
KHOA HQC CdNG NGHl 

AIXIH HLTdlVli CLIA IXIUOC IXiGAHi DEIXI DO B̂ IXI 
HOA HOC CLIA HdlXI HOP DAT GIA Cd 

T r i i van QuSn^ 

T6MTAT 

Gia cd dat b ^ g cac chat ket dinh vo ca dugrc sb dung ngay cang rong rai trong nhieu cong trinh xay dimg 
hidn nay. Xi mang la ch^t kdt dinh v6 ctr duac su dung nhidu trong vide gia co dat hidn nay. Cac san pham 
thiiy hoa xi mSng dem lai kha nang cai tao cu6ng do d^t la C-S-H vA C-A-SH (Straelingite) co kha nang bi 
hoa tan trong moi truong xam thuc nhu nuoc ngam vol pH th^p co tinh chat axit, lam anh huong den dO 
ben cua h6n hgp dat gia cd. Do vay, da tap trung vao nghidn ciiu dg b^n cua h6n hop dat gia cd co sii dung 
v6i, xi mang va puzzolan tu nhifin. Mo hinh truyen chat va phan ung duoc su dung de mo ta ca che tuong 
tac giira nuoc ngam va cac khoang trong h6n hop dat gia cd. Ket qua md hinh cho thay dg rdng cua hdn 
hgp dat gia cd tang \€n 20% sau 10 nam do su hda tan cua khoang C-A-S-H va Portlandite, ddng thdi khdng 
cd kho^g mdi duoc k^t tiia. Cac khoang cai thien tinh chat co hpc chii y^u cho hdn hop dat gia cd la cAc 
khoang C-S-H, cac khoang nay vhn ben sau 10 nam ti^p xuc vdd nude ngam cua hdn hgp dat gia cd 
TiJr khda: Bit gia cd, xi mang, mo hinh truyin chat, phan ung, dd bin, do rdng, nude ngam. 

1.IWDMI 

Cac c6ng hinh xay dimg deu su dung dat hoac 
lam nen mong, do do gia c6 dat thuong duoc thuc 
hi^n trong qua trinh xay dung. Gia co dat co hai muc 
dich chinh la (1) cai thien tinh chat ca ly ciia dat can 
gia CO bao gom luc dinh va cac tinh chiit cuong do 
khac cua dat nham phu hpp voi yeu cau ky thuat cua 
cong trinh xay dung; (2) cai thien do ben cua vat hdu 
gia CO thong qua cai tiiien h€ so t h ^ cua h6n hop 
d^t gia CO cung nhu thanh phan khoang ciia hdn hpp 
vat hdu dupe gia cd. De gia cd dat, cac hpp chat vo co 
xi mSng, tro bay hoac puzzolan tu nhi6n d^ cai thien 
tinh chat co ly hoa cua dat [1], [3]. Nguyin va nnk 
[1], [2] da su dung hon hpp xi mang, voi va puzzolan 
tu nhidn d^ gia co dat phuc vu lam n^n dtrong n6ng 
thdn. Trong cac nghien ciiu nay, Nguyen va nnk 
cung da cho thay kha nSng cai tao tinh chat co ly hoa 
ciia d^t dupe gia ed thdng qua hinh thanh cac 
khodng mang tinh chat ca hpc nhu canxi siheate 
thiiy h6a GS-H, C-A-Ŝ H nhd cac phan ling 
puzzolanic hoa. 

Tuy nhien dat gia co co dp rdng cung nhu hd so 
tham lon hon be tdng rat nhieu do vay dd h^n hoa 
hpc ciia cac khoang chat co hpc nhu C-S-H va C-A-S-
H se hi suy giam ve thoi gian nhanh chdng hon so 
vdi trong moi trudng be tdng xi m ^ g . Do vay khi 
tiep xiic vdi nude ngam hoac nuoc mua, cac khoang 
giiip cai thidn tinh chat co ly hda cua hdn hpp dat gia 
CO cd nguy ca bi pha h iy tir dd lam suy giam cudng 

dp Gtrc dinh, gdc ndi ma sat, cuong dO chiu ndn) anh 
hudng den kha nang lam vide ciia edng trinh (kha 
nang cdng tac cua nen dudn^. Do vay nghidn ciiu dg 
b^n ciia thanh phan khoang trong hdn hpp dat gia cd 
dudi cac tac nhan cua nuoc dirdi dat hoac nude mua 
\k dieu can thiet de cd the du doan duoc thdi gian can 
d^ bao tri edng trinh. 

