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TOM TAT: Phuong phap ba truc dong dwoc dp dung rong rai trén thé gisi dé nghién ciru kha nang hoa
long va chi tiéu khang chin cia dit, nhung chua dwoc ap dung phd bién ¢ Viét Nam. Bai bao gidi thiéu
thiét bi ba truc dong, phuong phap va thu tuc ché bi mau, thi nghiém xac dinh kha nang hoa long cua cat
dudi tac dung cua tai trong chu ky. Két qua nghién ctru trén mot s6 loai dét cat c6 ham luong hat min cao,
bao hoa nudc ¢ Viét Nam budc dau da thu dugce két qua déng tin cdy. Trong d6, dic diém hoa 1ong ciia cat
dugc danh gia dua trén cac biéu do bién d6i ciia g suat, bién dang va ap luc nude 16 rong theo chu ky gia
tai, tir 46 xac dinh diém hoa long va xdy dung duong bao hoa long cho dat cat min ¢ do chat khac nhau.

TU KHOA: ba truc dong; khang chan; hoa 16ng.

ABSTRACTS: In the world, cyclic triaxial tests are widely used to evaluate the liquefaction potential of soil and
determine the cyclic parameters for seismic design. However, the application of cyclic trixial test for evaluation
of soil liquefaction is still limited in Vietnam. This paper introduced the cyclic triaxial apparatus, method and
testing procedure to access the liquefaction potential of sand under cyclic loading. The research on some
saturated sandy soils with high fine-grained content in Vietnham showed that the research results of soil
liquefaction potential is reliable. In which, the liquefaction characteristics of sand are evaluated based on the
changes of stress, strain and pore water pressure according to the cyclic cycles, thereby determining the
liquefaction point and liquefaction boundary for fine sandy soils at different density levels.

KEYWORDS: Cyclic triaxial test, seismic design, soil liquefaction.

1. GIOI THIEU Thi nghiém duoc dung phd bién dé xac dinh
nguy co hda 1ong cua dat 1a thi nghiém ba truc dong

Dong dét la mot t hitng hién tuong t o R
ong ddt la mot torg nAung hien Wrgng W (Dynamic triaxial test). Pay la thi nghiém gia tai doc

nhién c6 tinh nguy hai nhat véi cong trinh. O don e
dat cp 7-8 (5,(g)-g,8 o richter) da o6 the gay I')hfi tryc 1én mau dat véi tai trong dong (F = F ), thudng
huy nha cao ting nhu trdn dong dat 6 do richter tai 1a Eal cAhu kyA vol bl?? d?’ tanA SO H}O phf)ng C,}}O u’I}g
Pii Béc - Pai Loan ngdy 6/2/2018 (hinh 1a); Khi Suat dong gdy ra boi dong dat. Ket qua nghién ciru
dong dét cp 9 xay ra (6,9 — 7,6 d¢ richter) thi hau dugc ltl’nquungv nhe,lrn giai quyct CacAbal toan }hl,lf(,: te
hét cac cong trinh khong duge thiét ké khang chan nh}I ho? 1ong cua cat k_En chiju ‘dol}g (’iat, th}et 1§e mong
du bi pha hity nhu trén dong dat 7,4 do richter tai M4, €ong trinh ven bién... va ddp (g yéu cau vé do
Nepal ngay 12/5/2015 (hinh 1b); Pic biét, néu nén a0 toan cao cua cac nha may dién gio, dién hat nhan.
dat bi hoa 1ong thi moi cong trinh déu bi pha huy
nhu tran dong dat 7,5 d6 Richter tai ddo Sulawesi —
Indonesia ngay 28/9/2018, hoa long nén dat da
“nudt chimg” mot ngdi lang - hon 700 ngdi nha bi
chén vui (hinh 1c). Theo ban d6 phan cip nho dong
dét & Viét Nam, nhiéu khu vuc trong diém phat trién
kinh t& nam trong ving dong dat manh cép 7-8.
Chinh vi vy vin dé hoa 1ong nén dét trong xay dung
va phat trién Viét Nam can phai dic biét quan tam. Hinh 1a
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Hinh 1¢
Hinh 1. Nhitng cong trinh bi pha hity do déng dét

2. THIET BI VA QUY TRINH THi NGHIEM
2.1. Thiét bi thi nghi¢m

Thiét bi Tritech 50 cua hing Controls-Group
(Italia, hinh 2) cho phép thuc hién thi nghi€ém ba
truc voi cac tai trong tinh, tudn hoan va khong tudn
hoan (Play back) trong diéu kién thoat nudc va
khong thoat nudc. Toan bd cac budc thi nghiém
dugc ty dong hoa nhd b diéu khién c6 do nhay
cao PID. Thiét bi ty dong diéu ap trong qua trinh
gia tai dong va hiéu chinh, kiém tra cac kénh do
bang phan mém.

