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COMPRESSIVE STRENGTH AND ELASTIC CONSTANT OF THE ANCIENT AND SUBSTITUTION MASONRY PRISMS
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Abstract

This paper presents the experimental method for compressive strength and elasticity modulus of the ancient and
substitution masonry prisms. In this study, samples and materials were supported by the Department of Fine Arts prisms.
According to the Department of Fine Art guidelines and the Wat Krachee conservation project requirements, the ancient prisms
were created in 2019. The substitution masonry prisms were made into two categories. First is the stack prisms without the
binder. Second is the stack prisms with binder made from the slaked lime putty as specified by the Department
of Fine Art guidelines. The stack prisms composed of 6 flatwise bricks having the dimension of 15x30x5 cm?
A rectangular compressometer was developed and used to investigate the elasticity modulus. The compressive strength and
elasticity modulus of the ancient and substitution masonry prisms are presented. The results show that the average
compressive strength of substitution masonry stack prisms with and without the binder is 19.4 ksc and 20.1 ksc, respectively.
In the ancient masonry prisms with the binder, the average compressive strength is 25.16 ksc. According to the experimental
results, the stress-strain curve shows the nonlinear behavior of the masonry prisms material. This study introduces the
simplified stress-strain curve of masonry prisms in an elastic range using the two linear curves with two elastic constants E1
and E2. The first elastic constant E1 for the substitution masonry prisms is in the range of 61.7-186.4 ksc, while the value for
ancient masonry prism is around 110.2 ksc. The second elastic constant E2 for the substitution masonry prisms ranges from
350.4-806.5 ksc, while the value for ancient masonry prism is around 1467.7 ksc.

Keywords: Ancient masonry, compressive strength, elasticity modulus, lime putty, masonry prisms
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E1/f, dxdxd  5x5x5  8x8x8 15x30x4 15x30x5 15x30x8
e BEAN Cube Size Flat Size B1 1831 1351  11.88 5.64 5.07 8.00
4xaxd  5x5x5  8x8x8  15x30x4  15x30x5  15x30x8 B2 9.95 7.34 6.45 3.06 2.75 4.34
c1 2.50 1.85 1.62 0.77 0.69 1.09 B3 1691 1247 1097 5.21 4.68 7.39
E2/f, Average 15.06 11.11 9.77 4.64 4.17 6.58
[2eBEAN Cube Size Flat Size
axdxd  5x5x5  8x8x8  15x30xd  15x30x5  15x30x8 OO ioiftfianusn (AL)
c1 3333 2458  21.63 10.27 9.23 14.55

v v a 1 &g vao

P15 6 dndIunNFI8ndgnen ldTanUszau wazaAen

q

Stress (kg/cm?)

gavgusionasdnntevedgiounsd

Bgnenaunuiiliianuszau

0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.3 0.14 015

fo/fe Strain (mm/mm)
A0819 Cube Size Flat Size
Gxdxd  5x5x5  Bx8x8  15x30x4  15x30x5  15x30x8 gﬂﬁ' 9 @‘hLmuiqsgmﬂqﬁﬁmu&jumaqagdav]mLLmuﬁﬁi’a(ﬂ
Al 046 034 030 0.14 0.13 0.20 Uszanu (A1)
A2 043 032 028 0.13 0.12 0.19
A3 043 0.32 0.28 0.13 0.12 019 AnuduugsIUIAMAY tazAATuad SRRl Saauszau (A2)
Average  0.44 0.32 0.29 0.14 0.12 0.19 o
E1/F,
A0819 Cube Size Flat Size

axaxa 5x5x5 8x8x8 15x30x4 15x30x5 15x30x8

Stress (kg/cm?)

Al 423 312 275 130 117 1.85

A2 337 249 219 1.04 0.93 1.47

A3 140 104 091 0.43 0.39 061 O e e
Average 300 222 195 0.93 0.83 131 s /)

E2/f, o - e o o v
SUN 10 funianAsidavguredgnenauny  Nidian
A0819 Cube Size Flat Size v : : = !
Gxdxd  5x5x5  8x8x8  15x30x4  15x30x5  15x30x8 Usganu (A2)

Al 1595 1176 1035 491 4.42 6.96

A2 1305 962 847 4.02 361 5.70

A3 796 587 516 245 220 347
Average 1232 908  7.99 3.79 341 538
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AnudniugsIeAIAY tazAMIAduRdsRa i Taqdsrau (A3)

Stress (kg/cm?)

