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Tém tit. Nghién ctru ndy tmg dung mu cao su ty nhién dé cai thién cuong do ctia ximang gia cb cbt liéu
bétong tai ché sir dung lam vat liéu méng duong giao thong. Ximang (X) dugce tron vai cot lidu bétong tai
ché (RCA) voi ham lugng 3%, 5% va 7% theo khdi lwong cia RCA. Mu cao su ty nhién (NRL) dugc thém
vao hdn hop theo khdi luong cua ximing (ky hiéu NRL/X) la 0%, 5%, 10% va 15%. Cudng do chiu nén
(UCS) va cudng do chiu kéo (ITS) cua cac mau dugce xac dinh sau 7 ngay va 28 ngay. Két qua thi nghiém
cho thiy, cuong do chiu nén va cuong d6 chiu keo cua mau phy thudc vao ham lugng ximang (X), ti 1¢
NRL/X va thoi gian bao dudng. Mau dat cudng do nén va cudng do chiu kéo cao nhét khi ti 16 NRL/X t6i
uu, ti 18 10% NRL/X 14 ti 1¢ toi wu cho 3%X va 5% NRL/X 14 ti 1¢ toi wu cho ca 5X va 7%X. Khi ti 18
NRL/X vuot qua gid tri toi wu thi cuong d6 ciia miu giam, tuy nhién tat ca cac miu van dat yéu cau veé
cuong d6 chiu nén ddi véi vat liéu mong duong giao thong.

Tir khéa. M cao su, ximang, cdt lidu bétong tai ché, cuong do, dudng giao thong.

1 GIOITHIEU

Hién nay, vét lidu xdy dung tai ché rin (Construction and demolition materials, C&D) dugc ng dung
nhiéu trong x4y dung nhu lam ct liéu cho bétong, gach khong nung, vat lidu xay dung dudng giao thong.
Viéc st dung vat li€u xay dung tai ché rin gop phén han ché viéc khai thac nguén vat liéu da thién nhién,
giam duogc dién tich d6 thai va tiét kiém chi phi xay dung cong trinh.

Pho bién nhit trong céc loai vat liéu xdy dung tai ché ran Ia c6t lidu bé tong tai ché (Recycled concrete
aggregate, RCA). RCA duoc thu thap tir cac cong trinh xy dung bi pha hity nhu nha cira, cau cdng, duong
x4...sau d6 dugc nghién nhé bing may nghién dén kich thudc hat phit hop véi muc dich st dung. Theo cac
tai liéu nghién ciru, RCA c6 tinh chét vat 1y va tinh chéat khang cat phi hop dung lam vat lidu cip phdi da
dam loai I (16p mong dudi) trong 16p két cdu 4o duong 6t6 [1][2][3] hodc c6 thé thay thé cip phdi d4 dam
loai I (16p méng trén) khi tron RCA v&i mot ham lwong ximang tir 3% dén 6% [4][5].

Ngoai cac tinh chat vat Iy dap ung yéu cu ky thuat, cdt lidu xay dung duong giao thong con phai dap
g cac yéu cau vé cuong do6 chiu nén, cudng d6 chiu kéo, mddun dan hdi, ste chiu tai,...[6]. Ximang gia
b cbt licu betong tai ché dap tmg cac yéu cau ding lam 16p mong dudng giao thong, tuy 1 nhién cudng do
chiu kéo thap nén dudi tac dong cia tai trong phuong tién giao thong, vat ligu leang gia ¢ cdt liéu bétong

tai ché c6 xu hudng hinh thanh cac vét nit nhé gy anh huong dén sy 1am viéc 6n dinh cua cong trinh
[71[8][9]. Dé ting cuong tinh chat cuong d6 cla vat liéu ximing gia cd cbt liéu bétong tai ché, dac biét 1a
cuong d6 chiu kéo, co nhiéu nghién ctru da dugc thuc hién nhu thém vao hén hop cac loai sgi, tro bay,
PVA,... [10].

