 42.50

4 ‘ 0.92 2.45 2.53 43 10 19 23 36 0.32 2.89 2.57 42 10.5 19 26.7 35 2.53 42.50
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Appendix 5

TEST RESULTS OF MACALLOY BARS*

|

‘ 1
. . Second test for
S. No. of Ultxmsaéte tensile l[ bar No. 10, Percentage of
Bar \ ress. . | 13 & 15. . elongation.
. | Tons per 8q. . | mopq per sq. in.

J |

1. 68.64 —_ 9.6
2, 68.70 — 8.5
3. 69.04 — 10.0
4. 66.90 — 9.5
5. 67.84 — 8.3
G. 68.70 — 8.9
7. 068.44 _ 9.8
8. 67.72 — 10.8
9. 68.00 — 8.1
10. 65.76 65.76 —
11. 69.26 — 9.5
12. 67.04 — 9.3
13. 64.90 64.64 10.8
14. 66.58 — —
15. 63.50 64.30 - —
16. 66.90 — —

* (Carried out at V. J. T. Institute, Bombay.)
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Appendix 6
ESTIMATION OF FRICTION IN PRESTRESSED GIRDERS

Due to the movement of the tendon relative to the concrete
where tension is applied, friction comes into play. The existence
of this friction is shown on site by a discrepancy between the
force indicated by the gauge on the jack and the corresponding
measured extension of the tendon on the vernier.

.The total friction consists of
' (a) friction in jack.

(b) friction in the anchorage if the tendon changes
direction.

(c) friction due to any appreciable curvature of the
tendon and

(d) friction due to movement of the straight portion.

In the Lee McCall system a loss occurs in the moving parts
of the jack though there is no loss at the anchorage itself because
of the straight pull on the bars. This loss is of the order of
3 per cent. :

So when the dial registers 45 tons while tensioning the
curved bar, force in the tendon at the jack equals to

0.97 x 45 = 43.5tons.
Force in the tendon at the centre of the girder

In addition to the frictional losses @ and b, mentioned above
there will be losses (¢) and (d) as enumerated above.

The estimation of losses due to (¢) and due to (d) can be made
as follows :

(Kz + u)
I'=Pxe
Where T' = tension in the tendon at a distance x from the jack.
P = tension in the tendon at the jack.
e  is the base of Napierian Logarithms.

@  is the total angle turned through by the tendon upto
the point.
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u and K are friction constant for Macalloy Bars. From the
table of constants,*
1 = 0.30 for duct of lead coated steel unitube

K = 5-1 x 107* for excess of duct size over bar size being
117 — 1ir = 3/8"
(13 ] 18")

¢ =157 = 1?41185)( T radians.
Then
_ 1 e '30x15~7x71)

T =435 x e (leu* X 90T 130

= 435 x e—(.oou + .081)

1 .08
= 435 % (5775)
43.5
~1.08

= 41 tons approximately.

From the Appendix 3 it will be seen that the extension of 5.30 in.
is calculated on the force of 41.7 tons in the Macalloy bar. The
difference of .7 tons between the two theoretical calculations might
be due to estimation of frictional constants.

In practice the force applied is calculated and based on
extension read on the vernier and not solely on the dial reading.
The dial reading is simply taken for a rough check.

The theory of the friction estimation is roughly a_lrigh'b apd
thus it seems that about 3.3 tons of force iz lost in friction
bringing the friction loss to about 7.3 per cent.

* Indian Concrete Jourual, January 1955—page 33.
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Appendix 7

PLANT AND MACHINERY USED FOR THE BRIDGE

(1)
(2)
\3)
(4)
(5)
(6)
(7)
{8)
(9)
(10)
()
For
n
(2)
(3)
(4)
(5)
(6)
(7)

For Substructure

G. M. generating set 50 kw

Centrifugal pumps 8 in. x 6 in. to 3 in.x ' in.

Sump pump 2} in.

