INTERNATIONAL SOCIETY FOR
SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

SIMSG [} ISSMGE

s

This paper was downloaded from the Online Library of
the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE). The library is
available here:

https://www.issmge.org/publications/online-library

This is an open-access database that archives thousands
of papers published under the Auspices of the ISSMGE and
maintained by the Innovation and Development
Committee of ISSMGE.



https://www.issmge.org/publications/online-library

226

load it, the soil will rise elastically. Af-
ter a repeated loading by the same pressure,
the soil settles elastically and behaves like
an elastic material. when building embankments
and consolidating the subgrade under the pave-
ments, we consolidate then to the so called
equilibrium unit weight according to the max-
im pressure, which is likely to act at that
place, in order that the soil should behave
Tike an elastic matter, ‘'‘he equilibrium unit
weight can be determined in the oedometer,
where we load the soil sample by the pressure
p, let it consolidate and then unload again.
The unit weight of the unloaded soil sample
is called the equilibrium unit dry weight for
the pressure p. We then apply various press-
ures p to the soil and as for each loading
and unloading in the oedometer the volume V
of the soil and its total weight Q are known,
the equilibrium unit weight G, can be calcu-
lated for each pressure p.

The control of the compacting is carried
out by determining the unit dry weight of the
compacted soil G and by comparing it with the
equilibrium unit weight Gy, Should G be small-
er than Gg, the soil is not compacted satio-~
factorily and tamping must be continued,other-
wise the soil would settle by an amount

G, - G

Ah = h -010—— H
h being the height of the not completely com-
pacted soil-stratum, We determine the max,
pressure p in the embankment or subgrade in

order to find the corresponding equilibrium
unit weight Gg.

To compact the soil to its equilibrium
unit weight, the tamping roller aust exert
pressure bigger by ¢ = 3-5 kg/cm“~ than the
max, pressure ppax,, which will act in the
compacted stratum. The necessary weight of
the roller per 1 m length is

Q - F (pmax + C),
where F is the area of contact of the roller,
¢ = 3-5 kg/cm?,
P = max, pressure, which will act in
the compacted stratum.

To compact the soil to its equilibrium
unit weight, it must have a certain humidity
given by the equation:

w = 0,85 ngSy/Ggy Where

no= the porosity of the soil compacted
to the equilibrium unit weight G,

Sy= the specific gravity of water,

Go= the equilibrium unit weight.

The required equilibrium unit weight can
be achieved, if a roller of the necessary
weight is used. The number of roller runs and
the height of the layers can be determined
experimentally by meking 1,2,3 ,..n runs and
after each run taking a sample from the lower
portion of the compacted layer and by finding
its unit dry weight, which increases with the
number of runs, Then we plot the relationship
between the number of roller runs and the
unit weight achieved, From this graph we can
determine the number of roller runs necessary
to get the required unit dry weight.

The soil compacted by tamping to its
equilibrium unit weight behaves like an elas~
tic material and settles only elastically un-
der the influence of a load.

Q== Q=0 0=0=

THE FRESENT SCOPE AND POSSIBLE FUTURE DEVELOPMENT OF SOIL MECHANICS
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PRECIS

This peper deals with the application of Soil Mechanics technique by British
Railways, to problems of settlement and bank, cutting, and formation instability,
in which boring, sampling and laboratory tests are combined with full scale trials

of experimental remedial methods.

etails are given of bank and cutting slips, some involving wall failures,
and stabilisation by drainage, toe walls, sheet piling, toe loading, trimming, and

cement grouting.

Reference is made to fundamental research on track instability on clay forma-
tions, and methods of treatment by blanketing, load distribution by concrete slabs,

waterproofing, and also cement grouting.

Projected work is mentioned.

INTRODUCTION.

Earthworks problems have had to be dealt
with by railway engineers ever since railways
came into being, but it was not until about
ten years ago that Soil Mechanics sampling and
testing technique began to be applied serious-~
ly on British Reilways. The following is a
brief description of present British Railwsey
practice.

