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TOM TAT:

Viéc xac dinh vi tri ha tﬁng ky thuat cong trinh ngém hién hiru dudi duong giao
thong c6 y nghia quan trong trong qua trinh thi cong xay dung nham dam bao an
toan trong qua trinh thi cong x4y dung. Cong nghé ra da xuyén dit (GPR) di duoc sir
dung phd bién trén thé gidi. Tuy nhién, & Viét Nam van chua dugc st dung rong rai.
Bai bao gidi thiéu cong nghé ra da xuyén dat nham xac dinh vi tri thuc cac céng trinh
ngam dudi dudng giao thong bang phuong phap khong pha hiy. Qué trinh khao sat
cong trinh ngam duoc thuc hién bang cac may ra da xuyén dat véi tin sb ang ten tir
200-1000 MHz. Qua trinh khao sat cho thay thiét bi ra da xuyén dat phat hién dugc
vi tri thuc cac ha tang k¥ thuat cong trinh ngdm duéi duong giao thong véi chiéu sau
nho hon hodc bang 2m véi dai tin sb ang ten trén. V4i wu diém khong pha huy két
cau duong va phat hién nhiéu loai cong trinh ngﬁm voi vat liéu khac nhau phuong
phap ra da xuyén dat 13 phuong phap khao sat ha tang k¥ thuat cong trinh ngdm phu
hop hi¢n nay.

Tir khéa: ra da xuyén dat, phuong phap khong pha hity, cong trinh ngdm, ha ting
ky thuat, duong giao thong.

ABSTRACT:

The location of the existing underground technical infrastructure under the road
has an important meaning in the construction process. It helps to ensure safety during
construction. Ground-penetrating radar (GPR) technology has been widely used in
the world. However, it is not widely used in Vietnam yet. This paper introduces
ground-penetrating radar technology to determine the real location of underground
technical infrastructure under roads by non-destructive method. The process of
surveying underground technical infrastructure is carried out by ground-penetrating
radars with antenna frequencies from 200-1000 MHz. The survey process shows
that the ground-penetrating radar device can detect the real position of underground
technical infrastructure under the road with a depth of less than or equal to 2m with

154



the above antenna frequency range. With the advantage of nondestructive the road
structure and detecting many types of underground works with different materials, the
ground-penetrating radar method is a suitable method of surveying the underground
technical infrastructure today.

Keywords: ground penetrating radar, nondestructive method, underground works,
technical infrastructure, road.

