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Ground failure under the action of a track grouser
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ｾ｣｢ｮｩ｣｡ｬ Metrrorandum No.2

There is some analogy between the action of a grouser
and that of a vertical diaphragm displaced horizontally in the
ground. This analogy has been applied to the problem of earth
failure under the action of a track grouser, as considered in
the light of the Rankine Theory of Passive Earth Failure.

Since the shape of the failure surface beneath a
tra.ck lin.k and the normal stresses thereon determine the
track "dravibar pull". it was considered worthwhile to invest:t
gate the whole question with a view to ascertaining whether
the Rankine 1I'1leory cou:_d not be applied to this grouser problem
in the SaIne ',V:::.y a.s it may be applied to the problem of a re
taining wall, subject to the same limitations.

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

In order to illustrate the problem the better, a few
basic pointa of the Bankine Theory (as propounded by Terzaghi)
may be quoted. If a diaphragm ab (Fig. 2) is tilted in such
a manner that it takes the position marked by the line bal' the
surface of failure of the ground will be the line be inclining to
the horizontal at an angle 45-0/2 where 0 is the angle of intern
al frict.ion.

ｔ ｾ ･ state of the earth insi6e the triangle baje is
called Passive Rankine State. If there is friction betieen
the diaphragm and ｾ ｨ ･ earth or if a different type of dis
placement than tilting is introduced, the lines of ground
failure will be curved as shown in ｆ ｩ ｧ ｾ 3. The passive Rankine
state will then be Itmtted to the triangle adc only, whereas
the portion abd of tte shear pattern is composed of curved
lines (logarithmic spirals).

(3)

During the transition of the mass from ｾ ｴ ｳ original
(elastic state) to the passive Rankine state the soil within
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the critical sections ur:tlergoes comprE;r::sL)11 in a horizontaJ.
direction. nAt any depth N below the surface (Fig. 2) the
width Ax cf tte sheared area is equal to the ｷ ｩ ､ ｾ ｨ x of ths
wed.ge at that dep\:h t.ime.s the horizontal compr'essJ.on tlell 'P8t'

l.lrdt of length ¥.'hich is required to transf8r the ;':011 Cl.t depth
N from :Lts origin81 stat8 cf ela.sttc equil.ib.'C''ium to the plastj.c
Ｇ ｾ ｱ ｵ ｩ ｬ ｪ Ｎ ｯ Ｚ Ｚ Ｇ Ｇ Ｇ Ｇ Ｇ ｨ ｬ ｊ Ｇ Ａ Ｚ Ｇ Ｎ ｈ ･ ｮ ｃ Ｘ ｾ Ｙ ｴ depth N. the w1.dth of the shaded area
eqtJ..a.ls ex. ﾷ ｔ ｾ ｾ ･ ｾ ｬ ｡ ｬ ｬ ｬ ｅ ｾ n'a tl de'perlds not ()nl.:r OIl t.rle ty'pe of sDil
and its densitv and on the depth ｎ ｾ but also on the final. state

... ,., ｾ 6

0::' ｳｴｬｾ･ｳｳ •.

IT erOlCE! the only generaJ_ 5 taten::ent whIch can be mad ｅｾ

concerning ｾ ｨ ･ shaded area is that its width must increase
f.'OID zero f;.t a point b to 8. maxim,1ID at ?Olrlt cL't",.

FeE a ｾｮｩｦｯｲｭ homogeneous COhG31GDless mass (sand)
tl(•• ｾ aDe:3 net ,:;ep'2nd CD C1E::pt.h !\,' On thi.s ｅ Ｚ ｳ Ｓ ｵ ｌ ｲ ｾ Ｚ Ｎ ｴ ｬ ｯ ｮ Ｌ If WE

admit no ｦ ｾ ｩ ｣ ｴ ｩ ｯ ｮ between the diaphragm and soil ｾ ｨ ･ sheded
｡ ｲ ｾ ﾷ ｬ ｾ ｒ ｻ ﾷ ｬ ｾ ｩ ｡ ｾ ｾ ｾ Ｗ ｊ ﾷ ｾ ｊ ﾷ ｨ ･ Ｌ ｾ ｾ ｲ Ｂ ｾ ｾ ｮ ｧ ｬ ･ Tf ｾ ｾ ｾ ｾ Ｂ ｾ ｾ ｏ ｾ ｾ ｾ Ｈ ｾ ｲ Ｉ ｮ ｾ ｾ ｾ ｰ ｾ ｾ ｾ ､
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slnce lie" 1:;,; flOW ?ari",:c)19 \'c\.tb deptho It is therefore ()b'\'loi';;'2

