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Abstract. Warm mix asphalt (WMA) technology is increasingly being applied in many
countries due to its technical and environmental benefits. This is a technological solution that
can reduce the production and compaction temperature by 20-40°C compared hot mix asphalt
(HMA). To reduce the mixing and compaction temperature of WMA, the technologies
foamed bitumen, chemical additives or organic additives were often used in the past.
Technology solutions for WMA additives based on Styrene-Butadiene-Styrene (SBS) have
recently been researched and applied widely because they can improve the hardness and
toughness of WMA. This paper presents the results of experimental research evaluating the
performance of WMA using SBS-based additives with the trade name Zero-M. The
experimental results were compared with WMA using Sasobit additives and hot mix asphalt
(HMA). The results showed that the mixtures using Zero-M and Sasobit additives had an
average of 49,0% and 37,9 lower rutting, respectively, than the HMA. The Zero-M additive
not only improves the hardness of the mixture but also improves the toughness through the
I75/|m7s| ratio and CTindex, COmpared to the HMA and the mixture using Sasobit, the WMA
using Zero-M additive has the highest lzs/|[mzs| ratio and CTingex. The aging ratio of the WMA
using Zero-M and Sasobit additives is higher than HMA.

Keywords: Warm mix asphalt, copolymer Styrene-Butadiene-Styrene, rutting resistance,
cracking resistance, cracking Tolerance Index, aging rattio.
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Tom tat. Cong nghé bé tong asphalt 4m dang ngay cang dugc ang dung phé bién & cac nuéc
do cé4c hiéu qua dem lai vé mat ki thuat va moi truong. Pay 1a giai phap céng nghé co thé
giam dugc nhiét do tron va dam nén tir 20-40°C so véi cong nghé bé tong asphalt néng truyén
théng. Dé co thé giam duoc nhiét d6 san xuat va thi cong hdn hop bé téng asphalt, cac cong
nghé bitum bot, phu gia héa hoc hay cac phu gia hitu co gbc paraffin wax thudng duoc sir
dung trude day. Giai phap céng nghé phu gia cho bé tdng asphalt 4m dua trén géc copolymer
Styrene-Butadiene-Styrene (SBS) gan day duoc nghién ciu va tng dung nhiéu do co thé cai
thién duoc do ctiing va do déo dai cho hdn hop. Bai bao nay trinh bay cac két qua nghién cuu
thuc nghiém danh gia tinh nang ctia hon hop bé téng asphalt am sir dung phu gia goc SBS c6
tén thuong mai la Zero-M. Cac ket qua thuc nghiém duoc so sanh dbi ching véi hdn hop bé
téng asphalt 4m st dung phu gia géc paraffin wax c6 tén thuwong mai 1a Sasobit va hdn hop bé
téng asphalt nong truyén théng (Hot Mix Asphalt — HMA). Két qua cho thay rang, hdn hop sir
dung phu gia Zero-M va Sasobit c6 do 1Gn vét han banh xe thap hon trung binh lan luot
49,0% va 37,9 so vé6i hon hop HMA. Phu gia Zero-M khong nhiing cai thién do ctiing caa hon
hop ma con cai thién ca do déo dai va suc khang nat thong qua hé sé lzs/|mzs| va chi sé
CTindex, SO V&i hon hop HMA va hdn hop sir dung phu gia Sasobit, hon hop sir dung phu gia
Zero-M c6 hé sb lzs/|m7s| va chi s6 CTindex cao nhat. Hé sé 130 héa cua hdn hop st dung phu
gia Zero-M va Sasobit déu cao hon so véi hdn hop HMA.

Tir khoa: hon hop bé tong asphalt én), copolymer Styrene-Butadiene-Styrene (SBS), paraffin
wax, suc khang 1Un vét banh xe, chi s6 khang nirt, hé so6 180 hoa.

