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this versatii2 unit has proved so efficient
in practice that it is now used extensively
on the construction of new roads. lts wide
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Sinzle and 2-coat Asphalting (Hot
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It is well known that oup present system of roads were evolved from
ancient trials and cart tracks. Tt is by stage development that the .present system
of Highways has taken shape. Since the days when the motor vehicle first began
to appear on our streets and highways, the problem of traffic safety. has assumcd
great importance. The vehicles have been developed to exu:cmcly high c'apacmcs
for performance aid efficiency. But the element of hlglxwaw which these
vehicles perforce must use has not been quite safe and suitable for fast traffic.
Hence there has been a great need for traffic control. |

The traffic control will have to be two-fold restrictivc‘ measures and
constructive measures. The aim of the former is to maintain public saf?ty
until such time as the roads have been made st.ructurally safe. Constructive
measures should be much that the vehicles tra.ck is well adopth and arranged
for high speed without danger to public. Obviously the cn:np-h.asxs should l:'n:.on
engineering. Engineers, should not only have a ra‘ponsxblhty of pro\fu‘ix‘ng
facilities but also for arranging for operation and efficient u§e of s\,}ch fa.cﬂmes.
While highway Engineers arc applying themselves to improving highway
geometry, width, sight distances, grades and curves, they ha.we not been able to
play an cfficient role in enforcing restrictive measures mentioned above.

It is generally forgotten that the right of the pu_blic in.a Highway is an
easement of passage only—a right of passing and repassing. It is often seen that
even when wide roads have been laid pushfuli owners of properties have
gradually encroached and closed in on traffic width so that in and arou'nd
inhabited areas what is called ribbon development have been take.n place, which
very much lessens the traffic capacity of such roads. Then there is t‘hc probelm
of nuisance committed on the road. Nu‘isancc may be dcﬁncc'i, with reference
to highways as any wrongful act or omission upon or nea.r a hlghwz.ay whereby
the public are prevented from freely, safely and convcmcr?tly passing alon'g a
highway. The nuisance of most frequent occurrence a.\rc erections and excavations
upon on adjoining highway. Againitisa common sight thal.cowdung, or paddy
being dried on the highway, which can be classified as nuisance. Then there
is the cattle straying on or lying on highway. These are but a few examples of
the contributory causes for not having becn able ‘f’ x_nake the best use of our
highway. Extracted elsewhere is an interesing dcu?npu.on of .thc Condltl?ns of
our roads, by Mr. Hilton Brown, Retired 1.c.s., which is forcibly expressive on
the point at issue.

Therefore there is a great need for bringing about a comprehensive
legislation, which provides facilities for the highway engir‘yeers to control the _
factors which contribute to making the highway less c.ﬂicu'nt. It may bc of
interest to mention that in United Kingdom first Highway Act came into
existence in 1835. Ample powers werc vested in the surveyor to deal with t'hc
matters connected with the highway law. lt.is_ tin-lcly .that a comprehensive
Highway Act is.cnacted for the conditions obtaining in this Country.



Improvements to Ponneri-Pulicat Road
BY
Sri G. KRISHNAN,
Assistant Engineer (Highways).

Introduction

The village Pulicat, situated along the East Coast about 20 miles North of
the City of Madras, though at present contains a cluster of fishermen’s huts, has
got a history behind it. In the year 1332 the Dutch scttled here with the
permission of the Nawab of Arcot and built a fort called Geldria. For 400 years
Pulicat village was buzzing with trade activities with the foreigners and became
the envy of the East India Company functioning at Madras. With frequent
conflicts, the English finally captured the fort in the year 1795 and destroyed
the fort and the Town. What now remain are the remnants of the past. Since
this village can be converted as a minor port with the existing light house,
and the coastal traffic is contemplated to be increased by decpening the
Buckingham Canal which is passing through this village, there is every likelihood
that this village will raise as an important Coastal trade centre and it is fitting
that this village is given access by an “all weather” road by our Government
and the work was inaugurated by Shri M. Bhaktavatsalam, Minister for
Agriculture on 11th June, 1955 presided by Shri O. V. Alagesan, then Union

Deputy Minister Transport and Railways. The cost of the scheme was 7-01
lakhs.

Description

The length of Ponneri-Pulicat Road is about 11 Miles (3/8 10 15/0) of
which 3/8 to 9/5 is an existing metalled road and is a bus route. The reach 945
to 12/0 is also an existing road with laterite surfacing but it passes mostly

through water logged area due to back water of the sea. The third reach is

entirely a new formation and is one vast plain of back water area. During high
tide it is completely under water. It is said that there was road across this area
and due to Cyclone some 100 years ago, it was obliterated. Any how, no trace of
road was visible. The soil is porus with an admixture of soluble salts, silt and
fine sand. There arc marshy pockets hither and thither. Hence movement of
vehicular traffic was difficult and dangerous. So the main bulk of the work was
concentrated on the formation of an all weather road for this reach.

There are 20 unbridged water courses interrupting the road at various
points. Unless these cross drainages are bridged over, the road formed will not
be useful to a maximum extent in all seasons and so proposals were sancfioned
for constructing 6 culverts and 14 bridges at an estimated cost of about 5 lakhs.
Of these 5 culverts and 5 bridges at a cost of 3 lakhs are under execution and
the balance work will be taken subsequently. The formation of the road was
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i nditions of weather, especially the
March, 1957 despite adverse co 0 )
omlonl:cy havoc during 1956-57, unbridged crossings and mauh):, pockets in the
%on. In this article it is proposed to give a short “resume’ of the works
particularly the croes drainage works as executed on that road.

a%

i jous para, there are about 20 cross drainages on the

road a::r:mf:z?nlz:c: ‘:::xvxot nxl}?cns and these drainages can be divided into

namely 4/0 to 10/0 (2) 10/0 10 12/0 and (3) 12/0 to 15/1. The ﬁ_rst

thm:n wnc?su of cross drainage works among patches of dry and wet fields with

"“C] ‘con:toragt tanks to irrigate them. The subsoil ranges from sandy loam to

3“‘:’“‘]8 tic clay. There are five crossings in this reach at 5/1, 7/1, 8/4, 8/7 and

" "I)’ha‘s watc;- courses are mostly tank surpluses and act as supply-channels
?(fat.anks ;:Cw« down taking with them the run off from the catchment.

Hydraulic Calculation

i si 10/8, 111, 11/3
nd reach, there are six crossings at 10/3, 10/6, 10/8, ,
d ”11‘7‘ t}:lc'a!‘nclc(osu!‘plus!:s: Spills from low banks of Araniyar River .and surface
:ﬂ 'nagc.acoount for the main bulk of the water flow. The soil is chiefly clay of
rai

varying consistency and texture.

ird zone lies entirely withip the back watc.r a.rca of the sea. Here

there i.snl;:atl:}t,ilmlly no cultivation. The soil is.salinc with ult.y.';'ahnd ofa porus
(ture underlain by organic clay for a considerable depth. ere are nine
i in this reach at 12/4, 12]6, 13/1, 13/3, 13]6, 14/3, 14/5, |4'IG and 15/1.
::s::::;ings at 12/4,14/3 and 15/1 are balancing bndgu and four m?l{l, lstl}i;l,
14/5 and 14/6 are only surface drainages, the last two bﬂ'ng the r-.mt;’)I t:;’om e
Pulicat village. The most important of these are t!:e crossings across the two a:'mn
of the River Araniar at 12/6 and 13/6, branching off prior to consummation

with the sca.

Barring Araniar River, the other water ooursc_s are simply undcﬁf::i
shallow depressions carrying a wide sheet of water during the monsoon peri ;:
im‘ lying fallow during summer. Here .and there along the oourse, rn:ti)a‘d
are formed to impound water for irrigation purposes. The abm‘bmlc o S‘k

sen. defined cross section and uniform bed render it impossible to wor
boundna., rgc particulars by the usual method of cross section and velocity.
out the dth::cs di?;nrsv, the run off from the free cacchment as arrived at by
R d”:g? rmula and the calculated discharge from tank surpluses whcrcvS:r
e R e re taken into consideration, The area of the catchment basin
they occurred wch,v tracing the several water courses marked in the ordnance
was mapped out 7 than to be the ridge lines of the area. This procedure is
Map and mum::s absence of top graphical features in the map as the region is
adopted duc:;e s; The design discharge is then found out by the use of Ryvi's
-y CMH"; i u;us found out, the next stcp was to determine the lincar
formula. ::f its depth by using * Lacey’s theory of Flow in Incoherent
x;tcr"::}"‘ a b:ief acoount of which will not be out side the scope of this

uvi »

article.
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Lacey’s theory maintains that alluvial streams that meander a good deal
over a wide belt get regimented in course of time and acquire, by repeated
process of scouring and silting, a stability in such a cross section and such a slope
that the resulting velocity will be non-silting and non-scouring. When such a
stability occurs, the water course is said to have come to regime. In other
words, an alluvial stream carrying a known discharge Q would have a regime
wetted perimeter “P* or a regime widih “ W™, a regime slope “S* and a
regime hydraulic depth “ R or scour depth “ D, with the result that the arca
of cross section “A’’ and the velocity “V* will become fixed. In such a
situation, the silt factor “ J”* plays a decisive role in the relationship between
P,R,S, Vand A, Following are some of the relationships :

P=83Q} or W=gsqt o ()
. b .
R=HBQ0 el @
S st
000542 1 §
S = : o (3
Ql
V=o0m9Qlri )
-]
26Q8
A =220Q )
S

Normally for alluvial streams the regime width is adopted as the lincal
water way. But if circumstances do permit the linear water way “L* is kept
less than the regime width «w ", when the normal scour depth “D ™ will
change over to D, « D, ™, as given below ;

Pi=D ("IY) 0‘61 )

The following are the rules that are usually followed in fixing the
maximum scour depth.

1. One and half times the normal scour depth modified for the effect or
ry—When the course is straight with provision for a

2. Twice the normal scour depth modified for the effect of contraction

where necesmary, in case of bad sites with diagonal currents and multi-span
structure.

3. In cases of bridges where “L* js less than “W ", the maximum
scour depth obtained by rules 1 and 2 should be compared with the following
formula and the greater of the two values taken :

Dm = D (‘:) 26 (D
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where
Dm = Maximum scour depth
D = Normal scour depth
L = Lincar water way
W = Regimg width.
In fixing the depth of foundations the following: are the guiding
principles :
Erodible seils
14 depth of the maximum scour.

1/ 0" into rock or 2’ 0”7 into other hard stratum if it is met with at a higher
Yevel than the limits given for erodible soils ;

) Note : In both the cases, the soil at which the structure is founded should
have sufficient bearing power.

With these principles, the design of the bridges has bern made and the
design is described in subsequent paras. ‘
Design of Foundations
Undisturbed soil samples of the foundation soil were taken by the staff of
the Highway Restarch Station and suitable rwommcnda}nons were madcdl:y. the
Director, on the test findings. On the close perusal of the recommendations
(Annexure A), the following facts are clearly borne out.

i teat of the foundation soil is nearer
() L the natural m'ou'm{c - i ble condition
ic limit than liquid limit it can be taken as a avour'a
o Plai:“;'orm:);)en foundation with footings, whose bottom wndth.should, of
::n?r‘:e be spread out to commensurate with the bearing power of soil.
¢

(b) If the natural moisture content of the foundation :fo.il is nf:arcr to
liquid limit than to plastic limit then it is an unfavourable condlt.lc?n, su;c:)l :_h;-
soil will be soft with low bearing power. 'In such cascds provision o b oc
concrete would distribute the load on founfiauon over a wide area s0 as to ring
down the stress on s0il well within its bearing power.

i liquid limit are almost
the natural moisture content and the liq ' m
| th::)it‘:ll:ztcs the presence of excesive colloidal clay in the composition
eqm;x’ il and it is a sure indication of poor bearing power. .Undcr such
l tii:io’:s there are three courses to provide a stable foundation :
con 3 open

1. To lay block c(;ncretc over a sand cushioning of adequate dept‘h to
dispcrsc.thc load over an area which will be sufficient to kecp the stress within

safe bearing capacity of the soil.

