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TOm tar: Bai  bao  trinh bay phuwong  phdp  phdn tich song mat  da kénh
(phuong phap MASW), la mgt trong cac phuong phdp dia chan khong pha huy,
khéng yéu cau c6 16 khoan tai khu vic khao sat, dé xdc dinh van toc truyén song
ngang Vs va cdc tham sé dan hoi trong céng tac danh gid nén mong cong trinh xdy
dung. Két qua do dac ciia phwong phdp phn tich séng mdt da kénh dwoc trinh
bay dwoi dang mat cat 1D, thé hién su thay doi van toc truyén song Vs theo do sau.
Két qud phén tich ciia phwong phdp MASW phu hop véi thanh phan thach hoc cua
16 khoan tai khu viee khdo sdt. Sai sé trung binh ciia gid tri Vs theo méi mét do sdu
giira hai phwong phap MASW va down-hole vao khodng 15,5%.

I. MO DAU

Van tdc truyén song ngang Vs la tham s0 quan trong nhét trong viéc danh gia d6 ctmg cua moi
truong dat da bén dudi mat dat, gop phan trong viéc tinh toan cac hé sé dan hodi ciia méi truong,
phuc vu cho viéc thiét ké khang chan cac cong trinh xay dung. Trude day, dé do cac tham s nay,
ngudi ta thuong st dung phuong phap down-hole va cross-hole, ca hai phuong phap nay déu doi
hoéi phai st dung 16 khoan, do d6 viéc do dac tré nén ton kém va thoi gian khao sat kéo dai [7]. Tu
nim 1999, phuong phap phan tich song mit da kénh ra doi, do Tién sy Choon Park (Pai
hoc Kansas, Hoa Ky) sang 1ap, MASW la mét trong cac phuong phap dia chan thim do khong phé
huy cho phép xac dinh van toc truyén song Vs ma khong yéu cau c6 16 khoan tai khu vuc khéo sat,
quy trinh do dac don gian, tiét kiém chi phi va thoi gian khao sat [7]. Tuy nhién, & nudc ta hién
nay van chua c6 mot nghién ctru sau rong nao vé phuong phap MASW nham tng dung vao thuc
té. Do d6, chung toi da tién hanh nghién ctru va chimg minh kha ning tng dung ciia phuong
phap MASW tai mét 15 khoan thudc Quan 9, Tp. H6 Chi Minh. Két qua cia MASW dugc so sanh
v6i két qua ciia phuong phap down-hole va dbi chiéu véi cot dia tang khu vuc.

Il. CO' SO’ CUA PHUONG PHAP MASW

1. Gi&i thiéu

Phuong phap phéan tich song mit da kénh dua vao dic diém phan tin cua song mat
(song Rayleigh). Trong mdi truong bat dong nhat bén dudi mat dat, song Rayleigh lan truyén voi
van toc khac nhau tuong ng voi mdi tan sb khac nhau. Van toc g véi mdi tan s0 goi 1a vén toc
pha. Van tc truyén song ngang Vs dugc xac dinh thong qua moi lién hé gitra van tc pha va Vs [1,
3, 6]. Ngay nay, trén thé gi61, MASW dugc sir dung rong réi trong khao sat dia ky thut va moi
truong, danh gia d6 cing nén mong cong trinh xay dung, khao sat nén dudng, xac dinh ranh gisi
dia chat, du bdo tinh trang sat 16 thong qua khdo sat sy bién d6i cua gia tri Vs theo thoi gian [7].



2. S6ng Rayleigh
S6ng Rayleigh hinh thanh do su giao thoa giita song doc P va song ngang SV khi dén bé mit
ranh gidi tu do (ranh gi6i gitra moi trudng dat da bén dudi va moi truong khong khi trén bé mit).