D^ cd ih^ du doan duoc do b^n cua h6n hpp 
khoang ed trong d^t gia cd, can md ta dupe ckc hidn 
tuong vat ly hda hoc didn ra trong mdi trudng dat gia 
cd. Vdi gia thi^t hdn hpp dat gia ed dupe su dung lam 
nen dudng, trong mdi trudng hao hda nude hoan 
toan do dd trao doi chat giiia hdn hpp dat gia cd va 
moi trudng ngoai la khdng ap. Hdn hpp dat gia cd sd 
dong thdi didn ra qua trinh trao ddi chat vdi mdi 
tnrdng nude dudi dat thdng qua hidn tupng khu&h 
tan va dong thdi tuong tac giua nude dudi dat va dat 
gia cd ciing se didn ra. D^ dong thdi tinh toan dupe 
hai hi^n tuong nay, rapt rad hinh sd tdn gpi "truydn 
chat va phan ting" se dupe phat tri^n dua trdn nghidn 
cuu dk xuat md hinh nhidt ddng hpc cua Nguydn vi 
nnk. [1], [4]. Md hinh truyen chat va phan ung sd k^t 
hop dong thdi md hinh nhidt dpng hpc va md hinh 
ddng luc phan ting dk co the xet d^n su thay ddi theo 
thdi gian eua cae khoang trong hdn hpp. Do dd hong 
nghidn ctiu nay se xem xet dp hen hda hpc cua hon 
hop khoang da duoc ndu trong nghidn ciiu ciia Vu va 
nnk [3] khi ti^p xiic vdi nude dudi dat. Cac phuong 
trinh CO ban, k^t qua md hmh va thao lu^n se dupe 
trinh bay h-ong nhiing phdn tiep theo. 
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2. ca SO LYTHUVFrMdMiWTRUYBV CHAT VA PHAN liriG, 

HINH HOC MO HUW 

2.1. Ly Ihuy^t md hmh truydn eh^t liieo dinh 
tu^t 2 Ciia Fick 

Trong mdi trudng bao hda, tuan theo dinh luat 
bao toan khdi luong va dinh luat 2 eua Fick, ndng dp 
mdt chat j tuSn theo phuong trinh sau: 

P. (1) 
3c, _ ^ â c, 
dt " dx^ ' 

Trong dd, C, la ndng dp ion i cd trong dung dich; 
De he sd khuech tan hidu qua trong mdi trudng hdn 
hpp dat gia cd; x la chieu sau; p, la phan ndng dp cac 
ion cd mat trong thanh phan khoang tham gia phan 
ling, Pi duong neu la phan ling hda tan va am neu 
phan ling ket tua. pi dupe xac dinh thdng qua cac co 
che can bing nhiet ddng hpe phan ling va ddng luc 
hgc phan ling. 

2.2. Ly thuydt nhidt dOng hpc phan ling 

Sir tuong tac cua cac ion vdi cac khoang din den 

su hda tan khoang cQ va ket tiia cac khoang mdi. Dp 

bao hda n^j cua khoang m duoe bieu didn bdi 

phuong trinh 2: 

iim = Ks-l |^(yjCj)"-J 

(2) 

Trong dd, K^^,; hang sd can bang ciia khoang 

m; U(j,j: he sd can bang; y,: he sd dp hoat ddng cua 

ch^t ca ban j ; C :̂ ndng dp chat j trong dung dich 

(moIAg nude); N^: so luong chat co ban; N • so 

lirpng khoang dudi can bang nhiet ddng hpc. 

-£, ; ' " ( \ 1 

, 7 ^ 2 9 8 . 1 5 

Trang thai can bang hay khdng can bang ciia cac 
khoang trong dung dich dupe md ta thdng qua chi sd 
bao hda IS (hidex of Saturation): 

i s„=iogn^ = o 3̂j 
Doi vdi mdt khoang, neu IS=0, dung dich d trang 

thai bao hda, khoang can bang khdng ket tiia, khdng 
hoa tan. Neu IS<0, dung dich b trang thai dudi bao 
hda, khoang hep hic bi hoa tan. Trong hirdng hpp 
cudi Cling, IS > 0, dung dieh tren bao hda, hien tupng 
ket tiia khoang xay ra. 

