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Abstract. The paper presents the research results of the effect of sulfur crystallization in
asphalt concrete structure (BTA) on Marshall indicators. After mixing, compaction, the
crystallization phenomenon changes the allotrope of sulfur to change the strength
characteristics of sulfur asphalt concrete (BTAS). After 14 days of maintenance, the
Marshall stability of BTAS increased significantly (from 20 % to 33 % depending on the
amount of sulfur used) compared to BTA and 24 hours stability of BTAS samples also
improved. The study results also showed that BTAS has a mixing temperature (135 °C)
and compaction temperature (125 °C) lower than conventional BTA while ensuring the
technical requirements of asphalt concrete.
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Tom tit. Bai bao trinh bay két qua nghién ctu sy anh huéng cua qué trinh két tinh luu
huynh trong cau trdc bé tong asphalt (BTA) dén céc chi tiéu Marshall. Sau qua trinh tron,
dam chat, hién tuong két tinh chuyén dang thi hinh cta lwu huynh 1am thay d6i kha ning
chiu lyc cua bé tong asphalt luu huynh (BTAS). Sau 14 ngay bao dudng, do 6n dinh
Marshall cia BTAS ting dang ké (tang tir 20% dén 33% tuy theo luong luu huynh sir
dung)so véi BTA dong thoi do 6n dinh 24 gio cia mau BTAS ciing dugc cai thién. Két qua
nghién ctru ciing cho thdy BTAS c6 nhiét do tron (135 °C) va nhiét do dam nén (125 °C)
thap hon so v6i BTA thong thuong ma van dam bao cac yéu cau ki thuat cia BTA.

Tir khoa: Bitum, chat két dinh bitum - luu huynh, bé téng asphalt — luu huynh (BTAS),
Iwu huynh két tinh.

© 2020 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DE

Luu huynh (S) duoc st dung cho bé téng aphalt (BTA) duoc nghién ciu tir nhirng
nam 1930, tiép tuc 1a xu hudng nghién ciu trong nhitng ndm gan day cho BTA rai ndng va
BTA rai 4m [1-16]. Két qua nghién ctu tir cac thir nghiém toan dién trong giai doan tir
nam 2004 dén 2008 & mot s6 qudc gia nhu Hoa Ky, Canada, Trung Qudc, Qatar, A rap
Saudi,... d cho thay luu huynh c6 thé cai thién d6 6n dinh Marshall, ting do ctng, ting
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kha ning chdng bién dang va khang moi cua BTA [1, 4]. Tai Lién bang Nga, bé tong
asphalt cai tién bang luu huynh ciing dd dwoc nghién ciu va tng dung. Céc két qua nghién
ctru va tng dung BTAS tai Nga di cho thay vu diém vuot troi cia BTAS. Thir nhat, su két
hop cta luu huynh trong BTA s6 luong 16n gép phan lam giam 6 nhidm méi truong tai
Lién bang Nga, noi tich lity lwong 16n Iuu huynh. Tht hai, thay thé mot phan nhya duong
bang lwu huynh s& cit giam chi phi xay dung duong, ting hiéu qua kinh té do luong luu
huynh sdn c6 va chi phi rat thip mat khac san xuit, thi cong BTAS dugc thuc hién vai thiét
bi hién cd khdng lam phat sinh cac chi phi can thiét dé diéu chinh chu trinh san xuit va
cdng nghé thi cong. Thir ba, BTAS cai thién dang ké hiéu suat 1am viéc caa mat duong nhu
tang kha ning khang lan vét banh xe, ting do bén kéo, cudng do chiu nén... , dac biét 1a &
cac khu vuc c6 sy thay dbi nhiét do 16n [12].

Tong quan cac nghién cau trén thé gidi cho thay luu huynh 1a mot vat lieu pht hop
thay thé mot phan nhwa duong trong BTA st dung cho mat dudng cap cao, mat duong chiu
ap luc 16n nhu mat duong tai trong giao théng nang, nat giao théng luu lugng cao, nha ga
hang hoa va san bay ciing nhu mat duong toan chiéu sau [4]. Bé tong asphalt luu huynh
(BTAS) san xuat véi quy trinh cong nghé phi hop (gigi han nhiét do) khong gay doc hai
cho méi trudng va con ngudi, giam duoc chi phi nhua dudng va tiét kiém ning lugng,
giam phét thai [3,10,12].

