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SYNOPSIS

The significant role of texture in architectural design
has been often mentioned but it has rarely been studied in
systematic ways. Texture is an aspect of building and
landscape which architects and designers always manipulate,
yet with very little clear understanding of how people
actually perceive or evaluate difference in texture.

The present study, A Study on Visual Roughness of

Texture, focuses on the quantitative a5pec£ of visual
perception of texture, namely visual roughness, and
investigates the functional rerationships between the
physical stimuli and ﬁuman response in terms of subjective
visual roughness. The outline of the paper, composed of 6

chapters, is as follows.

In Chapter 1, Introduction, the objectives and

delimitations of the study are clearly stated. And the
existing studies on visual perception of texture are briefly
reviewed. The methodology and the framework of the study

are also explained in this chapter.

Chapter 2, Quantification of Surface Roughness,

explored and examined the physical variables of a surface
which were relevant to the perception of visual roughness
and a systematic method of measurement of surface roughness
was developed and tested.

The physical profiles of architectural finishes were
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observed with a microscope and each finish was ranked
according to the subjective visual roughness. The result
indicated that visual roughness was judged through a combined
measurement of the wave-length and the height of the wave-
like profile of a surface.

Since the actual architectural finish which generally
has a complex configuration is not easy to define by profile
measurement, a set of standard test panels which had‘simple
configurations was made in order to represent the degrees
of Surface roughness. The standard test panel was called
the granular Surfaced Plaster Panel (GSPP) which was finished
plaster spherical particles. GSPP was found to be comparable
to architecturally textured plaster panels, and the degrees
of roughness of architectural finishes were able to be
defined in terms of the grain size (the diameter of the
grain) of GSPP.

A functional relationship between the grain size of
GSPP and the subjective visual roughness was finally
investigated by the magnitude estimation method.

The magnitude estimation of subjective visual roughness was
found to be linearly related to the grain size on a
logarithmic scale.

This chapter thus concluded that the degree of surface
roughness of a material, whatever the configuration of the
material, could be shown by the grain size of GSPP which

provides a subjectively equivalent impression of roughness.
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Chapter 3, The Stimulus Threshold of Subjective Visual

Roughness, investigated the inflﬁence of such variables as
surface roughness (grain size), observer's visual acuity,
lighting conditions and observation distance on the lower
limit of texture sensation. In the psychophysical
experiment, the stimulus threshold was determined by the
observation distance in which a textured surface was
perceived as a plane surface.

As expected, a rougher surface requires a longer
distance to be seen as a plane surface, but the distance
was not simply proportional to the grain size, that is, the
law of visual angle is not applicable. The variations of
the stimulus threshold, according to the observer, were
found to be fairly well explained by the observers' visual
acuity. The lighting conditions, both the angle of incidence
and illuminance, showed remarkable influence on the stimulus
threhold.

The above mentioned relationships were formulated as
shown below in order to judge whether texture is perceptible
or not under given conditions.

Ry=0.53 log D + 0.69 log V + 0.0064 6
+ 0.17 log E - log X - 0.055

where, Rg>0: the probability of perceiving
texture exceeds 50%

Ro<0: the probability of not perceiving
texture exceeds 50%

D : grain size of the surface (mm)

V : observer's visual acuity

6 : angle of incidence of light (deg)



E : illuminance of light (1x)

X : observation distance (m)

In Chapter 4, The Relationship Between Subjective

Visual Roughness and the Observation Distance, the method

of minimal changes was employed to obtain the functional
relationship between subjective visual roughness and the
observation distance.

The varying rate of subjective visual roughness caused
by the. change of observation distance was found to be not
constant, but a function of the visual angle of the grain
size. When the projective image of the surface is rougher
(the visual angle of the grain is wider), the varying rate
is small, that is, the subjective visual roughness stays
relatiﬁely constant in spite of the change of the visual
image on the retina. In contrast to this, when the surface
appears finer, the rate increases and when the visual angle
of the grain is approximately 2' (minutes), the change of
subjective roughness is propotional to the change of the
observation distance, that is, the relation follows the law
of visual angle. For even finer surfaces, the rate exceeds
.the one which follows the law of visual angle and the
subjective judgement varies than expected from £he change
of the visual image on the retina.

The above mentioned relationship was formulated as

shown below.
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log X=log D - (log-3-+ 0.263) (S952+ 0.263

where, X : observation distance in question (m)
D : surface roughness (grain size;mm)
d : subjective visual roughness
(indicated by the grain size observed
at the distance of Xp ;mm)
X,: standard observation distance (m)
In this chapter, the difference threshold of the
-subjective visual roughness was also discussed. The minimal
perceptible change of the surface roughness was found to be
approximately proportional to the degree of surface
roughness. The ratio of this proportional relation, namely
Waber ratio, was about 0.09. Translated, the just

noticeable difference in visual roughness is approximately

9% of the surface roughness.

In Chapter 5, The Influence of Lighting Conditions on

Subjective Visual Roughness, the effects of the angle of

incidence and illuminance of light were investigated by the
psychophysical experiments.

