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SYNOPSIS

Very little information is available regarding load siresses in concrete road
slabs constructed deer Indian conditions, where thin slabs on a well consoli-
dated water-bound macadam base are used. Experiments on load stresses in
the corner rogion of a thin bonded concrete road slab constructed under field
conditions were taken up at the Indian Institute of Technology, Kharagpur,
and the results verified with the existing theories. It was found that observed
corner load stress agreed closely with Westergaard’s theoretical values using
his corner load formmula. Tt was also found that in the vieinity of the corner
hisector where the observed strains were maximum, the locus of the maximum
strain and the shape of the actual load break were nearly straight lines, thus
justifying Westergaard’s assumption, The studies revealed that Westergaard’s

corner load formula can be used in the design of thin bonded concrete road
slabs.

1. INTRODUCTION

Thin concrete road slabs of 4t0 6 in. of uniform thickness
are generally used for road work in India. These thin slabs
of 4 to 6 in. thickness are laid over well consolidated water
bound macadam base. There is no rational basis for the design of
these slabs, except that they have served their purpose well, the
macadam base below the concrete providing a fairly rigid and
unyielding base. The comparatively little volume of information
available regarding observed stresses in concrete road slabs refers
to thicker slabs laid directly on a densified natural subgrade, having

* In
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& subgrade modualus nog exceeding about .
a view to study the stresses set up in the corner region of a thin

bonded concrete slab, actual experiments were undertaken at the

Indian Institute of Technology, Kharagpur, and the results are
reported in this Paper.

250 pounds per cu. in. With

2. DETAILS OF EXPERIMENT

2.1. To simulate ficld conditions, a 33 ft x 12 ft x 4 in. thick
slab was laid in an open space. The subgrade was of fine silty sand,
hard as rock in summer and of very soft consistency during the
heavy monsoons. After removing the top vegetation, the natural
soil was excavated to a depth of 9 inches, and reconsolidated well,
with a B-ton power roller, to compact and level the surface. A plate
bearing test on this prepared subgrade gave a subgrade modulus of
1120 1b  per cu. in.  This high value represented the best summer
condition of the subgrade. On this 35 ft x 14 ft prepared subgrade,
&6 in. thick soling using 6 in. size laterite stones was laid and thoro-
ughly consolidated with the 8-ton power roller. On this soling, 4 in.
thick water-bound macadam base was constructed using 1} in, size
hard granite stones. Special care was taken during rolling that the
required thickness was maintained at the edges. After nearly three
months of air curing, early in 1959, the macadam base was
thoroughly cleaned, a rich cement slurry was spread over the
cleaned base and 4 in. thick concrete slab was laid. The concrete used
gave a 28 days cube strength of 2,800 1b per sq. in. The poor strength
of the concrete was due to the fact that the non-tilting mixer avai-
lable and used necessitated a higher water-cement ratio with a conse-
quent reduction in strength. Nonetheless, it was felt the low strength
might not seriously affect the gencral trend of the conclusions, The
general layout of the slab is given in Photo 1.

2.2.  Copper-constantan thermocouples installed at different
depths of the slab provided data regarding the diurnal variations of
temperature at different depths during the summer and winter of
1959, The result

o The s of these observations were reported separately
elsewhere.

2.3. Studies regarding the load stresses in the
were taken up in January 1960, Loads were applied at the corners
by means of a hydraulic jack acting against the under-side of a long
4in. by 9in. R.S. joist spanning in a direction! parallel to the
transverse edge of the slab, and bolted securely t
blocks founded away from the longitudinal edges
of the slab. The diameter of the circular plate for the load test
wag arcived at as follows. Messry Firestone Rubber and Tyre
Company recommended a maximum wheel load of 5,150 Ib and tyre

corner region
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i i he contact
inflation pressure of 75 pounds per sq. in. Taking t A
g;g:sure bgtween the wheel} load and the rgad surface ast appr;);crxe
mately 1.3 times the inflation pressure”, the contach presmcﬁ
worked out to 97.5 1b per sq. in. and the diameter (ﬁ t % .COIll N
area, assuming a circular shape, came to 8.125 in. A _ccortmg v%’ith
circular mild steel plate 5/8 in. thick, and 8% in. 1?1;1: t;;r with
machine finished edges, was selected as the bea,-rmghp ;b for oad
applications. A piece of fibre board about 1/2 in. thic éhcu ko
circular shape of the same diameter, was kept undel(‘l A e'bute thi
plate at the time of application of loads in order to flst }1;; ol
loads uniformly over the contact area. The position o the bear'og
plate for the load applications was such that the two eT%’ of the
slab forming the corner were tangential to the plqte.h flS ot
that the centre of the loaded area was 5.06 inches irom >
corner.

4. Corner load deflections at various points along thp corner
bisec%or were recorded with the help of dial gauges re&c}lm% uptg
0.0001 of an inch. Also the surface strains were measure ﬁon_g&1
radial lines emerging from the loaded corner by means oé mfec a.r;llgh
Demac strain gauge having a least count of 0.000098 oha,n i -
The 5 radial lines were the two edges forming the corner, the corne
bisector, and the two intermediate lines 224° fl:om the 2001;1131}?1-
bisector and on either side of it. This can be seen in Photo1 te the
deflection measurements of the slab were \}sed to clalgu 8 e
modulus of subgrade reaction from Westergaard’s formula

P e M %0 88e—-9m) ereraenene 1.
Z = RTZ (11 € / l XU
in which .
7 = deflection of the slab in inches.
P = load near the corner in lb.
x = distance from the corner to any point on the
corner bisector in inches.
a, = distance of the centre of gravity of the applied

load from the corner in inches.
1 = radius of relative stiffness in inches, and

K = subgrade modulus in Ib per cu. in.

These results are given in Table 1 and plotted in Ij‘lg. 1. It can
be observed that t}%e value of the subgrade modulus is not consta.l(xlt
for any point under the load as has been assumed by Westergt;.a;‘zé
The value of the subgrade modulus varies fron_l & maximum O o
Jb per cu. in. to a minimum of 225 Ib per cu. in. It appears thal
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the fundamental assumption for

Westergaard’s ¢
. . g y b § corner
is mot fulfilled in actual practice, °

load formula

TABLE 1

Measured corner load deflections (z in inches), and the
ca.lculated corresponding subgrade modulii
(K in 1b per cu. in.) for different corner loads

At the 18 in. 27 in, 36 in
Load applied corner from the fromt ihe fro ti
in pounds oorner corner c;;'lxcgo
B ~ T ——
o z { K Z 'K z ‘ K z " K
i | T
2,205 . | 002131 400 | g 5 :
o 1 i .0101 205 | 0.0067 240 | 0.0044 . 225
A10 0.0408 . 425 | 0,018 5 ‘
i . 333 ' 0.m 5
- S | 16| 29p ‘1 0.0075 260
5,513 0.0502 1 425 |
)

0221 | 850 | 0.0140 300\ 0.0079 - 300
‘ :

".

|
|
M
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MODLLUS OF SUBCRADE REACTION W
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DISTANCE IN INCHES

FROM THE CORNER ALONG TRHER CORNER BISECTOR

Fig. 1. GCalculated Subgrade Modulus from observed Deflections

2.5. A plate-bearing test cond i
ucted in Qctober 1959
L’L‘iﬁzog?z O%nlbthe open base course outside the sla%rportiozfte;vthe
per cu. . for the subgrade modulus. This vglueei:

he mod_ulus obtained from the

urements may

® subgrade modu]ug ; however,
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this requires further observation before definite conclusions can be
drawn.

2.6. Strains dune to the corner loading were measured along
cach of the & radial lines at points 18 inches, 27 inches, and 36
inches from the corner. On the three intermediate radial lines at
each of the points, strains were measured in three directions
forming a rosette, whereas along the edges the radial strains alone
could be mecasured. The observed radial strains under the loads of
1,102, 2,205, 3,307, 4,410, and 5,5121b arc shown in Figs. 2 to 6 and
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Fig. 2. Measured Strains along 45° Radial Line
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Fig. 3. Measured Strains along 22}° Radial Line

given in Table 2, Recorded readings are the average of three repe-
titions of each load. These figures show the variation of the radial
strain ag its distance increases from the corner. It is to be observed
that the maximum radial strain occurs on each of the 5 radial lines
at distances ranging from 16.5 in, to 20 in. from the corner,
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It can alo be seen that the str
are greater than those at
radials. The maximum radj

ains occurring on the 45° radial line
the corresponding points on the other
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Fig. 4. Measured Strains along 67}° Radial Line
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distance of 16.5 to 18.5 inches from the corner for the d%lﬁirg}rll:
loads. This agrees closely with 'Westergaar'd’s SUPPOSItlont_ a
maximum stress occurs at a distance approximately equal to :

T, = 20/a,.1

where x, = the distance of the point of the maximum stress
from the corner.

ty = the distance of the centre of the loaded area
from the corner.

I = radius of relative stiffness.

In this particular case, the value of z; worked. out tq 19.0 in.
From thepabove strain measurements an iso-strain dlagram. is drawn
showing the lines of equal radial strain in the corner region of t.Ifle
slab. This is given in Fig. 7. This diagram helps us to verify
Westergaard’s assumption that when the corner is loaded, the maxi-

IRANSVERSE EOGL

LONGITUOINIL FOSE

TME THICR LINE 15 THE PATH OF CORNER -~
BREAR UNDER 77175 fba LOAD

Fig. 7 Iso-strain Diagram Showing Radial Unit Strains in
10-¢ in/Inch Under a Load of 5512.5 b,

i is distributed uniformly along a line normal to
tﬁll:mcgfr?:;]eb?:ggzzr. An examination of the diagram shows this
assumption is not fully justified. A line drawn normal tltln the c(;:;l;a;
bisector at the point of maximum strain cuts across the iso-s i
lines. It can also be seen from this figure that the strams_ are grp;. z
near the vicinity of the bisector than at the edggs; 80 it is evi 16;1
that the locus of the maximum strain is not a sj;ralght line normal to
the corner bisector but rather a curved line which bends towards the
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Photo 3. Shape of the corner break

Photo 4. Shape of the adjacent corner break
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corner as it approaches the edges of the slab, and the strain is not
uniformly distributed over this path but is more in the chlnlty of
the bisector than at the edges. However, actual observations of the
shape of the corner breaks indicate that it does not coincide with
the locus of maximum strain in the slab. This may be due to the
fact that the break isinfluenced by other factors like the non-uniform
strength characteristics of the concrete, subgrade, ete.

2.7. After the strain measurements were completed, the corner
was loaded to failure which occurred under a load of 7,717 1Ib. The
path of the corner break is shown in Photo 3 and Fig. 8. In 1‘;he
vicinity of the corner bisector, it is more or less a straight lmp
normal to the bisector but tends to curve towards the corner as it
approaches the cdges. Tt appears, therefore, that the locus of the
maximum strain under a corner load may lie anywhere between a

- CORNER BREAX UNDER A LOAD OF 777 /by

I

/\/.mvzp BREAK UNDER A L04D OF 1720 loe

Fig. 8. Paths of the Corner Breaks under applied Corner Loads

straight line normal to the corner bisector and a circular curve
having the corner as centre and the former line as its tangent. _Th_e
adjacent transverse corner was also loaded to failure, and it is
interesting to note that the break occurred under the same load
of 7,720 b, 'The shape of this break is given in Photo 4. These
observations are in close agreement with that of Spangler?.

28, Using the strain measurements in the strain rosettes at
different points on the radial lines, the principal strains and stresses
at those points were computed *. The computed stresses for the load

of 5,512 1b are only shown here as this load isnearer to the suggested
2
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load of 5,150 1b. These measured

stresses were ar i
the stresses calculated using the fo then compared with

rmula developed by Spangler *.

cpP « — ,
o=""1]1-% _29 - ®
e I )}

S AR A R

in which @ = The stress, b = Depth of the slab in inches and

€' = qa co-efficient,

the other notations being as given in the previ i i

equation gives the maximum probable strréss v}s?lresn i(lllga:ﬁffl?xz ;11 ‘?}ls
coefficient C' equals 4.6, and minimum probable stress when ¢ . ¢ }0
3.0.  The measured stresses and the maximum and minim -
bable stresses calculated from the above equation are given ngpicl)-
3, and plotted in Fig. 9 which shows that the measured stres;zls liae iI?

between the maximum and minimum probable stresses and are nearer

TapLr 3

Computed and calculated stresses in p.s.i.
along the corner bisector.
Recorded readings are the averages of 3 cycles of loading

Distance of the Observed Spangler’s formula,
point from the T
??1211?1; lll;)?;:lllll)lll“l&e;}?ress magizgfll;rlx?fgzl-ess mir(f 311?.1?11:%(1- ;
h/sq. in. Ih/sq. in. hisq. :ntl s
14 — 663 432
18 491 666 435
= - 648 423
= - 595 388
27 379 474 200
32 — 362 236
36 224 258 169
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Fig. 9. Variation of stresses along the corner bisector

to the minimum probable stresses. The maximum stress according
to Westergaard’s formula

Oc = 3£_ 1 — gl_ 0.6
hY l

is also shown in the same figure. Tt is interesting to note that the
maximum Westergaard’s stress which is equal to the 480 b per sq.
in. compares very favourably with the maximum measured stress of
491 1b per sq. in. This close agreement between the measured
maximum stress and Westergaard’s maximum stress, and the appro-
ximately straight line path of the corner breaks in the region of the
corner bisector suggests that Westergaard’s equation for the corner
stress can be used to give reasonably accurate results in the case of
thin bonded concrete pavements.

2.9. Tt appears that Goldbeck’s corner formula cannot be
applied in our case as the pavement is bonded to the base course,
and thus might not have completely lost support even in the corner
region. The high values of the subgrade modulus obtained in the
corner region from the deflection measurements and the compara-
tively low values of the strain measurements under the loads justify
this assumption.