0 001002 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.1 0.12 0.13 0.14 0.15
Strain (mm/mm)

JUN 11 shumiagansidaveuvesdgnenauwnu

ld¥anUszanu (A3)

ArwANRUEsE W9 NIAY Az IAsundsRa R bidfaaUssaau (B1)

Stress (kg/cm?)

0 001 0.02 0.03 004 005 0.06 007 008 0.09 01 011 0.12 0.3 014 015
Strain (mm/mm)

JUN 12 shumiagansiganguvesdgnevauwnuy

Aailé¥anUszau (B1)

ui9mMIEY tazmaiuas st hidiaquseanu (B2)

Stress (kg/cm?)

0 001 0.02 003 0.04 0.05 0.06 0.7 0.08 0.09 0.1 011 0.12 013 0.14 0.15
Strain (mm/mm)

JUN 13 shumiagansiganeuvesdgnenauwny

ll#¥aquszau (82)

ar F19AMAY uarad Fuadsnaibififaguszaru (B3)

Stress (kg/cm?)

0 001 0.02 0.03 004 0.05 0.06 0.07 008 0.09 01 011 012 03 0.14 0.5
Strain (mm/mm)
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=

= ° 1 S 1 a_ 1 P, Yo
JUT 14 shuniagamsfigavguvasdgnonaunuilildlan

St

=b.

Jszau (B3)

o 3 i w (C1)

—_

o
0 001 002 003 0.04 005 0.06 0.07 0.08 009 01 011 0.12 0.13 014 015
Strain (mm/mm)

5 funiagnnadavguvesdgnelusa (C3)

4.2. dwmisgaUargvesvaedaveuil 1 uaz 2 lagy

foeazvasAIAIUAYGIGH

Tun1smAAed dang s 2 ¥aelaeia1suInTs
wWaguwUasanudu agyilildsmumiagaualevestadangu
7 1 uay 2 dwmSumaramdanguns 2 919 Fadlodrusiay

a @ v v £
AR duTerazUaInIAUGNER (O, Jwanansans1uld
fle¥9vesATagarAUALgEaluNITUTEIIUAILTILYA
Uanegedangudl 1 uag 2 1a lagguil 16 uansdieg1ens
Uszanaauaeydaneuil 2 \Jurfesazvesnnufugean

Ya9dgnaufazhuy kazluns19n 8 wanssuiuagnUangels

a L]

o
I~ [

Hanguis 2 923 (E1 Point waz E2 Point) 1ur15esazveq
ANILAUgIandmsudgneusaysULUY
nmsRasansadildnunised 8 nuindgnonaunui
¥ anuszanuidumisgauatetisdanguil 1 (E1 Point) fiAn
WuSevavvasrrnuidugegn ogluyis 0.040,,,-0.220 .,
TnefiAnadewinfu 0130, wazeuisaUateyIsdanegy
i 2 (E2 Point) Anidufovazvosaranudugegnoglugas
0.740,,,-0.930,,, lnsilanadewiiu 0.860, .,
dmsudgrenaunuitlaliTanusyaru dumigauaetis
favguil 1 (E1 Point) Anidudosazvesdrmiuiiugeaney
U39 0.080,,,-0.180,,, IneilAadswiniu 0.130,.,, way
funyagauaneyrsdang uil 2 (E2 Point) axagyTugas
0.590,,,,-0.920,... IneiiAade 0.780,.,,
Tuddgnelusuifiifissiiogiafomuindiumisgn
Uanggradameguil 1 (E1 Point) szAniduiesazvasainiiy
LAUGAAAY 0.260,,,, LaziumsynUantdaneguil 2

(E2 Point) Anidufosazuesd1muiugdauiniu 0.960 .,
5. dydua

mMafnuithiauerammadeusdiSauazensidaveu
vosdgnelunauadgienaunugunsiTuiildlunuoying
Tunaan TasannsnagUnanisnwldded
1. Aidsdndmiudsnonaunuildiasussanuiie
Tuv21 19.1 - 20.0 nn./au .2 uazilaad swindu
19.4 nn./an.”
2. Ahdsdadmiudgnonaunuiililivanussaruien
aglutas 16.0 - 24.4 nn/au.? uasdidnedowinfy
20.1 An./a3’
3. Armdsedmiudgnelunailitanuszauden

