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Anh hLTong cua nhiet do va tde do gia tai 
den dac tinh khang cat cua be tong nhya 
trong thf nghiem nen ba true 

I ThS. NCS. N G O NGOC QUV; PGS.TS.TRAN THj KIM D A N G ; PGS. TS. LA V A N C H A M 
TrUdng Dai hoc Giao thong vdn tdi 

T 6 M T A T ; D9C tinh khing c i t v6i hai tham so d ie 
trung Ji lye dinh don vi va goc ndi ma sat (c, ̂ ] cua 
be t6ng asphalt phy thudc nhieu yeu to: cac yeu t6 
lien quan den b in than vit lieu be tong asphalt nhu 
loai chat ket dinh, ham luong chat ket dinh, thanh 
phan kich co cot lieu, chat lupng cot lieu, muc do 
dam chgt va yeu to ngoai nhu nhiel dd thi nghiem, 
toe dd 91a t i l Bai bao dua ra ket qu i nghien ciiu 
thuc nghiem d5c tinh khang c i t cua hon hop be 
tdng asphalt su dgng thi nghi^ni nen ba true v6i hai 
loai hon hpp pho bien duoc sd dung 6 Viet Nam la 
BTNC19 va BTNC12,5 BTNC 19 dupe su dyng de 
khio sat inh hudng eua hai yeu to ngoai la nhiet dd 
v l tfic dp gia t i l . BTNC12,5 dupe sd dyng de khio 
sat dSe tinh khang cat cda hon hpp voi ba loai chat 
ket dinh khac nhau Anh hL/dng eua e i nhiet dp 
va toe dd nen den Ipc dinh don v\ rat ro ret v6i lye 
dinh don vi gi im khi nhiet dp t§ng va luc dinh don 
v| g i lm vdl toe dp nen nhd, Trong khi do, goc npi 
ma sat eua hon hpp lai khong bi Inh hudng dang 
ke bdi cac yeu to nay (d nhiet dp 60°C va toe dg 
gia t i l 7,5 mm/phut) Bitum cai tien PMBIII rat co 
hi|u qu i trpng viec cl i thien d5c tinh khang c§t cua 
hon hpp vdl e i hai tham sp luc dinh va goc npi ma 
sat deu dupe ci i thien so v6i hai logi nhya duong 
thong thuong la 60/70 va 40/50. V61 cung mqt 
loai bitum 60/70, hon hop BTNC12,5 co d$c tinh 
khang c i t cao hon BTNC19. 

TL/ KHOA. Hon hpp be tong asphalt, sue khang 
cit , thi nghiem nen ba true, Ipc dinh don vi, goc 
npi ma sat. 

ABSTRACT: Shear resistance with two representive 
parameters of cohesion and internal fnction angle 
(c, if)) of hot mix asphalt depends on many factors 
internal factors of material components, such 
as bitumen type, bitumen content, aggregates 
size distribution, aggregate quality, degree of 
compaction and external factors as testing 
temperature, loading rate The paper shows results 
of expenmental research on shearing property using 
triaxial compression test on the two of the most 

popular asphalt mixes, BTNC19 and BTNC12.5, 
BTNC19 IS used for assessment of temperature 
and loading rate BTNC12 5 is used for differences 
of shearing resistance of the mixtures with three 
binder types It Is evidently significant infiuency 
of testing temperature and loading rate on the 
cohesion, while the impact on internal friction angle 
is unclear (at a temperature of 60°C and load rate 
of 7 5 mm/mm). The cohesion is increased with 
temperature increase and loading rate decrease 
Using modified bitumen as PMBIII brings highly 
effective to shearing resistance improvement for 
both c and f in comparison with using conventional 
bitumen of 60/70 and 4 0 / 5 0 BTNC12.5 has 
shearing resistance higher than BTNC19 when 
both use the same conventional binder of 60/70. 

KEYWORDS: Hot Uix Asphalt, shear resistance, 
tfiaxial compression test, cphesipn, internal 
friction angle. 

I.OATVAND£ 
Be tdng asphalt vdi sy ed mat cua chat ket dinh 

bitum cd die tinh dan - nhdt. vdi cic dng xd eua vat li&u 
phu thudc vao dieu kien nhiet do va toe dd gia t i i . Dae 
tinh khing c i t l i mdt trong cic tinh chat co ban the hiln 
dng xd cOa dac tinh d in - nhdt cda v i t lieu. 

