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TRERCHBE LEKmI7e—V 70k, 7a—Y 7, 7o —7 )b
MetBEThH D, 7r—0 T OHOGEIIMEEDO LE & U TEMIL L BN 2 ~—
2L LT, 2O RIZT7u—=Y v 7 OREH N, 7r—1 7 LB OGE TN
E7a— IO RIMBEERN LD, T X — 7 2L b EMBOLE 1T &
TR =T )V NEMHTIND Y v a MO RITHEEE RN, 20D ORI % Fig.
3.1.3.1 (¢)-(e)lZ~" 7,

HEFREBRTII~y R7 =LA 237 X% 0.5m OFE S (HFBREE I35 3.13m/s) X
D HB% &, Fig. 3131 MOIRLEZE I, ~y RT3 —LbA 37 ZOEL
ArELT 3 fihnEEERT (ASE-A-500, SLFnEEZE) (32858 Shv/o, IR A VN CiiiE
K~y R 7 g —IA /37 ZOEOLONEEZFHHI L7z, EBROEET% Fig. 3.1.3.1 ()
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b M BIEET AV E AW CIERERFOBELZ B, F0E B3 O
HERGT 22 EBUETHDL, 20D, ZEABERGE o2 Tl %21T-
oo WFRBRTIX, ~y R7 1 —AA 237 % (Fig.3.1.33 () ZEHLT, ~v F
T =A% Z OBEIMLEIIE 3 HIEE R (ASE-A-500, JLFIFEYE) 2 5%E L
7o 1.5m O S0 HREMEICHE F &8 T (Fig 3.1.3.3 (b)) . FEZERFO N & 38
L7z, FHAS IR S 8 ) & B O N2 R L7 Fig. 3.1.3.3 (¢), at& Sz
E28 7)) & BN ORISR & il BT OBl RE & L TESR Lz,
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Fig.3.1.3.4 Drop test of a head-form impactor vs. Judo Tatami
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%#1T~7- Fig. 3.1.33 (d), F£7o. AW TITE R LBEEAEEZHE LD, BTV
DEFREIT 0.4, 0.5, 0.6, 0.7 LR D56 0% NRBROBHMT 21772, % Tk
DOFEF & FHHANTFE RO~y K7 4 — 5 37 Z BT I)VONREN I & bl L7k
B BERENRL D 4 OBAICB T LW (Fig.3.133 (), L-oT, &
FFZE CHERR L 72 BEE RSN Z T 0.4, 0.5, 0.6, 0.7 L72 D REHETET LVORYPE

IIHEECE 72,
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mHO VOLRESEZIZL, Ry MONR—7 EORIIECEEEIRI DR E 1T
ST, TNHOHBHEET AVOZYMEERIET 5720, BILD 2% OfREMEE S5
LC, BMTHE BB HENEET H L, HEEO/EIEHE V & ABTE ORI X oM
IZIZV = V10X (B &>, SUV OHA) ., V=+8X (IBOX DHA) DRI Y iZo L
LTW5, 2SI, BEEET L OEZEHED 20~60 km/h (10 km/h 45) . Hil#) L
SR 0.7G, FIEIDOX A I TR 0s THDH, ERLIZEEBHEET AVEERL T, %
EZEE TR D IRAMEE 2 HE L2, ZofHR% Fig. 3.1.3.512R LT,

H 5 HE 7 /L1 TASS International #1:7> HHflt L T 272WTeET AV ZEH L T 5,

(a) & & Hl e e
6 o b o0 Grd
(b) SUV#EY (c) 1BOX#Y (BT EET L (eHEHEET L

Fig.3.1.3.5 3 %A 7O ABHEET LD

40 :
/
35 o
z 30 7
225 m A .
2 20 '8 A SOV
z 15 ’6,. m  1BOX
= 7
~ 10 ¥ J(10X)
7’
| X - = J (X
O e e == -
0 20 40 60

Collision speed [km/h]

Fig. 3.1.3.5 fEZ2H I & FEFNERAE O BIfR

23



32 HHMMATRESRET L
32,1 BHESARRERTT /L O KL UHEEE

SHAA FRE 3% 7 /L Tokyo metropolitan university finite element Head Model( THM) 49 %
R L7, 2 OHMARESREE T VIR A SO MRI B2 FWT, S a5
KAk (FfS. BHEE . MMFFREIR. R, /DI, B, IMEE, e, KNSk, /M7 > )
@%ﬁ?%%%%ﬁ?é_& TXo THEEE S, BRIL42kg TH D, RIKEROFHBL
FENT%AT 5 Z LI K VBT T LV OZUEARREEL TV 5 %),

skull Cerebrospinal fluid scalp
cerebrum

Corpus callosum

tentorium

Fig. 3.2.1.1 finite element human head model
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321  BHEATREZRET L OMEE

SHI A PRER T LV OZUMEERAET D720, TA VD, o T4 =ITDOH Y 7 4 )v
=7 KT Alan M. Nahum & 7% 1977 4RI T 7= ik EER O fE R 44 L 7=, Nahum
DBERFEER TIL 47 1% D 84 Ik DBAE LR A fifi L TR WK A L, 2 b Ol
BOREZRE L, > — MIELE T, BRI A T X —E e ST, @5
R X 15ms T THENLEZ 0.1ms & & IZHIE LT, HEEATIEERMNEE, KO
ATEAER, BHIAES, BRI H D 49,
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~ ‘ . O
....\‘ ’.3'. - {*
e
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¢

Fig. 3.2.1.3 Nahum O SEERIFFIZ 35T 5 [T 77300 7E 4 Fr

ETNVORGEEEAT 9 728, Nahum ORAEEROFMA2SE L, BHHARERET L%
FAWTHEL L7, Fig3.2.1.3 1287 X 512, Nahum OBERER CTIXBEKTER & A > /)7
A — & OEEMEAED 846mm? Th 5 72, T OMHFEICHN TS 54 / — NITELZEND
RS Z L TAN LT, £72, Nahum OFERER TIHAREIIFR S T z/ew, Hiffz
PRSI TN L D ICHBET 21T > 72,
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Fig.3.2.1.4 fifATIRF D A DI & T & J£ 77100 28 & i
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#21X Fig. 3.2.1.4 & " Fig. 3.2.1.5 (27”7
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—REHTIER

Fr Rl [s]

Fig. 3.2.1.5 A2 51T 5 F /I E O Nahum OB A SEER & A5 500 Lk

Nahum (0[5 ARSEBR RS - & W5 L 7= A TR EESE  7 L O % W5 &
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33 BHIEBEZEDFHL

KWFFE T OFEEIMEF SR FE L LT, b Mg BEE T v &2 A CHEd ., Al
FRHOEEZHE L, S ARERETT V& AW CAEE OFME S B4 5, 51
EEZEOFBUIL 2 DD FiEITXH D (Fig. 3.3.1), 1 OHIE, EZEEFTEEFRO LS LI
- [AlSEE & B A TRE R T T VICAST LT, T /b SNl 22 e CBEE A TR E 5
BT NEEESE D, 20BI%, EHRERTEE O KRS &AM - [l AFE - [BlRE
EZTHHARERET MATTDHIETH D,

