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CONG NGHE

MO PHONG QUA TRINH THUY HOA XI MANG CO SU DUNG
TRO BAY, MUQI SILIC BANG CONG CU SO VCCTL

Tran Vin Quéin

Truong Dai hoc Cong nghé Giao thong Van tai
Nguyén Hitu Nim

Vién Thuy dién va Nang lvong tdi tao

Tém tit: Cong cu sé Virtual Cement and Concrete Testing Laboratory viét tat la (VCCTL) la
phdn mém dwoc phat trién boi Vién tiéu chudn va cong nghé Hoa Ky vao nam 2001. Hién nay
céng cu nay van dwoc tiép tuc hoan thién boi Vién tiéu chudn céng nghé Hoa Ky, hé thong cdc
triweong dai hoc va cdc cong ty san xudt xi mang. Muc tiéu cia viéc phat trién cong cu s6 VCCTL
la di dodn cdc tinh chat ciia bé tong tuoi ciing nhur bé téng dong két dwa vao cac diéu kién trén
bé téng, diéu kién bao duéng mau. VCCTL gitip xdc dinh thiét ké t6i uu ciia hon hop bé tong,
gidm s6 lwong mau khéng hiéu qua can tién hanh trong phong thi nghiém, tir dé tiét kiém dwoc
thoi gian va chi phi cho xdy dung cong trinh. Thong qua viéc mé phong qua trinh thuy hoa cua ba
logi cdp phoi ho xi méng : 100% xi mdng, 20% tro bay + 80% xi méng va 20% mugi silic + 80%
xi mdng, bai bdo sé gioi thiéu vé cong cu s6 VCCTL ciing nhir cdc thong sé dau vao can thiét dé
6 thé mé phong qua trinh thity héa ciia bé tong xi mang dé tir d6 cé thé dir dodn mét sé tinh chat
co hoc cua bé tong.

Tw khoa: Cong cu s6, VCCTL, bé tong, tro bay, muoi silic, thuy hoa, xi mang

Summary: The Virtual Cement and Concrete Testing Laboratory (VCCTL) is a numerical tool
developed by the National Institute of Standards and Technology (NIST) in 2001. Currently, the
tool is still being improved by NIST, a system of universities and cement companies. The objective
of the development of the VCCTL numerical tool is to predict the properties of fresh as well as
hardened concrete based on concrete mixing conditions and sample curing conditions. VCCTL
helps determine the optimal design of concrete mixes, reducing the number of inefficient samples
that need to be carried out in the laboratory, thereby saving time and cost for construction. By
simulating the hydration process of three types of cement slurry mix: 100% cement, 20% fly ash
+ 80% cement and 20% silica fume + 80% cement, the article will introduce about VCCTL as
well as the necessary input parameters to simulate the hydration process of cement so that some
mechanical properties of paste can be predicted.
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1. PAT VAN PE

Ngay nay thiét ké hdn hop bé téng cung véi
danh gia cac tinh chat cia bé tong tuoi va bé
tong sau khi dong két dugc thuc hién chu yéu
dya vao cac phuong trinh thuc nghiém c6 san
trong cac tiéu chuan nhu ASTM C109 [1],
ASTM C215 [2]. Cac phuong phap thi nghiém
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trong phong thi nghiém théng thudng rat ton
kém va mét thoi gian, doi hoi phai sir dung s6
luong 16n nguyén vat li¢u, cung voi cac ky thuat
vién tay nghé cao dé c6 thé tién hanh thi
nghiém. Pac biét 1a dbi voi thi nghiém trong
phong, cac thi nghiém d6i khi phai cho doi rat
lau dé co két qua. Cong cu sd Virtual Cement

Ngay duyét dang: 17/4/2020
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and Concrete Testing Laboratory viét tit 1a
(VCCTL) 1a phan mém dugc phat trién boi
Vién tiéu chuan va cong nghé, Vién nghién ctru
xay dung va chdy Hoa Ky vao ndm 2001. Cong
cu ndy duoc phat trién véi muc dich giam chi
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phi thi nghiém va rat ngan thoi gian thiét ké cap
phdi bé tong. Bang 1 tom tit so sanh giita viée
thiét ké cap phdi truyén thng trong phong thi
nghiém va str dung cong cu s6 VCCTL

