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SYNOPSIS

. The Paper describes the constructioy
across River Palar at mile 38/3-3 of the Mad¥gg w.
consigts 6f 23 spans of 90 £t clear each and is I8 £ A" The super-
structure for each of the spans consists of an R. C."BMB® 1n. thick cast ¢%
situ over four precast prestressed U-shaped girders each 95 ft 10 in.
long.

Details of design, precasting of the girders, prestressing and launching

the girders weighing 60 tons each from the casting yard to their positions
over the piers are given.

1. INTRODUCTION AND LOCATION’ -
Madras-Dindigul Road, the' National ‘Highway ‘éonneéting

Madras to the southern districts of the State, crosses River Palar
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at mile 38/3-5 from Madras. The ri . .
District of Mysore State and © river Palar rises in the Kolar

; . joins the Bay of Bengal about 10 miles

ir:ﬁﬁgz;::e °,fr;‘;l;°eb§1%8% Pla{;)e I shows the o%ur:e g? the river
g e had been a A

the want of & bridge was keenlyad level causeway at the site and

. felt as inte: i
caused great inconvenience to the publi:. interruptions to traffi

2. DESIGN DISCHARGE

. "The disoharge of the river wa i

cross seotions of the river both upstreatl :lva?iﬂ(‘l?)%mg&zaf: k;? gthz
site. The average of the discharges for two oross-sections, one
5,000 ft upstream and the other 500 ft downstream, worked out
to 2,53,})72 cusecs. The discharge at the railway br,id e situated
four miles downstream for the 19046 floods gave 'a.gﬁ e of
2,.67,957 cusecs. Computations were also made for thgeurﬁo c:1
dxsohg.rge over the anicut situated 60 miles above the site and foo
the tnbutan.es, Cheyyar and Soyyar, which join the river b tr
ween the anicut and site of the bridge. This gave a dischargeeo;

3,28,000 cusecs. The highest fi i ;
a.:iopted for the dosipn, ghest figure, viz., 3,28,000 ocueecs, was

The bridge is £ . .
2,070 fost, g rom bank to bank with a lineal waterway of

3. TYPE OF BRIDGE

-Borings taken at the site of brid

1 ge revealed & i
?:(?l;h f(f t:%(())n:t 33 f;.eozﬁrlygxgl 8 la.y.er of hard stiﬁagliyy sr:.ltll;?n;
vas foag, Bl Pih. Below this strata disintegrated rock

It was first pro d
60 ft clear with contin Urst proposed to adopt 27 spans of
bowstring girders. Th‘t:o;ll:e'fee beams and 4 spans of 100 f6 with

native design of one of th
:::;e ;hlg'ezzz:s:ﬁgﬁzn;;%tieﬁ s:perstructure with 90 ftes;innie:ve::
technique the contract agre;};;z:si'nc ey o aroseing was a now

. lud s
to destruction should be conducted at oo:g-:oggxggl:(l;: that o test

4. GENERAL DESCRIPTION or 'rin; BRIDGE
4.1. Sub-Structure

. The bridge is 2
and consists of 23

1202 £t between the fé.oes of the,abuf-ﬁents
plum eonorete 6 ft

spans of 90 ft clear each. The piers are of
_Wide at bed block level and arel')',l ft wide :1;
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capping slab level with a batter of about 1/32. The foundations
for each pier consist of two circular wells of 12 ft externg.l
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 ft of the well is plugged with cement concrete 1:2:4.
Sand filling is done between bottom plug and top plug of concrete
2-ft thick (cement concrete 1 : 4 : 8). The wells are provided with
R. C. capping slab 27 in. thick.

4.2. Superstructure

The deck copsists 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 at 9 it 6 in. centres with two
massive end blocks 4 f6 10 in, wide giving 9 bays of U—shaped
units, Plate IV. The soffit glab is 6 in. thick anfl gside webs
are b in. thick. Each U-girder is prestressed according to Magnel
Blaton system with 256 wires of 5 mm. diameter each. 1In 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 16 in.
curbs on either side. The wearing coat is of 1:1}:3 cement
concrete with cross camber for drainage.

The girders are provided with a rocker bearing for the free
end and rest on & mortar pad 6in. 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 arcpite_qtural 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 ou’tyel'
hdve been provided.

5. SPECIFIGATION OF MATERIALS

5.1. It has been the general practice in the dopartment
to specify concrete by volume proportions. It was folt that &
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specification based on a rational design for the mix was

a8 & high working stress of 1,500 1b per 84. in. was adopaer;ei:xs:;ye
design of prestressed concrete girders. Hence strength require-
ments were specified in addition to the nominal mix, S

_No special grading was adopted ; periodically si .
of the aggregate was conducted, Fig. 1pin Plﬁzlg, sieve analysis

) Sand was taken from theri
faxrly coarse angular grains,
in Fig. 2 in Plate V.

ver bed. The Palar sand contains
A typical bulk graph is shown

. . Batching for concrete was done b wei hiﬁ : A
g < o N ) N 8 * -
gate was measured by volume. ' One ng of cgemeit ;r;: ha]?eigr:
weigh 110 1b and water-cement ratio wasg regulated. Thou g
laboratory tests indicated water-cement ratio of () 42 t0 0 45 gld
be used to give a concrete strength of 5,00 . 2 i

28 days, on the job a ratio of 0.4 was adopted, 0 1b per 8q. in. at '

For R. C. works, a nominal mix of
Specl{ied strength was 3,000 Ib per 8q.
b&tchmg was done by measuring volumes,

1:2: 4 was adopted.
n, at 28 days. The

In order to ensure high qualit

. : y work
stipulated in the agreement to the effect that i

b . ne —

used did not yield the specified strength, reeove:;e :zet;g? cr:}:,e

qnobpd rate would be eﬁeqted from the contractor. The si;ree the

specified at 28 days and the design stresses adopted for the v ngths

kinds of concrete are given below : various

» & penalty eclause wa.a.

'Speciﬁ‘ed strength | .D;si ﬁ -
at 28 days on 6 in. | stressg Ib

Specification of concrete mix
' cubes Ib per 8q. in.{ per sq. in,

Prestressed  concrete  work

1:13:3 : o

Cast in situ diaphragms and §,OUO 1,500
dec_ksla.bl:2:4 3.000

Calpglzng slab and bed block ’ 950

- 5.2. High Tensile Steel

High tensile steel . wires, were
_ . » Ware obiaified. .by th
2&2{_ 33;:930 :lgﬁozl;e:e .we(rle gl)eiriodically teste({ Aes lg?gnlf ‘;;Sxtsoi{:
: ! -any definits yield point, ** Proof s »
was determined for 0,1 per cent permanent strain, P‘l'a.:e'vsgfes'sAs
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tecommended by Prof. Magnel, steel wires were tested to see if
the working stress (140,000 1b 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, Calcutta, for Indian Standards Institution Specification,

6. DESIGN

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

6 1. 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 oompréssiire
stress should not exceed the permissible valus.

(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

(I-n) % %%E +1 )-+cab§0+ct . ) L e (1)
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where Pi=DPrestress applied
n=Proportion of prestress that remains permanently
A == Ares of section

¢=Eccentricity

1, Yo =Distance of top and bottom fib ive
the neutral axis of section Fos respestively from

Cat = Stress due to dead load at top

Cat=Stress due to superimposed load at top

" Cap=Stress due to dead load at bottom

Cab = Stress due to superimposed loads i itional
applied after the prestress at bott;:l.l’ dditional loads

C =Permiseible compressive stress
(= Permissible tensile stress
r=Radius of gyration of the concrete section

. M .
Since Cab = __;yb where M, is the bending moment due to

additional loads applied after prestress i .
gion in (1) can be written P 1s established. Expres-

T M,
» o+ct—(1-'n)'?£__' % 41)
r

e I Mq
for the limitn=1,— = ———_
T " Cta
Thus a prestressed girder has tob : ) )
Tening momans s o dud ot et ol 1o
bending moments at the centre of the span d . e
beam, deck slab, hand-rails, ete. ue to the precast

below: - _ » and the live load are given
Load
- per Rit. Bending Moment
Precast girder including disphragms .. inch 1b
33 '
Deck slab 522 1b 21b - 18,400,000
Wesring coat, Hand raj y .. 8,800,
Live Long v riand raile gnd Kerbs 1264 1b... 4,100,833;
" ...® Preetressed Conorete - 12,200,000

14 Dartmouth Street, Loudon.by ‘G Maguel, Conorete Publications Ltd.,
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The section chosen for the girder is shown in Fig. 1.

e e

269

LV

— N.A.
IOF COMPOSITE SECTION.
! L]

A
OF U-SECTION,

Fig. 1

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

Area of Section 958 sq. in.
Moment of Inertia 4,39,794 in.*
Section Modulus Z, =@—£ : 14,000 in.?
Section Modulus Z, = _?/I—b 14,900 in.?

After the 6 in. deck slab is oast the composite geotion will have
the following properties :

Area of Section 1,390 &q. in.
Moment of Inertia 7,938,794 in.*
Section Modulus Z, ==}c 29,600 in.?

Seotion Modulus Z,= 5; 19,800 in.*

While prestress is applied only the U-portion of the girder will be
effective. When the in situ slab is oast, 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 etc.
is 2,31,00,000 in.-1b.

Minimum value of I M=l5,400 in. units,
. yb 1’500

Section adopted gives 19,800 in. units,



308 NaAMBIAR ON

6.2. Determination of Prestress :

eccexff;l:;aei%)rest'?ﬁs moment depends upon prestress as well as
y. e chosen values of eccentricity and prestress

must be such that the conditi
1088 mentio
satisfied, In th e elom et B2
n the general case, ¢ >
R yt

Condition 1.

At prestress, the to )
with the sombinakion of dead fag 0\ "t be subject to tension

Pigeyt
Z-(—;ﬁ - l) ~Cdt=0"
Condition 2.

After losses due to shrinkage R
. an .
load the stress in the top ﬁbreg mustt;i -’g;?g;x:: .%Qt lsupenmposed
pressive stress. ST ed allowable com-

nPi 7 eyt .
=~z (G5 -1) +Cit+cat=c

Condition 3.

At préstreéé* the stress in
, 2 b i
account dead load must not exceed El?e g(e):‘l-ﬁi?si‘ti)ll): evu};::klng. into
°.-
: Pifeyy:
a2\ F +1 )+Cdb =C

Condition 4. -

- After losees and allowing i
. ng. ) .
loads the bottom must net; beg :3}!;]%:: g:.“& Illt:;;inand superimposed

" _ " Pigey,
e -A-(}T+_1)+Q¢1{+0¢b=o, ------ 4
The prestres N »

8 eT chosen must simuliax;;o;xély satmfyﬁhu
o (A - The four _expression can be rearranged in
rms of 2 : LR o

'f) p; #nd by Putting e=p-the~ value for A/Pi -for the 4
conditions give the resuly | o

conditions above
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A 1 a n
(1) o = - —— o mm e me——
) ;= - ta @ B, O =Cai-C
(3) 4 = ! (4) 4 -
P, C+Cdb P, = Cdt + Cab

Thoerefore evaluating the above expressions simultaneously it
is possible to determine-;;i_satisfying all the four conditions. A
simple method of solvfng is by drawing graph for the four

1000 %
9

2

120

-1

|

3 ‘ _— en ¥
A E . 324
[T 2 //zm

1

‘ For e = 32.4
1000 4

= 1.2

Pi 1

1000 x 1390
y § = = 1,112,000

2 A 1 11 1,112,

8 Cables of 32 wires of 5 m. m. ¢ gives

= 256 x 0.031 x 140,000 = 1,125,000 1b,

Fig. 2
conditions as shown in Fig. 2. It is obvious that the chosen

value of By must be within the area bounded by lines 2, 3 and 4

4 to the left.
Cdt Stress due to dead load at top 1100 | 486 = 1,586 b
per sq. in.

Oat Stress due to superimposed load at top 429
C Allowable compressive stress = 1,600 1b
Odb Stress due to dead load ab bottom = 1030 + 4567 = 1,487
Oab - Stress due to live load at bottom =322
?
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Stresses are determined by using the fundamental bending
formula f‘;i"%

Stresses are given below :

_g M Mgy
1 d
+Urs -1760 +ﬂoo/‘ +31s
+X +4 ; )
- 0TS +1650
- 1030
. +1703
siRess _ CHowe prioLow
PRESTRESS

AFTER
LOSSES UNDER SUPERIMPOSED LOADS Tia STRESSES WILL BE

*\ - *552 %2
1898 oo - 488 820
429
+ * * - s
1000 wos -
DIRECT foded - 4% » 822
PRESTRESS PRESTRESS * DEAD LOAD ——e~  LIVE LOAD,
S5 U BEAM DECK AND wa
o NDRANLS  wESUY

DIADHRAMS aND
WEARING COAT

Fig. 3

The prest
use o r eqp ress can be calculate

uation for line 4 i ated ansl
this line, rline 4in Fig.

ytically also by maki
2 as the chosen pointyP liesfglgl

P; = (Cdb 4 Cab) 4
eyb
n (1 + S )
. (1487 1 822) 1390
32 4
0.85 o048
(1+33)

= 1,111,040 1p

I " .
n practice SScables of 32 wires will be used
Therefore prestress = 256 x 0.0314 x 140000

= 1,125,000 1b.
It is intere

sting to investigate the fa.é | o
: tor of safet
orack and for failure of Prestressed conorete girder. 4 for st

Parar Brives $11

Moment at 1st crack = total moment - fer éwhere
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 1b per sq. in.

38500000 4 150 X 7:37194 = 41,476,707 in 1b.

This means there is a factor of safety of 1.70 againat
oracking,

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

Ultimate resisting moment of section,
M, = 4, fuja.
256 x 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 ocour at the moment
when all the cables have been stressed.

The stresses are :

(1) 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 vertioal

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 & 96-foot Pre-~

stressed Concrete Bridge Girder, Journal of the Indian Roads Congress
Vol, XVII-3, January, 1953,

* Prestressed Conorete by G. Magnel, Conorete Publications Lid., 14
Dartmouth Street, London.
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Fig. ¢

(1) Tension due to horiz
140,000 = 562,000 1b

ontal bending 128 x 0.0314 ,
Pressure per inch of distribution plate 56200/8:7.0200 Ib.
At face of end block
4 = 958 gq. in.

I = 439794 in ¢ o

P = 11,25,000 1 - R
e = 6.15 | |

11,25,000 x 6.15 = 69,20,000 in, b,
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. 1125000 6920000
In Fig. 4 8 = -
n Fig tress at A 958 39708 © 3l.4
=1175 - 488 = 687 1b per sq. in.
6920000 .
B 1175 - 439794 X 22.4 = 822 1b per sq. in.
6920000 .
C 1176 + 39791 % 23.6 = 1546 b per sq. in.
D 1175 + 8220000 596 — 1640 1b per sq. in.

439794
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 b

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

Horizontal moment : The forces acting are as indicated
above.

B.M. 67100 X 6 x 7 + 156460 x 4 x 2 - 70200 X
6.256 x 3.126 = 15,74,000 in.-1b,

According to Magnel, tensile stress oocurs at centre of

the section and is equal to %

5 x 1574000
(41 — 4 x 2§)68°

= 76 1b per sq. in.

(2) Horizontal shear stress :
67100 x 5.5 ~ 70200 x 1.75 = 247000

1.25s
Shear stress = %

1.256 x 24700

e = 1 . in,
1 % 58 172 1b per sq. in
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(3) Vertical shear stress:
Shear due to dead load 50,800
Weight of end block 6,080

56,850
Negative shear due to
Prestress 58,200
Net shear -1350 1b

1330
Sh t = =
ear stress go——m = 0.6 Ib

(4) Compressive stress in g vertical plane

At the centre of the end block eéccentricity is 3.6 in

B. M. 1125000 X 3.6 =

lower ducts 4050000. Stress C at centre of

1125000 . 6 x 4050000
6Ix 41 T 4l x 613 = 4604159 = 609 1b per

8q. in,
Summary of stresses:

(i) Tension due to horizontal bending 76 11

(ii) Horizontal shear stress 172 1b
(iii) Compression on a rest plane 609 1b

Principal tensile stress
609 - 76 (609 4 76)2
- ]
3 )\/( 172¢ 4 2\)_)

267 - 384 = -117 1b per 8q. in,

Total tension per foot of end bigek 1i7 x 31 x 12
43500 1b,
Area of steel per foot at 24000 1b per sq. in. stress

43500/24000 = 1.87 sq. in. 5/8 in. dia. .
centres are used. / 1a. rods at 44 in.
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7. CONSTRUCTION OF FOUNDATIONS AND SUBSTRUCTURE
7.1. Wells

Two permanent theodolite stations were construoted 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
concrete 1:2:4 was used. See Photos 3 and 4.

7.2. Steining

Reinforcoment of the steining consisted of 22 numbersof1 in.
diameter and § in. diameter hoop rods at every 2 ft centres. The
concrete used was 1:3:6 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 8 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
mortar after 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
ou. 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 outting 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 beulders embedded
in stiff clay and disintegrated rock were met with during sinking.
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When ‘these were found in the ares of the.plug hole, they were
hauled up by using a winch and wire rope. Qften boulders beneath

the cutting edge retarded progress. In smch cases, holes were i
drilled: with, pneumatic. drills. under watef and the boulders were
blagted by means of gelignite. The fuise,of the ofiarge was congeoted

to a battery and ignition was effected by Gomhécting the terminals
from outside the well; only half charges Were used to prevent
damage to the steining during blasting. ..~ ... T %
. . Tt was felt that restinig wells, on independent boulders
embedded in colay was not désirable. 'So they were sunk through
the layer of clay mixed with boulder and were plugged only when
‘good meating on boulders on all sides or disintegrated rock was
met with. While sinking the up stream side well of pier 3, a Photo 1. Site of the bridge. Existing causeway
very big boulder embedded in disintegrated rock 2 ft below out-

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

can be seen on the left

MONTHS

- I S
=]
Z }
4
(")
- e UPSTREAM WELL OF PUIR 18.
. \
ST

DEPTH
&

-L‘h— tLAY
L

OLSINTEGR A

X_}fj’ ROCK

CFig s

[

v PO T

- 3
SRR S R Gl fLar o e
found that further blasting might" !d"ama;g"'ew B Well, Tt was |
‘observed that the boulder has resisted the shocks due to the blas- Photo 2. Existing causeway and piers of the bridge
ing. As the well was resting on boulders on other sides also and

are seen on the right




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
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Photo 9. Shuttering for the soffit slab
Photo 7,

Concreting the capping slab

Photo 10.

Concreted becam

Photo 8. Engd block and diaphragmsg,

of ducts in the end

Note the arran
block

gement




Tensioning jack in position

Photo 12.

Preparation of the cable

Photo 11.

-r

Photo 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
Photo 13. end of beam from the bank
to the bed trolley

Beam on sleeper crib

Photo 18.

Beam on trollies
on the bank

beam to the bed trollies

Photo 18, Transfer of the




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 seated over a pier
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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 noncreted.

In wells of pier 5, only sand was met with even after sinking
52.6ft. 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 ¢ Tremmie method *’ was adopted. The prin-
ciple made use of in this method was that when a heavy liquid is
poured into & lighter liquid the former sinks and settles down to
the bottom. The ‘‘ Tremmie >’ consisted of a 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
l1:2:4 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. Care 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 ou. ft.

7.5. Sand Plug

Immediately after bottom plugging, sand plugging was
started and completed. Sand plugging was done upder water as
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sand will have minimum of voids whe .
The top two ft of the wells were plugge:l1 valilt}]layc:;zk:d in water.
lean mix (1:4:8). nt conorete of

7.6. Capping Slab

Details of reinforcements of t
Plate VIII. Steel shutterings wer
nominal mix with a water-cement ratio
compacted by vibration, Photo 7. Tests on0 fsif .isx?chwasb s d
actual job showed a compressive strength of moreclt]hes taken on
per 8q. in. an 4,000 1b

he capping slab are i
show
e used. The concrete of 1 :g:u;

7.7. Piers

Plum concrete was used for piers.
was 1:3:6 with 20 per cent plugs. T{léepli)go
stages. Shutterings were all made of M. S. sieets 1/8 i i
stiffened with M. 8. angles 1} in. x 1} in, x 1} in Wh'm. thick,
ting each stage, 5/8 in. rods threaded at ends were-ﬁ ile concre-
the top of shutters. For concreting the next st xed 1 ft below
raised and fixed at bottom to ¢ stage, shutters were

he rods wi
was an overlap of one foot. At top, timtl)?; dbi:::, 80 that there
provided to maintain the required width. ®E 06 pPileces were

were also provided to give rigid s Xternal.t,imber struts
in layers of 6 inches. Ab0u§5§ gl;}])l[;c:]r: s.of Concretmg Was done

sack of cement. Piers were : water were used per
distribution slab. Provided at top with a R?C.

portion of concrete

7.8. Abutments and Wings

Abutments and wings w
addition to the main wings, a
to give an architectural effect,

ere also of

uxiliary wings Plum concrete, Ip

were also provided

8. PRECASTING AND PRESTRESSING OF THR BEAMS
The work comprised the following
Work at costing yard,

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

In order to take full advantage of precast work, the order of
oasting, prestressing, and release of the casting beds had to be
pre-planned., 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 ftx 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 4in. 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,
(6) Casting of soffit slab,

(d) Casting of webs,

(e) Prestressing.

8.2. End Blocks

Reinforcement details of the end block are given in Plate IV,
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. S. plates 3/186 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 standard
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 shute
casting was over, these boxes were knocked oult';s. Py bolts.  After

8.4. Soffit Slabs

The soffit ‘slabs and 4-in height of w
. eb .
stage. The shuttering consisted of timber fm&;n?:‘eref oast n one
A pin vibrator was used, Photo 9. & for the sides.

8.5. Webs

It should be observed that there ; . -
betvyeen the soffit slab and web. The well? r:incfoogzgl‘ut:txon Joi.nt
ed is adequate for taking the principal tensiOnment provid-
prestressing. Hence it was considere created by

SO IREE . d saf :
ction joint in an horizontal plane, Like tzees;(;::‘lagiv;gﬂ;:; ti%nstru(i
e en

blocks and diaphragms the shuttering fo
factured using 3/16 in. mild steel] plftes l;t:;liliz:‘;:%bbv;a:v;?? mgqu-
ng o 1n.

%1} in. X }in. channels at 2 ft centres Y
width, of mortar blocks 5 in. x 2in. x.2F o Taintaining correct

were introduced between shutters and fig 2. With a hole inside
thropgh the hole of the mortar block ansegh:;:g Polts which pass
creting the web the bolts were taken out and ﬂll'mf.] After con-
up with mortar. For keeping the top of shut,te- 0le wasg .ﬁlled
tie rods 1 in. diameter which wor °ring in position,

k i i
These shutters were very :sxa't-isfa.c{;o;-;}_1 Pipe sleeves were bolted,

8.6. Prestressing (Magnel Blaton System)

52 For each bl?ani there were 8 gula
2 wires in each. It was composed of | . oF 8ection with
The w1re‘s‘ were sgstematically arrangeda{;;ri:iiwlzes, 4 per layer.
Blaton ‘‘grills”. These grills were Placecg] Standard Magnel
diaphragm and end blocks. The wireg maintaj One  at each
pattern throughout their length. fkain  their g

cables of rectan

Magnel Blaton anchorages consist, i
plates, sfandwich plates and wedges, ﬂ?ﬁtﬁz}i{ zf distribution
made of cast steel. They are fixeq to end b) ution plates are
mortar after bush hammering, They distribut:cé; by means of
2 e
concrete does not exceed 3,500 1b ;;::qthi:t the pressure on the
Each anchorage consists of 4 8 ;
. . an ‘
wich plate is c_aa.pa.b!e of anchoring éi wvlvcif Plates, Each sand-
plates bear against distribution plae, ®- These sandwich

The cable is first knit int

o ori
the girder through the cable h grills, Photo 11 ang

oles provided ip the eﬁdlg?g:;esdarixg
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diaphragms. Sandwich plates are then fixed against distribution
plate by means of temporary clamps. Two wires pass into each
slot of the sandwich plate.

Tensioning equipment consists of a hydraulic jack whioch -
tensions two wires at a time by means of a temporary grip,
Photo 12. The Magnel Blaton hydraulic jack consists of &
““ strong back ’ to which two wires can be fized by means of a
steel master-wedge. The strong back is connected to a 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.

Next the actual elongation required at each pair during
prestressing operation and the prestressing at the gauges are
fixed. See Appendix l.

A wire gauge is prepared for the required extension of 5-1/16
after an initial load of 1,000 Ib. One end of the pair of wires to
be stresssed is locked by inserting a wedge in the sandwich
plates. From the stressing end the wire is tensioned such that
the reading on the pressure gauge is 5,000. Now with a special
tool, the wedge at the anchored end is driven hard and pressure
gauge reading is noted. Driving of the wedge is stopped when
the pressure gauge shows a constant reading when the wedge is
being driven. After the wedge is driven hard at one end the
tension in the wire is released such that the reading is 1,000 }b.
At this stage the wire would be held just taut. The 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 pump
is now worked to 10,000 1b which corresponds to design stress of
140,000 1b per sq. in. and the mechanical losses. These losses
are (i) Pair loss, (ii) Jack and spring losses, (iii) Relaxation of
wire during anchoring. After waiting for two minutes, wedges
are inserted into the sandwich plate between the wires and
driven hard by means of a special tool, Photo 13. The master
wedge of the jack is now released. The wire gauge is held by the
side of the stressed wire to see if the coloured pencil mark coin-
cides with the gauge mark. Sometimes a relaxation of about
1/16 in. was observed. )

Sometimes for the correct extensions the pressure gauge
on the Tangye pump indicated a reading 2560 1b - 500 1b on
the high or low side of the correct reading. This was due
to slight leakages in the pump and the jack brought
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about by worn out washers. Sometimes the i

. y . spring of Bo

F:‘q_;}lll;eél ladd]lusg;me:ts. FBx;equently the presgureggauge ri‘;? %;‘223

i eld laboratory. TFor every 10 beams prestr

was conducted on the high tensile wire for proolf) stres?:endd, ;’zﬁﬁzeez

modulus. It is felt that it is much better to depend %n

xﬁg;seure%hzxifllllsmn. th?.’n tfo depend on pressure gauge readings
! ogging ”’ of the beam was al

prestressing as this indicated whether beamsohlal.ldea:l;:;d o

prestressed or under-prestressed. On the whole the prestreg:'er_

work was very satisfactory as very uniform results were obtai niig

Observations were recorded in the form given, A end'ne2‘

A sample posting of values is also given to aﬂor(.i a trll)xg piclfure.

8.7. Grouting

After prestressing was com

) pleted, the

%“cased lnk cement mortar grout. ’Wood?;xbizrvx:xass ;Omplete]y
Care was taken to see that air was expelled and ere used,
interstices between wires. grout entered the

9. LAUNCHING

9.1. A method of launching ¢ i
zsz{?; (;50 t;c;:.ls each from the ca.stginghebgc;et?iif lri(lils-s hwelghing
resource,s Alg%&u;to consideration local ta]entpmat tldl g
rosource t podve nxl:sage was taken of the dry b;ed ofellolli‘ ’ fmd
to move the ) on a trolley line. The lay hi aprised
e following three stages : neling comprised

(i) litting the gird .
on trolleys,g ers from the casting bed and placing

(ii) transfer of the ¢i
trolleys, and © girders from shore trolleys to bed

(iii) hauling of gi
girders to ¢ i :
bed trolleys to the Piex}-l.e Pler and their transfer from

.. 9.2. L-Plates 7
sides of the girder

made to rest on sleepers eper is introduc i
ball rack is intro duch o b(g%t:vzgxsx the gleeper a.ne:idtl?: dbg;l;ge:

ail Pla»ced 'I.‘hes.e ball racks consist o}
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ted ochannel. A screw jack which can work against the girder is
fixed on the rail of the ball rack. By working these screw jacks
the girders are moved sideways over the prepared track. See
Photo 14.

