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Abstract : The influences of scatterer and absorber in turbid material by light scattering in
concrete admixture were interpreted for the scattered intensity and wavelength. The molecular
properties have been studied by Monte Carlo simulation in resin of New Austria Tunnel Method.
It has been found that the effects of optical properties in scattering media could be investigated by
the optical parameters(ys, #. ,#J). Monte Carlo Simulation method for modelling of light
transport in the civil engineering and construction field was applied. The results using a phantom
were discussed that the admixture for shrinkage compensating concrete in NATM-rasin from
source to detector is measured, and scattering intensity is stronger with those obtained through
Monte Carlo Simulation. It may also aid in designing the best model for coatings and corrosion
for the durability of metal constructions.
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NATM-Resin(New Austria Tunnel Method)
2 QAEZoto| A JiErE BEx]#] Z]HE FRC
2 NATM3Hl| AFgEe 572k Z99
g FZ(polyurethane resin)¢} F4% Z3HA7f
A7t Z23YES] A7 719 /7] 89E
AHESHE NATM-ResinEth /0] ¥4 =
dor duto] F=, Grouting?t Rock—bolt2]
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2 AT BHY A R 9 dF
Ao A8, 35 & A% dx4 Eoede
Ao} o ZEAl 2] AT Hrler ek FX
AlA Rock-bolte} ¢kAtole] Hzres &3t
o7 ZshAFitt. NATM-Resin®] 7o
o, @A AL Fo AHERS AT 1EA
Ao AHEEE ZAEY £ F
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= QPN AFEZSE = A= dA
Ho=g AH|EE chemical reagents?t ofH1
T4 FeAze|tH2]. wets Mz 1EF
T2 4 2 A2 FujAe] {7t 5o A
= ol 784 FAMNET HARY, A, Wef
4ol H& 43t BaE ZIYE 3=
o] ARES & wut opye, oA adt
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v EE2FA 2 HAEFA 5ol o] 8HY e 7
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2. Monte Carlo Simulation

B4 13T FIHES SIAE o8 1
2O E £2]9] digt Monte Carlo simulatione
ol gote] FAte] qH, A, MY, 2H &
albedo (a2 = pus/ [ ps + w)®  photon

source geometrys WRE o]gsoto] &itof olgh
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computer simulations Sh= WHS AMHESHATH
(8,9]. Ho] AEFRZ ojA 745 1= &
A ES] ZapAoA FAEe] AFEHAY &4
HiEe AR2E 7|18ot=t, o714 pas scattering
coefficient,
Z ue = pa +t us ©l% p, £ absorption
coefficient®]tH10]. Monte Carlo simulation=
o]t ., u. T WHFES AAHCE W
SN ZIH Abehgo] SAE FARFICE Scattering
processoll THZF Monte Carlo
model geometry+= Fig. 13} 2t

4= total attenuation coefficient,

simulation®]

A B C
——/
D F
=0
Z Z

Fig. 1. Geometry to measure the reflected light
as a function of the distance to an
incident beam.

A? measuring area, B: source, C:

detection ring, D: scattering volume, E:

incident beam, F: scattering medium.

Model geometryx= 1A Z[ofol| Al 2]-& H+=
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B, 2719 FA+= Oﬂb}‘ tHol FxA
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Monte Carlo simulation®] computer program
< FoE 173 E FAYES oo tigt
0] sbrol A FF2 BESH] $13 simulation
ojty. Computer program= =7 scattering
simulation program—lqL image processingF-=2.
2 U= 4 e, 2 programe Clojz 2H4]
stlom At 034434- S i3t photon flux
O] transport WS THETE 2 ATelA
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scattering simulation program®] codex <F
2,30082 Aot e, scattering program<]
AAYR = o A
AR 2719 JAREe] AdEe ARTh
Source®2 HE AEE FA= S8 phase
functione 258 FAAC=Z WUoF Fol ot &
z}o] A HoJdttl, Random number: 02}
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A R AREE AR g miEdER
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= P of A drA UFE}E - Sl
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Attt o] QJapdol weh wfdofx] Fate
&4t St dojub 29 FApe] deFe ]
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Fofl miEel At wet Z2dEe] OE 9
oAl ulE HHA} (internal reflection)”} Doyt
o]%= Fresnel reflection T 2J8] ofzfet
SEd=

L

:

L A

<2
N

tan’(6,-6,) ]‘
tan’(6+0) |

3)

