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NATICNAL RESEARCH COUNCIL COF CANADA

ASSCCIATE COMMITIEE ON SOIL AND SNOW MECHANICS

Technical Memorandum No. 2

Ground Failure under the Action of a Track Grouser

There is some analogy between the action of a grouser
and that of g vertical diaphragm displaced horizontzlly in the
ground., This analogy has been applied tco the problem c¢f earth
failure under the zction »f a track grouser, as considered in
the light of the Rankine Theory of Passive Earth Failure.

3ince the shape of the failure surface beneath a
track link and the normal siresses thereon determine the
track "drawbar pull", it was considered worthwhile to investi-
gate the whole question with a view tc ascertaining whether
the Rankine Theory ccould not be applied to this grouser problem
in the same wey as it may be applied to the problem of a re-
taining wall, subject to the same limitations,

(2) Patterr of Fsilures

It cen be shown that a blade thrust into an earth
medium and displaced slightly in a horizontal diraction causes
a ground faillure, the pattern of which has been explained on
the basis of theoretical soll mechanics (see Fig. l:a,b,c,).

In order to illustrate the problem the better, a few
basic pcints of the Rankine Theory {(as propcunded by Terzaghi)
may be quoted. If 2 diaphrzgm ab (Fig. &) is tiited in such
a mann2y that it takes the position marked by the line hay, the
surface of fg i1ure ol the ground will be the line bc inclining to
the horizontal at an angle 45-@/2 where @ is the angle of intern-
al fricticn,

jAV)

The ctate of the earth inside the triangle bd~c is
called Fassive R“nklne State. If there is friction between
the d¢?phxaem and the earth or if a different type of dis-~
placement than tlltl“q is introducedy, the liines of ground
failure will be curved as shown in F 1go 3. The passive Rankine
state wi]l then be limited to the t”iangle ade only, whereas
the porticn qud of the shear pattern is composed of curved
lines \lcvar thmie spirals).

(3) Thecretical Considerations with regard to the Displacement
of & Grouser.

During the transt t cn of the mass from its original
(elastic state) to the passive Rankine state the soil within
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urdergees compression in s horizontsal

O
ec eny depth N velow the surface (Figz. 2) the

widtn A x cf the sheared area i1s equal to the width x of ths
wedge at that depth times the norizontal ceompression e per
unit of iength which is recuired to fransfor the soil at deptn
N from 1ts original state cf elastic equilibrium to the plastic
equiliorium, Hences, a3t depth N. the wid th of the shaded area
equais ex., The valus "2 depends nrt only on &the typs of soil
and its density and on the depth N, bub also on the final state

Hence the only zeperal statement which can bz made
coneerning the shaded arsa is that ite wildth must increase
rom zero of a peint © to g pmerimue at noint g."*

cr oa uniform homegeneous conesicnless mass [sand)
Te™ does net depend on depth N. Cn this zssunption, it we
admit no iction betwesn the ulﬂpnrd;ﬁ and soil the shzded
ares abe (i 27 will be a *triangle, If fricticn is considered
(ig. 3) then the shaded ares which dﬁuexménes the reguired
dlaphragm diaspiacement must be a non-regulzar flgure abal,
since "e" 1z now variables with depth., T is therefore Ghvlous
that any disulagcenent which Iinvelves 2 shear pattern as
described by Fig., 3 snouala also involve lateral yielding of
the diaphragm pecanse of its initial reguiar Sﬂaye untii the
final shape sbap is obtsined, If this condition is not satis-
fied the shear patterc as represented above will not Le justiiied
In gractice tne grovser does not yield. Therefore the final
shear vattern wnich isg the result of a horizontal paraliel
dispiacement of the growussr 1s the resultant of zan 1ndefinite
nurher of momentary vastiterans the potential origin of which
are any trarpsitery nositions of the grouser in its passage Trom
initial to Tinal stzstes
The dlspls of the d*sphragm nerailel to its
oiPigirel position is necteq also witn the sc-called "arch-
ing" whicih 2dds more An*ef ty tc the whole pi?ture,** Any corne
ciusions, therefore, - wers baszed con the Rankine Theory would
net te justitvieda, except w351nly for an hxtrémeij small sliv.
Whis, hovever, would ‘LQS& nepgligible ground failnr It is
* (Tarzaghi - "Theorsatical 30il Mechanics", New York,
1943, pp. 42«44},

*¥% A brief survey of what is involved if the displacenent

of the fsce iz not according to theory, is masde in Y"Soil

Wecranics™ by hrgnlnw, New York, 1941, pp 306-313,

©
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therefore felt that theories of grouser spacing developed in
accordance with the Rankine Theory, i.,e. with the lines of
fajiure inciined to the horizontal at an angle of 45-¢/2
(Fig. 4), may have very little justification.

(4) The Effsct of Supercharge

The above-mentioned conclusion may also be supported
from another point of view. The Rankine Theory of Passive
Ground Failure concerns a homogenecus, semi-infinite mass under
the action of gravity. The gravity force may be increased by
a so-called supercharge on the mass under consideration. The
supercharge 1s tacitly admitted to be flexible and yielding
in such a menner that it does not affect the shear pattern.

In copstruction work in zoil the supercharge on the loaded
surface may be caused by ezrth; under water it may be caused
by water, 1f we consider, hcwever, a flat track shoe as a
supercharge the conditions are different. Loading effected

by the track shoe can bte compared neither with load of a layer
of earth, nor a depth of water. While the latter are flexible
and yield with the ground without any change in the value of
the supercharge, a track shoe is more or less rigid so that

the value cf supercharge may change while the soil is yielding.
This happens not only under the weight of bogie wheels but also
under the earthly compression itself.

