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ABSTRACT

Estimation of the pore water pressure and the settlement of saturated clay subjected to undrained multi-directional cyclic

shear by using hypecbolic function in combination with the “curve-fitting” method

In this research, saturated-normally consolidated samples of kaolinite clay were tested under undrained uni-directional and
multi-directional cyclic simple shears with various shear strain amplitude (), cyclic shear direction and consolidation pressure ().
It is indicated from experiment results that cyclic shear direction and shear strain amplitude have important effect on the pore water
pressure accumulation during undrained cyclic shear and the recompression characteristics after cyclic shear, meanwhile the effect
of consolidation pressure on these properties, at least in the range from 49 kPa to 98 kPa, is negligible. The pore water pressure
induced by multi-directional cyclic shear can be estimated by using hyperbolic function of shear strain amplitude and the number of
cycles in combination with the “curve-fitting” technique. However, the obtained results for the case of multi-directional cyclic shear
is not so good as those for the uni-directional one, especially in the range of y = 0.3% ~ 0.8%. On the other hand, the conventional
estimation method of post-cyclic settlement can be used in combination with different compression indices for predicting the

settlement of saturated clay layer subjected to undrained multi-directional cyclic shear.
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1. Mé dau trong dong dugc xem la trong diéu kién khong
thoat nudc va trong dicu kién nay, ap luc nudc 16
rong s& tich lity va ting 1én cung véi qua trinh gia
tai. Sau khi két thuc gia tai, nudc 16 rong trong dat
thoat ra ngoai va 4p luc nudc 16 rong giam dan
theo thoi gian gy ra qua trinh tai nén ép trong dat
ma trong thuc té nguoi ta thuong goi 1a qua trinh
lan thing dung. Do hin sau cit truot hay do lin
sau dong dit cia nén dit da duoc nghién ctru va
"Téc gia lién hé, Email: nhan_hueuni@yahoo.com quan tric sau nhicu tran dong dat nhu dong dat

Tac dyung cua tai trong dong chu ky 1én nén dat
bio hoa nudc s& dan dén su thay doi ap luc nuoc
16 1ong. Trong trudong hop thoi gian gia tai ngin
nhu thoi gian xay ra mot tran dong dat hay 16p dat
chiu tai co tinh thim nudec kém thi tac dong cua tai
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Niigata nim 1964 hay dong dat Hyogo-ken Nanbu
nim 1995 (hinh 1). Cac nghién ciru gan day cho
thiy, sau si¢u dong dat Tohoku Pacific nim 2011,
d0 Ian cua nén dat tai mot s6 khu vuc mién dong
bic Nhat Ban 1én dén 60cm gy lin va nghiéng

nhiéu cong trinh xay dung (Tokimatsu et al., 2012).

Mit khac, nhiéu nghién ctru khéng dinh réng, nén
dat bi bién dang cit truot dong da phuong véi do
bién dang truot va tan s thay doi lién tyc khi chiu
tac dong cua xung dong tir dong dat (Ansal et al.,
2001). Hinh 2 thé hién quy dao bién dang cat truot
cia nén dat tai do sau 16m theo hai hudng Bic
Nam va Pong Tay trong dong dat Hyogo-ken
Nanbu nim 1995 (Matsuda et al., 2004), dé thay
rang bién dang cua nén dat trong dong dat 1a bién
dang ct truot dong da phuong.
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Hinh 1. D6 lin nén dat tai cang Port Island (Nhat Ban) trugc va
sau dong dat Hyogo-ken Nanbu nim 1995 (Matsuda, 1997)
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Hinh 2. Quy dao cua do bién dang truot trong tran dong dét
Hyogo-ken Nanbu nam 1995 (Matsuda, et al., 2004)

Do dat loai sét hau nhrr khong bi hoa long khi
chiu tai trong dong nen phuong phap tinh lun truyen
thong thong qua hé s ap lyc nudc 16 rong van 1a
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phuong phap pho bién nhat. Dén nay, do lyc lién
két giita cac hat dat trong vi cAu triic va anh huong
ctia né dén tinh chat ap luc nudc 16 rong trong dat
sét van chwa séang to nén phwong phap “hiéu chinh
dudng cong” (curve-fitting) két hop st dung cac
hing s thi nghiém van 1a cach tiép can phu hop
nhat khi mo phong sy phat trién cua ap lyc nudc 16
rong ca & phong thi nghiém va ngoai hién truong.
Trong d6, phuong phap tinh toan hé sb ap luc nudc
16 rong do Ohara, et al., (1984) dé xuat 1a phuong
phap dau tién ap dung cho cac thi nghiém theo mo
hinh diéu khién do bién dang (strain-controlled).
Sau d6 phwong phap nay dugc Ohara va Matsuda
(1988) phat trién trén dat sét kaolinit co két binh
thuong va qua co két chiu cat truot dong chu ky
don phuong khong thoat nuéc. Vé sau, dua Vao
twong quan giita sy phat trién ap Iyc nudc 16 rong
va chi s6 suy giam do bén cua dat loai sét co két
binh thuwong va qua co két chiu tai trong dong chu
ky, Matasovic va Vuccetic (1995) da phat trién mo
hinh thé hién ap lyc nudc 16 rong 1a ham s6 cua chi
s0 suy giam do bén, do bién dang t6i han dé hinh
thanh 4p luc nudc 16 réng (3,) va 06 hang s6 thi
nghiém. Tuy nhién, tat ca cac phwong phip nay
duogc phat trién tir thi nghiém cit truot dong don
phuong hodc thi nghiém ba truc dong nén chua
duogc kiém nghiém va ap dung vao diéu kién cit
truot dong chu ky da phuong.

