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Tom tat: Twong hao ddt-bentonite ( D-B) da duoc sir dung réng rdi ¢ My va nhiéu nudce
khdc trong hon 50 nam qua dé chéng tham. Pé dam bdo chdt lwong ciia twong hao trong
qué trinh thiés ké va thi cong can xdc dinh, kiém tra dé sut hop Iy cia vit liéu twong hao.
Trong bai b&o nay cac tac gid @a nghién ciru xdc dinh cdc yéu té va mirc dé anh huong
chung dén do sut (nhur thoi gian, ham luong nude, ham lwong bentonite) dong thoi xdy dwng
Moi quan hé giita @ sut ciia cén sut tiéu chudn (Ss) va dg sut cia con sut thu nho (SM) (the
tich con thu nhé bang 1/6 thé tich con tidu chudn) dé thudn tién cho qud trinh thiét ké, thi
cdng va qudn Iy chat heong tirong hao P-B sau nay.

1. it van dé

bap vat ligu dia phuong va dé la cac cong
trinh dit duoc st dung ngin nudc phd bién &
nuée ta. Trong qua trinh khai thac str dung nhiéu
dé, dap da bi sy c6, hu hong do dong thim gay ra
nhu so6i ngdm, 1am mat 6n dinh mai... Vi vay
viéc str Iy thim cho cho than va nén dé, dap dong
mot vai trd rat quan trong trong cong tac thiét ké,
stra chita cac cong trinh thuy loi.

Trong nhitng nam qua ¢ linh vuc xay dung
cong trinh thuy d& c6 nhiéu bién phap chong
thim méi duoc Gng dung mang lai hiéu qua
kinh té cao gop phan nang cao chit lugng cong
trinh ddc biét 1a cong nghé méi twong hao chong
thim bang bentonite. Tuong hao dugc xay dung
bang cach dao hao trong dung dich bentonite.
Dung dich bentonite thuong 1a hon hop nudc-
bentonite ¢ tac dung gitr 6n dinh ctia vach hao
bang cach tao nén mot mang mong trén bé mat
ctia vach hao va can bang ap luc dit. Ngay sau
khi hao dugc dao xong hao duoc 1ip diy bang
vita xi mang-bentonite (X-B), hdn hop dat-
bentonite (P-B) hay ximing-dat-bentonite (X-
P-B)...Tly theo tung diéu kién cu thé ciia khu
vuc xay dung cong trinh s& quyét dinh loai
twong hao nao thich hop va hiéu qua nhat. Hé sb
thim, tinh bién dang, 6n dinh cua vach hao 1a
nhitng yéu t6 chu chdt xac dinh tinh kha thi,
chat luong cong trinh trong qua trinh lam viéc
sau nay.
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O Viét Nam loai tuong hdo X-B chéng thim
duoc sir dung dé chéng thadm cho cac cong trinh
nhu Dau tiéng, Easoup Thuong, IAKAO, dap
phu sudi Pa ho Dau tiéng, dap Am chia, dap
Duong dong. Cac hao chdng tham X-B nhin
chung déu st dung cap phdi gdm 35-45kg
bentonite nhap ngoai, 200-300kg xi mang PC30
san xuét trong nudce, 900 lit nwdc, phu gia lam
tang tinh luu dong va cham dong cung. Véi cac
cap phdi va thanh phan vat liéu nhu trén cac hao
X-B da duoc thi cong ¢ nude ta hau hét chi dat
tir 1x10° dén 5x10° cmy/s (chua c¢6 cong trinh
nao dat hé sd thdm nho hon 10° cm/s). Mat
khac do su chénh léch vé modus dan hoi giira
vat liéu lam tuong hao va vat liéu xung quanh
hao c6 thé 1a nguyén nhan gay ra hién tuong nirt
né khi ap dung hinh thire nay dé chdng thdm cho
dap méi thi cong.

Trong khi d6 & My va nhiéu nudc khac bién
phép chong thadm dugc sir dung phd bién nhét 1a
hao dat - bentonite (DAY, 2003; D’ Appolonia,
1980; Millet, Perez, Davision, 1992; Spooner,
Philip,1984). Vat liéu chinh dé xdy dung hao la
phan vat liéu dao ra tir cong trinh hodc c¢6 pha
tron thém voéi mot sb loai dat tir noi khac khi
can bd xung ham lwong hat min.

