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Tém tit

Tai ché ngudi vat liéu mit dudng asphalt cii (Reclaimed Asphalt Pavement - RAP) 12 mot giai phap cong nghé
“vat liéu xanh” phat trién bén viing. D€ tdi ché ngudi RAP, c6 thé st dung cong nghé tai ché tai chd (Cold
In-place Recycling - CIR) hoic tdi ché tai tram tron theo cong nghé Cold Central Plant Recycling (CCPR).
Cong nghé CIR da dudc sit dung kha phd bién & Viét Nam hién nay, tuy nhién cong nghé CCPR van chua dudc
nghién ctiu tng dung nhiéu. Nghién citu nay dua ra két qué thiét ké thanh phan va thuc nghiém dénh gid mot sb
tinh niing ctia hdn hop bé tong asphalt tdi ché ngudi st dung nhii tuong va xi ming trong phong thi nghiém. Két
qua nghién citu cho thiy rang, hon hop tai ché nguoi dap ting dudc cac yéu cau ky thuat dé lam 16p 16p méng
hoic 16p mit dudng 6 t6. Ngoai ra, cac hidu qua vé mit mdi truong dat dude clia cong nghé CCPR tdt hon so
Vi cong nghé bé tong asphalt tai ché néng va tai ché am.

Tir khod: tai ché asphalt; tdi ché asphalt nguoi tai chd; tdi ché asphalt nguoi tai tram.
EVALUATION OF THE PERFORMANCE OF COLD-MIX RECYCLED ASPHALT CONCRETE
Abstract

Cold recycling of Reclaimed Asphalt Pavement (RAP) is a sustainable development “green material” technol-
ogy solution. For cold recycling of RAP, it is possible to use Cold In-place Recycling (CIR) or Cold Central
Plant Recycling (CCPR) technology. CIR technology has been used quite commonly in Vietnam, however,
CCPR technology has not been researched and applied. This study presents the results of component design
and experimental results to evaluate performances of cold recycled asphalt mixtures using emulsion and cement
in the laboratory. The research results show that the cold recycled mixture meets the technical requirements for a
base course or binder course of pavement. In addition, the environmental effects achieved by CCPR technology
are better than those of hot mix asphalt and warm asphalt with RAP technologies.
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1. Pit van dé

Tai ché vat liéu cio béc mit dudng bé tong asphalt cii RAP (Reclaimed Asphalt Pavement) 13 mot
trong nhitng gidi phdp cong nghé dem lai hidu qua dé cai tao mit dudng. T4i ché RAP ngay cang dudc
st dung nhiéu hon vi nhitng wu diém nhu: giam chi phi xdy dung, bao tdn ngudn cbt lidu va chit két
dinh, bao ton cao d6 mit dudng hién c6, bao vé moi trudng, bio tdn ning lugng. Bén phuong phép tai
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ché chinh dudgc st dung phd bién nhit theo hiép hoi tdi ché asphalt (ARRA) 12 tdi ché néng tai tram,
tai ché néng tai chd, tdi ché ngudi tai tram va tdi ché ngudi tai chd. Viéc lua chon giai phap ky thuat
cu thé phu thudc vao cic van dé vé ky thuat (nhu tinh trang hu hong clia mit dudng va stic chiu tai
con lai), tinh chii dong ctia cac thiét thiét bi can thiét, kinh nghiém ctia nha thau, chi phi ban dau, tic
dong ctia viéc thi cong dén giao thong va chi phi bao tri dai han.

Trong cdc phuong phép tdi ché, tai ché ngudi 1a mot giai phap cong nghé tai ché dem lai hiéu qua
vé kinh té do khong phdi gia nhiét vat liéu ciao béc mit dudng bé tong asphalt cii RAP (Reclaimed
Asphalt Pavement) trong qua trinh san xuit. C4c nghién ctiu ting dung dugc thuc hién 6 My cho thiy,
giai phdp cong nghé nay khong chi dem lai hiéu qua trong viéc han ché bién dang hin lin vét banh xe
va niit mdi clia mit dudng asphalt ma con ting hiéu qua va giam chi phi vong ddi st dung ctia két cau
miit dudng, bio tdn nguodn tai nguyén khong tai tao va ning luong [1-6]. Do c6 nhiing gi4 tri hiéu qui
vé kinh té va tinh bén viing, nén cong nghé tai ché ngudi vat liéu RAP hién dang dudc ting dung ngay
cang nhiéu & My cho nhiing két cAu mit dudng 6 to cip cao. Hién nay, hai cong nghé tdi ché ngudi
vat liéu RAP dang dudc st dung phd bién d6 1a: (i) cong nghé tdi ché ngudi tai chd (Cold In-place
Recycling - CIR) va (ii) cong nghé ti ché ngudi tai tram tron cb dinh (Cold Central Plant Recycling -
CCPR). Ci4c vit liéu dudc st dung cho cong nghé asphalt tdi ché ngudi bao gdom chét két dinh bitum
bot hoic nhil tuong, cac chit phu gia héa hoc (vi du: vdi thuy ho4, xi ming hoic tro bay) va nuéc.

