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Tém tit. Dudi tic dong cua tai trong dong, nén dit bio hoa co thé mat di sirc khang cit va do cling trong
khi ap luc nude 18 rdng c6 thé tang 1én. Hién twong nay dugc goi 1a hoa 1ong, ¢ thé giy ra thiét hai déng
ké cho cong trinh, mai ddc, két ciu dap va cac két cau dia k§y thuat khac. Trong nghién ciru ndy, ba phuong
phap phan tich hoa 1ong bao gdm: phan tich don gian, phan tich tuyén tinh twong duwong, phén tich bing
g suét hiru hiéu, 1an luot dugc ap dung dé dénh gia nguy co hoa 1ong, tinh toan do ltn nén dat va muic do
pha hoai do hoa long gay ra. Dit liéu thi nghiém xuyén dong (CPT) tai mot hd khoan gan tam chan ciia tran
dong d4t Christchurch thang 2 nam 2011, dugc st dung nhu s6 liéu dau vao cho cac phan tich trén. D liéu
gia toc theo thoi gian ciia nén dat dugc sir dung cho phén tich trong duong tuyén tinh va Gmg suat hitu hiéu,
trong khi d6 gia toc dinh dugc trich xuét str dung cho phuong phéap phan tich don gian. Cac du doan vé ty
s6 tmg suat (CSR), hé s an toan (FS), d6 lin bé mat dat (S), chi s6 nguy co héa l1ong (LPI) va chi s6 mirc
d6 pha hoai do hoa long gay ra (LSN) tinh tir ba phan tich dugc so sanh v&i nhau.

Tir khéa. hoa 1ong, phan tich don gian, phén tich tuyén tinh twong duwong, phén tich bang tng suat hitu
higu, thi nghiém xuyén dong CPT, dong dét Christchurch thang 2 nam 2011.

1 PAT VAN BE

Hoa léng do dong dat 1a mot trong nhirng hiém hoa dén cac két cAu duoc xay dung trén nén dat bio hoa
nuée. Tir nhimg thiét hai do héa 16ng cta nhitng trin dong dit gan day nhu 1994 Northridge, 1999 Kocaeli,
1999 Chi-Chi, 2005 Kashimir, 2008 Wenchuan, 2010 Chile, 2010 va 2011 Newzealand, Tohoku 2011, hoa
long co thé gay ra bién dang 16n cho nén dit, ca vé bién dang ngang va bién dang dimg, dan dén hu hai cac
ket céu duoc xay trén hodc trong nén dat. Panh gia kha ning hoa 16ng cho nén la danh gia stc khang cua
nén dat d6 véi tac dong cua tai trong dong. Sirc khang hoa long o thé dugc du doan bang thi nghiém trong
phong hoac thi nghiém ngoai hién truong. Thi nghiém trong phong duoc st dung dé danh gia kha ning
khang hoa long cua dat tir rit sém bang cach moé phong lai diéu kién chiu tai trong dong ciia mau dat thuc
ngoai hién truong. Uu diém cia phuong phap nay 1a tinh kinh té, tién lgi, cd thé lam nhiéu lan. Tuy nhién
do tin cay cua két qua thi nghiém trong phong phu thudc rat 16n vao cach tao mau dat va tinh dung dan khi
mo phong lai cac &p luc thuc té tc dung 18n mau. Thi nghiém thdng dung dung dé danh gia kha nang khang
héa long cua dat 1a thi nghiém ba truc dong (CTX) va thi nghi¢m cit dong (CDSS). Thi nghiém ngoai hién
truong c6 thé khic phuc dugc su tréo tron mau dat va khdng can mé phong lai cac didu kién tai trong cua
mau dat. Hién nay, cac thi nghiém xuyén tinh (SPT), thi nghiém xuyén dong (CPT), thi nghiém do van toc
s6ng ngang (Vs), thi nghiém xuyén Becker (BPT) dang dwoc st dung rong rdi dé danh gia kha ning khang
hoa long cua nén.

Tur nhitng ndm 70 cta thé ky XX, mot phuong phép thuc hanh dugc xem nhu tiéu chuén dung dé danh gia
hoa long cua dat dugc goi 1a phuong phap “phén tich don gian” van dang tiép tuc cai tién va phat trién. Do
thiét hai dang ké sau hai tran dong dét Alaska va Niigata vao nam 1964, Seed and Idriss [1] da dé xuat
nhung nén tang cho phuong phap “phan tich hoa long don gian”. Phuong phap nay van dang duoc cai tlen
va cap nhat thuong xuyén dén hién nay [2]. C6 rat nhiéu phuong phéap danh gia sirc khang hoa long cua nén
dét duoc phat trién qua 50 nam ké tir khi phuong phap phan tich don gian dugc gidi thiéu bsi Seed and
Idriss [1]. Vi du, phuong phép phan tich don gian dua trén két qua CPT; danh gia dua trén két qua SPT;
danh gia dua trén két qua thi nghiém do séng ngang Vs [2].

