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SYNOPSIS

The Paper describes the construction of prestressed conerete  hridge
across River Palar at mile 38/3-3 of the T\hdms-Diudigul Road. The bridge
vonsists of 23 spans of 90 ft clear each and is founded on wells. The super-
Structure for each of the spans consists of an R, C. slah § in, thick cast 2n
v;‘llu over four precast prostressed U-shaped girders each 95 1t 10 in.
ong.

Dotails of design, preeasting of the girders, prestressing and launching
the girders weighing 60 tons each from the casting yard to their posirions
Over the piers are given,

1. INTRODUCTION AND LOCATION

Madras-Dindigul Road, the National Highway connecting
adras to the southern districts of the State, crosses River Palar

1
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at mile 38/3-5 from Madras. The river Palar ri i

; il . ar rises in th
District of .Mysore Sta.b'e and joins the Bay of Bengal aboubelolxixfillzg
from l1;he site of the bridge. Plate I shows the course of the river
and the site. There had been a bed level causeway at the site and

the want of & bridge was keenly felt : ‘
. as
caused great inconvenience to 1-,115; publio. interruptions to traffic

2. DESIGN DISCHARGE

The .diacharge of the river was worke
cross sections of the river both upstream and d
site. The average of the dischar

5,000 ft upstream and the other 500 ft
> ownst
to 2,53,972 cusecs, The discharge at the railwaf?aa,idwgrsl? :d oo
four miles downstream for the 1946 floods gave &g ﬁglu::tec}
o

2,67,957 cusecs. Computations w
discharge over the anicut situated 6%“:11{.1‘180 made for the flood

the tributaries, Cheyyar and Soyyar es above the site and for
ween the anicut and site of the %zidg’e_m;ﬁ}.:s lg‘:f:e t.h(e1 _river bet-
3,28,000 cusecs. The highest figure, viz., 393 003 ischarge of
adopted for the design. TES, cusecs, was

d out taking 7
ownstream of the
ges for two cross-sections, one

The bridge is from bank to b ; .
2,070 foet. ank with & lineal waterway of

3. TYPE OF BRIDGE

Borings taken at the site of brid
depth of about 12 ft overlying a lay efi frlel‘;g?llesii%&nfly soil to a
from 10 to 30 ft in depth. ~Below ¢ '8y ranging

was found, Plate II. his strata disintegrated rock

It was first
80 ft clear with continuous Tee-beazﬁ?ﬁ’ﬁﬁ"i :g :;iOPt 27 spans of

bowstring girders. The alternative desi of 100 ft with
n of

for a prestressed concrete superstruct%xre woixtll? %f)tflzestenderem

accepted after slight modifications. As prestressin wpans as

technique the contract agreement inc g Was & new

h luded iti
to destruction should be conducted at coz?tr:c:g:')’gxg)zz that a tes

+. GENERAL DESCRIPTION OF THE BRIDGE
4.1. Sub-Structure

The bridge is 2,202 ft betw
: ) een th
a.lllélmconsmts of 23 spans of 90 ft clea: ef::}?s glf‘ht;he _abutments
p concrete 6 ft wide at bed block level a:nd are %](ef;sv:irg 0:
o at
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capping slab level with a batter of aboutl /82, The foundations
for each pier consist of two circular wells of 12 ft external
diameter with 8 ft plug holes. The clear space between the wells is
5 feet. The steining is 2 ft thick and is of cement concrete
1:3:6, Plate III. The wells are provided with R. C. curbs with
cutting edge and were sunk to an average depth of 32 feet. The
bottom 5 £t of the well is plugged with cement concrete 1:2: 4.
Sand filling is done between bottom plug and top plug of concrete
2.1t thick (cement concrete 1 : 4 : 8). The wells are provided with
R. C. capping slab 27 in. thick.

4.2. Superstructure

The deck consists of 4 pre-cast prestressed girders 95 ft 10 in.
long with a 6 in. thick R. C. slab cast in situ on top. The girders
are of cellular construction 61 in. deep and 41 in. wide. Precast
diaphragms 6 in. thick are spaced st 9 {6 6 in. centres with two
massive end blocks 4 ft 10 in. wide giving 9 bays of U-shaped
units, Plate IV. The soffit slab is 6 in. thick and side webs
are 5 in. thick. Bach U-girder is prestressed according to Magnel
Blaton system with 256 wires of 5 mm. diameter each. In one
girder there are eight cables of 32 wires each. Four cables are
taken straight and anchored at end blocks. The other four cables
are taken in a parabola and anchored at 13 in. from top of the
U-sections. These parabolic cables reduce the end shear and also
keep down the eccentricity so that no tension occurs in concrete.

The roadway of the bridge is 22 ft wide with 9in, by 15 in.
ourbs on either side. The wearing coat is of 1: 1}1: 3 cement
concrete with cross camber for drainage.

The girders are provided with a rocker bearing for the free
end and rtest on a mortar pad 6 in. by 1 in. section at the
fixed end.

The railings consist of R. C. panels with R. C. posts.

Auxiliary wings are provided to give architectural effect and
incidentally they reduce the length of the main wing.

Approaches are taken in a gradient of 1 in 30. Horizontal

curves with radius of 1,000 ft with necessary transition ourves
have been provided.

5. SPECIFICATION OF MATERIALS

5.1. It has been the gemeral practice in the department
to specify concrete by volume proportions. 1t was folt that &
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specification based on a rational design f i

. - or ¢
as a high working stress of 1,500 1b pger sq,r i;l:,e vlv';l:avazs :ee‘;ze.ssary
design of prestressed concrete girders. Hence stren & in the
ments were specified in addition to the nominal mixg roquire-

No special grading was adopted ; iodi i
of the aggregate was conducted,pFig., lp?;l(g;ct:u\s; ieve analysie

) Sand was taken from theriver bed. Th
fairly coarse angular grains.
in Fig. 2 in Plate V.

_ e Palar sand coniai
A typical bulk graph is :l:z;l;

Batching for concrete was done by weighi
gate was measured by volume. One bgg ofe Lgelgrélglts;,;g.t lfggl'e-
weigh 110 Ib and water-cement ratio was regulated a"1‘ oo 0
laboratory tests indicated water-cement ratio of 0.42 to‘O 4 hough
be used to give a concrete strength of 5,000 b -45 coulq
28 days, on the job a ratio of 0.4 was adopte:i POF 8. in. a

For R. C. works, a nominal mix of 1:9-:
Specified strength was 3,000 Ib per sg. iln. 2&%; 42'5:&3 adopted,
batching was done by measuring volumes, ays. The

In order to ensure high quality work
stipula.ped in tl;e agreeme%lt t% the gﬁect rtﬂa:; F: I:::.lsteytlf lause waq
used did not yield the specified strength, recovery at,et COncrete
quoted rate would be effected from the contractor.” Th ooy the
specified at 28 days and the design stresses adopte.d : Strengt.hs

kinds of concrete are given below : for the varioug
_ ) Specifi . —
Specification of concrete mix a.tp;gld:;:?:%gfg s]t);:asslgxib
. 8
cubes lb per sq. in, per sq. in
Prestressed concrete  work
1:1%:3
Cast in situ diaphragms and 5,000 1,500
deckslabl:2:4 3,000
Cappiog slab and bed block ’ 950
l . 2 . 4 3’000 750

5.2. High Tensile Steel

High tensile steel wires, were i
from abroad and these were periodObwlned b
wire does not show any definits
was determined for 0.1 per cent pe

G Y the contract

19&}:1y tested. As high tens(;Il‘:
yield point, “ Proof stregg
Tmanent strain, Plate VI. As
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recommended by Prof. Magnel, steel wires were tested to see if
the working stress (140,000 b per sq. in.) adopted was less than
0.8 of proof stress or 0.6 of ultimate stress. The steel that was
supplied by the contractors was very satisfactory.

5.3. Mild Steel

Tested mild steel was used. The usual working stresss of
18,000 1b per sq. in. was adopted.

5.4. Cement

Cement supplied by Messrs Dalmia Cement Co. was used.
This was periodically got tested at Government Test House, Ali-
pore, Caleutta, for Indian Standards Institution Specification.

6. DESIGN

The salient principles of design of the prestressed girder are
indicated below.

61. A prestressed girder has to satisfy the following
conditions :

Top fibre of Girder

(a) On the application of prestress the tensile stress in
the concrete under dead load must not exceed the
permissible tensile stress in the concrete.

(b) When losses due to plastic flow and shrinkage
have taken place, the permissible compressive
stress in concrete under superimposed loads must
not be exceeded.

Bottom Fibre

(a) Immediately the prestress is established compressive
stress should not exceed the permissible value.

(b) Under superimposed load, when losses have taken
place, tension in the girder should not exceed
the permissible value.

For a beam under prestress from the conditions
given above it is possible to establish the relationship

(1 B (41 ) Hoab<Crer e (1)

ri
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where Pi=Prestress applied
n="Proportion of prestress that remains permanent!
A == Area of section Y

e = Eccentricity

yt, y=Distance of top and bott ;
the neutral axis of sectior?m fibres respectively from

Cae = Stress due to dead load at top

Cat =Stress due to superimposed load at top

(C'av= Stress due to dead load at bottom

Cap = Stress due to superim i
$ posed load iti
applied after the prestress at b:téé)e&; »dditional loads
(' =Permiseible compressive stress

(= Permissible tensile stress
r=Radius of gyration of the concrete section
Since Cab= Moy h i ‘
: = —— where M, is the bending moment due t
additional loads applied after prestress is established i

sion in (1) can be written Expres-
I _ M,
Y otet—(I - n)%’(fﬁf; +1)
;

forthelimitn:l,—l- = _‘_ui
o CH-ct

Thus & prestressed girder has to b ;
bending moment and as for dead 1oea_dd§:’g‘f‘:gr0'nly. for live loaq
pending moments at the centre of th. ries itself *** Tpe

peam, deck slab, hand-rails, etec., ang ngenlis:elto the precast
oa

below : d are given
pgo?ﬁt. Bending Moment,
Precast girder including diaphragms inch 1b
Deck slab 522 1b 1192 1b -+~ 15,400,000
osriogcon, Hand raile and Kb L2811, ._410000

» Prostressed Conerete by G 12’20():000
¥ ‘ Magne]’ Con ———
14 Dartmouth Street, London. crete Publications Lyy
td.,
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The section chosen for the girder is shown in Fig. 1.

a4
. N.A.
OF COMPOSITE SECTION.

N.A
OF U-SECVION.

Fig. 1

The properties of the U-shaped precast, prestressed section
are

Ares of Seotion 958 8q. in.
Moment of Inertia 4,39,794 in.*
1 . .
Section Modulus % =§t 14,000 in.®
. 1 -
Section Modulus Z,= _y—’ 14,900 in.

After the 6 in. deck slab is cast the composite section will have
the following properties :

Area of Section 1,390 sq. in.

Moment of Inertia 7,093,794 in.*

Section Modulus Z, = ;c 20,500 in.®

Section Modulus Z, = ; 19,800 in.®
b .

While prestress is applied only the U-portion of the girder will be
effective. When the in 8itu slab is cast, the composite section
will be effective.

The bending moment due to loads applied after the prestress
is established i.e., live load, slab, wearing coat and hand rails eto.
is 2,31,00,000 in.-1b.

1

Minimum value of — = 2&@&9:15,400 in. units.
Yo 1,600 .

Seotion adopted gives 19,800 in. unite,
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6.2. Determination of Prestress :

The prestress moment
eccentricity. The chosen v

depends upon Prestress as well as
must be such that the

alues of eccentricity and prestress

conditions mentioned below must be
satisfied. In the general case, ¢ > fi

Y

Condition 1.

At prestress, the top fibre should not be subject to tensj
with the combination of dead load. ] 0 tension

Pi reyt
1-4_(773 l) —Cdt:o
Condition 2.

After losses due to shrin
load the stress in the top fi
pressive stress.

kage and cre

¢p, under superim 08e
bre must no L4 posed

t exceed dllowable com-

n Pt reyt
- —ﬁ—1>+0dt+0at=0

Condition 3.

At prestress, the stress

in the bottom
account dead load must not ex

fibre taking ;
ceed the permiss & Into

ible value
Pi ey,
2\ +1 )-I—Cdb =C

Condition 4.

After losses and allow

ing for the dead load and i
- loads the bottom must net & 0ad and superimposed

be subject to tension.
_mn Pige

1 (V) 4+Cabt-0ab=o

The prestress e chosen must sim i

v, ultaneously satisfy the
condltnoni1 above. The four expression can be i’e:rra‘.ngyed in
terms of P; and by putting e=o the value for 4 /P; for the 4

conditions give the result

9
PavLar BripGge 30
n
A 1 @ 5. = ~C@i-Cat-C
@ 5= " oa 1} et
] Z =
(3) i;_ = 5 0db 4 p; = cat + Cab

i i ly it
Therefore evaluating the above expressions simultaneously

e 4 isfyi 11 the four conditions. A
is possible to determlneratlsfylng a

lving i drawing graph for the four
simple method of solving 18 by

1000

»-a8

, 1000 x 1390 = 1,112,000
s Pi= T o
j §5 m. m. ¢ gives
bles of 32 wires 0 “
8—-0556 x 0.031 X 140,000 = 1,125,000 1b.

Fig. 2

4
lines 2, 3 and
value of P must be within the area boupded by li

to the left.
4 b
486 = 1,686 1b
Odt  Stress due to dead load at top 1100 + per 8q. 1.

< 429
Cat Stress due to guperimposed load atﬁ ;gpl :
¢ Allowable compressive stress = 1, 0.4 457 = 1487
Cdb Stress due to dead load at bottom =82
Cab Stress due to live load at bottom = 9 2

2



810 NaMBiaR oxN

Stresses are determined by usin

g the fundament .
formula f = 1'_411/ al bending

Stresses are given below :

__D_ M
Y 1 May
+1175 -~ 1760 + 1100 +513
D ' X ) X ) &
- NS 41650 - 1030 +173
OIRECT BENDING

mect ENDING DEAD LOAD

——

PRESTRESS

AFTER LOSSES UNDER SUPERIMPOSED LOADS THE STRESSES WiLL BE

- *5%
- | 1498 noo wase 2 552
1520
a29
' & + ] i X )
1000 7.1 ~ 1030
IRECT - 457 -82 96
o:z%m‘fz(iss PRESTRESS 'me"’ WOAD e e EOAD,
oM Am DECK AND WANDRAILS RESULT
DIADHRAMS AND
WEARING COAT
Fig. 3

The prestress can be calculated a i

5 1 i
use of equation for line 4 in Fig. 2 as nta};g' tmlgg 3130. by mgkmg
this line. n point P lies on

;=

n(1490
( + r’)
_ (1487 --822) 1390

= 1,111,040 1b

324\ ]

0856 (14—~
( 14.2

In practice 8 cables of 32 wires will be used
Therefore prestress = 256 x 0.0314 x 140000
= 1,125,000 1b.

It is interesting to investigate the factor of safet
orack and for failure of prestressed concrete girder. oty for first
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Moment at 1st crack = total moment - fer 27Il;whem
fer= Stress at which tensile cracks appear in concrete. During
the ultimate load *test conducted on a test beam it was observed
that cracks appeared at about 150 b per sq. in.

793794

38500000 -+ 180 X 201

= 41,476,707 in 1b.

This means there is a factor of safety of 1.70 agains¥
cracking.

Failure at ultimate load is preceded by plastic elongation of
wire and crushing of concrete.

Ultimate resisting moment of section.
Mu = As fu jd-
956 % 0.0314 x 220000 x 0.9 X 56 = 89,100,000 in 1b.

This represents 2.3 times live load and dead load B.M. taken
together or more than 5 times the live load B.M. alone.

6.3. Design of End Block

The end blocks which have to bear a reaction of 500 tons are
designed as per the principles laid down by G. Magnel.*

The Maximum stresses in an end block occur at the moment
when all the cables have been stressed.

The stresses are :

(i) Bending stresses due to the horizontal moment produced
in the block by the anchorages pressing on one end and the
U-shaped section at the other.

(ii) Horizontal shear stresses induced by the above forces.

(iii) Vertical shear—i.e., the difference between the vertical

shear from dead load and negative shear due to prestressing
cables.

(iv) Compressive stresses acting on a vertical plane due to
cable force.

» Nambiar K. K. and Raj P. V. Testing to Destruction a 96-foot Pre-
stressed Concrete Bridge Girder, Journal of the Indian Roads Congress
Vol. \VII-3, January, 1953,

J——

* Prestressed Concrete by G. Magnel, Concrete Publications Ltd., 14
Dartmouth Street, London. o
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1125000 6920000

_T-’i W Aiuj'}_, . o100
3

\_‘.
8 230
% l 220 ©o
A
—{5m 615
2‘_" - C.6Of AB=903;
® ¥ caBLes in,
l [ 15460
C o
! . 63200
S —
o 67100

Fig. 4

(1) Tension due to horizontal bendi
140,000 = 562,000 1b. al bending 128 x 0.0314 ,

Pressure per inch of distribution plate 56200/8 =70200 1b.
At face of end block

4 = 958 sq. in.

I = 439794 in.*

P =11,25,000 1b

e =6.15

11,253,000 X 6.15 = 69,20,000 in. ib.

In Fig. 4 Stressat A= 958~ 439794 x 31.4
_1175 - 488 = 687 1b per sq. in.
B 1175 - fi;%quo « 92.4 = 822 1b per sq. in.
c 175 + 6;’:5,?;’5 « 93.6 = 1546 1b per sq. in.
D 1175 + ?%)793 % 29.6 = 1640 1b per sq. in.

Force on block per inch height at
A 687 x 28 = 19100 1b nearly
B 822 x 28 = 23000 1b

822 x 10 = 8220 1b
C 1546 x 10 = 15460 1b

1546 x 41 = 63200 1b nearly.
D 1640 x 41 = 67100 1b nearly.

Horizontal moment : The forces acting are as indicated
above.

B.M. 67100 X 6 X 7 + 15460 x 4 X 2 - 70200 X
6.95 x 3.125 = 15,74,000 in.-1b.
According to Magnel, tensile stress occurs at centre of

7
the section and is equal to %

5_&}é1%9_09_—- = 76 lb per 8q. in.

(2) Horizontal shear stress :
67100 X 5.5 — 70200 x 1.76 = 247000
1.25s
Shear stress = —7

Mﬁ = 172 1b per sq. in.
41 x 58
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(3) Vertical shear stress:
Shear due to dead load 50,800
Weight of end block 6,050

—

56,850
Negative shear due to

Prestress 58,200
Net shear -1350 1p

1350
Sh t —_— =
ear stress 5 =06 1b

8 x 41

(4) Compressive stress in a vertical plane

At the centre of the eng block eccentricity is 3.6 ;

6 in
B. M. 1125000 x 36 = ‘ '
lower ducts 4050000. Stress ¢ at centre of

1125000 6 x 4050000
61 x 41 4l x 615 = 4504159 = 609 1p pey 8q. in

Summary of stresses:

(i) Tension due to horizonta] bending 76 1b

(ii) Horizontal shear stress 172 1p

(iii) Compression on rest plane 609 1b

Principal tensile stress
609 - 76
_ 2 ¢ (609 4 76)s
" J(m + 'Mzi“))

267 - 384 = ~117 1 Per sq. in

Area of stee) per foo

6
£3600/24000 = 1157 gor"h % 24000 1o per g
centres are used. - B/8 in, ¢ - Btregs

la. rody at 4} in
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7. CONSTRUCTION OF FOUNDATIONS AND SUBSTRUCTURE

7.1. Wells

Two permanent theodolite stations were constructed for
aligning the bridge axis. The bed of the river happened to be
dry for many months during construction and hence no special
problems were encountered in laying the well curbs. Mild steel
sheets 1/8 in. thick, stiffened with M. S. angles, were used for the
shuttering of the R. C. kerbs. The inner face of the kerb is pro-
vided with a champher of 1 ft 6 in. in 3 ft 6 inches. The cutting
edge is of M. S. angles 6 in. X 6 in.X} in. See Plate VII. These
angles were welded to the bond rods of the steining. Cement
concrote 1: 24 was used. See Photos 3 and 4.

7.2. Steining

Reinforcement of the steining consisted of 22 numbers of 1 in.
diameter and # in. diameter hoop rods at every 2 ft centres. The
concrete used was1:3:6 with 1} in. gauge granite metal,
Steinings were raised in stages of 4 ft using steel shutterings. To
facilitate fixing of the shuttering for the next stage, holes were
left 6 in. below the top of each stage so that the shuttering could
be fixed with an overlap of 6 inches. These holes were grouted with
mortarafter casting was over. Timber distance-pieces were used
to maintain the thickness of-steining at 2 feet. External timber
struts were used to prevent any bulging.

7.3. Sinking

Sinking was done by open dredging up to about 20 ft depth.
Two 6 in. centrifugal pumps and sump pumps operated by
compressed air were used for the purpose. This was possible only
when there was no blow of sand. When blows oucurred under-
water sinking was resorted to. Diving helmets were used for the
purpose with the aid of one Atlas Diesel Air Compressor of 110
cu. ft. capacity. One compressor could feed about 8 helmets at
depths of 30 to 40 feet. First a pit of about 2 ft was made in the
centre and then earth from under the cutting edge was cleared.
Care was taken to see that the clearance was uniform on all sides.
As the dredge hole was 8 ft in diameter, two or three divers could
work comfortably. Each sinker could work in water continuously
for about 4 hours. After the underside of the cutting edge was
cleared Photo 5 a small blast using gelignite was given to the water
in the well to facilitate sinking of the well. This eased the skin
friction and well sunk easily.

. At depths greater than 20 ft isolated big boulders embedded
In stiff cla.y and disintegrated rock were met with during sinking.
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When these were found in the area of the plug hole, they were
hauled up by using & winch and wire rope. Often boulders beneath
the cutting edge retarded progress. In such cases, holes were
drilled with pneumatic drills under water and the boulders were
blasted by means of gelignite. The fuse of the charge was connected
to a battery and ignition was effected by connecting the terminals
from outside the well ; only half ¢

harges were used to prevent
damage to the steining during blasting,
It was felt that resting wells on independent boulders
embedded in clay was not desirable. So they were sunk through
the layer of clay mixed with boulder and were plugged only when
good seating on boulders on all sides or disintegrated rock was f the bridge. Existing causeway
met with, While sinking the up stream side well of pier 3, a Photo 1. Site o left
very big boulder embedded in disintegrated rock 2 ft below out- can be seen on the le
ting edge and extending to nearly half the area of the well was
met with and it was found that the boulder extended outside the
cutting edge.

When a pit 8 ft deep was made, two other boulders
were also found. The big boulder was blasted and efforts were

made to remove it. After blasting 2 ft of the boulder it was

MONTHS
S S N

SAND -’J
[¢]

i

UPSTREAM WELL oOF PIER 18.
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It was Photo 2. Existing causeway and piers of the bridge
w A ) -

188 resisted the shockg due tot are seen on the right

also and
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Photo 5. Interior of a well with the earth
under the curb cleared

Photo 3. Reinforcement for the well curb

Photo 4,

Concreting the well curb

Photo 6. Tremmie in use



Photo 8.

Photo 7. Concreting the capping slab

End block and diaphragmsg
of ducts in the end block

Note the arrangement
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Photo 9.
Photo 10.

Concreted beam

Shuttering for the soffit slab
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Tensioning jack in pos

Photo 12.

Preparation of the cable

Photo 11.

P ixi .
hoto 13, Fixing of the wires after tensioning by driving in the wedge

Photo 14,

A .
beam being lifted for placing
on a trolley




Photo 17.

Transfer of the front
end of beam from the bank

Photo 13, to the bed trolley

Beam on sleeper crib

Photo 186.

Beam on trollies
on the bank

Photo 18, Transfer of the beam to the bed trollies




Photo 21,
Photo 19.
Shuttering for the
in situ diaphragm
between the beams

A beam on the move
on the river bed

Photo 22.

Free end of the beam
on rollers

Photo 20,

Beams seateq over a pjer



"
;®
3 >
"
~
o
” N
x‘,,‘z

23

Photo
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was sunk 7 ft below the calculated scour depth, it was felt that
the well could rest on the boulder. As a precaution holes were
drilled into the boulder and 12 dowel bars were put in before
plugging the bottom. The extra pit that had been formed in the
attempt to remove the boulder was also roncreted. :

In wells of pier 5, only sand was met with even after sinking
52.5ft. As the calculated scour depth was about 27 ft above the
bottom of wells as sunk, they were left in sand.

The progress on well sinking in one of the well is shown
in Fig. 5. :

7.4. Bottom Plug

After a well was sunk to required level, the bottom 5 ft of
the well was plugged with concrete 1:2:4 with 1} in. gauge metal
under water. The ¢ Tremmije method *’ was adopted. The prin-
ciple made use of in this method was that when a heavy liquid is
poured into a lighter liquid the former sinks and settles down to
the bottom. The *“ Tremmie >’ consisted of & hopper connected to
a pipe 8 in. diameter. The pipe was taken down to the bottom
of the well and the hopper was wellabove the level of water in the
well. Photo 6

First the pipe was completely filled with sand. Concrete
1:2:4 mix with a consistency giving a slump of 6 in. was
poured into the hopper. The hopper and the pipe, which were
connected to a winch by means of wire rope and pulley were
slowly raised by about 6 inches. The sand flows out a little and
its place is taken by concrete of plastic consistency. In this way
the whole pipe was filled with concrete. When the pipe was lifted
at this stage by 6 in. and then lowered, some of the concrete in
the pipe flowed out and the bottom of the pipe will be in concrete.
Fresh concrete is then poured into the hopper and the pipe is
lifted by 6 inches and lowered. This process is repeated. Cdre was
taken to see that bottom of the pipe was always within the con-
crete that flowed out. A sinker was sent under helmet now and
then to level up the concrete that had flown out of the pipe.
Soundings were taken to ascertain the depth of concrete. This
method gave very satisfactory results. Some of the wells were de-
watered and concrete was found to be water-tight. A thin layer of
slush was seen on the top of the plug. Usually it took only 5 hours
to plug one well. The quantity of concrete involved was 326 cu. ft.

7.5. Sand Plug

Immediately after bottom plugging, sand plugging was
started and completed. Sand pluggmg was done under water ag
3

|
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sand will have minimum of voids when fully soaked in water.

The top two ft of the wells were plugged with cement conorete of
lean mix (1:4:8).

7.6. Capping Slab

Details of reinforcements of the cappi i
pping slab are shown in
Plate VII[: Steel shutterings were used. The concrete of 1 : 2 : 4
nominal mix with a water-cement ratio of 0.50 was used and
compacted by vibration, Photo 7. Tests on six inch cubes taken on

actual job showed a compressive strength of more than 4,000 1b
per sq. in.

7.7. Piers

Plum concrete was used for piers. The pro i
was 1:3:6 with 20 per cent plums. The pri)er };:;:1:; ;fdcc;x;cfrete
stages. Shutterings were all made of M. S, sheets 1/8 in thp‘lir
stiffened with M. 8. angles 14 in. x 1} in. % 1} in. While co ick,
ting each stage, 5/8 in. rods threaded at ends were fixed 1 { olow
the top of shutters. For concreting the t below
raised and ﬁlxed aft bottom to the rods
was an overlap of one foot, A . ) !
provided to maintain the requiretg%isltﬁbe% itzt;a:;cl:etiple;es were
were also provided to give rigid supports. Coner i mber struts
in layers of 6 inches. About 5% gallons of eting was done

sack of cement. Piers ; water were used per
distribution slab. were provided at top with a R.C

7.8. Abutments and Wings

Abutments and wings were also of plum conorete,

addition to the main wings auxilia; .
po give an architeotura] eée:at. 1ary Wings were also provigeq

~ 8. PRECASTING AND PRESTRESSING OF THE BEAMg
The work comprised the following : |

Work at costing yard ,

Launching of precast girders, and
Cast in situ work,
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8.1. Casting Yard

In order to take full advantage of precast work, the order of
casting, prestressing, and release of the casting beds had to be
pre-planped. It was planned to cast 8 beams per month and
hence eight beds 4 on each side of a trolley line were prepared.
The casting yard had an area of about 275 ft x 60 ft. :

The casting bed consisted of a strip of concrete 41 in. wide
and 1 ft deep and 94 ft 8 in. long (the length of the girders). A
longitudinal camber of 1} in. was provided in the bed. The end
5 ft of the casting bed was given 2 ft deep concrete foundation.
The edges of the bed were provided with channel 4 in. X2 in. so
that edges might not wear out. Casting and prestressing of
girder was completed in the following five stages :

(a) Casting of end blocks,

(b) Casting of precast diaphragms,
(¢) Casting of soffit slab,

(d) Casting of webs,

(e) Prestressing.

8.2. End Blocks

Reinforcement details of the end block are given in Plate 1V,
The end block bears a reaction of 500 tons and hence it is mas-
sive, heavily reinforced and solid but for the cable holes. Shut-
terings were made with M. 8. plates 3/16 in. stiffened with chan-
nels 3in.x 1} in.  Steel vibrators plates with notches were wel-
ded on to shutters. Electrical form vibrators which have corres-
ponding notches were fixed on to the shutters while concreting.

Four form vibrators were used in addition to one internal vibra-
tor.

For providing ducts in the end block, Magnel’s standa'rd
rubber cores were used. These rubber cores are 1.97 in. x 1.97 in.
with a hole of 13/16 in. for inserting a rod to keep the core

straight. Two such cores, one on top of the other, were used. See
Photo 8. -

8.3. Diaphragms

There are 8 diaphragms between the end blocks, thus provid-
ing nine bays of 9 ft each. The shutters of the diaphragms were
made of M. S. Plates stiffened with 3in. X 1§ in..x }.in.
channels. For fixing electrical shutter vibrators, steel plates
with grooves were provided., Vibrators were fixed to these
Plates by means of steel wedges. Correct position and shape of
the holes for the cables were ensured by providing dealwood
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boxes made to shape and fixed to the shutters by bolts. After
casting was over, these boxes were knocked out.

8.4. Soffit Slabs

The soffit slabs and 4-in. height of webs were cast in one

stage. The shuttering consisted of timber framing for the sides.
A pin vibrator was used, Photo 9.

8.5. Webs

It should be observed that there is a construction joint
between the soffit slab and web. The web reinforcement provid-
ed is adequate for taking the principal tension created by
prestressing. Hence it was considered safe to allow this constru-
ction joint in an horizontal plane. Like the shuttering for the end
blocks and diaphragms the shuttering for the web was also manu-
factured using 3/16 in. mild steel plates stiffened by welding 3 in.
x 14 in. X % in. channels at 2 ft centres. For maintaining correct
width, of mortar blocks 5 in. X 2in. X 2 in. with a hole inside
were introduced between shutters and fixed with bolts which pass
through the hole of the mortar block and shuttering. After con-
creting the web the bolts were taken out and the hole was filled
up with mortar. For keeping the top of shuttering in position,
tie rods 1 in. diameter which work in pipe sleeves were bolted.
These shutters were very satisfactory.

8.6. Prestressing (Magnel Blaton System)

For each beam there were 8 cables of rectangular section with
32 wires in each. It was composed of layers of wires, 4 per layer.
The wires were systematically arranged by using standard Magnel
Blaton “ grills”’. These grills were placed one at each

diaphragm and end blocks. The wires maintain their geometric
pattern throughout their length.

Magnel Blaton anchorages consist essentiall
plates, sandwich plates and wedges. The distribution plates are
made of cast steel. They are fixed to end block by means of
mortar after bush hammering. They distribute the cable force

to the end block over such an area that the pressure on the
concrete does not exceed 3,500 1b per sq. in.

y of distribution

Each anchorage consists of 4
wich plate is capable of anchori
plates bear against distribution pl

sandwich plates,
ng 8 wires,
ate.

Each sand-
These sandwich

The cable is first knit into grills, Photo 11 . .
the girder through the cable holes provided in thinfﬁdlﬁ?gﬁfsdaﬁ'é
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i i istribution
i . Sandwich plates are then fixed against dist
(}l);:,sénk;g?;ans of temporary clamps. Two wires pass into each
slot of the sandwich plate.

fensioni equipment consists of a hydraulic jack Whl_ch
tensi%;:s}i?v?éngwirgs I;,ta time by means of' a tempox‘.ary grip,
Photo 12. The Magnel Bla.ton.hydra,uhc jack consists of a
“¢ gtrong back ”” to which two wires can be fized by means of a
steel master-wedge. The strong back 1is connected. to & cross
head by means of two steel links and the cross head itself is con-
nected to the ram of the jack. The jack is supported on a frame
and this bears against the sandwich plates. The jack is connected
to a Tangye hydraulic pump having a pressure gauge. When
the ram moves, the grip with master wedge also moves and
pressure gauge on the pump records the load on the wire.

actual elongation required_ at each pair during
presgee:stin;heopemtion and the prestressing at the gauges are
fixed. See Appendix L.

ire gauge is prepared for the required extension of 3-1/16
afteri:lilneitgial lgoad gf 1p,000 Ib. One end of thg pair of wires to
be stresssed is locked by inserting a quge in the sandwich
plates. From the stressing end the_ wire 18 tevnslone'd such th.at
the rez;,ding on the pressure gauge 18 5,009. Now‘ with a special
tool, the wedge at the anchored end 1s driven hard and pressure
gau’e reading is noted. Driving of the ?vedge is stopped whe'n
the gressure gauge shows & constant I:ea.dmg when the wedge is
beinpg driven. After the wedge is driven hard at one end the
tension in the wire is released such that the reading is 1,000 11?.
At this stage the wire would be held :lu:‘zq taut. T_he wire gauge is
held against the sandwich plate, the initial mark is transferred to
the wire that is being stressed with a coloured pencil. The pumIf)
is now worked to 10,000 1b which corresponds to des1‘gn stress o
140,000 1b per sq. in. and the mechanical losses. These .losses
a.re, (i) Pair loss, (ii) Jack and sp.ri'ng losses, (iii) . Relaxation of
wire during anchoring. After waiting for two minutes, wedges
are inserted into the sa.ndwich. plate between the wires an
driven hard by meansof a special tool, l?hoto 13. The mastﬁr
wedge of the jack is now released. The wire gauge is held]:)y the
side of the stressed wire to see if the_ coloured pencl_l mar c];nnt-i
cides with the gauge mark. Sometimes a relaxation of abou
1/16 in. was observed.

i for the correct extensions the pressure gauge
on tl?: mﬁ?g;i pump indicated a reading 2560 1b - 500 b don
the high or low side of the correct reading. This wlf.s, 11112
to slight leakages in the pump and the jack broug
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about by worn out washers. Sometimes the spring of Bordon gauge
required adjustments, Frequently the pressure gauge was tested
in the field laboratory. For every 10 beams prestressed, one test
was conducted on the high tensile wire for proof stress and Young’s

modulus. It is felt that it is much better to depend on
measured extension than to depend o

D pressure gauge readings
alone. The ‘‘hogging’ of the beam

: was also measured after
prestressing as this indicated whether beam had been over-

prestressed or under-prestressed. On the whole the Prestressing

work was very satisfactory as very uniform results were obtained .
Observations were recorded in the form given, Appendix 2.

A sample posting of values is also given to afford a true picture.

8.7. Grouting

After prestressing was completed, the cable was completely
encased in cement mortar grout. Wooden forms were used.

Care was taken to see that air was expelled and grout entered the
interstices between wires.

9. LAUNCHING

9.1. A method of launching the Precast girders weighing

nearly 60 tons each from the casting bed to the piers had to be

evolved, taking into consideration local talent, materials and

resources. Advantage was taken of the dry bed of the river

to move the beams on a trolley line. The launching comprised
of the following three stages :

(i) lifting the girders from the oasting bed and placing
on trolleys,

(ii) transfer of the

girders from shore trolleys to bed
trolleys, and

(iii) hauling of girders to the pier and their transfer from
bed trolleys to the pier.