BEEE AT, D - AR 2 [ p—— ]
EERERI IR, EEE - EEAEE FEEESEER
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1 S AME SR B ) OB > 2 7
4. 1. 1 FHHBLTFIE

Filg A FFBURIT L, B U D NFPRInE 7 EER IR L SESME ORIENL £
721XV A7 & RIS 2 8EEIME FI T ELY AT A BT D, FiOFBEIT O
Z Figd 1.1.1 12”7, TNENOHEBIZLLTDO X 91725,

c AT)  FEEHBET OO DOERDERTH L, RIA T La—x— Pl A
T, AR—YOREERE LT ARERDHDZENREE L, £, BE LK
EOHZEHHETE 5720, KO ODMHTH TE D, B 2 1XFFE ORI ENEA >
Rab— M52 LT, BEESMET I R OBREG R AR T E D,

C EEMCHBMAT  AMESE RISV T RT 4T NV E AW CESO BT 21T
9o BEET NOHBMNT OF E DNEERORGUZ BT 2 E TR IR, v VFRT
A BT IVOFHEFER D HEZEEFTOBHE O A FEPH B F T2 IR EZE R O JNE N — A
EHAETE 2, ZOMPTHERZREIC, SHIAIREET T VI K D IMEEOFHR AT
Do
- 7 R BRSO R U7 BRENCAE U D )RS E & O IR SME RS
JEY A7 2B L, fEREMN 2R TE g L H 195,

ANERE LT, BBEOFEKERE LTHALTRET AR EDEREATTH S,
HNT e EOSETRESNI-EFRIFRIIBR T, R OB <H5, ©TF
W& DT EHRIEN D0 0T Wi, FRFH OB ENMELS 78D, #EitoT-
DRI T, FEENANEGERET D70, FEOES ER KW,
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1. 1. 2 BHEOHHSIME OFALFIE

1.1 2. 1 ZERME

SHZEEHITOBEIL. McCalden © 23T o I2BRAKD B OF|RIZER T b AL 7o Flin &
R ONT DI EYF AT #E R T 5 47, WPEGIIINFEE £ 7 v I2-100 kpa % T [EIS
NPBFAEL TWIGE ., G2 FIET 5 &I 5 2,

4. 1.
4. 1.

y = 4.2350 - 0.03265x R*2 =0.585

ULTIMATE STRAIN
(%)

0'20'40 60'80.1(;0.120
AGE (years)
Fig.4.1.1.2.1 ‘B O A DOEE 49
JMEEOOT -, I —EB RGN, TAWIS DO E AR 4815 0 71 r0FHt O 5
e LTHBENTWD,

Table.4.1.1.2.1 ONEA MRS O BIfE

O EAMERG RS
A 2= & VFEAMLEBRES
VI HEE KNEE 10~50[rad/s] “*’
s H% 42 7.8[kPa](Mild) “®!
h . iNE®E  7.8kPa™ h - FEd=y 18[kPa](medium)
" - 38[kPa](severe)
TAMEH KEH 8[kPa]t"!
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TR R T A= F N T, iR REREE ORIl B HE A 425 L2 FEIT £ 7120 70,
O FE AAEEI R ARG DS B IR IS RERR S O — D DJRIR & 72 5 728D ABFFETIE, OVE AN
SRIAGE R 5 2 & TRk MR T ORIl 217 - 72,
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4. 1. 1. 2. 1 FIEY R

<IMHPE e _X—= A LT )T A —H >

IR A LT, WAENEEEE 2 VN C Gadd 513 SPY 2R & 2 ISR E S 1B R
Sfz, SHIFR(1)TESR S #1L7z, HIC X 1971 442 NHTSA (National Highway Traffic
Safety Administration){Z & ¥ A 3T, WAHENEHEE ORI 2 W THQ) TER
SHL. —IRANCEER A~ DEEORE 2 RKBLT 2 DIEbh TS %2, HIC DFIEAILH
FED b0 IZEESINEEE 2 O TRl % RICS? HffH L7, RIC IZXQB) TEZE I 1L
72o  GAMBIT (3:(4) TEFR S 41, IFEES) & [AlHxES) 2 A o TR L 7 B &7
Bt CTH D 3,

SI= fOT a(t)?5dt (D
HIC = {[a;tl) ji a(t)dt]Z'S @, - tl)}max @)
RIC = {[(t;tl) ftflz o((t)dt]z'5 (t, - tl)}max 3)
GAMBIT =[(%t3)2 + (%)Zr (4)

ZIT, at). o @OFIEEOUHENIEEE L FEINEE Th S, 6 & 6 I3 HIC SRR
(272 % & 9107 B IR SNSRI OBRIGIEA] & (I Tl B,

<TVFRIRT A — B BTN L U BT ORI L >

B EITORIE Y A7 FfiIE, Marjoux & 9034k % < OUHEFH I RIE & RIIED
Hilf A FEBLL, HICE L BHEFBIORIERI LY v 2T ¢ > V7 BEUFOTZ1TV F
fiE ) 2 7 O RER(S) & 15T,

iz, Vorst B SN LE L7 HIC EIC X W FEH$ 2 HEEHEH L,

= : (5)

1+e(8.8-0.0131HIC)

P= : (6)

1+e(13.586-2.025 In(HIC))

<HFBINT A —F ZFHIFENE & U 7o AG o0 R FAfh 1% >
T B LTl Miller & SODMREZE L73IE Y 2 7 i (7 2 L.
BRI TR L7z,

p=— Y (7)

" 1+e(3.08-0.36VMs)

171
[
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<TVFMRT A — X Rl FEUE & U T2 (S O FEAT 1% >
fMEEZIZBI L C, Kleiven HDO#FEESEIC L, OTHEHANVTHRIEY A7 Z5tHE L
T2 WEEIIEY A7 O HFRERITXG)TH D ), X(5). (6). (DHFD vMS 1ZI—F
A1 TH Y | strainrate [TOT A E R L, strain 1TV Al 2o~ 3, DL EOFEEHME
FIEY A7 ORI AFEEZ AT, HEFETT. WMRE, MEEORIEY 27 Z31H5H L
77

Ji % 0> 1 72 A IS B B A ZE IR UTAE TR A T DL, BEZEN O 1516
2 VTR 9 5 FEUAMS . IHE 2 R — 22 L2l E L IR R S e, AT
ZE IR 2 R — AU LT BHER D 1793 T A — % T % SI, HIC, RIC &
GAMBIT # W TINEZ OFRIEY A 7 3 HE L7 5, ZTRENDORIEY R 7 dhfi 72
LEA(@®). 9 . (10) . ADHTH 5,

P= : 5)

1+e(3.387-9.155strain)

P= : (6)

1+e(3.854-0.06432strainrate)

P= - 7)

1+e(2.228-0.2652vMS)

P= - ()

1+¢(3-184-0.010935I)

P= : ©)

1+e(2.882—0.01202HIC)

- : (10)

