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Nghi0n ciru x6c dinh khe nrit trong dC

bang thi6t bi diqn da cuc

Do Anh Chungl, Vfl Dric Minh2'*, Nguy6n Vdn Lgir, Ddo Vdn H*tgt

'Vi4, Phdrg tri Miii vd bdo vQ c6ng trinh - Vi€n Khoa hqc Thui' Lqi Vi€t Nam
tDqi hpc Qui5c gia Hd NAi, 144 Xudn Thiry, Hd Nli, Vi€t Nam

NhQn ngdy 4 t}"ng 12 ndm 2009

T6m tit. Bii bdo hinh bdy c6c kt5t qui 6p dpng thit5t bi SuperSting RI/IP vi phAn m6m xn lf sd

lQu Earthlmage 2D dC nghiCn cuu c6c khe ntrt trong thdn d6 bing c6ch tinh to6n c6c m6 hinh lj
thuy6t, c6c md hinh t4o ra trong thqc t6 v6i c6c loai hQ cyc kh6c nhau. Tir d6, chring t6i dd rut ra

c6cki5t luQn v€ hiQu quA 6p dr,rng cria c6c hE cqc e6i vOi viQc tim ki6m c6c khe nuL d6ng thdi tim

ra phuong ph6p ti6n hdnh c6ng t6c ngodi thUc dia sao cho phn hqp vdi cdc dOi tuqng cAn tim kitim.

Cac tt5t qua nay d6 dugc 6p dUng thft nghiQm tr€n khe nut tai vi tri K30+400 de Hiru Hong thuQc

d[a phan xd Sen Chi6u - Son TAy - Ha NOi bing phucng ph6p diQn cla cvc.

1. D{t vdn dG

Oe dam b6o an todn cho hQ th6ng d€ trong

mia mua lfr, viQc x6c clinh c6c An hga trong

thAn vd n6n d6 ld r6t quan trgng trong viQc ilinh

hu6ng girip lya chgn giii ph6p xri l! hiru hiQu

nhirng An hga ndy. MQt trong nhfrng An hqa

trong thdn tt€ ld c6c khe ntrt t6n tai b6n trong

gAy spt, hin vi c6 thi5 vO dd b6t cri hic ndo, d{c

biQt trong nhirng mia mua bdo.

Mgc ti6u dit ra ld ti6n hdnh nghiOn criu khe

ntrt tr6n m6 hinh ly thuy6t, md hinh t4o ra ngodi

thUc ttia vd ki6m nghiQm tr6n thyc tt5 bing thit5t

bi dien da cpc d€ c6 th€ xdy dung phuong phSp

x6c ttinh c5c khe nut tr6n d€ mQt c6cn hiQu q"i
nhAt.

' T6c gid li0n hQ. DT.: 84-4-37450026.
E-mail: minhvd@vnu.edu.vn

2. Qui trinh nghiGn criu If thuy6t vh k6t qui

2.L T{nh todn lqa chqn h€ ctc tdi wu difi vAi

m6 hinh khe ntrt l! thuy€t

Vdi m0 hinh khe nut c6 d4ng via (xem hinh

1), chring t6i ti6n hdnh tinh to6n lli thuy6t cho

c5c loai hg diQn cr,rc kh6c nhau v6i khe ntrt c6

b€ mat tr€n 0 clQ s6u so v6i mat d6t ft) lA 0,3m,

khe ntrt c6 chi€u rQng (d) lir 5cm, khe nut cdm

siu (D) 2m vd nim d 3 dQ nghiOng (o) kh6c

nhau ld 300, 450 vd 900. Khe nut rSng chria

khdng khi n6n c6 cliqn tro suAt cao (p") h L000

Om, nim trong m6i trudng vAy quanh ln dAt

ddp dC c6 tli€n tro suAt (p*,) ld 20Om.

2. L 1 . HC diQn cqc Lrdng cqrc - Ludng aqc

Chring t6i ti6n hdnh tinh lj thuytit cho hQ

<liQn cgc lu0ng cgc - ludng cgc (dipole-dipole)

vdi a:1, n:8 dr,ra tr€n phAn mdm Earthlmage
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2D [] tl6i v6i c6c m6 hinh n€u tr6n. Hinh 2 ld
mQt vi du minh hqa k6t que tinh aOi vOi khe nul
nghiCng 450 (trong dd hinh (a) b kAt qud tinh
thudn; hinh (b) Id kiit qud gidi ngrqc; hinh (c)

ld m6 hinh tinh.

