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Bai bdo nay nhim muc dich danh gi4 tinh chit co hoc va chi phi xay ding dwdng giao théng khi st dung
bé téng thong thuong (PCC) va bé tong dAm lan xi (RCC) trong ciing mac thiét ké. Trong nghién ctu thuc
nghiém nay, céc tinh chit dugce kiém tra trong bai bdo nay 1 cwdng d6 nén (CPCN), cuwdng dd chiu kéo
khi uén (CPCU) v chi phi xay dyng. V&i muc dich ndy, ba hdn hop bé téng dim 1in chinh di duoc thiét
ké ¢6 chita ba mitc xi 10 cao (0 %, 15 % va 30 % so v&i trong lvgng ctia vat liéu xi ming) & ham lvgng 4m
t6i wu va hén hop bé téng thong thudng. Két qua thit nghiém cho thiy, & 7 ngay tudi CDCN va CDCU cua
RCC d&u cao hon so v&i PCC, diic biét 1a & 0% xi 14n lugt 14 29,9 % va 27 %. G 28 ngay tudi, RCC 15 % lai
c6 CDCN va CPCU cao nhét, ting 1an lugt 9,1 % va 17,6 % so v&i mau PCC. Vé chi phi xay duyng, RCC & 3
mifc xi déu ¢6 chi phi thip hon tit 31,2 % dén 34,7 % so véi PCC.

ABSTRACT

Roller compacted concrete
Roads

Economic indicators
Mechanical properties
RCC

This paper aims to evaluate the mechanical properties and construction costs of roads using conventional
concrete (PCC) and slag roller compacted concrete (RCC) of the same design grade. In this experimental
study, the properties tested in this paper are compressive strength (CDCN), flexural tensile strength (CDCU)
and construction costs. For this purpose, three main roller compacted concrete mixtures were designed
containing three levels of blast furnace slag (0%, 15% and 30% by weight of cementitious materials) at
optimum moisture content and conventional concrete mixtures. The test results showed that at 7 days of
age, the CBDCN and CBCU of RCC were higher than that of PCC, especially at 0% slag, which were 29.9%
and 27%, respectively. At 28 days of age, 15% RCC had the highest CDCN and CDPCU, increasing by 9.1%
and 17.6% respectively compared to PCC. Regarding construction costs, RCC at all 3 slag levels had lower
costs from 31.2% to 34.7% compared to PCC.

1. Gi6i thidu

hop vé6i cac tuyén dudng 6 tai trong 16n. O Viét Nam, viée nghién cifu
RCC ting dung RCC trong linh vifc giao théng con twong di han ché so

Trong bdi canh phat trién ha tAng giao théng ngay cang doi hoi
céc giai phap bén vitng, kinh té va thi cong nhanh, viéc lya chon loai
vat liéu phit hop cho két cAu mit dudng 13 mot trong nhitng yéu t6 then
chét quyét dinh hiéu qua diu tu cong trinh. Bé tong xi ming théng
thudng (PCC) tit 1au da duge sit dung rong rii nhd tinh 6n dinh, kha
ning chiu tai cao va tudi tho dai. Tuy nhién, chi phi thi céng va thoi
gian hoan thanh thudng cao, dic biét 1a trong cc dy an yéu ciu tién do
gAp hoic c6 diéu kién tai chinh han ché. Bé tong ¢Am lin (RCC) da nbi
lén nhv mét giai phap thay thé tiém ning, dic biét trong thi cong
dudng giao thong va bai db xe. Vi dic tinh khong cAn cdp pha, khong
diing cbt thép va kha ning thi céng bing thiét bi san 14p va lu ddm
thong thuwdng, RCC gitip rit ngén thoi gian thi cong va giam déng ké chi
phi xay dung. Theo nghién ciu ctia Harrington et al. [1] RCC da ching
minh hiéu qua vuot tréi v& mit chi phi thi c6ng va bao tri so véi bé
téng truyén théng trong cic ng dung duwdng ndi bd va céng nghiép.
Tuong tw, ACI Committee 325 [2] ghi nhan ring RCC dat duwoc cuong

d6 nén cao trong thdi gian ngén va c6 kha ning khang mai mon tét, phit
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v6i linh vie thuy loi, nhung dé c6 nhitng buée khéi diu déng cha y &
mot sé dia phiong va khu cng nghiép.

