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Experimental study on resistivity response of fly ash slurry in
fractured rock mass based on test frequency

LI Chuang' LIU Hui* LIPei’ PAN Aifang"* HU Xin*> ZHENG Xinchao®
(1. Shaanxi Huaneng New Energy Co., Ltd., Xi’an 710075, Shaanxi, China; 2. School of Geology and Environment, Xi’an University
of Science and Technology, Xi’an 710054, Shaanxi, China; 3. School of Civil Engineering, Chang’an University, Xi’an 710054,
Shaanxi, China; 4. Cross-innovation Research Institute, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi,
China)

[ Abstract] The resistivity of fractured rock is a key parameter in geophysical exploration, and its frequency-dependent charac-
teristics play a crucial role in determining the accuracy of data interpretation. In this study, resistivity tests were conducted on fractured
rock specimens with varying fracture inclinations and fly ash contents under different frequencies (100 Hz, 10 kHz, 100 kHz, and 200
kHz). The objective was to investigate the response of rock resistivity to frequency variations. The experimental results show that res-
istivity is generally negatively correlated with frequency. In the high-frequency range (10 ~ 200 kHz), resistivity changes are more
stable compared with those in the low-frequency range (100 ~ 10000 Hz). Moreover, the rate of resistivity reduction decreases pro-
gressively with increasing frequency until it approaches a stable value. Curve fitting further demonstrates that, under different experi-
mental conditions, the resistivity of fractured rock exhibits a strong exponential relationship with frequency, with a good fitting per-
formance. The research can provide effective theoretical data for dynamic monitoring and safety assessment of rock mass grouting en-
gineering.
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Fig. 1 Test flowchart
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Fig. 2 Curve of resistivity of specimens with different proportions of fly ash varying with frequency
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Fig.3 Curve of resistivity of samples with different inclinations varying with frequency



594 " o+ TR O R 2026 4E55 4 1]
23 itk ALO; fEWE 5 Ca(OH), 7843 I A= W7k Ak fik iR 45 it
Wt FIREEF T, ASHE KBRS ) 22 pi fhi £ JBE, B o B 7 i e o A SR FL AN S B, (A5 R

SRR IR ST, 240 Al i BH 8 B0
A2 IR RSB, BAE 100 ~ 10000 Hz
X [A] e R [, 10 ~ 100 kHz [X 8] [ 5 98 2% , 100 ~
200 kHz DX [A] B BH 8 EEAS 8 T AR o FLAEAR ]
RGNS IR BB A A iR A B B LS
ZEIMBERE, A (100 ~ 10000 Hz), Max-
well-Wagner H¢ AN 71 2 23 (8] B, fap T 54 B FiA S
A SRR, T A R F e R AR 42, BE T
HLBEL%; BEATSE T 2 Hp 45U (>10 kHz), ik Akt
T4 ] JC 1k DT E L 7 7 Al 23R, Fi g R SR A0 N 059,
BT H B 3 A el R, B BH AR R,
SRR AR K (0°—60°) i 1o E K AR T B A2 A
Be5R R I AR, B AT AR Ak R R B R AATL
SN B s YK BB (10% ~ 30% ) Il 1 1 K
FNAE S Aok C-S-H AT A M A A7 55, (H
BH>20% J5 0BRSS R 23 TR Al A0 2 [, 4 5t
BB, BRI IX L BH A T R Y, SR>
100 kHz Ji5 FoL BH 58 8 A2 U T J5 B A 5 By i) 17 A
A HLPFEALH] 1] F SRR AR, AT B AR TR R A
FHLI 0 %) Jonscher FE AR,

FoL BH AR Ak B R ARBE X [R] (10 ~ 200 kHz) 5%
Sy BRI, AR B X ] (100 ~ 10000 Hz) %8k & 4% .
WH T, S4BT 5 Bl AR f A AR AT
A S e 2 SO FEL L, 55 ) 32 B 5 S AR TS [
FL BEL3E R AR B CUBy I8 1 ) D3 o A AR 9 A
FIFLBREE A | B VR B T A /K AR SR B2 18 1) B 1T K
T, S S U RE D R A TR A R T VR S
3T (FLBR I W 5 P 5 A B R A v ) WO = A
WIS I BEA T . AR A5 F CRIBR A, By B KB
1) }9(0°,20%) F1(45°, 30% ) Bt e v B AAEARR AR X
(100 ~ 10000 Hz) HH L EFHRYIGR . 32 R oA Y 4400
A7 Ay O, G2tk T 1) S8 4 T 25 0 Wi W S8 40 L7
IRV 24 B 2 T G R T LS5 . TR e R K
T 20% Z R, By B RN A FE 43 AT 2R
BH T R, 1 HL B 78 23K 209% B, MR B 36 1
43 (Si0,, ALO;) 57K IR KAL ) Ca(OH), % A= fifi fi
BN A P PR RN AR RS, T I AP A 1) AR &
F U0, A 25 AT X S B TR AR, R A
Ca(OH), B T BTl 2D DT B AR AL B i b H B 1
WeBE, T3 —Jr A T 0 S, SR
< I A O 1111 T N 7 S G A e i s N 1
RWE T RHBEHRP, & 20% 5, Sio, fl