" 1+e(7.036-0.00679RIC)

- ; (11)

1+e(6:892—-17.51GAMBIT)
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4. 2 FHHDOBERIZHONT

BxSEAMEE S OFRTEEZE L5720, FROBERIIATRTHD, FHEOF
BRI LT ED L D 72 tEREINETEZ 5, TFHOFIIIT ED L 9 2R ERB LI,
b OMBEICKT LA LT,

KAFGED BHID—> T 2 EHEHLY; T OZWIR A FEL T 5 7o OIiX, EEBG O
BWUTESNTHEBEOFHR ATV, MR OBELZ TRIT 2 2 ERNETH D, BHEIME
DOFRIERDILZ THT H720I121F, ETEEOFEZ TX AT IEMICHBT 5 Z L34
EThbH, FHHFHTIIFLOBERNEETH LH03, FHIIUTLE 2 FROFTEITIHRL,
AL W ZIIZIEY . BARTIEENENOITEBOBENE S . MERIERNES I
AFTERY, ZO7H, IEMERFHHRZIT O IOIITED L ) RIERDPLENEE
BIRT Z & T, AROEHRFTROBGESIT TO—B &35, ARfi3E £ R A
X2 & D ER K FHASIHER R & v & — OSHERIME o 2 6 81 BERERIE R &
BN U Te F B0 R E A2l L, FHHBUCRE LI REH o MIcT 5,

I R R A bR & v 2 — 6 3 S ORIET —Z 1083 tEDOWNIZH 5 AR
SMEIZBE L= 213 D F T — 2 2 INE L=, TNOOHEKENVHE L, TON, &
W 134 14, B - S 61 IF. 2O OFEE 10 & RN 8 TH D,

@ KiEFHEITERIZH T 2 HEHECHTE AR BICh 2k L OEEFKLTH
Do A TITAGEDRIICL Y, AEGEPBITE TH LA BT & LTHHE
L. AEENEEHES A, 7, HiIER POFRE THHHENE RE)] THELE, K
B XIAEN D FE [Zofl), BEEMETFOMENAHOLAIX TR & LT
LT,

@ - EEEFHIENICEI > TR -mE TSI &, FLEEIEEDOH LGN D
FrIEEICE DD 2L L LTER LI, FHMRRAE LTGEINC L - T, [HETORAE
& THEERLIAN ) o 2 FRE T LT,

@ (Zofth] ITHEINTZ 10 HOFEBIIZEWCERE - % LS ORRIC L D 534 L
THEKTHD, TON, FEEFEORNIEID2FEN I ML, ICEE, BUINR AL
EOFNTHEMARER LIIEFA L H D, ZNDOFEKIT, ZEEMUOSN T, F2iFA
DHEFEHRBEICL > TG LEFLTH D,

IO OFMIEFRAE G E LT, EO XD RIERPMLENE BIRIR LTz, SMEE
HUI N FRe 2 & THY , AGE LOMIKLERT 52 L TH L7, IMGFR AT
BT 5I121%, AGEZ ST 5T X TOMIKD Tk & Bk & BEEREC .
E2ed 25 “EE” INBERATERTH D, TONO PR X O/ERICKTT 5
T Td %, — AN O EIL IR EATHIGEC K o THReME & BRI A R
T5HZENTE D, EEOEHHITIL., 25D ANERZ FHIHFRC 20972 5
IZHEASWTHEE L, FEURNT Y 7 MCAITE D X9 BT T — #1235, “FBIR” 12
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BT 1E ML VBT VAR L, Bl OBEERE L T T VORI 25 E L, “HE”
BT A EH L Bk b S 2R ET D,

BT DWIERD TR, Bl & BREREC “EE” 2HEET A0 NE R
T 2 S CFEEE R C Table 4.2.1 12 F &7,

Table 4.2.1 Information available for accident reconstruction

Input data Object Traffic accident Fall/fall-down accident
Shape injured injured person’s posture and injured person’s posture and
person . ) position
position, type of vehicle
others type of accident partner shape of impact object
vehicle / shape of impact
object
shape of road surface* shape of foothold
Contact injured contact stiffness and friction contact stiffness and friction
stiffness person coefficient of injured person's  coefficient of injured person's
And body* type of vehicle** body*
friction others type of accident partner material of impact object
coefficient vehicle / material of impact
object
material of road surface material of foothold
Velocity injured injured person’s traveling injured person’s fall / fall-down
person velocity velocity
impact accident partner’s vehicle / -
object impact object’s traveling

velocity

*This information was not included in the medical records.

**This information already existed.

REHEE T, AGE L AGHELUSOMEEIRIZL, ThENOFHEIIMLE
I CTEART CHEhARME L BB & HEET SRR OHEE S 5, Tablel LV
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AEE OTRZHEE T 21213 “AEHEORS L ALE, AGHEOREBORE" 2 L2l
HwTH D, AGHEUNOWIEDIZRIZIT  “FHBARFOHT O, HZEm O &
“BEOTR” BUETHDH, TOND “MERY” 1 B & DK Loy 2 Bk
L. “BEOR” TR FEE TH D, £, “AEGE ORI & BEEAET (203
“AUEH O NROREARE & BB, AGERVHORIRT MNUETHDL, AGE
LISMT “HBHRTFORV Y ERYOME” & “BmOME" BLELRFHRTH D,
U OB & B BUIHEE OREIC L > TR ED Y, BHOMEILT A7 7V
FRETH D, T LT, ZlFRD WE” ([ZiE “BEEOETHRE” & “FEHHF
ERYOBEEL” PEEND, UEOHHRON, “BEOTR” 1A I To
D CNRORERRRE & BEELRET ITSEAT RIS L VAL IR > T L O T, ERE
e LMz IUEd 20803700,

R - FRd T, AR L ARRIC R L AEE DS ORI RIC L, S
HHICBERERE £ L0, “REBEZORIR” 2HET 5123 “AEEOIHILES L
fLE” PRERERTH 5, AGEUIMT “EREDTIR” L “BGOR” BHBET
%, “QEHUSNOEMEE & BEEAET 1213 “EREOME” & “RBOMET 2
VETHD, HWEICE LTI “AEE ORRE RS E” BOERERTH D,

Table4.2.1 |2 F & O - FHBUILERER®E AT HEERDH D0 E 9 M F721E,
FHIERNODHET TEXINE I DEHMEI L, FEAOE®REZ (o) & L] T
\J %, Table4.2.1 O “*” Zff I HBITEY ., EEERE L CNET L LEIT /20 E
HTHY, " ZIN-EHBIXTCICHoHE EEALZEA THY . HEICIX
VB2, MERTERB A3 e Eigicxt LT, fl XA EEOHEE T ERAFETH
5 EW I MM HHH T, Sedan, SUV, 1BOX 72 KD/ 4 — L A HEE TE DA
fEw TH0 | T2, FRERSREL TR, AT —F 2R8I fE T/
WEAIX 720 ) L LTHITT 5, 20X 912 LT 213 hOIEHIME R A FELTX %
MEIMMEHET L, (720 LHBIENZEHERS O THLH D HMITHH &RV E
4=,