2.10. 1t may, however, be questioned that the reason for the
occurrence of such low values of strains and deflections is due to the
fact that the test slab was not subjected to a large number of load
repetitions which a pavement in the field would experience. But the
load tests had been conducted on the test slab after a lapse of one
year, and during this period the slab and the subgrade had been
subjected to intense dry and wet weather conditions and great
fluctuations in seasonal and daily temperatures ; these must have



162 Rao & VENKATASUBRAMANIAN oN THIN BoxDED CONCRETE

Roap Svrass

caused the slab to warp up and down soveral times and must have
induced stresses fairly comparable to the load stresses; so it is
reasonable to assume that the test slab had been subjected to intense
stress situation comparable to load stresses : and the low values of
strain and deflection measurements may he attributed to the fact

that the base had not lost contact with the pavement even in
the corner region. The Goldbeck’s formula

3P
J b

where f is the modulus of rupture of the concrete in
1b per sq. in.

gives a stress value of 1,035 1b per sq. in. which is more than double
the maximum wmeasured stress under the load of 5,512 1b. This

clearly indicates that Goldbeck’s formula cannot be applied to thin
bonded concrete pavements,
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1. INTRODUCTION

1.1. Design of well foundations for major bridges in India is
a great problem to the bridge engineers of India. The reason is not
far to seek. Whereas in most of the progressive countries of the
West, the rivers scour very little and the bridges can easily be
founded on hard strata or rock available very near the bed, the
foundation of majority of bridges in India must necessarily be taken
down deeper, because of the very great scour and non-availability
of sand strata nearer the bed. As a result, not much work on the
problem of design of well foundations has been carried out by

authors in the western countries particularly when such foundations
are deep and rest on sand strata.

1.2, The problem arises due to the surrounding earth material
round a well, offering resistance to the overturning of a well,
This requires understanding of the behaviour of this earth
material before an evaluation of its resistance can be made. A large
field has been opened out by the introduction of soil mechanics in

the field of science through the pioneering efforts of Karl Terzaghi
and others.

1.3, Till recently the design of well foundations was done in
this country with the assumption that soil surrounding a well below
the scour depth imparts certain fixity to the base and only an
assumed fraction of the full value of horizontal forces is effective in
imparting overturning moment at the base.

14. Very recently there has been a realisation amongst
bridge engineers to approach the problem more mathematically. So
far they have been guided in this matter by the design of posts or
piles or free rigid bulk heads enunciated by Terzaghi and others.
It is, however, apparent that the characteristics of a heavy and
rigid well subjected to an appreciable sliding resistance at the base

are different from those of piles or posts or bulk heads, which are
comparatively light.

1.5. The Authors have, in this article endeavoured to deal
briefly with the different cases of the foundation characteristics
of a well relating to the surrounding earth material. Certain
formulae have been worked out which may help in the solution

of these cases. Use of the formulae has been explained by working
out an example,
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2, VERTICAL AND HORIZONTAL FORCES ACTING ON A WELL

2.1. Tt is known that in addition to the self weight and buoy-
ancy, a well carries the dead load of the superstructure, bearings,
pier and is also liable to the following horizontal forces :

(i) braking and tractive effort of the moving vehicles;

(ii) force on account of resistance of the bearings
against movement due to variation of temperature ;

(iii) force on account of water current ;
(iv) wind force ;

(v) seismic force ;

(vi) earth pressure ;

(vii) centrifugal forces, etc.

22. It is necessary to find out the magnitude, direction and
point of application of all the
above forces under the worst
possible combination and then
to substitute these forces by
two horizontal and a single
vertical force as shown in the
sketch (Fig. 1) ;

P = Resultant of all horizon-
tal forces in the direc-
tion across the pier.

@ = Resultant of all the hori-
zontal forces in the
direction  along  the
pier.

W =Resultant of all the
vertical forces.

3. ASSUMPTIONS

... The following assumptions
will be made in the deductions
of formulae that follow :

(1) The well is acted
upon by an unidirec- : .
tional horizontal L Fig. 1
force, say, a force in
the direction across the pier.
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(2) The well is founded in sandy stratum.

(3) Resultant unit pressure on soil at any depth is in simple
proportion to horizontal displacement.

(4) The ratio between contact pressure and corresponding
displacement is independent of the pressure.

(5) The co-efficient of vertical subgrade reaction has the

same value for every point of the surface acted upon by
contact pressure. :

(6) The depth of maxjimum scour is known.

4, HORIZONTAL SOIL REACTION

Let us consider the relation between pressure and displacement

of a vertical wall ab buried in sand
and acted by a horizontal pull P as
shown in Fig. 2. At the instant of
failure the right hand face of the wall
is acted on by the active earth pressure
and the left hand face is acted on by
the passive earth pressure induced in
goil.  Assuming hydrostatic distribu-
tion of pressure, the resultant unit
pressure at a depth z below the surface
P, = 2Y (KP—KA).

Fig, 2 Where Y is the unit weight of sand

. g and K4 and Kp are co-efficients of
active and passive earth pressure. Let p be the load per unit area

of vertical surface of sand and P be the corresponding displacement
of the surface. The values of Kp and K4, which are again depend-
ent on ¢ the angle of internal friction of sand and §, the angle of
wall friction, may be obtained either from Coulomb’s formula with

necessary corrections for the surface of sliding or from any other
rational formula.

Assuming that p, is the displacement required to increase the
value of resultant unit pressure from zero to p,,

we have, p = p, pP; = ~pB1 Yz (Kp—K ).

or, —p’—;— = mz,

Y(Kp-Ky)
Py

where m =

STABILITY oF WELL FoUNDATIONS FOR BRIDGES 16%

m is an empirical constant which is independent of depth and the
ratio between the horizontal unit pressure p and the cor.respond_lng
displacement P represents the co-efficient of horizontal soil reaction.
This co-efficient depends not only on the nature of the soil but also
on the size and shape of the area which carries the load.

5. DEDUCTION OF FORMULAE ALLOWING NO PLASTIC FLOW

5.1. General case

b c
PLAN I‘ TOfzK, H““"‘“ﬂa)'l
Fig, 3. | Fig. 4,
Let us consider a rigid well of length ‘L’ and width * B’ acted

upon by a horizontal force of P per unit length of well and a vertical
3
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force W as shown in Fig. 3. TLet the point of application of P’

be at a height ¢ H’ above the designed scour level. Lot D Le the
depth of well below scour line.

Due to the vertical force <W?’, there will he a reaction at the
base and skin friction at the sides of the well,

Due to the hovizontal force < 7 tending to tilt the well towards
the left, a resultant passive reaction P, (see Fig. 4) will be exerted
on the left face. Due to rotation produced by P and P, there will be
another resultant passive reaction P, exerted on the lower part of

the right face of the well, provided the well can slide about the
base by overcoming the frictional resistance #R of the soil at the
base. Thus the well will rotate about a point at a certain depth D,
from the scour line. This rotation of the well will also be resisted
by the skin friction at the side of the well, which withous much
error may be assumed as uP, and #P, as shown in Fig. 3. This
rotation will also be resisted by a moment acting at the base on

account of the downward deflection of the toe and upward deflection
of the heel.

Let p,, be the uniform vertical displ

acement of the well due o
the resultant vertical force.

Let P, and P, be the horizontal displacement of the well at
scour level and base respectively due to the horizontal force < p°
and let £, and P’, be the vertical displacement of the well at the
toe and heel respectively due to this horizontal force.

The difference between p, and p,’

’ will be negligible and we
may assume Py = P,

Therefore,

P,

Evaluation of P,

Let f be the defiection ut any depth
of an elementary area, of depth

‘z’ below the
pressure be ‘ p°, then p = mpPz

scour line
‘dz? .
dz’ and let the corresponding

6 )
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P e«

1T

SCOUR LINE .

i

l D
o b |
— e - —

Fig, 5.

Cp=m ot (D -

S

(™

o 1
P, = !m %1 (D, —2) 2dz
0

Evaluation of P,

D,
a:ndPl = XP'dz‘
0

Dl .
=§ m P z.dz.
0
R
Again, D, —% =D,
_Di—2
X P - D1 1
ceeenenesl1)
veererens(2)

Similarly, when ¢z’ is greater than D,

we have,
p - P-z - f}
z— D, D-D, D,
z—D,
L P= 7, £,
D
: Py = [m £} a-Dy)ude
D,
mpPy

=

8 —~ 3D,D?
6D1 (2D 1 +
D,?)
Evaluation of moment M,
produced by P,

D,
M, = jpzdz.
(/]

P e
"’“lpl ’ SCOUR LINE.

L\| |

| L

o l P *

\ " Z—d=
e

Fig. 6,
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1
mP
= [ ot (Dy=) 2 de
0
mD,?
= —1—21— ey, (4)
Evaluation of moment produced by P,
D
mp o
M, = j Bt (2= Dy) 2.
Dl
mf
= 1251 (3D*-4D, D* 4D,y . (5)

Evaluation of vertical reaction R
Modulus of vertical subgrade reaction,

_ 2
K p

Where P is the vertical deflection of soil corresponding to vertical
load p per unit area,

B2
s B = dex (see fig. 7)
o
B?
= j Kp,dz.
0 =
=KB.P, . (6)

Evaluation of moment M, produced at the base
due to the horizontal force < P’

Let P be the deflection

at a distance ‘2’ from
B — 0O, the centre of the bage
as shown in the Fig. 7.
A—-T- 2
L L
P?,S:f_ ° —1:7- s B

Fig. 7,

STARILITY OF WELL FOUNDATIONS FOR BRIDGES 171

B 2
=2J?K 2£3x2dx=KP3%— ......... (Ta)
L]
; B.
Again, p, = 2,,5;1
K B?
=Y P e 7
M, =155, - P (7)

The maximum soil pressure at any depth z below the scour

-level is given by

p.max, = Yz (Kp—Kg) e (8)

1f no plastic flow is allowed in soil, the horizontal soil reaction
p at any depth must not exceed p, max. for that depth. Hence,
it is evident that sand starts

to flow as soon as the slope of P
the pressure parabola at the
scour level becomes equal to the a - R LINE. .

slope of the line ab whose
abscissa represent values of p,
max. (see Fig. 8)

Thus from equation (2)

= oy P2
we have mpP, = DT, c
From equation (1) P
6P, (max)
= D -—z) z
P D?, s Fig. 8
9
and thus from equations (8) and (9)
{21 S5 D =¥ (KK
2 2=0 1
p, = YEe=K D,: . (10)
- 6

and $73 = 1 (Rp—Ky) = mp,
1
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When P, is maximum,
3 K
From equation (3), I, = Y (Kp— Ky) EQ;}##}_-FP;‘
1

.
From cquation (4), M, = ¥ (Kp— Ky ) ~D112~— ......... (12)

4 __ 3 4
From equation (5), M, = Y (Kp— K ) ‘;Dg ,4112)1])]) +D,’
1

3
From equation (7), M, = 12BD X Y (Kp—K4) (5) e (14)
\ )

Now the conditions of equilibrium of the well under all
the vertical and horizontal forces will be as follows: (seo Figures
3 and 4).

P =P —P,=pR

rH

i

M M= M, 4 uBD+ £ (Py—P,) ¥ (16)

and W

P AP)+R (7)

Above three ecquations are valid when deflection of the heel
is downwards and also when sliding takes place at the base.

Now by inspection of equation (15), it may be seen that sliding
at the base occurs only when R < P, — P

g

5.2. Heavy Wells: Since for heavy wells ‘R’ the reaction at
bage, will be very high, sliding at the base will not take place and
if under such circumstances, ¥ denotes the force required at the

base to prevent sliding, the well will tilt towards the direct;
the applied force as shown in Fig. 9. chion of

Hence D, = D

P, =0, M, =0,
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and for maximum value of P, the general equations for equilibrium
will be as follows:

P=P,—-F . (18)
PH=My-M, +¥D 4 u P, >
(19)
W =

pP,+R . (20)

D'_
Where Pl = Y(KP-—KA) 6
3

- . D
11‘11 =Y (1\1)—1\,‘) 12 iblld

B i K
My = j55 Y (KP"I‘A)('m)

For a given well of known length- J
breadth and depth, we can solve R
maximum P, provided the values of
&, 6,8, Y, K and m are known for any

particular site.
6. EVALUATION OF BASE PRESSURE

Let P, aud Py, be the unit ‘pressures
b—g | exerted on the soil under the base at

6T 4. the toe and heel respectively.
Ad /‘/:7 Then B = ?ﬁ:ztﬁ’f. B .. @
: Ph |
Tig. 10, and M, = P————‘;P kB2 . (22)

Thus P; and Pj, may be evaluated from equations (21) and (22).
It may be verified that P; does not exceed allowable bearing
capacity of soil and that P), is positive, i.e., no tension is developed

_ at the basge.

If, however, the well base be not rectangular then,

Let L = The maximum length of the well base.
B = Maximum width of the well base.
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A = Area of the well bage.

Z = Section modulus of the well base about the axis of
tilting.
B, = Average width of the base.
Mg = "Total moment induced in the base due to tilting,
F, = Total frictional resistance at the base.

R, = Total upward reaction.

n
=
I

= Total vertical force on the well,

Then the general cquations for maximum value of P for the
conditions of equilibrium may be written as below.

PL = P, L—F,

......... (23)
B
PLH:MB—M1L+F1D+PP1L‘§9 ------ (24)
Wp=pP, L+4+R, (25)
If M, be the moment exerted on the base,
Let Py and P be the maximum toe and heel pressures,
Then we have,
Ry,  Mp
Pe=b 452 (26)
R Mg
Py = i~ 7 e (27)
B3 K p,-P
and M, = 13, Y (Kp-Ky). — = ——‘—3——" B ... (28).

whence the values of horizontal force P, maximum toe pressure P,
and maximum heel pressure Py may be found out.

7. DETERMINATION OF THE VALUES OF GCO-EFFICIENT
OF VERTICAL AND HORIZONTAL SUBGRADE REACTIONS

7.1. The values of the co-efficient of
subgrade reactions can either be derived from the results of field tosts
or estimated on the basis of published observational datg given by
Terzaghi. Reliable observational dats of any other investigator
may also be used.

horizontal and vertical
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7.2. Co-efficient of vertical subgrade reaction

. . N . is the
Experimental investigations have shown that if K, is
co-efﬁcignt of vertical subgrade reaction of sand for a beam with a
width of one ft then k, the co-efficient of vertical subgrs_a,de reactloxf
of sand for a width of L ft, may be found by the following formula:

ek ()

-ﬁaw--.-w‘-——‘--—

e

(ol | S 1o 13 20

Fig. 11.

The value of K, for sand found by Terzaghi® is given below :

TaBLE 1

Values of K; Kip’s/cu. ft.

Relative density Loose Medium Dense
of sand

1, Dry or moist sand,
lim)i]ting value. 40 to 120 120 to 600 600 to 2,000

2. Dry or moist sand,
proposed value, 80 260 1,000

3. Bubmerged sand, .
proposed value. 50 160 600

Knowing K, and ‘L’, i.e., the length of well base, K may be found
out.

