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SYNOPsIsS

The bridge across Coleroon river on the Chidambaram-Sirkal; road

consists of 14 spans of 150 ft each,  The superstructure of the bridge consists
of unbalanced cantileyor prostressed precast T-beams. The deck of the

bridge is cast at site and is transversely prestressed. The System of pre~
strossing adopted is the Froyssinet type.

The foundations consist of 3 g > ‘hpier. Originally
they were to bo taken down 5 to 6 ft into compact clay. Actually, the wells
ave been sunk to depths varying from 50 to 55 ft below the bed level and

stopped on a layer of fine sand about 6 ft above the compact clay layer, Bew
fore deciding upon the Stopping of wells at tho higher elevation, the wells
were to be tested to 1% times the design load. Plugging the wollg and con~
ducting full-geale tosts meant expense, delay and damage to the wells whon
the plugging was removed, if the tosts showed further 8inking to be neces-
sary. Therfore, plate bearing tests on the foundation soils have been
condueted and the tost rosults interpreted to the prototypo. Also, tests of
soils below the foundations for ascertaining the settlement, werg made,
Tt was found that difforential sottlement of 4.4 in, might resul, Therefare,

to make good tho difference in levels of the superstructure tonsequent on
tho differential settloment that might ocour and e avoid damage to the
bhridge. provision has beon made for lifti :

The Paper describes in detail the design of the wix, the procedure
adopted for contro] of quality of the concrete for Precasting work, the p
casting of the beams, and the launching of the beams from the casting yard
to their positions on the piers. i

) P The girders, cach of which weighed 85 tons,
were transported to position, using the girders already laid in positon, by

specially manufactured cars gnd employing g V-shaped launching girder
235 ft long, Salient features of the design of the Superstructure, calculations
of stresses and elongation in the cables, the Precautions to be ohserved to
reduce friction between the sheaths anq the cables, and practical hints on

3afetfr measures to be obhserved during Drestressing work, are given in
etail.

1. INTROI)UCTION

1.1. The Coleroon Bridge a¢ Anajkar g
Chidambaram-Sirkali Road coniects Tanjore disa:o?icgzmti?im ra(;rf
ary of the south, with the neighbouring district of S(’)uth A%'cot
As early as the year 1853, an arched bridge of 42 spans of 50 ft
each was built near Anaikaranchat

attram on thjg road ;
collapsed during the unprecedented : put it

floods of the year 1903, The
collapse appears to have been caused by the blocking of one of

the spans near the south bank by a huge drgsy tree
floated down by the foods : Teée uprooted and

'
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2. THE SITE

wwt available. It
The site of the old road bridge v_»'as‘th.c'ﬂbfitd{w f;le(]hlbl‘;nain-
offered square crossing across the river W}' 11 a,lé)le’ (rell main-
tained and straight flood banks for a consid (‘;Ij]') o distance o8
cither side. There was no need for costl)l/ 111;:,w;n} gn wohes. Bus
since the remains of the old bridge wou (‘ orOf tho old bridgoe
during construction, a site 15?5 'ft up_strea,mb )t the old Dricee
and 1,115 ft upstream of the ex1st1r_1g railway 31 ga,ra]lel i
The centre line of the proposed bridge was made p
of the railway bridge, Plate I.

3. HYDRAULIC PARTICULARS

3.1. The river in its upper rcaches has » illl::llll)e'll‘l;f :gzzi_
voirs 'a,,'ld anicuts and, therefore, is w_'ell 001(3?1?} ‘:r - The o
voir at Mettur provides for a mammunfl 301?;0(1)( cijlsecs 200,00
cusecs. Deducting the normal draw-off o 309 e omes t
gation purposes in the lower reach, the net dis
2,70,000 cusecs.

xi-

3.2, After the construction of the Mettx}r tDayIvn};iczheism:nly

mum bbserved discharge over the'Lovyer égl:(;lslg, vhich s, on’y

20 miles upstream of the bridge site, is 1,8 383 ouse tﬁat Allow-

ing an increase of 33% per cent, a maximum 1scdzr_%_ that can be

exgected is 2,44,510 cusecs. Making a further addi 1gﬁ | xbous
25%00 cusecs’ fo’r the interim catchment and draw off,

discharge is only 2,70,000 cusecs.

i d bridge as calculat-
ischarge at site of the propose | :
ed frglr:r))l. th};;zg;sfcorm%ﬂa. for the recorded maxxmurtr)l ﬂoogelsiveﬂel;
2,30,500 cusecs. The railway bridge nearby has been g
for a maximum discharge of 2,70,000 cusecs,

3.4. Linear Waterway and Free Board

ilway bri is 2,100 ft consis-
‘he linear waterway of the ra.llvx"ay bridge 153‘ ;100
tin . lfrlelinsle:;sw :f 81150?; each. While the Watelwa,ybls tl&eoia;ﬁ:
as ghgt of t}ll)e road bridge which had failed, thfe fre;oaci‘aér 1 of the
railway bridge is considerably more. So, a reed e e
was pr}c’wided in accordance with the recommendatio

Indian Roads Congress.
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4. SELECTION OF THE SPAN

The approximate cost for 30 vents of 70 f& Tee-Beam bridge
of reinforced concrete worked out to Rs 25.63 lakh and that for
a Bow String Girder bridge with 14 spans of 150 {6 each came to
Rs 24.22 lakhs. Comparison of costs of structures with 50, 60,
100, 125, 175 and 200 feet bow string girders showed that the
100 {t span was the most economical. But the difference between
the costs for spans of 100 and 150 ft was not appreciable. Provi-
sion of 150 ft spans would reduce the number of wells to be sunk
and the period of construction, and also conform to the spang
adopted in the railway bridge nearby. A 150-ft span with how
string girders was decided upon. To prevent formation of eddies
and consequent scour, the centre lines of the piers of the new

bridge were kept in line with the corresponding ones of the rajl-
way bridge.

6. SOIL PROFILE AT THE SITE

The soil profile at the site of the bridge, Plate 11, shows
successively layers of loose sund, sandy loam, clayey loam then a
thin Jayer of medium to fine sand from abou 50 to 60 ft below
bed level, followed by compact clay and hard compact clay. The
soil layers up to the compact clay display a somewhat erré,t;ic

pattern with a number of pockets of different soils in the
different strata.

6. FOUNDATIONS
6.1.  Depth of Foundatijons

For design purposes the depth of scour w
50.11 ft below the maximum flood level.
to be taken to levels below elevation — 305
scour. But hard compact clay was met w
—62.0 and —85 and it was decided that the foundations should be
taken 5to 6 ft into hard compact clay. The actual depth at
which the foundations might be stopped was to be altered, if ne-
cessary, during eoxcution of the work after conducting suitable
load and other tests on the proposed foundation soils.

as caleulated to be
The foundations were
9 from consideration of
ith between elevations

6.2. Nature of Foundations

In order to reduce the

o . pressure on the foundation soil ¢o 4
mintmum, the choice was r

estricted to rectangular and twin octo-

v \cross CoLs 153
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gonal type of wells and to facilitate sinking for ]‘ohe latiigeo(iesif;lé
rectangular wells were preferred. Three rectangu arl we ss O of
11 ft by 12 ft 6 in, were provided for each pier w1th1(i* 'eag ?'zfe 55
2 {t 6 in. in between. For the abutment, three wells O, 8 A
6 in. by 15 ft were provided. The we}lg for the‘ wings
size 9 ft by 13 ft with a spacing of 2 {t 6 in. as for piers.

6.3. Well Kerbs

The kerbs were2 ft 6 in. thick and 3 ft deep a(;ld Vz)ireﬂ?:
1:2:4 concrete suitably reinforced. T}}e cuttmg_ e %veith g
kerbs was of mild steel angles 6 in. by 6 1n. ﬁy 3 llrll.the L3 tre
diameter mild steel bond rods running right throug
of the steining. Photo 1.

6.4, Steining

The steining was of 1:3: 6 concrete with lf‘z H:;h si:)e sigr;z
aggrogates. The thickness of steining was 2 ffi)} (());‘0 20 P
and 2 ft 6 in. for the remaining depth below. 1 .

6.5. Plugging of Wells

i : : as 6 Tt thick laid
The bottom plugging of 1: 2: 4 concrete wasb ! d
in two fa,ygrsoof :% a.gr%d 2} ft with an interval (f)flt-hleésdggx?c?:te
ween the laying of the two. The top plugging of 1 B
was 2 ft thick with 1}-in. aggregates and was laid over sa
suitably laid and rammed.

6.6. Capping Slab

i 42 £t 6 in.
Th i slab over the 3 We}ls of the pier was
by 11 ficba;)pf;né thick. It was designed to tra.nsx(llué': ttlgllfe t%”ﬁ
directly to the steining neglecting the area covere ] 3{) over the
crete plugging in the shaft of the well. The capping 1S % 9 £t thick
wells of the abutments and wings was a continuous sla
suitably reinforced.

6.7. The Substructure

The piers and abutments were of brick. masonry in cement
mortar 1 : 4 plastered with cement mortar 1:4.

6.8. Sinking of Wells

inki top sand stratum was
The first 12 ft of sinking through the i
done b; d;:ers without the use of helmets. Thereafter excava
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tion by manual methods was difficult and slow. Dredging with
a grab (capacity 3 cu. ft.) operated by means of a 2-ton winch was
successful in the remaining depth of the sand layer. But the grab
was ineffective in layers of sandy and clayey loams, and recourse

was taken to manual excavation under water with the aid of hel-
mets and compressed air.

6.9. Sinking through the top sand layer was done without
any external loading on the wells. Wells were loaded externally
with kentledge of sand-cement blocks to overcome resistance to
sinking in greater depths. Where external loading was of no
avail, the water level inside the well was depressed by pumping
and the artificial difference in the head of water loosened the grip

of the soil owing to flow of water down the outside of the shaft
and the wells sank.

6.10. When the bottom of the wells  reached an elevation of
—50 to —35 15, a sand layer of varying thickness was met with.
Load tests were conducted on this soil layer at selected elevations
under a number of piers and these results were supplemented
with laboratory tests on the clay samples from deeper elevations.
The wells were then rested on the sand layer at suitable elevations
and were plugged. The details of the nature of the load and soil

tests conducted and the interpretation of the results are given in
sections 9 and 10. °

6.11.  Soil Blows During Sinking

~ During the sinking operations soil blows occurred, when @
thin soil layer, relatively less permeable than the stmtu’m below,
was met 'w1th and or when pockets of loose soil materials were
present in the vicinity of the bottom of the well. Photo 3
shows the subsidence of the soil at top when a blow ocourred in
the well. Aga principle, the sinkers would excavate the soft spots in
the bottom of the wells towards the close of each stage in the
d‘redgmg operation to reduce the possibility of a premature blow.
_}rom experience the sinkers could detect the signy of an
impending blow and care was taken to prevent a bilt due t0
the blow. Pumping was well controlled or stopped if necessary.

6.12.  When one of the wells of pier No. 9 reac slevation
.—~52.00 in cla,ye.y loam and dredging gt the bottélﬁr}xw;}:mcsdc:é;;l;tﬁed,
it was t0o late in t}}e day to proceed with the work. The next
morning it was noticed that a heavy blow had occurred filling the
well with soil up to elevation—25.00 feet. The well was cleare
of the blown up soil up to the top of the kerb level. It was

! 55
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reported by the divers that water was bubbling throug({l, asslinhat
spring, from the side where the blow had occurred. r%ed
excavation of the soil on the side where the blow had }?C(}u‘des
showed continuous filling in of soil from below and t g(}s‘toné
The load at the top of the well was then increased from e
to 60 tons and sand bags were laid over the soft spo1 a aho
bottom of the well. Excavation was .contmued in i)ui 0 her
portions of the well, taking care not to disturb the S'Olli' e ov(; the
sand bags. The sand bags were found to be smh ing :hed
slowly but no blow occurred. The sand bags were tdetr}x1 pust od
well into the bottom and sides against the kfarbs, an 1e're of
the bottom of the well was cleaned. The signs of a 11{ ow :V}fen
now completely absent. The water _1eve1 in the we fvzz}];s hott
depressed and the well gank. The soil at the bottom 01-, theloose
was examined by the sinkers and it was reported tha,1 e ose
s0il pocket on the side of the well where the blow hac ‘oc.culi‘n

had passed. The gand bags were removed and further sin §ng
was continued, The soil met with was the clayey loam ocoulrrl a,%
at elevation—52.00. The sand stratum was touched ;)n yt. b
elevation—54.30. Plate 11 shows the presence of sand at e e;r_a, 110

—51.00, —54.30 and __57.8 under piers 8, 9 and }0 respec évet});é
i. e. the sand layer slopes downwards from the enghthlpégx*s;()10 e
tenth, leaving a thinner layer of clayey loam on the tg ide o7
pier No. 9 as shown in Fig. 1. Evidently this varlallgﬁ 1blOW
thickness of the clayey loam under the well had caused the .

o
g
]
a

- 5J iz

Tig. 1. Soil Profile below Pier.

6.13. Tilts

i isted of driving
The method adopted to remove bilts consistec :
casuarina piles under the cutting edge of the lower side, eXCavd
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ting the soil on the higher side, and sinking by loading the well
suitably. Sometimes the water level in the well was depressed.

6. 14. Difficulties due to logs of wood, skeletons of animals,
ete., getting under the kerb of the wells were experienced during
sinking. The obstructions were removed by divers.

6.15. During the sinking of one of the wells for pier No. 11,
one fatal accident occurred, due to the presence of organic
poisonous gas released during excavation. To avoid recurrence,

fresh water was pumped into the well, the water level was raised,
and the poisonous gas eliminated.

7. INSTALLATION OF SCOUR METERS

At present, calculation of depth of scour is generally based
on empirical formulae. So, for collecting data wunder field
conditions, a scour meter was installed in pier No, 12. The scour
meter consists of four mild steel tubes, 4 in, in diameter, with
their lower ends set at different depths. The pipes are attached
to the well steining at appropriate levels and sunk with the
wells. Inside each tube isa 1} in.  diameter steel rod connected
with a light flexible wire to a drum. Any scour below the
bottom of the tube will be revealed and recorded by a downward
movement of the rod and wire which will sink with bed as it is
scoured during a flood. Details of the cantilever platform for
installing the scour meter are shown in Plate ITT.

8. RIVER TRAINING

The south side of the Coleroon river bed had been heavily
scoured up to an elevation 0£-17.00 and the deep running course
of the river was on this side. Temporary groynes at an incli-
nation of 35 degrees to the direction of flow were constructed
during the period July—September 1949, commencing from &
distance of 1,700 ft upstream of the bridge site at intervals of
200 0 300 ft. Tn a period of three months after the completion
of these groynes, heavy silting in the scoured area was ohserved
and then Korukkai and Nanal grasses were planted to prevent
bank erosion. The construction of the groynes resulted in the

i icinity of the south approach to
main channel of flow continued
the heavy floods of August 1954,
ach with its protective revetment
tion 8.00, observations of stream
y exposed nature of the south
er protective measures,

to hug the south bank. During
by which time the south appro
had been raised to about eleva
flow emphasised the extremel
approach and the need for fyrth
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9. TEST ON FOUNDATION SOILS

9.1 Considerations for Fixing Foundation Level

The level at which a bridge should be f011n(1et(%aim:e(;ol(l)i::f
fixed taking into account the following three essen
ments .

(a) The foundations are below the maximum scour
depth.

il below it

. . I f S0
(h) The foundation soil and the layers ois ainst

i i are safe
have adequate bearing capacity and are
shear failure.

i f the structure due to
: > deformation of the basc o ‘ e
“ Illllgq(ueal cottlements is not large to damage

structure.

the
The foundations of the bridge have bee;x tfi\‘life;t igﬁlivgo ie
maximum scour level, namely,—30 ft to a.bfﬁ)'u ﬁeile O aire:
and so condition (a) mentioned above is satis 1‘ L e
ments (b) and (c) mentioned .above Well(‘le to be de
results of suitable load tests in the field.

9.2. Limitations of Test Loading Wells

to

The original proposal was tq test loaii 5021;155 sslgi%e(gov;lvse.lls to

11 times their full design load, viz., 540 plus 270 or 810 tons. 1o

order o conduct these full scale tests, the we Jroutd have to

plugged. If the foundation soils stood 1t;hen ?gie Juccessfully

further ‘qinking was not necessary and wor do'f tho s Bt

couldlbe; roceeded with. On the other han ,tl tho tests showe

}’>00‘r I'esuIl)ts and if the wells were to be taken oto bI:a Jovels, the

plu n used for the load test Woul.d have L st e

‘Ero%{%ln %pen and all the plugged m:..terla‘;:;grix:(}):;z L This migh?

ining. An alternative : oret

dz}xmage th(; :%Z;nnmn%ix purely for tegt purposes ar;drr:e?o;i i].v ; o};

E :fi%c:mnbgleomethod after the completion of the test 1 P

the nature of test results.

9.3. Application of Kentledge Meant Delay and Expense

duct the full

of 810 tons was necessary %0 conc ull

leAlkegtligsg:st. No facilities were readll%r a;l\;alcl):,klzfa:cmp
icq'd Oa:t to build up such a kentledge. ,(r}aldpn t of scrap
iron 1 ’Sll ° 94 ft to 36 ft in length, from ")ﬁie , Rock near
'1[f.on lr%bl > i and back besides involving d10<3uI ) ue &
ﬁv:‘;(fnms?l%g:a,ge and delay, would cost Rs 24,000. In ,

2
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the cost for conducting each load test was roughly about
Rs 6,000. So, the alternative method of conducting the tests on
the soil using a bearing plate of a convenient size and correlating

the results to the probable hehaviour of the pPrototype wasy
adopted,

9.4. Load Tests and Their Significance

Describing the limitationss of 1o
D. W. Taylor says :

“Load tests have often the appearance and reputation of being a
scientific approach and correctly so. The use of g scientific approach is
one which carries much weight with many non-scientiﬁg menand there

lies some dangor. The Proper interpretation of loading
from a simple matter, i i

are correctly interpreted
offer a truly scientifie attack to the prohlem b
aspect oxtends to the interpretation, the use of the tes
harmful. Thus, the inherent limitations of gueh ap
adequately realised in taking up the mothod.”

ad tests on bearing plates,

The size and shape of the hearin
boxing of the loading structure, provision of surcharge, rate of
loading, the water level durin

g the tost, ote., affect the resnltg
significantly. But whatever be the method adopted, the resulty
reflect the character of the soil withip g depth Approximately
equal to twice the width of bearing plate only. Consequently, if
changes occur in the type of soil in lower layers, the results may
be misleading. (Fig. 2). Tf the relative density of sand or the

g plate, the eéncasement op

LOADING PLATE

F— STuCTURE
— ———— -—Q
’"[//,..s N "
"
.

\‘ // g \\\\
2b | ; s N
\ ‘ , K
N / \
/ \\
/ SOIL OF HiGH BEARING Umairy \
| \
; |
28 )
———
\ . 4
\ SUL Of Low BEARING CAPACITY /]
\ /
\ /
N /
\

~.. —

Fig. 2. The Case in which Surface Loading Test is likely
to be misleading,
consistency of clay varies between the Jo

ad test level and 4
significant depth below |, . about twice the

width of the proto-
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y : ne or two
type, additional load tests must be conldlubltsgd:}tlosld always
inter’vals within this depth and the aHOW{)LI) e’nest rosults 4. On
be selected on the basis of the unfavoura , et sts and settlement
the basis of a number of small scale load es s oane ompirical
ohservations on buildings, Torzaghi gf“ﬁ% ltearing plates in
relationships between the settlements o (llotle robable setble-
what he terms as standard’ load test and the p
ment of the prototype*.

9.5. Standard Load Tests

ari ate one
In the standard load tests (for wnd.s) tzsl‘zwlitl;ngt plled}a.st 5 1t
foot square is located at the bottom ofla. : ofpthe base of the
Square. The bearing surface is at the evte‘ of 200 pounds and
footing. The load is applied in incremen bt d allowable soil
. g T at least 1.5 times the estimate Joyod. permits
mﬁiiﬁi‘é Tho settlement meaguring device employ
readings to an accuracy of 0.01 in. 4.

results
The load-settlement curves are then I)IOtte(iis;?)(lle &Iilfferential
mmlﬁed for the bearing capacity and the pe‘r;n re of soil profile,
settlement, taking into consideration thicnd u
$0il propertics, type of superstructure, etc.

9.6. Load Tests at the Coleroon Bridge

i iffered
The load test conducted at the Cc?{)er(;)o;'lbO]z‘)rlt;ldfsdd.i3 fored
considerably from the sta,ndard test descr'x ethe o o uilding
died some of the recommendathns made mbta.ined o B teg
Code 1 Laboratory tests on soil samplte's o tained from sclecte
locations were conducted for supplementing

9.7. Arrangement for the Test.

i in late
The loading device consisted mamlytofncii(;b:a,;higchpwas
assembly attachable to the bot@;om of ? snz: o asuring
COnneotZd at its top to a loading 1pla,t or
device to record settlements accurately.

i d steel

9.7.1. The bearing plate assim.bly :}??csl:“egi(g)ifd?ymilweslded

¢ 24 in, i diameter and in. ck, idly velged

plate, b24 l%.itanit;la a mild steel plate, 18811_1. bg:llllarlen pla?;jwa‘s

i)nyt(l)naem?;{o% D st ond hilgh. dg(‘ihiold lt):) facilitate connec-

i threa r
':‘{elde(fi El?eabi)g;?gg ;?;ze&:si:mbly with the base of the stanchion,
ion o

A, B and C, Plate 1IV.

les, 6 in. by

i isted of 4 equal angles,

6i 9.’{)'2'} {he I?:‘aﬂcelcliw:t flf: sfour corners of a square of 2 {t
in, y 3 in,,
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sides.  The sides werpe laced with mild steel  flats, 2 iy. by § in.
For convenience i transporting and handling, the stanchion
was made up of five units - varying from 17 ft to 6 ft
in length.  There were three numbers of length 17  ft
(No. 1, 2 ung 3), one of 10 ft (No. 4) and one of 6 1t (No. 5).
All, except the base stanchion (No. 1), were welded with mild
steel angles, ¢ in. by 6 in. by 3 in, at the top and bottom for
providing a suitable bearing surface for transmitting the loads
when inter~connected. The base stanchion was welded at the top
with mild steel angles, 6 in. by 6 in. by } in., and at the bottom
t0 a box unit with mild stecl angles and plate ribs with & square
opening at the centre, D in Plate IV, to take the spacer unit of
the base assembly. 1In the test position the bottom plate of this
box unit, D, rested on another one of its gjze attached to the
bearing plate assembly, B. Each stanchion unit could be rigidly
connected to the next one by means of 4 holgs near the foyr
corners of the surfaces of contact and 4 mild gteel angle splices,
6 in. by 6 in, by }in and 4 ft in length. The hottom face of
each of the top stanchions wag provided with two studs on
opposite sides and the corresponding sides of the top face of

the stanchions had two holes. " This facilitated Casy alignment
during erection, Plate 1V,

9.7.3. The loading plattorm consisted of 4 mild stee] angles
of 6 in. by 6 in. by 1 in. connected together rigidly syeh
that the centye portion could he convenientl
top face of the stanchion. The device for measuring settlement
consisted of g knife-edge rigidly attached to the sides of the
topmost stanchion, a leyep arrangement, g knife-edge rest and a
pointer with a scale attached to an independent Support. The
knife-edge was attached rigidly to the frame of the stanchion }

means of two sets of galvanized iron pipes and connectin

device, Plate [V, The movement of the knife-edge regt was
magnified by the lever 10 times to read to a accuracy of ().005
inch. The attachment holding the fulerum wasg capable of side
movement which facilitated lateral adjustment for seating etc,

9.8.  Erection of the Loading Device

9.8.1. The surface of the foundation soj] ip the well wag
cleaned and made level. A four-legged derrick of casurina posts
of 9 in. girth wag erected over the well, Depending on the elevi-
tion of the sojl ¢, be  test loaded, combinations of the
stanchion units wepe selected.  The bearing plate assembly
was attached to the hottony of the base stanchion by meansg
of the 4 bolts and the splices at the four corners.  The top of the
stanchion was attached to the hook of 4 movable pulley-block
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: chion was
arrangement. By operating a 2-ton wmch,l :I}:EOSEI?: well. The
lifted suitably moved to position and lowel_‘g( rable dragging and
hoavy, weight of the stanchion had a consic ek(was strengthened
overturning effect on the derrick. The ‘del‘.l‘lcd swing of the stan-
with wooden lacings. To control the drag a;l} e stanchion slowly
chion a second winch was used to rellelil-i‘ie ;irst winch.  This
as it was being lifted off the ground with th
arrangement gave satisfactory results.

: : ft
9.8.2. When the top face of the sgan‘c(})ixs(;n bwl(;s all))}(l)ultOQ 0
above the steining of the well, an R. ﬂj stanchion horizon-
and 13 ft long was introduced into 1:1 t the joist rested
tally and the t\tn’fo were lowered down S‘O K‘ion Finer adjust-
on the well steining and supported the stanc at the dead centre
ments were then made to bring the sta,nchl(i):n a o b e e
of ‘oh(; well and the hook attached to the top

was released.,

. : entl

9.8.3. The second stanchion was hfte?aigdo%o&? igsegstan}j
bill it touched and rested square on the tO}E the second stanchion
chion. The studs at the bottom surface o t. The side splicings
femcilit'atéd sliding and vertical ahgnmenb. ﬁhe tightening up
were then fitted and tightened followed h.Y beginning, the side
of the bolts near the four corners. In ¢ 3 igid This was set
SPlicing connections were not quite flush atfl ;a%es: The assembly
right by fiiing the splicings in the appropria by and the joist was
of the two stanchions was lifted up getnn?:,hion assembly was
removed from the base stanchion. The s athe top of the second
then lowered into the well and just before 1 stoining. the. joist
Stanchion reached the top surface Of-the Wetha,t on lo;Vering, the
Was again introduced into the stanchion 'i‘(;le req,uired number of
stanchion was supported by the joist. . The) depth of the well.
stahehions was thus added to make uplO-ton hydraulic jacks
The joist was itself supported on two brick pillars with a
ﬁgdlos’ogeltgzzfni%t;g bt}l'u(’éll{m o:t;anchion to the soil below was

a )

controlled as described later.

j nd the
9.8.4. In the initial position the jacks were lowered a

n at S W i i Sld
bed r the founda,tlon soil. (2]
ari g P C Wa allo ed to rest on >
‘5't[llt:S of :)asul ina stems were ﬁxed a.nd ropes were tied to the

. the well,
stanchion gt top to keep it vertical at the centre of

9.9, Surcharge

i late was based
. ound the bearing p ;
on tT}ée j:crgga;;%igal“gi\;ﬁ? do?r the Boston Building Code and
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determined from the relationship, Fig, 3,

T

LT

| Y rb—
I
Fig. 3. Height of Surcharge for Plate Bearing Test,
B b
D~ q

where B = breadth of the well
D = depth of the well
b = breadth of the bearing plate
d = depth of surcharge for the load test,
Taking an average

B 11
DT 55=02

Therefore the surcharge for g 2 4 diameter plate

2

On an average, the surcharge of 10 4 of sand wag laid for
the full arca of the well and no boxing Or encasement of the

stanchion was done, All the testy were conducted below the
water level,

9.10. Method of Loading and Observations

9.10.1. An ideal arrangement for
of load to the bearing plate would be to erect & suitably loaded
platform above the ventre of the well g4 jack the stanchion
against thig platform at the desired rato, The lowd transmitted
could be read with pressure gauge attached to the jack. But
jacks and pressyre gauges of the required capacities were 0%

readily available, So, two jacks were used. The procedure
adopted for loading is described below,

controlling transmission

JOLEROON 163
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. t to zero
i in the deflectometer was se tform
s Tt,h? Eci)zt)nzleml(; weight of the stanchion ?‘éille)liorrec-
?VI;(SI :fi?:(}in}:];ei;l On completion (l)ftt;}}egt (;Sft:hl iqélal,d-settlement
o1 for this errn as made intheQO m‘ . ) orted by
(t*:ﬁ:/';g I'It‘;}]:éspclrart(;z:;’n and the stai{nohloorl ﬁv;g : }féuf)%li)l,};;:pgontinue (}
neans ¢ ic jacks s initia
0 1000 0. T athon wotde. Ty ther S plattorm, 114 ton por 0.
g or solf weig}tlt (1)f t}f sltc;’]f;.rzlc}ilzll(c)?e?nr:anf was effect’oedS sg:}l;:;t;‘;
o was prever;fe( n and the load was raised to 2 %n ﬂgotometel‘
on oo the P Orr&n’ 2 feet. The reading on the ke1 up by the
S A (-llzl:mn‘(al the load increment was being mseexixblg. The
faclcs ot Zeio ‘lt} e stanchion and bearing plate a?i so that the
Jacks and not )}; 111 - and simultaneously releasec 0 that the
}Mk{; wgret .gm:y:?ttgd‘to the soil without 'lmd]:z)még(e ' i)earing
horcmens oable crrors due to avoided. Tmmediately after
relonaot on i ?{qp settlement observations gereinutes inter-
o e J-ﬂ‘]C for the first 5 minutes andf n;he 2 minutes
Scconds  intervaly as no perceptible settlement for o 2 minutes
vals until t};oro VZ{;tlement obsorvations came to‘a ca‘n‘d for this
;nterval. Wklenvs:are operated suitably as befolle o moxt
%Z%Slyertr?een%av?,az arrested. The platfo;n:}tvggs v:r‘(i?}f _}’%d itensities
ioad increment. Tthe tesg :’(fefg'onogl the bearing (}i)la.iter.l 11?;13
o023 45 a’nd762.’5(m’cog per sq. ft. which was tt.he B%Vgith s
withouy sllomancs for e s aobil 1 arcop:
l“(:a,d 01tlheas'xe(t)tlement observations We{‘edCO?tl;‘f hours. The loads
tible’ settlement occurred for a period o 7.25 to about 14.5 tons
s . sed in four stages from 7. diate loads were
were then l?{?ﬁea readings for the three interme ld Bt Bonl
fggosr%éitforﬁ ;eriod of not less t};ar:) igﬁ};ﬁl fag; a period of 24
iooad Imt'ill‘hl;(;ogfirzgggsl%z:eetg?ﬁfgted in the wells of piers 5, 6,
urs.

