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1. Mé dau

Vi phan ving dong dit thanh phd Ha Noi (Tp.
Ha No6i) da dugc nghién ctu v6i muc do chi tiét va
tin cdy khac nhau [9, 10, 12, 13]. Nguyén Pinh
Xuyén [12] st dung phuong phap do Cung dia chan
va quan sat dao dong vi dia chan bang may ghi
dong dat LE-3D da xéc dinh hé 6 khuéch dai va
chu ky troi ctia cac nén dat va 1ap ban dd vi phan
ving dong dat ndi thanh Tp. Ha Noi. Nguyén Ngoc
Thuy va nnk [9] cling ap dung phuong phap do
ctng dia chin va vi dia chan dé xac dinh cac dic
trung dao dong cua cac nén dat tir 57 diém do dao
dong vi dia chin bing may K2. Két qua cho thiy
chu ky troi nén dat nim trong khoang tir 0,6s dén
2,5s. Tulandhar et al., [10] thuc hién 63 diém do
dao dong vi dia chan tap trung chii yéu & cac quan
noi thanh bang may do dao dong vi dia chin xach
tay. Két qua cho thiy chu ky troi nén dat nim trong
khoang tir 0,4s dén 1,2s. Tuy nhién, viéc vi phan
ving dong dit & day van con chua du rd rang.

St dung dao dong vi dia chén trong vi phan
ving dong dat duoc dé xuit 1an dau tién boi Kanai
va Tanaka (1961) [4]. Ho giai thich dugc su
khuéch dai dao dong vi dia chén 1a do phan xa
nhiéu lan cta séng S khi truyén qua cac phan 16p
nim ngang. Ohta (1978) thuc hién nghién ctu chu
ky tréi nén dat tai vung Hachinohe, Nhat Ban béng
ca sb liéu dao dong vi dia chin va dao dong manh
cho théy su khuéch dai manh 1a do cac 16p tram
tich phu sa sau [7]. Singh 1988 danh gia sy khuéch
dai trong dong d4t Michoacan 1985 cho thiy céc
khu vuc bon tram tich c6 khuéch dai 16n hon 8-50

lan so véi cac khu vue ddi [9]. Nakamura (1989)
dé xuét phuong phap ti s6 phd ngang va dung
(H/V) 1 tram [5, 6]. Theo tac gia nay ty s6 phd H/V
ctia vi dia chin lién quan dén chu ky troi To va hé
s6 khuéch dai bién do vi dia chin A, cua cac 16p
phu bo roi so voi da géc. Phuong phép nay dua
trén hai gia dinh: (i) Vi dia chin theo phuong
ngang co thé bi khuéch dai thong qua chum phan
xa cua song S, trong khi d6 vi dia chin theo
phuong dung c6 thé bi khuéch dai thong qua chum
phan xa cua song P; (ii) Song Rayleigh chi anh
huéng dén vi dia chin theo phuong dimg trén 16p
phii, nhung khong anh huéng dén vi dia chan theo
phuong dung trén d4 gdc. Khi d6 phwong trinh
ham truyén qua 16p phi theo phuong ngang va
dung la:

ST:SHS/SHB (1)
ESZSVs/SVB (2)

Trong do6: Sys, Sus, Svs va Syp tuong ung la:
phd dao dong vi dia chan theo phuong ngang tai bé
mit, phd dao dong vi dia chan theo phuong ngang
tai da gdc, phd dao dong vi dia chan theo phuong
dung tai bé mat va phé dao ddng vi dia chin theo
phuong ding tai da gbc. Néu moi truong khong co
song Rayleigh thi Eg=1, Eg >1 khi méi trudong bi
anh huong boi song Rayleigh. Khi d6, phuong
trinh anh hudng cua song Rayleigh Str cho thanh
phén thing ding va thanh phan nim ngang la:

STT: ST/ES:RS/RB (3)
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Trong do: RS:SHS/SVS
Rp=Sup/Svs

4)
)

Rs va Ry lan luot 1a ty sb cua phd dao dong
ngang va dao dong dimg tai bé mat va ty so ctia phd
dao dong ngang va dao dong dimg tai da gbc. Thuc
nghiém cho thay Rg =1 trong toan bo dai tin quan
tam. Két qua nay co thé 1a do trong da gdc ran chic
dao dong theo tat ca cac hudng 1 nhu nhau.