Bang 1: So sanh cac phwong phap thir nghi¢m hi¢n tai va thir nghi¢m s héa [3]

Phuong phap thiru nghiém hién tai

Phwong phap thir nghi¢m sé héa

- Dua trén céc thir nghiém vat ly

- Dua trén sy tinh toén ciia may tinh

- K thuat vién tay nghé cao

- Tinh todn chuyén sau

- Can nhiéu vt liéu

- Nhu cau veé vat liéu nhé

- Thoi gian ¢6 két qua : tuan/thang

- Thoi gian ¢6 két qua : Gid/ngdy

- Chi phi cao

- Chi phi thap

Céc dau vao can thiét cho cong cu soO VCCTL va céc tinh chat ctia bé tong ma cong cu co the du

doan dugc tong hop trong hinh 1.

Xi ming Diéu kién bao dudng
Thanh phﬁn hoa Doan nhiét, da“ing nhiét, moi
hoc truong kin, bao hoa, bao hoa/
téc do bay hoi khong doi Tinh chét du doan
\ Mtrc d¢ thuy hoa
Cét licu v D co ngot .
Phan loai: khdi VIRTUAL CEMENT AND Su tham thau qua 10
luone riéne. d6 bio——sa CONCRETE TESTING rong
ong rieng, do v
hoa, hinh dang. LABORATORY - Nhiét nang sinh ra
(VCCTL) - Do khuéch tan cua
= £ bé tong
Vit liéu phu gia xi Chp phdi thiét ké - Kha nang lam vi¢c
mang Ty 1é N/X, % soi; Yophu gia - Mb dun dan hoi
Kich thudc hat, hon hoa hoc, ham lugng khong khi - Phat trién cuong do
hop: mudc silic, tro than mian
hav xi la can kanlin

Hinh 1: Dit lidu dau vdo can thiét cho viéc dw dodn cdc tinh chat
boi phwong phap thir nghiém so [4]

Ngoai ra, hién nay viéc sir dung cac thanh phan
phu gia nhu tro bay, xi 10 cao hay mudi silic
ngay cang phd bién v6i ham luong thay thé xi
mang ngay cang cao. Tuy nhién hién nay tai
Viét Nam, viéc thiét ké cap phdi bé tong co sir
dung cac phu gia van duoc thuc hién bing cac
thi nghiém trong phong thi nghiém véi s lrong
mau 16n dan dén chi phi thiét k& cap phdi bi ting

cao, dong thoi can thoi gian dai dé tim ra cp
phdi din dén cham tién do thi cong. Do d6 viée
tmg dung cong nghé sb VCCTL s& 1a mot
phuong phap thi nghiém sb gitp rat ngan thoi
gian thi nghiém cap phdi bé téng trong qua trinh
thi cong. Cac tinh chat co hoc ctia bé tong phu
thudc rat 16n vao cac diéu kién thuy hoa ciing
nhu thanh phan chat két dinh. Do d6 trong bai
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bao, VCCTL dugc ung dung mé phdng qua
trinh thily hoa céc loai bé tong c6 su dung céc
chit két dinh khac nhau: (1) khong sir dung tro
bay, xi 10 cao, (2) cé st dung 20% tro bay (3)
c6 sir dung 20% mudi silic. Két qua cho thy
kha ning 4p dung cua cong cu sé6 VCCTL vao
thiét ké thanh phan cp phdi bé tong xi ming
ngoai thuc té tai Viét Nam

2. CAC THONG SO DAU VAO CAN
THIET CHO CONG CU VCCTL

Step 1: Prepare mix
Binder &

Choose 8 cement: |cement140  »

¥ Modify phase distribution in the clinker

Phase Volume fraction Surface area fraction

[o3 06866 06872

Ca5 01185

C3A 01107 Fraction that is orthorhombic: 0.0
CQAF 0.0820

K50, 00000

Nay504 [0.0000 00000

Sum; 1.000 1.000

¥ Modify calcium sulfate amounts in the cement
Sulfate form PSD/characteristics file  Mass fraction  Volume fraction

