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ABSTRACT

Estimation of the pore water pressure and the settlement of saturated clay subjected to undrained multi-divectional cyclie
shear by using hypecbolic fanction in combirstion with the “curve-isting” mevhod

In this research, saturated-nonmally consalidated samples of kaolmte clay were tested under undramed uni~directional and
mult-directianal cyclic sumple shears with various shear strain amplitude (), cyclic shear direction and consolidation pressure (cig)
1t 18 ndicated from experiment results that cyclic shear direction and shear stran amplitude have important effect on the pore water
pressure accumulation dunng undraied cyclic shear and the recompression charactenstics after cyche shear, meatiwhile the effect
of consolidation pressure on these propertics, af least i the range from 49 kPa to 98 kPa, 15 neglgtble The pore waler pressure
nduced by multi-directional cyclic shear can be estimated by using hyperbolic functson of shear strain amplitude and the number of
cyeles n combination with the “curve-fitting” technique However, the obtained resuits for the case of multi-directional oyclic shear
18 mat 30 good as those for the uni~directional ane, especially in the range of y=10 3% ~ 0 8% On the other hand, the conventional
estmation method of post-cyclic settlement can be used in with different jon mnduces for predicting the
settlement of sahirated clay layer subjected o tmdrained multi-durectronal eyclie shear
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1. Mis déu trong dng dugc xem 14 trong didu kién khung
thoit nudc va trong diéu kuén ndy, dp hec nudc 16
rong s tich kiy va tang 1&n cling véi qua trinh gia
ti. Sau khi két thic gia tai, nwdc 16 rdng trong dit
thodt ra ngodi va dp luc nuéc 16 dng giam din
theo thén gian giy ta qua trinh ti nén ép trong dét
ma trong thirc 18 ngudsi ta thudmg gor 1 qud tiinh
lin thing dimg DO kin sau cit tnrot hay d lim
sau dbng dAt cia nén dit 41 duee nghién cho va
“Tac gri lén hé. Email, nhan_hweuni@yahoo.com quan triic sau phitu trin djng dét nhw dong dAt

Tic dung cua ti trong dong chn ky 1én nén dit
b30 hoa medc st dlin dén sw thay d8i ap Ivc nude
18 rong. Trong trudng hop thor gian gia tii ngdn
nahir thii gian xdy ra mét trin dong d4t hay lop dit
chiu té co tinh thim niréc kém thi tic dong cia tai
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Niigata nim 1964 hay ddng @it Hyogo-ken Nanbu
nam 1995 (hich 1). Cacnghlena:uganday cho
thiy, san siéu ddng a4t Tohoku Pacific nim 2011,
45 lin cua nén dit tzi mdt sb ki virc midn déng
bic Nht Ban Ién dén 60cm giy hin va nghiéng

nhidu cdng trmhxay dymg (Tokimatsu et al., 2012).

Mt khic, nhleunghxencuukhangdmhmg. nén
4t bi bién dang cit trugt dong da phuong véi d6
bién dang trugt v tAn sb thay doi lién tuc kiu chiu
téc dong cila xung dong tir djng dat (Ansal et al,,
2001). Hinh 2 thé hién quy dao bién dang cét trot
cia nén @At tai df siu 16m theo hai huéng Bic
Nam va Doéng Tiy trong dong dit Hyogo-ken
Nanbu nim 1995 (Matsuda et al., 2004), dé thdy
réang bién dang cua nén dat trong déng dt 13 bién
dang cit trugt dong da phirong.
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‘Hinh 1. DS lin nén 481 ta cing Port Island (Nhir Bin) treoc vi
sau dong dit Hyopo-ken Nanbu nim 1995 (Matsuda, 1997)
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Hioh 2. Quf dac ciia 4§ bién dang tnrgt trong trin dgng dit

Hyago-ken Nanbu nim 1995 (Matsuda, et al., 2004)

Do dit loai sét hiu nhur khong bi héa long khi
clnulaluvngdongnenpm:nngplupnnhlunuuyen
thong thong qua bé sb dp hye mrde 15 Bog vén i
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plnmng phap pho bién nhit Dén nay, do lyc lién
ketgumcachatdaxuungumumvaauhhmng
cuanodentmhchataplucmuc 18 tong trong dat
sét van chira sa.ng 16 nén. phmmg phap “higu chinh
dumg cong (curve-fitting) két hop s& dung cic
héngsothlnghxem\anladchnepcanphuhvp
nhat khi mb phong sw phit triéa cia ap lyc nudc 16
rong ¢4 ¢ phong thi nghiém va ngoax hién trudmg.
Trong 46. phuong phip tinh toén he sb ép luc e
16 mng do Ohara, et al, (1984) d& xuit la phuong
phép dau tién &p dung cho cic thi nghi§m theo md
hinh diéu khién d bién dang (strain-controlled).
Sau d6 phurong phip ndy dugc Ohara va Matsuda
(1988) phit trién trén dét sét kaohnit ¢d két binh
thudng va qud cb két chju cht truqt déng chn ky
don phueng khong thoat mmc Vé sau, dya vio
tuong quan gilta syt phat trién ap hac nuée B mng
va chi s0 suy giam do bén cua dit logi sét cb két
binh thedng va qui cb két chiu tai trong dong chu
ky, Matasovic va Vaccetic (1995) di phat tidn md
huﬂnhehn;naplucnuoc lomnglahamsocﬁachi
sb suy giam dp hen,doblend.anglmha.nde hmh
thanh dp lyc muéce 16 ong () va 06 hdng sb thi
nghi¢m. Tuy nhién, tht ca cic phrong phip nay
duge phat trién tr thi aghiém cit teet djng don
phuomg hojc thi nghiém ba tuc djng nén chim
duge kiém nghi¢m va ap dung vao didu kién cit
mugt djng chu ky da phuong

