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

shear by using hypecboUc (Unction in combination with the "curve-Stting" method 

In this research, saturated-normally consolidated sanqiles of kaoluute clay were tested under undramed uiu-direciional and 

multi-directional cyclic simple shears with vanous shear strain amplitude (f), cycUc shear direction and consolidation pressure (OLD) 

It IS mdicated from experiment results that cyclic shear direction and shear siram amplitude have important effect on the pore water 

pressiu^ accumulation durmg undrained cyclic shear and the recompression charactenstics after cyclic shear, meanwhile the effect 

of consolidation pressure on these properties, at least in die range from 49 kPa to 98 kPa, is negligible The pore water pressure 

mduced by multi-directional cyclic shear can be estimated by usmg hyperbolic fimctionaf shear strain amplitude and the number of 

cycles in combination wilh the "curve-fitting" technique However, the obtained results for the case of mulli-directional cyclic shear 

IS not so good as those for the uni-directional one, especially in the range of j'= 0 3% ~ 0 8% On the other hand, the conventional 

estimation method of post-cyclic settlement can be used in combination with different conqiression mdices for predicting the 

setdement of saturated clay layer subjected to undrained multi-directional cyclic shear 
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. Mff dau trpng dpng dirpc xem Id trong dilu kipn khong 
thoat nude vd trong dieu ki^n ndy, dp luc nuoc l5 
rong se tich 1^ va tang ten cung voi qua trinh gia 
tdi. Sau ktii kit thuc gia tdi, mrdc 16 rong trong dat 

Tac dung ciia tdi tipng dpng chu ky len nen dat 
bao tua nude sS ddn din su tti^ doi dp luc nude 
16 rong. Trong trucmg hm then gjan gia tdi ngan ., ,. ,. . , , . ,= = ., .» 
, /^. . ^, ."?^ .- ^ ' . . ,. ^ thoat ra ngoai va ^ luc nuoc to rong gidm dan nhu thoi gian xdy ra mpt tran dpng dat liay lop dat . ... . , ^ • ̂  u .•• • • ZL. i'.. . . ,, . .̂ . .: X , , , , . . , . -. : .̂ - theo thoi gian g ^ ra qua tnnh tai nen ep trong dat 

ch}u tdi CO tinh ttidm niroc kem thu tac dpng cua tdi . _ Tu T* • • . .i. • i- - L J I . ^ ma trong th\rc te ngucn ta thuong gpi la qua tnnh 
liin thing dung Dp lun sau cdt trupt hay dp lun 
sau dpng dat ciia nIn dat dd dupc ngtiien cum vd 

'Tacgidlienhe.Email.nhan_hueuni@yahoo.com tpau trdC Sau ntlilu tian dpUg dat nhu dpUg dit 
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Niigata ndm 1964 h ^ dpng dat Hyogo-ken Nanbu 
nam 1995 (tiinh I). Cac nghien cim gan day clw 
tliay, sau sieu dpng dat Totioku Pacific nam 20It, 
dp lun ciia nIn dat tai mpt so khu vuc mien dong 
bdc Nhat Bdn len den 60em g ^ lun vd ngtiieng 
ntlilu c6ng trinh xay dung (Tokimatsu et al., 2012). 
Mat khdc, ntiieu nghien cuu khdng dmh idng, nen 
dat bi bien dang cdt tiupt dpng da phuong vdi dp 
biln dang trupt vd tan so thay doi lien tvc ktu ctiiu 
tac dpng cua xung dpng tir dpng dit (Ansal et at., 
2001). Hinh 2 thi hipn quy dao biln dang cdt tiupt 
cua nIn dit tai dp sdu 16m ttieo hai hudng Bdc 
Nam vd Dong Tdy trong dpng dat Hyogo-ken 
Nanbu ndm 1995 (Matsuda et al., 2004), dl thay 
rang biln dang ciia nen dit trong dpng dit Id biln 
dang cdt tnrpt dpng da phuong. 

. I V ^ d$ng dat 
Hyogo-ken Nanbu 

1000 
Thdi gian (ngdy) 

inh 1. E)9 lun nIn Ait tai cdng Port Island (Nhat Bin) truoc 

u d ^ g dat Hyogo-ken Xanbu nam 1995 (Matsuda, 1997) 

B i e n d a n g ( % ) 

Hinh 2. Qu^ dao ciia do bien dang tru^rt trong trdn 

Hyogo-ken Nanbu nam 1995 (Matsuda. et al., 2004) 

