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ABSTRACT 

In this paper, the author developed a small transducer in order to measure the force 
in triaxial axis on the tire soil contact zone. With the computer synchronizing and processing 
the test recording, the output of the triaxial forces at various loads are obtained . 
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n1111iia ~1I11.r1:lI 11~~ lIr'flJ~llmrn fit i'ihll 1UiilJLfI~illlL ~1I111'lJ1l1it~'lJ a~i'J!1L 1'Ia11LlJflLflilmf ~~ii 
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1i1~ u1:11 ~f1 LVi il1'l ~:l11 n11 iln~1 Ln V1 nlJm11'11" 1VIllJ11(1""'lJil~~ umlll1'l L 'J!1I1l11lJ 'lJlJ LflaalllJlIVillH1'lJa~illl 

LLa:111" 1 V fla m:1'IlJ'lJ il~ ~ llmrn iilJ LfI§ il1l9la lm~1I11~'lJ il~~lI ~~~:ii fla ilv' 1~ ri~ 9Iil n11 L";)1111 Lilu 191'lJil~ f1'J! 
'" .... ~ .. 0 ~I I "':.J ... 0 .4 d A YI "" • .,,, A.......... fCld I d ... 
m V il~lIl1 "~"1 L ullil V1~V~1'I":91il~1'I1m1i1n~1rnL~illl L'lJ1'I"i:1'I1 III \nil m1 ilY1m'lJil~Y1l1 II a1 Vu1'l fl1l11J1IJlIn 

11'1V1i1111i1{lIa1VfllIViV1V'UJ ~,,: fiilflllll1i~m1l11il L 1'If1imilci1~~1V '1 R1l11lJ 111"1vm11J1I11J11(1111m1 

.; .I ';Ad .I .I 'tv, 1V A • "1'" . d,!', . , v 
Lflaa1l1'l 'lJ~1Im111'111:mn1'l~" .,LLnm1 'J!L1'I!l"f1'lJil~ Cone-penetralLon 'lJ~ . 'J! Lall:1'I1'11Lull,um1VLLa1 

't
• 1 .I' A .I • "v d~ 'tV!"1 " "'v 

nY1a~ u UllVi"Y1111'1 ";I: 111 m1m1~lIalJ 'lJ~m'UJm1l1'l1"'lJa~m1V1'I1i1 Y1LullmilV1~lIV1U1'l L'J!Uilnm'UJ 
"I .s.J ....... d .... , d....... .. , ~ 'lJ g, "" "L! ~ 3 AI 

1I11J11 (1 L 1In11LfI aa1l1'l 'lJ~1Im11 i1~na111J"m1'lV1iI111i11l1I11tm1" 1'1 L lIm'UJL l\1I11V~ UJL lIIJ1:lllJmllL lIa~1J1 

";I1n 'W1I11J11(1111:~n9l1 i1~nlJ~lI "'1n'J!ilY1[ 1] LLa:fla'lJa~~llmrn~~ncl11 'tIJ "l~LLIIY1~ 111'L ~lIflam:1'IlJ9Iillm~ 

1I11~'lJil~~1I 9Iil1J1 Bekker [2] ~~'t~111m1YiilJ1I1IllJm1 semi-emperical ;1"1J1LYl1JH'l1ln111Lm1:~l\1 
n11lliia~1I11.r1:lI11~~lInu~llmrniilJ LfI~illllY1V Hm'UJmm"y{'lJmm11J~lILLa: penetration ~~lI1 't~~1n 
n111TI~m11'1i1l1illJLLlJU plate load test LLa: li1vHm1IJIDJYilly{'lJil~ shear-stress displacement ~~ 
l\1 't~'J1nn111'1Y1l1illJ ring test 
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\ -:::::=P:j:::::::--

T 

\ 

.d' I .... 