Quy trinh xay dyng dién hinh hao P-B bit
dau bang viéc dao mot hao thing dung trong
dung dich bentonite. Sau d6 d6 hdn hop dét dugc
lay ra tir hd dao va tron thém véi bentonite khod



theo ty 1¢ thich hop dugc d6 vao dé thay thé cho
dung dich bentonite, twong hao dugc hinh thanh
sau khi hdn hop B-B 6n dinh. quy trinh xay dung
tuong hao B-B dugc mé ta nhu hinh 1.

Bt - hentonite sau trin

Bt dao ra tir hao

entonite

Trong thiét ké, thi cong va kiém soat chat
lwong tudng hio D-B do sut dong vai trd hét sirc
quan trong, 1a khau then chdt dé quan 1y chat
luong tuong hao, do sut phai dugc kiém tra chat
ché trong sudt qua trinh thi cong hao (Evans va
Ryan 2005). Néu do sut cua hén hop nho, kha
ning tu 1en chit ciia hon hop giam, vat liéu khong
tu chay vao trong hao din dén qua trinh thi cong
s& gap nhiéu kho khan, dé xuét hién nhing 15 rong
I6n trong hdo anh huong dén chit lwong tudng
hao. Néu do sut caa hdn hop 16n, thi luong nuéc
tu do trong hdn hop nhiéu tao nén do rdng trong
hao 1am ting hé sb thim, giam cudng do...

Tuong hao c6 do dic chic tot 1a tuong hao
duoc xay dung v6i hon hop P-B co6 do sut tir
120 - 170 mm. Do sut phu hgp s€ giam duoc
tinh khong dong nhit cua hdn hop, cai thién
dang ké duoc cac tinh chat k¥ thuat caa hdn hop
nhu: Tinh chdng thim, cuong do, do ép co...
Trong pham vi do sut ndy, hon hop d& dang lap
day hao ma khong tao ra nhirng 16 rong 16n, véi
d6 chay thich hgp con lam cho tuong hao sau
khi lap day c6 tinh dong nhét cao.

2. Vit liéu va phuwong phap thir

Vdt li¢u thir:

Nghién ciru nay da duoc thi nghiém vai 2
loai dat khac nhau, 1a dat duoc lay tai khu vuc
xay dung dap Vinh Trinh - Quang Nam va dap
ik Uy — Kon Tum. Pét tai khu vuc nay co
chung tinh chat 1a h¢ s6 thim cao, dé tan rd. Dat
thi nghiém c6 duong cap phdi hat nhu hinh 2.
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Kich thuéc mat sang (mm)
Hinh 2. Puong thanh phan hat ciia dat TN

Céac loai dat trén dugc tron thém vao ham
lugng Bentonite va tro bay véi cac ty 1€ khac
nhau dé cai thién tinh chét ciia dat (Day 2002).
Ham luong Bentonite va Tro bay dugc tron vao
dé tao ra cac cAp phdi khac nhau duoc chia lam
5 loai nhu bang 1:
Bdng 1. Ham luong trén bentonite, tro bay vio dat

Loai }i' KJ Tro Bentonite

TT Y hlgu dat | bay (%)

mau | (%) | (%)