Mot quy trinh phan tich tuyen tinh trong duong duoc sir dung dé giai thich ung xt phi tuyén cua dat bang
cac phan tich ldp sy giam dan mo dun cat va do giam xoc cia dat, tuong duong véi mot gia tri bién dang
déu duoc gy ra do tai dong trong mdi 16p dat. Phuong phap nay con duge sir dung dé dy doan su lan truyén
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song dong dat qua cac 16p dat. Phan mém SHAKE la chwong trinh phan tich tuyén tinh tuong duong dau
tién. Sau nhiéu ban cap nhat, SHAKE91 [3] 1a chuong trinh dugc sir dung rong rai nhat. SHAKE91 1a phan
mém tiéu chuan cho phén tich tuyén tinh tvong duong, c6 rat nhiéu phan mém dugc phat trién sau nay déu
duoc phat trién dua trén chuong trinh SHAKE91.

M0 hinh g suat hiru hiéu 1a mot phan tich hoan chinh cho tmg xtr dan hoi-déo cuia dat, trong do6 ap luc
nude 18 rdng tang 1én theo bién dang cat va tich lily bién dang thé tich trong subt qua trinh chiu tai trong
dong dat, khong phu thude vao tmg suat phap tuyén hiru hidu. C6 rat nhiéu mé hinh tng suat hiru hiéu—vi
du nhu mé hinh UBCSAND [4]—dy doéan chinh xac g xir dong ctia dat khong chi trong thi nghiém trong
phong (e.g., thi nghiém cat dong CDSS) ma con trong cac bai toan dong dat gay hoa long cho cic cong
trinh dia k¥ thuat (e.g., két cdu mai doc, bo ke, déap, va cang).

Thanh phé Christchurch, Newzealand bi anh huéng ning né do hoa 16ng sau chudi dong dat Christchurch
thang 9 nam 2010, thang 2 nam 2011 va thang 6 nam 2011. Trong d6, tran dong dat vao ngiy 22 thang 2
nam 2011 gy thiéu hai ning né nhit. Hoa long giy ra bién dang lun nén co6 chd 1én dén 40-50 cm, bién
dang ngang tai cac mai déc 18n dén 100-200 m 1am anh hudng dén cac cong trinh, ciu, dudng va cang bién.
Gan 20,000 cin h¢ bi anh hudng va c6 dén 8,000 can ho phai stra chita do hoa 10ng sau trin dong dat nay
[5]. Newzealand nam trong vanh dai dut gdy Thai Binh Duong nén thudng xuyén xdy ra cac tran dong dat.
Vi vdy chinh phu Newzeland da som thiét 1ap mot mang ludi dir li€u dia chat véi cac thi nghiém xuyén
dong CPT day dic, va nhiéu tram do chin dong manh dit xuyén sudt thanh phd Christchurch [5].

Cho dén nay, chua c6 nghién ctru nao so sanh cac két qua phan tich hoa long tir ba phuong phap néu trén.
Chinh vi véy, bai bao nay st dung cac phuong phap phén tich hoa long don gian dua trén két qua CPT, hay
con goi 1a NCCER (1998); phuong phap phan tich tuyén tinh trong duong bang phan mém SHAKE91; va
phwong phap phan tich bang ing suat hiru hiéu sir dung mé hinh UBCSAND. Cac két qua tinh toan tir ba
phuong phap phén tich hoa long trén dugc so sanh vdi nhau trén ti€u chi danh gia cac ti€u chi bao gom: ty
sO Ung suat doéng (CSR), hé s6 an toan do hoa long (FS), bién dang cit 16n nhat (ymax), d6 lun bé mit nén
(S), chi sb kha nang hoa long (LPI) va chi 56 pha hoai do hoa long (LSN). Ttr do6 cho cai nhin khach quan
va cac danh gia vé wu diém va nhugc diém ciia mdi phuong phap trén.

2 QUY TRINH PANH GIA HOA LONG
2.1 Ty sb g suét dong (CSR)
Ty s6 rng suat dong CSR la ty s6 giira tng suat Cat zeyc VA g suat dung hitu hiéu o vo dudi tac dong cua tai

trong dong. Ty s6 CSR c6 thé tinh theo cong thirc nhur sau:

CSR =

’
O-vO

1)

Ty s6 CSR dugc sir dung rong rii trong phuong phap phan tich hoa long don gian dugc dé xuét boi Seed
and Idriss [1] dé danh gia nguy co hoa 16ng cua nén dét. Theo phuong phap nay, ty s6 CSR ¢ thé tinh dugc
tinh tir gia téc 16n nhét cua tai trong dong dat amax, tNg suat dang hiru hiéu o vo.