M cao su 1a loai vat liéu duge cu tao tir tap hop cac phén tir polymer cis-1,4-polyisoprene. M cao

su troi duogc léy tir mu cuia cdy cao su (Hevea brasiliensis), sau d6 dugc xtt 1y tai nha may dé dat dugc cac
tinh chdt mong muén nhu nang cao ham lugng phan khé trong dung dich va kéo dai thoi gian dong két. Mu
cao su ty nhién c6 tinh dan hdi va c6 kha ning tao d6 bén co hoc cho vat liéu [11][12][13][14].
Trong nghién ciru nay, mu cao su ty nhién (loai nhil tvong da dugce xir 1y tai nha méy) dugc thém vao hon
hop ximing gia c6 cdt liéu bétong tai ché dé cai thién tinh chit cudng do cua vat liéu dung 1am 16p moéng
duodng giao thong. Két qua ctia dé tai nghién ctru 1a tai liéu tham khao tin cdy trong viéc img dung mii cao
su ty nhién nham cai thién tinh chat cuong do ciia 16p cap phdi d4 dam gia cd ximang khi sir dung cbt lidu
bétong tai ché.
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2 VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Vat liéu

C6t lidu bétong tai ché dung trong thi nghiém nay thu duoc bang cach stir dung may nghién cac miu dam
bétdong da sir dung (Hinh 1), két qua duong cong cap phoi thanh phan hat ciia RCA dugc thé hién trén Hinh
2 va cic tinh chat co 1y cia RCA duoc trinh bay trong Bang 1. Ximang st dung 14 loai ximang thong thuong
(Ordinary portland cement, OPC), mu cao su ty nhién (Natural rubber latex, NRL) & dang nhii twong trong
nudc cua cac hat cao su véi ham lugng phan khoé 1a 30.8% (Hinh 3).

(b) (©
Hinh 1: Dam bétong (2), méay nghién (b) va c6t liéu RCA sau khi nghién (c).
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Hinh 2: Biéu d6 phan tich thanh phén hat.

Hinh 3: M cao su ty nhién va ximang OPC.

Béng 1: Tinh chét co ly cdt liéu bétdng tai ché (RCA).

Tiéu chuin
thi nghiém
Khoi lugng riéng (cot liéuthd) glem® 230  ASTM C127
Khdéi lwong riéng (cbt liu min)  glem® 217  ASTM C128

Chi tiéu Ponvi Giatri

Do hut nude (cot lidu thd) % 6.32 ASTM C127
D6 hit nude (cbt lidu min) % 7.95 ASTM C128
Do det - 156 BS812:105.1
D6 hao mon Los Angeles % 38.1 ASTM C1311
pH - 12.2  ASTM D4972
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2.2  Phwong phap nghién ciru

Nghién ctru nay sir dung phuong phap thuc nghiém. Duya theo két qua nghién ciru ciia Qingfu Li va Jing
Hu [15], ximang dugc tron véi RCA ti 18 3%, 5% va 7% theo khdi lugng cia RCA va mi cao su ty nhién
dugc thém vao hdon hop theo ti 1¢ phﬁn trdm cua ximang 1a 5%, 10% va 15%. Bang 2 mo ta ky hi¢u mau va
ti 1€ pha tron cac thanh phﬁn trong hdn hop. Mau 3X, 5X, 7X khong thém mu cao su ty nhién, lam mau doi

chung.

Bang 2: Ky hiéu mau va ti 1¢ pha tron vat liéu.

Ky hiéu Ham lugng Tilé Ky hiéu Ham lugng Tilé
mau ximang, % NRL/X,% mau ximang, % NRL/X,%
3X 3 0 X 7 0
3X5R 3 5 7X5R 7 5
3X10R 3 10 7X10R 7 10
3X15R 3 15 7X15R 7 15
5X 5 0
5X5R 5 5
5X10R 5 10
5X15R 5 15

Luong nudc thém vao hén hop la luong nuéc tdi wu (Optimum moisture content, OMC) va duoc xac dinh

dira vao két qua thi nghiém dam chit Proctor cai tién (Bang 3).

Bang 3: Két qua thi nghiém dam chat Proctor cai tién.