1 Dt M1 97 3
Vinh

2 Trinh M2 95 5

3 Dt M3 95 | 2 3

4 bak M4 93 2 5

5 Uy M5 93 4 3

Dung cu thi nghiém

Con sut tiéu chuan duogc sir dung 1a cbn sut
dung trong bé tong. Kich thudc cua con sut tiéu
chuan 1a: R, = 100, Ry = 200, H = 300, que
choc tiéu chuan 1am bang thép, dudng kinh 16
mm. COn sut tiéu chuan st dung thuan tién tai
hién truong nhung do ¢6 kich thude 16n khi tién
hanh thi nghiém trong phong doi hoi rat nhiéu
vat liéu, thoi gian va cong chuan bi. Trén thé
gi6i d& c6 mot sb tac gia nghién ciu sir dung
con sut thu nho thay thé cho con sut tiéu chuin
trong mot sd truong hop nhu: Kantro 1980;
Khayat 1997 d& su dung con sut thu nho véi
duong kinh trén Ro = 9,5 mm, dudng kinh dudi
19 mm, chiéu cao 57 mm d3 duoc st dung dé
danh gia tinh dé thi cong cua vira ximang khi sir
dung phu gia siéu giam nudc. Tang va Hills da
st dung con syt thu nho nhu trén dé xac dinh
thuoc tinh ciia vita ximang tai thoi diém khoi
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tao. Mot con sut thu nho co6 kich thude 16n hon
V61 duong kinh trén 25 mm, duong kinh dudi 51
mm va chiéu cao 152 mm da duoc sir dung boi
Gay va Constantiner (1998) dé tim ra dic tinh
dong chay ctia hon hgp vira ximing ding trong
nganh khai thac mo. Trong bai bao nay chlng
t6i nghién cau st dung con sut thu nho va tién
hanh thi nghiém xac dinh mdi twong quan giira
cOn sut tiéu chuan va con sut thu nhé. Con sut
thu nho s& cho phép cac nha thiét ké chuan bj
hdn hop tron trong qua trinh thiét ké cip phdi
D-B tuong d6i phi hop véi con sut tiéu chuan
va giam duogc dang ké lugng vat lidu ciing nhu
thoi gian va cong sic trong sudt qua trinh thiét
ké hon hop B-B. Khi thir do sut,hon hop bi sut
xudng chu yéu 1a do trong luong ban thin cua
vat lidu, va do sut xuét hién khi trong luc ban
than gay ra 4p luc cat bén Ién hon cuong do
chdng cit cua vat lidu. Ap luc P tai mot do siu z
bén dudi 16p bé mat tu do cua con sut khi chua
bi bién dang dugc minh hoa béng cong thuc giai
tich nhu sau (Clayton et al. 2003):
Ry —Ro - 1

o 2Ry

H Ro

Qua qua trinh nghién ctru, chung toéi lua chon
con sut thu nhé: R, =75 mm; R, = 100 mm; H
= 150 mm. Que choc st dung cho con sut thu
nhé 1a mot que ngin, thong thudng co chiéu
dai 1a 170 mm va duong kinh trung binh
khoang 8 mm.

Con sut tiéu chuan va con sut thu nho duoc
minh hoa nhu trong hinh 3.

M Ro
ORI (RH ~R,

)+ —(
H

Cén syt thuy nhd

Cén sut tigu chuin
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Hinh 3. C6n sut tiéu chudn va con sut thu nhé

Chuén bi miu:

Con dit trén san am, phang, va phai duogc gitr
cd dinh trong sudt qua trinh cho dit vao
con.Trude khi cho dat vao trong con phai tién
hanh bdi mot 16p chéng dinh trén bé mat phan
bén trong cua con dé giam luc ma sat gitra mau
va con. Con duoc lap day bang 3 10p, sau mdi
I6p dat trong con duoc 1én chit bang cach choc
25 lan bang que choc twong tng. Khi choc thi
choc theo hudng tir ngodi vao trong. Phan dat
thira trén dinh con duoc gat bo bang thudc
thang. Sau khi con duoc rat 18n khdi dat trong
con sut bi sut xuéng do trong lugng ban than.
Tién hanh do két qua thi nghiém khi con sut kha
can d6i, bé mat con nhin, c6 dang hinh ndn cut,
bé mit con sut gan nhu song song voi mit
phiang nim ngang. Khi con sut bi veo tuong di
I6n hodc bé miat khong nhin phai tién hanh thi
nghiém lai. Con sut khong can di ciing thé hién
tinh khong dong nhat cta hdn hop. Ngoai hién
truong khi kiém tra do sut cua vat liéu néu con
sut khong dat yéu cau c6 nghia 1a vat liéu chua
dugc tron dén d6 nhuyén yéu cau can phai tiép
tuc tron cho dén khi con sut dat duoc hinh dang
can d6i nhu d4 noi & trén.