C5c k6t qud tinh to6n bdi to6n thuf,n vdi hQ

cr,rc dipole-dipole tr€n md hinh khe nut dugc

thC hien trong m{t cit iliQn tro nhu sau: Khi cr >

300 thi xuAt hiQn hai dAi di thucrng nghi6ng, dfi
|,1xung qua hinh chi€u cta dinh khe nurt tr6n m[t

ddt; dOng thdi khi u, cdng lon thi di thuong phfa

khdng c6 khe nut cirng 16, tuy nhi6n phia huong
c6m cta khe nut di thucrng v6n bitiu hign rd n6t

hon; khi khe nut c6m dung (a: 900) thi hai
.xpnra oeu ro nnu nnau.

2.L2. He di€n ctrc l[/enner

Chring t6i ti6n hdnh tfnh l1i thuy6t cho h€

di€n cuc Wenner dga tr€n phAn m6m

Earthlmage 2D ddi v6i c6c m6 hinh n€u tr6n.

Hinh 3 ld mOt vf ds minh hqa k6t qui tfnh tt6i
vdi khe nrrt nghiCng 450 (trong d6 hinh (a) ld
':k€t qua tfnh thuqn; hinh (b) h kAt qua giai
nguqc; hinh (c) Id m6 hinh tinh).

Cric ki5t quA tinh to6n bdi to6n thufln vdi h0

cqc Wenner tr6n m6 hinh khe nut dugc the hien

fong mAt cit iliQn rrd nhu sau: Di thuong c6
. 1.....

d4ng 6, khi khe nut nghidng cr < 30" thi kh6ng d6i

ximg md k6o thdnh dai, khi khe nut c6m dung (o

^^o. .... , l= 9U-) thr hoan toan dang o, co v! tn trung vol

hinh chi6u cria dinh khe nr.rt tr6n m4t d6t.

2.1.3. He di€n cvc Wenner - Schlumberger

'^, '.iChring t6i ti6n hdnh tinh lli thuy6t cho hO

cliQn cgc Wenner - Schlumberger c6 a=1, n=8
,l :. -dga tr6n ph6n m6m Earthlmage 2D d6i vdi c6c

m6 hinh ndu tr6n. Hinh 4 ld mQt vf du minh hoa
| !.. .{.kdt quA tinh ddi voi khe nut nghi€ng 45" (trong
d6 hinh (a) td kiit qua tinh thuQn; hinh (b) ta kiit
qud gidi nguo. c; hinh (c) Id m6 hinh tinh).

, 
^.Crlc k6t qud tinh to5n bdi to6n thufn vdi hQ

cgc Wenner - Schlumberger tr6n m6 hinh khe

nut th6 hiQn trong m4t cit diQn tro nhu sau: Df
thudng diQn tro cao c6 d4ng d, khi khe nut
nghi€ng cr < 300 thi c6 dang d6i k6o v€ hucrng

cim, khi khe nut nghi€ng a > 450 thi hodn todn

dang 6.

2.1.4. NhQn xdt chung

^ (. ,t.Doi v6i nhirng d6i tuqng ld khe nut c6 th€

sri dpng c6c hQ cgc dipole-dipole vd h€ cliQn cuc
Wenner-Schlumberger d€ tim ki6m, tuy nhi6n

d! thucrng thC hien rd hon khi do bing hQ cgc

dipole-dipo1e.