Do dat loai set hiu ntnr khong hi ti6a Idng ktii 

phmmg ph^ pho biln ntiat Din nay, do lyc hen 
ket giiia cac tiat dat trong vi cau tnic vd dnh hudng 
ciia no den linh chat sp tuc midc 16 rong trong dat 
set van chua sdng td D£n phuang ptiap "hipu ctiliih 
dudng cong" (curve-fittuig) kit hpp su dung cae 
hdng so thi nghipm vin la cdch tilp can phu hpp 
nhat khi md phdng su pttdt trien eua ^ luc nude 16 
rong cd is plidng thi ngtiipm vd ngodi hipn tiudng. 
Trong dd, phuong ph^ tinh todn hp so dp lue nirdc 
16 rdng do Ohaia, et aL, (1984) dl xuat la phuong 
phap diu tien dp dung etio ede ttii ngliipm ttieo md 
liinh dilu ktiien dp biln dang (strain-controlled). 
Sau dd phuong phdp nay dupe Ohara va Matsuda 
(1988) phat triln tien dat set kaohnit co kit binh 
thudng vd qud co kit cliiu cdt tiupt dpng chu ky 
don phuong khong ttiodt nude. Vl sau, dua vdo 
tucmg quan giiia su phdt triln dp luc nude 16 idng 
vd chi so suy gidm dp bin cua dit loai set eo kit 
binh thudng va qua co kit etiiu ^ trpng dpng chu 
k>', Matasovic va Vuecetic (1995) da phat teien md 
hinh till tii^n dp luc nude 16 idng la ham so eiia ehj 
sl suy giam dp bin, dp biln dang tdi ban dl hinh 
thanh ^ lpc nude 16 rang (/î ) \ a 06 hdng so thi 
ngtiipm. Tuy ntiien, tit ca eac ptniong plidp ndy 
dupe ptidt trien tir ttii nghidm cdt tnrpt dpng don 
phuong tioae thi nghipm ba true dpng nen chua 
dupc kilm nghipm \a dp dyng vao dilu kipn cdt 
tnrpt dpng elm ky da phirong 

Vi vay, thdng qua kit qud thi nghipm cdt trupt 
dpng ctni 1^ don phuong va da ptniong khong 
•boat nude lien cac miu dat set kaolinit bdo hoa, 
chiing toi nghien cuu tinh chat ap luc nude 16 ring 
va ddc tinh nen liin eho cac dilu kipn phuong cdt 
tnrpt, dp bien dang, ^ lue thing dung khac nhau. 
Dong ttidi, lien hdnh tmh todn dp luc nude 16 rdng 
va dp lun trong dilu kipn cdt tiupt dpng chu ky da 
phuong bdng hdm tiypeebon von dupc dl xuat cho 
dieu kipn don phuong nhdm kilm tra khd ndng ^ 
dung ciia phuong phdp nay vdo dilu kipn cdt trupt 
dpng chu fcj' da phuong. 

2. Thi n g ^ i ^ c5f tnrgt dpng chu 1^ don 
phinmg vd da phirong khfing thoat Dirdc 
2,L Thikbithingkipn 

Anh chup va so do cdc bp phan cua thiet bi thi 
nghipm cdt tnrpt dpng don gidn chu ky da phuong 

elm tdi trpng dpng nen phuong phdp tinhjun truyen dupc the hipn trong hinh 3. Thdng qua hai phuong 
thong thdng qua hp so dp lyc nude 16 rdng vin Id cdt trupt vu6ng goc vdi nhau, thilt bi nay cho phep nay cho phep 
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tdc dung ten miu dat (ddt trang h6p cdt) nhilu kieu 
tdi trpng ddng khde nhau Hinh 4 la dnh chup miu 
dit tai cdc giai doan thi nghipm ktide ntiau. Hpp cdt 
tnrpt Id ti6p cdt kieu Kjeltman, trong dd mdu dit 
dupc bdo vp bdng mdng cao su. Ben ngodi mang 
cao su Id 15 din 16 vdng ntiua xip chdng ten nhau. 
Mdi vdng cd dudng kinh trong ta 75,4inin, day 
2mnL Bdng cdch sdp xIp ndy, miu dit khdng bi 
tti^ dli ttil tich nhung vdn cluu biln dai^ cdt 

Hinh 3. Anh chup (a) 
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trupt theo phuong ngang trong qud trinh ttii 
nghipm Ap hfc nude 16 rdng dupc truyen tir day 
miu din bp cdm bien dp luc bing Ing ddn ed 
dudng kinh 3mm ehua diy nude dd xd hit khi. Do 
chilu cao cOa mdu thi ngtiipm tuong dli nhd so vdi 
dudng kinh va biln dang cdt trupt Id dong nhat tu 
ddy Idn dinh mdu nen su phdn bl ciia dp lue nude 
Id rdng dupc xem Id ddng nhit trong toan b0 ttil 
dch mdu (Ohara et al., 1988). 

truyen ap luc th^g Aimg 

iBo dieu khien dp luc khi 

Bp cdm bien ap luc nude Io rong 
mc ^ n h hudng 

True ma i^ tdi 
'Mang cao su 
Cac vong tron nhua 

bd phan (b) ciia thiet bi thi nghidm cdt trugrt dong don gidn chu k^ da phuong 

2.2. Mdu thi nghidm vd cdc bu&c thinghiim 

Vat lipu sii: dung trong nghien cuu ndy Id dit 
set kaolinit cd mpt s6 chi tigu co ly nhu sau: ty 
trpng Ĝ  = 2,83, d6 im gidi ban chdy w^ = 47,8%, 
dp im gidi ban d6o Wp = 22,3% va chi so nen liin 
Cc = 0,305. Dl chuin b) mau dat ttii nghipm, bpt 
dat set kaolinit khd dupc trpn vdi nude cit den dd 
im 80% (dang viia). Sau khi giii cho dp im on 
dinh trong 1 ngdy, dat dupc hut khi trong hpp 
ctian kh6ng khodng 30 phiit vd sau dd dupe dl 
vdo mdng cao su dd ddt sdn trong hdp edt (tiinh 4a 

va 4b). Cac nghi6n cuu cua Ohara vd Matsuda 
(1988) dd khdng dinh, trong gidi ban dp luc tii 49 
kPa din 98kPa, dnh hudng ciia dp luc co kit len 
tinh chit dp luc nude 16 idng va d3c tinh nen lun 
ciia dit loai set trong dieu kipn edt tnipt dpng don 
phuong la kh6ng dang kl. Vi vay, trong nghien 
cuu nay, chung t6i thuc hipn mdt so thi nghipm 
cdt tnrpt dpng da phuong cho gid tri CTVO = 98 kPa 
nhdm kilm tra dnh hudng cua ap luc cl kit len 
cdc tinh chit nay irong dieu kipn cit trupt dpng 
da phuong. 