7, 8 and 9, Photos 4, 5 and 6.

. es in

I flected in a few cas t

ight variations were effe in the amounts

9'10"3}; Slﬁ;l for settlement observations t?’gdplrecia,bly aflect

the time intery ts. These changes would not ap No tests were
i?lﬁeloni(}; 111(;!:11;;81}1? "the load-settlement curves.

conducted at different elevations.

9.11. Results of Load Tests

1 settle-
Th Its of the load tests arerplotted and the loac
The resu load |
ment curves are given in Fig. 4 agd 5
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Photo 3.

Subsidence
outside the well
when a sand
blow occurred,

5. Load applied over Stanchion and settlement under observation.

Photo 4.

Stanchion is
ready for
loading.

Photo 3.
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LOAD IN TONS PER $Q. FT.

a

SETTLEMENT IN INCHES

:
f

J

5.0k
Ringed numbers refer to Piers
Fig. 5. Relation between Load and Settlement of 24 in. diameter
Bearing Plate Resting on Sand at the Foundation Level
with a Surcharge of 10 ft of Sand,

for which tests were conducted.

Photo 6. Removal of Stanchion after Test.

0.12.  Soil Tests

Tests were conducted in the laboratory on a limited number
of disturbed and undisturbed soil samples obtained from foun-
dations of piers 5 and 9. The samples were tested for mechani-
cal analysis consistency limits, natural moisture content, natu-

ral density, specific gravity, and direct shear.

1. INTERPRETATION OF LOAD AND SOIL TESTS

10.1. Design Load Considerations

10.1.1. The original design was made without making any
allowance for buoyancy and skin friction. During the sinking of
wells it was observed that considerable skin friction developed

3
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and special effort was necessar
gcour depth of 30 ft, the soil
a fraction of the skin frictio

¥ to sink the wells, Allowing for a
below the scour level was counted for
n actually ohserved during sinking *.

10.1.2. Being subject to tidal action the water level at the
bridge site is never below elevation 0.00 Tn accordance with
Terzaghi’s experiments and findings on allowable hydrostatic
uplifts for structures helow water table 1, full hydrostatic up-
lift was allowed for the submerged portions of the foundations.
Making these allowances, the load due to prestressed superstrue-

ture and foundations on the soil worked out to about 4.30 ton per
sq. ft. when the foundation was carried to an elevation of about
o

55 feet,

10.2.  Factor of Safety for Bearing Capacity

For the safe allowable pressure on the foundation soil g f
of safety of 3 is normally recommended e
tions, an absolute minimum of 2 may be permissible *. Founda-
tions on sand, and especially deep foundations, rarcly fail by
shear. A minimum factor of safety of 3 ig commonly ohtained
in sand foundations and the allowable so0il pressure on sand i
exclusively determined by settlement considerations.  On the
other hand, in clay soils, due consideration ig to be given for
bearing capacity and scttlement, The prineiples applicable for
sands are applied for cohesionloss coarser silts and thoge mention-
ed for clays are applied for silts showing plasticity.

actor
and for special condi-

10.3.  Bearing Capacity of the Foundation Soils of the Bridge
10.3.1 load Test. The 1o

ad-settlement curves for the lo
tests were plotted under three

groups, viz.,
(1) TInitial load-settlement curve

ponding to a duration of time when no perceptible
settlement occurred for g continuous period of
2 minutes, Curve < A ’, Fig. 4.

arl

with values corres-

(ii) Final observed load-settlement curve with values
corresponding to o  duration of time when no
perceptible settlement occurred for a continuous
period of 24 hours,

Curve B, Fig. 4. The
readings at the comm

encement of the load test an
at loads of 7.25 and 14.5

tons per sq. ft. are the
actual observed points durin

g the test and the curve
was interpolated suitably taking curve <A’ g a
guide.

(iii)  Final corrected load-settlement

curve wherein
allowance is made for the probabl

e initial gettle-

. 171
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ading device,
ent due to the self weight of the loading
m ]
Fig. 5.

i e ves for the
10.3.2. No allowance was made in gf)}illetltuecz(l)‘ o avabion
looseni'ng or heaving up of the foundzmtwt;jféct e encasing_the
F the ove len at top, nor was the ef o O eonsions
of the gv”.btu’gltmc bottom taken into accounﬁ e taimed from
?:Gla‘éll?él;?:éc(zeding paragraphs are based on values
the curves given in Fig. 5.

rves shows a sharp
ad-settlement curves s 4 9 show
3 None of the load-se « viers 7 and
. ldl()‘?’;!slt in t]he load test. The eurve‘;‘ ‘florrel s indicating the
yield poi tendency for a local shear fai uf ol while those
;L)r(é:ii:é;eof eu relatively soft or loose tgfp: ;}nedium’to dense ’}Glype
. S ) the presence been by shear
for piers 5, 6 and 8 show se would have b
; i he latter ca lowing a factor
of sand. The failurc in t inued further. Allowing \
. tinue ! fe allowable
if the tests had been cont t for pier 7, the safe a s
it in all cases, excep! p ‘¢ than 5.00 ton
of safoty of ¥ mt 1'%hem- failure 1s “’abllylmé)el;; load was not
D e _a,galr;s ;ier 7. while the tota ) s‘ ft., the trend of
per sq. ft. ‘ 1} hlle more than 12 tons p(:l ka(}:.ity ’may be about
increased o a .w‘t} at the ultimate bearing L?P fety of 3, the safe
the curve shows flt( Allowing a factor 't(;,l :’afactor of safoty of
12 tons per sq. ft. r sq. ft.; with @ /
¢ i gsure is 4 tons pe s sq. ft.
;%ov;ﬁglzl{gjmble pressure is 4.8 tons per q

owable pressures hold good for the

10.3.4 These safe all hen the layer of the foundation

in diameter W - i f the plate.
soil is not le

- if the soil is
is valid only if t )
b e the prototype is idth of founda-
Its application f.otle yth olf)' about 2 times 11;5131 wThe soil profile
homoge_neous to 32 ft,lbelow the test load le ch cases it is neces-
tion, viz., about. the soil types and for 1383 at suitable deeper
showg variation lIl‘1 load tests be conducte 4 due. to practical
sary that a,ddrlrtll(i); &was not done in the fie
elevations. Th

i 1e8.
difficulties and other exigenc

10.4. Laboratory Tests

‘ s4s show that the sand 1'&}’91:
10.4.1. The lzesulf;ﬂt: fgl;:;{sezzzs szutisfa,ctolry et;‘ei?ai Z:I;Ze
oceurring under plers (;a,ken to be true of tl‘te zzts The safe
city and this may bet,her piers and the abu mbelc;w the sand
type of sand utlﬁerz ;)n the clay layer (;c(;ur;r;gw
;L;l}(')e‘zat\;}js p(lizz:rmined from the laboratory

jer 9 is a grey silty
10.4.2. The soil at elevation—64.00 of pier liquid limit

carer to its
clay with a natural moisture content near
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than to iy Plastic limjg and is to he taken when hormadly foaded,
&5 susceptible g0 considerahle settlement.  'pyq safe allowable
PEEssure on the goi) determined from Terzaghi’y cquationt with
a factor of safoty of 3 iy 4.9 tons per $q. ft. while the actual pre-
ssure at that elevation gy per Boussincsq’s stress distributioy is
only 3.3 tons Per sq. ft. Phig clevation iy about 6 f4 below the
proposed foundatioy, level of-—57.63. The SEE silby clay extonds
to a depth greater than ghe significant depth bolow the Joad test
elevation. Visual Cxamination g check tosts oy additional soil
samples show tl,0 Presence  of thig clay under the abutments g
biers.  The hard compact clay underlying the compact clay jy

relatively stiffer and, therefore, Possesses a higher bearing capa-
city,

Irom the forcgoing discussion it iy seen that :

L the sand layer on which the foundationg were pro-
Posed to be lajd Possesses satisf&ctm'y bearing capa
city, ang

1L the load on the clay layer helow the sand layer of

6 It thickness iy well within  the safe allowable
pressure,

10.5. Settlement Characteristics

1051, Load Tests. There cxigty no

simple or direct, corre-
lation between the settle

ment valyeg obtained in the loaq tests
totype. The available

mulae due to Terzaghi and Pecl s for sand anqg clay hold 8ood for
soilsg subjected to the standard loaq tests and take into account
the variation in Width between the bearing Plate ang the proto.
type but neglect the depth factor completely, A ¢ eoretical for.
mula dye to Taylors takes into account both the breadsh and
depth factors but the application of the formyly, is restricted tq
the initja] straight line Portion of the load~settlemcnt curve
obtained in the load test, In the Present analysis the concept dye
to Taylor iy adopted  since the actual Joaq test conditiong
compare fairly closely to the assumption made by him,

1052, The total settlement under the
the settlement due to the different layers of s0ily oceurring from
the foundation  leve) to a depty equal to the significant depth,
Which is assumed as twice the widgp of the foundation, Viz., 22
feet., The scttlements dye to the cohesionleyg top layer are ob-
tained from the load tests ang those due tq the bottom ¢ohesive

Prototype congjypy of

NS ( )] s ! A h 1[3
| ! NCRETE l)]([[. (B3] L\(, ROSS (JULLKUUN
l RESTRESSED Y]

i aboratory test re-
] hly determined from available laboratory
ayer are roughly dete
sults on the soil samples. T,
10.5.3. The relationship between th}cl.acsétcﬂe],nent lucs ob-
tained .El:g);ll the load tests and the proba )]em.nOgeneouS I
;mt‘;t ot s e (7Xi5t(’11f3(" ‘! }‘L s'lo width In both cases.
I v b " 5
1]1 ) to “zlrﬂiwnificu,nt depth for the given )(tb;ion o Suser
FIO)‘ H‘ll“)(:‘(‘s‘ of analysis, such an assump jon i, therefore, o~
in thlc (lz*b(;n'/llninution”of the settlemel;:] ‘Irl(t:nt; or the sand layer
o e oot h minus the
‘ these values are addec lements duo to fh
('Lll‘l;l tl(w) "J?z‘“(;f\-m‘ thickness equal to the Slglyl?:?ga,d teit | inius, the
" ' ) ' . ) e
‘Wfsl/n(l %hicknoss of a sand layer below
actus "
iy i Taylor for cohesion-
| Taking the cquation given by Tay
173 .9 S

10.5.4.
losy 50ils3, » e
2d = applied presst
7 _ C(H— b) whereg = settlement
¢ C = coeflicient

—_ i ¢ as that for the pro-
tl 1 f d for the load tests is the same as tha
e value o

: ad-s ent curve is a
1 assuming that the hnf)'l IO‘Ld)gftEﬁlr-nft., the settle-
e i ‘;'Sh' loads from 0 to 4.35 ton b d from the graph in
Stl'eutght llmefm the prototype are directly rea
men values 1or J

Fig. 5.

| l. l > ratvions l’n & Sett’l‘llnent an&lysia are
) Q1 s t' B 3 o
'Al,‘h(/ thl‘CO (J()nblde

and rate of
10.6.1. ; iff tial settlement, and £
o1 te differen X a matter o
sht(;)tltOt&l Stctﬂ(e)rfn;ll':ef;ou]ttlﬁfljrite of settlement is not a ma
Scttlement, : s

i itfer-
’ . cur if the differ
ventually oc , d:
g 7 ince damage will e e can stand?,
ary concern since dams structur
gxifol'n;i”b{tct(l):r;entq are greater than those the
lal > ’

. . lete during

1.2, Settlement in sand soils is moztillg’ gg&lﬁment takes

10.6.2. f“ o nstruction, while in clayl_s('l tion tests were per-

ﬂlle beriod o ()(f:)sitlerable time. No ICO.DSO lthae; sand layer and an

Place over o ¢ derlying basis of
lay samples  underlyi on the ba

i(ffﬁi«’ﬁi‘,ﬁi’ »t(fhze‘;tllgnent Pfedwt}oﬁ lsreﬁ?ﬁ;iship betweelll e

) Xims M h i 1 ils.
y s statistical analysis o e of the clay so
&f:ﬁ::i)g?nlifpl;d Llimit and compression index

levations that
d at such e Lonat
: lls were reste at i e
i llf tj}ge{ :Zgld of unitorm c}lgrch:;;intensity of load
Itlhere ’ovlv;H a’cf;zlbglfllellt would be Onlydd':lfet}?e e oo diﬁ’e:'lent-;
ess, the ge > \ h
: lyi pyers ag i be rested a
cioammgtlon tilzsu‘ilr(ée:llg]tlll]ﬁgl]f:’ythe B dations could
Settlements ¢

O W ye be oW bhe Sand la,yel‘ ha:Ve
tr' 1S The tl o SOil 1& TS ]
e eleva: 1 .
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been  classified as <compaet’ and Chard compact clay * on the
basis of visual identification and observations made during the
sampling operations in the field. Laboratory tests were conducted
on undisturbed samples of the top Jayer of compact clay, while
in the case of the bottom layer these were done only on dried
samples.  The tests showed values of liquid and plastic limits
quite close for both the soils iudicating that the two soils might
have similar settlement characteristics, provided the natural
moisture content was the same in both. On the basis of the
field observations, however, it has to be taken that the hard
compact clay probably had a less moisture content. For purposcs

of settlement calculations, therefore, two extreme cases arise,
viz.,

(i) the bottom hard compact clay may be assumed to
possess settlement characteristics very similar to
those of the overyling compact clay layer, and

(ii) the hard compact layer may be assumed to undergo
little or no settlement.
10.6.4.

In Plate IT, the elevations at which the foundations
of the piers and abutments have been actually laid, are shown

underlined. The approximate settlements for the sand layer
were obtained from the load test results and are given in Table 1

Taprye 1

Approximate Settlement Values for Sand Layer under
Piers 5, 6, 7, 8 and 9 as Determined from Load Tests

Settlement of fine to medium sand

Under — e e
1’;101‘ Elevation (-—ve)
No. e Incles
From To
,‘ !
5 f 52.30 69.80 0.60
|
6 | 53.30 G3.00 0.50
\
7 i 54.20 59.80 0.80
8 ] 23.90 60.70 0.25
|
4 i 57.90 63.60 0.95
|

p]

TABLE R
ay Layers Under the Piers and

. f Cl
Approximate Settlement 0 from Laboratory Tests

characteristics

tilement

Settlement due to compact clay only

Assuming same 8¢
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Relief due to excavation
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4.22 ton per sq. ft.

Foundation load for piers

3.25 ton per sq. ft.

Foundation load for abutments
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LOAD IN TONS PER S0 f0OT

375 .. fOINDATION  © o 2.0 3.0 40 o
"oy Level O T W‘(/ s
SAND | -
5 - o
636 Q
10 AN
coMpacT NN e 4 o
LM LOAD DUt To| STRUCTURE

+ OVER BUROEN-~RELIEF
DUE TO EXCaAVATiON

20

25

A

Pressure Distribution below foundation of well
for Pier No. 9,

Fig. 6.
DRESSURE Twt 1o PRESSLRE DUt 1o
STRUCTURE q, 24 22 OVER BURDEN :q, s 1 26¢

| I — %__*h,%,_r,.ﬁ_, —
S o jw_pmiLENGTH BREADTH I Qivle-i9avly 43 NET
' 2 | ﬂ[/z I’HB/Z o *x < x 4 CveR LOAD

BURDEN

) 2 30251 2.75 | 2431 |4 15 | 196 |33 4,232
\ .
? 4 115700 137 12922 | 3 o] 109 |1.376 | 3.g¢p

3 1 6 1040 0-92 | 1716 | 2900 0.£§5]1.421 3,436

N 10,0625, 055 | . 1031 |1.7400| 0.534 | 1.511 |2.717
al 15 1041510365 | 0597 | 1010 [0 308 |1 614 | 2.321
6 20 |0312]028 | 0362|061 |0.187 [1.736]2.159

7 25 |0.75 [6.22 | 02380385 (0.123 1849 2.110
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SETTLEMENT CALCULATIONS

Ce » 0009 {L-L -10)
« 0009 (g7 - 10) = 0-009 x77 = O-693

¢ PosaP
S H‘f_.o log |o%

57.6 Ao 636 SAND

0-693 32
Sit63 6 & 676 % 4n [_osw 22 20364

§52:676 b 72.6 = 5n 2692 Log - 82 = 0276

155 [RCTY
0693 2-25
S3 2726 Lo 77:6 « 5x 2292 Lag | 222 L oies
R 0-693 L5, o,
$4 2776 b79.6 : 2x W&’?vo L3 . 0.044
0849 f1
10188 "

H=Thickness of stratum; C,=Compression index; C,="Void ratio;
p°=0verburden pressure ; /A p=Change in pressure.

Assuming that these settlements are complete during the period
of construction itself, the differential settlements would be
exclusively due to the settlements of the clay layers below. The
Probable settlement values due to the clay layers for the .two
extreme cases were determined assuming Boussi.nesq.’s pressure
distribution and obtaining the value of compression index from
1ts correlation to the liquid limit as given by Skemptor} L5 A
typical pressure distribution and settlement calculation is shown
in Fig. 6, Table 2 shows the approximate values of se.ttlements
due to the clay layers under the abutments aqd piers from
the table. The maximum differential settlement is seen to be

4 inches, There is as yet no means of determining the
Permissible differential settlement for the foundations of a given
Structure ; however, this depends upon a number of factors as
the type of the structure, the nature of the construction material
used and the time rate of construction and settlement®. The
Superstructure in the present case is of prestressed concrete and
18 of an unbalanced cantilever type, capable of adjustment of.
the levels of the deck, if warranted. The required number of
Jacks has heen purchased and suitable provision has been made

10 the superstructure to facilitate undertaking jacking operations
4



173 K K. NAMBIAR avD P. (. Nassrag ON

¢
_ 1
[ [, <
. ¢ - - %0 -
: . ‘ s Lo
3 [ R SCIREI H
e '\ C . 1 J “{§ ‘/i‘
. | Vo “( (”] ! r\(’ Lo :
- S P A Nty ‘
y { i ( oA ( ol r
Lo Vi el [
Co [l S N ‘
WD 100 1uchy! I } i 1 ,J( r il : il Tack |
LA :‘u e (1 I | : [ | s ’ RILTRIN
] Lodog b } ) Jr(! ‘1 Do i Tl f ey MR
N [ | e M (XY
I [ - C -t I LX) o - / G 21y

ELEvar
b’ 1ON
‘:%—;ﬁiﬁs e

Fig. 7. Arrangement for Jacking if set

if need be, Fig. 7 illustr
settlement of about 4.4 j

tlement occurred,

ateg i

n‘e;;zletlﬁl:&.f A maximum differentin]
1065 The ] retore, not considered highs
showed t‘hf;,t t.}.lee Q?d tests and the laborator ‘
adequate bearinsol I&yqrs below the load tegst level
detrimental dit g capacity anq are not susck t_lves Poabss
of the posd erential settlement, Adva.ntmleep o g0 undue
foundatin, fox('}eallogi:?: &snzgld} ]az}’er near ele%mz‘irifl i}’il(l)limt({l“;?n
levati > : f abutmentg w . 16
elevations, leaving 4 sand layer of uniforil;et;ggﬁgggqat(;)fsul?ablo
85 about

6 ft under the wells
Re 106,000, 8. This hag resulted in g saving of ahoyt

Y investigations
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I1. SOME FEATURES OF THE DESIGN

11.1. General

.11, The tenders invited for the work in 1949 were found
to be high. So, the construction of foundation and substructure
Was taken up departmentally through a piecework contractor.
The foundations having been completed and the construction of
Bho substructure woll advanced by the middle of the year 1952,
tenders wore invited for the superstructure,

1L.1.2. The departmental design for the bridge had provided
R.c. Bowstring girders of 150 ft clear span since that was
found to be the most economical at the time the project estimates
were prepared.  The lowest of the tenders received was for a
Prestressed concrete bridge and it was accepted.

Also, as against 1,487 tons of mild steel and 1,923 tons of
tement required for the R. C. Bowstring Girder bridge or}glnally
Proposed, only 152 tons of high tensile steel, 72 tons of mild steel
and 1,560 tons of cement have been estimated for the prestressed
dosign .

11.1.3.  The contract amount for the superstructure, exclu-
ding the cost of mild steel, high tensile steel, cement and pipes
for "hand rails which are supplied by the department, is
Rs 9,17,000. Including these materials, the cost of the superstruc-
ture works to Rs 13,18,000.

I1.2.  General Details of Design

11.2.1. The bridge is of the cantilever type, having a total
length of 2,230 ft composed of 14 spans of 159 ft each between
tentres of piers, Fig. 8. The girders of the first span from the porth
bank rest on the north abutment and the first pier and cantilever
12 SETS OF TYPE X S

b 30 TyrEm-i27"
. PER — 130
e TYPE 1) el TYPEE 138 -———«') ‘)n~—-—7v —‘—*:t‘—'
< 4511 Se ;3
G
o | i Gy s s 4 s S B G 3% 4
S 5 ! : i 1 i |
06 (oo ] sie | a2 | a2° "'“J sie” ,;;J 22 |32 m’a;l e |89 [ 32 [ 327 (a2 sn.su e
T T T
_.L—__* . w’l s

189
ALL SCCTION AT AKIS QF CROSS BLAMS
Gy 8 Gu SECTION OVER ABUTMENTS

Gy T0 Gy » " PLERS,

5,8,,52 INTERMEDIATE SECTIONS

5's ARTICULATIONS €XCEPY 1N 8PAN G, Gy

Fig. 8
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into the second span to a length of 32 fs, The girders of tho
second span are supported on the ends of the cantilevers
and on the second pier and cantilever into the third span for a
length of 32 ft and so on until the 13th span. The girders of
the 14th span are carried on the cantilevers from the 13th span
and the south abutment, Thus, the beams can be divided into
three main types, Fig. 8, as stated below

) Simply

Numfbel " Type | Supported Cantilever Total

N A length length length
spans Ft Ft Ft
I Y e HLL N B ) S

1 1 159 | 32 191

12 11 127 32 159

1 IIT1 127 Nil 127

11.2.3. The clear width of the bridge is 32 ft
carriageway of 22 ft and two footpaths each of 5
ing surface of the carriageway is of cement conc
The footpaths are of Precast concrete slabs gy
work of reinforced concrete
exterior longitudinal beams,

composed of a
ft wide. The wear-
rete 2-4-2 in, thick.
pported on a frame
which ig cantilevered from the

11.2.4. All the beams are precast on the shore, brestressed
and launched by special launching devices. They are of T-section
6 £t 3 in. deep which is increased to § ft 9 j i
over piers, G Fig.

6 in. except in the two

it is increased to 7} inches. In the

g the upper part of hinge)

and in the lower end blocksg (tip of cantilever forming the lower

part of hinge), the web thickness is 29 inches. The bottom
flange is 20 in. throughout. Details are shown in Rig. 9,

11.2.5. The shape and dimensions of the beams have heen 80
manipulated as to lend themselves to unit construction and the
avoidance of a multiplicity of forms. Thus beams of types IT and
III may be considered ay portions of type I, Tpe 191-ft length
of a type T beam is divided by diaphragmg (cross-beam teeth)
into 6 bays, two of 32 ft, three of 31 ft 8 in., and one of 32 ft,

with some Special pieces
her types too.

. _—
o £ Across COLEROON
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11.2.6.  Each span except tho first contains 4 heams and the
first span contains 5 beams. The beams of the first  span
are spaced cqually at 5 ft 9 in. centres and the four beams of the
succeeding spans are placed in alignment with the four outer
beams of the first span.  Fig. 9 shows a typical cross section of
a type Il span. Thus the spacing of these beams leaves a clear
gap of 6 ft 6 in. for the launching of beams of suecessive spans.
Five beams are necessary in the first span because of its greater
simply supported length. A heavier secbion that would be neces-
sary if the number of beams were to be four was ruled out from
aesthetic consideration and the need to simplify and conserve
formwork. As the central beam of the first span” will block the
launching corridor, it is placed in position only after the girders
of the 14th span are launched. Thus 1t i the 57th and last beamn
to be launched.

FL.2.7. The prestressing cables made up of 12 numbers of 7-mm
diameter high tensile steel wires along with the special sheath
are placed in the forms of the beams before concreting. As soon
as the concrete has acquired sufficient strength, the cables are
tensioned and grouted.

11.2.8.  After all the 57 beams are |
cables in the cross beams are threade
the purpose in the diaphragms, and t
and  prestressed. The transverse cables for the deck slul
are threaded through conduits in the top flange of the
beams; the top flange of the beam along with the cast-in-situ
slabs closing the gap between the beams, forms the deck slab,
The in-situ slabs of the deck are concreted after the longitudinal

cables for them are also placed in position. After the concrete
has hardened the deck iy

transversely and longitudinally
prestressed, thus making each span a completely integrated unit.
These operations must proceed backwards from the 14th gpan,
since it is essential that each

. span is subjected to the maximum
negative moment due to dead load reactions on the cantilever

before the deck slab gets its full dead load and is Prestregsed.

aunched, the transverse
d through conduits loft for
he cross beams are concreted

11.2.9. The Freyssinet system of Prestressing ig adopted.
MY STLELWIRE Th v In this the wires of the tension-
g cables are held in position
i round a central open spring
q’f?//\ (core helix) of 12 op 14 gauge
(i

o0 or o SU. N ultimate strength,
52 0.2 MM

PITCH 50 M M Flg 10. The bOl’ld betwcen
COLD ROLLED conerete and cables which are
STEEL RisBON|

placed prior to concreting is
¥ig. 10. Freyssinet Cable, prevented by covering the

g
@2
%@\_ é&\ {com wucor  Wire of about 85,000 ib per
! o
i

SHEATHING
[s13
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. 'ross COLEROON
PrusTRESSED (CONCRETE BRIDGE ACROSS

i 175 mm by
lled steel ribbon 17 A2
i ‘ ing made of cold ro toel » 1 170w
(c)aébles wm"{lt‘lhz‘m:}tl‘(t'l:;}%ing is made in a blt);e‘(:aiisn;nd e, T ed
051)1(:212;‘0 1{0:1;&\1‘()11(/3(1 hy means of Freyssimet |

: nes.
by means of Freyssinet anchorage co

ends,
i rete at cable :
Thoe outer cone, usually embedde,(1 1{1 E%III:I which is heavily
’ SR H a % . i
. e th a conical n i re and is
8 a conercte cylinder wi h tensile wi
:-n:(,,(;:(:fl&,fth ‘xyc;piml reinforcement of high

¢ b < h .

capable of distributing 1ts
18 made of ceraent mortar £ the cone
with wire mesh., The surface o Hiped.
which the wires of the cable f‘ttlif tghe L
Pressed into the outer cone wi lastically and loc
concrete is supposed to flow plas ‘

gripping the wires firmly.