Stearg winches

Steam cranes

Gravel crusher

Compressor unit

Pnumatic paving breaker
Diving set with helmet only
Jack hammers

Concrete mixer 107

Superstructure

Cencrete mixers

Welding set

Generating set

Compressor set

Steam winch

Trailer for macalloy bar

Grouting machine

Water pumps

Weigh batch double unit

Electric saw mill

Electric drilling machine

Electric grinder machine

Lee McCall 42 tons jacks
Hydraulic jack 60 tons 10 in. traverse
Buda Jack 12 in. capacity 20 tons

traverse 12 in.
Lorries

Vibrators
Petrol
Electric

Concrete cube testing machine
Trollies
Hand winches

N«*—'H—-v—ao'

e DD b e s

CO DY ke b et b DD et e e b b b OO

e 0 QO =

[V &)
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* SPECIFICATION FOR SURFACE DRESSING
WATER-BOUND MACADAM ROADS”
CRITICAL NOTES

By
K. C. Dz, B.Sc. (CAL.)
AND

P. N. Sox Guera, B.C.E.,, M.LH.E,, AM.L.E.

SYNOPSIS

Use of medium sand for blinding the first coat in surface dressing water-
bound macadam roads is advocated. It is claimed that a good water-proof
mat, which cffectively secals the ingress of moisture into the macadam,
is formed.

1. INTRODUCTION

1.1. A very large percentage of roads constructed in the
second Five-Year Plan is likely to be of water-bound macadam
surface dressed due tolimited funds and low traffic intensity. For
heavily trafficked roads on high banks it is not desirable to
provide an expansive surfacing before complete settlement of the
bank has taken place. In such cases surface dressing will protect
the water-bound crust at a reasonable cost till the final settlement
of the bank has taken place when a suitable type of surfacing
can be safely constructed.

Also, where suitable equipment is not available, surface
dressing offers the only solution to the problem of constructing
a large milage of road within a short period of time. If
machines lil-c pressure distributors and gritters are available and
there is larze programme to provide continuous work for the
machines. The speed of construction can be considerably increas-
ed. Where the maximum possible milage has to be modernised
with limited funds, economy in cost is an important considera-
tion for adopting such a specification.

Further, traffic conditions on most of the roads in India are
such that no heavier specification than surface dressing is
necessary. It is a waste of money to use heavier specification
unless a large proportion of traffic using the road consists of
bullock carts when a much heavier specification than surface

9—1i1
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dressing, may be more economical in the long run. Fortunately,
it appears that with the improvement in the road system already
achieved, lorry transport is fast replacing the bullock carts of the
pre-war days, especially on long hauls. TFurther rubber tyred
bullock carts are to be seen in increasing numbers although the
rate of increase is not fast enough to indicate that they will
entirely replace the iron tyred ones.

From the above it will be apparent that surface dressing will
continue to be adopted for treating a large milage of roads.

1.2. It is the object of this Paper to establish that by a
suitable adjustment of- the specification based on an understand-
ing of the various factors involved, a surface dressed road may
give a much longer service than most of us normally think

possible.

1.3. The function of surface dressing is to protect the water-
bound macadam from deterioration under traffic. The water-
bound macadam has to carry the loads imposed by the traffic and
it should be adequately designed. Surface dressing will, how-
ever, not be able to correct an already corrugated water-bound
macadam surface.

2. CAUSES OF DETERIORATION OF
WATER-BOUND MACADAM

2.1. Although a water-bound macadam may have _beep
properly designed to carry the expected traffic, deterioration is
caused by the undernoted factors if it were untreated.

(i) Fast moving pnuemutic tyred traffic removing the
binding material from the interstices of the stone
metal by suction.

(ii) Tendency of the individual stone pieces constituting
the water-bound macadam to get dislodged by the
pounding action of the traffic.

(iii) Weakening of the foundation and the consequent
ginking of the water-bound macadam _and its
ultimate disintegration by penetration of rain water
into the subgrade.

(iv) Wearing of the surface due to abrasion by traffic.

2.2. Both the first and the second factors cause unravelling
of the crust. Where there are cfficient road maintenance gangs to
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replenish the blinding material as it is gradually displaced by
fast traffic, predominantly uni-directional high speed traffic may
cause corrugations on unsurface-dressed roads. The third factor
causes rapid disintegration of the water-bound crust where subsi-
dence has taken place. Generally the fourth factor hardly comes
into play as the road would have been already destroyed by the
first three factors if sufficient care has not been taken in construc-
tion and the maintenance of the road.

