TANG HIEU QUA DO TIM HO TU THAN BANG THIET BI RA PA
XUYEN DAT

T6 Hiru Puc?
Nguyén Chién®

Tom tit: Ho nir than & mét hiém hoa de doa tinh mang va tai san con nguoi. CUNg Véi sw phdt
trién ciia hé thong co sé ha tang, ho tir than xudt hién & Viét Nam ngdy mét nhiéu hon va cé anh
hwong ngay mot nghiém trong hon. Phuong phap hiéu qua nhat hién nay dé xac dinh ho tir than 1a
sir dung Radar xuyén dat, tuy nhién xac sudt van cOn mét s han ché. Bai bao nay trinh bay ban
chdt ciia cong nghé va phirong phdp do, doc s6 liéu nham tang cwong hiéu qua ciia viéc phdt hién

hé tr than.

T khoa: ho ur than, radar xuyén dat, séng dién tir, vdt thé phan xa.

1. D3t vin dé

Sy hinh thanh hé tir than bat ngudn tir nhimg
khoang hé trong 10ng dét do x6i mon co hoc, hoa
hoc hay hoat dong dia chit. Khoang khong gian
nay dugc ndi rdng nhanh chong bdi tac dong cia
nude ngam. Khi khoang hd ndy lan téi gan bé
mat s€ gay ra su sup, lan cuc bo rat 1on trong thoi
gian rat ngin. Sau khi sup, nudc ngam van tiép
tuc hoat dong va c6 thé tiép tuc gy ra sup lin &
dién rong hon néu khong c6 bién phap ngin

Dong chay ban déu

chan. H6 tir than ¢ thanh phd Berezniki (Nga)
sup nim 1986 véi duong kinh ban dau khoang
25m, né tiép tuc lun mo rong toi nay co kich
thude khoang 80m x 40m, déng thoi ha thép dia
hinh khu vyc xung quanh cua thanh phd giy
ngéap lut va de doa mot dot sut thir hai tiép theo.
Trén Hinh 1 18 mé phong mdt qua trinh hinh
thanh hé tir thin do hoat dong xay dung 1am chin
dong nudc ty nhién[1], giai thich hinh dang phd
bién ctia hé tir than 1a dang hd sau.

.

Tén tao dia hinh

Hinh thanh dong chay ngam

Xo61 ngam xuat hién Mo rong

Sut trdn, dong chay tic Lap lai quy trinh

roi duge thong tré lai hudng 1én bé mit

Hinh 1. Qu4 trinh hinh thanh hé #r than do tén tao sin golf Le Petaw, Hokkaido, Nhdt ban

'H§ tur than xuét hién & Viét Nam tir lau va
ngay cang co tan suat xuét hién day dic hon.
Gan day nhat: ngdy 18/08/2012 mét nit sinh tir
nan khi di xe dap dién roi vao hd tir than & Lam

! Pai hoc Thuy loi
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DPong; ngdy 19/08/2012 hé tir than xuit hién
trén duong Lé Van Luong (Ha Noi) huy hoai
duong giao thong; ngdy 23/08/2012 hé tir than
rong hon 3m xuat hién trong nhd dng Bach
KhoangVii ¢ Phu Tho.

Vi vy viéc nam bat mot cong nghé co kha
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ning phat hién hd tir thin tir giai doan ban dau,
dé co6 nhitng canh bao va bién phap xu 1y phl
hop 1a rit cdp thiét. Hién nay cong nghé phd
bién trén thé gii dung dé xac dinh hd tir than 1a
ra da xuyén dat (Ground Penetrating Rada -
GPR). Day la mot thiét bi da ning, co thé duoc
st dung trong cac moi truong 16 rong hoic lién
tuc; vat liéu gd, thép, dat, da, bé téng...; cd thé
st dung dé xac dinh tuyén cap ngam, tim vét
dut gdy, ro ri cua cac cong trinh ngam, xac dinh
hd tir than, d6i tugng khao cd; df’)ng thoi co thé
dua phan doan hinh anh 2D hoac 3D.

Thiét bi GPR dugc nhiéu nhd san xuédt &
nhiéu nudc trén thé cung cip. Do dic thl st
dung song dién tir dai tan radio UHF/VHF nén
nam 2005 Vién tiéu chuan vién thdng chau Au
(Europe Telecomunication Standards Institute)
da dua ra cac van ban quan ly lién quan toi viée
sir dung GPR. O Viét Nam, ngdy 13/01/2012 tai
Thanh phé H6 Chi Minh d4 dién ra hoi thao vé
tmg dung GPR va0 do tim hé tir than.