SITE EXPILORATION.
Extensive use is made of trial holes for

shallow explorations, but for depths to 30
feet, post hole hand augers are commonly used,
hand operated percussion boring rigs of dia-
meters from 4" to 6" being adopted in more
difficult sites and for depths up to about
60ft.maximum, For greater depths and extensive
investigations, specialist firms are often em-
Ployed for the boring.

Penetration resistance type site inves-
tigation methods are used in suitable cases
such as the determination of the depth of ash
pockets in embankments,



GWR CHIPPENHAM

SV 30K .. Iy Aok

o
T 3

FIG. 1

The position of the slip surface in a
bank or cutting on the move is conveniently
located by driving down into the bank a man~-
drel rod surrounded by a continuous run of
short lengths of close fitting tubes which ere
slightly cone ended. The mendrel is then with-
drawn. Any slipping will result in a break in
vertical alignment of the tubes, the depth of
which can be ascertained by probing with the
nandrel or a light rod. An experimental ap-
paratus of this type has been made by the
Southern Railway Company, which incorporates
a pyramidal point welded to the first length
of tube. The mandrel rod fits into e square
sinking in the polint whereby the point can be
turned independently on the tubes and an in-
dication of the type of ground passed through
can be obtained by the "feel".

Undisturbed samples of cohesive soll are
obtained from triel holes by cutting out, or
the use of coring tools, while cores of 4",
1}" or 1® dismeter are obtained from the bo-
rings with normel type samplers. Disturbed
samples from sugers are kept in hermetically
sealed jars and are used for moisture and clas-
sification tests.

Where possible, simple compressive
strength tests are carried out in the field,
whereas the 4" diameter cores are sealed for
laboratory tests.

STAFF AND TESTING FACILITIES.

A1l the Railway Companies have one or
more Assistents trained in Soil Mechanics and
most possess & smell amount of equipment for
simple compression and clessification tests.

The importance of the new science is ful-
1y apprecisted and there would have been more
development if war hed not intervened.

The following is a resume of the princip-
el fields in which soil mechanics has been
used by the Railway Companies,

CONSOLIDATION AND SETTLEMENT.

Consolidation and settlement investig-
ations heve been made use of and records are
kept of the movements of bridges and struc-
tures. The Raillway Companies do not, however,
possess their own consolidation test appara-
tus, but Building Research Station facilities
have been used for such work., Space limita-
tions preclude inclusion of details.

CUTTING SLIPS.

With relatively few exceptions, the cut-
tings which give most trouble are in clay.

227

41 SR SEVENCAKS.

dse

—d A —

10 ®m B = o &
[Socm s ——

FIG. 3

Cleys which have been well consolidated during
their geological history bhave a high strength
when newly exposed and there are meny cuttings
which were excavated to side slopes of 1 in

2 and steeper. Some have remained staeble for
many years, gradually absorbing weter and wegk-
ening by opening up along fissures, which ap-
pear to exist in all the stiff clays. Then,as
a result of some abnormal weather, slips have
occurred.

Fig. 1. is en exampls from the Great Wes-
tern Company's practice of investigation and
treatment of a large slip in a 50-ft.deep clay
cutting at Chippenham, Measured soil strength
confirmed the general weakness of the slope
and deep 4-ft. wide rubble counterforts at 25-
ft. centres were decided upon to drain aend
strengthen the cutting. It is assumend that the
strengthening effect of the counterforts will
mean that any further slip would have to go
deeper, where the theoretical factor of safe-
ty is higher, due to increase of clay strength
with depth,
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Photo Fig. 2. shows a big slip which
took place in 1939 in Weald clay cutting at
Sevenoaks, Kent, and fig. 3. indicates the slip
surface as found during excavation for the
drainage trenches, which were beanched in con-
crete and backfilled with tightly packed brick
rubble. The results of tests on the clay from
the slip zone and other points are shown, to-
gether with a calculation based on the nearest
arc, from which it will be seen that the mea-
sured shear strengths (teken as half the un-
confined compressive strengths) were in many
cases less than the calculated shear stress
along the arc.