Tai Viét Nam, Nguyén Vin Hung va cong sy da thuc hién mot sé nghién ctu vé
BTAS [16]. Vi tiém nang vé nguyén liéu luu huynh tai Viét Nam, nhém tac gia sir dung
luu huynh — san pham cua nha may loc dau Dung Quat, thuc hién cac nghién ciru dic tinh
ctia chat két dinh bitum — Ivu huynh [15]. Trong pham vi bai bao nay tac gia lua chon mot
s thi nghiém dién hinh danh gia kha nang lam viéc cia BTAS ¢ nhiét do cao va theo
ngay tudi caa mau. Két qua nghién ctiu cu thé hoa (lwong hda) su thay do6i dic tinh cua bé
téng asphalt — luu huynh (BTAS) theo thoi gian, theo qua trinh két tinh cua luu huynh.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM
2.1. Vit liéu sir dung trong nghién ciru

Cot lieu thd va cét liéu min sir dung dugc nghién tir d4 bazal mé da Phit Mén (Thanh
Oai — Ha Noi), bot khoang d4 voi Kién Khé (Ha Nam). Cac chi tiéu ky thuat caa cdt ligu
va bot khoang sau khi thi nghiém cho thay dap tng yéu cau sir dung cho BTA theo TCVN
8819:2011 va Quyét dinh s 858/QD-BGTVT nim 2014. Bitum 60/70 do c¢éng ty TNHH
Pertrolimex cung cap, dugc ldy mau va thir nghiém kiém tra chit lugng cho thiy dap ung
yéu cau k¥ thuat cia TCVN 7493:2005 va Thong tu 27/TT-BGTVT nam 2014,

Luu huynh st dung 1a san pham cua nha may loc dau Dung Quat, Iy mau tai céng ty
TNHH mét thanh vién loc hda dau Binh Son. O nhiét d6 maéi truong, luu huynh & dang hat
ran, mau vang, duong kinh 1-2mm, khdi luong riéng theo phén tich X-ray 2,067g/cm?
[13].
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2.2. Phuwong phap nghién ciu

Han hop BTAS va BTA (d6i ching) duoc thiét ké thanh phan theo phuwong phap
Marshall. Thir nghiém Marshall theo ASTM D6927 véi thiét bj tu dong Daiwa (Hinh 1a)
cho phép xay dung biéu dd lec - bién dang khi xac dinh do 6n dinh va d6 déo Marshall.

Chat két dinh bitum-luu huynh (SBB) duoc tron & nhiét do 135 °C véi may khudy diia
dang canh kép trong thoi gian 5 phut trude khi st dung tron BTAS.

Cau triic vi md cua BTAS, mic do hinh thanh cac tinh thé Iuu huynh theo thoi gian
dugc danh gia bang thiét bi chup hién vi dién tir (Scanning Electron Microscope — SEM).
Thiét bi SEM model Quanta 450 do hang FEI (M§) san xuat c6 thé ghi nhan hinh anh
BTAS voi do phan giai cao khi quét chim electron trén bé mat (Hinh 1b). Hinh anh dwoc
x@y dyng thdng qua ghi nhan va phén tich cac bic xa phat ra sau tuong tac cia chum
electron véi mau. Ghi nhan va phan tich pho tia X phét ra cho thong tin vé cac nguyén tb
hoa hoc c6 trong mau.

Hinh 1. Thiét bi thi nghiém Marshall ty dong (a) va thiét bi chup SEM (b).

2.3. Lwa chon cac thong sé ché tao miu BTAS

Ham luong Ivu huynh trong SBB tiy thudc vao nhiéu yéu té trong d6 c6 dic diém vat
liéu va muc tiéu st dung. Ty 1& luu huynh/bitum (S/B) bang 4:6 trong SBB duoc coi la ty
1& phii hop khi str dung Iuu huynh & dang phu gia Thiopave [4]. Theo két qua nghién ctu
cua cua Cuc quan ly duong bo lién bang My (FHWA) va Trung tam NCAT (Pai hoc
Auburn — Hoa Ky), ty 1& S/B thuong st dung cho hiéu qua tét dao dong tir 30/70 dén
40/60. Vi khoang ty 1é ndy, BTAS str dung SBB nang cao do 6n dinh, ting do ciing va
tang kha nang khang moi [5].

Nghién cttu cua Strickland va cac cong su ndam 2007 cho thdy sau khi ché tao mau
BTAS can c6 khoang thoi gian bao dudng trude khi thir nghiém céac dic tinh co hoc [11].
Nghién ciru cho thay, BTAS thuong phat trién cudong do sau khoang 10 dén 14 ngay bao
dudng. Theo két qua cac nghién ciu [14,15], véi ty 1é S/B khac nhau, cac tinh chit co 1y
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cua SBB (nhiét d6 hda mém, do kim lan, ddc tinh Iuu bién) thay doi theo chiéu hudng ting
khi ti 1& luvu huynh ting, ddng thoi, vai 1 ty 1& S/B, cac thdng sb nay ciing ting theo ngay
bao dudng do su két tinh cua luu huynh. Cac dic tinh co 1y ciia SBB ting cao nhat sau 14
ngay bao dudng va vai ham lugng S/B = 40/60 [15]. Cac dac tinh ctia SBB duoc cai thién
dan dén cai thién cac chi tiéu Marshall va kha niang khang vét han banh xe cia BTAS.