@ 2024 Truong Dai hoc Giao thdng vdn tai
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1. PAT VAN PE

Nham thuc hién cac cam két cua caa Hoi nghi vé bién d6i khi hau cua Lién hop quéc,
nganh cdng nghiép mat duong asphalt cia cac nude dang cé nhitng nd luc dé hudng dén muc
phét thai dong CO2 bang khong vao nam 2050. Nhiéu giai phap da dwoc nghién ctu ung
dung, trong d6 giai phap giam nhiét do san xuit va thi cong hon hop asphalt thap hon so véi
hon hop asphalt truyén thong duoc nhiéu cong ty, nha thau &p dung. Cong ngh¢ bé tong
asphalt am (Warm Mix Asphalt-WMA) thuong duoc biét dén 1a giai phap cong nghé cd thé
giam duoc 20°C dén 40°C so véi cong nghé asphalt nong truyen thong [1]. Mot s6 hiéu qua co
thé dat dugc caa cong nghé bé tong asphalt am nhu hd tro toi da viéc ddm nén hdn hop, giam
muc phat thai khi nha kinh c6 thé 1én dén 40 %, giam muc tiéu thu nang luong cd thé 1én dén
35 % so vé&i cong nghé bé téng asphalt nong truyén théng HMA [2-5].

Ba nhom cong ngh¢ WMA thuong dugc tng dung la cong nghé phu gia hitu co, cong
nghé phu gia hoa hoc va cong nghé bitum bot [6]. Lién quan dén chi phi gia thanh cua hén
hop, cdng nghé bitum bot duoc sir dung nhiéu nhat nhung hdn hop thuong kém 6n dinh hon
S0 v&i cong nghé st dung phu gia hiru co va hda hoc, cong nghé phu gia hitu co va phu gia
hoa hoc dugc st dung it hon vi ¢6 chi phi cao hon so véi cong nghé bitum bot [6]. Cong nghé
WMA c6 thé két hop st dung cac vat liéu nhu RAP, polymers, crumb rubber. Ung dung két
hop phu gia WMA véi phu gia polymer SBS hoac crumb rubber da dugc chirng minh khéng
nhitng giam nhiét d6 hon hop ma con cai thién duoc cac tinh ning ngan han va dai han cho
hdn hgp WMA. Thém phuy gia Sasobit vao chat két dinh asphalt bién tinh SBS (PMA) da
giam nhiét 6 san xuat, thi cong, ting tinh 6n dinh véi nhiét do cao va do bén caa hdn hop [7].
Nghién ctru cia Mo va céc cong su (2012) cho thay rang, két hop phu gia WMA loai Rediset
v6i phu gia SBS da cai thién 16n kha niang dam nén ciia hdn hop, nhung tinh ning khang han
lGn vét banh xe khong dat dugc twong dwong khi so sanh v&i hdn hop st dung chat két dinh
khong bién tinh bai phu gia Rediset [8].