A suitable application of one or successive coats of surface
dressing can protect the water-bound surface from all the
deteriorating influences mentioned above and maintain its riding
qualities indefinitely.

3. OBJECT OF SURFACE DRESSING

3.1. The primary object of the surface dressing is to prevent
surface disintegration and weakening of the subgrade by stopping
entry of water by the formation of waterproof mat. This can be
achieved effectively only if the waterproof mat formed is uniform,
has good bond with the blinding material and the stone metal
through penctration of the binder into the former, and has no
break which may allow rain water to penctrate into the subgrade.

Water entering through a break in the waterproof mat
gradually spreads and in course of time helps in dislodging the
mat from the water-bound macadam by decreasing adhesion.
Thus a pothole is formed. If this pothole is not detected and
immediately repaired, water enters in larger quantities and
penetrates deeper, weakening the subgrade.

The surface dressing should, therefore, be applied with due
care to ensure that no weak spot remains in the waterproof mat.

The weak spot may be caused by application of the binder
on a dusty or an improperly cleaned surface, resulting in the
binder film not being uniform or discontinuous. Or it may be
caused by local penetration of most of the binder into a loosely
compacted water-bound macadam leaving almost no binder to
form a waterproof mat on the particular portion of the surface.

3.2. It should appear, therefore, that the primary object of
the first coat of surface dressing is to form a mat which will be
waterproof and satisfactorily bonded to the water-bound
macadam over which it is applied. This can be achieved by:

(i) Selection of a suitable grade of road tar and deter-
mination of the correct quantity to be applied
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(depending on the texture of the water-bound *
macadam surface) so that after penetration suflicient
quantity is available to form a waterproof mat in-
conjunction with the blinding material used.

(ii) Use of such blinding material as will enable suffi- Photo 1.

cient quantity of road tar to stay on the surface and
which will not cause the waterproof skin to break.

(iii) Tse of such blinding material which will help in
formation of a continuous film of road tar on the
surface by spreading in case the pouring or spraying
has not been able to form a continuous film owing

. to the water-bound surface being too dusty or loose.

As the texture of the water-bound macadam generally varics. ’
considerably, only experience can help determine how much road 2/
tar and of what grade should be specified ip a particular case.
The specification should permit a wide range for the first coat so
that the exact quantity to suit the actual condition at the time of
application can be sprayed.

4. MEDIUM SAND IS GOOD FOR BLINDING o : ol

4.1. Useof medium sand as the blinding material for the BRI L (
first coat is desirable as it belps in forming a satisfactory water- ' S JER
proof mat by attracting sufficient quantity of road tar to "the
surface by capillary action. Further, it helps in making a non-
continuous road tar filmm continuous by capillarity and the

A .

Blindgd with Blinded with
chips, sand,

Photo 2, Surface blinded
with sand. Photo taken
1 hour after rain.

kneading action of the traffic when the sand becomes warm due
to the sun.

4.2. Stone chippings on the other hand do not help in
distributing the road tar so that any initial discontinuity in the
tar film does not close up in most cases. Photos 1 to 3.

Further, the sharp corners of the stone chips sometimes cut
through the binder film while being rolled and thus cause a break.
This break hardly heals because the dusty blinding materials in
the water-bound crust prevent it. Also, chippings falling over
the stone metal of the water-bound macadam get crushed under Photo 3, Surface blinded

the roller and cause a certain amount of discontinuity in the tar with chips. Photo taken
film. 4 hours after rain.

4.3. Road tar bas a tendency to penctrate into the water-
bound crust. Hence the stone chippings cannot help keep enough
of it on the surface to form the water-proof mat as they (the
stone chippings) have no capillarity as the sand has. The first
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Photo 4, Chippings getting dislodged
due to moisture.

