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Nghien cuu danh gia suic khang cat ctia coc cat
trong gidi phap coc cat xu ly nén dat yéu véi mot
s6 chi tieu co ly théng qua cac thi nghiém trong

phong thi nghiém

The study evaluates the shear resistance of sand columns used in the sand column ground
improvement method for soft soil stabilization, based on selected physical and mechanical

properties obtained from laboratory
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TOM TAT

Bai bao trinh bay ket qué nghién cou sirc khéng cét cia coc
cat xir y nén dat yéu thang qua cac thi nghiém trong phang thi
nghiém. Coc cat duge dém chat dén dg chat K = 0.9 va danh
gia béng thi nghigm cat truc tiép, xuyén dang DCP va nén ba
truc. K&t qué cat truc tiép cho thay sic khang cét tuan theo tigu
chuén Mohr-Coulomb, véi lyc dinh ket khang dang ké va goc ma
sat trong an, phan anh co ché chiu cat chi yéu do ma sét hat.
K&t qua DCP cho thay chi sd xuyén dong va st chiu tai quy vac
R, tdng theo chifu sau, phd hop vai sy gia ting tng sudt hitu
higu va da chat. Thi nghiém nén ba tryc khing dinh &nh huréng
cta dg chat dén ang sudt lech cuc dai va kha nang chiu cét coa
coc cat. K&t qua nghign cou 13 co sé phuc vu thigt ke va danh gia
hiéu qué giai phép coc cat trong xir Iy nén dat yeu.

Tir khda: Nén dat yéu; coc cat; sirc khang cét; xir ly nén dat yéu;
dd chat; thi nghiem xuyén dang (DCP); thi nghiém nén ba tryc.

1. DAT VAN PE

Nén dat yéu co stc khang cat thap gay nhiéu thach thiic trong
thiét ké va thi cdng cong trinh, trong d6 phuang phép coc cat dugc
ung dung rong rai nha hiéu qua ky thuat va kinh té. Tuy nhién, cac
nghién ctu hién nay chd yéu danh gia hiéu qua coc cat théng qua
dé Iun va stc chiu tai téng thé, trong khi stic khang cét clia ban than
coc cat va méi quan hé véi cac chitiéu co ly ctia vat liéu cat van chua
dugc lam ré day da. Nghién ctu nay tap trung danh gia truc ti€p stc
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ABSTRACT

This study investigates the shear resistance of sand columns for
soft ground improvement based on laboratory tests. Sand columns
were compacted to a degree of compaction K = 0.9 and evaluated
using direct shear, dynamic cone penetration (DCP) and triaxial
compression tests. Direct shear results indicate Mohr-Coulomb
behavior with negligible cohesion and a high internal friction angle,
confirming a friction-dominated shear mechanism. DCP results
show that the dynamic penetration index and equivalent bearing
capacity Ro increase with depth, consistent with increasing
effective stress and compaction degree. Triaxial tests further
demonstrate the significant influence of compaction degree on
peak deviator stress and shear resistance.

Keywords: Soft ground; sand column; shear resistance; soft
ground improvement; degree of compaction; dynamic cone
penetration (DCP); triaxial test.

khang cat cla coc cat thong qua cac thi nghiém trong phong thi
nghiém, qua dé lam ré méi quan hé dinh lugng gitia stc khang ct
va mét s chitiéu ca ly dac trung, gop phan bé sung ca sé khoa hoc
cho thiét ké giai phap coc cat x ly nén dat yéu.

DAt co tinh chat khac ro rét véi cac loai vat liéu khac, do tinh
phan tan va tinh réng ctia chung. Do su thay déi tai trong bén ngoai
va su thoat nuéc nén dat co su thay déi vé dd am va thé tich. Do
chat, cudng dé... va cac dic trung bién dang tat ca déu bj thay doi
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[1]. Két qua thi nghiém trong phong nhu thi nghiém cat tryc tiép [2,
3], nén ba truc (ASTM D2850, AASHTO T296, BS 1377: Part 7: 1990:
clause 8) [4], nén don vd&i su hd trg cla cac thi nghiém cdt quay
bé tui (TV), chuy roi (FC), xuyén tinh b tui (PP) va cit canh trong
phong [5]... hodc do truc tiép tir cac thi nghiém cat canh (BS 1377:
Part 9:1990:clause 4.4, ASTM D2573, AASHTO T223 va 22TCN 355-
2006) [6], [7], thi nghiém xuyén tiéu chuan (SPT) [8, 9], thi nghiém
xuyén tinh (CPT, CPTu) [10, 11]... Cho thdy, cang xuéng sau (ing suat
do trong lugng ban than cang tang, d chat clia dat cang tang. Thiét
lap dugc tuang quan gidia do chat va stc chéng cdt hoan toan co6
thé xac dinh dugc tur trang thai (ng suét.

