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Large scale triaxial tests to investigate the reinforcing effect of
geogrids had been carried out at Institute of Industrial Science,

The University of Tokyo. Results of unreinforced and reinforced

Title:
Analysis of confining effect of geogrid-
reinforced gravel in triaxial tests

due to

test series showed a significant increase of the peak strength as
well as a reduction of the deformations of the tested specimens
the reinforcement.

The confining effect of the

reinforcement was clearly identified and explained with a

Tir khoa:

Luoi dia ky thudt, sy gia cuong luoi
dia, nén ba truc ty I¢ lon, anh huong
gi6i han, bién dang, cwong dé dinh

mechanical model.
TOM TAT

Chudi thi nghiém nén ba truc ty 1¢ lom dé khao sdt tic dung gia

cwong cua lwoi dia ky thudt dwoc thuc hién tai Vien Khoa hoc
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Céng nghiép, Truong Pai hoc Tokyo. Két qua cia chudi thi
nghiém gia cwong va khong gia cuong cho thcfy sw gia tang
dang ké cia cueong d@¢ dinh ciing nhw sw giam vé bién dang ciia
mau thi nghiém do boi sw gia cwong. Anh hwéng giéi han ciia

sw gia cuong dwgc xac dinh ré rang va dwoc gidi thich voi mé

hinh co hoc.

1 GIOI THIEU

Viéc st dung ludi dia k¥ thuat trong cac du an
duong va dudng sit dang tro thanh thyc tién quan
trong tren toan thé gidi trong viéc g1a1 quyet nhiéu
véan dé vé thlet ké va x@y dung. C6t lidu gia cuong
1a vat liéu tong hop két hop hai dic trung vé siic
khéng cta hai loai vat li¢u khac nhau theo cach gia
tang kha nang chiu lyc cua vat liéu d6. Tuy nhién,
van con han ché trong su hiéu biét vé cach ma ludi
dia k¥ thuat tham gia vao viéc gia tang kha ning
chiu tai tai cép do bién dang rat nho. Dé hiéu 1o
hon v& loai vat litu két hop nay, mot loat thi
nghiém ba tryc véi ty 1€ 16n da dugc thyc hién véi
mau cbt lidu khong gia cuong va gia cudng véi
kich thudc cao 50 cm va mat cit 1a 23x23 cm, sit
dung thiét bi duoc phat trién tai Vién Khoa hoc
Cong nghi¢p, Pai hoc Tokyo (Anh Dan et al.
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2006). Cung v6i sy bién df)i vé ap sué} bgéng,
chuoi thi nghiém ciing bao gom sy thay doi vé loai
ludi dia ky thuat.

Loat két qua thi nghiém khéng gia cuong va gia
cuong cho thiy sy gia tang 10 rét cua cuong do
dinh ciing nhu sy giam vé bién dang cta mau thi
nghiém c6 dugc nhd sy gia cudong. Sy anh hudng
giéi han boi sy gia cuong dugc mo ta thdong qua
mo hinh co hoc. Mgt phuong phép tinh toan dua
trén md hinh co hoc nay dugc st dung dé vé ra
dudng tmg suét cho loat thi nghiém gia cuong.

2 THIET BI, VAT LIEU VA QUY TRINH
THU NGHIEM

Muc dich ctia viéc nghién ciru nay 1a kiém tra
hi€u qua cua ludi dia ki thuat d(}i voi cuong do
dinh (peak strength) va d¢ cung bién dang nho (hay
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con goi 1a m6 dun dan hoi E) cta cbt lidu dudi
dang mau hinh try 16n dudi thi nghiém nén ba truc
tai trong déu va tai tudn hoan bién do 16n. Mot bd
thiét bj chuyén dbi bién dang cuc bd (local
deformation transducers (LDTs, Goto et al., 1991)
va thiét bi chuyén ddi 1an can duoc sir dung dé do
bién dang v6i myc dich lam giam dén muc thap
nhit anh hudng do cic goc clia mau, sy ngam & hai
dau tu do va twong quan hé thong gy ra. Mot may
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ba truc ty 1€ 16n dugc st dung dé thi nghiém nén ba
truc trén mau cbt lidu 16n duoc ddm chat (Anh Dan
et al. 2006). Thiét bi ba truc ty 1& 16n va hé théng
diéu khién tng suat dugc mo ta trong Hinh 1 va 2
theo tht tu. Thiét bi bao g6m buéng nén ba truc,
thiét bi gia tai dimg va ngang va mot thiét bi diéu
khién g suat buéng Thiét bi gia tai ding sir
dung mot bo truyen dong thuy luc dién c6 cong
suét 490 kN va hé théng can bing diém muc.
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Hinh 1b: Céu tao may ba truc ty 1¢ 16n