0.3. At either end a crib of sleepers is built such that the
girder rests on it with an overhang about 9 ft. Under this condi-
tion tension is not developed. Now the trolleys are introduced at
both ends and the beam lowered on them by using hydraulic
jacks. The girder is now hauled by means of a winch to the end
of the bank. Photos 15 and 16.

9.4. A second set of trolleys is kept ready at the bed. These
trolleys have tall cribs built on them so that when the girder is
transferred on to them, the girder will be at the level of the pier
top. Both the front trollies in the bed and the bank are placed in
a line and the girder is cantilevered out by building a crib about
10 ft from front end of the girder. The ball rack is now intro-
duced underneath the girder and by working the winch, one end
of the girder is moved on to the front bed trolley and lowered on
it. The temporary crib that was built on shore is now removed
and front bed trolley is pulled by means of a winch. The hind
end of the girder is transferred on to hind bed trolley by adopt-
ing a procedure similar to that adopted for transferring front
end of girder. Photo 17 and 18.

9.5. The girder is now hauled by means of a relay of
winches kept at every 500 ft. When the girder comes against the
required span, & rail nest is placed between the cribs of the
trolleys and cut water of pier. A ball rack is introduced beneath
the girders and girder is moved over the rail nest on to the piers
by means of screw jack. Photos 19 and 20.

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

10. IN SITU WORK

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

10.1. Diaphragm Between Beams

Steel shutterings were used for casting the diaphragms. The
bottom of the shuttering was made of a channel and this was hung
from the main reinforcement itself by means of J-bolts. After
removal of shutters the holts were cut, caulked in and grouted wo
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that there was no risk of setting i

. - ¢ in, compaction of

gone by using poking rods. Pin vibrafors could OOIi}crste Waﬁ
ecause of the thin section, Photo 21, 1o be use

10.2. Deck Slab

The shuttering for deck i
thick. These were first us:d :3)&20::1? tsxsted of mortar slab L in.

he t
2:0;311 v?ll“g successful and later this wasoigefdt lll)ztt;::e!:. 'T(lil .l
ire bits.  Tho slabe wore Dlocsq i roed with wasto high tonsil
. : A 3 aced in positi s s .
X 1in. grooves in the girder. The sll)ag;t::r: Sl’ fltlr?“dmg 1o
after concreting. eit in place even

For compacting concrete of d i
screed vibrators were used. Wa?‘,:]r‘-:;ﬁ): Soth pin vibrators and

strength attained on 6-in. cub ment ratio was 0.5. The
per 8q. in. ©8 Was uniformly more than 4,000 1b

11. BEARINGS

11.1. i .
pad 11 ;. tgil::i%;;i 28&&‘(1;% lofpt;ﬁeeog;rderg consists of a mortar
distribution slab over pier. Girders are ﬁ?:}gg zl:le&b:gga wit;h the

en frame

of required dimensions. 1} in, 4 i
through the holes providedi in 'th: vgvierldgms 3 the qobed in position

Grout of cement mortar 1:2 i r and the distribution slab
and worked up With a tan; 18 poured through one of th hol .
8 ed up ¥ ping rod. Th o holes
;gctol:led ];i;;:rlbv%t'w% slab and the timber frs%::: iZ\ﬁcllls D e e

. Timber frame is left in e and rises into the
mortar had set. Position even after the

11.2. i
of mild stillle blfl‘:::SI? free end consisted of a simple
girder b ottom’ whilo oastix.xg '1‘,111‘?1 . top kplat-es are ﬁ::g etomltlli:
The lowering of beams did not prese;: ine; Bi)seofiia’.!legi fIiin 1;éositsion.
: culty.

12. WEARING GOAT AND HAND RAILS
12.1. Wearing Coat

The wearing coat is of
> . 1 1 : 3 . .
z:lt;?el;ndng e::pan_smn joi b °°;‘]‘;?:3 with 1 in 132 cros
B on with él_s ruction joints at 48 ft Tat 192 £ from ead
P n bitumen before laying the v;'earih o top of the slab i
A ng coat,
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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. Field observations were conducted on

prestressing ‘hog’ and temperature expansion of girder and
defiections.

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

14. COSTS

The total estimated cost of work is Re 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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caloulations to cover all these losses
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APPENDIX 1
CALCULATION OF EXTENSION FOR THE PRESTRESS

Initial prestress applied : 1,40,000 1b per sq. in.
(i) Shrinkage of concrete
(ii) Creep of concrete

(iii) Relaxation of steel.

Losses after anchoring :

An allowance of 15 per cent has been made in the design

Losses due to prestressing

(i) 8lip  at anchorage
1 3 °
ve in. allowed per
wedge.

(ii) Pairs loss,
At transfer maximum compression in concrete : 1795 1b

per sq. in.
At transfer compression in concrete at ends: 1175 1b
per 8q. in,
Therle{g?:,_ ;v?’erage compression (Parabolic variation) =
/3% 620 = 1888 Ib per sq. in.
Average strain in concrete - 1588
B,
Strain lost in first pair of wires ~ 127, 1588
Strain in last pair (l)28 &
Therefore, average strain lost = ﬁx 1588
, 2x128° g,
Average stress lost = M127 1588
BETITT i e
127
=~ 32798 ¥ 1588 x 7
. = 5,500 1b
Pairs Loss 5500
= 140,000 % 100

= 4 per cent

Parar Bribei

Length of wire=Overall length
Distribution plates
Sandwich plates
Gauge mark

Strain ratio for wire at 1,40,000 Ib per sq. in.
E, = 30.5 x 10¢

339

94 ft 8 in.
0 ft 4 in.
01t 4 in.
0ft 4 in.

95 ft 8 in.

1148 in.

Initial gauge reading before marking a mark on wire

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

= 12,000 1b
Additional stress to be applied = 1,28,000 Ib
Elastic strain = 3(;32_%)%0‘ X 1148 = 4.01
Pairs loss 4 per cent = 0.15
Slip 1/186 in. = 0,06

5.06

orsay § —1% in.

Pressure gauge reading :
Load on a pair of wires = 1,40,000 % 0.0628 =

Allow for & per cent jack losses =
Allow for springs extended =
Slip and pair losses =

say 10,000 1b

per sq. in.

8,800
440
400
449

10,080

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

extension of 5-1/18 in. after an initial load of 1,000 lb.
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APPENDIX 2
k j APPENDIX 3
D D E] PLANT AND MACHINERY USED
T
Substructure and Foundations
P
o ALAR BR'DGE Atlas Diesel Air Compressors . 2
BEAM s 15 ¢ Centrifugal Pumps 6 in, we 1
o "€-54. Centrifugal Pumps 5 in, e 1
To Petter Engine Pump set 3 in. e 2
D D D D '6-6 <54, Sump Pumps v 2
‘ Diving Helmets e 11
r: Concrete Mixers 5-7} cu.ft. capacity o 2
Winches 2]ton capacity v 4
Superstructure
Liner Cumflow Mixer 5 to 7} cu. ft. RO |
,/,,777/77// SR ; 0 Concrete Mixers 5 to 74 cu. ft. 3
|°M //(“ //?/’/Z%/////WW Ellec:r.lc jrver;:::itoi ei’l&nt :
—& ectric Weldi
250 | 5%6| 0 [icooa sl t, o &
\ 16 e Form vibrators 230 volts e 12
10000 5'/ie 0 jhoooo 5! /16 ‘/ Electrically operated Pin Vibrator
S — " . 16 . . )
/%%/% %///’7/7//////////////////, Flex-shaft Pin Vibrators e 4
8 : 4/‘//////////////// Lifting Jacks coupled to Tangye Hydraulio .
Pumps 35 tons, 6 in.
Lifting Jacks 16 tons 10 in. rise e 4
Lifting Jacks'24 tons 10 in. rise 2
Winches 10 tons e 3
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PANEL DISCUSSION

XIX SESSION OF THE INDIAN ROADS CONGRESS

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

Year ended Milage of Milage

31st March W.B. M. Black topped
1947 77,676 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
go collected in framing a standard specification on the subject.

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-
oussion, may forward their replies to the questions to the
Secretary, 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 mz;,cadam with

1. Stone metal
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b. Moorum
¢. Laterite

d. Concrete

1.2. In general what are the limit
which surface dressing on roads meln:igf]e%'a.ﬂﬁc
fqund to be successful? Give details of

fic intensity, for
In 1.1 has been
a. Iron tyred traffic
b. Pneumatic tyred traffic
c. 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 dressi
ressin

a  corrugated water-bouncgl

the beneficial effect, if any,

1.4. What is your experience of the

surface dressing in plain and hilly country ?llfe and behaviour of

2. Design

surfu2c'el .dre]:s):in??m generally apply “one-coat” or * two-coat *’
what2 'ii‘ten‘zgizrsl o(fi(z;rayi%lclz ?use one-cost surface dressing and for
casons and inteneitivs of srufie, " % FUTTace dresing? Give
bin;}i;f.re;&?::dﬂ?gr b:ﬁﬂaé): (;lv’:sl:scil;gyz)i‘)l fix the
coat ¢

quantity of g
one-coat, and (ii) two-

2.5. Do you consider that the gquant; :
the following Tactors ¢ Auantity of binder depends on
(a) Traffic intensity

(b) Types of surface receiving the surface

(¢) Qualitios of the dressing
c ualities o e binder j
Tar, etc.) °F itself (Asphalt Emulsion,

(d) Quantities and qualities of chips

(¢) Maximum and minimum temperature of the place

9
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(f) Rainfall and climate of the place
(8) Boiler and spraying pump or hand pouring.

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

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

2.7. Are light chipping carpets used in your area ? If so, do
you find any difference, 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 2 in. thick pre-coated chipping carpet more
economical than 2-coat surface dressing ? 1f so, how ?

2.10. In 2-coat work do you use the same binder or different
kinds of binder for the first and the second coat ? If so, why, and
with what results ?

2.11. Do you take the gradient into consideration before
deciding on the details of the black topping specification for
hill roads ?

3. Priming

3.1. Do you find any marked difference between a road
where primer was 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 ?

3.3. Do you use different types and quantities of primer for
different types of receiving surfaces ? If so, what are the varia-
tions ?

4. Chips

4.1. What sizes of chips do you use for the 1st coat and the
2nd coat and what methods 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 2

W
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4.3. Do you use cubic chips? If so, d .
* ] t
et or hen songted o rounded e D e i
adhere better i ¢
surface ? er to the binder and are, therefore, swept off the road

4.4. What quantity of chips do
for surface dressing (i) one-coat I()ii) tw%?élo;f? per hundred sq. 5.

4.5. Do you use lower grades of a
coarse sand, laterite or kankar screenin
surface dressing? How do they comp
aggregate in service behaviour and life

ggregate like brick chips,
8 and pea-gravel etc. for
are with higher grades of

4.6. hDesc;'ibe the kinds of stone
that you have found unsuitabl
and the kind of failure. ©forsu

(petrographic classification)
rface dressing. Give reasons

4.7. Do you use graded chi
sizes in the first coa.tg s tﬁl;u}is n?er If 80, do you use the bigger

What is the effect of thi : ones in " the second coat ?
of the road ? 18 practice on the riding qualities and life

5. Binder

5.1. What are the different

use for surface dressing ? ypes and grades of binder you

52. Do you f .
bitumen? Tf o, wg;e?er hot or cold cut-backs to straight run

5.3. Do you use emulsion for su
y rface dressing ?
do you prefer it to straight run bitumen and cuis-ll:lagél':s QIf %0 Why
5.4. Have you used tar-bitu i .
) -bitum
mixtures such as rubber powder and bei:;lun?el: t;ures oF BNy other

6. Construction

6.1. Whioch season d i i
drossing works 0 you consider suitable for surface
6.2. What precautions do Yyou take when

surface coat out of the proper season ? you have to lay a

6.3. How long do. you allow
a
surface 0 set under traffic beforertl.,;:ly constructed W. B, M.
dressing ? application of surface

6.4. Do you observe ¢ i
n(elle applied surface dressi:; ’?epll? gs;oo 1’1 o ohips from the
adopt to prevent this ? ; What methods do you

Surrace DRESSING 365

6.5. Do you edge surface dressing work ? 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 texture
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? Ifhand 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 arenewal coat ?
If you do not remove the old surface, how do you ensure proper
bonding ?
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By
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{Following precedent, the recommendations of the Specifications and
Standards Committee on Traffic Rotaries are published in the Journal for
discussion and comments of Members before finalization as approved Standards
of the Congress.]
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SYNOPSIS

This Paper discusses the various factors that infl

traffic rotaries and lays down standards for : uence the design of

(i) the radius of the central island,

(ii) the minimum and
angles,

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

(v) the pavement widthg at entrance and exit.

The influence of the slow-movin, i

> 1nf . - g bullock cart on the capae
:r?:zlcli}; tliz nd;sc;nsexed Rllld,tln the absence of observed data, ten&tittg r:f:otxge
or evaluation of the slow-movi i i K
pasgenger cars are made. oving vebicles in termes of

Desirable practice in respect of su i
esir: ] perelevatio.
rotaries 18 given. The econstruction of chanuelisin;l and camber at the

considerations for footpaths, cycle tracks, and illuminaltzl:; (;s;e ?:11:,(: _?pgcial
ailed.

The limitations, advantages and dj
tioned. : gos and disadvantages of rotaries are men-

Detailed designs of some rotaries constructed in Delhi are included
cluded.

1. INTRODUGTION

1.1. When vehicles negoti
L A gotiate an
cgnﬂllgt w1th_d one another. The design of an intersectio
8 ould provide for the flow of traffic in a manner t.halt];
}Y:z‘;. rdsr:.vetlilt or resolve the conflict, obviate the inherent traffic
» 8nd reduce the wear and tear of vehicles. Conflict at

road crossings at the same leve) i
one of the following three wayzvgf :::trl:la:reduced or avolded by

intersection they may

(1) signals manually operated by the police ;

(2) automatic signsls whi
fixed cycles ,g and ich are actuated by traffic or have

maximum weaving lengths and weaving

TrAFFIC ROTARIES 369

(3) oconstruction 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
han 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®2, 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
41 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 galion 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 ocan *‘ 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 rotary may not f i

efficiently is placed at 5,000 vehicles per hg,ur. }if, how%gztmz
large proportion of the traffic is ¢ turning traffic *’, the use of a
rotary outside the above limits might be justified. A rotary is
also justified when the through traffic on a road at an intersection
is obstructed or delayed by cross traffic, the latter amounting to
about 50 per cent of the total traffic. g

3.2, The Ministry of War Transport, U.K., ha i
that there is a prima facie case for the con’struct'.i’orlx1 :fe al:;%aio“;:
the crossing of a light trafficked and a heavily trafficked roag at
which the volume of traffic entering from the minor road is
more than 25 per cent of all the traffic entering the inter-
section, or where many vehicles make a right-hand turn.

3.3. Thebehaviour of traffic in India is greatly influenced b
the slow-moving, animal-drawn vehicles. In some urban a.rea,sy
however, motor ftraffic is predominant. Generally, the ;
fore, in India traific rotaries are necessary at pre;ent rei-;
important road junctions in built-up areas. Further, the conditi .
imposed by mixed traffic have an adverse inﬂ,uence 0 mﬁs
average traffic speed. In order that intersections ma uotsn e
a further reduction in the average speed, traffic rotarit!sy are cause
mended where the intersecting motor traffic is about 50 er ¢ tre?m-
total motor traffic on all the intersecting roads or “I:h enh of the
traffic turning right forms at least 30 per cent of the toe::|t e fast

4. ADVANTAGES

4.1. The advantages of traffic rotaries are :

() Consistent journey times are easily obtained by

subordinating each con i
favour of traffic as a whol:.e *eine traffic stroam in

(b) 'Traffic turning right has e
to no greater delay than

proceeding straight throu
the rotary.

qual facilities and is subje
ct

traffic turning left or t]ha.t

gh to the opposite side of

(o) Rotaries can be con
several converging ro
seven roads. -

structed for the i i
: Junotion of
ads with a probable limit of

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

vehicles per hour, and .
traffic to their full ca,pa.zli)t;;l_)le radial streets to oarry
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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 is not required even
when turning movements are heavy.

(j) The continuous and steady flow enables publicservice
vehicle to maintain proper spacing instead of
becoming bunched together and crowding bus
stops, as often happens at 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. Inplaces where motor vehicles, oyclists, and pedestrians
have to be provided for separately, the design of a rotary bec_omes
elaborate and requires a very large area. Before adopting a
rotary for a particular oase, these points should be carefully

considered.
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6. BASIC REQUIREMENTS OF INTERSECTIONS

6.1. The point where the possible aths o i
intersect is called a point of con%ict. ThI; area fcoﬁ:\:‘;\).in‘;(:lhmkﬁl
possible points of conflict is called the area of conﬂictgz
area in which a vehicle is subject to conflict by more than .
vehicle at the same time and place is termed 5 major c11 &)'ne
area ; b.ut when the vehicle is subject to conflict b ]on mil'ul}tj
only it is termed a minor conflict ares. Fig. 1 showys 1;heea:',§a,t:co(fa

confliet for int i .
other. an intersection of two roads at right angles to each

MAJOR MINOR

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

6.2. The principles underlying intersection design ar
0

(1) The area of conflict should b
. e as small i
for o the angle of approach of the vehiclos should 1o
be provided. » #0d & channelising island should

(2) When two vehicl
the relatis sp%degfa.ppro&ch each other at an angle,

their angley approa.gl]:? two vehiocles increases with

(3) As the relative 8
] " es, the j
g;:}\(r)ﬁz In respect of time g dista.]nuc(:g?senlgl: fl t%g
e more.an_d.more inaccurate leading t o
greater lla.blhty o ’ G108 gronter
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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
such 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 I.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 o 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 Amerioa have shown that the speed attained 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 charac-
- 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 theref i

, ore,
to take the_speeds in urban areas as only t: ;{'tct);;lld
the speeds in rural area, e.g. °

be reasonabls
less than 0.7 o:

Recommended des;
Class of Road in the straight isx;gl?r;szed

areas (m.p.h.
National Highways 1(30 o)

Major District Roads
Other District Roads

25
20

7.4. Relation betw

Straight, een Speed at Turnings and Speed on the

A driver on approachi
ing a tur i s .
speed : g Il or an intersection, reduces his

(i) to appreciate the

involved | amount and degree of turning

(ii) to adjust his transition ;

(iii) to meet any unexpected situati
. situatio
defect in the geometrical designn Oc;ali;slfd by some
unevenness of road surface ; ang e turn, or

(iv) to avoid conflict With any other vehicl
ehicle.

this reduction in 8peed near

rotaries have to be conscious] Of the original speed

y desi - As
would be proper to assume that the a,bg::g r::il;) ﬁﬁﬁcgg“ffty ,d it
od under

Indian conditions also. Qp thi i
. 18 b .
of 30, 25 and 20 1.p.h. on the straig}a::’lséhgorrespondlpg to speeds

would be 21, 17.5 or 14 m.p.h, respectively

speeds, as the higher the degi
:okbe and that would leafl tg high _bigger the rotary has

;;, efl to travel round the rotary. Aj i i .
slow-moving, animal-drawp t 3 'mohco in India both the
_road and as rotaries are gene

m. uld "be adopted
cases, a speed of 20 m,p.h, s:hougld"l))aeds I:{:are) rportant. ':a" ::":::
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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 eclosed 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 oross 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 thet the elongation i imi
ourvature at the sha rpestgpoin b i ;sats?ealsl?;(ge?egbat the radius of island. Such a layout is not desirable as the traffic on the
. tangential road would travel at an unrestricted speed much higher
8.6. Turbine Shape than that on the other roads with the consequent hazard.

The main feature of this design i

gn is th
:low do‘lavn i: enlf;ry by a sharp Ieft-handat?uglle
0 accelera i idi
Ly T when leaving by providing a

traﬂ‘ic is forced to
and is encouraged
tangential exit,

\}
S
V V/ 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

Q and suitable weaving angles.

l 8.9. Economic use of land, consistant with the requirement
of securing smooth flow of traffic, should be aimed at in evolving

‘ the shape and size of the island.

J
io 9 8.10. By shifting the position of the central island and re-
Fig 2. Turbine type rotary aligning the intersecting roads where necessary, it is possible to
evolve the best shape for the central island. The trials are best
The advantages of this type are : ) £ : done on a large-scale site plan showing the existing roads, build-
speed at entry and full scope for a:ccelegézi Tedlll_(ftioln in the ings, and other fixed features, a8 well as controlling levels.
while leaving ;

(ii) ease of operatio
n for i
curves, the vehicles, there being no reverse

9, RADIUS OF CURVATURE OF THE ROTARY

The disadvantages on the ONE-WAY ROAD

turns impose ssvere restrictions()ther pand aro: () the full left

on t A
he tratfic; (ii) the entry to 9.1. When a vehicle moves on a ciroular curve at uniform

of vehicles leavi e in the glar .
siderable len;t‘glsngoft h?l rotary on the ta.nggen:i:;,)lf ::?t headlights speed
re-aligned ; (iv) th ta the 1nt6r8ecting roads m it; (iii) con- ~ s
secting roads is moree t%l;;df?s not suit when the niiblzsi‘:; 11:)@1;8 e+f={5%
ur, -
' where e =superelevation of the road surface,

8.7. Tangent Shape . : i

: ' f=coefficient of friction,

In this t i e
entor and | ype Fig. 3, one ot mote of the intersecting roads ¥ =speed of the vehicle in m. p. h., and

eave the rotary in . )
' a dir . .
ection tangential to the central R=radius of the curve in feet,
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Adequate superelevation can rarel i

y be giv
It would, t:herefore, be safer to neglect suger:llelav:;lio;o?ﬁy roads.
So the radius of the central island is given by the equa.tioggether'

'Vl

f=15z

) y?
1.6., R=T5—f

9.2. As aresult of many tests ;
de(}uced that the coefficient ofyfrict;ior;b yonP rglfe;arhla :vyetr e
at impending side skid, varies from about 0.8 at fO p;vem%nt: :
about 0.5 at 40 m. p. h. To provide for worse 'roa,d conditibgg tl; "
those that existed during Moyer’s experiments, and to all o
for the fact that a vehicle has to be on a rotar v;ith ma, othor
vehicles for a longer period than at curves inythe open nyfother
of safety of 1.5 is considered justified. On these Ess& » aotor
the values of ¢ f’ for design speeds of 20 and 25 m ;n I;ltlons,

worked out below : are
Rotary design speed m. p. h. 20 25
Minimum coefficient of friction* 0.7 0.5
Value with factor of safety 1.5 0.47 0.43
9.3. The safe minimum radii .
. ii for the rotary road are derived
TaBLE 1
Minimum radii of rotary roadway
Rotary design m. p. h. 20
Coefficient of f’rlctlon (/) (See para. 9.2) 0.47 3543
Radius BR=— .
15f 57 97
Recommended Minimum Radii in f¢ V 60
100

9.4. The centrifugal i
wol.-k o_ut to 0.44 and 5?42.1.“’;‘(;18’ for the abo
which is considered comfortab)

cee oo ve speeds and radii,
o ues are in excess of 0.25
r travel on curves in the open,

.

—_—

between the values given by Prof. Moyer
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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 traffic 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, trafiic 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 low and EF the direction as the vehicle emerges out of

8 EAVING ANGLE

WEAVING DISTANCE ""1

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 GH and EF
are the common tangents of the curves parallel to the central
island and the curves at entry and exit at a distance of 5 ft from
the curbs as shown in the Figure. This 5 ft is the assumed
distance of the centre line of motion from the curbs. In actual
design the tangents are drawn at the curb lines as the procedure
is easier and no great error is involved. The weaving angle is
different from the angle of intersection of the two radial roads,
i. e., the angle between 4 Band CD in Fig. 4.

Observations have shown that some vehicles may have
to stop or nearly stop for others to passin front of them when
the weaving angle is large. For the smooth flow of traffic, the
weaving angle should be small. However, the weaving angle
need not be less than 15 degrees because designs attempting
small angles involve the adoption of very large diameters for the
.central islands and are, therefore, costly to construct.

10.4. Weaving Distance

The operation of turning from one road to the adjacent one
is effected in the length between the junctions of the two roads
with the road round the rotary. In practice, this length, called
the weaving distance, is measured along the centre line of the
one-way road between the noses of the two channelising islands
(Fig. 4), although in actual use the length in which vehicles may
be able to weave in and out may be shorter.

Vehicles using a weaving section are of two classes,
(1) those entering, passing through, and leaving the weaving
gection without crossing the path of other vehicles; and (2) those
that must cross the paths of other vehicles. It is the latter class
that requires greater consideration. A detailed study of weaving
practice 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, wherein the weaving vehicle

voluntarily moves from a trailing position behind a i
vehicle into a parallel traffic lane. nother moving

(b) Forced type of weave
forced into another traffic lan
stationary object in the roadwa
moving bullock cart.

» in which the weaving car is
e by the presence of either a
Y, e.8., a parked car, or a slow-

, Both of the above types are further subdivided into four
main classes of weaves:

Free weave, in which the weavin vehiecle is i
the vehicle in the lane directly ahea.%l of i:f ° 1 influenced only by
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Retard weave, where the weaving vehicle must wait for
wnother car to move ahead in the parallel lane before the weave
nanosuvre can be commenced. In this instance, the weaving
rehicle must frequently slow down to the speed of .the car dlrectl_y
‘head until the retarding vehicle has cleared sufficiently to permit
weaving.

Conflict weave, in which the weaving vehicle moves into the
sarallel 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

Eal SERERLE S
| FREE WEAVE

— ——— o — —

[ 9] = cYcg "
Flc] ExFEe] i) il
—== T T Nl Y] -
1A by AL TSR
GAP WEAVE |

Fig. 5. Types of weaves

Broken Lines Show Start-of-Weave Po‘si'tions ;
» End-of-Weave Positions

Solid lines show
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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; C is the
retarding vehicle,

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

TABLE 2

Average observed values of weaving at the Yale University

Optional Weaves , Forced Weaves
Re- {Con- R Re- | Con-
Free | iard | flict | 3P | Free ta:d | ﬂ(i); Gap

[

Length of | 1
weave ft 1221.9/167.4|260.7 217.7| 131.9/123.5/168.6|145.2
! i )

Average speeds l ' |
at start of the | |
weave m.p.h | 35.8; 33.3| 40.6 37.1] 34.4) 33.4/ 39.3 34.9

do do !
at end of weave

i
mph| 36.0] 33.3) 41.0 37.1’ 32.7 31.2{ 43.7] 32.1

Weave sime in
seconds | 4.1f 33| 4.3 39 27 26/ 29 3.0

Lateral
movement ft| 96| 81 96/ 9o/ —| — | —|—

!

Overtaking time
seconds | 11.3| 58| 147] 90| —| —| — |—

10.6. Experience and observation’
( L on have emphasised
effectiveness of the weaving area is more depgndeiﬂ(;3 u;l;;t :1111:
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available length than upon the available width provided the
latter is above afcertain¥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
get of conditions. The following two methods are recommended
for rough calculation.

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).

b L = WEAVING DISTANCE

N, [

R

T
t— roje—=]

e

3

N\
R

N

From the geometry of the figure it may be shown that:

L =~ (RW - W?)
where L = weaving length on the straight,

Fig. 6.

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 angles, the
transverse displacement W, is roughly equal to the radius, R, of
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the central island (Fig. 7). Substituting this value in the above
formula:

L =AN3% R.

~ Effective
Width of Rotary
Roadway

-t __
Fig. 7.