The inner cone

the concrete. | o

l(mdtor(;und a steel tube and is hoopeh
o of has 12 grooves throug

When the inner cone 18

threaded between them,

k the anchorage

g each beam is suppogted %nsa sej{)?r:]’jg
’ Photos 7 ana 3. !
blOCk;m thin layer of mortar 1s

11.2.10. Over the pier
heavily reinforced precast bed

fime of setting the bm}?ln il? poliz)glci)zﬁe hinge at the end of each
spread over the bed block. X

. is a simple
ioint, there 18 4@ “th
i ich is als expansion j . lternated wit
; Yy ch is also the ane) alter | w.
22:t113v01,‘1‘€’](:; synthetic rubber plextesgl\lf(eoegl;< Of)about 1.25 in.,
(Wil?\nxieﬂ?to make up & minimum thickness
e mes :

Fig. 11,
/'
o
1 3
A
/f 39" ' }
”
| by
S No. NEOPRANE RUBBER Pm'u|
17% 20" ALTERNATING WITH G. |-
MESH REINFORCEMENT.
RUBBER PLATES 17428 M REINFORCEMENT
{— 20-22 GAUGE WIRE 6-7

{f SR n I Rty MESHES TO THE LINEAR
T

INCH.

DETAIL AT A.
Flg- llv
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11.3. Allowable Stresses

The following working stresses h

ave been allowed in the
design of the bridge:

Prestressed Concrete in Service—

Compression : minimum0, maximum 2,5
Crushing strength on £ in. cubes

00 1b per sq. in.

7,000 1b per sq. in.
at 28 days per
Principal tensile stress 100 1b per sq. in.
High tensile steel—after

all losses 1,25,000 1b persq. in,
11.4. Live Load

The bridge has been des
Class A double lane or C]
produces the worst effect,

igned for the Indjan R

oads Congress
ass AA single |

ane loading, whichever

11.5.  Conditions of Design

11.5.1.  The cantilever system
bridge is statically determinate in
that this condition ig

of support during lau
permanent supports.

adopted in the

: .service, and in order to ensure
satisfied during launching also, the points

neching correspond approximately with the

esign of the

11.5.2.  As the beams are individual
launched, during launching each beam
and later, when placed in position ¢
of the launching devices and of othe
in succession. Thege subsequent lo
which come into operation before t
with the other elements
is also increased by the
Therefore, the desi
four conditions:

ly cast, prestressed and
| carries its own weight,
arries a portion of the weight
r beams ag they are launcheq
ads are, therefore, live loads

he beam has bheen integrated
of the span. The dead load on the heam

placing of its counterpart in other Spans,
gn of the bridge provides for the following

(a) Each beam acting individually Supporting only jg
own weight.

(b) Each beam acting individually carrying a porti
of the weight of the Ia,unching devices aid ofpb(raalr?;g
of subsequent Spans as moving loads.

(¢} Each beam acting

' individually
reactions from its o

ounterparts in
(d) The bridge in service with {

: ull live load, each beam
acting as part of ghe integrate structure of each
span.

Supporting the
other spans.

=
J )
Ross Cormrooy 18
Iy pesEp CONCRETE BRIDGE ACROSS Con
RESTRESSE

- . entioned
53 A combination of conditions (b) «L8(fl é}izan:)’oher two
11.5.3. 4 COO% disadvantageous of all. iU Stresses.
o the} ml ‘idge in service leads to the m&fxefnch type. It
These are given in Tablo 3 for one beam of euch type. t&
TheSG} a’:gelg lt\}rx?t the stresses are all within the permiss
may be seen the

TaBLE 3 )
Stresses in Beams under full Live Loa

| ‘ S | S? S3 ¢
Type Stresscsi Ss 21 o
) L : onqnn 0
1320 LE30 1880 LA Fano
e Bl a0 330 230 200 400
s T 590 460 ' 080 1,620
beams Fn 1 2'10 2 9220 2,42() 2, & s
’ ,6 &y - ——
- D TTrwe L0 L4003
111 gp, 400 %ig 140 130
- "y 30
Fy 1700 2,310 2,200 2,010
o C 1220 1,680 1,?;??)
Fy 630 30 200
11T Fp' 790 930 40
Fn 1 560 1 ,210 1:4
F,’ ;

4 fibre stresses due tO
i i tory. The extreme 11 :
?nddt'h(;, (:1211112%;3?:: aiicgl(;rgd from the expressions:
rendin S
' 120007 M
- Z

, 12000 M

:mdf = >-‘~Z,“

i in. in the top and the;
! stresses in 1b per sq. 1n. 1 o e
o f{:nd ! E?I';etfll(;ebending moment 1n ft;-kltps:;,‘3 :,61; o o
ot T of tion in inch units.  The prfes r sses
?hetgl()dut]:;&fes{g%res are calculated from the form
in the ex

p=1000( T4 )

and p’ = 1000 (TZ— —_1;;)

S —

. P p ar P d
rox (:1:1
stresses 1IN to ﬁ‘ld bottom fibre resulhmg from d
Note F Rlld F aro

’ tresses
Fn and Fn' are 8
itive) plus prostress. d plus live load
. d (positive) plus from dead load p
load plus live loa q resulting 1ir
. tom flange
in top and bot

(negative) plus prestress,

b
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where p and p’ are the prestresses in the top and the bottom
fibres in 1b per 8¢. in., P the prestressing force in kips, e the
eccentricity of the cables in in., A the area of section in sq. in.,
and Z and Z’ the modulij of section in inch units.

11.6.  Shear Stresses

11.6.1. The shear stresses are calenated by the formulae :
- VN
=7
where g is the shear stress, V the maXimum shearing force, N
the moment of area of the section situated above the given fibre,
I the moment of inertia of the section, and b the width of the

section at the given fihre, The principal tensile Stresses are
figured from the usual formula,

Io =4 (= tag |

where fp is the principal tensile stress, f the stress due to the
bending moment corresponding to the maximum shear, and g the
shear stress. Since the critical values are liable to occur at m, 5
and g, Fig, 9, the principal tensile stresses have been evaluated
for these fibres and are tabulated in Table 4. It may be seen
that the permissible value is not exceeded,

TanLe 4
Principal Tensile Stresses

Sections Stress .
b per 8q. in,
e, T 3 -
Gy 4
Gy, (right)
m 97
[ 75
n 25
Gy (left)
m 50
g9 75
n 48
83" (upper) 50
83" (lower) 55
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i the
11.6.2. In the case of sections over p;er‘s Ciimtom?)::lsi%ying
resultant cable has no inclination a,n(.L thereﬂme,m i/d noditying
influence of prestress is nil. But owing to the agouc Sy
in the depth of the beam by virtue of the I{);ar D e
the fibre stresses due to bending momehn 's‘ are nelimee
and this has a favourable influence over the :‘ ear o retressed
favourable effect, being one of the advan (mgei [ Drostressed
beams with a variable depth, has been takendu;h(;&r_
by working out the shear stresses for a reduce

M
h cot ¢

V=V -

i ding to V, h is the
i ding moment correspon )
Xgletr}? % ltsh:hgeszf an(% ¢ the angle between th:hmter(?,tciiglslsag(il
exgra,dos at the section considered, Fig. 12. For the s

to @, , the expression reduces to —
Vi=V - 00147 M

<ok

23"
"\'3' B oL 23"
- Phﬂ‘. __,._._L___.
il
i 3B e
Fig. 12,

The principal stresses given in Table 4, in’respect of Gy, and
G'l 2, are based on the modified shear value V',

11.6.3. In sections at Gy and G4 ovef tgﬁ ab?;;?:er:;?’atrllls
bendiné 'moment due to loads is nil. So, only the Pn od so that
shear force are considered. The cables have betelz3 g;"ram% ity of the
their resultant force passes very pear the contx t g’[‘he vertical
section inducing practically no bending mon}llen hear force in the
component of the prestressing force redtgce(als the “; uniform com- -
Section and the horizontal component in uies sootions as set
presgion in the section. The stresses in these onsiderations.
forth in Table 4 have been calculated from these c

11.6.4. To illustrate the treatment of agtlculﬁtlonsht;l;g cgﬁg
of section 8’y in G;—@, (the second span) is t;la en, e the
upper end blocks of type I1 beams rest over the OWerf This b
of type I beams transmitting a maximum reaclt150é1 ?n 843 ips
due to dead and live loads at a distance off til a;‘ticulation
critical section, Fig 13. In the lower part of the ,
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Fig, 13,

centre of gravit
- y. The prinej
—551b per sq. i " Prineipal tensil
q. in. S i i1le St!‘e X A .

upper part of the‘;ﬁl-ldr]y’. the principal s:e:t.lthls point is
aq. in. articulation is foupnd to ;l e st:gss in the
e —50 1b per

11.7., Cross Beams

The cross hea

. ) § ms are desi

sperion ot i somd 1S

S .

Lo o the o e e This, o

only of rectangular eam 1in the lower part of th i does not

by Class AA Ioa,diilecmon' The maximum mg hinge, which i

adding the pre g The final strese oo v ate caused
prestresses to the s s after algebraically

moments do not exceed 765 1b pefl;‘zlSS(iiﬁ caused by the external
54, . n any case,

prestressed T-beams taki
of the total span ()Sftdélémf%

11.8.  Rubber Plate Bearings

11.8.1. The rubber
over tha b plate bearings in t i
ovr e Whﬁg ;?:utlfr}ent Falgll o ffnctlinontgle fa,rtnculations and
zontal forces. Bly tllng- perfect sta,bility undeo ro“?r Lo oker
contal Torces. o 5Y lfe introduction of these I vertical and hori-
are built up of ] i of bearings have been dj ponsed e ne%, the
forcement whic‘flm’ rubber plates &lternatl'spenwd Vi, '.i‘hey
Iy Sement whic p;i;re_nts relative sliding bei;
In sorvice, hey attain b state of hydronte bween plates, Fig, 11.
¢ of their ability to un(icerg%quhh'brium and
istortion to
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accommodate temperature strains or end rotation caused by

deflections.

. 11.8.2. Plates of synthetic rubber are used as na
18 ha,b!e to deteriorate under continued exposure, an
following mechanical properties

tural rubber
d have the

50-55

1.35

2,130 1b per sq. in.
800 per cent.

The modulus of compression
with mesh reinforcement,
and the modulus of shear
@ corresponding to a shore
hardness of 50 are:

E 21,300 1b per sq.in.
G 142 1b per sq.in.

Shore hardness
Density

Ultimate strength
Ultimate elongation

Klastic moduluil

11.8.3 Area of Bearing

Around the edges of the piling of plates constituting the
bearing, there is a reduction in the intensity of compressive
stress. Again, the end rotation of the bridge alters the state of
stress distribution from uniform to trapezoidal in the direction

of the span. In order to minimise the effects of these pheno-
mena, the average compressive stress should be limited to 800 1b
mum reaction is 164.3 kips, the mini-

per sq. in. Since the maxi
mum area of bearing should be 205 sq. in. The area actually
provided is 240 sq. in., the size of the plates being 12 in. by 20in.,

with the shorter side placed in the direction of the span.

11.8.4. Thickness of Bearing

The thickness of the bearing is computed so as to allow for
longitudinal movements of the deck without causing too much
distortion in the rubber. The permissible distortion is expressed

by the relationship
Ay
¢

where Al is the total longitudinal movement of the deck and ¢ the

thicknes$ of the piling. The total longitudinal movement com-

prises of the irreversible movement due to that part of shrinkage
and creep taking place after the placing of beams in their final

=1
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Ovements ye
ns at thig site,

4, (inches) = 0.004 7,

where L is the Span in feet, Since a single bearj ¢
accommodate the movement of , whole ;pangn,c L)il{g;)gf?dsarfg
A; = 0.636 in. Thus, t=0.636x2=l.27 in, The bea.ring pro,vided
is made up of five plates alternating wigp mes}
giving a thickness of 1.25 in,

7 to tempar ire
effects. For the average condijtje barature

1 reinforcement

Under an end-rotation, g, of the bridge due to
there is a relaxation of strain amounting to dx 19/

lever side. 1In order to maintain the inte rity of the pjj; ;
relaxation should be lesg than the averagegstl.ayin . Piling, thiy

. 1.25% 164.9
6d< 230% 313

For d=1/760 4 value whicp, will not pe exceeded ip service

6
7‘6(—)<.04

whicl is quite satisfactory. Precise, we should
, s

only take the reduced reaction corresponding to the maximum

deflection which yiclds an end rotation of 1/760, but
ments are meaningless in view of o PUb such refine.

. every large margin
inequality stated above, Y large margin j the

11.9. Stability Under Horizontal Forces

The tractive effort or brea
tons =20.2 tons or 45 kips. T .
kips. This force jg kept in equilibrj ¥ theF Deam 11,25

- ulllbrlum b th s
o fixed bOiLl‘lng of precast bed blook Y the frictj

12, MATERIALS
12.1, Concrete

1211, To obtain the specifie
consistently and economioa,lll;, the mix pgq tbheeflolglévil.e Conhcrete
rational basis taking into considerat;j 1gned on 4
were, by 1o means,
aggregate, which had ¢
miles by rail, is only
value of 18 per cent, Th
modulus of only 2,09,
ding of cables tend to

d streng
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: use of
but these difficulties are, to a grea‘tbe?(ggrrl:, offset by the
steel side forms and powerful form vibrators.

. . as
12.1.2. The water-cement ratio»—strengb}ﬁ.re}zaig)cns?(;gc:zte
first (létél‘mine(l. The mean strength fil: w il[fto he concrete
must be designed was then found out taking
standard deviation.

. relation-
For establishing the water-cement ratl?:.sot;elrlfﬁléifglazrom
ship' a number of mixes with water»cementtm (lm ing from 3070
0.32 to 0.45, ratios of sand o coarse a,gg!:eggr fe 11‘: thge conditions of
to 45-55, and limits of workability require Of the various mixes
the work’ were designed. Some 300 cubes (})_«‘rom o ctabistical
were tes’ted for 7 and 28-day strquths~ alue of the standard
analysis of the test results, the maxlmum VA lying this to the
deviation was found to be 730 1b per 8q. 1. gfptest results, the
probability curve representing the dlsperSIOnd igned to yield a
mean strength for which the mix must bet—, 28881(21gays was calcu-
minimum strength of 7,000 1b per sq. m'.ai.,- was found to be
lated. The corresponding water-cement dm‘-lo ed( was 1: 1.26:
0.35 and the theoretical mix, as finally designed,
2.38 by weight.

12.2. Modulus of Elasticity

o ing and
In view of the importance of strains in conil;;tﬁ (ilel}o;r]lxglined
after prestressing, the modulus of elasfilcw%lhasom ression tests,
on a number of work test cubes. During %eld(iympstrain-measu‘
the strains were measured by means of a Bal auges. Typical
ring instrument using SR—4 electrical S:mllnt r%ay be seen that
stress-strain curves are shown in Fig. 1 l ticity of 6.4 % 108 Ib
at 90 days the concrete has a modulus of elas 1(’ij };sing is done,
per sq iz‘- and at the age of 7 days, when pr’i‘iée later value is
the value is about 4.4 x 10° b per 8q. In. tests on 90 days old
about 70 per cent of the modulus_obta.med by tes
cubes and may be considered satisfactory.

12.3.  High Tensile Steel

i iameter
The high tensile steel wire for the work is ofi’zl n;’rl?ddsva;rﬁ ber
with an ultimate strength of 95?}1110 tSOOnstgf]IE; Sgér ,ond with 0.1
t proof stress of more than
S}?gu(;?; t)?pical stress-strain curve for the steel.

: f
g ol g oat B Tt o e ctility of
the tests for acceptance of steel, as a che? 1? nd to cold bending
the steel, several specimens have been o8 degrees with
sosts by ,bending b s;f)egismens O(Zczintggogigameter), and all the
& minimum radius o mm
specimens have successfully withstood the test,
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13, PRODUCTION YARD

13.1. The layout of the production yard has been planned
to suit the following sequence of construction operations:

(a) precasting of beams,
(b) tensioning of cables and grouting,

{¢) launching of beams,

{(d) concreting of cross beams and deck slab including
wearing coat,

(e) tensioning of transverse cables and longitudinal
cables in deck slab, and

(f) construction of footpaths, handrails, and other
ancillaries to complete the superstructure.

The production yard was located on the north approach
which had been formed to a sufficiently high level. It was
widened to accommodate the various units of the yard. The
layout of the yard is given in Fig. 16, page 194. It consists of
the cable assembling yard, the casting yards, the stockyards
and systems of rail track.

13.2. Cable Assembling Yard

13.2.1. This consists of 12 feeder wheels of high tensile steel
Wires each about 6 ft diameter arranged in two symmetrical
rows, a series of guides and a long bench about 200 ft long,
Photos 9 and 10. The wires from the wheels pass through the
guides to converge on a core of helix to form the Freyssinet
cable. The cable is pulled to the required length by means of a
winch connected to the end of the cable by means of a cable grip.

13.2.2. At the other end of the table is the sheath making
machine by means of which cold rolled strips 175 mm by 9.2 mm
are formed into sheaths for the cables. In this machine the
ribbon of thin steel forms a roll which passes through a roller
Press. The roller press produces transverse corruguti_ons on the
8teel. Then it passes through guides which form the rlbboq into
tubular shape and cause a ream of two folds which is practically
watertight. Here also a winch is used to pull the sheath.

13.3. Casting Yards

13.3.1. The casting yards consist of two concreting beds,
Supported on a series of masonry pillars spaced at 4} ft centre
to centre. Each pillar carries a pair of timber sleepers 8% in.

6
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5 dcep.x 3 in. widex 4 ft 2in. long, kept together with a clear spacc
g of 1 in, in between and anchored down by means of two } in.
g holding down bolts with large plate washer, Photo 1L. A circular
rubber washer 4 in, diameter and 1 in. thick, sandwitched
botween 6-in. square plate washers, is

i interposed between the sleepers and the
A pier, one at each end. The rubber washer,

4§ Fig 17, provides a sort of < floating” sup-
l port which permits of free vibration of the

)

formwork and absorbs and prevents the

Fig 17 — yibrations being transmitted to the pillars.
Rubb s her f Observations during concreting have
use u“dil;vg::ﬂﬁ; (l;f:d proved the effectiveness of these washers,
for no vibration has been felt on the

piers while the full effect has been felt on the formwork.

13.3.2. Casting yard I1is designed for the casting of all
three types of beams while casting yard II is for type I1 beams
only. "With slight alteration yard II can be used for type III
beams also. Work in the two yards is so arranged as to take
full advantage of the only set of forms available for casting the
beams. Thus when concreting is done in casting yard I, there
will be a beam just prestressed and ready to be moved out in

casting yard IL.

<1 THICK

WIRE 7 MM

ERS
7
o,
g
i cﬁ“émﬁﬂsww - e
BLATFORM s:n% .
COARSE AGGREGATE l

WiGH TENSILE STEEL

C AS T | N G ¥ A R D
STOCK  YARD I
COARSE AGGREGATE

po
"

i

VAR O

Layout of casting yard

13.4. Formwork for Beams

13.4.1. There are as many as 13 sub-types of beams, but
the formwork for all the beams is derived from one set suitable
for type I with the addition of special sections for the end blocks
and diaphragms. Corresponding to the 13 sub-types of beams
there are 26 sub-types of end blocks. A general rear view of side
forms assembled for a beam is shown in Photo 12.

SITE OFFICE

TAS T I NG
STOCK YARD I
WORRK SHOP

Fig. 16.

LAUNCHING TR ACKR—

CONCRETE LAB

[

= ;‘ ~ 13.4.2. The formwork is made of mild gteel plates 5/32 in.
™ thick, cut and welded to shape and stiffened by 5% in. deep webs

’ of the same plate. A good finish has been obtained for the
surface and junctions. The tormwork is practically free from

TRANSVERSE RAL
FOR STOCKING

leakage.

RAILS FoRl
GANTRY [

LONG, RAILS FOR
1RO

CUEY'S DURING LAUNC N

_1eon

13.4.3. To the back of each section are welded four plates,

two of them just above the bottom flange and the other two just
below the top flange ; each plate has four slots for at.ta.chmg the
vibrators, Photo 12. In practice, it is found sufficient to use

only the upper row of fixtures.

HORTH ABUTMENT
)

To the bottom of each gection, four eyelets are we_ldpd
through which tie bolts are passed for effecting a tight joint
between the side and bottom forms. S



196 K. K. NaMBiAR axp P. ¢. NAMBIAR ON

13.4.4. The bottom form is of 2 in. thick timber fixed to
¢ each pair of sleepers by means of a eross
\ piece with three bolts, the cross picce being
/_] placed flush with the surface of the timber.
The width of the bottom form is 20 in.,

| equal to the bottom flange of the beams.
U Two grooves run along the sides of the
o timber for inserting packing for watertight-
sorromsosw  ness, Fig 18. Initially, 5/8 in. rubber tubing

RUBBER

| TuBiNg N was used, but this was soon discarded in
o oen favour of coir rope about # in. thick, as the
Co—— Si0€ FORMS latter was found to be more effective.

Fig, 18,
Rubber tube pack- 13.4.5. Portions of the bottom forms

ing between side  just above the transverse tracks are made
and.bOttOm forms of detachable sections which can be removed
for jacking up the beam and drawing in the trollies for moving

out the beam, Photo 11. The jack for lifting is placed on a
ledge of the adjoining pier.

Wherever cables project below the form, detachable sections
of short length are provided to facilitate the moving out of the

be%;n from the bed without obstruction from the projecting of
cables.

13.5. Gantry

A gantry working on a track of 18-1b rails is used for moving
and placing side forms, Photo 13.

13.6. Stock Yards

The two stock yards for storing beams have pedestals of rein-
forced concrete with suitable foundations for supporting the

lgea.ms. Each pedestal has a ledge for placing the jack for lifting
eams.

13.7. Rail Tracks

1371, There are three systems of tracks: the launching
track running down the length of the production yard and ending
at the ‘‘trans-shipping yard?’’ intended for launching beams ;
and the two systems of transverse tracks connecting the castiné

yards with the stockyards and cutting across the launching
track.

13.7.2. Trollies for conveying beams along these tracks are
illustrated in Photo 14. The cross beam connecting the two
units has a segmental bearing on each unit. For moving the
beams over the transverse tracks, only a single trolley at the
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ity there were
vear ond of the beam, is necessary. I;ntmélgflisu e
only two scts of trollies. As these were foun ffi

: more sebs
herie i ving beams, two
delays were often exper jenced in moving uilt. " Photo 15 shows

M 0 . . , e
incorporating certaln improvements vrierto N epose the segmental
one set with the cross beam remove

hearing.

14 PRODUCTION BEAMS ‘ ¢ < boam
14.1. "The sequence of operations in the casting ol &
is as follows: . N
S nd placing them in position,
(b) erecting western side forms and placing western
half of the nominal reinforcement, 1 y
. . a
(¢) assembling and placing high tensile steel cables
lining them up to correct profile, o
. . a
(d) placing eastern half of nominal reinforcemen
erecting eastern side forms, an

(n) precasting end blocks a

(e) concreting.

14.2. Precasting End Blocks

ily rei d in order to be
, ond blocks are heavily reinforce v to o
ableltf.}ﬁkg 1-:1cpe?md distribute the stresses developed in

anchorage zone.

i are

After one side form (usually western) :imgi eﬁn};l13 Iﬂfcﬁs; are

erected, the outer cones are fitted. The stan d&'nto ure rernal

outer cone consists of WO small studs scre'w(ei. i bo e o uate

face of the cone through the steel form. Fin mgeting o e
to keep the anchorage firmly fixed during concr ,

hook bolts have been provided as shown in Fig. 19.

ag 20w 0 e p INTO Tudt
3, 20! EAN (‘—_ PLUG FORCE
5

- o s )

. 4;? poa A0S

yd ---l—- .07
PLATE WASHER
Fig. 20.

med by inserting 14 in.
h:?;)nes by means of a long

Fig. 19.

14.2.2. The cable conduits a,ret
bore gas pipes which are secured t0
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T-bolt as shown in Fig. 20. Where anchorage cones are fitted
with a collar, the plug shown in the ﬁgurfz is not necessary as .the
pipe can be inserted over the collar stralghmway. The junction
of pipe and cone is sealed with putty or mastic to prevent the
escape of mortar into the cone. It is best to remove the mortar
that might have got deposited in the cone after concreting,

14.2.3. In placing the mild steel reinforcement, it is best to
begin with the bars nearest the cone and work towards the other
end. Thus the spirals round the cones are first placed, then the

first row of grills, and so on. Photos 16 to 18 show some details
mentioned above,

14.2.4. After every detail is fitted into the a
the open side of the form is closed and pipes f
cables conduits inserted.

ppropriate place,
or the transverse

14.2.5. Three form vibrators are mon
concrete : one 3-phase 50-cycle 1,500-watt vibrator at the bottom
and a 3-phase 50-cycle 850-watt vibrator on each side. This was
the original arrangement for all three types of end blocks but
owing to the peculiar shape of the upper end block it sometimes
led to some honeycombing in the upper part of the articulation.
This has been overcome by arranging to fit another 850-watt
vibrator at the bottom of the upper part of the articulation. The
bottom vibrator is switched on as soon as concreting starts and
is worked throughout if required. The side vibrators are SWit-
ched on only after the concrete has come up to about half the
height and are continued till the end. In the upper end blocks,
the vibrator at the articulation is switched on after the concrete
has just come up above the horizontal ledge and then the bottom
vibrator is switched off.

nted for compacting the

A tricky spot in the lower end
articulation. In order to make sur
ledge properly, it is kept open at the top and the closing piece is
inserted only after the concrete has filled up to the proper level,
This opening is sometimes used for feeding concrete aliso in the
initial stages.

block is the lower part of the
e that concrete flows into this

14.2.6. During concreting, the fixtures carrying the
rage conces arc frequently checked to ensure that they are
rect position. Before rotating the T-bolt is removed, the pipes
embedded in the concrete to form the cable conduits are turned
round and round after an hour to prevent them from being grip-

ped by the concrete as it sets, and they are pulled out after about
3 hours,

ancho-
in cor-
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; 3 cperienced

1427, Aftor the forms st orocteC o complote ol the fit
fitter with two assistants about 6 hm&rsi)l Ocks o?a beam ready
tings and get the forms for the twoen ; 0 elhour. The forms
for concreting. The concreting takes about on and curing with
are stripped after a lapse of about 12 hours, ¢ g
water spray starts immediately.

. . i eds end blocks
In the spare space available in t.he ‘ 0;5?:\2%3 for use when

are concreted in advance.and kept in re ‘

required,

14.3. Assembling Freyssinet Cables

: ed
14.3.1. The high tensile wires of 7 mm dm;r;eé}g(l)‘ ?{)e re(c)iu;ie

in rolls of 6 ft diameter weighing on an avb(i)m?event b. 0O the

site the wires are stored in a dry place bo pI

rusting.

f the
i the feeder wheels of

f wire are placed on . of the
OableT w;::{eaf::}l:heowires are threaded throu}gh tll(lle Kgr;il;icgised o
Ag ch; wire is self-straightening, care Skll?ll(:n B e Tashed
opening the rolls to avoid injury to wor

by the wire.

ire i ite by spin-

1 14 gauge wire is made at the site by spine

ning?flgggesgii;lxg()fof 26gmr§ diameter andlsgr(')e;fglm% iltch. i

25 times to give a helix 20 mm dlameterdz:r‘;(m mm Pl

large quantity of this helix is wound on a rum from which it

fed into the cable through the central openl cgle L an e er.
guide where the wires get arranged in a cir

it emer-
14.3.2. The cable is pulled over the lon%l 1',5\,16)1‘3.i‘G f:stilgd o
ges out of .the“guideS, oiled and in proper Stﬁg épeciﬁed length
binding wire at about 3 {t intervals, When of the special cutter
is reached, the wires are nipped off by memﬁs re calculated allo-
Provided f,or the purpose. The cable lengths Zora; o cone at each
Wing an extra of 2 it from the face of 1Jheli‘ancea,d 2 reference, the
end for mounting the prestressing Jacllf- i gl‘ %encbil.
various cable lengths are marked on the long

, is cut
The core helix which runs the f:}:l ieer;lg;lz foi }f;li a‘%?;c).le ’11‘ ut
di t 6 ft from eithe _ Chose
::vg (}olisj:: :f: ?:ftali)r?uposition until the prestressing opera
commence.