Mot nghién cau dé giam nhiét do hdn hop asphalt st dung phu gia Gilsonite, phu gia
Sasobit da dugc ung dung két hop [9], két qua cho thiy riang két hop phu gia Sasobit véi
Gilsonite khong nhitng giam nhiét do tron va ddm nén hdn hop ma con cho phép sir dung ham
luong Gilsonite cao hon. Ngoai ra, cac tinh ning bién dang khong hdi phuc, gia tri IDT da
tang 1én. Két qua ciing hoan toan twong tu khi két hop phu gia Sasobit véi graphene oxide
[10-12]. H3n hop asphalt str dung phu gia crumb rubber cai thién dang ké kha ning khang han
lGn vét banh xe, khang ntat moi, nat nhiét o thap [13, 14]. Tuy nhién, st dung phu gia crumb
rubber s& lam ting nhiét do tron va dam nén hdn hop bé tong asphalt bién tinh. Cac phu gia
WMA nhu Sasobit, Aspha-min, hay Evotherm 3G c6 thé sir dung két hop vai crumb rubber
dé giam d6 nhot chat két dinh, tang sirc khang han 1an vét banh xe va sic khang nut [15-17].
Nghién ciru duoc thuc hién bai [18-20] két luan rang, dé giam nhiét do tron va thi cong, tinh
nang & nhiét do thap, hdn hop asphalt bién tinh phu gia crumb rubber nén két hop cac loai phu
gia WMA nhu Evotherm 3G, Evotherm DAT, va Aspha-min. Qua trinh tron phu gia bién tinh
v6i chat két dinh asphalt ¢6 thé anh huong dén tinh chat cia bitum bién tinh nghién ciru duoc
thuc hién boi [21], da tién hanh ba phuong phép tron phu gia bién tinh vai chat két dinh
asphalt: 1) chuan bi chit két dinh asphalt bién tinh rubber trudc sau do tron voi phu gia
Evotherm DAT, 2) tron phu gia rubber véi Evotherm DAT trudc sau dé tron véi chat két dinh
asphalt, 3) cho phu gia Evotherm DAT trong qué trinh bién tinh chat két dinh asphalt véi phu
gia rubber. Két qua cho thay ring, phuong phap mot va hai cho hiéu qua tiét kiém nang luong
hon so véi phuong phap ba. Tuy nhién, hai phuong phap nay lai anh huong tiéu cuc dén cac
tinh chat luu bién. Ung dung phu gia Sasobit vao hdn hop asphalt c6 chtra phu gia cao su 30
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hda theo phuong phép tron kho da giam dugc 15°C, nhung strc khang han 1Gn vét banh xe va
strc khang nat giam xudng do giam nhiét do dam nén [22].

Nhu vay c6 thé thy riang, hau hét cac ung dung phu gia WMA véi cac phu gia polymer
nhu SBS hay cao su 140 héa déu 1a két hop trong qua trinh tron, hodc phu gia WMA tron vao
chat két dinh asphalt da duoc bién tinh boi phu gia polymer. Céng nghé nay c6 thé cé thé lam
tang chi phi trong qua trinh san xuat va khd kiém soét chat lugng hon hop. Giai phap cong
nghé WMA duoc nghién ctru, danh gia & day 1a sir dung phu gia WMA dang hat dwoc ché tao
dua trén goc SBS két hop voi cac hop chat dé giam nhiét d6 tron va dam nén hdn hop. Loai
phu gia nay duoc nghién ciu va phat trién boi Cong ty TNHH duong bo Hansoo va c6 tén
thuong mai 1a Zero-M. Phu gia Zero-M c6 thé tron véi hdn hop cdt lidu va bitum trong qua
trinh tron hodc tron véi bitum nguyén gdc trude sau d6 tron véi cdt liéu. Trong pham vi
nghién ctu ¢ day, phu gia Zero-M duoc tron véi hdn hop cdt lieu va chat két dinh bitum
60/70, sau dé tién hanh thuc nghiém danh gia tng xu 1Gn vét han banh xe va tng xir nat coa
cac hdn hop bé tdng asphalt. Cac két qua thi nghiém danh gia tinh ning duoc so sanh véi hdn
hop WMA str dung phu gia gbc paraffin wax c6 tén thuong mai 1 Sasobit va hdn hop bé tong
asphalt nong truyén théng.

2. NGHIEN CU'U THU'C NGHIEM

2.1. Vat liéu ché tao

Bot khoang. Bot khoang str dung trong nghién ctu 13 bot da voi co 95% khéi lugng hat lot
qua ¢ sang 0,075 mm. Céc chi tiéu thoa méan theo TCVN 13567-1: 2022.

Phu gia. Hai loai phu gia ding cho hdn hop bé téng asphalt am 1a phu gia copolymer géc
Styrence-Butadiane-Styrence (SBS) c6 tén thwong mai la Zero-M va phu gia hiru co gbc
paraffin wax c6 tén thuong mai la Sasobit. Theo khuyén cdo caa nha san xuat, ty I& phu gia
Zero-M va Sasobit dugc lya chon danh gia 1an luot 1a 14% va 20% theo khdi lugng chat két
dinh. Hinh 1, Hinh 2 va Bang 1, Bang 2 lan luot thé hién mau sac, hinh dang va céc chi tiéu
ky thuat caa phu gia Zero-M va Sasobit.