2.3. Ly thuydt dpng luc hpc phan ling 
Dong luc hpc phan ting la ly thuyet md ta tdc dd 

phan ling, nhu phan ling hda tan hoae ket hia cua 
mpt chat. Trong md hinh truydn chat va phan ling, 
md hinh md ta tdc dp phan ling ciia Lasaga va nnk 
[5] dupe de xuat: 

(4) -f[c --±kA\\-ai 
n = l...N„ 

Trong dd, cac gia h-i duong cua r̂  bieu thi su hda 
tan va gia tri am la ket tua, kn la hang sd tdc dp phan 
ling (sd moi tren mdt don vi dien tich be mat khoang 
va don vi thdi gian), A^ la didn tich be mat phan ting 
cu the tren mdi kg H^O. Cd the thay phuong trinh 4 
phu thudc vao dp hao hda eiia khoang n^ dupe xac 
dinh trong phuong trinh 1. 

Hang sd tdc do phan ling k phu thudc vao nhidt 
dp va dp hoat dpng hoa hoc cae ion khac dupe bieu 
didn thdng qua phuong trinh 5: 

k ^ k: e x p X ^25 e x p 
-El 

R 2 9 8 . 1 5 (5) 

Trong dd, nu la eo che trung tinh vdi pH=7; a la 
dp boat ddng ctia cac ion ma tdc dp phan ting phti 
thudc; n la hd sd mu; E^ la nang lupng kich hoat; T la 
nhiet dp. 

2.4. Hmh hpe md hmh 

Dat gia cd trong nghidn ciiu eua Vu va nnk [3] 
cd thanh phan la cac khoang thiiy hda xi mang, 
thanh phan cdn lai ctia puzzolan tu nhidn khi tham 
gia phan ting puzzolanic hda va cac thanh phan 
khoang khae ciia dat, cac khoang nay dupe trinh bay 
hong bang 1. 

Hinh 1 md ta CO che tuong tac giOa nude dudi 
dat va cac khoang co trong hdn hpp dat gia cd. 
Thdng qua co che truyen chat, nude trong dat xam 
thuc vao hon hpp dat gia co thdng qua cac Id rong va 
bat dau tao ra qua trinh mat can bang giira cac 
khoang va dung dich nude dudi dat, tu dd khidn cae 
khoang bi hda tan va mot sd khoang mdi se ket tiia. 
12 khoang ban dSu (Bang 1) se tham gia vao qua 
trinh can bang dirpe bieu didn h-ong hinh 1, mot sd 
khoang cd kha nang ket hia la Brucite Mg(OH)., 
Ettringite Ca6A],(S04)3(OH)i,(H,0),6, Thaumasite 
CaSi03.CaC03.CaS04.15H,0 
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Bang 1. Thdnh phan khoang co trong 1dm' hSn hgp 
dit gia c6 

stt 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

Klioang 

AlbiteOow) 

Diopside 

Quart2(alpha) 

Kaolinite 

Gibbsite 

Portlandite 

Calcite 

Monosulfoaluminate 

C1.6sh 

C1.2sh 

C0.8sh 
Straetlingite 

Hydrotalcite 

Cong thirc 
NaAlSiiO, 

CaMgCSiO,). 

SiO, 

Al^i,0,(OH)j 

A1(0H), 

Ca(OH), 

CaCO, 
Ca^,C0,(0H)„(H,O), 

Ca,,(SiO,J{H,0)„ 

Ca, , (S.O,J(H,0)„ 

Ca„,(SiO,J(H;0)ia 

CaAl,SiO,(OH),„(H.O),, 

Me,ffl.,O,.10H,O 

Tyle 
the tich 

0,0158 

0,0136 

0,0414 

0,2395 

0,5844 

0,0473 

0,0031 

0,0027 

0,0325 

0,0145 

0,0038 
0.0168 
0,1408 

Hinh 1. Co ch^ tuong t4c nude duoi dat v^ cAc 
k h o ^ g cd trong hSn hpp d^t gia ed 