9.2, L-Pl&}tes 7/8 in. thick, stiffened at centre, are fixed to
sides of the girder by means of 4 bolts 1} in. diameter. First,
at one end two hydraulic jacks 35 ton capacity each are placed,
the girder is lifted by about 6 in. and a sleeper is introduced.
Similarly at the other end also a sleeper is introduced and girder
made to rest on sleepers. Between the sleeper and the beam a
ball rack is introduced at both ends. These ball racks consist of
an ordinarily bull-headed rail placed with its web horizontal and
steel balls laid on the web portion and covered over by an inver.
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j i inst the girder is
. A screw jack which can work. agains !
?;legh:: n&ie rail of the ball rack. By working these screw ]a,gks
the girders are moved sideways over the prepared track. See
Photo 14.

i i ilt such that the

ither end a crib of sleepers is bui ) !

ird g-i'est‘:fme;: V?rli‘th an overhang about 9 ft. Undc_ar this condi-

'%' 61: nsion is not developed. Now the trolleys are }ntroduced a:t

];3& eends and the beam lowered on them by using hydraulie

jacks. The girder is now hauled by means of a winch to the end
of the bank. Photos 15 and 16.

d set of trolleys is kept ready at the bed. ) Thes'e
trollg;s. ha‘::etcaolrll cribs built on thent} so that when t?e fglgder‘ is
transferred on to them, the girder will be at the level o 11; e glgr
ton. Both the front trollies in the bed and the bank are pl a,ceb u;
a {)i'ne and the girder is cantilevered out by bulldmg a crib abou
10 ft from front end of the girder. The l?a,ll rack is lrllow mtro(i
duced underneath the girder and by working the w1ncl y onedenn
of the girder is moved on to the front bed trolley and lowere od
it. The temporary crib that was built on shore is now {‘;m%\.red
&l:ld front bed trolley is pulled by means of a Wm;:lh. ; edomf,.
end of the girder is transferred on to hind bed tro ;ay by afr c?m-,
ing a procedure similar to that adopted for transferring
end of girder. Photo 17 and 18.

f
i ijs now hauled by means of a relay o
i %5. kTI:ea.t.g;g‘:; 500 ft. When the girder comes against the
roqus eil :pa.n & rail nest is placed betwgel_l the eribs of the
:eqlllllre ang ou’t water of pier. A ball rack is introduced bene.ath
trh(; ;i}:iers and girder is moved over the rail nest on to the piers
by means of screw jack. Photos 19 and 20.

0.6. The cost of moving the girder worked out on an average
to only Rs 3 per ton.

10. IN 8ITU WORK

In situ work consists of cesting diaphragms between the
beams and laying the deck slab.

10.]. Diaphragm Between Beams

i i japhragms. The
| shutterings were used for casting the diaphra
bottosxfle gf :h‘; shuttgring was made of a channel and t-,hxsl was klflfg%
from the main reinforcement itself by means of J-bolts. s
removal of shutters the holts were cut, caulked in and grou
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that there was no risk of setting in, compaction of concrete was
done by using poking rods. Pin vibrators could not be used
because of the thin section, Photo 21.

10.2.. Deck Slab

The shuttering for deck slab consisted of mortar slab 1 in,
thick. These were first used to cover the top of the beam. They
proved very successful and later this was used between girders
as well. The mortar slabs were reinforced with waste high tensile
wire bits. The slabs were placed in position by prpviding 1 in.
% 1 in. grooves in the girder. The slabs were left in place even
after concreting.

For compacting concrete of deck slabs both pin vibrators and
screed vibrators were used. Wa.ter-ce_ment ratio wa.s\0.5. The
strength attained on 6-in. cubes Was uniformly more thgn 4,000 1},
per &q. in.

Y

1i. BEARINGS

11.1. The fixed bearing of lfhe girders consists o
pad 1 in. thick with & dowe?l pin connecting the bea,ufl a;vli]:ﬁr:ﬁ;
distribution slab over pier. Girders are lowered on a wooden frame
of required dimensions. 11 in. dowel pins are dropped in position
through the holes provided in .the girder and the distribution slab
Grout of cement mortar 1:2 is poured through one of the holes
and worked up With  tamping rod. The grout fills up the hole
in the distribution slab and the timber frame and rises into thz

gecond hole. Timber frame is left in positi
mortar had set. position even after the

11.2. The bearing at free end consisted of a
of mild steel, Plate IX. The top plates are fixed to th,
girder bottom while casting. The rocker is fixed in positi e
The lowering of beams did not present any special difficulty ion,

simple roller

12.  WEARING COAT AND HAND RAILS
12.1. Wearing Coat

ghe wearing coat isof 1:1
camber. The expansion joints
other and construction joints i agpoed st 192 14 from each

. . . at
painted with bitumen before laying ‘:lslefz;rea’ll"il:)egtgg)at()f the slab is

%:3 conerete with 1 in 132 crosg
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12.2. Hand Rails

Posts and pilasters are cast in situ while rails and panels
will be precast units.

12.3. Pylons

Attractive pylons are proposed at the ends of the bridge
to symbolize the technical excellence incorporated in the struc-
ture,

13. FIELD LABORATORY

As the work was the first of its type carried out by the
department, close supervision Wwas necessary. So a field labo-
ratory was provided for carrying out routine tests. Soils that
were met with during well sinking were also sampled out.

Among the regular tests that were conducted were the cube
strengths on concretes of various mixes, analysis of aggregates
and bulk tests on sand. TField observations were conducted on
prestressing ‘hog’ and temperature expansion of girder and
deflections.

The machinery used on the construction is given in
Appendix 3.

14, COSTS

The total estimated cost of work is Rs 25 lakhs. Cost of
foundations is Rs 5.9 lakhs. Cost of substructure is Rs 3.2 lakhs.
Cost of superstructure alone is Rs 10.5 lakhs. The cost per run-
ning foot of bridge works out to Rs 1,051.
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APPENDIX 1
CALCULATION OF EXTENSION FOR THE PRESTRESS

Initial prestress applied : 1,40,000 1b per sq. in.

Losses after anchoring: (i) Shrinkage of concrete
(ii) Creep of concrete
(iii) Relaxation of steel.

An sallowance of 15 per cent has been made in the design
calculations to cover all these losses.

Losses due to prestressing (i) Slip  at  anchorage.
¢ in. allowed per
wedge.

(ii) Pairs loss.

At transfer maximum compression in concrete: 1795 b

per sq. in.
At transfer compression in concrete at ends: 1175 1b
per sq. in.
Therefore, average compression (Parabolic variati
riation) =
1176--2/3 x 620 = 1588 1b per sq. in.
Average strain in concrete _ 1588
=T
Strain lost in first pair of wires = 127, 1588
o : 1280 E,
Strain in last pair =0
Therefore, average strain lost = —li X 1688
2x128° g,
Average stress lost = . 137 1588
2x198" - % Fs
N ‘
%1% 128X1588X7
= 5,500 1b
Pairs Loss 5600

~ 140,609 X 100

—_—_ A -
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Length of wire=0verall length 94 ft 8 in.
Distribution plates 0 ft 4 in.

Sandwich plates 0ft 4in.

(Gauge mark 0 ft 4 in.

95 ft 8 in.

= 1148 in,

Strain ratio for wire at 1,40,000 1b per sq. in.
E, = 30.5 x 108

Initial gauge reading before marking a mark on wire :

= 1,000 1b
Spring losses for this load = 1000 — 250 Ib
= 750 1b
. .. . 750
Stress on pair of 0.200 in. diameter wire = 0.0628

= 12,000 1b per &q. in.

Additional stress to be applied = 1,28,000 1b

Elastic strain = 30.152830(1?08 X 1148 = 4.01
Pairs loss 4 per cent = 0.15
Slip 1/16 in. = 0.06
5.06

or say b 116 in,

Pressure gauge reading :

Load on a pair of wires = 1,40,000 % 0.0628 = 8,800

Allow for 5 per cent jack losses = 440
Allow for springs extended = 400
Slip and pair losses = 440

10,080

say 10,000 1b

Therefore minimum gauge reading is 10,000 1b for applied

extension of 5-1/16 in, after an initial load of 1,000 Ib.
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PLANT AND MACHINERY USED

Substructure and Foundations

Atlas Diesel Air Compressors
Centrifugal Pumps 6 in.

Centrifugal Pumps 5 in.

Petter Engine Pump set 3 in.

Sump Pumps

Diving Helmets

Concrete Mixers 5-7% cu.ft. capacity
Winches 2 ton capacity

Superstructure

Liner Cumflow Mixer 5 to 74 cu. ft.
Concrete Mixers 5 to 74 cu. ft.
Electric Generator Plant

Electric Welding set

Form vibrators 230 volts
Electrically operated Pin Vibrator
Flex-shaft Pin Vibrators

Lifting Jacks coupled to Tangye Hydrauhc

Pumps 35 tous, 6 in.
Lifting Jacks 16 tons 10 in. rise
Lifting Jacks 24 tons 10 in. rise
Winches 10 tons
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PANEL DISCUSSION
IX SESSION OF THE INDIAN ROADS CONGRESS

The milages of water-bound macadam and black top roads
in ‘ndia. are given below :

. Year ended Milage of Milage

31st March - W.B. M. ) Black topped
1947 77,675 10,285
1948 79,089 10,796
1949 80,062 11,275
1950 82,796 12,132
1951 83,488 12,588

This shows that the milage of black topped roads is increa-
sing at a rapid rate, and it is likely that the rate of increase will
be higher still during the Second Five-Year Plan period.

Nearly 90 per cent of the black top roads are surface dressed.
In view of the importance of this method of surfacing, the ques-
tionnaire given below has been prepared to elicit information on
the practices obtaining in various States and pool the experience
of various engineers. It is the intention to use the information
8o collected in framing a standard specification on the subjeot.

The questions will be discussed at the General Session of the
Roads Congress to be held at Srinagar in June 1955. Members
who are enable to attend the Session, or to take part in the dis-
cussion, may forward their replies to the questions to the

Seoretary, Indian Roads Congress.

QUESTIONNAIRE ON
SURFACE DRESSING WITH BITUMINOUS BINDERS

1. General
1.1. State the physical or other conditions which prompted
you to the use of surface dressing as against other specifications

of black topping on an existing surface of :
a. Water-bound macadam with

1. Stone metal

2. Brick

! - 3. Kankar
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b. Moorum
c. Laterite
d. Conecrete
1.2. In general what are the limits of traffic intensity, for

which surface dressing on roads mentioned i '
found to be successful? Give details of °¢ i 11 hes heen

a. Iron tyred traffic
b. Pneumatic tyred traffic

¢. Combined traffic
1.3. In your experience how
improve the riding qualities of

macadam road? To what extent is
related to the type of binder ?

far does surface dressin
a corrugated water-bound
the beneficial effect, if any,

1.4, What is your experience of the

life and behay;
surface dressing in plain and hilly country ? ehaviour of

2. Design

2.1. Do you generally apply ‘‘ one-coat” or ¢ bwo-cont
surface dressing?

2.2. When do you use one-coat surface dressi
what intensities of traffic ? essing and for
2.3. When do you adopt two-coat surfa ing?
easons and intensities of traffic. ce dressing? Give

2.4. State the basis on which you fix th .
binder required for surface dressing (i) one-co:tqgggm(?i,) zf ;
coat ? ! wo-

2.6. Do you consider that the uantit i
the following factors ? 1 1%y of binder depends on

(a) Traffic intensity
(b) Types of surface receiving the gurf

() Qualities of the bindep ;
Tar, ot roitself |

ace dressin g
Asphalt Emulsjon,

(d) Quantities and qualities of chips
(e)

Maximum and minimum temperature of the place
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(f) Raiﬂfa.ll and climate of the place
(g) Boiler and spraying pump or hand pouring.

State how the quantity you used was influenced by each one
of the above factors.

i i i f chips
2.6. State the basis on which you fix the quantity o
required for surface dressing in (i) one-coat work, and (ii) two-coat
work ?

i ippi i ? 1f so, do
7. Are light chipping carpets used in your area )

you 2ﬁ31d a,rl;gr dgiﬂerengé), in service behaviour between a £ in.
thick, pre-coated chipping surface and a 2-coat surface dressing.

2.8. Give the specifications you use for the pre-coated chip-
ping carpet.

2.9. Is the % in. thick pre-coated chipping <73arpet more
economical than 2-coat surface dressing ? If so, how ?

binder or different
2.10. In 2-coat work do you use the same

kinds of binder for the first and the second coat ? If so, why, and
with what results ?

i i ideration before
. Do you take the gradient into considera .
deci(%{rlxé on (:Jhg details of the black topping specification for
hill roads ?

3. Priming

i between a road
ou find any marked difference
Wheri.;ringz vy;/a.s used, and that Wh_ere primer was not used,
before the application of surface dressing ?

3.2. How much primer per hundred sq. ft. do you generally
use?
i tities of primer for
ou use different types and quan '
diﬂefe;i‘t tylf)p(:asy of receiving surfaces? If so, what are the varia-
tions ?

4. Chips

i he
jzes of chips do you use for the lst coat and ¢
2nd i'ola't :Zg:tﬁ;zeinethodg do you adopt to secure the specified
sizes ¢

4.2. Do you use chips of a uniform size ? 1If so, why do you
prefer these to graded chips ?

8
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4.3. Do you use cubic chips? :
traffic better than elongated 0: ;giﬁd 1 oo do they withstand

. d chips? D ; :
adhere better to the b y ps o cubic chips
N e binder and are, therefore, swept off the road

4¢.4. What quantity of chips do you use

for surface dressing (i) one-coat (ii) two-coat ? per hundred sq. ft.

4.5. Do you use low .
coarse sand, laterite or kazrkgl‘ades of aggregate like brick chips,

a .
surface dressing? How do tlxl'e;c?: ning and pea-gravel etc. for

aggregate in service behaviour and l?f? are with higher grades of
46, D i i

that you hag:c;‘;?licnlh:inlzluni(g:b(ii 2tone (petrographic classification)

and the kind of failure, or surface dressing. Give reasons

4.7. Do you use . .
sizes in the first coag l;:l; dtﬁglpﬁsn?er If 80, do you use the bigger

What is the eff - > ones in the second coat?
of the rosd 2 ect of this practice on the riding qualities and life

5. Binder

5.1. What are the di .
use for surface dressing ;1 ifferent types and grades of binder you

5.2, Do vo . .
bitumen ? If Zo,uwﬁ;e?f»er hot or cold eut-backs to straight run

5.3. Do you use emulsion for surface dressi
y essing ?
do you prefer it to straight run bitumen and Cut-ll;la,gc ks @If 8o, why

5.4, Have you used tar-bitumen mj
. mixg
mixtures such as rubber powder and bitumen ?ures or any other

6. Construction

6.1. Which season do you comsider suit

dressing work ? able for surface

6.2. What precautions do-
surface coat out of the proper sezs%l:ltzake when you have to lay a

dressing ?

6.4. Do you obser
C ve [£1
newly applied surface dressi

Sweeping off  of chips from
adopt to prevent this ? : o

ng? If so, what methods do you
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6.5. Do you edge surface dressing work 2 Do you find any
difference in behaviour of a surface dressing with and without
edging ?

6.6. Which type and weight of roller do you use for surface
dressing ? Do you find any difference in behaviour, or the texXture
of the finished work, owing to the weight of the roller ?

6.7. Have you done surface dressing work soon after the
rains when the ground was wet? Do you notice any difference
between stretches done when the ground was wet and dry ?

6.8. What precautions have you taken to prevent bleeding
of surface dressed carriageways, and, if the normal quantity of
binder was used according to your general practice, what do you
think was the cause of bleeding?

6.9. How do you normally apply binder, by spraying
machine or hand pouring? If hand pouring is adopted, do you
prefer to use brushes or rubber squeegees ?

6.10. Do you advocate the progressive build up of a carpet
of one inch or more in thickness by successive applications of

surface dressing?

6.11. Under what conditions do you consider it necessary to
scrape off the old surface dressing before putting on & renewal coat ?
If you do not remove the old surface, how do you ensure proper

bonding ?
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SYNOPSIS

This Paper discus

508 3 i Factor : .
traffic rotaries and layb Pho various factors thag nfluence the design of

s down standards for :

(i) the radius of the contral island,

(1) the minimwu and maximum weaving lengths and woeaving
angles,

(ii1) the width of the rotary roadway,
(iv) the radii of entry and exit curves, and

(v) the pavement widths at entrance and exit.

The infiuence of the slow-moving bullock i
' , inf . g bullock cart on the capacit >
rotary Is discussed and, in the absence of observed data, tent%tivgrzf-otg‘,

mendations for evaluation of the slow-moving vehicles in termn f
passenger cars are made. o

Desirable practice in respect of 2

) : : pect of superelevation and cambep
rotaries i8 given. The construction of channelising iglands, anil astet'hi
considerations for footpaths, cycle tracks, and illumination are detailgdcm

The limitati i . ;
sioned. ations, advantages and dlsadvantages of rotaries are men-

Detailed designs of some rotaries constructed in Delhi are included

1. INTRODUCTION

1.1. When vehicles negotiate an .
conflict with. one another.g The dgsiéﬁteﬁe“m“. they may
should provide for the flow of traffic jn an intersection
would prevent or resolve the conflict, obviate thz . '}’:ﬂnner that
hazards, and reduce the wear and tear of vehicl inherent @raﬂic
road crossings at the same level gap be red de 8. COl’l.ﬂlct at
one of the following three ways of contro: o OF 2Veided by

(1) signals manually operateq by the police :

(2) automatic signals whi
fixed cycles ;Eaz ds which are actuated by traffic or have
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(3) construction of a properly designed intersection.
One of the many methods of dealing with the problem
is the installation of a traffic rotary.

1.2. Statistics show that a rotary is freer from accidents
than crossings controlled by signals. Also, tests have shown that
a single stop and re-start at a traffic signal by a car travelling at
35 m.p.h., could consume fuel required for travelling 300 yards at
the same speed without check. In a test?S, a heavy vehicle,
fitted with a 125 H. P. diesel-engine, was doing 12 miles per
gallon when running steadily at 14 m.p.h., but stopping and
restarting once a mile reduced the performance to a little over
10 miles per gallon. Tests on two arterial roads on the out-
skirts of London-—one having 5 rotaries in a distance of
4} miles, and the other having 10 signal installations in a distance
of 5 miles revealed that the test car did 38 miles to the gallon on
the first and 24 miles to the gallon on the second road.

1.3. Therefore, while the installation of traffic signals is the
only effective method of control where the junction is hemmed in
by expensive property, a rotary is preferable where sufficient land
is available.

2. WHAT IS A ¢« TRAFFIC ROTARY’

2.1. A traffic rotary may be described as an enlarged road
intersection where all converging vehicles are forced to move round
an island in one direction before they can ‘° weave out
of the traffic flow into their respective directions radiating from
the island. The central island may be of any shape permitted
by site conditions.

2.2. The objects of providing a rotary are to reduce the
areas of conflict, control the angles of approach, and eliminate
the necessity of stopping.

3. CONDITIONS JUSTIFYING THE CONSTRUCTION OF A
TRAFFIC ROTARY

3.1. The American Association of State Highway Officials,
in their ‘ Policy on Rotary Intersection ” suggest that the lowest
limit of traffic volume for which a rotary may be justified is about
500 vehicles per hour on all the intersecting roads combined, and
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the maximum limit beyond which the rotar i

efficiently is placed at 5,000 vehicles per hgurr.n asifn(l):]o:vlgwlrztwg
large propo_rtlon of the traffic is ¢ turning traffic »’ ’the use o,f a
rotary optslde the above limits might be justified ’ A rotary is
algo justified when the through traffic on a road at ;a.n intersecstlaion

is obstructed or delayed by cross traffi .
about 50 per cent of the total traffic. ¢, the latter amounting to

3.2. The Ministry of War Transport, U.K i
that therg is a prima Jfacie case for thep cox;strl.lct'i’o};a:f al::gaiowrtl;
the crossing of a light trafficked and a heavily trafficked roaﬁ at
which the volume of traffic entering from the minor road ?s
more than 25 per cent of all the traffic entering the inter-
gection, or where many vehioles make a right-hand turn.

3.3. The behaviour of traffic in India is greatly i ;
the slow-moving, animal-drawn vehicles. ngl somilﬁi:g:gc:f oy
however, motor traffic is predominant. Generall thea.s,
fore, 1in Indxa_ tratfic rotaries are necessary at r{;’ t]eare.
important road junctions in built-up areas. Further thé)c Se&{t_ at
imposed by mixed traffic have an adverse inﬂ’uenceon " the
average traffic speed. In order that intersections may on the
a further reductlop in the average speed, traffic I'otariey not cause
mended where the intersecting motor traffic is about 50 es, are recom-
total motor trafﬁc on all the intersecting roads or \\l:h cent of the
traffic turning right forms at least 30 per cent of the t:::Ithe fast

4. ADVANTAGES
4.1. The advantages of traffic rotaries are :

(a) Consistent journey ti :
ient y times are easil ;
subordinating each converging tl‘;f};ic obtained by
favour of traffic as a whole. Stream  in

(b) Traffic turning right has equal facilities

proceeding straight t
the rotary. B¢ through

(¢) Rotaries can be ¢o
. DE nstru - .
several converging roads (;t?i(;ih for the junction of
seven roads, a probable limit of

d) Rotari
(d) Rotaries can accommodate total traffic up to 5,000

vehicles per hoyr .
traffic to their fuli ::gazlilt;t.’le radial streets to carry
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(e) It is the simplest of all controls.

(f) Maintenance costs are less than for control by traffic
signals.

(g) Vehicle operation costs are less because stopping
and starting are avoided, and the vehicle
is kept moving. More comfortable travelling is
ensured.

(h) A check on the speed of vehicles is automatically
enforced and serious collisions are avoided.

(i) Supervision of traffic movement i8 not required even
when turning movements are heavy.

(i) The continuous and steady flow enables public service
vehicle to maintain proper spacing instead of
becoming bunched together and crowding bus
stops, as often happens ab signal-operated intersec-
tions.

5. LIMITATIONS

5.1. Traffic rotaries are not suitable :

(1) where space is limited and costly ; a rotary requires a
comparatively large area of land which pushes up
the cost in built-up areas;

(2) where pedestrian traffic is large, a traffic rotary by
itself is not sufficient to control traffic and has to be

supplemented by traffic police ;

(3) where the distance between intersections tends to be
small, rotaries become ineffective and troublesome :

(4) where the angle of intersection of two roads is very
acute or if there are more than seven intersecting

roads.

5.2. In places where motor vehicles, cyclists, and pedestrians
have to be provided for separately, the design of a rotary becomes
elaborate and requires & very large area. Before adopting a
rotary for a particular case, these points should be carefully
considered.

6
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6. BASIC REQUIREMENTS OF INTERSECTIONS

6.1. The point where the possible paths of two vehicles
ntersect is called & point of conflict. The area containing all
»ossible points of conflict is called the area of conflict. An
wea in which a vehicle is subject to conflict by more than one
rehicle at the same time and place is termed a major conflict
wea b_ut when the wvehicle is subject to conflict by one vehicle
»nly it is termed & minor conflict area. Fig. 1 shows the areas of

:(z}r:flict for an intersection of two roads at right angles to each
yuner,

MAJOR MINOR

Fig. 1. Areas of traffic conflict when
two roads intersect at right angles

6.2. The principles underlying intersection design are:

1) The area of conflict should be as small ag ;
(1) for this the angle of approach of the Possible and

: vehicles should be
ble, A ou
bo ;izg?;:d.l) ossible, and a channelising island should

(2) When two vehicles approach each
the relative speed of the two vehiclc:;he;n ::ean ang'l&;
their angles of approach a8es Wi

(3) As the relative speed j .
drivers in respecils) of tlilg;e:.s::s’ the judgment of the

become more and mor d distance is likely to

e ina ;
and greater liability of acc(iﬁ:lll‘:’:.e, fending to  groater
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(4) Adequate mutual visibility should be provided for the
vehicles approaching the intersection. There is greater
mutual visibility at wide angles of approach than at
acute angles of approach.

(5) Sudden changes of path should be avoided.

(6) Adequate provision of appropriate geometric features
guch as turning radii, width of carriageway, and
weaving length should be made.

(7) Appropriate signs to warn drivers of the existence of
the intersection and good illumination at night are
necessary for efficient functioning.

(8) Adequate provision should be made for the safe
passage of pedestrians and cyclists, if their numbers
are large.

7. DESIGN SPEED

7.1. In the design of a rotary the speed for which it has to
be designed is an important consideration. In the IL.R.C. Paper
No. 119 on ¢ Horizontal and Transition Curves for Highways ”,
the Specifications and Standards Committee recommended the
following design speed :

Design speed on the straight

Class of Road in flat or rolling country
(m.p.h.)
National & State Highways 50
Major District Roads 40
Other District Roads 30
Village Roads 20

7.2. The speed of motor vehicles in built-up areas is
always less than that on straight reaches in open areas.
Observations in America have shown that the speefl atts..med in
urban areas is generally about 0.7 of that attained in rural

areas,

7.3. Although similar observations have not been made in
India, the ratio of urban speed to rural speed in India would be
lower than the American ratio because of the heterogenous cha,r?,c-
ter of traffic, a large proportion of which consists of slow moving
animal-drawn vehicles. The main roads, however, will be used
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largely by motor vehicles and, therefore, it would be reasonable
to take the speeds in urban areas as only a little less than 0.7 of
the speeds in rural area, e.g.

Recommended design speed

Class of Road in the straight in urban
areas (m.p.h.)
National Highways 30
Major District Roads 25
Other District Roads 20

7.4. Relation between Speed at Turnings and Speed on the
Straight.

A driver on approaching a turn or an intersection, reduces his
speed :

(i) to appreciate the amount and ¢ )
involved ; egree of turning

(ii) to adjust his transition ;

(i) to meet any unexpected situation ca
3 » u
defect in the geometrica) design of :lf: 1:1{' L or
unevenness of road surface ; and oot

(iv) to avoid conflict with any other vehicle

Observations in America show tha i <.

an intersection is about 30 per cerft- 1Jc]:fls tll;idzgf l(i):]la;n »Peed near
rotaries have to be consciously designed for gtraﬂf_i 8peed. A's
wou}d be proper to assume that the above ratio hold ¢ safety, it
Indian conditions also. On this basis, corres d.s 8ood under
of 30, 25 and 20 m.p.h. on the straight, rh Ponding to speeds

would be 21, 17.5 or 14 m.p.h. respeotivzl;’.speeds at intersections

It would not be correct to d
as that would not be conducive ¢
lv:hi((;h ifs one of the advantag

inds o control: Nor would it be desj
e ot e (2 decln speed tho biggan by Tty BE"
takon 6 trawel rgun de:hd to high cost anq incfeas ¢ rotary has
slow-moving, animal-q o eory: - Also, since j f Ho Dot the
slow-mo¥ as’rot ral-drawn traffic gy moto n x_]dla both the
road and s area:netsh are generally justifiable r Yeh{cles use the
20 m.p.h. The design oy Sh: iy be designed f°'mslpse’ecllsn 125 nd
one (or more) of thec Peed of 25 m.ph. should be'ado‘:;ted w:';n

onvergi is (are) i
cases, a speed of 20 m,p,h, sﬂ':.gw';:d:éigr? wmportant. — In alf other
ed,

esign rotaries for
0 economy ip th
es of rotarieg cq

very low speeds
e time of travel
Mpared to other
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8. THE CENTRAL ISLAND

8.1. The central island is most efficient when its outline is
composed of a series of curves of large radii, avoiding corners.
Sharp corners are handicaps to traffic flow and lead to the
formation of unused areas. The outline of the island may be
made symmetrical but sometimes such a design may hamper
flow of traffic on some portions of the rotary.

8.2. The actual shape of the island will depend on the
number and disposition of the intersecting roads. The exact
shape is determined by connecting the sections of the road round
the central island to form a closed figure giving at least the
minimum weaving length between adjacent radial roads. The
whole must then be adjusted to suit the curvature corresponding
to the assumed design speed.

8.3. The central island should be so placed as to interrupt
all the intersecting roads, thus forcing a marked left turn and
preventing too great a speed at entry. For getting at a suitable
shape, and the best position two or three trials might be
necessary.

The shape of the rotary may be circular, elliptical, turbine
(Fig. 2), or tangent (Fig. 3).

8.4. Circular Shape

This type suits where roads of equal importance intersect at
nearly equal angles and carry nearly equal volumes of traffic. It
has the shortest perimeter for a given area, Therefore, the extra
distance, over which vehicles are forced to travel across the

intersection, is & minimum.

8.5. Elliptical Shape

Sometimes site conditions compel the use of an elongated
shape. In such cases, the elongation should be in the direction of
the greater flow so that the through traffic moving in the
direction of elongation travels practically the same distance
as on the straight. The greater the elongation the
greater the check the island imposes on cross traffic and the
easier the travel on the through route. Therefore, such a shape
can be used only at intersections where the cross traffic is small.
If the island is elongated too much, the main traffic will be
enabled to travel very fast and, therefore, there will be a large
difference between the speeds of the traffic of the major and
minor roads with the attendant hazards. Therefore, it is
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necessary that the elongation is so limj
curvature at the sharpest point is at (l)ealslt?l 5136?62}31% the  radius of

8.6. Turbine Shape

The main feature of this design i
18 1 i
slow down at entry by a sharp lefgt-ha.m};a‘:u:geaggﬁ?: (lssncf:?)flced tg
rage

to accelerate when leaving b idi
Fig. 2. g by providing a tangential exit,

j—

Fig. 2. Turbine type rotary

Th :
speed :ta;i:tar';tafgz l}fﬂghgsc :gfef :rre : (i)l forced reduction in the
(ii) ease of o i _ acceleration while P
(1) eas peration for the vehicles, there being nolefe:l:r%é

The disadvantages on th
‘ 0 the other han s (i
:E;nrso tlgﬂpz,ste severe restrictions on the t(ll'a?frie E (l')' o, full lLeft
ary at night has to be made in the gla,reco,f(:;l}i thlf egtry e
e headli
ry on the tangentia) exit ; (gi)hg(l)lrt?
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island. Such a layout is not desirable as the traffic on the
tangential road would travel at an unrestricted speed much higher
than that on the other roads with the consequent hazard.

N
e @

Fig. 3. Tangent type rotary

8.8. Site conditions may require adjustment in the shape
of the island and it may also be necessary to re-align one or more
of the intersecting roads to ensure the minimum weaving lengths

and suitable weaving angles.

8.9. FEconomic use of land, consistant with the requirement
of securing smooth flow of traffic, ghould be aimed at in evolving
the shape and size of the island.

8.10. By shifting the position of the central island and re-
aligning the intersecting roads where necessary, it is possible to
evolve the best shape for the central island. The trials are best
done on a large-scale site plan showing the existing roads, build-
ings, and other fixed features, as well as controlling levels.

9. RADIUS OF GURVATURE OF THE ROTARY
ONE-WAY ROAD

9.1. When a vehicle moves on a circular curve at uniform
speed
2
=15z
where ¢ =superelevation of the road surface,
f = coefficient of friction,
¥ =speed of the vehicle in m. p. h., and

R =radius of the curve in feet,



378 SPECIFICATIONS AND STANDARDS COMMITTEE ON

Adequate superelevation can rarely be given on rotary roads.
It would, therefore, be safer to neglect superelevation altogether.
So the radius of the central island is given by the equation—

'V’

’=1s

. pe
1.e., R=W

9.2. As aresult of many tests by Prof. Moyer it has been .
deduced that the coefficient of friction on clean wet P&vem;nt;;’

at im i i i i 0.8 at 10 m. p- o
pending side skid, varies from about d conditions than

about 0.5 at40 m. p. h. To provide for worse roa

those that existec{’ duringp Moyer’s experiments, and ? ZLII(::
for the fact that a vehicle has to be on & rotary with ;5 ayfa.ct; r
vehicles for a longer period than at ourves in the oﬁssém oo or
of safety of 1.5 is considered justified. -0 tge?ﬁ m Il)ll are
the values of ¢ f’ for design speeds of 20an PP are

worked out below :

Rotary design speed m- P h.. . 20 a5
Minjmum coefficient of friction 07 065
f safety 1.5 047 0.43

Value with factor o

9.3. The safe minimum radii for the rotary road are derived

as under:
TABLE ]

Minimum radii of rotary roadway
gg:&‘gei?;%?’rﬁﬁgﬁt(‘f ) (See para. 9.2) 3(27 (2)543
Radius B=1{g7 57 L9T7
Recommended Minimum Radii in ft 60 100

9.4. The centrifugal ratios, for
work out to 0.44 and 0.42. These v;}ll:e: bove s
whjch is consx@ered cpmfortable for trave) 03;1 .
It is held that in turning movements on rota.ri?;r‘;siilcrixthe vy
’ are anti-

cipated, the passengers subconge;
¢
the greater values are not ob]-ecﬁ:)(;l‘:’llﬁ’eprepare themselves and so

8peeds and radii,
Teé 10 excess of (.25

* Obtained by interpolation betwe

en the values given by Prof, M;;:—
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9.5. Even though the radii derived in para. 9.3 are for the
rotary roadway, in practice it is convenient to design the central
island to conform to the above radii.

10. WEAVING ANGLE AND WEAVING DISTANCE

10.1. By tracing the motion of a vehicle entering the rotary
from one intersecting road and leaving by another intersecting
road, it will be noticed that the vehicle first merges into the
one-way trafic flow round the central island and then weaves
across to emerge from this flow to the required road outlet.
During this operation the vehicle effects a change in its direction
of motion in a certain length of travel.

10.2. For a given design speed, the freedom of movement
on a rotary depends on the size of the weaving area. If the
length of this area is small or its width or radius of curvature
restricted, traffic may slow down to the extent that spacing of
vehicles will become too little for any weaving or crossing, and
the rotary will become congested, causing traffic jams on the

entry roads.

10.3. The weaving angle is the angle between the path of a
vehicle entering the rotary and that of another vehicle leaving
the rotary, and therefore crossing the path of the former. In
Fig. 4, GH gives the direction of motion of a vehicle as it merges
into the flow and EF the direction as the vehicle emerges out of

WEAVING ANGLE

Fig. 4. Weaving angle & weaving distance
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the flow on to the adjacent road. The angle between these two

lines is the weaving angle. Theoretically, the lines C’ll}fe a;(}]gfi
are the common tangents of the curves P‘*'I'“,llel to of 5 ft from
island and the curves at entry and exit_a.t a dlst?‘nczhe assumed
the curbs as shown in the Figure. This 5 ft mbs s
distance of the centre line of motion from the cl;l; the procedure
design the tangents are drawn at the curb lilneswea.ving angle is
is easier and no great error is involved. 'I;hee two radial roads
different from the angle of intersec@w’l‘r.o f 4 ’
i. e., the angle between A B and CD in 1g. &

) ome vehicles may have
Observations have sho‘“’tﬂ3 r:h:f) ;aSs in front of them when

for ot
o wbuwing anglo s lavgsfor thesmooth o ¥t [
weaving 31:‘8|el 5:"&':” belssm;eg'rees because deleigns ::tel?pt;rﬁg
needllnot Iees i:::olve the adoption of very larlg;tr::ﬁ]e e
:glzra?tilsglands and are, therefore, costly to co :

10.4. Weaving Distance |
tion of turning from one road to the adjacent one
. The OI?e“:he length between the junctions of the two roads
1s.eﬁectwed md round the rotary. In practice, this length, called
with the roa distance, i8 measured along the centre line of the
o Wea,vu(x)gd petween the noses of the two channelising islands
0n9-W4a. 4 :.lthough in actual use the length in which vehicles may
%)?Ei';le) ’to weave in and out may be shorter.

Vohicles using & Weaving section are of two clasges,
(1) those entering, passing through, and leaving the weaving
gection without crossing the path of other vehicles; and (2) those
oo et ross the paths 9f othe'ar vehicles. 1t ig the latter class
that requires greater consideration. A detailed study of weaving
Deactics has been made at the Yale University, U.S.A. For the
purpose of this study, weaves have been divided into two main
types

(a) Optional type of weave, where
voluntarily moves from a trailing Position
vehicle into a parallel traffic lane.

(b) Forced type of weave, ; i i i
forcod into amothor tratioTeAY e’ ﬁn which the weaving car is

: : . Y the presen f ei
tationary object in the ro ce of either a
:noving bullock cart, adway, e.g., a Parked car, or a slow-

Both of the abovw .
main classes of weaves? t¥Pes aro further subdivided into four

in the weaving vehicle
behind another moving

Free weave, in wh;j : sy
the vehicle in the la h.the weaving vehicle ig influenced only by

ne directly ahead of it.
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Retard weave, where the weaving vehicle must wait for
another car to move ahead in the parallel lane before the weave
manoeuvre can be commenced. In this instance, the weaving
vehicle must frequently slow down to the speed of the car directly

- ahead until the retarding vehicle has cleared sufficiently to permit

weaving.

Conflict weave, in which the weaving vehicle moves into the
parallel traffic lane directly in front of another car moving in
that lane.