Chit két dinh bitum. Bitum duoc st dung trong nghién ctu 1a loai bitum quanh mac 60/70.
Cac chi tiéu k¥ thuat cua loai bitum nay déu dap tng theo quy dinh cua TCVN 13567-1:
2022.

Hinh 1. Phu gia Zero-M. Hinh 2. Phu gia Sasobit.
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Béang 1. Cac chi tiéu k¥ thuat cua phu gia Zero-M.

STT Tén chi tiéu, don vi Gia tri Tiéu chudan thi nghiém
1 Diém nhiét do két tinh, °C ~ 100 DIN-1SO 2207
2 Diém nhiét do héamém,°C  150-160 ASTM D 3954
3 biém chép chay, °C 285 -

4 Ty trong & 25°C 0,95 DIN 51 757
Bang 2. Cac chi tiéu k¥ thuat cta phu gia Sasobit [23].
STT Tén chi tiéu, don vi Giatri Tiéu chuan thi
nghiém
1 Diém nhiét do két tinh, °C ~ 100 DIN-1SO 2207
2 Diém nhiét d6 h6a mém, °C 112-120 ASTM D 3954
3 Diém chop chay, °C 285 -
4 Ty trong & 25°C 0,95 DIN 51 757
5 Ty trong & 140°C 0,75 DIN 51 757
6 Do nhot ¢ 135°C, mm?/s 10-14 DIN 51 562

2.2. Thanh phan hdn hep

Han hop cét lidu duoc 14y tir cac hotbin cua tram tron, bao gém céc loai: Pa 12,5x16 (Bin 1),
D4 6x12,5 (Bin 2), P4 0x6 (Bin 3) va Bot da. Trén co so thanh phan hat cua cac loai cét liéu
va bot da, nghién ciru tién hanh phdi tron cac ty Ié thanh phan. Hinh 4 thé hién thanh phan hat
cuia hdn hop vat lidu khoang sau khi phéi tron. Két qua cho thay rang, thanh phan hat caa hdn
hop vat li¢u khoang dam bao theo quy dinh cia TCVN 13567-1: 2022.
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Hinh 3. Thanh phan hat ciia cac hdn hop vit liéu khoang.

Trén co sO thanh phan hat caa hdn hop vt liéu khoang, nghién ctu tién hanh xéac ,dinh ham
lugng bitum t6i wu theo hudng dan caa TCVN 8820: 2011. Bang 4 thé hién két qua thi
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nghiém cac chi tiéu cua cac hon hop bé tong asphalt ndng (HMA), bé tong asphalt am sir
dung phu gia Sasobit va Zero-M ung vai cac ham lugng bitum t6i vu.

Bang 4. Nhiét do ché tao va céc chi tiéu ki thuat caa hdn hop.

Loai hon hop Gisi h
Chi tiéu Glot nan
HMA WMA WMA tiéu chuan
i 60/70 Sasobit Zero-M
Ham luong bitum t6i wu, % 4,7 4.6 44 -
Nhiét d6 tron, °C 160 140 130 ;
Nhiét d¢ dim, °C 145 125 115 ;
D6 rdng du, Va (%) 5,2 5,1 4,8 3+6%
Do rong hon hop VLK, VMA (%) 14,1 13,8 13,9 Min 13%
Do rong 1ap day bitum, VFA (%) 71,2 69,5 67,2 65+ 75 %
Do 6n dinh Marshall, kKN 10,6 11,5 13,1 Min 8 kN
Do déo Marshall, mm 35 31 3,6 2+4%

Két qua thi nghiém céc chi tiéu cua cac hdn hop tng véi ham luong bitum téi wu déu thoa
man theo TCVN 13567: 2022.

2.3. Thi nghiém tinh nang

2.3.1 Thi nghiém hin 14n vét banh xe

Cac mau thi nghiém Hamburg Wheel-Track test (HWTT) duoc ché bi trong phong thi nghiém
Vé6i kich thudc 320x260x50 mm, do rong du bang 71,0 %. Thi nghiém HWTT dugc thuc

hién trong nudc & 50°C, s6 luot tAc dung cia banh xe tiéu chuan thi nghiém la 20000 luot
[24]. Hinh 4 (a) thé hién thiét bi thi nghiém va Hinh 4(b) thé hién mau sau khi thi nghiém.