Vi viy, thong qua két qua thi nghiém cit truot
@bng chu ky don phuong va da phirong khong
thoit nudc trén cc maun dat sét kaolinit bao hda,
chilng 16i nghién ciru tinh chit 4 ip fue nude 16 r5ng
va dic tinh nén lin cho cdc didu kign phong cit
mwl,doblendang,aplucthangdungkhacnhm.
Bong thoi, tién hanh tinh toan dp Iyc mrde 16 rong
va &6 lan trong diéu ki¢n cit u-ue‘t ddng chu ky da
phmmg bing him hypecbon vén dugc dé xudt cho
didu kién dom phuong ahim kiém tra kha nang ap
dung ciia phirong phip niy vao diéu kién cit trugt
ddng chu ky da phwong.
2. Thi nghi¢m ci( trrot déng chu k¥ dom
phwong va da phwong Lhing thoat nwdc
2.1. Thiée bj thi nghiem

Anhclmp\asado cic b phiin cua thiét bi thi
nghiém cit tnrot dgng don gian chu ky da phuong
irge thé hi¢n trong hinh 3. Thnng qua hai piwrong
cit truot vudng géc vai nhau, thiét bi nay cho phép
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téc dung 1én mau dét (it trong hp cit) nhidu kiéu
tii trong ddng khic nhau Hinh 4 13 anh chup méu
dt tai cac giai doan thi nghi¢m khéc nhau, Hop cit
trwgt 13 hip cét kidu Kjellman, trong d6 mau dt
duge bao vé bing mang cao su. Bén ngodi mang
cao su la 15 dén 16 vong nhya xEp chong 1én nhau.
MGi véng c6 dudng kmh trong 13 754mm, day
2mm. Bing céch sip xép ndy, méu dit khong b1
lhay ddi thé tich nhung vin ch;u bién dang cit

Pudng thoat
nuoc 16 réng

trugt theo phuong ngang trong quéd Im'ol\ thi
nginem Ap Iwe mrée 16 ong duqc m.lyen or day
miu dén bo cam bién ap Iwc bing ong dén co
dudmg kinh 3mm chita diy mroc da xa hét khi. Do
chiéu cao cita mAu thi nghigm trong déi nho so véi
dudmg kinh va bién dang ct truot la ddng nhit tlr
day 1én dinh miu nén sw phan bd cia ap lrc nudc
16 1ong duoc xem 13 dong nhit trong toan b thé
tich mau (Ohara et al., 1988).

B3 didu khién &p lyc khi

B cam bién ap lyc nudc 16 éng

Hinh 3. Anh chup () vi so 86 cde b phin (b) cia thiét bj thi nghidm cit truot déng don gian chu ky da phuong

2.2. Mau thi nghigm va cde bucde th nghigm

Vit ligu sir dung trong nghién ciru nay la dit
sét kaolinit c6 mt s chi tiéu co Iy nhu sau; ty
trong G, = 2,83, 46 Am gidi han chay w; = 47,8%,
do 4m gi6i han déo Wy =22,3% va chi 50 nén han
C, =0,305. D& chuén bj miu dat thi ngluem, bt
dat sét kaolinit khé dugc tron véi mrde cat den do
Am 80% (dang vira). Sau khi giit cho d 4m én
dinh trong 1 ngay, dit duoc hut khi trong hop
chan khong khoang 30 phut va sau d6 dugc do
vao mang cao su da it sin trong hop cét (hinh 4a

va 4b). Cac nghién clru cia Ohara v4 Matsuda
(1988) da khiing dinh, trong gids han dp lyc tir 49
kPa dén 98kPa, anh hirémg ctia 4p hyc cb két lén
tinh chét 4p lyc mréc 16 rong va dic tinh nén in
cuia dit logi sét trong diéu kién cit trugt dong don
phuong 14 khong ddng ké. Vi viy, trong nghién
ciru nay, ching t6i thye hién mdt s thi nghi¢m
cit truot dong da phuong cho gia tri oy = 98 kPa
nhim kiém tra anh hudng cia ap luc cb két lén
cac tinh chat nay trong diéu kién cit trrgt dong
da phuong.