Gap weave, where the weaving vehicle moves into the restricted
space between retarding and conflicting cars. This type is the

TETa] W S~
, FREE WEAVE

b —— — e — — — —_————— s T

—— — e —m e ST

GAP WEAVE

Fig. 5. Types of weaves
Broken Lines Show Start-of-Weave Positions ; Solid lines show
End-of-Weave Positions
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most important in determining the opportunities for weaving
under various conditions of speed and traffic volume.

Fig. 5 shows these types diagrammatically where X is the
weaving vehicle; A is the vehicle directly ahead of X either
moving or stationary; B is the conflicting vehicle; ' is the
retarding vehicle.

10.5. The Table below gives the average values observed in
the Yale University study.®

TasLE 2

Average observed values of weaving at the Yale University

Optional Weaves Forced Weaves

Re- [Con-| |~ | Re. ICon.
Free . G e- 'Con-
tard | flict ‘ ap Freel‘ta,rd  flict Gap

1

Length of | ‘[
weave ft 221.9167.4/260.7 217.71181.9 123.5168.6 145.2

Average speeds ; f
at start of the ‘ ]
1

weave m.p.h  35.8) 33.3| 40.6| 37.1 34.4] 334 39.3 34.9

1

do do ! l
at end of weave | |

mp.h| 36.0/ 33.3 41.0 37.1{ 32.7) 31.2) 437 32.1

A |

Weave time in %
seconds 4.1 3.3‘ 43 39! 29 28 29 3.0
e e - — ' z — ———
Lateral |
movement ft 96, 81| 96 90 — ‘ - |
! N N R
Overtaking time |
seconds | 11.3 58 147 99| — | — J I R

10.6. Experience and observatio
§ y n have em i
effectiveness of the weaving area is more depgrligzgfdug;zt tt}lllxz

TrRAFFIC ROTARIES 383

available length than upon the available width provided the
latter is above a certain minimum. ,

10.7. Calculating Weaving Length

Even though observations of weaving have been made in
western countries, so far no accepted method has been evolved by
which one can calculate the minimum weaving length for a given
set of conditions. The following two methods are recommended
for rough caleculation.

Method !. Any weaving movement can be considered as a
change in the lateral placement of a vehicle when it is moving
forward at a constant speed. Although the actual path of the
vehicle making such a manoeuvre on a straight road forms a
transitional curve throughout, for practical purposes it may be
considered as a reverse circular curve (Fig. 6).

bt- L = WEAVING DISTANCE -

R~—1— R
IR T
/3 +
‘\R

Fig. 6.

From the geometry of the figure it may be shown that:
L =N (RW - W3
where L = weaving length on the straight,
W = transverse displacement of the vehicle,
R = radius of curvature of the path of the vehicle.
In the weaving motion of a vehicle on the inner track leaving

a rotary with four radial, roads intersecting at right ar.lgles, the
transverse displacement W, is roughly equal to the radius, R, of



384 SPECIFICATIONS AND STANDARDS COMMITTEE ON

the central island (Fig. 7). Substituting this value in the above
formula:

L =~3x R.

~~  Bffective
Width of Rotary
Roadway

Fig. 1.

Method 2. 1In the second method, the tim ‘ .

to move laterally under actual traffic condit?o?sk ?sn t:lZez "ehicle
basis of calculation. A series of rough observations made a8 the
U.8.A. indicated that a vehicle moving on a straight road in the
take 3 to 4 seconds to move laterally to an adjacent lane w;:;}?‘lld
causing discomfort to passengers and further that thi t.out
interval was practically constant for speeds ranging from 38() ime
m.p.p. It was also observed that about one Segond to 60
required for each additional lane width. The Yale Untll(i)\iir“.':s

sity

Study, Table 2, also indicated th :
for optional weaves. a4 seconds is reasonable time

10.8. The American Association
. 4 (3 4 Of i i
in_their “ Policy on Rotary Intersectioit?’te iEvIlgléﬁvay Officials
table of minimum weaving distances s give the followmg

Rotary design speed m.p.h, 25 30

Minimum weaving length ft 150 180 1 0

210 240
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The above recommendations are in general agreement with
the values for the optional weaves observed at the Yale Univer-
sity,

10.9. Under conditions of mixed fast and slow moving
vehicles which prevail in India, the effect of a bullock cart may for
all practical purposes be considered as forcing a weave. Also, its
influence on the weaving length may be neglected because the
cart will travel only a very short distance during the weaving
time of the motor vehicle.

10.10. In the absence of data derived from observation on
Indian roads it is considered that four seconds is a correct time
for weaving. The weaving distance, L, will then be the distance
travelled by the vehicle in four seconds at the design speed, viz.,
L=88/156x V, where L is in feet and V in m. p. h.

Table 3 shows the weaving lengths, worked out by the two
methods described above for the recommended design speeds.

TaBLE 3

Calculated and Recommended Minimum Weaving Lengths

Rotary design speedsin m. p. h. = V 20 25
Min. radius of central island, R ft 60 100
Weaving length :
(1) L = ~/3°R ft 104 173
@) L = f_g Vo ft 116 148
Recommended weaving length minimum ft 100 150

10.11. Maximum Weaving Length

The provision of & minimum weaving length is_ necessary for
preventing congestion on the rotary. If, however, it is too great,
vehicles would tend to accelerate when volume of traffic is small
and to wander about the rotary carriageway causing traffic

hazards.

10,12. Provision of a distance between the adjacent roads
slightly greater than the recommended minimum would improve
the efficiency of the rotary. But excessive Weaving lengths would

- inecrease the overall dimensions of the rotary and hence the cost

of construction and maintenance. Trafficrotaries should not, there-
fore, be unnecessarily large. The maximum weaving lengths
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may be taken as twice the minimum. The following Table sums
up the recommendations :

TaBLE 4
Weaving Lengths

Rotary design speed m. p. h. 20 25
Minimum weaving length ft 100 150
Maximum weaving length ft 200 300

10.13. TIn any particular case the actual lengths to be adop-
ted will depend on the angles between the intersecting roads an
their relative positions. In unsymmetrical intersections, the
minimum weaving length may be possible of adoption for some
of the intersecting roads and somewhat greater lengths may be
required for others. Sometimes it is possible to increase the
weaving lengths by slightly realigning the intersecting roads
if site conditions permit. -

1. WIDTH OF THE ROTARY ROADWAY

11.1. The rotary roadway is a one-way road round the cen-
tral island carrying for a short distance all the traffic from the
intersecting roads. Because the outer curb-lines follow the inlet
and exit sides of roads, the actual width of the rotary roadway
varies from section to section. An imaginary line can
be drawn parallel to the curb forming perimeter of the central
island, as shown in Fig. 7. The narrowest width of the ares
enclosed by this line a-nd_the curb of the central island may be
said to be the effective width of the rotary roadway. The expres-
sion ¢ width of the rotary road ’ is used in this Paper to denote
this effective width.

11.2. As the width of the rotary roadway largel rmi
the capacity of the rotary, it should be a fuynctiogn yo(%ettl:n}::ilg:
oapacities of the intersecting roads. It may be considered in
terms of the number of traffic lanes required to accommodate th
combined traffic. The traffic using four lanes of, gy two int :
secting roads can be accommodated in one lane (;f th}; T to v
shown in Fig. 8. Thus the width of the rotary roadwa;) a.sxgouaiy,s

be about one fourth the total wi :
blfearotary. ne width of all radial roads meeting at

Trarric ROTARIES

(a) Traffic using lanes
(2) & (3) occupy
one lane of the
right half of tha
rotary.

(b) Traffic using
lanes (1) & (4) cceupy
one lane of the left
half of the rotary.
Thus the traffic of
the four lanes of two
intersecting roads is
accommodated on
one lane of the

38

rotary roadway.

Fig. 8.

In any case, the width is generally made not less than half the
width of the widest radial road plus width of one lane. While
the A.A.S.H.O. Policy contemplates 24 ft as the minimum width
of a rotary one-way road, the authorities in the U.K. lay down
30 ft as the minimum width. Considering that a rotary is gene-
rally built where at least one of the intersecting roads is impor-
tant and carries heavy traffic, 30 ft minimum width is recommen-
ded. A width much in excess of traffic needs results in the wander-
ing of vehicles when the traffic is light and this is hazardous.
Economic considerations also point to the desirability of using
only the minimum space and thus limiting the width of the rotary
roadway to the minimum needed by traffic.

11.4. The minimum of 30 ft recommended will provide three
lanes, out of which one lane should be generally available for
overtaking. Such a provision would, to some extent, mitigate
inconvenience and risk when bullock carts and cyclists mix up
with motor traffic on the rotary.

12. OUTER CURB LINE

12.1. The outer curb line of the rotary provide.s a link bet-
ween the adjacent intersecting roads, Therefore, it sbould be
8
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designed with the main object of avoiding reverse curvature in
the path of a vehicle moving from one radial road to the next
adjacent one. Vehicles do not use the shaded portion indicated
in Fig. 9(a). The alignment of outer curb as indicated in Fig. 9(b)
or 9(c) is correct and should be adopted as far as site conditions

permit.

Area not used

((J) Wrong

@,

(») Correct . (c) Correct
Fig. 9.

12.2. Where the angle between the
roads is large and the site conditions do not permit of re-alj
-align-~

ment of these, an outer curb line co ic ws
tral island for a short length is una\;:)ci?izt;i: Vith that of tho cen-

13. CURVES AT ENTRANGES AND EXITS

13.1. The minimum typn; ; ;
radius of the sharpost curv:r:}::tg radius of} a vehicle is the

front wheel. It varjes with the

adjacent intersecting
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vehicle and is generally given by the makers for a speed of about
5 miles per hour. But the actual turning movements on roads
are performed at about 20 m.p.h. When a vehicle is turning, the
rear wheels do not follow the tracks of the front wheels and the
track followed by the inner rear wheel normally determines the
radius and shape of curve to which the kerb line is set. Observa-
tion has shown that kerbs set to a circular curve of 55 ft radius
will enable buses and trucks to negotiate a right angle turn
easily.

13.2. A vehicle entering the rotary has to decelerate to the
design speed of the rotary. Therefore, the radius of the curve at
entry should be the same as the recommended minimum radius
for the central island for the chosen design speed. Vehicles
leaving the rotary would accelerate to the speed of the exit road
and, therefore, the exit curve should be of a large radius.

13.3. On theoretical considerations, entrance and exit curves
should be transitional but in practice they may be circular or
three centred according to the importance of the road and the
limitations of site conditions.

13.4. The Ministry of Transport in the U.K. recommend
{Memorandum No. 575) that the radius at entry should be 60 ft and
that at exit should be 150 ft. In the report of the Departmental
Committee on the Design and Layout of Roads in Built-up
Areas, this recommendation has been accepted for the outer
parts of built-up areas, but for fully built-up streets 35 ft and
70 ft are recommended as the maximum radii of kerbs at entry
and exit. Fig. 10 shows the curves of the various radii recom-

mended above.

Fig. 10. Curves of different radii for a right angle turn
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13.5. It is recommended that the radius of the ent rve
should be equal to the minimum radius of the ce‘;tral ei:l:nrdy r:cl::m-

mended for the design speed. Wh i
e shor the des dgoptgd. Wherever Practicable, a three centred

13.6. Radius of Exit Curve

When a vehicle is leaving the rotary, i i

Y, its speed will be some-

::;Ea.eirehtbe?l‘;?en tl}g speed on the rotary a,ndp the speed on the

. ght. e radii of the exit curves should, therefore, be some-

Ev at greater than those at the entry ; 14 times is a reasonable

gure. Tt 18 therefore recommended that the mimimum radii of

curves at exit may be 100 ft ang 150 ft for- design speedsfof 20 and
25 m.p.h. respectively.

14 PAVEMENT WIDTHS AT ENTRANCES AND EXITs

14.1. The width of carriageway at the entrance and the exit
of the rotary is governed by the amount of traffic entering and
leaving the rotary. These widths should be based on the ultimate
width of the radial road. The amount of Widening required at
curves is given by the formula'’

200 14 .
= N <"+ —— where We = extra w ;
We= N % +\/R idth in £t

R = designed radius in ft
V = speed in m.p.h,
and N = number of traffic lanes.

The Table below gives the minimum e
minimum entrance and exit radii for the deg;
25 m.p.h.

xtra width for the
g0 speeds of 20 and

TaBLE 5
Minimum Widening at Entran

Design speed of the rotar
Radius R ymph

ces & Exits
20
0 25
ft B 60 100 0 1
' 1
Extra widening per one lane o
We — 200 vV

+ =
ETp (Ft rounded) 6.0 4 4.5 4
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Thus when the radius is 60 ft at the entry and the radial
road is a four-lane highway, the width at the entrance, i.e., the
width between the channelising island and the curb, should be

Y axe=3at

Wide
entrance

Narrow exi

Fig. 11. Channelising island with wide entrance and narrow exit

14.2. Under Indian conditions of mixed traffic, it has been
observed that slow moving vehicles cluster at the approaches to a
busy intersection and hinder traffic; so it is always desirable to
aim at providing & minimum width of carriageway equivalent to
two lanes at the entry and exit of a rotary. This can be achieved
by widening as shown in Fig. 11.

15. CHANNELISING ISLANDS

15.1. Importance and Necessity of Channelization

Through channelization the area of conflict between inter-
secting traffic streams can be reduced. Figures 12 (a) and (b)
illustrate this clearly. Also, the angle at which the conflicts occur
can be controlled. So, channelization is the method suited for
Promoting safe and orderly movement of intersecting. traffic
where more expensive methods are not justified.
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Areas of Conflict

=

= @

Major Minor

Aress of Conflict without Fig. 12 _Areas of Confliot (@) (b)
Channelization. with Channelization.

The functions of channelising islands are:

(1) prevention and reduction of undesirable weaving and
manoeuvring by keeping the vehicles to clearly defined
paths ; :

(2) provision of convenient places for erecting signs and
lighting the roadway ;

(3) helping to establish the desired angles for the crossing
of wvehicle paths ;

(4) permitting streams of traffic moving in the gsame
general direction to converge at very smali angles thus
minimising possible conflicts ;

(6) helping to discourage the prohibited turns; and
(6) serving as pedestrian refuges.

PEDESTRIAN
CROSSING

SN

DS

S
-

=

At a rotary the channelising island serves to reduce th
speed of the vehicles and helps to indicate to the drivers noz
accustomed to the area, the presence of the island ’

T

S

-
~——

P BE3S

Therefore, considering the above ment
very necessary that channelising islands
entries and exits of a rotary,

ioned advantages, it is
should be provided at ' L

@

- -4
It might be urged that these islands occupy space and tend (L‘“

to reduce the free flow of vehicles .
quote American experience® in this r;aga.‘l)";e. e domo better than e S
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*“ Not so long ago, obstacles of any form in the roadway were
considered pure hazards. However, over the past 10 years
or so, during which extensive field tests were made, the
traffic engineer gradually reversed his thinking....-:+**

“OF the three basio agonte_srosting intosecions)
conflicts, the vehicle, the roadway, and the Toble and. b
is probably the most important and most °{“’ng » Y
extension, so is the vehicle which he controls.........

. and indi

“In his efforts to control the SZZEEZM "&J&i‘iﬁ::l{
manage the vehicle, the hl.ghv;l?sy design which not only
certain disciplinary features ’nro&dway, but which also
influence the shape of theity by restricting freedom of
serve to provide more °apa:his geems like a contradiction
movement. At first glanoe;nination, however, the principle
in terms. Upon closer exalea ds to erratic movements apq
that too much frt?edOHT1 ily demonstrable as sound,”
dangerous friction is re&

lising islands as ref

the use of channe . refuges for
I:x 'ma.:y ;;?f:: crossing busgfy . intersections hag tangibly
g:ifgnl:ta:"l;ted the need for such salety amenities.

15.2. Shape

i hannelising is}

e shape and 81Z€ of a ¢ 10g 1sland located at the
janciionof & radial 1080 Y 1081 4 govorned by o g
rotary, the - 0d exit curves g
:fx;?: of the radisl roafldw;ilt'h 1the;1rotary - _The modern trennddisﬂég
have either straight side fls o fs Or curves not concentrig with
the outer curves 80 &8 to form funnel shaped entrances towards
the direction of motion (Fig. 11). It is, therefore, geepn that
ohannelising islands are not symmetrical about the centre line of
the radial road.  Different designs of channelising islandg age

indicated in Fig. 13.

15.3. Curbs

> 88 been observed th X
the sloping curbs. It is, therefo:; brgggx(x}l]f
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mended that curbs 6 in. high, as shown in Fig. 14 be used for
the channelising islands and the central island.

CARRIAGEWAY

Fig. 14, Concrete curb

15.4 After fixing the width required at the entrance or exit,
with due consideration to the number of lanes and the extra width
to be provided, a preliminary outline is drawn as indicated
by dotted linesin Fig. 11. The straight lines are then fitted in
and the corners rounded. Generally, where the traffic is heavy it
is desirable that the tail of the channelising island is continued
on the radial road for some distance, as shown in Fig. 13 (d), so
that it serves as a separating cenfral strip. This would also
Prepare the motorist for the turn he has to take and for the
reduction in speed at the turning. Where such an elongated
channelising island is provided it is desirable to flare the appro-
aches to the rotary.

15.5. When traffic on a radial road is light, the channelising
island at its entrance to and exit from the rotary may be omitted
or constructed without kerbs, the area being delineated by colour
contrast by planting grass,

16. CAMBER AND SUPERELEVATION

16.1. A vehicle passing through a rotary traverses a reverse
curve, When making a sharp reverse curve the vehicle is subject-
ed to centrifugal forces acting successively in opposite directions
and consequently experiences ‘‘ throw’’ which may be hazardous

9
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in the case of top heavy trucks or buses. The intensity of the
“ throw ” is minimised if the centrifugal force is coqntera.cted- by
cross slope. The cross slope is minimum at the point of change
of direction.

16.2. It may be assumed that the inner Pol::‘%‘l‘)l‘)’:sg?: :iodt: ?;.
roadway is used by vehicles going through t‘;’ tt.o counteract the
turning right. The cross slope d"?‘i‘;e, portion of the rotary
centrifugal force of vehicles using the 10 Pored for vehicles at
roadway is opposite to the cross slope 1“3‘1‘s slopes produces * &
entry and exit. The m(?eting othilllees:r:;C: line should as far. as
crow.rll)llmg, ”1 Sh%w(;l slg fhlgt :eﬁicies will cross it wﬂﬂ:h?:zgeg;ﬂ(ga
B the comimo tangent to the reverse CUrve. vty
along the comrrflon and the effect of cross slope W1 1”n by e
the cenf:rlfugal ozcen point. Otherwise, ?,he two oge1 er may
same dlrecm_onla azcgntuating the *¢ throw ”’ and ppss1b y giving
:lclzt gu.x;:rl:ga‘:lf‘;‘z lsi’ng of unbalance in the vehicle which may result

e dri

in erratic and unsafe driving.

hicles, except those turning to the left,

16.3. Astﬁl;o:f-o:ven line, cross slopes adjacent to the crown

llm.ve ;;lo ucllt';,sgo'b oxceed 1/25 to 1/20 and the algebraic difference
ine sho i

on either side of the crown line should
?.f tv};?th(;?z :1:9}’:;9 1/20 to 1/17 according as the weaving distances
ie

are long or ghort.

16.4. Channelising islanfls should be situated on the Peak
with the road surfaces sloping away from them to all Sl.des.
This accentuates the channelising function. Whenever possible,
the cross slope at an entrance should be carried around on the
outer edge of the rotary to the adjacent exit, altenqg the slope
slightly to guit the curvature in the rotary a.pd the exit. This is
specially desirable where a good proportion of the vehicles
entering by a radial road have their exit to the adjacent radial
road, as such vehicles do not ordinarily have to make reverse
curves.

16.5. In all cases of changes in the cross slopes, the transi-

tion should be gradual. Fig. 15 shows a typical disposition of
cross slopes in a rotary.

17. SIGHT DISTANCES

17.1. Rotaries in open or semi-
located that the presence of the cha
by the approaching vehicles.

u'rl?an areas should be so
nnelising islands is easily seen
The sight distance should be as

Trarric RoTirIES ' 39%

CENTRAL  ISLAND

Iig. 15. Cross slopes at a rotary

iar ° ible but should not be less than the safe stopping dis-
ta.ngcea;-sef:rs:rlnezded by the Specifications and Standards Commit-
tee!® for the design speed of the rotary and reproduced below.

Design speed of rotary (m. p.h) 20 25
Minimum sight distance ft 120 160
In towns it may not always be feasible to secure the sight

distances. In such cases, ample warning should be given of t.h_e
existence of the rotary (see para. 21.1.).’
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18. GRADES

18.1. It is preferable though not essential that a rotary should
be located on level ground. It may be sited tolie on & plane
which is inclined to the horizontal at not more than 1 in 50. It is,
however, not desirable that a rotary lies in two planes having
different inclinations to the horizontal.

i d on &
. 18.2. A rotary may, with advantage, be locate
summit. Such locations assist deceleration whl}: ’;fpf,g::féﬁgl
and acceleration while leaving the rotary. Bub 1
that sufficient sight distance is available.

iof i ide a full view to the
18.3. Rotaries in valleys always provl
approaching vehicles, but are likely to induce greater approach-
ing speeds and have drainage difficulties.

19. PROVISION FOR PEDESTRIANS AND CYCLES

19.1. Pedestrians are extremely vulnerable to traffic acci-
dents. Proper provision of foptwayg and pedestrian crossings
at rotaries is, therefore, essential. (Generally, pedestrians have
a tendency to cut across roads by the shortest paths and so where
the road traffic is heav‘y, the tendency of moving indiscrimi-
nately on to the carriageway should t_)e Prevented by means of
guard-rails. Pedestrian crossings, which are meant to induce
the movement of pedestrians in a regulated manner at definite
points, should be marked to meet the channelising islands so
that these islands can be used as refuges as well, Fig. 13 (¢c). A
minimum width of 6 ft for the footpath is recommendeg. '

19.2. Where the number of cycles does not
hour, they may be allowed to use the
this number is exceeded, it is desirable to segregate the cyclists

by providing a separate track. The
minimum width of 6 ft, but Prefera,b(l);cl; f‘zl'va.cks should have a

demands, increments should b&in 3 ft widghg When the traffic

exceed 50 per
rotary roadway. When

19.3. A typical layout is gh ; .
channelising island is short, ag i§1 (;)i‘::te In Fig. 16. Where the

din B
the cycle travk .should. be led beyond itBitBl,Ii]l F;gs;tli(;,)’ i&nn%‘ '13(1%)
But where the island is long, as in Figs. 13(’0) and 13(d ig.16.
should be left in the island as shown at ‘B’ in Ty ), a_gap
essential that the surface of in Fig. 16. It is

smooth as that of the main carriageway.
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Where there are avenue trees, it is desirable that the cycle

tti'll'la.ck and the footpath are so located that the tree line separates
em.

CTYGCLE YRACK

FooT PATH

Fig. 16. Layout of cycle tracks and foot paths at a rotary

20, LANDSCAPE TREATMENT

20.1. A rotary provides ample scope for effective develop-
ment of the landscape. But all such development should only be
ancillary to the essential object of traffic control, viz., the
reduction in the speed of vehicles and the advance indication of
the paths to be followed by vehicles. Planting on the central
island should block off the view of approaching headlights so that
an impression is not created that a road runs straight through.
But once the motorist has entered the rotary, it is desirable that
he sees an adequate distance along the chord of the curve to be
able to pick off the particular exit road that he wishes to take.
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21. SIGNS AND ILLUMINATION

21.1. Vehicles approaching rotaries at night should be well
informed of the obstruction to a through run. A red reflector pla-
ced about 3 ft above the road level or a vertical cluster of such reflec-
tors placed | to 3 ft high should be fixed on the nose of each directional
island, and on the curb of the centralisland facing the approach roads.
Vertically painted black and white strips, 9 to 12 in. wide,
on the curb of the central island and the channelising islands
assist visibility at night.

21.2. Exit roads should be indicated by illuminated signs
and directional arrows placed both on the edge of the central
island and the directional islands, or, in the absence of the latter,
at the corners of the exit roads -and facing the approaching
vehicles.

21.3. In addition to these essential signs, informative signs
giving the maximum safe speed may also be given at conspicuous
points.

The standard sign indicating the presénce of the rotary is
given in Fig. 17.

21.4. Lighting.

Investigations in the U. K. have shown thag
rotaries have a much larger proportion of accidents in darkness
than other types of junctions. This proves that proper lighting of
rotaries is very essential. In this connection, the British Standard
Code of Practice for ‘‘Street Lighting Part I—Traffic Routes *’
may be followed. An extract from the code relating to lightin
of traffic rotaries is given in Appendix 1. g

22. CAPACITY OF A TRAFFIC ROTARY

22.1. The expression *¢
mean the maximum number
point on the rotary in one hour

ea.pa,city of a rotary ” is used to
of vehicles that can Pass a given

22.2. Inthe I.R.C. Paper No. 113* i i
Standards Commit.tee had recommended, t?:t S%eglgﬁ?ltggﬂs a.nt(i
and 250 motor vghlcles per hour may be taken as the ca aci:arof
a one-lane carriageway if all the movements were in oge d'y -
tion. Subsequent observations in the U.K. in Central Lorilc‘leocn

*Journal of the LR.C., Vol. XI-1, November, 1046,

"

8
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402 SPECIFICATIONS AND STANDARDS COMMITTEE ON

flow in
have shown that the relation between the Speefi.i::]ldfor(;lulai
vehicles per hour may be represented by the empl

g + 430
Vr=3l-3p o6
where Vr = mean running speed in m.p.0-s

whichever is 188,

q = total flow in vehicles ?ex'f h(;ur,

W = width of carriageway in feet.

in Fig. 18.

This relation is graphically show? in Fig | o
i in America on mult&;larég . rﬁedium
o223 obser\ﬂ?“ﬂonlslr ose of computing tr::e&c; Ao o o
mdxca-_te that lior thlfic{)es }i’mving dual tyr:sognlevel axles) can, be
tc":ll‘):gl;}s, th;:xciv:,l(::t to two pa.ssenger oaélimilarly, b and to

in ter!‘ﬂnin- .
four passengerkcq.rsrg‘x:g{ﬂl;l e% sivalent to 8 passenger cars. Since
country & truck 18

the road, cover up more
er space on .
trucks and buses occuPy la'lf lower speeds than motor cars, this
vision space, an

d. tra;:ke: than one depending on the nature of
conversion factor 18 & Travel at lower speeds than the average
the terrain traversed. o5 the number of overtaking manoeuvres.

clrlt:)aésk cart also roughly occupies the same area
The El1()v‘7.mov‘[1)n% t‘ﬁe manoeuvre required for overtaking it is
u

as a truck, , 4o the greater _diﬁert_ance in speed. So it
relatively sh?lr;:dwtlﬁgt a bullock cart is equivalent to 3 passenger
might be ass
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Fig. 18. Relation between mean running speeds
and total flow in central London

This relationship is shown in Fig. 19.
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cars on level terrain and to 6 passenger vehicles in rolling country.
It is recommended that this conversion factor may be applied in
estimating the total traffic at an intersection for the purpose of
examining the need for a traffic rotary (see para. 3.1.).

22.4. The number of vehicles the rotary can deal wl_t.h is the
sum of the vehicles, which each of the weaving sections can
accommodate. Studies in the U.S.A. have revealed that at a
channelised intersection where two movements Cross eaf:h other
and there is no appreciable length to weave, 1,200 vehicles per
hour is the maximum total of the two movements. Thus for a
rotary with four radial roads, the number of vehicles that can be
accommodated per hour would be 4,800 vehicles.

22.5. The number of opportunities for merging and weaving
of vehicles in a rotary can also be calculated using the Theory of
Probability. The Poisson sequation given below, which gives the
frequency of occurrence of time gaps of a given duration are
longer, can be used for this purpose.

3600

P

I
~

where P = per cent of time gaps equal to or greater
than ‘¢’ seconds,

-
H

acceptable time gap in seconds,

i

number of vehicles per lane per hour,

~
il

base of Naperian Logarithms = 2.71828

The percentage openings of the given duration can be obtain-
ed by reading against the given number of vehicles per hour
corresponding to the selected time-gap. The percentage multi-
plied by the number of vehicles gives the number of opportunities
for merging or weaving.

22.6. The Yale University study® (
shown that 1.4 seconds is the minimum ¢ i i
. . ear t
between two succeeding vehicles for a gap weave. L‘l::: :P:;;:(Si

of 20 m.p.h. and a car length of 20 ft the ti
length of a car, will be 1).7 seconds. ° time taken to cover the

Para. 10.5) has also

From Fig. 19, for a time-gap of (1.4 + 0.7) 2.1
for a flow of 200 vehicles per hour, gg p:r cegt of s:ﬁ:nv(ishizg:
yould have & gap of 2.1 seconds or more. Therefore, at any one
time 0.89 x 200 vehicles alone can weave into and' 0.89 i 200
vehicles can weave out of a rotary. This would mea.n that for
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free low from and to four radial roads, i.e., for a total of eight
trafic streams, 0.89 x 200 x 8 = 1,424 vehicles alone out of
1,600 vehicles can weave under ideal conditions. The balance of
the vehicles would have to be turning vehicles. Similarly for a
flow of 600 vehicles per stream only 70 per cent could weave and
the rest should be non-weaving or turning vehicles. The capacity
as worked out above applies to ideal conditions when vehicles
move systematically with no variations in driver behaviour.

22.%. Actual observations have been made in the U K. and
the Table below gives the results of the observations.

TaBLE 4
Observed Capacities of Rotaries

Total width

Maximum‘ Peak capacity

Width of

(}:l?slr::ﬁr carriage-way bzt:;gfn converging; in vehicles

round island curbs angle per hour in-

FT FT Fr pr, | cluding cycles
60 30 120 85 2,500
75 30 133 659 3,000
100 30 160 55 3,500
105 40 185 59 4,000
150 30 210 10 4,000
140 50 240 53 5,000
180 40 260 40 5,000
240 50 340 40 6,000

|

22 8. Observations on the capacity of a rotary having a 100
ft diameter central circular island, two weaving sections of 210 ft
each and two weaving sections of 105 ft each, have been made in
the U.S.A. ** The maximum number of vehicles that a weaving
section could accommodate varied with the proportions of

{(a) vehicles weaving from the outside to an inside lane,

(b) vehicles weaving from the inside to the outside lane,
and

(¢) vehicles going through the section without crossing the
path of other vehicles.

When all the cars crossed one another, 50 per cent being from
the inside lane and 50 per cent from the outaide lane, the capacity
was observed to be 1,200 vehicles per hour. But when all the
vehicles negotiated the section without crossing the path of other
vehicles, the capacity was 2,300 vehicles per hour.  For ratios of
crossing other than 50 30 the capacity was hetween 1,200 and
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2,300. It was also observed that larger the number of vehicles
passing through the weaving section in one hour the lesser was »
the speed of operation of the vehicles.

22.9. For Indian conditions, in the absence of factual data,
the observed capacties indicated in the Table 4 may be adopted.
The capacity indicated may be taken as passenger cars, slow-
moving, animal-drawn vehicles and trucks being coul_lted respec-
tively as equal to 3 and 2 passenger cars inlevel terrain and 6 and
4in rolling country. A cycle should be counted as equal to one oar.

23, UNDESIRABLE FEATURES TO BE AVOIDED

23.1. The provision of a footpath on the periphery of the
central island induces pedestrians to cross the carriageway,
thereby giving rise to traffic hazards. Therefore, it is not
desirable to provide a footpath round the central island.

- 23.2. A layout of the outer curbs concentric with the central
circular island creates a space which is not used by vehicles and
is, therefore, wasteful Fig. 9 (a). Also, it necessitates reverse
curves for traffic entering or leaving the rotary. So the entry
and exit curves should be connected as shown in Fig. 9 (b) or 9 (e

.

23.3. Symmetrical entry and exit curves are inappropriate
from the point of view of the proper functioning of the rotary
These curves should be of radii as recommended in Paras. 13.5
and 13.6. See Fig. 13(c). ‘

' 23.4. Channelising islands with straight sides ana with
entries wider than the exits are more effective than symmetrical
islands.

23.5. A staggered intersection can be converted into a
rotary with an elongated central island when sufficient area is
available as indicated in Fig. 20. Such an arrangement would
relieve congestion, specially when the roads are heavily trafficked.

24¢. TYPICAL EXAMPLES

. Plates Ito V show typical example ‘ ies -
designed, and some of them’ eonstrufte;, ci)xfl Iingli‘iles lzcel?rgle);
description of the salient features of the design is gi\;en in each

Plate. Photos 1 and 2 sho \
before and after 00nstrueti0nfv the rotary figured in Plate IV

(Before improvements).

Photo 1.

(After improvements).

Junction of Reading Road and Punchkuin Road, New Delhi.

2

Photo
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APPENDIX 1

1. The lighting of roundabouts presents special problems
since the movement of traffic is continuous and approach speeds
may be high. Two cases may be mentioned.

(i) Where the approach roads are unlighted or are lighted to
a poor standard; and (ii) where the approach roads, or the
more important of them, are lighted to traffic route standard.

2. Roundabouts in open country are normally of the first type
and present the added difficulty that there are usually no _buil-
dings or other vertical backgrounds to help the hghtlgg. engineer.
The use of cut-off sources is essential in these conditions since
drivers approaching the roundabout may have been travelling for
& long period on unlighted roads. On roundabouts of the second
type, non-cut-off lanterns may be used.

3. Finality has not been reached in the design of lighting
instalations for roundabouts, but experience so far leads to
certain definite conclusions which are embodied in the following
recommendations.

4. If the central island is verysmall, tl.lat is not more than 60
ft in diameter, a satisfactory result is obtained with a single lan-
tern having a symmetrical distribution and mounted centrally at
a height of 25 ft or more ; a mounting height of 30-35 ft is often
advantageous. With this type of lighting it is essential that the
lantern should be of the cut-off type, with the angle of cut-off so
adjusted that light reaches just beyond the outer edge of the
roundabout carriageway.

i i i i in the preceding para-
5. With the single exception described in
graph, lanterns should not, in any circumstances, be mounted at
the centre of a roundabout.

6. For the more usual roundabout with a central island of up
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1. ADMINISTRATION

1.1. The constitutional set up in Australia is almost similar
t0 that in India and consists of the autonomous States of Queens-
land, New South Wales, Victeria, South Austra]ia, Western
Australia, the Northern Territory and Tasmania, a.nd.t.he. Federa:l
centre at Canberra. Each State is independent within its terrj: ,
totial jurisdiction and maintains its own administrative and -

executive departments to carry out its programmes. Building;

Colombo Plan.
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jects are generally looked after by the Public Works Depart-
ﬁlr:li:csr Hogsing Cgmmissions, Irrigation and Hydro Electric
Projects by the State Rivers & Water Supply Commissions,
Electricity Generation & Transmission by the State Electricity
Commissions, Water Supply & City Transport by the Metropolitan
Water and Transport Boards, and the Highway Systems by the
Country Roads Board or the Department of Main Roads. T-he
Chairman and members of the Country Roads Board, Victoria,
and the Chief Commissioner and Assistant Commissioner of
the Department of Main Roads, New South Wales, are engineers
who have risen up from the cadre of Chief Engineers.

2 FUNCTIONS OF THE ROADS BOARD AND FINANCE

-

2.1. Funds for the Highways are allotted directly by the
State and the Federal  Governments to  the Board
which is in sole charge of the administration of the Funds. ) The
main source of money for Highway Development in a State is the
customs duty of 10d. per gallon on imported petrol, and an excise
duty of 8} d. per gallon on locally produced petrol. This amount
is collected by the Centre as Federal revenue and is
divided among the contributing States on an area-population
basis, 2/5th by area and 3/5th by population. Besides this, there
is the Vehicle tax, the Motor Registration Fees and the Driver’s
Licence Fees. All these collections go into the Highway Fund as
direct State revenue and are available for expenditure on the
improvement of roads under the direction of the Roads Board.

In the State of:Victoria, the Motor Tax and Registration
Fees are charged on a power-weight basis. A 20 H.P. motor
vehicle weighing 20 cwt makes 40 power-weight units and the rate
of tax comes to 3 sh. per unit or £ 6 per year. The Registration
Fee collected, less cost of collection, goes directly to the

Highway authority.

In the State of New South Wales, the system followed is
slightly different. Provision is made for the establishment of
three types of Funds :

(@) The County of Cumberland Main Roads Fund, the
money in which can be spent only on main and secondary roads
within the County of Cumberland (Sydney and suburbs), except
that a comparatively small proportion can be spent on any
public roads or on any works connected with Transport.