Hinh 4. Anh chvp (a) Ak s&t kaolmit dang vOa sau khi hut khi trong binh chdn khong, (b) mau ddt trong h^p cSt W(K khi ci 
(c) mSu dat truAc khi thi nghidm cit tnigt dong chu ki khong thoat nuctc vd (d) mdu ddt sau khi ket thuc thi nghidm 
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Kit qud tinh todn ttidi gian kit ttnic qua trinh 
CO kit sa c ^ bdi^ phuang ptiap 3t (JGS, 2000) 
(dd vd dang dp dung tai Ntiat Bdn) vd kit qud quan 
trie su suy gidm dp luc nude Id rdng ciia man ddt 
trong hpp cdt trong hinh 5a va 5b ctio thiy qua 
trinh cl ket so cip ciia dat set kaohnit sii dung 
trong nghien ciiu nj^ kit time sau khodng 15 phut. 
Sau khi kit thiic qua trinh co kit, miu thi nghipm 

cd hp so rdng ban dau eo = 1,11 ~ 1,19 cho Ovo -
49 kPa vd 1,05 - 1.09 cho a,Q = 98 kPa vdi ducmg 
kinh Id 75inm va chilu cao khodng 20iniiL Nham 
ddm bdo dp bao hda cho tlii ngtiipm trong dieu 
ki§n ktiong thoat nude, cdc miu dit plidi dat hp so 
dp luc 16 rdng Idn hon 0,95 (xdc dinh bdng thi 
nghipm nen tinh ktidng ttiodt nude) trudc klii thi 
nghipm cdt tnrpt. 

H Thai gia.. y ) ^^ ^ ^ 

\p luc thang dung 

^Ap lire nude 16 rdi^ 

Dat set kaolin; 
a'^=49kPa 

12 
Thdi gian (phat) 

fflnh 5. (a) Tmh todn thoi gian kit thuc c6 kit so cdp bdng phuong p h ^ 3t vd (b) su suy gidm ap luc n 

trong thi nghidm c6 kit tren ddt set kaolmit tiong hop cdt 

c id rong theo thin gian 

Sau khi ket thuc co ket, mdu dat dupc ttii 
nghipm cdt tnrpt ctiu ky don phuong vd da phuong 
khdng thodt nude ttieo md hinh dilu khien dp biln 
dang. Thdng so ciia cac thi ngtiipm dupc the hipn 
tiong bdng I. Bien dp bien dang tir y^ 0,1% den y 
= 2,0% vd so lupng chu ky la « = 200. Biln dang 
cdt tnipt tdc dung len mau dit ed dang hinh sin vdi 

tin so f= 0,5 Hz. Cde thi nghipm da phuong cd dp 
Ipch pha ^ = 20", 45°, 70° va 90°. Trong qud trinh 
thi ngtudm cdt trupt, so hpu ttii nghipm dupc may 
tinh ghi lai vdi toe dp 40 so lipu cho mdi elm ]£y 
cdt tnrpt (2s) ntidm ddm bdo dp chinh xac va chi 
tilt ciia kit qud ttii ngtiipm 

Bane 1- Thong so ciia cdc Ihi nghiem cdt tniot dong chu ky don phuong a da phuong 

Thi nghiem cdt trupt £ n g chu ky don phmmg 

Tan so / (Hz) So luiTUg chu ky n 

0.5 200 0.1 

E)$ bien dang trupt y(%) 

0,2, 0,3.0,4, 0,5. 0,6, 0.8; 1,0,1,2; 2,0 

Thi n ^ ^ cdt trupt dpng chu ky da phuong 

Tan so / (Hz) So hiong chu ky n 

0,5 200 

E>o lech pha 0(°) 

20, 45, 70; 90 
Dp bien dang truot}'(%) 

