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M, nBiU
1. nHvEh Q

Phattd bQr v ngt r ong ckaydimg wl &« h " n h, ngtdyh € clige
trung nghien cuvatng . & dng c §c cph&tid c 1 n'gVinNa@
trongnhn g nfom L@y tiéucha x ung hagldh engtivi c gifm thiw tac

I, ngHl i /n mting vid Whe@h]khai thac ngun tai nguyén khéng tééh n h €n g
v [Mibfo ‘lcehu §u phattrid caccongtrinhxayeh g. Tr onx@ydng nh

clng tr3nh n_-cixayd hgeongtrim giao thgng moi riéng, gil achn
vdliumi c1 ndgs dhg&dl &thli (cAcchtl thli rch) 1a yu £ quan frng
I § mg tiéu chi xay dng b v ng. Céng nghbé téng asphalt tai €fa céng ngh's
dngwtliut mtb "B as pRexlaimed Asbhal{ PavemenRAP) I €0
b c s auwptkilhi khdithachcébsungthéma lii um iva bitum mi (Hinh
0.1). V.icongnghtai s d ng ¥ va i u RAP €gilm thMi vi ¢ $ d ng ngun tai
nguyén khong tailb (C t li' u va bitum ¢flu m ), ti/f ki m  Lcehi phi xay dng mtb
L g, W mguivQkinht] k: thud v~ °“ mg[114],{1B4E

- ™
Van chuyén

Nguyén vat

Vit liéu cao boc mat dudng asphalt cli (RAP)

f \
o o A

T

= I
@’ - S REEEERERE
=

&

b4

Hét tubi tho ’I s b, 3 V4 5 Thi cong

khai thac

- cao boc l&'* 'ﬁ}'
= o=

Bao tri Khai thac
(a) (b)
Hinh 0.1. Chutrinh tu ith" ¢ amib °Lhgg114] (a) Chutrinhv, n gi taiso
dang sau khimt vyih g MNng, (bhCaobocatliMinmiit yvhg aspha

TU H ingh t A g nhth]gi i vQch ng bih ~ ilkhi hdu (26" Conference of the

\Y



Parties COP26)[46],Vit Na m L}¢h cchianrgilirkphat thfi cacbon Bag cach

th c hi n cac gfi phap trongliicfc § ¢ IcoM ttrongnhnggli p h'Ep Llea

r awthlchin L -[nxudl chgttb vatais d ngwdli uxaydn g . mg®i phat

trivd bQv v ng. Theo Quy hech mth g | il @ngeh g i a th 2021203Q tFm nhin

Jh 2050[7], .ct@€cékhdng 90 14ngkamtclk@®ng 2979 %Hg km L
Qucl va€cokhdngtrén 120 triutth b ° t 1 n gc sadsny.HNAulIBE chu €

k8 phli s a ch a thay tif]bag mHu * hgdé tdng asphaltm | © 1 0,in tnm nt h
s€c6 khdng 12 triu thh bé tong asphalt mtb "€ pbli ¢~ o bdy,dQn Nh €
ntng nRAPUAHIL N tron@ghiqi amiaylo”™ t€ehnfwhlvai . T

i URAP® Vi tNamwh c h'@a dlngco hiu qu. Bén ¢hhl - |, “nregliu
va bitum du m lamvd Ii' u ch]ttb bé téng asphalt ngay cangdi i hth. Do i,
vi cnghiéncutais dng RA]tD bé tdngasphalt tai cAn - n gob,bi t i |
h" mnyRAPcao(In hhn 2fB#J" Vi tNam. K} qu nghiéncu ¢ a
Luch an gop pfin th ¢ hi n gifm phattifikhigayhiu ng nh~ k2 ‘mhthc qu a
héacam R t4 COP26 Qui cL. €a plhrdyvQz éhr o v - 0o ntm 2050.

MHo du 1 ich khi $ d. ng RAP trong hn h p asphalt tai chl. « ~ ¢ c& ng minh,
nheng “rtimgs hthchlk hi g i a nd RAR gongshn h p. Sn ph¥n

s dnghnhpasphalttiichv.i h mg | RAP “ngcom gt v€ gi , n h
V. is d ngh nh pasphalttrugnth ng.H, nhp n "y gt ki nén tigoai hin
trM@dbnt, gi ac tlAohahtheothgianv ™~ 8 ct AbQh ‘tliy €

khac so vi h n h p asphalkhéng c6 RAF4], [68]. Vivdy, ph gi a t §ingsi nh
L&s dngWkbdiphc HL t 2 n ¢k Ktum tioig RARbitum RAP)va di

thin t 2 n hahmipgsphalt tai ch Hi u qu ¢ a ph gia tai sinh phthu ¢ vao

mts yut,nh€l | o "“hgppgatéisinh,ngungec v~ ‘mgRAP,| €
chb ¢ abitummi,nhit  Jathigiantr nh nh p[67]. Ngoaiyéu uvoh ~ m ng, €

lod ph. gia tai sinh khac nhail€sénhn g t'h a y fMlkhabdnhau khi hoa gia, va

do L - ,tlolphigima t §ic di€mmhpt@c) c8c t2hh nkir
cahnhp clifmgli c Lgg  d¢yéu fu.

Vic gi a t LngBRAP dmg ttog cong nghbé tdng asphalt tai ¢Ha m t

X u  mg@®ypunmnti <€u h- a {n ic hnig upyhgm,phagtrik Eh



v. ng" Vi’ t Nam Tuy nhiénhi nnayRAP wa ¢ h'@a dlngxy ngrdido ch€©a c¢
nhiQi kinh nghim trong qin Iy vd i u RAP, | achnph gi a t §i sinh, ¢
gahiugddaithgcahnhp.nWothWW i L a  ds- dang RAP vao hn h p
asphaltai chjnéngc | n g MWhisc@tvadpnly chdl ° hg® nh p, vi c nghiéncu
L§nhinhgi Bg€aphgi a t i cs8cn ht_ 2hhh middmn thil oh’n
nangcaocll “hg@anmtt "B asphal €., TW *Eat/jdeh cinh

xacwQhi uqucaphgi a t §8i  d1 dilh@u kk mkhai thd® hep Hoh va dai
hthcamt " hg8 d ngbé téngasphalt tai cAnong

2. M, ctiéuvan i dung nghiénc u

2.1.M,_ ctiéu nghiénc u

Luch antdp trung gl quy/} ba m ¢ tiéu chinhpao g m:

ong&nhlngi Sg€a h "mgl RAP tl2 nha bétdnggasphalt tai
ch/jnong

ong&nhilndi §g€alod v~ “hgpmgl € t §nim tsitinhhchl
ca bitum v~ ngeodi, dai BHngha béténg asphalt tai Gnong

oD bdoc §c t 2 nh ncrarkctlknita i hg@@n§ od, ngl. p bé tdng

asphalt tédi cfnong
2.2. N idung nghién ¢ u
N, i dungnghién cu ¢ a Luch &n bao'gm cac W Qfau:

o Th cnghim x &bm ts tinhciillva | Tkim Gk, nhit . H6a nQn) va
LHotinhl €uhp(bm?!  Ebu ng [G*|G* / svi'n UG ) a bituth RAP, bitum mi
va bitum hn h p (c6 ph gia tai sinh)

0 Th ¢ nghi m phan tich thanh gh héa hc ¢ a bitum mi, bitum RAP va bitum
h nh p;

oThcnghim L8&8nh gi § ca®aoh p asphalt ta éhnogg scd ng
ph gia tai sinhbao gm: s ¢ khang fa linv t banh xe(HWTT, IDEAL-RT), s ¢

khangnt IDEAL-CT) , mingl un EI* | ) )ikéolgiartp fitr lag Hp h
(Mr). C8c t 2 nhnimhn tg€a- @k ®hoa gia nga hth va dai Kh;



oD b8§8o c8§c t2nh akfch gt K bhg8i d ng hé8déng asphalt tai
chWjn- ng t heo ph@Hmaognghpnn GlechanigticErpirical Pavement
Design,MEPD), s d. ng pfn m@n AASHTOWare®.

3.n"i ~ hg®a phtm vi nghién c u
3.1.n"i " nhg@ghiéncu

o Vd I uRAP va hn h p asphalt tdi chnoéngc - h * njmRAP€ap

o Thanh pfinhdahc, mts tinhchdvd | T ° e¢ a bitutn RAP, bitum mi
va bitum hn h p (c6 ph gia tai sinh);

o0 C8c t 2 nhbénéhgasghalttai chnong s d, ng ph gia tai sinh

0 K/jchh mtb © hg& d ng bé tdng asphalt tai Gnong
3.2.PhUm vi nghién ¢ u
Nghiéncuthifk/j chjttbv © L § nh g i, &h nth2prb&téng asphglt t& ch
néongcoh ~ m ngRRAP ¢ a o ng RAPm dingt 301 50% theo khi ° hg€
h nh p asphalts d, ng ba o4 ph, gia tai sinh (gc dfum 1 RAL g ¢ dfu th ¢ vd
i RA2va g c dfu dlnanhi RA3) trong phong thi nghm.
4.h nghoacvwlhocdi nh
41.h nghoackhoa h

o Théng quahi nghi m phan tich thanh gim héahcgamts lod  bi t um c 1
nh+<€chghiml § n hcagtintgchii ¢ abitum vat 2 n h _ alémgg asphalt tai
ch/jnéng, K} qui nghiéncugaludh 8§ n_nge meiheh udue am ts loY
ph. gia tai sinh

oK/pgu nghiéncucaluh §&n L « cl “cnjt @bhn b @plE gia td) i
sinh v i bitum RAPva bitum mi.
42h nghg@anth

0 KJI qul nghién cu ¢ a Ludh an la tai liu tham kifo h u ich cho cac h gEo
d. cnYh ctrong ging d¥ va nghién cu, cacl. h nquin ly, cac doanh nghp  tEie v
thi/f k/] L slin xud vathi cong nkb ° hgeé téng asphalt. T - g fhpmarng h



1% hi' u qu" vOmHbkinh ] xa hi , v ° " nopdoith ¢ ng € hiu qu ngu n vd
i u RAP.

o KJ} qul nghién cu ¢ a Luch an gép ppn di thi nchidl * hg® n h p bé tdng
asphalttdiichn - ng c¢ - nglRAPradki@ngdng” Vi t Nam



CHhuNGTING QUAN V5 RAPVAPH UGI A
TAI SINH DUNG TRONG BE TONG ASPHALT TAI C N®ONG

C h ©hThng quan ca Luch an tp trung tim i cac Wb QL i ° n J/pwddiu L

RAP va ph gia tai sinh dung cho bé téng asphalt tdjiebngv. i h * my RAP&ao,

s |40 hoéa ca bitum va hn h p asphalt khi fi gua qu8 tr3nh h-a
thi/T k/jthanh plin bé tdng asphalt tai gmong. BEneEn h L -, ¢ &drénnliy hi ° n
giivQln h “mg€a h " ngRARvaphgi a t §hcacdinhrctiic d bitum

vat 2 n h _ ahkémggasphalt tdi cHc 1 n gc pha@ tich vd ing h p. T cac kih

th ctimhW ‘lc€ ph<€hnig ¢wrggngagménits; a Luch an €L ‘&

lam rd.

1.1.T ng quan Qudt li' u RAP

1.1.1.Tinh hinh s d, ng vat |li" u RAP trén th/]gi i va Vi t Nam

Hin nay,nggdnl€RA4nxtHbé tong asphalttdi ¢l ang ng” 'y ¢
ph bi/ptrénth]gi i. Mt " h & L Bwddi ukiichln "~y Tce ding Ws[n

xull h n h p asphalt néngHot Mix Asphalt- HMA) va h n h p asphaltiin (Warm

Mix Asphalt- WMA). H, n h p asphalttdgichc - h * ngRAP€ 15-20% theo khi

| “@glaphbi/h v c ng€ngrngrdihinnay[112].V.it | naywh L edn g

nh nghth ch]nhil "nliva nhiQi nghién cuvq L @pgel & tih  h "Weh L
thWgi a t £ nmg RAP s ngl€h50% hbb ¢ a o 2am H'n ° réhich kinh

t/]l. n  h Moferini va cac cng s [92] ch' rarag h n h p asphalt'sd ngv, i ham

| @ g R AMAP0%khéngcost ha yvQE § ¢b Lt 2 nbQrsoyihnhp
asphalkhbngs dng RAP, nh€mgRAPhn HmBAmca® ©nh nkng
cost hayt hlteonghhi€a t amgyaldndgmkhnt ng k hedahaq n
hpInh “Mm@hkhintng khaibt bgc ¢

V.i nh_ng |7 i 2ch LYYt nlge€nght . bvi té ng asd.r
(RAP-HMA) ° Nhdt Bln L« LP34dll188pPpodhHg ¢th/nh
c"t i u th® v thi JJun°knhNhgdtgiBann LW xt h Y

c8c gili ph8p bQn v_ng LW t i La h-a vi



chblt Dt hfhlfo vQ s d,ng RAP trong xOy d.
ntm 1984 v° L€ ¢ &p d,ng cho c §cacdinh §n

ntng c,a b° t!'!ng asphalt t8i chJ] v, i h"r
ting asphal PhfmulyQOn vHdinbi u RAP L€ ¢ s
hoHc WMA v~° c¢ch” 1€ ng nh, RAP D€tdays d
tiJpe ccs a L i v’ b" sunlgd®a ov'nd m§ R 0d 4t
ngh -RMRA v, i hRAFcdc nH. ntm 20LBMAvgling

h“m | € ng RAP cao L «n Rieuligkit ¢phhil)[40)h° b i
Ch" hairmtum, LJn ntm 2015, khol[ng 99% kh' i
re ¢ t8§i s d,ng.

Hokkaldd
36%

Tohoku

42%

Chabu Kantd
43% 51%

i;;’f:kb &&i‘ Kansal
.‘ ,;-:i;'_\{ij.- g’L“%

¥ Shikoku

38%

Kydsyd
38%

Hinh 1.1. T | RAP trung binh L' ©€cs d, ngtrong h n h p asphalttai ch/]
Nhdt B[n [70]

T<€hngh€©dRh, theobdocagaHi phimH ° hgRAsphalt M (NAPA) ch
rarag, 100 khi "h @ RAP ctiiks dln® v ~ o 22n thfim WPclc Bang
caM [60l. Tr on gngB;1%kh'k h agR AP ° dt&s d n gWh]ttb h n
h p HMA va WMA, trong khi khgng1,9% [ c@ais d nglam |i utrong cac ng
d ngkhdcGiihth h "mgl RAPph&p&dng M: davao pmt ° hge



thi/t k/jval ‘€u nglgi€o thond109]. M. ts Bang L @athr & = gg RAR
L&s dngtronghnh plWe § ¢t 2 npabé téngasphalt ti cHthol man yéu
cfunhan [th bfo ckHl ° hg®a thith khai thac ca mtb ° Bg@Blng 11). Theo
Ccqun | Tnglp #en Bang M (FHWA), h n h p asphaltai chjc - h " nm
RAP trén 25% theo ki " h @ ¢c@8lahnhp c¢ - “mg RAP tag56]. Hinh

12thwhi nh " m ngREA P ° d¢s&d ng trong hn h p HMA/WMA ° m i Bang ¢ a
M: [60].

Bng 11. Phlmvis d. ng RAP® M: [109]

Gi.ihth | L.pmtb| L €u’ ngdao _ .
TT B ’ e Chp bit
ang RAP L%ng | thong (ESALs) bb bitum m. |
1 Indiana | Max 15% | L p mHb O 39710 Theo MS2
Max 25% | L, p khéc -
Max 15% | L p mHb THic[ cacmc Cep PGt h
2 lowa Max 10% | L p mH O 3510| Wb h7ng |
RAP > 20%
Max 35% < 3x1¢ Ckp PG thip h
3 | Nebraska| Max 25% - 3x1Pt i 1x10 i h“mg |
Max 15% 1x10't i 3x100 RAP > 35%
4 | Wisconsin| Max25% | L pmtb - Khtng "t
chy PG
H” m’ nig AP
5 | Missouri | L° nh L - - > 30%, & PG
100% nh€ bjit
6 Kansas L° nh L - - -
100%
Max 15% | L p mH Giao thdéng hbg
trén
Max 20% | L. pmtb |  Giao théng trung
7 Ohio trén binh ]
Max 25% | L. pmHy Giao théng nis
trén
40459% | &P MU -
d @va
| p méng

e



%= Khéng co béo cao
M - 3 cong ty bdo cdo

0-9
10-14
B 15-19
20-29
Hl :30

Hinh12.S | “@gcacbang M: s d. ng ¢ § c  ngRAR khhd&nhau trong
hnhp HMA/ WMA YgZ018ii2022]69]

Theo Copelan7], trong s b nlod ¢ h M&[pxtEkh nlh p bé tdng asphatiao
g m chi phi WQvd Ii" u, §n xull, vch chuyd va thi cénghi chi phi WQvd Ii’ u la cao
nhi, chim 70% gi4 thanh.m h p bé tdng asphalt. Dody, vics d ngmt ° hge
Lnvdliu RAP L « WA tmanh b@ tdgg asphalt: . Zaumanis va cac og

s [132]ch ra rRag chi phi cho mi tEh h n K p bé tdng asphalt tai g d ng 100%
RAP [lt 50 WhT0%sovih nhp as pirck hgtkhotigs d, ng RAP.

Chau Au, cong nghbé téng asphalttaidfc I ng L &M pmi§anh raldh - ng.
quc gfuténd d ngvdli u RAP vao hn h p asphalt tai c§ Phap va Pfn Lan
s d ngwtli uRAPchocactujn ‘Ih®@ c - nygRothdng@Bbvatntm 2000,
RAP c I asgd ngé€hontt ° hg@hd cao109]. Theohiph imHs ° BgRsphalt
Chau Au (EAPA),cac Qe gi a choOuy/JAsud td nRA&N ik h n
h p HMA va WMA [50]. M, c tiéu hintd ¢ a EAPA1as d ng RAP yit [ trén
50% tronghnh pHMA[43]. H mgRAEsdng cho ph®ypillp” 30
my  d[®]. “invilpmdb tr°nnghRARPhEPS d ng la 20% ma
khong ¢n t hiahp bittm mi[80]., Anh, Ch" ngcaatt chb ghép ham
|"@g RAPs d, g UJf30% d¢ho cag b bé tdng asphalt09].

T4 Nga, nmhsQ dngRAPEn FUtienxiHhin v ™ o nhkimm 22001260 |,
haitiéuch | [ v  B20M46)valy [suv  22020[148)q u ynh L
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vQcac Yeu du k thud ¢ a vd li u RAP vaph ©h n g thif} kWBhanh plin bé tong
asphalt tdi cAnongl « * ¢’b@& hanhH™ m’ ng AP L ‘& s d ngd a trén tinh
" ng ntic aRAP, Io4 bitums d ngvayéuful pkmH ° bhgeH nh p asphalt
tdichjc - h " nRAP€ 1 0 Wh L 3 0% s ld@g cho | p mHutrén vat 20%
I'Jh 40% cho lp mtb _ d " m” nig AP 1enlyh 60% & thWM€ ¢ s d, ng khi co
ph, gia tai sinh vd’ ng th i L[m blo cactinhn £ n_@ h h p.