Method 2. In the second method, the time - i

to move laterally under actual traﬂic’: conditiot:"sk ?sn tEIZe&n v:t? 1:11:
basis of calculation. A series of rough observations made in th

U.S.A. indicated that a vehicle moving on g straight road v;loulg
ta,ke_3 to 4 seconds to move laterally to an adjacent lane without
causing dmcomfo::t to passengers and further that this time
interval was practically constant for speeds ranging from 30 to 60
m.p.h. It was also observed that about one second more was
required for each additional lane width, The Yale University

Study, Table 2, also indicated that . ;
for optional weaves, at 4 seconds is reasonable time

10.8. The American Association of State Highway Officials

in their ‘ Policy on Rotary Intersections’’ o :
table of minimum weaving dyirstancer:?o lons ** give the following

R?ts:try design speed m.p.h. 25 30 35 40
Minimum weaving length ft 160 180 210 240
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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 mizxed 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=88/16 x 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 = v/3 R ft 104 173
@) L = f_g y o 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 traffie

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
increase 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. 1In any particular case the actual lengths to be adop-
ted will depend on the angles between the intersecting roads and
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.

11. 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 area
enclosed by this line and the curb of the central islan
said to be the effective width of the rotary roadway.
sion ‘¢ width of the rotary road ”’ is used in this
this effective width.

d may be
The expres-
Paper to denote

‘11.2. As the width of the rotary roadwa i
the capacity of the rotary, it shouldybe a fus;(l:zirogz]yoéfl?l‘:;qg;:
capacities of the intersecting roads. Tt may be consideretli in
terms of the number of traffic lanes required to accommodate the
combined traffic. The traffic using four lanes of say, two inter-
secting.roa(!s can be accommodated in one lane (;f the’ rotary as
shown in Fig. 8. Thus the width of the rotary roadway slfould
:feaxi?;: ;ne fourth the total width of all radial roads meeting at

11.3. An empirical method of fixin ini i
T g the minimum width of
the rotary roadw.a-y 18 to provide for at least two traffic 1a.nels oze
for vehicles passing through and one for vehicles making a ’turn.
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(a) Traffic using lanes
(2) & (3) occupy
one lane of the
right half of tha
rotary.

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

387

accommodated on
one lane of the
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 1is impor-
tant and carries beavy 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 should be

8
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designed with the main object of avoiding reverse ;

the path of a Vehi.cle moving from one radial roagm;;?:l?;ene:;
adjacent one. Vehicles do not use the shaded portion indicated
in Iglg. {)(&). The alignment of outer curb as indicated in Fig. 9(b)
(}))It;r n(ltl:t): is correct and should be adopted as far as site conditions

Area not used

(») Wrong

O

®) Correct

Fig. o. (c) Correct

12.2. Where the angle betw
. een ; .
roads is large and the site conditiong c;(l)leno:dmcenﬁ Intersecting
ment of these, an outer curb line con Formit of re-align-

tral island for a short length is unav«fi?it;t;li: with that of the con-

13.
3. GURVES AT ENTRANCES AND EXITS

13.1. The minj
radius of the ghap

UM turning radiug of
of; a vehi i
front wheel. Tt t fole is the

Pest curve that could
; v be t i
varies with the make and ;ch% bb);.sétso?u;l?;
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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 £t 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.

Tig. 10, Gurves of different radii for a right angle turn
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13.5. It is recommended that the radius

of the entry curve
should be equal to the minimum radius of the central island recom-

mended for the design speed. Wherever practicable, a three centred
enrve should be adopted.

13.6. Radius of Exit Curve

When a vehicle is leaving the rotary, its speed will be some-
where between the speed on the rotary and the speed on the
straight. The radii of the exit curves should, therefore, be some-
what greater than those at the entry ; 1} times is a reasonable
figure. 1t is therefore recommended that the mimimum radii of

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

4. 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 formulal’

200, V

We= N —R_+\/—§ where We = extra width in ft

R
14

designed radius in ft
speed in m.p.h.

and N = number of traffic lanes.

The Table below gives the minimum extr i
minimum entrance and exit radii for the design :Peztli:tgffgg :11113
25 m.p.h.

TABLE 5

Minimum Widening at Entrances & Exits

Design speed of the rotary m.p.h,

2
Radius R 0 25

ft R 60 160 150 150
Extra widening per one lane

We=2_0_0 V

R + 7— (Ft rounded) 8.0 4 4.5 4
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Thus when the radius is 60 ft at the entry and the radial
toad is a four-lane highway, the width &t the entrance, i.e., the
width between the channelising island and the curb, should be

’%‘+2x6=34 ft.

),, Wide
entrance
Narrow exit —

| S

Fig. 11. Channelising island with wide entrance and narrow ex.it

i it ‘mi fic, it has been
14.2. Under Indian conditions of mixed traffic,
observed that slow moving vehicles cluster at the approa.ghes to a
busy intersection and hinder traffic ; so it is always desirable to
aim at providing a minimum width of carriageway equxva,lepb 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

ugh channelization the area of cgnﬂict between inter-
seotizgri;a.%ic streams can be reduced. Figures 12 (a) and (b)
illustrate this olearly. Also, the g.ngl_e at yvhlch the conﬂlctg o&u}ur
can be controlled. So, channelization is the .method .sulte ﬁti)r
promoting safe and orderly movement .of intersecting trafiic
where more expensive methods are not justified.
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1 % /
Areas of Conflict T

Major Minor
Areas of Conflict without Fi 2 Areas of Couflict ]
Channelization. ig- 1 with Channelization. (@ (b)

The functions of channelising islands are:

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

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

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

(4) permitting streams of traffic moving in the same

general direction to converge at very small angl

e e . it es thus

minimising possible conflicts ; v g " onzsnt:‘lgn}
CROSS

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

RNT

-
-

oS
——

AT

~———
TITIIINN

At a rotary the channelising island serves
speed of the vehicles and helps to indicate to theod;ie\ga::e ﬂcl:a
accustomed to the area, the presence of the island, P

=

Therefore, considering the above mentioned advantages, it is

very necessary that channelising i )
entries and exits of a rotary. g islands should be provided at —L

i &
| 1l '
It might be urged that these islands occupy space and tend ¢ ®

to reduce the free flow of vehicl
quote American experience® in thise;gaz‘:f can domo better than P 10 Chammeteng e
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‘ Not so long ago, obstacles of an i
considered pure hz.zzards. Howegerf,ogllv}ell-nttﬁl: r(;,asgv;a()y onrs
or so, du}'xng which extensive field tests Wefe d Y the
traffic engineer gradually reversed his thinking made, the
“0Of the three basic age i i i
gonﬂicts, the vehicle, the roz;,dvgva'x;'t,;s ar?:iei?}::angrivl: tez;ectlonal
is prob.ably thp most important and most chan Ii;l o e
extension, so is the vehicle which he controls goable and, by
“In his efforts to control i indi
manage the v:ehicle, the highwt;.h):5 grrnlgviz!;ae:mii mdlrecziy
gertam disciplinary features in his design whi x}xlcorl:;ora ls
influence t.he_ shape of the roadway, but lgvh?c% OI; y
serve to provide more capacity by resi—,ricting freed ot
!novement. At first glance, this seems like a cont;rza.dc'm‘of
in terms. Upon closer examination, however, the oo
that too chh' freedom leads to erratic m,ovem Pt Ible
dangerous friction is readily demonstrable as sound ?,n s and

In many cases, the use of channelising i
. 908, in
sedestrians while crossing busy intersge(laﬁg:llg : l?s rof
lemonstrated the need for such safety amenities as

uges for
tangibly

15.2. Shape

g island located at th
governed by the ra.dius
nd exit curves and the
The modern trend is to
ves not concentric with

' The shape and size of a channelisin
junction of a radial road with a rotary is
»f the rotary, the radii of the entrance g
ingle of the radial road with the rotar
fve etither straight sided islands or iur
jhe outer curves so as to form funne
ke diretion of motion (Fig. 11) Tt s, therapmn s
g islands are not symmetrical about the r:e;n:eelll. that
re line of

;he radial road. Different i
ndicated in Fig. 13, designs of channelising islands are

15.3. Curbs

Islands are generall i :
rehicles running on_ to 1?171 eIr)rf.Owgvel?erlth curbs to prevent motor

vso to be used as a pedestri ® the channelising i i
! rian refuge 1 Ing island is
notor vehiocles should be formed bygt ﬁeaﬁ)ﬁf&‘ﬁfﬁ) ;b:truott;)iog to
X : ot curbs 7 to
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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 lines in 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 central 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 & 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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o« t;I;SWCf;sg of top l_leavy trucks or buses. The intensity of the
is minimised if the centrifugal force is counteracted by

cross s} . .
of dir:c(t)ilz;, The cross slope is minimum at the point of change

16.2. It may be assumed that the inner i
. ; portion of the rotar
zg:'givl';&y is used by vehicles going through to the opposite side 051"
centri fg right. The oross slope designed to counteract the
road liugal force of vehicles using the inner portion of the rotary
onty way dls opposite to thq cross slope required for vehicles at
o y ?"n ?xm. Th? meeting of these cross slopes produces ¢ &
own line ’, shown in Fig. 15. The crown line should as far as
possible be located s0 that vehicles will cross it while travelling
along the common tangent to the reverse curve. 1f this is done
the centrifugal force and the effect of cross slope will not be in the
same direction at any point. Otherwise, the two together may
act cu_mula.tively accentuating the * throw *’ and possibly giving
the driver a feeling of unbalance in the vehicle which may result
in erratic and unsafe driving.

16.3. As most vehicles, except those turning to the left
h.a.ve to cross the crown line, cross slopes adjacent to the crowr;
line should not exceed 1/26 to 1/20 and the algebraic difference
i)f the cross slopes on eithe/r side of the crown line should
ie within the range 1/20 to 1/17 according as the weavi i
are long or short. ing distances

16.4. Channelising islands should be si
with the road surfaces sloping away fromltli;;?i :n t}‘le Peak
This accentuates the channelising function. Whenev o8 sx.des.
the oross slope at an entrance should be carried arou 9:‘1 possible,
outer edge of the rotary to the adjacent exit a.lt;erixla1 t}fn the
slightly to suit the curvature in the rotary and the e % ] sl.op'e
specially desirable where & good proportion of 511 - This is
entering by a radial road have their exit to the adj © Vehlc!es
road, as such vehicles do not ordinarily have t Jacent radial
curves. e o make reverse

16.5. 1In all cases of changes in the oross slopes, the transi

tion should be gradual. Fig. .
cross slopes in a rotary. 18. 16 shows & typical disposition of

17. SIGHT DISTANCES

17.1. ies i
located tha? t?f: n:s In open or semi-urban areas should b
by the aPProachB esence of the channelising islands is easil oon
Ing vehicles. The sight distance shouldyb:e:z
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CENTRAL  ISLAND.

Fig. 15, Cross slopes at a rotary ’

uld not be less than the safe stopping dis-
fications and Standards Commit-
e rotary and reproduced below.

large as possible but sho
tance recommended by the Speci
teel® for the design speed of th

20 25

Design speed of rotary (m. p. h.)
120 160

Minimum sight distance ft

In towns it may mnot always be feasible to secure the sight
distances. In such cases, ample warning should be given of the

existence of the rotary (see para. 21.1.).
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18. GRADES

18.1. 1t is preferable though not essential that a rotary should
be located on level ground. It may be sited tolie on a 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.

18.2. A rotary may, with advantage, be located on &
summit. Such locations assist deceleration while approachifls
and acceleration while leaving the rotary. But it is essential
that sufficient sight distance is available.

18.3. Rotaries in valleys always provide a full view to the
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 footways 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 heavy, the tendency of moving indiscrimi-
nately on to the ocarriageway should be 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 (¢). A
minimum width of 6 ft for the footpath is recommended. '

19.2. Where the number of cycles does not exceed
hour, they may be allowed to use the rotary roadway, 58V1f:;
this number is exceeded, it is desirable to segregate the cyclists
by providing a separate track. The cycle tracks should have a
minimum width of 6 ft, but preferably 9 ft. When the traffic
demands, increments should be in 3 ft widths,

19.3. A typical layout is shown in Fj
channelising island is short, as indicated in Fligg.s.l%(a.yva.hgael:;?}l:;
the cycle trask should be led beyond itsitail, ag at ‘A’ in Fig.16
But where the island is long, as in Figs, 13(’0) and 13(d), a " .
should be left in the island as shown at ‘B’ in Fig 16, Itg iI:

essential that the surface of the oyole §
smooth as that of the main carria);ewa;?ck should be at loast as
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Where there are avenue trees, it is desirable that the oycle
track and the footpath are so located that the tree line separates
them.

CYCLE TRACK

FOOT PATH

Pig. 18. Layout of cycle tracks and foot paths at a rotary

20. LANDSCAPE TREATMENT

. '90.1. 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 piok off the particular exit road that be 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 & through run. A red reflector pla-
ced about 3 ft above the road level or a vertical cluster of su_ch reflec-
tors placed | to 3 ft high should be fixed on the nose of each directional
island, and on the curb of the centra[lsland facing the approach roads.
Vertioally 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
vehioles.

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 presence of the rotary is
given in Fig. 17.

21.4. Lighting.

Investigations in the U. K. have shown  that
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 lighting
of traffic rotaries is given in Appendix 1,

22. CAPACITY OF A TRAFFIC ROTARY

22;;}1. The expression ‘‘ capacity of a rotary is used to
mean the maximum number of vehicles that 2 e
point on the rotary in one hour. can pass & given

22.2. Inthe LR.C. Paper No. 113*, the Specifications and -

Standards Committee had recommended that 200 b

) lock t
and 2560 motor vehicles per hour may be taken as theuca(;)caci:;rosf‘
& one-lane carriageway if all the movements were in one direc-
tion. BSubsequent observations in the U.K. in Central London

*Journal of the LR.C,, Vol. XI.1, November, 1946,
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3 INCH RED BORDER
CENTRE WHITE OR HOLLOW

o

3

- PAINTED BLACK

[

18

! «<+—RED BORDER

PAINTED IN © INCH BLACK
2 WHITE BANDS.

Fig. 17. Cautionary sign—rotary
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have shown that the relation between the speed and flow in
vehicles per hour may be represented by the empirical formula:

_ g+ 430
Vr = 31 ST - 6)
where Vr = mean running speed in m.p.h., or 24 m.p.h.
‘ whichever is less,

g = total flow in vehicles per hour,
W = width of carriageway in feet.

This relation is graphically shown in Fig. 18.

22.3. Observations in America on multi-lane highways
indicate that for the purpose of computing traffic flow medium
capacity trucks (vehicles having dual tyres on rear a.xleg) can be
taken as equivalent to two passenger cars on leve} terrain and to
four passenger cars on rolling terrain. Similarly, in mountainous
country a truck is roughly equivalent to 8 passenger cars, Since
trucks and buses occupy larger space on the road, cover up more
vision space, and travel at lower speeds than motor cars, this
conversion factor is greater than one depending on the nature of
the terrain traversed. Travel at lower speeds than the average
by some vehicles increases the number of overtaking manoeuvres.
The slow-moving bullock cart also roughly occupies the same area
as a truck, but the manoeuvre required for overtaking it is
relatively short owing to the greater difference in speed. So it
might be assumed that & bullock cart is equivalent to 3 passenger

- 4
g
o 30 ==
0 s o . oy @
= i
x el \4\\
§ : . ~_ \\B
b} ® 4 > ,.\ \ D
° A ‘
. e
g x R ] ,
g ’or . N Meanyoad
o w‘d’hffztr
g MY
a 7
a 52
- g ‘| 76 -
> 400 1) 1,260 1660 ¥,66e Ta00

© FLOW: VEHICLES PER MOUR

Fig. 18. Relation between mean running speeds
and total flow in central London

This relationship is shown in Fig. 19,

'PER CENT TIME GAP GREATER THAN

TrAaFFICc ROTARIES 403

10

20

30

50

T0

-80

90

Joo

Q 200 400 600 800 1000

VEHICLES PER LANEPER HOUR

""" Fig. 1. Frequency of occurence of time gaps of g

given duration or greater

10



404 SPECIFIOATIONS AND STANDARDS COMMITTEE ON

cars on level terrain and to 6 passenger vehicles in rolling country.
Tt 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 with 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 each 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.

' _°
P = ¢ " 3600

where P = per cent of time gaps equal to or greater
than ¢ ¢’ seconds, 8

¢t = acceptable time gap in seconds,
v = number of vehicles per lane per hour,
e = base of Naperian Logarithms = 2.71828.

The percentage openings of the given duratio i
- L3 n )
ed by rea.c}mg against the given number of Veh(i};l;sb;:rb?;gr
corresponding to the selected time-gap. The Percentage multi-

plied by the number of vehicles giv g
for merging or weaving, gives the number of opportunities

22.6. The Yale University st 3
shown that 1.4 seconds is thz miltﬁf:’m
between two succeeding vehicles for a ga
of 20 m.p.h. and a car length of 20 ft the
length of a car, will be 0.7 seconds.

(Para. 10.5) has also
m clear time spacing
P weave. For a speed
time taken to cover the

From Fig. 19, for a tim

for a flow of 200 vehicles pov L of (1.4 + 0.7) 2.1 seconds and

per hour, 89 pe :
would have a gap of 2.1 seconds or more.p l’i‘ﬁ:?:fo(:fa 1:Jl.lte aV;;I lf)l::

time 0.89 x 200 vehicles alone ca i
: n weave int
vehicles can weave out of a rotary. This wo%lgngegfihitzigg
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tree flow from and to four radial roads, i.e., for a total of eight
traffic streams, 0.89 x 200 x 8 = 1,424 vehicles alone out of
1,600 vehioles 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.

22.7. Actual observations have been made in the U.K. aﬁd
the Table below gives the results of the observations,

TasBLE 4

Observed Capacities of Rotaries

. | Width of | L0l width | 37, vimum | Peak capacity
l?xgzi)efgr carriage-way! bzt‘;lv::?n ‘converging in vehicles
ot 181anC {round island| curbs angle per hour in-

FT x T ‘ 1 | pEe. cluding cyoles
60 30 120 | 85 2,600
76 30 135 i 59 3,000
100 30 160 b5 3,600 -
106 40 185 - 59 4,000
- 150 30 210 ' 40 4,000
140 50 240 ’ 53 5,000
180 40 260 ‘ 40 5,000
240 50 340 | 40 6,000

99 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 103 ft each, have been made in
the U.8.A. 2% 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 la.né,

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

(o) 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 outside 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 9ther
vehicles, the capacity was 2,300 vehicles per hour. For ratios of
crossing other than 50: 50 the capacity was between 1,200 and
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2,300. It wasalso observed that larger the number of vehioles

passing through the weaving section i
in 8
the speed of operation of the vehioles. one hour the lesser wa

22.9. For Indian conditions, in the absence of factual data
’t}l;]eeobservec.i capacties indicated in the Table 4 may be adopted’.
s :apacl.ty indicated may be taken as passenger cars, slow-
hragd i, animal-drawn vehicles and trucks being counted respec-
o yll§ equal to 3 and 2 passenger cars in level terrain and 8 and

n rolling country. A eycle 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 oreates & space whioch 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 entr
and exit curves should be connected as shown in Fig. 9 (b)or 9 (e)y

23.3. Symmetrical entry and exit curves are i N
from the point of view of the proper functioning :flntagpr;&r&x:te
These curves should be of radii as recommended in Paras 133’5-
and 13.6. See Fig. 13(c). e

. 23-4- Channelising isl &nds Wi th 8 ' s . ‘_'1 -

93.5. A staggered intersection can b I
rotary with an e}ongateq central island Wheen c:\:li;iil;gi% into &
avvg.llable as ln_dlca.ted in Fig. 20. Such an arrangement&rea, 113
relieve congestion, specially when the roads are heavily tra.fﬁv:s(l){l;d

24. TYPICAL EXAMPLES

Plates I to V show typical exam

designed, and some of them eo

ned ) nstructed, i i brie
%eli::ptg:ozg :hel ::(lilenzt ]fleatures of the de’silgn ]i)selghilt'ren iAI; 2;1:15
before and after oonstruc:iocx): the rotery figured in. Plato IV

- .

ples of rotaries recently

(Before improvements).

Photo 1.

Photo 2.
Junction of Reading Road and Punc

(After improvements).

, New Delhi.

hkuin Road
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Conversion of a Staggered' intersection to a Rotai'y Junction
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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 standasrd; 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 lighting engineer.
The use of cut-off sources is essential in these conditions since
drivers approaching the roundabout may have been travelling for
a 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. Tf the central island is very small, that is not more than 60
£t 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.

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

'8, For the more usual roundabout with a central island of up .
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to 180 ft in diameter, the cardinal principles, illustrated in
PFig. below:

Diagram showing the standard way of lighting on
intersection with a central island

(a) to provide lanterns A above the kerb of the central
island in line with each approach traffic lane (i. e.,
four lanterns for a roundabout at the intersection of
two roads);

(b) to provide one or more lanterns B (depending upon
the size of the roundabout) above each section of the
outer kerb of the roundabout carriageway. ' These
lanterns may be dispensed with where the central
island does not exceed 100 ft in diameter, but are of

particular value when there are no vertical _back-
grounds;

(¢) To provide lanterns at ¢ especially when pedestrians
normally cross at the guide island, in order to pro-
vide adequate visiblity at the crossing for “driver:
leaving the roundabout.

(d) to obscure the backs of lanterns (if of the non-ocut-
off type) where there is any danger of the drivel
being misled as to his route. This screening is nol
necessary if cut-off lanterns are employed. Usually
only lanterns at positions 4 are concerned,

7. It is not, in general, desirable that street lighting lan-
terns should be erected on the guide islangs, But where, they
are necessary, owing to the Peculiarities of the layout, they
should be of the cut-off type. .

- 8. . High-angle-beam lanterns

should . . for
1ighting roundabouts. not . be- - used

——
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L ADMINISTR‘ATIQN:'

1.1. The constitutional set up in Australia is almost similar.
to that in India and consists of the autonomous States of Queens-
land, New South, Wales, Victoria, South Australia, Western
Australia, the Northern Territory and Tasmania, and the Federal -
centre-at Canberra. Each State is independent, within  its: terrir.
torial jurisdiption and maintains its own. administrative_an. a
executive departments to C8ITY out its programmes. Building
Xyl e .

. *Bhri Ayya.r‘waa'deputed., to study roads _ifl,éuﬂ.t.r&lil&‘ unde 3 the

Ool_bmbo("]?lan; e . - e
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projects are generally looked after by the Public Works Depart-
ment or Housing Commissions, 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. The
Chairman and members of the Country Roads Board, Victoria,
and the Chief Commissioner and Assistant Commissioner of
the Departlpent 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 FINANGE

2.1. Funds for the Highways are allotted directly by the
State and the TFederal 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 revenme 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 an i i
Fees are charged on a power-weight basis. A gO E?Ig’fsm;glgll‘
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 foll i

. . At ’ d is
slightly different. Provision is made for § or OO

three types of Funds - r the establishment of

(8)  The County of Cumberland Main
money in which can be spent only on main ango:g:onng; ’ro:gi
within the County of Cumberland (Sydney and suburbs), except
that a comparatively small proportion can be spent ’on alfy
public roads or on any works connected with Transport.

(b) The Country Main Roads Fund, the mo i
oan only be spent on main roads in the ares outsi?lzybflf: mc?ﬂi?
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of Cumberland, except that a comparatively small proportion can
be spent on any public roads or on other works connected with

Transport.

(¢) 'The Developmental Roads Fund, the money from which
can only be spent on the construction of developmental roads and
developmental works as distinet 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

ngineers themselves under directions from the

by the Divisional E v .
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. Each 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 Indis,
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 Hj

within the Shireq and the work has to be carried ou: 1,!; I:lltghs‘::i{f
faction of the Chxef'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 periodi

counts taken in different parts of the country, tra?fﬁc'mtg;;dt:aﬁ:
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 upgradih

the existing road to suit the traffic as it develops. &

5. DESIGN STANDARDS

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

(a) Traffic density, i.e., the number of vehic i
road during peak periods. The volume of traffic i:GZi::Lnig};:
consideration than the magnitude of the permissible wheel load
The daily traffic volume is generally assumed as 10 times ma.xsi;
mum hourly volume. Rate of traffic increase is ordina il
assumed to be 5 per cent per annum. e

. e((1;) Character of the traffic. Passenger vehicles, trucks, or
(o) Assumed design speed in miles per hour.

5.2. Bingle 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 1 i - ¢
less than 4 ft wide each. Three-lane roados fat".r:v 1112;; ;l;;lllllligrs_ngt
they offer only limited advantage over the 2-lane roads. a (simoe
unsafe where the passing sight ‘distance , and are
Four-lane roads are invariably provided with median strips

65.3. The full land width required for the road, im;luding

sufficient width of reserves for ultimate devel is 4 i
initially because of the lower land values iﬁﬁf; nif: 1t?h:: milx:lilt‘;:(}

cannot be ‘provided. -
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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 ourves, 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 oar speedometer or measuring wheel or rotometer.

The Reconnaissance Report generally contains the following
information :
. '(a) Introduction
(i) Purpose of road
(i) Authority to carry out investigations
(b) Summary of Essential information
(i) - As supplied by the Engineer
(ii) Brought to light by locater
(6) " Manner in which field work was accomplished
(i) Personal :
(i) Other authorities
(iii) Local help
(d) Discussions of control points
(i) From essential information
(ii) Physical :
_ (iif) Human
~(e) Description of practicable routes.
() Conclusions and preliminary estimates of cost of cons-
. -. truotion of certain routes.

| (g) Reoommendﬁtion of tria] surveys.
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6.2. Photogrammetry has been ver

6.2 ) y largely employed f

obtaining overlapping snaps of the country ang c%ntouf ;l);ens ag;

g:azr;%nt;her%f;om using the < Wild Aerograph’ or other similar
. The main control i i

06 rol points are established by field

6.3. In hilly country the trial line is usually run i
n‘leter .and ranging rods and marked by stakes oryi)l:zes l?171 (;lrl;;;.
The distance is usually chained and typical cross slopes dre noted
by clinometer readings. The trial line will connect the low
saddles _with good stream crossings on as nearly as possible a
direct line between salient points of topography or population
centres $o be served; rocky cliffs and country liable to slips are
a.ymded as fa_.r as possible. On a long route, if there is for some
distance, choice between following the bed of a valley and the topor
upper portion of the slopes of a ridge above the river, it is fre-
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
allow for shortening when curvess;re put in. grade to

6.4. The Permanent Survey

This is carried out on the general location ;
factory trial line, detailed a.ltegrations being m(::dgh:o n;gzzisa?lf-
best crossings of water courses, and to avoid objectionable rinor
features such as rocky out-crops etc: All curves are set o tmmor
rately. .In hilly country, it is usual touse the prismatie él Toass
for bearings. Present day practice is t0 use a light theg:in Il)'at‘;ss
'I.'he 'road boundaries are fixed by a theodolite traverse CO fre
line is pegged every 100 .ft on straights and every 50 ft of 1 P
gurz:siée !ﬁlllt :angezlt points are pegged and reference pegs ;f:cgﬁ
sé:g.ights. ngen' points and not moxfe than 200 ft to 300 £t on

Following the pegging of the ali
and the cross slopes at ea%h peg takegrf 111)1yenctl,i:élm};:§§ ag: levelled
gulat_' cross slopes, the cross section is obta.ineé by lln rolo.
In hilly country, the levels are taken sufficiently far on y ﬁvqls.
of the centre line to allow of adjustment of alignment i i;c e
in order to obtain the greatest economy in earth ::1 ke o
catchment areas of all water courses are recorded where :ﬁ i ?he
mation has not already been obtained from aerial photo 1shm na
the suggested sizes of the culverts are indicated ilf 8 gxiap T
};;rgg creek and river crossings, flood levels and a 011).‘02:-15' tf“ al}
e gd of the stream for a length of 100 £t above and olow the
crossing are recorded. nd below the

: " The alignment pegged may be adj i
tion of plans. Adjustments nfay baed]s‘llnzt;% (()il:l xa:;g tll;.e T
some oases, the line may be pegged again, plans, or in

’
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6.5. Plans and Sections
When complete, these show what has to be imposed on the

earth’s surface, with re

ference 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. 8. 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.| vertically and 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 900 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; 1f transition curves are intraduced,
line have to value of
be shown.
¥ = Speed value of curve in m.p.h.,
L = Length of transition curve,
R = Radius of circular are, and
E = Banking on circular arc.