It was found that the influence of both angle of
incidence and illuminance varied according to the projective
image of the surface roughness (visual angle of the grain
size). The finer the image of the surface appears, the more
marked the effect becomes. When the surface appears as
rough as the visual angle, over 7' (minutes), the lighting
conditions have no effect on the subjective judgement of

visual roughness.
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Based on the above stated result, the following
functional relationship was formulated in order to estimate
variations of subjective visual roughness caused by a given

lighting condition.

log @ - log do= —(109%— 10g0.002)

{0.0122(6~-69=0.175(log E -log E )}

where, do: the visual roughness under the standard
lighting condition (8o,E0)

d : the visual roughness under the
condition of 6 and E

D : the surface roughness (grain size;mm)
X : observation distance (mm)
e :~éngle of incidence (deg)

F : illuminance (1x)

In Chapter 6, Conclusion, the results of each chapter

were summarized and as a general conclusion, the nature of
texture perception was discussed as contrasted with object

perception.
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., Thbb. BELETENAKLOC, —ROALAOS  AHELHE
WHEDdIH., RELKEAVRAVDOEHBNWSOLEREDI >ARRE L
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KLoThbI4HEToEELONS, o T, FERLFIT LRI,
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AETH., BEERELRLIO0DLIOERCDONVT, 2HELBEOBRE
 HEBWAERICID, MTORRER,

(1) B203b30BEEMICLIEHE., —BHICEMBERC ST HHF
ODREIDOEBHEBEHFILE W, TAhbL, BEEHOLIICE IR
@&%é@%m%ﬁ~ﬁ%ﬁ%&@ﬁﬁ%@é%é(ﬁ&)mlofﬁﬁm
%m%@émﬁ,ﬁﬁ%%@@ﬂ%@ﬁ%ﬁ%@@ﬁ&Lfﬁbfc&ﬁm
%éoﬁﬁ%@ﬁ#ﬁ@ﬁ@@&éﬁ@em%%(ﬁ%ﬁkf@%%%)m
FOEAENRSAI L, BEELCE LBEGTOEARBANCFMINSE
wiEREL. BpTodbancinl nbicon, BAEIBRLT, A
%@ﬁéﬁ%#Zﬁ%%fﬁ&@b%é@%@ﬁﬁﬁﬁm,ﬁofmﬁ%@
AL E WFT A RABOENCRKI LOCED, EbIKTEINC Y, FRIC
EK%E%TH%%@E%&@KTE%%%K&%&5%%@@%&#@k
CRES R HEABD B o

@ B203LILBEEROBECSTIBREOBAZREEEEOE
EROERERBRLTE Y., BT EB00W (RANKTSLL ) BHYRICH
LTHEEEOREDOENRKE ., BAZENBEEL 2L, RelT LT T
WRHRLEOWTH., BAEZENELALER DN Z N,

(3) ﬁKDéBé®#%%@‘Wﬁit%%?éﬁx—ﬂ—@%%#ﬁmm
KR b, TORPIEHTH 2B HHINBE, BEBCILIDIRELZL. TO
THEmERE LTE. 8009Tdb, Tabb, R0 LI OERNIHE
BE28NOERED LIQERD, UHREODLIOFF LTI FEIKT
5 5o |

(4) EBREKL B0 LIOBREEENICTT AL, HHRORED L
X (ME Dmm) KT 2R4205 53 (HE%KE dmm ) CEERH (X
m) L OBFRERTRRNEHE W,
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00
log X =1log D - (log % +0.263) (£ 28 1 0.263

e L X : BEEE (m)
Xo : HEEE (m)
D : KEH»LIT (HMNE, mm)
d : Biaodbd (X, Ky 5MALKE, mm)

65) FXTELAZBHRE, FIBLEPWTIROARLOLLIOMBM LB

gL OBEHEEHBEL T, 5ALhABEERICFTLRAODLIET
AT HOOEREER LR,
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2—2 EEREE
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3—3 # &
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wmhrE BADHLILCRIFITEMAZHORE

5—1 # ®

B203LA0HWBBEZORT L IRAFTRICESWTNWLHU L, R
HECHTLRASKKHOEEYZTT L LEBLLTH D, FETH., BY
KOREEAFHANRELOD LIOHBIIKCREFTHELCDONT, 2 HBLE
OBBEWC LV EEMICIBEL., TOHRLEOWTEHBEELRD & 5 HRIEE
DODREOEAIC L D ERET S,

momTl., FTHERIKIY, REEHENRLAOLLINCRETREDOS
LY FTOBEAEREL, Db TERFELOWTHRY L THERRICET 5
ERBEETT o SLCEROBERBONIBLERZTENERE Lo &
22 REEETO2HBHEEORLOD LAOEMBERNLL, RLA0OH5HLTE
LRBEFHLOBREHESFEETRT o

HIMTIE., EHRERLY, RAOHLI (MLENE) LAHA, LU
RELOEMBEHRLERD, BEEGENRLOD 5IRRETHRICONWT,
BRENSTLLIREGORBOERMC IV ERT Lo

SAMTR, ASBLRECHERMOREFERERELAODL, MER
LEAOHLALOMGEET LD, REFHCLIARAOHDLIOEB T
T LEBRETE, T, RAOHDLIOHBHBILONWTEIETRDL
#ELAbE, FEORBBAEAETLHETLRLIO0DLIEMHECTATLIH
KeFRT %o
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5—2 FERFE

5—2—1 FHERER

AHTH. BHEENRLO0DICRETREOS I XTOBEMEZEE
L. RELUBEOEER TOERBELCOWTHRE T 5. MAKRHFL L TH,
BHEOECHEABEORE L EIELLNDLHN, CCTERLAOD LA
ML, LOIHBUAZELEVWEVWIERLOFELORAKLOAFALE
EAEHELTEY DT, TOERELONWTEET %o

s bk, B4ELAROERECLD, SLWHEL LD 20BN
WENM R ZABBEGET CHRALIE, AL LI RLLBHOEN
S BHEGOEBEE R D, KA 49 mm O 2 KOBHRERD O b—7
PEEEHYEEL TEENEE L. TORIEHELBEERBLEDO AN
_ﬁ4?sﬁﬁl%lxﬂ@%?%o@ﬁ@.@ﬁbﬁ§49mn@Egﬂg
BhRBHEE LT, TORBEEHEBEREL. HEABRTALThORY
SHETCEENREZ L WD HLAIRRLLIBEEER (X psg ) ERD S0 K
BUEOBBEFOLEH M., AHBLCOWTERE—Z (155 1x ) OF
= 30°. 60°, 75° D 3F., FABELOVWTRAFA—E (45°) T80,
320. 1000. 2000 lx D 4FETH B, A ASH, RED L S ICRERT
R T LETHY, BEGAHIBDOMEMBTS %,