2.1.1  Phwong phap phan tich don gian
Trong phuong phap nay, ty s6 CSR dugc tinh nhu sau:

CSR = L2 =o.65[am—aXJ("v,°jrd 2)
O-VO g GVO

r, =1.0-0.000765z (khi z<9.15 m) (3)

r, =1.174-0.0267z (khi 9.15 m<z<23 m) (4)

Trong d6, amax= gia toc 16n nhét cua tai trong dong dat, g=gia tdc trong trudng, v Va o vo=0ng Sut tong va
g suat hitu hiéu, rg=h¢ so giam ung suat xét dén do sau 16p dat. z=d6 sau lép dat. HE s6 0.65 duoc sur
dung dé chuyén déi tai trong phurc tap cua dong dat sang tai dong phan bo deéu.
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2.1.2 Phuong phap phan tich tuyén tinh twong duong

Trong mdi 16p dat, quy trinh phén tich tuyén tinh twong duong xap xi nhu 14 tmg Xir phi tuyén ciia ng suat-
bién dang sir dung sy giam dan mé dun cat va dudng cong do giam xéc. Phan tich lap duoc st dung dé xac
dinh sy mém hoa cua dét do bién dang gy ra sy phi tuyén. Ddi v6i vong lap dau tién cua thudt toan, tmg
XU ciia d4t dugc tinh toén sir dung gia tri bién dang nho cho mo dun dan hoi cat va do giam xoc. Bang cach
sir dung md dun cat va do giam xoc ban dau, tmg xir bién dang cit theo thoi gian dugc udc tinh, trong khi
giit nguyén nhing thong so khac cta dat. Tir ing xir theo thoi gian ctia ting 16p dat, mot gia tri dai dién
goi la bién dang cit hiru hiéu, vetf, dugc chon. Gia tri nay duoc sir dung dé tinh toan gia tri mé dun cit va
dd giam x6c trong vong lap Kké tiép. Cac phan tich duoc lap lai dén khi gia tri cua mo6 dun cit va do giam
x6c hoi tu theo cac duong cong riéng biét. DA c¢6 rat nhiéu phuong phap tinh toan bién dang cat hiru hiéu
verr. Gia tri bién dang cat hiru hidu duoc 1iy bang 65% gia trj bién dang cat 16n nhat 1 phd bién nhit hién
nay.

Trong bai bao nay, phan mém SHAKEI1 dugc sir dung dé danh gia hoa 1ong nén dat cho phan tich tuyén
tinh twong dwong. Dit liéu dia chat dau vao duoc liy tir mot dir liéu tiéu biéu cua thi nghiém CPT tai mot
dia diém gén tam chin cua tran dong d4t Christchurch thang 2 nam 2011.

2.1.3 Phan tich irng sudt hitu hiéu

M6 hinh tng suat hitu hidu dugc sir dung trong bai bao 1a mé hinh UBCSAND. M6 hinh nay duoc tich hop
theo dang chuong trinh con trong phén tich 2D: phan mém FLAC2D version 7.0 [4]. M hinh duoc phat
trién cho tmg dung cac bai toan phan tich dong dya trén mo hinh dan hoi-déo kinh dién Mohr-Coulomb.
Dir lidu dAu vao quan trong nhit cho mé hinh nay 1a gia tri hiéu chinh (N1)eo.cs ctia thi nghiém SPT. M6 hinh
UBCSAND dugc dung rong rai dé dy doan g xur cua d4t va so sanh véi cac thi nghiém trong phong va
cac bai toan thyc. Chi tiét vé mo hinh, 1y thuyét, cach str dung dugc mo ta rat cu thé trong Itasca [4]. Cac
thong sd tong quat st dung cho mé hinh UBCSAND dugc cho trong Bang 1.Co thé thdy, chi can cung cp
gi4 tri dau vao 13 gia tri hidu chinh (N1)eo.s ctia thi nghiém SPT, cac thong sb khac ciia mo hinh UBCSAND
c6 thé duogc tinh mot cach d& dang.

2.2 Ty s6 khang héa 16ng (CRR)
Nhin chung, kha ning khang héa long duoc dinh nghia nhu 1a ty s6 CSR cua miu dat s& dat toi trang thai
hoa long sau 15 chu ky tai dong. ’
Trong pham vi bai bao nay, phuong phép danh gia CRR duya trén ket qua thi nghiém CPT, hay con goi la
NCCER (1998) duoc st dung. Quy trinh nay dugc trinh bay theo Iuu d6 nhu trong Hinh 1.
Bang 1. Thong sb dau vao cho mé hinh UBCSAND

Théng sb tong quat

Thong s6 dau vao

Miéu ta Gia tri
(N1)eo.cs Gi4 trj hiéu chinh so bua cia SPT Bién s
Cor Heé sb twong quan giita (N1)so V& Dy Hang sd
D, Do chit twong do6i [(N1)eo/Cor]**
Pev Goc ma sat thé tich khong doi 33°
\ g evt(N1)eo/10+
ol Goc ma sat dinh maxq(SO, (((Nl))60— 15)/5)
ke® Hang s6 mo dun dan hoi cat 21.7x20%(N1)g”>*
kg Hing s6 mo dun dan hi thé tich 0.7xket
keP Hing sb mo dun déo cit ke®%(N1)s02x0.003+100
Me S6 mil ctia mo dun dan hoi cat 0.5
Ne S6 mil ciia mo dun dan hoi thé tich 0.5
Np S6 mii cia mo dun déo cit 0.4
R¢ Heé sb pha huy min(1.1x(N1)eo®®, 0.99)
1.05-0.03%(N1)eo+
a He¢ s6 dé tinh hfacl 0.04x[(N1)s0]?-0.000185x%[(N1)s0]>+
2.92E-6X[(N1)60]4
b H¢ s6 dé tinh hfacl 1.0/{-0.424-0.259%(N:)so*

