Photo 7. A small piec of sheet fixed onto plastic sheets to add
strength.

4.2 Results of experiment

Figure 5 shows the results of the experiment. In the
experiment that used special couplers (Case 2), the
displacement was very small compared with the ex-
periment that used fiber ropes (Case 1). In the ex-
periment that strengthened the plastic sheets with a
small piece of the sheeting (Case 3), the displace-
ment was marginally decreased.

Table 2. Experimental cases.

Experimental cases Condition

Case 1 The plastic sheets bound to the
scaffolds by fiber ropes.

Case 2 The plastic sheets bound to the
scaffolds by special couplers.

Case 3 The plastic sheets bound to the

scaffolds by special couplers with
strengthening from a small piece
of sheeting.

Table 3 shows the statistical data for the hip
depth of Japanese males from the ages of 18 to 59
from Japanese body size data 1992-1994 (Research
Institute ... 1997)). The data were obtained from ap-
proximately 34,000 persons and were considered re-
liable for Japanese males. At the age of 18, the sta-
tistical data were fewest; the 5th percentile value for
that age is indicated in Figure 5, which indicates that
95 % of persons are lager than that value. In Cases 2
and 3, the experimental values were smaller than the
5th percentile value even those for a weight of 400
N. More than 95 % of persons might be protected
from falling using these installation methods.

It was found that the special coupler is effective
in preventing the spread of the space between the
work platform and the plastic sheets, and it is possi-
ble to easily reduce the risk of falling from the space
with this method of plastic sheet installation. The
method of Case 3 (strengthening the sheets with a
small piece of the sheet) may also reduce the fall

risk, but improved installation methods need to be
designed.

Table 3. Statistical data for the hip depth of Japanese males from
the age of 18 to 59 by Japanese body size data 1992-1994.
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Age 18 19 20- 25- 30- 40- 50-
24 29 39 49 59
Mean 250.4 |253.7 |254.3 |1255.3 |257.6 |255.7 |254.3
Standard 22.0 |23.0 |22.1 |20.5 |21.3 |20.6 |209
deviation
5th 217.2 1220.7 |220.7 |224.1 |224.1 |224.1 {220.7
percentile
5th percentile
at the age of 18
e — £ /9
—8—Case 1
400 | —a—Case 2]75 7
1
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Figure 5. Experimental results.

5 CONCLUDING REMARKS

In this study, easy and effective plastic sheet instal-

lation methods for protection against falls were ex-

perimentally examined. The results of this study are
summarized as follows:

1) It was found that the plastic sheets were effective
for fall protection given that the ideal installation
method was followed, but that the ideal installa-
tion method is difficult to accomplish at all con-
struction sites.

2) Given first finding, an easy and effective installa-
tion method for the plastic sheets using special
couplers was proposed, and its effectiveness was
examined experimentally.

3) When special couplers were used to fix the plastic
sheets to the scaffolds, the spreading open of the
space between the work platform and the plastic
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sheets was very small compared with the case
where fiber ropes were used.

4) Given the third finding, it is possible to reduce
fall risk by using the special couple method of in-
stalling the plastic sheets.

5) When the plastic sheets were strengthened by the
addition of a small piece of sheet, the space
opened by a falling body decreased a little.

6) We are planning to improve the installation me-
thod of the plastic sheets by using a combination
of the special couplers and the strengthening of
the plastic sheets.
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Study on fall protection from scaffolds by improved mesh sheets