EERBMOBTEMHIIE S, 10, 13m®D 3 &, ERBH. HHEOFIKRL
E@ﬁ%%#ﬂ%3ﬁ@%ﬁ%%%@tfb%ﬁ\@ﬁ&@ﬁﬁwkﬁéi.
THRAMEELS 1B SDE L, ’

BEEE. FERD 15U LORBEILT, WTRIBFRFEETD L,

%ﬁ@%%&@tﬁi@@Bé&ﬁiéﬁﬁﬁ%&k%ﬁﬁﬁﬁgk@%
GeEs5—1 RUES—2 CRT o

B5—1 k. ASmamL, BEtisd LEERFEALTNLRER
HERAKTHIAEDOD LIWRLLCEERLTHF D, AFENKILCEZD
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 KohdLAVBLT LML TAEINARARE LA TS b,
M5—2 KRTRELCOWTYEMIC, REAETCOhIIECTHEL

B LARRALZBREDD ., REOHKEIRAOLLIETMIHRIEDLL

Lbhbo |
rhoDBEFEY I VERBICHEEBLL I T kD, AFHABFIUREL.
Ri@é6%@%%%&%@?6@%@&&@@%Klof%h%hﬁbb
2 DONRE5—3 BLUMS—4 Thd, AAUNEE, B4ETROLBARE
WL REOBGENL, RUEFHOENWC I 2BEEEHOEZZEE 10mCE
JAREOECHELTROTWD, BEL D »> T, EiELNEORRK
CREANLEMD LIMBOARVBELELL > TREZLHCENTEIND
- ODT. DLAVTERCLI > TEBERECLOREOEERODLEND L,
C ENE(49mm)% 10m OREMICEEL. HBEKE LT3, 8.2,
126mm OREWRE BNT, B4ELAROERIC LV HROEEZ ROBE
- L%ko .

M5—3 KEnT, HLKEJONBTRLINARLODLIE., AH
ﬁﬁ@%k%t%&h—ﬁ%%beﬁb.Ch&ﬁﬁ%&@%&ﬁﬁﬁw,
KROBEFHRX (5—1 )T HRETHT EHFHKDL,

log d —~ log do = by (6 = 8y) (5-1)
7L do: AGFANEHIREE O, KT HHEHNE
d : ASHABROI T HALKE

by: &#

M5—4 KT HBELLCOWT AR, BEEONH L., HENE
OHMPLEOBERETERN T L E R, TR(5-2)EH 5,

log d — log do = b2 (logE — logEy ) (5-2)
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d : BENRER T 2E8KE
br: E#
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5—2—2 RERIEE

FHERK L 5 TRBRINA, RADODLIEAH AL LV RE L O
MRt BERT 20, EZHROZEHEB LT, 220 248ROXEFRIEON
THIBKT LAV 2ERTARCERNCEMLIEREEZT S, TBEAL
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SEAHORTEHTEERETLZ,
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2L T2LIEBETHALOT, REX*ZITANTBREZOAHNEEHATD

95



BEELKk. ThbLL, BEEXEEHCH L CHEBELEAKBELTWS E
BalL., Sy A ACHBLABEELASORIDERE RN EEL ko
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3 ADBRMBOBBERGE Y ELLE, TORADOD LANELL LT
2L BOWBMMBLIARLSOICRARC ZHH, ERTELCHET
LT el b, ALdLIWCEL D HBERNBEBEROLT EVHRKL TD
B A ERIC WU RD D EBMNEMER X psE Thbo RICHETXR
BLrREREBEEEOBREANT, ALH LEICENWTESEBREBEORAT
T,B&ﬁbé&é%ﬁi%ﬂﬁ.?&b%A@ﬂ%ﬂﬁX&%béCt#
Hks, mEThIE., BEERE Xo K aEERNBOBHEHOLLICE
LEsOHLAIOEHE, ThEBLRLOD LA % 54D HBEFEHOERE
rEEHENELT, A LEEERICE T ANEOERE LT, HANEKS
S>TERDLTOTH b

EBICEHICE > TROLN S X pPSE H LHMKEERDHBEICE, B
WINEOBMSE R TEMb LI HBEOFEIC, E4—3-3TARLAELD
K,@Aéﬁ%@énéef,$%%@@ﬁ%%&mcmféakb<@m
P RODLENRD D, FTTEEROERRE ( ERF B ORRER 3B,
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MTEERZBAZNRD bhza WEBERCRKETAEREB
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6—5  MIARGBREADHS SILRIITEEZRD SEBRT

#£5—1 HBAIWE

(1) BEZLCXDEEOAAZDORE ( D=8.6om - X=10m . §=45° )
Z@HA REYEN BHE RO HEEME F i HEE
SS df MS

SV

MR E 8.500 4 2.125 24.10 p<0.01
BIEE 0 1.096 8 0.137 1.55 p >0.05
B 2.822 32 0.088