Phuong trinh truyén song Rayleigh thé hién mdi twong quan giita van téc pha song Rayleigh va
van tdc truyén song khdi Vs, Vp[l]:
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Trong d6: ¢: van tdc pha ciia song Rayleigh; Vs: van tdc truyén song ngang; Ve: van tdc
truyén song doc

Pit & = (c¢/Vs)? va q = (Vs/Vp)?, viét lai phuong trinh (1):
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Modun bién dang truot [4, 6, 8]: G = 0V; (5)
Déi véi moi truong dat da cia vo Trai dat, thuong hé s6 Poisson 6 gia trj 0,25 va q = 1/3,

phuong trinh (2) tré thanh [1]:
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Phuong trinh trén c¢6 3 nghiém sb [1]:
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Xét didu kién bién cho bai toan ham song, nhan nghiém tht 3 (&= 0,8453) [1].
Trong m6i truomg ban khong gian dan hoi, song Rayleigh truyén véi van
téc pha [110] =2V g

3. Phwong trinh véin toc pha va dudng cong vén tdc pha
Xét mot phan 16p c6 bé day H, van tdc truyén séng trong phan 16p 1a V, phuong trinh van

tdc pha 1a mot ham vén tdc pha c theo tin s6 o [ 1 ]:
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Puong cong van tdc pha co ban Gmg véi n = 0, dudng cong van tdc pha bac 1, 2, 3.... tmg véi
cac gia tri n > 1. D6i voi cac gia tri ¢ (o) thuc, mau sb trong biéu thirc (6) phai 16n hon khong.
Tan s& ®cutoff trong Gmg vai gia tri khong ciia mau sd goi 13 tan sd ngudng, khong co gia tri thuce
¢ (w) cho ® < @eutoff (Hinh 1) [1].

Hinh 1. Dwong cong van toc pha co ban (n = () va bac cao (n = 1)

Tan s6 ngudng cta duong cong van téc phabacn [ 1 ]:
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4. Quy trinh do dac, phan tich va giai bai toan ngwoc

Phuong phap phan tich song mat da kénh st dung hé 24 hodc 48 geophones, cach déu nhau,
diém nd ¢ dau tuyen May dia chan s& ghi nhan lai dao dong ciia moi truong dat da duoi dang bang
ghi dia chan. Tét ca cac dang song bao gom song phan xa, song khiic xa, song truc tiép, song mit,..
déu duoc thu nhan trén bang ghi dia chén [3, 7].

Qua phép bién ddi Fourier, bang ghi dia chén duogc bién ddi tir mién thoi gian (t-x) sang mién
tan sb (f-c). Tir d6 xac dinh dudng cong van tdc pha, noi hoi tu nang luong cuc dai cua song mat
dwa vao hinh anh pho séng (Hinh 2b). Trén hinh anh nay, cic dang song khac s€ nam ngoai ving
nang luong cuc dai, bi ¢6 1ap va loai bo trong qua trinh phan tich. Van tdc truyén song ngang Vs
duogc xac dinh théng qua méi lién hé giita van tdc pha ctiia song Rayleigh va Vs [3, 7],

Cac diém trén duong cong van toc pha s& duoc lya chon cho qua trinh giai bai toan ngugc. Két
qua cu01 cung la mat cat 1D thé hién sy thay ddi véan tdc truyén song ngang Vs theo d¢ sau, day
tan sd tir thap dén cao s& cho phép nghién ciru sy thay doi Vs tir sau dén nong (Hinh 3) [3].

Van tdc pha song Rayleigh ¢ duoc xac dinh thong qua ham F [9]:

F (fj, cj, Vs, Vp, p, h)=0 (j=1,2,...,m) (11)



Trong dé: ¢j: van tdc pha song Rayleigh tai tan s fi; Vs=(Vs1, Vsi..Vsn) , Ve=(Ve1, Ve,
Vrn), p=(p1, p2, ....pn) h=(h1, hz, ...,hn): cac véc to ¢ cac thanh phan 14 vén tdc truyén song ngang,
van tdc truyén song doc, mat do va bé déy cua cac phan 16p mo hinh [9].

