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(54) Pneumatic tire

(57) A pneumatic tire comprises a tread portion pro-
vided with blocks each provided with a first variable depth
sipe (38) and a second variable depth sipe (39) each
having both axial ends opened at edges (20e) of the block
(20) on both sides thereof in the tire axial direction. In
each block, a shallow portion (37) of the first variable

depth sipe (38) overlaps in the tire axial direction with a
deep main portion (36) of the second variable depth sipe
(39). An axial groove (10) dividing the blocks is provided
with a tie bar (40) overlapping in the tire axial direction
with the deep main portion (36) of the adjacent variable
depth sipe.
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Description

Background of the Invention

[0001] The present invention relates to a pneumatic tire, more particularly to a tread pattern including variable depth
sipes capable of improving wear resistance of the tread without sacrificing tire performance on ice.
[0002] In order to improve running performance on snowy and icy roads, pneumatic tires for heavy duty vehicles such
as trucks and buses are usually provided with a block type tread pattern. Such a block type tread pattern often includes
siped blocks in order to further improve running performance on ice (on-the-ice performance) for example as disclosed
in Japanese Patent Application Publication No. 2009-190677.
[0003] In general, a siped block is reduced in the rigidity when compared with a non-siped block. Accordingly, its
deformation and motion during running becomes larger. Therefore, a siped block is liable to wear easily.
[0004] In order to increase the wear resistance of a siped block, if the length and depth of the sipe are decreased, on-
the-ice performance is naturally deteriorated.
[0005] A pneumatic tire having the features of the preamble of claim 1 is known from WO 2012/072404 A1.

Summary of the Invention

[0006] It is an object of the present invention to provide a pneumatic tire in which the wear resistance can be improved
without sacrificing on-the-ice performance.
[0007] According to the present invention, a pneumatic tire comprises a tread portion provided with blocks each
provided with a first variable depth sipe and a second variable depth sipe each having both axial ends opened at edges
of the block on both sides thereof in the tire axial direction and each having a deep main portion having a substantially
constant depth and a shallow portion, wherein
in each of the blocks, the shallow portion of the first variable depth sipe overlaps in the tire axial direction with the deep
main portion of the second variable depth sipe.
[0008] Therefore, a decrease in the rigidity of the siped block due to the deep main portion of the second variable
depth sipe is compensated by the shallow portion the first variable depth sipe. Thus, the block has a uniform rigidity
distribution and a good wear resistance although the block is provided with a plurality of sipes.
[0009] Further, the pneumatic tire may have the following feature:

with respect to two of the blocks circumferentially divided by an axial groove,
the main portion of the variable depth sipe disposed in one of the two blocks adjacently to the axial groove overlaps
in the tire axial direction with a tie bar formed in the axial groove so as to protrude from the groove bottom, and
the tie bar overlaps in the tire axial direction with the main portion of the variable depth sipe disposed in the other
block adjacently to the axial groove.

In this case, as the tie bar is disposed near the main portion of the sipe, around which the decrease in the rigidity is
relatively large, and compensates for such a decrease, the rigidity distribution in the block row becomes uniform and
the wear resistance can be further improved.
[0010] In this application including specification and claims, various dimensions, positions and the like of the tire refer
to those under a normally inflated, unloaded condition of the tire, unless otherwise noted.
[0011] The normally inflated unloaded condition is such that the tire is mounted on a standard wheel rim and inflated
to a standard pressure, but loaded with no tire load.
[0012] The undermentioned normally inflated loaded condition is such that the tire is mounted on the standard wheel
rim and inflated to the standard pressure and loaded with the standard tire load.
[0013] The standard wheel rim is a wheel rim officially approved or recommended for the tire by standards organizations,
i.e. JATMA (Japan and Asia), T&RA (North America), ETRTO (Europe), TRAA (Australia), STRO (Scandinavia), ALAPA
(Latin America), ITTAC (India) and the like, which are effective in the area where the tire is manufactured, sold or used.
The standard pressure and the standard tire load are the maximum air pressure and the maximum tire load for the tire
specified by the same organization in the Air-pressure/Maximum-load Table or a similar list. For example, the standard
wheel rim is the "standard rim" specified in JATMA, the "Measuring Rim" in ETRTO, the "Design Rim" in TRA or the like.
The standard pressure is the "maximum air pressure" in JATMA, the "Inflation Pressure" in ETRTO, the maximum
pressure given in the "Tire Load Limits at various Cold Inflation Pressures" table in TRA or the like. The standard load
is the "maximum load capacity" in JATMA, the "Load Capacity" in ETRTO, the maximum value given in the above-
mentioned table in TRA or the like.
[0014] The tread edges Te are the axial outermost edges of the ground contacting patch, which occurs under the
normally inflated, loaded condition when the camber angle of the tire is zero.
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[0015] The tread width TW is the width measured under the normally inflated, unloaded condition as the axial distance
between the tread edges Te determined as above.