KEERER*, BRARK*, BERE, BRILE, BRERE

Katsutoshi Ohdo, Seiji Takanashi, Yasumichi Hino, Hiroki Takahashi and Yasuo Toyosawa
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In Japan, protective measures to reduce falls from scaffolds have been:strictly

applied within industry safety guidelines, and such measures have had a significant

effect, seen in a decrease in fatal accidents due to falls from scaffolds. Howevék‘,

the rate of fatal accidents from falls is still high in the construction industries. In

this study, to reduce the number of death by fall from the scaffolds, fhe mesh sheets

as a covering around scaffolds to protect against falls of objects (a method widely

used in Japan) were improved and effect of the improvement was confirmed

‘experimentally. From the results of the experiments, effect of the improved mesh

sheets for fall protection from scaffolds was examined.
Key Words: Scaffolds, Fall protection, Labor accident, Mesh sheets
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labor accidents at construction sites have
ed all over the world. Countermeasures have
proposed and carried out in each country.
er, these accidents still have occurred just like
vents. Hence, literature research and field
tions were carried out at construction sites in
ed nations to obtain fundamental dates, which
used for establishing new and effective
reasures. This paper compiled a summary of
survey results.

DS

carried out an international survey on safety
ement system in the construction industry. The

ts of investigation are as follows:

Administrative organizations related to labor
safety, their authorities and responsibilities

JResponsibility to labor safety

estigation methods of labor accidents in each

6)Cost for labor safety in the construction industry
(DAdministrative penalties and social sanctions

against construction accidents or labor accidents
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any fatal accidents, which are mainly due to falling from above, have periodically happened in the construction industry.
vities, such as applying new construction methods, safety and health management system, and the like, have been carried
the prevention of labor accidents. However, labor accidents in the construction industry account for about 40% of all industry
Japan, and further measures for prevention of labor accidents have been expected. The purpose of this study is to obtain
data to establish new preventive measures for labor accidents from literature research and field investigation. From the
ese surveys in each country, the differences of laws, official inspection, and concepts for worker’s compensation can be

Labor Accidents, Construction Safety Management Systems, Labor Law, International Comparison

We investigated five countries in total, including the
U.K., Germany, France, the U.S. and Japan. Literature
researches and field investigations were carried out in
each country and served as methods. We discovered
the laws, regulations, and rules in each country, and
investigated. Also, past literature relevant to labor
safety in the construction industry; and websites of
labor safety-related organizations were referred to in
the literature research. The field surveys included
interviews with the inspectors who belong to the
administrative institutes.

RESULTS

1. Administrative organizations. related to.labor
safety, their authorities and respounsibilities

Administrative organizations related to labor security
mainly belong to government offices [1]. In Germany,
the social code authorizes authority and responsibility
relevant to labor safety inspections to some
organizations, unlike government offices [2-8]. Those
organizations are cooperative ‘unions “of ‘industrial
injury insurance consisted of professional community.
The social code authorizes them to have constitutive
power regarding labor regulations, and also admitter
them the collection power due to infraction of their
established regulations. The staff having the national
qualification of the association has certain rights [6].
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Photo 1 Official inspection at the construction site in Berlin

For example, these include, “permission authority at
the entrance to the construction site,” “call temporary
halt to the contractor,” and the like [6]. Photo 1 shows
the situation of official inspection at the construction
site in Berlin; at this time, the staff conducted an
inspection in conjunction with Berlin city employees.
The official inspections of the construction sites have
been carried out in all countries [1]. The inspector has
mainly investigated legal compliance relevant to labor
safety. France is one of the characteristic countries,
which has an original system [9]. Inspectors in France
have been authorized with not only “entrance to the
construction site,” but also with “participation in the
Safety and Health Committee” [9-10]. This country’s
inspector - has investigated labor safety management
systems . at each . construction site by using some
method as stated previously.

2. Responsibility to the labor safety

In each- country, there are some differences in the

degree of responsibility for:the main contractor and -

sub contractor regarding labor safety. France and the
UK. have imposed large responsibilities on the main
contractor. However, there is a relative difference in
both. In the UK. the main contractor takes
responsibility as a general rule. In France, the main
contractor takes responsibility in all cases, if the
accident occurred due to the negligence of the sub
contractor. There is a belief in France that the main
contractor must take Tresponsibility regarding the
selection of sub contractor.

Conversely, Germany and the U.S. have imposed
equal responsibilities to the main and sub contractors.
In Germany, a delinquent company takes maximum

responsibility. Also, in the U.S., the range of
responsibility has been decided by contract.

