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Summary

Japanese-type rice transplanter have been spread so widely since 1967
putting on sale. About 1.9million machines are used in about 2.2 million
hectares paddy fields, in 1981. The performance of this machine already
reached enough level. But there are two problems relating to this ma-
chine. One is to develop the automatic self-feeder of rice seedling mats
for advanced performance. The other is to keep and standardize the
physical properties of rice seedling mats and bed soils.

Achieving this high performance or solving this problem, it may be
necessary to make clear the mechanical properties of rice seedling mats.

The main purpose of this paper is to make clear the mechanical
properties of rice seedling mats from the following five points of view.

{a) The mechanical test methods are examined and settled.

(b The strength and deformation properties to ithe deflection, dividing,
extension, compression and shear are examined ' experimentally.

(c) The interrelationships of those test results are investigated to grasp
the mechanical properties as a  whole.

(d) The factors influenced to those properties are analyzed regarding
as a composite material of roots and soil.

(e) The elasto-plastic behaviours of rice seedling mats are discussed
theoretically by assuming an elasto-plastic model like soil’s one.
Deflection properties of rice seedling mats was grasped by use of a

creep test under the dead load and a continuous loading test under the
concentrated load at the center of 160 mm span. The kinds of bed soil,
the planting density and the days for raising of seedling were regarded
as experimental factors' and were changed to several levels to vary
qualities of mats provided for tests.

(1) The two types of deflection test, one of them was simply supported
at the opposite ends of a mat with the dead load, and the other
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was fixed at the opposite ends of a mat with the concentrated load

at the center, were treated as easy methods to estimate the mecha-

- nical strength of rice seedling mats by the comparison with the
deflection at the center of span. It seemed that the . latter test gave
an accurate estimation to the mechanical strength.

(2) The deflection of mats had little change in the measuring du-
ration (with in three minutes) either above- mentioned method.

(3) The deflection of mats was remakably plastic.

(4) The deflection of mats was influenced by the conditions for raising
of seedling, i.e. the kinds of bed soil, the planting density, the days
for raising of seedling,the weight of roots, the water content of mat
and so on.

In the present National Test for Agricultural Machinery related to the
Japanese-type rice transplanter, only one estimation to the mechanical
strength of mats is treated by the measurement of dividing resistance
to five or six rice seedlings from a mat. It was viewed that ‘this test
was the most suitable method and how to represent the dividing prop-
erties of mats.

(5) At first, the dividing test according to the method by pulling
five or six seedlings apart from their own mat was done. The
experimental results showed that this test didn't give an accurate
dividing resistance of mat, with about thirty times repetations of
measurement, because the confidence interval of data with confid-
ence coefficient 95% was so large.

6) After many methods and devices on the dividing test were ex-
amined, one method that a mat was divided into two parts at the
parallel cross section to short edges of mat was chosen in this
study. In spite of a few rcpetations of measurement ( only four
times ) to a mat, the confidence interval for the dividing resistance
with confidence coefficient 95% became smaller than that of above—
mentioned test. So, this test might be able to estimate more accu-
rately the dividing resistance.

(7) The four characteristic values to represent the dividing curves
(load—displacement relationship ),. namely the dividing resistance,

the dividing secant modulus, the initial secant modulus and the
half —value width, were available to estimate the dividing properties
of mats.

(8) The kind of bed soil, the days for raising of seedling and the
planting density were regarded as factors on the dividing properties.
Moreover, the weight of roots and the water content of mat seemed
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to be essential factors. The following trends could be observed gen-
erally to these factors. The heavier the weight of roots was, the
larger the dividing resistance occured. Mats became softened on the
increase of their water content, The kinds of bed soil also affected
the dividing properties, so the selection of bed soils was very
important.

(9) There were close interrelationships between deflection properties
and dividing properties.
The extension and compression characteristics of mats became clear

as fundamental physical properties in the. sense of strength of materials.

The extension test devices were designed that test piece didn’t slip to

the supporter for accurate measurement of displacement. Test pieces for

extension and compression tests set horizontal to the direction of load.

All test pieces were failured in extension test smaller than 30 KPa of

extension stress, but in compression test most of them didn’'t so.

10 The tangential gradient of a typical stress—strain curve gradually
decreased in the extension test, on the other hand in the compression
test, gradually increased or might be regarded as constant i.e. a
streight line. Those curves were approximated with following equa-
tion.

O = GED crerereneiarreiatiiniiiian Peteteeeentireiaarn e trenaetneaatesoansntssntinsas (1)
where o (KPa) is stress, ¢ is strain, and a (KPa) and n are ma-
terial constants. The value of n is about 0.5 in extension and 1.0 in
compression,

{11 In the examination of extension characteristics using the value of
a maximum extension stress, a strain,-a secant modulus and a tan-
gent modulus showed that those had interrelationships each other.
The maximum extension stress could be regarded as a representative
of the extension characteristics of mats. The values of maximum
extension stress of tested mats ranged from 1.57 KPa to 17.3 KPa.
The values of maximum extension strain ranged from 003 to 0.32.

The values of secant modulus ranged from 19.6 KPa to 196 KPa. The

apparant longitudinal extension elasticity mod uli ranged from 27KPa
to 900 KPa.

(12 The apparant longitudinal compression elasticity moduli ranged
from 78 KPa to 402 KPa.

19 Deformation rate influenced to the compression characteristics but
little did to the extension characteristics.

(i The raising conditions for rice seedling i.e. a planting density of
seed, days for raising and a weight of.‘roots influenced to the
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extension characteristics but little did to the compression character-
istics.

5 The kind of bed soils and soil properties influenced so much to
the -compression characteristics but a little did to the extension
characteristics.

(1§ Arranging the differences between extension and : compressjon
characteristics, the former was influenced mainly by conditions of
roots and the later was done mainly by soil physical properties,
which was tried to account qualitatively by a simple model of mats.
The shearing characteristics of mats became clear as fundamental

physical properties like the extension and compression characteristics.

(7 The shearing stress—displacement curves of mats were similar .
to those of loose packed soils with low density. These curves might
belong to the strain hardening pattern.

48 The relationship between normal stress o (KPa) and: shearing
strength 7;(KPa) of mat was approximated by'the Coulomb’s equation

as same as soils.

® :internal friction angle, c : cohesion

19 In the characteristics index of shearing strength obtained from test-
ed mats, the values of cohesion ¢ ranged from 5 KPa to 126 KPa
and those of internal friction angle ® ranged from 25 to 44 degree,

@ In consequence of the analysis of effecting factors in the strength
and stiffness characteristics, it might become clear main factors
were the kind of bed soils i.e. physical properties of bed soil, and
the planting density of seed and the weight roots influenced to the
cohesion ¢ and the volumetric deformation K. An influence of the
weight of roots to the cohesion ¢ seemed remarkable in the low
compression region.

@) Those shearing characteristics were tried to explain with behav-
iours of a simple model of mats.
The interrelationships between extension, compression and shearing
characteristics of mats were investigated.

) It became clear that those had mutual relations each other as follows.

O-0s= 1.885 0 max — 0.168 (7 2= 0.93) +ererrrseresrrmmsrmnnmssnniinnices (3)
Ee= 145E; — 0.3 (7= 007) s+ererreersesmsessesnnsnnennniens (4)
@ = 66.14 O g+ 27.1 (7 = 087) ++orereerremmemseessinueimsnininninnianies (5)
€ = 074 Ogax + 0.44 (7 = 0.62) -rvevrrmrerrsnnrsssrmemmnseniceeine (6)

where, o-g3 is compression stress with- 0.2 compression strain, Ee
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and E. are longitudinal apparant elasticity moduli of extension and
compression, and o ma is maximum extension stress.
Therefore, the brief trends of mechanical properties of mats may
be able to grasp qualitatively by'knowing one of them, for example,
an extension strength. This seems to give some suggestions how to
measure the mechanical properties of mats and how to use the re-
sults of them. Based on these results, some simple test methods
and devices were proposed.

23 All data of extension strength as a representative value were re-
examined and mechanical properties based on above—mentioned results
were arranged. The values of extension strength obtained in this
study ranged from 098 KPa to 21.6 KPa. This range nearly overlapped
to the one of actual rice seedling mats raising in the farms. It became
clear by a reexamination of influence factors that not only the kind
of bed soils and the weight of roots but also the strength of each
root and the condition of roots distribution affected remarkably to
the extension strength.

@4 Furthermore, some qualitative considerations were given to the rela-
tionship between anisotropy and inner structure of mats i.e. condition
of roots, to the representation of elastic, plastic and viscostic 'behav-
iours by a mechanical model, and to the failure criteria.

Those experimental results showed that the deformation of mats
might be regarded as an elasto-plastic one in the quasi—static defor-
mation processes. The elasto—plastic behaviours of mats were similar
to those loose packed soils, for example, dilatancy and failure criterion.
But there were different in the low pressure and extension region. Those
might caused by the difference of reaction between roots and soil to
external forces.

25 An elasto-— plastic model that plastic strain occured both of the yield
conditions and the subyield conditions was assumed as follows.

% (g”)éf (U”)=F(Elzl) ............................................ (7)

where, ¢ is plastic potential, F is hardening function, ¢ jjis stress
and eli),- is plastic strain. ¢=f represents an yield condition and
¢ < f represents a subyield condition.

The plastic potential ¢ of mats was described an elipse in the

stress space.
P = f2 = (p—poh { 1+‘_Al;i2(.p_~l_'_p_o.)z} ................................... (8)

where p is pressure, 7 is second—order invariant of deviatic stress,

M and P are material constants.
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The hardening function Fis given by a following equation as a func-
b

tion of volumetric plastic strain eg and deviatric plastic strain ¢,

F om F oA P oooveerrneemniiiiien ettt e (9)
F= Foexp(‘fpb/“) ......................................................... ao
P = Pl eﬁﬂ(1 vféq‘ an
— (1 — % J Ny L T T TR T T TP P E P PRI PP
) —5 € uy
* = (ef.’g_e;fr)

*=0 (ef>ed))
V=10 <eb<eb)
V=0 (e‘gé 0, eg >e£v)
The hardening behaviours of bed soil is described by-FT, and P gives

a roll on roots to the hardening and softening behaviour of mats.
The plastic stress —strain relations was derived from these equations

as follows.
(o/B)"
d€£7= p 4 p a¢ ES?_ ag'kl.... (12)
(OF/0el)(0p/0p) + (OF/8¢e})(09/0r) Bojj Boyy

The elasto—plastic stress—strain constitutive equation was given by

aeii={ Biju
(p/F)"
+ p §0 ) p a¢ a¢ }dakl ,,,,, (13)
(8F/0¢})(8¢/0p) + (0F/0ey) (Bp/dr) do,; dopy

where E,—];ld is a elastic constiutive tensor. Especially, in the three

axial loading process this equation is simplified as follows.

a=\grpmpy+ & o
. (o/F)" 9%, .09, 9¢
; P 53 250 G5
9 (9F/3eD) (89p/0p) + (OF/0eL) (D9/or» 0p o  op
+ *21/6-%%)} 0501 ..................................................................... 14)

The qualitative and quantiative examinations fo this constitutive equa-
tion showed that this elasto—plastic model gave good approximation.

BIE # 8B
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Fig. 1.1 A rice seedling mat
for test
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Table 1.2 The performance of rice transplanter

1.2 HAER (= b) S e’
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2 % 4 & 6 %
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VE¥%R | & B | /F¥E | & B | R & ¥
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50 11.7 0.64 19.2 0.61 — -
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52 11.7 0.67 17.7 0.60 23.1 0.54
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4E E H i)
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£ 178 0.64 22.9 0.59 28.8 0.56
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Table 2.3 Shearing characteristics of bed soils
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& 2. 3R MBI RR e K+ &5 7 8 9 10 11
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Table 2.4 Physical properties of mats
£24 HBLU#<y bO#HR

A

wEES | BT Ty | T® | TS Jﬂ%ﬁ%’g"w‘f%
1 9 177 | 18 2.11 15.8 72
2 105 186 | 1.9 2.15 | 42.1 88
A3 123 189 | 1.9 2.23 19.7 84
T 4 9 175 | 2.0 2.14 37.5 76
5 81 150 | 18| . 2.50 43.3 87
L 6 108 155 | 1.9 2.02 35.3 73
7 108 188 | 18 2.32 23.9 68
8 78 181 | 18 2.15 30.1 112
KkEE 9 78 165 | 1.9 2.15 4.0 92
Mt 10 111 177 | 18 2.34 49.0 91
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Table 2.5 The change of deflection with time under the dead load
#£25 HERIBZ-OLA:DOEBHTIL

Eﬁ:tésﬁﬁEﬂéﬁ 24 25 27 | 35 | 41 | 48

No 1 30110 20| 50| 1.0 80| 45| 60

7 2 | 1.0 40| 50| 80| 55| 80| 7.0| 85
3 30| 60| 30| 90| 85| 200|155 8¢

#- 4 9.0 | 130 | 90| 60| 70| 95| 9.0 55
b 5 8.0 120 | 6.0 | 10. 75 | 115 | 80| 95
B 6 40| 20| 50| 70| 105 | 60| 6.0 45
B 7 1.0 45| 35| 30105 | g0 | 60| 5.0
Uo 8 6.0 9.0 | 120 | 6.0 | 75| 235 | 180 | 45
(mm) 9 70| 35| 50| 90| 75| 75| 80| 99
10 | 50| 40| 85| 80| 55| 40| 80| 10.0

] 1 05 20| 1.0] 10| 05| 00| 00| 05
g 2 | 00| 05| 1.0 00| 15| o5 10| 05
% 3 1.0 00| 05| 1.0 05| 105 | 95| 1.0
o 4 1.0 1.0 1.0 25| 15| 05| 10| 05
2 5 10| 10| 05| 1.0 05| 15| 00| 1.0
ﬁ 6 | 10| 00| 05| 10| 20/ 05| 10| Lo
B 7 10/ 1.0) 05| 00| 10! 10| 00 05
AU 8 25| 1.0 70| 15| 15| 15 60| 05
(o) 9 20| 05| 10| 30| 10| 10! 10| 1.0
i 10 150 1.0 10| 15! 05| 10| 1.0 15
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Table2. 6 Physical properties of rice seedlings and mats

%26 BBLUHBE<y POER

MWEHER | o vy b | R VAHOD
By | BER| B I K | EX 5§ BB “mow =9/ 4 By | fiew b0
B | (9 | (F/30cd) | (mm) ($/30c) | x 100(%) |(£db) ~ (m) | E& (ko)
150 84 86 | 1.9 1.21 65 121.7 | 19.7 0.9
16 | 200 105 84 | 1.9 1.65 52 124.9 | 19.9 0.8
250 135 84 | 1.8 207 48 130.9 |  20.1 0.9
150 87 95 2.0 1.40 56 107.8 19.2 0.9
20 | 200 108 96 | 2.0 1.63 59 117.2 19.5 0.9
250 138 93 | 2.0 1.92 53 132.5 20.0 1.0
150 75 94 | 2.5 1.22 73 117.3 | 19.8 0.9
25 | 200 117 95 | 2.3 1.56 81 131.1 19.5 1.0
250 135 99 | 2.3 1.93 68 130.3 | 22.0 1.0
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Table 2.7 Results of deflection tests with concentrated load

%27 REHECLILDHHBER
—ERERCBY 2bAHB | —ElDHITL 5
BHOK BER (mm) EisE (kgD ?:bi lﬁﬁ@%g g » g
@ | g |12 et (20kEh) N il B ACI e
150 18.7 26.1 36.4 1.31 | 2.02 9.0 4.4 0.5
16 200 24.6 34.2 42.8 0.77 | 1.31 5.1 7.1 0.3
250 15.5 22.7 28.9 1.34 | 2.44 8.5 8.0 0.5
150 8.0 13.6 21.7 2.14 | 3.68 | 16.3 5.8 1.1
20 200 14.3 20.7 27.9 1.66 | 2.58 | 11.9 4.4 0.6
250 11.6 18.4 23.5 1.61 | 3.20 | 10.2 12.4 0.6
150 13.5 21.5 29.2 1.33 | 2.50 8.7 4.4 0.5
25 200 12.5 19.9 27.9 | 1.43] 2.55 | 10.0 5.8 0.6
250 10.6 17.2 24.1 1.90 | 3.36 | 11.8 5.8 0.5
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ﬁicﬁi‘d‘é EBLT 139 ~4.89 Table 2. 13 Physigal properties of rice seedlings
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Table 2.14 Physical properties of rice seedlings and mats
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Table 2.15 Physical properties of rice seedlings and mats
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Table 2. 18 Compression characteristics

