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Abstract

Study of Risk Communication Methods in Geotechnical Risk Management

This study aims to promote the social implementation of geotechnical risk management in construction
projects to mitigate cost overruns and benefit losses arising from uncertainties in geotechnical
conditions, which have become increasingly apparent in recent years. To enhance stakeholders’
understanding, the study explains the effectiveness, necessity, and feasibility of geotechnical risk
management from an academic perspective and examines measures to improve communication among
project members, a key challenge in its implementation.

Geological and ground conditions are fundamental prerequisites for many construction projects.
Geotechnical conditions are a heterogeneous natural medium, and their true spatial distribution, as well
as their physical, mechanical, and chemical properties, are highly variable and complex. However,
geotechnical information obtained from geological surveys is limited, and the information used in
design and construction is based on models that inherently contain uncertainty. In recent years,
numerous serious accidents and cost overruns have occurred due to inadequate handling of uncertainty
when modeling geotechnical conditions. In 2020, the Ministry of Land, Infrastructure, Transport and
Tourism (MLIT) formulated the "Guidelines for Geological and Ground Risk Management in
Construction Projects," recommending that all projects be carried out under a “One-Team” framework
with information sharing and collaboration among project members. However, the number of
geotechnical risk management services commissioned by the MLIT from 2021 to 2024 was limited to
approximately ten per year, suggesting that the scope of geotechnical risk management has not
expanded and its implementation in projects has progressed only slowly.

Drawing on the author’s practical experience, three hypotheses were formulated to explain the limited
progress in the social implementation of geotechnical risk management.

The first hypothesis concerns a lack of understanding of its necessity. In conventional projects,
geotechnical risk management services were not implemented, yet cost overruns were not always
conspicuous. Unless the reasons for their limited visibility are adequately explained, project members
may fail to recognize the necessity of such management. Furthermore, unless it is demonstrated that
past cost overruns were not attributable to declining technical competence or negligence among
engineers, consensus on allocating additional resources to management services is unlikely to be
achieved.

The second hypothesis relates to limited understanding of the effectiveness of management. Unless the
mechanisms underlying cost overruns and the benefits derived from management services are clarified,
their effectiveness will not be fully recognized. In particular, the causal relationships between
information sharing, collaboration among project members, the “One-Team” framework, and the
occurrence of cost overruns need to be demonstrated. Moreover, in projects where problematic
geotechnical risks are absent, implementing management may appear wasteful of resources; therefore, it
is also necessary to show that implementing such management across all projects remains the optimal
strategy.

The third hypothesis concerns skepticism about feasibility. In geotechnical risk management,
collaborating personnel often come from different academic disciplines—civil engineering and
geology—which may lead to the perception that effective communication is inherently challenging. It is



therefore essential to demonstrate that meaningful communication is achievable even among engineers
from different disciplinary backgrounds.

In this study, the hypotheses were examined through descriptive and causal inference methods based on
practical observations and documented case studies in the literature. In addition, several numerical
simulations were conducted to quantitatively evaluate the validity of the findings and the proposed
approaches for addressing the identified challenges.

The first hypothesis is supported by evidence indicating that geotechnical risk has been increasing in
response to changes in project conditions. In recent projects, there is less flexibility in selecting site
conditions, such as geological and topographical settings. Geotechnical information has become
increasingly diverse and complex, resulting in greater uncertainty. Advances in analytical and design
methodologies have increased the sensitivity of project performance to various geotechnical parameters.
While these sophisticated methods enhance efficiency, they have also led to construction techniques
that are less adaptable to uncertainties in geotechnical conditions. In addition, growing environmental
and social constraints surrounding projects have amplified the consequences of incidents.

Furthermore, human resources have not expanded correspondingly and have become relatively
insufficient in light of the increasing diversity and complexity of geotechnical information and
technologies. Compared with past projects, these factors collectively explain why the necessity of
geotechnical risk management has increased. When risks were relatively small and risk sources were
simple, as in conventional projects, risk assessment could be conducted through a simplified process
that started with the quantitative evaluation of specific geotechnical conditions required for design and
construction and expanded the scope of assessment only when necessary. However, in contemporary
projects—where risk sources have become increasingly diverse and complex, and incidents now
directly lead to substantial cost overruns—a different approach is required. As recommended in
technical guidelines, a step-by-step assessment process is necessary, starting with a qualitative
evaluation of uncertainties and progressively narrowing the scope toward more detailed quantitative
analyses.