Vi viy, thong qua két qua thi nghiém cit truot
dong chu ky don phuong va da phuong khong
thoat nudc trén cac mau dit sét kaolinit bido hoa,
ching t6i nghién ciru tinh chat ap luc nudc 16 rong
va dic tinh nén lan cho cac diéu kién phuong cit
truot, do bién dang, 4p luc thing ding khac nhau.
Dong thoi, tién hanh tinh toan 4p lyc nudc 16 rong
va do lun trong diéu kién cit treot dong chu ky da
phuong bang ham hypecbon von dugc dé xuat cho
diéu ki¢n don phuong nhim kiém tra kha niing ap
dung cua phuong phap nay vao diéu kién cit truot
dong chu ky da phuong.

2. Thi nghiém cit trwet dong chu ky don
phwong va da phwong khong thoat nwoc
2.1. Thiét bi thi nghiém

Anh chup va so dd cac bo phan cua thiét bi thi
nghi¢m cat truot dong don gian chu ky da phuong
duoc the hi¢n trong hinh 3. Thong qua hai phuong
cat trugt vudng goc voi nhau, thict bi nay cho phép
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tac dung lén mau dat (dit trong hop cit) nhiéu kicu
tai trong dong khac nhau. Hinh 4 1a anh chup mau
dat tai cac giai doan thi nghiém khac nhau. Hop cat
truot 1a hop cat kiéu Kjellman, trong do mau dat
dugc bao vé bang mang cao su. Bén ngoai mang
cao su 1a 15 dén 16 vong nhya xép chong 1én nhau.
Moi vong c6 dudng kinh trong 1a 754mm, day
2mm. Bang cach sip xép niy, miu dat khong bi
thay doi thé tich nhung van chiu bién dang cat

Mau dat

Puong thoat
nuoc 16 réng”

¢=75mm; h=20mm

truot theo phuong ngang trong qud trinh thi
nghiém. Ap luc nudc 16 rong dugc truyén tir day
mau dén bd cam bién 4p lyc bang ong dan co
duodng kinh 3mm chita diy nudc di xa hét khi. Do
chiéu cao ciia mau thi nghi¢m tuong d6i nho so véi
duodng kinh va bién dang cit truot 1 dong nhat tir
day 1én dinh mau nén sy phan bd cua ap lyc nudc
16 rong dugc xem la dong nhét trong toan bo thé
tich mau (Ohara et al., 1988).

Bo truyén ap luc théng dimng
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Hinh 3. Anh chup (a) va so db cac b phén (b) ctia thiét bi thi nghiém cét trugt dong don gian chu ky da phuwong

2.2. Mau thi nghi¢m va cdc bwéc thi nghiém

Vat liéu s dung trong nghién ciru nay 1a dat
sét kaolinit c6 mot so chi tiéu co Iy nhu sau: ty
trong G, = 2,83, do am gidi han chay w; = 47,8%,
do Am gidi han déo w, = 22,3% va chi s6 nén lan
C, = 0,305. Pé chuan bi mau dat thi nghiém, bot
dat sét kaolinit kho dwoc tron véi nudc cat dén do
am 80% (dang vita). Sau khi giit cho do 4m 6n
dinh trong 1 ngay, dat dwoc hat khi trong hop
chan khong khoang 30 phit va sau do dugc do
vao mang cao su da dit sin trong hop cit (hinh 4a

va 4b). Cac nghién ciru cua Ohara va Matsuda
(1988) da khﬁng dinh, trong gidi han ap luc tr 49
kPa dén 98kPa, anh huong cua 4p luc c6 két 1én
tinh chét 4p luc nudc 16 rong va dic tinh nén lin
cia dat loai sét trong diéu kién cit truot dong don
phuong 1a khong dang ké. Vi vay, trong nghién
ctru nay, chung toi thuc hién mot s6 thi nghiém
cit truot dong da phwong cho gia tri ,, = 98 kPa
nhim kiém tra anh huong cua ap luc co két Ién
cac tinh chat nay trong diéu kién cit truot dong
da phuong.