Hinh 4. Con sut dat yéu cdu



Hinh 5. Con sut khéng dat yeu cau

Phwong phap thir
Thur @6 sut vai ca hai loai con: Con sut ti€u
chuan va c6n sut thu nhé dugc thuc hién phl
hop véi tiéu chuan ASTM C143-00.. Con duoc
nhac 1én theo chiéu thang dtng, va do sut duoc
do ngay sau khi rat con. Do sut cta con la
khoang cach theo chiéu thang ding tinh tir dinh
con dén trung tim mit miu.
3. Két qua thi nghiém
3.1 Twong quan giia d¢ sut ciia cén sut tiéu
chudn va dg sut ciia con sut thu nhé
Két qua thi nghiém mdi twong quan giita Ss
va Sy duogc trinh bay trong bang 2 va hinh 6, 7.
Bang 2. Két qua thi nghiém d¢ sut ciia con
Sut thu nhé va con sut tiéu chudn

Sm | Se | Sm| Ss | Sm| Ss|Sn|Ss|Sm| Ss
mmi|imm | mm |imm |mm mm imm|mm|mm |mm
Mau 1 Mau 2 Mau 3 Miu4 | Maius
85| 210| 69| 195| 54| 155| 26| 105| 46| 165
54| 155| 65| 201| 71| 198| 30| 120| 58| 184
62| 175| 74| 218| 69| 212| 39| 139| 63| 195
70| 192| 75| 220| 31| 127| 14| 76| 66| 202
77| 195| 78| 225| 39| 138| 20| 98| 62| 188
75| 195| 80| 223| 51| 150| 26| 116 70| 214
50| 154| 35| 133| 43| 137| 26| 118| 70| 212
43| 146| 40| 136| 10| 83| 49| 163| 68| 215
24| 101| 47| 148| 13| 75| 56| 175| 46| 160
54| 176| 17| 90| 57| 183| 49| 172
23| 100| 22| 107| 57| 175| 54| 168
25| 111 38| 136
30| 118 25| 110
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Hinh 6. Biéu do quan hé Ss— Sw
tong hop cua cac logi dat
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Hinh 7. Biéu do quan hé Ss— Sw chung
cho céc loai dat da thi nghiém

Tur két qua nghién ctu thiy rang khi luong
nudc tang thi Ss va Sy, quan hé gitta Ss va Sy
thu duge thong qua qua trinh thi nghlem véi hé
s6 tuong quan cua hai dai luong 14 R? = 0,96 thé
hién su lién quan chit ché dén nhau cua hai gia
tri nay. Do d6 tir gia tri Sy cO thé tai hién duoc
gia tri Ss trong d6i chinh xac. Tuong quan gitra
dd sut cia con sut tiéu chuan va do sut cua con
sut thu nho twong ddi tap trung & nhitng gia tri
Ss< 150 mm. Dbi v6i phan Sg> 150 mm d sut
bat ddu bi phan tan, tuy nhién mac d6 phan tan
nhé chi c6 mau s6 1 ¢6 xu thé thodi hon. Qua
két qua thi nghiém thu duoc véi 5 loai cap phdi
khac nhau c6 thé thu dugc quan hé giira con sut
tiéu chuan va con sut thu nho 1a quan hé tuyén
tinh nhu hinh 6 va dugc biéu thi boi cong thirc
giai tich (1)

Ss=2.07Sy + 57.19 (mm)(1)

Trong do:

Ss 1a d6 sut ctia con sut tiéu chuan (mm)

Swm 1a d6 sut cua con sut thu nhé (mm)

Viéc sur dung cbn sut thu nho chi phl hop véi
vat liéu min, con sut thu nho té ra kém hi¢u qua
khi sir dung voi vat liéu c¢6 1an dam san. Tai
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hién truong hdn hop P-B c6 thé chira cac hat co
kich thuéc 16n hon cac hat sir dung trong phong
thi nghiém bao gdm dat von cuc hoic cac cuc
dat chua dugc tron ky su thay ddi gilra trang
thai tng suat va ham luong bentonite ciing co
thé dan dén sy khac biét giira két qua trong
phong thi nghiém va hién truong ( Evans 1993,
1994). Do d6 Khi thir nghi€ém tai hi¢n truong
nén sir dung con sut tiéu chuan, diéu ndy s& han
ché duoc céc sai sot trong qua trinh Kiém tra
danh gia chat lugng cta tudng hao.