2.TIEN HANH THi NGHIEM

2.1.Vatlidu

Cat dugc st dung trong nghién ctru nay dugc |y tir bai tap két
vat liéu xay dung, cung cdp ti cac mo cat cac tinh phia Bac. Cat hat
trung, mau vang nhat va khéng déng nhat vé thanh phan hat theo
hé théng phan loai AASHTO.

Budng chura dat cat dugc st dung éng thép, c6 dé day 0,2 mm,
dudng kinh 800 mm va chiéu cao 1.500 mm. tdm thép duoc tao hinh
thanh hinh tru tron, gia cd xung quanh bén ngoai bang hé théng thanh
sat vudng dac 10¥10, han ndi dang 6 vudng 150%150 mm (Hinh 1).

2.2. Quy trinh thi nghiém

Trong nghién clu nay, nhom tac gia tap trung danh gia stc
chéng cat cla coc cat théng qua viéc dam chat cat 6 do chat K90.
Khéi lugng thé tich don vi uét dat cat & d6 m téi uu (ASTM D 4253)
1a 1,95 g/cm?, gia tri khéi lugng thé tich don vi uét dat cat & 6 am
kho t6i uu tai dé chat K90 (ASTM D 4254) la 1,75 g/cm?.

DE dat d6 chat K90, thi nghiém dugc hiéu chuan trong khuén
nho (dudng kinh 750 mm va chiéu cao 450 mm) théng qua moét s6
lan th nghiém. Budng chua chia thanh 5 I6p, méi I6p day 300 mm.
Tron déu cat va nudc theo ty |é thi nghiém trén khuén nho. Hén
hgp dugc cho vao budng chiia bang x6, sir dung may dam tay thuc
hién sao cho chiéu day clia mau dat vé dung vach 300 mm da chia
sdn trong buéng chura.

Nhoém nghién ctu thuc hién 3 thi nghiém trong phong: Thi
nghiém cét truc tiép (cit phdng), thi nghiém xuyén déng (DCP) va
thi nghiém nén ba truc.

Hinh 1. Budng chifa dat cat dugc gia cong bang vat liéu thép

3. KET QUA VA THAO LUAN
3.1. Thi nghiém cit truc tiép (cit phang)

Thoéng qua thi nghiém cat truc tiép, cac tham sé quan trong nhu
gbc ma sét trong (@) va luc dinh két (c) clia mau cat dugc dam chat
trong phong c¢6 thé dugc xac dinh mét cach truc tiép, tir d6 danh gia
dugc muic dé cai thién vé mat co hoc clia nén dat sau khi xi ly.

Pé danh gia dugc stic khang ct cha dat cat chinh xac hon
trong thuc tién, nhiéu nghién ctru lién quan dén thi nghiém cat truc
ti€p. Nhom tac gia Islam et Al [12] dugc cac két qua thi nghiém,
quan sat thay rang d6i véi moi tap hop tai trong, khi kich thudc hat
tang lén, goc ma sat trong cling nhu ing suat cat ngang téi da tang
Ién dGi v6i cat dong nhat va tuong tu cling dugc nhan thay & cat co
cap phéi khéng dong nhat, cdp phéi cang t6t han thi dé bén cat
cao haon. Nhom tac gia Cerato & Lutenegger [13] cho két qua goc
ma sat tang lén vai d6 chat trong dat tang trong méi ba hop. Géc
ma sat du & thé tich khéng déi c6 xu huéng gidm hodc gilr nguyén
khi kich thudc hép thi nghiém tang, tuy thudc vao loai cat va do
chat tuong déi.