0,1,0,2. 0,3; 0,4,0,5, 0,6.0,8, 1,0; 1,2; 2,0 

Hinh 6a ~̂a 6b lan lupt tlie hipn rm hinh bien 
dang ddt tnmg ciia mdu trong dieu kipn cdt trupt 
don phuong va da phuong cd 0 = 90° Dp biln 
dang tnipt dupc xac dinh bdng ty s6 giua bien dp 
biln dang ngang Idn nhat (5 vdi ctiieu cao ban diu 
ciia mau. Hinh 7 Id kit qud ghi lai sdng cdt tiupt 
ebu ky vd qu^ dao ciia dp biln dang tnrpt tren mat 
phdng nim ngang eho cdc thi ngtiipm cat tiupt chu 

ky don phuong va da phuong (9 = 45° vd 90°) cd 
dp biln dang •y= 1,0%. Trong mdi thi nghipm, dilu 
kipn cdt tiupt don phuong vd da phuong cd dp Ipch 
pha khdc nhau dupc mdy tinh dilu khiln tir 
phuong X vd y vudng gdc vdi nhau Trong thi 
nghipm don phuong, biln dang tnrpt tdc dung ten 
mdu dat ehi lii mpt phuang (trong nghien ciiu ndy 
Id phuong X. hinh 7a) nen quy dao ciia dp biln 
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dang cit tnipt cd dang dudng thing (tiinh 7d). 
Trong cdc tlii nghipm da phuong, biln dang tiupt 
tdc dpng ding thdi ten mau dat tu phuong X vd 
phuong Y cd bien dp bing nhau (/= 1,0%) ntiung 
ed dp Ipch ptia khdc nhau (tiinh 7b, 7c), do do quy 
dao ciia dp biln dang cd dang dudng ehp khi d < 
90° (9= 45°) vd dang dudng tidn khi 0 = 90° (huih 
7d). Anh hudng eua phuong cdt tiupt va dp Ipch 
pha ten binh dang ciia dudng biln dang thi hipn ro 
trong Iiinh 7d ngn ddy la thdng so cd vai trd quan 
trpng, dnh hudng din tinh chit ddng hpc cua dat 

(a) 
Don phuong 

Hinh 6. Mo hinh bien dang c 

(b) 
Da phuong (^-90") 

. miu dit trong dieu kien cdt 

Tt (a) don phuong va (b) da phuong v<n0= 90° 

y=1.0%;e = 45» _j | j - 9 - 45" 

Phuong X Phuong Y 1 
Thoi gian (gidy) 

y-l.O"/. 

e - 45» 

/ « = 9<'° 

phirong 
-1,5 0 1,5 

Phuong X, Yx (%) 

Hinh 7. Quan h§ gitla d^ hi^n d^ng trupt vdl th&i gian trong cac thi nghi |m cdt trupt d6ng chu ky don phuong (a), da phuong ci 

fl= 45" (b)vd da phirong cii fl = 90° (o), (d) la qu j dao duong biln dang trdn mdt phdng ndm ngang 

3. Ket qua vd thdo ludn 

3.1. Ap l^ nu&c Id rdng trong qud trinh cdt truct 
dpng chu k^ khdng thodt nu&c 

3.LL Svphdt trien cua dp lire nir&c 16 rdng trong 
qud trinh cdt tncpt khdng thodt nu&c 

Dudi tac dpng ciia tdi trong dpng ehu ky khdng 
ttiodt nude, dp lue nude Id rdng (Udyn) trong dat 
tdng ten cimg vdi qud trinh gja tdi (hay so li^mg 
chu ky). Su ttiay doi eiia hp so dp luc nude Id rong, 
dinh ngMa bing U^a-\o vdi c'vo la irng suit huu 
tiipu ban diu, trong cdc thi nghidm cdt trupt ddng 
chu ky dem phuong vd da phuong khdng thoat 
nude cd dp biln dang y = 0,1%, 0,4% vd 2,0% 

dupc thi hipn trong tiinh 8. Kit qud trong tiinh ndy 
CIK) th^ tip so dp tuc nude 16 long tang theo so 
lupng chu Ity (n) vd tai cung so lupng chu 1^, thi 
ngtiipm cd dp bien dang ton hon s€ cho hp so dp 
luc mrdc Id rdng cao hon. Ngoai ra, tai ciing mpt 
gid tr; dd biln dang (y), hp so ap Ivrc nude Id rdng 
trong dilu kipn cit tnrpt dpng (la phuang cao turn 
rat ntlilu so vdi gia tq trong ttil ngliipm don 
phuong, vd doi vdi eac thi nghipm da phuong ttii 
hp so dp luc nude 16 ring tdng ttieo dp Ipch pha (&}. 
Mdt khdc, eac nghien cuu vl moi quan hp giua q> 
luc nude 16 rdng vdi su suy gidm dp ben trong dit 
loai set ehju cdt tiupt d$ng khong thodt nude, 
diln tiinh Id ngtiien cmi ciia Matasovic vd Vueetic 
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a = A (yT (1995) cho thiy su hinh thdnh va phat trien eiia dp 
lue nude 16 i6ng trong dat loai set cd quan hp mat 
thiet vdi su suy gidm dp bin eiia chiing va hp s6 
dp luc nude Id rdng cao hom thi hipn su suy gidm 
do bin Idn han ciia miu dat. Do dd, kit qud ttu 
r ^ p m trong hinh 8 cho th^ su suy gidm dp bin 
trong mdu dit xay ra nhanh han trong dieu kipn 
cdt trupt dpng da phuang. 

(2) 

(3) 

S6 lupng chu V^, n 

Hinh 8. Quan he griis he s6 dp luc nuoc Io rong (JJ^a'^^i voi 

a6 lupng chu ky (n) trong cdc thi nghiem cdt trupt dpng chu ky 

dtm phuong vd da phuong VOI/= 0,1 %, 0,4'J'o va 2,0% 

Vi vdy, CO tbe kit ludn ting, hp so ̂  luc nude 
Id idng Id ham so ciia phuong cdt tiupt, dp bien 
Hang va so lupDg chu ky vd d^ la nhimg tti6ng so 
quan trong dnh hudng^dln su hinh ttidnh vd phat 
trien ciia ̂  luc nude 16 idng trong dat loai set chiu 
tdi trpng dpng ehu ky dan pluiong va da phuong 
khdng ttiodt nude. 