2. To go in for well foundations and
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breaking of pile head. Then the hammer is operated to deliver blows that
drive the pile into the ground.

Observations have been made and recorded of the behaviour of sinking
of piles through different stratum of soil. These observations can bhe seen as
Annexure D. The bearing power of a pile is interpreted from the average set
per blow for the last 10 blows. Therc are several empirical formulas in vogue
to deduce the safe bearing power of a pile depending on its weight, weight and
drop of hammer and the average set per blow. The resistance of a pile due to
soil friction against penetration is not the only creteria for resting a pile. A pile
has to go down sufficiently decp into the ground well beyond the.range of scour
depth, so that the surrounding soil will develop the requisite frictional resistance.
Also if the set for the first few blows when driving is recommended after a few
days differs from the set at the end of the first driving, the ground is likely to
alter its resistence with time and so, much reliance cannot be placed on a
dynamic formula. So the results obtained from a formula can only be taken as
a rough guide and the ultimate bearing power should however be vouchsafed
only upon conducting a load test. This argument can be verificd by taking the
use of two such formulas on the data from bridge at 12/6. '

Data

Test pile, length, size and weight 20 ft. 12°% 12 and 3000 1bs. Weight
of gravity hammer used 2240 1bs, drop of hammer 3’ 0*

Average set for the last 10 blows : 1/6”,
Total No. of blow delivered to drive the pile : 404.

L. According to the formula given in S. S. R. B. (1005-13).

P = _2WH Where P Safe bearing power in pounds
- s (H_-!V_g) W Weight of hammer in pounds
w H drop in feet

Wy weight of pile.
S Average set for the last 10 blows

in inches.
2x 2240 x 3
= ij6 ”(i*;‘*‘m') = 153 Tomns.
2240
2. By the simplex formula U  Ultimate load
N HW — N Total No. of blows 10
U = Xy 20 ¥ L drive the pile
L™ 1+p 50 L length of pile in feet
H Drop in feet
P penetration for last blow
W  Weight of hammer in
pounds.
Ix240 70

20 X 1 % - 32'8 tons.
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Since the soil through the pile was driven is soft, a factor of safety of 4
is adopted and hence the safe bearing power will be 8-2 tons.

The variation between the two results is apprcciable.. No definite
equation has yet been evolved to put into exact ma?hcmat\cal terms d.xc
o hip between the sinking of the pile under a static load and a kinetic
;‘:::::: l(;]:d This will be further evident from the results of the tests conducted
h .

in the bridge works in 12/6 and 13/6.

The design load on each pile is 10 tons. Accordingto 8. S. R. B. 1005—1.3
the test load should be twice the design load and after 48 Hours of Static

application of this load, there shall not be a settlement more than 1/4°.

i t 12/6 the actual load placed over the test pile was 22
ln]'l:jcyt:ir:}? 8: ‘:g;ti:lly i'abricatcd platform and after 48 hours there was
o eetlom ¢ at all. According to the formula asworked out earlier for the same
“f; sﬂ:}:ecml::aring c;apacily is only 82 tons which proves the statement made
ile,
Zarlicr. .
ini e test load was conducted in two stages on the same
i ’I,‘\hga;:r:;‘d:::!fs t:: l;‘;tu;)ilc was 20 feet. The first stage consisted of drivir:g
pile. ?l to the required clevation of 67:50 when the average set was 1/2%,
ol lﬂ“'pllc the empirical formula No. [ gave a safe bearing capacity of 7 tons.
Acco.rdmglly ce for the extra frictional resistance due to the length between
e ot\:,milc at the designated level and the top of the loading platform
}l‘!c - Of'thet ‘:ﬂhich will be uncovered while laying capping slab) a test lo_ad
(i, the helg applied. After 48 hours a settlement of 1'8” was observed which
of 2772 l.0ns i ?;llowablc limit. So the pile was driven to 4 feet lower, when
was far in cx6c & 0-2° per blow. As per formula 1, the safe load worked out to
:)llcl*;";':ng: 'src}‘levi::l load of 27-2 tons was applied and no settlement was observed

after 48 hours.

The behaviour of the test piles in different soils as recorded in these bridge
works can he clearly seen from the observations enclosed.

Conclusions

i i have endeavoured to present 2 glimpse of the
i o stl;o;o:nr:rcil-‘;;n:ical Road, some of which arestill in progress. Of
improvements ny works progressing in our State bigger in magnitude and
course, ‘!'Crc :;e ma mybut one special feature of the works on this road is the
m‘Odcm "‘ tc' qu marshy grounds on which the foundation problem has been
i ‘C""“ﬂk‘]‘:’ It is my sincere conviction that in such cases, where open
succcssﬁ'.llly 1ac| " 'bc thought of, and well foundations will be highly expensive,
fo::;?;;?n:fca;'l‘: foundation is the only economical way especially for light
a

structures.

My grateful thanks are due to the Dir\—c.tor of High‘./vays Rcsca.rch S.tation,
ind d the then Divisional Engineer (Highways) Saidapet for.mQucmg me
Gu:)n-:salf;rm this article and for their valuable suggestions to finalise it.
to bri
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3. To have pile foundation with precast R. C. C. piles of sufficient

length and number and a capping slab over them for even distribution of the
load.

These aspects are dealt separately in a subsequent para.

(d) Where a structure is found on sand it is best to have block
concrete to withstand the adverse cffects of piping action.

(¢) Where a foundation soil contains a good proportion of granular
material like sand the bearing power will be good because of the internal
friction it develops. But if the soil contains more of plastic material like clay,
the internal friction will be very small and negligible and consequently its
bearing power will also be low.

Since the foundation soil met with in most of the cases has got natural
moisture content nearer to Liquid limit, suitablity of different foundations (as

detailed in para c-2 above) was investigated. It was found that adoption of pile
foundations will be most economical considering the quickness in execution,
cost and availability of the equipments and the same type of foundation was
adopted uniformly thereby considerable economy has been effected.

Choice of Spans

Due to poor condition of foundation soils, many proposals were worked
out from installation of Hume pipe of various diameter to R. Q. C. slab structure
and box culverts. Finally 10’ 0” spans of R.C.C. slab were adopted on an uniform
basis which proved very economical. Since these water courses carry no floating
materials, the free board of the span was not given as required in the standards
but was restricted to the extent that it would not create a hog-back in the
logitudinal profile of the Road.

A detailed drawing of the bridge in Mile 11/7 is given as Annexure (B)
which is representative of the typical design adopted for bridges on this Road.

Design and Construction of Piles

Generally there are two types of piles, bearing piles and friction piles.
The function of a pile is to transmit the load of the structure to the subsoil. It
can behave cither as a friction pile or end bearing pile, depending mainly on the
carrying capacity due to surface friction or its action as a column resting on a
firm bed. Friction piles which do not penctrate down to a firm strata arc not
very cffective unless they arc at least as long as the width of the structure thas
they support. A precast pile has (o be designed to satisfy the following conditions.
It shall be strong enough to resist the stresses caused by (a) the ultimate load
acting on the pile (b) the bending stresses during handling and lifting due to its
self-weight and (c) the dynamic stresscs produced during pile driving.

A typical design of a precast pile as used in these works is given in
Annexure C.
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* Pile Driving
In the cross drainage works on this road, two different methods of pile
. i ith a drop hammer and the
i were adopted. One was of simple type wi P

g:}l,:-nlgs a B. S. P. make with No. 2 Diese] hammer owned by the Department.
Of the two type judged from all points of working facility, the plant of the
latter type proved to be the best one and a brief description of its assembly
and its working will be of some interest to those who will be using such kind of

Plant.
The B.S.P. Make Plant

A general view of the plant can be seen from the skeleton drawing. It is
a light type designed for economy in operation and in transport and possesses
the special feature of being self erecting with the aid of its own winch.

The overall height is 35° 07 with a base of 14 0" X 9" 0. The ﬁ:amc c(:m-
sists of a pair of channels forming the leaders connected to another pair, which
together with the raking struts forms the back strut. The leaders are guycd
sideways. to the base and the frames are mounfcd on rollers. The to.\al weight is
72 cwis. excluding weight of hammer and cngxf\c. The ballzfst'rcqulrcd to keep
the plant balanced and steady while driving is 3 tons c.onsmun'g of san.d b.agsl.
Trackways for the plant to move on. rollers were [:;'ro:ndcd w’lth longntudfna
timber sleepers 0’8" X 0' 8" and in length of 80" to 10 0" each piece
connected together with an overlap of 17 6%,

The Hammer

Pilc driving is done by an engine dfivcn_winch. Of the th.rcc typcs‘ of
hammers in general usc, namely (1) Drop (gravity) hammer (2) §mglc acting
hammer and (3) the double acting hammer, the B.S. P. No. 2 Diesel 'hamm:;
is single acting but it can be used as a drop bammer also. The ha{nm.er is start
o qsi the ram to the top of its stroke on the triphook and tripping it to fall
:'),.);:l:,‘ ';i falling to dcliver its blow, the ram s‘llso compresses t%:c ai;.tra.p_]xd

bove the piston and the injected charge of the diesel oil to .thc pognt of ignition.
2 is returned to the top of its stroke by the expansion of its products of
Thc:‘:"on a.nd falls to deliver another blow and repeat the cycle .of
com u.sl continuously. This repeated action is found to be very effective
operanol;‘sc soil friction resists the penetration of the pile. When .thc
when u action is on, the hammer can easily be stopped by simply pullmg
auwma"cl'din block out of contact with the fuel pump tappet rod. An anvil
e ru_ctSL I:i with the hammer. It isa self contained unit and needs no
:(::rkn:]mgo:rcc of power other than the winch to lift the hammer as a

whole.
Operation
i i he plant as possible,
fes to be driven are usually kept as near the pl '
hat'[t‘:::y}:i: be within casy reach of the launching wire rope. After the pile

.so|:ois(cd and placed in position to the plumb, the :{nvil plate of t'hc Hamm?c’:
o lowered down to the pile head to press it. A cushioning pad of jute cloth
I:‘.Ok is placed on the pile head before placing the anvil to prevent edge
thic
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IMPROVEMENTS TO PONNERI - PULICAT ROAD 23

ANNEXURE C. -

Name of work: Constructions a bridge Acroes Araniar @ mile 12/6
of Puduvayal Pulikat Road.

