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g auate) A wsle Ad9 A H SHE AY D Q) 27 ¥ste] AT uhe 1Y
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ABSTRACT The conservation of damaged object should be restored by the similar material with the original and they
have to reversibility as possible as. The characteristics of Buddhist mural paintings composed of clay are with soft material.
So far, there have been a number of researches done on filling material that reinforces cracks and exfoliation of mural
painting. Based on the application of traditional materials, it was found that they are appropriate to various applications.
However, only based on those research results, there are some constraints to the application in the field. In addition,
there has been only a few researches done on physical characteristics of filling materials. A major issue is that there
is not any standard established on various mixing ratio, which is required for treatment of mural painting. This study
was carried out to understand the physical characteristics of filling materials on clay mural painting. The 1st test was
conducted to analyze test specimen in twelve different conditions by varying soil mixing ratio and organic medium.
The 2nd test was conducted to manufacture filling materials appropriate to the mural painting, based on the result of
stable condition from the 1st test, and which was applied to treatment in field.
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) ApE ws} R A2l i 54 A7 Mo 7
£ A oH 1980 27HA]= =2 129 A B4E &
Z oz H3e] Hev) o]RolHom, 1980 FHEEE
© &A4E Hate] Beo] 25| = Qi 2000 o
THE @A Bk AAA BEAR e A st
A7 AL, A 2B Bto] g A 5
A AL g d771 olFo Rt A7 FFS AnE
9, 20009 t] o] $of ¥rEH Wt HE B A7 F HE
ol& 9 HE Fsk Y A7) 16710]a H3te| A E 24
9 AL A7, BE X2 Az E 7ol i d
T= T 02H thE Zopof H]ste] drjHor REst H
o]tiLee, 2013).

APHESlE HAIE Hdshe B8] Ad #7149 A
J(hydrophilic)¥} 18] 31 FHHE] 352 334 (porosity) <]
E44, BE XY ArY Hgof AFee] wErh(Han,
2002). HE A= =Hste] Ao AT HrE A
Sfof o2 28, 22 ArE AESHEE &4 g %
Aol wet 2e 28E o a2 Lok gt} 59
B3} 2o A& Ee FAA= 7HA Az FAlo AR
o A FARE AE ARE AREShs Zo] o3 Y Aol
o 22y HE ARE AR AR oy EA o gt
712 4 AA=m7F HEF AAola, Ao HER 71E
o] @A ARGEHIL Q7] o]l thgt A7t A3
8= Aot

71& AP 93t B8 A T AT WA, BEGE
AR&3E 22 A|of| T=HKPachymeniopis elliptica YAMADA)
SRS o & 7] iAo Bls) AU ARE &
A7t A7 AL (Kim et al., 2008), =HEO] 3He
FEE Az Y 23 SHAE EAste] @A =
HHE AMAE =ole WS AN st Han e
al., 2009). 12|31 20109 o] % 3 E H3} BEX A
€ BT =HES ARESH] BEAY A HIAES AR
% g3l tk(Hanrim Conservation and Technology,

2008; Backje Cultural Heritage Conservation Institute,
2010). 21U EF BAFA o digt A Al fZ0] ¢la,
HE A2 @it gt 249 A=l izt S4= ot
ofs}7lol= BAH o2 AL Ak

olof EarofAe B miAlE 2AEE S’ WA

HAE SAA i e AAsR e, o= 4l

A A SHAE AlFs=d 28 = e a4

A ARE AAStLA skt $He T IS 38t

30
i)

AT 2700 AH ABL AASHEO, 13 Al H
£ =9 gt 4] iAE Tele 122719) SxpAR
2 Azsto] B2d B4L v RS ApARE
Eobo] dmRaS BA BHS Holet 7, HE, B8, 0
o elw f7] Al B3 2L geekgon, AL
RN L EE A U 2ol Wst B, B 2, A
NY, 28T S 34 5 452 A 27 ANakck
23 AR E A RE Aol A 13} 4F Fajet v
= A2 o AL B AnE =02 AN 58 ks
& 574 Bl2Eg AAEHc

-t

2. SHH 84 A7

AR BES HE 20 weS Agstel Egush
2L A 44 F AN RS AR, BE A
of ALGEIE 7] A =, AL, olad WeE B
so] SRS ARSI AR A% Y 2
o] WIBIo} El ApehE WAk Y AT Aeer 5712
gl thel Fej2l WakE v|AH 0= BB E 2
23 HAL} JE Y AES ANSe] Beld 4 Tiop

SPL E4 A1 8-S Folo] HYAIS S mretslsict.

