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SYNOPSIS

The New Kelani Bridge is a reinforced concrete structure
spanning the Kelani Ganga approximately half a mile upstream
of the Victoria Bridge and two iniles from the mouth of the river,
This bridge which is the longest bridge in the Island is goo feet in
length and consists of 1o spans varying from 7o feet to 107 feet.
Tt provides for a dual carriageway each 2qg feet wide and two foot-
ways each 10 feet wide.

The abutments and piers which arc in mass concrete are found-
ed on cast-in-situ piles driven down to rock, the depths varying
from 63 feet to go feet.

The superstructure is of continuous beam construction in-
corporating three suspended spans. A natable feature in this.
bridge is the adoption of reinforced concrete roller and rocker
bearings.

INTRODUCTION

The first bridge across the Kelani Ganga was a pontoon bridge
which was also called the Bridge-of-Boats. This bridge was con-
structed at Grandpass in 82z at a cost of f16,000. It was 49q
feet long and consisted of 21 boats. For one hour every day the
road trathc was stopped to allow river traffic to pass, twa of the
beats being taken out for the purpose.




174 TRANSACTIONS GF THE INSTITUTION OF EXGINEERS, CEYLOXN

During floeds, this pontoon bridge was impassable and closed
to traffic and 1ts verv existence was endangered. It was therefore
decided to replace this by an ron bridge. The work on the new
bridge which is the existing Victoria Bridge. was commenceil in
1892 and completed in 1893 at a total cost of Rs. 503.272.00.

This bridge whicliis & wrought ironr structure of through givder
type consists of seven spans each 100 feet long. A roadway of 18
feet with two footways each 3 feet wide were provided.

Since the construction of this bridge the volune of traffic kept
steadily increasing particularly during the last Jdecade and the
increase has heen very rapil

There was heavy congestion of traflic on both sides of the
bridge as the bridge was incapable of coping up with the
volume of traffic and it soon became o serious hottleneck,

The other nearest available crossing was 4o railes from Colombo,
at Rarawanellu,

In 1954, the roadway on the bridge was widened by removing
the footways from within the bridge and providing them can-
{ilevered outside, in an attempt to case the congestion of traffic.
Thus the orginal roadway was increased from 15 feet to 24 feet.

The construction of a new bridge wuas mooterl as carly as 1932
but it had not heen possible to finalise the proposals on account
of the fact that the siting of the bridge as well as the length of the
bridge and type of construction was dependent on the schen.e to
he adopted for the prevention of floods on the Kelani Ganga. In
this connection several schemes including the construction of a
flood diversion channel had been put up for consideration.
Various proposals for the construction of the bridge to suit these
schemes were prepareil,

In 1944 it was finally decided to construct a bridge at the
present site and as a first step the construction of the approaches
was commenced 1n 1945 as an uncmiployment relief measure.

LOCATION
‘Having considered the various proposals it was decided that
the bridge should be so sited that the approaches will permit
through traffic from the North of Ceylon to the South and vice
versa without having to traverse the heart of the City. Also the
Kelani Ganga flood protection scheme was not to he interfered
with. The New Bridge as finally decided upon falls about § mile
upstream of the Victoria Bridge.
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APPROACHES

Theapproaches to the bridge on both ends have been so planned
that when the entire scheme is completed the througl traffic will
avoid the crowded and Duilt up areas hoth on the Northern side
as well as on the Sonthern side. (See Fig. 1).

On the Northern side the approach will finally be constructed
to extend straight North. crossing the present Kandy Road
approach to the Victoria Bridge with an overhead bridge, to a
distance of one mile and fork out to meet the Colombo-Pottalam
Readon the left at the 5Urnile and Colombo-Kandy Road on the
right at the 6th mile crossing te main railway line by means of
wnt overhead bridge, Untit this approach is eonstructed as planued
the Northern end of the bridge is connected up 1o the old Colombo-
Kandy Road as a temporary measure. A steep gradient could not
be avoided on this temporary approach as the deck level of the
bridge has been fxed to soil the construction of the overhoead
hridge at this point as required in the final schenw.

(i the Southern side the approach is 1aken over the Kelani
Ganga Homd protection hund and over the railway line leading to
the tht Installation at Kolonnawa by means of an overhead
Lridge and forks out at the raund-abont, one branch connecting
np wiih the Prince of Wales Avenue and the other joining up the
Paseline Road where it mects the Colombo-Avissawella Low
Level Road. The former involved the construction of a 40 feet
spany, bridge across the Kittanpahuwa El, Both these bridges as
well as the bridge over the railway line are in prestressed concrete,
The work on the superstructure of the bridge over the ratlway
line was carried out by the Colombo ot Commission on the
Kuolasinghe-C.P.C. Svstem.

The construction of the approach rowls, agpregating to a total
length of one mile, and the two bridges were carried ot sim-
ultaneously with the work on the main bridge. The approach
roads provide for a dual carriageway ench 30 feet wide and two
1o fect wide footwavs,

The construction of a by-pass to the South of Colombe, taking
aft at Baseline Road and mecting the Colombo-Galle Road at
Ratmalana so that traffic from the Sonth procewsiting North or
vice versa will avoid the City, is also envisaged in the complete
scheme. This work as well as the final approach on the Northern
sidde of the bridge will be taken up when the financial provision
is e,

The construction of the formation of the Colombo end approach

wis commenced in 1945 and carried out as an unemplovment
rehief scheme.
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SITE INVESTIGATIONS

The Kelani River is subject to two tloods annually one in
May-June and the other in October. Abnormal floods in other
parts of the year have also been recorded. In fact the worst tloods
in history occurred in August, 1g947. I'rom records maintained by
the Irrigation Department, it was ascertained that during the
1947 floods the discharge from this river reached 222,000 cusecs.
During these floods the entire land lying hetween the Southern
bank of the river and the flood protection bund (see Fig. T} goes
under several feet of water (the maximum recorded being about
8 fect), more so between the Railway Bridge and the Victoria
Bridge as the river takes a deep bend in this section. The new
bridge falls within this sectinmn.

A sub-soil investigation was carried out in 1952 at which stage
the earth filling to the Southern approaches had buen completed
and allowed to settle. Typical bore-hole logs are shown in Fig, 11

Approximately half the length of the bridge was to fall over the
land for reasons mentjoned carlier. The bore-holes in this area
indicated the underlying strata to consist of peat, clay, silt, sand
and rock in the order mentioned, the rock-ling heing reached
between RL. — q1.00" and R.L. — 76.00". The bore holes
in the river proper indicated that the underlving strata consisted
-of gravelly coarse sand, clay, silt, sand and rock in the order
mentioned with the rock-line lying between R.L. — 70,00 and
R.L. — 72.00". The only ditference between the land spanz and
the river spans, in respect of the bridge, seemed to e that instead
of the peat layer on the land spans there was gravelly coarse sand
in the river spans, The particulars gathered from these investiga-
tions revealed that the conditions at this site were not much
different from those at the Victoria Bridge where cast iron evlind-
ers sunk to rock formed the foundation. Also a reference to
Bellamy's report on the construction of the Victoria Bridge
suggested the presence of deep-swamp conditions in this area.
The indications therefore were that any foundations adopteg
should rest on bed rock.

WORLD WIDE TENDERS
It was decided to invite world wide tenders for the design and
-construction of the bridge. The reasons that lead to this decision
werei—

{1) Considering the cost and magnitude of the structure, it
was thought desirable in the interests of economy as
wel] as from the technical point of view to take advant-
age of the latest advancements and developments
made in the design as well in the construction of
bridges in other countries, This could best be achieved
by this method.
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{2) The department was unable to spare the required
experienced stafi for the designs and working drawings
to be prepared within the shortest possible time.

(3} The necessary plant and equipment for a work of this
nature was not available-in-the department and con-
sidering the magnitude of the bridge, it was not
possible to undertake the construction without dis-
organising the other works normally carried out by
this department.

{4) It would provide a good training ground for the youny
Engineers and the sub-Technical Staff.

Accordingly tenders were invited in May, 1952 for the design
and construction of the hridge on the following specifications—

(@) Design. The design shall provide for a briclge of overall
length of approximately goo feet and a clear road
width of 60 feet with two footways each 10 feet wide
as shown in the "Typical Cross Section’ on drawing
attached. The bridge may be cesignerd in steel, rein-
forced concrete or prestressed concrete or a com-
bination of these materials.

() Loading. The loading adopted for purposcs of design
shall be as specified in the standard loading curve
adopted by the Ministry of Transport, Eungland,
modified to suit the condition of Abnormal Loading
as specified in Appendix ‘B’ of the Code of Practice for
‘Simply Supported Steel Bridges' published jointly
by the Institutions of Civil and Structural Engincers,
England, in 1940.

{¢} Local Conditions. Adequate allowances must be made
for local conditions, i.e. seasonal temperature varia-
tions and wind changes, particulars of which can be
extracted from the Ceylon Observatory Report
attached. The allowances so made must be specified
in the design.

(d) Lighting and Conveniences. Provision shall be made in the
design for the electrical lighting for the bridge so as to
eliminate danger to traffic and pedestrians, Ducts
shall be provided under the fuotways for carrying
water or sewage maius, telephone, electric and other
cables. The suggested size of the ducts is 6
34 under each footway and cach duct shall be
capable of carrying at least 2 Nos, 30 inch diameter
water mains. Provision must be made for drainage of
surface water from the bridge deck and footways.
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MATERIALS AND CONSTRUCTION

All materials of cunstruction emploved and standards of
workmanship shall conform m every respeet to the relevant
British Standard Specibeations. No departure fram this practice
will be allowed unless with the express and written pernussion of
the Dircetor of Public Works.

' SUPERVISION OF WORK

All ftems of work carried ont at site shall be wnder the direct
supervision of the Director of Public Works or his representative.
Any items which it may be necessary to fabricate elsewhere shadl
be approved by the Dircetor of Public Works before incorporation
m the construction.

There was also a provision in the Conditions of Tender that it
was the tenderer’s responsibility to obtain all information i
addition to, or other than. that furmshed by the Director of
Public Works in the drawings and documenis attachel. The
tenderer was advised to verify the cotrectness or utherwise of the
information furnished which was imtended to serve merely as a
guide,

Tenders were veceived  from several countries  imeluding
Britain, France, India, Germany and Japan.

SELECTION OF TENDERS
In ail 13 tenders were received of which two did not comply
with the requirements in that no outling drawings or design
calculationg were submitted. These two were therefore not
constdered.

Six of the tenders made two or three alternative offers. Table
annexed gives a summary of the analysis of the 11 tenders
considered.

Only 5 of the tenders, viz. No. 3 {offer a}, 5, 6, 8 and g were
considered in detail, the others being eliminated for various
reasons as given below,

1. Tender No. 1 — Loading requirentents not complied with.

2. Tender No. 2 — Cost excessive,

3. Tender No. 3 — Offers not priced.

offers (4) & (¢}
4. Tender No. 4
offer {a) — Spans too small (13 spans of (4 feet).
offer (5) — Cost of foundations would be much more
thin amount given in tender.
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offer {c) — 1. Head room provided only 16 feet
6 inches.

2. Export duty had to be added to
amount of tender.

5. Tender No. 7 -— Cost excessive.
6. Tender No. 1o — Cost excessive.

. Tender Nn. r1 — Calculations and detailed bill of quantities.
not furnished.

~1

The following factors were considered in making the final
selection of the tenders:—

(@) Type of design.

() Cost,

{c) Appearance.

(d) Utilisation of local materials and labour.

(¢) Whether payments were required entirely or partly in
foreign currency.

(f} Any conditions stipulated by the tenderers.

After careful amd detailed analysis, it was decided to accept the
tender submitted by Messrs. [.C. Gammon (England) Ltd., which
provided for a bridge of g spans, 8 of which were in reinforced
concrete and the main span of 204 feet over the navigable section
of the river in prestressed concrete.

This tender besides being the lowest was the most acceptable
from the aesthetic point of view, the design giving the appearance
of a series of shallow arches. Further the structure being entirely
of concrete the cost of maintenance would be practically nil,

One of the conditions stipulated by the tenderers was the
payment of Rs. 400,000.00 to be made on driving the first five
piles. this amount being to cover the design charges, transport of
plant and personnel to the site, etc.

It would be of interest to mention some of the conditions
stipulated by the other tenderers and which were not acceptahle
to the Government.

L. I5 per cent of contract sum or 25 per cent of the total cost
of all materials to be paid on signing of the contract.

2. Advance payment of go per cent of the cost of all plant,
Advance payment of 8o per cent of the cost of pre-
liminary works. These being recovered from monthly
payments.

3. Advance payment of full cost of steel on delivery to the
workshops.
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4. 25 per cent of contract amount for materials to be paid on
placing of order,

5. Floating equipment for work in the river to be supplied by
the Ceylon Government free of cost.

6. Extra cost involved in the removal of obstacles encounter-
ed in sinking cylinders, to be borne by the Government.

7. 100 per cent of cost of materials and work done to he
paid — no money to be retained,

8. Ceylon Income Tax should be on salarics only and should
not vary more than 1o per cent of the value of the
wages paid.

9. Extra cost involved in the increase of labour wages.

0. River water to he used irrespective of quality..

11. 8o per cent of value of imported materials to be paid on
presentation of shipping documents, 20 per cent on
arrival at site.

On closer analysis of the design and the bill of quantities sub-
mitted by Messrs. Gammon (England) Ltd., the successful tender-
ers, it was found that the unit cost of the prestressed concrete
span was much higher than that of the reinforced concrete spans
and that an appreciable saving in the cost of the bridge could be
effected by the substitution of two reinforced concrete spans in
place of the long prestressed concrete span, the latter having no
specigl advantages except giving a better appearance to the
structure,

After discussions with Messrs. Gammon (England) Ltd., who
also agreed that this propesal would effect a saving in cost, they
were requested to submit an amended design and tender ace-
ordingly.

The amended tender gave a savig of Rs. 300,000.00 in the
cost of the bridge,

THE DESIGN AS TENDERED

The design finally accepted was for a bridge of total length
900 [eet entirely in reinforced concrete consisting of 10 spans
varying from 7o feet to 107 feet and having o total roadway of
‘b0 feet with two 10 feet wide footways,

The structure consists of 4 integral units of lengths 183 feut,
123 feet, 264 feet and 173 fect and numbered as units 1, 3, 5 and
7 Tespectively for convenience. These 4 units are connected by 3
suspended spans, of length 43 feet, 6z fect and 62 feet and number-
ed as units 2, 4 and 6 respectively. The sub-structure consists of
mass concrete abutments and piers founded on ‘Colerete’ piles, a



122 TRANSACTIONS OF THY INSTITUTION OF ENGINEERS, CEYLON

system of cast-in-situ piling invented and patented by Messrs.
Colerete Ltd., a Firn associated with the Contractors Messrs,
Gammon (England) Ltd. The abutments and piers are numbered
as abutment No. 1, pier No. 2. ... .. Pier No. 10 and abutment
No. 11 for convenience,

The load from the superstructure is transmitted to the sub-
structure through reinforced concrete rocker and roller bearings,

LOADING AND STRESSES

The loading adopted in the design is as specified in the re-
quirements of the tender with the exception of one variation,
viz. the loading adopted for the roadway slab which has been
designed as a two-way spanning slab. Neither the loading curve
wlopted by the Ministry of Transport, London, nor the abnormal
lmdine as specitied in Appendix "B of the Code of Practice ior
‘Simply Supported Stecl Bridges' specifies the loading to he
adopted for two-was spannting slahs. The roadway slab hias been
dusigned for the wheel ‘loads given in the abnormal loading
specified, that 1s, a2 wiwel load of 11} tons with 235 per cent impact
and a permissible overstress of 25 per cent. This loading adopted
for the design of the roadway slab gives the worst effect on it due
to the specified design loading on the bridge.

The maximum working compressive stress 1t concrets is
taken as 1,000 Ibs./sq.in. corresponding to 28 davs 07 cube
crushing strength of 3,000 1bs. /sq.in, For mild stecl reinforcement
the working stress is taken as 18000 Ibs /sqin. The 'Colerete
used in piles is to-give a 67 cube crushing strength of 2,450
lhs /sipin, at 28 days.

It is not proposed to discuss in detail any aspect of the design
of the bridge as the design has been prepared by the Contractors,
Only an outline of the type of design adopted for the various
parts of the bridge is indicatul. The tender was accepted only
after the design was thoroughly checked by the department
and amendments and corrections found necessary were made.