Hinh 4. Anh chup (a) dét sét kaolinit dang vira sau khi hut khi trong binh chan khéng, (b) miu dét trong hop cit trwe khi ¢ két,
(c) miu dt trwdc khi thi nghiém cit tregt dong chu ky khong thoat nude va (d) miu dit sau khi két thuc thi nghiém
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Két qua tinh toan thoi gian két thuc qua trinh
c6 két so cap bang phuong phap 3t (JGS, 2000)
(d4 va dang 4p dung tai Nhat Ban) va két qua quan
trac su suy giam ap luc nudc 16 rong cua mau dat
trong hop cit trong hinh 5a va 5b cho thdy qua
trinh c6 két so cip cua dat sét kaolinit sir dung
trong nghién ciru nay két thuc sau khoang 15 phut.
Sau khi két thiic qua trinh ¢ két, mau thi nghi¢m

c6 hé s rong ban dau e, = 1,11 ~ 1,19 cho o, =
49 kPa va 1,05 ~ 1,09 cho o, = 98 kPa vdi dudng
kinh 13 75mm va chiéu cao khoang 20mm. Nham
dam bao do bdo hoa cho thi nghiém trong dicu
kién khong thoat nudc, cic mau dat phai dat h¢ so
ap luc 16 rong 16n hon 0,95 (x4c dinh bang thi
nghiém nén tinh khong thoat nudc) trudc khi thi
nghiém cit truot.
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Hinh 5. (a) Tinh toan thoi gian két thic ¢6 két so cip bang phwong phép 3t va (b) s suy giam ap lue nude 16 réng theo thoi gian

trong thi nghiém ¢4 két trén dat sét kaolinit trong hop cit

Sau khi két thuc co két, miu dat dwoc thi
nghiém cit truot chu ky don phuong va da phuong
khong thodt nudc theo mo hinh diéu khién do bién
dang. Thong s6 cua cac thi nghiém dwogc thé hién
trong bang 1. Bién do bién dang tir y=0,1% dén y
= 2.,0% va so luong chu ky 1a n = 200. Bién dang
cat truot tac dung I1én mau dat co dang hinh sin véi

tan s6 /= 0,5 Hz. Cac thi nghiém da phuong c6 do
léch pha 6 = 20°, 45°, 70° va 90°. Trong qua trinh
thi nghiém cét truot, so liéu thi nghi¢m dugc may
tinh ghi lai v6i toc do 40 sb licu cho mdi chu ky
cit truot (2s) nham dam bao do chinh xac va chi
tiét ctia két qua thi nghiém.

Bang 1. Thong s6 ctia cac thi nghiém cit truot dong chu ky don phuong va da phuong

Thi nghiém cit truot dong chu ky don phuong

Tén s6 f(Hz) S6 lwong chu ky n Do bién dang truot y (%)
0,5 200 0,1, 0,2; 0,3; 0,4; 0,5, 0,6; 0,8; 1,0; 1,2; 2,0
Thi nghiém cit trugt dong chu ky da phuong
Tén s6 f(Hz) 86 luong chu ky n Do 1éch pha 0 (°) Do bién dang truot ¥ (%)
0,5 200 20, 45; 70; 90 0,1; 0,2; 0,3; 0,4, 0,5; 0,6; 0,8; 1,0; 1,2; 2,0

Hinh 6a va 6b 1an lugt thé hién md hinh bién
dang dat trung cua mau trong diéu kién cit truot
don phuong va da phuong c6 € = 90°. P9 bién
dang truot dugc xac dinh bf?lng ty s6 gitta bién do
bién dang ngang 16n nhat 5 véi chiéu cao ban dau
ctia mau. Hinh 7 1a két qua ghi lai song cit truot
chu ky va quy dao cua do bién dang truot trén mét
phang nim ngang cho céc thi nghiém cat trugt chu
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ky don phuong va da phuong (6 = 45° va 90°) co
do bién dang = 1,0%. Trong mdi thi nghiém, diéu
kién cét truot don phuong va da phuong co do léch
pha khic nhau duwoc may tinh diéu khién tir
phuong X va ¥ vudong goc véi nhau. Trong thi
nghiém don phuong, bién dang truot tac dung 1én
mau dat chi tir mot phuong (trong nghién ciru nay
1a phuong X, hinh 7a) nén quy dao cua do bién
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dang cit truot co dang duong thing (hinh 7d).
Trong cac thi nghiém da phuong, bién dang truot
tac dung dong thoi 1én mau dit tr phuong X va
phuong Y c6 bién do bang nhau (y = 1,0%) nhung
c6 do 1éch pha khac nhau (hinh 7b, 7c), do d6 qu¥
dao cua do bién dang c6 dang duong elip khi 6 <
90° (6= 45°) va dang dudng tron khi &= 90° (hinh
7d). Anh huong cua phuong cit truot va do léch
pha 1én hinh dang cia duong bién dang thé hién 16
trong hinh 7d nén day 1a thong sd c6 vai trd quan
trong, anh hudéng dén tinh chét dong hoc cua dat.
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Hinh 6. M6 hinh bién dang ctia miu dit trong didu kién cit
truot (a) don phuong va (b) da phuong véi €= 90°
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Hinh 7. Quan hé giira d6 bién dang trurot véi thoi gian trong céc thi nghiém cit truot dong chu ky don phuong (a), da phwong c6

0= 45° (b) va da phuong c6 0= 90° (c), (d) 1a quy dao dudng bién dang trén mat phing nim ngang