Tuy nhién, viéc 4p dung RCC ciing gip phai mét s thach thite,
nhu yéu ciu v& kiém soét chit lvgng nghiém ngit trong qué trinh thi
cong va han ché v@ tinh thdm my bé miit so v&i PCC. Ngoai ra, viéc
thiét ké cip phdi va kiém soat thi cong RCC ciing dodi héi céc tiéu
chuén riéng, chua duge 4p dung rong rii tai nhidu qubc gia dang phat
trién, trong d6 ¢6 Viét Nam. Do d6, cAn c6 nhitng nghién citu so sanh
toan dién giita RCC va PCC vé céc dic tinh co hoc, hiéu qua kinh té va
kha niing tng dung thuc té.

Trong béi canh Viét Nam dang diy manh phat trién ha ting giao
thong va hudng dén xdy dwng bén vitng, viéc nghién citu va tng dung bé
téng dAm lan c6 st dung xi trong mat dudng 1a mot hwdng di tidm ning.
Bai bdo nay nhim muc tiéu danh gi4 va so sanh hai loai két ciu bé tong —
bé téng xi ming théng thudng va bé tong dAm lin — khi sit dung GGBFS
thay thé xi ming tit 0 % dén 30 %, dua trén mot s6 dic tinh co hoc
(cuong d6 nén, crong d6 ubn) va chi tiéu kinh té (chi phi vat liéu, nhan
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cong, may thi cong) trong ng dung lam mat duong giao thong. Thong
qua so sanh cac chi tiéu kinh té va két qua thyc nghiém, phén tich s& cung
cAp co s¢ khoa hoc hd tro cic ki st va nha quan 1y dy an lya chon giai
phip két cAu, phit hop véi diéu kién kinh té va thie té titng khu viie.

2. Chuong trinh thi nghiém
2.1 Vat liéu va hén hop bé tong
2.1.1 Vét ligu

Cac vat liéu dwgce st dung trong thi nghiém nay bao gdm xi
ming, cat sébng, d4 dim ty nhién va xi 10 cao nghién min (GGBFS)
dugc thi nghiém theo TCVN [3,4,5]. M6 dé Tradico & tinh An Giang,
Viét Nam, cung cip d4 dim ty nhién dugc st dung lam cbt liéu tho va
bt 1iéu min 13 cat nghién. Cat song ciing duoc st dung 1am cbt liéu
min. Cac tinh chét vat Iy cta cbt lidu dugc thé hién trong Bang 1. Biéu
ad phan bd kich thuée hat cua cbt lidu trong RCC dugc thiét ké theo
ACPA (American Concrete Pavement Association) nhu thé hién trong
Hinh 1 [6]. Xi méng Portland loai I do cong ty Xi Mang Nghi Son san
xuét v GGBFS do cong ty Phat Trién Qudc Té Formosa tao ra duoc s
dung 1am chét két dinh dé san xuit RCC. Két qua phan tich héa hoc
ctia xi méng va GGBFS dugc bao cédo trong Bang 2.

Bang 1. Tinh chét vat Iy co ban ctia cbt liéu thé va cbt liéu min.

Tinh cht vat Iy bonvi | D4 5x20| Catvang | Cat nghién
Kich thude cbt liéu tdida | mm 5-20 0-2,5 0-5
Khéi lvgng riéng g/em® | 2,731 | 2,625 2,703
Khéi luwgng thé tich xbp | g/em® | 1,505 | 1,542 1,586
D6 4m vat lieu % 0,530 | 1,890 1,320
M6 dun d6 16n 1,910 3,510
Bang 2. Thanh phin héa hoc ctia xi ming va GGBFS.
Chi tiéu thi nghiém bon vi Xi mang GGBFS
Do min cm?%/g 4017 5260
Thoi gian dong két
- Bt dau Phiit 110
- Két thic Phiit 190
Khéi lwgng riéng g/cm? 3,05 2,88
Cuong do nén MPa
-3ngay = 2h 34,2
- 28 ngay + 2h 57,2
Ty 1é lwu dong 98,6
D6 Am % 0,16
Ham lugng MgO % 1,85 7,50
Ham lugng CaO % 0,60 41,2
Ham lugng Al,O, % 14,3
Ham lugng SiO, % 34,1
Ham lugng SO, % 2,66 0,24
Ham lugng mét khi nung % 1,92 0,35
Ham lugng CI % 0,012 0,009

2.1.2 Hon hop bé téng

=== Puong cin trén
= @ = Dudmg cin dudi
--@- Cép phéi cap phdi thiét ké

0 5 10 15 20 25

Kich co hat ,mm

Hinh 1. Biéu dd thiét ké duwdng cip phéi cia RCC.