The second hypothesis is supported through the categorization of risk sources and levels of
understanding of uncertainty in geotechnical conditions, as well as the generalization of mechanisms by
which cost overruns occur. Risk sources can be classified into two categories: natural factors, which
arise from the inherent uncertainty of geotechnical information, and anthropogenic factors, which
emerge during the processing and interpretation of geotechnical information.

The level of understanding of uncertainty can be differentiated into two types: uncertainties that can be
quantitatively evaluated (i.e., expressed numerically in terms of a priori or statistical probability) and
uncertainties that are assessed qualitatively (i.e., evaluated in terms of contextual or relative
probability). In the process leading to cost overruns, a common pattern emerges: when uncertainties
dominated by anthropogenic sources are assessed, the indicators used for quantitative evaluation and
the corresponding investigation methods are often inappropriate, or harmful geotechnical events are
overlooked. Because the quality of qualitative assessments improves with the knowledge, experience,
and information possessed by project members, this explains why geotechnical risk management based
on information sharing and collaboration is effective in mitigating cost overruns. By contrast,
conventional explanations have tended to attribute cost overruns to specific geotechnical events
irrespective of the degree or nature of uncertainty, providing insufficient justification for the
effectiveness of information sharing and collaborative practices.

Regarding the importance emphasized in the Guidelines of recognizing ownership of risk, the expected
project cost was calculated by assuming probabilities of error in risk responses for the three principal
project members—the project owner, the geotechnical engineer, and the designer. The results indicated
that a difference of more than 10% in total project cost emerged between cases in which project
members perceived risks as their own responsibility versus as someone else’s problem.



This difference can be explained as a consequence of role orientation. Project members who perceive
risks as their own responsibility, reflecting a strong role orientation, tend to interpret their roles flexibly
and take actions to bridge gaps in work processes by facilitating mutual understanding among involved
parties. In contrast, members who regard risks as someone else’s problem adopt a task-oriented stance,
define rigid boundaries around their responsibilities, and refrain from addressing gaps outside those
boundaries.

Furthermore, the analysis of the expected value of project costs suggests that, to account for the
magnitude of cost increases observed in actual projects due to geotechnical risks, two conditions must
be satisfied: first, a substantial proportion of project members must perceive the risks as their own
responsibility, and second, projects without actionable geotechnical risks must be relatively rare. These
findings support the validity of implementing geotechnical risk management across all projects.

The third hypothesis is explained by the tendency for communication failures to arise from variations in
role perception among project members, generated by information asymmetry between responsible
parties. Communication breakdowns are often attributed to differences in knowledge systems or
disciplinary schemas across academic fields. However, they are primarily rooted in the heterogeneity of
the quality of risk assessment outputs—particularly in the failure to produce sufficiently “careful” and
comprehensible deliverables that facilitate mutual understanding.

The adoption of low-quality standards for deliverables originates in the characteristics of geotechnical
risk assessment services, including their underlying cost structure. This practice emerges from
operational risks and the resulting transfer of risk among responsible parties, and it acquires a degree of
inevitability insofar as such practices are tolerated within the framework of institutional legitimacy.
When information is shared across multiple service contracts, the effectiveness of assigning a dedicated
role-oriented function—namely, geotechnical risk management services—was demonstrated by a
reduction in total working time required of personnel. This effect is further explained using transaction
cost theory. Specifically, opportunistic behavior arising from information asymmetry increases
unproductive working time among project members in the form of excessive monitoring and signaling
that do not contribute to the quality of risk assessment. By contrast, assigning a role-oriented function
centralizes opportunities for information sharing characterized by high levels of information
asymmetry, thereby reducing unproductive working time across the project as a whole.

As a result, risk assessment deliverables that meet the mutually agreed quality standards of project
members are produced, and responses consistent with the assessment findings are implemented,
enabling smooth and effective communication.

