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WX AX7 1) — POBRERKICRIZTEMEERBNZE

JIl & s\

BE:RCEEIOL ) - bOMMBRIIRM, BEHOBMRKLERBOM, 1
REOREE2ZIZ L), BMRKOERELHABAMBE L O (BERKT) i
TALPKILEBERPEOCCLERE LSS, ARRXZOBHEOEFEICONVT,
SEEEBEDC/MAIL 2 ) - FORBRER LRI LEER, 1) BEGKT 25
BPRERMFICLSTESDZ2HDDRMMITIT LA Y MAEDNE WERD T 21
MICHBZL, 2) HEOHENPST=1 TROLEANCEABOELBEEETE2
AV PKEORADNRIND I EBER2HESHICLE.
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1. FC&IT

A7) — b OBMEREOEMICIE, 5
RZBVDHENREINTEE, 20—2
IRERICES BN HERTH>T, ACI,
AIJ RO CEB-FIP IKEAXATHL
T, APV —-MNOEMRE, BEHDZ Wi
BHOERESECHETZ20TH AR
Vo fho—DRERIRAKETIL S —
MOFE MR R EREMOSER L MM
REBICESWCHEERICL > THMT 2 &
DTHB. ThLOEAREBEET VOEER
TEMERELIDBEIPNATEDY, BEIE2BER
TR ZOMEEH R L RoTB O,
FEIEEORRZMBEMERAWEI Y Y
D—rDOERE»PSI V7)) — b OBMGERIT
JERETRE L b & AR R M DM RS L O BIf%R
BPRWCEERELD , HAERMOTLUR
ERELCZOERANRERA 2R =8,
E-HEOMEM L T 2Hashin-Hansen £
FVEODWTHEMXZHER L, Z0OBE, #
REHMOBMERBL ML D KEVWHEDOH
ERHRELTWEDIIHNL, LD
SVWHACNLTOEATER LS ICHEAR
FHZILR L. TRDE ML SHOBME

37— b, MERK, RAER, BM, HRB, AL ki

BORNCERRLSEMESCERZRORERD
HHETHEZILERLELEY,
IhSDHEAERBELELESE R LT B
MEwmICIM LT, BMERBEICERT %
a2 ) — hOIFEHMERIZEE D Z ORI
CRIETREIZTRINL TRV, #AET
WHBERBIZR->TH, FNEDEFT VNI
) —brENRIIERALINTOWRWEBIZ
HmMRGRERRERoTWVWBZ LITMAT,
COFBUEEFHOREIEMD ALShTW
BRWZLIZHZ2DEEbh 3,
FEEHIIERD CTHAHERICL 2R
HEMEIZERDa > 27) — 0tk
BT 2MERBEEATEZLICLST, &
REC-BEEREEER2EBONZILE2H
HELE. £, FORBERBRIZEX Y bkt
CEBRNBERICHEILERELES Y,
AKBEIXSICETWHDOERT — & 2 @RiT
U, ZOMIEERBE X > kO BRICD
WTHRES LEHERZDERRZ23DTH B,

2. 2RBREE
ERT -V IERD 0N, HEMSER
MEMAIZEYV 30-50 % ZREAONE L Lz,
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LTICZ0BMEBR2ELHTHEL,

2.1 MHEEAE

EAVF BBEBRLVIS Y REAY D

B JUBAEE)IE, KL K 2.5 mm,
RYGBEE 2.56, |KE 2.66 %o

R SUEEERJIEE, 5 -25 mm, REEE
2.620 —BEDZWAITREE, ®OHT
rEDREICES Lz, &RV —
ZDKEREFR-1IITRT,

e kAT MEIE 40, 50, 60 %o
WA EEFEEI 30-50 %o
AERER-21T7F,

#£-1 JIIBDFOKE (%w)

B ki (mm)

No. 5-10 10-15 15-20 20-25 25-30
1.1 25 25 25 25

12 +25 25 25 25

24 **38 - 62

22 - 50 50 - -
23 25 30 15 25 5
3 25 25 25 25 -
4.1 *33 - 67 -

4.2 * 67 - - 33
5&6 20 30 15 35

7.1 *67 — - 33

7.2 *33 -— - 67

(*:5-8mm, **:8-10 mm)

