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LA &4 94 5 (m/sec)
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AQAL ™
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3
1] ¥
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-]
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28 1 FNEFS 439 B4R U ALY 9
E 6 & 2AEA
(@ A% 9 ZEstel B
Rock Unconfingd Seismic
W gc ldentificati . compression wave Excavation
d ardness entification criteria strength velocity characteristics
escription (Mpa) (m/s)
Material crumbles under firm blows with sharp end of
Very geological pick ; can be peeled with a knife ; too hard to _ N ..
soft rock |cut a triaxial sample by hand. SPT will refuse. Pieces up| 17730 |4950~1200 Easy ripping
to 3cm thick can be broken by finger pressure
Can just be scraped with a knife ; indentations lmm to 1.200
Soft rock |3mm show in the specimen with firm blows of the pick| 3.0~10.0 ~‘1 =00 Hard ripping
point ; has dull sound under hammer ’
Cannot be scraped with a knife ; hand specimen can be
Hard rock [broken with pick with a single fimm blow ; rock rings| 100~200 | 1990 very hard
under hammer . ’ bping
Very hand specimen breaks with pick after more than one 20.0~70.0 1,850 Extljen?ely hard
hard rock |blow ; rock rings under hammer ) : ~2,150 nppmng or
’ blasting
Extremely [Specimen requires many blows with geological pick to .
hard rock |break through intact material ; rock rings under hammer >70.0 >2,150 Blasting
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(b) BAAT B

A

J%igst cf_‘g{g:}g Spacing of joint{mm) Rock mass grading Excavation characteristic
Very close <50 Crushed/shattered Easy ripping
Close 50~300 Fractured Hard ripping
Modecrately close 300~1.000 Block/scamy Very hard ripping
Wide 1,000~3,000 Massive Extremely hard ripping
and blasting
Very wide >3,000 Solid/sound Blasting

Weaver(1975)= F-&A= Fejo] 2so] o3 ZF A3 S 2] Rippability RtEE A|F3H
th o] AEA ¢Fute] RMR 2R A n2dte 7|[€84 7hed ¢4(Intact Rock)] 7
=9 RQDZS @A €52 dia3lgth. 2 ¥ Smiths Weavere] REOA @437 £4x9
12 AHEe Al 9latge.n, Singh et al.(1986)2 X eFo| A Auke] Rippabilityol] thate] g
Q8 £x7HE o] 83 Rippability?] Hrle ZEdE ZFAE /18 & vk A F3H -

Weavere] A E9} Smith7t 8% A(EE §-2 UXE n83dtn Joy, A7 dAA
3O b goldtA & 2 A JAAEZ Qe I &8 Aokl Yt whetA Singh et
al.& 1 "itS E Rippability RtEE At es EHII9 FRoM BE 2ol tigd A
S FYATHE 7. Fx).

3 7. Rippability Chart(Singh et al., 1986)

=

Parameters Class 1 Class 2 Class 3 Class 4 Class 5
Uniaxial tensile - _ -
strength(Mpa) <2 2~6 6~10 10~15 >15
Rating 0~-3 3~7 7~11 11~14 14~17
Weathering Complete Highly Moderate Slight None
Rating 0-~2 2~6 6~10 10~14 14~18
Sound velocity(m/s) 400~1.100 1.100~1,600 1,600~1.900 1.900~2.,500 >2.500
Rating 0~6 6~10 10~14 14~18 18~25
Abrasiveness Very low Low Modcrate High Extreme
Rating 0~5 5~9 9~13 13~18 18~22
Discontinuity spacing(m) <0.06 0.06~0.3 03~1 1~2 >2
Rating 0~7 7~15 15~22 22~28 28~33
Total Rating <30 30~50 0~70 70~90 >9%0
Ripping Assessment Easy Moderate Difficult Marginal Blast
Recommended Dozer Light duty Medium duty Heavy duty Very heavy duty
Bod&e] 718ty px gl o gt AZLEAE kg/em™2 )
o A FEE AL, BASW 12 T R
- - 6
of o8 Zxe AIAZsE AAFEC. ovbd I 4%
gasRe) Asge ot IR S4ol g ¢ e
%":J_' ogﬁg:.% U]’I‘l‘:} # 0.6 | " z
= _ 71 a]
Ed&uYe FXE =€ AFF 8BS F 4, olghalZI] - g
- 7t Haf Lt ope by
£ gvte] 5447 RippabilityZt Sdidd. &, 5 ¥ 3
1006 7
gt JelrAdel & ¢wte AL, (m) war
s - 1 o coz | EF -
Rippabilitye= 743tk O & dHOZ ARG = o
= A3 22 HHGZ FE e st 0.005 L w w
wgs gAY £ §4ge] e oz By e
stgotd walu g 2ol o8] Boh S&ZFO 1Y 2 AR JIAFTAE) AeAd A%
2 ZEE £ YL Aol 1:},(:1_%1 2. 7‘3—}_) Al A 9} A $ A 7] & (after Franklin et al, 1971)