Ngoai ra thanh phan hda hpc nude dudi dat dupe 
trinh bay trong bang 2 dupe lay tir nghidn cuu cua 
Jacques va nnk [6]: 

B ^ g 2. TTiAnh phdn hda hpe ciia nude n g i n dupe 
hmh th^nh tu nude mua [6] 

Thanh phan ion 

C O ; 

Ca-2 

€1 
K* 
Na* 
Mg--

S O ; 

Al*̂  

pH 

Nong do (mol/1) 
2,67x10-" 

5,35x10-= 
1,82x10-' 
2,94x10-= 
1,79x10' 
2,27x10-= 
2,67x10' 

1,02x10= 
3,34 

2.5. Tham s6 tdc dO p h ^ ung 

Cac tham sd tdc dp phan irng duoc trich din tir 

cac nghidn ciiu cua Tran va nnk [7], Baur va nnk 

[8], Palandri va nnk [9]. Bang 3 Udt ke cac tiiam sd 
ciia toe dp phan ling cac khoang sir dung trong md 
hinh. 

Bang 3. Cic tham s6 cho md hmh ddng lyc hpc phAn 

Stt 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Khoang 

AlbiteOow) 

Diopside 

Quartz(alpha) 

Kaolinite 

Gibbsite 

Portlandite 

Calcite 

Monosulfoaluminate 

C1.6sh 

C1.2sh 

CO.Ssh 

Straetlingite 

Ettringite 

Thaumasite 

Bmcite 

Hydrotalcite 

k(moLmV) 

2.75x10'' 

7,76x10'-

3.98x10'* 

e.eixio" 
3.16x10'-

2,24x10' 

1,55x10'' 

6,76x10'-

2,75x10-'-

2.75x10-'-

2,75x10-'-

2,75x10'-

7,08x10'* 

Tiic thi 

Tiic thi 

Tiic thi 

A(mVg) 

0,00098 

0,00098 

0,00098 

0,00098 

0,00098 

16,5 

0,00098 

5.7 

41 

41 

41 

41 

9,8 

Cae khoang dupe gia su cd tdc dd hda tan bang 
vdi tde dd ket tua. Hydrotalcite, Thaumasite va 
Brucite co tdc dp phan ting nhanh, htan theo ly 
thuyet nhiet ddng hpc phan ling. 

3. KFT QUA VA THAO LUAN 

Xet den 10 cm chieu sau ldp hdn hpp dat gia co 
bao hda trong mdi trudng nude ngam d nhidt do 
25°C. Ket qua md phdng trong 10 nam dupe trinh bay 
trong phan tidp theo. Hinh 2 cho thay su thay ddi rd 
rdt ctia mdt sd khoang xi mang thuy hda cd trong 
hdn hpp dat. 

Nhan thay khoang portiandite bi hda tan vdi 
lupng Idn trong nam dau tien, chidu sau hi hda tan 
Idn den 60 mm tir mat hep xtic vdi nude ngdm. Dî u 
nay la do hidn tuong nia trdi gay ra bdi mdi trudng 
nude ngam ed pH thap va ndng dd Ca*- tiiap, dan d^n 
khoang portiandite cd hd so can bang thap ndn dd bj 
hda tan dSu tien. Sau 5 nam, khoang portlandite b( 
hda tan hoan toan eiing vdi monosulfoaluminate. 
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vdi, xi mang, puzzolan ti; nhidn la ben hda hoc sau 10 
nam. 

mmW^'^''^ •̂*̂ - -H-. ^ 

ffl CO 8SH " Ct 6SH 'S Portlaidite s Mooosultoaluminate 
-C1.2SH sStraetlingite ^Hydrotalcite 