New Zealand va Uosi ¢ $ d, ng bé téng asphalt tai fmong vi  h ~° ng RARE
t 15 %h2%chocacpbmb L'«biph9] . "HWgmRIA® cao Whn 3
I ‘& cho phép'sd, ng, tuy nhién £n ch ng minh qué trinh[® xuld pho A p vatuan
th, quy trinh kwh soat cil ° hge

Chinh qugh cac Bang gin 1 'Tngdad&c’ (n . « ban Hrihkhhuquy L
I'W h gvits dngwdliu RAP. Ni&tm 200RCH,2 0t ilL°%u bamu h-
khuy/h céo vic s d ng RAP cho cong nghtai chjnong va tai cAngu i [59]. Ham

| “@g RAPti La .nhpodghMh®e ih 50 %, tuy mciRMAP hl' m
30 % ds$€] ngph bi/h. Nghién cu ch rarag s d, ng 30%RAP trong hn h p

asphalt khénglafin h “m¢g@hl ¢ § ¢ t 2 nth ~ ig@ikug” BEEL09]c h

. TrungQuc,kh'i “hg®tliu RAP h" ng220timtil,° nnimt€n ¢

s d. ng LW&[n xutl bé téngasphalt tai cv con h ch]vi nh ng lo nH lién quan

IJh kivkh soatchll * hg@t li u RAP[137. Nt m 2 & i@k thetchontb ° Bhge

s d, ng bé tdngasphalt tai cF(JTG/T5521[64]) L'« lb@n h " nyBudut r on
h n h p asphalt tai chnong s d, ng trén 30%RAPfn pHi  "Eewhtrd L §nh gi
t r c&hidung lam Ip mHu Hi' n nay, tiéu ch DB11/T2073[49] g u ynhuQcac yéu

cfu k thud cho céng nghbé tdng asphalt tai mong € trim  I° « ¢ banéhanim £ m

2022 vamctiéu ca Trung Quc lati/ptcgi a t £ nig RAP s nig #ng

h n h p asphaltai ch]

NE m 200 9°,ng RAPHih 409" « ~ d¢.$€d ng trong hn h p tai chjnéngty
NamPhi //m ntm 2071n9g FA Pn 4 e&bphlbidh’ tqu ¢ gia nay78].

nivi _cthinnayvdli uRAPV ¢ h'@a dIngco hiugd doc h€a ¢ -
h th ng qun Iy va thu gom trong qua trinh cao béetm " b €§ a s pcdladng rmH€
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c h©€a @ kinh mghiim trong sn xudl bé téng asphalt tai §méng PhFn | n vt

i URAPL & ‘&s d ngtrong cong nghtaichjnguitich t heo c8§8c ph€ehi
khac nhad'W ngdnglam|p m- n gg 61t6R3], [14], [15]. Céongnghn "y L «
L& ap dngth ngnimtdmts d an° Vit Nam nchi€l AQuhL o
Km1941+100i Km1941+600 inh Long Ay vaQu c | 5( IMoKm767 Km82, Ha

N, i I[iPhoRds dng nhl t €hnQ@icl 1A (Quch 12nthant phH’

Chi Minh)vaQucl| 5(Km82i Km94)s d ngbitumbt v~ wiv.Nmimng023,
vdliuRAP c 1’ napdtigl nghi mchocong ngh tai chjngu i td trdmtr n

¢ Unhs dng nhl t €©hngng g rg thxrighi midnligu RAP cho céng

ngh bé tdng asphati chjbn L « ° dtec hi n b i nhém nghiéncuc atacgin * o

VEn ningngsntengc2@d 51 ( Bi ““ngNdi)[2A., innibé

tong asphalt tai djnéngs d ng RAP.congnghn “ y ¢ | ‘nc@p dngth ho®i m
tYQucl 51biCongtyC phfn fu t € mgOyBMT v ° o[l].Viicac 2 0 2 2
nghién cu th nghi m nay, B Khoahcva Céngnghll « b an ti@ichdkc §c
thud thi cdng va nghim thu ] p mtb * Bg& d, ng bé tdng asphalt tai §moéngv, i

cach © m ngRAPthEdh hn 2 5 % 5Wdh BA%(TCVN 135674:2024[17] va

TCVN 13%7-6:2025[18]). Dovdy , &€y Qtuan trn gWed thAs d ngwd |i’ u

RAP ph bi/pvahiugdh hn t ot mgnang 8 mhiQi [ iich vQk: thud, kinh

tlv' mlrg tr €

1.12.Nhng kh- khtn kh'ingBAPdrongHh mhyp asphatt | €

M ts rirocothdubihin k hi gi a ngRAR gonghhh mp dsp@alt lién
qualnaguinly chll ° hg®d Ii' u RAP, cong nghsin xutd trmtrn, ph€©hng
phapthfklhnhp v~ ¢ § c_athnh pasphalttagchs d, ng RAP.

1.12.1.Cht 1thg v = Oyadmt evawat liMi RAP

Khis dng h nmyRAP@ao,nhp asphmd tct hreguipgntith k ®r
[73]. n \WkiVkh soat i Qtay, ciil “ h @@ v "7 ng rtihcha v i u RAP ¢n “lc€

' § n ht rge@Bthif k/lbao gm h ~ ‘mg bite®n trong RAP, thanh ph h, ham

| “@ghHtmn , Xtiv.w.Dowy , ¢b8ichndyphi °E € xJP trond'thi} k/jckp

ph i va n xudi bé tong asphatti ch]LWgu[n Iy RAP chinh xac.
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1.12.2. COng ngivisl n xunt ¢ i tv m trin

Vdliu RAP kh?oganhitcang Li€tli um ivico thakulihi n nhiQu
khéivamlantoan HhapRMP Kk h® n'g giarfhittr €t nhit  d¢ao

Vi€l © m g i, ddo hoh eaditumva bitumtrongRAP&8b d2 nh v TioGifib £ ng
ph&§pngh&echin W tlilumitruyQinhitgiantip /& R AWML
bfonhit , % nhnhpthichhp. Vivdy , h“ ngRAP€hdng qua 50% coWh
phu h p WHn xudl® céactrm tr n, t rrgmg hi @RARSdngln hhn
50%thi ¢fn co thil b gia nhit cho RAP[59].

112 . 3. Ph_ _ Mkphépmgp t hi

NhiQu nghién cu ch ra riag, cac chtiéu k thud | i ° dh thgJukgthanhlpln

h nh pasphaltaichjc - h "ngpRAP@H) lat €hn g Lihn gkhang co
RAP[53], [73],[108],[119]. Tuy nhi ° n /1 kithashplngn p hce@l it h |
chnhvih nhpasphaltaichlc -  h “npRAP®€ao,fn x/pt cl®tinhta

vdliu RAP Bhphii& td uRAP,h ™ m ng & mn,h~ m ng v@ tinh chi

¢, a bitumRAP). Do vdy, vi c qun Iy vd i u RAP lién quan dibch€LJh h n h p thi}

kijv 3 { Agmiitic Bvdli uRAP.Scombca bitum RAPRP IcHm tlh.
t 2 n h JH c@uwitulm hn h p (bao g m bitum m i va bitum RAP) vacahnh p
asphaltai ch] HFu WV} cac nghiére uhin  n @yhoBagbitumc t r ong "RAP L
tr n D6 hoan toan v bitum m i trong qua trinh cfttb h n h p[56], [60], [141]. Tuy

nhién, mt s nghién cu khac choftagch mtphfn bi t um c R A B vli€
bitum m i [34], [101]. Dovdy,vic x & & "&nEc  ttnbhca bitum cli
RAP vao bitum milam ttrongnhngnhn g Kk h nénkemkétth chin “ily i

hnhp asphalitngc -RAW malo€ v3 khing x®tqly
[47],[141]. Hhan,WnE n g "mg RAP b éengtronghnh p gn b sung thém

ph gi a t $khdiphicn c®ltinhg€¢a bi tum c[34ltrong RAP

1124 . C8c tvahéhh pdsphat taccih

Vic gia tinngg FhA'Pm || &mg ¢ ahmd p Bé tdng asphaltio bitum
t r ong RIAPhdédde fi gua qua trinh hda gi®6], [90]. Khi bitum b hoa gia,
nh-m asphalt trong bitum ttnigidfu, shamdhkir o n g
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nh avanhémclH t It h mx oggifimelam bitumfrnéncn g [B4H.H nh p
asphaltcn g h hWancgimkhim £ ng Kk hd® m gn tdo nhitvan t phin
anh[108]. Ng o nhdy Krag,ahbh pcothAb [n h * ig@o s tr n % khéng

L. gi abitum RAP va bitum i trong qua trinh g xuHi[81]. " iv. i bi/jh dthg khong
Riphc vics dngbitummimQn hhn _ gidtaiginhcotMnh “me@hl
kh[ n £ rklgangh?a 1Gn v t banh xe[108], [141]. Do L., J/pkilgntp 3nh
asphalcfn | achngiatrti  €u ~Imgpm gih t& sinlkW& & /@ ¢ tiéu g[m

L cng nh¥@qrgblokhin £ ng k3nl§nrv gbarih xg56], [131].

1.13.CacnghiéencuvQin h "hg&@ a RAPR LE&c t 2 abktonghsphalt c

tai ch/]

Khis dngvi h *ngRARSthH, t 10 %WhL 20%, c§cahéadmh nt
asphalttai chf]s d ngRAPcé s khac bit  k h 1 n §woly Bmgh pkhéng c6
RAP. DocolitbgaRAPcoOtMe oi nfhie " me k ht n\Whletetin g k
| “@g ¢ a bé tdng asphdlf4], [92], [102]. Tuy nhiénh n h p asphalt tai cHv, i ham

|"@g RAP "ngoct¢igagdd /JJkhfn £ ng k ht§§hrgu khong

th chin ¢ &cchnbhtrongthifkh nhp. °‘N#¢le nh p asphalt tai chthw
hinklintng k3igmtg hhn, Qnnhy@aty\b dilim s d ng ph

gi a t§&it siurghnyjle] [128 Do vy, thif k/Jh n h p chinh xac va thi
nghim ¢ §c t 2 nWiGpkikkntglkiVeh soatchidl ° hg® n h p asphalt tai ch

Sondagvacacags [111]L « n g hfn°hn igp€a RAP (2 nhahmbng «
h p RARHMA. KJI qul ch' ra rfag h n h p asphalt tai cjs d, ng 40%RAP #h JJi

L cnggcahnhp titng | °.nangn%.RAHPh rk hr§ c ¥in/iirsqung c | n g
t hdyvOll ¢ ngkhac nhain h “tg€a h "mgl BRMAP, Elngcahn

h p asphalt tai cfjc T n g c ch € trong bao cdo NCHRP @8 [90]. K/} quf ch' ra

raag mt  nf|E*H(thilhghi m theo tiéu ch¥ AASHTO TP62) ca bé tdng asphalt
taichlb [nh “meg L Bmig rK’ my RAF/angunvd i u R AWphantich

[hh “tg€a h " mgl RAP tI12 n hahmi p G ckE) Izaks va cac ;g s

[61]L € d ngthinghimm?! L unikéog@nttitr nglHpb Mgr) WEEnh gi §
I, c nggacachnh pbaogmhnh p “ilth ng, hnh ptéich]s d ng 30%RAP

va 50%RAP. Hn h p “ilch ng $ d ng bitummé&c50/70, trong khi hn h p tai ch]
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s d, ng bitumméac70/100. K} qu chottBf h nh ps d ng30%RAP cc ngl
thgp hhnihsndpvilchng, nhc8mgahlnhps d ng50%RAP la
caontdl Vi ¢$ d ngbitumn@n hlamgifm .k ng khi'ng” RAPLL €
dngti30%.n cngcao€cfithinkfntng k3¥lgmea mib ° hoStuy
nhien M gil't £ n §n tkrhdd hixnw/} n t[80], [108].

Kirqu nghiéncu | i ° dhkofmam gl k tngirchp thsy co s gifm | LbQn

m ic ahnh pasphalt c6 cha RAP[61], [73], [90]. K/} qu nghién cu ¢ a Izaks va
caccngs ch rariag hnh p asphalt tai chv, i 50%RAPd b ntmi hhn, ng
cfkhjchg t €©hh &ihtnh pasphalt khdng c6 RAB1]. KT qu hay co

thwd L o §hcsvding bitumn@n h hn L[ lIc' nmgayhnh p tai ch]
nh€eng Kthlnn glca BQmi.

n"iv ibi/h dthg khéng hi ph, ¢, cac nghién au ch ra raag h n h p asphalt tai cf
cokifntng kalgmig h hnihs o pkhdong c6 RAA61], [119]. D, &n
NCHRP 0946¢c | mgc L §nhnigri & Kdin&nggkhongihiph c, s d ng
thi nghi m ha [Gn v t banh xg90]. Tuy nhién, K luchch' raria g, nbd h3a lan v t
banh xe chy/u ph thu ¢ vao ngun vd li' u va ¢ PG ¢a bitum mi, khéng b [nh
h ehgnhiub i h * mg RAFE

Céac nghiéncu ¢ aLee vacac ags [73], Izaks va cac g s [61] L « dsng thi
nghimhalinvt b § nW §xnér  [Hni L8 gk hk3ad IENnga béntdng asphalt.
Trong nghién cu ¢ a Izaks va cac mg s , chiQui sau Ra 1Gn trung binh In nrHl v, i

h nh p khéng c6 RAP. Hh h p s d, ng 30%RAP cho < khang Ra Itn cao nkil
N- i ¢ hohfydifh dhg cé thiehgh nhch “le€il, i tHic[ cac hn h p tai cH]
nghoa [|'hg RAP khongineh “mee L ®Mijgkhlkn £t ng kW l@mvg h
banh xg61]. Tuy nhién, nghién @ ¢ a Lee vacacmgs [73]ch rara g, shu vt
habanhxedm khi "hg mRAR ttng | °n.

Mogawer va cac.ag s [81] ti/h hanh nghién w vQ[n h “fg€a h ~ ng RAR
L/h ¢ § ¢t _2ah hh masphat tAcchnéng. Nghién cu cho tif . E ng hn
hp titng | °"mgRARLin hh3nom%| &N enh ps d ng20%RAP
c-. clngttgh hhnihsawtpvilchngs dngctliumiVOQL 8§nh [gi § Kk
ntng kh8nighinngh "RAARXE@/Hm gth chithgb hhn t hmo t h:
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Overlay Test (tiéu chn Tex248F[113)). Vi ¢S d ngbitumn@n h hn [~ In g
cngcahnhptaich]H nh pasphalttaicjchottBf knfn £t ng Kk §Inign ht L r
len khig i a ht”trm ) RAP trong hn h p.

Nhin chung cac nghién cu 'Qu ch ra rrlag khi s d ng RAP L, ¢ ng ¢ a bé tong
asphalttaicijc - x ogth® g QRagcotglithin ‘lc®lnt ng KW §ng
Invt b&nh ek Jitd@m gnivakhnktng k htgmn gh Mime

vdy , h'nm IRAP L ©@&pbeé tormtai bh]cfn pHi [niblo can Bag gi a
khfntng ktvBkigm tm g KkimlgrNgi dumg nghiéncu ¢ aLuchdnc | n g
S£thp trung Vi Hy€ahh' ng ngBAPS d ngl/hcact 2 nh _aktng
h n h pasphalt tai cijnéng n ng th i, [n h * g€ a qua trinthéa giadai h Jp2

c §c t 2 nah nh pasphalttdi chnénge 1 . ¢ xJPtrongnghién cu.

1.2.T ng quans hoa gia ¢ a bitum va h n h p asphalt
1.2.1. Thanh phfn hoéa h ¢ va dbli tric ¢ a bitum

Bitum (sfn pi¥nt qu § t r 3 Biibdfu i hl&m gh nd p ph c tth ¢ a cac hp

chilh y Lcacborva mts d¥ xul phi kim 104 khac. Thanh pfn héa hc ¢ a bitum

ril ph ¢ tth, bao g m cacdon (82-88%),1 € u8nt(Q6%),n i (0t5h%), h y L(B-1

11%), oxy (0-1,5%)va mts nguyént khac[6],[110. Th* ngngt hii fam L €
chia thanh hai nhém héar ng lanhémasphalt vanhémmaltene Nhémmalteneco

thW ‘& chianh h h n  tb& rhdntbao g m nhémchii bdo hoasaturats), nhém

chil t (aromaticsyanhom chidinh a(resins)Hi nmay, k thudsdo kT | ©  ph ¢
phapt h L ‘&s d nglWk § onhthianh plin cac nhém cHitrongbitum(c , n" cl €

g i 1a phan tichSARA). Nhém chil bdo hog5-15% theokh' i | “@g bitum) bao gm

c8c hylr thdragva atbh nhédnhla m t chil | ng trong sut, co tr ng

| “@g phan't trung binhNhém cili  t @G680%6) la m t chii|, ng mau vang L, |
baogmcachpchd t hhm napmg hgghand thigh nhivarchim t |
ch2nh t r ong ghanani N6n chHenh a (30-45%) la m t chil rda/ban e

maunau $én, tr n g ~ rig ghan't trung binh c6 Hn chd phan cc va K} dinh nthh.

Nhom asphalt ®25%) la mtlod chHirdam™ u  [iérm gv rig ghan't caa Ham

| ®@g nh- m as pnhgallt@gy KiHE ct 12In M ¢ b Eum. Khi ham

|"®@g nh- m adbifphta hancnd nlghn, nh't « a [YB], fiLkoh



-16-

CHl trac bitum c6 thAtoi la mt h keo ph ¢ th bao gm cac mixen asphalt (micelle)
cotrng rgghantc ao clLh©n t &§n Vigohdtfuairg g nrg e

phant thep  h whaémn{alteng [6], [110]. Cacmixenasphalt bao quanh bm t| p
chiinh a/chdl  t h Hmnléy o n it &@H'm nh. Xa khitadm ¢ a mixen, cé mt
s chuy " ildfn sang cac M chiinh at h hm 2 tc phi@an go Thimoil
t T n@ phan tada cac ckidfu t hTEyntheo thanh gin cac nhém o, bitum thwv
hi nba ngx khacnhaubaogm s o It)di s{greh o (t1)" geldn LA™ D.
Khi h hgmhdm@hbi t hH#inh/a¢ h, cac mkenasphaltcod thiwehuy | g
t do tr on aqgdpul,i cltd €t r €abgtradiisold NJuh ° m nd rBém
chil t h B mh/adhsp, cAcmixen asphalt h g ¢ - . nglién ki K v i nhay
LlHo t r fohllg thr uc figel O.

C&§c ph<€ehng mb&pE dtnglAphangibhiBl tracvi mé ¢ a bitum bao
g m thi nghim kinh hWi vi | ¢ nguyén't (AFM), kinh hMd v in t Huiét (SEM),
kinh hd vi husnh quang, tia X.v. Hi' n nay,thi/t b kinh hMd vil ¢ nguyén't t h /g

L ‘& s d ngWhantichTrongmtctl t r Yac Whhinhcm?® bliit unctt hu

thi nghi m AFM, ba thanh pfn ¢ h Z mduan B&E), bao g m pha catanécatana

phas¢c ., n"chi@achl t r Yc ,iphapean (perphgsépao quanhnm g fcon

ongd va phapara (pargphase) bénh pha per{Hinh 1.3) [97]. Qua trinh hoa gia va
trThéa bitumlQul i ° n Jjgduaracficlo n &fu dyPcac nghién cu ch ra riag,
s xudlhingadiitraicic on ong o 1ngnhé@masphal{7], [T6]€

Pha catana

i Ph y
(Con ong) Pha peri a para

(nm)

0 10 20 30 40
(um)

Hinh 1.3. Chili tric vi mé ¢, a bitum [97]

L
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1.2.2. H6a gia bitum

Hoéa gia(ldo héa)bitum Xy rado nhn g t "h thapnh pn hdéa hc, d s thay

I” i cActinh ctilc a bitum Bitumb h - a g ng'tfi quagéh trinthda gia negh hth
va hoa gia daith. Hoa gia neb hth x[y ra trong qua trinh[s xudih n h p HMA (bao
g mquatrinhtrn,vchchuyd , t hi frerdémhmh p) dorhit = dn xudlh n
hpcao¢ hg| n h1B0IC) trong khi ba gia dai Bh x[y ra trong qua trinh khai
thac mtt ° hgg§l10]. Ch  Jgchinh ¢a qua trinh hoa giBhdos bayh hi thand c
phfncétrn g " rgghant thy (chid b ay Mas ioYy héalamt h a ythatih
phfn cac nhém cHitrong bitumS oxy h- a v~ Hbdalyayh kiidHian§c ¢
trong qué trinh B xudiva thi cdng hn h pHMA. Tuy nhién, kih nh p QL /hlhhi t

L khtng kh?2, g wg ratrangkhi ua trishyxy hdaxn ti/p ttc x[y ra
Vivdy, qu§ t r 3°rcloilaqud trirth ehinh ttor® qua trinh l&o0 hoa bitum.

1.2.2.1.Sx t h aYythatih pH n héa hoc ova bitum do qua trinh hoa gia

VQthanh plin hdéa hc, Airey va cac cng s [32] L «h' ras t h a ithatih pfn cac
nhém cidl ¢ a bitum khi hoa gia Nghién ¢ u ki ludh riag, khi bitum b hoa gia, Bm
| “@gnhémasphalt £t n g | ° n ngntiém bidl m t Gt theo th i gian. Cac
yut n®y | ° mhttda gb il't um vbitundtronécn gl “hnh n

Bitum méi
Sau khi tron

. Chi sb hoa gia (AI)
Sau khi dam nén

dé nhétchabitumthuhdi  n,
© d6 nhét chia bitumméi  np

— Nhém chét bio hoa

gof e ——
Nhom chét thom

60 -

40r Nhém chat nhua

% theo khéi Irong

20| [ —
] Nhoém asphalt

L ) s
0 2 4 6 8 10 12 14

Thei gian (nim)

Hinh 1.4.S t h a’yvQthanh phfn héa h c ¢ a bitum khi héa gia[110]
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S t h a ych € hoa gia thdng qua gia t, nh t va thanh pfin héa hc ¢ a bitum

c §dukin h - a’ cghithi n' IH®h 1.4[110]. Trongnghiéncu n "y, ngh " m |
nh-m asphalt ttnngnhom chibnh g vaknhom chh ~ m bohxed

h ehggiflmtheothi g i a n’.ng thdmckiba® hoachotly ¢ - g thteng
theo thi gian.

