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ARTICLE INFO ABSTRACT

’ligtclgii:ésngec 2022 Liquefaction of sand is not a rare geological phenomenon. When it
, : happens, it causes great damage to people. However, 1 District, Ho Chi

Revised 31Mar. 2023 Minh city where despite being a leading economic and political zone of Ho

Accepted 20 Apr. 2023 Chi Minh city, where many buildings with different loads and metro lines

Keywords: have been and will be rebuilt, but liquefaction potential has not been

assessed. This paper presents a study on liquefaction potential of sand

;(?éi:;clgh Ci belonging to the Pleistocene sand lithological complex of marine origin on

Liquefacti W amsQ7? in 1 District, Ho Chi Minh based on standard penetration test (SPT)

Slql(lie action, with different peak ground acceleration scenarios. Research results show
and.

that, when the peak ground acceleration ama = 0.0848 g, few points in this
area occur liquefaction. However, when peak ground acceleration
increased, specifically amax = 0.1 g and ama= 0.15 g, there were 8% and
68% of the survey points in the area where liquefaction occurred,
respectively. The study also shows that, with a depth of about 20m,
liquefaction in 1 District is still possible with amax= 0.1 g and amex=0.15 g.
The research results contribute to additional references for researchers
and urban spatial planning in this area.
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THONG TIN BAI BAO TOM TAT

Qud trinh:

Nhan bai 21/12/2022 Héa léng cua cdt khong phdi la hién twgng dia chdt hiém gdp tir trudrc dén

nay. Khi xdy ra, né gdy thiét hai rat Iém vé ngwoi va tai san. Tuy nhién, khu

Stra xong 31/3/2023 vire Qudn 1, Thanh phé H6 Chi Minh, méc du la mot khu kinh t6, chinh tri
Chap nhén dang 20/4/2023 ddu tdu ctia Thanh phé HS Chi Minh, noi rdt nhiéu cng trinh véi tdi trong
o khba: khdc nhau va nhitng khu nha cao tdng dd, dang va sé dwoc tién hanh xay

dwng, nhung cdt phdn b6 & khu vwe nay chwa dwoc ddnh gid nguy co xdy

g?,)z 180 ra héa Iéng. Bai bdo trinh bay két qud nghién citu ddnh gid nguy co héa
Quan 1 & [6ng ctia cat thudc phitc hé thach hoc cdt nguén géc séng bién Pleistocene

trén amsQ3 phdn b6 & khu vwee Qudn 1, Thanh phé Hb Chi Minh théng qua
két qud thi nghiém xuyén tiéu chudn (SPT) vdi cdc kich bdn gia tdc nén Ién
nhdt khdc nhau. Két qud nghién cttu cho thdy, khi gia toc nén Qmax = 0,0848
g, itdiém trong khu vurc nay xdy ra héa long. Tuy nhién, khi gia téc nén tang
[én, cu thé amaex = 0,1 g va amax = 0,15 g thi dd c6 twong u’ng 8% va 68% so
diém khdo sdt trong khu viec xdy ra héa 16ng. Nghién ctru cing chira rang,
v&i d6 sdu khodng 20 m, héa 16ng tai khu vire Qudn 1 vén cé thé xay ra véi
kich ban amax = 0,1 g v @max = 0,15 g. Két qud nghién cttu gop phidn bé sung
thém cdc tham khdo cho cdc nha nghién ciru, quy hoach khéng gian do thi
khu vwee nay.

Thanh phd H6 Chi Minh.
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1. M¢é dau

Héalong c6 thé dinh nghia la sw thay d6i trang
thai ctia dat tir trang thai ran sang trang thai 16ng,
do 4p lwc nwdce 16 rong ting 1én, 1am gidm ap luc
hiru hiéu trong diéu kién khong thoat nwéc dudi
tac dung cua tai trong dong (Marcuson, 1978). Cac
hién twgng trén da dwoc cong nhan trong sudt qua
trinh phat trién cta co hoc dit (Tezaghi va Peck,
1948). Tuy nhién, nghién ctru héa 1dng chi thwe sy
dwoc chd y sau vu dong dat tham khéc & Niigata,
Nhit Ban va Alaska, M§ vao nam 1964.

