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Mechanical behavior and energy mechanism of salt rock with
prefab fissures under uniaxial compression
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Abstract: A mass of corrosion fissures arise during the washing process of rock salt cavern. In order to
study the influence of fissures on the mechanical properties of salt rock, the mechanical properties of the
cracked salt rock with different parameters were tested and studied by using MTS-815 rock mechanics test
system. The test results were modified by logarithmic strain, the effects of fissules with different
parameters on the strength and the deformation of salt rock were analyzed, and the energy characteristics in
the process of the damage were analyzed based on the theory of energy dissipation. The testing results
indicate that the peak strength of salt rock with different fissure angles are lower than that of intact salt

rock, and the relationship between the reduction extent and the fissure angle isn’t linear. The length of
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prefab fissure has obvious weakening effect on the peak intensity of salt rock. The longer the fissures are,
the greater the weakening effect is. Most part of the total strain energy U produced by external force
transforms into dissipated energy U,, and a small part is accumulated as the releasable elastic strain energy
U., which causes the damage and the plastic deformation in the salt rock. In the failure progress, the
curves between energy. such as total energy consumption, dissipation energy and elastic strain energy, and
strain present evident stage characteristics. The uniaxial compression of salt rock shows four stages:
compression stage, elastic deformation stage, plastic deformation stage and failure stage.

Keywords: salt rock; rock mechanics; strength behavior; fissure
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Fig.1 Prefab fissures and specimens
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Table 1 Salt rock specimens and prefab fissures parameters

AR/ mm i ELB IR TE 2

it 5 RN A
KEEL H#%&D R K PEE/mm Ramiff/

PS1-1 BB 140.60 68.80 20 45
PS2-1 T 139.12 68.10 20 60
PS3-1 RE 139.10 69.00 20 75
PS4-1 Er 139.70 69.30 30 60
PS5-1 oL 140.00 69.62 40 60
PS6-1 5 % 139.82 66.90 — —
PS6-3 5 140.40 63.10 — —
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Fig.2 Comparison between Corrected and uncorrected stress strain curve
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Table 2 Mechanical parameters of intact salt rock under uniaxial compression

%= o1,/ MPa E/GPa Es /GPa E,/GPa e/ % 3./ %
PS6-1 29.19 7.85 3.06 1.19 2.46 2.26
PS6-3 28.83 7.71 3.25 1.02 2.79 2.17
-3l 29.01 7.78 3.16 1.11 2.63 2.22
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Fig.3Stress-strain curve and the axial strain-ring direction strain curve of intact salt rock



108 TRKEFFIR % 39 %

4 REMWHEREMTREER D

4.1 Ry@EAEEEREMEREFER N

%345 T AR S R AR A R R A T R 1A S di 3R 3 AT RG4S 457,607
7571 U 2SO WL ) 23 3 R 26.39.28.80.25.59 MPa, 15 58 B £ il P Y WE(EL N ) 29.19 MPa A LK
WREAR T 9.5990.1.34 06 ,12.3300 . IR AN [ 0 8 2R 00F 62 a1 19 DA (U0 08 2 AT — G R ) BRI T sl
Fi% W P 5 {1 » (EL PR IR i Y 22 20 5 ZREUIBUAA R/ I F R S BT A9 2P 5 % BT AR O 60° I 56 38 e IR i fie /)
W 1M ) B2 2R B0 WA L B2 W /s X S PR AR E A A

R3 FRMARGBRERHERARIFSH

Table 3 Mechanical parameters of salt rock with prefab fissures of different fissure angles

Y5 o1,/ MPa E/GPa E;,/GPa E,/GPa ew/% e/ %
PS6-1 29.19 8.66 3.06 1.19 2.46 2.26
PS1-1 26.39 7.20 2.58 0.93 2.84 2.47
pPS2-1 28.80 5.95 3.98 0.88 3.26 2.59
PS3-1 25.59 7.62 3.38 1.13 2.27 2.53

MR 8 AR Ak R B, 457,607, 75° i 2 A kb A B M B B 4 BN 7.20.5.95.7.62 GPa, HLSE B R A
8.66 GPadr HIFEA% T 16.90%6.31.30%6.12.00 % . R b Af 00, o SR 50 6F 25 0 3 1k A4S 20 A RS i R A T 30
F18y S AR o (FL R AN B 11 22 /0 5 G0 RO/ IR AS I S I R e &R