Hmh 2. S\f thay d6i aia cAc khodng xi mSng thuy hda 
trong hdn hpp d t̂ gia cd 

Xet den cac thanh phan cai thien tinh chat co 
hoc cua hdn hpp dat gia ed la C-S-H va C-A-S-H 
(Stiaelingite). Sau 5 nam, straelmgite mdi chi hi hda 
tan d gan 20 mm dau tien tit mat tiep xiic vdi nude 
ngam. Tuy nhidn 5 nam sau, khoang straelingite da 
hi hda tan hoan toan d nam thii 10 trong mdi tnrdng 
nude ngam. Cae khoang C-S-H vhn tuong doi dn 
dinh, lupng hda tan rat thap. Cung tuong tu vay, eac 
khoang cdn lai ctia dat gia cd tuong doi on dmh vdi 
lupng khoang bi hda tan tuong ddi thap dti sau 10 
nam tiep xtic vdi nude ngam (Hmh 3), dieu nay phu 
hpp vdi ban chat eiia cac khoang. Cd the nhan thay 
gibbsite, kaolinite, quartz (alpha), diopside va alhite 
la cac thanh phan khoang tro tdn tai h-ong dat va 
puzzolan tu nhien. Cac khoang nay tro- hda hoc trong 
qua trinh thuy hda xi mang va puzolanic hda didn ra. 

Hinh 4 cho thay viec cac khoang portlandite, 
shaeUngite bi hda tan gay ra viec tang dp rdng tai hd 
mat, khoang 2 mm tir mat h^p xtic vdi moi tnrdng 
nude ngam. Ngoai ra theo thdi gian dp rdng ciia hdn 
hop dat gia co tang dan tir 0,30 len 0,36 sau 10 nam, 
tang 20%. Dieu nay la do cac khoang nhu portiandite, 
shaehngite hi hda tan ma khdng cd cac khoang mdi 
dtrpc k^t tda bo sung. 

Vide straelhigite bi hda tan anh huong p h ^ nao 
tdi cuong dp ciia hon hop dat gia ed, tuy nhidn 
khoang ddng gdp lon vao kha nang cai thidn ctrdng 
do ciia hdn hop dat la cae khoang nhdm C-SH. Cac 
khoang nay vSn bdn sau 10 nam bao hda trong mdi 
frudng nude ngam cd pH tiiap 3,34. Do vay, k^t qua 
ciia md hmh sd cho thay dat gia cd sir dung hdn hpp 

(liiEUjauimiii) 

Hinh 3. Su thay doi ciia c ^ khoang eiia dat vk 
puzzolan tir nhidn trong hdn hpp d t̂ gia cd 

0.38 T 
Trang thai baD dau 
1 nam 

0.36 

0,30 

10 nam 

0 20 40 60 80 100 

Chieu sau (mm) 

Hmh 4. Dp rdng eiia hdn hpp dat gia cd thay d6i theo 
dd sau v^ thdi gian 

4. KET LUAN 
Dp bdn hda hpc cua hdn hpp dat gia cd dudi su 

tirong tac cua nude ngam da dupe nghien cuu bang 
md hinh so truydn chat va phan ting. Cae ket qua eiia 
md hinh sd da cho thay su hda tan hoan toan khoang 
Portlandite, C-A-S-H (Straehngite) trong mdi trudng 
nude ngam. Ddng thdi. khdng cd cac khoang mdi 
dupe ket tiia tir dd gay ra tang dp rdng ciia hdn hpp 
tdi 20% sau 10 nam, dieu nay anh hudng khdng nhd 
den tinh chat eudng dd ciia hdn hop dat gia ed. Ben 
canh dd, nhdm khoang ddng gdp cudng dp chii yeu 
cho hdn hpp dat gia co la cac khoang C-S-H van ludn 
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ben hda hpc sau 10 nam tiep xtic vdi nude ngam, do 
dd kha nang cai thidn cudng dp cua dat gia cd do cac 
khoang C-S-H khdng bi anh hudng bdi nude ngam 
sau 10 nam. Cac khoang edn lai cua hdn hpp dat gia 
cd hang vdi, xi mang va puzzolan tii nhidn van tro 
trong mdi trudng nude ngam didu nay phii hpp vdi 
tinh chat eac khoang ti-ong thirc te. Tuy nhidn vdi 
vide sau 10 nam dp rdng tSng 20%, ldp dat gia cd lam 
nen can dupe duy tu dam chat lai. Md hinh can dupx: 
kiem chiing vdi kdt qua thi nghidm de nang cao tinh 
chinh xac trong du doan thdi gian duy tu bao dudng 
cua dat gia cd. 