2.1.1. AN Z HIEH

A 2O AmE AR HI A sk 72 &
A FE, HE, B E AR Bl AR, 3=
= AN AT EF =7 22 ESS AMSSlL, JEE
Z27] AR g AMgEE AREE AT YAt
A& AR EFE a4 d A (KS) oA ot =i
AAF(KS F 2302)H0] whzk 105Cofl ] 24417 Az
T Baste] AA FAE SAst, AVEY=EAAE
7](Analysette 3, FRITSCH, Germany)ZE o]-&35}o] 25
83len T A= Table 17+ Zth A& SHAIA 2HRE
B Y FAuESS ot Bl wet S Ul
Foto] YA & AZol ARSIt A RE 2 B
o] Eathjet 7S 2ty £ 12%2 AFstalen
A2 2702 Table 29} 2Tt
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Table 1. Degree of sorting of Samples for production.

Sieve Number 10 18 35 60 200 325
Sieve opening 2000 1000 500 250 75 45
particle size classification | coarse sand Very coarse medium fine sand very fine silt
sand sand sand
Clay(%) - - - 54 40 6
loess(%o) 12 - 40 40 8
Sand(%) 1.56 - 55 43 0.1
Table 2. List of Samples.
Sample Condition of mixture Medium Additive
F-1 clay only - -
F-2 loess only - -
F-3 sand only - -
F-4 clay : sand = 1:2 - -
F-5 clay : sand = 1:1 - -
F-6 clay : sand =2:1 - -
F-7 loess : sand = 1:2 - -
F-8 loess : sand = 1:1 - -
F-9 loess : sand = 2:1 - -
F-10 loess : sand = 1:1 seaweed in water 5% hemp
F-11 loess : sand = 1:1 starch in water 5% hemp
; . _ 1. acrylic putty in water 5%
F-12 loess : sand = 1:1 (TERRACO KOREA(63495)) hemp
Table 3. Size and conditions according to the test.
Test Size Sample
: 139.5 x 15.4 mm
Measure of size Growth Area 148 cif F-1~F-12
Measure of strength 35 x 70 x 70 mn (WDH) F-1~F-12
Watedogging Test 35 x 70 x 70 mm (WDH) F-1,-2,-8,-10, -11, -12
Ultrasonic flaw detecting 350 x 200 x 75 mm (WDH) F-1~F-12

QAA B o] W3t 24E, A= 348, A5 A" 2.1.2. 24 g RA}
&, 23T BN F 4579 Al w4 gest Az 4E5E YA RS 50 ©hE Zo] W3k= tA|
of AZrstAchFigure 1, 2). S3A9] Ax dp7gofa & o] H2(MAHR, CD-20CPX, Germany)E ©]
L g=Zo] 3l do| W3} L2 Petri Dish (150 x 83t} AW AT YA E7L P olmg XA 9
20mmyel], A= EAL-L AXZHE B Table 12] 9JAF 12418 7]&0.2 0°, 1200, 240°S Z3519c)
A& Az 270 whet 1252 AFrstR o 6527 42 SAAY f7] A =] WE SZA FH L =3
A G W] BIAES A% A AIEE GAR A 2AE fIste] FARAAER|Z(SEM,  Hitachi
2 A2 2 AN A F-1, F-2, F-8, F-10, F-11, F-12 2 62 S-2300, Japan) 2.2 n|A] 22 322 A X5t} u]A] =
AZrston Ze 5883 22 X E=of Al F] TER2 {7] oA £l AR R(F-10, F-11, F-12)
sto] 2ol A 657 FASATE 233 BAF XA RE o, dRZCEN 7] WiAE EFEHA| $2 AR
8 S7HA AZE BA Qo] 72 QAR 12F (F-8)9) Hlwstgich
< et AR o GA] Aol A 65271 BT A 9] Dot egAl 4 o] thiste] 1Hg Al
A E A B A W 22 Thed dti(Table 3).  ARE 758 4 e 250 £S5 542 7H ¥ (Indirect
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Testing) 2.2 =43} ch QA R0 200mn 7HFH o2 &
B ez fLEsto] 2t 18 WA o 8AHE S
ow, 4 A, Probe 7+4-2 100m = A5t 4 7
H]&= Q-see man inter'19] Ultracon-170-& AFE3IE T 5
HAE W32 a7El T-541E 913 Probes 54kH9]
YHAE AHEsHATH

SAA Y &3l T YFAE A 98 e
A =2 A8 7](Universal Testing Machine, Hildbrand MICRO
-IRHD-1, Germany)& o] &3} KS F 2405 7+2o] Za}
of JEFE RSt A 21 2% 3Tt gE
50% Blol A Sm/min] &E=2 AN RO 47 o 2
SFzspsct.

