


. NOTICES AND ANNOQN’GEMENTS

o

I. REVISED RATES OF ENTRANCE FEE AND 2 \
SUBSCRIPTION

The rates of entrance fee and annual subscription for Ordinary
Members have been enhanced by the Council of the Indian Roads
Congress as given below. This has been done most reluctantly,
to meet the rising expenditure owing to the increased activities of
the society.

Eniyance Fee: An entrance fee shall be payable by Members
on election on the following scale :—

Rs.
Patron, Vice-Patrons and Honorary Members Nil
Ordinary Members 25
Associate Members 120

The Indian Roads Congress as a body does

Subscription: A yearly subscription shall be payable by

not hold itself responsible for statements made, Members on the following scale :—

. . Rs.
r ; -

or for opinions expressed, in the Papers or Patron, Vice-Patrons and Honorary Members Nil

discussions in its Proceedings. Ordinary Members 25

Associate Members

120

Provided that a rebate of Rs. 5/- in case of Ordinary
Members and Rs. 20 - in the case of Associate Members may
be claimed if the subscriptions are paid within three months
of the due date.

Note:—Part 2 of Volume XIV of the Journal of the Indian
Roads Congress will be published shortly and, it may be mentioned
that, it will be issued free of cost only to those Members (Ordinary
and Associate) who have paid their arrears and subscription
for 1949-50.

) 2. Members are requested to intimate change of address, if
any, to the Secretary, lodian Roads Congress, so tha tcorrespon-
dence, literature, publications etc., may be sent to their correct
addresses. . ,

requested to give their full address with Roll No. and

Y ‘\\;
3. Members who remit the amount by Mone %ﬁ’ire
agge,in
block letters in the Money Order Co?)on to enable the % 8

Office to credit the amount to the corregt account,

LY.

£

e



e

II. NEW ADMISSIONS

LIST OF THE MEMBERS OF THE INDIAN ROADS
CONGRESS ENROLLED FROM 8-5-49 to 31-10-49,

L

N LW ALMTARIONS 45

Sr. No.

1262

1263

1264

1265

1266

1267

1268

1269

1270

1271

|
\

| e |
| |

1405 S. Subba Ra

Roll No.

1406 R. Shunmuga-

sundaram
1407 S. P. Kapoor
1408 L. N. Kabiraj
1409 G. L. Mital
1410 Asim Mukherjee

1411 B. N. Chatto.
padhya
1413 S. P. Bhatta-
charyya
1414

K. V. Apte. (L.M,)

1415 M. D. Patel

Address.

Engineer-in-Charge, The Hindus-
tan Construction Co. Ltd., Bhuba.-
neswar, Dist. Puri. (Orissa).

Assistant Engineer, High

I , ghways,
Sankeri-At-Salem. (Madras Pzg.
vince.)

S: D.O., P. W.D., Winterfield
Simla. ’

Assistant  Engineer, Dg
Valley Corporation, P. 0. B‘Ez(i?\r
garh. (Hazaribagh), (Bihar),

District Engineer. P
Mathura, U%P, » P.W. D, B/R,

Assistant Engineer,
struction) W. & B
Road, Berhampore

(Road Con-
- Lower Kadai
-(West Bongal).

Assistant  Engineer, W
Dep.tt., 10/A, Bepin’PauI. I‘{kcmlg.
Kalighat, Calcutta—26. ‘

(Ill‘onsltr]\:ction Sub-DIi)v)i;ion m]])lhgi
amiu R Distri(}t T L. .
(West Rengal). Midnapore.
Izirect'or M/s. New United Con-
i tl‘élctxon and  Engineering Co.
Ltd,, Industrial Assurance Build-
g, Bombay 1.

Assistant Engineer, P. W.D.

Construction Sub.Division, Bha-
dra, Ahmedabag.

No.

¢

Sr.

1272

1277

1278

1279

L2R0

1281

1282

1418

1419

1420

1421

1422

1423

1424

Name.

Prem Menohor

K.

de

Y

2

T

.M.

A

C.

sy soerh
[ M

. Reddy

K. Sunder Naik

. Basu

Datta

, Srivastava

. Ghosghal

. Jain

Chatterjee

- -8 o

|

l

Address.

P W. D,

canen . ML Avenue,

) cer (WA 1) Mal-
. ~ =rh.Division,
{ b ¢ Muda, (West

Ascetant Engweer,  lirhwavs,
saitur, Ramnad District. (Madras
Province}.

Supervisor. (Highways)., Kurnool
East, Kurnool.

Assistant Engineer, Highways
Department, Karur, District
"Trichinopoly. (Madras Province)

Kxecutive Engineer, (W. & B.)

Burdwan Dn., P.O. Hooghly.

lxccutive Engineer, Medical
College Building Construction
Division, P. O.  Dibrugarh.
{Assam.)

Assistant Engineer, P. W.D.,
Bahraich, U.P.

Sub-Divisional Officer, W. & B.

Deptt., Contai P. O. District
Midnapore, {West Bengal).

P. A. to the Superintending
Engineer, Calcutta Central Circle
No: 1II, C.P.W.D,, 151 Chowrin-
ghee Square, Calcutta.

Assistant Engineer, (W&B Deptt)
Krishnagar Construction Sub-
Division, 2, Kantalpota lane,
Krishnagar, Dist. Nadia, (West
. ~ngal).
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NEW ADMISSIONS

Sr. No.

1283
1284

1285

1286

1287

1288

1289

11290

1291

1292

1293

Roll No.

1427

1428

1429

1430

1431

1432

1433

1434

1435

1436

1437

Name.

Albert Mayer
K. Govindarajulu

B. Jayaraman

R. N. Joshi

P. L. Lokagari-

war

Sujan Singh

S. P. Nigam

A. (4 Tamizud-
din

V. Subba Rao

K. Subramania
Chetty

K. V. Ahamad
Koya

Address.

31, Union Square W

York City, U.S. &, o0 New
Assistant Ingineer, Hj hwa,
Rajampet, Cuddapsh Distrigs

Assistant Engineer, (Bridge
8, Dr. Nair RRoad, Theagar%,y?:
nagar, Madras-17.

Cfo, S. B. Joshi & Co., Ex-~-
Press Building, 3 ated
Fort, Bombay,

aller
5, Dalal Streeq

S. 0. III in Engineer-in Chie

a e f,B
Branch,A.H.Q,,QJ-C | win Rload
New Delhi. kb !

Roads Engineer, Burmah Shell

House, Connaught ('
Delhi 1. s hrous, New

Assistant Engineer, p. w D

Road, Gomkhpule‘,m’(?% Concrete

Assistant Engineer (High
Special Cement Concregtewgﬁ?.’

Division, Bellary. (Madrag Pr
vince). .

;Zupervisor, PW D, Cjo, Vemula
njaneyulu  Garu, Gudivad.
Krishna District. ada,

Assistant Director, The Central
Wa.ter Power Irrigation and Navi.
gation  Commission,

C
Road, New Delhi. Hreon

Section Officer, Highways, Tali.
paramba. (N. Malabar).
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Associate Members

Sr. No.

fa—

Roll No.

35

36

37

38

39

Name.

A R. P. Ramsay

"H. G. Hughes

A, Das Gupta

William Harrison

F. C, Kraty

Basil Gray

Address,

Director, M/s. Tractors {India)
Ltd, Victoria House, P.O. Box
323, Caleutta.

Managing Director, Messrs. Armwco
(India) Ltd, P.O. Box $989. 21,
Esplanade Mansions, Calcutta.

Works Manager, Indian Malleable
Castings Ltd., Belghoria, 24 Par-
ganas. (West Bengal).

Superintendent, Kumardhubi
Kngireering Works Ltd., Kumar-
dhubi P.O. District Manbhum.
(Bihar.)

Director, Messrs. Marshall Sons
& Co (India) Ltd., 99, Netaji
Subhas Road, P. O. Box 22,
Calcutta.

Territorial Manager, C/o. Shali-
mar Tar Products (1935) Ltd,
Block “M’" Suraj Narain Build-
ing, Connaught Circus, New
Delhi.

III. DEATH

The Council have received with regret intimation of the
following death :—

E
Z. - Name. Address.

= 3

2 1=

I 1069 Bhagwat Prasad  Assistant Engineer, P. W. D,

Ranchi. (Bihar).




IV. ADDRESSES OF MEMBERS WANTED

Communications addressed to the following members have
been returned unclaimed by the Post Office. Members able to give
information regarding the present address of any of those con.
cerned are requested to forward particulars to Secretary, I. R. (.

1§I?o'. %(())l'l Nawe of Membc:. Last known addr-se.

1 1397 Ahmed Ovaise. Assistant Engineer, P. W. D).
B & R, 30 Munrec Road,
Agra Cantt. ‘

9 453 Basu, N. 152, Ind. Rly Maint Co.,
Clo,6. A.B.P.O.

3 779  Banerjee, Shishir Assistant Engineer,

Kumar. Patna Waterways Sub Divi-
sion, Patna.

3 686  Bonsor, M. 8. Sub Divisional Officer,

C o, The Garrison Engineer,
Agartala, Tripura State.
5 622 Chakravarty, G. K. M. State Kngineer,
Raigarh State, Raigarh,
6 576 Chowdhury, P. M. District Engineer, P, W.D
| Goona. (Gwalior), '

7 575  Dixit, M. K. U/o, Lashkar Municipal
Committee, Lashkar,
Gwalior.

8 1145 Dhruva R.C. Executive Engiueér, (Hous-
ing), Gaurd Room, Pochkhqp.
wala Road, Worli,

Bombay No. 18,

Y 1279 Dubash, M, D. No. 12, Rewa Mansjon,
Frore Road, Karachi.

10 20 Garewal, Sapuira C o, Tiie Ram Raj Ideal

Singh.

Lown Co-operative Society,

Hor P Mandi. (Saidapur.
ko par) kO, Besoma,
1, LUMern,

/s
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I\?g 11313?1 Name of Member. Last known address.

11 710 Ghosh, M, K. Assistant Executive Engi-
neer, Satbankura (Midna-
pore). (East BBengal).

12 700 Goswami. S. M. tesident Engineer,

C/o. Gannon Dunkerley &
Co. Ltd., Secretariat Hill,
Shillong. (Assam).

13 1995 Gulzar Singh, 5. Assistant Engineer, Designs,
P. W. D. Building & Roads
Branch, Simla-E.

14 go4 Hanly, P.J. 13/1 Chowringhee Square,
Calcutta.

15 999 Hodgson, E. S. Overdeans Court, Diffen Hall
near Farham Surrey,
(England).

16 566 Jadhav, M. K. Chief Engineer & State
Architect, Ketkibag Bunga-
low, Camp Road. Baroda,

37 931 Khalique, M. V. Ministry of Transport
(Roads), New Delhi.

18 173 Kidar Nath. 32 Kaonli Road, Dehra-Dun.
U.P.

19 924 Korni, M. A, 114 Regent Estate, Tolly
Gunj, Calcutta.

20 998 Mathew K. George. Supervisor, P. W. D.,
Trivandrum.

21 830 Mathur, J. K. Assistant Engineer,
Jodhpur Railway, Jodhpur.

90 906 Mufti. M. I. D. Inspector of works and stores
Central Command, Meerut.

23 183 Nawab Ahsan Yar Afsar Manzil, Jublee Hill,

Jung Bahadur(L.M.)  Hyderabad-Deccan.
24 955 Parmeghri Dass. Assistant Engineer, P.W.D.,

Azamgarh. U. P.




150

ADDRESSES oF MEMBERS WANTED

Sr. | Roll

No. | No.
25 693
26 965
27 844
28 720
29 1089

Name of Member.

Rajaratpam, K. M.
Mudaliar.

Rajgopalan, K, G.

Salukhe, V. B.
Shaw, M. (L. M,)

Uttam Singh. (L. M.)

Last known address. ‘

e s

District Board Engineer,
Kistna Dist. (Madras Presy.)

Assistant Executive
Engineer, Central P.W. D.
Aviaton Sub-Division,
Pudukottah Road,
Trichinopoly. 8. I. Rly.

Guest House, Dewas Junior.

Executive Engineer,
Centra}l P. W. D., Indore.

Chief Engineer,
Jaipur State, Jaipur.
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Another view of the Bridge under construction (the Railway Bridge is in the background)
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shingle were found in the river bed. The exploratory borings
were taken at the bridge site at 160 ft. apart and at 50 ft. on
either side (upstreasm and downstream) of the centre line. The
boring charts showing the details of the different strata met with,
oan be seen-in plate 1. When Artesian conditions were met with
at the time of sinking some of the wells, deeper bores were put
down 160 ft. apart on the centre line itself as shown in Plate II.

4, MAIN DETAILS OF THE BRIDGE

4.1, The bridge will have a superstructure of vibrated rein-
forced concrete balanced cantilever and suspended spans supported
on piers and abutments made of 1:3:6 mass conerete, lightly
reinforced. The foundation of each pier will be a twin well sunk to
the approved depth. The width of the carriageway between
korbs will be 24 ft for vehicular traffic with 6 ft. wide cantilever
footpaths, raised 12 inches above the road level. The height of the
embankments in the approaches at either end is about 25 ft.,
protected by stone pitching.

5. DATA FOR DESIGN AND SPECIFICATIONS
OF WORKS

5.1. The Bridge Plan as shown in Plate 1II gives an idea of
the general outline of the design of the bridge, omitting most of the
details. The specifications laid down for the guidance of the
eontractors are attached as Appendix III.

6, PRELIMINARY ARRANGEMENTS

6.1. A siding was laid down at Cuttack railway station fer
unloading all materials which were arriving by rail. As a matter of
fact all materials except sand, such as coal, cement, steel, stone
chips, stone metal, gravel, plum stone etc., were brought by rail to
Cuttack railway station and were carried from there by truck to
the bridge site about 3 miles away.

6.2. Four quarries, described below, were taken on lease and
labour camps  set up at each.

6.2.1. Tapang Quarry. This quarry, provides hard granite
stone and is situated about 31 miles from Cuttack station on the
Bengal Nagpur Railway. The Tapang railway station is situated
about 3 miles from the quarry. Two Granulators ,were set up at
this quarry to provide stone chips. Stone plums are also obtained
from this quarry for the mass concrete work.

6.2.2, Naraj Quarry. This quarry is situated about 10 miles
from the work site, but the route by which the metal is brought
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covers about 15 miles by boat and lorry, Mainly sand-stone is
available in the Naraj Hill. The metal is taken to the river.side
either by head load or by truck depending on the distance. There
it is loaded in country boats, brought through the Mahanadi to the
Tuldanga canal and unloaded on the canal side at about a mile and
a half from the work site, whence it is taken by truck.

6.2.3. Haridaspur Quarry. This quarry is situated at about 2
miles,from Cuttack. Only hard granite stone chips and plums are
being collected from this quarry. The stone is brought by rail
from Haridaspur to Cuottack and then taken by truck to the
hridge site. ‘

6.2.4. Hindol Road Quarry. This quarry is situated ahout 49
miles from Cuttack on the local Bengal-Nagpur Railway line to
Talcher. This quarry supplies gravel obtained by (li;.,rging and
sereening. The gravel comes to the Hindol Road nf;tvilwu‘v station
by truck and then to Cuttack by rail. ‘

6.3. A fairly big workshop has been built near the bridge site for
stoel fabrication, making shuttering, welding, cutting, drilling,
etc., and manufacturing minor articles as well as for providing
electricity for lighting and for the well sinking plant. Photograph
1 is a view of the workshop. Storage Godowns for cement and

Photograph 1. A Corner of the Workshop

o
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store yard have also been built near the Cuttack approach to the

brid se.

6.4, The dctail of equipment whi(_‘h was ;')tl‘gogfther for the
work, and is being used on it, is given in Appendix 1.

6.5. Ancngincering npx_)l'ocin‘tim)()f llljrz?tj:‘iif[fy t&‘i‘};;gl‘g;’let,;liﬁ
labour required for the whole work (inchueive supers J
be found in Appendix TL

7. DESIGN AND CASTING OF WELLS

7.1. The Well.

71.1. The approved design for the foundation o.f pierﬁ
1.1, : for 1 § ‘ ;
consists of a twin well under each pier. The desuxi (?f a F;;rlll v:ize
i 'All' trated in plate 1V which shows that the over s
B 310 u:tl‘l“)y 15 ft 6 in. The thickness of the steining 18 three
is , .
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feot and the dredge holes are 9 ft. 6 in. diameter. Plate IV also
gives the design of the massive reinforced concrete curb and the
details of the steel cutting edge.

7.1.2. The cutting edge was built out of 10 in. by § in. plates
and 4 in. by % in. equal angles, bent to thg proper shape and
electrically welded. Fig. 2 illustrates ,'t.hc simple cquipment used
for bending plates and angles. It consists of a screw jack working
in a frame of steel rails and pressing the steel sections into shape
by means of a timber batten cut to the proper curve,

7.1.3. Holes were drilled in the horizontal legs of the cutting
cdge angles for taking the vertical bond rods.

7.2, Form Work,

7.9.1. Well curb forms. The inside forms for the well curb
were made out of curved wooden battens lined with sheet steel, six
segments forming one part of the twin well. The outer forms
consisted of steel plates 5 ft by 4{t high with steel angles welded
alonz the edges and the centre (for stiffening). Sixteen such pieces
wentj round the complete outer periphery of a twin well,

7.2.2. Steining forms. The outer forms were the same as
those for the curb. The inner forms were similar in design but
with a smaller radius of curvature. Six pieces made up the inner

circle.