£ -2 AEBLTHEK

g | WIC |[EVH VA Va ki
No. (%) |2 AV b+ [%vol] (H)
1.1,1.2] 40,50 1:2 30- 45 7
2.13 | 40 132 37.1-495| 14
3 50 1:2 30.5-45.7| 7
4.1,4.2| 50 1:2 45, 50 14
5 40-60| 1:1.5 40 28
6 40-60| 1:1.5 40 28
7.1,7.2| 50 1:2 45, 50 28

(*: JENAREE, vaaa > 2 ) — FROBRSEE)

2.2 RELRE

FAVYERMIFYTELIIVERD, &
BA1IARKICETZENYIVEFEDDSKRIZERD &S
F, FIEOBAEZMITERY ZTR 2.
ZOENVINVERHWT, 27 VU—FLA
LH4 X (F10ecmxmX20cm) DENVF IV
RREGERLE, AREIBZREIARTOT
Hbo

TiAH 2 HiRICHE, BEKPREZIT
72{:'37:0
2.3 E®HER

KBAEOWMAHEHICESH N> 2RV 7
LoV A—H— BHEZWIEAT V&I
D, EEEEHAIL =

3. RREROEKT

arr)—roEMBRE (Fc) , EMR
ED1/3 DILABICBTFRENZIVETLD
)— hOEFEHMERE (Em, E) 2R-3
CRT . RERIAREEIARLVBONEHE
DEZETH %o

4. E®

4.1 EaBRLEURX

HEMOBMMRKFAMIIT L TN D2HD
HAETVHREIhTCEE (K-13H) .
%l 2 12 B & KW & X N B Hashin-Hansen €5
WORIEK (1) IKRTEITH %,

[ VmEm + (1 + Va)Ea]

FEc= Em (1)

[(1+ Va)Em+ VmEa]

Ec, Em, Fa : &1, R, B4 OBIMEIREL
Vm, Va : B4, BM OEEZE X,
(Vm + Va=1)

Y
T
x -

(@ (b
X-1

C st
A i

Hirsh Counto Hashin-Hansen

#HAETNV
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X (1) OBTIEMODEESEED 0.5
UTOHE, BMEERLESEDMMRE
COBRIZERICEWV,. EEFIZChIZCEHL EB wc Va Fc Em E  E ]

®-3 EBRER

K (1) OERICEZITHN-2a IIRT & Ne. [X] [#1 [MP [Gh [GR) [OFy
SICEMR (2) 28WE, 1.1 40 30 36.8 259 30.8 31.4 0.98
40 45 339 259 337 345 098
Ec =Em + k (Ea-Em) V (2) 50 33 225 186 244 252 0.97

V:EMOKREEEE (0.5 LLTF)

ko RE 1.2 40 30 371 247 312 303 1.03
40 45 335 247 350 33.6 1.04
RERRBEEETVORER (2) OEH 40 33 350 243 285 30.6 0.93
BNERBESICEAZINEZLDTH B, & 40 45 33.8 243 313 333 0.94
DRBKIIEM & M OMMERBLICIRET 50 30 246 217 257 275 093
53, X (2) GroEaETNVIIHNLTH K 0 45 233 217 273 311 088
ZEIPICFABILLLSoTHEATES O 21 40 404 381 275 353 348 1.01
TH%o. X (1) DHashin-Hansen £F)VIZ 22 40 371 379 275 367 341 1.07
w92 kzM-2 blcmd, 40 495 395 275 342 367 093

2.3 40 387 390 275 321 345 0.93

1 350 305 264 202 228 262 087
8 Ea S0 457 213 202 255 299 0.85
Ec 6 Hashin-Hansen model
" 41 50 45 289 254 314 341 0.92
'I' 50 50 281 254 321 353 091
Enz,< 42 50 45 336 254 314 341 0.92
O 1 1 1 1