213 R OFEHEAME TR KT L C, Z O L 72 D ERIEHIC LR YIMi e 2 L
T, FHOBBOFEZHIWr Uiz, WG RIE Table 4.2.2 (2R L7 K 912, FRBLATHE
HIWF S VTREBNE 33 CTh D, RBFEHEED 134 FOWN, FHIFERO 2\ TR
D TEE TZ2OM] O 4 HFFHHETER, Y ORBHEHON, 10 1L HEAEE”
S dv, AGED TRTHE] OFRII3IHETHY . AGED [RE] OFI 74T
o5, BafE - ERE RO 61 O, 23 X AEE (EEOMRENIEE IS
AbaEte) P, FoRIciE THEETORE) N340, THEELI OGE
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X201 CThH o7z, TAH) D 8L TZ2DOM) @ 10 fFOFEITHI TE 2o & flkr L
2. [Z0fth)] OFSEFHRTERWRRIZEENZRA SRR N EFHE T
WZ EThD,

W B R F AR Be R & o 7 — OFERIMEFEUZ DV CRRA L, 8L ATREM: &
SR LTz, 213 0 FE DN, 33O EKIIHHRAETH D, HHOTZDICRE LT
DG TR & 5 e Rl LT,
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Table 4.2.2 Total number of head injury accidents and number of accidents that were

reconstructed
) Detailed classification Number of accidents
Accident type ) Total number of cases
of accident reconstructed
Pedestrian 28 3
Occupant 95 7
Traffic accident
Other 4 0
Unclear 7 0
Fall / fau-dOWn Fall fI'OIn the Stairs 13 3
accident Other 48 20
Other - 10 0
Unclear - 8 0
Total - 213 33

FHOBHBDIZOIZA T RIE L TWDIFREZPAMICT D720, i - i1 Hil L
ZEER (R & TZ2ofh) ZRE) 2EROBWEBRIC K > T/ A—7125010
THHT L. Table 4.2.1 TE EO-FHEAITK L THRNDRERE L TV D EH A
Table 4.2.3 (a), (b)IZE L 7=,
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Table 4.2.3 (a) Number of traffic accidents and the number of information which are short for

reconstruction
Contact stifthess and friction )
Shape ) Velocity
coefficient
contact
type .
Number of o stiffness | type of )
. ) injured of ) accident
information | Number ] and accident
. person's | accident o o partner's
which are of friction | partner ) injured )
posture | partner shape ) ) material vehicle /
short for traffic ) coefficient | vehicle/ person’s |
. and vehicle | of road o ) of road ) impact
recon- accidents N of injured | material traveling _
) position, | /shape | surface surface ) object’s
struction person's of velocity )
type of of ) traveling
] ) body, impact )
vehicle impact ] velocity
] type of object
object )
vehicle
1 27 5 0 0 0 20 2
2 42 25 0 0 0 25 34
3 34 34 0 0 0 34 34
4 1 0 1 1 0 1 1
5 4 4 4 4 0 4 4
6 5 5 5 5 5 5 5
113
Total (123- 73 10 10 5 89 80
10)

(a): Of the 123 pedestrian and occupant traffic accidents,

These accidents are arranged according to the number of missing details. For each item,

113 could not be reconstructed.

number of accidents lacking information is shown in Table 3(a).
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Table 4.2.3 (b) Number of falls/fall-down accidents and the number of information which are

short for reconstruction

Contact stifthess and friction _
Shape ) Velocity
coefficient
Number of o contact
) . injured )
information | Number stiffness o
) person's injured
which are of fall / shape and ) )
posture o material material | person's
short for | fall-down of shape of | friction )
. and ) ) of impact of fall/ fall-
recon- accidents N impact | foothold | coefficient _
) position, ] o object foothold down
struction object of injured )
type of velocity
) person's
vehicle
body
1 10 6 3 0 0 0 1
2 16 15 1 1 0 0 15
3 5 5 4 0 1 0 5
4 1 1 1 0 1 0 1
5 0 0 0 0 0 0 0
6 6 6 6 6 6 6 6
38
Total 33 15 7 8 6 27
(61-23)

(b): Of the 61 fall / fall-down accidents that were evaluated, 38 could not be reconstructed.
The accidents are arranged according to the number of missing details. For each item, the

number of accidents lacking information is shown in Table 3(b).

213 PR OBEAME S DO FE W2 24T U, 33 thO s HEl e Re &L Hlr S Lz, &
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RRIZRDEEXDBILD,

IIFTAER LV RIE IR T  ERERICIT AEE OB NE LT Y OFEE”
“GEFOBWE”, HHE A TOEE” (BT D IEmA DR, AEEONE LI
R DOAEE & FEABFOMEINLE TH O | —AXANTIZH T ORI 2> S HEH 32 %9,
“BEHEORE L HE AT OME” IR L T, I, AEERSTE E
TIX AR T, FMAEEMEFIXEBE CTH L5E. WFO#EZAEENFRIT S NE
HEZ2 ETASICHEE TE 5 %, RBHFROGE . EREFRICERRESAGE ORIT S
AT BEREDSFEE STV D 7 — R 37, oo /31 27 R0 H B B2 B~ 2 ol ki
DT, FHEZHEET DT OIITEE O X A VIR, Bl ORI & O 72 i
RNV D0, EFREENS 2N DEREAFTHOIRETH D, A - #x
WS Tl “AEFEORBLAIE”, “AEEOHE”, “MEEOIIR” ICBT D 1EH
Db TNHOEB EHER Lt b nTE anEBEN S, — RN, 7=
EZABEBFBRDPLVGE TS “AGE OLRE LR 1R E 7235 OJRIR 2~ #E
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TORBAEYILEEL LT, EACK Y i cHE M S5 L O ICHEL L, 1BV ICkD
RN, SEMA O RITIREE 2 2 T MR 0 & & B T RE D R BisE 5, 2
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4. 3 . 2 EREBRICL D FHAEE

AW CHEM LI Fmo T EE, AOEFET LV EABEOH R EIREIZA7—
Y7L, AEEUNODEEFESIERICEDET LT, EELEREHREL TH
A BT 2 (Fig. 4.3.3.1 (2), FHURE R B ESEERTOAEE OB O L5 & KL 215
T, BHEEEM OIS L LTETVICANT D, BT V2 AW mHEIC X
T, BRI O DG E %15 5 (Fig. 4.3.3.1 (b)), #tH SN HEEN /1 FRI0E
CHHEFEIT. M EORIERME L 2 ik 2 2 LIk, BEHET L ETHEIT &K
WEDOF A MFETE D, EERIZZWE G TR O EIT-CIRIE O f M & FIER
EEREBRL, A—EOEARERHEORT v IR, HEHEREESE I L TAE
FIAER O 2L E 2 T 5, BT ERZ WG B2 WGEIR, BTN
52 3IE LW BIROBESGHEE TS D, B & G oA B EEE O FHCR LA
—% L., HORNEHRLREEOEWHIMER LS55 E T Fig.43.3.1 (). (b)and (c)
IR END FIRZMEEY KT, FHFBAERICE VGOSN AE L FRIRE
Z =Y, DAL OFRIERIHE & i 21T FIEY X 7 287 5 (Fig. 43.3.1 (d), F
7o, BBUCRERIERPAHoeEiid, R ZIC TE T, HEOMRPHES
No, RBRIZZO LD REEOERPHFE LN FHIIH LT, EEDOEERT —X L F
BAE RN 8T 2 £ CRREK AT,