2.2. Tinh todn cho h€ cVc dipole-dipole dii vdi
m6 hinh kh' ntrt thay d6i

unring tdi tiiin hdnh tinh to6n cho hQ cgc

dipole-dipole (D-D) aOi vOi md hinh khe ntrt d
tlQ sAu so v6i mat d6t @) thay aOi tri 0,3m d6n

khi ndo kh6ng cdn x6c dinh dugc diii tuqng;
ktre ntrt c6 chi6u rQn,1 (d) ld 5cm; khe nut cim.)"
sdu .D) 2mvd, ndm d g6c nghi6ng cr:45'. Khe
nu1 c6 di6n tro su6t (p") ld 1.000 Om, nim
trong m6i truong vAy quanh c6 diQn trd suAt

(p.) 20Om. Sai s6 k! thuat lit 3%. Hinh 5 ld
mQt vi dr,r minh hqa k6t qui tinh OOi vOi khe nut

,-o
nghidng 45", fi: l,4m <l6i vdi hQ cqc dipole-
dilole

Hinh l. MO hlnh khe nut.
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Hinh 3. Tinh ly thuydt khe nurt nghiCng 45" voi h€ cgc Wenner.
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Hinh 4. Tinh ly thuyiSt khe nut nghiCng 45 0 vdi hQ cgc Wenner - Schlumberger.



D.A. Chung ud nnk. / TrTp chi Koahqc DHQGHN, Khoahoc Tt nhian ad C6ng ngh€ 26 (201'0) 1'-7

E

fo

oo
13
2.6
3.9

oo
1.4
2.9
4.3
5.7

E

o

€

o

1AO

oo
o.a
1.8
3.2

5.O

Synth€tic APparent R€si6tivity Peeudcectld
o.o 3.O 6.0 9.O 12.O 1s o

It6rati6 = €|

a 12-O
lnveded R€sastiwity Sectid

3.O e.o
RMS = O,157o Ndmallz€d L2 = O Ol

Synth€tic Model' Eleakgrdnd Resi3tivity = 20 ohm-m

Hinh 5. Tinh ly thuy6t khe ntrt nghieng 450, h: l,4m tltii vdi h9 cuc dipole-dipole.

K6t qun tinh li thuytit cho hQ cgc D-D v6i

md hinh khe nut n€u tr€n o c6c clQ sdu kh6c

nhau cho th6y vdi khe ntrt o dQ s6u nho hcrn

0,8m thi c6 th€ x6c dinh dugc vi tri vd hudng

"6- 
cfia khe ntrt. O d0 sAu l6n hon tu 1,4 di5n

khe ntrt tAo ra hodn todn

nAt nr5i, do d6 c6 thti x6c

n6 nhmg khdng thC *6c

thi ktit qu6 tinh kh6ng chi ra dugc di thuong cta

khe ntrt.

3. Qu6 trinh thfr nghiQm md hinh tr6n thqc
t6 vdr k6t qui

3. I . M6 hinh vd dia di6m thu nghiQnt

Chring tdi cl6 xAy dpg c6c md hinh khe nut

giting nhu hinh I c6 chi6u sdu, chidu rQng vd

!0. nghieng kh6c nhau tr6n thgc dia. Cu th6:

+ Xdy dUng 4 md hinh khe ntrt t4i Chuong

My - Hd nQi c6 g6c nghi€ng so vdi mat d6t h
600, chidu sdu lm, chi€u rQng khe ntrt 6mm vi
20mm, nim d 3 elQ sAu kh6c nhau (<linh khe ntrt

s6t mdt a6t va cSch mf,t dAt 0,5m; lm). Vi dp

tr6n hinh 6.

15.O 18.O 1.O 21 0

+ Xdy dung 2 md hinh khe ntrt tai XuAn

Mai - Hd nQi, nim vu6ng g6c v6i mat d5t vd

rQng 7cm, sdu 3 vd 4m. Vi dg tr6n hinh 7.

Hinh 7. Hinh 6nh m6 hinh v6t ntrt tai XuAn Mai.

3.2. C6ng tdc thltc dia

- X6c dinh vi tri tuy6n do phir hqp: chring

t6i titin hanh tht nghiQm tr€n c6c khe nut v6i

c6c tuy6n do tu ngodi vi c5ch khe ntrt 40cm,

sau d6 dich c6c tuytin clo vi phia tAm cia khe

nut. m5i budc dich 20cm <t6n khi ndo gi6 trf

tliQn tro su6t kh6ng thay ddi (hinh 8).

Hinh 6. Hinh inh m6 hinh v6t nut t?i Chuong My'
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Ki5t quA kh6o s6t cho th6y gi6 tri ttiQn tro

suAt bitiu ki6n khi tuy6n do dich chuy,Sn tir

ngoii vAo trong cEt qua khe nut tdng dAn tt gid

tri mdi trudng vd 6n dinh khi tuytin do c6t

ngang khe ntrt vd c6ch mdp khe nut khodng

20% chi€u sdu cria khe nut.

