|  KHOAHQC CONG NGHE

UNG DUNG MO HINH NHIET PONG LUC HQC
DPE THIET KE HON HQP DAT GIA CO

Nguyén Hiru Niam
Viéen Thuy dién va Nang lwong tai tao

Tom tit: Muc dich tim kiém hén hop thich hop @é thi cong, thi nghiém mdu cua ting thiét ké cdp
phéi ciia dat on dinh. Tuy nhién dé ndng cao dg chinh xac cua thi nghiém thi s¢ lirong mau phdi
tién hanh nhiéu ddn dén két qud thi nghiém cé dé chinh xdc cao. Cdc co ché co ban con chung
chung nén chua thuc sw phan tich chi tiét co ché cdi tao cia ddt bazan. Co ché khodng chira xdc
dinh sé tham gia vao qua trinh én dinh dat. Dya trén md hinh nhiér déng luc hoc, bai bao tdp
trung gidi thich chi tiét vai tro cua tieng thanh phan khodng trong ddt doi véi viéc cdi thién céc
chi tiéu co hoc cia ddt on dinh. Ciing nhu co ché phan ing cua chat két dinh véi cac thanh phan
khoang chat ciia dat. Két qud ciia mé hinh dwoc so sanh twong doi véi két qua thi nghiém dé xac
dinh tinh diing dan ciia mo hinh nhiér déng luec hoc ciing nhir két qua cua thi nghiém, chizng minh
tinh kha thi cua viéc gia co ddat bazan bang han hop pozzolan tu nhién, tro bay va xi méing. Ham
lirong khodang trong céc thiét ké hon hop khdc nhau dwroc du dodn bang md hinh nhiés déng luc
hoc, tir d6 dw dodn kha ndng co hoc cua tieng thiét ké hon hop.

Tir khéa: M hinh nhiér déng luc hoc, dat gia co, thiét ké hon hop, pozzolan / véi / xi mang.

Summery: The purpose of finding suitable mixes for construction, sample experiments of each
mix design of stabilized soils should be tested. However, in order to improve the accuracy of the
experiment, the number of samples to be conducted is high, leading to high accuracy of the test
results. The basic mechanisms are general so they have not really analyzed in detail the
reclamation mechanism of basalt soil. The unspecified mineral mechanism will participate in the
soil stabilization process. Based on the thermodynamic model, the paper focuses on explaining in
detail the role of each mineral component of the soil for improving the mechanical properties of
stabilized in soil. As well as the reaction mechanism of the binder mixture with the mineral
components of the soil. The results of the model are compared relative to the experimental results
to determine the correctness of the thermodynamic model as well as the results of the experiment,
proving the feasibility of reinforcing basalt soil by mixture natural pozzolan, fly ash and cement.
Mineral content of different mix designsis predicted by thermodynamic model thereby predicting
the mechanical capacity of each mix design.

Keywords: Thermodynamic model, stabilized soils, mix design, natural pozzolan/lime/cement

1. GIOI THIEU thai cudi cung sau khi phan tng két thic. Cac
dinh luat chung vé diéu hoa nhiét dong luc hoc
da duoc biét dén tir 1au va lan dau tién duoc ap
dung vao hoéa hoc xi mang vao cubi thé ky 19
boi Le Chatelier ¢é chizng minh rang qua trinh
thuy héa xi mang thu duoc théng qua su hoa tan
clinker ban dau dan dén nuéc ludn béo hoa. pha

Nhiét dong luc hoc rat can thiét cho su hiéu biét
cua chlng ta vé cac phan tng hoa hoc. Véi 3
bién quan trong nhit Ia nhiét do, 4p suat va
thanh phan hoa hoc, ching ta c6 thé dy doan
dugc phan ung c6 xay ra hay khéng va trang

Ngay nhén bai:26/02/2021 Ngay duyét dang: 02/4/2021
Ngay thong qua phan bién: 19/3/2021

TAP CHi KHOA HOC VA CONG NGHE THUY LO!I SO 65 - 2021 1



[ KHOAHOC
cho cac phan ing hydrat hoa, dan dén sy két tua
ctia cac pha ran. Cudi cuing, su can bang pha ran
long con lai dat dwoc trong hé thdng 16 xdp cua
pha rin xi mang. Tir nhitng nam 1940, thoi ky
nghién ctu vé nhiét dong luc hoc tng dung
dugc phat trién manh mé&. Mot s6 diéu dé khai
sinh ra sy phat trién cua cac ang dung nhiét
dong luc hoc 1a su ra doi cua nhiéu dinh luat co
ban, vi du vé& dic diém nhiét dong luc hoc cua
cac pha khac nhau: néng chay, keo tu, thuy tinh.
Phan anh méi quan hé gitra can bang va téc do
phan g ctia cac chat.