2 olghy 2o e HAYL(FELE 150kg/ar o3 EE ARAE 10kg/ar oI5 WA
7haqtge] BAE uf Felwo g vt welx Aert e ditdMEe o] Ko
a&2Q AR ot

Atkinson(1970)-2 ¢tuke] rippabilityE AA 3= 7FE AdubAQ Wi @4du A EAE
3 AT B $59 9A2 749 ofg @BlM @83ge A5k Rippability
9 @4s 58 HMTHYHAY 3. FE).

Ripper performance relative to seismic wave velocity through soils and rocks
0 1 2 3 4

L L I I 1 I I | J

Velocity in metres per second X 1000
Velocity in feet per second x10000

Topsoil
Clay
Glacial rocks

Igneous rocks

Granite

Basalt

Trap rock

Sedimentary rocks
Shale

Sandstone

Siltstone

Claystone

Conglomerate

Breccia

Caliche

Limestone

Metamorphic rocks
Schist
Slate

Minerals & ores

Coal

Iron ore

.Rippable -Marginal DNon—rippable

1% 3. &Adu &5 9} Rippabilityele] #4)

AAZ GPAYe A= AN Vp)EEE B u, 2,000km/sec =2 FoAch uko)
4] Pre-BlastingS 2|3 &AL Rt} FU3A & + AA 3z, Saae 2 PFY oA
YRIEAS oA TIE o o] &F & U

Kirsten(1982)2 ¢r2 A ©4d9 $ev e A AL AXY #olghar AltstA

2, Ao @4gu o AP o 20% A=En FASRAG Hse] d S5
EFZAIFAME 1,000m/sec o]de] ¥tE Uebd = ok =t 233 3dd 273
& dete] VIR EGAE EAR Stedof St a2 BHHE] BoF AAES A A7 He}
EE AP T &8 rEAo] ojof g
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E3, CaterpillarAlol A€ g4 ZHYEE o831y PR E D3 YW 1958
of /N3Pt ol WS BT FHHY Eolee £2F & AFE Ayky A
& HAsle wio|th. ¥ 8~F 100] CaterpillarAtol A A &5 2+ Ripper 7]A1% & (DIN,
DION, DIINy 2 o3 F{F9 X Zo dd SAdo|xo i SA4% £x=& el

¥ 8. DIN Ripper Z-&(HFZ A +2Y)
(Multi or Single Shank Ripper, Estimated by Seismic Wave Velocities)

( D9N ) RIPPBLE(m/sec) MARGINAL(m/sec) NON-RIPPABLE(m/sec)
TOPSOIL 0~915
CRAY 0-~1,860
GLACIAL TILL 0~1.828 1,828~2,133 2,133 <l
IGNEOUS ROCKS
GRANITE 0~2,072 2072~2438 2,438 o4
BASALT 0~2,286 2,286~2591 2591 o4
TRAP ROCKS 0~2.134 2,134~2,500 2500 o}
SEDIMENTARY ROCKS
SHALE 0~2.255 2,2056~2,895 2,895 o1
SANDSTONE 0~2.225 2,225~2.925 2925 oA
SILTSTONE 0~2377 2377~3077 3077 o4
CLARYSTONE 0~2377 2,3771~2.957 2957 ol
CONGLOMERATE 0~2317 2,317~2,866 2866 o4
BRECCIA 0~2,19% 2,195~2.865 2,865 o4
CALICHE 0~1,920 1,920~2,651 2,651 o4
LIMESTONE 0~2377 2.377~2.803 2,803 o] 4
METAMORPHIC ROCKS
SCHIST 0~219% 2,195~2644 2,644 o1
SLATE 0~219 2195~2305 2,805 o144
MINERALS & ORES