' for making

14.3.3. The cold rolled strips, 175 mmX 0.2 ;Afi, |08 0 5

the Shéa£h§ are received in rolls V:fvl?;%lhilsﬁg ippropria.te length is

i f strip. 1der is re-

::;r(:ha;?loutze ls’}zga,otitiso cut bypha,ek saW. Theh She;ta},tzi:(i)nee o to
Moved from the cut piece and refixed on the

¢ontinue sheath making.
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The bench can accommodate some six cables and their
sheaths side by side. Hence after six cables are formed, the
winch is connected up for pulling the sheath.

The sheaths are made shorter than the respective cables by
4 {t plus the length of cable traversing the end blocks in thg case
of cables anchored in them. In the case of cables anchored in the
top or bottom flange of the beam, the sheath is made shorter by
about 2} ft for each anchorage to allow for the length of the cable
from the back of the anchorage cone.

14.3.4. To insert a cable inside the sheath it is carried back
from the bench by a number of men standing at intervals of
about 5 ft along the length of the cable. 1t is then glowly brought
forward and guided into the sheath which is nailed down near
the point of entrance. TIn the earlier stages of the work, a pilot
rope and cable puller used to be employed for the purpose bqt
were soon discarded having been found unnecessary. The fini-
shed cables are kept under cover until they are required for use.
Usually, the cables are assembled only a short time before they
are placed in the beams. Tt takes from one to two days to assem-
ble the 14 cables required for a beam.

14.4. Erection of Side Forms

14.4.1.  After the profile of the soffit is checked, the end
blocks are moved up to position by means of the gantry, lifting
each clear of the bed by two hooks embedded in the top. The
weight of each end block being about 2.7 tons, two differential
pullies of 11 ton capacity each are used for lifting.

T0PuLLY BLGCK 14.4.2. The side forms,
x”:::::,"""‘ generally the western side,
are next erected section by
§ section beginning with the
U- reame-—— ] ' diaphragam shutter at @
: and working both ways.
LT For picking up the shuttering
TSsmea | P veRTieal race

Tmrmeg

orsnurseme & U-frame, Fig. 21, is used,
Photo 19 shows the western
side shutters erected for a
beam,

LIFTING BAR e

CALCULATED €6 w o}

In order to ensure a
slippery non-adherent finish,
the forms are smeared with
crude oil in which washing
Fig. 21. Device for ifting shuttering 502p has been melted at the
rate of 1} bars per gallon,
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14.5.  Placing Cables in Position

14.5.1.  After the western side forms are erected, tlllg
nominal mild steel reinforcement is placed in position. Tléedl{lla]
steel in the top flange, the vertical bars and the Ionglf‘l bmut
bars to go on the western side are welded into cages o o Ore
40 ft length and placed in position. The. cable hangers are
suspended from the appropriate transverse pipes.

The cables aro carried, by one man at every 5 it mcr:,ggertﬁ:
avoid sharp sinuous sagging of the cable which iho-lowest cablo
sheath, and placed in the form commencing with t}]:e ow e
in the upper end block and working upwards, tt?l all)c?weg end
level in the hanger being used. On reaching et. of the
block all the binding wire knots in the exposed por lox;. Thio
cable are removed, retaining only one knot at _t.he very Ll;’l bing
Precaution is intended to prevent any blndmg V;ﬁ‘en sshed
down and fouling the anchorage. The cable is the sitli)on by
through the lower end block and the end clampedén pod tube, a
a cable securer. The cable securer consists OfFa' a;;ge ,
wedge, and a clamp as shown in Photo 20 and Fig. 22.

CLAMP

Eenu: EEO- - o
L7 (L7

° ".-" -
"
L~ 12’ — OUTER CONE

"
L%/8 w6 ROD

Fig. 22. Cable sccurer as assembled

14.5.2. The other end of the cable is then 1psertef(1tlfglr::l)gllg
the upper end block after taking out the porlrlplla’oWide —
between the first hanger and the upper endkbloc in

ringing the cable tip within the end block.

_ o il¢
After placing all the cables in position, ﬂ;le bailiir;‘éeu;ftoﬁlhg

steel reinforcement is placed. The cables are 'tf egcessal'y and the

correct profile providing additional supports, 1 nl M in cable

cable ends at the upper end block are also clamp

securers, '

. . .

14,5.3. When cables are anchored in thela) oi%ls) olghc?toot (2”;],
flange, the anchorage cones are fitted to cone Doxes, B
made to suit the angle of the cable, These con

of steel and can be used repeatedly. '
1454, In the case of cables Whlc}:i lageinmg;g:nﬁ
8t one end by bond, for example, No, 15 an

7
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beams the wires ave fanned out, Photo 22, for a length of 10 ft.
Where the cable cmerges out of the sheath, a spout is fitted for
grout to flow out during the grouting of the cable and Well
caulked with cement mortar. The side forms on the other side
are erected and checked. Tt is important to loosen the tie bolts
in the web about an hour after the concrete has passed a parti-

cular bolt and rotate it frequently to avoid seizing. Thesc bolts
are taken out after two hours.

14.5.5. When the bottom tie bolts are tightened, the side
forms press hard against the bottom form and press against the
packing of rope making the joint leak proof. All vertical joints
are packed with moist clay and ribbons of jute cloth just before
concreting.

Among the last details to bz attended to are the placing of
tubes for forming the transverse cable conduits, and if it is an
exterior beam, the fixing of cones with their anchorage zone rein-
forcement along the outer edge of the top flange. The tuhe fixture
is removed one hour after concreting round it. It js rotated

from time to time and pulled out after the lapse of two to three
hours.

For interior beams, the s
their being disturbed durin
through the key holes at the
channel ties at the top.

ame tube is used, but to prevent
g vibration, a long rod is pinned
end of the tubes and secured to the

The exterior beams carry the bond rods for the cross
of the footpath, anchored in the w

position by means of a wooden fr
of the side forms and detached a
for the kerb are stuck in to the o

heams
eb. These rods are placed in

ame clamped to the top flange
fter concreting. The stirrups
oncrete when it is still raw,

14.6. Adjusment of Beam Length

It is possible for beams to vary in length up to a maximum
of 2} in. All the beams of any span must match absolutely
and some adjustment of length may be necessary on account of
small difference in span length. Since the diaphragm at @ is a
fixed reference and the side form nnits are al] fixed, the necessary
adjustment of length is more conveniently done by moving the
end blocks to give a specified overlap of  the side forms on the
web of the end blocks. The lower end block, being stable by
itself, is easily set to a given mark on the bottom form in the
beginning itself, but the upper ond block is top heavy and
unstable and, therefore, very difficult to he set to & given mark.
The final adjustment in the position of upper

. end block is more
easily made after the heam assembly is complete,
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. r necessitate
These final adjustments in length may ﬁead ;‘;e Owedged and

some displacement of cable securers; tbefyrin firmly against

clamped again with the flange of the tube bearing

the face of the anchorage.

14.7. Concreting of Beam

1471, The coarse aggregate is screened tof remigvi: (}Pszt(i
washed and stacked at least two or three days be Oge rm state of
80 that the stack drains out and attains a f&u‘l“f unll O‘s built up
moisture content. To avoid segregation, the btilec (atlion of the
limiting the height to 4 ft. To prevent segreg aggregate is
different sizes in the aggregate, when the was ble ledges, each
dumped from baskets, the staclf is built ‘11n stable )
basket load staying put where it is dropped.

The best available sand is a medium san‘(llv gnciln fd‘f;)}lls:ﬁ%%
from specified areas of the river bed and stac x?he att(ainment of
requirements. This advance stacking permits t
uniform moisture content in the sand.

As a matter of routine check, tests‘ for. gx;z;;iaﬁ;c;?i,e;gsz
Weight, specific gravity, silt content and organic obslérved s axe
performed from time to time, but as results are ity the
consistent it has not been found necessary so far to
theoretical mix.

, S regulated that
The inflow of cement from producers 1s 80 reguld
beriod of storage isa minimum.

. H was
14.7.2. The batching is done entirely by v;%19ghltb fiﬁw 2
found that the net weight of cement per bag WE;S r a batch of one
loss through the meshes of the jubt? bag. Thu'sylsowe;re :
ag of cement, weights of the various materia

b

Cement (1) 109 (one bag)
137

Sand (1.26) ves

Coarse aggregate (2.38) "

Water (W/C ratio 0.35)

i tin
The weights for the field batch are dezeréxfuélﬁéi St;};l go;z;leg thg
the above values for the moisture con‘oen‘G of the sand Ny 8
Coarse aggregate. The moisture conten : :‘ting T eting.
The teas o o momingigslfi?ir:afltachanges occur in the
e tests are repeated whenover §
condition of the materials.
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. 14.7.3.  Although the concrete is compacted by heavy form
vibrators of 1,500 and 830 watts, owing to the slenderness of the
beam section and the crowding of cables, it is imperative to
ensure the maximum of workability in order to avoid honey-
combing.  There are certain disadvantages in getting th)ils
workability by water alone. Under prolonged vibration the flow
of concrete becomes difficult to control and this by itself can lead
to a different pattern of honeycombing.  Also, the cement
content has to 'be increased to maintain the water-cement ratio
at 0.35.  This is not only uneconomical but holds possibility of
early shrinkage cracks occuring. These drawbacks have been
zveﬁcome 1m tfhe desigln of the mix by keeping the water content

o the scale of ‘““no slump” concrete and getti
wforka.bility with the aid gf Lissapol N. (,%nztllgiftgestrz)%(i{ezsg’lry
tion of } oz of Lissapol N in one b of water is added to t;lle
mu}m(llg Wm‘:}%r ongvery ;Jzﬁcg. | The total quantity of water added
includin ¢ Lissapol N-Soluti is o ;
includ} rga,tio i 0.3;) ution is caleulated for » water-

14.7.4. The order followed in loadin i

g the hoppe :
the coarse aggregate, noxt, the cement, and ﬁna,llll_;r rtllli sfaiml;f(g,
The mixing water is ﬁrst admitted into the drum a,;ld then the
hopper is emptied into it. The speed of rotation of the mixers is

regulated to give the best possibl i .
45 revolutions per minute.p e mix. This ranged from 30 to

It has also been observed that if the i
] a he emptying of dr i
d'one too slo‘wly, segregation takes place withp t}he %zoarse:‘mfrll'a;?
tions dropping out first, followed by the fines. This is avoided

to a large extent by tilting t J i i iti
so b largo exten S“{%;' ing the drum to discharging position in

Concrete is conveyed to the job by head loads in steel pans

14.7.5. For compaction, there are
numbers of 3-phase 50-cycle 1,500-watt ca
and 6 numbers of 3-phase 50-cycle 850-watt capacity for the

sides. The vibrators work on 45 volt
7 s H
step-down transformers from the 440 rr(igli‘tl;(smt btained through

10 ‘form vibrators: 4
pacity for the bottom,

14.7.6. Concreting is done beginni
. $ ginning fr

};);(Z;Eka:%(;gworkm% towm}‘lds the lower end %)lotz?cm (t)ltl;(liell’:prlr)l?:;h?;(lli
5 inning from the lower end block and i
%};e;hué?g;z e}?d blk())ck, beginning from se{c:ilgg WGO rz:::lg ;Oovz’ﬁi‘g;

' 8, have been tried and digc i
unsuitable for the lie of the cables. Aa,;rgsgh h::lt?l% bceen ound
ment of concreting, the 10 vibrators are mo{mted to glrlréfzrézgic:é;

holders, commencing from the :
bottom and three to EZ\,ach side.hu “pper end block, four at the
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14.7.7. As concreting is done to the full depth of the beam
in a continuous operation without permitting any construction
joints, the job face advances at an inclination of 30 to 60 degrees.
In consequence, the bottom vibrators will be ahead of the side
vibrators ; normally, onec or two bottom vibrators and two
vibrators on each side will be working while the others, after
doing their work in particular positions, are moved to advanced
positions. To be really effective, the vibrator must be fixed
tightly to the holders. When a vibrator is properly fixed, the
vibrations can only be felt and not seen, since a hazy outline
betrays a loose fixture and not effective vibration as may be
casily mistaken.

14.7.8. Both in the manner of depositing concrete and in
the operation of vibrators, especially those at the bottom, certain
precautions have been found advantageous in avoiding segre-
gation. TFor example, deposit from the bottom upwards in
ledges, and not on the slope, and do not switch on the bottom
vibrator unless concrete has filled in to about half the depth of
the bottom flange. A danger to be constantly guarded against is
that of ““undermining’’ resulting from the flow of concrete in
the web alone leaving a small tunnel to develop just below the
flange. This is liable to happen when a new bottom vibrator is
switched on when the job face is too steep, and must be remedied
by cutting back the flange to open the tunnel and expose the web
slope fully.

14.7.9. The slump cone did not record any slump for the
stiff mix used. Wigmore Consistometer gave erratic results.

— 28 DAYS

— |

11

NUMBER

[

64 €8 72 16 80 84 88 92 98 100

CRUSHING STRENGTH IN 100-LB PER SQ. INCH

Tig. 23. Distribution of compression strength,
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e S

D

r 7 DAYS
] M‘x

NUMBER

L
42 46 S50 54 se 62 g6 70 4 78

CRUSHING STRENSTH IN 10008 pER SQ.IN.
Fig. 24.

Distribution of compressive strength

So, the time required to com ract Gj ,
as a measure of the consistengv, . test cube was adopted
Once in the morning and once j
¢ n the afte
cubes are cast fo; compression tests, the CUbes&btei;noggl’ns test
on a Johnson }T:l)mtmg table until the matrix justg an ePa»et;ed
iﬁ)llle iurface. 'W ith the 5 cubes cast during the eoncretilnp gs 03
e a7 55 and B e SIS PO T i
R an days. The actual distribyt;
and 7~day strengths is shown in Fig. 23 arll(llgzlonlth28"d&y
been possible to crush most of the cubes at 9¢ as not
150-ton testing machine available on the job ’ ays in the

14.7.10.  Some factual data conc

; erning the ret]
beam are given below. The values ¢ the conereting of a

are typical,

Beam IIb
blEnlzl Running

o ‘ ocks sections
(iollcletlllg time I hr. 5 mjy, 6 hrs. 30 mj
No. of batches used 22.5 3 ’ o
Solid volume, cu. ft, 78.2 1 o
Volume, planned 0

dimensijons, cu, { 76.0 1.2
Over run {+4-) per cent 2.9 ’28:(3}
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Materials for cubic yard of concrete

Cement 847 1b
Sand 1,065 1b
Coarse aggregate 2,010 1b
Water 207 1b
Lissapol N in solution 3.9 oz

14.7.11. 1t is imperative to remove the ‘“key” shutters -
those at the diaphragms in the night. Otherwise when shrinkage
sets in, flanges of side forms are pressed together making it harder
to remove the forms as hours pass. Usually, key shutters are
removed starting at about 10 o’clock on the night of concreting,
and by 12 noon on the following day all the forms are removed.

14.7.12. The beam remains in the casting bed for about a
week after which a minimum of 6 cables are prestressed to make
the beam self-carrying. The beam is then moved out and set
upon a set of storage pedestals where, after about a week, the
other cables are prestressed. The wires are then trimmed by
OXy-acetylene flame, and the cables grouted with cement mortar.
The mix for the grout has the following proportions:

b

Cement 109
Fine sand 20
Water 70

. The grout is mixed continuously in a colcrete n}ixer and
Injected through a nozzle after the cables are flushed with water
under pressure, then with compressed air to drive out water that
might be trapped in the sags. When clean grout comes out at the
other end of the cable the grout holes at both ends are plugged.

Finally, the anchorge recesses are finished off with concrete.
Photo 23 shows a wooden form being fitted for concreting.

14.7.13. During concreting of the beam, the top flange
©Xposed to the sun is liable to dry up quickly, and so it is pro-
tected against loss of moisture by moist hay. Curing with water
Spray starts after 24 hours and is continued for 21 days.

15, CALCULATIONS OF STRESSES AND ELONGATIONS IN
THE CABLES

15.1. 1Ina prestressed concrete beam, the initial stresses
induced in steel by the stressing of cables are reduced in the
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course of time due to the following causes :

(a) Due to the creep of concrete under the permanent
compression, A 1.

(b) Due to creep of steel AT',.

(¢) Due to other causes, the most important of which
are: part of the shrinkage of concrete which takes
place after prestressing ; relaxation of a cable due to
prestressing of other cables; and inward movement
of inner cone in the process of locking the ancho-
rage which is significant only for short cables.

15.2. Besides, strosses vary along the length of the cable
due to friction hetween the wires and the metal sheathing. The
friction depends upon the length and curvature of the oal?lcs.
The stress in a cable is maximum near the anchorage zone since
the prestressing force is developed at the anchorage through the
external application of the jack.

15.3. Required initial tension at eritical sections is
calculated as follows:

Loss due to creep of concrete under permanent compression—

For cables not injected, A T'; = E, X £'
E, S

where F, = modulus of elasticity of steel

I, = modulus of elasticity of concrete for deferred
strains

F = total prestressing force
§ = area of concrete section

Thus F/S = prestress in neutral axis of section.
A value of 9 is satisfactory for E,/E,.
For cables bonded by grouting

E . .
AT = FE X permanent compression in concrete at
G
the level of the resultant cable.

As the cables are grouted only some time after tensioning,
the actual loss is taken as the average of the two values. Thus—

ATy =3 (o T+ AT")
Loss due to creep of steel—

For the steel used on this work and the conditions of its
usage, the loss is about 5 kg per sq. mm. Thus

AT, = 5 kg per sq. mm,

R

s e

Photo 7. Reinforcement Photo 8.

for the bed block Bed block

Photo 10. Girders

Photo 9. in the assembling yard

Cable assembling yard

bl

Photo 11. Arrangements for the soffit of the beam



Phot 17. Reinforcement

Photo 16. Reinforcement
for lower end block

near the cone

.
PR B &
e ity prig

e M_..n:‘__.u..._-—-..f;a.g.

Pttt g
. LN W i

utter for one side in position

Photo 19. Sh

[

Photo 14, Trollies
for conveying beams

Photo 13,
Locally built trollies for
conveying beams

Photo 18. Reinforcement Photo 20. Cables with the
for upper end block cable securer in position



Photo 21.
Cone hoxes

Photo 23. Wooden form for con-
creting the anchorage recesses

Photo 253, Prestressing Jack
in position for stressing

Photo 22. Fanning out of
wires in Cables No. 15 and 16

Photo 24.
Spreader disc

Photo 26. Wires are
fixed by wedges

Photo 28. A beam being moved

ed
Photo 27. Girders being mov over girders laid in position

by transport cars in span 2

— Photo 30.
Photo 29. . Tail piece
Shifting box over roller grids :

Photo 32. Erection of
AP’SOtOla?'tli.tm jaunching girder
rticu



Photo 33. Photo 34, Launching girder
Travelling crab moving over girders

already laid in position

Photo 35. Hinged portion of
the standard being lowered

Photo 38, Launching girder
in working position

Photo 37, A beam being
launched by the craps
and transport car If

Photo 38. Two beams of
one span in position
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Loss due to other causes—

Loss due to shrinkage of concrete under normal conditions
of work = 3 kg per sq. mm. Loss due to prestressing of other
cables = 1 kg per sq. mm.

Design stress after all losses = 8§ kg per sq. mm.

Therefore, the required initial tension at critical sections
T:;=884-AT4543+1 =974-AT, kg per sq. mm.

15.4. Tension at ends of cables

The tension exerted at the ends of cables diminishes along

the length of the cable owing to friction. The total loss is
composed of -

(a) loss in anchorage cones,

(b) loss in straight portions, and

(c) loss in curves.

Loss duce to (a) has a constant value of 4 per cent,

Losses due to (b) and (¢) are given by

. To[l 040 d)]

100
where 7' = tension at any point of cable
T, = tension at end of cable

I = length under consideration in metres
d = cable curvature in degrees.

9 .
Average tension 7, = “z%ﬂﬂ for paraholic cables.

Since the cross section area of cable 12/7 mm is 461 sq. mm
total pressure in jack = T, x 461 kg.

Since the area of the tensioning piston of the jack is 160.6
5q. em., the manometer pressure corresponding to the jack force
stated above

_ T, x 461
= 1606 kg per sq. cm.

15.5. Reference Table for Prestressing

A complete reference table for prestressing is pre-
Pared for each type of beam. Table 5 shows the details for
beam IT, ;. Typical calculations for cable No. 3 are given in
Appendix 1.

8
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The order of prestressing given in the Table 5 has been
fixed with the following ohjects:

(a) To make the heam self-carrying with the tensioning
of six cables so that it may be moved out of the
casting hed with the least possible delay to enable
shutters for the next beam to he placed.

(b) To distribute the prestressing forces as ovenly as
possible near the anchorage zones and ends of beam.

(¢) Toavoid any significant downward deflection of the
cantilever when the beam is still in the casting
bed. ;

TABLE
Reference Table for Prestressing

Beam Type

Cable Order of Strain  Total strain | Menometer
No. tensioning per 1000 mm pressure
J ; kg per sq. em.

] ~ e =4
| 5.45 ' 145 366
2 10 5.45 | 157 ‘;éc‘;
3 3 5.10 J 255 353
4 5 5.10 : 255 353
? D) 5.15 253 351
; 4 5.15 253 351
7 1 5.00 246
. 346
8 6 4.95 245 340
9 7 495 244
/ L9 337
10 8 405 244 331
11 11 - 5.00 83
5 3292
12 12 5.00 88 322
13 15 540 242 368
14 16 5.25 242 | 354
i : |
15 13 i 5.05 134 | 5
5.0! ‘ : 351
16 14 C 510 | 137 | 3?;1
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16. PRESTRESSING PROGEDURE AND PROBLEMS

16.1. Equipment for Prestressing
The equipment and accessories used for prestressing opera-

tions are given in Appendix 2-{d).

16.2.  Freyssinet Jacks—1951 model, which is now absolete,
was used, Fig, 25, page 218. A description of the jack is given
in Appendix 3.

16.3. Labour and Supervision
The following staff was trained in the prestressing work :
For supervision — No.

Junior engineer 1
Inspectors, for reading elongations, deflections, etc. 3

2 Squads each consisting of :
Mate—literate, to regulate pumping, read off pres-
sures
Fitters, for mounting jack, dewedging, etc.
Mazdoors, for operating crane to hoist jack
dMazdoors for pumping
Mazdoor, literate, for general help

-0 DD LD e

16.4. Preliminary Arrangements

Deflectometers for measuring the deflection of the beam
during prestressing are placed in position. Bamboo screens and
red flags are placed at about 10 ft behind each jack to warn
persons, against approaching the jacks from behind since a loose
or worn out wedge grip can cause accidents. It was considered
desirable to collect data which may lead to a fuller understanding
of the properties and performance of prestressed concrete. Fur-
ther, it has been necessary to ensure that the cantilever did not
by any chance suffer a downward deflection so long as the beam
was in the bed. Therefore, deflections during prestressing have
been measured at important points in the beam.

16.5. Prestressing Procedure

The following sequence of operations is observed during
prestressing of beams:

(a) The cable securer at each end of cable is removed.
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(b)

(b
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The self-centering collar consisting of a split ring
with an external sleeve is placed on the cable in
close contact with the anchorage cone.

The spreader disc is inserted to spread out the wires
without twisting or crossing, Photo 24.

The cut length of helix at cach end of the cable is
pulled out and it iy checked that the end of the main
helix in the cable is about 2 ft from the face of the
cone. This is important to prevent interference
with the locking of the anchorage.

The inner cone is inserted as far as it will go, with
the 12 wires running along the 12 grooves round the
cone. The spreader disc is now removed and the
cone forced in by light strokes transmitted through
a wooden strut held against its back,

The prestressing jack for each end is hoisted by
means of the crane which is secured to the top
fange and it is pushed forward coaxial with the
cable und with the wires passing through the grooved
foot, Photo 25. Here it is important to push the
jack as close as possible to the cone face in order
that as little as possible of the travel of the jack is
lost in initial pumping.

The wires are placed two by two between the splines
and secured by wedges which are driven in by a
hammer, Photo 26.

The tensioning chamber of the jack is connected up
to the pump through inlet D, Tig. 25.

B, MOVING CYLINDER

WEDSE GRIP C, TAPERE
y D SPLINE
A, P1IgTON -~ 4, .
A, PiSTON | #.*
ACA
LA
7 ML--\.. ......... ”’
SITILILEL I8 e HI
L =3 -
AN oy
2. e SO
D, INLET N 4 Tata
N INNER
cove | | Some”

VALVE 3 E, BLOCKING RAM

Fig. 25. Freyssinet Jack 1951 model
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(1)

(k)

Keeping valves 1 and 2 closed and a,djusting‘th'e
pump to operate on the large piston, valve 3 1s
opened and a few strokes are made till water flows
freely out.

Opening valve 1, keeping 2 and 3 closed, and adjust-
ing pump to operate on small piston, the jack is
pumped till the foot of the jack slides into position
inside the collar.

The jacks are pumped at a steady pace till the
monometers read 50 kg pressure. The kinks, if any,
in individual wires are now eliminated, and the
cable is in low tension by virtue of which the jacks
have become self-carrying. The hoisting tackle
may be slackened sufficiently to permit free move-
ment of tensioning cylinders of the jacks.

The millimetre scale, Fig. 26, is held against one
of the wires in a convenient position butting the
dummy end against the cone face, and a crayon
mark is made on the wire against the zero of the
scale. When the cable is being tensioned, the
reading of this mark on the scale gives the elon-
gation in millimetres. Crayon marks are also
made on all the 12 wires close to the wedge grips.
Any movement of a wire relative to the grips due
to slipping is readily indicated by these marks.

i N i—

ta—— DUMMY e M.n.suu_—-l

Fig. 26.

All the wedges are again hammered to ensure their
tightness.