C. S. at the combined stream at L. S. 1250 of the stream.

Sum of
OFL ‘ RL ] Diff. | fccesses m#::;‘ul Leagth Arca
A ) SRR S o B
92-58 1 or00 | 138 | 158 | 079 3 937
89-18 330 | 498 | 249 7 1743
8618 | 600 | 90 | +70 20 94-00
86:72 586 | 1186 | 593 10 5930
8688 | 576 : 1182 5-9]1 10 59-10
8708 ' 550 | 1126 | 563 10 55-30
8710 | 48 | 11198 | 549 10 54-00
87-40 518 1066 @ 533 10 . 5330
87-58 500 | 1018 | 509 10 5090
8666 5-92. 992 | +9% 10 49-60
8388 | 370 | 862 | 431 20 8620
8900 | 358 | 728 | 364 10 36-40
89.88 270 | 636 | 318 10 31-80
91.90 068 | 346 | 173 4 692
‘ i
| g i 144 65852
1 . i

H.M.D.R = A/P = 658-52/13400 =
R - 4914 R{ - 2217 n/(n) } = 0-025/2:217 — 0-01128
Using Kutter's formula c 41-66 4 0-00281/S + 1-811/n
T (4166 + 0-00281]S) n/r{
Bed slope S = 92:50 - 92:00/1250 - 0-5/1250 = 5/12500 = 1J2500 - 0004

N

By Manning's formula.- n = 0°025; r = 4-914; S = 0004
V = 1-486/n X r 2/3 S§ ~ 3-55 ft.[sec.
Discharge : 659 X 3-55 = 2340 cusecs or 2400 cusecs.

ii. Design of Ventway
H. F. L. 9200 ; Sill level: 86-00 ; Height of flow 600
Regime width by Lacy’s formula - 53 G§ 267 x 24004 = 131 feer.
Hence 10 spans of 10 foct clear cach are adopted.
Velocity developed in the vents 2400/9 X 10 X 10 X 6 = 4-44 ft.[sect.

‘This velocity is allowable. .

iii. Check for scour
Since the bed is clayey which is non erodibie the structure is safe against

scour.
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Pile foundation for the Bridge at 12/6 of Ponneri Pulicat Road

6000 25000 25000
Load under Pier :
Live load coming ) -
on pier - 12" 0" g 12'. 0
A B ¢

Pressure on B: 25000 + 25000 x 8/12 + 6000 x 1512

= 25000 + 16667 + 750 = 42417 1bs. = 18'94 say 19 tons,
For 2 lane roadway : 2 X 19 = 38 tons.
Dead load on pier :

Deck slab: 12 x 251 x 1-06 X 150/2240 T 2330
Wearing coat : 12 X 22-0 X 025 x 14:0/2240 - 413
Kerb: 2 x 12 x 1'5 x 1 % 150/2240 e 241
Hand rails: 2 x 12 x 100/2240 o 1407

30-92
say ... 31 Tons.
Weight of pier ;

1 footing : 29-50 % 45 X 1 X 140/2240 . 9296
I footing : 2900 x 40 x 1 x 140/2240 ... 81%
Above sil} 25:00 X (36 + 2°-0") 12 X 7 %X 140/2240 ... 3007
Capping stab : 30-00 % 575 X 15 X 1502240 e 17°25

' 63-772
sy ... 64tons.

Total downward weight : 38 + 31 + 64 = 133 Tons.
Horizontal load -

(a) Herizontal fosce due to water currents ; P = KAV?
Where K - 066 A = exposed area ; V = mean velocity
o A=BX (36 4+26)2=24 V=335
Therefore Thrust: 0-66 x 24 % 3-55! = 135 Ibs.
(b) Horizontal forces due to wind load :

P = AP: A: exposed area P: Presure due to wind
P. (12 X 2442 12 X 12{12) X 20 = 720 lbs.

il m oo o ao o g 0
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i i d to

S magnitude of the horizontal loads is very sxna'll ?ompuc
fbt;:‘ca\:/::?cal Ioald: and that the moment of inertia of the pxc.r in the corres-
:)l:):ld‘i)ng direction is great the effect due to horizontal loads on soil pressure on

foundation is negligible. )
111. Longitudinal force on pier is 5 + 012 X 12 = 6°44 Tons.
B. M. due to longitudinal force: 644 X 11'7 = 70-84 say 71 ft. tons.
Load on each pile: W/n + M/I where W is total vertical load;
n: : No. of piers. . ‘
M : Bending moment [: : moment of inertia of pile group.
Assuming a pile group of tyis shape.

- .27-25 -

. m O O 0O O O O o7

| a7
9

]

o

.l . : 16 X bd* 112 + 16 X 3:75%/2*
s ‘ .
= 16 X 1/12 + 56:25: 57-38 pile f1. .
Load oneacl: ;(ilc:/ : 133/16 + 71/57°58 = 831 + 123 = 954 = say 10 tons.
Which is piles much less than the maximum allowable load on concrete of
A
40 tons.

. o . ; imet

The arrangement of piles are effective since the bounding pcr. meter o-f the

il is 64 ft. and the sum of imeters of piles cet, taking the size of
pile group . pent f 64f k

pile as 127 X 12°

»l
 J
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Assuming that the length of piles is 15 feet, the piles remain in dark grey
sand of clay for 8 feet and reddish brown sandy clay for 7 feet.

(a) The bearing power of dark grey sandy clay is 0-72 tons unconfined
compressive stress: 0-72 X 1°5 = 108 tons.

Ultimate skin friction: Vu/2
1-08
2

Shear resistance : = 054 tons.

Allowable skin friction of the soil : 0:54/3 = 0°18 tons.
(b) The bearing power of reddish brown sahdy clay i 0-71 toms.
Skin friction against pile : 018 tons.

Capacity of pile group as suggested : Method [
Surface perimeter of piles for fi. 16 X 4 .. 64

sft.
Total shear for the top 81t : B X 64 X 018 e 92177
Total shear for the bottom 7 ft: 7 x 64 x 0-18 ... 8065 T
R Sefc base Joad : Bearing capacity X perimeter of
the cluster of piles: 0-71 X (27-75 x 475) ... 93-58 T

Total safe group load ... 26640 T

This is higher than the design load of 160 T and may be adopted ¢
Total load: P = 10 x 165 160 Tons P = B.A. + C. S.

bearing capacity of the soil; 071 tons/sft.
: surface area of pile group: 475 X 2775 = 1318 sft.

outer surface of pile group: 2 (475 + 27°75) % 15: : 975 sft.

v 0 o> o®

skin friction: 0'18 tons/sft. (A second factor of safety of 3 is adopted
for bearing capacity of il)

Therefore P: 0:71/3 X 131'8 + 975 X 0-18 = 3119 + 175.5 - 20669
(or) 207 vons.

This is just higher than the design load of 160 tans and may be adopted.
The pile has 1o be designed for 3 conditions :

(1) Load coming on pile.

(2) Load during driving.

(3) Handling stresses.

IMPROVEMENTS TO PONNERI - PULICAT ROAD 27

(1) The load coming on pile is 10 Tons.

The size chosen for the pile is 12”7 X 12" and the pile will be 15’ 6" as
required by the above design including anchoring depth:

Seress in concrete: 10 X 22409 X 9 = 276°5 Ibs.[sq. inch. which is safe.

(2) Since the pile may be lifted by 2 point method during the curing
period and 1 point method during driving preliminarily these two cases are
analysed.

Maximum Bending Moment for two point support :

= WL/4663 W = 155 X 150 = 2325 lbs.
M ’ L = 155 X 12 = 186 inches.

= 2325 x 186/16:63 = 9272 in jbs.
. . int lifting :
i Bending Moment for single point ting
Max;;“;mWLIB‘-i = 2325 X 186/23'4 = 18480 in Ibs.

of lateral reinforcement : 0°4% '
Vatue =12 X 12 x 12 X 0:4/100 = 6918 cu. inches.

Length of lateral: 36 inches.
Assuming a spacing of 6 inches, total fcugth : 2 X 36 = 72 inches.
Area of lateral road : 6-918)72 = 0-10 5q. inch.
Hence 3/8” dizmeter lateral at 6" can be used.
For the end two feet of pilc on cither side the spacing of 3 inches may be
adopted. .

Cast iron struts will be provided at 3 ft. intervals to prevent tcinforcc-
ments closing in while concreting. The piles w:ll be provided with drgeg ca.:t
jron shoes with M. S. straps 2" X 3/8" cast in as shown below. R. . pile
shoe itself can he used in the closer ties.

Plle Design Detail
.To be substituted for a portion of original Design)
Maximum Bending Moment : 18480 in Jbs.
1. K : 0357 .
o Kd: 0357 x 9875 = 3:526" ] = 0-88
Jd: 088 x 9875 = B:690"
Assuming f‘c: 750 Ibs./sq. inch. fs = 18000 lbs. per sq. in. .
Arca of steel required : 18,480/18000 X *88 X 9875 = 0°118! sq. in
H er nominal reinforcement of {” diamecter rods arc provided
.a. . . -
whcn one diagonal is horizontal during lifting.

case i.

8
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Assuming a first approximation the position of N. A, to be 315 inches
from the top corner. The distance will be verified by taking moments about
C. L. of pile of effective transformed areas in terms of concrete.

Particulars ! Area 8 Lever Arm Moment,
Concrete: § X 63 X 3-15 : 992 ! 64 635
Steel 15 x 196 2:94 +8 141
Steel 15 X 2 X *196 . 588 0 0
Steel 15 X 196 o 294 - 48 - 141
| I N
Total Po21.68 . 6y 63'5

. { !

Distance of N. A from the centre of pile: 63:5/2168 = 2:93 inches.

Since the difference is small this may be taken as correct. Moment of
inertia of transformed section about N.A.:

N2 bd* = 1112 x 586 X 2-93% 12
244 x 0778 2
588 x 55 ... 178
294 x 10-3¢ .. 812
Taal ... 504 inch.

Modulus of section for steel : 504/15 x 10'3 = 32623 in Behind moment ¢
18000 % 3-262 = 58716 in ibs. Hence safe.

Design of capping slab
Total load from pier: 133 tons.

Load per ft. run + 133/15 X 2 = 444 or say 4°5 tons.
Load on each pile: 85 tons.

Load.pet 2q. ft. of pile cap : 45/4'5 = |
Bending Moment due 1o piles 2 X 85 (8 x 375) x 2240 x 12
= 1,37,10,000 in Ibs.
Bending Moment dye 1o pierload : 4-5 x 1475 >2< 475
. X 2240 X 12 = 1,31,60,000 in Ibs.
Net Bending Moment : 5,50,000 in fbs.
Bending Momenton AA : due 1o pile: 2 X 85 (6 X 3-75) x 2240 x 12
= 1,02,82,500 in lbs.
due to pier loads: 45 (13 13)/2 X 2240 x 12 = 1,02,20,000 in Ibs.
Net bending moment : 62,500 in lbs.
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Hence the greater of the two i.e. 5,50,000 in lbs. is adopted :

1 2.75¢
Transverse Bending Moment : wig . -x—g——— X 12 x 2240

\ = 25400 in lbs,
Effective depth of slab required : /350,000/126 X 69 = 7-952 inches.
Depth of slab required from punching shear consideration under piers;
435 X 2240{24 X 75 = 5'599 inches.
do. above pile 10 X 2240/48 X 75 = 6322 inches.
Hence a total depth of 12 inches will be sufficient. ‘
Main reinforcement : 5,50,000/5:75 X 18000 X 87 x 7-95 = 0-7683 inches.
17 rod at 6* centres give an area of 0-883 sq. inches.
Transverse reinforcements @ 25,400/18000 x ‘87 X 7 = (0-2317 8q. inches.

The depth of pile cap may bc kept 127 with a levelling course of 6* thick
cement concrete

capping slab under abutment :
Live load (§ span) 19 Tons.
Dead load { spans 31/2 = 155 tons.
Weight of abutment

Bottom 1'41 ft: 270 x 57 X 14l x 140/2240 . 1369
Next 1'25 fi. 25:0 X (59 4 +6)/2 X 1"25 x 1402240 ... 4002
Next 834 ft. 250 x 0104 x 140/2240 vee 4154
Backing course 25°0 X 0-10§ X | x 140/2240 .. 1'%
_GTmsay 67 tons.