In relation to prior research, the findings suggest that a dedicated role-oriented function contributes not
only to effective geotechnical risk management but also to enhanced collaboration and organizational
resilience. Such contributions include mutual integration of expertise within professional domains, the
sharing of specialized knowledge and roles across organizational boundaries, and a balanced level of
inter-organizational control. Accordingly, the results support the conclusion that a role-oriented
function constitutes an effective mechanism for risk communication in geotechnical risk management.
With regard to the organizational structure required to implement such a function, an integrated
organization that consolidates highly asymmetric informational relationships is considered effective.
Transaction cost theory suggests that highly specialized tasks of this nature are, in principle, most
efficiently internalized within a single organization. However, a preliminary examination indicates that
internalization is difficult under current conditions due to factors including upper-bound price
constraints in public procurement systems, shortages of human resources, and the magnitude of intra-
organizational transaction costs following internalization.

Conventional research on geotechnical risk has primarily focused on the quantitative aspects of
uncertainty in geotechnical conditions, emphasizing methods for its reduction and quantitative



approaches to decision-making in projects, while implicitly assuming that project personnel are
homogeneous.

In contrast, this study highlights practical observations showing that project members’ perceptions of
their roles are heterogeneous. It demonstrates that perceiving risk as “someone else’s responsibility”
should not be dismissed as merely an individual disposition; rather, it constitutes an inherent and
systematic cause of cost overruns. On this basis, the study examines an organizational framework that
enables project members to contribute to projects through a sense of “personal responsibility.”

The findings suggest that, beyond management processes and organizational structures, individual role
perception provides a critical analytical perspective not only in construction projects but also in other
domains characterized by high information asymmetry.
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NTWER, HEREICIEKB SR o 7.

3ODIE, FHENRMEFESIIHLEY LTIELY, LWHIEATHDL. FENSOE
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TE RN S D A S 1%, HEERNOBIROREHLEE L, T —% OREEEICA
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b) EMHICFHHSNLFHENS
EMERICRI S D A S, ABHIERICKBEL SN D E D AR E V. HLR O PR

_21_
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21 290 949 1,048 — B EEREREOD LT RYRENBEL BT
22 — 131 - 230[ () F R LEEOMERE TR LEHTEEER
23 — 26 — 92| (W HEBB T OBERIIC L Y EFRET & HHK
24 40 93 161 — B) REHENEEFCHTAYHNER
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3.2.5 FEXEIORXRMDEAFE

(1) REZBHOMEELICIDIEXEIX FOHFIE

F¥EaX FNOWIMHEIL, AiRO a2 MEKOREEMER O XA MERRIEEL RV
RLEEaXAIMLRX 3.4 TROEND.

E[N]=P[N,n] x 1.0+ P[N,r] x 1.3

E[R]1=P[R,7] x 1.3+ P[R,n] x 1.6
X 3.4

E[N]: U A7 WEIE LR WEETO a2 b OHIFHE
E[R:: U A WEIET HEXTO A N OHIFHE

MBI E L BREPE TR R o7y — 2 (2 X MERBAEREOLRHEIES +
3.1, RN 3.20FAUE W) IZFEAXMERELLZLOIEIHFEOREEITHDL. Zh
MREVWEFEIRIRHER LT VW EEZRRL, KBTI “FEXaXboE5o&”
ERBT D, BIS) A NEETIEEIRXA OIS SOXEV[RIEX 3.5 TREND.

P[R]P[gn, dn]
(P P[gr,dn]+ P[R]P[gn, dr]) X PIRIPLar. dr] + PIRIPLgm. dn] X 1.6
P[R]P[gr,dr]

P[R]P[gr,dr]+ P[R]P[gn,dn]

+(P P[gr,dn]+ P[R]P[gn, dr]) X x1.3

X 3.5

AN EDOEEFEBEOMETIZL > THONT-HBELRALYMGELE Z0IX6 2 2K
iR EZK 3,11, X 3,12 KOE 3.6 12T .

SHEN MR Y A7 WEETIHAIE, VAZE “BRC&” LRIEBL TV HHYE
DAY (Gg0iDd) TOHIFFMEI 1.308 £ 72 5. HW A HIZIE L WA OHIFHIX 1.3 T
HHMND, THICHRTa A MY 1I%KRBTHDL., —HT “MAZTE” EFEHELTWND
A (GuOnDg) TOMIFHEIX 1.540 7220, “TMAT L7 1Zx LTH 18%D = A Fig L
2%, FTRHWEBIREN “MAZE” (Gu) OLEIXIELDEN0.38~0.51 L K& <,
FHEZRITHIZ A O RBREREAIEAELLT V.