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

Locality | Various Looation of work, relative to nearest
Plan. | small scales. town or road junction, etc.

12
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Secti%g: The following are notes on grading the Longitudinal

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

; Velztic_al curves are generally computed for the final L.8., but

or preliminary grading they are plotted with large French curves

with & limiting radius depending on the visibility demanded by

zll:: :peed v;.lue of the section. Cross-sections are plotted from
urveyed oross-sections, and the trial i

coule ot 13CH oross-sect , &n e trial grading generally to a

Only by trial and error can a designing draughts

f8m
that he has gecured the greatest economy in gra.difg, angilt;ﬁos&l;ﬁ
ti;he px:oce:s is tedious and laborious, it is well worth while as *¢ it
8 easier to move earth and rock on a drawi i
oo o wing board than with a

For the purpose of balancing cuttin i it i

gs and fill
to allow a percentage of from 15 to 25 excess (l)[flg:ﬁtl:i:lsg u::::
ﬁll.mg to provide for wastage and shrinkage in ordinary earth
using the latter amount for shallow work.

As the exact amount of earth work can i

i not be comput

::r::.l;nty gotlliass tlln)t.zn l10 per-cent in broken country Il’il;l izdu‘;izli
e ou e cubical content i ;

oot 8 of cuttings and banks by mean

7. CONSTRUCTION

" 7.1. The road formation work i

[ . : s done by use of earth
moving dmg.chmpry 9f different types. On a typical road work
Lt;z}ée?be in Victoria, the following items of machinery were

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 the quarry, the site clearance a ingi
2 ’ nd the b
the shale deposit are done by Tractor Bulldogzer. eThzngzﬁar?aﬁ
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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. C. 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. S. sieve
B=npercentage passing the No. 200 B. 8. sieve
O = Linear shrinkage as & percentage
D =Plasticity index
E = Percentage passing the No. 7 B. 8. sieve

@ = Group index

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

formulae :
1. Log,, CBR=1 668 —0.005084 +4-0.001868 — 0.0168C -
0.0003256BC.
B
2. Log,, CBR= 1.886 —0.0143D— 0.0.045A_+ 0.0051;1— -
B? )
0.0000456—I —0.00372E.
(20-G)?

3, C.B.R=48+—5 ,
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In practice, tables and charts are used to obtain the esti-
mated value of the C. B. R. 1If 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 (4) 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 1b are neglected.

Week-Day Factors

The simple traffic total (4) is usually counted on a day other
than Saturday or Sunday for 12 hours (7 a.m. to 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 F Day of the week F
Monday 1.03 Friday 1.04
Tuesday 1.04 Saturday 0.51
Wednesday 0.89 Sunday 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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| 5.0+0.51+0.35
week is FX1.20x = approximately = % The truck
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 1b)
repetitions is of the order of 0.7 times this total or approximately

A
256 x
B x 7 & year.

Placement Factor

_Astudy 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

Placement Factor
Pavement |~ " - - - T U
width Traffic equally Traffic predominently
foot loa.d.ed in loaded in
both directions one direction
16 0.30 0.45
20 0.21 0.36
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 10 156 20

!

Ratio of total repetitions 1.0 5.5 12.6 21.6 33.1

Climatic Factor

Climatic Factor M = Average 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 to flooding or in some way is liablq to l?e
saturated for longer than would be expected mergly 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.I do. are to be sealed 0 to 6 (9 in
dry season)
P.I 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 £t for first 10 years, then increased to 20 feet.

Solution :

P t trafic 4 =32 trucks and buses F'=0.99, Standard
6000 i‘gsei'relpetitions per 3 ft loaded strip for traffic in the first

32
= .6 % 0.3=230,855 or 31,000.
10 years_0.99x255x 12.6 x '

5000 lb repetitions per 3 ft loaded strip for traffic in second
82 | 955 (331 —12.6) x 0.21 =36,000.

0.99 .

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

10 years="

. 35 x 160 . :
Applying a climatic Factor of 35600 * - 0.56, the number

to say 37,000, for which a soil with a
l::a?g; lf:aqsui}l"es a pavement of 12 in. thick,

of repetitions is red
C.B.R. of 6 per
Fig. 1.
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9.2. Pavement thickness are also estimated from the formula,

_ N o1 . R\ 93 ‘?0_
(i) (s0) 1 /omz-3)
where » 7 =Thickness in inches .

N =Average number of trucks per day (trucks and
semi-trailers, commercial trailers and buses)

B = Average rainfall in inches, and

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

Local conditions of drainage must be taken into account and
Where this is poor, where the land adjacent to the road is
irrigated, or where the crown level is fixed, as in a street, the
value of B should be taken as 50 in. where the actual rainfall js

less than 50 inches. '

Increased thickness should be used where the sub-sojl is
highly organic and where fine silts occur in poorly drained
locations. Certain silty materials have high supporting value
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.

S=Linear Shrinkage from L.L. of material passin
No. 7 B.S. expressed as a percentage of originaﬁ
length.

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

- Effective cover reqﬁiied in-inches is then — .
32+0.16U+0.278 - 0.24W for heavy loading, and
26+0.13U +0.228 - 0.195W for normal loading,

Photo 1.

Typica

Photo 2.

1 finished non-skid surface

Vvibrating Roller at work
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broom
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sing concrete Centre line
pavement by marking
mud-jacking machine

process. General
view of machine
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9.4, Grading Rule

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

Ratio {per cent) of all To all Passing

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

Sieve 4 in. square
A = passing No. 36 B.S. No. 7B.S.
B = passing No. 200 B.8. No. 36 B.S.
C = less than 0.0135 mm No. 200 B.S.

Let D, E and F be departures of 4, B and C respectlvely
outs1de range 40 to 60.

eg D =4-60if A is greater than 60.

Photo 9. Roughometer
=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-F4-F. .

If neither A nor B is less than 40, but 0 is, compute the
same sum but count not more than 20 for F. S

If A is not less than 40, but B is, compute the same sum but
count not more than 20 for E-4-F.

If 4 is less than 40, compute .the same sum if ‘it is less than
20, otherwise count D+E+F as 20.

To the sum so determined add one-half the plastic xndex and
subtract one-quarter R. Call this final total «“ 7T ™,

Effective cover required in inches is then :
0.15 T for heavy loading (maximum wheel load 13,500 1b)
0.12 T for normal loading (maximum wheel load 9,000 ib)

During mechanical analysis, if the -dispersion fails, and the
ratios of 4, B and C are not determined the grading rule cannot
be applied. The S.M.R. Rule only is taken into account,

—Leeton 13

Photo 10. Median strip in a main street
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If the dispersion does not fail :

1. Ifthe adverse constituents are present in comsiderable
quantity, the grading rule does not apply and the 8.M.B.
Rule only is taken into account.

2. In A4, Boils (passing 200 less than 10 per cent of Pass 7
or less than 15 per cent of Pass 36), free from appreciable
adverse ocongtituents, S.M.R. Rule daes not apply, and
grading ruleis taken into account. (If much adverse

" eonstituents are present, S.M.R. Rule applies but not

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

9.5. Gravel & Sand Clay to receive Surface Trestment
Requirements are for material as finally compacted in the
pavement. o
Materials will be suitable if it complies Wwith the following
requirements :
1. Total T not to exceed 5; (See Grading Rule)
2. Upper solid limit not to exceed 20 ; (See S.M.R. Rule)
3. Plastio limit not to exceed 8;
. 4, Maximum dry compressive strength not less than 400 1b
per sq. in. ;
. Oyersize (retained in # in. sq. eieve) not more than 5 per cent.
9.6. Gravel & Sand Clay for Use without surface Treatment
(See 8.M.R. and Grading rules for symbols).
" (8) For riding comfort qversize (retained $-in. sq. sieve)
maximum § per cent. o

(b) For easy maintenance and wear resistance (S .
ing Rule for symbol R). (See Grad

Rover 40 per cent  Very good
R 20 - 40 per cent Good
R 10 - 20 per cent Less gatisfactory

R under 10 per cent Poor

() 5:: stability against corrugation, rutting and ravell-

Total T (substituting 65 to 60 in computing B, # and F)

t . N J
:‘;m ;glsc;.xceed 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 8q. in. for the finally compacted pavement.

10. FLEXIBLE PAVEMENTS (NON-BITUMINOUS)

10.1. Where a road carries very little traffic, mere earth
gurface 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. L. of the
fesulting 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 fo
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 (ineluding elutriable)27 — 54
s Passing No. 14 B. 8. sieve 29 — 44
Passing No. 36 B. S. sieve 15 - 35
Passing No. 200 B. 8 sieve 10 - 25

The material passing No. 36 B. 8. sieve_shall have lower
liguid limit not more than 35, if to be sealed, L.L. not more than
25, plasticity index'not more than 8. If it is not to be'sealed,
P. . not'more then 6. Tensile strength to be not less than 40 1b

peér sq. ib.
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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
tregnendous amount of traffic of heavy loads without much deterio-
ration. The reason appears to be thatthe 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
8erves as wearing coat.

10.4. A special feature in the specification for the water-
bound macadam pavement is the provision for two distinoct 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
ﬂ}e specifications of Victoria provide for very fine stone dust
binder after the voids have been filled up by the screenings.

10.5. To have & 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 sq. yd. is applied and allowed to soak in. Then it is
covered with another layer of lighter oil at 0.1 gallon per 8q. yd.
and the surface covered with a layer of coarse sand at 1 cu, yd.
per 150 sq. yd. This surface is expected to stand well for three
years.

10.6. The traffic is almost entirely rubber-tyred. § i
wearing surface is found sufficient. For bitumen{;urfacin(; av:vt(',k;.i{n
different typexls of Saggre%atelf are in use, such as basalt q“artzite’
and furnace slag Scoriala, kind of volcanic deposit spea; »
bituminous seals. ’ posit, specially for

Anp interesting instance was noted where over
a water-
macadam surface a coat of coke oven tar was &pp?it‘:g l:;u(;xg

gallon per sq. yd. and a layer of sea sa
The surface was expected to stand well for t:von;'le:.tl'):.ead on top.

10.7. The finish of the road surface is speci .
L ciall
The surface is ochecked both longitudinallypa.nd c{ozt;tsli]sied t:h
a spirit level for level, cross slope or camber. i

11. FLEXIBLE PAVEMENTS (BITUMINOUS)

11.1. Under this head, two t i
) ypes of work are incl -
ly, surface \?reatme’nts and asphaltic concrete wor;:.c l’lIc‘llf;l f%::nx::r
??ggrxfe: * spray’ work and the latter premizxed work under
nitial treatment’ or ‘ Re-seals’. 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).

11.8. The aggregate used is usually } in. or  in. gravel or
fine crushed rock. The rate of application of aggregate is calcu-
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 spresd 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 1b per
100 sq. ft. for surface painting work, is used in India, only 28.3 1b
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
sq. 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 eq. 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
traffic. 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 a uniform thickness and rolled down.
In the case of plant mix, the mixture conveyed in trucks from a
central depot where & ¢ 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 traffic 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 & water-cement ratio of 0.7 to form a
firm base, the mortar being applied by grouting. Due to the
difficilty in obtaining a 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 cardboard capping. The aggregate
used is § in. and 14 in. size gravel 60 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. Aan interesting item of repair work to concrete pave-
ment was ‘ mud-jacking,” to raise up the slabs that had settled
down. : The process consisted of forcing under the slab a wat soil-
cement mixture under pressure. The solid content of the mixfure

remained behind to support the slab. The equipment consisted-of -

a hand-operated pug-mill in which the slurry of soil, cement and
water is mixed, & manually operated double-acting sludge pump
to force the slurry through 3-in. diameter holes: bared.through the
slab and a compressor and drills. All joints and weak: spots arve
caulked with hessian. The slurry consists of fine silty: loani. (100
per cent passing No. 7 sieve, 95-100 passing No. 18; 15-4D
per cent passing No. 100, and 5-25 per cent passing No. 200),
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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.
Blurry is pumped, the pressure being graduslly increased to 30-
40 lb 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 *eta.
varieties, which are not subject to white ant attack, has made
the use of timber very economical and popular. The wogd 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 praoctice 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 sitn’.

3.2. The loading used is HoS ¢4+ Of the American Asso-
oiatitlm %)f Stal.‘te High%vay Officials, which is about 20 per cent
lighter than the I.R.C. Class 4 loading. The Table below shows

i the amended loading together with details of .the old
gg?;};-;f Roads Board (Viotoria) Class A4 loading for

Comparison :

Unif. load | *Knife load placed to give
per linear | max. stress in 1b per ft

Class of | Class of | s’ h0r Jane of lane (9 ft)
Bridge | loading inlb .
(9 ft width) | For Moment For Shear
S ISP Bl - e
—15 480 13,500 19,500
ﬁ iII — 10 320 9,600 13,000
‘AA or
revised H 2 081 6-44 640 18,000 26,000
AASHO' ,

13.3. The majority‘of bridges in Victoria have spans of 30
o 60 #t and the creeks over which  they are constructed are
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uarrow and shallow compared to Indian streams and rivers.
Gl:m.hents and curves on long bridges are quite common.
minimum of 22 ft width is provided for bridge decks on the Main
Highways and 20 ft on other roads. For culverts the - distance
between parapets is equal to the full formation width.

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 of
nearest support to centre of wheel, and E = effective width in
feet for one wheel. :

Case . Main Reinforcement Paraliel to Direction of Traffic

E shall not exceed 7 ft for a single wheel. E is given by
E = 0.78-W. When two wheels are 8o located on a transverse
element of the slab that their effective width will overlap, the
effective width for each slab shall be 4 (£ 4- @) where a is the
distance between centres of wheels. . v

Case Il. Main Reinforcement Perpendicular to the Direction of
Traffic

E = 0.7 2z + W). The Bending Moment on a strip of slab
1 ft wide shall be determined by placing the whee! 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.

Also B = 0.78 + W = &/[ (a + 2d)* + D? ] for sl
parallel to direction of load, alld rslab spans

E = 0.7 (224 W) a/[ (b + 20) + 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,

y

v 3
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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
Vietoria. 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.

L olo o

—T— o
T |

(s O O [=]{-] ] 0o © 4

~ ~o'+—11d'—*+' 66 *L‘—\'-o‘——-t- 6"4 s

Fig. 2.

I.

13.6. Proportioning Concrete

In New South Wa.lés, the specification for R. C. bridges
classifies the concrete into different categories with strength at

28 days as given below :

Class AA Concrete 1 : 14 : 3 Strength 3000 1b per sq. in.

Class 4 " 1:2 :4 » 2500 do.
Class B . 1:24:5 ’ 2000 do.
Class C v 1:3 :6 » 1500 do.

. Conerete of Class 44 and Class 4 is used for precast foot-

ctions, deck slabs, thin vertical sections and
orizontal sections, while class B and C
rete has not to take up any

way slabs, heavy se
columns and thin confined h
are used in locations where the conc
load like head walls and inlet sumps.

14
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The gradings conform to the following standards :

Percentage by weight passing B.S. Sieve

3/18
in.

Description or

Cl . .
Class of concrete | ; 2} in. 2 in.[1} in.|l in.| § in. [3/81in.

I IR 1
Class A4 in gener- ! 1 o ’ ;
al and Class 4 ; i :
in slabs 9 in. or . i
less in thickness | ;
or where re- :
inforcement isi
spaced at less,
than 3 in. and;
_ in girders until
. bottom rein-
forcement is
covered to at

least 4 in. (4 in, | |
waximum). — - l_( - ’100‘95-100’15-50 ‘Nﬂ

{ I
i

Class 4 in general \ S \ | ! ’
and Class 44 in ‘ ‘ ‘ ‘ |
seal of cylinders ‘
(I in. maxi- ‘ i i ; i | ‘
mum). - - | 10095-100] — | 25-60) 5-25 ’Nil

]
Class B & O (2} in. | i C :
wazimum). | 10095-100) — 8570 | 1040 ! 5-15 | —
:' I L |

13.7. In addition to the usual particulars collected j i
for i L A ulars ed in India
cg;l ;:t:gs:tzxgatlon of bridges, the following information is also

" () Where practicable photographs of the bri i
b vole, phot: dge site
taken from various positions and iy
noted in the field notes. such positions are

(b) When re-construction of existin i i
b g bridge is pro
tke structure is fully measured as Variagtionspfr(})xgs:l(lié
sanctioned plans may have occurred in the actual
construction. The condition of the various parts of
the structure are noted. P
"y

~(¢) Details of Catchment

(i) Class of country—rooky, grassed, timbered, eto,
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(ii) Average slope of country.

(ili) Length from extremity of catchment to site of
bridge, making allowance for sinuosities of stream.

(iv) Time estimated to elapse between start of rain in
catchment and time of maximum flood.

(v) Heaviest rainfall in catchment as a whole and time
during which the fall lasted. ‘

13.8. Discharge from Catchment Area
A typical calculation giving the discharge from a catchment
in New South Wales is given below.

Area of catchment— A4 50,500 acres

Max. known rainfall intensity in inches

per hour 1} in.
Co-efficient of run-off—C 0.30
(s) Length over grass land of stream ... 1.0 mile

(b) Length of main stream to bridge site ~ 31.0 miles
Time for (a) 1.0 mile at 0.5 mile per hour. 120 minutes

Time for (b) 31.0 miles at 2.0 miles per

hour 930 minutes

Total time of concentration ‘¢’ ... 1060 min.

K = 1.5 V80 = 11.5 for a rainfall of 1} in. per hour
' maximum
2 V60 = 15.6 do. 2 in. do.
K 11.5 =
; _.', )} = —— = —— = 0.305
i Vet =0 V1060

Q = C.i.4. = 030 x 0.356 X 50500 or 5,400 cusecs.

=
i

K

13.9. Composite Bridges ' ‘ ,
Bridges composed of R. C. piles and cross heads with rolled
steel girders and a concre

te slab deck, are also very commonly
used. Inclined stirrups are welded on to the top flange of - the

girders and embedded in the monolithic R. C. slab. It is not
asua) to encase the R. S. girders in concrete.
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Bridges with composite trusses of timber and

teel
very popular. Several of the old bridges are of th?seiy;er.e ?nlﬁg
timber bridges are standing very well with proper and adequate
;naéxtenance, even though they carry very heavy and constant
raffic.

The Sydney Harbour Bridge—a steel struc 3 i
the largest single span rigid arch in the world. tlgﬁe()fwliﬁtgxog ’thl:
deck is 160 feqt. The bridge is designed for 6 lanes of traffic in
the middle, with 2 lanes of electric railway on one side and 2
]g.nes of tramway on the other, and a foot walk beyond, on each
s:de._ Out of these 6 lanes of traffic, 4 lanes of traffic aré allowed
for city bound vehicles in the morning and out-bound vehicles
in the evening. The bridge has consumed 50,000 tons of steel
and it took 9 years to build at a cost of £ 9.75 million, out of
which £ 8 million have been met from loan funds. The total
expenditure per day for maintenance and loan charées amounts
T)o £ 1,0(%9 and this sum is obtained from tolls levied on the
sl:lyc}ig:é' he bridge forms the most prominent feature on Sydney’s

I4+. HIGHWAY MAINTENANGCE

14.1. Maintenance work is carri i
consisting of a patrolman and two asl:{dst?;tl&;) inrgzdcl:lmtsd’ tgaclf
ing truck. Patchwork is done with bitumen premix usin yai)mﬂp&
gallon per sq. yd. and 3/8 in. screenings. Gravel is gonve od
from the quarries and spreading and grading is done with a liyht
rubber tyred grader. The grader used with truck patrols is gri-
;2??,31 ;ns&r:iti rflcérogfmdmglo‘f1 shoulders and after rains it is uged

. unsealed sa
such unit looks after a stretch cﬁd(i(? g?ile?ﬁ?iloagavement& One

14.2.  Roughometer

For ascertaining the smoothness
: of the surface on -
gent, a machine called the Roughometer is employed abyp&i‘:'t?e
oudngry Roads Board, Victoria. It registers the bumps on the
road for every mile and gives an idea of the comparative ridin
qualities of the road. e

The instrument consists of a hea."r i
[ 1 . y frame which i i
2:: ;}ﬂglle l;}g.ftsp;mgsi,) wllluch carry the axle of a ;ia;a::;rﬁit%g
» Photo 9. ashpots are provided as & d i
tole:ptrol spring oscill‘ation and vertical moge;e:?g;nghzy?:ﬁ
:3 : ive to the frame is integrated by a mechanism consisting of
opposing back clutches. For each inch of integrated
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movement, an electrical impulse is sent to the electrical
counter which thus records the vertical movement in inches. The
vibration 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~ 0.5 1b per sq. in. A speedof 20 4 3
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
guidance of drivers at night.

16, 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 oné 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
group of axles not to exceed the weight shown in the
Schedule varying between 11 tons 16 cwt and 26
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1ot
tons 1 owb having regard to the distance betwaﬁ?

th i
axe;ees:‘:treme axles of the vehicle or of a group of

(d) Tyre pressure not to exceed 100 ib per sq. in. .

(e) Width of vehicle and load not to exceed 8 feet. -

(f) The overall length of vehi . d
vehicles nob 0 xcend icle other than articulate

(1) in the case of & vehijcl vy of
passengers for hire...sg ?tsed for carrying

Y

(2) In any other case......31 4

(g) Overall length of an articulated vehicle not to exceed

45 1t length ; the length of either of the rigid parts

not to exceed 35 ft.

®) {5)(\;’?1;3!1 length of vehicle and trailer not to exceed

The speeds range between 12 m. p. h. for g vehicle with & .

gross weight exceeding 3 tons and fitted with one res
other than pneumatic tyres and 40 miles per hou:ri?:;z cZasa
of a pneumatm-t.yred passenger carrying vehicle or a goods vehi-
cle, the gross weight of which exceeds 50 ewt but not 3 tons.

16.3. The traffic on main roads is controlled at j iong b
automatic light signals of four tyres: (1) tri;}e J‘;?gc:f]soxéssrp e):
(2) dial type, (3) the horizontal tube light type, and . (4) e
traffic actuated type.

16.4. The incidence of traffic accidents is very low indeed
considering the high speed permitted. This igymain;y 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 lapes are marked on all the main roads and
double full lines are marked where overtaking is restricted. Four-
lane pavements are invariably provided with median strips fitted
with glass cats-eye reflectors. Road signs and advance signs are

rovided systematically and painted with lacquer and glaas

beads of the size of fine sand to increase visibility.
17. CONCLUSIONS

17.1. The one impression about Australisan Highway tech-
pigue that is outstanding is the very close attention that ie being

K]
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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 salmost 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 a 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

load.

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 rooms, baths and washing facilities, -
ete., 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, t':hgre is willing
co-operation between the labourers and the supervising staff.

17.4. The difficulty of obtaining adequate manual laboqr./_'_
has resulted in the mechanisation of all the processes, wherever.
possible. For earth moving and clearing, bull-dozers, rippers,

®ucrapers and scoops are used. For quarrying and transport of

gravel, bull-dozers, mechanical shovels, aggregate loaders and
tipping trucks are employed. Rolling is dope witp 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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va,rigus types. To }ceep the several items of machinery properly
serviced, a well-equipped central workshop is maintained with a
liberal stock of spares in a 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 in th
Central Offices. In Victoria, the execution %s alsgeu;l;:ﬁ; (::rrtieg
(l)\;lt bsy t,hﬁ. ]‘3{71%ge 1ll)wxsion attached to the Head Office, but in

ew Sout ales the execution is ordinaril i
Divisional Engineers. erily done by the looa!

17.6. Another noticeable feature was t iei
traffic on the highways. Roads are designedh:'ii%iﬁgizigg!ét;(;fi:;
and horizontal and vertical curvature to meet the demands of the
volume and speed of traffic expected to use them. The dgivers
have got a keen road sense and 1t is surprising tha(.'. accidents are
so rare when we consider that the usual speed of motor vehi ls i8
about 60 miles per hour. There is rarely any overl dl'c z f
commercial vehicles. y overloading O

17.7. Problems in India are ve i .
Australia. In India, labour is compa:gtiw?;?;g?;a fron:i t!llose. fml
a.n(} work has to be found for them. So the ideg 3-!; p Bl;ltl u
sation on & large scale, a8 in Australia, has to wait OAlmec a.g;_
conditions are different. Our roads have to provi de 1 80, tra 3
traffic consisting of the slow-moving iron-tyred bull or a mixe
motor vehicles. ullock carts and

17.8. Collection of statistics abou
roads, - estimates of future traffic and “P;ig;:?:z O‘Tfoéﬁgms onin a.bl;
road design, adequate geometric standards and pr results a
execution so that work done in the immediate futu p ?gramme
of a properly designed final plan are important re forms part

Photos 1, 2, 6 to9are reproduced with
» 4y A sk

goads Board, cht.ona.; Photos 3 to 5 and 133‘53}?123153?1%0 i
epartment of Main Roads, New South Wales (Australia) gments to $he
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THE PLASTIC THEORY AS APPLIED TO THE DESIGN
A OF‘MILD STEEL BEAMS AND FRAMES

By
Miss SmagontLA S. JosHI, B. E.

- 1. Study of the behaviour of mild steel beyond the yield
point when tested under axial loads i.e. in tension“.or compres-
sion or under lateral loadsi.e. in flexure is necessary for the
corréct understanding of the plastic theory in the design of mild
steel 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~séen 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 a 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 based upon
the following assumptions:

() Upper yield point A is

‘ ignored. Plastic range

B C starts from B and ends
at C.

STRESS

(ii) Stress-strain relationship
: for compression is identi-
cal with that for tension.

0]

STRAIN " (ili) Plane sections remain

Fig. 1 plane after bending.

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 initia] stages of

16
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k]”‘di_"g.. when the stress in the extreme fibres has not reached the
elastic limit, the stress at any poiot in the cross section will be
Proportional to its distance from the neutral axis, ‘lhis is the

i}“;‘;ssz distribution accordiug to the elastic theory of vending,

—b N = - -— A N a

N e M

Fig. 2 Tig. 3 Fig. ¢

When the load is increased until the extreme fibres are
stressed to the yield point, the stress is still proportional to
the distance from the neutral axis, If the load is increased
8till further, the extreme fibre offers no more resistance 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.

If the load is still further increased, the section becomes
fully plastic, Fig. 4. Any attempt to increase load further will
result in increased deflection with no further inorease in the
moment of resistance. The section now actsas a hingeors
* 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 séction
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. (c) The collapse Jload is that load which
when placed on a structure will produce sufficient number of plas-
tic hinges in the structure to cause failure in the mannerof a hinged
mechanism, 'l.‘he word strueture means either the whole structure
or any part of it which can {ail independently. P

i
-1
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i i is is the moment
3) Plastic Moment of Resistance (P. M. R.). Thisis
of re(sigtance of a section when each fibre in the section has been
stressed to the yield point. Fig. 5.
Plastic moment of
resistance==fy 34 X =
& =fy S¥}A Xz

T A =f!/XZp-

'i\

(4) Plastic modulus Zjp of a section
is the sum first moment of a areas on
the tension and compression sides of the
section about the neutral axis.

Fig. 5

f the plastic section modu-

«y? tio o
(5) Shape Factor :¥". Tho retl lus (Z) is called the shape

lus (Zp) to the elastic section modu

factor.
V= ZZ’:

In the case of a rectangular section b xd
Zp=2xbxgx%l;=é%li
7=
7= 2 x oy =18

The value of this factor for mosb standard rolled steel joist

gections is about 1.15.