The slope was re-shaped with a "berm" to re-
duce the weight on the back of the slip.

The extremely large coastal landslides
in the Gault clay in the "Warren", east of
Folkestone, Kent, are of major concern to the
Southern Railway, since for over two miles it
passes over ground which at various times in
the past has slipped bodily, or in part,towards
the sea; See Photo Fig. 4.

Fig. 5. indicates deep boreholes sunk in
1938 and 1939 to study the slips which %ook
place at the Folkestone end, Large numbers of
samples of the Gault clay were tested, and
Fig. 6. shows a rough correlation between a
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stabillty analysis end the resistance to move-
ment based on shear strengths obtained. The
natural moisture contents, liquid limits and
plastic limits of the Gault have wide ranges
here.

A 25° @ngle of friction was assumed be-
tween the driving wedge at the back of the slip
and the mass it is pushing forward. 1The strati-
graphical and strength results obtained relat-
ed well to the known surface disturbances in
1936 and 1937.

A large slip in a cutting in blue Lies
clay between Northampton end Rugby (L.M.S8) is
illustrated by Fig. 7.
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The slip, 180-ft. long, involved a wall

o which was pushed forward 5-feet with corres-
— ponding 6-inch upward end lateral movements of
(344 g I e HE the Down line only. Test results are shown,
g peeri g i T the average clay density being 125-lbs.per £t
A T B = and the liquid limit about 35%.
L \ I S P Eop o The thoretical worst slip circle is close
E : 1% oAb e |k to the soft zones and therefore it was decided
i = to flatten the slope and construct dreinage
R counterforts. No sheet piling has been driven.
o = ! An interesting wall failure on the L.M.S.
S X * x at Mill Lane, West Hampstead, London, (which wes

o= — investigated by the L.M.S.Company and the Buil-
e ding Research Station) is shown in Figs, 8 ,

‘ RPN 9, 10, 11 apnd 12 . This wall,built in

1902, of height from 28-ft, to 45-ft, had a

1l in 6 front batter. It is founded in blue Lon=-

don clay and supported some 20-ft. of brown

i | 5 clay above 18-ft. of blue, Failure occurred in

1943 with forward movement of 3-feet, the sid-

ing in front being lifted 2'6".

\b//_ Clay was immediately excavated from behind

ENPTTY

ARea 4 ket

SATTLA VY

G e u cansme the wall to a depth of 1l2-ft. and borings sunk.
Tu;,‘*mﬁ T rr—— Gypsum, silt seams, and fissures were prom-
\ 2y X = inent in the upper clay. The_solid clay proved
= \ ‘ stronger than the 5.5—1bs/in? calculated for
J pee o | stability and fissuration must, therefore,have
e A lowered the effective strength below that of
e | J S small test specimens. Heavy rains just prior
e R e = to failure may have caused hydrostatic pres-
U i i sure.
Stability was restored by sheet piling
: the toe.
e Photos Figs. 13 and 14 and Fig. 15 show
yi & slip in the cutting in mottled clay of Wool-
s wich and Reading beds at Arundel, Sussex. Af-
~ | ter a period of stability, the wall commenced
N to move forward slowly. In the winter of 1946-7
N the movement developed rapidly and a slip of
the cutting became evident with heaviag and
ekt pushing out of line of the adjacent track.
i P G i e Y LU Reference points were immediately established

PRoss COMPREGHIVE STRENGTH RESULTS

W G as Ta vt and 150-tons of rails were deposited on the

120

BN track to resist the heave and to act as a mass
against which to strut the wall; and this stop-
FIG. 8 ped movement.
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FIG.13 FIG. 16

The movements recorded indicate a deep
slip, but in the boreholes, no recognisable
slip surfaces were found, all measured strengths
being well above the calculated limits for stab-
ility.

