KHOA HOC VA CONG NGHE MO

THIGT l.l-'iP MO HINH TiNH TOAN MUC PO THUY HOA
XI MANG VA CAC GHAT PHU GIA KHOANG HOAT TiNH

v hinh thanh va phat trién céac tinh chat co
\ hoc clia bé téng ngay tlr khi bat dau tron dén
§) khi dat cwéng dg st dung phy thugc rat Ié&n

vao qua trinh thly héa céac chét két dinh
thanh phén trong clinker xi mang cling nhw cac
chét phu gia khoang hoat tinh (tro bay, mudi silic, xi
16 cao...) duo'c thém vao. Tuy nhién, danh gia mac
do thiy hoa clla cac chét két dinh nay trong qua
trinh ninh két cta bé tong la céng viéc hét strc khé
khan do cac co ché phan tng héa ly phirc tap &
mirc do phan tir cla cac thanh phan tham gia.
Trong bao cdo nay, tac gia gidi thiéu mot phuwong
phap sé théng qua viéc phan tich co ché phan ¢ng
va do nhiét lvgng tda ra trong qua trinh thuy héa
cho phép tinh toan téc do thuy hoéa cla cac chéat
két dinh thanh phan trong hé xi mang.

1. Thiy héa xi mang va céc phén tng thay
héa pozzolanic dbi v&i phu gia khoang
Hién nay, trén thé gidi cling nhu tai Viét Nam, xi
méng dwoc s dung phé bién trong xay dwng chi
yeu la xi mang Portland (podc lang) coé thanh phan
chinh la clinker Portland tac nhan tao nén tinh két
dinh clia xi m&ng. Xét v& ham lwong cac hop chét
chinh, théng qua phwong phap phan tich cla
Bogue [1], it nhét 2/3 khéi lwgng cla clinker phai
dugc cau thanh bdi cac khoang Alit (3Ca0.SiO,
hay con viét tat la C;S) va Belit (2CaO0. SlOz viét tat
1a C,S), phan con lai chua lwgng l6n clia Aluminat
Tricanxit (3Ca0.ALO; viét tat 1a CsA) va
Feroaluminat Tetracanxi (4CaO. Al,O3.Fe,05 viét tat
'a C4AF) cung mot sb khoang phuy khac. Trén thyc
t&, qué trinh thuy hoéa xi mang chinh la cac phan
&ng hoa tan cac hop chét trén nham tao ra pha
k&t dinh chl lwe C-S-H (Hidrosilicat canxi) va CH
(Canxi hydroxit hay con goi la poéc lang di).
Trong nhiéu nghién ctru [2], [3], [4], [5] cac tac gia
da dé xuat cac ty lé phén trng khac nhau tuy
thudc vao ty 1& C/S trong xi méang. Cac phan &rng
thdy hoa déu la phan (ng tiéu thy nuéc va tdéa
nhiét déng thoi gay ra sy bién ddi thé tich cla
ndn hop hd xi mang.

TS. NGUYEN TRONG DUNG
Trwong Dai hoc Mé-Dia chat

San phadm cla qué trinh thay hoéa clinker xi
mang ngoai cac chat két dinh tip C-S-H coén cé
CH (canxi hydroxit), day la hop chét khéng 6n
dinh khi d¢ pH trong bé téng nhd hon 12,5 va cé
thé bi hoa tan trong nuéc lam gidm dd #n dinh
va do bé&n clGa bé téng. D& khéc phuc nhugc
diém nay va hwéng téi viéc cai thién cwong do
bé téng, viéc trdn thém cac phu gia khoang hoat
tinh da duwgc ép dung réng rai. Cac phu gla
khoang tiéu biéu nhw tro bay, muéi silic, xi 10
cao,... hay con goi la cac chat pozzolan néi
chung (tinh chat pozzolan la tinh chét cla cac
hep chét chira oxit silic c6 thé phan &ng voi
canxi hydroxit) sé phan tng véi CH dé tao ra cac
chat két dinh én dinh, qua do cai thién cwdrng dd
va do bén cla bé tong. Cac phan trng nay dwoc
goi chung la cac phan (rng pozzolanic vadi ty 1&
phan &ng dugc nghién ctru va trinh bay trong rat
nhiéu bao céo [6], [7], [8] [9].

