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3 Influence of mineral composition on ring shear behaviour of landslide soils

Vithana S. B : Graduate School of Agriculture, Faculty of Agriculture, University of the Ryukyus, Okinawa, Japan
Gibo S : Faculty of Agriculture, University of the Ryukyus, Okinawa, Japan
Nakamura S : Faculty of Agriculture, University of the Ryukyus, Okinawa, Japan

Abstract

The present study analyses the ring shear behaviour of several landslide soils of Japan and China that considerably
varied in physical and mineralogical properties. The influence of mineral composition and grain size fractions on
shear strength parameters of the soils are discussed with an emphasis on classification of the stress-displacement
curve. The variation in strength reduction under constant normal effective stress against the total contents of
preferred-oriented clay minerals is expressed as a convex curve. Stress displacement curves of the landslide soils are
grouped in to four categories based on the total amount of minerals in soils.

Key words: Clay minerals; Landslide soils; Preferred-oriented clay; Ring shear

Introduction

The geological history of sedimentary clays and clay sands involves many stages from initial deposition through
consolidation, uplift, erosion, swelling, shrinking and softening up to stages of pre-shear. All these natural processes
lead to lithological and structural discontinuities within the sedimentary structure including laminations, bedding
planes and pre-shear surfaces that fall to residual condition after sufficient sliding (Mesri et af 2003). Shear resistance
of a soil may depend on factors such as void ratio, composition, stress history, temperature strain, strain rate,
structure, pore water chemisiry, etc. The physio-chemical properties that govern the shear behaviour are composition,
clay mineralogy and clay-water chemistry of a soil (Moore, 1991). Not all these parameters may be independent, and
the functional forms of all are not known. Studies have shown that the residual strength of a soil is primarily
determined by the existence of preferred-oriented clay particles in it (Skempton, 1964; Lupini et a/, 1981; Skempton,
1985; Gibo et af, 1987; Maksimovic, 1989; Rigo et al, 2004). A sedimentary structure, depending on its stress history,
undergoes internal changes to its particle structure during initial stages of shear, which inciude particle rolling,
interlocking, crushing and fracture. Accordingly, initial structural deformations of overcensolidated clay under normal
stress involve a phenomenon called “dilatancy”, where the void ratio of the sample begins to increase and the volume
of the soil dilates. As a result, the peak shear resistance becomes greater for overconsolidated clay than normally
consolidated clay (Skempton, 1985). After dilatation, with further shear, the internal structure of the soil is already
completely disturbed and the frictional angle values become independent of the internal structure and stress history.
From this point onwards, the shear resistance is governed by the composition of the soil and the magnitude of
effective normal stress. The drop of shear strength to the residual level almost entirely happens due to the reorientation
of platy clay particles along the shear plane under the effect of effective normal stress (Skempton, 1964).

Materials & Methods

Physical & mineralogical analysis

Disturbed soil samples from the slip surfaces of the landslides were analyzed for physical and mineralogical properties.
Two methods were used to determine the <2um clay fraction content. Method A (hydrometer method} involves
treating the soil sample with H,O, and plotting particle gradation curves, while method B involves soil being treated
with Na,Si0O; and dispersed by ultrasonic wave treatment (probe type, 19.5kHz, 200W) for 15 minutes and subjecting
to repeated sonification-sedimentation-syphoning cycles. Mineralogical analysis was conducted by X-ray diffractions
(XRD) method. The relative peak points of the minerals were used to estimate the mineralogical composition.

Ring shear Test

Remolded soils were saturated and normally consolidated in the ring shear apparatus and sheared under drained
conditions (Gibo, 1985). Up to the fully softened stage, a shear speed of 0.0lmm/min was used, while large
displacement shear was done at a faster speed of 0.5mm/min. Subsequently, at the residual stage, the soils were
sheared at 0.01mm/min speed. Normal stress was considered to be equal to effective normal stress under drained
conditions. All the soils reached peak strengths at relatively shorter displacements, while the drop of strength down to
the residual stage required shearing up to a distance beyond 900 mm for certain samples.

Results & Discussion

Table 1 summarizes the grain size distribution and the mineralogical vartation observed in the <450 pm fraction of the
analyzed landslide soils.
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Table 1. Grain size distribution & mineralogical composition of <420um soil fraction

Grain size distribution (%) Mingralogicat composition ' (%)

Sample Soit type é‘;’; 2_253:““ 20 fj;gum St vVt Ch Mc Tc Qf Fd Others
Kamenose Sandy wif 73.2 17.8 5.0 77 00 0 2 ¢] 14 3 4.
Q'dokore Fault clay ™ 50.8 20.7 28.5 4 24 ¢ 6 7 S 13
Ishikura Mudstone 54,5 353 10.2 30 0 3 10 0 43 5 9
Tyunjun Mudstone 50.0 452 48 6 o is 27 0 34 12 6.4
Yannmen Black phyllite 16.6 20.9 62.5 1] 0 15 24 o 39 5 17
Nakayama Mudstone 374 3%.1 23.5 0 7 13 0 42 14 9
Miaowan Maian loess 18.7 30.9 504 ! v} 6 15 0 56 21 l.q
Shaba Black phyllite 9.3 343 36.4 [¢] 0 18 14 0 42 It 137
Toyouta sand 0 45.0 55.0 0 0 0 0 0 i60 0 0

