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FOOTWEAR SOLE 

FIELD OF THE INVENTION 

[0001] The ?eld of this invention relates to soles for foot 
wear, and in particular, but not exclusively, soles for use in 
sports and recreational footwear. 

BACKGROUND 

[0002] To improve traction (grip) of footwear such as walk 
ing boots, running shoes, football boots etc., the soles com 
monly have a plurality of studs (sometimes referred to as 
cleats) extending from the bottom surface of the sole. The 
studs are normally spaced apart from one another. 
[0003] When the wearer of the sole walks or runs etc., upon 
ground contact, the studs are designed to penetrate or other 
wise interact with the ground, so as to inhibit sliding of the 
footwear over the ground. As the studs contact the ground, a 
force is applied to the studs in a direction normal to the bottom 
surface of the shoe sole, counteracting the wearer’s weight, 
and also in shear directions, i.e. in a direction substantially 
parallel to the bottom surface of the sole. The force applied in 
the shear direction may be, effectively, a ‘braking force’ or 
‘accelerating force’, which inhibits or effects, respectively, 
further movement of the studs with respect to the ground. 
[0004] However, with this conventional stud arrangement, 
the studs have a propensity to pivot about the connection point 
between the stud and the sole. This effect is exempli?ed in 
FIGS. 1a and 1b. FIG. 1a shows a conventional stud 12 ?xed 
to a sole 11 prior to application of the ‘braking force’. FIG. 1b, 
shows the position of the stud once the braking force is 
applied; the stud 12 has pivoted about a connection point 13 
between the stud 12 and the sole 11. As can be seen, this 
pivoting causes deformation of the sole, which can cause 
discomfort to the wearer. Furthermore, the angle of the lead 
ing surface 12a of the stud 12, which opposes the braking 
force, has changed. The surface 1211 has tilted substantially, 
and the effectiveness of the stud to provide traction has there 
fore decreased. 
[0005] Conventional studs are usually frusto-conical in 
shape, tapering towards their distal ends. This tapering 
increases the studs’ ability to penetrate the ground upon 
ground contact. In general, the smaller the studs, the better 
they are at ground penetration (at any given penetration 
force). However, the smaller the studs are, in general, the 
worse they are at coping with the forces applied to them upon 
ground contact. 
[0006] Japanese Patent Application No. JP2002-272506 
discloses a stud arrangement in which studs are arranged in 
clusters. Each cluster has three studs linked by connection 
elements. The purpose of this arrangement is to reduce the 
‘push-up feeling’, i.e. the discomfort caused by forces trans 
mitted from the studs to the sole of the wearer’ s foot, when the 
studs contact the ground, since the forces are spread across 
the studs of the stud cluster, and thus over a wider area. 

[0007] European patent application No. EP 1234516 dis 
closes a sole structure for a football shoe that is divided into 
six portions having different rigidities. Sole pressure distri 
bution diagrams are used to determine the appropriate rigidity 
for each portion. Blade-shaped studs are placed on the sole 
structure only at areas of high pressure, and the orientation of 
the blade-shaped studs is based on ‘active direction distribu 
tion diagrams’ so as to sustain forces applied from the ground 
to the foot. 
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De?nitions 

[0008] In this description, the term “bottom surface” is used 
to describe the surface of the sole that contacts the ground in 
use, either directly or via the studs. The terms “heel region”, 
“midfoot region” and “toe region” are used to describe the 
regions of the bottom surface of the sole, which, in use, are 
adjacent the heel, midfoot and toes/ball, respectively, of the 
sole of the wearer’s foot. The “toe end” and the “heel end” of 
the sole should be construed accordingly. The terms “medial 
side” and “lateral side” are used to describe the sides of the 
sole, which, in use, are nearest the medial (inside) and lateral 
(outside) of the wearer’ s foot respectively. The term “forward 
direction” is used to describe a direction extending substan 
tially from the heel end to the toe end of the sole and the term 
“backward direction” should be construed accordingly. The 
terms “forward of” and “backward of”, used to describe rela 
tive positioning of the studs, should be construed accordingly. 
The term “sideways direction” of the sole is used to describe 
a direction substantially perpendicular to the forward and 
backward directions and substantially parallel to the bottom 
surface of the sole. 

SUMMARY OF THE INVENTION 

[0009] It is a general proposition of the invention to provide 
a sole for a shoe having stud formations of different dimen 
sions and/or orientations at predetermined locations of the 
sole, and a method of manufacture thereof. 