Mp2, Mp3 llll: Mp4 'iI:lJll1l'l11mJll1~ P 

(11 llll: 12) ~~llffVl~hmJ~ 2 ~~~\l • 
Mpl -Ph 

Mp2 PI2 

Mp3 Ph 

Mp4 -Ph 

llll: Strain gauge 'iI:.1m;h~1w'i\lh~n'lffil::'JJD~ Wheatstone bridge 
, ,~ 

Il1l'l11nlJ 

output = k(RpIRp4 - Rp2Rp3) 

k'(-L'.Rpl +L'.Rp2 + L'.Rp3 - L'.Rp4) 

K(-Mpl + Mp2 + Mp3 - Mp4) 

2KP(h + 12) = K'P 

d 

llll: output 'JJv~1~'I1":1J 

(1) 
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Rpl, R p2, R p3, Rp4 

~Rp1. ~Rp2, ~Rp3, ~Rp4 

D 

2.2. nwi'11'mh1Jll~bb'l~ T U!I: 0 

, .I 
mfW.1 

3 

~1fl1'UJ~1Wt11Wllil~ Strain gauge 

~1fl1'UJLrl[J.lL1JWjJil~m'UJ~1'11l'11WJJil~ Strain 

p 

B 

p , 
c 

gauge 

LL7~ 1'11LL'II1ID.J~1l T LL!I~ Q ~~lh l-XLii.il~LlJ'II91{j~ l'11m'lllfi'~ LLiI~ 1~tJn17l11~1WlI!l ~Strain 

gauge l111-X1l1~17'l'l~lI1~1'i1il~Lm~~Il!l~'l~ ;t,,9hull~~~ii~~~ Strain gauge ,x'll~~lI1'l~1I1nm, 
• , 'ltl X 

A tid 
m'll1CU~!l 'II "r'f'.J17CU1-'1n4 "r'I 3 

MG TrcosrpsinO - Trsin¢cosO 

Trsin(O- ¢) (2) 
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sin(fh -if» = 1 

.. 
'111i1 

(3) 

sin«(}z-if» = -1 

.. 
'IIli1 

(4) 

• ~ ~'ltld () ~1"1" 2 m L'lJ1 11 1 LLiI~ 

sin«(} -if» 0 

() -if> = 0 '111i1 () = if> 

fi1LL'II"~1J"f11" 11Y~~,h () = if> LL~ () = if> + 180° LrJ"fi1LL'II~ ideal Wll111Jm1~OIi~ 
o ..... til d.... I.... do!.~ .... I 

Strain gauge ';)1"1" 2 m LYiill1,;)~101'111f11i1l)!l)!10L'lJWLL1~ Q LL~ gauge l1L'.II101i1l)!l)!10L'II1f11 

LL1~ T LLiI~ Q ';l~~iln"iI~l"~t1'lJiln~';ll Wheatstone Bridge h~nl:lnl::L~lJ1n"n1J1~';l,~H101 
Rl)!l)!lOL'lJiI~Lm P 

i 
........ X« v ....... .... ... .oS d " ... "..... I "" 

~1" l';)tJ" ';). LU"m1 ill~ ~t1mOL 101 illI!lI!lOLLL~ LmW~ill1 ~ t11~qnf11 '.II~t1n10L 101 ill)!l)!lOL 101tJ ~ 11tJ 
.. • A ~. "tiX 

iI.LiltJOI'lJWm'0I1L""~1"0I~f1i1 L " 

tI r~ ~ ( ) • ,,~();r tI ~ LLn" 'lJiI~ ~ mOL 101 illI!lI!lOL Sensor beam 111~1 1l1nL'IIiln nil1 S45C LLil~ 'lJ" ~ 0I1tJ NC-

machine yf~d'L t:illl1LiiOlm1~mi1L~ill"'II"lifOl'lJiI~~1" (l1tJiI~L~tJOILLilOI~ 1 ",t1~ 4) LLiI~1J"LLn"~~ncl11 
d'';l~ ... hml~OIi~ Starin gauges Lt:iI HI"m'1f1'111fi1'lJiI~LL1~~LiiOl~ LL~nil"~';)~rhml~OIi~ Strain . ... ," 

o ... l.d .... ~ '" ....... A .... VL!d I 
gauges m',;):111m1~iI:il101H1'lJiI~LLn"il1"11,;):f101"~f11tJm:OJ1lf1111tJ';)"m:11~H11J1LlOL"" um'iI~li1tJ 

