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Study on Water Absorption and Durability
of the Building Stones of Chetuphon Temple,

Sukhothai World Heritage Culture
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Mr. Supawat Fungthammasarn 54011296
Miss. Uba Sirikaew Advisor
Assis.Prof. Somkiat Khwanpruk Co-Advisor

Abstract

The Purpose of the study on water absorption and durability of the building stones; silicified slate and
laterite of the Chetuphon Temple of Sukhothai World Heritage Culture aims to determine and develop
their engineering properties and the data base of those properties. The study methods are field testing and
investigation, laboratory test and data analysis, the rock testing methods were based on ASTM and ISRM.
Salinity of rock solution was determined by AZ8371Salinity Meter. Result of the study showed that the
water absorption of silicified slate and laterite were 3.77% and 8.48%. The contents of the dissolved salt
in the saline solution derived from silicified slate and laterite were about 0.016 ppt and 0.01 ppt in the
rainy season, and those values of 0.055 ppt and 0.03 ppt in dry season. Rain wahed the salinity out of the
building stones. The uniaxial compressive strength values of silicified shale and laterite were 48 MPa and
29 MPa. The values of an abrasion loss of silicified slate and laterite were 81.47% and 60.11%. The
values of loss due to soundness test of silicified slate and laterite were 2.7% and 11.14%. The

relationships of the building stones' engineering properties were described in detail.
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2.4.3. MINATOUINDHIANNEN KOV TAANIATIN (Los Angeles abrasion value)
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2.4.4. MINATOUNIYAFU VDI Tag) (Absorption Test)
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2.4.5. MINATOUAIBMUABNIINANTOU (Soundness Test)
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2.5.2. MIIVUNSANKANTRINAD ) AY NoushineShahidzadeh Bonn, Francois Bertrandit@z Daniel
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313.4. “curnadiedimaaeunaaiunssda(Schimidt Hammers)vosfiufiaas”
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AUFUIU Aauag
UM INATDL DRITEIT ims N DRTRIY M3 wia
nadey | vAaey | MAXeU | vadeu | nadeu | Wedeu
MAagu
!.msmﬂaui’ﬂfhm'lmﬁnlqu 10 Salinity ppt. 10 Salinity ppt.
Wy Meter Meter
AZ8371 AZ8371
2.msnadeniamninniulugg 10 Salinity ppL. 10 Salinity ppt.
Wi Meter Meter
AZ8371 AZ8371
3.MInaaeudIammaiunsiea 60 ASTMC | N/mm? 15 ASTMC | N/mm?
TunndsminuituTan 805 805
4.MINAAOVIAAIMNIAITULTIOR 60 ASTMC | N/mm? 15 ASTM C N/mm?
TunadaminduituTan 805 805
Hounlfiiam
L.MINAToUIAfIN IAAF 8 ASTMC | %gadiu 8 ASTMC | %gadu
127 127
2. MINATeLIAmIM AN oves 3 ASTM C | %iinusn 3 ASTMC | %finuie
Faquaadianony 131-69 131-69
3.MINATUIARIAIUAINY 3 ASTMC | '%n1s 3 ASTM C %3
88 qaude 88 qady




3.3. 1n309en1¥lumsnaaey
3.3.1. Msnaaau Iama N
1. Salinity meter Az 8371
2. NF¥VONFU 20 ml
o =
3. §a

v
4.1 mlan

313.5. “Salinity meter Az8371”

22
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3.3.2. Manaaau iammaisunsion

1. Schmidt’s hammer

31]3.6. “Schimidt’s hammer”

3.3.3. manaaeuianinsgadn
& ST
1. 1n5eeFuimiin
: £ O 2Kl z
2. AZUNTITDULIATFIVIA 1112,0.75102,0.5112,0.375117
3. fouiiu
3.3.4. MInaeL IAMANNANHIBVEI TagIIatE 1Y
1. In30ailonAdeun KNI OU
: T ey
2. AZINITITOUNIATIIUYUIA 2.5117,2112,1.5117
o ' 4 °
3. gnuanidurguinaaszanade sun. 1uau 12 gn
4 & 9 o
4. 1n509%nimin