[0010] According to a ?rst aspect of the present invention, 
there is provided: 
[0011] a sole for a shoe having a bottom surface with a 
plurality of stud formations extending therefrom, 
[0012] wherein the stud formations are dimensioned in 
accordance with the distribution of forces applied to the sole 
during ground contact. 
[0013] Preferably, the stud formations are oriented in 
accordance with the distribution of forces applied to the sole 
during ground contact. 
[0014] The stud formations may be individual studs, or, 
preferably, stud clusters, each stud cluster comprising at least 
two studs connected via one or more connection elements. 
Preferably, the stud clusters are dimensioned in accordance 
with the typical distribution of forces applied to the sole 
during ground contact. 
[0015] The stud formations may be dimensioned directly in 
proportion with the forces, preferably the peak and/ or average 
forces, applied to the region of the sole at which they are 
located, during ground contact. Ground contact occurs when 
a wearer of the sole (more speci?cally a wearer of a shoe or 
boot bearing the sole) takes a step onto the ground whilst 
walking, jogging or running etc.. 
[0016] The force direction and magnitude may be deter 
mined using a force plate such as the Kistler Type 9287B. A 
wearer of a shoe may step on the plate during a running, 
walking step etc., and the direction and magnitude of the 
forces applied across the sole during ground contact may be 
measured using the plate. As an alternative, or in addition, the 
wearer may step on a pressure sensor pad system. The wearer 
may step on the pressure sensor pad barefooted, or the pres 
sure sensor pad may be placed inside the shoe, to determine 
the forces that are applied to the sole of the shoe directly from 
the wearer’s foot, or to the wearer’s foot, during ground 
contact. 
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[0017] Preferably, the stud formations are dimensioned in 
accordance With the peak forces at their respective position of 
the sole during ground contact. 
[0018] The force distribution over the sole may vary 
depending on the activity in Which the sole is used. For 
example, if the sole is used for running, the pressure force 
distribution Will normally be different from that of a sole used 
for Walking or used in ‘lateral sports’ such as tennis or bas 
ketball. Accordingly, in the present invention, the siZe and/or 
orientation of the stud formations may be optimised depend 
ing on the intended activity for the sole. 

[0019] Preferably, the stud formations located at regions of 
the sole Which are subject to higher forces during ground 
contact are larger than the stud formations located at regions 
of the sole subject to loWer forces during ground contact. 
[0020] In this description, a stud cluster may be larger than 
another stud cluster by having one or more larger studs than 
the other stud cluster, and/or one or more larger connection 
elements. Preferably, larger studs and connection elements 
have a greater spatial extent over their cross-section than 
smaller studs and connection elements. 

[0021] Normally, the larger the stud formations, the better 
they are of counteracting the applied force. HoWever, nor 
mally, the larger the stud formations, the harder it is for the 
studs to penetrate the ground. Therefore, in the preferred 
embodiment of the ?rst aspect of the present invention, by 
dimensioning the stud formations in accordance With the 
force distribution, the balance betWeen counteracting the 
applied force and having good ground penetration can be 
optimised. 
[0022] It has been found that, When the sole is used for 
running, for example, the forces applied to the sole are higher 
at a central area, eg toWards the mid-line, of the sole than the 
forces applied at the periphery of the sole. Thus, the stud 
formations located at the central area of the sole may have 
larger dimension than the stud formations located at the 
periphery of the sole. In vieW of this, the stud formations 
located at the central area of the toe region of the sole, eg at 
a region beneath the ball of the foot (1 st and 2nd Metatarsal 
phalangeal joint), may have larger dimension than the stud 
formations located at the periphery of the toe region of the 
sole and/or the stud formations located at the central area of 
the heel region of the sole may have larger dimensions than 
the stud formations located at the periphery of the heel region 
of the sole. 

[0023] It has been found that, When the sole is used for 
Walking, for example, the forces applied to the sole are more 
evenly distributed across the sole than When the sole is used 
for running. Accordingly, the stud formations may be similar 
in dimension at the central region and periphery of the sole. 
[0024] The connection elements of the stud clusters may 
transfer forces betWeen the studs. The connection elements 
may act, effectively, as support bars or buttresses for the studs 
of the stud clusters. 

[0025] When a Wearer is Walking or running forWard, upon 
ground contact (during a step) forces act betWeen the sole and 
the ground in generally vertical direction (i.e. a direction 
substantially normal to the bottom surface of the sole) and in 
a generally shear direction (i.e. a directions generally parallel 
to the bottom surface of the sole). The direction of the shear 
force may be determined for each stud cluster at a given time 
during ground contact (eg by using the Kistler platform 
discussed above or by other methods discussed beloW). 
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Accordingly, the stud clusters may be oriented to give the 
most effective braking and accelerating characteristics to the 
sole. 

