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T6MTAT 

Cac c6ng trinh ngdm bfi tong, nbu ham ngdm metro, tang ngam nha cao tang thuong sir dung mang 
bentonite de xu ly chdng tham cho cong trinh. Voi moi truong kiem cao ciia be tong co the lam thay ddi tinh 
chat bentonite, anh hudng den do ben cua he thdng rao can nhifiu lop. Trong nghien cuu nay, tuong tac 
giCra bfi tong/bentonite dupc thuc hien, cQng nhu anh hirong cua nhiet do dfin tuong tac nay. Dp kifim cao 
ciia be tong lam tang pH cua moi truong bentonite gay ra ket tua khoang analcime a 25X, tuy nhien dieu 
nay khdng dupc quan sat thay trong kfit qua mo phong a SOX. Do dn djnh ciia khoang chdt a 50°C cao hon 
b nhifit do thucmg 25°C. 

Tii khda: Cong trinh ngdm, be tong, bentonite, mo buih dia boa hoc, anh budng nhiet do, chdng tham. 

1 . Mir BAU 

Su phat trien h?i tang manh mfi nhu hifin nay d 
cac thdnh phd ldn ddi hdi viec tan dung tdi da difin 
tich khdng gian, do dd cac khdng gian ngdm dupc su 
dung rat nhieu trong cac cdng trinh xay dung tii cdc 
cong trinh nhd cao tang dan dung, cung nhu cac 
cdng trinh ngdm nhu tau difin ngam [1]. Ket cau be 
tdng dupc su dung chu yeu cho cac cdng trinh nay, 
do dd, cdc ket eau bfi tdng thudng phai ddi mat vdi 
van de tham tir nude dudi dat. De chdng tham cho 
cac kdt cdu bfi tdng, mang chdng tham bentonite 
thudng dupc su dung lam lap dem chdng tham cho 
ket cau bfi tdng. Tuy nhifin, dung dich Id rdng be 
tdng xi mang cd tinh kidm cao (pH ~ 13,5) gay ra cdc 
phan img phong hda mang chdng tham bentonite [2-
5]. Bfi tdng khi tiep xuc vdi mdi tiirdng cd pH tiiap 
nhu trong bentonite (pH - 7) gay ra vific xudng cap 
Idp bfi tdng. Hai co che chinh xay ra khi phd huy lap 
be tdng Id (1): nia trdi ion Ca'^ va (2): phan ting vdi 
dung dich bfin ngodi xdm nhap tao ra mdt chudi cac 
phdn ling hda tan cac khodng thuy hda xi mang. Ddi 
vdi he thdng rdo can nhieu Idp: bfi tdng/ldp mang 
chdng tham bentonite, giai doan dau tifin cua su pha 
buy gay ra bdi tinh kiem pH cao cua bfi tdng dac 
trung bdi su hda tan montmorillonite trong lop mang 
chdng thdm bentonite. Trong ddi han cdc khoang 
portiandite trong be tdng sfi bi hda tan keo theo viec 
nia trdi ion Ca-'. Vific phd huy bfi tdng va mang 

chdng tham ve lau dai se gay anh hudng den kha 
nang chdng tham va lam vific cua cdng trinh, do dd 
nghifin ctiu tuong tdc giua be tdng va Idp mdng 
chdng tham bentonite giup lua chpn cde difiu kifin 
vat lieu thifit kfi bfi tdng, tu dd cai thifin kha nang lam 
vific ciia hfi thdng be tdng vd Idp mang chdng tham 
bentonite. 

Tuong tdc giua be tdng vd mdng chdng tham 
bentonite da dupc thuc hien bdng cdc md hinh sd 
trong mpt sd nghifin ciiu 12-5]. Tuy nhien, cac md 
hinh nay da khdng tinh den su tuong tac cdc ion vdi 
be mat khoang C-S-H Id khoang chu yen cua xi 
mang thuy hda, cd the anh hudng den ket qud sd 
cua md hinh. Tuong tdc giiia cdc ion va bfi mat 
khoang C-S-H da dupc gidi thifiu thdnh cdng trong 
nghifin cuu cua Tran va nnk. [6-14]. Do dd, trong 
nghifin ciiu nay md hinh dia hda hpc sfi duoc phdt 
trien tu cdc md hinh trudc dd bdng vific ket hpp md 
hinh tao phuc be mat de md phdng qud trinh phdn 
img giua cac ion va bfi mat khoang C-S-H. Co sd ly 
thuyfit cua mo hinh bao gom co sd du lieu nhifit 
ddng, thdng sd dpng hpc, kha nang trao ddi cation 
vd md hinh tao phuc ion be mat C-S-H sfi duoc trinh 
bdy trong cdc phan ddu tien. Ddng thdi, cac tuang 
tdc bfi tdng/bentonite d hai nhiet dp 25°C va 50X 
trong mdt nam va anh hudng cua thay ddi he so 
rdng dfin qua trinh tuong tac bfi tdng/bentonite sfi 
dupc trinh bdy trong bdi bdo nay. 
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2. GIOI THEU CONG CU MO PHOIW VA CAC GU IHEI CfM I M 
HIW 