Hinh 4. Anh chyp (a) dit sét kaolinst dang vira sau khi it khi trong binh chin khong, (b) miu it trong hp cit trude khi ¢ két,
(c) mu dét trucre khi thi nghi¢m cit truot dong chu ky khong thoat nude va (d) miu dit sau khi két thic thi nghiém

81



TT. Nhin vi nmk/Tap chi Cac Khoa hoc vé Trdi BAL Tap 37 (2015)

Két qua linh todn thi gian két thiic qua trinh
b két so cap béing phuong phip 3t (JGS 2000}
(da va dang 4p dyng tai Nhat Ban) va kbt qua quan
tréc su suy glam dp Iyc mrdc 16 dng cua whu dat
trong hop cit mmg hinh 5a va 5b cho thiy qui
trinh cb ké so cip cua dit sét kaolinit sw dung
trong nghién cim nay Két thitc sau khoang 15 phit.
Sau khi két thic qua trinh cb két, mau thi nghi¢m

6 he 56 réng ban diu e, = 1,11 ~ 1,19 cho o0 =
49 kPa va 1,05 ~ 1.09 cho o, = 98 kPa vdi dm‘mg
kinh 13 75mm va chidu cao khoang 20mm. Nhim
dam bao d bdo hda cho thi ughlem trong dleu
Lign khong thodt mrde, cac mAu 44t phas dat h¢ sb
4p lyc 15 téng on hom 0,95 (xc dinh bing thi
nghiém nén tinh khdng thodt nwdc) trude khi thi
nghém cAt trrgt.

Thii gian (pht)
001 01 1 G5 160 5000 @
0N k X Ap e thing dime
40
_nu =
g 30
Enl e i o
£ s =20 -Ap luc nuée 16 tong
2 ! < 10 DAt sét kaolin;
14+ . o’ ~49kPa
¢ Dét sét kaolin, o ;=49kPa ® 0 4 3 12 16 20
#) 15 Thén gian (phat)

Hinh 5. (a) Timh toan théi gian két thic ¢ két so cip bing phurang phép 3t va (b) sw suy gidm ap luc aude 16 réng theo thén gian

tong thi nghugm cb két trén dit sét kaolinit trong hép cit

Sau khi két thic cb két, miu dit dwgc thi
nghiém c&t tregt chu ky don phuong va da prong
khdng thoat mréc theo md hink didu khién dd bién
dang. Thong sb cua cac thi nghiém duge thé hién
trong bang 1. Bién 4% bién dang tir y= 0,1% dén ¥
=2,0% vi sb lueng chu ky 1a 7 = 200. Bién dang
cﬁtmmﬁcdunglénnﬁudﬁtcédanglinhsinvéi

tén s6 £ = 0,5 Hz. Céc thi nghigm da plurong c6 d
1gch pha 8 = 20°, 45°, 70° va $0°. Trong qua trinh
thi nghidm cét truot, 56 lidu thi nghiém duge may
tinh ghi lai véi toc d6 40 sb lidu cho méi chu ky
it truot (25) nhim dam bao 4§ chinh xac va chi
tiét cuia két qua thi nghiém.

Bing 1. Théng s6 ciia céc thi nghiém cit trot ding chu k don phuong 1a da phuong

Thi nghiém ci trugt dong shu ky don phuong

Tan 55 7(Hz)

S lwong chu ky » B4 bin dang truot ¥(%)
05 200 9,1,0,2,03.04,0.5.06,08; 1,0,1,% 2,0
‘Thi nghiém cit trugt dng chu ky da phuong
Tan 50 f(Hz) $6 huong chu ky % lich pha 8(%) B4 bién dang truat 7(%)
0.5 200 20. 45, 70; 90 0,1,0,2.0,3;04,0,5, 05, 0.8, 1,0;1.2:20

Hinh 6a v4 6b lin lugt thé hién mb hinh bién
dang 03t trung cia miu trong didu kidn cit treet
don phuong va da phuong ¢6 & = 90° D{ bién
dang trugt dugc xic dinh bing ty sb giira bién d¢
bién dang ngang 16 nhit & véi chiéu cao ban diu
cia mAu, Hinh 7 L3 két qua ghi lai song cit trugt
chu ky va quy dao cua d3 bién dang trret trén mat
phéing nim ngang cho cac thi nghiém cét trrot chu
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k¥ don phuong va da phuong (9 45° va 90°) ¢o
65 bién dang 7= 1,0%. Trong mdi thi nghidm, didu
kién cit tnrot don phuong va da phuong cé 46 léch
pha khic nhau dugc médy tinh didu Xhién or
phuong X va t vunng BOC vei nhau Trong thi
nghxem don phuong, bién dang trugt tac dung 1én
man dit chi tir mpt phuong (trong nghién ciry niy
la phuong X. hinh 7a) nén quy dao cia dp bién
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dang cit trugt c6 dang dwomg thing (hinh 7d).
Trong céc thi nghiém da phuong, bién dang trrgt
tic dung ddng thdi 1én mu ddt tir phuong X va
phirong ¥ ¢6 bién 46 bing nhan (= 1,0%) nbung
6 dp léch pha khic nhau (hinh 7b, 7c), do d6 quy
dao cia 45 bién dang c6 dang dwimg elip khi 6 <
90° (9= 45°) vA dang dubmg tron khi 6= 90° (hinh
7d). Anh hirémg cita phuong cit tnret va dd léch
pha 1én hinh dang ciia dudmg bién dang thé hign 15
trong hinh 7d nén ddy 1 thdog sb co vai td quan
trong, &nh hudng dén tinh chét dong hoc cia dit.