Two complote sota wore required fgr uninterrupted casting on a
twin well and enough forms were fabricated for simultaneous work
on three twin wells.

74, Casting the Well Curb.

7.3.1. As the existing railway bridge was only 800 feet
upstream, it was stipulated in “che. design data that the road bridge
piers would be placed exacfc]y in line with the piers of the railway.
bridge so as to avoid undesirable hydraulic action. When commen.
cing work on a pier, the cutting edge was laid in position with
reference to the corresponding railway bridge picr and accurately
lovelled up on sand bags. Then the inside forms, the reinforceme/n't
and vertical bond rods, and the outside forms were fixed, in that:

order.

7.3.2. Photo 2 shows thecuttingedge being fixed in .
and Photo 3 shows the inner formwork fixed and the reinfop(?(\s:s:\?]?
being tied. ment

7.3.3. Thecurb was then cast in 1:2:4 cement con
i ; . S ? cere
coarse uggregz(ii’c;e beu;}% gr.a-mt$ chips upto ? in. size and t;f},ftiﬁ((:
aggregate, sand from the river-bed itself, The o
was } in. to 1 in, permissible slump
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Photoeraph 2. Aligning cutting edge.

7.4. Casting The Steining.

7.4.1.  Along with the well curh a 4-foot lift of steining was
also cast.  This consisted of  1:3:6 cement conerete with a §in.
slump on the average as for the cuvh. Plums of & maximum size
of § cw. ft. were placed in the steining concrete, spaced not less
than six inches apart.  This first scection of 8 feet (4t curb and
4 ft steining) was sunk by manual dredging so that sinking might
start on an cven keel.  Lifts of four feet at a time were added as
sinking progressed.,

8. CONCRETE MATERIALS AND TESTS

8.1, Aggregates. The coarse aggregate, including plums,
was obtained from the sources mentioned in Section 6. Sand was
ohtained from the river-bed itsell.  Thix sand heing maoist, bulking
due to moisture was determined and the  addition of 20 per cent
extra sand was authorized to compensate for hulking.
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dredging grab, worked by a steam winch, w
Photograph 4 shows the grabs at work.
through the top strata of earth and sand
difficult when the cutting edge encounter
usual expedients of dewatering,
were restored to

as brought into service

m

The well sank casily
I).u‘p sinking beeame

sttt black elay, The

blasting adi
ting and loading (kentledge)

9.2 Blasting. When  dewatering was  nog
blasting with gelignite was tried. The Tunction of
to shake the well and thus reduce the frictional regjsd.
sinking. Incidentally, the biast cleared the sloping( inm :ﬂfsz‘«!l.l’('rt'r. "
of sticky clay. another possible canse of resistance 1 *i(l:k(i::'g) fuce

very  ceffective
the charge was

Photocraph 4. Grabs at work

9.2.1. The use of an explosive
made carefully. A heavy charge
could possibly damage the ste

for well sinking i
lrge could not he
g, For the same

uot safe unless
applied as that
reason a charge
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was never applied with a sump of less than five feet, so as to
ensure that only carth below the level of the cutting edge was
disturbed and the curb was not damaged.

922, The best method of applying the explosive charge is
not merely to let it down into the sump but to send down a diver
to place it in the clay strata on the side of the sump. As an
experienced diver was not available this could not be done and the
former less satisfactory method was used.

9.3. Loading (Kentledge). Fig. 3. When the first two
devices (viz., dewatcring and blasting) failed to produce satisfactory
results the well was loaded with steel rails or sand bags. As
dredging had to go on at the same time the dredge holes had to be
kept open. (Dewatering also went on  simultaneously when
possible). The rails were laid over sleepers placed on the top of
the steining. When sand bags were used they were placed directly
on the steining without sleepers and the kentledge load attained a
height of 20 feet at times.

Loap FoR_SINXING

JO000L

R2ANGEMENT OF RAILS .

i PN g |- 1S SLEEPERS

WELL
Unoer Loro .

Rais ysko As
Kenrreoge .
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9.4. Special pumping arrangements,
black sticky clay, grabbing was not satisfactory aud did :
up enough of material, particularly when water in the m?b bring
deep Dewatering had to be done while grabbing was i(r; well was
There was no arrangement made for this in the firt fiye (e o o
—Piers 1 to 5—and the pump had to be removed f Yo twin wells

! to be r or working th

grab. In the subsequent piers this difficulty wa S by

making two vertical pumping holes, of 1S in. dji,am:el?:i;;loni’s tll)ly
, e

steining with horizontal inlets 8 ft above th i . -

the second 4 ft lift above the curb top),e &};}t;cm&gi nge (ie., in

shown in Fig. 4. When a well is finall r “g;[::;ny is
ping

i ¥ plugged these
ete under Pressure, heforp

When working in

holes are also filled up with 1:3: 6 coner
placing the top plug.
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10. SINKING PROBLEMS
10.1. Artesian Action,
10.1.1. The well curb of pier No., 2 w

as resting on sti
R. L. 200 and there was a sump of 8 ft bhelow fhgrt:izlgnzlazdzz

o
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level. As sinking was very difticult, some labourers were sent
down with pickaxes to remove the clay. When they were at
this job suddenly the strata underneath burst and water rushed i,
The labourers came up and within two hours water stood at
51.00 in both chambers of the twin well and gradually rose to
53.20 while the water level in the river was only 47.00. Obviously
the well had entered water bearing strata where hydraulic pressure
was 80 great that it had pierced through about 16 foot thick clay
strata still left below the sump. (The level of water bearing
strata under P, is minus 22.00 ; vide Plate LI;.

10.1.2. Something similar happenedinthe case of P ,. From
R. L. minus 23.00 the cutting edge suddenly sank to R. L. minus
30-00, after piercing two feet of clay and entering five feet into
sand. Water rushed up and began to overflow the well, bringing
sand with it.

10 1.3, Artesian action was cncountered in all the wells of
piers 1 tot6 at different stages. In all cases it came on rather
suddenly although it could perhaps have been anticipated from
the boring chart (Plate II) aud precautions taken in advance.

10.1.4. When Artesian action started in a well, the water
level rose until water began to overflow at a tremendous rate.
De-watering by pumpinz was obviously out of question and the
wells sank abruptly because of the disturbunce in the water bear-
ing strata under the cutting edge on account of the flow of:
water. Thus P, sank by 3 ft6in, P, by 11ft, P, by 1lifb
6 in., and P, by 5 ft 6 in. In the case of P, there was a shift of
14 in. during this abrupt fall,

10.1.5. When so many wells began to spout there was a
danger of the whole foundation getting undermined and the firat
concern was to stop the overtlow., This was done by quickly
building up & tempovary steining in brickwork so as to contain the
water and stop the flow. Table 2 gives the top level of the pervi-
ous strata and the water level inside the well, against the river
water level of R. L. 47.00.

Table 2

P, P, P, P, P, P,

LR.L. ofpervious _j16 0 3200 -25.00 -24.00 -28.00 -38.00°
strata met o
2. R. L. of water

lovol in woll 55.50 56.20 54.60 53.50 53.00 51.00
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10.1.6. The Artesian action m

ade fu .
wells necessary, after controlling the overfli?'};h
bottom of the wells into undisturbed strata

sinking of some
, 80 as to get the
and plug them there.

10.1.7. When this temporary steining w:
bu_lldlng up the concrete steining yfor furtl}%egvg?nll)('x
minus 30.00, water began to spout up again zm(lllgh pelow B.L.
suddenly by six inches. The brick steining was th . We”. sank
and encased in concrete. This was done in tilp ot}ﬁf; '}: f]tl m’c;wt
] r wells  also.

10.1.8. Borings taken down to R
water bearing strata continued dowr
possibly further down also.

roken (in P,) for

L. minus 60 00 showed that
Lto that level at least and

10.1.9. During the attempts t

waters of the underground Xrtesgglfr::see:‘:l(}irthehsourcc of the
water upstream of the Mahanadi anicut, four the level of the
f_OUIld.tO be 68.31 while the Artesian water rose fxl'mleS

55.50 in the W_ells. Although chemical analyses o?rt?hR-L. 51.00 to
dlff(?['ed considerably, such discrepancies “could b ¢ two waters
a,tt_rlbuted to the passage of water through vari o easonubly
anicut to the bridge site. ATtous strata from the

10.2. QCant.

10.2.1 We!ls going out of plumb or setting
the correct position are phenomena of f?'e ue;f,
foundation work. The former of these defectsqkn
arise from a multiplicity of causes, e g: ) now

away, was

displaced from
occurence in
nas cant, could

(1) Irregular casting. If the outer surfac
A ¢ of
c'url‘?. or Stfﬁnmg 13}1 irregular, friCtionaI) :élseis:ao:gge:g
sinking will vary, the we T
ing tiltt;;. ¥, the well sinking unevenly and caus.
(2) Eccentric or uncqual dredging : : .
. ! g 1f I oy
done in the middle of the well or if (tlheedgtlwu(g; 18 not
of a twin well are dredged unequally, the well “})Oal:‘lts

sink more on one side thai )
develop a cant, 1 on the other and woylqd

If dredging is controlled, by shifting the
from one side of the well to the other, or by dredgin .
part of the twin well than in the other, it is POSBib%e g more in one
to set right a slight cant. This method was succes. ;mthm limits,
oxtent when the depth was small. But whon si Bisg ul to some
ressed more than 50 feet, this method became inolffrzcl{li%r had prog-
g d €.

position of the grab

(3) Non-uniform strata,.

1f th :
unequal strength ajon e curb meets with strata of

8 the periphery of the cutting

1y
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cdge, sinking will be unequal. The well will follow
the line of least resistance and will tend to go down
more on the side on which the strata is soft.

10.2.2 Methods to counteract cant.

One method, already mentioned. of setting right any
tendency to cant was to regulate dredging. Another method,
tried on pier No. 9, was to fix four sal balli props on the leaning
side of the well.  But when the well sank by another three inches
all the four props gave way and the process was given up.

A third method used for rectifying cant was cantilever load-
ing. Four rolled steel joists, 18 in. deep, were bolted on to the
steining and loaded. The R.8.J’s failed under a load of 350 tons,
while the cant was not materially reduced (the reduction in cant

was 0.03 ft.)

Many wells on this work have dsveloped a cant and the prob-
lem of rectifying it remains unsolved. Although the cant in these
wells was not so serious as to endanger the safety of the foundat-
ions, yet soms technique has sot to be evolved for avoiding or
rectifying this defect as far as possible.

10.3. Shift.

10.3.1. Shift, i.e. displacoment of a well from its correct
position, is 2 phenomenon which goes hand in  hand with cant.
It was observed that wells did not cant or shift while they
were going through the upper soft earth or through sand.
Trouble started when the cutting cdge came up against stiff
black clay. The causes which led to cant also caused the well
to shift, But there is no relationship between cant and shift
so that the oxtent of one could not be inferred from the extent
of the other. The following table will illustrate this point:

Pier No. Cant across the well (feet.) ‘) Shift (feet.)
4 0.15 1.2
9 0.756 0.5
13 0.60 2.5

10.3.2. The extent of cant would depend on the angle
through which the well rotates while the shift would depend
on this angle as well as on the position of the centre of

rotation.
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10.4. Sand Blow,

10.4.1. Sometimes, whi

obseryed that the well wo#l)d vlzgrksudv:iasl
ex;}termg ll()falow the cutting edge. on
when sinking was going on in black
wa.stactélllal!y in pr%grcgs. No ll))ll(:)()vt&s cégg’u:;ﬁitgir;too ile wor
z()irsda,p -still.  Althcugh occasionally a blow mi lil work was.m’:

edging, mostly they occurred during de-water ght oeeur during
of water inside the well did not prevent sand bl o prosence
observed to occur even with GO ft. of water in.sigz;v ilf: ‘ tﬁese wore

well.

in ﬁ)rogress, it was
y choked with gand
Such sand blows occurred only

10.4.2. While sinking, the well di
‘WF:,Ch‘ it passeg @nd proba%ly left sulcﬁl‘:&lartl;e% sts}i? i’{cmta through
Xg v:li‘;r;% :k?: w:lllng ddone water f.rom the surroundir; . t Whon de.
the sand strata abcl)m elf the cutting edge und Sometifg’ls e
the wake of the wa:: » Jeing practically cohesionles o und from
r through these fissures and ﬁlT’u‘;o&{d flolvlv »

e well.

10.4.3. By keeping a vigi ,
well sand blows could %e pmgéll_ict:l:d?);;ro:nthe ground round the
earth at the bottom would be transmitted t.oytﬁl?df‘or movement of
tendency to blow could be checked or a'bo:t t((i)P surfuce. Any
sio%ﬁ)mg thedplumps as soon as any cracks or ﬁSsue by promptly
at the ground level. In the first few cases, b to8 were observed
nary fracks remained unnoticed. Ditches ;q %We‘ver, such prelimi-
i))y 4 1;_lwere observed at the ground level g'oulfdds 20 ft. Ly 18 ft.
10 While sand rose in the well to 22 ft. above thewelé: P, P, and

cutting edge.

10.4.4. Other typical cases of sand
%v‘;alllle r(:ut?e‘:g% {g:oi)ngl; through sapdy strata 21r<>¥i£f311rfcd when the
e misht ta below the cutting cdge way distu;-b (&ay und sand.

ge might come when the sides of the dredgc} ed by dredging,
way sud_denly and a blow ocoured. In Suché’t hole or sump gave
caught in the debris and, as in most cases ‘;LSGS the grab was
suddequ, the grab chain invariably gave wa Ie well also sank
No. 5, it took almost four hours to locate they'r. br} the case of well
there was no diver at hand the following d evigc :w:; t}:(;e debris, As

adopted.

10.4.6. An airlift pump was ;
out the debris. At the sam?e timep:tpﬁfsw(;gg; the well to pump
into the adjacent compartment of the twin erllpumped i wator
the water downwards. A current of wate‘:e ag ey to foreo
from the latter half ofrthe well under the celw ta,s thus set up
into the former half. The debris was lOOSene(i ral cutting edge
and was easily pumped up, releasing the gr by this current
out. grab which was hooked
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11. BEARING CAPACITY OF THE SOIL.

11.1. In designing the bridge, the hearing capacity of the
strata in which the wells were 1o be plugged was assumed at 7
tons per sq. foot, but no actual tests were made bhecanse the rail-
way bridge, only 800 ft upstreatn. had been successfully supported
for half a century by the strataat corresponding depth and
carrying a load slightly e exeess of 7 tons per sq. foot.

11.2. When the stage for plugging the wells of P, P,and P,
arrived, however, an effort was made to find the hearing capacity
of the strata under these wells because they had been taken down
much lower (as explained in 11.1) thanthe corresponding  piers of
the railway bridge.  From the erratic behaviour of these wells
during sinking, it was difficult 1o decide whether they could be
safely plugged at the design depth of minus 15.00. Strata at this
depth seemed to be soft, probably due to the upward seepage of
water from the water bearing strata below. This seepage was
found to have a softening effect on the soil upto 10 to 12 feet
above the Artesian strata.

11.3. In order to test the bearing capacity of the soil. samples
were sent 1o the Soil Research Stations at Madras and Karnal. In
the case of P, samples were taken by means of a grab working at
R.L. minus 19.00, buy in the caxe of P, and P, which had already
entered sandy strata, samples were taken from the heaps of exca-
vated soil representing strata at about R.L. minus 11.00 and minux
22.00 respeetively.  The reports from the Rescarch Stations sug-
sested a bearing capacity, in an unconfined state, of 7-15 tons per
sq. [toin P 5.5 tons per 4. ft.in P, and 2.6 tons per sq. ft. in
p,, with the comment that the procedure of taking the samples
was defeetive.  The samples shouid have been taken in such a
way as {0 represent the actan] conditions inwhich the <oil existed
in sitn.  Even in the case of P, the sample brought up had been
disturhed by the grab and by its passage through ihe water in the
well.

11.4. Later on un-successtul attempts were made to obtain
nndisturbed samples by means of tools obtained from the Central
Roads Organisation. These tools were found to he unsuitable for
the granular and sticky soil in the foundations.

11.5. Finally, it was presumed that as even the disturbed
soil sample had a hearing capacity of 7.15 tons per =q. ft. undistur-
bed strata in sitn would be safe enough.  However, in order to be
quite sure of the safety of the foundations. loading tests were
carried out.
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12. TESTING OF WELLS

12.1. The wells of piers P,, P, and P, have been tested so
far, P, under a test load of 1000 tons and P; and P, under 1200
tons. The test loads were designed to give the same unit pressure
under the steining as would develope under the whole area of the
well plug and steining after the bridge came into use.

At the time of the tests the cutting edges of P,, P, and P, were
at R. L. minus 29.96, minus 51.69, and minus 36.11 respectively.

12.2. The test procedure was to fill the well with sand to 20
feet above the cutting edge for P, and 25 ft. for P, and P,. The
test load was then applied in stages of 100 tons with an interval of
at least two hours after the addition of every 100 tons. Levels were
taken at the start and after the application of every 100 tons.
When the specified test Joad was reached the well was kept under
observation for 24 hours. Photo No. 5 shows a test in progress.

o i AR AR ¥

Fradmmr.

TPhotograph 5. Test Loading with Rail Kentledge

[ -
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12.3. In the case of pier No. 1 the temporary brick steining,
mentioned in para. No. 10.1.5, failed under the test load when it
reached 700 tons. Wooden sleepers were then added round the brick
steining to strengthen it and the test was completed under a load
of 1000 tons.