This can be illustrated by the experiment cshown in
Fig. 5: a,b,c. The tracked link model loaded with 6 1lbs. of
welight is displaced horizontally and causes the sancd failure
as shown by the white layers. This figure shows that the
surface of failure similar to that described by Kankine Theory
takes plaze only in the triangle ede (Fig. 9 ¢). The shear
rattern in the section abde is quite different. This can be
easily anticipated since section ed¢ is that concerned by
Rankine where section shde is not.

Ancther example shown in Fig. 6:a, b, ¢, illustrates
how much the shape of the shear surface depends on track
flexibility and load. In this case a two-link track model is
inveztigated without 4 hinge in between, one link being loaded
with 6 lbs. weight, the other with only 2 1bs., This may be
considered g5 a model illustrating the conditions for a track
where the bogie-carrying link is far more loaded than the
adjacent links located between two bogies. This experiment
shows that the shear csurfacez tend to change slope from one
lirk to gnother and to extend from the lower edge of the grouszr
approximately horizontally for some distance, and then curve
upwards towards the ground surface (that is, if the displace-
ment ¢f the grouser is sufficiently grest).



There is little evidence of an alternative, that is,
whether the rupture will occur more easily in a horizontal
direction or along a2 surface inclined at an angle 45-¢/2. The
dzfinite tendency to shearing in an approximately horizontal
directicn is illustrated by Fig. 7:a and b,

In this experiment, only one grouser model has been
very slightly displaced and the rupture pattern is by no means
sloped at the angle 45-%/2, as one would expect from the Ran-
kine Theory. As has been already ncted and described in Fig.
5, the abde portion of the shear pattern (Fig. 7b) cannot be
explained by the Rankine Thecry,

{5} Analogy to Placstic Flow of a Mass Compressed between
two Plstes.

In an attempt to find some useful suggestions which
might be studied in order to find a more appropriate earth
failure theory, experiments have been made and typical results
are as shown below, S

Fig, Bia,b.c,d illustrates the manner of flow of
sand particles under the track shoe as recorded on a smoked
glass plate. The flow lines suggest some similarity with
the findings of Prandtl and Nadai who investigated stresses
and shear patterns of a plastic mass compressed between two
rigid vplates.*

The experiments confirm this ccnclusion and the
shear pattern under a tracked shoe (Fig. 8) is similar tc the
thecretical cne shown on Fig. 9. The equa*ions of lines of
rupture {(in polar coordinates) would be similar to those
guoted vy Nadail, nameiy:-

ﬂ sJQ__:_Q___. e t1 ___  arctan ¢t 1l tan \b/2>
r==5 - c0s ¢ ch -1 c -1

T e r 1
Y= VZE———: arctan c -1 tan %Vg) - />
- 1 A

- —

¥ Zeitschrift Fuer Physik Vol XXX, Berlin, 1924 pp 106-124,
A brief survey of this theory has been made by
Nadal in his book entitled '"Plasticity", New York and
London, 1931, pp 229-233.



Where b is a constant for whichsp = \}/

If the angie o€ at which both piates intersect is
45° 1in our case, an‘ valvue ¢ may be determined from the
formula:

""i

o
= o2 .1 arctan [ - 1T
c -1 4

The value
of curvss which app;ar; cn Fig, S,

(6) Bummary

The conditions required to cause earth failure accord-
ing to the Rankine Theory have been analyzed, It is concluded
that they cannot be applleu to the case of a slipping track
shoe with a grouser and that a two-set family of straight lines
deoes not fcrm the gorrezt picture of the real shear patiern.
Consegquently., any eonsiderations based on the Rankine Theory,
as for exampie to the problem of spacing track grousers, can
have little wractical application.

Brperiments made with models 1ix

dicate that the
final shape of earth failure depends not on]y on the soil
but alsoe on other factors such as track pitch, track tensicn
and load distribatioun.

The sbhove experimenis also suggest that the analytical
nethod of fincding tlhiez shear pattern of a mass compressed between
two plates is applicable here. uonuequeﬂfly the shear pattern
0f s psrticular track link will be g two-set famlly of log-
arithmic spirals, the general equation of which has been

me

noted, 1Lu~o<bf"\ nis slso suggest that further study of

tre fundamentals of grouser acticon may uzefully be considered,
The uOhmltbQﬁ nas arranged for such an experimentsl program
0o be csrried out during the winter cf 1945-46, Results will
be published as early in 1946 as is possible

Hirst Dreft: August 1945,
Prepared bhys M.G.B.

Checked Ly: R.%.L.
Approved: 24-31. VIII.'45
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A) BLADE THRUST INTO THE sOIL

BLADE TILTED




FIG. 2.

FIG. 3.

FIG. 4.
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FIG. 5

A TRACK SHOE MODEL BEFORE DISPLACEMENT.

B TRACK SHOE MODEL AFTER DISPLACEMENT.

45-%,= 30°

«30°




FIG. 6.

A TWO-LINK TRACK MODEL WITHOUT WEIGHTS
BEFORE DISPLACEMENT

B. TWO-LINK TRACK MODEL AFTER DISPLACEMENT




A ONE-LINK TRACK MODEL AFTER VERY
SLIGHT DISPLACEMENT

B SHEAR SURFACE AFTER FIG. 7A.

FIG. 8.

A THE TRACK SHOE AND GROUSER ARE SUBJECT TO THE SAME
UNIT PRESSURE. MODEL HAS NOT BEEN DISPLACED.



B ELONGATION OF SPIRALS SHOWN AT FIG. 8A ATTRIBUTED
TO THE DISPLACEMENT OF THE MODEL
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FIG. 9.
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