COAL 0~2316 2.316~2,896 2,896 °]4
IRON ORE 0~2470 2470~2,988 2938 ol

¥ 9. DION Ripper E&(H=3A X %‘\)
(Multi or Single Shank Ripper, Estimated by Seismic Wave Velocities)

( DION ) RIPPBLE(m/sec) | MARGINAL(m/sec) | NON-RIPPABLE(m/sec)
TOPSOIL 0~914
CRAY 0~2072
GLACIAL TILL 0~2,042 2,042 ~2,530 2530 o4t
IGNEOUS ROCKS
GRANITE 0~2,225 2,225~ 2,560 2560 |4
BASALT 0~2438 2,438~2,712 2,712 ol
TRAP ROCKS 0~2316 2,316~ 2,620 2,620 )4
SEDIMENTARY ROCKS
SHALE 0~2713 2713~3,260 3.260 <14
SANDSTONE 0~2,591 2591~ 3,260 3.260 |4
SILTSTONE 0~2,743 2,742~3,323 3,323 o4
CLARYSTONE 0~2,743 2,743 ~3,292 3292 o]t
CONGLOMERATE 0~2,560 2,560~3,170 3170 o4
BRECCIA 0~2,530 2,530~3,140 3140 ol
CALICHE 0~2,195 2,195~3,140 3,140 o) 4
LIMESTONE 0~2621 2,621 ~3,352 3,352 o4t
METAMORPHIC ROCKS
SCHIST 0~2,347 2,347~2.89% 2896 o]t
SLATE 0~2,408 2,408~2.957 2,957 o4t
MINERALS & ORES
COAL 0~2,408 2,408~3,139 3,139 o]t
IRON ORE 0~2,743 2,743 ~3.353 3353 ol4b
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¥ 10. D1IN Ripper E&(FHQ Fx1¢))
(Multi or Single Shank Ripper, Estimated by Seismic Wave Velocities)

( D1IN ) RIPPBLE(m/sec) | MARGINAL(m/sec) NON-RIPPABLE(m/sec)
GLACIALTILL 0~2,195 2,195~2,805 2805 ©]%
IGNEOUS

GRANITE 0~2,469 2,469~2,496 249 ol
BASALT 0~2652 2,957 2957 o1
TRAP ROCKS 0~2530 2,987 2987 o4
SEDIMENTARY
SHALE 0~3,140 3,140~3.811 3811 o4
SANDSTONE 0~2987 2,987~3,688 3,688 ol
SILTSTONE 0~3,017 3,017 ~3,688 3688 ol
CLARYSTONE 0~3017 3,017~3,6838 3688 o4
CONGLOMERATE 0~2.834 2.834~3,504 3504 ol
BRECCIA 0~2,743 2,743 ~3.505 3505 o]
CALICHE 0~2.316 2,316~3,352 3352 o}
LIMESTONE 0-~-3.017 3,017~-3,839 3839 ol
METAMORPHIC
SCHIST 0~2499 2,499~3,109 3.109 °)4
SLATE 0~2621 2,621 ~3,231 3231 ol
MINERALS & ORES
COAL 0~2621 2,621~3,474 3474 o1&
IRON ORE 0~2987 2,987~3597 3597 ol