0.00763x[(N1)s0]%}
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hfacl Heé sb hoa ctng so cip ax (0" vo/Patm)®

hfac2 H¢ s6 hoa cling thit cap 1.0

hfac3 Heé s6 hoa clig goc nd 1.0
anisofac Heé sb tmg xir déo phi tuyén 1.0

Ghi chii: " vo = g suat hiru hiéu dimg ban dau, Pam = ap suat khong khi (~100 kPa).

q.: stc khang miii, £, : sitc khang bén
Gop» G'yp © UNg SUAL tdng vA g suét hitu hiéu
Ponvi: kPa

Hé sb miitng suét ban ddu 2 : n= 1.0 va tinh toan Q. F, I.
IfI. <164, n=0.5
Néu 1.64 <I.<3.3,n=(I.— 1.64)0.3 + 0.5
NéuI.>3.3,n=1.0
Vaong lap cho tinh todn n, An; <0.01
Néu G’y > 300 kPa,n=1.0 cho tat ca cac loai dat

A v
c :(10'0]
O-VO
v +
(4.-0,) F_L 100
e T/~ = :
=" (9. —0w)

L= \[[(3.47 ~logQ)' +(122+10gF)’|

Néul.<1.64,K.=1.0
Néu 1.64 <I.<2.60, K, =-0.403 [*+558 13 —21.63 I.2+33.751.—17.88
Néu I, >2.60, d4nh gia sir dung cc yéu t6 khac, vi du nhu khong héa 1ong khi
F>1%
NHUNG. Néu 1.64 <I. <236 vaF<0.5% K_=1.0

:

(Q.':IN')G =K.0

A

3
CRR, 293{%] +0.08, IfSOii(qlcN)m <160

CRR,; =0.833 {(ql"g’;)g

]+0.05, if (G ),, <50

Néu I. > 2.60, danh gia theo tiéu chi khac, vidu F > 1%

Hinh 1: Luu d6 danh gia khang héa long ciia dat dya trén thi nghiém CPT (NCEER 1998)
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2.3 Chi sb nguy co héa léng (LP1)

0.0 1.0 20 o 7.,
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\C\ {
f
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20

Hinh 2. M6 hinh tinh toan F. va W,

Chi s6 kha ning héa 16ng (LP1) duoc sir dung dé danh gia kha ndng hoa 16ng ciia nén dét theo do sau. Chi
s6 LPI dugc tinh theo c6ng thire nhu sau:
20

20
LPI = [W,xF_ xdz = [(10-052)x F, xdz (5)
0 0

Trong do:

W, =10-0.5z

FL=1-FSkhiFS<1

FL=0khi FS>1

z la d6 sau theo mét (m)
M® hinh tinh toan Fi va W, duoc thé hién nhu trong Hinh 2.
Gia tri cuia LPI ndam trong khoang tir 0 dén 100. Iwasaki et al. [6] dé xuat phan loai 5 mirc do dya theo gia
tri caa LPI.

LPI=0 : Khéng co6 kha nang hoa long

0<LPI<2 :Khaning hoalong thip

2<LPI<5 : Kha nang hoéa long trung binh

5<LPI<15 :Khananghodalong cao

LPI> 15 - Kha ning hoa 16ng rét cao

2.4 Chi sb pha hoai do héa 16ng (LSN)

Chi s6 phé hoai do hoa long (LSN) duge dé xuat va phat trién boi cong ty Tonkin & Taylor [7] dung dé
danh gia mirc d¢ phé hoai do hoa long dén cong trinh va nén mong. Chi s6 LSN duorc tinh toan theo phwong
trinh (6). Chi s6 LSN c6 xét dén bién dang thé tich theo chiu sau trong céac 16p dit va Ia tong dai lwong
mang mirc d6 pha hoai do hda long xay ra tai bé mat nén dat. Chi sé LSN duoc tinh khi hé sé an toan FS <
2 va c0 thé thay 1a LSN tang khi hé s6 an toan giam.