Dihydrate cement140 psd 0.0039
Hemihydrate cement140 pad 0.022
Anhydrite cement140 psd 0016

¥ Add SCM or filler to the binder @
PSD/characteristics file Mass Fraction Volume Fraction
Add Fly Ash I . ] 00
Add Slag g1 * 00 0.0
Add Inert Filler L 0
Add Silica Fume
Add CaCOy
Add Free Lime 0
Cement 1.0 10

Hinh 1: Thanh phéan chat két dinh:
Xi mang va phu gia

Ciing tuong ty nhu viée thiét ké cép phdi trong
phong thi nghi¢m, viéc mé phong bang cong cu

Comant Matarials Tnventary

¥ nalit or create 4 cement O

* Cement data @

Mass fractions of sullates &
Onbyrtrate & (00 Hemibyarsts 1 602 Anbipriee |5 01

Cancal o) S an | [Colsin @

* Edit or create & cement data file ©

(a)

18

VCCTL ciing can cac thong s sau : (1) thanh
phin chit két dinh (thanh phan clinke, ham
luong thach cao trong xi mang ; phu gia hoa bao
gém tro bay, xi 10 cao, mudi silic, cat, da voi,
voi bot) (Hinh 1). Thong thuong cac thanh phan
nay da c6 trong co so dir li€u cua cong cu
VCCTL, trong truong hop can thiét ngudi ding
c6 thé tu dinh nghia thanh phan xi mang hodc
cac phu gia khac cho phu hop ding véi diéu
kién thuc té (Hinh 3).

Mix €&
Mass fraction Volume fraction

Binder 0.6897 0.4081
Water 0.3103 0.5919
Water/Binder ratio 0.45

Add Coarse Aggregate 0.0 00

Add Coarse Aggregate 2 00 0.0

Add Fine Aggregate 0.0 0.0

Add Fine Aggregate 2 0.0 0.0

Hinh 2: Thanh phan cdp phoi:
ty ¢ nuoc/xi mang

(2) Thanh phan cap phdi ctia bé tong bao gdm:
ty 16 nudce/chit két dinh (xi ming va phu gia
héa), ham lugng chét két dinh, cdt liéu bao gém
cbt liéu to (da, soi) va cbt liéu min.

Ciing tuong ty nhu xi mang va phu gia hoa,
thanh phan hat ctia cot lidu thuong da tich hop
trong co s¢ dir liéu ctia cong cy, tuy nhién néu
can thiét khi str dung cac loai cdt liéu moi ¢o
thé hiéu chinh cho phui hop (Hinh 4)

Slag Material Inventory

¥ Edit or create a slag U

Name: siagiisn v |@

5 eavity (SG): 20 L)
Particke Size Dustribution (PSD]: |cenent4iged | @

¥ Slag properties and description &

Property

Malecular mass [g/mol}

Slag

siag gel hydration product
20000 307 068

Description: @

Cancel Save [Saveas, | Deiss @

(b)
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Fly Ash Material Inventory
¥ Edit or create a fly ash @
Marne: | fyashi fiy -9
Speafic gravity (SG): 277 ]
de Size Distribution (PSD): [cememisipsd = | @
fiyash phoses randomiy: @
* on particls batis, OR © on pixel basis

¥ Fly ash properties and description

Phase U Fraction U
Huminesilicate glass o5

Calcum Aluménum Dislicate | 045

Tricaicium Aluminate oo

Caldciurn Chloride

Silica (L]
Antydrite (CaS04) oo
Sum 10
Description: @

Based on that reported
Estimation of the degree of
hydration 1 pastes e point: counting

procedure,” Com. Concr. Res. 34 [10]

Lancel| Save: Save as..| Deletel

(c)
Hinh 3: Hiéu chinh thanh phan (a) xi méng ; (b) xi [6 cao; (c) tro bay; (d) cdt

Aggregate Material Inventory

¥ kit or create agregate sources G

¥ Coarse aggregate

ve: | Coarse Sieel Sag
1P file fou the coarse nggregate: | Chon e | Khong Lo g nda duoc chon
Tmage and shapes data

