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Effects of Salt Crystallization on Stone Durability

Sung-Soo Kim* and Hyeong-Dong Park*

ABSTRACT : The main objective of this study is to suggest a new assessment method of the influence of weathering
due to salt crystallization on the engineering property of rock. For this purpose, various sources of salt and salt cry-
stallization were investigated, and artificially accelerated weathering tests were carried out. In natural environment,
weathering rate is very slow and weathering process involves complex mechanisms. Therefore artificial weathering test
is essential for systematic analysis. Artificial weathering test is defined as test which controls weathering rate and agents
by controlling artificial environmental condition. In this study, salt crystallization test was selected among various ar-
tificial weathering test methods, for its important role in weathering. Change of various stone properties were detected.
The change of physical properties by salt crystallization were observed as follows: 72% in Brazilian tensile strength and
72% in Slake durability. These results explain the importance of salt crystallization in the mechanical behaviour and pro-

petties of stone.

M B

e AFGrte] 27198 A A% An=2A, =
@ Azte] vAHd &8 ] AT A5EA AHeH
o] gt A= 1 o#3t Aol o+ 553517 fE,
7HFol A1 48 AL 7 & ABI} Rol N
H eudols @8] dFd 52 AREI Utk 4
AE Bt & o] &5t A7 AN E FA 8] AaiM e
A g AL olgEts Fol FLITE ¢HY &
58 A4 9 shvh Ffolth. 54, E22H S UE
Agshes g AL TG P FE AA
Hr o] Il MM, A=A Fo] LT =T o
& N 9 72A A 2 gl ol #
S FHoE I UIEEET R i e F
2 7|3 A MAE dojur] wiEe] I Adzdel
A JA4EA R Ak aeu 2] AYE, EA]
312 QI A2 A9 FaddE FA3 J&5E
AI713 glol 'S, AEEA T3 2ol 28 AR

*Agdigtw A FEAA 28FER (School of Civil, Urban,
and Geosystem Engineering, Seoul National University,
Seoul 151-742, Korea), E-mail: hpark@gong.snu.ac.kr

203

FEAE AAAY AFBA =25 e AA
e F3toll thgt thd) vido] 2] Al 0|2

Ak
2 a7 BAL2 A9 gl 9 334 24
2t Ao AAH Wit 7)zuolgt 7590 Sl

il
ATE B8 T EAsle FEL NEEEA BE
7 AFAAAZ AL E A FshRY 83 2
B =&3nxl g 53 FHAETE Bold 1 4
o] u]$- 23 Ao dHA glon I FabA 2
A g AFME T F3kol TAH T UE (o]
&, 1993) E&2] Yol digt A7t Algstckn gst
of o]Z S HA 0T Ayl

2 ATe () 99 9% 3 /M 998 Ackn #ww
g€ 99 243 @ A3 2F, i) gol 2N
o] AAl x| Fgol 3t AFFE AFAT Fo=
TAEA

elo| AFs By
ge ABAPAE 9] TR e, =N

dre AE ALAE M A2 fFddt o] 9
dx o2 FUBZE /AL e FE2 A Fl



204 A - g g

o] s F8% 840t R A b
9%, 3ol e P9y, Mo gHYAE] A
of, AE T HAF o F MAol JgS 7|XA r}. o]
A w7 EEdd 8 vehde 8ol e =23, o
Biol 2% 2xRigel i) 43S $uksly| w
A2l AAA 7Hx o] FEE 7N e Aoz dEAm Y
o} (Winkler, 1994).

MAZ AFsE g9 FRede A4 AAy FE, A
ol £3lE FH), i B 5, A - ANA, A8
AgA| o] Ak AA e go] Exgle FHRe,
FAMe Fad o) gl AhEE Aol HEAY
oo}, gikg =z 4 9] Ca, Na, Mg 5°) 2338l ¥4
o alekdel AAg FA (efflorescence)dHAY AlA) W
FollA A% sletct, A o] 4bald] o8] TG HolZ
< A FHCE o|Fdl ZAe] HApilstES Py
gt Aslee A g€ FEshe 2% A2
F93% A2 2 Na, Mg, Ca, P9 chloride, sulfate, ni-
trate €] itk 71 29 &2l 2|3} phosphates} ni-
trate7} H7IH7| = gt Sl 5o ofdl NaCl& H| %
@ ultE o TFE Fol o]F st afitdlA 320 km
A o] 5t (Winkler, 1994). #Zoll= A| A2 ALE
=& NaClelut CaCly7t =299 M| sHel] 4243 o
A5 T2 Utk Gl & AT AT dHedle 9
AMRQ BalgAtS Bo) Ztm Qe F/EE 4o o
Foix govt HIde ALA HF A4 HEe ol
Z, et 5o Tt E &gt A7t s 9l
t} (Hale ef al, 1998, Winkler, 1994). A 7r3lAvt 5
A 59 Ae|AA ¢z F&ol AAR FFEHE A
47} At 53] Na, K E52(waterglass)®] 2%, Na,
K %o°l sulfatet} carbonated} A%slo] =84 d& &
Aate] A JE2 o] F 3]

AR AR F& 1 Fxo xole} FEBAH o
Foz AAe EHAN, B YRE o|Fsld AR 3)s}
A dth. BAE efflorescencedt i 3l HH HlZ ¢HE
A ARssle A4S subflorescencedtn ok o]
subflorescence @/l o3l Azle] FAL 1 XA L
%3 dojA JriA "k

Correns (1949)= €9 2347 ©E 4L vt
e 2 vh&a) 2ol Aletgich

P=RT/VsxInC/Cs,

where, P : pressure by crystal growth (atm)
R : gas constant of the ideal gas law (0.082 1-

atm per mol degree)

T : temperature (K)

Vs : molecular volume of the solid salt

C:actual concentration of the solute during
crystallization

Cs : concentration of the solute at saturation
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Table 1. Results of the Brazilian tests on the artificially
weathered granite after the salt crystallization & heating-
cooling cycles (unit : MPa).

0 days 10 days 30 days
BTS (1) 4.49 2.85 1.57
BTS (2) 4.35 3.16 0.91
BTS (ave.)* 4.42 3.01 124
BTS (%) 100 68 28

* BTS (ave.)=[BTS (1)+BTS (2)]/2.

BTS(MPa)
5

0 10 20 30
Time exposed to artificial weathering (days)

(—- BTS(1,2) @ BTS(aveQ

Fig. 1. Changes of the Brazilian tensile strength with the
salt crystallization cycles.
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Table 2. Results from slake durability test.

% Retained after % Retained after
one 10-minute two 10-minute
Cycle (Normalized Cycle (Normalized
to dry weight) to dry weight)

Never exposed to

the artificial 99.2 98.9
weathering

Undergone a 10

day “repeated cycles 60.3 435
of weathering

Undergone a 30

day repeated cycles 29.7 272
of weathering

% Retained

Number of cycles

—@)— Never exposed to the artificial weathering
—&@— Undergone a 10 day repeated cy:les of weathering

—ak— Undergone a 30 day repeated cy:les of weathering

Fig. 2. Changes of slake durability after accelerated weath-
ering by salt crystallization.
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Fig. 3. Scanning electron micrograph image showing the
loosening of mineral grains due to salt crystallization.
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