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Experiments on ageing effect of gypsum rock induced by water
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Abstract: To investigate the water-induced ageing effect on gypsum rock, different water environment conditions were simulated in
the laboratory, including different air humidity conditions and saturated groundwater conditions which may exist in the gypsum mines.
Mechanical parameters of gypsum rock specimens were obtained under the pre-set conditions for different times. Meanwhile, the
variation of pore structure in gypsum rock specimens was measured by nuclear magnetic resonance equipment. Then, the
water-induced ageing mechanism of the gypsum rock was revealed. The results showed that the effect of water on the ageing of
gypsum rock was obvious. Firstly, the ageing extent of gypsum rock increased with time, whereas mechanical parameters including
uniaxial compressive strength, Brazilian tensile strength and elastic modulus decreased with time in a negative exponential relation.
However, the Poisson’s ratio of gypsum rock had no clear relation with time. Secondly, the ageing extent and ageing rate of gypsum
rock were closely related to the state of water. The higher the relative humidity was, the more pronounced the ageing extent was and
the faster the ageing rate was. In particular, the ageing extent of gypsum rock was the most significant and its ageing rate was also the
fastest when fully submerged in water. Generally, the water-induced ageing mechanism of gypsum rock was caused by the coupling
of physical and chemical effects of water, and the chemical effect was the primary cause for the ageing effect. When the gypsum rock
was exposed to water, the continuous dissolution and recrystallisation of the gypsum rock changed the mineral composition of the
gypsum rock. As a result, the rock structure became loose, the porosity increased, and mechanical properties gradually weakened. The
research results provide references for designing the gypsum mining and the evaluation of the long-term stability of gypsum goaf.

Keywords: gypsum rock; ageing effect; nuclear magnetic resonance; dissolution; recrystallization; relative humidity

WoR HH: 2016-11-14

FEBIH : E K A RRHEIEGTE EIH (No.51274188).

This work was supported by the General Program of National Natural Science Foundation of China (51274188).

SEEEA: AR, 2, 1989 F4E, WLATFUAE, FENGHLS TR AT TR S MHF T/E. E-mail: yichao.zhou@yahoo.com



6 M

=
i
&
P

OB A KB RNARTE 2125

1 51 5

F A RACAE T A A ) AR A
ISR, KAk G A A 2B Rk, AR &
Ry EA R T AN AR A (R R
YT B A TSNS . RS A H S Y
YR S FLBRERR G R o —FEEAE S R i ) o XA A
PR ZAAE, A RAGAE T B TR, 20 FE
JERRIR

HEANES, HAMES, A0 IFRTT
K2 ML, TFREM P KRR ENREX,
JCRS R PE tH T B IR B A A~ T2 S AR R ORI
Auvray P50 2 ANARE YA B R A X A
FEEURERF I ILBE 22k 0, R T R [ e . R
AT FER A F S, eI s e #,
FHN (I 22 RN, FEXS EE M R IX A
AR S0 FEAL RS 1 KA WP RS R I, AR
WS R FLAR T AR T BT W R . R RGE
SPGB RI, A TR UK S R B E AL,
DR R 25 X N A A AEKIPER P kA2, X
Al FEURATEE MR RIB W RS, MRS
DX F 5 R I TR A i WA 7 A e S . A
B A B 2R X ke, R KIEH
NAEEAZ R,

[ A A AT VE 22 B0 T A B 2 o
FrloM, Soep, g2 T AU BF 5T Eh 2 R T
A g 3ok ok R SR VRO A B IR AR N, b
B LEAN R BE S i R TR I ) Ji5 7 24
BT TR, AT A5 W9 T I6L R K I T 3o B
SRS S AR AR S . DL EFSY 2 R I T e T
FET BRI, B 5 2 MAE RS AR A B
KA T AREA T A 2SO R D,
I, FFREARICHITST HAT 2153 o