—H U AT BELEL WSS OWMIFAHEE, “FAZ L TIE1.029, “hATE” T
1.060 T, ZNZINHKI 3D T A FDEWRAEL DIED, HEEWNEN Y X7 M I
T ATV, BREFEN Y A7 OFEZ MEREICIKFET 2MA6+HE (GdonDg) TIZ
1150 L 720, “FnZ &7 OMAFITHERT12%S Ol %&)x&ﬁm:xbhét
5.
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K 3.6 HUEDHEERICEIDAIRIVAEADHHOERERLEERIX FDOHRFE

# HISDBRERYRIDNEET S HIEDRBELY RIAEFELEL

= Y RO %5 T O IE R RE 5 2R MATFE 1 RO %5 O TE R EE SR R MATEE

il HEECL oSk il F5oF HEEIL bt sl 5=
Pler.dr[RI[  72/100 n “dr IN]

g% Prar.anlri] —8/100] " | 7% 1. 308 Pler.dn|NI|  24/100

Plgn, dr[R] 18/100

0.170 PInIN] [ 90.3% 0. 196

Dd

G , 64/100
& 16/100
16/100

Plr[R]

PLr|N]

Plgn. dn
64/100
16/100
16/100

G : 40/100
& 40/100
10/100

PInIN] [ 70.0% 0.273

Plgr,dr 63/100] o 1on | oo 0 T o oo |
0i |_PLer.an[RI[— 7/100 PLrIR] | 95.5% 1.314

1.060

S e i e I ot - LN I Y
R e o = B R
Dd 357100 Pn|N] 70. 0% 0.273
Dg PIn|N] 60. 0% 0. 280

Plgn. dnl|R] 6/100
d |_PLer.dr[RI[ _ 35/100
Plgr,dn|R] 35/100
P[gn, dr |R] 15/100
U8 Plen. anlR]

PLr|R] 70. 0% 1.390

P[n|R] = 30.0% PInIN] [ 50.0% 0.288

PLr|R] . . : PLrN]

16/100
4/100
64/100

PLrIR] | 20.0% 1.540 , 10/100

10/100

Plen, dr [NI| _ 40/100 :
Plen dn[N1| _40/100] "I\ | 800 0. 265

2) FIBROZ LT T 2RESHH

# 3.4 THRELICHBOEROBEEL, FHORBRIZESWIZ LD TH DN, #ithy
WRPWBRNVRETH L. 22T, RELLEEMERHR (2R ) 52282 ET D
72Dz, BESH 2T 72,

M i, BREFEENENOHB O %Y GREW OME) &, 0~50%D i TZ&
k&g, AR toax MIFFEEES DX 2HEH L. ERE 10%2 & B S g5
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R R 3T, ERENILEMMIELMERE =MD T 7 FITR LI ORI 3,13~
X 3.16 TH 5.

¥ 3.13, X 3.15 LBV, BxHLU A7 OFEIhrNbD LT 2 A MOSAAITREN
Dol Z#E, ME L GITRHBOBENRESRDL LI A NBEAMICKRELI LD &
AT, ELL0OMYEFEORREE N 20%EE THIE, b —FB 10%ELLTHaR
MIIX IR EDOENEAEC LT TH DD, MHEORHMW D 40%RE L K& b L, —
FFORERN 10%ZLTHZ L TaA MK WDENHAELD.

ZOZEND, WEBWIELWEHEAZITS ‘A L7 OESFENRELS L TVIE, &
ELFEHENRELEREL TH, REHURIAM~DOEEBI/INESNVWEEZS. —FHT “M
ANTE” O FEDOHEEOEE, HHINiza A hoZSEIXZ L.

FK 314, K 3.16 DEBY, aAMOELOXTERROMEERD. TR0
FH OB AFRREOHROLZAIZI A FDIELDEN/NEND, 5 50— Ok
DHEENRENE, ARSI MALNTHELDERRELIRDZ L ZRT.

RIEDHTORERENS, BHEOZ W “MAZTE” OYENREELTYH, #Ho “FHR
LT OELEOHWERD T LIZ Ko TR a X FMREITIHI S D Z &R S
N, ZoOZ ek, FEOFEEMEN S P, FFMEREEoA BB CHUEA & 3R 2481
KLTEBTHHEOELEDO XTI AL N (FELHEY A7 OHRERFEL TR
DERELESTS.