3. Investigation method of labor accidents in each
country

In any country, construction companies must declare
the first occurrence of a labor accident when it
happens. Many countries imposed a declaration duty
to the government office, but few countries imposed it
to organizations unlike government. For example,
construction companies in Germany need to declare
this to the unions of industrial injury insurance which
is not governmental organization [S5, 11]. Also;
companies in France need to declare it to the public
corporation of social insurance [12-14].

Investigations of the accident sites are performed
most countries. However, the details and degree of t
investigation have a difference in location. Serious
accidents are investigated regardless of location;
however, minor accidents show a fluctuation in
investigation details. For example, the regulatory
authority of the UK. investigate the kind of accidents
which is occurred the victim who must take the
suspension of business for more than three days. In
Germany, the accident investigation is decided by the
discretion of the inspector in charge.

4, Compensations to the victim

There are occupational injury insurance systems
each country [15-19]. Regardless of location, the
contractor must have insurance. However, details
the insurance: system vary. These systems can
divided into public insurance and private insurance
Germany, France, and Japan have adopted a publi
insurance system. Conversely, the U.K. and the U.S
have adopted a private insurance system. In Japan, the
contractant of the insurance are the main contractor
Hence, sub contractors in Japan generally do not pa;
the insurance fee. In many countries; the contracta
the company, that the victim works for. In the

the contractant is fixed by this contract. Hence,
contractant may be employer, main confractor, or
orderer of construction work.
Out-of-court settlements relevant to labor accideht
are different in each country. In the U.K., they hav
essentially. used court remedies ‘to solve the issi
relevant to labor ‘accidents [18,; 20]. Conversely,
victims employed in Germany, France, or the U.S
essentially impose a ban on damage suit relevant
the labor accident [2, 5, 7, 12-13, 16-17]. They ca
rarely sue the employer for damages under th
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onditions of criminal intent or gross negligence.
owever, victims in France can recover-damages by
ay of out-of-court settlements [12]. In Japan, the
ictims can sue for damage that is not recovered by
ompensation for industrial accidents. According to
ast statistics, there are many judicial or extrajudicial
-ttlement contracts in Japan.

\ppointment duty on safety supervisor or safety

afety supervisors or safety managers must be
ppointed in every country [1, 10-11, 21]. In the UK.
and Germany, these specialists have been appointed
y the operating body. In France, they have been
yointed by the client. The operating body in the
“has a duty to appoint a capable director. They
of the Institute of

ervisors in Germany take part in a special training
rogram for 12 weeks and must pass a national
xamination.

. Cost for labor safety in the construction industry

The cost for labor safety is added to the cost
somputation regardless of the work category such as
ublic or private work [11, 20]. However, there are
ferences between Japan and other countries. For
oublic  works, the cost is added to the cost
mputation. Main contractors in Japan usually cover
- deficits. For private works, the cost is not
sentially added in the cost computation. Hence, the
ain contractors absorb it all.

7. Administrative penalties and social sanctions
ainst construction accident or labor accidents

dministrative penalties to main contractors have
n prepared in many countries. The penalties in the
U.S, the UK., and France include the possibility of
‘interruption of business,” “shutdown of public bid,”
and the like. But the government or the unions of
Germany prepare only temporary stop instructions as
the penalty. Main contractors are only restricted to
enter public bids under the particular conditions
indicating that the company has fallen behind in their
tax payments.

onversely, social sanctions have not been prepared
in many countries. However, some criminal
punishments have been executed in each country [6,
21]. In the UK., criminal homicide by corporation

Proceedings of Asia Pacific Symposium on Safety 2009

may be applied. In France, the convicted company
may be obliged to publish the judicial decision in the
newspaper at their own expense [10]. In the US.A,
there is a judicial decision that orders the defendant to
pay ten million dollars in compensation. In Germany
and France, the account of industrial injury insurance
paid by the main contractor is increased, even if the
labor accident is caused by the negligence of the sub
contractor.