(a)
Pon phuong

Da phuong (9= %0%)

Hinh 6. Mé hish bién dang ciz miu ¢ft trong didu kain cit
trivot (a) don phong va (b) 4a phitong vér 8= 90°
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Hinh 7. Quan h§ gifra 43 hién dang tret vén thei glan trong céc thi nghiém cit trugt ding chu ky don phuong (a), da phuong o6
8= 45" (b) vi da phuong c6 8= 90° (¢), (d) Li quf dao dwing bién dang trén mit phing ném ngang

3. Két qui va thio lujn

3.1 A‘p e mwde 16 réng trong qud mrink edt tricgt
dong chu ky khing thodt nudc

3.1.1. Su phdt trién ciia dp luc nede 16 réng trong
qud trink cdit triept khdng thodt nuroc

Dui tac dong cia tai trong ddng chu ky khbng
thodt mrde, 4p luc nude 16 rng (Usm) trong it
ting lén cing vé1 qua trinh gia tAi (hay sb hugng
chu k¥). Suﬂiaydolcnahesuaplucnudcloxﬁng
dinh nghia bing Uy./0", ¥Si 07 lau'ngsuatll\m
hiéy ban diu, trong cdc thi nghiém cit trugt ddng
chu ky don phwong v da phuong khéng thodt
nuoc oo 4 bidn dang y = 0,1%, 0,4% vi 2,0%

dugc thé hién trong hinh 8. Két qui trong hinh niy
cho thiy he sb ap lyc nuoc 16 rong ting theo s6
lwong chu ky (#) va tai cling s6 hrong chu ky, thi
nghiém c6 @) bién dang 16n hon s& cho hé b 4p
luc muréc 13 1Bng cao hon. Ngoai ra, tai ciing mdt
gi4 tn 49 bién dang (), hé sb ap luc muoc 15 dng
trong diéu kién cit trugt dong da phuong cao hon
rit nhiéu so véi @A i trong thi nghiém don
phuomg, va b1 v&i cic thd nghiém da phwong thi
hé sb ap lyc nude 16 rﬁng tﬁng \‘.hcu b léch pha (6).
Mit khéc, cac nghién ciru vé mbi quan hé gitra ap
Iwc nudc 16 !ong v6i sy suy gidm d6 bén trong dat
logi sét chiu cit trugt dfng khong thoit mrgc,

didn hinh 13 nghién cir cia Matasovic va Vucetic
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{1995) cho thav sy hinh thimh v4 phat trién cia 4p
lm: nude 16 rong trong dét loai sét cé quan hé mat
thiét voi sur suy glalildobencmchung\dhe 6
#p lre murdc 16 rong cao hon thé hién s sy gidm
46 bén 16n hon cia miu dit. Do do, két qua thi
nghlc;muonghmhs cho thiy sy suy gmmdoben
trong miu dat x4y ra nhanh hon rong didu kién
cit tnrgt dong da phuwong.

Hé sb &p lue nude 18 réng, Uga/o' v

4 lugng chu ky, 0

Hinh 8. Quan b¢ g 1é 56 ip hre nwdc 13 18ag (Usw'o'a) v
86 lugng chu ky (n) trong céc thi nghiém oft wugt dng chu ky
dom phueng vi da phiong vér = 0,1%, 0,4% va 2,0%

Vi vy, coﬂlekelluanmg,hesoaplucnuac
16 rong la him s cia phwong cat trrgt, 48 blen
da.ngvasolu:qngchukyvaday lanhu-ngthong sb
quan trong anh huéngden sy hinh thanh va phat
trién cia ap hrc nude 16 rong trong dat loai sé1 chiu
tai trong déng chu ky don phirong va da phuong
khong thoat mxdc.
3.1.2. Phuong trink thé huén sut bién déi cia dp lwe
nuoc 16 rong

Nim 1984, Ohara et al xdc dinh ring khi dt
sét kaolinit cb két binh thudng chiu cat trugt dong
chu ky don phuong khnng thodt mrde thi ap e
mroc 15 rong tang theo sb hugng chu ky (n). Cac
lécgvlsaududaxzydungoongtmrcunhwamhe
hién mdi quan bé giita he 0 4p e nudc 1§ Bog va
s6 lugmg chu ky bing him hypecbon atnr sau:

Udy,. n
a+ fn n

”vn
trong d6 a va f la tham sé thi nghiém phy thude
vao d9 bién dang (1) va dwoc bidu difn bing cong
thire (2) v (3) nhwr sau:
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a=A0)" @
£= B:Cr ®

4,B, Cvamlahangsoduns.lncmvaduvcxac
dinh thyc nghiém bing phuong phap “hiéu chinh
dudmg cong” (curve-fitting). Vé sauw Oham va
Matsuda (1988), phat trién cong ﬂmc (1) dé ap
dung trén dAt sét kaolinit qua b k&1 (OCR =2, 4
va 6) chiju tic dung & trong dong ch‘u ky don
phurong khong thn:n mroc. Ban phit tnen madi ciia
cong thirc nay co thé ap dung cho 6 bién dane tr
y= Ol%dc'nBO%Cungnhuduchd\mgmng
tinh toan d§ lam cho cic lép dit loai sét do tai
trong dong chu ky don phuong gay m.

Biing cach dwa cong thirc (2) va (3) vio cbng
thirc (1), ta thu dugc cong thirc (4) nhu sau:

Yaym

7
Tvo

= @
-+ (57 y) "
3.1.3. Tinh todn hé s6 dp hec nudc 16 réng

Tu cdng thirc (1) chiing ta co thé tinh toin ap
Twc nude 16 dng cho mdt logi bt bit ky ch.lu cit
trugt djng don phuong khéng thoat mrdc néu xic
dinh dugc gid trj cta « va S (hogc cic héng s 4,
B, C va m) cho loai dét do. Nhim kiém tra kha
ning ap dung cong thirc (l) vao didn klen =
tmq!ﬁongdaphucmg hesoaplucnuoclomng
(UMJU o) Va b8 56 (Ul 07,0) lin gt duge vE
theo sb lwong chu ki (n) cho céc thi nghi¢m cit
trrgt dong chu ky don phuong va da phuong co do
bién dang 7= 0,1%, 0,4% va 2,0% trong hinh 9 va
10. Ki hi¢u trong hai hinh ndy la két qui thi
nghi¢m va cic duong cong (nét dit va nét lién) 1a
gid trj tinh todn theo cong thiac (1) cho hinh 9 va
cong thic (4)chohulh 10. Co thé thiy ring, gia tri
tinh todn vi két qua thi nghiém phi) hop vai nhau.
Nhar vay, voi gia tri caa o va B (hay 4, B, Cvam)
khic nhau cho timg thi nghiém, ta co thé tinh todn
h¢ s6 4p Iyc mrdc IS rdng cho dit loai sét bao boa
chiu cat trgl dong don phirong va da phrong
khong thoit mrd. Tién hinh 4p dung cong thirc
(1) trén nhiéu sb ligu thi ngl-ucm sé thu duoc quy
lujt bién ddi cua tham sb @ va pva qua do cho
phtpxacdmhduvcgmmcuahéngsoA B.Cva
m &c g cho dat sét kaolinit sir dung tmng
nghién cinu ndy. Sy thay dd1 cia tham sé thi
nghi¢m & va # theo dp bién dang () dugc thé
mcnmnghmhllvaglémcuahingso/i B,C
va m dugc the hién trong bang 2.
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gi4 kha niing &p dung cbngthuc(l)deunhtoanép
Iy nuéc 16 ong cia dit loai sét chiu cit trret
dong da phrrong khong thodt mrdc, ching tdi so
sinh két qua thi nghiém (ky higu) vdi gia trj tinh
toan (diromg nét lién) cho céc digu kién thi nghiém
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6 hrgmg chuky,

Hinh 9. Quan h§ gitra hé 56 4p lyc nudc 16 réng va sé luong

o

ey khic thau nhe thé hién trong hinh 123, 12b va I2¢
0 o 6=450 xB=20P cho o,p = 49 kPa vi trong hinh 12d cho o, = 98
: '—xé: qutinh (D phuong) Do phuong kPa. Két qua tinh todn trong cdc hinh ndy thu

drgc tir cong thire (1) véi gid trj cac hing s6 4, B,
Cva m duoc ly tir bang 2. Mic di tdn tai mpt 56
sai s6 gitta gia tr tinh ton va két qua thi nghigm
@61 v6i trudng hop da phvrong, nhung nhin chung
ching kha phd hop vdi nhau.