SIPE R, R, AT R 3R A IR AT X ]
W R TR FEMUA BN 450X T HLff IR 25
[ R AL —FE [ e Ak, (H 28R A5 ik I 5
i, HoE &Y ALOY/SIO, TP A 7E 4B Ab S5 FLBR
RS2 I TE AR 1350 W A 5 B, 175 & S TR AR R0 ).
AR AR LA E T, L TR A ) S 5 B 3 A 7
A ARALI e A, 23 ] B AR AR, R
BHR E I T

e 4 Fros, EREE KRB R —E AT, &2
B A A Xk r O 23 347 Bt o T X0 236 34 o i 22
BAEHEKH MRS B iR Tzl AR
B A 55 N R R A R 25 F ) L RH RN A
ZIFFAERSR TR EORBOC R, ek AR RS
R4r, HOCRA iR (2) . IS E a 1EW
PHZ 1A ARFARXT R AR PR L BE %, 0005 2 A% s )
GBI MR = ZL R ARIEAR ), £ 25 Ao &
JC N L7 AR AT R “VURZS” , s H BH e Az
TR 5 T B B Ry 35050 15 F DO 288 R 1 T
AE 3255 S0 b 16 2 8 FAF i AT % B
it F R iR Ak ) BTk 14 fee IR e B3 i
HBUE 5 BT IRATA A B st B S ] 534

R. =a+bx0.99" &)

. R, ik B B Fr AR 25 0, b LA

NPT W g €/ iy R ;A Y = AN R PR ARV ESES
PRAE T O IR YR . AP A IR, DL A
WK B B oy, AR R RH R A th 2 ) R AR
TERTARLIX 53 B4R FEIFDIRAS : AU 2L PR AE = Wi B 3R
BRI 2 ) L BH R I B, TR B 3 N
W) 25 90 2 3 R % 3k ST H BH R A R B A
AU, ] SEBANTE] T F i B 22 1) 2 ARG E . FE
TR TAR NI v, 38 AR e M B PN R R 1 28281 T
AT TPl SR BB B ROR, 8 n] 245 8 0%
U E SRR, TR R S K R AR IS [ ) P 7R S TR
IS AT PV o IZAR R R AR I T AR R Bh A8 M
W52 PP AL T — 2 R R B AR
3 4ig

ARV B A AP BT 42, X AR
ST AR RS FURY BRI 1 K R T e TR IR
AR ) H BE AR 5T, PRICHAEA R R Bk
P e A . SRS R AT 4B AR IR e



N SEI =P — S Ly Ay W2 Y 327 b 23
A5 A BT IR ) SRR AR I DR R R v BEL ) 7 B 5 595
14
SRS REREA T2 13
- ! S A, ol BB AP A I
\ R=932+412213x0.99% @ 15 —-—-15° : ?5 ::?5
\ R=079 o 300 30° 14 + | R~930+14.503%0.99" ; .
g 100 % o 45 45° _ | R=0.69 > o
: \ e ogs0i7 saiwpoon 2 60° 60° s 12 °
g 8 _3:\ \_\ 2\;23(;):7.341 0.99 S heomis0es000n @ 6O 60°
= g, N o2 Z 10 ¢ \ K071
™ W <
ﬁ; 6 1 g\ R=747+6.559x0.99% ¥os b\ ressi+15.042¢099
2 SNy, K087 = \ R=057
4r o \’\;.Q:'Q; R:=902+7.859x0.99" # 6 _i.g N\ R=733+2.837%0.99"
UL R=096 R=753+6.862%0.99" 4 | N\ R=0.77
I R s ag™ N R=647+4.748x0.99"
2 R R=0.8 S ©o.0¢
= H“S‘fﬂ:x—a—:‘_ 2 F s —i v
————— = e
) ) ) ] . TSR A s e ey err o)
4 5 S S5
0 5.0x10 1.0x10 1.5%10 2.0x10 0 5.0%x10* 1.0x105 1.5x105  2.0x10°
S Hz I Hz
PIAN e 00,
(a) 7]‘5]}:%77(0/0 (b) *ﬁ}iﬁﬂéj‘j—(‘lo%
16 —*.\ BRI S L ;i [ ? LB R 2
14 L R=747+3.813x0.997 ° 07— 0 ! e 00—
| R=0.94 @ 150 —-—-15° 22 |\ R=857+10.002%0.99" @ 15 —-—-15°
) o o L \R=095 o o
~ 12+ \\ R=925+15.496%0.99" : 431(5) 22 —_ 20 \ : ig igo
g \\ R=0.71 ., : g 18 \ R=923+24.87x0.99F o 60° 60°
g 10f W ° 60 60 g 16 -\ r-067
< \\ R=897+15.571x0.99" < 4+
B8 Fa W r-nes ® oL '\ RET0146.614x0.99°
SR\ " R=0.99
B ool \ N remensoew 210 0% 0
= lg\.\ O R=0.69 & 8 Fo N \ R=792+3.066x0.99
4 F RN N e T oo | 290 N R=064
LENSRNN R=643+7.103%x0.99 2 "gt\’:l\\.\ R=G85+5.126%0.99"
2L : 5 [ &N R096
— Tl TN
| ) ) : A ——m————)
0 5.0x10*  1.0x10°  1.5x10° 2.0x10° 0 5.0x10*  1.0x10°  1.5x10° 2.0x10°
A% /Hz i /Hz
(c) BHEIR20% (d) BHHIR30%

4

IR AR PR SR LT

Fig. 4 Trend of the resistivity of the test block with respect to frequency
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