Pumping is resumed at a steady pace, the aim
being to maintain the same rate of increase in
both manometers., The elongations are read at
both ends at pressures of 100, 200, 300 kg per sq. cm.
and at the design pressure. These are recorded on
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the spot and the total elongation worked out s

illustrated below : ed to hold the jacks and prevent them from
slouching. The hose connections are detached from
Beam No. 9C Pressure 354 kg per sq. cm. the jacks.
Cable No. 3 Elongation 255 mm When the pressure is released completely, the
. . _ - e clongation is measured. This measurement will
Elongation as read Correction T indicate a small slip of the cable as a whole due to
Pressure ab Elongation 1 the inward movement of the inner cone during
kg per at 2000 Corrected locking of the anchorage.
$¢. cm. [ Upper Lower Total ' .~ elongation
ﬂ__,_BlOC,k_A Block -ota 3 (q) When the eylinder and ram have returned to normal
B e e P — position, the wedge grips are removed one by one
50 ‘ 2 36 by means of a pin hammer and sledge hammer, the
| i pin hammer being held against the ledge of the
100 20 16 | 36 3 79 wedge, and the sledge hammer delivering a sharp
: ‘ ( blow on .the pin hammer. The operation is a bit
200 70 39 j 109 145 delicate, but in skilled hands a single clean sharp
‘ ' 4 blow will release the wedge.
300 109 72 ;
’ I 181 217 The elongation is measured again. A very small
354 136 86 999 _ slip of a millimeter or two of the entire cable may
[ - 258 be noticed now.
. The jacks i 1
In the case illustrated above, the final elongation reached ; ) }llgﬁstizclt{g :}:: nléizh::bl:) aCkTﬁgtca%flet&?re::SZ :il;i
258 mm at design pressure against the calculated 255 mr%c i together at the ends witix biﬁding wire and the ring
is satisfactory. Sometimes the requisite elongation o his and sleeve removed for the next cable
reached at the design pressure owing to excessive fricﬁgg I}Ott}oe .
cable sheath. Tn such a case the stressing may be continuml t'lﬁ 166. M t of Deflecti
the spemﬁedfelongatlon is attained, subject to the limitatioe(thl t vo. Teastirement of Tieflections
2 SSUT 3 P A n tha
v pressure of 380 kg per sq. cm. is not exceeded in the Process. bl l?eﬂectometers are mounted at the upper and lower end
Sometimes the specif ) ocks and at the diaphragms. The deflectometers used are Baty
oo oo t(ilebg:;ilgsgd %ll(l):.gatjll‘ﬁ?s inr[xl?ly . be reached at a Dial Gauges which read to an accuracy of 1/2000 in. The change
between cable and sheath. In orde h lcates little friction in the ﬂe?zure of the beam is recorded.cab‘le by cable by taking the
the beams, such & condition must b eareto :wdmd over-stressing of dial readings .before and after tensioning each cable. The ob-
elongation and the stressing of the bl ected from the trend of served deflections have been found to tally fairly well with the
fied elongation is attained. able stopped when the speci- caleulated values,

(0) Closing valve 1, Fig, 25, Page 218 connecting the 16.7. Some Essential Precautions

blocking ch
g chamber to the pump through inlet, F, and 16.7.1. The only {purpose of the steel sheath is to prevent

opening valve 21 i i i
talle tog Zoro, P“m%in‘;hilsc}(llotll:g t:)nanometer pressure contact between cable and concrete. Minor breaks inthe sheath

ing ra . : ¢ actuate the block- easily permit the ingress of matrix which will block the cable.
rage. nvl]_wl‘fehlg{lo(f}(ﬁl:cef the lnner cone into the ancho- So, after placing and lining up the cables a careful examination
to the final tellSiolnnig;lgp;essure 18 usually kept equal mu;!td be made for local damages. Damages, if any, must be
ressure. Sealed with adhesive tape.
(p) Valve 1,and ¢ . : . . ,
till the pl‘esgure lfIZﬁs i, are opened very gradually 16.7.2. Particular attention must be paid to the inner

© zoro. The cranes are operat- vertical faces of end blocks. The sheaths must be made long
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enough to penetrate a few inches into the end blocks and gaps
round the sheath must be caulked with stiff mortar or mastic.
Places where cables enter anchorage cones in the top or bottom
flange are also vulnerable, Cones with the projecting collar are
more suitable, since the collar facilitates a tight connection with
the sheath.

16.7.3. 1In spite of all these precautions some mortar may
still find its way into the cables and anchorage cones. The mortar
that collects in the anchorage cones is washed out before it has
taken initial set by means of a spout of water under pressure.
The mortar, if any, that may enter the cables is prevented from
developing bond with the wires by pushing the cables forward
and backward a few times inside the sheath by means of hammer
strokes applied about 2 to 3 hours after the conereting.  These
measures have heen found to be quite effective in freeing the
cable of any hond. ’ e

16.7.4. The inner face of the outer cone, if covered with

rust, dirt, ete., must also be thoroughly eleancd just hefore
prestressing. .

16.7.5. Tl}e anchorage zone of the cables, a length of about
2 ft on either side of the anchorage cone, must be dry and free
from grease, oil, accretions of mortar, rust and all such foreign
matter. In order to ensure this condition the following procedure
is followed. The cable is hammered out from the upper end block
side till about 2 ft more of the cable is exposed on the lower end
block side.  The entire exposed length, about 4 ft, is then
thoroughly clea.ped, but no attempt is made to polish fjhe wires.
Then the cable is hammered from the lower end block side till
about 4 ft is exposed on the upper end block side. After this
portion is also cleaned likewise the cable is hammered to normal
position with about 2 ft projecting at each end

should be done only just hefore prestressing. This cleaning

16.8. Obstructions in Cable

If in spite of all these preca
cables get blocked, the followin
which the obstructions may be r

utions faithfully carried out,

g are some of the methods by
emoved,

(a) When the elongation is in
to some minor obstruction causin
2)&1;1; li)zt:vile:r;alt)ie ar{x&qi‘age cone and the point of minimum
stress ir -able.  While tensioning the cable. there is a small
elongation accompanied by & sharp rise of pres’sure in :;h: mano-
meter ,until the extra friction is overcome. Then the cable

jerks,h the cause may be traced
8 additional friction at some
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sudddenly elongates with a jerk and the manometer shows a
simultaneous fall of pressure until it stabilizes a little above the
point from which it had started to rise sharply. Then the whole
cycle is repeated again. Thus, when the obstruction is of this
type, it may be possible to get the necessary elongation with
perhaps a small increase of pressure over the design value. Very
often, in the later stages of tensioning, the effect of the obstrue-
tion may completely disappear.

(b) When there is a severe obstruction near the anchorage
cone, the manometer shoots up to values even as high as 200 kg
per sq. em. with a few strokes of the pump and there is no
elongation in the cable. Keeping careful watch on the manometer
50 as not to raise the pressure above 380 kg, the pump may be
operated ata slow and steady pace till the cable is released.
When that happens, the cable will elongate with a jerk and the
pressure will drop to perhaps a few kg per sq. cm. Thereafter,
the tensioning may be resumed in the usual manner. If it is not
possible to free the cable even after reaching a pressure of abotit
380 kg per sq. em., pumping should be stopped and the specified
elongation ohtained by operating only the jack at the other end
of the cable.

(¢) If the obstruction happens to be very close to the
anchorage, once the jack becomes self-carrying, the slightest
flicker of the pump handle will cause the manometer to shoot up.
In this case, also, the procedure mentioned in the preceding
paragraph may be adopted but infinite care should be exercised
to ensure that the pressure does not exceed about 380 kg per
8q. cm. When the obstruction is severe and too close to the
anchorage, it is safer to obtain all the elongation possible at the
other end of the cable.

16.9. Leakage During Prestressing

16.9.1. If leakage develops in the tensioning cylinder or its
connection while the cable is being tensioned, the pressure may
be released and the jack taken down for repairs. Owing to the
self blocking nature of the cone anchorage, the cable will still be
in tension after some initial loss of elongation due to slip. The:
tensioning can be resumed with the spare jack which should be
kept in good working trim always.

16.9.2. As a rule, the blocking pressure should be equal to
the ﬁnal tensioning pressure. On one occasion a cable was
tensioned to a manometer pressure of 370 kg per sq. cm., but
during blocking it was found that the blocking ram had suddenly
developed a leak when the pressure was only 240 kg per sq. cm.,

9
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It was not possible to raise the pressure above 240 kg per sq. cm,
in spite of fast pumping. So, while pumping thus, valve 1,
Fig.2h, page 218, was quickly opened thereby effecting connection
between the tensioning chamber in which the pressure was 370 kg
per sq. cm. and the blocking chamber in which the pressure
was only 240 kg per sq. em. This caused the pressure in the
blocking eylinder to vise momentarily until hydraulic equili-
brium was established in the system, and effect a complete lock-
ing of the anchorage.

16.10. Troubles Arising from Defective or Worn Out Wedge Grips.

16.10.1. The wedges which secure the wires to the jack are
subjected to severe wear. In a wedge which is in good condition,
the groove on either side will have a straight and sharp V-shape.
As wear sets in, the V-shape will change to a crescent shape and
individual wires may show a tendency to slip during prestressing.
Wedges should be replaced as soon as signs of wear are visible.
Worn out wedges can be set right by sharpening the grooves to
restore the V.shape. This involves removal of some material
every time, so after a fow sharpenings the size of the wedge will
have heen reduced beyond use. An adequate supply of service-

able wedges is very essential for the efficient performance of
prestressing operations.

16.10.2.  Relative slipping of individual wires during pre-
stressing is only the earliest and the least harmful of the troubles
arising from worn out wedges. Relative slipping may also occur
when a wedge is not tightly hammered in even though it may be
m.ﬁrs'_o class condition. In either case the net result is a redis-
tr}butlop of loads between wires leading to a smaller load in the
wire which has slipped and an increase of load in the remaining
wires, the tom_l cable force remaining the same. The tensioning
may bg cont:,mued to the design pressure, but because of the
higher intensity of stress there should be more elongation than if

there had been no slipping. Overstressing of steel is the danger
to be guarded against. That this danger is quite real will be
clear from the following example :

Suppose the design pressure is 380 kg per sq. em. This
. 380x160.6
1 X .
corresponds to a tensile stress of 41 =133 kg per sq. em.
If one of the twelve wires sli

and loose all i i ards
the end of the tensioning 3 # 1t clongation towards

process, the steel stress in the cable
ill be 133 12 145
will be xﬁ=l4o kg per sq. cm. or 92 ton per sq. in., which

is too near the yltimate strength of 95—110 tons per sq. in,

R : L . 51 Ixd
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16.10.3. Wires may slip due to worn out wedges at any
stage during tensioning, not necessarily at maximum pressure.
It is also possible that they may not loose all the clongation. 1f
the slip takes place at some intermediate stage, the slipped wires
also share the cable load in some measure depending on the
amount of slip and the time of its occurrence.

16.10.4. Immediately a slip takes place, there is bound to
be a fall of pressure. This is because the sudden increase of
stress in the wires, which are intact, causes an increase of
elongation pushing the tensioning cylinder back instantaneously
and thereby causing a fall of pressure in the cylinder until
cquilibrium is establisked between jack and cable.

16.10.5. In attempting to carry out prestressing with wedges
which are worn out there is always the risk of the wedges them-
selves flying off. Then the wires suddenly released may get bent
near the other jack due to the rebound of the cable. When the
pressure in the jack is released for taking them down and pre-
paring the cable for retensioning, the anchorages may 'lock.
Owing to the violence and suddenness of the process the inner
cones are liable to be damaged. As such, they shquld be
removed and the cable completely released before redoing the
tensioning after straightening the wires that are bent, if any.

16.10.6. Removing the inner cone from a locked anchorage -
is a delicate operation. It may be done with the aid of the
prestressing jack in the following manner. The face of the inner
cone is chipped off uniformly for about } in. depth to expose the
flared end of the grouting tube. A piece of binding wire is tied
round the grouting tube and on mounting the jack the ends of
the wire are pulled out through the grooves in the foot of the jack
and held firmly. The jack is operated till the inner cone becomes
free when it is pulled back sufficiently by means of the wire and
secured in that position so that on releasing the jack pressure the
retreating cable will not cause the anchorage to lock again. On
taking down the jack the inner cone is easily pulled out.

16.10.7. After the anchorage is locked tight by operating
the blocking ram at the end of the tensioning process, md_NLdual
wires should not slip on dewedging, but sometimes this may
happen owing to interference in the anchorage or due t9 the use
of worn out wedge grips. Slipping of wires after dewedging leads
to permanent loss of tension depending on the amount of slip,
and thus leads to consequences very different from those due to
slipping of wires during prestressing. If only one wire has
slipped, it may be possible to make good the loss of tension by
slightly overstressing other cables. But when the circumstances
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are not favourable for such manipulations, it iy necessary to
re-tension the cable after removing the outer cone.

16.11.  Possibility of Wires Breaking

As a rule, during prestressing the jack pressure is not raised
beyond 370 kg per sq. cm. except in exceptional circumstancoes
when it may be raised to 380 kg per sq. em. This corresponds
to a tensile stress of 133 kg per sq. mm. or 84.5 ton per
$q. in. and is well within the ultimate strength of the steel. Break-
ing of a wire may be expected to take place when the maximum
pressure has been reached and before locking the anchorage, since
locking of the anchorage is accompanied by a loss of tension. In
the whole prestressing operation only in three instances did the
wires break, but strangely enough in all the three cases the
pressure was only about 330 kg per sq. cm. corresponding to a
tensile stress of only 73 tons per $q. in. Since the ultimate
strength of the steel could not have been as low as this it has not
been possible to explain this. Tn all the cases, the wires broke
close to the wedge grips, which is but natural since the stress is
maximum near wedges. The catapulting action due to the brea-
king of the wire was so violent that it blew off three or four
wedges of the jack at the other end and the jack itself received a
violent kick. Some wires were also badly bent. The inner cones
had to be removed and the cable tensioned again with only eleven
wires. The maximum pressure was limited to 11/12 of the design
pressure so as not to exceed the design stress in the cable. The
small resulting deficiency in the prestressing force was made
good by slight overstressing of some cables tensioned later.

16.12. Check of Prestress at Critical Sections and Adjustments to
Ensure Proper Values

Ten cables, No. 1 to 10, pass through critical sections in the
beam and twelve cables, No. 3 to 12, 15 and 16, in the cantilever
as shown in Fig. 9. This applies for spans 2 to 12, the cabling
being different for the other spans, but the method of check given
below applies to all cases.

The theoretical strains and elon
5 and 4 of Table 6. The actual elongations are noted in column
3 as each cable is tensioned and the actyal strain per milli is
worked out by rule of proportion and entered in column 6. The

difference between actual and theoretical strains is entered in the
plus or minus columns, 7 to 10

gations are noted in columns

For example, in cable 7, the actual strain ig more than the
theoretical by 0.04; as this cable passes through both beam
and cantilever critical sections, 0.04 is entered in both the plus
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TasrLe 6

Theoretical and Actual Strains and Elongations
Type II Beams

J . .| Differenco of strain
lilongation Strain per milli actual to design
‘gr;t:;:- Cablo \ R Beam Cantilever
sioning | NO. ] . o
stouing Actual | Design | Design | Aetual Plus |Minus| Plus |Minus
| ) | ) | () | (=)
1 2| 8 | ¢ | 5 | 6 7 8 |9 |10
1 7 248 246 5.00 ’ 504 | .04 .. | .04 .
2 5 233 233 5.15 5.15 - e .
35 3 5 02
3 3 256 235 3.10 .3.1.’ .02 .
4 6 2-;0 253 5.15 5,08 07 .07
55 5 b 14
5 4 262 255 5.10 5.24 14 .
6 8 | 247 | 245 | 4.9 } 499 | .04 ... | .04
] 34 i .34
7 9 247 244 4.95 4.61 S
8 10 246 244 4,95 4,58 .37 37
|
0 1 143 145 5.45 -’;".40 l
10 2 158 157 5.45 5.48 .03 |
1
11 11 71 72 5.00 43.07 07 1
12 12 72 72 5.00 5.00 . o
5.03 5.35 3B 1.
13 15 142 134 5.05 33.’3 .35
14 18 44 137 3.10 535 v | 28 {
Total for cables 1-10 (Beatn) 51.23 27 .78 }
Total for cablos 3 to 12, 15 & 16 ] 1 o , s
(cantilever) 61.50 ’ .9
=051 100 = —1 per cent
Difference for beam = —0,5] = 51.25 X
0.13
Difference for cantilever = +40.13 = 70.40 % 100 = 0.2 per cent



998 K. K. Nampiar axo P. (. NaMBIAR 0N

columns 7 and 9. 1f the cable passes through only one critical
section, then the entry is made only in one column—cable 2 for
example.

As tensioning procceds cable by cable, the plus and minus
columns 7 and 8 or Y and 10 must cancel out as far as possible.
If either sign has a tendency to dominate, the tensioning of
other cables must be adjusted to counteract this tendency.
This adjustment may not be possible to perfection, but a great
deal of accuracy can be achieved by keeping careful watch, It
is sufficient for practical purposes if the final cumulative differ-
ence does not exceed 5 per cent of the total theoretical strain,
In the case under illustration, the difference is only —1 per cent
for the beam section and 4 0.2 per cent for the cantilever, and
as such, quite satisfactory.

16.13. Friction Losses in Cables

16.13.1.  Inthe evaluation of elongation and manometer pres-
sure for prestressing it has been necessary to calculate the ten-
sion at cable ends and the minimum tension after friction loss
along the length of the cable. The elongation has been calculat-

ed for the average tension 7', obtained by the formulae for
parabolic cables, viz.,

Tm = 2_Tmin' 3%?&“’

The theoretical friction loss is T'ppqq. — /L.

The actual mean tension may be derived by multiplying the
tlllxeoretlcal value by the ratio of actual to theoretical elongation
thus —

| elongation actual
7, actual = T, gabl —
elongation theoretical

Toez actual = Applied manometer pressure X 1—23—1(1

m a6 o . ”m .
These actual values of 7', and 7',,,,. may be made use of to

calculate T,,,,. actual by means of the formulae for averaye
stress : Thus —

T pin. actual = T, actual x 3 - T .. actual
2

Then the actual friction = 7,,,,. actual - 7

n]i/u' '&Ctual.
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By way of illustration, take cable No. 7 in beam 10-a. We
have the following particulars :

Design Values

Manometer pressure 346 kg per sq. em.

Elongation 246 mm

T, 103 kg per sq. mm.

Twax. 120 kg per sq. mm.

T min. 94.5 kg per sq. mm.

Friction loss 120-94.5 = 25.5 kg per sq. mm.

Actual Values

Manometer pressure 355 kg per sq. em.

Elongation 247 mm
. 247
T,. actual 103 x 9246 =103 kg per sq. mm.
=424
T mas. actual 355 X 160.6 _ 4o, kg per sq. mm.
461
3 x 103 - 124
T win. actual -—X—-E————— =92.5 kg per sq. mm.
Friction loss 124 — 92.5 = 31.5 kg per sq.
mm.
Excess of actual friction
over design value 31.5 — 25,5 = 6 kg per sq. mm.
6
,,,,, = 24
Per cent excess 95 X 100

16.13.2. In order to study the variation between actual
friction and friction as provided for in the design, the case of
cable No. 7 in 31 beams has been examined by determining the
theoretical and actual friction as explained and illustrated above.
The study reveals that the actual friction varies from the theore-
tical value by as much as -4 53 per cent and —41 per cent in
extreme cases with the average for the 31 beams at - 6 per cent.
The relevant figures are :

Loss in Friction

Theoretical 25.5 kg per sq. mm.
Actual maximum 39.0 ’s
Actual minimum 15.0 ’s
Average of 31 beams 27.0 "
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It will be noticed that in spite of the wide scatter the
average for a large number of results reveals a fairly close
approximation to the theoretical value allowed for, thus justi-
fying the cmpirical formulae adopted in the calculations.

16.13.3.‘;.'There;\3vere two beams in which the cables had to
be stressedtfrom one end only owing to one of the jacks going
out of order (and at that time there was no spare jack). Tn
these beams, for the cable No. 7 under study, the friction losses
shot up to 43.5 ki per sq. mm. and 45 kg per sq. mm., clearly
proving the disadvantdges of stressing long cables from one end
only.

16.14. Loss of Tension due to Locking of Anchorage

16.14.1.  For cables with cone anchorage at both ends, the
loss of clongation due to slip on locking of the anchora.g:a by
ramming in the inner cone has been as low as 10 mm and as
much as 21 mm, but in the vast majority of cases the total slip
at both ends has tended to remain within 16 mm. Cable length
alone does not appear to influence the value, but cables with
relatively sharp curvature, viz., No. 11 and 12, even though

short, have a tendency to slip less than the longer cables with
less curvature.

. 16.14.2; For ca,l_)les with cone anchorage only on one end,
viz., No. 15 and 16 in typical beams, the total slip has tended

to remain well within 8 mm, although in a few exceptional cases
this value has been exceeded.

16.14.3. 1In calculating the prestressing, no allowance has
been made for loss of tension due to locking of the anchorage
hecause it has been stated to be significant only in the case of
short beams. As an illustration, taking cable No. 7 in beam
6 d, after blocking, there was a loss of 8 mm, at the lower end
block and 9 mm at the upper end block. Tt is assumed that the
cable is absolutely free to adjust itself, i.e., if itis free from
friction, then the loss of tension would be —

17
i85 % 1000 X 20,550 = 7.2 kg per sq. mm.

48.5. metres being the length of the cable, and 20,550 kg per sq
mm. the value of E,. But actually there is considerable frictioﬁ
in the cable, as much as 21 kg per sq. mm. being the tension
loss due to friction. This friction which was obstructing the
tensioning process is advantageous in resisting slipping of the
cable during locking of the anchorage and prevents the loss due
to the slip being felt in the critical section.
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16.14.4. A very small slip, 0-4 mm, may be noticed after
the dewedging. On any one side ordinarily it will not exceed
2 mm. This is largely made up of the movement of the reference
mark on the wire due to the relaxation of tension in the cable
hetween the anchorage face and the wedge grips of the jack.
This would be noticeable only if, at the time of measuring the
elongation after blocking, there was some pressure in the jack and
therefore some residual tension in the short length of cable
mentioned above. If the elongation was measured after
blocking and after the jack has completely returned to normal,
no slip should be noticeable after dewedging.

17. LAUNCHING THE BEAMS
17.1. General

The weights of the thrce types of prestressed beams are
given below:

Tons
Type I 120
Type 11 100
Type I 80

Their shape, height, and narrowness of bottom flange are not
conducive to stability.

17.2. Launching of Beams in Spans | to 3

17.2.1. A launching girder which moves ahead of the spans
for which girders have already been launched and rests over the
span for which beams are to be placed in position, is used. It
serves as a bridge to transport the beams.

Even though orders were placed for the supply of the laun-
ching girders early, there was no prospect of receiving them for
use in time. So, an alternative plan for launching the girders of
spans 1to 3, by making use of some of the transport cars,
shifting beam, tail piece, rollers, etc., which were available in
time, was evolved.

17.2.2. In the first 2 spans, a broad gauge double track of
41} 1b rails was laid over a sand embankment for the transport
car carrying the beam. In order to limit the pressure on
the embankment within safe limits, the tracks in the first and

. second spans were laid on & double layer of broad guage wooden

sleepers. The first layer of sleepers was closely packed longi-
tudinally. The second layer was laid transversely at about 2 ft

10



289 K. K., NamBiar axn P. (i, NAMBIAR oN

centres to functign as ties and distribute the load over the first
layer. 1In the third span, the arrangement was sligtly different.

17.2.3. Through a gap left temporarily in the curtain wall
of the north abutment, the main trolly track from the castin
yvard was extended for about 70 ft over what may be termed a%.
the “transhipping yard” where the transport cars took ovelr
the beams from the trolleys. The position of transport car I
with referencc to the bearing, (/, of the beam was such thn,t",
Wh?n the car came to a stop against the pier, the bearing wonld
bg in the correct position with reference to the centre line of the
pier. ’

17.2.4. For launching the girders of span N

car 1 was dismantled and reassgmbled on t}IL)e tr}‘:cl. 1211’ ttlfgrll)z}(jlofmg
span No. 2 Transport car IT was assembled on the broad rauge
tracks laid over the beams already in position in span VI\%:O {.i
On approaching the transhipping yard, the heam was pioked- up
at the haunch by transport car IT and moved along with th]e
rear of the beam supported on a trolley. After clearing pier Ne
I, the beam was set down over ‘omnsﬁort car T waitin b 6n thL
fa.r side of pier No. 1. Transport car 1T was then rolle(;lz back tg
pick up the rear end of the heam from the trolly. The y th
moved forward with the heam, Photo 27. T Timiting position
for this arrangement was reached with transport car 11 at the
end of the cantilever in span 2. For the few feet still to(tmvel

the beam was moved with its
. ’ j s rear end sy p
working over a specially laid track. ipported on a trolley

he limiting position

17.2.5.  After launching the girders of t}
'p‘ort car I was again dismantledgand reasselrif)flaggno(ilsg?en:bg‘li?lm-
.I,The tracks on the bridge were extended over span No. 2. I an
No. 3, a trolly track was laid on a well compacted exﬁbé,nkn Spa‘on
the top 3 ft of which were built up solidly with sand cmen ’
blocks lmd over a layer of closely packed sleepers. The %ment
were carried to the end of the cantilever by means of the teams
port cars, Photo 28, and then transferred to trolleys workirxl‘gr:i;

the track in the third span which carried tt 3 i
e e ted the beams to their

17.2.6. For moving the beams forwar ’ i
yard, a !O-ton winch was set up at the end of(lt}f(laortr;atrll:(;}??%!ng
yz?rd. For moving the beams from there to the spans Ha, II())?tmg
winch was set up on a pier one span ahead of the s an fon
which girders are to be launched. For the lifting wn’d ']p ing
of the beams hydraulic jacks were used. ( owering

17.2.7. For moving a beam transversely

s to its correc i-
tion it was set down on a “ shifting hox » b posi

over two roller grids
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on a ““gliding plate ” kept on the pier, Photo 29. The rear end
of the beam was set down on two other roller grids over a “‘shift-
ing beam® placed across the end of the cantilever in the spamn,
the latter grids being reached through a tail piece attached to

. ~ TAWL PIECE
ROLLERS _ \

SHIFTING sam—-;ﬁ,l U
|

]

- |
lBEI\M ALREADY LAUNCHED - BEAM TQ BE MOVED SIDEWAYS

! R A

—

I'ig. 27. Tail Piece for shifting the beam sideways

[

the rear end of the beam, Photo 30 and Fig. 27. The beam was
then pulled sideways by means of two differential pulleys, each of
11-ton capacity, one anchored to the pier and the other to the
shifting beam 1tself.

17.2.8. The beams were accurately established in their final
position on precast bed blocks over piers and rubber plates at
the hinge by a theodolite set up on the pier two spans ahead so
that the transverse cable ducts in the top flange matched with
similar ducts in the adjoining beam.

17.2.9. The criteria for the number of rubber plates to be
inserted at the hinge were that the soffits of the beams meeting
at the articulation and the transverse cable ducts should match.
There should be a minimum of five plates for expansion and
contraction, but a larger number of plates up to seven were
found necessary in some cases; by and large, five plates, on an
average, were found to give optimum satisfaction from all con-

slderations.

17.2.10. There were instances when the horizontal clearance
between the two beams meeting at an articulation, was found
to be cither too much or too little.  In such cases, the beam had
to be moved forward or backward to rectify the error before
establishing the beam in its final position. For this correction
the equipment for side shifting was used. Photo 31 shows an
articulation which carries a rubber plate bearing at the hinge.

17.3. Launching with the Aid of the Launching Girder
The launching consists of the following stages :

(a) Moving forward the launching girder over the span
last completed, on to the next span and setting it
down in working position. L B
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(b) 'Transport of beams to the transshipping yard at
the north abutment by trollies.

(¢) Transport of beams over completed spans by trans-
port cars.

(d) Transport of beams along the launching girder by
travelling crabs.

(¢) Side shifting of beam and lowering on bearings.
17.4. Launching Girder and its Erection
The launching girder isa V-shaped truss consisting of ¢

bays of 16 ft each and 8 bays of 17 ft each, Fig. 25, with detacha-
ble connecting boxes at 0 and 6 to facilitate the attachment of

54"
o - - 26

n
s = -——- BRIDGE Zont Rt ‘NIM«H

Elevation

Fig, 28,

the girder to transport cars. At 7 and 15-16 are standards
upon which the girder rests in  working position. The
bottom boom of the girder is designed and shaped to function as
a mono-rail along which the travelling crabs move forward
carrying a beam. The top booms are connected by ties to resist
stresses induced by wind loads. At the rear of the girder is a
large ballast tank which is filled with water for stability when
the girder is moved forward with the transport cars attached at
0 and 6 and with the rest of the girder - the bridge zone - canti-
levering from 6. Two 2-ton winches, one for

launching girder forward after completing a span, and the other
for hauling the beams along the mono-rail bottom boom, are
mounted on a platform in the first bay ; pulleys are provided at
appropriate places on the girder to guide the hauling lines from
the winches.  The top booms arc 16 ft apart and the height of

moving the
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the girder from bottom boom to top boom is 20 ft. In working
position, the bottom boom is about 17 ft 9 in. from t.he t‘?p of
piers. The total length of the girder from end to end is 265 ft 8
in. and it weighs 58 tons.

17.5. Erection of the Launching Girder

After the structural parts were identified, sorted out by the
match-marks and arranged in the sequence in which they would
be required, the bottom chord pieces were joined up by derrick
one after the other. The first piece was connected to the trans-
port car II nearest the north abutment and held in position by
temporary supports.  Other pieces were a(!ded.on and held in
position by temporary supports, and at point 6 the transport
car I was connected. The ¢ verticals” (sides of the V) were
then hoisted by derrick, connected to the bottom gusset and held
in position by temporary supports. As soon as a sufficient
number of ¢ verticals”> were in position to cover the first shop
length of the top chords, the top chords were hoisted and

connected with the ¢ verticals.”” The diagonal me‘mbers in the
top and web members were next put in. Photo 32 shows the
erection in an advanced stage. All field connections were

of bolts. The bolts were tightened to refusal by means of long-
handled spanners.