[0026] In more detail, the studs of the stud clusters may 
penetrate the ground and push against the ground during a 
step. A direction of gross shear motion may be determined for 
all the stud clusters. The direction of gross shear motion is the 
direction of the dominant shear force, Which is applied to the 
ground by the stud cluster at a given time during ground 
contact, or is an average of the dominant force direction over 
a period of time during ground contact. The given time during 
ground contact may be during the initial contact phase, the 
stance phase or the propulsive phase of ground contact. The 
given time may be different for different stud clusters. For 
example, the direction of gross shear motion may be deter 
mined during the propulsive phase, for stud clusters at the toe 
region of the sole, and during the initial contact and/or stance 
phases, for the stud clusters at the other regions of the sole. If 
the direction is averaged over a period of time, the period of 
time may cover one or any combination of the initial contact 
phase, the stance phase or the propulsive phase of ground 
contact. The initial contact phase is the part of a step in Which 
a (usually backward oriented) braking force is applied to the 
stud clusters by the ground, inhibiting further movement 
thereof, and the propulsive phase is the part of the step in 
Which a (usually forWards oriented) force is applied to the 
stud cluster by the ground, enabling the next step to be taken. 
The stance phase is intermediate of the initial contact and 
propulsive phases. 
[0027] The direction of gross shear motion of each stud 
cluster may not be the same. The direction may depend on the 
position of the stud on the sole, and the type of motion of the 
Wearerirunning, jogging, Walking (uphill, doWnhill, on ?at 
ground etc.), lateral sport, e.g., basketball and tennis etc.. 
Thus, different gross shear motion directions can be prede 
termined for a variety of stud clusters depending on their 
positions on the sole, and depending on the intended purpose 
of the sole. For example, if the sole is intended for running, 
the direction of gross shear motion of all the studs clusters 
may be oriented substantially forWard (i.e. in a direction 
extending from the ‘heel’ to the ‘toe’ of the shoe sole), if 
calculated during the initial contact and/or stance phases. 
Alternatively, if the direction of gross shear motion is calcu 
lated during the propulsive phase of running, it may be ori 
ented substantially backWard at the toe region of the sole. 
HoWever, if the shoe sole is intended for trekking, although 
the directions of gross shear motion of the stud clusters near 
est the toe end of the sole may be oriented substantially 
forWard, the directions of gross shear motion of the stud 
clusters toWard the heel end of the shoe sole may be oriented 
in a more sideWays direction. Conversely, if the shoe is 
intended for tennis, the direction of gross shear motion of the 
stud clusters nearest the heel end may be oriented substan 
tially forWard, and the directions of gross shear motion of the 
stud clusters toWard the toe end may be oriented in a more 
sideWays direction. 
[0028] The direction of gross shear motion of the stud may 
be determined using a force platform, such as the “OR6-6” 
force platform made by Advanced Mechanical Technology, 
Inc., Which can measure the scale (and direction) of the forces 
on the sole in relation to time using a plurality of strain 
gauges. 

[0029] According to the present invention, the orientation 
and arrangement of the studs in each cluster may be arranged 
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so as to optimise the studs’ behaviour When subject to forces 
(pressures) upon ground contact. 
[0030] According to a second aspect of the present inven 
tion, there is provided a shoe sole having a bottom surface 
With a plurality of stud clusters extending therefrom, each 
stud cluster comprising at least tWo studs connected via one or 
more connection elements, Wherein each stud cluster is ori 
ented in accordance With a predetermined direction of gross 
shear motion of the stud cluster. 

[0031] Preferably, the stud clusters comprise a primary stud 
and one or more secondary studs. The primary stud may be 
con?gured to bear the most force of all the studs of the stud 
cluster during ground contact. Preferably, therefore, the pri 
mary stud is larger than the secondary stud(s). The primary 
stud may be considered as the dominant stud. There may be 
any number of dominant and primary studs. 

[0032] Preferably, the secondary studs trail the primary 
stud in the predetermined direction of gross shear motion of 
the stud cluster. 

[0033] In its most simple arrangement, the stud cluster 
comprises only tWo studs: a primary stud and a secondary 
stud, With a single connection element joining the tWo studs 
together. With this arrangement, if the secondary stud trails 
the primary stud in the predetermined direction of gross shear 
motion of the stud cluster, the primary stud Will normally 
encounter the largest shear force ?rst and, upon contacting 
With ground, the primary stud Will be pressed toWard the 
secondary stud. Without the connection element and second 
ary stud, the primary stud Would have a propensity to rotate 
upon ground contact, pressing the sole up into the Wearer’s 
foot (as described above With reference to FIG. 1). HoWever, 
the connection element and the secondary stud act, essen 
tially, as a buttress to the primary stud, reducing or eliminat 
ing any pivoting of the primary stud. This improves comfort 
for the Wearer, by reducing the penetration of the studs 
through the sole of the shoe and reducing the occurrence of 
areas of high pressure at the shoe-foot interface, and it 
improves the grip of the studs. 
[0034] The primary stud and the secondary stud may both 
lie on a line parallel to the predetermined direction of gross 
shear motion of the stud cluster. HoWever, in this aspect of the 
invention, the secondary stud is considered to trail the pri 
mary stud if it lies to the rear of a line perpendicular to the axis 
parallel to the direction of gross shear motion of the stud 
cluster. 

[0035] The stud clusters may take a more complicated 
arrangement. For example, at least one stud cluster of the shoe 
sole may be V-shaped, Wherein the primary stud is situated at 
the apex of the V-shape and is connected by tWo connection 
elements to tWo secondary studs located, respectively, at the 
tWo ends of the V-shape. 

[0036] With this arrangement, the primary stud has tWo 
buttresses, as opposed to the single buttress described above 
With respect to the simpler stud cluster. Accordingly, 
increased support to the primary stud is provided. This 
arrangement also provides support to the primary stud from 
forces acting at an angle to the direction of gross shear motion 
of the stud cluster. 