Livacacengs [75]c 1 ng L « . It §irehyc ajdacsnhdsn dhltrongbitum do

hoé gia Bag thi nghim phan tich SARASaturate Aromatic- Resini Asphal) v, i

n £ mY bitem khac nhauky hi ut B 1 /hIB5). Hinh 1.5thwhins t h a yvQL

nhom chdibdo hoa, nhém ¢kt h h m, Hnh B vamhom Asphaif a bitum L Qu

ki n khong hoa gia, hoa giadghthb2a g p h €©h migmamymagpTFQRT (T) va

hoa gia dai fh TFOT+PAV(P). D a trén K} qul phan tichSARA cho thb, s hoa gia

| * m filthany pHih cAc nhom dhitrong bitumNh - m chblt b«o h, a
thaygillhmHg ttng nhG). Nh-m chblt thhm v~
| €t chuyWn th nh nh-m chblt nhchauyash nh - 1
nh-m chblt nhmal €domg velly, mhchblt thhm gi [m
gi". H' " m | € ng nh-m chblt ndh cah tcthnagy \Wro-Hic
chblt nh a b’ oxy h-a th"nh nh-m asphalt
chblt Hihm d.€° ng nh-m astphial qua taqws kthi 3 mh t|

Bl AsCOrRCJAs AR A s B As B R A S

100 4 .
3 1747 o 1745 o
%1 i | ¢
2181 / o 18 2435 2654

-3
=

X y % 3 5 16.28
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(a) Khong hoa gia (b) Hoa gia TFOT (c) Hoa gia TFOT+PAV
Loai bitum

Hinh 1.5. T | céc nhom chbl trong bitum khi hoa gia [75]
(As: Asphalt, R: Resji\r: Aromatic, S: Saturate)
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Corbett va Mer#48] ch' rar3ag, khi tfi qua qua trinh hoa gighanh pin héa hcg a

bitumt h a ytheimt m?

nhom chdl nh a

h 3 nrhaut €lomg thHl
s duthatih-nhém asphalNhom dH bdo hoa @c h[n b

nt hth ngkaivd

thanh

kh®ng "ithtHa yt RiayGdolco phin_ ng héa hc theh. Cact h a yhod’hc

trong qus

b i cdng ngh sin xukt va cac ngun dfu thd khac nhau.

ti v. $ cachldd bituno khdt nhaua Khac nhaughun h * g€

Trong thanh pfn hoa hc ¢ a bitum, bén trongb” n nhém cidl | n (nhém cldl dfu,

nhom chidi nh a, nhém ch

t h hm vHbamnhba)thth adéch p chiiphan't

(molecules) khac nhalCong th ¢ cil ttb cho cach p ctiiphant chinh ¢ a bitum

I & thwhi n trongHinh 1.6a. T h e o

s oxy héaoxy trong khdng khii/p xtc v i bitum theo thi gian,

cacbonyl (lién Kt C=0) vanhémsulfoxide (lién K} S=0)(Hinh 1.6b), | -
thanh plin hoa hc, d Jibitum tr nén gion i {79], [99]. Do vdy, nhiQu nghién

cu

L «cthlcBin WL 8§ n h _ g i Boa g cabitumb3 g

gAb lada hcl qgua trinh hda gia bitum la do
d &b rd.cac nhom

mithay

c 8scthh dip L

lien kK C=0 va S=0s d ng thi nghim FTIR (Fourier Transform Infrared

Spectroscopy[62], [79], [104], [105].

o X )
_ O. '

P H H
Hydré cacbon Lép phenol Hop chét
thom da vong (phenolic) quinolone

(polynuclear
aromatic)
NG S GRS
| N
HP r r
Hop chat hiru Hop chat hiru Hop chat cé chira
co thom co thom lvu huynh
(Pyrrole) (Pyridinic) (Sulfide)

1 c fo
—5— °
J == o
Hop chét Hop chét
Sulfoxide Anhydrite
—cZ © ?
Axit cacboxylic Hop chét
Ketone

(a)

(b)

Hinh 1.6. CAc nhom ch c héa h c

(@) & # i trong bitum nai va (b) hinh thanh trong qué trinh oxy h{g9]
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Ren va cac ag s [105] L « . cthhn thi nghi m phan tich quang phh’ ng ngdd

(FTIR) L i v, i bitum m i (VB), bitum héa gia n¢a hth TFOT (SAB)vabitum tfi qua

" ng th i qué trinh héa gia rdp hth TFOT vahoa giadai hth PAV sau 20, 40 va 80

gl (LAB20, LAB40 va LAB80)[105]. KJI qu cho thy, ph hbp th LG “niitd m; t

s tfn' s s6ng2953, 2862,1700,1600, 1460, 134, 1030,864, 814 va 743 cth(Hinh

1.7). Nghién cuc I n gra ®alg, rong qué trinh |40 héah hip th t9 tfn S song

1700va 1030cm’t t gl § nW Qo maycho tiy haml “@g nhémeh ¢ hda he
cacbonyl (lién K C=0) vanhom sulfoxide (lien g S=0)t r ong blérkbinfi t £ n g

gua quéa trinh hoéa gia.

wp VB 2953 cm!
SAB
[ LAB20 2826 cm'! M
08k —LAB40 /M
—— LABS0

0.2

-¥]

=]

=

-

£

S

wn

g =

- np— |

I 0.6 1460 cm S=0 \
= | 1030 cm™
= \ \
]

-1 |

_(% 0.4 C=0 1376 cm |I

= 1700 cm’! Y
=]

=

B

0.0

i 1 i 1 " L ; 1 " 1 i 1 i
4000 3500 3000 2500 2000 1500 1000 500

Thn so song — Wavenumber (cm™)
Hinh 1.7. Phan tich FTIR cho bitum m i va bitum hda gia[105]
1.222Ph_ ng ph8p h-a gi " DbMntum trong ph, ngq

B2 g c¢ X ahanhguéa trinh oxy hoa cdth h Yxg s toa gia,vdp h €hn gnay h 8 p
I ‘& ap d ngtrong phong thi nghm Vimd ph ng qué trinh hoa gia a bitum  hi' n
ttneg. Do ‘lh- ph&®c nhtie, Lt t bngighi@mi-g a bitum tip xic

V. ikhéngkhi,gim . ld "y m" ng b i Hikoéck thud n ‘gt S5 mg teong
phongthinghim Vi t A" dqu§ tr 3nh h os®ymgrigimng(TFOTRhn g
v "' p h€haygnamy mBgxoay(RTFO)t hgL ‘&s d n gWidphn g QL i



-21-

ki n hoa gia ngh hth ¢ abitum trong phong thi nghin theoTCVN 11711:201711]

(hotb ASTM D1754 [36]) vaTCVN 11710:201710] (horb AASHTO T240[29]). Hoa
giadaikh ‘lcBchin t heo ph©hmbantpbaghmhapl-ca (PiAV) L
mo ph ng qua trinh bitum loxy hég theo tiéu chiph AASHTO R28[25].

1.2.3. Héa gia h n h' p asphalt

M, tS quy trinh hoa gia trong phong thi ngimi L' « c ng@n cuvathchin W

mé ph ng s hoéa gidh n h p asphaltCac quy trinh hoa gia nay conh ‘& phan 161

d atrén tfhg thai \a li' u trong qué trinh hoa glBao g mhoa gia tréh nh pr i hay

hoa gia trém>u bé téng asphalt «fmlhén(Hinh 1.8).

Hinh 1.8.P h €h n g hga bi®dai Hh h, n h p asphalt[107]

(@) Hoéagiatrénhén h p ryi va(b) héa giatrén mu Lt m1 ndh

Theo AASHTO R3(26], h n h p asphalfri & ‘®©vaot sbf* 135 + 3C trong 4

g N 5 pdph nglgua trinh hoa gia e hch (short term oven agingSTOA),

x[y ratrong qua trinh g xudiva wh chuyi h n h p asphalt " irv, i hoa gia dai kh
(longterm oven aging LTOA), h nh p s a u L khhbéa gia ngh hth, ti/jh hanh
Ifmn @ WM v © s’acu LI'©@a $y@oog 5tngay 85°C Wno ph ng

s héagiat5 /)t 10 nt mn ntpm®uy nhiénm ts nghiencu L «wa c h
rag phe€ehng pwWh®n ph hpy Wind ph nig & hoa gia ngoai hn  “tng €
trongmi QUki n[51],[107].LT d @ I ©a uyrtriah nBy chap d ng m t gia

tr nhit \ath igian hoa gia duy i W6 phngs hoagia® hi n “tng H
k8khuv c,nhit M vongkhikklindocamt “BgeH h n a, magiatrén iy L «



-22-

'fm nén cé tived s khac nhau @m ¢ , Hoa gia trung tdm so vi bQmHug a M

v'™ kh?t! g @t , /s kh* ng ch2nh x8c khi L 8§
Ngoai rath i gian 5 ngay 85°C1 "~ k h tWn@ phlhg s hoa gia dai Bh* hi n

t T n@nWili quy/Jveh Qtién,VinAsphaltM: L & €a ra quy trmnh F
h p asphalfri. Theo quy trinh hoa gia ndy,n h pL ‘& HIvaot sby trong 24 gi

133°C WMo ph ng s hoa gia dai kh ngoai hin  “tng[E38]. S hoagiatrénnh p

ri TngQ@lL hhn Vmthi " mi @in  h oo vg m¥  ‘lcSmigénk

n Q ki nhoagianay dkijhméphngt 7 J&4 10 nt m ntgg®uy nhién,
nghiéncuc | rhyraraag hod gia bitum nhit | ILn  h h PC cd tB\§ay ra nhng

t h & yhéah c trong bitum ma khéngukihi ntrong th ¢ UJngoai hin ‘tng.€

Gfn Liagcaoca NCHRP 87f107]L€a ra quy t ¥hxhohnthp & g
asphalt va B qu cho tiBf 95°C la nhit | i ©u Qckh ohod gia dai¥h. Th i

gi an ho§itgebvt rfalyaglantt "h€§ v~ ‘cl @ ghnHde trén

L @ ki nkhi hduvachQusaumb “hgevics dngmuhnhprittbras hoa

gi © nhanhmbhicgdioénHoagia 95 AC c 1 fng LU §WHYi gki

gian 140 héafn thifsovinhit L &5 A C “wmhurgng AASHTO R3(26].

1.3.T ng quan \WQph, gia tai sinh

N tvahalin mtb " bhgdanhngdh g hngg hnchd®, [n h i & Ehd

| “@gcanttb " hgdétdnga s p h a |, hg.do Ht€anditr nén nghiém trng v i

h nh p asphalttai cc - h ™ ngpRAP<®ao do biturn Itrong RAP b hoa gia. Do

I - ,nhipasphalttaichv.i h * mgRAPEaodb ntmi(nt" nhit  ttung
binh), ntdonhit(n t° nhit  thEp) va ntkh itrong qua trinh khai thackh ° Bge
[69]. Withchjnhng nguy ch t rugfn, Ldd@undvaoygibs d my c
cac Id1 ph gia tai sinhcho hn h p asphalttaicfv.i h ° ny RAREcaoM, t s
nghiencu L wahtthgu ¢ avics d ngph gia tai sinh trong vic di thi n kh[®
ntng khcSrmagh pasphalttai cjbagcachdim lgionga bi t um c |
RAP[58],[82], [122],[125].  H hapthém phgiataisinhv, i  h * mgthickeh p,
c§c t 2 pahnripragphalctai chcotit "E€t €hng. itiethmg v
asphalt khong c6 RAP8], [87].

Ph giataisinhlaghpin ¢ - Het®hchéd’hc va wd ly v, i vai tro khoi ph ¢ cac



-23-

Lo t2nhhcla€wi b iRay cachifi thh nt | nhém asphaltaltene gifm

k2 chcdddh¢e® asphal tc vphanttdngagphamaltene @ may lam
gim lhtcl nglLecm@ v~ | “dincathigt 'ms d hgcac\si

ph. gia tai sinh trongm h p asphalttai chL% " Er® ng€u W in Hi*@i rctinh
cobng tagnang cao clll ~ hg®@amang H i ich kinh v~ m1 ng [67].rTi&o
EAPA, ph gia tai sinh co tac.dhg khdéiphc ctbc t2 nfhgeh€bi b[EOm c 1
N6 khong tMb  sung tr |9 thanh pffnhodhcging nh€ bj t o mi@mg c
L& K t 2 nhh WikeahibicH c t B hdg ac H i i Theo béolcag @
NCAT[88],ph gi a t §'ic prén I&i theolc& gc, n h ‘§u pdrafin (paraffinic
oils), chip xuH t hhm ( ar o mautgi thdonge(tallt oilsy @it reaphthenid
(naphthenic oils), fu th ¢ vd (h n h p g mtriglycerides vacac axit béh

13.1.  C RAtrThda bitum ¢ a ph gia tai sinh

Qua trinh 130 hda gay ranh g t h\eQHulinh thaickl trictrong bitum,yva cé s

t hawt I'lgi aphalng(gim L i d oHidfuh - bna yc hh kd (hhéna dsphalth a r
t £ n g, lamgiat )£ n g @ ddg keo (cm asphalt). Qua trinhThoa la qua

t r 3 n'kt Il @ §a trinh 1d0 hoa. Qua trinfbhrdéalam pha v cacg, m asphalva

can Rag Y cac thanh pfn SARA, & Jii's clithin cic t 2 nfpg abBum b i
[98]. Ph gia tai sinh cvai trob sung cacthanh phd b ay h Hdivaphaw chia

¢, m asphalt thanh cac pctinh h hn .

Vi vdy, vai trd ¢ a ph giataisinhlalam @nvaphchi cHctBE nhhch€u b
bitumc 1t tdi'm QAPVS d ng ph gia tdi sinfhnRm mc LB sungnhém
maltenegiilm do qug8 tr 3 nh Fdipih vho cathantbpfrykhde h iC hh o
ch/]trThoda bitum ca ph gia tai sinh phthu ¢ ch y/u vao ba yu f chinh, bao’gm

(1)s ph©n “n gQ@ L& &bitum mi, bitumc Iva ph gia tai sinh trong n h p

asphalt (2) s khwkh tdn ¢ca ph gia tai sinh vao bitum RAR/a(3)s t €hng t h?2
gi_ a bitum mi, bitum ¢ Ttrong RAP va ph gia tai sinh[65], [108]. C§ ¢ gbhai L
khwt h t & thwhiin€ Hinh 1.9.

S phan tan [a str n b6 do cad § cngud Iy va ph gia tai sinh 81 ‘& phan tan

"n g Qi kao hn h p bao gm bitum m i va bitum RAPthdng qua quéa trinh.tn ¢ h
hcs dngthifb tr n.Trn ¢ btrohg phong thi nghmva i trémtrn trg €



24

| ", L4 e €p h ©n ~nt ¢gQphlgia tai sinh vao trongm h p,vamec | L
phan tan 1a mt ham ¢ a th i gian tr n, khi th i gian tr n cang dai, s phan tars€cang
t t[86].

Phu gia tai sinh Bium

Phu gia tai sinh <
phan tan Sl

Khuéch tan ban S===
dau SEoa

Khuéch tan =
cudi cling e

Hinh 1.9.  C Rtr Thda bitum ¢ a ph, gia tai sinh[65]
S khwgh tan 1a qua trinh ma mthanh pfin dichupdt n'n g, clao Himg L
L, thgdb h B rfu, fth gia tai sinh tip xic v i RAP ttb thanh mt | p mang mng
c-,nitrlithgh bao quanh bi tcactctli uRAPSG ubplio ph
gia tai sinh bb fulkhufhtanvaolp ngo " i b & tfullam n€h bvi“t ubm c |
Theo thigian, s khwrhtancaph gi a t §i si niptexlyaa, @ist um
gifm _lhhtcalp b°n tr omigtcw] pngdaingn-ubit c tli u RAP.

Fusongva cac cngs [55]chraragfc . Khufhtancotid & gi a ttng k
nhit  t£ nvanhit UFm nén. Thém phgia tai sinh nhi t  ghong €lam chdn

s khwgh tanh hso v ivi ¢ thém cac phgia tai sinh vao bitum m va/hd-b vd i u

RAP° nhit , dao. Ngoaira, quatrinhkfthtanb[n h “mg®ilod v~ "hg m | <
ph gi a t 8i ¢4 nthz i ¢latBwm RAP. Béndhhh L -, ph<€ehng
thém ph gia tai sinh vao,m h p asphalttaicic I n gn It * i @h & khwkh tan,

va hiu qu ¢ a ph giatai sinh trong hn h p asphalt.

Zaumanis va cac ag s [132]c | mhsh mchh raag s khwkh tan khong hoan toan

¢ a ph gia tai sinh vao bitum RAP coWtX /jth nh pxudElhinnt nhanh ht
NJu ph gia tai sinh khéng khich tan hoan toan vao bitum RAP, hphfn ¢ a bitum

RAP Kk hlcrtrghéd, ¢8 thdam gim h ~ ‘mg bite@nthi/} k/jtrong hn h p va

6 JAhnhptd néneng, gi ., n v xudhimaic Vb g utngn nébh

I “eng.
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Hi' u qu ¢ a ph gia tai sinh ph thu ¢ vao ¢ hai quéa trinh,"gm qué trinh phan tan va
t €hngbi b uemh giktai si® P khyHh tan

khwkh tan, vakhiin £ n g

vao bitum mi v’

h plamtthams quantrng, nuph gi a
c6 thWeo s ¢ khang Ra lan thgd* nhit
v, ‘nhiXn thip. TuB thu ¢ vao mi loY ph, gia tai sinh khac nhau, c6_nhg

thi

loY ph, gia tai sinh khich tan tt

thém ph gia tai sinh vao bitum m, tuy nhién ph gia tai sinh phi

L'Qu trén mHuvd li' u RAP[58].

Ch ech |1

t §i

¢ao, kfnkt ng

bitum ‘RAPR hstan vKnwpnhi €Tebitum h it

s c phén bk@,*hmy p L €
k hkém‘ gnhin L

k hdtr niir@ ti/p v ivd i u RAP, sovivi ¢

| hequa trightr@hea bitum RAP caph g i a

t §i

gi[i thich b i WeezenbeekHinh 1.10) [116]. Hinh 1.10a thWhi n trthg thai ¢ a bitum

RAP' L @kinnhit

tthe, L -

chrbchev, i nhau Khi® nhit |

h &g tach rallinh 1.10b). Ph g i a

c ¥en asphale - phdncccaovalién g

tao, cac lién B nay b pha v va cac mixe cé xu

t §'ic thém vadiWaih €m cac hiu_ng

phan cc ¢ amixenb3ag cach En tr s hinh thanh céc lién/k phan cc gi a cac

mixenv

d afi thi’n tinh do ¢ a bitum(Hinh 1.10c).

Hinh 1.10. Gi[i thich qué trinh tr Thoa bitum RAP ¢ aph, g i a

ch/jvd ly [116]

t §i

(a) lién kX giva cac mixen trong bitum RAP, (b) liéft bI'bha \n va (c) € n tre sx

hinh thanh cac lién bei lap mang ph gia tai sinh

‘Eephdmgt §n

sci n h

si nh

(
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132. H"’mg ph&ia tai sinh

Zaumanis va cac ag s [133]k/} ludch rhag cac phgiataisinhgcthcvd ( ffth € d
th cvdth[i,dfuh u affa,dlnanlvadug t ht ng H)gé@dwy ht'm | €
thgp h h@ sowhdac §nph¥nd atréngcdfum (chifxudl t h hfm g~ d
chit) WY ‘e PG t @FmREB cahnh pbitum). Osmari va cac ng

s [96]cT ng b Soduw stdavadhthFuduyéudu h "mgthee hhn s o
v, iph giataisinhgcdium MmangHhi uqu't €h nlgiv. i  nh tg abitum

cl Jllukh t €Hng dbéocidobi Kaseervacacmgs [66], tr ofug L -
thong, futh cvdva dug csinhhcydudu h " mg tHpe h Wailm e PG’

nhit dao (PGH) ca bitumh nh psovicac §n pn lamt dfu m (chi/p xuk

t hhm) . Nab i, ngsd85]so sarih hico8[ ¢ alsa Id! ph gia tai sinh (chi}

xudl  t hfb gnthdnd, va flu dlnanh) @t 2 n h _ albmhgp asphalt tai chs

d. ng 65% RAP. Cactacgch rarfagchifxudli t h hmglEh hrhit rcgiimg v i
L cng v [mkmg khséwigh gia tai sinh khac, théng qua thi nghi

m! L uni I'nfvacdcthi nghinn ttrén md ban nguyt.