17.6. Transport Cars

17.6.1. The two transport cars constitute the main rolling
stock of the launching system. A transport car is made up of
two trollies, each constructed of a pair of broad gauge axles apd
wheels ; the trolleys are connected together by a cross bea'nm with
a pin connection at each end, the arrangement being designed to
secure an equal distribution of load in all the wheels. The cross
beam consists of two built up I-sections of variable depth con-
nected together in the webs by means of stiffener plates. In the
central compartment, on shelves provided for the purpose, are
two hydraulic jacks which can be operated to raise or lower a
cross head placed over the jacks. Through holes at the ends of the
cross head, rods pass down the sides of a beam and are securgd by
a clip as shown in Photo 28. When the pressure in the .]acks,
which are connected toa common pump, is raised sufficiently,
the beam is lifted up by the suspension device. Spherically seated
nuts and washers securing the rods at the top permit the sus-
pension device to take up slight side or longitudinal sway with-
out harm to itself.

17.6.2. The jacks in the forward car I are of 50 tons capa-
city each and those in the rear car Ilare of 25 tfons each. The
trolleys of this car are fitted with an undercarriage to accomse
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modate some concrete ballast which is necessary when moving
the launching girder. |

17.6.3. The transport cars travel on a pair of bro

; ad gauge
tracks, laid over the completed spans, Fig. 29, 2 oo

It may be seen

—

’
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Transport cars moving the Transport cars moving
launching girder a beam

Fig. 29 Transport cars

that the beams have been paired with a spacing of 5 ft Y in. bet-
ween an inner and an outer beam so that when rails are laid along
the centre line of the beam the correct gauge will be secured.

17.7. Travelling Crabs

17.7.1.  These are the devices used for moving a beam alone
the mono-rail (bottom chord) of the launching girder after ch
beam is brought to the limit of completed spans. There are three
crabs in all: for convenience these may be designated as crab I
IT and 11TI. Crabs 1 and IT comprise one unit for supporting the
beam near the bearing, &, and crab ITI for supporting it near the
upper end block at the rear end of the beam. ~Each crab consists
of sixteen 10-in. wheels mounted on four U-frames, coupled
together by means of pin joints. Suspended from the frames
connecting the U-frames are two A-shaped frames individually
pin-jointed to a chain carrying two 25-ton hydraulic jacks. Tho
hydraulic jacks support a cross head and suspension device
similar in design to that in the transport cars, Photo 33. The
four jacks in crabs I and II are connected to one common pump
and the two jacks in crab III are connected to another pump’
Thus each set of jacks may be raised or lowered in unisori
maintaining equal pressure,
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17.7.2. The clements of the crab being pin-jointed, any
longitudinal sway of the load during movement is accommodated
without disturbing the uniform distribution of wheel loads. In
order to ensure this as well as to avoid any bending action on the
suspended rods due to side or longitudinal sway, the nuts a_nd
washers supporting them from the cross head are prOV}ded with
a spherical seating permitting a slight pendulum action of the
rods. During the movement of the crabs, the jacks are kept under
pressure so that the beam virtually < floats > and thereby any
possibility of an unequal distribution of loads between the trains
of wheels on the left and right flanges of the mono-rail is
completely eliminated.

17.8. Stability of Launching Girders

17.8.1. While moving, the launching girder is Snpported on
transport cars I and IT at points 6 and 0 and the portion of the
girder from 6 to 1516, functions as a cantilever. The approxi-

WEIGHT OF LauNeiNG | s
¢ / GIRDER $2 Tous 156
/////////W/////////////////////////%
-— 96 *_ 143-' od
Ro Rg

Fig, 30.

mate distribution of the weight of the girder and the reaction at
0 and 6 are as shown in Fig. 30. Taking moments ahout point 0 :

R, x 96 = 6 x 245 4 52 x 22

2
from which R, = 82 tons
R, = 82 — 58 = 24 tons,.

Stability for moving the launching girder cannot be achieved
unless 3 minimum downward reaction of 24 tons is ensured at
point.0. A total downward force of about 30 tons at point 0 is
provided by the weight of the ballast tank filled with water, and
the weight of the transport car II with concrete ballast; the car
is, of course, properly secured to the girder in order to develop
the anchorage effect.

17.8.2. In order to bring the cantilever 6 to 15-16 into
action, the girder must be jacked up at point 6 until 15-16 is
clear of the beams previously launched. In this matter the
deflection of the girder plays a significant part.

The theoretical deflection of 15-16 relative to point 0 is 12.5
in. In bay 8-9, the top chord is shortened by 1.19 in. to counter
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this deflection partially. The result of this chord-shortening is
to lift up 15-16 by 6.1 in., but this is reduced by 3.4 in. due to
some inadvertant error in the length of the bottom chord making
it short by 0.5 in. in the bay 6-7. So, the net downward deflec-
tion i¢ 9.8 in. theoretically. This indicates that point 6 should
be jacked up hy about 3.8 in. above point 0 for 15-16 to clear
the heams.

17.8.3. When the launching girder was sought to be put
into operation for the first time, the anticipated reaction of
82 tons at point 6 did not develop and 15-16 did not lift clear of
the beam even though point 6 was jacked up by nearly 5 in.
above point 0. Many anxious days were spent in checking the
design of the girder and calculating and re-calculating the deflec-
tions. Still theory and practice did not tally.

With the points 0, 6 and 15-16 at practically the same level
the reaction at 1516 was measured by .a hydraulic jack and it
was found to be 34 tons. For every inch of height through
which the point 15-16 was lowered, the reaction decreasedl%
1.74 tons. Hence, if the point 15-16 was free to deflect. it mi h}tz
be expected to he free when it had come down by 34’/1 74 ?n
that is about 20 in. This implied that point 6 should be ja.eke'd’
up about 8 in. above point 0 if point 15-16 were to be lifted
clear. Subsequent results proved this prediction correct. When
point 6 was jacked up 8 in. above the level of point 0, R,

developed a value of about 83 tons and 15--16 lifted clear of the
beams.

17.8.4. The excessive deflection of the str
attributed to imperfections in the field joints dultcigrght:igull)gi:;e
bolted. Bolted connections could not, perhaps, develo thg
friction that a rivetted or welded joint could. ’Besidespeac}en
shop length of bottom chord was given a certain amount of
camber during manufacture in order to offset any permanent
sag it may develop under load. In the case of the connection at
point 6, the fixed end of the cantilever, this camber appeared to
give the entire cantilever a slight downward tilt.

17.9. Maximum Stresses in Beams during Launching
17.9.1. The following cases have been examined :

Case 1. When the launching girder moves from span =, the
last completed span, to working position over the next’the
transport car I at point 6 exerts a reaction of 82 tons or 186
kips on four beams. The net downward reaction exerted by
the transport car I1 at point 0 is about 6 tons or 13.5 kips.
The maximum negative moment ,is developed in span (n — 1)
when transport car T is at the hinge in the span, n; in this
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position the loading of a beam in span (n — 1) is shown in
Fig. 31{a).
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Case 2. The maximum positive moment is developed in
span n as the transport car I passes the hinge and travels over
the span n, Fig. 31(b).

Case 3. After traversing the span n, the launching girder
comes to rest in the next working position with point 7, about 19
ft from Gn. Then it exerts a reaction of about 99 kips on
the beams. The beams are launched in the sequence a, b, d, ¢.
After beam ‘a’ of span (n -+ 1) is launched, chances of overloa-
ding the cantilever occur during the side shifting of b, d and ¢ of
span (n -+ 1). By observing the precautions enumerated below, the
chances of overloading can be minimised. When side shifting b
of span (n -4 1), the shifting beam should not bear on cantilever
a, but should be carried only on cantilevers b and ¢, or b and d.
When side shifting d of span (n -+ 1), the shifting beam must of
necessity be supported on b and d or even on b, ¢ and d. In either
case, b has to bear a large reaction during the side shifting,
besides carrying the reaction from the new beam & of span

n

Fig. 31.
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(n 4 1) already launched. However, the eflect of this is casily
counteracted by loading span n with beam ¢ of span (n + 1)
keeping transport car I with this beam near point §,, in which
position it exerts the maximum positive moment, In side shif-
ting beam ¢ of span (n 4 1) the position is rather delicate :
the excess load on the cantilevers is kept down to a third of the
reaction from this beam by supporting the shifting beam on
cantilevers of @ and ¢. Fig. 31 (c) and (d) show the resultant load-
ing on cantilever a, which is the worst condition for this case.

17.9.2. The bending moments resulting from the pattern of
loading described above in the three cases are set forth in Table
7 and the resultant maximum fibre stresses in Table 8,

17.9.3. The stresses produced in cases 1 and 3 mentioned
above by the movement of the launching girder are transitory by
nature and last but an instant. They happen only once for
every beam ; all the same there should be adequate security
against cracking of the beams. It may not be possible to elimi-
nate tensile stresses altogether, but they should be kept down.
Transitory tensile stresses of relatively low magnitude such as
those in the top fibres at §, and §, (Case 1) can do no harm;
further, the presence of two cables running along the top flange
from @ to beyond S, will enable the beam to hold out against
any cracking that may occur in this region.

TaBLre 7

Maximum Bending Moments* Due to Launching

l S, ‘ S, l S, G
Case 1 »
1. Due to own weight 41,960 {2,353 1,502 - 656
2. Due to next span -680 -1,370 -2,050 -2,730
3. Due to launching girder - 318 -637 -1,116 -1,488

Totalof case (1): 142437 1962 346 -1,064 —4,874

Case 2 T
4. Due to launching girder 4-1,170 41,480 41,170 —

Total of case (2): 1-+4 3130 13,833 2,672 —656

Case 3 T T

5. Due to loads, Fig. 31 (d) -840 -690 -1,030 -—1,370

Total of case (3): 14245 4940 4203 -1,678 —4,756

* All moments are for one heam,
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TaBLE 8

Maximum Stresses Due to Launching

) Sy } Sy l S, ‘ G

Prestress

Top - 442 — 257 4557 41,806

Bottom +2,760 42,807 --1,237 ~ 588
Case 1

Top 4426 4153 -738 —1,465

Bottom — 650 —234 1,128 2,090
Resultant Stresses

Top —16 —-104 - 181 -+341

Bottom 4-2,110 t{—2,663 © 42,365 _ +1,502
Case 2

Top +1,385 +1,700 41,186 197

Bottom -2,120 -—2,500 -1,810 +4-281
Resultant Stresses

Top 4943  +1,443 41,743 1,609

Bottom + 640 4307 - 573 — 307
Case 3

Top 1416 4-130 —700 1,434

Bottom ~-635 —198 41,066 2,040
Resultant Stresses

Top 26 —127  —143 372

Bottom 42,1256 42,699 +2,303 41,452

The tensile stresses in the bottom fibres of. 8; and @ in
loading case 2 are pretty large. On account of this, supplemen-
tary mild steel reinforcement is provided in this region.

In case 3, tensile stresses are developed in the top fibres at
S; and §,. These stresses will last for the duration of the gide
shifting which may be an hour or so. However, it is possiple to
alter this state of loading favourably by the simple device of
Placing the transport cars between S, and S, during the side
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shifting of beames of span (n4-1). The positive moment generated
by this load changes the tensile stress at Ny t0 a small compres-

sive stress and reduces the tensile stress at S, to 63 b per sq. in.
only.

17.9.4. During the launching operations, careful observa-
tions were made to detect the presenco of cracking that might be
expected in accordance with the results of the theoretical
analysis. Not even a single hair crack has been noticed. Since
the loading during launching is more exacting than the design

load, it is no exaggeration to say that every beam in the bridge
is automatically pre-tested.

17.10. Moving Launching Girder to a New working Position

17.10.1. At the commencement
on standards at 7 and 15/16, the f
behind the hinge of the last com
over the pier, Fig. 32 (a).
guy ropes at 15/16

, the launching girder rests
ormer blocked up about 13 ft
pleted span and 15,16 above @
The water ballast tank is empty, the
are tight, and the travelling crabs are in the

9

e 1516
TRANSPORT (ARS
a

E———

—

Launching girder in position

T [ ]
.;no{g\“‘\ —egXola |

[1 ©®

18 16

Girder being transferred to the crabs
Fig. 32. Various stages in launching a beam
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TRANSPORT ¢ ARS

Girder in position

Iig. 32. Various stages in launching a beam

bridge zone between 7 and 15,16 with the rods of the suspension
device dismantled.

.10.2. The connecting boxes at 6 and 0 are now screwed
on tglyt}i(? gottom chord and tg;ansport cars I and 1T are moved up
to 6 and 0 and stopped by means of wooden clogs exactly under
the respective connecting boxes. By operating the pump
connected to the two jacks in transport car I, the launch}ng
girder is jacked up at 6 till standard 7 is free and the suRportﬁng
girders under 7 are removed. The launching girder is 'ft?].n
lowered by slowly releasing the pressure of the jack at 6 unti \ e
connecting box at 0 comes to rest on the transport car II, w en
the connection between this car and the launching girder iis
established.

7.10.3. The ballast tank is now filled with water, the guy
rope; a% 15/16 slackened and unhooked from their anchorqgias c;n
the pier, the travelling crabs moved up as close as pos.sxble5 lg
point 6 and the launching girder jacked up at 6 until /k
becomes free and it is possible to remove the wogden 'bloc 8
under 15/16. The zone 6 to 15/16 of the launching gl.rder 1sdn(:;w
functioning as a cantilever. Liner blocks are next mseri:ef ho
close the gap between the connecting box and cross beam o ht‘ e
car at 6 and the jack pressure released so that the launc 1lng
girder rests on the transport car at 6. The end pins are also
inserted to complete the connection.

17.10.4. The hauling line from the rear winch in the
launcgi}g girder is connecgted to transport car I in the followg?n.g
manner. A }-in. wire rope is used for the hauling line. It 1]:
passed round pulleys A, B, and C, Fig. 28, then doublgd ba.cd
round the single sheave pulley anchored to the next pier, an
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hitched to a loop of wire rope hooked to the left and right trolleys
of transport car I, Fig. 32(b). The launching girder is then moved
along the tracks laid on the girders already in position by opera-
ting the winch, Photo 34. The forward movement is continued
until the standard 15,16 is above the next pier ; in this position
the cars are again secured by clogs, the hinged part of 15,16 is
lowered, Photo 35, and blocked up and the guy ropes hooked to
the anchorages on the pier arc tightened, Photo 36. The actual
movement from one working position to the next takes a
minimum of one hour.

17.10.5. At point 6 the girder is then jacked up to remove
the liner blocks and pin connections and lowered slightly to
reduce the reaction to about 50 tons; now the launching girder
ceases to exert an upward reaction at 0. The connections
between girder and the transport car IT at 0 are released and the
ballast tank emptied causing the launching girder to deflect

upwards in the zone 6-0. The transport car at 0 may now be
rolled back.

17.10.6. The two supporting girders are placed below the
gtandard 7 over the rails of the track so as to span the distance
of 5 ft 9 in. between the beams a-bandc-d. The launching
girder is then lowered at point 6 through an inch or two till the
standard 7 comes to rest on the two supporting girders, the left
foot and the right foot of the standard establishing contact with
the supporting girders simultaneously, thereby ensuring that
the launching girder is level in cross section and transmitting
loads equaily to the left and to the right. If the supporting
girders are at the same level and the left and the right supports
of 15/16 also at the same level, the foregoing condition is easily
satisfied. The transport car at 6 is now free to be rolled back.
The hauling line is also detached and reeled up on the winch.
The launching girder is now in working position, Fig. 32 (c)

17.11. Moving Beams to Transshipping Yard

The beam is moved by means of trolleys along the transverse
track from the stock yard, until it is exactly above the longitu-
dinal tracks. From pedestals at the junctions of the main and
transverse tracks the beam is jacked up, the trollies on the
transverse tracks released, and the trolleys on the main track
moved to position under the beam at G and the rear end. The
beam is then lowered on to the trolleys of the main tmck”by
releasing the jacks and moved forward to the transhipping yard
by a winch. The transfer is effected one end at a time. During
the transfer, the beam was checked for verticality by a plumb
bob against reference lines on the diaphragms at ¢ and at the
upper end block.
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1f the beam is not vertical, a thin layer of fairly stiff
cement mortar is spread over the support in a wedge shaped
fashion to counteract the cant.

17.12 Moving Beam Over Completed Spans

17.12.1. When the b2am arrives at tho tmnsshippin'g
yard, the position of transport car I is adjusted so that it
stands symmetrical with reference to the pair of holes 4,
Fig. 33, in the top flange of the beam. The cross head over the
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:Fig. 33.

pair of jacks in this car is removed and the suspension rods
are introduced through the holes using a light tripod and
pulleys. The cross head and the clip at the bottom are then
inserted and bolted on. It is to be ensured that the rods are
truly vertical and the cross head and the clip truly horizontal.
By operating the pump to which the two jacks in this car are
connected the beam is lifted clear of the front trolley. The beam
is moved forward along the tracks on the beams till_ the
rear trolley reaches the transshipping yard. Transport car II is
now shifted to be exactly above the pair of holes B, Fig. 33, and
the rear end of the beam is picked up by the car.

17.12.2. To move the beam forward thus, a 2-ton winch is
clamped to the top flange of the beam close to and behind the
transport car I. The 3-in. wire rope from the winch passes over
one of a pair of guide pulleys clamped to the end of the cz}ntllever,
doubles back by passing round a pulley anchored to a pier a.hea:d,
and is hitched to a loop of wire rope connected to the two trollies
of the transport car I, To ensure the direct transmission of the
tractive force from transport car I to car II and prevent any
horizontal force on the suspension rods, the two cars are inter-
connected by a wire rope kept tight by means of a turn buckle.
The movement can be accomplished at the rate of 150 ft per hour
by eight men,
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17.13. Moving Beam by Travelling Crabs along Launching
Girder

17.13.1. As soon as the cross heam of transport car I
passes point 6 of the launching girder, the cars are stopped and
secured by wooden clogs, Fig. 32 (d). The forward crabs T and
11 are rolled back till they are exactly above the two pairs of
holes ¢ and D, Fig. 33. The suspension rods of the crabs are
Jowered through the holes by means of pulleys and connected by
cross heads at the top and clips at the bottom. The four 25-ton
jacks in the two crabs are connected to a single pump through a
4-way connection and the jacks are pumped till the beam reaction
of about 65 tons on the transport car I is taken up entirely by
the crabs, and the suspension rods of the car are hanging loose.
These rods are then unscrewed and lifted clear of the beam
disengaging the car. The winch clamped to the beam just behind
the car is also released and hoisted on to the car to be returned
to the abutment for the next beam. The beam is now moved
forward along the launching girder with the rear end still slung
from the transport car 11, Fig 32 (c) and Photo 37.

17.13.2. To move the beam along the launching girder, the
2-ton winch in the forward position on the winch platform is

Fig, 34. Side shifting of a beam

used. The }-in. rope from this winch is passed round the guide
pulleys d and e in the nose of the launching girder, and then
through a moving block hooked to the front crab I and a fixed
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block at the tip of the mono-rail so as to give a velocity ratio of
3:1. This enhancement of the tractive force is necessary
because of the small diameter (10 in.) of the wheels of the crab.
Before starting the movement, the second crab and transport car
IT are tied together by means of a wire rope provided with a turn
buckle in order to ensure direct transmission of the tractive
effort from the crab to the car.

17.13.3.  As the forward crabs I and II roll along the mono-
rail bottom chord of the launching girder, stresses have a
tendency to reach rather critical values in some of the top chord
members of the launching girder. Although these values are by
no means dangerous they are easily brought down by pumping
water into the ballast tank which causes a negative moment in
the bridge zone. As a matter of routine the ballast tank is filled
to about 10 ft depth by the time the crab I approaches point 9
of the launching girder, and is emptied only after the crab
passes point 14. This is repeated for every beam.

17.13.4. When the transport car 1I supporting the rear end
of the beam approaches transport car I standing close to the
standard 7, Fig. 32 (e}, of the launching girder, the beam is
stopped and connected to the crab III through the pair of
holes E in the top flange, Fig. 33. Transport car II is then
disengaged by disconnecting and lifting up the suspension rods.
After connecting up crabs II and III by a wire rope tightened
by turn buckle the forward movement of the beam is resumed.
The beam is stopped when the bearing point G is exactly above
the centre line of the pier, Fig 32 (f).

17.14. Side Shifting of Beam and Lowering it on Bearings

17.14.1. The beam is set down on the ¢ shifting box >’ over
the pier by releasing the jacks of crabs I and II. While the beam
is still suspended from the rear crab III, the tail-piece, Fig. 27,
is connected and the load transferred through it to the shifting
beam by releasing the jacks in the rear crab. The three crabs
are then disengaged by lifting up the suspension rods. The hinged
part of the support 15/16 on the appropriate side is folded up and
clamped in that position to permit the beam to be shifted sideways.
To do this, the guy rope on that side to which the beam is to be
shifted is slackened and the support jacked up on that side
slightly to release the packing underneath. The packing is
removed making the hinged part hang loose. The end of the
wire rope from the forward winch on the launching girder is tied
to the hinged part which is then slowly folded up by turning the
winch, After this the beam is pulled sideways and set down as
described in para. 17.2.7. The hinged part is again lowered,
Packed up and the guy rope tightened.

12
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9. The beams are launched in the sequence a-b-d-c.
Aftei%l{feam is launched, the hinged part of 15/16r,on that skld(ei
remains folded up, Photo 38. Hence support 15/16 is packe
tight over this beam. Similarly, beams d and ¢ are set fm
position. Fig. 34 shows the various stages of side shifting ot a

beam.

1t takes from 3 to 5 days for a beam starting from the nm;th
abutment to reach its final position and about 3 weeks for

completing work of one span.

Cost Details

Rs
Cost per cu.ft. of concrete 11/8/-
Cost per running foot of bridge 590/-/-
Cost of superstructure, estimated 13.18 lakh
Cost of entire bridge, estimated 34.5 lakh
'Cost of imported materials for
superstructure 3.7 lakh
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Appendix 1
CALCULATIONS OF STRESSES AND ELONGATIONS

The method of calculating the prestressing data (jack force
and cable elongation) is illustrated in the following example :

Beam Type 11, 4,

The maximum stresses in concrete due to permanent loads
L.e., prestress and dead loads are:

1,580 Ib per sq. in. in beam
840 1b per sq. in. in cantilever

The area of scction in running sections is 1,088 sq. in. and
1,316 sq. in. at the beginning of the cantilever.

Force per cable=40,500 kg

Evaluation of 7';

In Beam:
No. of cables, 12
' 12 x 40,500 _
AT, =9% 088 x 645 = 6 kg per sq. mm.
1,580
FAN T”l =9 1’420 = 10 kg per ‘sq_ kmin]_.

In cantilever:
No. of cables, 12

AT, =9x 1?3)1(—(;1%(5)22 = 5 kg per sq. mm.
AT, =9 x % = 5 kg per sq. mm,
Average value for the whole beam before injection :
AT, =} (645) = 5kgpersq. mm,
Between supports, after injection :
AT, =} (5+410) = 7.5 kg per sq. mm,
Therefore, '
T, = 974175 = 104.5 kg per sq. mm,

For cantilever, after injection :
T, = } (5+5) .= 5 kg per sq. mm.,
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Therefore

= 102 kg per sq. mm.

Elongation and Manometer Pressure

For illustration, take cable No. 3. Ti rieti soeffici
are worked out in Fig. 1 Appendixil_' The friction coefficients

. Allowi sr ce
the loss in anchorage cones, we have owing 4 per cent for

on the left 77, = 104, 1 1
5 X 889 © gg = 123 kg per sq. mm.
the right 7, = 1
ontheright To= 102 x &= x 96 = 118 kg per sq. mm.
| .
( BEAM Jrfcmmr.vm

Length Ft 51.7

44.7 32.1 33.3
Length Meter 15.8 13.5 9.8 10.2
Angle Degrees 12 10 10 13.5
0.4 (I44d) per cent 11.1 9.4 7.9 9.5
T in kg per sq. mm, 104.5 102

Fig. 1. Appendix 1

Adopt 123 kg per sq. mm., being the higher value, for both
ends of the cable. ’

The m@nimum stress is at some point I’ between I and II1
Since this is the point of balance, it may be written down. '

T =
A o1y’ A .1’

= $(11.1+4-9.4--7.949.5)
18.95 per cent

AT 0= 18.95 - 11.1 = 7.9 per cent

AT . = 18.95 — 9.5 = 9.4 per cent

A Thin.  =104.5%0.921 = 96 kg per sq. mm,
AT = %—{_—123 =105 kg per sq. mm,
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From the stress-strain diagram for the steel, the elongation
corresponding to a mean stress of 105 kg per sq. mm. is 5.10 per

thousand.

Cable length in beam

Cable length between cone
face and wedge grips 2x 0.4

Total

. 50,100 x 5.10

Total elongation 1000
Total force in jack 123 x 461
56,70
Manometer pressure —uyg

= 49.3 meters

0.8 meters

it

50.1 meters

I

= 255 mm.
= 56,700 kg

= 353 kg per sq. mni.
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Appendix 2

LIST OF TOOLS AND PLANT

Cable Yard

Cable assembling machine

Sheath making machine
Allen-Randall cutter No. 4

Winch, 2-ton

Single sheave pulley, 6 in. diameter
Wire rope, } in. diameter

Casting Yard

Steel forms

Gantry 'with 2 chain hoists, each of 14-ton
capacity

Concrete mixers, 7/10

Platform scale, 1 ton

Weigh batcher, double bucket

Electric vibrators, 1,500 watts

Electric vibrators, 850 watts

Needle vibrator, compressed air

Transformers, 6,000 watts

Welding machine, 20-300 amps,

Transformers, 3,000 watts

Water pump, 4 in, by 3 in, electric, 5 H.P,

Moving Beams in Production Yard
Winch, 10-ton

Winch, 2-ton

Wire rope, 7/8 in, diameter
3-sheave pulley, 9 in. diameter
2-sheave pulley, 9 in. diameter
Single pulley, 9 in. diameter
Hydraulic jack, 200 ton
Hydraulic jack, 45 ton

400 rft.

1 set

No.

[ I I - - N S S L e

2
3

1,000 rf¢
1 No.
2

2
1
1

PrESTRESSED CONORETE BRIDGE Across COLEROON

No.
Hydraulic pump, 5000 1b per sq. in. 1
Trolleys (2 x 4) 8

(d) Prestressing and Grouting
Freyssinet jack 12/7 mm with standard
accessories and tools and pump fitted with
calibrated manometer and hose connections 2
Wooden spreader disc, about 12 in. diameter,
with 3-in. diameter hole in centre and 12

notches on periphery 2
Wooden strut 2} ft by 13 in. diameter
Soft iron pin-hammer 92
Medium sledge-hammer 2
Scale marked in mm with a handle 2
Chalk pieces, crayons, etc.
Dial deflectometers reading to 1,2000 in. 6

Screen 10 ft x 10 ft made of bamboo matting

reinforced with closely spaced bamboos 2
Red flags 2
Light site-made crane 2
Crane, % ton 2
Prestressing pump, 600 kg per sq. em. 2

Oxy-acetylene gas :

Cutter 1
Bracing unit 1

Gas cylinder ‘

Oxygen 2
Acetylene 2
Colcrete mixer with 50 ft of § in. diameter

hose and nozzle 1
Air compressor, electric, 22 cu. ft. at

125 1b per 8q. in. 1

(e) Launching
Launching girder 1
Transport cars :

25
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Shifting beam

Tail piece

Shifting box

Sliding plate

Roller grids, long

Roller grids, short
Travelling crabs
Hangers, 70 mm
Hangers, 56 mm
Hydraulic jacks, 25 ton
Hydraulic jack 50 tons
Hydraulic jacks, 200 ton
Hydraulic dual pumps, 5000 1b per 8q. in,
4-way connection

2-way connection

Hydraulic pump

Wire rope, } in. diameter

Winch, 2 ton

3-sheave pulley, 4in. diameter
2-sheave pulley, 4 in. diameter
Single-sheave pulley, 6 in. diameter
Manila rope, 5/8 in. diameter

Chain hoists, 1} ton

Water pump, electric, 5 H.P., 4 in. by

Laboratory Equipment
Table vibrator, 3 H. P.
Compression testing machine, 150 ton

Laboratory van equipped for concrete
testing

6-in. cube mould (4 cube)
6-in. cube mould (1 cube)

3 in,

:»u;oaoaoo'—'r-n—u.—.oz

=2

DN = o = W

1
1,200 rft

3 No.

3

3

4
1,000 rft

3 No.

1
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Appendix 3
DESCRIPTION OF FREYSSINET JACK

Fig. below shows alongitudinal section of the jack. A piston
assembly, 4, bears on the outer cone through a gyooved.foot and
a sclf centering collar.  The piston carries a moving cylinder, B,
incorporating six tapered splines, C, at the near end. The cable
wires are passed through the grooves in the foot and wedged bet-
ween the splines on the cylinder. Water or oil is then pumped
in through the inlet, D, causing the cylinder to move out stretch-
ing the wires. When the required extension has been reached,
the blocking ram E, is actuated by hydraulic pressure through
inlet, F, and this forces the inner cone into the a,pchorage.
Internal helix springs are provided to return the cylinder and
ram on release of the hydraulic pressure.