LK 12.418 44

(2) ASHBEICIC & B @ OEAZEORE (D =8.6mn - X=10m - £ =1300 Ix )

ZHH EmwHN  BHE  AROMEE | FIH BRE
SV SS df MS

ABim 6 | a7.543 4 ©11.886 81.41 p<0.01
BEE 0 2.743 8 0.343 | 2.35 0.025<p<0.05
I 4.679 32 0.146

&6 | 54.963 44 |
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5—3 FRERSLUER
5—3—1 AHBFEANDD S ZRIEFTHE

BRI ), BRAXOASALALREOBKRER 57 CHEEHD
SRR LICRT, COMIY, ARANRRLODLINRIZTREOE
an. BEEHE IUCANRONEORL ZRBRE T L ICEMLT HARN
EfkhéoT&bE,ﬁﬁﬁﬁﬁﬁbféhﬁ\ﬂﬁﬁti#MEA%ﬁ
PEMICLIDRADS LS (HUKE ) OEHNATHY. ALHLION
EThhE. BREEIZNEZHNIAE (RN TV L,

B0 bLIDEHNHLPLCERDLATWIERRELCE TR, AHA
UANOEM T HEEER, NE., BEX—EORHTT. AHAO LN
W dONMEOMKCFHER L AROERN ZBBEBAREREON, THE
BTE542 BRI (5-1)EBALRE S,

].Og d - 10g do = bl (6 —-60) (5“1:%%)
L do: AHFIRENAREE 6, (30 5 HMKE
d : ABAROKFITIHHEANE
bi: EH

ZEL. THERKPNWT—ELELABREROBEE b OB EEH
( BEE » RE )L >TEBHL, AHANRRIOD LA RBTHED
EAETRT—BORBEELDLLEYED D, T TR LT, L EOEE
&, FTrbbEENG, BEREHEIENE, R NENRTETHLNWERE WV,
cnnﬁ%%e%ﬂ&%ﬁ%%mxmfn,mﬁ%ﬂ%@xéé,ftbe
WTOELRAVNTLLIREHNKTH L EHERIND,

%s—zm.%%%%ﬁC&emﬁ%ﬂ%@ﬁ5ﬁ%t@ﬁ@ﬁ@ﬁé&
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Xb,%@@%&Ek%@f@&o§¢Tﬁ@ﬁ%ﬁ%onwrm(%7)
Y EOKE % BETEARGHAEC . AHBERLOD HIOMICAHBMN
BOENC EERL T, ERRANERL DA THERZONDRE
B Ci. BANNICEHCONERABOEE pRACKEREELED
FHrRErRLTWD,

M58 EAOEREL Y BoaCT kD, R OBEHME, B
AEGOEE A ERICE ) MEORGRERLA SO THD, COBLD,
sl A EREROEE OEMFRMLCL > TL(HATNLOT,
R o DRBERYEEL, HMER L TRATRIEIC LY R (5
2) hkor. FEL. BROBREROX DKok MG = 0.002rad
v A P WETED KADMEE L HH, R5—2 IR LKL OBEATH
B O ENDT, BEREHEAAT L, $OEL L > TEABEER
ZLTwbo

(1) ¢ <0.002
b,=k,log ¢ + k2 (5-3)

-0.0122
-0.033

I 3
ka

(2) ¢ 20.002
b1= 0

%K*bkﬁ(&d)Kkﬁém%iﬁ@%%%%é%i‘ﬁ%%#%l
LEBHREAR. AFHAORIZOD LI RIETEEERTHERER S0
@%KM?H@%%¢@X¢KID%%Kﬁﬂfﬁi6ﬂéo

(1) ¢ < 0.002
logd — log do= (ky1log ¢ + k) (8 —00) (5-4)

(2) ¢ 2 0.002
logd - logde=0

102



LRI AEBHORTELERBERLONEEBKRT 22D, 2T EXLD
EREYE 10m CFTA2HEDORNRELCOVWT, AHABIWKIDRERLOD
LADOLEE A RETLERRERD L, LR T 2B ERNED TBRE
EsX chLieD/X KBathz, REBEZRALTRRA(5-5) %R,

(1) ¢ < 0.002 (D < 20mm) (5-5)

11701, ~0.033) (6 - 45) +log do

logd=(~0.0122 log

(2) ¢ 2 0.002 (D 2 20mm)
logd ~logdo = 0

5—0 X, WEDOHE  1mmdbEREL, ERELONWTERAL LS
BEEEYTRLTWA, 2 AM5—10E. @TOERKRBERETBLEEAH 10m
CORMYKECBRELTRLT VWD, BRI ISHIGLTE DI, AFMICE
2E20HLADCEHOEADN. RARKNTFORLIMALKELTNIHLD
REWCESERRICL D, EBREEOPE L FTOHEBAEROTENEND L
Z4 b0 5, |

5_3—2 BEFRAOHLICREFTEE

sk Ry . BEEONE L EE., HAREdOEREMEICE HHS -
NIKFRT. RECLLERBOEAY, BRERS LUNELI > TALZLME
Mid. ARBOBELBEAKRTD %,

B0 LADEHARELNLIERBEL P WTE, FHRREATRELK
MEEAERBELN, BEE LASMEdOMICKRR (5-2)EREFT LT &
KD o

log d — log do = ba(log E - log Ey) (5-2:#3% )

L do: BEFEERE E, C& ) 2HARE
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d : REXEC ) 5 HELNE
by: EH