2Ae) B3] Ex £7] 1A E3 ool ThE s
e HEStA A RS AT rAES
500mL H]o]A ] Wi /S 150mL F=Ue F 59 3
S Ao} 43417 B9t A7 Ao whet ek oAbl
7o) dshg BT

22 17 =y

2.2.1. BH #E Znt

Petri Dishol] A|2k5t QA 29| Ax7t Shae EH 4
HIE St WS A, E3hulof whet 2] ok o] Wt
£ uUehion] #d @4e] UshA] ga Aa2gA
Z3Hh R oA B FHL nf L Ale g,
53] AES} FE AR UL AFsta vjEgt 4

g R v, 2a) o] £ Wil SR R(F-4.7)
£ tha A3 BES Uehjla me) B8] 50%3) ol
A|E(F-5,-8)= TFE o|ApA 2 sk ARk Kt o]
g A 2A1E 98] CiXE W d o B A, g
= SAIR(F-)Eh = SAAR(F-2)] EHo| tha
A% AL gl 4 qdgick. me) Efo] 29191 QxR
(F-4,-7) Fwlo] 714 7187 Urehatas, 227} 50%¢) olak
A|R(F-5,8,-10-12) 5 §A13 Feh S ehhlc.
e 5 240N w4 Erlol] Weba Ak o)x}
NmolAE theFe 2 @Akl Uehgth. HE ok
(F-1)olis ulA) FA50], $E oRAR(F-2)0le vl =
a3 Pe FAS0] WS HE EFI7} 289 o
AR R(F-6)0E W& Fo] Wasigon ma) Ego|
50%2) SAAIR(F-5)E HEdo Fdo| WwAlsAc
o} ma) o] 1: 191 SPIR(F-R)) A FLo|
waslx) sk 71 HAl BRTINE B0l AR

o 7] WA SRl wek okgke] A Ajol7} Lerytet.

2.2.2. Zo|Hs 2 Znt

ORI B 2] Zo] MBK= HE A E(F-1)7} 5.4%,
E QARR(F-2)7} 5.6%=2 7 & #ske Jehsic
(Figure 3, 4). The-0 2= HEQL maf7h 2k2F 10 1,20 1 ¥]
2 T YA R(F-5,-6)04 Bt 44%2] W3S B
ok FESL wAlS 1 : 12 ZFE A R(F-8)= 2.5%92)
& Uepilon, ol FYg EY S]] 47] wiAlE
E3et QA ZE(F-10,-11,-12) 2] W3} 7191 2%~2.8%2}

Sand Clay

®.®

© Loess

® very coarse sand 2mm
B coare sand 0.5mm

® medium sand 0.25mm
B fine sand 0.125mm

® very fine sand 0.008mn|
H silt 0.002mm

Figure 1. The graph classification of materials for test.

Figure 2. Produced specimen by each test. (A) Test for strength and water resistance, (B) Test for change in length,

(C) Test for Ultrasonic measurement.



ws} gk BT el mAE 122 B3k iR
(F-1)7H0.8%2 71 e ke myom Husl mag 1 -
22 TR AN R(FA)E 1.4%S Uehfgic. me)= B
SPAIR(F-3)0l A Zo] Wsl} Lrepkx) il 74 &
of T3 EEol tie B Qo] Ws} e e, A
& B3go] 3.4%, FE Tzl 16% 12T $7] WA
BETO] 24%2 HE BTN 7 B B s}t
& Yehigi). ol Q= HE7} nlale RIS Raje)
Zam Qg Zo]o) Wslh A AR AL & 4 ok

2.2.3. R7| OiX| 282 DlAIZ=R 22 2t

XX = EFHE f7] WAV BT 29 d4E
ujAF o2 WS 47 iAE =36l 32 oAt
AEF-8)= HE YA 272 3= 240 8%
FAE Uil en, o]99] E42 WEEA godth =
dhZE S TS QAR B(F-10)= B YAET} §A4 =ut
EoA 7|91 Aoz Hols WHET 9| wjukg WA 4
ATE BHEE O] mur2 IR}o] FH| EE| QAL

- FaolM AL AT BEe BEE 5 A% AR

Clay mixed Loess mixed medium mixed ——

Figure 3. Changes of specimen of made in the wall.