Rp=1 =>S11=Rg = Sys/Svs (6)

Phuong trinh (6) cho thay phuong trinh ham
truyén trong 16p phu c6 thé dugc danh gia chi bang
vi dia chén tai bé mit.

Mot sb k¥ thuat hay dugc st dung dé danh gia
dac tinh dong hoc cia nén nhu: (i) Khoan tham do
1a ky thuat danh gia chinh x4c nhéat. Tuy nhién, k¥
thuat nay co gia thanh cao, tén nhiéu thoi gian va
ndi chung 1a khong thich hgp cho vi phan ving
dong dat; (ii) Po dia chin phan xa, khuc xa, phan
tich da kénh song mat,... la ky thuat thuong dung
dé danh gia lat cat van tbe song ngang (Vs). Tuy
nhién, nd kho thuc hién trong cac khu dong dan cu
vi sir dung ngudn nd va chiu anh huong nhidu boi
cac ngudn nhiu bé mit; (iii) Dung bang ghi s6 liéu

an oAz
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dao d6ng manh 1a k¥ thuat cho két qua trung thuc
nhét. Tuy nhién, k§ thuét nay doi hoi phai thu dugc
day du céc sy kién xdy ra (mg véi timg loai nén. Vi
thé, ky thuat nay chi ap dung dugc & mot vai qudc
gia co hé thong tram ghi dao dong manh day dic
va thuong xuyén c6 dong dat; (iv) Vi dia chin la
ky thuat do tin hi¢u thy dong, duoc ding phd bién
cho vi phan ving vi gia thanh ré, ton it thoi gian va
khong can tham khao day du cic bang ghi dao
dong manh ma van danh gia chinh xic chu ky
khuéch dai dao dong nén dat [1, 2, 3-13]. Vi thé,
chung t6i str dung phuong phép vi dia chén dé xay
dyng mot phuong an méi cho so dd vi phan ving
dong déat Tp. Ha Noi.

Nghién clru nay tién hanh trong 3 nam 2008,
2009 va 2010. Toa d¢ vung nghién ctru dugc gioi
han trong pham vi: v d6 tir 20°52°N t&i 21°14°N,
kinh d6 tir 105°42°E t6i 106°02°E. Dé xay dung so
dd vi phan ving dong dat Tp. Ha Noi chung toi da
tién hanh do dao dong vi dia chin tai 93 diém bang
hé théng may dao dong vi dia chan Servo (hinh I).
Két qua do dac, phan tich s6 liéu va vi phan ving
dong dat Tp. Ha Noi thuan tay bang phuong phap
vi dia chan dugc trinh bay trong bai bao nay.

Viing nghién ciru

Ranh gidi quan, huyén
Céc di€m do vi dia chdn

Song, sudi, hé, dam lay

4 8] 4 8,
e —

km

<« Hinh 1. Khu vwc nghién clru va céac diém do dao dong

vi dia chan



2. Pic diém dia hinh, dia chét cong trinh
Tp. Ha Noi

2.1. Dia hinh
bia hinh Tp. Ha N¢i mang tinh thang bac kha

1& nét, bao gom: (i) Pia hinh d6i va nui thap phan
bo & phia bac thanh pho, c6 d9 cao tir 270 dén

374m; (ii) Dong bang - go ddi phat trién rong &
phia dong béc Soc Son; (iii) Déng béng cao phan
bd chu yéu & Dong Anh va phan con lai cua Soc
Son, ¢6 dd cao tir 6 dén 15m; (iv) Pong bang thap
phan bd phd bién & phan dong nam thanh phd, doc
theo Song Hong, Song Pudng, Séng Ca Lb. Po
cao trung binh tir 2m dén 6m (hinh 2) [theo
Nguyén Puc Dai, 1996].