EELFREESRCESEIAED > 2 RE 3000 1x M EO#ATE, Rx
OH»LIDEBHRIELEAERLAT, 3000 IxdA ) RELLLIPEOL
BLEs s dHRIMN, AEROBERERNLLEARHATD 5o 274 3000 1x
ko &I, EREBOBE LHBEORENB LN R okBEIEC,
%ﬁf—ﬂﬁ%égfm&mefﬁﬁﬁ%#B%ﬂTéaﬁﬁ%t%iko
Ui > THMEDOERE 3000 1x MTORELEALENREL TV A,

BERCLIZBOEASVBEEBEENENE, R MENRCETLNWERTSD
B bbb, R (5—2)CHT2EBOBEE b2k Y WA ¢ L OBRKS
FHEINSL,

£5—-3d. ERBFECLOBRBEROME FHBEREERLTWVWS, A
%ﬁ@%%&@ﬁ.ﬁ%¢ﬁonwrm;b%ké<t&&ﬁ@%%6n&
(R, FhibcEhrWwETE, M5—12KART L5 WCHRBOB/NE &
bICH b2l KE REZ & 4o AHBOBELCHENELDEERTH LD,
FRICHEE b RAsOEKEEL, KRR (5-6)TXRD D, Z OB/
@@@@émwﬁ%¢«®@ﬁ£ﬁ@X@ﬁfééﬁ@¢=0Mﬂ2MM%
76) #HERELT, PRIVBECHTTEL LN S

(1) ¢ < 0.0022
b2=k310g ¢+ku : (5"6)

ks = -0.156
Ky ~-0.413

e L

(2) ¢ 2 0.0022
b2=0

*(5—-1) &R (5-6) kb, MEEA, HEOCBEEGEOENICLILIE
BratBRiXtiodo
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(1) ¢ < 0.0022
log d —log do = (k3log ¢ + ky) (log E - log E,) (5-7)

(2) ¢ 2 0.0022
log d —log do =0

FXI D, BEER 10m., NEDKFITLREELLISRLO0H53IO
rEOEER (5—8 )%k, @5—13KFFT IO, HEZLOEHOHE
=hfFhEN, M5—14KRTERBELONIEEBHR LA, 2EEREOI D
BEREEE 10m UNOLEBRERLCOWTHE, BEER 10 m KT ALK
EWCBRELABETRLTWS,

(1) ¢ < 0.0022 (D < 22mm) (5-8)

log d= (-0.156 log lgu-0.413)(log E -1log 1300) + log d,

1

(2) ¢ 2 0.0022 (D 2 22mm)

-

log d - log do = 0

WEIYV, RADOHPLAICHTLIBEOEEN, RHT L0 LI HEX
?éK?h%(&%@%%&@@%%%ﬁ@l<§bbf%5t%i%ﬂéo

5—3—3 & &

BAZRENRELOD LIXRIETHEL, FTHEROKR> OEDNL,
AHBOEK, RBEOLARLEDIZWRLAODLANHRTHLENI BEfik
BERICEET LT, BENRORITOH LI, HECEANREEOMEMK
BFOELBRBLL > TEORBOERNRERRZL T ERHLDLICE o,

BREAZUNRBLOHLAINERLRITIZ ZLRFE. AHA, REOD
MEHEREL LIC, RHRNFORLMAMH0.002 rad (H 75 )HKT
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LG (BEG) BBBEEEICL > TEMLTA2RDTHEEEL bR L,
%3%&4—3%3m1ﬁi@@bé@ﬂﬁﬁ%ﬁ?éﬁw%#O%@Ko
WTEBELAOL AR, BEEOBBEGENGTIRMARICLD ., RARE
HRELZOHLALRETHBLONWTELET D,

AHBOEE. BHEGCENWT, FIHM3-15F LFH3—18ICTL
A YO CHBEBOERLROLHEBEO s 7 =+ (HEAR ) OX
BELlbno. BHBCHIIRTE (RA) MR EHNERETHE,
=HOMMBE. B ORREFOLGHEZMRLCIZLY &, ABEHEE
tbkﬁ¢&%é(@%%ﬁ9®ﬁﬁwlééef~%@@&@%é@%ﬁ
GEAOEE. ThbbERELDOI Y P 7AMCL o THBINDEFXD
héoibnybﬁzbﬁké(%hé@%h%ﬁ@&@m%&ﬁi.:7
L5 x PN TEREABNBEIRNAREELALLEELDNL, RADD
LXxomEHSICE., B2E2—2 TRLEZLOW, AYRROOMAEF
Kol HE (BHBECHETARTFE) KT TR(RIFTHORT L BET 2
r i, AHBOMAILDBEOI Y+ 5 A PBREoRBE, R
JEI VD LCRLONDEEL bh, COPHRE, RTENKRE (LD
CoONFERY. BECEADREERI R LAY, TREATHDLBREY
LKA (RBHE. REMMOEIHEOHM 2, B L ORRET OLEHIH
%Kﬁﬁf%lﬁ%&ékb&%i&ﬂéoEtk%ﬁ@%ﬁkié@%%
b OEEEIE . BRI BRESENTHT B RO IR F DY
DhNBHET. CEVERAMGMORIFMERBTHLELLN, RAOD
LADHALEELTWAELEELLN D,

B LRI ARBE. BHEGRELTEFHALEO AL LTRDN, &
%%@ﬁﬁi%&%k%?(iﬁ%)oﬁﬁ@iﬂﬁ‘&%ﬁwﬁwéw$
pEA (BRBH ) LBERLOBKO S -y MACAMAILLCL
ChHH. TORAIBCE Y REMMOFEIFNODRERAT 2T LK
Iy, BAOHLAOHAKEETHEEL DN Lo