Bang 2 Gid i cic hiing 54 thi nghiém 4, B, C vam

chi kj cho cic thi nghiém cit trugt déng don phuong vi da Biéu laén phuong it uck Tiing 53 i nghiem
phireng ¢6 y= 0,1%, 0,4% va 2,0% A 8 [a] m
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Hinh 10 Quan hé gitta (1K /an/ ') va 56 hromg chu Ky cho cdc thi nghiém cit tnrot ddng don phwsong va da phuong ¢6 7= 0,1%,
0,4% vh 2,0%

10000 2t Kaofin, o\~ F9KFa[+ G = 907 b Datsét kaolin *0=00°
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Hinh 12 So sinh két qua thi nghiém vin gié trj tinh toin hé s ip e nude 13 rdng cho thi nghiém cét trrqt dfng don phuong va da

phirong cb 45 bién dang v 4p lc cf két khic nhan

Quan bé giua bé s6 p hre nudc 18 g va
logarit d6 bién dang dugc thé hign trong hinh 13
cho céc diéu kién plrong cit tnrot va 4p lvc cbkét
khic nhan Ki hi¢u wong hinb 1A két qui thi
nghiém va dimg 1ét hidn va nét divt 13 gid i tioh
to4n blng céng thic (1} cho trudmg hop dom
phuong va da phuong. Trong 46, gié tri cic hing
s6 4, B, C vam dugc Ly tirbang 2. Mic di gid tri
tinh todn khi phi hop voi két qua thi nghiém cho
tht ca chc didu kién thi nghiém khic nhau nhwng so
véi didu kién don phurong thi két qua thy duoe cho
diu kién da phwong odn ton i sai sb, dic biét
trong 167 hao d6 bién dang = 0,3%~0,8% Didu
ny & do cang thirc (1) dugc xdy dung dya tén
két qua thi nghiém cit treot cho ky don phuong va
13 him sé cia 4 bién dang (7} va s6 luong chu ky

() nén khong bao him va phan 4nh duge véu &
phuong cét truot va dé léch pha (6 ) trong didu
ksén ciit trot chu ky da phuong vén c6 anh hwdng
rit lon dén su hinh thaok vi phit toén cua ap lec
mude 15 1éng. Vi viy, dé thu duge két chinh xic
hon cin phit trién cong thirc (1) theo hudng bao
him cic yéu t6 cia didu kién cit ruor dong da
phuong, Ngodi ra, két qua mdt sb thi nghiém cit
trugt dong da phuomg c6 6= 90° duéi 4p ke thing
dimg 98 kPa cing duoc thé hién trong hinh 13
cho y=0,2%; 0,4%; 0,8%; 1,2% va 2,0%. So sanh
ké:quagitmnaigsamépumcbkétchothéy,
tmnggkyihanaplucm@k?aden%kpa,énh
hm‘mgcuaaplucco keét 1én 4p luc mrée 15 rong
trong dit loai sét chiu cit ot dong da phuong 13
khdng ding ké.
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(1]

4 bidn dang, 7 (99

Hinh 13 Quan hé giifa hé 58 ap lyc nwéc 13 réng vér 4 bién
dymg cho céc thi nghiém clt trugt dong don phuong vi da
phiong ¢6 &p Iwe ¢b két khic nhau

3.2, Dp lin cia dit loai sét sau khi chiu cdt tricot
ding chu ky khong thodt nwdc

3.2.1. Céng thikc tinh todn d¢ hin

Ohara va Matsuda (1988) tinh toan sy thay d6i
hé 56 rbng de va d5 Yin theo dd bién dang & (%)
sau tai trong dong thong qua “cti $6 nén 1an do tai
trong ddng - compression index induced by cyclic
loading, Cg,” hay vé sau dugc gor Ia “chi sb tdi
nén lun chu ky - cyclic recompresston index, C,,”

{(Yasuhara, 1995, Yasuhara, et al.,, 1991). & duoc

dinh nghia bing cong thirc (5) nhr sau:
o_te Ca, ) )
e Hn Tle, l4g, g( ) —IogSRR
"'w

trong do, e, 1a hé sb mng ban diu, H, chidu cao
bandaucuamau,dﬂladﬁlnncuamaudatand
o', laungsuathlruhleumthmdlemketthucﬂn
nghiém cit treot dong Théng s6 I/(I -Up/0'v0)
o goi 1A - hésosuyglémtmgsuat-suess
reduction ratio” va dwoc ki hiéu bang “SRR”
(Matsuda, 1997, Matsuda et al, 200C). Trong
nghién ciru niy, SRR dugc xic dinh bang cong
thirc (1) véi gia trf cua cic hing s6 4, B, Cvam
duoc Ly tirbang 2.