4 ‘ :
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7.3, Co-efficient of horizontal subgrade reaction

In determining passive registance of soil, it was assumed that
p

= M.z, o=

p

co-efficient of horizontal subgrade reaction,

where m i3 a constant, If iy is the constant of horizontal sub-
grade reaction in sand for a beam of one ft width, then the value of

m, in sand for a beam of width ‘L’ ff at right angles to the direction
of moment, will be given by

m, Ay

m = o=

L~ 135L

Value of 4 given by Terzaghi for

a beam of one ft width embedded
in sand is as follows :

TABLE 2

Range of values of 4

Relative density

|
of sand { Loose Medium { Dense
Range of value of A 100 — 300 300 — 1,000 1,000—2,000
Adopted value of A 200 600 1,500
TABLE 3

Values of i, in kips/cu. ft assuming the unit weight of
moist sand to be equal to 100 1b per cu. ft and that for sub-
merged sand equal to 57.6 1b per cu. ft.

Relative density |

Loose Medium i Denso
of sand ! !
For dry or imoist sanid 14 42 112
For submerged sand 8.5 23.6 68.2

8. DEDUCTION OF FORMULAE CONSIDERING PARTIAL
o PLASTIC FLOW
If the well is

acted upon by a horizontal force, which causes
plastic flow of soil ne

ar the scour line and upto a certain depth, then
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the pressure diagram (if no sliding takes place at the base) will be
as shown in the Figure 12,

Let 0, be the displace-
ment at the scour level due

=)
t0 a horizontal force P which -*t
causes plastic flow upto a AN .
ﬁ?ﬁh of d, from the scour scow% _.*pl ’CTE"
|
Let z be any depth d z !
between cd and base, and p _LG . L
the deflection at a depth 2. (=) —_]
; S =z
Thenp = 227  p, i —e
-« F
and P = mPz = mp,, k—'@v‘“‘)b -
D;"’ ............ (29) Fig. 12

For a horizontal force P, resultant horizontal earth pressure deve-
loped on the left face, (denoted by the hatched area)

d,*? D D-=z
P1 = Y(KF"' KA)-"%"‘*" dlf mpl' 'ﬁ 2o dz

d,;? o 3
= ¥ (Kp ~ Kg). 5+ gp (0° = 3D . 4% +24,7)
df.’
6D {P) — vy (Kp — K4) . 5"}

D® - 3D.d,* 4 2d,?

Therefore, from equation (29),

Hence, mP, =

d2
6D {P, - Y (Kp - Ka)- 5} (p_
P= s 18D d 24,0 ‘ D

d,?
6D (P, - Y (Kp - Ka)- 5} \p_gq,)4,
when z =-d,, P¢=dl = TTTDs 23D d.f & 2d,°

As plastic flow starts at z = d;, we have
P‘,___,,,1 =Y (Kp — Ka).d4

D* —38D.d,* +2d‘8+id_1_9
6 (D — dy) 2

Therefore, P, = y (Kp — K4). [

-
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. D? —d3
= Y K —-— K . 1
( P A, 6(D — dl) fleterestatanaannns (30)
and mp, =Y (K, — K,). D, (31)
D -4,
Evaluation of the resisting moment about scour line due to 0,
Yo d,® 2 D -
M, =Y (K, - Ky). é— .§d1 + dl'f]) mp, . ﬁi 22 da

> > l 3 D@ — 4D I kY « 4
=YK, - K. " omp, DL 4D, 4 3y
R B 12D
Putting the value of mp,
D4 - dlf}

we have, M, =Y (Kp - Ky). BD=dy (32)
1

Evaluation of moment exerted on the base

If p, be the deflection at maximum fibre distance under the

base, then

b L —
—fl o

o

s _ Py
D

| =8

Therefo o= Ll
Fig. 13 e Py =550

B
Hence, M, = 2 \FK,Px dx
0

B 2p
= [TK
- B K . B3
=K.p, 7 = 2
Pog = p P
Putting the value of P, from equation (31)

M =7 2t K B3
a= V(Kp — Ky) (m) LB (Dod,) e (33)

Hence the general equation for equilibrium will be
P=pP - P
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B
PH = M, — M, + FD + pP, 5
W =pP,+R

D? - d,?
where, P, = Y (Kp — Kj) . _(D—Ziéll;')
Dt - d,*
M=Ky = K2 (55— dy)
- K B?
and M, =y (Kp — Ky) (m D = dy)

9. EXAMPLES

Problems: Given

179

W = Effective downward force on the well including solf

weight

= 1500 tons.

H = Height above the scour
level and the point of
application of the resul-
tant horizontal force —_——

= 30 ft.

D = Depth of the well below
scour level

= 30 ft.

B = Maximum breadth of the
well base

= 16 ft.
= Maximum length of the

b~
|

32 ft.
A = Area of the well base
457 sq. ft.
1085 ft3 (section mod. of base)
Unit weight of sand immersed in water
57.6 1b per cu.ft,
¢ = Angle of internal friction of sand-
= 30°.

Fig. 14,

I

N
i

~
]

F|
well base -
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To find P and base pressures, if safe beari i i
at base be 4 tons per sq. ft. v earing capacity of soil

Solution: From Table 1, K, = Co-eff. of vertical subgrade reaction
for 1 ft width of heam.

= 600 kips per cu.ft.

From Table 2, m,

i

Cons.ta,nt of  horizontal subgrade
reaction for 1 ft width, )

i

68.2 kips per cu, ft,
Let Ho= 0.5

Hence, Y (Kp— K4) = 0.068 tong per cu. ft.

32 N2
K = 600 x (“ﬁ—*—%) = 159 kips cu. ft,

68.2
M=y = 2.13 kips per ft

K 15
2= Y 7465 1t
m

)—o

D*
6

2

z
~
1

Y(Kp" KA)

0.068 x

= 10.20 tons per ft

D3
M, = Y(K,~ K4) 1o = 153 ft tons per ft

B3
M, = s ¥(Kp—Ka) (K)

1
= 12x 30 X 0.068 x 74.65 = 57.80 tons per ft.

Referring to general equations ( 23), 24) & (25)

for equilibrium, when goil at the scour Ie 1 equation
be written as, 32P = 32 x 10.20 — evel just starts flowing, m(&I);
32 x 30P = Mp-15:
" B=153 X 32 + 30 £, 405 x 1090
32 X
2 T . 2)
where average breadth = 15 ft,
1500 = 0.5 x 10.20 x 32 4- R, 3)
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Where F,, R, and Mg are total force at base, total reaction
under base and total induced moment in soil below base
respectively :

, _ By Mg
AISO, pt = 457 + 1085 ......... (4)
B, Mg
ppo= b ABo 5
Ph= 457 7 1085 ()
and M, = 57.80 — 1*.‘.§J’J x 16 e (6)

Solving equations (3), (4), (5) & (6)
we have P; = 3.26 ton per sq. ft.
P; = 2.5Y ton per sq. ft.
R, = 1337 tons.
Mp= 367 ft tons,
And putting the value of Mp in equation (2) and
solving equations (1) and (2), we have,
P = 3.37 tons/rft.
F, = 218 tons.
paR,= 05 x 1337 = 668 tons, > F,

Hence total horizontul force that this well can take is = 3.37 X
32 or 108 tons and the maximum base pressure is 3.26 tons per
8q. ft which is less than safe bearing capacity of soil.

(b) Considering plastic flow of soil upto one-third of the depth
ie.,d, =101t
D3-d,

3
P, =y(Kp—K,) -
1 Y\Ap A) D dl)
308 —103
6(30—10)

14,73 tons, )

Dt md,*
Y (Kp—Ka) 12(0—51)

|

0.068 x

i

I

M,

- 0.065 x 30* — = 227 ft tons.
= 12 X 20

(KP"KA)( ) 12(D dl)

= 0,068 x 74.65 X 12 20 = 87 ft tons.
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Equation for equilibrium may be written as,
32P = 32 x 14.73 — F,

......... M
32 X 30P = Mp — 227 x 32 +30 F, 4+ 0.5 x 14.73 x
15
32 x - '
5T (2)
1500 = 05 x W 43240, (3)
_ Rl 1111))
Pt = = + 7085 e, (4)
Ry My
Pr = ygm 1084 e )
i Pt—Ph -
My = 87 = - 3 + (6)
Solving the equations, we have
R, = 1264 tons.
Mp = 553 tons.
F, = 318 tons.
P = 3.28 tons per sq. ft.
Prn = 2.26 tons per sq. ft.
P = 4,78 tons per rft.
pl, =03 x 1264 = 632ton > F, .. no sliding will
oceur.

Hence, total horizontal force that this well is capable to withstand
is = 4.78 x 32 or 153 tong and the maximum bage pressure is 3.28
tons per sq. ft which is less than the safe bearing capacity of soil.

10. FACTOR OF SAFETY

10.1. From the method of solution suggested in the preceding
pages for the design of well foundations, it will be seen that there
are many factors, particularly with regard to the properties of subsoil
which play a dominant part in the calculations. ’

Since it may not be possible to know the accurate values of
Y, 9, 1,8, k, m, etc., due to the various factors involved, it may
reasonably be asked what amount of factor of safety should be
considered in the calculations.

10.2. It will be seen that in the formulae for general equations,
both & and m occur together as kim. Hence even if correct values
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of & and m are not available, the probability of error in evaluatiqn
of those two factors is the same and hence no factor of safety is
necessary,

10.3 The calculation of horizontal pressure of soil may be
greatly affected if the value of ¢, the angle of internal friction, is not
correctly fixed. Usually for sand, the laboratory experiments can
give values of ¢ with reasonable accuracy and even if the actual
passive resistance is less than that calculated, there is no cause for
alarm, First, there is the question of plastic flow before failure may
occur and secondly, there is the question of factor of safety allowed
in fixing the allowable bearing power of soil at the foundation depth.
For safety it is, however, desirable that in actual design the
deflection at the scour level and consequently at the top of pier are
kept within allowable limits and at the same time plastic flow is
restricted within half the grip length,

10.4. The value of 3, the angle of wall friction may, be experi-
mentally determined or may be assumed. It seems rational to adopt
a value of § equal to half of ¢. For absolute safety, however,
8 may be assumed to be equal to zero.

10.5. The value of u for sand in contact with the skin of the
well may vary from 0.45 to 0.56 and may reasonably be assumed as
0.45. In that case, the possible variation will be small and the
design will be on the safe side.

10.6. The value of y, the unit weight, will depend on the state
of sand strata at the foundation level and if the same is previously
found out by laboratory test of undisturbed soil samples obtained
from the proposed foundation level, the error may be negligible.

11. CONCLUSION

11.1. Tt will be seen that the deduction of the formulae has
been based on certain assumptions, Obviously the equations will
not hold good if the assumptions are not true.

11.2 If a well is acted upon by forces in the direction both
along and across the flow of water, the equations may still be applied
by resolving the two forces into a single resultant force and oonsi-
dering one axis of the well at right angles to this pressure.

11.3. Corrections necessary because of variation of the funda-
mental assumptions (4) and (5) (see para 3) have been thoroughly
discussed by Terzaghi and may be neglected in those slab cases
where the allowable bearing power of the soil is less than half of the
ultimate bearing capacity of the soil. Usually a factor of safety
of 3 is speoified in calculating allowable bearing power of soil,

o
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11.4. Doubts may be raised as to what will actually happen
when plastic flow occurs and the well is allowed to tilt beyond
state of elastic equilibrum of sand. The active pressure of sand
may not be sufficient to bring it back to the original position until
the well is again acted upon by a force from the opposite direction.
The designer should necessarily find out if such type of deflection,
which may be of permanent nature, should be allowed.

11.5. For designs of wells resting on cohesive soils, the present
formulae for design will not hold good and it will be necessary to
deduce a fresh set of formulac on the same line. The Authors desire
to present a solution of that problem at a later dato.

11.6. It has already been said at the outset that it has been
the endeavour,of the Authors to present the problem with a mathe-
matical approach but obviously there are many limitations. No
laboratory experiments have been undertaken to verify the results,
The Authors hope that the subject will be given more attention by
the Design Engineers of India and experiments carried out to
correlate the theoretical values with the experimental results.
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SYNOPSIS

The note gives the composition, availahility of wood tar from various types
of wood, and how this by-product can be blonded and used for chocking the

rige of moisture through capillary action from the subgrade in arcas of high
water table.

1. INTRODUCTION

Wood tar, a by-product in the manufacture of chemicals by

the destructive distillation of both hard and soft wood, is available
in large quantity in India. :

Hard woods mostly comprise beach, oak, poplar, ash, willow,
chestnut, etc., and soft woods that of pine, fir, cedar, hemlock,
cypress and larch. The distillation of hard wood primarily aims at
the recovery of methyl alcohol and acetates, but tar is obtained as &
by-product, whereas the distillation of soft wood is mainly directed
to the recovery of turpentine, wood-tar oils, tar and charcoal.

The crude products, of the distillation of hard wood can be
grouped into four classes : '

1. Non-condensable gases 20— 30 per cent

* Central Road Research Institute, New Delhi,
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2. Aqueous distillate (crude pryo- 30— 50 per cent
ligneous acid)

3. Wood-tar oils, and wood tar ...

5—20 per cent
4. Charcoal

20— 45 per cent

The yield of tar from hard wood varies between — 20 per
cent whereas the yield of tar from soft wood is almost three times,

The tar obtained from wood distillation is regarded unsuitable
for surface dressing of roads on account of the presence of about
1015 per cent of water and another 5~ 10 per cent of light oils.

Wood tars are characterised by their extreme susceptibility to
changes of temperature and oxidation on exposure to weather. How-

ever, these can be improved by fluxing with cashewnut shell oil,
though the treatment might be uneconomical.

Atter the removal of water, the tar thus obtained is mostly used
for:

1. Preserving of wood
2. Burning as a fuel
3. Recovery of different oil fractions.

2, USE OF WOOD TAR IN ROAD CONSTRUCTION

Some preliminary investigations were carried out to explore the
possibility of using wood tar as a water-proofing material to check

the rise of moisture through capillarity from subgrades and also to
find out its utility as a soil stabilizer,

Some successful laboratory experiments on the stabilization of
sand with tar treated with chemicals showed that the prescribed
‘Hubbard’ stability limits can be attained by stabilizing sand with
about 6 per cent of treated tar. This experiment wasg carried out for
application in a very dry area, assuch no tests on the wa

ter-resisting
quality of the treated sand were carried out.