9 =)
5. gounu



313.7. “nTesiianameunnudnwse”

313.8. “gnmanillumismaseumimanudnnse”
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3.3.5. MInaaau IamaNuAImNu
~ A [
1. sazaouunihidoudama
: 2
2. AZUNTITONNATT UV 2.5117,2
3. WwdmsuusHu luasazany
4.9oUnu

' 1 ¥
5. 1A5 09 NINN

9 ¥ b4 Ed 9 ¥

12,1.512,1117,0.75111.,0.5112,0.37517.4. 75131,

25



4.1. Han1snaaay

UNN4

=
HaNIIANH

MINN 4.1 MIUAAIHENSANEIAIANMRNVLIAA WA (Salinity test)

A2084 ganu A
A (ppt.) A (ppt.)
1 0.01 0.00
2 0.01 0.04
3 0.01 0.02
0.01 0.04
5 0.01 0.02
6 0.01 0.04
7 0.01 0.04
8 0.01 0.06
9 0.01 0.00
10 0.01 0.04
iy 0.01 0.03




M 4.2 MIAAIHANSANYINIAMINANVDIRUYIMIM (Salinity test)

A20819 9Hu quAs
A (ppt.) A (ppt.)
1 0.01 0.05
2 0.01 0.05
3 0.02 0.05
4 0.02 0.05
5 0.01 0.02
6 0.02 0.06
7 0.02 | 0.05
8 0.01 0.05
9 0.02 0.06
10 0.02 0.1
nay 0.016 0.055

MIN 4.3 HEAINANIANMIMA VIS8V AVRIFA A (Schimidt's hammer)

A0619

o

MATULTIOAUDVYA (N/mm?)

1-30

29

27



28

A1319 4.4 UAAIHAN AN IMAITUNTIDAVDIRUYUIU (Schimidt’s hammer)

A0 MAITUUTIOAUVUYA (N/mm?)
1-30 46
31-60 47
61-90 51
mau 48

AN 4.5 HTAINANIIANEIAINIRAFHII1VD AR WAL (Absorption)

wiianiy sminiududmuiani | i ivanmetamiy ulosiiuniigady
Aaal 101.17 92.65 9.20
Ainaa2 115.7 106.98 8.15
I RITGRE] 129.07 119.29 8.20
Aana4 122.44 112.98 8.37
fiauaas 98.25 90.6 8.44
Aaa36 117.95 109.12 8.09
Anag7 109.08 100.53 8.50
Aauiaes 114.17 104.88 ‘| gse
Aunay 8.48




1919 4.6 smﬂmaﬂnﬁnmn'lmsg}ﬂﬁuﬁwqﬁmum (Absorption)

29

4

k4

Aty viminfududiudaniy) | vt nlofidunisgadiy
I 117.26 112.56 4.18
PLUIU2 98.52 94.43 4.33
U3 164.33 158.39 3.75
WUIU4 134.46 130.66 2.91
FUIUS 141.07 135.72 3.94
U6 141.32 136.17 3.38
FUIUT 147.81 142,39 3.81
WIS 185.93 179.01 3.87
Auniy 77
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AT 4.7 UEAIHANIIANEIAIANNANHI0VDI TaQIIAEUVEIRA AL (Los angeles abrasion)

asfinagon VUIAALINTI(WN) Jmﬁmmﬁmémnn) AnnudnnTou
U A Ao Mda mlosidu)
finuadl 75.0 63.0 2.514
63.0 50.8 2.548
50.8 375 5.004
371 10.066 3.752 62.73
Anmag2 75.0 63.0 2.503
63.0 50.8 2.530
50.8 37.5 4.986
59 10.019 4.537 54.72
N3 75.0 63.0 2,486
63.0 50.8 2,495
50.8 375 5.015
591 9.996 3711 62.88
@i 60.11
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1319 4.8 ammmm‘:ﬁnmﬁm‘amﬁﬂmamaa“;’aquﬁﬂﬁmmmﬁwmu (Los angeles abrasion)