CONCLUSION

The conclusions of this study are shown as follows:

1) Administrative organizations related to labor
security mainly belong to the government office, In
Germany, the social code authorizes authority and
responsibility relevant to labor safety inspections to
some organizations, unlike the government office.

2) The official inspections for the construction sites
have been carried out in all countries. Inspectors in
France have been authorized with “entrance to the
construction site,” and “participation in the safety
and health committee”. |

3) France and the UK. have imposed large
responsibilities on the main contractor. Conversely,
Germany and the U.S. have imposed equal
responsibilities to the main and sub contractors,

4) In any country, constructors must declare the first
occurrence of a fabor accident when it happens.

5) In the U.K., they have essentially used court
remedies to solve the issues relevant to labor
accidents. Conversely, the victims employed in
Germany, France, or the U.S. essentially impose a
ban on damage suits relevant to the labor accidents.

6) The cost for labor safety is added to the cost
computation regardless of the work category such
as public or private work. However, there are
differences between Japan and other countries:

7) Administrative penalties to main contractors have
been prepared in many countries. The penalties in
the U.S., the U.X,, and France include the
possibility of “interruption of business,” “shutdown
of public bid,” and the like. The government or the
unions of Germany prepare only temporary stop
instructions as s penalty.

8) Social sanctions have not been prepared in many
countries. In the U.K., criminal homicide by
corporation may be applied. In France, the
convicted company may be obliged to publish the
judicial decision in the newspaper at their own
expense.
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APPENDIX 1

We visited the following institutes, as well as their web
pages, to conduct preliminary surveys and various interviews;
(1) LAGetSi (Department of Labor Protection, Health Care,

and Safety Technology, City Government of Berlin,
Germany), http://www.berlin.de/lagetsi/
(2) BAU (Cooperative union of Construction Industry,
Germany), http://www.bgbau.de/d/pages/index.html
(3) OPPBTP (Professional Organization of Accident Prevent
on Public and Construction Works, France),
http://www.oppbtp.fr/
(4) Ministry of Labor, Social Relations, Family, Solidarity, an
Urbia, France, http://www.travail-solidarite.gouv.fr/
(5) HSE (Health and Safety Executive, United Kingdom)
http://www.hse.gov.uk/
(6) HSL (Health and Safety Laboratory, United Kingdom)
http://www.hsl.gov.uk/
(7) OSHA (Occupational Safety and Health Administration,
United States), htp://www.osha.gov/
(8) DCCI Danny’s Construction Co:, Inc, United States;
http:/fwww.dannysconstruction.com/
(9) Japan International Center for Occupational Safety an
Health, http://www.jniosh.go.jp/icpro/jicosh-old/index.hi
(10) EU (European Union), http://europa.eu/
(11) Statutory Accident Insurance Fund, Germany,
http:/fwww.dguv.de/ ~
(12) INRS (National Institute for Research of Safety; Franc
http://www.inrs.fr
(13) BLS (Bureau of Labor Statistics, United States),
http:/fwww.bls.gov/
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tract: In Japan, protective measures to reduce. falls from scaffolds have been strictly applied within industry safety guidelines;
such measures have significantly decreased fatal accidents due to falls from scaffolds. However, the rate of fatal accidents from
is still high in the construction industries. In order to examine further countermeasures to reduce such falls, the Japanese
istry of Health, Labour and Welfare established a committee in our institute. That committee’s work experimentally confirmed
ectiveness of using plastic sheets as a covering around scaffolds to protect against falls of construction materials (a method
ly used in Japan). However, the workers fell from the space between the work platform and the plastic sheets very occasionally.
d on those results, the plastic sheets were improved for fall protection from the space, and the effect of the improved sheets was
nfirmed experimentally.

ords: Scaffolds, Fall Protection, Construction, Plastic Sheet

NTRODUCTION shown in Photo 1, have a few effects for this purpose.
' However, the workers fell from the space between the
work platform and the plastic sheets very occasionally.
In the cases, the space was spread by the workers
weight, and the workers fell from the spread space.