Weaver—= Rippability H7}1E H$ FEo2A4 dte] #4378 Fegle] Geomechanics

Classification® A|¢tslgon 1 W& ote ¥ 113 2ol
3} 11. Rippability -+ 5 & (after Weaver 1975)
Rock Class 1 i m \Y% \4
Description goo\iierryock Good rock Fair rock Poor rock - 0(\)/rerr); ok
Seismic
velocity(m/s) >2,150 2,150~1,850 1,850 ~1,500 1,500~1,200 1,200~450
Rating 26 24 20 12 5
Extremel Very Very
Rock hardness hard roc hard fock Hard rock Soft rock soft rock
Rating 10 5 2 1 0
. Slightl Highl Completel
Rock weathering Unweathered wea%h e r}é d Weathered we at%\er); d weathere
Rating 9 7 5 3 1
Joint spacing{mm) >3,000 3,000~1,000 1,000--300 30050 <50
Rating 30 25 20 10 5
; P Non- Slightly continuous- continuous- continuous-
Joint continuity continuous contmuous no gouge some gouge with gouge
Rating 5 5 3 0 0
Joint gouge No aration Slightly Separation Gouge<5mi Gouge>5mm
goug Sep separation <Imm 8 m &
Rating, 5 5 4 3 1
‘Strike and dip Very Slightl
orientation unfavourable Unfavourable unfavouerle Favourable |[Very favourable
Rating 15 13 10 5 3
Total rating 10090 90~70" 70~50 50~25 <25
Rippability < Extremely hard | o, g - o
assessment Blasting rl%;{:;tgmznd ripping Hard ripping Easy ripping
Tractor selection - DD9IG/DIG D9/D8 D8/D7 D7
Horsepower - 770/385 385/270 270/180 180
Kilowatts - 575/290 290/200 200/135 135

* Original strike and dip orientation now revised for rippability assessment

T Rating in excess of 75 should be regarded as unrippable without pre-blasting
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Kirsten(1982)2 Z&A(N)E ZAAS7] 93t Q-systemS Q&G AridA F37
F(N)= o5 4 194 AHA A

N=M,- ~Q—IS

]a
A7IA 0 M AEAEAE
RQD : Rock Quality Designation 4}

Jus Jro Jo o @ systemoll M o] ZJAEAS AA7] MARA S
I factmaterial
N: 2324

7] Aol A, Ms(mass strength number)= BQ& o] gle AXddy #A3 AgE 27
stedl Wad golm, Welg Tee kel WEE Hrlelrl A8 RQDAT sl ARE
Hrkels]l A W E(nE THASNUG. T sk 2N 2o W4z WA £3
SOl 9% FFdolx RAEARE 1B 3 dEojn

viRjuk oA HeHe] A9 HelWd Alole FXE Ev FAR T& s dcH,
ol &vte] JIEgAR HAGHAEE A FerIE sl olHg WL FAF dute] o] I
8% AqUAE HFsta o7ldct delde WP AFAEE andtd BaAIe %
Holoh.

Mass strength number(Ms)= ©A 71A] &R0z FAdso] glor F 12(a)xt #o. RQD
T 3% FolzHE AMEIAY 9y A-F HEF(oE ol&dtd ALE F ded &Y
AHF Azgo ROQDe BA A b 4 29 2.

mlm

RQD=115-3.3], 2
RQDet BAE Jvakd 3 12(b), AT F#(n)v & 12(c)% 2o
BdAzde] A3 Fge utEa gute) Zzte] £58 AAsb=d 8 du A
d3e vxg PR Wk BdLwe ¢ wdwEgd grEgs U W
o]0l A W Kt} FYsict YH tHg] AL Bd&He AAber AP AL BAL
At gty oz ¢hdtoE 17) ol A Fol EAstn gl GutAY 7teHL I A
g Bd&do £5 183 Bd45dy 3F FA2 UeEde A £ gldh
BdAsmo Fgy ZHare #sld Ui Jvire ¥ 12(d)eF 2on ot dIzdd dig
dele] A&7 Helde FIRHHET E 12(e), ()9 2
FE3A AR 5+ e AW AR EAEA

ae, olde 845 AT 2
ua

2o o2 Kirsten(1982) Hel®e ZEE 4 33 o] AAT 4 Ak #AltsH )
J; = arctan(%) 3)

o]+ Bandis et al.o] & 9]3t FulzZt(total friction angle)S 2 w3ttt Guhfo] 7F-gdo] o
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& 2 Jie Hegol Add AA Aol disty |
e 7t g4