3. Két qua va thio ludn

3.1. Ap luc nuwéc 16 rong trong qud trinh cdt trwot
dong chu ky khong thodt nuoc

3.1.1. Sw phdt trién ciia dp hec nude 16 réng trong
qua trinh cat truot khéng thodt nuoc

Dudi tac dong cua tai trong dong chu ky khong
thodt nudc, dp luc nudc 16 rdng (Uy,) trong dét
ting 1én cung véi qua trinh gia tai (hay so luong
chu ky). Su thay déi ctia h¢ sb 4p luc nudc 16 rong,
dinh nghia bang U,,/c",y v6i 0", 12 g suét hiru
hiéu ban dau, trong cac thi nghi¢m cét trugt dong
chu ky don phuong va da phwong khong thoat
nudc co do bién dang ¥ = 0,1%, 0.4% va 2.0%

duoc thé hién trong hinh 8. Két qua trong hinh nay
cho thiy hé s6 ap luc nudc 16 rong ting theo sb
lwong chu ky (n) va tai ciing s6 lwong chu ky, thi
nghiém cé do bién dang 16n hon s& cho hé s6 ap
luc nude 16 rong cao hon. Ngoai ra, tai cung mot
gia tri do bién dang (), hé s6 ap luc nudc 16 rong
trong diéu kién cit truot dong da phwong cao hon
rat nhiéu so vé&i gia tri trong thi nghiém don
phuo’ng, va doi véi cac thi nghiém da phuong thi
h¢ s6 ap luc nudc 16 1ong tang theo do 1¢éch pha (6).
Mat khac, cac nghién ciru vé mbi quan hé gitta ap
Iirc nudce 16 1ong véi su suy giam do bén trong dat
loai sét chiu cit trugt dong khong thoat nudc,
dién hinh 13 nghién ciru ciia Matasovic va Vucetic
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(1995) cho thay su hinh thanh va phat trién cta ap
Iuc nudc 16 rong trong dat loai sét co quan hé mat
thiét véi su suy giam do bén cua chung va hé s6
ap luc nudc 16 rdng cao hon thé hién sy suy giam
do bén 16n hon ciia mau dat. Do d6, két qua thi
nghiém trong hinh 8 cho thay sy suy giam do bén
trong mau dat xay ra nhanh hon trong diéu kién
cat truot dong da phuong.

Dit sét kaolin, 6° , = 49kPa

Hé sb ap luc nudc 16 rdng, Udyn/(f’VO

" Dgn phuong

0 50 100 150 200 250
Sb lugng chu ky, n

Hinh 8. Quan hé gitta hé s6 ap luc nudc 13 1ong (Ug,/c"v0) V6i
s6 lwgng chu ky (n) trong cac thi nghiém cit trugt dong chu ky
don phuwong va da phuwong véi y= 0,1%, 0,4% va 2,0%

Vi vy, c6 thé két luan ring, h¢ s6 dp luc nudc
16 rong la ham s6 cua phuong cat trugt, do bicn
dang va so lugng chu ky va day la nhirng thong so
quan trong anh huong dén sy hinh thanh va phat
trién cua ap luc nudc 16 rong trong dat loai sét chiu
tai trong dong chu ky don phwong va da phuong
khong thoat nudc.

3.1.2. Ifhu:ong trinh thé hién sy bién déi ciia ap luc
nudc 1o rong

Nim 1984, Ohara et al. xac dinh rang khi dat
sét kaolinit c6 két binh thuong chiu cit truot dong
chu ky don phwong khong thoat nuwdc thi ap luc
nude 16 1ong ting theo sd lugng chu ky (n). Cac
tac gia sau d6 da xay dung cong thic tinh toan thé
hién mdi quan hé gitra hé s6 ap luc nudc 16 rong va
s6 lwong chu ky bing ham hypecbon nhu sau:

Udyn _ n
— = —
9,0 a+ fn

ey

trong d6 « va 3 1a tham s6 thi nghiém phy thudc
vao do bién dang (») va duoc bicu dién bing cong
thirc (2) va (3) nhu sau:
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a=amm @
B = B+YC]/ (3)

A. B, Cvamla hélng s6 thi nghiém va duoc xac
dinh thuc nghiém bang phuong phép “hiéu chinh
duodng cong” (curve-fittipg). Veé sau, Ohara} va
Matsuda (1988), phat trien cél}g ‘gh(rc (1) dé ap
dung trén dat sét kaolinit qua co két (OCR =2, 4
va 6) chiu tac dung tai trong dong chu ky don
phuong Khong thoat nude. Ban phat trién moi cua
cong thic nay co the ap dung cho do bicn dang tur
y=0,1% dén 3,0% ciing nhu dugc st dung trong
tinh toan do lun cho cac 1op dat loai sét do tai
trong dong chu ky don phwong gay ra.