Nhirng nghién ctru dau tién vé irng xtr ciia dat
trong qua trinh tac dung cua tai trong dong da
dwoc tién hanh tir d4u nhirng nam 1950 (Mogami
va Kubo,1953). K& tir dau nhirg nam 1970, nhiéu
nghién ctru sau rong dwgce thwe hién trén cac tinh
toan dia chin (Silver va Seed, 1971; Tokimatsu va
Seed, 1987; Ishihara va Yoshimine, 1992; Zhang,
2002; Idriss va Boulanger, 2008)). Mot vai
phwong phap dwoc dé xuit bédi mét so tac gia dé
dw bdo cac anh hudng cia dong dat dén kha nang
hoéalong cha cat. Hau hét cic phwong phap nghién
ctru dé danh gia anh hwdng ctia dong dit dua trén
thi nghiém xuyén tiéu chuin SPT (Tokimatsu va
Seed, 1987; Ishihara va Yoshimine, 1992) hodc thi
nghiém CPT (Zhang, 2002; Idriss va Boulager,
2008; Yi, 2009). M6t s6 nghién ciru cling da chira
rang c6 thé nghién ctru, danh gia hoa léng cla cat
dua trén viéc phan tich van téc séng cat (Vs)
(Andrus va Stokoe, 2000).

( Viét Nam, nhitng nghién ctru vé hién twong
héa 1éng dwoc thwe hién tir nhitng nam 1990 caa
thé ky trwdc. Dién hinh la cic nghién ctru cla
Pham (1990); Lé (2014); Bui (2014a); Nguyén,
(2014); Nguyén va Bui (2020).

V& va Nguyén (2016) da nghién ctru, danh gia
strc chiu tai ctia nén cat hda 16ng dwdi méng be
khu virc Quan 1, Thanh phé H6 Chi Minh. Két qua
nghién ctru chi ra rang, sirc chiu tai ctia nén cathda
16ng dudi méng be giam khi tang cAp dong dat tac
dung. Khi xay ra dong dat cip VII, strc chiu tai cia
nén hiu nhw khong doi so vai sirc chiu tai tinh.
Tuy nhién, khi xay ra dong dit cap VIII, strc chiu
tdi cia nén giam 42,62% dén 49% theo cac
phuong phap tinh khac nhau.

Thanh phé H6 Chi Minh dwgc xac dinh 1a viing
it c6 nguy co xay ra héa 1dng, nhung mirc do thiét
hai dwoc xac dinh la cao, cdp 7/12, néu nhw khu
vure nay xay ra dong dat (cap dong dat 1on nhit 1a

cip VII). Theo phu luc H cta tiéu chuidn TCVN
9386:2012, khu vwc quan 1 Thanh phé H6 Chi
Minh c6 gia t6c nén 16n nhit amax 1a 0,0848 g. Hon
nita, tdi trong dong con do cac nguyén nhan khac
nhu tai trong do tau chay, méng may. O’ khu vuc
nay dang xay dung cac tuyén metro. Do viy, tai
trong dong tac dung gay hda long khong nhirng la
tai trong do dong dat ma con do nhiéu tac dung
déng khac nhau gy nén. Theo phén tich dac diém
dia ki thuét cda phirc hé thach hoc cat nguén goc
song bién Pleistocene trén & khu vwc Quin 1
Thanh phé H6 Chi Minh, cé thé thiy, phirc hé thach
hoc nay c6 kha ning xay ra héa 1éng (Nguyén va
nnk, 2021).

Mat khac, trong khu vire nghién ctru ¢6 ton tai
cac lop cat trang thai x6p dén chat vira, bdo hoa
nuéc. Lop nay phan bé rong khap trong toan khu
vuc quan 1, thanh phé H6 Chi Minh véi d6 siu tir
trén mat dén hon 20 m. Vi vdy, danh gia héa long
cho cac khu vyc cé mat dé xay dwng 16n nhw khu
vuc Quan 1, Thanh phé H6 Chi Minh 1a rat cin
thiét.

2. Cor s0 tai liéu va phwong phap nghién ciru

2.1. Co’ s& tai liéu

Nghién cltu dwa trén cac tai liéu thu thap
thudc Chwong trinh Bién hoi ban d6 dia chat, ban
do dia chat thuy van va ban d6 dia chit cong trinh
Thanh phd H6 Chi Minh, t§ 1& 1/50.000 do Lién
doan quy hoach va diéu tra tai nguyén nwéc mién
Nam (2010). S6 lwong hd khoan, mau thi nghiém
va s6 diém thi nghiém xuyén tiéu chuan (SPT)
dwoc thé hién trong Bang 1.

