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Analysis on Dredger Fill Electrical Response Under Additive Electrical Field
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Abstract: With the purpose of the study on change rule of internal charge in soil specimens under differing
circumstances, dredger fill, which was collected from Guangxi Beibu Gulf Economic Zone, was studied in
various parameters, including the absence/presence of the applied DC electric field, different levels of field
strength, soil water content, soil compactness, and degree of desalination. Moreover, through tentatively
simulating the electrical response between thundercloud and earth mass, the triggered lightning mechanism
of rock soil mass was explored. The results show that both additive electrical field and atmospheric electric
field had influence over charge variation of soil, the impact of which would become more significant with
the increasing field strength. Higher soil water content and lower degree of desalination could enhance the
charge variation and conductivity of soil, whilst this action effect would remain stable when soil water
content reached a certain degree. Although soil compactness make some effect for the charge distribution,
its regularity is undefined so far.

Key words: additive electric field; dredger fill; charge; electrical response

UTAEK B T TR IR LA K E BAORBE M A TR B B, B LA B R LR T
B 6 45 05 T 5 2 A R M e O A FRIERN T e R R R R RS RS

I #5 B #3:2013-04-18

EETE :HEHRFFIE4 (51168004 5 )7 1§ [ SR BF 2 35 4x (2010GXNSFD013002) 5 2 F # B 2 $ A B 55 & A0 H
(210162)

TEER A BKZEZ(1970-) . 5, 2 4% 4 S 0f, 328 EF + IR g5+ M FEEREE 00 B 5% » (E-mail) ouxiaoduo@163. com,



http://gks.cqu.edu.cn

82 + REHR YL KB TE

% 36 %

AT R ) L L BEL R A DG PR R L
HH R Z B A E RS . ST, 1A
HEL R 2 0 7 e DR R R 7 ik B A A SR T 5 4
T RO AR R R T R T
SRR R B LR s B g 2 R0 s
FRB AT X P T . FEHEE SR X B i
iy SEBUHL A S 5 H L )8 47 A0 SR F 9T, BT
SRS B IEB B S 5 I RS R
LT THRBEEE T, L34 Bk . H AT E NS
IFE R 32 A v 7 - A v P g R e P S
F A S R R ORI TR
R B LS RO AR (9 FE S F S B LA O
b BRER T4 2 b AR I 20 52 S0 R e 3 04 4 L
b g PN E (BT UK i B U R 1 e
HUI AR T 5 R H i 3R B R S LR i TR 3R
AL I 8] A H P I B L R PR R 3RA B R
R Frwte . LA P AL E T 2 o i X N5k il 4k 7 i

SR g I T X G e Lt AR s 1 v 377 » 9l 3 B AR
FL 7 50 B b AR S K R R A B IR AR L LA
WO+ R A AL LR I B RS I S A
AR 22 16 8y R P D

1 THEHEFSREAE

1.1 &
L1 Asmass BRI ER AP
MU RBLX , NR I L T J 6, £ B4 A
oy B A B . S OK R T . B
TS HILE 1.

WS - 11 AL 2H A S UKL 2% IC il 26 20 ol
2 B 1 P, A 2 AT LA L R oA KT
0.075 mm ) fURL HC BT 5 3R ST 1 5000 ~
8570 U IR I HAE D . A 1 AL IR
SRR R AR Co=2. 01 A R B C,=6. 33,
PMC KT

1 RELITRESH

s A g/ Lt BBERM/  EHERMN/ =AY A
F.7J($/A lLE _3 —5 —1 MPa—!
(g ¢ cm ) e Cmi (10 cm * S ) Pa C/kPa (P/(Q)
25.5 2.68 1.98 1.16 0.42 8.09 0.055 19. 6 35.7