H™ m’ ng @ giataisinménl ‘&l achndatféncanfag c8&8c t&hnh nktr
h p bé tdbng asphalt tai mhamm c¢ L fithhnkd n £ n g Kk tn@kidngmh
hang/hkhintng k3 §h @invhimnlod ph gia tai sinh va e li' u RAP

¢ thwmt h * mgtHpe thNamgim Ik ng vdgionda bi t um RAP,
c6 thAkhong co hiuqu L § n\Wrong vic dithi nkhfnt ng Kk hgSarha h p
asphalald , No@®gmphlg€a t §'it qud,icotheli thien L SWkhf  k
nt khgingnt , nldam@fingkhn £ n g KW@ goanh xeg, a bé tong asphalt
taich] Khi “ngphngilae t §it giudh M@ pcac ki Qith €[ k h
ntkng d2nhl35h8m k®m

H  mngggia t&i sWmh fmdmlgc &c’ iuQh €yh A ihanh

phfn héa hc ¢ a cac hn h p bitum sau khi héa gia daFh[122], [126]. DofnL -,
lachn L¥wng ngphmgila€ t SMi s€mhhHa tés b . ngh!ng
h"mnypB gi a t §ic chenidralrén ki nghim ha-b khuyh céo ¢ca nha
sihxud . Tuy n hrgtho mtldH phngid t&sinh ¢ thwkhéng tht\t €hn g t
nh<&€ivlicichnhpcocaclsl v~ ° hgRAPkh&a€nhau,bivicacyut n h €
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ngl ng cvadpbitummi, m c , Bohdéacawdli utdichvat I RAP trong hn

hp cl frgh ‘chgPs].

nWk §cnhl h"ngphllgd a t 8§8i si nh, nmgiha®tumai pitng p p h
c | tRAB vagh giatai sinllW thanh bitumhnhp, saju W nh il &§nh
M ts nghiencu L ¢ ngbW ~ phatrnda t rrhrnvabhdd  Kmlinga
btumhnhpvi c¢c8c ngphngila® t §i s i W fachknh 8hc'” mg hl ag
[10], [19], [25], [31]. Koudelkava cacog s [72]L €a r ap eh§8 cxh&lehard

| “@g ph gia tai sinh da trén thi nghim  Lkim IGn va nhit _ ho& nQn ¢ a bitum

Trong nghiéncu n ~ vy ,” ngph mia thi€nh En thi] WHh c R'i gia tf L kim

| uncL€@OFUL ti °n v~ nhid u Hda nQn f igthiVe < I ‘& kivh

tra. HHugd lamm@ncaph gi a t §i ‘scithnchhi ndoli Bagmaitiiseva cac

¢ ngs [133]d atrén thi nghim | Lkim lan. K/} gul nghién c u ch ra rag tHi c[ cac

lodph gi a t §&i sjkinhlinlgabitunthintg W% “Ed@atrl kim

linmc ti °u nheh gatdisinmgecndfuhu ¢ h fuy ° ™ my thpe

h hMmangHtacdn g t €s$orv gph tgiataisinhgcdium (chifxudl t h hm) .
Nghiéncu c 1 mr@ragh t €hngagiqila ki i | Yan “mg'ph bid m | €
tai sinhdhghamsmi | “° pp % nhcé nghién cu khac chotag cé s thay

I” i tuy/ntinhgi agiatr L, kimlanv ~  h ¥ ngphl gia tai sinh

Cac nghiéncughn | ©ya vaodd d P\& 8§cn hl. h " ngphl g tai sinh ti

eut rong LU ngfhthihcolth® & x @8 aWImblo . Khfntng kh§n
nt" nhit  thg (PG nhit  thH- PGL) va khang ntdomi‘ nhit  téung

binh (PG nhit  ttung binh-PGl) , t r on g ndkfh i MéEmmifo khé&ng

h3 Itn (PG nhit  tao- PGH)[87], [132], [139]. Tran va cac.ag s [87],
Zaumanis va cac ag s [133] bao cao Rag, c6 s gilm tuy/h tinh trong § PGH va

PGL khi t hgplg gidtdi smh.A@mbuldercadovacacmgs [35]c | n g
ch'raquylttuyhtinhgia h ™ ngph §ataisinh vi c[ gia tt PGH va PGL.

Zhou va cac.eng s [143]nghiénculn h * mg€©a ph gia tai sinh gc sinh hc (t

dfuth cvd )/hcdp PG* nhit  ¢ao va PG nhi |, thbb ¢ a cac m¥u bitum hn

h p (bitum m i, bitum RAPvaphgi a t §i Sngmphgi a Hf gictini n h
theotng ki i ~ hg®itum. KI} qul ch' ra raag vi ¢ B sung ph gia tai sinh gc sinh
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h clamgim d PG" nhit , daova PG nhit  thed ¢ a bitumhnh p.

N h &, d a trén cac phan tich trén, coM} luch ragh ©~ m ng g gia tai sinh

n°n claEhnsaochbditumhnhp 4 "Eedccht i °u thn@MN P jtt um n
n'ngthi,h” m nypB giatadisinhgnlmblocanaggiaklnt ng k¥ &ng
linvakintng kte@hghmS dng h " nothd @ thAkhong hiu qul
trongvickhdiphc bi t Qb ctl2 nvfp Ivi@tnitbhrih p° nhit | titung

binh va nhit _ thbp, trongkhisd n g h " nmcab & tiAgay il i cho cac tinh
ntnahp nhit dao.

13.3. Cac nghitn cuvQln h "hg& aph gi a t 8§Jih cas tinh bl € a
bitumvat 2 n h _ralbétghgasphalt

Lod v~ “Ing pim gik t& sinh, tinh cli ¢ a bitum mi va bitum RAP, nhit | L

trn v° ph<ehmph gip taiSiph cfm h & bi u qu ¢ a ph gia tai

sinh trong vickhdiphc H t 2 nfn |Ib€uvabungdh h p asphalt. Mum t
lolph gi a t §icthé&m vadcyi L ©° ngthickchp,” nhit  thichhpva

I khofngthigiantrn,hnhpsstd ‘E€c8§c t2nh fobtnyy® heo
N h " mgph€i a t8§i &i nthepkatrtincan Bdg va s tr n M la

kh 1 n,gphlgiatéaisinhcottMn h “mg@il /X t 2 n hahmt p ti cid)

1331cnh ehgovaphhgi a t 8/ thamh piiim holh hbc va @ u trdc cva

bitum

Théng quati nghi m phan tich SARAYu va caccngs [128]L &/} ludh raag nh ng

t h d yvQrihdm hod'hc gi a bitumRAP va bitum hn h p (c6 ph gia tai sinh) 1a Kt

qur ¢ ahi u_ ng trbhéa do b sung ph gia tai sinhOsmari va cac,mgs [96]c | n g
chrariag, h ™ m ng B6m chi t h[imrtheagthi gian &0 héa bitum, trong khi

h” mnlg€ nh- m a sTpymhidn,tki thém mply gia tai sinh gc dfu m vao

bi t umlachda (b2% theokih " hgeh ~ m ng Bémchl t &6 hmx ug h €
ttng | °n ngnhémhasphatt | €©x anggifin€Zadshirv © ¢ §c [1€99 ng s
clmg th nghi mdbii PAVWRN b s B & -¢ir' U h-a b=<
d.ng ph, gia t&i sinh c- gingu diPBpvpg th™ nd-
| € ng s d_ ng hleo k% iv | €@ 1.b1). T u'mn th - @mh fy



-29-

h-a h ¢ c¢c,a ph, gi a
nh-m chblt thhm |, n,

m, (PB) LHc tr€eng b’ )
KJt qul cho thbBly, h"m | € ng nh

chblnh a.
|l " m thay L i t° |~
nh-m chblt nh a v~ n

t 8
nh

nh-

h -

m

i sinh g ¢ dfu
.m chblt b«o h, a

5

3

m t t |

m asphalt/ nh-m
chblt thhm ttng

g 70 (a)

% nhom ¢
ko
o

—
=

[=]

69

Khéng héa gia 2PAV VB

BNhom chit bio hda B Nhom chit thom

61

ZPAV-10%VB ZPAV-30%VE

BNhom chat nhwea  ENhom asphalt

80

E 70 F (b) 65

Z 60

Khéng hoéa gia IPAV PB

BNhom chit bdo hda  ENhém chit thom

2PAV-10%PB ZPAV-30%PB

BNhom chat nhwa  ENhém asphalt

Hinh 111 T | cac nhoém chdl khi phan tich SARA ¢ a bitum m_ i, bitum PAV,
ph, gia tai sinh va bitum PAV L ‘€c tr Théa[129]
(a) phA gia tai sinh g d u thxc wt, (b) ph gia tai sinh g&cd u my

Mokhtari[83]c T n g d'ngthisnghimFTIR WL § n hm g i Bio h6a cabitum
b hoa gava so sanh v bitumb héa gial' ‘& trThéabag ph gia tai sinh KJ} qul”

cho thby ph, gia tai sinhco thtMam giim m ¢ |

150

hoag, a bitum Tuy nhién,ch’ s

t

h

v

l . n c8c

ch

[o
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sulfoxide(ls=o)) k h * n g " it hla8\wad khibh gia tai sinhl ‘& thémvao RNg €
19, ch's cacbonyl(lc=o)cés clithin ¢ a & ‘@hgham satthysaukhbi t Um L €
trbhoa C[ ch's cacbonylvas u | f oQu gifhe k H i har! E@gph gia tai sinh

D a trén cac quang ptt. thi nghi m FTIR, nghién c u kT ludh raag khdng c6 phn

~ng héahc L 8Whap gjka bitum hoa gidva ph, gia tai sinh bi khéng xud hi n
thémnhém héa’hcm inaokhiphgi a t §ic 4 i€sDo vdj, @hién c uki}

ludh rng,t ‘©h n gi atplg gia tai sinh va bitum héa gén lat €hn gd i, § m hve
I' ‘& gifi thich b i Weezenbeekl16].

Osmariva cacag s [96] L <h rarag bitum RAPth\hi n k 2 cocblt h €%c  fic
onga hhnibiumhmh pcoph giatai sinhKim va cac cng s [71] cho

thBy raag vi ¢ B sung ph gia tai sinh vao biturRAPlam gim k 2 ¢ &va § Ih' @y

chl tricfic o n o nbj ic nay xtkhi N 2t Qu $ory i trorty bitumRAP.

50.0 nm

-50.0 nm

(b)

Hinh 1.12. Chii trtic bitum t. phan tich kinh hiW vi |, ¢ nguyént AFM [63]
(a) Bitummai, (b) Bitum RAP (c) Bitum RAP + 4% jpbia tai sinh

Jiang vacacags [63]L « cthimphantichBitricgca bi t u mcRAR L[ €
ph gia t&i sinhdlxlT-2¢ i nh{iy&mna khin ~ hg®itum
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RAP,n h € clthi n° Hinh 1.12. KJ} qu cho thyy raag md bitumR A P ° d'tkém

4%ph giataisinhcoll t r Yc

v, i bitum m i, bitum RAP cO &l t

fi ¢ 0 inso i kh§rig c& ph giaytai dinh So

r Yac

fi c 8ln hotnng, O ckx¢2ochh | ol h €0

hhn V@& gs 2.n QhnkythWhi nb i s hinh thanh céc en asphalt do nhém

matene dim. Nghiéncu
t h& ficon
m i. Do vdy, bitum RAPC -
M

rheological) ca

c | mayrag i

gi a

{ g ptpg giahtéi sinh, kich

Pmvadl @ g gt ooy ul hg@ngi ngyv ichltrac bitum
X agmihe h khimph gi a

t €hn g a thanka phn hga hc va thong svd ly - | €u/h (physical

t §icth&mivaoh L €

bi t um crghiéng uH i®ansourkhaki va cac ag s [77].
T k/}qul thi nghi m FTIR,khit £ n g bitum RAP trong bitummhp | -

m gi a

ch's lc-ovals=o Vi ¢S d ng bitum n@n h h b phh gia tai sinhco tac dnglam

gilm ch s lc-ova Is=a. Nghién c u

|c=on [

_ lim 1Gn ¢ a bitum Hinh 1.13).C1 n g

c | mayrag; ¢om’ i

t €hn' ggi gahan t

t r ongnay gis ifkemd c

(colloidal index- C1 )  c L @ '@kt K qul phan tich SARAIAt s gi a nhom

asphalt va nhom ¢ii bdo hoa so Vi nhom chdl

t hhm vHnh@aKFqitc h

Hinh 1.14chottBy,ch’s Clc I n g “ic -t @h n gv ithdng aim tt thinghim

DSR G*sinli) sau khih6a gia dai fh. N h @, khich s C |

| “@ g
t hhm

nh-m

0,25

0.2

E 0,15 -

0.1 1

v =-0,0047x + 0,3418
R2=0,7122

0,05 +

(@)

45 55

Po kim lan (0,1mm)

35 65

asphgl t tog
c.nggim bite, |~

75

0,25 ~

0.2 ~

(b)

ttng | °n c-

%n@ nhbn€dii nima va $hom cH

m" mémon gb ihthunm (tG* si nd ¢~

v =-0,0034x + 0,3196
R*=10,7692

35

45 55 65 75

P kim lan (0,1mm)

Hinh 1.13. M iquanh gi athinghim F T 1 R kimlan [Z7]

(@)ch=sXlc=oVv " i Kkiin Itn, (b) cEsXlIs=oVv " i kim lan
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v = §484,6x + 389,68 @
R*=0,8316

G*sind ¢ 20°C (kPa)

2500 T T T T T T 1
03 035 04 045 05 055 06 0,65

Chi s6 CI

Hinh 1.14 M iquan h gi ach s Clt.  thi nghi m phan tich SARA va théng s
G* s i[7]i

T. cac nghién cu’ tréncho thiy rag, thanh pfn héa hc va & triic ¢ a bitumco
miliéenh v icactinhchivd | T V¢ albi®@m.Caz nghiencu t r omg n €
t rc@ LIGy° n Jjgwtd n bitlim va bé tdng asphadt chjnongm i ch td trung
vQcactinhchl -dyh ¢ h €ang mghién othsau Qthanh pfnhéahc ¢l ng nh
cHll trdc vi mé ¢a bitum Vi vdy, song song vi cac nghiéncuth cnghim L &nh gi
tinh chdic abitumva 2 n h _ alémdggsphalt tai chnong, thin i dung ¢ aLudh

anc | n&gi/héanhcac nghiencu | i ° dh tlwhapfin cHl tric va cac tinh ¢l

héa- ly ¢, a bitum.
1.3.32¢ nh ehgovapmgi a t 8mllcs itn2hn @ cva bitum b i

Thong quahi nghimec  nlg | JR@OSA), cOtAM § n hlL ‘@ §¢b Lt 2 nh | ¢
bihg abitum( m! Bbu ng|G|vagoctrpha ( 0)|G* nGit £horvm
lodbitumcng hhn, tr onignl kth€hgm & cihdthgh b/} quK
thinghim DSR tr ° n'rabsi giatrh nogl |G V8B gingiatr i, t €hng
nhf@h ‘Mmg€as hoa gia trong phong thi nghi va/hdb ngoai hin  “tng [€5)].

N g @14, khis d ngph giataisinhbitumc I ¢ gia thi kinh §1am gim gia tr

IGX|]v " tiLtni@. gY &  Wngs [t28]ch rariagvicb sung ph gia tai sinh

v o bitufmgdalt|@Vvih ¢gitng cacimE  tkmac nhau, tly thw
vaonguingcca bi t u n¥ ph lgia tai'sinhl GAc tac Pich’ ra raag ph gia tai
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sinhngcdfuthcvd ¢ - ndnd@ b hn ‘colmmigt [Giv: ttng gi
U sioph wiataisinhgcdium (chipxudl t h h ik a @h flcécd ngv i
h”mnlgénh€ nhau.

Osmari va cac g s [96] ch ra rag Iod ph, gia tai sinh gc dfu th ¢ vd thli va dfu
gthtng ,ognh@& b hb "coglmggtr|@inheng it hta@hid g t
tr i siovi o5 d ngph giataisinhgcdfum .Kimvacacengs [71]c | rhy
rarag ph giataisinhngcdiu t h* ngngohiu t Blan Ut gilogigtr |@*
sovis d ngph giataisinhg cdfu dl'nanh va phgia tai sinh gc dfu m .

Yin va cac cng s [126]ch ra riag vi ¢ thém ph gia tai sinh lam dim gia tr |G*| va

t £tng Ugiaditumhnhp, n h €quotrTihda ¢ a cac ph gia tai sinh gim

L'i khi hée8Caghi luch dt €hlhg  db&o céo bi GarciaCucalon va
caccngs [57]v. ihi uqu tai sinh gim dfn khi hoé gia dai ¥ nhgia-tkng
nhanh gia trG* vagiim giatr i d o  h_ o l§tungh n"h p khdng cé ph gia tai

sinh. Tuy nhién, bitum,m h p cé ph giatdisinhchotht c §c t Zadithimbng L
h hiG*|thgp h hn v~ U, ikitanoh nthp khdng séoph gia tai sinh.

ArambulaMercado va cac ag s [35] ch' ra rRag vi ¢ b sung ph gia tai sinh vi

h” mngc@ mangds phchi cHc t B nMcla@um tbnih p (gia tr
IG*|thb h hn v~ U c awch taRay,)ph gia\d $inh eorhiu qu cl khi
bit umhohgadaith. Kfqucl ng W hioqudftfGhoabitum ¢ aph gia
tai sinhkhi so sanh gia bitum hnh pc6ét I bitum tai cH](RBR) caos d, ng ph

gia tai sinh sovi bitumhnh pcét I RBRthg  hvh khoéng co phagia tai sinh.
n Qnay chngi vaitrd ¢ aph giataisinkkhig i a tltsndyng RAPtrong hn
h p asphalt.

1333 nh ehgowapmgi a t 8m 6§ o ht dabé tomglasphalt c

NhiQ nghiéncuchraragvic t h°m RAP clingcmahnh magphdltva

s d ngph giatadisinhcottMamgim  lkng, cL€8nh gi § t hrgng q|
(] E*x| ) v~ “ikéo giinutlp i tr "nep IH KMR) [44], [68], [81]. Kim va céc

c ng s [71] chor3ag ph gia tai sinhgc dfum ¢ -t i @hQLnHAE trong vi ¢

gifm |E*| ¢ ah n h p asphalt tai chs d ng 65% RAP so M ph gia tai sinh gc dfu
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I'du nanh va fu thong. Kaseer va cacrigs [68]c 1 ng b ®gcos §ilon 12 §n g
KW, c nggahnh pasphalttaicfjv. it [ RAP cao do’bsung ph gia tai sinh

n h €n’ g quhg a ph gia tai sinh trong vic gilfm _ Lc nglagim dn khihnh p

tr[i qua qua trinthoa gia dai k.

T€ehngh@®h dghl £ ngcahnh pasphalttaichvi cb sung ph gia

tai sinh cotelithi nhiugu khfn £ ng k t &g, thh g[54], [126] theo
c8§c ph<ehng mkenhaum A € niglni Indinegt Wénsile(IDT), thi

nghi m OvelayTest(OT), thi nghim SemiCircular Bending (SCB), thi nghi u n

m ib n \h {(FourPoint Bending) va thi nghin lllinois Flexibility Index (FFIT). Tuy
nhién, hiu gu ¢ a cac phgiataisinhtrongvicdithi nkhfnt ng k tg&mg n
hp as ph almtdotwa gidgYinga cacngs [126]ch ra rag, ph gia tai sinh
cohiugutrongvicdithinkhint ng k tc&amgh masphaltyi h “mg | €
RAP c ao, [mthn&n gk highm dfn khi tfi qua hoa giaH, n h p cé ph gia

t8i WikecWc tEnhvikfutbyg kh§h@®hnghlthdhng h
chift hhpncaslhonhw c - “m§RAP thsEkhong co ph gia tai sinh.

S d ngph gia tai sinh cé teli thi n hi u qu khang nt® nhi t  thgd. Zaumanis
vacaccngs [132]L « dsngthinghim ‘cn&, kBogiantp (| DT) ntv ™ x ¢
n £ n gng ph&€hu L'WmMH f LHb tinh tithéa hn h p asphalt dung 100% RAPL Qu
kinnhit thH.KJjqu chraraghnh pasphaltvi , ¢ ngthgy hhn Rt ¢ -
ntng M8 tnhitt r thsd. Tuy nhién, hn h p asphalt tai chkhéng cé ph gia

taisinhnt heg cend cao hhrnthgd &8t ghkHigl).

Do tac dng ¢ a ph giataisinhtrongvicgiim  lc ngcahnhp asp may t L
cimhlincothWt £ n g iV, Phnn R ip asphalt cé phgia tai sini[82]. Y/u f quan

tr ngln h “m¢@hkh ntngngtRmlingahnh pasphalttaichl ©~ h'ngn | €
dung ph gia tai sinrs d ng. ArambulaMercadovacngs [35]chrarrag h nm | €
ph giataisinhquain lammdn L §Widgumka €t § cngtifucc JAkhn £ n g
khanghalincahnh p.