FOUNDATIONS AND SUB-STRUCTURE

The foundations for the abutments and pers consist of cust-
in-situ 'Colerete’ piles driven to bed rock and surmounted by a
reinforced conerete pile cap. The "Colerete’ system of piling
conaists of driving a steel tube closed at the bottom with a cast
iron shoe, the tube being longer than the pile to be cast, Alling the
tube with ‘Colerete” and withdrawing it gradually, The ‘Colcrete’
15 formed of crushed stonme aggregate graded from 1" to
F and ‘Colgrout’ which is cement-sand grout, in collordal
form, in the proportion of 1 of cement to 2 of sand, mixed n a
special grout mixer, The aggregate and the grout are dropped into
the tube from the top in a continuous siream.
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These piles having a nominal external dimmeter of 13 inches
are designed as short colnmms, The maximum direct Toad per pile
is 30 tons and with overturning effect it does not exceed 30 tons,
The *Colcrete” by itself 1s capable of carrving the lowd but general-
Iv all piles are reinforeed with 6 Nos, 37 diameter longitinding)
hars projecting 2 feet into the pile cap and extending not less

than 3 feet below bed level; they are linked together with }”
diameter links at 67 centres. Two of the six §7 diuncter

bars extend down to the shoe and are also provided with }7

dinmeter links at 67 centres,

The pile caps of abutment Noo 1 and piers 2 te 5 which are on
land, have been provided at asufficient depth below ground level
to allow for horizontal forces — winl loarl, braking load cte,,
to be taken up by the passive carth pressore acting on the vertical
faces of the pile caps. The overturning vifects on the piers and
foundations are caleulated accordingly and limited to the portion
above the centre of pressure of the passive earth pressure,

The number of piles necessary for the fowmdations are s
indicated below:—

Abutment Werght of abud- Loud frone Swper- Total Load No. of
or Picr No. ment or Pier  structiere inclisd- on founde- Pilos

{{ris) ing feee load fon {tons)
{fons)
1 1,508 5 2,100 Los
.2 450 1,310 1,790 Oz
3 330 1,415 1,045 06
4 530 1415 1045 fify
3 573 L5370 2145 72
f» J42 2008 242 54
7 342 1,050 2.2z Sq
3 442 “,000) 2,442 Sy
§] 420 1570 1,040 ()
10 359 1.310 1,004 he)
17 023 G2y 1,547 &5

Plers 6, 7 and 8 are founded on piles driven to form four evlin-
ders cach 7-0}" diuncter and  the pile caps are at RL
0.00". The piles are driven one against the other to form cylinders,
The s0il inside 15 excavated and the evlinders hearted from about
7 fecet below scour level of bed up to mnderside of pile cap with
‘Colerete’ to form solil pillars. The depth of 7 feet is the depth
requuired to counteract the lateral forces on the pier by the passive
resistances of the soil,

Piers g, 10 and abutment 11 are simtlarly founded on piles
driven to form three cylinders cach 8'-2" dimneter,
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‘The maximuin load on the piles due to vertical loads and due
to the overturning effect caused by horizontal forces is kept
within 36 tons.

When the resultant forces cause tension in the piles the rein-
forcement of 6 Nos. 3" diameter bars is sufficient to resist
the tension. The extracting force exerted on the piles is taken up
by the frictional resistance taken at o.r25 tons/sq.ft. The
vertical reinforcement is taken down a few feet more than the
depth of pile required to develop the resistance required.

The pile caps of abutments and piers are of mass concrete
designed to act as a rigid capping over the piles. In the design of
the width of the abutment the tension in the concrete has been
allowed and is checked for the overturning effect etc., due to the
horizontal forces. .In the case of the piers which are 4 wide
at the top and increasing uniformly to 6 width at the bottom,
the pier shaft and the pile cap are considered to function as one
beamn over the pile cylinders in the river spans. But in the case of
abutment No. 11 the pile cap is designed as spanning over the
pile ‘cvlinders’ as the abutment which is of varving cross section
6'-g” to 1-6" in 'steps’ could not be considered to form a
beam with the pile cap. The piers are 6g fect wide at the bottom
and 84 feet wide at the top, cantilevering 7-6" at cither end.

BEARINGS

The superstructure is supported over thie piers and abutments
on reinforced concrete rockers and rollers. The original design for
the rocker bearings as tendered provided for a flat contact area,
37 thick x 63" wide lead sheet being sandwiched between
the soffit of the transverse bearing beam and the rocker.
The lead sheet was designed to take up the angular movement by
plastic flow. A central row of vertical 17 diameter M.S. bars
at 6" centres was provided through the rocker connecting the.
superstructure to the pier cap.

The rotler bearings were of similar design consisting of rect-
angular R.C. blocks with lead sheets on the top and bottom faces.
The height of the rollers varied from 18" to 24" for the
different spans. The rollers too had 1” diameter M.S. bars
at 6" centres passing through them and connecting the super-
structure with the capping beams on the piers or abutments. The
rollers and rockers were designed so that the vertical loads are
transmitted both through the vertical steel as well as through the
lead sheet.

The rollers and rockers were of high grade concrete, heavily
reinforced to resist the splitting forces. The tockers were also
designed to take up the horizontal forces acting on the super-
structure and transmit them on to the piers or abutments.
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SUPERSTRUCTURE

The two-way slab forming the deck is carried by 3 main road-
way beams and two kerb beams at 15 feet centres and cross beams
which span themain beamsat 14 feet centres {see Figs. [ and Iv).
The two parapet heams are spaced at 7 feet from the kerb beams.
The main beams as well as the cross beams are destgned as “T°
heams continuous over the supports. The deck slab is designed as
4 two-way slab continuous over supports, the slabs forming
panels of approximately 13-0" x 130",

Over the piers and abutments the diaphragms which also act
as bearing beams form the cross beams. These diaphragms are
designed to transmit the loads from the main beams on to the
rockers or rollers.

The longitudinal profile of the deck has a centre level section of
length 204 feet with the two end sections sloping down towards
the abutnients at a gradient of 1 in 76.3 and 33. 4.

The transverse section of the roadway consisted of 2 sloping
siles with a parabolic curve at the centre, giving a rise of 6 inches
at the crown.

Tweo ducts 70" x 30" deep arc provided under the
footpaths, between the kerb and parapet beams (sec Fig. 1}
Precast duct slabs are carried on the duct heams which tie
the kerb and parapet beams at 7 feet centres. Fach duct is de-
signed to carry 2 Nos. 30" diameter water mains. The parapet
beams and kerb beams are also provided with tics at 14 feet
centres at the level of the footpath. The footpath slabs designed
to carry a load of 80 lbs./sq.ft. are precast. The thickness of
these slabs is increased by one inch over and above the require-
ments of the design to form the wearing surface.

The main beams of the suspended spans are designed as simply
supported “T" beams. These suspended spans are supported on
sliding bearings of steel plate faced with }” thick copper sheet.
The arrangement of the bearing plates and details of construction
are shown in Fig. IV, One end of the suspended spans is ‘free’ and
the other end is “fixed’. At the ‘fixed’ end provision is made for
lateral movement of the deck, from the centre ountwards, whilst
longitudinal movement is prevented. At the ‘free’ end provision is
made for movement both laterally and longitudinally.

A kerb 8 inches high with a cast iron nosing is provided.

A remforced concrete wearing surface of average thickness
3 inches (see Fig. I)and reinforced with z4 inches diameter hoops
of | inch diameter M.S. is provided.

Expansion joints are provided on the deck slab at the two
abutments and at the ends of the suspended spans. These joints
are carried through the wearing surface and also extended right
across the bridge on to the footways and parapets.
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The deck drainage is by means of 47 diameter cast iron
drain pipes {see Fig. 1V}, cast into the kerls at about 8-07 centres,
the mvert of the pipe to be set 27 below the level of the road
surface and the surfuce sloped down for a width ol g inches
and length of 2 feet,

Lamp standards are to be fixed to the kerbs en each side of the
carnageway, over each pier. The lighting main to be situated
below the footway,

The different mixes of concrete to be used are indicated in
Table 1.

Since commencement of work it was found necessary to re-
design some sections of the bridge and also modiiyv cortain details
for various reasons, The following are some of the important
alterations effected:—

1. Desipn of bearings altered to mockers and rollers with
curved faces designed to transmit the loads {rom
concrete to concrete.

2. Foundations for piers Nos. 6, 7. 8, g, 10 and abutment
No. 11 amended for practical reasons.

3. Parapet details altered for aesthetic reasons,

These as well as the other less inportant deviations [rom the
original design are described in detail under ‘Construction’,

The Contruct

The eontract was a measurement contract consisting of only
33 items in the hill of juantities and totalling to R 3,545 .000.00,
A number of items in the 3.0.0), were Tump sum items invelving
no measurements at all. The piles were paid for the leagths indica-
ted on the drawings submitted with the tender, at one uniform
rate. The variation in the depih to which each pile was actually
driven was worked eut and o recovery or excess payment made on
different rates given under the provisional ttemns.in the contract.
The rate for piling included for all coffer damming, ete. The pile
caps, abutments and piers did not involve any measurement of
concrete or reinforcement — they were paid on rates per unit,

]

The main beams were measured and pand for on a uniform rate
per linear foot, but the cross beams were paid by the number of
anits and the roadway slab by the number of square teet,

The rates for the beams and roadway slab includer for rem-
forcement, shuttering and stagimg above ground level. In the case
of the river spans separate lump sum items were included for the
temporary staging in water. In no item was the reinforcement or
shuttering paid for separately. The bearings whether roller, rocker
or hearing plates werce paid at one uniform rate per unit. 1t will
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therefore be seen that although this contract wus termed a
measirement contract, the actual measurement involved in the
execution of the contract was very little,

Payments were made for the vitlue uf the imported materials at
site on rates mentioned in the contract, but the sum so paid was
not to execed the amount of sceurity provided hy the contractor.
The extra worksand variations ordervd {Rs. 1,400,000 00 approx.)
were paid for as far as possible on rates based on the contract
items but there were several items of extra works where the
contract rates could not conveniently be adopted for reasons
mentioned earlier, In such cases fresh rates based on the costs of
materials, labour, supervision, ete., andaceeptable to hothpartics
were arrived at and payvments made accordingly.

The contract provided that all materials imported for use i the
bridge will be exempted from Custains duty. Cement and steel
formed the bulk of the materials that were imported free of
Customs duty. A schedule of the total quantity of the different
materials necessary for the bridge formed part of the contract
ancl exemption from Customs duty was recommended, in stages,
for those quantities. Tt however became necessary to have this
schedule revised in view of the variations il extricworks ordered.
At the commencement of the works the exemyprtion from Custons
duty was recommended on production of the necessary invoices,
shipping documents, cte., by the contractors and it was found thit
some of these materinls when tested did not conform to the
requirements specificd and  later on recommendations were
mady only on production of test certificates from the manufac-
turers in addition to the other docoments. All materials were
tested alter bringing to site and those that did not conform to the
required specifications were removed Trom the site after payment
of Customs duty. At the completion of the works the materials
consumed on the works were computed from the deawings and
records kept and exemption from Customs duaty waus allowed only

on these quantitics.

Also a price fluctuation clause was incorporated in the contract.
This clanse provided for anv increase or decrease over 3 per cent
m the ultimate cost due to Huctuations in basic cost of production,
freigiit, imsurance, landing, shipping charges, cte., being pad loror
deducted as the case may be. For this purpose a schedule of the
matertals with the prices at the time of tewdering was inserted in
the contract. To give effect to this clause it was also necessary
that the materials should he imported, in keeping with a previously
arranged despateh schedule. T has to be mentioned here that all
cfforta to obtain the particulars menttoned, turned futile. Ne
manufacturer would divulge his basic cost of production. The only
available data was the inveice prices (C.L1I) which included all
the items mentioned but however the C.LI prices counld not be
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‘consid'.ered for purposes of this clause, as it stood. The matter has
therefore been referred to a Board of Arbiteators for a decision.

The tender included only for Workmen’s Compensation Insu-
rance hut the Department considered it imperative that the works
should be insured. To enable the contractors to carry out this, it
was agreed to pay the contractors a sum of £4,000.0s5.04. and no
more on production of the Policies of Insurance or renewal
premium receipts for verification.

Design Calculations and Workings Drawings

The drawings submitted with the tender by the contractors
were only outline drawings of the bridge and were to serve as
contract drawings only,

The working drawings had to be submitted by the contractors
together with the relevant design calculations for ciiecking and
approval by the department well in advance of the work. No item
of work was permitted until the relevant working drawings were
approved. The drawings and the calculations were submitted from
time to tune as the work progressed.

Even after the calculations and working drawings were ap-
proved it was found necessary on many occasions to effect minor
-changes in the design and drawings at the site for practical reasons
-as the work was procecding.

The thickness and width of the sections of members had been
¢t down te the minimum in the design in order to keep down the
cost of the tender and this had heen done even at the cxpense of
easy placing of concrete. It was therefore often found necessary
to alter the spacing of reinforcement to facilitate placing and
compaction of concrete,

When there was disagreement on the design or the working
drawings the Chief Enginecr Designs, the Resident Engincer and
the Contractors’ Engineers discussed the problem and arvived at a
settlement. The Contractors’ Chief Engineer and their Designs
Engineers were present at most of such discussions.

Materials

The reinforcing steel and practically all the cement used in the
works were imported by the contractors. Good sand was readily
available with suppliers close to the site. Crushed stone aggregate
was also readily available similarly. Provision was made in the
contract for the Department to make available to the contractors
at its discretion free of royalty any of the Departmental Quarries
which are not being operated.

All materials were required to comply with the respective
British Standard Specifications and the contract provided for all
necessary tests to be carried out at the contractors’ cost,
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All materials to be nsed in the construction of the hridge were
"to be free of Customs duty.

A certificate from the manulacturers had to be produced in
respect of all imported materials and duty free entry was penmit-
ted only if the certificate showed that the material conformed to
the specifications. Tests were carried out on samples taken from
materials brought to the site, the number of tests being left to the
discretion of the Resident Engincer, If the results of such tests
were unsatisfactory the contractors had to remove the inferior
material from the site. Costoms duty was pavable on all rejected
-materials.

Cement
Indian cement was imported in the carly stages of the work and
the tests carried out locally showed that certain shipments did
not comply with the requirements of the British Standard Speciti-
~cations. The contractors contested the validity of the tests as
« Leighton Buzzard sand as required in the British Standard
Specifications for tests on cement, was not used in these local tests
and samples were sent by air to Messrs. ROH. Harry stanger the
‘well known testing house in London. The tests carried out by
them also showed that the cement was not np to the required
standards and a shipment of 400 tens hal to be rejectad. The
contractors thereafter made arrangements on their own (o take
samples of the cement before shipiment and have them tested at
Messrs. Harry Stanger. But the cement was pennitted for use only
if the results of tests carvied out on samples taken on delivery at
the site were satisfactory, The cement at the site stores was also
tested further if it was stored for long periods,

-Steel

Most of the steel imported by the contractors during the carly
stages of the woik was found o be "Thomas Qaality’ steel from
Continental sources. Tusts carried out locally on samples of this
steel gave low ultimate strengeh, the values varving widely for
different samples. As in the case of coment the contractors were
not satisfied with the local tests and siumples were Bown to Muossrs,
Harry Stanger of London. The resulis of their tests too showed
that the steel did not conform to the requirements of the British
Standard Specifications. zoo tons of steel from the consignment
the tests an which failed were rejected. Thomas Quality” steel
does not comply with the requirements of the DBritish Standard
Specifications in the process of manufacture, Therelore even if
the strength and elongation were satisfuctory, vet this steel could
not be permitted for use on the bridge.

‘Thomas Quality’ stecl is manufactured from low grade ores
and it contains excessive quantitics of phosphorus and silicon
which make the steel brittle,

-4280—F
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However, as there was.a world shortage of steel at the time and
if all the *‘Thomas Quality’ steel at the site were rejected the
progress of work would have been badly hindered the contractors
were permitted to use the “Thomas Quality’ steel which complied
with the requirements of the British Standard Specifications, as
regards vicld strength, ultimate strength and percentage elonga-
tion, with 10 per cent extra arca over the designed values, the
extra steel being provided at their own cost. The contractors were
not entitled for exemption from duty for this extra steel,

Subsequently the steel position in the world market became
very acute and the only countries that were able to offer steel in
large quantities werc Jupan and Czechoslovakin. The suppliers in
Japan would not guarantee that thiir steel conforms to the
requirements of the British Standard Specitications and the cost
of the Czechoslovakian steel was very high, But the contractors
were permitied to-impart the latter stecl if it was up to specifica-
tions, inspite of the extra cost which the Government had to bear
in terms of the price fluctuation clause. This steel was tested botly
before despatch and after arrival at the site and very satisfactory
results were obtained. Subsequent supplies of steel were from the
Untted Kingdom,

The mild steel serewed couplers for reinforcing bars were turned
out in o local firm. These were tested before use.

Of the steel that was rejected, the bars which gave ultimate
strength over 24 tons/sq.in., were permtited for use in the sheet
piles of the bulkhead in abutment No. 11.

The steel and copper plate used for the bearings were also
tested for hardness.

Apgregates

The coarse aggregate was crushed gneiss. At the carly stages
supphies of stone were obtained fron a Government Quarry and
crushed ut site, but after a few months’ extraction the stone wus
- found o contain a high percentage of mica and also proluce
excess of dust. The contractors were therefore stopped from
further extraction of stone front this quarry,

Thereafter the stone was obtained from private quarries, the
crushing being done at the site as before. The quarries were
inspected by the R E's staff from time to time.

The fine aggregate was river sand, The sand obtained was
generally of a very good grading and was free of extrancous
matter. On a few occasions it became nccessary to screen the sand
due to the presence of vegetable matter,
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Walter

The water was obtained from a well sunk on the bank of the
river. Laboratory tests were carried out occasionally to check the
purity of the water.

