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1. Mé dau

Trong linh vyc dia chén cong trinh, viéc danh
gia anh huong cua diéu kién nén t6i dao dong dong
dét (sau day goi tit 1a anh huong cua diéu kién
nén) 1a mot nhiém vu quan trong. Chu ky trdi va hé
s6 khuyéch dai dao dong ctia nén dét 1a hai tham sd
thé hién anh huong nay va ciing 1a nhimg tham s
ma cac chuyén gia mong mudn c6 duge trong cong
tac thiét k& va xay dung khang chin. Mot phuong
phap duogc st dung kha phé bién trén thé gioi hién
nay nhém x4c dinh cac tham s§ nay 1a phuwong
phap ty s6 phd H/V ctia song vi dia chn (sau day
goi tit 1a phwong phap phd H/V; xem [1-15).
Phuong phép cho phép xac dinh chu ky trdi ciia nén
dat mot cach hiéu qua va kha chmh xac [5, 11, 12].
Tuy nhién, viéc xac dinh hé s6 khuyéch dal dao
dong cua nén dét bang phuong phap nay van can
duoc nghién ctru thém dé co thé dua ra dugc két
luan v& mirc d6 tin cay cua két qua nhan duoc [2, 3].

O Viét Nam, phuong phap phdé H/V di duoc
mg dung trong kha nhiéu cong trinh cua Vién Vit
ly Pia cdu: Panh gid nguy hiém dong dit va vi
phan vung dong dat khu vuc cong trinh ddu mi dy
an hd chira nuée Ban Mong, Son La (Pham Dinh
Nguyén va nnk, 2010); Panh gia d6 nguy hiém
dong dét - kién tao khu vuc cong trinh hd chtra
nudc Ban Mong, tinh Nghé An (Pham Binh
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Nguyén va nnk, 2010); Nghién ciru bd sung va
hoan chinh ban d6 phan ving nho dong dat thanh
phd Ha Noi mé rong, ty 1¢ 1:25.000, lap co so dir
liu vé dic trung dao dong nén dat & Ha Noi tng
voi ban db trén (Nguyén Ngoc Thuy va nnk, 2005);
Phan ving du bao chi tiét dong dat & ving Tay Béc
- Viét Nam (Nguyén Ngoc Thuy va nnk, 2005);
Nghién ctru du bao dong dét va dao dong nén &
Viét Nam (Nguyen Pinh Xuyén va nnk, 2004).
Tuy vay, dén nay van chua c6 mot nghién ciru nao
tién hanh danh gia mic do tin cdy cua phuong
phap phd H/V khi 4p dung tai Viét Nam.

Trong khuén kho bai bao niy, chung toi gioi
thiéu co s 1y thuyét cua phuong phap phd H/V va
mot sd két qua phan tich song vi dia chan ghi nhan
tai Ha Noi. Dong thoi, chung t6i tién hanh danh gia
kha ning xéac dinh chu ky trdi va hé s6 khuyéch dai
dao dong cua phuong phap tai mot sO vi tri thude
noi thanh thanh phd Ha Noi bang cach so sanh phd
H/V v6i ham chuyén déi 1y thuyét tuong Ung.
Muc dich chinh ctia nghién ctru 1a xem xét kha
nang tng dung phuong phap phé H/V trong diéu
kién Viét Nam.

2. Co s6 1y thuyét ciia phwong phap phé H/V

Ty sb phd H/V 1a ty sb phd Fourier gitra thanh
phan nam ngang va thanh phan thang ding cua cac
song vi dia chan. Nam 1989, Nakamura - mgt nha



dia chin Nhat Bén - dya trén viéc gidi thich song vi
dia chdn nhu sc')ng Rayleigh lan truyén trong mot
lop don (lop dat x6p) ndm trén nira khong glan lap
day boi da goc phia dudi da cho rang ty ) pho
H/V cho phép danh gia phan u’ng cua nen dat a6i
véi cac sc')ng S [13]. Trong mién tan sb, dao dong
vi dia chin nhu vdy c6 thé biéu dién qua 4 loai
pho pho bién do thanh phin thang dtng, thanh
phan nam ngang cua dao dong tai bé mit cua lop
dét [Vy(o), Hy(®)] va pho bién do cta thanh phin
thang dung, thanh phin nim ngang tai bé mit ciia
da goc [Vi(w), Hy(w)].