ARG CiX, MBS, &itE, FEFOMEGEZ, ZORM (FEEPZMEY 277
TARAAUNE “BRZET LLTHADIEE) I2X-T, 12EVICHETEL LD LM
ELl. BEST»OEOLNLRERIE, ZEEROMEEGEOSE, MBI OMRICET 2
ED, RN a X MEASLCZ A MNEL DX OMG| FIEEZRFT 59 2T, —EOHPH
THHATHLIZEEZRLTNDEEZEZDLND.

x 37 BRYMOEEOELLEIRMNRUELDE
( EXMEYRIHY EXSYRIKBL)

Rk REtEDBRFIM (%)
F5oF 0 10 20 30 40 50
i 0 1.300 | 1.000 [ 1.300 | 1.000 | 1.300 | 1.000 [ 1.300 | 1.000 | 1.300 | 1.000 [ 1.300 | 1.000
=1 0.000 | 0.000 | 0.065 | 0.050 [ 0.130 | 0.100 | 0.195 | 0.150 [ 0.260 | 0.200 | 0.325 | 0.250
53 10 1.300 | 1.000 [ 1.304 | 1.004 | 1.308 | 1.008 [ 1.314 | 1.014 | 1.321 | 1.021 [ 1.330 | 1.030
iy 0.065 | 0.050 | 0.117 | 0.090 [ 0.170 | 0.131 | 0.223 | 0.172 | 0.277 | 0.214 | 0.333 | 0.258
& 20 1.300 | 1.000 | 1.308 [ 1.008 | 1.318 | 1.018 | 1.329 | 1.029 | 1.343 | 1.043 | 1.360 [ 1.060
) 0.130 | 0.100 | 0.170 | 0.131 [ 0.211 | 0.163 | 0.253 | 0.196 | 0.295 | 0.229 | 0.340 | 0.265
R 30 1.300 | 1.000 | 1.314 [ 1.014 | 1.329 | 1.029 | 1.347 | 1.047 | 1.367 | 1.067 | 1.390 [ 1.090
# 0.195 | 0.150 | 0.223 | 0.172 [ 0.253 | 0.196 | 0.283 | 0.220 | 0.314 | 0.245 | 0.348 | 0.273
) 40 1.300 | 1.000 | 1.321 [ 1.021 | 1.343 | 1.043 | 1.367 | 1.067 | 1.392 | 1.092 | 1.420 [ 1.120
—~ 0.260 [ 0.200 | 0.277 | 0.214 | 0.295 [ 0.229 | 0.314 | 0.245 | 0.334 [ 0.262 [ 0.355 | 0.280
\0_/9 50 1.300 | 1.000 | 1.330 [ 1.030 | 1.360 | 1.060 | 1.390 [ 1.090 | 1.420 | 1.120 | 1.450 [ 1.150
0.325 | 0.250 | 0.333 | 0.258 | 0.340 [ 0.265 | 0.348 | 0.273 | 0.355 [ 0.280 [ 0.363 | 0.288

_76_




5o
050
040

030

aX b+

116
114
112
110
1.08
1.06
1.04
102

5o
050
040

030

il

BEXmYRI%EL)

143
144
143
142
141
140
138
138
137
136
135
134
133
132
131
130

XA HY)

030

115
114
113
112
111
110
108
108
107
1.06
105
104
103
1.02
1.01
100

050

_77_



(5) EBEOBEIZBTHIIURIDEE

IO MF T2 ) A7 WEET DHHE, EELZWVEEICH T T EEZ RO AR, U
ATMMEELBRVWHATIE=FED “MATE” OMAE (GuOudg) L0 b, HEHKE
MDY RA 7 ZEEEZIFATOMAHE (GdOnDg) Ta A MM KREL D, F=FLb “BnZ
L7 (Gg0iDd) TH D L v bHEEINE O “AZEL”  (GuoiDd) DIF 5 23S WIFFHE 23 /)N
LD,

ZORERIT, IENBERY AT PNELETLEENDPETOHNIE, TEAALFRLY X
JRFEOFERITHEREICH 2 LRI 2 M HTE (Gg, Gd) 1%, ®IEARERY 27 F
REMMTHZ LTI THEEIRNZHRITELZLE2RL, HIIEY X7 %2 “NZ
LV LRI LBIMRE N EE T A 2RO D [HA RTA4 ] oFBEEFTAM LW, 20
TZOXNENLER Y AT NWEETHHEELFEELRVWFEORGZEHKLE L TEELHD
72D OHFHEZ RS (X 3.6) , TXTOFREICKHL TEDOREDEIE TXICDMLERY
2 WEET LML (K 3,17~ 3.19 R TE 3.8) .