Therefore, in this study, the plastic sheets were
improved for fall protection from the spread space,
and the effect of the improved sheets was examined
experimentally.

he frequency of fall accidents is ore of the most
ous problems in construction industries, and the
ermeasures for the fall form the scaffolds had
ghten as the institution of guidelines etc. in
These countermeasures take the particular
as the decrease of the death accidents by the fall
the scaffolds. However, the rate of the fall death
ts is still high in the construction industries,
ountermeasure became the main point of the
our Accidents Prevention Plan in Japan. For
ghtening of the countermeasure for the fall
¢ scaffolds, the committee was established in
itute by the Japan Ministry of Health, Labour
re, and the investigation on the regulation of
eas country and the evaluation of the
on methods by the guidelines were carried

all protection system.
> results and the discussion, it was found that
case of the pipe scaffolds, the workers
1es fell from the space between the hand rail
le work platform, and the workers also fell from
ace between the braces and the work platform in
se of the prefabricated scaffolds. To prevent the
f the workers from the space, the space have to Photo 1 Scaffolds covered with plastic sheet
nade narrow. The plastic sheets, which covered
ound the scaffolds and widely used in Japan, as
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IMPROVEMENT OF PLASTIC SHEETS

Photo 2 shows the typical prefabricated scaffolds used
in Japan. The plastic sheets, which envelop the
scaffolds, are able to protéct the workers from falling.
However, very occasionally workers fall from the
space between the work platform and the plastic
sheets. In these cases, the space is spread by the
worker’s weight, and the workers fall from the spread
space, as shown in Figure 1. Therefore, in this study,
the plastic sheets were improved for fall protection
from the spread space, as ghown in Figure 2.

Photo 2 Typical prefabricated scaffolds used in Japan
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Fig. 1 Fall from the spfead space between the work
platform and the plastic sheets
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EXPERIMENTAL MEATHOD

Table 1 shows experimental conditions for examining
the effect of fall protection by the improved sheet. The
attached sheets were fixed to the work platform by
three kinds of materials.

1: Fiber ropes

2: Steel wires with a diameter of 1.0 mm

3: Steel wires with a diameter of 2.3 mm
The experiments were performed by using a sand bag
and a human dummy. The sand bag or himan dummy
were fallen into the spread space by using a slope, and
these were fallen from: the. height of 640 mm above
the work platform, as shown in Photo 4. In only case 5,
the human dummy was fallen from the height of 1000 :
mm for confirming the further safety, as shown in : § Plastic sheet [
Photo 5. - P
The mass of the sand bag or human dummy was 75 kg,
and the space between the plastic sheet and the work
platform was 160 mm, as shown in Figure 3.

Table 1 Experimental condition

Case Fixed by Fall Height Fallen object _ o .
1 Fiber rope 640 mm Sand bag Photo 5 Fall from height of 1000 mm above work platform
2 Wire(1.0mm) 640 mm Sand bag ~
3 Wire(2.3mm) 640 mm Sand bag ;
4 Wire(2.3mm) 640 mm Human dummy o Pipe of scaffolds
5 Wire(2.3mii) 1000 mm Human dummy
6 Non 640 mm Human dummy

Work platform

Plastic sheet

' uman dummy Fig. 3 Space between plastic sheet and work platform

RESULTS OF EXPERIMENT

Table 2 shows the results of experiment. For case 1-2,
the sand bag fell below the work platform, as shown
in Photo 6. Then, the fiber ropes and the steel wire
with 1.0 mm diameter were cut by the mass of the
sand bag. However, the sand bag did not fall below
the work platform for case 3, as shown in Photo 7.
From the results, it was assumed that the fiber ropes
and the steel wire with 1.0 mm diameter would not be
used as the materials for fixing the attached sheets to
the work platform. Therefore, the steel wire with 2.3
mn diameter was used as the materials for fixing the
attached sheets, in case 4-6. Then, the human dummy
was used for the fallen object.