3. LABORATORY INVESTIGATION

The treated tar used in the above experiment when tried for
water-proofing of soils did not give encouraging results. Fresh
experiments were taken up to improve the water-re

pellent qualities
of the tar by treatment with chemicals. After trying a number of

organic solvents, alcohol which is readily miscible with wood tar a4
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room temperature, was found to be most effective. quther tng,ls
W:re madg to see as to what oxtent alcohol could be diluted Wl'ﬂl:
water without affecting solubility, it was found that the solvent w1tt
75 per cent alcohol content was good and that only_ 20 per cen
of the diluted alcohol was required for workable consistency. T‘he
tar dissolved in the 20 per cent diluted alcohol when mixed with
soil at the ratc of 5 per cent by weight did not impart enough
resistance to soil against softening action of water. Further experi-
ments were, therefore, taken up to improve water repelient
qualities of the tar hy use of chemicals such as rosin and stearate.
As a result of trialy, suitable proportions of the final mixture were
found to be 80 per cent wood tar, and 20 per cent diluted alcohol
containing small concentrations of rosin and stearate.

Selection of Soils

The laboratory experiments were carried out on a soil typical of

alluvial plains. The physical characteristics of the soil are given
below :

Liquid limit 32.5 per cent
Plasticity index 14.0
Sand content 15 per cent

The following aspects of the problem were studied :

(1) Effect of addition of treated tar on C.B.R. of soils.

(2) Effectiveness in checking up capillarity as a result of
surface painting.

(1) Effect on CB.R.

The effect of adding increasing percentage of treated wood
tar was tried and the results are given in Table 1.

TasLE 1
: Percentago Density Porcentage of
SeIfIlM of treated \%ood C.B.R. Ib per moisture
o tar {soaked) cu. ft. absorption
1 0 2.3 114.8 19.67
2 1.0 3.3 116.6 15,18
3 2.0 4.0 105.8 " 1588
4 3.0 3.5 105.7 14,80
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It will appear from Table 1 that there is no significant increase
in the C.B.R. vahie of soil to which increasing percentage of treated
wood tar was added. The data further shows that due to rapid
decrcase in the drvy bulk density with increasing percentage of
treated wood tar, the resultant C.B.R. does not improve even when
moisture absorption decreases. Similar cxperiments tried on the
stabilization of soils with bitumen emulsion had shown that for all
intents and purposes there was no incrcase in the C.B.R. values of
alluvial soils. 1In one of the particular projects, the use of emulsion
manufactured in the country was tried to improve the C.B.1.
valuc of the base course in waterlogged arcas, but it was found
that even with fairly high concentrations, there was no marked
improvement.

(2) Checking Capillary Rise of Moisture

There are two ways of maintaining the strength of soils, (i) by
stabilization with bituminous material and thercby muking
1t resistant to softening effect of water, and (ii) by stopping
the capillary moisture from moving into the bases. Sinece
stabilization of soils with treated wood tar was not found successful
further experiments were carried out to find out how subgradé
painted with wood tar could check the movement of moisture.

Earlier® study conducted at Karnal Laboratory showed that
usc of shell primer No. 1 (Bitumen 80/100 - 50 parts and diesel
oil - 50 parts), can be satisfactorily employed to arrest the upward
movement of moisture. Laboratory studies had shown that primer
at the rate of 40 Ib per 100 sq. ft., in two separate coats could
completely check the rise of capillary moisture through subgrade soil
even when the subgrade contained 0.5 per cent sodium sulphate.
Similar trials were carried out with treated wood-tar as per details
given below :

Experimental Technique

Laboratory cxperiments were conducted in transparent plastic
jars of size 4% in. x 6 in. having perforated bottom. Soil with a
P.I. 11.2 and sand content 30 per cent was compacted at the bottom
of the jar upto 2 in. thickness to a density of 1.7. The soil surface
was allowed to dry and then painted with different quantities of
wood-tar mixture at the rate of 15, 20, 25 and 30 1b per 100 sq. ft.,
respectively. The painted surfaces were allowed to dry in the sun
for 24 hours to permit the penetration of wood tar. Over the
painted surface another 3 in. thick layer of soil having P.I. = 8 and
gand = 48 per cen‘o_ conforming to base course specification was
compacted with density 1.7 and then allowed to dry. In two sets of
experiments, the subgrade soil (bottom layer) was mixed with
1.0 per cent and 2.5 per cent sodium sulphate to accelerate the
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puncturing of upper soil layer under capillary rise of moisture, All
the plastic jars were kept in 2 in. deep water, and the rise of
moisture resulting in the wetting of the surface wa,s‘noted visually.
After a lapse of 12 months, the obscrvations given in Table 2 were
recorded,

TAaBLE 2
Checking capillarity in subgrade soil

(

S Mo, Wi s | P mtion | Tt of
I per 100 sq. ft.
L 15 Nil No rise of moisture in
12 months.
2, 20 Nil »
3. 25 Nil ’
4. 30 Nil »
5, 15 1.0 »»
6. 20 1.0 I
7. 25 1.0 »
8. 30 1.0 "
9, 15 2.5 »
10. 20 2.6 »»
11, 25 2.5 n
12, 30 2.5 »
13. Nil Nil Water rises in 20 hours.

4. FIELD APPLICATION

In actual field the painting of the base and sides will be carried
out as per procedure given below:

A trench of desired width shall be dug to a depth, equivalent to
the thickness required for the CBR value of the subgrade under
soaked condition.

The subgrade shall then be rolled and brought to a proper
camber. The sides of the trench shall also be pressed to avoid any
loose material. The treated wood-tar shall then be painted with a
sprayer both on the base and sides at the rate of 20 1b per 100 sq. ft.

6
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If the thickness of the crust is going to be partly built up in soil,
then it has to be ensured that the finished so0il crust shall also be
painted to avoid the moisture from the top penetrating into the
consolidated soil. This will form a sausage to enclose soil to be
kept dry to maintain high strength.

1t will be seen as a result of laboratory experiments that paint-
ing the subgrade with treated wood tar at the rate of 20 1b per

100 sq. ft. is as effective in checking up capillarity as 40 1b of
Shell Primer No. I.

Since no confirmatory results on the effectiveness of Shell
Primer arve available, it is too early to say how far treated
wood tar is also effective. There are many unforeseen factors which
play part in actual field trials which cannot be anticipated in the
laboratory. It is, therefore, necessary tolay actual field trials on

the procedure mentioned above before final recommendations can
be made.

5. GOST OF TREATED WOOD TAR

The cost of manufacturing one ton of treated wood tar has been
worked out as under:

Rs
(1) Cost of one ton wood tar in 45-gallon drums 140.00

(i1) Cost of methylated spirit 33 gallons

at Rs 5 per gallon 165.00

(ili) Cost of stearate and rosin 55.00

{iv) Labour charges - 10,00
Cost of 2,720 1b 370.00

Cost per ton (2,240 1b) 305.00

As against Rs 305 per ton of treated wood tar, the cost of Shell
Primer No. I recommended earlier is Rs 400 per ton.

Since the rate of application of Shell Primer is double that of
wood tar, the comparative cost on the bagis (_)f. treatment with wood
tar will be about 40 per cent that of Shell Primer.
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“STRENGTH OF AXIALLY LOADED STEEL COLUMNS
ENCASED IN CONCRETE ”

By
P. C. VARGHESE

SYNOPSIS

This Paper gives the results of an experimental investigation on strength
of axially loaded encased steel columns. According to the present Indian
specification, the concrete in centrally loaded encased steel columns is
permitted to assist the steel section in carrying the load only if they are
reinforced with spiral hinders. In the light of experimental investigations,
this provision scems to be very couservative. Presence of binders has very
littlo effect on the total load carrying capacity of these columns. However,
they affect the type of failure considerably. With hinders the failure is less
brittle whereas without. binders a splitting type of failure takes place.
LExperiments indicate that rectangular binders, which are commonly used in

actual construction work, will also give ample protection against these britile
failures,

1. INTRODUCTION

1.1. The idea of using a large metal core encased in concrete
as columns was first conceived by Von Emperger as early as 1905.
These columns consisted of cast iron metal core covered with
concrete which was laterally reinforced with spiral binders. Such .
types of columns were extensively used in building construction in
Europe and U.S.A. some fifty years ago. Comprehensive tests on
these columns were made in those days and the columns were

designed to carry much heavier loads than the corresponding metal
columns not encaged.

1.2. Tests on encased steel columns were carried out by Talbot
and Lord as early as in 1912 to investigate the value of concrete
as reinforcement for structural steel columns?. Fabricated steel
(open hearth) columns 2 ft to 9 ft 4 inches long were tested as plain
steel columns, as core type columns (i.e., with the space inside the
fabricated steel column filled with concrete) and as spiral columns
(i.e., with concrete cover outside the fabricated steel column and the
concrete reinforced laterally by spirals). They found that all these
columns had qualities of good structural members. Further tests
were made on encased steel columns with rectangular binders by
U.8. Burean of Standards in connection with the design of George
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Washington Bridge® and by Oscar Faber in 1955, Those tests
showed that the cneased steol columns, with rectangular binders as
encasement reinforcements, were safe to use in practice and that
their carrying capacity was much higher than the corresponding
steel columns.

2. PRESENT-DAY PRACTICE

2.1. Till recently codes of practice recognised only the
stiffening effect of such encasement and the concrete was not
considered as carrying any portion of the load. Modern codes
however, recognise the load carrying capacity of the concrete
encasement and allow a certain portion of the load to be carried by
the concrete. However, opinions differ widely on the question of
the amount of allowable load.

2.2. The British Code (B.S. 449—1959, clause 30) stipulates
that for symmetrical sections, effectively reinforced with 3/16 in. dia.
wires in the form of stirrups or hinders, the concrete cover upto a
maximum of 3 in. may be assumed to assist in carrying the load.
This concrete may bhe assumed to carry a stress equal to the
allowable stress in steel divided by 30. The safety of these provi-

sions has recently been verified by a series of tests by the Building
Research Station, Watford?,

2.3. Similarly, the revised Indian Standard Specification
(I.8. 456—1957, clause 6.33.15 with erratum No. 4) specifies that the
strength of steel or cast iron columns encased in spirally reinforced
concrete may be calculated from the formula

.P = AC‘!“AcOl ‘{"fmAm’

where 4,, = Area of steel or C.I. core
4, = Area of cross-section of bar reinforcement
A = Net area of concrete section
C = Permissible stress in concrete in direct compression.
C, = Permissible compressive stress for column bars
fm = Allowable unit stress in metal core.

2.4. Both the above codes have thejr limitations. Thug while
in BS. Code the strength of the column is independent of the
strength of concrete used, the carrying capacity of the columns in
Indian Code is based on ultimate load which is rightly a function of
the strength of the concrete. However, B.S. Code allows increase in
strength for all columns used in practice, as only rectangular binders
are generally used as lateral reinforcements in encased columns,

Photo 1

Photo 2

Photo 3
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Indian code allows the increase only in columns provided with
special spiral reinforcements.

3. EXPERIMENTAL INVESTIGATION

3.1. With a view to assess the true load bearing capacity of
these columns and also to know the function of binders in these
columns some tests were made at the Indian Institute of Technology,
Kharagpur, on encased centrally loaded columns. Photos 1 and 2
show the general set up for the two tests and Photos 3 to 5 show
features of failure obtained in these columns. Table 1 gives the
results of tests.

3.2. Two types of test specimens were made, one set with
simple steel joists encased in concrete without encasement reinforce-
ments and the other with rectangular binders and longitudinal rods
ag encasement reinforcements. Wherever provided, these encase-
ment reinforcements consisted of 4 nos. 1[4 in. diam. vertical rods
with 1/4 in. diam, rectangular binders at 6 in. centres. As in Oscar
Fabers’ test most of these columns with uniform rectangular
sections failed at its ends. It was, therefore, thought worth while
to test similar columns with flared ends, Photo 4.

3.3. During the test the surface strains in the concrete were
measured at different elevations on all four sides by demountable
strain gauge of 8 in. gauge length. In a few tests, stress in steel
was also measured by means of electrical resistance gauge attached
to the steel section and embedded in concrete. The latter readings

showed that there was no tendency for slip between the steel and
encasement during the test.

4. DISCUSSION OF RESULTS

41. Tt is well-known that mild steel reaches its yield at a
strain of about 0.0015. Also, the failure strain of plain concrete in
compression is of the order of 0.002. This failure strain may be
increased to a much greater value with provision of closely spaced
rectangular, circular or helical binders®. Rectangular binders by
their very geometry will not be as efficient as helical or circular
binders in increasing this strain at failure, but it can easily make
the concrete to sustain a safe failure sirain value much greater than
the yield strain of steel. Thus, if concrete and steel are stressed
together in compression, and if there is no bond slip between them,
it should quite naturally be expected that, if loaded to failure, both
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steel and concrete will be stressed to its capacity. Thus, as in

reinforced concrete columns, the ultimate load carryin cit
should be able to be expressed as ying capacity

P=Asfy+ A fy' 4 4,e< C,
where As = Area of encased steel column
fy = Yield strength of encased steel
As' = Area of longitudinal steel rods
fy' = Yield strength of steel rods
Ac = Net area of concrete

oc Cy = Average stress developed in concrete.

4.2. Examination of the test result shows that the value of oc
varied from 0.4 to 0.7. There was no noticeable difference between
the strength of columns of uniform section and columns with flared
ends, except that the failure in the latter case occurred away from
the ends. Also, there was no appreciable difference between the
ultimate strength values of encased columns with and without
rectangular binders. However, in general, the provision of binders
produced higher concrete straing at failure; also the failure wag
more localised and less brittle with these binders. Without binders

a splitting type of failure as shown in Photo 5 was obtained in the
specimens,

5. CONCLUSIONS

5.1.  This investigation clearly points out that the provisions of
rectangular binders as encasement reinforcement ensure prevention
of brittle failures in such columns and enables the structure to attain
its ultimate load safely. As in reinforced concrete columns provision
of helical binders may further increase the strain at failure of these
columns but is not necessary for developing its full strength,

5.2. The ultimate strength of such columns can be expressed
by the formula—

P=Asfy+ As' fy' + dex C,

and this may be used with suitable load factor in design. The value
of oc, for the range of columns tested, varied from 0.4 to 0.7

5.3. In tho light of these experimental evidences the present
provision in the Indian Code of Practice, of allowing increase in

strength only with the provision of special helical binders is conger-
vative, ' ‘
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‘A RESUME ON LIME STABILIZATION WITH
PARTICULAR REFERENCE TO THE EFFECTS OF
LIME ON THE PHYSICS AND CHEMISTRY OF SOILS ”

By
Dr. H. L. UprarL* & R. M. Parit*

SYNOPSIS

As a result of research work carried out in different parts of the world,
ng the last decade or so, the stabilization of soils with lime has shown a
very promising future. Lime soil seems to have now come to stay as a
material of construction with comparatively low strength.

duri

There is, however, a lot of controversy as to the nature of actual reaction
that takes place when lime is added to clays. A resume of the work already

done is presented in this Paper, to serve as a guide for further work in this field.