(b) The Country Main Roads Fund, the money from which
can only be spent on main roads in the area outside the County
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of Cumberland, except that a gomparatively small proportion can
be spent on any public roads or on other works connected with
Transport.

(c¢) The Developmental Roads Fund, the money from which
can only be spent on the construction of developmental roads and
developmental works as distinct from main roads but within
regard to the area in which the works are located.

3. ORGANIZATION OF THE HIGHWAY DEPARTMENT

3.1. The Country Roads Board, Victoria, consists of a
chairman, 2 members, and one Lay Secretary. The Chief Engi-
neer with his team of officers, comprising one Deputy Chief
Engineer, one Plant Equipment Officer, a Bridge Engineer, a High-
way Engineer, and six Headquarters Divisional Engineers, a
Chief Draughtsman and 10 Territorial Divisional Engineers,
works under the Board. The Headquarters Divisional Engineers
are (1) the Plants & Survey Engineer, (2) the Asphalt Engi-
neer, (3) the Planning Research Officer, (4) the Mechanical
Engineer, (5) the Location Engineer, (6) the Materials Re-
search Engineer. All important designs originate in the Chief
Engineer’s office. The field work is in charge of the overseer.

3.2. The Highway Engineer is in overall charge of all high-
way projects and acts as liaison between the Chief Engineer and
the various engineers in the Headquarters divisions. The Bridge
Engineer controls the design and execution of all major bridge
works in the State. Small bridge or culvert works are carried out
by the Divisional Engineers themselves under directions from the
Bridge Engineer. For exceptionally important bridge works,
special Resident Engineers are also employed.

The Lay Secretary looks after all major items of corres-
pondence.
The organization in Victoria is shown in Plate I.

3.3. The State is divided into a number of Municipalities or
Shires more or less like Taluks in India. The road system is
classified under State Highways, Trunk Roads, Main Roads, and
Minor Roads. FEach Shire has a Shire Engineer-to look after the
roads other than the Main Highways falling within its jurisdic-
tion. This is more or less similar to the arrangement in India,
where the Central Government is. responsible for ‘the National
Highways while the States maintain the State Highways and
other District Roads. A contribution to the extent of 2/3 of the
expenditure is given by the State Highway Department to - the
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Shire for the construction and maintenance of the Main Highways
within the Shires and the work has to be carried out to the satis-
faction of the Chief Engineer of the Department. The Divisional
Engineers of the Highway Department exercise technical control
.over the work done by the Shire Engineers.

4. HIGHWAY PLANNING

4.1. Complete traffic studies are made from periodic traffic
counts taken in different parts of the country, traffic trends are
estimated and future volume of traffic predicted fairly accurately.
The design of the Highway pavement is based on such traffic
studies and is related to the assumed life of the pavement. The
construction work, however, proceeds on the progressive ‘stage
construction’ basis, i.e., in step with the gradual development of
traffic. At no time, however, is there need to dismantle any
portion of the road structure already constructed in adapting it to
the increased traffic. It is only a matter of gradually upgrading
the existing road to suit the traffic as it develops.

5. DESIGN STANDARDS

5.1. When fixing the standards for a particular road, the
following points are considered :

(a) Traffic density, i.e., the number of vehicles using the
road during peak periods. The volumeof traffic is given more
consideration than the magnitude of the permissible wheel loads.
The daily traffic volume is generally assumed as 10 times maxi-
mum hourly volume. Rate of traffic increase is ordinarily
assumed to be 5 per cent per annum.

(b) Character of the traffic. Passenger vehicles, trucks, or
mixed.

(¢) Assumed design speed in miles per hour,

5.2. Single lane pavements are adopted where visibility is
good, and in flat country where traffic does not exceed 100 vehicles
per 12 hours count. Minimum width is 10 ft with shoulders not
less than 4 ft wide each. Three-lane roads are not popular since
they offer only limited advantage over the 2-lane roads, and are
unsafe where the passing sight distance cannot be provided.
Four-lane roads are invariably provided with median strips.

5.3. The full land width required for the road, including

sufficient width of reserves for ultimate development, is acquired.
initially because of the lower land values ruling in the initial,
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stages of any project. Drainage structures are provided for the
full width in the first stage and remain undisturbed.

5.4, As regards widening on curves, sight distances and
horizontal and vertical curves, the standards laid down by the
American Association of State Highway Officials are followed.
Horizontal visibility on hill side is provided by benching back
the cut so as to provide a minimum sight distance at least equal
to the minimum stopping distance measured along the arc of the
curve at the centre line of the inner lane.

6. LOCATION SURVEY AND FIELD WORK
6.1. The field reconnaissance work is followed by trial
survey and finally by the permanent detailed survey.

Field reconnaissance is done using the prismatic compass,
aneroid barometer and the clinometer. Distances are estimated
by pacing, or car speedometer or measuring wheel or rotometer.

The Reconnaissance Report generally ocontains the following
information :

(2) Introduction
(i) Purpose of road
(ii) Authority to carry out investigations
(b) Summary of Essential information
(i) As supplied by the Engineer
(i) Brought to light by locater
(¢) Manner in which field work was accomplished
(i) Personal
(if) Other authorities
(iii) Local help
(d) Discussions of control points
(i) From essential information
(ii) Physical
(iii) Human
(e) Description of practicable routes.

() Conclusions and preliminary estimatex of cost of cons-
truction of certain routes.

(8) Recommendation of trial surveys.
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6.2. Photogrammetry has been very largely employed for
obtaining overlapping snaps of the country and contour plans are
prepared therefrom using the < Wild Aerograph * or other similar
instrument. The main control points are established by field
survey parties.

6.3. In hilly country the trial line is usually run by clino-
meter and ranging rods and marked by stakes or blazes on trees.
The distance is usually chained and typical cross slopes are noted
by clinometer readings. The t}-ml line will connect the low
saddles with good stream crossings on as nearly as possible a
direct line between salient po_ints of topography or popl_ﬂa.blon
centres to be gerved; rocky cliffs and country. liable tp slips are
avoided as far as possible. On a long route, if there is for some
distance, choice between following the bed of a valley and t.he'top or
upper portion of the slopes of a ridge above 1_;he river, it is f.re-
quently cheaper to locate the road near the ridge, thus reducing
the cost of the structures across tributary streams.

The trial line is kept slightly flatter than the final grade t
allow for shortening when curves are put in. .

6.4. The Permanent Survey

This is carried out on the general location of the most-satis-
factory trial line, detailed alterations being made to obtain the
best crossings of water courses, and to avoid objectionable minor
features such as rocky out-crops etc. All curves are set out accu-
rately. In hilly country, it is uspal touse the prismatic compass
for bearings. Present day practice is to use a light theodolite.
The road boundaries are fixed by a theodolite traverse. Centre
line is pegged every 100 ft on straights and every 50 ft or less on
curves. All tangent points are pegged and reference pegs placed
opposite all tangent points and not more than 200 ft to 300 ft on
straights. _

Following the pegging of the alignment, all pegs are levelled
and the cross slopes at each peg taken by clinometer, or, in irre-
gular oross slopes, the cross section is obtained by levels.
In hilly country, the levels are taken sufficiently far on each side
of the centre line to allow of adjustment of alignment in the office
in order to obtain the greatest economy in earth work. The
catchment areas of all water courses are recorded where this infor-
mation has not already been obtained from aerial photographs and
the suggested sizes of the culverts are indicated in pencil. At all
large creek and river crossings, flood levels and a cross-section of
the bed of the stream for a length of 100 ft above and below the
crossing are recorded.

The alignment pegged may be adjusted during the prepara-
tion of plans. Adjustments may be shown on the plans, or, in
some oases, the line may be pegged again,

HicEwAYS IN AUSTRALIA 431

6.5. Plans and Sections

When complete, these show what has to be imposed on the
earth’s surface, with reference points which can be identified both
on the plan and on the ground. They normally comprise :

Scales
Drawing | commonly Information shown
used

Longitudi- | 400 ft to 1 in.| Levels of ground, finished work at each
nal Sec-| horizontally | centre line peg, or at intermediate
tion. and 40 ft to| points, where necessary. Cut or fill

1 in. verti- ateach centre line peg, grades and

cally. vertical curves, volumes of cuttings
and fillings, location and level of re-
ference pegs and location, length, size
and invert levels of culverts.

Cross 10 ft to 1 in.| Formation level on centre line, C. S. of
Sections.| vertically work required at each centre line

and hori-| peg.
zontally.

Typical Various; say 5| Details of work to be carried out.
Cross ft to 1 in, Pavement and shoulder widths, pave-
Sections.| verticallyand| ment depth, depths of various courses

horizontally. | in pavement. Cross slopes of pave-
ments and shoulders. Cross slope in
cuttings and in fills. Side slopes of
drains.

Alignment!| 400 ft or 200 ft| North point, length and bearing of
Plan. to one in. straights, intersection angles, chai-

Larger scales; nage of tangent points.
where shifts
from pegged|If transition curves are introduced,
line have to| value of
be shown.
V = Speed value of curve in m.p.h.,
L = Length of transition curve,
R = Radius of circular arc, and
F = Banking on circular arc.

All relevant topographical and physical
features, drainage lines, structures,
fence lines.

Locality Various Location of work, relative to nearest

Plan. small scales.| town or road junction, etc.

12
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6.6. The following are notes on grading the Longitudinal
Section. ’

The levels are plotted to a large scale, i.e., 10 ft to 1 in.
vertically and 100 ft to the inch horizontally. As straight lines
are seldom found in the natural surface, a series of large radius
vertical ourves are much more economical and more sightly when
well proportioned to the natural undulation of the ground.

Vertical curves are generally computed for the final L.S., but
for preliminary grading they are plotted with large French curves
with a limiting radius depending on the visibility demanded by
the speed value of the section. Cross-sections are plotted from
the surveyed cross-sections, and the trial grading generally to a
scale of 10 ft to one in.

Only by trial and error can a designing draughtsman be sure
that he has secured the greatest economy in grading, and although
the process is tedious and laborious, it is well worth while as ‘¢ it
is easier to move earth and rock on a drawing board than with a
power shovel.” :

For the purpose of balancing cuttings and fillings, it is usual
to .a.llow a percentage of from 15 to 25 excess of cutting over
filling to provide for wastage and shrinkage in ordinary earth
using the latter amount for shallow work,

As the exact amount of earth work cannot be computed with
certainty to less than 10 per cent in broken country, it is usual

to take out the cubical contents of cuttings and banks by mean
areas only.

7. CONSTRUCTION

7.1. The road formation work is done by use of earth
moving machinery of different types. On a typical road work

ins;()lected in Victoria, the following items of machinery were
used : '

For clearing — One Diesel Tractor with bulldozer
equipment.
For earthwork — Four Tractors, two Power Graders,

three Carry-all Scoops of 11 cu. ft-
capacity each, and one Air Com-
pressor.

7.2. At thq quarry, the site clearance and the bringing uP
the shale deposit are done by Tractor Bulldozer. The material
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is lifted and loaded into trucks by a power shovel with a § cu. yd.
bucket. The shale is conveyed using 12 motor trucks of 6 cu. yd.
capacity each with hydraulic tippers. Rolling is done by
multi-wheel pneumatic tyred roller driven by a Tractor of 35 H.P.
Sheepsfoot roller is used when necessary.

8. SOIL RESEARCH

8.1. A fully equipped Material Research Laboratory is main-
tained in the head office of the Highways Department under the
control of the Materials Research Engineer. Smaller laboratories
are maintained, one attached to each Division, to carry out the
ordinary tests on local soils and materials. The design of the
pavement is done only after correct analysis of the properties of
the subgrade soil and base course material.

8.2. €. B. R. from other Test Results

Owing to the need for simplifying tests, the method now
commonly used is the identification tests to estimate the C. B. R.
The estimate so made can be checked by the actual test in cases
of doubt. This method gives the C. B. R. of the material passing
a $-in. sieve in terms of :

A =percentage passing the No. 36 B. 8. sieve
B=percentage passing the No. 200 B. S. sieve
¢ = Linear shrinkage as a percentage

D ="Plasticity index

E = Percentage passing the No. 7 B. S. sieve
G = Group index

Three estimates of the C. B. R. are made, using the following
formulae :

1. Log,, CBR= 1.668 — 0.005064 4-0.00186B—0.0168C —
0.000325BC.

B
2. Log,, CBR=1.886-0.0143D— 0.00454 +0'OO5IZ -

2
0.00004561—;— —0.00372E.

20-G)?
3. 0.8 R=45+22"




434

(GOPALARRISHNA AYYAR ON

- :
\ 89§ 9
\ 8

_ 11 :

$370000
O>=z2228 o
AN 85 se8s [T
AN :
TANAN 9
\\\‘\%\\
LA \\\ o
T TR .
TN :
VBN
\\ \\\i\\\ :
NN T
AAMANRY
36 °\)%% %%’ﬁ% % °o°%\°°o°o 20 ’
9?‘ mg\o 18"%10‘9 QR %o% m
LT
© 0 o -
N

- (8]
SIHONI NI SSINWUDIIHY

RATIO

BE ARING

Fig. 1

CALIFORNIA

HicEWAYS IN AUSTRALIA 435

In practice, tables and charts are used to obtain the esti-

- mated value of the C. B. R. If reasonable agreement is not

obtained, an actual C. B. R. test is carried out.

9. DESIGN OF PAVEMENTS

9.1. C.B.R. Method

The thickness of the pavement required to withstand the
estimated volume of traffic is ascertained from a chart giving the
pavement thickness for the various repetitions of the standard
5000 1b load during the life of the pavement, Fig.1l. The num-
ber of repetitions is arrived at by taking into consideration the
traffic, the week-day factors for the traffic count, the placement
factor depending on the width of pavement, the direction of
the predominant traffic and the climatic factor depending on the

rainfall.

The conversion of the simple traffic count to repetitions of
the standard 5000 1b load for a typical rural station is effected by
considering the recorded number (A4) of light and heavy trucks
and also buses (provided the latter are not too numerous) as
given below. Cars and utility trucks which generally have wheel
loads considerably less than 5000 lb are neglected.

Week-Day Factors

The simple traffic total (4) is usually counted on a day other
than Saturday or Sunday for 12 hours (7a. m. fo 7 p. m.).
Special counts have shown that, for trucks, the 24 hour total
may be generally taken as 1.2 times the 12 hour count. Traffic
also varies considerably through the week in accordance with the

daily factor F given below.

Day of the week r Day of the week ! F
Monday 1.03 Friday l 1.04
Tuesday 1.04 Saturday 0.51
Wednesday 0.89 Sunday J 0.35
Thursday 0.99 |

On the basis of an average week-day factor of F=1 for the

period Monday-Friday, the average daily traffic for the whole
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5.04+0.51+0.
week is Ax1.90% >0 10:51+0.35

i 7 approximately = 4 The truck

F

traffic for a year is thus 365 X %

When the traffic count includes both loaded and unloaded
trucks of various types, the number of ¢Standard’ (5000 lb)
repetitions is of the order of 0.7 times this total or approximately

255 % %, a year.

Placement Factor

A study made regarding the habits of drivers in placing
their vehicles relative to the edge of the pavement for various
pavement widths indicated that the most heavily loaded part is a
strip of 3 ft width. The total number of repetitions calculated,
as mentioned above, must be multiplied by the following factors
to give the number of repetitions on the most heavily loaded strip.

Placement Factors

l Placement Factor

|
Pa’:ﬁﬁ%nt ! Traffic equally | Traffic predominently
feet ! loaded in | loaded in
| both directions ‘ one direction
16 0.30 1 0.45
20 0.21 | 0.35
25 0.16 . 0.20

The trend of traffic increase was approximately at the rate
of 5 per cent per annum. For this rate of increase, the total
repetitions are in the following ratios :

No. of years life 1 5 10 15 20
Ratio of total repetitions 1.0 5.5 12.6 21.6 33.1

Climatic Factor

Climatic Factor M =-Av.era.ge annual rainfall of the locality
in inches x average number of wet days
in the year divided by 10,000. Value
may be less than one in dry climates and
more than one for very wet.
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Where the road is subject toflooding or in some way is liable to be
saturated for longer than would be expected merely from climatic
factors, an increase in the number of repetitions should be
allowed.

Generally, C.B.R. for pavements which are to be sealed 50 min.

L.L. do. do. do. 25 ,,
L.L. do. not to be sealed 35 ,,
P.1. do. are to be sealed 0 to 6 (Y in
dry season)
P.1 do.  not to be sealed 4 to 9 (12 in
dry areas)

Example:

Determine total pavement thickness required over a plastic
subgrade whose C.B.R. is 5 per cent. Present 12 hour traffic
count, 20 heavy trucks, 10 light trucks, 2 buses. Count made on
a Thursday. Average annual rainfall 35 inches. Number of
wet days per year 160. Life to be assumed as 20 years, traffic
increasing at 5 per cent per annum. Pavement widths to be
assumed as 16 ft for first 10 years, then increased to 20 feet.

Solution:

Present trafic 4 =32 trucks and buses F=0.99. Standard
5000 1b repetitions per 3 ft loaded strip for traffic in the first

—§—2—9 x 255 % 12,6 X 0.3 = 30,865 or 31,000.

10 years =09

5000 1b repetitions per 3 ft loaded strip for traffic in second

10 years= ?)%259 X 256 x (33'1—12.6) X 0.21 = 36,000.

Total repetitions should, therefore, not exceed 67,000,

v 35x 160 .
Applying a climatic Factor of —rmoae=, L.e. 0.56, the number

of repetitions is reduced to say 37,000, for which a soil with a
C.B.R. of 5 per cent requires a pavement of 12 in. thick,

Fig. 1.
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9.2. Pavement thickness are also estimated from the formula,

CORO RS

7' = Thickness in inches

mber of trucks per day (trucks and
reial trailers and buses)

where

N = Average nu
semi-trailers, comme

R = Average rainfall in inches, and

OBR=California Bearing Ratio at 95 per cent of the
modified AASHO compaction.

st be taken into account and
d adjacent to the road is
as in a street, the
1 rainfall is

Local conditions of drainage mu
where this is poor, where the lan
irrigated, or where the crown level is fixed,
value of R should be taken as 50 in. where the actua

less than 50 inches.

Increased thickness should be used where the sub-soil is
highly organic and where fine silts occur in poorly drained Photo 1. Typical finished non-skid surface
ls have high supporting value

locations. Certain silty materia
when well drained, but extremely low value if waterlogged.

9;3. soil Moisture Relation (S.M.R)) Method

In New South Wales, the C.B.R. tests are not carried
out. But the S.M.R. (soil moisture relation) rule or the Grading
Rule is used to arrive at the thickness of pavement.

S.M.R. Rule

Let U=Upper Solid Limit=P.L. if plastic=L.L. if non-
plastic. .

§—=Linear Shrinkage from L.L. of material i
L. assing
No. 7 B.S. expressed as a percentage of (E)rigina'l
length.

W =Maximum dry weight (Ib per cu. ft.) by Standard
Proctor Compaction Test.

Effective cover required in inches is then —
32-4+0.16U-40.278 - 0.24W for heavy loading, and
26+0.13U +0.228 - 0.195W for normal loading.

Photo 2. Vibrating Roller at work



Photo 6.
Photo 3.
Pneumati
Mechanical matic tyred
roller at work
broom

Photo 7,
Photo 4. Spreading
Screeding plant mix

of concrete

Photo 5.
< Photo 8.
Raising concrete
Centre line
pavement by .
mud-jacking mdrhi ng
process. General machine

view of machine




Photo 10.

Photo 9. Roughometer

Median strip in a main street—Leeton
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Y.4. Grading Rule

Disregard all material retained 2 in. square sieve. Compute
the following ratios :

Ratio (per cent) of all To all Passing

R = passing § in. square sieve but
reta.med on No. 7 British Standard

Sieve % in. square
A = passing No. 36 B.S. No. 7 B.S.
B = passing No. 200 B.S, No. 36 B.S.
(" = less than 0.0135 mm No. 200 B.S.

Let D, ¥ and F be departures of A, B and €' respectively
outside range 40 to 60. _

e.g. D =4-60if A is greater than 60,
=0 if 4 is from 40 to 60.
=40 - 4 if 4 is less than 40,

If neither 4, B nor (! is less than 40, compute the sum of
D4-E4-F.

If neither 4 nor B is less than 40, but C is, compute the
same sum but count not more than 20 for F.

If A is not less than 40, but B is, compute the same sum but
oount not more than 20 for K+{-F.

If A is less than 40, compute the same sum if it is lesa than
20, otherwise count D+E+F as 20.

To the sum so determmed add one-half the plastic index and
subtract one-quarter R. Call this final total < 7",

Effective cover required in inches is then;
'0.16 T for heavy loading (maximum wheel load 13,500 Ib)
0,12 T for normal loading (maximum wheel load 9,000 1b)

During mechanical analysis, if the dispersion fails; and the
ratios of 4, B and O are not determined the grading rule oannot
be applxed The S.M.R. Rule only is taken into accoynt,

13



444 (GOPALARKRISHNA AYYAR OX

1f the dispersion does not fail :

1. Ifthe adverse constituents are present in considerable
quantity, the grading rule does not apply and the S.M.R.
Rule only is taken into account.

2. In A, Soils (passing 200 less than 10 per cent of Pass 1
or less than 15 per cent of Pass 36), free from appreclablg
adverse constituents, S.M.R. Rule does not apply, an
grading ruleis taken into account. (If much advers:
constituents are present, S.M.R. Rule applies but no

grading).
3. In other cases, average of the two rules is taken.

9.5. Gravel & Sand Clay to receive Surface Treatment

Requirements are for material as finally compacted in the
pavement.

Materials will be suitable if it complies with the following

requirements :

1. Total 7 not to exceed 5; (See Grading Rule)

2. Upper solid limit not to exceed 20 ; (See S.M.R. Rule)

3. Plastic limit not to exceed 8 ;

4. Maximum dry compressive strength not less than 400 1b

per sq. in.

Oversize (retained in { in. sq. sieve) not more than 5 per cent.

9.6. Gravel & Sand Clay for Use without surface Treatment
(See S.M.R. and Grading rules for symbols).

(a) For riding comfort oversize (retained §-in. sq. sieve)

maximum & per cent.

(b) For easy maintenance and wear resistanoe (See Grad-
ing Rule for symbol E).

R over 40 per cent Very good
R 20 — 40 per cent Good
R 10 - 20 per cent Less satisfactory

R under 10 per cent Poor

(o) For stability against corrugation, rutting and ravell-
ing. )

Total T' (substituting 65 to 60 in computing D, E and F)

t 6 S i
:;mbgl;;flceed 5. (See S.M.R. and Grading rules for
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Neither 4, B nor C to be less than 45.
Upper solid limit not more than (20+} P.1.)
Plastic index not to exceed 15.

Maximum dry compressive strength not less than 400 1b
per sq. in. for the finally compacted pavement.

10. FLEXIBLE PAVEMENTS (NON-BITUMINOUS)

10.1. Where a road carries very little traffic, mere earth
surface is found adequate in dry weather. But in locations where
the road is called upon to carry traffic in wet weather, the surface
is strengthened and stabilized with additional ingredients such
as a better type of soil, bitumen or cement, so that the P. I. of the
resulting mixture is not more than 5 and L. L. is not more than
25 if it is to be sealed later on. If not, these limits are raised to
10 and 35, respectively. A disc harrow and grader, or a Rotary
Hoe or Siemen’s Pulvi-mixer, is used for ensuring thorough ad-
mixture of the stabilizing materials. Sheepsfoot roller and
wheeled rollers are used for consolidation at optimum moisture
content. Bitumen and cement stabilization are not generally
used for pavements, though they are employed for runways.

10.2. Gravel and crushed rock pavements are in general use
particularly in the. suburban districts. Gravel includes road-
making sand also. A typical specification is given below.

Percentage by Weight

Gravel
Passing 1 in. screen (square openings) 100
Passing 3/16 in. screen ( do. ) 35 — 65
Passing No. 7 B. S. sieve (including elutriable)27 — 54
Passing No. 14 B. S. sieve 29 — 44
Passing No. 36 B. 8. sieve 15 — 35
Passing No. 200 B. S sieve 10 — 25

The material passing No. 36 B. 8. sieve shall have lower
liguid l?mit not moxga than 35, if to be sealegi, _L.L. not more than
25, plasticity index not more than 9. If it is not to be sealed,
P. I. not more than 6. Tensile strength to be not less than 40 Ib

per sq. in.
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10.3. Graders are employed to shape and maintain the
gravel surface. It is remarkable that these gravel roads carry a
tremendous amount of traffic of heavy loads without much deterio-

ration. The reason appears to be that the load is really support-
ed by the adequately designed pavement and sub-base, and
gravel forms only a thin armour at top to protect the base and
serves as wearing coat.

10.4. A speoial feature in the specification for the water-
bound macadam pavement is the provision for two distinct sizes
of aggregate to be applied in two layers, each to be laid sepa-
rately, one to fill the voids in the other. No blinding or binding
material is provided for in the New South Wales specification but
the specifications of Victoria provide for very fine stone dust
binder after the voids have been filled up by the screenings.

10,6. To have a dust free gravel road, a cheap process is
sometimes employed. The gravel surface is well consolidated
and swept. Then a thin layer of bitumen and oil at 0.15 gallon
per 8q. yd. is applied and allowed to soak in. Then it is
covered with another layer of lighter oil at 0.1 gallon per sq. yd.
and the surface covered with a layer of coarse sand at 1 ou. yd.
per 150 sq. yd. This surface is expected to stand well for three
yeara.

10.6. The traffic is almost entirely rubber-tyred. So a thin
wearing surface is found sufficient. For bitumen surfacing work,
different types of aggregates are in use, such as basalt, quartzite,
and furnace slag Scoriala, kind of volcanic deposit, specially for
bituminous seals.

An interesting instance was noted where over a water-bound
macadam surface a coat of coke oven tar was applied at 0.2
gallon per sq. yd. and a layer of sea sand spread on top.
The surface was expected to stand well for two years.

10.7. The finish of the road surface is specially att
The surface is checked both longitudina.llypand c{oas'sv?i]s(ie?v:to}i
a spirit level for level, cross slope or camber.

11. FLEXIBLE PAVEMENTS (BITUMINOUS)

11.1.  Under this head, two types of wofk i
are include -
‘ly, surface freatmepts and asphaltic concrete work. The;l flcl)::gr
‘c?n?gnses spray : work and the latter premixed work under
initial treatment’ or ¢ Re-geals’ . One feature of the initial
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treatment is the invariable use of primers or tar, fluxed bitumen
or cut-backs. Tar is used for dense fine-grained surfaces and
bitumen for more open or absorbent surfaces.

'11.2. Bitumen is invariably fluxed with asphaltic oil and
power kerosene to bring the viscosity below 85 penetration. The
spraying temperature ranges from 350 deg. (for pure bitumen) to
250 deg. (for cut-backs).

11.3. The aggregate used is usually } in. or } in. gravel or
fine crushed rock. The rate of application of aggregate is caleu-
lated at 21/32 of the average (least) dimension in inches. The
aggregate is lifted from stockpiles, screened and loaded into
trucks by mechanical aggregate loaders and spread over the
bitumen layer by fan tail or cockerel spreaders attached to the
rear of trucks or tractors.

11.4. The surface is rolled down with multi-wheeled pneu-
matic tyred rollers and 6-ton iron rollers, one pass with the
former being followed by one pass with the latter. The multi-
wheel roller is loaded with ballast to increase the load, and drawn
by tractor or tractior (a tractor and air compressor combination
which is a very useful unit). Traffic is kept off the road for 24
hours. The idea is to obtain a non-skid surface. Bleeding is not
permitted. The asphalt is rarely visible on the surface.

11.5. It is significant that while 80/100 penetration bitumen,
at the rate of 70 1b per 100 sq. ft. for semi-grouting and 40 Ib per
100 sq. ft. for surface painting work, is used in India, only 28.3 Ib
per 100 sq. ft. (0.25 gallon per sq. yd.) as against 40 Ib is used in
Australia. For light pavements, the primer tar at 0.15 gallon per
8q. yd. and bitumen binder at 0.2 gallon per sq. yd. (23 1b per
100 sq. ft.) and aggregate $ in. size at 1 cu. ft. per 150 sq. ft., are
used. Thus it will be seen that the Australian specification is
much cheaper than ours. This specification may be not quite
adequate for our conditions with a heavy rainfall and mixed
trafic. However the possibility of considerable economy in our
present usage of materials is indicated.

11.6. Where multi-coat seals are required, 2 or 3 applications
of binder are made, each application being covered with smaller
aggregates than that used in the previous layer and rolled.

11.7. Premixed work is done by the road-mix or drag-mix
“in situ® where the hot mixture of bitumen and screenings is
dumped in the drag frame which is drawn over the road surface
and the meterial spread to & uniform thickness and rolled down.
In the case of plant mix, the mixture conveyed in trucks from a
central depot where a ° Hot Mix Plant’ produces the mixture to
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the desired proportions and consistency, is dumped on a ¢ Barber
Greene Tamping and Levelling Finisher,” spread on the road
and consolidated with pneumatic tyred and iron rollers.

11.8. Asphaltic concrete is not very much in use. It is being
replaced by cement concrete wherever the tratfic demands a hard
pavement. In the existing asphalt concrete pavements, the base
course consists usually of a layer of rolled concrete, of a lean
proportion 1:2%:12 with a water-cement ratio of 0.7 to form a
firm base, the mortar being applied by grouting. Due to the
difficulty in obtaining & good surface finish, this method is not
used for concrete pavement work.

12. RIGID PAVEMENTS (CEMENT CONCRETE)

12.1. Concrete pavements are not much in vogue in Victoria,
but they have been provided in the urban areas of New South
Wales where there is heavy traffic. The uniform thickness is
usually adopted. Light reinforcement in the form of a spot
welded M.S. fabric with } in. rods at 9 in. centres in one direction
and 13 in. centres in the perpendicular direction is used, not so
much to add to the flexural strength of the pavement, as to ensure
structural integrity. Dowel bars are provided across the longi-
tudinal and transverse joints ; and they consist of § in. rods 5 ft
long, placed at 5 ft centres for the longitudinal joints and 2 ft
centres for the transverse joints. In the latter case, one-half of
the dowel bar is embedded in the slab, while the other half is
capped with bitumen and ocardboard capping. The aggregate
used is # in. and 1} in. size gravel, 50 per cent of each size being
used in the proportion 1:2:3% for concrete. Concrete is usually
supplied at site in transit-mixers mounted on trucks, from the
Central Ready-mix Batching Plant. Mechanical vibrators are
used for tamping and the top is finished by floats and by drawing
a hessian cloth over the surface to obtain a non-skid surface,

12.2. An interesting item of repair work to i
ment was °mud-jacking,” to raise up the slabg tl?::%:gesgtired
down. The process consisted of forcing under the slab g wet 8 ?l
cement mixture under pressure. The solid content of the mi 1;0l .
remained behind to support the slab. The equipment cons; ltxdurtfa
a hand-operated pug-mill in which the slurry of soil cemexllste od
water is mixed, a manually operated double-acting ’slud ° an
to force the slurry through 3-in. diameter holes boreq thr%u Eu:ﬁp
slab and a compressor and drills. ~ All joints and weak s gt o
caulked with hessian.  The slurry consists of fine silty log?ms ?58
per cont passing No. 7 sieve, 95-100 passing No. 18 15( 40
per cont passing No. 100, and 5- 25 per cent P&ssir;g No 260)
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Soil is mixed in the proportion of 1 of cement: 7 of soil for ordi-
nary subgrades with the addition of water to form a thick cream.
Slurry is pumped, the pressure being gradually increased to 30-
40 Ib per sq. in. (maximum), until the slab begins to move.
Pumping is not continued for more than 2 in. lift at a time,

13. BRIDGES AND CULVERTS

13.1. Timber has been used on a large scale for road and
railway bridge work in Australia. A plentiful supply of good
timber and hard wood of the Eucalyptus and Messmate ete.
varieties, which are not subject to white ant attack, has made
the use of timber very economical and popular. The wood is
seasoned and treated before use. Composite trusses of timber
and steel are also largely in use. Recent constructions, however,
are of steel or R.C.C. These are generally of R.C. piles and cross
heads with R.S. or R.C. girders and a concrete slab deck. Itis a
common practice to mould the R.C. members except the deck
slab in the precasting yard and convey them to site and fit them
up in position. For want of enough skilled masons, the abut-
ments are also made of the R. C. retaining wall type moulded

‘in situ’.

13.2. The loading used is H,,8;4.44 Of the American Asso-
ciation of State Highway Officials, which is about 20 per cent
lighter than the I.R.C. Class 4 loading. The Table below shows
details of the amended loading together with details of the old
Country Roads Board (Victoria) Class A4 loading for

Comparison :

| Unif. load | * Knife load placed to give
er linear max. stress in lb per ft
Class of I Class of f{_’) per lane of lane (9 ft)

Bridge | loading in 1b ;
(9 ft width) | For Moment = For Shear
A H—15 480 13,5600 | 19,500
B H-—-10 320 9,000 | 13,009
AA or : L,
revised [(H,,S16-44 640 18,000 } 26,000
AASHO 1

13.3. The majority of bridges in Victoria have spans of 30
to 80 ft and the creeks over which they are constructed are
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narrow and shallow compared to Indian streams and rivers.
Gradients and curves on long bridges are quite common. .
minimum of 22 ft width is provided for bridge decks on thp Main

. Highways and 20 ft on other roads. For culverts the distance
between parapets is equal to the full formation widsth.

13.4. Distribution of Concentrated Loads on Slabs

In the direction perpendicular to the span of the .slab, the
wheel load are considered as distributed uniformly over ®
width of slab known as ‘effective width’ and is determined bY
the following equations, where § = span of the slab in feet,
W = width of wheel in feet, « = distance in feet from centre o
nearest support to centre of wheel, and F = effective width 1n
feet for one wheel.

Case |. Main Reinforcement Parallel to Direction of Traffic

E shall not exceed 7 ft for a single wheel. X is given by
E =078+ W. When two wheels are so located on & transverse
element of the slab that their effective width will overlap, the
effective width for each slab shall be 4 (% - ) where a is the
distance between centres of wheels. .

Case ll. Main Reinforcement Perpendicular to the Direction of
Traffic

E = 0.7 (2x + W). The Bending Moment on a strip of slab
1 1t wide shall be determined by placing the wheel loads in the
position to produce maximum Bending Moment, determining the
effective width for each wheel, and assuming that the load
delivered by each wheel to the 1 ft strip to be equal to the wheel

load divided by its respective effective width.

A - o W = A[(a + 2d)* + D3 ] for slab spans
lso & 0.7 Sp:ra.llel to direction of load, and P

E =07 22+ W)NMI (b4 2d)° + D' ] for slab spans
perpendicular to direction of load, where

a = width of wheel tyre contact in the direction of the
slab span

b = width of wheel tyre at right angles to slab span
d = depth of filling or cushion, and
D = slab thickness,
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13.5.. R. C. precast channel section slabs

These are largely used for culverts of 4 to 20 ft spans in
Victoria. The reasons for using the precast units are :

(1) difficulty in obtaining sufficient skilled labour on
gite of work ; and )

(2) simplicity of manufacture of such units in a central
casting yard ; '

Precast slabs for culverts up to a clear span of 10 ft and
precast beams for spans up to 22 ft are used.

The deck consists of a number of such units placed adjacent
to each other along the span of the culvert. The flanges bear at
their ends on the abutments and support the web which forms the
deck proper. A typical section is shown in Fig. 2.

£

&
s

L] 9‘ o _oje o o o:}-‘_W
o o6~ 6 oL e T 7%

Fig, 2.

L

13.6. Proportioning Concrete

In New South Wales, the specification for R. (. br'idges
classifies the concrete into different categories with strength at
28 days as given below : S

Class 44 Concrete 1 : 14 : 3 Strength 3000 1b per 8q. in.

Class 4 L 1:2 :4 ., 2500 do.
Class B . 1:25:5 . 2000 . do.
.‘Cla.ss c ) 1:3 :6 ), 1500 do.

- “Conerete of Class’ 44 and Class 4 is used for precast foot-
way slabs, heavy sections, deck slabs, thin vertical sections and
columns and thin confined horizontal sections, while class B and C
are used in locations where the comcrete has not to take up any
load like head walls and inlet sumps.

14
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Bri i i i d steel are also
Bridges with composite trusses of timber and s
very poptgxlar. Several of the old bridges are of this dtysg.e 1;1;,!1132
timber bridges are standing very well with proper an 4 con%tant
maintenance, even though they carry very heavy an

traffic.