Trong pham vi nghién cttu nhém tac gia lya chon 02 ty 1€ S/B cho nghién cau la
30/70 va 40/60. Cac hén hop BTA sir dung trong nghién ciu duoc ky hiéu la BTA,
BTAS_30/70 va BTAS_40/60 twong dwong v4i BTA st dung nhya duong 60/70, SBB vai
S/B=30/70 va SBB véi S/B=40/60. C& hat danh dinh I&n nhat cua cac loai BTA 1a 12,5
mm. Lya chon khoang thoi gian nghién ctu su thay thay dbi dac tinh Marshall 1a: 1, 7, 14,
21 va 28 ngay.

Cac két qua nghién ciru cong b trong cac cong trinh [4, 5, 9, 15] cho thay, nhiét do
tron hdn hop BTAS thuong nam trong khoang 130°C — 140 °C do d nhét cia bitum - luu
huynh (SSB) thap hon so véi nhua dudng ban dau. Két qua thar nghiém do nhot quay
Brookfield trong nghién ciru [15], dbi chiéu véi nghién ciu caa cac tac gia trén thé gioi,
lya chon nhiét do tron caia hdn hop BTAS 14 135 °C, nhiét do ¢dam nén mau BTAS la 125
°C. Hon hop BTA ddi ching tron ¢ 155 °C va dam mau ¢ 145 °C.

Theo cac két qua nghién ctu [4,5], trong qua trinh thiét ké thanh phan céc hdn hop
BTAS, dé c6 co so lwa chon cac ham lugng SBB, tién hanh quy do6i tuong duong vé thé
tich caa SBB va bitum thong thuong theo cdng thirc sau:

100AR

SBB(%):100R—PS(R—Ga) @

Trong do:

A: ham luong chat két dinh bitum thdng thudng, %:;

R: Ti 1& khi lwong riéng cta luu huynh va bitum (R~2);

Ps: ham luong luu huynh trong chit két dinh SBB, %

Gs: Khéi lwong riéng cia lwu huynh ¢ nhiét 46 25 °C, 2,067g/cm?;
Ga: Khoi lugng riéng cua bitum ¢ nhiét 6 25 °C, 1,035g/cm?®.

Dé ché tao hdn hop BTAS, tién hanh tinh toan ham luong céc ¢t lidu dap ung duong
cong cap phdi. Cbt liéu duoc gia nhiét & nhiét do 135 °C trong 12 gid. Song song vai qua
trinh gia nhiét cét ligu, tién hanh tron hdn hop SBB véi ty I¢ S/B nghién ciu theo quy trinh
thé hién trong nghién ctu [15]. Khi cét liéu dam bao nhiét do, tién hanh qué trinh "tron
kho" cét liéu vai bot khoang trong thoi gian 30s trong thing tron da gia nhiét dén 135 °C.
Qua trinh "tron u6t” véi chat két dinh SBB duoc tién hanh sau d6 trong khoang thoi gian
60s, dam bao hdn hop ddng nhat. Hon hop BTAS dugc bao dudng duy tri ¢ nhiét d6 125
°C trong 2 gio trudc khi tién hanh dam ché bi mau
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3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua thi nghiém
3.1.1. Keét qua phén tich cau trac BTAS

a) Két qua chup SEM mdu BTAS b) Két qua chup SEM va phan tich EDS m4u
¢ 14 ngay. BTAS mau 14 ngay.

c) Phan tich phé tan xa ning leong tia X
(EDS Spot 1 — khodang mau trang trén hinh b) trong BTAS.
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d) Phan tich phd tan xa nang hrong tia X
(EDS Spot 2 — khoang mau den trén hinh b) cuia BTAS.
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~ Hinh 2. Két qua chup SEM (a,b)
va phan tich pho tan xa ning luong tia X (c, d) mau BTAS sau 14 ngay.
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Két qua chup cau trdc mau bang kinh hién vi dién tir quét (SEM) cho thay trén mau
BTAS ton tai hai viing ¢6 mau tréing va mau den (hinh 2a). D& ching minh sy ¢6 mt cua
céc nguyén t6  trong mau vat nhom tac gia thyuc hién phan tich phé tan xa nang lugng tia X
(EDS) cua mau BTAS (Hinh 2b, 2¢, 2d). Hinh 2¢ cho thiy ving mau triang trong mau
BTAS cd thanh phan nguyén t6 Iuu huynh (S). Nhu vay, sau 14 ngay bao dudng luu huynh
tinh thé két tinh roi rac trong cau triic cia mau BTAS. Két qua phan tich EDS ving mau
den trong mau BTAS (hinh 2d) ton tai nhiéu nguyén t6 (Mg, Ca, Si, S, Al) day la thanh
phan nguyén té cé trong cét liéu cua bé téng asphalt.