#2.18 E & % % f#

DFEH—-021KEBT S | OVFAH—-04iITBTD WEE O R
% BB | FMIS/ (kgf Sod) | FREIGH (kgfod) (kgf/cf)
(9 B/NE HKME | &/NDME BAME | &/NME & KB
% 1[H 150 0.18 0.25 - - 0.90 1.16
HER 200 0.17 0.23 - - 0.95 1.18
(|t 250 0.20 0.28 - - 1.11 1.56
%2 [ 150 0.19 0.22 - - 0.93 1.11
HAER 200 0.17 0.33 - - 0.78 1.70
Gat 250 0.21 0.24 - - 1.04 1.22
i
150 0.17 0.24 0.35 0.66 1.35 1.68
200 0.23 0.37 0.28 0.74 2.29 3.41
% 3 250 0.28 0.36 0.51 1.16 1.41 1.92
SR ATLERANa 11
150 0.34 0.51 0.90 1.35 1.62 2.77
200 0.50 0.66 1.41 1.71 3.23 4.07
250 0.35 0.42 1.11 1.40 1.25 1.63

% FREHERASEKRVTH S,
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%£2.18ICFRT LI, BREEMICL->THi~y POERBHEICTEINEODENDH S, £LTT, K
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FHRTHHRL .8~ » FOtERER Table 2.19 Physical properties of mats

2. 1918, %£2.19 B1ERRICBT 38~y b OBR

2) b5 -

(1 HBRAF HER =g Skl Bt | Fs | BEL
ARRTIIBER 3 KELRBRET & (#) (#%db) | (am) | C(om) | (FEEEHD
L7 150 | 29 | 1189 | 155 | 275 | 483
2) SR EEK 159 2.7 | 1107 | 149 | 270 4.3
3AKEOBERICK L TENENIME 150 2.8 95.1 146 | 26.5 4.06
TOREL, HIBDORBRET- 1, 200 2.7 104.2 141 29.0 4.68
3) HEH 200 28 | 1095 | 143 | 300 | s5.02
WRFI544E 3 A27H~ 3 A29H, 200 2.9 942 | 154 | 305  5.02
W) HBHE 250 2.6 73.1 | 144 | 205 | 4.42
—EEANRR I T ERR I LT 250 |29 | 87.3 | 164 | 290 | 4.80
ot B2 ASKCET £ 5K, Hivo 250 29 | 899 | 136 | 31.5 | 4.48

P OHERERELT, REMETHE ) MR EOREEE < F DENLBA
60mm (JEX #25~30mm) ORERIZE b LTRD,

T, BBRR 28, —HOii< vy b
L0 4 EO R R R 120 RRA
—HEANBRBRE (ZSRAKBER o+
AMTRRICHL E BRI E FEicE Y ML,
AMEEE T ARICEBREEEEELD
T L7z,

FEH « SKEBTTHAML 7208, &
AMTRTIC30S FAIIE®E 21T - 720 304
BOEFETEEREMIIIIEAEEL1L
Eofce HAMEE | mm,/ min DOTH
HERRE Lo SAMEHIL 8 mic 7S
> ORBRELT L, O—KROE~<» b 2 b

—HDEH< v FH SRR 4EOR 1BEORBA TR,
Bl TEE (E%) MERELE

Sy

£716.0 kgf , 32.0kgf, 48.0kgf BLY o

64.0kgf 25X 1,

3.2 ®2ERR 2.4 FTANMABRAEZRE OBRK
1) B R st~ v b DM Fig. 2.49 Sampling of test piece for shear

(1) B test
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@ R : BAH (WRSHEERBAE BRI 5 — ) ,

® Kt : ATH+ 5 @ E M+,
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OBHEB  £FRBHFTH -1,

2) BiBLUH~y FOHR

#2.0ICKRRTHAL 1o~y POWRETRT,

2) BBk

(1) HEBRAEF

ARERTI3, BER HHEAYK KtoBREAERATELCGEU, BER FHEARTTEN
k#E, RIofEE%E 6B LT,

(2) HEREIFK

FREFIBVT, Mty TR, BERIS0BLU250 ¢ /L TEBEK4E, BER
200 ¢ /FICH LTHREBBR IKEDHESEE/ED, ThZTh 1 BT >RBRET -1, WH, —HYE

Table2. 20 Physical properties of mats
#2.20 HE2EREBRICBIBE~ v bOHER

BER| FHEK %= B | akk S IRVANE ' Hi b EE 18 H
(P =) (mm) | (#%db) | (&,/30ch) | ($.730cd) | ($30cdh)
150 14 2.9 | 101 98.5 - - 1.39
@ 200 14 2.8 91 104.4 78 - 1.72
200 19 3.4 9 | 110.0 71 0.52 1.65
200 24 3.9 | 109 | 116.5 86 0.58 2.57
+ 200 24 3.9 | 102 | 1124 114 0.71 2.92
200 24 3.9 99 82.7 110 0.50 2.02
250 14 2.9 98 | 114.0 - - 1.7
;=7 y b 3.3 | 140 50.2 115 0.51 1.28
¥ B
A (BHVAILL 3.2 | 129 93.1 90 0.49 1.08
T E+15
{AHWVWAL 2.9 | 120 44.4 - - 1.53
R #+15
+ <A VRR 3.2 | 130 53.3 102 0.56 1.26
# 4+ K
AR A= 3 TR 7 2.5 | 157 59.0 92 0.37 1.22
= . |

®) ALKRLZEER 2004, BHEKI4EHTH 5,

AMRROBAITIZ4BORBRFOE AN A —RRE RIS, £/, ALKRLHE<y bictLTEHEE
BE#148, BER2007 HO—&E THRBREIT > 7o &t OEIOHREETH - 70

3 Hegs

WEfN54 6 A6 H~6 A16H,

@) H&Hs

KRG ERAIROBBO TH5,
3.3 HE3EHR

1) HESABLE~y PO
ARERIEANG3E0A~11BICHT T, O. 4 TR~ FE2 FEIERBRICHE L@y FEAL
SOEANTITo70 Lo T, HEtidE, s LUt~y rOoREAIBOBY THSB (k2. 15
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Table 2. 22 Extension, compression and shearing characteristics
#£2.22 [k - FEM -2 ANESHEM@E

1 HRRAR ®/ 2 EH &# B
= B 1979. 10 1980. 5 1980. 5
B + 1 -+ ” ” ” ” ” ATHKET ” ”
% E B (9 150 200 250 150 200 250 150 200 250

BAR5 &GS o
(kgf/ od ) 0018 | 0.025| 0034 0031 | 0.066| 0.070| 0.170 | 0.176| 0.132

BRO F4E 0.056 | 0.043 | 0.108 | 0.082| 0.097 | 0.144| 0252 | 0.193| 0.269
LI - ¢
(kgf /o) 028 | 059 | 032 041 0.70 | 048 0.68 0.74 0.50

R (515 0.40 . . k . ) S ; :
(kgf/mﬂﬁ) 099 | 065 | 193 | 368 | 218 | 385 488 | 257

U7A(—02) ik

BUOBEMIEN | —020] —0.22| —022| —022|-029| —032| —044| —057| —0.38
(kgf/cit)

BRI (ERD
(kgf /) 102 | 1.09 | 1.14 150 | 268 | 669 2.32 3.74 1.65

Y& (kgf/cd) | 046 | 046 | 047 | 039 | 046 | 057 0.51 0.60 0.54
SRR R (B 25 29 28 35 32 33 39 L 39 36

b. RENERA ¢ ().
(2) BFFEEMOBERR
®© SRR & FERER 1 OBEGR

B2. 59 IKBEKSIBIES 0 max € — BV TH (—0.2) TOEMES 0 o DBFRERT. HEICIT
ROERBFRHR SN, SHRICH L TR SBEE OB~y ME, FMICHLTHAE LERIERE

ARG EBPELMEN - 12,
0"0.2 = — 1.885 amax — 0168 (I‘ — 093) ....................................... (2 18)
f:f:L’ 002 < gmax < 018 .................................................................. (2_ 19)

B 2.601cid, FliRS LUEMICH D 2RBEMRKEe B LU Ec OBURERT, ChoOR Y
FREEDRMIC & EBDR EHBAFR
" Ee = 1.A5EC =—0.13 (1 == 0.97) ~veerrrrerrerantneetmueernermerernrieneereennsennesenes (2. 20)
Fo72 L, 1.2 CEC K 4] vorerrrrrremeesmrniii i et treeara et e see e e e e siaan e eaes (2. 2D
DEILLTH D, BEMRICE O TR L TASUERBRERTE < M3, EBCHLTHE
BUEROS 5 LEEDLTV S, LL, K2.600KESHEES KRG OMBEERBE RS L |
B8, EMDBELI—BRELB>TVE 60D, 2RMITITIROMEBMEFREUELA X 0,

X (2.18) BXY (2. 20) KRL &S5 IEBBARIZEIE & 5 D13 b Dl ER ic bRoN,
BRI IRICRVE v MIEBIC ML L BEASD B, P, KDL KBADTARE EH
U9H021B80 2NELOERMFKRLD D, FIRICBVTHDARVE~ v M IIERBIEHL AT
EDbip b,

0-0.2=”1«145max"0'168 (r = = (.77 ) creereernerii (2. 22)

f:f:‘_‘b’ 004 < emax < [0 1T P (2 . 23)



326
HERA S MEARRME $H30%5 (1983)

BAEIEIES 0 e PRBEEAS Ee 13 S IRBORBICEES N, RO SR SIRICKS2BIVE
Ty Mid, FERcT 3 EREGRECEBEEX S,

@ Bl & &AM RIEDRMR

2.6 BLUM2.62 KENFNEKAEIBIES 0 nax EHBENCBLUNTEES ¢ &L OBKER
4o, BAEIRIES 0 max & KB COBUETIRABRRII/NES > o fo 83, FIERICEVE< » MIKET
CHikE 15 B HAND » 120 —F, BABIEET 0 max & NEEEEA ¢ ITIRO & 53 ERBIGRH
Rohi,

¢ = 66.14 amax+27-31 (r = .87 )  srerrrererrersessiiii e (2. 20
K& C & BAFIRIET] 0 max DBAFRI

0 max = 1.36 C—0.59 (1 = .69 ) reevvrerenrennnmererestuttieiiiiniiiiit (2. 25
HENCLBROTHR € nx OBARKIE

C= 048 € o+ 0.43 (T = 0.62) cooreeeresmmssmimimmmmnis st (2. 26)

i~y FORAWEE v4 (kgf /cf) i3 Coulomb RTEML S 50T (1. 528, WEHCLE
PESEEESS ¢ A X VWIE SR ANBE IR AE(S, COkD, FRIKERVE <y MREANIKMLT
BB BERMBHEEEZ D,

® Rkt & AMSHEOBIMK

K2.638 LUK 2. 64icid, —EVTH (—02) KB BEMIES 0_(, LMES C BRUOVIHE
B 6 LOBFBEETT. ChODRDL S ic, JFEHEMICIRRCRT B L TERMKRSRON
2o

C = — (.326 0_0-2 -+ 0391 (r :.-062) .......................................... (2 . 27)
¢ = — 3027 0_gp +22.85 (1 = —0.81) crerrereresiimrnin (2.28)
tf:‘l/' —0.17 > 0—0,2>_0-66 ......................................................... (2_ 29)

LchioT, BlERERRRIC, BAMIKEBOE~y FREMICOBOILBDI S,

(3) Hiwwv bOIFEFHOHEERR

EROHEIC & - THIERE, TRt S O ANBEORICIIBRSHEEMERSS L LW
DIElie R (2.18) ~ (2.29) KB 33K EMOMARIBAL T, HERMICOVTIRt B
4, EIREBOES KOV TEFREST 743, HMFRREEEKE0.01 T, HSZHEBEKEOS
TOTHhOMBER T OE'TH o710 HBHEEZICOVTRR (2.25) , (2.20 BLU (2.2D L4
BEBEKEIN THLERTD »1.

BLRY <y MIREICHT 3 X BN VER T Th 2 1R, SHKHBLCRLIOBEAL 2R E
TEHLI-OT, BETHELTWASREEy FEBEULALBDTHADIEEL S, LIHK-T,
FITR L BRI 3 b A EEO— B AH 5 LS N, FRICEVEIvy MIEMICOEANIC
%<, BBIKBVE Y PRTRTIRBOERBLTEVES D, T1ibb, —DOORHEME FAIZI
BIARME 0 max 2HBLEKEST, Bivy PRFEONFREEEHNTIERL I B LEX B,

3. #ivy FOFERHECETEEER

1) BIEEME (BASIERIES) 50 R TERt:

HBROFRICESOT, Bivy bOIEBRETHHOEREASIRIES 0 nux 2REIMEE LT, NERMH
AEBRELTAHT,

BlEREDT — 5311 . 4 HTER~N 5 BOF|RABROMuC, 1. 3WMTHENFHERROERER
Wizo NEERREE~ v ME—EOETHRHNICIIMET SOT, BIRD KD iKsIERABRO—FEERIL
53, £2. 12TRN- FHEFEE i~ v POEIOWERE (W70cd THRLT, ThijlREEL
Lo

CHODRBERE S~ v b D3|IREE OFFHIZH 0.01 ~ 0.22kgfl /e TH ~ 7z, FFfEIR



O9'H—0.2 IKB1 BEMIEST 0 _y, (kgf /o)

[

-

327

L#: H=y rOMBHENHR

Olp=—1. 885 O pay—0- 168

(r=—0. 93)

J > }

0. 1 0. 2

BRGIRIEN 0nax (kgf cd)

X 2.59 BASRILSEERES (OFH

Fig. 2.59

- 02) OBk

Relationships between the ma-
ximum extension stress and
the compression stress

WAERE (515R) Ee (kgf/uf)

2.