®2 WIELFAAR

iR KN /mm "R/ %
>2.00 2.53
2.00~0. 50 7.96
0.50~0. 25 2.16
0.25~0. 075 57.08
0.075~0. 05 11.96
0.05~0. 005 15. 37
0.005~0. 001 2.94
5% e
; o
< 80 “‘ﬁ\‘\‘\\\ 20 =
=70 30 &=
= 40 e
= 50 50 +
10 60 N
& 30 70 &
& 20 80 =
=10 90 B
= Ywww e TR mon ml00K

ki E A /mm

B 1 WRIE 4 A g% B i 2%

11,2 E#H4H%& LHERSREBRIT DR A
BT i 2 mm B S TS S B AT
KE o ME. 2)Z B+ TR (SL237—
1999) i+ 8 A BT K i IR AT IR £ . 3
UF ) AR ST R TN SR A O i 55 B < 52 2 4

TE R A2 R Y J5T AR AR A0 ) R e AR R
AR, H— 2 bRl Sog e A RN B AR
HERET RS A B RS T — 2 RS £
FEA R AR B 42 15,4 cm. & 18 em. LA
TELEEELA .M 1.2.3.4.5. M4
FAREHEFE 4.5 cm. EEG SRR ANE 2 PR .

P Sy )
o R
-4 o 'J;;g [
&

(a) el L (b) fi%%

B2 THHELE

(c) 5 e

1.2 A/EE

DL E R HL YR (0~ 150 VO AE N L 37 3k IR, 38 R &
By AR A B AR Sy B AR, R 7 A AR A
ELUE AR AR . 9 B i Al 2 TR BE B 20 em, 1
W—2)sm e GRR R BN E 3 ). LR
18 em, b5 AR Z A1 FE B 20 2 cm, N i
TE AR A Al A I A S k. el R R AR TS
5 FL 37 oh L T A A BREE I T B AR I i A [R] R



http://gks.cqu.edu.cn

%1 BRED,F Wd 5 TR L 698 kv 83
Bz, 5 5[] 179 S T 8 9 1 K5 4R AT 1~ 5 By A A 22 TE i

o e

5 - =
l HURET
4
— xR ;. :
—
[ + 2 ey
| 1_fi
++ 4+ +++ +4+ 4+
1ER

20 cm

B3 RRREREE

L3 ABABTRTIE

AR RS A ) # BT  LAE L R 3 BRI A
WIS BT IR R AR A (BB MRy —
JE RE L AT AR AR S A8 A p AT IR . el
SE [F] — R AE AT JCA L 3 1 R HE A i vl 22 L T
BT DL T A P e A A A 22 S 5 A it
SN AR Sl o A R R g i R AR KR
S JEFRACFEBE 73 51 I 5 45 4R B 22 [ fig 42 LA
SIAT R AR IR T A S AR OGP R . B AR R AR
AT -

D[] — A% 7 R i w U O T - A5 B
1 ho T BERAR UG E R EE 1~2.1~3 1~4.1~
5.2~3.2~4,2~5.3~4.,3~5.4~5 Z[A] 1) i
7o HPRCEAAE E 5 Hom i I i R A T — A
FERM BT . WM I 46 5B 10 min JIl E
— BB A5 R AT 2 8] 1) i 3422 B A RR O 5 R v
Yk P AR S AERR 30 min I 5E — U JELEDSE 48 h.

2) VAR 5 B L R A R S RNIR AL AR
JE L E AN ] 26 4 T A Al i e 22 R (H . I E T ik S
1) v o US55 — 2L

2 RBEEREHHN

2.1 BERMMBHEGFTLEHERNBBEFTEL

18 I R 3 i BT P 25 S W AR (B U S 3
PEAT S J5 S — B 20 T e #2500 U, i i 5
U, =U,—U,, it #HEZi s U R UL
ST ¢ 1 AR AR G FR AR R PN SRR A 1 AR 1R
RS U 1 /N 5 1E 97540 W v A 149 B 8l 0 1) 3 i
NEZ4

BRI 43 ) RE 4 7E TE A & 350 V/m
B0 HE 37 TR A s CRR AR 1~ 5) 0 P 350 CRR 4
2~ B, FAREEN 1,90 g/em’, K KR
1706 A8 R A 4% il B Ry 29. 5 °C, HaR 56 i £ 4n
4 iR . IWNEHR AT LUE b E AN S E AT,
PRER 1~5 FHREN 2~4 PR320 IEME , H Bt