V6i nhiéu kinh nghiém thuc té trong linh vuc tdi ché ngudi, Hiép hoi tai ché RAP (ARRA, 2015)
da phat trién cac phuong phap thiét ké hdn hop méi cho hén hop asphalt tai ché ngudi st dung chit
két dinh asphalt dang bot va nhii tuong két hop vdi phu gia dé€ 1am 16p méng miit dudng. Nghién ciu
thuc nghiém danh gid mon dun dan hdi dong |E*| ctia cdc hdn hop tdi ché ngudi sit dung nhii tuong,
bitum bot va xi ming cho thiy, hén hop tdi ché nguoi it phu thudc vao nhiét do va tan sd hon so véi
hon hgp asphalt néng [7-11]. Ngoai ra, nghién cttu ctia Niazi va Jalili, Khosravifar va cc cong su da
chiing minh dudc hiéu qua cai thién stic khang hin lin vét banh xe ctia hdn hop tai ché nguoi bang
nhil tuong va xi ming [8, 12]. Nghién ctiu d4nh gi4 stic khang moi ctia hdn hop tdi ché nguoi [13, 14]
da chi ra rang, dic tinh méi ctia hdn hop ding bitum bot va nhii tuong dat dugc tuong tu nhu dbi véi
hén hgp bé tong asphalt nong. Diefenderfer va cong su (2012, 2016) da danh gid cac du an sit dung
cong nghé CCPR & dudng cao tdc I-81 thudc Bang Virginia va doan dudng thi nghiém & Trung tAm
Cong nghé asphalt Qudc gia Hoa Ky (NCAT). Két qué cho thiy, tit ca cac doan dudng thi nghiém
¢6 16p méng 1a hén hop CCPR c6 d6 lin khoang 7,35 mm va trén bé mit dudng van chua xuét hién
vét niit tai thoi diém 2 nim khai thic sau khi thi cong xong. Vao thang 6 nim 2021, Hdi thao bdo cdo
céc két qua thit nghiém & NCAT (NCAT Test Track Conference 7th) v6i nhiéu bdo cdo danh gid vé
tinh nang dai han cac doan dudng thit nghiém cong nghé CCPR sau 9 nam thi cong va khai thac [15].
Nhin chung nhiing doan doan két ciu thit nghiém céng nghé CCPR tif nim 2012 dén thdi diém khao
sat danh gid 1a cubi nam 2020, cic chi tiéu tinh ning khai thac van ddp tng dudc yéu cau ky thuit sau
29,9 triéu truc xe tiéu chuan tac dung. Cac két qua quan tric & nhitng doan két ciu thii nghiém bang
cong nghé CCPR van sé dugc tiép tuc danh gia & nhitng chu ky tiép theo.

Nhu vy, cc nghién ctu di cho thay dudc hiéu qua vé mit k§ thuét ctia hén hop bé tong asphalt
tai ché nguoi theo cong nghé CIR va cong nghé CCPR trén thé gi6i. V6i cong nghé CIR, Viét Nam
da ban hanh tiéu chudn TCVN 13150 d€ hudng dan viéc thiét ké thanh phan, thi cong va nghiém thu
vao niam 2020 [16, 17]. Nhudc diém 16n nhit clia cong nghé asphalt tai ché ngudi tai chd CIR 1a viéc
ki€m sodt chit lugng hon hop con nhiéu han ché, sb lugng may méc thiét bi huy dong cho cong nghé
nhiéu vi toan bo qua trinh san xuit va thi cdng hon hop dudc thuc hién ngay tai chd, do viy, trong mot
s6 truong hop viéc st dung cong nghé nay sé kém hiéu qua ca vé mit kinh té va ky thuat [18]. Trong
khi d6 véi cong nghé CCPR sé gitip cho viéc kiém sodt va ddm bao chét lugng hén hop dudc tot hon
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va chii dong hon cho cic ting dung, thiét bi thi cong hoan toan giébng nhu cong nghé asphalt truyén
thdng [18]. Tic gia Tuén va cs., [19] da c6 nhitng nghién ctiu budc dau vé hdn hgp bé tong asphalt tdi
ché nguoi st dung 70% cbt liéu méi phdi tron véi 30% cbt lieu RAP va nhil tuong CSS-1h. Két qui
nghién citu da dua ra dudc ty 1& nhi tuong t6i wu ctia hdn hop bé tong asphalt tdi ché nguodi dudc thiét
ké theo huéng dan ctia MS-21 1a 8,6% theo khbi Iugng hdn hop.