105942

10802

2t

2

J'A

Ving nii thip

Ving go déi

Viing déng bing cao

Ving déng bing thap

. Cidc diém do vi dia chin

Song, susi, ho, dim lay

4 0 4 8 km

-
| HB2

« Hinh 2. Ban db phan bé cac diém do dao déng vi
dia ch&n Tp. Ha Nai. Cac didm do dao dong vi

dia chan Tp. Ha Nai phan bé chi yéu trong viing
ddng bang thap va mét sé diém do dao déng vi
dia chan phan bé Tp. Ha Noi phan bé tai khu vuc
ddng bang cao. Ban db dia hinh Tp. Ha Noi

HE

theo Nguyén Dirc Dai (1996)

EL]

105942

106502"

2.2. Bic diém dia chdt cong trinh

Céc tram tich Dé to & Tp. Ha Noi dugc hinh
thanh tir Pleistocen s6m dén Holocen muén, gém 5
hé tang tram tich, tir trén xudng dudi 1a: (i) Hé tang
Théi Binh v6i thanh phan chu yéu la sét pha, cat
pha, cat hat nhd, cat bot 1An mun thuc vat; (i) Hé
tang Hai Hung 13 tram tich ho - dam 14y, trim tich

bién va dam lay, chi yéu gdm bun, than bin, sét
bot chira tan tich thyc vat; (iii) Hé t?mg Vinh Phtc
10 v6i dién tich rong tai vung So6c Son, Pong Anh
va mot ving nho & C6 Nhué - Xuan Pinh, thanh
phan chu yéu gom sét bot, cat 1an sét, cat vang xay
dung ; (iv) Hé ting Ha Noi 10 ¢ ving go doi Séc
Son, con phan 16n chiing bi phu, chi quan sat dugc
trong cac 16 khoan tir Séc Son, Pong Anh tro
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xudng phia nam, dong nam thanh phd, thanh phan
chu yéu gém cudi, cudi tang, soi san, cat hat tho, it
cat bot; (5) Hé ting Lé Chi chi xuét hién trong cac
15 khoan thudc mit cit I, IT va I (hinh 3) & 0 sau
45m dén 69,5m, thanh phan chu yéu gdm cudi, soi,
cat, it bot sét [theo Nguyén Puc Pai, 1996].

Trong 5 hé ting nay thi hé tAng Thai Binh, hé

tAng Hai Hung va hé ting Vinh Phuc 1a cac 16p dét
yéu, trong d6 hé tﬁng Hai Hung chtra than bun va
bun ¢6 tinh co 1y kém nhét. Hé ting Ha Noi chu
yéu 1a cudi so6i nén cé tinh co 1y tbt, phan bd rong
khip khu vuc nghién ciru véi do siu ting dan tir
béc xubng nam. Ciung véi hé ting Lé Chi (ndm
dudi) tao nén mdt 16p cudi séi day twong phan véi
16p trdm tich bun, cat, sét phia trén no.

21|
aw

[P |

105>
21
el
Hiz
MC-V
| 3
Song Hing
n HAO
0 -0
-20
80 N
I 3
52 Mt cdt WV
1052

He ting Thii Binh, thanh phin chi yéu
#0m sér cdt, cdr $61 va cdt hat nhé

Heé ting Lé Chi, thanh phin chi yéu
86m cudi, sdi, bort sér va bor cdL

o 0

Hé ting Hai Hunyg, thinh phin chi véu 7 D4 gdc, thanh phin chi yéu gém
gd.m bsn, than bizjg E,l ¢ Y m ch{gké't, san ké%, cit ké't,};loli‘%e
He ting Vinh Phic, thanh phin chi y&u . Ciéc didm do vi dia chan
g0m. sét cng mu telng Cdc mat ct dia cI.:La't
Heé ting Ha Noi, thanh phin chi yéu : :
g6m cudi, cudi tng, sOi, cdt hat 1o == Séng, subi, ho, dim lay

4 0 4 8, km

e

Hinh 3. Ban d6 dia chat cong trinh Tp.

Ha Noi (theo Nguyén Dirc Dai, 1996).