Large quantities of surface water were,
however, found in the upper loamy strata and,
prior to diversion, this was probably causiag
hydrostatic pressures.

The wall will be cut down to 3-ft above
rail level after sheet piles have been driven
along the back, and the bank will be re-shaped
to take weight off the back of the slip.

A large 80~-ft, deep cutting slip in Lias
Clay, near Grantham on the L.N.E.Rallway,which
has been moving for 30 years, is shown in Photo
Fig. 16 and Fig. 17. It was investigated by the
Building Research Station in collaboration with
the Railway Company.

Lhe slip exposed 4-ft. of iron stone over-
lying the clay. Iriel pits, borings and probes
established the positions of the slip surfaces
end the characteristics of the clay, which was
stiff, but contained numerous fissures. A me-
FIG.14 chanical analysis of a sample from the slip

' plane gave the following;-

GRANTHAM SPITTLEGATE SLIP

~ “ . - g
: ROAMLTE 2% Amavie

SCALE aFf FEET CONDITIOM $ATOK OF SAFETY

CUTTING 1 ASSUMED SLOPE 31 AN CONITOUCTION
NAIN SLIP AT TINE OF ORIGINAL FAtLUW| ?

CRQSS SECTION N° 9 MAIN SLIP AT PRESENT 13

SUBS'DIARY SLIP AT PRESENI

SMLAR SYRINMGIM DGEAMS

M
P

FIG. 17
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Clay < 0,002 m m dia. 51.5%
Fine Silt < 0.006 " " 46.2% B -
Coasre Silt < 0,03 w 2.3% j,,-** 4 {
Loss on treatment with HCl = 20%, which Ssa d >
indicates carbonate content, Gypsum was also i
present.
An undisturbed and unsoftened sample gave:-
Natural moisture content - 19 - 20% ”
Liquid Limit - 55.6% : 2
Plastic Limit - 26.6% =~ 7
Density - 128 1b/cub.ft. o > i
Shear Strength - 14 1b/sq.inch 15y = _—
(up to over = D |
25 1b/sq.inch i T T
in others). | — £s
Averagze shear strength of samples from the
mein slip is 7.0 lb/sq. inch, with 2.1 1b/sq. FIG. 19

inch from the subsidiary slip.

The corresponding calculated stability
figures are 3.0 lb/sq. inch and 2.1 1b/sq.inch
from the subsidiary slip.

This slip has been stabilised by removel
of all the slipped material and trimming back
the cutting to a slope varying from 1 in 7 at
the bottom to 1 in 3 at the top, and also the
construction of a very deep ground and surface
water cut-off drain and trench along the top,
and 150-ft. behind the old fence line.

BANK SLIPS.

Railway embenkments were generally con-
structed with the materials obtained from the
cuttings, Often, however, other materials were
imported. Compaction was poor in comparison with
modern ideals and considerable voids probably
remained. Also concentration of track load on
the centre of the formation caused uneven con-
solidation and dishing of the formation,result-
ing in rain accumulating in the centre of the
banks. Softening of the clay of such banks has
continued since their construction and many
have become unstaeble, slips sometimes occurr-
ing slowly over a period of years and at other
times suddenly.

To re-establish a train service, the re-
sulting cavity at the top of the bank has been
filled with ashes, as these are light and al-
ways to hand. A4s a result, a pocket of porous
ashes is formed in which rain water collects,
aggravating the slip. The formation of such
waterlogzed pockets seems an inevitable con-
sequence of this method of slip treatment
which is necessary for mainterance of train
services.,

Fig. 18 shows an embankment at Moor Park
on the London Transport System where such as
ash pocket exists. This drawing illustrates
the manner in rhich the bank was explored by
excavation and boring, and how rubble-filled

counterforts are being constructed to drain it.

Extra stability will be provided by a dry
stone wall and trimming the slope.

A remarkable example near Fareham in Hamp-
shire is shown in Fig. 19 where, as a result
of slips, waterlogged pockets now exist to be-
low the level of the adjoining virgin ground,
and brick rubble which presumably was origin-
ally on top of the bank is now at the bottom.