ARSC LRI T PR EAT B KA, FEE AR
PR DX AT BRI IR 41 B A A PR T,
S8 W I S D) A i, SRAF AN RIKIREE A
FIKI S (BIKECE) B, IRgs Szt
PRBEAN 52 1RG0 L a7 A R FLBR &5 H AR 4k
WA KB AL
2 I MEIA
2.1 RN

A BT B T IEAE TR I AR,
AR BT AR W ALRCIR A, H A
IKVELEF=, IRRRAKIEAT . FLAGBKE, FiE

B ANIE], FYOR. VIR, AR
X SHEATHT P e k5 (XRD) K& X B9t
FHT (XRF) 5 BR W, %408 E 58 90.38%.
F AT 8.21%. A9 1.4%, ZKAFEERE A5 A7
A KR 5E4A, WAL TS CaSO,2H,0.
2.2 REEI

WAL TR MBS R A R ™, S hE -3 T
J& D15 U K B R EADIRES, S /KRIZE
K. o, 287K i s FR bR S AR
ST (relative humidity, fFK RH). Bz AHAHE
FEMERFE B, ARG 2 B A A7 G ol 8 A A 11
KA, IEETFRIRAS X (KO, FHX
AT BB 90%, ALK F IR X L@
KO, AN EENEARLRFFL R 70%. WAL, AHXT
W TR A ZE 0 R LE AN Bl RS ZK U A 1
KRR,

FERRAFX IR, BB = NI
WA 20 °C (b MR R EEAERLE 20 'C), H
ST EE SN R 70% 85%- 100% (K AL RIFREE DL K
WA KEZ I EE (groundwater immersion,  fi K
GWD) o ) F P il PE W A 7 1 TR R R A B, VS
IK A I P R AKRE, B 2= o i R B, LA™
AR, HorP R R R B e, ME 45 RoR, 20 C
IR ERAR 2T S B T IR UL B T KR RS 1
ISR, ST Az T ACH TRIRES R . A
FEOOP VR B PR T B 12 AN KEAEIRAE Coxh=
50 mmx100 mm)~ 12 N/NEFERFE (dx h =50 mmx
20 mm) . JEKIREEFCE 15 AN KRR 12 4
ANEARRRE, S, OB ESREER 2 11 3 AN K
FIAEAE, /K 150 d JEHCH, T 45 CHUR AT
72 h AT AR SRR, RTUK A B A
W ZH KA RS o 4 PPERSE A LTt 99 A, e
TR TR ECH BB A T A SR o 32 R0 A S i FH ki) PR
il SEBRIRI I (] 5 1 I AT L8 7, AR
I H I, ARG F SEBRI ) 24T

AR URAR I A% A I A 1 23 K A7 10
FLBRZE R AR A R iR B A ) e ik st . E
IR I T A IRAE AR, IR B0 A xS 3
AMRFEATIE . BARMIREE W B a3k 1 o,

®1 BRHKE
Table 1 Experimental setup
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Fig.1 NMR test and analysis system
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Fig.2 Water content-time curves of specimens under
different water conditions
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Table 2 Statistics on NMR 7, distribution peak area of GWI specimen D-12

INfR) U ALY B 1 A 5 2 i i 3 i 5 4 AN
/d MR BN W/ ms /% BN W/ ms At/ % BUMIRL W/ ms At/ % BUMIIAL W/ ms  HHY %
17 148.28 49.19 0.31 33.17 68.29 1.15 46.05 30.42 98.85 20.52
34 159.70 51.27 0.31 32.10 70.05 1.06 43.87 35.54 126.04 2225
77 173.83 4391 0.34 25.26 69.86 1.25 40.19 58.96 188.97 3392 0.01 10000.00  0.01
140 18237 116.55 1.06 6391 64.76 188.97 3551 1.06 10000.00  0.58

AR T AR A 3L 7 L3838 n,  JEFL2YIK 140 d S,
AU EAL A — A0 (ILIE 3D, BEHTA A I EK
FORALBR T LEI 2 o KA A2 G HEE R Bk R
BRI S B A SRR KR, LB I R
eI
3.2 JpfEtEEE