Céac diém duwoc danh déu (trén mat cat) bang biéu twong hinh tam giac 1a cac diém do dao dong vi dia chan
dung dé so sanh diéu kién dia chét cong trinh véi két qua do dao dong vi dia chan
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3. Phén vung nhé djng dit Tp. Ha Ngi bing
phuong phap vi dia chan

3.1. Thiét bj sir dung

Thiét b1 chung t6i st dung trong nghi,én clru nay
la hé thong may ghi dao dong vi dia chan Servo do

hing Tokyo Sukushin san xuat. Mot hé théng gdm
1 may ghi SAMTAC-801H va 1 sensor VSE315D
hay VSE355EV. May ghi c6 d¢ phan giai 24 bit va
sensor ¢ 6 thanh phan (3 thanh phan van tdc va 3
thanh phan gia tc) v6i dai tan tir 0,1 t6i 50Hz
(hinh 4).

Hinh 4. Mét hé théng may ghi Servo bao gdm mét may ghi va mét Sensor

3.2. Po dac va xie Iy s6 liéu dao dpng vi dia chin

Tai mdi diém, chung t61 tién hanh do lién tuc
trong khoang 18 phut, tan s6 1dy mau cua phép do
1a 200 miu/gidy. S6 liéu dung dé phan tich 1a sb
liéu dao dong vi dia chan 3 thanh phan vén tdc,
gom hai thanh phin nim ngang (NS va EW) va
mdt thanh phan thing ding (V). Cac diém do duoc
xéac dinh chinh x4c bang hé thong dinh vi toan cau
(GPS) cim tay.

Céc bang ghi sb liéu nay dugc ching toi tién
hanh x@ Iy nhu sau: (i) Chia toan by bang ghi thanh
nhiéu doan, mdi doan c6 do dai 20,48s (4096 diém
sb ligu); (ii) Loai bd cac doan bi anh huong boi
nhiu va bat thuong; (iii) Sir dung phép bién doi
Fourier nhanh dé tinh toan cho timg thanh phan
ctia mdi doan; (iv) Tinh ty sé bién d6 Fourier, sau
nay goi 1a ty s phd H/V, cia mdi doan bing
cong thure:

JINS*EW) IV @)

trong d6 NS, EW, V lan luot 1a phd Fourier cuia
thanh phan béc-nam, déng-tay, dimg; (5) Liy ftrung
ty s6 pho H/V cta cac doan thu du’oc ty so pho
H/V cudi cung. Pinh troi cua ty sb phd H/V cudi
cung nay la chu ky tréi nén dat tai diém do dao
dong vi dia chan twong tng.

Sau khi thu dugc céac gia tri chu ky trdi cuia cac
ty s6 phd H/V cudi cung tai tat ca cac diém do dao
dong vi dia chan, chung t6i tién hanh biéu dién su
khéc nhau cta cac chu ky trdi tai cac diém do dao
dong vi dia chan 1én so do sé Tp. Ha Noi. Bang
phép ndi suy khong gian giita cac diém khao sat
khéc nhau, ching t6i tao ra dugc so dd phan bd chu
ky troi nén dat Tp. Ha Noi. Dya vao tiéu chuén xay
dyng Viét Nam “TCXDVN 375: 2006: Thiét ké
cong trinh chiu dong dat” [14] (bdng 1) va k¥ thuat
phan loai nén theo chu ky trdi ciia Pai Loan (bdng
2), ching t6i thanh 1ap dugc so dd phan loai nén
dat Tp. Ha Noi theo tai liéu dao dong vi dia chin.
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Bang 1. Tiéu chuan xay dwng Viét Nam “TCXDVN 375: 2006: Thiét ké cong trinh chiu dong dat” [9]

Cac thong sb

Loai n&n M6 ta mét cat thach hoc
Vs, 30 (M/s) Napt
A P4 hodc cac thanh tao dia chét gibng nhw da, gdm nhiéu nhat [a 5m vat chat bé roi > 800
trén mat.
B Cac I0'p~cat, cudi soi raE Cflat, t]oa(': sét reit ctng, day it nhat hang chuc mét, dac trwng 360 - 800 > 50
b&i sy tang dan theo dd sau cua tinh chat co ly.
c Qac tarlg day’ cat, cudi, séi chat va trung binh, hoac sét clrng bé day tir vai chuc den 180 - 360 15 -50
hang tram mét.
Céac tang dat bé roi dén trung binh (c6 hay khong cé cac Iép dét xdp), hodc dat cha
D e R ek z <180 <15
yéu la xop dén chac.
E Mat cat gbm I&p béi tich trén mat vai gia tri Vs chia loai C hodc D va bé day thay doi tr
5 dén 20m, bén dwai la vat liéu clrng hon véi Vs>800m/s.
S1 Cac tang gdbm hoac chira mét I&p day it nhat 10m sét mém/bun véi dd déo cao (PI>40) <100
va chitra nwéc cao.
52 Cé4c tAng d4t c6 kha ndng hoa 16ng, sét nhay cam, hodc céac dat khac khéng cé trong

loai A-E hay S1.