Cd nhieu md hinh thi nghiem khic nhau de xic 
dinh cudng do khang el t va cle tham so die trung cho 
sdc khang ci t (c, ^) cua be tdng asphalt nhu: md hinh 
eat phing, md hinh nen mot trye k i t hpp vdi ep ch i , 
md hinh elt xoay, md hinh nen 3 trye. Thi nghiem nen 
3 trye l i md hinh thi nghiem au viet, md t l g in nhat 
trang th i i dng suit cua be tdng asphalt ngoi i hien 
trddng v i l i md hinh dapc nhi lu nghien edu lua chon 
trong nghien edu co b in ve die tinh khing d t cda v i t 
li&u. Cle nghien edu khi Ida chon cic phaong ph^p ^^j 
nghiem khie thi d i u lya chpn thi nghi lm nIn 3 true l im 
doi chdng. 6Vi$t Nam, d i n thdi d i lm hien nay cd r l t it 
nghiin edu trye t i l p v l cadng dp khing c i t hoic tham 
so die trdng sdc khing c i t c 41 cung nha khao sit cac 
yeu to Inh hUdng d i n chung cua be tdng asphalt. Trong 
nghi in edu (1], nhdm t ie g i i da t i l n h inh c l i t i ln thilt 
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bl thi nghi lm n In 3 true cd Idn eua v i t lieu d i t de d i p 
dng yeu elu tieu chuan [2] xle dmh eic tham so e, ̂  cua 
b l tdng asphalt d di lu k i ln nhi l t dd va tde dp gia t i i 
mong mudn. Nghiin edu niy thyc hien eic thi nghiem 
n ln ba true vdi hai loai be tdng nhya chi t sd dung phd 
bi ln d Viet Nam de phin tieh Inh hadng ciia mdt sd noi 
y lu td (loai hon hop, loai chat dinh k i t bitum) v i mdt 
sd ngoai y lu to eo b in (nhiet dp, tde dp gia tat) den die 
tinh khing elt cua h6n hpp be tdng asphalt. 

2.THl£TB)VATR)NHTLrTH(NGHl|MXACD|NH 
C,<})THEO MO IHlNH N £ N 3TRUC 

Thiet bj thi nghiem nen 3 true sddung trong nghiin 
edu daoc cl i t i ln td thi l t bj thi nghilm 3 true loai Idn cho 
v§t li^u di t . Thdng sdky thuit cda th i l t bjva trinh ty thi 
nghilm xic dinh e, ̂  eua mau be tdng asphalt ddoc trinh 
biytrong nghien edu [1]v i tieu ehuIn [2]. 

3. K£T QUA THi NGHIEM 
3.1. Pham vi nghidn cijfu, tfieu kien thi nghilm 
Nghien edu ddng lai dviec dinh g i l Inh hadng rieng 

r l cua mdt sd y lu td co bin, l i loai hdn hop theo dadng 
kinh hat cot lieu Idn nhit danh dinh v i loai chat k i t dinh 
bitum sCf dung v i eic ngoai yeu to eo b in l i nhiet dp v l 
tde dd gia t i i d in cic tham sd die tinh khing elt e, ̂  eua 
hdn hop. Bdng 3.1 the hien ndi dung nghiin edu v l d i lu 
kien thi nghiem trong khudn khd nghiin edu. 

Bing 3.1. N6i dung nghiin ciiu thuc nghiem 
vi cic yiu to inh hudng 

Dtfitir^g D K U kl^n thi nghiem 

3(yc,4S°C,60°C6t(Scd« 1 
7,5 mm/phut 

T6cd<i0,75.2,5,7.5nim/ i 
phut di nhiet do 60^_ 
Nhl$td6 60%:,t6cd&7.S 
mm/phut 

; WunSAnhhiiteg 

I Nhl$td$ 

Loakhatkftdlnh 

3.2. Mlu thi nghiem 
Mlu thi nghiem cd dadng kinh 100mm v i ehilu cao 

150mm theo [2]. Mau daoc c h i bi b ing dam xoay theo 
ASTMD6925-15. 

Hinh 3.1a. 3.1b the hi§n thinh phan cap phdi cua 
cle hdn hpp be tdng asphalt nghien edu. Bang 3.2 tdng 
hpp cle chi tieu co ly eua mau Marshall cle loai hon hop. 
Cle c ip phdi v i chi tieu co ly cua mau Marshall cua cic 
hon hpp dapc th i l t ke d i m b lo yeu cau theo TCVN 8819: 
2011 v l Quyet djnh sd 858/Q0-BGTVT. 

