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Anh huéng ctia cat nghién dén mot sé tinh chét cua bé téng

Nguyén Vin Poan'’, Phan Vian Quynh!, Diong Thanh Qui’

! Trung tAm Xi ming — Bé tong, Vién VAt liéu xay dung

TU KHOA TOM TAT
Bé tong Nghién cttu nay dénh gi4 anh hiéng clia céc loai cat nghién (cdt nghién d4 véi, cat nghién d4 granite, cat
Cat song nghién d4 bazan) khi thay thé ct song dén mot sé tinh chét ctia bé téng, bao gdm: lwong nude tron, kha

C%t nghfn da:l voi ) ning duy tri d6 sut, khéi lwvong thé tich hdn hop bé téng, cwdng d6 nén & 7 ngdy va 28 ngay va cudng do
SZ zzzzz ZZ i:lzlr:e udn 28 ngay. Két qua cho thiy bé téng sit dung cat nghién n}}in chung c6 cudong do ne::n va cudong d6 udn
cao hon so v&i st dung cat song, dac biét 16 rét véi cat nghién d4 granite va cat nghién dé voi; trong khi
d6, bé tong diing cat nghién da bazan c6 cwdng d6 thdp hon & tudi sém nhwng dugc cai thién & 28 ngay.
Tuy nhién, viéc thay thé cat song bing cat nghién lam giam 6 sut, kha ning giit d6 sut kém hon, ddng
thoi lam téng lugng nude tron do dac diém hat gbc canh va ham lugng hat min cao. So sanh gia cac loai
cat nghién cho thdy: cat nghién da granite cho cwdng d6 nén cao nhit (R28 dat 67,85 MPa véi cip phéi
M500), cat nghidn d4 véi ciing 1am gia ting déng ké cwdng do, trong khi cat nghidn d4 bazan c6 xu hudng
lam giam tinh c6ng tic va ting lwgng nudc tron, nhung vin dip Wng dugc yéu cAu vé cudng do ciia bé
tong. Céac sb liéu thi nghiém st dung trong bai béo nay trén co s& két qua nghién citu ctia d@ tai cip BO

Xay ding RD 18-24.

KEYWORDS ABSTRACT
Concrete This study investigates the effects of different types of manufactured sand (limestone manufactured sand,
River sand

granite manufactured sand, and basalt manufactured sand) as a replacement for river sand on several

Limestone M-sand . . . - . . .
properties of concrete, including mixing water demand, slump retention, density, compressive strength at 7

Granite M-sand

and 28 days, and flexural strength at 28 days. The results indicate that concrete incorporating
Basalt M-sand

manufactured sand generally exhibits higher compressive and flexural strengths compared to that made
with river sand, with the improvement being most pronounced for granite and limestone manufactured
sands. In contrast, concrete with basalt manufactured sand shows lower early-age strength but improved
performance at 28 days. However, replacing river sand with manufactured sand reduces workability and
slump retention, while increasing the water demand due to the angular particle shape and higher fine
content. Among the manufactured sands, granite sand produces the highest compressive strength (R28 =
67.85 MPa for M500 mix), limestone sand also provides a significant strength enhancement, whereas basalt
sand tends to reduce workability and increase water demand, though it still satisfies the required strength
of structural concrete. All experimental data in this study were obtained from the Vietnamese Ministry of

Construction research project RD 18-24.

1. Giéi thiéu d6 co hoc va d6 bén lau. Chéng han, nghién ctu tai An Do cho thiy

khi thay thé 40 % cat séng bing cat nghién, cudng d6 nén ciia bé tong

Trong nhitng thap ky gin ddy, nhu ciu phat trién ha tAng va do
thi héa nhanh chéng di lam gia ting manh mé nhu ciu vé cét tw
nhién trong san xuit bé tong. Tuy nhién, viéc khai thic cat song qua
mtic di giy ra nhidu hé luy nghiém trong nhu sat 1& b séng, mit can
bing sinh thai va khan hiém ngudn tai nguyén cbt liéu min [1]. Pé
giai quyét vin d& nay, cit nghién tit cic loai ¢4 nhu d4 véi, granit,
bazan di dugc nghién cttu va ting dung thay thé mét phin hosc toan
b cat song trong san xuit bé tong.