Mo hinh dm hoa duac ap dung thanh cong trong 
cac nghien cuu khac nhau ve do ben be tfing [6-14]. 
Bai toan tuong tac be tong/bentonite duoc m6 phong 
dua vao phan mim Toughreact 1151. Day la bai toan 
mot chieu va trong di^u kien bao hoa nuoc. Chi co su 
khudch tan dugc tinh den viec van chuyen cac ion. 

Cac CO ch^ chinh trong qua trinh mo phong tuomg 
tac gitia be tong va bentonite dugc su dung la; Irao 
ddi cation gitra be mat khoang monttnoriUonite co 
trong bentonite, can bang nhiet dgng hgc va tdc do 
phan ling theo 1̂  thuyet dgng hgc. 

3. CO SO LV nmVEI IVn M H BIA HOA HOC 

3.1. Ca s& do li^u nhi^t dOng hgc cSn bang 

B4nK 1. He sd cSn bing dia cic phan ting d T - 25"C v4 SOX 
Mineral 

lennite + 2.33H* -> 1.67Ca^* + HSiOf + 2.1f,H,0 

Tobermorite + 0.66W* -> 0.83Ca^* + HSiO^' +1.16Hfi 

Ettringite + \2H* -^ 2A/'* + 6Ca^* + 3 S 0 f + 3 8 « , 0 

Hydrotalcite + HH* -^ AMg^*+2Af* +nHfi 

Portiandite+2H* -> Co'* +2Hfi 

Goethite+ 3H* -^ Fe'*+2H,0 

Monosulphate + UH' -^ 4Ca'* +2A('* + S 0 / ^ + 1 8 H , 0 

Si - hydrogarnet + i[H' ^3Ca-*+2AI" + HSiO'' +SHfi 

Friedel-salt+ 12.05H* -> 2Al^ +4Ca'* +1.9501' +16.05//jO 

Kuzel - salt + 12H* ^2Al'* + ACa'* +cr + O.SSO^'" +1 SH^O 

Calcite + H* -> Ca-* +HCO; 

Cristobalite(alpha) + 2Hfi^H, SiO, 

Albite + AH* +AHfi -^ Af* +Na* +3H,SiO, 

Uontmorillonite(MgK) + 6H* +4H^0 -> 

1.66 Al'* + O.MK* + 0.34l^g-* + 4H,SiO, 

Analcime + i.96H* +\.QAHfi -> 0.99AI'* +0.99Na* + 2.0lH,SiO, 

Brueite+2H+^ Mg^*+2H,0 

Saponite-Mg +7.36H* + 2 .64H,0 -^ 0.34A/'* +i.nMg^*+3.66H,SiO, 

Quartz +2H,O^H,SiO^ 

logKzsc 
19,53 

0,63 

56,67 

74,68 

22,76 

0,36 

72,44 

60,61 

74,75 

73,24 

1,8470 

-3,1604 

2,9962 

2,8141 

6,6444 

17,1094 

28,7937 

-3,7372 

logKsoc 

17,32 

0,38 

50,26 

63,77 

20,40 

-0,77 

62,64 

51,46 

55,51 

54,37 

0,7856 

-2,5340 

0,1756 

-1,8289 

3,1516 

13,1486 

19,5146 

•2,9473 

Co sd du lieu nhifit ddng Iuc hpc dupc tao bad 
Vien Khao sat Dia chat Phdp BRGM [16] dupc chpn 
de su dung trong mo hinh dia hda hpc. Bang 1 eung 
cap tat ca cac chi tiet Ufin quan den du hfiu nhiet 
ddng hpc cua cac khoang dupc su dung trong md 
hinh. Canxi siheat thuy hda bao gdm hai khodng vdi 
ty lfi Ca/Si khac nhau la Jennite Ca/Si = 1,67 va 
Tobermonte 0,83, dupc su dung de md phdng dp ben 
hda hpc d giai doan ddu cua bfi tdng. Cdc khodng 
thuy hda khde cd trong bfi tdng la Ettrmgite. 