Hinh anh SEM va phan tich EDS cho thay sau 14 ngay bao dudng, cac tinh thé luu
huynh két tinh (mau trang) thiét 1ap mot mang tinh thé trong cac 15 rdng va chat két dinh,
gia cudng rdi rac cau trac, 1am ting d6 cing cua cac mau BTAS. C4c tinh thé luu huynh c6
nhiéu trong cé4c 15 rdng hon trong chat két dinh, do 0, cau tric BTAS can c¢6 du do rdng
du (khoang tréng) tao diéu kién cho céc tinh thé luu huynh phét trién va phan bé [7].

Hinh anh SEM cau trdc mau BTAS cho thay tinh thé Iuu huynh ¢6 hinh dang tim, voi
kich thugc micron 1 tinh thé Iuu huynh don xién & dang beta (SB) [2]. Cau trdc vi md cho
thdy vai trd ctia bitum 1am ¢ ché sy hinh thanh luu huynh dang tryc giao (Sa), su twong
t4c gitra bitum va luu huynh di tao ra hdn hop luu huynh monoclinic. Su lap day céac 16
rdng vi md trong ciu tric BTAS 1am ting kha ning chdng nit va gian nd nhiét cia BTAS.
Mt khac luu huynh bién doi khong trai qua qua trinh bién d6i dang huéng (hinh thanh luu
huynh truc giao) khi hoa ran s& c6 do co rut it hon va do do, phat trién it tng suat du hon
khi giam nhiét d¢, giam kha nang nat do nhiét cia BTAS ¢ nhitng ving c6 bién do thay
d6i nhiét d6 16n [2].

3.1.2. Pjc tinh thé tich ciza cac logi BTA va BTAS

Két qua thi nghiém xac dinh ham luong chit két dinh (CKD) tbi wu cho cac hdn hop
BTA va BTAS duoc thé hién trong Bang 1. D6 rdng du ciia cdc mau nam trong khoang
4,5-:-5% (khuyén nghi trong Quyét dinh 858/QD-BGTVT). Két qua cho thay ham lugng
CKD ti wu trong BTAS Ion hon trong BTA thong thuong. Ham lwong bitum st dung

trong hai loai BTAS_30/70 va BTAS_40/60 lan luot 1a 3,94% va 3,65%, thap hon ham
lugng bitum st dung trong BTA thong thuong (4,5%).

Bang 1. Ham lugng CKD tbi wu cac mau BTA va BTAS.

Loai bé tong Ham luwgng (ySKD toi wu,
asphalt Bitum | Luu huynh
BTA 4,5 4,5 0
BTAS 30/70 | 5,62 | 3,94 1,68
BTAS_40/60 | 6,08 | 3,65 2,43

Két qua thir nghiém xac dinh cac dic tinh thé tich cac mau BTA, BTAS_30/70 va
BTAS 40/60 dugc trinh bay trong Bang 2. S6 luong mau mdi loai 13 6 miu/loai. Vi ham
lugng CKD téi wu trong Bang 1, khdi lugng thé tich va do réng du cic mau BTA,
BTAS 30/70 va BTAS 40/60 twong duong nhau. Phan tich phuong sai danh gia sy khac
biét d6 rong du 3 loai BTA (mdi loai 6 mau) V&i muc y nghia ¢=0.05, phan tich hau dinh
(post -hoc analysis) theo phuong phap Tukey's HSD voi sai s6 toan bo cac cap so sanh 5%.
Két qua phan tich cho thy khong c6 su khac biét y nghia thong ké do réng du cua 3 loai
BTA, xéc sudt xay ra gia thuyét dao p=0,686 (p> o) v6i gia tri kiém dinh F-value =0,39.
bo rSng du so sanh tung cap khong phat hién sy khac biét (Hinh 3). Thyuc hién phan tich
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phuong sai v6i d6 rong cdt liu (VMA) va dg rong 1ip day nhua (VFA) chi ra ¢6 su khac
biét gifta timg loai BTA. Thong s6 p va F duogc thé hién trong Bang 3, gia tri p-value rat
nho, nhé hon mirc ¢6 nghia a=0.05, do d6, loai bo gia thuyét dao gia dinh khong cé su
khac biét VMA va VFA cac loai BTA.