In the past, the normal methods of stabil-
ising the banks have been:

1) Drainage of contained water by means of
hardcore filled trenches or "counterforts"

2) Construction of toe retaining walls or stop
blocks sunk into the undisturbed soil.

3) Driving sheet piling along the toe.

More recently the tipping of additional
heavy material on the toe of the slip has found
favour where adjoining land has been available
at reasonable cost and the importance of the
line has warranted such expenditure.

Photo Fig. 20 and Fig. 21 show a very long
and important embankment at Witley in Surrey,
which was dealt with in this manner after soil
tests had given an indication of the best dis-
tribution of the extra toe load. In this ana-
lysis, the theoretically worst slip circle was
determined by trial for an assumed hard base-
ment 4~ft. below original ground level, and
the shear stress on this surface calculated.
Various profiles of tipped material were then
investigated similarly on the basis of this
shear strength for the clay and a profile adop~
ed at each of several sections of the bank,
giving a tactor of safety of 1.25. As the fill-
ing progressed, a most marked and immediate
dim-inution in the amount of packing of the
track above was brought about. As an additional
precaution, one drainage "leg" was constructed
in each of the main bulges in the bank.

Most British Railwsay Companies have made
experiments on draining water pockets in em-
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bankments by thrusting into them small diameter
perforated pipes with a pointed spear heed.

Photo Fig. 22 illustrates a jack used for
this purpose by the Great Westera Compeny. 2"
internal diameter tube in 5-ft. lengths with
screwed couplings is used, and the method has
given very encouraging results.

A troublesome embankment slip at Horsted
Keynes in Sussex which was tapped in this man-
ner is shown in Fig. 23, the position of the
water pocket having been estimated from the
toe movement which has occurred. The pit shown
was sunk to confirm the position of the pipe
and the water pocked and also to act as a drain-
age sump when filled with hardcore.

INVESTIGATION AND TREATMSNT OF UNSTABLE TRACK
FORMATIONS.

Most tracks laid on shallow depths of bel-
last on clay formations have given a great deal
of trouble with the clay working up through
the ballast, fouling the drains and causing
waterlogging and general instability of the
track in winter. With few special exceptions,
the customary treatment of such sites was the
removal of all the dirty ballast and an arbit-
rary amount of the underlying softened clay,
and backfilling with sand, ashes or some equi-
valent non-cohesive fine material,

The track drainage system was also overhauled
in the conventional manner, which, from recent
investigations appears to have left weaknesses
due to the coarse graded drein filling used
which has permitted the clay to soften and flow
into the large voids 1t contains,

Since 1939, the Southern Railway Company
have sunk trial holes end borings at such sites
to obtain clay strengths and other data from
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FIG.23

which to estimate the depths to which such
"blenketing" with fine granular materialsshould
extend,

Fig. 24 shows a typical set of simple com-
pressive strength results in such borings in
London Clay at Clapham Junction, London, to-
gether with the theoretical curve of maximpym
shear stress vertically under the sleeper with
chair loads of 15-tons (a load based on recent
work on Concrete Sleeper design). The clay was
excavated to a depth of 3'6" below top of sleep-
er and precast concrete load spreadiag slabs,
shown in Fig. 25 and Photos. Figs. 26 and 27,were
bedded on a 1-ft. thickness of ieldon stone
dust over the clay, 1'5" of track ballast being
deposited on the slabs to receive the track.
This is now the most common method of track
stabilisation used on the Southern Railway.
Other methods, some of which have severe limit-
ations, have been tried, such as the casting
of a continuos"in-gitu"reinforced "Colgrout™ concrete
slab, see Photo.Fig.28, or the laying of a 3"
consolidated layer of mixed bitumen emulsion
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spray. This latter process was intended to act
as a waterproofing and blanketing layer.

Fig.29 shows an excavation made at Albany
Park in Kent, in a clay cutting where heaving
occurred in both the cess and the 6-ft.space,
and where the track needed constant packing.