Bing cach dua cong thirc (2) va (3) vao cong
thirc (1), ta thu duoc cong thirc (4) nhu sau:
Udyn n

= 4)

o AN™ (5 y) n

3.1.3. Tinh todn hé s6 dp liec nuée 16 rong

Tir cong thire (1) chung ta c6 thé tinh toan ap
luc nude 16 rong cho mot loai dat bat ky chiu cit
treot dong don phuong khong thoat nudc néu xac
dinh duoc gia tri cia o va S (hodc cac h?lng s6 A,
B, C va m) cho loai dat d6. Nhdm kiém tra kha
ning ap dung cong thirc (1) vao diéu kién cit
truot dong da phuong, hé s6 ap luc nude 16 rong
(Uayn/ &"v0) VA hé 86 (1/Ugyn/ ”y0) 140 lugt dugc vé
theo so lwong chu ky (1) cho cac thi nghiém cét
truot dong chu ky don phirong va da phrong c6 do
bién dang y=0,1%, 0.4% va 2.0% trong hinh 9 va
10. Ki hiéu trong hai hinh nay 1a két qua thi
nghi¢m va cac dudng cong (nét dat va nét lién) 1a
gia tri tinh todn theo cong thirc (1) cho hinh 9 va
cong thirc (4) cho hinh 10. C6 thé thay ring, gia tri
tinh toan va két qua thi nghiém phu hop voi nhau.
Nhu vay, véi gia tri cia o va S (hay 4, B, C va m)
khac nhau cho tirng thi nghiém, ta c6 thé tinh toan
hé s ap Iyc nudc 16 rdng cho dat loai sét bio hoa
chiu cit trwot dong don phuong va da phuong
khong thoat nudc. Tién hanh ap dung cong thirc
(1) trén nhiéu s6 liéu thi nghiém s& thu duoc quy
luat bién doi cua tham s6 « va S va qua dé cho
phép xéac dinh duoc gia tri cua hang s6 4, B, C va
m dic trung cho dat sét kaolinit st dung trong
nghién ctru nay. Su thay doi cua tham sé thi
nghiém o va g theo do bién dang () duoc thé
hién trong hinh 11 va gi4 tri cua hing s6 4, B, C
va m duoc thé hién trong bang 2.



Tap chi Cac Khoa hoc vé Trai Pat, 37 (1), 79-89

'3 [Pht st kaolin, " ~49kPa gia kha nang ap dung céng thirc (1) dé tinh }oén ap
° 1 = = 1=2,0% lyc nudc 16 rong cua dat loai sét chiu cat truot
:;508 s dong d:el phuong khong thodt nudc, ching t6i so
ol 1=0,4% sanh két qua thi nghi¢m (ky hi¢u) véi gia tri tinh
g 06 toan (duong nét I%én) cho cic diéu kién thi nghiém
1% : . «0=90° 00=70° khac nhau nhu thé hién trong hinh 12a, 12b va 12¢
E 0.4 0> 2 ©6=45° *x0=20° cho Owo = 49 kPa va trong hinh 12d cho o,y = 98
o »*“—Két qua tinh (Pa phuong) (2 2on phuong kPa. K¢t qua tinh toan trong cac hinh nay thu
f—go,z ‘ o duoc tir cong thl'rc (1) véi gid tri cac héng S0 A, B
o = =0.1% C vam dugc lay tir bang 2. Mic du ton tai mot s6
Lo ‘ ‘ ‘ sai sO giita gia tri tinh toan va két qua thi nghiém
0 50 100 150 200 250 d6i vé6i truong hop da phuong, nhung nhin chung
86 lugng chu k. n ching kha phi hgp vé6i nhau.
Hinh 9. Quan hé gitra hé sb ap lue nudc 16 rong va sb luong Bang 2. Gia tri cac héng sb thi nghiém 4, B, C vam
chu ky cho cac thi nghiém cit truot dong don phuong va da Didu kién phuong cit truot Hing s thi nghiém
phuong c6 7= 0,1%, 0,4% va 2,0% A B c__m

Don phuong 7,900 -0,086 1,025 -2,300

Nhiim kiém tra mitc do chinh x4c cla gid tri  Pa phuong (0= 20°, 45°,

s g \ ~ . o ono 3,000 -0,045 1,015 -2,200
cac hang so thu dugc trong bang 2 cling nhu danh  70°, 90°)

2500 - 350 -
[~ Két qua tinh (Don phuong) .« bat sét kaolin; ¢’ = 49kPa
— Két qua tinh (Pa phuong)o . 300 Fepg—9n0op =00 .
2000 | . ) ) o /,' 9 90 e 70 /,U ‘/:0,4%
bat sét kaolin 250 |©0=450x0=20° et
> 6’y = 49kPa o ~ ° Pon phuong ‘
1500 [ e 2200 7y =2.0%
21000 | A . 3150
E PR /X/X = T\:’
75 x 100
500 = *0=90% 6 =70 )
— 4 09 =450x 9 =20 50 ~-= K&t qua tinh (Pon phuong)
0 ¢ o Don phuong 0 —Kétqua tl’ph (Pa phuong)
@ o 50 100 150 200 M o 50 100 150 200 250
SO luong chu ky, n SO lugng chu ky, n

Hinh 10. Quan hé gita (7/(Usya/0"10)) va s6 lwong chu ky cho cac thi nghiém cit treot dong don phuong va da phuong c6 y=0,1%,
0,4% va 2,0%