@9 AT+ Ao dsE

T@es 2AY 5 o

Jr/Jagke& AAstoof sh=dl,
aeste] Z e Jr/Jage] #

ghutol

£ 12, A AAL Y3 Ha(after Kirsten, 1982)
(@) Mass strength number for rock(Ms)
. L . Unconfm.ed Mass strength
Hardness Identification in profile compressive
number(M;)
strength(Mpa)
Material crumbles under firm(moderate) blows with sharp 1.7 0.87
Very soft rock | end of geological pick and can be peeled off with a knife.
It is too hard to cut a triaxial sample by hand 1.7~33 1.86
Can just be scraped and peeled with knife ; indentations 3.3~66 3.95
Soft rock 1-3mm show in the specimen with firm(moderate) blows
of the pick point 66~13.2 8.39
Cannot be scraped or peeled with a knife ; hand-held
Hard rock specimen can be broken with hammer end of a geological 13.2~26.4 17.7
pick with a single firm(moderate) blow
Hand-held specimen breaks with hammer end of pick 26.4~53.0 350
Very hard rock under more than one blow 53.0~106.0 700
iio)it‘:?‘r,r;ely l;:rd Specimen requires many blows with geological pick to 106.0~212.0 140.0
hard ?;Ck)ry break through intact material 2120 280.0

(b) Joint count number(Jc)

Number of joints per cubic Rock quality Number of joints per cubic Rock quality
metre(J.) designation(RQD) metre(Jo) designation(RQD)
33 5 18 55
32 10 17 60
30 15 15 65
29 20 14 70
27 25 12 75
26 30 i1 80
24 35 9 85
23 40 8 0
21 45 6 95
20 50 5 100

(c) Joint set number(Jn)

Number of joint sets

Joint set number(J,)

Intact, no or few joint/fissures

One joint/fissure set

One joint/fissure set plus random
Tow joint/fissure sets

Tow joint/fissure sets plus random
Three joint/fissure sets

Three joint/fissure sets plus random
Four joint/fissure sets

Multiple joint/fissure set

1.00
1.22
1.50
1.83
224
273
3.34
4.09
5.00

Note :

For intact granular materials take Jn=5.00
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(d) Relative ground structure number(Js)

Dip direction’ of | Dip angleof Ratio of ioi ;
closer spaced closer spaced atio of joint spacing, r
joint set(degrees) | joints set{degrees) 111 1:2 18
180/0 90 1.0 1.00 1.00 1.00
0 85 0.72 0.67 0.62 0.56
0 80 0.63 0.57 0.50 0.45
0 70 0.52 0.45 0.41 0.38
0 60 0.49 0.44 041 0.37
0 50 0.49 0.46 0.43 0.40
0 40 0.53 0.49 0.46 0.44
0 30 0.63 0.59 0.55 0.53
0 20 0.84 0.77 0.71 0.68
0 10 1.22 1.10 0.99 0.93
0 5 1.33 1.20 1.09 1.03
0/180 0 1.00 1.00 1.00 1.00
180 5 0.72 0.81 0.86 0.90
180 10 0.63 0.70 0.76 0.81
180 20 0.52 0.57 0.63 0.67
180 30 0.49 0.53 0.57 0.59
180 40 0.49 0.52 0.54 0.56
180 50 0.53 0.56 0.58 0.60
180 60 0.63 0.67 0.71 0.73
180 70 0.84 091 0.97 1.01
180 80 1.22 132 1.40 1.46
180 85 1.33 1.39 1.45 1.50
180/0 90 1.00 1.00 1.00 1.00

* Dip-direction of closer spaced joint set relative to direction of rip

1 Apparent dip angle of closer spaced joint set in vertical plane containing direction of ripping

(e) Joint roughness number(Jr)