Cac budc bdo hoa, cb két, gia tai dugc cai
dit tuy theo ing xir cia mau. Gi6i han cua thiét b
nhu sau:

+ Piéu khién vong lip theo ung sut va bién
dang cho ca ba truc.

+ Tan s6 thi nghiém tdi da 1a 10 Hz.

+ Tai trong doc truc ti da: SkN (1300 kPa).

+ Ap lyc budng t6i da: 1000kPa.

+ Ap luc nguoc tbi da: 1000 kPa.

+ Bién dang tbi da: £15mm.

Hinh 2. H¢ thong thiét bi ba truc dong
loai may Tritech 50

Céc thong s6 do tryc tiép trong qué trinh thi
nghiém bao gém: luc doc truc (F, kN); ap luc bu@)ng
(Geen, kPa); 4p luc nguoc (Grack, kPa); ap luc nudc 16
rong (u, kPa); bién dang doc truc (S, mm); thay ddi
thé tich (AV, mm?). Tir d6, xac dinh cac thong sb
tinh toan theo Bang 1.

Bang 1. Ky hiéu va céng thirc xac dinh
cac thong so thi nghiém

A % Ky o PP
Thong so hi¢u Cong thire xdc dinh
Ap luc nuéc 16 rdng du
(kPa) Au u—Uo
Ung suat c6 két trudc G’c G cell — Gback
Ty s6 ap luc nudc 15
Y 50 ap R Aw/c’e

rong (%)
Ung suit doc truc (kPa) Ga

106*F/AC+Gr

Bién d Ung suat doc

truc (kPa) AGa [Max(ca) — Min (Ga)]/2
Ung sudt doc truc co . A

hiéu (kPa) O Oa- AU

Ung suét cit (kPa) T (ca-0r)/2
Bién dang doc truc . 100 * S / He

tuong dbi (%)
Bién do bién dang (%) Aga

[Max(&) — Min (&a)]/2

Trong dé, Ac va He la dién tich mat cdt ngang
va chiéu cao ciia mdu sau bude cé két.
2.2. Quy trinh thi nghiém

Thi nghiém ba truc ddng cho phép xac dinh cac
chi tiéu tinh chat dong hoc ctia dat nén, bao gom:

- Thi nghiém xéac dinh do bén va kha ning héa
long (theo ASTM D5311);

- Thi nghiém xac dinh mé dun va hé sé giam
chan (theo ASTM D3999);

- Thi nghiém xac dinh md dun dan hdi ctia dat nén
va vat liéu mong duong (theo AASHTO T307-99
hoéc theo TCCS 37: 2022/TCPBVN).
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Trong khuén khd bai bao nay chi trinh bay
quy trinh thi nghiém va két qua du bao kha ning
hoa long cua cat khi thyc hié€n theo tiéu chuén
ASTM D5311.

a) Ché bi mau

Yéu cau v6i mau cat ché bi 1a phai dong nhat vé
sy phan bd hé sb rong tai cac vi tri va dat do chat
mong mudn. Do vdy, phuong phéap rét kho duoc lya
chon dé ché bi cac mau cat cho nghién ctru nay. Cat
kho dugc cho vao day phéu hinh nén véi duong kinh
ctia miéng phéu vao khoang 12 mm. Cat kho duoc
rét vao hop ché bi miu. Sau do, tién hanh gd nhe
vao xung quanh hop ché bi mu cho ti khi dat duoc
do chat yéu cAu. Tiép theo, mau duoc bit kin bz"mg
c4c vong cao su & dinh va ddy mau, tac dung luc hut
chan khong tir 2 - 5 kPa vao dinh mau nham giir cho
mau 6n dinh.