3.2 Anh hwéng ciia thoi gian dén dé sut

Tir cac cAp phdi vat liéu & bang 1 tron véi
lugng nude khac nhau nhom tac gia dé tao ra 10
mau thir dé xac dinh anh huong cua thoi gian
dén do sut. Két qua thi nghiém duoc trinh bay
nhu bang 3 va hinh 8.

Bang 3. Anh hwéng ciia thoi gian dén do sut

Loai | 3 | t | ss | Loai| 3|t | s
miu | ™ | gio | mm | miu | ™ | gio | mm
% %
1 155 1 90
i 2 175 Miu 2 107
Mau 1| 32.0 3 192 33 30.7 3 111
4 195 4 118
5 195 5 120
1 195 1 105
. 2 201 Miu 2 120
Mau 3 218 33.7 3 139
37.8 4.1
2.1 4 220 4 147
5 225 5 150
6 223
1 163 1 76
~ 2 175 x 2 98
Mau Mau
59 34.7 3 183 492 32.7 3 116
4 185 4 118
5 185 5 118
1 175 1 127
5 2 198 x 2 148
Mau Mau
31 33.7 | 3 212 43 347 | 3 163
4 214 4 176
5 212 5 178
1 120 1 165
Miu 2 138 i 2 184
3.2 32.7 3 150| Mau 5| 30.7 3 195
4 162 4 202
5 165 5 205
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Hinh 8. Su phdt trién dg sut theo thoi gian

Tir két qua bang 3 va hinh 8 thay rang:

Mau 3.1, 3.2, 3.3 ¢6 clng cip phdi vat liéu,
luong nude cia mau 3.1 qua nhiéu, 3.3 qué it
nén thoi gian phat trién do sut ciia 2 mau ndy co
xu thé dimg lai sau 3 gid. Mau 3.2 luong nudc
ding pht hop do sut dirng phat trién sau khoang
5 - 6 gio.

Két qua trén cho thiy khi ham lwong nudc
qué it, trong khoang thoi gian ngan nudc da bi
bentonite thuy hoa hét do d6 do sut s& dimng lai
khi sém hon. Nguoc lai khi luvong nudc qua
nhiéu, trong khoang thdi gian ngan nuéc da
thity hoa hét bentonite, dong thoi lugng nude du
thira cling bao quanh bé mat cac hat dat 1am cho
do sut cta hon hop 6n dinh sau thoi glan ngan
Cung ly do d6 mau 4.1, 4.2, 4.3 ¢6 clng cip
phdi luong vat liéu nhu nhau, lugng nudc cia
mau 4.2 nho hon do sut dimg phat trién sau 4
gio, mau 4.1, 4.2 ¢6 luong nuée phll hop hon,
d6 sut dimg phat trién ¢ khoang 5 - 6 gio.

Cac mau c6 cung ham lugng nudc va ham
lugng bentonite cip mau 2.2 - mau 4.3 va cip
mau 3.3 - mau 5 thi nhirng mau c6 ham luong
tro bay cao hon do sut s€ phat trién dai hon mau
3.3 va mau 5 d0 sut dimg phat trién trong
khoang 5-6 gid, mau 2.2 va mau 4.3 d6 sut ding
phét trién trong khoang 3 gio. Va mot diéu co
thé dé nhan thay tir két qua trén 1a khi c6 mit tro
bay tinh linh dong ctia hon hop dugce cai thién rd
rét. Nhin chung theo thoi gian do sut phat trién
dan 18n c6 xu thé 1a mot duong cong béc 2. Do
sut s& hau nhu khong phat trién sau 4-6 gio. Day
la tinh chat rat quan trong dé quyét dinh tién do
va bién phap thi cong. Khi thi cong dé dat dugc
do sut yéu cau, luong nuoce dung thip thi mau
sau khi tron phai dugc 0 tdi thiéu trong khoang
thoi gian 4 - 6 gio.