Trong thi nghiém khong gia cuong, bién dang
thang dung (g1) dugc do bang ba cip LDTs ding
(ky hiéu V-LDTs). Bién dang ngang theo hai
hudng (e3) dugc do bang ba cap LDTs ngang (ky
hiéu H-LDTs). Trong thi nghiém gia cuong, bién
dang thang dung (g1) va bién dang ngang (e3) dugc
do bang bbn cap LDT ding va ngang ¢ moi bén
ciia mau. So dd gian lugce cho biét vi tri tAt ca cac
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LDT trén miu trong trudng hop gia cudng va
khong gia cuong nhu Hinh 3. Gia tri trung binh do
duogc v6i ba hay bén cip LDT dwoc dung cho mdi
huéng ciia phép do bién dang cuc bo trong phan
tich két qua thi nghiém. V4t ligu thi nghiém 1a loai
da hién truong voi cap phdi tot, goi la da Tochigi.
N6 bao gém cdc hat c6 goc hodc gan nhu co goc
v6i hé s6 ddng déu C,=32 va ty trong G=2.68.
Ham luong nudc toi thuan va ty trong kho 16n
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nhit dugc xac giinh béng thi nghiém dAm nén
Protor hi€u chuan véi gid tri 1a wep=4.0 % va
pdi=2.168 g/cm’.

M'?tu duoc chuénﬂbi b:ﬁng cach diAm nén bér}g
tay dén khi dat d0 am toi thuan (Bang 1). Mau

— : Pressure supply
: Electric signal

Electro-hydraul i
actuator (A90kN)
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dugc chia thanh 10 16p dé ddm nén véi d6 day mdi
16p khoang 5 cm.

Trude khi dat vat lidu cho 16p ké tiép, bé mat
1('{p trude dé duoc cép nhc voi d0 sdu khoéng 2 cm
deé dam bao su lién ket tot gitra hai 16p nam ke can.
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Hinh 2: H¢ thong diéu khién tng suét ciia may ba truc ty 1é 16n

Viéc dam nén duge thyc hién v6i myc dich dat
dugc ty trong kho clia mau cang gan gia tri 6 duge
tir thi nghiém Proctor cang t6t. Trong thyc té xAp xi
95% ciia ty trong 16n nhét dat dugc bang cach liy
trung binh. Ap suét giéi han (073) duoc tic dung
boi mdy bom (4p luc am) hodc ap luc budng nén
dwong va giit 6n dinh trong sudt qua trinh thi
nghiém. Hai 16p Iudi dia k¥ thuat dugc dat trong
mau gia cudng voi khoang khong gian gia cuong

Bang 1: Piéu kién thi nghiém

theo phuong dimg gan bang 0.3 m. Két qua thi
nghiém trong bai bio ndy c6 dugc tir mau gia
cudng voi loai ludi hai truc (biaxial) lam tir
polypropylene va combi-polypropylene véi cudng
d6 danh nghia 1a 40kN/m va cac thanh dugc géin
chat, duge kéo trude. Kich ¢ khau do ludi la
3lmm x 31mm va luc kéo tai bién dang 2% la
16kN/m, céac thong s6 dugc cung cap boi nha may
san xuit. Chung duoc thé hién trong Hinh 4.