Trong Bang 1, tac gia gigi thiéu dwéi dang tdng
hgp cac phwong trinh phan (rng thuy héa xi mang
va phan (*ng pozzolanic. Luu y rang trong cac
phwong trinh phdn (ng cla C;A va C,AF cé su

xuét hién ciia hop chat CSH, hay con goi la thach

cao. Day la hop chét thuwdng dwgce thém vao trong
thanh phan xi méng nhdm tang m&c d6 hinh thanh
C-S-H va giam ham lwgng CH dugc tao thanh, qua
do tang cwong dd cho bé téng [10].

2. Mirc dd thily hoa va phwong phap xac
dinh mirc d§ thiy héa

Mdrc @ thiy héa xi mang tai thoi diém "t dwoc
xac dinh bang ty sé gitra khéi lvong xi mang da
hoa tan hoan toan va téng khéi lwong xi mang
khan ban dau (t=0):

G(t)= mCh(t) = mcan(t) . (1)
Mean(t=0) Mcan(t=0)
Trong d6: men(t) - Khéi lwgng xi mang da hoa tan
tai thoi diém “t”; mean(t) - Khéi Iegng xi mang khan
con lai tai thoi didm “t".
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Bang 1. Phuong trinh phén (ng thiy héa clinker xi méng va céc phan g pozzolanic

Tham sb nay c6 thé dugc xac dinh théng qua
phwong phap phén tich hinh anh (MEB) [10], [11]
nhdm trye tiép xac d|nh ham lwvgng chét khan con
lai. Ngoai ra cé thé st dung mét sb phwong phap
gian tiép nhw théng qua do nhigt lvong téa ra, do
ham lwgng nuwoc lién két,... dé xac dinh a(t). Cung
vOi cac phuong phap gian tlép nay, mic do thay
héa c6 thé dugc dinh nghfa bd sung nhuw sau:

% V@i phrong phap do nhiét téa ra:

a(t)=Q(t)/Qrax. (%)
% V&i phuvong phap do lrgng nwdc lién két:
a(t)=Wn(t)/Wh.max. (3)

3. Co s& ly thuyét va mé hinh tinh toan mic
d6 thuy hoa bing phwong phap do nhiét toa ra

Trong didu kién noi sinh, qua trinh thiy héa cac
chét két dinh trong xi mang ciing nhw cac phy gia
khoang hoat tinh 1a mét qua trinh tiéu thu nwéc va
téa nhiét, kém theo do la cac co ché can bang
nhlet va can béng thly lwc gitra cac pha. Sy thay
ddi lwgng nwdc va nhiét do bén trong khéi bé téng
khi thiy héa sé lam thay ddi qua trinh thdy hoéa
dong hoc clia cac pha thanh phan (hoat déng thay
hoc va hoat dgng nhiét hoc). Nhw vay, mé hinh qua
trinh thdy hoa dwgc xay dung dya trén céac
phuong trinh mé ta sy phét trién clia mirc do thay
héa, ham lwgng nwédc, va nhiét do. He phuong
trinh tbng quat bao gdém phuo'ng trinh téc @6 thiy
héa, phwong trinh bdo toan khéi lvgng (nwéc) va

bao toan nhiét 46 [10], [12]:
a=F@&W,T)

. _— —-W =
W= div(— Dy,.gradw )+ Qth .0 4
T =
pc.T = dlv( A gradw)+ Qth.a

Trong d6: o; - Téc d6 thiy héa clia pha khan thi
“; W - Lugng nwéc cod trong bé téng, m*/m?
béténg; Dw - Hé s6 van chuyén nuoc, m?ss; T -
Nhiét do, °C; p, ¢ - Khéi lwgng thé tich (kglma’

nhiét dung riéng cia bé téng, J°C.kg; A - Suét din
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nhigt, W/(°C.m); Q. - Luong nudc can thiét 6é

thily héa hoan toan pha khan thi i, m3/kg; th -

Lwgng nhiét toa ra do thiy h6a hoan toan chét
khan the "i", m%/kg.