(6) Load Foctor (g). The ratio of the collap’se load (c) to the
working load (W) is defined as the ‘load {actor ’.

5. Hinge

Fig. 6 gives the relation between _the be:}?;:i nmoi;::;z s:r;g
curvature in structural members. It is sel:apn the mzment s in
curvature is accompanied by increase in AI:o a‘gs non m,r’vm,,e
the latter attains its full plast'w value. : te’nds the ourvatire
increases  indefinitely, bending momen A to » limitog
value, M, the full plastic movement Teg

previous history of loading.
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CURVATURE

Fig. 6

When at a section, fully plastic moment is attained, the
curvature becomes indefinitely large, so that a change of slope
can take place over a short length of the member. The member
behaves like a hinge at this cross section, the rotation of
the hinge being possible when a resisting moment equal to ‘ M’
is developed. This conception was introduced by Maier-
Leibnitz.

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
hinge will be formed at the highly stressed section. If loads are
further increased, this hinge will rotate under M,, and more
plastio 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
then deform to an indefinite extent until its geometry changes
appreciably resulting in a collapse, _

7. The Mechanism of Failure

Designs based on the plastic theory are worked out for the,
collapse load. A knowledge of the position of the plastic hinges
under the collapse load is essential before the plastic;
moment oan be worked out. A simple illustration of the method
as applied to beams is given below. .
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Consider a beam, Fig. 7, fixed at both ends. and
subjected to a uniformly distributed load. 1In the elastic

// PER FOOT RUN ‘ ’
ZZ\/}*—*f—*’V/// L _\;\'\ Y0

f

14

ofs
/2
5

Fig. 7 Fig. 8
range the bending moment diagram will be as shown in Fig. 8.
© As gthe load is ggadua.lly increased, the ﬁxmg‘ momeni?s ten.d
to increase until the yield point is
Wb serroot fun  reached at the supports. At this stage
4&““"‘4 « plastic hinges” are formed at the sup-
! L ports, and any further increase in the
loadiﬁg causes an increase in the moment
at the centre without affecting the moments

at the ends. With still further increase in
load a hinge is formed. at thq centre also
' and then the beam fails, TFig. 9. At the

time of collapse the bending moments at
the supports and at the centre will each be

M equal to the plastic mowment of resistance
and hence the bending moment diagram

Fig. 9 will be as shown in Fig. 9.

vriow

The collapse moment diagrams showing hinges ab the time of
failure for some typical cases are shown 1n Fig. 10.

B J— \I/
:{o b o€R FOOT QUM

W Ib pew FoOT aue

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

’ —b— .
2d l o
SECTION 2d
—
B:!Oubd:%:zd od? r 3
. [®)
My N le%Kbd, ioxze o A v
; 15-25xbd x 2d 16 25¢bd , 2d 15 255 7 a0 ?
PMR | et | 1525 Zp ] A
; 115 26 % bd- 21525 D
3 N
SAFETY . e .
MARGIN $525x% 15 '325% 7 1-525x% 2 z1525xkn 32
z 2 2875 21-525 % 145 R 6
pMMr a .15 2309 : 2.575.
Fig. 11

Assume 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 8q. in.

Although the breaking strength of the material is 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
its maximum collapse moment or hinge moment. From Fig. 11
it is clear that the margin of safety under the conventionai
design methods has a very wide variation between 3 to 1.75.
It 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
n;alr%n’ it is safe to design members with a safety margin
of 1,75.

This then is the justification for introducing plasti
of design. Aocording to this method the d%sg'edt ;Sg?gog;
safety is first decided and is called the load factor. The working
loads are multiplied by this factor to get the collapse load. The
melot dseci;ion is then so found that the beam collapses at
oad.
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In I-beams designed according to the elastic theory, it is
found that the safety margin worksout to be about 1.75. This
value is, therefore, sssumed 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.

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

Example |

Design a mild steel beam of ciroular cross section fixed
at both ends, and carrying a central concentrated load of 8 tons.
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.
My = ’L;Zl = 54-7—5-333‘—'—9 x 12 = 131.25 in.-tons.

Assume the stress at yield point ae

Bl i 15.25 tons per sq. in. .

{190 ———y
- 131.25 D3

A N
SS s E . g, 13120 -
T nZp 1595 = 8.6 S

‘ (First moment of area about neutral
Fig. 12 - 8xis)

D® = 6 x 8.6 = 61.6in.°
D = 3.72in.

Elastic Theory

5x 10

Maximum B. M. = g X 12 = 75 in.-ton.

Assume a working stress of 10 tons p_er' 6q. in.
75 P .

5 = S

A T 32
xD?® = 15 x 32 = 240.0in.?
D = 4.25 in,
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' - 4,237 — 3722
Percentage saving fgz—%—gﬂg X 100 = 22.9 per cent,
- Example 2

Design a beam of I-section fixed at both ends, span 15 ft
and ‘earrying a. uniformly distributed load of one ton per
foot run v o . .

- Elastic Theory

Wil  Ix15x156%x12

) B.M. = T—2— = - »-—-—ié*“—‘“‘ = 2256 in.'tﬂn.
295 .
Ze == E" = 22.5 1n.

IR

Provide 10 in. x 4% in. x251b I-section, giving Z,=24.47 in.s"
Total weight = 256 X 156 = 375 1b .
Plastic Theory. Load factor = 1.75.

» Collapse load = 1.75 ton per running foot. Wheri plastic
hinges are formed at both the supports and at the centre the
moment at the centre is equal to the moment at the support. -

A wis
M t at coll = W wi
omen“ at collapse %3 = 1g
1.7 x 1
= "‘"‘2—(—1*32-—)5-5— X 12 in.~ton.
= 295.31 in.-ton. -
295.31 .
o ZP - mg- = 19.35 in.?

= Zy 19.35 .
z_’ = salety factor = 1.5 = 18.8in.2.

Usea9in. x 4in, x 21 1b I-Section
giving Z, = 18.08 in, ?
Total weight = 21 x 15 = 315 Ip.

(375 ~ 815) x 100 "

Saving = g = 16 per oént,
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10. Procedure for design of single span fixed beams

(2) 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.

(¢} Draw a line across this diagram to repre_sent, fixed end
moments. Finally, this line serves as the base l!ne from which
actual collapse moments are measured. This line is called ¢ fixing

moment, line ’.

(d) Note how many plastic hinges yvill be necessary f.o
enable the beam to collapse. Adjust the. fixing moment line in
such a way as to give the values of maximum moments at tqe
points where plastic hinges are rgqulfed equal. Succes'sxve plastic
hinge moments must lie on opposite sides of the base line.

" (e) Calculate the plastic hinge moment and divide it by the
yield stress, 15.25 tons per sq. in., to‘ geﬁ the plastic modulus Zp.

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

11. Continuous Beams

Example 3 »

i tinuous beam ABCD simply supported at the
endsDzséiTi a})cgzd continuous over the intermediate supports B
and C, carrying a uniformly distributed load of 3 tons per
R. 15, AB - 20 ft, BC = 30 ft, and CD = 26 ft, Fig. 12.

Load factor = L75. v |
-, 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 = e
= 262.5 ft-ton
5.26 x 30 x 30
.do- -do- . span BC = oy -
= 5980.6 ft-ton
: , 525 x 26 x 26
-do- -do- span CD = ~ R T

W

443,6 ft-top
16
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The bending moment diagram for the beam is shown

in Fig. 12,
;305‘ 3 51 Tons

A B C D

Fig. 13

For _co]ls.pse of span CD, the maximum positive bending
moment in span must be equal to the maximum negative bending
moment at support . It can be shown mathematically that, for
a uniformly- distributed load, each of these moments wilf be
numerically equal to 0.688 the fre¢. bending moment in span.

o Mp = 0.688 X 443.6 = 305 ft tons. Consideri
BC alone, collapse occurs when the moment in thzn:;l)ii“anhgd i.?sa;
= 295.3 ft tons.

and C are each equal to 8 3

The free bending moment in span 4B, bej
the three moments need not be conr;idered.’ 0§ the smallest of

Provide for the maximum plastioc moment of 305 ft tons.

L Zp = 3%—12 = 240 in.’
" Adopting R. 8. J. (shape factor 1.15)
4 .
" Z = % = 200 in.>

‘.‘Use 24 in. x 74 in. 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

o = 180 ft-ton
o 180 ]
_V,;lzp TR 12. = 141.8 in.?

1416
L “Z.“,‘aé‘v‘-l—-—- = 123.2 in,?

1.18
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Use 18 in. x 7 in. x 75 1b I-section, giving
Z, = 12791 in.®
P.M.R provided = 186.6 ft-ton.

186:6 5T TONS 320 FTTONS

A B C [+]

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 B(C, 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-fon.

12. ‘Summary of Procedure for the Design of Cbntinuous
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 thie span. Draw another line across the internal span
80 ag to make both support moments equal to maximum moment
in span. Use greater of the plastic hinge moments so obtained.

>(2) For ybl'I;n-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 & 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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Fig. 15

"Adlus

He T

5

o L

Fig. 16

105 T.

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 &
porta lframe fixed at both ends is shown
in Fig. 15. The following extract from
B.S.S. 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, whep
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.”’

Load factor — 1.76
Collapse loads

v = 17.5 tons

H

10.50 tons

ignoring the redundant horizontal reaction H 4, Hp=H=

The B. M. due to collapse restraining moments is of the

form shown in Fig. 17.

Fig. 17
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The effect of reaction H, is to pro
form shown in Fig. 18.

..

- ~
nah

¥ig. 18

Free collapse momen

oFP = i

duce a moment of the

¢ diagram i8 of the form, Fig. 19

17.5 x 30

— 131.25 ft-ton.

= 1056 x 15
~ 157.5 ft-ton.
pg = 131.25 — 167.5
Wig. 19 : )
= b2.5 ft-ton.
s c o

Pig. 20

' Superimﬁbsiﬁiéh of the above diagrams will give

shown in Fig. 21

m-= Hah + 52.5 = 1876 —m = Hah

m = w'l-___5__2:.?—-"h__. Hah + 525

the diagram
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3
, Hah = 18.75 - 5256 = 26.25

26.
Hah = *-1~—§§ = 175

m = 52.5 4+ 17.5 = 70 ft ton = 840 in.-ton.
o 340
15.26
55

. 1.15

Zp = 56 in.®

= 478 in.®

Zy =

] j

(@) I (3]

14.  Axial Load combined with Bending Moment

Fig. 22 shows the distribution of stress across the sections of *

members subjected to axial load combined with bending moment.

() Stress varies as its distance from the neutral axis.

© . n

(b) Yield stress is reached on the compression side.

zone isstiHl in‘vhe elastio range.
(d) Yield stress is reached on tension side.
(e) Plagtigity is developed on both sides.
(f) Section is fully plastic.

(¢). Plastigity develops on the compression side. But tensior

prammupenti
#
©) W e | o

) " 'Fig. 23
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- - Fig: 23 (a) gives the stress distribution across. a -fully plastie
section under B. M. only. . o

Fig. (d) gives stress distribution due to direct load only.

Fig. (b) must give corresponding stress distribution for a
fully plastio section under & large B. M. with a small direct load
and Fig. (¢) a 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

area 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 axial load P = 25 tons.
Collapse load = 25 X 1.76 = 43.75 tons,

, . 43.76 _ | .
Area of web required = 1535 = 2.87 in.

2.87 .
For $ in. thick plate, depth = Y 5.74 in.

P. M. R. of this portion of web
_ ﬁ_’%ﬁﬂﬂf « 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.

1fZp = pléétio modulus of section, .
available P. M. B. = Zp x 15.26 - 63.
[15." Method of Virtual Work | T
A pr"actical,méthéd of computing plastio  collapse . loads is

su by Neal and Symmonds. This method co.nisigtg"of build-
inggg:;t:];le a.’;;t.ual collapse mechanism from a certajn -humbers of
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independent components which are termed as partial collapse

mechanisms. A simple example will illustrate the method.

| Lo
e ——

“l__‘ilal ,L

Y

- A

mrﬁ\ o)
F gacd
Fig. 24
l W [
o -8 ¢
(b) 4 +8

Ty Fig. 25

In the above figures magni co ’ Lo
all shown in terms gf a P&ni'llelgf g? of Plastic hinge rotations are
A hinge rotation is fposii:ivre if ¢

T

.viewed from inside the ffame. he : hinge isf opening  when
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It should be noted that work absorbed in any hinge is always
Ppositive,

M p - plastic hinge moment.
In Fig. 25/a) work done by load = W x 18

work absorbed = Mp.40

Wxlg =Mpdp . w= iﬂ'z{‘]‘?
Flg 25(b) W X lo=4. f”_’p X6 .. !L‘:ij‘;[—p

Fig. 25(c) WxIlh+4+W xls =6Mpx6
w= 3Up

l

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.

3 .
Least value of the applied loads = ~-]4£? and Fig 25(c)
indicates the correct collapse mecharnism.

Solution given above is checked by sfatics 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 & mechanism and if & 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.

Mo=Mg = vl
W Mo - Mp= (W) 1
,~ v ‘ W',\" Adding,
fo Voo eMo-dy-Me=WiI
FIG. 26 Mp-My =g
Mp- M ;%’l
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Prastic THEORY APPLIED TOo MiLp STrEmL Brams
Adding, -

| Mp-My+ Mp-My=wi .1
F1g. 26 MB="'MP M0=Mp Mg'-—-o-fWP
2MP+MP+ M_p=4M_p=w1

'-'-ﬁ-hvr-r— .
8 Q e
Ale—w/p Dte— w/2

FG¢.27

Fig. 27 M, = - My, Mp=Mp, My~ ~Mp, Mp=Mp
Mp =Wl W = 45'%2

Adding I & 11 '. M

My,

oM, - MA"_2_MC+ MD = 2Wi M, = 2-—M2PM1’

| My = My
6Mp = 2W1 JMA a4
L s |

16. No reference has ioeen made j )
of faotors like shear, buckli © in this not
of plastio design. ckling, and rolling loads

e to the influencé
on the method
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APPENDIX 1

D OF TESTING

REMARKS

recording machine was
jrement of extension of
plece and load was
fdraulic pressure,

Some resemblance of drop in stress at
yield is observed, Error was intro-
duced on load side due to friction of
the ram.

rated testing machine

A slight drop in stress at yield was
obtained, but he did not give any
significance to it,

oaded through special
b a ball and anvil device
ity and set between two
lods of greater strength
ared the load.

True stress strain diagram was obtained,

one of rectanguiar
nd other of square
ere tested.

id

It was shown that the ratio of stress for
load at collapse to tensile yield stress
depends upon the geometry of the
cross-section.

No drop in stress at yield was observed.
This was due to care not being taken
to ensure axial loading.

It was considered that the lower yield
stress was significant and that this
depended upon the rate of straining.

ormed both in tension

Upper yield stress obtained in flexure
was 20 per cent higher than that
obtained in tension. This was because
of small unavoidable eccentricities in
the latter test,

rformed on simply
ams with a central
d.

Lower yield stress calculated from
collapse loads was always lower than
that obtained in corresponding tensien
test,

3 \zlon, compression,
rmined.

Yield phenomenon was identical in ten-
sion and in compression.
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SYNOPFPSIS

) Results of labogutory experiments on the effect of the addition of
different percentages of lime to four typical soils of the Puunjab on the
Physical characteristics such as optimum moisture content, resistance to the
softening action of water, shrinkage, and compressive strength are reported,
Penetration resistance of lime-soil blocks when cured for different periods
are given. [t is concluded that the addition of lime improves compressive
strength, reduces shrinkage, and increase resistance to the softening action
of water. Sandy loams react better to the Jime 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 consftruction. 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 softening action of water
and other physical characteristics of various lime-soil mixtures
have been studied. Results obiained are presented in this note,

In all the experiments hydrated lirqe (commercial) has been
used. Physical characteristios of the soils selected for the study

are given in Table 1.
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‘ TaBLE 1

Physical Characteristics of Soils

8. | Typeof | Liquid Pi?:h- . Sand }Optimum  Total
No. goil Limit In dZ ‘content | moisture | solids
ol | !
B TR e T—
1. |} Sandy loam [ 216 | 6.3 84.5 ! 12.0 0.083
2. |Bilty loam | 26.9 j 9.4 13.9 110 0.133
3. |Bilty clay & 36.7 ) 162 | 115 110 | 0242
loam | '
|
4. | Loam ; 207 | 107 | 431 | 11.0 0.114

2. OPTIMUM MOISTURE OF LIME-SOIL MIXTURES

2.1. For successful stabilization it is essential that work
should be conducted at optimum moisture. So 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,

TasrLe 2

Optimum Moisture of Lime-soil Mixtures

—

‘Se‘rial . U U
- No. Type of soxl_‘

0

2.5 5.0 7.5 | 10

{

il

. L. |Nendyloam| 12.0 | 140 | 140 | 140 | 150
2. |Siltyloam | 119 | 120 | 120 | 120 | 130

8. [Sity olsy | 110 | 130 | 180 | 130 130
loam

4, |Loam b oumo | 120 | 120 | 130 | 130

; Optimum Moisture for Percentage of lime 4
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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 moisture. The
blocks were made in compaction apparatus with 54 1b hammer
dropping through a height of 15 in. with 40 strokes. The
compacted lime-soil blocks were cured in h_ux:nd fxr for a fort-
night and subsequently dried in an oven at 50°-60° C to constant

weight,

l i i ter at 25° C and the
3.2. The blocks were immersed in water .
percentage loss in weight through dxsm‘be_gra.fimn t'bfter 5 hours
immersion and drying was recorded. This is given in Table 3.

TasLE 3.

Disintegration of Lim_e-Soil Blocks under Water

{Percentage of soil disintegrated in 5 hours
ce]r:.:::ge Sandy loam ‘ Silty Silty clay 1 ‘Lo;m
lime . loam = loam
o | | s S| S
25 | om | ss | 482 300
5.0 ~Nil 0.51 ’ 1.2 0.50
7.6 | Nil | 050 | 1.0 0.50
‘00 | N % 0.50 ) 1.5 ~Nil

m Table 3 that addition of 2.5 percentage

i i i ater resistance quality of sll the
lf:)me coq?ldergrllls('i ml?;fnvessh?;sw]east d.is_integmt.ion while silty
bl':r 1“: s.th ma.xyimum. With the addition of higher percentage
of lyithc; llr:lcool‘:s of all the four soils showed increased resistance o

ime, 1
the detrimental action of water.

- It will appesr fro

N
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4, EFFECT OF LIME ON THE PLASTICITY OF SOILS

. 4L Ex.perimgnts were performed to study the effect of increa-
sing quantities of lime on the plasticity index of all the four
soils. Results obtained are given in Table 4 and shown in Fig. 1

[ 1
16 R ¢
4 A I |
x 12 \‘ t
g k. P Ll T i = -
~ead b= =~
—z. to et e B it ~ j"‘- x
> 8 &
r
O ¢ h
G Y
< 4 SANDY LOAM () e
: SILTY LOAM — O o
2 SILTVY CLAY LOAM— -b~—
LOAM — o Y
BEENERNEREN

Q + 2 3 LY S © 7 ) 9 [o}
PERCENTAGE OF LiMm¢E

Iig. 1. Effect of Lime on the Plasticity Index

TaBLE 4

Effect of Lime on the Plasticity Index of Soils

S No. Type_ of P.I1. with percentage of flin}i“_
Soil 0 25 50 - 75 |. 100
e ] —_—
1. |Sandy loam 8.3 6.2 6.0 5.6 6.2
2. |Silty loam 9.4 9.8 | 10.6 8.9 5.6
3. |Silty olayloam| 16.2 | 11.2 | 121 11.3 11.9
<-4, | Loam 10.7 | 10.0 | 103 9.7 9.4

4.2. It will appear from Table 4 that only silty clay
lopm has a tendency to show marked reduction in plasticity index
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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SHRINKAGE OF COMPACTED LIME-SOIL MIXTURES

.

5.1. Shrinkage of a soil increases as the moisture pf
compaction increases and varies with the nature of. tl.le 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 soils mentioned in Table 1 were compacted
with increasing percentage of lime at the corresponding optimum
moisture. The volume at the time of compaction and after curing
in humid air for & fortnight with subsequent drying in the oven
at 50° C were determined. Results obtained are given in Table 5.

TaBLE 5
Effect of Lime on the Shrinkage of Soils
‘Percentage
8. © Boil Percentage | ;o1 metrio Density
No. i Lime shrinkage
! - 0 T 118 1.96
Loy Sendyleam | 05 103 1.88
5.0 0.93 1.86°
7.5 0.83 1.84
10.0 0.72 1.81
i 0 1.6 1.92
2. Silty loam o5 % Lon
5.0 0.80 1.79
7.5 0.64 1.78
10.0 0.52 1,75
i 1.94
3. Silty 0 2.8 i
clay loam 2.5 2.2 1.88
. 5.0 2.0 1.84
7.6 1.38 1.81
10.0 1.23 1.79
0 1.56 1.95
t Lowm 2.5 0.78 1.85
5.0 0.63 1.83
7.0 . 0.63 1.82
[ 105 062 | 179

5 that the shrinkage of compacted

It will appear from Table § lime inoreases.

goil deoreases as the percentage O
' i he addition of small
5.3. The effect on shrinkage by & on .

‘Plaster of Paris (deydrated gypsum) Plus varying
g:;::g::g:so(f,flgzshz also been tried. Results obtained are given

in Table 6. - o

18
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TaBLE 6
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Effect of Lime plus Plaster of Paris on the Shrinkage of Soils

Lercentage
Lime

1. Sandy loam 0

2.5

4

S. .
No. Soil No.

2.  Silty 0
loam 2.5

10.0

»

Percentage, Percentage
Plaster of | Density | shrinkage
Paris or expansion
0 1.96 -1.18
0.5 1.86 Nil
1.5 187 Nil
256 1.87 —.09
5.0 1.87 Nil
0.5 1.84 ~.18
1.5 1.84 ~.09
2.5 1.84 - 09
5.0 1.81 +.177
0.5 1.83 —.089
1.5 1.81 —.88
25 1.84 -~ Nil
5.0 1.82 +0.269
0.5 181 Nil
1.5 1.80 +.044
2.5 1.82 +.178
5.0 1.78 +.218
0 1.92 -1.92
0.5 1.79 —.44
1.5 1.76 +2.09
2.5 1.78 +4-2.33
6.0 1.76 -+3.u5
0.5 1.76 +.218
1.5 1171 +3.33
2.5 1.72 +3.91
5.0 1.68 -+4.60
0.5 1,73 + 47
1.5 1.67 . {386.
2.5 1.65 -+4 13
5.0 1.67 +3.7¢.
0.5 1.756 -+ .63
1.5 1.70 - +3.10:
2.6 1.69 -+43.76
8.0 1.68
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TABLE 6 (Oontd.)
o tag Percentasge t';”?";;'age
. ercentage pjaster of | Density | shrinkage
8. No.| Soil No. Lime | i 8;;:‘50 orexpansion
. 0 0 1.94 -28
5 Sll]ty loam 2.5 0.5 155 —1'3.3
clay S 1.5 1.77 + .22
’ 25 1.79 + .31
" 5.0 1.72 +1.38
0 0.5 1.76 -1.24
g 1.5 1.75 + .94
" 2.5 1.72 +1.26
” 5.0 1.67 -1.97
0.5 1.78 - .86
o 1.5 1.73 + .75
” 2.5 1.73 431
? 5.0 1.72 +3.6
0.5 1.73 - .67
100 1.5 L.72 + .97
” 2.5 1.68 +4-3.92
” 5.0 1.67 +4-3.29
0 1.95 -1.56
4. Loam 25 0.5 1.84 + .U.6
' 1.5 1.83 + .18
” 2.5 1.83 +1.26
” 5.0 1.84 +1.07
0.5 1.80 - 089
5.0 1.5 1.79 + .48
” 2.5 1.78 + .70
” 5.0 1.80 +1.24
0.5 1.79 +.53
75 L6 1.77 +-.44
” 25 1-82 +‘36
” 5.0 1.82 +.72
0.5 1.76 -I-.OCS
10.0 1.5 1.75 .17
» 2.5 1.74 +.085
” 5.0 173 +.17

+ indicates expansion.

— indicates shrinkage.
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"~ 5.4. It will appear from Table 6 that an addition of Plaster
of Paris as low as 0.5 per cent and 2.5 Per cent or more of lime
not only eliminates shrinkage but also produced expansion in
some soils. With higher Percentages of Plaster of Paris there is
expansion in almost all soils. Fine grained soils (No. 2 & 3) show

o mparatively greater expansion than coarse grained ones
(Nos. 1 & 4), .

Effect of Lime plus Plaster of Paris on the Water resistance
of soils was also studied. The soil blocks brepared for shrinkage
test were subjected to disintegration test. The blocks were im-

mersed in water for 5 hours and thejr disintegration studied.

Results obtained are given in Table 7.
TaBLE 7

Disintegration of Soil Blocks
mixed with Lime plus Plaster of Paris

\ 9
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'5.5. Compressive Strength of Lim.e-Soil :ﬁ;ture:n o omores.

ing concentrations of lime ompres.

iv f&:ﬁgfﬂ?fdrggmg soils was studlec‘ii. 113111 2tl;e f%‘fa, ’?.%eand

soil i in Table 1 were compacted W B, 3 and
T e at 1 ding optimum moisture 1

: gpon 3 o
105;::1;2:: i;)[;:l;il::‘?. c(’if;: Elocks were cured in humid air for
co

ive strength.

jed i sun, and tested for compressiv gth.

15 days, dr ledm,,lsn ;ﬂfe conducted to find out the e'flf?l‘; 31§spfi !?1 o-

Also experlm%he compressive strength of lime-soi blook ¥ ine

o] blachs oo ed at optimum moisture were cur ey

o hamid pgepard then kept over wet sand in contac b capil.

la hum!d au-fan one month and subsequently ereg t:e civen ot

woss l::;qlst{g:‘: 0::!1 at 50° C. The results obtained are g v
weight in

Por- Percentage
. Percentage
l%%ﬂ Ozzgf Plaster of | Density 5hl<;):xs's?rf1t$‘er- Remarks
"| lime | Poris sion in water
1| 25 b 1.86 | 05 increase } Too many cracks -
A Lo, 1.0 1.86 0.75 loss i Remained intact
5.0 b 1.84 | 1.34 increase | Cracks
T, 1.0 1.83 ~  No loss. | Remained intact
2.1 25 b 1.79 7.5 loss - Disintegrated
S 1) L7~ 2.0loss | Slight cracks
X1 { b 1.76 ‘ 2.27 increase |Intact .
S e | LO 1.76 No loss Cracks without
| | disintegration
3. ’ 2.6 B 1.86 | 0.037 increase ~do-~
Loy 1.0 1.81 10.62 increase Badly cracked
" 5,0 .8 1.76 | 3.06 increase Intact
3 1.0 L72 | 1.37 increase Cracks
4. | 35 b 1.84 256.5 loss Disintegration
e 1.0 L77 | 1.95 increase | Intact
. 8.0 5 1.80 | 1.77 increase Cracks without
. . disintegration
» 1.0 1.78 0.50 loss Intact

.. It will appear from Table 7 that the presence of small per-
centages of Plaster of Paris adversely affects the water-resisting
quality of lime-soil compacted blocks, and as such its addition
‘in oombination with lime oannot be ordinarilv-recommandad..