Joint roughness

excavation contact upon excavation

Joint separation Condition of joint number(,)
Discontinuous joint 4.0
o Rough or irregular, undulating 30
Joint tight or Smooth undulating 20
closing during Slickensided undulating 15
eéxcavation Rough or irregular, planar 15
Smooth planar 1.0
Slickensided planar 0.5

Joints open and Joints either open or containing relatively soft

remain open during gouge of sufficient thickness to prevent joint wall 1.0

(f) Joint alteration number(Ja)

Joint alteration number(J.) for joint

Description of gouge separation(mm)
<107 1.0-5.0" >507
Tightly healed, hard, non-softening impermeable filling 0.75 - -
Unaltered joint walls, surface staining only 1.0 - -
Slightly altered, non-softening, non-cohesive rock mineral or
; 2.0 40 6.0
crushed rock filling :
Non-softening. slightly clayey non-cohesive filling 3.0 6.0 10.0
Non-softening strongly over—consolidated clay mineral filling, with 30} 6.0% 100%
or without crushed rock i : )
Softening or low-friction clay mineral coatings and small quantities
; 4.0 8.0 13.0
of swelling clays
Softening moderately over-consolidated clay mineral filling, with or 408 80f 13.0°
without crushed rock ' - :
Shattered or micro-shattered(swelling) clay gouge, with or without 50 100 180
crushed rock

= Joint walls effectively in contact

1 Joint walls come into contact after approximately 100mm shear
¥ Joint walls do not come into contact at all shear

§ Values added to Barton’s data
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23dolxd & T3 Y¥oe °F ¥ 139 2o

Atkinson(1970)& 7} A&l F& PAY Zole 70~90met At o, APy
£5 & 3km/hE FX 3= Aol B}F3lctn AEAct. AAG vty A= Ay Y
XA w2t gAY, 29 HAFS BErAY AV|dx o] sled dvrHoz AdFe
40~230m’/hoj t},

B 13 ghte) AW 7R

Material Type Class Egixggﬁg;ﬁ; S Description excavatability
1 1.0~999 Easy ripping
2 10.0~99.9 Hard ripping
Rock 3 100~999 Very hard ripping
4 1,000~9,999 Extremely hard ripping / blasting
5 Larger than 10,000 Blasting

Quoted in Caterpillar Performance Handbook

23 23 WR ¥ ZASW ATY ¥ ZAY 2N

s

3ol Hd2H Yoz iﬂl shofoll ojgt Wb, 71
4 S AG CCRS 2e mA% 3

e ALY AAAE Fu ﬂ%‘i?d_

Fatel PES ojof @k,

%, Qite] SR, A, REL, AMFH AP, AAD), AAF
3, ¥ 2H9), 49T A% 3 Pu) ARL AL 4F ALEY E
Aese] wet A5 E W ANl 2 Aol S YehiA) BTHE 1. BE).

E 14 EF 2RI EAUIL(EAFAL 1993)
¥ . - A e
2 AEde 2954 (@) | @4egmyY)
Rt13
;3 B A% |- Ay Fuel ANBo| gol Fepabgol Aol Yt AL \ )
A%, HEY, A |- HF, £2, vl WA
WS BT |- 28 el o WRm AP 6419 (47.6)
A LHEd |- Fael ABEel Sl &8, NAe ANt & ) s
- W wbge) wete] o] Woixy
- 2% hand drille] &§ 2% 3,020 (125)
olaga |- 20 AAEA dnHel Aol uns] A ue (% FAow €
= sto otutel AFHAS A 4 5
S Ee oA ARG (15,300) ©
- 334 B4, CCR 4l ALg
- xL = qn o 2 1 1
A Ripping 3 - FEo w= dY Age) A “67) (o 500)
’ - 99 2 2aadel slae ZadA Ag
Fad| megoln 34 I 13 5 4
T aEn duds Hee (15,484) (1o
A E, LS )
PN e © |- CCRelaE S soRs s v zYe 24 . 6
2 A ~ Backhoe't @lsis sojue) Al o026 o
C A%, 280 Aoy 2xstAs a7 '
TZA04 9vd AFF B34 HAAE FU5] 92 7E 94
By BAA |- HorE ool HAH WAN G Aol 47H 7 7
k] - Backhoet #@1# 3 FHold (78,179) (4.6)
- % a0l HE
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3. AXET2ZAIS| ot IAH0|E HIL