‘Total down wudv weight : 19 + 1553 + 67 = 1015 tons. say 102 tons.
Load per foot width. 102/27 ; 3-878 tons.
Looad per sft. 3.878/5'75 = 0-6744 tons.
Load per pile 102/16: 6:375 tons. ) '

i t due to piles: 2 X 63751 (8 X 3:75) x 2240 x 12
Bending momen . X 2240 .

due to abutment 3:878 X 13-53 X 13-3/2 X 2240 x 12 : : 9497000 in lbs.
Net Bending moment : 8,33,000 in lbs.

M . 7 PR .75 l 2240 8

‘I'ransverse Bending Moment : “ 12)8:: 6744 X 275 X : ”’25/0 e

fecti '8,33,000/ 126 x 29 = 9-788 inches.

Effective depth ¥V 8,33,000/ 126 X '

Steel required : 8,33,000/575 x 18000 X ‘87 X 9788 = ("4 sq. inches.

5/4’ rods at 5° centers give an area of 1°05 sq. inches and hence may be
adopted. .

Steel in }txr:nsva\:e direction : 17250/18000 X ‘87 X 9 = 1224 sq. inches.

209 in rods area 1'05/5 = 0-201 3q. inch. ]

‘;784’1'(:;1:“:: l;' centres give an arca of 0-22 sq.inches. and bence may be adopted.

The total depth of pile cap may be 12° A layer of th'ick cc. 1: 2: 4 may
be laid below to act as levelling course and for anchoring piles.
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Observations made during Driving of Test Pile.

Test Pile No. 2 without shoe :
Date of driving: 12—]__157,

Ground Level : 92-50
Name of the work : Constructinga Bridge ar mile 12/6 of Ponneri Pulicat Road.

Total length 207 2 o 200 0

Reduced Level 5 W [ 5 g . Average |
IR - F .= |penetra-  Nature of sof] )
From | To g-vs) 2 % * & tigln PeT pierced through Remarks
ow
I T —— . -
P05 | 9125 |9 e jgige, L. .
825 | 9075 s 6 | v
75 89.00 21 g | .
89-00 8875 B 27 - ; 1 l{g- Fine sand
875 ) 8775 1r g | 7 L6 ;
] i
| l
87751 8675 14 e | 6 )
8675 ) 8625 6 4 | " 1y |
025 875" g . | 7 6/7 |
875 | 8475 120 oo 1 7 | % !
el 875 a2 g | »op 8T !
875) 8325 6 3. | 7 |3 |
83.25 82.25 B 120 14 . 6' :
228150 ¢ o | 4" | l
3150 | 8075 g | 3 | 7 3 | Dark-Grey |
8075 | 7975 120 | 3. . - g F |
7975 | 79-25 - 6” 9~ " 3* Sandy-Clay ;
525 1825 1120 g | 7 2" i
B2 125 20 g | 7o iy
17725 | 7700 | 3 | o A
70\ 7650 | 6 | 3 | ¥ s
60| 7600 6 ! g | 7 - g
7600 | 7500 ' j2» 5 T 1 |
300 | 450 6 3 | 7 P ,
f i i
TR |
450 | 7425 1 30 | o0 o, - s ;
12 | 1395 | g | o3 U0 lgy i
DI 1350 3 ¢ ope |2 Iy ;‘
1350 | 1395 1 30 | G o | ¥ . ;
1325 | 225 |1 | ge T X | g
7225 | 7125 B A BV
7125 || 7025 | 1+ 42 3 I }* | Sandy-clay
7025 | 6925 | 12» | g5y. il ’
69-25 68.25 | 127 ! o+ | v 1/5*
68251 6750 9 |5 1 m | J
| 1
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Results of Observations made while driving Test Pile jn

ing a Bridge in Mile 13/6 of
the work of lel’ltﬂlc:ﬂ! ¢ Rosd.

. . Length of Test Pile : 20'0”
ht of Hammer : 1 Ton.
Weight o Weight of Pile 3000 Ibs,

! Readi "‘ Average Height of
s i Reading Total Penetration | Height o
Serial No. |y frer the last | Settlement  for each blow| Drop H. f ok

of strokes stroke in inches S.
T o . . T e
Date 57 ‘ ! 'i i
28--2—-19 |
o 0 0'—103* ,i 00 0 | 00 |RL.9100
1—10 I'— | 0—5} ©  0—5 1'—0:
11—20  1'—10" ’ 0'—6° 0—6 70
21—30 2y | o—4y° o455 21_5'
31—40 2—7° or—4” 045 L 26
4150  3'—}° 054" 055 | 27—
51—60 3—104° f 010 1—0 | 3:—()»
61—70 y-17 | 8y :2-95 ! 3’——0:
7180 = 8-9° | 3—2" .}fa 3'_0'
81—90  12—0" [ 3% 39 3—0
" l4—9 | 29" 3 g0 |
91—100 14 : > 5o
101—110  *16°—10" 27— 25 Y |
H0—120  19°—0" 202" 26 : 4’_-o~ i
121—134  19'—9° o—9 064 | 4’_o~
135—140  200—2}" 0'—54” 0-91 | ,_0_0:
141150  21'—1¢” | 0'—11 11 :_0’
151—160  21'—11° | 0'—9¢" 0.95 B
161—170 227" | 08 o.so o
—180 23—3" | 0—8" 080 | |
7 ' | q» 75 i ry v |
181—184  23—6° | 0—3 0— { -
185—190 ' 23’94~ 1! 0—34 - 06 ]1 -
195 | 24—0" | 0—2§" 05 P4 5
191—1 . 2 o | &
196—200 | 24'—24" | 0—24 P ¥ J .
201—-205 | 24/ 5 0—2¢" 05 | 4#—0" 'R.Lé
201— 240 |
|

!
{
!

H f }* per blow and a drop of 4 0~ the safe
N'B'_IFOI;I:, :i\c%rmp;r::nu‘xf;’ lit:aplcformula is 7 Tons. The Test pile was
oa

j . d a scttlement of 1°8” was observed
sl;bjccat:(iin?;r:al?:‘l" :«g 12147)35 0:: t?;; settlement is mOl‘cgtl;an the permis.
:it:f: limit, further driving was continued on 10—3—1957.
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\

Results of Observations made while driving Test Pile in
the work of Constructing a Bridge in Mile 13/6 of
‘Ponneri Pulicat Road.

Weight of Hammer: | Ton. Length of Test Pile: 207 0°
Weight of Pile 3000 (bs.

Serial No. af‘:‘;afh‘;‘!fwl Total p;}.liiiﬁfm Height of ' Remarks
of strokes atroke settlement ff\r each blow} Drop H. | cmarks
in inches S.
Date ‘ | '
10—3--1957 | '

0 L2411 318 0'—0" 0 00 ' R.L.ofthe
-0 25—l 017 01es oy Lrnpae
11—20 25—4" -2y 0275 4-0"  the pile face
2130 . 25—6{" 024" 0225 - forveading
31—40 25'—8¢~ 0 —2}” 0-25 -0 marked in it
4150 25—} 023 0275 gqr ) Yhile being
51—60 26"—2- 021" 0275 0
61—70 . 26'—4}" 0 -24" 0225 40!

71—80 | 26'—71 (-3 030 TR

81—90 | 2694 . 3y 0-225 Voo

91100 270" ('—2y- 025 -0

101110+ 27— o—24* 025 =0 |

H—120 © 27--4 | o'—13" o'\75 +—0 |

121130 © 27—6}" = Q@'—2* 0-20 4 —0*

131—140 | 27—8 gy 0175 ¥.—0"

141—160 277104~  0—24" 0125 0

161—170 = 28'—]~ 0'—23* 025 e

171180 | 283~ ' g—p- 0-20 vt R wer
181190 285" @2} 0225 ¥ after it
191200 2873+ gy 0-20 ¥t h“:h‘;”f::f'd
201210 . 2894 | o—z3- 0225 40" stroke 6350

N.B:—The rate o

F
is tagenrone of.

f settlement is seen to be steady with no appreciable vaniation.

urpose ozfc\'aluating the safe load. the average penetration per hlow

_2wh

0.2{1 L 30001 _ 3 x 2240

T 02x 2234

b)
8/468 = 17°1 or 17 Tons.

P
w

Sate load.

Weight of hammer | on.
H  Frec fall 4 0”
WP Weight of pile in pounds

3000 Ibs. S Penetration 0-27

112240

4

Censtructing a Bri

>

H

Date of Driving
12—1-57.

ANNEXURE - D

Test Pile No. 2 (without shoe).

Length of Pile 20’ - 0.
Weight of Hammer 1 ton.

e in Mile 12/6.

of Ponneri - Pulicat Road
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SANDY CLA
Lmt OF DROP 3.0° i

1434 NoisIa

waienT or oRoe 0"

ARK-QREY SANDY CLAY

FINE_ SAND

300
[ )
00|

SMO18 4O On

o5y -

0069

LEVELS THROWGH WHIGH THE PILE WAS DRIVEN.

00T
06-26 13431 aNOYD

L
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Construction of the Bridge across the
Kaduvayar near Nagapattinam

BY
Sri K. S. LOGAVINAYAGAM, s.k.,
Divisional Engineer. (H) Nagapattinam.

Synopsis

(The Bridge across the River Kaduvayar near Nagapattinam consists of
14 spans of 15° 11” cach, two spans of 15°.5", two end spans of 14’ 11" and a lift
span of 31" 10°. The superstructure of the bridge consists of simply supported

slab 157 thick over pier hents designed forJ. R, C. class A loading and 12" 0"
clear roadway.

An important feature of the bridge is the provision of lift span, between
piers 10 & 11. the first of its kind in Madras State.

The paper describes the design and other details of lift span. The
rectification of old wells previously sunk which were utilised for the construction
is also described).

Kaduvayar River and the location of the Bridge

The river Kaduvayar flows to the west of Nagapattinam town separating
it froma group of villages along the sea coast spread over to a length of
about 5 miles upto Velanganni. The villages were completely cut off from the
town especially during floods. Great inconvenience was caused to the villagers as
their fish and vegetables remained unsold during the times of floods. To some
extent villagers carried their produce by ferrics but this was inconvenient and
very risky being at the estuary of the river. Therefore as carly as 1938, construc-
tion of a bridge was proposed. The construction which was actually taken up in
1939 had 10 be deferred during world war owing to scarcity of construction
materials. The work was put on hand again in 1954. The port authorities at
Nagapattinam insisted that a lift span should also be provided to accommodate
boats and Dredgers 10 pass through. Hence it was that a lift span was ako
constructed to provide additional facilities.

e

During the original construction wells were sunk at 35° 10” centres and
abandoned due to war. To cconomise the cost of construction, it was proposed.
naturally, to utilise the abandoned wells. Consequent on the adoption of 1.R.C.
‘A’ class loading, pressure intensity of the foundation wil was found to be
inadequate to the onslaught of new loading adopted.
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The Well Foundation
So. w0 cater for the increased loading on the bridge thy existing spans
were halved and additional new wells were sunk~ between the old ones, The new
wells have reinforced curbs provided with cutting cdge of angle iron as shown

in the sketch.

| ¥4 pia. BOND
— m"i-— : RODS . 8 Nos.
v . »
N 5o LD o
* . ) >
“ s 40 T\l wErcurs.
» “ .‘
1 " _CEMENT CONCRETE
2'.9“ X ~1 (RENFORCED) \:2:4

“\-ANGLE. CUTTING
&DGE 4"x 4_" |’2'

CRrOSS SECTION OF

A WELL AT BOTTOM.

Fig. 1.