C6 thé thdy ring, hién nay cong nghé asphalt tai ché nguoi dudc coi 1a mot giai phap cong nghé
phuc hdi bén viing va hiéu qua vé chi phi. Tuy nhién, nhiing nghién cifu so sanh hiéu qué ctia cong
nghé tdi ché ngudi tai chd va tdi ché ngudi tai tram tron vé tinh ning ky thuat, chi phi vong ddi va loi
ich moi trudng van con han ché. Nhiing so sdnh nly sé c6 1¢i cho nhiing co quan quén 1y, nha dau tu,
nha thau lua chon cong nghé ti ché nguoi phut hop cho luu lugng giao thong, moi trudng va két cau
mit dudng nhit dinh. Xuét phat tif yéu ciu thuc té nay, bao cdo trinh bay két qua nghién ctiu budc dau
d4nh gia tinh niing ctia hon hop bé tdng asphalt tdi ché nguoi theo cong nghé CCPR trong phong thi
nghiém. Két qua nghién ctiu da thiét ké dudc thanh phan hén hop bé tong asphalt tai ché ngudi c6 cac
chi tiéu ky thuat ddp ting dugc theo yéu cau ctia tiéu chuAn AASHTO MP 31. Ngoai ra, két qua thi
nghiém cho théy, céc tinh ning ctia hdn hop bé tong asphalt tai ché nguodi déu dap ing dudc yéu cau
ky thuat cho 16p mong hoac 16p mdt dudng 6 to.

2. Vat liéu ché tao
2.1. Vit liéu cao boc mdt duong asphalt cii RAP

Vit liéu RAP dugc cao bdc tir mat dudng bé tong asphalt cii, loai bé tong asphalt cii 1a bé tong
asphalt chit c6 kich thudc hat 16n nhit danh dinh 12 12,5 mm. Sau khi di c¢6 mAu vt liéu RAP tién
hanh nghién, x Iy va x4c dinh nhiing chi tiéu quan trong. Hinh 1 thé hién vat liéu RAP dudc nghién
trong phong thi nghiém B6 mon Vit li€u xdy dung, Truong Pai hoc GTVT.

e ——

(a) Quad trinh nghién RAP (b) RAP sau khi nghién sang
Hinh 1. X ly vat liéu RAP trong phong thi nghiém
RAP ¢ vai trdo quan trong trong hon hgp vat liéu tai ché, déng vai tro 12 bd khung chiu luc. D&
lam t6t vai trd nay, cdt liéu RAP phai ddm bao tinh chit vé thanh phan hat dudc quy dinh trong tai

Bang 1. Pudng cip phdi hat clia vat liéu RAP thong thudng 1a cAp phdi déu va chit théa min tiéu
chuin AASHTO-MP 31 [20].
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Bang 1. Bang thanh phan cép phbi hat theo AASHTO-MP31 [20]

C4 sang Ham lugng lot sang, %
31,5 mm (1,25 in) 100
25 mm (1 in) 100
19 mm (3/4 in) 95-100
4,75 mm 65-75
600 pm 15-35

Vit liéu RAP sau khi nghién, dudc tién hanh chiét tich bd bitum va kiém tra thanh phan hat. Két
qua dudc thé hién nhu & Hinh 2. C6 thé nhan thiy, thanh phan hat ciia RAP sau khi nghién d¢am bao
theo yéu cau cia AASHTO MP 31.
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Hinh 2. Thanh phan hat ctia RAP sau khi nghién

2.2. Phu gia khodng

Nghién ciu st dung phu gia 1a xi ming portland hon hgp PCB30 véi cac chi tiéu ddp uing theo
yéu cau ctia AASHTO MP31. Theo khuyén céo clia tiéu chuin AASHTO PP86 va ARRA-CR201,
lua chon ham lugng xi ming tir 0,25 dén 2,5% theo khdi lugng RAP. Theo AASHTO PP86 va trong
qua trinh tron c6 diéu chinh, nghién ctiu lya chon dudc ham lugng xi ming theo kinh nghiém 12 1,5%
(so v6i khéi luong kho ctia RAP) [21].

2.3. Nudc

Nudc dude st dung cho hdn hop tai ché véi vai tro cdi thién do chit dim nén. Nudc dung dé tron
phéi 12 nudc sach va c6 céc chi tiéu k¥ thuat phu hop v6i AASHTO MP 31. Theo khuyén céo ctia
tiéu chuin AASHTO PP86 va ARRA_CR201 lya chon ham lugng nudc tir 1,5 dén 3,5 phan trim theo
khéi lugng kho ctia RAP [22]. Theo AASHTO PP86 va trong qué trinh tron c6 thé diéu chinh ham
lugng nudce lya chon theo kinh nghié€m.
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2.4. Nhii tuong

Nhii tuong st dung trong nghién citu 1a loai CSS-1h. Chon bdn ham lugng nhii tuong so bo lan
lugt 1a 1, 2, 3, va 4,0% véi cac budc tang dan 1,0% bao gém mot pham vi thuong tu 1,0% dén 4,0%
khdi lugng khod ctia RAP [20]. Tit nhitng ham lugng nhii tuong lua chon trén, tién hanh dic mau thi
nghiém xac dinh cac chi tiéu théa man theo quy dinh AASHTO MP31.