1. PAT VAN PE

Khong gian ngam 1 khong gian dudi mat dat duge quy hoach dé str dung cho
muc dich xay dung cong trinh ngdm d6 thi, trong d6 bao gdm cac cong trinh: cong
trinh cong cong ngam, cong trinh giao thong ngam, cac cong trinh ddu mbi ky thuat
ngam va phan ngdm cua cac cong trinh xdy dung trén mit dat, cong trinh duong
day, cap, duong 6ng ki thuat ngdm, hao va tuy nen k¥ thuat. Viéc sir dung khai thac
khong gian ngam c6 hiéu qua, tiét kiém dét dai, bo tri hop 1y cac cong trinh ngdm gop
phan thiic day qua trinh phat trién d6 thi, ning cao chat lugng sdng ctia nguoi dan
va phuc vu phat trién kinh té. Khong gian ngam 1a thanh phan khong thé thiéu trong
khong gian d6 thi hién dai. Cong trinh ngdm khong chi giai quyét mot sb buc xtc vé
ha tang d6 thi hién nay ma trong tuong lai dé d6 thi ¢ thé phat trién theo hudng bén
vitng. Nam 2006, B6 Xay dung di nghién ctru, xay dung du thao Nghi dinh vé Xay
dung ngam d thi va trinh Chinh phu ban hanh tai Nghi dinh s6 41/2007/NB-CP [1]
ngay 22/3/2007 vé xay dung ngam d6 thi. Pay 13 vin ban quy pham phap luit dau
tién quy dinh vé xdy dung ngam db thi cia Chinh phu Viét Nam. Dén nam 2010, dé
khic phuc mot sd bat cap trong thuc t& quan 1y xay dung cong trinh ngam tai giai
doan nay, Chinh phu da ban hanh Nghi dinh s6 39/2010/ND-CP [2] ngay 7/4/2010
vé quan Iy khong gian xay dung ngam d6 thi thay thé cho Nghi dinh s6 41/2007/ND-
CP. Hién nay Ha Noi da lap va phé duyét Quy hoach chung khong gian xay dung
ngam d6 thi trung tdm - thanh phdé Ha No6i dén nam 2030, tam nhin dén nam 2050
theo Quyét dinh s6 913/QD-UBND [3] ngay 15/3/2022. Thuyc té trong qua trinh phat
trién d6 thi vira qua c6 nhiéu cong trinh ha ting k¥ thuat ngdm da duoc xdy dung nhu
cac cong trinh cAp nudc, thoat nude, cap dién, vién thong, chiéu sang, cac tuyén hao
k¥ thuat, tuy nen...ddc biét 1a cac cong trinh giao thong do thi ngdm nhu: hé thong
duong sit d6 thi, ham cho dudng 6 t6, ham cho nguoi di bo, bai dd xe ngam...Céc
phuong phap thi cong cong trinh ngdm chil yéu hién nay dang st dung phd bién ¢
Viét Nam 1a dao mé tir trén mat dat hodc theo phuwong phap dao kin. Trong phuong
phap dao kin c6 ba cong nghé chinh: thi cong bang may khoan khién dao TBM
(Tunnel Boring Machine), thi cong bang cong nghé khoan kich Pipe Jacking va thi
cong bang cong nghé khoan kéo HDD (Horizontal Directional Drilling).
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Hinh 1.3. May khoan kéo HDD

Viéc thi cong cong trinh ngdm bang phuong phap dao kin gbp phan giam thiéu
tac dong dén moi trudng va han ché anh huong dén phuong tién giao thong phia trén
mit dat, tuy nhién trudc khi thi céng bang cac cong nghé dao kin can qué trinh khao
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sat chinh x4c vi tri ha tang k¥ thuat cong trinh ngdm hién hitu dé dam bao an toan
trong qua trinh thi cong. Cong nghé ra da xuyén dat 1 mot trong nhiing giai phap
khao sat khong pha hay ha tang k¥ thuat cong trinh ngam. O Viét Nam, trong céc
nghién ctru trude Tran Anh Diing va cong su di c6 nhimg nghién ctiru bude dau vé
str dung cong nghé ra da xuyén dat trong xac dinh do ban cua dé ba 1at duong sat [4]
va str dung cong nghé ra da xuyén dat hd tro cho qua trinh xac dinh ha ting k¥ thuat
cong trinh ngdm trong qué trinh thi cong khoan kéo bang cong nghé khoan ngang
dinh huéng HDD [5]. Trong bai bao nay tac gia trinh by cong nghé ra da xuyén dat
dé khao sat vi tri ha tang k¥ thuat cong trinh ngam hién hitu duéi duong giao thong.

2. CONG NGHE RA PA XUYEN PAT

Cong nghé ra da xuyén dat (GPR) str dung song dién tir @& xay dung hinh anh
cac vat thé trong cac 16p dudi bé mat. Lop dudi bé mit c6 thé bao gom dat, d4, nhua
duong va cac vat liéu khac. Hé théng GPR phat ra cac xung song dién tir tan sb cao
va phat hién phan hoi trd lai tir cac vat thé bén dudi bé mit. Phan hdi duoc tao ra khi
vat lidu dich khac véi vat liéu chi (vi du: dng PVC trong séi).