Ee=1. 45BEc—0. 13

(r=0. 97)

i A J A J

1.0 2.0 3.0 4.0 5.0
MMM (M) Ec (kgf/of)

60 slSREFEMITE T 3 BEiEL
DA%

Fig. 2.60 Comparison of longitudinal

moduli with extension and
compression

0. 5

i & 1 C (kgf/cd)

5T
© 0 =1. 36C—0. 59
(r=0. 69)
-
B
AN
St
&
>
g .|
a [~
©
.R
2
&E b
e
..K [}
g
Sy
0. 3 0. 4
& 2. 61

MBS L BRKSIRIEH O MR

Fig. 2. 61 Relationships between the cohesion and the
maximum extension stress



328
IR MEHERRE F305 (1993)

@ =66. 107, +27- 3 ©  C=—0. 33 0,,+0. 39 .
o (r=0. 87) ° (r=—0. 62)
-
i g
~ AN
o w
-
h=3 o L ~ o
[1r]
® ]
L J
L. . R
? #
fa -
K g N ﬁ c- - . ®
T ) T___’.r A A A 1 N
: 4 —0. 3 —0. 5
0. 1 0. 2 OFH—0.21B T BEMRIGH
BRIIERIES 0 max (kgfSof) 0_po (kgf/ cd)
K 2.62 BASIESLSENIRERADBK M2.63 FHGHDELHMENOMR
Fig 2.62 Relationships between the ma- Fig. 2.63 Relationships between the
ximum extension stress and compression stress and the
the internal friction angle cohesion

@=—30. 3(0,,+22. 9

T (r=—0. 81)
#
© [=-2 ™

o
&'

[

ﬁ [
i
%
g ]|

OFH— 028 2EMETN
0_0'2 (kgf/cxﬁ)

R2.60 FE@GH EARE KR MK

Fig. 2.64 Relationships between compression stress and
internal friction angle



329
L5 @iy FORBHEFHE

BEE0.07kgf /of TEMFIKIZ0.72TH 3, ChidPAEE~y MERIHEICEIRBE, B L &
am«qawky.WﬁAgmfgﬁmmﬁﬁfwmtacamuao&mmwﬁomﬁ%&amﬁa
ﬂmmﬁﬁbtmﬂlmgs;ammyﬁ®ﬁ7wbmeﬁéntb®fbaocnmmaéctﬂ
RBBROITABREORBLH~ Y FTHY, BOHOBRREERTODEELAE,
maﬁvyhmﬁﬁ%#u,ﬁﬂlﬂhﬂwg/ﬁ.ﬁ&aﬁw~mm.mi@ﬁﬁuﬁﬁ.ﬁﬁ
ﬁﬂﬂﬁﬁ%ﬁbtocwxﬁw.ﬁﬁ%#MWKbgﬁT%akmf.li@ﬁﬁtyﬁ—fﬁﬁé
NORHEB Yy bOFIRAER LROBHETIRA N~ 33 6D LBbhd, Lithi-T, fvy b
DEBEHERE OREITE LBV TR, COFIBBEOBAE+AEMICANTHL LEXS 3,

KR TEI-5 RBEE ITITN20EDEI D 3 55,

CHRMAICERT 20 THE 55, 0. 4 TR~ ©§g§;¢*
SIERMHEO M T, BER BE, KoM, I
BEBES 5 BAKLS LN, TBLLBRTT — - sawe) SFsA
BHLEET LI, €T, CALOEERFOY B —— 534104

_ 3 N o—o 55458
REFIREE 0oy DRF— IOV THEBRNL 7= E S Bt @t
BR, RANICRFRTOMEOEERHONRI® o .o
CRNBT Lo i, BER, BE, Skkic R
DUTRF - I DE SO EHREL, TORBRYL
FLOBHTR D oo EO—PIE LTHEES] g
BAEOMKEREE, RERSLT0~202 _ f
( g/30ct) TEH127 (g./30cd) &bot5 HEAL
LT, 3EREDE b ik Rickimy
Fro LLAHS, B2 .651KFTLD icE—&s B
THE LB v b O3 BREHRE & 5D 0N
b5k 1D T, HEHEBOLEHSAE T & bibh .
>t 1.0 2.0
THbb, [. 4 TR S I3 IBRER, & B E (&/30ah)

<y PONE#EL RO T —RIEE L TOBER D 2. 65 #BEEBALIESHEDOMRK
CREC, FERAICS > TRICT BROBECR by 5 65 Relationships between the

@ﬁ?ﬁﬁﬁ ‘Cﬁgi é n% (‘: giéo *m%f‘j Z n root welght and maximum
SORFENIA—5E LTH<y PDOEIRKES extension stress

EROIERBET 3L TRBES LS - 20

2) Bi=y b OHEEY

ZLT, @7y FONBEICER L T, £O/EBHOERNLITERL 3,

(1) B & s (RA%)

By bEEREPIBRHSBAL TRHE L - NBEEE oL & BOBAMET, MR shi-
Hﬂw—ﬁébf.%mﬂiﬁﬁuW%MEwké<mﬁ¢actummmaﬁbﬁééoif.C@
RNEBEDRM L 1R OFEMIC > W TR T 5,

mﬁ%i¢miy¢AwﬁﬁLThéaew,ﬁ?vhuﬁ#wmﬁﬂﬁ%ﬁtmhﬁﬁ.fﬂbs
%ﬁﬁf&éé%iﬁéomuﬁ%ﬁl$&ﬂE5$(ﬁ§K£hf)Oﬁmﬁ.ifTﬁKMU(E

2.66), HMEEICEE L SHICESB D, €L TRAS>TV3D, B4DHB5 5 EROFIELS
%&waéoﬁﬁ%#m¢aTMEﬁ®ﬁﬁwuw§®¢,MmmﬁﬁﬁﬁmﬁwﬁVybwbao
COLIL, RIBEAKBNTHIBEHAMZ - THRETI0T, fivy MIBHHAER-C
EO6TERD 5. FRATIREERL A0 -7 hs, & LEFMELEN 312 CBOSEELEEL oL,



330
HRACE P MR ME $305 (1983)

iR ARSI E I ARIEL, ThICEATERT
H—ROBBEH OEZRAMMEHCGEN6DTHA S, T
OBEICHB I BRI LS IL, #iv v FEREEREEE
BISLTH 4 EOMII I MEERSLBE LD, ThoDR|
EOMB I EL AR BY,

L sic, REABOBEERIBOKRVBETREINS S,
vy POEXREIICERTME VDR, EEREEICE
WTHEERZORFIRET THEICERSE, $HbL,
LAHEICBY 2 BEPERE TH 5. ZOEN TR
5 VH LKL BDT, FHEMKEE R LTOHAEHT
Hbo

) RRILERD DB H~ v b DIERY (a) BE O (b) %‘f{@ﬁ
HAV O I 1 2 MBS ek SRt s 8 B ) RN
LTHivy FONERELZIMTLTH S, 2.66 @ <wv biCH T ORD
B2 .67TICRT LD ic, BEISRRMISSEITICETY, —H WmERE (BN12P)

it s h-BEAEZSB, X (b) DL, COMEIDZE  Fig. 2.66 Roots conditions of mat
Fic i3 dtkifA L B BIbH 5 LT 5, BEROFGSIERIEN
R0., 0f BIU oA FNT @B LU~ Y v 72 (BH) D515RESN, Ef BXTUEm%E%
NENRRMES LU= M) v 7 ZOMBERK, Vi BLEVmEZhEBMB LT < Y » 27 20K
RESERTH O LEROKRICHT 2 WP hOBROLE (Vf +Vm=1) &35, ZOK ER
DHEEEEIROBER TEDEN DY
@ HHEHA
(a) Mt HECREL
EC =Ef VE + EIM VN covereeerrmmiamiinnniensaess s ititeite s o snsies s (2. 30)
@ WHEBHEEDB
(a) J577 :
O = O VE + 0 VDot (2. 3D
(b) BERRGREK :

" Ec =Ef Vf + [—%’;‘P——] VTl cetinenenenenenrseesiaeessonsenensnearasensansncorsaasnsancraenns (2. 32)

(c) B|3RAR :

f 4 O max VI coeesessssmmmmmi (2. 33)

O ¢max * Om max RENTNMEEL <Y » 7 RDFRBEETD 5.

L IRROMHERLVDE O SR, LMY v 7 RO TN ETNOERRIC—RINIKFT S5 & %
FOLTVB, —BCAEBER= MY v 7 AL DBHDH R E W, TORD, MMERILIIBIDSI5RIC
W AR HABREOBFREER VI OKEXZLL->TREENB LILIES,

EE, KEOINEREREFONSVOTER LS 2D ERETSEE, #Hivy + OFIR[FEMEIIR
DB ERHEEBO FREFRL T TREESNS, BOASHE BEIEMERARSHZ LEX DL, BHivy
P OBIEREIREICH KBS N AT LY, FIROEBREREHLEBENAL 35, EBCIF]
EREH NI ZORLOBEEMIE, KT LLBELOMEMIKRE {ih -7, THhiZELZDRDS5IE
BRENRB->TVBZEAERL, COMEBLSHEMEICERCRELUHEELEI TV LD EHET
%3, THbL, BHEBEHCKL OBEN S OFRHEMGIC K > TROGIREEICZSELD, ROS
FRBLRIS B &, FNHE<y FONFEHBEICEHERRT 5,

O¢ max = ¢ max V.



331
L% H o FOBBHENHR

LDEH i, HEASMEREERICL->TS, B~

v b IR IELRICR L S 3 C & ASbh tVr22 (REicas)

27120 “_—.__':: X —_— X
(3) W, Wik, Rtk == 2
BRBOICES LHi~ oy MIEHL DT, B, it

W, HEOTRTORBESATN S, HHEOWH (a) ®MuEiL=Fr

IKBALTiZ, ERMIC DB, BLOBBERLE, 4 T

HBHNS T HBEREE L5, T SHIRD0VTH, G B: B

1. 28&0 0. 5 Ohbslis L UERREBIC S " cig m

WT, R BAM (BEL) BRick-TRIALT

W3, i, B OV TREMBRRITBVTIENE .

ME#HZ, ~HOARRICBNTI ) — 7EBHLHREL A B c I

2o £HEOREFLSE< Y M T, SHBHIZ LIS _

ETHD, —F, 7)—FBIEdot, T, EH (b} BEA—-VFHER

—UO 3 AHMOIBRE L, SRS EREEy 2. 67 MBEBRLeFLEBH—0Fa

K 2POBBESD -1, Al

Fig. 2.67 Afiber reimforced model and
its stress—strain curve

PDEtoREEERICANI B~y POBFIE %S
TO—FER2 . 6BILRT, ZDEFNIZI[OE
RA, BBXUCH»HSHDY,
EXRABLUBIRIEMERS
A7V T, WEERT S
va®y bBIUOBHEAE KD
TRIAT—KDBREINT
W5, BERABLUB 3N,

ERA

K+Kpk+k, e

! E
Hihic s ) 5 ERRE S : MZE g:
(standard linear solid ) ':
LR T4 - 2ETICHEEL L. _M_
1:6DTH 3, £h, BRC
EXEABIEN

BIEEEH/CBNT, ER

BEEE +x54 £

AB LUB~OHOEEEY) @ E=>to

’ NETFAL N
Dg&%&éf&éo i3 BRI , &9
BB EREICE 1) B 1A " ET“
DEAEET B FDICEAL L
. = 2 2 —E
T797) BRESR 2, e — =
EFNERIRBE, 79 2C
DOEIc L - T, BIBEHIRE
% BOAIHEA T 5o ERT
2E, BEFNIERAD T
HICHEAL, BEXBIRI¥ENS. I $
LT, IXhEH (WuEf (v) ‘SiEREE (c) E#EIREE

B RERBOASKEL,
LHOWE, bLRBXF4
T — 5RO 8D RO IZE

R 2.68 Hvy rONEEFNEGER  EREED)

Fig. 2. 68 Mechanical model of mat and its extension
and compression behaviours



332
HERRE MEMEW ARG /305 (1983)

FADEHAREVETSE, BlEEEBOGH—OTHHEBROBOERBATE 5,
EM@E GOSN — 0T s 8 13K 2. 69ICRTBIRTH 50T, CONFEFNICLBH~

FOBEN-OTHBRIEIR2. T0TERL 5 5. BERICEAHRICKY, Fﬁﬁ—f)féﬂﬂﬁ@i_}:
DARIFIROFHAE L, BEIERMOLHBKRE L5,

A E & (v+2) 1;

7 \\ilf?) g (s
z &
&

n_ M) o (033
ZE (033
B oM B oM % M ’
@ 279-7 (b) R © OVFIEE—T

M 2.6 #EEKBEEKOKHEVOTAOME (Y. C. 77¥ 40)
Fig 2.69 Stress—strain relations of the standard linear solid (by Y. C. Fan)

A H 1
A ‘B C
l ]
1 1
5] LN
\ b
! ]
b
H |
R 'I ‘ BHOTH
! 1
1 ; :
B &
(@) 31 3k

A AMEBE (OFAHE—E)
B : AR MARE
C : Brfn@E

K2.70 #<v rOHEEFAMOIEH—V0T AR
Fig. 2.70 Stress—strain curvess of mechanical model for mat

LT AT, EESEEEOEH -0 TABRRIKRATELOATH 2,
ve K K;

__m {—(o+—a)-—-5 } ....................................... (2. 34)

zziz, e BIU " RENTNERBEEECBIZ0 TS, BLY, OFTHHELRDL, 0B

LU RENFNSHE KVIETTHELEKT 5, £/, 7/ HHERE, kBLU k, IRt HEERKT
b5,



333
L8 #iey F OMBHEFNFHE

B< v P ESZR2BHE T b BIE BRI ES 2 LE(LEEDBOERA2ET Z EHETS &,
LROBRTWHIZR 71 5 DR OBEDHENETTH B, T7bb, BRIEHEES L42 &
Tiéu) .

ﬁv;b%ot&ﬁmmaﬁﬁtaé.&ﬁﬁﬁﬁf@Eﬁﬂﬁﬁb(ﬁb#&ﬂ@m;ofe@x
EEOEAEL, BROFTHHE & HRRATHA SN ERESNTOEY ™ (WEaHicHL Trs
mﬁfﬁiﬁv‘%) o

¢ -—G@f/aa .................................................................................... (2. 36)
ZZiL, GREAOHIRKTH 3, ﬁfﬁﬁ‘iﬁ—ﬁ@fu\ﬂﬁ%?ﬁfH%#&éiﬂémiﬁ (2.36) i3
HaER

A EP = GO /B0 rrerrereeree ettt et (2.3D

A 6% = EP dt e e e, (2. 38)
TEbENB, TTic deP RWHOTHES, dt TEEOMS TH 2,

2. BTEROINEEF VOV THRE ¢ (3, BMERVEFOOTHBE ¢ L BHO T8 &
LOITHA SN B,

e = EV -+ Ep ....................................................................................... (2. 39)
K (2.34) BLU (2.36) 2ERicRATS ENFEEFLOBRA-OTHBRIRIERRTEDEINL 3,

;- KK, L D5y — eve Of e,

E—m {K(0+KU) & }+G?—‘a‘ (2.40)

K (2.40) 28~y b D3R EMICH L TEBRICERT 31013, MNERORER & KBRS hT
wawﬁ@ﬁﬁénrwaoﬁvvh%%m&%&ﬁﬁLk%é®$MMOwtu%mﬁmﬁmrﬁm
ICREd 3,

LLED & 5 i Bh1s N EFND—HEDIEH — D A BT & D75 D WM & 11 50T, BHLE
ICRBIICBALETADIE C TH LWBAIC I MBI MRN8 E Lo, R, BB LAMRARESTHL
EVvb@ﬂﬁ@&ﬁmﬁtémﬁ—oféﬁﬁﬁaLru.n.4ﬁ;0n.5vﬁ~tﬁ&ﬁﬁﬁ
HATdh3,

0 =a €" (a, n:MEEH @)

4) mBimEs

0. 6DEANFEICENT, iy b ORAN®RE v (kgf/cd) i3 Coulomb &K (2.4) TEM
LOBZL%AERLI, SAMBEAIELAEST, tHEORBEHEETTS “REEE )&
LTCORBER SN BT & HBnD,

ZCT, CoulombXid#iwy MicH L THRBRELBLL S5 23 EKET 2 &, 5IREEE (& A5]
BIESD) Omax & HEMBE 0, RRRTEFTE 2 (H2. 188 .