3.1.2. Phuang trinh thi hien su biin ddi cua dp lite 
nu&c Id rdng 

Ndm 1984, Ohara et al xdc dinh rdng khi dat 
ŝ t kaolinit co kit binh thudng chiu cdt trupt ddng 
chu 1^ don phuong klwng ttioat nude thi dp luc 
nude Id ring tdng theo so lupng chu ky (n). Cdc 
tdc gid sau dd da xdy dung cdng thite tinh todn ttie 
hipn moi quan bp giiia h| so ̂  lue nude Id i3ng va 
so lupng chu ky bdng hdm hypedion nhu sau: 

(1) 

trong dd a vd ^ la Itiam so thi ngliipm php thudc 
vao dp biln dang (fi va dupc bieu diln bdng cdng 
thuc (2) va (3) nliu sau: 

A, B,Cvam Id hjinp so ttii nghipm va dupc xdc 
dinh ttiuc nghidm bdng phuong phdp "hipu chinh 
duong cong" (curve-fitting). Ve sau, Ohara va 
Matsuda (1988), phat triln cdng thuc (1) de dp 
dpng tren dit set kaolinit qud co kit (OCR = 2, 4 
vd 6) chiu tdc dung tdi trpng dpng chu ky don 
phuong khdng thodt nude. Bdn phdt trien mdi cua 
cdna ttiuc nav cd thi do duna cho do bien dane tir 
y= 0,1% din 3.0% ciing nhu dupe su dung trong 
tinh todn dp liin cho eac ldp dat loai set do tdi 
tipng dpng chu ̂  dan phuang g ^ ra. 

Bing each dua cdng ttiiic (2) vd (3) vdo cdng 
thirc (1), ta ttm dupc edng thiic (4) nhu sau: 

"dy" _ 5 (4j 

3.1.3. Tinh todn he s6 dp luc nu&c Id rdng 

Til cdng thirc (I) chiing ta co thi tinh todn ^ 
tuc nude 16 rdng etw mdt loai dit bit ky chiu eat 
tnipt dpng don phuong khong thodt nude neu xdc 
dinh dupc gid tri ciia a vd ^ (hoac cde tiing so A, 
B, C va m) eho loai dit do. Nhdm kilm tra klid 
ndng dp dung cdng thiic (1) vdo dilu kipn cit 
trupt dpng da phuong, hp so dp luc nude 16 idng 
(UAJU\O) va h§ so (nlUiJcs\o) lin lupt dupc ve 
theo so lupng chu ky (n) eho cac thi ngtiipm cdt 
tnrpt dpng elm ky don phucmg va da phucmg ed dp 
biln dang ;' = 0,1 %, 0,4% va 2,0% trong hinh 9 vd 
10. Ki hî u trong tiai hinh ndy la kit qud thi 
nghipm vd cac dudng cong (net dut vd net hin) td 
gid tri tinh todn tlieo edng thiic (1) ctio hinh 9 va 
cdng thuc (4) etu hinh 10. Cd thi thiy ring, gid tri 
tinh toan va kit qud tlii nghipm phii hpp vdi nhau. 
Nhu vay, vdi gia tri cua avafi (liay A, B, C va m) 
ktidc nhau cho tung ihi nghipm, ta cd the Tinh toan 
hp so dp luc nude 16 rong cho dat loai set bdo hda 
chiu cdt tnrot dpng don phirong vd da phuong 
khdng thodt nuoc. Tien tianh dp dung cdng thire 
(1) tren ntiieu so li^n ttii ngtnpm st ttm dupc quy 
luat biln doi cua ttiam so a\k fi vd qua dd eho 
phep xdc dinh dupc gia tri ciia tiing so A, B, Cvd 
m ddc tnn^ ctio dit set kaolinit sii dyng trong 
ngtiien cuu ndy. Su ttiay doi cua tham so ttii 
nghipm a va fi theo dp biln dang (y) dupc ttil 
hipn trong tiinh II va gid tri ciia hdng so .4, it, C 
va m dupc tlie tiipn trong bdng 2. 
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si lupng chu kj*, n 

Hinh 9. (juan he giO'a he so ap luc nude 16 rong va so iwpng 
chu ky cho cac thi nghifm cdt trupt dong don phuong vd da 

phuong CO y= 0,l"/o, 0,4% vd 2,0% 

Ntiim kilm tra muc dp chinh xdc cua gid tii 
cdc tiing so thu dupc trong bdng 2 cung nhu ddnh 

gid ktid ndng ^ dyng cdng ttuic (1) de tinh toan dp 
lue nude 16 long cua dat loai set ch}u cdt tmpt 
dpng da phuang kh6ng thoat nude, chiing tdi so 
sdnh ki t qud ttii ngtupm (ky tiipu) vdi gia tri tinh 
todn (dudng net hen) cho cdc dilu ki^n thi nghipm 
khde nliau ntiu till hipn trong hinh 12a, 12b va 12c 
cho (Tri) = 49 kPa vd Irong tiinh I2d ctio Oyo = 98 
kPa. Ki t qud tinh toan trong cac hinh nay thu 
dupe til cdng thuc (1) vdi gid tri eac iiing so A, B, 
C vd m dupc tiy tu bdng 2. Mdc dii ton tai mpt so 
sai so giua gia tri rinh toan va k i t qud ttii nghipm 
d l i vdi trudng hpp da phuong, nhung nliin chung 
chiing kha phii hpp vdi nhau. 