EHst FEL 20| ABSIE BMA M8 47/ 0[E, ol3ks, S | 309

£ BUT PPARE-IDOIAE FAL Fgto] FA=
AL 1T 4 ot ol BUER A Tulaks Kol
£ o}, wu} 912 njESe] M| BAE AL of
U ElS EakE RN R(F-12)E HEES BT o
AR(E-11) P} §A15) 5718 ato] BaEgln &
%F QAEo] $E B UEhRTHFigure 5).

H’]

2.2.4. 220} MaE =X

ApA| R et 250t M £=8 &7 A, AN
o2 P8 LY 230 =7t A SAEHUG FE
o Bej7t F HIEE EFH JARIR(F-8)& 6822 7t
A w2 oS Uehia, e wairl 2 ¢ 12 E39kH At
AR(F-9)= 667THE F HAZ =74 ZH= Ut FEt
7] wWiAlY] EFoNE =HES EYUT AR
(F-10)7} 57276, HEES 37 AR E(F-11)E 506
s, HElE ST A R(F-12)= 49362 SHEH UL
o ol 7] MAIE LA g2 FET v L3S
o, oF 100~180" 7k W2 gholglek. 7] miA|I= <18t
o 259 £E 9| Aol e & 4= itk JE &%
T YA B (F-4~F-6) = BT EFH|o| 2 E H3lE &

=3 zu

Clay mixed Loess mixed medium mixed —

Figure 4. After drying of specimen for measure of length
change.
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o4 egith. HETO 2 A A R(F-1)9] o]
ula) HEo] mat 20 E3hE S R(F-6)9 S 2t
2 49542 oF 135749 Aol BQIck. o]k HES 7
At A7 B lRA AT B o] Yol
A3 7 Gero R s 283 SE7h F7he AL W
Sch(Figure 6).

22.5. 44T 27 At

F5E 57 A dEek Bt 2 12 E9E oAt
A B(F-6)2F FER AZ}eE QA R(F-1)7} 242t 7.57TMPa,
7.69MPaZ 71 w=9kow, R AAGE OJARA R (F-2)
£ 3.60MPa2 HEo| v]3] Zw=r} Ayt o]5t2 WA Lt
st B3 A et & SRT YA R(F-4,-5)71 FE
o} B S B3t QA B (F-7,-8) BT} A4S ZT7} B4

2
my

SAEU &, FE B HE7 2 s EEsin
27t SFEH Aoz =7t WolAl= AL ¢
A}t el Bz 1 : 191 AR (F-8)+= 1.06MPa
9 AASHA ¥ Fw gk B3l v 22 vl&o] {71
WS T3 AP R(F-10-FI12)2 Aoz e 7
5 S etk 1 % muo] E3kE SAIR(F-10)7F
4.47MPaZ 714 & 712 71231 tk(Figure 6).

2.2.6. ZAAIE Zat

AR HS 5 HE GAARE-1)2 FE AP
R(F-2) w2 F4oh 3l Bt s gick 30 243
F HE GAIRE S92} 40mL B3 FE JAARE
70mL7} FAsgeh. 1412F 23t F HE aiRE 2
ol WAHWA fds) BUHYT, HE 9

Table 4. Change in distilled water and specimen’s condition during immersion test.

Volume
F-1 F-2 F-8 F-10 F-11 F-12
Time
00:00 250 250 250 250 250 250
00:10 240 230 230 250 240 240
00:20 220 210 210 250 220 210
00:30 210 180 190 250 210 200
00:60 210 150 170 250 180 180
03:00 - 120 170 240 160 170
06:00 - - 160 230 120 120
12:00 - - 160 230 120 120
24:00 - - - - - -
2days - - - - - -
Absorption 40 130 90 20 130 130
After collapse,  After collapse, Rapid absorption, decomposition
granular of lower parts,
Results granular granular .. No change No change T
decomposition  decomposition decomposition maintain
of wetted parts condition
@ Value of Sample size change ® Result of Ultrasonic transmission speed © Result of Bending Strength
8 12 [A———— 8 1
S 0’1 P11 | ———— . i -
. PN F:;) ‘i_ .
; = sl - ——= 31 1
: - ————— et s I

Figure 6. Results in measure of Specimen. (A) Length change, (B) Ultrasonic transmission speed, (C) Strength.



Table 5. List of test samples.