Tmage

* Fine agaregate
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Filler Material Inventory
¥ Edit or create an inert filler O
Mame: quariz - @
Specific gravity: 262 L1]
Particle Size Distribution (PSD): cement14ipsd + @
Dascription;

Inert filler with the density of alpha-quart:z and particle size distribution (PSD} consistent
with CCAL Cemmnmt 141 from the CCRL Proficiency sample program

Cancell Savel [Savé as| Deleis ©

(d)

Aggregate Material Inventory
¥ it or create aggregate sources O
* Coarse aggregate
¥ Fine aggregate
Fina aqueegate sowice; | AASHTD Prolesncy Sard 9+ 0
Upload et fram a ZIP e for the line sggregute: | Eronidp | Kndeg o6 ke ndo duos thor
Image and shape data

Image Shape Dt

Muber of particles

Hinh 4: Hiéu chinh thanh phan (a) cot liéu thé tir luyén thép; (b) cot liéu min

Trong bai bao, nham gidi thidu kha ning mo
phong ctia qua trinh thuy hoa xi manng, bai bao
s& Iyra chon mod phong qua trinh thiy hoa cia hd
xi mang khong c6 s dung cdt liéu. Xi mang
Portland thong thuong dugc chon ky hi¢u la
cement140, tro bay ki hiéu flyash01.fly va mudi
silic SF. Ty 18 cap phdi véi ty 1é nudc/chat két
dinh 0.45, v6i cdp phoi st dung tro bay, ham
luong tro bay dugc xac dinh theo ty 1¢ tro bay/xi
mang 1a 0.10 va 0.20. Luong xi mang su dung
12 300 kg cho 1 m® bé tong.

Ngoai ra diéu kién thuy héa ciing dugc mod
phong trong cong cu VCCTL. Tuy chinh diéu
kién thuy héa ctia hon hop: ning luong tao ra

bdi phan ung thuy hdéa cua xi mang, phan ung
puzzolanic, xi 16 cao phan tng (néu st dung),
nhiét d6 dudng ban dau: ding nhiét hay doan
nhiét hodc két hop ca hai, diéu kién mau bdo
hoa hodc khong bdo hoa. Thoi gian gia thiét
thiy hoa cung voi do thuy hoa duge dinh nghia
trong khoang (0-1) (Hinh 5). Trong bai b4o nay,
gia thiét trong ca ba cip phéi: (1) 100% Xi
mang; (2) tro bay thay thé 20% khdi lugng xi
méng va (3) muoi silic thay thé 20% khéi luong
xi ming, cac diéu kién thay héa 1a nhu nhau :
dang nhiét T=25°C ; sau 28 ngay hé sd thiry hoa
0.95; trang thai bao hoa trong qua trinh bao
dudng.
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Curing conditions
Thermal
Conditions:
' isothermal
® semi-adiabatic
 adiabatic
Initial temperature: 250 | °C
Amibi 2o |ec
Heat transfer coefficient: 00
ﬁaiﬂn
Hydrate for 280 d
,.,Qrstnp:t‘ g Of‘.a‘:s i @ |10

® Use time conversion
Time conversion factor 3564 | hfcycle?

' Use a calorimetry file
' Use a chemical shrinkage file

e Samtion conditions

® saturated
* sealed

Hinh 5: Diéu kién thiy héa ciia bé tong,
vita, ho xi mang

PHAN TiCH KET QUA

Hinh 6: D¢ thiy hoa theo thoi gian trong 28 ngay

D6 ring

I T RS L AR R

= T am

20

Hinh 6 1 két qua ctia d6 thuy hoa cua ba loai cap
phdi hof xi ming, tro bay va mudi silic. Két qua
nay cho thiy hd xi ming c6 sir dung 20% mudi
silic ¢6 tdc do thity hoa nhanh hon so véi sir dung
100% xi mang va 80% xi mang+20% tro bay.
Diéu nay dan toi pH ctia hdn hop hd xi ming
mudi silic ¢6 pH cao tai thoi diém sém hon so véi
str dung 20% tro bay (Hinh 7)