Photo 6. 1st coat blinded with
sand & 2nd coat with chips.
The base is completely
dry after rain,

Photo 5. Two coats of
surface dressing with stone
chips blinding in both coats,

Water has penetrated

into the base,
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coat surface dressing blinded with stone chippings will, therefore,
remain rough and not be satisfactorily waterproof. Further,
interstices between the chippings will hold water for a long time
after rains and the moisture will soak in. Damp patches can be
seen on such roads for many hours after a rain, indicating that
the water has gone down deeper. No such patch will be seen on
the surface blinded with sand. In case of sand blinding, the
voids in the sand are completely filled up by road tar making the
sand mat completely waterproof, Photos 5 and 6.

In addition moisture remaining on the surface for a long
time will also cause displacement of the stone chippings by
gradually reducing adhesion between the road tar and the stone
chippings, Photo 4.

4.4, If stone chippings are used for blinding the first coat,
those chippings that lie directly over the stone metal of the water-
bound macadam will, under the impactof iron-tyred bullock
cart wheels get crushed into several pieces which come off the
surface as there is no binder at the lines of cleavage to hold them
together. These broken particles lie loose on the surface and
being pushed here and there by traffic action help in dislodging
the chippings already firmly bedded in the road tar film. 'This
defect can be rectified to a large extent if a wearing course
blinded with chippings is laid over the sand mat. It has bcen
found by experiment that the cushioning formed by the sand mat
increases the load bearing capacity of the stone chippings of the
wearing course to 2 to 3 times of what they could ordinarily bear
when placed in direct contact with stone metal of the water-
bound macadam. The reason for this may be due to :

(i) the larger supporting area for the chippings, and

(ii) the elastic nature of that supporting area.

Therefore, the most suitable specification for obtaining the
best possible results would be as under.

5. SUGGESTED SPECIFICATION

5.1, First Coat

(a) Clean the water-bound surface thoroughly so that
the surface of the individual metal is clean and the
entire surface free from dust, so that road tar will
bond firmly with the stone and the blinding
materials. If the dust is so much that it cannot be
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properly removed, the surface may be very lightly
sprinkled with water.

(b) Normally road tar grade 2 (if the surface is very

porous and loose road tar grade 3) heated to a
temperature of 220 to 240 deg. I. may be used.
Apply by pouring or spraying. Brush out as evenly
as possible. Blind with medium sand. Normally,
40 to 45 1b of road tar grade 2 and 3 cu. {t. of sand are

required per 100 sq. ft Brush out the sand evenly:

and open to traffiec. The sand has to be brushed
back into position for the first few days as it gets
displaced - by traffic. If good quality sand is not
- available, stone grit may be used.

If the climate is very damp 45 to 50 1b of binder will
be required per 100 sq. ft. In dry climate, the
application may be reduced to 35to 40 Ib per
100 sq. ft.

Overheating the road tar will reduce the life of
the surfacing considerably by driving off the essen-
tial oils from it. The working temperature should
be between 220 and 240 deg. F,

(¢) When the tar works upto and flushes the surface
making it uniformly smooth, apply the wearing
course. Depending on the traffic and time of the
year. when the application has been given, it may
take from 2 to 3 months for the surface to become
smooth.

5.2. Second Coat

The wearing coat should be applied within six months of
application of the first coat and in any case before the rains start.
If it has to be applied during the rainy season, wet weather
process is to be adopted.

As the surface has already become smooth all the road tar
will help binding the chippings to the surface. 30 to 35 1lb of
road tar grade 3 per 100 sq. ft. blinded with 5 cu. ft. of } in.
stone chippings will be sufficient. It will be preferable to use
single sized chippings instead of graded ones. When graded
chippings are used, the smaller sizes will come into the way
of larger chippings obtaining contact with the road tar at the time
of application. In any case, a small size particle lying between
the iarger ones will have its surface lower down and will not help
in bearing the traffic loads. It will lie loose as it will not be
pressed by the roller wheels.
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Surface blinded with

Surface blinded with

graded chips one size chips
S R S e S R RS s o et
SO COOL OOV O+ 20080
AR A AT

1st Coat blinded with Ist Coat blinded
sand & 2nd coat with chips with chips

The application should be such that there are no loose
chippings lying about on the surface. Chippings lying loose on
the surface help in dislodging those adhering firmly by action of
the fast traffic. .