Bingl Gia tn cac hdng sd thi nghiem^,fl.Cvdm 

Eheu kien phinmg cdt tnrol 

Don phuang 
Da phuong (0 = 20°, 45°, 
70*, 90°) 

7,900 -0,086 1,025 

3,000 -0.045 1,015 

-2.300 

-2.200 

2500 

2000 

-JlSOO 

Biooo 

— Ket qui tinh (Don phircmg) 
— Ket qufi tinh (Da phircmg)o ,> 
Dit s6t kaolin y'' 

T = 0,1% o-'' 

90"° 6 = 70< 
45<''e = 20' 

Don phucmg 

(a) 0 
So Itrpng chu kji, n 

• e - 9 0 0 ° 6 = 70" 
•'e = 45 ' ' '6 = 20" 
"> Don phtrong 

Ket qua tinh (Don phuong) 
K6t qua tinh (Da phuong) 

So lirpng chu ky, n 

ISnh 10 Quan ĥ  giOa {n/lUt„Ja',<,)) va sd Jirpng chu ky cho cdc thi nghiem cdt trupt dong don phuong vd da phuong co y= 0,1%, 
0,4% vd 2,0% 

1000 

100 

10 

1 

= Dfit sit kaolin, cr'̂ ^ = 49kPa 
î n = 200; y = 0,1% ~ 2,0% 

• — Kit qui tinh (Dem phiroi 
^ — Kit qu& tinh (Da phuong 

• e = 90" 

o e - 70" 
o 9 = 450 

*e = 2o" 
0 Don phuong 

g) ^ 
) 

6 

4 
XL 

2 

If Dit set kaolin 
1 a ' ^ = 49kPa 
1 n = 200 
', Y = 0,1%-2,0% 

J '̂  —KSt qui tinh (D 
V ^ ^ — K e t qua tinh (D 

• 6 = 90° 

° 6 = 70" 
09 = 450 

- 9 = 20" 
0 Don phuong 

on phuong) 
a phuang) 

0$ bien dang, y (%) DO bien dfing, y (%) 

Hinh 11 Quui h$ gida tham so Ihi nghiei h do bien dang cho dieu kien cit truot ddng chu k̂  don phuong vd da phuong 
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.•5 1 

» y - 2 , 0 % O Y - 0 , 8 % 

«y = 0,4%DY=0,2% 

Ket aua tinh 

^ i t set kaolm; a'^ = 49kPa; Don phironf 

y = 2,0%oy = 0,S% 
OY = 0,4%n Y = 0.2% 

Kit qud tinh 

100 150 
So lupng chu k^, n 

50 100 150 
S6 lupng chu k^, n 

Hinh 12 So sanh kSt qua thi nghiem vdi gid trj tinh todn he sd dp luc nude l5 rdng cho thi nghiem cat trupt d^ng don phuong vd da 
phuong cd do bidn dang vd ̂  luc cd k£t khac nhau 

Quan h$ giua hp so dp luc nude 16 r6iig vd 
logarit dp bien dang dupc thi hipn trong binh 13 
cho cac dieu kipn phuang cit trupt va ap luc el kit 
khdc nhau. Ki hipu Irong liinh Id kit qud ttii 
i^liipm vd dudng net ben vd net dut la gia tri tinh 
toan bdng cbag thuc (1) cho trudng hpp dan 
phuong vd da ptniong. Trong do, gia tri ede hdng 
S6A,B, Cvamdupel^ tiibdiig2. Mdedugiatii 
tinh todn kha pliii hpp vdi kit qua thi ngtiipm cho 
tat cd cac dilu kipn thi ngtiipm khdc nhau nlnmg so 
vdi dilu kipn don phuong ttii kit qud thu dupe cho 
dieu kipn da ptmong cdn ton lai sai so, ddc bipt 
trong gidi ban dp biln dang ;'= 0,3% ~ 0,8% Dieu 
ndy Id do cdng thuc (1) dupc xay dung dua tren 
kit <iud ttii ngtiipm cdt trupt elm ky don phuang va 
Id hdm so ciia dp biln dang (yt va so lupng chu ky 

(n) nen khdng bao hdm vd plidn dnh dupc ylu tl 
phuong cdt trupt vd dp Ipch plia (6 ) trong dilu 
kipn cat trupt chu ky da pturong von cd dnh hudng 
rat Idn din su hinh ttidnh vd plidt tnin ciia dp luc 
nude 16 rdng. Vi v^y, dl thu dupc ket ctiinh xac 
hon cin phat triln cdng thiic (1) ttieo hudng bao 
ham cdc ylu to ciia dilu kipn cdt trupt dpng da 
phuang. Ngodi ra, kit qud mpt s6 thi nghipm cdt 
trupt dpng da phuong cd 6* = 90" dudi dp luc ttidng 
dung 98 kPa cung dupc thi hipn trong hinh 13 
eho r= 0,2%; 0,4%; 0,8%; 1,2% vd 2,0%. So sdnh 
kit qud giua Iiai gia tri dp luc co kit cho thay, 
trong gidi ban dp lue tir 49 kPa din 98 kPa, dnh 
hudng cua ^ luc CO kit ten dp luc nude Id rdng 
Irong dat loai s6t chin cdt trupt ddng da phuong la 
ktidng ddng kl. 
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DO biln dang, y (%) 