10000 Dat sét kaolin; 6° , = 49kPa|e g = 9()0 4 Dét sét kaolin 00 =900
n=200;y=0,1% ~ 2,0% 6 L1 o — B
1000 &-. > > > 0 =700 , O’y = 49kPa 5g =700
00 =45 \ n=200 0 =450
VY =0,1%~2,0%
100 x 9 =200 4 L x0 =200
\
3 o Pon phuong @ g\‘ ° bon phuong
10 | .
5 | b4 ‘9 ----Két qua tinh (Pon phuong)
| g — Két qua tinh (Pa phuong)
- Ké:t qua tinh (Pon phuong) == O e ——0ri0
0 — Két qua tinh (Pa phuong) 0
’1 L L L L L PR | 1 Il 1 L
@ o, . 1 (b) 0 0,5 1 1,5 2
Do bien dang, v (%) D¢ bién dang, y (%)

Hinh 11. Quan hé gitta tham s6 thi nghiém « va Svéi d6 bién dang cho didu kién cit trugt dong chu ky don phwong va da phuong
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Hinh 12. So sanh két qua thi nghiém vd&i gié tri tinh toan hé s 4p luc nudc 15 rdng cho thi nghiém cit trugt dong don phwong va da

phuong c6 d6 bién dang va ap luc ¢b két khac nhau

Quan hé giita hé s6 ap luc nudc 16 rong va
logarit do bién dang duoc thé hi¢n trong hinh 13
cho cac diéu kién phwong cat trugt va ap luc co két
khac nhau. Ki hiéu trong hinh 1a két qua thi
nghiém va duong nét lién va nét dut 1a gia tri tinh
toan bang cong thic (1) cho truong hop don
phuwong va da phuong. Trong do, gia tri cic hang
s0 A, B, C vam dugc lay tir bang 2. Mic du gia tri
tinh toan kha phu hop véi két qua thi nghiém cho
tat ca cac diéu kién thi nghiém khac nhau nhung so
v6i diéu kién don phuong thi két qua thu duogc cho
diéu kién da phuong con ton tai sai sb, dic biét
trong gidi han do bién dang 7= 0,3% ~ 0,8%. Piéu
nay la do cong thuc (1) duoc xay dung dua trén
két qua thi nghi¢m cit truot chu ky don phuong va
1a ham s6 cua do bién dang (») va s6 lwong chu ky
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(n) nén khong bao ham va phan anh dwoc yéu to
phuong cét truot va do 1éch pha (@) trong diéu
kién cét trugt chu ky da phuong von co anh huong
rat 16n dén sy hinh thanh va phat trién cua ap luc
nudc 16 rong. Vi vay, dé thu dwoc két chinh xéc
hon can phat trién cong thirc (1) theo hudng bao
ham cac yéu t6 cua diéu kién cit truot dong da
phuong. Ngoai ra, két qua mot s6 thi nghiém cit
trugt dong da phuong c6 6= 90° dudi ap luc thang
dang 98 kPa ciing dugc thé hién trong hinh 13
cho y=0,2%; 0,4%; 0,8%; 1,2% va 2,0%. So sanh
két qua gitra hai gia tri ap luc c6 két cho thy,
trong gidi han ap luc tir 49 kPa dén 98 kPa, anh
huéng cua ap luc co két 1én ap luc nudc 16 rong
trong dét loai sét chiu cét truot dong da phuong 1a
khong dang ke.
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Hinh 13. Quan hé giita hé sb ap luc nuéce 16 rong véi do bién
dang cho cic thi nghiém cit trugt dong don phuong va da
phuong c6 ap luc c¢b két khac nhau

3.2. Pé lun ciia dit logi sét sau khi chiu cdt truweot
dong chu ky khong thodt nieéc

3.2.1. Céng thuec tinh todn do lin

Ohara va Matsuda (1988) tinh toan sy thay doi
h¢ s6 1dng Ae va do lin theo do bién dang g (%)
sau tai trong dong thong qua “chi s nén lin do tai
trong dong - compression index induced by cyclic
loading, C,,” hay vé sau dwoc goi 1a “chi s6 tai
nén lun chu ky - cyclic recompression index, C,.,”

® 0=90° (¢’ ;=49kPa)
0,15 Foe=70° ” oo@
o0= 450 "
x 9 =200 " ..
© Pon phuong ”
0.10 X0 =90 (c°,,~98kPa) -
[} o e
4 o
0’05 | Ae = CdynM lOg(SRR)
Cdy“U log(SRR)
0,00 _ Dit sét kaolin: y = 0,1%~0.2%; n = 200

1 10 SRR 100

Hinh 14. Su thay ddi hé s6 rdng trong giai doan tai nén ép

Doi vé6i dat sét kaolinit sir dung trong nghién
ciru nay thi chi s6 nén lin cua truong hop cit
trugt dong don phwong va da phuong, dwgc ki
hiéu 1an uot 1a Capnrr VA Capmy, €6 gid tri 1a Chrr

(Yasuhara, 1995, Yasuhara, et al., 1991). g duoc
dinh nghia bang cong thirc (5) nhu sau:

. C c &)
g, = M Ae B Jog( ! )=—2"log SRR
H0 e, l+eO Uy e,
o'y

trong do, e, 1a hé sb rong ban dau, H, chiéu cao
ban diu cia miu, AH 1a do lun cia miu dat and
o', 1a img suat hiru hi¢u tai thoi diém két thic thi
nghiém cit truot dong Thong s6 1/(1 Ui/ Tv0)
duoc goi 1a “hé s6 suy giam mg sudt - stress
reduction ratio” va dwgc ki hiéu bang “SRR”

(Matsuda, 1997; Matsuda et al., 2000). Trong
nghién ctru nay, SRR dugc xic dinh bang cong
thic (1) véi gia tri cua cac hing s6 A, B, C va m
duoc léy tir bang 2.