'lJiI~m1iiOl'll1"111m~~il101th~ltJJ1tJ1 CC14 (tetra) ~111ml~~ Strain gauges ~ltJm1'.11iiOli1Lmt 
'II~~,;)ln~m1,;)ilil1Jvi1LL'II~~n~iI~LLa1~~11t11.~10L 24 i11~~ LLa1Ltl~i11J~ltJoiintl" il1tJ~l'I'lJiI~ Strain 

gauges ';).~n[jOiLL ""1J"LLn"yf~d'Lt:ili:1i1~n~ lIm:LLiI~ l'H'ht OIml~m~';lli1" nyf~ iJ~L rJ"m1i:1wn"m1~LiitJ 
d A ;r" ~ d " •. 1 .. .. 1 ~ ~ . ~ ~ . A 

'II1tJl1i111l\l:LnOl'lJ" LOI';)lnm111i11tJ Ln~nOl~'II'iI~nm:LLl1n m:1J1"ml "ilnlfOL:OI~nil11~lLLil1\l~f1i1~0I1L"" 
• • 

m1';)"n';h~~OIif~ Strain gauges 1l:m1Jl1-l8 if" 



• 

5 

'" ...I 0 A ~. "iJ .d d ,., ,..« 0 _ I .-"" '" ..., _ I 
'IIIH ~1n '11 'YI1 m, f1f1 f1~ Stram gauges L 11'11 L'UU'lIU LL~1 n ';): 111 L1I1LLnll ~umrn,u i!'I!'I!1rn IU 

.• "~..." ( ) iI" " .• iI ( ) " "".. r~ ~ d u':nllUL'InnULualln'1~ Case LL~. f1f11I1UllmUH1 fI Sensor head n';l: IfI~umrn1f1i!'I!'I!1rnm~'I1 

'lJ(lIl1nLLUU'li' rlllll~":li1L1I1~umn!d"hJl-n'~111 m''':'';1m,m1';)i!1IULHUrlllU''h Strain gauges ~~'II~f1 
,i1l4ifli~1I~111i!1l1Vi~'IIill'W ~~lllmrii~ Strain gauge jjm'4ifli~'W~LLtr1 1i!~mi"ri1 gauge (Copper 

') Ad." ~ d • ""~:; ," • • .l' foil ":Lnflm'i!'I!Li!U'ullU1~m1' '1J~L'1i!1~1'1l'l1":'YI1m'm1"i!lIU IflfI~"lJllfllIlIfllI lull . . ' 

- ~ gauge llill~1u~';l''lJlI~ Wheatstone Bridge fi~'lJ(lInU1U~1LLtr1111111-n1l-n1~.r" 
.... .d. I I Vl"'.iJ r ' 

- 1f1'111~f1'11 Stram meter 1I11l!11 IfiL II~U 

.. 1 liLL '~m:";1L -n1 'lUV~U1L 1~ilfI'lJ1I~~mn!1f1«'I!'I!1rnl II';~L 1~1'11,t 

.. 'IIa~"1miIlL1I1LL'~~m:";11111n LLtr1ff~Ln~~"h Strain merter ,;):1hll,hnau'lu~~rf'llill'l1l tl1'W 

LLi!~H'hiiflm'\l''I!LHu~~ Strain gauge '11111 gauge 4ifli~'WLL1~"Vill 

/ 

\ ~ I 
. 1 .--.-J._ 

/ 1---- 36'-----1 

1. Sensor beam 2. Sensor head 3. Case 

4. Sensor cover 5. Sensor supprot 

itl~ 4 ~tlmni'1~ttilll}!1111 

L!J1I";1m1f1'1"i!lItJn114ifli~ gauge ~~ 8 ~1Li'JllfiL1uU111mLtr1 ~timn!1f1ff'l!'I!1rn~Vi111~~';):li1 
'l 1.1";1 m, 'I1f1i!lIU 1I!h~91m i't1l~ Vi111~~~'II1,h Llluli1111rnLti1uu L fiUufi1"lJ1I~m'1f1 (Calibration line) 9111 