that any ､ ｩ ｳ ｰ ｬ ｡ ｾ ･ ｭ Ｐ ｮ ｴ ｾ ｨ ｩ ｣ ｨ involves a shear pattern as
described by Fig. 3 should also involve lateral ｹ ｩ ･ ｾ ｪ ｩ ｮ ｧ of
the diaphragm because of its lLitial regular shape until the
I-in-' ｾ ｨ ｮ ｾ ｾ ｾ ｾ . ]'S ｏ ｾ Ｉ ｾ ｰ Ｑ ｾ ｅ ＾ ｾ If' ｾ ｨ ｬ Ｇ ｾ Ｂ Ｈ Ｇ Ｍ Ｈ Ｑ Ｍ ｾ Ｋ Ｑ Ｇ Ｂ ｾ ｾ ｳ ｲ ｮ ｾ ｾ ｡ ｴ ｾ ｳ... ｬ Ｍ ｾ Ｎ ｬ Ｎ ,:>-,':...}.,r.. c.i"8.1 ." .•."·c1 ＧＮＧＺＮＮＬｾＢ _ vL ,;) I.J • .u I.)") , .J ,v;:, ,.'"

f1ed the shear pattern as represented above will not be justified.
In ｰ ｲ ｡ ｣ ｴ ｩ ｾ ･ the grouser does not yieldo ThereforA the final
shear ｄ ｡ ｴ ｴ ･ ｲ ｾ wnich is the result of a horizontal p9rallel
､ ｩ ｳ ｰ ｬ Ｎ Ｆ Ｎ ［ Ｍ ｾ ･ ｭ ･ Ｚ Ｚ ｩ ｴ Ｌ of the ｩ Ｇ ｾ ［ ｩ ｾ Ａ Ｎ Ｉ ｜ ｽ ｓ Ｇ Ｐ ｲ is the l.'eslJ.ltant of an in:leflnj.te
I1ml'.ber 1..'1' lTiOffi€:fltary patt8r'ns the ｰ ｯ ｴ ･ ｾ ｴ ｪ Ｎ ｡ ｬ oJ.'igi.n I)f.' which
are any tr'arlsitor'y posi.t:Lons <)f the GY'ouser 1.n its paSE::age frura
initial to final states"

The displacement of the diaphragm parallel to its
ｯ ｲ ｩ ｧ ｩ ｾ Ｒ Ｑ position is cancecte6 also with the 30=celled I:arch-
i:lg" which adds mors Gon:plexl ty to ttlI';' iNhole pi c:ture 0 ｾＪ Any con·,
Ｌ ｾ Ｎ ｾ Ｌ -.'" r"I ","" t 1. on .:. ｾＬ . I' " ", t... · -i' ... '. .. ' 'n Ｇ ｾ Ｑ b ,"'" ｾ Ｎｾ r '-1" ｾＭＩ ｾＮＮ l' ' _.;" -I '11
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not be justified, except possibly for an ･ ｸ ｴ ｾ ･ ｄ ･ ｬ ｹ small slip.
i\l h ,. ｾ ｬ ｾ ﾷ Ｂ Ｂ Ｂ Ｌ ｾ .. ｲＢＧｾＧＬＬＬＬＬ ,,...t]..J ,"'.- ""j .,.. ｾ Ｎ ｾ Ｍ Ｇ Ｂ ｟ Ｎ ｾ ... .; .. b"" -, - '" •. Y'::1 f'."" ｾ Ｑ '}o • -f' -'. <, .-.
1.1·...... , "". de ｊ ｟ Ｇ ｾ j WvLl _'..1 ,_,;.,_.:.t;; ..iet,.L.tgl. l.t, ｢ ｲ ｏ ｵ Ｎ ｾ ｌ ｃ Ｍ a ... J._·.r e. J '.- 1..::>

'* Soil Mechanics H
, NeVi York ｾ

** A brief survey of what lS involved if the ､ ｩ ｳ ｰ ｬ ｡ ｣ ･ ｣ ･ ｾ ｴ

(;f thE fz,.ce is not according to theorY1 i,s ma.dr.-,; in "Soil
ｍ ｾ Ｚ ｣ ｨ ｡ ｮ Ｚ Ｕ Ｎ ･ ｳ 'C by ｋ ｲ Ｌ ｙ ｔ Ｎ Ｎ ｩ ｮ ｅ ｾ Ｉ New York) 194J., pp 306·<U 3.,
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therefore felt that theories of grouser spacing developed in
accordance with the Rankine Theory, i.e. with the lines of
failure inclined to the horizontal at an angle of Ｔ Ｕ Ｍ ｾ Ｏ Ｒ
(Fig. 4), may have very little justification.