2. Nguyén tic hoat dong cia radar xuyén
dat

Vé ban chét, GPR 14 thiét bj tric tuyén doc,
sir dung séng dién tir phat vao long dat va doc
thdng tin phan xa tro lai khi di chuyén. Thiét bi
GPR luén bao gom mdt ang ten phat
(transmitter) va mot ang ten thu (receiver) cé
khoang cach cb dinh (dang xe kéo, ddy) hoic
linh hoat (dang coc cam). Trén Hinh 2 1a so db
hoat dong chung cta céac thiét bi GPR. Song ra
da tir transmitter duoc phat xa tryc tiép vao long

Ang ten phat

Ang ten thu
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dat qua diém tiép xtc. Nhitng vat thé phan xa
(VTPX) ngam nim trong ving bao phi cua
song phat xa s€ phan xa lai tdi ang ten thu mot
s6ng phan xa. Do yéu t& ndy nén thiét bi GPR
thuong dugc treo linh hoat trén xe, dé thiét bi
lubn tiép xac v6i dat trong diéu kién dia hinh
map md khi di chuyén. Tuy nhién diéu nay ciing
c6 mot s6 anh huong trong mirc d6 cho phép t6i
su chinh x4c cua hinh anh ra da hién thi. Trén
Hinh 3 1a két cdu cua thiét bji GPR dang xe day.

Thiét bi GPR tric doc hién nay dua vao
khoang thoi gian tir luc phat xa t&i khi nhan
phan hoi dé tinh toan khoang cach tir thiét bi toi
VTPX nam trong dat ma khong dwa hinh anh
2D dua trén goc phét xa va phan xa. Khi xe tién
toi, VIPX roi vao vung bao phu ctua séng phat
Xa s& duoc danh déu trén dd hinh bang diém gon
hodc diém mau tai vi tri thang diémg tir trén
xudng cuia thiét bi v6i khoang cach bang khoang
cach tir thiét bi dén VTPX (theo duong chéo).
Khi xe tién thém, VTPX & gin hon va van tiép
tuc dugc danh diu theo chidu thing ding véi
khoang cach bang khoang céch tir xe dén VTPX
(theo duong chéo). Qua trinh ndy tao ra mot
duong cong parabol dang gon, hodc mau, danh
dau vi tri cia VTPX, v6i dinh parabol 14 vi tri
thang ding tuong tmg ciia VTPX (Hinh 4). Néu
trong 10ng dat co 2 hay nhiéu VTPX song dién
tir thi & ¢6 twong tng nhiéu parabol véi dinh 1a
vi tri thing dung ciia cac VTPX d6, giao nhau
tai diém ma o do6 cac VIPX co clng tong
khoang cach tdi hai ang ten.

Biéu déb tin |\li|;;ll

tai dau thu

Tin hiéu trure ticp

P, Tin hiéu phan hdi
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Hinh 2. So d6 hoat déng thiét bi GPR
Tay kéo

Chét ghép Ac quy Gid ghép man hinh

Khép diéu chinh

Cap hién thi

// Hop thiét bi

Day treo

Cap do chuyén dong

Cép ngudn /

Bo doc
Hinh 3. Cdu tgo thiét bi GPR RD 250i

Khoang d6 sau do tim
hiéu qua cua GPR tuong
d6i rong, phu thudc vao
vat liéu xuyén thau va
tin s6 song dién tir su
dung, d6i véi dat tu
nhién(khong dam nén)
ndi chung thi d6 sau do
tim hiéu qua 1& 1-8m.
Trén hinh 5 la viéc do
tim hd tir than tai dai 10
sb 39, Floria voi thiét bi
st dung tin sd 500
MHz[2]. Thiét bi sir
dung khéng c¢6 man hinh
hién thi va phian mém
dung sin nén phai két
ndi truc tiép voi laptop
dé st dung phin mém
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doc s6 liéu.