3.3.2. Su thay doi hé sé réng

Hinh 14 thé hién moi quan h¢ giita hé so thay
doi he so rong (Ae) véi logarit cia hé s6 suy giam
g suat (SRR) cho cac thi nghi¢m c6 phuong cit
truot, do bién dang va ap luc co két khac nhau. Ki
hiéu trong hinh nay 1a két qua thi nghiém va
duong thang nét dit va nét lién 1an luot 1 két qua
tinh toan bang cong thic (5) cho trudng hop don
phuong va da phuong. Két qua thi nghiém va gia

tri tinh todn phu hop véi nhau.
8
® 0 =90° (¢’ ,=49kPa)
Foe =700 "
6 Loo=45 "
S |xe=20 "
& [© bon phuong " L
£ 4 X0 =90 (5°,~98kPa)
< A . . ¥
@ | batsét kaolin foid
n =200 ©
2 ¢ 5 ©
SRy
2 @ Két qua tinh (Pa phuong)
- -- Ket qua tinh (Don phuong

0.1 bo blen dang Y (%)

Hinh 15. Quan hé gitra d6 ltn (&) va do bién dang () cho thi
nghiém cit truot dong chu ky don phuong va da phuong
khong thoat nuwdc

= 0,064 = 0,210 C, va Cy,us = 0,076 = 0,249 C,,
trong d6 C, 1a chi so nén lin trong thi nghiém cb
két. Cac gia tri nay phu hop véi quan h¢ C,., =
0,225 C, cho dat sét Drammen c6 két binh thuong
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chiu cit truot dong chu ky khong thoat nudc duoc
thuc hién bang thiét bi cat trugt dong chu ky tai
Vién bia k§ thuat Nauy (NGI) (Yasuhara et al.,
1995; Matsuda et al., 2001). Nhu vay, chi s6 nén
lun Cg,, trong cong thuc (5) s€ chuyén thanh
Camu cho trudng hop cit truot dong don phuong
va Cgur cho truong hop da phuwong (hinh 14).
Ngoai ra, quan h¢ trong hinh 14 cho thiy Ae ting
ty 1& (proportion) véi logarit cia SRR. Ngoai ra,
Ae khong phu thuoc do bién dang (») va ap luc cod
két (0,0), t6i thiéu 1a trong gidi han tir 49 kPa dén
98 kPa, nhung chiu anh huong cua phuong cit
truot.

3.3.3. Tinh todn do lin sau cdt truot daong khong
thoat nuéce

Su thay doi cua do lun sau cét truot & (%) voi
do bién dang (») duoc thé hién trong Hinh 15 cho
cac thi nghiém cé phuong cét trugt va ap luc cb
két khac nhau. Ki hiéu trong hinh nay 1a két qua
thi nghiém va duong cong nét dirt va nét lién lan
luot 1a két qua tinh toan bang cong thic (5) cho
truong hop don phuong va da phuong, trong dé
gid tri cua chi s6 nén lin Cyy, = 0,064 va Cypny =
0,076 dugc s dung. Dé dang thay rang gia tri
tinh toan phit hop véi két qua thi nghiém. Vi vay,
c6 the sir dung cong thirc (5) két hop véi cac gia
tri ctia chi s6 nén lan Cy,,y va Cyy dé tinh toan
va du béo do lan cho dét loai sét chiu cat truot
dong chu ky co do bién dang truot va phuong cit
trugt khac nhau. Ngoai ra, két qua thi nghiém
trong trong Hinh 15 cho thiy, tai cung so luong
chu ky (n = 200), do lan cua mau dat ting theo do
bién dang () va tai cung gia tri do bién dang, do
lun do thi nghiém da phuong 1én hon trong thi
nghiém don phuong. Doi véi cac thi nghiém cit
treot dong da phuwong co cung do bién dang thi do
Iun ting nhe theo do 1&€ch pha (6 = 20°, 45°, 70°
va 90°). Ciing trong hinh 15, d6 lin sau cét truot
dong da phuong gitta ap lyc thang dimg 49 kPa
va 98 kPa kha phu hop véi nhau va do dé c6 thé
két luan rang, trong gidi han ap luc tir 49 kPa dén
98 kPa, anh hudng cua ap luc cb Kkét 1én dd lun
sau cat truot da phuong 1a khong dang ké. Két
luin twong tu da duoc Ohara va Matsuda (Ohara
et al., 1988; Yasuhara, 1989) khing dinh cho
truong hop cat truot dong chu ky don phuong.