Photo 4 Fall from height of 640 mm above work platform
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For case 5, the human dummy did not fall below the
work platform, even if the fall height was 1000 mm,
as shown in Photo 8. However, for case 6 which was
not fixed the attached sheet and was the normal
construction condition, the human dummy fell below
the work platform, as shown in Photo 9.

Therefore, it was concluded that the improved plastic
sheets was effective for fall protection from the
scaffolds when the attached sheets were fixed by the
steel wire with at least 2.3 mm diameter.

Table 2 Results of experiments

Case Fixed by Fall Height Results(Fell / Not)
1 Fiber rope 640 mm Fell, sand bag
2 Wire(1.0mm) 640 mm Fell; sand bag
3 Wire(2.3mm) 640 mm Not, sand bag
4 Wire(2:3mm) 640 mm Not; human dummy
5 Wire(2.3mm) 1000 mm Not, human dummy
6 Fell, human dummy

Sand bag

Photo 7 Result of experiment for case 3

128

Photo 9 Result of experiment for case 6

CONCLUSION

In this study, the plastic sheets were improved for fall
protection from the scaffolds, and the effect of the
improved sheets was examined experimentally. From
the results of the experiments, it was concluded that
the improved plastic sheets was effective for fall
protection from the scaffolds.

ACKNOWLEDGMENT

This study was supported by Health and Labouf
Sciences Research Grants (Research on Occupational
Safety and Health) in 2009 from the Ministry of
Health, Labour and Welfare of Japan. ’

94




—fix—-10- 1

BIEMN O DEELLIEICH T H A v o L — FOMEECRT 2 HBHTE

OXMBF], 2BES, &HAK, PHRE, FM (FEHLLEEREIR)

1. [FLsIC

BEREICBOTE, ERPLEERICIAIEK
R, MOBRIZLARFICHAEHLEIRBAEL
TWd, BESEOBILRRT, FToilick
DEEBNBEE T HEMERRIIES I LICOE
BN, WEENPHEZ OB CIIMEEERa X b O
T, FT0RLORBEBLREOREBEN A+
DIREE & 5T,

07, BEFEITLE @FOEE 10m RKiFEO
EEZORFANCBHLFATLTRET S LK)
RFTVEITIER (BEOHMSE « BERHIFEIZE
FTTLCETVEFRBETHLIE) OFA K714l
ELR Y, FORIEREITER LI TEY, &
CRENRDT DR E—EOHNRENEN TS,

UL, BRECBIRELEDO I L, BE
SKECLDEOBMKRE L TRLESRELTE
D, BIECRBOTHBRESEON 40%%E HHT
W5, ZOHERT, RELMIERENRRL, B

BB O T LR AR 25 THY,

it sk b TS,
AWRTIE, ZOL )RR DEED
IERRIZOWTIRRTT 5 Z L2 BMIE L, TD—
BlE LT, k- BETMREOBIERFL LT
COBFHZTEREN TS, Ay vai—hizdk
DR B OBEED IE OB OV TREHT
BLEE Ul, BEMICE, £OERMREEL

BB, MY I—2AVEEEER, BE

CEDHEREIVB LN, Ay iay—bDIER
DNEMADZ EICLDEE Y 27 DIERBHEICS
WC, ERAMICHRET LT

2. Awiad— Ik ABEILGHTIR
BEEZRETIHSCBOVT, Bk - BT
EORBIEZBNE LT, BEIICFET LIRS

WAy 2= EROHTEZENZ, Ay
Ya— ML GO EGRTESASICLY, Rk
TS EDOR LM & U T A3 o0 AL
HeE MIURENTWVAN, A v ai— hOBY
BhlEHET & L COBRENZ DWW TIHBIESh T
W, 727l Av o i— MObHABEDME
Hd D2, MELOFWOUENEEINZGHE
WZBWTH, —fEoEE UTBEE A BN IE
THDRPEETCE L EEZBND,

£ 2

Ay ay— bRV HTIRE

B1iC, (RERITESOERERELBYIZA Y Y
2 v— FERD T RA DB BOREL T,
RREEIBNT, Ay vay— o ETROTE
iX, 3BIE (Thbb, Avval— ok
SHMOMME, #5.1m &) ICBY i bh-
KEMICBETBZ L &R T3,

