34(3), 281-286

Tap chi CAC KHOA HOC VE TRAI BAT

9-2012

VE ANH HUONG CUA PIA HINH TOI DAO PONG NEN

NGUYEN CONG THANG', PHAM DINH NGUYEN?
E-mail: thangtrO5@yahoo.com.vn
'Nha xudt ban Khoa hoc Tu nhién va Cong nghé - Vién Khoa hoc va Cong nghé Viét Nam
*Vién Vat ly Dia cau - Vién Khoa hoc va Cong nghé Viét Nam
Ngay nhan bai: 9 - 7 - 2012

1. M& dau

Trong linh vuc dia chin cong trinh, dé phuc vu
cong tac quy hoach va thiét ké Chéng dong dat, cac
nha dia chin can xac dinh dugc cac dic trung dao
dong nén do dong dét sinh ra tai cac vi tri quan tam
[6]. Dé lam duoc diéu do, can phai biét qua trinh
song dia chin lan truyén tir vi tri dong dat co thé
phat sinh t6i vi tri can khao sat. Qua trinh nay c6
thé duoc phan lam hai giai doan: (1) Séng dia chan
lan truyén & phan sau cua Tral Dét, tir vi tri dong
dét phat sinh téi nén da gbc bén dudi vi tri quan
tam. Moi truong truyén song trong giai doan nay
thudng phu hop véi md hinh chung cho khu vuc
hodc toan ciu; (i) Song dia chén lan truyén tir nén
da gbc bén duéi vi tri quan tim t6i mat dat. Moi
truong truyén song trong giai doan nay thuong co
tlnh dac thu dia phuong, dac trung boi mdt so yeu
t6 chi ph01 tru’ong song dia chdn nhu dic diém
phan b va tinh chit vat 1y cua cac 16p dat da bén
trén da gdc, diéu kién dia hinh trén mat [1, 3, 5, 8,
10-14]. Trong cong tac danh gia dd nguy hiém
dong dat cho cac ving phuc vu cong tic quy
hoach, cac nha dia chin thuong dung lai & giai
doan thr nhat néu trén. Tuy vdy, trong cong tac
phan Vung chi tiét dong dit va xac dinh cac tham
s6 dia chan phuc vu thiét k& chéng dong dat can
phai tinh dén nhitng anh huong cla cac yéu tb dia
phuong. Mt trong cac yéu té dia phuong duoc cho
1a c6 anh huong téi dao dong nén 1a didu kién dia
hinh cta mat dat [1, 5].

O Viét Nam, hoat dong dong dét manh mé nhét
thudng dién ra & cac ving mién nui, noi c6 dac thu
vé dia hinh kha phuc tap (xem: Co s¢ dit lidu cho
cac giai phap gidm nhe hau qua dong dat & Vit
Nam cia Nguyén DPinh Xuyén va nnk, 1996 va

[17]. Cho d&n nay, midc di di c6 rat nhidu cong
trinh danh gid d6 nguy hiém dong dat dwoc thuc
hién cho cac d6 thi va cong trinh quan trong &
nudc ta (ching han: Phan ving duy bao chi tiét dong
dat ¢ vang Tay Bic cua Nguyén Ngoc Thuy va
nnk, 2005; Co s¢ dir liéu cho cac gidi phap giam
nhe hiu qua dong dat & Viét Nam ctua Nguyén
binh Xuyén va nnk, 1996; Nghién cuu du bao
dong dat va dao dong nén & Viét Nam ctia Nguyén
Pinh Xuyén va nnk, 2004; [15] va [17] nhung chua
¢6 nghién ctru nao tién hanh danh gi4 anh huéng
ctia diéu kién dia hinh mat dét t6i dao dong nén
(sau ddy goi tit 1a anh huong cua diéu kién dia
hinh). Trong khudn khé bai bio nay, truéc hét
chung t6i gidi thi€u mot phuong phap cho phép
danh gia anh hudng cua diéu kién dia hinh trong
diéu kién cac quan tric vé dia chén & Viét Nam con
rat han Ché do 1a phuong phép md phong qua trinh
lan truyén song dia chén trong khong gian ba chiéu
(3D) str dung cac tinh toan so trén ludi phi cAu tric
[4]. Sau do, ching t6i ing dung phuong phap nay
dé khao sat nhitng bién dong ctia mot truong song
dia chin don gian sinh ra boi mot song phing P khi
thay ddi cac mé hinh dia hinh trén mat mot cach co
hé théng. Muc dich chinh ctia nghién ctru 1a chi ra
nhitng anh huong cua diu kién dia hinh, dong thoi
budc dau thiét 1ap co sé cho cong tac danh gid anh
huong cua diéu kién dia hinh tai nhing vi tri cu thé
& Viét Nam sau nay, phuc vu cong tac thiét ké
chéng dong dat.