[0037] Preferably, the secondary studs lie either side of an 
axis parallel to the predetermined direction of gross shear 
motion of the stud cluster, Which extends through the primary 
stud, and preferably the secondary studs are equidistant from 
this axis. 
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[0038] The V-shaped stud cluster may comprise, addition 
ally, a tertiary stud. The tertiary stud is connected to the 
primary stud via a further connection element and may lead 
the primary stud in the predetermined direction of gross shear 
motion of the stud cluster. Since it leads the primary stud in 
this direction, the tertiary stud Will normally contact the 
ground before the primary stud. Preferably, the tertiary stud is 
smaller than the primary stud, making it more suitable for 
ground penetration. Thus, the tertiary stud may be considered 
as an initial ground penetration stud. The tertiary stud may be 
the same siZe and/or shape as the secondary studs. 
[0039] A number of other arrangements of studs and con 
nection elements in each stud cluster are conceived. For 
example, at least one stud cluster of the sole may be quadri 
laterally-shaped, having four studs connected in a loop by 
four connection elements, one of the studs being a primary 
stud, and the other studs being secondary and/or tertiary 
studs. The number of studs Within each stud cluster is not 
intended to be limited, nor is the ratio of primary to secondary 
studs. 
[0040] Stud clusters may be linked. For example, a plurality 
of V-shaped stud clusters may be linked in a general Zigzag 
arrangement. The stud clusters may share secondary studs to 
facilitate this arrangement. 
[0041] As mentioned above, if the shoe sole is intended for 
running for example, the predetermined directions of gross 
shear motion of the stud clusters are usually oriented substan 
tially in the forWard direction. Thus, in this scenario, if the 
secondary stud trails the primary stud in the predetermined 
direction of gross shear motion, the primary stud in each stud 
cluster Will be forWard of the secondary stud(s). HoWever, to 
optimise performance during the propulsive phase, Where the 
directions of gross shear motion of the stud clusters at the toe 
region of the shoe are usually oriented substantially in the 
backWard direction, the primary stud in each stud cluster at 
the toe region may be behind the secondary stud(s). This may 
also apply to the shoes intended for other athletic purposes 
discussed herein. 
[0042] As also mentioned above, if the shoe sole is intended 
for trekking, although the predetermined directions of gross 
shear motion of the stud clusters toWard the toe end of the 
shoe sole are oriented substantially forWard, the predeter 
mined directions of gross shear motion of the stud clusters 
toWard the heel end of the shoe sole are oriented in a more 
lateral direction. Thus, in this scenario, if the secondary stud 
trails the primary stud in the predetermined direction of gross 
shear motion, the primary stud in each stud cluster Will be 
forWard of the secondary stud(s) at the toe region of the sole, 
but Will be less so in the stud clusters at the heel region of the 
sole. In fact, the secondary studs at the heel region may be 
forWard of the primary studs of the respective stud cluster 
(i.e., closer to the toe end of the sole than the primary stud), 
even though they trail the primary stud in the predetermined 
direction of gross shear motion. 
[0043] According to a third aspect of the present invention, 
there is provided a shoe sole having a bottom surface With a 
plurality of stud clusters extending therefrom, each stud clus 
ter comprising a primary stud connected via one or more 
connection elements to one or more secondary studs, Wherein 
the primary stud is larger than the secondary studs. 
[0044] The studs according to the aspects of the present 
invention may take a variety of cross-sectional shapes (the 
cross-section of the studs lying on a plane generally parallel to 
the bottom surface of the sole). For example, When more 
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gradual braking is needed at high movement velocities, the 
studs may have an elliptical cross-section shape, With a 
steeply-curved leading end (the end leading in the direction of 
gross shear motion, Which is normally the ?rst end of the stud 
to resist the ground shear forces in a braking action during 
ground contact), or be triangular or diamond shaped With a 
Wedge-like leading end. As another example, When greater 
breaking performance is required at loWer or higher move 
ment velocities (and When ground penetration may not be an 
issue), the stud may have a ?at leading end. It may therefore 
take the form of a square or rectangle for example. Where the 
stud is intended for ‘multipurpose’ use, it may have a cross 
sectional shape Which is essentially a compromise betWeen 
those of the aforementioned examples, such as a circular 
cross-sectional shape, With a reasonably shalloW-curved 
leading end. 

DETAILED DESCRIPTION 

[0045] Embodiments of the present invention are noW 
described With reference to the accompanying draWings, in 
Which: 
[0046] FIGS. 1a and 1b shoW the behaviour of a discrete 
stud subject to a braking force; 
[0047] FIG. 2a shoWs a graph of the peak pressure distri 
bution across a sole during ground contact in a step; 
[0048] FIG. 2b shoWs a bottom vieW ofa sole according to 
a ?rst embodiment of the present invention; 
[0049] FIG. 3a shoWs a graph of the forces applied to the 
sole during ground contact in a running step; 
[0050] FIG. 3b shoWs another bottom vieW of the sole of 
FIG. 2b; 
[0051] FIG. 4a shoWs a side vieW of an alternative stud 
cluster according to the present invention; 
[0052] FIG. 4b shoWs a plan vieW ofthe stud cluster ofFIG. 
4a; 
[0053] FIG. 5 shoWs the direction of gross shear motion 
across a sole according to a second embodiment of the present 