’ conduct load test on wells under piers 10 or 11 as these
s\ruclulr:-swal:a‘\)/:opt(:c?u;;)on the lift span. .As the ker.nlcdge required was of
itude it was proposed to take undisturbed soil samplf:s at the bottom
;z:vc:ltor;\ai!: well under pier 10 and 11 as near dfc well as posinble and to send
the samples for determining the bearing capacity at the Highway Research
Station, Guindv. . .
The soil profile at the site of the bridge c?nsms of silty satnd underlain
; ith an admixture of silt and clay. The son!f are d'ark‘grcy in colour anfi
by cla‘y e anic matter. The hydrometer analysis has indicated that thc. soil
ct::;:nc::’:r: of siltv sand with high percentage of sand in the higher elevations.
p Y

In lower clevations the soil contains higher percentage of silt and clay giving low
n

density values. It was also found that the natural moisture content increases as
ensity X

the depth increased. '
i ] i.e.. at R. L.--30-00 had given an
soil from the foundation level :
ltima;]cm;c;,ing capacity of 0-77 tons per square T‘t":ot, anc: 0 7?} t(}r;s :;:s :3:::
e i tively. net intensity o
foot for the 10th and 1lth piers respec nh::; The nettnscasity of pressure on

: | -ation (—30-00} ked ¢ :
5‘-’" o f:““i:: ,?o:l(c:x:(;:r new and old well respectively, adoptmgh a f?ct?,.
Ifls;:t,;'&o;;c?: quul it may be pointed out here that the dead load of the pier is
of sa .

h is 27 tons. Hence the
uftdm:n: c:r:?l); u‘)nglhc dead load, with the progress of _comtn;ct:z:
::::ld uhavc been completed gradually with t}?cblmnstmcnon of
structure and so furgher settlement may not be appreciable.
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However levels are being touched on the top of piers to ascertain any
settlement in the structures.

Pluggings and Capping Shb

The new wells having a greater thickness of steining have been filled with
sand for intermediate filling while the old ones were plugged with vitrified brick
jelly concrete (Mix. 1:3:7§) in cement mortar between top and bottom
pluggings. The boitom plugging consisted of Cement concrete 1:2:4in 14°
granitc metal for 4° depth, and top plugging with ceruent concrete 1: 4: 8
for 2. The capping slab over old wells have a width of 5—10" (the external
diameter of old circular well) while those over new ones have a width of 8’,
The capping slab over wells for lift span piers have a width of only 5—10* the
thickness being 22”. This slab was redesigned for additional load coming over
them due to change of brick masonry for the pier to plum concrete in cement
mortar (mix. 1: 3: 6; with 20%, plums of 6" granite cubes.

Sabstructere

To minimise the dead weight coming over the foundation, the usual
massive piers have been substituted by a portal frame, in the shape of two
circular columns, 2’ diameter and cross beam of size 3’ X 2’ over the columns.
The construction of these portal frames, otherwise called bents have proved
lighter and cxecution was also easy and expeditious. The abutments are of brick
masonry in Cement mortar.

The Super Structure

The superstructure consists of simply supported R. C. C. slabs 17—11"~
long and 1—3" thick with a clear span of 15°—11" The hand rail posts are of
size 6" X 77 X 2—7" The hand rails comsist ‘of 4 Nos. 14" Dia. G. I. pipes.
Provision has been made for the expansion of deck slabs by applying craft paper
over the top of the piers beforc laying concrete for smooth sliding. Furd?cr a
1/2" gap is given between adjacent deck slabs. The gap has been ﬁl_k.:d with a
mixture of chopped hump, bitumen sand and cement ina hot condition. The

mastic for premoulded joint filler composed of the following ingredients:

Very fine clean sand by wt. 609%,
Bitumen R—25 o 309
Cement - 8%
Chopped hump " 29

The roadway over the bridge provides for 12' clear passage between
wheel guards of size 1--67 X 1—-0°.

The Exocution Difficulties :

Besides the provision of a lift span the bridi seise-that
the construction had 10 be done all along in odd congi ODWW‘?
of the Bay of Bengal, being subjected to consf
weather in winters.
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Weather Conditions

The bridge being in the vicinity of Sea, special precautions had to be
taken in the construction for extra cover for all reinforcing steel 10 guard against
saline action.

Rectification of Old Work

In all stages of the work many difficulties were met with and had to be
tackled promptly and precisely. One of such things was the rectification of the
old works. Most of the old wells sunk over 15 years ago, were out of alignment
with much cant. The position of the wells should have been disturbed due 10
scouring. The well in down stream side in pier 10 was out of alignment for about
4+—6". The well was silted inside and embedded in earth for about 22 feet when
the island was formed. It took about 20 days to bring the well o its correct
position.

The Operation
The silt inside the well and the earth under the cutting edge on the higher

side was removed to minimise the dead load of the well and the reaction at the
bottom of the well respectively.

D BAGS wWRIGHING 4 TONS.

6O LAS RAILS 7 NOS.

PULLEY lLocv.s;
—— e
su—DTMGS WIRE ROPE e I .
FOR FIXING END FIXING h .z
wiNCH PuLLEY YOP OF SAND| 1 Iy lpuat roma! St
BLOCKS. FiLL - T WL
| II [' JGUNNY BAGY, .ll
Wl Peeeo w2
Jen Wyl Tsanp M )
CASUARNIA ! 200 :. hy 3
PILE ROWS | /I by " § !
DRIvEN FOR ll i ) -
FORMING e ,/ l'- 3o
ISLAND hy b h <.
USED FOR 1 I o
PIXING It ,ll/ PiER 1O N 2w
WINCH / I WELLS B Weu
LATER 1 |‘ L JUPSTREAM

RTIIIN LIPS ey
pown sTaean sidE 0 h.7

Iig. 2

By a Horizontal Pull

The top of the well was tied by a loop with a stout ship chain of 17 links
and this was connected to a two ton winch by a compound pully system as showp
in the figure. By this arrangement the mechanical advantage of the system was
considerably increased,”’
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Further the well steining having heavy reinforcement was broken to a
depth of 1—6* alround (which was useful afterwards for further steining) and
the reinforcement was used for anchoring and fixing 60 lbs. rails as shown in
the sketch. These longitudinal rails were again tied to cross rails by means of 14~
M. S. rods for stability. Over onc end of the longitudinal rails sand bags 100
Nos. were loaded to give a net cantilever action at 5° away from the higher end
of the steining (-¢., this arrangement gave a turning moment of 100/25 X 50:
200’ tons.

Jack Asrrangements

Apart from the above, the cxisting site conditiomwmfuﬂyutili?ed for
advantage. The adjoining well on the upstream side was already ﬁlled with silt.
This was used as a big struct backing vertically fixed to mpport?)ackof%ton
capacity horizontally arranged as illustrated. Necessary precautions were taken
not to disturb this well which was in its correct position. Only a part of the load
necessary to turn a hollow well under operation was transmitted to this well
through the Jack.

Alr Jet

An air jet with 3/4° G. 1. pipe 25" long connected with a rubber hose to
an air compressor of capacity 5 cft. at a maximum pressure of 200 1bs. was abo
operated. This air jet was applied very near the well steining on the higher
end to disturb the earth to give less skin friction.

To impart muesw to the hollow well wuhavery lhinlhe“,u'l.xs
struts, just reacting the pressures coming over the steining, were fixed to avoid
any cracking due to the undue stresses.

i ir } lied for
After making all the above arrangements air jet was.ﬁm applic
about five minutes to disturb the soil around thewdl. Thmltwasapph?don
the higher side. At this juncture the winch and the,)nckwcre opcraaqi.m“],
taneoualyandthiawcllbegmmmovctoiuoriglmlponuon. The jack of
20 ton capacity and the two ton winch with a pulley system gave.afmof
35 tons nearly for the rectification of the cant. The effect of the air jet could
notbcmmured,butitnilanlyhdpedwavoidanydtmgctothew.eu Itu?;
moved by 5° to 6° daily and Gnally it was brought to the correct alignment in
a safe condition. ,
A natural difficulty in the coursc of the work was the tidal condition of

. .I-”;zhewmiinghmmwpneﬁaﬂyl.ulfadgymd‘y_
*:erm::m had a serious detrimental effect on the islands formed for the

foundation work.
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Formation of Islands

About enc fifth of the cost of construction of the bridge had 10 be spem
. for the formation of halands for well fuundation and casting of capping slab.

Casuring piles 4* to 5° Dis. had been procured and driven in two rows to an
average depth of about 10 feet, The depth driven depended upon the depth of
carth filling requived for cach ialand. Generally casurina piles 20 feet only and
47to 5% dis. driven at one faot centres to an average depth of 10 feet in two

rows spaced 3 feet clear in paraliel was found to be sufficient 10 retain a clay fily
of 15 to 18 feet for about four wmonths.

The pile rows were again reinforced by mcans of longitudinal walings
27 10 3” diu, in two or three rowy, al} above or near the low tide fevel. Some.
times horizontal ties were also provided when the rows of piles were ncarest,
where the m=m|zm was likely to be heavy., To Bive a reasonable protee-
tion ta the tidal’ and wave actions on the islands formed inside the pile rows
casuring frame work with palmyrah feaves were fixed. Gunny bagy filled with

area surrounded by pile rows, Clay had 10 bhe conveyed from a long distance
and dumped into islands, The top of the islands were fixed at R. L. 1-50 just
above the normal high tide level befose and after the winter season.

Another difficulty encountered during the execution of the work was the
formation of islands from pier 11 10 picr §3. This portion was deeply scoured
and hence specially long piles from 25/ o 30 were ta be procured and driven to
enough depths in deep waters using boats and catamarans. Further carth filling
by boats had also taken a considerable time for completion.

Erection of Fallen Wells in Pier 11

During the heavy Hoods that swept on the 19th Scptember 1956, the two
old wells under pier 11, had practically fallen down horizontally on the bed
with a depth of water about 18 feet, on account of heavy scour,

The wells were filled with sils and were weighing about 35 tons cach.

The erection of these wells in patition with special derricks and skilled manipu-
lation should he specially wreated as an achievement.

There was a great difficulty in procurring suitable materials such as
derricks, wire ropes, chain blocks etc. for the erection of the fallen wells. Stou
and long wooden posts were considered suitable in thia case, because they could
give greater bearing area unlike stee) derricks which are generally heavy for the
section. Three casurina derricks 12° to 15¢ diameter and about 58 feet long,
a 20 tou chain block and a sex of erection materialy such as wire ¥oper Tanging
from 3/8% to 1{” dia. shackies, chains eic. were obtained on hire, Other tools
used were a 2 10n winch, a 10 1on winch and three boags.,

Before the erection of the wells was commenced the exact location and
positiva of wells were found ouc by expert sinkers and plotted on 2 paper.
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©On the paper the exact position of the legs of the derricks was ghio dc(em.\incd
by caleulation so that the resultant would fall within the base of the tripod.
The derricks were erccted. for lift one of the fallen wells in the form of a
tripod. The 20 ton chain block was hung from the top of the .tripod. Further
a pully block was also hung from the top to nxpplancnt_d:c chain block. A loop
formed of a wire rope 1§” dia. was hung from the chain block and the pulley
block. .

Yo PILE ROWS 10 wew unpae PIER 16

RING MADR OF

¥* DIA. M.$. ROC DENICK iafx [ -7

NELL UNDER LIFTING,

Fig. 3

1 ead of the well. "The chain block was

) wnmuchadmtbctop@’dofthiwell.', _ ;

o ugfm:p.pwm formed at an ‘intermediate height ,‘},,oft;hc‘tnpodjmt
gcove the high tide level. The pulley block was wovnd. with .wire ropes for
. ter mechanical advantage and was_attached 30 8.2 ton, winch, ‘supplement-
xthech;mbhckmhfungthcwe&wmlmpmlmuomd
d;emu,whichwuamd-edmamxoqmnchﬁmdwnh;m
;l;:dtopmqf A stout wire rope was wound mndthe'wc!l and atudxfad.;tq;a
wellofthe'PierlDahdhptfamsthemﬂ\gubemgnucd‘mkgepftmﬂ!:
nﬁedpmidmAringMeofSI4‘di&todmtbelhpeshowx}beloww‘_bo
luachedwthcwppaﬁmofupwdlm-peopmodnet?mmr%!m
pmdmm:ghamofowpkofloopconextherndctokeepg\ewen
without again falling dowa t0 the bed by anchoring the wing to the casuring, .
pile posts.