*] St:smectite, Vivermiculite, Chichlorite, Me:mica, Te:tale, Qriquartz, Fd:feldspars, Others(Gyp:gypsum, Calivaleite, Am:zmphibole, Z1:zeolite, eto} |
2 derived from serpentine and siliccous shale @ *3 Am @ 11% ; *$Gyp : 15% *5Cal: 13%

It is generally assumed that the soils from Kamenose, O"dokoro and Ishikura could be categorized as clayey soils and
Tyunjun as silty clay. In contrast, Yannmen, Nakayama, Miaowan, Shaba & Toyoura sand fall into the category of
sandy loam according to soil textural triangle. Similarly, the mineralogical analysis too had revealed that the preferred-
oriented clay composition greatly varied among these two categories. The soils of Kamenose and Ishikura showed the
maximum values of St content among the clayey category (77% & 30% respectively), while Nakayama soil had the
highest percentage of St (10%) among the sandy loam group. Within the clayey group of soils, the total percentage of
St, Vt, Ch and Mc remained above 43% as against that of the sandy-loam group, where the total percentage of St, Vi,
Ch and Mc¢ was below 40%.

In Figure 1, both the peak strengths and the
drop to the residual strengths at large
displacements seem to vary among the samples.
However, in all the samples, the residual
strength has fallen to a value just beneath a
Friction Coefficient of 2. Kamenose soil has
recorded a peak strength, (1,/0’,), of 0.338 and
has fallen to a residual strength, (14/c',), of
0.121 around a displacement of 700 mm
achieving a drop of 64% in strength. Soils of
O’dokoro and Ishikura too have recorded nearly
similar peak strengths and residual values at
more or less similar displacements. However,
Tyunjun soil has attained a peak, (t4/c’), of
0.554 dropping to a residual strength, (1/¢"),
of 0.162, a drop of 70% at a shorter
displacement of 250 mm. Out of the four soils,
Kamenose has recorded the lowest residual
strength having the highest percentage of St
(77%) in it.
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In contrast to Fig. 1 results, displacement curves
in fig. 2, obtained for the Yanmen, Nakayama,
Miaowan, Shaba and Toyoura sand samples
under the same normal effective stress (300
kpa) show a higher peak and a fall to varying
residual strengths at large displacements. Unlike
in the previous four instances, in Fig.2, the
residual strength of these soils have not dropped
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Fig. 1. Stress-displacement curves obtained by ring

much below their respective peak strength
values. All soils have reached the residual
strength at shorter displacements ranging from

shear tests for soil samples from Kamenose,
O’dokoro, Ishikura & Tyunjun landslides
(¢’ .=300kPa)
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100mm in Toyoura sand to 260mm in
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Yannmen soil. Among the 5 soils, ol Vormme o Hebayams
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peak strength (1./c',) of 0.557 and the EG‘ \_ i o g
lowest residual strength, (z.¢/0",), of g §

0.341 with the highest drop of 38.7% e i
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well above 1,/6',=0.600 resulting in a
drop of below 14.2% from the peak to
the residual strength.
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Fig. 2. Stress-displacement curves obtained by ring shear
tests for soil samples from Yannmen, Nakayama, Miaowan
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Fig, 3. Variatien of difference between (1,¢0',) &

(t/e',) versus total

contents of preferred-

oriented clay minerals (St, Vt, Ch, Me¢, T¢) in

<435 pm soil samples

The difference in friction coefficient, (t;y/c’,)
- (1/a",), and the same difference divided by
the peak friction coefficient, (1./6')-(v/a')
(t#a',), plotted against the total content of
preferred-oriented clay minerals shown in
fig. 3 and fig. 4 respectively, evidently show
that the soils containing a preferred-oriented
clay fraction of approximately >35% tend to
achieve a greater drop of strength from the
fully-softened stage down to the residual
level on shearing. The data in fig. 4 suggest
optimization of strength reduction ratio
relative to the respective peak strength, just
below the 50% mark (Ishikura & Tyunjun)

Fig

. 4. Variation of strength reduction ratio

(Tao")-(./0" ) (tyfe’,) versus total contents of
preferred-oriented clay minerals (8t, Vt, Ch, Mg,
Tc) in <435pm soil samples

&)

O Stamapn mudstone (Tyunjun, Nakayama)
& Sasebo mudstone {Ishikura}

A Tuff (lshikura)

V' Sandy wff (Kamenose)