3.3 Anh huwong ciia lugng nudc dén dj sut
Bang 4. Anh huong cua leong nuoc den do sut

N(%) | Scm) | N(%) | S(cm) | N(%) | S(cm)
B=23% B =5% B=7%
26.1 10.2]  30.0 15.0] 31.0 14.5
26.6 11.0] 344 18.0] 32.8 15.5
29.2 150/ 29.0 12.0] 295 12.0
29.2 140] 305 155] 325 15.5
29.2 155 321 15.8] 34.1 15.8
304 180] 315 148] 335 14.8
28.7 140 330 175 35.0 175
320/ 215] 331 18.1] 31.0 13.2
31.0] 19.0] 335 185] 34.0 15.0
280 138] 344 200] 383 20.3
28.5 13.3]  36.1 215] 295 12.1
28.3 145 365 22.0
330/ 21.0] 290 14.0
280 115] 290 135

28.5 10.5
335 18.5
250 1 ~
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Hinh 9. Anh huéng ciia ham lwong nude dén

do sut

Biéu dd hinh 9 va bang 4 cho thdy khi ham
luong bentonite ting dé giir duoc do sut yéu cau
thi ham lugng nudce phai tang theo. O nhirng gia
tri Ss < 150 mm 3 loai cdp phdi trén c6 do dbc
kh& gan nhau.

Tai nhitng gia tri Ss > 150 mm thi d6 ddc cta
cac dudng thang thay doi 16n. Vi hdn hop ¢o
ham luong bentonite cao thi do déc giam dan.

Nguyén nhan din dén hién tuong nay la do khi
ham lugng bentonite tang, dé dam bao do sut
phai tang nudc, bentonite hut nudc truong nd bé
mit tron nhan 1am cho hdn hop linh dong hon
va do sut dan 6n dinh. Lic nay do sut s& thay
d6i it khi lugng nudc ting Ién.

Cung mot do sut yeu cau nhu nhau v6i ham
lugng bentonite khac nhau thi lugng nudc yéu
cau sé khac nhau. Bé dam bao dugc do sut cua
hén hop trong khoang 100 -150 mm thi luong
nude yéu cau trong hon hop khoang 29 - 34 %
tlly theo ham lugng bentonite trong hon hop.

Khi ham lugng bentonite ting 1% dé van gir
duoc do sut yéu cau co thé so bd léy lugng nudc
yéu cau tang thém 1,5 -2%.

4. Két luan

Kiém tra do sut 1a mot cong tac quan trong
dé kiém tra, danh gia chat luong thi cong hao P-
B, qua viéc kiém tra do sut Iya chon ham luong
nuéc thich hop dé dam bao do cong tac, hé sb
thim, cudng d6 cua vat lidu lam tudng hao. Két
qua nghién cru cho thiy d6 sut cua hdn hop dat-
bentonite ting dan theo thoi gian, va dat 6n dinh
sau khi tron khoang tir 4-6 gio. Luong nudc yéu
cau dé dat do sut 12-17cm 1a 28-30% ddi voi dét
c6 ham lugng bentonite 3%, khi ham luong
bentonite ting 1% thi lugng nudc yéu cu ting
2%. B9 sut do duogc tir con sut thu nhéd cod tuong
quan rat chit ché voi do sut cua coén sut tidu
chuan, do d6 c6 thé str dung con sut thu nho dé
thi nghiém trong phong giai doan thiét ké cap
phbi hon hop D-B.

5. Loi cam on

Két qua trén la mot phan trong dé tai khoa
hoc cap bo “Nghién ciru nang cao kha ning
chdng thim ciia tuong hao dat-bentonite dé xir
ly thim nén va than dap”. Cac tac gia xin tran
trong cam on Bo Nong nghiép & PTNT da cép
kinh phi cho dé tai nghién ctru nay.

Abstract
A STUDY ON PARAMETERS EFECT ON SLUMP OF SOIL-BENTONITE MIXTURE

Soil-bentonite slurry wall has been used widely for seepge control effectively over 50 years. To
control quality of S-B wall during design and construction stage it is necessary to determine
suitable value of slump of S-B mixture through slump tests. In this paaper the authors carrided out
investigations to determine factors effect on slump of S-B mixtures as moisture content, time,
bentonite content. This paper also describes the use of miniature con which consum only 17 %
volume of soil compaire with standard con but resulted in convertible value.
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