2.5. Két qud thiét ké thanh phdan hon hop

Trén co s cac ty 1& thanh phan so bd lua chon, nghién cifu tién hanh dic mau theo huéng dan
ctia ARRA-CR201, sau d6 thi nghiém Marshall va do 6n dinh Marshall con lai. K&t qué thi nghiém
dugc thé hién & Hinh 3. Cin cii vao yéu cau ky thuit cia AASHTO MP31, nghién cifu xdc dinh dudc
kho4ng ham lugng nhii tuong thda man dd &n dinh Marshall va do 6n dinh con lai ctia hdn hop tdi ché
ngudi la 2,3-3,8%.

D6 6n dinh con lai
D6 én dinh Marshall, kN

| o o

Ham lwgng nhii twong, %

AD§ 6n dinh con lai ®D5 6n dinh Marshall, kN
Hinh 3. Kho4ng ham ludng nhil tuong théa min d6 dn dinh Marshall va do 6n dinh con lai
Nghién ctiu Iya chon ham lugng nhil tuong 1a 3,2% dé kiém tra lai cac chi tiéu ky thuat, két qua

thi nghiém dugc thé hién & Bang 2. Két qua thi nghiém thé hién & Bang 2 déu thda man theo yéu ciu
ky thuat quy dinh cia AASHTO MP31.

Bang 2. Két qua thi nghiém dd &n dinh Marshall va do &n dinh con lai ing v6i ham lugng nhil tuong 3,2%

STT  Ten miu Luc nén Chiéu cao He s K Do 6n dinh Do 6n dinh
Marshall (kN) (mm) i Marshall (kN) con lai
1 C3,2-1k 9,96 66,9 0,924 9,2
2 C3,2-2k 9,23 67,5 0,911 8,4
3 C3,2-3k 9,14 68,1 0,897 8,2
8,6
4 C3,2-1bh 7,37 68,1 0,897 6,6 0.82
5 C3,2-2bh 7,86 68,4 0,888 7,0
6 C3,2-3bh 8,4 67,9 0,899 7,6
7,0
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3. Két qua thi nghiém va phén tich danh gia mot s6 tinh ning ctia hon hep
Trén co s6 ty 1é thanh phan hdn hop bé tong asphalt tai ché ngudi so bd da dude xac dinh, nghién
ctu tién hanh thi nghiém danh gid mot sb tinh ning ctia hén hgp trong phong thi nghiém.
3.1. Nghién citu ddnh gid mé dun dan hoi tinh theo mé hinh nén ti bién

Mo dun dan hoi tinh dugc thi nghiém theo m6 hinh nén tit bién va tham khio theo phu luc C cia
tiéu chudn 22 TCN 211:2006 [23], bang cach nén mau tru tron c¢6 duong kinh biang 100 mm, chiéu
cao bing 101+2,0 mm trong diéu kién nd hong tu do (Hinh 4). S6 mau thi nghiém ciia mot t6 mau
ing v6i mdi nhiét do 1a 03 mau.

LUl a [ 1 1

1 10 100 1000 10000
Sexonds
Tange! temperahae- J0°C Elopaed bme- 1805 seca TC1-274T
Tonged test shess= 600 kPa  Aial siesss 1 kP TE2 cal Stop tost
Tangel test dwalion= 900 recs  Awdl sirain= 0L4B7910 & Relaxstion = 900 recs
(a) Lip dau do chuyén vi (b) Quan hé bién dang-thdi gian

Hinh 4. Thi nghiém x4c dinh m6 dun dan hoi tinh

Két qua thi nghiém mo dun dan hoi tinh clia cdc miu thi & 15 °C, 30 °C va 60 °C dudgc thé hién
nhu & Hinh 5(a).
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350 | 3143 320
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100 |
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BCCPR @ bé téng nhwa réng

254,86 250

g 8 #

H

H
M5 dun dan hi tinh, MPa

M6 dun dén hii tinh, MPa

H

g

Nhigt 9. °C 3O\ hit do thi nghigm, oC b
(a) M6 dun dan hdi tinh ctia hén hgp CCPR (b) So sdnh mo dun dan hdi ctia hén hgp CCPR so
v6i hén hgp BTAR