Gia thiét réng dao dong vi dia chin duoc tao
b6i cac ngudn dia phuong (b qua céac nguén nhiéu
6 dudi sau), do vay khong anh hudng dén dao dong
cua vi dia chin tai nén da géc. Mat khac, coi thanh
phin thing ding ciia dao dong vi dia chin khong
bi khuyéch dai boi 16p dit trén mat. Nhu vay, hinh
dang phd cua nguén vi dia chin A(w) c6 thé duogc
uée lugng nhu 13 ham cua tan s6  theo ti s6:

Ay(0) = Vy(0)/Vy(0). (D

Trong linh vuc dia chin cong trinh, 4nh huong
ctia nén dit S dugc xac dinh bai ti s6 phd bién do
giita thanh phan nim ngang cua dao dong tai nén
d4a gbe va trén mit:

Se(®) = Hy(w) /Hy(®). 2)

Ti s0 pho Sy biéu dién anh hudng cta diéu kién
nén da duoc cai bién so voi Sg cling s€ tuong
duong khi dugc bu bdi pho nguon vi dia chan Ag:

Sm(@)=Se(@)/Ayw)=[Hy(@)/Hy(@)]/[V(©)/Vy(®)]
= [Hy(®) /Vy(@)]/ [Hy(0) /Vi(0)] .

Nakamura (1989) da kiém tra béng thuc nghiém
qua cic ban ghi dia chan thu duoc trong cac 16
khoan va rut ra rang:

Hb((O) /Vb((O) =1.
Do doé:
Sm(w) = Hy(w) / Vy(w). “4)

Chinh tir cong thirc nay, Nakamura da cho ring
anh huong cua diéu kién nén c6 thé duoc xac dinh
béi ti s6 phd bién do gitta thanh phin nim ngang
va thanh phan thing ding cta dao déng vi dia chan
[13]. Theo Nakamura, cac thanh phan thang du’ng
da cho phép loai bo ca cac anh hudng nguon nhidu
va anh hudng cua song Raylelgh Do vy, phd H/V
¢6 thé xem nhu mot ham chuyén ddi thuc nghiém

dai dién cho moi truong dia chét trén mat. Déng
thoi, chu ky cong hudng co ban cia nén dét duoc
xac dinh 1a chu ky ung véi gia tri bién d cuc dai
clia phd H/V. Tuy vdy, nhiéu nha dia chin chau Au
(ching han [2, 3]) cho ring d9 tin cdy cua phuong
phap Nakamura phu thudc nhiéu vao dia diém khao
sat va can duoc nghién ctu k§y hon, dac biét trong
viée xac dinh hé sb khuyéch dai bién do dao
dong nén.

3. Mt s6 két qua phan tich séng vi dia chin ghi
nhin tai Ha N¢i theo phwong phap pho H/V

Phuc vu muc ti€u xem xét do tin cdy va kha
nang ung dung phuong phap phé H/V trong didu
kién Viét Nam, trudc hét chung t6i tién hanh do
ghi séng vi dia chén tai mot sO dia diém trén dia
ban noi thanh Ha Noi. Phé H/V cua song vi dia
chin tai cac vi tri nay s€ duoc tinh todn va phan
tich sau day.

3.1. Dia diém khdo sit

Chuing t6i chon hai dia diém trong khu vuc ndi
thanh Ha Noi 1a dia diém xdy dung hai cong trinh
dan dung - mét thudéc quan Ba Dinh (sau ddy goi
tit 1a D1) va mdt thuoc khu d6 thi Ciputra - quan
Tay Ho (sau day goi tit 1a D2) - dé tién hanh do
ghi song vi dia chdn phuc vu nghién ctru nay. Tai
day, cong tac khao sat dia chét cong trinh da duoc
tién hanh dap Gng yéu cau cong tac xay dung, do
vay sb liéu vé didu kién nén dit 1 c6 sin. Nhiing
thong s6 dai dién cho dic diém nén dit tai cac dia
diém khao sat can cho nghién ctru nay dugc ching
t6i tong hop tir bao cdo khao sat dia chat cac cong
trinh néu trén va tom tit trong bdng 1.