MASTEAR R 457,607 75 (2B Fh A e 58 4% 46 5 A8 T A% B 73 31 FAAIG 21.8506.26.05 24 .5.04 % , 1] 1L , 4 806F
A AR TR AT — GRS BRI T IR A T A i (LA i 1 22 /0 5 48U KN AS BT S 2R S R

IR ] A8 S 5 457,607,757 [ S A0 Eh 25 A 1] o A8 43 3 36 im0 9.29 %6 .14.60 %6 . 11.95 %% , |y st m] D, . 95 i) 54
SUAF A AR AR R T R B 5 ) AR T8 . A R A 24 SR A ) LA S 80, 0 E o Bl ey, o A L SE RS R A A 1
s A RGBSR

Pl 4 25 W T AS TR A 00 ) 28 80 25 a1 2 ) 7 g — o7 A il 2 i & B30 23 Sl b i T B i Al . AT R
A LUF 5 58 5 3h 5 B R 4 2 0L, SR A Bl e 4 2 B A B S AR TR [ BE L Y M AR T B B
IR BESE A B BE . DS 1) 0 R 1% T LA B S AS [ A6 2 0k 2 I W i R T AT A AN T R B A . A
iy 28 11 30T AL B 2k B R SRt T G L AN ()00 8 0 6 A 110 L A S S [ R AR AN T e (L N g ke 7 Y
ARG WA U WA I R R TT G . DN AE N T TS B OK B 5 R AR AE AN (] R i G (i R
BAFAUE o il 2 L AR K T RO & o 22 W R 2 R Rt 1% i A 555 1k 78 T s T 35 A0 Ak R G e 1 A AT, AR
1 119 o 2 BB IR T 25 vt w25 SR 1 B IE by 4 i i R L 4 55 SCAr T

35

a=60°

301 SEREIRE
25
20+

15+

115 5 1/ MPa

1 1 1 L I

0 1 2 4 5
RiAEI%

B4 TRMARYEENN-FEHZE

Fig.4 Stress strain curve of salt rock with different fissures angles



%5 EARALF TR B B R ) F A AR T ALH K 109

2 AN TRV BT AR 1 0 ] 228 00T 5 0 B 5 R AT T 1) S A0 A L B AR 7 R ) SR A R T L
T o b TR AR AT RIS T A T f) 46T A 2 SO D R A X T 2 2 B R LA T R St — 2P
e
42 RERKEMESREMEREFERN

A G TR BE T RS A I A R 4 I 2R R 4 AT RGO 4 5] D 20,30,
40 mm ) P REOLF VAR ) 7350 9 28.80.27.74.,27.34 MPa, 55 58 4 £ 5 i 1F 19 I (LR 7 29.19 MPa #f
PO AR 1 1.34 06 4,97 56 .6.34 06 . AR WA L A ) < B2 1) 28 800 3 A 0 {10 50 32 ) 3583 P A AN T L 2 80 K
I 55 A A HTBROR L P i R R AR B ) 2 /0 15 RECR R/ NI L R PR R

£4 AAKEROHESHERRRNELEH

Table 4 Mechanical parameters of salt rock with prefab fissures of different fissures length

I 5 o1,/ MPa E/GPa E; /GPa E,/GPa e/ % €./ %0
PS6-1 29.19 8.66 3.06 1.19 2.46 2.26
PS2-1 28.80 5.95 3.98 0.88 3.26 2.59
PS4-1 27.74 6.76 3.85 1.35 2.05 2.28
PS5-1 27.34 6.09 2.58 0.93 2.94 2.96
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Fig.5 Stress strain curve of salt rock with different fissures length
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Table 5 Strain energy at peak stress point under uniaxial compression

ETR= U/kPa U./kPa ./ /% U,/kPa
PS1-1 535.3 48.36 9.03 486.94
PS2-1 681.7 69.70 10.22 612.00
PS3-1 429.2 42.97 10.01 386.23
PS4-1 417.4 56.92 13.64 360.48
PS5-1 581.0 61.37 10.56 519.63
PS6-1 522.7 49.20 9.41 473.50
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