Nhiéu nghién citu di chi ra ring bé téng st dung cat nghién c6
thé dat dwoc hodic vigt troi hon so véi bé tong truyén théng vé cudng
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ting tit 8-12 % [2]. O Trung Québc, hén hop 50:50 giita cat nghién va
cat séng da gitip cai thién dang ké kha ning chéng thim nuéce va giam
hé s6 tham ion clo [3]. Cac nghién ciu tai Brazil va chau Au ciing ghi
nhén sy cai thién v& tinh chét co hoc va d6 bén lau, ciing nhit nhin
manh tAm quan trong cua viéc kiém soat ham lvgng hat min va cép
phdi hat [4, 5].

Mic dit ¢6 nhidu vu diém, viéc si? dung cét nghién ciing ton tai
nhitng han ché nhét dinh. Do hinh dang hat géc canh va dién tich bé
miit riéng 16n, hdn hop bé tong ding cat nghién thuwdng cé tinh cong

tac kém hon, doi hoi nhidu nuéc tron hodc phu gia siéu déo hon so

JOMC | 7



Tap chi Vit liéu & Xdy dung Tdp 15 S6 06 ndm 2025

v6i bé tong diing cat song [6]. Ngoai ra, mot sb nghién cifu chi ra
ring cat nghién c6 thé 1am ting co ngét khd va nguy co nitt vi méd néu
khong c6 giai phap didu chinh cip phdi hop 1y [7]. Ham lwong hat
min cao trong cat nghién ciing 14 nguyén nhan lam ting lwgng nudc
tron, anh huéng xau dén tinh chét ctia bé tong [8]. Do d6, viée nghién
cttu thay thé cat séng bing cat nghién, ddng thdi két hop véi phu gia
héa hoc, 12 cin thiét dé ning cao hiéu qua st dung loai vat liéu nay
trong didu kién thyc té tai Viét Nam.

Hién nay & nudc ta, cat nghién dang ngay cang duogc quan tam,
st dung nhidu hon dé san xuit bé téng. Nha nutéc ciing da ban hanh cac
tiéu chuln, hiwéng din, chi din k§ thudt st dung cét nghién trong bé
téng va vita nhw TCVN 9205:2012 [9] va TCVN 9382:2012 [10]. Chét
Iwgng clia cat nghién phu thube vao nhidu yéu t6, trong d6 chit lvgng
ctia loai d4 gbc anh hwéng rit 16n dén tinh chét cta cat nghién. G mbi
viing mién lai c¢6 nhitng loai d4 gc khac nhau phu thuéc vao dia hinh
va didu kién hinh thanh nhv d4 voi da s6 & mién Bic va mién Trung
trong khu vize mién Nam lai tip trung nhidu d4 granite va da bazan.

Muc tiéu ctia nghién cifu nay 1a danh gia anh hudng cia mot sé
loai cat nghién (cat nghidn d4 véi, cat nghién d4 granite va cat nghién
d4 bazan) dén moét sb tinh chét co 1y co ban ctia bé tong, bao gdm:
lwong nude tron, ton thit do sut, khéi lwgng thé tich hdn hop bé
tong, cudng do chiu nén va cwdng dd chiu kéo khi udn ctia bé téng.
Két qua nghién ctiu sé gép phan 1am r6 kha ning Gng dung cit nghién
cho bé téng trong bbi canh nhu ciu vit liéu xay dung bén vitng ngay

cang tang cao.

2. Vatliéu va phuong phap nghién ciu
2.1. Nguyén vt liéu st dung

Xi ming st dung dé nghién cu tinh chét ctia hdn hop bé tong
12 xi ming r&i déng bao PC40 Nghi Son. Tinh chit ctia xi ning phit
hop theo TCVN 2682:2020 va dugc cho trong Bang 1.

C6t liéu nhé st dung cho nghién cifu bao gdm cat vang séng Lo,
cat nghién d4 voi, cat nghién d4 Granite va cat nghién d4 bazan. Tinh
chét co 1y clia cac loai cat duoc trinh bay trong Bang 2.

Nuéce ding dé tron bé tong trong d@ tai 13 nuwde may duogc lay tir
vién Vit liéu xiy dung. Nudc tron théa man yéu clu theo tiéu chuin
TCVN 4506 :2012 “Nudc tron bé tong va vita — Yéu cau ky thuat”.

