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Identifying Rock Condition

ABSTRACT

This study examines how rock condition affects the variation of the chargeability and electrical resistivity of the rock. In the theoretical
study, the relationship correlating chargeability with the variables affecting it is derived. A parametric study utilizing the derived
relationship reveals that the size of narrow pores (7;) is the most influential factor on chargeability, and the salinity of pore water (Cy)
is the second. In the laboratory experiments, small scale rock fracturing zone is modelled using sand stone. Chargeability and resistivity
are measured by changing the size of the joint aperture, the location of fractured zone and the existence of clay gouge and/or clay layer
which shows lower chargeability than the sand stone layer in the multi-layered ground. Test results show that chargeability is controlled
not by the rock fracturing condition but by the size of narrow pore (7;) where each line of current flow passes through. Also, the
chargeability decreases with increase of the pore water salinity (Cy). In conclusion, the ground condition can be identified more
efficiently by measuring the induced polarization along with the electrical resistivity; identifying the existence of sea water, the layered
ground and/or the fractured rock becomes more reliable.

Key words : Rock fracture, Rock joint, Induced polarization, Chargeability, Electrical resistivity

[

=
o] Aol ghike] Ael7h fstel )5 15t 544 (chargeability) 7 71| gkl mlA= JekE Aungiek. o] eiel A Aurel
19 st W WE $4.0 2R S 7P 2 9L vl 89S A Alel

v ) =
- = ©
F2 =] D (rolH, T i 2E 0] A(C) Y-S Bleh A Aei= et dejui(Et)E S4 BAlste], del 54 2

719} =4 A E Al $A] o) wheh S99 v A g Skt Bgh M E TR SRS 7 AFe] BB FAE B9 4
Borth A% Ak, AL 7140 AR(Cy)7t ZrFshH 7haskeit). ek, A3} 52 zhzhe] 4 2(current flow lines)ol A VrER R 2

* uigal ASARS] 3 E R BhAERE (Korea University - smpjh7@korea.ac.kr)
** gyofstnl AEA ] sE 4413 (Korea University - nike@korea.ac kr)
wkx )Y - mEdstal A3 ¥AGY (Korea University - jeehee83@korea.ac.kr)
w289 - WAAR} - Tl ASALS] 87435 w4 (Corresponding Author - Korea University - inmolee@korea.ac.kr)

Received February 22, 2016/ revised April 18, 2016/ accepted May 11, 2016

Copyright © 2016 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




LME

Schlumberger (1920)7} == A4S Ao 2 sk
= 7153 ofF, =2 F7RAE 7 AJekkd et
o de] &) gk& Rt ohe), Askre] A 9 ARPIEE
gefsl= Hlole ARSI BE5 kA HelA sfg 3R]
BAE skt flgk o 2w AREEHATHRoy and Elliott,
1980; Seara and Granda, 1987). o|¢} o] €Ay Edo]
FEd=e vAe 545 o83 dF TPt o] Folxl &h,
OJEF O R s e RS EEl] S1gk G0l A=
o] giti(Marshall and Madden, 1959). Fridrikhsberg and
Sidorova (1961 Fzlste] sF0] A|Axo] 27 A7t A3
o wat bR HE B ARCRIE fERol, A
ol AR} F e 7 Aol el whshe okdalel
SHRE jolo) e vhepdtia Awehs wAP 2E(capillary
model)S A|QFEFTE T3k Titov et al. (2004)E AH3=A
(porous system)oflx] §Jx}e] v E¥} T3PFefol] wE ARRFI S
Frets S AHE] $8 LaS AR, 3P
A= R A2 HESaL Qe FEo| F2 7 F(narrow
passageway)7} =31, B33} Aol A Tl A=
E%(water film)o] F2 Z=7} Hviar A A AollA
v YRt 753 AN S5 o]d dFE vXe
HEE Alole] BARE AfslaL, T30 7P 2 JF= "k
o 712e] Zi7)ea AW vl QtkPark et al, 2015).
o] 7= o] 29| glo}AE Park et al. (2015)9]] &J&+ A4
, AR W =) =719 & A 27
Atolel] TAALE AAfste] ghel 2o] BEgh We =] &
2t 289 o= vehiitt g o224k ol8ste] /e
FEE PR v iTEel tigh D BAE ARk S
el FEES WA= F8 IAE HelRke 24, Adld veRt
AIg T T S o83t Austarat stk A
AoM= ik Uiiol] EAehs detis S4 BAkste], e
A =719k Al 913 wistel whet F/9H A HIARS
Sl sl 3 AAE etk Sds E8eke o
7} o)Folild wl, o] vt FRde) wiAlE FRks AR
e e e e il L P e = e M o v A ==
AR e T3S veiie AR FER 31 BRRIFeA
FE 7 gzl we ks AuEsitt HEAo R, A3z
e} vehd T390 Wzt Fe] fiE o]E2e] AHshe
FHde] st Bt dXJsk=A] Hlaslglon, sS40 % 17
HIA&} 9 S4S S7gste] &8ss 79 L of3lel tish
Bk o

s
a

™

3

494  Journal of the Korean Society of Civil Engineers

Voltage (V)
A

M

Y Time (t)