M6 hinh nhiét dong luc hoc duoc phét trién va
&p dung boi cac nha dia héa hoc dé tinh toan hé
phuong trinh phirc tap cua cac hé da hinh xay
ra trong tu nhién. Mé hinh nhiét dong da duoc
ing dung trong nhiéu linh vyc. Vi du, du doan
d6 bén cua cong trinh ngam chat thai phong xa
V6i xi mang / dat sét / twong tac phong xa [1],
[2], m6 hinh hoa twong tac voi dat sét hoac
bentonit, va chét két dinh pozzolan [3], [4].

C6 thé thay rang ung dung cua md hinh nhiét
dong twong tac trong moi trudng pozzolan 13 rat
phong ph. Vi vay, c6 thé 4p dung mé hinh
nhiét dong luc hoc dé nghién ctru co ché phan
Gng giita dat bazan - pozzolan tu nhién -
pozzolan nhan tao nhu tro bay, xi mang.

Muc dich tim cip phdi thich hop dé thi cang,
thi nghiém mau caa ting cap phoi thiét ké dat
6n dinh. Tuy nhién dé nang cao d6 chinh xéac
cua thi nghiém thi s6 lwgng mau phai tién hanh
nhiéu dan dén két qua thi nghiém c6 do chinh
xé4c cao. Cac co ché co ban con chung chung
nén chua thuc su phan tich chi tiét co ché cai
tao cua dat bazan. Co ché khoang chua xac
dinh s& tham gia vao qué trinh 6n dinh dat. Dua
trén md hinh nhiét dong luc hoc, bai bao tap
trung giai thich chi tiét vai tro cua ting thanh
phan khoang trong dat ddi voi viéc cai thién
c4c chi tiéu co hoc cua dit 6n dinh. Ciing nhu
co ché phan ung cua chat két dinh véi cac
thanh phan khoang chit cua dat. Két qua cua
mo hinh duogc so sanh twong d6i véi két qua thi

nghiém dé xac dinh tinh ding din cia mé hinh
nhiét dong luc hoc ciing nhu két qua cua thi
nghiém, chitng minh tinh kha thi ctaa viéc gia
cb dat bazan bang hdn hop pozzolan tu nhién,
tro bay, xi mang. Ham lugng khoang cua cac
thiét ké hdn hop khac nhau duoc di doan bang
md hinh nhiét dong luc hoc, tir d6 du doan kha
ning co hoc cua ting thiét ké hdn hop.

2. CACH TIEP CAN MO HINH
A. Can bang nhiét dong lwc hoc

Su tuong tac gilra cac ion va cac loai khoang
dan dén su két tha / hoa tan cia cac khoang chat.
Ty 1& bio hoa khoang Qm c6 thé duoc biéu thi
bang:

Nc
O = K3k | [
L] i (1)

m=1,...,Np

Trong d6 m 1a chi sé cua cac loai khoang, Ksm
13 hang s6 can bang Cj 1a ndng do mol cua cac
loai nguyén sinh trong dung dich (mol.kg-1) tirc
1a cac loai dugc cho 1a di chuyén trong dung
dich / Céc ion khéc (thuong phuc tap hon) dugc
tinh dén khi tinh toan do phirc ciia ion (xem
phuong trinh 3). vmj 14 hé s6 phan cuc cua loai
nguyén sinh, yj 1a hé s6 hoat d6 cua ion j, Ng,
Np 14 s6 loai nguyén sinh va loai khoang twong
{mg. Trang thai can bang (hoic khong can bang)
clia cac loai khoang trong dung dich dugc kiém
soét boi chi s6 bao hoa khoang ISm, nhu sau:

)

Déi v6i mot loai khoang da cho, dung dich can
bang v6i loai khoang néu ISm = 0. Dung dich
chura bio hoa va céac loai khoang chat van co thé
hoa tan néu ISm <0. Cudi ciing, dung dich 13 siéu
bao hoa va cac loai khoang chat co thé bi két tia
néu ISm> 0. Cac phtc chit nuéc dugce hinh
thanh do tuong tac gitta cac loai nguyén sinh
trong dung dich. Cac phan tng nay duogc gia
dinh 1a ¢ trang thai can béng cuc bo. Béng cach
st dung dinh luat tdc dung khdi lugng, néng do
ctia phirc chét trong nudc ¢ thé dugc biéu thi

IS, =log Qy
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dudi dang ham s6 cua nong do cua cac loai
nguyén sinh, nhu sau:

NC
Ci = Kc_,ily;l l_[(YjCj)vij (3)
j=1
i=1,..,Ng

trong d6: Ci 1a ndng d6 mol cua phirc chat trong
i (mol.kg™"). y;, yj la cac hé s6 hoat dong. K;
13 hing sb can bang cta tao phirc nude. N, 14 s6
phtc chit nuée duoc xem xét trong dung dich.
Co s¢ dir liéu nhiét dong luc hoc bao gém cac
thong s6 nay, co so dir liéu nhiét dong hoc
THERMODDEM cua Blanc va cong su [5]
duoc 4p dung trong bai bao nay.
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B. Phan trng h6a hoc va dir liéu dau vao can
thiét

Mineralogical composition of the initial
materials: Soil, lime, volcanic ash was
identified by powder X-ray diffraction
(XRD). The Bogue calculat Thanh phan
khoang vat cua vat li€u ban dau: Dat, voi, tro
nui lira duoc xac dinh bang phuong phap nhidu
xa tia X dang bot (XRD). Tinh toan Bogue dé
xac dinh cac giai doan clinker khong duoc lam
khan trong xi mang pooc ling thong thuong
(OPC) dugc trinh bay chi tiét hon trong cong
trinh cua Tran [6]. Thanh phan khoang vat ban
dau ctia hdn hop duge cho trong bang 1.

Bang 1: Thanh phian khoang vt ciia cic vét liéu ban dau

Vit liéu Pha Cong thuc Thanh phan
(9/100g)

Dit Quartz SiO; 4
Kaolinite Al2Si>05(0OH)4 23
Gibbsite Al(OH)3 61

Voi Lime CaO 66
Portlandite Ca(OH)2 16
Calcite CaCOs 9
Periclas MgO 3
Quartz SiO; 1

Pozzolan tu nhién | Diopside CaMg(SiO3) 29

Daknong Forsterite Mg,SiOa 23
Cristobalite SiO2 1
Albite NaAlISisOs 27
Quiartz SiO2 4

Xi mang Portland | Alite (C3S) CasSiOs or 16.75

Unhydrated (3Ca0.Si0y)
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. . Thanh phan
Vit liéu Pha Cong thuc
(9/1009)
Belite (C2S) CazSiO4 or (2Ca0. Si0y) 54.45
Aluminate (C3A) | CasAl20s or (3Ca0.Al20s) 14.08
Ferrites (C4AF) CasAl2Fe2010 or 8.52
(4Ca0.Al203.Fe203)
Gypsum CaS04.2H.0 1.40

Hé théng phan tng hoa hoc cla qua trinh 6n  hing sd can bang & méi trudng xung quanh
dinh dat duoc trinh bay trong bang 2, ciing nhu  25°C, 1 atm.

Biang 2: Phin tng héa hoc va hing s6 can bang & 25° C, 1 atm.

