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Abstract: Engineering excavation and construction lead to unloading damage of soft rock, and its degradation characteristics
under water-rock interaction are closely related to the degree of unloading damage. Taking the red mudstone in Badong area as
the research object, the simulation tests on the unloading damage of mudstone are designed and carried out, and then the
water-rock interaction tests are carried out on the mudstone samples. The results show that the unloading damage leads to the
destruction of the local mineral particle morphology of mudstone and the development of microcracks. Under the subsequent
water-rock interaction, the degree of cementation between particles continues to weaken, and the pores and fractures further
expand. The macro- and meso-parameters increase with the time of water-rock interaction, in which the mass (m) first rises, then
drops suddenly and then tends to be stable, the longitudinal wave velocity (P) first decreases and then rises, and the volume strain
(¢,) and the fractal dimension (K) increase gradually. The growth rate of each parameter increases exponentially with the increase
of unloading damage degree (D). When D = 0.49, the growth rate of each parameter increases sharply. The quality, longitudinal
wave velocity, volume strain and fractal dimension are determined as the variables of the reaction system with water, and the
nonlinear dynamics theory is used to establish the degradation model for mudstone under water-rock interaction, and the rationality
of the model is verified. The results indicate that the proposed model can provide a theoretical reference for characterizing the change
trend of macro- and micro-characteristic parameters of unloading damaged mudstone under water-rock interaction.

Key words: unloading damage; water-rock interaction; macro-mesoscopic parameter; deterioration rule; nonlinear dynamic

model
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Fig. 1 Types and proportions of mineral composition of samples
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Fig. 2 Stress-strain curves of mudstone under constant axial
pressure and unloading confining pressure
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Fig. 3 Unloading-damaged samples
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Fig. 4 Micro-images of mudstone before and after damage
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Table 1 Unloading damage degrees of mudstone under different

confining pressure unloading quantities

AFw = Aoy /% E/GPa E /GPa D

G26 30 35.46 25.54 0.28
G39 50 31.19 20.15 0.35
G25 60 32.42 18.69 0.42
G37 70 31.36 15.91 0.49
G22 90 37.24 11.14 0.70
G20 100 39.37 8.86 0.78
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Fig. 5 Variation curves of mass with water saturation time
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Fig. 6 Variation curves of longitudinal wave velocity with water

saturation duration
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Fig. 7 Variation curves of volume strain with saturation time
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Fig. 11 SEM images of unloading-damaged mudstone at different

saturation durations
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R=(G'G) (G'W) . (12)

5.3 TERIMRERIGE

5.1 TP AT SRR, Ve e A E A 15477 B AR K
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WS EZHa,, b, ¢ FAEEREERIEN

f(4,9:,495,+,9,) = z oy +bk‘]lf + 69,9

(i=1, 2, 3, «y n) - (13)
MR AR 2R 1% 3l 7 22 UM A, R GEAE — 5 (1) ) B B
T JE) T PN () s A sk R ) RS mT DA Bl 77 2 5 R R A
REPUL PR, w] DA E e 1 A U 55 E KA IR
HEER TR RGN RIREN, REREN1ETTEER
AR, AU —RIESHAEERN—IR. =
RIHEBUE L 3RE KRG MBh 12 5 .
T Eortr, BERSEMITREN

dm 2 2 2 2
E=a1m+a2Vp +a,e, +a,K+am’ +aV,’ +ael +aK’ +

a,mV, +a,yme, +a,mK +a,Pe, +a.,V,K +a,c K,
(14a)
av,

o bm+bV, +bg, +b,K +bm’ +bV,” +b,el +bK* +

bymV, +b,me, + b mK +b,V,e, +b,V,K +b,e, K,

(14b)
de
dv =em+cyVy + 6, + e, K +egm’ +e V) el e K+
p 3
coemV, +c,yme, +c;mK +c,Voe, +¢,V,K +¢,6 K >

(14c¢)
dK—d dyV,+d dK +dm’ +dJV,’ +d,el +d,K’
o = dmrd Yy +die +d K vdm’ +d Py 4 dye, +d K +

dymV, +d me, +d,mK +d,,V,e, +d,;V,K +d, &K -
(144d)
Sia ARt i, ¥om, V,, e MK
RIGERN, BHEE W G, KizHAIR8) /1% 7%
#Z2HUE Cais by ¢y dp, A (13) 117

(Z—m =-4.7796m+1977.8427V, —363.6247¢_ —

t
462.9740K +0.0082m> —80.5838V,7 +50.9020¢> +
22.8972K> —3.4948mV, +1.3609M ¢, +1.0492mK —

61.7859V,&, +29.0495V,K —195.5512¢ K , (15a)
av,
dt

=0.0474m —13.5932V, +3.3029¢, —1.8178K —

0.000008m” +0.5592V,> —0.5061¢ —1.3589K” +
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1.4352V,K +2.5296¢ K (15b)
de,
dr

=0.0688m +5.1316/, +10.2210¢, —35.1546K —

0.0002m> —0.0358P* —0.5280¢; —0.9603K* —
0.0026mV, —0.0253me,, +0.0839mK +0.0120V,¢, —
2.6654V,K +2.0043¢ K , (15¢)

% =0.0345m —45.6151V, +0.8212¢, +41.4607K —

0.00004m" +1.9248V,> —1.0367¢ —2.0695K” +
0.0796mV, —0.0181me, — 0.0795mK +1.6169V,¢, —
0.5451V,K +4.9022¢ K (15d)
N E B HUBUT R TN 3 Geah 2 AL F A Tk
RN, X & TR 7 ZE ST BRBEAT THER, TFE AN

h

R= ST - (16)

e h MK T T RA TS R T
M, CASTTELEE K il ¢ th 37 FE - I007 22 DUmikE
WK 2 Fizw.

®2 B ETH

Table 2 Variance contribution of each item

TR dm dy, de, d.K
R 0.3x107 0.55 1.8x10* 0.45
Ji RET dsm’ ay,’ d.gl d.K,
R 450x10  9.72x10*  2.82x10%  1.12x10°
77 TR dymV, d, me, d,,mK d,Vee,
R, 1.66x10°  8.57x10®  1.66x10° 6.86x10*
77 TR d,V,K d,e K
R, 7.79x10°  6.30x1073
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A DA VA 7 RO 75 ZE DT RO, T 2807
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80.5838V,” +50.9020¢” +22.8972K° —
61.7859V,¢, +29.0495V,K —195.5512¢ K , (17a)

dv
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t
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djv =5.1316V}, +10.2210¢, —35.1546K —0.5280¢> —
t

0.9603K> —2.6654V, K +2.0043¢ K (17¢)
dK

1 =-45.6151V, +41.4607K —2.0695K° —0.0795mK +
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1.6169V,¢,+4.9022¢ K - (17d)
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Fig. 16 Comparison between test and calculated data
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