Table 8.
TABLE 8 |
Compressive Strength of Lime-Soil Mixture
i ive Strength of
] Compressn’zusrzl;?!;g:h gﬁfff: gsf:le‘;'ehunl; id curing
| of Plocks in 1b per for 13 days and kept over
| For- 18 d§ e :n at wet sand for one month
o lc*if‘tzge = T Tnitial crack | Final crack
1 lime. Initial Final in Ibpersq. | inlb per
: erack l erack in. 8q, in.,
| [ S —. .
T o 3 300.2
v 3 300 2 149.
sy (0,103 | 01| S
e 2 | 3270 : )
50| s 432 | 5318 8108
o0 | 2920 42L1 | 6971 ,
o o 20.7
Siley loam | 0 2088 | 8807 © MY | leve
" 28 gggg 528.6 104.0 387.0 .
32 3680 743.7 597.0 sos.g
o5 | 3sys . 78B4 ¢ 5820 | 1m0z
[ R | : 694.0
: o | 5380 | 6940 880 | 6040
oo 25 | 4480 62;'2 177.0 416.0
loam . 44 781, ; : .
59 833'8 985.6 | 174.3 ggg.g
0% | gsl2. | 10480 1370 .
. 470.0 7150 . 4700 Zgg.g
Loam 25 | 200 | 0060 3430 | 06
25| %860 5300 | 3642 .2
3.9 350.0 540.0 | 432.0 ;58.0
oo | 3ee0 | 560 | 2440 :

4,
* For details see Reference 1 on page 49
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5.6. It will appear from Table 8 tha iti i
grm‘iucefs_ somle increase in the compressi:eth:tx:?:(:;tzonof : sﬂiﬂ?
l.urmg_logla onger period produces increase in the strength 0i
ime-soil ockg prepared from sandy loam. With high pe t
ages of lime, silty loam also gives fairly high strenggher poreer™

6. EFFECT OF CURING ON PENETRATION RESISTANCE

6.1. Lime-soil blocks

. o s . prepared from diff .
!nlxed vggtp increasing percentages of lime were cs::gtu:glls an(i
ing conditions and periods of time and their penetrati er vary
tance in saturated state with Proctor’s needl T e
studied. e and absorption

6.2. In the first set of experi
. > periments, the li _ani
s)varedkat optimum moisture with in crea.singe, :)lg:ezct)';] :;oc(:)l;s ]pre;
were pff:e:iniﬁu; l? rat f:r a fortnight. Afterwards these blooks
erforated i
48 hours. iron moulds and kept over wet sand for

In another set of experiments Ji i

anot) ) ime-so
a fortnight in humid air and kept over we:;1 :)Jggkfs were cured for
one month. or a period of

In the third set of experiments

prulige I , the .

i:éllg;d air for a period of one month and l?;;zkosve:vere oured in
ours. The results are given in Table 9 wet sand for

It will appear from Table 9 that with increasing percentage

of Ii ; . .
ime there is an appreciable increase in the penetration resis-

tance of all the four sorts und
? ; - er wet conditions.

$ngtthe period of humid curing and/or conlw,c:;]s wi&]so’ onten
oisture results in substantial increase in strength capillary
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Absorption an
Lime-Soil Blocks cured by

TABLE 9

d Penetration Resistance of
Different Methods
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Absorption Percent Peneggt;g? S;B;:f:ance
. ist cur- Moist . Moist cur. Moi
Soil } 15me Mo‘s;‘ c“{ < ?ﬁ’;’:ﬁf ul:') eured lglogsftogulrg ing for 15 cur:,s;
No. percent 1‘;‘8 or ; days and | for ome : 4ousand days and for one
& kzy: ouvr; " kept over month & knpt over kept over | month &
weI; sand v;et sa.nnd 52? :BV: ; wet sand Wf":rsé":: l::[;t owzir
for 48 hours I‘::;r?ﬂf for 48 hours,for 48 hours month for fz 85}?:“3
N S S el
Sandy| 0 15.9 16.7 15.8 72 146 120
loam 25 14.0 14.2 12.5 380 720 540
50! 136 | 165 13.1 640 800 840
7.5 11.7 16.2 11.8 960 1260 940
10.0 14.7 16.7 13.7 960 1340 1640
Bilty | 0 24.6 922.9 26.0 24 24 -
loam | 25 | 16.0 17.5 15.2 1380 1600 1120
50 | 17.0 18.8 17.5 1520 above above
7, . | 2000 2000
AN 7.5 | 178 19.6 152 | above ., )
) 2000
10.0 19.2 19.9 17.6 . . .
Bilty | 0 20.2 22.7 249 , 32 36 54
cay | 25 | 182 20.6 158 720 1600 1360
loam 5.0 19.0 201 18.6 1320 1800 1940
7.6 21.1 22.3 24.9 1480 above | above
; 2000 2000
10.0 22.0 21.1 20.4 | 1520 . .
Loam | 0 20.1 16.5 188 | 20 124 92
25 13.68 16.2 137 | 540 80v 1180
5.0 15.9 16.9 14.6 ‘ 940 1840 1600
7.5 17.1 15.6 16.6 | 980 above
| 2000 2000
% 10.0 17.6 18.3 - 16.6 I 1180 . 2000

The above study conducte
that small quantities of lime ¥

7. CONCLUSIONS

d with lime-soil mixture has shown
hen added to a sandy soil conside-
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rably increases its resistance to the softening action of water and
compressive strength. Shrinkage of soils is also appreciably re-
duced by the addition of lime thereby increasing its utility as &
construction material. The addition of lime to plastic soils reduces
their plasticity index making them friable ; consequently hand-
ling during construction is made easier. Addition of small quanti-
ties of lime in the stabilized soil base courses may be highly
beneficial in preventing softening due to capillary moisture in
areas of high sub-soil water level.

SUMMARY

Effect of lime on the physical characteristics of diffefent soils
has been investigated, it has been shown that the addition of small
quantities of lime to a soil improves its strength as well as its.
water-resistance quality. Sandy loam soils react better than
; silty or silty clay loam soils.
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I;ABORATOI;{Y’EXPERIMENTS ON USE OF PRIMERS
IN PREVENTING CAPILLARY RISE

By
‘8. R. MEHRA, H. L. UrraL & 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 bearing power a wet subgrade
is not capable of taking much load, with the result that generally
roads constructed in such areas either fail or are seriously

deformed. When the road structure is designed to be adequate .

bearing power when the soil gets softened due
zgrc:};eilﬁf;;e(iit has to %ep very thick, and therefore becomes very
expensive. It is, therefore, desir?.ble to ﬁqd some method of
checking the capillarity of the soil at a desired qeptil s(;) as o
keep the soil comparatively dry and capable of taking load.

"2, Ex ts have, therefore, been carried out to {z‘md
eut t%e e];jf:(l:&?;lligs of the application of cold -penet_ratlcl)ln bitu.
minous materials on the surface of the subgrade in '(l}tecking
capillarity. The ‘soil selected for the purpose isa 31 y ?;ay
loam, liquid limit 31.0,. plasticity index 12.6 an .aatr;l Ic;on ’extl)t
17.5, is ypical of the silty soils generally met _wmh in the uzgn b.
Tﬁe’soil is compacted to a thickness of 3 inc esf inﬁa mllle'ah ic
box with a hole at the bottom. Dry bulk density of 1.6 which is
the lower limit of density specified for subgrades is adopted.

imens were allowed to flry and thpn

a,int?t;d :‘il;% 1‘{25;2‘1:d:§e:f cold penetration bituminous material
p ilable' in the market at the rate of 20, 25, 35 and 40 Ib per
i’gg L #.- The bituminous material was warmed slightly before
lgq't,‘o.n After , it -had soaked in, which takes 2-3 days,
app if& 13 . layer of soil was compacted over it at optimum
another tm. ttain a density of 1.8 which is the generally specified
moxsi_;uref ° abase courses. The analysis of the soil used for the
density - for liquid limit 27; plastioity index 10.4, and sand
tap la.yel‘-1 ;vgs, A soil with higher plasticity index than generally
Y ilized soil base course Was pur_posely used to qul.cken
used for stabilize in case of failure, of the - painted

absorption of moisture g 3 of the painted
ch specimens were m
;zitfa:c;.ereAc?:ll:;zgf :: ) cgmmo_n reservojr, the top level of

which was maintained at half an inch below the painted surface,

19

A
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Fig. 1. The experiment was watohed from day to day and
the time when the base course got wet to the top on account of

SUB GRADE.

COLD PENETRATION BITUMEN
BASE COURSE
o] F-—- ~— = - ;

Fig. 1.

the failure of the painted surface was recorded. The results are
given in Table 1.

TasBLE 1

Time Painted Surface to Fail Under Capillary Action

Cold penetration | Rate of paint-
‘bituminous ing 1b per Time of failure
material 100 sq. ft.
(Primer No. 1) | 20 Not affected for over 11 months
3 ' 25 do. ‘
3 ? 35 do.
3y 40 dO-
(Primer No. 2) 20 2 months
C sy 25 2 months 2 days
” 36 3 months 20 days
v 40 Undisturbed for 6 mouths
(Primer No. 3) 20 Three days
" 25 Six days
' 35 3 months 20 days
' . 40 Undisturbed for 9 months

4. Composition of Primers used.
Primer No. 1

Bitumen 80/100 50 per cent
- ~Diesel 0i) - * B0 per cent
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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

It will appear from Table 1 that the g.ppl?ca-tion of Pri.mer
No.1at201b per 100 sq. ft. can check capillarity for a Iong 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 uneconomical.
SUBGRADE IMPREGNATED WITH SODIUM SULPHATE

5. It has been observed that in areas of higl} water table
the subgrade is frequently impregnated with sodium sulpha.t.e,
a salt which is well known for its detrimental agtnon on soil.
Presence of more than 0.10 per cent of the salt is _consxdgred
harmful. The tests reported in Paras. 2 &.3 for chec!{mg capilla-
rity have, therefore, been repeated by impregnating the sub-
grades with 0.20 percent sodium sulphate. The subgrade was
painted with all the three bituminous primers at 20, 25, 35 ax?d
40 1b per 100 sq. ft. The time taken in each 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. YT TR T TR
: 20 1 month an ays
(Primer No. 1) 25 4 months and 20 days
» 35 Undisturbed for 5% months
» 40 do.
; ) 20 12 days
(Primer No. 2) 25 24 days
» 35 28 days
:’ 40 3 months and 3 days
: 3 20 ' 4 days
(Primer No. 3) | e . 7 days
» ; 35 [ 9 days
’: ; 40 ’ One month and 22 days
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6. It wi
when applicd at 45 1 or g (L0410 2 that Primor No. 2 and 3
larity when sodiu per 100 sq. fs. or less cannot check capil-
primer No. 1 if ml.sulpha.te 18 present in the subgrade, whereas
will, therefor applied at 351b per 100 "8q. ft. is effective. It
Very cusential Leboms o s deoung for the presencoof the st i
‘pene e Y
Tfecommended.for use in subgri‘;le t:at’:ll(e’ﬁk 2:;;1!}:11&01:‘;15 material

7. Tar No. 3 applied at the raté of 35 1b per 100 sq. ft, was

* .also tried. There ; h
setting wet for faonthe, L 0 ° °ign of the base  courde
' o

8. Fi i
ield experiments to find out the effect of traffic on the

stability of the pai .
conclusions are dI:&;xf’d subgrades are indicated before definite

t
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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.LE. (Ind))
M. R. saN. 1. (Lond.):
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SYNOPSIS
nposed layer coneisting of & rigid or a flexible

o i of a superir p O B I
(‘om} rltlsa . i%frfxe; b ¢ oombilgﬂﬁm‘ “f both for strengthening rigid pavements has
fmen disoussed. Stresses due to temperature changes have been detailed.
The general conolusion is that a floxibie _superimposod layer inoreases the
obd “bearing capacity of an existing rigid pavement greater than a rigid
pavement. Examples illugtrating the strengthening of airfield pavements
are worked out.

X ‘of jet sireraft has nade the ohgice of suitable pavement
.mg)i‘flsa(ﬁ‘g«:flt- '[J‘h o methods adopted to enable bituminous materials to
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withstand the effects of jet blast
] and i i
Recently published test reports from the Uf.uSe.‘ As p;l lzge aave boen disoussed.
general agreement with the theoretica] analysis t;.rensuir;x]:x? U.' Kd which are in
, narised,

nvestigati
vestigations on temperature stress under

NOTATION

Symbol Description

4;, A. & 4, ~ Stress ampl; ; .
¢ ’ plitude ip tem
. perature

‘S}l(;lijﬁxesl % € and w denote interior edstresses

ner loading cases respectively , edge and

LN . P .
. ~ J( ) » radius of the surface
. of con-
» tact between whee] and slab.

B ~ Free lon ; <
gth or wid
to warping. idth of a slab when subjected

c _ %y Modifieq o
T=u; subgrade. o8 Of elasticity of

W ,

12 (1 - 4,9 Stiffness of Pavement,

- Modulus of élasticity.

By ~ Modulus of Elasticity of Pavement
B, - Modulus of elasticity of Subgrade
e v - The coefficie i . |
oo nt  of linear eéxpansion of
kb ~ Thickness of pavement,
k -d ‘
o Modulus of subgrade reaction.
Ke - COBm i
. cient of i i
x soeftioior end restraing, Unity for total
Kw ‘CO y
w o . = Loefficient of warpin i
N : . g restraint.*
) Eu Ia;_.re coefficients relating to brlef:d!tl?nd
‘ ength of the slab Tespectively, - and

JL
Diettma Ny a
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3 o)OI\.Q
Lo “1/1%:1/( ié"(TE”—p_/}%;j‘k) N

Uniformly distributed load over the loaded

p —-—
area, i.e. contact pressure between wheel and
slab.

P - Wheel Load

r - Distance from the point of applicatiou 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.

S, - Stress induced by load in a concrete slab due
to interior loading in pounds per square inch.

S -- Maximum stress due to temperature differen-
tial in pounds per square inch.

t - Temperature differential in degrees Fahren-
heit.

te, Ui o — Phase time for restrain temperature stress,

for internal temperature stress due to curved
temperature gradient and for warping rest-
raint temperature stress respectively.

0, - Amplitude of the assumed temperature
variation curve of the surface=3% the total

variation when the curve is assumed to
be sinusoidal. :

- Instantaneous value of at a specified time.

e'.

Oa - The temperature difference between the top
and bottom faces of the slab at its maximum

, ‘ value.

3 - ~ Poisson’s ratio.

Ep - Poisson’s ratio for g

#, - Poisson’s ratio

w ~ Vertical defor
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1. INTRODYCTION
1.1. The Problem : o

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 a
rational dem.gn.of new pavements, the problem is complicated
when an existing concrete pavement has to be strengthened to
support heavier w_heel loads and higher tyre pressure. Sinceit 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 ,ol;x' the problem of strengthening an exiéting
concrete pavement by a superimposed layer (overl h
restrioted to the two prinecipal factors, viz.,y -( eriey) has been

_ (a) the effect of wheel load on pPavement, and

(b) stresses due to temperature variation.

The methods discussed are superimpaosition of -
" (a) a concrete overlay,
(b) a flexible overlay, or

(o) acombination of the two, i.e,, a concrete overla
- intercoursed with a thin layer of & bituminous cdi‘pet.y

1.3. For convenignoe, the Paper has been divided into four
parts, namely, theoretical analysis, the application of the analy-
sis to strengthening of airfield pavements subject to jet blast an¢
uel spillage, review of some recent tests, and general conclusions

o THEORETICAL ANALYSIS
2. GENERAL REVIEW OF THEORIES FOR CALGULATION OF

STRESSES :
f $1.  Elastic and Liquid Theories
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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 & 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
conorete 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.

) LOAD DIASRAM LOAD DIASRAM

w R
“F=="0(FORMATION DIAGRAM

<7 . b

W e, — .—'/‘\piFoNMﬂO" DM;N'\

Fig. 2
Load and deformation diagrams
according to liquid theory.

Fig. 1
Load and deformation diagrams
according to the elastic theory.

3. THE ELASTIC THEORY OF SOIL

3.1. The assumptions made and the limitations of the elas-
tie theory together with the method of caloulation of stresses in a

two layered system advanced by Boussenesq and Burmister are
given in Appendix 1.

3.2, It 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

w,r Tn all the theories the characteristics of soil and the struc-

;’.‘gmfwl action of the sub-grade have been idealised even though the
‘% soil’ characteristios are subject to wide variations and the sub-
jitzigr&de structure és far from homogeneous.

_ There are two fundamentally different theories for the calou-
Iagion of stresses and deflections of concrete pavements, viz., the

elastic thpql}% of | s0il and the liquid theory of soil. ‘ 20
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the modulus of elasticity of pavement to the modulus of elasticit)
of the subgrade. In strengthening of an existing pavement il
might, therefore, be assumed, to a first approximation, t:l}at $
superimposed layer which has a modulus of elastioity much highe!
than the modulus of elasticity of the existing pavement is more
~ effective than a superimposed layer having the same modulus 01
elasticity as the existing pavement. '

The value of ‘a’ is fixed by the contact area of the wheel.
The value of ‘A’ is restricted by oconsiderations of cost. The
engineer has, therefore, to formulate his design (within the

practical range of variations in the ratios —%,p and % . If the
8

ratio Ep is low, say 5, the strength property of the subgrade hae

a Iarge‘inﬂuence.on the supporting capacity of the system. On

the other hand, if the ratio % is high, say 1000, which is
generally the case with a conorete f)avement, the strength property
of the pavement has a large influence on the supporting capacity

as will be evident from Table 1.

TaBLE 1

The influence of the ratio Ep/E, on the load bearing
capacity of a two layer system.

Max. bearing pressure in 1b per sq. in. if

Thickness of ,
pavement, k,in.|Es = 3000, Ep/E, = b, |E, = 3000, Ep/E, = 1000,
w =02ande = 15in. jw = 0.05 and @ = 158 in.

6 20 31.4
12 26 60.5
18 31 94.5
24 37.8 121.0

It is seen from Table 1 that the load bearing capacity in-
creases nearly in the same proportion as the thickness of the
pavement when the ratio Ep/E, is high but the corresponding
increases are slight when the ratio Ep/E, is low.

The particulars in the last column in Table 1 represent those
for a typical .airﬁeld pavement except that the base course has
bo:: omitted in order to apply Burmister’s theory of two-layer
system. :
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3.3. Computation of Stress Distribution in 2 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 1:
Assume a two-layer system in which

E, = 3,000 Ib per sq. in.
Ey = 3,000,000 b per sq. in.

g = 15in.
alh = 2 approximately
A =8in.

From Table 2 Road Research Technical Paper No. 9 by

5 i erfectly rough interface, the vertical stress on
fl'l? sxsg‘:-ﬁ: gi£ 0.07lyp, where p is the applied load on the
pavement in 1b per sq. in.

Example 2:
Assume & three-layer system in which the pavement, Fig. 3,
has by = 8 in.
E, = 30,00,000,
the base course has A; = 16 in., E, = 30,000 and the subgrade
b&s Ea = 3,000.
ARMA ’
e § |38
SUBGRADE . ’ 5
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From the notations used in the computation of stresses in
a three-layer elastic system of Acum and Fox®,

a

ay = = 1
K= g; = 100
- Zi ~3
Ky = g: - 10
But B _ 1,000 (as in Example 1)

Es

Table 3 of Road Research Technical Paper No. 9 by Fox in
which H = } and a, = 1 is, therefore, applicable to the present
case. From this table, for the above noted values of K, and K o
the vertical stress at the first interface between the pavement and
base course is 0.142 p and at the second interface between the
base course and subgrade is 0.047 p.

3.4. It will, therefore, be seen that by introducing a base
course of thickness twice that of the pavement and having
& modulus of elasticity 10 times that of the subgrade, the vertical
stress on the subgrade is reduced from 0.071 p to 0.047 p or a
reduction of 2.4 per cent of the applied load p.

Computations made by Acum and Fox are restricted to the
following ranges :

K, =§: from 5 to 500

K,=§,—:from5toloo

a

8y = 3 from } to 1

2

H=-}~‘!fromi~to1_
hy

Stresses at the first interface where K, =1, i.e. in the case
of superimposed layer having the same modulus as that of the
existing pavement, requires the knowledge of the stress at points
in the upper layer of a two layer system for whioch no computa-
tions have been performed by Acum and Fox.
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3.5. The theory of layered system assumes that each layer
is continuously in contact with the layer on which it is resting.
In some cases a superimposed concrete lgyer is laid a‘fter a thin
bituminous layer is spread over the existing pavement in order to
prepare a smooth surface on whioh an even thickness of superim.

posed layer can be laid, Fig. 4.

SAIS TG CONCRETE PAVEMENT.
SUPER VAPOSAD SLERIBLE PAVEMINY

SUPER - WAPOSED CONCRET PWEMENT
TN BLENIBLE LAYER
EXSTING CONCRETE PAvEMIN

SUBGRADE LY 5o 8

But the introduction of & bituminous layer on the pavement
wpsetsth thearyof eyered o e 5 whers Ey. £, and
. ion that > 1) &3
is based on the assumption tha! . 'the p; veme; t. the base course

lii of elasticity fo 4
f;dagen;g%:rgd: respectively. In the case of a superimposed
layer of concrete (E,) over a conorete pavement (E,) having a

bituminous layer (E,) between the two, we have E,>E,<E,.

i i i fa flexible

imilarly if the superimposed layer consists o
psve?r:::ta;g’ly: Fig. 5, the layered system has E,<E,. As
Burmister’s theory is inapplicable to both the cases, an approxi-
mate assessment of effective modulus of such a eystem has been

attempted in the subsequent paragraph.

6. Effect of Superimposing a Layer having Modulus of
Elalﬂii(:y lesser than tlup!:;idur:d‘ the existing Pavement.

The following is an approximate.method based on the general
principle laid down by Steinbrenner .

ic layer of thiokness H over a firm grou'nd is
sub::t:; :ga:tll:a:y:hioh is uniformly dlst_nbuted over a ciroular
&real see Fig. 6, the maximum deformation w,, at the ocentre of

the loaded area is
w,,‘ = Wy — WH voe
where w, = the maximum deformation at the surface of an elastic
(4

semi-infinite body, and
wH = the maximum deformation at the depth 4.

ll)
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2a
IHIIITOITIITL  BLASTIC LAYZR

NN I N e .
FIRM QROUND
FIG 6

By integrating the well known expression for the variation in
defo-rmatlon w1t._h the depth, in the case of a ooncentrated load
(derived from Timoshenko’s theory of elasticity), the deformation

we = P;s“[(l—/‘a)(% - %:)J(l - 2;
+2(1 - ""*”)[,‘/(‘ﬁt‘i_: _g] ...... @)

.yvhere' € i8 a point below the level of ‘the applied load. By
Inserting € = o and ¢ = H and assuming #¢ = % for the sake of
simplicity, we get

2X p X a B,

where (! =
1-pu3,

P Xa 1
¢ X
~/ (+5

Substituting the above expressions in Equation 1, we get

e S I Pep——
c :
! J(l+% } ) |

If C i4un = the effective value of C in the layered system ha,ving"
two layers by using the values of W, w, and Wy we obtain from
Equation 1 ie. w, =wgy + w, .

2XpXxXa_ _2XpxXa 1
or 4 meas - 011 *gl - H!
JO+ )
2 PXa

IR s 5] B

where 0, and O, relate to layer 1 and 2 respeoctively.
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_ In the case of a three-layer-system having E,>E,<Z, the
effective mean value E, yesn is obtained from the following
Equation, derived in the same way as Equation 4,

02 mean = 2

G / __1;(60,:3—1)}4 e (B)

where the thickness of layers are H, (H, ~ H,) and o<, Fig. 7.

The calculation thereafter can
% Bi{ ¥R 1 pe continued by applying Burmis-
ter’s theory (because E,>E; 40,
with the modulii of elasticity &,
and F,; mesn and h; = thickness
of the upper layer.

2 By Liaverz

SUBORADE OF INFINITE THICKNESS
FG.7

4. THE THEORY OF ELASTIC FOUNDATION (WESTERGAARD)

4.1. The assumptions and the formulae given by Waester-
gaard are given in Appendix 2.

4.92. Stress in Concrete Pavement due to Interior Load

From the result of tests carried out by Teller and Souther-
land 12, it 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 for interior load
to layers of conorete superimposed over an existing concrete

pavement is given in example 3.

Example 3:

A conocrete pavement 8 in. thick, having a modulus of elasti-
city, Ep=3Xx 10¢ 1b per sq. in. is in cont?.et with a subgrade
having a modulus, E,=3,000 lb per sq. in. Assume Poisson’s
ratios for concrete and for subgrade to be 0.15. The flexural
strength of concrete is 750 1b per sq. in. and design factor is
1.5 for runways and 1.33 for taxi tracks. Find the wheel load
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that can be supported by a runway Pavement when the area
of contact of the whesl load is 15 in. radius.

k=P _PXE
w 118 xpxa
Equation 2 (a) Appendix 1).

B, 3000 3000 .
~ {1818 = i8x 5= mT= 170.0 1b per in.3

by substituting the value of w from

for 8 in. slab if k=170 Ib Per in.?, [ =30 inches
As a > 1.794 h, b=aqa

.1 3
“ p= =200
The design stress in the case of a runway slab is 500 1b per
8q. in. (taking 1.5 as design factor).

. For maximum tensile stress at the bottom of the slab (8;°)
using Westergaard Centre case formula for Poisson’s ratio of 0.15.

_03162 P l
8;=220 4log,,(z)+l.0693] o e (6)
or P b00x8x8

0.3162 (4 log (2.00) 4 1.0693)

_ b00x64
T 2.4781x 0.3162

=40,830 1b.

and the countact pressure p=57.7 1p per in.® Graphs!* showing
the relative values ofil, k and A bageq on Westergaard’s equa-
tions are shown in Plate I.

Example 4:

If a new layer of concrete 8 in. thick is Superimposed over
the existing pavement, as in Example 3, what will be the total
load carrying capacity, Fig. 8.

Assuming that the state of stress in the layered system is
the same as in a homogeneous system satisfying Boussenesq
equation, we have :

E, 1

E,” 1060 - v =02 Fig. I, Appendix 1.
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E for the assumed homogeneous layer which is equivalent to the

i dulii of elasticity as K, and E =E‘ = 3000
two layers having modulii o y . =p =0
= 15,000 lb per sq. in.; where £ is the mean effective modulus
of elastioityp:f the two layers. If E; = £, = 3,000,000 Ib per
8q. in. the value of P is worked out below :

EXISTING PAVEMENT
SUPER (MPOSLO Pevimtnt—,
. ce. o SR/

3
s f16.

= ———— = 687 1b per in.*
k=515 P

Sincea = 15in. and » = 8in., a > 1.724 A,

therefore b = a = 15.
From Plate I for ¥k = 667 and a = 15, ! is 21.0 in. and I/b=1] 4,

500 x 64
“ P =316 (4 log, e (1.4) + 1.0683)

= 61,160 Ib.

and p = 86.7 1b per sq. in.

In aocordance with Westergaard’s interior loading formulse,

i he superimposed layer rests contiguously over the
::::I:i!:xl;%:lvl::x:nt, tbpee netpt inorease of loadbearing capacity 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

j lly found that & safe wheel load that could be
plao:; ,i; %;:eir:wZior of a slab might be 4 to 8 times g‘re.m-
than safe wheel Joad that can be suppomd at th? corner. Corner
loading, in majority of csses, 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 a corner loading
and results are conflicting. Westergaard’s original formula
written in simplest terms using value of u = 0.15 is

S, = Z—f[l - (%)“] . ()

This was modified later on to the following form by Teller
and Southerland!®

s=m{t (D)) @)

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 effective 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 & 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. '

3

Se =zt o (®)

" '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
caloulated from Westergaard’s formula were in fairly good agree-
ment for slab No. 4 and 5 while slab No. 2 was in conformity
with Goldbeck’s formula. :

The strains observed by the Road Research La‘boratory.
England!? in the corner loading tests show closer agreement

with Goldbeck’s formula than with Westergaard’s original -

formula for corner loading, Equation 7.

_ The following example is worked out for a corner loading to
illustrate the effect of a superimposed layer on an existing
concrete pavement, “

Example 5: Safe corner load on the existing pavement of Example 3

~ (a) Westergaard’s original corner loading case

Assume K = 170 1b per in.?, ¢ = 15 in. and
k = 8 in. (as previously obtained)
b=am]b in,
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& 1= 30in. g/l = 0.5.
Substituting these values in Equation 7, we get
P =27,5101b and p = 39.19 lb per sq. in.