Phan ung hoa hoc logK
Quartz + 2H,0 = H,Si0, -3.74
Kaolinite + 6H* = 2Al13* + 2H,Si0, + H,0 6.47
Gibbsite + 3H* = Al3* + 3 H,0 7.74
Hematite + 6H* = 2Fe3* + 3 H,0 -0.04
Goethite + 3H* = Fe 3t + 2H,0 0.36
Lime + 2H* = Ca?* + H,0 32.70
Portlandite + 2H* = Ca?* + 2H,0 22.81
Calcite + H* = Ca?* + HCO3 1.85
Periclas + 2Ht = Mg?* + H,0 21.59
Diopside + 4H* + 2H,0 = Ca?* + Mg?* + 2H,SiO, 21.73
Forsterite + 4H* = 2Mg?* + H,SiO, 28.60
Cristobalite + 2H,0 = H,SiO, -3.16
Albite + 4H* + 4H,0 = AI3* + Na‘ + 3H,SiO, 4.14
C—S—H1l6+ 3.2H* = 1.6Ca** + H,Si0, + 2.18H,0 28.00
C—S—H12+ 24H* = 1.2Ca** + H,Si0, + 1.26H,0 19.30
C—S—HO0.8+ 1.6H" = 0.8Ca?* + H,Si0, + 0.34H,0 11.05
Monosulfoaliminate + 12H* = 2A13* + 4Ca%* + SO%~ + 18H,0 73.09
Ettringite + 12H* = 2A13* + 6Ca?* + 3503~ + 38H,0 57.01
Stratlingite + 10H* = 2Al13* + 2Ca?* + H,Si0, + 10.5H,0 49.67
Hydrotalcite + 14H* = 2A13* + 4Mg?* + 17H,0 73.76
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Phan ung hoa hoc logK
Hydrogarnet + 12H* = 2AI13* + 3Ca%?* + 12H,0 49.67
Brucite + 2H* = Mg?* + 2H,0 17.11
Monocarboaluminate + 13H* 80.54
= 2A13* + 4Ca?* + HCO3; + 16.68H,0

C. Ma héa dia héa hoc

Cac phuong trinh phan tng trén dugc luu triv
trong co s& dit liéu phan Gng. Co rat nhiéu co
s¢ dir liu phan ung duoc xay dung dé md
phong can bang nhiét dong nhu Phreeqe [7],
Cemdata, va Nagra-psi Kernel [8],... Tuy
nhién, co so dit liéu c6 thé dugc xay dung. Pay
da nhat 1a co so dit liéu Thermodem do Phong
thi nghiém Nghién ciru Dia chat Cong hoa Phap
(BRGM) [5] xdy dung, bao gdm mot hé thong
khoéng vat hoan chinh vé hydrat héa va cac
khoang chét cua phﬁn 16n céac loai dat tdn tai
trong ty nhién. Can bang cic phuong trinh trong
co so dir ligu yéu cAu phﬁn mém hodc ma dé doc
va chay md phong. C6 rat nhiéu phin mém
mién phi dugc phd bién rong rii trong thuc té
nhu GEMS-PSI ctia co quan dia chét Thuy Si,
ma phén mém C& vua do Pai hoc Paris phat
trién. Tuy nhién, c6 thé néi phan mém pho bién
va dé str dung nhat 1a Phreeqc do co quan dia
chat Hoa Ky Parkhurst va Appelo xdy dung [7].
Do d6 tat ca cac trang thai can bang nhiét dong
ctia to gidy duoc thyc hién bai méa Phreeqc.

3. MO HINH PONG HOC PA PUQC HIEU
CHINH

Trong phan nay, ham luong voi va xi ming
dugc chon lam gi tri khong doi, lan luot 14 4%
va 3% khdi lugng dat 6n dinh trong tat ca cac
mo phong. Thiét ké hdn hop cua dat ti nhién /
pozzolan dwoc mo phong. Luong dat 6n dinh 1a
100 g, ty 1& dat ty nhién / pozzolan ty nhién
duoc thay ddi theo khoi lugng ty nhién cua
pozzolantir 0 g, 5 g, 10 g, 15 g, 20 g, 25 g, 30
g va 40 g . Két qua sb duogc so sanh véi két qua
thuc nghiém duoc trich tr Vu et al. [10]. So

sanh duogc trinh bay trong Hinh 1.
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—+—— Compressive strength (Mpa) Experiment [10]
Splitting tensile strength (Mpa) Experiment [10]

Hinh 1: Liwgng C-S-H, C-S-H + C-A-S-H vs
DG bén nén va dé bén kéo dirt [10]