Bang 1. Mét sé tinh chat co ly cua cac I&p dat tai cac
dia diém khao sat

ST upok P Tk e
— Cho dia diém D1
1 Sétbui 115 167.3 1.87
2 Cétphalin sét 32 225.0 1.88
3 Céthatnho 15.8 289.0 1.88
4 Céatsét 45 240.0 1.90
5  Cudisdi 60.0 404.0 2.10
6 Dagbe . 1500.0 250
Cho dia diém D2
1 Sétdéocimg 10.0 240.0 1.88
2 Cétchat 21.0 270.0 1.88
3 Catlan cudisdi 55 330.0 2.00
4 Cudisdi 59.0 404.0 210
5 Pagbe - 1500.0 250
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3.2. Thiét bi do ghi

Thiét bi chiing t0i sir dung dé ghi nhan cac dao
dong vi dia chan 13 loai mdy ghi s0 c6 dai dong lyc
cao Altus-K2 két n01 v6i ba dau do SS1 ghi vén toc
dao dong cua nén dit & ca ba thanh phin
thing dimg, bic nam va dong tay. Cac thiét bj nay
do cong ty Kinemetrics cia My san xut
(http://www kinemetrics.com/p-37-Products.aspx).

3.3. Do, ghi séng vi dia chin

Cong tac do ghi séng vi dia chan di dugc thuc
hién tai hai dia diém néu trén. Ung v6i mdi dia
diém, ching toi tién hanh ghi song vi dia chén tai
ba vi tri, m§t dGng ngay tai vi tri hd khoan dia chét
cong trinh (vi tri a) va hai vi tri con lai ddi dién
nhau qua vi tri hd khoan (vi tri b va c), cach hd
khoan tir 30m dén 45m. Tai mdi vi tri, song vi dia
chén duoc ghi ¢ ca ba thanh phﬁn, do lap lai ba lan
0 ba thoi diém khac nhau. Trong qua trinh do ghi,
chung t6i b gang tranh toi da anh huong ciia cac
nguon nhidu & gan. Nhing truong hop khong thé
tranh s€ dugc ghi chi vao s6 nhat ky, sau dé sé
duoc loai bo trong qua trinh xir 1y sb liéu. Toc do
ldy mau dwoc dat cho toan bd qua trinh do ghi la
100 mau/giay.
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3.4. Xir ly 56 liéu

V6i mdi thanh phan song vi dia chin (thing
dung, béc nam hodc dong tay) do ghi duogc tai mdi
vi tri, chung t6i chon ra cac doan c6 bién do déng
nhét v6i chiéu dai 20 gidy dé tinh phd. Pho Fourier
mg v6i mdi doan nay dugc lam tron bing cira so
Hanning. Pudng trung binh ciia tit ca cic phd nay
dugc xem la duong dai dién cho thanh phan séng
vi dia chan dang xtr Iy. Ty s6 pho H/V dai dién cho
mdi vi tri khio sat duoc x4c dinh theo cong
thirc sau:

\/Hm(a))*Hsz(w)
V(@)

H/V = ,

trong d6 Hg (), Hy(o) 1an luot 1a phd dai dién
cho cac thanh phan bac nam V%l dong tdy, Vg(om) 1a
pho dai dién cho thanh phan thang dung.

Két qua xtr ly, tinh toan phd H/V cho céc vi tri
khao sat dwoc thé hién trén cac hznh 1 va 2. Gia tri
chu ky cong huéng co ban cua nén dat tai cac vi tri
khao sat xac dinh theo phuong phap nay dwoc téng
hop va dua ra trong bdng 2.

1

10
Period (s) (D)

Hinh 1. Phan bd van tbc truyén séng S va mat do cla cac I&p dét tai dia diém D1-a (A) va so sanh ham chuyén di
ly thuyét tai d6 véi phd H/V nhan dwoc tai cac vi tri: D1-b cach hd khoan 30m (B); D1-a ngay tai vi tri hd khoan (C);
va D1-c cach hb khoan 30m (D)
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Hinh 2. Phan b van téc truyén séng S va mat do cta cac I&p dat tai dia diém D2-a (A) va so sanh ham chuyén doi
ly thuyét tai d6 v&i phd H/V nhan dwoc tai cac vi tri: D2-b cach hé khoan 45m (B); D2-a ngay tai vi tri hd khoan (C);
va D2-c cach hb khoan 40m (D)