Bdng 1. S6 lwong tai liéu thu thdp trong nghién

cteu.
TT Cong tac Ponvi | S6 lwong
1 Khoan kAhao S?t dia chat Hs 382
cong trinh
2 Thi nghiém SPT Lan 530
3 Thi nghiém miu Miu | 1675

Nghién ctru da danh gia dic diém dia ky thuat
cta lép cat phan bo & do sau tir mat dat dén 20m
phan bé & khu vwc Quan 1, Thanh phé H6 Chi
Minh. L&p nay thudc phirc hé thach hoc cat nguon
goc song bién Pleistocene trén amsQ;3.
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Theo Nguyén va nnk. (2021), phitc hé thach
hoc cat nguon goc song bién Pleistocene trén
am$Q;3 phan bé & khu vuwc Quén 1, Thanh phé HO
Chi Minh rit phd bién ca vé dién va do siu. N6
phan bé rong khap trén toan bd khu vie. Ve do sau
phan bg, 1ép ndy cé chd 16 ra ngay trén mit
(phuwdng Cau Kho, Tan Dinh, Pa Kao), c6 chd tir dd
sau 15 m (phwong Nguyén Cw Trinh). P9 sdu muc
nuwéc dwdi dat & khu vue nghién ciru thay doi ti
0,3+8,5m.
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Phirc hé nay c6 thanh phan hat cht yéu la cat
hat thd (TCVN 9362: 2012). Biéu dd thanh phan
hat ctia phtrc hé nay dwoc thé hién & Hinh 1.

Trong khu vuwc nghién ctru, qua két qua thi
nghiém SPT, ¢4 thé thdy rang, trong pham vi chiéu
siu nghién ctu (tir 20 m tré xubng), gia tri Nso
trong cac 16p cat 16n nhit 1a 46 bua, nhé nhat la 4
bua, trung binh la 16 bda. Gia tri N3 theo chiéu sau
qua phén tich két qua 530 lan thi nghiém SPT tai
382 hé khoan trong 16p cat trén dwoc thé hién
theo biéu d6 Hinh 2.

Biéu do thanh phén hat cia dat
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Hinh 1. Biéu do thanh phdn hat ctia phirc hé thach hoc cdt ngudn géc séng bién Pleistocene trén amSQ:3
khu vuec quén 1 thanh phd Ho Chi Minh (Nguyén va nnk,, 2021).

Gia tri SPT theo do séu tai cac hd khoan
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Hinh 2. Biéu do gid tri N30 theo chiéu sdu ctia Iop cdt tai pham vi nghién ctru.
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2.2. Phwong phdp nghién ciru

Hién nay, c6 nhiéu phwong phap danh gia kha
ning héa léng clia cat. Mdi loai phwong phap c6
pham vi trng dung riéng.

Theo cach danh gia tir cac nghién ctru truére,
phwong phap danh gia hoa 1dng dwoc phan thanh
hai nhém:

+ Dya vao cac thi nghiém hién trwedng (danh
gia gian tiép);

+ Dwa vao cac thi nghiém trong phong (danh
gia truc tiép).

Dwa vao cac thong s6 dé danh gia kha niang
héa 16ng cia dit, ngwoi ta phin cac phwong phap
héa 16ng ctia dat dwa vao:

+ 'ng suat cit dong;

+ Bién dang cat dong.

DE danh gia kha nang héa 16ng cia cat, nguoi
ta dung hé s6 an toan chong héa 16ng FS.

FS =CRR/CSR (@8]

Trong do: FS - hé s6 an toan chdéng hda long
caacat (FS<1-catbihéaléng; FS=1+1,2-cat &
trang thai cAn bang; FS >1,2 - c4t khong bi hoa
16ng); CRR - ty s8 strc khang cat chu ky cia cat; CSR
- ty sO ing sudt cit chu ky cua cat.