Hinh 5. Két qué thi nghiém m6 dun an hdi tinh

Két qué thi nghiém thé hién nhu & Hinh 5(a) cho thay, md dun dan hdi tinh ctia cac mau thi nghiém
giam khi nhiét do thi nghiém ting 1én. Cu thé, m6 dun & 30 °C giam 54,4%, & 60 °C gidm 63,02% so
v6i gid tri mo dun dan hoi tinh & 15 °C. Két qua nay thé hién diing ban chét ctia vat liéu dan nhét.
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So sanh két qué thi nghiém mo6 dun dan hoi tinh & 30 °C va 60 °C ctia hdn hop tai ché ngudi so
v6i hon hop bé tong asphalt réng d€ 1am 16p méng két cau 4o dudng mém [23] thé hién nhu & Hinh
5(b). Két qua so sanh thé hién nhu & Hinh 6 cho thiy, hdn hop téi ché ngudi va bé tong asphalt rong
c6 gid tri mo dun dan hdi tinh chénh 1éch khong hé dang ké. Cu thé, md dun dan hoi tinh ctia hén hop
tdi ché nguoi & 30 °C chi thip hon khoang 1,78%, & nhiét do 60 °C cao hon khoang 1,9% so véi mo
dun dan hoi tinh clia bé tong asphalt rdng. V6i két qua nay cho thiy, vat liéu CCPR hoan toan c6 thé
dugc st dung cho 16p méng trén hoic 16p mit duéi clia két ciu 4o dudng.

3.2. Nghién citu ddnh gid mé dun dan hoi kéo gidn tiép tdi trong ldp (Mpg)

Thi nghiém xac dinh md dun dan hodi dong theo md hinh thi nghiém kéo gidn tiép tai trong lip
dugc thi nghiém theo EN 12697-26 [24]. Theo tiéu chuin thi nghiém, miu thit c6 dudng kinh bing
101 mm, chiéu cao bang 64+2,0 mm, nhiét do thi nghiém dudc lua chon 1a 20 °C va 30 °C, s lugng
mAu thi nghiém ctia mot t6 mau ng véi mdi nhiét d6 12 3 mau. Két qua thi nghiém md dun dan hoi
dong kéo gian tiép tai trong lip (Mg) dudc st dung dé thiét ké két ciu 40 dudng mém theo tiéu chuin
AASHTO 93 [25]. Thi nghiém dudc thé hién nhu & Hinh 6.
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Hinh 6. Thi nghiém m6 dun dan hoi kéo gian tiép tai trong lip
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nghién ctiu cia Apeagyei va cs. 6 20 °C

Hinh 7. Két qué thi nghiém mo dun an hoi tinh
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Két qua thi nghiém md dun dan hoi kéo gidn tiép tai trong lip (My) clia cic t& miu & nhiét do
20 °C va 30 °C dudc thé hién & Hinh 7(a). Tir két qué thi nghiém My thé hién nhu & Hinh 7b cho théy,
gi4 tri mo dun kéo gidn tiép tai trong lip ctia hdn hop bé tong asphalt tai ché nguoi & 20 °C dat trung
binh 13 2657 (MPa), gia tri nay nim trong khoang gia tri quy dinh tham khéo ctia AASHTO 93 [25].
0 30 °C gia tri m6 dun kéo gidn tiép tai trong ldp ctia hén hop bé tong asphalt tai ché nguodi giam
xubng 33,2%. So véi két qua My cia tac gia Apeagyei va cs. [26], két qua M cta dé tai nghién ctiu
thap hon 20%. Két qua nay doi hdi can c6 thém nghién cdu cai tién dé nang cao gia tri Mg cho hon
hgp CCPR.

3.3. Thi nghiém ddnh gid mé dun dan hoi dong

Thi nghiém md dun dan hdi dong dugc thuc hién theo huéng din tiéu chuAn AASHTO TP62 [27]
trén thiét bi NU 14 & Phong thi nghiém Bo mon Vit liéu xay dung, Trudng Pai hoc GTVT (Hinh 8).

Load cell

i
Ti béo 6n nhiét do
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(a) MAu thi nghiém va hé théng gia tai dau do (b) Thiét bi bdo 6n miu va xi ly két qua thi
chuyén vi nghiém

Hinh 8. Két qué thi nghiém mo dun an hdi tinh

Cic két qua thi nghiém |E*| & di tan s6 tir 0,1 Hz dén 25 Hz va nhiét do tir 10 °C dén 40 °C dudgc
thé hién nhu 6 Hinh 9.
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Hinh 9. Két qua thi nghiém |E*| & c4c nhiét d6 va tan s6
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Két qua thi nghiém thé hién nhu & Hinh 9 cho théy, gia tri m6 dun dan hdi dong & cac tan sb gidm
dan khi nhiét do thi nghiém ting tir 10 °C 1én 40 °C, cu thé 20 °C gidm 13%, & 30 °C giam 35% va
& 40 °C giam 50%. Ngoai ra, két qua thi nghiém cho thiy, & cic nhiét do thi nghiém, khi tan sd thay
ddi ting tir 0,1 Hz dén 25 Hz thi gid tri trung binh md dun dan hdi dong ting dan. C6 thé riit ra nhan
xét, & nhiét do cang cao, tan s6 cang thap thi gid tri |[E*| cia hén hgp CCPR cang giam va ngudc lai.
Két qua nay ciing cho thiy, bé tong asphalt tai ché ngudi ciing thé hién dic tinh dan hoi nhét nhu dbi
v6i hén hop bé tong asphalt truyén thong.