Brief Description of the Drawings

[0016]

Fig. 1 is a developed partial view of a tread portion of a pneumatic tire according to the present invention.
Fig. 2 is a cross sectional partial view of the tread portion taken along line A-A of Fig. 1.
Fig. 3(a) is a cross sectional view of a block taken along the widthwise center of a first variable depth sipe (line B-
B in Fig. 4).
Fig. 3(b) is a cross sectional view of the block taken along the widthwise center of a second variable depth sipe (line
C-C in Fig. 4).
Fig. 4 is a top view of the center blocks of the tread portion shown in Fig. 1.
Fig. 5 is a top view of the middle blocks of the tread portion shown in Fig. 1.
Fig. 6 is a top view of the inside shoulder blocks of the tread portion shown in Fig. 1.
Fig. 7 is a top view of the outside shoulder blocks of the tread portion shown in Fig. 1.
Fig. 8 is a cross sectional view taken along line D-D in Fig. 4 showing a tie bar.
Fig. 9 is a top view of another example of the block provided with different types of the first and second variable
depth sipes.
Fig. 10(a) is a cross sectional view taken along line E-E in Fig. 9.
Fig. 10(b) is a cross sectional view taken along line F-F in Fig. 9.
Fig. 11 is a developed partial view of a tread portion of a pneumatic tire according to the present invention.