invention; 
[0054] FIGS. 6a, 6b and 60 show plan vieWs of alternative 
stud clusters according to the present invention; 
[0055] FIGS. 7a to 7e shoW various vieWs of an alternative 
stud cluster according to the present invention; and 
[0056] FIGS. 8a, 8b and 80 show plan vieWs of alternative 
stud clusters according to the present invention; 
[0057] FIGS. 9a, 9b and 90, show plan, lateral side and 
medial side vieWs respectively of the sole according to the 
?rst embodiment of the invention; and 
[0058] FIGS. 10a, 10b and 100, shoW plan, lateral side and 
medial side vieWs respectively of the sole according to the 
second embodiment of the invention. 
[0059] FIG. 11 shoWs a plan vieW ofa sole according to the 
third embodiment of the invention. 
[0060] FIG. 2a shoWs a pressure distribution graph 2 (or 
‘map’), i.e. a 3D plot of the force per unit area, applied to the 
sole of a foot in a shoe during the ground contact phase of a 
running step. 
[0061] The graph’s peaks or high points, eg as indicated 
by reference numeral 21, and loW points, e. g. as indicated by 
reference numeral 22, indicate areas of the sole that are sub 
ject to, respectively, higher and loWer peak pressures/forces 
during the ground contact phase of a step. 
[0062] FIG. 2b shoWs a sole 3 for a shoe according to a ?rst 
embodiment of the present invention. An enlarged version of 
this sole 3 is shoWn in FIG. 9a, along With lateral and medial 
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side vieWs of the sole 3 in FIGS. 9b and 90 respectively. The 
sole 3 has a bottom surface 31, With a toe end 32 and a heel end 
33, a medial side 34 and a lateral side 35. The sole is intended 
to be used in a running shoe. The bottom surface of the sole 
has three main regions: a toe region 36; a midfoot region 37 
and a heel region 38. 
[0063] The bottom surface 31 includes a plurality a stud 
formations extending therefrom. In this embodiment, the stud 
formations are V-shaped stud clusters 4 each comprising a 
primary stud 41 and tWo secondary studs 42, connected via 
connection elements 43. Single, discrete studs 4a are also 
distributed across the sole 3. 

[0064] As can be seen in FIG. 2b, the stud clusters are not 
all the same siZe. The stud clusters 4 are dimensioned in 
proportion to the peak pressure/forces applied to the part of 
the sole at Which they are located, as determined from the 
pressure distribution graph 2 of FIG. 2a. 
[0065] The arroWs 23 point out a part of the pressure dis 
tribution graph 2 that is associated With a particular stud 
cluster 4'. The stud cluster 4' is located at a middle (central) 
area of the toe region 36 of the bottom surface 31. This part of 
the pressure distribution graph is at a high point 21 of the 
graph, and, accordingly, the associated stud cluster 4' is the 
largest stud cluster 4 of the sole 3. 
[0066] The arroWs 24 point out a part of the pressure dis 
tribution graph 2 associated With a different stud cluster 4". 
The stud cluster 4" is located at the periphery of the toe region 
36 of the bottom surface 31. As can be seen, this part of the 
pressure distribution map is a loW point of the map, and, 
accordingly, the associated stud cluster 4" is one of the 
smaller stud clusters 4 of the sole 3. 
[0067] FIG. 3a shoWs a graph of the forces applied to the 
sole 3 over the course of ground contact during a running step 
along a central longitudinal axis of the sole 3, generally 
indicated by dotted line A-A in FIG. 3b. The graph has tWo 
peaks, ‘P1’ and ‘P2’. Peak ‘P1’ occurs during the initial 
contact phase betWeen the heel region 38 of the sole 3 and the 
ground, betWeen 50 and 100 milliseconds after initial ground 
contact. Peak ‘P2’ occurs during the propulsive phase 
betWeen the toe region 36 and the ground, after approxi 
mately 80% of the ground contact period. As can be seen, P2 
is higher than P1 (at higher speeds, this pattern Would nor 
mally be reversed). This disparity correlates With the peak 
pressures shoWn in the pressure distribution graph 2 (FIG. 
2a), Where the peak pressure 21 at the toe region in the graph 
2 is higher than the peak pressure 21a at the heel region of the 
graph 2. In the graph of FIG. 3a, the force approaches Zero at 
approximately 0.22 seconds, When the sole no longer contacts 
the ground. 
[0068] ArroWs 25 point out a part of the graph associated 
With the stud cluster 4'. This part of the graph is approximate 
peak P2, Which is the highest peak of the graph. This is in 
conformity With stud cluster 4' being the largest stud cluster 4 
as described above. 