3. Nang cao hiéu qua do tim

Mot van dé thuong gip 1a khi VTPX bi che
chin boi mot VTPX khéac co kich thude 16n hon
thi duong parabol s& bi bién dang. Luc ndy viéc
phan doan vi tri VTPX dua vao kinh nghiém va
d6i chiéu v6i cac mat cét theo hudng khac, hoidc
song song V&i mit cit hién tai. Phuong phap
phd bién nhat 14 tién hanh tric doc theo mot
phuong khac di qua vi tri tuong tng véi dinh du

a)

-

S

Hinh 5. DO tim hé #ir than tai 39" Avenue, Florida

doan cua parobol (Hinh 6), néu hai hay nhiéu
hinh parabol bién dang déu c6 xu hudng hoi tu
tai dinh dy doan trc 12 ¢ VTPX ndm tai vi tri
d6. Trong mot s6 truong hop, VTPX che chin
c6 kich thude quéa 1on khién cho khong thé phat
hién VTPX bi che chan du tir goc do ndo. Tuy
nhién tinh hudng nay khéng thuong xuyén dién
ra vi song ra da co6 tinh xuyén thau cao, day 1a
vu diém cta phwong phap sir dung GPR.

~

b)

Hinh 6. Sodo do tim v; tri nghi ngo~: a) Vdt bi che ldap, b) vdt ¢é kich thuéc

Vian dé thtr hai thuong gip 12 VTPX c6 kich
thuge, hodc it nhat 1a c6 chiéu dai trén mat
phang tric dac[3]. Trong truong hop ndy VTPX
s& duogc hién thi béng ca mot mién gon hodc
mau khac biét. Viéc tinh toan kich thuéc VTPX
hoan toan khong d& dang, dugc thuc hién bang
cach tién hanh mot sé tric dac trén céc tuyén
song song(Hinh 6), tir &6 ¢6 hinh anh phan hdi

Clia cac mit phing song song trong 10ng dat,
gitip xac dinh hinh thé 3D cia VTPX. Viéc xac
dinh vi tri cia cac VTPX c6 chiéu dai cit qua
mit phang tric dac nhu tuyén cap ngam, vét nut
cong trinh hay cac 6ng x6i ngugc ciing duoc
thuc hién theo phuong phap nay.Hién tuong
nhidu xa tin hiéu (Hinh 7) ¢6 thé xay ra véi bét
ky vat liéu, dia hinh hay phuong phap do nao su

dung GPR[4]. Tin hi¢u nhiéu xa cang
tré nén phirc tap hon khi dia chit nén
c6 tinh phan 16p cao. Mt ric réi nira
la khdng phdi bao gid song nhiéu xa
ciing c6 tin hiéu yéu hon so voi séng

e =

h

phdn xa

Hinh 7. Nhiéu xq tin hiéu: A — Song truc 1iép; G — Séng
xuyén dat truc tiep; C — Song nhiéu khiic xa, R — S6ng

phan xa can quan tric do séng bi suy
yéu nhanh trong mot s moi trudng
truyén din kém. Vi viy trong céc
d trudmg hop ndy mot sd bo loc tin hiéu
to ra khong hi¢u qua.

Néu nhiéu xa do tic dong tai bé mat
dia hinh, c6 thé giam anh huong bing
cach lam nham dia hinh hodc dat thiét
bi hut, can séng bé mat. Tuy nhién
bién phép ndy s& gy anh hudng nhat
dinh t&i qua trinh hiéu chinh s liéu
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cia phan mém. Dong thoi phuorng phap trén
ciing s& gap han ché néu mudn do tim hé tir thin

dudi bé mat duong giao thong.

Bang 1 Dqc tinh vat ly cua vat ligu[4]

Vit liéu D6 dan suit dién tir (tinh), o(mS/m) Héng sb dién moi, &

Khdng khi 0 1
Sét kho 1-100 2-20
Sét uGt 100-1000 15-40
Bé tong kho 1-10 4-10
Bé tong udt 10-100 10-20
Nudc (25°C) 0.1-10 78-88
Nudc bién 4000 81-88
Granite — kho 0.001-0.00001 5-8
Granite — vun w6t 1-10 5-15
D4 voi — kho 0.001-0.0000001 4-8
D4 voi — u6t 10-100 6-15
Sa thach — kho 0.001-0.0000001 4-7
Sa thach — u6t 0.01-0.001 5-15
Cat kho 0.0001-1 3-6
Cat u6t 0.1-10 10-30
Cét bién — kho 0.01-1 5-10
Dt cat — kho 0.1-100 4-6
DAt cat — ubt 10-100 15-30
DAt mun — kho 0.1-1 4-6
DPAat mun — u6t 10-100 10-20
A sét — kho 0.1-100 4-6
A sét — u6t 100-1000 10-15

Khéc véi ra da binh thuong hoat dong trong
moi trudng khi quyén co cac dic tinh vat Iy 6n
dinh, GPR hoat dong trong moéi truong phirc
tap, 6 tinh phéan 16p nén viéc lya chon sai gia
tri tham chiéu co thé dan téi viéc hién thi sai vi
tri cia VIPX. Vé dic tinh vat Iy cia mot s6 moi
trudng, co thé tham khao gia tri lya chon trong
Bdng 1. Khi dao toi do sau hién thi ma khdng
phét hién VTPX, can thay gia tri bién cua dic
tinh vat liéu dé phan mém tinh ra bién do cua
khoang ma vi tri VTPX nam trong khoang d6.
Trong mot sé truomg hop ¢6 thé iy mau vat liéu
vé phong thi nghiém dé xac dinh dic tinh vat ly.