The chippings should be brushed out evenly to ensure that
one particle does not lie over another. This will ecause crushing
of the chipping under roller wheels. The rolling should be con-
tinued till the chippings are bedded firmly on the surface but not
crushed. A6 to 8-ton roller should be used for this purpose.

It s.hould be seen that the chippings do not disturb the
underlying sand mat which will effectively stop access of rain-
water into the subgrade.

5.3. Although the surface may look rough, yet it will dry
quickly after the rain stops as the water will flow out passing
around the chippings and without soaking into the surface.

An ideal surface would be one where road tar has flushed
just up to surface of the chippings. This will ensure a water-
proof as well as smooth riding surface without reducing its non-
skid quality which is so essential to cater for increasing high
speed traffic. The chippings should be hard and tough so that
they do not get easily crushed under traffic. These should
preferably be cubical and not flaky. Rounded gravel or river
shingles may also be used with advantage provided it is hard and
tough. Chipping or gravel or shingle must be clean and free from
dust, otherwise adhesion with the road tar will be greatly
impaired. : ‘



298 DE AND GUrTA ON SPECIFICATION FOR SURFACE DRESSING

5.4. When a pothole becomes noticeable it must be repaired
at once. A neglected pothole may cause serious damage to
surfacing, especially if it appears during the rain, whereas thé
cost of repairing it is negligible. Tt is essential to cut out-the
pothole square and clean it thoroughly. Just the right quantity of
road tar neither too much nor too little is to be applied. The
painted pothole is to be blinded with stone chippings and ram-
med. If possible, precoated chippings should be wused for
blinding. The repaired surface of the pothole should be kept
slightly proud of the adjoining surface so that it becomes level
with the adjoining surface under traffic.

INFORMATION SECTION
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Photo 1.

Photo

2

Howe Truss Bridge

An understrutted Bridge

TIMBER BRIDGES IN KASHMIR

1. In the State of Jammu and Kashmir, which is moun-
tainous, modern means of transport are lacking. Therefore cost
of transport is heavy, and the engineers have mostly to rely upon
the indigenous materials for construction work.

Various types of timber structures over bridle roads tor light
loading and of short spans have been in use in the State for a
very long time. These have gradually been developed for heavier
1_0a-ding and longer span and, of late, most of the major bridges
in the State have been built with timber.

The ' type mostly adopted is the under-strutted bridge, but
Howe-truss and cantilever types are also adopted wherever these
are more suited and economical for heavier loading.

2. CANTILEVER BRIDGES

2.1. Initially, bridges of this type were constructed up to
100 ft spans over bridle roads for pedestrian and light mule
traffic. Later, their design was improved and cantilever bridges
up to 75 ft span were constructed for heavier loading.

The wooden cantilever beams are laid to a minimum slope of
lin 4 and are suitably anchored in masonry abutments which
have to be sufficiently heavy to counterbalance both live and
dead loads of the bridge. But the drawback of this type of
bridge is that its members have to be of heavy sections which
are difficult to procure locally in certain areas and their transport
from distant {orests is difficult and costly.

The main advantages are:

(1) For bridging torrential streams, flowingin deep gorges,
no scaffolding and central support are necessary during
construction.

(2) The method of construction is so simple that highly
skilled labour is not necessary.

(3) The masonry abutments above the norma) water level,
which also serve as counterweights, are constructed in
dry rubble with wooden cribs which is very economi-
cal and easy to construct. Besides, the anchored

10—11
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portions of the cantilevers along with the cross

- bracings embedded in dry masonry have much longer

life than 1if these were embedded in lime mortar
masonry. ’

This type of structure becomes uneconomical for loadiﬁgs
heavier than class 12 and spans longer than 75 ft due to
heavy sections and unmaunageable lengths of the beams required.

. Details of a contilever bridge, 74 ft span, are given in
Plate T.

3. HOWE TRUSS BRIDGES

3.1. Howe truss bridges were originally constructed up to
50 ft spans for light loading but, of late, bridges of this type
have been constructed up to 80 ft span and for Class 12 loading.