Description of the Preferred Embodiments

[0017] Embodiments of the present invention will now be described in detail in conjunction with the accompanying
drawings.
[0018] Fig. 1 shows a part of the tread portion 2 of a pneumatic tire 1 as an embodiment of the present invention.
[0019] In this embodiment, the pneumatic tire 1 is designed as a winter tire for heavy duty vehicles such as trucks and
buses.
[0020] The tread portion 2 is provided with circumferential grooves 7 extending continuously in the tire circumferential
direction and axial grooves 10 connecting therewith so as form a block type tread pattern having a land ratio Lr (the ratio
of the total ground contacting area to the gross area of the tread portion 2).
The land ratio Lr is preferably set in a range of from not less than 74 %, more preferably not less than 70 %, but not
more than 84 %, more preferably not more than 80 %.
If the land ratio Lr is less than 74 %, there is a possibility that the steering stability is deteriorated. If the land ratio is more
than 84 %, there is a possibility that the wet performance is deteriorated.
[0021] In this embodiment, the circumferential grooves 7 are two wide main grooves and one narrow groove disposed
on each side of the tire equator C, which are an axially innermost crown main groove 3, an axially outermost shoulder
narrow groove 5 and a middle main groove 4 therebetween.
[0022] In this embodiment, each of the crown main grooves 3 is a zigzag groove, but it is also possible that the crown
main grooves 3 are a straight groove.
[0023] In this embodiment, each of the middle main grooves 4 is a zigzag groove, but it is also possible that the middle
main grooves 4 are a straight groove.
[0024] If the crown main grooves 3 are decreased in the groove width and/or groove depth, there is a possibility that
on-the-snow performance is deteriorated. If the crown main grooves 3 are increased in the groove width and/or groove
depth, the rigidity of the tread portion 2 is decreased, and there is a possibility that the steering stability is deteriorated.
Therefore, the groove width W1 of the crown main grooves 3 is preferably set in a range of from 3 % to 7 % of the tread
width TW, and the groove depth d1 of the crown main grooves 3 is preferably set in a range of from 14.5 to 24.5 mm.
For similar reasons, the groove width W2 of the middle main grooves 4 is preferably set in a range of from 3 % to 7 %
of the tread width TW, and the groove depth d2 of the middle main grooves 4 is preferably set in a range of from 14.5
to 24.5 mm.
[0025] In order to relatively increase the rigidity in the tread shoulder regions and thereby improve the steering stability,
the groove width W3 of the shoulder narrow grooves 5 is preferably set in a range of from 0.10 to 0.15 times the groove
width W2 of the middle main grooves 4, and the groove depth d3 of the shoulder narrow grooves 5 is preferably set in
a range of from 0.50 to 0.70 times the groove depth d2 of the middle main grooves 4
[0026] In this embodiment, the axial grooves 10 are: center axial grooves 13 extending between the crown main
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grooves 3; middle axial grooves 14 extending between the crown main grooves 3 and the middle main grooves 4; inside
shoulder axial grooves 15 extending between the middle main grooves 4 and the shoulder narrow grooves 5; and outside
shoulder axial grooves 16 extending between the shoulder narrow grooves 5 and the tread edges Te.
The center axial grooves 13 each extend straight with a substantially constant width and each incline with respect to the
tire axial direction.
The middle axial grooves 14 each extend straight with a substantially constant width and each incline with respect to
the tire axial direction.
The inside shoulder axial grooves 15 each extend straight with a substantially constant width and each incline with
respect to the tire axial direction.
The outside shoulder axial grooves 16 each extend substantially parallel to the axial direction.
[0027] The tread portion 2 is therefore axially divided by the circumferential grooves 7 into a plurality of circumferential
rows 21 of blocks 20 circumferentially divided by the axial grooves 10.
[0028] The blocks 20 are: a single row 21 of center blocks 23 defined by the crown main grooves 3 and the center