KRG 40 h NAEAL I B, 40 h 5 BEA R ER R E , MR
Bt 2~d4 A A i B b 2 R R AR R R AR A
TER IR 1 TR - 4R 5T 1~5 RIHEREE 2~4 B9 R
2535 2 AR+ L B3 6 R 15 4 2B K T 3% 3 /) 5 P AL
WA I AE SR A 20 h NBEAREFREE . 20 h R T 8R
KA R AR A AR RS 1~5 By AR BR EE TR

M BRI 45 R R LA TCAMIN A 5 2 T
A P B LA B AR AR DA 25 S o R P
ZEAETCHME A TR O IE L T A B I R S A T
T UL G AN AETE S LS ] 5 b A P 30 I v A 1 5
J7 1 ) R A% Bl B4R o AR AR RO e 2 . X2
o B AR S AFAE T 1) )R B R UL . b R R OE 1
FL A 32 R 3 A T T 8 LT 1) 0 5 A 7 i £% 5l 5 T
T AN R I T 1 ) b S — e
Nz LA

3802 PAREE A AF R RAT 1~5 i Ly
FEARE 2~4 s BI o pA 90 i v 380 22 B0 P9 3K X M0
I3 —AJ7 T W L 3 (A AE AR BE T R A R A
BEE LT NS B, T B B

250

W 50 A /h

T — 150 H)
----- 1-5(4 %)

— —2-4(KTL)
— 24T

B4 BEEIMEBGZEFETLIENTEZEZRTELE

2.2 AEBHEETTHERNABETEL

RS 5 A [ L 350 BT A A P A Y R
T8 BUFEAT I 5 - PRAST R 377 508 8 X W 3L+ PA 8 H, i
ARBYFE . 5 FhASTRE] HL 3 Y 3 58 43 0 Ol 150,250,
300,350,500 V/m, H &% E 1. 90 g/cm®, & /KK
202 IRBERAESR PR B 29.5 °C o [RIHL I 0 i
T A g CH AR T 1~5) f R 22 AR fl il 2R R 5
N

M5 F S FEAS R SR B RSN A T . R
P ity FEL 34 25 B JR) A A8 A G R 22 S . ROk
Wi, 7E 150 V/m f B HL 3 T 5 b A 9 g e A 0
PR BE BN S FEARAFREE o 20 W IS L X 2 ol T R
I e 3% 5 KA 3 5 R /INEEE L 1 D 1] A R Ak
DAL PR L 7 52 R F 37 9 VR R AR BLARTH L R kAR B
9 3l DRt v 3 2 8 Al PR R R X W B IE T 7E TG
BEE a0 #3573 4 155 00 A PR PR SR A7 AE A BT 72 A 11 v



http://gks.cqu.edu.cn

84 P RAEHRERKRE IR

% 36 %

HFfE)/h
24 48 72 96 120 144 168 192 246 240
—_\
50 k% \
S0\
_-150F sl
Z-200p G
18 -250
2 -300
=350
= -400 'f;‘ 5
—-450 ':_‘:k‘ v N -
~500 \‘\ L - '~
-550 nTwl S=o
-600
-650
~700 -
-750

50
0

~\
A

A
Y.
| -

L3 B

-800

-850

-900

-950

i —— 150 V/m — =250 V/m — - =300 V/m
""" 350 V/m - 500 V/m

5 ARBHEETIHEANBEZZRATUE

WX, YIRSk #) 250 V/m L ER L H
P ME K& B A2 4k . 500 V/m i 2 5 K
JLR 2 350 V/my ZE4 40 HT .« B 3 ) 4 A 3
HL 7 7% 3 E A B 42 E VR L Bl 3 5 Y 3 KL R
L3 A P 2 T R B S PR T A2 B 1 A1 L 3 )
PN TR T Y

2.3 AAGKETIEHERNESBEETEL

XF 5 A RESN BN 350 V/m 1 HL 3, W) 4 HR
WIAEBHI L 3 7 T AS [] 55 7K 356 0 3 £ PN 38 H
f AR AR . HRE S KR B8 10%6.15%0.20% .
25%.30% % 1. 90 g/cm®, M5 & A4 Rl
29.5 °C,