Input the posture and
speed of head before
collisionI
(a)Accident
reconstruction (b)Reconstruction with

head FE model

l Dynamic response is compared

not with thresholds of head injuries

match

T
Fracture
Concussion : XX% &
) B

moderate DAIL:>or<50% |

severe DAI:>or<50% match

Contusion
(red area)

Contusion

(d) Prediction of concussion
moderate DAL severe DAI (c) Comparison of reconstruction and
actual fracture and contusion

Fig.4.3.3.1 2WriE D 7= OFESHH 7k
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Case 1: ZZHEHHL O]

45 F BN BERE CTHEITH, B ECIRE Lo s as o L, AEEITAE &AM
BaEirL TRy, BHE CT 2 b AHEEEIr. AT Es R o, kb
KF, Glasgow coma scale(GCS)i% 14 s(E4VAM6) Th - 7=,

REIORKIIAATH L7, AEEN AT AR LI EBE L THELLTZ

(Fig.2a),
Osec

0.3sec 0.6sec 0.6376sec

Fig.4.3.3.2 Traffic accident reconstruction results
Case 2: 22 DB >

0.4393zec

Fig.4.3.3.3 Fall/fall down accident reconstruction results
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HBEOH R, (KE, O NER EOFERNH Y | BRI LEAET BT, Mg, ik
TR, < M ORIERCEAL e E)BNEEN D, CT & MRI T —4 Oft, &5
OEFRORRE D ATREZRIR Y 5 L < fldli ST\ 5, Table 4332 1278 L7z & 5 ICH5H
B DI OB L ERTO AR, [HHE, WHEEE 2R L7,
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Table 4.3.3.1 ATF L 7= 8 JEF DML

No.

FHAES

S PR TR | B SRR

HATHE vs H (SUV HY)

éfﬁ’?qﬂ\ 40 km/h DI =L
: i WS, FoiEREE
SmEREEINZ :

B v # (SUV D)

L L FCAEREE, L
BT, 20 kevh O L Bfil, "

S mAE
m RS S ST A

AT vs B (¥ v—)

él&ﬁMmm@&7v~&%é
| fi, § P
SmfREEN D & OIS |

BATHE vs B (RBH)

BATRIC30m AT SN AR E O BEL

WATE vs B (RIH)

a2

Wkmh OEEEE  AOANEZERD, &

=2

WATHE vs HLO(RBH)

st

A ER AT

& v N 4 W
60~70 km/h O Hi & fE52 ;j AR, A 75507

|

- BEEE vs # (1IBOX )

BREETR, TRy s AL

(LIES

WRFEAR T, SR

=]

HiiRH vs B (<BH)

éEhoEw\éﬁﬁ%éofﬁ
F R AT, H L S g TLES
' [ TOERT L IpoTm
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Table 4.3.3.2 MADYMO Z AW CHEHE L7ZEEELDOEK /ST A —X

Angular position [degree]

Angular acceleration [rad/s]

Linear acceleration [m/s]

No.
: X y z res X y z X y z
1 -114.41 -19.44 1.61 7.88 -6.89 2.58 -2.81 1.51 7.44 -3.18
2 -117.13 29.98 -135.58 8.42 -5.81 5.86 1.70 -0.51 3.95 -4.02
3 144.19 -63.77 204.87 7.97 -3.43 -6.28 -3.50 0.03 0.91 -0.66
4 461.04 5.25 -161.92 17.74 3.63 -14.20 | -10.00 0.63 14.29 -6.69
5 280.82 36.09 157.07 30.91 -14.17 25.40 -10.45 4.27 4.02 -5.04
6 612.31 -12.56 -36.04 25.17 -23.22 -9.34 2.58 0.98 5.44 -2.93
7 120.65 14.48 -225.62 3.84 3.73 0.21 0.91 0.69 8.70 -5.73
8 123.40 37.20 -182.69 3.99 -0.61 2.25 2.09 2.90 1.38 -4.74
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Reconstruction by using Reconstruction by using
human whole body finite element human head model

numerical model
Parameter .
0(') vm
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43220 T, BEFRBELE VR SN ZEE (OR) N8 L H2ET 5 EATOEHE
B BEE.O O - BHREE R L O RO - BEsINEE L2 A7 —2 L L
T, BEESATRESE T T V& AV CHEEREZE O BRI 217 - 1=, JEGI LR S R0
SR SN - EZEROFEE oW - [[ERINEE A Figd.3.2.3 (277,
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friction coefficiant:0.4

friction coefficient:0.5

Friction coeficient 0.6

friction coefficient0.7

Fig.4.3.2.2 (a) The throwing motion of two Judo players reconstructed based on video of case 1.
The upper still photographs are from the game video and the lower still photographs are from
MADYMO simulation.
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friction coefficient:0.4

friction coefficient:0.5

friction coefficient.0.6

friction coefficient:0.7

Fig.4.3.2.2 (b)The throwing motion of two Judo players reconstructed based on video of case 2.
The upper still photographs are from the game video and the lower still photographs are from
MADYMO simulation.
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——friction coefficient:0.4

80 ——friction coefficient:0.5
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60 ——friction coefficient:0.7
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(@) Translational accelerations s obtained from MADYMO simulation of accident case 1
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g 4000 ——friction coefficient:0.7
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(b) Rotational accelerations s obtained from MADYMO simulation of accident case 1
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——friction coefficient:0.5

friction coefficient:0.6
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(c)Translational accelerations s obtained from MADYMO simulation of accident case 2
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o
o
o
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——friction coefficient:0.5
friction coefficient:0.6

——friction coefficient:0.7

0 0.005 0.01
Time(s)

0.015
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(d) Rotational accelerations s obtained from MADYMO simulation of accident case 1

Fig. 4.3.2.3 accelerations s obtained from MADYMO simulation.
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1 FREEDIRFI RN R

12 /7 — A DFAEE 22 O FELAEATIC TR L 728850 /12 0)8 % HIC & GAMBIT, B X
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HREIRE X LT, 7 e — Y U T 256 OO ) FHISEN R bR, 71
— U 7 EMBICHRE T A G A A FEO ) FHISEME T L, 7 v ¥ —7 = /b b ik
IR 55 AIE S HITIR T3 2 m s 7 bz,