Trong he phuong trinh (4), phwong trinh dau
tién mo ta quy luat phét trién cla mirc 36 thay hoa
va dugc dé xuét dwéi dang ham sé cia cac hé sb
anh hwéng nhw sau [10], [12]:

&; = Aj.Ci(aj, W).] [(fmi)-hi(T).g; (5)
Trong d6: A;- Hé sé diéu chinh: hi(T) - Hé s6 hoat
dong nhiét hoc ci(a;, W) - Hé sé hoat ddng hoa

hoc; gi- Hé sé higu trng cla phan (rng pozzolane;
(’ml ) - Hé sb hoa tan (biéu di&n kha nang nuwéc

co thé tiép xuc v&i cac hat khan).

Lwu y réng céng thirc trén duwoc viét dwoi dang
téng quét cho tirng pha chét khan riéng biét. Trong
trwerng hop chi co clinker thi i=1, va néu c6 thém
phy gia khoang pozzolane thi tucmg irng vGi tirng
pha khan cho thém thi i=2, ..., n

% Heé s6 hoat dong hoa hoc:

= VAndiSSi = Qi(mAnl/pAnl) (6)
Vw Vi
Trong d6: Vi - Thé tich nwéc ban dau; Vandisi -
Thé tich cla pha khan tht "i"; ma, - Khoi lwong
ban d4u cla pha khan thi "i"; pa,i - Khéi lvong thé
tich cia pha khan the "i*
% Hé sb hoa tan:

nl—exp[ rrm 1 @

Trong d6: B; va n;- Hé s6 diéu chinh ctia mé hinh;
fmi - Ham sé héa tan xac dinh b&i néng d6 nwoc,
d6 réng va ndng do cla cac chat 1a san phdm cla
qua trinh hoa tan:

~_ Cphydy -(1/%p)

" CPanhI We

Trong do: Wp Nong dd nuwdc trong hd xi mang; Op
- B¢ rdng clia hdn hop hd xi mang; Cpnyai V& Ceanni

(8
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- Néng do thé tich cia cac chét 1a san phém clia
qua trinh hoa tan pha khan th “i" va ndng do thé
tich clia cac chéat khan tha “i”

Pp =1~ Z(CPhydq +CPanhi)

' ma,/o )
CPanh, (1 “l)- Vm Al .
pasteipj 9)
'F“A 7P A )
Chhydr; = Ri-ai-ﬁv—m*—"'-
pastejnj

Voi: Ri- Ty 1& thé tich gitra cac chat hoa tan da tao
ra va cac chét khan th *i"; Vpasiew - Thé tich ban
d4u clia hé xi mang (nucrc+céc chét khan).

% Hé sb hoat ddng nhiét hoc:

E,
h; exp( RTJ (10)
Trong do: E, - Nang lwgng hoat dong clia pha khan
thte 'i"; R'- Hang s6 khi ly twdng (8,314 J/imol.K).

< He sb hléu trng clia phan rng Pozzolanic:

9i=Cp cH néu pha khan la cac phu gia khoang;

gi=1 néu pha khan la clinker.
Trong d6: Cp ch - Néng dd poéc lang di (canxi
hydroxit) ctia hd xi mang.