Pé miu duge ché bi dat do chat mong muén
(Dro), lugng cat kho (Gary) dugc tinh toan theo cong
thtrc sau:

Ve
G, =—""=V 1
"= +e) M
e:emax _DrO (emax _emin) (2)

Qua trinh ché bi mu can xéc dinh luwong cat kho
v kich thudc thuc té dé tinh lai d¢ chat D;.

b) Bdo hoa va cé két mau

Qué trinh bdo hoa mau dugc thyc hién béng
cach ting dong thoi ap luc budng (cear) va ap luc
NgUOC (Gack), vOi d6 chénh ap luc budng - nguoc
(Gr =Geell - Gback) bang (10+20) kPa. Sau khi tri sé ap
luc on dinh, tién hanh dién nude vao mau béng cach
mé van dé nude chay qua dung cu do thé tich vao
mau tir duong ap luc nguge. Qua trinh bao hoa duoc
tién hanh cho dén khi d6 bio hoa (B) dat trén 95%
(B = Au/AGeen >0,95; Accen 12 gia s6 ap luc budng va
Au 1a do gia tang ap luc nude 16 rdng). Néu do bio
hoa B chua dat yéu cau thi qué trinh gia ting ap luc
buéng — nguogc va dién nudce lai duge tiép tuc cho
dén khi dat.

Qua trinh ¢6 két miu duge thuc hién sau bude
bdo hoa miu, bang cach giit nguyén ap luc nguoc
va tang ap luc budng cho dén khi dat ap luc cb két
(c')) yéu cau. Ap luc cb két 1a hiéu gitra ap luc
budng va ap luc nguoc (6'c = Geell - Gback). Sau khi
cac tri s6 ap luc 6n dinh, mé van ap luc nguoc dé
nuéce thoat ra. Qua trinh ¢b két két thuc khi do cb
két 1on hon 95% (hodc khi xac dinh nudc 16 rong
khong con thoat ra). Trong subt qua trinh bdo hoa
va cb két, cac thay ddi vé ap luc, bién dang va thé
tich mau (thé tich nudc vao — ra) duoc ghi lai.

¢. Gia tdi chu ky

Theo tiéu chudn ASTM D5311, thi nghiém gia
tai chu ky dugc tién hanh theo so @6 diéu khién (g
sudt (So dd A, cai dat ing suit theo chu ky va tan s6
cho trudc va do bién dang). Thong sb tai trong chu
ky duoc lya chon phu hop véi loai cong trinh, dac
diém tai trong dong va cac didu kién cy thé khac.
Thong thuong, tan s cua tai trong (f) thudng duoc
chon trong khoang f=1 - 2Hz; bién d6 cua tai trong
dugc xac dinh theo ty sd ung sudt mong mudn
(CSR), voi:
Ao,

'
c

CSR =

3)

20

V6i Ac, 12 bién d6 tmg suét chu ky, duoc du tinh
theo dic diém tai trong dong; hodc du tinh CSR theo
ty s6 stc khang chu ky (CRR). Trong thyc té, CRR
6 thé duoc duogc du tinh theo két qua thi nghiém
xuyén tiéu chuén.

Két qua thi nghiém dugc biéu dién trén cac biéu
d bién ddi tng suat, bién dang va ty sé ap luc nudc
16 rdng theo chu ky gia tai. Diém héa long duge xac
dinh duya trén viéc phan tich cac biéu dd nay.
3. MOT SO KET QUA THI NGHIEM O
VIET NAM
3.1. Miu dat thi nghiém

Trong bai bdo nay, ba loai cat déu thudc trim
tich Holocen (Q,>?) duoc 1iy ¢ ba dia diém khac
nhau. Cac mau cat dugc dbi sanh dia ting dia chat
khu vue dé xac dinh tudi ngudn gdc.
Bang 2. Vi tri ldy miu, loai dit, thanh phan hat

va mot s6 chi tiéu vat Iy ciia cidc miu cat

B Thanh Tri, Tién Hai, Vinh Chiu,
Pia diém/P§ sdu miu Ha Noi/ Thai Binh/ | Séc Tring/
12,0m 1,0m 3,0m
Chn: Cu: Cst:
Ky hiéu mau Cét min, Cat bui, Cat bui,
va loai dat xam xanh xam den xam den
(aQ2’tb) | (amQ223tbs) | (amQ223)
2-1 0,1 0 1,7
Ham 1-05 0,2 0 6,6
luong
nhém 0,5-0,25 11,1 9 32,0
hat (%) | 0,25-0,1 75,2 46,7 33,5
<0,1 13,5 443 26,2
Khdi lugng riéng,
ol uong Hiene 2,69 2,62 2,65
¥s (g/em’)
H¢ s6 Cmin 0,585 0,602 0,589
rong
€max 0,992 1,160 1,052

503




Hgi nghi khoa hoc qudc 1é Ky niém 60 nam thanh ldp Vién KHCN Xady dung

3.2. Ket qua che bij, bao hoa va co ket cac mau

Ap dung thu tuc trinh bay ¢ muc 2, tién hanh ché
bi, bdo hoa va ¢b két mau. Cac miu & cac khu vuc
khac nhau duogc ché bi véi d6 chat khac nhau, phu
hop véi d6 chit thuc té & vi tri 1dy mau (theo két qua
thi nghiém xuyén tiéu chuan).