axial grooves 13; two rows 21 of middle blocks 24 defined by the crown main grooves 3, the middle main grooves 4 and
the middle axial grooves 14; two rows 21 of inside shoulder blocks 25 defined by the middle main grooves 4, the shoulder
narrow grooves 5 and the inside shoulder axial grooves 15; and two rows 21 of outside shoulder blocks 26 defined by
the shoulder narrow grooves 5 and the outside shoulder axial grooves 16.
[0029] In each of the rows 21, the number Nb of the blocks 20 is preferably not less than 70, more preferably not less
than 74, but preferably not more than 84, more preferably not more than 80. If less than 70, the length of the edges of
the blocks 20 decreases, and there is a possibility that on-the-ice performance is deteriorated. If more than 84, the blocks
20 become small, and there is a possibility that wear resistance is deteriorated.
[0030] The hardness Hb of the rubber forming the block 20 (namely, the hardness of the tread rubber) is preferably
not less than 62 degrees, more preferably not less than 64 degrees, but not more than 70 degrees, more preferably not
more than 68 degrees. If the hardness Hb is less than 62 degrees, there is a possibility that uneven wear resistance is
decreased. If the hardness Hb is more than 70 degrees, there is a possibility that on-the-ice performance and on-the-
snow performance are deteriorated.
In this specification, the hardness of rubber means the hardness measured with a type-A durometer according to Japanese
Industrial Standard K6253.
[0031] The blocks 20 are provided with sipes 30 extending generally in the tire axial direction.
[0032] In this application, sipe means a cut or a fine groove not for the purpose of drainage, having a groove width of
from 0.5 to 1.5 mm.
[0033] In this embodiment, the sipes 30 include zigzag or wavy sipes, which have good water-absorbing properties
when compared with a straight sipe and which can exert their edge effect in multiple directions to improve tire performance
on ice.
[0034] In this embodiment, the sipes 30 include open sipes whose both ends are opened at the edges 20e of the block
on both sides of the block in the tire axial direction so as to exert a good edge effect and to expedite discharging of the
absorbed water in the sipe toward the circumferential grooves 7. Thus, such an open sipe has a good water-absorbing
property.
[0035] In this embodiment, the sipes 30 also include semi-open sipes having an opened end and a closed end.
[0036] Each of the blocks 20 is provided with a plurality of sipes 30 whose number Ns is preferably 2 to 4, more
preferably 2 or 3.
[0037] In this embodiment, each block 20 is provided with two sipes 30 so that good edge effect can be obtained while
maintaining the block rigidity, and both on-the-ice performance and wear resistance can be achieved.
[0038] In this embodiment, the sipes 30 include variable depth sipes 35 each having a variable depth and having a
deep main portion 36 and a shallow portion 37.
[0039] The main portion 36 has a substantially constant depth d4, and the total length of the main portion 36 is more
than 50 % of the entire length of the sipe along the sipe.
[0040] The shallow portion 37 has a depth d5 less than the depth d4 of the main portion 36 so that the variable depth
sipe 35 can exert its good edge effect without substantially decreasing the rigidity of the block 20.
The depth d4 of the main portion 36 is set in a range of not less than 0.5 times, preferably not less than 0.55 times, but
not more than 0.70 times, preferably not more than 0.60 times the groove depth d1 of the crown main grooves 3 in order
for the variable depth sipe 35 to exert a good water-absorbing performance by its main portion 36 while maintaining the
rigidity of the block 20. Thus, the wear resistance of the block 20 can be improved without sacrificing on-the-ice per-
formance.
[0041] Preferably, the ratio d5/d4 of the depth d5 at the shallow portion 37 to the depth d4 at the main portion 36 is
set in a range of not less than 0.24, more preferably not less than 0.30, but not more than 0.42, more preferably not
more than 0.36. If less than 0.24, the bottom of the shallow portion 37 appears in the tread as a ground contacting face
in an early stage of the tread wear life, therefore, the time period in which good on-the-ice performance can be obtained