LSN = 1ooo.j% dz 6)

Trong d6 &, la bién dang thé tich dugc tinh theo Zhang et al. [8] néu ding phuong phép phan tich don gian.
Z 1a d6 sdu cua lép dat dang xét.
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Ung suét trung binh, 7,,
7 —CSRxc!, =065 o r
g

v0ta

Gia thuyét mé dun bién dang cit nhd, G,

G, =0.0188 [10(””"‘-“’](g, -3,)

v

Tinh toin dé Ién bién dang cit, y

bR
y:{”“'e ]R.m()%
1+

r
R="o
Gﬂ

a=0.0389{5}+0.124

a

b—6400] Zx
P,

v

Bién dang thé tich, £,

Z . N, 0.43
vl = Swls) |

217

N, (1)

v

Pé lan nén, s

GWT

s=2 I >
o

Hinh 3. Luu db tinh ton d6 Iun nén dat do hoa 1ong theo phwong phéap phan tich don gian

Hinh 3 thé hién quy trinh tinh toan d6 lan nén dat do hoa long. Quy trinh nay dugc st dung cho phuong
phap phén tich don gidn, dbi voi phuong phap phén tich bang tng suét hitu hiéu, bién dang thé tich va do
1Gn ¢4 thé dy doan truc tlep tir phan tich nay. D4i véi phuong phap phan tich tuyen tinh twong duong, bién
dang thé tich va do lGn nén dit khong tinh dwoc tir phan tich mic du sy giam dan cia mo dun dan hdi cit
va do giam xoc da duoc xét dén trong md hinh tinh toan. Vi vay, trong bai béo nay, két qua du doan chi s6
LSN chi dugc trinh bay cho phuong phap phan tich don gian va phan tich bang tng suat hitu hiéu.
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Taylor [7])
CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: 188 (2008) Depth to GWT (erthg.):  2.00m Fill weight: Ty
Fres correchon method:  R&W (1998) Average results interval: 3 Transition detect, applied:  No SBT legend
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Hinh 5: Dit liéu dja chat ciia hd khoan CPT-RCH-17

church, New Zealand, sau ngay 13 thang 6 2011 (Tonkin &
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Vi tri khao sat trong bai bio nay nam & phia dong Christchurch, Newzealand nhu thé hién trong Hinh 4, |4
ving chiu anh hudng ning né nhat do hoa long sau chudi dong dat, duoc thuc dia vao ngay 13 thang 6 nim
2011 [5]. H6 khoan mang s6 hiéu CPT-RCH-17 nam & Richmon, Christchurch (vi tri nhu trong Hinh 4)
dugc chon nhu dit liéu dia chat dai dién cho khu vuc dé phan tich danh gia héa 1ong sau tran dong dat
Christchurch thang 2 nam 2011. Hinh 5 thé hién dir lidu chi tiét tir thi nghiém CPT ciia h6 khoan CPT-
RCH-17. Cac thong s6 dau vao bao gom stc khang mili cone (qc), strc khang bén (fs), ap lye nudce 16 rong
(u), dung trong riéng tu nhién (y), c6 thé 14y tryc tiép tir thi nghiém CPT. Tir nhiing thong s6 dau vao nay,
céc thong sé nhu loai dat (SBT), do min hat (FC%), chuan héa sirc khang ma sat (Qu), chuan héa sirc khang
ma sat hiéu chinh (Qtn,cs).
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Hinh 6: Tuong quan gitta: (a) (Qm and Qin,cs) tir thi nghiém CPTu va (b) (N1o), N10),.cs, @and Nigo),cs trung binh) tir thi
nghiém SPT

Robertson [9] dé xu4t mbi tvong quan giita sirc khang (Qy) tir thi nghiém CPT va s6 btia Nio) tir thi nghiém
SPT theo cong thirc nhu sau

Q — 1 1268-02817x1,) )

Pa N1(60)

Trong d6, Q; = stic khang tir thi nghiém CPT, P, = ap luc khdng khi, Ni0)= s6 bua do dugc tir thi nghiém
SPT, I¢ = chi sb phan loai dt tinh tir thi nghiém CPT.
Hinh 6 thé hién mdi tuong quan giita strc khang (Qun and Qu,cs) tir thi nghiém CPT va s biia (Niso) and
Ni60)cs) tir thi nghiém SPT cuia hd khoan CPT-RCH-17. Gia tri trung binh Nio)es (N1gsoy.es trung binh) dugc
hiéu chinh cho bé day 16p dat 1m cho cac phan tich tuyén tinh twong dwong va phan tich hitu hiéu. C6 thé
thiy mdi twong quan phl hop giita stirc khang cit (Qun and Qun.es) V& (N1soy, Nieoy.es, and Nieoyes trung binh).
Strc khang cit (Qu and Qu,cs) theo d6 sdu dao dong trong khoang 0-300 va (N1so), Ni(so).cs, and Nioy.cs trung
binh) nim trong khoang 0-100 bua.
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4 DULIEUDOQNG PAT
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Hinh 6: Biéu d6 gia toc theo thoi gian cua dong d4t Christchurch thang 2 nam 2011. (Dit lidu duoc l4y tir Trung tAm
do luong chan dong Hoa Ky https://strongmotioncenter.orq)

Pong dat Christchurch nam 2011 1a mot chudi dong dat (4 thang 9 nam 2010, 22 thang 2 nam 2011, va 13
thang 6 nam 2011), trong d6 tran dong dat xay ra vao thang 2 dugc xem nhu 1 nghiém trong nhat voi gia
tdc dinh 1én dén 0.58g (xem Hinh 6). Vi vay, n6 dugc chon nhu la dit liéu dong d4t cho cac phan tich trong
bai bao nay. Biéu do gia toc cua tran dong dit trong Hinh 6 thé hién cac dinh gia toc ting dot bién, tin so
cao giam dan theo thoi gian. Gia toc dinh cua dao dong la 0.58g ¢ thoi diém 6s. Dao dong nay kha ning
cao gy hoa long cho cac l6p dat bén trén. Luu y rang trong phuong phap phén tich hoa 16ng don gian, chi
gia toc dinh duoc sir dung, trong khi d6 dao dong gia tc theo thoi gian duge st dung cho phén tich tuyén
tinh twong duong va phan tich bang ing suat hitu hiéu. Tai ddy, dao dong dau vao dugc gan tai day ciia md
hinh cot dat 1D.