Tt was ohserved that during the months of March and April,

the water developed a brackish taste towards the evening but the
salt content was found to be very small and harmless,

CONSTRUCTION

Faundutions

The construction work on this bridge was inaugurated by the
Hon. Prime Minister at 3-o0 pan. on gth February, 1954, by
cutting the first sod. The excavation work procecded thereafter
and the first test pile of length o feet (hollow steel tube only)
was driven at the site of the abutment No. 1 on 21st February,
1954. The lengeh of this tuhie was found to be insufficient to re ach
the rock level and a second test pile of length 84 feet was driven
two days later. The set obtained on the latter pile on reaching
rock was 1 1/8" for 1o blows. The actual piling work then con-
menced on this abutiment o the 20th February, 1934, and two
piles were driver on this day.

The piling rig conststed of o frame about 105 feet in height
mounted on two steel tubes by neans of which it could be moved
with case m two directions at right angies. Jacks were provided
for levdling purposes. A 3 ton drop hamumer worked by a Diesel
Engine driven winch was provided for driving the tube, The
frame was designed to take the heavy loads, which would some-
times amount to over oo tons imposed on extracting the tube,
The extracting force is also provided by the winch throngh a
system of pulley blocks.

All the piles were driven to rock the approximate depth at
which rock is encountered being ascertained from the boring
diagram and the driving being done onnearing this level ohserving
the settlement. Inorder to prevent the tube being driven too hard
into the rock and therchy damaging the cast iron shoe and the
tube itself the last stages of the driving on reaching rock was
done toaset of 17 for 1o blows using o drop of 30 inches.

As deseribed earlier the filling of the tube was done with 147-
2" graded agpregate and "Colgrout’ (1 : 2 cement sand grout with
water-coment ratio of 0. 68 mixed in oa special grout mixer)
in controlled quantities so as to form a contintons column of
‘Colerete” and then extracting the tube immediately while adding
more grout and aggregate to allow for filling up the space left by
the walls of the tube,



132 TRANSACTIONS CF THE INSTITUTION OF ENGINEERS, CEYLON

The piles were cast longer than necessary and the top stripped
off to ensure pood quality well compacted ‘Colcrete’, as the
compaction of the ‘Colcrete’ depended en the ‘head’. The length
of the steel tubes used varied between 7o feet and 100 feet and
were made up of 2 or more lengths welded together, The internal
diameter of the tube was 12" and the thickness of the shell

“§" In driving the piles, the positions of the piles as shown
on the drawings were first set out using steel or timber pegs, The
pile frame was then moved and adjusted so that the steel tube
clamped in the driving position fell exactly over the position of
the pile (peg) A detachable conical cast iron shoe of external
dimgneter 133" and carrving a rebate to take the steel tube
was placed in the position of the pile, a stoip of juteheissian soaked
in tar was then wrapped round the rebate aned the. steel tube
lowered down so that it seated itself tight in the rebate of the pile
shoe {sce IYig. il) the jutcheissian qod}\vd in tar functioning as a
water seal. The shoe also carried a hook on which the reinforee-
ment for the piles was anchored. The pile frame was then levelled
using the jacks provided for the purpose, to cnsure that the steel
tube which moved within fixed guides was true to plunb. The
lixed guides prevented the tube from moving out of plumb while
driving, The pile was then ready to be driven. The hlow of the
monkey was transmitted through a timber dolly.

Normally when the clamp of the pile tube wias released, the
tube went down about 5 feet to 1o fect and sometiznes even more
under its own weight before the actual driving commenced, The
tube was driven, the (ilnp of the hammer being restricted to 30
inchess

The first pile drived at the site of the pier or ubutment gave the
approximate Jength of tube necessary and the depth ar which rock
could be expected. A prominent mark made on the pile frame to
indicate the top of the pile tube in the driven position served as a
guide in regard to the stage at whicl a set wus expecteil. Measuring
the set generally cansed a disruption of the driving process so that
the set was measured only when it was felt that the required set
had almost been reached. It was possible with a little experience
to judge with a good degree uf accuracy the stage at which the
set was being reached from the changes in the sound emitted by
the blow aof the hammer. An officer of the R.E.'s staff present right
through the driving process then recorded the set measured by
him for every 1o blows and when the value did not exceed 1 inch
the driving process was stopped. It was also essential that the
driving process wis not carried on too long because the shoe got
smashed when harmmered too much against the hed rock. The
officer {from R.E.’s stafl) supervising the work, then noted down
the level of the top of the pile tube  relation to o temporary
bench mark and reduced the level to which the pile was driven.
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This level was generally compared with the boring details to
ascertain whether bed rock had been reached. The tube was then
examined for the presence of any water and the reinforcement
made up of the requisitc lengths of ‘ladder’ and "helical’ reinforce-
ment welded together was lowered into the tube and anchored to
the hook in the pile shoe and the top end was tied on to a point
high up on the pile frame by @ rope kept taut.

The 'Colgrout” mixed in a special mixer was then pumped
into a hopper. Each mix contained 1 cwt. of cement and for
cvery cwt. of cement used 3 to 4 cubic feet of course aggre-
gate (13"-37) were added into the hopper. The hopper was
then fifted and placed over the pile tube and the flap at the
hottom released so that its contents were emptisd into the
tube. About two mixes were pumped into the hopper at o time
and the process repeated. After about 3rds of the tube was full
the tube was gradually extracted whilst more “Colercte’ was
adiled. The exact number of mixes necessary was known from the
length of the tabe driven. If during the process of extracting the
tube the reinforcement moved up, which could only happen if
the anchorage at the bottom, to the shue, failed, this was imnte-
diately indicated by the sluckening of {he rope. ‘

The pile driving for the bridge commenced at abutment No. 1
on 26th February, 1934, and as the work proceeded it was fonnd
that the driving became hard and on a number of occasions the
tubes got bent. The extraction of the tubes after ‘Colereting
became extremely difficult and at times impossible.  In this
process of extracting the steel tubes the pile frame suffered
considerable damage and various members of the friume that
got bent or twisted had to be replaced or reinforeed. Several stecl
tubes were abandoned cither in part or in full in the growd.
It the process of extracting the tubes the reinforcement came
up such piles were rejected. T was possible to detect even smatl
maovements of the reinforcement by obscrving the rope by which
the reinforcement was tied, At abutment No. 1, the then R.E.
accepted the piles where the movement of the reinforcement was
souall but stll as many as 14 piles were rejected. Additional piles
were driven in close proximity to the rejected ones as replace-
ments In certain cases where there wis no space within the hase
of the pile cap to accommodate these replacement piles, the
replacements were driven outside and the pile cap extended to
inclurle these piles. [t was found that on one occasion when there
was a delay 6f 3 hours in extracting the tube due to Mant failure
the "Calerete” came off in part with the tube. On several vccasions
there had been longer delays and the entire "Colerete’ came off
with the tube. Removing the hardened “Colcrete’ from the tube
wits a process by itself. The tubes were cut into short lengtis and
the "Colerete” broken from both ends; sometimes small charges
Tad to be nsed ad the *Colerete’ blastel.
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As a result of the difficulties experienced the contractors fell
far behind their programme and the R.E. had to warn that their
progress was lamentably slow and suggested that some modi-
fication to the piling system be considered to overcome these
difficulties. Also the contractors were warned that in future if the
reinforcement moved up even a little, while the tubes were being
extracted, such piles would be rejected. In the meantime the
contractors had themselves realised their difficulties and ordered
for steel tubes of 11/16" thickness. The 2" thick tubes were
strengthened by welding longitudinal strips of M.S. flats on
the outside for the full length of tube. As regards the extraction of
pile tubes the contractors claimed that in their experience a conti-
nuous extracting. pull of 6o tons or 80-go tons momentarily was
sufficient but due to the severe conditions experienced at this site
they were stiffening every part of the equipment and also modi-
fying the extracting gear so that the pull could be stepped up to
about 200 tons. Also shoes of a slightly larger diameter were to
be used and the hook provided for anchoring the reinforcement,
strengthened to ensurc that the reinforcement did not move up
while extracting the tube. As the piles were bearing piles and not
friction piles there was no objection to a slightly larger shoe being
used.

An experfnental pile of about 25 feet length was driven on the
oth June, 1954, outside the working arca and extracted after
3 days. This pile came up without much difficulty. An ecxamination
of the pile revealed that segregation of the mix had taken place
at the bottom near the shoe. The rest of the pile was satisfactory,
In order to overcome thesegregation it was decided that less agyre-
gate shquld be used in the first batch of ‘Colerete” placed into the
pile tube in all future piles.

The pile driving at the abutiment No. 1 was completed on 14th
June, 1954. A pile marked Wa 4 (see Fig. I1) was then test loaded
with a Joad of 52.5 tons. The load was applied gradually on a
platform carried by the pile and the settlement to the nearest
1/04th of an inch was noted for every 5 tons increase in the load.
While the test loading was in progress the reference points were
observed to have settled and the test was therefore abandoned.

A fresh test was then carried out on the same pile and a settle-
ment of 7/64" was observed when the full load of 52.35 tons was
applied. This load was allowed to remain for about 34 hours and
it was found that no further settlement occurred. When the pile
was relicved of the load it was found that it had recovered to its
original position indicating no settlement,

Whilst the piling in abutment No. 1 proceeded from one end
to the other the work on excavation for the pile cap, laying of
screed concrete, fixing shuttering and remforcement also procee-

ded.
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The pile driving for pier No. 2z then commenced on 17th June,
1954, and on driving the first pile it was found that the tube used
was not sufficiently long to obtuin o ‘set” and this had to be
remaoved and lengthenced. The hole left was filled with earth and
the pile re-driven m the same position. Similar difficultivs as
encountered in abutment No. 1 were encountered here at the
beginning and in one instance while the tube was being extracted
1t snapped off at one of the weldwl juints leaving the rest of the
tube in the ground. The staft of the contractors carrying out the
piling had by this stage got accustomed to the site conditions
prevailing here and were making better progress and the piling
for piers 2, 3, 4 and 5 were completed without much difficulty.

Pile No. Czin pier No. g and pile No. Crz in pier No. 5 were test
loaded. The results of the test loading are shown in [Fig. L.

The piles for the land spans were now complete. Test cubes
were made at frequent intervals, of the 'Colerete’ used on the piles
and the results of the tests carried vut on them were satisfactory.

Piling for pter No. 6 was to be taken up next, This pier fol)
at the southern bank of the river and timber sheet piling was
provided along the edge of the bank. Also as the ground here
was soft, timber staging carricd on timber piles was provided
to carry the heavy pile frame. Two test piles driven on the
z3rd and 25th November, 1954, just outside the site of pier No. 6
gave an indication of the nature of piling and the lengtl of tabe
NECessary,

The foundations for this pier as well as the other piers and
abutment No. 11 comsisted of piles driven one against the other
to form 3 and 4 independant cylinders. The piles m each cylinder
were to form a concrete cylinder the inside of which could be
excavited down to the requued depths and hearted. Unless the
piles were driven one against the other this was not possible, in
order to achieve this as well as prevent damage to piles already
cast, by the driving of the tube for the adjacent pile the method
adopted by the contractors was as follows;, —

Three steel tubes of the same lengeh were used instead of one.
The Arst pile was driven on the circumferenes of the cylinder,
ag dlescribed in the driving of the individual piles. The sccond
tube was driven against the first, an olfset conical shoe heing
used for this as shown in Fig. I1. The third tube with a similar
shoc was driven against the second. The secomd tube was then
filled with "Colerete’ and withdrawn. This tube was then driven
against the third tube and the third tube filled with ‘Colerete”
and withdrawn. This tube was in turn driven against the fowrth
tube and the whole process repeated until the tabe was driven
for the last pile in the cylinder i.e. the closing pile. the tube being
driven against the first tube. At this stage as no further driving
is required, cither the first tube or the last could be filled and
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withdrawn. But in order to facilitate extraction the first tube
wis filled and withdrawn first followed by the last tube. Each
cylinder in this case consisted of 21 piles. Work conmenced on
the piling for this pier on the 20th November, 1934, with
cylinder 1.

Three piles in this cvlinder were rejected as the reinforcement
came up as the pile tube was withdrawn, Replacements for these
were driven just outside the cylinder. In the tube driven for pile
D1, about 50 feet of water was found to be present and the
contractors were allowed to fill this tube with "Coferete’ only
(without reinforcement) and drive a replacement adjacent to it.

Whencver water was detected in a tube, the depth of water wis
meastred with a steel tape with a weight attached at the end.
If the water was about 6%-0" deep neat cement sufficient
to cover this depth and form a thick grout was dropped in
amd the filling with ‘Colerete” carried out s usual. Where he
water in the tube was excessive the tube was extracted and re-
driven in the same position, or in a position just close to this after
filling up the hole left, with carth.

Sometimes, when it came to tl‘l(: last pile ina evlinder the space
was not sufficient to accommodate the last pile in which case this
was driven just outside. In cases where a gap still remained after
the last pile in the cylinder was driven, an extra pile of the same
diameter or of a lesser diameter was driven to depth of about 1o
fect to 12 feet below bed level to function as a scaling pile.

The piling for the 4 evlinde®s for pier No. 6 was completed on
oth February, 155 — an average of about 2 piles per working
day being maintained.

The excavation for hearting in cylinder 1Y was carried out while
the pile driving in the other evlinders was in progress.

A group of 2 piles marked Cr and Cz in evlinder € was test
toaded. In this case the Ioad was transiitted on to the piles by
two hydranlic Jacks placed over them and jacked against steel
joists anchored to 1 other piles, The maximum load 1o be applied
per pile was 1.75 times the design load which was 30 tons Lo,
1.75 X 36 = O3 tons therefore load on 2 piles = 126 tons. This
120 tons was resisted by 1q piles: therefore tensile force per pile =
120/13 = 6.63 tons. Stress in steel = 6,63 X240/t K
0.44 = 35,600 Ibs./sqin., say 0000 Ibs.zsqin, Assoming o
frictional resistance of o.125 T/sqlt, resistance w lifting =
= X T X 23 X 0.125 = ¢.0 Tons — Safe. To this could be added
the sclf weight of the pile of approximately 4 tons, Therefore
there was no risk of any damage to the other pites,

Theload was transmiited to the piles gradually and the readings
of the scttlement notel for juck loads of 30, 40, 50, b0 and € tons-
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(per pile). The results of test loads carrted out on piles are indi-
cated in Fig. 111 It will be noted that the maxinuim load of 64
tons per pile maintained for 24 hours during which period no
settlement was recorded. When the piles were completely relieved
of the load a settlement of 37128 inch was noted which reduced
ttsell to 1/04 inch.in the next 15 honrs. The vesults of the tests
were therefore very satisfactory.

Whide the pile driving for pier No. 6 was in progress the tenpo-
rary staging befween prers Nos. O and 7 was being constructed..
The timber staging to a width of 100 fe et was supported on timber
(Hora) piles about 35 feet to go feet fength and the top of the
staging was 4.00 feet above M5 1. Pile driving for piers falling in
the river were to be carried out from temporary islands forined in
the appropriate positions. Steel sheet piles were Arst driven to
form a cofferdam and the inside filled with carth to form the
island.

The pile driving for pier No. 7 commenced vn 14th March, 1955,
and took about 4 months to complete. This wonid have been
completed much carlier but for the foads that ocowrred between
the 15th and 25th May. This flood cansed considerable damage
1o the timber staging and the pile frame had to be kept tied by
long wire repes to prevent it toppling over into the river. The
&0 11[ pile frame with a Diesel Hammer whicl was used for drivi ng
the timbuer piles for the stdgmg fetl into the river. Considerable
antonnt of time was lost in carryving the repairs to the timber
ambm;.; recovering the pile friune, ete. The damage and losses
sustained by the contractors as a result was over Rs. 00,000 00
which was met by the Insurance Company. These floods also
caused a comsiderable scoue in the bed of the rviver and it was
evident that Tonger steel sheet piles were necessary o construct
the cafferdant for pile driving to pier No, 8

According to the programme subnutted by the contractors and
appreved by the Department. the pile driving for abutment No. 11
wis 1o be taken up next followed by pier No. 8.

The steel sheet piles used for pier No, 7 were to be asel for the
cofferdiam here, after the completion of the hearting and pile cap
for prer No. 7. The driving of the piles was to be carried out using
noew fl’.l]]lt. The contractors made every effort Lo obtain the
lomger sheet prles which were necessary on account of the scour
af the river bed, from the United Kingdom and their Branch
Ovgamisations but were unsuccessful in arranging for quick deli-
very. The Department, realising the unforescen difficaltios which
the contractors had been put into and in view of the delays that
mnay acerue, arranged to oltuin the necessiry steel sheet piles on
hire. The steel sheet piles arrived at the site in Dec cinber, 14935,
ad the construction of the cofferdam for pier Noo S comnenced
mmediately. Also the new pile Trame was being assemlilwl,
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The pile driving for abutment No. 11 had in the meantime
commenced on the zznd August, 1655. This abutment was on the
northern bank of the river and only some timber sheet piles as for
pier No. 6 were necessary along the edge to exclude the water. The
driving of the piles at this ahutment was found very hard and
the extraction of the tube still harder. The pile frame broke down
on several occasions. During a period of 6 weeks only 4 piles were
driven successfully after about 15 attempts, 1t was then felt that
some maodification was necessary either in the method of driving
or the arrangement of piles. The main cause of the difficulties
seemed to be that the frictional resistance was too high when the
piles were driven alongside each other to form cylinders. According
to the boring data a 33 feet thick layer of sand and silt was present
in the sub-strata and this was believed to be the cause of the
frictional resistance. 1t was then decided that single piles as for
piers on the land spans on the southern side be adopted. The
total number of piles necessary, according to calculations was
found to be g less than the mumber in the original foundations.