106



A - BEORAOD LAIRRKETHBOESLRA BT HAE

(RABICIVZEHTHOR. REAMMORERIOMEMN, NE (HAB)OK
A2 BETHARBEGEORBYREAERTEIWAT BERONIAHNENRICE
SNnTWBORHYL, ME(HB)MNL VNI ZBEATHE, ~I<CR2HED
hAEFAKOTARBERATERILCZY, RERBECRBTOTLIEBRETERL
Daritizt, BEOEMK, D2VWERKRO 2 -—YORBI LR LCE?R

HEFIND IO LD EEL LN D,
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#=5—2 ERBESEOAHHSHLEEOMBEMROES

ERWE XER T ER
fE RREE N8 & (1% BE 115 1x (B
D(mm) X (m) ¢(Xr12:) 50 100 300 1000 3000 01 . 02 03
4.9 13 0.38 9.7 8.5 8.5
: 0.99 0.99  0.99
3.9 10 0.39 - - —_ 10.3 8.7
‘ 0.96 0.94
8.6 20 0.3 - - - - 6.7
0.99
4.9 10 0.49 8.9 8.3 8.3
0.99 0.98  0.99
3.9 5 0.78 6.6 3.9 6.3 5.5 2.0
0.97 0.90 0.94 0.97  0.97
8.6 10 0.86 - 2.2 3.1 2.5 2.3
0.98 0.98 0.91 0.96
20 20 1.00 — 1.2 2.7 1.8 (2.5)
0.77 0.90 0.99 0.85
8.6 5  1.73 2.2 2.1 1.8 1.2 1.6
0.97 0.95 0.93 0.77 0.95
20 10 2.00 0.1 . 0.3 1.7 0.5 0.3
0.19 0.34 0.56 0.39  0.56
20 5  4.00 1.4 0.9 (1.3) 0.7 0.4
0.58 0.72 0.80 0.48 0.29
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#56—3 %E&%&ﬁﬁ:amﬁg CHIKNEOEREROMFES

ERWE AER FHER
R BRES HE ASt SRt A8t 45° (EE)
D(mm) X(m) ¢ Xr10:) 15° 30° 45° 60° 75° 01 02

a
4.9 13 0.38 14.4 11.0
_ 0.99 0.94
3.9 10 0.39 - — (11.8)12.7 —
0.87  0.97
8.6 20  0.43 —_ — - 7.8 2.6
0.92  0.35
4.9 10  0.49 9.0 14.0
0.98 0.99
4.9 8 0.6l 10.4 13.6
0.99 0.97
3.9 5 0.78 4.4 (7.6) 7.2 3.1 3.8
0.22 0.85 0.91 0.67 0.44
8.6 10 0.86 - 2.7 3.7 2.4 0.7
0.96  0.99  0.96  0.31
20 20 1.00 1.8 2.1 " (2.5) 3.1 (4.0)
0.29 0.53 0.83 0.68 0.81
8.6 5 1.73 3.5 2.9 2.2 1.9 0.6
0.99  0.90 0.97 0.97  0.39
20 10 2.00 1.2 0.1 0.9 0.2 (1.8)
0.13  0.02 0.51 0.07 0.84
20 5  4.00 2.8 1.4 (3.0) (1.-3) 0.9
0.52 0.30 0.82 0.8  0.22

FE  BREBOES (X1072) K HEBIR0.80 Lk

T ER : #HBIREL
0.2 l
e HBBiFE 0.9 [IE
& O #EBaRN 0-80—0.89
=] A FEBAGREK 0.80 k%
= o
= e ®
D ®
" \@\
g .
® .
b2 0.1 \.\ o
. \\Q\
A \
2o 0 N g
A ' % \..
. N &
no.z 0.5 .0 2.0 3.0

WHE ¢ (X103rad)

K5—12 MBECHYNEEOERERDMESD, 2 REE DR
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5—4 ERARMICLZIRADHD SNTHORE

MM nWT, RBEZEOI LEBHEXOAHABLERELOWTETAELRER
40 L3LOBEFHEROAL, KETRELALET LD, AFALREOD
EUENREL LN ELEXCTFHEINLRLO0LE (HBEANE ) ZROLHERE
K& o |

M5—7 #XU0ES5—11ERLAEHBERLL, RA0HLICHTLHE
BRENTARBEBELOMICHLLZHEDRD DNWEHHEARYR Z L2
BLhZWOTHEREICREERLEZWIOEHREL, R (5—4) &KX
(57T )% BHHKHKES LT, BEREZELRL0PLI0EHOHEERX
(5—9 ) %@/ T EDBHES,

log d = log d, = (kliog d+k,)(6—-6,)

+ (kslog ¢+ ky)(log E - 1log Eo) (5-9)

FRCEWT, ARARIZZEH 2 RTAAE1H, RELCIL2EHT R
THE2BECEThZARABIOERLETNRTVnEHAN, CORBIOERICE
ST, MENL(hAnhEEL D, TabLL, AIHLCHENT, HAGAH
BLBECIZZHICRETEELALER, T 2bbBRATOLERO
BEOEWC I > TELZE LAREZEHRRANCKBRIELN T WA LEEL
HBDTh b,

FCT, ARBPIUVRENRLODLICEEY RIEZTHAKERT S
L. ANBREOBBRKNFORSLIMAINETNELN 0002 rad (K75 ) &
0.0022 rad (9 7.6 %) TEHRELTF Y., TOEXRDHDALHES5—8 F IV
5—12K FTHEEF L Ut AP EOBHRICET HHPBOBREDL OFL
HiE. 0.002 rad & 0.0022 rad ODE*EMALTA—THHLREEZLTH L
IF9Thb, CORELEZTTARNE, R (5-9)DAHFHAL LURE
LAEBEETREARL TS 200ACH I 2 RAOEN ¢ & KBOLE