¥ Fault ctay from siliceous shale (O'dokoru)
W Sandy shake {Taiwan)

= Dilack phytiite (Yannmen, Shaba)

T Malan loess (Misowan)

x “Toyoura sand

Av4 v}
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&0 8G90 100
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Fig. 5. Variation of residual strength, ¢ against smectite (St} content
in <425um soil fraction

for the total content of preferred-oriented clay minerals. The residual friction angles of a wide array of tested soils
have been plotted against the smectite content in the <420 pm fraction of those soils. Fig. 5 amply displays the effect
of smectite mineral on reducing the friction angle of a soil to the effect that more smectite a soil has in its preferred-
oriented clay fraction, the more will be the reduction of the soil’s shear strength down to a low residual friction angle,
bentonite giving the lowest value within the lot. Plotting the residual angles of each soil against both the total content
of preferred-oriented clay fraction and the non-preferred-oriented mineral fraction infig. 6 & 7, respectively, has
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particle orientation would be maximum. On the
contrary, in group C, the post fully-softened drop in
strength is marginal and it is the obvious behaviour
due to the fact that the preferred-criented clay
content of group C is well below 50%.

Fig. 8. Classification of stress-displacement curves at constant
effective normal stress, o', ,based on total content of minerals
in <425 pm fraction of the landslide soils

Conclusion

Drained ring shear tests on landslide soils from Japan and China have demonstrated that the presence of more than
45% preferred-oriented clay mineral content in the <425 pm fraction significantly reduced the residual shear strength
from the peak strength values. Even though the sandy-loam textured soils too showed a post-peak drop of strength, the
friction coefficient values never dropped as much as it did for the clayey soils. Extended analysis with additional soils
with varying clay fraction revealed that the residual strength greatly reduced with increasing smectite content in the
<425 pm fraction. The data enabled the division of the landslide soils into four categories based on the preferred-
oriented clay mineral composition of soils. C-type clearly indicated a drop in shear strength from the peak strength.
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LEZREAFLZ S L TV ARIFEE (BL)
CRRRB LU EEA L - ®BFATFS, £
LTEsBEBFHMBORNAN %« RE LEF
B3 2 B CREEE IR & ERLICEITEIRY
BV FEELTER,

BRE L LCHEEL EOBEHM, R L,
BADH R PORBHEZ NS, K&
ARERERE AV M FBEBERTEN
T3, '

2005 EC=BECHRELZY V4 7 AME
D7 xzv i NEETE, pH OF{LRRE®RY
EBLIZL DAY v AOEEIRERENTS
RYREBReMCETAN A F7 A4 R E
Elpoat-foth, FHFE CiERM B L TH
WFETE 4 6 TOBEHREBOMIZ pH (ki
L ABEHIMMHEEMRBT D720, 1 7 LBK
R ER L.

2OER ESRBEOEHNENESICEY
AMERREEZHBH LB TEL,

2. HEREE
BB ERHE LY ISR B 3AED L4
x 2 Wit e Ay, EATARTFIER-1.1
~R-1L2DEIIBRE L=, £, EBROMR
L ABRFRY, BFORNLEROD DD
HESIIUTORTERT 5.
W = 4100 (1)

Mg

0250

OBREST 44— EAH 1§22
ks TEH F Ak
FokBREST ERE FfT
PC =22 x100 (2)
mig
BF = —8C x 100 3)
mg
Fd=FL 100 (4)
fns
GD =—82 x100 (5)

nyg

DIz, w BEREOEKIL®, PO EASE
WG, BF: MIFA T ZGiingt ),
FA: RRREEMLL %), 60 R IEERIEN
@), mg: TOHE, m,  KOBEE, mpe
AV FOHE, my AZTOHERE, mg,
mRLRERNOBERE TS, ok, FEFOR
kRO HEEERT m LTD,

®-1.1 HEREBCE L {4’ x 2w {f:
1 2 3 4 5
re2e3 e | 51 doret |17
_ oA |[#RE] B8 | e
A7 |miew| ® mE
PC ¢D FA
501 1 1 1 1 i
502 i 2 2 2
503 2 1 ! 2 2
504 2 2 2 1 1
505 3 1 2 1 2
506 3 2 1 2 1
507 4 1 2 2 H
508 4 2 1 1 2
509 10% 25% | 0.2% | 50%
510 0% 35% | 0.2% | 50%

) B R D No. 501 ~No. 5080 S fili [ #1. 2
ki E R - e a8

£-12 BFH-KEJNOBEEE
&K It HF OB
B 7 1 2 3 4
% 5 ¥BF|%| 0 7 14 21
A FPC %] 10 | 25
ERiLEdRMcD | %] 0.12]0.24
FBRIEFA|%]| 30 50
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3. BRF5E
QOEE£BROBHRE : BEFETE465 Y