Hinh 3.1 a: Thinh phin c^ ph& BTNC 19 

Hinh 3.1b: Thinh phSn cap phSiBTNCI 2.5 

Binq 3.2. Chi deu ca 1^ mSu Marshall 

cic hon hpp bi tong asphalt thfnghifm 
, 1 ^ ' T̂  ' iThlnghijmMtarriuH; 04An 

"L WAi ' 0 4 M . tin 

3.3. Ket qui thi nghilm xic djnh tham s6 khing 
cit c, <ti 

Ki t qu i thf nghilm xic dinh cle thdng sd khing elt 
e, ̂  cda cle loai hon hop be tdng asphalt the hi&n d Bdng 
3.3, Bdng 3.4 v i Bdng 3.5. 

Dinh g i i dp chum cua cle k i t qu i thi nghiem;Theo 
ASTM C670-2015. dp lech tdi da g i i trj max v i min cda 
eic ket qu i thf nghiem vdi to 3 m lu I I 3,3Cv, td 5 mlu 
la 3,9Cv {Cv = 6%: he sd b i ln sai). Kit qu i ph in tich cho 
thay, dp chym cua eic ket qu i thi nghiem dat yeu elu. 

' Khao sdt dnh hUdng cOa nhiit dd din cdc thdng s6 
khdng cdt: 

Bdng 3.3 la tdng hpp k i t qu i thi nghiem c.^d eie 
nhiet dp cua hon hop BTNC19 nhaa 60/70 vdi cung tde 
do gia t l i 7,5 mm/phut. 

Bing 3.3. Ket qui thfnghifm c. i> ddc nhl?t dp cua hon hop 
BTNC19 nhua 60/70 

I ^ ((J6) I c (kPfl) (, (db) , 

1 Trung binh 3 mau 

06 lech chuan 

1 33,93 

0,961 

977,3 ,33,23 

54,5 0.802 

371,0 

20,4 

32,97 

1.159 

291.7 

18,1 1 

Sddung phan mem Minitab 19 phin tich ANOVA v i 
phan tich h lu dinh phi t hien sai khic theo chuan Tukey. 
Kit qu i ph in tich ANOVA vdi k i t qu i thi nghiem ^ cho 
he sd P-value>0,05; bleu do Hinh 3.3 cho thay dadng 0 
elt qua tat c l cac kholng tin cay va bieu do Hinh 3.2 cho 
thay inh hadng cua yeu td nhiet dd d i n gdc ndi ma sit 
ij) la khong rd ret 

Hinh 3.2: Bliu da 
gdc ndi ma sit 0 
(CI95%)BTNC19 
nhua 60/70 d 
nhift do 3CPC, 
45°C.6a'Ct6cdd 
7,5 mm/phut 
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Hinh 3.3: Trung binh hieu ket qua i? (Cl 95%) 
cuahonhopAC19_CP1 & nhiet do 30°C 45^C 6(yc 

tde dd 7.5mm/phut 

Kit qu i phin tich ANOVA vdi cic k i t qu i cua lye 
dinh don vi c cd y nghia thdng k l cao, he sd p-value < 
0,05 v i R'^ = 98,84%. 

Bi«u Ob life dinh don vj C (kPi 

Hinh 3.4: Biiu dS luc dinh don vi c (Cl 95%) BTNC19 nhua 60/70 
& nhiet 36 3a>C 45°C. 60°C toe dp 7.5 mm/phut 

vj g i lm manh (giim 62,0% td 977,3 xudng 371 0 kPa). 
mde g i im khi nhiet do t i ng td mde trung binh cao d 
cao (td 30"C l ln 4SX") ft hon (21.37% td 371.0 xudng 
291,7 kPa). . 

• Khdo sdt dnh hudng cua tde do gia tdi din tham s 
khdng cdt: ^ 

edng 3.4 l i tdng hpp k i t qu i thi nghiem c f d cic tde 
dp gia t l i khic nhau cua hdn hpp BTNCI9 nhOa 60/70 vPi 

eung nhiet dd60°C. 
Bing 3.4. Kit qui thinghiim c. $ ddc tde dp gia til 

cda hSn hpp BTNClBnhpa 60/70^ 
T«c d6 g i . tdi ^0,75 mm/phut 2^mm/phut 7,5 mm/phiit i 

IJ(d?) ^'M.'" •_(d^)J^i'^P'",-l<i?14 = **'^''^ 
Trung binh 3 miu 32,37 | 147,33" | 33.63 ll9Ul_Uj.'gZJ ^^'•'' , 
D^ lech chugn | 0.833 , i s y^^30 l j j 6 , 44 _1J59j 18,1 

Kit qu i ph in tieh ANOVA vdi ket qu i thf nghiem * 
cho he so P-value>0,05. Bieu dd Hinh 3.7 cho thay dddng 
0 c i t qua t i t e l eic kholng tin ciy v l b i lu 66 Hinh 3.6 
cho thIy khdng cd inh hudng rd r l t cua yeu to toe dp gia 
t i i d i n gdc ndi ma sit ^. 