D61 v6i mot tap gia tri cac tham sb mo hinh (Vs, Ve, p, h) tai mot tan sb fj xac dinh, nghiém
cua phuong trinh (11) s€ la cac gia tri van téc pha. Pbi vai duong cong van toc pha bao gdbm m
dlem 50 liéu s€ co tap hop m phuong trinh (11) dugc dung dé xac dinh cac gia tri van tdc pha tai
cac tan sd fj. Van tc pha song Rayleigh 1a mot ham cua bbn tham sé Vs, Vp, p, h. Tuy nhién, chi
c6 su thay dbi ctia Vs tac dong cha yéu 1én van toc pha song Rayleigh. Do d9, gia tri van toc truyén
s6ng Vs c6 thé duoc xac dinh thong qua céc gia tri van tdc pha song Rayleigh. Ma tran Jacobian J
ctia mo hinh twong tng voi van tc Vs tai tan s fj [9]:
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Goi X=[Vst1, Vsi1...Vsn] 1a véc to gdm n phan tir chtra cac gia tri van toc Vs cia mo hinh Vs, b =
[b1, b2,...,bm] 12 véc to gdm céc gia tri do dac clia van tdc pha song Rayleigh tai m tan sé khac nhau,
ta co [9]: JAx=AD (13)

Trong d6: Ab=b - c(Xo): do sai khac gitra gia tri do dac va gia tri m6 hinh; ¢(xo): van tbc pha
ctia mo hinh twong tmg v6i van tdc truyén song s ban dau xo; Ax: do hiéu chinh dugc tinh toan [9].

Giai phuong trinh (13) thong qua thuat toan t6i uu héa, phuong phap binh phuong tdi thiéu.
Sau mdi vong lap, véc to Ax dugc tinh todn va thém vao cac gia tri cia mo hinh. Qua trinh 13ap sé
tiép dién cho dén khi sai s6 giira s liéu do dac va sb liéu mo hinh (Ab) giam xudng dén mot gia
tri hop ly [2, 9].
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Hinh 4. M6 hinh moi trieang hai phan lap. a) ( ac dweong cong van toc pha: dwomg cong van toc pha
do dac, dwing cong van toc pha mo hinh ban dau va dwomg cong van toc pha mo hinh sau cing cia
qua trinh giai bai toan ngwgc;: b) Mat cit 1D Ve mo hinh ban dau va mat cat 1D Vs sau cung cua
qua trinh giai bai toan ngugc.

Hinh 5. a) May dja chan RAS 24; b) Geophones 10 Hz; ¢) Bia va de go.

Il. ’'NG DUNG THUC TE

Pé minh hoa tinh hiéu qua ctua phuong phap MASW va so sanh voi két qua ciia down-hole,
céc tac gia tién hanh do dac phuong phap nay tai mot 16 khoan, thudc khu vyc du 4n khu cong
nghé cao, Quan 9, Tp. H6 Chi Minh. Hé théng do dac gdm 24 geophones tan s6 10 Hz duoc két
nbi voi may dia chin RAS-24 do hang Seistronix Hoa Ky san xuét, bia c6 khdi lugng 7 kg va de
g6 duoc dung trong khao sat (Hinh 5) Tuyén do c6 d6 dai D=23 m véi cac geophone cach déu



nhau dx=I m, khoang cach tir geophone dau tién dén diém nd 1a x = 5 m, 16 khoan nam giita
geophone 12 va 13 (Hinh 6, 7). Thiét 1ap thoi gian thu soéng t=2 s va budc lay mau At=0,25 ms.
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Hinh 6. So do tuyven do MASW (ngay Y 013, thuoe khu viee die an khie cong nghé cao, Quan 9,

Sm

Ip. Ho Chi Minh): khoang cach gitea cac geophon dy=1 m. Khoang cach nguon x
do dai novendo D23 m

Hinh 7. Lo khoan nam givra geophone 12 va 13 trén tuven do MASW. Lo khoan diege dung trong
khao sar dia chan lo khoan (down-hole) va xac dinh thanh phan thach hoc, mat do dat da thuoc khu vie
die an khu cong ngh¢ cao, Quan 9, Tp. Ho Chi Minh (anh chup ngay 9/12/2014)

Bang ghi dia chan sé& duoc xir Iy bang phén mém Easy MASW cuia Cong ty Geostm (Y). Hinh
anh ph6 song mit thu dugc thong qua phép blen d6i Fourier d6i voi bang ghi dia chan. Trén hinh
anh nay, cac thong tin cua duong cong van tbe pha s& dugc phan tich dé tir d6 xac dinh gia tri van
tdc truyén song ngang Vs trong timg phan 16p dat d4 bén dudi bé mit.