The original design for the foundation, consisting of piles driven
to form cylinders was capable of resisting all the horizontal forces
from the superstructure and the force due to earth pressure on the
abutment. The change of the foundation design to individual
piles necessitated other means of resisting the horizontal forces on
the foundation as the resistance of the piles to lateral forces was
very small and the frictional resistance of the soil under the pile
cap was of little assistance to halance the external forces. The
abutment had therefore to be tied back at the pile cap on to an
-anchor beam provided well away from the abutment. The ties
-and anchor beam were provided by the contractors in lieu of the
hearting and the g extra piles in the original design.

The contractors requested for payment for this abutment to
he made on the assumption that the orviginal design was being
followed as there would be no difference in cost hetween the origi-
nal and the new desipns for the foundations. Tt was however
pointed out to the contractors that the change in design amounted
to a variation in the contract, Payment was therefore made on a
special schedule of rates based on the rates for similar items of
work in the contract. Payment on this basis showed a small
saving to Government.

Before the work had progressed to the abutment No. 11 it had
been decided by the department to protect the bank of the river
at this abutment with a bulkbead {formed of R.Co sheet piles
provided with a capping. to a length of 270 fect.

The driving of the piles proceeded without much difficulty.
When this work was going on it was decided to incorporate
certain ornamental features at the ends of the bridge. Tt was
necessary for this purpose to raise the splayed wing walls to the -
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same level as the abutment and also to lengthen them by an
additional section 12 feet long parallel to the centre line of the
bridge. 26 additional piles had to be driven to accommodate the
modifications to the wing walls.

The additional work on the wing walls of abutment No. 1
which was already completed had to be done at a later stage —
May to July, 1957, when a pile frame was free.

The additional piles at this abutiment had to be paid for at a
higher rate as the number of piles to be driven was small and the
progress that could be achieved was slow on account of the
restricted space.

The pile driving of pier No. 8 was commenced on 3oth January,
1656, with the second piling rig which the contractors brought to
the site. The drop hammer on this piling rig was ouly 2.75 tons
and the contractors’ suggestion to drive the tube to a set of 1"
for 10 blows for a 30 ins. drop was approved.

Right from the commencement of the work the driving and
extraction of the tubes were found to be very difficult, the sub-soil
strata being very similar to those at abutment No. 11. With great
difficulty cylinderD and 13 piles in cylinder C were driven after
working for over 10 weeks when a major breakdown of the pile
frame occurred. The contractors claimed that they had already
inctrred heavy losses amounting to several thousands of rupees on
the piling for pier No. 8. It became evident that the piling could
not be carried out according to the original design with the plant
and «quipment available with the contractors. 1t was therefore
agreed that, in the interest of speedy construction, the design of
the foundations should be amended. [t was not possible to provide
individual piles as done in abutment No. 11 on account of the
fact that the pile cup was at M.S.5. and therefore the piles will
be without any lateral support from pile cap down to hed level
which may be a depth of 12 feet-15 fect and therefore they
would offer practically no resistance to the horizontal forces on
the pier. Therefore the piles had to be driven in a rigid formation.
The contructors therefore decided withi the approval of the
department to drive alternately short and long piles, the short
ones being only 33 feet and not designed to take any load but to
act as scaling piles between the load carrying piles so as to form
the cylinder. The circular section of the cvlhinders was altered to
elliptical section {see Fig. 11) to accommodate the sealing piles,
14 of the 21 piles required for one cylinder originally being provi-
ded on the cylinder together with the 14 sealing piles, the remain-
ing 7 piles being driven inside the cytinder. The staling piles were
made 33 feet, so that they would be taken down at least § feet
below the hearting level of the eyiinders.

In checking the resistance of these cylinders agamst horizontal
forces on the pier the section modulus was caleulated ignoring the
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sealing piles, The piling for the cyvlinders A and 13 of this pier
{pier No. 8) was carried out on the modified desygn. The evlinder
C in which some of the piles had already been driven according to
the original design was completed as shown in Fig. 11. The piles
that were defective and were rejected were treated as sealing piles.,
The pile driving for pier No. § was ultimately completed on r2th
July, 19506,

The difficulties encountered in this pier and abutment No. 11
were anticipated in piers No. g and 10 also as these two piers were
in between. Therefore piling for these two piers was also carried
out to the modified design, the only difference being that the two
additional piles per cylinder provided in the original design were
also accommodated within the cylinder. The work proceeded on
the modified design without any of the difficulties experienced
earlier.

Details of every pile driven including those which were rejected
were recorded in the pil®record forms (specimen shown in Fig. [1)
by the Resident Engineer's'staff and filed.

Test cubes were made of the ‘Colerete’ at frequent intervals at
the early stages of the work but as the results of these tests were
very satisfactory and consistent it was decided to make 6 test
-cubes generally for every 10 piles driven. The test results did not
xeach the required values only in one instance. Sections of the
wore of the corresponding piles were cut out (piles No. B3 and
Bis, pier No. 7) and tested. As the results of the tests were well
above the required values, these piles were approved. 8

Hearting of Pile Cylindcrs

The first cylinder where hearting was carried out was evlinder C
for pier No. 6. The excavated material from this cylinder consisted
of clay, peat and decayed vegetable matter. \While the excavation
was th progress concrete rings of about 1 foot thickness with
nominal reinforcement were cast at intervals along the inner
periphery of the pile cylinders to prevent the piles bending
due to external earth and water pressure. The excavation was
carried put to the required depth using a grab. The cvlinders were
de-watered, and the mud sticking along the piles was washed out
thoroughly before the hearting commeunced. This cylinder being
on the bank did not cause any difficulty. The excavated cevlinder
was then filled with "Colgrout’ in the proportion of 1: 3 instayes
folowed by rubble and metal. The maximum size of ruhble used
was as large as could conveniently be handled, Smaller size stone
and metal of minimury size 14" were dumped in together
with the large stone, go that these may fill the spaces between the
large stones, '



TIHE NEW KELANI BRIINGE 141

The hearting for the four cvlinders for pier No. 6 were carried nut
between 3rd March, 1955 and 4th April, 1955,

The hearting of the cylinders in the river was to be carried out
in water by the displacement of water. The depth of hearting to
he done for the cylinders which fell in the river proper were to he
7 feet below the bed level of the river. Due to the flowds of May,
155 the bed of the river was observed to have scoured consider-
ably, A maximum scour of about 1o {feet wis ohserved to have
accurred at a spot 25 feet north of pier No. 7. At this stage doubts
arosc as to whether the depth of hearting provided in the design
was sufficient or whether this depth should be increased in view
of the scour ohserved. 1t was felt that this heavy scour oceurred
.due to the partial blockage of the free flow of water in the river
by the temporary timber staging hetween piers 7 and 8 and that
once the obstructions in the river were removed the bed level
would come back to normal. But however a cert:un amount of
permanent blockage of the watcrway would still be caused by the
picrs in the river. It was therefore decided to increase the depth of
hearting for all the piers as indicated in Table 4. The hearting of
the cylinders of piersin the river were carrvied out under extremely
cifficult conditions, The main Jifficulty was that the entire work
commencing from excavation, had to be carried cut under water.
It wus not possible to carry out this work in the ‘dry’ for two
reasons namelyi—{1) The heavy gush of water from the river into
the cyhnders through spaces between piles. (2) The tendency for
the piles to cave in, due to the external carth and water pressure
when the water in the cylinder was pumped out.

In thecase of thecylinders (pier No. 7 and vne cylinder in pier
No. 8) where there were no piies driven within it, it was possible to
use the grab up to a certain depth. In all the other cases, ic.
pier § {3 cylinders) pier g and pier 1o the material within the
evlinder was stirred up with the water using compressed air and
pumped out using a pneumatic cjector pump. During the period
the sludge was pumped out of the cylimders another punp kept
pumping water into the cylinders to maintain a certain water level
to prevent the caving in of the piles. The carth around the pile
cylinders — the carth used for forming the cofferdams was washed
into the eylinders by the gush of water through the spaces between
the piles. Very large quanttties of thiz carth were washed in, in all
thie piers except pier No. 7 and it became necussary to pack the
entire outer periphery of the pile cylinders with sand bags. As the
puinping proceeded the sand bags sank down and further sand
bags were packed. As many as 10,000 sand bags were required
per pier for this purpese. When the sludge was being pumped
out it was possible to examine about 10 feet length of the pites
and wherever any defects were observed these were rectified.
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The piles below this depth were generally satisfactory as there
was sufficient head of ‘Colerete’ for the compaction of these piles.
The excavation of a cylinder took about 2 to 3 weeks and some-
times the pumping out of the sludge had to be carried out non-stop
as it was found that the cylinders filled up with silt, etc., when
allowed to remain for a few hours. It was therefore very essential
that once the requisite depth was reached, nn time should he lost
in having the entire hearting process completed. The depth was
always checked and approved by one of the Engincers of the
Resident Engineer’s stafi, A few 2° diameter pipes were then
inserted and tied in a vertical position to carry the ‘Colgrout’, and
the rubble dumaped in immediately. No sooner the rubble was
dumped, the ‘Colgront’ %as pumped into the cviinders, through
the 2" diameter pipes and the pipes were raised gradually as
the pumping proceeded.

Very fine sand was used for the “Colgrout’ as otherwise the
pipes got choked. Whenever a pipe got choked it was cleaned out
using compressed air or the pumping was carried out using one of
the other pipes providéd. In the case of pile cvlinders where
defects in piles had to be attended to, the hearting was stopped
at R.L. — 10.00" whilst in the other cases it was done right
up to M.5.L. The bottom level of the pile caps, in one aperation,
When once the hearting had been done up to R.L. — 10.00',
attending to defects in piles or carrying out the rest of the hearting
was not difficult as this could be done in the ‘dry’ using purps.
The progress and depths of hearting carried out {for the varioos
piers is shown in Table IV,

i
Concreling procedure adopied

Whenever an item was ready for concreting the practice adop-
ted . was, for the contractor to submit a concrete record form
{specimen shown in Fig. V) supplied by the department, duly
perfected sufficiently in advance to permil the Resident Engineer’s
staff to check the shottering, setting out, reinforcement, construc-
tion joints, materials such as cement, sand, coarse aggregates,
water, etc. to be used and also the arrangements made for the
transporiing, placing and vibrating of the concrete, protection
against possible rain, ete, 1f all these factors were satisfactory the
forms that were sent m duplicate were approved und one copy
returned otherwise thie forms were returned to the contractors. for
re-submission after the shortcomings observed and pointed out to
them were rectified.

The concrete mixes adopted for the various sections of the
bridge are indicated in Table 1. The water-cement ratic was
decided upon, on the results of tests carried out on preliminary
test cubes from time to time. On every occasion when concreting
was to be done tests were carried out to determine the moisture
content and bulking of the sand and the mix adjusted accordingly.
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Sometimes as the work procecded it was found that moisture
content of the sand varied due to drying out of the sand, ote. and
tests were carried out and the mix wdjusted. Also the weight of
the hags of cement were tested from time to time as it was found
that in certuin brands of cement the bags were wler-weight. If
hardened cement were fuund in appreciable quantities in the bags
such bags were not permitted for use on the works. Test cubes
were made on every occasion when concreting was carried out at
regular intervals during the concreting and particularly when the
mux appeared too wet. Some of the test cubes were tested at 7 days
and where the test results reachied the value necessary at 28 days
no further tests were carried out. Otherwise thetests were carried
out at 28 days. Where the tests at 7 days failed to reach the
requirement of the 7-day test particular note of it was made and
the tests watched carefully. On such occasions an officer of the
Resident Engincer's office was present at the testing to watch the
behaviour of the test cubes under load,

Curing of Concrete

All conerete was prevented from drying out during the first 24
hours and cured by pouring water continuously for 14 days, An
officer was specially detailed on sundays or public holidays even
when no other work was carrjed oui, to sec that the curing was
carried out satisfactorily.

Construction Joints

The construction joints adopted were vertical or horizontal and
were rebated to form a good key for the new concrete. Vertical
joints were formed by placing the concrete against a substantial
and rigid timber stop end.

Before placing new concrete against concrete already set the old
face was cleaned, all laitance removed and the face hacked.
Absolutely no trace of laitance was allowed to remain. [mmediate-
ly before placing the new concrete the face was well wetted and
coated with neat cement grout over whicl a ¥ inch thick layer of
cement /sand mortar was laid. The concrete was at once placed
against this face and well compacted using vibrators before the
mortar had set. The mortar used was of the same mix as in the
concrete.

Removal of Shutters
The shutters were removed after the following  minimum
periods of time—
(1) Removal of vertical sides of walls, piers, columns and the
like — 24 hours.
(2) Removal of vertical sides of heams — 12 hours.
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(3) Removal of props from. underside of slabs and deck slab-
— 7 to 10 days as laid down by the designer.

(4) Removal of props and soffit shutier from underside of
beams -— zo days.

Pile Caps

As will be seen from Fig.‘I the pile caps for abutinent No. 1
and piers 2 to 5 were constructed below M.S. L. Constructing the
pile cap for abutment No. 1 at R.1.. — g.co’ presented some
difficulties due to the water logged and soft nature of the soil, The
timber shoring’ provided had to be as good as sheel piling to
prevent water seeping in and pumps had to be kept working conti-
nuously to have the working area dewatered. [t might also be
mentioned that the piles for this abutment were driven from the
original ground as the pile frame conld not be operated at 12.1..
— 9.00" but the ‘Colerete’ was poured up to about R.L. —
6.00" only. The screeil concrete laid before the reinforcement
was placed in position sealed off the seepage water from the sub-
soil fairly satisfuctorily and the concreting of the pile CiLPs procec-
ded. The design of pile caps for piers falling on land allowed fer
the use of plums hut however when the work was taken upr it was
decided not to use any plums. The concrete for all the pile caps
was laid in 2 or 3 layers depending upon the thickness of the slab.
Construction joints were provided as described earlier in the
paper and the werk continued. The cxtensions to the pile cap of
abutment No. t (see Fig. [1) to carry the modified design of wing
walls was carried out at a very much later stage — Julv. 1957 to
February, 1938, To bond the new conerete with the okl the old
cancrete was cut up to' the seinforcement and the reinforcement
extended into the new concrete by welding in position M3, bars.
The concrete was laid from within a restricted space. The pile
caps for picrs falling in the river were to be at M.S.1.. and these
were constructed  without much difficulty as the cotferdams
provided (top level R.L.+3.00) for cartying  out  piling
operations excluded the water satisfuctorily” and the spaces
between eylinders were sealed by the sereed concrete. On seruti-
nising the detailed drawings for the pile caps which were spanning
the pile cylinders it was observed that the reinforcenent of 3
diameter bars at 13" centre provided wis insufficient but
however the contractors contended that the pier which was also
to be constructed of 1:2:4 conerete and the pile cap would function
monglithically and their cffect would 1eally be that of an arch
rather than a beam. It was also their contention that even if the
pier and pile cap were considered to act asa beam the tensile stress
in the bottom of the concrete was low and negligible, Tt was
pointed out to the contractors that the pile cap and the pier could
not be considered to act monolithicallv as a bewm. as the pier was
to be cast on the pile cap and the pile cap did not have any rigid.
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supports at the soffit to support the dead load of the pier which
was quite large. Stresses would therefore have been introduced
into the pile cap by the pier acting as a super-imposed load,
[Excessive tensile stresses or cracking of the concrete were not to
be perimitted in the concrete particularly when it was to remain in
water. Also the soil through whicl the piles were driven was of a
loose nature and as the cylinders were of a small diiunetuer it was
important that they should be well tied 1ogether with sufficient
reinforcement in the capping i order to ensure a rigid monolithic
unit composed of the cvlinders, pile cap and pier. The reinforce-
ment was therefore increased 1o 14" dinmeter hars at 4 incl
centres top and bottom  longituchinally and 7 «ianmeter barg
at 18 inch centres transversely for all the pile caps which were
spanning over pile cylinders,

Tests carried out on teat cubes representing cach dayv’s concrete
proved that the quality of the concrete wis well above the require-
ments, The progress of work recorded on the pile caps s indicated
in Table 3,

Abubnents and Plers

The construction of the abutments and piers commuenced with
Abutuient No. L on T4th June. 1954, Cliss GoP. conerete was used
on the 2 abutments and Class C.P0 concrete on the o piers (see
Tuble 1), Concrete with plums was wsetl only in these parts of the
structure, Fhe bed plates under the bearings were of Class 1 (see
Tahle 1) reinforced conerete. The concrete was cist against steel
shutfers in all cases. Special steel shutters were turneed out at the
site [or the 2 ends of the piers. Although the heights of the piers
varicd, the upper section remained the same for all piers. The
difference in heights was made up of brick-nusonry which formul
thc shuttering for the bottom section of the pier and over wlicly
the shuttering for the curved ends was assembled, Tubular steel
staging and props were used to support the shuttering, The picrs
were reinforced with nominal temperature reinforcement on {he

faces.