afaiinamo VNAALLNTI(3)) ﬁwﬂﬁ'ﬂmmﬁwdn(nﬂ) AMANUANNT DU
Y A Aou Maa (CIEHEN
FUIUL 75.0 63.0 2483
63.0 50.8 2.483
50.8 37.5 5.000
591 9.966 2.135 78.58
FUI2 75.0 63.0 2,509
63.0 50.8 2,530
50.8 375 4.993
591 10.032 1,722 82.83
FUIU3 75.0 63.0 2.523
63.0 50.8 2482
50.8 375 5.015
591 10.02 1.673 83.3
m'ﬁiu 81.47

13 Nuﬁﬂﬂﬂ"lﬂ‘ﬂllﬁdﬂﬁﬁE'UB\'H?‘HW'J‘N




AN 4.9 HTAIHANIIANHIAININAINUYBNNATINVDIAAMD (Soundness)

32

asefinadoy | wwensunsa@a) | tmiindaogn yimiindetg nlosiduns
AOULB(NTY) HAWH(NT) qayidy

Ainuagl 2 3045.15 2598.45
1.5 2053.45 1765.46

1 1023.34 875.26

0.750 495.43 460.81

0.500 675.12 610.34

0.375 330.52 29434

a4 299.23 269.78

59 7922.24 6874 .44 13.22

Aaung2 2 2875.67 2499.43
15 201545 1820.34

1 1005.78 825.56

0.750 520.45 483.98

0.500 672.50 621.56

0.375 327.13 301.46

o4 301.33 284.78

59 771831 6837.11 11.42

Anaa3 2 3106.92 2854.83
1.5 2034.28 1797.08

1 1010.48 937.45

0.750 512.38 457.28

0.500 668.45 635.98

0.375 330.39 300.62

11854 296.64 277.45

59 7959.54 7260.69 8.78
1ndy

11.14




M5 4.10 uﬂmﬂamsﬁnuﬁmnuﬂmwmmasmmaaﬁumm (Soundness)

33

atiinagoy WAAZINTAEY) | dnindaedn | tamindaog nlesisuns
ABULY Haauy qayde
YU 2 3058.17 2955.78
1.5 2009.49 1924.56
1 1005.85 995.45
0.750 506.92 492.45
0.500 666.98 648.34
0.375 333.49 310.22
11954 301.78 293.41
594 7882.68 7620.21 3.33
PLIU2 2 3102.54 3022.48
15 213045 2085.78
1 1026.78 988.56
0.750 48245 462.73
0.500 675.08 663.09
0.375 333.1 315.86
134 20567 284.78
59U 8046.07 7823.28 2.77
¥UIU3 2 2823.56 278932
1.5 2050.27 1997.56
1 986.04 980.17
0.750 478.6 463.91
0.500 672.41 668.34
0.375 332.63 326.8
0f4 301.37 295.7
5 764488 7521.8 1.61
1nae




4.2 agilieyanamsnameu

M3 4.11 ajeyananisnameu

34

AU aNA

Hunnu@Eniosga-mnge,

ANNDY,1UIUTIDH19)

Hufiauasanfosga-unge,

Aunde,IuFI9819)

AUAVTANIIN WA N
' = :
LAMNITYAFUII%)

2.8

281433 3978

8.09-9.20 ,8.48 , 8

2.L.am A Tuggsh 0.01-0.02, 0.016 , 10 0.01 ,0.01, 10
228 A lungion 0.02-0.11,0.055 , 10 0-0.06,0.03 , 10
AumNIAFINg

1A U5 adn

1.3.frebound number(vi 111 Tan) 35-54,43,90 26-46,32,30

L4Mdssunssdaunnuiuiiglan 34-70.48 , 90 19-54., 29, 30

N/mm2)