Ay ya— hOBEEREOHIEDRICER L
T, AMEFI—IZEBERICE VR L ?
PIREZHDN, XHR212E DL, {BEEKE Ay
Yal—hEDFTEMMPNEL, Ay va—F
ZI2HHES o LB EITE, B IR T LIS,
HTLTCLE AR EE THETET
KRR TETEZREVIED - DOMERKE

—402— 95




TEMFERINE, L LTWA, L, T
SlzBWTik, AMEIZAIL OB ENREL B EN
s EEZLND,

o KT )

Bl
- \

=1

A \
YEZEIR :

Ay a—k

i
1

rsfd g

‘\\\mmﬁ(%%)

Bl Avvai—breRY T2 EORE

XEK2IC L DERTIE, FERE Ay Vot —
FNeDFT XM ENEWVE, BAEICALL LEE
BT RMoT, 2T, ZOTXRIERD #2<
0 WD EBEICBI 2 REEH IR 2 HER T
Lz, EEORBERAWEEEERSY, TH 2
LEBRICAE Y I —%2 BWTTHo 7,

BEH2BIVEEI X, Z0OBORRERLE
bOTHD, FE2IE, AR D ERSICA
vy ¥ay— N ERIESOEEL B IZEY
TS E IRV T, FEEPBATRZSHMD
TICBAATSRIEZ =T, £z, BE3E, 4
THROEEENRZBAI LG E2RT, W
NOBEIBWTS, AR I—ZZDTORBIC
B LD o7,

SEIOERIE, BEEYIET 57z OB
FEThoN, ERICATOHETITIZ LI
FAETH D, L L, SEOERERLD, {7
SMOBBICED AMEBA v 2 v— MR D
NIZBEIBWT, Ayva—DEY HEHE
KOFELVMEELTAIREERL, EERE

DT EMDIENY S HRERI X S 8E
WL, FEEENEPB E CEET S0 TIRL,
TEEENNDED T DR ~DEEEY 27 HKH
TEXHAHEELH S EHRIND,

FIT, Ayai— MDY FeIRkTsZ
LY, fEEEKEA Yy V2t — DT EHD
RN RS %, BEY A7 2RSS T HEIC
DWTHRET L7z,

—

B2 RGO TFITERAATREE

2

3. BEGLHBISRICET 58

AFRICBTE, D HBIBIZRZ I
BT TnAZ EA2FHRE LT, ERHO
TFTOZERMPLOEEEDREY, Ayviai—h
[k DRI IE T B RIC DWW TRETT B 2
EEAME L, LT, REBHOWEERD

— 403 ~— 96




FRVREET, Ay val— hOLTEEAIE
T B HFEEDWTHRETT 5 5 D TR,

ANEF I —ICEABEEIDEROL I, K&
O T O RZERIZIBNT, AREE
KE Ay a— NORBICENZ AESE, ®#H
DEOTEFBLRVER ) R 0@mED, h
Hid, EREKEHEUAELVET, AR
VEREFINW L DKEFMOFMEICLY, Aviad
— b EEREE DT ERBIENDHIOTHY, £
DIENRY FIZ L WEEEFETDENRDHD EF
bbb, £IT, UTRT LI, 1EEKRE
RUKEL~VET, FEFH TR A Yy v a
= FEKEFBICEISEH Z &SI, £DK
FREL A v o~ NOKEBEROBGRS R
~F,

R 2R 942, D AR S AT <
FRUAFELRAEICENT, Ayiay—LhE
BHEAT L CEEZ L W KEFMIZSI -HES Z &I
Ly, ZoOBOEOER KFERNE) LAvYa
v— FOKEBBEOBEGRE U A ¥ —7REN
TR L VA, TOORAE, FE4IZ
T, KEMEIL, SONZH 400N & Lz,