IV. KET QUA PHAN TiCH

Chung t6i sir dung phan mém Easy MASW trong qua trinh phan tich sb liéu. Bang ghi dia chan
chua qua xur Iy gdm 24 geophones duoc hién thi trong phan mem Easy MASW nhu Hinh 8. Ap
dung phép bién do6i Fourler cho bang ghi dia chan tir mién thoi gian qua mién tan sb, chon gi6i han
tan s6 0-40 Hz va vén toc pha 0- 400 m/s d¢ phan tich, hinh anh pho séng mat duge thé hién trong
Hinh 9. Xac dinh duong cong van tdc pha théng qua ving ning lugng song tich trir cuc dai, tir cac
diém cuc dai trén duong cong nay (cac diém xanh dwong), chon cac diém s liéu sir dung trong
qua trinh giai bai toan nguoc (cac diém xanh 14).

Puong cong van tdc pha ban dau ctia mé hinh duoc chuong trinh xay dung dwa vao gia tri cac
cuc dai nang luong trén hinh anh phd séng (Hinh 10). Téng s6 vong lip duoc lwa chon theo mic



dinh cta chuong trinh Easy MASW 1.000 vong va tong sé phan 16p mo6i truong la 9 lop. T1en
hanh qua trinh nghich dao dit liéu cho dén khi vong 1ap hoi tu. Sai sb gitta s liéu mé hinh va sb
liéu do dac sau 1.000 vong lap dat dén gia tri 1,241% (Hinh 11).
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Hinh 8. Bang ghi dia chan (MASW) Hinh 9. Hinh anh phé song mat va dwong cong van toc
pha (ving mau do); = vi tri cac cec dai nang legng;
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Hinh 10. Duwong cong van toc pha mo hinh ban dau (dwang lien nét mau den)
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Hinh 11. Sai s6 gitea so li¢u ma hinh va so ligu do dac thiee té qua cac vong lap



Sau qua trinh giai bai toan nguoc, dudng cong van tbe pha ciia mo hinh cubi cung dugce thé hién
trén hinh anh pho song mit (Hinh 12) va hinh anh mat cat 1D thé hién su thay dbi van tdc truyén
song Vs theo do sau duoc biéu dién trong Hinh 13.
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Hinh 12, Dwong cong van toc pha sau qua trinh giai I8
hai toan ngwgce (dwomg lien nét mau xanh la); m
» vi tri cac cyee dai nang hegmg diege lea chon dé khoi Hinh 13. Van toc truyén song Vs theo do
tao mo hinh ban daw; o cac diém so lieu dwge chon sau ( Easy MASW)

cho qua trinh giai bai toan ngepe (32 diém)

Két qua minh giai cua phuong phéap phan tich song mat da kénh (MASW) cho thdy sy thay
d6i Vs theo do sau: van tdc truyen song Vs tir mat dat dén hon 6 m tuong dbi thap (72-86 m/s)
tuong tng v6i 10p dat sang lap va 16p bun gin mit ¢ trang thai mém xdp. Tir d6 sau trén 6 m dén
khoang hon 15 m, Vs thay ddi tir 257- 360 m/s phan anh van tdc truyén song trong cac phan 16p
Sét.