The concrete was laid in layers of 127 to 157, partly vibrited
and the displacers placed and then vibruted so that these
displacers sank under their own weight, bat not flly o disappear
from sight. The displacers wsed were 07 < 4" broken  stone
{gmeiss) awl were placed so that there was a clear space
between cach other and with the surface of the finished work,
Construction jomts were provided at the end of cach dav's work
and the work continued as described under ‘Construction Joints’
clseswhere o this paper. The displucers projecting above the
surface of the concrete served as kevs for the subsequent layers of
cotcrete.
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During the construction of abutment No. 1, it was observed
that water was seeping through the down-stream wing wall from
one side to the other. Two cores of this concrete were extracted
and examined and the concrete was found to be honeveambed and
below standard. The contractors were instructed to demolish this
concrete and fresh concrete was laid. The top 8 feet of this abut-
ment was constructed in reinforced concrete, The extensions to
the wing wall according to the modified design to incorporate the
ornamental end features, were cartied out at a much later stage
(see Fig. I} — February to June 1958. To hond the new concrete
with the old, the old concrete was well chipped and treated as
construction joints. Also steel dowels driven and grouted into the
old concrete functioned as bond bars,

While the concreting of abutment No. 17 was in progress, the
details for the propesed improvements to the northern approach-
¢s to the city were finalised and it was decided that an overhead
bridge should be constructed over the present Colombo-Kandy
Road at Peliyagoda. In view of this it became necessary that the
deck level of the bridge should be raised by 2'-6° at the
northern end. This was done by reducing the gradient an the
bridge deck from the end of unit 5 from 1 in 33 to 1 in 50. 7 which
did not in any way affect the aesthetics or the construction of the
super-structure of the bridge. The difference in the levels was
obtained by proportionately increasing the heights of piers Nos. ¢
and 10 and the height of abutment No. 11 by 2-6". The
increase in height in the piers was effected at the bottom so that
no changes became necessary in the shuttering, eic. In increasing
the height of the abutment, changes in section were NECessary.
These alterations brought ahout increased loads on the founda-
tions of the 2 piers and the abutment. On checking the design it
was found that the original design of the foundations for the 2
piers could take up the exira loads but in the case of the abutment
certain modifications became necessary in the design. In this case
it was found that the front row of piles in the centre portion of the
abutment would be overloaded by about 1 per cent and the ties
and anchor beams would be overstressed by about 11 per cent
and 14 per cent respectively. Also there would have been shiding
of the wing walls. Further ties and anchor plates were provided
to the abutment at a level of R.L. + 6.50" to relieve the
overload on the piles and the overstress in ties andd anchor beams
at pile cap level. The two wing walls were tied to cach nther hy
ties at a level of R.L. + 8.50" to pmevent them sliding. The
abutment was then completed incorporating these modifications,

A tarred joint was provided vertically at the centre of the 2
abutments from the under side of the bed plates. [n the case of
abutment No. 11, the joint extended up to the pile cap whilst in
the case of abutment No. 1, where ahout & {eet of the ahutment



THE NEW KELAN[ BRIDGE 147

was constructed below ground level, the tarred joint extended
only about 4 feet below ground level as it was felt that the tempe-
rature variation below this would be small.

The delays caused in pile driving for pier No. 8 had set back
most of the works and w1 order to make up for these delays at
least partly. it was decided to concrete the upstream half of the
pier first, providing a vertical joint at the centre. The work on
the hearings and staging and shuttering then proceeded while
the other half was being conere ted. The vertical joint was provided
with a groove of about 18 inch depth along the centre and bond
bars so that it formed a good key and bonded well with the new
concrete of the other half of the pier.

The bulkhead about 270 ft. in length was constructed in front
of abutment No. 11 along the bank of theriver to prevent any
washaways occurring with conseqnent damage to the foundations
of this abutment. This consisted of driving R.C. sheet piles —
about 220 of 32 ft. length and 50 of 15 ft. length and tying
them together by R.C, capping. The area between the bulkhead
ancl the abutment and the other area behind the bulkhead to a
width of 15 ft. were paved with concrete slibs. This would alse
be useful to the hundreds of people who had for several years
been using this spot for batlhang and washing purposces.

Bearings

The work on the reinforced concrete bed plates for bearings
commenced in February 1955 as soon as the abutment No. 1 and
piefs No. 2 and 3 were completed. Abutment No. 1 and pier No. 3
were to have roller (‘free’) bearings while the pier No. z were to
have a rocker (‘fixed’) bearing. The superstructure over these
supports, ending 25 feet bevond pier No. 3 with 2 cantilever was
to form unit 1 of the bridge. Specimens of the reinforced
concrete rollers were cast with high grade concrete (1:1:2)
andd tests carried out. On further examination of the design
of the bearing it was felt that they may not function quite satis-
factorily after a long period of tinie and that for a bridge of this
magnitude and importance bearings of a more satisfactory desigm
should be adopted (see Fig. FV). In the original Jdesign of the
bearings a 3/8 inch thick flat lead sheet was provided hetween the
flat concrete surfaces of the roller or rocker and the seats and
in. dia. dowel bars at 6 in. centres were provided through
both rollers and rockers. The defects i this design were (0) the
lead sheet which 1s designed to take a curved shipe by plastic flow
of the material when movement is caused due to temperature or
other causes, would it course of time tend to gel squeezed out
and cause failure of the bearings and (5) the flattening out of the
lead sheets would throw excessive loads on the dowel bars and
woulil damage them and in turn may even cause progressive
damage to the surronnding concrete.
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[t was therefore decided to provide rollers and rockers with
cylindrical contact faces. The bearings were designed for the
loadls to be transmitted direct from concrete to concrete withont
the assistance of any lead sheet medium as in the originu} design.
The bearing surfaces on the rollers and rockers were convex and
the surface of the seats concave the radii of the two surfaces heing
made slightly different in orier to allow for angular movement.
The radii of curvature of the surfaces were determined from

Hertz's formula
= [0 )]
= r,or,

where C = pressure on the concrete
C = Young's Modulus for concrete = 3 % 10" lbs./3q. in,
I = Load per inch of bearing
r, and r, are the radii of curvature of the contact surfaces.

Inorder to distribute the load evenly hetween the contact faces
and to take up any imperfections on the concrete a 1/8 in. thick
lead sheet was used between the contact laces of the bearings.

In the design the pressure on the concrete C was assumed at
3,000 Ibs. /s in. High grade concrete with a minimum crushing
strength at 6,000 1bs./sq. in. 28 days was used for the bearings.

Table 0 shows the types of bearings used on the different abut-
ments and piers.

It was essential that the bearing surfaces should be formed
most carefully to the correct radii,

(2) The vertical reinforcement in the ‘rollers’ in the original
design was to be omitted and the vertical reinforcement in the
rockers was to serve merely as dowels. The vertical reinforcement
in the vockers was therefore wrapped with felt or similar material,

(3) Interlocked vertical helical binding was provided in addition
to the light mesh reinforcement near the contact surfaces in the
toller bearings and the 3/38" dia. vertical bars and strrups of
4 in. dia. used,

The bearings according to the contract were to be precast but
due to the delays envisaged in having steel moulds with machined
curved surfaces, the contractors were granted permission to cast
the bearings in situ for Unit No. 1. The construction of these
bearing consisted of 3 stages in the case of rollers and 2 stages in
the casc of rockers. In all cases high grade concrete 1:1: 2 1M
with a water-cement ratio of 0. 38 was used.
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Rollers

In the roller bearings the seads wore cast Hirst, in sitt on the
abutiments or piers followed by the rollers which were cast over
these and then the beams were cast over the redters. The concrete
seating had a minimum thickness of 6 inches. Where the pier or
abutment cap had alrcady been constructed to a higher level, a
recess was cut to ensure a mininnan thickness of 0 inches of
concrete. The reinforcement was first tied up and placed in Posi-
tion after a thorough cleaning of the reeess provided. Conerete
was then placed and vibrated vsing a poker vibrator with a needle
of small diameter. When the concrete was fully compacted the
curved surface of radius 20% ins. was formed roughly using
metal templates of this radius. Little or no additional moriar was
used in doing this. After this concrete hardened for about 3 days
the surface was ground down nsing a carbornndum stone to the
exact radius. The tolerances permitied were o 1/128 in, along
the curve and + 1/64 in, axially. The concrete surface of every
single bearing seating was checked by a responsible member of
the Resident Enginecr's staff using a steel straight edge, o na-
chined steel template of radius 203 ins. aad o fecler gange and
approved hefare any further work on this was proceeded with.
The grinding down of the concrete surface to such exicting and
low limits of tolerance was a considerably difficult task and at
the commencement it took about 4 to 3 days per sirface and as
the workmen got more accustomerd to 1 they were able o do it
in half the time. The next stage consisted of forming the 20 inch
curve over this surface using a 1/8 inch thick lead sheet of wiclth
indicated in Tuble VI and a bitumastic filler. The bitumastic filler
made up of cement, Flinkote, No. 3. tine sand and water mixed
in the proportionof 1:2:3: 4 was arrived at after experimenting
with different types of bitummous componnds. The lead sheet was
placed symmctrically about the centre line of the hearings, the
remaming arva filled with the bitumastic fller amnd the curved
surface formed to a radius of 20 inches roughly, The surface was
allowed to dry for about 2 days, gronnd down with carborundum
stone, checked and approved in exactly the saime manner as the
concrete surfuce. The rolier cast over this seating wontd have the
required curved surface of 2o jnches at the hottom. In casting
the rollers, watertight moulds of timber were assembled in pnsi-
tion over the scating, the reinforcement tied up in the form of o
cage (see Frg, V1) lowered down into the moulds and clamped in
position providing the necessary cover, ete. and the concrete
poured in. The concrete was laid in three lavers vibrating it well
to ensure that no air bubbles were trappod particularly at the
bottnm and taking good care to sce that the heavy network
of reinforcement did not move out of position. The top layver
of the concrete was in addition well tamped and the curved
surface formed roughly to the same radius as the DLottom,



150 TRANSACTIONS OF THE INSTITUTION QF ENGINEERS, CEYLON

This Was allowed to harden for about 3 days, ground down to the
exact curvature of 20 inches and a 1/8" thick lead sheet with
the bitumastic filler were applied and the top curved surface of
the roller finished to the required radius of 20} ins. The check
carried out and the process adopted being exactly similar to those
at the seating. The concrete cast against this would have the
requisite bearing surface of radius 20? ins. but as this Jortion
of the bearing formed part of the beam this is dealt with under
the construction of the beams. The top surface of the tollers was
then covered with rubberoid sheets and kept well protected to
prevent any damage being caused while the shuttering and
reinforcement for the heams were being assembled. After the first
few rollers were cast they were closely examined and found to be
very satisfactory. The contractors were then granted permission
to cast all the bearings in situ. When all the rollers on a pier or
abutment were completed they were again checked for alignment,
etc.

Kockers

The construction of the rocker bearings was similar to that of
the rollers except that in the case of the rocker bearings the
recess provided in the piers had to be deeper as the dowel bars
were to be anchored 18 inches into the pier. The lead sheet used
in this case was wider and carried 1 inch diameter Loles to accom-
modate the dowel bars. The top finished surface with the bitumas-
tic filler was of 20 ins. radius similar te the rollers.

The small poker vibrators used for casting the bearings” were
very delicate and failed quite often while the concreting of the
bearings was in progress and the larger ones were not suitable, 1f
the time lapse between the breakdown and resumption of work
was longer than the time for initial set of the cement used, the
work already carried out was rejected and such bearings cast
anew, Also a few rollers that were cast fully were rejected as the
concrete was observed to be honey-combed liere and there due to
madequate vibration. The bearings were cast in situ for Unit 2
also, i.c. on piers Nos. ¢ and 3. The bearings for Unit No. 5 were
much longer and the contractors decided to precast them as it
was felt that this methed would be easier and cheaper.

Precasting Bearings

The bearings over picrs Nos. 6, 7 and 8 were carcving heavier
loads than the others as the spans supported by them were larger.
Therefore the bearings had to be longer and the loads from the
superstructure were transmitted through the diaphragms. The
length of the bearings under the roadway section were to be 15
feet cach according to the design. These beurings were precast.
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For purposes of convenience in casting and handling, the request
of the contractors to cast the bearings in lengths of 7.5 feet was
approved. Steel moulds with machined faces were used. It was
necessary that the rollers should be cast flat. Placing and vibrating
of concrete in this case was very much casier, On cxamining the
first roller that was cast it was found that the coarse aggregate
was exposed at the edges and the upper half of the two curved
surfaces wus full of air holes while the lower half was (uite satis-
factory. It appeared that the moulds had not heen watertight and
the aggregate was exposed duc to leakage of grout. The presence
of the air holes on the upper half of the curved surfrce seemed to
be due to the fact that when concrete was vibrated the air bubbles
always moved vertically upwards and in this case the exit of the
bubbles were blocked by the upper half of the curved surface.
When the second roller was cast the joints in the mould were
sealed and made watertight using Bostik' — this proved very
successful, In order to eliminate the air holes a thin enrved metal
plate of about 2 inches width was moved up and down along the
curved surfaces, taking care that no damage was caused to the
machined surface, while the concrete was vibrated. This toller
was very much better than the tirst but still a good many air
holes were present. On the next roller the same metal pate with a
number of perforations made on it was tried and it was found that
the upper half of the curved surfuces were just as good as the tower
half

Toggle holes were provided on the rollers to facilitate handling,
The, first two rollers cast were 110t used on the bridge. The bearing
sutfaces of the rollers were checked just as in the case of the cast

-in situ rollers and one of the surfaces was made up as before to

20} inches radius using a 34 inches wide lead sheet and the bitu-
mastic filler. The scatings were then cast over these surfaces
providing transverse bond bars to tie them later into the pier
concrete. The seatings were then clamped tirmly with the rollers
using steel brackets, to prevent any relative movement of, the
bearing surfaces, inverted and the other surface of the rollers wis
macde up to 203 inches vadius as before. These rollers which were
now teady to be installed in position over the piers were covered
and kept well protected against any damage.

The rockets were also cast with transverse boud bars similar
to the roller seatings, One inch diameter holes were left in the
rockers for the § inch diameter dowels.

The bearings on piers No. g and 1o and abutment No. 11 were
smaller and exactly similar o these in Unit No. 1 of the bridge.
These too were precast alter making suitable modifications to the
moulds.

When a pier or abutment was completed these bearings were
carefully transported and installed in position te exact lines and
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~levels, In fevelling them steel wedges were used which were Iater
-1]Iowcd to remain in the concrete. In the case of the rockers, the

# inch dewel bars were introduced, anchoring them well into the
pler and grouting the small space between the bars and the holes
which were of T inch diameter. A notable feature in this method
of construction of the bearings is that one bearing surface was
cast against the other bc‘lrmg surface and prevented from any
relative movement till they began to function on the bridge. This
ensured a smoother functioning of the beatings than if they were
cast as scparate units and assembled. Test cubes were made from
the concrete used in every single part of the bearings and tested.
The tesults of the tesis were very satisfactory — the or ushing
strength reaching 6,000 b, /squarc inch in 7 d.n'e. and well over
9,000 Ib./square inch in 28 days. Onlvy Kankesan cement was

nsed on the bearings.

Skiding Bearings

sliding bearings were pr ovided at cach end of the suspended
spins between pier Nos. 3 &4, 5 & 6and 8 &, They were made
up of a top and lmttom mild steel plate 27 thick, with vne
of them faced with 47 thick hard rolled copper sheet Hush
rivetted with copper rivct\' Somte of the be arings were provided
with gro(md plates to allow movement in one direction anly
(see Fig. IV). It will be observed that at one end — the lower end
movement was allewed for laterally outwards from the centre
while at the other end movement was allowed for in hoth ditections
with the ¢entre fixed 1 one direction.

These stiding bearings were provided with steel lugs for ancho-
ting in position into the concrete. The fixing in position of the
sliding bearings on thé cross beams of the suspended span consis-
ted of {a) Filling the recess after cleaning and coating with cement
grout and 4 inch thick layer of mortar, with high grade concrete
and tamping it down. (5) Placing the bf.,’irn s and pressing them
down gm{hm]lv after removing the (.,()dh(_‘ aggregate from the
concrete in the position of the steel lugs, till the Dottom of the
mild steel plates sat well on the concrete.