Hinh 7: pH cuia ho xi mang trong 2 truong hop
s dung tro bay va sur dung mugi silic

Hinh 8 cho thiy d6 rdng ciia cac phap phdi déu
giam khi d6 thuy hoa tang theo thoi gian. St dung
100% xi ming, d6 rong giam nhanh chong sau
12h va dat gid tri nh6 nhét, tuy nhién voi cip phdi
str dung tro bay va muoi silic d rdng van tiép tuc
giam sau 28 ngdy. Co6 thé thiy rang tro bay va
muoi silic thay dbi tc d6 thuy hoa va tinh chat
ctia hdn hop hd xi mang.
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Hinh 8: D réng ciia ho xi mang theo thoi gian (a) sau 28 ngdy (b) sau 25 gio

Bang 2: Céc tinh chit co Iy ciia hd xi ming, tro bay va mudi silic sau 28 ngay

. Cép phéi
Cac tinh chat co' ly
100% xi mang 20% tro bay 20% mugi silic
Mo dun chéng cit (GPa) 7.66 7.5 6.37
Mo dun Young 19.55 18.65 16.23
Hé s6 Poisson 0.275 0.269 0.274
P rong 0.23 0.275 0.30

C6 thé nhan thay rang gia tri md dun Young
E (hay con goi md dun dan hdi), hé s Poisson
v cta hd xi ming rdt sat voi gia tri thuc
nghiém E=16 Mpa, v=0.26 trong nghién ctru
cua Becker va nnk [5]; hay v= [0.20+0.32]
trong thuc nghiém cua Tang [6]. Su dung
100% xi ming cho céc tinh chat co 1y tot nhat
trong 3 cap phdi voi md dun chdng cit, modun
dan hoi 16n va do rdng thap. Két qua so sanh
gitta cdp phdi 100% xi ming va 80% xi
mang+20% tro bay & bang 2 phu hgp voéi
nghién ciru thyc nghiém vé anh hudng cua tro
bay dén cuong d6 cua bé tong, dugc cong bd
trong Tai liéu tap huin t6 chirc thi cong bé
tong khdi 16n va bé tong co sir dung tro bay
trong xay dung cong trinh thuy lgi phat hanh
2019 bdi Cuc quan ly xay dung cong trinh, B
Nong nghiép va Phat trién Nong thon [7].

4. KET LUAN

Hién nay ung dung c6 nghé s hoéa duogc ap
dung trong moi linh vuc doi séng xa hoi, phu
hop vé6i viée phat trién cong nghé 4.0. Khong
nim ngoai xu thé d6, linh vuc xay dung tai Vit

TAI LIEU THAM KHAO

Nam ciing da dua vao nhitng cong ngh¢ tng
dung cac cong nghé s6 nay. Do viy bai bao di
gi6i thidu mot cong cu sb trong thiét ké thanh
phan cap phdi bé tong xi ming c6 sir dung cac
phu gia hoa khac. Cong cu sé6 VCCTL di thanh
cong trong viéc mo phong qua trinh thuy hoa
ctia hd xi ming va hd xi mang cé sir dung tro
bay va mudi silic. Két qua dugc so sanh véi cc
két qua thi nghiém trong thuc té, cac két qua sb
phi hop véi két qua thi nghiém va cac két luan
ctia cac nghién ctru da duoc cong bd trude do.
Céc két qua cong cu s6 VCCTL di dy doan
dugc trong nghién ciru nay 1a : M6 dun chdng
cat, M6 dun Young (M6 dun dan héi), hé sb
Poisson va d6 rong cuia cap phdi hd xi ming, tro
bay va mudi silic. C6 thé thay rang cong cu sb
VCCTL la kha thi dé ap dung vao thiét ké cap
phdi bé tong tai Viét Nam, dic biét cho cac cong
trinh sir dung bé tong khéi 16n nhu dap thiy
dién, ho chira. Dé c6 thé ap dung rong rii cong
cu &6 VCCTL vao thuc té, can so sanh nhiéu két
qué thi nghiém da duoc thuc hién véi két qua
ctia cong cuy sb.
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