Table 5.1.1.1 BERIS K OUHZE N O S1FRYIRE

TIFHIIE

RGN PR S —P 2GS O 7
HIC GAMBIT () %)
Ta—Yy 140 0.249 8.68 26.8
JEE 4SSN A= IS s 128 0.209 6.84 22.1
T U —T x)b b+ | 103 0.166 5.83 20.6
Ta—Yy 272 0.342 7.04 21.9
) Tu— g 258 0.308 6.98 21.3
T UHE—T )b b 175 0.235 6.09 19.1
Ta—Y 392 0.355 8.75 31.1
DFETE Tu— v 293 0.275 7.02 26.5
T A =T 2 )b b R 191 0.194 459 17.1
Ta—Y 480 0.370 7.74 25.2
BRI L 7a— U T 345 0.283 6.46 22.5
T A —T7 )V M| 220 0.212 4.89 17.2
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B U728 0 S PR 2 VT, BEE BT, MRS, MRS ORIE Y R 7 %5
BLCHB L,

HIC |2 X D BHZEFBITIE Y X 7 OFHEiAE R 4 Fig5.1.1.1 (IZnd, 7r—Y 72
AR 9~ 53556 OFHIifE RA EUEL LT 5 &, 7r—U 7 EMEICERE T 254 .
ERHEA, B0, 2T E EEAH LIS K 2B TIZENEN 10.5%, 6.7%. 24.1%.
17.7%W0 L, 7o 2 —7 = )b b ERBICEME T 535513 29.8%. 47.1%. 58.5%. 53.4%
B L=,

WIZ, I —B RIS XD IEEFIE U A 7 QRS R % Fig5.1.1.1 (b)) Lz, 7
n— U BT DG OFMMER LT 5 L Tr—U U EBICEREIT 55
B EBHEE B oFTE LS LI L DERE T E T 31.6%, 1.4%, 29.3%,
25.0% L, 7o H—7 2 b ERRBRICHEREIT 251X 46.78%. 20.5%. 62.7%. 50.7%
Wb Lz,

OF AU K DR ERIE Y 2 7 OFHEASE R % Figs. .11 (IR d, 7r—U v 7|23
B9 H8A OFHMEFE R & e 5 &, T u—1 U7 LRBICIRE T A BiiE k.
W0, DETE LEEAS LI X DA TIEZNEN 27.8%, 4.3%, 24.9%. 17.3%I8 L,
T U H—T x )b b ERBICEREIT 25515 35.4%, 18.9%. 62.2%. 44.9%/ L7,

F£7-. HIC & GAMBIT IZ & D WEE OFIE U A 7 25l L 72 #5534 Fig. 5.1.1.2(a)-
ONUZRT, HICIZ X » TRHMli§ 255H & LT, 7 u—Y 724 58546 O b
Retigd 5 &, 7ua—0 o7 LBICEET 556, BEikiEk, B, 29l
A4 LI X BB TIEENEN 10.5%, 6.7%, 24.1%, 17.7%D L, 7o ¥ —7 =
U b EHREEICHERE T D541 29.8%, 47.1%, 58.5%. 53.4%E/ L= Z ERRA LT,
GAMBIT (2 X » CTiHliT 28R & LT, 7 u—U > ZITHRBI 2 854 O l#E R 4
I HE, 7u—Y U BRI T 256, BERIER, B0, oFETE LA
LI & DM CIXZE NI 48.5%., 36.7%., 67.1%, 682% b L, 7o X —T7 /L k&
FREIHRE T D 581% 75.1%, 79.7%. 91.3%. 90.0%J8/ L 7=,
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5. 1. 2 ~y RNV RO R ER R
<~y RV RET LIZONT >

AHFFECHEBL U 7= BB E O SHERE 22 500 (Fig. 5.1.2.1 (a))Z B8 L C, EHEL D 9
DOOWEEMEH D LI~y FAY RETAOEZ G L~y KN RET V24
R U7z, TERL LTz~ RN RET L% Fig. 5.1.2.1 OIIRT, ~v RV REF LT
RNEERY Y v REETHEKR S, ESESmm Thod, ~y RV RETAEFE ML
SHHRE T /L % Fig. 5.1.2.1 ()lZ/RT,

o

.“..,ii!
i

(b)~> RNV RETIVEIEEET WIAHT Ik 1
Fig. 5.1.2.1 ~vy RNV RET /L

AHFFETIZ. ~y RN ROMEHZ, KAk TH 0 | B8O & O EERE A 2 Fo
EVA Z{afRkZ 8 A 72 0, . T Z TlE EVA 1B OMEHEEZ 15 5 72, EVA J87a et
BR A (Fig.5.1.2.2(d) &2 B D FITHE, ~y R7 4 —5A /37 X (Fig. 5.1.2.2 (e)) & iR
AT F &7, 3 SR (ASE-A-500, HFEE) 2~y R7 4 —LA "I X
DELEICHE L, 0.5 mDESNOE FIET, HEROMEEZNE L, % T
RBROFE T % Fig 5.1.2.2 (T3, % FitBk & [F4lE o FEMT(Fig.5.1.2.2 (2) %17 9
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728, NIEREEHE Z VT EVA R OFREHRET L AER L, % TRBRE 0 ES
NTMEHRREZFER L, ~y R 7 4 — LA VX7 BT IVONRER I & el LTz, i
WIITR < —& L, EVA B ET7 /LD 42 R LT (Fig.5.1.2.2 (h), % FikBrR D
#5572 EVA B8IEM O EHREZ ~ > RN RETVIZAT LT,

(d)EVA J&{abf el

Ny RT 4 —bA N7 D
Ny RT7F—IbA T4 T T B S LT
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Fio. AR TITENOBEEKEZEEL TWAHID, XA VEARMTa—Y 7D
2 OREET VEERK LT, Z A N OIKRIEETT /L% Fig. 5.1.2.3 (b)IZRT, AL
B O BHRFEIZ DWW T, BEER OB 2S5 5 & L CIHEBLOE S O P2 FFOT A7 7 v
NOMEMFEZBER L 9, K7 o —Y > 7 ET V% Fig 5.1.2.3 IR~ T, FEN
DKROEEE B L, KREOEBM O Flcoe—) v 7 &2 | Mo FIZITE KR
N HEEZFR LU-, BAOHET 40 mmX60 mm THY . FFEIX 303 mm TH D
B, K7 o—1 v V2T VTR GHEHERET L TH Y, Jessome D DO EHFME
R L7z,

AHFFE T > RN ROFAEBIRE RN R 2 B2 0 TRl 3~ 2, 22580 2N AITEAER
RISES, BHTARS, $RENH L 72— A X0 | S B9 2 BT O A R EE A3 e b
REWS 1 r—RAZ&E LT, BRI & 22 >F & (K8 o), MEEE & 72
L9 (L8hb), BIEME 25 EMER (K8 a), BB L 2 ERkiER (L8 d)
DOEFBUFER L0 ) ST 5L E AT O LSS S E O O EHE - [RIHE A 3 &
HHERE T M AT T %, B A 2 M OREICHE R S, ~y RNV FEEH LTESE
EERLTOWARWGEZ IR LT,

(OARHTZo—Y 7 ET IV
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Fig. 5.1.2.3 A8 RF D SHERET 54 F- 8

