KHOA HOC CONG NGHE

ANH HUONG CUA NUGC NGAM BEN DO BEN
HOA HOC CUA HON HOP DAT GIA €O

TOM TAT

Tré4n Vin Quan'

Gra ¢6 dit bang cac chat két dinh vé co duge sir dung ngay cang rong rai trong nhiéu cong trinh xay dung
hién nay. X1 mang la chat két dinh vo co duoc sir dung nhiéu trong viec gia c6 dit hi¢n nay. Cac san phim
thiy héa xi mang dem lai kha nang cii tao cuomg do dit 1a C-S-H va C-A-SH (Straelingite) c6 kha nang bi
hoa tan trong méi truomg xam thyc nhu nuée ngadm véi pH thdp 6 tih chat axit, lam anh huong dén do
bén cia hén hop dat gia cd. Do vay, da tap trung vao nghién ciu dé bén cia hén hop dit gia cd co sir dung
voi, xi mang va puzzolan tu nhién. Mo hinh truyén chal va phan tmg duoc sir dung dé mo ta co ché trong
thc gitta nuc ngdm va céc khoang trong hén hop dit gia c6. Két qua mé hinh cho thiy d6 réng cia hén
hop dat gia c6 ting lén 20% sau 10 nim do sir hoa tan clia khoang C-A-S-H va Portlandite, dong thoi khong
c6 khoang mét duoc két tia. Cac khoing car thién tinh chat co hoc chit yéu cho hén hop dat gia ¢4 14 cic
khoang C-S-H, c4c khoang nay van bén sau 10 nam tiép xuc véi nuéc ngam ciia hén hop dat gia ¢é

Tt khéa: Dt gia co, x1 mang, mé hinh truyén chét, phin g, d6 bén, dg réng, nuoc ngim.

1. M BAY

Céc cong trinh xay dung déu st dung d4t hoic
lam nén moéng, do dé gia c6 dat thudng duoc thuc
hién trong qua trinh xay dung. Gia cé dit c6 hai muc
dich chinh 1a (1) cai thién tinh chat co Iy cta dat cin
gia ¢4 bao gém Iyc dinh va céc tinh chét cudng do
khéc cia dat nhim phi hop véi yéu cau ky thuat cua
cong trinh xay dung; (2) cai thién d¢ bén cua vat liéu
gia ¢ thong qua cii thién hé s6 thim cta hén hop
dit gia cé cung nhu thanh phan khoang ciia hén hop
vat lieu duoc gia cd. Dé gia c6 dt, cic hop chét vo co
xi mang, tro bay hozc puzzolan tir nhién dé cai thién
tinh chat co ly hoa cna dat [1], [3). Nguyén va nnk
[1), [2) da sit dung hén hop xi mang, voi va puzzolan
tr nhién dé gia cé dat phuc vy lam nén dudng néng
thon. Trong cic nghién clu nay, Nguyen va nnk
ciing da cho thdy kha nang cai tao tinh chét co ly hoa
clia dit duoc gia cé thong qua hinh thanh cac
khoang mang tinh chit co hoc nhu canxi silicate
thiy héa CSH, CASH nhd cic phan ung
puzzolanic héa.

Tuy nhién dat gia cé c6 dé réng cung nhu hé s6
thdm 1én hon bé tong rat nhiéu do vay d6 bén hoa
hoc cua cac khoang chét co hoc nhu C-S-H va C-AS
H s& by suy giam vé thoi gian nhanh chéng hon so
vai trong méi trudmg bé tong xi mang. Do vay khi
iép xtc vor nuée ngam hoac nude mura, cac khoang
gidp cai thién tinh chat co ly héa ctia hon hop dat gia
€6 c6 nguy co bi pha huy tir d6 lam suy giam cuong
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d6 (luc dinh, géc ndi ma sat, cudng do chiu nén) inh
huéng dén kha ning lam viéc clia cong trinh (kha
nang cong tac cua nén dudng). Do vay nghién ctm do
bén clia thanh phén khoang trong hén hop d4t gia cé
dudi cac tac nhan cia nude dudi dat, hodc nuée mira
la diéu can thiét dé cé thé dy doan duoc théi gian can
dé bao tri cong trinh.