(h) Westergaard’s revised corner loading case

Substituting the above noted values in KEgquation 8
we get P= 18,890 1b and p = 26.7 1b per sq. in.

(c) Goldbeck’s formula

Substituting the values in eq}ation 9, we get P =
10,700 1b and p = 15.2 1b per sq. in.

Example 6: Safe corner load on the superimposed pavement of
Example 4
We havea = 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 4
Substituting the values in Equation 8, we get :
P = 32,800 Ib and p = 45.2 Ib 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.

In other words, according to Goldbeck’s formula, there
is absolutely no increase in the load bearing capacity if
" & new layer of concrete is laid over an existing layer.

5. FLEXIBLE PAVEMENT AS A SUPERIMPOSED LAYER

51. A bitumen-aggregate mixture consists of a solid
granular material (aggregate), & liquid (bitumen) and a gas:
(air). It would therefore be correct to assume that a bituminous
pavement forms a system analogous to that of soil. The
difference is that the voids jn the aggregate of bitumen mixture
are filled with a highly viscous bitumen, whereas the voids
in the soil are filled, with' water which has low viscosity.
Deformation of the pavement gives rise to resistance due to the
high viscosity of bitumen. In case of settlement, the extrusion
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of excess liquid from the voids of the aggregate takes a very long
time in bitumen-aggregate mixtures as the viscosity of bitamen
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., (8) 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 conorete
pavement 8 in. thick having the modulus of elasticity of 3 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 application,

acocording to Steinbrenner, is given by Equation 1, i.e. (0.2 -0.18)
=0.15 inch.

Assuming 0.15 in. as the maximum deflection under the load,
the value of the wheel load P has been worked out with the help
of Burmister’s formula thus —

E, _3x10* _ L

E, = 3x10° 1000

~F, from (Fig. 1, Appendix 1)=0.20

.. Modified value E, =__30 n20=15,000 1b per eq. in.
(Example 4 for explanation).

;& = 15 inch,
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E, modified 15,000 I ister’
' i = 50000 = 33 from Burmister’s

curve (Fig. 1, Appendix 1).
6

h = 15 X a= .4a.

F,, = 0.9. Substituting this value in Kquation 2, Appendix 2,

1.5xpxaxF,
W0 = E,

__ .15x15,000
P EEx15%0.9

= 111.0 Ib per sq. in.
P = 78493 or 78,000 1b.

This result has been 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 betweon the analytioal
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 course having the same CBR value. An attempt has been
made merely to determine the thickness of . flexible overlay with
the help of CBR method for comparison with the result obtained

in Example 7.

Th roximate values of CBR corresponding to the various
values :f‘bp l;ivon below have been published by Portland Cement

Association, U.8.A.
K valuss C.B.R,

3
10
2
50
00

343
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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

30-in. plate. This value is very olose 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 0.1 in. and 0.2 in., the slope of the

tangent has been found to be equal to 30,000 1b per inch cube ; .

hence E,=409 CBR and k=19.5 CBR.

Description  Shear strength kb, per C.B.R. E,1b. per

n.? 8g. in.
Soft clay c = 400 41 2.1 858
Stiff clay ¢ = 2000 205 10.6 4,300
Loose sand ¢ = 32° 230 to 4,800
Dense sand ¢ = 38° 500 60 10,600

This correlation has been derived solely for the oomparison
of pavement thicknesses obtained by various methods, It is not
suggested for use in the design of pavements. |

54. The Eﬂ'ectof 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 Joad than a8 in.
concrete overlay having the same modulus of elasticity as that of
the existing pavement. This is due to :

(8) the larger maximum deflection 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. Do

6. TEMPERATURE STRESS

6.1. Inarigid pavement temperature stress is caused by
changes in volume consequent ext changes in temperature.
Sources of heat changes in'a pavement are :-—

(8) the sun by radiation,

STRENGTHENING OF RiGID PavEMENTS 517

(b) the air by contact, and
(c) the subgrade or base below by contact.

Change in the amount of heaf gives rise to temperature
variations in the pavement causing displacements. Smoe. t!:ese
displacements are partly prevented, temperature va.nn_tlons
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 variations and add them to the wheel l_osd st.zreueg_
As unreinforced concrete pavements !mve been oonsidered in thia
Paper, the streases in the upper portion of the pavement are not

of importance.

i avements are provided with ex.par'nsion and con-
tracgﬁi jo?;:so,etfxe stress due to a temperature rise is governed by
the resistance to friction between the pavement am.i the subgrade
during the expansion of the pavement. Accordingly We oan
divide the effeot of temperature changes into two parts, viz :

the temperature variation between the
(®) :l;e 1%0(1“31‘0 b:t.tom };eurfsces of the pavement, ?he
mgan temperature changes in a oross section

being zero.
The effect of uniform temperature change in the whole
oross section.

(b)
i ise to friction between the pavement and the
snbg;-r.l:; l?::irtghl:;sfg:eoes oan be caloulated when the coeflicient

of friction is known.

6.3. Temperature Gradient

the top and the bottom surfaces of

When the t;.:r ::u;:.t :lto umopthe pavement is subjected

o oorete pave differential’’, the magnitude of which at any time
;:f ﬂempers'ii;':en“ between the temperature at the top am}
A Du i the dsy the pavement delays tnnlmmk')n o
bottom. gntie bottom while at night the top surface olou;
;m.:?o?:::pidly than the bottom. This produces reversal o

stress in the pavement every twenty-four hours !¢,

A typical distribution of semperature known ss tempera.-
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ture gradient curve’ in a pavement is shown in Fig. 9.

Ao "

x(ro "

TOP OF SLAB

BOTTOM OF SLAD

AB) TYPICAL cu 2

OF TEMPIRATURE i A28,-TYPICAL CURVE OF

ORADIENT AT NIGHT. Y TEMPERATURE GRADIENTY
‘IN DAV TIMF.

Fig. 9. Temperature gradient

The depth of the slab is shown as ordinate counted down-
wards and the temperature as abscissa. At any time ¢, the
distribution of temperature in the slab from the top to the b:)ttom
surface of the pavement is represented by the curve 4,B,. The
temperature distribution at a time ¢, is shown by the culrvé AyB,g
and the direction of the flow of heat is shown by arrows. The
area A,B,B',A2 included between the two curves gives a measure
of the quantity of heat ¢ £’ given out or absorbed by the pavement
between the time £; and ¢, and is given by the equation

| f=fo" (82 -04) dh we  (10)

The exposed surface temperature of a pavement is influenced

;1;2:5 by the intensity of sun’s rays than by actual air temp?"!"

A
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Fig. 10. Variation of diurnal and annual temperature at Poona,
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6.4. Air-temperature Variations

Typical annual and diurnal variations of average air temp-
eratures 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,
The curves are not unlike sine curves.

6.5. Surface-temperature Variations

Westergaard in his earlier computations 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 observations in the
Arlington tests and temperature gradients calculated from
Thomlinson’s values are shown in Fig. 1l. Comparing corres-
ponding curves it will be seen that the experimental curves have
a gradient inclined towards a higher surface temperature than
the calculated results. Therefore, the Arlington tests show that
modification of stresses calculated by Thomlinson is necessary.

TEMPERATURE ¢°
90 100

10 o
[ 78, ©
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# o\5 ! \ 7 R
2 X“ N/ /’ < i
1 a4 "
“s W \An A 8
$ \ /| i .2
z, ) AN S
1 A\ \ ] /
z l WX /, . W
5 A A/ "
z ¢ \ 7 K 4 ho 2
z 7\ z
7 7] o
ﬁ 8 4 I’kl :"[’ " z
d

—Recorded values
Values calculated from Thomlinson’s

Temperature Gradients
Fig. 11 Temperaiure gradients for a concrete slab in summer,

Arlington, U.S.A.

Westergaard took into consideration this factor and modified

his earlier formuls.

t of slabs in a conorete pavement due to tempera-
ture 1\{7(;?::?:“’ when superimposed by another concrete layer
With or without a bituminous carpet between the two slabs have
been studied at the Engineer Research Wing of the College of

22
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Military Engineering, Kirkee, Poona. Figs. 12 and 13 are plotted
from the observations. It is seen there is very little chang: in
the behaviour of the bottom concrete slab when a bituminous
carpet is introduced.
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Rig. 12. Movement of concrete slab with no separating

media between two slabs.
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Fig. 13. Movement of concrete siabs when a separating
layer of bitumen 80/100 and sand is applied at 8 1b per 5 sq. ft.

In the caloulation of temperature stress in a concrete pave-
ment snpen_mposed by a concrete overlay with a bituminous
carpet between the two pavements, the surface temperature
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therefore, been assumed to be the same when

variation curve has,
between the two pavements.

there is no bituminous carpet

6.6. Relation between Temperatures of Air and Surface of
Pavement

There is a definite rei:
temperatures where the air-temperature ¢y

. . i
several times in the same way °.

Data on surface-temperature variatiopﬂ and .t-h'eir 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 subseguent calculations that the ratio of am'pht,udg o_f air-
temperature variation for a rough concrete slap in India is the
same as the values observed in U.K. The rel.ablon between sur-
face and air temperatures prepared by Champion'¢ is reproduced

in Table 2.

lationship between air and surface
cle repeats itself

TaBLE 2

Relation between Surface and Air Temperatures®

Amplitude of surface temperature

~_ variation
. Am%ﬁxde of air temperature
S. Type of material & % variation
No. surface treatment

Average | Average

Maximum summer winter

—

ote slab as
! Snl]:iocfh coner ...| 33tod 1.5-1.8 0.9-1.0
Smooth  concrete slab
tr:a'ted with silicate ...| 3 to 31| 1.2-14 1

as
R(;:ig;l con'crete slab . Lo ' osLo
Concrete slabs with sur- :
face darkened
Concrete slab with the
surface concrete of tar-
mac or asphalt
6 |Tarmac on hard core ...

4 todh| 182 | 1011

St B W W

4 tod} | 1.8-2 1.0-11
4htod | 2 0.9-1.0

btained from readings at Colnbrook recordec! by
the ;faf ﬁif,},;ﬂg i:{,'l':}.t%ry, U. K. and items 2, 3 and 6 from observations
at Deopham Green.
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" 6.7. Thomlinson’s Analysis

This analysis 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:

(s) 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.

{c) A mean, uniform temperature gradient normal to the ex-
posed surface where the resulting warping is resisted.3?

The daily variation in air temperature in Poona can be
assumed to be approximately sinusoidal, Fig. 10. Its 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 &
simple harmonic law.

The stress due to temperagure are

o
(a) internal sfress = 4, Sin -;'—(t +t;) .. (11)

(b) stress due to end o
restraint = A, Sin — (¢ + ¢,), and ... (12)
T

(¢) stress due to warp- om
ing restraint = A, Sin “— (¢ + ¢t,) ... {13)
T

based on the assumption that surface temperature variation :
. p sin 27 ¢ )
sinusoidal so that §°¢ = 6 —-—" where ¢ is the time at whio

T
8" is to be caloulated and 7' is the periodic time of viz. day or
yearin a seasonal analysis. The temperature at any depth ¢z
from the top surface of & concrete slab is evaluated from &b

equation

' -2 Jfx . (27 z In
)em.=90e h,,/j,sm Tt—}m/;)

where gz denotes semperature on a plane distant from
surfaee at a time ¢,

kY = diffusivity of concrete
_ thermal conductivity
heat oapacity per unit volume
= 0.009 C.G.8. unita.
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For temperature at the bottom face of & concrete slab z = d, and

the function 'i‘\/(f) is denoted by <. The values of 4,, 4,
h T

and A, and #;, t. and {, 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 longslabs. Thus two new factors, viz., K,
and K, which are usually less than unity are introduced.

The resultant stress due to temperature expressed by
Thomlinson is

2
A, sin %’i(c +t)+ K, 4, sm«}‘ ¢+ t)
27
+ Kw' Aw sin ?(t + tw)

The coefficient of warping-restraint can be found from Pig. 14
given by Bradbury.

10
7
0-8 /
/ BFREC LENGTH OR WADTTH
" 0-6 OF SLAB W INCHES..]
W / {: mavius oF Revative .
o4 STIFFNESS OF SLAB
0-2 /
2 4 6 8 100 42 - 4
8¢

Fig. 14 Warping stress coefticients —-Bradbury’s Formula.

It will be seen that a knowledge of both temperature differen-
tial and the amplitude of surface temperature variation is required
for deriving the values of temperature stresses accordipg to
Thomlinson’s analysis. The correlation between the ratio of
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temperature differentia] to temperature amplitude for various
depths in & concrete slab is shown in Fig, 15.

6.8. Westergaard’s Analysis

The expression given by Westergaard for temperature stress
based on the linear temperature gradient for interjor loading is :

where K,,, refers to the breadth of the slab and X, to the length
of the slab. Both co-efficients are obtaineq by the method
suggested in para. 7.9,

6.9. Conclusion

Detailed investigation into temperature stresges in concrete
under the varioug climatie conditions obtaining in India has not
yet been made. It cannot, therefore, be said with certainty
which of the two methods of computation is applicable to Indian

~
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i i de by the Department

iti dging from the studies ma ] ; '
3?118(1}?:320 aJx:i glngust,riul Research in the U. K. it seems that

is li i loser approximation to
! thod is likely to give a ¢
;Il‘ll:!o:::;l::lo :t:t.;n oef stress than the method adopted by Westergaard.

7. COMBINED EFFECT OF TEMPERATURE AND WHEEL LOAD

d atress
ined effect of temperature stress an
due Z;)l.wh;‘l;l;el(:;m&b;;s been illustrated by examples 8 to 13.

The following procedure has been adopted for working :
(a) Determine the stresses due to temperature in an overlay,

ined from
f temperature stress so obtaine
© gxedzzzgh:v::l:?negostresspin concrete. Assume that the
)

balance is available for supporting static load.

i bgrade
i f contact of the static load, su
© Keep‘l:! gnt: eaz:ie:h(; strength of concrete constant, work
condlhl maximum wheel load t,hut_ the overlay can
:::)p:)r: for the balance of stress obtained from (b).

7.2. Computation of Temperature Stress

Example 8:

i i iab in Poona
i ‘stress in a 8-in. concrete s .
t'Fgm:ntkecct)emug;%:g":ubgrade having E, = 3,000 Ib per aq. in.
restin

. hbeﬁ maximum diurnal
i it is found that t ‘
From Flgv'a:i(:tizn in Poona is 28° F. 14%"1“.:&:”?“:::
temr;gra:l“r:f surface air temperature Yarll:t;olneu 59 4o A 1}.)‘. s
amplitude crete is 6=22. ¥, n'
for 8“"3(;" t"smige':::;:eg s?:s, the ratio temperature differential/
item 3. For 8-in.

i ture
temperature amplitude is 0.96, Fig. 15, Therefore tempera

i i . 96 = 21.5° F.
differential = 22.4 x 0.
The value of & = 170 Ib per in.? (see para. 4.2, Example 3)
va =
el=29.8 in. .
Assuming a slab 15 ft x 20 ft, from Fig.

B’ 240 8.08 Kw' = l.]

T T 298

and
B, 180 405 K, =09
T T 298
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(a) Solution by Westergaard’s method of analysis :

Assume e=thermal coefficient of linear expansion of
concrete = 3 x 10-* per degree F.

£ =modulus of elasticity of concrete =3 x 10¢ Ib
per s8q. in.

(i) warping stress in the interior of the slab
(Equation 10, Appendix 2)
- 3 x 107¢ x 3x 10¢ x 2.6  0.94-0.15 x 1.1
2 X 1Z0.05)8

193.6 _ 1.065
=2 Xoom = 105.5 1b per sq. in.

(ii) warping stresses along the edge of the slab
(Equation 11, Appendix 2)

_ Ko xExext

2
=l.l X 3x__l£‘ X 3 % 10~¢ x 21.5

2
= 106.5 Ib per sq. in.

(iii) warping stress along the diagonal (E 12
Appendix 2) gonal (Equation 12,

___ Eet x JZ
3(-p) T
3 % 10% x 3x 10-% x 21.5 15
= X ———
3(1-0.15) 208
9 x 21.5
‘3‘:T§i x 0.7 = 53 1b per sq. in.

(b) Adopting Thomlinson’s method of analysis using
Thomlison’s notation, we get

d ™ 8x2.564 w
=X ==l 0 Ty o )
=R ~/1~ 095 »\/(24 X 60 x 60) 1.996.
Eet - 3x10° x 3 x 10-% x 21.5
j gy (1=0.15)

again = 230

o From equation 15 we get maxi
, =138 1b por ey g aximum temperature
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Example 9:
Find the temperature stress in & 16-in. a concrete slab ona
compacted subgrade in Poona. Working on the same condition

as in Example 8, we get
Temperature differential -1,
Temperature amplitude
Temperature differential = 1.1 X 22.4 = 24.64 degrees F.
Therefore, for a 16-in. slab

Fig. 15

Now k = 170 1b per aq. in.*

= 50 inches.
§_!=.2_é_o..—48 koy =01
l 50 Fig 14
B, 180 _44. &, =01
) T'__w_& . wi

(a) Adopting Westergaard’s analysis
(i) warping stress in the interior slab

_ 3x 1070 x 8 x 10° x 2464  0.140.7x0.18
= ) T=(0.18)".

22176 208 _ 90 11, per aq. in.

=g x g = b pere

i i dge of the slab

(ii) warping stress along e o B
_0.7x3x100 x3x 107 x 2464 ) is

- z " persq. in.V 50

warping stress along disgonal of the slab

3x10'x3x10"x24.64x 16
= 3 x 0.85 80

(iii)

= 49 Ib per sq. in.

's method of analysis (using

(b) Applying Thomlneon 8 O s = 0.0000 C. G &

Thomlinson’s notations
unit - :

~ 16 K
a-%x A/',I',’()‘095 X 2'54J(60 x 60 x 24)
= 2.692

Bt 8 x10°x 8x 107 x 2465 o0
l—/" 0-85
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Equation 14 gives maximum temperature stress
(Tensile) = 262 x 0.532 = 129 b per #q. 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 & concrete pavement="750 1b per
8q. in, and dewnign factor=1.5, the working stress in concrete
texure) is equal to 500 1b per 8q. in. In the succeeding examples,
evaluation of allowable wheel loads has been made after
d 'ducting from the working stress in concrete the values of
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 ,’T’, (4 logo %-{- 1.0693)

8; %X h?

" 0.31625 x (4 log“,% +1.0693)

Example 10:

Thickness of slab, A=8 in; k=170 1b per in.?, 1 =29 8 in. as
in Exgmple 8, As 1.724h=1.724 X 8=13.792 is >-a.—Fig 186.

~ b=a=15 in. Maximum temperature stress =138 lb .
in. (see Example 8). P 1b per sq

~ available flexural strength to take np wheel load stress
after catering for temperature stress =500—138=362 1b per sq. in.

-~ P= allowable wheel load
362 % 64
29 8
0.31625 (4 log, -y5+1.0693)

- 362 x 84
0.31625x 2.617

= 34,000 1b.
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Epe sl €0 suic’
! 2" CONCRETE susi ! ..i' CONCRETE SLAS i
€g = 3x10?
FIS. 1o ' oo

Example 11:
h = 16 in.; k=170 Ib per in.?; I =50 in. Fig. 17.

1.724h = 1.724x16=27.681>a.
J (1.6 x 15* 4+-A4* ~0.675h)

* b

~/{ 1.6 x 15*4(16)* —0.675x 16}

= 14.1
Maximum temperature stress=129 Ib per sq. in., Example 9
. Flexural strength available to take wheel load =500 - 129
=371 1b per sq. in.
~ P = allowable wheel load.
371 v 256

= 50
0.31625 (4 log. 1o 74 +1.0693)

_ 3T1x256
= 951625 % 3.09

= 99,000 Ib.

Example 12:
An 8 in. concrete slab overlay on an existing oonorete

pavement of 8 in. thickness, Fig. 18.

Applying Burmister’s method
of soh?t,‘i’o{: for layered aystgm — ‘:"‘C:;t: .;:vn |7
For (2) and (3) layers, CONCRETE LAVER 1
E, 3xl10 1 23+ Ini0®
E-i - 3)( [Ty = IU—UT) ‘:uto::%' LAYER 3
. or Fy = 02 510, 18
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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 using concrete pave-
ments not only as the immediate base but also 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 would 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-bearing capacities of
various types of overlays given above shows 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 coust than a concrete construction. But in
modern airfields, the use 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
effeot 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 ab
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
yunning for about 10 minutes. But the angle of jet, which is
excessive in tail-wheeled aircrafts, has been considerably reduced
in the newer types which are mostly nose-wheeled. A Vusmpire
sircraft has a maximum angle of about 3 degrees and produces
no eﬁe_ct on & concrete pavement!, but it might affect bituminous
materisl. Manufacturers are now busy trying to solve this
difficulty and it is expected thut future jet aircrafts might not
present this problem at allt.

_ 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 1b per
8q. in. by modern aircraft. The effects of these are pronounced
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i where engine starting or pre-take off engine checks and
;‘:\g‘i‘:‘:e:smﬁint.enan%e tests are carried out, for el;ample 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. snd_ a velocity from 200
to 300 ft per second was exprassed. 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, as_phaltlc conorete withstond the
effect of jet exhaust from most of airoraft used in the test. Old
denne-graded hot-mixed anphaltic c(_mcrete pavements have shown
satisfactory resistance to jet fuel spillage as well, .The above was
supported by Mr. J. M. Grifith of the Asphalt Institute.
odernization of the runway at Ohio, a concrete over-
lay :?tl?ﬁal: aggregate for the runway ends and an overlay of
asphaltic concrete 6 in. thick for the remaining portions of the

pavemewnt were laid.

actice adopted by the British Air :Mll'llltl'y is to lay on
an e;ri‘;:i:?; bit.uminm?s pavement a protective oven:lay u'all.l’g a
protein emulsified bitumen mixed with an equal portion of ort-
land cement as & binder. For use at runway ends, this n;uture
is combined with fine aggregate but it is not well adopted for use

in areas where fuel spillage ocours.

iew?!? ressed by Henry Aaron, Paving and BSoils

B nn'?l:e X;:;'nautei:: Administration, is that dense asphaltio con-
:to se’rves very well for resurfacing airBelds which are being
xhjected to loads greater than those for which they were

desigued.
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

there are two ways of inoreasing the

- . : viz., by blowing air whereby high
me}:!ng p(::i':‘tto{,:‘)::‘:,m;’i‘iuxmen iuy obtained and using suitable
fti';‘;er:ng I’; a filler is used with a atraight bitumen or'm:lsion e.g.,
Colas. the emulrion will break .int.o water f"d b!t;:m;n-ﬁu'ro

vent the emulsion from hreaking while mixing with the Giler,
pre ding agent whioh will help in the colloidal auspension has to
;e"?mtr S 4. In some of the airfialda in the U. K. & apeoial oold
em::;s;:n is used as a hinder and the .ﬂller used is Poﬂ.!;nd
cement. To this is added caleium chioride spproximately 1/8 to

Qenerally apeaking,
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§ of the weight of cement so that a smooth impervious surface is
obtained after rolling. In India slate powder has been in use as
a filler in the manufacture of P. B. 8.  Sjate powder alone or

mixed with asbestos gives a type of filler better than that given
by Portland cement. With the abundance of natural asbestos
slate and mica in India, it should be possible o 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 pav -
ducted at De Havilland Airfield at Hatfield ¢ a:d gﬁmﬁ?;e:g:t
thickuoesses of conorete and bituminous overlays by the U. S.
Corps of Engineers is given is Appendix 3. 'Even though suffi-
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 2¢ carried out by the U.S. Corps of
Engineers showed that a 9-in. flexible Pavement consisting of a
6 in. lime rock base witha 3-in. asphaltio concrete surfice provid-
ed the best reinforcement for a 6-in. thick concrete pavement.
Also, even a thin bituminous separation course was conducive to
cracking of concrete overlays.

10. CONCLUSIONS

10 1. The use of a properly designed flexible overlay appears
to be the most satisfactory method of increasing the bearing capa-
city of a rigid pavement. But this hag to be made resistant to
the deleterious effects of exhaust gases from jet aircraft. In-
vestigation under Indian conditions on this aspeot of flexible
pavements is desirable.

10.2. To cope with the increasing wheel load and tyre pres-
sure, concrete pavements have to be made thick, Also, the maxi-
mum thickness to which concrete can be laid satisfactorily in one
layer using modern spreading and compacting machines is
limited. Therefore, a layered construction is necessary. Bu$
conorete construction in layers can be justified only if concrete in
any layer has a'modulus of elssticity greater than that of the
layer below it. Separation of the layers with a thin course of

‘bituminous construction has little effect in reducing the
temperature stress in the bottom layer. Also, extensive trials
oarried out by the U.8. Corps of Engineers have shown that the
b;tnil:moue separating course is conducive to cracking of conorete
overlays. . : _ S

" concrete pavement is based on assumptions for w
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The evalution of temperature stresses in & la{l?:;ald d?tfit;p ﬂf

h nditions sre not available. In genersl, an
:::;]l;pt:hg: (li):a:]:l :&di to study the effect of varlo;:s lf:;.ct.(:irs og
the load-bearing capacity of an overlay so far :s wbee osademto
temperature stress are concerned. No attempt “‘; °°:s T would
indicate a rational method of design of an OVB{) ay de inoisture
mean consideration of othey factors, eg., s: gra ment and
increase, fatigue of the materials constituting lt’ e pave
subgradc’a, which are beyond the scope of this Paper.

10 3. Investigation regarding Temperature Stress under Indian
Conditions
temperature stresses in a concrete
For :bil::a“;;n;?ﬂ;e;fperatuge variations over a npm})er of
pavement, wired. Also, a knowledge of the relatlonsh.lp.olf any,
yfear’s are l‘m;‘.,,,tm-e'variations to surface-temperature variations for
) a'lr-tel;lpees of pavement surfaces is necessary. Althou.gh
m;nous fys]l:ade temperatures over a number of years are obtain-
b ut;s ovarious places in India from the Mete.orologlgal depaft-
\ble ord ta on surface-temperature variation in relation to air-
nent, ta re variations are not availale. In fact, we have no data
ngm: ltlhm', Thomlinson’s method of analysis 9f temperature
ps ’ really applicable to Indian condithns. Such mvest}ga-
Pl wdiﬁereynt regions of India, if carried out by various
one mh laboratories established by the Central or State Govern-
e8earc 1d be of immense value in evolving a rational design
nents, wouw avement. Perhaps some sort of. co-ordmatloq of
zr 8 cO;i'i'Zaﬁgn and the collation of data obtained from vanoga
9;::1: of India by a centrally constituted authority would be

lesirable.
10.4. Development of Heat-resisting Bituminous Pavements

i de in the U.K. and the U.8.A.
Whilo the resulte of eﬁortspl;l:ements to resist the effect of jet

0 evolve suitable bituminous ements to b e nion 1 o
i i i value in indicating the solution e
ngll)rlws w:ll(l’ol:lenzefr;lg lzleﬁ::ur regions of India where high tempera-
ures pro il during summer months, they _oannot furnish _the
il::r:; g%ﬁ:;::n Applicability of the techniques under Indian
onditions needs investigation.
i i t, slate
indigenous filler materials. e.g., mica dust,
nw:]rl:'e ::gegtfozng;ﬁ., have already ahowp promise 1;: improv-
;g ihee ’beat-resisting properties of tar and bitumen. This aspect
eeds Turther investigation.

b}
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APPENDIX 1
THE ELASTIC THEORY OF SOIL

1. Assumption and Limitations

The soluation to the problem of atresses and displacements in
 homogeneous deposit due t0 a concentrated loaq was first
advanced by Boussenesq, and extended to soils by Biat and
others. Assumptions made are :

(a) B8oil deposit is an elastic, isotropic, homogeneous and
semi-infinite body.