AW CIXTEES & SHBEN O S FHISE 25 A L, SHEB BT, IS, IR O %
SEY A7 ZFE Uiz, 2 B OKEICEET 2582 1E L, S OFTEERAL 2 #72
% 4 SOOEFEEE G E LT, ~y RV REFHALEEAEEH L QO RWEA
DFRENEZE 7 N ENHB L (2216 ¥—RA), TOHFBMITRERNOEHIN= )
FHINEERANWT, SEOFHIMEDFIEY A7 ZiHE Uiz, ~» RNV REFRT
% LK o TEROFTTIMEDIIE Y A 7 OELB R SH, ~v F30 ROFEES
15 DI 5 2 BT L 7=,
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5. 2 W BRI HOWT
5. 2.1 MEERIEY A7 OFHE
2 ODFERAFRA LENEZOIEM 255 L LT, FEHEOEEREE 0.4,

0.5, 0.6, 0.7 I[Z48& L TIEGIFFEMAT 21TV, ol B O BRI IMEEBIE Y A 7
B LT,

KR FEE 2 W CIMEZ OFIE U A 7 OFHMEifE R % Fig.5.1.2.4 ([ORT, BEESR A
0.4-0.7 OHIPFAT 0.1 DA TEALT 54, SI. HIC, RIC, GAMIT @ X 5 72 s i 2~
—ADNTG A—F PR E LT, IMERRIE Y X7 25l L72#ER%2 75 & Case

D FAMIC S F

1 TIXZEINFI 28%. 23%. 1%, 9%DZEENH Y | Case2 TILZILEIL 7%, 6%, 6%,
5%DEE N D, Case | TIXFILEIL 5%, 4%, 1% DEE )N H Y | Case2 TIHED 2%,
%, 2%DZEE L7 uy,

Table 5.2.1.1 Head response of concussion cases calculated based on acceleration

Friction coefficient of

) Sl HIC RIC GAMBIT
tatami

0.4 210 213 317 0.27

0.5 260 236 384 0.29
the accident case 1

0.6 319 293 422 0.31

0.7 287 263 409 0.29

0.4 393 360 683 0.41

0.5 432 401 610 0.42
the accident case 2

0.6 419 391 543 0.40

0.7 408 381 456 0.39
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Table 5.2.1.2 Peak head response of accident cases

Friction coefficient Strain rate von Mises stress
Strain
of tatami ™) (kPa)
04 0.22 22.41 6.18
0.5 6.41
the accident 0.22 20.97
case 1 0.6 021 513 6.46
07 0.25 23.15 6.91
04 0.23 4591 7.53
. 0-5 0.23 43.89 7.44
the accident
case 2 0.6 0.23 .53 737
07 0.23 40.33 7.16
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(a8) Injury risk obtained from sensitive analysis of the accident case 1
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(b) Injury risk obtained from sensitive analysis of the accident case 2

Fig.5.2.1.1 Estimated injury risk obtained from sensitive analysis of the 2 accident cases
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5. 2.2 MRRHBERIE D X7 OFHMm
<AL FHLDOH] >

45 FBYENBHERE CET, B ECRE LR EFHR L, ABEIXAE AN
BEEPIL TR, B CT MO AEBEGI. ARG R b ivic, KRS,
Glasgow coma scale(GCS)IZ 14 (E4V4AM6) T - 7,

MBI OFRRII R TH L0, ABENNT U AZR LI EEE L CHBLLZ, CT
ETHRAESNTEITENL & BB R DHEE L7 BT L % Fig.5.2.2.1(b)iZ, MRI £ T
bt A5s & B2 S AT ERAL & FRBLRE SR 2 HHEE LT IESIL & Fig.5.2.2.1(c) ¥, BT
HALITZ WG ® & FE—E L Tnie, IEICBI LT, IMEE £ 7 L O RTEHERIC -
318.2 kpa DJENNFAL TIEY | LRTEENICI T DR ETIEY X 7 @ & HEE L
Too THHERTEEEICIMEZRIE L THD E W BT E —&T 5, F7/-, MPICRE
L7l R —E ZIE 7113 9.08kpa TH Y | IEZOFIE Y A 713 54.1%, FE DAL & H
JE DAL DFIE D A 71X 50%LL F EHERI L 72, S 612, PR RITEED DAI TH D |
EARE R 30 min BATFIC72 2% &5 2 Hivd, EBEICIE, HEERFOAEHR IXERE
HCThH ool FHRAERITFEEORILE MR L, £z, MITE, MG LKt
TIOOFERER G, FELEE DAI ORIE U A7 OEWE D & IRt TER LT (Fig.
5.2.2.1(d)) (Fig. 5.2.2.1(e)).

left | high risk of
skull fracture

transverse -
plane

I low risk of
skull fracture

(b): The site of the fracture on computed tomography (CT; red circle) and the simulation results
of the fracture site (red circle). »¢The gray areas are the parts of the head model other than the
facial bone and skull model
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high risk of

right left s
contusion

low risk of
contusion

(c): The site of the contusion on magnetic resonance imaging. The possibility of the occurrence
of a cerebral contusion in the left forehead, which is shown in blue, is high. ¢The gray

areas are the parts of the head model other than the cerebral model other than the facial bone

and skull model
high risk of
moderate DAI
sagittal plane
(left) (mifldle) (rig] i
41 l 3 "‘
| low risk of
moderate DAI
(d): The high-risk areas of moderate DAI
, high risk of
sagittal plane severe DAI

(left) (middle) (right) I

(e): The high-risk areas of severe DAI

! low risk of
severe DAI

Fig.5.2.2.1 A traffic accident reconstruction and risk evalution of head injuris
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<A F D fF] >

80 LB H A ST B DK 50cm ORISLA B I7ICHEE L-Fica HE L=, /£
ATSEE IS . (R BRI BT & B2 T i 2 580E L7z L 2 Stz SRBERE, GCS3
(EIVIMI) Toh > 7o, ABL¥ HICHFRIRT 2 & BEOMECIREE & b IR 2o 72,
7 H#ZIRBE L., MRS HRRE L 72,

ERENAIHTH D720, HEICEE L2 EEBELTHEL L, CT BTSN
BIHAL & FREFE RIS K 2006 RSN B I3 AERML & Fig.5.2.2.2 (DI LTz, BT
MITZWIE R & 1ZIE—B L T\, GO BBURE R Fig.5.2.22(0l R L7 X 91T,
N 5EE £ 7 /L D LERTEAERIZ-150.7 kpa DBAERFEAE L TWDH DT, ERTEENICI T 2K
PAEDFRIEY 7 AREWEHEE Uiz, 2 b AEREEEICIMEEEZIEL TWD L)@
Wr& —2d 5, MIIZHELTEHRRKI —EBRIENIE20.8kpa TH V| IMELZDIIEY A
7 1% 96.4%., FE DAL OFIE Y A7 13 50%LL . FHEEE DAI OFIE U A 71X 50%LL F T
D, FHFEAEREN DB AFREIX 30min LLE 24 hr LLRIC722 5 ATREME D VY, FEEROD
WILTEES OB AR 24hr TH o257, FHERERITERORD &8
—H U7z, HEMAERENDHELEE DAL FIEY A7 O @Oy & IR TR L7 (Fig.
5.2.2.2 (d))s

high risk of

I 7g right left © skull fracture

()

low risk of
I skull fracture

(b): The site of the fracture on CT (red circle) and the simulation results of the fracture site
(red circle). »%The gray areas are the parts of the head model other than the facial bone and
skull model
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high risk of

contusion
transverse
plane
(left)
(right) low risk of
contusion

(c): The site of the contusion on CT. The possibility of the occurrence of a cerebral contusion

in the forehead, which is shown in blue, is high. ?¢The gray areas are the parts of the head

model other than the cerebral model.