Bang 2. Cac dic trung thé tich cua cac loai BTA.

Gia tri trung binh cac dic trung thé tich
C1A oA Khoi A X Do ron Do ron

Logés’ﬁ;:"g lwgng thé ;)é’ r(‘\’/‘;g) cbt mjeug 1p d?xyg

tich, ’% (VMA), nhya

g/cm?3 % (VFA), %
BTA 2,525 4,53 14,74 69,28
BTAS_30/70 2,529 4,57 15,59 70,68
BTAS_40/60 2,539 4,55 16,46 72,34

Phan tich théng ké sé liéu thir nghiém céc dic tinh thé tich cho thay, voi do rong du
trong duong (do muc tiéu khi lya chon ham lugng CKD t6i uu), BTAS ¢6 do rdng cét lidu
(VMA) va d6 rdng lap ddy nhya (VFA) cao hon so voi BTA thong thuong. Theo quan
diém cua nhom tac gia, nguyén nhan nay la do nhiét d6 dam nén caa BTAS (125 °C) giam
S0 Véi thong thuong (145 °C) nén higu qua dam nén cia BTAS khong twong duong véi
BTA mic du nhiét do dam nén da chon tuong ung voi do nhot cua chat két dinh. Chi sé
VFA cao chung to thé tich cia SBB véi ham lugng ti wu tinh toan, cao hon so véi bitum
thong thuong

Bang 3. Thong sé phan tich phwong sai véi Va, VMA va VFA.

D6 rén Do rong Do rong
Phan tich phuong sai | > "VE | cotligu | lap ddy
cac thong so the tich (5/0 ) (VMA), nhya
% (VFA), %
Tin hiéu, F-value 0,39 576,39 62,4
Xac xuat Ho, p-value 0,686 0,000 0,000
Tukey Simultaneous 95% Cls
Differences of Means for Va
BTAS_30/70 - BTA } — I
BTAS 40/60 - BTA | “ |
BTAS 40/60 - BTAS 30/70 | ; |
-0,2 -0,1 0,0 0.1 0.2

Hinh 3. Phan tich hau dinh su khéac biét d6 rong du cac loai BTA.
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Tukey Simultaneous 95% Cls

BTAS_30/70 - BTA | o
BTAS_40/60 - BTA e
BTAS_40/60 - BTAS_30/70 | ——]
00 05 1,0 1,5 2,0

Hinh 4. Phan tich hau dinh su khac biét do rdng cét liéu cac loai BTA.

3.2.3. bac tinh Marshall ciza cac logi BTA va BTAS

Cac mau BTA va BTAS sau khi ché bj dong loat, tién hanh bao dudng ¢ nhiét do
trong phong va thir nghiém cac mau BTAS sau cac khoang thoi gian bao dudng: 1,7,14,21
va 28 ngay. Két qua thir nghiém céc thong sé Marshall cac loai BTA theo céc ngay bao
duoc trinh bay trong Bang 4 va Bang 5. Tuong quan gié tri d6 on dinh Marshall theo ngay
bao dudng dugc thé hién trong Hinh 5.
16
15 -
14 -
13 -
12 -
11 -
10 -

OBTA
EBTAS 30/70
B BTAS 40/60

D6 6n din Marshall, kN

1 ngay 7ngay  l4ngay 21ngay 28ngay

Tudi mau. ngay

Hinh 5. Biéu d6 thé hién su thay d6i do on dinh Marshall cac mau BTA theo thai gian.

Két qua cho thay, d6 6n dinh Marshall cua BTAS_30/70 va BTAS_40/60 thir nghiém
sau 1 ngay bao dudng cé gié tri trung binh thdp hon so vi BTA thong thuong, tuy nhién,
phan tich ANOVA chi ra sy khac biét nay khong c¢6 y nghia thong ké (F=1,44; p=0,269 >
0=0,05). P déo Marshall cac mau BTA, BTAS_30/70 va BTAS_40/60 sau 1 ngay tuoi
khac biét co ¥ nghia thong ké. Phan tich phuong sai chi ra, sir dung SBB 1am tiang do déo
ciia BTAS tir 12% dén 14%, BTAS voi SBB ¢6 ty Ié S/B=30/70 va S/B=40/60 sau 1 ngay
khong c6 su khéc biét vé ¢ déo Marshall.
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Bang 4. Két qua thir nghiém do on dinh Marshall.