The principles of design of these bridges are the same as
that of similar type of steel bridges. While the members in
compression are of timber, the tension members are of steel
rods. Loads through the compression members are transmitted
at joints through steel plates. Hard wood chocks properly
seasoned are used as gussets.

3.2. Construction of this type of bridge demands high class
workmanship, close supervision and sound seasoned timber, as
otherwise with the passage of time due to shrinkage of timber,
the trusses get distorted. Generally, timber deckingis provided.
R. C. C. decking cannot be adopted because the chances of dis-
tortion of the trusses are still there.

3.3. Recently, a 132-ft long bridge of two spans of 66 ft
each has been constructed over Sandra nullah on Anantnag-
Verinag road. The cost of construction, including masonry works,
comes to Rs 900 per linear foot.

'‘Details of the truss are given in Plate II. This type of
bridge is illustrated in Photo 1.

4. UNDER-STRUTTED BRIDGES

4,1. This type of construction is the most economical and
widely adopted all over the State. It was originally introduced
40 years ago by Lt.-Col. Frazer, R.E., the then State
Engineer, for spans up to 50 ft and for G-ton roller load. Sub-
sequently, with the development of technique and improvement
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of design, spans up to 65 ft were constructed for 8-ton roller loa
After 1947, bridges up to 85 ft span for single and double la.ngs;
of traffic for Class 18 loading have been constructed. The design
of the under-strutted bridges for varying spans from 20 ft to 85 ft
have been standardized for Class 12 and Class 18 loadings.

4.2, The outstanding features of this type of bridge are :
(i) The design is simple and easy to execute.

(ii) Owing to comparatively lighter sections and smaller
lengths of the various members, this type of bridges
can be constructed even in remote areas.

(iif) The seasoning of timber is not essential.

(iv) The cost of construction of this type of structure in
the State is comparatively low.

4.3. In thistype of structure, the road bea

X , t rer
straining beams are designed as simply supported, f\’?)?l(rixaltl[;'e
the length of the beams does not exceed 20 feet, The camber of’
1in 50 to 1 in 60 has been found suitable to allow for subsequent
sagging due to skrinkage of timber.

Photo 2 shows a bridge, which is 257 ft lon
) ' ge, 2 , of 5 ¢
55 ft each W.lﬁh a carriageway of 22 ft and 6 ft é;vide sid(:pg:vn:ll?sf
;)n iglther Tsillde designed for the old I.R.C. Standard light
oading. e cost of this structure is 2.25 1 i <
to Re 530 por T1m OF thi 1 9 lakh which works out

50 ftPSl;;e;L IIT gives details of an under-strutted bridge of
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GIVE LONGEST SERVICE AT LOWEST COST

Concrete roads have a notable
service record the world over.

They provide more economically -
the strength and stamina which

are needed in our projected high-

ways and rural roads designed

to serve the vastly increased

traffic of the future.

2

CONCRETE ROADS

} V=" cost less to build than any
Q_“V\ other road of equal load-
8 carrying capacity

cost less to maintain

give long years of service

\
\
A~ provide better visibility
("

ensure greater safety

THE ASSOCIATED CEMENT (COS. LTD.

SALES MANAGERS: THE CEMENT MARKETING CO. OF INDIA LTD

SISTA'S CHMI218
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FOR
OVER 30 YEARS

SHALIMAR TAR PRODUCTS (1935) LTD.

6, LYONS RANGE, CALCUTTA,

POWER
- RAMMER

DEFINITELY CUTS
LABOUR COSTS

Designed to give the
maximum efficiency
with the minimum of
maintenance costs, this
rammer js ideally suited
to the reinstatemnent of
sewer or cable trenches,
footpaths and founda-
tions, and construction
of Roads on Hills
WHERE ROAD
ROLLERS CAN
NOT GO. ’

Branches:.
I Cox Street, Coimbatore
2 26, Errabalu Chertty St.
Madras 1.