(4) ｾ ｲ ｨ ﾧ Ｎ Ｎ ｟ ｾ ｦ ｦ ･ ﾣ ｌ ｑ ｦ ｓ Ｎ Ｑ ｩ ｬ ｬ ﾧ ｬ Ｚ ﾣ ｨ ｡ ｲ ｧ ｾ Ｎ

The above-mentioned conclusion may also be supported
from another point of view. The Rankine Theory of Passive
Ground Failure concerns a homogeneous, semi-infinite mass under
the action of gravityv The gravity force may be increased by
a so-called supercharge on the mass under consideration. The
supercharge is tacitly admitted to be flexible and yielding
in such a menner that it does not affect the shear pattern.
In ｣ ｯ ｮ ｳ ｴ ｲ ｵ ｣ ｾ ｩ ｯ ｮ work in soil the supercharge on the loaded
surface may be caused by earth; under water it may be caused
by water. If we consider, however, a flat track shoe as a
supercharge the cond i ti.ons are different. Loading effected
by the track shoe Can be compared neither with load of a layer
of earth, nor a depth of water. While the latter are flexible
and y1eld with the ground without any change in the value of
the ｳ ｾ ｰ ･ ｲ ｣ ｨ ｡ ｲ ｧ ･ Ｌ a track shoe is more or less rigid so that
the value of 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 shown in
Fig. 5: a,b,c. The tracked link model loaded with 6 Ibs. of
weight is displaced horlzontally and causes the sand failure
as shown by the white layers. This figure shows that the
surface of failure similar to that described by Rankine Theory
takes place only in the triangle edc (Fig. 5 c). The shear
pattern in the section abde is quite different. This can be
easily anticipated since section edc is that concerned by
Rankine where section ebde is not.

ｾ ｮ ｯ ｴ ｨ ･ ｲ example shown in Fig. 6:a, b, c, illustrates
how much the shape of the shear surface depends on track
flexibility ｡ ｮ ｾ load. In this case a two-link track model is
investigated without ｾ hinge in between, one link being loaded
with 6 Ibs. weight, the other with only 2 Ibs. This may be
considered as 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 surfaces tend to change slope from one
link to another and to extend from the lower edge of the grouser
approximately horizontally for some distance, and then curve
upwards towards the ground surface (that is, if the displace
ment of the Grouser is sufficiently great).
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There is little evidence of an alternative, that is,
whether the rupture will occur more easily in a horizontal
direction or along a surface inclined at an angle 45-0/2. The
definite tendency to shearing in an approximately horizontal
direction is illustrated by Fig. 1: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 45-0/2, as one would expect from the Ran
kine Theory. As has been already noted and described in Fig.
5, the abde portion of the shear pattern (Fig. 7b) cannot be
explained by the Rankine Theory.

(5) Agalogx to Pla2tic Flow pf a Mass Compressed between
.t.wo_Plat§l§..

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 shoi'm below. '

Fig. Ｘ Ｚ ｡ Ｌ ｢ ｾ ｣ Ｌ ､ illusttates 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 plates.*"

'I:he experiments confirm this conclusion and the
shear pattern under a tracked shoe (Fig. 8) is similar to the
theoretical one shown on Fige 90 The equations of lines of
rupture (in polar coordinates) would be similar to those
quoted by Nadai, namely:-

e-_...__..•-

:: _1 _

e Vc 2 _ 1

(1/8

arc tan Ｈ ｖ ｾ ｾ ·i tan 1J'/2)

-----------------_.._-------_.----
* ZeitschriftFuer Physik Vol XXX, Berlin, 1924 pp 106-124.

A brief survey of this theory has been made by
Nad!li in his book anti tled "Plastici ty", New York and
London, 1931, pp 229-233.
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Where b is a con.sta.nt for which'P = += 0

If the angle ｾ ｡ ｴ which both plates intersect is
45° in our case, and value c may be determined from the
formula:

arctan

The ｶ ｡ ｬ ｵ Ｈ ［ Ｎ ｾ *is a para.1ilet€r, wh1.ch determines thE whole family
of curves whtch ｡ ｰ ｰ ･ ｾ ｬ ｩ Ｎ ｾ ｳ on Fi.g. 90

The cond ttic'ns required to cause earth failure accord
ing to the Rankine Theory have been analyzed. It is concluded
that they cannot be applied to the case of a slipping track
shoe with a grouse= and that a two-set family of straight lines
de€2 not fcr'm the ｾ ｃ Ｇ ｲ ｲ ･ ｣ ｴ picture of the real shear pattern.
Consequently, any ｾ ｾ ｮ Ｓ ｩ ､ ･ ｲ ｡ ｴ ｩ ｯ ｮ ｳ based on the Rankine Theory,
as for example to the problem of spacing track grousers, Can
]':" - 1 " f-f·'l=-...1 .... · t' -:.1 .. 1';"'·+" ._ave ｟ｬｵｾ｟ｾ ｾｾ｡｣ ｬｃｾ ｡ｾｰ｟ｾｾ､ｾｬｯｮＮ

Experimehts made with models indicate that the
final shape of ･ ｡ ｾ ｴ ｨ failure depends not only on the soil
｢ ｾ ｴ also on other factors such as track pitch, track tension
and load distribution.