Ty s6 tng sudt cat chu ky (CSR)

Theo Seed va Idriss (1971), ty s6 (rng suit cat

chu ky dwoc xac dinh theo cong thirc:

33

csn-085.74(22) (22)

(2)

Trong dé: ., - 'ng suit tong tai day cia phin
t6 dat, kG/cm?; 'y, - ng sudt hivu hiéu tai day cua
phan t6 dat, kG/cm? g - Gia tOc trong trwong
(m/s2); amax- Gia tdc nén 1ém nhat tai bé méit dat do
tai trong dong giy ra (m/s2); rq - hé s6 suy giam
Urng sudt theo chiéu siu.

Trong thuc té, dé xac dinh gia tri rq rit kho
khan, phtrc tap. Seed va Idriss (1971) da dwa ra
biéu d6 quan hé gitra hé s suy giam &rng suat theo
chiéu siu va cip dong dat (Hinh 3).

Tuy nhién, d€ tién cho viéc tinh todn rg mot
cach dé dang, Seed va Idriss (1971) da dwara cong
thirc thwe nghiém vé méi quan hé gitra rq va do sau
zZ

ra=1-0012z (3)

Trong dé: z - d6 sau cua vi tri diém dang tinh
toan, danh gia kha nang xay ra hoéa léng tinh tir
mat dat (m).

Tuy nhién, cong thirc (3) chi ap dung cho
trwomg hop do sdu z <15 m. D€ tinh toan &ng suit
cat dong tai cac do su 16m hon, chi s6 rq dwgc tinh
theo cac cong thirc thuc nghiém sau:
re=1,0-0,00765 z
re=1,174-0,0267 z

rqe= 0,744 - 0,008 z

voiz<9,15m
voi915m<z<23m

voi23m<z<s30m

rqa= 050 voiz>30m
Hé s6 suy giam tng suit, rq rg
0.3 04 05 0.6 0.7 0.8
£
E Gia tri trung binh theo

L

B Seed va Idriss (1971

12

b6 siu (z, m)
I

16
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Hinh 3. Quan hé giita hé s6 suy gidm trng sudt theo d sdu va cdp déng dat (Idriss va Seed, 1971).
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Ty s6 khdng cdt chu ky (CRR)

Ty s6 khang cat chu ky dwoc xac dinh bang thi
nghiém xuyén tiéu chuin (SPT), thi nghiém xuyén
tinh (CPT), do van tdc séng cat, thi nghiém nén
hong,...

Trong khudn kho nghién ctru, bai bao lwa
chon phwong phép ty khang cit chu ky dwa trén
két qua thi nghiém xuyén tiéu chuin SPT.

Thi nghiém xuyén tiéu chuin (SPT) la thi
nghiém hién trueong dugc st dung pho bién nhit
trong viéc khao sat dia chat cong trinh ciing nhw
nghién ctru tinh chat co ly cta dat da. Vi vy, viéc
str dung thi nghiém SPT dé danh gia kha nang héa
16ng cta dat c6 wu diém 1a s6 liéu dau vao phong
pht, phan anh dung diéu kién thuc té cta dat
ngoai hién treong (két cdu va trang thai). Viéc st
dung thi nghiém SPT dé danh giid kha ning hda
16ng ctia cat da dwoc nhiéu nha khoa hoc nghién
clru va ing dung thuec té. Seed va Alba (1986) da
xac dinh ty s6 khang dong CRR dwa vao biéu do
Hinh 4.

Gia tri SPT sau hiéu chudn (Ni)eo dwoc xac
dinh theo cdng thirc:

(N1)so = Cn.Neo 4)

Trong dé: Cy - nhan t6 twong quan véi ing
sudt c6 hiéu (o, kG/cm?):

C 9 79< 1 >O’5
N =7 -
()

Trong d6: Neo - tri s6 SPT &ng v&i 60% nang
lwong cda bua:

(5)
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Neso=N.Cso (6)

Trong do:
C60 = CHT-CHW- CSS-CRL-CBD

Cur va Cuw - cac hé s6 dung cho cac loai bua
khong tiéu chuin, véi thi nghiém SPT (bua ndng
63,5 kG, kéo cao 76,2 cm) thi cac hé s6 nay déu
bang 1; Css - hé s6 hiéu chinh 6ng mAu, phu thudc
vao trang thai cta cat, Css= 1,1 cho cat xdp va Css =
1,2 cho cat chit; Cry, - hé s6 hiéu chinh cho chiéu
dai can, 14y bang 0,75 v&i chiéu dai cAn nhé hon 3
m; Cpp - hé s6 hiéu chinh theo dwong kinh 16
khoan, bang 1,05 cho duwdng kinh 16 khoan 150
mm va bang 1,15 cho dwong kinh 16 khoan 200
mm.