'lu 

, ... OII!,., ... 
3.2 1~'Ul~~llll1mlJm'mt1ffillJ 

, d. 1.1 .-... "" VLnir1 • "iJ 'A·.d.... I .... 0 
nllll'l1';l:1I1L1I1~ mrn1f1i!'I!'I!111IlUI'Jf IIm''I1f1~lI~ ';l1L IIl1U1~U~Y1":f1l1~'II1m"lJ1I~Li!lImIl1rn 

Lti1UUL fiuufi1"lJ1I~m'1f1"lJ1I~~timn!1f1ff'l!'I!1rnLL91a:1i1l L ri1l1 lim'~1L ii~1I1li1'111U1f1~ti':i!~.r~~n~11-n1~ 
" ~ 1.1 r....l' ill d ~ ~ , "ti.l' f1I1U"a1f1o ':i!~f1 Lmll~~lIY1":I'Jf "m'Y1f1i!lIUm''':~f1rnam,KlI::f1~f1l1 I II , "; , 

.. jjm1~LL ii'~LL' ~lI ci1~LYlmVill~';l:1U,r 1'11iln"lJ1I~~timrn1f1ff'l!'I!1rnLLa:nllll,r1'11ilnm i'l IIm'Y1f1i!llU 

.. i!1~1'tlU':~niiimL-n1'ltl'lJ(hl-'IIa1U 'l ~~ 
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- jjLmitJ1fl1'rnfltJ~rlil~:li11,\'~l.lmCll~ffll!ll!lCl1LLl\!:nilU,r111,xnm-Hluml'11~ffilUil~'U'hLLlI~L~lJ 
1~~~il~n111~1I1~~a 

,~ '''' Vi '" t t - if1lJ11(1nilin~LLI\!: 'lI~lU L~iltJ~~tJ 

, 
" I " pt,,,,,,,,, 

fI,~, ~ , I 

~ __ y __ --ti ,[j 
/~ ""I " i'o0 '0

0 
~ 

1;4>- I o - -
1\. 010 \1<1 • 

,o ~ 
.),; V 

\Ib,f"..,. 
-

~ ..... ---f-

"'"' -" 
~ 

, .. --1 

4. 011'Y1ID'iJDlJ 

1 ,;., • ~ ~ . , d. , .~ ~ 0 ~ ~ ~ X, .I , ~ 
Um1'1'1,;):u1:~n~LL'~L'lJ1 Lu'l1~umCll~l'Ill!ll!lCl1 L'1,;):'I'I1nilUU111Un'lJUlJ1 _LU'lJU1~'I'ILLmm~nu 7 

".. '" ",.4 
nilumtJnUYlil 'lJU1~ 950 gm, 1447 gm, 2058 gm, 2555 gm, 297 gm, 3475 gm LL~: 4052 gm 

, 0 . ,.1 0" ° 0 :: ° .,.1 
LL~: Um''I'IVll'lilU,;):'I'I1m'LuamU~lJ a ,;)In -90 (I~ 90 ';)lU1U 8 'lJU ') ~: 22.5 LL~:,;):LuatJU~lJ 

fJ Inn _90° ~~ 90° 1i1U1U 4 ifu ') ~: 45° lVltJlu':1I11~m''I'I~l'Iilu';):jjifu~ilU'lJil~m1~lLit~lU~~ 
.1illl.ld' 

iiVl~~nilu,r111,xna~ 1l.luuH1i!~'lJil~~l.lmllflVlffll!ll!lCl1 Platform ,;):~il~~~ l,n Uil~ 1 ULL U1~~ L 11,;): 

L~lJLl.l~tJ~lJ a lW;;f!'I'I1~'I'I1ULillJU1l;m,;)ln 0° ~~ _90° luifu~: 22.5° lIaH1miulI~u Platform 

o 
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nalJ11.lii~9i1LLlIli~L~~1"flil"L~~"'\ma1~ Platform Lvlml.l§!llIlf a 1";;Ill'1~f11~L;l~"1wnT~1n 0° 
.. 1t ,''' .. :',~ 3",,, .... V)..I. IQ'lJ 
ll~ 9(f "'iI"a~ 22.5" L1'I1n" l)JmLn~~L"'iI~il""LLa1LlI~ Platform nalJ L1.l1'lf11LLlI~L1~fl"LLa~ 

o "" '" ,,~ ,,4 ....!'d: ~ 
1'I1m1'm'ilill;laLiJ"fl1~~fl1'l1V ~~""~1nm1mla~~YI1J111'1Jtl a = 0° ~~~m11'1flffillJ'lJ1 11~ 3 m~ 