B, MOVING CYLINDER

C, TAPERED SPLINE
a8,

A
A, PISTON A
R

S (
AN VALVES ;

N Y
D, mier 1 / \a2

E, BLOCKING RAWM
VALVE 3

Freyssinet Jack 1951 Model

The principal details of the jack are summarised below.
Photos 25 and 26 show general views of a jack.

Overall length cloud 92 cm 36 in.
Travel 300 mm 11% in.
Tensioning piston
Diameter 143 cm 5.64 in. .
Area 160.6 sq. cm. 24.858q. in.
Blocking ram
Diameter 7.9 cm 3.12 in.
Area 49.4 8q, cm. 7.63 8q. in.

Maximum tensioning force 73,000 kg 161,000 1b
Total weight 85 kg 187 1b
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Paper No. 193

“ INFLUENCE FIELDS FOR FINITE CONCRETE
SLABS SUPPORTED FREELY ALONG TWO
OPPOSITE EDGES AND FREE AT THE
OTHER TWOQ"*

By
K. C. Ray,
R. SUBRAMONIAM, and
S. BADARUDDIN

SYNOPSIS

The Paper presents unit influence fields for R. C. slabs freely suppor-
ted on two sides and having breadth span ratios of 1, 1.2, 1.5, 2.0, 3.0 and
6.0. A worked out example for two lanes of I.R.C. Class A loading and one
lane of I. R, C. Class AA loading is given.

1. INTRODUCTION

Reinforced concrete slabs, which are used for spans upto
30 ft, generally rest freely on the supports. Analysis of such
slabs, considering them as plates, had been made by Wester-
gaard on the assumption that the plate was infinitely long.
Westergaard pointed out that values obtained for infinitely long
slabs would not vary much from those for slabs finite in length.
Adolf Pucher of Germany had published influence fields for finite
slabs, but the span-breadth ratio adopted by him did not cover
he cases met with in practice. Also, they did not give values
for bending moments directly under the load. So, values for
almgst all the cases which will arise in practice and a method of
finding out the co-efficients for bending moments under the load
ave been worked out.

* Guided by Prof. Gerald Pickett,
13
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This analysis had been based upon the plate theory. The
only assumption made is that the Poisson’s ratio for reinforced
concrete is zero.

Results have been presented in a graphical form for

ready use,

2. NOTATIONS

D = Flexural rigidity of the slab.

= &
12(1~u2)

s
hd
I

Rectangular co-ordinates of points for which
moments are required.

X,, ¥, = Rectangular co-ordinates of points of application
of concentrated load.

3. DERIVATIONS

3.1. Assumptions

(1) Sla‘b is homogeneous, isotropic, elastic, thin and
uniform in thickness.

(2) Loads are applied in a direction normal to the sur-
face of the slab.

3.2. Equations

oo =p “emmeemeeens m
Uhere w = deflection + Ve downwards
P = intensity of loading
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Since
® =g
" - -0 %e); ------------ @
My =-D %, """"""" ®
Mzy = pee_ @

63
1]
1
o
‘<\,|é“ '
+
~N
vaky
Q~
Hl'
\‘
;
i
!
)
!
)

= - -&— 83 ---_--_..----(6)
3.3. General Expressions for Moments 2

L] <
Consider a slab freely supported along ;_---:‘Jl_ Ll
edges AB and CD, Fig. 1. Let a concen- a

trated load P act on the slab at the point "b
X,, Y, with reference to the axes AX Tl .
and 47, A 6> %
Fig, 1.
d
Represent = / /(x) dx e @
L4

where f (x) is the intensity of line loading on the line y = g,
and can be represented generally by ,

/(11) = Jky.  Sin L) aceeammnen ®
2., 5 (25
By Fourier transformation
kn o 22 Sin(TZEY) e - ©

Substituting, in (8)

oc
fi) = i‘t’_g_b 25;" (.rz;n.) Sin (u%g)

Slab is divided in two regions A EFD, where y, = y, and EBCF,
where y, < y.



968 RAy, SUBRAMONIAM AND BADARUDDIN ON

The differential equation for deflection b
for both the regions by, can be represented

2 2 i
pYVw = o  excepting the common boundary E#.

Solution for both the regions can be written as below :

For AEFD -
w -%154: (Lr‘r;g) [4» Cosh(Z7)
+ Bn swh () +Cn(%&"ﬁa‘l‘aﬂ
0r () o ()] o
For EBCPF -

oc
w =%‘i‘lgﬂz—x) [h; Casb(l’ii")

+ Bn Sinh (Z2) 4 ¢ (22) 5ink s

* 0n (Y Cot (23]

'

where 4, By, Cy, D, and 4y, B',...D', are constants.

Boundary conditions :

M_y/].a = )
‘ﬁ!{/]" S (14)
Y-t o)
o™ i

From continuity conditions at the ¢
. h ) omm
following relationships are obtained. on boundary, the

Wh = *fj/y L )
Yfese =By o L mreneeea(y)
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w/y oo =@lyrp  mmmms (19)
w P Y
% - ay/ﬂ’% - €9
From above eight boundary conditions, equations (13) to

(20) the eight constants involved in equations (11) and (12) have
been determined as follows:

(n = =X(G+fs)- 32 baphl e -(2)
o2 (Cothol ~ tanhoc) - 9 bank o
sollanh of ~ (3 -l Cothol) B ve .
Dn = ‘.cl"_‘?r/'_—'t('(co; < - nT.c')'-smi.c @
o= 2n  memmm ()
Bn = Dn e ()
Where,

¢ =k [/- tanho cothp +(al~B)(lanbel - c‘ot/rﬁ4)/ Sinkp--(25)
b= k[z(l- cothdcothp)+(L-P)(Cothp ~cot//a¢2].rinltﬂ--(26)

Pd_ . (nm
oo M, g T K ey Sin () @)

Values for A’,, B', etc. are not given, as they would not be
necessary while working & particular case, as equation (11)
would be ample to find out the moments ete. for a particular
point which, in the case under consideration, are the centre
of the slab and the centre of the free edge.

3.4. Particular Case

General expressions for bending moments are given by :

_p e . -plu
M.l- 0_5; 5 Mj D";'.y_l

Differentiating the expression for  in equation (11) we.get:
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Mz = —DZ_(%”—)za'n L’ji[d, Cosh (g + 8y Sink %)
#6n (550 5 ) 0n (O3 oo (3] -
My » 'DZ(l’,l)z Sin %[J O Sink {%”94[‘, (”7”-!)
Sinh (22) + Dn(%)coslr(%'l)] ...... @)

For the centre of the slab where co-ordinates are

b . 2
;g taking K = ML;-’Z’ Sin ﬂ;rzn we get:

[\

My - PZ‘(_,)"i‘ Sin(1Z%e) [ ( %U —'f— -i—’ysz‘nhf.
T

Nel3.85

o
o (2 - L Cosh L] - e merenn)
= . (s
wy <P J e * Sin (-’—'-’-’f-) [(‘l%"- + —%7’9
N 135 —"—g'—,",-
Soh £ 4 £ %asﬁf}/ -------- )
Similarly, for the centre of the free edge, where co-ordinates

are g, 0, we get,

/
My = Pf(—/)af' Sin (2ZXe) 2oy
s T oy K B

U] s 0

Values for M, and M, have b i =
for the following particula; cases ; on ovalusted taking P = 1.0

- = 1.00; 1.20; 1.50; 2%; 3.00; and 6.00

Thus unit influence fields have been arriv iati
1 ed at.
co-efficients for moments at very close distanceg‘?reor‘rrlaglllztlggigi
of application of the load when it is acting on the points for
whlch moment are required have been considered. An extra-
fola.txon curve }l:a.s beerll established to find the near correct value
or moments when the load is acting on the noij i
values are sought for. ¢ point for which the
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Influence fields for M, and M, at the centre of the slab
and M, at the centre of the free edge for the various breadth-
span ratios mentioned in para. 3.4 are given in Plates I, I
and IIT respectively.

4, NUMERICAL EXAMPLE

Design a freely supported R. C. slab for a bridge which is
30 ft wide with the following data :

Effective span of 20 ft

Loading - 2 lanes of Indian Roads Congress Class A ora
single lane of Indian Roads Congress Class AA
whichever produces greater stresses.

P, = 1,350 1b per sq. in. in bending;
F, = 18,000 lb per sq. in.

m = 10.
Dead Load
Assume a slab 15 in. thick: 1b per sq. ft.
weight = 180
4-in. macadam = 50
1-in. asphalt = 10
Total = 240

Dead Load Moments
At the centre of span (M) = wl® _ 240X20%20
8 8 '
= 12,000 ft-lb per ft
= 12.00 kip-ft per ft
(M) = 0.00
At the centre of free edge (M) = 12.00 ft-kips per ft
(M) = 0,00,
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Live Load
Impact factor for Class A for a 20 ft span = 0.41

-do- Class AA -do- = 0.10,

Moments due to Class —Two Lanes

Loading system is as follows:

A %’5 Sé S c% ol%;
Q
B . X .
]-—s'-f;—.l«s-s - ,io-_,{
From dimensions it is very clear that f
A—H will only be operative for Worst-effect;r a 20 ft span, loads

ig. 2.

The loads are plotted on a piece of tracing paper and oriented

in such a manner over the appropriate i
. influence fie i
maximum moment, Id as to yield

Considering the loads as concent
P rat
moments with impact are found as under: ed loads, values of

+ ve maximum M, at centre =

1.41x12.5 (0.11 4 0.88 4 0.12 4 0,17
. D, 0.114-0.38 11
+ 0.17 = 22.03 ft kips per ft oL +O

— ve maximum M, at centre = (

- ve maximum M, at centre

1.41x12.5 (0.35 - 0.09
—0.02—0.005)

= 17.32 ft kips per ft

- ve maximum M, at centre = 1.41x12.5 (0.06 + 0.037
-+ 0.025 + 0.01)
= 2.15 ft kips per ft
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4+ ve maximum M, at the centre of free edge
= 141x12.5 (0.7 024
4+ 0.025 4 0.17 4 0.115
4 0.08 4 0.06 - 0.04)
= 28.72 ft kips per ft

— ve maximum M, at the centre of free edge = 0.00
M, at the centre of free edge = 0.00

Moments due to Class AA Single Lane
Loading is as shown below :

Contact Area

Load intensity per sq. ft. of contact area with
impact

1.1x70x 2240
12x16

=1.437 kips per sq. ft.

Fig. 3.

At the centre of the slab:

The load is applied over the central area and the volume of
the field is calculated as per Simpson’s rule. This volume is
multiplied by the load intensity to give the moment.

In a more approximate form, this distributed load could
have been split up into small concentrated loads and factors read
directly. The former method is chosen to give more accurate
results.

Maximum -+ ve M, = 17.86X% 1.437= 25.66 ft kips per ft
Maximum + ve M, = 6.98x 144 = 10.04 ft kips per ft
Maximum — ve M, = 0.00

Maximum — ve M, = 2.53x1.437= 3.64 ft kip per ft

At the centre of the free edge :
Maximum - ve M, = 25.92X 1.437= 37.25 ft kip per f%
M, = 000
14
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TABLE OF MOMENTS

Live load moments M, in ft-kips par ft

e
ol \
;‘% : -+ ve Maximum 1 — ve Maximum
820 - ! : :
8 éfﬁ Class F Class | Combined | Class | Class | Combined
ha A AA lMa.ximum A AA |Maximum
Centre | | ; N
of | : ‘
slab | 120 2203 25.60  37.66 ! 0 0 0
Centre ‘ 1
of free | \
edge | 12.0 |28.72 37.25 49.25 0 0 0

Live load moments M, in ft kip per ft

-+ ve Maximum — ve Maximum

Class ' Class !C(:mbined Class | C1 -
A L AA 'Maximum| A | ass | Combined

Dead load
Moment
ft kip per ft

. AA [Maximum

Centre !
of |
slab 1 0 7.32 10.04 10.04 2.15 3.64 3.64

Centre
of free
edge 0 0 0 0 0 0 0

Design
The maximum + ve B.M., M, at the centre of free edge
= 49.25 ft kip per ft
Equating the B.M. to moment of resistence of the slab
@bd* = B.M.
248x12xd? = 49.25%1000x 12 in ft-lb
o d =140 in,
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Since the total depth of the slab is assumed as 15 in., there is
J1nple cover.

M

Area of steel required = 4, =— —
_7(1; fs

49.25%1000% 12
~.857 x 14 x 18000

=2.74 sq. in. per ft

The maximum+- ve M, at the centre of the slab
=37.66 ft kip per ft
37.66 x 1000 % 12 .
= 2L R TN 9, . in. per ft
* = g5Tx Iax 18000~ 200 50 I per

~ve moment M, in the slab is zero and so nominal rein-
'orcement may be provided.

Maximum - ve moment M, at the centre of the slab=10.04
‘t-kip per it

10.04 x 1000 x 12 .
4y = G g T30 18000 = 060 8¢ in. per b

Maximum — ve moment M, at the centre of the slab = 3.64 ft
tip per ft

3.64x12x1000

Ay = 5 e I8000x 13 = 022 80 in. per ft

1t may be noted here that the maximum Mg, at the centre
of the free edge works out to

_MD""M’U:_ Mx a8 M-y = 0

Moy =—3—=73

=—0- = 24,7 ft-kip per ft

. 24.7%x 12% 1000
Force per it width diagonally = R TITI b

A __24.7x12x1000x3
¢ T 2% 14x18000

= 1.77 8q. in, per £t
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1. VICTORIA AND ITS ROADS

1.1, Victoria, the smallest of the States in Australia, is
situated in the southern part of the continent. Its area is only
about 3 per cent of the whole country. The population of the
State is only 2.5 million. Yet, it has 53 lakh of motor vehicles
and a road milage of 110,000, of which 15,000 miles of good
metalled roads are classified. Nearly 20 per cent of all the roads
and nearly 12 per cent of the classified roads in the country are
in the State.

1.2. The classified roads are in charge of the State
Country Roads Board and do not include roads in the metro-
politan areas. 8,000 miles of the classified roads are black-topped
and the programme of the Board comprises treatment or re-
treatment of about 1,000 miles every year. To make the best
use of the available funds, the Board follows a policy of
providing single lane pavement with spray surface dressing.
Thus it is able to black top many miles of roads. In the opinion
of the Author*, the practice followed in Victoria for surface dress-
ing work has resulted in considerable economy and in providing
excellent black-topped surfaces with maximum riding comfort.

*The Author visited Australia in 1053-54 under the United Nations
Fellowship Scheme,
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1.3.  The main featur .

B e B : atures of surface drecg; s
in Victoria are: ace dressing work ay pl'&ctlsed

1. use of si ~$12
single-sized aggregate ;
2. pre-treatment of the ageregate
3. pre-treatment of the binder -
b
binder aggregate relationship ;
A

uniform spreading i
m spreading of binder and aggregatoe ; and
use of pneumatic-tyred rollers

2. ONE-SIZED AGGREGATE

2 A bl 1 k »
I l minous Squ LCe (S] r 18 4 nt’l“‘“ & 3
n ]‘ nera ‘I,E’g]l (‘/(r‘],t,e ]) 1 l (10“71] (C n d[‘ SSII]L’ 18 esse y '

gate being held in position pria I{rc[l)iared pavement, the aggre-
bituminous bi L neipally by the adhesive coat ©
ment from willrxlc(ilo~ii 1Surface dressing servycﬂ to f)rolt;eclt the pave-
wheel loads. At t(h;(mvxtetr. erosion and surface disturbances by
riding surface. It (l;)oq %0;”;01 llt provides a smooth but nonski

pavement. add any appreciable strength to the

2.2, An ide: .

aggregate partiléllf;ilmiurface‘dressmg coat will be such that the
Iaid shoulder to %iu;\ leda]‘l ot_ un'lform size, cubodial in shape an
the faces excepé 'oh1 er with just sufficient bitumen to wet &
cubes. If the aggrere' ttop, fike a layer of closely packed sugar
cles, thin and flak g 0‘0.13 composed of different sizes of parti-
crushed under tr-?:fﬁp(Lr ICIOS'I‘Ock over each other and are either
alone which are h‘eHC_Or whipped off. The particles at bottom
have the same strer; r‘é? position by the binder arc not likely %0
single particle Sog ' against load and wear and tear as one
surface dressing ‘A one-sized aggregate is specified for use it
por cont by wéé‘i h‘on (Eggregate of which approximately 60 to 70
specified size andgis a.?l rzléiinvg{o;e material passes a sieve ol &
seven- A n a sj i i

en-tenth of the specified size, is c;(ire(ilh:rx:igg oa:pgzr;gég“t%'

Specifications :
p ations for one sized aggregate are given in Appondix 1.

3. -
PRE-TREATMENT OF AGGREGATE

3.1.  Adequate adhes;j
‘binder and between (thgsmn between the pavement and the

important. The binder. in co Gt and the binder is v
and the aggrogate amd o} in its liquid state, wets the pavemen’
when it cools down to g se‘mi-soli%, acts &8
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the gluo. Adhesion of the binder with aggregate depends upon
the shape, nature of surface, cleanliness and dryness of the aggre-
gate. Irregular or angular shaped aggregate without sharp edges
gives the best results. Again, smooth, glassy, polished or coarsely
erystalline surface texture gives poor adhesion. Aggregates,
which have a clean and rough sand paper like surface give very
good adhesion. Tf the aggregato is unclean, a layer of dust or
other foreign material lies between the aggregate and the binder
reducing the adhesion considerably. If the aggregate is wet, the
bhinder does not come into intimate contact with the surface of
the stone. So presence of moisture in the aggregate is detri-
mental to the development of a proper hond between the
aggregate and the binder.

3.9. Therefore, aggregates, are given what is called the
pre-treatment to improve their adhesion characteristics. The
treatment comprises of a light application of oil or oil and an
adhesive agent to the aggregate before it is spread on the binder
coated pavement. The application of oil to dusty aggregate
improves the affinity of stone to the binder and helps to clean
the aggregate. If the aggrogate is wet, an adhesion agent is
mixed in the oil. The adhesion agent improves the bond between
binder and the aggregate and assists the binder to come into
contact with the surface of stone. Application of adhesion
agents to dry clean aggregate, which has a surface of poor
adhesion charactoristics, increases the strength of the joint bet-
ween the binder and the aggregate. But pre-treatment of the
aggregate does not in any way justify the use of poor, dusty and
wet aggregates, whenever these can be avoided.

3.3. The oil used in the pre-treatment of the aggregate is
an asphaltic oil, i.e., Diesel Fuel oil, Flux oil or Diesoline. The
adhosion agents are chemical compounds called Cationic
detergents . The following have been tried, with a good measure
of success.

() A commercial mixture of olive and stearic acids.
(Oleo-stearic acid) 2} per cent of the material is incorporated in
the bitumen and the aggregate coated with 2 per cent lime.

(b) < No Strip” (1 per cent grade) a commercial adhesion
agent of the amonic soap-polyamide. One per cent is added in
the bitumen.

' (c) * Wet fix” (1 per cent grade) an adhesion agent which
is believed to be of the same type as < No Strip .

~(d) Cetyl pyridineum bromide, also known Fixanole
mixed at 5 per cent in bitumen.
(e) Lead Naphthenate (30-21 per cent grade).
15
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The present practice is to apply adhesion agents by hand
to coat the aggregate, in mixture with diesel fuel oil. The proce-
dure adopted in preparing the mixture in the field is to heat the
oil to about 200° F. About 10 gallons of hot oil is placed in a
44 gallon drum, to this is added one gallon of adhesion agent
which has been warmed and then the balance of the hot oil
required is poured into the drum. The drum is agitated by rolling
on the ground and the mixture is used as soon as it has cooled.

3.4. The rate of application of the oil or admixturc of the
oil and the adhesion agent varies with the nature, sizes and type
of the aggregate. Generally between one to two gallons per cu.
yd. of material is applied. The aim is to ensure that such a
quantity of mixture is applied that each stone is uniformly
coated, with a film of oil, so that it presents a slightly oil-
damp surface, is completey covered, but has no free oil. Excess
oil produces overfluxed black fat patches in the finished surface,
which have to be avoided. Appendix 2 is a guide to the
quantities of oil or the adhesion agent solution to be applied for
pre-treating the aggregates.

3.5, In New South Wales half a per cent magnesium
stearate mixed in bitumen has been found to considerably
improve the affinity of stone to bitumen than to water,

3.6, When an adhesion agent iy used, it is essential that
the speed of traffic over the finished road is kept low, until water
from the wet aggregate has dispersed and adhesion between the
binder and the aggregate has been achieved. All traffic is
excluded for two hours from the time rolling is complete and in
case of rain, for two hours after rain stops.

4. PRE-TREATMENT OF BINDER

4.1. To obtain good adhesion the fluidity of the binder must
be low enough to wet the surface of the aggregate and the road
under the temperature conditions prevailing at the time of
spraying. The wetting power of the binder depends upon its
viscosity and surface tension. As the temperature rises the
viscosity and surface tension get reduced. Once intimate contact
with the binder has been obtained low viscosity gives good
wetting and high viscosity good adhesion. Surface tension is
independent of viscosity and thickness of film. A low surface
tension aids penetration and spreading, and gives high coverage.
When hot bitumen is sprayed, it has sufficiently low visco-
sity and surface tension to wet the aggregate, but it soon
cools down to the temperature of the road. So enough
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time for full wetting of the aggregate and the road surface is not
obtained. Therefore by adding volatile fluxing oils, which more
or less evaporate during the setting of the bitumen viscosity
and surface tension are kept low temporarily. The fluxing oils
are added to the bitumen immediately prior to spraying. The
gquantity to be added depends mostly on the road temperature
and climatic conditions at the time of application. Road
temperatures are mecasured by placing a black bulb thermo-
meter on the road and covering it with sufficient road-side
grit to protect it from the wind. Different grades of bitumen
have different viscosity at the temperature of their application
and the quantity of fluxing oils to be added depends on the
nature of the aggregate used and the traffic on the road.

4.2, Two fluxes are added: asphaltic flux oil and power
kerosene ; one is heavy and the other is relatively volatile. The
asphaltic flux oil gives a slower rate of set and the kerosene a
relatively rapid rate. The ashphaltic flux oil has more or less
relatively permanent effect in softening the bitumen, whereas
kerosene lowers the viscosity temporarily to give it sufficient
time to intimately cover the surface of the road and the
aggregate. By adjusting the relative proportions of these two,
the vagaries of weaker can be conveniently overcome, as the work
proceeds. '

4.3. The Country Roads Board has prepared tables to
determine the quantity of flux oils for different sizes of aggre-
gates, and traffic and weather conditions. Tables for aggregates
of sizes from 1/8 to0 3/4 inch are given in Appendix 3.

Oils of the grades suitable for fluxing, particularly kerosene
are inflammable, and the heating of the material and its mixing
with bitumen need to be carried with precautions against fire.
Mixing of kerosene should be done’at a place different from that
where bitumen is heated. A convenient method is to pump it in
the sprayer and circulate. Kerosene should always be added,
when the temperature of the mixtures of bituman and flux oil
does not exceed 200°F.

5. BINDER AGGREGATE RELATIONSHIP

, 5.1, It has been shown by Mr. F. M. Hanson of the New-
Zealand Society of Civil Engineers that when the aggregate used is
substantia]ly one sized, the amount of bitumen and the quantity
of aggregate which should be used in sealing a road surface

epend upon the average least dimensions of the aggregate. The



29() GurTA ON

average least dimension is the average of all the least dimensions
of the one sized aggregate pieces. This conclusion is based on
the assumption that each stone, in a truc onc sized ageregate,
ultimately takes up such a position on the road that it lies with
its least dimension vertical.

5.2. The average least dimension® is obtained as follows !

(@) A rcpresen'ta,ti\fc sample is spread out on a table so
that there is no segregation of the various sizes.

(b) An area .conta.ining 100-200 particles is separated from
the remainder.

(¢) The least dimension of cach of these stones is then
measured with callipers. From these measurements
the average least dimension is calculated.

i Bar screens ure available for carrying out the tost quickly.
The method of using such screens is illustrated by the following
example :

The average least dimension is obtained by using a series of

:g(x)'zzns having rectangular openings of which the smaller dimen-
are :

3/4, 1/2, 3/8, 3/16, 1/8 in.
Assume that a sample of 50 oz is tested.
The sample is screened in the ordinary way and then the

:g,(:;n]?)i I;zgilmid on each screen hzimd picked to ascertain that none
e to pass through. The stones retained on each screen

*Notc 1 :—Mean least dimension isthe mean of

bar sereens concerned. the clear openings of the two

Note 2:—Tho method for determining average least dimension applies to °

stone which iy substantiall i T i

‘ hi y of one gize. That is t c i
;v;tgxl%r}cls? éStangla_rd Specification No, 63, Whe(;es?}’xeﬂt;?)e:l ;o:(x)g%lil;%
o xc¢ess 2 nes it is doubtful whether the method should be applied.
A material described as ‘‘ undersize '’ in BS. 63 should be o?t?itted

from the sampl S
Dimonsion. ple usod for the determinaion of the Average Least

SURFACE DRESSING IN VICTORIA 291

are then weighed. The results are recorded as shown in the
Table below :

| }
- 1 Mean least Weight divided
\ W g;ght | dimension |by mean least
‘ © | Inch. dimension.
[ ! -
Passing 34 inch retained
on 1,2 inch. 20 625 32.0
,, 172 inch retained
on 3;8 inch. 12 437 27.4
,»  3/8 inch retained ‘
on 1/4 inch. | 9 312 28.8
|
,, l/4inch retained :
on 3/16 inch. ‘ 5 219 22.8
., 3/16 inchretained ‘
on 1/8 inch. ‘I 4 .156 25.6
|
Total | 50 — 136.6
|

Average Least Dimension -

Total weight 50

Total of the column weight divided by _ 136.6
the mean least dimension

5.3. The quantities of binder and aggregate are determined
by the F. M. Hanson method as follows:

Assumptions

(a) The voids in loose layers of one sized aggregates
from 1 to 1} in. sizes when spread shoulder to
shoulder vary from 46 to 54 per cent of the volume.

(b) 'The voids in a loose layer of one sized aggregate can
be taken asg 50 per cent.

¢) The approximate average thickness of a loose layer
can be determined by dividing the loose volume of
aggregate spread by the area of surface covered.
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(d) The void space in a layer of one sized aggregate
compacted by aroller is approximately 30 per cent
of the compacted depth.

(¢) For all practical purposes the voids in a traflic
compacted layer is taken as 20 per cent of the com-
pacted volume. For a traffic compacted | in. thick
layer the voids may bhe considered as cqual to a
depth of 4 in. If a film of bitumen |, in. thick
was first applied the bitumen would ultimately be
squeczed up, fill all the voids and rise flush with the
average surface, that is to the average height of the
traffic compacted layer of aggregate.

5.4. Relationship of Loose Depth to Traffic Compacted Depth
Let the net loose depth be = N

Since, this layer contains 50 per cent

voids, voids and solid stone are each =

Let the traflic compacted depth be = ZX
Then
(i) Voids in the traffic compacted

depth (depth-solid stone) =X — y

(ii) Voids in the traffic compacted

depth = 20 per cent of X
N
" X - 2 = .‘1; of X
Or X = fof Nor

= 0.625 N

The traffic compacted depth of a la
yer of aggregate equals
62} per cent of the average net loose depth which lg;’ quual tg the

lo.osge volume of the aggregate less the loss due to whip-oft
divided by the area covered.