Hydrotalcite, Portiandite vd Monosulfoaluminate. 
Cac hop chat set bentonite thdnh phdn chinh 
Montmorillonite 9296 trong lupng, Cristobalite 
(alpha) 2%, Albite 2%, Calcite 2% va Quartz (tiiach 
anh) 1%. 

3.2. Thara sd tdc dp phdn ting 

Cdc tham sd tdc dp phdn ting dupc md ta theo ly 
tiiuyfit cua Lasaga [17]. Tdc do phdn img phu thudc 
vao cdc dieu kifin phan ting: trang thai can bdng, dp 
sudt, nhifit do. pH hoac ndng dp cac ion. Tdc dd phdn 
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ting dirge gia su la tuong tu nhau trong ca hai truang 
hgp hoa tan va ket tiia. Cac tham sd cua toe do phan 
ling dugc trinh bay trong bang 2. 

Bang 2. Tdc dO phin umg k (mol/mVs), di$n tich b^ 
mat phin ling A^ (mVg) v i nang lu<7ng hoat dOng 

(kl/mol) 
Khodng 

Termite 
Tobermorite 
Ettiingite 
Hydrotalcite 
Portiandite 
Goetiiite 
Monosulphate 
Si Hydrogarnet 
Kuzel's salt 
Friedel's salt 
Quartz 
Calcite 
Cristobahte (alpha) 
Albite 
Montmorillonite 
Analcime 
Bru cite 
Saponite-Mg 

A,, 
41,0 
41,0 
9,8 

16,5 

5,7 

0,0098 
0,0098 

k 
2,75 X 10'^ 
2,75 X 10'^ 
7,08 X 10" 

Instantaneous 
2,24 X 10« 

Instantaneous 
6,76 X W 

Instantaneous 
Instantaneous 
Instantaneous 
4,520 X 10" 

Instantaneous 
3,4491 X 10" 
2,754 X 10" 
2,138 X 10" 
6,310 X 10" 
1,00x10" 
1,00x10-'° 

E. 
39,6 
39,6 
39,6 

90,1 

68,9 
69,8 
22,68 
10,8 

58,58 
41,84 

3.3. Md hinh tgo phtic b^ mat 

Bdng 3. Phuong tiinh hdp phu ti-fin bd mat C-S-H vd 

h^ sd cdn bdng 

Phuang trinh tao phuc be mat 

=SiOH^=SiO+H^ 

^SiOH + Câ ^ ̂  =SiOCa^ + H^ 

^SiOH-nCr^SiOHCl-

=SiOH + Câ * + Cl- <-> =SiOCaCl + H* 

=SiOH + Ca2*+ SO,,^-^ =SiOCaS04- H* 

=SiOHj,„„.„ + Na^(KO ^ ^iONa(K) + H^ 

îOH,„ber™on,e + Na^ (K )̂ - ^SiONa(K) + H* 

log(K) 

-12,7 

-9,4 

-0,35 

-9,8 

-8,5 

-13,75 

-12,66 

Difin tich phan ting be mat C-S-H A,., =500 mVg 
Mat dd hap thu cua C-S-H 5CSH=8X10* mol/m-
Gia thiet he sd can bdng logK,-, c=logK5oc='ogK 

Trong vat hfiu xi mang, phan ung vat ly va hda 
hpc giCra cdc ion vd be mat khoang cd the xay ra, dd 
la qud trinh hap thu tren bd mat khoang. Nhung 
phdn ting ndy chu yeu difin ra trfin bfi mat C-S-H 
tiong moi trudng bfi tdng. Khi khoang cua xi mang 
thiiy hda tuong tac vdi cac dung dich den tir mdi 
tiudng bentonite, cac anion va cation di chuyen qua 

vat Ueu vd cdc phan ung gitra cac ion nay vd be mat 

khodng C-S-H dupc difin ra (silanol =SiOH) xudt 

hifin. Su hap phu cdc cation Câ "̂ ' Na*; K*; cac anion 

c r va SO4 trfin Idp be mat GS-H da dupc tich hop 

trong CO sd du heu cua nhiet ddng hpc phan ung. 

Chung cd the duoc bieu difin bdng cdc phdn ung hap 

phu (Bang 3). Cac hdng sd can bdng dupc lay tu co 

sd dti hfiu duoc phdt trien bdi Tran va nnk. [7, 9, 11, 

13]. 