E=E[R] X x+ E[N] X (1 —x)
X 3.6
EE¥11H7-0 0= 2 - BIFHHE
X BEEIIBITD I AITINEETLIEEDOE S

RSN MFI2 ) R NEET HEENDRY (F:E=1:9) AL, 2 A M 1,055~

1174, 52503 0.274~0.473 TH Y, AIRDO & MEFAETY A7 FrE & AT O Wik
D#AE (GdonDg) N\ b AT A A REL, HEMRAEIZ Y X7 & HEER & O
(Gu0iDd) THbH I A MR/NEIL 2D,

BORIZEERE IS U A 7 BMHBICEIET 5 (A =9:1) 581%, =X MT 1.280~
1.492, 1£55% 0.279~0.838 T, “MAZL” O#MAHE (GuOnDg) Thkb 2 A AKX
<, “HAZE” oAaE (6g0iDd) b IARXFHIELHSET /NS R D, T bbb
A NEETLIHEENRZTE, “WBZLE” OBBPEDTHDLZ ENTREND.
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#® 3.8 URVEGEHEEICHIT A1 EH-YDEEZIX
(LB aX FFE TE:E520F)
YRY _ _ _ _ —
~ B E=9:1|H.&=7.3|H &=5:5(H:8=37|F:8F=1:
HEE
6e0iDd 1.280 1.224 1.169 1.113 1.057
0.279 0.202 0.183 0.222 0.320
G20nDd 1.291 1.236 1.182 1.128 1.074
0. 346 0. 246 0.215 0. 253 0. 360
. 1.293 1.242 1.192 1.142 1.092
Gg0iDg
0. 346 0. 251 0.228 0.278 0. 402
1.333 1.279 1.225 1.171 1.117
GgOnDg
0. 556 0.382 0. 306 0.328 0.448
4d0iDd 1.288 1.238 1.187 1.136 1.085
0.367 0.267 0.244 0. 300 0.434
adondd 1. 305 1.257 1.210 1.162 1.114
0.415 0.297 0.263 0.313 0.447
6d0iDg 1.308 1. 266 1.225 1.183 1.141
0.415 0.298 0. 266 0.320 0. 459
GdOnDg 1.366 1.318 1.270 1.222 1.174
0.569 0.392 0.318 0.344 0.473
6u0iDd 1.355 1.280 1.205 1.130 1.055
0.838 0.534 0.339 0.252 0.274
GuonDd 1.408 1.324 1.240 1.155 1.071
0.803 0.518 0.344 0.280 0.327
. 1.409 1.328 1.246 1.165 1.084
GuOiDg
0. 803 0.524 0. 361 0.314 0. 382
1.492 1.396 1.300 1.204 1.108
GuOnDg
0.629 0.425 0.325 0.329 0.437
1 1.344 1.282 1.221 1.159 1.098
0.531 0. 361 0.283 0.294 0.397
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2 CHREHENEA (2021) 12 KA, HUE - HOARICBI 92 BRI X A AEITE LA iEE O
— R F RO FE AR MK L T4 9%% DD LI nD.
BEERTOFEE (YYOFEa X NE) 1L, FEICVRAZBS D L EINT-HE
(P[r]) WZiFFEHX=a X b 1.3, VARV EHBSNT-HGG PMDIZIL 1.0 THLH01 D,
X 37T TRDDHZENTED.

E' = (P[r,R]+ P[r,N]) X x x 1.3+ (P[n,N] + P[n,R]) x (1 —x) X 1.0
= 3.7

TNENOREFERT L A T OHYLEZENHEITFET 256 (1280 OMEEDF
%)), EBEOV A7 OFEICK L To, %ﬁuﬂaomff&%i,c%%:x FIK 3.20 TEEH
5. FlEEa X FOWES (MPoHFrhft) [2onT, HEFEM#S “TnZ&” oYy
HDH (6g0idd) De, “MATEL” OELFH DA (GdonDg) D6 &k L.