TEIBCHL SRS 1~ 5 A g S 3 17 % 52, L 94
LB & W E 6, NE A AT & KR
RN G R R R X T =P N W ey
IKRALTF 15 %6 ~20 Y6 Z (] iif o 32 56 iy 48 A7 78 Bk R =X
Al MK <15 Y0 I, A A 25 I A8 Ak I
RN AE 0~ —200 mV Z A5, 1fi 24 & KFE o=
20 YOI, ML A2 AR fb i B N 7 0~ — 900 mV
Z IR g, B ARB g i B & TarE . BIRORE .
AR B 7K SRS A A P S FL A 5 e AS K R HA 25 AR AR R
0% WA AR T B R EE R R 7 AR R
MR, R AR K R, X EhFHAENE
fif B #% AR AR BE A T WOAH b e KX Tl
B A, LA S s ST R Ay ) R RS B TE R R AR OK I
PEHEE R . X F & KE 0=20% X5 fh 24450
FL 32 AR bR 2 8 K U B I B 8 7K SR Ak 2 38 KO A
i JC B 44 5 F i 1) B 0 o T A2 1 18t s T AR RS

ZEA T S K R EAGE , J0R 1] FL B K i 38
B2 AR THRA NS . &S KRN TR . LB
JK % 3V B A B Bl L Ok B 22 1Y Ha, e 7 B 0 H

H:—10% ——15% —--20% ----- 25% --30%

B6 TRAKETLHENMBEZERTELE

SR A MBS, 4 P KR AR ST )
JE B (RO S SEN S K L B T 0 AR
HL A 5 3 O W UK  SL UK 1038 2 A
S U

2.4 FRERETLHRBEFEL

BT 350 V/m i85 SRTE 3 BRI 85 520 R 0
S B AL . WL 5 5
0.3.0. 5.0, 8, &K% 17% , 35 5 % 2E % o i JE
29.5 C,

AT 85 9T e 3 o R B 1~ 5) 38
LA I T BT SRR 4 R R o
VP A i L5 LR R 9
0.3 B FFL 9225l 2 15 BRI I B B0 e AT
AN 0. 5 B 0. 8 8 5% BT 5 94 22 Wl )
FEAE—SE 0 AL IR IE (L DT (L T AR . 425
ST U B K AL 028 2 i
P LRI 5 B B R U L DR A
U o R 4 0 T B L 55 4% SR L
AL B A4 1 5 DR 36 5 T SR 20 10 X
BRI IR b T R 5 A 1 R R
FEAED R

100

NI -
sof, , /\lf_ﬁ,@‘~’ =
0

H/mV

-0 120 144

N -100
) -150
5= 200
& =250
=300
R -350
2 400

-450

f: —D=03 ——D=05 ----- D=08

V.. 48 72 9%

!

B7 TRAEXETLGHANBEZERITELE

2.5 FRAKUEETLERNBEETEN

XF R REEATIR AL » AT RIS ADL R 70 W 4 Y
P B AR AT RUHOR SRR B I e 2 (350 V/mo £
JITT S AN TR 3R A B 8 = 1A Py 3 e 47 28 AL 1) 52 0 AL
HEo 4 PP RR AL E (W 4 AR K 20 5 8 23R 73 3l



http://gks.cqu.edu.cn

%14

BRES,F WL 504 TRA LG &G E 85

2,51 % CRIRIE) (2. 19% GR1E 1 ) (1. 05% QR L
3 d).0. 1820 R4k 10 d) , #H R 1Y H B 4333 Ky 0. 87,
1.26.2.71.7.63 Q » m, RIE - E /KB R 17%, 1
FEREE 1,90 g/em’ , BREE R A A il o 29.5 °C,

- AT S R SR BT 1~ 5) B 425 5 4k il 46
K8 s . MEIH AT LUE &4 [ 72 B2 iR AL 5 1Y)
A sy L B4 2 2 R A B[R] A SE T /N S T IR
I 600 h J5 A HE R EF B, RIRIH - AEH
PR KL TIRAE 10 d B/, B IR %
AEAR FEXT AR oA &8 W 35 22 78 A0 HL AT W 2 19 52 ), %)
MR 4 (IR Al T BRI 3 0 13 2% RV T AL K
P R B B AR ALK S PR RE IR S » TR E S
MG E E PR 22 RBESS 0 KAEAE . A6 il
FHAE DT DUE R R R A B R
JIN S XoF AR P S EL A A% B 17 BEL A A T S