EP 2 905 150 A1

5

5

10

15

20

25

30

35

40

45

50

55

becomes short. If more than 0.42, it becomes difficult to improve the wear resistance of the block 20.
[0042] Preferably, the ratio L2/L1 of the axial length L2 of the shallow portion 37 to the axial length L1 of the variable
depth sipe 35 is set in a range of not less than 0.10, more preferably not less than 0.15, but not more than 0.25, more
preferably not more than 0.20.
If less than 0.10, it becomes difficult to maintain the rigidity of the block 20. If more than 0.25, there is a possibility that
when the wear reaches the shallow portion 37, on-the-ice performance abruptly decreases.
Here, the axial length L2 is equal to the axial length L1 minus the total axial length of the deep main portion 36 having
the depth d4.
[0043] According to the present invention, at least two kinds of the variable depth sipes 35 are disposed in one block 20.
[0044] In this embodiment, two kinds of the variable depth sipes 35 (hereinafter, first variable depth sipe 38 and second
variable depth sipe 39) are disposed in one block 20. The first variable depth sipe 38 is such that, as shown in Fig. 3(a),
one shallow portion 37a is formed at its end 31 on one side in the tire axial direction.
The second variable depth sipe 39 is such that, as shown in Fig. 3(b), one shallow portion 37b is formed at its end 32
on the other side in the tire axial direction.
[0045] In each of the blocks 20 provided with the first variable depth sipe 38 and second variable depth sipe 39, the
shallow portion 37 of the first variable depth sipe 38 and the deep main portion 36 of the second variable depth sipe 39
are aligned in the tire axial direction. In other words, they are overlapped with each other in the tire axial direction. Further,
the deep main portion 36 of the first variable depth sipe 38 and the shallow portion 37 of the second variable depth sipe
39 are aligned in the tire axial direction. In other words, they are overlapped with each other in the tire axial direction.
Accordingly, a decrease in the rigidity of the block 20 due to the main portion 36 of each variable depth sipe is compensated
by the shallow portion 37 of the other variable depth sipe. Thus, the block 20 has a uniform rigidity distribution and a
good wear resistance.
[0046] In the tread pattern shown in Fig. 1, the center blocks 23, the middle blocks 24 and the inside shoulder blocks
25 are provided with the variable depth sipes 35 as the wavy sipes and also as the open sipes as explained above.
[0047] In the row 21 of the center blocks 23, as shown in Fig. 4, each block 23 is provided with one first variable depth
sipe 38 and one second variable depth sipe 39.
The sipe-to-sipe circumferential distance L3 between the first variable depth sipe 38 and the second variable depth sipe
39 is constant along the tire axial direction so that the rigidity distribution in the center block 23 becomes uniform, and
thereby the heel-and-toe wear or uneven wear of the block can be improved.
The center block 23 in this example has lateral edges extending straight in parallel with each other and in parallel with
the inclining direction of the variable depth sipes and circumferential edges curved convexly.
[0048] In each row 21 of the middle blocks 24, as shown in Fig. 5, each block 24 is provided with one first variable
depth sipe 38 and one second variable depth sipe 39.
The sipe-to-sipe circumferential distance L3 between the first variable depth sipe 38 and the second variable depth sipe
39 is gradually increased along the tire axial direction.
[0049] In this embodiment, the middle blocks 24 in each row 21 are first blocks 24A and second blocks 24B arranged
alternately in the tire circumferential direction. The first block 24A is such that the sipe-to-sipe circumferential distance
L3a is gradually increased toward the axially outside. The second block 24B is such that the sipe-to-sipe circumferential
distance L3b is gradually decreased toward the axially outside so that the sipes exert their edge effect in multiple directions
and the steering stability, especially on icy roads, can be improved.
[0050] The middle block 24 has a lateral edge extending straight in parallel with the inclining direction of the adjacent
variable depth sipe, a lateral edge extending straight in parallel with the inclining direction of the adjacent variable depth
sipe, an axially outer circumferential edge curved concavely, and an axially inner circumferential edge curved convexly.
[0051] In each row 21 of the inside shoulder blocks 25, as shown in Fig. 6, the blocks 25 are each provided with one
first variable depth sipe 38 and one second variable depth sipe 39. The sipe-to-sipe circumferential distance L3 between
the first variable depth sipe 38 and the second variable depth sipe 39 is constant along the tire axial direction so that
the rigidity distribution in the block 25 becomes uniform, and thereby the heel-and-toe wear or uneven wear of the block
can be improved.
[0052] The inside shoulder block 25 has lateral edges 25e extending straight in parallel with each other, an axially
outer circumferential edge 25o extending straight in parallel with the tire circumferential direction, and an axially inner
circumferential edge 25i curved concavely.
The lateral edges 25e, the first variable depth sipe 38 and the second variable depth sipe 39 are inclined in the same
direction with respect to the tire axial direction.
As a result, on-the-snow performance can be effectively improved by utilizing the shearing force of the snow packed
into the inside shoulder axial grooves 15 and the middle main groove 4.
[0053] In this embodiment, the outside shoulder blocks 26 are provided with the semi-open sipes 30 (hereinafter the
outside shoulder sipe 30s).
[0054] In each row 21 of the outside shoulder blocks 26, as shown in Fig. 7, the outside shoulder axial grooves 16