12.4. In P, therc was no settlement under the test load of

1200 tons kept on for three days.

12.5. In the case of P, the position was as follows:—

Load testing of P, and P, had been ordered and it was decided
that if they were satisfactory, P, would be plugged at R. L. minus
53.00. At that time the cutting edge of P, was at R. L. minus
49.00. When an attempt was made at sinking it to minus 53.00 by
de-watering, the well suddenly sank by 2 ft 3in., the sump was fill-
ed up and the earth hcaved up above the cucting edge by 18 in.
On considering this behaviour it was decided to test this well also.

12.6. As de-watering for further sinking was considered unde-
sirable, the following procedure was approved for testing P, :—

(1) Dredge the well and make a two to three foot sump so
as to leave no soft earth under the cutting edge.

(2) With a sump of 2 to 3 ft give two light charges of one
gelignite stick at a time in order to sink the well if possi-
ble.

(3) Clean the well of any loose stuff produced by the blaats.
(4) Till sand to 25 ft above the cutting edge.
(5) Apply a test load of 1200 tons.

12.7. Instructions 1 to 3 were not fully carried out by mistake
and the well sank under test by half an inch under a load of 620
tons, and by another } in. under 670 tons. Under 1200 tons it had
sunk by 0-22 ft. in all. The well was then kept under observation
for three days ; on the first day it sank 0-01 {t., but was steady for
the next two days. The test was not, however, considered satis-
factory as it had not been carried out according to instructions.
The load test will now be repeated after sinking to R. L. minus
53.00.

12.8. The load testing of wells requires a lot of time. Employ-
ing two cranes and four lorries the time schedule is as follows :—

Loading 1200 tons. ... 7 days.

Observation. 3 days.
Unloading 1200 tons. ... 6 days.
Total: ... 16 days.




. e !
174 SUPHINDRA NATH GUrra oW

The tests were carried out in May 1949 at the f

. L > fag ¢
working season when the plant conld he spared %OPLr{(‘(lllcoft,tile
Ordinarily during the working season, when plant would be —
red for other work, a test would take three weeks, - reqm-

13. PLUGGING OF WELLS

13.1. A well should be plugged at a depth where the found
tions could be reasonably expected to be gafe @L',"i.inqt,’ (,‘ ounda-
where the soil under the well would have safficient l;ea;i Su‘)ur‘ u"nd~
to take the loads coming on it. Generally speaking thon(-g C‘LI;‘“’.“D)
plans of the fifty year old railway bridge upstream g‘h\';\ N oon
tion of the likely scour depths. For hearing capa,("{t ILtD l'n(hpu,-
that where a well was to be plugged in soft strata it,\viuld :V“-xl folt
tested. When a well was plugged in sandy strata (00 e f)ad_
which, in a confined state, has great bearing ‘C“'Péwit it Fb;se sand)
insared that there was adequate depth of sand bélov&th ) L](mld he
depth of 15 ft. of sand below the plug was considered S;Lf((z e A

13.2. In P, and P,, which were to be plu : .
soft black clay, an attempt was made to de?ivzmgt%idtﬂé cgvgrl;ar\atlve]y
tely and to increase the bearing area by undercutti 8 tmmple.
carb all round and to form the plug in the shape ngf ‘he well
somewhat like the lower end of a Franki pile. Thep aio a bulb,
make the concrete plug extend by one foot heyond ntlh wag to
face of the well steining all round, and to a thickness fe outer
three feet below the cutting edge. Tt was intended to ln?z i about
diameter rods spaced about 12in. apart in the plu I; e } ‘mf:h
bottom as possible. But when in well No. 7 the nge(f]n?dl its
depressed from R. L.4-47.00 to R. L.4-5.00 the well sank sell‘}le(i was
by 8 inches. Similarly well No. 6 suddenly went down b ;&ly
inches (vide para 12.5). Well No. 8 also behaved similarly Th3
attempt to form bulb plugs was then abandoned. and o Y- e

was resorted to, as already described. ad testing

13.3. The design depth for the bottom plug in I: §: 4

concrete in a well is 5 ft. 44 in. above the cutting edwe tement
No. 1 to 6, however, it was decided to have 9 ft.é% %?1 []n wells
1:2:4 cement concrete, Concrete of 1: 3: 6 mix way used 'inri):}?eg;) in

:  plug

in well No. 2 but water continued to ooze through it
that this was due to hydraulic pressure in the Artesian
the plug and a richer mix and a thicker plug wor
adopted. -

13.4. In laying these plugs under we o
by means of a cage illnsm'aged gin Fig. 5_W&fcf Il.’s ioggi)‘:zz;g was  done
box with two hinged lids at the bottom and a sliding 1;q Bsta(\,l-plat,o
The oage was charged with almost dry concrete gandv ai the top.
down into .tho.well, the load being taken by the wire 7 slowly et
B, (which is hinged at C), rod D, and the ‘two lid chﬂir?é) ?EA’ V}&;)l()k
{49 . en

It was folt
strata under
e afterwards
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the cage touched the bottom of the well the wire rope A was slack-
cned, the weighted lever came to the position shown dotted and

reloased the rod D. Next the cage was pulled up. The four ropes,
F, which remained slack going down then came into Play and
pulled up the cage. The lower lids opened and deposited the

concrete.

CAGE FUR CONCRETING BOTTOM PLUG.

v Rope A
Cc
Hook B
: LEVER: ﬁG: No. 5.
AV weighted)
Rod - : \
‘ .
F ; lL' SLACK (6001_9 down }
"-(J,;'ﬂ" F

| connecTinG (GenToAL)

/“‘ Roo y D.

",
13 }/:. E //./o CLOSING ConcRETE Box
]

h
H

It n ":
', oM co~4 Lo Qpens RETER

§ i Comnmecring Roo 75

" i LELepsap FROM THE Hook .

13.5. After laying the bottom plug, the well was filled with
sand and the top one foot plugged with 1: 3: 6 cement concrete
flush with the top of the steinings.

13.6. Over the top plug the well cap, 30 ft. by 16 ft. 6 in. by
2 ft.,"was laid with vibrated reinforced cement concrete, 1: 2: 4,
with about 2 per cent 'reinforcement. The vertical steining rods
were bent into the well cap.

4
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13.7. The top R.L. of the well caps was at +50.00.

~13.8. On the well caps, the piers are being built, boing just
laid on the caps, and not ticd down to them. The piers are placed
exactly where they should he ag originally designed, irrespective of
the ‘slight shift or twist of the wells. These piers P,, P,, P,, and
P,, where the shift of the wells was nominal and nogligiblel, were
built according to plan. P, where the shift was 143 in. still remains
unbuilt.

14. POWER USED IN SINKING WELLS

14.1. The average power used in sinking the wells per foot
depth has been worked out  trom the accounts’ maintained on the
work. The power wonld naturally vary with the soils encountered
and the efficiency of the equipment used. On the whole, well sink-
ing on piers Py, Py, and Py took 14.9 H.P., working for ono day, por
foot in strata as shown on the boring chart in Plate 11, Details are
given in the Table No. 3.

15. A RUMOUR AND A SCARE.

156.1. Before ending this brief Paper, the author eannot help but
refer to the rumour that sometimes spread over the whole of Orissa
thathuman sacrifice still formed an essential part in the COBS’DI'uctim;
of bridges across mighty rivers. The Presiding Deitics of the Indian
rivers are said to demand propitiation before they will permit any
‘bonds’ to be thrown across them. A vumour still persists that
humaun sacrifices were made at the time the Mahanadi Railway
Bridge was constructed. = There is no accounting for the impressions
to which the ignorant, superstitions mind elings nor of the manner
in which rumour gains ground.  Here was one instance: Because
of illness of one ot her children, a religious minded lady of Cuttack
decided to offer prayers and the feeding of poor children formed a
part of the ceremonies. One evening she sent her cook to get toge-
ther some children for this purpose.  While he was on this errand,
Dame Rumour siezed upon the opportunity and some-how the
impression suddenly got round that some one was collecting these
hays to sacrifice them for the suceessful construetion of the Kathjuri
Bridge. Suddenly the poor cook found himself surrounded by a
hostile crowd who started heating him up.  As a result he was in
the hospital for a month,

15.2. A possible explanation is that fatal accidents which
sometimes happen in such big constructions are aseribed hy the
credulous to the irate River-God.

16.3. 1In order to counteract such wild rumours the Loeal
Government had to issue a notice in the Press to remove this
impression from the public mind.

WxeLL FouNDATIONs oF THE KATHIUDRI BRIDGE

TABLE 3

HORSE POWER USED FOR WELL SINKING ON PIERS NO. P,, P, & P,

R R
Burureys
Jo y3duorg

Air.-Compressor
for pumping.
Capacity 20 H. P.
- Days
worked

{

Days worked ‘ H.P.-days

Capacity-10 H. P.

Boiler, Cranes etc. 2 sets

[

P.-
days

H.

Lorries employed to
carry Kentledge.
Capacity-25 H. P.

Days worked

days

H P.-

Water Pump
apacity-6 H. P.

Days
worked

Z |C

"ON 1013

36

260 1620

i3

12.0

62%x2=124

0

120

20

96

120 1126

6

660

10 250 33x2= 6b

96

16

1432 98

200

860 10

86

x 2

33
~&

300

12

4178 280

580

2760

19

288

Total

Therefore H. P.-days used for sinking per foot of well = %'/ =14.9 H.P.-Days (approx.)

177
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Appendix |
MACHINERY, TOOLS, AND PLANT

1. One 9.6 H.P. Cooper Engine is u © runmi iff
ept.machines in the workshop. gIt oonslfxiﬁa:m:i lgl::ll::)lllllg tg)lfe il)]'ﬁel,‘;
oil in 8 hours. There are two lathes, two drilling machines, a bl les\(.
a screw-cuttlyg machine, and a [hack-saw in the WOl‘k’S‘h ow‘uli
worked by this engine. The capacity of one lathe is 10 ft 'u(ig’tl ('bt
of the other 6 ft. The power drill (3 H.P) is used for drilling holes
in structural steel. The capacity of the 6.H.P. screw d t,o' "
machine is 4inches. The hack-saw (2.H.P.) is used-for cuttir?u 'r;m)gl
stracturals upto 12 inches gize. Rods, flats, and plates are N
oxy-acetylene flame. ’ plates are cut by

2. 1In addition to the above there are other machs
deaombed bl other machines as

2.1. Bandsaw (20 H.P) and Circular saw (12 H.P .
timber, These are worked by a diesel engine éonﬂuz.ni'r)l fOf1 cut&mg
fuel oil in 8 hours. g gallons

2.2. Welding sets :— Two anits. They work at
a,n(lllt&k%up 300 im:lp s. All the welding for the formd'wgrok Ht}i
well curb cutting edge, and superstructure stagi ’
these two sets. staging was done by

2.3. Diesel generating sets :— Two units, 30
17.5 K.W., qonsqming about 16 gallons and 12 gauOnE'\le-e lagfll
gequctwely in eight hours. The former is used for genen:}
hghtfmg pu}:posesk&nd 318(})1 f?r lighting up the area near the bridge
aite for night work, and the latter for running six drilli ;
and other minor plant. g 81x drilling machines

2.4, Air-Compressors;—Two units. One works at
and an%:theﬁ' at 90 H.P. delivering air at 100 lbs I?el' 5iq]i;£;
inch. Each consumes 16 gallons of diesel oil and t
lubricating oil in eight hours. wo gallons of

The compressors have multifarious uses. The .
od air to vibrators, to the air-lift pump, gn?lug gg@‘;?ﬁges;-
the diver when he goes down the well. Hardly a day has pas d()
when the compressors remained idle since pumping water frgm St?h )
well is & most convenient way of sinking the well. e

2.5. Boilers— There are eight boilets at two .
. per pier (two

wells). They work at 100 lbs. per square inch :

stoam for the winches. 1 prossure supplying
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2.6, Grabs— There are eight grabs, of two types:

() Clam shell or cireular plate grabs of the type of Bell’s
patent dredger.

{b) Tooth grabs or Grapple-dredgers—

The capacity of a plate type grab is 20 cu.ft., the diameter
cight fect, and the weight I ton. The corresponding figuves for a
Tooth type grab are 20 cu. ft., six feet, and § ton.

2.7. Water Pumps.

(i) Ram Pump and Centrifugal Pump—The capacity of each
of these two pumps was 400 gallons per hour to a head
of 60 Tt at 10 H.P. These two pumps were used to putmp
water to the overhead galvanised iron tanks of 1600
sallons capacity at R.L. 110.00 on the left bank of the
viver from where water is supplied to the whole works
by a network of galvanised pipes.

{it) Sump pumps. The capacity of these three pumps is
10,000 gallons per hour cach to a head of 40 ft. They
are driven by compressed air at 100 tbs persq. inch and
are used for pumping water from the wells.

(i) Airlift Pump—4 Nos, The capacity of these pumps is
20,000 gallons per hour each to a head of 90 to 100 ft.
These are run by compressed air at 100 Ibs. per square
inch and are used for dewatering the wells. Being
very effective they are almost afways in use. But there
is one drawback. 1f the suction is placed near the
cutting edge, the compressed air disturbs the soil
(especially when there is a sump). Further it requir-
od at least 20 ft. head of water to work, i.e., dewater-
ing cannot bo done completely for the last 20 ft. of

water.

(iv) Pulsometer Stesln Pump. The capacity of thisg pump
is 25000 gallons per hour to a head of 80 ft. Being very
officient it was much used during the earlier stages.
Later on difficulties arose regarding the supply of steam

a5 the boilers were mostly required for other works and
use of the pump was reduced.

2 8 Cranes. Two Nos; one self-propelled. The capacity of
each is 5 tons at 26 H. P. Length of jib-50 ft.

- 2.9. Crushers: Two Nos. They worked at 40 H, P.und can
orush 2000 to 2800 cu. ft. in cight hours consuming 1 gallon of
diesel oil and 1 gallon of Inbricating oil per hony. There are algo
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two granulators, fixed up at Tapan varrv. with - : :
400 cu. ft. each of stone chips prér c;gayq cl)gfmg ’hg&ﬁt * ﬁz}?paexty %
shows a crusher at the bridge site. ' oto No. 6

2.10. Shingle washers:-—2 Nos. The k
})eing 1000 c.ft. in eight hours. Water :L);l(‘lv:)l;livits}igdH&PE fmtput
111t1.'oduced at one end of the drum having spiral )Iaf‘a' Teide
which was rotated slowly by an engine. Washed met'n}l 'mtiq o ?ilge
water came out at the other end when the water ) f]‘ (xlnu v
leaving the clean metal. owed away

Photesraph 6. Stone crusher at Bridge site.

2.11, Concrete Mixers: Eight Nos. Th
concrete mixer: 8 ere were two types of

(i) Rotating-drum type- 4 Nos., 3 cu. yd. capaci
. R - ya. city.
work at 10 H. P. consuming three gallons oflzlie:;é‘; oéll'hesg
% gallon of lubricating oil in eight hours. Generally s an
seven hours were required to cast four feet of the }; 1X to
wall of 1088 cu. ft. approximately. Stelntng
(i) Tilting-drum type- 4 Nos., capacity 10/7 wj
;:olr)lspmtl?tlon _lthree_ glia,llﬁns of diesel oil’aJn(;v lgh gla(,)ug; I;i
ubricating oil in eight hours and out C
-8ix to seven hours, out put 1088 ou. ft. in
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2.12. Derricks:—Six derricks with winches were used in
the place of cranes to facilitate sinking operation. The derricks
were built up of two wooden poles 25 ft each and joined by four
bull-headed rails 10 ft long & 7/8 inch diameter bolts. The jibs were
(0 ft long composed of two 30 ft wood poles and joined in the same
manner. Generally 8 to 10 hoars were required for 20 khalagis to
assemble one jib and derrick.

2.13. Avery Testing Machine (Portable).

The machine is very handy and is specially designed for carry-

‘ing out compression tests on cubes of various materials. The load

is applied by means of a hydraulic cylinder and pump mounted on
a strong, one-piece cast steel frame. The oil reservoir is contained
in the base of the machine and a double-plunger hand-pump fixed
to the side of the frame. A release valve is provided for lowering
the ram to the bottom of the cylinder.

The load is indicated on a pressure gauge fitted with a lagless
maximum pointer, and graduated from zero to 100 tons by divisions
of 0. 6 ton. An additional gauge was also provided with a stop
valve with graduation upto 40 tons by divisions of 0. 2 ton.

The machine was received in April, 1949. Prior to that all
test cubes were sent to the Alipore Test House, Calcutta, for

testing.
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Appendix I
Engineering Appreciation of Materials, Tools,
Plant & Labour required for Kathjuri Bridge Construction.

