Cunatruction of u Concrate Railway Vigduct in Ceylon 83

TRANSACTIONS OF
THE ENGINEERING ASSOCIATION OF CEYLON

: )
CONSTRUCTION OF A CONCRETE
RAILWAY VIADUCT IN CEYLON,
ny

HAROLD CUTIIBERT MARWOOD,
' M. Ixst.CX,,

Kreenlive Fugineer, HRailway Construction
l)cpurfmml C.G.R.

-

The Badulla Railway l‘.\teuqlnn starts from
Bandavawela al an eclevation of 4.100 feet
above sea level and descends through moun-
tainous « ountry for a distance u[ lwanty miles
to Badulla, a provingial town situated -in the
midst of a Luge ten-growing district, at an
elevation of 2 2400, it.{,l' above sea level,

2. The railway, l:clu,t., an extension of tlu,
main up-country line from Colombo has a §
feet G inches gauge, with winimum curves of
ofive chaing radius and a ruling gradient of
Lo 44, ‘

The nature of the country fl.l\'usul made
heavy earthwork, and vock cutting unavoid-
able throughout, and six tuunels of 100 vards
or so 1n length hadi to be eonstructed where
cutlings wmlh] liave proved more costly.

. Numerous viaduets, bridges and cul-
verls had to be construeted to span the m: iy
monntain lorrents that ¢ meaul tlu, centre line,
The hirgest concrete vinduel is situated at
Y, 2, from Dandurawela and 1} miles from
Blla, the nearest station.

A brief description of “I(‘ dosign and con-
struction of this viaduct is wrmtl(-tl liere, as 1t
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is the largest one of its kind in Ceylon, con-
gtructed entirely by native labour under
British supervision and direction,

4. The railway is on a nine degree curve
(6.37 chalns 1.ulms), at the site of, the viaduet_
amnd the gradient is 1 iu 44, The -,halp curve
and nature of foundation made it Jesirable to
adopt nine spans of 30 feet;, and semi-civeular
arches of 15 feet radius left the least room for
failure e to acts of carlessness arising from
the class of labour employved, and the shortage
of skilled supervision. .

The greatest height from rail level to bed of
abream 15 100, feet. 6 .inches and the length of
the viaduct 1s 400 feet.

. Fe

5. H(’su]n The :unculm.ltlmm which
governéd the design of - this structure were
threefold, namely, the curve, tht. wgradient and
the foundation,

The ¢urve limited {he spans to 30 feef, as
~already mcntlnm-:l

The ;}i'.ldivnt which is severe, is provided
for on the piets; and the t\m-,pungmmnfea(,h
.11(,'h are ut the sume lovel.

The fonndation material consists of cabook
with small guantities of wica, and the resist
tance of this maderial 1o consilerable pressure
was doubtful, especially as cuttings in the
vieinity were slipping Dbadly. It was, there-
fore, decu.uhlp to found well into the slopes of
the ravine und spread the wiight as far as
possible,

The dead and live load, together. on the
foundation of the heaviest pler is approxi-
nrately 3.8 tons per square foot.

Piers 4 and b were founded dna bottom of
<ahook and boulders.

6. DBy reference to the plan, it will he seen
the curve is provided for in the piers, the spans
being parallel and the piers wedge shape.

-~
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Jack arches are lefi in the piers to save
materials which would otherwise have heen
hutlt into the work nimecessarily.

7. Provision  for  supporting  the arch
wentres during  construg hnn was made by
tntroducing concrete cornice blocks at four
feet centers, which projected beyond the
springing face of the pier, nine inches. and
supported the temporary hmlaumg.md wedges
used for holding the arch-centers in position.
Drawings of this deiail, and of the arch centers
used for the work, accompany this paper. The
arch ceuters, as designed, were placed 4 ft.
wenter to center and were supported on wedges
wiich were struck aftér the arelh had been
turned {wo weeks. The wooden centers were
supported vertically- by timher bracing, and 3
tch laggings, laul over the-centers, com-
pleted the dalse work upon which ﬂu- per-
'manent arch was turned.

The arches were destprned o consist of con-
erete blocks the Tull widlh of the areh (2 feet
6 mches), but on the grodind, blocks ‘of that
size proved difficult to handle without the
necessary plant, and blocks of, smaller size
were adopted, ench wrch was forined of two
riigs of these,  Semi-cirenlararches are nsually
adopted in high viaducts where hewd room
svould not be restricted. The advantage they
have over shallow segmental or elliptieal
arches in a viaduct of severl spane is their
greater stubility, the thrusts on the supports
heing more vertical, fending less to overturn
the pier, should any acetdent to the temporary
centering oceur hefore the material of which
the arch s wade has set.  Tn appearance, the
elliptical areh las the advantoge,  The writer
wus some vears ago engaged on the construe-
tion of an elevaied railway carried on siecel
bridges and hrick viaducts through a thickly
popubited digirict of Tondon,® One of the
viaduels had 80 spans of 30 feei and in order
to vestrict the enormons damage that might
result from fhe :()l]'lp-o of an arch during
construction, “stop” walls were built in every
fifth span.,  Fortunately un such calamity



st Trantuctions of the Engineering dgaociation of Caylon

aroge on that work but cases have occurred,
within ihe wemory of nwst of us, where care-
lessfiess 1 workmanship or faulty centers
have led to foilure and caused the collapse of
u series of plers in a long viaduct under
construction, o