BEGRER 2 A T OMYFE RN ETHIIE, BXHSY AT BEET HFEND VS

(F:#E=1:9) OHEIT 1. 4%&/hS<, VAZOFERRRE (F:8=4:6) DBFAIC
FIBUDEN AT D, L LEBRIITEZER (XA ORI, T 0ICHE
YR BNFET D) FHEIX, TEAACINEDOREY “BTNZ L7 OYFITELNICE
DNIELGNDTHAI NG, TNENOHYEDO N EIZ “BRZL” oY EFENRa X
B2 DRBPREL, MPoBEy Ot “n 2 &” (P 2% 2 & HERT
x5.

TROHLME Y X7 I KD FEEOHEN 4.9%L 72 5120121, EﬁEUxﬁﬁif
L7eWr—A3 DB THOLILENDHD. FRITHYFEORSLEDN “MAT L7 OREIGRHE
ThHHILIZRDN, FINEEETHESNTZIV R TR A RRKAL LT RN EW
IFENAEL D, ZORKRIT, WELRSINICRDLTFT—ANERLHE LT, #HIEYV X7
TAARRD R LY AT ORFEEMBERE TITH RN& LBk 2 B B
(Gg,Gd) WA MEREZMXDIFRICERT D527 L, A KT ] OBEI
FFNT 5.

1.60 40

{0

OF 1.40

No = o

Sl

%1 20 —jﬂ—lz — 0

i — 1 H P —

2 100H =4 H B H HHH 2
X o
osoHIOH H H O T T %%

n 3 i

Y B

noscHEH H H = 2 1

?ﬁo@o— Bl

R3

fiio - =

Coaof 0 1'°

£

~X I Y s

N 020 A P19 I

ﬁ BDCE” (GeODd) DBEDEES
0.00 .

9182736 6 3:7 2:8 1:9
'JZO@%E

3.20 BYINEBEXEIRMEFREHGIR b+
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3.3 REDPENFXEARXIMEEITIHBORS

WEIVAZIZEDEEI XA NEMHITL720I21E, A4 R0 ] s Tunb
EBOVAEHEUERY A 7% “BHE L7 LT OHIENEETHLZ LRI N

AR D L B0, SHIEBMLERY A7 PWEELRWEEICE L TX, FLa2MmbLin
“MWANTE” OHEYEFE (Gu) DIFIN, OB ARELRFELZETHH LA “Tn L7
OELE (Gg,6d) LV b, FMERMICITIELWVHEZITY. LrbEBEOFEEIIBWT
X, M ENEFRICH LTI AVFMODORHELE YA LELER, i sh
BRINEZINOOEALHMEZEKTED., T R2DBLIYVRINEELRNT—ATI R
RS AEAT O (GE—FHImFR) &, WiRIC L D 2 X MEEADSHVE A BRSO B 2 &R
WCHEET 27— ANEL b, —HYVAIPNEETLZOC) A7 E{ThbRw (B
FEIHER) HAEIEL, = A MEANBEAET 2R3 TR R B 203, 2 XA M
%@EI&T?X%Vb@l%%ﬁﬁ?%%&@é#~x%%é.:@tb%%%%%%
FOHFITIE, HERAE - R ToOa X MEREZHTERICL > T, HEFAEIZE W&
BOT v AA Ly NEBEETS, “MMATL” OMBEHNEEZRODENGFILET D LN,
HOLBWRTHRRZELEERD.

Ll s “hANZTL” OoMBEHENEDOHGIE, F¥EaX h2BNsE 577200 TR
<, FEBIIHTHELDE (TREKKWARFEERORRE) L ARIE, MEREEX
ﬁ%ﬁﬁiﬂb%fﬂ\* EDURENTZ. FERMICEMEATEET o mREE A, SUENE
Bzt MERFE BB IC B W CAHMRERE LTED b E X, “BBZLE”
@Eé%®%ﬁfjx77tx%yb@:xFﬁ%ié:&mﬁﬁfmﬁw,km5%%
ML LIRS,

TWNZL” TRDLDBLYEEEROEBICONT, ¥ (2008) 1%, LTk HicE
LB L7, &R (BRIEER & &FEm) 2 E0WEEBIL OB IR A < ORI T,
ftE EOMESCHELY THbob0] TALFEMLERFROLO] LEHELTVW—F, fHF
A 1A DMEEZE B0 B BRI Bk < 2D il %T FE yOftFE] & T ADtFE] ©
O A EENEAEL, L —Y - ORI WE, FHEE WS g8 T —
WAETRT 2D, F MRS 20272 Bk 72 ﬁkﬁ%~b&§ﬁm AL E — N
DUV EZ (AL v TF 7)) BREISNASLTL LD,

TOXOBREBEHROEBERG D LTI, “BERIL” ERETLIILIE, VAT O
ERFAM O Y A2 M LS 5720 T, BMLHEE— FOMMBEREUDBEZIZED, 1€
KOFEHETUHIREFERLFLRTFEEHVDIREELONMKR AW 2 L, EEOHR
PRI A NMCHEET LI LERET 5.