46 MADRAS HIGHWAYS

" Fig. 4

When the well was lifted the wire ropes were tightened or loosened as the
case might be. By gradual rise the well was brought to & steeply inclined positioo.
To ensure proper grip on the well in question when the top of the well was scen
above the low tide level for about one'foot four holes wore made diametrically
in the iteining at tbeﬁop“ﬂ‘hue‘da\fvm passed through with 1§ dia-
steel wire rope was passed thi the heles in the form of rings snd the rope
rings was sitiched ¥ the 20 FoR chein blotk?. The well was vertically: lifved by
the above mentioned wire/, rope hangers for about 6° fram the bed snd
horizontally pulled in proper directions by means of winches snd wire rope and
placed in position. .

Fixing of Erected wells

Casurina piles 5'!05"&“.25!030‘&“\'““‘“““&""
side of the well using the tripod. The top of the piles were kept nt the samnc
level and they are connected by horizontal struts diametrically. This arrange-
ment gave & good subport'to the well steining in the running water. The
erection of the ather well alio was done in the same way. When dace the island
around these wells were formed the piles driven in the wells were pulled out for
further addition of steining and sinking.

When the wells under piers 10 and 11 were sunk fully the gap between
the old wells measured longitudinally only 29 feet instead of 30 feet. The reasons
fa‘h;,m;gmbcducwthel‘onwia.‘m.
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# r WELL STEINING
4
Y ™ »
PILE 5 TO6
HORIZONTAL
PIECES.
Fig. 5
The adjacent portion of the river near the island for pier 10 had been

scoured deeply to about-20-00. Due to this the pile rows near the deeper bed
collapsed and the carth from the istand slipped towards the deeper bed with
the carth movement, the two old wells sunk only upto about-20-00 might
have moved laterally to some extent. Towards picr 11 a cant of 4% for 30 feet
depth was observed when the old wells in pier 10 were fully sunk. Further
there might have been some dislocation towards pier 10 when the fallen wells
under pier 11 were erected in position. Ultimately there was only 29 feet
between the old wells in pier 10 and pier 11 instead of 30 feet.
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Another View of the Completed Bridge
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Conscquent on the above the pier shape had-to be modified. Previoush
the piers 10 and 11 were designed with a base width of 56" and the top
width of 40" with, ecqual batier on cither side. Then the pier shape
was modified so that the clear span at R. L.-925 could be 31°-10° between
piers which span length had been adopted for the lift span. The base width
hence worked out to 4~10° the tope width being 4'-0”. The front sides of the
piers were given a batter of 1/12 and the rear sides were kept vertical, The

capping slab was also redesigned and the thickness of the slab was also increasd
10 227 from 18",

31 10" +1.28
! NHI I
po . +1.33
f 29.0

¢ CJ
PIER .|l | ®IER. j0.
Fig. 7.
The Lift Span

An unique feature in the bridge is the provision of a lilt span between
piers 10 and 11,

Details of Lif¢ Span

The lift span consists of four columns rach m
channels 107 X 34* placed facing each other providing a rectangular enclosure
and braced together strongly. The top of columns are connected by overhead
trusses. At the top of cach column is provided a oothed wheel of 2°-6~
about which is suspended the deck and the counter weights on the oth
chains passing over the wheel. The counter weights move up and d
the tower. The drive for lifting is taken from an electric motor, supported on a
platform in the over head trusses. The lift span can also be raised by hand
operation in case of failure of power supply. When electrically operated .lhc‘ hift
span can be raised fully in 40 seconds and lowered in 35 seconds.

ade up of 2 miled steel

diameter
er side by
own outside

Power Equipment

The power for lilting is obtained from a 3. H. P. A.C. reversible type slip
ring Induction motor of 750 R.P.M. which on account of its high initial torque
is best suited for operating lift spans.
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The Lifting Mechanism

The motor is coupled to a worm gear reduction unit and these two are
mounted one over the other on the central platform at the top. The R.I.’.M. of the
motor is reduced by 150 times by the gear unit and the f)utpul shaf‘t W}ll rotate at
5 R.P.M. The diameter of the output shaft is 2‘5". This shaft' which is t‘hc main
shaft is extending on both sides il the gear unit am.i flexible couplmg{s are
attached (0 it. ‘The main shaft is supported in the midway by.bcarmga. ’Is\e
main shaft drives two end shafts at right angle.s by level gearing. Tl]m flc\ ;-}
gearing is of hypoid typc and the gear ratio is 35: 10 so the cn: :‘ ha [.s
diameter revolves at 1+43 R.P.M. and are supported by' bearings. Both the \;lorm
and level reduction units are provided with thrust bearings to take up the thrust

developed during the drive in either direction.

Hand Operation

Hand operation is necessary when power supply fails. A dclachal'.)lc h:}::d '
wheel of 167 radius is provided on the off side of .thc motor. A;u;x;\(;ng i ;
one man can exert a force of 20 Ibs. on a lc\‘rcr with a spcei o w{" -~
developing about 1/10 of H. P. the time required for hfun.g the ;pan vl b
approximately 17 minutes for one man operation and 8'5 minutes for two m nZ m
operation. . . .‘

‘The toothed wheels are made of cast steel. The chain 'sits over the wheefol ;}*
touching only on alternate tecth and hence a slight jerky motion can be obse \/\
only when clectrically operated.

N

Fig. 8.

Counter Weights

teel boxes of size 18'-0" X 4'-0” X 1'-0" overall,
2: 4. Further cast iron balancing weights are
ing a load of 9 tons. When the lift span is

The counter weights are s
filled with cement concrete 1: 2 -
placed over the box the entire unit gF
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CONSTRUCTION OF THE KADUVAYAR BRIDGE 53

tn its raised position, the counter weights barricade the road way in the lowered
position. “The counter weight is painted in signal red colour for obvious reasons.

Guides

Four guide rollers are fixed at four corners of the lift span, rolling
against the web and  flanges of cach volumn. The guides are spring mounted
10 allow for temperature expansion and contraction of the members and to
withstand tractional thrust. The counter weights also are provided at both ends
with guides which engage trucks on the cloumns.

Baffers

At the lowered position of the deck the end lift beam comes in contact
with buffers facilitating the smooth landing of the deck. The buffer is of
synthetic rubber padding of size 147 X 14" and 5 in numbers.

Overhead Trusses

"I'he lateral bracings and longitudinal overhead bracings are of warren
type with the members consisting of 2§” X 24" X § M. S. Angles. The
hovizontal strut is counter braced <« N girder type consisting of
2}" x 2§" X }* angles, cormer bracings to withstand wind pressure due to
Rale at a speed of 60 Mile per hour was also provided. These bracings are

provided to give more rigidity 0 the corners.
\ [ CORNER
BRACING.

/
yd

3 6&
P co. BRAC
AN
ESENIRE PLAN AT TOP OF LIFT SPAN
s |
g #"’i : i SHOWING RNER IN
X )
is; 1:E i Fig. 9.
% '
u‘:r:.JLy’_{, ! N Further overhead trusses carrying platforms and foot Baths are provided
N for motor and operating men. A ladder is provided for operators to climb up.
bk =41 ]
f !| sal v | :
%-%': P 'Fhe decking for the lilt span consists of five main R. S. joists 22" X 7~
RaailE spaced at 3'-3° centres, supporting cross girders 12 X 57 at 7-0" ceatres. Over
= T the cross girder 67 thick timber flooring with a wearing timber track of size
L_A_".r. A V"‘“‘; 2N 36" x 0°-}" spaced 2’0" clear at the ceatre is provided. The main girders rest
N R, e
d‘—-@i% 1--.J
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on an end lift beam comprising of two R.S. J.’s of size 10~ X 5°. The total
weight of this part is 18 tons. :

Locking device to lock the lift span in position securely before traffic is
admitted to the span is provided. A 1” thick plate firmly anchored on to the
top of the pier and the projecting place has a slot in which a |°
inserted connecting the deck and the locking place.

Locking Arrangements

The counter weights are locked by means of four brackets projeciing out
from the column under neath the counter weights. The hrackets can be turned
otherwise when the lift span is to be operated.

pin can be

Automatic Limit Switches

Automatic limit switches are provided 10 cut off current at each end of

travel of the span and at such a point near the limit of the movement of the
span that it can come to halt.

The lift span provides a free board of 6’-8* above MF.L. (-360) for
the use of small boats. This is capable of a vertical travel of 14'-4* thus gﬂ},“i;.,z
a total clearance of 21'~0” for allowing big boaty and dregers. '

Approach Roads

The left approagh road has been formed mostly by conveyed earth with a
side slopeof 1 : 1 revetted with cement concrete slabs with lugs. Amixof 1:4:8
was adopted for the slabs from the point of, view of economy. The slabs with
richer mix were used for the revetment in bottom layer. The slab reveiment s
supported by a toe wall in cement concrete 1: 3: 6 of size 1°-0~ X 1'~0” in sec-
tion. The slabs are backed with unscreened gravel for 67 thick over the slope.

CEMENT CONCASBYE
REVETMENT SLABDS.
2'.0"x 2'0' 0. 4"
(:4:8)
PACKING 6" THick.
SLOPE 1/

TOE WALL 12°x12” o
(c.c.i:3:8).

Fig. 10.
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i ith 6 and 10 rows of 2°-0°

The htapmochroadhumoculvaum' and ;

diameter R."g:. C.pPipa to draip water fromthfsealmplngmg on the road in
winter seasons and 10 funcdmmlyubthnunguﬂveru.

Censumption of Materisls
It may be of interest wgivcsonwp-rﬁculu!mgnrding the ?Tf;z:
of materials in the construction. 425 tons of cement and 75 tons o ;»9‘ e
been used in the bridge in addition to 25 tons of steel and iron and 't tomar
timber consumed in the fabrication of the lift span. The cost of construction
the bridge is Rs. 5,38,000/~ -
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Design of Flooring :

112 THICK TIMBER TRACK LIN

MADRAS HIGHWAYS

APPENDIX

VERTICAL LIFT SPAN

e L
33 = 3‘-3‘—-?_-5-—3?3'—34:/
- 140"
TIMBER TLOORING /
Fig. 1.
Loads (1) Dead Load :
(Pl [
"= z‘o *‘1 -
] -
’
K45’ 45
| - 3‘-f -~
| ty"
b 3 —]
Fig. 2.
Self weight = 6/12 x 50 = 25 Ibs.[sq. ft.
Wearing surface = ixﬁ_l‘ﬁ X 50/3 = 417 4. ft.
2971 4q. ft.

Permanent Load factor

Dead load Moment

=92

“WL'x2 _2x12917
RS | Y ———n

= 739 or say 740 Ibs.

X 325 x 325 = 12
R
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(2) Live load :
15p00 Bs
L -]
' 3.25-
Fig. 3.
L. 25000 _ 325X 12
Max. B. M. - w4 = =3 X pi
- 121875
‘a
Fig. 4.
Total B. M. due to dead and live loads.
740 + 121875 = 122615 in fbs.
Max, strem M 12615 5061 Jag. inch.
Fibee " Z ~"Jex12x6X6 Ia

.‘.Thisisgfeunfemf«m«}dnhbnrmkwmdu

2200 Ibe.] sq. inch.

Design of Main Beam ¢

a———————————rl

31}

oo

6 rimsee

| L o e e

b b

Fig. 5.