PHLURONG PHAP XAC BINH SIC CHONG CAT
METHODS FOR DETERMINATION OF SHEAR RESISTANCE
NGHIER SO KAY DUMG TUNOIMG CUAN GICTA B0 CHAT VA SUC KHAMG CAT CUA COC CAT X0 LY
HEN DANOMG DAP TREN NEN DAT YEU TRONG DEL KIEN O VIET HAM
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Hinh 2. Két qué thi nghiém cat truc tiép vdi do chat K90

Nhém nghién ctu thuc hién thi nghiém, két qua thi nghiém cat
phédng nhanh cho thdy stic khang cat clia coc cat tang tuyén tinh theo
Uing suat phap, phu hop véi tiéu chudn pha hoai Mohr-Coulomb. Khi
ap luc thang duing ting tir 1,0 dén 3,0 kG/cm?, stic khang cit ting tu
0,714 lén 2,006 kG/cm?. Pudng bao pha hoai xac dinh dugc luc dinh
két rat nhé (C = 0,04 kG/cm?) va géc ma sét trong 16n (¢ = 32°52),
chiing t6 co ché chiu cat chii yéu cla coc cét la ma sat gilia cac hat.
VGi hé s6 do chat K= 0,9 va hé s6 rdng nho, coc cat thé hién kha nang
cai thién dang ké suic khang cat clia nén dat yéu, tao ca sé cho viéc ap
dung trong thiét ké va tinh toan nén duong dap tai Viét Nam.

3.2.Thi nghiém xuyén dong (DCP)

Phuong phap xuyén dong DCP la phuong phap thi nghiém
dugc tién hanh bang cach dua mai xuyén hinh chép nén vao dat
nhd néng lugng cta bua déng vao dau can xuyén. Gia trj chi s6 DCP
dugc tinh bang cach chia téng dé sdu tham nhap tinh bang mm cho
s6 lan g6 (mm/lan g6) va dugc bao cao cho méi mau.

Theo SNip 448-72[14], suic khang xuyén ddng dugc xac dinh
qua s6 bua can thiét (n) dé ddy mai xuyén di vao dat mot do sau
nhat dinh (s =10 cm), tir d6 xac dinh cudng d6 stc khang xuyén
dong gia dinh (N) va stic khdng xuyén dong don vi (qd). Theo TCXD
112:1984 va EN ISO 22476-3 [15], sic khang xuyén déng qd dugc
tinh theo cong thuic dugc goi la cdng thuc Ha Lan (Sanglerat 1972;
Cassan 1988).
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Hinh 3. Sa d6 thi nghiém xuyén dong (a) va mdi cn (b)
Két qua sau khi ti€n hanh thi nghiém tai phong thi nghiém Trudng Pai hoc Mé - Dia chat, hiéu chinh va x Iy nhu sau:
Bang 1. Biéu thi nghiém xuyén déng DCP trong dat cat, do chat K90

BIEU THi NGHIEM XUYEN DONG THEO DO CHAT K90
PP thi nghiém: BS 1377: Part 1: 1990: 3.2
Thinghiém lan 1 Thinghiém 1an 2 Thinghiém 1an 3
Chiéu sau 6 bia Surc Chitlk?/icc:;?; uGc RO 6 bia Strc chit(JktGé/iC%?; udéc RO S8 bia Surc chitxkg/ic?:z); uéc RO

(m)
0,1 6 1,37 5 1,19 6 1,37
0,2 10 2,12 7 1,56 8 1,75
0,3 14 2,87 12 2,49 14 2,87
04 18 3,62 17 343 17 343
0,5 23 4,55 20 3,99 22 4,36
0,6 29 5,50 26 511 27 5,30
0,7 23 4,55 23 4,55 24 4,74
0,8 20 3,99 20 3,99 21 4,18
0,9 26 511 25 4,93 25 4,93
1,0 26 51 26 51 25 4,93
1,1 32 5,27 27 512 29 514
1,2 35 5,40 39 5,70 36 5,55
1,3 33 533 32 5,27 33 533

Két qua thi nghiém xuyén déng DCP cho thay su bién thién tuong d6i ddng nhat clia sé bua xuyén theo chiéu sau déi vai ba lan thi
nghiém (TEST 1-TEST 3), phan &nh d6 tin cay va tinh lap lai t6t ca chuong trinh thi nghiém. Trong khoang d6 sau tir 0,1 dén khoang 1,2 m,
s6 bua N cé xu hudng tang dan theo chiéu sau, cho thdy muc d6 dam chat va kha néng khang xuyén clia coc cat dugc cai thién rd rét & cac
I16p sau hon.