50 50 30.7 254 325 353 092
0 02 04 06 08 1

Va
[a] BMEGRE Be L EMAEEEEE Va

S5 40 40 422 241 296 319 0.93
50 40 286 19.8 257 28.1 091

i 60 40 145 18.0 222 263 0.84

y = -0.3392Ln(x) + 0.9968
2

0.8 K=028 6 40 40 422 232 272 312 087

50 40 287 199 256 282 0.91
s 60 40 153 192 214 275 0.78

0.6

04 : ) g 60 40 183 21.7 267 29.8 0.90
1 2 3 4 5
Ea/Em
[b] WIERE k & BMERE L Ea/Em 71 50 45 289 251 33.9 0.92
S0 S50 279 25.1 351 0.91
X-2 Hashin-H EFNVOD i
ashin-Hausen LT OIMERRR L o s 336 25.1 30.8 33.9 091
4.2 3>V —- b EBEESHL Va: WRIEHEE  Fo : THRE,
WERY Em, E: BIV&)V, 3227 1) — N OSEREERE,

i ° Ec: MABRICL 2307 ) — MAREEE
w7V — b OB E R BRI S S B D Ea : 50 GPa (IBRI&EMOMMLE & &

BIIZ > TEKE» SANT EICMOE R TR CHEAHERICL>THEE, )
TOVEBIT, ERMBRED 1/30EHEICH s ¥ GER A M T
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2 MM RE (B EREHRE) IRAICBIT 2
ISR (BE.) LVWETFT2., COHRZE
BEMBEREICETZYA 70259 2ICR
2bDLINTVWD, HEETMIIHMMRICE
SWTEY, COBODERZWMDIAATNR
W=, EBREIDREVEESX S, TO
EIFZYUREo LD EXBVWTKREL RS,
UTRAKBESEDS EE2RITONZE LT D,
X () CL28EEE2EREICEDIT S
EOICERY CREERK Ig 2BDHEED
Er Ltk (2) oF2|EICELCTK (3)
2527

Ec=Em+Jgk (Ea-Em) Vg (3)
Jg NIBMOEHEIINT 2 M ERE

KA NEED 40 %P5 60 BIZKE L
RBE,IglhELrBZ L, TRbbMME
FRBIIHEAERELVETITZEEPKRED
WBElCHZZLERWELE, 2O LIEH
MIZBEET2RFHFELLTCELEILEZEK
T 5%,

STCZOEHEEBICHEKT Z2EAHERE
OREREERX (3) TRT IgDLIIEH
EBMOEORBIZT 20, HE0WIETHD
KX (4) TRTEIOICHEAHERESEDREK
ETEPIIONTIRERESHEIE TR E B
CH2. SHEMEBEONR LT 2B
rdiEy, MEEME2EENRE LEER
faoWE Y BREI LTV 5,

KmTRFOMERKEHEGHEREL2KD
BEELTHESIZLIZLE. MIERKE DM
BMMESADSNEKEAY NEZFOBDIRE
MICES5T2RFTIERL, BMTHZE A
VER=ZMNDODERFTHDZI L, FEESH
AiE L RERE L DB A BRI T 5I0IEZ0D
BDBMENPRNWI EREDEHRADPSTH %,
s kR (4) BAVWE.

Ec'= J [Em+k (Ea-Em) Va] (4)

—h, BAEROMLEANFMEZ BN L
LEEBEAEGR EIABIEDS RV
&, RFOLDICHERBORKMEZRZERT
ZHAICIEMESERR (2) TEBFTO
BHICEE kPEE L TCECH > THMET
H3Ze»5, Hashin-HansenEF )V DR
CHEMRKERELER (5) ZAVWSRZ LI
Lz

[VmEm+ (1+ Va)Ea]

Ec'=J Em (5)
[+ Va)Em+ VmEa |

T FERUEREENICBE T 2 MIE(REK

4.3 EBRT-—5ORK

X (1) ZAVEEMEHROEAHERE
(Ec) L ZhicHd 2EEME (E) Ott, T
BROLMERBI DEZFHBOR-3ICRL
o
M-3iCJDiEL AL MKEEDEKRETR
T

1.2 ‘
5 y =-0.104x" +0.5895x +0.1464 |
‘ R?>=0.4713 i
1.1 P
Y
7ot} 8
<o
8
09 F ©
g o
X
0.8 o \\
0.7 |y=0.1391x +0.625 |
‘ R*=0.4573
0.6 . &
1.5 2 25 3
c/w

M-3 ®WMERBI LAY bPKE

ZHEACLZEFEAERX (6) KTT,
Fhig LiomomRBERERIKRL, AT
KEDPNELRZIFEITHEOETOEENK
EL{RBILERLTWV D,
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=-0.104 X"+ 0.5895 x + 0.1464 (6)
y