1. INTRODUCTION

It is known that in the second century, Romans used lime in
building industry by mixing it with volcanic sand, called pozzolana
named after the place where it was found.

Use of lime continued extensively right up to twentieth century

when replaced to s large extent by cement, a much stronger and
standardised material.

Beyond extensive use of lime in building industry, there is no

literature available to show that lime had also been used for
improving earthen roads,

The first attempt to improve soil with lime for roads was
perhaps made in 1924, in the State of Missouri, as an experiment on
the construction of a road using hydrated lime'. In spite of some
initial success in the stabilization of soil with lime, no serious
attempt was made to extend the technique to a large scale constrac-
tion till the second world war when gravel stabilized with lime was
used in the construction of runways and taxiways in Texas.

Laboratory as well as -field experiments were also taken up b
the Texas Highways Department and by 1853 about 250 miles of
roads had been constructed in Texas using soil stabilized with lime?,

* Central Road Research Institute, New Delhi,
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In 1954, the National Lime Association of America issued a booklet
describing the method of determining lime required for stabilization
of soil in the laboratory and the technique of constructing stahilized
soil roads?,

Clare and Cruchley * have reported that considerable work on
the stabilization of soil with lime has been carried out besides
U.S.A,, in Russia by Okhtina, Bykovskii, Volkov, Gelmer, Zasobin,
Pantelecv, Groditskaya, Ipatova. According to the work done in
Russia, use of unslaked lime for stabilising soil has been found to
be more economical and effective than slaked lime, and that the
strength of treated soil keeps on increasing over a perind of few
months depending on the type of soil and the concentration of
lime which varies from 1-10 per cent. The addition of lime
makes the clayey soils friable, and thus helps in increasing cons-
truction speed considerably. Beside U.S.A. and Russia, considerable
work on the stabilization of soil with lime has also been done in the

UK, India and Israel, but it has mostly been confined to the
laboratory study.

2. STABILIZATION OF SOILS WITH MIXTURES OF LIME
AND OTHER COMPOUNDS

2.1. Lime and cement

Some of the soils, which on account of their high colloidal
contents require very high percentage of cement, can be economically
stabilized, if first treated with lime to reduce plasticity, and then
stabilized with comparatively smaller concentration of cement
This process has been found very satisfactory for stabilization of
black cotton soils in India®. Similar results have also been reported
by other workers in different parts of the world ¢,7.

2.2. Lime with Flyash

In recent years the use of lime and flyash for the stabilization
of soil has received considerable attention. Flyash is the grey dust
like ash and is the residue from burnt powdered coal. The ash is
similar to the volcanic ash, used in early Roman constructions as a
pozzolanic material, that is, material not in itself a cement, but it
reacts with lime and water to form a weak cement. While the
study of lime-flyash-soil treatment has not extended to a point
where full information is available, the following conclusions may
be derived from existing literature ® ¢ 12 :

(i) The addition of small amounts of hydrated lime and
flyash develops concrete like composition of high
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strength at relatively early ages. When compacted with
optimum moisture, unconfined compressive strength of
the order of 1,000 lb per sq. in. in 28 days is developed.
When cured at higher temperature which accelerates the
pozzolanic reaction of lime and flyash, the compressive
strength obtained in 7 days is of the order of 350 to
1,400 1b per sq. in. depending upon the type of the soil.

(ii) The weathering resistance of the composition appears to
be exceptionally good. The test for wetting and drying,
and froezing and thawing show excellent resistance to
deterioration after 12 cycles of treatment.

(iti) With addition of lime and flyash maximum strength is
obtained when compacted at a moisture content equal
to or slightly less than the optimum.

(iv) Strength increases with the degree of pulverisation.

(v) Strength increases with increase in curing time.
(vi) Elevated temperature curing greatly increases strength,

(vii) Specimen sealed from contact with atmosphere gives
greater strength after six months or more than unsealed
gpecimen.

(viii) Small percentage of calcium chloride gives substantial
increase in strength of stabilized clayey and sandy soil.

(ix) Addition of lime-flyssh improves the consistency limits
and shrinkage properties of soil.

2.3. Mixture of Lime and Magnesium oxide

Lul* and his co-workers found that lime cementation of soil at
ordinary temperature is best when lime is mixed with equal molar
part of MgO. Highest strength is obtained, when dolomite quick
lime is used and allowed to hydrate with soil.

The relation between strength and Ca : Mg ratio is illustrated in
Fig. 1. With monohydrate lime the optimum Ca : Mg ratio approxi-
mates that of pure dolomite lime.

2.4. Lime with bituminous binder

Experiments have been carried out in the Road Research
Laboratory, U.K.!%, and Central Road Research Institute, India'®,
on the use of lime and wood tar for stabilizing soil. Texas Highways
also has suggested that clays of the montmorillonite or bentonite
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Fig. 1. Effect of Co: Mg ratio on immersed strength of friable
loess with 8 per cent synthetic Hydrated Lime

type, can be best stabilized with lime and bitumen. The stabili-
zation is perhaps due to the waterproofing property of bitumen.

It has boen found out that the effect of lime
considerable degree by adding wood tar,
destructive distillation of wood.

is improved to a
a  by-product in the

3. PHYSICS AND CHEMISTRY OF LIME SOIL REACTION

It has been seen as a result of study of literature reviewed in
the previous pages, that some of the soils react very favourably with
lime in creating resistance to softening action of water. A number
of research workers had been engaged to find out the type of reaction
that takes place by adding lime to soils. Some of the theories
advanced by various vesearch workers explaining the reactions are
discussed in the following pages. This has heen divided into two
parts (i) physical properties (ii) chemical properties.

3.1. Effect of lime on physical properties of soils
3.L.1. Liquid limit

The effect of addition of lime on the liquid limit of different
types of soils has heen studied by research workers in various parts
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of the world. The results are conflicting in as much as, some have
observed rise in liquid limit values, whereas others have found loss
in values. Research carried out in India®!® with black cotton
soil has shown that liquid limit of the soil decreases with the
increase in the concentration of lime. Similar observations have also
been made in U.S.A. by Spangler and Patel'” on heavy clayey soils.
But Clare and Cruchley * in U.K. and Zietlen and Zolkov** in Israel
report a complex reaction. According to the work done in the U.K.#,
the immediate effect of the addition of small concentration of lime
such ag 1 per cent raises the liquid limit of the soil considerably,
but further addition of lime upto 10 per cent steadily reduces this

value, though at no stage lower than the liquid limit of untreated
soil.

According to the work done in Israel'™, liquid limit of soil
decreases with the increasing concentration of lime when tested
immediately, but with lapse of time over a year or so, the liguid
limit has a tendency to rise.

3.1.2. Plastic limit

In so far as the eflect of addition of lime on the plastic limit
of soils is concerned, there is almost a general agreement that plastic
limit always increases with addition of lime, whether tested immedi-
ately or after lapse of time.

3.1.3. Plasticity index

Plasticity index generally falls as a result of addition of lime.
In the case of black cotton soil, the reduction in plasticity index is
brought about by comparatively rapid decrease in liguid limit than
corresponding rise in plastic limit with increasing percentage of lime.
It was also observed that with 5 per cent addition of lime to black
cotton soil the plasticity index falls from 45 to about 5. Further
addition of lime upto 10 per cent may render the soil non-plastic,
though from practical point of view it may not be desirable. The
data available from regearch work carried out in the U.K*, and Israel
shows that even with 10 per cent addition of lime the fall in plasti-
city index of clayey soils is not very marked even when lime is
allowed to react for a year or so. There is also an indication that -
maximum reduction in plasticity index is recorded immediately
after the addition of lime, but with lapse of time there is some
increase in the plasticity index. Research work in U.S.A.'° on

silty soils shows that with addition of lime there is an increase of
plasticity index.

3.2.  Other properties of soils

Resuits of research work on other physical properties of soils
such as shrinkage limit, shrinkage ratio, volumetric shrinkage,
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swelling characteristics, ctc., show that after treatment with lime,
the soil improves resulting in increase of shrinkage limit,

3.3. California bearing ratio

A clayey soil has a very low C.B.R. in saturated condition, as
such is considered unsuitable for use even as a subgrade. Research
work carried out on clayey soil, such as black cotton soil, has shown
that as high as 80 per cent soaked C.B.R. can be obtained in the
laboratory with only 5 per cent addition of lime!®. Dependmg
upon the effectiveness of mixing and degree of pulverisation of soil
that can be obtained in the field, it should be possible to obtain at
least 50 per cent of laboratory C.B.R. in actual practice which will
be a great improvement on the strength of natural soil.

The work carried out in Israel and India shows that soaked
C.B.R. of soil lime mixtures increases with the increase in percen-
tage of lime. The highest value attainable depends on the nature
of soil.

3.4. Unconfined compressive strength

Most of the clayey soils which have ridiculously low strength in
soaked condition improve considerably by treatment with lime. It
has been shown as a result of research work carried out in India on
black cotton soil that the compressive strength can go as high as
150-—200 1b per sq. in. after 7 days curing. It has also been noticed
that further addition of lime beyond certain limits causes reduction
in strength. Work done by Fuller & Dabny*® has shown that the
ultimate compressive strength of lime treated soil, rises progres-
sively at least for 300 days resulting in an ultimate compressive
strength of 780 1b per sq. in. Recent research work has shown
that higher compressive strength can be obtained if instead of
calcium lime a mixture of calcium and magnesium lime in equal
proportion is used.

4. CHEMISTRY OF REACTION

Some of the theories put forward by various research workers to
explain the reaction that takes place when lime is added to clay
are discussed below.

4.1. Flocculation

The agricultural chemists maintain that there is no direct effect
of lime on soil structure. It is, however, recognised that lime promotes
better structure through its indirect effect on organic matter produe-
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tion and microbjological activity. This theory of organic complex
formation iy, however, not supported by work done in soil mechanics
where even a small percentage of lime when added to soil and subse-
quently compacted, results in the development of a hard mass even
when there is no organic matter present.

4.2. Base exchange

Many properties of soil-water system such as plasticity index,
sensitivity, permeability and swelling are influenced by the nature of
excha‘ngable cations. Thus all other constants being equal a soil
carrying Naf‘ a8 exchangable ion is likely to have different plasticity
1?ie+x,‘swellmg pressure and other properties than a soil carrying
Ca™ jon. An exchange of a relatively small amount of Na* by

Ca** may result in a major change in the physical property
of the clay.

The theory of base exchange has been advanced to explain the
beneficial effect of lime on soil. It is argued that calcium ion of
lime displaces the exchangable Na ion of the clay, and thereby
flocculates the soil, which is comparatively more stable. On the
basis of this theory the stabilization of black cotton soil with lime
cannot be explained as the soil is already Ca*+ soil, and, therefore,
no further base exchange with lime can take place.

It is also observed that every salt of Ca cannot bring about the

beneficial effect, e.g., even though CaCl, brings about base
exchange, it has no stabilizing effect.

4.3. Formation of calcium carbonate

. Goldberg and Klein®! after carrying out studies on X-ray
dlﬁractlon_ar_ld differential thermalanalysis of two clays (portervile
clay containing 50 to 60 per cent montmorillonite and bentonibe)
concludes that most of calcium hydroxide is converted into caloium
carbonate, and no free calcium hydroxide remains after some e,
Their studies do not disclose detectable amounts af hydrosilicate of
lime. Chemical analysis of treated portervile clay shows progres-
sively higher values of calcium carbonste when treated with
Increasing concentration of calcium hydroxide content as a result
of partial carbonation of caleium hydroxide. Calcium carbonsate

was also found in the lime treated bentonite which originally
contained no caloium carbonate.

However, Clare and Cruchley* have found that the formation of
carhonate is not essential for imparting strength to soil stajslized
with lime. They made samples of soil stabilized with lime and
gave a heavy coating of paraffin wax to prevent access of air so that

no CO, from air can react with lime, It has been found that even
8
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then, the soil develops strength and, thevefore, contradicts the
theory of the formation of carbonate to impart strength to lime
stabilized soil. 1t could, however, be argued that the air entrapped
in the voids of the blocks contains enough CO, to convert Ca (OH),
into CaCO,. To avoid this argument, work was conducted in the
Central Road Research Institute by curing the lime treated blocks
in vacuum desiccator, which removed the air completely. It was
noticed that after curing for a week or so the blocks developed tho

same strength as those cured in air, thereby disproving the theory
of carbonate formation.

4.4. Calcium Hydroxide

One of the theories put forward is, that the increase in strength
of soil stabilized with Ca (OH), could also be due to the hexagonal
crystals of Ca (OH), which can be formed at temperature of 28° to
30°C and under reduced pressure conditions which are met with
under actual field condition. It was shown as a result of experi-
ments carried out in the U.K. that even when required temperature
and moisture conditions for the crystalisation were not provided,

there was still improvement in the soil strength thereby challenging
the application of this theory.

4.5. Formation of Cementitious Calcium Silicate

Now-a-days it is generally agreed that the most possible
mechanism involving the stabilization of soil by lime is the formation
of cementitious hydrated calcium silicate. ‘A number of hydrated
calcium silicates have been reported in nature and some have been
prepared artificially. The products obtained by the wet process
usually vary in composition and have the character of colloids,
Towards the end of eighteenth century Godolin precipitated alkali
silicate by calcium salt, and by treating hydrated silica with caleium
hydroxide. Fuch stated that hydrated silica when added to lime
wadter, precipitated a white caleium silicate. Heldt observed that silicic
acid mixed with milk of lime forms a hard mass. Landin stated
that gelatinous and dialysed silicic acid acts on lime water forming
various hydrated calcium silicate which plays a role in the setting
of hydraulic cement. He presented the composition of the precipi-
tate as 4 CaO 3 SiO, or 2 CaO, 3 Si0,. This subject was studied by
Lechaterler who demonstrated that products with a composition
between Ca0, 10 8i0, and 2 CaO Si0, can be obtained by varying
proportion of lime and silica used in their preparation®?,”

It is, therefore, quite probable that even at ordinary tempe-
rature, some reaction of lime and silica of the clay takes place in the

wet condition to precipitate a cementitious calcium silicate into
the soil mass.
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This is further supported by the work carried out in the C.R.R.I.
The development of strength in soil stabilized with Ca (OH), depends
upon the availability of silicates to form complex compounds of Ca
with iron and aluminium silicates. It will be observed that when soil
is burnt to a temperature, where the clay structure starts disinte-
grating and maximum, percentage of silicates are exposed, then the

development of strength as a result of addition of Ca (OH), is
maximum.