ERRLT=REZAEL, 2mmD55 0%
B SH pH 6.8 ~ 6.3 ICHFELARIZES
L, 6BSRHRE 5% 0. 46 LB ALV TF5 7
ANWE—TAHIB, AiRESHET27,

@H T LiEAKRER Y : 45 o #4HHRK NEN7373
BEIZLT,

TITAF v orWh T AICRRIRIESKE
T TR L, IHEE AR (pH4 ) ZEHEE
KL, iKELE (B RIRIREA%RL) %
0.1:1, 0.2:1, 0.5:1, 1:1, 10:1 D 5EIZ%
HCEKEZERL, ThFhEEREOS
WET>7, RALL I ICHiAkDOPHEEIR (pH
7.8) ,KEE{LT FY T LADT NN I HIEIR
(pH 12) oW THillx Dh T ATHEEZ
FEhi L7z,

B, INbORBRKREZER-1~F

H-51T577T,

BH-4 55 AEARE (2)

Eﬁﬁ A7 LK (3)

EH-2 E®RHURES (F-FRERER)
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4., BEBRER

RETEREL 6 SICLIBELROGHRAR
BRER-2IZ, 17 LEKARBELLBHR
BFR-3 AT,

#£-2 DREESERHENSOESRESHEBEES BT me/L
BRIKRA S OB

Ne.501 | No.502 | No.503 | No504 | No505 | No.506 | No.507 | No.S08 | No.50% | No.slD ﬁ',’i a

E&*ﬁl.% a. '+ . . L s o 4 a - X ﬂgﬁﬁ

Sl e Al 0.043 0.033 <0.005 0.006 <0.005 | <0.005 | <0.005 | <0.005 | <0.005 0.022 0.05
Cr{vD) { 0.0428 )] ( 0.0334 )1 (0.0013 }} (0.0059 )| ( 0.0018 )| (0.0008 3 ( 0.0008 )[{ 0.0011 )| (0.00i2)}](0.0222) )
ELLS e 0.005 0.002 <0.001 <0.001 | <0.001 <(.001 <0001 | <0.00] <001 0.001 0.01

(0.0050 )| ( 0.0017 )] ( 0.0013 )] (0.0003 )i ( 0.0005 ) { 0.0003 )| { 0.0005 )| { 0.0002 )| ( 0.0003 }; (0.0012)

IE5#B 0.27 <(.01 0.33 (114)] 0.20 <0.01 0.20 =<0 0.0t <0.01 1.0

(0.271)] (0.008) ] {0.329) ] (001331 (0.199% {0.009) | (0.204) | (0.010); (0.010}) ) (0.001)

9 S HF 0.3 0.2 0.2 0.2 02 0.2 03 0.1 0.2 0.1 08
(026) | (015) | {0.24) | {018BY | (019) { (Q.15) | (0.26) | (011} | (0.18) [ (0.12)

WEIwA

cd <0000 | <0.001 | <0.00] | <0.001 | <0.00! | <0.001 | <0.001 ;| <0.001 | <0.00f | <0.00} | 0.01

#Pb <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0005 [ <0.005 ; <0.005 | 0.0

A s | <0005 | <0.005 | <0005 | <0.005 | <0005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | 0.0t

T’i"*’{;ﬂ; <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 { <0.0005 | <0.0005 | <0.0005 | 0.0005

T p o 11.6 12.1 1i.5 12.0 11.6 12.0 il.a 12.0 1.9 12.3
fite Lol o

) BPIIst A )M, RESRIC LD HIMEZ AT, i, B5 <OFNEIEEL TREND (Not Detected

#-3 HT7LEKRBRRER ' (EAfL : mg/L)
" - TH-B
MR A S Hedr U
¥ = ar x| irky . Ly
mﬁﬂla z '; E e ﬁ{ﬁ: 1:; - 7 nml r ’zyu - -
it L * # *

6.1:1 <0.005 | <0.001 | <0.005 | 0.14 <0.005 | <0.001 | <0.005 0.13 <0005 | <0.001 | <0.605 0.15

0.2:1 <0.005 { <0.001 | <0.005 ; 0.14 <0.006 | <0.001 | <0.005 | 612 <0005 | <0001 | <005 G.13

0.5:1 <0.005 | <0.001 | <0.005 | 0.13 <0.006 | <0.00] | <0.005 0.13 {008 | <0.001 | <0.005 D.14

11 <(.005 | <0001 | <0.005 | 0.15 0006 | <0.001 | <0.005 6.10 <0.005 | <0.001 | <0.005 0.18