AN

4.0% 4.5% 5,0% 5,5% 6.0% 6,5% 7,0%

Do Am (%)
BTDL-XLCI15%

Khéi lugng thé tich khé (kg/m3)

® BTDL-XLC0% BTDL-XLC30%

Hinh 2. Biéu dd duwdng cong d6 4m ctia cua 3 cip phbi RCC.

Hén hop PCC dugce thiét ké theo tiéu chudn Viét Nam, thanh
phén cAp phéi duwgc thé hién trong Bang 3. Hén hop RCC duge kham
khao thiét ké theo [6]. Sau khi thiét ké duogc thanh phin cip phbi
RCC duya trén lwgng nude theo kinh nghiém, ta tién hanh xac dinh
lwong nude tdi wu cho thanh phin cip phédi. PAu tién, hdn hgp RCC
sau khi dwoc tron kj bing tay sé dwogc db6 vao khuén hinh tru
150x300 mm thanh bén 16p lién tiép. Mbi 16p da thuc hanh 56 lan
dap bing biia Proctor cai tién v&i trong lwong 4,5 kg, roi tit d6 cao
450 mm theo phwong phép thit nghiém ASTM D-1557-12 [7]. Téng
cong 15 mAu hinh tru da duge chuin bi va mat d6 khd ctia mbi miu
da dugc x4c dinh. Ham lugng Am t6i wu duge xac dinh théng qua
biéu dd duong cong parabol dugc vé dua trén bidu dd mat d6 4m da
dwge phat trién véi ddm Proctor cai tién bing cch thay déi ham
lvong 4m trong pham vi 4,5-6,5% v&i mitc ting 0,5 % (Hinh 2). Cubi
cling, v&i ham lwong 4m t6i wu ta c6 dwge thanh phin cip phdi cho
RCC nhu Bang 3.
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Bang 3. Thanh phan cip phéi cho bé téng théng thudng (PCC) va bé téng dim lin (RCC) (tinh cho 1 m?).

Mac bé tong XM OPC (kg) XLC (kg) Cét vang (kg) Céat nghién (kg) bé 5x20 (kg) Nuée (lit) Ghi chu
M300 340 - 700 - 1250 183 PCC
M300XLCO 250 0,00 520 860 620 123 RCC
M300XLC15 212.5 37.3 520 860 620 119 RCC
M300XLC30 175 75.0 520 860 620 116 RCC

2.2 86 wong mdu va phitong phdp thi nghiém

Theo ham lwgng niée tdi wu va mat d6 kho téi da, téng cong 12
mAu PCC va 36 miu RCC miu hinh tru (150x300 mm) da dugce chudn
bi dé x4c dinh cudng d6 nén va cwdng dd chiu kéo khi uén véi miu
hinh ling tru (100x100x400 mm) & 7 va 28 ngdy tudi ctia thoi gian bao

Bang 4. Théng ké sb lugng mAu tru 150x300mm thi nghiém nén (N) va mau 100x100x400mm thi nghiém chiu kéo khi uén (U)

£ &

Hinh 3. Btic mAu bé tong bing dAm Proctor cai tién: a) Ptic miu 150x300mm ; b) Btic mau 100x100x400mm.

dudng (Bang 4). Tai trong da dugc thue hién trén may nén cé cong suit
2000 kN v ting tai véi tbe o gan bing khoang (0,6 + 0,2) MPa/s theo

quy dinh trong TCVN 3118:2022 [8]. Péi véi cuwong dd ubn, cic miu
ddm (100 x 100 x 400 mm) da dugce thi nghiém ubn bén diém béng
may kéo nén da ning va dugce gia ting tai véi tbe db khong dbi (0,05 +
0,01) MPa/s dugc quy dinh theo TCVN 3119:2022 [9].