1.4. Thip kJJthanh phfn h n h p bé téng asphalt tai cliinéng

Qua trinh thif kfh n K p asphalt'sd ng RA®hitvli h ™ ng RARcao
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t h @ khac vi h n h p asphalt trugh th ng. Thanh pfin h n h p asphalt tai chco

thWe ‘& x ‘@itcthed mts h &g & ¢ aVi n Asphalt M (MS-2) [84], p h €hn g
phap ca Nhd B[n (NAPA' Information Serie439) [118], bao c4do.caHi p h i mHy

I “eng asphalt M (Quality Improvement Series QIS 124) [103] va tiéu chuf
AASHTO M323[24].C§c ph€hn gQ p’'c@®iff miirmthBA m«nkoc §c
tinh ti\tich,t r o n g -2lvap hMES n g, agNhd8Bpn tho} k/jtheoMarshall trong

khi QIS 124 va AASHTOM323d atheop h€hng ph§8pTheBaudHe r Palen
phapcaM:, bi tasnmd ngeich PGgi nguyény h " mg RARES d, ng

nh hhn 15% tr ongRARt1 5 %} Z6Y% néresd, ng bitum co &p PG

thgp h hnctpsovicHh bi t um’ nghsidmg. Tuy mh&n, Kseeva cac

¢ ng s [68] nhch thBy rag khdng €n pHlis d ng bitumn@n h hn k hmg h™ m
RAPt 15 %h?5%.n"iv.i h* ngRARSrén 25%, M = tr n b6 gi a bitum

m i va bitum RAPL ‘& ki/h ngh's d n g W, La ch n lo% bitum cé & PG phu hp

hotos d ngph gi a t §iv is i pmiy@kppaNhd B, biw = tt n ‘lc€

x § cnh d atrén gia trl, kimlan v i . Kim IGn m c tiéu 1a 50 (bitumgc  ‘tnig €

I ‘& $ d ng lald bitum 40/6Q. Vi ¢ s d ng ph giataisinh( h ~ mgt 810%
theokhi ° hg®itum RAP)aph bi/h “ilv ihnhp ¢ - “mgRAP ta® Nhd

B[n.H s c’@ g, kio gian tip (Indirect Tensile Coeffcient) trén¥mMarshall’. ‘&
bloén5gi “ 2°CL ‘& qnlyt Q671 09 v i vang col @i ki n khi hdu théng

t hegvat 0,47 0,6 v iving co khi kel IChh.

M:,vEh Qi t L' ¢hanh miquan tam chinh trong’'thgiangn L ©y cslo v i
d ngr ng rdi v li' u RAPtrong h n h p asphaltDovdy, thi/f k/jthanh pfnh nh p
asphaltai chjt h e o p h ©h n g (Bam8cpd Mix®esighB MD) [Loép L €
dngWImbohnhpcokint ng ktEngthi n L riypac yéufu vokhl
ntng k¥lgnvg W Enh XneeWvEnH gi 8§ c8c ‘tmhimh nt
lGn v t banh xe (HWTT) va thi nghin Overlay Test (OT) h gL ‘& s d ng.Bén
cchh L-h€bhB8g ph8p L&nh gi &8 WApdnhg ncthnog pkhh&st
phapBMD, n h € t ‘h# lanmlgamhi (IDEAERT), thi nghim u n mX ban nguyt
(SCB), thi nghim kéo gian tip (IDEAL-CT)vw.Nt m 201 4, Bang Wi sc
dngchd¥ L&nh gim§8 c€&hk?2 t Aatnasphah G chnong c6 ham
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| “@g RAP trén 25%117]. Hai thi nghim 1c® d ngWaigdng cho ph<€hng
thi/T k/]jcan BRag la thi nghim khang IRa 1tn v t banh xe HWTT) va thi nghim khang
n ttrén md ban nguyt (SCB).

Tronghnh pasphalttdics d ng RAWPL °E£canBag\vQs c khang R

lGn v t banh xe va s khang nt, ch bi/hh " m nig€ b i t u m,.Zdumdnikvan g L
caccngs (2019)[130]ch'rarda g h “nmbitun€ti @M Bo s c khang fa

lan v t banh xe va st khangn t m i khéng giao nhau hd khong cé mt Wi ¢hung.
Tronqghp e By@i nvphap khac cOWN. ‘& apdn g n h €ickphbium L

m i hotb's d ng ph giatai sin136]. Zhou vacac g s [143]L «Qxiili p h<€hn g
phap thi} k/jthanh pfinh n h p RARPHMA s d ngph gi a t §i sinh t|
phap can Bag baogmbn @ (1)] achnlodph gataisinh(2) xnfc L
khofn g h " n@phl g tai sinh §n thi} WL § mg tH [ cac chtiéu k thud ¢ a

bitum; (3) xnB khdrtg h " ngph g@& tai sinh €n thi} Wto[ man yéu fu

vOkh[n £ n g K3nlgnrv gbarth xe v&h['n L kiging nt ¢ a h n h p asphaltva

(41 achn h “ngph @ataisinhti ©a dr °n _lh&hp Wingo t

can Rag gi a s ¢ khang Ra ltnv t banh xeva s ¢ khang nt. Cac yéu §u vQtinh

ntng KWl gbarth xe vakhang nph thy cvaonh@uyut nh€ [ngu | €
gi ao tQ@HK nidih,lk}cBlvach@udaylpmb "B €. iv.inh ngV tri

c6 yéu §u cao QI €u nglgido théng b QL kinthiti/f n - ng’,ngph™ m | €
gia tai sinh thp h h nWEeg | atcthn b i vi h?3a 1Gn v t banh xe 1a mi quan tam

Lnnd . "NE€ivimi T bhg@Rn’ ving co khi kb IShh, KA n tgrkhang
ntlami quan t©m ch?2dhg % ngpghbg8la ,t §i° nsisnh

T nh ng phan tich trén, Luh  8QxuHIki ¢ thif k/Jthanh plin bé tdng asphalt tai
chijnéngv. i  h * my RAPadheop h€hng pHagp ¢ @gph pista
sinhphU hpL ‘& | achnd atrén thi nghim khangh?a Itin v t banh xg HWTT) va
thi nghi m khangn t theo mé hinh kéo gianp (IDEAL-CT). Cac thifb n ~ yQu cé

“ phong thinghmtd Tr €g Un cGTVTnéncoéthapdn g ~ & €

1.5.Cacnghiéncu tr oo g !l n€nh qongmhidh c uvacacveh QEFn
gili quy/i ¢ a Ludn an

Vi tNam,m ts nghiéncul i ° n Jpadragmgh bé tdng asphalt tai mnong
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vabihs dngwdliu RAP° dtkchi re "irv. i cong ngh bé tdng asphatai

ch]bh, nghiéncug anhdmtacdin“ o Vin mgs@lw’ bd L€a r a
giihth h " nmgRAREtI I & ngkhéng nén qua 30&ho cong nghtin | ach n,
mrodunghiéncu L ko ksh§t Li§hiut RAPvkh&c hih&u t ha
50%.Trong nghién cu nay, thanh gn bé téng asphalt tai G khéng s d ng ph

gia tai sinh, hai I8 ph, giabih t 2 n h °~ dsi ¢ ugWgImehi t  t n va thi

cobng la ph gia Sasobit va phgia Zycothermn” i v. i cdng ngh bé tdng asphalt tai
ch/jnéng, mt's nghién cu L' & th ¢ hi n trong phong va thnghi m ngoai hin
tTmM@cl ng "BEwwchi®trénhnhp c¢- °‘myRAPkh&g)nhhn 25 %
(Vi n Khoa hc va Cong nghGTVT [17]) vat 30-50%co6 s d, ng ph gia tai sinh
(Congty C phfn fu t € ngBMWT)[H. M tnghiéncu _lgGuwvQln h " hge
caphgia t gikhsktnlg KhS§8nlgtinign kwESarbgtong asphalt
taichjnongyi h "mg | RAP ¢ atb cHi b iNgBy n Ng c LAn va cng

s [5].

Nheyy dhondy  Esngbiéncmt r on gvQmedng asphalttai ¢h
nong/taicijiinvi ¢ § ¢ nhg” NRRAPE k h § ¢ _myraghién cun hn€nyg cnhh€
s dnghdbmich's dngmtlodph gi a t&8i sinh v ulcghnta c
giat ng thacac I ph, gia tai sinh khac nhau. Mé s d, ng ph gia tai sinh trong cong

ngh bé téng asphalt tai §méng Vi tNamdn n h € ‘@ hQ&h nhiue

M, tvainghiéncut rc€ LmOixh th c hi ntrén pha hn h p asphaltv ch €&

cac nghién culién quanyhtinhcilic il T ¢ T nligchiichidy i hoag, a bitum

(bitum m i, bitum RAPva bitumh nh pL ‘& tr n bqit bitum m i, bitum RAP va

ph giataisinhyHhn a,fin h “mg@al @kinhdéagid/n c8&c t2abé nktr
tong asphalt tai ohnénge 1 r dp ©acth ohi ntrongcac nghiéncu  tcr & ©y

Do vdy, Luch &n £ti/h hanhcac nghién cu L ng th i trén chi k/T dinh bitum (cac ch
t i ° ulyichda)vatrénh n h p asphaltai chjnéng s d ng 30%RAP va 50%RAP
(c8c t 2'Welh thakA lndhr) »  hQa in Jinhh * g€ acéac IH ph gia tai
sinhkhac nhauC § cQ ki h mo ph ng hoa gia neh hth, hoa giddai Hh L i v, i bitum
vahnhp asphaldx IfiLMgs n:he g i vehi u g ¢chah mg lo4 ph,
giataisinhT L ;c - ‘ckhoadc Qxukiki/h nghh = m ng FAP va ph gia tai
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sinhphihp [Mibfocanfa g c §c t 2 pnhpasphaly cho h
16.Ph€hng ph8m nghi °n <c¢

nW L4t L€ ¢ m c¢c ti°u c,a LQ t i, ph<€ehng

h® p v, i nghi °nKJE huo Gchh cnognhgihtin Bingl2. L€ ¢ t
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Blng 12. N idung nghiénc u

-Vd i u RAP

- Ph giatai sinh

-n Qi ki n héa gia

- Thi/t kfJthanh pln bé
tbng asphalt tai djnéng

v

ThiJ1 k/]thi nghi m

- Thi nghi m trén c
kJ1 dinhbitum.

- Thinghimtrén hn
h p asphalt

- L achn Qkinhoa
gia (md phng s héa
gia ngoai thc t/)

l

Nghién ¢ u mé hinh d
bdoc §c t 2 nh

D badoc 8§ c t 2 pah
kJJ cBl mHuL “eng $

d. ng | p bé tbng asphalt

tai chjnéngb?agp h €h

p h § p’ cghhe nghi m

- Bitum m i (60/70), bitum RAP va bitum m h p

-Ph giataisinh: RA1 (gc dfum ), RA2 (g c dfu
th cvd), RA3 (g c dfu dl'nanh)

v

Thi nghi’ m trong phdng: hda giabitum

- Khdéng héa gia
- Hoa gia ngh hth (RTFO)
- Hoa gia dai kh (PAV)

- H nh p asphalkhéngs d. ngRAP (0%RAP

KJ} chli n i dung Nghién ¢ uth c nghi m (Pha 1i Nghién ¢ u th conghi m (Pha 2i trén D béaotinh
nghién ¢ u trén chti kJ dinh bitum) h nh p asphalt ntng
| J
Nghién c u t ng quan Bitum va ph._ gia tdi sinh: H n K p asphalt va ph qia tai sinh: Ph€hng pics§
. : n

h ©c ' nm(MEFAD)

\ 4
Thi nghi m trong phong:

Chtieuvd | kimlark nhit  Hba nQn
-Chti°u cchll?2nhp | (€@
G*sint)

CHb PG,L “eng cong ch |G*|

Phan tich FTIR, SEMEDX

v v

X § ¢nh khdng

h ™ m ng pB gia
tai sinh tha mén

Hi' u qu” ngda hth va
dai hh ¢ a céac Isf ph,

\_

)

ou 6 gia tai sinh
Kyeu u /

. g Phrn mQn
- H, nh pasphalt tai cfjs d, ng 30% va 50%RAP AASHTOWare®
- Ph giataisinh: RA1, RA2 va RA3
¢ A 4
Thi nghi_m trong phong: hda giah_n h”_p asphalt Théngs L €a v
. h
- Hoa gia ngh hth (STOA) Al n en
- Hoa gia dai kh (LTOA) - LoY k/ chl 4o
L hg
¢ - ChiQu day cac Ip
Thi nghi’ m trong phong: trong K} chil
. R - Théng s vQuvd
- S ckhang nt IDEAL-CT (STOA va LTOA) i u
- S c khang Ra ltn: HWTT, IDEAL-RT (STOA) - n Qiki nkhi ki
- M! L ung[E*L(STOA va LTOA) - nQ@kintitr ng
- M L un’iKeo gian thp itr ng I Mg (STOA) khai thac
\ 4 \ 4 \4 \ 4 ¢
. inh “mg€| T€hng .
| QZ”Em ¢ aham gi_ atinh '1' ;;h‘f KJ1 qul
el | <@g RAP chHic a o So sanh vi céc ch
gia tai R . : . gia tai SR .
sinh t i vaph gia bitum v i sinh khi tiéu thiry k/Jkhi s
ai sinhl. t2nh d ng | pmblal
eu t ta|§|n,LJ}1 nh x ®fh 1nglp Lp
cac tinh c. abé tong PO bé tdng asphalt tai
BMD hoa gia ,
ntng asphalt ch/Jnéng

\_

)




CHhwNGNG@HIENC UTH CNGHI'MiNH HING
C.APH GI A TCIl eSNIMNHAS nTINHCH[ TC, ABITUM

2.1.Gi ithiu ch<€hng

Trong phan 18l méac bitum Vi’ t Nam hin  n a &im larlva nhit | ho& nQn la

hai trong s cac chtiéu k thud quanfrng dWh§n h H i° fg®tum. Bén

cchh L -, TGh2OR2[16Bc5I6n7g L « L €&l biwrd theo &p hFEGi. | no
V.ihnhpbéténg asphalttai /s d ng RA®PbitvI h ~ ny RARECao),
bitum cl t ctoml¥ v Rt nli®h /s t h a ycacltinh chilva

| T v " ccalbituh hn K p (bitum mi, bitum RAP va ph gia tai sinh). Trong
Ch€ehng n" yut/hn diinhn @ n hg€aics v~ " hgpingia €

t §i Jpimné tinb cill ¢ a bitum hn h p, bao gm ch tiéuvd ly (L, kim lan,

nhit  HoAnQn),lHb t 2 nMkhipBuw ibai t §icth&rivaol L€ L €a r
giihth h " mgph Gataisinhti ®wac tinh chlic abitumhnhp 4L "k €

t €hng L€ehng idmieL tip€a uvlinim h-a gi¢ xPpiwl L€
I § n h ~gquy; aleéc |61 ph gia tai sinh.Cac phan tich vilgh tric va thanh gin

héahc c 1 ‘ncgh clhi@®@ WAm rd hiu qu ¢ a ph gia tai sinh's d ng.

2.2.KJJho%h thi nghi m

N, i dung nay trinh bay@k/Jhotch nghiéncu L 8§ i h gtig® a ph gia tai sinh
I/nmts tinh cillg a bitum hn h p. n\We6 thAso santn h * g@ a céac Iél ph,

gia tai sinh c6 gc khac nhau,dlofiph, gi a t &'icl & dh nthonglnghién cu

nayla ph gia tai sinh gc dfu m (RA1), ph gia tai sinh gc dfu th ¢ vd (RA2) va

ph gia tai sinh gc dfu dl'nanh RA3). RA1 va RA2 lahailod ph gi a t §i S i
I ‘& s[n xudlt h©h Hboéa trénth t T n@ Ph gia tdi SnhRA3 . b |l ‘lc€
nghién ¢ u ch]ttb trong phong thinghint q u 8 t r 3 Hika bifhhidfy dE
nanhvacocacch i ° u  tnéhaig &AZ 1t @ €hhdgnfutiénvd i u
RAPEL&chif t ®huii L bi tum ci tronT/ptReyBitund bi t u
RAPEL ‘@trnby ibitummivaph gi a t §fb thérih bitum fh h p. Sau

I - cac nghién cu th ¢ nghim trén bitumhnh p ‘lc€ chin.

H m  hg®APti d dngtronghnh pl ‘& x 8hthérgquatl bi t um L €
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tai ch](RecycledBinderRatio-RBR) . RBRthL ®ghfmatirtmphi t um
RAP, theo khi "~ hg&soyit ngh © m ng BBumtheo khi ° hg@® n h p bé tdng
asphaltheo cong thc (2.1)[91].

RBR = oree Prap 2.1)
100° P,

Tr o n gPwrEplah  m nd) BBum trong RAPPraplat | RAP theo khi ° hg@® n
h pvaPslah ~ m ng b&um trong hn h p.

Trong nghién cu nay, t I' bitum RAP trong bitummhp |~ 0, 3 ( RBR =
“ngVvih nhpasphalttdi chs d ng 50%RAP.Hinh 2.1 thwhi n kJhotth th ¢

nghim trong philnhg md€amph giga §t §4 m tsitinhhchil, a
bitumh nh p.

Bitum RAP (30%) Bitum méi 60/70(70%)

| |
v

Bitum hén hop

v

Phuy gia tai sinh: RA1,RA2, RA3
(0,4,12,20%)

Y Y v

Bitum RAP 10 loai bitum hon hop Bitum méi
____________________________________________ |
; v v v v
Khoénghoagia RTFO RTFO+PAV
! ' '
Po kim IGn, nhiétdo
héa mém, DSR, DSR DSR, iﬁ;’; EDX,
SEM-EDX,FTIR

Hinh 2.1. K/Jhotch thi nghi m trén chbi kJ} dinh bitum
Ky hi ucacm b i t atiwhiln@®ongBlng 2.1 Ba I ph, gia tai sinh (RA1,
RA2 v~ °‘RA3)ng\Vi€ich ™ m ng 66, 4%, 12% va 20% theo'kh ~ hg€
bitumRAP.C§ ¢ h nm In¥cy ath®d atrén khuyh cédot nha §n xublva
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cac nghiéncu L.« hitnh  Tr on g ' ryph giahtdi smh the(4%) va cao
(20%)c| &cB@n WS nhndi Bg€aph gi a t ghcacdinhrchiic &
bitum.

Blng 21. Ky hi’ u cac mXu bitum

TT Ky hi’ u M6 t[
\% Bitum m i 60/70
R Bi t um ‘cit vd lihuRAM (bitum RAP)
B Bitum h n K p (70% bitum mi + 30% bitum RAP + khéng c6 ph
gia tai sinh
RA1-4 Bitum h n h p + 4% ph gia tai sinhRA1

4
5 | RA1-12 Bitum h n h p + 12% ph gia tai sinhRA1
6 | RA1-20 Bitum h n h p + 20% ph gia tai sinhRA1
7
8
9

RA2-4 Bitum h n h p + 4% ph gia tai sinhRA2
RA2-12 Bitum h n h p + 12% ph gia tai sinhRA2
RA2-20 Bitum h n h p + 20% ph gia tai siNhRA2
10 | RA3-4 Bitum h n h p + 4% ph gia tai sinhRA3
11 | RA3-12 Bitum h n h p + 12% ph gia tai sinh RA3
12 | RA3-20 Bitum h n h p + 20% ph gia tai sinh RA3

Chitiif kfjhotth nghiéncu L § nfh h gig®aph gi a t §pcacdinhrcH
ca bi t athilh‘€Blng 2.2

Blng 22. Chi tiJ} k/Jhoth thi nghi mva s | “@&g mXu th cho nghién c u

N, i dung thi nghi m/ ki n hoa gia/S | “@g mxu th
Ch' tiéu vd ntb t2nfp | €u b Thanh pfnhoa
ly h cva il trac
n, |n Wh Chb PG n€ ng congeh SEM FTIR
kim | ‘héa IG*| i
lan | m
Bitum - Sn = & EEUX g
.8) .8’ m — - — - — 'a O 'a -a
|8 [§2o02 2|8 |E | 3| 8|8 %
= < S — | L = o o = <= o
o o ox | B x o (o) ) o
c c Son|lEO > S = c
2 2 e= | < £ 2 2
% 2 2 a £4 2 2
1) @ & | @& |06 |6 | O ® | 9 | (10 | 11 | (12
\ 2 2 2 2 2 2 2 2 2 2 2
R 2 2 2 2 T 2 2 T 2 2 T




W [e]leolew[eo]le]|n]l e |o®]awa]aw
B 2 | 2 | 2] 2| 2|2/ 2|2 21 2 2
RAL-4 | 2 | 2 | 2 | 2| 2| 2| 2 | 2 20 1l 1
RAL-12 | 2 | 2 | 2 | 2 | 2 | 2| 2 | 2 a1 2 2
RAL20 | 2 | 2 | 2 | 2 | 2 | 2| 2 | 2 a0 1T
RA2-4 | 2 | 2 | 2 | 2| 2| 2| 2 |2 20 1T
RA2212 | 2 | 2 | 2 | 2 | 2 | 2| 2 | 2 21 2 2
RA220 | 2 | 2 | 2 | 2 | 2 | 2| 2 | 2 20 1l 1
RAZ-4 | 2 | 2 | 2 | 2| 2| 2| 2 |2 a0 1T
RAZ12 | 2 | 2 | 2 | 2 | 2 | 2| 2 | 2 21 2 2
RA320 | 2 | 2 | 2 | 2 | 2 | 2| 2 | 2 2 1l 7
Tng | 24 | 24 | 24 | 24 | 22 | 24| 24 | 22| 4 | 12| 10

23.Vali' us d, ng cho nghién cu

2.3.1. V& li u RAP

RAP lagnph¥nt quatrinhcaobécky "B b° tilng as/phaahl t ¢
nghign s "Wh § u EVd€® u RAP. Trong nghién aw nay, v i’ u RAP s d, ng cho
nghiencu Ly trtmtrn T©n Can g, ngBlai¢ axCorg ty & ,phfm

nfu t € ng®WT (Hinh 2.2). n ©y lcé daychugh nghih, sangva phan

lod R A P[mlblo cac yéufu k thud. RAP t 't qua €nh cao bécky * Bge
cldQucl 51,vitdith camtty "hgkkhdng 5 ntm.