Bing 3. Thong so ciia cic miu sau buéc ché bi

. ] s Khéi ~ .« | Do chit
Khéi | Kich thl;'(rc mau lu()'ngozh 3 Hs ) t?r;ng
Ky | lugng | thwetemm) | g phg | 1008 | g5
hi¢u | cat kh(}
mau thue te N
: Pudng Y
Gary (2) | kinh, | Chicu T e D
D cao, H (g/em’)

Cmn | 833,0 | 70,1 139.9 1.512 0.779 0.522
Cw | 672,5 | 70.1 137,0 1.320 0.985 | 0314
Cst | 754,0 | 70.0 141,5 1.389 0.915 | ¢.292

Sau khi ché bi xong, cac mau dugc can do lai va
dua vao buéng ba truc tién hanh bdo hoa, cb két.
Trong qua trinh thuc hién hai buéc nay, do chit cia
mau c6 thay ddi do ap luc nudc di vao trong mau va
ap luc cb két, nhung sy thay d6i kha nho. Két qua
duoc trinh bay chi tiét & bang 4.

Bang 4. Cac thong s6 thi nghiém budc bio hoa,
co két mau

Biio hoa C6 két
Ky — D§ chit
rl:llgz Ocell | Oback | ¢ g ill'fl?, ! Ocell | Oback | O©’c IS(Z;] ;)0
(kPa) | (kPa) AV (ml) (kPa) | (kPa) | (kPa) s T
Cm | 90 75 234 100 75 25.0 | 0.523
Cwp | 50 30 204,8 60 30 | 30,0 | 0.314
Cst | 100 80 255 120 80 | 40.0 | 0.291

3.3. Két qua thi nghiém gia tai chu ky

Tai trong chu ky tic dung 1én mau 1a tai trong
didu hoa (hinh sin) v6i tan sb f=2Hz (miu Chn, Cu),
f =1 Hz (miu Cy). Bién d6 tmg suit Ac, va ty sd
mg sudt CSR cho ting mau duoc biéu dién trong
bang 4. Trong qua trinh gia tai trong chu ky, cac thay
ddi vé ung sut, bién dang, 4p luc nudc 16 rong duge
ghi lai va biéu dién trén cac biéu dd hinh 3,4,5.
Trong do, kha nang hoa long dugc danh gia dua vao
ty s6 ap luc nudc 16 réng (R, = Au/c’.). Khi chiu
g suat dong, ap luc nudc 16 réng du (Au) trong
dat ting 1am cho tng suat hidu qua giam, dan toi do
bén cua dat giam. Véi d4t cat, do bén chi ¢ luc ma
sat nén thoi diém Gng suat hidu qua giam vé khong
(R. =100%) 1a luc cat mét hin do bén va chuyén
sang trang thai hoa long. Trong thi nghiém, diém

hoa long (chu ky hoa 16ng) dugc xac dinh theo dac
diém sau:

- Chu ky ¢6 ty sé tung suit R, =100%. Trudng
hop ndy, mau duoc xem 1a bi hoa 16ng hoan toan.

- Chu ky c6 su thay ddi dot ngdt cta ing suét va
bién dang. Trong mot s trudng hop, R, khong ting
dén 100%, nhung c6 su sut gidm bién do tng suét
va bién dang vuot qua 5%, khi d6 miu dugc xem la
bi phé hiy.

Theo két qua thi nghi¢m ba mau véi do chat D,
va ty s6 tng suat khac nhau (CSR = 0,23 + 0,48) tit
ca cac mau déu bi hoa 1ong khi R, dat dén 100%.
Bién dang doc truc clia cic mau tai thoi diém hoa
long déu 16n hon 5%, thay d6i tr 7,55% dén
10,46%. Nhin chung, cac mau déu thudc loai cat min,
bui ¢6 ham lugng hat min 16n (nhém hat cé kich thudc
nhé hon 0,1mm - FC>10%), nén kha twong dong vé
thanh phan hat. Vi vy, ty sb (mg suit giy hoa long
(CSRy) phu thude cha yéu vao do chit D,. Khi d6 chat
chuyén tir 0,291 (xbp) dén 0,330 (ngudng gitra x6p -
chit vira), ty s6 (mg suat gay hoa long ting dang ké.
Quan hé nay duoc biéu dién trén hinh 6. Trén biéu db
hinh 3 va 4 c6 thé thiy mau Cy (6 d6 chat thip nhat,
D, =0,291) c6 su bién ddi ing suat va bién dang kha
dot ngot khi gan t6i diém hoa 1ong; trong khi hai mau
& d6 chit 16n hon c6 sy gia ting bién dang va giam
(g suit mot cach déu din hon.