2. Phwong phap

Dé danh gia duoc anh huong cua diéu kién dia
hinh, ngudi ta can so sanh bang ghi tin hi¢u dia
chan do cung mdt ngudn phat s1nh ra, cung lan
truyén trong mot moi trudng truyén song, nhung cd
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su khac biét vé dia hinh trén mat noi dat cac may
ghi dia chan. O nhitng khu vyc mién ndi c6 mang
ludi tram quan tric dia chan du day, anh hudng nay
c6 thé thay duoc qua cac bang ghi dao ddng nén
khi dong dét hodc cac vu nd nhan tao 16n xay ra.
Trong truong hgp khong cd duge cac quan tric dia
chin nhu vay, dé danh gia anh huéng cia diéu kién
dia hinh can thuc hién cac mé phong qua trinh lan
truyén song dia chan trong khong gian 3D.

Trong vong vai thap ky qua, cung véi sy phat
trién manh mé cua cong nghé may tinh, nhiéu
phuong phép tinh toan s6 da duoc phat trién phuc
vu mo hinh hoa cac qua trinh lan truyen song dia
chan. Mot s6 phwong phap tiéu biéu c6 thé d& cap
& day gdm c6 phuong phép sai phan hiru han [16],
phuong phap gia phd Fourier [2], phuong phép
phan tir hitu han [9], phuong phéap phan tir phd [7].
Gan day, mot phuong phap két hop gitta phuong
phap phan tir hitu han roi rac Galerkin va phuong
phép st dung cac dao ham bac cao tuy y cho tinh
toan dong chdy (dugc goi tat 1a phuong phap
ADER DG) da duoc xay dung va nhanh chéng ndi
tiéng vi nhung vu diém trong viéc md phong qua
trinh lan truyén séng dia chin trong moi tmong
dan hdi noi chung clng nhu trong moi trudng bét
dong nhit va c6 cu tric phic tap [3-5]. Trong
nghién cuu nay, phuong phap ADER-DG sé& dugc
chiing t6i sir dung dé danh gia anh huong cua diéu
kién dia hinh. Céac giai thich chi tiét vé phuong
phap ADER-DG da dugc trinh bay trong [4]. Mot
s6 uu diém ndi troi ciia phuong phap c6 thé tom
lugc nhu sau: (i) Phuong phap cho phép su dung
lui phi cdu trac 3D hop thanh béi cac phan tir 1
céc hinh khdi bon hogc sau mt dé mo hinh héa cac
chu truc ba chiéu phirc tap; (ii) Phuong phap cho
phep su dung nhiéu dic tinh vat ly (chang han dan
h01, dan hdi - déo chay, dan hdi - x0p, bét dang
hudéng) dé mé hinh hoa xac thuc cac vat liéu dia
chét gan mat dat; (iii) Véi viée str dung xap xi bac
cao tuy y theo khong gian va thoi g1an phuong
phap co thé cung cap cac bang dia chén tong hop
phure tap mot cach xac thuc va c6 dd chinh xac cao.
Nhirng vu diém nay chinh 1a 1y do chung t6i chon
st dung phuong phap dé danh gia anh hudng cta
diéu kién dia hinh trong nghién ctru ndy.