BTA | D 6n dinh Marhall BTAS 30/70, kN | D¢ én dinh Marhall BTAS_40/60, kN
B B A B O I T B B A I B -
ngdy | ngay | ngdy | ngdy | ngdy | ngdy | ngdy | ngdy | ngdy | ngay
Mu 1 11,13 | 9,89 | 12,10 | 11,64 | 13,48 | 13,8 | 9,53 | 12,88 | 13,23 | 14,97 | 15,53
Miu 2 9,94 | 9,65 | 11,29 | 11,96 | 13,71 | 12,86 | 9,99 | 11,63 | 12,49 | 13,98 | 14,01
Mau 3 10,91 | 10,28 | 11,57 | 12,30 | 12,4 | 13,57 | 9,61 | 12,04 | 13,27 | 13,87 | 13,72
Mu 4 10,55 | 10,51 | 12,00 | 13,50 | 13,24 | 12,29 | 10,63 | 11,19 | 13,98 | 13,6 | 14,57
Mau 5 11,05 | 9,80 | 11,29 | 12,50 | 12,39 | 12,7 | 11,25 | 12,48 | 13,71 | 14 | 14,28
M3u 6 10,98 | 10,89 | 12,00 | 13,80 | 11,85 | 12,2 | 11,43 | 11,87 | 14,49 | 14,39 | 13,94
gi;”hng 10,76 | 10,17 | 11,71 | 12,62 | 12,85 | 12,90 | 10,41 | 12,02 | 13,53 | 14,14 | 14,34
Bang 5. Két qua thir nghiém do déo Marshall.
) BTA | D¢ déo Marhall BTAS 30/70, kN D¢ déo Marhall BTAS_40/60, kN
Mau | thong 7 7 14 21 | 28 1 7 14 21 | 28
thuong ngay | ngdy | ngdy | ngdy | ngay | ngady | ngdy | ngdy | ngdy | ngay
Mu 1 30 |36 (280 | 290 | 27 | 26 [400 | 31 | 250 | 23 | 22
Miu 2 33 |36 (300 28 | 27 | 27 | 370| 3 | 250 | 26 | 23
Mau 3 32 [35(320| 270 | 27 | 27 | 370 | 25 | 240 | 23 | 24
Mu 4 33 [ 35| 270 | 250 | 25 | 24 | 350 | 25 | 240 | 26 | 25
Miu 5 32 |40 (310 28 | 27 | 27 [330| 27 | 240 | 27 | 27
Mu 6 29 |34 (330 | 250 | 25 | 26 |300| 32 | 280 | 22 | 24
gi;”h”g 315 | 360|302 | 270 | 263 | 262 | 353 | 283 | 250 | 245 | 2,42

Khao séat cac dac tinh Marshall cia BTAS_30/70 va BTAS_40/60 & 28 ngay tudi, so

séanh véi BTA cho thdy, BTAS_30/70 va BTAS_40/60 c6 d6 on dinh cao hon cd y nghia
thong ké (Phan tich phuong sai tinh duoc tin hiéu khac biét F-value = 55,2, xac sut gia
thuyét ¢ao p~0, nho hon mic y nghia). Phan tich hau dinh (post-hoc) phuong phap Tukey's
HSD sai s6 cac cap so sanh 5% cho thdy do 6n dinh 28 ngay tudi cua BTAS_30/70,
BTAS_40/60 va BTA khac biét ting cap c6 y nghia théng k& (Hinh 6). 6 6n dinh
Marshall cac mau BTAS sau 28 ngay bao dudng cao hon so véi BTA thong thuong tir 20%
dén 33%. Tuong tu, d6 déo Marshall cia BTAS sau 28 ngay bao dudng thip hon so voi
BTA thong thuong tir 17% dén 23%. Theo quan diém cua tac gia, su két tinh cua luu
huynh trong cau trdc caa BTAS trong cAu tric vira nhya va 15 rdng BTAS da phét huy hiéu
qua gia cuong roi rac BTAS, dan dén ting kha ning chiu luc, ting d6 ciing va giam bién
dang dudi tac dung cua ngoai luc.
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Tukey Simultaneous 95% Cls
Khac biét gia tri trung binh d6 déo Marshall sau 01 ngay tudi

BTAS 30/70 - BTA L . |

BTAS_40/60 - BTA

40/60 - BTAS_30/70 | | *—

-050 -025 0,00 0,25 0,50 0,75 1,00

Hinh 6. Phan tich hau dinh su khac biét vé do on dinh Marshall ciia cac BTA ¢ 28 ngay tudi.