3.4. Trao ddi cation trfin bd mat khodng 
montmorillonite 

Kha nang trao ddi cation la the hien khd nang 
mdt so cation cd the dupc giu lai trfin be mat hat daL 
Cdc nguyfin tu tich difin duong dupc giu lai trfin be 
mat dien ti'ch am, nhung eho phep eae ion tich difin 
duong trao ddi vdi cac hat difin tich duong khde nhau 
trong nude cd tiong Id rdng cua mdi trudng dat xung 
quanh. Kha nang tiao ddi cation la mdt tiong nhiing 
hifin tuong hda hpc lam thay doi tinh chat cua dat 
Bentonite cd chua den 92% khoang montmorillonite 
do do su tiao ddi cation cua bentonite dupc the hifin 
qua su trao ddi cation cua montmorillonite duoc trinh 
bay trong bang 4. 

Bang 4. Hfi sd can bang cua phan ting trao ddi cation 
cua Montmorillonite 

Cation exchange of Montmorillonite 

K'-i-Na^K+Na* 
Ca^'+2Na^Ca + 2Na* 

Mg^*-i-2Na-^Mg-i-2Na* 

Kha nang trao ddi cation cua 
Montmorillonite = 90 meq/100 g 

logKasc 
0,8 
0,7 

0,5 

4. KET QUA VA THAO LUAN 

4.1. Tuong tdc bfi tdng/benti)nite tai 25°C 
Hinh 1, 2 va 3 lan luot cho thay ket qua md 

phdng: thanh phdn khoang cua bfi tdng/bentomte d 
25°C sau mpt nam, su thay ddi pH theo chifiu sau sau 
mpt nam va su thay ddi cua thanh phan khoang bfi 
tdng tai giao difin tifip xuc vdi bentonite sau mdt 
nam. 

Hinh 2 cho thdy pH cua be tdng/bentonite tiong 
cac tiidi diem khac nhau: 1 ngay, 230 ngay vd 365 
ngay. Do pH cao cua be tdng, pH cua bentonite tang 
tu 7,2 den xdp xi 9,0. Sir difiu chinh pH cua bentonite 
gay ra su kfit tua khac nhau cua khoang chat mdi 
nhu analcune va huih thanh ket tua calcite. Hon nira, 
hinh 1 va 3 cho thdy luong khoang ettiingite trfin bfi 
mat be tdng duoc ket tua. Vdi the tich moi ldn, 
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Ettringite truong nd lam giam dp xdp cua bfi tdng tuy 
nhifin CO the gay ra cac vi nut tiong cau tnic bfi tdng. 

Do rons 
S kui5cl_s.all 
• analcime 

• calcite 
> ettringite 

I fiiedel sail 
• goethite . 
• saponitc(mg) 
• albite(Iow} 

montmonlloite 
• hydrotalcit 
• brucite 

monosulfoaluminate 
cl.6sh 

H i n h 1. T i idnh p h d n k h o d n g a i a bfi t d n g ben ton i t e 6 

25°C sau mOt n a m 

Then giaa (sgay) 

t d n g / b e n t o n i t e t ^ 2 5 ' C 
Do rons 

fi kuzel_salt 
• analcime . 
:: cristobalite 
s quart2(alpha) 
• katoitesi I 
* portiandite 
• calcite 
« ettringite 

• friedel^salt 
• goethite . 
• saponite(mg) 
• albite(low) 

monlmorilioite 
• hydrolalcit 
• brucite 

monosulfoaluminale 
cl fish 

van dn d inh sau mdt n a m . D p rdng g i a m xap xi 8% 

(dp r d n g dupc b ieu till phdn m a n t rdng ti-ong bi^u do 

h m h 3) . 

4.2. Tacmg tdc bfi t d n g / b e n t o n i t e t ^ 50°C 

S u tiiay ddi tiianh phdn k h o d n g ctia bfi 

t d n g / b e n t o n i t e tai S O T duoc m d ta ti-ong h inh 4 va 

thay ddi p H tai 50°C d u p c m d ta tiong h inh 5. Kdt 

q u a m d p h d n g cho thay t u a n g tac b e tdng /ben ton i t e 

h rong ddi thap . Su t hay ddi pH t r o n g phdn bentonite 

d a k h d n g xay ra, c i ing n h u vific thay ddi thdnh phan 

k h o a n g t rong ben ton i t e la ra t t hap . Ddi vdi bfi tdng, 

ch i cd k h o d n g Por t iandi te d u p c h d a tan, lam tang dp 

r d n g bfi tdng. O nh ie t dp cao h o n , s u thay ddi ctia be 

t d n g / b e n t o n i t e c h a m h o n tai nhifit dp b inh thudng 

25°C. O nhifit dd SOX cac k h o a n g d u d n g n h u cd sij 

d n d inh h o n d nhifit dp 25°C cd t h e gidi thich thdng 

q u a h a n g sd can b a n g d u o c liet kfi d b a n g 1. Hdng sd 

cdn b d n g d nhifit dp 50°C thap h o n so vdi hdng sd can 

b d n g d nhie t dd 25°C. 
Do rone 

a kuzclsali 

:• trisiobalilc 
•"tjuarlz(alpha) 
• kaioiloMi 

• triedel_sa1t 
• goethite , 
• saponite(mg) 
• albiteilow) 