{omax} - _ 2C (14 sin ¢)
O, cos ¢

—HEAMBER (1. 6) THINENC ENEEER ¢ 2 AR ICRA L THSE U725 5RMBE 0 max
CEMEHE 0. ZHBT 2L, HEMOEINA~15EIEREITEES -1, FZE, 15 1504
FOMTE~ > b TR, WENC =038 kef /cf., PISKEEERA ¢ = 346° T, 3|EBE o max. DT EH
13 042kgf “cf, ERANEIZ 0.03 kgf /e TH - 7=,

COXIBKRERENSETBHEED 1 D& LT, 3IERERE CANRBRICE T 3B HEIDEN S
HBROE <y FORFUEOYHRESENIC L 6EZ S 2, THUHEN2.72 Rt ke, EHFEies
FEEAMBEREYAEICEALE L TH 745, oM bBEITHRICETEERNT?2 FHETB LU
MOBELREAMBE TS 5, FFEOFIELEHFTIE, K2. 720 LIRS BIBESEST 5, BOED




i HIRAY MEHEHAE B35 (1983)

PRl Y B RAHLH 5 LK
E£T5E, [ OBWMmEmICHA~N TABBAT
TRANBERLP/NS .
AL EbEAOND, BHR KMBTED LA
itk 5&, slRPEMARIT °¢ 34 -
N LU THEOS R 4+ c
¢/ 20FExEEOEINT  Coulombd P
wB, ChEDERBE, & @ ORER - T )
UAMCERSE | TREBS T e @N / T ?niziz,mq
HF B7-0icid, 5lERAEI S-EIL 1 3: NN S iR e
By ARNCR U TESIL 75 KA D
AT 5180, FIRBE
L bic, 5IREREIC 415
DLEDEbEE U HEE LT K 2.71 Coulomb OBIBMEREL Fi~ v + OHEBEENE
3, FROEANEICE 3R Fig. 2.71 The Coulomb’s failure criteria and its of mat

FEoREL D3, BLAH

2o b+ DB|EICKT B HEERIC Coulomb REAV L LICEBEH > EEXBHBERTD %0
CDI, By FDBE - FEHE - CANRESRRL S 2BIBEHE, Coulomb XEEHTFELEL
bDITIEA I,

FO—PE LT, RLTICRT & 51531 ERE oy, BLY, HEEAMME T, (REIEN0)
il BROBYREEZ o

sz‘/‘___i_—-—____f____g /_a+gmax ........................................................ (2. 42)
— 0 + 0 max

#ﬁ%&it%mu,mﬁa&&&hﬁﬁ&%ﬁl@foﬁiw;mcamabo$£fd,Hiﬁ
CiciNd 2 & ANIEH r e OYE C’ BRATHEA N3, (R2.1188),

FlZiS, FiRoOBER 1509 /FEOMH
+#iv v b TR, 0, = 0.03kgt/
ef, T = 20kgf ScdicLTo =
= 1.77kgf /cd, C = 0.38 kgf /cd
THorh, R(3.42) BIURK (3.
43) THRDO U LBUREREL JOWEN

C' BENFNRDLHITI B,

r, =124y =0 + 0031 -
............ ( 2 ) 44)
C' =022(= 056C)
............ ( 2. 45)
o &kHic, BEEEE LT (3.
42) AT, BENCIKEEY
BC ECILHATHEY NS 15T
B, ZROMIGES &7,

M2.72 <y bOBAMKAM
Fig. 2.72 Shearing directions of rice seedling mat



335
L% &~y P OXBERLNHE

4. @7y bONIRAUROEN :
*ﬁmsu&%&%ﬁ%v%%mmuctﬁvvbmﬁﬁ%ﬁﬁ%mmm§w¢6&&®¢amaao
@ HANRE CEMBEOERIZ W 38D D + DT T F L,

@ #7y FTRELICBIBEALROALVBIBHRSEST B,
® B~y FONFHERIL, KEOR, RE, BER FHEE SARIECEEE50 5,

CGW.%i@ﬁﬁ@@*&ﬁﬂ@&ﬁmmﬁ&&ﬁLﬂhgﬁfbéﬁ.%@&@E%ﬂﬁ@ﬁ%ﬁ

HHICBBL TH~ v FONEFLREN T E6DTH S,

@ KREELBINEEBOBRRICL > TR BIEELETT, SIERITSE U Tk iR0%, FEMficH LT3R

THFELB/HERI T,
® Hiwy MIEHE, B, HENTHEBEOVThE bET 5, Ric, WHEREIEET, N

ETbBHEE ST B,
® 513k & M DB BRIC N 255 i R THRICRRL S 3,

EMEPTbAR B 2MELAWNBETEELVERF Y V2 « h—THBLE,

@ @<y b DEANBER Coulomb RTCHiBlicEDLL S %o L3I iRERICGEAL S 38

BREIZORXTRERTE,

5. % &
Kﬁf@§7wb®ﬂ$,Eﬁﬁ&ﬂﬁ&%ﬁﬁ@ﬁﬁ&%%&ﬁt.ﬂiﬁﬁ%ﬂé%mﬁﬁLko

a) N5 OREERICIERISBERMMRGS D, SIRICHOEY Y F IERICbEANICLRNT
CEERLIe LIti>T, 8wy FONERBIIZ | ORI, FIZI1231HEBE S T 2640 ET
EEMIICIBRL I B LN B, Chidlivy FOYBRBREEZS L TRELNL S,

b) LEDAHERICESOTIIRBEEREMEE L TR~ 9 2EREL, Hiv v b O 28
é&ﬁbkoKﬁ%ﬁ@tﬁﬁﬁﬁmmany~anky/d.$EM$;%00ﬂgb@ﬁf,C@ﬁ
ﬁm%gfﬁﬁén6ﬁ7vhwﬂﬁﬁﬁﬁﬁﬁéhTW5b®&%Xéoﬂ%ﬁﬁmﬁféﬁﬁﬂ?
ERRHLABR REOBECRES G T, BOBE CROMHRES COREE XS 1T &4
HEIN],

c) By bORFBET LOLIBOREE RAHOMBRDORY, MiRLERICE 2732880
K, BLU, BMSAEEF VI BN, B, MEERCE <y OEBORE, Xoic, B
BRICBT 5 HETOERMNLERETY, Hivy OO BEDOBEERL -,

0.8 &7y FrOMMLTH¥EREDRE

BIFTHRN &I ic, INHRAAMBONIEELRREL: D, BHEILERNS LT, vy FoiG4
NENFHAMEOREELRET I BIBENMETH 2, OOV TRIEMENEESAS S L
BHEINWTOVBHE <y FORELE LR LA THECRNT & TH 3, ChSDHTRNAB I
BRRBEOT -4 BHBETH S0, BB THRICAEL 5 3 RBESKD > N5, FBEHLRE
SNIRBIMEATEE Y PETARBER LT E0EDPEF = v 7T ARBOBEL B, 22T,
FET, RELA#~y FONENHEICES O CTHRERBREDRELTS,
I.7080THERIEIL, Bivy FOAFHHEEI—EHORRICK - TAE S IISAERET
&5, EMBRTREBAELRPTVADILZORELBH, $HeANRRIE { D% ET 3
DT, FIRRBROAMRBHERUTEH B, TR BE 9 2R &1TA 5 A THRABBR D Hi—id itk b3
H5,

BT 1R & LT, 2. T3I0RT LS icli~ v b2k 6 L IXGRIcN Li-BBRFD—HF%
XFLTRH L, BECLZRMNSETELELTHREL U T2 5ELE L, WAL, HES
keBIRDOE < » P 2R TEXHELTRITHRRTIE, B¥iOE U VBAIIISIEREIB L 2007



336
’ HRER RS WA e W30S (1983)

kgf /el E&H 2 KL S 5. Eiﬁiﬁﬁ/ T OWS L LB YR
TREFRE LTIk 2.73 (a) ]/
BLY (b) DXHiE, 2HDK rommmmeee

TREuHEE, AEEXAEL 7 — mBM®
CHivy MBS HESMETS ////

3. RERMST, BEEDT, ///E’”* ]
3 EBEOEESERTH B ¢// .
DEROLEVRRIEE 155, v (B e

H5VERAR (¢) KRTES @) BTEEAT ¥
i, §2.25 THRE LRR o8t © BmiEmaEase

_ , , C °
ﬁ?’?%lgﬁmickﬂiﬂ'5ﬁ&¢) (a) (b)) EorTEWPOEKZELS
EZ5 5, riikloTs HEYWETE 5,
- B -

LIED 338 D5 IRABREER

| |
BRADOHE< v FONERBREE L j// / 4;/ 31D
b { ) —
T{E%Lkb\c / ///% et
R | |

= T

) B 2. 25TRLAERZHAT 2.
R2.73 BB RAREBIUEHR

Fig. 2.73 Simple extension test method and device

O EHYvbOWBEEHHR

SIECHT I EROFARL ZOEELBELT, By b O/EAMEEBRIEIFENICIHBIER
ARCTRNTEOBRYTHS ) EOERICEL fo 8T, Hivy PARLLEBLIOBREOTV S
OT, TORWHBHEBRERILZSDEHELS 5, 22T, AETRHE <y PEHBEELRILT,
—oDBWHEFVERAL, ZOEEEHEERNICOIRT 5, &5iC, TOEFVRESVTHEHT
v b OMMBHERNEEANICBEL, LD RDIEN-VTHBERT

M. 1+&E7y FONBHER
1. BLHIC
AHTIE, TOWMERICETOBELMA T <y FOBEEHORPERS 5, Lrsictowl
BTHRS ORHBEYEROECMBOELESE TIINRE LTV, Bivy FTHRELLZ0DE5]
B8 L OESHBOEHENTE S, @ivy MUNSIEATOREUEREET Bh0iC, COR%E
EMICANRESBEL S,
FLTLLTRE T~y NOBRBRBOBE L Li—is & U LORBHROBE 5B~ 2% %,
Ric, vy P OREHSEEMTL, £HCEALS 3REEREBNT 5.
2. FETH RS BERoEE"®
1) BHEVFEORIDE
EHEDTARE—BICFNFNIBOBSICE VRS, 7/ vRE L TOREERD, RicHE
L LT 2 BRET=DEEE FEIAXELSEV SN, L TRAESRAT 5. THbE,
vy Oij (i, J =1, 2, 3,) corvveerersmmmrnii e (3. 1)
03{;9_;5“ (1, =1, 2, 3,) soerrermmrmmrmn it (3. 2)



337
L5 Eivy b ORMBHRHHE
ZhoORIINMHEER S EBmOh T3S,

BELERIFRDARTH L0, WABROBREHSEAENE L LHBL, HHMNEd 0,
VFLHAE d ¢ TROT. OFSHARBERSD d ¢ LWERS d ¢§; OHITH 5 LRES 5o

deij=d€?j+de‘i’j ........................................................................ (3.3)

158, DTFAMAERRTELALNE bDET 2D,
aAu, + 3Au, )

d ej= ‘2—(

CCKAuiMﬁ¢Emmﬁ%ﬂbTa
B 0 ROTH ¢ OBEMMIEICIRT ¥/ VREERV B, LAdiaT, LCTRS 7Y A%
BRO— B El— a8 H5uE LENZBEICE, TA4AvvasA ‘/UD@*ﬂﬁﬁ#%ﬂﬂi L—Cbém 40)0
R THEEICHERT BRNPVF AL L ERIC—ELTRTY 48

*:pigmj;;p=aij 6ij/3=(ax+ o, + 0, ) /3 v (3. 5)
* B{EIEH : g;j =0y =P8y e s (3. 6)
*EEEHO2RFAER: 1 = (oi’j oy )7....1. .................................................... (3. 7)
* REGHDOIRFER : s = (o) 0 0} 3 e (3. 8)
* FROTH 1 e, = & aij=5x+ey+ez ......................................................... (3. 9)
* BMAEHD TS 53 = efj aij ........................................................................ (3. 10
* BEDTH 5;], =& —¢, 6ij/3 ............................................................... (3. 1D
* BWHERO TS @ e = & aij .......................................................................... (3.12)
* MHEEEDFTLH ';'J =€ —¢ 8 (/3 s (3. 13)
*WHRRZO TS Y =e!l>]__ RO {5/ B e (3. 14)
*REVTHO2RAER : ¢, =( eu !’])%' ........................................................ (3.15)
*WHREVOTHO 2 RAER ¢ ¢ (edeﬁp .............................................. (3. 16)
*WEHRREOTAOD 2 RAER efz (eti; eP')%' ................................................ (3. 17D

. - ) =1 (i=j)
*70_2‘77J®7)b5'6“{=0 (B FE ) woeermrrmmmem (3. 18)

2) MR, BmEe

SBMEID &S iT, BEETRE FEMRER BRI 3N 2 OB A —0 4 8 TH,
3. 1R &S 5 BRSEEEs RN 54 ), ¢ OMMMIZMREE RS, BHEEH IO
HRBE ERDH T, SBHEMICE T 3 BRE DR BBRELERT 0 £, MO OE/RE
RMEEE KT 5. BRE & BRE PRI FICERINB L LB, RBXTREESKX
B L BB B RE O BRRIE S L CERT 3,

¥ TAvVLIAOLRMEY
aibi=ab +a2b+a b

a; b; = axlb1+ axzb +a:3b

ij M 3



338

B MM AHes %308 (1983)
t A ()
( ¢R ) m
T
R -ﬁﬁ}ﬁ 12 /é/
2
TR < 7#&2?&
A v
. X
v T 3 £l Y
3.1 €¢BMBLELIORN -0V FTHHMMR

Fig. 3. 1 Stress-strain curves of metal and soil

T, BRTE { RISH) 0 SO TS ¢

P
f (o4, €550 =0

HBHNF

-f.(olj)_.F (6?]):0 ..........

DB TDH %

65.66)

ZZit, FREHOTH b ik 2B LORRERTEILBNT, | RAMNEMEKT 2,

3) BAEFNA & WO T AHES

WO T AN d 5 ENHAd 0y ERBMIEL, BEICE—N—OMEHBHFET 5. 17,
WHOTHHS d ) JEHER EDO—N—DBRRFELEV, $HbL, KELARKELT

&85,

........................................................... (3. 21)

BEBHERIC L B L BHOTHMSORET ARG 0); OHRICRES N, BRE WIKRAT

BEL S B ERESATH B,

of
601.].

def; =G

B o oE M

A P
dg:; P
BHO M AE;

(RRECEE)

BfgE f

R BED T H S

X3.2 KREEBHOTHESS

Fig. 3.2 Yield surface and plastic
strain increment

CTIGIRFEADHBIRET, BHOTIEIDKE
SEED D,

AR IO T A ORRTE DS RS T
LT EAEELTEY (N3.2818), BEE&HER
LHEND, CHIIBRELBIERF v v v VEER
114 (EFRAAD T &icmst a5,

BHRTE £ ORI B ic, 1, AR
CHRENZ, BHOFTHME d ¢f BRELS 5.
R £ RITROD & 5ICHEH o), SBHDTH 8,0
BIM T 215, HAURIKG 38R T 3 & S icELD Bk
RICEL->TEE B0 LIH-T, Hivy FOMHER
2HBT B0} T TRREOR LB LOBRAE Bk
fictesE LT L ELD B,



339
L& : #ivy  OMBEERNHIE

AL, SMMETIE, BREDORBHLE LT Mieses . - EENW O
DREL A N P: ¥¥L O
r2= F2(ef) =0 v (3. 23)
BEBERENTOE™, chizshZEmicsTEY 4
64) . "
571 P # o MM 24 8% (M3, 3), J BRE (RN
(@) RREONE ‘
R (3.22) IORLABERHRE WA EHYd W EGNW Op
N 15 3
b#ﬁ&apﬁ# -
dw =°ijd€?jg0 ................. (3. 24) K3.3 Mieses ® % R &
0, weﬁm\f;z.,a:cafﬂﬁc‘abacam@nsna“ﬁ Fig. 3.3 The yield surface by Mieses
(6) BEZH
—RICHEBH B BISTMR d 0 LOTHMR A ¢, OMBBRRRKRATE X 5h 5%,
daij': Eijkldekl ................................................................................. (3. 25

CTit, Ejj, IBHEMBT v/ VEHT B ABDT VY L TH B,
FhMmehct LTI’

Ei].k1=/l6ij 6k1+u(6ik5n+6u 6jk) ................................................... (3.26)

BT BT, CTiT, A& uRBEAMT Lame OEME FTH 3.

