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Figure (1) One-wheel tester and soil-bin utilized in experimental tests
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Figure (2) System equipped with load cells to measure the vertical stress in soil
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Figure (3) Steps of driven tire loading, respectively from left: pressure, vertical load, torque
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Figure (4) Final finite element model of tire-soil

S (K3 el (1) S
Table (1) Physical properties of soil
il Jsoke Ol o 2
z 215 ¢S Kol 4 sl Lt 4l =z T

o S . =0 C Aﬂ.} ’ (Young S (Poisson

(Density) (A_nr‘%le ofulnternal (D 1latat10nnal Modulus) (Cohesion) ratio)
(kg/m3) Friction)(") Angle)(") (kPa) (kg/cmz)
1600 36 36 200 0.003 0.49

el sl (K3 ole> (V) Jsu
Table (2) Physical properties of tread

¢Sl o3l (Elastic Material) C,o(kPa) Co1(MPa)

1 (Tread) 806.1 1.805

Y X Slwly 33 O 9 dowd 5L Joae (1) Jgu
Table (3) Yong modulus of belt and carcass in direction of x and y

S ;I8 (Carcass) +..s (Belt)

E,(kPa) - E,(kPa) E,(kPa) - E,(kPa)

sk 3,57 (Estimated) 11.8-1124 11.68-68.91
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Table (4) Variables of experimental and numerical tests
S35 e (Velocity) (ms™) 0.4 0.8 12

Sslus 5L (KN) (Dynamic Load) (kN)

2 3 4
Ges (Depth) (m) 0.1 0.15 0.2

o el) Bos 50 (2,785 03T o (Sl it 5019 4 25 @S (0) Jyur
Table (5) Results of Analysis of variance of experimental independent variables in depth of 0.1 m

oSile €
== (Variable) 35T a= s Sl e Slay o F
(dof) (Mean of (Sum of
Squares) Squares)
S5 s (Velocity) 2 2964.111 5928.222  1311.984**
Seles ,k (Dynamic load) 2 6652333  13304.667  2044.475**
Sl Hb (g5 40 s e (Dynamic load*velocity) 4 13.11 52.444 5805

Ao 10 Bos 53 (2,285 03T ko (Sl it 015 4 285 @l (1) J9or
Table (6) Results of Analysis of variance of experimental independent variables in depth of 0.15 m

ool Cans
- Sl
. @30T 4 s Sl e o F
so (Variable)

A (dof) Mean of ) (Sum of

Square) Square)
&34 o (Velocity) 2 2520.778 504.556 1994.053**
Selus L (Dynamic load) 2 6172.333 12344.667  2923.737**
Sealiss S x5 ey o (Velocity*Dynamic load) 4 29.444 117.778 13.947%*

o lY Gae 50 (285 OgedT Jaieo S piin il 519 4 385 @l (V) Jeuer
Table (7) Results of Analysis of variance of experimental independent variables in depth of 0.2 m

;r;‘;l:‘ €

s (Variable) . Sl e Slas e
@l ey (Mean of (Sum of F
(dof) Square) Square)

S35 e (Velocity) 2 3640.168 7280296  1694.552%*
Sty ok (Dynamic load) 2 5614.370 11228.741  2613.586%*
Sl s b w5 i s (Velocity*Dynamic
load) 4 7.815 31.259 3.638

Aoy ) Jles| C]a.n 93,15 g "
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Table (8) Assessment of model performance under different forward speeds, dynamic load of 2 kN
and depth of 0.1m

s (Variable) - (LeveD R2 RMSE E
0.4 0.8765 0.0321 0.0812
S5t 2o - (Velocity) (ms™) 08 0.8637 0.0447 0.1138
12 0.9124 0.0319 0.0758
120 1
100 -
L s w0
=)
G 8 60 A
o 4
\% B 40 -
< 8
42 )
0 r r r r 4
0 0.2 0.4 0.8 1 1.2 1.4

(450 5 ) (65,0 S

Velocity (ms™)

gslﬁos.n}]')édl:éugslhé&:j&’é’l;f&Qé}b)é\fl&@éwﬂ@j)@j%“ﬁﬁs(o)J&fb
(50 +/Y Oy /1041 0) Gd0e S Hgo3T 9 (5o +/Ym 9+/104 +[V0 ) 22

Figure (5) Effect of forward speed on soil vertical stress under dynamic load of 2kNand different
depth levels in experiment®l ( &1, 0.15 aad 0.2m) and numerical tests &1, 0.15afd 0.2m)
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Figure (6) Numeric and experimental results under different forward speeds, dynamic load of 2 kN
and depth of 0.15 m

S0 [V Bos g 4l g gio o /A (89 pie Ca8 g ciliSte (Kol d S5 58 Jow & See b3 (R) Jgu
Table (9) Assessment of model performance under different dynamic load levels, forward speed of
0.8ms™ and depth of 0.1m

= (Variable) g (Level) R2 RMSE E
2 0.8976 0.0481 0.1173
Stzs ot (Dynamic load) (kN) 3 0.9125 0.0387 0.0926
4 0.9086 0.0354 0.0849
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Figure (7) Effect of vertical load on soil dynamic stress under depth of 0.1 m and different forward
speeds in experimental @ 2a 3 andm 4 kN) and numerical tests © 2a 3 ando 4 kN)
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Figure (8) Numeric and experimental results under different dynamic load levels, forward speed of
0.8 ms™ and depth of 0.1m
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Table (10) Assessment of model performance under different depth levels, dynamic load of 4 kN and
forward speed of 0.4ms™

s (Variable) Cla.» (Level) R2 RMSE E
0.1 0.8712 0.0323 0.0826
= Depth) (m) 0.15 0.9219 0.0387 0.1294
02 0.9401 0.0281 0.0903
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Figure (9) Effect of depth on soil vertical stress under different dynamic load levels and forward
speed of 0.4 ms™ in experimemtal @ 2, 3mnd 4kN) and numerical teats(a2, 3 ind 4kN)
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Figure (10) Numeric and experimental results under different depth levels, vertical load of 4 kN and
forward speed of 0.4ms™
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Figure (11) Pattern of vertical stress distribution under forward speed of 0.4 ms™ and vertical load of
respectively from right: 2, 3 and 4 kN
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