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INTERACTION PROBLEM BETWEEN RIGID TRACK AND
SUPER-WEAK MARINE SEDIMENT

= OE B e R
By Tatsuro MURO and Soichiro KAWAHARA

This paper aims to analyse a trafficability of tracked vehicle of construction machin-
ery operating on a super weak sediment of sea bed. Vane shear test result showed that

the shear strength ¢, of kaolinite clay which is consolidated by its own weight in sea
water increases lineary with depth. As the results of traction test for rigid track model

with 4 grousers, the tractive resistance is in direct proportion to the height of grouser,

and the average contact pressure of a track model is in proportion to a product of 0. 216
power of grouser height and (). 598 power of initial sinkage. When an elasto-plastic FEM
analysis concerning an increment of shear strength of soil to depth and its large de-

formation problem was used, the calculated values showed a qualitative agreement to the
experimental data, And it was clarified that 1.5 times shear strength c, determined by
vane test is of practical use for this FEM analysis,

Keywords : vehicle, rigid truck, weak ground, FEM analysis
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Table1 Soil properties of kaolinite.
Specific gravity Gs 2.58
Plastic limit P.L. (%) 3.2
Liquid limit LL (%) 48.5
Plasticity index Ip (%) 17.3
Liguidity index Ie %) 455

Coefficent of uniformity Uc 1.73
Crain size
Coefficent of curvature Ce 0.94
distribution
Average grain size Dsg (pm 6.8
Unit weight v kN/m") 13.8
Void ratio e 2.85
Water content wo (%) 110
Degree of consolidation U %) 95

Coefficent of consolidation Cv (cm®’s) | 5.75 x10-4
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Fig.1 Shape and dimension of track model.
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Fig.2 Test apparatus for traction of track model.
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Fig.3 Relations between tractive resistance F, sinkage S and
distance of traction X.
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Fig.4 Relations between average contact pressure p and slip

sinkage S at 20 cm distance of traction,
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Fig.5 Relations between average contact pressure p and initial
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Table2 Values of k and n in Eq.(2).

h {cm) k n r
0 0.271 0. 608 0.98
2 0. 216 0. 807 0.99
3 0. 264 0.718 0.98
5 0.420 0. 508 1.00
7 0. 380 0.519 0.98

r ¢ Correlation coefficient
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Table3 Values of q,, a, and a,in Eq. (4 ).

h (em) aog a1 az R
0 3.90 0.237 1.170 0.98
2 7.66 0. 187 0.718 0.99
3 7.41 0. 245 0.622 1. 00

5 12.71 0. 200 0.618 0.97

7 16. 06 0.166 0. 635 0.99

R : Mulitiple correlation coefficient

e o '—'—‘059 kPa

(a) atinitial sinkage

b =3 o pv%ﬁ.ﬁé} %ha

(b) at5cm distance of traction

Photot Failure pattern under track model.
JICHBITE I THBEEZLS.

3T, HHEH%E X (cm) BXU p (kPa), #EH
E¥x F (N) & UCEBRIMTET-> R, &R0
[EEE Y L% g AN

Fm@oX @ P eeeereeeneens i (4)
¥ o, a1, a, DfELL Table3 ITRT EBV TH 5. a,
W7 IFEINBEOEEREIOY, 7 IHhn 0
BEBROT 6, a XTI TEIOEBEEHT VZ T
3, 2 FNTF190.200+0.029, 0. 648+0.041 T&H - /7.

ECAHTEFBH LU TEROBMRIZONTHBE, ¥
TEAKEVZEFEIERLAEL L->TVE. Zhi
UWTFEFREVEE ST IR TOEABEI SED

-

RO GABRENKELBED5TH 5.

(5) #RLozs

Photo1(a), (b) X7 7 7H&Ea h=3cm, FEEH
FE p=0.59kPa D E5DFh ZnPBEWEIC L 2 HA
B, scm E|RoFNLoEHcH 5. HE (a) T
EHE TNV OSRIIIMBNCBE L T W3 01X
U, BHEFADRBTIZT S IFRICEEN-REL
M, TIIFICE->TCERMEIL TS i), 2Dk
AREREAELNBZV, —F, RAX (b) TR&7I9+
T8 %A SR L CREEDES | A < OFITHEI - 125
RELTCBY, THLFALVEVNBORRSL 75 oY
FeHid 53 6 cm ICE D F TEIFIARICEN TV A,

COXHIEERFBHB TR VBEIE XD LIELD
T, BAKEEN S I VT ERIBLOENELA
FCRATVA. Lo TRRD 7T i &4t 3
BECITROBERE L ZHERY D CES BRI
Ml na. £, COBBTUBEETLVONTE
EEBL OV ORECHBRERBITIC & - THEM
IkETd 5.

3. AREFRMAR

(1) B F&E
BHETNVOESRBERIC W IHEREEFRH
WV, BERANZIEET S EEBICHESEERVS L
IZ & o TRETMBURT 21T 12, BREHS KO
HRT Y Y+ VEFHROTHAREBICBY 2K 0ME
(cht) LT BE-LI—OvORE (F5bEID
BEE ML AHOHEEEZELL) ZAVLE.

o= 0y g (o vrorro e e (5)
o DHMIES, o, BKX, RPNEED
qu . —HNEERERE

WHIRE A 12 & 2 AN S-0FAHBZE, 1L
HOAENIZ LV RKRD EH KD HNS.

dox dex .

- ___ 4G
doy ] —[De] de, 4G+ H)
dtzy dYzy

o’ —o° 207y dex
-l —ot ot —207Txy dey
207Tey —207ey 41y Ay
I=0r"0y

D] : FHO S HRBIC B 2@EDEh-0 A<
Mlwv o R, E.BEERE, v ATV K, GIE
R, H 0§ HELR
WY OB AR, HLE 1 HoME OB AER
AE2HICL->THIET AL L > TNBY, ZOHIE
FHERBOOIEHESE LTH-T. $12, SEEBEL



RN & BB E oM EER

—

Lser uUp an initial stage and l

Input Data ]

incremental stage

Calculation of a
Displacement - strain
Matrix [ M}

YES : \NO

Calculation of an
elastic stress - strain
matrix { p )

Calculation of elasto-
plastic stress - strain
matrix [ H )

Calculation of a stiffness
matrix | X} of element

Calculation of a Band
stiffness matrix [ IX )

equation system due to

Numerical solution of linear
Cholesky method

Fetup an

increment 1
L of test load Calculation of an increment
d

of stress and displacement
due to increment of test loa
Replacement of

Modification of a test load

increment to exist stress on

yield surface {7mis method)
coordinates to

calculate large Calculation of a stress and a
deformation problems deformation

Check of stress state of J
element

Calculation of a tractive
resistance

Fig.7 Flow chart of FEM programming due to elasto-plastic
theory.
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Table4 Soil properties for FEM analysis.

Modulus of elasticity E sg (Pa) 170 =z
11.1 =z
Undrained shear strength Cu (Pa)
16.6 z
Strain-hardening rate H’ (Pa) | 0.001Esg
Poisson’s ratio v 0. 430

z : Depth (cm)
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Table5 Number of triangular elements and nodal points.

Height of | Number of | Number of
grouser element nodal point
h (cm

3 429 2356

5 451 246

7 509 275
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Fig.8 Relations between tractive resistance F, sinkage S
and distance of traction X (comparison between calcu-
lated values due to FEM and measured values).
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