Theo Seed va nnk. (1985):

95
34—(N1)60 (7)

Trong d6: CRR7s - chi s6 khang cat chu ky
twong &ng cap dong dat 7,5.

Chi s6 khang cit chu ky & cac cip dong dat
khac nhau dwgrc tinh theo cong thirc 5.

CRR = CRR75. MSF

CRRz5 = (

(N1)60 1) 1

13 2J)°100

(8)

Trong d6: MSF - hé s6 hiéu chinh cip dong dat
(MSF = 103.Mw-346 khi cip dong dit nho hon 7;
MSF = 10224 Mw-256 khi cdp dong dit 16n hon hodc
bang 7).

3. Két qua nghién ctru va thao luin

Nhw da dé cap & trén, khu viee Quén 1, Thanh
ph6 H6 Chi Minh ¢6 gia toc nén la amax = 0,0848 g.

0.6 — T T 06— - T T
Cat sach Cat bui
% mi o %min =35% I5% <5%
osp omR 5% . 4 osp o .
. i
1 !
0.4+ / § ! 4
I3 - 4
- Hoa long i
= / . -
6 0.3
0.2 s Khéng hod long
Khong hod 16ng
0.1+ - B
M=752 = 7.5
0 1 1 1 1 1 1
0 10 20 30 40 50 30 40 50
(Nidgg (Nidgq

Hinh 4. Quan hé gitra ty s6 khdng cdat chu ky CRR va gid tri SPT sau hiéu chudn vé&i phdn trdm nhém hat
bui khdc nhau (Seed va Alba, 1986).
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Tuy nhién, khu vic nay la trung tam ctia Thanh
pho6 HO6 Chi Minh, v&i nhiéu cong trinh cao 8¢, to
hop thwong mai, dich vy,... d3 va dang dwoc xay
dwng. Bic biét, trong quy hoach khong gian ngam,
khu vurc nay da va sé cac tuyén metro chay qua.
Thong thwong, tai trong lam héa 16ng dit méi chi
dé cip dén tai trong dong dat. Mat khac, theo
TCVN 9386 : 2012, vi & khu virc quén 1, thanh phd
H6 Chi Minh cé nhiéu cong trinh quan trong nén
hé s6 tAm quan trong la 1,25. Thém nita, theo phu
luc I cuia tiéu chudn nay, dinh gia téc nén vi cip
dong dat VII tir 0,1+0,15 g. Do d6, nghién ctru da
dé xut cac kich ban amax = 0,848 g, amax = 0,1 g va
amax = 0,15 g dé€ nghién ciru, dw bao nguy co hda
16ng.

Két qua nghién ctru rng véi ba kich ban & trén
dwoc thé hién trong Bang 2.

Bdng 2. Két quad ddnh gid hoa I6ng ctia cdt tai khu
vwee Qudn 1, Thanh phé HO Chi Minh védi cdc kich

bdn khdc nhau.
Vi tri Kich ban
dmax = dmax = dmax =
Két qua 0,0848 ¢ 01g 0,15g
S6 vi tri h6a long 6 42 362
Sovitricanbang ¢ 146 99
véihdaldng
Soviuikhong | g 342 69
hoéaléong

Nghién ctiru dwa ra cic biéu do quan hé giira
hé s6 hda long theo do sdu dwa vao cac Kkich ban
khac nhau sau khi tinh toan hé s6 an toan chéng
héalong Fs theo d6 siu & tirng hd khoan (cac Hinh
5+7).

Dua vao két qua nghién ctru c6 thé thiy rang,
néu theo kich ban amax = 0,0848 g, dat & khu vuc
Quan 1, Thanh phd H6 Chi Minh it nhay cam véi
héa léng. Diéu nay c6 thé giai thich dwgc thong
qua gia tri SPT (N3o) trung binh. Theo thdng ké, gia
tri SPT trung binh tai khu viyc nay 1a 16 bta. Hon
nira, yéu t6 nwéc dwdi dit cling anh hwong téi
nguy co hba long cta cat. Tai mot khu vire néu gia
tri SPT nhé nhung muc nwdc nam sau hon diém
dang xét thi cling kho c6 thé xay ra héa 16ng.