1011 <0.005 | <0.001 | <0.005 | G.10 | <0.005 | <0.001 | <0.005 | 0©.09 0.006 | <0.001 | <0.005 012
8L

i

0.05 0.01 0.01 1 0.05 0.01 0.01 1 0.05 0.01 0.01 1

g 270



F-2 Ly, ERHOBEHEREEECR
SBRT_TLIEREREELLT L2, B~
DEEENER SN, S5, F-30HF A
KRR TREHORRCST ARBIED
BEHE L TEEE®0.1~10 05 BPSIZHE
LE&BRMIZR 28kiE%E A2 v b cr(VD,
VL Se, kHAs, FUBBO4HOEERY
FFRIZ LU TRBREIT - - F5 8, MRk 1B <
FTARVMEIH L TLESTHY, FREDY
9 BEEM: AR T A U KIC L B B BT R
HRIEATETE I ERTFHEN D,

5. ¥+
FHFETHENM LI ERBREE DD L

ToLoici s,

O (bFEHRARTER LESA 0T <0R
BAGERA TR BELT L 29, BRI
MELTOREMVPRERTEL,

@ BHLA L L THERLEEFR T ZHiRE
Atife7 a Ak Cr (VI) (23 L CTIEHMBIZIE
WRE,

@ ERACRERGDIL, A7 = A Cr(VI), &
L v Se, i 7 3 B izt LM %h £ & (R
SHA,

@ I T LABBROBERNL, iSRRI
FRENZEETLT ALY HEFREIC
L TRSMBHERTEL,

6. SHOBE
FRBICBITIEEBOBERE . BETY
TEACEBLUD T LEARETHEAMZ 2
(VD) HoHREEIEE s ¥ 7 TE N,
BHETHER-7zao A FRBEOL I CREBL:
MOBTZ LI PEEBROBHLEZ LN
LT, SHRIIEYREZ2SEAMRETLD
WIRTESR VI ELRBEZT> TITSHLEE S
D,

020000000000000(2007.11)

BEIH
1) BAFFIT - BAR(2008) : RRIKIES
BHFHLOL A - FECAFIZL DHEDHR
BT S, 5 50 EHER T LRV a
v AU

2) EMFFNAT - AR - BAHIMY - fh2

& (2006) : ARIRIESWIH L OBIFR T
TR A MEIZ L SR BROBIE,
TARESHH T MEMERAFE TN
3) EAMEZ - RAK - SIRATT (2006)
ARKRERELERBELENLOESRIE
FX Ay OFE BN R A%, $ 19 H
MR TR RS
4) HEE~—(2000) : EEHEHE (L&) ,
B3R, E
5) EEHBA(2004) : Excel CRLEREEIE
Vo AT L EERSH, A — A%
6) JISAYFT v Z7REREIDL(2006) :
BAREHS
7) S5AFE - NIRRT ARBRICL D
HANERE LU A > N RERE D S O
HBTREL, 16 BEEDFESUIREXR
3048 (2005)

0280



9 BELZEANZEXLCURIODELEAHECHT HMHA

BB RF T RERDR TR 4E Of4E #iF
BRER R L R R B TR 584 wwhH  Fh
BRERKN S T R i T F R R AR
BIREELT AT A E -
s S ¥ — AN #E2

1. ZXE®I

ARFFETIL, R ISR LERARZNT 2 Z LK VMo 2 B4R O ORI
Mz#H~D, £z, a—CEARRIY a—UBHZHEL, SBRARKOFDIFMEZTDICHT
2T, AREIEBI D ERIROEGRZHENTLITETHD, KX TiE, TOEBFEERL LT
RAKEE, MERKE, FE2FBAASBE IEEOBEFECL2BHESRREDES, +
BLF DR OWTHEBHRET L7z, DA, AL, WHEEE, S8BT

BH-1 SE2EKKENE BEHE-2 EHERKE EE-3 RELEAABIE

2. HEFREOREERE (FERERA)
2.1 M=

AEHIRTSIE RS R 2 A L, RARIRIZ9.5mm, BREKLIZ6T. 1%, TRFOEET
2.81g/em’® Th b, MKy 42%, HAID 58% THY, S HICEONFITR-1 ORBIMNFFEMHBR LY
W5y 42%, B 16% Th D, REITIT D MR B O THM BTN BHEW (SF6) (25
Baha', £/, PoBITMEIREC VB SFHZOEEI DY,

HAESE5R A TIOKEMNE L EBEO 2 BEORBRHIEL, HR L TRV ERREORE, 33
HORBEMEERZ ROBEHEDOEBNZIL > T, HEOERBHDINE I PEHEL, HiLik
BT Z L2 & 0 ARF OB OEI TR AT~ T, £z, MBIEIZ SV TITIMEOBROK & % ik
Akbm, (#550g) IZxFL 100cc, 200cc, 500cc D 3 /3% — TR AR L, FiERKEER

L7,

0290
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2.2 EWRHIE

2.2.1 TEBAKK#EE

AEE LI, WREEANT Ay MIKEMZ, +H2IBkSERE%, FBAE SumDsD
WVIZHE T, 52T B2 Ny MCET, O 7T 2% 5548 30 4 5E %, 110°CT 23
PR S, F|RTH 10 GG T5, ZOBEL 2 EEEL, SEEREHI W TRIERER 3£
L,
2.2.2 BERKE