2 é’ Item Number or Quantity
/2 L
A. MATERTALS
1 Cement 5500 tons
9  Steeol 3000 tons including 1500
tons of pig iron and
rails for kentledge.
3 Coal 2000 tons.
4  Stone chips, metal and
plum stone 9,00,000 Cu. ft.
B. TRANSPORT
1 Wagons 2,600 Nos. for collection of
materials, tools& plant,.
2  Trucks 20 Nos. ~-do-
3  CQCountry boats 5 Nos. —~do-
" (0. TOOLS & PLANT.
1  Crane 2 Nos.
2  Derrick set 6 Nos.
3 Winch 8 sets.
4 Boiler 8 Nos.
5 Pumps
(s) Sump pump 3 Nos.
(b) Air.lift pump 4 Nos,
(c) Pulsometer pump 1 No.
6  Air Compressor 2 Nos.
7 Concrete Mixer 8 Nos.
8 Diver’s Pump 1 No.
9 Big Screw Jack 6 Nos.
10 Water Supply pump with Engine 2 sets.
11  Eleotric Generating Set 2 Nos.
12 Welding set 2 Nos.
13  Stone Crusher 2 sets.
14 Gravel Washer 2 Nos.
15 Workshop Machines
(a) Lathe 2 seta.
{b) Drilling Machine 2 sets,
(c) Band Saw 2 sets.
(d) Screw Cutting Machine 1 get.
(e) Hackeaw 1 set (Power driven)

16 Ram Pump and Centrifugal Pump 2 setsfor water supply.

D. LABOUR AND STAFF. 1500 Nos. (including skilled
and unskilled labour)
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Appendix 1]]

Extract from the Specifications and Data for the
Design of the Bridge

The bridge shall consist of 1: 2: 4 reinforced concrete balanced
cantilever and suspended span superstructure, supported on ade-
quate piers and abutments made of 1: 3: 6 lightly reinforced mass
cement concrete or brick or stone masonry of a twin well of ade-
quate dimensions founded at the correct depth and constructed to
approved specifications. The abutment foundations shall consist
of concrete of adequate dimensions, founded at the correet depth
and of approved specifications, executed in open digging.

The following shall be the requirements in designing the
bridge +—
(a) Accommodation for traffic :—

(i) One roadway 24 ft. clear width between kerbs.

(iiy Two footpaths of 6 ft. clear width each—one on
each side of the road.

(b) Numbers of spans and lengths :—
17 main spans of 160 ft. each centre to coentre of piers.
2 End Cantilever spans of 54 feet each.

(¢) Levels and heights on the bridge :—

(i) Finished level of caps of piers and lowest part of
span bearings—not lower than R. L. 81.5.

(i) Finished level of the lowest edge or face of the
superstructure at the middle of the main spans—
not lower than R. L. 91.5.

(iii) The crown of the road over the whole of the bridge
to be horizontal—as low as possible but not lower
than R. L. 100.75.

(iv) Footpaths shall be twelve inches higher than
the adjacent road.

(v) Top of handrails shall be three feet higher than
" the adjacent footpaths.

(vi) Tops of steining of well foundations not higher
than six inches above the lowest river water level
in the dry season.
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{vii)
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Base of well foundations of piers at R. L. (—) 35.00
in case of 12 piers and at somewhat higher levels
for the remaining six piers. (This has subsequently
been changed due to the anreliable behaviour of
wells daring sinking—Author).

(viii) Base of abutment foundations at R.L. 64.50.

(d) Bearings:—Of adequate design to provide suitably for
good distribution of load expansion and contraction
due to temperature and for rotational and other effects
due to deflection.

(e) The design shall be good for the following standards of

loading, stresses, physical conditions and other
nalia of design practice :—

(i)

(ii)

(iii)

(iv)

)

(vi)

pampher.

Hydraulic data :—
Observed H. F. L. — R. L. 79.00
Estimated discharge — 577,000 cusecs.

Estimated mean Velocity in the unobstructed
Channel — 5 ft. per second.

Estimated scour level at piers in the main stream -
R. L. 6. 5.

Estimated scour level at other points —

Twice the difference hetween H. F. L. and dry
geason bed level.

Live loads for roadway :—

2 traffic lanes of Class A (since changed to class
AA — Author) loading with impact as prescribed in
clauges 205 and 209 of the I. R. C. revised draft
Bridge Code (1946).

Live loads for footpaths as prescribed in clause 207
of 1. R. C. revised draft Bridge Code (1946).

Wind load, horizontal load due to water currentg
longitudinal forces, buoyancy effects, earth pressure:
effects, temperature effects, deformation and secon.
dary stresses and erection stresses in accordance
with clauses 210, 211, 212, 214, 215, 216, 217, 218
219 of L R. C. Revised Draft Bridge Code (1946).
No allowance need be made for Seismic stresses,

Handrails to be designed in accordance with require
ments of clause 112 of the same code.

Temperature variation — plus & minus 30°F,
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(vii) ModularRatio for reinforced concrete design — 19

(viii) Permissible stresses shall be taken as under:—
Compressive stressin 1: 2: 4 concrete in reinf(lwrccd
concrete members sabjected to direet compression——
600 1bs. per sq. inch. Shear stressin 1:2: 4 rein-
forced cement conerete — 75 Ihs, per sq. inch.

Maximam extreme fibre compressive stress in conerete of
reinforced concrete members subjected to flexure — 750 the. per
sq. inch,

Tensile stresses in steel reinforcement in reinforced concrete
beams, eantilevers and slabs — 16,000 lbs. per sq. inch.

Bond stress between 1:2: 4 concrete and Steel — 100 1bs.
per 8q. inch but when the reinforcement is in the form of plain
hars used to resist tensile stresses induced by bending the bhond
stregs calenlated from the eqation —

Total shear of section

Bond stress = flidant : e
arm of moment of resistance x perimeter of bars,

shall not exceed 200 1bs. per sq. inch.

Average pressure intensity on foundation soil at R. L. ()
35.00 is 7 tons per sq. ft.

The latter may be increased for greater and shall be decreased
for Jesser, depths of foundations at the rate of 0.05 ton per sq. ft.
for every foot of difference in the depth.

No reliance shall be placed on the effectiveness of skin friction
to decrease pressure. The pressure intensities over foundations soil
50 arrived at shall not at any point be exceeded hy more than 25%
under the worst combination of loads.

. Pressure on soil in foundation of abutments—1 ton per sq. ft.

Pillars marking the exact line finally adopted for the bridge
shall be erected about 60 {t. beyond the abutments at each end of
the bridge to enable a check being maintained on the centre line
throughout the execution. A sufficient number of stable masonry
hench marks and other reference marks shall also be provided at
suitable locations to enable a complete check being maintained on
the correctness of various levels and positions.  The exact posit-
ions of the abutments, piers and foundations shall be most accurate-
ly determined and adhered to using the hest steel tapes and other
suitably accurate survey instruments. '

]
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FOUNDATIONS.

1. General Design :— Kach picr shall be founded on twin wells
built over veinforced concrete well curbs sank to approved levels
vide bridge plan.  In the event of these levels heing
varied under the orders of the Chief Engineer, plus or minus
adjusment shall be made from the contract price as may be
necessary at the time of payment. Foundations for abutments
shall be executed in open digging and taken down to Jevels indiea.
ted in the pecification.

The design of the curbs, the dinmeter of the wells, the thickness
of the steining and its reinforcement shall be adequate to ensure
trouble free sinking without much use of kentledge and to safely
withstand stresses that may come upon the steining as also upr).n
the base of the foundations wnder the worst combination of loads
during and after execution of work. The design shall also be
adeguate to allow for aceidental accentricity and shocks duving
sinking,.

The diameters of wells, and thickness of steining shown in the
plan shall be taken to he provigional hut minimum, they shall he
snitably increased if found necessary on detailed examination or to
auit materials employed or methods of working and no extra pay-
ment will be due on this account, All vertical reinforcement in
the steining shall be properly connected into the hody of the vein.
forced concrete curb at the bottom, )

9 Well carbs :—— Shall consist of suitably designed reinforced
conerete 1:2:4  with strong steel cutting edges efficiently anchored
to the body of the reinforoed cotcrete. Rods anchored in the hody
of the curh shall be left projecting upwards to form the vertical
reinforcement of the steining. The amount of reinforcement. in the
reinforced caoncrete well curb eovered by the contract is not excee-
ding 13%. The designs shall be suitable for the diameter and width
of steining adopted for the wells and shall e otherwise sufficiently
rigid and appropriate to enahle trouble free placing and sinking, ‘

3. Steining of the wel}s:wshnll consist of either of the
following materials at the option of the contractor suitably rein-
forced with steel bars not exceeding 1 % of the steining hy velume -

() 1:3:6 Oe}nent concrete. Round plums each not exeosed-
ing } cubic foot shall be permitted in steining of the
wells 3" or more in thickness provided that no plum
comes cloger than 9" clear to any face and 67 olec?r to

any other plum. No plums shall be all i e
less than 3{t, in thickness, allowed in steinings
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(b) First elass burnt bricks laid in cement mortar 1:6 ox best
kankar lime mortar 1:2.

(¢} Coursed rubble stone masonry first sort in cement mortar
1:6 or best kankar Hme mortar 1:2. The minimum
thickness for coment conercte shall be 8 and may have
to be greater for other materials,

In case of use of masonry steinings, the mortar sorrouvding
the steel reinforcement in the steining to a minimum distance of §
inch shall be sement mortar not poorer than 1:3.

The actual design adopted shall in every case he suitable for
the material used.

4. Construction and sinking of wells.

"The twin curb shall be placed or cast traly in position alter
excavating in the open as far as it is practicable to do so. The stein-
ing shall then be built upon it by stages to convenient fevels and
the twin well sunk true and vertical in the usual manner with the
help of dredgers and other plant. Any fendency to a departure
from the vertical or true position during sinking should be immedi-
ately investigated and corrected with the help of divers and [ or
special plant where necessary.  When the twin well has reached
its predetermined hottom level {or earlier in the coxe of unforeseen
happenings), the strata picreed wnd the hehaviowr of the well dur-
ing sinking shall be yeported to  the Chief Tngineer for orders
whether it is to be sunk further or treated otherwise. It may be
necessary on occasions to test the hea g capaceity in cases where
the predetermined depth is not veached, by Toading the well to the
design load phis additional load to compensate for the frictional
rosistance of the river hed material upto 3 Cwi. per sq. ft. of well
surface upto the point of estimated maximuin scour. The Chief
Engineer may at his discretion presevibe an alternative mcthod
of testing, When the twin well has been sunk to the full required
depth and has been passed as truc and suitable. the bottom shall
be cleared up and levelled as far us practicable and plugged with
1:3: 6 comont conerete to a minimum thickness of 4 ft. and in sny
case sufficient to ensure that the top of the plug is at least 1 ft.
above the top of the curb so as to cover the entire curb portion
and a portion of the base of the steining., This concrete shall be
laid in still water by lowering the mixed concrete in a specially de-
signed water-tight emptying bucket,  After the plug hax set, the
twin well shall be filled up with elean sand yammed, upto the 10p
Jevel of the steining less the thickuess of the top plugs which Iatter
shall not be less than one foot thick und shall consist of 1:3:6



188
§ SvvHINDRA Nare (Guppa ON WgL, Fouxparions

OF THE KA’I‘HJURI RRIDHE

cement concrete. Tho fw:

tely coverel&rgt/(:b )ih(,\t}vm well of cach pier shall then be comple-

slab of adequaité 11:-10‘))12r y dcmgned reinforced concrete ) : 2 : 4 cap

foundation of the almt: s With reinforcement upto 2 9%. The

ness and sha)l outments shall be not less than 2 . &, thick-
5 consist of lime concrete, or cement concr;:te 1:4:8,

L
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1. FOREWORD

The Author had the opportunity, under the auspices of the
lTniversity of Utah, U.S8. A, in 194745 of undertakine on
original study of the effects of excessive moisture on the stability
of compacted soil. The research was conducted on two different
soil samples of different classifications. Four specimens of each
sample were prepared with varying compactive efforts the
moigture content in each case being the corresponding optimuw,
and were subjected to continuous soaking simulating field condi-
tions. This Paper presents a brief description of the investigation.

[E———

4 Received for pﬁbl‘icﬁtiun on 26-9-4;()—Secy.7 I R“. C
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2. INTRODUCTION

2.1. Only twenty yeurs ago, the pr i ivi i i

) ‘ , profession of civil engineering
had but vague ideas on the behaviour of soils. Many failfres Wert%
attributcd to « poor subgrade” without entering into detaiis as to
what was the real cause of failure.

2.2. The investigations at that time had th
3 ! e character of
professional adventure with doubtful prospects of succx:‘s(s ” A(f)tel:
years of research it became obvious that .

(a) earth is never uniform

(b) its properties are too complex for rigorous theoretical
treatment, and

(c) a mathematical solution is extremely difficult.

2.3. Extensive research developed in this field a fe
later, when two new developments were added ~ W years

iy A ﬁxgd classification schedule and a test procedure to
clagsify soils were adopted, and

(i1) a mathematical theory of stability with some concep-
tion of gmn_ular soil, cohesive soil, and moisture
content of soil, was cstablished.

2.4. Almost simultancously, to be precise in 1933, R.R. Proc-
tor _of Los Angeles created a landmark by furnishing specific
relations between moisture content and density of soil.

2.6. The California Division of Highways, who earlier deve-
loped their own method and equipment for determining the optimum
moisture content for optimum compaction, adopted standard goil
control procedures correlating soil compaction, bearing ratio, and
expansion tests, to an optimum limit which could be simulated in
actual field operations within the range of cconomic expenditure
and practicability.

3. STABILISATION OF SOIL DEFINED
AND DISCUSSED

3 1. Soil stabilisation, though the term is rather loosely used,
now covers the entire field from consolidation of clay and adobe
soils at optimum moisture without admixture to the latest develop-
ments in emulsified asphalt and soil cement mixtures.

3.2, Soil stabilisation, as defined by (. A. Hogentogler for-
merly of the U. S. Bureau of Public Roads, is “The prooess
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of giving natural soils enough abrasive resistance and shear
strength to accommodate traffic or loads under prevalent
weather conditions without detrimental deformation. The essential
consideration in stabilisation is to provide the combination of
internal friction and cohesion required to furnish the soil with high
shearing strength. It is well known that the denser the soil, the
greater is its stability. The methods employed include the use of
admixtures, compaction, and laboratory control. Optimum water
content is fundamental with gradation. Admixtures may be soil
materials, deliquiscent chemicals, solutions of electrolytes, soluble
cementitious chemicals, primers and neutralisers, and insoluble
binders.”

3.3. The essential features of stabilisation include prevention
of clay, silt, and loamy soils becoming detrimentally wet, incorpo-
ration of granular materials in clay soils, addition of cohesive
binder to granular soils, or combination of one or more of these.

3.4. There are different methods of accomplishing stabilisa.
tion of soil which are classified as follows :—

(1) Mechanical methods viz.,, compaction or densification.

(2) Stabilisation by inert or chemical admixtures, or
cementitious materials,

3.5. The difference between compaction and densification lies
in the control of the soil water. In the former, neither the thick-
ness of layers nor the moisture content is critical, the density
produced being qualitative. In the latter the moisture content is
critical and the corresponding density is quantitative in character.

3.6. The stability of densified soil water mixture plays a very
important role in the design of low cost flexible pavements.
Irrespective of the combined or individual strength of subgrade,
sub-bage, and base, at the time of construction, its future value
depends on the amount of water that can enter the various layvers

when subjected to inundation.

3.7. Tt is a known fact that, within certain limits of plasticity,
the strength of a plastic soil mixture varies inversely as its mois-
ture content. There are some soils which would be satisfactory if
compacted by using more compactive effort than ordinarily applied.
Looal eonditions will determine whether a soil requiring excessive
compactive effort is more economical than one which compacts
readily but costs more to procure.

4. THEORY OF COMPACTION

4.1. Three theories advanced so far to explain the soil eom-
paotion phenomenon are as follows:—
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(a) Proctor’s theory or Lubrication Theory.
(b) Theory of Moisture Films,
(¢) Surface Tension Theory.

M’echtxnics of s0il water mixture is fundamental in most of thege
theories.

4.2. The most plausible theory outlined by R. R Proctor!
gays that the ordinary soil mass is composed of gmvéls sanda
gilts, ani clays, and compaction is the wet of forcing the ﬁné rains
into the voids botween the larger grains. Proctor contendgrglllnz
water coats the surface of soil graing and serves as tount
rcducing the resistance due to internal friction hotw
grains,

4 lubricant,
ecn the soil

4 3. As the moisture content is increased. o oint will
reached where the compactive force will 0V01‘con’10 tl?isl ) \‘m' be
and will cause the fines to be forced into the voids betwms{(lme
larger grains, and the maximum density will be obta,ine‘dw???h.th.e
the optimum density at the optimum moisture content, hi ;\s]s
the Iubr.cation limit, under a particular compactive effort, ok 18

4.4.  As moisture is increascd beyond this point, the compactive
force compresses the small volume of entrapped air in the soil mass
This compression gives rise to hydrostatic pressure, which tends to
separate the soil grains by partial flatation t‘he;’eby causing :
reduction in density. ’ T o

4.5. The sccond theory, advanced by €. A, Hogentogler Jp?
indicatos that, it the moisture content was low ahd the %noistll;r"
films very thin. there would be high resistance betwoen the soiol
graing as the thin films are extromely cohesive. As the moisture
is increased, these films would become thicker and less (:oh(:sivel
enabling them to serve as lubricants. Near the Vm'wimu N
density, these filins reach a thickness w hich gives a cohesive éfnen t[;]
at the points of contact that just fails to balanco the m{m 1(*tg :
force.  This allows the compacting force to urr:xngu“rhg %igxng
clticiently irto the voids of the larger grains and rcﬁult o
maximum density. ) ‘ s

4.6. As the optimum moisture is exceeded, the increase in
film thickness causes a corresponding inercase in the separation of
the soil grains and. consequently o deerease in density.  Algo, as
the films thicken, their strength iy decrcased, resulting i'n. (]coren’s:?d

| y e e Lo .
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stability of the compacted mass, which is reflected by the rapidly
decreasing penetration resistance.