Hinh 13 Quan he giiia h$ sd ap 1^ nude lo rong vdt dp bien 
dfng cho cdc tbi nghiem cdt trupt ddng don phuong vd da 
phuong cd dp luc cd ket khdc nhau 

3.2. Dp Idn cda dh loai sdt sau khi chiu cdt truat 
d^ng chu ft)) khdng thodt nu&c 

3.2.1. Cdng thuc tinh todn dd Idn 

Ohara vd Matsuda (1988) tinh todn su thay doi 
hp sl rong Ae va dp liin theo dp biln dang sir (%) 
sau tdi trpng dpng thdng qua "chi so nen liin do tdi 
trpng dpng - con^iression index induced by cyclic 
loading, C^" hay vl sau dupc gpi Id "clii sl tdi 
n^n liin chu ky - cyclic recompression index. Cr,cy" 

(Yasuhara, 1995, Yasuhara, et al., 1991). ey dupc 
dinh nghia bing cdng thurc (5) nhu sau: 

Mi &£ C^ 1 C^ (5) 

trong do, eg la hp so rdng ban dau, HQ chilu eao 
ban diu cua mdu, AH Id dd lun ciia mau dit and 
(7'y la ung suit biiu hipu tai thdi dilm kit thiic thi 
nghipm cdt trupt dpng. Thdng so IHl-l^iyJo'y,^ 
dupc gpi Id "hp so suy gidm img suit - stress 
reduction ratio" vd dupc ki hipu bdng "SftR" 
(Matsuda, 1997; Matsuda et al., 2000). Trong 
nghien cum nay, SBR dupc xac dinh bdi^ cdng 
thiic (1) vdi gia tri ciia eae hdng so .^, S, C vd m 
dupc liy tu bdng 2. 

3.3.2. S\r thay dot h$ so rdng 

Hinh 14 thi hipn moi quan hp giiia h | so thay 
doi hp s6 rdng (Ae) vdi logarit ciia b^ so suy gidm 
ling suit (SRR) eho eac thi nghipm cd phuong cdt 
tnrgt, dp biln dang va dp luc co kit khdc nliau. Ki 
hipu trong tiinh nay la kit qud thi ngtii|m va 
dudng ttidng net diit vd n6t lien tin lupt Id kit qud 
tinh todn bdng cdng thiic (5) cho tiudng Iipp don 
phuong vd da phuong. Kit qud thi ngtii|m vd gia 
tri tinh todn phu hpp vdi nhau 

• e = 90" (o-,a-49kPii) 
• • 9 - 7 0 " 
0 9 = 450 

• •9 -20" 
0 Don phucmg ' 

•HO = W (<j-.„=98kPa) 

V ^ 

y ^ ^ ' 
^ Bit sa kac 

o» V ' 
" / "a' <s,/ m* 

*' * ° 
•—ie.Q„„log(SRR) 

- C » . o l o B ( S R R ) 

lin; Y = 0 ,1%~0,2%; n = 200 

• 0 = 90° (o\o=49kPa) 

• e = 70" 

0 9 = 45° 

»: 9 = 20° 

o Don phuang ' 

S 9 = 90° (a\(,=98kPa) 

Bi t s i t kaolin j 
n = 200 fr% 

a4 « 
nJW '' 

p -

^'"'"m^ ' ^ ^ — K^t qud tinh (Da phuong) 
^ ^ . - * ' ' - - Ket qud tinh (Don phuong 

0,1 Dp bien dang, y (%)] 

h 14. Su thay ddi h$ so r§ng trong giai doan tdi r 
Hinh 15 Quan he giQa d$ lun (^) va dg biln dang (^ cho thi 
nghiem cdt truot ddng chu ky don phuang yi <'a phuong 
khdng thodt nude 

Doi vdi dat set kaolinit sijr dpng trong nghien = 0,064 = 0,210 Ĉ  va CO^OA = 0,076 - 0,249 C„ 
cira ndy thi chi so nen liin cua tnidng hpp cdt trong do C la chi so nen lun trong thi ngtiipm co 
trupt dpng don phuong vd da phuong, dupc Id kit. Cde gia tri nay phii hpp viii quan hp Cr.cy = 
hî u lin lupt Id C^„u vd C,fyM, c6 gia tri Id C^y 0,225 C, eho dat set Drammen co kit binh thudng 
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chin cdt tmpt dpng chu 1^ ktiong thoat nude dupc 
Ifauc tiipn bing thiet bi cat trupt dpng chu ky tai 
Vipn Dja k> thuat Nauy (NGI) (Yasuhara et at., 
1995; Matsuda et aL, 2001). Ntni vdy, chl so nen 
iiin Cjy„ trong c6ng thiic (5) se ehuyin ttidnh 
Cdynu eho trudng hpp edt trupt dpng don phuong 
va CA™W cho trudng hpp da phuang (hinh 14). 
Ngoai ra, quan hp trong hinh 14 cho thay Ae tdng 
ty lp (proportion) vdi logarit ciia SRR. Ngodi ra, 
Ae kh6ng phu thuoc dp biln dang (y) va dp luc co 
kit ((TVD), toi thilu la trong gidi ban tir 49 kPa din 
98 kPa, nhung cMu dnh hudng ciia phuong cdt 
trupt. 