Kyhieu MDD, 0 o Kyhitu MDD, 0 o
mau g/cm mau g/cm

3X 194 120 7X 194 125
aX5R 191 119  7X5R 193 124
3X10R 183 115 7X10R 193 115
3X15R 182 106  7XI5R 192 112
5X 194 123

5X5R 194 121

5X1I0R 187  11.8

5X15R 187 114

Sau khi xéc dinh ti 1€ cac thanh phén vat liéu pha tron va lugng nudc t8i uu, tién hanh tao mau va bao
dudng. Mau dugc bao dudng ¢ dicu kién nhiét d phong (25+2°C), thoi gian bao dudng mau 1a 7 ngay va

28 ngay (Hinh 4).

Sau thoi gian bao dudng, mau dugc mang di thi nghiém xac dinh cuong dd chiu nén (Unconfined
compression test, UCS) va cuong dg chiu keo (Indirect tensile strength test, ITS). Thi nghiém UCS va ITS
duoc thuc hién theo ti€u chuan ASTM D1633 va ASTM D6931.
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Hinh 4: Bao dudng mau thi nghiém.
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3 KET QUA VA THAO LUAN
3.1  Cuwong dd chiu nén (UCS)

Hinh 5 trinh bay két qua thi nghiém xac dinh cudong do chiu nén clia miu tai thoi diém 7 ngay va 28 ngay.
Két qua thi nghiém cho thiy, khi ting ham luong ximang thi cuong do chiu nén ctia miu ting 1én, thoi gian
bdo dudng ting thi cuong do chiu nén ting, déng thoi cudng d6 chiu nén ciing bi anh hudng boi ti 18
NRL/X. Cudng d6 chiu nén cao nhét khi ti 16 NRL/X dat 10% dbi véi ham luong ximing 1a 3% (miu
3X10R). Déi v6i ham luwgng ximang 5% va 7%, mau dat cuong do chiu nén 16n nhét & ti 16 NRL/X 1a 5%
(mAu 5X5R va miu 7X5R). Két qua thi nghiém UCS tai 28 ngay twong ty nhu 7 ngay cho tit ca cac mau.
Mau 7 ngay, ti 16 NRL/X t6i wu gitp ting cudng do chiu nén 1én 9.9% cho mau 3% ximing, miu 5%
ximing 13 21.8%, mau 7% ximang chi ting 0.35%. D4i v6i cac mau 28 ngay, ti 1é ting cuong dd chiu nén
16n nhit cho 3%, 5% va 7% ximang tuong tng 12 15.9%, 20.2% va 2.2%. Khi NRL/X vuot qua ti 16 NRL/X
tbi wu, cudng d6 chiu nén c6 xu hudng giam dan. So sanh voi yéu cau ki thuat vé cudng do chiu nén cua
cot liu gia c6 16p mong dudng giao thong sau 7 ngay bao dudng [16], tat ca gia tri cuong dd chiu nén mau
thi nghiém déu 16n hon giéi han 1.724 MPa. Qua trinh thity héa ximéng tao ra Calcium silicate hydrates
(C-S-H) va Calcium hydroxide (CH) gitip két dinh c6t liéu voi nhau, tao cudng d6 cho hdn hop. Khi ting
ham lugng ximang s€ lam ting lugng C-S-H va CH duogc tao ra, nén bt lidu duoc gén két tot hon, cuong
do cua mau ciing dugc ting 1én. Qua trinh thity héa ximang phu thudc vao thoi gian, thoi gian dudng mau
cang dai thi cuong d¢ cang ting.
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Hinh 5: Két qua thi nghiém UCS.
3.2  Cuwong do chiu kéo (ITS)