FsEECICRERFEAZROEERZ
A (7)) TR,

y = 0.1391 X + 0.625 (7)

JOEIZRUEAY bKEEIZBWTE LT
LE—TIERWVW, EFIZIE1 I KREN
EVWISAEHERAIDROSND. ZhHIZIEER
BRAEDERDNNZ Y XEIMEAE, fidoL S
HRABOMNERECEST2Z2LDERIE
BLTWdd0eEZIbN%, ERT—HIC
DWTHE, TEVINVORAE, HMEMDRIE
BHBRE L TAEDN, ThesDE» ST
EONZYXOHEBERETERPOE,

ZITHREINICEHELE-ER 2 XR-41215
F %,

£-4 KkeAvih & BERK ()
WIC@% CW J¥# (n, o )
40 2.5 0.97 (12, 0.056)
50 2.0 091 (14, 0.027)
60 1.667 0.84 ( 3, 0.049)
(n:5—9% o:@ERE)
1.2
P:%MO%%+P&W&+OT?1
11k =
\ .
1 —X
J " .
0.9 o o O \
VEr @ Ty =0.1532x + 05917
R?*=0.9747
0.7 'l
1.5 2 25 3
C/W

X-4 FERBMILEAY bAHc/w

£-4ICLTVTH-4ICHOTHIER
BMIrtAL kb OBERERT. FHHE
ERNEIT, BEREOHWHAEHABNTRL
THd. EAEFICITFHEI K2 ZHERBIFRK
ERERBEAZRLTH D,

4.4 c/w-J RFEOES

RIatDZIEERNX (6) »5JT=1, T4
LDEECHEBEEE»SOEBEER LS
TEVWRADE AL bktbZRD B &

c/w =2.83 (w/Cc =35.3%)
L/FEoh 3,
CORFEEZM-4 FITE xEFITRLUZ,.
ERRICHEERRK (7) »okD3 L
c/w =27 (W/c=37%)
Dl I

H-4oobRATEHE NS LIFIER CMED
#oh3,

RBRONZYVFEHZD0T LEIBOELEAY b
KEDBRFMEEZPPREDIIHET Z2LEN
HDED, LZORY L LTKEAY M 30
% UTOEREIL V) —FTCRAFFRHK
EERTDIDENRNEDHRBIN TNV,

EhIhsoE/IBFar 7)) —hMoD
WTKRKOLNELEDTHD, Ak L >
HPSEEPRAMBEORRZIEMOHE
I IhSDELER->TLKDBDEELD
hd,

WINIELTHRERBZERETICES
HEAR 72 1 TR AR IR B (R B % R AT Sk B
HOEXAY MKEDBEETDZZENHLSHE
5

FRIOZLFIEEOBMIIHTZZ2DR
REE2ABIXOFEICL>TRDBZ L d5T
RETHBZ BRI,

ISHICEATZDLDI RIEAEAY MEED
a7 — NDERDS B ORARK D B
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MELTRBTI2HDTH S,
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WEEMIa > 27— boEMEEE 25K
UERERBIZEATHIERRIENED
1/3IC31) 2 SRR BRBREICE S 2 %,
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REBIKIIDES. Tho DFERFHIEMME
EHIIKETERNREEZIIOVWTOHMAIZ
Tz,
RFFETIEINBAL 2 ) — b 2RRIZ,
ZOMERKI LAY MKEEDBEFBRERD
FFRoAEHESPIZLE, TRDB
1) BA Y MKEDBNS 22T ERHIERK
Jixmd L, kX2 b 60 % (X
v Mk 1.67 ) Tik £ 0.84 £ 72 3%,
ZORDLDEEIFTE AL bAKEEDIE L
RBIEFEEPPRELRDIMERICDH %,
2) AV MKEDBHI LD REVWEAICIE
J=1, TROBMERKI ZEZRETIC
HAERETTERAKIIOY 2 ) —D
PR R M CE 2 I BRBI Nz,
3) ZD L3 E LAY Mk (BBRE) @
AP )—FOERPOKRETH D F
MO R E EEERIC K > THRRT
TROZAREMEDITRBETIICES T,
AKROBRRIIZOEAEHBEP L7 ) —
b OBMERBGEMICH T2 AT RDB
EMRELHBEEC IBENALLES
HRICLP2EROAELOEREIRD L
ERTEDTH %0
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