WA 25.2 /@2
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4. AnuduiussEnIeuAuiuANLASEAve B e 6. AnAnssuUTENIA
o T N P~ v gy
nuaurwuuliiludady Senunsauszanandulda av &

ANUANHUSTENTIAMUAUAUAIIAT ALY
BanejuliTudunse 2 ¥aald lnvaunsarwandu
AmIndangu 2 a1 launen E1 uae E2 lnedgne

naunuIzilAAdaneguAusn E1 agluyae 61.7-

nuITeilasunsatvayuavyszanaideandinau
ANENTIUNTARETNINEIMIEnT Fdeuazuinnssy (@nal.)
warn1AIYIIAINTIUIEET ANEIAINTINAIENS UNINYNEY
welulagnszasundsuys wagldsunsadvayuiagvageu

NNeNeIuUIEIRmManInszunsATaYseN

186.4 nn./93.? uazA1Asanguaians E2 ag

Tug9 350.4-806.5 nn./ou.? drunsaldgnelusia

7. 1@NE1581989

Lo ey Co o 2 o ¢ U o a
iAIABAngUAILIN E1 Usyunad 110.2 nn./au. (1] wiadnwal Jadunni (2561). Yululusiuanwvesns
waweAAsNBAneuAiaes E2 agiiAszann 1467.7 UseTFmIanswssunsasoyseuavusanlan.
2 s a v o a
nn./al. Amgan Unenssumans uninerdedalinsg

M13197 8 SowarAnuAugEAluNITTUARILMIgaUaY

oA Y |
VNV NYANYUN 2 YN

s Usznalne.
[2] an¥1e WiuaIsInd (2543). N15TATISlUTIANTa Y

neogluidedminssy.a1ATy1TAINIIUlYSN,

08719 Ultimate Stress, O max E1 point E2 point

(ksc) Sovay Orax %’aﬂag [

1Y AINYELNERTANERS, Uszinelne.

v
o o

Sgnenauwnuiliianuszanu

3] que lndAsusna, f5AMG umadssade, I59A F33sins,

v €

auiend dam3Tand, Jeased ofana (2563). audiviana

gl

vod gnaunuii an1seysnylusiuaniuvesine.

Al 20.0 0.13 0.91
A2 19.1 0.22 0.74
A3 19.1 0.04 0.93

Average 0.13 0.86

N15Us2yNIvINITIAINTIUlET MY 9T ATIN 25,

a_ PO
Sgrenaunuilylldfanusvan

15-17 nsngay, ¥aus, Usswalne.

[ aviend SamITad, 35918 A93sang, Toused oSana,

v a 3

nNAneY andnsuena waslaus umua (2562). InginIs

Wag MYy an1vImnssnien1sUsuduuasdnmu

anmlasvasilusiaanuveslny. driinauneany

aluayunNTIY, 135-140.

B1 19.9 0.13 0.59
B2 16.0 0.18 0.84
B3 24.4 0.08 0.92
Average 0.13 0.78
dgnelusa
C1 25.2 0.26 0.96
Average all 0.15 0.84
200
Opmax = AMMNIAU
0.7400,,., FIAAVAIUARY
A78819
B 0.843c,,.,
0.5870,

'max

Stress ( kg/cm?)

© 001 002 003 004 005 006 007 008 009 01 011 012
Strain (mm/mm)

JUN 16 fregamsussiiuiudsgaUaneyees

daviejud 2 saeAfosarYeInUALEIER

(5] s3fy ala, 81uQu Naudles, andvIn1ud A3y, 1|3y
WY Yy, YTy ATy, T0190 dniuiad
vy Uudl, Lie oA, aziden wundu, @131l aueu
nanss uazdoudan upIdas (2561). udgulusiaanu
anegsyifmansglyve. gneulsyinmansalune,
qlaviy, Useinelng, 262-272.

[6] ASTM C1314-18, (2018). Standard Test Method for
Compressive Strength of Masonry Prism. ASTM
International, West Conshohocken, PA, United States.

[71 Zahra T. and Dhanasekar M. (2016). Prediction of
masonry compressive behaviour using a damage
mechanics inspired modelling method. School of
Civil Engineering and Built Environment, Queensland

University of Technology, Brisbane, Australia.
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