5 KET QUA VA THAO LUAN

Hinh 7 thé hién két qua chi tiét ctia cac phuong phap phan tich danh gi héa 1ong cho hd khoan CPT-RCH-
17: phan tich don gian, phan tich tuyén tinh twong dwong va phan tich bang tmg suat hitu hiéu.

Ttr dit liéu dau vao 1a strc khang cit (Qucs) hidu chinh tir thi nghiém CPT, ty s6 khang hoa long trong dwong
cho nén dat chiu mot tran dong dét c6 do 16n My = 7.5 (CRR7s) duoc tinh toan theo NCCER (1998) duoc
thé hién nhu trong luu d6 Hinh 1. Nhu thé hién ¢ hinh 7(a), CRR;7 5 tinh toan phan 16n nhé hon 0.5 & d¢ sau
0-10m va 20-30 m, trong khi CRR75 nh6 hon 0.5 ¢ do sau 10-20 m. Theo phuong phap phan tich don gian,
ty sb CSR dugc tinh theo phuong trinh (2) theo dé xuét cua Seed and Idriss [1]. Theo phuong phép phén
tich tuyén tinh twong duong, ty s0 CSR duogc tinh toan tryc tiép tir chuong trinh SHAKE91. Thong so dau
vao quan trong cho phan tich tuyén tinh tuong duong 1a mé dun ct 16n nhat (Gmax) hodc van tdc song cit
(Vs) duoc tinh theo cong thirc duge dé xuit boi Seed et al. [10]:

, 0.5
G, = 21,7.K2maX.Pa.{ﬁJ (8)

K, = 20-N1(eo>,cs°'333 9)

2max
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Hinh 7: So sanh két qua cua 3 phuong phép phan tich héa 1ong theo d6 sau: a) CSR/CRRys, (b) hé s6 an toan FS, (c)
bién dang cat 16n nhat ymax, (d) do Iun nén dat, (e) chi so LPI, va (f) chi so LSN.
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Trong d6 Gmax 12 mé dun cét 16n nhat, Kamax 13 hing s mé dun cat, P, 13 ap lue khong khi (=100 kPa), 6" m
1a img suét hiru hiéu, Nieo).cs la s6 buia hiéu chinh tir thi nghiém SPT.

Dbi véi phan tich bang ung suat hitu hiéu, ty sO CSR ¢c6 the lay tryuc tiép tir két qua phan tich bang md hinh
UBCSAND. Bing viéc cung cip thong sb dau vao 1a s6 bua hiéu chinh (N1e0).cs), nhimg thong s6 16 bd
khac can cho mé hinh duoc tinh theo nhimng cong thirc c6 trong Bang 1. Hé s6 tham (K), dung trong riéng
tu nhién (y) dugc sir dung trong phan tich bang tng suat hitu hiéu duoc 14y truc tiép tir thi nghiém CPT cho
h6 khoan CPT-RCH-17. Dit liéu dong dat Christchurch thang 2 nam 2011 dugc gan vao day ciia mo hinh
cot dét 1D cho ca 2 phan tich tuyén tinh twong duong va phén tich bang tmg suét hitu hiéu, trong khi d6 chi
gia toc dinh ciia tran dong dat duge sir dung cho phan tich hoa 1ong don gian. Nhu trong hinh 7(a), c6 su
nhat quén giita ty sé CSR tinh toan duoc tir cac phan tich, va ndm trong khoang 0.4-0.6. Trong do sau 0-10
m, ty s& CSR tinh dwoc tir phéan tich tuyén tinh tuong duong (NCEER 1998) c6 gia tri 16n nhat, trong khi
d6 ty s6 CSR tinh tir phan tich bang mg suat hiru hiéu c6 gia tri nho nhét trong 3 phuong phap phan tich
hoa 16ng. Nguoc lai, & dudi do sau 10 m, ty s6 CSR nho nhat tinh tir phan tich don gian va 16n nhat tinh tir
phan tich bang tng suét hiru hiéu.