Bri 0 ft, is
The Sydney Harbour Bridge—a steel structure of l.,65 ,
the largestysingle span rigid arch in the world. The w;dth igif tlilz
deck is 160 feet. The bridge is designed for 6 lanes of ;ra cd .
the middle, with 2 lanes of electric railway on one ?il % na:a.ch
Janes of tramway on the other, and a foot walk b%yozt;:_allowed
side. Out of these 6 lanes of traffic, 4 lanes of traffic

. N . -bound vehicles
for oity bound vehicles in the morning agdw?(;lgio Otl;ns of steol

in the evening. The bridge has 0(;);;511;1;°£ 9.75 million, out of

and it took 9 years to build at a ¢
?wgiiclll £8 milbllion have been met from loan fulrlxds. The totz,l
expenditure per day for maintenance and loan charges amounts

; is obtained from tolls levied on the
'{,‘;iﬁgto?roh:nb‘iiﬂl;’es ?:ri:th% most prominent feature on Sydney’s

skyline.

14. HIGHWAY MAINTENANCE

14.1. Maintenance work is carried out by road units, each
consisting of a patrolman and two assistants and a cu. yd. tipp-
ing truck. Patchwork is done with bitumen premix using about a
gallon per sq. yd. and 3/8 in. screenings. Gravel is _conveyed
from the quarries and spreading and graqmg is done with a light
rubber tyred grader. The grader used with truck patrols is pri-
marily meant for grading of shoulders and after rains it is used
for light blading of unsealed sand and gravel pavements. One
such unit looks after a stretch of 60 miles of road. -

' 142 Roughometer

For ascertaining the smoothness of the surface on a pave-
ment, a machine ealled the Roughometer is employed by the
Country Roads Board, Victoria. It registers the bumps on the
road for every mile and gives an idea of the comparative riding
qualities of the road. '

The instrument consists of a heavy frame which is carried on
two single leaf springs, which carry the axle of & standard motor
car wheel, Photo 9. Dashpots are provided as a damping system
to control spring oscillation and vertical movement of the axle
relative to the frame is integrated by a mechanism consisting of
two opposing back clutches. For each inch of integrated
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mmovement, an electrical impulse is sent to the electrical
counter which thus records the vertical movement in inches. The

_ Vvibration of the frame produces an electric contact every time it

moves, and this is transmitted by a cable to a counter which
records the number of vibrations. Driving at 20 m.p.h., the
counting is done every 3 minutes, i.e. every mile. This gives a
comparative idea of the roughness of the surface. The inflation
Pressure should be 30 4~ 0.51b per sq. in. A speedof 20 4 i
mile per hour is found to be the most suitable.

15, MEDIAN STRIPS

15.1. In wide avenues, particularly in the urban areas,
separate median strips are provided to demarcate the line of
separation of the lanes for incoming and outgoing traffic, Photo 10.
These take the form of a curb 2to4 ft wide with concrete
edging and grass turfing in the middle. Sometimes the turf is
replaced by beautiful flowering plants as in the Anzac Avenue,
Sydney. In certain cases, the median strip is made fairly wide
and serves as a parking space for cars. In Sydney there are
also avenue trees planted at intervals. On the concrete kerbs on
both sides of the median strips, spherical glass reflectors are
embedded into notches made on the edges of the kerb, for the
guidanoe of drivers at night.

6. TRAFFIC CONTROL

16.1. Traffic control is a part of the Engineer’s duties. Each
Division has a traffic inspector who checks overloading on the
trucks by using the loadometer and reports cases of overloading

to the Magistrates for punishment.

16.2. Restriction of Loading on Roads

- In Victoria, the following are the. principal provisions of the
Law regarding the dimensions and weights of vehicles, but provi-
sion is made for granting special permits :

(a) The gross weight on any one tyre not to exceed
5,000 1b.

(b) The gross weight carried on any one axle not to ex-
ceed 17,000 1b.

¢) The gross weight on all axles or any consecutive
) : groug of axles not to exceed the weight shown in the
Schedule varying between 11 tons 16 cwt and 26
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tons 1 cwt having regard to the distance between
the extreme axles of the vehicle or of a group  of

axles.
(d) Tyre pressure not to exceed 100 1b per 8q. in.
(¢) Width of vehicle and load not to exceed 8 feet.

(f) The overall length of vehicle other than articulated
vehicles not to exceed :

(1) in the case of a vehicle used for carrying of
passengers for hire...33 ft

(2) In any other case......31 ft
h of an articulated vehicle not to exceed

t - 3
®) ?5\7 e;:allelnl;;\hg . the length of either of the rigid parts
5 ft.

not to excee
(h) Overall length of vehicle and trailer not to exceed

50 ft.

The speeds range between 12 m. p. h. for a vehicle with a
ght exceeding 3 tons and fitted with one or more tyres
neumatic tyres and 40 miles per hour in the case
ic-tyred passenger carrying vehicle or a goods vehi-
weight of which exceeds 50 cwt but not 3 tons.

gross wei
other than p
of a pneumat
cle, the gross

16.3. The traffic on main roads is controlled at jurctions by
automatic light signals of four tyres: (1) triple light type,
(2) dial type, (3) the horizontal tube light type, and (4) the

traffic actuated type.

16.4. The incidence of traffic accidents is very low indeed
considering the high speed permitted. This is mainly due
to the absence of pedestrians or stray animals on the roads and
the keen road sense of the drivers and pedestrians alike.

. 16.5. Traffic lanes are marked on all the main
double full lines are ‘marked where overtaking is res;riét(:? ddsF :,1:1:
]a.pe pavements are invariably provided with median strip.s fitted
with glass cats-eye reflectors. Road signs and advance signs are

provided systematically and painted with lacquer and glass

beads of the size of fine sand to increase visibility

7. CONCLUSIONS

17.1.  The one impression about A ; .
; : . BhL ustralian Highway tech-
nique that is outstanding is the very close attention t%xat ?sy b:icng
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paid to the collection of statistics and estimation of traffic trends
In a systematic manner and their application to road design.
Testing of the subgrade soils is invariably done either in the
field or atthe central laboratories, and the road structure is
designed to suit the traffic that the road is expected to carry.
If the soil is weak, its bearing capacity is increased by stabili-
zation with addition of suitable materials wherever necessary.
Because of the careful design, even roads with a light seal of
gravel or bitumen carry heavy loads without deterioration.

17.2. The traffic on the roads is almost entirely rubber-
tyred, So there is a preference for flexible pavements. Cement
is in very short supply, whereas there is not much difficulty in
obtaining supplies of bitumen. In Victoria cement concrete is
sometimes used as & base course for a bitumen-wearing surface
and rarely for the finished pavement, but in Sydney and suburbs
concrete pavement is adopted on a large scale. A light
reinforcement is usually used more to afford proper distri-
bution of the load and minimise cracking than to support the

loa.d.‘

17.3. A serious problem in the development of highways;
as in all other spheres of activity, is the shortage of manual
labour. Labour is difficult to obtain and is costly. The basic
wage of an unskilled labourer is over £ 10 for a week of 40 hours.
But at present there is a regular inflow of labour from European
countries like Greece, Czechoslovakia, Hungary and Italy.
The immigrant labourers (called New Australians) are obliged
to work on Government projects for a definite period after land-
ing in Australia. Thereafter they are free to choose their careers.
The labourers are provided with every convenience regarding food
and accommodation. Special camps with tents or huts, kitchens
and dining halls, recreation roows, baths and washing facilities,
etc., are provided at all important workspots. Very good food is
given at fairly cheap rates. Cots, mattresses and blankets are
also supplied by the Department. As a result, there is willing
co-operation between the labourers and the supervising staff.

" '17.4. The difficulty of obtaining adequate manual labour
has resulted in the mechanisation of all the processes, wherever
possible. For earth moving and clearing, bull-dozers, rippers,
scrapers and scoops are used. For quarrying and transport of
gravel, bull-dozers, mechanical shovels, aggregate loaders and
tipping trucks are employed. Rolling is done with iron-wheeled
or vibratory rollers and sheepsfoot or pneumatic tyred rollers
drawn by tractors. A bitumen surfacing equipment is a large
train of vehicles consisting of bitumen boiler and pumps, tank
Wagons, sprayers and drag-spreaders and plant mix equipment of
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various types. To keep the several items of machinery properly
serviced, a well-equipped central workshop is maintained with a
liberal stock of spares in & Central Store. A small workshop and
laboratory is available in each division. A mobile workshop
extends repair facilities to out-of-the-way localities also.
Mechanisation has resulted in general speeding up and standardi-
sing of the work.

17.5. The design for important bridges are made in the
Central Offices. In Victoria, the execution is also usually carried
out by the Bridge Division attached to the Head Office, but in
New South Wales the execution is ordinarily done by the. local
Divisional Engineers.

17.6. Another noticeable feature was the efficient control of
traffic on the highways. Roads are designed with sufficient width
and horizontal and vertical curvature to meet the demands of the
volume and speed of traffic expected to use them. The drivers
have got a keen road sense and it is surprising that accidents are
8o rare when we consider that the usual speed of motor vehicles is
about 60 miles per hour. There is rarely any overloading of
commereial vehicles.

17.7. Problems in India are very different from those in
Australia. In India, labour is comparatively cheap and plentifulf
and work has to be found for them. So the idea of mechani-
aation on a large scale, as in Australia, has to wait, - Also, traffic
conditions are different. Our roads have to provide for a mixed
traffic consisting of the slow-moving iron-tyred bullock carts and
motor vehicles.

17.8. Collection of statistics about traffe v
roads, es!:ima.tes of future traffic and application ofo:;llgl iis?xll]tsig
road design, adequate geometric standards and programmed
execution so that work done in the immedjate future forms part
of a properly designed final plan are important. P

Photos 1, 2, 6 to9are reproduced with ack
Roads Board, Victoria; Photos 3to 5 and wbv.g&?l:g
Department of Main Roads, New South Wales (A

guuents to the Country

knowledgments to the
ustralia),
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THE PLASTIC THEORY AS APPLIED TO THE DESIGN
OF MILD STEEL BEAMS AND FRAMES

By
Miss SHARUNTLA - S. JosHI, B. E.

1. Study of the bebaviour of mild steel beyond the yield
point when tested under axial loads i.e. in tension or compres-
sion or under lateral loads i.e. in flexure is necessary for the
correct understanding of the plastic theory in the design of mild
stee] beams and frames. Appendix 1 gives in tabular form the
details of the experimental or theoretical stress-strain relations
established by different workers in the field. The corresponding
diagrams of stress distribution in flexure in elastic, partially
plastic and fully plastic range are also given. It is seen that
some workers like Ewing, Muir and Binnie did not get any drop
in stress at yield point, or they did not attach any significance
to what they got, while some others, especially Robertson and
Cook got & well defined drop in stress at yield because of the
special device used to ensure axial loading.

The stress distribution given by Robertson and Cook has
been generally accepted, Fig. 1.

2. Assumptions

The elastic theory is hased upon
the followiug assumptions :

(i) Upper yield point A is

ignored. Plastic range

B c starts from B and ends
at C.

(it) Stress-strain relationship
for compression is identi-
cal with that for tension,

STRESS

0

Plane sections remain

AIN (iii)
STR plane after bending.

Fig. 1
3. Stress Distribution across a Section under an increasing load

Consider a beam of prismatic section, simply. supported at its
ends and subjected to pure bending. In the initial stages of

15
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loading, when the stress in the extreme fibres has not ‘reache.d the
elastic limit, the stress at any poiut in the cross section w‘xll be
proportional to its distance from the neutral axis. ’1‘hl§ is 'the
stress distribution according to the elastic theory of bending,
Fig. 2.

Fig. 2 Fig. 4

When the load is increased until the extreme fibres are
stressed to the yield poing, the stress is still proportional to
the distance from the neutral axis. TIf the load is increased
still further, the extreme fibre offers no more rgsxstancp and the
fibres in the inner layers get stressed to the yield point. The
section is now partially plastic and the distribution of stress

is as shown in Fig. 3.

1f the load is still further increased, the section becomes
fully plastic, Fig. 4. Any attemps to increase load further will
result in increased deflection with no further increase in the
moment of resistance. The section now actsas a hinge or a
¢ plastic hinge’ is said to be formed at the section and ultimately
the beam collapses.

4. Definition of Terms

(1) Plastic Hinge Moment. The bending moment of a section
when a plastic hinge is formed is called the plastic hinge moment.
In the case of bending without axial load, it is equal to the
plastic moment of resistance.

(2) Collapse Load. (¢) The collapse lnad is that load which
when placed on a structure will produce sufficient number of plas-
tic hinges in thestructure to cause failure in the manner of ahinged
mechanism. The word strueture means either the whole structure
or any part of it which can fail independently. :
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(3) Plastic Moment of Resistance (P. M. R.). This is the moment
of resistance of a section when each fibre in the section has been
stressed to the yield point. Fig. 5.

Plastic moment of

& resistance= 3 fy 34 x
A
T =fy Sydxz
»
N T A =f_l/>(Zp.
(4) Plastic modulus Z; of a section
is the sum first moment of a areas on
‘ the tension and compression sides of the
Fig. 5 section about the neutral axis,

(5) Shape Factor ¢V’, The ratio of the plastic section modu-
éns (Zp) tothe elastic section modulus (Z,) is called the shape
actor. .

V= Z‘:

In the case of a rectangular section bxd
Zp=2x%xb gx§=bf
7=t
V= b:—a X 56—,. = 1.5

The value of this factor for most standard rolled steel joist
gections is about J.15. .

. (6) Load Foctor (). The ratio of the collapse load (c) to the
workiug loud (1Y) is defined as the ‘load factor’.

5. Hinge

Fig. 6 gives the relation between the bending moment and
ourvature in structural members. It is scen that any increase in
eurvature is accompanied by increasre in bending moment, until
the latter attains its full plastic value. Also, as the curvature
increases indefinitely, bending moment tends to a limiting
value, M, the full plastic movement regardless of the

Previous history of loading.
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Consider a beam, Fig. 7, fixed at both ends and
subjected to a uniformly distributed load. In the elastic
Mpl— — o — — , -
»- y PER FOOT RUN ot ora
2 NF——= N
bl i
g Kig. 7 Fig. 8
J range the bending moment diagram will be as shown in Fig. 8.
z As the load is gradually increased, the fixing moments tend
g to increase until the yield point is
ul g Wbrmroormun  regched at the supports. At this stage
- ;&f‘fj ‘“ plastic hinges’’ are formed at the sup-
ports, and any further increase in the
CURVATURE loading causes an increase in the moment
at the centre without affecting the moments
Fig. 6 at the ends. With still further increase in
’ load & hinge is formed at the centre also
and then the beam fails, Fig. 9. At the
When at a section, fully plastic moment is attained, the time of collapse the bending moments at
curvature becomes indefinitely large, so that a change of slope the supports and at the centre will e.a.ch be
can take place over a short length of the member. The member 3 M equal to the plastic moment of resistance
behaves like a hinge at this cross section, the rotation of and hence the bending moment diagram
the hinge being possible when a resisting moment equal to * M’ Fig. 9 will be as shown in Fig. 9.
is developed. This conception was introduced by Maier- . . . .
Leibnitz. The collapse moment diagrams showing hinges at the time of

failure for some typical cases are shown in Fig. 10.

6. If loads acting on a frame are increased, then the
sucessive increasing bending moments are resisted firstly by

elastic action and then by plastic action. Afterwards a plastic S -y f i
hinge will be formed at the highly stressed section. If loads are — ] \I/

further increased, this hinge will rotate under My, and more
plastic hinges will be formed in other parts of the structure and
they will also rotate. Finally sufficient number of hinges will be
formed to transform the structure into a mechanism which will W tb ocq FooT AUN

then deform to an indefinite extent until its geometry changes {n\%\e«\ﬁ <z 57 ﬁaz_—_—_——__w,’

appreciably resulting in a collapse. 8

7. The Mechanism of Failure
Wb o¢r cooT RUN
Designs based on the plastic theory are worked out for the ﬁwmcrj F%::’:T——;
collapse load. A knowledge of the position of the plastic hinges W
under the collapse load is essential before the plastic

moment can be worked out. A simple illustration of the method
as applied to beams is given below.

Fig. 10
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8. The following Table, Fig 11, gives Mr (moment of resis-
tance) according to elastic theory and P. M. R. (plastic moment
of resistance) for some typical sections.

—
[ e
-
l \ \
2d D
SECTION 2d
1\ L
! bds 2« 2d 2 o 3
My zx10%XDCx 5y 2 voxze . |ox%‘i 3 10;'!;_22_
= IOx%lbd o .
bd 2 . 25x WD 4D |
i 1525xbdx2d | .75 Zp 15 25x82 « jd 15 25% ,,é?;?ﬁ {
i PMR 11525 bd 15 25 % h;_i_z 1S 25% D ]
| 7 -
hﬁ\b:;fﬁ'r'\:‘ 1529% 1°S 1525 7."1;— 152582 :ISZSK'G}%%
< . 2 1-525 % 115 . -
i P Mma =2 2875 . 118 1305 : 2879
MY R
Fig. 11

Aesume permissible working stress according to the

elastic theory = 10 tons per sq. in., yield stress = 15.25

tons per sq. in., breaking strength = 28 tons per sq. in.
Although the breaking strength of the material iy 28
tons per sq. in., the margin ) of safety is not 28/10 =
2:8, because the section cannot resist bending moments in excess
of its - plastic ~-moment of resistance. which, therefore, is
jts maximum collapse moment or hinge moment. From Fig. 11,
it is clear that the margin of safety under the conventional
design methods has a very wide variation between 3 to 1.75.
1t is certainly not rational to design structures with such a wide
variation--in the margin of safety. While there is waste of
material in designs which give higher values up to 3 for the safety
margin, it is safe to design members with a safety margin
of 1.75.

This then is thq justification for introducing . plastic .methods
of -design. According to this method the desired margin of
safety is first d.eci.ded and is called the load factor. The working
loads are multiplied by this factor to get the collapse load. The
correct section is then so found that the beam ccllapses at
that load.

74
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In I-beams designed according to the elastic theory, it is
found that the safety margin works out to be about 1.75. This
value is, therefore, assumed as the load factor for the design of
other sections also. The other consideration governing the
design is the deflection which has to be controlled according to
requirements. o

9. The economy resulting from the plastic method of
design is iliustrated by a few examples.

Example |

Design a mild steel beam of circular cross section fixed
&‘fi both ends, and carrying a central concentrated load of 5 $ons.
The span of the beam is 10 feet.

Plastic Theory. The load factor commonly used in designs
by the plastic theory for mild steel is 1.75. Assume the
same load factor in this case also. ‘

Collapse load = 5x1.75 = 8.75 tons.

g Wl _ 875 x10

M, = 3 12 = 131.25 in.-tons.

Assume the stress at yield point as
15.25 tons per sq. in. .

) w-sl'roua
s [T J—

. -yl - 31 28 wAON i _ 131.25 D3
WT ..Zp—- —Wg = 8,6: —6-

* (First moment of area about neutral

Fig. 12 .8xis.)
D?® = § x 8.6 = 61.6in.®
D = 3.72in.
Elastic Theory
Maximum B.M. =5——»X8L0x‘_ 12 = 15 in.ton.”
Assume a working streds of 10 tons per sq. in_.‘ .
75 D3x . ,
Ze = 1—6 = 7-5 = ‘32 . ) .
nD3 = 15 x 32 = 240.0 in.", _
D = 4.25in. .
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. 4.23% . 3722
Percentage saving ——y9ge— - X 100 = 229 per cent.
Example 2

Design & beam of I-section fixed at both ends, span 15 ft
and oarrying a uniformly distributed load of one ton per

foot run

Elastic Theory

Wi Ix1ox15x12 _ 225 in.-ton.

DM = ig = 15—
2256
Z = e = . "
o 70 22.6 in.

Provide 10 in. x 44 in. x25Ib I-section, 8iving Z,=24.47 in.?
Total weight = 25 x 15 = 375 |3,

Plastic Theory. Load factor = 1.75.
.. Collapse load = 1.75 ton Per running foot. When plagtic

hinges are formed at both the gy
: Pports and at the ce
moment at the centre is equal to thepmoment at the supp::::e the

. Moment at collapse = Wit L w
8x27 16

_ L7 x 15 x 15 )
= _""1‘6*\— X 12 in.-ton.

= 295.31 in..ton.
. 295.31 L
Nlp= 125 = 19.35 in.3

= Zy 19.35 _
safety factor =~ 1.15 = 168 in.3,

Usea9in. x 4 in, X 21 1b I-Section
giving Z, = 18.03 in. 5
Total weight = 21l x 15 =~ 315 1b

Saving = @Eﬂﬂi«l 00

376 = 16 per cent,
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- 10.  Procedure for design of single span fixed beams

(a) Multiply working loads which are acting simultaneously
by the load factor to get the appropriate collapse loads.

(b) Draw the free moment diagram for the collapse load.

(c) Draw a line across this diagram to represent fixed end
moments. Finally, this line serves as the base line from which
actual collapse moments are measured. This line is called * fixing

moment line ’,

(d) Note how many plastic hinges will be necessary to
enable the beam to collapse. Adjust the fixing moment line in
such a way as to give the values of maximum moments at the
Points where plastic hinges are required equal. Successive plastic
hinge moments must lie on opposite sides of the base line.

- (8) Calculate the plastic hinge moment and divide it by the
yield stress, 15.25 tons per sq. in., to get the plastic modulus Zp.

(f) Divide Zp by the shape factor to get the required section
modulus Z,.

11. Continuous Beams

Example 3

Design a continuous beam ABCD gimp]y sypported at the
ends 4 and D and continuous over the intermediate supports B
and C, carrying a uniformly distributed load of 3 tons per
R.ft. 4B = 20ft, BC = 30 ft, and CD = 26 ft, Fig. 12.

Load factor = 1.75. 4
-. Collapse load = 3 x 1.75 = 5.25 tons per foot run.
- 5.25 x 20 X 20

Maximum free B.M. in span AB = -
= 262.5 ft-ton
: 3.25 x 30 x 30
-do- -do- span BC = 77 _8_ )
= 590.6 ft-ton
' 5.26 x 26 x 26
-do- -do- gpan CD = -7~ e

= 443.8 ft-top

16
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The bending moment diagram for the heam is shown

in Fig. 12.
; 305'3 L1 TAONS
D

A B ¢
Fig. 13

For collapse of span CD, the maximum positive bending
moment in span must be equal to the maximum negatlve bending
moment at support ¢. It can be shown mathematically tht}t, for
s uniformly distributed load, each of thgse moments _wxll be
numerically equal to 0.688 the free bending moment in span.

o Mp = 0.688 x 443.6 = 305 ft tons. Considering span
BC alone, collapse occurs when the moment in the span and at B
5906
and C are each equalto 5 = 295.3 {t tons.

The free bending moment in span 4B, being the smallest of
the three moments need not be considered.

Provide for the maximum plastic moment of 305 ft tons.

Zo= Tisas
Adopting R. S, J. (shape factor 1.15)
L 2= 20 2 2090

- Use24in. x 74in. x 951b R.8.J.
giving Z, = 211 in?

Example 4
Design with non-uniform section.
For collapse in span 4B, M, = 0.688 x 262.5

= 180 ft-ton
180 o
Zp = ig—ég X 12 = 141.6 in.
|
Zo <110 _ 939 ins

1.15
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Use 18in. x 7in. x 751b I-section, giving
Ze, = 127.91 in,?
P.M.R provided = 186.6 ft-ton.

186 & €T YON 320 £T TONS
m
T R C ]

A 8
Fig. 14
Draw a fixing moment line from zero at 4 to 186.6 at B and

to a value at C equal to maximum moment in span BC, 320
ft-ton, Fig. 13. |

P.M.R. of reinforcement = 320 - 186.6
133.4 ft-ton

[

2 plates 9 in. x 3/8 in. P.M.R. = 133.1 ft-ton.

12. Summary of Procedure for ‘the Design of Continuous

Beams

(1) For Uniform Section

Select the end span and the internal span which carry the
largest bending moment. Draw a line across the free moment
diagram of the end span with zero B.M. at the free end so that
the B.M. at the other end is equal to the maximum resulting
moment in the span. Draw another line across the internal span
80 as to make both support moments equal to maximum moment
in span. Use greater of the plastic hinge moments so obtained.

(2) For Non-uniform Section

Select the span which has the smallest bending moment and
determine the plastic hinge moment in the way described above.
Extend the fixing moment diagram across the remaining spans to
find the plastic hinge moments required for these spans. Select a
Section to suit the smaller plastic hinge moment and reinforce it

to carry the larger ones.

The plastic modulus Zp of a pair of flange plates is equal to
the cross-sectional area of one plate multiplied by the distance

between their centres of gravity.
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13. The plastic design has its grea-

_— test use, with consequent economy, in
redundant frames with fully rigid connec-

‘ tions. The possible ways of failure of a

: porta lframe fixed at both ends is shown

in Fig. 15. The following extract from °

B.S.8. 449 of 1948 is relevant,.

‘ This method, as compared with the
methods for simple and semi-rigid design,
will give the greatest rigidity and eco-
nomy in the weight of steel used, when
applied in appropriate cases. For the
purpose of such design accurate methods
of structural analysis shall be employed
leading to a load factor of 2, based on
the calculated or otherwise ascertained
failure load of the structure or any of its
parts, and due regard shall be paid to
the accompanying deformations under
working loads, so that deflections and
other movements are not excessive.”’

Fig, 15

Load factor — 1.75
Collapse loads

v 17.5 tons

i

Fig. 16 H 10.50 tons

I i : .
105 rjgy.normg the redundant horizontal reaction [, Hp = H =

The B. M. due to 1 ini .
form shown in Fig. 17. collapse restraining moments ig of the
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The effect of reaction H, is to produce a moment of the

form shown in Fig. 18.

L
. Hah
B . ']

Fig. 18

Free collapse moment diagram is of the form, Fig. 19
17.56 x 30

OP = 4
= 131.25 ft-ton.
('S =105 x 15
157.5 ft-ton.
157.5
2

it

131.25 —

PQ

52.5 ft-ton.

T

Hig, 20

Il

O
o

Superimposition of the above diagrams will give the diagram

shown in Fig. 21.

Hah + 52.6 = 1675 — m — Haoh

m

157.6 - Hah _ g4 o 595
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3
9 Hab = 71875 - 525 = 26.25

26.25

Hah = 15 = 17.5
o= 526 + 17.5 = 70 ft ton = 840 in.-ton.
Zp = 1:4205 = 56 in.?
Ze = ]5—]53 = 47.8 in.3
X w w x__ &y . 4 P
[/ B
Z (b) ) © g d) (_’J/(q/)/ o i8]
Fig. 22 k o

4. Axial Load combined with Bending Moment

Fig. 22 shows the distribution of str
] e88 acr i
members subjected to axisl load combined wit.hr os:nmi;eﬁcl)ﬁ:n?

(8) Stress varies as its distance from the neutral axig

Extreme flange stress i.e. on .
: .e. co ide 3
yield stress. fpression side is less than the

(b) Yield stress is reached on the compression sjde

(e) Plasticity develops on th
zone is still in the elastic rl;nge. © comp

(d) Yield stress is reached on tengjop side

(e) Plasticity is developed on both sides
(f) Section is fully plastic.

E—J [%

(Q) : (b}

Ek\\

d)
Fig, 23

PLastic THEORY APPLIED 10 MIiLD STEEL BEams 475

Fig. 23 (a) gives the stress distribution across a. fully plastic
section under B. M. only.

Fig. (d) gives stress distribution due to direct load only.

Fig. (b) must give corresponding stress distribution for a
fully plastic section under a large B. M. with a small direct load
and Fig. (c) & small B. M. with a large direct load.

When the direct load is central, the rectangle representing
tension on left hand side must be balanced by a rectangle
representing compression on right hand side and that the shaded

ares represents the direct load.

The P. M. R. of the section gets reduced by an amount equal
to P. M. R. of the portion under direct load.

If axialload P == 25 tons.
Collapse load = 25 x 1.756 = 43.75 tons.

. 43 756 .
Area of web required = 535 = 2.87 in.?

2.87 .
For % in. thick plate, depth = Y 5.74 in.
P. M. R. of this portion of web

- L&%ﬂﬂs x 15.25 = 63 in.-ton.

P. M. R. of an I-beam which carries a load of 43.75 tons at
collapse is reduced by 63 in. tons.

If Z, = plastic modulus of section,

available P. M. R. = Zp x 15.25 - 63.

15. Method of Virtual Work

A ical method of computing plastic collapse loads. is
Suggestlenc'ia?)?cl?leal and Symmonds. This method oconsists of build-
ing up the actyal collapse mechanism from a certain pumbers of
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indepenfient components which are termed as partial - collapse
mechanisms. A simple example will illustrate the method.

Fig. 24

Fig. 25

In the above figures magnitudes of ic hi ; _
all shown in terms of a parameter g plastic hinge rotations are
A hinge rotation is positive if th ; ; -
viewed from inside the frame. © hinge is opening  when
_ In this case there are only three
nisms. For each mechanism it jg Ppossible to

Pl
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It should be noted that work absorbed in any hinge is always
Positive, :

Mp - plastic hinge moment.
In Fig. 25(a) work done by load = W x I8

work absorbed = Mpdo
Wxig=Mpdo - w= ‘%‘_’I._[p
Fig. 25(b) W x lg=4. Mpx0 - w:%’l’
Fig. 25(c) Wxlo+W x o =6Mpx e
W= 3]_/1{])

The correct collapse mechanism can now be ascertained by
applying ¢ Kinematic principle of plastic collapse’ which states
that for a given frame and loading the correct collapse mechanism
is that mechanism to which collapses under the smallest possible
value of the applied loads. :

Least value of the applied loads = 31/”10 and TFig 25(c)
indicates the correct collapse mechanism.

Solution given above is checked by statics by making use of
the Principle of uniqueness of solution which states that if a
sufficient numbers of plastic hinges occur in a frame to transform
the frame into a mechanism and if a B.M. diagram can be
constructed for the frame in which the fully " plastic moment
occurs at each plastic hinge position, then the corresponding load
is the correct collapse load if the fully” plastic moment is not
exceeded in the frame.
T S Ma~Mpy = ol
Mo - Mgy = (W=w)1

i

LI 4

W
v 1 - w-V Adding,
4 S | P C2Mo-Mp - Mo=WlL..
h F . e - J‘I”"—ﬂl{‘. . :-E_l
1G. 26 o 2
M- =

ln

1
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| Adding, v
MB-MA—{—MD-MC=WZ .11

2Mp+ Mp+ Mp=4Mp =wl
v ‘ |
-y 5 - ¢

.27

"i)”]": »‘”B""'J”.P: JW(}= -Mp, JMDEAIP

Pig. 27 M, =
_ 4Mp
= =F

sMp=WL W
Adding I & 11 M, =2Mp
oM, — My=2 Mo+ M)y =2Wl M, =~2M,

Mg = Mp
My =~Mp
6Mp = 2WI
3My
w = =y

16. No reference has been made in this note to the influence
of factors like shear, buckling, and rolling loads on the method

of pla.atic design.
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DisTRIBUTION O STRESS

——

B

NAME YEAR METHOD OF TESTING STRESS- STRAIN CURVE MARKS
RE
T
ELasvic PartiaLty PLastic Fuily Dm

WICKSEED 1866 ]| An autographic recording machine was DD hat
used for measurement of extension of ome resemblance of drop in stress at
tension test piece and load was jeld is observed. Error was intro-
measured by hydraulic pressure, duced on load side due to friction of

the ram.
EWING 1899 | Hydraulically operated testing machine k) -
was used, A slight drop in stress at yield was
obtained, but he did not give any
j significance to it.
ROBERTSON 1913 | Specimen was ]oaded through special tfu beft ~ 5‘? ess strain diagram was obtained
& shackles having a ball and anvil device True str ’
COOK to ensure axialijty and set between two
parallel stee] rods of greater strength
with which it ghared the load. _/-

KENNEDY 1923 | Two specimens, one of rectangular T |t was shown that the ratio of stress for
cross-section gand other of square Joad at collapse to tensile yield stress
cross-section were tested. depends upon the geometry of the

cross-section,
———

MUIR & BINNIE 1926 o drop in stress at yield was observed.
This was due to care not being taken
to ensure axial loading,

. — R ] T
HAIGH 193 % — LOWER Y¥LD POINT [t was considered that the lower yield
stress was significant and that this
i : depended upon the rate of straining,
e~ — §t -~ [ T ] s
RINAGL 1936 | Tests were pergormed both in tension Upper Yleld stress obtained in flexure
and in flexure, = 0 was 20 per cent higher than that
obtained in tension. This was because
of small unavoidable eccentricities in
the latter test,
e ’ i~ | 2 T B
BAKER 1938 | Tests were performed on simply Lower yield stress calculated from
& supported heyms with a central collapse loads was always lower than
RODERICK concentrated Jggd. : j ' that obtained in corresponding tension
test.
—— f— ful o | RS

MORRISON 1939 | Stresses at yield in tension, compression, Yield phenomenon was identical in ten-

and flexure wepe determined. st sion and in compression,
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SYNOPSIS

_ Results of laboratory experiments on the eoffect of the addition of
different percentages of lime to four typical soils of the Punjab on the
physieal characteristics such as optimwm moisture content, resistance to the
softening action of water, shrinkage. and compressive strength arc reported.
Penetration resistance of lime-soil blocks when cured for different periods
are given. It is concluded that the addition of lime improves compressive
strength, reduces shrinkage, and increase resistance to the softening action
of water. Sandy loams react hettor to the lime treatment than silty or silty

clay loams,

1. INTRODUCTION

1.1. Cement has been employed in stabilization of soil with
Success. Due to high cost of cement, its application on a large
Scale is limited except in emergency construction. Lime is one of
the oldest construction materials and is extensively employed

in building construction. So laboratory experiments have been

“-undertaken to explore the possibility of use of lime in soil
stabilization. The effect of different quantities of lime on the
Compressive strength, resistance to the softenin.g a.ctiqn of water
and other physical characteristics of various lime-soil mixtures
have heen studied. Results obtained are presented in this note.

In all the experiments bydrated lime (commercial) has been
used. Physical characteristics of the soils selected for the study

are given in Table 1.
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TasrLe 1

Physical Characteristics of Soils

! .
S. | Type of | Liquid ! Plasti- g4 | Optimum  Total
No. soil Limit | Ind}e,x content | moisture  solids
b |
L ) ! B | R L R
1. |Sandy loam 216 63 | 645 120 | 0088
2. | Silty loam = 269 | 9.4 | 139 | 1L0 | 0133
3. |Silty clay 367 | 162 | 115 110 0.242
: loam ‘
4. | Loam ' 29.7 ] 10.7 | 431 1.0 0.114

2. OPTIMUM MOISTURE OF LIME-SOIL MIXTURES

2.1. For successful sta.b'ilizatioﬁ it is essential that work
should be conducted at 'optlmum moi'sture. So6 the effect of
increasing percentages of lime on the optimum moisture of all the

four soils was studied and results are given in Table 2.

TasLe 2

Optimum Moisture of Lime-soil Mixtures

. l} “O_ptrimvum Moisturﬂe for Percentage of lime
lgl(‘]l& ! Type of soil ' ? ' I

t
| e a

|
1. | Sandy loam ’ 12.9 1.40 | 14.0 14.0 | 15.0
9. iSiltyloam = 119 | 120 | |

{
, i
3. ISty clay | 110 | 130
by oo 130 | 130 | 130
4 | Loam , 1L0 | 120 | 120 | 13
; .0 0
|E | | 13.0
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It will appear from Table 2 that there is slight increase in
the optimum moisture with the increased addition of lime.

3. RESISTENCE OF LIME-SOIL MIXTURES TO THE
SOFTENING ACTION OF WATER

3.1, Specimens were made - with all the four soils by
compacting 200 grams of dry soils at optimum moiswure.  The
locks were made in compaction apparatus with 53 Ib hammer
dropping through a height of 15 in. with 40 strokes. The
compacted lime-soil blocks were cured in humid air for a fort-
mgbt}‘aland subsequently dried in an oven at 50°-60° C to constant
weight,

3.2. The blocks were immersed in water at 25° C and the
bercentage loss in weight through disintegration after 5 hours
Immersion and drying was recorded. This is given in Table 3.

TABLE 3.