6) BFIREE BRERE

BHERIBICS - PR DSRIROG IS d o)) DEMEARE Sic &-> TEREHRE, +15b5, K7
HELBRREORMICHER T 28E805D 5, CORBTREUERIZAE U, BMERIL T RET S &
RESNB T LHBB, BHEESRE T 2I6IREL AFHRE, BR%, EETHSRE LK 2
IEHREERREE HL, ChdIERRICL » THRSh 3,

BRERRE dw"go ............................................................................... (3.2D
BRETRIE : de<0 .............................................................................. (3. 28

3. tOBBMROBRE

TOUHBEREBGEEFERICHRIN TV R, 2O, +9EBREROHETICIEE > T
B, TOBMERESSBERENICEBRLSBL5CE o1, 22T, CHALOPT b BB
BHEFLEE < PICBALS 2L EHLOREEIT- 72,

3.1 i®£%¥m61.70 79)

TORFERY TR, ML, HFOBR MM AKEESicl-TELVWESES2I5, K
BEPHTFORRICE > T, LizWd o1+ E THEEN, K OBIBEIIZ & - TERD & ikE T2
BRICEALT 5, COX D REDOEHEBIIERITHBTIIH 30, BLOWEORBBEEORKIIIH 2518
EFETHOLILEhDDH 5,

WROHAFIC L > THO DR SN L OEHR 4 BIBH RN AD O MBICEET 2 RO LS T
5%,

(1) B - RACEB (G Lp) & 77880

BOET OB, LIBRCZFAEHL LLRBNCE T, BRIEHEILNRT 3 (D3 .
1 88 . BRISHENREE28% %2 (OFH) BLAR, #ic, HHENRDTIERE (OF
%) BILRKEFBL T %, EHIENTROEHKED AT L 2 FHEL TRE/LES T HitEd 2 b5,
FANESUERTRGHRBIC L > TH « BIEABERSBON S C M ShT 3%,



340
HERAEMFERERTME $305 (1983)

IO « $RALEE) O BRI S BEIBRIH 5. TORAITE, BHATERRIETL KN
BEICETZ, M3 . LILRTLHKE, BBV TABRIEIEDT 5. SVRADL, EROB DT
R OE T4 &L, NPROESMOMMT 5/HR0 KX 3B ERIKRE (85, —7%, KiL
BBV TRERNMNT 3, COBEITE, FEESKE 15> TRTFROBERESEDT 570
B D ICk BERIEFUI /NS 155, BAMBBKBO TRELD 20 BRIEAKOVTNPHBEL
thic, EREA tti%!ﬂﬁﬁ‘f%tﬁﬁébfﬁiﬂﬁﬁﬂ“f&bBISEﬁ-FeﬂFﬁ’W@m'GCETZ» PREMEIFPEIR B critical
void state DRETH B, HBBT 3 &SI OWERTIBREDORE ICE VTR D TERITHES
EIL-TW 3,

2) FERBIH

+OEHTRIENED TAOMBRICE L WHEREHESRON S, FFRAEEZBHERIT T HE
TR ICbEND, COXIBERAEERRLAEME LT, HIRNICL2ERBRICENT KR
V EEHP ORI f 2 FlE LTRATRDENBC 055,

V:_’glnlp‘ .................................................................................... (3.29)

(3) B LA \

SEAEIERE D, TOERTREN —OTAHRONEDCEILSEPLHT, BHESER[IRST
o, BIBRHLD AN X » THIRDDERS B0, NESRERTHREAT 5 L BHERSES, Lo
>T, TOEHEEDOKNCDID STRGTH L BUEE L2 &S, BRESKRESLSIEONT, B
BMEHOHRSBAICHENMT 26D EER S5, DX ICEMERD SBHERICHE 5 BI2L BB
BB 9,

4 exFY R

BELUERRRETS SN -OFTHHRCELVERT ) Y RBRLON S,

(5) ZHHERERHE

FHEEHIC L 3 EREAR BV TR, MEES XCEEENONE In (e)BXY In | P| ORICX
HIERSH 3% (N3 . 488),

3.2 towR 4

+ DB EE I & 1 T AR R LR - 7o BRI critical
state HHE L THON TV S, T OB IXRBABIMRE
KESWTHO BB EZAMT 56D T, TAMEE
D +DOREIZEEIESIP, BELHO 2RAERr BX
LUMBL « TRES NS ERELTV B . $1bB,
HAMER LT L TIRRMBBIRE (BT, cs SBBET
2) &1EBEAME (P, r) AR e ot L TEILT 50
3. 4 ieRT LSS ’,I rsasfrarﬁw@u%ﬁﬁiﬁ N TEEA In(-P)

e =€ —a& ln | P | coreereeeeienes . 61)
k> THEESND. T T ICe, LMERIS DML F%’;’ é‘f . %Cfm’;’i ifﬂ%mmms_
QI E T B EEEN EMBEO AR5 X 557k sics by the pressure
BTH5, BAMMRER (P, r, e) ZRicB\WTH
FAFERT 5. chd (P, r) EEIBETDLFEREESIEREE S,

F == — MP crorerrrmm e e e (3 . 3])
T IEMIZMRAERREICB T 5 r & — PORERDIHMRIER TS %0

FRI L OBKRNTBET SOLRFEREERDL, cs BEFTN S, ThiF Coulomb HKiT
L > TRENTOABAEEE L BREICERHY LEbDEBIRLS 3™,

PN+ OIEEE « EHEAREB (UF 2 b)) TR bLLEE—ERREITHORIC, cs WRLROERE

B In (e

{




341
L8 By  OMBHENHE

DR T 288z (P, r, e ) ZHizBVT1
SOHMEEERT B, BHHZ ORI BT, BEGH CRFER) r
TOEHIBUENTHEEEIONTVE, 2D
BiE% (P, r) EICHRELTTS 28ME (2

3.58K) NRREIZHEYT 3,

PAESS critical state B D BETH 55,
HF, Zheik L TSNt B#ER iz
THRITRN, #ivy bAORAERL 2,

iwﬁﬁﬁébfu.ma.sm%ﬁ&ﬁma&$ﬁm
r) @EICBVTPEIE 2 STRDY, Alictss P

SRR ICBALBREMRES N TV 5, C VER ESE®R (%)
NICA TE LIS - RILEFLEEL B L,
RO S 15EMERRL S 5. R3.5 BRA MR B

9, M3. TkBVTP#MLtOEA»OES Fig. 3.5 The critical void state
E# (FB1) 2175 & Fhbi—Poic®Ed 3
i?ﬁ%ﬁﬂﬁ%ﬁU?éfsﬁﬁiféo%&BiUEﬁWHOf&ﬁ&@ﬁﬂﬁ?%iénémo
ey ,
€$=Ev§ = 0In | P e e e e (3. 33
CLRABIYV e T NENBERES L UBHREICET 2K 3. 4 DS HEBRO R B 3,
EﬁWﬁUfbﬁﬁdée@ﬁﬁﬁﬁmeﬁmﬂéﬁﬁiTéoﬂﬁ#ﬂOf&@ﬁmmﬂoT.

ﬂﬁ@@ﬁ%(ﬂb.mﬂﬁﬁcwﬁiméfiatﬁﬁfﬁmTﬁo%Oﬁ.ﬁPiDﬁAiTﬁﬁ
T 5L BUERICHRBRIERL, ¢y —1n | P |88

BELGH T iz X (3.32) iS5, BREIZ POKRE X

CRRER . . SN

. Couzont® A giif,ﬁﬁﬁfékbegﬁimﬁit
g’ N aEmmch RITHRA L D ME—EDERBR (BB 1)

N olebE I b TR, BHBBIPRICHLTYE DRSS

- N TR >, BRELDAS B 5 2 THMEN LR
D ErEoTHD 0, TNl BuERLIES 2,

EAEERCR N\ HIEDF S DT M5 10 K 88

EYEDE AN BRO TS5, REGHMHRORS sk

< - o pe REOTHBYTH 3, THOLERBITST,
Pe FHIB7 P BREEISNE & bicHmL, FE Bt &
3.6 (Pr) ey BREOHR AU BT B, BHEHS csHicRd 5L,
Fig. 3.6 Shape of yield surface in (P, r) BREDHNE & R LR TH 30T, R
plane Kotk d ey =0 &30, RERDDSHEET,

IGHAEDS cs ICBT ZRIICERAT¢ 5 LBPEIRAR

L 50, RREGREENOREICE & E > RE S%FD, & OkdERAMBETIIMRSLERY

DRSEDRE 3B, THHLERRLEN S, THOOBTIRRIS. TITRY. 86, OB

B TERD T AU OERMBRNMNE ADEEF > THD, BUHMAICERGIETSCE0bh 3, ¢
nbb, BLEH S BAMERBIRTIERMDIET S Licks b, ERKEREEMI—BT 3,

S5, PHEDRBYOAE—ETEMTS (BRI &EB1OHBE EFRICHREICEL T



342

WIRAEMEMPHME H05 (1983)

HOFTHHBES B, L2 IcBROTHH

#) EMRBHOTHINT (MErEL)
RELD

5rd 5% OF [N RERTE D FIBHR TG RIT B RGBS (2xXzRk )r

& B0, TOEEES de T I EDHEER cs

Do T b MEMITARIZROET B T def

LABKT B, CORDERROOCLD, !

BRERIEHIEE T 3 HRKET . ) o

PRSI T RN L, EBEERABIC A - I \
THOREECESTS (K3.1, 3. 788, L T&‘~\§\¥*5ﬂ
WUEHOERBE & SICBREII/NS TS dE) —das A P
D, PHUTIHAFcsKET B, COET P |

OB & > TERAS N BRICRRER rpuRm A=ne

BTx 5%, Mg rw (&®)

T D& 5 ICEHET O T DIGTRAE 3.7 =TH@RILE 7 1D
PEORBICE > T, BREIERICE( EH—DFstE 1K 3. 4
+5, LIhioT, BRERAMIT I I-[3. 1 (D
RBREOIR E, BR%OE(LORR m—23. 1 ()

(B AEDTHL LELDH 5,
TOBREFRARO RELHRT 2 LrBmans" %,

a. BHOPEMNELRT 5. BT, cs TREBREOAMERB EME (r#IcET) TH5,

b. cs oA RES TOFEE (ESESRD +75bb cs L FAITE, AL HEHIE
ERES T B,

c. cs @ (B) &b LS GAEERD Tlcs XD HLITLICBOA TV S,

cs it Coulomb EICEVD, ERSh 2BFEFRETORRE THHLLEN-VFTAHHMROL
— I, BHRBICE > THINL DD PRE B LR ICHBENZRRTH S (3. 6
B) .

BREOE(LOBRE LTH, k&<, SHE (0 b BHE K L BEE &K iUz
hoDEAENEL N TV ®% ZrE S HEA R0, BkOBREIBLEER-
FRETRAED 5V /T B 60T, KATRbENS,

£ (04, F(EP)) ) m 0 covrmsmmssssssms s (3. 30)
BEIE LS HEIOE L TRREHSETBEHT 5 60T, KATERDLIN S,

f (aij' Kij(egj))zo ..................................................................... (3. 35)
EHEE LGP E G U TRAREDEIE T 2 D TRATRD S NS,

£ (nijkl(egj) ) =0 e et aeaeeiae e eaeeeen e aaa e (3. 36)

ceic, F (P GELBERE Kii (¢}) REFBHBEEDOTIROT VYN, 75 (e§)
RIEHMOEE£54% ABOF v/ L Th B, VTN GBEDTHOMMTH S, SHELINIO
FHICHS BERDORESE JEH—0FHHBOERT Y YR) , ~YLYFHRELERAT DI
FASNE D THE™, ChOOBLRATHRREGELEERON, BREOHREBIELT
BRRGELON B,

+OBMREOBEIEE L TEAZITRD & 5 5BBHERES AT 3™,



343
L% B~y F OBBHRIHR

® Coulomb «+ Mohr -

- sir11¢ ("L‘zal + o’;ﬁ—sinan —CCOL P ++oreeerreereemreneerneeeeseaeenes (3. 3D
® Burland
F2 = (_P)zil.f.(ﬂ/M)z} ................................................................ (3. 38)
® Roscoe |
f =—p (7 /M) vt e e e (3. 39)
® Rowe '
f = oy Tﬁ}:f .................................................................................... (3. 40)
® ®0O
f = (K*-1) o Og/ (O —KZ0g) «rmmeresmmiiiiinc (3. 41

TR0 BLU ogid TNTNBABLUBRNEEHTH B, % 7-

R = Gg /O ettt et (3. 43)

SORKEIMEER Tcs itB) 3 R@%E%T%o
BB & LTRSS EAEE L THRRAEATTS DUBOLBMITHS, BLOBELROTH

66 ~68)

B LTI Drucker i & - THMARD 35 o] 4 EBUGBER13C L o5RME 07 ™0, 400
b, MO SERE ORI & » TRREDA/NSERE 3,
LictioT, TOBBEHRRIRRTEL S5, v
f(aij. 53)20 ................................................................................. (3. 44)
HBHVIF
?(aij) ._F(e-s P R TR (3. 45)

COBE, BILBEMORGERISHFEER R (3.33) itk - TRESN B, ARICBVTFo =

—Po &3 53&
F=Fo-em(—e$/a) ........................................................................ (3. 46)

%85, Fo RELEMOUIMETS 5.

uixbﬁ(3ﬁﬂ~43.m)tﬁ(3.%)%ﬁ&éb%é&%ﬁﬁmmswaiwm&mﬁﬁ
TRBMICRET X3,
3.3 FTomwHMRS

FHEEROTRRESHR (3.44), (3.45) LT (3.22) DEEFHR L BAT S &

p . df B S
deyy=—f 3t oy, (3.4D
dﬁs dp
HBH0IZ
p__  df L
dsu_‘ dF ] a'f' da” (3. 48)
deP oP

2850, CRHIRK (3.3 ~ (3.46) AV 3LBEOFAMA A b HEENICHRE 5.
—%, LOBKERRIRTNS VLD, FOWEEHICHEO ERSBONTED, +HHEL
BENTVBERBVEL, BUEMRRL L TRESEBREICE I 5 BHER (N3 . 4 810 £ 0,



344
MERAZWERPHAE H05 (1983)

X (3.30) BEREINTVE, T, BREREIT SIS ZEHET S nrnicErE, & (3.
95), (3.26) Txi3 Hooke DEAINHHAI N TV, MORR (3.32) KMA THELAMND
FHENEEHTEDL, BEBRRE LTRREREL VY,

- B - ettt
de?j-T(P_}_L_p)—'dPBij“"aNrN 1 dgf) s (3.49)

ZTitaBIUNBRESANOTHERETSMRERTH 5,
BROFHHACHL TR (3.25), BHOTHHACHLTR (3.48) 2AVEE, UTHH
B d ¢, BTASOMTEL 505

1 of  of
dF_ 0T 9oy oy
ded oP

_ -1
dejy = (B +

Z TICEqy, REHEMKT ¥/ VOBHRTR (3.49) LYKDOENE,
i3, B oy}

of of
Eijmn g " G, LpaKl
_ma Pa__ Ydgyy e (3.5D
1 ot of _

—_— 4+ ———"E —
G Qo TS doy

doy = (E 0 —

TERbhIN 5,
4. @iy b OBBHER
BIETRLEE Y P ONENHBEICE SO TOL OLOERRERB E, LROTOBHRES
Zic LT, Bivy FOBBEEESAHRAL 5 2BHHRERMAT S,
4.1 MR
39, BIE TR EREREHBUBNCHRRLVEET 5 LROL SIS,

(a) 2ZEHRBRDOS>H, BHBEHOLDLEAHKREV, ERHVTH0.3055685% 0. 24i38H
OFAHBTH-To

(b) BUNIEREHEICHL TCHESRBUEE,SETT 5. ChENBOARRO I E D HECH
HABMBOZNL DRADLEBDNSOT LBELOER LI, LEMS-T, P B RELERT 5
T EBHEEIED.

(c) BABIBAICE > THREE(LARET S, FRARS L U—HAEANBRTIERIINGEL,
BLBRROET 12,

(d) BlETRIGALHE~y FOBIEREICE LI OBML, TOMEARERICKS, —H, EMT
BBIEL DI DAX IS TOREL D -1, b5, FIREEMICE T SHBE IERDON
BREV,

(e) HAMTICHBY BER/ <Y ViZW BEDDLITEN Y Y ERT, $i, SAKMRE Coulomb
RTHAGELUTE 3, BB HCHELEOEiwy POAMSKEL, NEEEAIEIFLVDOEY O
HhPRNE WV, ARAHEEEE U TIRATSEERELBRICER OG0T, BESLETH %,

(f) #<wv FTRIBORE, BOBEBIUSKLSHEPERICHELEZ 5,

(g) MCX ZBEOMMIIZERMICIE 3 ZLEET, EMAITEENRRERE (LY, T1bB,
KtomEic 5L E<y b TRERAOBEDEMOE L Vo

(h) B+ BAMEBRETRIEI—OTFHHRICELVERT Y YA A—THBRON 5.

4. 2 #Hiwv b OBMHERICHET 2EBERRE
FROX i, Hivy b OB AMITKLIOZ NI LBEREL, FIERAB K ERRICB L



345
LB Ew o b OBBUENHRE

TRUSTEMERTCEDPOBER T CNEDET Y MERHLTHLOWBBBAZDOTE,
LARBEZELTAC 352 L0l a NG, ZTTHY y b OBEEBEERTT 5 £ 7L EHAS
BB, REFTVL DDORFREEB .