The Jevels and alignment of the hearing particularly ihose with
grooved plates were checkerd at every stage Lllllll]“ the latter
process to ensure that thev were fixed coriectly ()n: ¢ all the
I)mrmgc: on a cross beam were fixed in position thu were checked
again for the alignment and approved for further wark tn proceed.
These bearings were lubricated with graphite and 1he top plate
placed over them. The beams were then cast over these using high
grade concrete for the portion immediatelv above the l)L"le!I
The stecl lugs on the top plates provided the necessar v anchorage



THE NEw KELANI BRIDGR 153

SUPERSTRUCTURE

For convenience the beams in cach unit were labelled as
follows:—

{a) Centre roadway heams — A By, (3) the two outer roadway
beams — A, Ba, (¢) the kerb beams — Ay By, () the parapet
heams — A, By, the two letters denoting the two spans, The
parapet beams were 12 inches wide while all the other main beams
were 2.4 inches wide,

The Director of Public Works felt that the handrailing provid-
ed by the Contractors in their desigh was not ynite sitisfactory
from the acsthetic point of view and in consultation with the
department’s Architects it was decided to provide & more shitable
tyvpe of railing with a moulded coping. The loads imposee on the
parapet beams by the new railing were heavier and il was neces-
sary to re-design them,

The work on the temporary staging to support the shuttering
with the load of the reinforcement and comerete for the heams
and slabs in Unit No. 1 commenced i Fehruary 1955, Unit No. 1
consisted of 2 spans of 70 feet and 83 feet respective ¥ eommeneing
from Abntment No. 1 and having a cantilevered end of 20 feet
length. The entire wnie hind to be conereted and cired before any
of the supports, supporting the shudtering and concrete could be
released. Tenrporary staging conststing of *Acrow’ props, tibular
steel ties and bracings were provided for the entire aren under the
superstructure, The props 4 feet apart were assembled at 57
07 ventres under the main beams  with intermediate rows
hetween the main beams w1 57 . 0% centres and were braced
to vach uther to ensare rigidity of the entire staging. The props
were supported on 107 % 07 theber sills. The timher sills
were placed after abont 47 1o 37 of the top soil was removel
and the bed levelled with quarry dust,

The beams were to be cast first, witle a horizoutal construction
joint about 2 below the fillet between the beams and sl
and the rest of the beam cast along with the roadway slab — (seu
Fig. V). The shuttering for the road slabswis therefore ixed after
the beams were cast up to the comstruction joints. The soffit
shtters for the beams and slab were carried on timber runners
placed m the ‘split-head’ at the top of the acrow props. The
soffit shuttering of the beams which consisted of 2 inches thick
timber planks was fixed over these timber mnners aund levelled
using hard wood packing and wedges, “The werlpges helped u
striking off the shutters withowt damage to the timher shutters
or the concrete, To set ont the heams, G, wire kept taut by
weights at the two ends were stretehed alomgr the centre lines of the
main bewms and carried on the stagiimg at a higher level than the
bottorn of the beams. The soffat shintters o which the centre lines
were marked were set nut underneath these lines wsing o plunth
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hob. The levels at the bottom of the heams were caleulated in re-
lation to a bench mark on the top of Abutment No. 1 and the
soffit shutters were fixed to these levels. The bottom of the
parapet beams formed a circular curve and this had to be st out
very accuratelv as the acsthetics of the bridge depended very
largely on the finish of these beams to proper lines and levels.
The levels at the soffit for the parapet beams were calculated for
every 2 feet intervals and the curve set ont. Also it had to be
noted (see Fig. 1) that the superstricture of the bridge had a
gracual rise from Abutiment No. 1 to the end of Unit No, 4; Unit
No. 5 was level and there was then a-gradual drop from there
onwards, The soffit.shutters for the cross beams and diaphragm
walls were similarly set out. All setting out was checked by an
Engincer from the R.E.s staif. In Unit No. 1 the reinforcement
for the main beams was assembled on o second soffit carried
on ‘horses” 26" high and pliced over the original  soffit
shutters and then jacked down. The reinforcement for the cross
beams and diaphrags was then assembled over the respective
soffit shutters. The reinforcement imported by the contractors,
up to this stage was found to be of “Thomas quality’ and as the
contractors were unable to obtain any other steel due to the
world shortage of steel at that time they were granteed permission
Lo use this steel providing an extra 1o per cent at their own cost.
This stecl was used on part of the substructure and Units Nos. 1
and 3 of the superstructure. The steel reinforcement provided in
the main beams in particniar, appeared very congested us a result.

The design provided for screwed couplers to he used (o1, the
main reinforcement in the beams as it was not practicable to
provide for laps on account of the close spacing of the bars (see
Fig. ¥). All M8, reinforcement bars of diameter 17 and over
were butt-jointed with screwed coupling boxes. These couplers
were tested before approval for use on the works, The placing in
position of the reinforcement and the fixing of the screwed
coupiers were closely supervised by an officer of the Resident
Engincer’s stafi and a note was made on the drawings as cvery
bar was placed. 1t was observed that due to careless handling
some of the threads on the bars got damaged. Such bars were not
penmitted for use. At a later stage, in order to allow for such
damage the lengths of the screwed joints were increased. The
reinforcement for the bearing surface at the soffit of the heams
was tied on to the main reinforcement of the main beam or dia-
phragm providing 1 inch cover on the bearing surface. The use of
cover blocks on the bearing surface was not permitted. The spac-
ing of the reinforcement, the cover provided, the level of the top
reinforcement of the beams were all thoroughly checked and
approved before the side shutters for the beams were fixed. The
reinforcement for the main beams in Unit No. 1 had remained
exposerl for a long period due to the delavs caused in the change
in design of the bearings and as a result considerable amount of
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rust had formed on them. Counsiderible difficulties were experienc-
ed in cleaning this rust particularly at the bottom of the mid-span
where the reinforcement was very congested. The side shutters
consisted of steel ‘Acrow’ wall forms and soldiers, At the junc-
tion of cross beams or duct beams with the main beams timber
make up pieces were used. The side shutters were kept in position
by props carried on the staging and 'ties” running across the beam,
the ties were allowed to remain in the concrete after extracting
the two cones on the sides and filling up the holes with cement
mortar. Once the side shutters were fixed they were checked by
the Resident Lingineer's staff for alignment, water tightness,
proper cover to the reinforcement, ete. Also while fixing these
side shutters the reinforcement already placed sometimes moved
out of position. This was also looked into and corrected where
necessary. Timber, stop ends for construction joints were provided
on the beamns as indicated on the drawings. The beam was then
ready for placing the conerete.

In concreting the beams the procedure described earlier in this
paper together with the following additional arrangements was
adopted. The concrete for the entire bridge was mixed at a
central mixing yard about 1vo vards away from Unit No. 1 and
transported by light railway. A crane mounted at the level of
the deck on a staging of tubular steel at the end of Unit No. 1 on
the upstream side of the bridge lifted the concrete and deposited
it into a hopper placed near the crane at the same level. The
concrete from the hopper was then transported in wheel barrows
to the spot where it was to be placed. Tinmber planks carried on
the staging served as a run-way for the harrows and alsy as plat-
form for the workmen and supervisory staff. In accordance with
the specifications submitted by the contractors along with the
tender the concrete was to be pliced within 30 minutes of mixing.
An officer of the Resident Engineer’s staff was spectally detasled
at the hopper to check this, This officer noted the time the water
was afded to the mix, on a signal given him by the officer super-
vising the mix and also noted the time when the respective
mixes should be completely used up. When the time limit was
reached, any concrete remaining in the hopper was thrown off
while the concrete was being placed, that section of the beam
was kept protected from the weather by tarpauling, ete. Also the
entire arca {roin the mixing yard to the beam was well lit pd\mg
particular attention to see that the shadows cast on the scctions
to be concreted were a minimmm. Powerful inspection lamps and
electric torches were provided by the contractors for inspecting
works which were still covered by shadows. The concreting of the
first section of Unit 1 was commenced on the 2gth June tgss.
The top panels on the inner side of the beam were Temoved at
about 8 feet intervals for placing chutes to concrete the lower
layers of the beams. These shutters were replaced. It was
necessary that these shutters went back 1o the exict position
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from where they were removed to facilitate fixing them back
and also to ensure water tightness.

The concrete in the beams was of class D and a waler-coment
ratio of 0. 38 was decided from the tests carried out on preliminary
test cubes. In fixing upon a water-cement ratio due consideration
was given, to the workability of the concrete. The contractors
appearced to have doubts about the workability of the mix parti-
cularly for the first layer of concrete where the reinforcement
was very congested, as mentionul earlier, and requested for
permission to use a richer mix namely class 13 with the water-
cement ratio remaining at 0. 58 and this was allowed,

The cencreting of the first bearm commenceld at 7.50 am.
The first few batches of concrete consisted of class A, Lo be
placed over the bearings. The water-cement ratio in this concrete
was 0.435 — a little Ingher than that used for the rest of the
concrete bearings, to increase the workability, The depth of
beam at the bearing of pier No. 2 was about 1o {cet and it was
necessary to remove onc of the lower shutlter panels to place
the concrete over the bearing, through the network of reinforce-
ment and vibrate it well to ensure that the bearing sorface formed
was well compacted and free of air hioles, The depth of beam over
the roller bearing on abutment No. 1 was much less and it was
therefore possible to place the conerete and vibrate it well from
above, after the removal of the top shutter panel ealy, The class
I3 concrete was then laid over this and work proceeded ar both
points with the greater volume of conerete being deposited in
the section over pier No, 2 till the haunches were filled, Tlhiere-
after the conereting wis carried out in unifonn Jayvers from the
two auter ends. After the first laver of conerete of about % to
12" thickness was laid, class D concrete was used in the
upper layvers. In the class 13 concrete, although a water-cement
ratio up to 0.58 was permissibie it was found that o workable
mix could be attuained with a water-cement ratio of o, 52. The
concrete in the haounches was placed using trowels whilst in the
rest of the section it was sent down through chutes directly ofi
the wheel barrows. The drop of the concrete never exceeded
above 4 feet and no scgregation took pluce. In compacting the
bottom layer of umum, a;mtul.ttcd tamping rods were waed in
addition to the vibrators to ensure that the concrete went tirough
the heavy network of reinforcement. When the  wonerete
layers reached the appropriate level the duct beams were con-
creted usimg class I conerete. A construction joint was provided
within the middle {rd span of the duct beams, and the concrete
for the balance length was placed when the conereting of heam
Ay By was done. A Tow workmen were posted below the soffit
shutters to watch for any leaks in the shutters when the conerete

qas placed and vibrated and to seal them immediately, The
vibrators were operated by a special trained gang, One of the
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Iingincers of the Resident Engineer's staff inspected the mixing
vard frequently to check whether everything was in order and
1ssue necessary instructions Lo the officers supervising the mixing
etc,, and inspected the underside of the beams to check whether
there were anv leaks or il any movement had taken place due to
the vielding of the props, ete. Test cubes were miade out of the
different tvpes of concrete used and also when a particular mix
appeared too wet, ete. A reconld was kept of these test cubes and
the test resulls of the cubes at 7 dayvs and 28 days were checked,
The concreting of this beam wis stopped and a construction
joint provided at 0.05 pan. giving an average of o, 70 cubes of
concrete per hour. At the end of the day's work, the particulars
ol materials used, time taken, test enbes made, ele. were entered
in the concrete record forms. Concreting of the beam was con-
tinued an the following mornmng. Before the conereting commenc-
ed the stop ends at the construction joint were removed and the
surface wax thoroughly chipped of all lajtance 1o expose the
metal, washed and cleaned. The concreting then commenced
with the class A concrete over the hearing on pier Noo 3. The
deptl of beam here was as much as over picr No, 2 amd a similar
method of construction was adopted. At the construction joint,
about 1 foot depth of beam frome the bottom was mmm med and
coated with neat cement grout over which about 4 ineh thick
luver of 12 cement-simd mortar thrown., The concrete wis
mmediately placed against this surface and vibrated. This
process wis tepeated for every laver of concrete at the construe-
tion joint, The section of this beam cast the previons day was in
the eantinee being kept wet by w continuous ow of water while
at the same time the side shutters were being struck off. The
conerete appeared very satisfactory and the sorface was without
Dlemish except a few patches on the inner face where segregation
hadd vecurred doe to over vibration, Thewidth of theheam being
only 12" it appeared that the vibrator had Teen held too
Ll()'-l_’ tn the shutter for the segregation to have ceourred and care

s laken to see that the vibeator wax immersed centrally in the
hC(?l)Ild section of the beam that was heing concretued. The rate of
concreting the sccond section of beam Ay B down streant was
almost the sime as for the first sechion and the conerele was very
satislactory m all respects.

The concreting of beam Ay By down stream was taken up next,
The concrete in this beam was abont twice the quantity m the
bewm alrendy cast as this was twice as thick and carried cross
beams on the other side. The conereting was carried out in the
same order and manner as the previous bewm, on the 15t and

1 July, respectively, the rate of conereting being abont oy to 1
cube per hour and the concreting extending well into 1l nights.
In this heam it was found that the vibration had to be carried out
over o longer period as the vibritor inmersed at the centre did
not appear aficctive over the wildth of 2 feet. Also the vibrators
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broke down on a few occasions. At this stage, it was felt that work

“wonld nermally extend into the nights almest everyday and it
was decided that Resident Engineer’s staff would work in 2 shifts
with an ‘overlap’ of about 2 hours so that the staff taking over
could fully acquaint themselves of the exact position of the
wotks — not merely the concreting of beams but all works, The
sub-technical staff was immediately increased in strength and an
Engineer was placed in charge of each shift with another to assist,
At the end of the day’s work if there remained any information
that had to be passed on to the Engineer-in-Charge of the next
morning’s shift, this was written down in an ‘Information book’
kept specially for the.purpose and the staff on the morning shift
always commenced the day's work by referring to that book.,

It was also decided that the ‘finishing’ of the exposed surfaces
of the beams should be carried ont as soon as the shutters were
struck off in the following inanner:—

(1) lmmediately on -stripping the shutters all irregularities
to be chipped off and rubbed with carborundum.

(2) Small areas of honey comb, air and water holes to be
made good with cement-sand mortar immediately the
shutter is removel.

(3) Where the surface was made good in this way the area
treated to be rubbed down with carborundum after
48 hours to bring the whole to a uniform smaoth surface.

The curing of the beams was carried out very svsternatically
for a minimum of 14 days by the use of perforated pipes placed
over the beams with a continuous day and night flow of water.
The concreting of beam A, B, down strewm was carried out on
the 6th and Sth July. The contractors did not wish to use
class B concrete in the first layer of concrete any longer and
it was felt that the specified class D conerete with 3" coarse
aggregate instead of 17 could well be used by varying the
proportions of fine and coarse aggregate, with the sum of the
volumes of these two st remaining the same. A nominal mix
of 1:24: 34 was tried with the normal water-cement ratio of 0.58
and the mix appeared quite satisfactory and workable. The re-
sults of tests on the concrete were very satisfactory. This mix was
adopted for the bottom layers of all the other beams thereafter,
The concreting of the first section of the beam was carried ont
at an average of 1} cubes per hour and completed at 10.30 p.m.
while the work on the other section extended till 2.30 a.m. the
following morning, the rate of laying concrete being reduced
to about 0.78 cubes per hour. The main causes of the delays
were the frequent breakdown of the vibrators and the slackness
on the part of the workmen probablv due to the long hwurs and
strenuous nature of the work. Hand-tamping of the concrete was
not permitted and the contractors had therefore to carty on with
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the work after effecting the nccessary repairs to the vibrators
when they broke down. Sometimes there was a lapse of nearly
2 hours or more after the completion of one laver of concrete and
before conunencing the next laver. In such instances the concret-
ing was continued after the application of u coat of neat cement
grout. It was also found that the quality of the concrete in this
beam was poor at certain sections duc to improper vibration
and faulty shutters. Working under artificial lights it was difficult
to spot any leakage in the shutters, The contractors were orrlered
to have alt the defective conerete chipped off and made good by
guniting. It was therefore decided to limit the quantity of con-
crete laid per day to about 10 cnbes so that good care and atten-
tion would be paid to the placing of concrete in the beams, Also 8
to 10 hours work per day would not have been too exhausting to
the workmen. The construction joints on the beams were there-
fore re-arranged as shown in Fig. V and the conereting of a beam
dune aver 3 working days. The Resident Eigrineer’s staff however
continued to work in 2 shifts s there were so many other items
of work in progress till .00 or 10.00 p.m. daily. The 2 scctions,
ecach of about 4o feet length falling over the 2 picrs Nos. 2 and 3
were concreted on 2 different davs, While the other two sections
totalling to about 13 cubes of concrete were then carried out in
day. In the latter case although the volune of concrete was large,
the placing was comparatively casv. The contractors had in the
meantime purchased 3 or 4 additional vibrators 10 ensure that
the work did not sutfer an this count. The rest of the beams in
Unit No. t were cast with construction joints similarly placed —
exegpt the parapet beam on the upstream side where the quantity
of concrete was much less and therefore the construction joint
was placed as in the parapet heam on the downstream sicde.

Practically all the workmen engaged by the contractors for
this work had no previous experience in the compaction of
concrete by vibration. They were in the habit of dumping conerete
in one place and trying Lo use the vibrators for moving it along
and spreading. But they were, within a short period successfully
trained by the contractors with the assistance of the Resident
Lngineer's staff, in the proper technique of vibration.

As concreting of the beams was in progress, the shuttering for
the roadway slab over the beams already cast was taken up. The
shuttering consisted of ‘Acrow’ wall-forin pancls supported en
centering of steel scaffold tube. The fitlets as well as the make up
picees for the shuttering were in timber. Fihie fillets were supported
on timber runners which were bolted on to the main and cross
beams, the holes for the bolts having been formed when the beams
were cast, The roadway slab was cast to the profile of the road
surface, the level of the shutters being determined by working
out the roadway formation level and lowering these levels by

»”

11" (thickness of wearing surface 37 and thickness of slab 87).
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The top surface of the beam section alrcady cast had to be
cleaned of mortar and concrete which had dropped on it and
this was quite a difficult and laborious job, particularly on the
section at the piers, due o the heavy congestion of reinforcement,
The concrete was then well chipped to expose the coarse
aggregate,

The bending and placing of the reinforcement proceeded
simultaneously with the above works, Unlike in the beams, the
shuttering for the deck slab could be adjusted any time without
difficulty and the placing of reinforcement was quite simple and
straightforward,

While these works were in progress, on the znd August 1935
a fine crack was observed at the top of the downstream parapet
heam A, B, directly over pier No. 2. On a closer examination
the crack was found to appear on both faces of the heam to 2
depth of about 2 feet. The top flange of the parapet beams had
not been concreted as yvet. The crack was left under observation
and the last heam —— the upstream parapet beam A, B, was con-
creted on the 5th and 8th August.