Hinh 2.2. Lby m*u RAP
2.3.2. Bitum

ChHl k/3 dinh bitum mi 1a o4 bitum 60/70 ca Cong tytrach nhim h u hth Nh a
I’ “eng PetrolimexKJ} qul thi nghimmts ch tieuk thuwga bit um c60/ 7



thwhi n° B[ng 23 vacho ti3} LQuth a mancacyéu du k: thud theo TCVN 13567
1:2022[16].

B[ng 23. M, ts ch tiéu k: thud ¢ _a bitum 60/70

TT Ch" tiéu thi nghi m KJ} qull Yéu ¢fu k: thudt
1 |n, kimlan® 25°C, 0,1 mm 63,5 60-70
2 |Nhit  hodnQn,°C 49,6 O 46
3 |Kh'i ° hg@®éng 25°C, g/cnt 1,032 -
4 |n d2nh "bv8im LBE, c Chp 4 Chp 3
5 |n, nht 60°C,Pas 199 O 180
6 |G* / s il @ik nkhodng hba gikPa

64°C 1,87 -

70°C 0,82

2.33.Ph, gia tai sinh

Trong nghién cu nay, ba I8l ph, gia tai sinhs d ngtrongnghiéncu, °Ek hi u

la RA1, RA2 va RA3RAL la 11 ph, giataisinhco nging ct dfum ,comau nau

s¥n. RA2 13164 ph giataisinhcongingct thcvd, clng cn.RA3u n©
la loY ph gia tai sinhcongnn g ct dfu dl'nanh, c6 mau vang BhCl baloY ph,

gia tai sinhlQi* dthg | ng.Céacch tiéu k thud g abaldiph gi a t §icthwi nh
hi n° B[ng 24 val'Qith a man theo tiéu chfa ASTM D4552[38] vQphan I3 ph,

gia tai sinh

Hinh 2.3. Ph, gia tai sinh



Blng 24. Cacch' tiéu k: thudt ¢, a ph gia tai sinhtheo tiéu chip ASTM D4552

Ph gia téi sinh Yéu du k thud theoASTM D4552
Ch™ ti RAL | RA2 | RA3 Loy 1 Lod 2
Min Max Min Max

1.n, n h. °a
E 67 45 36 10 49 50 175
2 . Wmnch p chay°C | 256 248 288 219 1 219 1
3.  H" ng chiil k8o
hoR. % 7 2 2 1 30 1 30
4. Thi nghim sau khi
RTFO' 163C
41.T s L nht 1,0 1,2 11 1 3 1 3
4. 2. Thay
e ng (%) 0,7 0,5 0,5 1 4 1 4
gso*éh | hg@eéng 1,008 | 0952 | 0,988 0,9 1.1 0,9 1.1

2.4.Quatrinhchifvathuh'i  bi t uwaliaulRAR

2.4.1. Qua trinh chi} bitum RAP

Bi t um cddch rét®d li u RAP IR g
AASHTO T164[28]. Dungmdisd ng | ~
i utrong v i u RAP. Qua trinhctifvathuhi b i t u mctiR@Hpn til RAoONg
thinghimtr n g W insg b 1, Vi’ n Khoa hc va Céng nghGTVT.

p h<€hn ¢ lyam eo tieulthg

Vdliu RAPcHikBOV ~ s agam tong dung dh TCE trong mt gi L'Whoa
tan bitum. Thifb qu ay | yc std@ng WAsR pln dung dch c6 cha bitum va
b t khoang trong hn h p RAP Hinh 24a). Tc . Huayc Ltefm gc Ridkhi L
%Gt ¢ . BB0O vong/phat va may ly tangk ‘& ti/pt cchy ¢ Fhdhi i c[ dung
dc h ° dIEehTra, vapfncon Hlactliu RAP °t dawkhileh@ (Hinh 2.4c).
Ti/p theo, bt khoang c6 trong dunga h  L/ksELc'@& thiff tach tip Wb ra dung

dch chch abitum s d ngthit b quay ly tamtc , €ao {Hinh 2.4b vaHinh 2.4d).

2.4.2. Qua trinh thu f'i bitum RAP
Ph€hng ph8ps dibgWihh ibit8m RAP theo tiéu chfy AASHTO R59
[27] (Hinh 2.4€). Nguyén &b c[imgcdd ph€ehng ph8p Absoa

dungdc h cnkdi dung méibb ful b ay h hi  vbinh, thigio I8 bitum. a

t ryclWodh pilurekhid tT CE)

K h



B, thi/tb thuhibaogmm tthi/} b gianhit cQ khilddinhit  ,bgin . rc@

binh khi CQ. Quaé trinh thu'hi bab fulblag cach 1am néng dungah trong binh Bag

cach gia nhit cho nhit | t°t nfg. K" nhit | 1% 1 3 5 U CYthig¥amg thBing  h
khixing L8y amdrchil chw™ L €a kit'z  ¥holag 1b0miphat v
MDY dung mii bdHt hhQu§ ~t EY DL enfphcl

nhit  U% Jhikhdng 15PC /Jt160Cvatith i Whin~ y,  hgkig @k €u |
vao khdgng 900ml/phit. B qu[ thinghimm ts ch'tiéug¢ abitumRAPsa u  k'kei L €
thuffi,L ‘&thwhin° " B[ ng. 2. 5

X ‘ Dung dich TCE |
= 4 | thuhoirangoai |

(e

Hinh 2.4. Qué trinh chi/} va thu R’ i bitum trong RAP

(a) Chit bitum B ng thi biguay ly tam (b) Tach bt khoang p dung déh chix 1 _
b" ng thiX biguay ly tamXc i tao, (c) et liMi R A P 1 t dawkhillvi bY bitum,
(d) dung di¢h c6 clva bitum sau khi clit, (e) qua trinh thu @ bitum RAP

B[ng 25. M, ts ch'tiéu k: thud ¢, a RAP va bitum RAP

Ch' tiéu KJI qull Yéu cfu k: thudt
1.H" m’ ng tum trong RAP, % 3,0 T
2.H" m’ ng &I t quasang 0,075 mm, % 3,8 <5
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Ch' tiéu KJT qul Yéu cfu k: thudt
3.0, Xn ¢ a RAP, % 0,5 1
4. Ch' tiéu bitum RAP:
4.1.n, kimlan® 25°C 0,1 mm 25,4 > 20
4.2.Nhi t . Hba nQn, °C 64,6 T
43.n. nht 60°C, Pas 24500 1
44G*/ sinut (kh'ng h-
64°C 8,07 T
82°C 1,05
45.G*si nt ( hdahéh RFRO), kPa
64°C 40,1 T
88°C 2,25

2.5.ChuXn b m>u thi nghi m
251 Ph€ehng mipg piataisinhy ibitum

Sau khi bdthuliim vetli u RAR (bitum RAP) ti/h hanh trn bitum m i

V. ibitumRAPvaphgi a t $\b tsnhrbitum Bn h p theomé * Blng 2.1
VQph€hng mp8pi a rt §in g ididntredva bitummi nhe€eng
clngWetrtnbivdliu RAP’ dgianHltf21]. Theo bao c4o @ Yin
vacaccngs [124], ph gi a t §’ictrs v nbitumlm@ _tckhBrnyvict
i'uvaRAPI © p h€hn gapphg$ip biphté cactEmtr n® M: hi nnayLy
dolaticacttmtrn, thifb cebph gi a t §'ic kpniiw hthi/fBScH bitum

v  “d€el€ea v ®o ckhggph Ga ta sinhs d ngthbd nén du thém

vao RAP ¢ thAk[y ra hin °~ ng®han tark h ' Qg Trdhg nghién cu nay, i, gia

tdisi nhctrlh@ibitummit r ong 2 p h Yhitum RBRvao, veiti/ptich ° m
tr n trong 2 phi{Hinh 2.5). Qua trinhtrnc h ¢ & d, ng thit b c6 canhkhuby v. i

t ¢ , ttung binht 100-200 vong/phutHinh 2.6).

Gia nhiét cho bitum Trén bitum Thém bitum
ma1 60/70 va bitum ma&i1 voi phy RAP va tiép Bitum hén
RAP ¢ 155-160°C gia tai sinh tuc trén hop

dén khi chay léng trong 2 phut trong 2 phut

Hinh 25.C § ¢ , dirén ph, giatai sinh v i bitum



Hinh 2.6. Qua trinh tr, n ph, gia tai sinh v i bitum
25. 2. Ph<€ehng ph8p ho8 gi ™ Dbitum

M.c L2ch_wmglhi °H8khmg@ha&Ukin h-a gi “‘ugdng n
caph gi a t §Jicacstinhnchic &bitumhnhp.Dovdy, milod bi@um L
tr[i qua qué trinh md pmg s hoéa giabao g m hoa gia neh hth va hoa gia dai .

Trthg thaikhdnghoa giala ngay saukhihh p b i t atmn xbné.

2.5.2.1. Hoé& gia ngn i n bitum

Ph€hng phgpg mrrogmgm | , " quiadygWiR PiinQ) Qiki e
hoa gia ngb hth trén cidl k/} dinh bitum trong phong thi ngtm theo tiéu ch¥n
AASHTO T240[29] (Hinh 2.7). Cac m4 b i t* andt vadb®inh thy tinh hinh tr
ritea | °n gi § khngthiff b RUFOyCadmuo rbg t tmtfp xtice
v, i lu” ng khéng khi va nht | I*& duy tri 163°C trong 85 phit.

Hinh 2.7. Hoa gia ngda hth RTFO
2.5.2.2. Hoa gia daithn bitum

Hodgiadaibhga bi fatmchHir® t he o p hélgialgnh Apt§PAV)



theo tiéu chd AASHTO R28[25]. Sau khi hoa gia rdp hth RTFO, cac i bitum
L ‘& $ d n gWHI nghim hod gia dai ¥h. Cac iy ‘lc€’lcadl | dae swi2,1
MPa va duy tri nhit . 100°C trong 20 gi L'Wné " thi nghi m hod gia dai ¥ (Hinh
2.8).

Hinh 2.8. Hoa gia dai Hh PAV
2.6. Thinghi mx § ¢n hi, Kim lanvanhi' t  kéa mQn
261.Ph€ehng ph&m th2 nghi
nW. 8 nh tgh &iv&dac tinh chilvd ly ¢ a bitum mi, bitum RAP va bitum hn
h p, thi nghim x &nch, Klin lGn va nhit . ibAnQn Tc&h chin . kim ldn
lacht i °u Wi%ng i § .82 hbht g m§whinlddrivdo lgtunjuanh

Thinghim L ok ilm |’ &th chi € nhit A 25°C theo tiéu chfn ASTM D5
[39] (horo TCVN 74952005[20]) (Hinh 2.9).

Hinh 2.9. Thinghi m x &nch | LKim Itn
Nhit  hHoamQnlacht i °u WL %md 1§ n &b nhttq & bitum khi nhit |



-50-

t h & i Trdhg nghién cu nay, thi nghim nhit , iobAnQn Tc&h chin WZ § n h
gia[n h “Mg€avics d ngph giatéai sinnlyh khin £ n gunlw © | & a bitum
theo tiéu chdh ASTM D36[37] (horb TCVN 74972005[21]) (Hinh 2.10). Thi nghi m

I, kim lGn vanhit | W6a n@nl ‘& th c hi ntd Phong thi nghimVd Ii" u xay d ng,
Tr €gYncGTVT.

- SEEBE

Hinh 2.10. Thinghi m x &nhnhiit  to& mQn
2.6.2. Kit qul thi nghi m va phan tich

Hinh 2.11 thwhi n K/} qul thi nghim L' okimllin cho cac i bitum 60/70, bitum
RAP, vabitumhnh ps d ngph giataisinh ¢ § ¢ h figrkhat nBauCé thAthby
rag bitum RAP c6 ssuy gim L §W@L kim Iun (25,4). Nguyén nhamd Jis
suy gim _ Lkim lanlado s t h a ythatih pln cac nhom dill ¢ a bitum khi v li' u
RAP b hoa gia theo thi gian, n h €bad cé&db i Zadshirva cac cng s [129]. C6
mts gi a t t WMWgQh L 8nng ¢@knhom asphalt valgn  h " ‘mg nhén chi
t hhm t r o'rag hoh,ikt fitbitumm tr néncn g  [B2.n

n, kim ltn ¢ a bitum hn K p (bao gm bitum m i va bitum RAP) la 51,3 (0,1mm),

k ht ftg " ctiéudy  Kim lan 60/70. Tuy nhién, khi thém plgia tai sinh, gia

tr I kimlinga bi tum ttnsgggl &nt tdegeh garta sinB t 4

I'Jh 20%. Bitum hnh p s d. ng ph gia tai sinh RA2 va RA3 cho gié tt kim lin cao

hhn Bsodngphgia t&8i sinhnfRADi aKhi§i h&%mhet L
2 0 %, kirllingabitumhnh p t t B8glémn 115,4his d ng ph gia tai sinh

RA2t tn§7t 0 | “ihviph0Q@i, & t§i sink6RA3 ) “imi 88L 17
ph. gia tai sinh RAL.
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140
120 -
100

80

63,5
60

40

5.4
20 H H
0

T ®

Do kim lan (0,1 mm)

J

4
@@@@@@@@@

Loai bitum
Hinh 2.11. KJ} qul thi nghi m  Lkim ln ¢, a cac |4 bitum
inh “tg€a h " nmgph @i a t g1  knlinlgakiumhnhp ‘lc@w
hin® Hinh 212 K quchotty W& "E€Kim | ¥%n t€hng L €hnc
ph giataisinhgcdum cfn h "mgl €a o . iiph wia tdisinhgc dfu th ¢
vd. KtTgurn ™y ¢l nmvipdghié cln ¢ aZaumanis va cac ng s khich ra
hi ugu ¢ aph gia tai sinh gc dfuth cvd” L @ ki n ngh hth [133].

140

120 L y= 50’160,034);
E R3=0‘,988 N -..'. A PRA1l
g 100 - y = 50,3e0.041x A
= R:=0998 | e . a2
= 00 XS f m RA3
= P LAY L . ‘l _________________
é 60 IR A Expon. (RA1)
=N y= 50,960’02?’;
A 40 | R2=0994 | || Expon. (RAE)

20 0 e Expon. (RA3)
0 1
0 4 8 12 16 20

Ham lrong phu gia tai sinh (%)
Hinh2124dnh ‘“hg&a h ‘'mgph&@i a t &ph  Kimikhrh L
Hinh213t hW hi n kJt qul[ th2 nghi m nhi t I
RAP v~° bitum h, n h”p s d, ng Hmh213 ginahit §i
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L ho&8 mQm c¢c_a bitum m i 60/70 |~ 49, 60L
thi Wu) v~™ ¢, a bitum RAP |~ 64, 6UC.

70

66

T
Lo
*
fo

62
58

54 52.4 52,8 53,1

49,6 T
RlUNN 479 48,2

Nhiét d§ hoa mém (°C)
LN
| &
o

46

R RS N Y AP RS G
SR ARV SN PN
Loai bitum

Hinh 2.13. KJ} qul thi nghi m nhi't | ko& mQn ¢ a cac Idd bitum

V. i bitum h n h p khéng c6 ph gia tai sinh gia tr nhit | toa nQn cao ni &

54,9°C, trong khi bitum,in h p c6 ph gia tai sinh th\hi n's gifm nhit . Hoa nQn,
LHobitthwhin L 8Wklgs € ngph gi a t §i si nh ndph iataiK h i

Si nh_ 4 %mMRO%, nhit  hbda nQn ¢ abitum hnh pcé ph gia tai sinh RA2

gilm t 52,8°C xting 45,5°C; dimt 53,1°C xing 4 6',i ¢ Up@i gia tai sinh
RA3vaglmt 524°Cxing 4 7,iWipglCglla t 8i sidp@OthAML . Nh
rag,ph. giatai sinhgcdfuth cvdthwhi nkhfnt ng @n° mmi mum ca&ao hh
ph giatai sinh gc dfum .

2.7.Thinghi mcav gl €uh & a bitum (DSR)
271Ph€hng ph8m th2 nghi

Trong nghitncu n " y b ct&®cn A gla€ i i ia mx §k&hohg qua thi
nghimods  nlg | R@ynéniic Shear RheometeDSR) theo tiéu chigy AASHTO
T315[30] (hotb TCVN 118082017[12]). Thinghim DSR L€a r guahai t
tr nglagiatr mt L dbnng{G*| (kPa) va goc trp h a | XiHinh 2.14 md " thi

nghi mod | nig | lBga bitim va s tr pha gj a_ ng s va bih dthg.
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B Tll:lax
&8 (g6c tré pha)
10 rad/s (1,592Hz) -
A P A A
[?’ng suat Thoi gian
Pia xoay tdc dung L8
bia co dinh Maiu bitum Ymax
b ", = C
Bién dang Thoi gian

Hinh 2.14 M6 t[ thinghi medb , g | AU b i

Giatrmt Ldvnngdmtcht i *Hu tlr ©n g ngevh ki nlk n gng bim
dthg do fitr ng ¢ a bitum.M® L' &b n ngova goc tr pha cho thy kh[n £ n gngc h
bi/h dthg o "t ¢ adbitum trong vang lam've L~ ntuy/in inh MXu thi nghim

c6 hai dhg bao’gm m¥ " Lnhgekinh 25mm vi chiQi day 1mm va 24 Lheekinh
8mm v i chiQu day 2mm linh 2.15a). Khi thi nghim, mXi th nghim TceHlgi a
haitih L 8agkinbloin3am s o n g ngtarmijnh P.15b vaHinh 2.15¢). Trong
quatrinhthnghim,mt €@ a a §uhdaiyi L ¢ Hgdeg lanhv itfns va
_ng switac dn g * &1 chn (thi nghim kh ng ch] ng su). M c_ ng sl yéu
cFu khi th nghi m ph thu ¢ vaoloY bitumthi nghi m. Hinh 2.15d thWhi n qué trinh
thinghimods . nlg | JRDSRD i

Trongnghiéncu n "y, dningvagdctrpha cL @ aWEEnh Hygi § L
t 2 n h Jpg@ueac Blibitum s d ng cac Iél ph, gia tai sinh khac nhau. Thi nghi
L& t/hhanh tfns 1,592 Hzvamtdlinhit .  Kkh §c Wh&anh dijp ¢ a
bitum theo tiéu chyy AASHTO M320[23]. K 2 cchmMutchio®inghm DSR cl ng
thaidal tr°n qu§ "ivri3 @ki nkhong hod gid va hoa giadmghth
(RTFO)m4 b i t u mg kinh 25mimey i chiQ day Imm  ‘Lc€ d, ng, trong khi
"iv.i QUki n hoa gia dai¥h (PAV), s d ngmu ¢ ng Kir® 8mm v i chiQ
day 2mm. Thinghimob | nig | /@ u’lckRic hi n t4 Phong thi nghim LAS-XD



-54-

1256, Trung tdm Khoa le CongnghGTV T ," n ¥ c GTVT.