5.5. Each piece of aggregate has one dimension which is less
than every other dimension. It is the average of these least

dimensions which determines the average traffic compacted
depth.

Sieve analysis is of little value in determining the coverage
value of an aggregate.
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With a good quality aggregate although the grading after
rolling and traffic compaction is different from that before
spreading, the traffic compacted depth still corresponds very
closely to the original average least dimension.

Since the traffic compacted depth or average least dimension
is 621 per cent of the net loose depth, the average least dimension
of an aggregate multiplied by 1.6 will give the minimum loose
depth required without any allowanceo for whip-off.

5.6. Determination of the Quantity of Binder to be used

A good one sized aggregate will be securely held in position
if sufficient binder is provided to fill 50 to 70 per cent of the voids
in the traffic compacted work.

One gallon of binder at 60° F. is considered to occupy
276.5 cu. in. or 0.16 of a cu. ft.

(a) For roads carrying upto 230 vehicles per day filling
69 per cont of the voids in the traffic compacted seal
is aimed at.

On the above mentioned basis, for traffic upto 250 vehicles
per day the rate of application of binder in gallons per sq. yard
cquals 0.65 times the average least dimension in inches.

(b) Fos roads carrying over 250 vehicles per day the
aim is to fill 64 per cent of the voids.

The rate of application of binder in gallons per square yard
works out to 0.60 times the average least dimension in inches.
Limitations

The rates of application of binder mentioned above do not
include any allowance for the following :

(i) aggregate which does not conform to the specified
grading, is absorbent, is coated or dirty ;

(ii) a pavement which is hungry, ravelling, absorbent or
not properly primed and or constructed with lime
stone aggregate ; and

(iii) work which is a primer seal.

5.7. Determination of the Rate of Application of Aggregate

When using a one sized stone the final cover of aggregate
held by the binder will be only one stone thick,
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Under normal operating conditions it is not possible to
spread the net quantity of aggregate which will finally adhere.
The loss of aggregate due to traffic whip-off will vary from 2 to
25 per cent depending mainly upon the type of binder, condition
of the aggregate, prevailing weather, spreading ecquipment and
the speed and volume of the traffic. High traffic speed soon after
spreading produces heavy whip-oft.

With normal working conditions the loss due to traffic whip-
off can be taken to be between 8 to 10 per cent.  Therefore to
obtain the gross loose depth of aggregate to be spread the average
least dimension should be multiplied by 1.75 to 1.85. Un]cis
there are any known special condi’oions: the Country TRoads
Board uses a factor of 1.75. '

Appendix 4. gives the quantities of apy 1
, _ ¢ , aggregate and |
(80/100) to he applied under different con(li(f:igz)ns% e bibimen

6. UNIFORM SPREADING OF BINDER AND AGGREGATE

6.1. For obtaining good results,

. ] uniform icati ,
correct quantity of bitumen and aggre application of the

gate is very important.

Bitumen is applied by the use i

] se of a bitumen pressure spray.
;I‘h}:f ;{;233{)9:; consists of a tank of 800 gallons capgcity tosg‘u}yv
itumen, mounted on a motor truck chassis and
connected to a spray bar at the rear ek, An auxi
A . : of the truck. An auxi-
1;3{33 e{ﬁlgmﬁ to drive a pump, which is fitted with a three-way
t(; ve, to a] ow the hot binder to be pumped into the tank or
gpra;a’ec(irzu attedtin the ti‘mk and the spray bar manifold or to be

S 0 to the road is also mounted on the r
: : uck., The
zgf}i(zm%ftth;rg:gme ca:Ir‘l1 bebvarled 0 that the pump maintains a
nsts sure. The binder tank is also lagged and fitted
:;lvlth ad btlow torch to enable the binder to he igpt 1?(13113 a; the
Sez(l;;is o f}mpimture. The rate of spraying depends nupon the
tgcheometelre mg‘ﬁ% (;V.hlc};hlﬂ accurately mecasured by a special
ounted in the cabin of the driver. T is
opifai(;d by a light wheel, ‘Wwhich can be Jowered 130 in}s,(la«:nccgfl;aclt
gl tl 1e road, when required. The spray bar is adjustable so
1.:;1 varying widths of road can be sprayed in a single run
with constant pressure on the spray bar and proper rogulation,

of the speed of sprayer, the bit ithi
per cent of a specified rate of applll;:a?goﬁén bespruyed within 2

6.2. The surface is first cleared wi i
‘ : with a mechanical broom
1a:ult the sprayer, aggregate spreading trucks and the ?ollezoare
ept ready in position, Spra.ying is then commenced from one
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end of the road in full width, in a measured length depending
upon the quantities of materials for one operation. This is
followed by the spreading of aggregate, the trucks travelling in
reverse direction followed by the roller. When taking up the
next length of spray, the previously sprayed and coated surface
is covered with paper stretched across the road to have a clean
joint without any overlapping. The whole process is amazingly
quick and efficient. Depending upon the lead of binder, which
comes directly from the refineries, on an average 1,650,000 sq. ft.
of new surface can be conveniently treated in a day by about
a dozen men.

6.3. A complete record is kept of each spray including its
exact location in the pavement, the amount of binder, flux oils
and aggregates used, the road temperature and weather condi-
tions. For this purpose, a spraying field book is kept at the
site of the work, in which entries are made as the work proceeds,
and on the completion of the job it is returned to the concerned
officer for record.

6.4. The aggregate is spread on the bitumen sprayed
surface by a special aggregate sprayer developed by the Country
Roads Board, Victoria. Itis a box on wheels with a rubber
belt stretched between rollers set in the bottom of the box. The
belt is driven from the road wheels and has an adjustable cut off
gate above the belt. The farthest edge of the belt is beyond the
angle of spill when the cut off plate is at its maximum opening.

The truck bringing aggregate butts against the unit, pushing
it and discharging its load into the hopper. By adjustment of
the cut off plate opening and speed of the truck, the desired
quantity of aggregate can be spread per unit surface area. Each
spreader is capable of spreading, say a 3/4 in. grit at 5 cu. ft,
per 100 sq. ft. over an area of 30,000 sq. ft. in one hour.
A distribution to within 5 per cent from the required mean can
be attained. A sketch of the unit is shown in Fig. 1.

ADJUSTABLE GATE TO SUIT
MOTOR TRUCKS

R\Q[CTION OF TRAVEL

P NT PLATE--
KOPING FRO! HOPP!Q/

ADJUSTABLE CUTL/ 4
OFF QATE " MAXIMUM

QOPENING,
ANGLE OF *
REPOSE

Oy )

RUBRER ML{ZHMN DRIVE }

COUNTER WEIGHT & CASTER

ROAD WHEEL

/
[ 4

pusHED Bv Tauy
CARRVING AGG-
REGATE

RO A D7 S

Fig. 1. Rotating belt spreader

LE 16
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6.5. In the State of New South Wales, spreading of the
aggregate is carried out by tipping trucks of approximately
135 cu. ft. capacity, fitted with a special tail gate and fan tail
spreaders. The rate of spreading is dependent upon the opening
of the tail gate and the speed of the truck. The under or over-
spread of material does notoxceed by five per cent when experien-
ced drivers and tail gate operators are employed. In practice
a slight under spreading is aimed at so that Emy areas of thin

Photo 1. Spreading aggregate through truck tail gate &
fan tail spreader

spread can be made up by hand. This arrangement is com-
paratively much simpler than the one used in Victoria and can
be usefully adopted in India. Photo 1 shows the fan tail gpreader.

7. PNEUMATIC-TYRED ROLLERS

7.1. Pneumatic-tyred rollers originally came into use for
consolidation of gravel or stabiiized soil. For bituminous sur-
facing work they are not being used extensively as yet, though
their use is strongly advocated. The main advants‘,ge,in using
pneumatic-tyved rollers is that they are capable of consolidating
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the surface slowly and uniformly, without causing damage to the
aggregate or the pavement in general. For rolling bituminous
surface dressing their use is recommended for two reasons.
Firstly, they are able to knead the aggregate in the binder, with-
out breaking or crushing the aggregate pieces, which is very
important. Secondly, as the strength of the aggregate binder
joint is usually weak for sometime after spraying, slow moving
pneumatic tyres do not have the tendency to dislodge the
aggregate. On steep grades, or short radius curves, they have
been found particularly useful. The function of a roller in
bitwmminous surface dressing is only to press the aggregate into
position in the binder without causing damage and not to provide
mechanical interlock. Light steel-tyred rollers, it is believed
should also be able to have an equally satisfactory performance
as the pneumatic-tyred rollers.

7.2. A pneumatic-tyred roller consists of a small truck with
two or more axles with a number of pneumatic-tyred wheels.
The truck can be loaded to provide the intensity of pressure
that is desired.

8. CONCLUSIONS

$ 1. In the opinion of the Author the quality and durability
of surface dressing work can be considerably improved if the
methods described are adopted in India. Also, it would be
possible to reduce the quantity of bitumen used and thereby
reduce costs. Uniformity of application is very important
specially when quantity of material applied is the minimum
rejuired. Use of mechanical means for spraying bitumen and
spreading of aggregate will not only increase the out-turn but
ensure uniformity of application.

8.2. In India surface dressing work is generally limited to
the hot months of the year. If mechanical means are adopted it
will be possible to do many more miles during.the hot vyeathpr
resulting in considerable reduction in the quantity of fluxing oils
to be used and full utilisation of rollers. The Author had an
opportuniby of inspecting many surface dressed roads in Victoria
during and after the execution of the work. The finished surface
was extremely even and presented a coarse sand-paper appea-
rance. Re-painting of such surfaces is gqnera.lly done after 5 to 7
years in Victoria inspite of the traffic being very heavy and they
have been found to have behaved very well and provided
excellent riding surfaces.
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Appendix 4 (Contd.)
NOTES

(a) The rates of application of hinder apply to all mineral aggrogates
other than that produced from limestone.

(1) The rates arve inculsive of allowance for whip-off found nocessary

in practice, that is, the rates at which the binder and aggregatoe
shall be applied.

When purchasing aggregate, obtain an additionnl 73 per cent for
wastage, otc.

Surface Painting - Prime and Seal

Pavement Material

Aggregato T e
Other than Limestone : Limestone
Other than Add 2.89 1b por 100 sq. ft.
Limestone As per Table to rate given in the Table.

Limestonoe Add 2.891b por 100 sq. ft. | Add 5.78 I per 100 sq. ft.
to rates given in the Table | to rates given in tho Table.

Repainting — Re-seal

| Surface Condition of Paveinent

Agpregate
Hungry . Smooth | Black Black
R 3 (1)* B (?)T,,,

Other Than | Add 2.89 1b 1 Asperratesgiven | Deduct 2.891b per 100
Limestone | per 100 sq. ft. | in the Table 8q. ft. to rates given in
to rates given the Table
in the Table

Limesione | Add 578 1h | Add 2.89 Ib per | As per notes given in the
per 100 sq. ft. | 100 8q. ft. to rates | Tahle

to rates given | given in the

in the Table Table

*(1) When the application from the Table is less than 31.77 gallon per
sq. yd.

+(2) When the application from the Table is 31.77 gallon per sq. yd.
or greater.

RESEARCH SECTION
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LABORATORY INVESTIGATION ON THE EFFECT OF
ADDITION OF SOME SURFACE ACTIVE AGENTS
TO STABILIZED SOIL MIXTURES

By-
I S. UrraL & 0. P. Wason

[Following precedent, the Note received for publication was circulated
to the Members of the Research Organization Division for com-
monts. The comments received were sent to the Authors for their
reply. The Note along with the comments and the reply of the
Authors were considered at the meeting of the Research Organis
zation Division held at Delhi on 12-12-56.  In accordance with the
decision of the Division the Note is now published for information

of Members.]

1. INTRODUCTION

1.1. High resistance to the Boftening action of water, com-
pressive strength and low volumetric shrinkage are desirable
characteristics of a compacted and stabilized soil As the degree
of compaction increases, there is improvement in the above
mentioned properties. The optimum moisture content, necessary
for producing the maximum dry density, varies with the nature
of the soil. Also, in order to reduce tg the minimum the
shrinkage, on drying, of the stabilized mass withous adversely
aflecting its density and strength, it is desirable to keep the
optimum moisture as low as possible.

L.2. The addition of a suitable surface active agent to
Water may be expected to facilitate the wetting of soil particles
resulting in lower optimum moisture without aﬁ‘qctmg .denslty
and other properties or may yield increased density with the
Optimum “moisture. The presence of surface active agent in
water renders the liquid less coherent within itself and more
adherent to the solid surface, thus promoting wetting of the solid
by causing the liquid to spread upon the solid surface and to
benetrate minute pores. Improvement in the wetting “of the
Surfaces of the soijl particles can be expected to result in improve-
ment in the properties of stabilized soil,
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Therefore, investigation on the effect of four commonly used
surface active agents on the engineering properties of different
soils have been carried out. These were :

(1) Soap

(2) Sulphated castor oil (turkey red oil)
(3) Soapnuts, and

(4) Wetting No. 1.

2, THE SURFACE ACTIVE AGENTS STUDIED
2.1. Soap

Is'the salt of long chain fatty acids derived from naturally
occurring fats and oils. It possesses the disadvantage of bein.g
unstable to fhlute acids and soluble calcium and ma ynesium
salts. ¢ Sunlight soap’ was selected for the purposo of this
study. The soap was dried in the oven to constant weight and a
stock solution prepared for use in experimental work.

2.2, Turkey Red oil or Sulphated Castor 0ijl.

This is a viscous oily trans iqui ;
. parent liquid obtained the
action of concentrated sulphurie acid on ca,gtor oil. irtl: chlgnica.l

formula is C H, (CH,)5CHCH, CH=CH (C Hy,) 7 CO0H.

0-80, H.
This is more stable to dilute acid
: . ¢ and hard waters than the
soap. It is capable of forming relatively insoluble calciumnand

! s extensively uged i
softening agent in textile industry a,I)l’d as a fa’a; 1 quering ang

in leather industry. The turkey red oil used in this study was

prepared in the laborat ; s
sulfation at 5055 dog Oé‘y according to Uppal’s method 3,7 of

The resultant product was found to contain :
Fatty matter
Combined SO,

Per cent 85
3 sy 5.2

2.3. Soap-Nut Powder

Soap-nut, commonly known as Rithq. i i
in hilly areas almost throughout India, h;ttc)heagualft?tfn?dt; ?ffgl:)%?)
feet. Kangra district in the Punjab alone is reported to be produ-
cing over 3,000 tons of soap-nuts annually. The fruit consI;sts of
two parts, (a) pericarp which forms 57 per cent and (b) black seed

SURFACE ACTIVE AGENTS IN SOIL STABILIZATION 309

forming the remaining 43 per cent. Saponine (C, H2, 80, o) are the
main constituents of pericarp which was used in this study.
The present use of soap-nut in this country is limited to house-
hold washing of woollen goods and to washing of gold andjsilver
ornaments. Due to its good wetting properties and great stabi-
lity to hard waters, its industrial utilization as a textile
auxiliary has been recommended by Uppal and Mehtat. The
pericarp was dried and ground to pass 10 mesh and used.

2.4. Wetting Agent No. |

This is an ethylene oxide condensation product in liquid
form and is very stable to acids and metallic salts. Due to its high
wetting power and unreactivity with the materials usually used
in constructional work, it is finding extensive use in the cement
concrete mixes to improve their properties, e.g., the increased
fluidity, workability, and strength.

2.5, The surface active agents were first dissolved in the
requisite quantity of water (optimum moisture) which was then
mixed well with soils. The method of compaction was that
adopted by Mehra and Uppal®.

3. SOIL USED IN THE STUDY

The effect of increasing quantities of all the four surface
active agents mentioned above was studied on four types of soils
commonly occurring in the Punjab. The chemical and physical
characteristics of these soils are given in Table 1. The particle

TABLE 1

Physical and Chemical Characteristics of the Soils used

: Exchangeable
i o | B L EBEEE BE | n | B g
SL ! bgeription | 5.5 | 2& [E28|EE8 28 | 82 | Cay | Natk| 3
No, . Description E—E §.E 3E K A_i.g 5 _S-g ES ) t'ild% o gn;er e
; = 5] 8 O
J‘ I Ao E | @ gm | 100 gm &
1. Sandyloam 23.5 6.2 665 12 Nil 035 75 344 7.2

2. Silty loam 336 1.7 91 14 Nil 0045 105 3.86 7.2

Silty-clay 36.4 16.1 8.8 12 Nil 0.045 14.5 3.02 74
loam

4. Loam 271 90 412 12 Nil 0045 935 260 7.5
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g
1t would be seen that the addition of surface active agents 2 %’n gﬁ -«
increased the density of the compacted mass except in silty clay g BSo% | gunnw owmna gmo=mY AnndE
. . . L. . e o8 CaNa®w SHIBXD SNAEY OTIE=RNS
loam. The increase in density due to the addition of wetting 3:0 S 3R WIS TN LS
agent No. 1 was, however, negligible. The increase in density § &8 %
was more pronounced in graded and silty soils than in the sandy 215 = T T T
soil. Amongst the surfaco active agents tried, turkey red oil b .._i: .
gave the best results, next in order of merit being soap, soap-nut <l SEy | B8EER Fnunee 36388 2IBSE
powder and wetting agent No. 1 successively. ® @ - aiaiaininiininieiain e
Q
The density of silty-clay loam, however, decreased with the “S g8 o
addition of increasing percentages of the wetting agents. Of tho - E o8| cerom ommom ow~HO SHOn®
four wetting agents tried, the decrease in density when turkey ©n 318% SE | SY¥sgs o--gg o Hwg Sanxy
H sg. » P
red oil was added was least. Also, the addition of turkey red oil s |5 8t 2
resulted in a decrease in the optimum moisture. o |8 il S F e
[} 1 )
o > . A
8 |Z] 2% | Brono xmelo Fxoe- ERdaq
5. EFF OF ADDITION OF SURFACE ACTIVE AGENTS ON = ~ & siaieiaal elmdaa aaasa qaaa
Q
VOLUMETRIG SHRINKAGE ® o8 o
. . . &y e d
5.1. The volumetric shrinkage on drying of the blocks o 2828 | onmmm omuma onASS SWAmN
prepared in the series of experiments described in para. 4 was g |51¢8 § SE | Sedng coomee evvzZa S g
also det.exjmmed. The reduction in volumetric shrinkage due to ™ ) S 5’?"8 7
f,he addition of surface active agents to different soils is given o = P = o . e .
in Table 3 and Fig. 3. It would be seen that there was significant o o I &
. . 4 - 0
improvement in the shrinkage of the sandy and graded soil blocks 4 = TESL | 89882 Bo853A Jaace 85228
I3 'E >é“’ A N mme NENANE NN~
- e
% o SANDY LOAML TSILTY LOAM 1= — ~ SILTY q.u'\_o;m;'__jguﬁf—'—j 2 o5 o
3 oyt 1)
L a0
e e | @ £828 | cewrnm gomeer gnesg 90RaY
E w2 / | o |8 8E8E | cejgn oredg S-erz Sgags
z /
e 1] i B 13188 &
s / T ke — —
230 : 1 o y — _ —
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6. EFFECT OF ADDITION OF SURFACE ACTIVE AGENTS ON
RESISTANCE TO THE SOFTENING ACTION OF WATER

6.1. Blocks made with all the four soils using varying
quantities of different surface active agents were dried in shade
for a week and then in an oven to constant weight. Thoy wore
immersed in water at a temperaturc of 25 deg. C. and the time
of disintegration was noted. Blocks which retained their form
for five hours were taken out after this period, dried and the
perl;:lenta,ge loss in weight determined. The results are given in
Table 4.

The addition of turkey red oil and soap considerably
improved the resistance of a soil to the softening action
of water. The sandy soil responded best to this treatment. The
effect on graded soil was also quite marked. Generally, Turkey
Red Oil was again found to be better than soap. In clayey and
silty-clay loams, however, s0ap behaved better than t1frkey red
oil. Improvemnt with soap nut powder was not very appreciable,

while the addition of wetting agent No. 1 appeared to help the
disintegration of the blocks,

7. EFFECT OF SURFACE ACTIVE AGENTS ON THE
COMPRESSIVE STRENGTH OF STABILIZED SOIL

7.1. Blocks of the four soils usin
of the four ,surfa,ce active agents were prepared using the modi-
fied Apbot 8 cylinder and tested for compressive strength in the
Carver’s Laboratory Press. The results are shown in Table 5

g increasing quantities

and Fig. 4.
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TABLE 4
Resistance of Soils with varying Percentages of Surface Active Agents to the

Softening Action of Water
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TABLE 5

Compressive Strength of different Soils with varying
Percentages of Surface Active Agents

e l§andy Loam “S'llty Loam | 8ilty-Clay Loam Loam

% b per 8q. in.|Ib por sq. in.| T . i > i
Surface 3 or 8« q y per sq. in, |lb per sq. 1.

active agent 2 Té — = — - — — —

AERERE RE RN RERE

JFlE & |8 & | & | &=

Turke'yl - : o

Red Oil o 250 605 250 660 800 1425 500 360
0.23 250 7(20 372 744 820 1500 500 660
0. 73 270 750 400 750 830 1640 560 745
1..())0 ‘(13?)?) 18100 © 500 775 900 1800 600 845
Soap . 00 300 1000 1000 1900 600 1030
Solution 0 18 250 695 250 660 800 1425 500 560
0. b 300 744 ."E{)O 770 800 1400 H00 740
0. 58 ZQO 800 -'300 780 800 1450 500 770
0.5 .-')O 820 -'320 800 850 1800 500 750
. 300 986 500 800 900 1850 500 750
Soap-Nut 0 18 i(j)?) ggg igg 32(8) 800 1425 500 560
Joo 4 0 820 1400 480 560

0.25 500 850 400 800 5 o

850 1450 5

(;gg g?)g 1338 150 800 850 1500 gg?) g?)(o)
VXetting 80 820 900 1800 5350 620
gent No. 1 0 1(()] gég 995 230 660 800 1425 500 560
0.25 220 ZOO 2%4 744 800 1200 400 660
0-50 550 ’_80 2.30 560 700 1220 400 660
020 ggo 500 250 420 500 970 300 520
. 500 250 300 500 750 300 520

~ The addition of Turkey Red oil an i
Ex;grsi\lfed the compressive strength of all 'ohc(a1 fci?f ps:ﬁ: Sta’lr‘ltﬁilg
Red ol ewz; :ga,tlx‘x superior to soap. Soap was, howe;fet more
effoctive th 111 ffurkey Red oil when added in small qua;ltities.
The be ial effect of soap-nut extract was not marked while
g agent No. 1 tended to decrease the compressive strength.

CONCLUSIONS

The addition of small quantitie ioni }
aggnts_like soap and sulp%onated sca?:to?'n?i?lios:}ifeace ta.ctutr;e
brmg it to_opmmum moisture tends to increase th w; el‘b ll(:
density, resistance to the softening action of Watere I‘yd :h
compressive strength and reduce volumetric shrinkage ’O::I:i 'ne
of .the’compaf:ted goil. So, they can be usefully gm lo ;glag
‘aids’ to soil stabilization. These are easily availagleyat low

SURFACE ACTIVE AGENTS IN S01L STABILIZATION 317

cost and are simple to manufacture. Therefore, they can
be prepared at the site of work. Their cost generally varies
hetween Rs 0-8-0 and 0-12-0 per 1b.

It has been observed %, that the addition of cement or
lime for the stabilisation of soil has & tendency to reduce the dry
bulk density of the resultant mass. Addition of small quantity
of the surface active agent in such mixtures can be expected to
minimise the decrease in density and thus give more strength
to the compacted mass.
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COMMENTS

Shri K. F. Antia suggested that the liquid and plastic
limits of the soils to which the surface active qagents ha{)l been
added might be determined to give an indication of the improve-
ment in the capillary and the cohesion characteristics.

Soap solution was perhaps the most sati

) ¢ atisfactory agent. It
produced the largest resistance to the acti
cheapest of all the materials tested. ton of water and was the

Although the density of the soils did not i .
ally by the addition of any of the four agents Lzsgggs(?nssi?:tﬁllzl-
loam, there was a decrease), there was improvement in otheryd !
rable properties which would justify the use of the e:l-
particularly if the cost was negligible as in the case Oaégen i
solution. He suggested that large scale trials should‘ be madse(mp

Shri S. L. Kumar remarked i i
optinum moi's‘.cure content was notﬂiragyt:?gnli‘gg;zgm? " thle
nor.mally utilized for stabilization purposes, as th timum
mox_sture coptent for such soils was compart,ivel ? Optlmr}‘lgl
optimum momtgre content was large for highl cla?, e OW.'1 g
so1l§ with peculiar clay minerals such as Montn{orill}gofl'zm ;Ta’nt
ronite, ete., but such soils were rarely used for stabiliz;t(iaén o

The increase in com
appreciable. Tn fact, the v
experimental deviations,

pressive str_ength was also not very
ariations might even be considered as

higth?a(.lu:tlgn'lln shrm_ka.ge' Wwas not important, except for very
hi Vieg zf Otlhz ofr 10113 with certain peculiar clay minerals.
T oo of the ac that soil stabilization was generally
rostrioted to < ils with not much of clayey fractions, the i -

reducing shrinkage was not very evide’nt Iltmlx);s

well known that use of soa i

lutions et d i

as they decreased th: p S c. reduced shrinkage
Slion e surface tension of water in soils high in

Work, which was not com i
Research Station at Lonavla, onlzslli}:i)dhy:iscoy-?l;{en?itc:lhe o
of optimum moisture content showed that for sst;a.bilizc otr}ceptlon
poses, soils having optimum moisture contents higher t?xa,lon tl))urf-i
12 per cent should be generally avoided. Also, chartcte:;;-
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tics such as good grading, low plasticity index and a small
percentage of clay were desirable. It was important that
stabilized soil should satisfactorily stand erosion as well
as rise of moisture by capillarity etc., to serve either as
building material or as a base course for roads. It was
found that use of emulsions, which were likely to be washed away
by water, do not give any stability to goils when compacted and
exposed for some time. It was obvious that soap solutions, etc.,
would get washed away and leave the soils in much the same
vulperable condition to erosion and capillary rise. Resins,
asphaltic material, or cements were satisfactory, even though
cement even did not prevent capillary rise well. It would appear
that employing soap soulutions etc. which were likely to be
walshed away by water, would not be of much practical
value.

AUTHORS’ REPLY

As suggested by Shri K. F. Antia, the liquid and plastic
limits would be determined and the results reported in the
second part of the work which was in progress. Tt was expected
that field trials would be undertaken shortly.

Referring to the comment of Shri S. L. Kumar, about
the reduction in the optimum moisture content, the Authors
stated that the moisture content played a very important part
in the density and strength of the stabilized soil. It was always
desirable to keep the optimum moisture as low as possible to
minimise shrinkage on drying. The addition of "some surface
active agents proved beneficial in this respect. Table 2, page 811
showed that the optimum moisture of silty soil with no surface
active agent was 14 per cent, and at that moisture the density
obtained was 1.84. But when one per cent of Turkey Red oil
was added, the optimum moisture was reduced to 12 per cent
i.e. 14 per cent less and density increased from 1.84 to 1.87.

Generally, walls made of stabilized soil developed cracks.
This defect was primarily attributable to shrinkage. The addi-
tion of a small quantity of Turkey Red oil could be expected to
eliminate such cracks. The investigation had shown that Turkey
Red oil had also shrinkage reducing properties.

The results given in Table 4 showed that the addition of
Turkey Red oil and soap considerably increased the resistance of
goils to the softening action of water. Soap and Turkey Red oil
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being anionic surface active agents formed some insoluble com-
pounds in the soil mixture and increased its resistance to the
softening action of water. 8o, the apprehension of Shri Kumar
that the soap solution ete. would wash away and leave the soil
in much the same vulnerable condition did not appear to be
correct.

The_ r_esults presented in the Note showed that in some cases
the addition of Turkey Red oil to sandy and silty loams could
render them fit for use without the addition of clayey soil.
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A WHEEL-TYPE TRACTOR
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