Qua két qua mé hinh c6 thé mé ta ham luong
canxi silicat (C-S-H) va tong ham luong C-S-H
+ C-A-S-H theo lugng pozzolan ty nhién dung
dé 6n dinh dat qua hai ving. Ving mot, ham
luong C-S-H hodac C-S-H + C-A-S-H tang
tuong ung voi su gia tang lugng pozzolan dugc
st dung. Ham luong canxi silicat C-S-H, C-S-
H + C-A-S-H duoc hinh thanh nhiéu nhat trong
dat 6n dinh khi lugng pozzolan tu nhién dugc
sir dung 1a 15% (hodc 15 g trén 100 g dat 6n
dinh) voi 83% dat tu nhién, 4% voi va 3% xi
mang. Sau khi dat dugc ham lugng cao nhat,
ham lugng C-S-H, C-S-H + C-A-S-H hinh
thanh dan dan, mic do ham lugng pozzolan ty
nhién tiép tuc ting & ving thir hai. Pong thoi,
két qua thi nghiém cho thiy biéu hién cuong do
chia cit cua dat on dinh phu thudc vao luong
pozzolan tuy nhién dugc st dung, ing Xt nay
tuwong ung voi sy thay doi cia ham luong canxi
silicat C-S-H, hay C-S-H + C-A-S-H. Sy phat
trién ctia cuong d6 nén chua thyc sy trong ing
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v6i su phat trién ciia ham luong C-S-H, hay C-
S-H + C-A-S-H theo luong pozzolan tuy nhién
duoc st dung, nhung c6 thé thay rang luong keo
nay cung véi cuong do nén kéo bi giam khi ham
luong pozzolan ty nhién 16n hon 15%. Pugc
biét, khoang canxi silicat C-S-H 1a khoang chat
16n nhat gop phén tao nén cuong dg cua vat li¢u
xi ming (cudng d6 nén, cudng do chia cit ...)
[11]. Do d6, sy phat trién cac chi tiéu co hoc caa
dét 6n dinh phu thudc phﬁn 16n vao ham lugng
C-S-H. Két qua cta md hinh cho thdy rang mo
hinh nhiét dong luc hoc duong nhu twong dbi
gan dung voi sy phét trién cuong do cua dat on

dinh theo lugng pozzolan dugc st dung, do do
mo hinh nhiét dong luc hoc cod thé duoc st dung
nhu mét cong cy thiét ké ban dau dé tim ra hdn
hop ti wu. khi st dung pozzolan tu nhién cho
dat 6n dinh.

Phén tich sdu hon thanh phin cua cac khoang
chat con lai sau khi dat duoc trang thai can bang
ctia hdn hop vat lidu dat 6n dinh v6i mac "dat
tu nhién / pozzolan / xi mang / voi = 78/15/3/4"
bang két qua cua md hinh nhiét dong hoéa hoc
chuan héa ciia khoang chét theo ty 1 phan trim
dugc thé hién trong bang sau Bang 3:

Bang 3: Ham lwong tiéu chuan cia c4c chit khoang trong dat 6n dinh
sau khi dat dén trang thai can bang

Vit liéu Pha Cong thic {;glfgﬁukar;]o?%;

Dit Quartz SiO; 100
Kaolinite Al2Si205(0OH)4 100
Gibbsite Al(OH)3 56

Voi Voi CaO 0
Portlandite Ca(OH): 100
Calcite CaCOs 100
Periclas MgO 0
Quiartz SiO; 100

Pozzolan ty nhién | Diopside CaMg(SiO3)2 100
Forsterite Mg2SiO4 0
Cristobalite SiO2 0
Albite NaAlSizOs 100
Quiartz SiO2 100

Xi mang Portland | Alite CasSiOs or (3Ca0.Si0») 0

Unhydrated Belite CazSi04 or (2Ca0. Si0y) 0
Aluminate CazAl20s or (3Ca0.Al203) 0
Ferrites CasAl2Fe2010 or 0

(4Ca0.Al203.Fe203)