Hinh 7(b) thé hién hé s6 an toan do hoa long (FS) sir dung 3 phuong phéap phan tich. Nhin chung, kha ning
hoa long dé xdy ra ¢ trén do sau 10 m, va khé xay ra hoa long véi cac 16p dat dudi do sau 10 m. D@ thay
rang c6 su sai khac nho giita FS tinh tir 3 phan tich trén. Phuong phap phan tich hoa long don gian cho thiy
FS tinh duoc thip hon FS tinh duge tir phuong phap phan tich tuyén tinh tuong duong va phuong phap
phan tich bang {mg sudt hitu hiéu. Do c6 xét dén sy lam viéc cua khung hat dat va sy phat trién cta ap luc
nude 16 rdng, cac két qua ude tinh tir phan tich bang tng suat hitu hiéu s& dung nhat khi mé ta su 1am viéc
ctia hat dat, dan dén FS tinh dugc tir phuong phap nay 1 nguy hiém nhét (16n nhét). D4i v6i phan tich hoa
long don gian, chi st dung gia tc dinh ctia dong dat cho toan bo tinh toan nén sé cho két qua FS nho nhét
(an toan nhat). Mic du phén tich tuyén tinh twong duong sir dung dir liéu gia tdc theo thoi gian thuc, tuy
nhién phan tich nay van 1a phan tich theo (mg suét tong, trong d6 sy lam viéc chung giita khung hat dét va
ap luc nudc 16 rong khong duge xét dén, cling nhu chi xét dén giai doan dan hoi tuyén tinh cda vat liéu.
Chinh vi vay cac két ca tinh toan tir phuong phap tuyén tinh twong dwong s& nam giira so vdi cac két qua
tinh toan tir 2 phuong phéap con lai.

Hinh 7(c) so sénh bién dang cét 16n nhét tinh toan tir ba phuong phap phén tich. Phuong phép phan tich
hoa long don gian (NCEER 1998) cho két qua bién dang cat 16n nhét 16n hon rat nhiéu so voi két qua tinh
toan tir phuong phap phén tich tuyen tinh tvong duong (SHAKE91). Trong khi do, két qua tinh toan tir
phuong phap phén tich bang tmg suét hiru hiéu (UBCSAND) cho két qua nho hon mét it so vi bién dang
cit 16n nhat tinh tir phuong phap phan tich tuyén tinh twong duwong (SHAKE91). Nhin chung, ¢ d9 sau tir
0-10 m va cac 16p dat dudi do sau 20 m, bién dang cat 16n nhét 16n hon dang ké so véi cac két qua & d6 sau
10-20 m.

Hinh 7(d) va 7(f) thé hién cac két qua d6 Iin nén dat (S) va chi s6 LSN theo do sau tinh duoc tir ba phuong
phép phan tich danh gia hoa long. Do bién dang thé tich khong tinh dugc béng phwong phéap phén tich tuyén
tinh twong duong, nén cac du doan vé do ltn cac 16p dat va chi s6 LSN bang phuong phap nay dugc bo qua
trong biéu db. Theo danh gia chung, d6 1Gn & bé mat nén dit (S =15 cm) va chi s6 LSN ¢ bé mit nén dat
(LSN = 23) tinh tir phuong phap phan tich don gian cao hon rat nhiéu so véi cac két qua tinh tir phuong
phap phan tich bang ing suat hiru higu (S = 1.28 cm va LSN = 7).

Hinh 7(e) so sanh chi s0 LPI theo d6 sau tinh dugc tir ba phuong phap phan tich hoa long. Nhin chung, kha
ning hoa long kha ning cao xay ra & cac 16p dat trén do sau 10 m. Theo phan loai nguy co xay ra hoa long
dé xuat boi Iwasaki et al. (1984), & gan mit dat, nguy co hoa 1ong cao khi 5 < LP1 < 15. Chi s6 LPI ¢ bé
mat dét 12 tdng cac chi s6 LPI cua ting 16p dét tir bé mit dit dén do sau 20 m, 1én hon 0 khi hé sb an toan
do héa long FSnho hon 1. Luu y rang LPI tinh toan tir phuwong phap phan tich bang tmg suét hiru hiéu nho
hon déng ké so voi 2 phuwong phap phan tich con lai. LPI tinh tir phuong phap phén tich hoa long don gian
16n hon khong nhiéu so voi LPI tinh tir phuong phép phén tich tuyén tinh tuong duong.

6 KET LUAN VA KIEN NGHI

Lan nén dit do hoa long la yéu t6 chinh anh huéng nghiém trong dén két cdu cong trinh, 051} duong, cang
bién khi co tai trong dong dat. Trong bai bao nay, ba phuong phéap phan tich duoc sir dung d€ danh gia kha
nang hoa long cua nén dat: phan tich hoa long don gian, phan tich tuyén tinh twong duong, phan tich bang
ung suat hiru hiéu. Dir li¢u dia chat duoc st dung 1a mot hd khoan cua thi nghiém CPT ¢ khu vyc chiu dnh
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huong nghiém trong do tran dong dét Christchurch 2011 gay ra. Cac két qua tinh toan dugc tir ba phan tich
trén duoc so sanh v4i nhau cho thay wu diém va tinh ding dan ciia mdi phuong phéap. Cac két qua dugc
tom tat lai nhu sau:

1. Tur dit liéu dia chét cta thi nghiém CPT o hé khoan CPT-RCH-17, c6 mdi twong quan phi hop
giita strc khang (Qm and Qu.cs) Va s bua hiéu chinh trong thi nghiém SPT (Ni0), Nio).cs, and
Ni(o).cs trung binh). Dya theo céc két qua hé sb an toan do hoa long (FS), chi s0 nguy co gay
hoa 1ong (LPI) va chi sb pha hoai do héa long (LSN), cac 16p dat ¢ do sau 0-10 m co nguy co
xay ra héa 16ng cao vi mirc d6 pha hoai 16n va kém an toan hon véi cac 16p dat dudi do sau
10 m. D6 lan ¢ bé mit nén dat & khu vuc khao sat trong khoang tir 1.28 cm dén 15 cm.