Progressive rotary movement of the ballast
under the sleeper ends was occurring in the man-
ner of a circular slip, the clay in contact
with the ballast becoming softened to a point
at which it was unable to support the sleeper
load, when it was forced into the zones of low-
est pressure. Drains were clogged and upheaved.

The mean measured shear strength of the
clay in the failure zones was 360 1b./ft2.which
corresponds with an equilibrium chair load of
10-tons spresd 2'6" longitudinally. Loads well
in excess of this occur on a well packed sleep-
er.

All Companies have their individual methods
of treating clay formations to minimise subse-
quent meintenance work, end Fig. 30. shows the
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FIG. 29

standards adopted by vondon lransport for em-
bankments and cuttings. The good crossfall of
the formation and the use of fine grained ma-
terials in contact with the clay will be noted.

TRACK GROUTING.

The Great Western Railway Company is making
tests of cement grouting, for track stabilis-
ation by the elimination of water pockets pro-
duced by the punching action of the ballast in-
to the formation. The results so far are ian-
conclusive.

That Company is now attempting the stabil-
isation of an embankment at Fenny Compton on the
main line to Birmingham, by similar methods,
slips having occurred frequently in the past.
Fig. 31 shows a typicel section and borings in-
to this benk. The formation consists of a layer
of broken bricks and sand and shows no deform-
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The future scope and development of soil
mechanics on British Railways may be priancipal-
in the following:-

o] o o RL.
sl -
16 e GL
ﬁghcs 204- shed shes oy
29’ z
_Ballest T SandyLofn
£} > Brick
M 4 5.
I
g,':’ Medim
P Clay Blue
Ashes s Ty I Grey
Modwm | C'oy e s°
Blue
Sandy e~ g ¢
36 L oam
as
HoLe A Hote B HoteC

BOREHOLES
Scare | to 4F

3
2)
3)

Kit for boring and sampling non-cohesive
soils.

Tests on bulk streagth of fissured clays re-
lative to tnat of small test specimens.
Continued tests on banks and cuttings with

Fenny compton embankment

FIG.31

ation under the tracks, while the body of the
bank is fissured cley having the

age characteristics:-
Shear strength
Ligquid limit
Plastic limit
Average moisture content

following aver—
1580 1bs./ft?
66%

28%
35%

a view to a better uanderstanding of thebreak
down and swelling of fissured clays and the
pressures developed thereby, together with ex-
ploration of all likely methods of treatament,
such as surface waterproofing ete.

4) Continued investigation of track formation
failures end treatments.

5) Apparatus for measuring pressures in track
formations., (The Southern Raeilway Company

has already constructed an experimeantal cell

shown in Fig. 32. with a hydraulic calibration

cell on top).

6) Laboretory and site investization of track

Slips in the bank have been made up with
ashes. Cement grout 1s being injected by means
of "points" driven to B-ft.depth at the cesses
and the "6-ft" at intervals of about S5ft.

Trenches will be excavaeted to enable the
result to be studied and vibrograph record on
the bank are being taken before and after
grouting for comparison.

as

ballast and fill gradings and treataent such
vibretion, to establish conditions for max-

imum density and stability under traffic.

7)

Development of graded filters for clay drain-

age,
8) The use of electro-osmosis or electro-chemic-

al hardening for bank,cutting,and track stab-

ilisation.(The London Passenger Transport Board



have commenced investigations for the use of
electro—chemicul hardening for a cutting).

ACKNOWLEDGMENT .

Acknowledgement is gratefully maede to the
Chief Engineers of the British Railway Compan-
ies for permission to present this information,
and also to their undermentioned representat-
ives for their valued collaboration in the pre-

237

paration of the paper:

My.J.S.Shew,A.M.I.C.E.
" A.D.R.Watson, B.Sc.,
A.C.G.I.,A.M.I.C.E., - L.N.E. " "
" P.Protopepadakis,
AM.I.C.E.,

Dipl.Ing.Civ./Mech. "

Eng (Athens) - G.W. "
" F.S.P. Turner L.P.T.B.