4.7. The third theory is hased on that property of soil
moisture known as surface tension. This theory contends that the
moisture throughout the soil mass creates surface tensions which
aid the compacting force in pressing the soil grains into closer
contact. It is the conventional explanation of the shrinkage of
fine-grained soils and also the explanation of their cohesiveness.

5. THE REASONS FOR COMPACTION
AND ITS EFFECTS

5.1, There are three basic reasons why a soil in a subgrade or
in an emhankment is compacted :—

(1) Reduction in permeability,
(h) Reduction of settlements,
{¢) Increase in stability or shearing strength.

5.2. The most logical deduction with regard to the benefits of
compaction is that, with increased density, a soil will have less
water content, and this is desirable if a soil is subject to saturation
after compaction,

5.3. On boearing tests it has heen found that, by compacting
a subgrade, the bearing capacity may be increased as much as 150
per cont in some casges, which is certainly a strons point in favour
of compaction.

6. EFFECTS OF MOISTURE ON COMPACTION

6.1. The frictional resistance hetween soil particles determines
the plasticity of a soil. The addition of water to a very dry soil
reduces the capillary force, and this has two effects: (1) the
particles spring apart slightly and (2) the frictional force between
them is reduced. The soil is then more plastic and has expanded
slightly in volume. This effect continues with the addition of
water to the soil until the forces of capillarity are almost entirely
releaged and no further soil expansion oceurs. The limit of
lubrication is reached when the voids become filled with water.

6.2, The most important principle of compaction is the effect
of moisture content of a 80il upon the density to which it may be
comnacted, For a given method of compaction of a soil, a very
low moisture content may result in a hard fill having practically
no plasticity, while aslightly higher moisture content producesasoil
of greater density that contains less voids and is more plastic.
This effect continues until the moisture content, with a small

6
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amount of contained air that the comprction process eannot
remove, becomes just sufficient to fill the voids when the
compaction process is completed. A hizher moisture content
limits the compaction of the 80il to a point at which the voids
equal the volume of the contained air and water resulting in a
compacted soil with more voids, less den.swy, and increased
plasticity. This effect continues with the increase in moisture
until the soil becomes too plastic to sustain compactive equip-
ment.

6.3. In order to study the effect of moisture on the compag-
tion of soil, let a typical density moisure curve be examined.
(Fig. 1). A soil compacted at six per cent moisturc will, to all
appearances, be an extremely stable compacted mass. Howaver,
in this condition, as may be scen from the figure, tho mass has
about twenty-six per cent voids by volume and can take on water
up to about 13.2 per cent mmstu_re by weight, when it becomes
gaturated. At 13.2 per cent moisture, the wmaterial would be
relatively unstable, as indicated by a ponetration resistance of
practically zero.

6.4. The soil compacted at optimum moisture (8.5 per cent)
may be compared. This soil i3 not nearly so firm as the ono
compacted dry as indicated by the penotration resistance of about
2,350 1bs per sq. inch. But it can take on water up to about 10.7
per cent only. At this saturated moisture, the indicated penctration
resistance is about 330 1bs per 8q. inch, or some 33 times firmer
than the same soil compacted dry.

6.5. This comparison shows how variations ip placement
moisture affect the predicted stability at saturation This analysis
is largely synthetic in nature and may not be strictly true, as tho
materials in a structure would consolidate to some oxtent as
construction progresses. Consequently even before the structure
is saturated, the consolidation of thoe soils especially those at tho
optimum moisture or above, probably would increase in donsity to
such an extent that the final (saturated) mojsture would be limited
to even less than that indicated. Materials placed dry aund hard
have been observed to scttle very little under average load condia
tions and take their scttlement as they are saturated On tho
other hand the scttlement of material at optimum moisture
not appreciably affected by the saturating water.

6.6, Observations made both in the laboratory and tho
field show that materials placed dry show much more fing) settio-
ment than materials placed ab the optimum density
The settlement curve has about the sam: shape
tion curve and shows the minimum settle
the optimum conditions,
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6.7. Another important coensideration of the cffect of
variation in placement moisture is the permeability of the soil
mass. Observations have shown extremely wide variation in the
permeability of the soil mass, depending upon placement
moisture conditions. In general, these observations have shown
that soils compacted dry have percolation rates that are many times
(as much as several hundred times for some soils) the percolation
rates of the same soils compacted wet. Undoubtedly this is trae
for a short time, but whether or not it remains true in a struciure
is » question that is yet to be answered. The important conside-
ration is the rapid saturation of the structure.

7. EFFECTS OF VARIATION IN THE
COMPACTIVE FORCE

7.1 The foregoing paragraphs have shown the trends in
variation that are produced by changing moisture conditions
assuming the compacting force to be constant. Observations have
shown, as will be described later, that these trends are still
relatively true as the compacting force is changed.

7.2. Many ob{servations have been made in which the compac-
tion has been applied in different manners. But all of them gave
the same general trends, They indicated in general that -

(a) The density obtained is a function of the work
applied.

(h) Within limits, the method of applying the work is not
important.

(¢) Within limits, increased roller weight is more effective.

(d) Increase in demsity for increased roller trips up to ten
or twelve passes has been favourable but beyond this
comparatively small, )

7.3. Experiments have established that for cach compactive
force there is a different optimum mojsture. As the com a‘ctive
force is increased, the optimum density becomes higher -\gd the
optimum moisture gets less. ) '

7.4. The increased compaction not only piv
. ) Y gives more {3 .
able density but gives a much more gtable mags, as illdicaigim;r
the penetration resistance. 'y

7.5. Variations in moisture content will
efficient construction control operations, Var;
moisture are relatively less harmfu] when bea
Howevec,gifwljgl;ti rollers are used, the moist

accureven with mogt
ations from optimun
vy rollers are uscd.
ure must he rigidly

L
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controlled to give satisfactory density. The modern trend towards
adoption of heavy rolling equipment is thus explained,

7.6.  Another advantage gained through inereased comypuction
is exhibited by laboratory observations of settlement shown
graphically in ¥ig 2. There is a significant reduction in settlement
as the compaction i8 increased.

7.7.  An appreciable decrease in permeability is observed in
materials compacted with incrcased effort but the difference seewms
to be less pronounced than that noted with changes in placement
moisture. Specimens compacted to higher densities with higher
compactive efforts prescnt higher penetration resistance. This
seems to indicate an increase of the saturated stability. This
phenomenon will be brought out in greater detail in the investi-
gation that follows.

8. SWELL OR LOSS OF STABILITY IN WATER

8.1. If the free surface of a layer of plastic or semi-solid clay
is covered with water, the clay expands. This swelling represents
the elastic expansion of the clay caused by the elimination of the
surface tension of the capillary water. Water enters through the
free surface and flows into the interior, impelled by the hydro-
static stress difference between the surface and the interior, and
so causes the increase in bulk.

8.2. Tf, during a compression test, the water is completely
Arained off the surface and the external load then removed. the
volume of the clay remains unchanged, because expansion would
require increase of the moisture content and there is no free w;\ﬁer
available, On the other hand, when the volume remaing
unchanged, equilibrium is maintained by the surface tenszo'n of
the capillary water taking the place of the exte.rna‘l load, Like a
rubber skin it opposes any tendency to expansion.

8.3. The extent to which water will be absorbed depends
upon both the capillary properties and the degree of cohesion
possessed by the soil.

8.4, Sufficient cohesion existing between the soil particles

will prevent the entrance of water in an amoust sufficigpt to cause
the soil to lose stability, unless the sojgfts manipulated. o
amount of cohesion posscssed by a sqlt” of given consti t
depends upon both the moisturo contey¥ aid state of compad¥ %
expand depends upon both the degree offconsolidation und the ‘
moisture content of the soil before wetting, - o ‘

of the soil, Therefore, the relative amotint tg which the soil v
Ed - e~ i;
a0 / o,
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8.5. In the investigation that follows 8oil samples were com-
pacted with varying compactive cfforts and moisture contents and
thereafter subjected to continuous soaking to observe loss of stabi-
lity in each case.

9., PREVIOUS WORK IN THE FIELD

9.1. In the 193(0's, Proctor carried out laboratory compaction
tests on more than two hundred different soils, each of which was
compacted at several moisture contents by the process which has
now been standardised as the Proctor Procedure.

9,2, This procedure was repeated with all the specimens with
increasing moisture contents until there was no longer any increase
in density of the compacted mass, This gave the condition of
maximum density under this particular compactive effort and the
moisture content at which this density oeccurred was called the
* Optimum Moisture Content.”” In order to obtain a complete
moisture-density relationship curve beyond the optimum density
and optimum moisture, the test was repeated at least two times
more with increasing moisture content beyond the optimum,

9 8. The specific zravity of the soil particles was determined
in order to establish the position of the zero air-voids curve. The
method of obtaining this was important, due to its effect on the
caln ilation of the quantity of water that the compacted soil might
absorb.

9.4, The maximum unit weight obtained by the Proctor proce-
dure at optimum water content is maximum for that compactive
effort only. It is well-known that the compacted unit weight
obtainable at a given water content can be varied considerably by
changing the number of blows, or the thickness of the layers, or the
rigidity of tho support upon which the compaction is performed.

9.5. Tho cffect of the support on which the compaction is
performed has an important bearing on the accuracy of the results
obtained. In the engineering laboratory of the Natioual Park
Servico (U.S.A.), considerable variation bhas been found in the
compacted unit weight depending on whether the compaction
cylinder rests on the concrete floor, over the leg of a table, or in the
centre of the table. If a similar support were used by all tabora
tories results would be much more comparable.

9.6. 'The California Bearing Ratio tests were confined to deter-
mining the optimum moisture and maximum consolidation obtain-
able under a load of 2,0001lbs. per square inch and need not be
discussed here.
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%.7. The Research Division of the Texas Highway Depart-
ment, in co-operation with the Kngineering Experiment Station of
the Agricultural and Mechanical College of Texas, has made exten-
sive laboratory investigation on what actually happens to compact-
ed soils of different types under different conditions present in a
highway subgrade. One conclusion arrived at was stated as
follows :—

“ Within certain limits, reduction in the moisture content of
clay and increase in the compacting force applied, increase the
compressive strength and points are reached where further changes
in those dircetions cause a reduction in the compressive strength of
the soil structure.”

9.8. With the objective of investigating the possibilitics
of obtaining correlating information on density, strength and
moisture content of soils, Richard L. Sloane, conducted comprehen-
sive tests at the Engineering Experiment Station, University
of Utah during 1946, '

9.9. The four soil samples used in the investigation were
classified as A-4, A-2.4, A.3, and A 4.6 (Appendix I) on the basis
of liquid limit, plastic limit, mechanical analysis, and capillary
potential test results. The Proctor and the California Bearing
Ratio tests were also performed for the purpose of correlation of
the different controlling factors. The major portion of rese: rch
was devoted to investigating, for cach soil, the density and strength
relationships through the workable moisture range (dust to mud
extremes) and through a wide range of varying compactive cfforts
starting with twenty-five blows per layer, the Practor standard,
and increasing in uniform increments to as much as eight hundred
blows per layer as dictated by information gained in the previous
experiments,

9.10. The cxperimental works done at the University of
Utah taken as a whole, lead to the following conclusiong :—.

1. The Proctor anl the C. B. R. methods of compaction do
not reach the ultimate obtainable density. Possibilities for higher
bearing power and density still exist.

2. Higher « Ultimate Density ” for a given soil can be obtain.
ed with optimum compactive effort and at an optimum moisture
content corresponding to that compactive effort.

3. With the < Ultimato Density ", be
magnitude of 8ix or soven timeg that w
obtained will result.

. aring power of the
hich ordinarily would be
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10. THIS INVESTIGATION — SCOPE

10.1. The foregoing discussions, and more particularly the
Univeraity of Utah Research, have shown that a density higher than
that obtained in Proctor or C. B. R. methods can be obtained.
This consideration seems to be useful in design and construction
of highway and airport subgrades. It has, howecver, to be seen
whether this higher compactive effort can be developed cconomi-
cally with the existing or future hizhway equipment. Morcover,
the knowledgo of the maximum strength or density, as obtained
through initial compaction, is not adequate for final adoption in
design because it is o known fact that the initial density and
strength will be adversely affected by the presence of excess
moisture caused by seepage of surface water, or capillarity of under-
ground water, or by inundation. Tt is a matter of further investi-
sation to determine the actual nature and extent of the adverse
effect caused by excessive moisture.

10.2. This investigation attempted to throw some light on
the behaviour of compacted soil under excessive moisture. It was
contemplated to test two different sumples of soil, making four
specimens from each, compacted in the 1/30 cubic foot mould
under varying static loads, ranging from Proctor to (.. B. R,
limits, in equal increments with the corresponding theoretical opti-
mum moisture content in each case. The compressive strength
would be determined before and after the specimens were subjected
to continuous soaking till saturation. An attempt was then made to
correlate the compactive effort, and loss of stability duo to
swelling. It was thought possible to throw some light on the
following questions :—

(a) What is the nature and extent of swell in a soil sample
under continuous soaking ?

(b) Inwhat way is the swell a function of compaction ?

(c) Js swell a function of the initial moisture contentof the
specimen and if so, how ?

(d) Ts swell a function of time and if so to what extent?

(6) What relationship is therc between the Joss of
stability under water and the initial compactive
effect, ?

(f) What should be the optimum compaction for a given
soil.

10.3. In order to reply these questions, the laboratory
tests should be conducted under conditions that would closely

7
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simulate the field conditions. With that objective the following
asgumptions were made i~

(a) The subgrade could be initially compacted to pre-
determined optimum density with optimum com-
pactive effort.

(b) Soil within the subgrade is supported on all sides
except at the top and, therefore, resembles confined
soil.

(¢) The subgrade soil sustains a nniform load represented
by the base courses and the pavement abovo,

(d) The subgrade is saturated with surface or ground
water, which takes into account the worst condition for
design purposcs.

10.4. The ficld conditions were simulated in the laboratory in
this investigation in the following way i~

(a) The sample was compacted under a varying static Joad
in the compression machine.

(h) A surcharge load equivalent to the weight of an eight-
inch pavement was placed on top of the compacted
gpecimen while soaking.

(o) The specimen with surcharge weight confined in the
mould was surrounded with water to observe the
volumetric change and loss of compressive strength,

11. SAMPLES TESTED

11.1. The investization was conducted with two different soil
samples marked S-1 a.r}d'S-II. Sample 8-1 was obtained through
she State Road Commission of Utah and 8-1I from the excavations
of the new Book Store for the University of Utah.

11.2. Both the samples were pulverised, care being taken not
to crush the individual soil particles, and then allowed to dry at
the room tomperature. Classification tests were run on hoth the
samples. The goil S-1 belonged to P. R.A. classification A.9
whilst the second sample fell into classification A-2.4. A summur§
report of the classification is given in Appendix I1. The data and
results of different classification tests can also Le folund" in
Appendix T1. Sample S-1 was a poorly graded, plastic, sandy soil
having 9'6 per cent gravel and a very small percentage of silt and
clay in it, while sample 8-IT was a plastic loam with 2.98 I;er c:em;
gravel.
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11.3. The hygroscopic moisture of both the samples was
determined prior to the compaction and swell tests in each case.
This determination was important in as much as, while preparing
the samples at optimum moisture content for each compactive
offort, the hygroscopic moisture had to be taken into account
because of tho fact that the optimum moisture content lay ina
critical range and too much variation might have indicated results
least expected.,

12. APPARATUS USED

12.1. So far{as the classification teats were concerned, the
standard apparatus was used for the main investigating tests. In
making specimens with varying compactive efforts at their
corresponding optimum moisture contents, moulds similar to the
Proctor mounld were used. These moulds were also used in the
University of Utah Research described in the foregoing paragraphs.
A descriptive section of this mould is given in Fig. 3. The
main cylinder, made of black steel, bas an internal diameler of
four inches and an inside height of 4.59 inches. The cylinder can
be securely fixed to a base plate six inches square by means of two
bolts and nuts passing through two angle iron cleats welded on to
the oylinder opposite each other. :

12.2. The collar, 23 inches high and with 4 in. internal
diameter, i8 fastened to the main cylinder on to a V-notch
by means of three thumb screws passing through three vertical
flat straps spaced at 120 degrees, welded to the collar. This is
very important so as to prevent displacement or pushing up of
the collar under the pressure of the compacting machine or due to
swall,

12.3. A lead surcharge of ten pounds to fit inside the collar,
forms a part of this equipment and simulates the weight of
an eight-inch pavement on a subgrade. This load measures 3.9
inches in diameter and 2.5 inches high in the form of a solid
cylinder. A stud, having a circular head, is permanently seated
at the center of the surcharge load, to providea bearing surface
for the extensometer rod. To allow access of water above the
sample and below the surcharge weight, 1/16inch by 1/16 inch
slots are cut 1/2 inch apart on the under-surface of the load.

12.4. The extensometer dial to read the swell is fitted to a
device which can be seated over the cylinder. This device consists
of a dural plate with the three steel posts half notched and spaced
equidistant from each other. The whole assembly of the apparatus
is shown in Photograph No. 1
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Photograph 1. Apparatus For Soaking Test. Extruded
Samples, extensometer reading assembly. Surcharge weights.

13. METHOD OF INVESTIGATION

13.1. The main investigating tests were conducted on eight
specimens, four from each sample. The procedure was exactly
the sameo for either sample. This wus as follows :

13.2. After the classification tests had been run, the sample
of minus 4 size particles was tested for optimum moisture
content under the Proctor compacting effcrt of twenty.five blows
from a rammer weighing 53 pounds with a drop of twelve inches
in each of the three layers to fill the Proctor mould. Instead of
using the hand rammer originally used by Proctor, the automatic
tamper as shown in Photograph No. 2 was used.