(b)
Hinh 4. Thi nghiém HWTT: (a) thiét bi thi nghiém HWTT, (b) mau sau khi thi nghigm.

Két qua thi nghiém HWTT dugc thé hién boi chiéu sau d6 In vét han banh xe tuwong (ing véi
chu ky banh xe tac dung. Chiéu sau d6 Iun vét han banh xe t6i da cho phép 1a 12,5 mm [24].

2.3.2 Thi nghiém nirt

Trong nghién cuu nay, thi nghiém nén ép che theo tiéu chuin ASTM D8225 [25] duoc sir
dung d¢ danh gia dac tinh nat cia cac hon hop bé tdng asphalt nhu ¢ Hinh 5. Thi nghiém
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duoc thuc hién véi mau hinh try tron c6 duong kinh bing 150+2 mm, chiéu cao bang 62+1
mm va do rong du bang 7%0,5%.
| ! 12
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Hinh 5. Thi nghiém nat: (a) mé hinh thi nghiém; (b) Biéu do lyc-chuyén vi.

Céc mau duoc bao 6n tdi thiéu 3 gio & 25°C trudc khi thi nghiém sau dé tién hanh thi nghiém
nén ép ché trén méay nén Marshall véi toc d6 tang tai 12 50 mm/phut, toc d6 ghi dir liéu luc va
chuyén vi khi thi nghiém 13 40-50Hz. Két qua thi nghiém thu duoc thé hién bang duong cong
quan hé luc-chuyén vi. Tir duong cong quan hé gitra luc-chuyén vi nhu & Hinh 5 (b), cac
thong sé dic trung cho dic tinh nat cia hdn hop bé tdng asphalt duoc tinh toan theo hudng
dan cia ASTM D8225 nhu: ning luong phéa haty nit (G, kN/mm), chuyén vi ang vai luc nén
bang 75% lyc nén 16n nhat (Izs, mm), gia tri tuyét ddi cua do déc dudng cong luc-chuyén vi
sau gia tri lyrc nén 16n nhat (Jms|, N/m) va chi s6 khang ntrt (CTingex).

2.4. Két qua thi nghiém va thao luan

2.4.1 Anh hwéng cia phu gia dén chiéu sau vét han banh xe

Chiéu sau vét han banh xe mau thir & cac luot banh xe tac dung duoc thé hién nhu ¢ Hinh 6.
SH lrgt banh xe
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Hinh 6. Chiéu sau vét han banh xe cta cic mau thir.
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Trén so s¢ cac két qua thi nghiém chiéu sau vét hin banh xe cua cac mau hn hop ddi ching
HMA va cac hon hop bé tong asphalt am su dung phu gia Sasobit, phu gia Zero-M, nghién
ctru tién hanh phan tich danh gié d‘é chum cua Cac mau thiqnghiém theo tiéu chuan ASTM
C670 [26] vai gia tri d2s duoc lay bang 40%, két qua dugc thé hién nhu ¢ Bang 5.

Bang 5. Két qua danh gia d6 chum ctia d6 1n vét han banh xe thi nghiém.

, R o, ., Hon hop
Cdc thong s6 ddnh gid Mau HMA Sasobit Zero-M

1 8,64 5,73 4,57
1 Chiéu sau vét lun banh xe, mm 2 8,13 4,68 4,16
B 8,38 521 4,36
2 Khoang chénh léch R: max-min mm 0,52 1,05 0,41

3 Khoang chap nhan cho phép, d2s % 40 40 40
4 Gia tri d6 1éch cho phép: TB*(3) mm 3,35 2,08 1,74
5 Danh gia: So sanh (2) va (4) - Dat Dat Dat

Két qua thi nghiém cho thdy do chum ctia cac mau thi nghiém déu dat yéu cau theo ASTM
C670. Muc d6 thay ddi do 1an vét han banh xe thi nghiém cua cac hon hop véi pham vi sai )
chuan bang +1,06 dugc thé hién nhu & Hinh 7. Két qua thé hién nhu ¢ Hinh 7 cho thay rang,
chiéu sdu vét hin banh xe ctia hdn hop sir dung phu gia giam dang ké so v6i hdn hop d6i
ching.