WFE L, AKEANZBBETEY IO ICRE, —F 100ccBZEH L, EHEY —Eici
D, WV OAFY AN LURLIIATEOKEZRE TIERRECL, B8 roxs
PAEY 30 SrRE%, 110°CC 23 BefEii S, =BT 10 5HET5, Z0EE 2 BEEL,
FLBEREHT DV TR R B % £ L T,

2.3 EBESR

RERBROBRE L ChEMBEMMRE T (K-D, AKEETHRZ 0.02mmil 0 T, WEEEITR
0. 05mmiZ Y THRREORE I CHARTHRBERIIKE2oTnD, #-1 L0, HEHEKU,
A5 L, BRIRBOKRE LIZU, =8.3 1zxt U, A#ik14.0, HBFEE12.0 Liz->TkY, 1§
FEITI KB EO B 0

Logvrvesimsone, o | | LD [l U
Lonl, &R0 FRbEE AR N ,/ |
WRELREIRA SRS " ’ Wi !
o, T, GEEESSEDS F i itk
srzrnEREEz LG, ® O[T '
%70, WHEEICLDBMEA W B i
£/3, 100cc, 200cc TIEFL %“‘”"" il "T"fjﬁﬂﬁg'l
CEBEREICE > Teng S i i —Fﬁﬁmﬁj
Hr L, LR 550 g 2% LN 20 : i | } T uiD | : S .
AR 500cc BB : k=1 : 10 P (1 X w P
VR LREL, ToOEE g L A I o |
- oo - Lt 0001 001 01 #E(mm) ! 10 100
%Eoﬁﬁ BlsdlElicoai Rl BIRIEORE, KB, WO
-1 RERIUEORERE F-2 HERAEORERBROLKME

miEAE BIRTE | KL | HEE TR o g |(MEE | ARE | ERE | BEL
D,, mm 0.20 | 0.22 | 0.24 FiE | kB | By | Kty | By, | B
Dy, mm 0.12 0.12 0.12 {ec) | (g) (%) (g) ([E])
Dy, mm 0.036 | 0.036 | 0.028 LA#E | %0 | 9206 | 67.1 | 5509 2
Dy, mm 0.024 | 0.016 | 0.020 2/KBHE | ¥) | 9260 | 67.1 | 6642 | 2
BRI, 8.3 14.0 12, 0 30 | 500 | 9500 | 67.1 | 5685 2
P 007 057 o6 AMEFEE | 200 | 9640 | 67.1 | 5769 2

€ 5.MEFE | 100 | 9628 | 67.1 576.2 2

=+

1) ABEETREEAHSICEKRKTDSETKE
AET A, KEBIZIAEL TWVhizk,

n

0300



3. wHAR (EBERB)
3.1 |=

APHIZEREER A LR CHEBRN B L2 EA L, BARAKIILT3. 3% Thot, 7=, Aitil
KEFEHLE,

RIBEERB Cit, BMERAOKRIVRE L EHEL, EEOBEAEELERLE, 58
HEO2EROERY A 7 NV EREIT7-, MEBERABHIOWTEHRESZER L, AME2 o boE
BHEFET,

3.2 EBFH:
3.2.1 WEEBKE

TG EREERA LARCTH S, BIEL 4RER L, ERRENI DV TR S T L7,
3.2.2 FEERASMRE oy

HE LV, AREB ORISR L0 400 (BRER) 2 AN, -
BAKT 800ceiZiR L 6 FEIIRES 2, FOBRAMTHBL, 60CT 17
FIEIR S, FERTH 1B, ToLE, REHEaEk
TET, RAADELZETERAL T ol, Z0OEES 4 BEiET, &
RO TEHRBAER L, £/, ABLEREIZ2HTHA
7 2 AORKE 2 FIERE L (1-2), |
3.3 EBREER

HRKREORHOER LS D, &

X-2 FEZRBAKSBE

£-3 Ay ABEHERBRER

Mﬁ%z%%%ﬁ*“%héﬁ?' ® B 2 BT | BERAER |
U210 NN = - -

jiiﬁ;;@igjié?;;ﬁ Laﬁﬁﬁmﬁﬂ mg/L| 0,005 0. 05
%6ntoEﬁﬁﬁ@ﬁﬂ@ﬁﬁﬁ:&%ﬁ&ﬁ%&wlﬁ mg/ L | 0. 005 K| 0.05
Ak BT h . LA L ko < 3. HiaiEvA 7220 mg/ L | 0. 005 &5 | 0. 05
T B S R T . b & 4. EGBIEY A 20 1L [E mg/ L} 0.006 0. 05
&ﬁmyuA%@ibghT“@V‘5@%&%47»2@ mg/L| 0.006 0. 05
REAHALCWED ERpng, (0 28EYA 71 EI5E ng/ L |0.005 K| 0.0
iz, 3 EEELA~TLE RS [ OBEY A 7V 2B 5181 |ne/ L | 0. 005 K| 0.05