ACKNOWLEDGMENT

The Authors thank the Director, Central Road Research Insti-

tute, New Delhi, for his encouragement and for the permission to
publish this article. ‘

REFERENCES

1, McCoustland, B.J : ¢ Lime in dirt road ’—Proc, National Lime Asso~
ciation Convention, 1925,

2. American Road Builders Association: * Report of Committee on
Lime/soil Stabilization” : Tech. Bul. No. 147, 1948,

3. National Lime Association: ¢ Lime Stabilization of Roads '’—Bul.
323, 1954,

4. Claro, K.Ii. and Cruchley, AL, : ¢ Laboratory Experiments in the
Stabilization of Clays with Hydrated lime ’—Geostechnique, Vol,
VII1-No. 2, 1957,

5, Bose, 8.K.: ¢ Stabilization of certain Clayey Soils in India by
Heat treatment "—J.IL.R.C, Vol. XVIIL-2, 1953,
6. Brooke Bradley, H.E.: ‘ Soil Cement Roads in Worcestershire **~

Surveyor 111, 1952,
7. Kerr HL.: “Soil Cement in an Urban Area ’—Surveyor 112, 1933.

8. Minick, L.J. and Miller. R.H. : * Lime Flyash Composition for Use in
Highway Construction ’—Proe, H.R.B,, 1950.

9, Minick, L.J. and Miller, R.H.: “Lime Flyash Composition in the
Highways **—Proc. H.R.B., 1951.

10. Leadaler, Norting and Myera: ‘ Properties of Lime Flyash Soil
Composition Employed in Road Const,”—H.R.B, Bulletin 69,

11. Chu and Davideon: ‘Soil stabilisation with Lime Flyash
Mixture ’—H.R.B. Bulletin 108.

12, Goecker, Davidson & Chu: ¢ Stabilisation of fiine and Coarse
Grained Soils with Lime Flyash mix, "—H.R.B. Bull, 129,

13, Minick:  Soil Stabilisation with Lime Flyash Mixing *—HR.B
Bull. 129,

14. Lu, Davidson Hardy: ‘‘The Calcium magnesium Ratio in Soi
Lime Stabilisation ’—Pro. H.R.B, 1957.

15. Grainger, G.D.: * Stabilization with lime and local wood tar of !
Black Cotton Soil from Southern Rhodesia”—Road Researc
Laboratory Note No., RN~—1778/GOG (unpublished).



212

UprrPaL & PALIT ON STABILIZATION oF SOILS WITH LIME

18.

17.

18.

19,

Uppal, H.L. and Bhatia, H.8.: “Stabilisation of Black Cotton Soil
for Use in Road Construction ”—RR Bulletin of I.R.C., 1938.

Spangler, M.Gi. and Patel, O.H.: “ Modificaiion of Gumbotil Soil hy
Lime and Portland Cement Admixture —Proe,, H,R. 1949,

Zeitlen, J.G. and Zolkov, B.: “Lime siahilization of Fat Clay "’

Regional Conference (Asia) on  Soil Mechanies and  Foundation
Engineering, 1960,

Woods, K.B.and Yoger 10.J,: “Stabilization with Soil Lime or
Caleium Chloride as an Admixture ”—Proe. of conference on goil
stabilization, Massachusetts Institute of Techuology 1952 (1),

McAllister, R.W.: “Report to the Mississipi Lime Company on
Lime Stabilised Highway Counstruction.

Goldberg and Klein : ““ Some Effects of Treating Expansive Claya

with Calcium Hydroxide "—A.8.T.M. Special publication No, 142,
1952,

Mellor : ¢ A Comprehensivo Treatise on Inorganic and Theoretical
Chemistry *, Vol, VI,

4
<

“ SOME FIELD EXPERIMENTS ON BITUMINOUS ROAD
CONSTRUCTION

By

D. C. CrarurveEpi®, c.E. (Hons.), p.1.o. (London), A.M.LE. (Ind.)
&
J. C. Tavar}, B.E.

CONTENTS
Page
1. Introduction . 213
2. Organization e 215
3. Field Experiments e 215
4. Conclusions . 225

SYNOPSIS

The Paper discusses some problems being faced at present in the

construction and maintenance of surface dressed and water-bound macadam
roads.

Details of lahoratory tests and field experiments carried out by U.P.,
DW.D. Research Institute on Lucknow-Sultanpur road on the use of
(1) brick grit, (2) precoated stone and brick grits, (3) built-up spray grout
specifications using brick metal, (4) simultaneous coat of tar and bitumen
in surface dressing and (3) diluted emulsion in water-bound macadam

are described and the possibilities of further development of these techni-
ques are discussed,

1. INTRODUCTION

1.1. In many parts of U.P. stone metal is expensive and,
therefore, the search for suitable alternate materials has resulted in
wide scale adoption of overburnt brick metal for water-bound road
congtruction* &2,  Still, for surface dressing work or premix

* Executive Engineer, U.P.,, PW.D., Agra.
1 Aspistant Engineer, U.P.,, P, W.D,, Lucknow,
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carpet, stone grit has to be brought from long distances. This
makes the cost of surface dressing or premix carpet high. Use of
brick grit with and without any special treatment, precoating may
be effective and economical in many situations,

1.2. Due to fast moving traffic on roads, the loss of grit from
newly surface dressed roads is sometimes so much that the surface
of the W.B.M. becomes bare, thus shortening the life of surface dress-
ing. The loss of grit is moreover pronounced on the curves. Precoat_;ed
tar chippings have been used in UK. with quite encouraging
results®.  There are some stone grits which are available at
economical cost but show poor adhesion to binders and arve thus not
favoured. By precoating these grits, adhesion can be improved and
loss of grit reduced.

Precoating has another possibility, viz., in the use of softer typo
of grit such as brick grit, it is possible to improve the abrasion
quality of brick grit and crushing strength by precoating with small
quantities of tar or bitumen.

1.3. Surface painting of water-bound macadam is normally
carried out when the surface is dry. In case of water-bound brick
ballast, surfaco painting has to be done as early as possible to avoid
crushing of brick ballast under traffic. It will, therefore, be better
if bituminous coat can be given simultaneously with the consolida-
tion of brick ballast. In Punjab, specifications for built-up spray
grout have been tried on some roads?, and found successful. In
these specifications, consolidation of brick metal and painting are
carried out simultaneously, thus obviating the necessity of bringing
the surface to a dry stage, constant blinding and delaying the paint-
ing over the surface.

1.4. For surface dressing in U.P., road tar is used in first coat
painting followed by second coat with bitumen. There is always some
time lag between first and second coat of painting depending upon
the availability of funds. This often results in the wearing out of
first coat and when the second coat is given, the surface is in such a
condition that the second coat painting becomes more or less a first
coat, necessitating early renewal. TUse of bitumen for first coat of
painting is sometimes adopted when two coats cannot be done for
lack of funds. However, it is considered better to provide first coat
with a material which has sufficient penetrating properties followed
by a second coat with a material which iy resistant to wear
and is durable.

1f, therefore, both road tar and bitumen arc used simulta-
neously for painting, the advantage of both the products may be
obtained,
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1.5, The water-bound surface after consolidation needs constant
blinding (covering) in order to keep it intact under the action of
traffic. This is all the more important when bituminous coat is to be
given. Normally consolidation of W.B.M. is done during rainy
season (July-Sept.) and it is not possible to put down bituminous
coat over the surface immediately after consolidation as the surface
does not become dry for considerable period. Necessity is, there-

fore, fclt for evolving some effective method to maintain the W.B.M.
surface in order.

Bituminous emulsions have been used in U.S.A. for stabilization
of water-bound bases*. There are, therefore, possibilities of using
diluted emulsion during consolidation of water-bound macadam to

stabilize the crust to some extent and obviate the nocessity of fre-
quent blinding,

2. ORGANISATION

2.1. With the object of evolving suitable specifications and
technigues for the solution of above mentioned problems in bitumi-
nous road construction, it was considered essential to lay down
under the direct supervision and control of U.P., P.W.D., Research
Station, test lengths with different specifications on the road itself
for observing behaviour under actual traffic and climatic conditions.

2.2.  Trial lengths concerning above problems were laid on Luck-
now-Sultanpur road, Appendix I, which is a State Highway carrying

fairly high traffic, Appendix II, which is proposed to be provided a
modern surface.

3. FIELD EXPERIMENTS

3.1. Use of brick grit for surface painting

_.3.1.1. In connection with the investigations for production of
high quality bricks for use in road pavement®, a brick kiln was
8et up on this road. Side by side with the production of straight
bricks, a good amount of misshapened overburnt bricks was also
produced in the kiln, These bricks were generally broken and used
as brick metal in W.B.M. construction,

The brick metal produced from some of these bricks showed low
values of Los Angeles Abrasion and Aggregate Crushing thereby indi-
cating their suitability as a road metal. It was considered that use
could also be made of brick grit produced from such bricks for sure
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face painting work. The results of laboratory tests on brick grit are
given below :

Brick grit used | Los Angeles Abrasion Aggregato crushing

Sk No. i nile ‘ (value per cent fines) value (per cent fines)
1 22
27.0 20.4
2 24
3 12 20.8 23,2

3.1.2. Test lengths were laid in mile 22 and mile 29 using Road
Tar Grade R.T. 2 as binder and brick grit of appropriate size as grit-
ting material. The W.B.M. surface in mile 22 was of granite stone
(Jhansi) and that in mile 29 was of overburnt brick metal (obtain-
ed from the same kiln). The quantity of binder and grit used was
same as is normally specified, viz., binder at 44 1b per 100 sq. {t.
and grit at 4.4 cu. ft. per 100 sq. ft. The length in mile 22 was
under traffic for 8-9 months before second coat of painting was given
with Mexphalt 80/100 at 22 1b per 100 sq. ft. and brick gritat 2.2 cu. ft.
per 100 sq. ft. The surface had been behaving fairly satisfactorily
as compared to the surfacc where granite chips were used in adjoin-
ing stretches. The second coat of surface dressing had also been
behaving satisfactorily. In mile 29, the length has been under
observation for about 18 months and surface was satisfactory.
Second coat with brick grit and Mexphalt 80/100 was given in May,
1960.

3.1.3. Inmile 12, brick grit obtained from overburnt bricks
produced in a local kiln, was used in a renewal coat with Mexphalt
80{100. The surface is still under observation and no patches have
formed during the last one year since it was laid.

3.1.4. It was, however, observed in all these lengths that the
quantity of binder used was slightly inadequate as the binder did not
work up fully. It appears that some binder was absorbed by the
grit itself. It is suggested that the quantity of binder should bo
increased by about 10 per cent to compensate the loss of binder due
to the absorption by brick grit. This will not mean any great
increase in the cost of painting as the cost of brick grit is appreciably
low compared to stone grit, Appendix IIIL

3.2. VUse of precoated grit for surface dressing

3.2.1. The procedure for precoating of chips consists of mixing
the heated stone grit with 0.8 to 1.2 per cent of tar at a temperature
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of 260°F.  The higher temperature of mixing makes the grit non-
tacky at normal application temperature and it has been found that
the precoated chips can be stored for considerable time before use.

The grade of Tar is not considered material for this purpose and pre-
coating.

__3.2.2. Precoating of chips with bitumen had not been tried in
U.K. but it was considered by the Authors that this might also be
tricd where bitumen is to be used as binder. A temperature of 400°F
was considered suitable for heating of grit before mixing. The
heating of stone grit for the experiments was dome in half-cut tar
drums on the road side and mixing was done in hand-drum mixers,
Photo 1. For both tar and bitumen, the quantity of binder was
kept as 0.8 per cent of the weight of the stone grit. It was seen that
this quantity of binder was sufficient to give a thin layer of binder
over the stone chips. The precoated chips did not agglomerate on
cooling and could be handled easily with shovels at the time of
gritting.

3.2.3. Precoated grit for first coat painting

- 3.2.31. Test length was laid in mile 42 using precoated stone
chips § in. size and Road Tar Grade R.T. 2 was used in first coat sur-
face dressing over stone water-bound. The quantity of tar used was
40 1b per 100 sq. ft. against the normal 44 1b per 100 sq. ft. to save
the binder used up in precoating control length using normal stone
chips and tar at 44 1bper 100 sq. ft. was laid side by side. The
two surfaces were kept under observation and it was seen that
the whip off by traffic in case of precoated grit was much less than the
portion where normal grit was used, Photo 2.

3.2_.3.2._ In order to account for the cost of labour involved in
brecoating, it was thought that the quantity of grit could also be
reduced and with this purpose in a length of half a furlong, the
quantity of precoated grit was reduced from 4.4 cu. ft. per 100 sq. ft.
to 4.0 cu. ft. per100 sq. ft. This surface was also found satisfactory
and provided a uniform riding surface.

3.2.4. Precoated grit for second coat painting

. 3241 Test lengths were laid in miles 23 and 30 using
bitumen precoated chips (} in. size) and Mexphalt 80/100 in second
cqat surface dressing over a surface where first coat had been done
with Road Tar, Grade R.T-2 and 4 in. stone chips about a year ago.
I_n both t-.he cages, confrol lengths with normal chips were also laid
side by side for comparison. The quantity of binder was kept at
20 1b per 100 8q. ft. where precoated chips were used and 22 1b per
100 sq. ft. for normal work,

9
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The surfaces were kept under observation and it was seen that
the fly-off in case of brecoated chips was much less, Photo 3. 1In
mile 30, the grit thrown off by traffic was collected from the berms
and measured which showed that the fly-off in precoated chips was
only 5 per cent whereas in case of uncoated chips it was 20 per cent,
In both the cases, the chips blown off by traffic wore not brushed

chips will be more due to greater quantity of gritting material
adhering to the surface.

3.2.5. There is no difficulty in spreading precoated chips by
spinning basket method as both tar coated and bitumen coated
chips are non-tacky at normal application temperature. Both tar
and bitumen can thus suitably be used for precoating depending
upon the availability of binder.

The cost of binder used in precoating can be adjusted by reduc-
ing the quantity of binder in the surface dressing operation and
hence the only additional cost involved is that of the labour for pre-
coating which is about Rg 20 per 100 cu. ft. of the Precoated grit

3.2.6. Precoated brick grit

3.2.6.1. Precoating of brick grit with both road tar and bitumen
tried in laboratory in the first instance showed that the quantity of
binder required was as high as 3 per cent for uniform coating of
brick chips due to its absorptive nature. Since this quantity of
binder would make the operation very expensive necessity was felt
for thinning the binder before mixing in order to give a uniform but
thin coating with a lower quantity of binder.