Vian tdc truyén song doc Vp ¢ thé duoc xac dinh tir nhidu ngudn: xac dinh thoi gian song dén
dau tién clia mat cét dia chan (Hinh 8) va sir dung biéu do thoi khoang (phuong phap dia chan
khuc xa) dé xac dinh vi tri Vp, hodc str dung gia tri Vp dugc do trong thanh 16 khoan (down - hole),

.. Trong bai bao nay, chiing toi str dung gia tri Vp duge do dac trong 16 khoan [5]. Tir cac gia
tri Vs, Vp va mat do dat da (Bang 3), st dung cong thic (3), (4), (5) tinh toan cac tham s dan hoi
clia moi truong: hé sb Poisson, md dun Young va mé dun bién mit cat. Cac két qua dugc trinh bay
trong Bang 1.



Bang 1. Gia trj van tdc truyén séng Vs, Vp va cac tham sé dan hoi

. ok Yo, o s - .
Dide SUU peews: h ¥ W vy SREE e
™ m) @  kgmy MY MY ) G (MPa)
1,99 1,99 0.484 1610 8630 49435 35,60 11,99
3,44 1,45 0,485 1420 7240 41935 22,10 7.44
445 1,01 0,490 1420 8590 602,43 31,22 10.48
6,34 1.89 0499 1940 7190  1.534.15 30,07 10.03
9.25 291 0,487 2000 25730 1.620,60 393,80 132.41
10.26 1.01 0,485 2000 28810  1.668.61 49291 166,00
11.29 1,03 0,481 2000 32050  1.668.61 608,45 205.44
15,27 3,98 0,479 2100 33410 166749 69342 234,41
20.00 4.73 0.476 1990 360,70  1.690,64 764,38 258.91

Bang 2 thé hién két qua do dac gia tri Vs theo phuong phap down-hole [5]. Dé so sanh két qua
cua hai phuong phap phan tich song mat da kénh (MASW) va down-hole, gia tri Vs cta hai
phuong phép nay dwoc vé trén ciing mot do thi trong Hinh 12 twong tmg véi cot dia tng ciia khu
vuc (Bang 3). Sai s6 trung binh ctia gia tri Vs theo moi mét d9 sau ctia hai phuong phap MASW va
down-hole vao khoang 15,5%.



(Cong tac dia chan 16 khoan dy an khu cong
I'p. Ho Chi Minh, Lién doan Ban do Dja chat mién Nam, 2

Bang 2. Gia tri Vs theo phuwong phap down-hole

neghe cao, Quan 9,

015)

Do siau (m) I (ms) Ve (nms)
2 55.75 80.72
4 63.10 57.74
6 77,13 78,15
S8 83.76 223,11
10 90.39 253.21
12 95.30 363.97
14 101,30 308.36
16 106.89 338.00
I8 112,2 360.66

Bang 3. Cot dia ting khu vire khao
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Hinh 14. Van 1oc truven song Vs theo
MASW va down-hole

Phuong phap phan tich song mat da kénh duoc tién hanh tai 15 khoan thudc khu vuc Quéan 9,
Tp. H6 Chi Minh cho két qua vé su phan bd van toc
Vs theo d¢ sau twong d6i chinh xac khi so sanh véi thanh phan thach hoc cua khu vuc va két qua
do trong thanh 16 khoan (phuongphap down-hole).

So véi cac phuong phap dia chin truyén théng down-hole va cross-hole, phuong phap phan
tich song mét da kénh 1a phuong phap dia chin khong pha hity v6i nhiéu wu diém nhu quy trinh
do dac, thu thép, phén tich s6 liéu nhanh va don gian, khong yéu cau c6 16 khoan tai khu vuc khao
sat, cho phép khao sat do cimg cua nén moéng, moi trudng dat da bén dudi mit dat thong qua van
tbc truyen song ngang Vs [8, 10, 11].



Tuy nhién, hién nay tai Viét Nam, phuong phap MASW van chua duoc str dung phd b@én. Do
do, trong thoi gian td1, can nghién clru va xay dung quy trinh cho phuong phap MASW nham giai
quyét cac yéu cau ngay mot gia tang trong linh vuc dia k¥ thuat va moi truong.
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