NRWDE, BREESDRTELLDEEZS,

SRIOERIT, EBLHBET LNV ESBOBRHEMMERRL Z ENENTHDL D,
60°CT 17 BFRELR CIIERICHM L & > T ieh o 1 ABIETidle <, ARIKYUR T TOERIT
mAE TR EEELELE TS,

#-4 BHREBROSEMGF
MER | WA | mEkE | REHE,, | BRI, |EREE, | &ELEK
No. | Fik (cc) (g) (%) (g) ([=0)
O | BEE 400 717.8 33 4142 4
@ |wamm| 400 | 7029 | 133 | 1056 | 4
@ | »éE | soo | 07 | 33 | 892 | +
@ | »@E| s | 6970 | 133 | 1008 | - A
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4. &0
4.1 %R

FARFER A ORERAB ORI AR T, BERR L O RRIEHRE RS, LT OMROET
RIUZ DD TIAT, ERHDSETT 5 LB ORISR, KN AREFPIRKEL DD
BHEMHZ 5 EEZLND, LizhioT, MBIEL TR LSTVAKBNED & RS B
(ZHERECTREED, LA LERHRP T DERFIEOERREFEEFEH I EIZ L,
HAEEBRB OBEHABRTIL, EEBEHBELEEL IO TELIKESE 20, FRBEBFECL
HIEHBEGIZE AEEDRVEMBE b,

UEORRELY, YOBBHETOREREBRONR o, SEARIREZLRAT T
RERLZEMYEAT 20, BEHEE - FESLEBEIZRE L (E-5),

#-5 BEHFEOERICLD IR T O, A7 o siEHE, B

7 iE KBHE % Ak
TR FHEROER | 0B LT | PR LI HEES
A2 o AR MEd3 0. 006 mg/L 0. 005 mg/ L FHH
RS O © A

4.2 ARIKR|HOBE
LRITEOONEORRIKRBAERIZERIIIBE T, 20 HbRSIIH M RNEBEREEND,
#1282 5 P UB—IREEDNLHEHENRTWA Y, ARKIIBERRA F-ETOARDPBEECZLY
VERAIIZBAET D L0 TH Y, TREOFDHRIZEROMBLAREZED S L CHEHERMNESRMN
ERoTD, ANBRFEICLAARKEEROH B%XAHDFAENTEY, 01 5%NHE
DUV THENY OB IR TWA, GRIROFHPHLE, EAV a2 U— F28 66%,
ok - BEEDE 15%, B - KEST 2%, FOM 18% EL-TWEY, FHRIE ShARVALR
[RGB MAIE~DBEEASPEET T O TH AR, BEEBROSI VG, B aRKN
SEOBRITIEEEC R 005D, AV FOBUATOFBFIRREN KD LTINS,
4.3 S#EOBE

BiAFERSEECIR L, BRIK, EAV N, AT, KOBEHEREL, TOARKEKELER
WTHEIE[E S A 0@, 1B, 4], 16[H, 64[E, 128BEEEL, FRFNOESBEHES T
LR 2<%, 3642, a—BEARRBRL Y a—EAAEL, FORE LR NG
L LCRHATRR T A D BRI D,

HEE
IOMRETIICHID, EREEL Tzl KAABRERSH O SEIFRIT S AL 0
DEHOBEEZRLET,

ZE 3wk

1) ()RR ¥ — @RBELFHER =271 (FE2H) pp. 24, 1997,

2) #HEBEA HBTES . TERR EARLFI(Ex (F—EXRETR) pp. 54

3) #HEA TARES M348 ARIRAPAIRERIC DT REH, FR154F9H
4) MHAEBA ARZFAF -t ¥—  FARIKEERET—F (TR 6~1THEE) POF 77 (L
5) MEEAN GREFAX—B ¥ — L 17T FERRIROGNFIFSEFNR POF 7 7 AV