3.1 giutel ZEtLto|x HIt

NEEE P gute] FFdol: fAYY L obA7A FRE JIEdE AR UA
gorn Ada H @ w2t gk g ZEdE A UG-

AR o g AoA AAse FRAY £ A AAA EYUGAL AFAF R AU
"é! A3l dste ¢S R FALE FAHNU 4BA ALE 748t R HH

2—! ZFHA A §LoE Asta oA AFES dAztREAN EFA]Y A83 FA
%"— ZEu§ e Aol

311 o4&y fHI

AR A e 4Ry FHle EAL 23, dagde] AAR #0E £ UEE E

Adtojo} st 549} B AARE 233 (20cm X 5cm), 2P g ot
ARe HYH20cmX5cm)E z} ZAARE BAG 28l Zg FHEEe diddA 29,
Scale 17}, A1$70, 50m 2, LX), &, FF7], A47], A%, oF, FEIBMAZL, 7t
el 273, 974, 2&373 29), #58 =4, 2% =e 2Zo|(FHA), AEAMF 2 A
gag AH, 717, wRlE sHEE SAZE 717, #AE AEAR(TE
LXxBxH=5cmx5cmx5cm ; 471, A1@ 4l A% BH) & ¢HBE A Eulg

X

1

5 o
%,
o

~

e AAN FHY el tstel AFF AA GuA wZAlo] BFAM AR g
53¢ 430 Aan LA AYE A3 UL BYsleiol Bof adn AN
At T, AFEA R AUAY Aol M gwe ERHT AF ZALE T
G @7 AdaeE AR geren HAska Yad APS WS 0 AT wAL
ook g},

3.1.2 oty Wy

AFIAE 29 49 2o ol o8] AEAolA FBAL Heln BEAL AL F
Anelyol nuRG Ad2olAE VAL AP FVA AYAE FASE ©l o W A
HE duR AU 9% AL, e FAVARY, FARANA, 9T
A, 99 AATY, F2E, ARPUG AT, ANFAEL WEF 5 789 AE
2 PAR.

I N T v =i B

g o2t d e AFAD(LFAELE, FUE 3o
@k agn Beo] el F¢E 19 59 ol 2H



Aoz U NP AER FHSY FF A=z 2 FT Fol TRH= 7 Wi
Age F=0] AA ZA F MFE A vAGS HF r_}‘&’ﬁ/‘l FiAsg &8I0
]y oo 4By FEAES EASY SFALHAE, ARR(Hz € UG D =84

H) dFU4FZE AFEAAANE AR a2 HF HH 98 Fo= B dud
AL 3o o AN AlPFA

3.14 =]
AY9 EE 25D AT F ARHAG AF A 2 gude wEA 4% A3
FF AT AUE 29 4+ AE AW e N BYCIRIHE FAA AAEY) o

Tt FAG AF/FE A4 A stelol dm WFErW T 277} AU
Alstelof ek MERE AAVE AR EE vtedelLe #9U%, HINES NS
Tz TRl A4 £AUZ Feistedo} duk

3.2 gute] FaLO|E HWypgEel 2HE

3.2.1 =&tFd|of| st 2M

9lFol awA 7|Fo] =2 DSN, DON, DION 53 & BL9AHE 7& gg shal lom
e 4HRAFE g JIEER 19 63 o] &Y 30~32tong EXFAE ZFo] 7
TR BrbedRe ARE dA5 L£xo mel FESIE Ao 2y A dddERF =
30~32tong EESAE ALL37] Hos O 73 Zo] 2 FA7E o83ty ZFAL I
I den A7 o3 ZFe] Bt ¢ Afole ¥ 83 o] B F(Braker)E 247