3. Anh huéng ciia diéu kién dia hinh

Nhu d3 néu trén, dé danh gia dugc anh hudng
cua diéu kién dia hinh, chung ta can so sanh tin
hi€u dia chan do cung mdt nguoén phat sinh ra,
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cung lan truyén trong mot moi truong truyén song,
nhung c6 su khac biét vé& dia hinh trén mat noi bd
tri thu séng dia chin. Trong mét nghién ctru trudce
day cua chung toi, phu’ong phéap ADER-DG ciing
da dugc su dung dé khao sat sy khac biét cia cac
biang ghi dia chan gy ra boi mot tran dong dét xa
c6 d0 1on M=6,8 thu duoc tai cac vi tri khac nhau
trong mot pham vi hep trén mot dia hinh vung nui
[5]. Méi trudng truyén song duoc gia dinh 1a ddng
nhét trong nghién ctru néu trén. Két qua thu duoc da
chi ra ring, v6i cac thanh phan ndm ngang tai vi tri &
dinh nui, bién do cua tin hiéu dia chn 16n gip nhiéu
lan bién d6 tin hi€u twong tng ¢ vi tri chan nii. RO
rang, diéu kién dia hinh trén mat 1a mot yéu t6 quan
trong tac dong t6i truong song dia chén.

Trong nghién ctru nay, ching téi cling s dung
phuong phdp ADER-DG nhung nhim t6i muc dich
xem xét k§ hon anh huéng cua mot yéu tb cu thé 1a
muc tuong phan cia dia hinh téi truong song d1a
chin. Dé dat duoc muc tiéu nay, ching toi xuét
phat tor mot mau dia hinh trén mat duogc gia dinh
nhu trén hink 1. Cac mau dia hinh khac nhau st
dung trong nghién ctru nay duoc bién dbi tir miu
dia hinh gia dinh ban d4u nay theo cong thirc:

Zntimm) = Zr(my T T * [Zramn) — Zroopls, (1)

V61 Zrmn 12 0 cao tai nat ludi (m,n) trén mau
dia hinh gid dinh ban dau, Zr,0) 12 do cao tai mot
vi tri trung tdm dugc ky hiéu 1a S3 trén mau dia
hinh gia dinh ban dau, va Zympy 40 cao tai cac nit
ludi (m,n) cua mod hinh dia hinh da dugc bién dbi
tr mau dia hinh gia dinh ban dau tuong trng voi hé
s tpf trong cong thie (1). Sau day, tpf duge chung
t6i goi 12 hé s6 dia hinh. C6 thé nhan thiy ring:
(i) v6i tpf = -1 dia hinh trén mit s& phing va tai tat
ca cac nat ludi déu co do cao bang Zg); (ii) néu
tpf = 0 dia hinh trén mat chinh la mau dia hinh gia
dinh ban dau; (iii) so voi mau dia hinh gia dinh ban
dau muc tuong phan dia hinh s€ tang 1én néu nhu
tpf > 0 va giam di néu nhu —1 < tpf < 0; va (iv) do
cao cua vi tri S3 luon dugc giir khong thay d6i
Zm0,0) = Zr(0,0) VO1 mOi gia tri tpf P& mo hinh hoa
chinh xé4c cac méi trudng truyén song cod bé mit 1a
cac mau dia hinh phuc tap nay, chung t6i st dung
ludi phi cdu trac 3D tao boi cac phan tir 1a cac khdi
tu dién.