Bang 2. Két qua phan loai nén dat tai cac vi tri khao sat

Phan loai nén
theo két qua

Chu ky céng hudng Phan loai nén

1 D1-a 0.98 Loai 4 (d4t xbp) Loai 4 (dat x6p)
2 D1-b 0.8 Loai 4 (d4t xbp) Loai 4 (dat xbp)
3 D1-c 1.0 Loai 4 (g4t xbp) Loai 4 (dat xbp)
4 D2-a 0.85 Loai 4 (d4t xbp) Loai 4 (dat xbp)
5 D2-b 0.88 Loai 4 (d4t xbp) Loai 4 (dat x6p)
6 D2-c 1.0 Loai 4 (g4t xbp) Loai 4 (dat xbp)

Trudce hét, chung t61 danh gid so by gia tri chu
ky cong huong co ban ciia nén dat xac dinh theo
phuong phap pho H/V bang cich sir dung tiéu
chuin phan loai nén cua Nhat Ban ([10] bang 9,
trang 92). Tiéu chudn nay dua ra mdi lién hé giira
chu ky cong huong co ban va loai nén dat dugc
dinh nghia theo dac diém dia chat cong trinh cua
nén dat dy. Voi cac gia tri chu ky cong huong co
ban xac dinh tur phé H/V loai nén dat tai cac vi tri
khao sat duoc xac dinh va dua ra trong bang 2. Két
qua nay phi hgp voi phan loai nén theo tai lidu dia

chét cong trinh (xem bang 1 va 2). Phan tich so bo
ban dau cho thy, chu ky cong huéng co ban cua
nén dit x4c dinh theo phuong phap phd H/V tai Ha
Noi phu hop kha tdt voi két qua nghién clru trude
d6 cia Nhat Ban. D& xem xét ky hon vé phuong
phap nay chung toi tiép tuc cac danh gia dinh
luong hon trong muc sau day.

4. banh gia kha niang ung dung phuong phap
pho H/V tai Ha Noi

Dé danh gia ky hon tinh tin cdy cua phuong
phap phd H/V khi ap dung tai Ha Noi, dic biét 1a
xem xét kha nang xac dinh hé s6 khuyéch dai dao
dong nén khi st dung phuong phap nay, ching t6i
tinh toan ham chuyen ddi 1y thuyét tai cac vi tri
khéo sat dd néu rdi so sanh véi cac dudng phd H/V
thuc té. Vi diéu kién dia chét trén mat tai céc vi tri
khdo sat 14 cac 1op dat trdm tich co dac diém phan
16p ngang nén ham chuyén doi ly thuyét cho cac vi
tri khdo sat s&€ duoc tinh toan trén co s¢ giai bai
toan truyen song trong moi truong phan 16p ngang.
Phuong phap xac dinh ham chuyén d6i 1y thuyét
cho méi trudng phan 16p ngang da dugce trinh bay
trong [15].
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Str dung thong tin dia chét cong trinh tai cac vi
tri khao sat dua ra trong bang 1, &p dung co so ly
thuyet néu trong [15] chung t6i tinh dugc ham
chuyén déi ly thuyet tai cac vi tri khao sat. Cac so
sanh ham chuyén dbi 1y thuyét nay véi duong phd
H/V tuong g duoc thé hién trén cac hinh 1 va 2.

Céac két qua dat duoc néu trén cho thiy anh
huéng cua diéu kién nén thé hién qua phdé H/V
nhin chung c¢6 su phu hop véi két qua tinh toan 1y
thuyét trong didu kién dia chit tai hai dia diém cu
thé tién hanh khao sat. Sy phu hop ting 1én d6i véi
cac diém do ghi vi dia chin ngay tai vi tri hd
khoan, noi $6 liéu dia chét cong trinh duoc str dung
lam d4u vao cho cac tinh toan ham chuyén d6i ly
thuyét. Cu thé:

- Tai vi tri cac hd khoan (hinh 1-C va 2-C), gia
tri chu ky cong huéng co ban xac dinh bing
phuong phap phd H/V 1a khé chinh x4c khi so sanh
v6i két qua nhan duoc tr ham chuyén déi Iy
thuyet. Bén canh d0, hé ) khuyech dai bién d0 xac
dinh tir phuong phép phd H/V chi chinh xéc tai chu
ky cong hudng co ban. O dai chu ky trén 1s, bién
d6 phd nhan duoc tir hai phuong phap co su khac
biét dang ké. Nguyen nhan c6 thé do dic thu cua
may ghi vi dia chin st dung trong nghién ctru nay.