Disintegration of Lime-Soil Blocks under Water

Por II ‘Percentage of soil disintegrated in 5 hours
centage | Sandy loam Silt . '
- Silty Silty clay
lime ! loam loam Loam
—— R . R
| f ;’
0 | Tailedin | Failedin ' Failedin ' Failed in
* 15 minutes ' 15 minutes 40 minutes | 30 minntes
25 | 0.1 363 482 300
‘ '
50 | Nil 051 12 050
7.5 | Nil 050 . L0 0.50
0o | Ni 08 153 Nl

i | 5

It will appear from Table 3 that addition of 2.5 percentage

lime considerably improves the water resistance quality of all the
four soils. Sandy loam' shows least disintegration while silty
clay loam the maximum. With the addition of higher percentage
of lime, blocks of all the four soils showed increased resjstance to

the detrimental action of water.
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4, EFFECT OF LIME ON THE PLASTICITY OF SOILS

4.1. Experiments were performed to study the effect of increa-

siug quantities of lime on the plasticity index of all the four
soils. Results obtained are given in Table 4 and shown in Fig. 1

V@ poyoy ooyeny -
T 7]
1 T ]
L1 1
\ | : |
123 | l l T
i aiaa MR
I T
Z s % 1
W Al . - — =
o » e T8 =1
Z0TTE ot < :__~
> 8
r » -
© e )
h Emass
SANDY LOA —_—
z * ALTY b —_——— -
¢ 1 siLTV CLAY LOAM— ~5—.
2 LOAM ——
L r1 1111 TT 111 o
3 ¢ 5 & 7 8 9 10

o 2
PERCENTAGE OF LiME

Fig. 1. Effect of Lime on the Plasticity Index

TAaBLE 4

Effect of Lime on the Plasticity Index of Soils

P.I. with percentage of lime

- Type of e
S. No. - e
. Sedl 0 25 . 50 75 | 300
1. |'Sandy loam | 6.3 6.2 6.0 5 ‘
9 |Silty loam | 94 | 98 | 106 38 2(2,
3. |Siltyclayloam 16.2 | 112 | 121 113 | 119
_4.. | Loam 107 | 10,0 10.3 9.7 94 ,

4.2. It will appear from Table 4 that only silty cla
loam has a tendency to show marked reduction in pl);st?;]ittgl irftliez
with addition of lime, while the others do not show any marked
change. 'This would appear to indicate that the pulverisation of
fat clays may be rendered much easier when mixed with Jime.
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5. SHRINKAGE OF COMPACTED LIME-SOIL MIXTURES

- 5.1, ~ Shrinkage " of ~& -soil - increasés as the moisture of
eompaction increases and varies with the nature of the soil.
When a soil is to be used in engineering construction, it is very
essential that its shrinkage on drying should be as little as
Possible,

_ 5.2, All the four roils mentioned in Table 1 were compacted
Wlt.h' increasing percentage of lime at the corresponding optimum
moisture. The volume at the time of compaction and after curing
in humid air for a fortnight with subsequent drying in the oven
at 50° C were determined. Results obtained are given in Table 5.

TaBLE b
Effect of Lime on the Shrinkage of Soils
Percentage
NSO' Soil Pelﬁ?:;ta'ge volumetric Density

Y L ° shrinkage

1. 17" Sandy loam | 0 | 1.18 ’ 1.96

o ' 2.5 ‘ 1.03 ! 1.88

5.0 0.93 i 1.86

7.5 0.83 ‘ 1.84

. L 1 10.0 0.72 1.81

2...| - Silty loam "0 1.6 1.92

ol o 2.5 1.0 1.92

v 5.0 0.80 1.79

7.5 0.64 1.78

, - 10.0 0.52 1.75

3. Silty 0 2.8 1.94

-elay loam 25 2.2 1.88

, 5.0 2.0 1.84

7.6 1.38 1.81

-t -10.0 1.23 1.79

4.1 ' Loam 0 ] 1.56 1.95

1o ' 2.5 | 0.78 1.85

5.0 e‘ 0.63 1.83

70 | 0863 1.82

P10 ‘ 0.62 | 1.79

It will appear from Table 5 that the shrinkage of compacted
oil decreases as the percentage of lime increases.

5.3. The effeet on shrinkage by the addition of small
ercentages of Plaster of Paris (deydrated gypsum) Plus varying
ercentage of Jime has also been tried. Results obtained are given
) Table 6. S

LY.
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TABLE 6 TaBLe 6 (Contd
Effect of Li )
me plus Plaster of Paris on the Shrinkage of Soils P & Percentaye Percenta e
S. S P o [Percontage Poreeniags 8. No.| Soil No. elif?;:ge Plaster of | Density | shrinkage
1 erce - i
No. oil No. Li:]eage Plaster of | Density shrinkage S e ___,,___,P’ir_’i e e orexpansion
N L Peris | _lorexpantion 3. Silty 0 0 1.94 ~28
. andy loam 0 1.96 _ clay loam 2.5 0.5 1 85 -1.33
0 1.18 y
2.6 0.5 1.86 Nil ve 1.5 1.77 4 .22
» 15 1 87 Nil LR} 2 5 ]‘79 .
, 25 1.87 Z 09 5.0 1.72 41.38
" 5.0 1.87 Nil
' 5.0 0.5 1.76 -1.2¢
5.0 0.5 1.84 - .18 . 1.5 1.75 + .94
. 1.5 1.84 - .09 . 2.5 1.72 +1.26
2.5 1.84 - 09 . 5.0 1.67 ~1.97
. 5.0 1.81 4-.177
1.5 0.5 1.76 - .86
7.6 0.5 1.83 — 089 ’ 1.5 1.73 + .75
’ 1.5 1.81 -.88 " 2.5 1.73 431
” 25 1.84 Nil . 5.0 1.72 436
., 5.0 1.82 +0.269 ;
10.0 0.5 1.73 - .67
10.0 0.6 181 Nil ., 1.5 1.72 + .97
" 1.5 180 +.044 L 2.5 1.68 +3.92
»” g,g 1.82 +.178 . 5.0 1.67 4-3.29
”» . 1.78 .
- +-218 4. Loam 0 0 1.95 -1.56
. Silty 0 0 1.92 -1.99 2.5 0.5 1.84 4 .046
loam 2.5 0.5 179 T ., 1.5 1.83 + .18
y 1.5 1.76 ey ” 2.5 183 +1.26
. gg 1.78 +2'§§ ' 5.0 1.84 +1.07
” . 176 0
+3.L5 5.0 0.5 1.80 - 089
5.0 0.5 1.76 ., 1.5 1.79 + .48
" 1.5 171 128 y 2.5 1.78 + .70
. 2.5 1.72 _‘*;3-3‘;’ - ., 5.0 1.80 +1.24
» 5.0 i
1.68 +4.60 1.5 0.5 179 .53
7.5 0.5 173 ., 1.5 1.77 +.44
. 15 e + 47 \ ” 2.5 1.82 4-.36
» 25 165 ii'?s . . 5.0 1.82 +.72
) 5’0 * . .
1.67 +3.74 10.0 0.5 1.76 4-.008
10.0 0.5 1.75 . 1.5 1.75 417
,, 15 e + .53 ; 2.6 1.74 +.085
. . +3.10 5.0 1.73 +.17
2.5 1.69 +3.76 »
» N 6 * " " .
1.68 +2-88 .. + indicates expanaion. — indicates shrinkage.
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5.4, i
of Paris asI %(:vv;lza%pg ar from Table 6 that an addition of Plaster
not only eliminst -0 per cent and 2.5 per cent or more of lime
some soils Witl:' 1?? hShrmka.ge but also produced expansion in
expansion in al 1gher percentages of Plaster of Paris there is
almost all soils. Fine grained soils (No. 2 & 3) show

comparativel T X
(Nos. 1 &4).)’ greater expansion than coarse grained ones

Effect i
of soils was vl shdied, e sl pos ks e et Tettonce
test were subjected to disintegration t(;:t.s p'i‘.ﬁgalifl%cfl(:: zx‘:’: kiag?

mersed in water for 5§ ho . b
Results obtained are givelxl:r?n f)‘l‘r:;,(ltlet’l?l oir disintogration studied.

TaABLE 7

Disintegration of Soil Blocks
mixed with Lime plus Plaster of Paris

Per. .
Soil| cent. |Percentage ll’ercent;a.ge —
No. | age |Plaster of | Density 5hoss aftor
b paris hours immer- Remarks
.t ime | ~* 81on in wate
L.l26 1 5 | 1.8  05in ;
w10 186 0.75 ng:se ’i Too many cracks
50 s Uss 11 i Remained intact
Y 183 | 1-3§ increase ' Cracks
N ’ o ; . L3 5 o loss. i Remained intact
S Lo 1-75 ‘ 7.5 loss | Disintegratad
s A ; 1' i 2.0 loss Slight cracks
> ’ o 1"772 } 2.27 increase | Intact
. No loss g_ra.cks without
R . isintegrati
! ,5 1'(5) 1.85 10.037 increase -4 o
| 5,0 .5 1.81 * | 0.62 increase Badly cx(-)ajck
> 34 1.76 | 3.05 increase | I o
n 1.0 172 | 1.37 nbact
e ; -37 increase | Crackg
. 3 lJO }34 25.5 loss Disint, .
> _5 77 1.95 incroase Intactegmtmn
, 8 1.80 | 1.77 increase Cracks wi
’ Lo - disicrs without
» . . 0.5 n 'egr&tion
0 loss Intact

It will appear £
centages of f’faster l;:)meT*‘_ble 7 that th

ualit ime-s0j
quality of lime-soil compacted blocks, affects the water-resisting
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5.5. Compressive Strength of Lime-Soil Mixtures

The effect of varying concentrations of lime on the compres-

sive strength of different soils was studied. All the four types of
soil mentioned in Table 1 were compacted with 2.5, - 5.0, 7.5 and
10 per cent lime at the corresponding ‘optimum moisture in the
compaction apparatus®. The blocks were cured in humid air for
15 days, dried in the sun, and tested for compressive strength. -

Also experiments were conducted to find out the effect of prolon-
ged curing on the compressive strength of lime-soil blocks. Lime-
s0il blocks prepared at optimum moisture were cured for 15 days
in humid air and then kept over wet sand in contact with capil-
lary moisture for one month and subsequently dried to constant
weight in the oven at 50° C. The results obtained are given in
Table 8. '
TABLE 8

Compressive Strength of Lime-Soil Mixture

! Compressive Strength of
blocks after humid curing

l Compressive Strength
for 15 days and kept over

of blocks cured for

Per- 15 days in 1b per
Soil centage Sq. in. at wet sand for one month
lime. — .
! . . Initial crack | Final ¢rack
. Initial Final . h
] orack oracke | lbigfarsq. inlb por
Sandy loam | 0 | 1493 | 3002 [ 1493 ) 3002
» 2.5 1493 237.4 387.5 562.6
50 | 179.2 | 3270 443.5 664.0
75 | 2688 | 4v3.2 | 5376 810.8
100 | 2920 . 42L1 597.1 | 850.8.0
Silty | 0 . 2688 520.7 | 268.8 620.7
Hey fosm o1 95 | 2688 : 5017 . 161.2 161.2
5.0 292.0 | 528.6 1040 1  387.0
S 75 358.0 | 743.7 . 5970 | ' 806.0 .
~110.0 | . 380.8 | 7884 I 5820 1.1102.0 .
i 0 | 5380 | 6940 | 5380 :| 6940 -
?Jltny; olay 2.5 418.0 627.0 = 336.0 414.8
. 5.0 538.0 761.6 177.0 416.0
7.5 | 6270 985.6 174.3 506.0
10.0 | 85L.2 1048.0 137.0 552.0
0 470.0 775.0 470.0 775.0
Losm 25 220.0 506.0 343.0 528.6
50 286.0 530.0 364.2 579.2
7.5 350.0 540.0 432.0 752.6
10.0 366.0 556.0 244.0 558.0
494,

* For dotails see Reference 1 on page
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5.6. It will appear from Table 8 that the addition of lime
produces some increase in the compressive strength of soils.
Curing for a longer period produces increase in the strength of
lime-soil blocks prepared from sandy loam. With higher percent-
ages of lime, silty loam also gives fairly high strength.

6. EFFECT OF CURING ON PENETRATION RESISTANCE

6.1. Lime-soil blocks prepared from different soils and
mixed with increasing percentages of lime were cured under vary-
ing conditions and periods of time and their penetration resis-
tance in saturated state with Proctor’s needle and absorption

studied.

6.2. In the first set of experiments, the lime-soil blocks pre-
pared at optimum moisture with increasing percentages of lime
were kept in humid air for & fortnight. Afterwards these blocks
were placed in perforated iron moulds and kept over wet sand for

48 hours.

In another set of experiments lire-soil blocks were cured for
a fortnight in humid air and kept over wet sand for a period of
one month.

In the third set of experiments, the blocks .
humid air for a period of one month and kept OVGI‘:"el::etc:;ec(li fm
48 hours. The results are given in Table 9. nd for

It will appear from Table 9 that with in i
of lime there is an appreciable increase in th: r?:ﬁgf,qﬁment“ge
tance of all the four sorts under wet conditions Ahl o resie
ding the period of humid curing and/or contact .With 80, exten-
moisture results in substantial increase in strength capillary
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TABLE 9

Absorption and Penetration Resistance of
Lime-Soil Blocks cured by Different Methods
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Absorption Percent Peneggt;)zx; SR(':S;flt.ance
. Moist cur- Moist s Moist cur. Moist
%t)il Lime ?ﬁ‘;‘?‘;:n{g ing for 15 cured I;{Ic;lsftot;\?; ing for 15 cured
% |percent days und days and for one days and days and for one
kopt over kept over month & kept over kept over | month &
kepe over | et sand | keptover | Lt nd | ntend | Kbt vy
—_ for48hours) ponth  |for 48 hours'for 48 hours month |for 48 houra
Sandy| 0 15.9 16.7 15.8 72 146 120
loam™ | 25 | 140 14.2 12.5 380 720 540
6.0 136 15.56 13.1 640 800 840
7.5 11.7 16.2 11.8 960 1260 940
10.0 14.7 15.7 13.7 960 1340 1640
Silty | 0 24.6 22.9 26.0 24 24 -
loam | 25 | 16.0 17.5 15.2 1380 1600 1120
50| 170 18.8 17.5 1520 above above
| 2000 | 2000
7.5 17.6 19.6 152 above " "
| | 2000 |
10.0 19.2 19.9 t 17.6 ! s 1 : "
i . [
Silty | 0 20.2 227 | 249 | 32 36 54
clay 2.5 18.2 20.6 158 720 1600 1360
loam 5.0 19.0 20.1 : 18.6 1320 | 1800 1940
1.6 211 | 223 249 1480 | above | above
| I 2000 ! 2000
100 | 220 | 211 20.4 1520 L
Loam | 0 20.1° | 16.5 18.8 20 | 124 92
25 | 136 | 16.2 13.7 540 | 800 | 1160
8.0 15.9 ,I 16.9 14.6 940 | 1840 1600
7.5 17.1 | 15.6 16.6 980 | above
* 2000 2000
100 | 176 18.3 166 1180 ., 2000
i {

The above study conducte
that small quantities of

7. CONCLUSIONS

lime when ad

d with lime-soil mixture has shown

ded to a sandy soil conside-
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rably ino.reases its resistance to—%&-sofﬁening action of water and
compressive strength. - Shrinkage -of ‘soils is also appreciably re-
duced by the addition of lime thereby increasing its utility as a

_construction material, The addition of lime to plastic soils reduces _

their plastioity index making them friable; consequently hand-
lgng dur-'lng construction is made easier. Addition of small quanti-
ties of !lm_e in the stabilized soil base courses “"may be highly
. beneficial in preventing softening due to. capillary moisture in

areas of high sub-goil water level. | . .- S

.ot ;
i

_ SUMMARY- e

- Effect of lime on the physical charaeteristios of different soils
has been investigated, it has been shown that the addition of sma]
quantities of lime to a soil improves its strength as well a8 its
water-resistance quality. Sandy losm soils react better than
silty or silty clay loam soils. - " ; 4 :
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LABORATORY EXPERIMENTS ON USE OF PRIMERS
IN PREVENTING CAPILLARY RISE

By
S. R. MeHRA, H. L. Uprrar & L. R, CHADDA

In areas of high water table (called water-logged areas) due
to capillary rise, the soil gets wet up to a level close to the
surface. Due to reduction in bearu_)g power a wet subgrade
i8 not capable of taking much load, Wlth the ‘result that gen.era.lly
roads constructed in such areas eltk}er fa.}l or are seriously
deformed. When the road structure is designed to be adequate
for the reduced bearing power when the soil gets softened due
to capillarity it has to be very thick, and therefore becomes very
expensive. It is, therefore, desirable to ﬁqd some method of
checking the capillarity of the soil at a desired depth so as to
keep the soil comparatively dry and capable of taking load.

2. Experiments have, therefore, been carried out. to ﬁnd
out the effectiveness of the application of cold peneh.ratlon blpu-
minous materials on the surface of the subgra.(.ie in .checklng
capillarity. The soil selected .for' the purpose is a silty clay
loam, liquid limit 31.0, plasticity index 12.6 a..nd.sand cont:,ent
17.5, is typical of the silty soils generally met with in the Punjab.
The soil is compacted to a thickness of 3 1pches in & mqtall}c
box with a hole at the bottom. Dry bulk denswy. of 1.6 which is
the lower limit of density specified for subgrades is adopted.

rade specimens were allowed to dry and then
paingéd gilgl Stlllxll?ge gra.deIs) of cold penetration l_)ituminous material
available in the market at the rate of 20, 25, 35 and 40 1b per
100 sq. ft. The bituminous matena.l. was Wa:rmed slightly before
application. After it had soaked in, which tfzkes 2-3 'days,
another 3 in. layer of soil was comp.a\cte.d over it at optimum
moisture to attain a density of 1.8 which is the generally specified
density for base courses. The analysis of the soil used for the
top layer was, liquid limit 27, plasticity index 10.4, and sand
content 47.5. A soil with higher plasticity index than generally
used for stabilized soil base course was purposely used to quicken
absorption of moisture in case of failure of the painted
surface. A number of such specimens were Ipade and the bottom
holes W.ere connected to a common reservorr, the. top ]evfel of
which was maintained at half an inch below the painted surface,

19
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Fig. 1. The experiment was watohed from day to day and
the time when the bage course got wet to the top on account of

SUB GRADE.

COLD PENKTRATION BITUMEN
BASE COURSE 7
'T-:‘ - a ] _

Fig. L.

the failure of the painted surface was recorded. The results are
given in Table 1.

TasLz 1

Time Painted Surface to FaiI Under Capillary Action

Cold penetration ‘ Rate uf paint-
bituminous ing 1b per Time f fai
material ' 10v sq. ft. o failuro
; —
(Primer No. 1) I 3(5) Not aflected for over 11 months
,, : 35 &
; 1 40 '
’ do.
(Primer No. 2) 20 2 months
» 23 2 months 2 days
' 35 . 3 months 2y days
s 40 Undisturbed for ¢ mouths
(Primer No. 3) 20 Three days '
" ?5 Six days
. 35 3 months 20 days
" 40 Undisturbed for 9 months

4. Composition of Primers ugeq.

Primer No. 7

Bi'tumen 80/100 50 per cent
Diesel 0i) 50 per cent

Use or PriMErs 1¥ PrEVENTING CaPiLrary Risy 497

Shell Primer No. 2

Bitumen 80/100 30 per cent
Diesel Oil 70 per cent

Shell Primer No. 3

Bitumen 80,100 30 per cent
Furnace Oil 70 per cent

i from Table 1 that the application of Pri_mer
No. lIta:Vg(‘) ?El;igrloo sq. ft. can check capillarity fora long time,
but the same rate of application of Primer No. 2 & 3.fa.1.led to
create that much resistance. Higher rates of the application of
latter two were tried and were found to be successful, but

were rather uneconomieal.
SUBGRADE IMPREGNATED WITH SODIUM SULPHATE

en ohserved that in areas of high water table
e si.bgll';dlzasisbeﬁeq"ently imprggnated_ with sodu;m sulphat.(;,
a 8alt which is well known for its detrimental action on soil.
Presence of more than 0.10 per cent of the salt is _considered
bharmful. The tests reported in Paras. 2 &~3 for chec!;mg capiila-
rity have, therefore, been repeated by impregnating the sub-
grades wi'th 0.20 percent sodiur.n su]ph{zte. The subgrade was
painted with all the three bituminous primers at 20, 25, 35 ar}Id
40 1b per 100 sq. ft. The time taken in e.uch_ case for the capil-
lary force to puncture the painted surface is given in Table 2.

TaBLE 2
Time taken by the Painted Surface to fail when the
Subgrade contains Sodium Sulphate

Cold penetration| Rate of paint-

Bituminous ing 1b per Time
material 100 sq. ft.

Pri No. 1) 20 1 month and 28 days

(Primer No 25 ¢ months and 20 days

7 35 Undisturbed for 5% months

7 40 do.
i 20 12 days
(Primer No. 2) o 24 dave
? 35 28 days
” 40 3 months and 3 days
imor 20 | 4 days
(Primer No. 3) o | 7 days
7 .’ 35 9 days
" ' 40 One month and 22 days
12 ]
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‘ 6. 1t will appear from Table 2 that Primer No. 2 and 3
when applied at 40 1b per 100 sq. ft. or less cannot check capil-
la.x:lty when sodium sulphate is present in the subgrade, whereas
primer No. 1 if applied at 351b per 100 sq. ft. is effective. It
will, therefo_re, appear that testing for the presence of the salt is
very cssential before a cold penetration bituminous material is
recommended for use in subgrade to check capillarity.

7. Tar No. 3 applied at the rate of 35 1b per 100 sq. ft. was
a.lao.tned. ‘There appeared to be no sign of the base course
getting wet for months.

.8.. Field expe_riments to find out the effect of traffic on the
stability of the painted subgrades are indicated before definite
conclusions are drawn.

Paper No. 179

THE INFLUENCE OF A SUPERIMPOSED LAYER IN
INCREASING THE LOAD BEARING CAPACITY
OF A RIGID PAVEMENT

By

Col. S. K. Bosg, B.sc. (Eng.), a.m.L.E. (Ind.)
M. R. 8AN. 1. (Lond.)
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SYNOPSIS

; isti f arigid or a flexible
The offect of a superimposed layer consisting of u rig
"»onstrvfszti(:)?le;r a combination of both for strengthening rigid pavements . has
been discusged. Strosses due to tcmperature.changes have l?een detailed.
The general conclusion is that & ﬂexibie.sppenmposcd layer increases _tl}c
load bearing capacity of an existing rigid pavement greater than a rigid
pavement Example‘s illustrating the strengthening of airfleld pavements
are worked out.

- . he choice of suitable pavement

Th { et aircraft has made t > ; ¢

nmteri:Isa(ﬁggf]tu ’]]‘he methods adopted to enable bhituminous naterials to
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withstand the effects of ;
jet blast i
Recently publighed test reports from :ﬁg Ut:ug.l Aﬂ p;llllt:ig:hgagellgeenhqi;oussefi-
. . K. which are in

genaral agreement with the theoretical analysis, are summar; d
; 1arised,

The need for further j i
i Tor 2 T investigations
conditions obtaining in India is strissed angzuézzgf:::l;g: t;tre(sis’ . tgnde;‘
; o adc'ition o

certain indigenous materials as filler for resisting the blast effects of jot
ects of je

planes is offered.

NOTATION

Symbol . Description

4,4, 4 4, - Stxf'gss amplitude in temperature stresses
suffixes g, e.and w denote interior, edge and
corner loading cases respectively. .

P i
a B J LY » radius of the surface of
con-
( np ) tact betwcen whee] and slab. "’

B ~ Free len i
gth or wid
to warnion 1dth of a glap when subjected
c kB, Modified m i
T sapaided odulus of elasticity of
5 By ko
21 =) Stiffness of Pavement,
E - Modulus of elasticity.
E, - Modulus of Elasticity of pavement
Ef ~ Modulus of elasticity of Subgrade |
e = The coefficient of linea .
conrets T expansion of
h ~ Thickness of Pavement.
‘ _P
” Modulus. of subgrade reaction
X, ~ Coefficj
cient of i
| Pt end restraing, Unity for togal
X, Coeffici
~ Coefficient of warpi
) 1n i
) ‘o IK wa are coeﬁicienri;s gr?le:g:mt.* o and
ength of the gl respect.ivelgyto proadth and
* This may rige :.l i
to warping) 0 according 1o Westergaard for complete regist,
&noe
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D Ep h?
! ~ Z=1 B LA
1/1( ~/( 12 (1— A7) k)
Uniformly distributed load over the loaded
area, i.e. contact pressure between wheel and
slab.
Wheel Load

Distance from the point of application. of a
load to the point at which stresses are

computed.
Se - Stress induced in a concrete slab due to
corner loading in pounds per square inch.

- Stress induced by load in a concrete slab due
to interior loading in pounds per square inch.

- Maximum stress due to temperature differen-
tial in pounds per square inch.

-~ Temperature differential in degrees Fahren-
heit.

- Phase time for restrain temperature stress,
for internal temperature stress due to curved
temperature gradient and for warping rest-
raint temperature stress respectively.

R - Amplitude of the assumed temperature
variation curve of the surface=4% the total
variation when the curve is assumed to

be sinusoidal.
— Instantaneous value of at a specified time.

S
1

"o
]

8,

8,

t, 1; &2 L,

0y
01 ~ The temperature difference between the top
and bottom faces of the slab at its maximum

value.
# - Poisson’s ratio. .
Hp - Poisson’s ratio for pavem?x}y’ét’,
~y - Poisson’s ratio of subgradg’ o®
w ~ Vertical deformation. i(q

ok ona VS
Do it W, N & \:

N 1:1‘3’;’

[)
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1. INTRODUCTION

1.1. The Problem

Various theories on the stress-strain conditions in soils and
pavement materials have been lately advanced for designing con-
crete pavements. While these theories are useful in making &
rational design of new pavements, the problem is complicated
when an existing concrete pavement has to be strengthened to
support heavier wheel loads and higher tyre pressure. Since it is
not possible to improve the subgrade or the sub-base lying
underneath an existing pavement, the only course open is to
strengthen the pavement by a superimposed layer.

1.2. The Scope of the Paper

Consideration of the problem of strengthening an existing
concrete pavement by a superimposed layer (overlay) has been
restricted to the two principal factors, viz.,

(a) the effect of wheel load on pavement, and
(b) stresses due to temperature variation.

The methods discussed are superimposition of :
(a) a concrete overlay,
(b) a flexible overlay, or

(¢) a combination of the two, ie., aco
k . ; » lLe., nerete o
intercoursed with a thin layer of a bituminous e::;liy

1.3. For convenience, the Paper has been divi ;
Rarts, namely, tl}eoretical analysis, the a.pplicatile(l%dtl:nto f(iur
sis to strengthening of airfield pavements subject to jet ble a;na yci
fuel spillage, review of some recent tests, and general]conc?:qi::s

THEORETICAL ANALYSIS

2. GENERAL REVIEW OF THEORIES FOR CALCULATION OF
STRESSES -

2.1. Elastic and Liquid Theories

In all the theories the characterigt;

. eristics of soil and -
f,u!-la,l ;ctlon of the sub-gradq have been idealised evzn ﬂ:(t;ﬁ sﬁr;l}fe
soll characteristics are subject to wide variations and bhg b
grade structure is far from homogeneous o

There are two fundamentally di .
: ifferent

lation of stresses and deﬁectionsyof concret: h;:sf;:ﬁ; e calcff'
elastic theory of soil and the liquid theory of soil. 8, viz., the
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2.2.  The Elastic Theory

~ According to this theory, the soil is regarded as an elastic,
isotropic, homogeneous and semi-infinite body. It issumed that
the deformation of the subgrade is not uniform under a load and
that it extends beyond the loaded area. On the basis of this
theory, the pressure distribution at the edge of a loaded area is
large, and would cause plastic deformation at the edge even for

small loads.
The characteristics of soils which influence the stresses in
concrete pavement according to this theory are :
(i) Modulus of elasticity of the subgrade.

(ii) Poisson’s ratio of the subgrade.

2.3. The Liquid Theory

The sub-grade is regarded as an elastic foundation and the
relation between the pressure p and deformation w at all points is
assumed to be governed by the relation p = k.w, where k is the
modulus of soil reaction (Westergaard’s theory). The deforma-
tion being uniform, the pressure distribution is also assumed to
be uniform.

The fundamental difference between the two theories is
diagrammatically shown in Figs. 1 and 2.

L LOAD DIAGRAM LOAD DIAGRAM
4 - b
= e - i ™ .
-~ L———---—-‘

< DEFORMATION DM;AM‘ DEFORMATION DIAGRAM

— \\‘\--"
Fig. 2
Load and deformation diagrams
according to liquid theary.

Fig. 1
Load and deformation diagrams
according to the elastic theory.

3. THE ELASTIC THEORY OF SOIL

3.1. The assumptions made and the limit’:ations of the e.las-
tic theory together with the method of calculation of stresses in a
two layered system advanced by Boussenesq and Burmister are
given in Appendix 1.

3.2. Tt is seen from Appendix 1 that the load bearing capa-
city of a pavement is dependent not so much on the absolute
value of the modulus of elasticity of pavement as on the ratio of

20
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the modulus of elasticity of pavement to the modulus of elasticity
of the subgrade. In strengthening of an existing pavement it
might, therefore, be assumed, to a first approximation, that a
superimposed layer which has & modulus of elasticity much higher
than the modulus of elasticity of the existing pavement is more
effective than a superimposed layer having the same modulus of
elasticity as the existing pavement.

The va.lue‘of, ‘a’ is fixed by the contact area of the wheel.
The value of ‘A’ is restricted by considerations of cost. The

engineer has, therefore, to formulate his design (within the..

pra.ctical range of variations in the ratios %" and -;: . If the
8

. Bp .
ratio EP is low, say 5, the strength property of the subgrade has
8
a large influence on the supporting capacity of the system. On
the other hand, if the ratio %p is high, say 1000, which is

8
generally the case with a concrete pavement, the strength
of the pavement has a large influence on the support?ng E;;ﬂecli'zy
as will be evident from Table 1. ) y

TaBLE 1

The influence of the ratio Ep/E, o .
capacity of a two layer system.p/ » onthe load bearing

M&?x. bearing pressure in 1b per sq. in. if

Thickness of | e
pavement, h,in.|\Es = 3000, Ep/E, = 5,|E, = 3000
— ? . - yEplEy =
w = 0.2and a = 15 in. we—_— 0.05 a.n(li’/a T 1150?2’

——

|

6 |
12 3 2 31.4
5 i
24 ’ 5
37.8 121.0

It is seen from Table 1 that
3 the load beari ity i
creases mnearly in the same proportion as the :}ficg)gz':l?fi ;ﬂé

pavement when the ratio £y %, is hi
increases are slight when thepr/a,;a;o E::/l%]h i;b 1ll(:‘wthe o

The particulars in the last i
I : colum
for a typical airfield pavement exce;t l&;l;;al;iee Iblz;.esgr:gi?:ethl?:(;

been omitted in ord : ’
system. er to apply Burmister’s theory of two-layer

responding
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3.3. Computation of stress Distribution in a three-layered system
(Fox, Acum)

The effect of introducing a base course between the pavement
and subgrade in reducing the vertical stress on the subgrade due
to the applied load is clearly brought out by the computations
made by Acum and Fox®. This is illustrated by the following

examples. -

Example | :

Assume a two-layer system in which
E, = 3,000 1b per sq. in.
By = 3,000,000 1b per sq. in.
a = 15in.
alh =2 approximately

h =—1 8 in.

From Table 2 Road Research Technical Paper No. Y by

Fox® assuming perfectly rough interface, the vertical stress on
the subgrade is 0.071 p, where p is the applied load on the

pavement in 1b per sq. in.

Example 2:

Assume a three-layer gystem in which the pavement, Fig. 3,
has hy = 8 in.

B, = 30,00,000,
the base course has kg = 16 in., E, = 30,000 and the subgrade

has B, = 3,000.

D AREA
st
PAVEMENT
LAYER 3 Al E,
BASK COUASE e
LAveR 2 b 2
E
SUBGRADE 6. 3 3
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From the notations used in the computation of stresses in
a three-layer elastic system of Acum and Fox®,

ay = Zz =1
Ki= =100
H = 2" =3
K, = z: =10
But g; = 1,000 (as in Kxample 1)

Table 3 of Road Research Technical Paper No. Yy Tox |
which H = } and a; = 1 is, therefore, a.pplicall))le to bhsyplzl':sx nt];
case. From this table, for the above noted values of K, and Ii’n
the vertical stress at the first interface between the pavelme t d
base course is 0.142 p and at the second interface bet on
base course and subgrade is 0.047 p. ween the

3.4. It will, therefore, be seen tha i ;
course of thickness twice that of theﬁ pg,);;;f:gg u:n(lig a base
a modulus of elasticity 10 times that of the subgrade tllxl ha.v_mg
stress on the subgrade is reduced from 0.071 2 t0 0 Oe yertical
reduction of 2.4 per cent of the applied load P P00l pora

Computations made by Acum and Fox are restrioted to e

following ranges :

E)
K, = E:l. from 5 to 500

%

K, = E: from 5 to 100

a
ay = h: from ltol
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] 3.5, The theory of layered system assumes that each layer
18 continuously in contact with the layer on which it is resting.
II} S0me cases a superimposed concrete layer is laid after a thin
bituminous layer is spread over the existing pavement in order to
Prepare a smooth surface on which an even thickness of superim-

Posed layer can be laid, Fig. 4.

RIS TING CONCRETE PAVEMENT.
SUPER IMPOSED FLEXIBLE PAYSMINT

SUPER - MPOSELD CONCRET PAVEMENT
THIN ELEXIBLE LAYER
EXISTING CONCRETE PAVEMEN

. 7R
AN SUBGRADS

SUBGRADE ES Flo. S
FiG. 4

But the introduction of a bituminous layer on the pavement
upsets the theory of layered system adopted by Burmister which
is based on the assumption that B, > E, > ¥, where E,, E, and
E, are modulii of elasticity for the pavement, the base course

and the subgrade respectively. In the case of a superimposed
layer of concrete (E;) over a concrete pavement (E;) having a
bituminous layer (Z,) between the two, we have E,>E,<kE,.

Similarly if the superimposed layer consists ofa flexible
pavement only, Fig. 5, the layered system has £, <E,. As
Burmister’s theory is inapplicable to both the cases, an approxi-
mate assessment of effective modulus of such a system has been

attempted in the subsequent paragraph.

3.6. Effect of Superimposing a Layer having Modulus of
Elasticity lesser than the Modulus of the existing Pavement.

The following is an approximate method based on the general
principle laid down by Steinbrenner *.

If an elastic layer of thickness H over a firm ground is
subjected to a load which is uniformly disfimbuted over a circular
area, see Fig. 6, the maximum deformation w,, at the centre of

the loaded area is
Wey = Wp — WH
where w, = the maximum deformation at the surface of anelastic

semi-infinite body, and
WH = the maximum deformation at the depth 4.

)



508 : : Bosk on

FIRM GROUND
FI1G. &

By i[}f*egl‘a_ting the well known expression for the variation in
deformatjon with the depth, in the case of a concentrated load ,
(derived from Timoshenko’s theory of elasticity), the deformation

we = P;sa[u_#,)(% = W CEEY
+2(1 - ;0,9)[,‘/(1 +i—:)—2] ...... (2)

where & is a point below the level of the applied load. By
Inserting £ = o and &€ = H and assuming /5 = } for the sake of
simplicity, we get i

W, = 2_‘_“_'_x p X a Where C' = \‘EL‘
C I=u®
2xX pXa

Substituting the above expressions in Equation 1, we get

2 x N
Wy, = g X a X Sl - “Nlﬁl‘fﬁnh )
1 il ¢ 3)
( '\/( + a") ) (
If € .04, = the effective value of C in the layered System having

two layers by using the values of W W, ¢ i
Equation 1 ie. Wo =ty + w,, ms» Wo and Wi we obtain from

2xXpxa_2Xpxa 1
or - — =L 27 —
g Cmean 01 : {l \?

VCEAY:
$Rxpxa 1
ZA/(I.*a-'-’;)} (%)

where C'; and C, relate to layer 1 and 2 respectively.
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In the case of a three-layer-system having &, >F, <k, the
effective mean value £, ywan 18 obtained from the following

Equation, derived in the same way as Equation 4.
[ Oy
e mean = H? N
, {‘ ta C )
C., D (- 1) S £
¢ & e
Joees

where the thickness of Jayers are H, (I, — /{;) and o, Fig. 7.

The calculation thereafter can

P £ { %1 he continued by applying Burmis-
"2 E vepa ter’s theory (because E oK, ..,
2 (PR with the modulii of elasticity #,

and E, menn and h, = thickness

SUBGRADE OF INFINITE THICKNESS
FG. 7 of the upper layer.