1 | sin%(6,-6,)
] +
2 | sin®(0:+0))

e
N
(W)
~

9 AolA 0, = cos ()= AAGNA Aol

- 127 -



n; sin®; = n; sin 6, 4)

BAZE WHA RS shA| ghow EA=
phantom= Wk W7FAY backscattering light
ot} transmitted lighto] ®of E3F FA7t fEF
HARS ShH BAke] fix|ef Weko]l WS,
phantoms geometryoll Al x, y W& B3l 7z
koA FATo] Hetth RH o R RRALE F
A= @ B2 917 K,y 2)olA AER FARY
AX (s, py, e 2 AP T2t (K, v,
z) = (uy sy, —u)9F Zol Yepd 4= ik
uiAlL Fare] 912171 A JrolAu Al717F 0
o] =W HYPS FATI}
=]

) HE FTAHEEA} (surface reflection)e] W& &
Abo] dojubz] ¢r= 272 wjde] F=A doA

EH z = 0 3} v z = d& AAFAl HF
st ohe Aoz YEpHTH12,13].
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27r,;/ >0

QA Ao AAZRA drolt AR ¥R o]nlst
B gAte]l AR Aol7h 0ofnt. FAHe] weighting
scheme WjEoA &7t absorptions AET
2= g9lom Ak lol1 Byt AR wEt &
S 7ekeitt. FAb packets=
Hog g, F4EE

packet®] 2&2 th& Aoz Fojfich

fraction absorbed =
Ha Hs
1

Us T Ua
©6)

714 at= YA albedo oltt. AEE FA
AF o' = aw, ol A2 DANA 4gtEo]
7 packetd] ®ES UEth & §4E S48
o] Fh Ao BAEE o & AT B9,
FAE (1 - a7t 00] B g7iA] =Pt
oA BAbe @A 1A, W 9 Ale] A
dol o] A= AbghE el FAto)
e}t 5 WFe F7+ FAE| sl of

o] Zofzict.

B LR

w = cos(0) = reldir[2]
v = cos(g)sin(0) = reldir[1] @)
u = sin(¢)sin(0) = reldir[0]

Aol FAAA (x, v, 2 M= FAFe] 91
x, v, 2)= ot Ao=m yepd 57t Qo
X =x + dsu
y =y + Adsv ®
Z =z + dsw

A= (5, y, DAF FF (0, 0) oA Az
97 (. v, 2 HFE (0, 9) o= A
ofs) At & & ek BAE @A 4
Se Aold BAgol Eis SEUE P

A} 2},

M 2 Ho ot

P= o P(uo dwo expl-(p o + a) z] 9

o714 o = photon® A%, p(uo) = phase
function, po= AFFEZ] W FAEO] WAL
cosineF=2 T z = 09 £3o]al, dowe= Al
2o AE719 solid angle zp = scattering <]
9 AAI719] 2718 T3 webA expl-(p
o, + a) z = BA RN At F4EA
@1 AE70| Teot= gHEolth

ARA; A AR BPor Foitt Fb FA
7F A9 F0)oll st H|FBS FASkL 4bet
of osff At FAZE FEE &3S ALSHA
= 7IHE& Roulettestal ghrh. ofzigh U9
Roulette A7kl oJsff vfdo]] it "ol FAd4
of AE=o] F2 AI71E Hehdch

dEdo=r shiolgd FA flux?t ARMAE
SHitel 7t Aoz S AS BAHo=r &
= HHoltH14]. S A& collimated pulsed
light o] semi-infinite & finite®] w43 ¢
2] ol AR HfollA SiF Aow o
I g

e o, ) =D V2 o, ) + 0.0
c 0t

=S, ) (10)
o714 ¢ (r, t) & diffuse photon fluence rateZ
source—detector 7+e] A} AIZHYQ] T
UetliH, ¢ & o] WAy FEE o, g,

+ linear absorption coefficient= %35ttt De
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diffusion coefficient=A] th=3} Ztt,

D = [3(g, + u ) o2 an
us = (1-g) o transport scattering
coefficient

o5 = linear scattering coefficient
g = scattering angle®] Bt cosine
S(r, t) = photon source