Sample Weight of Soil(Ratio) Weight of seaweed and distilled water
A-1 seaweed 8¢, distilled water 32¢g
200g -
A-2 (Clay : sand=5:5) seaweed 20g, distilled water 20g
A-3 seaweed 32g, distilled water 8g
B-1 seaweed 8g, distilled water 32g
200g .
B-2 (Clay : sand=3:7) seaweed 20g, distilled water 20g
B-3 seaweed 32g, distilled water 8g

210mLo|tt. FE AR 1ARE A3 S5 37t
Y=o 3AZ7IA] Yol yepdon o o] #ehrt vt
ERLFA) 99HS w o] 4291 120mL Ak BEet w7} 1
12 38 A E(EF-8)= A4 F 108&0] FI=HEA
shhiE Zef7h EASHATE 30% B ol 97t
60mL ZAF A o2 EIAM =l vlsh 7P Ak
A & AERTA] 22 F7) ol Fof Rk 14177
I} FRE Z3f =7} 7‘*0}"‘ o, 3AZt 3} F7E
7L QIS FF e 90mL AT E=ErE 9 At
A E(F-10)= 302 HA7HA] ¢ "s} ¢lla, AEE
S AR E(F-11)9} of = HE] & A R(F-12)
+ 7 242 40mL, SomLA sk 1AZF 73t
=, o= wE Z9t PMPAIE—L« shHo A Z37E Ay
HAIL A= FAIDETIA] 2ol FEHEA 70mL e
T AU EEE S AR E(F-10)2 1AZE
ZI7HA] 9] WSS HolA] ghgkon, MEE E3 At
AE(F-11)= 70mLe] =97} AAH Ak AR =SS
H/d o2 QIR Mshs 1417 WollA whaA) sk,
3AIRE 3 FRE s 2 HIE HEEA] ekt 12417
A 3 AE 9 FE PR S T EAL, FE}
e 1: 1 vl rppl e sh 2t A F2 A
FE o 2] FHE FASH S HHA 3ok
F71 wiAl & QA B EHHE 9 QAR E7F 20mL
T S5 oA EZE 120mL, oF A HE] E9F A=
7} 120mL 2| =9} MS}E HFl o FEjof Mok gloith
48A|7F A3t &, o o] o] Wske T EA] Gt =)
53} QAR E(F-11)E= QA& AT7HA] 8 F4=7) o]
oI A] ghgron Zoli= A A=A eh3ieh

23. 2&t &

2.3.1. BEX2| thA A ZA
AR AL FHAAE AR L HAES] ) HEA

) dakel 7 vste) Bok 74 2UE Flshich
XRD 4 23 FFA02 49, Yefo|=, AH7o)
250 BRI U3 Hu4at 2] SHEI
EoFo] Q= 9 22 FEZ(clay and silt)d} &
(sand)9] H]&0] ¢F 67 : 331} 51 : 492 YElRG o npgt
39 4= 24 2= F A 2% HEZ(clay and silt)
o 2ol W) 33 672 el leit 2
Avke $Euet Ao BREshs FE Fa 14 4E
oK, Fio2 YR THA AL HSH HEH A
2} QFAOAE Ztob 4= ek, webA 17 Flol] 4 g
AL 24 29E B2 EY By F 252 A8
sto] BA|9] 3919 75l wt BEGY 2/44uE st
o SAAE A&k

2.3.2. S78| HE

wE Aolo] 44EE Y} Roje] FR9} YrE =
12 AT 220 A0 Gl Aol &
7] A 12 Aol A st ATHE Wl mHRES A}
Seisih mape) Bl wE Ao el T
3to] 39 3 vpt 39 =S IR st HEQ K
o] ¥ e ZHzh5: 5,3 : 72 ARG ukEe b
dlE Ul B0 W8S 3ERE o] £ 659 34
£ AFkStL T e 23] EA4S vlastgich =urE
2 FF 7200 Ax =9 20 @3 9027t 7HER 2
YK(National Science Museum, 1996), 2F 2~2.5L.9] =Hl&
o] FEHeH AFA 13 28 =4 AAZE A
3k 5 ARgshsiTh

2.33. 22|18 EM ZAL

AR #g FAAS B B4 2AH 13 49 A%
=, £ A A @A "H2ET} 7hsE
el ol st 9 5 vsh ke 2Hslach 48 Y
HL 6 £9] ZAAE Petri Dish(90 x 20mm)o]] Gof %FAY

M HE o7/ oldel, olakr, sREE | 401
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Table 6. Value of the sample size change.

size of after drying(mm) average of The rate of weight of weight of
Sample change size change before drying  after drying