- 3'
5mainbeam of 22° X 7"t ¥
Cross beams the load carried by each girder

i itiom shows below :
B.M. due to live loads will occur in the positon

ceatres are assumed with a number of
is sgmumed s ‘34 of wheal load
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25000

Fig. 6.
Max-B-M. = 6000 X 25 + 25000 X (65 4 15) + 13000 15
= 7500 + 3,75,000 + 22,500
= 4,05,000 ft. Ibs.
- 30
Impact o T4 =_73g_ =038

With impact, B. M. due to live load
® = 1'33 X 405000 = 4,48,900 fr. Ios, = 67,06,800 in Ibs
Fraction of a wheel load to each stringer = S

. 325
._4—5- t.e. 4.»5. . 0.7223

For onc main beam = 0:7223 x 1 X 6706800 — 24,23,000 in 1bs

DEAD LOAD MOMENT
Distributed Load :

Weight of Wearing Surface =2X /8 x50 = 125 Ibs
Weight of decking = 25 x 325 = 8125 |bg
Self weight of beam 75-00 by

Total Wt./sq. f1. 16875

———

WL 16875 X 34 X 3¢ % 12
BM = =g = = = 2,92,700 in lbs.
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2. Loads due to Cross Beam :
= 12" %X 5 X 32.

204 1by. ‘oa b 104 8. welbs 10418, 104 Ibs.
7'..'.__7'_‘ AR DU L U L
. - 34’ X
312 1bS. A2 Tbs.
Fig. 7.
Each load = 325 X 32 = 104 Ibs.
Max. B. M. = 312 X 17 — 104 (17°5 ++ 10°5 + 3'5)
. = 5304 — 104 x 31-5
= 5304 — 3276
= 2033 fr. lbs.
= 24336 in lbs.

Total B. M. duc to Dead and live loads = 24,23,000 + 2,92,70D + 24,336
= 27,40,036 in lbs.

M 27,400% T oo
2= % = Ixzw0 f:;,

s 22" % 7 R. S. J. giving Z = 152'4 is chosen, which is quite sufficient as
the different is only C. S. in 153 which is‘less than 0-5%.

Design of Ead Lift Beam :
Dead weight of the whole deck.
(1) Weight of timber flooring = 34 X 14 X 13 X 50 = 12600 Ibs.
(2) Weight of wearing surface = 36 X 2 X 1/8 X 50 X 2 = 900 Ibs.
"3 XIXNXHX2 g

(3) Weight of timber kerbs — 7% 12

(4) Weight of Hand Rails.
M.S. flat (17 x 3/8%) = 72 X 3 x 128 ~ 276°5 lbs.
M. S. channels (4" X 27) = 36 X 709 X 2 = 510°5 ibs.

(5) Weight of main beams (22° X 7) = 5X 36 X 73 = 13500 lbs.

(6) Weight of cross beam {2° X 57) = 6 X 13 X 32 — 2496 lbs.

32758 Ibs.

Allowing for reveting etc. total load on end Eft beam = 35,000 Ibs.
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’

._.__3.25’..&-.3-15—0-\“— 3'?.5"-9-[‘—31;"—0--

18"
1150048,
17500 bs.
Fig. 8.
Max B. M. = 17,500 X 9 ~ 7000 (6'5 + 3-25)

il

1,57,500 - 7000 %X 9:75
1,57,500 - 68,250
89,250 ft. tbs,
= 10,71,000 in Ibs.
z - M _ 1071000
T T 8% 2240

Two channels 127 X 3}" will give Z =7596* in and may be adapted for
end lift beam.

Weight of lift beam = 4 X 18 X 2637 = 1899 |bs.

1

- 59-77

Total weight of Decking = 32758 + 1899
— 34657 lba. = 1547 tons,
Allowing for reveting etc. = Weight = 16 tons.
Design of Courtes Weight:
Total weight of Decking - 16T
Weight of counter weights to be 5% less than the weight of decking.
.. Weight of each counmier weight - 16 >; 95 = 7'6 tons.
- 17,024 1bs.
The size of counter weight =130 X 36" x 1’0
= 63 cft.
Let volume of cast iron = X cuft.
Volume of Concrete = (63 — X) Cuft.
450 X - 140 (6 3 - X) = 17024
450 X - 140 - X + 8320 = 17024
310 X = 8205
X = 2647 Cuft.
Assuming height of C.I. Block = 2’
Width of C. L. Block - %‘3—}7—2 = 07353

882" or 9~
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DESIGN OF REINFORCEMENT

S 17 e
WW

Fig. 9.

B. M. = “; =7f’;‘" % 12 X 2340

= 4,34,000 in lbs.

Area of Steel reinforcement

_ 4,34,000
= 18000 x 36

“Therefore 4 Nos. }" dia. M. S. Rods at the Top and bottom are adapted
area

= 067 sq. in.

= 0196 X 4

= 0784 5q. in-
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LIFT SPAN ACROSS KADUVAYAR
Lifting Mechanism—Design Calculation ;
Weight of the Iift span : 13 tons.

The weight of the counter weights should be about 59
weight to be balanced for stability of the deck {Waddell).

leas than the

Then the weight of the two counter weights : 16 % ‘95 = 152 1ons

Power required for raising and lowering vertical lift span is in general
approximately 1 H.P. for every 15 or 20 tons of moving loads. This load
includes the weight of the lift span, counter weights and all moving parts

Asuming' total weight = 16 X 1 = 32 tons.

Approximate H. P. required lii = 213H.P.

Detailed Calculation for Power :

. Force required to overcome all unbalanced loads (Including
unbalanced chain) assumed as 59, of the " weight of the Ilifg span '
16 X 2240 x 0°05. = 1792 Ibs.

T e

2. Friction between guides and tracks taken as 15% of the normal wind
load on the vertical projection.

Area exposed 10 wind :

Main beam 36 x 227/12 = 66 sq. fi.
Kerb and flooring 36’ X 1/12 = 53 sq. ft.
Hand railings 36’ X 1/12 X 25 = 75 sq. ft.
Top rail 36* X 2/12 = 6 q.ft.

1305 5q. fi.

For ordinary operations a wind pressure of 2 Jbe, per 5q. ft. may be
assumed. But the site of this bridge being at sea side and assuming that the lift
span is to be operated in emergencies under a hurricane wind pressure of
30 lbs./sq. ft.

Wind load - 30 X 1305 = 3915 Ibs.
Therefore Friction - 3915 X 0°15 = 587-25 Ibs.
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3. Force required to acoelerate the lift span.

F = w;“=whm F — Force required in Ibs.
a Aocceleration in ft.]sec.
¢ W Total weight of all moving Yoads in lbs.
g Axxeleration due to gravity — 322

Assuming total cme for lighting 90 seconds.
Time for avceleration’ 2
Time for retardation 15 ,
‘Then time for uniform motion 35 5

Let uniform speed = X ft.facc.
Assuming average spesd during acceleration = -’21 = ftJsect.
and average speed during retardation X /2 ft.fsec.

20 X]2 + 55 + 15 XJ2 = 1433

us

2 = 1433,

x = 01976 fi.facc. say 11°9 f.f, minute.
Acceleration = 0'—32%35 = say -0l ft.Jacc. 2.
32 X 2240 X 01

Therefore Force required for acceleratien: 53 = 2225 Tbs.
. Total maximum force at the sheave rim = 1782 4 587425 4+ 22:25
= 2401°5 lba.
Torque = 24015 X 30-5]2 = 36,640 in lbs. = 3053 ft. lbs.
.. H. P. rquired at the sheaves = 2N3 "9 N = R.P.M. of sheave.
. _ 119 x 12
T X %03

i.t. 11°9 minuate.

2 x 119 x 12 X 3053
= =95 x 35000 ~ US6ZH.P.

-Assuming efficiency of worm gear — 509, and efficiency of bevel gear
759, , \
Motor H. P. 0:8862 x 100/50 X 100)75 = 2:3¢ H. P.

Therefore a 3 H. P. Motor may be used.
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DESIGN SHAFTS,
I. Main Shafts:

R. P. M. of Motor = 750.

Reduction through chain drive and work gear = }50: |.
. R. P. M. of main shafi Ilgg =5R.P. M. )

H. P. of the motor = 3 H. P.

Efficiency of worm gear 509,

Therefore H. P. transmitted by main shaft = 3 X i(sjg X4§=-75H.P.

Assuming diameter of shaft = 2-5 material mild steel.
Twisting moment in the shaft = ii——x.‘;___
2x N
75 X 33000
TN X5 = 788 ft. Tbs. = 9455 in lbs,
Allowing key way factor = -2
Twisting moment M =955 X 1'2 = 11,347 in Ibs.
Unsupported length of the shaft
e e

= 92°10 inches — 7-38 1.
. Bearings can be assumed at 6 ft. centres.

B. M. due to self weight of shaft = 2 ﬂa—'—

1653 X 6 X 6 X |
x BX X 12 = 8926 in Ihs. = M|,

Equivalent B M. = M1 + § VM2t M3

+ 4 X 8928 + } v 892-31 + 11,3471

1

47 + 4 V 12,93,80,000
Eq. B. M. 447 + } X 11390 = #47 + 5695 = 6142 in Ips.

M 6142 x 32
zZ

Stressduc to B. M, = - = “r X 253 =4000 Ibs./sq. in.

Considering equivalent Twisting moment Te = VM 124 M2 = 113990

11390 x 16

Shear stress due 10 Te =*—m5—3—

= 3712 bs. fsq. in.

<. The mild steel shafting with a safc stress of 6000 1lbs.[sq. in. can

be used.
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IL End Shafts: (a) Portion under the sheave.

5
R. P. M. of cad shaft = o — 143 RPM
75 9 _
H. P. of the end shaft = 075 X (o0 X § =35 = 0281 H.P.

_ . 0:281 X 33000
1W|l(ll\g moment : m

= 1082 in lbs.
! l
Keyquy factor 1°2 i ‘
1 |
<n M, = 1238 in Ibs. T, Ta
Vertical load on shaft — T, + T, Fig. 11
Weight of Deck and chaies + Fricsion + Tnertice force
Ty = - ¢ )
16 X 2240 + 960 + 5% + 2225 _ 3":"9 = 9352 Ibs.
= 2
ight of counter weights and chains
T, = Weghtolc :
152 X 2240 + 80
= - 4
34048 + 80 _ 34128 oo,
W =T, + T, = 9962 + 3532
— 17,884 Ibs.
WL
Max. B.M. - = 1788:X 1 ’ —
- ssesziate  P1E| [
Add for B. M. due to scif 8
weight = w
54,000 in [bs. Fig. 12
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Eq.B.M.=§M, +§ VM1 + M2

= ¥ X 63,652 + } V540007 4 1293

= 26,826 + § = 24140

= 26,826 + § X 54,140 — 26,826 + 27,070 - 53,896 in Ibs.
Assuming 3” dia shaft,

53,89
Max. stress (fiber) ~~:2_><_>§732. = 20330 lbs. sq. in.
Eq. T Moment ¥ M,? + M, = 53,660 in |bs.

53,896 x 16

Max. shear stress =
7 3

= 10,160 1bs.

Therefore N1 alloy steel with ultimate tensile strength
should be used for the portion of the shaft under the shean\?: o100 toms 1. .

100 x 2240

Factory safety = 053 = 11-62

For portion outside the sheave B. M. duc to self weight WL
: 8

=500 Var | _s0vy g
= 50 X 2:080} = 1040 = 87 1.
Actual = 8ft. ... gafe.
Portion outside the sheave.