Phu gia héa hoc st dung cho bé tong 14 Viscocrete ctia hang Sika.
Pay 12 phu gia siéu déo trén co s& phéi tron ctia PCE polyme thé hé thit
3 @8 san xuét bé tdng mém, x6p dé thi céng. Cac tinh chit ctia phu gia
phit hgp v&i TCVN 8826:2024 va dugc trinh bay trong Bang 3.

2.2. Phuong phdp nghién cttu

Pé tai st dung 3 loai cat nghién tit cic ngudn d4 Bazan, da
Granite va da voi cling vGi cét song 1am cip phdi dbi chitng, khao sat
& cdc mac cwong dé6 300 MPa, 400 MPa va 500 MPa va hai loai do sut
12 6+-8 cm va 1416 cm. Cip phdi bé tong dugc thiét ké theo TCVN
9382:2012 “Chi din chon thanh phén bé téng st dung cat nghién” va

dugec trinh bay trong Bang 4. Phu gia héa hoc dugce st dung véi ti 1€
tir 0,8 dén 1 % theo khuyén céo ctia nha san xuit.

H6n hop bé tong dwgce trén bing may tron cudng bite 1 truc.
Cuong d6 chiu nén dugc thi nghiém trén miu lap phuong
150 %150 % 150 mm theo TCVN 3118:2022 va cuong do chiu kéo khi
ubn trén miu ling tru 100x100x 400 mm theo TCVN 3119:2022.
Miu tht dwoe bao duéng & diéu kién tiéu chuln trong phong thi
nghiém cho dén khi thi nghiém cwdng do.

3. Két qua va ban luan

Cét séng va ba loai cat nghién (d4 véi, d4 granite, d4 bazan)
duoc st dung dé nghién ctu danh gia cdc tinh chét ctia hdn hop bé
tong va bé tong. Két qua thi nghiém dugc tdng hop trong bang 5.

3.1. Anh hwréng ctia logi cdt nghién dén lwong nieéce tron

Két qua lugng nudce tron cia cic cip phdi bé téng st dung loai
cat nghién khac nhau duwgce thé hién trén Bang 5 va Hinh 1.
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Hinh 1. Lugng diing niéc ctia hdn hop bé tong

st dung céac loai cat nghién.

Két qua thi nghiém cho thdy lvgng nwdc trén cin thiét ctia hdn
hop bé tong phu thuéc manh mé vao loai cit st dung. Bé tong s
dung cat song c6 nhu ciu nuwée thip nhit, chi khoang 175-180 L/m?,
trong khi d6 cdc hén hop diing cat nghién déu cin nhidu nuéc hon.
Cat nghién d4 voi va da granit yéu ciu trong khoang 190-205 L/m?,
con cat nghién d4 bazan c6 gia tri cao nhét, dat dén 210 L/m®. Sy gia
tang nay dugc 1y giai bdi hinh dang hat géc canh va bé mit nham ctia
cat nghién, 1am ting ma sat noi va dién tich b& mit cin bao pht béi
hd xi ming. K&t qua nay phit hop v&i nhidu nghién ciu trede day,
vbn da chi ra ring bé tong st dung cat nghién thuong doi hoi luong
nudc tron va phu gia héa déo cao hon dé dat cling mot d6 sut so v&i

cat song [6].
3.2. Anh hwéng ciia logi cdt nghién dén ton thdt do sut

Kha ning duy tri tinh cong tic dugce thé hién thong qua tén that
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dd sut cta bé téng stt dung céc loai cat khac nhau dugce trinh bay
trong Bang 5 va Hinh 2.

Tit két qua cho thiy kha niing gitt d6 sut ctia bé téng st dung
cat nghién nhin chung kém hon so v6i bé tong diing cat séng. Sau mét
gio, bé tong ding cat séng chi mit khoang 2-3 cm d¢ sut, trong khi
v6i cat voi va cat granit mic mat sut ting 1én 3-4 cm, con cat bazan
12 16n nhit v&i 4,5-5,5 cm. Hién twgng nay phan 4nh tinh chit bé miit
clia cat nghién: gd ghé, nhidu géc canh dé hit nwde, ham lwong hat
min cao ciing 1am ting dién tich bé mat, tir d6 ting d6 hit nuwéce khién
hdn hgp nhanh giam ¢ sut. Bidu nay giy ra khé khin trong qu4 trinh
véan chuyén, @6 va d¢im bé tong, dic biét v&i bé téng thiong phim

hoac céc cong trinh c6 thoi gian thi cong kéo dai.

