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NGHIEN CUU ANH HUONG CUA BOT PA VOI VA PUZOLAND PEN
TINH CHAT CUA BE TONG HAT MIN CHAT LUQNG CAO
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Tom tat:

Bai bao nay da sit dung phurrong phap thé tich tuyét d6i két hop véi thye nghiém dé xac dinh cap phdi cua bé tong
hat min chat hrong cao, dong thoi da cho thay anh huéng ciia ham hrong bét da voi va puzoland dén cac tinh chat co Iy
cua bé tong hat min.

Két qua thu duoc tir thue nghiém cho thay khi ting ham hrong bét da voi va puzoland da lam tinh cong tac cua hon
hop bé téng giam xudng, ton that do sut 16n nhat sau 90 phut nhao tron la 36,6%, nhung cwrong dd nén va moédun dan
héi cia cac mau bé toéng chat Irong cao hat min da ting 1én. Mau bé tong hat min chira 50% puzoland va thay thé hoan
toan cat tir nhién bang bot da voi c6 cuong d6 nén & tudi 28 ngay ting 23.03% so véi mau bé tong doi chimg. Két qua
nay la do dac tinh bé mit cua bot da véi da cai thién ving tiép giap gitra da xi ming va cot liéu, dong thoi phan tmg
puzzolanic ctia SiO, trong thanh phan ctia puzoland d tao ra hiéu tng kép lam dic vi cau tric va ting crong do cua bé
tong. Viéc str dung bot da voi thay thé cat tir nhién, nham tiét kiém tai nguyén cat, mot loai tai nguyén khé c6 kha ning
tai tao 1a mot huéng nghién ctru tich cue dé timg budce sir dung cat nhan tao trong san xuat cac loai vat liéu xay dung

bén virng trong tuong lai.

Tir khoa: Bot da, puzoland, bé tong hat min, d¢ chay loang, cuong do nén.

1. Mé& dau

Bé tong da duge biét dén nhu la vat liéu xay dung st
dung rong rai nhat, lau doi nhat trén thé giéi trong xay
dimg hau hét cac cong trinh. Cac tinh chat co 1y cia bé
tong phu thuéc vao phurong phap thiét ké va ty 1é pha tron
cac thanh phan cia né, cting nhw chat lwgng ciia cac vat
liéu trong bé tong (baxkenor, FO.M., 2011; BaxkeHOB,
0.M., 2006).

Trong diéu kién ha tang xay dung khong ngimg phat
trién, nhu cau xay dung cac cong trinh ngay cang ting cao
tai cac nuée dang phat trién, trong d6 c6 Viét Nam. Viéc
khai thac va sir dung qua mirc ngudn vat liéu tir nhién dé
san xuat vat liéu xay dung da tac dong khong nho dén méi
treomg, gay ra sat 16 bo song, dong chay va anh hwong
dén sur ton tai cua cac do thi, lang mac ven séng. Theo s6
liéu cua Bé Xay dymg, hién nay nguén cat fir nhién ngay
cang can kiét va dy bao dén nam 2020, Viét Nam sé&
khong con cat phuc vu cho san lap. Vi thé, viéc sir dung
cac loai vat liéu nhan tao dé thay thé ngudn cat tir nhién,
dang ngay cang can kiét, 1a mot van dé rat quan trong.

Pa voi da duoc nghién ciru dé st dung nhr 1a cot liéu
min va cot liéu thé trong cong nghé bé tong vi ¢ trir hrong
16n va trai déu trén khip cac khu wvire trén bé mit trai dat.
Hiéu qua cua cot liéu tho - da dam tir da véi dén cac tinh chat
co 1y cia bé tong da dwoc kiém chimg béi rat nhiéu nha
nghién ctru trén thé giéi va nhimg wu diém cua viéc sir dung
da voi nhwr cot liéu thé trong bé tong da dwoc chimg minh
(Mehta, P.K, Monteiro, P.J., 2006; Pri0seB, IT.A., 2012).

Theo cac tai liéu (Huynh Trong - Phuc & nnk., 2018;
Larsen, L.O., Naruts, V.V., 2016) da nghién ctru va danh
gia cac tinh chat cua bé tong ning va bé tong xanh véi
hon hop cot liéu tir cat vang va bot da voi. Két qua cua
cac nghién ciru nay da chi ra rang, bé téng sir dung hon
hop cat va bot da voi két hop véi chét siéu déo co tinh
chat co hoc tot. Ngoai ra, Irong nuéc yéu cau va ham
Irong xi mang cua bé tong cat va bot da voi déu cao hon
so Vi cac loai bé tong thong thuwong. Bén canh dé, nhiéu
nghién ciru da chi ra nhimg anh hwong cia cac phu gia
khoang nhw: tro bay. tro trau, silicafume.... dén cac tinh
chat co hoc cua bé tong (Tarr Bam Jlam & nnk., 2017;
Tanr Ban Jlam, Hro Cyan Xyar & nnk., 2018; Tang Van
Lam, Boris Bulgakov & nnk., 2018).

