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Fig.1 Experimental setup of stress measurement
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Note: Arrow L shows the wedge slider moving to the left; arrow D shows the
increases of transducer housing diameter when the wedge slide to the left.
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Fig.2 Schematic diagram of load transducer
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Fig.3 Soil stress measurement in the field
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Table 1 Parameters of track and tire used in the model calculation

AT ENA LR P2 HlH
Vehicle undercarriages Vehicle parameters Value
il A /10°kg 13.1
H K /m 1.8
i Track JEH TS /m 0.95
IXE$E BAR/m 0.5
SR HA/m 0.5
Y EHEAZ/m 0.2
A ERAT/10°kg 12.8
HNATEE /m 0.71
4R Tire RIGEAZ/m 1.646
N E/kPa 140
BRI HE /kPa 180

W A AN A PARRRIS B0 PORYERAESRIG A DI E BT, N;

Hy NVERITERTT A; LRIYI AR, Ny S BT F 7 L3 MEE s r A
A5 SHIEEE, m: o, RS AS JTIRHNERILS], kPa; 6 ARTHEE
Bt PSRN o, YR, (0); o NVNIRE H 5N 0, B 2 T
HEFHRA, (©).

Note: 4; is any divided elements on the contact surface 4; P; is the vertical load
acted on the element A;, N; H; is the horizontal load acted on the element 4;, N; S
is the desired point under the contact surface; r is the distance from 4; to S, m;
0,,; is the radial normal stress of point S along 4,5 direction, kPa; @ is the angle
between the vertical load vector P; and the radial normal stress o, (°); J is the
angle between the horizontal load vector H; and the surface consist of radial
normal stress o,,;, and z axis, (°).

B4 BEAEZRELGZAHSH

Fig.4 Stress analysis of any point in soil
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Table 2 Mean measured value of soil pre-compression stress, air permeability, dry bulk density, maximum vertical stress and maximum
horizontal stress at 0.15 and 0.35 m depth under the compaction of tire and track

oo P A PEIRARTEEN S TR R FHFERE Y 45 % FETRE
IR ) : . : .
Soil depth/m  Structure Ground contact M;an maximum Mean maximum Mea.n.enr R Mean pre-compression Megn dry bu113<
length/m vertical stress/kPa horizontal stress/kPa permeability/um stress/kPa density/(g'em™)
il 0.65 228.2 8.3 62.3 1.35
0.15 JE 1.92 103.3 5.6 59.1 1.34
P=0.049 P=0.126 P=0.049 P=0.250 P=0.854
Ll 0.65 140.2 19.8 64.5 1.43
0.35 JE T 1.92 67.2 6.9 60.2 1.42
P=0.040 P=0.272 P=0.048 P=0.455 P=0.765

T ZEAAT B 3 kmeh s B6 AR E A B2 b B 43 53] 1 Schjonning 2528 % Keller ZEU T B 1152, 0.15 1 0.35 m VR 1380 87K %643 511K 27.3% 41 23.8%

PE/NTF 0.05 RoOREREE

Note: Vehicle velocity is 3 kmh™'; ground contact length of tire and track are calculated by analytical model established by Schjenning et al®! and Keller et all'®
respectively; soil water content at 0.15 and 0.35 depth are 27.3% and 23.8% respectively; P value under 0.05 means significant differences of measured parameters

between tire and track.
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compaction of tire and track

S ml&n, BEAEERT, 0.15 1 0.35 m 3% L%
) K 3 B R K N T AR N TR G, (HEE BN
JIIR/N B R TR R ), 550 A2 R — 5.

54k, 0.15 F10.35 m ¥ 5 38 3 Bk 38 B A OK P
FIER TS SR MR E A 5. o, BT
JEAE FH R 0o 3 B ) AR E N S, M
JE AR R 1) B oK 3 LR IR E SR T 5 (B Sa)
RGN E AR B AR R 0K R AE 2 N T
RITHSEAE (B 5b) o 0BT id s 45 SR 5 115 45 A e 22
HIHJE R AT REAA BA T JLAS 7 T -

D MAMRIRZE . AR BRSO R R R T
W) _FAAE— MR 2, EIEZ175(0.35£0.02) m, &K T
N 7R 5 R ) R 2

2) LIRS TR S . X I R S
IS SRABE R B A 9 358 e S A AR g O B 1) R
Keller™® g 578 37 1 % i/ - 39 B2 o v 152 7 7 A - S A8,
ZEALEN QARG S 5, R B, kR