100 IR /h
50 120 240 360 480 600 720

i

T — 1 dQ2.19%)  ——%4k3 d(1.05%)
----- RAE10 d(0.18%) - FIRIK(2.51%)

S ARBEALELHAARERZEHTLE

3 #Hit

DFETCHMI L 5 2608 T - WO )9 3 R o 43 32
KA IER LB AT i 3577 10 8 3l DO ff 5 2
.

25 AR A K S VR 2 AT B
TR 37 % WS A P LA RS Bl AR R R R . A
Gy Gy i B A i ) L 5 2 A Al i E K L SR W
HE P AT 4 82 Bl L S AR PR

3IWIH A [ B oK i S IR AR IR
WARER W AR T RPERE. W& K& LR AR IR
JE AR — R L bR T L A A R v A RS Sl B
HL A 2 SR AR A I LB o T R S R X L A R
HL A A% 30 114 52 i ML AR 18 AN B L o AT SR JE IR
IR

e E e ¢
[1]Yoon G L, Park ] B. Sensitivity of leachate and fine
contents on electrical resistivity variations of sandy soils

[J]. Journal of Hazardous Materials, 2001, B84 . 147-161.

[2]Yoon G L, Oh M H, Park J B. Laboratory study of
landfill leachate effect on resistivity in unsaturated soil
using cone penetrometer [ J]. Environmental Geology,
2002, 43. 18-28.

(3 TBRAITL BRAG £t 2, & M d: £ FLBRK B 5 R 0

BB B AR [T, & £ TR A= HE. 2010, 32(5): 780-
783.
Chen R P, Chen W, Wang ] X, et al, Electrical
conductivity of pore water in saturated sand and its
measurement technology [ J]. Chinese Journal of
Geotechnical Engineering, 2010, 32(5); 780-783.

L4 ]z, ok 5, 05, &8, 3 4 BH 38 5 5 R S R 1 TR G

FRABB T ] LR E 4R, 2013, 33(1) . 84-
90.
Liu Z B, Zhang Y, Fang W, et al. Experimental
research on relationship between electrical resistivity
and compactibility of loess [J]. Journal of Xi’ an
University of Science and Technology, 2013, 33(1):
84-90.

L5 ] AW A XU E AL SE 4, 55, - 0 90 4703 v BEL 6 19
R T[T, Tk @S, 2013, 43(3) . 71-74.
ZhaF S, Liu SY, DuY J, et al. Effect of soil grain
composition on soil electrical resistivity [J]. Industrial
Construction, 2013, 43(3): 71-74.

[613FE NN, BN &. 2/ TR EERS LA

RRALRO T ] Mo Bk Y B2 JE R, 2003, 18(1):
151-155.
Guo X J, Liu T, Jia Y G, et al. The study of the
relationship between engineering mechanical properties
and resistivity of soils [J]. Progress in Geophysics,
2003, 18(1) . 151-155.

L7 RS o/ ZMEMG. b R 458 BT L A Hi i By 52

RSB 0. 1~1 GH2)[J]. LA TR 24, 2011,
44(8); 107-110.
Song L, Zhang X J, Li H P. Dielectric constant
measurement and analysis of Shanghai frozen silty clay
(0.1~1 GHz)[J]. China Civil Engineering Journal,
2011, 44(8): 107-110.

[ 8 145t 0 f. T M HL o B8 7K 0k 56 R BB i L
[J]. £ T35, 2011, 25(2); 58-61.

Liu H G, Zeng J. Comparison of soil dielectric
constant-Water content models [ J]. Soil Engineering.
and Foundation, 2011, 25(2): 58-61.

[9]SuJ Q, Wang Z. The two-dimensional consolidation
theory of electro-osmosis [ J]. Geotechnique, 2003, 53
(8): 759-763.

[10] Reddy K R, Chinthamreddy S. Effects of initial from of
chromiumon electroknetic remediation in days [ J].