STT Tén t& mAu Ngay tudi Cuong do chiu nén (MPa) Ty 1é XLC (%) Ghi cha

- M300-N

1 7 va 28 0 PCC
- M300-U

9 - M300XLCO-N 0
- M300XLCO-U
- M300XLC15-N

3 7 va 28 15 RCC
- M300XLC15-U 30
- M300XLC30-N

4 30
- M300XLC30-U

a)

Hinh 4. Thi nghiém bé téng: a) thi nghiém cudng d6 chiu kéo khi udn; b) Thi nghiém cuwdng d6 chiu nén.

b)
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3. Panh gia thao luan két qua thi nghiém va chi tiéu kinh té
3.1 Két qud thf nghiém cuong do chiu nén

TAt ca cic miu bé téng hinh tru ddu dugc thit nghiém bing
méy nén. Tride khi nén, 14y miu ra khoi nuée, bao quan méiu trong
diéu kién phong thi nghiém v&i thoi gian khoang 24 gid. Két qua thi?
nghiém nén duge thé hién qua Hinh 5 vi 6 dwgc phan loai theo d
tudi cia bé téng 12 7 ngay va 28 ngay. Két qua thi nghiém nén cho
thiy, nhém miu PCC (M300-N) ¢é cudng d6 nén thip nhét tai ca 7 va
28 ngay tudi. & 7 ngdy tudi, nhém miu RCC (M300XLCO-N) 1a 16n
nhét trong cic nhém miu, ting 29,9 % so v&i mau PCC (M300-N), cic
nhém méu RCC cdn lai vAn cao hon so véi PCC nhwng khong nhiéu. G
28 ngay tudi, tAt ca nhém miu RCC déu cao hon so v&i nhém miu
PCC, trong d6 M300XLC15-N 12 1én nhét (ting 9,1 % so v&i mau PCC
(M300-N).

M 7 ngay tudi Il 28 ngay tudi

40,00 7 s
£ 35,00 3077 33,13 , 31,97
£ 30,00 27.49

hiu nén

2 do ¢l

25,004 2110 21.53 21.40
20,00 -
15,00 1
10,00 4
5,00
- ,00-

M300-N M300XLCO-N  M300XLC15-N M300XLC30-N

Cuon;

Nhom t0 mau

Hinh 5. CDCN clia cic nhém t& méu & 7 va 28 ngay tudi.

35,0% A~
30,0%
25,0%
20,0%
15,0%
10,0%

5.0%

0.0%

29.9% i 7 ngay tuoi [l 28 ngay tudi

Phan tram (%)

. 3.9%
2.1% 1.4%

M300XLCO-N M300XLC15-N M300XLC30-N

0.0%0,0%

M300-N
Nhom t6 mau

Hinh 6. Biéu dd ty 16 % CDCN ting ctia nhém miu RCC so v&i miu PCC.
3.2 Két qud thi nghiém cueong do chiu kéo khi udn

Cuong do chiu kéo khi ubn ctia hén hgp PCC va RCC duogc xac
dinh & 7 va 28 ngay bao dudng. K&t qua thi nghiém dugc thé hién
qua hinh 7 va hinh 8 (do thi nghiém ciing loai miu nén hé sé chuyén
dbi & nhv nhau, § =1) . T két qua thi nghiém cho thiy, & 7 ngay
tuéi, tit ca cdc miu RCC (M300XLCO-U, M300XLC15-U va
M300XLC30-U) ddu c¢6 CPCU cao hon rit nhidu so véi miu PCC
(M300-U) 12n lwot 14 51,8 %, 48,7 % va 45,2 %. O 28 ngay tudi, tit ca
cdc miu RCC (M300XLCO-U, M300XLC15-U va M300XLC30-U) van c6
CPCU cao hon so v&i mau PCC (M300-U) nhung ty 1& % khong con
cao nhu 7 ngay tudi nita ma 14n lwot 12 13,8 %, 17,6 % va 10,3 %.
Bén canh d6, ciing giéng nhv miu kiém tra CPCN thi CPCU clia mau

M300XLC15-U vin cao nhét so v6i cic nhém méu con lai. Cho thiy ty
1¢ GGBFS thay thé xi mang & 15% 14 tbi wu nhAt.