Ton that dé sut sau 1h
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Hinh 2. Tén thit d6 sut ctia hén hop bé tong

st dung céc loai cat nghién.
3.3. Anh hwéng ctia logi cdt nghién dén khéi wong thé tich

Khéi lwgng thé tich ctia hdn hop bé tong st dung cét loai cat
nghién khac nhau dvgc thé hién trong Bang 5 va Hinh 3.

Khoi luong thé tich
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Hinh 3. KLTT ctia hdn hop bé téng st dung céc loai cat nghién.
Khéi lwgng thé tich ctia hdén hgp bé téng dao dong trong

khoang 2360-2430 kg/m?, trong d6 bé tong cat séng c gid tri thip
nhét (khoang 2338-2363 kg/m?), con bé téng diing cat nghién dat

mtc cao hon, dic biét véi cat nghién d4 bazan (2431 kg/m?). Sy gia

tang nay do cat nghién c6 khéi ligng riéng cao hon cat song.
3.4. Anh hwéng ciia cdt nghién dén cuomg do chiu nén ciia bé tong

Cuong d6 chiu nén 7 ngay va 28 ngay cta bé tong st dung cac
loai cat khéc nhau dugce thé hién trong Bang 5, Hinh 4 va Hinh 5.

Két qua thi nghiém nén cho thiy xu huéng ro rang: bé téng st
dung cat nghién c6 cuwdng dd cao hon so vé&i cat séng, dic biét & tudi
28 ngay. Cudng do tudi 28 ngdy ctia miu cat séng chi dat 31-53 MPa,
trong khi miu st dung cat nghién da véi va da granit 1an luot dat 31—
64 MPa va 33-68 MPa. Cat nghién d4 bazan c¢6 két qua kém, chi 30—
56 MPa, nhing van nim trong gi¢i han yéu ciu ctia cAp phéi thiét ké.
Pang chii ¥, cat nghién d4 granit cho két qua ndi trdi, v&i cuong do
nén ting t&i 20-25 % so v&i dbi chiing & cling mac bé tong. Pidu nay
cho thiy hinh dang géc canh va bé mit gd ghd ctia cat nghién lam
tang lién két gitta ¢t liéu va hd xi ming, cai thién viing ITZ, gitp ting

cwong do bé tong mac du ti 1é N/X tang.
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Hinh 4. Cuong d6 nén 7 ngay ctia bé téng
st dung céc loai cat khéac nhau.
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Hinh 5. Cudng d6 nén 28 ngay cua bé tong

st dung céc loai cat khac nhau.
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3.5. Anh hiténg cia cdt nghién dén cuwdong do chiu kéo khi udn ctia bé tong

Két qua cudng d6 chiu ubn ctia bé tong st dung céc loai cat

nghién khéac nhau dugc thé hién trén Bang 5 va Hinh 6.

Cudng d6 ubn & tudi 28 ngay c6 sy bién thién ciing xu huéng
v&i cuong d6 nén. Cu thé, bé tong cat song dat 3,91-6,11 MPa, trong
khi cat nghién da véi va d4 granit 1an lugt dat 4,28-6,49 MPa va
4,47-6,89 MPa. Céat nghién da bazan c6 gié tri thdp hon, chi 4,06—-
6,25 MPa. Sy gia ting cudng d6 udn cho thiy cat nghién khoéng chi

cai thién cuong do nén ma con ning cao kha ndng khang ndt va chiu

kéo cuia bé tong.

Bang 1. Cac chi tiéu co 1y ctia xi méng PC40 Nghi Son.

o 600

Ru23

2,00
7,00

T

‘,

e

> 5,00

]

87 )

T

S
B
T

5
[:41

T

) el
00 5 o s o
ki g 2l 4
= 300 i b i Al K
S e K A e kel
1,00 bl [ e R bl
N & 8 el NE s

M300.D56-8 M300.0514-16 M400.D56-8 M400.D514-16M500. D514-16

C3p phéi

mCatsing EBCatwsi ECat Granite m Cat Bazan

Hinh 6. Cudng d6 ubn 28 ngay ctia bé tong

st dung céc loai cat khac nhau.