—|-‘

—_
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ARt ¢ 3 dngS FsAY Fokg ALEEt Woste] ¢gutE A "ok
a2 EE @A FU FFAAM F2 A e AHIE JIEeE 2Fdel: HIY)
TS H34 ¢ Favt Ao

199 7. aEARNN ETAYN F2
AHEE L F47) 23 8(a). BalA
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% 8(b). HaFel g It =22 F7

3.2.2 AWTHEY It 4 BN

ARTHEAL TAY g0l AAHA Y4, B3 ¥z odaFe] F4Y oz
FonAel WS 2R & gov 7
4 Aurgel wdse AAFz0 we

¢ B WL Hol: AS)
B0 53, 39 #HAYgdME @F
2 IHdier e AFAFxRH ©§e
ddstn Qo] 2y 99 o] wud
olutE Ajolo] AW Z FHo] 7%
3t Axo AEE e EZo] UF¥ER

2 EAsri= do. aglan A2l
Mol e Fe Moz AnHiS
ol FEGAE] TPl st do
2 Rolu dA ZAYAME oW Z
& FYNFEE Ko7k stRE @we
LFEAE 7ML sle B B4

T2 guAA 20me] FHHzo] EAISY] wge FL¥does Fsidwel EAHT 7
¥, B RECAM 2EYI wods ?T°}7]7} of¥ ZB¢7F HASA doh aga a9
107 Zo] =29 Jduyerg ¢adyd e & Fo YL dAsiA =HY, I3
o] wto] 32}5401 AALERZ O 74] AS 27 Wl SRR FAGA olF WY
T Ade A, W, vt HeolZeh 2 d ARE FHS Ak Aok olo] Wi &

Bed 4
ool olele 34, %“"_P*JOI A% BAson Bedch
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3.3 E&, 2jyal, wntel £t

gid
ol
K

B3R Tavol sl wd AR EFEAC oa) EF, 9%, wngen 7
s1em olo] we 27 e A/ Ee Aesm Aok

%, 20, woore EAUES wmsle BY, ® 159 o] AUTUA A, E
ARl Wrhdole 20) AEE AA @ou} PWYH WL @7t Aolrt Tl 8
5 Aolg nAdh 283 $FTAE HaAARA©0%)T SR (10%)e] vlgE 4

ofj
U

H

. =

I
£ A ABgd wade 154 PEE Aole Atk a1y ANAFIA PP 2
T2 Festd FEIA FE ANFS HAD ot UG Aolzt Uy 25 ym

Ol
-

g == by 2

E 15 EF, 3y, @9t ©@rle(1998d e 71FE ; 4/ m)
7 = @ 7H)
E A} 564
2] 9 el 1,044

ut A1 2 9H100%) 8,252

B sl (abs}t 10%, EaFF 90%) 15,945

o 0% v 20,402
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10000}
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A7 Y A % e Ax, FIAE, AA3BH F
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dykzoz o] AHEHI 3l

ZAdolE BHL A 7RHY sFo] gloeng oY
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ot
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FN
o
Ay ©
L)
ok
k!
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o
ko)

3 ol '] d= J }E FTrE %—° "]fﬁ% AA)sktr 24 ?J"?}Q] %5}7‘352
HF(CW, HW, MW, SW, Fle. 2 i3l AA
o Z FoleE HE JEE olFo TEAY A3
0‘:}-

XN
)
I
et
R
i)
H
o
v
&
e ool o oo
(AU < < )

kls
S
onkel F3 dolx Hrie A#|Ado] HojIg. R ¥ S5
yre] F3do|xE Hrlsie Aol Zbestth. gy %
of g dAAQ HIE At FEER o] g7

S AR Al%‘oﬂ g BAMGZARE B 16 E 27 128 2ol F FFNA HT(p)
1,152.34kg/crt AE 9. gL zton FTEAA(0) 420492 T4 & AAEE HA old o
3 80%¢ B¥ g AS 614.11~1690.57kg/ cit, 90% 2} 7% 460.63~1844.05kg/ cri, 95% ]
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