10.0
9.0 1 T, 8.38
8.0
7.0 4

6.0 4 5.21
5.0 A 4.36

4.0
3.0 4
2.0 4
1.0
0.0

Chiéu siu hin hin, mm

HMA Sasobit Zero-M
Cac hon hgp
Hinh 7. Anh hudng ciia loai phu gia dén két qua thi nghiém han lin vét banh xe.
Cu thé, hon hop sir dung phu gia Sasobit va Zero-M c6 dd lun thép hon trung binh lan luot,
37,9 % va 49,0% so véi v6i hon hop HMA khong str dung phu gia.

2.4.2  Anh hwéng cia phu gia dén dic tinh nit

Két qua thi nghiém ép ché cac mau hda gia ngan han (STOA) va hoa gia dai han (LTOA)
duoc thé hién bang biéu dd quan hé gitra luc va chuyén vi thé hién nhu ¢ Hinh 8. Tir duong
cong cac két qua luc — chuyén vi caa cac hdn hop, nghién ciru tinh duoc cac thong sé thé hién
dac tinh khang nut ciia bé tong asphalt theo ASTM D8225 nhur [mys|, chi s6 lzs/jmyzs|, chi s6
khang ntit CTingex V& hé s6 130 hda. Két qua tinh toan gia tri |mzs| duoc thé hién nhu & Hinh 9.
Théng s6 [mzs| biéu thi d6 déc cua dudng cong luc - chuyén vi sau khi dat gia tri lec 16n nhat.
Hon hop ¢6 dd cing cang cao thi gia tri |mzs| cang 16n va nguoc lai. Két qua ¢ Hinh 10 cho
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thy rang, c6 su khac biét dang ké vé gié tri |ms|giita hdn hop STOA va LTOA. Trong ca hai
diéu kién 130 hoa, hdn hop sir dung phu gia c6 |mzs| thap hon so véi hdn hgp ndng, hdn hop str
dung phu gia Zero-M c6 gié tri |mzs|. Ciing tir duong cong luc - chuyén vi cia hdn hop ¢ Hinh
8, nghién ctru xac dinh dinh dwoc chuyén vi & 75 % so Véi tai trong 16n nhat (I7s).

Ty 1 lzs/jm7s| thé hién d6 déo-gion tuwong d6i cia hdn hop bé téng asphalt [28]. Ty I¢ nay
cang cao thi hon hop cang déo va nguoc lai. Két qua tinh toan théng sé nay thé hién nhu &
Hinh 10 cho thiy ring hdn hop st dung phu gia Zero-M c6 ty 18 lzs/|mzs| cao nhat so vai hdn
hop HMA va hén hop sir dung phu gia Sasobit ¢ ca trudng hop STOA va LTOA. Két qua nay
la do trong thanh phan ciia phu gia Zero-M ¢ ty 1¢ SBS nén di cai thién duoc do déo dai cua
hon hop.

14 24
e—o HMA_STOA_1
©o—o HMA_STOA 2
12 ¥—% HMA_STOA_3

e—o HMA _LTOA 1
o—¢ HMA LTOA 2
¥—% HMA_LTOA 3

20 T

©—0 Sasobit STOA 1

©—0 Sasobit LTOA 1

I ¥ o—o Sasobit STOA 2 oo Sasobit LTOA 2
10 ¥—% Sasobit STOA 3 ¥—% Sasobit LTOA 3
©—© Zero-M_STOA 1 16 ©—© Zero-M_LTOA 1
©—¢ Zero-M_STOA 2 ©—% Zero-M_LTOA 2
Z. 8 ¥—¥ Zero-M_STOA_3 E ¥—+ Zero-M_LTOA 3
B 2t
- -

1 S I I "
0 2 4 6 8 10 12 14 16 18 0 2 4 6 § 0 12 1M 16 I8

Chuyén vi, mm Chuyén vi, mm
(@) (b)

Hinh 8. Pudng cong quan h¢ gitra Luc — chuyén vi cua céc hdn hop: (a) ¢ diéu ki¢n héa gia ngan han
STOA, (b) ¢ diéu kién hoa gia dai han LTOA.