Trong hinh H.1 trinh bay so db té hofp tinh toan
cac hé sb ciing nhu tbc do thiy héa "o;” clia mbi
pha khan. Lwu ly réng tat ca cac tham sé dau vao
trong mé hinh (trlr ham lweng nuédc) déu duoc
hiéu la cho tirng pha khan riéng biét thir "i"

e ]

Ningltwnshoathég

hétidlm Egi

———-n-w---—-n-nm

— Canxi Hydroxnt(CB) &

H.1. So dé mé hmh tinh toan téc dé thiy héa tir cac tham s6 dau vao [1 O] [12]

Cac buéc tbng quat nham xac dinh cac tham s6
dau vao clia mé hinh trén (8 tham sé) dwoc gioi
thiéu trong hinh H.2. Trong so d6 nay, viéc xac
dinh cac hé sé A, B;, n; dwgc thye hién théng qua
thi nghiém Langavant [13], trong khi viéc xac dinh
cac tham sé khac dugc gidi thiéu chi tiét trong [12].

4. Thi nghiém Langavant

Phép do nhiét Ilwgng (calorimetry) 1a mét
phuong phap twong déi don gidn, dé thyc hién va
la céng cu dac lyc trong viéc nghién ctru qua trinh

thiy hoa ngay tir nhitng gi& dau tién sau khi tron
mau (0+72 gi®). Dya trén cac nguyén Iy nhiét déng
hoc, viéc do nhiét lwgng téa ra dugc thyc hién
theo 1 trong 2 didu kién sau; didu kién doan nhiét
(adiabatic) ho#c dang nhiét (isothermal). Phuong
phap giévi thiéu trong bai bao nay la mét phvong
phap két hgp - Phwong phap ban doan nhiét
(semi adiabatic) hay con duwgc goi la phuwong
phap Langavant [13]. M3u trén véi cap phéi dugc
da biét dugc dwa vao hop Langavant (hinh H.3)
ngay sau khi trgn.
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a(t)=[Q(1)/Qmax]. (14)
Trong d6: Q(t) - Nhiét lwgng tda ra & thei diém “t';
Qmax - Nhiét lrgng toa ra sau khi thly héa hoan toan.
Bang 2. Nhiét dung riéng cta céc thanh phan mau

Cpy 075Wae)
Cpn" oy 376(JIg°C)
0.7 (Jl 9C) ‘
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H.2. So db xac dmh céac tham s6 dau vao [10] [12]

Sy bién ddi nhiét do trong binh sé duwgc ghi
nhan ty déng nhe vao mét thiét bi néi truc tiép véi
may tinh va thong qua tinh toan cho ta xac dinh
dugc lvgng nhiét téa ra theo thdi gian cla mau.
Tuy theo loai xi mang, nhin chung, nhiét lwvgng téa
ra la tir khodng 2004500 J/1 g xi mé&ng. Phan Ién
Iucng nhiét nay sé dwoc tao ra trong nhirng gi¢
dau tién, sau d6 giam dan nhwng van duy tri trong
thoi gian dai dén khi két thac qua trinh thay héa.

H.3. Céu tao hop Langavant [ 13]

Nguyén ly tinh toan nhiét lwgng téa ra Q la
nguyén ly &p dung cho hé doan nhiét:

Q=(Qa*+Qq). (11)
Trong d6: Qq - Nhiét thét thoat trong qua trinh do
do doan nhiét khéng hoan toan (xac dinh theo
thong sé k¥ thuat kém theo clia may do); Q, - Nhiét
tda ra ma may do duwgc; Q,=(C,.AT); Cp - Nhiét
dung cla hé; AT - Chénh léch gilra nhiét 46 ban
dau va nhiét 6 & thoi diém do.

Nhiét dung ctia hé Cp dwgc xac dinh theo:

Cp=(Cpm*Cpre). (12)
V@&i: Cpm - Nhiét dung clia may do, duwgc xac dinh
bdi thong s6 ky thuat kém theo cla may; Cpe -
Nhiét dung clia mau, xac dinh b&i cbng thirc sau:

CPe_(Can Mx1+CPxn M +CPP M ) (1 3)
Trong d6: Cp i, Cpn, Cpp - L&n lwot 1& nhiét dung
néng clia xi mang, nwéce, phy gia cho thém trong
mau (xem Bang 2); My;, My, Mp - Lan lwot la khoi
lrgng xi méing c6 trong mAu (theo cép phéi).