Khao sét su thay doi cac dac tinh Marshall cia BTAS theo thoi gian cho thay, do 6n
dinh Marshall ca&c mau BTAS ting theo thoi gian, téc do tang trong thoi gian 14 ngay dau
tién sau ché bi, taing dén ngudng on dinh tir 14 d&én 28 ngay bao dudng. Quy luat giam cua
d6 déo Marshall theo thoi gian tuong tu: giam nhanh trong 14 ngay dau tién bao dudng va
dan 6n dinh tir 14 dén 28 ngay bao dudng (Hinh 7). Phan tich phuong sai véi a=0.05 va
phan tich hau dinh st dung phuong phap Tukey'sHSD sai s6 cac cap 5% cho thay co su
khac biét y nghia thong ké do 6n dinh Marshall mau BTAS_30/70 sau 1 ngay tudi véi cac
mau & 7, 14, 21 va 28 ngay; d6 6n dinh Marshall mau BTAS_30/70 sau 7 ngay tudi véi cac
mau ¢ 1, 21 va 28 ngay. Cho thiy sau khoang 7 dén 14 ngay, mau BTAS_30/70 c6 cac
thong s6 Marshall phét trién day du. Po déo Marshall mau BTAS_30/70 giam dan theo
thoi gian bao dudng, 6n dinh sau méc 14 ngay bao dudng (Hinh 8).

15 4.0
> S 30/70

g 5 40/60 - 36 E
= F 30/70 =
3 F_40/60 =
2 13 - 40/ - 32 2
S z
2 12 - - 28 %
S &
3 ©
o 11 - S 24 Q
o

10 ‘ ; ; L 20
0 7 14 21 28
Tudi mau, ngiy

Hinh 7. Biéu d6 thay d6i do 6n dinh va dé déo Marshall theo thoi gian.
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Tukey Simultaneous 95% Cls
Khac biét d6 déo Marshall BTAS_30/70 theo thdi gian bao dudng

T4 day - 1 day ! —_— 14 day - 1 day —_— '
21 day - 1 day 3 —_— 21 day - 1 day —— i
28 day - 1 day i — e 28 day - 1 day — E
7 day - 1 day S 7 day- 1 day —. i
21 day - 14 day — e 21 day- 14 day S
28 day - 14 day »—io—« 28 day - 14 day ;—o—é—«
7 day - 14 day % 7 day - 14 day i»—o—n
28 day - 21 day »—*.—c 28 day - 21 day .—dl—<
7 day - 21 day —_—| 7 day - 21 day E —
7 day - 28 day »—c—1§ 7 day - 28 day i ————
-3 2 1 0 1 2 3 4 -15 -1.0 -05 00 05

Ifan interval does not contain zerq, the corresponding means are significantly different. If an interval does not contain zero, the corresponding means are significantly different.

Hinh 8. Phan tich phuong sai va hau dinh céc thdng s6 Marshall mau BTAS_30/70 theo thoi gian.

Tuong tu, phan tich phuong sai va phan tich hau dinh (phuong phap Tukey'sHSD) so
sénh sy khac biét gia tri do on dinh Marshall, chi s6 déo Marshall cac mau BTAS_40/60
theo thoi gian bao dudng. Tir sy khac biét c6 ¥ nghia thdng ké cho thdy, do on dinh
Marshall mau mau BTAS_40/60 tang theo thoi gian va on dinh sau 14 ngay bao dudng.
Sau thoi gianl4 ngay, gia tri d6 6n dinh Marshall tlep tuc ¢ ghi nhan tang vé gia tri, tuy
nhién khong c6 y nghia thong ké. P déo Marshall mau BTAS_40/60 giam theo thoi gian
bao dudng va dat 6n dinh sau 7-14 ngay. Sau 14 ngay, thir nghiém cho thdy d6 déo tiép tuc
giam vé mat s6 hoc nhung khdng c6 ¥ nghia thong ké (Hinh 9). Theo quan diém cua tac
gia, qua trinh phét trién tinh thé luu huynh trong cau tric bé téng asphalt chiu tac dong cua
nhiéu yéu té dan dén sy tai cdu trac liy tién cua luu huynh trong hdn hop dién ra cham,
theo tung giai doan va phu thudc vao ham luong luu huynh sir dung.