A Y] EE BES] fRt & mEOH
BATE Am oA AAdEe] e AR,
=, @l oo BAEHEAY 4EEHL YRACR
HhAL, FEabE dzof wheh FARe] A7), HEA
g, 9x 5= ATt Scattering process©]]
tfgt  Monte Carlo simulation®]  program
process®] RouletteE AA5to] T2 1S
=ik

ot rlo

3. @At ¢ nE

s 1R Z23HE9 SIAE &8
NATM-resin®] scattering coefficients ZA75}7]
A8l Monte Carlo simulation®] &3] £2]9] =
T HAge| wet AdtEs gt AER] o2 W
o] S =AsH9Ed, Added  Absorber
Technique[15]&  A85te]  total  attenuation
coefficient(u )7t Ho] 42| &ollA YA
ot Akt el AH=RE  FHsle]  optical
parameters scattering coefficient( u )=}
absorption coefficient( za) ZAFSFTE.

uss S5 g A2 oA Zrt

ik

e

[ =1 exp(-p, Cd) (12)

o7l A CE FEE 5511, de cuvette o] 2
A, 1= irradiance (W/m?), Ip= A} irradiance
=
=2

1 0 In (/1)
Us - (13)
d o C

B Ao A simulation WHE AT geometry
N PJASh= B2 HAFE S5t g 4

B4% 239E SoE B4 New Austria Tunnel Method 7oA Monte Carlo Al&#o]4o] #et AL 5

Aok A FArT s A osf A=A
47t =, FATE YR SRS oFA] e
2 olgdog AWHt weby B4
I13E ZIYES 2Ae] T2 EY
ol oA Alsre FAE0] x|et g,
= T8 BAEY YA w2 ARAZIE
Monte Carlo simulation®] (13)Alo]] oJ3} &A=
e ZARE Aot (Fig. 2).

Fig. 2. Propagation pattern of photons(number
of photons, 100) in scattering media.
(ps =250 mm™, #,=30mm, z =
1.0 mm) by Roulette in Monte Carlo
simulation.
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Fig. 3. Flourescence lineshapes of admixture
for shrinkage compensating concrete on
Simulation  Scattered  light
amounts wt% of admixture to measure
the photon intensity.

(A)admixture 1wt% for shrinkage
compensating concrete in NATM-rasin
(B)admixture 2wt%  for  shrinkage
compensating concrete in NATM-rasin

VEersus

a5 -
W MNATM-resin = MNATM-resin used admixture

— a0 385
g >

35 332 /
-% 319
= a5 | 7/
EJ 255 258 /
@ 25 7/
- 19 s/
= 20 -
o
w15
(3}
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10 -
£
(o]
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o

3 day 7day 28day
curing days

Fig. 4. Compression strength as a function of
curing days by admixture of shrinkage
compensating concrete in NATM-resin.

Fig. 5 o5 WIE ZIES EoHAE
FAUE] wt%7t 1%, 2% 3%, 4%, 5% H&

B LR

2 dx37]1E Monte Carlo simulation®] ]3]
A Oz PRV NATME 47
phantomZe] YA wiREE HE7|] 2-& w7t
219 B4 13E Z3ES] 23HA|9 ko]
2 Y23719] simulation Axfoltt ojuf Zt
AHERS EAL B WL ZIZES] &
sHA9] o] Frtetel wet energy fluenceZt
AAH| F7totaae & & AU oo gt
simulation A¥= Table 13} Zt} WRIA 5
of oJgt o] 5] FAte| st BEXE ZAlSHH wf
Ao Res 13T Z3TES 2849
o] F7¥std Akt AI717F F7kekeal, @ol &
Astd 4Rt A7I7F A4S 4 4+ Add =
2t FAE ®ol simulation®] Hife=m a4
£ Hapt A ALt ARS o 4 Ak

B\

monwp

Wy
!
i
b PPPRPS

Fig. 5. Particles size distribution of admixture
for shrinkage compensating concrte in

NATM resin (A) admixture 1wt%,
(B)admixture 2wt%. (C)admixtu re
3wt%. (D)admixture 4wt%.

(F)admixture 5wt%.

Table 1. Monte Carlo simulation Values of
optical parameters on Admixture of
concrete in NATM-Resin

Species wt(%) Uy I
6.0 41.09 16,619
5.0 38.46 12,607
Admixture— 4.0 29.59 9,724
resin 3.0 26.66 8,923
2.0 24.32 8.785
1.0 19.07 6.363

Scattering media ¢rellA FHY JFHEES F
F5 A= FAYES &S ERdE
NATM-resin®| 7|42 Z/do] & o] T1ehs
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