13.3. When the Proctor optimum moisture had been
determined, it was time to run the main tests of this investigat-
ion. It was decided to prepare four specimens from cach sample
compacted with different compactive efforts varyirg from Proctor
to C. B.R. In order to do that. the following assumpticns
vere made ;—
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(a) Proctor compactive effort is equivalent to a statio
load of five hundred pounds per sq. inch.

(b) C.B.R. compactive effort is equivalent to a static
load of two thousand pounds per gq. inch.

(¢) For Proctor optimum moisture content less than
fiftecen per cent, the corresponding C. B. R.  optimum
for the same soil is 1.5 per cent less, and for a Proctor
optimum above fifteen per cent, the corresponding
(. B. R. optimum is two per cent less.

(1) The optimum moisture varies uniformly between these
two limits with varying compactive offorts but in
inverse proportion.

§i

s =

3
]
i

Photoeraph 2, Automatic Tamper,

13.4. Four specimens were made from eachsample compacted
at two thousand, fifteen hundred, one thousand, and five hundred
pounds per_squ;\rc'inch, setting the sample in each case at the
corresponding optimum moisture content calculated on the bhasis
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of the abovo assumptions and taking into account the hygroscopic
moisture present in thesample and the moisture that may be
lost by evaporation a3i the time of mixing.

13.5. A 2500.gram sample was weighed to an accuracy of one
gram in o shallow mixing pan. The requisite quantity of water,
to make up the optimum moisture content after it was mixed, was
then mixed thoroughly with the soil sample and tampered for a
few minutes under cover of a damp cloth to prevent evaporation.
The soil was then tamped into the tared mould and then compacted
to maximum dry weight per cubic foot under the four varying
loads of five hundred, one thousand, fifteen hundred, and two
thousand pounds per square inch through the hvdraulic compress-
sion machine shown in Photograph No. 3.

s

Lagent L4 L
et s AR T

Photograph 3, Hydraulic Compression Machine Compacting
Soil in Mould,
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13.6. In applying the load, the head of the compression
machine was operated at the rate of 0.05 inch per minute The
maximum compacting load in each case was maintained on the
sample for one minute and then releaged.

13.7. The mould was then removed from the testing machine
and, after removing the detachable collar, the excess height of the
specimen above tho six inch mould wae scraped off. The mould
with specimen was weighed to find out the weight of the compacted
goil specimen.

13.8. 'The specimen was extruded from the mould and tested
in the compression machine for the ultimate crushing strength.
Samples from the specimens were saved, dried in an oven and
weighed before and after drying to find out the actual moisturc
content after compaction. This also gave the dry density of the
specimens. ’

13.9. After having determined the crushing strengths of the
four compacted specimens of the same sample, the process was
repeated to produce four similar compacted specimens again. This
time, however, a thick blotting paper was placed over the base
plate and below the cylinder to facilitate percolation of water while
the specimens were placed in water,

13.10. After the excess carth above six inches of the oylinder
was struck off and the whole thing weighed, a filter pa])ér was
placed on the top of the specimen and the collar refitted in posi-
tion. The load surcharge of ten pounds was softly put on tho filter
paper and the initial extensometer reading was taken and recorded.
The cylinder with the specimen was then gently placed in a pan of
water, keeping the water level about one inch above the specimen
as shown in Photograph No. 4.

13.11. Extensometer readings were taken every day to measure
the swell or increase in volume til! the extensometer recorded on
further increase. The cylinders were tuken out one by one, surface

dried, and then weighed to find out the moisture absorbed. 'The
specimens were then extruded from the mould and tested at once
in the compression machine for ultimate crushing strength.
Samples of specimens were saved to find out the moisture content
by drying.

14. RESULTS OBTAINED

14.1. Samples of the data of all the tests are included in the
appendices. Appendix IT covers the classification tests of both the
samples while Appendix III covers the main investigating tests
starting from the Proctor test for determining the optimum
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Photograph 4. Specimen in Soaking Pan.

moisture content at twenty-five blows. For facility of reading
the results at a glance, these have been entered in Tables I and IT
in the following pages.

14 2. For facility of discussion, the following graphs have
been drawn with the help of the data obtained.

Figs. 4and 5-Cumulative expansions in per cent againat
time in days. (Plate I)

: Itigs. 6 and 7-Maximum swell and optimum density
against different compacting efforts. (Plate I)
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Figs. 8 and 9-Crushing loads in tons per square foot before and
after swell against the corresponding compactive éfforts. (Plate Il)

Fig. 10— Loss of stability due to soaking uagainst different

compactive efforts. (Plate 1I)

Fig. L1 - Percentages of water absorbed before and after
saturation against different compactive eforts. (Plate II)

14.3. The loss of stability has been computed and shown in

Tables TIT and IV.

TABLE I

SUMMARY OF RESULTS

Sample Number

Class of Soil

Appearance

Classification (PRA)

Proctor Optimum Moisture, per cent

Cylinder Number 1
Compactive Effort, /5q. In. 2000

Initial Moisture, per cent 13.0

Achieved Dry Density, /Cu. Ft. 124.4
Density after Swell 120.4
Lineal Swell in inches 0.0537
Per Cent Volume Increase 1.172
Total Water Absorbed, gms. 14
Time of Saturation, Days 21

Final Moisture, u:, Dry Weight 16.0

Ultimate Bearing Stress before
Soaking, Tons/Sq. Ft. 8.02

Ultimate Bearing Stress after
Soaking, Tons/Sq. Ft. 5.44

S-I
Sandy Soil

Grayish Brown

A2

15.2
11 11X v
15600 1000 500
14.0 146 16.0

122.2 1201 1184
120.1 1188 118.0
0.0435  0.0315 0.0317
0.950 0.686  0.691

11 12 25
24 24 24
15.9 16,0 15.6
6.90 6-03 4.87
5.16 4.68 3.78
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TABLE 11

SUMMARY OF RESULTS

o
o
T

Sample Number
Class of Soil
Appearance
Classification (PRRA)

Proctor Optimum Moisture, per cent

Cylinder Number 1 11
Compactive Effort, /Sq. In. 2000 1300
Initial Moisture, per cent 15.0 15.6

Achieved Dry Density, /Cu. Ft. 120.3  118.2

Density after Swell 116.8  116.2
Per Cent Volume Increase 1.625 [.142
Total Water Absorbed, gms. 20 17
Time of Saturation, Days 17 17

Final Moisture, ¢ Dry Weight 16.9 17.5

Ultimate Beariny Stress Before
Soaking, Tons/Sq. F't. 1075 9.2¢

Ultimate bearing Stress after
Soaking, Tons/Sq. ¥'t. 5.44 4.87

S-11
Loam

Brownish Gray

A24

17.5
Il v
1060 300
16.2 17.2
116.5 1141

1148 112.2

0.567 0.533

12 13
16 16
17.7 18,2
G.5¢ 3.27
4.58 3.73
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TABLE I1I

LOSS OF STABILITY AFTER SOAKING

Sample No, S-I
Area of Specimen 12.67 Sq. In.

Volume of Specimen 0.335 Cu, Ft.

Crushing Load|Crushing L i
Compactive|Set Up Atbfore Soaking| after §Wecl){ld ! S‘IEO;B']Qf
Effort | Moisture [ Stabihity
/Sq. In. | per cont ,

Lbs. 1 79%% L, Tons/ | Tons | por

R ’ Ft.2 | Fy.e | cent

2000 130 1400 802 950 544 258 314
1500 140 1200 690 900 516 174 252
1000 146 W50 603 800 458 145 245
500 150 S50 487 650 373 114 205
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TABLY TV

1,OSS OF STABILITY AFTER SOAKING

Sample No S-TI
Area of Specimen - 12.57 Sq. In,

Volume of Specimen - 0.335 Cu. Ft.

1 o
Crushing Load | Crushing Load | T.0ss of

Jompactive| S0 P lheforo soaksing | after Swell Stability
Eﬁoﬁtng)}?r Moisture| - oo oo e
P4 per cent E Tons/ l Tons/ |Tons/i per
Lbs. 1 gy e Lbs g F.r | cent
! 1 {

2000 150 1870 1075 950 544 531 504
1500 156 1700 9.26 S50 487 430 438
1000 162 1150 659 800 453 201 306

500 17.2 020 5.271 650 3.3 154 202
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15. DISCUSSION OF RESULTS

15.1. In order to bring out the full meaning and the implica-
tions of the results and the data obtained and thereby to
facilitate discussion and the ultimate solution of the problem or
problems, it was decided to draw a number of graphs showing the
relationships between swell and time, swell and compactive cfiort,
density (before and after swell) and compactive effort, ultimate
bearing power (before and after swell) and compactive effort, and
last and perhaps the most important in this investigntionz the
relationship between loss of stability in water and the compactive
effort. As has already been stated, the moisture content was not
eritical in this investigation.

15.2. It is known that each compactive effort has its own
optimum moisturc content which produces best results under
adverse conditions. With this knowledge, all the test specimens
in this investigation were set up at an initial moisture equal to
the optimum moisture corresponding to the respective compactive
offort. 1t had, however, not been verificd whether the Proctor
compactive eflort was equivalent to a static load of five hundred
pounds per square inch with these two particular soil types  This
was, however, not very important as it was nossible to evaluat
tho results of the four compactive efforts without any rof(:- : e
to the Proctor compactive effort, rence

15.3.  What was really important was whether the fi
optimum moisture coiitent, assumed for the different ¢
offorts, wero really the optimum. If not, the results w
to vary. If the moisture had been below optimum
case, more water would have been absorbed resulti
swell and apparently more loss in stability.
the swell would be less and so also the loss in
however, assumed with previous knowledge in
optimum moistures assumed were correct within
limits.

gures for
ompactive
were likely
In any one
ng in m

It abovegop’oimuox;)0
stability. "It wns,
the fisld that the
reproduceable fio]d

15.4. The resuits and data were, th :

. . A hervef y \
those possible handicaps in mind, o ore, discusse
themselves for discussion :

: d keeping
he following points ])x'eserlﬂea

(n) Amount and nature ofsw
' ell or expansi
v sion under advers
moisture copdxtxons and how far oxy, oy adverse
function of time. pansion was

(b) Whether saturation moj
compaction and density,

(¢) How dry density fo i
affected by satugatiorr]. YHYIng compactive efiorts o

sturc wasg a function of initin

i
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(d) FEffects of saturation on the ultimate bearing stress
before and after swell as compared to different
compactive efforts,

15.5. After extensive consideration had been given to these
aspects, the question naturally arose-- and the reply to this question
was the aim of this investigation--what was the optimum
compactive effort to which one or both the soil types should
be subjected in order to produce the best results so far as
stability under adverse moisture condition was concerned ¢

15.6. With thesc questions in mind, it was obvious that the
factors of swell, time, density. compressive strength, and stability
had to be treated separately on the basis of the information
furnished by the corresponding curves.

157. Expansion Data: The volume.inerease or expan-
sion or swell which resulted when the best specimens were
brought from their moulded to saturated condition by water-soak-
ing is shown in tabular form in Appendix I[I1 This expansion
was plotted against time, in number of days, for the four speoi-
mens of the same sample in Figs. 4 and 5 Plate I) In Figs 6and 7
(Plate 1) the maximum swell has been shown against the compac-
tive cfforts. Soil S-I exhibited & volume-increasc of 1.17 per cent and
soil 8-1I 1.525 per cent. All these curves indicate the same trend,
that the higher the compactive effort the greater is the expansion.
In order to obtain a confirmation a third test was run nnder identi-
cal conditions but with the sawe result.

15.8. This was not in actual conformity with the findings of
the University of Utah Experiment Station. The reason mainly
lies in the difference in conditions under which the two sets of ex-
periments were done.  First, Utah moulds bad blotting paper
linings ingide when the specimens were compacted, which reduced
the frictional resistance at the sides and did not allow any elastic
rebound to develop. Secondly, Utah made ascries of testswith each
compactive effort with varying moisture contents so that the opti-
rmum moisture contents for each compactive effort were kuown. But
in this investication the optimum moisture content for a particular
compactive effort was assumed and could not be verified. Ifit
were less than the optimum, considerable difference in results
would follow. Particularly, higher compactive eflort with a mois-
ture content below the optimum would result in an accumulation of
«tresses at the skin which would induce elastic rebound at the
slightest lubrication by the soaking water and consequent release
of strain.

5
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- 15.9. Russell, Worsham, and Andrews, however, indicated!
that for a given.moisture content at the time of compaction, the
volume-increase of embankment material, upon the addition of mois-
ture, varics directly with its compactive density. The tests they
conducted were at Jow range of compactive efforts and were not
identical with this investigation. However, there was further scopo
for thorough investigation in this line.

15.10. Another indication of these test results was that the
expansion occured mostly within the first week of soaking after
which the percentaze of expansion was very small compared to the
expansion that occured in the first seven days. FExpansion wus
maximum in the first day of the entire soaking period.

15.11. Saturated Moisture Data: The moisture contents of
nll the specimens of both the samples increased when they were
saturated. This moisture content of saturated specimens ig ev-
pressed as per cent of theirovendry weight in Fig. 11, (Plate) II and
plotted against the compactive effort. The additioual moisture
absorbed was three per cent dry weight for S-T and one and nine.
tenths per cent for S-Ilat the initial compactive cffort, whereas. at
the highest compactive effort, it was five-tenths per cent and one

er cent inturn. The data indicates thatsaturated moisture content,
was almost the same irrespective of the moulded moisture, moujded
dry density, and compactive effort. ’

15.12. Russell, Worsham. and Andrews indicated that, for a
constant weight density, the saturated moisture varies d,irect]y
with the moulded moisture, the density heing a direct function
of the compactive effort; and for a constunt moulded mojsture
the saturated moisture varies inversely with the wet moulded
density. The present investigation differs from this in that bott
moulded density and moulded moisture varied simult h
the range producing conditions which made the satur
almost the same in each case.

aheously af,
ated moisture

15.13. This aiso would not scem to he
with the findings of the Utah Research. The
to be the same as explained in para 5.8 under
This was, however, an interesting find and me
hensive investigation.

m full conformity

reasons appeared
. .

fExpanm()n Data, ™
rits further compre.

1. R.K. Andrews, I W. Russoll, W. B. Worsham. < Lo . .

. . ’ : . B. rsham, < . .
}\‘Iglgture and Deusity on the Volume C,ha,ngo and S(ron;:LI;; m”m?c‘;??.(’_". f" l“"?“"'
Lypical Winois Soils, > Proccedings of the 1inghray Researel, Bonat Vo of Two
(Dedember 1946), P. 544, : i rd, Vol XXVi
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15.14. Dry Density : The dry densities of all the specimens
of both the samples hoth before and after soaking have been plotted
against the compactive efforts and shown in Figs. 6 and 7 (Plate I).
These indicated, without exception, that the dry density was a
direct function of the compactivee ffort. The Utah Research had,
however, shown that there is an ultimate limit to this increase in
density with the increase in compactive etfort but this was beyond
the scope of this investigation.

15.15. It also indicated that stability aiter swell was a direct
functicn of the initial density, though projcrtionate loss wus
greater with higher compactive cfforts. Part of the discrepancy
was cxplained by the experimental procedure indicated by the
“expansion dati 7 and part by the fact that initial higher density
means more soil particles per unit volume and consequently more
pores.  Ag all pore spaces are aiffected by saturation, decrease in
density is likely to be greater. Moreover, if the theory of elastic
rebound is » fact in this case. the pore spaces will automatically
increase whether there is sufficient water or not.

15.15. The hizhest density obtained on S-Isample was 124.4
pounds per cubic foot and that on S-1I sample was 120.4 pounds
per cubic foot. The decrease in density after soaking was 40
pounds and 3'5 respectively.

15.17. Crushing Strength: The crushinz strength of the
compacted specimens of both the samples before and after swell
have been plotted against the compactive efforts in Figs. 6 and 7
(Plate I). Both curves follow a similar trend and indicate that the
higher the compactive effort at its corresponding optimum moisture
content, the greater is the crushing streugth both before swell
and after swell. This also supports the findinzs of the University
of Utah Enginecring Experiment Station described in the
foregoing chapter.

15.18. The loss of stability as a result of soaking has also
been shown in Fig. 10(PlateII) plotted against the compactive efforts.
The results arc noted briefly in Tables 11T and IV. These curves
indicate that loss in stability varies directly with compactive
effort though the ultimate strength  is  higher with higher
compactive effort even after swell. This is in conformity
with the findings under expansion data. So what explains the
latter will explain this phenomenon too.

16, CONCLUSION

16.1. Having thus discussed the various aspects of this
investigation, the main problem will now be discussed. It has
been seen in all the graphs that both the soil types follow the
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same trend more or less. From the trend in loss of stability and
also that of awell, the 1,000 pounds per square inch compactive
effort seems to be critical. Adverse effects of moisture are morc
pronounced beyond this range whereas below this range lower
stability is obtained due to lower density. So this compactive
offort seems to be the optimum in both the soil-types depending
on the economy of operations and field conditions.

16.2. The major conclusions that can be inferred from the
test data are, therefore, as follows :

(a) The bhigher the compactive effort the lower is the
optimum moisture for the optimum density.

(b) Optimum density increases with the compactive
effort.

(¢) The higher the compactive cffort at the corresponding
optimum moisture content, the greater is the ultinate
bearing stress or crushing strength of the moulded
specimen before and after soaking.