Self weight = W = 23-8 Tbs. /ft.

238 x 8
B.M. - X 8)( 8x 12 = 2285in Iby.

Sq.B.M. = § M, + 3 YMI'+ Mo

—_—

= } X 2285 x> § § V2285 4 1238
= 1143 + § ~ 2599 = 1145 + 2599
= 1143 4 1300 — 2443 in lbs,

Max. bending stress = M - 2443 % 82
2 ~x 3

= 9215 lbs.fsq. im.

Therefore this is safe for mild steel.

Therefore the portion outside of the sheave may be M. S.

“3'
S‘w‘
CONSTRUCTION OF THE KADUVAYAR. ‘iamoz - 67
e ‘ . i
Hand Operating Machanism : e
In the case of failure of electric supply manual operation will be employed.

A suitable platform and ladder for the men to go to the top of the structure
will be provided.

Torque required at sheavea: 3053 fv. lbs.
Gear ratio from sheave to works: 3'5 X 50 = 175,

Efficiency of reduction = *5 X 75 = -375. 2053
Therefore Torque required at hand wheel 75 % 375 = 46°52 ft. lbs.

Assuming that a men will exert a force of 35 to 40 Ibs. (say 35 lbs.) on
a lever with a speed of 150 to 160 ft. per min. (say 150 ft. per min.) Hool and

465
Kinne page 177) Radius of hand wheel 3B = 1-32 ke

Therefore A hand wheel of 17 6” radius will be provided.

143 35 x 50
Time required for lifting by one men ———3XITX 16°7 minutes.

R. P. M. of hand wheel -———”’X = 157 RPM

A suitable platform and windless will be provided for hand operation
(Hool and Kinne pg. 177).

The Driviag Mechanism:
The main drive is from a reversible type AC slippering Induction Motor
of 3 H.P. and 750 R.P.M.

The reduction worm gear with chain drive reduces this speed by 150
times (worm gear ratio 50: | chain drive 3: 1).

Thus the speed of the main shaft will be 5 R.P.M.

The drive from the main shaft to the end shaft through the pinion and
level gear units at each end reduces this speed in the ratio 35: 10.

. 5 .

Thus the speed of the end shafts is 55 = 143 R.P.M.

Therefore the 305" diam. sheaves will revolve at a speed of 1-43 R.P.M.
which will give a peripheral speed of about 11°5 feet per minute.

Thus the total lifting height of 147 4° will be covered in approximately
90 seconds.
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COLOGNE HIGHWAY BRIDGE

This continuous plate-girder bridge, to be built over the Rhine, will
have a cable-braced center span of 990 ft. and a cable-braced end span of
494 ft. Since this bridge is still in the planning and design stage, and since the
City of Cologne reserves the right to first publication of details, only general
comments follow. Erection is scheduled to start in the spring of 1958, and
presumably the bridge will be completed by the summer of 1959.

Interestingly, this bridge will have only one pylon-on the cast side of the
Rhine. (The Author was informed, while in Cologne, that local 1owns-people
revere their famous Gothic cathedral (Dom) so much that it was required that

all river passengers must have an unobstructed view of the beautiful Dom).

The bridge will be chiefly of welded construction. Field joints of the main

girders will be riveted, while the deck plate (belicved to be- orthotrope design)
will be field welded. The weight will average 84 psf.

The superstructure is estimated to cost about 16 million DM (3-8 million).

Design of the bridge will incorporate the latest techniques, with principal
consideration given to reduction in steel weight.

Gutehoffnungshuette Steskrade AG Oberhausen—Sterkrade will head up

this project.

—t En‘i”“"'" News-Record ™',
November 7, 1957.

COLOGNE HIGHWAY CROSSING wiLi B A cABLE-
BRACED, CONTINUOUS PLATE GIRDER BRIDGE WITH CADLES
EXTENDING FROM ONLY ONE TOWER , AN A.SUAPED PYLON,

v

—+
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The 1958 Annual Session of the Association of Madras State
Highway Engineers will be held on 21st and 22nd June, 1958.

The members are requested to fill in the form appended below
and send the same to the Secretary at an early date.

I,

1\}‘ Dear Sir,
e (i) I shall be attending the Annual Session (]
(ié) 1 wish to join in the following :

Lunch on 21—6—58
@Rs. 2/- O VEG. (O NON-VEG. O

Subscription dinner on 21—6—58

@Rs.6/-0 = VEG.QO NON-VEG. o_\
Excursion—Transport & Tea on 22—6—58 Q

@Rs. 2/- O Q

(iii) I enclose Rs............. by P.O.0O '
. M.O. 0O ,
Cheque O
Yours faithfully -

& ) ‘ ’ Member,

ASSOCIATION OF MADRAS STAYE
HIGHWAY ENGINEERS.

RO NO. et

Note.—Please fill in the gaps and tick O where applicable.




ROADS AND TOURISTS

“The first thing that must strike any commensense motorist in Soutl
India to-day is the appalling waste of public money incurred in modernising
our roads, treating them with concrete and tarmac for the benefit of the fast
and heavy traffic of our current civilisation. 1 am not saying this work should
not have been done—of course it should have been done. Sull e am [ saying
it has not been well done—most of it has been excellently done. Where the
wastage comes in is in doing it and then annulling it—or allowing it to be
annulled. What, please, is the use of spending uncounted crores in order to
make these roads suitable for fast traffic and then allowing them to be so
bunkered and blocked by -pedestrians, and by livestock cither unattended or
attended by herds who have no intention of herding, that the safe imum is
brought down to the 30 m.p.h. for which 2 travelled surface would have
surfaced? So that driving on them becomes a nightmare and 2 man calls

himself Jucky to have got home with the dcﬁlh of only a pig an his hands and
not that of a child ? . .

That he will have the death of something is a virtual certainty, One can -

thread one’s way through a mossaic of goats, donkeys, bullocks, buffaloes for a

time but in the end, sooner or later, the predestined victim makes the fatal leap.

Nor are these by any means the worst : in fact, I notice that in the course of the

twenty odd years since 1 last did much motoring in India these animals have

learned a certain amount of road sense, But Momo' Sapiens has learned nonc,

all he has done is to increase his numbers five-fold and his Ohﬂﬂ‘lclivcn o8

considerably. He does things which no human driver could predict and from

the consequences of which ne human driver, without luck and the grace of God,

could save him. 1 plead guilty, on these terms, to hnvipg knocked down and in jured

onc woman in the course of some 30,000 miles—and Heaven alone knows how it

was not on¢ hundred or one thousand. And oh! the homing and homing and

borning and the snatching at the brakes and the cursing and shouting on.
what should have been—for the money spent on it—a fine fast enjoyable piece:
of open road.

Now I am convineced that all thisis quite unnecessary. There must be
laws or by-laws in existence making it an offence to obstruct the highway,
whether with your goats or with your fool self. They only netd enforcing. But—

ITEMS OF INTEREST 71

discipline and democracy again—nobody does it. A few Police cycle-
patrols armed with nice whippy stinging canes a posse of village
servants shoving the malcontents to the margins; a score of sharp
sentences, for straying unattended livestock ; in short, half a dozen orders and
the ecnergy to carry them jout—these would do it. Even with the powers T had
thirty years ago I would guarantee to show, on any given road, a vast
improvement in six months and a complete clearance in twelve. It can be done
and easily. But—democracy and discipline—everybody must do just as he likes
and blow everybody else.”

—<¢ The traveller in Soutk India>, Hilton Broun,

Extracted from Hindu.

SITE FOR PEENEMUNDE (A ROCKET RESEARCH
STATION IN GERMANY)

“ A more secluded station was needed, where experiments could be
carried out more conveniently, safely and secretly. In addition to the succeasful
development of the new weapon, the problems of manufacturing it on a large
scale were envisaged.

Von Braun searched for a suitable phce, and his relatives recommended
Peencmunde, a lonely region around the mouth of the river Peene in the Baltic.
“The low land was split into several islands, and covered with marsh, heath,
bilberry bushes and pine woods. The siteswas not casy to approach, and instal-
lations could be camoufiaged in the woods. Missiles could be discharged along the
Baltic coast, where they could be kept under observation, up to a distance of
250 miles. ’

The plan for a rocket establishment at Peenemunde was approved in 1936.
Before the evening of the day on which it was authorised, the site had been
purchased for 750,000 marks, or ahout £ 58,000.”

—Extracts from « Science Unfolds the Future™
By J- G. Crowther.

Alas! The Highways Rescarch Station Land Acquisition was proposed
during 1951 ; but still it is not completed !



If Graders were .
given Grades...

Galion Motor Graders would assuredly be at the
top! For these are the Graders which combine power and
punch to overcome the severest obstacles i any
type of grading job and to complete a givan job with’
remarkable saving in time and money.

Proof? Ask the men whe operate theséd
rugged, dependable machines at any of the
following projects :

MAH! CANAL » KAKBAPAR o GHODWEIR + CTHAMBAL
MADRAS HIGHWAYS « HINDUSTAN STEEL « KORSA
COLLIERIES « TISCO EXPANSION PADJECT « BHILAL. ..

There is a Galion Motor Grader to serve every need.
Models range from 50 H.P. to0 190 N.P. Remember, Galion
Motor Graders in India are backed by Valtas'
unrivalled service and spare parts organization,

7

VOLTAS LIMITED ‘ - \

SOMBA CALCUTTA #ADRAS i S
W .
WEW DELHI SANGALORE LUCKNOW

ABAG COCHIN :scuul?nm .




Saving Costs

[} ’ /

o
On economic grounds alone, Philips Gas Discharge Lighting
for streets are more than jusutica  They give the maximum
light output for the current consumea  But. what 15 more

Philips Gas Discharge Street Lighting means increased satety
ana fewer road casualties.

s ¢ 00 008 00

Full details on request :

2%

¥

PHILIPS INCIA LIMITED

LIGHTING SERVICE BURCAU

Madras o BombdY o Deih . Lucknow o Kanpur o Patna . ~
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BARBER -
ROAD BUILDING MACHINES

&
ey

Bituminous (Black Top) Mixing
and paving equipment. 5 tons Hot
mix to over 200 tons per hour
capacities. Mobile 804 Mixall for
Hot or Cold pathwork and small
job paving. Finishers, Ditchers
Belt Conveyers. ’

WINGET

Concrete Mixers, Tilt and Nonp.
Tilt Mixers, Store Cruchers,
Granulators and Vibrating Screens,
Non-Tilt Mixers of 107, 14/10 &
21: 14 cu. ft. capacities Also Tile-
ing Mixers of }v’2, 513}, 7/5 and
107 cu. ft. capacities,

ADAMS 660

Motor Grader

The World's most powerful grader — does—,
upto 30,

ofMore work than any other grader.

Available with 190 H. P. Cummins or G. M.

Diesel Engine. Other sizes available —

60 H.P. 80 H. p. and {15 H. P.

WILLIAM JACKsS & coO., LTD.,

sztional Bank of India Buildings,

First Line Beach, MADRAS - 1.
Phone: 3226,55129 & 55818 Grams: LIMPET
h-;

Bangalore Office:
Shaukat Buildings. Silver Jubitee Park Road.
BANGALORE.

wJZ-80

——

Building Mitials

The master butders of another

% day built even better than they
knew. The rtempie towers built

Q} of stone and mortar which stand
Q aloft even 20-day are a permanenc

wribute 1o their proved skiM.

SANKAR BRAND

PORTLAND CEMENT

And to-day
SANKAR BRAND PORT-
LAND CEMENT stands out as
an idecal buriding materiat for

all structures  combimng
Soundness, Strength and
Stability It 15 a2  concrete

IINEBENER|

R

comphiment to modern des:gn
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