3.2.6.2. Precoating of brick grit was tried using Tar and
Bitumen thinned with an equal quantity of waste mobile oj] and
it was seen that the chips were coated fairly uniformly even with
1 per cent tar or bitumen.

3.2.6.3. Tn order to see the effect on the physical properties,
the brick grit was tested for aggregate crushing value and aggregates

Photo 1
Showing preparation of
precoated chips by
hand-drum mixer

Photo 2
Showing first coat painted
surface in mile 42; the
portion in the foreground
is with the normal grit
and in the back-ground
with precoated grit

Photo 3

Showing second coat
painted surface in mile 23 ;
the portion in the
foreground is with
normal grit and in the
back-ground with
bitumen coated
chips
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impact value using different quantities of binders for precoating.
The results of these tests are given in Table 1. The samples
after these tests were examined and it was seen that there was no
adhesion of the particles due to presence of binder and the test
results could be taken to be representative of the actual quality of
grit.

TaABLE 1

Showing properties of precoated brick grit

st ] gAgg. erushing|Agg. impact~
No Precoating treatment ivalue (per cent|test (per cent
) | fines) fines)
1. Brick grit uncoated 33.1 21.3
2, Brick grit coated with 1 per cent tar .
and 1 per cent mobile oil 26.7 18.4
3. Brick grit coated with 2 per cent tar
and 2 per cent mobile oil 23.2 17.5
4, Brick grit coated with 3 per cent tae
and 3 per cent mobile oil 21.8 13.8
5. Brick grit coated with 3 per cent tar
alone 23.3 9.5
6. Brick grit coated with 1 per cent
bitumen and 1 per cent mobile oil 27.2 11.3

7. Brick grit coated with 2 per cent
bitumen and 2 per cent mobileoil . 24,0 9.4

8. Brick grit coated with 3 per cent .
bitumen end 3 per cent mobile oil 23.3 7.3

9. Brick grit coated with 3 per cent
bitumen and 1 per cent mobile oil 23.4 9.3

10. Brick grit coated with 3 per cent
bitumen alone 22.4 7.0

From the above results, it is seen that the quality of brick grit is
considerably improved by precoating and it may be possible to use
brick grit coated with 1 per cent tar or bitumen thinned with
mobile oil in place of stone chips for surface dressing. The cost of
such a grit in many places in U.P, will be lower than that of stone
chips and will thus effect economy in road construction, Appendix -
III. The quantity of binder in these cases may be kept as 40 b
per 100 sq. ft. with } in. chips in first coat painting and 20 1b{100
8q. ft. with } in. chips in second coat painting.

3.2.6,4. Test lengths were laid in mile 33 using bitumen



222 CHATURVEDL AND TAYAL ON

precoated chips ( | in. size) and Mexphalt (80/100) in sccond coub
painting over the surface where first coat painting had been done
with tar R.T.-2 and { in. stone chips over stonc water-bound. The
brick grit was precoated with 1 per cent Mexphalt (80/100) mixed
with an equal quantity of waste mobile oil. The quantity of grit
and binder was same as mentioned in para 3.2.4.1. The surface is
behaving satisfactorily so far and no undue crushing has been
observed.

3.3. Built up spray-grout specification with brick metal

3.3.1. Built-up spray grout specifications as tried in the Punjab?
are given in Appendix IV. These specifications were laid side by
side with the normal two coat painting over W.B.M. using brick metal
in mile 28 of Lucknow-Sultanpur road during August, 1958. Road Tar
Grade R.T.2 was used in first coat at 22 1b per 100 sq. ft. covered by
?% cu. ft. of (} in. ~ £ in.) granite stone chips per 100 sq. ft. spread
in two grades as required. The sealing coats (viz., second and third
Painting coats) were given using mexphalt 80/100 18 and 20 1b/
100 5q. ft. respectively and stone chips at 2} cu. ft. (1/4 in. — 3/8 in.)
and 1} cu. ft. (1/8 in. — 1/4 in.) per 100 sq. ft. respectively.

3.3.2.  For the normal painting work on brick metal W.B.M. the
consolidation of brick metal was done in September, 1958 followed
by first coat painting with 45 1b/100 sq. ft. of Road Tar Grade R.T.2
and 4.4 cu ft. of § in. stone chips in October, 1958. The second coat
was given in May, 1959, using Mexphalt 80/100 at 22 1b/per 100 sq.
ft. and 2.2 cu. ft. of I/4 in. stone grit.

3.3.3. The surface obtained by built-up spray grout method
was far superior to the surface obtained in normal work both after
first coat painting and second coat painting. No patches were
formed on the former surface whereas patching had to be done at
places in normal work after first coat painting.

3.3.4. It would be seen that the quantity of binder in built-up
spray grout work is 60 1b and that of grit 7 cu. ft. per 100 sq. ft. In
normal, two-coat worl, the quantity of binder and grit is 66 1b and
6.6 cu. ft. respectively. There is an overall saving of 4 per cent by
using built-up spray grout specification and the surface obtained is
far better than obtained in normal work. Details of cost are given
in Appendix III. The loss of grit is very much reduced due to
immediate covering of first and second coat grit.

3.4. Simultaneous coat of tar and bitumen for surface painting

3.4.1. As discussed in para 1.4, it was thought that if tar .and
bitumen could be applied simultaneously one after another in @
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single operation (grit being used only once), it might be possible to
derive advantage of both tar and bitumen and thus delay the neces-
sity of application of the second coat which in many cases may be
difficult to give in a year or so.

3.4.2. Experiments were conducted in the laboratory to see the
miscibility of tar and bitumen and it was noted that both the pro-
ducts were miscible in any-proportion and also there was no separa-
tion between the layer of tar and bitumen when two blocks, one
having bitumen applied on its face and the other having tar on its
face, were joined together and pulled out.

Experimental lengths were laid on two roads in 1953 using tar-
mexphalt and liquid asphalt-mexphalt simultaneously in separate
stretches®. The results of behaviour of these surfaces indicated
that some of these portions stood well for about four years and
riding quality of these portions was better than two-coat work. A
renewal coat was given after four years.

3.4.3. In order to confirm these findings and to see whether the
quantity of binder used can be further reduced to make the treat-
ment cheaper, an experimental stretch was laid in miles 32-33 of
Lucknow-Sultanpur road.

3.4.4. 'The brief specifications were as follows :

Road Tar Grade R.T. 2 at 35 1b per 100 sq. ft. was spread over
the W.B.M. surface and allowed to remain on the surface for a
period of 4 hours, during which time patries were kept watered to
keep down dust. After this period, mexphalt 80/100 was
spread at 25 1b/100 sq. ft. followed by granite chips at4.5 cu. ft. per
100 sq. ft. and rolled. It was noted that this quantity of binder was
rather excessive and in a further stretch the quantity of tar and
mexphalt was reduced to 30 1b and 20 1b per 100 sq. ft.
respectively.

3.4.5. These surfaces have been under observation for over
two years. In the portion where larger quantity of binder was used,
bleeding took place and sand blinding had to be done. The beha-
viour was otherwise satisfactory and much better than that of
adjoining stretches where first coat painting with tar at 44 1b and
grit at 4.4 cu. ft. 100 sq. ft. had been given. The experiment is still
under obgervation to assess the life of this treatment, but results
indicate that such specifications can be usefully adopted.

3.5. Use of diluted emulsion in W.B.M, road construction

3.5.1. Diluted emulsion has been used in U.S.A. as a dust
palliative on earth roads, the emulsion being added in water and
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applied to the road surface in several applications*. The results
were reported to be effective and it was noted that a stabilized base
was built-up capable of taking fairly good amount of traffic.

3.5.2. The necessity of frequent blinding of W.B.M. surface
has already been discussed in para 1.5, It was, however, thought
that if diluted emulsion could be used during consolidation work, it
might be possible to improve the stability of the top crust and
reduce the dust nuisance and at the same time obviate the necessity
of frequent blinding.

3.5.3. As is the usual practice in water-bound road const-
ruction, local soil is used as a binding material while consolidating
the road metal. One of the methods of introducing binding
material is to prepare a slurry of local soil and water and after dry
rolling, pour it on the surface followed by wet rolling. Sufficient
quantity of slurry to fill up all the voids is used. The surface is
finally blinded with earth next day and then opened to traffic. If,
therefore, emulsion is mixed with this slurry before it is poured on
the surface, it is possible to stabilise this slurry in the voids and on
top, thereby making the crust more stable and resistant to move
ment by traffic.

3.5.4. Short experimental lengths were laid in mile 35 as per
details below :

After dry rolling of stone, slurry was mixed with bitumen
emulsion (H.R.M. emulsion containing about 60 per cent bitumen),
It was diluted by water in the ratio 1:19 and thep the local.ea.rth
was put in the diluted emulsion in drums and mixed and agitated
to have uniform slurry. The quantities of earth and emulsion were
controlled so as to limit the quantity of emulsion to 0.1 gallon per
sq. yd. of the treated surface, (Approximately 5 cu. it. of earth was
required per 100 sq. ft. of W.B.M. surface and the quantity of
emulsion was 1.1 gallon or 11 1b per 100 sq. ft.)

After pouring this emulsion slurry, the surface was rolled as
usual. Next day the surface was blinded with local earth and
opened to traffic,

In another length, ordinary earth slurry was poured in so as to
fill up the voids upto } in. to  in. from the top of the surface. Then
the emulsion slurry containing emulsion at the rate of 0.1 gallon
per sq. yd. of surface was poured on top so as to fill up the voids
completely and then the surface was rolled as usual. In this way,
the concentration of bitumen was increased in the top 1 in. layer of

W.B.M. surface. The surface was opened to traffic next day aftey
blinding with earth. :
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In other lengths, use was made of fine local sand and coarse
sand, as a filler in place of local earth. In this case, the binding
material (sand) was spread on W.B.M. surface at the rate of 5 cu. ft.
per 100 sq. ft. and then diluted emulsion was spread on top limiting
the application of emulsion to 0.1 gallon per sq. yd. followed by
rolling so that sand worked inside the voids. The surface was
opened to traffic, after final rolling.

3.5.5. These surfaces were observed regularly under traffic. It
was noted that the surface with fine sand began to break up indica-
ting that fine sand had not been stabilized. The surface with coarse

sand, however, behaved satisfactorily for about two months but then
it also began to break up under traffic.

The portions where local carth was used with emulsion behaved
satisfactorily and no patches developed. No blinding was resorted
to for a period of six months. As painting over this surface could not
be done at this stage, a sprinkling of diluted emulsion at the rate of
.01 gallon per sq. yd. followed by blinding with local earth was
resorted to. This treatment kept the surface intact for a further
period of four months when it was covered by surface dressing.

3.5.6. The experiment thus shows that diluted emulsion can
be used for stabilizing the W.B.M. surface. The details of the cost
are given in Appendix III. It also indicates the possibilities of
treating the W.B.M. surface with emulsion where surface dressing is
not to be done and the surface is to be maintained as such. It
might also cut down the dust nuisance to some extent on W.B.M,

surface,
4, CONCLUSIONS

4.1. The use of brick grit for surface painting offers a good
substitute for stone grit and may result in considerable economy

-where stone grit is costly to obtain.

.. 42. By precoating the brick grit, considerable improvement in
its aggregate impact value is achieved. Aggregate crushing value is

880 improved. Thus its use after precoating can be made for
surface dressing work.

4.3. Precoating of ordinary stone grit by tar or bitumen

improves the adhesion of grit with binder on surface and thus loss
of grit is minimiged,

4.4. Use of built-up spray grout specification using brick metal
results in much better surface and minimises to great extent the
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possibilities of crushing of brick metal. The loss of grit is consider-
ably reduced.

4.5. Simultaneous coat of tar and bitumen for surface dressing
aives better surface and can be tried where one coat of surface
2 .
dressing is to be given for lack of funds,

4.6. Use of diluted bitumen emulsion in W.B.M. surface
obviates the necessity of frequent blinding and helps in upkeep of
surface and results in a better surface.
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Appendix I

Location of test lengths on Lucknow-Sultanpur Road

Sl l
No,

1

Brief specifications

Location
(mile)

Use of brick grit for surface
painting

(a) First coat Painting

(b) Second coat painting
|

Use of precoated grit  for
surface dressing

{a) First coat painting

(b) Second coat painting

(¢) Precoated brick grit in
second coat painting

Built-up-spray grout specifi-
cations for brick metal

Simultaneous coat of tar and
bitumen for surface Ppainting

Use of diluted emulsion for
-B.M. road construction

Pt Yanea

42
23
30
33

29

32
33

Length of
trial

3 furlong
1 furlong
# furlong
1 furlong

2 furlongs
2 furlongs
4 furlongs
1 furlong
1 furlong
3 furlongs

1 furlong

1} furlongs

Period of
laying test
length

November 1957
November 1958
November 1958

June 1959

March 1959
March 1959
July 1959
May 1960
August 1958

May 1938

September 1958
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Appendix 1I

Traffic intensity on Lucknow-Sultanpur Road
(Seven days census taken during 1958)

Mile
No.

Animal driven
(tonnage)

Maximum ] Average

Power driven
(tonnage)

330

|
|
|
|
|
|

258
234

77
183
131

[

1,028
909
801
721
360

Total intensity

(tonnage)
Maximum Average
i
1,358 | 1,184
L2121 gy
846 764
976 768
714

L625
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Appendix III

ANALYSIS OF RATES

L. CosT OF BRICK GRIT, (with an average lead of 3 miles)

Task 130 cu.ft.
A, I coat grit—1} in. size (1 in.—3 in).
Cost of overburnt bricks at kiln 8ite—1,200 Nos. at Rg 25

per 1,000.Nos,

Cartage from brick kiln tosite of work (distance 3 miles)

(Rate of cartage as per schedule) 1,200 Nos, at Rg 8.30
per 1,000 Nos,

Breaking charges (10 beldars at Rs 1.50 each)
Stacking at sito

i

]

Il

]

Total rate =

Say Rs 56.70 per 100 cu. ft.

B. II Coat grit } in. size (1/8 in.—3/8 in.)
Cost of overhurnt brick at kiln site—1,200 Nos. at Rs 25
per 1,000 Nosg,

Cartago from briek kiln to site of work (distance 3 miles)

(Rate of cartage as per schedule) 1,200 Nos. at Rs 8.30
per 1,000 Nos.

Breaking charges (beldars 15 Nog, at Rs 1.60 each)
Stacking at site

i

Total rate =

Say Rs 64.20 per 100 cu. ft,

CosT OF PRECOATED STONE GRIT

A, }in, size ( in.—} in,) Gauge for first coat work task 100 cu, fg.