Trén co sd s6 liéu thi nghiém |E*| & cac nhiét do va tin s6 khac nhau, nghién ciu tién hanh thiép
lap dudng cong chi |E*|, dudng cong chi |E*| c6 thé dugc st dung trong thiét ké két cAu mit dudng
theo phuong phép co hoc thuc nghiém [28]. Viéc xdy dung dudng cong chii |E*| dudc thuc hién bang
cach chon nhiét d tham chiéu 14 20 °C nhu trong nghién ctiu. Cac dudng cong dang nhiét tuong ting
v6i nhiét do cao hon 20 °C sé dudgc dich chuyén sang bén trai va cac dudng cong tuong ting vdi nhiét
do thip hon 20 °C s& dudc dich chuyén sang phai. Qua trinh dich chuyén nay dudc lip lai cho dén khi
cdc dudng cong hoa vao nhau tao ra mot dudng tron lién tuc [29]. Két qua xay dung dudng cong chii
|E*| ctia hdn hop bé tong asphalt tai ché nguoi dudc thé hién nhu & Hinh 10. Panh gid su phu hop giita
duong cong chi |E*| v6i dudng md hinh 2S2P1D [30] duge xac dinh theo cong thic sau:

Eo— Eoo
1 +6(iwr)* + (iwt)™" + (iwpr)!

E*(w) = Ego + (D)

trong d6: Egy 1a mo dun dan hdi dong & tan s6 rit thip hoic nhiét do rit cao; Eg 1a md dun dan hoi
dong & tin sb rit cao hodc nhiét do rit thip; i 1a don vi 4o v6i i* = —1; w 1a van tbe géc, w = 27 f (f
1a tan s6); B8 1a hang s thi nguyén; k, i 1a cac hing s6 (0 < k, h < 1); T 1a thoi gian déc trung, 12 thong
s6 phu thudc vao nhiét do; 6 1a hﬁng s6.

M hinh héa [E*| ciia hén hgp CCPR

5 E+04 theo mé hinh 282P1D

=
=9
2
% 5E+03
=
<y
é s B0 XRX T T T
) ”x_xx*"‘
ZOSEH02 |y WK
X  Puong cong chu_CCPR
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Hinh 10. Pudng cong chii va 2S2P1D dung md hinh ctia hdn hgp bé tong asphalt tai ché nguodi

Két qua danh gia su phu hop gitta dudng cong chii |[E*| v6i dudng theo md hinh 2S2P1D dudc thé
hién nhu 6 Bang 3.

Bang 3. Téng hop cic hé sd ctia mo hinh va danh gid mo hinh 2S2P1D

Eqo (MPa)  Ep (MPa) k h S 7(8) B R*  S./S,
400 3,600 021 00010 555 126E+00 500 091 0,32
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Két qua danh gid md hinh cho thy, hé sb tuong quan (R?) giita dudng cong chii |[E*| v6i duding
cong theo md hinh 2S2P1D béng 0,91 va S,/S, bang 0,32. Két qua nay thda méan dugc yéu cau &
muc cao.

4. Panh gia hiéu qua méi truong caa cong nghé CCPR

Cong nghé CCPR con dugc biét dén 12 mot trong nhitng giai phap cong nghé “vat liéu xanh” ddp
ting dugc yéu ciu phat trién bén vitng. Nham muc dich lugng héa hiéu qua méi trudng dat dudc cia
cong nghé CCPR, cdc tac dong moi trudng bao gdm ludng phat thai khi nha kinh (KNK) va mic tiéu
thu ning lugng ctia cong nghé CCPR da dugc tinh toan va so sanh véi cac cong nghé tai ché néng tai
tram tron (HCPR), tdi ché Am tai tram tron (WCPR) va tai ché nguoi tai chd (CIR).