114



BEE LTSS DT T EDRERD, MTXEOFEZ R T o

3. B TKHAR(5—4)P IR (5-7T)FE#HL. ki ~ki OF
HERALTERR (54 )X (57 )8 5%,

¢ < 0.002
log d —log do= (ki1log ¢+ kz) (6 —6y) (5-4: 81 )

= (log ¢+%2) +ky1+(0 = 00)

log d-1log do= (log ¢ - Log 0.002) (=0.0122)(6 - 6,)
(5-4")

¢ < 0.0022
log d —log do = (k3log ¢+ k4)(log E —1log Eyg) (5-7: B )

= (log ¢4-%%)-k3-(log £ -1log Eo)

log d —log do = (log ¢ —log 0.0022).(-0.156)-(log E - log Eo)
(5-7"

X (5—T ) FF 3 0.0022 OEXELHIC 0002 ERA—EHARLTIEE
W Ak, DLABTES—12ICENT0002 5 X ETHERERE
Kb, WX (5=7")%H <,

¢ < 0.002
log d -1log do = (log ¢ —1log 0.002):(~0.175)+(log E — log Eq)
' (5-7")

X (54 )P LUK (5-TICEIY. DorOTAHABLEREOENTE
BREsOHLADEHE FHTAHHEENR (5-10)H <,
(1) ¢ < 0.002
log d -log do=-(log ¢ —Llog0.002)-
{0.0122(6 - 06,) +0.175(log E ~log Eo) }
(5-10)
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(2) ¢ 2 0.002
log d - log do = 0

L. BAOHLACRETAHALBEORENL S CHRERED
N TOEDRESICL Y EBT A EERTHIERE, ThENES
ST bhAASBELEBEOHELBRE LARARGOPBERTH 2HENL
@ﬁwlof,%z@éaé(ﬁ%ﬁg)@%@ﬁ%bénfm%omﬁ¢
R LI EH RORED * BEE#ETHR LA D/XIC Lo TROINGO
T FRRROBICLFEDT T ENMHKD,

(1) % < 0.002

log d - log do

I

~(log 2 - 10g 0.002) -

{0.0122(6 - 6,) +0.175(1log E - log Eo) }
(5-10")

(2) -%-z 0.002

I
o

log d - log do

r# L do: ASfarIURENERERE 6, - E,
W 5458 E (mm)

d: K%ﬁ@'%ﬁE@%%%#Kk”%ﬁ%ﬂﬁ(mﬂ
D : BEONE (mm)
X : @grm (mm)

POk 5VCL“C\/\<9#@0§%VC%O'3§’§%L%E§%K(5—10’)%?@\/\.
EBECELET R >R EERRELF T H2HED., FaEgEX, AHAE .
%&E@ﬁ%ﬁkbfﬁ%ﬁ&%n%nﬁb.%ﬁﬁ&@ﬁm%@ﬁ?éo
ES—HK%?lﬁw‘%%ﬁ&%ﬁﬁﬁl(ﬁﬁbf%b.%@ﬁ@%ﬁ
u&%f\ﬁ%®§§®%ﬁﬁ%ﬂﬁ&ﬁﬁi?&%6,%%ﬁ%ﬂbfu
%LRICHE > Tndo

116



%%%#Kl%ﬁi@ébé@%@@%fwu,@%E%ﬁ—%&&ﬂ.
At (0) BE (E)EAKTEXR 28, MARE (d YR EE#WICEN
H~ﬁﬁ%®ﬂ%(D)CtK~ﬁé@ﬂ&%#@&bf%b?C&#m%
2, M5—1613. BEER 10mCFTHRIAOD LADEBE BEOREK
COWTELTWD, BIEE#A 10 m TEREA 20 mm ok O O W o1
mm%&tb~%%%#Klé%@ﬁ&mc&&%b,ﬁﬁ#ci#<&é
KohFTEOEEREK R Y., AFHA, BEOBMEMIC L HEERHETHA
FRLTWnS,

@S—Uﬁ,ES—HK%?E%%%WT,ﬁﬁ@ﬂ%%?l@%&%k
Héﬁi@@%é(ﬁ%ﬁﬁ)%%%%ﬁbé#%%.A%%BW,%ﬁ
3000 1x @%%%ﬁTK%W%ﬁE7mm@%%Tﬁbfh%o%ﬁ@s
FFAHAL IUREOSBICHT 2HEOHE (FITH 30°& 3000 1x)%

EHTHEV., PHICE ) BB EE ( 0+E ) OB ORRERD Lo /(N
%@xé%ﬁéﬁﬁﬁ&@¢@%$®ﬂ£(WTM7mm)%T?Eﬁt@

TRERD, F O AT HRAMEOMHE (FTE6.2mm ) % MHEMICT
VHEBDOTH DB AL, A%%ao%§3MOMT@mg7mm@mﬁ%m
EBERE O%%%#TOGZmnKﬂ%?%ébéﬁﬁk%%#ﬁ%&%éo