Muc dich chinh cua nghién ctfu nay la mot mét st
dung bot da voi nhwr 1a cdt liéu min dé thay thé mot phan
va toan bé cat tir nhién, mat khac stt dung puzoland dé
thay thé va giam ham hrong xi ming Portland trong ché
tao bé tong chat lrong cao hat min. Két qua nghién cimu
da cho thay anh hwong cua ham lrong cua bot da va
puzoland tir nhién dén tinh cong tac ctia hon hop bé tong
hat min va cuong d6 nén mau bé téng nghién ciru & cac
tudi khac nhau.

2. Viit liéu va phwong phip nghién ciu
2.1. Vit liéu sir dung

- Xi ming Portland loai SEM I 42,5 N Holcim
(Russia) (X). khdi hrong riéng 3.14 g/m’. Thanh phan hoa
hoc cua xi mang da dwoc trinh bay trong bang 1 va 2.



- Cat vang (Russia) (C) chat hrong t6t dwgc sir dung
lam cét liéu min vé6i médun do 1o6n MK = 3.1, khéi
lwong riéng 1a 2.65g/m’, khoi lwong thé tich dam chat 1a
1.620kg/m’ va khoi hrong thé tich x6p 1a 1.450kg/m’.

- Bot da (BP) dwoc nghién nho tir da voi ciia mo da
Saltykovskoe (Russia) voi khoi hwrong riéng la 2.66g/m’,
khoi Irong thé tich dam chat 1a 1.630kg/m® va khéi
lrong thé tich x6p 1a 1.520kg/m’.

- Phu gia siéu déo SR 5000F «SilkRoad» (SR5000) co
khéi Irong riéng 1.1g/m’ & nhiét d6 25 °C.

- Puzoland tw nhién (Russia) (Pu) véi khéi lhrong
riéng 2.81g/cm’. Thanh phan héa hoc cua bot da,
puzoland va xi mang da dueoc trinh bay trong bang 2.

- Nuée sach (N) duoc st dung dé lam nudce tron vira
xi ming va bao duéng mau thi nghiém.

Bdng 1. Thanh phdn khodng va tinh chdt co Iy ciia xi ming SEM I 42,5 N Holcim

a A - 0. ) N
Thach phn khodng, % Ty dién bé mét |[Luong nude yéu| Thaoi gian dong ket, phut | Cuong do nén, MPa
: s 3 X
‘ = 1o | riéng cm’/g cau. %
C3S | GS | GA | C,AF | Thanh phan khéc Bit dau Keét thic 3 ngay 28 ngay
551272 5.1 | 113 1.3 3420 28.7 135 244 34,6 524
Bdng 2. Thanh phdn héa hoc ciia puzoland , bét dd va xi mang Portland (% khoi heong)
Thanh phan héa hoc Si0, | ALO; | Fe,O5 SO3 K,O Na,O MgO CaO CcO, P,05 Mat khi nung
X 18.6 45 3.1 3.1 0,6 0.2 3.2 63.6 - 0.9 22
PU 498 | 22.1 12,6 1.5 1.2 1.3 4.6 3.6 - - 3.3
BD 6.01 | 0465 0202 - - 0,13 | 0523 | 549 | 376 | o0.17 -

Céc thi nghiém dugc thiee hién tai Phong thi nghiém
cong nghé cao cia B6 moén Cong nghé bé tong va chat két
dinh thudc Vién ISA ctia Truong Pai hoe Xay dung Quéc
gia Moscova - Lién bang Nga.

Thanh phan hat ciia xi ming, puzoland, cat tir nhién va

bot da da dugce xac dinh va thé hién trén hinh 1.
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Hinh 1. Biéu d6 thanh phdn hat ciia vdt liéu sir dung
Tir biéu d@6 thanh phan hat da cho thay, bot da sau khi
nghién va sang phan loai c6 kich thudc hat thoa man yéu
cau ve cot liéu nho - cat nhan tao cot liéu cho bé tong theo
tiéu chun GOST 8735-88 (TOCT 8735-88, 2018). Tuy
nhién, thanh phan hat cua bét da min hon so véi thanh
phan hat ctia cat vang tir nhién.