2. MaAnnsevos Taaianeu) - [,8147 1 -1 60.11,1
AuauiaFuni

3 fhmmmwummmmm(%) 25%., B5Ts,\1 11.14,11.14 , 1
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5.1.4 nawlanudnius senama s umanuanseluns s sSave sius

wazdawas Tuggruuazgguds

0.06 = = STt B nEsaiabs e |
ey FAHY
a B 48 0055 i
a 5
E 0.05 4}———— — — _ - nauas
L
— |
& o004 — S S-S .
0.03 e T S — ‘,
|
0.02 - — g b s EP S, |
& 480016
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|
o S —A =00 — 1 —A¥--8 0N
0 10 20 a0 40 50 )
Compressive stress(N/mm?)
faag YUY

gt W g b Vo w @ = a ~
v uans livunaRuggTan naru iazatdasuns s8am As Taeituruauiia
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Tabk 1
Iﬂwdlhmnﬂdwmmudmm
Sample Rock type Mincraks Tevture Density (gr fean’) Water absorption (%) Origin
AD-1 Dacite An, Q Au Porfinix: 24 nir Kararaya
A2 Andasite Ano, An, §,Q Porfinitic 216 14 Silic
AD-3 Dacite AnQ A Porfinuc 21| 9.3% Karakaya
ADA Dacite An, Q Porfirite 1% 5% Kaalaya
ADS Dacite An A Q Porfinrtac % 617 Karakaya
ADb Andesite S AQ Porfintic 222 14 Salie:
AD-7 Dasite An, Au 8, Q Parfinite 1] 1018 Karakays
ADS Andesite ASQ Porfiriie 116 e Silke
WAD-1 Ducite 51 i n 67 Karakays
WAD2 Ducite Sa Au, | na 1.55 1519 Karakaya
WAD3 Andesitc A Au Z na 145 138 Silic
WAD4 Andesite Sa, Au 1 na 1% 25 Silic
WAD-5 Daite An Al Ba 1] h66 Kazakaya
T Tull AQT Perditc 1M LA Kuraloren
T2 Tull AAn QT Peditie 126 1834 Kisilaren
Peritx: 132 B Kiziloren
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Table 2

Whnlemdmjofdunﬂnmmpodﬁau(inwdﬁl%)dﬁuham

weathered samples

Si0; FeO® ALO, Ca0 MgO K;O0 Na,O LOI(%)

Fresh samples

AD-1 6262 421 1591 500 235 447 3B 0%

AD-2 6410 411 1608 505 243 3175 421 0.65

AD-3 6420 419 1609 494 227 415 376 068

AD4 6644 447 1513 474 335 399 299 (064

A5 6196 473 1615 551 272 409 309 016

T 68.76 1.81 1439 250020 395 418 514

T-2 6621 155 1481 390 1.10 465 38 475

Weathered samples

WAD-1 6390 456 1647 319 035 348 206 420

WAD-2 6698 425 1620 372 082 348 28 168

WAD-3 6493 495 1740 28 040 1359 184 390

WAD4 6522 473 1677 318 067 360 225 262

WAD-5 6209 416 1638 345 055 35 218 318

MINA W03, HAA NV IRURHINITIIDWL Test tavan wimn A s lowi veq
VeyselZedef

Table 3
Dry weight loss (%) data from the total immersion test
Sample DWL{Dry weight loss), % Place of using as slones
AD-1 1803 Present-day building stones and covering
AD2 8N Some historical mosques
AD-3 M Prescnt-day buikding stones and covering
AD4 i Used in Hittite monuments
AD-S 206 Used in Hittite monuments
AD-6 2865 Present-day building stoncs and covering
AD-7 548 Present-day buikding stones and covering
ADS ) Proscat-day buikding stoncs and covering
T-1 Completely destroyed Caravansary
I-2 Completely destroyed Caravansary
T3 Completely destroyed Caravansary
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