TT Chi tiéu ky thuat Pon vi PC40 Nghi Son
1 Khéi Iwgng riéng g/cm? 3,1
2 Do min, theo phwong phap Blaine cm?/g 4250
3 Lugng sét sang 0,075 mm % 2,4
4 Lugng nudc tiéu chuén % 27,5
Thoi gian déng két
5 | - Bitdau phiit 125
- Két thic phit 190
Cuong do chiu nén
6 - 3 ngay MPa 32,5
- 28 ngay MPa 54,3
Bang 2. Tinh chét co 1y ctia cbt liéu nho
TT Tén chi tiéu bon vi Cét vang Cat nghidn Bazan | Cét nghién Granit | Cat nghién d4 voi
1 bo 4m % 1,49 3,45 2,63 2,17
2 Khbi lugng riéng g/cm? 2,64 2,7 2,72 2,68
3 | Khéilvgng thé tich g/cm? 2,57 2,68 2,70 2,66
4 Khéi lwgng thé tich x6p kg/m? 1495 1540 1560 1520
5 M6 dun d6 16n 2,66 3,02 3,21 3,09
6 | Ham lwong bot min < 0,075 mm % - 1,35 2,24 2,88
Bang 3. Tinh chét ctia phu gia héa hoc.
TT Chi tiéu thi nghiém bon vi Két qua
1 Ty trong g/cm? 1,06
2 | Ham lwgng chit khé % 36,49
3 Ham lugng ion clorua % -
4 Kha ning giam nuwéc so v&i miu dbi chitng % 26
Ting cudng db so véi mau dbi chiing %
- 3 ngay (days) 141
> - 7 ngay (days) 146
- 28 ngay (days) 144
Thoi gian dong két
6 | -Bitdiu Gfa'phﬁt 07:50
: Gio-phit
- Ket thic 10:15
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Bang 4. Cip phdi thi nghiém bé tong st dung cét nghién.

Loai cat kg s Thanh phan cip phbi 01 mét khéi bé tong
TT N Méc thiet ke Yéu cau bS X
nghién PC40 (kg) | Cat song (kg) | Cat nghién (kg) Pé dam (5-20) (kg) PGHH (lit) | Nudc

1 M300.DS6-8.CS 6+8cm 259 798 0 1127 0,00 180
2| M300.bS14-16.CS | 14+16 cm 259 812 0 1107 2,07 180
T Cat song M400.bS6-8.CS 6+8 cm 337 753 0 1107 0,00 180
T M400.bS14-16.CS | 14+16 cm 337 765 0 1088 2,69 180
T M500.bS14-16.CS | 14+16 cm 414 714 0 1069 4,14 175

6 M300.DS6-8.CG 6+8cm 259 0 807 1127 0,00 210
T M300.DS14-16.CG | 14+16 cm 259 0 822 1107 2,07 205
? Céat voi M400.bS6-8.CG 6+8 cm 337 0 761 1107 0,00 210
T M400.bS14-16.CG | 14+16 cm 337 0 774 1088 2,69 205
W M500.DS14-16.CG | 14+16 cm 414 0 723 1069 4,14 200
11 M300.bS6-8.CV 6+8 cm 259 0 810 1127 0,00 215
(12 i M300.bS14-16.CV | 14+16 cm 259 0 825 1107 2,07 210
E Cat. M400.bS6-8.CV 6+8 cm 337 0 764 1107 0,00 215
7 granit M400.bS14-16.CV | 14+16 cm 337 0 776 1088 2,69 210
E M500.DS14-16.CV | 14+16 cm 414 0 725 1069 4,14 205
16 M300.bS6-8.CB 6+8 cm 259 0 810 1127 0,00 220
7 M300.bS14-16.CB | 14+16 cm 259 0 825 1107 2,07 215
? Cat voi M400.bS6-8.CB 6+8cm 337 0 764 1107 0,00 220
E M400.bS14-16.CB | 14+16 cm 337 0 776 1088 2,69 215
2_0 M500.DS14-16.CB | 14+16 cm 414 0 725 1069 4,14 210

Bang 5. Két qua thi nghiém bé téng st dung cat nghién thay thé cét séng.