‘\
\ ‘

i
i
;}2912—5
1

4

T ﬁf
Vs

/ § /ﬁ
/ \V

X2 EREE

EBRTIE, B OMREZ, Avyyai—%
HHE D — 712 X EE OEFIRECERD (i35
SEEAL LT, £FIORETOKEREL K
SEEMEOBGER T, K2, Kbl o

LrUUZBWT, BESIKRTL Ay Y2y
— hE@Y A FTERIZLVRAICEE LSS
R, BHOIWFTEIIC Ay Yay— e 2KE
RICLTHOEMZ ISR RY, Aviai—F
DIEY FEBRITEB LN DK EBEEZM
RHFREERE LT,

BEH4 Ayv¥al— bOKEBHBOHEIE

—404— 97




.

4. EERFHER

ERBERO—FIE LT, Ayai— MIER
THKERESE A v ai— FOKERBEDRH
BEEIIWTT, £, FOROEEEER IR
7, Case 1%, Aviai— bZREOHFERRE
D& D IHEHEr — 7 CTHRY (1S 7356, Case 2 13,
SEBEAWTIRY 372354, Case3 i, &8+
Ay al— e 2EBRLILEEERT,

I, Ay va— ML REER DY,
AR TIXE DR Y HFROEBARER FIRIC DN T
EELTE o lzlo®, KEBBERLYHAHEE
M B ENFARETHE—HLE LTORRLE,

3 LY, Aviai— 2RIl vlhic
EolmBEIL, FEEREA Y a2 —REDT X
MOEAY (K3 OAEREHE) 2 KEICHS 2
BIENAREL DI VMR TEE, £/, A
vy o — bR 2 ERUEEAICE, EEKE
Ay al—heDTERHOENRY ZHTHLH
MABIEBTERPST,

Ay a— b NOKEZEESL, BRI R
&R 2 HIBW VR OBRRICIIA B Z 2 AL,
B ERTAEEE, EEEORTEIAETSD
bOD, BEFEY AT & KIBIZ{RRE T X 5 RTREMEN
borLtEZBNS, Fhr, Avial—bE2lk
BRULGEITIE, 5B OBED IEOHBIIEEE
KOV TR E RS BILFER CE oo f2d, BH)
Mo Ay v a— NOEERI S 20T 5, &
BDUNEETREA B AU, fEEMER I
ElLhbnAZ S EELZLND, ZDI2D,
WEEMZ T, @5 TLY BUOBEED IR
BEBONLFEICRBEEZ LGNS,

5. BbYIc

AWFIRIZBOUE, Aviay—MILBEE
M6 OEEVERE IE ORBMEREIC DWW TRETT A 2 &
ZRE LT, ZOERNLHEZR5/200
EREIT o7z, 2009 F 6 A 1 B b1 Shizik
EFBZEFERRTH, REBHLrVO T T&
Ao B DT EREBMT SR, AR

— 405 —

LOVBMOHTFERR LAYy a2 — b LA
THIEICEY, FEEORYE - mEKELDIE
TOHREKBCEHDONDEEALND,

®1 EREM

REBRT—R &

Case 1 BEOFEFRAED &S ChiH
O—7TRYHITH =158

Case 2 £ EXAVTRYAITT-15E

Case 3 SEEAVS+ AV~

T 2WMERLES
450 r
~&--Case 1
400 | —A—Case 2 ¥4 ¥
— if I
350 S Cas:a 3 ,/l /
.. 300 \_ I’
< ? /
~ 2 ::“ :f
@ 50 “/' 5
B 200 i i
¥ i /
150 {" ;
/ /
100 a
50 L
0
0 10 20 30

KEBEE (mm)

B3 KEREEKEBEE O
HE
ARG, Tk 20 FEEEIZRBVT, EAR
BRFUREHEE (FEL A ER SRR
B2, ERUEMRORETH S,

BE M

1) (#) AR T¥ES . (MR ERE L T O
. 2007.
DERESBIEH NS - T RITLIRICE
THHA KT A2 &% ORERR, ppl02-103, 2004.

98