Véi két qua do va tinh toan nhw trén, chung ta
c6 thé xac dinh nhigt Iu*crng téa ra theo thdi gian
cla mau, va qua dé xac dinh dwgc mirc do thay
héa theo théi gian nhé cong thirc:
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H.4. Nhiéf lwgng téa ra theo thdi gian
sau khi diéu chinh céc hé s6 [12].

5. Xac dinh hé sé diéu chinh A, B;, n;

Chon cac gia tri bét ky cho A;, B;, n;, v&i cac gia tri
nay va bang phuong phap tinh toan gii thiéu trong
cac muc 2, 3, xac dinh duoc tbc do thay hoa o twong
(rng. Biét nhlet lwgng téa ra sau khi thdy héa hoan
toan Quax, ta dung cong thiee (12) dé& xac dinh biéu dd
Q(t) theo thoi gian. So sanh hai dwdng biéu dién nhiét
Iwgng téa ra (ciia mé hinh va cla thi nghiém) _vé §l‘;’
dung phuong phap binh phuong nhé nhat dé dié ieu
chinh A;, B;, n; sao cho s sai khac gitra 2 du’crng biéu
dién 1a nhé nhét. Khi sai sé ndm trong gidi han cho
phep, gia tri A;, B;, ninhan duec chinh la cac hé sb
diéu chinh cGa md hinh (H.4, [12]).

6. Két luan

Trong bai béo, tac gia da gi¢i thiéu tdng quan vé
co ché thly héa clinker xi mang cling nhw cac phy
gia khoang hoat tinh trén thém trong hd xi mang.
Mrc do thiy héa cac chét két dinh thanh phan
dwoc xac dinh nhd mét mé hinh sé xay dung théng
qua viéc phan tich co ché phan ng va tinh toan
cac yéu té anh hudng déng hoc nhir thly lwc, nhiét
hoc. Phuong phéap do nhiét lwgng téa ra trong qua
trinh thdy héa béng thi nghiém Langavant cho
phép xac dinh cac hé sé diéu chinh clia mé hinh.0J
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Nguwoi bién tip: V6 Trong Huang

SUMMARY

The evolution of mechanical properties
of the concrete from the early age until it
reaches useful strength depends strongly
on the hydration process of the adhesive |
compositions in cement clinker as well as |
the mineral admixtured (silica fume, fly ash,
blast furnace slug,...). However, the estimation

of hydration degree of these adhesive
compositions during the hardening process
of cement paste is difficult due to the complex
physico-chemical mechanism at the molecular
level. In this paper, the author introduces a
model calculation which allows to estimate
the hydration degree of the adhesive composition
in the cement paste by analysing the
reaction mechanism and measuring heat
generated in the hydration process.

NGHIEN CUU DE XUAT...

(Tiép theo trang 6)

nhitng chinh ly chinh xac cac kich thudc cho cac
vong-hang 16 min cy thé phi hgp v6i ting chung
loai hinh dang mét cét ngang cong trinh ngadm st
dung trén thyrc té dé thiét ké cac 16 min trén guong.

5. Két luan

Phuong phap phap méi dé xuét trén day chi co
thé st dung cho cac cong trinh ngam c6 hinh dang
‘mat cét ngang déi xtrng nhau qua tryc thang ding.

Phuong phap méi vin can phal nghién ctru hoan

thlen cho cac chiing loai mat cét ngang céng trinh
ngam c¢6 hinh dang khong déi xirng. Céc méi quan
hé gitra “b”, “c” va “W’ van chwa thirc sy rd rang.
Vi vy, tai day can phai c6 nhitng nghién ctru bd
sung tiép theo.0)
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Ngudi bién tap:.H6 ST Giao .

SUMMARY

The paper introduces the results of
studying of the new method calculating the

| quantity the blasting holes and arrangeing

ones on the tunnelling face in underground

1 constructlons
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