EP 2 905 150 A1

6

5

10

15

20

25

30

35

40

45

50

55

circumferentially dividing the outside shoulder blocks 26 are: first outside shoulder axial grooves 16A having a variable
groove width gradually increasing toward the axially outside; and second outside shoulder axial grooves 16B having a
substantially constant groove width. The first outside shoulder axial grooves 16A and the second outside shoulder axial
grooves 16B are arranged alternately in the tire circumferential direction.
[0055] The outside shoulder blocks 26 are each provided with a plurality of outside shoulder sipes 30s which extend
axially inwardly from the axially outer circumferential edge 10e of the block 26 and terminate within the block 26 in order
to increase the edges without decreasing the rigidity of the axially inside part of the block. Thus, the wear resistance
and on-the-ice performance can be improved in a well-balanced manner.
[0056] Preferably, the outside shoulder sipe 30s is bent toward the tire circumferential direction at a position near the
axially inner closed end thereof in order to prevent damage such as crack liable to start from the closed end.
In this embodiment, the two outside shoulder sipes 30s disposed in each block 26 are bent toward the opposite directions.
[0057] The ratio L6/W4 of the axial length L6 of the outside shoulder sipe 30s to the axial width W4 of the outside
shoulder block 26 is preferably set in a range of not less than 0.45, more preferably not less than 0.55, but not more
than 0.65, more preferably not more than 0.60.
If the ratio L6/W4 is more than 0.65, there is a possibility that the wear resistance of the outside shoulder block 26 is
decreased. If the ratio L6/W4 is less than 0.45, there is a possibility that wandering performance is deteriorated.
[0058] Preferably, the axial grooves 10 are provided with tie bars 40.
[0059] In this embodiment, the axial grooves 10 dividing the blocks provided with the variable depth sipes 35, that is,
the center axial grooves 13, the middle axial grooves 14 and the inside shoulder axial grooves 15, are each provided
with a tie bar 40.
[0060] The tie bar 40 protrudes from the groove bottom as shown in Fig. 8 and extends between the opposed groove
sidewalls. By the tie bar 40, a shallow groove portion is formed in the axial groove 10, and accordingly, a deep main
portion 11 is also formed.
The main portion 11 has a substantially constant depth d6. The ratio L5/L4 of the axial length L5 of the tie bar 40 to the
entire axial length L4 of the axial groove 10 is preferably set in a range of not less than 0.30, more preferably not less
than 0.45, but not more than 0.70, more preferably not more than 0.55. The depth d6 of the main portion 11 is preferably
set in a range of not less than 0.75 times, more preferably not less than 0.78 times, but not more than 0.90 times, more
preferably not more than 0.85 times the groove depth d1 of the crown main grooves 3. The ratio d7/d6 of the depth d7
at the tie bar 40 to the depth d6 of the main portion 11 is preferably set in a range of not less than 0.65, more preferably
not less than 0.75, but not more than 0.95, more preferably not more than 0.85.
[0061] By configuring the main portion 11 as above, the axial groove 10 can exert good drainage performance while
providing circumferential rigidity for the adjacent blocks, therefore, the steering stability can be improved without sacrificing
the wet performance.
[0062] If the ratio d7/d6 is less than 0.65, the top face 40d of the tie bar 40 appears in the tread as a ground contacting
face in an early stage of the tread wear life, therefore, the time period in which good on-the-ice performance can be
obtained becomes short. If the ratio d7/d6 is more than 0.95 or the ratio L5/L4 is less than 0.30, it becomes difficult for
the tie bar 40 to support the blocks and there is a possibility that the steering stability is deteriorated. If the ratio L5/L4
is more than 0.70, it becomes difficult for the axial groove 10 to provide good drainage.
[0063] As shown in Fig. 4, each tie bar 40 is aligned in the tire axial direction with (or overlaps in the tire axial direction
with) the main portion 36 of the adjacent variable depth sipe 35 on each side of the tie bar 40 in the tire circumferential
direction.
Preferably, the tie bar 40 does not overlap in the tire axial direction with the shallow portion 37 of the same variable
depth sipe 35.
Further, it is preferable that the shallow portion 37 of the adjacent variable depth sipe 35 on one side of the tie bar 40
in the tire circumferential direction overlaps in the tire axial direction with the shallow portion 37 of the adjacent variable
depth sipe 35 on the other side of the tie bar 40 in the tire circumferential direction.
[0064] Since the tie bar 40 is disposed near the main portion 36 of the sipe 30, around which the decrease in the
rigidity is relatively large, and compensates for such a decrease, the rigidity distribution in the block row 21 becomes
uniform, and the wear resistance can be improved.
Since the tie bar 40 does not overlap with the shallow portion 37, the rigidity distribution becomes even more uniform
to further improve the wear resistance.
[0065] Fig. 9 shows another example of the block 20 provided with two kinds of the variable depth sipes 35 (hereinafter,
first variable depth sipe 51 and second variable depth sipe 52). The first variable depth sipe 51 is, as shown in Fig. 10(a),
such that one shallow portion 37 is formed at the midpoint of the length of the sipe. The second variable depth sipe 52
is, as shown in Fig. 10(b), such that two shallow portions 37 are formed at both axial ends of the sipe.
The block 20 provided with the first variable depth sipe 51 and second variable depth sipe 52 are reinforced by the
shallow portions 37, and the reinforced parts 55 are three parts. As a result, the torsional rigidity of the block is increased,
and the steering stability during cornering can be improved.
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[0066] In this embodiment, on both sides of each crown main groove 3, the center axial grooves 13 are circumferentially
shifted from the middle axial grooves 14.
[0067] In this embodiment, on both sides of each middle main groove 4, the middle axial grooves 14 are circumferentially
shifted from the inside shoulder axial grooves 15.
[0068] In the tread pattern shown in Fig. 1, on both sides of each shoulder narrow groove 5, the outside shoulder axial
grooves 16 are aligned with the inside shoulder axial grooves 15 in order to improve snow traction and drainage per-
formance.
[0069] In another example of the tread pattern shown in Fig. 11, on both sides of each shoulder narrow groove 5, the
outside shoulder axial grooves 16 are circumferentially shifted from the inside shoulder axial grooves 15 in order to
reduce partial deformation of the blocks and thereby to prevent the occurrence of heel-and-toe wear. The circumferential
shift L7 therebetween is preferably not less than 0.30 times, more preferably not less than 0.35 times, but preferably not
more than 0.55 times, more preferably not more than 0.50 times the circumferential length L8 of the outside shoulder
block 26. The tread pattern shown in Fig. 11 differs in the circumferential shift otherwise the same as that shown in Fig. 1.
[0070] In the tread patterns shown in Fig. 1 and Fig. 11, lines drawn on both sides of the sipe 35 to extend in parallel
to the longitudinal direction of the sipe 35 are edges of a very shallow groove having a depth of 1 or 2 mm. In other
words, the zigzag sipe 35 in this embodiment is formed in the bottom of such shallow straight groove.
[0071] As best shown in Fig. 7, a line drawn parallel to the edge of the semi-open sipe as the shoulder sipe 30s is
also a groove edge of a very shallow semi-open groove having a depth of 1 or 2 mm. In other words, the semi-open
bent sipe 30s in this embodiment is formed in the bottom of a semi-open type shallow bent groove.