montmorilloitc 
• hydrotalcit 
• brucite 

monosulfoaluminate 
cl.6sh 

H i n h 4. T i idnh p h d n k h o d n g ciia bfi tong bentoni te d 

50°C s a u m d t n d m 

H i n h 3. St; tiiay doi c u a k h o d n g bfi t dng tiieo thd i 

g i an ir 25°C t ^ g iao d i ^ ti^p x u c vdi ben ton i t e 

Hinh 3 cho thay s u thay ddi cdc k h o a n g tai giao 

difin bfi t dng /ben ton i t e , tiong dd bao g d m sir t n r o n g 

n d cua et tr ingite, h d a tan Monosulfoaluminate , 

J e n n i t e (C1.6SH) tao ra s u ke t tiia cua (C1.2SH). 

Por t iandi te , Goethi te , Tobe rmor i t e va Hydrotalc i te 

H i n h 5. Tl iay ddi p H c u a bfi t d n g / b e n t o n i t e t?i 50'C 

S.K^LUAN 

M d t m d h inh dia h d a bao g d m m d h inh phuc t?p 

b e ma t duoc phdt t r ien d e ngh ien cuu ve t u o n g tdc bfi 

t d n g / b e n t o n i t e , van de phd bifin dnh h u d n g den dp 

bdn ciia hfi t hdng c h d n g t h a m t r o n g xay d u n g dfin 
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dinig, giao thdng (hdm metro). Sir thay ddi cac thdnh 
phdn khoang cua bfi tdng/bentonite xay ra manh 
hon d nhifit dp 25°C so vdi nhifit do 50°C. Phan tidp 
Xlic bfi tdng/bentonite bi anh hudng ldn nhat bdi 
dung dich cd trong Idp mang bentonite. Dieu nay 
ddn tdi viec hinh thdnh Ettiingite gay ra su truang 
nd, su hda tan ldn cua cdc khoang 
Monosulfoaluminate, phong hda Jennite vdi ty lfi 
Ca/Si=l,6 tiianh C-S-H vdi ty le Ca/Si=l,2 tu dd lam 
giam dp rdng. Tuy nhien vdi vific hinh thdnh 
Ettringite se lam xuat hifin cac vi ntit trong lop vd 
bfi tdng gay anh hudng dd bdn he thdng chdng 
tham. Do vay, de han chd hinh thanh Enttringite 
thu cap gay pha huy ket cau bfi tdng vific sti dung 
bfi tdng bdn sunphat vdi lupng C3A thap cd the lam 
giam hinh thanh Ettringite thti cap, tang dp bfin cho 
hfi thdng chdng tham bfi tdng/bentonite. 

Ket qua mdi chi dung lai d nghien ctiu md hinh 
sd cho mdt nam do do cdn tien hanh cdc md phdng 
vdi cac thdi gian lau hon trong cac nghifin ctru tidp 
theo. 

LOI CAM m 

Nghiin cuu niy dupc tai tip' bdi Quy Phat tiien 
Khoa hpc va Cdng nghi Qudc gia (NAFOSTED) 
tiong de tai ma sd 107.99-2018.337. 
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USING GEOCHEMICAL CODE FOR SURFACE COMPLEXATION SIMULATION OF 
CONCRETE/BENTONITE INTERACTIONS 

Tran Van Quan 
Summary 

Concrete underground constmetion, such as metro tunnels, basements of high-rise buildings often use 
bentonite membranes to treat waterproofing works. The alkaline conditions of concrete can alter the 
bentonite properbes which effects on tbe durability of the mulU-banrier system. In this paper, the 
temperature effect on the alteration process of concrete/bentomte is investigated. High alkaline of concrete 
increase pH of bentonite media inducing analcime precipitabon in an early stage at 25°C, however that is 
not observed m the numerical results at SOX. In Ingher temperatures, the stability of mineral at 50°C is 
higher than at normal temperature 25°C. 

Keywords: Underground constructions, concrete, bentonite, geochemical code, temperature effect, 
waterprooSng works. 
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