[0069] ArroWs 26 point out the part of the graph associated 
With the stud cluster 4", Which is located at the toe end 32 of 
the sole 3. The force is almost Zero at this point. This is in 
conformity With stud cluster 4" being one of the smallest stud 
clusters 4 as described above. In the ?rst embodiment, the 
primary stud 41 and the secondary studs 42 of each V-shaped 
stud cluster 4 has a generally elliptical cross-section (in a 
plane substantially parallel to the bottom surface 31 of the 
sole 3). The connection elements 43 are elongated bars With 
?at bottom surfaces 431 and parallel sides 432. The primary 
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stud 41 is located at the apex of the V-shape, and the second 
ary studs 42 are located at the tWo ends of the V-shape. 
[0070] FIGS. 4a and 4b shoW an alternative stud cluster 5 to 
the stud cluster shown in FIGS. 2b and 3b. The stud cluster 5 
is V-shaped, like the stud cluster 4 of the ?rst embodiment, but 
it differs from the stud cluster 4 in that it comprises a frustro 
conical primary stud 51 and frustro-conical secondary studs 
52. The connection elements 53 are boWed. Looking at FIG. 
4a, the connection elements 53 rise up toWard the primary and 
second studs 51, 52 (they extend from the bottom surface 31 
of the sole 3 to a greater degree as they approach the primary 
and secondary studs 51, 52). However, at no point do the 
connection elements extend beyond the primary and second 
ary studs 51, 52. This arrangement permits good contact to be 
made betWeen the connection elements 53 and the primary 
and secondary studs 51, 52, for e?icient transferral of force 
therebetWeen, but ensures that the primary contact betWeen 
the stud clusters 5 and the ground is via the primary and 
secondary studs 51, 52, rather than the connection elements. 
[0071] ArroW 27 indicates a possible direction of gross 
shear motion for the stud cluster 5 in FIG. 4b. In general, the 
direction of gross shear motion 27 corresponds to the direc 
tion of the dominant force, running parallel to the bottom 
surface of the sole, Which is applied to the ground by the stud 
cluster 5 at a given time during ground contact, or is an 
average of the dominant force direction over a period of time 
during ground contact. For this particular stud cluster 5, the 
direction of gross shear motion indicated by arroW 27 has 
been determined during the initial contact phase of ground 
contact of a Walking or running step, Where the force applied 
to the ground by the stud cluster generates a strong reaction 
ary braking force Which is applied to the stud cluster by the 
ground. In this instance, the braking force is directed in an 
opposite direction to the direction of gross shear motion. To 
deal effectively With the braking force, the stud cluster 5 is 
oriented so that the secondary studs 52 trail the primary stud 
51 in the direction of gross shear motion of the stud cluster, 
and the secondary studs lie either side of an axis (line B-B), 
parallel to the direction of gross shear motion of the stud 
cluster, Which extends through the primary stud 51. The sec 
ondary studs 52 are equidistant from this axis. 
[0072] Accordingly, When the braking force is applied to 
the primary stud 51 during ground contact, this force is 
directed e?iciently through the connection elements 53, to the 
secondary studs 52. Effectively, the connection elements 53 
and secondary studs 52 act as buttresses to the primary stud 
51. 