Comparison Tests

[0072] Heavy duty pneumatic tires of size 11R22.5 (rim size 8.25x22.5) were experimentally manufactured. The tires
had the same specifications, except for specifications shown in Table 1 and Table 2.
[0073] Using a 10ton truck, of which all wheels were provided with test tires inflated to 900 kPa and which was 50 %
loaded, the tires were tested for on-the-ice performance, on-the-snow performance, wear resistance, and wet perform-
ance with worn tread.

< On-the-ice performance test and On-the-snow performance test >

[0074] A test driver evaluated running performance on icy roads and running performance on showy roads. The results
are indicated in Table 1 and Table 2 by an index based on respective Embodiment tires Ex.1 being 100, wherein the
larger the value, the better the running performance.

< Wear resistance test >

[0075] After running on dry road for a predetermined distance, the amount of wear was measured. The results are
indicated in Table 1 and Table 2 by an index based on respective Embodiment tires Ex.1 being 100, wherein the larger
the value, the better the wear resistance.

< Wet performance test >

[0076] Using the truck with the test tires in a worn state, in which the groove depth of the crown main grooves decreased
to 20 %, running performance on wet roads was evaluated by the test driver. The results are indicated in Table 1 and
Table 2 by an index based on respective Comparative example tires Ref.1 being 100, wherein the larger the value, the
better the wet performance.
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Claims

1. A pneumatic tire (1) comprising
a tread portion (2) provided with blocks (20) each provided with a first variable depth sipe (38) and a second variable
depth sipe (39)
each having both axial ends opened at edges (20e) of the block (20) on both sides thereof in the tire axial direction,
and each having a deep main portion (36) having a substantially constant depth and a shallow portion (37), wherein
in each of the blocks (20), the shallow portion (37) of the first variable depth sipe overlaps in the tire axial direction
with the deep main portion (36) of the second variable depth sipe,
characterized in that
with respect to two of said blocks (20) circumferentially divided by an axial groove (10),
a tie bar (40) formed in the axial groove to protrude from the groove bottom, overlaps in the tire axial direction with
the main portion (36) of the variable depth sipe disposed in one of the two blocks (20) adjacently to the axial groove, and
said tie bar (40) overlaps in the tire axial direction with the main portion (36) of the variable depth sipe (35) disposed
in the other block (20) adjacently to the axial groove (10).