) Tén that Khéi lvong Cuong d6 chiunén | Cwdng dd chiu
TT | Loai cat Cép phéi bé tong bo sut yéu ciu Luong :m’o’c do sut sau thé tich (MPa) kéo khi ubn
thife t& (1) 1h (cm) (kg/m?) 7 ngdy | 28 ngay (MPa)
1 M300.DS6-8.CS 6+8cm 180 3,0 2360 26,15 31,19 3,91
2 M300.bS14-16.CS 14+16 cm 180 3,0 2368 27,11 33,19 4,31
3 Cét song M400.bS6-8.CS 6+8 cm 180 2,5 2375 38,30 44,96 5,09
4 M400.bS14-16.CS 14+16 cm 180 2,0 2392 44,22 48,00 5,16
5 M500.bS14-16.CS 14+16 cm 175 2,0 2402 47,48 52,89 6,11
6 M300.bS6-8.CG 6+8 cm 205 4,0 2399 26,89 30,96 4,28
7 M300.bS14-16.CG 14+16 cm 200 3,5 2406 28,00 33,70 4,35
8 Cat voi M400.bS6-8.CG 6+8 cm 200 3,5 2410 43,26 49,66 5,35
9 M400.bS14-16.CG 14+16 cm 195 4,0 2404 47,26 52,87 5,37
10 M500.DbS14-16.CG 14+16 cm 195 4,0 2422 53,19 64,52 6,49
11 M300.bS6-8.CV 6+8 cm 195 3,5 2402 28,22 32,67 4,47
12 3 M300.bS14-16.CV 14+16 cm 190 3,5 2408 29,48 35,56 4,54
13 grcaa:it M400.DS6-8.CV 6-+8cm 195 3,0 2410 45,63 52,15 5,23
14 M400.bS14-16.CV 14+16 cm 195 3,0 2415 49,78 55,26 5,45
15 M500.DS14-16.CV 14+16 cm 190 2,5 2420 56,30 67,85 6,89
16 M300.bS6-8.CB 6+8 cm 210 4,5 2410 25,33 29,93 4,06
17 3 M300.bS14-16.CB 14+16 cm 205 5,0 2409 26,67 31,41 4,46
18 B:za:n M400.DS6-8.CB 6-+8cm 210 5,5 2418 36,74 43,41 5,05
19 M400.bS14-16.CB 14+16 cm 205 5,0 2418 44,44 48,81 5,24
20 M500.bS14-16.CB 14+16 cm 200 5,5 2431 48,22 56,52 6,25
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4. Kétluan

Nghién cttu di phan tich anh hudng ctia cic loai cat nghién (d4
voi, da granit, da bazan) khi thay thé cat song dén mot sb tinh chét
clia bé téng. Ti¥ d6 c6 thé rit ra nhu sau:

- Bé tong st dung cat nghién doi héi lwong nuwde tron cao
hon va c6 kha ndng duy tri 6 sut kém hon so v&i bé tong diung cat
song, dic biét ré rét véi cat nghién d4 bazan. Viéc nay phan 4nh dic
trung hat géc canh va ham lwong hat min cao ctia cat nghién.

- Bé téng st dung cat nghidn ¢6 khéi lvgng thé tich cao hon
(2400-2430 kg/m?) so vGi bé téng cat song (2360-2390 kg/m?), ngoai
viéc khéi lugng riéng cta cat nghién cao hon cat séng thi con cho
thay cAu tric diic chic hon va it 15 réng hon.

- Béténg vdi cat nghién da granit va d4 voi dat cudng do cao
hon so v&i bé téng cat séng. Cat granit dic biét cho két qua ndi bat &
cAp phbi M500 (R28 dat 67,85 MPa). Trong khi d6, cat bazan cho két
qua thip hon & tudi s6m nhung cai thién & 28 ngay.

- Viéc thay thé cat song bing cat nghidn hoan toan c6 thé dap
ttng yéu cu ky thuat ctia bé téng tit mac M300 dén M500, ddng th&i
g6p phin giam khai thc cat ty nhién va huéng dén phat trién bén
vitng nganh xay dung.
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