- Tai cac vi tri cach hd khoan khong xa (hinh
1-B, 1-D, 2-B va 2-D) tuy chu ky trdi xac dinh béng
phuong phap phé H/V van kha tbt nhung hé s6
khuyéch dai blen dd6 xac dinh tr phuong phap pho
H/V la1 ¢6 sai sb dang ké. Chung toi chua rd sai sO
ndy xut phat tir sy thay dbi cua truong séng vi dia
chan hay do thay ddi ctia cu trac dia chét cuc bo tai
dia diém khao sat. D& lam sang t6 van d& nay can
tiép tuc nghién ctru thém & giai doan tiép theo.

5. Két luén

Tir cac két qua nhan dugc trong nghién ctru nay
chung t6i di dén két luan: phuong phép phé H/V
do Nakamura dé xuat 13 mot phuong phap co thé
ap dung tét trong danh gia anh huong cua diéu kién
nén lén dao dong dong dit & khu vuc Ha Noi.
Phuong phép cho phép xac dinh chu ky cong
huéng co ban cua nén dat voi do chinh xac cao.
Tuy nhién, van can c6 khao ctru thém trude khi sir
dung bién d6 phd dé xac dinh hé sé khuyéch dai
dao dong cta nén dat.

Trong khudn khé bai bao nay, chi véi dbi sanh
tai hai dia diém, tuy cach xa nhau nhung lai c6 diéu
kién nén dat khong khac nhau nhiéu, ching t6i
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chua kiém chimg dwoc méi lién quan giita chu ky
cong huong co ban va cac loai nén dit dic trung
khac nhau tai Ha Noi nhu da dugce néu ra trong cac
tiéu chudn phan loai nén cia nudc ngoai (ching
han [9], bang 9, trang 92). Anh huéng cua diéu
kién dia hinh trén mat tdi do tin cdy cua phuong
phap phé H/V cling nim ngoa1 khuon kho cua bai
béo nay. Pay s& 1a nhitng vin d& cin tiép tuc trong
nhitng nghién ciru tiép theo.

Céc két qua néu ra trong bai bao da chi ra ring
ty s phd H/V cia séng vi dia chin c6 thé coi la
mot ham chuyén ddi thuc nghiém déc trung cho
didu kién nén dat tai khu vue Ha Noi. Do vay, viée
sit dung ham chuyén déi thuc nghiém nay trong
cac tinh toan giai bai toan ngugce dé xac dinh ciu
trac 1D ctia moi truong dia chét trén mat tai khu
vuc nghién ctru 1a rat kha quan. Tuy nhién, trudc
khi tién hanh céng tic ndy, can phai tién hanh cac
so sanh tuong ty nhu da trinh bay trong nghién ctru
nay & nhiéu dia diém khac nhau hon nita dé danh
gia 4o 6n dinh cua phuong phap.

Loi cam on: Bai bdo dugc hoan thanh trong
khudn kho dé tai 01C-04/04-2011-2 thude chuong
trinh Quy hoach - Xay dung - Giao thong Van tai
va Quan 1y co so ha tang, ma s6 01C-04. Tap thé
tac gia xin gui 10i cam on t6i cac dong nghiép
phong Dia chén, Vién Vat 1y dia cau da hd trg va
¢6 nhiéu y kién déng g0p trong qua trinh thyc hién
nghién ctru nay.
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SUMMARY

The H/V ratio method and its abilities in estimation of the site effects on strong ground motions in Hanoi

The paper presents a fundamental theory of the H/V ratio technique (or Nakamura’s method) and several obtained
results in Hanoi by using this method. This is one of the most inexpensive and convenient technique to reliably estimate

the fundamental resonance frequencies of soft deposits. However, the ability of the method in estimating site

amplification on surface’s ground motion still remains as an open question and deserves more work to elucidate. Herein,

we investigate aspects of the method at sites in Hanoi city by comparing observed H/V ratios with corresponding
theoretical transfer-functions. The main goal of the study is to investigate the applicable sides of the H/V ratio method in
Vietnam, and for geological conditions of Hanoi city, the H/V ratio method is a good choice for the site effect estimations.
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