- X6,c dinh khoing c6ch thit5t bi thfch hgp:

tir5n hdnh thri nghiQm tr6n m6 hinh v6i khoAng

crlch cgc Uat eAu ld 0,5m vd dugc tbng khoing

cilch cuc l€n 0,5m cho m6i lAn <to ddn khi

khdng cdn x6c itinh ctugc khe ntrt. Kr5t qud cho

th6y v6i kho6ng c6ch cgc nh6 hon chi6u sdu

cria khe ntrt thi vdn c6 th6 x6c dfnh clugc vf tri
cta khe nut. Tuy nhi6n v6i kho6ng o6ch ctrc

cdng lon thi kha ndng x6c clinh chinh x6c vf tri
cria khe ntrt cing kh6.

- X6c <tinh chi6u sdu khdo s6t thfch hgp:

Nghi€n cfu vdi c6c khe nut nim o c6c CQ sdu

kh6c nhau cho thAy: c6 th€ x6c <lfnh tlugc vitri,
cl) nghi€ng khe ntrt khi khe nut nim s6t m[t
eAt. fhi khe ntrt nim sdu hon (bing hoic lon

hon khoing cilch2 cgc ho{c l/2 chi6u rQng khe

nurt) thi chi x6c dlnh clugc di thucmg khe nut c6

dang kh6i.

4. Qui trinh thir nghiQm thqc t6 vdr k6t qui

4.1. Dia diiim vd phuong phdp fidn hdnh

- Eia di0m 6p dpng thri nghiQm clugc ti6n

hdnh tai clo4n K30+400 de Hiru Hdng thuQc dia

phAn xd Sen Chitiu - Son TAy - Hd nQi. DAy li
khe ntrt ddi ch4y dgc theo co phia sdng. Khe

nut niry c6 do4n nut hd ra d6n l0cm, nhtmg

chi6u sAu kh6ng x6c dinh tlugc chfnh x6c. Tpi

<lAy chring tdi ti6n hinh do c6c tuyi5n ngang qua

khe nut.

- fhitit bi tlugc dirng ld hQ thi€t bi dipn da clrc

Super Sting Rl [2] vdi hQ cpc Dipole- Dipole,

kich thudc hQ cgc kh6ng l6n hcm 1m.

--^ ' I ' do duoc b6 tri nhu sau:- hlg tnong tuyen

+ g6 tri c6c tuy6n ngang qua khu vqc c6

khe nut clii x6c ctinh chieu dAi, g6c di5, chi6u sdu

cria khe nut.
. ^,< ,. A+ 86 tr( I tuy€n dgc s5t theo di thulng khe

nut dO x6c tlinh dAy ld khe ntrt dQc lap hay hp

th6ng khe nut.

+ Trong trudng hgp tuy6n do ctugc bd tri
vu6ng g6c v6i thdn d6 thi bat buQc phdi ghi lai

., .1.
sg thay cl6i cria <lia hinh, nhim hiQu chinh sg

6nh hucrng cia ctia hinh d6n ktit quA kh6o s6t.

C6ch xiic tlinh c5c tuyr5n do nhu sau: b6 tri

c6c tuy6n do so bQ vu6ng g6c vdi nhau qua vrhng

c6 khe ntrt. Khi tr€n 2 tuy6n cto ndo d6 c6 bi6u

hiqn di thuong khe nut, thi k6 mQt duong qua 2 d!

thuong ndy vd coi cl6 ld hucrng cta khe nut. Tir tl6

bi5 tri c6c tuy6n do vu6ng g6c.vdi huong cria khe

nut ndy.

Hinh 8: So AO UO tri tuv6n khdo s6t.



4.2. Kiit qud

TuyiSn c'o dgc theo d6 kh6ng th6y c6 di

thucrng tliQn tro cao ndo vd chi c6 di thucrng
!.'

tr6n c6c tuy€n ngang. Tt k6t qt A il6 cho thdy

ddy ld I vt5t nut dQc l$p. Qua tuy6n do ngang

cho thdLy v6t nut ndy nim kh6ng s6u chi khoing
tu 1,5-2m so vdi mit d6t.