Test name Reinforcement ¢’3 (kPa) Yd e » (%)
IIS-0E Unreinf 25 2.053 0.31 3.73
IIS-0G Unreinf 150 2,096 0.28 2.41
IIS-2D Geogrid 150 2.089 0.28 3.81
IIS-2E Geogrid 25 2.066 0.30 2.53
IIS-COM-C  Combi-grid 25 2.112 0.27 2.25
IIS-COM-D  Combi-grid 150 2.080 0.29 2.11
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Hinh 3: Vi tri cac LDTs trong truwong hop thi nghiém a) khéng gia cudng va b) gia cuwong

Hinh 4: Chi tiét ciia lw6i PP va Combi-PP theo thir tw

3 KET QUA THi NGHIEM

Puodng cong tmg suit - bién dang ciia mau thi
nghiém gia cudng va khong gia cuong dwoc dam
nén vai ty trong proctor dat 95% dugc cho trong
Hinh 5 di voi hai loai ludi dia k¥ thuat tai hai cp
ap luc 25kPa va 150kPa. Sy gia tang cua cuong do
dinh (peak strength) do boi su gia cuong co thé
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thdy rd rang. Tuy nhién, d6 cimg ban dau cia ca
hai miu khong gia cudng va miu gia cudng gan
nhu gidng nhau di v6i bién dang dimg (vertical
strain) dén khoang 0.3%. Diéu nay phu hop voi
bién dang thé tich (volumetric strain) dugc tinh
toan tir bién dang dung va bién dang hong, thé hién
& sy nén hoan toan khi méi bit dau thi nghiém
(Hinh 6).
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Hinh 5: Twong quan @ng suat-bien dang Hinh 6: Bien dang the tich ciia mau khong gia
cudng va gia cwong
Ngay khi miu bit ddu no héng, lusi dia k§ cuodng trén bién Fiang ngang tai ap luc gidi han 'nh(’)
thuat bat dau gia ting dic tinh khang, va sau do6 (%SkPa?, hayk no1 cacl} khai chlnl}.la} ap luc tal ‘?Q
dan dén su gia taing d§ cliing va cuong d6 dinh. Dac sau nho, r}hleu hcrn dang ke S0 vol anh huong cua
tinh khang cta luc trong luéi dia ky thudt di kém Sy gla cuong tai ap luc 8101 l}an lqn (IS.QkPa)" Co
v&i sy giam cia hiu tng truong nd (dilatancy). Xa nghia 1 tai dp luc gi6i han lon, thi nghiém c6 gia

hon, nhu duge mé ta trong Hinh 7 bién dang ngang cqf)’ng ludi dia ky thuat va kh@I{,g gia7cuc‘)'¥1g déu C{’
do bdi cic LDT ngang (H-LDTs) cua loat thi bién dang ngang nhu nhau. Két qua ghi dugc tir

nghiém gia cuong giam dang ké khi so sanh vai két thiét bi do bién dang (strain gaujée) d}rqc .t’)iéu thi
qua cta thi nghiém khong gia cuong tai ép luc trong Hinh 9 cl}f) thay~c0 sw gia tang cua bién dang
25kPa. Piéu twong tu ciing dugc quan sat thdy ngang trong ludi dia ky thuat.

trong cac thi nghiém cua Ziegler va Ruiken (2008), M5 hinh co hoc duge biéu thi trong Hinh 10 ¢6

ho cling thuc hién thi nghi€ém nén ba truc véi mau
khong gia cuong va mau gia cuong. Ho thdy ring
bién dang giam dang ké do su gia cuong. Mait
khéc, trong thi nghiém hién tai, tai ap lyc gidi han
cao hon 150 kPa, bién dang ngang (lateral strain)
khong cho thay sy giam dang ké nao. Didu nay c6
thé thdy rd hon & Hinh 8, anh hudng cua su gia

duoc 1a tir két qua thi nghiém ba truc 16n cla cot
liéu 16n c6 gia cudng. Do béi stic nén thing ding
trong qua trinh gia tai, miu bt dau né hong. Nhu
trén da noi, diéu nay di kém véi su kich hoat ctua
ludi dia ky thudt, ma theo do thi su bién dang duoc
giam di va cuong do dinh tang 1én.
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Hinh 7: Bien dang ngang doc theo chieu cao mau  Hinh 8: Sy gia tang cwong do dinh do sw gia cwong

luéi dia ky thuat
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Hinh 9: Sy phén b bién dang trong lwéi dia ky thuat

Véi su bién dang gia ting dan ciia mau, ap luc
gi6i han cia ludi dia ky thuét cling gia tang theo.
Véi mot gia thuyét don gian hoa, didu nay co thé
duge xem nhu mét ap luc gidi han twong duong
Acs tac dung dong nhit trén sudt chiéu cao mau
(Hinh 10), cho thiy khoang khong gian dung giita
nhiing 16p gia cuong la du nho.