Advances in Environmental Research, 2003, 7. 353-



http://gks.cqu.edu.cn

86 T RERAE R R % 36 %
365. coupled electrical field-seepage field-stress field []J].

(110 B30, THL, S 2 . 5 i 35 48 F T AR Al 0RE 6 118 0l

Rk B LT, i s s RL 5 B 5T, 2012, 38(1): 96-
101.
Fang Y G. Ding K., Ma Y X. Analysis on the
permeability of fine clay particles under strong electric
field [J]. Sichuan Building Science, 2012, 38(1): 96-
101.

(12] FEHe v, £4). BB RRAES 1] & 2%,
2004, 26(4): 629-632.

Zhuang Y F, Wang Z. Electric charge accumulation
theory for electro-osmotic consolidation [J]. Rock and
Soil Mechanics, 2004, 26(4) . 629-632.

C13] JEHa i, E40. f s [B 45 b 0 St 1h A BE ] L 0. 5 120
2, 2004, 25(1): 117-120.

Zhuang Y F, Wang Z. Study on interface electric
resistance of electro-osmotic consolidation [ J]. Rock
and Soil Mechanics, 2004, 25(1): 117-120.

(147 EMPIC, X 0% B R, 55, - BN I G4
{1 B 92 1] 25 B fE 4 B [T ). 24 & J1 %%, 2012, 33(6):
1904-1911.

Wang L J, Liu S H, Wang ] B, et al. Numerical

analysis of electroosmostic consolidation based on

(L% 15 70

(130 sk T R 3. B Jm ith S 3 38 FRe R PO SCHE O AE
BRZERg T RR PhRE 4y B ). A SN SR A5 M . 2009, 11
(5):8-15.
Zhang Y C, Ding Y K. Seismic response analysis of steel
frames braces with buckling restrained, ordinary and
special concentrically braces [ J]. Progress in Steel
Building Structures, 2009, 11(5): 8-15.

C14] Phadtszm X0 75 . Bl e, 55, 40 45 19 oROAE B9 B0 00 44 B8 23 A7
[J] s 5ReA 5 T2, 2012,29(4) - 112-119.
Sun J Y, Liu Q, Lu Y, et al. Analysis of lateral
resistant performance of steel bound-column [ ] .

Journal of Architecture and Civil Engineering, 2012, 29

Rock and Soil Mechanics., 2012, 33(6): 1904-1911.

[15] Fukue M, Minato T, Horibe H, et al. The micro-
structures of clay given by resistivity measurements
[J]. Engineering Geology, 2006, 54; 43-53.

L16] B afh, E5L kS0, 5. HIETHIE TR B

TERTFMIEB L] B E B R, 2004, 24(5): 519-
523.
Luo Q S, Wang H. Zhang X H, et al. The mobilization
of inorganic ions in soil by the action of non-uniform
electric field [J]. China Environmental Science, 2004,
24(5): 519-523.

[17] Fukue M, Minato T, Matsumoto M, et al. Use of a
resistivity cone for detecting contaminated soil layers
[J]. Engineering Geology, 2001, 60: 361-369.

[18] Rohrs J, Ludwig G, Rahner D. Electrochemically
induced reactions in soils—a new approach to the in-situ
remediation of contaminated soils. Part 2: Remediation
experiments with a natural soil containing highly
chlorinated hydrocarbons [ ]J]. Electrochimica Acta,
2002, 47, 1405-1414.

(m# ZEHH)

(4); 112-119.
C157] e AR 6 [ [0 5% 0k B 6 56 A 2 R, GB/T
228 —2002 4 J& b1 b} 3 b i 56 vk S, 2002.
[16] s AR R [ g 3R 350, v Ao A R L [ ) 50 00 o
5 3 K 2% 5 JR). GB50017 — 2003 M 45 35 [ ST, b
50 EBR HE AL L 2003,

(177 e AR SR A B A £ a3, b A AR 3L [
RS B G 56 K928 B JRT . GB50011 — 2010 gt 54t f% ik
THRLELS]. b« o B A 48 ol i ik, 2010.

(% BEHE