EBASKM‘%%%#Kléﬁi@é%é@%@t%@Tﬁ?éé%3
%TX@%%K@&Eéwﬂ&ﬁﬁﬁ%%DHﬁC&Kﬁﬁf%bfé%o
kﬁbs@Bé@m&mwkﬁékﬁﬁt%EO%@®ﬁﬁ%&§$ﬁ$ﬁ
Tﬁbkﬁi@éBé@%ﬁ@%%&@*f&mkbsﬁ%KMC®ﬂ¢K
%TC&ﬁm%&mﬁ.A%@Klé%@ﬂ%%&%&méﬂwﬁﬁféb‘
dpE 3B EITHREOEILE 300 1x ~ 1800 IxEnwz Ehb, &
ELA%%@%@@AE%%Lfmﬁﬁ&%%bﬂ¢mﬁLfméomﬁm
@ﬂﬁ%&czf%iwéBé@%@%%bfé%@ﬁ~$%ﬁ@ﬁ§%ﬁ
mfﬂ%ﬁﬁ15uiféokkbfé%oﬁkﬂ&%&%?&ﬁ@ﬁﬁ‘
%KﬁﬁLO@ﬁ@ELﬁb@ﬁ@%%t,lbﬁﬁ@lmﬁ%%%tof
FE20»L3IVALBETD, BHOENEORGEHE LTEREDT L
FEERLTEDY, ﬁi@ébé@%ﬁ@%ﬁﬁﬁ%lb%Wﬁ%@%AOﬁ
RBHEGEOEZBIBNEBRIND, LosLap b, 83 ETHRICAEN
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rok, CRFRTBAREIKR A CEMTERL (BOH ) KT 2H 0098
MERTCTEEZNWCLEZERTHE, BEZBERETHC LEHEARV,
MeolcR LAaBEBE, ROIORA2LBRERECLIZSOENRRL2ODHLE %
BLZK AL FTORRLYELALELLINETD Lo

MEORBEGNRLOD LARKIEITHREBCETLIAMRAE., FXTH@
KR BEMILLARERNEREBNARROBRILLEIPNCIDTDH 5,
—BOhEME LTI, BeOREAMOBR, HEAELOLWL0T, X%
BOBROBABICONWTEERE T 5,

4+ FERAMMOBRE, ERRORNFEHICESN LAAABTNEREEZELZS
Be, BREAXOAFHAZNACEI ZSBEHSOERS LT+ 7 X MO
FALOREERERZD, LA TAHBORIXRCRIESTRZELRZL T LD
FHELBL, B2ELEPWT, BEALVOMBARVOBRE LT 2\, #H
BEROBILILAINDE T2 ohH (ER2-3 8R), KEOEIhEErD
HER—FA LETEEBLOEROAHABRIAZEMAZEORCETNTIIE
BREKETHD, a1+ 73X PCDOWTHEMREELOND, LHrL, EOE
OEHIABHOEIhEEBr ORRR L > TAFAOEENRELZD, b/r
BRI RBWHMMELCSLTE, A0 2ERTREXORRK, 2~
PSS X MCIEEAEEADREZL . AFBRKEZHBTOARLOH LI
BBILLEEL bND, TANVOLDOBINEZBENAFTAOHERICL D &
HELT—o0BEELEZD., TR s THHLANHAMINL LS Z L L.
BAT EHLCRULNBI O RS, —FRECILERBILCONWTE. B
BEFRCEDZORNOLEALELNERAHRONWLAL DD L3 A
ORRVBEFEEK L.

RICEBDEMIC L BENCONWTHE., NERSTLBHECENEER
THr0CF L. —BOALEELTHEAOEMBEL b, TOREFHHE
IOV HOBER, 2REFEEORBRI>TEERPOa I X MEA
FREROBEEREZLCERTHANL, LELZOARLCD W TR—E
KL tEtEkT, BLbhe#ki, REEAZALCOWTOLILOH
LBr B4 AT EVHRLMETD S0

M. RSB LTHWAATAE CORRBEREL., e OREMOEEBR,
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S E AU T NTICEOE 2 EATHC L RHEE B, LA LEKRD,
brd EMEECENTAEONEN 2EHEBREHKL WO =T+ EAL
CEFHBCEALAODL. 2{OAFROKEZERORKOER L O
WEEBCERL AR, AEBRTE. BACEZ s —RELTECEHT 5RBS
GBEORLODLICRETHBLOWTERT DERLE LT, TORLE
R BELLAEEICY > THBED AL TROLLDTH Do
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5—5 f&

AxETH. BHRRECATIBEROAF AL LURESRLODH 5L
CRIETEBILOWT. 2 HKEBOBREICL2RBETR . UTOMK
BE B,

1) BHEOASNA BEARLOSLICRIETHER, REAORHLDO
»HA. BECAREARNFORIAALI>TREL, TabD, B>
FObbInbbNBEEICE, AHG  BREXLICRLAODLICEEE
BEX BN, ANBRREOKFORAIMATHITTH (BEEH 10m
# 20mm OKE) IV I ENCEDEAHA - MEMNETICL B ZN,
LA L MBEINLLOCERY ., TOBEARRATOD LART T h
MABRBELELC R %o ,

0 LEOEMEEEHICEET bR, AFAe - REEOEICIZR
s OpLA (MUKED) OEBERETEIRAEH VA, 2 ANRERA
O F OB HA (D/X) #0002 rad ( TH)IUETHRAOD HbIEK
R LLF—ETHE.

log d - log do = - (log & - 10g 0.002) -

{0.0122(8 —6,) +0.175(log E —log Eo) }

7L do: AHAFr IVBENEERE 6y « Eo
g A AELNE (mm)

d: AHAO - REEOBHARGK 1 52845 E (mm)
D: #igmonE (mm)
X : B7EM (mm)

3 ERXRTERLABEKE. EIBLFVWTIRDARLODLIDORFBBL
BEEKEEOBRERKELT. BX L REEFHCFTIRLAOHHLI%
HBCHET L RDOORREFR L,
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