Bang 2. Ky thuat phan loai nén dat theo chu ky troi
cua Pai Loan

Loai nén Vs,30 (M/s) Nispt To(s)
A >800
B 360-800 >50 <0,3
(e} 180-360 15-50 0,3-0,7
D <180 <15 >0,7

Chu giai: Vs,s: gia tri trung binh clia van téc truyén séng
ngang trong 30m phia trén clia mat cét dia chat nén; Ngp:
sb nhat dap trong thi nghiém xuyén tiéu chudn (SPT); To:
chu ky trgi trén ty sé phd H/V clia dao déng vi dia chan.

4. Théo luan két qua

Phép do dao dong vi dia chin d3 thuc hién tai
93 diém do dao dong vi dia chin ¢ Tp. Ha Noi. Sau
khi xtr 1y tin hiéu sé va ty sé phd H/V cua tit ca
cac diém do dao dong vi dia chén, db thi ty sb phd
H/V duoc xay dung cho timg diém do dao dong vi
dia chin. Céc chu ky troi nén dit duoc xac dinh tir
cac dd thi ty sé cac phd H/V nay.

Hinh 5 md ta db thi ty s6 phd H/V ciia mot
s6 diém dao dong vi dia chin duoc chon ra tir 93
diém do dao dong vi dia chan phan b trong hinh 1,
nhim moé ta sy bién ddi ty s6 phd H/V theo didu
kién nén & Tp. Ha Noi.
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Su bién déi chu ky troi & Tp. Ha Noi dugc mod
ta trong hinh 6, qua d6 c6 thé cho thdy chu ky troi
clia nén dét ting dan tir bac xudng nam va tir tiy
sang déng. Dya vao sy bién doi chu ky troi nay
chung t6i chia khu vuc nghién ctru ra lam 4 vung
c6 chu ky trdi khac nhau:

Vung I: ¢6 chu ky tréi nhé hon hay bang 0,6s.

Vung II: ¢6 chu ky trdi 16n hon 0,6s va nhé hon
hay bang 0,8s.

Vung III: ¢6 chu ky tri 16n hon 0,8s va nhé
hon hay bang 1,2s.

Vung IV: ¢6 chu ky trdi 16n hon 1,2s.

Chu ky troi nho nhét, nhd hon 0,6s, thudc vung
phia bic cua Tp. Ha Noi, ¢6 thé 1a do khu vuc nay
nim gin diy nti Tam Dao, dit phu & day chu yéu
la sét cung. Chu ky trdi 16n nhét, 16n hon 1,2s,
thudc phan phia dong cua khu vuc nghién ciru, co
thé 1a do 16p phu & day rat diy, thanh phan chu yéu
la bun, sét. Doc theo sdng Héng, khu vuc noi
thanh, phan phia dong va nam ciia Tp. Ha Noi co
chu ky troi 16m, 16n hon 0,8s, ¢ thé 1a do cac khu
vuc ndy ¢6 16p phi chi yéu 1a tram tich song, hd
va dam lay.

Theo tiéu chuin 375:2006 va k¥ thuat phan loai
nén dat theo chu ky trdi cia Pai Loan ching t6i



chia khu vyc nghién ctu ra thanh hai loai nén:
(i) Nén loai C, chu ky troi nhé hon hay bang 0,6s,
thuoc phan phia bic va tay cua Tp. Ha Noi; (ii)
Nén loai D, chu ky trdi 16n hon 0,6s, thudc céc
vung doc song Héng, khu vuc noi thanh, phﬁn phia
dong va phia nam cua Tp. Ha Noi (hinh 7).