0320



10 WEHR/KLETRICKSERERDH UiADiETIH

FHRLEfKAASE E O mE BH IEH
BHAZHE—x 2= E &H e E X Bf

LI T

WHBARLETIE 1, BEKEDOLE AT HFRATANOEIED THA LI, EHEH
RALUTERIHIERTL B0 THD, ATET TR FIUBIRET IS o EHoH
CRAOMBFETHY, HHTARM LGB REHICRBINTWA, &4 512134 500, 000m*
DEEVHBL TEY, 2O TEESICT v FELHILB L UFOBET R -7 2 & LW
THET A FEVEERF LTS, &RF AL, THRBICHESN THOAEE Y LANERTH &
KEBTHZ LMD, KEAMCEEZBERET LI ZLILR2TWD, T U FE i HIRE R
BOEETH2EFDE TRV, EEFBHEOKETEAERFEBEOPIIELI LN TS,
() TARMEFE LT B) EARFEE S —, N T —F VAR a Y — T AITE
RE 15 FF~16 FIDT @RS SAEE AN L CEFRIEHRER 2 E U CRERARB THRILS
TrFEOE LiADHR, KEORRLELCLETIHMEE LTOESRAOTEEMRIZ OV THR
P LS, ATIEOEBICIRELRh o7, —F, BEFLRF A AFL L OH UADE B L
LTERTHEORIEITo20T, IAZEETH L LI, AR T CHERRRERIGRTEHO
WOy 7 S OIS SIBREEA RS, FRt2E0EEOREIZ OV TENE
BRAIT~T- D THETS.
2. ¥Ht OB HE
2-1, iR

WOKEX L 1.5mX2.2n T, PHELBEHEINNITERRIIENEETHH Y, RICKBE TS
HEIT1L.3M*T, 2O EROBIIE 80en 1225, BWHEIZIZHRY EXRY I oNns L5z

RoTnB,
2-2. BrEEE

-1 128 OBt R,
SR SRS T3k R S ORE

DM F— LOEER BRI (BR R RSP
Thd, vy s 5 EE EX (mm) 0.3k 0. 69
W THEELBO L7 | simms 0V 0.6 LAk EEEN EEE
HRCROGIRBENRE < 4 87,2 175.0
2TV S, R LIRE I BIERE (N) 700 LA E | w1l | ute.s
T AEE TR HiEEE ¢ AR IX 0P LT ] 2.6x107
PEBRD, BBWEL | | (e
MESBRERCHET D | B Cinrrims | sako-10 55C40m 1 Bk AR 66m |
LD, BASMITRL | % BE 5-10 T IONTD B T Ao | B 5-10 T 1.52
TR LRt 0-3 4T 1000NTU) i 0-3 T 8.9

BRHTREMESNTEY,
HFRAIBERICIT LD EDABBENBER AN TV S, REEITES 0 EENE < ABBEBELENRT
BY, BARINDZKOBD LR OBRFETHD.
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3. ERAINE A iBRE Y

-1 E A BRABRERE OBER AL TY. ¥ 7
ARGEDIZRM 2D, T ABEHRNCATY
—ROFEEE AN, MEEBICTNEEZITY. £
LTHHKROBB I OBEAREL T, ¥14%x
VUOER LADENRTE L TORERKOAETE
BT ORMBIUCEREMDORBELZHNE LT
WA, ZOKEE BT O AiRigRe OB A
Briol, ENIROBE%E L T15kPak
Uiz, BB EAGERE L CNET 5. MERHC

020000000000000(2007.11)

ENF—A- - iR
WEKD- e Tty
L maT
N | R
il AP Y 'T'i,' HIARBN
HH P 10em- i B A=59.lcm+ i
| T
il
) ; #AD ms
LES
i mEER -
- RAmE -1

E-1 MEAAABEE

BRERCREORVEIKSIHER EN DD, REDSDO+oAREEBL 120, SHBICIREL

TG 2HET 5. FEiZsH, 1057, 2047, 30HICHKERSICBELRIETD. BEOH
EIIRAFEREH B,
4 KEBLUREOME £-2 EHBIUOFRLOME
ﬁ%éﬁt%QWﬁEk e ¥
LUENRRIKEA LR i |EEEOBE o, (g/cm’) 2.343 2.746
T OMEER-2 (2, FEM HREAK W % 218.7 25
. L L |BEHERR W, (%) 115.7 59.6
Rt L E-2 1T JBH jj:;;& BERRE  We % 64 24,7
TR RE K 218, 7% CH WAV 51,7 34.9
o e BRCD DR
RICEADE S, wvbm ORI Y HRITH + (AR
BENOBHEBTHD. & (BRiEEIRA)
" 2 . Fas Bk (OH-8) {CHS)
RABMEZ<EATHS. HE R Li ™ 19.2 -
— iR IR S B SV B FATEL L RBE (pg-TEQ/®) 19.000 -
WHDH.
5. B TARE

ML A7 LAOMELRLTZORE-3 THA.
Ay AT L ORFEILTE RO/ N E IR T 5 Ik
ThHhHNAy 7 R—FEFRXER L THRIEFE
LibDThHDH. AT AL a) FEEAPEHLEE
i, b) BELAAEER, c) BTEXRSTT
B S TW5, #EkTED 2 5L LB
BHY, d) OFEERAERTSZ L TRES
WARELRDIATLATHS, VAT LOR
MEFETH.

a) FEtH RS RTALEREY

4O0mmEl EOMHmARE L, REPIZEAZ
NWEEEOZKEEIE, Y- )T+ —HER
DO E KR E MAKTET HR0E.

b) R HEEE

il

HAN BT (%)

m&.(mm)
F-2 kMR
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