3.3.3. Tinh todn dp lun sau cdt truat ddng khdng 
thodt nude 

Su thay doi ciia dp liin sau cdt trupt e^ (%) vdi 
dp biln dang (f) dupc thi hipn trong Hinh 15 cho 
cac thi ngtiipm cd phuang cit tiupt vd dp lire co 
kit khac ntiau. Ki hipu trong hinh nay la kit qud 
thi ngtugm vd dudng cong n t̂ dut va net hin lin 
lupt Id kit qud tinh toan bdng edng thue (5) cho 
trudng hop don phuong va da phuong, trong dd 
gia tri eiia chi sl nen liin Ciy„u = 0,064 vd C^^ = 
0,076 dupc sii dung. D I dang thay ring gid tr; 
tinh toan phu hpp vdi kit qud thi ngtiipm Vi vay, 
cd thi sii dung cdng thiic (S) kit hpp vdi cdc gid 
tri cua chi so nen liin Cjy„u vd CdyM 4l tinh todn 
vd du bdo dp lun cho dit loai set chiu cdt trupt 
dpng chu ky cd dp biln dang trapt va phucmg cdt 
tnrpt khde ntiau. Ngodi ra, kit qud thi ngliipm 
trong trong Hmh 15 ctio thay, tai ciing sl lupng 
chu ky (n = 200), dp lun eiia miu dat tang theo dp 
bien dang (j) vd tai cimg gia tri dp bien dang, dp 
lun do ttii ngtupm da pturong tdn hem trong tlii 
ngliipm don phuong. Doi vdi cac thi nghipm cdt 
trupt dpng da phirong eo cimg dp bien dang thi dp 
lun tdng nhp theo dp Ipch pha (9 = 20°, 45°, 70° 
vd 90"). Ciing trong hinh 15, dp liin sau cit trupt 
dpng da phuong giua dp luc thdng dung 49 kPa 
vd 98 kPa kha ptiii hpp vdi nhau vd do dd cd thi 
kit luan ring, trong gidi ban dp luc tu 49 kPa den 
98 kPa, dnh hudng ciia dp luc eo kit ten dp lun 
sau cit trupt da phuang la khdng dar^ kl. Kit 
ludn tuong tu da dupc Ohara vd Matsuda (Ohara 
et at., 1988; Yasuhara. 1989) khdng dinh cho 
trudng tipp cii tiupt dpng ehu ky don phuong. 

4. mk hidn vd kiln nghi 

(1) Thdi gian kit thue qud trinh co kit sa cap 

thu dupe bdng phuong plidp 3t theo neu chuin 
JGS eiia Nhdt Bdn kha phii hpp vdi kit qui quan 
trie su suy gidm ̂  luc nude Id long cho thay miic 
dp chinh xdc cao cua phuong ph^ ndy. Phuong 
ptiap nay dd dupc gidi ttiipu vd dp dpng tu Idu tai 
Nhat Bdn, cdng vipc tinh todn don gidn nen can 
dupc gidi thipu va dp dung vdo cac plidng thi 
nghipm dit xdy dung tai Vipt Nam. 

(2) Tinh eliat dp luc nude Id rong va dac tinh 
nen lun ciia dii loai set bdo hda chiu cdt trupt dpng 
da phmntg ktidng ttiodt nude phu thupc rat Idn vao 
phuong cdt trupt, dp biln dang vd so lupng chu l(y. 

(3) Cdng thiie tinh todn dp luc nude Id ring dl 
xuit cho tiudng hpp cdt tiupt dpng don phuong cd 
the kit hpp vdi phuang ptidp "hipu chinh dudng 
cong" dl tinh toan ap luc nude Id rong trong dat 
loai set bao hda chiu cit tiupt dpng da phuong. 
Tuy nhien, so vdi kit qud tinh todn cho ^eu kipn 
don phuong thi kit qud ttiu dupe cho dilu kipn da 
phuong cdn tin tai sai sl. Vi v^y, dl thu dupc kit 
qud cliinh xac hon can phat triln ttiem cdng thuc 
(1) ttieo hudng bao hdm dupc eac ylu to dnh 
hudng ciia phuong cdt tmpt trong dilu kipn cdt 
tmpt dpng da phuong. 

(4) Phuong phap tinh todn dd liin do Ohara vd 
Matsuda (1988) phdt tnIn cho trudng hpp edt trupt 
dpng don phuong ed thi kit hpp vdi cac gia tq chl 
so nen lun khac nhau dl du bdo dp liin cua nIn dit 
loai set bdo Iida ctiiu cdt tmpt ddng chu ky da 
phuang ktidng thoat nude. 
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Cae ttii nghipm ciia bai bao dupc ttiuc hipn bdng 
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van vd giiip dd ve mat ky tiiudt ciia Giao su Hiroshi 
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