5. K6t lufln

1. D6i vdi h€ cgc Wenner

- C6 th€ x6c tlinh clugc chinh x6c vitri cfrng

nhu chi6u sdu cria khe nut

- V6i c6c khe nut c6 dQ nghidng nh6 so v6i
mat d6t (nghi€ng o < 300) thi c6 th€ x6c clinh

tlugc clQ nghiOng cta khe nut.

- Otil vOi c6c khe nut c6 ilQ nghi€ng lcrn (a

> 450) thi chi x5c dlnh dugc vj tri cria khe nut

c

c

@
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Hinh 9. Ktit qud ph6n tich tdi liQu d6 thri nghipm tr6n d6 Htu Hdng, xd Sen Chi6u.
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chr? kh6 c6 th6 x6c illnh ilugc ilQ nghiOng cria

n6.

2. Ddi v6i h€ cgc Wenner - Schlumberger

- C6 thC x5c dlnh clugc chinh x6c vitri cfrng

nhu chi€u s6u cia khe ntrt.

- V6i c6c khe nut c6 clQ nghiOng nh6 so vdi
mflt d6t (nghi6ng u, < 300) thi cfrng c6 th6 x6c

cljnh clugc dQ nghiOng cira khe nut.

- OOi vOi c6c khe nut c6 <lQ nghiOng lon (a
> 450) thi c6 th6 x5c dinh chfnh x6c chidu sdu

vd vj tri cria khe nut, vd c6 thii x6c dinh clugc
lIchi€u nghiEng cria khe nut chr? kh6 c6 th6 x6c

clinh clugc clQ nghidng cta n6.

3. DOi vdi hQ cgc Dipole - Dipole

- Ld hC cgc phi hqp nh6t OC tnao s6t c6c
!l 'tl6i tuqng Id via nghi6ng, md mQt trong c6c d6i
tugng tl6 ld khe ntrt tr€n Cl€, Cl{p

l\.rearued Apptue[t Rerstilj* Prcudoscclrorr

hN€rledRcristliftScction llerab{nr=8 RNIS- 1.9]90 Ll=0..11 Elec[odeSpoDiilg=080n1
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- Khe nut c6 chi6u s6u nh6 :< 40%o so vdi
f .l 

' t. | + '
chi6u rgng cria khe nut thi x6c dinh dugc chi€u

sdu cfing nhu tlQ nghiOng cria khe nut

- Khe nut c6 chi6u sAu cta5n 1.5 lAn chi€u
^ -i.rQng tl6i tugng thi c6 thC x6c tljnh tlugc di

thulng c6 chring nhrmg di thucrng ndy hodn

todn gi6ng vdi di thucrng cria b6t d6ng nhAt.

- Khi chi6u sdu khe ntrt l6n hcm 1,5 l6n
. . x.chidir rgng khe nut thi hodn toin kh6ng xac

dinh ctugc ct6i tuqng.

4. Nhu v{y, qua nghiOn criu cho th6y viQc

d'p dgng hQ thi6t bi dien da cgc hodn todn c6
, -4,hiQu qud cl6i vdi viQc tim ki€m, ph5t hiQn c5c

cl6i tugng 6n hga trong thdn tl6 ld c6c via
nghi6ng, dflc biQt khi sil dr,rng hQ cpc do ld
Lueng cgc - Ludng cgc.
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Researching to detect Fractures in Dike
with Multi-electrode Equipment

Do Anh Chungr, Vu Duc MinL2, Nguyen Van Loil, Dao Van Hungr
I Institute for Termite Control and llork Protection, Vietnam Academy fo,, l[/ater Resources

'Vietnam National (Jniversity, Hanoi, 144 Xuan Thuy, Hanoi, I/ietnam

This article shows results of using Multi-electrode equipment - SuperSting RIIIP and Earthimage
2D software to detect fractures in dike by the theoretical model calculation and practical model

measurements with the defferent electrode affays.

According to these results, we could come to conlusion on the effectiveness of the application of
the electrode arrays for detecting fractures, at the same time finding method of measurement in the

field according to investigation objects. These results of fracture detection after have been tested at

K30+400 of Red River dike at Sen Chieu - Son Tav - Ha Noi with Multi-electrical Resistivitv method.


