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Evaluation of the Optimal Grouser Shape Ratio
of Dozer Considering the Ground Conditions
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Abstract

A dozer is a construction machinery used to move soil mass along large open tracts of land. Soil thrust generated
on the soil-track interface determines the performance of the dozer; to improve the tractive performance of the dozer,
the outer surface of the continuous-track is designed to protrude with grousers. In this study, we calculated soil thrust
of the dozer equipped with grousers with various shape ratios, and evaluated the optimal grouser shape ratio considering
ground conditions. Grouser generated additional soil thrust on the side of the continuous-track (e.g., side soil thrust)
and converted the shearing surface (e.g., from soil-track interface to soil-soil interface), increasing the soil thrust of
dozer by about 1.3 to 1.6 times. The effect of grouser’s shape ratio on the soil thrust of dozer differed with the relative
density of the ground. As the shape ratios of grouser increased, soil thrust of dozer decreased at the relative density
of 40% and increased at the relative density of 80%. Based on these results, it can be concluded that the shape ratio
of grouser severely affects the dozer’s performance; thus, careful consideration of the optimal shape ratio of grouser

is of great importance in the mechanical design, evaluation, and optimization of the undercarriage of dozers.
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2ol Fagt EARE o] 98 AME-E & Hlolth
(Fig. 1). Ex4 Auk 912 F5elo] Qo] 13 W
Qo R a0l (blade)S Fo) EAE wWolu)
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Fig. 2. Photographs of a continuous track protruded with a number
of grousers
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Table 1. Existing shear strength model for the bottom and side of the soil block formed by grouser

References

Shear strength on the bottom

Shear strength on the side

Bekker (1956)

Grecenko (2007a)

Baek et al. (2018)

ct U,L,/tangé

h . h
c+0.64—0 'tanp oot ' —
w w

C

c+o,/tan’(45° +¢/2)tan0.45¢

H|(w), ZHA), Eol(hE 27 7t=, A=, #°l|= st
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Table 2. Soil thrust multiplier (£) for a continuous—track protruded
with grousers (Shin et al., 2020)

Relative density, D- Shape ratio Soil thrust multiplier,
(%) (=l/h) fst
2.0 0.78
40 35 0.85
5.0 0.92
2.0 0.63
80 35 0.77
5.0 0.86
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Fig. 5. Schematic diagram of overlapping shear zones between adjoining single grousers (top—view)
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Table 3. Index properties of Gwanak weathered soil (Shin et al.,

2020)

USCS classification SM

Mean grain size, Dso (mm) 0.32
Coefficient of uniformity, C, 294
Specific Gravity, Gs 2.59
Percent finer than #200 sieve (%) 319
Maximum dry density, 7y (ma) (&7 1.86
Minimum dry density, Y;(min) (1‘/m) 1.24
Optimum moisture content, Wopr (%) 127

=3E 2 (Lee, 1993; Lee et al., 2020), 2001 F-2}dl
H.20] 31.9%0°]31 EYEFZH(Unified Soil Classification
System, USCS)e] oJ3) MEM me|SM)E EReh

ER2 A SRR Al FA A (Ministry of Land, Infra-
structure and Transport, 2017)0)] WZ2H, EFA} A] A
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Table 4. Soil parameters for the assessment of soil thrust of

dozers
Description (Das, 1983) Loose state Dense state
Relative density, D, (%) 40 80
Dry density, 7, (¢/m) 143 170
Cohesion, ¢ (kPa) 6.1 1.1
Internal friction angle, ¢ () 30.7 383
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Fig. 6. Schematic diagram of a crawler dozer manufactured by Caterpillar Inc.

Table 5. Vehicle parameters for the assessment of soil thrust of dozers

Dozer Weight, | Soil-track contact length, | Track width, Attached grouser

model W (kg) L (m) w (m) Spacing, /4 (mm) | Height, # (mm) | Shape ratio, lg/h n (= L/lg)
25 8.0
40 5.0

D5N 12,737.8 24 0.56 200 12
57 35
100 2.0
25 8.0
40 5.0

D8R 33,497.8 3.2 0.56 200 16
57 35
100 2.0
25 8.0
40 5.0

D10OR 65,403.5 38 0.61 200 19
57 35
100 2.0
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Fig. 7. Total sail thrust of crawler dozers according to the grouser
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Continuous-track

grouser {I S

Fig. 8. Cross—sectional view of shearing interface on the bottom of the crawler dozer: (a) without grouser; (b) with grouser

(b) With grouser

Table 6. Dozer's soil thrust increment by attached grousers (the percentage of increase due to shear plane transition among total increase
is given within the parentheses)

Relative density, Dozer Total increase of soil thrust by attached grousers (kN) Soil thrust increment due to
Dr (%) model 1,/h=8.0 1,/h="5.0 1,/h=35 1,/h=20 shear plane transition (kN)

D5N 33.6 (68.2%) 32.1 (71.3%) 31.4 (72.9%) 38.8 (59.0%) 22.9

40 D8R 74.3 (65.8%) 70.0 (69.9%) 67.9 (72.0%) 84.5 (57.9%) 489

D1OR 131.6 (66.6%) 121.2 (72.3%) 114.8 (76.3%) 140.6 (62.3%) 87.6

D5N 55.2 (66.3%) 459 (79.7%) 42,9 (85.3%) 421 (86.9%) 36.6

80 D8R 119.7 (62.9%) 97.1 (77.5%) 89.4 (84.2%) 86.3 (87.3%) 75.3

D10R 209.6 (63.4%) 164.1 (81.0%) 146.5 (90.7%) 133.9 (99.3%) 132.9
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