|

Hinh 2.1. Thiét bi phdt va nhdn tin hiéu dat trén cing 1 thiét bi

Man hinh GPR hién thi bién d tin hiéu theo do sau (thoi gian) va vi tri cam bién
doc theo mot dudng. Pay duoc goi 1a “Quét thang - Line scan”. Vi ning lugng ra da
btrc xa ¢ dang hinh n6n 3D chir khong phai la chum tia mdéng, hyperbol (hodc chir U
nguoc) 1a phan hoi GPR tir myc tiéu diém nhé hodc myc tiéu tuyén tinh (chéo vuong
gdc) nhu mot dudng 6ng, tang da hodc ré cdy. Song ra da cham vao ddi tuong trude
va sau khi di qua n6 va tao thanh phan xa hypebol c6 thé xuat hién trén ban ghi mic
du d6i twong khong & ngay bén dudi ra da:

ﬁ‘n ﬁ'n ﬁh

Hinh 2.2. Qud trinh do doi twong bang thiét bi ra da xuyén ddt
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Hyperbol duoc xem tot nhit khi cac muc tiéu dudi bé mit duge cit vudng goc (&
mot goc 90 dg). Vi tri thuc cua ddi tuong nam & dinh cua hyperbol.

~ banh hyperbaoi
the hign vj i thye dbi ugme

Hinh 2.3. Phdt hién déi tiwong bang thiét bi ra da xuyén dat
Ra da xuyén dt ghi lai thoi gian song dién tir truyén dén muc tiéu va quay lai; n6
khong do dd sau té1 muc tiéu d6 mot cach truc tiép. Do sau té1 muc ti€u duoc tinh
toan dya trén van tbc ma song truyén dén muc tiéu va quay lai. Dé tinh toan d6 sau:

D = VxT/2

Trong do: D: do sau;
V: van toc song;
T: thoi gian truyén song 2 chiéu.
Duéi day 1a bang cac vat liéu dudi bé mat phd bién va van tdc twong ng cia
chiing. Pay chi 13 mot huéng dan va c6 maot sb thay doi dua trén thuc té 1a c6 thé
c6 mot hon hop céac vat liéu khac nhau trong bé mat. Cho dén nay, ham luong nudc

trong dat c6 anh hudng 16n nhat dén cac gia tri van toc.

Bang 2.1. Vin téc twong wng voi vt lieu duoi bé mat

Vat liéu Van téc (mm/ns) Vat liéu Van téc (mm/ns)
Khong khi 300 P4 am 100
Bang 160 Bé tong 100
Pit kho 140 Mit duong 100
P4 kho 120 Pét am 65
bit 100 Nuée 33

Ra da xuyén dat tmg dung trudng song dién tir & dai tan s tir 10 - 3000 MHz dé
nghién ctru cAu trac va dic tinh dién cia méi truong bén dudi mat dat.




Hé thong GPR gdm céc bd phan chinh: dng ten phat, ang ten thu, khoi diéu khién,
thiét bi hién thi, ngudn dién. Song dién tir s& phat ra tir ang ten phat dudi dang xung,
lan truyén trong moi truong va phan xa lai dng ten thu tai cac mit ranh gidi hodc cac
dbi tuong bi vui 1ap khi co sy thay d6i vé tinh chét dién cia moi trudng. Thoi gian
lan truyén ctia song dién tir lac phat dén lac thu tir vai chuc dén vai ngan nano gidy
dugc dung dé xac dinh do sau cua dbi tuong khao sat. Bg sau khao sat, do phan giai
phu thudc vao tan sé cua dng ten, ning luong truyén va hing s6 dién moi cta dat da
bén dudi be mit.