LOI CAM ON 

Nghien cuu nay dupe tai tia bdi Quy Phat trien 
Khoa hpc va Cdng nghe Quoc gia (NAFOSTED) 
tiong dotal ma so 107.99-2018.337. 

TAIUEUTHAMKHAO 

1. H. N. Nguyen, V. Q. Tran, A. Q. Ngo. and C. 
T. Ngo (2019). Apphcation of thermodynamic model 
to mix design of stabilized soils. International Journal 
of Bngineermg and Advanced Technology, vol. 8, no. 
4, pp. 1295-1300,2019. 

2. H. N. Nguyen. V. Q. Tran, A Q. Ngo and Q. H. 
Nguyen (2019). Using Natural Pozzolan, Cement and 
Lime for Stabilizing Sod in Earth Dams. IJLTEE, vol. 
8, no. 10, pp. 2809-2814, Aug. 2019. doi: 
10.35940/ijitee.J9595.0881019. 

3. B. T. Vu etal (2018). A geochemical model 
for analyzmg the mechanism of stabilized soil 
incorporating natural pozzolan, cement and lime. In 

Proceedings of China-Europe Conference on 
GeotechnicalEngineering, 2018. pp. 852-857. 

4. H. N. Nguydn. "Md hmh nhidt ddng lue hpc va 
ling dting trong nghidn ctiu sti dung cac chat ket 
dmh vd CO," Tap chi Khoa hoc va Cdng nghe Thuy 
loi, vol. 58, pp. 63-70. 

5. A C. Lasaga (1998). Kinetic theory in tiie 
earth sciences Princeton, N. J: Princeton University 
Press, 1998. 

6. D. Jacques, L. Wang, E. Martens, and D. 
MaUants (2010). Modellmg chemical degradation of 
concrete during leaching with rain and soil water 
types. Cement and Concrete Research, vol. 40, no. 8, 
pp. 1306-1313, Aug. 2010, doi: 
10.1016/j.eemeonres.2010.02.008. 

7. V. Q. Tran, A Solve, and V. Baroghel-Bouny 
(2018). Modelisation of chloride reactive transport in 
concrete including thermodynamic equiUhriura. 
kinetic control and surface complexation. Cement 
and Concrete Research, vol. 110, pp. 70-85. Aug. 
2018, doi: 10.1016/j.cemconres.2018.05.007. 

8. I. Baur, P. Keller, D. Mavrocordatos. B. 
Wehrh, and C. A. Johnson (2003). Dissoluhon-
preeipitation behaviour of ettrmgite, monosulfete, 
and calcium siheate hydrate. Cement and Concrete 
Research, vol. 34, no. 2, pp. 341-348, Feb. 2004. doi: 
10.1016/j.cemconres.2003.08.016. 

9. J. L Palandri and Y. K. Kharaka (2004). A 
compilahon of rate parameters of water-mineral 
interaction kinetics for appUcation to geochemical 
modehng. U.S. GEOLOGICAL SURVEY. 2004-1068, 

Mar. 2004. 

EFFECT OF GROUNDWATER ON THE DURABILITY OF STABILIZED SOOS 
Tran Van Quan 

Smnmary 
Nowadays, using the inorganic binders for soil stabilization is increasingly developed in many construction 
projects. Cement is an inorganic binder used importanUy in soil stabilization today. Cement hydration 
products that improve soil strength are CSH and C-A-S-H (Straelingite), which are capable of being 
dissolved in aggressive envu-onments such as groundwater with low acidic pH, which affects the durability 
of stabilized soils. Therefore, the paper focuses on the durability of stabilized soils using lime, cement and 
natural pozzolan. The reactive transport model is used to describe the mechanism of interaction between 
groundwater and stabilized soil minerals. TTie numerical results show that the porosity of the stabilized 
soils increases by 20% after 10 years due to the dissolution of C-A-S-H and Portlandite, and no new minerals 
are precipitated. The minerals that improve the mechanical properties of the stabilized soil are C-S-H group. 
which are stable after 10 years of exposure to groundwater. 
Keywords: Soil slabihzadon. cement, reacdve Uansport model, durability, porosity, groundwater 
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