(b) Hook’s law applies to soi] deformation,

The investigations made by Hogg? in dealing with the
conditions of equilibrium of g thin plate of finite extent symmetri-
cally loaded on & flexible subgrade and by Burmister 4, who
dealt with the theory of stresses and displacements in layered

589
STRENGTHENING oF R1oID PAVEMENTS

i idering the bearing

ial significance while considering i
s, B0 O e e Hogg assumed that no fric-
i imposed layers. g8 o ,fric.
:i?a(;lgy " Z:gﬁgn;s the boundary surface betw«:z:; i lt::tes ?dea. d
: en:ub(g)::ge i lalte; ot !l: shai:ec:?c:rsl:.ions. Burmister
icti oroe i | ; r
too e o th’?i xf-:t?(‘)l:: nt;e effect of frictional foxl'loe 'M:’::]f?x c;n:f]:l
::gg ‘ng c?lg:;r;ination of the axial stresses :&t’l stoe tl)l:e e

o Towe tem.
. the two-layer B8ys

;n ;iltgo]:aﬁe;sﬁyu‘;;&{msem those made by Boussenesq were made

by him. -
i ightless and is
he subgrade is weigh
(a) .The .P"‘?:ln :::;‘:l?;nttl?e hogizontal dxmct«nox;1 o_n!)); t:ﬂg
;ﬁﬁx;::gg:ade layer is infinite in extent both horiz
e

and vertically downwards.

i ¢ i tinuity condi-

tisfy the ‘“‘essential con t -

(b) The tw;° ,',33;2’133 dizplacement across the“mtn;’l_'flaq:

tions of 8 "two-lsyers. The condition of ‘‘conti llil y

betw’?:? that the normal and shearing stres:el:e a8 ::l ?:
;?a(xl'll;li::al and horizontal displacements mus eq

both the layers at the interface.”

i ly in contact and act
“* two-layers are continuous ) 2
© t,o’g:t;er as aZn elastic body of composite nature

It will be evident from the assumption made by Burmister

i in all probability, satisfy reaso-
that a floxible p&w;z,ne nf)a'og:&'n:gt; o? stress and displacement.

i i i ly in
nably the condition “that if 8 subgrade is continuously
B A& e porament s i s vl
contact Wl . load is applied near
uniform sups[l)zll;t’ at'.rl\x(; ::foz!:;:'ebe pavement anl;i tl:e subgrade should
iz;rlssl'l é::fﬁti&lb” in accordance with *’ his theory.

displacement

i oncentrated load the

Although fm'ba : ‘il:lg:;m (:,ase of a distributed lou:t 9.g;li:he::

o e 0T avement, the assumed proportion t)i’on-

:lq&dl oo eant !:g la;inypgiven point away from the load is ques
isplacem

ble?, .
is | lioable to the
ister’s theory is inapp t
In any c&:‘;’twl:: ::::1 displacement in oor::r ci: 0(1181: lol:ﬂ;:g
determmst::n gg.vement. which, in ma:xy“ cases,
(f):o:o‘:-o;]:: 1519 design of a concrete pavement.

] soil or & subgrade. Aleo the
imperfectly satisfied by N tﬁ:;‘:;‘ to_conorete pavement, has ite

general application of th

¢
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limitations, yet the methods advanced by Hogg and Burmister
reveal some of the fundamental relations between the factors
which influence the load settloment characteristics of pavement
and subgrade.

Calculation of stress (Boussenesq and Burmister)

Stress in a single homogeneous layer. For a single layer of
homogeneous semi-infinite body, according to Boussenesq, if
& concentrated load P is applied at the surface of the semi-
infinite body, the vertioal deformation w of the subgrade at
a distance 7 from the point of application of the load is

W=M)_ . 1.1
w B, Xr

Putting € = f_‘_ Rl Equation 1.1

becomos w m

nC.r.

According to the theory of elasticity, the settlement af the
centre of a loaded rigid circular area (uniform settlement) resting
ona homogeneons, elastic, isotropic solid of infinite depth is

WaPxaxm 1-pup

E, 1.2
where w represents the settloment of the loaded pla i

\ ! te ¢ te p is the
]mtens!ty of lqadlpg In pounds per inch, ¢ is the Ir,adiuf of the
onded area in inches, £ stands for Poissons ratio of subgrade

and E, is the modulus of elasticity of .
!quare.inoh. leity of the subgrade in pounfis per

becoi:s'uming that for a compacted soil x is 0.5, Equation 1.2

X a
v “8; . .. L2(a)

Similarly, the settlement at the oentre of a uniformly loaded
circular flexible area (equal reaction) is

w2l k) px e 13
If 4, is assumed again as 0.5, the Equation 3 becomes

1.5px o
ke = .. L3(s)

N 4'
». TS .

oity B
nd modulus of elasticity £y
kiz?:i’::e& depth and of modulus of

tem results.

When a pavement of thic
rests on a subgrade of semi-
elasticity E,, the two layer sys

Stress in a two-layer system

i in layered systems
ses and displacements in . ms
evol;lt‘al:ie ti)h;ol?;l?;?:g: follows the pattern of Equations 2 an

e t

i In addition & settlemeq

ing case of loadl‘ng._ ¢ vloment

Zgl..elgﬁocri:a?f ?dlzﬁich is & multiplying (or cor;zc;tgzxiz oo i
introduced ﬁurmister’s Equations are then, exp

() For a rigid bearing area

" = 1'18.;7," 8 F, (1.4)
() For a flexible bearing area
l“”‘“xlr’, (L.5)

introduced by Burmister reveals

The stress funotion ** Fuo ¥ the controlling influences

that in the Ioad-settlemept re!ations,
are exercised by two ratios, viZ.,

(a) the ratio a/A
(b} the ratio E,/Ep.

i : iations in * Fuw ' in
ister’ epresenting the variat )

B:rl;l?ﬁzrr:t%;:z!;h rfol:- several values of K,/Ep is reproduced
respect o

on page 542.

hat
It should be noted t!
a/h approaches zero and the va

ratios of Es/Eyp.

the thickness A is very great
‘I'::: of Fu become equal to the

oussenesq factor remains ocons-

1f 1.5 pa, known as the P tween values of vertioal

tant, Table 1 shows the comparison be

E, .
i ios — for different
displacements With the changes in the ratios I,

values of ;—:
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] NAUGH
u e iy d <8 Joi Variations in the values of vertical displacements with
{ ] the variations in the strength ratios Bp/Es.
] ) s .
l I ;? ¢ . x ',:' BolE Value of vertioal displacement on the slab [ Remarke
l’ / ° £ PlEs | —Znas | op=l ah=t |
| ] 3z :
= . : .80 . ‘w’isth
] / .E : ] - ATw %: .81 : } ve:’tioal di:.
] s E 10 74w placement
/ [ - 100 M 24w A3 w ;' the sub-
1 R 9 4 1000 - 98w dlw 084 w grade without
/ / cd ot : , the pavement
2 & ‘
1] gz
] ] } ] i from Table 1 that when the psvement has the same
I 1 / modi{ul: :;e ,llluﬁcigy as that of a subgrade there is vox'!v little
/ / reduction in the veértical deformat:? nuderhe theEl”dE nor..l.e
i f the pavement 4 times when Ey=ZX,, results
of the thiokness of te PATL ) displacement by only (.97 w -

i o tion of the e
% ‘:l)ze O.liel‘?nooix the other hand, the effect of increasing the thick-
vement in reducing vertical displacement is more

£ 3
=
E 5
X M
2 &
] i
I 4 g5
! K E ness of the pa
l[ / ’ Al |/ § E ;r:nouncedpu the modulus ratio Eg/E, increases.
ININIT - S . . L
£ § thod advenced by Burmister is utilised by U. 8.
il ez v nm g 5 £ Demehem;: of Navy (Bureau of Yards and Docks) in determining
3 T / & &g the required. thickness of flexible pavementa®®. On the other
¥ 7 / £ 3 hand, Robert Ruokli, ** is of the opinion that because they
1 7 17 v /T ¢ < .2 have 'pg.ctio.)ly no tensile s_trongth. flexible pavements cannot he
ll 7 59 4 amv f g analysed by .pp]‘ying Burmister’s theory to cases where the rasio
IRy av..v 2 g & Ep/Es is small **.
117 ST d g0 Y Ll :
L7 y & 4 — / —s £ The US Navy Method of designing flexible pavement based
>4 - <A Z 1% = = on Burmister theory is to determine the values of £, and Ejy by
s avaa e - Dl plate:bearing tosts **. B, is measured in the fleld by a plate-
AL T g Z Pty test utilising » 30-in. dismeter plate overlaid with several
- = 6o & ph allor diameters giving tho effect of & rigid plate. The
) plates of smallor A ) b
< value of E, is then derived from Equation 1.3 (s). £y is measnred
] < 2 by s plate-bearing test in & similar manner on a trial section of
5’33 g L A - ® v g o ; pavemegt and i8. detepmined from the equation 1.4
Pefe 38 d33Eoy £ '
-]

SETTLEMENT COEFFICIENT Fw
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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. |
(b) thesnbgrade 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 Bres
under load and is independent of the deflection.

Minor variations in the value of k can be of no great
consequence.

Relation between elastic semi-infinite body and elastic foundation

The value of k is obtained by applying a load to a . stiff
circular plate of standard diameter and measuring the vertical
displacement. 1f the load is assnmed to be uniformly distributed
over the plate, the modulus of subgrade reaction % can be com-
puted by the observed deformation w. The value of k is a
measure of the stiffness of the subgrade and is expre

equation _ seed by t.he
P . .
k- | - 21 T

By applying Boussenesq’s well known formula for - 1o

of 4 stiff foundation we get, : or t.he seﬁtlemggb

PIFNLETINN.Y o

" But the co-efficient of subgrade mactfbn kis . R
'i”t:; t:h:o b:}a:ril!:g platet.) However the value o? ;cu:f:mﬂfizgf
verted in e basiec subgrade modulus .E; i
the following Equation 4, | 'us Eg ina lay§red system by

b=2 e B o s xax ke ae i
w = 15 .7, a=1l8Xaxkx Fw..:29 - -
Similarly for rigid pavement E,

LI18 X a X k x Fw2.3
The application of this for
values of k for different thickn

by the investigation carried out by Beijer ().

mula will give slightly different

ess of pavement. This is confirm

. "
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p p ‘ .

. 13 pavement, Westergaard
i esses 10 & r-lgld P wheel load??
kIn compu:zggrg?o?rthe dynsmlotgg"":l:;:ixhe theory given
took into con -ons ba on e
whereas the caloulatios ted to static wheel loads.
in Appendix 1 8re resbrll‘: sorner loading generslly produces the
to slab t39 ing the least stress'”.

i jor load
maximum stress and the interior

———

WESTERGAARD'S FORMULAE

i - 0.15 the critical stress
isson’s Tatio / cordin
Using © v Ofensosll?b as induce! by tf:gglfl::? * &
in %W co::l‘er;r]:-la::?xpmsaed by the following
to Westerg

Original

Interior loading 81 = —33

0.572P 1 +0. 359] 2.5
 _Edgeloading 8c = SO [4 |°8|o( b)

PN - (‘i‘-/-g)o'ﬁ ] . 28
Corner loading 8¢ = ¥ ]

i i nds per square
i y — maximum stress 10 pou
in :?;:‘;n&;icﬁ'?egge and corner loading respeohve[y. )
inc ' .
: p = radius of resisting seotxon-\/l.ﬁ a*+h*—0.675

l
0.3162P ‘.4 10810 (3) + 1.069] 24

Revised

0.316F 3 o.css] .21
Interior loading Si=—33 4 log,.( B )+

Corner loading (Sprangler) g
3 ) .. 2.8
5.=%[1-(7) ]

"7t Corner loa'ding’('l‘ell‘er' and Satterland)

g m ’;‘7{3[1 _(_';,)"] . 2
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Temperature Effect
Centre warping §, = Exext x Kot + pK,, ;
' : 2 “l:,u—,—“ .o 2.10
Edge warping §, = KuXeXE xt
5 3 . 211

Corner warping 8; = Exext a
3(1—u) T ... 2.12

¢ is the warping stress and K

from Figure 14. ws K1, Koo, are obtained

“ Soms authorities consid,

, 1 er that for i
the' stresg condlbioq and that it ig rea:;zll:l % underestimates
which will over-estimate. ® %o use a formuls

APPENDIX 3
REVIEW OF SOME TESTS
De Havilland airfield, Hatfield.
30-inch dismeter plate bearing tests!

prepared subgrade and on the fol
pavements: - ’

'8" were carried out on the
lowing experimental conorete

(i) Six panels of 12-in. concrete on 3-in. conerete
¢ . (i) Sandwich slabs consistin i .
o Sandw! . g of 7-in, ' i
. was laid a 6-inch concrete slab witm‘;::l? over whioh
a separating medium. "8 paper a3

(iii) Nine panels of '
conorelt,e 12: l? weak concrete on & 3-in. base of

(iv) Six Panels of $-j .
21 of 8-in concrete on 3-m baseof concrete

. (¥) Six panel . .
v bs.el.' 0, s of 8 m oonorm l&ld on a onmpmd sub.

. $rgeNeTuBNiNG o Rierd ‘PAvEMBNTS s¢2

. :on the points of the upper and the
In the sandwiol oon“nao:l:nthot l;‘l)le corner of a slab in the

lo staggere .

“Pv;’zl;‘ llaaﬁ?r;et?d on tghge centre of the lower layer. '.I‘he stress in

concrete computed from the observations of the 30-in. diameter
plate bearing test showed excesive stress in conorete, viz.

(a) at the centre of the 6-in. top slab, the maximum

stress was 877.6 Ib per sq 1n.

(b) near the edge of the 6-in. top slab,

gtress was 1523 1b per 8q 1n.
in conorete in other experimental slabs were
With;flhgosgrlebu;:rl:q. in. The average value of modulus of sub-
grade reaction k was 474 and the average value of the modulus
of elasticity of conorete in the pavement varied from 3,900,000

Ib. per sq. inch to 5,800,000 1b. per 8q. 1n.

the construction of the airfield at Hatfield, the results
of in%eexf:t);;ati:nwof k values of originsl subgrsdp, compacted
subgrade and a Jean-concrete sub-base were taken into aocount.
out by plate-bearing tests and vaiations

tests were oarried
;I;he:':e t:nlues of k a8 investigted by Snow!' are reproduced

the maximum

below :— 16
; per sq. in.

Modulus of subgrade reaction - &
(=) Original soil with 30-in. plate 304

ion prepared by removing 18 inches of

®) E);T::;?andpre;ﬁwing byy selected fill material in

layers rolled and consolidated with sheepsfoot

rollers and heavy rubber-tyred vehicles to the

total thickness of 12 inches (sverage of 11 tests
with a 30-in. plate)

(c) for the same subgrade as in (b) but exposed to

heavy rains pecessitating replacement of slurry

and replacement by hard-oore blended with ash, 582

with 30 in. plate.

(d) s 3-io. lean concrete 12 : 1 after 5 days curing,
with 18-in. plate.

i be helpful in cheoking the observed results

Date whioh wouwlc ; theory of layered system

i i lying the
with those obtained by SPPIYVE the discussion of this Paper it

i t, durin
are not svailable. 48 f::n’:rks-ofg Burmister and Fox should

was pointed out that th ! v A
s norease in the bearing established
have been studied and thti :he relative elastioity of the layers.

de wi
ﬁ‘:,::: ::’thteh :ub;l;; l:s published show the extent of variations

474

1770
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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 fests2® at three airfields were conducted bY
the U. S. Corps of Engineers with a 60,000-1b load on dual
wheels of a B-29 aircraft configuration on a concrete pavement
6-in. thick with flexible types of overlays 3 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, flexible pavement overlays 12 and
9 inch thick consisting of a 9 or 6 inch penetration macadam
base and a 3-in. asphaltic concrete surface, provided adequate
reinforcement to prevent- crack development in. the existing
pavement. Also a cement concrete overlay used for maneouvre
ares withstood uncontrolled maneouvre traffic with no significant
cracking. From other tests it was found that a bituminous
separation course, even as thin as & prime coat, was conducive
to cracking of concrete overlays. '



Concrete Roads

for Safety

Here’s why concrete road surfaces
maximum safety —

@ Non-skid—The gritty surface texture
prevents skidding even during the raias.
® Smoothness—Thereare 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
first cost and low maintenance make it the
ideal road-building material.

Build to last with ACC cement

Al

provide

THE ASSOCIATED CEMENT COMPANIES LIMITED

Sales Manager
THE CEMENT MARKETING COMPANY OF INDIA LIMITED

hwar Road
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FREE TECHNICAL SERVICE HELPS YOU BUILD
BETTER ROADS WITH STANVAC ASPHALTS

A briquette of paving: mix is tested on a
Hubbard-Field Stability lesting Machine

to determiae the saear strength ot the
omiaid mix

STANDARD - VACUUM OilL COMPANY

‘The Liability of the Members of the Company is Limited)

LET Standard-Vacuum'’s
expert technicians help
to solve your roadmaking
problems! Our well-
equipped test laboratories
will gladly demonstrate
-— at no ¢ost to 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
Qil Company in Bombay,
New Delhi, Calcutta

or Madras.

STANVAC

ASPHALTS

» ’ FRRE & B WS

ii

milton Bridge span was erected

This 240 foot Callender-Ha e and

in Holland. Similar bridges are daily in us

(:ey‘()ll 0 a al trafﬁc.

i i and in cases
wide or narrow. Erection is speedy, and o case
. jsmant .
::rfos:udgden necessity they may be di
assembled elsewhere.
Write for Publication No.

Covered by patents in India.

206 on Callender-Hamilton Bridges.

Nl ! LIMITED
BRITISH INSULATED CALLENDE%SB:?(A::.,E?H, IMITEC
Esplanade House. Waudby Road. Fort, P.O.

at:
Branches - TA, COIMBATORE. KANPUR

ORE, CALCUT M
AHHEDAS AMBALA'EV:A%GE::t CECUNDERABAD (Dn). TRIVAND
N .

MADRAS, NAGPUR,

ac 2%
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WARSO

PORTABLE

ROCK DRILLS &
BREAKERS

BREAKER

;l;l: most nu;dern seif - contained Self contained unit

man tool capable of N

drilling the hardest roc: to No seperate englne
or alr-compressor

depths up to [2-1t., R
is easy to handle and cap be

taken anywhere. Ideal for IS needed.
highway construction,
stone quarrying

and sarface mining

and prospecting.

ac 4
JACOB Cinc e BoOMBAY |,

Branches . r ‘ ; 4 . Madr
anches - | Cox St eet, Colmbno e 2 26: Eﬂ"bﬂ" Chetty Se. 1
adras |,
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MORE & BETTER
ROADS MEAN §
MOORE j§
ROAD #
ROLLERS §

MALCOLM MOORE ROAD ROLL{RS
by their unfailing record of  trouble-frec
performance  have established 2 umque
reputation for dependabiity n [ndia
Hundreds of Moore Road Rollers have been
helping to establish road communications
in every part of the country,

Built to last these Moore Rollers incorporate

every modern  feature in road  roller
hanical brakes . ;nirruction. A machine which combines

* Two forward and two reverse speeds

» internal expanding hydro-
» Recirculating ball type steering the best of FORDSON and MOORE
» Extremely Heavy all Steel Fabricated g th ; . 2
Construction Incorporates the Economical 18 indecd the surest sign of Quality and
Dependability.

Fordson Dieset Engine.

Assembled & Distributed in India By
THE
UNITED PROVINCES COMMERCIAL CORPORATION w

53, Rodhe Bezor Lane, Calcutte-!

resjua 11/my
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Heerbrugg (Switzerland)
World’s
Greatest Manufacturers of
Surveying Instruments—
THEODOLITES TO, TI, T2 & T3
LEVELS NO, N 10, N 2 with and
without circle

DISTANCE MEASURING
INSTRUMENTS

Nole Agents:
RA)-DER-KAR & CO,,
Commissariat Buildg.,

Hornby Road, Fort,

BOMBAY |.

Grams: “TECHLAB>  Phone: 27304

MILLARS’

HIGHWAY COMBINED
DRYING AND MIXING
MOBILE UNIT

Single and two.coat Asphalt—Hot
process.

POPULAR

EVERYWHERE
*REASONABLY

PRICED

* The production of Pre-coated Chips.

* Sand drying ; drying and warming
Chips for Surface Gritting.

* Re.heating old Asphalt for relaying
on maintenance contracts,

*EXCELLENT
QUALITY

* The production of all types of Bitu.
minous Macadams and Cold Asphalts,

* The Unit is completely self contain.
ed with its own Diesel Driving Engine
and Oil-firing Equipment and easily
transportable.

MILLARS’ TIMBER & TRADING CO. LTD. —t . BiARD ESTATL BOMAA
{ ESTABLISHED 1902)
Victoria House, Victoria Road, BOMBAY-27.
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INDIAN \

ROAD TAR Ui}

IS EASY TO Qﬁg

K"‘ APPLY / g

MODERN ROADS

modern roads are being
will find modern Allis.
Motor Graders building
them ahead of schedule. That is why
they have become the choice of smuart
engineers everywhere.

ter capacity and more power to
hat increased capacity load are
puilt into these tough Motor Graders
which are designed to handle today’s
gruelling jobs with ease and economy,

Many time and money saving feuatures
like the variable radius Roll-away
mold-board for moving more dirt with
less power. no-fatigue finger tip con-
trols, fewer points to grease, press-
button no-petrol electric starting,
smoother action non-tiring electric
brakes. and other features, which are
built into these modern Allis-Chalmers
Dicsel Motor Graders enable them to
do more work than uny other Motor
Grader ever built......ccvnenee ....ut 1CSS cost
than any other machine.

Wherever
built, Yyou
Chalmers

Grea
move

Y

Backed by our finest parts und Free
Service facilities, more Allis-Chalmers
\Motor Graders are now helping to
build a new India more economically
today than all others. You too can
depend on them to do your Jobs better

faster............ cheaper.

SELF-PROPELLED MOTOR-
SCRAPERS® TRACTORS BULLDO.
ZERS® SCRAPERS®* COMPRESSORS*
PUMPS* COMPLETE LINE OF
EARTH-MOVING & ROAD
MACHINERY.

THE SHALIMAR TAR SPRAYER

This light, hand operated
Sprayer has been specially
designed for Road wof

under Indian conditions.  w

It is very efficient, easy €@
operate and maintain and 18
sturdily buile for long service.

MANUFACTURED AND
SERVICED BY

R

SHALIMAR TAR PRODUCTS S sy i, o wa s
/T (93 LD, 1 P2 0. LTD. S30iin




. TRACTOTANKER
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£ 0
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TRACTOTANKER ) ]
HSHABHAI PATELSTOATD. ® =
=l £ Qo
] ]
Originally designed to fight the water famine in India, this versatile €3}
TractOtanker unit has now become the road engineer's godsent gift. =~
The Allis Chalmers TractOtanker has a pump which fills the 700-gallon -
Eank in three to five minutes only. The entire unit can turn back even on the 2
arrowest road. -
This unit has become very popular among road engineers for sprinkling b e
Mater on earthfills and road-construction jobs; for carrying water and oil economi- . [:‘
:ally 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. 5 N
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USE ALWAYS INDIAN ROAD TAR

FROM INDIAN COAL MINE

" THROUGH
INDIAN
CHEMICAL INDUSTRY
WITH INDIAN CAPITAL AND LABOUR

TO INDIAN ROAD #

¥ -
2" TARCRETE WORK IN PROGRESS

AND HELP THE NATIONAL
BENGAL CHEMICAL & PHARMACEUTICALESV%RNKQTI'YI).

«0.K.” MORTAR MIXER

500 cubic ft. capacity per 8 hours
driven by 5 H.P. Engine. Overhung
adjustable shaft, C.1. Rollers. Sectional

Pans.

MUNICIPALITIES and CON-
TRACTORS all over India have
already bought hundreds of
these units.

Here are three of the «0.K."
range of strong, well-designed
Road Builders. Roads now-3-
days are built faster . . . more
efficiently... with “O.K.” Road
Building Equipment.

¢ 0.K."” ASPHALT MIXER

7S cubic ft. capacity driven by 14,18
H.P. Engine --Pneumatic tyre or
C.I. Wheeled Design. Chilted C 1.
Chamber. Manganese sceel replace-
able arms and tips

«0.K.” ASPHALT BOILER

250 Gallons Coal Fired
200 Gallons Oil Fired

Write for details to:
THE EAST ASIATIC €O0. (INDIA) LTD.,
Sundry Machinery Section

419, BOMBAY, P.O. Box 364, CALCUTTA. P.O. Box (46, MADRAS

P.0.Box
SECUNDERABAD and BANGALORE
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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
giving 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.
Write today for illustrated literature and prices.

*Also available; BK-12 Heavy Duty Grader developing
92 horse-power, embodying all the operational refine-
ments of the BK '‘Super 12"’ model-
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Most Profitable Bituminous Plant
in the 35 T.P.H. Range

the Barber-Greene
model 840

15-38 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 Upw

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

‘Informative and

Barber-Greene Overseas, Inc.

OISTRIBUTORS OF BARBER.GREENE PRODUCTS MANUFACTURED BY

BARBER-GREENE COMPANY, AURQORA, (LLINOIS, U.S.A.
-GREENE OLDING COMPANY, LTD., ENGLAND

Engineering. All c©

* BARBER.GREENE CANADA, LTD., CANADA

xix

CALCUTTA

ORK.
STRUCTURAL STEELC RV; E
REINFORCED CON ATIONS.
SCREWCRETE FOUND

S.
FRANKI PILED FOUNDATION

Jessop Const. Co. Ltd.

The Braithwaite Burn & CALCUTTA.

N,
p-13, MISSION ROW EXTENSIO

INEERING
ng—THE MOST WANTED BOOK ON CIVIL ENG
st INDIAN PRACTICAL

ClviL ENGINEERS’ HANDBOOK

ised & Enlarged Edition)
(Second Revised
P.W.D. Engineers
- Reference Book for
The Standard Every dayofea“ nee s

. Chartered Engineer.
P. N. Kb ractical data and other

dited by: . ;
’ £ most up-to v polume all the essential

. i 4 collection © IPT one v : :
This book 18 a_vBlS : Aformation, preser'ltmg‘ in e lod most in daily routine
valuable technl:?re feld of Civil Engineering
data for the on

i i book are
ficers Thousands of copies c;i'"th(::e:ﬂﬂl‘z:?a and the
works byd il wl.llﬂ)é :ioev;ary grade oj tE ;g;n:?:nmensely Useful, Extremely
w in daily UZ viewed 1 4 : g,
:gjoining countﬂ:’; wshe(:th;:a::nu book on Indian Engineering
e

i iqation and Electrical
n: . . s, Bridges, Irrigation a e ‘
gﬁ:::"':;n:cmml. Samtar::/i. .ff::;l:!ll 150 pages (in fine orinting) with over
’ 3 s A

3:0d$;;;itrah'0"0 and 200 destgn tables.

rovince has remarked ", 80ch

»

ap———
1888 P .
Chief Engineer, P-W.D. B/R, Ofc?guAE;gineering for Indian Engineers......

of 'l;'ﬂﬂ‘lll“°n on Postage Re. 1-12-0).
* daeful mine Cloth bound Re. I:I/l's(g"E’R: & ADVERTISERS

ENGINE%I:‘?;L ﬁﬁ,, PATIALA (Parsv)



~-1 STEEL ROAD BRIDGES

ROAD BRIDGE-TRAVANCOREFE

BRAITHWAITE & CO.
(fNDIA) LIMITED
HIDE *®. ROAD, KIDDERPORE. ~CALCUTTA.
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