Kich thuéc md hinh méi truong truyén song
phia dudi duoc 1iy khoang 60km mdi chiéu. Véi
kich thuéc mé hinh nhu vdy, miac d¢ suy giam
bién d6 dao dong cua truong song dia chin theo



khoang cach tai cac diém thu tin hiéu trén bé mat
¢6 thé coi 1a nhu nhau. Mbi trudng duge gia dinh
la dong nhit v6i mat do p = 2.9g/cm’, van téc
truyén song P va S 1an lugt 1a ¥, = 6600m/s, V, =
3700m/s.

v, (nmis) A A V,, (nm/s) n
0 v: (e || A% v, (s | l“_‘:::
1k V., (nmis) |
-2000 Yo (omis) -2000 z (M) L\M/\J
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-8000 | (b) -8000 | (C)
5 10 5 10
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Hinh 1. (a) MAu dia hinh trén mat gid dinh ban dau
st dung trong nghién cu nay (mau sadm tng vé&i vi tri
cao, mau sang (rng vdi vi tri thap). S1, S2 va S3 |a cac vi
tri sé thu lai tin hiéu dia chan trong cac mé phéng. D6 cao
so v&i mat nwéc bién cla cac vi tri S1, S2 va S3 & day
lan lwot la 1052,6m, 367,5m va 501,8m; (b) va (c): Van
tbc dao dong nén md phéng tai cac vi tri S1 va S2 cho
trweng hop mét séng phang P truyén tr dwéi lén theo
phuong thdng dirng. Ky hiéu x va y &ng véi hai thanh
phan ndm ngang, con z (ng v&i thanh phan thang dirng

Khi danh gia vé dao dong nén phuc vu cong tac
thiét ké chong dong dat nguoi ta thuong quan tim
dén cac dao dong ngang do song S giy ra. Trong
[5] ciing chi ra rang diéu kién dia hinh c6 anh hudng
chu yéu dén cac dao dong ngang. Chinh vi vay,
trong nghién citu nay chung toi chi tip trung xem
xét su thay dbi cia cac song S do tac dong cua diéu
kién dia hinh. Dé 1am rd van dé nay chung toi sir
dung phuong phap ADER-DG dé tinh toan céc

bang dia chén trén mit dia hinh tai toa do ung voi
cac vi tri S1, S2, S3 dua ra trén hinh 1. Nguon phat
dugc gia dinh la mot song phing P thudn tiy co
chu ky troi 1 gidy, truyén tir dudi 1én theo phuong
thdng dung. Theo 1y thuyét, néu dia hinh trén mat
1a bang phang, voi nguodn phat nhu vy cac song S
s€ khong dugc sinh ra va bién d6 tin hi¢u cua cac
thanh phan nim ngang 14 bang khong (Vx = 0; Vy
= 0). Chinh vi vy, cac tin hiéu Vy, Vy néu xut
hién s& 1a chi ddu cho thdy anh hudng cua yéu té
dia hinh. Cac m6 phong lan luot dugc thuc hién
ung véi cac md hinh trén mat khac nhau theo xu
thé ting dan muc do twong phan dia hinh mot cach
hé thdng, dic trung bai cac hé sb dia hinh tpf lan
lugt 1a -1,0; -0,5; 0; 0,5; 1,0 va 1,5. Cac tham s
mo hinh st dung trong cac mé phong duogc dua ra
trong bang 1. Céac tinh todn dugc thuc hién trén
may tinh Intel Itanium2 Montecito Dual Core
(duoc goi la HLRB II) dat & Trung tam dir li¢u
Leibniz tai Garching, Munich, CHLB Durc.