Cong thirc xac dinh tan so su dung:

=9 v

0/e

Trong d6: 0 - d6 phan giai (mong mudn)

€ - hang s6 di¢én moi

Bang 2.2. B¢ sdu khdo sat phu thude vdo tan sé dng ten

D) sau (m) Tén s6 (MHz)
0,5 1000
1,0 500
2,0 200
5,0 100
10,0 50
30,0 25
50,0 10

Bang 2.3. Tinh chat dién moi ciia mot sé loai vat liéu thwong gap

Vit chit Hiing s6 dién moi ¢
Khong khi 1
Nudc nhat 80
Nuéc bién 80
Cat kho 3-5
Cat uot 20-30
Cat cu0i soi kho 3,5-6,5
Cat cudi soi uot 15-17,5
Dit sét kho 2,5-5,0
Dat sét w6t 15-40
Bun kho 2,5-5,0
Bun udt 22-30
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3. UNG DUNG RA PA XUYEN PAT KHAO SAT CONG TRINH NGAM
DUOI PUONG GIAO THONG

Trong nghién ctru nay sir dung 02 thiét bi ra da xuyén dat, thiét bi so 1 1a may
ra da xuyén dat RIS MF Hi-Mod véi 2 ang ten tan s6 200MHz va ing ten 600MHz
dé khao sat cong trinh trong d6 sau tir 1-2m, thiét bi sé 2 1a may ra da xuyén dat
NOOGIN véi dng ten tan s6 1000MHz dé khao sat cong trinh trong do sdu <Im.

Hinh 3.1. Thiét bi ra da xuyén dat RIS Hinh 3.2. Thiét bi ra da xuyén dat
MF Hi-Mod NOGGIN

Trudng hop dau tién khao sat bang thiét bji RIS MF Hi-Mod, dit liéu dugc thu
thap dudi via hé. Dt liéu dugc thu thap theo mot hudng cho thiy phia dudi co
chuong ngai duong 6ng vo1 dd sau 0,6m tir mat via hé.

Hinh 3.3. Dit liéu thu thdp bang thiét bi ra da xuyén dit RIS MF Hi-Mod

Trudng hop tiép theo khao sat bang thiét bi NOGGIN 1000, dit liéu duoc thu
thap dudi mat duong nhyua. Phia dudi co céng thoat nudc. Dt liu dugce thu thap theo
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mot hudng cho thay cong thoat nudc vudng goc voi hudng chuyén dong. Cong nam
¢ do sau 1m dudi mat duong.

Hinh 3.4. Dir liéu thu thap duoc bc%ng thiét bi ra da xuyén dit NOGGIN

4. KET LUAN, KIEN NGHI

Bai béo trinh bay qua trinh khao sat ha tang k¥ thuat cong trinh ngdm dudi duong
giao thong bang thiét bi ra da xuyén dat. Két qua khao sat cho thay dit liéu thu thap
duoc phan anh dung vi tri thuc ctia cac cong trinh ha ting ngdm duéi két ciu dudng
giao thong.

Duya vao cac két qua khao sat giup cho qua trinh trién khai xay dung cac cong
trinh ha tang k¥ thuat cong trinh ngadm méi tranh duoc cac xung dot va cham véi cac
cong trinh ha ting k¥ thuat cong trinh ngam cii. Pam bao an toan trong qu4 trinh thi
cong xay dung cong trinh.

Phuong phap ra da xuyén dat 1a phuong phap khao sat khong pha hay dit liéu
khao sat dugc nhin théy ngay lap tuc. Phat hién duoc nhiéu loai vat liéu khac nhau
nhu céc vat thé kim loai va phi kim ciing nhu cac khoang tréng bat thuong dudi long
dat. Dit liéu duoc cung cép nhanh chéng va c6 thé bao pht mot khu vuc rong 16n.
Chi phi it ton kém hon cac phuong phap khao sat cong trinh ngam khéc.

Nhu cau khai thac va st dung cong trinh ngdm tai cac do thi ngdy cang tré nén
cap thiét do vay viéc s6 hoa cong trinh ngdm ciing nhu xac dinh vi tri ha ting k§
thuat céng trinh ngdm hién hitu hd tro cho viéc xay dung cac ha tang k¥ thuat cong
trinh ngdm moi dudi duong giao thong 1a can thiét. Vi vay viéc sir dung thiét bi ra
da xuyén dat trong khao sat ha ting k§ thuat cong trinh ngdm ngam duéi duong giao
thong 1a cong ngh¢ hoan toan phu hop./.
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