Bif J ai g6c n4i ma sit Phi (30) 

Hinh 3.6: Bieu do gdc npi ma sit^ (Cl 95%) BTNC19nhva 60/70 
6 tSc do 0,75,2.5 vi 7.5 mm/phut nhlpt dp 60°C 

Hinh 3 5. Trung binh hieu ket qui c (Cl 95%) 
cua hon hop AC19_CP1 d nhiet dd3CPC.45°C,60'C 

toe do 7,5 mm/phut 

Hinh 3.4 v i Hinh 3.5 cho th iy cd sy khie biet d ing 
k l v l lac dfnh don vi e eua cac m lu thi nghi lm d cac g i i 
tn nhiet dd khic nhau. Khi nhiet do tang, lUc dinh don 
vi cua hon hc^ g i im d ing ke (gi im 70.15% khi nhi l t do 
t ing td 30"C len 60°C). Khi nhiet dp tang tCf mde trung 
binh d i n trung binh eao (tu 30°C len 45°C), lac dfnh don 
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Hinh 3.7: Trung binh hiiu kit qui ^ (Cl 95%) BTNCI9 nhua 
60/70 6 tde dp 0,75.2.5 vi 7,5 mm/phOt nhipt dp 60'C 

Kit qu i ph in tieh ANOVA v<W eic k i t qu i cua lu 
dinh don vi c cd y nghia thdng ke cao, he s6 p-value 
0,05 v i R'^ = 93,47%. Hinh 3.8 the hi&n kei qu^ (.̂ ^ "̂  
Hinh 3.9 I I sy khic biet gida trung binh cic k i t qu i ^ j . / ' 
tde dd gia t l i . 
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i sy 

U7,3 UJt^CCn 1 

^ 

M 
^ • 
Z,S mm/phut 

TSed4 

Mnh 3.S.- 0/^u (Jtf gdc npi ma site (Cl 95%) BTNC 19 nhua 60/70 
6 tSc dp 0.75,2,5 Vi 7.5 mm/phut nhlit dp 60^C 

Hinh 3.10: Bleu do gdc npi ma sit i>(CI 95%) BTNCI 2.5 su dung 
cic loai nhua khic nhau d 60f>C, tde dp 7,5 mm/phut 

U i H U M I anmni/iihill 

M M a ^ to cA'tUnf (Ml AMi; a •qMi U dl <;'VMc M dbng tf 

Hinh 3.9: Trung binh hliu kit qui c (Cl 95%) BTNCI 9 nhua 
60/70dt&dp 0.75,2.5 vi 7.5mm/phutnhlitdp eff'C 

Hinh 3.8 v i Hinh 3.9 cho t h a y ed su k h i c b i l t d a n g ke 

v l lye d f n h dOn v i c eua c i c m a u h o n h p p t h i n g h i e m d 

c i c g i l t r i t de d d g ia t l i k h i c n h a u . Khi t d e d d g ia ta i t i n g , 

lac d i n h d o n v i cua m a u h d n h p p b e t d n g aspha l t t i n g . 

• Khdo sdt dnh hudng cua loai chdt ket dinh den tham 

sd khdng cdt: 

Bdng3.5 l i t d n g h p p k i t q u i t h i n g h i e m c, f cua h d n 

h p p BTNC12,5 s d d u n g c i c loai c h i t k i t d i n h k h i c n h a u 

vd i e i i n g nh ie t d p 60"C v l t de d p g ia t i i 7,5 m m / p h u t . 

Bing 3.5. Ket qui thinghiim c. ̂  cua hon hop BTNCI2.5 
sd dung chat ket dinh khac nhau 

Lofi ch i t k<t dinh NhiJa60/70 NhUa40/S0 NhuaPMBIII 

Trung binh 5 mai. 