Qua két qua ¢ bang 3 co thé thdy véi, pozzolan
va xi mang tu nhién c6 hoat tinh rat 1én khi céc
khoang chat voi va xi mang ty do phan Ung

hoan toan tao ra thanh phan chinh 1a C-S-H va
C-A-S-H. Véi pozzolan ty nhién, chung ta dé
dang nhan thdy rang hoat tinh ty nhién cua
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pozzolan phu thudc vao ham lugng Forsterit va
Cristobalit, khi hai khoang chit ndy phan tng
hoan toan s€ tao ra cac phan tur hoa tan HaSiO4
(nuéc) trong dung dich. Phan tir chit tan
H4SiOs4 (nudc) co thé duge viét dudi dang
phuong trinh sau:

LGN CONG NGHE |
Pit ty nhién tham gia vao qué trinh 6n dinh
bang cach phan giai khoang chét gibbsite dé tao
ra cac ion Al *3 tham gia vao qua trinh tao C-
A-S-H (Stratlingite). Cac ion Ca*™ ty do dugc
cung cip boi cac khoang chit voi va xi ming
CaO tu do.

Ngoai viéc kiém tra tinh dung din ciia mé hinh,
két qua mo hinh va két qua thi nghiém trong
trudng hop so sanh vai tro cua voi trong 6n dinh
dat, phan bo str dung 10% pozzolan ty nhién,
3% xi mang va 4% voi dugc so sanh véi cac hon
hop dat tuong tu. , pozzolan ty nhién, xi mang
va khodng voi.

Biang 4: Cwong dd nén thi nghiém cia miu sau 14 ngay & diéu kién bao hoa
va ham lwong khoang C-S-H va C-A-S-H dwogc md phéng trong hai thiét ké
hén hop dit 6n dinh sir dung voi va khong six dung voi

Thi nghiém Phuong phép s6 (Khdi luong)
Trong lugng voi Cuong do nén trung
(9/100g) binh cia 3 miu C-S-H C-A-S-H C-S-H+
(MPa) C-A-S-H
0 0.33667 0.04371 0.00954 0.05325
4 0.65000 0.08004 0.00954 0.08958

Két qua trinh bay trong bang 4 cho thay sir dung
10% pozzolan ty nhién va 3% xi mang, ham
luong voi ¢6 anh huong dén cudng do nén cua
thr nghiém. V61 ham lugng voi 4% dugc su
dung, cuong do nén cua d4t 6n dinh gz‘in nhu
ting gip d6i. Két qua cudong do nén thi nghiém
dugc ddi chimg véi két qua ciia md hinh sb. M6
hinh sb cho thiy ham luong khoang C-A-S-H
khong d6i, tuy nhién, C-S-H va ham luong
khoang cung cap cudng d6 chinh cho vat liéu xi
ming, gan nhu ting gip doi twong ung véi
cuong do nén kép. Ham lugng C-S-H tang do
v6i CaO tur do trong voi sdng hoa tan tao Ca *2
1am mét can bang hé phan tmg va Forsterit hoa
tan hoan toan tao ra cac phan tir hoa tan HsSiO4
(nuée) (SiO2 (nude)) két hop ion Ca *2 tao ra
C-S-H (CS-H1.6, CS-H1.2 va CS-H0.8), co ché
nay khong xuit hién trong truong. Su két hop

khong st dung voi dan dén lugng khodng
Forsterit bi hoa tan rat nho. Vi hoat dong cua
pozzolan ty nhién khong duoc tdi da hoa. Qua
d6 co thé thdy vai trd quan trong clia voi trong
viéc kich hoat hoat dong cua pozzolan ty nhién
trong qué trinh on dinh dét.

Két qua thi nghiém va mé hinh s6 lai dugc ddi
chimg cho thdy tinh dang din ctia mé hinh
nhiét dong dugc thiét ké dé nghién curu co ché
phan Gng cta cac chit trong hon hop vat liéu
on dinh dat. P& hiéu va so sanh vai tro cia cac
chét trong hdn hop néu dat 6n dinh, bai bao
mo phong va so sanh véi két qua thi nghiém
ctia hai thiét ké hdn hop: dat-xi ming-
pozzolan ty nhién va dat-xi mang. trong phan
tiép theo.
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4. NHIET PONG LUC HQC CUA XI
MANG DAT- THIEN NHIEN POZZOLAN