Pé c6 thé du doan duoc dé bén cia hon hep
khodang cé trong dét gia c6, cin mé ta duge cac hign
tugng vat Iy hoa hoc dién ra trong méi truomng dat gia
6. Véi gia thiét hén hop dat gia ¢é dugc str dung lam
nén duong, trong méi trudmg bio hoa nudc hoan
toan do d6 trao d6i chat gitra hén hop dat gia cd va
mé1 trudmg ngoai 1a khong ap. Hon hop dat gia cd sé
déng théi dién ra qua trinh trao déi chat véi moi
truémg nuoc dudt dit thong qua hién tueng khuéch
tan va déng thoi tuong tac gitra nuoc dudi dat va dat
gia co cing sé dién ra. Dé dong théi tinh toan duoc
hai hién tuong nay, mt moé hinh s6 tén goi “truyén
chét va phin (mg” sé duoc phét trién dya trén nghién
ctru dé xuat mé hinh nhiét dong hoc ciia Nguyén va
nnk. [1], [4]. M6 hinh truyén chat va phan (mg sé két
hop déng thoi mé hinh nhiét dgng hoc va mé hinh
dong luc phan tmg dé c6 thé xét dén su thay ddi theo
thén gian cua cac khoang trong hén hop. Do d6 trong
nghién ciu ndy sé xem xét do bén héa hec cua hén
hop khoang da dugc néu trong nghién ciru ctia Vu va
nnk [3] khi tiép xdc voi nudc dusi dit. Cac phuong
trinh co ban, két qua mé hinh va thio luan sé duoc
trinh bay trong nhimg phan uép theo.
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2. CO 807 LY THUYET MO HINH TRUYEN CHAT VA PHAN UNG,
HINH HOG MO Hingt

2.1. Ly thuyét mé hinh truyén chit theo dinh
{uat 2 ciia Fick

Trong mdi trwdmg bao hoa, tuan theo dinh luat
bao toan khéi luong va dinh luat 2 cia Fick, nong do
mot chét j tuan theo phuong trinh sau:

aC, J'C
—=-D, L+ p, (1)
a P

Trong d6, C, 1a néng do ion i c6 trong dung dich;
D, hé s3 khuéch tan hiéu qua trong méi truéng hdn
hop dét gia ¢d; x ]2 chiéu sau; p, 14 phan ndng d¢ cac
jon c6 mat trong thanh phan khoang tham gia phan
(mg, p, duong néu 1a phan img hoa tan va am néu
phan (mg két tia. pi dwoc xac dinh théng qua cac co
ché can bang nhiét dong hoc phan tmg va dong lyc
hoc phan img.

2.2. Ly thuyét nhiét dong hoc phan img

Sy trrong tac cua cac ion vén cac khoang dan dén
sy hoa tan khodng ci va két tia cac khoang mai. Bo
bio hoa 0, cda khoang m duoc biéu dién bé
phuong trinh 2:

Ne
O = Kok, l_[(y,c,)“rm m=1..Ny
= @
Trong d6, K, .; hdng s6 can bing cla khoang
m: U, hé s6 can bing; ¥, hé s6 do hoat dong cia
chit cao ban j: C,: nong do chét j trong dung dich
(mol/kg nuoc); N sd lwong chat co ban; N s6
lwong khoang dudi can bing nhiét déng hoc.

Trang thai can bing hay khéong can bing cua cac
khoang trong dung dich duge mé (a thong qua chi sé
bao hoa IS (Index of Saturation):

1Sy, =logQ,, =0 @)

Déi véi mot khoang, néu 1S=0, dung dich & trang
thai bao hoa, khoang can bing khong két tia, khong
hoa tan, Néu 18<0, dung dich & trang thai dudi bao
hoa, khoang tiép tuc by hoa tan. Trong truéng hop
cudi ciing, IS > 0, dung dich trén bao hoa, hién tuong
két tia khodng xay ra.