Tukey Simultaneous 95% Cls
Khac biét d6 én dinh Marshall BTAS_40/60 theo thdi gian bio dudng

Tukey Simultaneous 95% Cls
Khéc biét d6 déo Marshall BTAS_40/60 theo thai gian bdo duéng

14 day - 1 day i —. 14 day - 1 day — !
21 day - 1 day i —— 21 day - 1 day —————— i
28 day - 1 day | —. 28day-1day| & !
7 day - 1 day E —_— 7 day - 1 day — i
i
21 day - 14 day . 21 day - 14 day — e
1 |
- e 28 day - 14 d _
28 day - 14 day | ay ay i
7 day - 14 day —_— E 7 day - 14 day .i—o—'
28 day - 21 day ——— 28 day - 21 day —
- — ! 7 day - 21 da —
7 day - 21 day i ay y :
7 day - 28 day —— i 7 day - 28 day I
-4 -3 -2 -1 0 1 2 3 4 5 -15 -1.0 -0,5 00 0,5 1,0

If an interval does not contain zero, the corresponding means are significantly different. If an interval does nat contain zero, the corresponding means are significantly different.

Hinh 9. Phan tich phwong sai va hau dinh céc théng sé Marshall mau BTAS_40/60 theo thoi gian.

Do 6n dinh Marshall con lai cua cac mau BTA, BTAS 30/70 va BTAS_40/60 dugc
thue hién & méc 1 ngay va 14 ngay tudi, két qua thir nghiém duoc trinh bay trong Bang 6.
Do 6n dinh Marshall con lai cia ca&c madu BTAS duoc cai thién rd rét sau thoi gian bao
dudng (Hinh 10). Két qua thi nghiém cho thay, ¢ 1 ngay tudi, d6 6n dinh Marshall con lai
cac mau BTAS_30/70 va BTAS_40/60 thap hon rd rét so voi BTA d6i chiing (88,35% va
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85,56% s0 Voi 88,89%). Thang s6 nay chiing to kha ning khang 4m ciia cac mau BTAS
sau khi ¢dm nén thap hon so voi BTA. Tuy nhién, sau thoi gian bao dudng 14 ngay, qua
trinh két tinh cua luu huynh tinh the tuong ddi hoan thanh, cau trac BTAS 6n dinh, d6 6n
dinh Marshall con lai cia cdc miu BTAS cao hon so véi BTA d6i chung (92,05% va
94,12% s0 Vi 88,89%), c6 thé budce dau di dén két luan kha ning khang am cua BTAS khi
dd 6n dinh cau tric. Dé co6 thém dit liéu danh gia ddy du vé kha ning khang 4m, theo quan
diém tac gia can c6 nhiing thir nghiém d6i ching, chuyén sau hon dé khao sat.

Bang 6. Do 6n dinh Marshall con lai cac mau BTA, BTAS.

A P§ 6n dinh con lai, %
Loai bé tong " —
asphalt 1 ngay 14 ngay
biao duong | biao duwong
BTA 88,89 88,89
BTAS_30/70 83.35 92,05
BTAS_40/60 85 56 94.12
100
® og { OBTA
'S 96 1 MBTAS_30/70 04.12
2 94 7 mBTAS_40/60
2 92 1
E 90 88.89
£ 88 -
S 85.56
= 86
S 84 - 33
«3 82
R g0
1 ngay 14 ngay
Tubi mau, ngay

Hinh 10. Biéu d6 biéu di&n d¢ 6n dinh con lai.
4. KET LUAN
Tir két qua nghién ciu ly thuyét két hop véi nghién ctu thi nghiém trén mot sé6 mau
duoc che bi tir cac nguyén vat liéu san co tai Viét Nam, c6 thé dua ra mot so két luan sau:

- Luu huynh c6 ngudn gdc tir cac nha may loc héa dau ¢6 the duoc sir dung két hop
véi bitum dé ché tao hon hgp BTA c6 cac dac tinh thé tich va Marshall twong duong BTA
thong thuong.

- Bé tong asphalt luu huynh cd nhiét d6 tron va dam nén thap hon so véi BTA théng
thuong tir 20 °C dén 25 °C (tron & nhiét do 135 °C va dam nén ¢ nhiét d6 125 °C) ma van
dam bao cac yéu cau ky thuat caa bé téng asphalt.
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- Qué trinh hinh thanh céc tinh thé Iuu huynh trong cau tric BTAS lam cai thién déng
ké céc thong sé Marshall cia BTAS. BTAS khi 6n dinh ciu trac c6 d6 6n dinh Marshall
cao hon BTA théng thuong tir 20% dén 33% (tuy theo lwong luu huynh sir dung), do déo
Marshall cia BTAS thap hon so véi BTA thdng thuong tir 17% dén 23%. Cac thong sb
Marshall thay doi khong dang ké ¢ 21, 28 ngay tudi cho thiy qua trinh két tinh cua luu
huynh dién ra nhanh & 14 ngay dau tién sau ¢ddm nén va 6n dinh.
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