Trong phan nay, mé hinh nhiét dong s& nghién
ctru kha ning hoat hoa cia xi ming d6i véi
pozzolan tu nhién Daknong trong qua trinh gia
¢ voi chua sir dung. Két qua ctiia mo hinh, 1a
ham lugng khoang mang lai kha nang co hoc
cho vét liéu C-S-H va C-A-S-H, s& dugc kiém
soat v6i két qua cia thir nghiém: do bén nén va

do bén kéo dut cua miu thir duge bao dudng
trong diéu kién bdo hoa sau 14 ngay tudi. Hai
thiét k& hon hop duoc sir dung cho nghién ctru
1a "dat / pozzolan tu nhién / xi ming = 90/0/10
va 80/10/10". Két qua thi nghiém cuong do
nén ctia mau sau 14 ngdy ¢ diéu kién bdo hoa
va ham lugng khoang C-S-H va C-A-S-H cua
hai hdn hop thiét ké dit 6n dinh st dung
pozzolan ty nhién va khong str dung pozzolan
tu nhién dugc trinh bay trong bang 5.

Bang 5: Cwong d nén thi nghiém ciia miu sau 14 ngay ¢ diéu kién bio hoa
va ham lwgng khoing md phéng C-S-H va C-A-S-H ciia hai hdn hop thiét ké dat
on dinh sir dung pozzolan tu nhién va khong sir dung pozzolan tu nhién

Hdn hop thiét ké P/C=0/10 P/C=10/10
Cuong do nén (MPa) 1.1 1.07
Cuong do chiu kéo (MPa) 0.085 0.086
C-S-H (khdi luong thé tich) 0.0725 0.0735
C-A-S-H (khdi lwong thé tich) 0.0239 0.0239
C-S-H+C-A-S-H (khbi lugng thé tich) 0.0964 0.0973

Qua két qua & bang trén c6 thé thay ham luong
khoang C-S-H va C-A-S-H tuong d6i twong
duong trong hai truong hgp pozzolan ty nhién
va khong pozzolan ty nhién cé xi mang lam
chat hoat hoa. Diéu nay c6 thé giai thich rang
cac chét hoat hoa nhu CaO khong co trong xi
ming chi duoc sir dung du chu yéu cho céc
phan ung hydrat hoa ciia xi mang, diéu nay
thé hién 1 khi c4c oxit CaO ton tai dudi céac
dic tinh. san phdm khoang C3S, C2S, CsA,
C4AF. Do d6, thanh phan khoang pozzolan tu
nhién Forsterit va Cristobalit gitp phan Uung
pozzolan héa dién ra, nhung trong trudng hop
sir dung xi mang 1am chét hoat hoa thi chi hoa
tan Cristobalit véi ham lugng rat nho nén ham
lugng khoang C-S-H khac nhau trong truong
hop su dung pozzolan ty nhién va khong s
dung pozzolan ty nhién 1a twong d6i nho. Vi
vay, khi sir dung xi mang khong c6 voi lam
chit kich thich tao thanh pozzolan ty nhién

ciia Daknong, khong cé tac dung gia cb dat.
Pong thoi, két qua ham lugng khoang C-S-H
va C-A-S-H ctia mé hinh tuwong déi phu hop
v&i do bén co hoc ciia mau dat én dinh.

Qua hai phan III va IV néu trén, da khang dinh
dugc do chinh xac tuong ddi ctia md hinh
nhiét dong luc hoc nham nghién ciru sdu hon
co ché cia qua trinh 6n dinh dat st dung
pozzolan ty nhién, xi mang va voi cia Pan
Mach.