(d) Loss in stability is higher with greater compaction:
the resulting stability, however, still remains higher
with the higher compactive effort.

(e) The compactive effort of 1,000 pounds per square inch
seems to be the optimum for the two soil types under
investization, since the samples are least affected by
water at this effort.

(f) The volume-increase relation with compactive effort
needs to be studied in the light of the observations
made in the discussions. It is advisable to run a series
of tests with the same compactive effort, varying the
moisture content in each test so that the lOpt:-i’[llum
moisture corresponding to each compuctive effort is
known for proper correlation. It is also necessar to
eliminate the causes of elustic rebound. e

(g) The two soil types tested were very simil:
gther, the classification being A-2 :mdy X-T.liu b eacl
e evident from the summa‘ry re B i i
: ! port on classificat
tests, 'Ap}{‘ex;jlx I{. From the summary of resulth 1(12
given in lables 1 and ITI it is also seen th ;
¢ ] at t
]foollllovvj_ed the same pattern and almost the sz::?\z
t?‘ aviour under adverse water conditions. So. if any-
thing is predicted, it applies to both the soil ty es yd
not to any one particularly. ypes

, 48 would
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16.3. No particular density or crushing strength wus desired
in this investigation because these increased with the compactive
effort. Soil S.1 showed a maximum ultimate compressive strength
of 8.02 tons per square foot which reduced to 5.44 tons per square
foot after recording a loss of 51.t per vent, whereas, soil ST
developed a maximum ultimate compressive strength of 10.75 tons
per square foot which reduced to 527 tons per square foot record-
ing a loss of 50.4 per cent. These clearly indicated that it was not
an economic proposition to compact these two soil types to 2,000
pounds per square inch if stability under moisture condition was
the aim. On the other hand, a reference to Tables I1I and IV will
show that conditions at the compactive effort of 1.000 pounds per
square inch recorded the lowest loss in stability. which was only
24.5 and’30.5 per cent for soil types S-1 and S-II respectively. It
was for this reason that 1,000 pounds per squarve inch had been
declared as the optimum compactive effort for these soil types.
But, as has already been pointed out, it wovld not be wise to
predict any definite pattern or bebavior to any particular soil
type from tho results of this limited investigation wunder
conditions explained before in this discussion.

17. PRACTICAL ASPECT OF THE INVESTIGATION

17.1. It has been stated in the foregoing pages that modern
trend is towards use of heavier rollers in compaction of soil for the

following reasons :—

(a) They produce greater density and thereforc greater
stability with higher bearing power.

(b) They perniit efficient bandling of construction equip:
nent due to decrease in placement moisture.

(¢) They permit less rigid moisture control.

But there is a limit to which the compacting etlort or the
weight of roller can be increaged with increased advantage. Coming
to the laboratory research, it means that there is a compactive etfor
beyond which there is no corresponding increase in optimuu
density and ‘or beyond which the corresponding loss in stabilitv- due
to saturation is disproporsionately excessive.

17.2. But it is quite likely that this optimum compactivt
effort, as found in the Jaboratory, can never be achieved in fiek
conditions except at an c¢normous Cost. The limitations ar

imposed by

(a) the capacity of the mecharical equipment and
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(b) excessive increase i i
i ase in capital cost and operating
of equipment. ! b chacges

. 17.3. The actual or practical opti i

) a : ptimum compactive fort
shouéd b:'a corfnpromlse between the two which wou}d enubl:ﬂ:}f:a
construction of a pavement of lesser thicknes v
ot s but longer life at an

17.4. The aim of the investigation was to find :
optimum qompactive effort for dificrent types of s;il;aggﬁtct)?-
stability point of view and to predict whether it was possible t(’
ﬁ;}d an optimum compactive effort for a particular type of s '(i
without taking up laboratory tests in each individual ca o
A large number of invesbigatiors is necessary before it wi‘llm;s'
possible to evolve a mathematical formula by reans of which tlle
optimum compactive effort of a particular goil type can he ;vorkeg
out depending on gradation and other physical factors.

17.5. In aetua‘l.ﬁeld operations, there are three methods of
compaction by rolling which are usually considered economic
Tach has got its own specific advantage e

(a) Smooth stecl-tyred roller.
(b) Rubber-tyred roller.
(c) Sheepsfoot tamping roller.

17.6. Sheepsfoot rollers compact scils fr R
upwards fairly uniformly and the C(I))mpncti(m o oéjéntgl;(f]e(lt)zt;tg?l-
field by density method and not by Proctor penetration needl .
Since the sheepsfoot rollers always-lcave one inch to two inches «:i
loose soil above, these rollers do not produce compaction ])Iu‘nos a8
are seen inthe case of rolling with flat 1yred rollers or e\v,e" t
some extent by rubber-tyred rollers. n to

17.7. With average equipment, the averag i
thickness of soil that can be compacted with s}m:nsﬁmtn;:ﬁgnum
one operation i88 in. loose. 1f12in. is to be compacted r.i m
necessary to have three times as heavy an cquipment ’-1 1t is
former case. The U.8.A. War Department once tested Wihln tl‘le
ton, § feet dinmeter, roller 12 feet long. which could (-oml' . 80
feet thickness of soil. But the cost was prohibitiv -}‘)tu.t ‘'wo
method proved impractical. itive and tho

17.8. Sheepsfoot tamping rollers ar stecel

7 are steel drums ide
of which are a,.ttached short metal rods shaped simliltt(x)-llzh‘f (s)lllltmd‘(
foot as shown in sketchr(n‘\ opposite. This design of fect is iloweep )
obsolete now.a-days. The present design is shown in s‘ketclf‘?l})l;,
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;
x
" 7" or 8  USUALLY
v *
& TAMPING FACE -o(/( ol
-+ . - i TOH SQRINIH

1
Loy,
§fa TE ta gun i

L) (B)

17.9. The rollers may be oscillating or non-oscillating. The
weight of a single drum varies from 3,000 pounds to as much as
19,300 pounds. empty. Provision is usally made for filling the
drum with water wnd/or sand in order to add to its weight.
The fect are staggered to distribute the weight and give a better
tampiny cffcct.  The size and number of sheeps feet, that -is
length and cross scction at edge. is specified to get a definite
foot pressurc on cach individual tamping face. The compactive
effort, can thus be increased to the required extent. The compac-
tive effort is simply calculated as below :

Weight of rﬁolﬁlerr o
No. of teeth in one line x area of each toothface

- foot print pressure per square inch. The equivalent
static presure is dependent on the speed of travel of the
rollers. A travel speed of about 2% miles per hour is, however,
usual.

17.10. Tt is common practice to ! walk the machine out of
the ground”, which is cfiected by making trip after trip over the
same area until the fect no longer penetrate.

17.11. Tn average earth, 6 to 11 trips over the same area will
usually give good compaction depending on the type of soil,
moisture content, ard unit weight of compacting roller. The
fira) eompaction or rolling is always done by the smooth-tyred

roller.
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Appendix I
CLASSIFICATION OF SOILS
According to U. S. A, Public Roads Administration.

Tn this system of clatsgiﬁcz‘mtim], .fsoils have been elagsified as to
their ongineering properties into cight groups designated Al to
A8 as follows:

Group A-1. Well-graded material, coarse ;Lnd. fine, excellent
binder. Highly stable under wheel loads. irrespective of moisture
conditions. Functions satisfactorily when surface-treated or when
used as a base for relatively thin-wearing courses.

Group A-2. Coarse and fine materials, improper grading or
inferior binder. Highly stable when fairly dry.  Likely to soften
at high-water content caused either by raing or by cupillary rise
from saturated lower strata when an impervious cover })I'(;\'Cllts
evaporation from the top layer, or to beeome loose and dusty in
long-continued dry weather. ~

Group A-3. Coarse material only, no binder. Lacks stability
under wheel loads but is unaffected by moisture conditions. Not:
likely to heave because of frost nor to shrink or expand an appre-
ciable amount. Furnishes excellent support for flexible pavements
of moderate thickness and for relatively thin rigid pavements.

Group A-4. Silt goils without coarse material and with no
appreciable amount of sticky colloidal clay. Has a tendency to
absorb water very readily in quantities sufficient to cause rapid
loss of stability even when not manipulated. When dry or damp.
presents a firm-riding surface which rebounds but little upon the
removal of load. Likely to cause cracking in rigid pavements as a
result of frost heaving, and failure in flexible pavements hecause of
low supporting value.

Group A-5. Similar to Group A-4 bhut furnishes highly
elastic supporting surfaces with appreciable rebound upon l'cm?)v:il
of load even when dry.  Elastic properties interfere with proper
compaction of macadams during construction and with retention
of good bond afterward.

Group A-6. Clay soils without coarse material. In stifi or soft
plastic state this group ahsorbs additional water only if manipu-
lated. May then change 1o liquid state and work ap into the
interstices of macadams or cause failure owing to sliding in high
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fills. Furnishes firm support essential in properly compacting
macadams only at stiff consistency. Deformations occur slowly and
removal of load causes very little rehound. Shrinkage properties
combined with alternate wetting and drying under field conditions
are likely to eause cracking in rigid pavements.

Group A-7. Similar to Group A-6, but at certain moisture
contents deforms quickly under load and rebounds appreciably
upon removal of load, as do subgrades of Group A-5.  Alternate
wetting and drying under field conditions leads to even more
detrimental volume changes than in Group A6 subgrades. May
eause concrete pavements to crack before setting and to crack and
fault afterward, May contain lime or arsociated chemicals produc-
tive of flocculation in soils.

Group A-8. Very soft peat and muck, incapable of supporting
a road surface without being previously compacted.
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Appendix I1
CLASSIFICAION TESTS

Summary of Data and Computations.
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SUMMARY REPORT ~ TABLENS 5.
SAMPLE NO.S.1. TYPE % SOYRCE OF MATERIAL o\ .0y sy uran
. e 2 2 33 92 §
Y !'&.\_ ._.’ ﬁ;g ; 3 $ f 5 i £ o
00 (1%
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-] -1}
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SCREGN _ANALYSIS
SCRREEN 7. PASSING.

SET UPAT-13-1.%,

PROCTOR DATA OPTIMUM MOISTURE 1527,

GRADING CHART

CAPILLARY MOISTURE CONTENT

GRAVEL 9.6/,
INDER N
COARSE SAND 26.81.

FINE SAND 5627

CLASSIFICATION PRA A-2  SILT 8 CLAY 7.42‘

CHARACTERISTICS OF MATERIAL
PASSING THE WO 10 SIEVE
CAPILLARY RISE 1 4 INCHES.
PASSING THE NOAO SIBVE
LIQUID LIMITS 26:2. P. 1.
PLASTIC WNDEX 9.8. P L.L
DRY DENSITY Lo fFT?
MOISTURE CONTENTS
AFTER SWELL  16.07,

RATIO . O-37.

SWELL 69 --1.177,

TOP IHCH X7,

3
DENSITY 5.4 Lg/FT,

SPECIFIC GRAVITY: 2-66.

SUMMARY REPORT. TABLE MNo. 6

LOAM U OF U CAMPUS

SAMPLE No.S4]  TYPE & SOURCE OF MATERIAL

L};) x .N\QN ;_-X"_. \)~ ‘:" } 4 r ..
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3
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GRADING_CHARY
CAPILLARY MOISTURE CONTENT.

SCREEN ANALYSIS
GRAVEL~ 2-98),

h]
b4
"
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z
&

BINDER ANALYELS
CORRSE SAND 44-087,
FINE SAND 38-21\Y,

CLASSIFICATION PRA.A-2-4 SILY & CLAY  14-737

CHARACTERISTICS of MATERIAL.
PASSING THE No.10 SIEVE

e 1]

CAPILLARY RISE 16 \NCWES .
R PASSING THE NO.40 SIEVE

LIQUID LT 30-% e\
PLASTIC INDEX (3 2.1 L.L.

RAYTIO ©-3T

ORY DENSITY LBFT® “SWELL -5 ==~ 1Sl
MOISTURE CONTENTS
SEY uP AT 9.3}, AFTER SWELL 16-9Y, Top tmen X7,

PROCTOR DATA; OPTIMUM MOISTURE s,

DEmsry W22 LB Frd

SPECIFIC GRAVITY 2-%9.
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TABLE VIII

MECHANICAL ANALYSIS

TABLE VII

APPARENT SPECIFIC GRAVITY Sample No. 8.1

Test No. S-1.2 Weight of Sample...100.0 zms,

Sample No. S-1 S-11 Sieve |Particle, Retained Retained - Cumulative Per cent

Number [Size,mm.iWeight, gms. Percent
|

Retained ; Passing

Test No. S-I-1 S-11-1
Woeight of Flask, grams 135.40 70.33 3/8in.  9.520
Weight of Soil and Flask 318.07 120.33 4 4.760 3.00 2.0 2.0 100.0
Weight of Dry Soil 183.57 50.00 10 2.000 7.60 7.6 9.6 98.0
Weight of Soil, Flask and 20 0.840 13.00 13.0 22.6 90.4
Distilled Water 749.75 299.91
40 0.420 13.80 13.8 36.4 774
Volume of Flask 500.00 198.90
60 0.250 18.70 18.7 55.1 63.6
Volume of Fluid 430,78 179.58
140 0,105 29.60 29.6 84.7 44.9
Volume of Soil Particles 69.22 19.39
200 0.074 7.90 7.9 92.6 15.3
Apparent Specific Gravity 2.66 2 59
Pags 200 7.40 7.4

Total 100.00 100.00
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TABLE IX

LIQUID LIMIT

Sample No. S-I

Test No. S-1

Trial No. 1 2
Bottle No. 5 6
Number of Blows 64 : 25
Weighing Bottie Empty 42.30 41.69
Weighing Bottle, Plus Wet Soil 55.88 56.21
Weight of Wet Soil 13.58 14.52
Weighing Bottle Plus Dry Soil - 53.32 53.27
Weight of Dry Soil 11.02 11;58
Moisture Content Per Cent 23.2 253

Liquid Limit from Graph 26.2

18

41.84

25.60

13.71

52.66

10.77

27.3

[A similar test for soil sumple 8-1]

gave a L. L, of
are omitted here-Ed.] ° 0f805.

" .
I'he dotails s above
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TABLE X
PLASTIC LIMIT
Sample No. S-T
Test No. S-1-4
Trial No. 1 2 3
Cun No. 13 14 16
Weight of Can, Empty 41.31 41 52 42.24
Weight of Can, Plus Wet Soil  42.78 42.75 14.16
Weight of Wet Soil 1.47 1.23 1.92
Weight of Can, Plus Dry Soil 42,57 42.58 43.89
Weight of Dry Soil 1.26 1.06 1.65
Moisture Content 0.21 0.17 0.27
Moisture Content Per Cent 16.7 16.1 16.4

Mean Value

Plasticity Index — 26.2 — 16.4 = 9.8

16.4 per cent

Similar tests for soil S-II gave the following values : —

Mean Value = 19.2 per cent.

Plasticity Index = 30.5 — 19.2 = 11.3

P.I 11.3
o= - = (0,37,
E. .LL. 30.9
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TABLE X1

SHRINKAGE FACTOR

Sample No. S~I

Test No, S-I—5

Trial No. 1
Weight of Poreelain Milk Dish 9.90
Weight of Porcelain Milk Dish

Plus Wet Soil 35.88
Weight of Wet Soil 25,98
Woeight of Porcelain Milk Dish

Plus Dry Soil 29 .83
Weight of Dry Soil 19.93
Moisture Content Per cent 30.20

Volume of Porcelain Milk Digh
or Wet Soil 14.20

Volume of Dry Soil Pat 11.10

Shrinkage in per cent of Weight
of Dry Soil 15.6

Mean Value

[&9]

10.17

33.85
23.68

28.03
17.86

32.80

12 50

9.50

16.8

15,9 per cent

9.39

36.13
26.74

20.61
20.22
32.50

14.30

11.2

Similarly for S. 1. Mean Valne —32.] per cent
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TABLE XII

FIELD MOISTURE EQUIVALENT
Sample No. S-1
Test No. S-1—6
Trial No. 1 2 3
Can No. 13 14 16
Weight of Can, Empty 41.31 41.52 42.24
Weight of Can Plus Wet Soil 38.29 71.87 71.05
Weight of Wet Soil 16,95 30.35 28.81
Weight of Can Plus Dry Soil 4.35 66.67 66.05
Weight of Dry soil 14.04 25.15 23.81
Moisture Content 2,94 5.20 5.00
Moisture Content Per Cent 20.90 20.70 20,90

Mean Value 20.8 pc;r cent

CAPILLARY POTENTIAL
(HOGENTOGLER — BARBER CAPILLARIMETER)

Sample No. S-T
Test No. 8-1—7
Trial No. 1 2 3
Capillary Rise 16~ 14* 14"

Mean Value 14 inches

Similarly for 8-1T

Moean valuc of F, M. E =29.3 por cont

Capillary Potential =16 inchos

10
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Appendix 111
Main Investigating Tests
Summary of Data and Computations
TABLE XIII
PROCTOR OPTIMUM MOISTURE

Sample No. S-I

Test No. S-1—8

Volume of Cylinder 4” Dia. by +.58" high=0.0335 Cu. I't.
Degree of Compaction—25 blows per layer

Trial No. L 2 3 4 P
Weight of Cylinder, Empty, gms. 4483 4483 4483 4483 4483
Weight of Cylinder Plus Wet Soil 6288 6420 6490 (480 (443

Weight of Wet Soil 1805 1946 2007 1997 1960
Wet Density Pounds Cu. Ft. 119.2 1285 1326 1519 1204
Can No.. 5 6 7 9 10

Weight of Can, Empty 4232 4171 4122 4191 41.76

Weight of Can Plus Wet Soil 12651 99.22 108.44 9047 10942

Weight of Can Plus Dry Soil 117.77 92,40 9y 77 83.61  99.12

Weight of Dry Soil 76.46 50.78 5855 41.70 57.36
Moisture Content 8.74  6.73 867  6.8¢  10.30
Moisture Content per cont

Dry Weight 116 133 14.8  16.4 17.9

Dry Density. Pounds/Cu. Ft. 1028 1119 1150 1131 109.8

——

‘Optimum Moisture Content from graph=1

' 5.2 per cent
Optimum Dry Density =115.4 pounds per Cu. Ft.