L.M.S. Reilway Coy

-0=0=0-0-0-0~

Vill {3

THE_INPLUENCE OF LIGHT SURFACENGS ON THE TRAFFIC CARRYING CAPACITY OF SOIL

H.W.W, POLLITT

SUMMARY

A recent development in civil engineering has been the use of light metal

tracks (L.M,Y.) aud Prefabricated Bitumenised Surfacing (P.B.S.)

a8 means of

increasing or preserving the ability of soil to carry traffic. This paper gives
a brief account of studies of some of the problems associated with the use of
these light surfacings. Laboratory work included small-scale loading tests on

model tracks, full-sclae tests on experimental and production tracks and acces-

sories, and mathematical studies.

Among the conclusions reached were the following:-
1) On the sand and sandy-clay used in the tests, the efficiency of a light metal
track surfacing of a given weight per square foot was increased by decreasing
the size and spaclng of the wires of which it was composed.
2) The influence of light metal track on the bearing capacity was much greater
for granular than for non-frictiopal soils. An extension of Prandtl's analysis
of the bearing capacity of a strip-loaded plastic medium suggests that this in-
fluence is a function of the angle of internal friction of the soil.
3) Under the climatic and test conditions obtaining, no upward migration of soil
moisture took place in the subgrade beneath Prefabricated Bitumenised Surfac-
ing. All cases of subgrade softening occurred directly beneath porous areas of
P.B.S

INTRODUCTION.

In connexion with the recent development
of light metal tracks and prefabricated bitum-
enlsed surfacings as means of increasing or
preserving the traeffic-carrying capacity of
soils, studies have been made at the Road Re-
search Laboratory of the problems associated
with the use of these light surfacings. The
work included full-scaele and small-scale tests
and mathematical analyses.

FULL-SCALE LABORATORY TESTS.

In order to compare the performances of
different experimental and production surfac-
ings full-scele traffic tests were necessary.
For this purpose a portion of the grounds of
the Road Research Laboratory was converted to
a test area (Fig. 1). The soil was ploughed,
harrowed and then spreyed by an oacillating
spray-pipe to bring it to a uniform consist-
ency. The test sections were then laid and
were trafficked by a four-wheel lorry loaded
to a gross weight of ¢. 6.6 tons with a mex-
imum wheel load of ¢. 2.6 tons, and running
20 times over the same wheeltracks. The per-
formance of a section was measured by the
average rut-depth after a number of passes of
the lorry.

In the first series of tests a number of
rather similar designs of L.M.T. were tested
and it was generally found that heavier tracks
were more effective than lighter tracks (Table
1l and Fig. 2). It became clear that this test-

ing tecanique could not be expected to dif-
ferentiate between types of L.M.T. unless the
differences between their properties were suf-
ficiently marked. In the course of these tests
it was also observed that the depth of rut
formed was approximately related to the loga-
rithm of the number of passes of the lorry.

Another series of tests was devoted to
the effect of varying the distribution of steel
in L.M.T. as between longitudinal bars,trans-
verse bars, and 1n some cases, steel-sheet un-
derlaey. This series was closely related to the
more comprehensive small-scale tests describ-
ed later. The experimental sections were of
square-mesh; and had the sesme total weight,
1.8 1b. /sq.ft., but different arrangements of
longitudinal end transverse bars and different
underlays. The soil conditions are given in
Table 2, details of the test sections are giv-
en in Table 3 and the results are given in
Table 4,

It was concluded that

(I) more steel should be places transversely
than longitudinally.

(II) small diameter bars closely spaced are
more effective than large diameter bars
widely spaced.

(III) there is a limit to the proportion of
iteel that should be used as an under-
ay.

Further observation of the increase of rut
depth with number of passes of the lorry con-
firmed the generally logarithmic nature of the
relationship between them. (Fig. 3.).