The concreting of the roadway slab then proceeded. The road-
way slab had a rise longitudinally as mentioned carlier and the
camber consisted of two straight sloping  sides  connected
at the centre by a parabolic curve giving a0 rise of o inches
atl the crown {see Figs. 1 and V). The concreting was carried
out in 35 longitudinal strips  of width 10'-8", 12'-10",
13'-0", 12-10" and 10'-8" each strip heing done over 2
days. The longitudind]  construction joints fell  within the
nriddle #ths, of a panel while the transverse one was in the
3rd panel beyond pier No. 2 near the original position of the
construction joint in the beams. The construction joints in the
slab were vertical and carried a horizontal kev. The shotters at
these construction joints were struck off about 6 hours after con-
creting. The reinforcing bars were continued through these shutt-
ers and it was sometimes found that the conerete around these
bars, at the construction joint was of a poor quality due to the
shutters being not absolutely water-tight at these points. In such
cascs those portions of the concrete were broken and removed
before the concreting commenced on the next strip. The class of
-conerete used on the deck was the sante as (at on beams. A large
number of construction joints — hetween deck slab and main
beams or cross beams and the 2 strips of the deck slabs, were in-
volved and these were careflully treated as described earlier. The
compaction of the concrate was carried ont using an imnersion
type of vibrators as for the heams and also a surface vibrator at
the carly stage. As the compaction obtained by the immersion
vibrator was quite satisfactory the surface vibrator was not userl
thercafter. In order to obtain the proper camber on the roadway



THE NEW KELAN]I BRIDGE 161

slab the longitudinal “stop boanls” at the construction  joints
were fixed so that the top levels were the exact fmished
levels and a 16 feet long tamper with the edge made to
parabolic enrve was used to form the curve on tie centre portum
of the readway, A tamper with a stradght edge was used in the
other 4 sections. The concreting of the deck slaly was completed
on the zuth August 1955, The parapet coping of the 2 parapet
beans now remained to be done. An examination of the crack on
the downstrenm parapet bean A, B, on .55 showed that it had
developed further — the erack (..\lt,n(lmg down & feet. Alsoa tine
crack wis nbserved on the other parapet beam at exactly the
sirne position. It was felt that these eracks had oceurred due to
settlement of the props aind also possibly shie to shrinkage, m the
absence of any reinforcement, at the top. These two beams were
cut out tathe full depth of 1he cracks and 1o @ widili of 6°
on either side of the crack: 3 Noso 47 die bars with lieoked
ends were placed across the bottom of the cut portion, ad con-
creted with the same conerete mix,

[ order to mmumiise a recurrence of this nature it wis decided
that in future the beams coming under the roadway will be con-
creted tirst with the roadway slab following soon after. The con-
crating of the footpath beams was then to be carried out and here
again the concreting of the top fanges to be carried out soon after.

The two parapet beams wore later test loaded, after the con-
struction of the suspended span (Unit No, 2] Tt was found that
the repair work carried out was satisfactory and the detlections
observed tallied with the caleulated valies, The top scetion of the
parapet beams comsisted of a monldsd coping on the outside and
a flange with o rebate to carry the footpath slabs o the inside,
The shuttering for this was very accurately fixed as on this de-
pended greatly the appearance of the bridge. Special steel shutters
were nsed for the monlded coping. The conerete was placed ap to
the Jovel of the footpath with stirrups projecting wpwards to
provide for the bonding of the parapet, Also the kerb and foot-
path ties {see Fig. 1) were carried oul at the same time. The top
surfaces of these were tinizhed with neat cement as this fornued a
part of the footpath. "Paper joints” were provided i the parapet
coping, up to the level of the bean reinforcement on either side
of the piers Nos. 2z and 3 at a distance of 77 from the piers.
The kerh was 117 high,

WEARING SURFACE
The wearing surface as provided in the tender was a3 inclies
thick surface of concrete, class 12, reinforced with 2'-0" dia.
hoops of }” dia. bars in two layvers. 1t was however decided
by the department to provide a wearing surface of premized
bituminous concrete of thickness 1 inch on w concrete surface as

4280—0
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tendered but with the thickness reduced to 23", A bituminous
wearing surface was favoured in preference to the concrete wear-
ing surface for two main reasons (¢) to cut down glare {#) to have
a uniform surface over the bridge and approaches. s

The concreie screed was laid in panels of 20 feet x 12 fect
and 10 feet x 12 feet with transverse joints at 12 feet and longi-
tudinal joints stageered by 1o feet 30 that no joints were con-
tinuous, Alternate panels were laid each day so that the effects
of shrinkage would be minimised. The panels were formed by
timber frames. The hoop temforcement with cover blocks tied
at the bottom and between the two layers of hoops was placed in
position and the concrete faid, Compaction and finishing was done
with a screed vibrator.

The screed conerete was stopped at the expansion joints in the
deck slab. The expansion joint consisted of 3" x 37 <
angles bent to the cimber of the screed aml provided with a ‘U’
shaped strip of copper sheet rivetted on to them, the angles being
kept 1 inch apari. Lugs welded on to the angles anchored them to
the concrete. The screed concrete was finished fluste with the top
of the angles. The gap between the angles was filled with bit-
urninous filler which was retained by the *U’ shaped copper strip.

The wearing surface of 1 inch thick bituminous concrete was
provided by the department after all work on the bridge was
completed. The premix was laid in strips of 1o fect using the
Barber-Greene finisher, the material being mixed at the mixing
plant at Kelaniya and transported in 5 ton tippers. -

On the 17th October 1935 two transverse cracks were observed
on Unjt No. 1, about 1b feet on either side of pier No. 2. The
crack on the first span was across the full width while that on
the second span was about 40 feet long and on the dewnstream
side. These cracks were found to have occurred exactly where the
top reinforcement in the slab was stopped. According to the de-
sign calculations no tensile stresses are caused at this section even
under the worst loading conditions. Therefore it was generally
felt that the cracks had been caused due to shrinkage. The cracks
were tepaired subsequently by cutting out the slab to a width of
3 inches on either side aud to the full depth of slab {the cracks
appeared right through the slab) and filling them with concrete
using the minimum quantity of mixing water so as to minimise
shrinkage.

In order to clear all doubts about the cause of the cracks the
entire roadway of this unit was load tested with the maximum
design load. The repairs carried out were found to be very satis-
factory, no signs of cracks being observed, which proved that the
cause of the cracks was shrinkage.
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Work on Unit No. 3 was taken up next (see Iig. I). A scetion
of the Sedawatte road on either side of which piers Nos. 4 and 5
were located had been diverted temporarily between piers Nos. 3
and 4 to enable work on the falsework for the superstructure to be
erected. Work on the falsework had commenced while concreting
of Unit No. 1 was in progress. Unlike in Unit No. 1 the reinforce.
ment for the muin beams was assembled directly on the soffit
shutters. The falsework was thoroughly checked for possible
settlement. The duct beams and footway ties were precast and
assembled with the shuttering for the kerb and parapet beams
and cast in as casting these in-situ was found to he VETY I11Coi-
venient in Unit No. 1. Unit No. 3 consisted of a single spait of
length 83 fect with 2 cantilevered ends, cich zo fect loatg. T this
unit too “Thomas quality’ steel with the extra 10 per cent was
used. In the case of the parapet beams it was observed that the
dead load bending moment at mid-span in the absence of the sus-
pended spans on either cantilever was greater than {he maximum
final bending moment for which the beam had been designed.
It would therefore have been necessiry 1o either have Lhe props
on, or the two cantilever ends loaded 6l the two suspended spans
were constructed. The props could not be kept on as the roadway
underncath should be opened before constructing the suspended
span between piers Nos. 3 and 4 and loading the cantilever ends
of these beams was not very convenient. [t was therciore decided
to provide additional steel in the hewms, w cater for the full dead
loadl bending moment, with the cantilever ends free. The con-
struction joints int the beams were placed 20 fuet from the pters
and the work carried out in the same manner as Unit No. 1 and
completed by the end of January 1950,

According to the programme, Unit No. 5 was to be tiken up
next. This unit of 264 feet length was the mnost difficult, spanning
over piers Nos. O, 7 and § with two cantilevered ends of length
25 feet cach (sce Vig. [)., Tt was necessary that the Sperstructure
of this unit should be constructed completely hefore the latter
part of May as otherwise, there was the possibility of the tem-
porary staging being damaged by the flouds, as in the previous
year. Pile driving for pier No. 8 was just commenced in January
1950—the entire programme being set back due to the previous
year's flonds. 1t was therefore decided to construct the super-
stnucture of this unit up to about 235 fewt beyond pier No, 7
(see Fig. V) and clear the river, hetween piers Nos. 6 and 7 of wll
obstruction {i.e, timber staging, etc,) before the end of Mav 1950,
Also the staging between piers Nos. 7 and 8 had to be protected.
For this purpose, a cut water’ (see Fig. VH) was constructed up-
stream by driving Lwo rows of piles braced to cach other, On the
periphery of it were hung bundles of bamboo which deflected the
water and also retained all the debris. Also sand bags were placed
at the bed of the river along the vuter line of the timber piles of
the staging to safeguard these piles from damage due to scour.
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The timber piles of the staging between piers 6 and 7 were to be
extracted from the deck using a mechanical winch. For this
purpose 4" X 4% holes were to be provided on the road-
way slab. While the assembling of shutters and placing of ren-
forcement were procecding, some of the timber piles in the river
were test loaded and an appreciable settlement was observed.
This raised grave doubts as to the suitability of the staging. Two
strips of the staging lalling under the 2 main Leams on the up-
stream side were then loaded for the full length with sand, almost
erquivalent in weight to that of the beams. [t wus [elt that once
ihis sand was removerl the staging would be able to withstand the
weight of the beams. The concreting of the superstrneture was
completed on 1oth May and the removal of the staging and
extraction of the -timber piles commenced thereafter beginning
from the side where the conerete had matured for the required
period. The temporarily cantilevered end beyond pier No. 7 was
leadled with sand bags before the props were removed so that the
bending moment at the centre of the span between piers Nos. 6
and 7 could be kept within the designed value, the cantilever end
beyvond pier No. 6 being without the superimiposed dead toad and
the span between piers Nos, 7 and 8 not constructed as yet.,

The construction of the 2 suspended spans namely Units Nos,
2 and 4 were then carricd out. No construction joints were
necessaty on the beams as they were comparatively shatlow in
depth, and therefore the guantity of concrete in them small
Unit No. 2 was 43 feet in length while Unit No. 4 was 6z feet in
length, In order to aveid an upset of the level of the end of the
cantilever at pier No. 5 before concreting the suspended span
{Unit No. 4) which it supported, the props supporting the beams
of Unit No. 2 were removed only after the concrete in Unit No. 4
had been placed and cured and the props supporting the beams of
Unit No. 4 were removed after completing the balance work in
Unit No. 5 so as not to upset the level of the temporary cantilever
beyond pier No., 7.

The construction of the other part of Unit No. 5 {see Fig. V)
commenced on the 17th January, 1957. The reinforcement wlhich
had been left exposed for about g months was badly corroded and
had to be cleaned by sand blasting as it could not be cleaned by
other means due to the restricted space. The first beam that
was concreted namely the parapet beam on the upstream side was
found to separate out at the construction joint due to shrinkage
of the new concrete. This bean was cut to a width of about 2 feet
at this joint to the full depth and concreted again using a con-
crete mix with a very low water-cement ratio. In all the other
beams a gap of about 4 feet {see Fig. V) was left near this con-
struction joint and this gap was concreted similarly after the
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lapse of a few davs during which period nost of the shrinkage
of the new concrete took place. Thiz unit was completed carly in
April and the staging removed before any likely floods in May.

The construction of the superstructure of Unit No. 7 then
commenced i June. A flood protection device was adopted here
Loy, tyving a wire rope from pier No. 8 on to the northern bank
about 150 feet upstream of abntnient No. 11 and hanging hundles
of bamboo poles on this, [n order to reduce scour at the staging,
rubble was dumped instead of sand bags as in the previous cuse,
Unit No. 7 was exactly similar to Unit No. 1 and the construction
Joints were placed in exactly the swme positions as Unit No. 1,
It was net possible to concrete the full unit at this stage as
prer No. g was not constructed. 11 was therefore decidel Lo
construct the superstructure hetween abwitment No. 01 and pier
No. 1o with acantilevered seetion of about 2o feet from pier
No. to towards pier No. g, similar {o unit No. 5 but the props
under the main beams were not removed till the other section
was concreted. In conereting the beams in the other section a
gap of about 4 feet was left at the construction joint mul this
was concreted @ few days later just as in the case of the second
seetiom of Unit No. 3.

The next unit (Unit No. 0)—a suspended span of 6z feet form-
ed the last unit. The setting ont of this unit consisted merely of
ining the 2 cantilevered ends aned the concreting of this unit
which was the last section of the superstructure, was completed
on 20th February 1958, As will be seen the setting out and con-
struction work proceeded [rom both ends and it might be mention-
el here that the kst unit concreted—an intermediate unit was
exacily 62°-0" as per drawings. The setiing out of the centre of
the piers and abutments was carried out by triangulation.

Footways, Ducts and Para pets

The ducts provided on cither side under the footways were
provided with precast slabs at the ottom and precast footway
slabs at the top.

The footway slabs which were o7 wide were provided with
"V shaped grooves at g inches centres and chamfered edyes so that
the footways would have a chequered appearcnee with g inches x
gimches squares. The footway slabs as well as the duct slabs and
parapet rails were cast in steel moulds. The tie beams which were
provided to tie the parapet and kerb beams together at the Lo
were precast and fixed in position on the shuttering for Uie kerb
and parapet beams and cast in. The duct beams which span the
kurb amd parapet beams and were designed to carry directly the
loads from the services accommodated inside the ducts were
similarly precast and built into the beams. The slabs provided on
these duct beams were designed only for incidental loads.,
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When the footway and duct slabs were being placed fine cracks
were observed on the under side on quite a number of slabs. These
cracks appearcd to have occurred due to careless handling while
removing from moulds. In the slabs where the cracks were only
hair cracks which hecame visible when the surface was damp the
cracks were cut out to u deptl) of 4 inch and gunited while the
badly cracked ones were replaced with new ones,

Lighting

Provision for fixing the lamp standards was made in the pila-
sters in the parapets, over the piers and abutments, Tuhular steel
lamp standards were specially imported for the purpose. The
two small bridges on the approach roars as well as the section of
road between the main bridge and the railwayv overhead bridge
were also provided with these lamp standards.

The Department of Government Electrical Undertakings was
consulted on the type of lamps to be provided and also on lighting
of the approaches. On the approaches it was decided that the
lighting should be provided both from the sides as well as from
the centre.

It was also decided that sodium vapour lamps shouid be provid-
ed throughout, the reasons for this being that

(a) it is proposed to provide sodimm vapour lamps finally on
all the maim roads in the city and

(0) the power consumption of this type of Tump heing very
low the maintenance costs would be much less than for
other types of lamps.

Ornamental Features

When the alterations to the parapet were being considered it
was also decided to incorporate ornamental features at the end
of the bridge. These consisted of flower boxes, concrete seats,
ormamental lamps, ete. These features extended about So feet
from the abutment face. By the time the decision was taken the
abutment No. 1 and wing walls had been completed. The parapet
and the retaining walls necessary for this work were carried
partly on the wing walls and partly on piles driven specially for
the purpose. At the abutment No. 11, 42 Nos. precast piles were
driven to 17 feet below ground level and at abutment No. 1,16
Nos. ‘Colcrete’ piles were 'driven to R.L.—13.75". The piles at
abutment No. 1 were driven with the piles reguired for the
extension of the already built wing walls. Thesc piles were then
extended up to the level of the roadway:.

The piles at abutment No. 11 were required to carry a load of

2 tons only, but the pile cap on the upstream side showed slight
settlement when the carth fill was completed. Slight outward
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movement was also noticed. The pile cap was then loaded to 1}
times the design load but no further settlement was observed.
The cause of the settlement was attributed to both the nepative
friction on the piles due to the Bl the height being 11 feet and
ilso due to settlement of the ground caused by the weight of the
illing. In order to prevent outward movemend of the piles due to
lateral pressure of the carth il 1) inches dia. steel tios were
introduced tving the piles on the opposite sides topether across
the road. Similar ties were also provided ac the abutment No., 1

Conclusion

The work on the bridge and approaches was completed on the
2 of February, 1959 amd ceremonially opened on the 3rd
February, 1939 by the late Mr. S.W.R.D. sandaranaike, Primge
Mituster at the time, in the presence of a large gathering of
forcign diplomats, officials, workers and the public.

A total volume of conerete of 4,220 cubes (1 cubie=too cu. ft.)
and 1,500 tons of reinforcing steel were used in the construction.