1 A.... t , ,,!' ....... ..I.d o"'~" 
LLa~ ~~il" ') "~~m11'1flffillJ 1 m~flilnil""1l1Wl 1 nil" m'1'I1'Iflff1llJ1'I~~ a = 0 ll~ 3 m~n 

.s.J. !l'1 ' . .... n 1'" d... I <4 WI I .4 Ii ~ 
LViil1'l"iI~LlJ"m'm1"ffillJ11 Stram gauge · V~tNilij "fffl1Vim, 'H1"1'Ifltlijll1il L~ LLa~l)J1lLff"'~m' 

. ,..1. , ,,:; '".,'" .,..1. , R!" ~". ' ~". ~1 ~ 
LlJa~LLlJfI~~~ a LLt'l1'i1"flil LlJn~1'I1m1LlJfI~UlJfI~~~ t' LlJ"~~1WI LlJ LLfI~m'1fln"~1'I1'lJ1 "flnlffil!: 

L 'lhIL~V1nlJ~"flil"~~n~11~1LLa1;h~fi'" ';)"m~if~ri'il"J1l1ii'n'l1nr'iiJ" 1ii1 i1'lflff1llJ""lI~flLLa1LLa~~l.lmrn 
lfl«'l!'l!1cu~ml.l;v"nalJ11.lil~1LLlI~L~~" ~il Jtl a Ut'I~ fJ ilthnhnlJ 0° 

" ..I" " !" ~ .. 1 ". ' ..I , .. " 'ilill;lfl1'l Lfl ,;)1n m11'1flail~ ';)~ LlJ" m1lJ"1'In flV m~ t'I~ LlJ 1'1 LLIl" LnlJ 'ilill;lil (Floppy Disks) 1flV H 
flil~1Lflil{UfI~ 1mum~'jhv 1"m1l1~~Vi'~~ 11.l1um~thll1lJm1'iLm~"LLt'I~th"1CU 

, 
• , ~""'t. L_ .. 

5. 011f')lWlOO!1LL'HYUl1L1!lJ1ffi'NYI1l1:ijJ 

P=Wxcosa (5) 

tangent force = W x sina (6) 

p 

\T::::::=t==::::::: 
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, ~ ~ .I.. .4 J( .~ f3 n. ~ 
LLtI::'nnLL'~ L "LL "1inJHfflf1)J1'tl't1~fI1"11l1111f111J1l~Ll'~ T LLI'l~ Q 'lf~"~1J"1l ~nul1lJ LLI'l~ 'Y ~~ 

LLff~~ 1 ",tI~ 7 

T 

Q 

W x sina x sin(/3 +¢) 

W x sina x cos(/3 +¢) 

T 

(7) 

(8) 

ti d .....1.... ..... I .d. 0 t; " .... oJ, 
'J1n, 't1 8, 9 LLI'l~ 10 LLff~~1J1l~I'l't1LLff~~m1IJinJYi"1I'~1111~LL'~'t1m~'t11n1J1J1l~1'l1J1l~m1IJLmU~'t11l1\1 

1l1lnlJ1'l~'J1n Wheatston Bridge ;!~~~jjm11J~~"lIi~"Lm.m~ ~~""L'1~~ff11J1'tl"lUl~'hl111J~ 
~"i1Jll~LL '~n1Jm1IJL!11U~'J~L~"L i~Lm.1~ujjinJn1'~~LLff~~ 1 \I,tI LLfI~fi11J1l~LL '~~m~l'hnufi11J1l~m1IJL!11U~ 
.I. ~,,~_.J(.~ • f3 
't11l1"1l1lnIJ1L~"~UJ1J"1l~nU!111J1l~111J 
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