1) BRESFET 5. CHRISH 0, L BHOTH & OB

£ (050 €5) =0 e (3. 52)
f (gij) -—F(efi’j) E (] ettt ee e ee et e e e baear s e re et e e e eaaenss (3. 53)
TH 5,

2 BAZEMICBD 28~y ORREMRI LOEREFAKETHD, 125505 MROBEEL S
5 (K3.888) ,

B MPRREOKE K3~y b T =¢ manm
VIR e, B XU, ROBEZDH T > ¢ *xBRERE BEEH r
JICE-TEE 3, &ﬁ Crxzr i)
@) BB OERICHE - THE - KL csi / !
BEIHE L, RGO E ZBEERD BET
T ey KT BHRREVFLD 2
RAZR ¢ TL->TREINS, Th def} & /
5 DEENC DV TREB T 5. " ! ",
6 BEOTHHA A & FRRED 5 i N\ i
BERARICES B, $1bb, EE&E . / >
R (3.22) BEDILD, ' BEKXF> vy amp T ICTP
6) WHEWERBRKET S bS, ) RESBHEOTIMIERDT, Chi
S5 B ASKRR T _E 1T B3 L T AL HRAE ﬁgﬁﬁﬁﬁﬁfﬁgigiﬁﬁ?ﬁf

THRET S, COHE, BHOTAHH
5 d ef FBBRE & LS Bt v v R3. 8 HBvy rORREEROER K

P HEIOI L - THEEXNDS, Fig. 3.8 An assumed yield surface of mats
CNSDOEFRKED S B, i3), @LS A
REOL > ARG BA Sh B IR R TR

ETHEH0, ABLVWIRE7y PO S : r=—wmp
WEFICE T D BOE & 7 OR s &
HEL1-DICEALIbDTH S,
4. 3 BHE FLOEHES
ERDREICESNT, BEigiiyt

Bey P OBRKE Tn
/ .'?nZ' ¥S

f

KtoBRE

EFNVEBALT, i<y bOBHEER 5

EEAETRMIC T LT B, o 0P Pe ®BmEp P
1) FIRIRR
M3 .9/ BEIcE 1 Bv oy b ) MBRIBEREL vy F OBREDES

LR OB REOEARER T, F 2T, PIEHDOERMTESKE L,

RO & 5 ic R E TG P i & £ h M3.9 BV b eRIONMBERE

ZH 250K Pe, Pe $L0 Po, Pe Fig. 3.9 Initial yield surfaces of mat and bed*
v ’ * ~1

26200, AMlPc T—HLTWAS, st

ﬁ,yﬁmﬁﬁmkg<m5,tabgmmmméﬂaﬁm@uﬁn.ﬁ?vbwﬁﬁﬁtﬁﬂmﬂm

D ERIDIZ R Pe ZHEMENCKESEEFOOIN LT, REDZAIIBHT/IEL, FEELDPOA



. HERA B ERERTRE B30%5 (1983)

v, bLLBERAIC—HT 5,

C ORBMREIRE < v F OBBREHRICMET EAEE U~ W, KK QBIU @ iIL k> THD
OT, H<v FHEIESBVIBAFIC b5 HRREOBHERTHEERIL Y 5, S0k, ERAITRE
ﬁ?vbwmﬁﬁﬂm%iwﬂﬁﬁ%KMﬁiéc&éﬁﬁfé50%ﬁﬁ&$ﬁmﬁmt®§ﬁPm
Pc®5H, BRIDOPciIEiCH~y FOBBEIIC X > TEE D, EMORK Pe 3IROAFIRBICL -
TEE Bo LIM-T, BOEBEOLVE< v b @EVHIBREIARE <, FHRMOBBEDIHR 55T
LAEDLLY B, 5%, 1, 7 THi<y b OBEEELE LT CoulombRABIE L MY EE L7103,
CHIEIEERIIZ D ICEB LIz 60T, EHAIZFTEDTERT 5L3.9 ICRTROBBEYITHD %0

2) Bt

KBHRIREEIC B 1 2MHERARET 2BURTF v vy VEHE S LT EL,

¢ < T (GREBARARME) «v-vverrerernrsssnnssssss ittt (3. 54)

B = T (EBERIREE) -ovevermrmroreesmms s s sttt e (3. 585)
tméoiﬁﬁﬁ%mﬁwémﬁﬁ%vv+w@u.ms.sma#;am@m@amwﬁ(¢cxﬂ
1L % LRET %,

3) BHO LS

EAGSE 5 BLU6) kb, Bivy FOBHEOFHHES d )] BRRTEAD 5 LKET 5o

n 0¢

Py (-2
dé'ij—H ( -f-) aaij dé
- $ yn_0¢ _09¢ _
=H ( ‘dfb) af_’ij EP , d¢k1 ..................................................... (3. 56)
(6 /TS Q1 GREBIRIREE) - veeveeeeresemme s (3. 67)
=1 (E&RRE

CzicHd ¢ i35 (4.22) B BEADORKGICEYT 5, 72 (/1) LRRBRREICE T 5
WD A EADAE X 2EET R TH S (K388 , 375b5, TNODREIC & » TRER
REEICB O TRRIRIEL E 0WMD ¢ A MAHBRET LD %7 5,
138, SHEIBREICEE L2 ROARRETIEIC,
'f' e e e eee et eeeeeeneeiasseesseseeseeneerenettttetetttareeertrae e araan e eaaaneatestteats (3. 58)
Lz, BHEDTAMSRR (3.48) TEEREN S,
4) @ KILBHBLEFI VA VY —
+ O « RALEBBARO L Hie, FCBEERROT S ¢ ORItk > TET S8, #iwy TR
BB D DI CHICA TEREED TAD 2 RAER e P icE > THET B EEZ B,
WHELOTA T O LB AMEESHEME 5 &, £ THOARSIM SN TRERLOEAH
BICID, %R EBOKRLLIKEICHEN, BRICBZEOLOHSYINT 270~y PIRFEFAES (
3. 108M) ., BHSELIHNT 23 TREVOTALETT AL, TRUBRORE TRIREFE » b
DHEICES LBV RN 2, CORRICEBY 2BHRED FAD2 RAZKRE ¢ §,TRbILCK
T2, Chidilizy FOBORFIREEL ZOBEICL > TEE bo
€§r=€ﬁr(s,p) .............................................................................. (3. 59)
‘LT ITs IIBOBRBE, 0 3NHRELEOTHKTH S, CORILBBICIIEHEELIEESET,
F1z, BHEZVTHICLIBLLELTVERET %,
X5iz, FOBMUBRKROTH D 45, THhbb, EHSRET S EKRLIOBERI/NEE LD,
L NET 5. FIEICHRASIRE ICENIZD, UIMd 20T, vy POBERSBEHITNZCNES



347
LB #i oy b OBBHFIHIR

(X 3.108M1) MAHERIC Kk
55 |5RAEFA TRASESITYING

BROBWHEROFH% B ® -
T3, CHbE» FOROH A\ 0% K T mmo
HPWER EOhERBICE- T F =+ /] %
THEE B, :; N 3= BROBH 8 -— ::“\‘ 2 -
5gv= 65‘, (s, p)- — AW +~p -
............... (3. 60) ’Hﬂ@ﬂﬁ 5 *

EQBHEE O 5 05 ek,
AEABE, BIIRELE,

@
!
t
-
1) ;Orc)_}
== I's
//o// /
b 308
U
PR
-

TORDERTRET Y V0N Ty mm HEER
FOMHERLOTRIC—BT o e

%o A 3: Eur o Suv 1[ 9
—%, BOBUEEKKOTHIc 17/ [2[:
LT, KEo@kick-T CLEESY |
Bivy bOBERIAEL LB, @) €48 ® B %
SHUTFROWEIC & > THR

DT A LRI EEZ S X 3.10 €ANEERICB T 2HORE L EHROLL

50T, ROBEIERPERD Fig. 3.10 Variations of roots condition and resistance by
BEITHA~NS &2 L0 EN R shear and expansion
ERT, “
HLKﬁNt§7vFQE@%?wKEdPTWﬁEE,ﬂﬁﬁﬁ.&ﬁﬁ&mﬁﬁéﬁﬁ@@ﬁﬁ
&mﬁ~0f6@ﬁ®%ﬁ%m&ﬁ%ﬁé(%a.uﬁm)ouﬁ,mmmkbm&ﬁﬁmmvﬁbto
(A ERaE

%3JMNKﬁt%ﬁ@%ﬁ@ﬁﬁﬁﬁﬁ?om6$QMﬁPm¢%P“Pr ------ LMY %, 4
BOLAELERT 5o IR f o ICHBUSEBHERT v v v VEGICE T, BEMBELD, E
@Eﬁ%ﬁuf&ﬁ&féo%%ﬁfVvaﬁumﬁ®mmK%of¢,,%, ------ ERELIY,
Ko/ T B1IECE2EE, BUHEBROTHEMAT S, —F, EOBBKRD T SOMIMICE 3
@%moﬁmﬁgvmwwwmxafﬁvybmmmfatmm,mm@uﬂ.?@ ------ EREEITIN
S5 . COBRBTRIEN—O AR BMIBITHMT 3. BHET VY v LT EBRES—B L 7~
RRTHE~y b 3BKL, 2 >0 IEHEA Po icitEd 3,

(B) Bifti5|5RBF2

B3 . 11(B) IL/R T BB BRBRICE W T, IHEOMMICHET 2BEERT v o v VE I X - T4
THBUO T AN ], BEDKRRS d ¢ LRERS d e 2o, COLBEIRD LS5 il
REIHNT 2. BHOTHOMMITE > TEHRIL, THOEBRERFONICHENT 2223,
—H, REVY HOHMIC L ZBREOM/ NG, K 3. 11B)ICRT L S ICEEE i & DEMORA
Pe (> 0) ZUODBRRBINBHT L Lick > TETBERET 2. THbL, BBE (K) {to—
HThs, BREEBHEART v Y » VELSERET 2 S BHO T A AE 1T 50T, IKNSIOHME
CHNTOFAHAOMMEBLRENL D, CDRD, HEH—VFHEBOTREBRL iDL, KB
FATRICES 13 » fetkic ©— 2 ERRL, LiIcMOBRES 2, TOBA, bL B POEALEAT
BREEBERT Vv e vEHS—BL, B~y MIHENT S,

(C) FHF EHEBRR

X 3. 11(C) i RTFELEMBETRIEELSOIBEBRA T~ ¥ v VE ¢, IKFRT 2 TIIBME



348
HRIRAFBELEHME H305 (1983)

Bt g b 5. BE#E T VY v VEHRRAAOBEERO THHES D ] MREL, BlRT VY
PiEGEE bICBRET RAXL 55, COBETRRBOLBRIRONZ VT LRFROED TH 5.
S, FREICE - CEEERIOME SR 5 &30V EEET 5 &, BRE & FI57 i & O ERIO
% Pe HEIE SN T, AROPc 58 5iICAMNBET 5 Lick-> TRAREIIKRE 155,
+11bb, BREOEME ZOHOSTEEAMORMICEBE TS itk > TETBLRASERN
%o BH—0F BT LOSHERER L  ANKE CERE S 5,

(D) BiShFREi@E

3 .110D) IR BMERER TR, SHERBREOBALRRC EHESIYERT Yy VH ¢,
B L RGBT AT B, BREOTAES d e IIARERS d e LREBRS d 67 LM
X3, PIHBRE fo OREBICK > TEHARRAMIES L BADHESE L 3, AOBHRARD TS
DTS BB ST RBRERAE 120, BICEOHMEERKD T ASRET 2HAIBBRREIIR/NEL
52, —F, BEFEZDTHOMIMCE > TROYVIBHSTET 2 fbic, BREE PG & OIER
DA Pe REAMICEBL, @ivy bRITILT 5, TR, Bk Pe BSRAMICEEL 2D,
RS IR TR K& B BEREE Bo COBRICBVTHHREDTAMB L, L DARELILBH L Pe
RESICELT, 2hBRERLEL 5, ThitH LT, EQOBHEROTHSRET HHGICE
TG & ORMOZEA P BEARICBHL, SSIBEREVTAICE > TEMORA Pe bR
ARI~BE) L 7205 SRRE LN B

© AFRE © It Hh T M © EH—0VFHuB
FHLH P
REILND T 1
P, &
1 ‘Pw(¢=?)
- & .
!
&
-
HF\OTH Ev
(A) B & B B
%K Co
P max
¢,
FBG T d
v w033 Ea

B ¥ & 31 % & B

M3.11 B~y FOFE -KRAEH

Fig. 3.11 Hardening and softening behaviours of mat



349
L% Eiey P OBBHPHHE

¥3B/EH 1n (—P)

3
RELED r
F’Evl ke - .5
—'@1—- -"'..¢n
f \ %,
i D\
n To 0 ®MEH P RO T2 €y
) % % E & B B
{ RzEn - LSBT 0
dEi
_ Prnax
N LA
%,
D
— 0%D  FAF[HP - mlTHE,
oM E B B B
WEN Ca

B m n % E & A B

K3.11 #~=v b O «- R BH
Fig. 3.11 (Part 2)

BUERT v ¥ v vl BRELS—BL - BROEBIROBEAROTLEAIDOERICL->T2EDOD
Ny UMBELS B,

(1) BHEOFLEY d o) SROBRRIERE SBEITIISITREE KRBIC cs ITF5 X Wi K
OFHZHABHLTE0T, BIORARKBEICTHLL, PHT, BEEROTHMSd ¢ = 001k
BT 15bb cs KELTENR—EDE XS ED. T OBBICBVTIHEH—0 45 M I AR5
LU, BRRINCKPEIREEL B,

(D) ERESRICEVT, BHAROTIHS d ) BEOBA IR, BREIZKRSICR/ IR,
IGTIEIZ—B cs MEBEBT 55, BREDCTNMNCE > TBHO T SMMIMAT 5, CORDH B8
B DIEHHED IR LAY, DT cs KB4 3,

INoD2ODBIRCEBVT, RO FHE, (I TREFCELL, (I TR—BRD L HBICE D
WY 5, $RLLHIHROTHELE, BEIOTHRIBTS 2,

(E) RIE—EEMRERE (Z8#EMR)
3. 12(B) iR E—EDEMBETE, BMOBMERBRE TR~/ 0 LRROERSENS,



350
HER A MERERRE $305 (1983)

H.GTﬁNtiﬁm,¥7vFﬁmﬁﬁ%mﬁﬁéwmfﬁﬁ@®#4XH~EK¢5POmﬁmﬁ
Lk > TR S HEBEOBRICB VD TEBICHRRT L L 65X S 5, LOKD, ERBEETIRR
EAEHEOHROTHEET BERT SO bELESERT. ChRE<y FO—HEANICENT
BB hsRN I C LT T %,

5) BHREID ¥4 X

g~y h OWEEHERRET 0, WHARO §4 8, BHRZ0TAOLRAER T OBMT
ﬁéﬁ.LﬁDE'&k@ﬁ?%bt&ﬁKﬁﬁ@ﬁlwﬂﬁﬁfyvvwﬁ®ﬁ4Xd%&Téo@
ﬂ@ﬁﬁ%ibb.%RE®#41§ﬁE¢5&ﬁ%@m%ﬁFtﬁéoﬁﬁ@&KﬁﬁMMﬂﬁﬁw
~ DEEALBAEUT —RRIT

:F(eg, 5?) .............................................................................. (3_61)
TEDOL I 5o
(@) TR~ B v FOBLBLORIEHERR LS BBIKFOFIE LTRAERES %o
F=§ +§ .......................................................................................... (3. 62
F = Fo * exp (-—-eg/a) .................................................................. (3. 63)
— 5“_) m Eg 1
P = Pe (1—% p) (1 -V p_) ................................................... (3. 64)
€ ur € av

ARICBNT, G081 EF IBOIC L > CTHOBLMME L TRES BT, BRERDTHO
k%ém;ofﬁimﬁmﬁiﬁﬁk¥ﬂ&ﬁﬁ15(ﬁ(3.%)§ﬁ%§nﬁ§u&ﬁﬁ%0ﬁ&
%5 F SR O F4 & ROHEERRIC X BBREOY 4 X OE(LERDTDICH L < BA LB
TbéoCCKPeHmﬁ®ﬁmthﬂwéﬁﬂﬁmﬁﬁéPQﬁ%ﬁﬁﬁéoik*ﬂﬁ&UVWi
FNENBEERD T4 & BEREE0 T S ICBE L TRREICH T 3 ROLBOBRAEZ RO T IDICR
D% S,

*izl (elr’g egr) ........................................................................ (3. 65)

=0 (2 > b

v{zl (0 < €8 S B,) e (3. 66)
=0 (e2 =<0, e2>el)

4+1bb * DRfEIc L » T, BHREVTALIBOREL > 3MRAEICEL 8T, BLBAKICNT S
CHOEBIINET B, RRICV BICBIE L7 Bk 09 4 OELBSIC 4 2 RBO R ZRE
4%, 18, PREILT—EFAICEL 2RI ZDRBERD,

6) BRifis L OB ET v ¥ v VEDER

B~y F OBRELS S EEREH O ODICEL THBA BRHEEET S0, BIEORRERLD
KtDEFNICEOCERBETES, 2 TERMRE Q) BLY 6) TR~ i, & RAEORRES
SFUwMERT vy e vEAERT 5,