Trudc hét, chung t6i xem xét su khac biét cta
bang dia chdn md phdéng nhéan dugc tai hai vi tri S1
(dinh nui) va S2 (dudi thung liing) cho truong hop
mau dia hinh gia dinh ban dau (hinh I). Do ngudn
phat dugc sir dung 1a mot song phang P thuan tay,
truyén tir dudi 1én theo phuong thing ding nén
bién dd cua cac tin hiéu thu duoc & thanh phﬁn
thing dimg V 1a ndi troi. Két qua thé hién trén hai
thanh phan Vx va Vy ciing phu hop véi két qua
chung toi da cong bd trong [5] ring v6i cac thanh
phan niam ngang tai vi tri ¢ dinh nai bién d6 cua tin
hiéu dia chan 16n hon 15 rét bién do tin hiéu twong
tmg & vi tri chan nui. Tiép theo, chung t6i xem xét
su thay d6i cua tin hiéu dia chn thu duoc tai vi tri
S3, vi tri c6 do cao khong thay dbi trong tAt ca cac
md hinh dia hinh trén mit dugc sir dung. Co thé
nhan xét ngay rang két qua mo phong phi hop vai
du doan 1y thuyét, néu dia hinh trén mat 13 bang
phang (tpf = -1), cac séng S s& khong duoc sinh ra
va bién d6 tin hiéu cua cc thanh phin nim ngang
1a biang khong (Vx = 0; Vy = 0, xem hinh 2). Tuy
nhién, khi d6 cao tai cac vi tri trén mat bat dau co
su khac nhau (nghia 14 ¢6 su tuong phan vé dia
hinh), cac song S s€ duoc sinh ra. Sy twong phan
vé dd cao tai cac cac vi tri trén mat cang lon, bién
d6 song S sinh ra cling cang 16n (hinh 2, 3).
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Hinh 2. Van téc dao ddng nén mé phdng tai vi tri S3 cho trwdng hop mot séng phang P truyén tir dwdi 1én theo phuong
thdng dirng tng v&i cac hé s dia hinh tpf khac nhau (tpf = -1: b& mét tw do la phang; tpf = 1.5: m&c twong phan dia

hinh trén bé mét tw do cao nhét)
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Hinh 3. Sw bién ddi gia tri dinh van tbc dao dong nén PGV
cla cac thanh phan nadm ngang Vx va Vy (dai dién cho
nang lwong séng S sinh ra do diéu kién dia hinh trén mét)

tai vi tri S3 nhw mét ham cla hé sé dia hinh tpf

Bang 1. Cac tham s6 mé hinh st dung trong nghién ciru

Dang luéi

Lwéi phi cAu tric 3D tao

b&i cac phan tir la cac
khoi t&r dién

Kich thwéc phan tir ban dau

Tbc do gia téng kich thwédc phan to
Giéi han cla kich thwéc phan tor
Téng s6 phan t&r

Bac da thirc trong cac phan tir

Sé lwgng bd xt ly

Thoi gian kéo dai cta bang dia chéan
Cac diéu kién bién

Thoi gian tinh cho mét mé hinh

450m
1,2
3000m
~700.000 - 950.000
4
256
~ 22 giay
Bé mét tw do (trén mat),
dong chay vao (day),
tuan hoan (cac mat bén)

36 gior - 54 gioy
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4. Thao luan va két luin

C6 thé thdy rang trén miat dat cic dao dong
ngang da toi cham hon so véi cac dao dong thing
dung (hinh 1). RS rang, cac dao dong ngang khong
phai dugc sinh ra tryc tiép tir nguon phat (song
phéng P). Viée xuat hién cac séng S trén mat dat
trong didu kién ngudn phat 1a mot song phing P
truyen trong mdi truong dong nhit chinh 13 do yéu
tb dia hinh. Hién tugng nay co thé duogc giai thich 1a
do qua trinh phan xa nhiéu lan song dia chén trén bé
mat dia hinh phuc tap, tr d6 gian tiép sinh ra cac
song S (va ca cac song P thir cdp). Khi sy tuong
phan dia hinh cang l6n thi qua trinh phan xa nhiéu
lan song dia chén s& tang 1én, do vay nang luong
song S sinh ra va bi bay trong cdc cau tric gan dinh
nui cling cang 1on. Dleu nay dan t6i su gia tang vé
bién d6 dao dong nén cia cac thanh phan nam
ngang thu dugc tai méit dét trén cac cAu tric nay.