Trong Hinh 11 duong Gng suit ciia miu gia
cudng va mau khong gia cuong dugc vé dudi dang
dinh tinh. Ty 1¢ truc cta biéu do dugc biéu thi khac
s0 v6i thuong 16 dé thé hién dwoc rd chi tiét. Do
d6, duong thing o, = o3, nhu thuong 18 1a duong
chia d6i goc thi dugc v€ it nghiéng hon. Trong ca
hai thi nghiém, miu dwoc c6 két dudi diéu kién
ddng hudng trude khi gia tai. Puong ung suat
trong thi nghiém khong gia cuong (truong hop 1)
cho thdy mot su gia ting cua o) cho dén khi mau bi
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pha hoai trong khi 4p suit gi¢i han o3 duoc giit ¢b
dinh khong dbi. Trong thi nghiém gia cudng
(trudong hop 2), xudt hién sy gia ting cia o) vuot
xa hon gidi han t6i han cua thi nghiém khong gia
cuong, mic du 4p sut gioi han van duoc giit ¢b
dinh nhu truong hop thi nghi€ém khong gia cuong.
Diéu kién tng suit tai diém pha huy cho trudng
hop 1 1a {o1 + Aci; G3cen}. Tuy nhién, do boi sy
bién dang dudi sy tic dong cua ludi dia ky thuat
cing v6i mo hinh mo ta phia trén, diéu kién tng
sut cho truong hop 2 s& bi anh huong boi luong
gia tang cua 4ap suét g101 han, cu thé 1a Acs, reinf-
Trong sudt qué trinh gia tai, khi sy pha huy mau
xuét hién di nhién, diéu kién ung suét dat dén mirc
tiéu chuan pha hiy cia dat khong gia cudng
(truong hop 1), nhung tai trang thai ing suit cao
hon {61 + Ac1; 63 cell T AG3 reint. } -
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Hinh 10: Sw gia tang cwong do do sw gia cwong
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Céc thong sb cuong d6 dinh cia thi nghiém
khong gia cuong va thi nghiém gia cuong dugc mo
ta dudi dang vong tron Mohr tg suit trong Hinh
12. C6 thé dé& dang nhan thdy trong thi nghiém
khong gia cuong, lyc dinh ¢ va goc ma sat trong ¢
nho hon céc gia tri tuong Ung trong thi nghi¢ém gia
cudong. PO cimg ctia mau co duge tir vie gia tai
tuan hoan bién d6 nhé duoc biéu thi trong Hinh 13.
C6 thé d& dang nhan thiy ring, su gia cuong khong
anh huong 16n dbi voi d6 cing bién dang nho (Mb
dun dan hoi, Young’s Moduli) cia mau dudi ca hai
ap suét giéi han thap va cao. Hinh 14 cho thiy bién
dang ngang cua mau gia cuong it hon so véi
mau khong gia cuong. Tai ap luc gioi han cao hon,
su gia cudng gan nhu khong anh huong dén bién
dang ngang.
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Hinh 11: Pwong tng suét cia tii do sy gia cudng
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Hinh 13: D) cirng ctia mau khong gia cuwong va
mau gia cwong

Hinh 14: Sy giam bién dang ngang do anh hwéng
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4 KET LUAN

Thi nghiém ba tryc ty 1€ 16n trén mAu gia cudng
va mau khong gia cuong cho thdy mot su gia tang
dang ké cta cuong d6 dinh va su giam cia bién
dang do boi ludi dia ky thuét. Ludi dia ky thuat gia
cuong trong dit phat trién thém mot ap suat anh
huong do sy tdc dong cta ludi dia ky thuat. Anh
huong gia cudng twong ddi cao hon trong truong
hop 4p suét giéi han ngang nho, twong dwong voi
vG1 @0 sau nho.

Ung suét cét bi anh hudng boi hai thong sé 1a
lyc dinh va gbc ma sat trong cho thiy ludi dia k§
thuat tao nén su gia ting vé cuong do cat va do
ciing cua dat. Didu nay phu hop véi tit ca thi
nghiém tai cac cip ap luc.
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