T

8. Setting Out:~Thix was done with one
theadolite from one end, the centre of each
gpan on the centre line of the raillway being
permanently fixed in qoncrete. When this
wns done the centre line of cach of the spuns
was permanently fixed by concrete pickets
plae ul \\p]] away from the work, on each side
of it. From thesatines indicating the centers of
spans the work wis st but nnd constructed. .
These centresfinis were al pight angles to the
tangent of the curve off tjd Tailw av at the cen-
ters of the’ dpins. - ANF works of ennstruction
require acelraie working drawings to obtain
ihe hest results, and in the case tnder review
this mlmnt it 'i vt was emphasised, as with-
oul {da, stantly checking dimensions
aind fuu-]. i tar, the neeessary aceuracy
could !],u‘t_, Iln'e hepn oht..rmui to pmnde the
eueredt spans ab the top of ‘the plers for the
Tirches io he turned.

o As regards materials, cement of British
mannfacinre was emploved.
L ¥
Stove and sqail for concrete were nhtuinahle
in the vicinity of tlhre work.,  Arch centers and
other  woodwork  were wade locally  from
mnported Burmah Tenk. . :
10, The mass concrete in piers -and abut-
ments was made in the proportion of 6 parts
hroken stone. 3 sand and L cement, and the
arch blocks and cornice hlocks of 3: 2: 1
concrete.

The spandril Alling consisted of §:4: 1 con-
arete remdered and dupe:l to drain away sure-
fuce water io pipes bmili through each arch
to discharge it. The mass conerete and f.lce
work were huilt up in 2 ft. lavers.
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11. In view of the expense of timher for
shuttering and the dificulty of obtuining salis-
factory results locally from this source the
concrele is faced with sand cement blocks, 20
inches by 10 inches by 6% inches, in size.
These bloeks were made in moulds loeally, in
ilie proportion of 1 part cement to 6 parts sand,
The ingredients are mixed together dey and
again, slightly damp. The material s {hen
ramuted into the moenld, smoothed off, taken
oul as a block and allowed 1o dvy for one day,
after which it is placed in waler for a week, or
longer if possible, where 1t matures and
becomes ready for use.

LI Y ." 0 r

12, The only plant used on the work was
a conerete mixer, ane cvanes tid two Scoich
Derricks.  Temporry seaffolding was erected
and bnilt up with the plers, fotwing, platforms
between them aud congisting of srails holied
and hraced together.

13. The work was completed in Janunary,
1919, {wo vears after commencensént, “and it
has stood the wear tend lear of fitlway, traflic
since, without settlement. Y

-1,

14, Railway Covstruction in Ceylon s
carvied out by the Railway Cousiroction
Department, o temporary branch of the Public
*Service.

The work is carried out Departimentally and
with the assistance of local petty contractors
who supply the labour.

'Phis Department, with the authonty of
Government, usually fixes the rates for the
work and provides accommodation and rice
for the labour in outlving districts, such as the
one under review, which is approximately 170
miles from Colombe, the hase of supplies.

The visduct was one of three on the Ella
Section of the Railway Extension referved to
herein, and a portion of the work of the
Pepartment above mentioned.
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15. The designs were prepared and the
work put in hand by the author ns Engineer in
charge of that Section of the railway, to the
approval of Mr. M. Cole Bowen, B.A.L, M.
Inst.C.E., Chief Consiruction Fngineer, Rail-
way Dxiensions, o whom the writer is
indebted for permission to furnish these partj.
culars and copies of the two drawings attached
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DISCUSSION

Mr., M. Coue Dowrx: Mr. P'restdent ansd
Grentiemen, I thivk we arve indebted very much
to My, Marwood for having written 1his paper. :
Mr, Marwood is chiefly concerned with the
design in his paper but T am sorey to say 1
do not think he has denlt enough in dvtml
The difficulties of building o vinduet Hke that
are due to the very difficult teansport which
we had of all matertals. The vinduct s stated
is some ftwo miles from any rvoud in steep
country and nearly all the transport had to be
done by puck bulls. The veason that a con.
crete viaduct was decided on and not o steol
one was that steelwork was Impossible to
obtain from England. A large amount of
cement was available at o reasonable price In
the Colony., So it was decided to huild the
vinduct of cement concrete.  When ile cement,
ran short, the cost of getting new cement was
very high indeed. We had intended to carry
out the same designs on other hridges hetwéen
Demodera nnd Bqdull.n, but with one differ--
ence, increasing the span of thirty feet to
forty-five feet arches, This we intended doing -
with the advice of the Consulting Fngineers
in- Londou, I am plad to say the bridpe is
throughout on very good foundations, no
settlemeni has oceurred or is likely to occur.
‘We must again thank Mr, Marwood. 1 wm
'«smn he 1s not here ta read his own paper,
owing to his illness and 1o Mrs. Murwoeods'
illness. . .

) ’
-

The Presinext: Yuless any other Member -
present would like to make some remarks on
this very interesting paper, the bhusiness for
the day is concluded,