Bang 5. Cac thong s6 va két qua thi nghiém
gia tai chu ky

X A an . % £ Ty sb Chu
Ky Taﬂn {31en d? Ty i) Blren da?g R, Ién ky
- s0 | ungsuat ung 16m nhat hat hé
h'g“ F | bandau suat Saims mha oa
mau a(max) Rugmay) l6ng
(Hz) | Aca (kPa) | CSR (%) (%) N
Chn 2 24 0.48 7.55 100 41
Co 2 27.5 0.33 10.46 100 157
Cst 1 18.0 0.23 8.44 100 104
40 x
- - - = MauCtb
- S B R e Miu Cst
%n? ~. - = =Miu Chn
220 J o iae-
é % \ N \\\
(5 \ ~ T e e i s wm .o . -
& Y1%<.
00 LU L L L L L LN N B BN L B L |
0 20 40 60 80 100 120 140 160
Chu ky gia tai

Hinh 3. S bién doi bién do vmg suit
theo chu ky gia tai
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14
12 - - szu Ctb
----- Mau Cst
10 -7

- — =Mju Chn -

Bién dang doc truc (%)

0 20 40 60 80 100 120 140 160
Chu ky gia tai
Hinh 4. S bién d6i ciia bién dang doc truc
theo chu ky gia tii
Diém hoa long
100.00 7 L+-"  _ _. 2. —-- °
/ o7 ’ /
80.00 H1 . H
[ v
60.00 J1 7 }
| ,' R4
” ~
@40'00 ,' / -7 == MauCtb
2000 3 -7 Miu Cst
el = = =Mau Chn
00 LI L L L L L L B B |
0 20 40 60 &80 100 120 140 160
| Chu ky gia tai

Hinh 5. Sy bién d6i ty s6 R, theo chu ky gia tai

0-6 3 0.48
-0.4 0.33
e
n
O 1
0.2 0.23
O ] T T T T 1
0 0.2 0.4 0.6
Dr

Hinh 6. Quan hé giira CSRy,; véi D,
4. KET LUAN VA KIEN NGHI

Thi nghiém xac dinh kha nang hoa long cua cat
béng thiét bi ba truc dong duoc thyc hién theo ti€u
chuan ASTM D 5311 tai phong thi nghiém Dia k¥
thudt cong trinh — Truong Pai hoc Mo dia chét. Qua
trinh thi nghiém trai qua 4 budc: ché bi, bio hoa, cb
két va gia tai dong. Kha ning hoa long ctia miu
dugc danh gia qua ty sé ap luc nudc 16 rong (Ry).
Khi gia tai trong chu ky hinh sin véi so dd diéu
khién tmg sudt (so do A), ca ba mau déu bi hoa long
khi R, dat t&i 100% va bién dang doc truc thay doi
tir 7,55% dén 10,46%. Kha nang hoa long cia cac

mau cat (min, bui thudc Q,>?) duoc quyét dinh boi
diéu kién tng suat (4p lyc ban dau), ty s6 ung suit
CSR, chu ky gia tai va d6 chat cua mau. Do chit
cang tang thi ty sb ung sudt giy hoa long (CSRy)
cang 16n. Muc d6 gia tang CSRy 16n khi d0 chat
chuyén tir 0,291 (x6p) dén 0,330 (ngudng gitra xop
- chit vira). Cac mau thudc hé ting thudng nim
nong, do chit thip va bao hoa nén nguy co hoa long
rat cao. Do vay, khi st dung loai cat nay lam nén
cac cong trinh c6 tai trong dong hodc trong vung
dong dit manh can thiét phai quan tAm nghién ctru
kha ning hoa long. Pé danh gia kha ning hoa long
nén cat mot cach day du hon, can tién hanh thi
nghiém véi s6 lugng mau du 16n dé xac dinh duoc
duong bao hda long (dudong cong quan hé gitia
CSRy véi s6 chu ky) trong didu kién (vé do chit,
trang thai ing suét) phu hop véi thuc té.
LOI CAM ON

Nhom tac gia xin chan thanh cam on B9 Giao
duc va Bao tao da ho trg kinh phi va Vién Khoa hoc
cong nghé xay dung di phdi hop cing thyc hién
nhiém vu nghién ctru khoa hoc nay.
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