[0073] Due to the orientation of the connection elements 
53, a fraction of the braking force is applied directly to the 
outer sides 53111 of the connection elements 53. Therefore, 
the outer sides 53111 of the connection elements 53 offer 
additional braking surfaces for the stud cluster 5. This 
arrangement permits forces to be distributed more evenly 
over the Whole of the stud cluster 5, reducing the burden on 
any one particular part of the stud cluster 5. 
[0074] During the propulsive phase of ground contact of a 
running or Walking step, the propulsive force is usually 
applied to the stud cluster 5 by the ground in a direction 
opposite to the braking force. Accordingly, the inner sides 
53119 of the connection elements 53 offer additional propul 
sive surfaces for the stud cluster 5. Once again, this arrange 
ment permits forces to be distributed more evenly over the 
Whole of the stud cluster 5, reducing the burden on any one 
particular part of the stud cluster 5. 
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[0075] Reference should noW be made to FIG. 5, Which 
shoWs a sole 9a, according to a second embodiment of the 
invention, With the direction of gross shear motion across the 
sole 9a, When the sole 9a is used for Walking or trekking, 
indicated by the arroWs 27. An enlarged version of this sole 9a 
is shoWn in FIG. 10a, along With lateral and medial side vieWs 
of the sole 9a in FIGS. 10b and 100 respectively. The sole 911 
has a plurality of V-shaped stud clusters 9 With primary studs 
91 connected via connection elements 93 to secondary studs 
92, similar to stud clusters 4 as already described above. The 
primary studs 91 have generally hexagonal cross-sections (in 
a plane substantially parallel to the bottom surface 31 of the 
sole 3). The secondary studs 92 have generally rectangular 
cross-sections, With a cut-off comer. This shape of studs 91, 
92 offers good braking performance. The stud clusters 9 are 
dimensioned according to pressure distribution, in a similar 
Way to the stud clusters 4 described above in relation to FIGS. 
2b and 3b. HoWever, since the sole 9a is intended for trekking 
or Walking, and forces are distributed more evenly across a 
sole during Walking the running, the range of siZes of the stud 
clusters 9 is less varied than the stud clusters 4. 
[0076] As can be seen, Within each stud cluster 9, the sec 
ondary studs 92 trail the respective primary stud 91 in the 
direction of gross shear motion at that part of the sole 911. 
Since the direction of the gross shear motion changes across 
the sole 9a, the orientation of the stud clusters 9 also changes 
across the sole, permitting the stud clusters 9 to deal With the 
forces applied to them effectively (as described above With 
respect to stud cluster 5 of FIGS. 4a and 4b). The stud clusters 
4 in the ?rst embodiment of the invention have also been 
oriented in vieW of their respective directions of gross shear 
motion under the same principles. 
[0077] The direction of gross shear motion at the heel 
region 98 of the sole 9a is generally sideWays (lateral to 
medial in direction), Whereas the direction at the toe region 96 
is more forWard (posterior to anterior in direction). Accord 
ingly, the primary stud 91 in each stud cluster 9 is forWard of 
the secondary studs 92 at the toe region of the sole 96, but is 
less so in the stud clusters 9 at the heel region 98 of the sole 9a. 
[0078] FIGS. 6a to 60 shoW alternative con?gurations of 
the stud clusters according to the present invention. 
[0079] The stud clusters 6, 6' and 6" of FIGS. 6a to 60 are all 
V-shaped, With primary studs 61, 61', 61" connected to sec 
ondary studs 62, 62', 62" via connection elements 63, 63', 63". 
HoWever, the cross-sectional shape of the primary studs 61, 
61', 61" and secondary studs 62, 62', 62" are different. 
[0080] In FIG. 6a, the primary studs 61 and secondary studs 
62 of the stud cluster 6 have square cross-sections. The studs 
61, 62 have a generally ?at leading ends 611, 621. Accord 
ingly, the studs offer good resistance to the ground, and there 
fore offer greater braking potential. 
[0081] In FIG. 6b, the primary studs 61' and secondary 
studs 62' of the stud cluster 6' have elliptical cross-sections 
With steeply curved (almost pointed) leading ends 611', 621'. 
Accordingly, the studs offer less resistance to the ground than 
the studs of FIG. 611 but are better at penetrating the ground. 
Such stud clusters 6' are considered appropriate Where a 
degree of ‘ give’ betWeen the studs and the ground is desirable, 
eg to prevent injury to the Wearer. 
[0082] In FIG. 60, the primary studs 61" and secondary 
studs 62" of the stud cluster 6" have circular cross-sections, a 
compromise betWeen the rectangular and elliptical cross 
sections. Accordingly, the stud cluster 6" is considered more 
of a ‘multipurpose’ stud cluster. 
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[0083] In FIG. 7a, another ‘multipurpose’ stud cluster 7 is 
shown. This stud cluster 7 is V-shaped, With a primary stud 71 
connected via connection elements 73 to secondary studs 72. 
This stud cluster 7 is similar to the stud cluster 4 of FIGS. 2b 
and 3b, but is less angular in natureithe primary stud 71 it 
has a more curved leading end 711. Sectional pro?les of the 
stud cluster along lines A-A, B-B, C-C and D-D are shoWn in 
FIGS. 7b, 7c, 7d and 7e respectively. 
[0084] FIGS. 8a to 80 shoW further alternative con?gura 
tions of the stud clusters according to the present invention. 
[0085] In FIG. 8a, the stud cluster 8 comprises a primary 
stud 81 connected via a connection element 83 to only one 
secondary stud 82. The direction of gross shear motion of the 
stud is indicated by the arroW 27. Since the secondary stud 82 
trails the primary stud 81 in the direction of gross shear 
motion of the stud cluster 8, forces can be transferred e?i 
ciently from the primary stud 81 to the secondary stud 82, in 
a similar Way to the V-shaped stud clusters. However, since 
only one secondary stud 82 (and connection element 83) is 
used, this stud cluster is cheaper and easier to manufacture. 
The stud cluster 8 may be employed Where less support to the 
primary stud 81 is necessary. 
[0086] In FIG. 8b, the stud cluster 8' has a primary stud 81' 
and secondary studs 82' arranged in a V-shape. HoWever, 
unlike V-shaped stud clusters discussed above, the stud clus 
ter 8' comprises, additionally, a tertiary stud 84', connected 
via a connection element 83' to the primary stud 81'. The 
tertiary stud 84' is similar in siZe and shape to the secondary 
studs 82', but it leads the primary stud 81' in the direction of 
gross shear motion of the stud cluster 7', indicated by arroW 
27. The tertiary stud 84' is intended to contact the ground 
before the primary stud 81' during the ground contact of a 
step. The tertiary stud 84' is smaller than the primary stud 81', 
making it more suitable for ground penetration than the pri 
mary stud 81'. Thus, the tertiary stud 84' may be considered as 
an initial ground penetration stud, improving the penetration 
performance of the stud cluster 8'. 
[0087] In FIG. 80, the stud cluster 8" has a primary stud 81" 
and three tertiary studs 84", but no secondary studs. This stud 
cluster con?guration offers excellent lateral cutting action 
braking performance. Furthermore, since the tertiary studs 
84" are connected to the primary stud, and to each other, via 
connection elements 83", the tertiary studs 84" offer signi? 
cant support to the primary stud 81", primarily by the trans 
mission of forces in a tensile manner. The stud cluster 8" is 
shoWn located toWard the medial side of the toe region of a 
sole 8a. 
[0088] FIG. 11 shoWs a sole 10 according to a third embodi 
ment of the present invention, With the direction of gross 
shear motion across the sole 10, When the sole 10 is used for 
running, indicated by the arroWs 27, 27'. The sole 10 has a 
plurality of V-shaped stud clusters 101, 101' With primary 
studs 102 connected via connection elements 105 to second 
ary studs 103. A recess 104 is provided in the middle of the 
stud clusters 101. The stud clusters 101, 101' are dimensioned 
according to forces applied to the sole, in a similar Way to eg 
the stud clusters 4 described above in relation to the ?rst 
embodiment. HoWever, unlike the running shoe of the ?rst 
embodiment, sole 10 is optimised to counteract shear forces 
applied to the stud clusters 101, 101' during the propulsive 
phase of ground contact, When the stud clusters 101' at the toe 
region of the sole Will be subject to peak forces. 
[0089] During the propulsive phase, the direction of gross 
motion 27' of the stud clusters 101' at the toe region is in a 
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backWard direction. As a result, in the stud clusters 101' are 
arranged such that the secondary studs 103 are forWard of the 
respective primary stud 102, and thus the secondary studs 103 
trail the respective primary stud 102 in the direction of gross 
shear motion 27' at the toe region of the sole 10. The studs in 
the other regions of the sole 10 are arranged similar to the 
arrangement in the ?rst embodiment, ie with the secondary 
studs 103 backWard of the respective primary stud 102. 