Ngoai cAc van dé chung néu trén, viéc do tim
hd tir than con ¢ mot tré ngai 1on nita 13 viéc
kh6 phan biét hé tir thin & giai doan hinh thanh
va cac VTPX khac. Khi hé tir than ¢4 turong doi
I6m, c6 thé sut bé mat bat ctr lic nao thi viéc xac

dinh tuong dbi dé dang. Tuy nhién khi hé tir
than cOn nho, nam sau (dang diém) hodc dang
hinh thanh duéi dang x06i dng thi thyc sy rit kho
khin. Cach duy nhét ting hiéu qua do tim l1a doi
mot khoang thoi gian 1-3 ngay rdi do tim lai.
Néu VTPX 1a hd tir thin so khai thi s& co su
phét trién vé thé tich hodc chidu dai, v& gia tri s&
I6n hon nhidu so v6i d6 chinh xac cua thiét bi.
D6 chinh x4c cua thiét bi, Ryes, trong trudng hop
chung duoc xéc dinh bang cong thirc[5]:

R — 3%
res 2Bz, (1)

Trong d6: ¢ — van tdc anh sang (m/s), & —
hing sé dién moi, B — bang tin (s), B = 1/1,
Vi tp— do rong xung (s).

4. Két luan

HO tir thin 1a mot hiém hoa ddi véi con
ngudi va tai san. Hau hét cac hd tir than duoc
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hinh thanh do hoat dong cia nuéc ngam, dic
biét 1a trudc nhimng thay ddi do qua trinh xay
dung va van hanh cong trinh. Boi vay can tap
trung ra soat kiém tra cac dbi tuong, dia diém co
thé hinh thanh hé tir than.

Viéc do tim hé tir thin bang thiét bi ra da
xuyén dat 1a kha thi va tuong ddi tiét kiém do
khong phai pha hay cdu tao dia hinh, dia chat.
Thiét bi quan tric c6 thoi han sir dung lau dai,

TAI LIEU THAM KHAO

lam viéc 1ién tuc, dé sir dung.

Tuy nhién tinh hiéu qua cta phuong phap phu
thudc vao rat nhiéu yéu t6. Trén ddy d& néu ra
nhiing tré ngai chinh trong viéc ap dung phuong
phép radar xuyén dat va mot s6 phuong an khic
phuc, nhim ting hiéu qua cta viéc do tim hé tir
than. Nhin chung phuong phap do tim hé tir than
bang GPR 1a rat c6 trién vong va nén duoc nghién
ctru nhim tién t6i ap dung rong rdi & Viét Nam.

1. Kuwano, R., A case study of ground cave-in due to subsurface erosion in old land fill, in 6t
International conference of scour and erosion. 2012: Paris.

2. Bullock, P.J. and A. Dillman. Sinkhole dectection in florida using GPR and CPT. in
Geophysics 2003 Technical Agenda. 2003. Florida: Florida Department of Transportation.

3. Daniels, D.J., Ground penetrating radar, ed. 2 2004, London: The Institution of Electrical

Engineers.

4. Jol, H.M., Ground penetrating radar: Theory and Application. 2009, Amsterdam: Elsevier

Science.

5. Eaves, J.L. and E.K. Reeddy, Principles of Modern Radar. 1987, New York: Van Nostran

Reinhold.

Summary
IMPROVEMENT IN SINKHOLE DECTECTION
BY GROUND PENETRATING RADAR

Sinkhole is a serious hazzard to life and property. With the development of infrastructure in

Vietnam, sinkhole appeared more frequently and seriously. The most effective and efficient method
to detect sinkhole at early age is using ground penetrating radar. However, in some case, the
accuracy of sinkhole detection is limited. In this paper, a brief introduction about technical
problems and their solution for improvement in sinkhole detection is given.

Key words: sinkhole, ground penetrading radar, electromagnetic wave, reverberating body.
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