+ ORI IC BT AR EE G BTSN TV 500 TRISWY, HERHBFSRRE]R S L
T.KmﬁﬁuﬁﬁmEmﬂmdwﬁﬁttﬁﬂﬁ&ﬁmﬁé(mz.mﬁmh,ﬁvvbuﬂﬁmb
BHRAB OO TZOMMEIRATERDbEN %0

T2_F2= (P—Po 2~ | SRS SEEY 28 WY T TR
f —Ff= (P-Po P {1+3n (G—p> }=F2=0 (3. 67

Cziz, Po EMDLOPEETE 3 HSBERHOTH ¢ ) BLOBHRREVTHO2RAER ¢§ O
£tk » T, LROERTES TS, FRCEERT v ¥ v vE ¢ bEAKTZORLIHICRRE



, ' 351
L8y P OBMBESHHE

ol (Po, 0) &E—HKL TW3EESE

T5, BERF Y Y ¢ E EBRED L = P-Por f{1+L LI x|
HE# Po @ KR TEE 5. M P-Po
Po =P —F/2 <o (3. 68) RELH »
EROBREIR, R (3.67) BLOU, |
BREDOY4 X, R (3.62) 2% (3. F = F 4+ F
56) ICBATHITEBID 4 B H 50 Bk B) BAKE L By M = Znac
BREAYBENSEE 3, ZHIZOVTIHRET
BB,
4.4 HEHONT
By bOMMIMET IR, D.51C
B BEE L ERBIR LicBOTEFT —
S FICEE G T DR, Eiv oy b OB F Po ~F — %

2 FYIEH P

HM3.12 ISAZEMMRBT AE~y b DWEHE L
TV e NEEBRRE

MR RE L THV S 3 FLABkIC L
At E@EVEOY, ERERTE, B~
v h ORIED bSO FRBIESA T Fig. 3.12 An example of plastic potential sur
S ur-

WEDT, BEANICEENERRATE oM face and yield surface of mat in
BEAPBELIE L, ZOHELT, FiRo stress space
RO > TRRENAEEEHPB LY
RESA r AT MM TR RSN BRRL (3. 49) AT 5, CORALBIME 2L

3 (P
{ sﬂaﬁrm 50,0 T TGl + 0,000 }defi o (3. 60)
&35, AN HEE#KT v v B ikl T BEMNICERLE-bDTH B,

FRICBVT, FH Pr BEOWEEBHPIC L LAREEEEOBRRISHEEZDL L, BEW (¢ cf)
DB TH 5 LIREST 5, BEHAXVIZ EZDORFENIEL B30T, BENsass LTk %
ZZ 1,

d 0y =

=Pro+t1/W_ ................................................................................. (3. 70
¥ Rl a BEAME 516 L, HESKEVBENSOEE L > THANICHT BER A MM &
5o

a:ao.—u"/—_w—_.. ................................................................................... (3'71)
CCiL, Pro BLU aoid KTOETH Y, t BIU uidfHTH 3,

V.2 #7vy bONDERRS

. B wic

m%f@%btﬁvjhmﬁ& RICEDVT, R TREENLSRBHEERNL N, TOBET, &
BEIC & 2 MEHEAZ RN, CCTHALLEFATE <y b OEHEBEEAIEL 530 & %
Ko
2. WK RN
2.1 BRRIEITE D 58

BRRIE T = gich i 28~y FOBIOSTEHS deD K (3.56) kb

of af

dep"Hag .——6—5:;(1 Tl vt e (3. 72

THAoh 3,



352 ‘
WERAY: BEMEAME 305 (1983)

WESHRE
f =T (P, r)—F(€$.6$)=O ...................................................... (3. 173

TH B, LIB2RED, REHERD, KAEE/.

1 _ 8F 0T OF _0F e
T~ 97 "ap +65§ e T (3. 74)

Ltchio T, BHBERRBKRATERDOL S %o

1 of of
| — — B LI RE T 3.
def; o7 ot N 5F o 50, B0y, doy, ( 75)
de?  op e} Ir
L
1 ot ot ot ,
deP = _ . ( dP + dr ) ceeeeeeeeenenes (3. 76)
1) aF . af N aF . af agl] aP 3r
9e? 0P 9P Or
E13 5,
HHNIT
aou _ aP 3 + ar 0'1] .................................................. (3. 77)
B )]
P _ 1 Of Oi  OF .,y 0f .0 Of .y ...
dejj= oF _‘?_T_‘_ oF _6____ (GP 3 + r”ij)(apdp+ rd.r) (3. 78)
de? op 0e? Or
%185,

PlLEoREEHILT B3R (3.62) ~ (3.67) KL T, x4°0f /8P, 8f /0r, OF/
8eR BLU OF /0e? 2REST ZHEHH D, BLOOBEBEET, ROBBKREST,

1 3 2

ot r 7 r
———— = 1+——— (_.____——-—2 e e tttesttessiescesaasseacastareirr ity .
op 1ty F—po | fM2?(P—Po ) (3.79
OF _ 1, T s
ar = H v (3. 80)
g:;:.._;—f_ v‘e - ']_—D' ................................................... - (3. 8D
v EEV(I—V;EB:)

ng = -— *mep ._P_ ........................................................... (3. 82)
°r Egr(l'—*—L)

€3r

CHGOBIRR (3.79) ~ (3.8 AR (3.75) ~ (3.78) DOFHLICRATTEy bOB
HOFHM d ¢ HABHICES 5.

BBRISBI & LT3R DR SO RIBORE % - BRI 51 TRROBKRRSRILY 5.
a WAERRE SHEMBRE:



L% Hey bOBRBEENFR

353
dr = deg—__—_—o ....................................................................................... (3‘ 83)
. 1 of
P . 2 AP cveereeeriierreereeeii e eeeee s e ———
2e?  op
d BgE5SIREE, BMEMEE WMERERRE -
CHhoDBIETR o= 0, T, MIBNEZGOENT S, $5bb,
dan“—-"d 0= 0 oo (3. 85)
dP=dUI/3 ....................................................................................... (3. 86)
dr =*ﬁ—7§dal ................................................................................. (3. 87
kb, BOTAMSd i3
1 of ., 9f, ,of of
p e .
deI——g( 9F a7, 3F 01, (ap 237 ) (5p +*V65,) “do -~ (3. 88)
9¢? 3P ' Bef Ir
Fh, RO AN d o) BLUHHO FHHS d en REhEH
! of 9t,. of
p: LT AT T FUBR Ve e (A J  cereverrnnntaerecnene
dey 3 F £+ aF.a") (ap"’"*l/ﬁ_a )'ﬁd 1 (3. 89
3¢ 0P ' 3eP  ar
BLU
deg-__- dglpz(des._dglf)/z ......................................................... (3. 90)
&5,

2) RERREICE T 2 BB

KREBRIRIEIC B 2 BIEO THMS d €] i3, FIBDESIC, BHERF VY vy LMLk > THRESH S

ERE LIz K (3.56) &0, BHOTHHFO—BRIRRTEHELION B,

P _ (¢ /F) L
RECEN TS TR TR TR e «
deP 0P ' 9¢P Or
(¢/F)" d¢ ¢ d¢
p= . (e AP 4 e T ) ctecetcnsenscescvennanss
deij aF. 6¢+3F i dos (de+'5?dr) (3
8¢® 9P ' 9eP Or -
_ (6 /F)" 8¢ % 086 .\, 00 ., 96 . .
deb = 5F 5y OF M-(--a—IS 3t + 5 o) (gp dP +5—dn) (3.
E@ﬁﬁ*iﬂ or
RICH BRI IS D EBO MHUERICB L TRROBFRRARILT 5.
a [ERBE, SHERERE:
n .
degz (¢/F) .(a¢)2dp ............................................................ (3.

OF  0d¢ oP
fe?  OP

v




3
» BERAF BEHRPREHE H305 (1983)

b Bighis[sRBR2, BMTMEERE, #IPFERRRE :
n 0 0 7 0
@/B ¢+2 ¢)'(%+*I/G—W¢')'ddl ......... (3. 95)

de? = (28,022
9 (DF 06 OF 0¢, 9P " or
m 0P 655 6r
(¢/FF 99 08y 0% 45 i
deh=—070 55 or 99 (p +*V65) 5p o (3. 96)
de? Or

3 (Es— ‘ap * dek |
3) PR
PLEi, #<y FOBHBERREEFNICHN 2, ARETHRBRREBICENTHLHBERSRE
T3 EEELLDOT, 2ERBELBL T, MEKELSRET L8 LBERTLIT BRET 58
BLicHELS 3, TbDb, RiENEBEARBRIET HESHEEEMNEEL XCREBETH S,
oD EREOHBIEIR (3.27) BLUY (3.28) iIKRLIZBYTH %,
BHRETROTAMDRIHED FABY LBHOTAHMIOMTHELETHE, Hivy bOMBH
BRAIRRTEDIN 5,
_ 0 0
dEijz{ Eijlkl + o a(q;f’jl;;); 3 . aaq:j . ao¢kl Fdogy oo (3.97)
de® 0P  09e? Or
ZOFRRO—ERR (3.51) EEETHS, choo@Bit@sicX (3.67), (3.69,
(3.79) ~ (3.8 ZH WAL~y bOBMBUEBERNSEEBNICEE S, £3. 1 KT LDOMR
XBLUVREELHILL, TAMEEREE ROV TOHRPALE—E L TR, ZRIBHLVTEEZNT
NIBETODORDBEOMEBKRRNTH O, FLHOT AL FHEIG A& T 3ReEEMAIC
GEALS 3, 1 LEYEMRLEETH 2D TEROBITITIIETERISNLELL S,
HSIIE BB OBE TR (3.97) 3RO &S ichEH I 3,

a [gikiBiE, FHEMGE:

_ A B/ )% (0@ 21 4b oo,
dev-—{ Pr‘P+aF_@_¢)_§_ (aP)}dP ......... (3. 98)
0e? 0P

b HEESISRiBIE, BISLEMSIE, ShNPRERSE

_ B 2 (¢ /F)" 9 . 0¢
dEI—~{'—-————9 (Pr"P)+—3—ar +9(6F .a¢+ F .a¢ (ap+2 )
9e? 9P ' 8¢ Br

0¢ 0¢
'(7[')—"'*1/6_'5?) }da’I ..................................................................

- /i (¢ /F)°
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................................... (3'100)
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Table 3.1 Symbols and coefficicients of elasto—plastic constitutive equation for mat
3.1 Biey PORBHEBRRAORS L HRHBILSVT (FD 1)

A) BHEVTH

Oy : IhS
o : REEH
P PEIEH

r o REBNO 2 RAE R
n 9yt BRES, PMEES BhELH
i €5 €% OFA, BHOTH, BHOTE
v €8 BROTA, BUGROTS, BHEKOTH
T € REVTA QRAER), BURRZVTS, BHEZVTL

B) HHHRR
1) M
defj = 7 dPo; + aNrN o’

3 (Pr —P) u

2) BELLUHRH

A UMD A EHET SHMT, ML e & PII5H POMMRETERS W SHE
BRODEEERDT,

Pr: BicHT s MHEBORR LGN P ERD T,

a : BELANRLARRY 5 EMEBORKT, $AMDTAOKE SERET 5,

N HECANERERRT 5 HEMBIMOERT, CAKOFAOKE SERET 5.

Eijki» Efji © BEMET ¥/ 1T, EREF VY ARFLEGO,

C) MR
1) H¥ek X s
_ nd¢
dE%-—H(?ﬂ-mEd¢
- O BRRE ZE=F=¢
O FRBRARE:f=F ¢
2 = F2_.p_ 2 1 r 2
P =T =-Por {1y o () }p )
— 3 &
F=F+P =Fo exp (— ¢}/ a)+Pe (1 —* ;)mU”Vé;>l
€ar uv

2) BB IURK
f : BRE vy FOBRIES ARG £EbT,
¢ BHRF Y Y VE, BRESHEUETERBRRBICET 2BBEHELEET 3,
F. F, P : BREOY A X, KEOMREDY 1 X, BREICHT 5 ROLBOAE S 28 bd
B, F, BLU P, 202 WOVHE,

M : [RFFERRBICE T 2REL D2 RAERE HGEH O’ cs ( BREBERE o
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Table 3.1 (Part 2)
*£3.1 vy rOBBHBRRNOLELHEBCHPVWT (£D2)

ARAEENRT 5, OB ETREHEEBROTAIRELILL,
Po : &{RfED 2 VW EEEERF v ¥ v L E OO0 S,
o : WHEAEOTAREET S HRHT. ML e &EHIEN POBMIE TRRS NcFHE
BROBREEDT,
P, BMEMNERRBERICHT 3RAGROTHAERDT,
eb. WK ANERICHT ARATANOTAERDT.
T, * : RRBEOTHBLUBALAMOTALBRED 41 Xick LiFTHELHET S, T
BhbELEREHET 5,
m,1 : EE{LBAsIC BY BIEK.
n o RBRREBICE D ABED FABADKE SABET AEK T OEK.

D) BN
_ (¢/F)" d¢ 0¢
_ 1 . .
deﬁ"{Eﬁkl+ 9F . 0¢ N OF , 9¢ Doy agkl}dam
aeg oP aﬁ? or
3. HAEER

FiROE~ v DO EEHEHBEESRRICESV T, BMAMBRICHT 36— T AMREEE
LTz DBEE LR T 50

X (3.99) BLY (3. 100) 2EAEIKTIOREL VO THERAICE -7 9, R (3.
99) LBV THAROBHD THHS d 8 25X THARDIE/HES d o 2RI, B/ d o,
b OBEDTAENd e§ AHEL, CALBROTAHEN ] 2MAT, @BOTHES de, 2H
FElLto R (3.99) KDEBHETEXRLOR, FILREBIZBSVLTEITHEMCK L TO T HIERHHE
—CEBESBNDTH b, RIC, TTTHIG/HES do 2K (3. 100) LRAL THROT S
By dey ZHE L. IHOTHES d egid X (3.101) TR, THhoDWREE T NE N
BLEMD, AR BELFHEET- 1,

CDFEILE » THBEET—OFAMBROFAER 3. 13ITRT, FEICHAVMEERS LULKRD
eIV RERT -7 i OVTIRES. 21IRT. MEERERLED ZOEBEIC LIS SEREIC
FLBET B HDAEBA . BlAIE, EHEMKTL TIIP=— 0.2 kgf A8 FHEOFESTHRRL,
B LTI P =02 kgf /cAAFOFETHEW 5 LABKRT 5, ARICRON B XD IT, FHRIC
ko> TEEEN—OTAHERE, ERERLETOZEIHIbDODZOMERAITTFICERRE LTS, L
1o h5-T, KR TEM LAfivy bOMBHR I, BRELSTIVERNLEEARE 5
ICEEBL D 5 LT 5, HIC, T THRABEMATAMAREL T T, X (3.97) O—KERE
DOEBRREA N, HASDLERNEZIABECOVTHIEN-VOTAMBEZITBETE 30 THEA
HEHPLDBNEEZDE, HHSHEICE—BREREICED BREREONALLELT 5,

AHTRE7 v POBENTHEBHEBRRNO—FERRLIICE & o185, S, BREOMEE
DEFRICBTAWEEGI ELICE-T, SOKHEVEETEHy FOEREFHERRLI 5L
RIZBEEZS,
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b

Ml il i s HERR
BMER, MOTsMA— 00002 8 -
v S pRER g —— FRER | -
M= 05 Fo = 02kgf/cd E
a= 0.03 Po =02kgf/cf 12
eR=02 €2 = 0.1 n
l=m=10 n =001
B = 0.01 Pr = 0.5,a=0.01
op= 0g=0.0
o EERGHE (MAFISSE 5 )
wt ot
{;g@i; 2509, BHR®iEHH21 8 =1 ‘ —0.2
EHEEE 10mm/ min ERD+2 €

B 3.13  BSHMRRIC K 2 HERR - EREROHER

Fig. 3.13 Comparison with analytical and experimental results

Table 3.2 Experimental data compared with analytical result
£3.2 HEHRORHKHAVLERT -5

EREH (B3 EAFHRRER)