F3~600 N E T AFKIREL N A B A IR
SH CARPUERIE o, « RAHIPIRISRE o, ) R
SR (TR E. WARAtL Y ) ZEAR RIS ] (R R A6
5L, REAME M 3 ANFSAFIREE R 45 P
3o ARG 45 TR il R B3 T BV S &) 24 b
(1751, o
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Table 3 Uniaxial compressive strength of specimens under
different water conditions

PR R %/ MPa
1) £/ d GWI

RH=10% RH=85% RH=100% -
W A

0 17.25 17.25 17.25 17.25

17 17.11 16.51 16.17 15.29

34 17.22 15.98 15.63 14.26

77 16.27 15.12 14.43 11.77
140 16.71 1435 13.47 9.83 14.53
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Table 4 Tensile strength of specimens under
different water conditions

. FRNPUE SR/ MPa
INfTi) ¢/ d

RH=70% RH=85% RH=100% GWI
0 1.70 1.70 1.70 1.70
17 1.65 1.47 1.29 1.13
34 1.65 1.38 1.16 0.98
77 1.71 1.26 1.05 0.75
140 1.67 1.11 0.90 0.61

RS AFAKRE T EFREEE
Table 5 Elastic modulus of specimens under different
water conditions

, VLR GPa
A ¢/ d
RH=70% RH=85% RH=100% GWI
0 6.83 6.83 6.83 6.83
17 6.64 6.39 6.23 5.75
34 6.56 6.26 6.03 5.45
77 6.26 6.00 5.80 5.06

140 6.50 5.84 5.43 4.74
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Table 6 Poisson’s ratio of specimens under different
water conditions

, YA
A 2/ d

RH=70% RH=85% RH=100% GWI
0 0.26 0.26 0.26 0.26
17 0.27 0.28 0.28 0.30
34 0.31 0.25 0.33 0.34
77 0.26 0.31 0.30 0.36
140 0.29 0.30 0.32 0.32
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Fig.4 Uniaxial compressive strength-time curves of

specimens under different water conditions
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Fig.5 Tensile strength-time curves of specimens under
different water conditions

RH=0%
RH=85%
RH=100%
GWI

— Waik

4rponm

v

4~5 1 1 1 1 ]
0 30 60 90 120 150

t/d

B 6 ANFEKIAS T ARREEERS R R
Fig.6 Elastic modulus-time curves of specimens under
different water conditions

KT WRAKRETAEEHESHENEKRERER
Table 7 Fitting relationship of gypsum rock mechanical
parameters and time under a special water condition

. AR —
y=A+Bexp(-1/C)

0:=16.48+0.86exp(—1/48.80) 0.280
RH=70% 07=1.68+0.00exp(—#/0.43) 0.000
E=6.39+0.45exp(—1/24.42) 0.619
0.=14.07+3.12exp(—1/65.79) 0.985
RH=85% 01=1.14+0.54exp(—#/37.64) 0.932
E=5.88+0.93exp(-#/30.32) 0.970
0:=13.14+4.01exp(—#/63.83) 0.985
RH=100% 01=0.96+0.73exp(—#/20.72) 0.944
E=5.54+1.25exp(—1/31.98) 0.903
0.=8.86+8.22exp(—#/71.82) 0.990
GWI 0:=0.67+1.01exp(—#/21.69) 0.967
E=4.87+1.94exp(—1/22.21) 0.961
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® 3, BRARREBEA 15.76%; #PERE A
5.22 GPa, HRIIREFFL 23.57%.
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Fig.7 Poisson’s ratio-time curves of specimens under
different water conditions
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Fig.8 Curves of uniaxial compressive strength and water
content of specimens with time under
different water conditions
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Fig.9 Schematic of mineral dissolution and
recrystallisation in different solutions
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Table 8 Physical properties of fresh gypsum rock

RARFESE TRARXS IR % LB/ %
/ (g/em’) HE KR MR 4y JFH Ziksy
2.32 2.38 0.28 0.50 3.02 1.14 1.88
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