2. The pneumatic tire according to claim 1, wherein
with respect to every two of said blocks (20) circumferentially divided by an axial groove (10), the shallow portion
(37) of the variable depth sipe disposed in one of the two blocks adjacently to the axial groove (10) overlaps in the
tire axial direction with the shallow portion (37) of the variable depth sipe disposed in the other block adjacently to
the axial groove (10).

3. The pneumatic tire according to the claim 1 or 2, wherein
the variable depth sipes (38, 39) each extend axially in a wavy or zigzag manner.

4. The pneumatic tire according to claim 1, 2 or 3, wherein
in at least some of the blocks (24), the sipe-to-sipe circumferential distance (L3a, L3b) between the first variable
depth sipe (38) and the second variable depth sipe (39) varies along the tire axial direction.

5. The pneumatic tire according to claim 1, 2, 3 or 4, wherein
in at least some (23, 25) of the blocks (20), the sipe-to-sipe circumferential distance (L3) between the first variable
depth sipe (38) and the second variable depth sipe (39) is constant along the tire axial direction.
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6. The pneumatic tire according to any one of claims 1-5, wherein
said blocks (20) include
first blocks in which the sipe-to-sipe circumferential distance between the first variable depth sipe (38) and the
second variable depth sipe (39) is gradually increased toward the axially outside, and
second blocks in which the sipe-to-sipe circumferential distance between the first variable depth sipe (38) and the
second variable depth sipe (39) is gradually decreased toward the axially outside.

7. The pneumatic tire according to claim 6, wherein
the first blocks and the second blocks are arranged into at least one circumferential row (21) in which the first blocks
and the second blocks are arranged alternately in the tire circumferential direction.

8. The pneumatic tire according to any one of claims 1-7, wherein
in at least some of the blocks (20), the first variable depth sipe (38) disposed in each block (20) has the shallow
portion (37) at its axial end on one side of the block (20) in the tire axial direction whereas the second variable depth
sipe (39) disposed in the same block (20) has the shallow portion (37) at its axial end on the other side of the block
(20) in the tire axial direction.

9. The pneumatic tire according to any one of claims 1-8, wherein
in at least some of the blocks (20), the first variable depth sipe (51) disposed in each block (20) has the shallow
portion (37) at the midpoint of the length of the sipe (51), and the second variable depth sipe (52) disposed in the
same block (20) has the shallow portion (37) at each axial end thereof.

10. The pneumatic tire according to anyone of claims 1 to 9, wherein
a main portion (11) of said axial groove (10) defined as being not provided with the tie bar (40) and having a groove
depth more than the groove depth at the tie bar (40), overlaps in the tire axial direction with the shallow portion (37)
of the variable depth sipe (51) disposed in one of the two blocks (20) adjacently to the axial groove, and overlaps
in the tire axial direction with the shallow portion (37) of the variable depth sipe (52) disposed in the other block (20)
adjacently to the axial groove.

11. The pneumatic tire according to anyone of claims 1 to 10, wherein
the tread portion (2) is provided in each shoulder region with: a circumferentially continuously extending narrow
groove (5); outside shoulder axial grooves (16) extending axially outwardly from the narrow groove (5) to the tread
edge (Te); and inside shoulder axial grooves (15) extending axially inwardly from the narrow groove (5), and
on both sides of the narrow groove (5), the outside shoulder axial grooves (16) are shifted in the tire circumferential
direction from the inside shoulder axial grooves (15) so as not to align therewith.

12. The pneumatic tire according to claim 11, wherein
an outside shoulder land portion axially outside the narrow groove (5) is provided with outside shoulder sipes (30s)
extending axially inwardly from the axially outer edge of the outside shoulder land portion and terminating within the
outside shoulder land portion.

13. The pneumatic tire according to claim 12, wherein
an axially inner part of each said outside shoulder sipe (30s) is bent toward the tire circumferential direction.
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