2.3. Ly thuyét dong luc hoc phan img

DPong luc hoc phan tmg la ly thuyét mo ta téc do
phan tmg, nhu phan ing hoa tan hoac két tha cua
mot chat. Trong mé hinh truyén chat va phan img,
mé hinh mo ta téc do phan img cla Lasaga va nnk
[5] duge dé xuat:

r, = f(cl,u?,...,cl\,( ) :i'k”A”‘l -0f
n=1..N

4

|‘1 )

Trong dé, cac gia tri duong cia r, biéu thi su hoa
tan va gia tri am 13 két tda, k, 1a hing sé téc do phan
img (s6 mol trén mat don vj dién tich bé mat khoang
va don vi thoi gian), A, la dién tich bé mat phan img
cu thé trén mdi kg H,0. Co thé thay phuong trinh 4
phu thuéc vao do bao hoa cia khoang Q,, duoc xac
dinh trong phuong trinh 1.

Hing sé téc do phan tmg k phu thuéc vao nhiét
d6 va do hoat dong hoa hoc cac ion khac duge biéu
dién thong qua phuong trinh 5:

—E™ () | —EI(1 I \
k= ki LA L Kicexp| —==| Lo L] lam
: “p[ R [T 293.|5”+Z, ““p[ R (T 298.|5H”' ©

Trong do, nu la co ché trung tinh voi pH-7; a 1a
d¢ hoat dong chia cac 1on ma tdc dp phan img phy
thudc; n 1a hé s6 mu; L, 1a nang lugng kich hoat; T 1a
nhiét d¢.

2.4. Hinh hoc m6 hinh

Dit gia c6 trong nghién cu cta Vu va nnk [3]
c6 thanh phan 1 cic khoang thiy hoéa xi mang,
thanh phan con lai ciia puzzolan (v nhién khi tham
gia phan img puzzolanic hoa va cac thanh phin
khoang khac ctia dat, cac khoang nay duroc trinh bay
trong bang 1.

Hinh 1 mo ta co ché tuong tac gita nuoe dudi
dat va cac khoang co trong hdn hop dat gia co.
Thong qua co ché truyén chat, nuéc trong dat xam
thuc vao hdn hop dat gia ¢6 théng qua céc 16 rong va
bit dau tao ra qua trinh mét can bang gitra cac
khoang va dung dich nuoc dudn dat, tr d9 khién cac
khoang bi hoa tan va mét s6 khoang may sé két tia.
12 khoang ban dau (Bang 1) sé tham gia vao qua
trinh can bang duoc biéu dién trong hinh 1, mot <o
khoang c6 kha nang ket tua la Brucite Mg(ON)..
Etringite  CaAL(SO,)5(OH) ,(H,0).;,  Thaumasite
€aS10,.CaC0,.CaS0,.15H,0
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Bang 1. Thanh phén khoang c6 trong 1dm?® hén hop

[81, Palandri va nnk [9]. Bang 3 liét ke cac tham sé

dét gia c§ cua 3¢ do phan (mg cac khoang st dung trong mo
Ty le hinh.
Stt | Khodng Cong thie thé tich
L | Albite Gow) NaAIS1,0, 0,0158_ Bang 3. Céc tham s§ cho mé hinh d¢og luc hoc phin
12 | Diopside CaMg(S10), 0.0136
13 | Quartz(aipha) SI0, 0,0414 |Stt_ | Khoang k(mol.m?sY) | A(m*/g)
13
14 | Kaolnite ALSLOL(OH), 02395 | |1 | Albite(low) 2.75%10 0.00098
5 | Gibbsite Al(OH), 05844 | |2 |Diopside 7.76x10™% | 0.00098
6 | Portlandite Ca(OR), 0073 | |3 | Quartz(alpha) 3.98x10™ | 0,00098
7 artzla’pha)
Calate CaCo, 0,0031 rl
% ’ 4 | Kaolinite 6.61x10 0,00098
8 | Monosulfoaluminate | C#ALCOSOH)L(H0) | g 9997 .o = 12
% | cigi CaeS0.000 oo | |5 |Gibbsite 3.16x10™ | 000098
10 | crosh 11261050 HL0)z oous | |6 | Portlandite 224x10° | 165
11 | cossh Ca0y(810:9 03,0) 1« 00038 | |7 | Calcite 1.55x10° | 0.00098
12_| Stractlingite CaALSI0.(0H),,(H,0),, | 0.0168 . 12
. 8 | Monosulfoaluminate | 6.76x10 5.7
13 | Hydrotalcite Mg,ALO,.10H,0 0.1408 =
i 9 Cl.6sh 2,75%10°" 41
10 |Cl2sh 2.75x10°% 41
11 |C08sh 275x10"% | 41
12 | Straetlingite 2.75x10" 41
13 | Edringite 7.08x10™ 9.8
14 | Thaumasite Tucthi | - !
15 | Brucite | Tc thi ‘ |
S~ | x . | |
Hinh 1. Co ché tirong tc nuoe dudi dat va cac 16| Hydrotalcite | Ticthi | |