sagittal plane N
(left) (middle) (right). *

(d): The high-risk areas of moderate DAI

high risk of
moderate DAI

low risk of
moderate DAI

high risk of
sagittal plane meers [k
(left) (middle)
(right)
low risk of
severe DAI

(e): The high-risk areas of severe DAI

Fig. 5.2.2.2 A fall/fall down accident reconstruction and risk evaluation of head injuries
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5. 3 AR IMEEREREE ORI L

4 8 SEBI DTSR b O F ARG ORI 21T > 72, GCS & iX. BHESIMED
AU OEBEEDOSEOT-DDIETH 5, 13 SLL EEZERIE, 9~12 A2 HEE, 8
LAIFZEIEE LTWD 9, BIEDIERIE CaseNo.3,6 & 7 TH VY . PEIEDIERIL Case
No.l, 2. 4 &£ 5 TH VY, FEIEIX Case No.8 Th D, fEHTHERIC X > TRHM#EF I Table
53.1 "7,

Table 5.3.1 Zy#rfs &

Ho. EfEL BT
FERRY/FTOE  SERRN /TR B
0128 EAEAR | AR - g
A HEEA : HIRREA j i
201536 il f fal, : Tl
201310 Bl . nL | ~grE
il - : ~ AR
My GEmC HET . S
I : _ =L
B . | ~
A3 EEEW AT _ P8
D12-6 EHEIER 3 HATER : L R
BEEE EHRE .
WaT2  EEEENS 0 (EEEEEC L
ENGAES )
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6. 1 HHEOIHIMETIIFIEL LT

Fri€ Lo m OS2 f3 L, BESME 233 5 LT Bkx ZRERESME T Fik
DR A ERANZFM L7, AWFIETIE, M &~ R/ R OSERSME RN R 2 7
i 27z, BRI~y R F2ERT25m 2 80E LT, RAR Lciafl Fiz i
B U7, B ETZIEI A~y BN FOFEIZ L - T, FEOEHEIMEDIIE Y X 7 DAL
A L7,

<KL DBTRE RN R FAT >

ML DB N R AT T DI12iE, 7r—D 7, 7u—U v 7 BB LU0
B —7 x )b b ERREEOD 3 ORI 2 58I L TR 21T 72, & bIT, EkiEk, 8
D, DETELEELILD 4 SDOREIRB AR L, B &R OEHEEZ L I 2 L—
ATV FRULT, FLT, Y Iab—3a RN NFNRISELREE L, BHE
HEIT. MG, IMEEORIEY A7 ZHH L,

AWFFETIL 4 FRER OB LB 2 8L L, B0 L IR O/ZE235 B L Cotr L7z, i
NEE 2 _N— 22 LTl A HIC [EGRD & 7a— U v 7IZiRET 2545, B
I LN K DHRE TITARKRMIED 480 2L, DF T &1X 392, ¥V 1% 272, EfERIT
140 THHD72VMETH D (Table 1), = DMOKEIZEREIT 27— A TH, 6 THHE A
oz, ZORKIL, B5A4 LS D Z DM OEAEIEED 1 9125 Ml 23 el o B
L., B OBEREEZMOIT 0 LB OND, BAI UIT X DHE TIERT ICERE L,
JEES, BRI ONETHM L7272, S~ OFERIIREL RolobD LHfEEIND, 5
(2. BEAAR UIZHE L 0 16em RV & 2 AIZEM L2720, T LS &
HIC % & < T 55K TH 5, HIC I Z W IEE B E I ORI Y A 7 OftF % Fig.5(a)
ZRT, EORIEICHRE T 256 CTHEAS LIZ X 8B CIXBEEE BT OFRIEY 27
VA3  SYT=IIAN

A EHT 5 Z L1 T HICHEOIK T3 LOBHEFBITRIE Y R 7 OREh R
MR LN, FRHCT v 4 —7 =)V F EBICEET 28548, 4 DO —2ADFEZEE BT
FIEV A7 IIRELWA LIz, TDId, 7o 2 —7 x )b b LB O AE H DR
IRNDRKRENZERHP L, Lo, AMFETHELZE 12 7—ADOHT, FHO
FEIE Y R 7 OFEKEITHED 7.5%TH Y | FEERITHIRRIET 2 /RethihEanb o b
Hezra b, TORKIEL, ABFZECRE L 72K OREIE FTHM A E T bz,
HIT SR ORI L A REOBE RN H 0 B2 5 & ARtk eo72 b
DEZEZLND, BHO DX THHMO® L IREEELFESRICL T, BHHBF I —%
03-1.5m DE S NPb 77— U7 EOREICHE F S, ZOREE, 1L.5Sm DEINH
KT LTHEETFITOMRALZEBZ TRV D, DI EOREE L | BAROHEITE Ol
ERETDHA . EBICHZE GBI ORI O alREME IR A, SRR T HEES O 18 & fEfn
TONRAERD, HEFEIIEY A7 ZBFTEH 2oL, 2720, 4
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BILMEECMINL 72 ERNICH 5 @ G T 2 @k VX —FH B LA TICB N T
BHEh RO EIT > T MLERH B,

WIT, BfEFs L OMMER OFBIE Y A 7 OfEFR % Fig.5(b)-()lZm LT, IO
T, 7r— U U 7T 5 — A LT 5 & B AEH L2 Ga0RIEY 22
DWW WA BN, Bk, >ET & AN LICKVEH T —A T, 72—
V27 EBICERE T 25/ BV T 25%-31.6% DI N A b, T X —T7 b b &
MEICHRE T 25413 46.7%-62.7% DD BN RS 7z, 180 I L M Tk, e
JEV AT DT T N THoT=N, T X —7 )b b ERBICERET 55515 20.5%
DR R ST, MEZEDOIIEY X7 MO ERNS b OB L > THRIEY
A DERN R OTz, 7u— U ZCHEET 57— A LT 5 & Bk, oF
PTELBANLICE DB D7 —ATIE, 77—V 7 LBBICEE T 2550
17.3%-278% DIV N RS, 7o & —7 /L b EMBICERTLIHASIIFAEN
35.4%-62.2% DIV 3 L BT, W0 X HEE Tl IMEEFIE Y X 7 O 37
WA T A =Tz )b b EMEBITEAE T D551 18.9% DI R A b v, T b O
Rn, 7=V U BT 550 I EDORIEY 2 715 36.7%-51.7%TH Y . K
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