Tuy nhién, khi kich ban cac tran déng dat c6
sw cdng hwdng cla cac yéu to bén ngoai nhuw tau
dién ngdm, méng may,... s diém hoa long ctia cat
tai khu virc nay tang tir 6+42 va 363 vi tri twong
trng véi cac kich ban 1an lwot amax = 0,1 g va amax =
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Hinh 5 Biéu do quan hé gitra hé s6 an toan chdng
héa léng ctia cdt (Fs) va do sdu tng véi kich ban
Amax = 0.0848g.
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Hinh 6. Biéu do quan hé gitka hé s6 an toan chéng
héa Iéng ctia cdt (Fs) va dé sdu trng vdi Kich bdan
Amax = 0.1g.
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Hinh 7. Biéu d6 quan hé gitrka hé s6 an toan chéng
héa léng ctia cdt (Fs) va do sdu tng véi kich ban
amax = 0.15g.
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0,15 g. Biéu nay chirng té mirc d6 quan trong cda
yéu t6 tai trong dong tac dung véi nguy co héa
léng cua cat.

Veé chiéu sau xay ra hoa 16ng, véi cd ba kich
ban ké trén, trong chiéu siu gi¢i han nghién ctru
déu xay ra hién twgng hoa 16ng.

4. Kétluan

Dua trén két qua nghién ctru, ¢ thé dua ra
mot vai két luin sau:

- Dwa vao cic s6 liéu thu thap, c6 thé thay
phan da cat phan bd & do sdu dén 20 m tai khu vuc
Quén 1, Thanh phé H6 Chi Minh 14 cat c6 két cau
chit vira, doi chd c6 két cdu x6p. Dieu nay lam co
s¢ dé danh gia nguy co-hbaldng cia cat tai khu vuec
nay. Muc nuée dudi ddt ndm kha ndng, tir 0,3+8,5
m. Pay 1a mot trong nhirng yéu t6 quyét dinh dén
nguy co héa ldng cla cat.

- Hé s6 an toan chéng hda long cla cat va ap
lwc dia ting theo d6 sdu cé xu hwdng bién thién
trung nhau (trong diéu kién cac yéu t6 khac giong
nhau), khi ap lwc dia ting tang, hé s6 an toan héa
16ng ting. So v&i cac nghién clru truedre, quan diém
nay phu hop véi cac nghién ctru trwére day (Idriss
va Seed, 1971; Bui va nnk., 2014b).

- Qua nghién cttu da danh gia nguy co hoéa
16ng cta cat & khu viee Quan 1, Thanh phé H6 Chi
Minh v&i cac kich ban khac nhau, c6 thé thiy rang,
vGi Kich ban chi c6 déng dat xay ra véi amax =
0,0848 g thi c6 it diém hoa 16ng xay ra & khu vuc
nay. Tuy nhién, d6i véi cac kich ban cao hon, sd
diém hoalong xay ra ngay cang nhiéu, dic biét véi
Kich ban amax = 0,15 g.

- Theo két qua nghién ctru, hda ldng xay ra véi
cackich ban amax = 0,1 g va amax = 0,15 g tlr mat dat
téi d6 sdu 20 m. Véi do sdu nay, hon mot nira sd
diém tai khu vuc nghién ctru c6 tri s6 SPT <20.

5.Loi cAm on

Nghién ctru nay 1a mot phén trong dé tai co s&
ma sO0 T22-26. Qua d6, nhém tic gid xin chin
thanh cdm on Trwong Pai hoc M4 - Dia chit da tai
tro kinh phi dé thuc hién nghién ctru nay.

Poéng gop cua cac tac gia

Nguyén Van Hung - thwc hién cdng tac thu
thap tai liéu, xt 1y s6 liéu, viét bao cio; Bui Truweong
Son, Nguyén Thi Ny, Vo Nhat Luan, Vo Thi Cong
Chinh, Nguyén Tuin Dat - x{r Iy 6 liéu.
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