FEYEFERT, AYEFMOS L —Y - 2O IR LI/ TE LY. EAFE
TIX, WEREZ2E5O CTHEORMHIEIZHETARAY D, HEIV A7 ~3x VA O X
N, FEMTREEERLEMLEDHIREFICHRINZWVEERD 2L TAEEL R
M” RAETCS. K 3.210EL80, FEMOKW “MATE” BFOMYEIX, BHOD
HELEMELZREM L THOESEFEOAFICHKAZ RS RV, FEIZ “BKET »E
C, VAZDR¥E L LB T M7V W, —HEEERmA & N 2 &7 8k
DORYF LS L ThHILE, hEFOMY 58 E CHkZRL TEEZLY, & ICEEER
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WE T AVEBMRE OB AL T. Zo/E, MPORMOLIIZ, REEZBEGEHD LS &
T 50, BREICKHETE2EMOBOMYEFE~EREIE2 T, REZHED L2 L 52RT T
HAHH. ZOREE, “BET PBERICHEEDY, VAZOREE LB I, =X MEER
EMHIT LN TEDEEZOND. £, —HOBELYEOMLFEMNNMEVNEATYH,
BEEMORBMN Y ENFET D2 LT, “BRE PEELIBENHET L. 22 LEY
FZEDY AT RISOHBLEBIREIZAE =L 00T<, ZORRELTHEEIRL
WCIELDERELRLTWVIRENREL D, EEXDHDIENTED.

— HARATNIL B O CAD AL R D& 11k, T ILE B b T oL %E{k, BIM/CIM ©F A
Rl ERFEICHOIENIBEASTHY, EROTIETIIMEE Do F5
BN BRET LRV U R PRETCTOHDIHEAER DD L a2 B IR T D 0liE, &
FNZHR U CIRL M2 DEMERZRAT 5, TRLOLHME IV A7 vx VAV MRS T
FHEREREL “BNRL” LT OUFEEERBEF T HLYENRROLND.

ZIT BNl ofEETHLHEOICE, MBIV A 72T A MZEHLTE R
THIBrOZ4 M (FRORECHMOEN) ZRFELTCVWDILNERD D, HIFM#EZ A
LTh, 2BV A7 ~OMIGITEOREL LT “MhATE” OTEAAL FEITID LT
B, fEEEmZTE S THOEMCm#BA R a3, “mE cR A EnTET,
BB DOY R 7 TR RAA Y MIITA RV, Bz AL, o “BAT L7 O
ThHrI N, HWHEIVAIZ XTI A FOHYFIZROONIEHELEEZEZ NS

27
77
S

S

&
ws"ioooooo !‘”

M 3.21 EXOBRBOBMER (£E: AL, H: HAZ L)

UMV W B oo g B AL, B KmORR T, DA< LRI UK S
DARMENSNERINTEY (MR 1:200 DKE T, MOKEN Imm THILIE, BHHToO
200mm (XFRETH D) , FENPSEHR LR N2ENTE 2. CAD KiH TIE, HEE
WMOBEICEDLOLT, BERAREZHMOETE L Tm B ETHRARDL ZENTE S
W, TOREEZRIEL TVWDIPD LI ITHREINT V. ZOLOHESRESCET VRE
TAORENSELETDILERELTND.

SNz L” OBHBCTEB LMY T L, “MDATE” Bk bIEE/FME 2
L. EOEMT TR L TRITOEMEDE R - MikEzR"RAT 5 L1, YRR LES
TRV, 20X o7 “Biiho@mn” HEERER I N -0 04NREOEML, 4
BOMELRDTHAD.
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3 5| M STk

bR R Sk-EIRBSE R TFERG ISR DB RIS T 2 REIE RS, ENIOFZEREIEA LA

WFFERT « fRRA T S ERRBE R THBIGIC 31T 2 EKME BT 2 Mat LB s WwiE, pP2-
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