(d)

Hinh 2.15. Thinghi mcdb  'g | ARRDSRb i
27.2.Xayd ng " Hg@ongch ¢ a mt! dbumy|GE|

Comlinhin m! hexiyhdnlg®HlL o §nmgx L 7 n, tmyh tinh ¢ a bitum
va bé tdng asphait h * n g * mgwaeng dh @naster cure) [93]. n*€ ng congch ¢o
thWwL ‘& mo6 hinh hégd h 1 n g qua c vaxwetllmd hiahrkKelvinimib @nh
HuetSayeghva moé hinl2S2P1Dv.v. NhiQu nghién cu L. &p d ng md hinh 2S2P1D
'Wm6 hinh héd: “ehg congch chom?  Ldb nng{G* hokb m? | HoUBEi|b [
mo hinhnaycdét € h n gcaay.u lJgu th ¢ nghimvaco timod phng ngx L~ n
nh t ¢ a Fu W} cac \d i u bitum trong mtphm vir ngcafns vanhit | [P4],
[95].

n€ngcongch ¢ a m! di wh|G*trong pim v i Lt fuydh tinhl ‘& xay
d ngt d Ii uthuthp trongmtphiimvinhit  VAfns.M c L 2 antd hich
hoal “eng cong ch |G*[lav is | “@g KT qulth ¢ nghimh u hth, c6 thimé ph ng
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L ‘& s t hadygialf |G*|theo nhit | Hotb#nsS,t L - &\ § enthl’ gl tr

|G*| ¢ a bitum" bEik8nhi t  /tFn S nao.Nhit tham chiy ‘lc®achnvad

i"u® tHic[ cac nhit . K h § ¢cdlehechuwiitheo fn's ¢ h dh khitl thanh mt

&g congt r hpntH Trongnghiéncu n "y, m! h3crapdn2gS2LP 1 D
mé hinh héd “éng congch ¢ am?  lcdb nn|G*|. Nhit | thinghim Lc€ a

ch nlifn °kI&E5C, 15C, 25C, 35C, 45C, 5%C, 65C va 783C, vai m inhi t L

giatr |G* L& x '@t 6Kns la0,05Hz; 0,1Hz; 0,5Hz; 1,592Hz; 5Hz va 10Hz.

M6 hinh2S2P1Dbao gm 7 tham's, giatr m*  Ldvph c6* " E € x @lcthet

cong th c (2.2) [95].

* - GQ_GO
G =G W 4 W e
(22)
Trong Cphcviii2d-1, s¥nsl(Hz),k hlacac'sml (i0<k<h<l,
Uv”" b Rigs,v & c bh L »E8fcthed cong the (2.3).
_(Gg'Go)

h=="e (2.3)

V.id | hhtl newt hhobtinhthidganlldhantcanhit  .Giatrca U c -
thWbygfn L ¥%ng t heg2al). ct ng t h
t=a ¢ (24)
L -arlah s dch chuy theo nhit Lol UKo tlhh thigian €t nhit = tham
chi/u, lahamcanhit . L
Gol © mialngnnguitins tacdngcafitr ng Hithgy ( 0) v Gla
giatrmt Ldvnngcngvitfns tacdngcafir ngdd cao (¥ Y D)
céngthc(2.2) cO thA ‘& chialam 2pfnvavitld nh€ sau:
G -G
G*(w)=—2—
1+ A +#B
J._(GQ'GO) {1 Aw) iB(w)
T ([rAW)) (W

5. (CoG) 1 Aw) g (¢ ) (=4) ¢
g (1+Aw) B (w0 § (AW B( w §
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Trong WKW)=4 wi ol O Yive cosNE (2.6)
¢2 = z
B(w)= { wh)t 3( a)'kWSiﬁgaek?p -_8( )" mm% (2.7)

congthc(25) cotimdmibld  nh€ sau:
G*(w)=G(u 4G,( (28)

Cii c¥%ng, ohhg|@*ga oi t o mx B nid hinh 2S2P1Dheo

cong th c:

G* =& G (2.9)
nW.8§nh Hi Bg€ah m* h3nh 2S2P1bPg kbeth®gWphsgp
L&§nh gi § ¢ K ehgtiéuchdp (StS)vah s x §ecnh . T s L I ch
tieu chuf (SYS,) It € x "Blcthedi cong the (2.10) va (2.11)

2
s [y
S = M (2.10)
(n- a)
_ |aly-Y)
Trong L - :
Sela sai S tiéu cho ¢ a cac gia trd bao; S| ~, | &h chod ¢ a cac K qul th ¢

nghim,nlas | “@g ma vaklas cac bih  dld trong md hinh.
Ylagiatrthinghim; 6 | frunggoinica tac K qu thi nghi m vat la cac gia
tr d bao theo mo hinh.

H s x § cnhR2L ‘& x ‘8lcthed cong the (2.12).

N

(n-0),85.8
n-1) &, (2.12)
M6 hinh d béo hoan toan kip v i k/J qul th ¢ nghi m khi gia tr R? = 1. Tiéu chi
' § n hs phil Bp ¢ a md hinh da theo gia trSJ/S, va R, val. ‘& thwhi n° B[ng
25.

vo(ﬁ ﬁmo
|-O:00
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Bng25.Ti °u ch?2 g§fhhgt 8maminh[95]

Tiéu chi R? SIS
RHIt t 00,90 00,35
Tt 0,70- 0,89 0,36- 0,55
Kha 0,40- 0,69 0,56- 0,75
Thip 0,20- 0,39 0,76-0,89
RH thi 00,19 00,9

2.7.3. KJ} qu[ thi nghi’ m va phan tich

2731 nh ehgowvapmgi a t 8nthéegstGr /Isi nud v~ G*sindu
VhEhl Qi tdomitr thanh miquan tam chinh th igian khai thac say amtt * hge

trong khi Ra 1Gn v t banh xe 14 mi quan tam chinh trong'th gi an k hfa.i t h'
Yuan Zhang v&éacc ng s [140]ch ra rag, théng st thi nghimDSRc6 m i lién

h v i t 2 nh n Barllm vak B & i khdlgm g, a bé tdng asphalGia tr

G*/ si nMl Lco-§nt it 2 nh <3mléann ghi tk hdBorirgng khgiatr G* s i n U
cothAd L o § fn kg k t &m g tiung binh vanhi | thp. Trong nghién

C u nay, bitum 60/70'sd. ng t @ign gloY bitum cé & PG64-xx (PGH =

68,8C). Gia tr nhit , ¢ao la 64C va nhit | ttung binh 1a 2%C  Tc€achn W

phan tichfn h * tgy@ a lod v’ ‘mgpmgli@® t §hthéagisiGh /i nud v
G*sind.

acnh ehgowapmMgi a t 8wmthéag oGt / Lsuii mhiM itdao

Hinh 2.16thWhi ns t h & ygiakr G* / stl mhitt | @4°C v, i cac I bitum khéac

nhau L Q ki n khdng héa giava hdagiadmghth ( RT Fi@)ibitunmhnh p s

d ng ph giataisinhRA1, giatr G* / s i6AQIMt 32, 6% T3, 0% khi ¢
h™ m ngpB gatdisinht4 %/l 20 %, ntig€hiKdi gi agphbimg h”
tai sinh t 4 % Jhl20%, giatrG* / silmti4 §,j UPo T 9, i4 %phLlgia tai
sinhRA2vagimt 33, 4% T5 ,i% ¥ph Lgiatai sinnRA3.Nh @y, s d ng

ph gia tai sinh lam dim gia tr G* / sgiamitum hn h p.



10
BKhoéng hoa gia ¢ 64°C
8 EHoa gia ngén han (RTFO) & 64°C
=
)
o 6
g
r
C 4
2

Phan tich ANOVA chrarfag, kiin £ n g  @nbitam ph thu ¢ vaocl lod va ham
| “@g ph gia tai sinh (gia trP-value < 0,05) B[ng 26). So sanhTukey ch ra [nh
h ‘eng khac nhau@®lod v ~
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<&

Hinh 2.16. Giatr G* / s j arcdic I0d bitum * nhi't = 64°C

%

Loai bitum

h nh p (B[ng 27). Cac ch cai vil}

(RA3) chokh[n £ n g

(RAL).

On" noc amo

‘ngpmgl €

hoa

R T TS B Y S
PP M G R

t gnkifakbmiy O brumm
By/uféM h t igdiiig
th kJ} qul phan tich nhém, vi cac ch céi gi ng nhau BiM th khéng c6 s khac bit
vQmHuth ng ké va cac chcai khac nhau M th cé s khéac bit th ng ké.KJT qu cho
thy, knfn £ n g @n bitum ph thu ¢
d. ng. Bitum h n h p dung ph gia tai sinh gc dfu th ¢ vd (RA2) vag ¢ dfu dlnanh

(A,

\1"1,

o

&

I §Wvaph k m n§p@ gia tai sinhs

hirsnd rg ph gia tai sinh gc dfu m

Blng 26. Phan tich ANOVA giatr G* / s i6#@ (@Qiki n khéng hoa gia)

YIut DF AdjSS | AdjMS F-value | P-value
LoY ph gia tai sinh 2 0,2428| 0,12142 5,72 0,041
H™ m’ nig @ gia tai sinh 3 16,3424 5,4447 256,45 <0,001
Error 6 0,1275| 0,02124
T ng 11 16,7127

m
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Blhg 27. So sanhTukey giatr G* / s i64@ (@Qiki n khong hoa gia)

LoY ph, gia tai sinh N Trung binh Nhom
RA1 4 2,42728 A
RA3 4 2,38536 AB
RA2 4 2,10674 B

H" m° hgeh, gia taisinh

0 3 4,08400 A
4 3 254445 B
12 3 1,61493 C
20 3 0,98246 D

Hinh2.16¢c 1 n gradags t h dy, d'nggabitumt | thuch v ic[ bitum khong

hoa gia va hoa gia sg h“h RTFO. Tuy nhién L Qu ki nhoa giaRTFO, K} qul phan

tich ANOVA cho thsf khéng co s khac bitvQln h “ig€alodph gi a t i si n
giatr G* / s i649Qi(gia tr P-value > 0,05)B[ng 28) . Nhe Wi °hkhguan
ntng KWm&wyg b8&nh “xngph glataimini R&2 va RA3fm  ‘lc§uan

tam vi né lam @n L § Whan K lp bitum so vi ph gia tai sinh RA1.

B[ng 28. Phan tich ANOVA giatr G* / s i6#Q (RTFO)

Y/t DF AdjSS | AdjMS F-value | P-value
LoY ph, gia tai sinh 2 1,0474 0,5237 3,94 0,081
H" m’ nig @ giataisinh 3 56,2959 18,7653 141,00 <O0,000
Error 6 0,7985 0,1331
T ng 11 54,1419

benh ehgowaphhgi a t &wmthdéag s6G+ slie nhiM i ttung binh

Theo tiéu chd AASHTO M320[23] vQphan Idd bitum theo &b PG, giairG* s i n
L @kinhéagiadaith PAV k'hc! ntg®als680 kPaHinh 2.17thWhi n's

t haygialir G* s i BSRC v i cac IH bitum khac nhau va L Qu ki n hoa gia dai
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hth. K/t qu ch'ra raag, v i bitum h n K p khéng c6 phgia tai sinh (B), giattG* s i n U

c ao h hMsoly §mdg bitkm m i 60/70(V). Tuy nhién, khi's d, ng ph gia tai
sinh, giafrG* s i n iU . aggimwvatih ©h h pibitm 6070 h ~ m n 12%.

12000

10000 EHoa gia dai han (PAV) ¢ 25°C

4000
N I I I I [
0

@@@@”w&@@&

Loai bitum

G*sindé (kPa)

Hinh 2.17. So sanh giatr G* s i _raGéac ki bitum * nhi't . 25°C

Giatr G* s i_abitunthnh ps d ngph giatadisinhyvi h * my 129674 20%
LQithgh h h nnggjghéhtrongkhi h ~ m n§ 48, giatrn "y | ° ¢ ap
c6 thAthBy rag, ph gia tai sinh ¢6 hiu qu’ 1am gim | Lt ng ¢ a bitum hn h p sau
khihdagiadaith. Khi gi angtph giagtai sirh m4 % BL20%, gia fr
G*sinliu .ogglm. M ch@ilmt 38, 4% T3 ,i4 %phlgia taisinh
RAL,t 21, 46 @& 4 ,i4 %phlgiatdi sihhn RA2vadgmt 3 2, 68672,0%

h hn

" iv. iph giataisinn RASN h @y, m ¢ , Hbagiacabitumgimkhigi a t tng h

| “@g ph giatéisinh, 8 /JAkhfntng kthngis@ygim tEng.

Phan tich ANOVA chothy , h ' ngphlgi€taisinhcdn h “m¢ L BUhgkh k
ntng @n rimumQkimddagia diith (B[ng 29). K/} qul nghién cu
ch'rariag, giatrG* s i_ahitunthnh ps d ngph giatai sinh gc dfum (RA1)

thgb h h nissdong ph gia tai sinh gc dfu th ¢ vd (RA2 va RA3 . Nh & v

thWthBy rag ph gia tai sinh gc dfu m (RA1)gi L ‘& kh n £ n Ghoatt nhiisau
khi tr[i qua qud trinh hoa gdai hh.
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B[ng 29. Phan tich ANOVA giatr G* s i’ BFIC (PAV)

Yut DF Adj SS Adj MS F-value | P-value
LoY ph, gia tai sinh 2 1620354 810177 593 0,038
H" m’ ng @ gia tai sinh 3 64901484 21633828 15843| <0,00l
Error 6 819327 136554
T ng 11 67341165

2732 nh eshgoapmMgi a t 8me psPGaovabitdm

M. ctiéuchinhcavi cs d ngph giataisinhlati L a  ds-dang wili u RAP
tronghnh pasphalttaicht L - t Fma yphfh Bitummi  n th@h gasphalt

val § mgl ‘& cacyéuduk thud. Ti  €u h 7 =g phh giatdi dinfegn ‘L€
quan t ©m ngph ghi"am tI§& s i Mam gl & mthmg ck3¥ § rhg
invt b&nh xe, ‘tngth gh k hWamkho mhA p@sphalt tr nén
cngvadb nt nhit  thH). ArambulaMercado va cng s [35] bao caoRag xac

'nh h ngphlg8 a t §khéiphicgiatrdp L ¥%n qhi P Gdao (PGH)

t c&ino €LIm blo khéi phc d ch PG nhit | thep (PGL) va PG nhit | L
trung binh (PGI). Trong nghiéna nay, giihth  h “"mgglagh gi a t §ic si n
x § cn hBMIm bfokh[n £ n g  kmI&nr(kip6i g ¢ gia tr PGH). Theo tiéu chn
ASTM D7643[40], giatr PGH v~ °~ ® Gk &hb®d cach nisuyt cac gia fr

G*/ sinld v~ _@rtlseo cdng tht (EB)N(Z14) va(2.15).

n"iv. i QLK nkhodnghoa gia:

B log,,(1,0) - log, (G /sifi, )
PGH=T +— —=_—1 L, T 2.
K log,,(G,/simi, ) l,0°g (1(3(/23 il) (2.13)
n"iv. i QLK n hoa gia nga hh (RTFO):
PGH= -ll‘ + loglo*(ziz): IOg.LO (Gl' /flmll') (3-|-2‘ -l}.) (214)
log,,(G,/simi, ) l,0og (G Y/ siT

Trong L-:
Ty, T2lanhit | thinghim_ngviGy/ s i>nl kPavaG/ s i<l kPa
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TipT2danhit | thinghim_ ngviGik s isnAR kPava Gk s i AR kPa

n“iv.i QUK n hoa gia dai ¥ (PAV):

- log,,(5000) - log, (G. sif,. )
PGI=T. + 10 0 1 T T |
1 |Oglo (G;S"ﬁz ) |10 o *g (1G (SZ | r‘il% (2 15)

Trong L-
TipT2danhit | thinghim_ ngviG'is i 000 kPavaGs i 2n<lb000 kPa

CacgiafrPGH v~ "@KGdn dW8ydng ph<€ehniguytthoing o h

ph gia tai sinh(Hinh 2.18). KJI qul cho thyy, khi s d. ng ph gia tai sinh vi ham

| “@g 12%, bitumhn h p ‘lc®Théa co &p PG" nhit ., ¢ ao t €hndb L €hr
thdb h h nibisum mv 60/70° L Qu ki n khdng hoa gia va héa giadmghth. K/}

qul nay thAhi n L ¥n @fEiviai trd ¢ a ph giataisinh gidplam §m hht v~ L
cng clng .ndlo€at bnguln cl

82 : i ; i 34
} ¢ Khong hoa gia
@ RTFO 3 R S o e A PAV
76 @ Linear (Rhénghéagid) | T e Linear (PAV)
) Linear (RTFO) - | T :
- g i i : %J 25 b l ................................................
e (e —— SR . el reresererenesmresmsmsendres s seseseseses : (60 ?0} 23 9 l‘
T — T 22 LPGI i SLCH U
Ay PGH (50;'70} 63 6 fiig, E e,
64 Lo N I S ML 19 5 y=-0,637x+29 445 ------ T
' L y=-0531x+ 75 455 i R2=0968 | i T,
. Rl 0, 933 16 S ....... e ........... 3
58 L L i L 13 i i i i
0 4 8 12 16 20 0 4 g 12 16 20
(a) Ham hegng phu gia tai sinh RA1 (%) (b) Ham lwgng phu gia tai sinh RA1 (%)
32 i i : 34 i i
¢ Khong hoa gia i :
. o) RTFO 31 ........... 'y PAV
769 [ e Linear (Khéng héa gid) - T ASCCTT N - Linear (PAV)
—~ : Linear (RTFO) e, :
] T T T a A e, i
g i i i o T
e, » H H -]
70 e Q ........ e — S L : =
D) = : O oo |PGL .('15.9.?'.':.3'). :..2.3,.9. ....... AT
- PGH(@()?O)—GSG 2 sl [ i s A
[ R TR e 'E-ZG 5231{“1“ 75 222.9 19 e """""" Y__U 4'}'3){-}-29 ]_,"4
: - R= 0942 5 6 b I . RI=0547
58 ' . - 13 i i i i
0 4 8 12 16 20 0 4 8 12 16 20

(c) Ham lwgng phu gia tdi sinh RA2 (%) (d) Ham lwgng phy gia tdi sinh RA2 (%)
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PGH (°C)
S

64 |

58

Hinh 2.18a, Hinh 2.18c, Hinh 2.18ech raraag trong s bald ph, g i a
s d, ng trong nghién_au nay, ph gia tai sinh RA2 va RA3 (g dFu th ¢ vd) thwhi n
vai tro | n trong vic gifm d3 PG nhi t

gia

kh[n £ n g [m’snéo bgoa bitum so v
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¢ Khong hoa gia

@ RTFO
Linear (Khong hoa gia) -
Linear (RTFQ)

R2 0 9?"j

0 4 8 12 16
(¢) Ham lwong phu gia tai sinh RA3 (%)

20

L_ ................. ‘ PAV
IS AN S CPPYPPY Linear (PAV)
A 5
| PGI (60/70) = .233.9 ..... RS W S
; y=-0763x+28871 A
é ............ ; ....... R 2'&‘0‘ 93.0....? .............
0 4 8 12 16

(f) Ham lwgng phu gia tai sinh RA3 (%)

Hinh 2.18. Gia tr PGH va PGl ¢ abitumh nh ps d, ngph gia tai sinh

ngh hth ) .

2.18p, Hinh 2.18d, Hinh 2.18f).

Co6 thwmthby raa g WGl " & PG nhit
60/70 (PGl = 23,%C), bitum hn h p s d ng ph gia tai sinhRA2 va RA3 cfn ham
k h/ih Q &t hda gia dai ¥n. Cac
k/T quf trongHinh 2.18c 1 n g & pho giattdi sinh gc dfu m ¢6 hi u qu nhit
trong $ ba |04 ph, gia tai sinh trong vic ph ¢ it i va duy tri cac tinh dhi ¢ a bitum
‘g€ al @ ki nhoa gia dai Bh. D a vao gia irPGH va PGl co ththby
s i nth kth§Wig2 %

| “@g | n

. dao (xét L Qu ki n khdng hoa gia va hoa
V&hii nn h
* thg & khong c6 ph gia tai sinh Hinh

h hnipls gia tai sinhRA 1

Tt rgh g hoa giadai¥h, cacléiph gi a

t §i

ttr ung

t §i

"B cohgehl |G|

I db NNy |S*| ¢ a cac 181 bitum khac nhall ‘& thu thidpt thi nghi m

d@a@ilnh

raag,gi ihth  h “mgllivwic[baldph gi a
& "EdBd PG t €he®gbititt7® m
274.4nh "hg& aph gi a t &h

D, li um?