B 7 ngay tubi = 28 ngay tudi
6.00

w
=]
@

493
5.004

'S
S
O

3.89
4,00 4

3.00 4

2.004

1.00

- .00

Cuong do chiu kéo khi ubn (MPa)

M30

=3
(=)

M300XLC0-U M300XLC15-U M300XLC30-U
Nhom tb méau

Hinh 7. CDCU ciia c4c td mAu & 7 va 28 ngly tudi.

30.0% - 27.0% N 7 ngay tudi =28 ngay tudi

24.5%

25.0%

20.0%

15,0% o

Phan tram (%)

10.0% ~

0.0%

M300-U M300XLCO-U M300XLC15-U M300XLC30-U

Nhom t6 méau
Hinh 8. Biéu db ty 1é % CDCU ting ctia nhém miu RCC so v&i miu PCC.

3.3 So sdnh chi tiéu kinh té

Chi phi dugce tinh dya trén dinh mtc xiy dung cua B6 Xay
Dyng ban hanh [10,11] va don gid xiy dung ctia tinh Vinh Long
thang 4/2025. Theo d6, chi phi dé xay dung 1m® bé tong dudng giao
théng c6 mac thiét ké 300 bing bé tong théng thudng phai tén t&i
2.303.924 ddng. Trong khi d6 néu 1am bing RCC st dung GGBFS thay
thé xi miing 14n lugt 14 0 %, 15 % va 30 % thi sé giam duge chi phi
dang ké 1an lvot 13 1.585.827 ddng, 1.545.168 ddng va 1.504.430
ddng. bdng nghia v&i viée giam theo ty 18 phan trim: -31,2 %, -32,9 %
va -34,7 % (Hinh 9). Nguyén nhan dudng giao thong bing PCC cao
hon RCC 14 do phai tén chi phf van khuén, nhan cong 1ép dit va thio
van khuén va dic biét 1a lvgng xi ming tiéu thu nhiéu hon 26,5 % so
véi RCC.

VND M Chi phi VND/m3 BT = Ty [é % giam LY LEC/0)
2.500.000 9 2.303.904% 0.0%
-5.0%
2.000.000 - L0
1.585.827 1.545.168 1.504.430 e
1.500.000 -15,0%
20.0%
1.000.000 4 25,0%
500.000 0%
: 34.7% -35.0%

-40.0%

M300 M300XLCO

M300XLC15 M300XLC30-
Nhém t6 mau

Hinh 9. Biéu db so sanh chi phi xdy dung 1 m® PCC va RCC.
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4. Kétluan

Tit két qua thi nghiém trén ta c6 thé rit ra két lusn nhv sau:

- @ 7 ngay tubi, CDCN va CPCU ctia nhém méu RCC cao hon
so v&i PCC, déc biét ¢ nhém RCC (M300XLCO). Nguyén nhan 1a do
phuong phép ché tao khac nhau din dén CBCN va CDCU c6 sy khéc
biét 16n. Pidu nay 1a mét 1gi thé ctia RCC so v6i PCC vi n6 c6 thé cho
phép xe Ivu thong sém sau 3 ngay db bé tong khi dwge ché tao dbi
v&i duong giao thong.

- ¥ 28 ngay tudi, CDCN va CPCU clia nhém miu RCC vén cao
hon so véi PCC. Bén canh d6, két hop véi hiéu qua kinh té ctia RCC
thi ta thay loi ich khi sit dung RCC trong cdc dv 4n duwdng giao thong
1a rit 16n: viva rit ngin thoi gian thi cong, giam kinh phi diu tu, tiét
kiém ngudn nwéc, giam lwong nhiét phat thai CO, ra méi trudng, ...

- Khi thay thé xi ming bing GGBFS véi ty 1& 15 % thi RCC sé
cho két qua thi nghiém v& CPCN va CDPCU la cao nhét. Tuy nhién, so
v6i PCC thi thay thé ham lwgng xi ming bing GGBFS véi ty 18 30 %,

RCC vin mang lai hiéu qua kinh té va k§ thuat cao.
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