The above experiments also suggest that ｾ ｨ ･ analytical
nethad of fj.nr11ng the shear pa t tern of a :mRS s camp res sed be ｴｾＧＡ･･ｮ

two plate::; is 8.;iplicable l1ore. Consequently the ::::neaI' pattern
of a ｰ｡ｲｴｩ｣ｵｬｾｲ track link will be a two-set family of log
｡ ｲ ｩ ｴ ｨ ｭ ｩ ｾ ｳ ｾ ｩ ｲ ｡ ｬ ｳ Ｌ the general equation of which has been
noted. Theexperime0ts ｾ ｬ ｳ ｯ suggest that further study of
the ｦ ｬ ｬ ｮ ｣ ｬ ｾ ｩ Ｎ ｲ Ｈ ｜ Ｈ ｭ ｴ ｡ ｬ Ｎ Ｇ Ｓ of grouser aetton may usefully be cOXlzidered.
The Comrni tto8 ｨ ｡ ｾ ［ arrange-i fo!' such an experimental. program
to be ｣ Ｘ Ｎ ｲ ｲ ｾ Ｂ ･ ､ out during tns winter of 194 Ｕ Ｌ ｟ ｌ ｾ Ｖ Ｎ Results will
be published as ea!'ly :i.n 1946 as is possibleo

ａ ｵ ｾ ｾ ｵ ｳ ｴ 1945.
M.G.B.
R.F.L.
24-31" VIII, '145
100

'2." )<. • '"\-5" ,

/PB



FIG. I.

A) BLADE THRUST INTO THE: SOIL

8) BLADE TI LTED



FIG. 2.

NOTE SIM ILARITY WITH FIG. I B

FIG. 3.

NOTE SIMILARITY OF SHEAR PATTERN WITH FIG. Ie

FIG. 4.



FIG. 5.

A TRACK SHOE MODEL BEFORE DI5PLACEMEN T.

B TRACK SHOE MODEL AFTER DISPLACEMENT.



FIG. 6.

A TWO-l.INK TRACK MODEL WITHOUT WEIGHTS

BEFORE DISPLACD.4ENT

B. TWO- LINK TRACK MODEL AFTER DISPLACEMENT

Ｔ ｓ Ｍ ｾ ｾ Ｓ Ｐ "

c.)30 0

ｾＺＺｌｾｾｾｾｾｾｾＭ＿｟ｌ｟



FIG.7.

A ONE - LINK TRACK MODEL AFTER VERY

SLIGHT DISPLACEM ENT

B SHEAR SURFACE AFTER FIG. 7A

FlG. 8.

A THE: TRACK SHOE AND G"C)USER ARE SUBJECT TO THE SAME
UNIT PRESSURE. WODEL 'liAS NOT BEEN DISPLACE.D.



FIG__ 8

& ELONGATION OF SPIRALS SHOWN AT FIG. 8A ATTFo.IBUTE:D

TO THE: DISPLACEhAENT OF THE MODEL
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FIG. 9.

THEORETICAL SHEAR PATTERN
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D.O.R. Library, Ottawa
D.S.D. (W), ottawa (2)
D.M.O.&f., Ottawa
D.E.D., Ott;awa

ｃ ｯ ｾ ｾ ｡ ｮ ､ ･ ｲ Ｌ Camp Borden

Cornrnanding General, ADT Branch,USAAF , Orlando, Florida.

C.M.H.Q. London (6)
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D.R.A.C. - War Office
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Combined Operations Beach Trafficability
ｃ ｏ ｬ ｦ ｵ ｾ ｩ ｴ ｴ ･ ･ (Lt, Col .. Sturdevant, U.S.
Marines Chairman) (2)

u.s. Engineer Board, Port Belvoir (2)
.Aberdef.m Proving Grounds (for attention

Major Co S. Mackenzie)
Australian Military Mission (2)
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B,A.S. (Attention Brigadier Ross) (3)

Canadian Military Attache, Australia