4. Két luin va kién nghi
(1) Thoi gian két thiic qua trinh c6 két so cap
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thu duoc bang phuong phap 3t theo tiéu chuan
JGS cua Nhat Ban kha phu hop voi két qua quan
tric sy suy giam ap lyc nudc 16 rdng cho thay mirc
do chinh xdc cao cia phwong phap nay. Phuong
phap nay da duoc gidi thi¢u va ap dung tir lau tai
Nhat Ban, cong vi¢c tinh toan don gidn nén cin
duoc gidi thi¢u va ap dung vao cic phong thi
nghiém dat xay dyng tai Viét Nam.

(2) Tinh chat ap luc nudc 16 ong va dic tinh
nén lan cua dt loai sét bo hoa chiu cit truot dong
da phuong khong thoat nudc phu thudc rat 16n vao
phwong cat truot, do bién dang va so lwong chu ky.

/(3) Cong thire tinh toan ap luc nudce 16 rong dé
xut cho truong hop cét truot dong don phuong co
thé ket hop voi phuong phap “hi¢u chinh du(mg
cong” dé tinh toan ap hrc nudc 16 rong trong dat
loai sét bao hoa chiu cit trugt dong da phuong.
Tuy nhién, so véi két qua tinh toan cho diéu kién
don phuong thi két qua thu dwoc cho diéu kién da
phuong con ton tai sai s0. Vi vay, dé thu duoc két
qua chinh xdc hon can phat trién thém cong thirc
(1) theo hudng bao ham dwoc cac yéu to anh
hwong cua phwong cit truot trong dicu kién cit
treot dong da phuwrong.

(4) Phuong phap tinh todn do lin do Ohara va
Matsuda (1988) phat trién cho trwong hop cit truot
dong don phuong c6 thé két hop voi cac gia tri chi
s0 nén lun khac nhau dé du béo do lin cia nén dat
loai sét bdo hoa chiu cit truot dong chu ky da
phuong khong thoat nudc.

Loi cam on

Céc thi nghi¢m cua bai bdo duoc thuc hién b?mg
thiét bi thi nghi¢m cét truot dong chu ky da phuong
tai Phong Thi nghi¢m bia ki thuat Matsuda
(Truong Dai hoc Yamaguchi, Nhat Ban) dudi su tu
van va gitip d& vé mit ky thuat cua Gido su Hiroshi
Matsuda. Tap thé tic gia trin trong cam on sy gitp
d& cua Gido su va cong su.

Tai liéu din
Matsuda H, 1997:

settlement-time relations of clay layers, Journal of JSCE
Division C, JSCE; 568(I1I-39), 41-48 (in Japanese).

Estimation of  post-earthquake

Matsuda H, Shinozaki H, Okada N, Takamiya K, Shinyama K,
2004: Effects of multi-directional cyclic shear on the
post-earthquake settlement of ground, Proc. of 13" World
Conf. on Earthquake Engineering; No. 2890.



Tap chi Cac Khoa hoc vé Trai Pat, 37 (1), 79-89

Tokimatsu K, Katsumata K, 2011: Liquefaction-induced

damage to buildings in Urayasu city during the
2011 Tohoku Pacific earthquake, Proc. Int. Symp.
On Engineering lessons learned from the 2011

Great East Japan Earthquake, 665-674.

Lessons, 2012: Learned from the 2011 Great East Japan
Earthquake, 665-674.

Ansal A, Iyisan R, Yildirim H, 2001: The cyclic behavior of
soils and effects of geotechnical factors in microzonation,
Soil Dynamics and Earthquake Engineering, Vol.21, No.5,
445-452.

S. Ohara, H. Matsuda, Y. Kondo, 1984: Cyclic simple shear
tests on saturated clay with drainage, Journal of JSCE
Division C, JSCE, Vol. (352/I11-2), 149-158 (in Japanese).

S. Ohara, H. Matsuda, 1988: Study on the settlement of
saturated clay layer induced by cyclic shear, Soils and
Foundations, Vol. 28, No. 3, 103-113.

M. Vucetic, 1995:

degradation pore pressure generation model for clays,

N. Matasovic, Generalized cyclic

J. Geotechnical Eng., ASCE, Vol. 121, No. 1, 33-42.
JGS, 2000: Soil test procedure and explanation (in Japanese).

Yasuhara K, 1995: Consolidation and settlement under cyclic

loading, Proc. Int. Symp. on Compression and

Consolidation of Clayey Soils, 979-1001.

Yasuhara K, 1991: Andersen KH. Recompression of normally

consolidated clay after Soils and

Foundations, 31(1): 83-94.

cyclic loading,

H. Matsuda, H. Nagira, 2000: Decrease in effective stress and
reconsolidation of saturated clay induced by cyclic shear,
Journal of JSCE Division C, JSCE, Vol. 659(I11-52), 63-75

(in Japanese).

K. Yasuhara, S. Murakami, N. Toyota, A. F. L. Hyde, 2001:

Settlements in fine-grained soils under cyclic loading, Soils

and Foundations, Vol. 41, No. 6, 25-36.

Matsuda H, Ohara S, 1989: Threshold strain of clay for
pore pressure buildup, Proc. of 12" World Conf. on Soil
Mechanics and Foundation Engineering, Rio De Janeiro,
127-130.

89