Két qua thi nghiém xac dinh cudng d6 chiu kéo duoc trinh bay ¢ Hinh 6. C6 thé thiy rang, khi ting ti 16
NRL/X thi cuong do chiu kéo ciia mau ting. Tuy nhién, dén mot gidi han nhat dinh khi cuong d6 chiu kéo
dat cuc dai, néu tiép tuc tang ti 1¢ NRL/X thi cuong d6 chiu kéo bi suy giam. Tuong ty nhu thi nghiém
UCS, méu thi nghiém ITS dat duoc gia tri cao nhit tai 3X10R, 5X5R va 7X5R. Mau 5% ximang khi thém
ti I¢ NRL/X 5%, cudong d9 ITS ting manh nhét so véi cac ham lugng ximang khac, cu thé mau 5X5R tang
12.5% so véi mau 5X (khong thém mi cao su tw nhién) cho mau 7 ngdy va ting 24.0% cho mau 28 ngay.
Gi4 tri cuong do chiu kéo ITS ciia tat ca cic mau tai 28 ngay cao hon 7 ngay.
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Hinh 6: Két qua thi nghiém ITS.
3.3 MBoi lién hé giira cuong d chiu kéo va cuong dd chiu nén
Hinh 7 thé hién méi lién hé tuyén tinh giita cudng do chiu nén (UCS) véi cudng do chiu kéo (ITS) ciia cac
mau 7 ngly va 28 ngay. Két qua phan tich chi ra rang, gia tri UCS va ITS c6 mbi tuong quan tuyén tinh
thuan va c6 y nghia thong ké véi gia tri hé s6 twong quan (R?) rat chat: tir 0.96 (mau 7 ngay) dén 0.97 (mau
28 ngay). Phuong trinh tuong quan gitta cuong do chiu nén va cuong do chiu kéo duoc trinh bay trong cong
thire (1) va (2) dudi day:
Mau 7 ngay: ITS = 0.197xUCS - 0.360 (R? = 0.96) (1)
Mau 28 ngay: ITS = 0.135xUCS - 0.106 (R>=0.97)  (2)
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Hinh 7: Quan hé tuyén tinh gitra cuong d¢ chiu kéo va cuong do chiu nén.

4 KETLUAN

Tir két qua nghién ciru néu trén, c6 thé di dén cac két luan va kién nghi sau:

- Khi sir dung mot ti 18 NRL/X t6i wu thi khong chi gitp ting cuong do chiu nén ma con ting cuong do
chiu kéo ctia mau ximang gia cb cot lidu bétdng tai ché. Ti 16 NRL/X tdi uu cho 3% ximing 1a 10% (3X10R),
cho 5% ximang 1a 5% (5X5R), cho 7% ximéng 1a 5% (7X5R).

- Khi thém ti 16 NRL/X tdi uu vao mau ximing gia c6 c6t lidu bétong tai ché, cuong do chiu nén ctia mau
tang 16n nhit sau 7 ngay 1a 21.8% (mau 5X5R) va sau 28 ngdy 1a 20.2% (miu 5X5R).

- Cudng d0 chiu kéo ctia mau 5% ximéng khi thém NRL/X ciing ting cao hon so v6i cac ham luong ximing
khac. Cuong do chiu nén va cuong do chiu kéo co mdi lién hé tuyén tinh, gid tri UCS cang cao thi ITS cang
cao.

Viéc nghién ciru, tng dung mu cao su tu nhién lam chat phu gia thém vao hdn hop ximang gia c¢b cdt lidu
bétong tai ché s& giup ting cuong d6 cho 16p mong, kéo dai sy 1am viée 6n dinh cua két ciu duong giao
thong.
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USING NATURAL RUBBER LATEX TO IMPROVE THE STRENGTHS OF CEMENT
STABILIZED RECYCLED CONCRETE AGGREGATE

DUONG VINH NHIEU
Faculty of Civil Engineering, Industrial University of Ho Chi Minh City
duongvinhnhieu@iuh.edu.vn

Abstract. This research focuses on the utilization of natural rubber latex (NRL) to improve the strengths
of cement-stabilized recycled concrete aggregate (RCA). The cement content of 3%, 5% and 7% were
added with RCA based on the mass of RCA. Natural rubber latex is a natural polymer, was added to the
mixture following 0%, 5%, 10% and 15% mass of cement. The unconfined compressive strength (UCS)
and indirect tensile strength (ITS) of the samples were determined after 7 days and 28 days. The
experimental results showed that the unconfined compressive strength and indirect tensile strength of the
samples depend on the cement content, the ratio of NRL/X and the curing time. The sample achieved the
highest UCS and ITS value at the optimum NRL/X ratio; the optimum NRL/X ratio of 3% cement was
10%, and for 5% and 7% cement contents were 5% NRL/X. When the NRL/X ratio exceeds the optimum
value, the strength of the sample decreases, but all samples still meet the compressive strength requirements
for pavement base layer.

Keywords. Natural rubber latex, cement, recycled concrete aggregate, strength, pavement.
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