G B G e S il ) A Amr 5, AT B G T 39 sk
)3 LB /39347 » Schjenning Z587E Keller #1 f1) 3L R F
HHATHRAL, BRI 5 3R Ak i OB AR, 55
NGCEMBE TR S E n, BT T 500/ 3 Befb i 5 /7t
SRR FRIDA o 1ZA5 A 115 45 A Keller FIREAL S IS,
J2 H BT R BRI BIRERY . SRT FRIDA A% rh 3ok
FEFCIRTESUARIIRZ R, B SR BHE IR TE SO 2R TH 3L
FIO3AGAT — E WIS, R I T T i/ 5
ARG e . H AT/ I S g ) A
RFEAR R Keller 25T 2016 4E 1 IR G T JE /3%
Fefph B AR, A ALE L SR B S5, WE
MK R . B . AR EA E AR N AR, e
o TN J o Xt AR RS2 . BT R BN A4 R
TES MBS N7, AR B A 57 EE 5 5 b T 1) B2 k57
DUFE il 26 et BRSO 11 1) R ALk oA, Hin sk
TFORNGHERRERZ Ny — Ml . TESPRIE
N, fER SN A S R, T
5K, HhTHERER K B, R AT RS 5], P2k
FFF OB, TR b2 34 R s 5 - 3k T N7 0 40 A
THRR2E, TR /e R Ak 1 N A7 3 M R T AT A T
Tt K.

3) A AR AR T R B & R BN RS
HArx R A AR (1D PR RBERGF LS —
b, —MAKEELIRIERE, HEUEVEELE 2.0~143 2
B H TR ENRE 2 R 2 R, B E
A TV R 338 B 7 75 45 J2 3 N B4R 38208 . Horn
24 DT[] R i T 4 Hh 28 2 1 B {1 B e T - 3 00 1 i 5
JE 77, 5l T S R BN UL TSN 6~9. Lamandé 512
33T )0 R A TR - BT Bl R I A R R A L
PR B B BT 52 384 KN O, AEAR ST Tl — MU
5~6, TEMRHEM TOL N —BEUE 7~8. He ZPIHEH T R
AR I N ARB BRI N it % R, AT
MR RS IR BRI S (FKER, TEE K
FHARE S5 R ) Z MR R, FEERH 7T L R
Mo e | R

&R R ZEW R R T R L2 A, B S
PR 5 e 22008 T I R A T S e T P ) 1 K A
A5, I R R B R T A R B A Y ) #
L FEVE R, EEAT S 2 i A2 5] 71 R sl
F1 et LB AR DN AT o BRI SRR L A
FH AT, 04 PR K& B SO S BUE A ik B
HBHUD . SRR LR PP, B IR/ B A 5 Xt
IR SR RS A TH B DL A S R R A A e AT
E AU R M R 1]

2.3 ZEARITIRRE N R RSN RSN

BREFNE AR R 0.15 81 0.35 m A E HIER T
B KT B K KT B 7 B 2 44T B R AR L i 2R ] 6
FizRe

M 6 W[ B, #IAMEAT 0.15 81 0.35 m R+
N I B R KO R K /N8 B A A T P )88 0 A



55 30 TS R UM Y SR RAT A X A 3 s SEAF F 0 B 15

NS R, 0.35 m IR EE R AR 4SS S5 Bolling!™!
J% Horn ZEPO R 7o 45 A A5 0.15 m IR FE AR 7R 45
5 Horn %12 )2 Naderi-Boldaji 25> f{HF 57 45 SAH 2
7t Horn %% } Naderi-Boldaji £ 5CH, 0.15 m IRJE )
398 e 2 I A AT S )G S I K R
Horn I\ YRR LIRS /K ZRBR, AT i
FEMSG NG R T IR AR, 3 LR N K
JIHER o SRMA ST IR &S )T Ry, BNE
FHFEKEND, LB EKEAR, FHIEES K
IR P ALBR A KR AR AN s i Ah, e 4 5
MO, fESKEANEPTE N SZ AN E 1IN AR T
BN, SRAEMNALE M, BEHFEHT 015
1035 m RSB 4 B R KT R ) ORI B 2R A AT B
T R 3E KA Dk /N F o T B R AT T - 3
JESER W sem 547 ENM GReREUE W) Bk, NS
JESEAT 5] R IR Z IR A AS KN 2P0,