4. THE THEORY OF ELASTIC FOUNDATION (WESTERGAARD)

4.1. The assumptions and the formulae given by Wester-
gaard are given in Appendix 2.

4.2. Stress in Concrete Pavement due to Interior Load

From the result of tests carried out by Teller and Souther-
land *2, jt is found that Westergaard’s modified formula for
interior loading is in close agreement with the test results calcua-

ted on the basis of elastic theory.

The application of Westergaard’s formulae fox'. interior load
to layers of concrete superimposed over an existing concrete
pavement is given in example 3.

~ Example 3:

A concrete pavement 8 in. thick, having a modulus of elasti-
city, Ep=3x10° 1b per sq. in. is in contact with a subgrade
having ‘a modulus, E,=3,000 b per sq. in. Assume Poisson’s
ratios for concrete and for subgrade to be 0.15. The flexural

strength of ete is 750 1b per sq. in. and design factor is
1.5 fogr n:’m::;:rand 1.33 for taxi tracks. Find the wheel load
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that can be supported by a runwa ave
ment when the area
of contact of the wheel load is 15 in.yra,gius.

=P _PXE;
w [I8xpxga
Equation 2 (a) Appendix 1).

- B, 3000 3000 .
LI8xT5 ~ 118x 15~ fy7 = 170-0 Ib per in.2
for 8 in. slab if k=170 Ib per in.2, =380 inches
As a > 1.724 b, b=a

! 30
- p= 5 =2.00
The design stress in the case of a runway slab is 500 |p per
8q. in. (taking 1.5 as design factor).

by substituting the value of w from

For maximum tensile stress at the bottom of the slab (8,9
using Westergaard Centre case formula for Poisson’s ratio of 0.1,

5,=03162 P 4log,o(£)+l.0693] e )

kl

500 x 8 x 8
or P= : XTTETY
0.3162 (4 log (2.00) 4 1.0693)

_ b00x64
"~ 2.4781 x 0.3162
=40,830 Ib.
and the contact pressure p=57.7 |p per in.2 Graphs!+ showing

- the relative values ofil |, &k and based s
tions are shown in Plate I. on Westergaard’s equa-

Example 4 :

If a new layer of concrete 8 in. thick ; .
the existing pavement, as in Example 3 wlﬁats;ﬁ)ﬁnll)npzrd over
load carrying capacity, Fig. 8. ’ € the total

Assuming that the state of stress in the layered system is

the same as in a homogeneo
) us system satisfyj
equation, we have : y *histying Boussenesq

z,~ 1000 SFy, =00, Fig. 1, Appendix 1.
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E for the assumed homogeneous layer which is equivalent to the
E., 3000

two layérs having modulii of elasticity as B, and E,= Fo= o
= 15,000 1b per 8q. in.; where ¥ is the mean effective modulus
of elasticity of the two layers. If E, = E, = 3,000,000 {b per
8q. in. the value of P is worked out below :

EXISTING PAVEMENT
SUPER IMPOSED PAVWT—7

S e—
e .97 e o kd
€ ot e g e ta:
Jee o g te gl
el e ‘g 4
2y SUBeRADE
F16. 86

Fora=15in., h = 8 in., we get

15,000 -
k “{Ex15 = 667 1b per in.

Since a = 15in. and bk = 8in., a > 1.724 A,

therefore b = a = 15.
From Plate I for k = 667 and a = 15, 7 is 21.0 in. and //6=1.4.

. 500 x 64
“ P = 3162 (4 logy o (1.4) + 1.0683)

= 61,160 1b.
and p = 86.7 Ib per sq. in.

In accordance with Westergaard’s interior loading formulae,
assuming that the superimposed layer reste continuously over the
existing pavement, the nett increase of loadbearing capaocity of
the system is approximately 50 per cent more than the load-
bearing capacity of the existing pavement, if the modulus of
elasticity of concrete in the superimposed layer be the same as

that of the existing concrete layer.
4.3, Stress in Concrete Pavement due to Corner Loading

It is generally found that a safe wheel load that could be
Placed in ihe interior of & slab might be 4 to 6 times greater
than safe wheel load that can be supported at thg corner. Corner
loading, in majority of cases, determines the design of a conoret

slab

2
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But there are various theories for - the assessment of the
maximum stress in a concrete slab subjected to & corner loading
and results are conflicting. Westergaard’s original formula
written in simplest terms using value of u = 0.15 is

S, = }3'?[1 - (%‘-)“] . (T)

This was modified later on to the following form by Teller

and Southerland?®
3r a~\1'?
so= S - (5" - ®)

The modified formula is based on the assum ption that, under
certain conditions, the subgrade support may be somewhat less
effective near the slab corner, so that the slab corner may be
developing only a portion of the eflective subgrade modulus,
thereby utilising a somewhat smaller value of k. On the other
hand, Goldbeck has taken the worst case of all, by assuming
a condition when a slab is subjected to wheel load with no sub-
grade support, so that the load is considered to act on a cantilever
of uniform strength. According to Goldbeck.

3r
So = ps e (9)

Sprangler!® carried out tests on five experimental slabs to
determine stresses in corner regions. Results were published only
for three slabs (Nos. 2, 4 and 5). He found that the stresses
calculated from Westergaard’s formula were in fairly good agree-
ment for slab No. 4 and 5 while slab No. 2 was in conformit
with Goldbeck’s formula. y

The strains observed by the Road Research Lahorat
England’® in the corner loading tests show cloger a.gr::n?g;
with Goldbeck’s formula than with Westergaard’s original
formula for corner loading, Equation 7.

" ;I‘ht? f(;l}iowirifg exanflple is worked out for a corner loading to
iliustrate the effect of a superimposed laye isti
concrete pavement. d yer on an - existing

Example 5: Safe corner load on the existing pavement of Example 3
(¢) Westergaard’s original corner loading case
Assume K = 170 1b per in3 @ = 15 in. and

b =8 in. (as Previously obtained)
b=a= 15 lnn
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s 1= 30in. a/l = 0.5.

Substituting these values in Equation 7, we get

P =27,510 1b and p = 39.19 1b per sq. in.

(b) Westergaard’s revised corner loading case

Substituting the above noted values in Equation 8
we get P= 18,890 1b and p = 26.7 Ib per sq. in.

(c) Goldbeck’s formula
Substituting the values in Equation Y, we get P =
10,700 1b and p = 15.2 Ib per sq. in.

Example 6: Safe corner load on the superimposed pavement of
Example 4
We have @ = 15 =b and I =21 in. ‘
a/l = 0.72 and the load bearing capacity of- the whole
system is given below. ,

(a) Westergaard’s revised corner loading case
Substituting the values in Equation 8, we get :

P = 32,800 1b and p = 45.2 1b per sq. in.

(b) Goldbeck’s formula
Substituting the values in Equation 9, we get

P = 10,700 and p = 15.2 1b per sq. in.

ther words, according to Goldbeck’s formula, !aher_e
iI: a.obsolutely no increase in the load bearing capacity if
a new layer of concrete is laid over an existing layer.

. 5. FLEXIBLE PAVEMENT AS A SUPERIMPOSED LAYER

i i f a solid
‘5.1, ‘A Dbitumen-aggregate mixture consists o ]
granilla.r material (aggregate), a liquid (bltt;zle;na)' zﬁinﬁnﬁﬁi
(air). It would therefore be correct to assume :  bituminous
pavement forms a sysbem analogous to t;aai) 'to soil. The
difference is that the voids in the aggregate o hl un;ex:h;m:c)ids
are filled with & highly viscous bitumen, W exl'ea. e voi
in the soil are filled with water which has low dwsc;omtﬁ/,
Deformation of the pavement gives rise o rasxstam:;ete1 ue to the
high viscosity of bitumen. In case of settlement, the extrusion



514 . Bose on

of excess liquid from the voids of the aggregate takes a very long
time in bitumen-aggregate mixtures as the viscosity of bitumen
is about 107 to 10® times greater than that of water.

Plasticity as a factor in the design of dense bituminous mix
can be evaluated '®. Its value is dependent on two factors,
viz , (a) void factor (an expression showing the influence of the
void-content on the plastic properties) and (b) the F.B. factor
(filler to bitumen factor) of the mixture. Assuming that no
plastic flow occurs, a bituminous pavement is treated as an

elastic layer.

5.2. The Effect of a Superimposed Bituminous Layer over an
Existing Concrete Pavement

It is necessary, for the purpose of making comparative study
of a bituminous and rigid overlays, to evaluate the supporting
capacity of an existing concrete pavement with a superimposed
bituminous layer. The method adopted which assumes that
the bituminous layer has elastic properties is illustrated by

example 7.

Example 7:

Assume & 6 in. bituminous layer over an existing concrete
pavement 8 in. thick having the modulus of elasticity of 8 x 10
The value of E for subgrade is assumed to be 3x 10°, and that of
bituminous layer as 5 x 10*.

The maximum permissible deflections in pavements accepted
by Burmister * are given below :

(i) bituminous pavement 0.2 in,

(ii) concrete pavement 0.05 in.

The maximum deflection at the centre of the load applicati
acoorging ;o Steinbrenner, is given by Equation 1, i.e. %)0!)2l ia(i)sul)g),
=0.15 inch. .

Assuming 0.15 in. as the maximum deflection under the load,
z};ethl;?sgregefovzge:llal:;gsIi has been worked out with the help
E, _3x103 1 -
z, = 3%7T0° — [ugp’ % = 15 inch.
«F, from (Fig. 1, Appendix 1}=0.20
3000

- Modifled value %, =0.9p™ 15,000 1b per éﬁ. in.

{Example ¢ for explanation).
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&, modified _ 15,000 ! from Burmister's

E, ~ 50,000 — 3.3
curve (Fig. 1, Appendix 1).

6
}L=f5 X a= .4 a.

P, = 0.9. Substituting this value in Equation 2, Appendix 2,

" = 1.5x Egiaxl’,p
= 7.
o 15X15.000
P E%1.5%0.9

= 111.0 1b per sq. in.
P = 78493 or 78,000 1b.

This result has beenr obtained by assuming that the bitumi-
nous layer is elastic. It is, therefore, necessary to compare the
value thus obtained with the normal method of designing bitumi-
nous pavements, say, by the CBR design curves.

5.3. Application of CBR Design Curves

The California Bearing Ratio (CBR) method is a semi-
empirical one. So a correct correlatien between the analytical
methods of Burmister and Westergaard and CBR method is not
practicable. Nevertheless, many attempts have been made to
establish approximate correlation between CBR and K values to
find out what thickness of a flexible pavement could have been
used, if an existing concrete pavement is replaced by an equivalent
base courge having the same CBR value. An attempt has been
made merely to determine the thickness of a flexible overlay with
the help of CBR method for comparigon with the result obtained

in Example 7.

The approximate values of CBR corresponding to the various
values of k given below have been published by Portiand Cement

. Association, U.S.A.

K values C.B.R.

100 3
200 10
250 20
500 50
800 100
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. The following Table given by Wilson and Williams 23 gives
the relationship between k, CBR and E, for different types of
soils. The values of k given are for pressures required to cause
a settlement of 0.05 in. using a 15 in. radius plate for the test.
A deflection of 0.00325 in. in the case of a disc with a 0.97 in.
radius (such as is used in the CBR test) corresponds to the
standard deflection of 0.05 in. for the plate bearing test with a
30-in. plate. This value is very close to the origin of the load-
deflection curve in the CBR test. Hence the slope of the initial
tangent is taken as equal to the approximate value of p/w.
Assuming a parobola through the origin and the standard CBR
pressures for deflections of 0.l in. and 02 in., the slope of the
tangent has been found to be equal to 30,000 1b per inch cube ;
hence ¥, =409 CBR and £=19.5 CBR.

Description  Sheor strength  k1b. per C.B.R. K 1b. per

n.? 8q. in.
Soft clay ¢ = 400 41 2.1 868
Stiff clay ¢ = 2000 205 10.5 4,300
Loose sand ¢ = 32° 230 to 4,800
Dense sand ¢ = 38° 500 50 10,500

This correlation has been derived solely for the comparison
of pavement thicknesses obtained by various methods. It is not
suggested for use in the design of pavements.

5.4. The Effect of a Flexible Overlay on a Rigid Pavement

It has been shown in Example 13 para. 7.3, that a 6 in. thick
bitumen overlay can take a heavier wheel load than a 8 in.
concrete overlay having the same modulus of elasticity as that of
the existing pavement. This is due to:

(a) the larger maximum defleotion that is permissible in
flexible pavement than in the rigid pavement;

(b) the flexible pavement being free from temperature
stress which takes away a large portion of the load
bearing capacity of a rigid pavement.

6. TEMPERATURE STRESS

6.1. Inarigid pavement temperature stress is caused by
changes in volume copsequent on changes in temperature.
Sources of heat changes in a pavement are :—

(a) the sun by radiation,
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(b) the air by contact, and

(c) the subgrade or base below by contact.

Change in the amount of heat gives rise to temperature
variations in the pavement causing displacements. Since these
displacements are partly prevented, temperature variations
cause stresses which in many cases can be of the same magnitude
as wheel load stresses. It is necessary to determine the tensile
stresses which are produced at the bottom of the pavement due to
temperature varistions and add them to the wheel load stresses.
As unreinforced concrete pavements have been considered in this
Paper, the stresses in the upper portion of the pavement are not

of importance.

6.2. Since pavements are provided with expansion and con-
traction joints, the stress due to a temperature rise is governed by
the resistance to friction between the pavement and the subgrade
during the expansion of the pavement. Accordingly we can
divide the effect of temperature changes into two parts, viz :

(a) the effect of the temperature variation between the
top and the bottom surfaces of the pavement, the
mean temperature changes in a cross section

being zero.

(b) The effect of uniform temperature change in the whole
cross section. .

The latter gives rise to friction between the pavement and the
subgrade, and these forces can be calculated when the coefficient

of friction is known.

6.3. Temperature Gradient

When the temperatures at the top and the bottom surfaces of

» & concrete pavement are not the same t_he pavemel_lt is subjected
“to “‘temperature differential’’, the magnitude of which at any time
being the difference between the temperature at the 'to.p and
bottom. During the day the pavement delays transmission of
surface heat to the bottom while at night_ the top surface looses
heat more rapidly than the bottom. This produces reversal of
stress in the pavement every twenty-four hours 1°.

A typical distribution of temperature known as ‘tempera-
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ture gradient curve’ in a pavement is shown in Fig. 9.

Y
© Sz l
¥ S Aa—yx TOP OF sLAB
? )
| [\
h
A
Q
BOTTOM OF SLAS
AyB; TYBICAL .
O TEmPERATURE AgB4-TYPICAL CURVE OF
ORADIENT AT NIBNT. TEMPERATURE ORADIENT
y W DAY Tims,

Fig. 9. Temperature gradient

The depth of the slab is shown as ordinate counted down-
w.ard's and the temperature as abscissa. At any time ¢, the
distribution of temperature in the slab from the top to the bottom
surface of the pavement is represented by the curve A,B,. The
temperatqre distribution at a time t; is shown by the curve AyB,
and the dlrection.of the flow of heat is shown by arrows. The
B;Ot; A,BtB_,A 2 included between the two curves gives a measure
ge h © quantity of heat ¢ S’ given out or absorbed by the pavement

ween the time ¢, anq !y and is given by the equation

f=j 0" (A2-0,) dh e (10)

The exposed surface temperature of a pavement is influenced

zgere by the intensity of sun’s rays than by actual air tempera-
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Fig. 10. Variation of diurnal and annual temperature at Poons,
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6.4.  Air-temperature Variations

Typical annual and diurnal variations of average air tomp-
¢ratures in Poona obtained from the Meteorological Office, Poona,
are shown in Fig. 10. The values are shade temperatures and
represent the averages of observations over a number of years.

he curves are not unlike sine curves.

6.5.  Surface-temperature Variations

Westergaard in his earlier compntations of temperature
Stresses assumed a linear temperature gradient. But from actual
stress measurement by Thomlinson ** it is found that the temp-
erature gradient is not, a straight line.

The temperature gradients obtained from obscrvations in the
Arlington tests and temperature gradionts calculated from
Thomlinson’s values are shown in Fig. 11 ) Comparing corres
ponding curves it wiil be seen that the experimental curves have
a gradient inclined towards a higher surface temperature than
the calculated results. Therefore, the Arhng_bon tents show that
modification of stresses calculated by Thomlinson is necessary.

TEMDERATURE §°
€0

e °

TEPTM w YERMY O ¢

Recorded values )
-Values calculated trom Thomlinson's

T empetature Geadicnts' - -
Temperature gradients for a concrete slab in summer.

Fig. 11,
o Arlington, U.S.A.

Westergaard took into consideration this factor and modified

his earlier formula.
Movement of slabs in a concrete P“"em:ﬂ:rd‘;zn?m':‘mr:;:;
ture varjations, when superimposed by ano

. the two slabs have
With or wi ituminous carpet between
been (;:u:li:l:,ou:t :b}:lt;]:)glineer Research Wing of the College of

2



520 Bosm ox

Military Engineering, Kirkee, Poona. Pigs. 12 and 13 are pletted
from the observations. It is seen there is very little chang.: in
the belhaviour of the bottom concrete slab when a bituminous
carpet is introduced.

é o
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& ot
"
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3
-
e 2 4
E 1 .
e -
g ¢
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% TIME = HOURS
. Fig. 12. Movement of concrete slab with no separating

media between two slabs.
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Fig. 13. Movement of concrete siabs when a se
paratin
layer of bitumen 80/100 and sand is applied at 8 Ib per 5 sgq ft.

In the calculation of temperature stress
[ : In a concrete pave-
ment superimposed by a concrete overlay with a bitumri)noul
carpet between the two pavements, the surface temperatuﬁ
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variation curve has, therefore, been assumed to be the same when
there is no bituminous carpet between the two pavements.

6.6. Relation between Temperatures of Air and Surface of
Pavement

There is a definite relationship between air and surface
temperatures where the air-temperature cycle repeats itself
several times in the same way '°.

Data on surface-temperature variations and their relation
with air.temperature variations under Indian conditions are not
available. As the diurnal variations of average temperatures at
Poona are almost regular and even, Fig. 10, it has been assumed
in subsequent oalculations that the ratio of amplitude of air-
temperature variation for a rough concrete slab in India is the
same as the values observed in U.K. The relation between sur-
face and air temperatures prepared by Champion'¢ is reproduced
in Table 2.

TaBLE 2

Relation between Surface and Air Temperatures®

] Amplitude of surface temperature

variation e
S. Type of material & Amplimdev:ii:i‘liou‘;mperotum
No. surface treatment
i . Average | Average
l Maximum aummvr’ winter
1 éSmooth concrete slab an’ ’
 aid ol 3jtos | 1518 | 09.1.0
2 Smooth concrete slab]
{ treated with silicate ... 3 to 3} 1.2-1.¢4 1
3 R te slab as |
: ?:ﬁ}l conere 4 | le2 0.8-1.0
4 Concrete slabs with sur-
~ face darkened e 4 todf | 182 1.0-1.1
6 [Concrete slab with' the
surface concrete of tar-
mac or asphalt .. 4 todd| 182 1o}
8 [Tarmao on hard core ... 4jtod 2 0.9-1.0

rom roadings at Colnbrook recordod by

N
8. Nos. ] and ¢ wore obtained f 1 isoms 2, 3 and 8 from uhisurvations

the Koad Researvh Laboratory. U. K. an¢
&t Deophan Green.
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6.7. Thomlinson’s Analysis

This anglysis is based on the assumption that the tempe-
rature is uniform on any place parellel to the exposed surface.
Then the stresses can be divided into 3 parts, due to:

(a) Non-linear variation of temperature in a direction
normal to the exposed surface.

(b) An overall temperature change where the consequent
change in length is resisted.

(¢) A mean,uniform temperature gradient normal to the ex-
posed surface where the resulting warping is resisted.??

The daily variation in air temperature in Poona can be
assumed to be approximately sinusoidal, Fig. 10. 1Its effect can
therefore be studied with the help of the expression for tempera-
ture stress obtained by Thomlinson’s analysis which is based on
the assumption that the surface temperature varies according to a
simple harmonic law.

The stress due to temperature are

7
(a) internal stress = A, Sin 2—-(t—{-ti) .. (11)
A
(b) stress due to end o7 '
restraint = A4, Sin “—(t 4+ ¢,),and ... (12)
T
(o) stress due to warp- oTv
ing restraint = d, 8in “- (¢t + ¢t,) e (13)
T
based on the assumption that surface temperature variation is
. . , sin 2T
sinusoidal so that 8’y = 64 —— - L where ¢ is the time at which

g'e is to be calculated and 7' is the periodic time of viz. day or 1
yearin a seasonal analysis. The temperature at any dept};l ‘gz’
from the top surface of a concrete slab is evaluated from the
equation

_.'” ~ 27 x
8z = f,e h,\/w sin{ —¢ — ,"/1
) ¢ r ( T h T)

where §x denotes temperature on a plane di

surface at a time ¢, P istant z from the
diffusivity of concrete
__ thermal conductivity

heat capacity per unit volume
0.009 C.G.8. units.

h‘l

i
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For temperature at the bottom face of a concrete slab xz =4, and

the function @,\/ (“) is denoted by o<. The values of 4;, A,
h T

and 4, andt;, t and f, are obtained from design charts for
internal stress, end-restraint stress and warping restraint stress
from the values of o<.

The values thus obtained from design curves for stresses due
to end-restraint and warping restraint assume that the restraints
are complete. In practical cases, the restraint in_both cases will
be partial except in long slabs. Thus‘ two now factors, viz., K,
and K, which are usually less than unity are introduced.

The resultant stress due t0 temperature expressed by

Thomlinson is

2 . 2
A, sin 2;:[ (t + &)+ K, A,sin : (¢ + to)
97
+ K, 4y gin -;_—(t 4 )

The coefficient of warping-restraint can be found from Fig. 14

given by Bradbury.

e
-0
)4

0-8
/ B=FREE LENGTH ORWIBTH
OF SLAB M INCHES]

0-6

K

W {: RADIUS OF RELATIVE .
04 STIFFNESS OF SLAB

0-2 /

2 4 Py a8 10 12 - 14
B¢

s—Bradbury’s Formula,

Fig. 14 Warping stress coefficient

both temperature differen-
i 1 that & knowledge of peratur r
tial i:;“;v ;lllleb:t:;?itude of surface temperature variation 18 rgqmrid
for deriving the values of temperature stresses ai:zcor ;’?g ?
Thomlinsong’s analysis. The correlation between the ratio o
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temperature differential to temperature amplitude for various
depths in a concrete slab is shown in Fig. 15,

VAT - /}’__
]
|

J
NEESRE

.6 8 10
DEPTH IN INCHES

o

T
|

/

JEMPERATURE Dif FERENTIAL
TEMPERATURE AMPLITUDE
. . - .

INN

Fig. 15, Ratios of temperature differentia] to temperature
amplitude for various thicknesses of concrete slab

8.8.  Westergaard’s Analysis

The expression given by Westergaard for temperature stregs
based on the linear tem perature gradient for interior loading s :

St = w '—2” “se (14)
when §; is the maximum tensile stress equal in al] directions.

.Westergaarq modified this expression to include the co-
efficient of warping restraint and obtained the following equation:

8 = @'ﬁt % %{w:) (15)

where K,,; refers to the breadth of the slab and K, to the length
of the slab. Both co-efficients are obtained by 8
suggested in para. 7.2. ined by the method

6.9. Conclusion
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conditions, Judging from the studies made Yby the Department
of Scientific and Industrial Research in the U. K. it seems that

is hi i imation to
Thomlinson’s method is likely to give a closer approxima
the act:al state of stress than the method adopted by Westergaard.

7. COMBINED EFFECT OF TEMPERATURE AND WHEEL LOAD

bined effect of temperature stress and stress
due Z;)l.whg;e](:)oa% has been illustrated by examples 8 to 13.
The following procedure has been adopted for working :

(a) Determine the stresses due to temperqture in an overlay.

tress so obtained from
ct the value of temperature s
tll)lzdl;a.fe working stress in concrete, Assume that the

balance is availahle for supporting static load.

ic load, subgrade

ing the area of contact of the static R

© I?:é)iltr;gnts and the strength of concrete constant, work

gut the maximum wheel load that the overlay can
support for the balance of stress obtained from (b).

(6)

7.2. Computation of Temperature Stress

Examples; te slab in Poon
. - » o a
i erature stress 1n a S‘_-m. concrete slab in Po )

restifénfn{:ec;fnu;)g.cted subgrade having E, = 3,000 lb per sq. in.

it i he maximum diurnal

ig. 10 it is found thgt t T

tomm Izi'zgllreFlgva.riation in Poona is 28° F. %‘hexzfort;.t:(li;:

am IIitsude of surface air temperature variation is 14 ) lelp 1“e ;
fOrI;urface temperature of concrete is 14%x1.6=224°F, Tah

i ] i he ratio temperature differential/
item 3. For 8-in. concrete slab, ther Thgrefore e

i i Fig. 15.
temperature amplitude is 0.96,
differential = 22.4 x 0.96 = 21.5° F.

The value of % = 170 1b per in.? (see para. 4.2, Example 3)
! =29.8in.
Assuming a slab 15 ft x 20 ft, from Fig. 14

By _ 240 3506 K,y =11

I =298
and
lil.=.}§%=6.05 Ky =09
1 =29
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(a) Solution by Westergaard’s method of analysis :

Assume e=thermal ooefficient of linear expansion of
concrete = 3 x 10-¢ per degree F.

E =modulus of elasticity of concrete =3 x 10* 1b
per sq. in.

(i) warping stress in the interior of the slab
(Equation 10, Appendix 2)
_8x107% x 3x 10® x 21.5 _ 0.9--0.15 x 1.1
2 X 1 (015)°

193.5  1.065 .
=3 X o7 = 105.5 1b per sq. in.

(ii) warping stresses along the edge of th :
(Equation 11, Appendix 2) ?osieb
_ K, x B xexi
- 2
11><3><10“x3xl()"><215
5 il

= 106.5 1b per sq. in.

(1ii) warping stress

I - di .
Appondiz 2) along the diagonal (Equation 12,

- Eet XJE’-
3(1-p) 7
_3x10°x3x10-%x 215 B
TR 008 Fx [ 15
(1-0.15) 308
9 x 21.5

=3 085 < 07 =53 1b per sq. in.

{b) Adopting Thomlinson’s met . )
Thomhson 8 notation, we ge‘3 hod of analysis using

o = J" _8x264 ~
095 A/(zé&‘ﬁfi'ﬁd )= 1.296.

again — Het _ 3x10° x 3 x 10~ x 215

T—p (IZ015) =230

~  From equation 15 .
stress = 138 Ib per 5q. in we get maximum temperature
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Example 9:

Fmd the temperature stress in a 16-in. a concrete slab on a
compacted subgrade in Poona. Working on the same condition

as in anmple 8, we get

" Temperaturé differential 1.1’ ' Flg 15

Temperature amplitude

Temperature differential = 1.1 x 22.4 = 24.64 degrees F.

Now % = 170 1b per sq. in.* Therefore, for a 16-in. slab
= 50 inches.

_=__.=4.8; kw’=0.7
L 50 % Fig. 14

= =3.6; IC,,,,I = O-l N

(@) Adopting Westergaard’s analysis
(i) warping stress in $he inferior slab
3 % 1078 x 3 x 108 x 24.64 0.14-0.7x0.15

=z X '--1 ={0.16)*.
=g.2_l2£§x 3(7)2 '24lbpersq in.

(ii) wa.rpmg stress along edge of the slab g -
o o -
07x3x10°x3x{»10 X 24.64 =775 1b _I_Q

T 2 " persq. in.N 50

(m) -warping stress along diagonal of the slab

3x10°x3x10‘ X 24.64 16
‘ 3 x 0.85 50

= 49 1b per sq. in.

b) Applying Thomlinson’s method of analysis (using
) Tlll)(?nf,lmion ’s nota.mons) havmg k2 = 0.0009 C. G. 8.
unit -

d n N

h J 0()95X254»\/(60x60x24)
- 2.6

3 x

Bet M‘“‘*“ =262
i=s= 0.85
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~ Equation 14 gives maximum temperature stress
(Vensile) = 262 x 0.532 = 129 1b per rq. in. (The value
of 0.532 is obtained from Reference 22).

7.3. Computation of Combined Temperature and Wheel Load
Stress

Taking flexural strength in a concrete pavement="750 Ib per

&q. in. and design factor=1.5, the working stress in ooncrete
(tlexure) is equal to 500 Ib per sq. in. In the succeeding examples,
loads has been made after

evaluation of allowable wheel ] |
d:ducting from the working stress 1n conorete the values ?f
maximum temperature stresses according to Thomlinson’s

analysis.
Using Westergaard’s centre case formula with Poisson’s
ratio for concrete=0.15.

)
s; = 0.31625 }{‘: (4 logy, 5+ 1.0693)
8iXh'

P = 1

0.316256 x (4 logw—B -+1.0693)

Example 10:

- Thickness of slab, =8 in; k=170 1b per in.3, 1=29 8 in. as
in Exomple 8. As 1.724h=1.724 X 8=13.792 is >-a.—Fig 16,

s b=a=15 in, Maximum temperature stress = 1
in. (see Example 8). P 8=138 Ib per sq.

~ available flexural strength to take up wheel )
after catering for temperature stress =500—138=362 1b (1))!;(1]' ss(altr?:?

~. P= allowable wheel load
362 % 64
29 8
0.31625 x (4 log,, T5+l.0693)

_ __ 362x64
0.31625x2.617

= 3'»000 lb,

?
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. ‘.
Ep:sxid® €P 2 3X10
" CONCRETE SLAB 16" CONCRETE SLAB
N777 N>/ o
Es=3x103 g7
’ €530
F1G. 16 £16.17

Example 11:

h = 16 in.; k=170 1b per in.?; ! =50 in. Fig. 17.
1.724h = 1.724x16=27.584>a.

b

f

J (1.6x 152 +4*~0.675h)

i

,\/{ 1.6 x 15°4(16)% ~0.675x 16}

= 14.1
Maximuﬁl temperature stress=129 1b per sq. in., Example 9
. Flexural strength available to take wheel load =500 - 129
=371 b per sq. in,
-~ P = allowable wheel load.
371 ¥ 256

B0
0.81625 (4 log. 1o 14 +1.0693)

371 x 256
= 0.51625 x 3.09
= 99,000 Ib.
Example 12:

An 8 in. concrete slab overlay on an existing concrete

pavement of 8 in. thickness, Fig. 18.
CONCRETE LAYER
£, =3x 10°

CONCRETE LAVER 2

Applying Burmister’s method
of solution for layered system :—

For (2) and (3) layers,

£,z 3 ¢’
E, 3x10® 1 A
E, = 3xivos 1000 £ 2 Y
F1G., \8

or Fy = 0.2
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Reinforded value of £, due to overlay (see Examples 4 and 7)

- % = 15,000 lb per sq. in.

. Equivalent & for (2), (3) layers, from Equation 3,
Appendix 2

15000 ,
———— =846 lb per in.
= [T8x1p ~ 240 1o e

-~ | = 19.8 (from Plate I).

i Westergaard’s method of analysis for la,ye'r 1
{the fi&ep;r:xlz;lngtrength available for wheel load is 371 Ib per sq. in-
as in Example 11). *

371 x 64
P= Bl

0.3i6253( { 4 log,, (‘"li)“?h)il:l ;)(;93}

" = 49,600 Ib.

Example 13:
Bituminous Overlays

In this case the thickness of a flexible pavement has been
worked out based on the assumption that the existing concrete
pavement acts as a base course and is free from temperature
stress. The C.B.R. values have been determined from the
eorrelation *° given in para. 5.3.

. .The present case is similar to Example 4 except that the
superimposed concrete layer has been replaced by a bituminous
superimposed layer. The value of k, already worked out in
Example 4 is 667 1b per in.3. The corresponding value of C.B.R.
is 75 (obtained from the co-relations given in Para. 5.3.). Using a
single wheel load having a tyre pressure of 100 Ib per sq. in., the
designed thickness of the flexible pavement is about 6 in. to
support a wheel load of 78,000 1b.

Results obtained by combining wheel load and temperature
stresses for Examples 10 to 13 are tabulated in Table 3,
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TABLE 3

Temperature and Wheel Load Stresses on different types
of Pavement and Overlays

Tem- | ‘
. em= 1 Allow. |
Thick- g:ﬁg' | “able Wh(:iel
Specification of Sketet ness ¢ whele | loa
p;alv:ment ketch of slab | stress | load |
1b per |stress— l
in. sq.in. | 1b 1b
| |
Cement concrete 8 in. | Y o
on compact subgrade,% s 138 362 | 33,000
Example 10. i eg :wauo-’ 1 | -
i Ey 33X
8-in. cement concrete s [
overla on existing 3
8 in, yconcrete slab 278410 2 f
on & compact sub-| [RETRGT sias 16 120 37 | 49,500
grade, Example 12. Es: 3x10 , R S —
5,2 3x10° i f
16-in. cement concrete W || : :
on compact subgrade p :“03" < " 120 1 371 | 99,000
example 11. s* 2 . [ :
T 1 )
f-in, bitumen concrete | | ¢ 6" !
on 8 in. cement con- RO ;
crete resting on com- ERANI A . i
pact subgrade, Examplel g . 51103 14 e | 8000
13. i

7.4. Summary of Results obtained by combined Temperature

Stress and Wheel load Stress

» s in Table 3 show that for the given temperature
oond?;}ilgn:al:?ixltgen inch thick monolithic concrete sla}b h'asl?
loadbearin’g capacity three times more than an ex'ghc-!nch
concrete slab. On the other hand, if an existing eight-ine

concrete slab is superimposed by anqt!ler elght.-mcl_n oconcrete
slab having the same modulus of elasticity, the'net mcrea;e l11n
the load bearing capacity is only one apd h?.lf times tha:t of t g
existing slab. The introduction of a bituminous su_penmpos?1

layer of 6 in. on an existing concrete pavement of 8 in. has the
effect of increasing the load bearing capacity of the existing pave-
ment to two and & half times the original value.

i i fro i lues given above that
dent from the comparative va )
a ﬂei?bllse?)‘cerla.y on a rigid pavement is an economical method
of strengthening. The concrete pavement acts as a base course
and, therefore, is subjected to very little temperature changes.
Rt B0 A o
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Hence the flexural strength of concrete is largely available to
withstand the stress due to wheel load.

This study indicates the possibility of usirg concrete pave-
mentr not only as the immediate base but ulso as the sub-base
since the temperature changes at the depth of the sub-base would
be negligible, provided the flexible layers above the concrete slab
would resist plastic deformation. Such a design can be adopted
at sites where a normal type of flexible construction wquld neces-
sitate a thickness of base course that is neither practicable nor
economical due to the poor quality of the subgrade.

8. AIRFIELD PAVEMENTS FOR JET AIRCRAFT

8.1. 'The theoretical analysis of load-hearing capacities of
various types of overlays given above ghqws that a flexible overlay
of bituminous construction over an existing concrete pavement is
better than other types of overlays. Bituminous construction
can be repaired easily in the event of a local settlement, is imper-
vious, and is lower in cost than a concrete construction. But in
modern airfields, the nse by jet aircrafts has ruled out, for the
present, the use of ordinary bituminous material which cannot
withstand the adverse effect of fuel spillage and exhaust heat and
blast of jet engines. The spillage of paraffin is the maximum
while the machine is standing with its engine running. This
effect is noticeable on aprons and at the ends of runways.
Hot gases at temperatures from 1600 deg. F. to 2200 deg. F. from
the exhaust of jet engines impinge upon the pavement at
temperature of 400 deg. F. to 500 deg. F. with a velocity of 200
to 300 ft per second. In India, unless experimental verification
proves otherwise, temperature criteria may be taken as 400 deg. F.
At Heathrow airfield, a tail-wheeled Viking aircraft fitted with
jet engines caused pitting of about } in. to the concrete after
running for about 10 minutes. But the angle of jet, which i8
excessive in tail-wheeled aircrafts, has been consgiderably reduced
in the newer types which are mostly nose-wheeled. A Vampire
aireraft has a maximum angle of about 3 degrees and produces
no effect on a concrete pavement?, but it might affect bituminous
material. Manufacturers are now busy trying to solve this
difficulty and it is expected that future jet aircrafts might not
present this problem at all®.