For S-11 O. M. C=17.5 per cent,

O D.D=1123 per cubic foul,
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TABLE XIV
UNCONFINED COMPRESSION TEST BEFORE SWELL

Sample No. S-1
Test No. S-I—9
Volume of Cylinder—+4” Dia. by 4.59” high=0.0335 Cu. I't.

Area of Spocimen—12.57 Square Inches

Cylinder No. 1 11 111 v

Weisht of No. 4 Sample, gms. 2600 2600 2600 2600
Hygroscopic moisture, per cent 1.0 1.0 1.0 - 1.0
Set up at moisture per cent 13.7 14.2 147 15.2

Compactive Bffort Lbs. in? 2000 1500 1000 500
Woeight of Mould, Empty, gis. 4481 4481 4481 4481}
Weight of Mould plus

Compacted Soil 6359 6561 6552 6541
Weight of compacted soil 2078 2080 2071 2060
Wet Density, No./Cu. Ft. 137.2 1374 136.8 1360
Crushing Load, Pounds 1400 1200 1030 850

Crushing Strength, Tons/Sq.¥t. 8.02 .90 6.03 4.87

ENPRINDRE
————

Can No. 5 6 69 11
Weight of Can, Empty 42.32 41.71 41.91 41.76
Weight of Can plus Wet Soil 66.50 77.01 51.70 85.%

" Weight of Can plus Dry Soil 6338 7236 7640 79.75

Weight of Dry Soil 21.06  30.65 3449  37.99
Moisture Content per cent 15.0 15.2 15.4 15.85
Dry Density 1193 1193 1185 1173

(Tiguros for g-11 are vmitted hore-Ed.;
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TABLE XV
CONTINUOUS SOAKING TEST—I

Sample No. S-I

Test No. S-I—10

Volume of Cylinder—4” Dia. by 4.59 high=10.335 Cu. ¥'t.
Area of Specimen—12.57 Square Inches

Cylinder No. 1 IT Il v
Weight of No. 4 Sample, gms. 2500 2500 2500 2500
Hygroscopic Moisture, per cent 1.0 1.0 1.0 1.0
Set up at Moisture, per cent 13.7 14.2 14.7 15.2
Compactive Effort, Lbs./in. * 2000 1500 1000 500
Woeight of Mould, Empty, gms. 4546 4590 4559 4567
Woeight of Mould

plus Compacted Soil 6675 6699 66 14 L3y
Weight of Compacted Soil 2120 2109 2085 2063
Wet Density, 1b./Cu. Ft. HO6 1393 1377 1362
Can No. 11 19 14 G
Weight of can, Kmpty, gms. 4176 4145 4155 - 42.96

Weight of Can, Plus Wet Soil 55,96 5630 5525 5419
Weight of Can, Plus Dry Soil 5433 5448 5351 52.64

ngght of Dry Soil 12.57 1303 1196 10.38
Moisture Content, per cent 13.0 14.0 14.6 15.0
Dry Density 124.4 122 2 120,1 LISt

’ —_—
(Figures for Seli-are omittod horo-1d.)
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TABLE XVI1
CONTINUOUS SOAKING TEST—II

Sample No. S-T
Test 8-1--10 Cyl. No. I Set Up At 13.7 % Moisture

Incr. in
Calc.

/
No. Dial | Change | Cum. ‘[ % Iner. | Wt. "y e
Days 5 Rea;dingI in. | Change | in Vol. Grams "p° 0 Den.
0 0.4563 0.0000 0.0000 0.0000 2129 124.4
1 ,0.5017 0.0454 0.0454 0.989

2 05051 00034 00488  1.063
3 05085 0.003¢ 00522 1.129
4 05090 0.0005 0.0527 1,147
5 05095 0.0005 0.0532 1155
6 0.5096 0.0001 0.0533 1.160
705100 0.0004 0.0537 1.172
10 05100 0.0000 0.0537 1.172
18 05100 0.0000 0.0537 1.172
20 05100 0.0000 0.0537 1.172
21 05100 0.0000 00537 1172 2143 14 1204

Compactive EKtiort 2,000 pounds per square inch.

Optimum Moisture Content—13.7 per cent.

———

Figures fur othor compactive cflurts and for tests repeated ou soii 5. 11 wre

omitted here-Ed.
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TABLE XVII
CONTINUOUS SOAKING TEST—I111
STRENGTH AFTER SWELL

Sample No. 81
Test No. S-1-10

-

Cylinder No.
Set Up at Moisture, per cent
Compactive Effort, Lbs./in.?

Weight of Mould
plus Soil after Swell

Weight of Mould, Empty
Woeight of Soil after Swell
Weight of Soil before Swell
Weight of Water Absorbed
Total Water after Swell, gms.

Crushing Load, Pounds
Area of Sample, Sq. In.
Strength in Tons /Sq. Ft.

Can No.

Weight of Can, Empty
Woeight of Can, Plus Wet Soil
Weight of Can, Plus Dry Soil
Weight of Dry Soil

Moisture Content, per cent

1 11
13.0 14.0
2000 1500
6659 6710
4546 4590
2143 2120
2129 2109
14 11
2608 306.3
050 900
12.57 1257
.44 5.16
11 )
41.76 4191
9285 155,70
8381 142,72
44 05 100 81
16.0 15.9

frx v
14.6 15.0
1000 500
6651 (655
4559 4567
2097 2088
2085 2063
12 25
316.4 3345
S00 650
12.57 12.57
4.58 3.73
6 5
41.71 42,32
154.45 96,10
135.84  S8.87
U7.13 46,55
16.0 155
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TABLE XVIII
CONTINUOUS SOAKING TEST-—III
STRENGTH AFTER SWELL
Sample No. S-1T
Test No. S-1I-—10
Cylinder No. I 1I I11 1v
Set Up at Moisture, per cent 15.0 15.6 16.2 17.2
Compactive Effort, Lbs./in.* 2000 1500 1000 500
Weight of Mould,
plus Soil After Swell dH42 5509 5522 5469
Weight of Mould, Empty 3426 3422 3460 3432
Weight of Soil after Swell 2116 2087 2062 2037
Weight of Soil before Swell 2096 2070 2050 2024
Weight of Water Absorbed 20 17 12 13
Total Water after Swoll, gms. 334 .4 339.9 344.1 361.1
Crushing Load, Pounds 950 850 800 650
Area of Sample, Sq. In. 12,57 12,57 12,57 12,67
Strength in Tons/Sq. Ft. 5.44 4.87 4.58 3.73
Can No. 5 6 10 13
Weight of Can, Empty 42.31 4190 4230 41.34
Weight of Can, Plus Wet Soil 89.11 9339 11517  108.92
Weight of Can, Plus Dry Soil $2.35 8574 104.24  98.52
Weight of Dry Soil 40.04  43:84 61.85 57.18
Moisture Content, per cent 16.9 17.5 17.7  18.2
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CONSISTING OF 7 SPANS

BRIDGE

BALASAN BRIDGE PRESTRESSED CONCRETE RAILWAY

OF 65 FEET FOR ASSAM RAIL LiINK PROJECT METRE GAUGE

DESIGNED & CONSTRUCTED

BY

J. C. GAMMON LTD.

BALLARD ESTATE

TAMILTON HOUSE

BOMBAY-1.

BITUMULS

COLD BITUMEN EMULSIONS REQUIRES
NO HEATING

¢« Direct From Drum To Road”

For construction of :—

ROADS
FOOTPATHS
ASSEMBLY AREAS
RAILWAY PLATFORM>S
AERODROME RUNWAYS

Spray pumps and ex-service supervisors provided
free for all major works

Full Particulars and Technical Advice from :—

BITUMEN EMULSIONS (INDu) LTD.

Head Offtee, Factory « Labcratory:
71 HIDE ROAD, KIDDERPORE, CALCUTTA.

PAKISTAN FACTORY
LAHORE CANTONMENT.

Telegrams — BITUMULS.

-
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GANNON, DUNKERLEY & CO., MADRAS), LTD,,

CIVIL, SANITARY & CONSTRUCTIONAL ENGINEERS

NEAR MADRAS

GREAT SOUTHERN TRUNK ROAD,

CONPHALT ROAD

We can supply
Ex stock
Any Quantity

“COLFIX”’ EMULSION
“HOTFIX’® ASPHALT

TO MERT
YOUR REQUIREMENTS

Please Apply:—
McLEOD & CO. L'TD.
3, Netaji Subhas Road,
CALCUTTA.

MILLARS’
MACHINERY

Concrete Mixers—Tilting and non-Tilting Tyvper.

Asphalt Mixers—for ot awl Cold Mis.

Roller Pan Mixers—for Mortar.

Diaphragm Suction Pumps {or etfective liv up to 25 1t.

Self-Priming Pumps f[or landling Seepage  at lowest

- possible cost.

Tower Hoists for speedy construction.

Complete Wellpoint Pumping Equipment oy dewatering—
the only successful method of combating running sand.

TIMBER

HARDWOODS - SOFTWOODS - 1

MILLARS’ TIMBER & TRADING CO., LTD.
( INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 27.
Tolaphone . 41077 Telegram: JERRAH

LYWOODS

Branches and Agents throughout the World.

——
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REINFORCED CONCRETE ROADS

Pre-war Roads that have carried Heavy War Traffic

The heavy demands of war-time traffic have
and lasting qualities of REINFORCED

ven with roads constructed long before the w
on maintenance has been negligible.

The use of Keinforcement means—

Saving "in Cost, Labour and Trans-
port of Materials,

A suitable  veinforcement  gives ol

strongth with one-half the thickness of

concyote,

Prevention of hair Cracks Developing
into Major Fractures.
Reinforcament  Timits  the coutraction
eracks in a coneroto slab and prevents fine
cracks developing  into major fractures,
with subsequent spalling of the conerctoe,

London [ Eastbourice Road,

A complote conerere road Constrneted
L1936 veintorced with BRO Fabyie.

proved the strength
CONCRETE ROADK.

ar. the amount spoent

Reduction in the Number of kxpan
sion Joints.

Reintore
fungor bays with cousoquont roduction and

8tonomy in the numbay of axpansion joints.

Reduction of Corner Gracks in the
Slab.
The

Cornors of slaby, prevents cornor eracks.

This rond

i hits enrried heavy  war
traffic withoy,

Lany mmintenancs coste

oment permits tho constraction of

addition of top roinforccient at the

T T

Wt *:

\FINFORCEMENT 4 CONCRETE

| 30 (

separate rods

is the easier to handle ?

The yield point of drawn wire from which B R C Fabric is

constructed is more than twice that of rolled steel rods,

A sheet of B R (¢ Fabric is a single physi'cally connected unit made
of the best steel available for concrete reinforcement. |

[t is equivalent to, on the average, n.ot l.es§ than ‘;hutf si((a)}t);r:;:
rolled steel rods. The labour of handling it i3 less than 1,

1 ision required for correct
dling rods and the supervi | :
l&ll;m'n‘"oifs l::;v a gfmction of the supervision required for separate
placing v oa fr
rods. | o
The British Reinforced Concrete Engineering Company ;

STAFFORD England.

BRC Welded Fabric is now made in India under Licence.
iiEATLY & GRESHAM Ltd. (Incorporated in England)
SOLE AGENTS.

CALCUTTA-BOMBAY—MADRAS-NEW DELHI.
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2/ Shelcrete in 1935 sealed with Colas in
1937. Resealed with bitumen in 1946,
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WATTS “MICROPTIC" LEVELS

The B 131 Microptic Level includes:—
DIVIDED CIRCLE made of glass which is read

through a conveniently sitnated microptic oyepiece.
PRISM SYSTEM for reading the bubble by the

coincidence method., }

METAL CASE into which the level locks. and

which ensures its protection.

SOLY AGENTS: .

Associated Instrument Manufacturers (India) Ltd.

274, Hornby Road, B5, Clive Buildings 76, Queensway
P, O. Box E19 P. 0. Box 2136

BOMBAY CALCUTTA NEW DELHI

’ d in England)
_OF INDIA LTD. (Incorporate
BURMAH- DISIRIBU”NG co - EW DELHI
L HSHELLOIL.SIORAGE& . MADRAS N
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POWRAHS

Gundalkamma Road Bridge, Guntur, 13 spans of

70-feet on Masonry Piers.

CROWBARS

PICKAXES

THE TATA IROXN
& STEEL G0., LTD.

BRAITHWAITE & C0O.,

TRADE MANK

(INDIA) LIMITED | erd Sales OFfice

238, Netaiji Subhas Road, Calcutta:

CALCUTTA
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41h{>'d CALTEX ASPHALTS

DISTRICT OFFICES

BOMBAY
Caltex Hol
NEW DEL use, Ballard Rd., Ball
CALCUTTAH ' Peareylal Bldg., Queensway, P .:)d :“m' Post Bag 1041-
Uni : + P 0. Box 39.
MADRAS nited India Life Bidg.. 22, Chittaranjan A r. 0. Box 2
venue, P. O. Box :
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GET MORE OUTPUT
WITH FEWER MAN HOURS

CHASESIDE

MOBILE MECHANICAL
HANDLING EQUIPMENT

Chaseside's new models developed dur-

ing the war years, to mect the Jemands

of the Services and acute labours short.

age, ensure the sturdiest and most THE {-TON CRANE

powerful, cheap and simple in running, 1t is as casy tO operate as a motof car,
fool proof, fast, it turns ons

and casy-servicing equipment. They are Tough, foo
that is best in man intoa gang.

a combination of all
mechanical handling.

BUFFERS

As powerful as a light locomotive, faz
casier and quicker in operation. They
are also much cheaper to run.

THE CHASESIDE SHOVEL

will shovel and load any

The machine
aterial so fast

loose or consolidated m
that the cost per ton handled is far below
that of unassisted manual work. Models
are available with adjustable jib heights
and with special loading heights.

CHASESIDE DIGGER

Suitable for digging face of moderatoty
light materials such as chalk, sand, out.
crop coal. artificial manures like super.

phosphates, etc.
WRITE FOR PARTICULARS TO

The wheel base and wheel crack have |
both been dJesigned to give qui
ility over the most uneven O
ing is almost in-
matice 1

THE CHASESIDE DUMPER lGatliCl‘i SCO
usual stab :
unmade ground. Tipp
stantancous and the return auto

st CIRCLE, BOMBAY 1!

""AND ALSO AT:
AHMEDABAD, BANGALORE, COIMBATORE,
HYDERABAD (Pn), NAGPUR, aad NEW DELHI,

G-613¢

SISTA'S
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ook at the picture above. See how the ‘Caterpillar’
bulldozer thrusts its conquering way through yard
after yard of hard-resisting earth, This is the POWER
thac gets the job done in less time at lower cost .

.. this  Track-type tractors
fs the POWER that the nation harness to build not for short-distance

**Push” earthmeoving

only its roads, but its urgently needed dams, ir

rigation
schemes and housing %ites.

For such jobs, ‘Caterpilfar’

manufacture a range of
equipment including

Track-type tractors
—as wel as bulldozers—scrapers,

for loading and

tractors, graders, wagons. Each piece is designed and pulling scrapers
N H i e

engineered to work with the rest as 2 matched team, medium distanc

and all of them backed with a service organisation
‘which provides parts or maintenance an
“machines are working,

ywhere your

Wheel-type tragtors
for high-spaed long

,Our experts will gladly advise You as to the exact or high-spe
requirements for your job

distance havls
« - - No obligation, of course.

v i -
AlY ‘d@terpillar' equipment is
mo':g readily available these l r
3 . :
- ofter very, a A . Q 3
days—we can agCisrereo M vaaLe pank Covisment
DIESEL . 5 PRy
D4 i ANEING S
‘CATERPILLAR'

PiISTRIBUYORS
somMBAY ¥ 1noiA

i CALCyTTA HEW oELM)
LARSEN & TOUBRO TRACTORS INDI
LMITES (INDIA) WILLCOX

LIMITED (BUCKWELL - INDIA)
R 0. Box We. 278 um

P. 0. Box Wy, 13

favourable delivery (erm,

ITED
P. 0. Sox Ne. 269

xv

FRANKI

, . N
Compressed concrete foundation piling
and
Reinforced concrete sheet piling

( All-India Products)

Sole Licensees in Tndia >

E BURN
THE BRAITHWAIT ;
AND JESSOP CONSTRUCTION

COMPANY, LIMITED

5 ZAR,
MERCANTILE BUILDINGS, LAL BAZ
CALCUTTA.




xvi

Ldading Hopper Water-tank

Diveel, W Operatsd,
FOR MORE DETAILS AND ALSO FOR

,MORTAR MIXERS o BLOCK MAKING
MACHINERY @ BATCHING & MIXER PLANT

‘askJacks’

jam ducks o §o_ltd

CALCUTTA MADRAS

CONCRETE
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