An analysis of the costs of the bridge is given below:—

L. Design, site establishment, cte. .. Rso goo000.00
z. Piling .. .. .. Rs. 1,229.475.00
4. Piers and abutinents .. .. Rs.  gi0,150.00
4. duperstructure . .. o Rso 3,104,500, 00
5. Parapets and ornamental features . Rs. 150,975 .00
O, Miseellanenus items . o Rs. gqto00.00

Rs. 6,370,000, 00

Staff at the site

The work wus supervised by a Resident Engineer appointed
by the department, who was assisted by an average staff of 4
Assistant Engineers, 3 Junior Engineers under training, 3 In-
spectors amnd 12 Supervising Overseers.

The following were the Resident Engineers during the period:-—

1. Mr. WL Roper —25-1-54 to 8-11-54.
2. Mr W.N.G Watson, B.Sc.Eng. (Lond.),

AMLEC, MLEC. “~—4-11-54 to 0-1-57.
3- Mr. DEF. Vandergert, AM.IC.E. —7-1-57 to 31-8-57.
4 Mr. M. Chandrasena, B.S¢.Eng. (Lond.),

AMLCE, MLEC. —I-G-57 to 28-2-59.
The Contractors’ Agent was Mr. Jumes Bates, B.Sc. (Eng.),

AMLCE, AMLStruct.E., who was assisted by Me. J.F. Felm-
ing, B.5¢c. (Eng.), AMILCE.
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TasLE 2
Piles

Abu-

No. of | Date com- | Dats com- iy .
ment or piles semoed pleted REMARKS
prer

No. 1 U 25- 2.54 14. 6-34 |Pile No. WA4 Test loaded.
14 Dud piles. 26 piles driven
later.

No. 2 62 17- 654 | 14- 7-54 |1 Dud pile.

No. 3 66 17- 7-hd 9. 8-h4

No, 4 67 i2- 854 | 31- 5-34 |Pile No. €2 Test loaded.

No. & 72 2- 9-34 25- 4-54 |3 Dud piles. Piles Nos. B5
and C12 Test londed.

No. & 84 29-11-54 9. 2.5 |11 Dud piles, Piles Noa. Cl
and €2 Test londed as a
gronp.

No. 7 84 14- 355 | 23- 7-34 |12 Dud piles.

No. 8 84 30- 1-56 12. 7-56 |11 Dud piles. 34 short
sealing piles.

No. 9 69 22. 2.57 | 24. 447 |42 short sealing piles.

No. 10 49 1. 9.56 27-11-56 |42 shart sealing piles. 1 Dud
pile.

No. 11 112 12-10-35 | 10- 1-56 |17 Dud piles.

TasLe 3
Pile Caps — Land Spans

Pile Date com- Liate com-

e capa menced pleted
Abutment | 2.7-54 4. 5-034
Pier 2 25-5-04 4. 9-54
FPier 3 13-9-54 21. 9-54
Pier 4 30-9-54 8-10-H4
Pior i 26-1-h5 31- 1-55
Abutment 11 9-3-58 19- 456
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Tasce 4

Pile Caps — River Spuns

FPier No.

| Date exca-

wition of

cylinders
done

Date hear.
ting done

Date pric-
cups done

REMARKS

Pier No. 6
CYL. A
CYL. B
CYL, C
CYIl. DD

Pier No. 7
CYIl. A
CYL, B
CYL. C
YL, D

Hearting depth of 14 ft.,

- 025D
ittt
2010105

8-L0-55
6 & 7-10.505
14-10-55
0154

25-11-54

Henrting depth incre-
aped  from H3Oft. to
27 1.

Pier No. 8

CYL. A
CYL. I3
L0 Y P
CYL. D)

15-7-54
ta
28.4.56

11-8-5¢6
DU-R-A0
17.8.06
2-3.56

1

24-9-0b
tn
20-9-54

Henrting depth inere.
aned  from 15 ft, to
27 fr.

Pier No. 9

CYL. A 1557 12.7.57 t{Hearting depth incre-
CYI. B 10 to aped from 13 . to
UYL, o 124357 15-7-57 25 ft.,

Pier No, 10
CYL, A 1-12-56 357 [ Hewrting depth incro-
CYL. B tu to ased from 17 {t. to
CYL. ¢ 30 1-57 S4.A7 0 125 (.




172 TRANSACTIONS 0OF THE INSTITUTION OF ENUINEERS, CEVLeXN

'[ABLE 5

Abutments and Piers

Abutment Diite com- | Thate com. - - o
ar pier menced pleted REMARKS
Abut. N, 1 14- 6.54 7- 4-55 | Extensions carried out on u later
date.
Tier No. 2 - 9-24 4-10.54
Pier No. 3 14-10-54 20204
Pier No. A1 17 204 12 355
Pier No. 5 1. 23545 19 2.55
Pier XNo. @ 1 49545 S-1HA5
Pier No. 7| 27-12-35 20. 2.56
Ahut, No. 11 1. 656 27. 6-57 ! Sevoral modifications earried
out,
Pier No. ¥ 153-11-36 21.12.56 | Congtructed with vertical con-
struction joint at centre.
Pier XNo. 1y 1. 4-57 H
Pier No. U - 457 17- 9-57
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TaeLe 7

CONSTRUC'HMON OF SUPERSTRUCTURE

D . Date ags-
nte staging embling . .
Units and bot.t:om of stee! Main Iate main
shuttering beams beams done
commenced ceon[:;g'
1 Jsnuary 1955 7355 AD/S 2. 6.35—30. W
A;1B3sD /8 30- 6-hH— 4- 7.5
AsB.D/S ] 55
A 54
AuBaU /S -3
AsB3LT/S HH
AyBU/S a5
2 April 1956 May 1836 €y D/ 2.6.45 A5
Cy DJS 11.G-56
C: D/s 7-6-A6
C 7-06-56
Co U/8 1456
C. U/S 15656
Gy U/s L6-5-56—  2.8.406
3 17-6.55 24.0.55 Dy D/Y
Dy Dgs -3
Ds D& a3
Dy -Bi
D, Uss -3h
Dy U/s 50
Dy u/s -Did
4 May 1956 23.6-56  E; DgS 12. 7-56—23. 8.56
Ey D/S 1L 756
E. D/S 13. 7.56
E; 17. 7-56
2. U/8 23. 7.a6
Ey U/S 28. 7-56
Ey U/s l- 8-56
5 Jan. '56 Feb.'s6  Fy  D/8 14-3-56&  2.4.57
Fy D/s 13-3-56& 3-3-57
P, D/S 7-3-06—  26-3-56
22.2.57&  10-4-57
by 28.3-56—  2-4-06
13-2.57&  16-2-57
. U/S 2.3-56&
1-2-57—  26-2.57
Fy, U/s 1.3-56 &
23-1-57—  23.1.57
. Fy Uyfs 25-2.56—20-3-56 &

17-1.57

Date road-
way slabs
done

28-6-56

to

23-12-55

2-8-56
tix

19-8-56
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TanLe 7—Contd.
Dat . Date ass-
Uni au(? Sﬁf;?s embling Main Dute minin Lo rond-
nite ghutterin of steol heams honmns done way aliba
g comm- rertna <hone done
eommonced onced ’
6  OQctober 1957 October
November
1957 Ey D/ 19.11-37 —  25.3-58
5 D/S 29-11-57 15-1.58
52 Df&s 30-11-57
B, 5.12.57 to
Ey, U/S 141257
E; U/ 20-12-57 24.1.58
E, U/S 8 18— 27458
7 24-4.57 8.6.57 A3 D/S 12.8.67&
95.9-57 —  30-10-57  3.8-57
AgBsD/8 1-5-07°\ _ [ 24- 95T
2.8-57 25 -57 ta
AsBal}/s #5.7-67 10-10-37  G-8-57
30-7.57}_ 13-10-57
A1By 19757 [ 4-10-57
22.7-57 1 51057 and
AnBylU/3 10-7-67
25.7-87 —  11-10-5T 23-10-57
A3B3U/S 3-7-57}_{ 17-10-57
22.9.57 18-10-57 to
ABU/S 28657

12-8-57 —

5-11-67 U-11.57



Annual Conference held at the Cevlon Institute of
Scientific and Industrial Research on 27th Qctober, 1960.

Paper on
THE NEW KELANI BRIDGE

By
Mr. M, CHANDRASENA, e.sc. ENG. (LOND.), AM.I.C.E., M.LEC.
Chief Engineer, Bridges, P.W.D.
- and
MR. K.A. RASARATHINAM, B.SC. ENG, (LOND.). AM.LC.E., AM.IEC,
Assistant Engineer, P.W.D.

Discussion

Mr. Kopalapillai Mahadeva (M) — Mr. Mahadeva congratu- i
lated the co-authors on the pains they have taken in the p[()dl.lL,' .
tion of the comprehensive and outstanding paper on “The New :
Kelani Bridge” which has been tabled for discussion. He said he |

3

was grateful to them for their successful recording of the story of
the construction ol this gigantic reinforced conerete bridge, with :

remarkable precision and e xactitude, for the benefit of the future
engincers of this country. Their achievement is all the more cre di-
table since they have produced this paper amidst their ardoons
duties in the Public Works Department.

He offered his hmmble comments on the text of the paper.
Having been a person associated with the co-authors m the
construction of this bridge. He would have preferred to nmkl,
Ins comments i the ‘mannscript-stage” or the ‘prooi-stage’ had
it heen possible for him o do so.

It page 1, para 113, reference is made to the New Kelani Bridge :
as being the longest bridge in the Island, with a length of goo feet.
He thought of at least two more bridges with the same length.
The Kalladi Bridge in Batticaloa dﬂ.d the Manampitiva Hlld&'{‘
in Polormarswa, both have 6 spans of 150 feet cach, thus re-
legating the New Kelani Bridge, to the positien of only one of the
longest bridges in the [sland. He wished to mention that it is
quite correct to say that the New Kelani Bridge is the longest
reinforced concrete bridge in the Island, sinee the others are
steel bridges or that it is the fargest bridge in the Island since
the others are much narrower than this one, although of the
same length.
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In page 125, para 5, are given the general principles on which
the tootpath slabs are designed. It would have been of interest
to the members to know whether or not, the lootpaths slabs
have been designed to take up stresses due to accidental jumping
of vehicles on the pavement.

’ura 4 in page 124 deals with Thomas quality steel used on the
bridge. While it is generally accepted that this quality of steel
falls short of the requirements of the B.SS, m o few charug-
teristics, it will be of benelit 1o the civil cngmu ers of this conntry
to devise ways and means of nsing this quality of steel with
reduced allowable stresses as is done ineseveral parts of the con-
tinent, especially in view of the possibility of ohtaining this,
quality of steel for a comparatively cheaper price. Also it should
be of mterest for the members to know m which testing lahora-
tories, steel and other materials used on the bridge were tested!

The aggregate of Rs. 5.393.000/- {for the constretion of the
main bridge as given i para (0} of page 120 and Rs. 1,400,000, -
for the extra works asgiven in para (2}, page 127 is Rs. 6,745,000, -,
This shows variation with the hgore of Rs. 6,376,000/~ given
as the total cost of bridge in para (2) of pdqv 167, This lllicn] ANCY
needs claribcation. '

1 conclnsion he expressed his gratitnde to e anthors for the
very instructive film show presented by them illuscrating the
construction of the bridge at different stages of its construction.

Mr. M.C. Abraham (M) — Mr. Abrahiun congratulated the
anthors on the clear exposition given of the caliing of tenders and
of the construction of the bridge. In [ll(lld the cost of large
bridges 1s cxpected to be between Rs. 35,-and Rs. 50/~ per 3q. 1t
of deck area. In the case of the Kelunt Bridge Mr. Abraham

said that to have worked out the cost as o little over Rs. 0o /-
per 5. 1t as the cost is about 63 million rupees aml the deck
areit gno” X 80"=72,000 5q. ft. It is known that costs in Cevlon
are generally double the costs in India and theréfore it is a macter

of wngmtu]dtlun for the Ceylen Government and the Govern-
ment engineers that they have succeeded in getting a be: wtiful’
bridge at a very economic cost. He wished to know how his
iriend My, Kulasinghe, the prestressed conerete expert, cah’
explainit, but a saving of Rs. 300,000/« was effected, as mentioned
in page 121. by mndlf\ mg the design {from a single prestressed
conerele span of 2rg ft. to znormal R.C. spans of 107 U hat may
e comsidered as stronger,

A previous speaker had worked ont the cost of the foundation:
pile, plers and abutments as 35%, of the cost of the bridge and.
the superstructure and parapets as 05%,. He had also conunented
that the bridge might have been cheaper had longer spans been
used. On the facts, this conclusion wonld he incorreet ecause My,



178 TRANSACTIONS OF THE INSTITUTION OF ENGINEERS, CEYLON

Waddell, the eminent bridge builder of the carly years of this
century had demonstrated that the greatest economy in design
is obtained when the cost of the foundation piers together equal
the cost of the superstructure, deck cte. On this eriterion, greater
economy would have been achieved by reducing the spans,

Messrs. Munasinghe and Alwis and others connected with the
Ceylon P.W.D. had commented on the few defects of the bridge,
but the general user of the bridge is unaware of it. Persons like
him who have had to traverse the Old Victoria Bridge during
the peak hours are very much thankful to have the New Kelani
Bridge. One should not look too closely at a few slight blemiishes
of the fair lady but are content to appreciate her beanty of figure.

Mr. Abraham wondered whether the contractors made any
money on this bridge, for, Mr.. Munasmghe had mentioned that
he saved Rs. 5 million in the design and Mr. Alwis had
mentioned that he won for the Government the major points m
the arbitration on a dispute with the contractors to the tune of
Rs. 3 lakhs, He congratulated them both. By the way, this is the
first time he had heard that Government has been successiul
against a contractor i any arbitration proceedings. It is always
the other way about. Mr. Alwis is to be doubly congratulated for
his efforts on behalf of the Ceylon Government in resisting con-
tractors’ unjust claims.

Note: The observations made by Messrs. T.P. de S. Munasinghe
and |.W. de Alwis were not made available for inclusion
in the discussion.—Ed.

AUTHOR'S REFPLY

Messts, M, Chandrasena and K A, Rasaratnam in reply agreed
with Mr. Mahadeva that therc were two other bridges of the
same length in existence although they were of steel construction.
The New Kelani Bridge can actually be called the largest bridge
in the Island as the other two bridges were not half as wide.
With regard to the design of the footways the footway slabs
were not designed to withstand accidental wheel loacls due to
vehicles mounting the curb. The reasons being that the height
of the curb provided was sufficient to prevent to a great extent
a wheel mourting it and even if a vehicle were to mount the curh
the damage that could be caused would not be serious and re-
pairs could be effected without much cost. Thirdly if the footway
slabs were designed for this condition, the thickness of the slabs
would have been very much more and it would have resulted
in an increase of dead lead on the curh and parapet beams.
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With regard to Mr. Mahadeva's remarks about Thomas quality
stecl this steel is available in improved quality as well as com-
mercial quality. It is the commercial quality stecl which does
not give strengths up to the requirements of the 3.5.S. and in
which the strength varies widely and quality is uncertain. There
15 no serious objection to the use of this steel at vecduced stresses
provided it is economical to do so and provided that more satis-
factory steel is mot available. With regard to the improved
quality Thomas steel where the strength, phosphorus content
arc within the requirements of the BS.S but does not comply
with the requirements of the .55 only in respect of the
methed of manufacture tlus steel is as goud as any steel which
complies fully with the requirements of the B.S.S. The testing
of materials such as steel and cement was nitiallv carried out
at the Irrigation Department Laboratories. But Jater the Con-
tractors requested for permission to have all tests carried out
by R.H. Harry Stanger of London and this was granted. The
bulk of the testing was carried out by this firm.

The discrepancy in the total cost of the bridge as given in pages
127 and 167 is regretted. The correct total is Rs. 6,745,000.00 as
given in page 127 which includes lighting ete. The figure given
in page 167 is the cost of the bridge only.

The authors wish to thank Mr. Mahadeva for his remarks.

The authors agree with 3Mr. Kulasinghe that prestressed con-
crete was cheaper than reinforced concrete for the centre span
of the bridge as originally designed. The saving effected in this
case was by substituting two spans (in reinforced concrete) for
the original single span.

With regard to Mr. Kulasinghe's question an the reliability
and suitability of the ‘Colcrete’ piles driven to form cylinders
the anthors feel that cylinders or clusters of bearing piles would
have been superior. But the cost would be more,

My Abraham’s view that reduction in the length of the spans
i.c. adopting a larger number of spans, would have reduced the
cost of the bridge, would be correct. The reason for thisis the
very low cost of the "Colcrete’ pile.
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VI. Reinforcement for R.C. rollers (cast-in-situ) being
placed in position

IFig. VII. *Cut Water'—a device to protect the timber staging in the

river between Piers Nos. 7 and 8 from the floods.
-



Fig. VIII Excavation of Pile Cvlinders

Fig. IX. Staging and shuttering for beams in the River Spans.
.



IFig. X. Staging and beam bottoms for superstructure. Note reinforce-
ment for upper bearing surface (forming part of beam diaphragm) placed
over finished rocker surface.

I'ig. XI. Checking R,C. rollers (precast).

- -



Fig. XIT1. Finishing touches to assembling of reinforcement in
roadway slab.
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Fig: XIV. Ixtracting timber piles
winch operated from the deck—4" x 4
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Fig. XV. New Kelani Brid