Cost of ordinary grit 100 oy, ft. at Re 125 per ou. ft.
Cost of tar ag 0.89, i.e'm\XIQOxL_

= 721b at Re 375 per ton =

Henoe total cost per 100 ou, £, =

Rs
30.00

9.96
15.00
175

56.71

30.00

9,96
22.50
175

64.21

125.00

12,00

20.00
157.00
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B, ¥ i osize<(1/8 in.—3/8 in.) Gauge—Ffor 2nd coat work, Cost
of ordinary grit 100 cu, {t. at Rs 130 per 100 cu, ft.

Cost of Mexphalt 80/100 at 0.8 per cont, i.e., 72 Ib at Rs 425
per ton

Labour charges for precoating the grit

Total rate
Hence rate for 100 cu. ft. = Rs 163.50
3. COST OF PRECOATED BRICK GRIT
A, }in, sizo for first coat work with tar and old mobile oil
(Task 100 cu.ft.)

Cost of Brick grit 100 cu.ft. at Rs 56.70 per 100 cu. ft. (as
per item 1-A)

1 3
Cost of tar at 1 per cent, i.c. ,00,1,3%1’ = 83 1bs. at Rs 375
per ton

Cost of old mobile oil at 1 per cent ie. 85 1 or 8.5
gallong at Rs 0.50 per gallon

Labour charges for precoating the grit

Say Rs 95,00 per 100 cu.ft,

B. } in size for 2nd coat work with bitumen and old mohile
oil. Task—100 cu. ft.

Cost of brick grit 100 cu, ft. at Rs 64.20 por 100 cu.ft.
(as per item No. 1-B)
Cost of binder {Mexphalt 80/100 at 1 per cont = 109 X 85

100
85 1b at Rs 425 per ton

Cost of old mobile oil (as in A above)
Labour charges for precoating the grit
Total rate
Say Rs. 104.50 per 100 cu. ft,
4, BUILT UP SPRAY GROUT SPECIFICATION

Task 100 sq. ft.
(I) Materials

(1) Brick ballast 1 X 100 X 3/8 = 87} cu. ft. at Rs 45
per 100 cu. ft.

(2) Grit #in. size at 3.5 cu.ft. = 3.5 cw.ft, ut Rs 125 per

100 cu.fs.
() Grit  in. size—(1/8 in.~3/8 in.) 3.5 cu.ft. at Rs 130 per
100 cu.ft.

(4) Binder (a) Tar RT-2at 22 [h = 22 1l at Re 375 por ton

(b) Mexphalt 80/100 at 38 1b = 38 1h ut Rs 425

per ton,

I

=

=

Rs

130.00

13.50
20.00
163.50

Rs

56.70

14.23

4.25
20.00

95,18

64.20

16.12
4.25
20.00
104.57

Ra
16.87
437

4.55
3,70
7.20
e
36.69

el
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B. Labour charges

(1} Consolidation including flest coat paint at Rs 3.25 per
100 sq. ft.

(2) Sccond and third coat painting at Rs0.73 per 100 sq. ft.
Total
Say Rs 40.70 per 100 sq, ft,
(II) Two coat work over brick ballast
A.  Materials
(1) Brick ballast 1 X 100 X 3/8 = 37} cu.ft. at Rs 45 per
100 cu. fv.
(2) Grit § in. size at 4.4 cu.ft. at Rs 123 per 100 cu. ft.
(8) Grit } in. size at 2.2 cu.ft. at Rs 130
(4) (a) Binder tar at 45 1b at Rs 375 per ton
(b) Mexphalt at 22 1L at Rs 425 per ton

(1] ’”

3. Labour
(1) Consolidation B. Ballast 37} cu, ft. at 7.50 per 100
cu, ft.
(2) (n) Surface painting first coat at Rs 175
(h) - ' second coat at Rs 0.87

Say Rs 42.40 per 100 sq. ft,

42,40 - 40.70
42.40
= 4 per cent

per cent saving of (I) over (II) =

~

5. EXTRA COST FOR USLE OF DILUTED EMULSION IN
WATER BOUND CONSTRUCTION
Task 100 sq. ft.

Cost of emulsion at 0.1 gallon per sq. yd.
or L1 gallon or 11 1b per 100 sq. ft. at Rs 400 per ton

Extra labour charges for preparation of diluted emulsion
and slurry etc. (as per actual work at site)

Total
Say Rs 2.10 per sq.ft,

231

3.256
0.75

40,69

1

Rs.

16.87
= 5.50
2.86
7.53
4.18

36.94

i

I

Rs

= 2,81
1.75
= 0.87

42.37
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Appendix IV

Built-up spray grout specification for the consolidation
of brick metal

Ovoer the existing soling coat and hetweon mud walls (modhis) a layer of
one inch good clay is spread.  Ovor this 90 per-cont of the brick metal (retain-
ing the 10 per cont neat metal from top) is spread Dy spinning basket method
ensuring uniform spreading, The brick imetal is rolled dry starting from the
sides, removing unevenness of the surface by adding 10 per cent reserve of the
neat metal kept for the purpose. As soon as the surface is correct to tomplate
and the brick metal is fairly interlocked (avoid crushing of metal by excessive
rolling) water is sprayed so that the top surface becomes fairly moist. The
surface is allowed to air and as soon as the surface is skin dry, Road Tar RT-2
is spread at the rate of 22-Ib per 100 sq. ft. and covered with 3% cuft. of }in.
—1# in. geit per 100 sq. ft. spreading in two grades—4 in, to } in. (70 per vent)
rolled and followed hy 1 in.to ! in. gauge (30 per cent). It is rolled lightly
till the grit is well prossed.

Water is then added and consolidation is done us water-bound, Rolling
should be stopped when the clay from the bottom has risen up to just ahout
# in. from the surface, Next day, the inequalities of the surface are made
up with premixed grit and the surface scaled with two coats of binder (using
either tar or bitumen) and grit using following quantities,

Binder Grit
L per 100 sq. ft. Cu. ft. per 100 sq. ft.
I coat 18 24 in. to § in. gauge)
I1I coat 20 13-14 (§ in. to } in. gauge)

The third coat is given the same day as the sccond coat.

No traffic should be allowed on the surface for about & week during which
time the berms, etc., should he completed. While allowing the traffic, only
pneumatic tyred traffic should be allowed for two to three days. The segrega-
tion of traffic should be done 8o as to cause the traffic to traverse the entire
width of road uniformly.

REFERENCES

1. Chaturvedi, D.C. Bituminous Treatment of Brick Metal Water
Bound Macadam Surface in U.P.—Journal of Indian Roads
Congress Vol. XIX-1 & 4, 1955,

2. Chaturvedi, D.C. Use of Overburnt Brick Motal for Low Cost Road-
construction—ECAFE Seminar on low cost roads and soil staliliz-
ation, January 1958,

3. Dew Hurst, J.R. and Cantlay, L.G. Surface dressing. with tar

" coated chippings—Road Tar, Deceruber 1955,

4. Wood, T.K. Texas Experience with Diluted Emulsions for

Flexible base, World Construction—June 1957,

5. Chaturvedi, D.C. & Tayal J.C. Brick Pavement in Highway Clon-

struction, Journal of Indian Roads Congress—Vol. XXIII-3,
December 1958,

. Annual Report of U,P,, P.W.D,, Research Institute, 1953-54,
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Multiply your
RUpEE VALUE
buying

DUMPERS

Approved by the CWPC and already working on
Plan Projects

Same price for standard or Quarry body.

No foreign exchange 1nvolved. Payment in Rupees.

Import Licences for Actual Users issued

" Rugged construction.  Suitable for all construce
tion jobs. Negotiates grades and turns easily
Instantancous Gravity Tipping.

Product of:
* Fuel economy and profitable performance. HIGH. MOGURT Hungarian Trading Co for Motor Vehicles
POWER FOUR-CYLINDER 60 BHP DIESEL- Budapest - Hungary
ENGINE CAPACITY 5/2 CU YDS. (4 CU For your requirements: contact :
METRES). MAX PAYLOAD ¢ TONS Hy- Sole Distributors for:
DRAULIC FOUR WHEEL BRAKES. INDIA, SIKKIM, BHUTAN & NEPAL

WILLCOX BUCKWELL

WILLCOX (BUCKWELL-INDIA) PRIVATE LTD.
32, NA)AFGARH ROAD, NEW DELHI




ROAD ROLLER

ONE HUNDRED AND ONE
ROAD ROLLERS—

BUILT STRONGER TO LAST
LONGER

MANUFACTURED BY

4"\ AGRIND FABRICATIONS LTD
i} Factory : P2/2, Taratolla Road, Calcutta-24

Distributed by

UNITED PROVINCES COMMERCIAL
CORPORATION PRIVATE LTD
ay 6. Ganesh Chandra Avenue, Calcutta-13
BRANCHES AT BOMBAY, DELHI. GAUHAT!, LUCKNOW.
MADRAS, PATIALA. PATNA.
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no trouble at all...

BITUMEN
EMULSION

... in one easy
application

Bitumen emuitsions sre ef-
cient and economical for
surface  dressing, premix
work and soil stabilization.
They require no heating.
Hence — no fire hazard ... no
annoying smoke ...no heat-
ing equipment. Just open the
drum and you're ready to
start work. Bitumen emul-
sions are specially suitable
for repair work, and factory
and residential roads.

SHALIMAR TAR PRODUCTS (1935) LIMITED
CALCUTTA . DELM  © BOMBAY =+ (LUCKNOW o CHANDIGARN

Agents: The Bombay Co. Private L1d., Madras | & R.C. Abrol & Co. (Private) Ltd., New Delhi |
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PRESTRESSED CONCRETE BRIDGES
FOR
SOUTH EASTERN RAILWAY

ARPA RAILWAY BRIDGE

This bridge consisting of 8 spans of 66 ft. centres, was recently
completed in seven working months to the orders of
Mr. D. N. Chopra, Chief Engineer, Construction, S. E. Railway,

A similar bridge but with 9 spans was also completed at
Kharun near Raipur and at the same time, July 1959,

In both bridges each span consists of R.C.C. deck slab and
two prestressed girders simply supported on concrete piers.

The bridges were urgently required in connection with the
Railway Doubling Project in the area of Raipur and Bilaspur,

GAMMON INDIA PRIVATE LTD.

CIVIL ENGINEERS & CONTRACTORS
HAMILTON HOUSE - BALLARD ESTATE - BOMBAY-I.
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Speeding over all our highways and
through most of our byways, is a stream
of TATA-MERCEDES-BENZ trucks,

hauling varied freight to outlying districts d
from busy industrial cities, and bringing J

prosperity to the countryside.

You can always see these forerunners

3
of prosperity - -powerful, reliable speedlng
TATA-MERCEDES-BENZ trucks parked at prosperity

the village fair. Such a welcome and
reassuring sight, both to villagers and
travellers —for TATA-MERCEDES.BENZ tO the
trucks are an acknowledged sign of
ever-increasing prosperity.

countryside

‘TATA g
MERCEDES-BENZ /1

Automobilc Division :
148, Mahatma Gandhi Road,
Bombay |

The Star that hauls a Fortune

Vil

Reliable
Wheels
Need

A perfect landing...how much of its success depends H

n the aircraft’s wheels and the smooth, reliable Re“able
‘unway. .,

The best runways are treated with Burmah-Shell Runways

3itumen—an inexpensive, easy-to-handle, durable
naterial. Bulk handling of Bitumen, pioneered by
3urmah-Shell, has considerably lowered its cost. In

wddition, services of skilled Burmah-Shell engineers
ire made available,

¥herever there’s need for better roads, airfields

r hydraulic works, there’s need for Burmah-Shell
3itumen,

In 1959, Calcutta’s Dum Dum runway surface
was strengthened 10 carry the heavy jet traffic
of the modern age—ihe Boeing 707. This was
achieved by resurfacing with 3" Shelmacadam
and pre-coated grit seal using Shelspra BS. It
can now say boo to a Boeing.

URMAH-SHELL BITUMEN FOR RELIABLE RUNWAYS
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STEEL ROAD BIHDGES

8 8 )

CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.,

FRANKI PILED FOUNDATIONS. MUSI BRIDGE

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

BRAITHWAITE & CO

(INDIA) LIMITED
HIDE ROAD., KIDDERPORE, CALCUTTA.




Xiit
Kit

THE SMOOTH GARPET TOUGH
with STANVAG ASPHALT!

Mabk in India, at Trombay, Stanvac Asphalt is being used

more and more for surfacing India’s roads.

This asphalt is transported from Stanvac's Plant in drums

and in bulk. In bulk, it is by far the more modern and economical
method, providing the product at ready-to-use temperature.

BLACKSTONE’'S PRODUCTS Special mixes—special service

Stanvac’s modern laboratery in Bombay is fully equipped
A O R to design special paving mives, for better performance, and to

suit ydur own individual requirements. And Stanvac’s expert,
Economy, Durability and Easy Construction of highly-qualificd engineers are there 10 help vou with your

Roads road construction problems — free of charge!

®
The only dependable material for
MOST UP-TO-DATE R.C.C. WORKS
HOLLOW BLOCKS . BRICKS
FOUNDATION PILING . R.C.
BRIDGES, ETC.

BLACKSTONE PRODUCTS LIMITED
PAKUR, E. RLY.
Gram: “BLACKSTONE” Phone: PAKUR 5

This stretch of Netaji Subhas Road {Marine Drive) Bombay, was surfaced
with 3" sheet asphalt in 1936, and renewed with 3/4” chipping carpet in 1958

* PAVE AND SAVE with
| STANVAC ASPHALT

STANDARD-YACUUNM OIL COMPANY (lncorporated in the U.S.A. with Limited Liability)
JWT.V, 695 (a)



Finishers

———
FOR HIGHEST QUALITY BITUMINOUS PAVIN

The B-G Finisher spreads, compacts and levels automatically. It automatically
adjusts to irregularities in sub-grade . . measures the correct amount of
material . . . produces a durable surface that remains stable under traffic,

Produces Superior Surfaces at speeds up to 64 feet per minute.

Paves Variable Widths. Regular 10" mat can be reduced o 8 or
expanded to 14’

Uses Every Type Mix — hot or cold from clay stabilized graver to
sheet asphalt.

Saves Man Power and Truck Time,

ST Barber-Greene

distributor

“Ask Jack ohout It < "l

William jacks & Co. (T2, "« %

(Incorporated in Englanc. Lishility 0f Members Limited.) %,
CALCUTTA  BOMBAY MADRAS \

%

Solc Agents for !

Barber-Greene Overscas, inc. Aurora. Itlinois, U.S.A. ) A
Barber-Greene Olding & Co. Ltd. Hatfleld, Herts, England. ;
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