Céc két qua nhan dugc trong nghién ciru nay
dua dén mot sb két luan sau day: (i) Diéu kién dia
hinh trén mat dat 1a mot yéu t6 quan trong c6 anh
hudng dén truong song dia chén; (ii) Diéu kién dja
hinh trén mat dat co xu hudng lam gia tang bién d6
dao dong nén mg véi cac thanh phan nim ngang
tai cac vi tri quanh dinh nui; (iii) Mdc d¢ anh
hudng cia dia hinh trén mat téi truong song dia
chan s& ting 1én hay giam di tuong tng véi muc
tang hay giam d6 tuong phan vé dia hinh.

Trong khuén khé bai bao nay, xuat phat tr y
twong mudn nghién ctru vé dao dong nén phuc vu
cong tac thiét ké chdng dong dat, chung t6i méi chi
tap trung phan tich v& anh hudng cua diéu kién dia
hinh t¢i cac dao dong ngang do song S gay ra. Viéc



phan tich chi tiét sy bién ddi cua cac song P duéi
tac dong cua dia hinh chua dugc thuc hién & day,
mic di vin d& nay ciing hét sirc quan trong va co 'y
nghia trong cong tac khao sat dia chan thim do
phuc vu nghién ctru céu tric. Cac pha song P thir
cép xuat hién & phan dudi cta song P truc tiép
(xem thanh phan V; trén hinh 2) khi mirc tuong
phan dia hinh téng cao, o rang dugc sinh ra do yéu
t dia hinh trén mat (vi moi truong truyén song bén
duéi duoc gia dinh 1a ddng nhit) nhung s€ rat d& bi
nhim sang dang tin hi¢u sinh ra do c6 mdt mat
ranh gi6i phia dudi. Pay s& 1a vin d&& m¢ cho
nhitng nghién ctru tiép theo, sau cong trinh nay.

Céc két qua néu ra trong bai bao da chi ra ring
viéc danh gi4 anh hudng cua diéu kién dia hinh trong
cong tac danh gia nguy hiém dong dat & cac ving
mién nii 1a het strc can thiét. Trong diéu kién cac
tram quan trac dong dat dugc b tri thua nhu ¢ nudc
ta, viéc tién hanh cic mo phong qua trinh lan truyén
song dia chin trong moi truong 3D dé danh gia anh
huong cua diéu kién dia hinh nhu da thyc hién trong
bao cdo nay la mot giai phap hiru hi¢u.

Loi cam on: Tap thé tac gia xin gui 101 cdm on
téi cac déng nghi¢p tai Vién Dia vat ly, Dai hoc
LMU Munich, CHLB Putc di hd trg, cho phép
chiing t6i sir dung cic phian mém va cong cu tinh
todn trong qua trinh thuc hién nghién ctu nay.
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SUMMARY
An Investigation of Topography Effects on Seismic Ground Motions

The paper mentioned the influence of topography of the free surface to seismic ground motions, an important topic in
the field of enginerring seismology, but often overlooked in seismic hazard assessments in Vietnam. The paper also
introduced a method for estimating these effects in Vietnam context that the distribution of the seismic stations is sparse
and the seismic activity is not so high. It is a method to allow simulating seismic wave propagations in three-dimensional
media using numerical calculations in unstructured meshes. The method was then applied to investigate the changes of
a simple seismic wave field generated by a plane P wave when changing the topography model of the free surface in a
systematic way. The main goal of the study was to show effects of topography on seismic ground motions, and initially
set up the basis for future assessments of such topography effects at specific locations in Vietnam to serve anti-seismic
designs. The obtained results show that topography condition of the free surface is an important factor affecting the
seismic wave field. A certain topography leads to an increase of amplitudes of seismic signals for horizontal components
at sites around mountain summits. Such influences increase or decrease correspondingly with the increase or decrease
of the contrast of the free surface topography.

286