8.2. The Use of Flexible Pavement by Jet Aircraft
In addition to fuel spillage and exhaust heat and blast, pave-

ments are generally subjected to high pressures of 110 Ib per
8q. in. by modern aircraft. The effects of these are pronounced
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in areas where engine starting or pre-take off engine checks and
engine maintenance tests are carried out, for example on runway
ends. At a symposium on airfleld pavements!?, the view that
an airfield pavement should withstand a blast having a tempera-
ture range of 400 to 500 deg. F. and a velocity from 200
to 300 ft per second was expressed. The view of the U. S. Corps
of Engineers is that the effects of the jet blast are not found to be
detrimental when the aircraft moves on the runway or on the taxi
track. [n the investigation carried out by them, it was found
that a dense-graded, hot-mixed, asphaltic concrete withstood the
effect of jet exhaust from most of aircraft used in the test. Old
dense-graded hot-mixed asphaltic concrete pavements have shown
satisfactory resistance to jet fuel spillage as well. The above was
supported by Mr. J. M. Grifith of the Asphalt Institute.

In the modernization of the runway at Ohio, a concrete over-
lay with slag aggregate for the runway ends and an overlay of
asphaltic concrete 6 in. thick for the remaining portions of the
Pavement were laid.

The practice adopted by the British Air Ministry is to lay on
&n exigting bituminous pavement a protective overlay using a
Protein emulsified bitumen mixed with an equal portion of Port-
land cement as a binder. For use at runway ends, this mixture
is combined with fine aggregate but it is not well adopted for use

in areas where fuel spillage occurs.

The view!? expressed by Henry Aaron, Paving and Soils
Branch, Aeronautics Administration, i§ that densq asphaltic con-
orete serves very well for resurfacing airfields Wh.lch are being
subjected to loads greater than those for which they were

designed.

The ahove shows that bituminous pavements for use by jet
aircraft cannot be ruled out.

8.3. Development of Bituminous Pavement to resist Jet Effect

Generally speaking, there are two ways of increasing !;he
melting point of bitumen, viz., by blowing air whereby high
melting point blown bitumen is obtained and using suitable
fillers. If a filler is used with a straight bitumen er_nnlslon e.g.,
Colas. the emulsion will break into water g.nd b]tumen. To
prevent the emulsion from breaking while mixing with the filler,
a retarding agent which will help in the ?olloxdal sugpension has to
be introduced. In some of the airfialds in the U. K. a _smea.I cold
emulsion is used as a hinder and the‘ﬁller useq is Port.!nnd
cement. To thijs is added calcium chloride approximately 1/3 9
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§ of the weight of cement 8o that a smooth impervious surface is
obtained after rolling. In India slate powder has been in use as
8 filler in the manufacture of P. B. 8. Slate powder . alone or
mixed with asbestos gives a type of filler botter than that given
by Portland cement. With the abundance of natural asbestos,
slate and mica in India, it should be possible to find a suitable
filler that might stand the deleterious effect of jet exhaust.

9. SOME RECENT TESTS

9.1. Brief summary of the tests on concrete pavements con-
ducted at De Havilland Airfield at Hatfield * and on different
thicknesses of concrete and bituminous overlays by the U, §
Corps of Engineers is given is Appendix 3. Even though sufg-
cient data was not collected, the tests at the Hatfield airfield
showed that there is an increase in the value of k with the use of
better subgrades. The trials *° carried out by the U.§, Corps of
ingineers showed that a 9-in. flexible pavement, consisting of a
6 in. lime rock base with a 3-in. asphaltic concrete surfice provid-
ed the best reinforcement for & 6-in. thick concrete pavement
Also, even a thin bituminous separation course was conducive tc;
cracking of concrete overlays.

10. CONCLUSIONS

10 1. The use of a properly desi ned flexi '
to be the most satisfactory method ofg increas}?;bgl:hzvgg?i’n&ppear?
city of a rigid pavement. But thig has to be made resisﬁg C:P:O
the deleterious effects of exhaust gases from jet' airoraf:n I
vestigation under Indian conditiong on this aspect of i ,ll_
pavements is desirable. - A8p exible

10.2. To cope with the increasing whe
sure, concrete pavements have to be n%ade t?xlicll?d Ztlli) tty;: pres-
mum thickness to which concrete cap be laid satisfactoril in on6
layer using modern spreading and compacting maoﬁ 1n one
limited. Therefore, a layered construction is necesgar lne; 1:
concrete construction in layers can be justified only if c(my' ; u
any layer ha..s & modulus of e]asticity 8reater than that cr(; et’;n
layer below it. Separation of the layers with 5 thin ¢ . ?
bituminous construction has Jitt]e effect in reduc,ourse t.I(:
temperature stress in the bottom layer. Also extens'mg tri l:
carried out by the U.S. Corps of Engineers have show:lzv:h t"t‘:ze
bituminous separating course is conducive to cracking of oo:crete
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The evalution of temperature stresses in a layered system of
Concrete pavement is based on assumptions for which data appli-
cable to Indian conditions are not available. 'In general, an
attempt has been made to study the effect of various factors oa
the load-bearing capacity of an overlay so far as wheel load and
temperature stress are concerned. No attempt has been made to
indicate a rational method of design of an overlay as it vyould
mean consideration of other factors, e.g., subgrade moisture
increase, fatigue of the materials constitutiqg the pavement and
subgrade, which are beyond the scope of this Paper.

10 3. Investigation regarding Temperature Stress under Indian
Conditions

For the assessment of temperature stresses in & concrete
Pavement, data on air-temperature variations over a number of
years are required. Also, a knowledge of the rela.monsh_xp,.xf any,
of air-temperature variations to surface-tqmpera.bure variations for
various types of pavement surfaces is necessary. Althou.gh
values of shade temperatures over a number of years are obtain-
able for various places in India from the Meteorological depart-
ment, dats on surface-temperature variation in relation to air-
temperature variations are not availale. In fact, we have no data
to show that Thomlinson’s method of analysis of temperature
Stress is really applicable to Indian conditions. Such investiga-
tion in different regions of India, if carried out by various
research laboratories established by the Cent'ral or Stg.te Gove?n-
ments, would be of immense value in evolving a rational design
for a concrete pavement. Perhaps some sort of co-ordination of
the investigation and the collation of data obtained from various
regions of India by a centrally constituted authority would be

desirable,
10.4, Development of Heat-resisting Bituminous Pavements

While the results of efforts made in the U.K. and the U.S.A.
to evolve guitable bituminous pavements to resist the eﬁect of jet
engines witl be of immense value in indlcatl.ng the sol.utlon to the
problem encountered in hotter regions of India where high tempera-
tures prevail during summer months, they _cannot furmIsh Fhe
final solution. Applicability of the techniques under Indian

conditions needs investigation.
The use of indigenous filler materials. e.g., mica dust, slate

Powder, asbestos flakes, have already shown promise in improv-
ing the heat-resisting prsperties of tar and bitumen. This aspect

Needs further investigation,
24
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’ APPENDIX 1
THE ELASTIC THEORY OF SOIL

1. Assumption and Limitations

The solution t
the probl
a homogen 0 the problem of stresse : .
advancégd lf)?ulgoudsesgzmt d“ed to a concin:::ie((llls?(l)&?ments e
esq, a . v ad w
others. Assumptions n:(lladenare?ktended to soils by Biaat;s &rnsg

(a) Soil.d_eposit is an elastic
semi-infinite body.

b ’ i
(b) Hook’s law applies to soil deformation

in dealing with the
nite extent symmetri-
by Burmister 4, who
cements in layered

» 18otropic, homogeneous and .

, .
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while considering the bearing
Hogg assumed that no fric-
face between the slaband

systems, are of special significance
capacity of superimposed layers.

tional force occurs in the boundary sur
the subgrade although, later on, he gave an approximate idea of
the effect of the frictional force in his calculations. Burmister

took into consideration the effect of frictional foree at the inter-
at the interfuce and

f_ace in the determination of the axial stresses

in the lower layer of the two-layer system. Also the following
additional assumptions to those made by Boussenesq were made
by him,

he subgrade is weightless and is
infinite in extent in the horizontal direction only and
the subgrade layer is infinite in extent both horizontally

and vertically downwards.

(a) The pavement over t

(b) The two layers satisfy the ‘‘essential continuity condi-
tions of stress and displacement &0ross the interface’
between two-layers. The condition of “continuity

1 and shearing stresses as well as

requires that the norma
vertical and horizontal displacements must be equal in

both the layers at the interface.”
ously in contact and act

(¢) ‘“The two-layers are continu
f composite nature.”

together as an elastic body ©

ade by Burmister

It will be evident from the assumption m
ity, satisfy reaso-

that a flexible pavement might, in all probabil
nably the condition of continuity of stress and displacement.

But Burmister maintains ‘‘that if & subgrade is continuously in
contact with a concrete pavement and provides a reasonably
uniform support and if the load is applied near the centre of a
fairly large slab, the concrete pavement and the subgrade should
act substantially in accordance with *’ his theory.

Although for & single concentrated load the displacement
might be correct but in the case of & distributed load e.g., wheel
load on a rigid pavement, the assumed proportionality of
displacement at any given point away from the load is question-
ble2.

In any case, Burmister’s theory is inapplicable to E‘Jhe
determination of stress and displacement in corner or edge loading
of a concrete pavement, which, in many cases, 1 the ruling

factor in the design of a conerete pavement.

The idesalised subgrade and boundary conditions are oniy
S il o e atural soil or a subgrade. Also the .

imperfectly satisfied by & D .
f the theory to concrete pavement, has its

general application ©
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limitations
» yet the methods ad
reveal vanced by Ho .
al some of the fundamental relatio{ls begtivea:rl)d tlliau?;](:t?;::

which influence the 1
a0 b e load settlement characteristics of pavement

Calculation of stress (Boussenesq and Burmister)

Stress i i
hom Og:::()'l?sa :lng!e_ hon_'logeneous layer. For a single layer of
a concentra.tec.]elml.mﬁmpe body, according to Boussenesq, if
infinite bod thOB«d P is applied at the surface of the semi-
a distan Yf. e vertical deformation w of the subgrade at
e » from the point of application of the load is

=P -u2) 11

w
~ B, xr

Putting C = lg‘l—--»,, Equation 1.1
— P'

becomes w ==
™e.r.

According to the theor ici
! y of elasticit
centrg of a loaded rigid circular area (unji,t"ortllllles:tettlﬂement ab tho
on & homogeneous, elastic, isotropic solid of inﬁnit: 1(111:3:1)1 [osting
is

W e P_Xa?)( . X 1 —p,t
T, 12

where w represents the settlome
. . o nt of ¢
intensity oflosding in pounds por inch, q e sie "rnil % 12

) ches, 4 stands for Poj Jadius of the
and E, is the modulus of Slastioiy 0;)!; 1ﬁaoxssonsx ratio of subgrade
square inch. subgrade in pounds per

Assuming that
becomes g for a compacted soil # is 0.5, Equation 1.2

w=Lw%}P
8 o 1.2(a)

Similarly, the settleme
. ’ nt
circular flexible area (equal i:atcl:;?oz;)?:re of a u

w = 211'1"'& rPXa
Es . 1.3

niformly loaded

If A4, is assumed again as 0.5, the Equation 3 b
ecomes

W-fl'ip__?(,a
Es
. 1.3(a)
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When a pavement of thickness 4 and modulus of elasticity #p
rests on a subgrade of semi-infinite depth and of modulus of

elasticity Es, the two layer system results.

Stress in a two-layer system

The theory of stresses and displacements in layered systems
evolved by Burmister follows the pattern of Equations 2 and 3
for corresponding case of loading. In addition a settlement
co-efficient F,, which is a multiplying (or correction) factor is

introduced. Burmister’s Equations are then, expressed as below :

(a; For a rigid bearing area

1.18 p x a x F, . (1.4)

w = -
Ex

(b) For a flexible bearing area

(1.8)

1.6p xa
w=lE2X%yF,

8

» introduced by Burmister reveals

The stress function *“ Fw
the controlling influences

that in the load-settlement relations,
are exercised by two ratios, viz.,

(a) the ratio a/k

(b) the ratio E,/Ep.

Burmister’s graph representing the variations_ in ¢ Fw’ in
respect of the ratios a/h for several values of E,/Ep is reproduced
on page 542.
hat when the thickness h is very great

It should be noted t
o values of Fw become equal to the

a/k approaches zero and th
ratios of E,/Ep.

If 1.5 pa, known as the Boussenesq factor remains cons-
between values of vertical

tant, Table 1 shows the comparison w
displacements with the changes in the ratios E—;for different

values of ¢
8 O 7
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SETTLEMENT COEFFICIENT I'Tw

Thickness % of the pavement expressed as a multiple of bearing area,

w X Es
1.5 p.a.

Graph of settlement coefficient Fuw for a 2 layer system. Fuw

Appendix 1.

~ Fig. 1.

" in the reduction of the vertica

" value of Z, is then derived from Equa
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TasLE 1, Appendix I
Variatiots in the values of vertical displacements with
the variations in the strength ratios Ep/Es.

Value of vertical displacement on the slab

L Remarks
Bl afh=2 | k=1 a/h=%
N - ‘,
1 . ) { 90 w 80 w | ‘w ’ is th_e
10 Taw 50 w 31w vortioal
100 44 w 24 w (1)24 w Oll)l the mllnb-
‘ ; . #  grade without
,'.) 000 '2.8 v AL u ‘ %fxz ;agement
i Table 1 that when the pavement has the same
1t is seen fror t of a subgrade there is very little

modulus of elasticity as tha
reduction in the vertical deformation under the load. Increase

i f the pavement 4 times when Ep==E,, results
D e o Of (b 1idisplacement by_only (97 w -
80 w) 0.17. On the other hand, the effect of increasing the thick-
ness of the pavement in reducing vertical displacement is more
pronounced as the modulus ratio Bp/E; increases.
" The method dvanced by Burmister is utilized by U. 8.
Depﬂﬁﬁ?&f CII‘I:vy (Buresu of Yards and Docks) in determining
the required thickness of flexible pave'm.ents". On the other
hand, Robert Ruckli, *® is of the opinion that because they
have jpra.ctically no tensile strength, flexible pavements cannot be
analysed by applying Burmister’s theory to cases where the ratiq
Ep/Bs is small **.
ment based

The US Navy Method of designing flexible pave o Bty

i i termine the values of E,
on Burmister theory is to e sured in the ﬁeld' by a plate-

latesbearing tests 2*. K, is meal d by
Eéaringe:;::: itilli;sing a 30-ian. diameter é)la:e gvexl“lizxig ;i:}tlesev;‘?el
i ivi ect of a .
plates of smaller dismeters giving the etion 8 oy iy o e
milar manner on a trial section of

by a plate-bearing test in & s8i A
P&Veml;nt and is. %etermined from the equation 1.4.
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APPENDIX 2

THEORY OF ELASTIC FOUNDATION (WESTERGAARD)

Assumptions

The following assumptions are made by Westergaard.

(8) the slab acts as a homogeneous, isotropic and. elastic
solid in equilibritm. i

(b) tpe subgrade reaction acts vertically and is ‘propor-
tional to the deflection of the slab.

(c) the value of k is the same at all points within the ares
uander load and is independent of the deflection
Minor variations in the value of k can be of no greai
consequence.

Relation between elastic semi-infinite body and elastic foundation

The value of kis obtained by applyi .
circular plate of standard diameter angprfl;?t%uﬁnlgoa&eto » :.t“ﬁl
displacement. If the load is assumed to be uniformly di tv"e; lc»,d
over the plate, the modulus of subgrade reaction k c)z:,n mb“ ute
puted byfttgxe tc’)_léservedf geformat,ion w. The value ofekcci);n;
measure O o stiffness of t is
eation ss of the subgrade and is exprgssed by the

2
b=y : .21

By applying Boussenesq’s well k nule £ e iand
of & stiff foundation wquet, nowe. formula for the eettlgment

~Xa T.@
C= w — =

B e=plwx —5— =k -
_ But the co-eﬁciénf df subgrade reacti ; TSR A

. - . de reaction k i

size of ,t:he_ bearing plate. However the v:luellsb? *I'cu::zmll)l of £he

verted into the basio subgrade modulus B in a layered -be con-

the following Equation 4. E yere sysfem by

k=2 =__..E_a_ e ) ‘ o
w 15 aFworE'a= 15 XaxkxFw.. 22 .
Similarly for rigid pavement s = 1.18 x a x &k x Fw 2.3

values gfa’? ?;i‘o?i?t(f):r::tt}:li?o{gormumf will give slightly different
i n .,
by the investigation carried ou: SEYOBBi?Z:T;e)nt' This is oonfirmed

STRENGTHENING -OF RicID PAVEMENTS

Westergaard’s principal formulae are given below.

In computing the stresses in a rigid pavement, Westergaard
o : ffect of the wheel loadt!

took into consideration the dynamic © ) )
whereas the calculations based on the elastic theory given

in Appendix 1 are restricted to static wheel loads.
In a concrete slab the corner loading genersally produces the

maximum stress and the interior loading the least stress®™.

WESTERGAARD’S FORMULAE

Using a value of Poisson’s ratio p = 0.15 the critical stress
in a concrete pavement slab as.induced by graffic loads according

to Westergaard is expressed by the following formulae.

Original

: .3162P l \
Interior loading 8¢ = 0 3h’ [4 logso ('5)+ 1-069] 2.4

0.572P l y ;
S ‘.;;_‘_._,_Edge loading 8. = e [4 log,o(»b—) +4-0. 359] 2.5

3P ay/ 2\ o
Corner loading 8. = }—L,—[I - (——l-—) ... 2.6
tress in pounds per square

ding respectively. o
VIBaFhi—06T5h

in which §;, Se S¢ = maximum 8
inch for interior, edge and corner loa

* b = radius of resisting section=

Revised

0.316P l .
Interior loading 8;= ST [4 log,o(‘z)-{— 0.633] L2

Corner loading (Sprangler)
0.6 )
, =32 LA 2.8
Yo = F[ -(7) ]

Corner loading (‘Teller and Sutterland)

21
S¢=%,€[l—-(i;-) ] o 29
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Temperature Effect

Centre warping S, = Exext x Kot +pK,,

2 X I o

Kdge warping §, = M
2 o211

Corner warping §; = Exext o

Ty af . 212

NS¢ i the warping stress and K

from Figure 14, ws Koy, K, are obtained

Some authoritj ;
the stress cogdﬁﬁﬁliﬁ, ;ozlhsu:ex: t!mt formula 2.7 underestimates
which will over-estimate, at 1t is reasonable to use a formyls

APPENDIX 3
REVIEW OF SOME TESTS

De Havilland airfield, Hatfield.

30-inch diameter i

plate bearing tests? .
prepared subgrade and on the foglloevgii;; w:m carried out on the
pavements. g Xperimental concrete

(i) Six panels of 12-in. concrete on 3-in. concrete
(il) Sandwich slabs consisting of 7-in. concrete over which

was laid & 6-inch concrete slab wi Adi
a separating medium. ith building paper as

(ili) Nine panels of weak concrete on a 3-in. base of
concrete 12:1.

(iv) bl‘i2x. {’anels of 8-in concrete on 3-in. base of concrete

(v) Six panels of 8-in concrete laid on a campacted sub-
base. :

¥ L.
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loweln the sandwich construction . the points of the upper and the
r layers were staggered so that the corner of a slab in the
upper layer rested on the centre of the lower layer. The stress in
C?ncrete computed from the observations of the. 30-in. diameter
Plate bearing test showed excesive stress in concrete, viz.

(a) at the centre of the 6-in. top slab, the maximum
stress was 877.51b per sq in.

(b) near the edge of the 6-in. top slab, the maximum
stress was 1523 1b per sq in.

., The stresses in concrete in other experimental slabs were
within 500 1b per sq. in. The average value of modulus of sub-
grade reaction k was 474 and the average value of the modulus
of elasticity of concrete in the pavement varied from 3,900,000
Ib. per sq. inch to 5,800,000 1b. per sq. in.

_ Before the construction of the airfield at Hatfield, the results
of investigation of % values of original subgrade, compacted

subgrade and a lean-concrete sub-base were taken into account.
These tests were carried out by plate-bearing tests and vaiations

ibnlthe values of %k as investigted by Snow! are reproduced
elow :—

16
, per gq. in.
(a) Modulus of subgrade reaction - £
Original soil with 30-in. plate 300

(b) Formation prepared by removing 18 inches of
top soil and replacing by gelected fill material in
layers rolled and consolidated with sheepsfoot

- rollers and heavy rubber-tyred vehicles to the
total thickness of 12 inches (average of 11 tests
with a 30-in. plate)

bgrade as in (b) but exposed to
(o) for e e o gsitating replacement of slurry

heavy rains neces . '3
and replacement by hard-core blended with ash, . 282

with 30 in. plate.

(d) & 3-in.lean concrete 12 : 1 afte
with 18-in. plate.

474

curing
r 5 days 1770

i 1%
Data which would be helpful in cl;:ackrmg :?e ;);b;:::;d :;::e ni
with those obtained by applying the theory L e Paper n

3 jscuss
are not available. In fact during the d,;;si(::er and Fox should

was pointed out that the works of Bur the bearing established

. i in
have been studied a0d S mcrrezlﬁ;ive elasticity of the layers.

0 de with the f variations
%OV;OGI; g:’th:hzubg:ults published chow the extent ©
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in the k values of the subgrade at Hatfield due to variation
in base course,

Trials Carried out by the U.S. Corps of Engineers

Full scale tests®® at three airfields were conducted by
the U. 8. Corps of Engineers with a 60,000-lb load on. dusal
wheels of a B-29 aircraft configuration on'a concrete pavement
6-in, thick with flexible types of overlays 8 to 12 inches thick
and with rigid type overlays 6 to 9 inches thick.

The test section at the MacDill Field airfield had concrete
overlays 6 inches and 8 inches thick on the existing pavement
with a 1/2 in, sand-asphalt cushion. Both the test sections deve-
loped cracking at joint intersections. The cracking was greater
in the overlays than on the existing pavement and was consi-
dered excessive for a satisfactory surface.

On the other hand, a 9-inch flexible pavement consisting of
6-in. lime rock base with a 3-in. asphaltic concrete surface
provided the best reinforcement for the 6-in existing concrete
pavement. ’

-At the Maxwell test field, Hlexible Pavement overlays 12 and
Y inoh thick consisting of a 9 or 6 inch penetration macadam
base and a 3-in. asphaltic concrete surface, provided adequate
reinforcement to prevent orack development in the existing
pavement, Also a cement concrete overlay used for maneouvre
area withstood uncontrolled maneouvre traffic with no significant
cracking. From other tests it was found that a bituminous
separation course, even as thin as a prime coat, was conducive
to cracking of concrete overlays.

g 3 GTHENING OF
BosE ON STREN PLATE |

VALUES OF

9

VALUES OF

gg

100 §

o Y -
22528 8 8,
i VALUES OF W
‘ ’ «7?

stiffness in inches; £S OF ‘h') ok .AND I
stergaard’s Equations)

26 for E=20,00,000, by 1.1074 for
.01 for /“=0'25
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Concrete Roads\
for Safety

Here's why concrete road surfaces provide
maximum safety —

@ Non-skid—The gritty surface texture
prevents skidding even during the rains.
® Smoothness—There are no ruts, potholes
or broken edges to make driving unsafe.
@ Better Light Reflection— Because of
the light colour of concrete, you see much
better at night.

® Plus —The long life of concrete, low
firse cost and low maintenance make it the
ideal road-building material.

Build to last with ACC cement

AL

THE ASSOCIATED CEMENT COMPANIES LIMITED
Sales Manager

THE CEMENT MARKETING COMPANY OF INDIA LIMITED

Poona - Mahableshwar Road

SISTAS.
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FREE TECHNICAL SERVICE HELPS YOU BUILD
BETTER ROADS WITH STANVAC ASPHALTS

SR Ay

EE . . " LET Standard-Vacuum’s
A expert technicians help
to solve your roadmaking
problems! Our well-
equipped test laboratories
will gladly demonstrate
— at NO COSt t0 you ==
how you can use Stanvac
Asphalts to build hard-
wearing, long-lasting,
smooth-running roads
that will stand up to all
climatic conditions.

This free service exists
to help you, so please take
advantage of it. You
need only get in touch
with Standard-Vacuum
Oil Company in Bombay,
New Delhi, Calcutta

or Madras.

A briquette of paving: mix is tested on a

Hubbard-Field Stability 1 esting Machine STANVAC

to determine the snear strength ot the

compa.d mix ASPHALTS

STANDARD - VACUUM OIL COMPANY

“The Liability of the Members of the Company is Limited)

Werite for Publication No. 206 on

n Bridge span was erected
bridges are daily in use in India and
d rail traffic.

This 240 foot CaIIender-HamiIto
in Holland. Similar

oad an
Ce}cljlon' foia:ious sizes they are suitable for any type of
Made in

crossin W|de O na row. E ection IS Speedy, ]all .
i ] l
SUdde“ “ECESS“) L 'y y tE ~ L 3:! a“d re

assembled elsewhere. Callender-Hamilton Bridges.

Covered by patents in India.

ER'S CABLES LIMITED

BRITISH INSULATED CALLENDER'S CABMER &

Waudby Road, Fort,

also at: N
anChe; CALCUTTA, COIMBATORE, KANPUR

R M
AHMEDABAD, AMBALA, BANGALO  CUNDERABAD (Dn). TRIVANDRU

Esplanade House,

iii

I
MADRAS, NAGPUR, NEW DELH

8C 2%



WARSOP

ROCK DRILLS &
@ BREAKERS

!“‘\/r’ A )

BREAKER

Self contained unit

No seperate engine

or air-compressor
is needed.

‘The most modern self - contained
one man (ool capable of
dritling the hardest rock to
depths up to 12-1t.,

is easy to handle and can be
taken anywhere. Ideal for
highway constructiom,
stonc quarrying

and surface mining
and prospecting.

*

JACOB CIYRCLE. BOMBAY 11

Branches - | Cox Street, Coimbatore 2 - 26, Errabalu Chetty St. Madras |
. adras 1.

I Garlick: CoLtd

e Assembled &

MORE & BETTER
ROADS MEAN
MOORE
ROAD
ROLLERS

MALCOLM MOORE ROAD ROLLERS
by their unfailing record of trouble-freo
performance  have established 2 unique
reputation ~for dependability in India,
Hundreds of Moore Road Rotlers have been
helping to establish road communications
in every part of the country, . i

ROAD ROLLER

Built to last these Moore Rollers incorporate

» Two forward and two reverse speeds every modern feature in road roller

» internal expanding hydro-mechanical brakes construction. A machine which combines

» Recirculating ball type steering ORDSON and MOORE

» Extremely Heavy all Steel fabricated ty and

Construction Incorporates the Economical
Fordson Diesel Engine.

the best of F
is indeed the surest sign of Quali

Dependability.

Distributed in India By

T -
tveav NG
TR The
FaRm

THE
IAL CORPORATION
$ COMMERC 5% 87

Calcutta-1 )

UNITED PROVINCE

53, Radho Bazor Lane,

£PS[MR n/n'
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WILD
Heerbrugg (Switzerland)
World's
Greatest Manufacturers of
Surveying Instruments—
THEODOLITES TO, TI, T2 & T3
LEVELS NO, N0, N 2 with and
without circle

DISTANCE MEASURING .
INSTRUMENTS

Nole Agents:
RAJ-DER-KAR & CO,
Commissariat Buildg,,
tfornby Road, Fort,
BOMBAY |,

Grams: CTECHLAB Phone: 27304

MILLARS’

HIGHWAY COMBINED
DRYING AND MIXING
MOBILE UNIT

Single and two.coat Asphale~Hot
process.

* The production of Pre.coated Chips.

* Sand drying ; drying end warming
Chips for Surface Gritting.

* Re-heating old Asphalt for relaying
on maintenance contracts.

* The production of all types of Bitu-
minous Macadams and Cold Asphalts,

* The Unit is completely self contain-
ed with its own Dicsel Driving Engine
and Qil.firing Equipment and easily
transportable

MILLARS’ TIMBER & TRADING CO. LTD.

(FESTABLISHED 1902)
Victoria House, Victoria Road, BOMBAY-21.

CONSTRUCTION HOUSE
BALLARD ESTATE BOMBAY
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INDIAN
ROAD TAR i}

MODERN ROADS

Wherever modern roads are being
built, you will find modern Allis -
Chalmers Motor Graders building

d of schedule. That is why

them ahea
they have becomeé the choice of smart

engineers everywhere.

Greater capacity and more power to
move that increased capacity load are
built into these tough Motor Graders
which are designed to handle today’s
gruelling jobs with ease and economy.

Many time and money saving features

like the variable radius Roll-away
mold-board for moving more dirt with
less pOwWer, no-fatigue finger tip con-
trols, fewer points to grease, press-
button no-petrol electric starting,
smoother action non-tiring electric
prakes, and other features, which are

built into these modern Allis-Chalmers
Diesel Motor Graders enable them to
do more work than any other Motor
Grader ever DUilt....ccereeronrner at less cost
than any other machine.

Backed by our finest parts and Free
Service facilities, more Allis-Chalmers
Motor Graders are now helping to
id a new India more economically

bui
TJHE SHALIMAR TAR SPRME: today than all others. You too can
is light, hand operate depend on them to do your jobs better
dSPrayer has been specially ............ faster.........oes cheaper.

MANUFACTURED AND unde;gre; for Road ys¥ SELF-PROPELLED MOTOR-
Ik is very o conditions. © GCRAPERS* TRAGTORS BULLDO-
It/ efficient, easy ‘ ZERS* SCRAPERS* COMPRESSORS*

PUMPS* COMPLETE LINE OF

is
EARTH-MOVING & ROAD

MACHINERY.

SERVICED BY

St°P§f3te and maintain an
urdily built for long service:

SHALIMAR TAR PRODUCTS s e 8 e

CONSTRUCTION HOUSE

ﬁ%ﬁ 193
; 5 | ===1C
a) ( ) LTD. ‘ SHABHAI PATE &,co,, LTD. BAllAD ESTATE BOMBAY

6, Lyons Range. Calcutts.

ALY




X1

TRACTOTANKER
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TRACTOTANKER
SHABHA!I PATELETOLTD.

3
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Originally designed to fight the water famine in India, this versatile
TractOtanker unit has now become the road engineer’s godsent gift.

The Allis Chalmers TractOtanker has a pump which fills the 700-galion
tank in three to five minutes only. The entire unit can turn back even on the

narrowest road. ‘

This unit has become very popular among road engineers for sprinkllng
water on earthfills and road-construction jobs; for carrying water and oil econom’”
cally over long distances, watering road-side trees, and 'for many other uses. AS
us for full details of the many uses of this road engineer's most modern tool.

JPASHABHAL PATEL & Co. LTD. Sirien'o

pans 42 feet
on one side,

One unit consists of two
pports which is troughed
e wall type piers are of
y connected to the solid
dations taken down to

section and are monolithicall

slab. The piers rest on mass concrete foun

rock by open excavation,

GAMMON INDIA LIMITED
BALLARD ESTATE

HAMILTON HOUSE

ge 352 feet long and is
pans 40 feet each with a 12 feet canti-

The other unit consists of two s

each, two spans 50 feet each with a 12 feet cantilever

The decking consists of solid slab near su
in the middle portion of the span. Th

made up of two units of rigid frame.
uniform cross

spans 32 ft. each and two s

lever on one side.

TUMNAR NALLAH BRIDGE A reinforced concrete submersible brid

xiii

BOMBAY-1
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USE ALWAYS INDIAN RoAD TAR

FROM INDIAN COAL MINE

“ATHROUGH
INDIAN
CHEMICAL INDUSTRY
WITH INDIAN cAPITAL AND L ABOUR

i

“0.K.” MORTAR MIXER

500 cubic ft. capacity per 8 hours
driven by 5 H.P. Engine. Overhung
;djustable shaft, C.I. Rollers, Sectional
ans.

MUNICIPALITIES and CON-
TRACTORS all over India have
already bought hundreds of
these units.

Here are three of the “O.K.”
range of strong, well-designed
Road Builders. Roads now-a-
days are buile faster...more
efficiently... with *O.K.” Road
Building Equipment.

“0.K.” ASPHALT MIXER

7/5 cubic ft. capacity driven by 14/18
H.P. Engine—Pneumatic tyre or
C.l. Wheeled Design. Chilled C.I.
Chamber. Manganese steel replace-
able arms and tips.

“O.K.”” ASPHALT BOILER

250 Gallons Coal Fired
200 Gallons Qil Fired

Write for details to:

THE EAST ASIATIC CO. (INDIA) LTD.,
Sundry Machinery Section

P.O.Box 639, BOMBAY. P.O, Box 3#4, CALCUTTA. P.O. Box i46, MADRAS
SECUNDERABAD and BANGALORE

PHARMACEUTICAL WORKS LTD.
n Avenue, Calcutea . 12 |

94, Chittaranja
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Developing 118 horse-power and embodying every
worth-while feature of grader design, the BK ‘‘Super-12"
Extra Heavy Duty Motor Grader is unequalled for high
output, and reliable and economical operation.

Standard features of the BK ‘‘Super-12*' Grader include
mechanical power-operated controls, six-speed gearbox
qiving up to 20 m.p.h., tandem wheel drive, wide range
of blade and scarifier adjustments, heavy-duty 12-ft.
blade, short turning radius and leaning front wheels.
Wrile today for illustrated literature and prices.

* Also available; BK-12 Heavy Duty Grader developing
'92 horse-power, embodying all the operationa) refine-
ments of the BK ‘'Super 12'* model.
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ARSHALL, SONS

& CO, (IND I A) LIM ITEB
ENGINEERS
Hanuman Road -

Marshall House = anuman
A - BOMBAY - MADRAS - COLOMBO

CALCUTT SMITH (o0tenlTD, ==
— ANES by THOMAS
> EXCAVATORS & C. m—

A ——

Y

NEW DELHI

5BLAW KNOX
! 18 B.H.P.
P EXTRA HEAV)V DUTY MOTOR GRADER

PRINCE DLH
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Most Profitable Bituminous Plant
in the 35 TPH Range

the Barber-Greene
model 840

15-35 TONS PER HOUR.. . of
cold, intermediate or highest type
hot mixes.

Gradation Control
Model 863 Gradation Control Unit

separates up to four aggregate
sizes. Automatically feeds correct
proportion of each size.

Fast Job to
Job Transport

All units are mounted on Pneumatic-
tired semi-trailers. . . reducing -
travel time... adding extra pro-

ductive days to the working season,

Easy to Set Up“’

The 840 Plant is set up in only a
few hours. No cranes, excavations
or footings required. All units have
adjustable jacklegs.

write for full information

DISTRIBUTORS Of BARBER-GREENE PRODUCY
BARBER-GREENE co
BARBER-GREENE OLDING COMPANY, (3439

1 MANUFACYURED LIS
MPANY, AURORA, ILLINOIS, Us.a,

ENGLAND . BAR!!R-GR![N! CANADA, LD, CANADA
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CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CO N, CRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. ‘I\.td.
P13, MISSION ROW EXTENSION, CALCUTTA.
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troducing—THE MOST WANTED BOOK ON CIVIL ENGINEERIN
i INDIAN PRACTICAL

CIVIL ENGINEERS’ HANDBOOK

(Second Revised & Enlarged Edition) .

.D. Engineers
ence Book for P.W.D
The Standard Every'd”o';e?;'; Grades

Chartered Engineer?

dited by: . N. Khathe tical data and otb.er

i g’ Hoction of most 'up-t‘O-date g:‘l‘:me all the essential

This book is a vast co ation, presenting in one volume all the omentie

valuable technical mfornzlf Civ’il Engineering r}eede most in daily ok are

e o e et ofcers Thousunds of copios Ofllt olxsrer India and the

o i P].W'D. (:)?cf‘féry grado of Eng:r?;u:ensely Useful, Extremely
now in daily use

iewed it a8 . i ing.
adjoining countries wshoth;;’;: :::ce book on Indian Engineering
es

Informative and the Loviga
2 ?,

Sections on: . Highways, Bridges, Irr ‘
Civil, Siructural, Samilaryy WO 5" 50 pages (in fine P
Engincering. Al wnd?;;i‘fr;?ions and 200 design tables. ‘ .
2008 -0 rs_g-;;rovinoe has remarked * ....s..ﬂlc”
: . f an A olass pro Indian Engineers......
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use ne 08 .
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| STEEL ROAD BRIDGES

ROAD BRIDGE-TRAVANCORFE

BRAITHWAITE & CO.
"UINDIA) LIMITED
HIDE ROAD, _ KIDDERPORE. CALCUTTA.
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