3.3.2. S thay d61 hé 56 réng

Hinh 14 thé hién méi quan bé gitta hé s6 thay
dbi hé sé 18ng (de) véi logarit ciia hé s suy gidm
fmg sudt (SRR) cho cac 1 nghlem 6 phwong cht
tnrgt, dobnendangvaapluccu két khéc nhau. Ki
higu trong hinh niy 13 két quﬁ thi nghxém va
duong thing nét dixt va nét lién 1in heot 12 két qua
tinh todn bing cdng thic (5) cho trsimg hop don
phiromg vi da phuong. Két qua thi nghiém vi gia
trj tinh to&n phu hop véi nhan

0= 900 (o, y=49kFa)]
013 foe=7 .
op=dst
xg=200 -
© Bem phwong
010 80 =900 (s,~98kPa)
o
2
0,05
000 Bit sét kaolin; y = 0,1%~0,2%; n =200

1 10 SRR 100

Hinh 14. Sy thay db1 hé 58 réng trong giai doan 1i nén ép

Pbi voi dt sét kaolinit sir dung trong nghién
ciru ody thi chi s6 nén lin cia tredmg hop cit
trugt dong don phuong va da phrong, dugc K
higu 1an ot 1 Cpmy VA Cayug, ©0 gid tri 14 Capmyy

® 8 = 909 (o’ =49kPn)
og="70 .
6 |oo=a -
g [xe=200 " b ©
& © Pon phuong * -
£
=
@

£ 4 {26 =90° (o', ~8kPE) o pid

Bit sét keolin
n =200 . .9

§ — K& qua tinh (Da phuong)
” - - Két qui tinh (Don phurong,

0,1 D6 bidn dang, ¥ (%),

_.-1

Hinh 15 Quan hé gitra & lin (&) v &3 nén dang (7) cho thi
nghiém cit truot dong chu ky don phwong va da phuang
khang thodt mrse

= 0,064 = 0,210 C, va Came = 0,076 = 0249 C,,
trong dé C, 1a chi s nén hin trong thi nghiém co
két. Céc gia tri ndy phit hop véi quan b§ Cpq =
0,225 C, cho ¢4t sét Drammen cb két binh thudmg
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chiu ¢t tregt dong el ky khong thodt nuée duoc
thre hign bing thiét bi cit truet dong chu ky tai
Vién Dia k¥ thuit Nauy (NGI) (Yasuhara et al.,
1995; Matsuda et al., 2001). N viy, chl s6 nén
in Cg, trong cong thic (5) sé clmyen thanh
Cuaymr cho tnrisng hop cit tragt d9ng don phuong
va Came cho trudng hop da phuong (hinh 14).
Ngodi ra, quan hé trong hinh 14 cho thiy de ting
1y ¥ (proportion) voi lngant cia SRR. Ngoai ™,
Ae khong phu thudc o bién dang () va ap luc co
két (oy0), 16i thidu I3 trong gicn han tir 49 kPa dén
98 kP4, nturmg chiu anh huémg cta phwong cit
tnret.

3.3.3. Tink todn d¢ Hin sau cdt triegt dong khong
thodt nuoc

Sur thay 81 cita db lin sau cit treot &, (%) voi
46 bién dang (/) duge the hién trong Hinh 15 cho
céc thi nghiém c6 phuong cit throt va 4p lye ¢é
két khic nhav, Ki hi¢u trong hinh nay 13 két qua
thi nghidm v duémg cong nét dirt va nét hén lin
luot 13 két qua tinh toin bing cong thirc (5) cho
tradmg hop don phirong va da phuong, trong dé
gid trj cda chi sb nenlunCM—0064deJ,.,,M—
0,076 duge sir dung D¢ ding thiy ring gia try
tinh todn phit hgp vdi két qua thi nghiém. Vi viy,
c6 thé sir dyng cang thirc (5) két hop véi cic gia
tri ciia chi §6 0én Hn Camy V3 Cipma 8 tinh todn
va dir bdo d§ lan cho dét loai sét chru ct gt
#dng chu ky o6 d¢ bién dang trror va phong cit
tregt khdc nhau. Ngoai m, két qua thi nghigm
trong trong Hinh 15 cho thdy, tai cing s6 lugng
chu k¥ (1 = 200), 46 lin cia man dit tang theo 4§
bmndang(y) va tai cing gi4 trj d bién dang, 46
lim do thi nghiém da phirong 16m bon trong thi
nghigm don phuong. Béi vén c4c thi nghiém cit
truel ddng da phirong ¢6 cing 60 bién dang thi d6
lun ting nhe theo 46 I&ch pha (4 = 20°, 45°, 70°
va 90°). Ciing trong binh 15, 8% lin sau cit trrot
dng da phuong gitra dp Iyc thing dimg 49 sz
va 98 kquhaphnhopvm nhau va do d6 ¢6 lhe
két luin ring, trong gidi han ap luc tir 49 kPa dén
98kPa,anhhu0ngmapluccoketlendo lan
sau cit tregt da phwong la khong ddng ké. Két
Infin tirong ty 43 duge Ohara va Matsuda (OQhara
et al 1988; Yasuhara 1989) khing dinh cho

trurimg bop ¢it truot ddng chu ky don phuong,

4. Két ludn va kién nghi
(1) Thoi gian két thic qua trinh cb k&t so cip
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thu duoc bing phuong phip 3t theo téu chedn
JGS ciia NbAt Ban khi phi hop v6i két qui quan
uacsumyglamaplucnmclomngchaﬂny mic
dp chinh xic cao cia phurong phép niy. Phurong
phap niy di duoc gidi thiéu va dp dung tir 1au tat
Nhit Ban, céng viéc tinh toan don gidn nén cin
duge gidi thidu vA dp dung véo cic phong thi
nghiém dét xy dung tai Viét Nam,

(2) Tinh chit ap hee nude 15 ong va dic tink
nén Tin cia dft loai sét blo haa chiu cit mgt dbng
da phirong khong thoit nwde phy thude it 1om vio
phwrong cit tragt, 43 bién dang va s6 hrong chu ky.