2. Phu:orng phap phén tich don g1an ¢6 uu diém 12 tinh toan nhanh, 1y thuyét don gian, chi st dung
gia tbc dinh amax trong sudt qua trinh phan tich, Cac két qua tir phwong phap phan tich don gian
cho hé s6 an toan (FS) thap nhat, chi s LPI va LSN cao nhat. Phuong phap nay ding dé so bd
kha nang hoa long tai vi tri khao sat, tuy nhién khong nén str dung phuong phap nay cho tinh
toan 10n nén hoic chi sb LSN vi két qua qué an toan so véi thuc té.

3. Phuong phap phan tich tuyén tinh tuong duong sir dung cac phén tich 1ap bang cach giam dan
mo dun cit va d6 giam xoc cua dat dé mo phong tmg xur phi tuyén ctia dat. Bai bao nay sir dung
chuong trinh SHAKE91 cho phan tich tuyén tinh twong duong. Mic du phuwong phap nay st
dung dao dong gia tdc cia dong dét theo thoi gian cho phan tich, tuy nhién day van 13 phan tich
dung g suat tong, khong xét dén gia tang ap luc nude 16 rdng. Chinh vi vay cac két qua tir
phan tich héa 16ng bang tuyén tinh trong duong an toan hon phan tich bang tmg suét hiru hiéu
nhung nguy hiém hon phan tich don gian. Ngoai ra diém yéu cta phuong phéap nay la khong
tinh toan duoc bién dang thé tich trong qua trinh dao dong, tir d6 khong du doan duogc do lun
nén va chi sd pha hoai nén dat do hoa long LSN.

4. Phuong phap phan tich bang (g sudt hitu hiéu 12 phuong phap dang tin cdy nhit dé danh gia
hoa long nén dat. Co thé noi nhu vay vi phan tich nay c6 xét dén su lam viéc chung cua khung
hat dat va nuéc 16 rong, ngoai ra mo hinh dan hoi-déo ctia vat liéu dat duoc xét dén trong phén
tich. Phan tich nay tinh toan truc tiép dugce bién dang thé tich do tai dong géy ra trong sudt quéa
trinh dao dong, tir d6 tinh dwoc d6 lun nén va chi s LSN ma khong can vay muon cac két qua
ctia thyc nghiém. Bai béo nay sir dung mo hinh UBCSAND cho phén tich bang ting suat hiru
hiéu. Dao dong gia toc cuia dong dét thuc theo thoi gian dugc s dung cho sudt phan tich. Tuy
nhién cac thong sé cho mé hinh tuong dbi phirc tap, doi héi ngudi st dung phai c6 kinh nghiém
trong qué trinh chon loc dit liéu dau vao, va thoi gian cho mot phén tich kha lau. Cac két qua
hé s6 an toan (FS) cao nhét, chi s6 LPI va LSN thap nhét trong ba phan tich. Phuong phap nay
nén dugc st dung khi tinh toan d¢ lan nén do hoa long va chi ) pha hoai nén dit do hoa long
gay ra LSN.
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ALTERNATIVE ANALYSIS FOR LIQUEFACTION EVALUATION:
SIMPLIFIED METHOD, EQUIVALENT LINEAR ANALYSIS AND EFFECTIVE
STRESS ANALYSIS

NHAT-PHI DOAN
Department of Civil Engineering, Industrial University of Ho Chi Minh City
doannhatphi@iuh.edu.vn

Abstract. Under strong ground shaking, saturated soil can lose their strength and stiffnesses while pore
water pressure can be generated. This phenomenon is called liquefaction, which can cause major damages
for buildings, slopes, dams and other geotechnical structures. In this study, three conventional analyses:
simplified method, equivalent linear analysis and effective stress analysis, were performed to evaluate
liquefaction potential, ground settlement and damage severity. Cone Penetration Test (CPT) data at a
borehole near the epicenter of the 2011 February Christchurch earthquake was employed for these analyses.
The recording of strong ground motion was used as the input for both the equivalent linear analysis and
effective stress analysis, while the maximum acceleration was extracted for the simplified method.
Predictions of Cyclic Stress Ratio (CSR), Factor of Safety (FS), Settlement (S), Liquefaction Potential Index
(LPI), and Liquefaction Severity Number (LSN) obtained from three methods were performed for a
comparison.

Keywords. liquefaction, simplified method, equivalent linear analysis, effective stress analysis, CPT, 2011
February Christchurch earthquake.
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