4.1. Phuong phdp tinh todn phdt thdi KNK va tiéu thy ndng luong

Trong vong ddi ctia vt liéu bé tong asphalt cé nhiéu hoat dong tiéu thu ning lugng va phat thai
KNK (CO,, CH4 vaN,0) nhu hoat dong clia cic thiét bi, may mdc thi cong, phuong tién van chuyén,
gia nhiét cbt liéu, gia nhiét bitum. Trong nghién cifu nay, phuong phép kiém ké vong ddi san phim
[31] dugc st dung dé tinh todn mdc tiéu thu ning luong va phat thai KNK trong 4 giai doan, bao gom:
giai doan san xuat nguyén vat liéu, giai doan san xuét hdn hop bé tong, giai doan van chuyén va giai
doan thi cong mat dudng.

Vi mdi loai KNK khi thai vio bau khi quyén sé giy tic dong néng Ién toan cau khac nhau nén
chiing thudng dudc chuyén ddi vé gid tri tuong ducng véi khi CO, va dude goi 1a CO, quy ddi hay
CO,-eq bing cach sit dung hé s6 GWP (Global Warming Potential — tiém ning néng 1én toan cau).
Khi d6, tong luong phat thai CO,-eq clia tit ca cdc giai doan trong qua trinh san xuit hon hop bé tong
asphalt dudc tinh theo cong thic [32]:

n 3

m
COs-eq = D > > ADjx Q; X EF;j x GWP; )
k=1 j=1 i=1

trong d6: AD j 12 lugng tiéu thu ndng lugng j trong giai doan k (lit dau diesel, kg dau FO hodc kWh
dién, ...); Q; 12 hé s6 chuyén ddi don vi nidng lugng j (MJ/lit dau diesel, MJ/kg dau FO, MJ/kWh
dién, ...); EF;; 1a hé sd phat thai ctia KNK i do st dung loai ndng lugng j (g/MJ); GWP; 1a hé s6
tiém ning néng 1én toan cau cia KNK .

Heé s6 Q; dugc thé hién & Béng 4. Hé s phat thai KNK cta tiéu thu nhién liéu dugc lay theo gid
tri miic dinh [32], hé sb phat thai dién ctia Viét Nam dudc lay theo s6 liéu cong bd méi nhit ctia Cuc
Bién d6i khi hau - Bo ctia Tai nguyén va Moi trudng [33] va dudc thé hién & Bang 5. Hé s6 GWP clia
khi CO,, CH, vaN,O 1an lugt 1a 1,296 va 23 [32].

Bang 4. Hé s6 chuyén ddi don vi ning luong [34]

Ning luong Dién Dau diesel Dau nhién liéu (dau FO)
bon vi kWh Lit Kg
Heé s6 chuyén ddi don vi ning lugng, MJ 3,6 36,845 41,451

S6 liéu vé phat thai KNK va tiéu thu ning lugng trong cong doan san xuét cbt liéu méi, xi ming
va bitum dugc ké thita tf nghién cidu [35]. Céc sb liéu khic vé luong tiéu thu ning ludng trong céc
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Bang 5. Hé s6 phat thai KNK

Loai nang lugng Dau nhién liéu Dau diesel bién

CO;, 77,4 74,1 253,6
Heé s6 phat thai, g/MJ CH4 0,003 0,003 -
N0 6,0x107* 6,0x107* -

cong doan san xuAt hon hop bé tong asphalt dudc khao sat, thu thap truc tiép tai cac tram tron bé tong
nhua Tan Cang thudc Cong ty c6 phan dau tu xiy dung BMT (Pia chi tram tron: 4p Tan Cang, x
Phuéc Tan, TP. Bién Hoa, tinh Pong Nai) va tram tron bé tong nhua néng Bén Liic thudc Cong ty ¢
phan dau tu xay dung BMT (Pia chi tram tron: Lo G, Pudng S6 1, Khu cong nghiép Nhut Chénh,
huyén Bén Liic, tinh Long An).

4.2. Két qud ddnh gid tong luong phdt thdi khi nha kinh

Két qua tinh toan tSng lugng khi nha kinh phat thi trong cong nghé san xuit va thi cong cac hdn
hop bé tdng asphalt tdi ché dugc thé hién & Hinh 11. Két qué tinh todn cho thiy téng lugng phat thai
khi nha kinh trong qu4 trinh san xuét va thi cong hdn hgp bé tong asphalt tai ché ngudi tai tram va tai
ché nguoi tai chd c6 gia tri tuong ting 1a 29,52 kg CO,-eq/tin va 26,1 kg CO,-eq/tin. Trong khi dé,
lugng phat thai KNK nay ddi v6i cong nghé tai ché Am va ti ché néng tai tram c6 gid tri tuong ting 12
40,57 kg CO»-eq/tan va 46,03 kg CO,-eq/tAn. So sanh véi cac cong nghé tdi ché 4m va tdi ché néng
tai tram st dung RAP v6i ham lugng RAP bing 20% thi cdc cong nghé tdi ché ngudi c6 1gi ich vé mit
moi truong & khia canh cat giam KNK t6t hon. Nhu véy, ¢6 thé két luan khi ham lugng RAP thay thé
cho cbt liéu méi trong hon hop bé tong cang ting thi hiéu qua gidm phat thai khi nha kinh ma né dat
dugc cang tot.