(3) Cong thirc tinh toan 4p lyc udc 18 rdng ¢&
mtchnwonghopcatmvtdomdcmphnongm
thé két lwp voi phmmg pbap “lu_eu»chlnh durd
cong” dé tinh toan ap Te mrée 16 rong trong dat
loai sét bio hoa chiu cit trupt dong da phuung,
Tuy nhién, so vm két qua tinh todn cho dién kign
dnnp}umngthiketquamuduvc chn d.leulclcnﬂa
phuong con thn tai sai 6. Vi viy, d8 tu duge két
quéi chinh xic hon cin phét tridn thém céng thitc
(1) theo hidmg bao him dwoc cic yéu 16 anh
hudng cda phuong ¢at truet trong dieu kén cit
trugt dong da phuong.

(4) Phurong phap tinh todn 4§ kin do Ohara va
Matsuda (1988) phat tnén. cho trwimg hop cit tnrot
dpngdo‘nphurmgcolheket hop vai cac gia trj chi
s6 nén lin khic nhau 4é du béo 49 him cia nén ait
loai sét bio hoa chin cit trugr dimg chu ky da
phuong khdng thedt mréc.

L cam om

Céc thi ngtncmcﬂabalbéo duge thre hlénbdng
thiét bj thi nghiém cit trwot ddng chu k da phuoog
tai Phong Thi nghiém Pra ki thuit Matsuda
(rmang Dai hee Yama,guchl,NhélBé.n) durot st
van va gitip 45 v& mét k§ thuat ciia Gido su Hiroshi
Matsuda, Tép thé tic gia trin trong cam on sy gidp

46 ciia Gido swva cing sv.
Tai lidu din
Matsuda W, 1997: Esumation of

post-earthquake
settlement-tine relations of clay layers, Jourmal of JSCE
Division C, JSCE, 568(I11-39), 41-48 (in Japanese)

Matsuta H, Shinozaks H, Okada N, Takarya K. Shinyama K,
2004 Effects of multi-direchonal cyclic shear on the
post-carthquake settlemcat of ground, Proc of 31 World
Conf oo Earthquaks Eaginsering; No 2890



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

Tokimatsy K, Katsumaia K, 2011 1 i duce d

damage to buildings in Urayam city during the
2011 Tohokn Pucific eatthquake, Proc. I Symp.
Ou Engincering lessons  leamed  from  the 2011
Great East Japan Earthquake, 665-674

Lessons, 2012 Leamed from the 2011 Great East Iapan

Earthquake, 665-674,

Ansal A, Iyisan R, Yildinm H, 2001: The cyclic behavior of

soils and effects of geotechnical factors in mucrozonation.
Soil Dynamics and Earthquake Engincering, Vol 21, No 5,
445452,

S. Ohara, H Matsuda, Y. Kondo, 1984 Cyclc sunple shear

tests on sawrated clay wah drainage, Journal of JSCE
Dhvision C, JSCE, Vol (352/111-2), 149-158 (in Japanese)

S Ohara, H Matsuda, 1988, Study on the setlement of

saturated clay layer induced by cychc shear, Soils and
Foundatiens, Vol. 28, No 3, 103-113

Muatasovic, M Vuethe, 1995 hzed  eyelic

3 jcal Bng , ASCE, Vol 121, No 1,33-42
JGS, 2000. Soul test procedure and explasiation (in Japanese)

Yasubara K, 1995: Consolidation and sctilement under cyclic
loading, Proc [t Symp on Compression and
Consolsdation. of Clayey Sods, 979-1001

Yasuhara K, 1991: Andersen KH Recompression of normalty
consolhdated clay after cychc loadmg. Sous and
Foundations, 31(1): 83-94.

H Matsuda, H Nagua, 2000 Decrease m effective siress and
reconsolidation of satwated clay induced by eyelie shear,
Jowmal of JSCE Division C, JSCE, Vol 659(ITI-52), 63-75
(mm Japanese)

K Yasuhara, S. Murakami, N. Toyota, A. E. L. Hyde, 2001.
Setlements m fine-grained soils under ayche loading, Soils
and Foundations, Val. 43, No. 6, 25-36
Matsuda H, Ohara S, 1989 Threshold strain of clay for
pore pressure buildup, Proc. of 12° World Conf on Soil

degradation pore pressurc generation model for clays,

Mech and Found: Rio De Janeiro,
127-130

¥9