- Cuong d6 nén cua bé tong duoc xac dinh trén mau
lap phirong 100x100x100mm theo tiéu chuan Nga GOST
10180-2012 (I'OCT 10180-2012, 2012).

- Gia tri trung binh médun dan héi ctia bé téng & tuoi
28 ngay dugc xac dinh gian tiép theo ACT 318-2005 (ACI
318-2005, 2005).

3. Cép phbi ciia hon hop bé tong hat min nghién ciru

Cac cap phoi nghién ctru ciia hon hop bé téng hat min
chat hrong cao (high performance fine-grained concrete)
¢6 sir dung puzoland dé giam ham hrong xi ming va bot
da voi dé thay thé cat tu nhién duoc tinh toan trén co s
phuong phap thé tich tuyét d6i va két hop voi thye
nghiém diéu chinh, két qua duoc thé hién trong bang 3.
Ty 1é thanh phan vat liéu trong nghién ctru nay duoc st
dung cu thé nhu sau: ty 1é nudéc/chat két dinh (N/CKD) =
0.3 (Tang Van Lam, Pham Hai Ha, 2016), hrong phu gia
siéu déo SR5000 1a 2% khoi hrong xi ming. Trong nghién
ctru nay, bot da duogc sir dung dé thay thé tir 0% dén
100% khoi hrong cat trong hon hop bé tong véi muc dich
sir dung cot liéu nhan tao thay thé c6t liéu tir nhién. Ham
Iuong puzoland dugc khao sat thay doi tir 0 dén 50%
khoi lrong xi ming. Bén canh d6, theo Baxenos, FO.M.,
& nnk. (1998), trong hon hop bé tong hat min chat hrong
cao, ty 1& cot liéw/chat két dinh CL/CKD = 1,3 véi chat
két dinh CKD = X + Pu va c6t liéu gom cat vang hoac bot
da voi.

Bang 3. Ty I vt liéu va cdp phoi nghién ciru cia
bé tong hat min chdt lwgng cao

2.2. Phirong phdp nghién citu

- St dung phwong phap laze trén may nhiéu xa
BRUKER da xac dinh dwoc thanh phan hat cua xi méng,
puzoland, cat tir nhién va bot da.

- Thanh phan bé tong hat min dwoc thiét ké theo
phurong phap thé tich tuyét d6i va két hop gitta 1y thuyét
tinh toan va thirc nghiém.

- P chay loang cia hon hop bé téng duogc xac dinh
bang c6n vira mini kich thuée 70x80x100mm.

Ty 16 vét liéu sir dung | Cép phdi thire nghiém, kg/m?

SOTT pp | . N [P SR;"O”XM e lpul5®l 85 |
% |% |CKD| X 00

Mau 1| 0 [100| 0.3 0 ]0.,021856/1113]| 0 17 0 257

Mau2|30(70] 0,3 | 0,2 0.02 [695] 759 [139| 14 |325|250

Mau3|70{30] 0,3 | 0.3 0.02 [630] 319 [189| 13 | 745|246

Mau 4 |100{ 0 | 0,3 | 0.5 0,02 [536] 0 |268| 11 [1045|241
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4. Két qua va ban luin
4.1. Anh hwéng ciia bdt dd va puzoland dén tinh cong
tdc va tén thit tinh céng tic ciia hén hop bé tong theo
thoi gian

Tinh chat co ban va quan trong nhat cua hon hop bé
tong do 1a tinh cong tac. Tinh céng tac hay con goi la tinh
dé tao hinh, biéu thi bang kha ning lap day khuén nhung
van dam bao dwogc do dong nhat cua hon hop bé tong
trong mot diéu kién dam nén nhat dinh (Mehta, PK. &
Monteiro, P.J., 2006; Baxenos, FO.M., 2011; BaxkeHOB,
FOM.. 2006). Do hén hop bé tong hat min khong cé
thanh phan c6t liéu 16n, nén tinh cong tac cia loai bé tong
nghién ciru duoc danh gia bang d6 chay loang trong cén
vita mini. Két qua thwe nghiém duoc trinh bay trong bang
4. Ton that o sut cua cac hon hop bé tong nghién ciru
duoc the hién trong hinh 2va3.