1 2 3 (mm) (Y0 (€3] ®
A-1 84.35 83.46 84.74 -2.19 A25 166.7 132.8
A-2 83.47 83.91 83.72 -2.67 A3.1 163.3 128.5
A-3 84.00 84.46 84.23 -2.14 A25 168.8 134.5
B-1 86.37 86.37 86.37 - - 177.3 144.1
B-2 86.37 86.37 86.37 - - 169.4 137.6
B-3 86.37 86.37 86.37 - - 168.4 136.8

3 2}7po) wish PAFS AT £5E ol Msk= T of TiE Fo] LT E v, ok 2k Agelo] AAlE el
A2 2| A(Mahr 16EX, Germany) S AHste] A2 Th o 13 A1E Ao} nzdie) oo dm B4 A9 3
£ Z1mold 339 258 7 WAL YRon, e geiel 28 B0 A18E BAAY DL A TFL,
Z9E HAALAND CB1200, Korea) AMg3}el Al o] AH8E 241 B 150 2402 Aashgle. 23}

GAlo 27t grE FE 247 S A% A3} 2F 25 W) Al 7HA) Egle] muhEe] Sl

= BHQ wste] Xfolz} AA WS F3t7] whEe]

24, 2% M8 #3} Bz A2 o] &4 Aol vk A 7] 2uhE ER
o o2 FAAE Adstel 217 AHStT

24.1. 20| st =3 2t FH 3 AN FAAE S5 et oh BAE A

A 59 Zo] HIlE-& A 158 HHF 2.7%7} AAE AE 9| FHko] Zo} ZE7} omg wHREo| TFeko]
I, B IF2 SU o2 #F0 TAHR got 2ol W "o Al 279 2AA T} wo] ARRE YT 2HZo] &
3} gte] S0 E7Fs T 1A Aol Aol W3t 2 Ax 2e A7 o Wxor 2A4A 7+ A A 2D 7
o) vlFof & wf FAA| 9 do] Wokes B AU m ke o 2ahA) Yl

‘:1 2 G A= AR yEpgen, 23 A= npzt 2o AREEL 2AA L ma Sk 1-_0} rzg
FEo| A7 SAAY FHES AN FFS o uxu 12 A7 Ao w7 o] we Ae 7
”W—E 02 ZAH A, okso] wut o] tha & B2 27 FHAE F2

A T59] o] ¥} g2 12} Ao HE S xrgsignh v dem|r 2o 2AA) S3be mukE
F-5S)AMA 2] H Zo] H3} gk 4.2% =Tt He gho| 1, B2 PAS RS 4 Q191 vk A 2] At
ol E3HE EHHEY] gl 7Qlste A eg Helth A Bt zoz sl Fdo| ¢ln BH A GA &
EZ A 59 Hat o] ¥} g2 HEE ANl <] upzk=3t 0] A7 Qo] QA o & =g}
= 13 A9 A9l FE EFHE QAR F-102] F7 2

rE o{w rlo

o] Hg} ghel 2.8%%} AR FAIE B, o] E3F FE 3. 1 &
H3) 2FE7 RS JEA AT = Y= FHES &
grEo] ARl Aos B B 159 dolHsks 34 Ay ) pEt
Ao YA o, 13 A HE S F-42AL
A]EQJ B Zo] W3} 7 1.4%2ch A 2AFEc o] AY A7 53 2149 B2 wsts ndetd, A
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Table 7. The results of specimen for suitable filling material.

Sample Condition of mixture Durability Water resistance  Shrinkage
F-1 clay only(non medium and additive) Excellence not good not good
F-2 loess only(non medium and additive) Fine not good not good
F-3 sand only(non medium and additive) - - Excellence
F-4 clay : sand = 1 : 2(non medium and additive) - - Excellence
F-5 clay : sand = 1 : 1(non medium and additive) - - not good
F-6 clay : sand =2 : 1(non medium and additive) Fine - not good
F-7 loess : sand = 1 : 2(non medium and additive) - - Excellence
F-8 loess : sand = 1 : 1(non medium and additive) Fine normal Excellence
F-9 loess : sand =2 : 1(non medium and additive) Fine - normal

F-10 loess : sand =1 : 1(seaweed in water 5% with hemp) Excellence Excellence normal

F-11 loess : sand = 1 : 1(starch in water 5% with hemp) Fine Fine normal

F-12 loess : sand = 1 : 1(acrylic putty in water 5% with hemp) Fine Fine Fine
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