'min max

Fig. 1. Voltage Decay Curve in Time Domain IP
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Fig. 2. Conceptual Pore Model Inducing Chargeability in Water
Saturated Sands
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Fig. 3. Parametric Sensitivity Analysis for the Variables Affecting
on Chargeability
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HHEA ] ZE)7RYolE EXE AZH500 mm*500 mmx200
mm (W& Z7)sRem, S =ololx Adslee] et 7ksst
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AL oH, SE BARE ] S8 ARES 5Y 37130 mm
x30 mm>200 mm)2 27| Zeksle] ot U] HelE ZARBISITE
A Y 7194 BA} 2 B3RS Ao HES 9 ARSI
o} Bhke] AR 7INIEE BARER oM T AEE S3E]
ZIBl= AR ARBITE ARSE A2 2441E ol & ol
0] 234A7 F A3t

5 mme] 9715Y FEow 24 A9t
Ygslo] RS Bk 4 vehtes AU AHesiark

& shekte] ol uhe g Al Sl el
B =7kE vistelel shaelite] 11980 ke wiske v}
FAI0) 315 ) A 7R F7 9 sk s Tske el

AR Electrode
A M N B
v L 11 | — Surface rock

_ Pa T ; ey X . )
Prmic =~ (10) 500 mm | ST P ETETEETETRTETERETEA— s o cloy fmyer o3
e I AR T e experiment)
f e Filled with water
Eq. (102278, Z3pA]ke] A7H|Aee] d3&& mxl= S or clay gauge
F8 Wge IEE ] A7HAR e, EEe] 71 ! Bedrock
TS Ae] A Holnl, el Aol | o =
Z)3}mE 5 o] Z7}3th= AL o <=
o7k ANk A} H7pIARe] I Al & Fig. 4. Model Test Apparatus Modelling Rock Fractured Zone
gtk Within Intact Rock
Table 1. Types of Experimental Condition
Type 1 Type 2 Type 3
Joint aperture Location of jointed zone, joint Clay layer thickness
Rock . . . . . .
Variable (with/without clay gouge) aperture (with/without surface rock) (in multi layered rocks)
Pore water Tap/sea water Tap water
Rock (soil) type Sand stone, clay (gouge or layer)
Electrode array Wenner (AM= MN= NB= 6 cm)
Measured data Resistivity and chargeability (time domain IP)
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Fig. 5. Measuring Resistivity by Moving the Electrode for Checking
Boundary Effect
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Fig. 6. Results of Boundary Effect Assessment
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Hr(tap water)$} S5 (35%. %) E3} 20N 2k =41tk

Table 20| VRS bt 74 E459] S38E Al A3,
Algte] F5de] HERTE Ou)) oP Gt 23 A = etk
O|ZHE| AR FH& 1] =) 7} HERT A 2R Al
2 i) 53k S SR ko] 1S ] Ft
TP Al s ERAL glow, o= (Gt BV}
s o] sk Fig. 3o vepd 3t & dAjskaL
Uk 3HH, B0 A7 HAES AR, Aleke] A7 M]#|Ete]
FEL Eo vls] vk FA] Ve o= ARte] IFEE(n)0]

Shgot bk Ae mob e AT
uje 7] WjEo 2 Btk w3 RE BHL 4R

B 1T AWK, )0) oPm R Zgshe Aol
3k Ao 2 FEtiEq. (10) FHa).

42 H2| SN Z7Iet 7134 Aol M2 AlB(Type 1)

o] RIS W HE sl ohile] sl 39l Qi) s
b A A7) m)Ae ek Abngich kel
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/MG BAE SR R8P B8 5 9l 1K

Table 2. Characteristics of the Materials Used in Experiments (Water-Saturated Condition)

Water Clay Sand stone
Saturated water Tap water Sea water Tap water Sea water Tap water Sea water
Chargeability Average 1.02 0.45 1.25 0.88 9.71 4.83
(mV/V) Range 0.75 ~1.62 0.41 ~0.56 0.97~2.16 0.80 ~ 1.00 4.90 ~ 13.06 3.63~5.11
o Average 61.13 223 70.13 10.30 287.02 40.04
Resistivity ({2m)
Range 59.02 ~ 63.36 1.78 ~2.37 66.93 ~74.27 9.88 ~10.51 183 ~349 37.41 ~42.00
28 340
o 320 |
A Joint without clay o A Joint without clay
§ 20 O Joint with clay gauge A O Joint with clay gauge
> (Tap water saturation) 'E 300 f (Tap water saturation)
E 16} <
E o) £ 280 ®
g 12 A @ Q ) ] 8 ,E .
Iy s E 260 | N
«®
& R
4 240 | b
0 L L L L 220 L L L L 1 L
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Joint aperture (mm) Joint aperture (mm)
(a) Tap Water Saturation (b) Tap Water Saturation
14 50
12 o
A Joint without clay 40 | A Joint without clay
E 10 O Joint with clay gauge O Joint with clay gauge
= (Sea water saturation) E 30 (Sea water saturation)
E s S ¥
£ ¢ Zwofl o
s a i o} o
= 4t o A X A A
= o) a A Q
3 & R a 6 10 | & 8 a
2
0 L L 0 L 1 L L
0 4 8 12 16 20 0 4 8 12 16 20

Joint aperture (mm)

(c) Sea Water Saturation

Joint aperture (mm)

(d) Sea Water Saturation

Fig. 7. Measured Chargeability and Resistivity by Changing Joint Aperture Size with/without Clay Gouge
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Fig. 8. Measured Value by Varying the Location of Fractured Zone
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