O i l ^ h c h u i n 

33,14 3ia,4 

0,934: 10.16 

34.68 

0,522 

363,4 

12,2 

38,58 

0,646 

397.4 

8,47 

K i t q u i p h i n t f ch ANOVA vd i k i t q u i t h i n g h i e m ^ 

c h o t h I y d i m b l o y n g h i a t h d n g k l is m d e y n g h i a 9 5 % 

vd i h i sd p « 0 , 0 5 v l h i sd x i c d j n h d i l u c h i n h R'^ -

9 1 , 4 1 % . H inh 3.10 t h i h i l n ke t q u i eua f, Hinh 3. / / I I sd 

k h i c b ie t g ida t r u n g b i n h c i c ket q u i vd i c i c loa i cha t k i t 

d f n h k h i c n h a u . 

Nti tfm^ Dn Of MAn̂  Mc i.-ifq 0 ,ghae(s u trtx bitl dd^ kf 

Hinh 3.11: Trung binh hieu ket qui i, (Cl 95%) BTNCI2.5 sddung 
cic loai nhua khac nhau d60°C. tde dp 7.5 mm/phut 

K i t qua p h a n t ieh ANOVA vd i c i c ke t q u i cua ldc 

d f n h d o n v j c cd y ngh ia t h d n g ke, h i sd p-value < 0,05 

va R^^ - 84 ,98%. 

Bieu dd lUc dinh don vi C (kPa) 

Hinh 3.12: Bleu do luc dinh don vi c (Cl 95%) BTNCI2.5 sddi^ng 
cic loai bitum khic nhau d GO^C, tde dd 7,5 mm/phut 
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Hinh 3.13: Luc dinh don vi c (Cl 95%) BTNCI2,5 
sd dpng cic lo^l bitum khic nhau d 60°C tde dp 7.5 mm/phut 

Hinh 3.10. Hinh 3.n vd Hinh 3.12. Hinh 3.13 cho thay 
cd su khic b i l t d ing k l v l e i gdc ndi ma sit va luc dfnh 
ddn vi c cua cle m lu b l tdng asphalt khi sddung cac loai 
chit k i t dinh bitum khic nhau. Hon hop sd dung bitum 
c l i t i ln PMBIII cho k i t qu i gdc ndi ma sit v l lye dinh don 
vi Idn nhit t i l p d i n la BTN sd dyng nhda 40/50, BTN sd 
dung nhya thadng 60/70 cho k i t qu i th ip nhat. 

4. K^T LUAN 

Mdt sd k i t luin td cac k i t qu i nghiin edu thdc 
nghiem ban dau nha sau; 

- Thf nghiem nen ba true de xic dinh cac die trang 
sdc khing elt cua hon hop asphalt cho cac k i t qu i thf 
nghilm cd do tin ciy cao. Kholng g i i tri cua cic tham sd 
cadng dd khing c i t eiJng nha lnh hadng cua cic yeu td 
den chung khi thdng nhat vdi mdt sd k i t qu i thi nghiem 
ldc dinh don vi v i gdc ma sit trong eua hon hpp be tdng 
asphalt thdng thadng trong mdt sd nghien edu cua nddc 
ngoai cung sddung thi nghiem nen ba true [3,4,5,6,7]. 

- Nhiet dp thi nghiem v i tde do gia t l i Inh hadng 
Idn den sdc khing c i t ciia be tdng nhya, khi nhiet dp 
tang va/hoac tde dd gia tai giam sdc khang cat eua hon 
hpp be tdng asphalt giam, the hien qua sd g i im dang ke 
cua g i i trj lUc dinh don vi. Trong khi do, gdc ndi ma sat 
khdng cd thay ddi gi ro ret khi thay ddi nhiet dd v i tde do 
gia tai trong thi nghiem. 

- Loai chit ket dinh bitum cd anh hadng d i n sdc 
khing c i t cua hon hpp be tdng asphalt. Bitum cai thien 
bing phu gia polymer, PMBIII cai thien dang ke eddng 
dd khing elt vdi c i hai tham sd c v i f deu tang. Bitum 
thdng thaong cd dd kim lun th ip hon (40/50) cung cd 
eddng dp khang el t eao hon vdi c i hai tham so c va f 
deu Idn hon. Vi vay, nen can nhic v l Ipi ich ky thui t de 
sddung cic loai chit k i t dinh bitum polymer hoac cd dp 
kim lun thap hon d cac tuyln dadng hay cac doan tuyen 
cd kha nang chiu lUc c i t Idn, nhd dadng ed t l i trpng xe 
nang, tde dd xe chay chlm. doan qua tram thu phi, qua 
nut giao elt. doan cd do ddc dpc Idn. 
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