kho4ng c6 trong hén hop dét gia cé
Ngoai ra thanh phan hoa hoc nudc duéi dat duge
trinh bay trong bang 2 dugc lay trr nghién ciu cia
Jacques va onk (6]:
Bang 2. Thanh phan héa hoc ciia nude ngdm duge
hinh thanh tir nuwée mua [6)

Thanh phan jon Néng do (mol/1)
Cco; 2,67x10"
Ca” 5.35x10°
Cl 1.82x10*

Kt 2.94x10°
Na'
Mg
SO}
Al'
pH

2.5. Tham sd téc d6 phan ing
Cac tham s6 16¢ dé phan img dwoe trich dan tr
cac nghién i cua Tran va nnk [7], Baur va nnk

Cac khoang duge gia sir ¢o t6c do hoa tan bang
vén téc do két tua. Hydrotalcite, Thaumasite va
Brucite c6 téc do phan tmg nhanh, tuan theo ly
thuyét nhiét dong hoc phan ung.

3. KET QUA VA THAD LUAN

Xét dén 10 cm chiéu sau 16p hén hep dat gia c6
bao hoa trong moi trveng nuéc ngam & nhiét do
25°C. Két qua mé phong trong 10 nam duge trinh bay
trong phan tiép theo. Hinh 2 cho thay su thay déi ro
rét cia mot s6 khoang xi mang thuy héa ¢o trong
hon hop dat.

Nhan thdy khoang portlandite bi hoa tan vér
luong 1on trong nam dau tién, chiéu sau bi hoa tan
1én dén 60 mm tir mat tép xiic vén nude ngam. Didu
nay la do hién tuong rra tréi gay ra bor moi truong
nude ngam 6 pH thap va néng dé Ca' thap, dan dén
khoang portlandite ¢6 hé $6 can bang thap nén dé bi
hoa tan déu tien. Sau 5 nam, khoang portlandite by
hoa tan hoan toan cung voi monosulfoalunmnate.
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V0i, Xi mang, puzzolan tu nhién 14 bén héa hoc sau 10
nam,

= C1.6SH o Portlandite = )\ Jfoz

& C08SH
~C1.2SH @ Swuactlingite  w Hvdrotalcite
Hinh 2. Sy thay d4i cia c4c khong xi mang thiy héa
trong hdn hop 44t gia c§

Xét dén cac thanh phan cai thién tinh chat co
hoc ctia hén hop dat gia c6 1a C-SH va CASH
(Straelingite). Sau 5 nam. straelingite méi chi bj hoa
tan & gan 20 mm dau tién tir mat ti€p xuc voi nude
ngdm. Tuy nhién 5 nam sau, khoang straelingite da
bi hoa tan hoan toan & nam thir 10 trong moi trudng
nuoe ngam. Cic khoang C-SH van twong déi én
dinh, luong hoa tan rit thip. Ciing tuong ti vay, cac
khoang con lai cua dat gia c6 tuong déi 6n dinh voi
lupng khoang bi hoa tan twong déi thap du sau 10
nim tiép xiic voi nuée ngam (Hinh 3), didu nay phi
hop véi ban chat cua cac khodng. Co thé nhan thay
gibbsite, kaolinite, quartz (alpha), diopside va albite
la céc thanh phén khodng tro tén tai trong dat va
puzzolan tir nhién. Cac khoang nay tro hoa hoc trong
qua trinh thiy héa x1 mang va puzolanic héa dién ra.