:\S];t;ity%i“yén vatligu - .srﬂ]:.i )é;:tghén hop bétang m San xuét nguyén vt lidu = san xudt hdn hop b&tong m Vén chuyén m Thi cong
ey [ ] ncer. [ L
v [N | weer [ L
cc [ BN con NN EN

100 200 300 400 500 600 700

=]

20 30 40 50

0 10
Phat théi CO,-eq, kg/tdn Tiéu thy ning lugng, MJ/tin
Hinh 11. Tong lugng phat thai CO,-eq cla Hinh 12. Tong muc tiéu thu ning lugng cla cic
cdc cong nghé bé tong asphalt tai ché cong nghé tdi ché

4.3. Két qud tinh todn tong miic tiéu thu ndng luong

Dé danh gi4 hiéu qua mdi trudng dat dudc clia cong nghé bé tong asphalt tdi ché ngudi, cac két
qua tinh to4n miic tiéu thu ning lugng ctia cic cong nghé bé tong asphalt tai ché dugc thé hién nhu &
Hinh 12. Két qua tinh todn téng ning luong tiéu thu clia cic cong nghé tdi ché bé tong asphalt dudc
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thé hién nhu & Hinh 12 cho thiy ring, cic cong nghé tai ché ngudi lam gidm dugc mic tiéu thu ning
luong trung binh tir 40-48% so vdi cong nghé tai ché néng HCPR va tai ché &m WCPR. Két qua nay
¢6 dudc 1a do cong nghé tdi ché ngudi CCPR cho phép tai ché 100% RAP va qu4 trinh ché tao khong
phéi gia nhiét cot liéu.

5. Két luan va kién nghi
5.1. Két ludn

Tir nhitng nghién ctiu thuc nghiém budc diu danh gia tinh ning ctia hdn hop bé tong asphalt tai
ché nguoi tai tram tron, mot sb két luan sau dugc rit ra:

- Trén co s6 ngudén RAP c6 dudc, nghién ctiu da thiét ké dudc thanh phan hon hop bé tong asphalt
tai ché ngudi theo cong nghé CCPR trong phong thi nghiém dam béo theo yéu cau ctia AASHTO
MP31.

- Ung xit cd hoc ctia hon hgp bé tong asphalt tai ché ngudi theo cong nghé CCPR tuong tu nhu
hdn hop bé tong asphalt truyén thong.

- M6 dun dan hoi tinh ctia hdn hop bé tong asphalt tai ché ngudi theo cong nghé CCPR dat dugc
tuong duong véi gia tri md dun dan hdi tinh cda hén hgp bé tong asphalt réng quy dinh trong tiéu
chuin 22TCN 211:2006 d& 1am 16p méng trén hoic 16p mit dudi két ciu do dudng.

- M6 dun dan hoi kéo gidn tiép tii trong Iip vA mo dun dan hoi dong ctia hdn hop bé tong asphalt
tai ché nguoi theo cong nghé CCPR van thip hon so véi cdc két qua nghién ciiu da cong bb.

- Dudng cong chii Master curves clia bé tong asphalt tai ché ngudi dudc thiét 1ap hoan toan phu
hop v6i mo hinh 2S2P1D.

- C4c cong nghé tai ché ngudi c6 1¢i ich vé mit mdi trudng & khia canh cat giam KNK tt hon va
muc tiéu thu ning lugng it hon so v6i cong nghé bé tong asphalt tdi ché néng va bé tong asphalt tai
ché Am.

5.2. Kién nghi

Cong nghé CCPR dé€ tai ché vat liéu mit dudng bé tong asphalt cii 12 mot cong nghé méi, c6 nhiéu
uu diém hon so vé6i cong nghé CIR dang dugc ting dung & Viét Nam, nghién ctiu méi chi bude dau
danh gid c4c tinh ning trong phong thi nghiém, dé€ c6 thé ing dung dudc cong nghé nay trong xay
dung dudng 6 t& & Viét Nam thdi gian t6i, can c6 thém nhiing nghién cifu sau:

- Thi nghiém danh gia cic tinh ning d6 bén clia bé tong asphalt tdi ché nguoi trong phong thi
nghiém vdi sb lugng mau di 16n.

- Thiét k&, ché tao hon hop & tram tron d€ c6 nhiing diéu chinh vé quy trinh cong nghé.

- Thi cong dénh gia thi di€m hién trudng clia cong nghé.

- Xay dung dinh miic kinh t€ va quy trinh chi dan k¥ thuét ciing can thuc hién dé c6 thé ing dung
dudc cong nghé nay trong xay dung dutng 6 t6 & Viét Nam.
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