BSTOA @LTOA

1.98

|m75|, KN/mm

HMA Sasobit Zero-M
Céchén hop

Hinh 9. Két qua tinh toan |mss| ctia cac hdn hop.
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Ngoai ra, két qua thuc nghiém con cho thdy rang, do thanh phan paraffin wax c6 trong phu
gia Sasobit nén ¢ dicu kién héa gia ngan han STOA, hon hop st dung phu gia Sasobit ¢6 ty so
|75/|m7s| thap nhat. Trong thi nghiém IDT, CTindex la thdng so quan trong nhat dé danh gia do
nhay ntrt caa hon hop bé tong asphalt.
5.0

4,5
BSTOA ALTOA

4.0

175//m75|, mm2/kKN
[
L

Sasobit
Hon hop

Hinh 10. Két qua hé sb 17s/|mzs| ciia cac hdn hop.

Tir cac két qua tinh toan gia tri CTindex Cua Cac mau riéng l¢, nghién cau tién hanh dénh gia do
chum theo ASTM C670, két qua dugc thé hién nhu ¢ Bang 6 cho thay cac t6 mau déu dam
bao dugc @6 chum.

Bang 6. Panh gia d6 chum két qua thi nghiém CTingex.

A Do doc Ning
x Diéu Chuyén | dwong con lugn £
Hén | Kkién x s g cong "O1€ | Chi sé khang
h h6a Mau vi Izs, sau khl phéd | pha hay, i, CTindex
op i3 mm. hoai |[m7s|, G, ’
g N/m KN/mm

5,98 2,0109 0,0078 159,10
6,06 1,8687 0,0087 192,93
6,29 2,0575 0,0085 177,14
B 181,05

S 16,68

STOA

Khoang chénh Iéch R: max-min (1) 35,95

Do 1éch chuan cho phép, 1s (2) 13,5

HMA Gié tri d léch cho phép: 3,3x1s (3) 44,55

banh gia: So sanh (1) va (3) Pat

1 4,85 4,5952 0,0109 78,82

2 4,27 4,1893 0,0108 75,12

3 4,32 4,2195 0,0107 74,70

LTOA
B 77,17
S 2,65
Khoang chénh 1éch R: max-min (1) 5,31

1853




Tap chi Khoa hoc Giao théng van tai, Tap 75, S6 5 (06/2024), 1844-1857

Do 1éch chuan cho phép, 1s (2) 13,5
Gia tri d6 1éch cho phép: 3,3x1s (3) 44,55
Dbanh gia: So sanh (1) va (3) Dat
1 4,67 1,7732 0,0057 100,74
2 4,29 1,6995 0,0063 106,70
3 4,60 2,2576 0,0067 90,59
B 99,34
STOA S 8,14
Khoang chénh Iéch R: max-min (1) 16,10
D6 léch chuédn cho phép, 1s (2) 13,5
Gia tri d6 1éch cho phép: 3.3x1s (3) 44,55
Panh gia: So sanh (1) va (3) Dat
Sasobit
1 5,08 3,3919 0,0103 102,84
2 4,54 4,0976 0,0103 75,88
3 4,43 3,3930 0,0108 94,34
B 91,02
LTOA S 13,78
Khoang chénh 1éch R: max-min (1) 26,96
D6 léch chuédn cho phép, 1s (2) 13,5
Gia tri d6 1éch cho phép: 3,3x1s (3) 44,55
Panh gia: So sanh (1) va (3) Dat
1 5,98 1,3784 0,0071 205,01
2 6,08 1,9080 0,0087 193,04
3 5,86 1,4838 0,0075 196,31
B 198,12
STOA S 6,19
Khoang chénh Iéch R: max-min (1) 11,97
Do 1éch chuan cho phép, 1s (2) 13,5
Gia tri d6 1éch cho phép: 3,3x1s (3) 44,55
Zero- Panh gia: So sanh (1) va (3) Pat
M 1 6,12 21936 |  0,0097 188,61
2 5,90 2,2415 0,0101 184,38
3 5,61 1,6116 0,0071 165,42
B 179,47
LTOA S 12,35
Khoang chénh l1&ch R: max-min (1) 23,19
D6 léch chudn cho phép, 1s (2) 13,5
Gia tri d6 1éch cho phép: 3,3x1s (3) 44,55
Panh gia: So sanh (1) va (3) Pat