1. A shoe sole having a bottom surface With a plurality of 
stud clusters extending therefrom, each stud cluster compris 
ing at least a primary stud connected to a secondary stud via 
a connection element, Wherein the primary stud is larger than 
the secondary stud and has a height from the bottom surface 
that is equal to or greater than the height of the secondary stud 
from the bottom surface, and the connection element has a 
height from the bottom surface that is less than the height of 
the primary and secondary studs from the bottom surface 
Wherein each stud cluster is oriented such that the secondary 
stud trails the primary stud in a predetermined direction of 
gross shear motion of the stud cluster. 

2. The shoe sole of claim 1, Wherein the stud clusters are 
V-shaped, the primary stud being located at the apex of the 
V-shape and being connected by tWo connection elements to 
tWo secondary studs located, respectively, at the tWo ends of 
the V-shape. 

3. The shoe sole of claim 2, Wherein the secondary studs lie 
either side of an axis parallel to the predetermined direction of 
gross shear motion of the stud cluster, Which extends through 
the primary stud. 

4. The shoe sole of claim 1, Wherein the stud clusters 
comprise a tertiary stud connected to the primary stud via a 
further connection element and Which leads the primary stud 
in the predetermined direction of gross shear motion of the 
stud cluster. 

5. The shoe sole of claim 1, Wherein, in each stud cluster, 
the primary stud is positioned substantially forWard of the 
secondary studs on the bottom surface of the shoe sole. 

6. The shoe sole of claim 1, Wherein, in each stud cluster at 
the toe end of the sole, the primary stud is substantially 
forWard of the secondary studs, and, in each stud cluster at the 
heel region of the sole, the primary stud is positioned sub 
stantially sideWays of the secondary studs. 

7. The shoe sole of claim 1, Wherein, in each stud cluster at 
the toe end of the sole, the primary stud is substantially 
backWard of the secondary studs and in each stud cluster at 
the heel end of the sole, the primary stud is substantially 
forWard of the secondary studs. 

8. The shoe sole according to claim 1, Wherein the studs 
have a cross-sectional shape Which is elliptical, circular, 
square, rectangular, triangular, or diamond-shaped. 

9. The shoe sole according to claim 1, Wherein the stud 
clusters are dimensioned in accordance With the distribution 
of forces applied to the sole during ground contact. 

10. The shoe sole according to claim 11, Wherein the stud 
clusters are dimensioned in proportion With the peak or aver 
age forces applied to the region of the sole at Which they are 
located during ground contact. 

11. A shoe sole having a bottom surface With a plurality of 
stud clusters extending therefrom, each stud cluster compris 
ing a primary stud connected to a secondary stud via a con 
nection element that extends up the side of the primary stud to 
support the primary stud against pivoting, Wherein the pri 
mary stud is larger than the secondary stud and has a height 
from the bottom surface that is equal to or greater than the 
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height of the secondary stud from the bottom surface, and the 
connection element has a height from the bottom surface that 
is less than the height of the primary and secondary studs from 
the bottom surface, Wherein each stud cluster is oriented such 
that the secondary stud trails the primary stud in accordance 
With a predetermined direction of gross shear motion of the 
stud cluster. 

12.A method of manufacturing a shoe sole having a bottom 
surface With a plurality of stud clusters extending therefrom, 
each stud cluster comprising at least tWo studs connected via 
one or more connection elements 

comprising the steps of: 
providing a shoe sole 
determining a direction of gross shear motion during 

ground contact for each of a plurality of stud clusters to 
be located on the shoe sole; and 
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orienting each stud cluster on the bottom surface of the 
shoe sole in accordance With the direction of gross shear 
motion of the stud cluster. 

13 . A method of manufacturing a shoe sole having a bottom 
surface With a plurality of stud formations extending there 
from, 

comprising the steps of: 
providing a shoe sole 
determining the distribution of forces applied to the sole 

during ground contact; and 
forming stud formations on a bottom surface of the shoe 

sole Which are dimensioned in accordance With the dis 
tribution of forces applied to the sole during ground 
contact. 