——

————
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ROAD BRIDGE-TRAVANCORE

You need tough equipment for road making and other grading jobs, and
you can’t ‘“ assemble '’ toughness into a machine. You've got to build it in. '
¢ Caterpillar’ Motor Gradersare completely built by one manufacturer.
That's why ‘Caterpillar’ Diessl Motor Graders make light work of ditching,
levelling and all those tasks whero big ‘
power is wanted, They are designed to
give the maximum performance with the
lowest fuel consumption.

BRAITHWAITE & CO.

(INDIA) LIMITED

Ask your nearest Distributor about ‘Caterpillar E ENGINES - TRACTORS

Diesel Equipment. He will be glad to give DIEs L ~ MOTOR GRADERS r

you 2 demonstration and show you it's the EARTHMOYING EQUIPMENT HIDE ROAD’ }\IDDERPORE’ CALCUTTA.

best in the field! i

LTK.43 Jc. AN porearrs

TRACTOR & EQUIPMENT CORPORATION LIMITED
P. O. Box. 279, NEW DELHL
TRACTORS (INDIA) LIMITED  LARSEN & TOUBRO LIMITED  WILLCOX (BUCKWELL-INDIA) LIMITED
P. O.Box 323, CALCUTTA P. O. Box 278, BOMBAY P. O, Box 289, NEW DELHI
P O.Box 66, LUCKNOW P. O, Box 5247, MADRAS New Colony, JAIPUR



The amount of traffic which can pass
over a road made with Mexphalte or Shelspra is

enormous and frankly incalculable,

Mexphalte

lasts and lasts and lasts and so does

Shelspra

'......BURMAH-SHELL FOR BETTER ROADS..... i

- - .

The Barber-Greene Travel Plant sets
the standard all over the world for the
higest quality bituminous or stabilized
“mixed-in-place’ inaterials for surfacing
roads, city streets, airport runways, etc.
Besides reducing the required labor
ferce, the Barber-Greene Interlocked
Proportioning and Continuous Mixing
process reduces material costs.

Only in the Barber-Greene Continuous
Mixer is the ratio of aggregate to bitumen
mechanicallyinterlocked.The volumetric
proportioning is calibrated by weight,
the ratio set and locked, and the entire
job run with interlocked proportioning.
The Barber-Greene Travel Plant consists
of two simple units ~the PORTABLE B-G

vii

er<Greene

TRAVEL PLANTS

Build Better Roads Easier at
Lower Cost

Minimum Equipment—Easy to Operate

Mixer and a B-G Bucket Loader. The
Loader, towing the mixer, picks up
the aggregate, which has previously
been placed in “windrows.”” The ele-
vated aggregate is fed into the mixer
hopper by the Bucket Loader.

The desired ratios of aggregate and
bitumen, mechanically interlocked for
positive proportioning, are fed into the
twin-shaft pugmill for mixing. A con-
tinuous stream of uniformly coated mix
is discharged behind the plant ready
for spreading with petrol grader or the
Barber-Greene Finisher.

Literature for a compiete understanding
of the principles and results is available,
Write to:




MILLARS’

MACHINERY

Concrete Mixers—Tilting and non-Tilting Types.

Asphalt Mixers—for Hot and Cold Mix.

Roller Pan Mixers—{for Mortar,

Diaphragm Suction Pumps—for effective lift up to 25 ft.

Self-Priming Pumps—for handling Seepage at lowest
. possible cost.
Tower Hoists—for speedy construction.
Wellpoint Pumping Equipment—for dewatering, the only
successful method of combating running sand.
Merton Overloaders—for loading in limited space.

TIMBER
HARDWOODS - SOFTWOODS - PLYWOODS

MILLARS’ TIMBER & TRADING CO., LTD.

(INCORPORATED IN ENGLAND)

Victoria Bcuse, Victoria Road, Bombay-21.
Telephone: 41077 Telegrams: JARRAH

Dranches and Agents throughout the World, .