5. UNG DUNG MO HINH NHIET PONG
HQC PE TOI UU HOA THIET KE HON
HQP

Pé tim ra hdn hop tdi wru ciia dat ty nhién / voi
/ x1 mang / pozzolan, ham lugng cta tirng thanh
phan s& dugc thay ddi. Voi c6 ba ham lugng
0%, 4% va 10% khoi luong ciia hdn hop. Xi
mang cling ¢6 ba muc 0%, 3% va 10%.
Pozzolan tu nhién c¢6 tdm ham lugng 0%, 5%,
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10%, 15%, 20%, 30% va 40%. Thanh phin
phan traim cua khéi luong dat da st dung
duoc thay ddi dé tong khéi lugng vat liéu da
tron dat 100 gam. Cac vat liéu hon hop nay
lan lugt dugc can béng béng cac moO hinh
nhiét dong luc hoc dé xac dinh ham luong
khoang canxi silicat C-S-H va silicat canxi
aluminat C-A-S-H. Do d6, thiét ké s luong
hdn hop dugc md phong theo md hinh nhiét
dong luc hoc 12 3 x 3 x 7 = 63 hdn hop. Két
qua ctia mo hinh dugc thé hién trong Hinh 2,
Hinh 3 va Hinh 4 du6i day. Két qua 13, ham
luong C-S-H va C-A-S-H c¢6 trong 100 g hdn
hop on dinh dat. Ham luong nay phu thudc
vao ham lugng phan trim cua pozzolan tu
nhién, v0i va xi mang. Hén hop toi wu véi
voi su dung 0%, 4% va 10% tuong tng "xi
mang tu nhién / pozzolan = 10/15; 10/20 va
10/20". Ham luwong C-S-H + C-A-S-H 16n
nhat khi ty 1& voi tw nhién / xi mang /
pozzolan 6n dinh 1a 10/10/20. Khi khong st
dung vo6i va xi mang, hén hop dat 6n dinh
khong tao ra C-S-H + C-A-S-H maic du ¢6 su
hién dién ctia pozzolan ty nhién.

0.5
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|
S 202 4 a
s o * .
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O ST T SR
09— = 5 L
0 10 20 30 40 50
Ham hrome Puzolan (2/100 g dat gia co)
e CSH+CASH_10% cement  ==o==CSH-CASH_3% cement

- CSH+CASH 0% cement

Hinh 2: Két qua s6 heong ham hrong
khoang C-S-H + C-A-S-H trong 100 g dit
on dinh theo phan tram pozzolan ti nhién,

xi mang va 0% voi
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Hinh 3: Két qua s6 heong ham heong khodng
C-S-H + C-A-S-H trong 100 g ddt 6n dinh
theo phan tram pozzolan tw nhién, xi mdang

va 4% voi
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Hinh 4: Két qua s6 heong ham heong khodng
C-S-H + C-A-S-H trong 100 g ddt 6n dinh
theo phan trdam pozzolan tw nhién, xi mdang

va 10% voi

Khi xi ming khong duoc str dung trong hon hop
on dinh, ham lugng C S-H + C-A-S-H hodc lién
két tang twong Gmg theo ham luong pozzolan tur
nhién. Pdng thoi, két qua ciing cho thdy néu sir
dung voi ty nhién va pozzolan lam vat li¢u duy
nhat dé gia cd dat thi ham luong C-S-H + C-A-
S-H twong ddi nhé & mirc 4% voi hodc 10% voi,
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nén néu chi st dung voi lam kich hoat phan ung

pozzolan, cuong do ctia dat on dinh khong phat
trién manh mic du st dung nhiéu voi, diéu nay
pht hop véi thiét ké 6n dinh dat cia trung tim
dia k¥ thuat bang Indiana ctia Hoa Ky [12].

4. KET LUAN VA BINH LUAN

Bai bido da xay dung thanh céng mo hinh
nhiét dong hoc dé giai thich co ché 6n dinh
dat béng chat két dinh: voi tu nhién, xi mang,
pozzolan ty nhién. Ly thuyét vé co ché 6n
dinh dit d3 duoc xem xét mot cach khai quat
tir 46 m6 hinh nhiét dong luc hoc da duoc dé
xuét dé nghién ctru sdu hon vé co ché 6n dinh
dat. Ly thuyét co ban ctia cac md hinh nhiét
dong luc hoc can bang, cling nhu kha ning
ung dung cuia cdc mo hinh trong khoa hoc vat
li€u, da duogc trinh bay. Ba‘“mg cach kiém soat
két qua thi nghiém cuong do cua hdn hop
thiét ké “dat / pozzolan ty nhién / voi / xi
miang”, “dat / pozzolan ty nhién / xi miang”,
va “dat / xi mang”, két qua thi nghiém di xéc
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