HaN hop sir dung phu gia Sasobit c6 két qua CTindex thap nhat, két qua nay la do trong
phu gia Sasobit co thanh phan paraffin wax nén da lam cho hon hop tré nén gion hon. Két qua
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CTindex thé hién nhu ¢ Hinh 11 cho thdy rang, hdn hop sir dung phu gia Zero-M c6 chi sb
CTindex Cao nhat ¢ ca hai dieu kién STOA va LTOA.

250

BSTOA RLTOA

200 f

150

99,34

100 01702

Chi s6 khdang mirt (CTindex)

50 F

HMA Sasobit Zero-M
Hén hop
Hinh 11. Két qua tinh toan chi s6 CTingex ctia cac hdn hop.
Dé danh gia hiéu qua ciia phu gia Zero-M va Sasobit theo LTOA, hé s6 1do héa dugc thiét

lap theo ty 18 CTingex LTOA/CTindex. STOA. Hé sé nay cang cao thi hdn hop cang on dinh
trong qué trinh 10 hda dai han va nguoc lai.

—
(387

0.92 0.91

—
[=]

=
oo

(=]
(=)}

0.44

Aging ratio
(CTIndex LTOA/CTIndex STOA)
=
'S

0.2

0.0
HMA Sasobit Zero-M

Hén hop
Hinh 12. Hé s6 1o hoa cua cac hdn hop.

Bicu d6 Hinh 12 cho thay rang, hon hop st dung phu gia am Zero-M va Sasobit ¢6 h¢ s
130 hoa cao hon hdn hop doi ching HMA.,

3. KET LUAN
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Tur nhiing két qua nghién cau thyc nghiém dénh gia tinh nang cta bé tong asphalt sir
dung phu gia am Zero-M va doi chung véi hon hop HMA va hon hep str dung phu gia am

Sasobit, mot so két luan sau duoc dua ra:

- Phu gia Zero-M c6 nhiét do dam nén thap hon 30°C so véi hdn hop HMA va thép hon
10°C so vai hon hgp st dung phu gia Sasobit.

- Hon hop str dung phu gia Zero-M va Sasobit da cai thién dang ké sirc khéng han 10n vét
béph Xe. S0 vai hon ‘hqp HMA, hon hop st dung phu gia Sasobit va Zero-M c6 do 1an
thap hon trung binh lan luot, 37,9 % va 49,0%.

- Phu gia Zero-M kh@ng nhitng cai thiép d6 cung cua h6n~hqp ma con cai thién ca do déo
dai thdng qua h¢ so Izs/[mzs|, so véi hon hop HMA va hon hop sir dung phu gia Sasobit,
hon hop stir dung phu gia Zero-M cé hé so lzs/|mzs| cao nhat.

- Hon hop Sir dung phu gia Zero-M ciing cho két qua CTingex cao hon so véi hon hop HMA
va hon hop sir dung phu gia Sasobit.

- Hé s6 lao héa cua hdn hop sir dung phu gia Zero-M va Sasobit déu cao hon so voi hdn
hop doi ching chi str dung bitum 60/70. Kt qua nay cho thay rang, mie do on dinh lau
dai ciia hon hgp Zero-M va Sasobit cao hon so véi hon hgp HMA.
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