Su phan bé stic chiu tai quy udc R, theo chiéu sau ¢ xu huéng tuong dong véi két qua sé bua xuyén. Gia tri R, tang dan tir I6p ndng
xuéng I&p sau, dat gia tri [6n nhat tai d6 sau khoang 1,1 - 1,3 m, phan anh hiéu qua truyén nang luong dam chat va su gia tang muc doé chat
clia coc cét theo chiéu sau. Su sai khac gilra cac dudng cong R, clia ba thi nghiém la khéng 16n, chiing té tinh 6n dinh clia phuong phap thi
nghiém va dé déng nhat tuong d6i clla mau coc cat.
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Hinh 4. 6 thi quan hé gitta s6 bia - stic chiu tai - d6 sau ¢ do chat K90

3.3.Thi nghiém nén ba truc

Da6i vai dat cat, thudng ap dung thi nghiém CD hoac CU, vi
dat cat co kha nang thoat nudc nhanh, phu hgp véi diéu kién thoat
nudGc hoan toan trong thuc té thi cong coc cat.

Theo nhom tac gia D& Minh Toan va Nguyén Thi Nu [38], viéc
thi nghiém trong phong véi mau dat dugc lay tir do sau nhat dinh
nao do, qua trinh 18y mau sé lam thay d6i trang thai Ung suat tu
nhién tuong tu nhu viéc d& tai trong thi nghiém c6 két. Tac gia
Nguyén Thu Ha [39] nhan thay rang, theo so d6 cat nhanh khong
thoat nudc (UU), néu thay déi téc do cat, cit cang nhanh thi stic
khang cét ctia dat cang nho. Thi nghiém theo so d6 cat nhanh c6 két
(CU) va cit cham cd két hoan toan (CD) thi khi thay d8i t6c d6 cat
khong lam anh hudng dén stic khang cat caa dat.
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Hinh 5. D4 thi quan hé gitta (ing suat - bién dang - ap sudt 16 rong ¢ do chat K90

Cac dudng cong Ung suat léch - bién dang thu dugc tur thi
nghiém nén ba truc cho thay cat & trang thai dam chat cao thé hién
kha nang chiu cit 16n va bién dang 6n dinh. Ung suat léch ting
nhanh & giai doan dau khi bién dang con nhd, sau d6 phat trién
cham dan va dat gia tri cuc dai & muc bién dang tuong d6i I6n, phan
anh dac trung chiu cat clia cat dam chat. Gia tri ing suat léch cuc dai
tang ro rét khi ap lyc bao tang, cho thay vai tro chi phéi clia ma sat
trong va su sap xép chat ché clia bé khung hat.

Dién bién ap suat 16 rong theo bién dang cho thay ap suat 16
réng duong dugc sinh ra trong sudt qua trinh gia tai, song téc d6
tang tuong d6i nho, dac biét d6i véi mau cé do chat cao. Diéu nay
chiing t6 xu hudng gian né bi han ché va kha nang thoat nudc hiéu
qua clia cat dam chat, gép phan duy tri va nang cao stic chéng cét.

4, KET LUAN

K&t qua ba thi nghiém trong phong cho thay stic khang cat cta
coc cat c6 méi quan hé chat ché vai cac chi tiéu co ly dac trung, dac
biét la d6 chat, goc ma sat trong va trang thai ing suat.

K&t qua thi nghiém cat truc tiép, xuyén déng DCP va nén ba
truc cho thdy suic khang cat clia coc cat dam chat K90 chi yéu dugc
hinh thanh tir ma sét trong gitta cac hat, véi luc dinh két khéng dang
ké va g6c ma st trong tuong déi Ion.

Cac chi tiéu khang xuyén (sé bua N, suc chiu tai quy udc Ry) c6
mdi tuong quan ré rét vai trang thai Ung suat va d6 chat cda coc cat,
cho phép strdung thi nghiém DCP nhu moét cong cu dénh gid nhanh
stic khang cat trong phong thi nghiém.

Thi nghiém nén ba truc cho thdy cat dam chat c6 kha nang
duy tri Ung suat hiru hiéu 16n va phat trién ap suat 16 réng & muc
thap, gop phan nang cao va én dinh stic chéng cét trong qué trinh
chiu tai.

Céc két qua nghién ctiu 1a co s& khoa hoc dé xay dung cac méi
tuang quan thuc nghiém gilta stic khang cét va cac chi tiéu ca ly
cla coc cat, phuc vu thiét ké va danh gia hiéu qua xt ly nén dat yéu
bang giai phap coc cat trong diéu kién Viét Nam.
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