Bdng 4. D¢ chay loang ciia hon hop bé téng
fai cdc thoi gian khdc nhau

Khéi Irong B§ chay loang ciia hén hop bé téng trong
STT | thétich con vira (cm)
(k gfmg’) Ngay sau Sau 30 | Sau 60 | Sau 90
khi trén phut phut phut
M:?Eu 1 2232 26,3 231 18.1 16,7
Mau 2 2175 25,7 227 17.8 16,3
Mau 3 2140 244 223 17.4 15,9
Mau 4 2101 232 21.7 16.8 15.3
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Hinh 2. Biéu d6 phu thuéc dg chay loang ciia cdc hén hop bé
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Hinh 3. Tén thdt dé chay loang ctia cdc hén hop bé téng so voi
thoi diém ngay sau khi trén
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Tir két qua thi nghiém do chay loang ctia cac hon hop
bé tong trén bang 4 va hinh 2, 3 cho thay: Theo thoi gian,
tinh cong tac ciia hon hop bé tong da giam dan, tai thoi

diém 90 phut sau khi da tron xong tinh cong tac da giam
dén 36.6%. Piéu nay dwoc giai thich do qua trinh mét
nuéc vi xi mang thuy hoéa dé tao thanh cac khoang hidro
silicat canxi - xCa0.ySi0,.zH,0 va qua trinh mat mréc
vat 1y do bay hoi ra méi trromg. Bén canh do6. khi ham
lugng bot da va puzoland tang 1én thi tinh céng tac cua
hon hop bé tong thu dwoe da giam xudng. Nguyén nhan
cua hién tuong nay d6 l1a thanh phan hat cia bot da min
hon va nhiéu géc canh hon hat cat vang tir nhién c6 hinh
dang hat tron nhan hinh 1, déng thoi puzoland véi vai tro
la phu gia khoang hoat tinh nghién min (chira 49,8% SiO,
vo dinh hinh), thanh phan hat cling min hon xi ming.
Chinh vi Iy do trén, ching da ting hrong can nuée dé lam
w6t bé mit va két qua la lam giam tinh céng tac cua hon
hop bé tong.
4.2. Anh hwong ciia ham liong bt dd va puzoland dén
cuwong do nén va modun dan hoi ciia cdc mdu bé tong
tai cdc ngdy tudi khdc nhau

Cuong d6 nén cia cac mau bé téng hat min chét hrong
cao dwge xac dinh trén hé thong thuy hwc Controls
Advantest 9 véi téc d6 nén én dinh 1a 2000 N/s. Cac mau
thi nghiém dugc bao dudng theo ding yéu cau cua tiéu
chuan GOST 10180-2012 (Russia). Gia tri trung binh mé
dun dan hoi cua bé tong & tudi 28 ngay duoc xac dinh
gian tiép theo ACI 318-2005. Cac tinh chat co hoc cia
ching duoc trinh bay trong bang 5 va trén hinh 4.

Bang 5. Cieomg dé nén va mé dun dam héi ciia cdc mdu

bé téng hat min tqi cdc tubi thi nghiém

) Cuodng d6 nén (MPa) M6 dun
So dan hoi &
T ngay|3 ngay|7 ngay 1‘} 2{3 5? tuoi 28 ngay

~ ngay | ngay | ngay (MPa)
1 |20,15]33,14|402752.41(55,54|6031| 123950
2 |28.24 4021|5332 63,5 | 70,85 74.11| 150178
3 3021 (44,72 (5843 | 66,8 | 71,18 |76.36| 157982
4 [3037] 46,5 |59.34| 68,5 | 72,16 |77.16| 162003
80 T T T T T
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Hinh 4. Biéu dg phu thuéc cieomg d@é nén
ciia cdc mau bé tong theo thoi gian
Két qua thye nghiém cho thay cuong d6 nén cia cac
mau bé téng nghién ciru ting 1én khi ting ham hrong bot
da va puzoland, tuy nhién khi thay thé hoan toan cat vang
bang bot da voi thi cwrong do cua ching da giam xudng.
Nguyén nhan cia két qua nay la do dic tinh bé mit cua
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bot da nhiéu géc canh, khong tron nhin nhw cat vang tir
nhién, da cai thién dang ké lién két tai viing tiép giap giira
da xi mang va cot liéu, do d6 cwrong d6 bé tong & cac tuodi
khac nhau da duoc cai thién. Bén canh dé sy gia ting do
cuia cac mau bé téng thi nghiém con dwoc giai thich 1a do
nguyén nhan cia phan wng puzolanic gitta SiO, hoat tinh,
c6 trong thanh phan cta puzoland, véi san pham cé hai
Ca(OH),, dugc tao thanh trong qua trinh xi mang thuy
hoa véi mréc. Nguyén nhian nay da dugc nghién ctu
nhiéu & Viét Nam va trén thé giéi. Ngoai ra, phai ké dén
thanh phan SiO, trong thanh phan ciia bot da (6.01%)
cting 1a mét phan nguyén nhan cai thién t6t hon cuong do
cuia cac mau bé tong nghién ctru. Mit khac, do thanh phan
hat min < lum cia puzoland da c6 tac dung dién day va
tang do dic trong vi cau triic ctia bé tong.