EHE  WEf0ss4ES 298

#Eg BRfS5 £S5 A9 H

H&E% 28

K ot Mt w10 E2. 188)
EMEEE 10mm/ min (D3 HHERED)
HAEF~TE 30 X 70 mm

E#EHE 30m (OF3H8— 04) £ TEH

=N OO A W N = N

oo
~

abhadt4

[0 3 A 0.01 0.02 0.03 0.04 | 0.05 0.06 | 0.07 | 0.08 | 0.09 | 0.10
BoA 0.01 0.02 | 0.04 0.05 | 0.07 | 0.08 | 0.09 0.10 | 0.11 0.13

O¢H | 015 0.20 0.25 0.30 0.35 0.40
B A 019 0.27 0.34 0.44 0.55 0.65

E) BABLVVTBRABER \TH 2. ChEDF— 5 33 EFERBRRBOLEMES SHEAMN- 720

3) MEEH
1 ¥ F =001, Pr=0.5kgf cd,
a= 0.0lcd kgf, N=10
2 B M= 05, Fo=0.2kgf cf
Po= 02kgf /cf, & =003, m=1= 1.0

n =001, ef =02 ei,=01
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m. # &

AE TR~ v P O/EHEEE BB HZAEELOATL, TOEBHEZUTOL I KHBLI,
a) H<wv b OBEEFERRIRES J TE L RBRIRET b R4ET S, 0D, BRERLTT
754, THICHBISEBERT vy » VEEREL 2o BHEOTHMY d ef RRRE { & JOBHEF 7
vV v ICBEL T

_¢_n 0¢

Gaij
T < ¢ CRERRE
f = ¢ @BRRE

d¢

THEzZON B EREL T
b) Hivy NOBEERT VY EEBRER IO ZNIGEVEREE L, ChoeRbTRENT
B & L T3 EME

¢zgf2:(P—-Rﬂ2{1+RE(T;TFFV}

AL,
c) Hivy b OE « RICEBIBHERO TS ) BLOWRREZEDTAHD 2RFER f itk
THESN S ERE L. BHCE, BLBa%k

F = Fosexp (—¢f /a)+Pe (1 —%

p

eP €
T v
o) 1=V ——)
ur uv

TS L ORILEH L TR L, ARDHEILDOE | IR Tic k 288 - kILEH), B2 RAIMICED
B - SALBEEER DT,

) LFROEFALOEBOMTCLY, vy P OBEEHEREERICHE LI, TOEF
I ENIEEEB LJOEGHBICENT, EREZH~y bOEHETFICRER LA

e) fivy FoOBEHEBERRLEAKMCREL, FTNFNIMBOIEHLVTHICETI—RIEL,
BEERE, SHEMGE, BMEHES X USIRARE, MNRERRIES & ORRIGIERICd 5H#
&R LT

f) BHAMERICOVT, #ivy FORBEBRRNICK ZIEN—DT HERERL, FHERKXOD
BRAHEEZEL . :

m 1

BEVE & W

tebd, Sk, B3, FfE SANRBRICE 2EROGTALEBEENEARERLE LT, LM
SO S e b & ORI RENAER S L THELIEEH< v bONFELEICBEET 5
W OO HMREE N, FERHERALUTOEY TH %,

(a) KB TERIIMERERE OB~ FONFHIUALAEL > 5 RBEERL T, Fric, BETHEA
T AERRELE LT, BEOEERERICROAF LV AERARE, BIU, 5IRAREEREL 10
ey POBEN FTIEL, DERANEICHMD S 28T HRAZREVSEREIE V.

(b) 7=bA, BIE (DEEEL) . Ff, SANICHT Ali~y FORKROETFEBEE LTRL. 1
B, EBCEAIN TV 3HET~ v FOBEEREZROTBEANICD S DEEZX S,

SR PEMICTH T BN — O ¢ A BRI IEHE

o=ac® (o :5H, € :0FA, a,n: HEER
THbEh, nOERSIETH 0.5, FHTHIO0THS, —F, TEAKBEEL Coulomb XTEM
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L&t

Bvy PNESUEN TOERRBBERAEL, 20T400THROFARIAEE EDELC &%
BT L, MBELERICHLTRE LVERTY VR o - ZPHE SN,

(c) RRTHESUEEECICHEKL, Tho>OMICIEBSHEMERNSSD, BEOAS VE<
v MREBLICK WT EBEERESHIZ LI, ThE D, (a) THRXLRBEE BI#T 355 Flii3
SRR AN E < v P ONEOEEE ERAICEEBL S 3.

(d) &= b ONFMHMEBER, FHAK THHY BE KtOESESLUAKLICKES
NBTLERLI, CNODHBRTAE~ Y F ORHMEICIIES ¥ 5L, ThENIBOTRIE L
WE B L CREOTRAMEICHETE 505, TORBIEAICE > TRUD, 21EEB X CIESER
TRAEFES, ERATIREOLEOIR Bhit, THUOLE~ v b ORI EIERNS L CEE
FRCHEETH %,

MERISE 7 P OHAHBEFVOMFICE > T, Bivy F ONEHBE & LERT & OBELR L
2o

Table 4.1 Total results of mechanical properties of mat

£4.1 By FONENBBEORAKSR

I B BNE | BRKHE | EiyE | EeEe
vy POMR HER (7.8 50 250 180 54
HHgx (7) 14 31 24 5.2
S B A # X (kg) 2.2 6.5 4.1 0.88
B : 116 B o (mm) 71 175 109 24.9
R I (& 30cd) 23 154 88 32
SRR - E % 1.4 5.0 3.1 0.8
S53~55 | aki (% db ) 30.0 235.0 85.3 33.2
B OE ($/30ch) 0.37 2.92 1.27 0.49
aKk#E (% wb) 80.0 86.0 82.4 1.5
FHE (2) 34.0 34.9 34.5 0.40
BASI367 (kgf /cf) 0.010 0.219 0.076 0.055
- BAU A8 0.0278 | 0.322 0.105 0.066
DHRRE (kgf /o) 0.22 2.01 0.96 0.48
WM ECREE (kgf /cd) 0.31 8.90 4.00 2.45
WMt REL (kgf /cd) 0.78 4.07 1.54 0.76
DEB—0.2 BT 3 -0.12 -0.66 | —0.27 0.11
E B FEREIR A (kgf/cft)
DFEB— 0.4 3 -0.35 | —171 |-0.93 0.42
FEREI S (kgf /o)
AW EH (kgfod) 0.054 1.293 0.470 0.250
EREE A (B 25,0 44.0 34.0 5.30
HE:bHAH (cm) 0.3 2.5 1.2 0.42
ted & HE:bohORDI 0.24 1.83 0.53 0.26
MEom R (kgf /o)

&) SRHERERAS RIEICED I,
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(e) EERGRAEML T, BEHUPEHEE BT IRFI LT, Hik, B, MELSUNHEET
WERTR Ui, X5iC, EBNLERARICNL TH~y MERBEELRILL, TOHEREBEICLT
WPHEFLEBA LK, EOEFAVOBEBEERMICATT 5 L L bi, BREFRS L (LB
2R LUES —OTHBERRLEEHICH N, TS50 X D, T TTHW HEHEE 7 VRS
HEBLOSEMAICB T 21 L~y FOXEBOELPBHEICED LS B3 &R L,

#~ oy FONENEEIEFCEBETH S 70H, FHRATEITO—REHLpILIiCE EE -1,
RN TR B L ORBROME SR> T3, L L, EBRUKEHEOREElICT S &
ey POWBHAFEITHCRBEATEZSLEERLS,

P EDOERNE LUHERANFEDORERIL, i~y OB EBICHT 28~y FOEEBLUR
LTHEDOTFR, &30, BHITOEMIBBICNT 8~y FOFAREDHERLICEHTEE6D
LIARKT %0

IFEESSICED, BV y MBI TR, BRPHEAICE T 2 ETHSEORBEROMBEEE > B
ICHLETS + —HEY) 2 FBE O SRR RN DILE « —ALEITO 20,

EVE FARIXOWME

REMSMEOEMTHRI N LS B 1967 O TERBERE, 2FIE kL, BETRER
B 189 A&, KELSERTEBED OB BLE 220Fha DM IELICERENTV S, A EH
MR S%E bHBBOTHRTH B EEL N B0, BROMEEI T Tic—EkEicZEL TBD, H
ETRESICHEALRMRIEERITED ZBREICA->TV 5,

AT AR O TEREER B LU HEEICET 2R EEILERS o, B&ima
T, EHBOMBILBHETH S, TNIRIITOERERIE LB <y POTEAREEZBEOMICLT
BhRFEONV, T, BEBHEICEL ZNTENEELR B~y FNOBRVSEETH S, —4H, L
1 AR B B OD B 2T K - TR 20077 ton () D EOKBOE~y FBFEHEINTED, Th
K- CTH<y PERKTOBEBRRIEGICHEML, AETIE TATRL) EHTERLEORBL T 5,
FIC B NP BNV RTELLOMICHETE T, BEEECIEEELTREIORZIOND, TOD
EHUKRTOBEOERILE LCBROEMOSE < v F OMBHEICWHIL S HEL 52 50 A BREHE
DE AL SR T 5 LE 0D 5, :

LZAT, 7y PEIREIPICEWVITRA S - IBRENRE L 18 ELFDL, —OEAMRIE RIS
L5%, $1bb, BMTHIRIOMEMNHESIRICE > THEILSNIMHRTH 5, RDLOHE
 ORER & HLT, RBROMEHDIZLBOTONZARBEICENT, fivy POZHIEBO
FENHLIDICLIDISICERTH S, Hiwy POYESICHEET ZRROMFRIDEL, FICE
etk L UMBICET A BENENENSTB R EALETOA T IEL -1,

ZIT, AHETRE <y FONFENHE LT ITERNCHPL, K<, TOKRAEMEL THEBH
FRBBEA LN ERS, BRI EEN B AR EE VT,

BIETE, ERERXOE~ Y PO O, DB, SRS ERBES KU ANE
COVWTRIEZTY, BRLOFELZT TR INCOHEBREZHESAIR LIz, CHhOOFRRITHERAL
foliy MVABBEREPKRINEEZERICEITEBHLIZOT, UTIRBRRSEFEHEITELICHER X
NTOEHETE~ v FONFENHEEZTRICERRTEDDEEL S, SOICH~y P ONENEH IS
THLEBOEE LD LT

hbARRTRE v PRELICETHEE LBV TI60mm 2y TlAEZEL, BELB IUEDH
HOBRBENLEBANICK S O ABOEEZME L1z, 1LbAOBEBE(LIFERITNEL, FHEIER
LTHELEZANRWTIE B, 2.0 kgf BAKRODRBOIHAHBEITE~23mT, —BRET
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SEEAXTERIZ 1 ~6mmlml, Hey PO DOLIBUBESERETH A EEBEOOII LI,
FE—bLHREAELSHET EHRT, BT - BANEGECBI 32N EH TR 5 ¥z « 1
— TR 7RI AR ATARRIC B BERICIR Lz, 5.0 kef EEOBBHE TRA KD - b
BBELLEL -, Bivy PORbIREEICML TRK:OEE, BRI ENEERRFTHY, T
kﬁ@ﬁﬁﬁﬁ%ﬁbfﬂﬁ@lo&LTﬁ!é#i&&.ﬁimkémﬁ?vbﬂgtbawﬂTé
B XRE{LI3HEEBRES i,

iﬁﬁmmmmwgﬁﬁﬁmﬁhtﬁﬁﬁéﬁﬁtéﬁﬁéLtﬁbénfwas-Gxﬁoﬁma
BRETRE~ y PONEOUEL AT LRV CEHSHB LR, £ TECKETE » b %45
BT 2HBEERANRET 5, MEDRVF - S BBLNADT, Chilivy POREHMREREE L
THREL, FLVEBRER L > THB LN DS —Stg L b SAMERILE DL Sh DiHEEAE
A L TR DT EIT »7co MBS 0D BBBHET S 0.10~ 0. 14kgf /cdTH - 7. 518
HER AR, RE, SkES2VBRIOBMEL SRS NEEEZIET EABEOhIT i,

SIEARIIE~ v FEBRR OXFS RIS LICRIEHS S, RRELMITEE TICIB < ORHEE
L 7o BHEHITT0 X 280 mm DAETLEBRF % K Eic il &, MiEE&4 2 OB TREATERT IRER
HEEHN,

SHRICBI BN -V T AHBRIBH T hic

o= ayy e (o:J5h (kgf/cd), € :0FH)
TEUL AT, Rfta DE'30.1~0.4kgf /o TH>tzo BASIEIGH T B3 [EREEIL 0.02 ~
0.17kgf /cd, CDHDVFT LML 0.03~ 0.32 THo7co BH—VTHHRBOTNBAESE b id D
MR E T 5 & 0.31 ~8.90kgf /o TH-7-0 T4 S D5 | SRAFEE % BT 5 & H o iciapanf
BRON, BEFEROKEVEH~y PIKEHELER LI éléﬁ%f&{mi%ﬁl, BEREDROSH
FRBICB# T IR FICE LV EERY, RO NEMNIE ICET 2 EHFORE AN
TEEPELMIT LT,

FERESRIL 30 % 70mm DIEMHRBH £ AV TT > oo Biv v /NS HBHBTOEBICERT 325,
518k TR 0.2 kef /o U DI/ TR L7 DICH AT, FERETIRIEH 0.3~ 0.6 kgf /ofl, DA —
0.3~—04ICE L THHMBL-RBH ZIZEAE D -7, EfficB8Y 267 —-0FAdisEH s
LS RAESHET 2B TRRNTEMLZ 72,

0= a6

Hhfla . ZEMICET 2R OMBIERKE TS L 0.8~ 4 1kgf /cd THY, 28icaIBicky
BENLDNSTIETH 7o ERFFHEME IR DS FIRIBICK & 72 8% 21F, 313R0FEE S (321
IZ, BOEEI NSO EEBESHIT LI, EMCB0 2RE LARRRICLD, ERMOTA 0305
L8~ 9 BHOTATHACEAET L. & o MRS O BhRARE I BAMEBOZh L D/hs v
CE&D, EREREED SBUHERSRE LTV AT ENPLLER -1, T, H=y bOHESH
WREREL TR EUERSIECERTH 2,

FANBRRA—EEANRBRELRAL T, FH « BREHICBVT, O T2 EBTHIARICER
BHEHEZEANL 7 Bivy PORANGE I —EMBII® 3D+ E ERiC B HSH T 5 B m
BT, GBOSINET 2R AMNY — VI8 BT & AR LTte 18~ v FOEAMEE IS BOL EE
BRICTIRD Coulomb RTHEM LA 720

Tg=c +totan¢ (0 : EEHEN, 1¢: CAMIES (kgf/ of) )
By r OES i3 0.02 ~ 1.28 kgf /o, NEEER 6 325~44 (B) T, I oD AMEMME
BREDENICKRE B BEZT B EEHODIT LTz, REDBANBILE B~y + DENELEHE
5L, MBENRE~Y POBHBKREL, AFERBIEIEES L < v FDHFHBPPNEL IS B
fBEBR O, BERCRELSIEMTSECOBERIZS SICTEE &1 - 1o,
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B2, FEME, SANTICBY AESHMAEVICERL, Ch S OMIIEERIHEENRKRNS D, 5%
CEROE< v b IEMBIC bEANIC AR E BRERETRTCLERASDHIC LI, LEA-T, #liwy bD
HEOEEIR 1 DOREEAMB T LItk > TEHMICBRL 5 52 LiKii%, COBRKEINT,
flivy MEOKEESBEEICEN DS IRICAAL AMERRELREL 70 '

DItOEREREEETZE, #ivy bONFNHER, (a) 2RITKIDZNITEN, LA L,
(b) EISH BB & U3 RER TR EITRONFREBOLEEZI TR LIHBORIEEH, (¢ E
FEBRTRELONENEBEOREISRE L, &6k, (d ELVWEBHEESRETSILEZLS, —2
O S L TRERERI SEHOBEICEL T, vy bONENTRICH T 25K: & BOREIIHE
Wie RILB, £CT, KEEBLDBRSNBMESESHHEFVERAL, ZOBHEMTHLT
LiTE->T, TO OO ERIMICHRBE LI Sk, By PONENEELEDRT S dicH—#
—WHEF VAT L, & OIKEHEOHBER T IETORNET -1

BOETI, FROEBREROMFICESNT, #Hivy MIEHNUERERICE O TIRBEEL
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RETRIBHERT vy VEIGILE > THRES NS EREL,
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f
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