\ success Merton Overloaders are now

8 8 ]

CALCUTTA

STRUCTURAL STEEL WORK.,
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.,
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New Features for the Merton Overloader

After two years of suecess in Britain
and in the 22 countries to which it has
been exported the British made Merton
Overloader now has several important
new features. As a result of this

being exported to the United States of
America, Canada and parts of South
America. The sole concessionaires in
the United Kingdom and in the Americas
are Mackay Industrial Equipment Ltd,,
of Faggs Road, Feltham, Middlesex,
who tell us that thisis the only Dritish
congtruction equipment now  being
exported to the U. S, A,

The bucket of the new Merton
Overloader, Mark V, has a capacity of
1 ¢u. yd. and covers the full width of
the front wheels of the tractor. This
eliminates any tendency for the front
wheels to ride up on the material being
loaded and also greatly increases the  Tle tm proved Merton Overloader—the only
efficiency of the machine when  British construction plant being exported
excavating. . | to the U.S. A.

The digging depth of the bucket can be adjusted, simply by the removal
and replacement of two bolts, to any position between 2 in. above ground level
and 4 in. below ground level. The adjustment to 2 in. above the horizontal will
simplify the operation of the machine when it is loading a stockpile on uneven ground
when it is important that water or foreign matter from the hase should not be
nmixed with the material being loaded,

The discharge height of the Merton Overloader is now variable. A small hand
wineh, operated by one man, raisas and lowers the overhead structure of the machine
by extending and retracting the telescopic rear upright members so that the hucket
can he discharged at #ny height from a minimum of 6 ft. 11 in. to a maximum of 11 {t,
2 in. To change fro.n minimum to maximum discharge heights takes only three
minutes and entails the removal and replacement of only four bolts. The reach of
the Lucket, that is the distance from the inside edge of the bLucket when in the
discharge position to the rearmost part of the tractor (the tyres), is 3 ft. 6 in. when
in the minimum discharge position and 2 ft. when in the maximum discharge position.

From the minimum discharge position the overhead structure can be lowered
still further to the travelling position giving the machine an overall height of
8 ft. 5 in.

An enclosed cab is now a standard fitment on the Merton Overloader. It is
Zconstructed of heavy gauge sheet steel and fitted with toughened safety glass
windows, which give the operator excellent all round vision. The turning radius
of the Mark V Merton Overloader is the same as that of the Mark IV-—17 ft. 6 in.

A light materials bucket of 1 cu. yd. capacity is availalle as an optional extra.
Other optional equipments are a 6 ft. 9 in. bulldozer blade and a one ton capacity
crane hook attachment,

The Merton Overloader of course, docs not turn or slew, it shuttles backwards
and forwards in a straight line hetween stockpile” and lorry. The power unit is the
Fordgon Major diesel engine.

The complete cycle from loading the hucket to discharging and back to loading
takes 15-20 sec., and during this time the machine can also travel hackwards and
forwards a distance of twelve yards. It is claimed that it can load blasted rock at
the quarry face at the rate of one ton per minute or sand from a stockpile at the
rateof 5 cu, yd. in 2} minutes,
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Introducing—
Completely Revised and Enlarged New Third Edition of the

Best Selling Book on Indian Engineering
INDIAN PRACTICAL
CIVIL ENGINEERS’ HANDBOOK

The Standard Every-day Reference Book for P.W.D. Engineers of all Grades
The most complete work Ever Published on the Subject in India

Edited by : P. N. KHANNA, Chartered Engineer.

This book is packed with a vast collection of most up-to-date valuable
practical technical data covering the entire field of engineering problems
sncountered by P.W.D. Officers in their daily routine works, not found in
any other single Indian publication. Thousands of copies of this famous
book are in daily use of every grade of Engincer all over India and the
adjoining countries who have reviewed it as an Immensely Useful
and Extremely Informative Ready Reference Handbook.

Sections on: Civil, Structural, Sanitary, Highways, Bridges, Irrigation
and Electrical Engineering. All condensed in about 1,400 pages in
(fine printing) with over 300 illustrations and 230 design tables.

Cloth bound Rs. 18/- (plus postage Rs. 1{12).
ENGINEERS’ PUBLISHERS & ADVERTISERS
Civil Lines, PATIALA (PEPSU)
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CONCRETE MIXERS

ALL STANDARD SIZES AVAILABLE
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