Hiéu qua ciia phan tmg puzolanic do thanh phan hoat
tinh trong cua puzoland véi voi tr do Ca(OH), da duoc
thay 16 qua két qua phan tich XRD (X-Ray Powder
Diffraction), thé hién trén hinh 5 va 6.

T T T T
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Hinh 5. XRD ciia mdu bé téng tai tudi 3 ngay
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26
Hinh 6. XRD ciia mdu bé téng tqi tuéi 28 ngay
Tir hinh anh XRD cua cac mau bé téng cho thay rang,
cac khoang CH - Ca(OH), trong ciac mau cé chira
puzoland c6 xu hwéng giam dan, bén canh d6 khoang
CSH - xCa0.ySi0,.zH,0 ting dan theo thoi gian va theo
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chiéu ting ciia ham hrong puzoland trong cap phoi ciia bé
tong.

5. Két luan
Cac mau bé tong thi nghiém duge ché tao va bao

dudng theo tiéu chuan GOST 10180-2012 (Russia). Qua

trinh thyre hién thi nghiém trén hé thong thiét bi thuy hre
cua Phong thi nghiém céng nghé cao cua Trurong Pai hoc

Xay ding Quoc gia Moscow - Lién bang Nga. Trén co s

nhtmg két qua thu duoc tir thiue nghiém rit ra nhimg két

luat sau:

- Ham lrong cua puzoland va bot da voi da lam giam
dan tinh céng tac ctia hon hop bé tong nhung chung lai
cai thién dang ké vi cau triic cua bé téng hat min, két qua
la da tang dugc cuong do nén cua loai bé tong nghién ciu
1én hon 20% so v6i mau bé téng doi chimg, khong chira
puzoland va bot da vai.

- Bot da voi thanh phan hat min hon va dic tinh bé
mit go ghé hon hat cat tir nhién véi hinh dang hat tron
nhan, ching da ting hrong can nuéc dé lam w6t bé mat,
tang dién tich tiép xic véi ho xi ming, cai thién lién két
tai ving tiép giap gitta da xi ming va cot liéu. Két qua la
ching @ lam giam tinh cong tac cua hon hop bé tong,
nhung d lam ting cuong d6 nén, médun dan hoéi cua bé
tong. Tir két qua thu duoc cé thé két luan rang, viéc st
dung bot da voi thay thé cho c6t liéu nho tir nhién la mot
huéng nghién ciru quan trong dé timg bude sir dung cat
nhan tao thay thé cat tr nhién, nham tiét kiém tai nguyén
cat, mot loai tai nguyén kho co6 kha nang tai tao.

- Puzoland 1la loai phu gia khoang min hoat tinh véi
49.8% Si0, v6 dinh hinh da tham gia phan tng puzolanic
v6i Ca(OH),. két qua 1a lam giam ham hrong Ca(OH), va
luong khoang hidro silicat canxi ting dan theo thoi gian
va theo chiéu tang cua ham luong puzoland trong cap
phoi ciia bé tong, diéu nay da dwgce lam sang to bang két
qua phan tich XRD trén méay nhiéu xa BRUKER.
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ABSTRACT

RESEARCH ON THE EFFECT OF LIMESTONE POWDER AND PUZOLAND ON
PROPERTIES OF HIGH PERFORMANCE FINE-GRAINED CONCRETE

Tang Van Lam"?*”, Vu Kim Dien’
"Hanoi University of Mining and Geology
*National Research Moscow State Construction University
*Email: lamvantang@gmail.com

This paper used the absolute volume method combined with the experiment to determine the compositions of high
performance fine-grained concrete and showed the effect of limestone powder and puzoland on the properties of high
performance concrete. The experimental results showed that when increasing the limestone powder and puzoland. the
workability of the concrete mixture decreased, the maximum slump loss after 90 minutes of mixing was 36.6%, but the
compressive strength and elastic modulus of high performance fine-grained concrete increased. The fine-grained
concrete contained 50% puzoland and limestone completely replaced material for natural sand, compressive strength of
concrete at 28 days increased by 23.03% compared with a control sample of concrete. This result is due to the surface
properties of limestone powder that improves the transition zone between rock aggregate and cement paste and the
puzzolanic reaction of SiO, in the puzoland component has created a double effect of compacting microstructure and
increase the compressive strength of concrete. The use of limestone powder replacing natural sand, in order to save sand
resources, a resource difficult to reproduce, is a positive research direction from the step of using artificial sand in the

production of construction materials.

Keywords: Limestone powder, puzzoland, fine-grained concrete, slump flow, compression strength.
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