Hinh 4 cho thay viéc cac khoang portlandite,
straelingite bi hoa tan gay ra viéc tang d¢ réng tai bé
mit, khoang 2 mm tr mit hép xiic voi moi truomg
nude ngam. Ngoai ra theo thoi gian d¢ rong ctia hén
hop dét gia cé tang dan tr 0,30 Ién 0,36 sau 10 nim,
tang 20%. Piéu nay ta do cac khodng nhu portlandite,
straelingite bj hoa tan ma khong co cac khoang mé
duoe két tua bé sung.

Viéc straelingite b hoa tan anh hudng phan nao
16 cuong dp cda hén hop dét gia cé, tuy nhien
khoing dong gop lou vao khé ning cai thien cudng
@6 ctia hdn hop dat 1a cac khoang nhom C-S-H. Cac
khodng nay van bén sau 10 nam bao hoa trong moi
truomg nuoe ngam ¢6 pH thap 3,34, Do vay, két qua
cila mé hinh s& cho thay dit gia ¢6 sir dung hén hop
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o
Hinh 3. Sir thay déi cia cic khoang cia ddt va
puzzolan ty nhién trong hdn hop d4t gia cd
0,38

— Trang thar ban dau
--- 1 nam

0.36 - -5 ndm

10 ndm
’\— LD e e a0 By B = =
- —emn
0,30
0.8 + +
0 20 10 60 50 100
Chien sdu (mm)
Hinh 4. DB réng ciia hén hop dit gia ¢4 thay déi theo
d6 sau va thoi gian
4. KET LUAN

Do bén héa hoc cia hén hop dat gia co dudi sy
twong tac cua nude ngam da duge nghién ciru bing
mo hinh s truyén chat va phan img. Cac két qua cia
mé hinh s6 da cho thay sir héa tan hodn toan khoang
Portlandite, C-A-SH (Straelingite) trong madi truong
nudc ngam. Pdng thén, khong ¢6 cac khoang mon
dugc két tia fr do gay ra tang doé réng cua hon hop
{01 20% sau 10 nam. diéu nay anh hudng khong nho
dén tinh chat cuong da caa hon hop dat gia co. Bén
canh do, nhom khoang dong gop cuomg dé chu veu
cho hén hop dat gia co 1a cac khoang C-S-H van lnon

St
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bén héa hoc sau 10 nm tiép xic voi nuée ngim, do
d6 kha nang cai thien cudng do cha dat gia ¢6 do cac
khoang C-S-H khéng bi anh huong boi nude ngém
sau 10 nam. Cac khoang con lai cia hén hop dit gia
c6 bang vbi, xi mang va puzzolan ti nhién van tro
trong méi truong nuéc ngam diéu nay phu hop voi
tinh chat cac khoang trong thuc €. Tuy nhién véi
viee sau 10 nam do rong tang 20%, 16p dat gia cé lam
nén can duoc duy tu dam chat lai. M6 hinh cin duoc
kiém chimg véi két qua thi nghiém @€ nang cao tinh
chinh xac trong du doan théi gian duy tu bao duong
clia dat gia c6.
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EFFECT OF GROUNDWATER ON THE DURABILITY OF STABILIZED SOILS

Tran Van Quan

Summary
Nowadays, using the mnorganic binders for soul stabilization is increasingly developed in many construction
projects. Cement 1s an inorganic binder used imporiantly in soil stabilization today. Cement hydration
prodlucts that improve soi) strength are CSH and C-A-SH (Straehngite), which are capable of being
dissolved in aggressive environments 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. The numerical results show that the porosity of the stabihized
sails increases by 20% after 10 vears due to the dissolution of C-A-S-H and Portlandite, and no new minerals
are precipitated. The nunerals that improve the mechanical properties of the siabilized soil are C-S-H group.
which are stable after 10 years of exposure 10 groundwater.
Keywords: Soil stabilzation, cement, reactive transport moded, durabilily, porosily. groundwaier.
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