300r 4. gy e soil depth 0.15m e 4&JliTire A J i Track
g |- 87K % Soil depth 0.35 m = & JfiTire & J&iAfi Track
250
g 1=230.24-1.36x R=0.946
2
R % 2000
=8
= 5 150 y=144.40-1.5x R=0.99¢
<z i\i\i\i
= E 100 r=108.57. ,
i 7310x R~ gos
= sol Y=74.65-2.87x R=0.94]
0 1 1 1 1
3 s 10 15
AT
Vehicle velocity/(km-h™)
a. HKIMEHN S
a. Maximum vertical stress
40T - evRESoil depth 0.15m @ 46/iTire A Jgi 5 Track
35 |- 49678 )% Soil depth 0.35 m = 4¢JifiTire & JgiiF Track

30

25

20

I KKy
Maximum horizontal stress/kPa

15k V=15.37-0.34, )2

=0.851

AT R
Vehicle velocity/(km-h™)

b. AR RS2k
b. Maximum horizontal stress
B 6 A BAAEAT 0.15 A= 0.35 m K E 49 LA RKKE
KL 7] £,
Fig.6 Curves of maximum stress at 0.15 and 0.35 m depth under
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Compaction effects of wheeled vehicles and tracked on farmland soil

Ding Zhao, Li Yaoming™, Tang Zhong
(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University, Zhenjiang 212013, China)

Abstract: Soil compaction induced by vehicle traffic has aroused more concerns due to its negative impacts on soil functions
and ecosystems. Replacing tires by tracks is considered as a technical method to mitigate the soil compaction, which increases
the vehicle's contact area and decreases the mean ground pressure. However, the interactions between the track and the soil are
complex, the stress distribution at the interface between the track and the soil is uneven, which may reduce the effectiveness of
the track in decreasing soil stress. Thus, to determine the ability of track to reduce the soil compaction compared with tire is
importance. The objective of this study is to investigate the impact of undercarriages (tire vs. track) on the magnitude of soil
stress and soil functions (i.e. pre-compression stress, air permeability, dry bulk density), as well as the impact of vehicle
velocity on the magnitude of soil stress. The test was conducted on the sandy loam soil. Three repeated measurements were
carried out on tracked harvester and tractor with similar axle load. To measure soil stress, the load transducers were embedded
in the centerline of the tire and track at a depth of 0.15 and 0.35 m respectively. After vehicles pass, soil samples are collected
at the depth of 0.15 and 0.35 m in the test area. Soil pre-compression stress, air permeability and dry bulk density were
measured in the lab. The soil stress in the depth range of 0.1-0.7 m was calculated by using the soil compaction model. The
results show that compared with tires, the vertical and horizontal soil stresses are reduced under the track compaction.
However, the reduction of the vertical stress was greater than that of the horizontal stress. Under the effect of tyre compaction,
the average vertical stress at the depth of 0.15 and 0.35 m is 2.2 and 2.0 times of track compaction respectively, whereas the
average horizontal stress of tyre compaction was only approximate 1.2 and 1.1 times larger than that of the track respectively.
Interestingly, no difference in vertical and horizontal stress was found between the track and the tire compaction at the depth of
0.7 and 0.4 m respectively. It indicates that the track is more effective in reducing the soil compaction for the topsoil than for
the subsoil. The vertical and horizontal compaction stresses of tire and tracked vehicle decrease with the increase of vehicle
speed, but the speed of stress reduction under the track compaction is faster than that of tire. The measured air permeability of
track compaction is obviously larger than that of tire, whereas the measured dry density and pre-compression stress displayed
no significant difference between the tire and track compation. In other words, the ability of the track to reduce soil
compaction is weakened due to the uneven stress distribution and the longer compaction time. Though the calculated soil stress
is generally in line with the measurement results, the measured vertical stress is lower than the calculated value for the tire
compaction but higher for the track compaction, the measured horizontal stress are lower than the calculated values for both
the tire and the track compaction. The accurate prediction of the distribution of stress on tire/track surface and the reasonable
selection of concentration factor are the key to model calculations. Future research may focus on the impact of support roller
configuration and diameter on the distribution of soil stress of track compaction. The research results are helpful to improve
the uniformity of soil stress distribution under the track compaction, so as to reduce soil compaction.

Keywords: agricultural machinery; vehicles; undercarriage; soil compaction; soil stress; tire; track