HIV amplitude

HIV amplitude

HIV amplitude

HIV amplitude

Hinh 7 ciing cho thay khu vuc ¢ thé ¢ mirc do
rui ro 16n khi dong d4t 1a khu vuc ndi thanh vi khu
vuc nay c6 mat do xay dung cao va chu ky trdi
ndm trong dai nguy hiém, tr 0,8s to1 1,2s.
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Khi so sanh diéu kién dia chét cong trinh va két
qua do vi dia chén tai cac diém dwoc danh déu
bang biéu twong hinh tam giac & hinh 3, cho thy
chidu sau t6i hé tAing Ha Noi anh huéng rat rd dén
chu ky tri cia dao dong vi dia chdn. Chiéu sau lan
lugt 1a: 20m, 25m, 45m va 45m lam cho T, thay
ddi 1an luot 1a: 0,68s, 0,73s, 1,28s va 1,02s tuong
tmg voi cac diém do dao dong vi dia chin Al,
H12, H26 va H40. Hinh 8 mé ta do thi ti sé phd
H/V ctia 4 diém do dao dong vi dia chan dugc danh
dau bang biéu tugng hinh tam giac & hinh 3.
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Hinh 5. Cac db thi ty s6 phé H/V ctia mét sb diém do dao dong vi dia chan dugc chon ra tir 93 diém do dao dong
vi dia chan dwoc mo ta trong hinh 1
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Hinh 8. Ty s6 phd H/V ctia 4 diém do dao dong vi dia chan duoc danh du bang biéu tugng hinh tam giac tai hinh 3.
So sanh diéu kién dia chat cong trinh va két qua do vi dia chan cho thay chiéu sau téi tang Ha Néi anh hwéng rat rd
1&n chu ky trdi clia dao dong vi dia chan. Chiéu sau ting tir 20m dén 45m tr diém A1 dén diém H40 1am cho T, thay ddi
ttr 0,68s dén 1,28s

5. Két luan

Lan dau tién st dung hé théng may ghi dao
dong vi dia chan Servo dé vi phan ving dong dat
tai Viét Nam. Vi 93 diém do dao dong vi dia chin
& Tp. Ha Noi cho thdy chu ky troi ciia nén dét ting
dan tir bic xubéng nam va tir tay sang dong. Chu ky
tr6i nho nhét, nho hon 0,6s, thudc ving phia béc va
chu ky trdi 16n nhét, 16n hon 1,2s, thudc vung phia
dong cta khu vuc nghién cuu. Két qua nay phu
hop véi cac két qua nghién ctru cia Nguyén Ngoc
Thuy va nnk, Tulandhar va nnk trudce do.

Ngoai ra nghién ctru nay da chia dugc khu vuc
nghién ctru ra thanh 2 loai nén: (i) Nén C, chu ky
trdi nho hon hay bang 0,6s, thudc phan phia bic va
tay ctia Tp. Ha Noi; (ii) Nén D, chu ky tréi 16n hon
0,6s, thudc cac vung doc song Héng, khu vuc noi
thanh, phan phia doéng va phia nam. Hon nira, khi
so sanh diéu kién dia chit cong trinh va két qua do

vi dia chén cho thay chidu siu t6i ting Ha Noi anh
hudng rat 16 dén chu ky trdi cua dao dong vi dia
chan. Chiéu sau tang tir 20m dén 45m tir diém Al
dén diém H40 lam cho T, thay ddi tir 0,68s dén
1,28s.
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SUMMARY

Seismic microzoning map of Hanoi city on the basis of microtremor motion observations

In this study, seismic microzoning maps of Hanoi city are constructed on the basis of microtremor motion
observations at 93 points. The ground predominant periods were determined from the horizontal to vertical (h/v) spectral
ratios of microtremor motions. A microzonation map was constructed from the variation analysis of predominant periods
by space. The result indicated that the predominant period of the study area increased from north to south and from west
to east. The largest predominant period, larger than 1.2s, is found in the eastern part of this study area. In contrast, the
lowest predominant period, less than 0.6s, is found in the northern part. Moreover, the results also showed that the study
area can be divided into two categories: class C is distributed on the northern and western areas, while class D is
distributed along the Red River, metropolitan, the eastern and the southern areas.
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