“ 8nhit

L «

tHi c[ cac nhit

_ thi nghi m (5°C, 19C, 29C, 3%C, 4%C, 5%C, 6%C, 7%C), 6 tfn s thi
nghi m (0,05Hz; 0,1Hz; 0,5Hz; 1,592Hz; 5Hz; 10Hz)3/& @ ki n hoa gia (khéng hda
gia, RTFO, PAV).KJI qu phan tich ANOVA cho th}, vi ¢ b sung ph gia tai sinh
| fmm L gW.gc rig(|G*| gifm)’
héa gia khac nhaB(ng 210). Cacyut ¢m h”~

‘mgph@ i a

20

t §8ic

/Ens va' ¢ § cQuKin
t SQuki®ni nh,

S

b3 mhme ®h it g mt

n

cl

r
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hoa gia, nhit | VA fns thinghim Qico[n h “mdg@hLl m! cdi ung|G*| (P-
value <0,05)Clbaldiph gi a t &ithAd hkhfm tlhg @n” mi mum c |
vd li' u RAP, khéng c6 skhac bitth n g K & chlta®i a ba I&i ph gia tai sinh.
Blng 210. Ph©n t2ch A&MONIG*Im! Lun c
YQu t° DF Adj SS Adj MS F-Value | P-Value
Model 19 2,51910E+17 1,32584E+1€ 112,03 < 0,000
Linear 19 2,51910E+171 1,32584E+1€4 112,03 < 0,001
LoYi p h, 2 2,19270E+13 1,09635E+13 0,09 0,912
H* m | € n g 3 6,23284E+1Y 2,07761E+15 17,56/ < 0,001
ni Qu ki n| 2 1,27350E+1¢ 6,36751E+15 53,81| < 0,001
Nhi t L 7 1,82884E+17 2,61263E+1€6 220,77/ <0,001
Tfn s’ 5 5,00355E+1€¢ 1,00071E+1€ 84,56| < 0,001
Error 1708 2,02130E+17 1,18343E+14
T ng 1727 4,54040E+17
Trong L& mgméogmgcdht L€ ¢ x©y d. mMdchit heo
L tham chiJJu L€ ¢ I|°C&actham EW gOg th: nd
congc hL € ¢ t hBW nhdl' @& ng cchong/ . G |bitum h, n h°’
ba | oUi p h, gi a t§8i sinh v i c8c h"m | €
nhau L€ cHinhBR.1Y9, Hnh 2.20vaHinh 2.21
B[ng 211 Cac tham s ¢ a mo hinh
KT hi (G;OE (G; L k| n]o U b o8l R
V 0 1, 8E|0, 40, 3,1,-2)@‘25C0,10,9
R 0o [1,0El0, 40, 5,2,@@{5000,00,9
B 0 |5,0El0,40,[4,[/1,®8 40do0, 10, 9
RAHX 0O |[3,0E/0,40,/4,]|1,9®8 2000, 10, 9
RAL 2 o (2,0E0,40,(3,/1,®8 12Gg0, 00, 9
RARO 0 1,6E0,40,]|2,|1,®H 600, 10, 9
RAZ O |2, 0E|0, 40, 4,1,-@@‘35C0,00,9
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o .| Goo Go . .

KToni' R ha h | O U b |y 8 R
RAZ 2 0 |1,5E/0,40,|4,[1, 88 1270, 10, 9
RAZ2 0 o |1, 2€elo0,40,|2,|2, 04 50]0, 10, 9
RA 3 o |3,2Elo,4{0,|2,|1,®8 15d0, 10, 9
RAQ 2 o |[2,0€Elo0,40,|2,|1,®d 1040, do0, 9
RA20 o |1,2Elo,4{0,|2,]1,®8 50|0, 10, 9
V (RTFO) 0 |3,0El0,40,|2,[|3, @8 15d0, 10, 9
R (RTFO) 0 |1, 4Elo,40,|5,|2, ®8 s80do, 10, 9
B (RTFO) O |7,5E|0,40,|4,|1,®8 4000, d0, 9
RA#% (RT| 0 [3,5E[0,40,|4, ]2, 88 2500, 00, 9
RAL2 (R] O |3,0El0,40,[3,[2, %8 12d0,do, 9
RA20 (R| O |2,5E/0,40,|3,|1,®8 1040, 10, 9
RA2 (RT| 0 |3,5El0,40,|4,[1,®8 2000, do0, 9
RAZ2 (R| O |3,0E|0,40,|3,|1,®8 1040, 00, 9
RA20 (R| 0 |2,5E0,40,[3,|1, 88 60|0,00, 9
RA3 (RT| 0 |5,0El0,40,|/3,[1,®8 1800, 10, 9
RAA2 (R| O |4,0E|0,40,|2,|2,®8 1040, 10, 9
RA20 (R| 0 [2,0E[0,40,|2,]1,®8 60|0, 10,9
Vv (PAV) | o |4, 0El0,40,]|4,]3 @q 60do0, 10, 9
B (PAV) | o0 |1, 0E|0,40,]|8,|6 @4250 0,do0, 9
RA% (PA] O |6,5El0, 40,5, |4 @41000,10,9
RAL2 (P|] 0 |5,0El0,40,[5,]2 @43000,20,9
RA2O (P|] 0 |4,0El0,40,|5,]1 @qzoco,oo,g
RAZ (PA] 0 |7, 0El0,40,]|5, |4 @41200,00,9
RAZ2 (P|] o |6,0El0,40,]5,|2 @@8000,00,9
RA20 (P|] 0 |5,0El0,40,[4,]1 @qsoco,oo,g
RA3 (PA| 0 |6,5E/0,40,]|5,|3 @41200,00,9
RA22 (P| o0 [5,0E[/0,40,[4,|2, 98 60do0, 10, 9
RA20 (P| 0 |4,0El0,40,[3,|1, @8 5000, do0, 9
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1.E+10
Y
= ° R
1.E+08
% : A B
+*
QO 1.E+06 o RAl4
o0 ¥ RA1-12
5§'1E+04 + RA1-20
= ——R(252PID)
8
S B0 ——V (252P1D)
e ——B(252PID)
© ——RAI1-4(252P1D)
1.E+00 -
= 1 ——RA1-12 (282P1D)
LE.02 ——RA1-20 (252P1D)
1.E-10 1,E-06 1.E-02 1.E+02 1.E+06
Tén s6 (Hz)
1.E+10 ,
| oV
= 1.E+08 °R
& A B
g 1.E+06 o Ral4
o ¥ RAI1-12
= + RA1-20
% LE+04
== - ||—V (2s2P1D)
g LE+02 ¢ ||—R@s2P1D)
g™ —— B (2S2P1D)
= LE+00 ——RA1-4(2S2P1D)
= - ——RAI-12 (282P1D)
L E02 ——RA1-20 (2S2P1D)
1.E-10 1.E-06 1.E-02 1.E+02 1.E+06
Tan s6 (Hz)
1.LE+10 :
- oV
_——
é 1.E+08 A B
— O RA1-4
% LE+06 ¥ RA1-12
2. + RA1-20
< 1.E+04 -
= —— V (282P1D)
=
= 1.E+02 /. ||—B (252P1D)
© ——RA1-4 (282P1D)
L4
S LE+00 — RA1-12 (282P1D)
B2 ——RA1-20 (2S2P1D)
1.E-10 1.E-06 1.E-02 1.E+02 1.E+06

Tén sé (Hz)
Hinh 2.19. “mdcongch |G*| ¢ abitumh, nh ps d, ngph gia tai sinh RAL
(a) khéng héa gia ) RTFO va (c) PAV
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1.E+10
' oV
? o R
1.E+08
e A B
S O RA2-4
© 1.E+06
0 ¥ RA2-12
=
S LE+04 +RAZ20
= ——V(252P1D)
< ——R (282P1D
= 1,E+02 ( )
E ——B (282P1D)
€ | Er00 —RA24(252P1D)
= - — RA2-12 (282P1D)
LE02 ——RA2-20 (252P1D)
1.E-10 1.E-06 1.E-02 1,E+02 1.E+06
Tan s6 (Hz)
1.E+10 :
R
= O R
1,E+08
% ’ A B
+*
© | 5406 O RA2-4
o ¥ RA2-12
S + RA2-20
= 1.E+04
= ——V (2582P1D)
o —_—
= 1E+02 R (252P1D)
E —— B (2S2P1D)
© ——RA2-4(2S2P1D)
+
= L.E+00 — —RA2-12(282P1D)
——RA2-20(2S2P1D)
1.E-02
1,E-10  1,E-06 1,E-02 1, F+02 1,E+06
1.E+10
Y
E 1,.E+08 A B
= O RA2-4
O LE+06 ¥ RA2-12
2 + RA2-20
© 1,E+04 :
= —— WV (282P1D)
~ e _."-
: 1.E+02 ||——B (252P1D)
e ——RA2-4(282P1D)
“E"‘ LE+00 — RA2-12 (252P1D)
——RA2-20(2S2P1D)
1,E-02
1,E-10 1,E-06 1.E-02 1,E+02 1.E+06
Tén s6 (Hz)

Hinh 2.20. n ©ng congch, |G*| ¢ abitumh, nh ps d, ngph giatéi sinh RA2
(a) khéng héa gia, (b) RTFO, va (c) PAV
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1,LE+10 :
: oV
_ a) Khong hoa gia o R
& 1.E+08 |- ( ,g 8
& ! A B
glEﬂ)ﬁ O RA3S
?D » # RA3-12
= i + RA3-20
S 1.EH04 fooemme b _
w L o ~
= ——V (252P1D)
g ——R(2S2P1D)
= 1.E+02 ——B(282P1D)
<
——RA3-4 (2S2P1D)
L=
S LET00 ——RA3-12 (2S2P1D)
/ ——RA3-20 (282P1D
1.E-10 1,E-06 1.E-02 1.E+02 1.E+06
Tan s6 (Hz)
1.E+10 :
Y
o b) RTFO i i o
é 1.E+08 |- ®) S T v — R
- | | N B
+ O _
O 1.E+06 RA3-4
o0 ¥ RA3-12
=
€ 1 E+04 % || + Rras-20
- A | |[—V (282P1D)
L1 ...'
S LE+02 _ R (2S2P1D)
E ——B(282P1D)
S | E+00 ——RA3-4 (282P1D)
= ——RA3-12 (2S2P1D)
——RA3-20 (282P1D
1.E-02 ( )
1.E-10 1.E-06 1.E-02 1,E+02 1.E+06
Tan s6 (Hz)
1.E+10 :
Y
_—
= 1 N B
&, 1.E+08
- O RA3-4
g 1.E+06 ¥ RA3-12
o0
2. + RA3-20
< 1.E+04
= ——V (2S2P1D)
L]
g 1.E+02 ——B (282P1D)
< ——RA3-4(2S2P1D)
L=
S 1LE+00 ——RA3-12 (2S2P1D)
——RA3-20(282P1D)
1.E-02
1.E-10 1.E-06 1.E-02 1.E+02 1.E+06

Tén s6 (Hz)
Hinh 2.21.  “mdcongch |G*| ¢ abitumh nh ps d ngph gia tai sinh RA3
(a) khéng héa gia, (b) RTFO, va (c) PAV
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I’ @ ki n khéng héa gia vhda gia ngh hh RTFO, ki1 qu cho th) ph gia tai sinh
g cdfuth cvd (RA2) vag c dfu dlnanh RA3) cé giatr|G*|[thgp h hn khi sc
v ibitumhnh ps d ngph gia tai sinh gc dfu m (RA1). K/} qu nay ch ra rag

ph gia tai sinh gc dfu th ¢ vd c6 hi u gu; cao trong vic khdi phc ¢ ®tnh ga

bi t un @k nhoéa gigngsds hth. Tuy nhién, xét L' @ ki nPAV, gia tr |G*| ¢ a
bitumhnh ps$ d ngph giataisinhgcdiuthcvd ¢ a o . hph rgia Kisinhv
gcdum. Qmnaychngt,s héagiaXxy r a nh'awnibitumhnh gs

d. ng ph gia tai shh g ¢ dfu th ¢ vd khi tr[i qua qua trinh hoa gia da#h

2.8.Thi nghi m phan tich thanh phFn héa h ¢ va dali tric bitum

Hi  n,cnaywhi Qu ph€hng ph&8p ph®©n t2ch th"n
M, m t ph€rkng nmph8§ph” ivhir k@t qul phon t2c¢c
thu, ¢ v o | oYi bitum v™ quy tr3nh th?2 ng¢
s©O©u vQ th”"nh phfn v~ cblu tr¥%c c_,a bitum,
t2ch kh&8c nhau. nG8cs phd€hingg LpeBBog2i2hhWE hi ~ n

B[ng212Ph€hng ph8&p ph CFnhoah cvh dittidc cnabitum h

Ph€hng phs8p/ Lodi ph Thing s’ LF
K2nh hiWn vi | Cblu tr|Cblu tr ¥%c vi m}
bitum
Ph©n t2ch quang Ho§ h’ H' m | € ng ca
L i Fourier (FT nhém sundxide
Phan tich SARA Ho§ h° H' m | € ng c§qd
(nh-m chblt b«d
nh a, nh-m chBEH
asphalt)
Sdc kT 1, ng 8§p Ho§ h’ S nh-m h-a
(High-pressure Chromatography) tr  ng | € ng
K2nh hiWn vi Li] Cblu tr3d Cblu tr ¥%c wipham?
t&§n x4 nktng IEBX)| nguy hoa t2ch c8c ng
h™ ¢
Trong n,_ i dung Ludn §phannichw g bl gtfir Yiah “ @ hu p1

c8c nguy°r,_ ta biftiamV)c v° Hiaumr RAPt @R) ng
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Q

EDX.n" ng th i, LW L8§8nh gi§ s. thay L i th
thémvaoft h2 nghi SHuFTbRichotum bao g  m bitui
bitum h,n h p (B) v’ bitum h.,n h>p s d
h m | € ng 12% (B+RAICEcBHWRARr Vi' ®Bu&RGEEG Y §
giagi = dPAV)chlUmg x®& ltbMJh §nh gi 8 [nh h€ ng ¢
LJn m ¢ L, |l «o h-a c,a c8cThodg duaumglsi
n“vy, c¢c-2thWcdhiolic8chk/J]Jt qul nghl €m cgian v
bitumvat 2 n h nhé gy asphal.

28.1.Th2 n ghan ticmSEM-EDX

Th2 nghi " m ph©n t2ch vi c¢cblu tr¥%c v~™ th"
s d_, n gohanticlSENMFEDIX'(HInh222) . V3 bitum |~ vdt |
Li " n k®m n°n trong th2 nghi m ch, p SEM,
khi th nghi m LW ThRu nlp#intGcmBBEVEDXLEnlt 1t h n

E E

hi n t4i Vi n Vdt |T k: thudt, nYi h c

Hinh 2.22. Thi nghi m SEM i EDX
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KJI qu phan tich Bag kinh hid v n t duét SEM ca mXu bitum 60/70 va bitum

RA P ° dtdhi n° Hinh 2.23 Hinh[nh SEM cho i}, c6s t h a itroriyy &l tric

vi mo ¢ a bitumRAPkhi so sanh vi bitumm i 60/7Q T | pha phan tafmixen) trong

bitum RAPc - x o gh®i a dttiung gn mhdauh H(Hinh 2.230). Q nay la
dost hdaiy K~ mgnHor@chdinh a, ctiibdo hoavadi t NiOmdHEH t hhm
va ctHl bdo hoa &chuyw thanhnhom cidinh a, vanhém cidl nh a s€ chuywi thanh
nhémasphalt | " m gi a ngnhéma@splmalt tronglbiBm

= 100nm AIST 6/28/2023
X 100,000 5.0kV SEI SEM WD 4.8mm 15:48:45

Hinh 2.23. Hinh [nh SEM
(a) va (c) Bitum 60/70, (b) va (@Bitum RAP

Blng 213vaHinh 2.24 thwhi n ki3 qul phan tich thanh dim cac nguyén théa hc
¢ abitum.n”iv ibitum RAP (R),c6sgi a t t nmgnguyémt Oky€S,2% theo
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kh'i ° hg®ac nguyén ) so v i bitum m i 60/70 (V) (1,1%theo khi ° hg)eKJ} qu

n"y clithidnh chg gua trinh |40 héaa bitum gay ra’'hi qué trinh oxy héa.

B[ng 213. Thanh phfn cac nguyént héa h c trong bitum m_ i (bitum 60/70) va
bitum Ccilt RAR (bituln RAP) t thi nghi m SEM-EDX

Nguyént héa hc Bitum 60/70(V) Bitum RAP(R)
% nguyént | % khHi °hg€ %nguyént | %khi ° hg€
97,5 94,6 939 89,8
S 1,6 41 15 3,7
0,8 11 4,1 52
Al 0,1 0,3 0,6 13
N 0,0 0,0 0,0 0,0

. Spectrum 1
Wtk o
. 946 12
5 41 08
) 11 09
03 03
0.0 0.0

Spectrum 1 E hy B spectrum 1
At% - Wit% o
C 898 17
o 52 14
5 37 09
Al 13 05
N 00 00

Hinh 2.24. Phan tich thanh pin cac nguyént bag thi nghi m SEM-EDX
(a) % theo nguyémnd(bitum 60/70), (b) % theo kW 1 ihg (bitum 60/70), (c) %
theo nguyénX(bitum RAP), (d) % theo kh 1 hg (bitum RAP)
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2.8.2. Thi nghi’ m phan tich quang ph h” ng ngd FTIR

Hi' n nay, han tich gang ph FTIR 1a cong nghph bi/h WK § onh & phan tickéac

nhém chc héa he trongh p chiih u  dNbuyén &b ¢ a thi nghim FTIRd a trén

anh sang’mg ngdl quét len imtb  bi t um v~ s arug Lt'hHtgngaln s
thanh pfin héa hc. Thi nghim n ~ y ccdsndyn g0\W&'§ cnh tac thanh din

khacco trongb i t um n h €i, ghogiayvm.@€h hhbs th (absorbance) Wit th

c § cnh'Lcac fn S song (wavenumber) khac nhau, vaimnlh  t @bwign t

nhém ch ¢ héa hc. Trong nghién cu nay,mX b i t u’rochiX¥xb V& €i mx

L'/ Trung tdmCong rgh Asphalt M (NCAT) L'Wphan tich(Hinh 2.253).

Hinh 2.25. Thi nghi m FTIR
(@) Chet n bim_ u tho, (b) va(c) TiZn hanhthi nghMn va phén tich

Th2 ngph®nmt2chFTIRub€dreglt” s L&nhggl ®Wom c
h- a bitumh3bng c¢c8ch quanhonsgbonyld i °trE=ayWANBOMI

sulfoxide ( 1 ° B=CR KW h i li°n kJt C=0 whiguO, LI cph
c.c c.,a bitum ttng | °n, [nh h€ ng L/Jn c8§
ttngTrrdmg th2 mXghbimum ¥€ ¢ gia nhi t LJ
gi tt BimMi olgoa valhWangn¥ui ° nhi t L, (Hibh, ng t



2.25hH.C§ ¢
t 65071 4000 cm! (Hinh 2.259.
bitums € ti JJn h " nh.Hnh226vagihhi227 haw mmXu n kJt qu
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L€ ¢ ghi | 4i

M, it hmXun glh€”

ph’

b Jun g fsp h fisg

an G LE®M, i2

guang ph c,a c8c mxXu bitum LPAD u
0.4
—V —R B —BtRAl —B+RA2 —B+RA3
- Hydré cacbon Hydrd cacbon (-CH2 va -CH3)
; . 143 . -1

E 03 | (C-H) 1515-1395 em™ va 1395 ]35:.0 S \hom sulfoxide
2 ‘ (5=0)

2 Nhém cacbonyl (C=0) 1047-995 cm!

2 1720-1660 cm? \

202 ' \ Hydré cacbon

2 X \ thom (C-H)
] 3 Y

=

\

= o

o1t N

’ Nhom cacbonyl ester \ ]
(C=0) _ ok
1760-1720 em? —
0’0 1 1 T 1 L
4100 3600 3100 2600 2100 1600 1100 600

Tén so séng (Wavenumber), cm™

Hinh 2.26. KJT qu[ thi nghi m FTIR ¢, a cac m4u” L' @i ki’ n khdng hoa gia

0,5
—V-PAV—B-PAV —B+RAI1-PAV —B+RA2-PAV — B+RA3-PAV
<04 | Hydrd cacbon (-CHz va -CH3)
g Hydré cacbon 1515-1395 em! va 1395-1350 cm!
-; (C-H) \ i 5\ Nhom sulfoxide
S : (5=0)
203 | i : Nhom cacbonyl (C=0) 1047-995 cm-L
< : 1720-1660 em'! \
g : Y \Hydrf:- cacbon
= i thom (C-H)
g 0,2 \ \
=] X \
= \
= .
0.1 | Nhom cacbonyl ester
(C=0) -
1760-1720 co! ~ .
0,0 | 1 | 1 1 I
4100 3600 3100 2600 2100 1600 1100 600
Tén sb song (Wavenumber), cm™
Hinh 2.27. KJ1 qul thi nghi m FTIR ¢, acac mdu® L @ ki’ n PAV

mBIm O
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D.a tr°n ph” hblp th, thu L€ ¢ ° c&d, tcfn
h-a h ¢ trong bitud8cc-git hW hl4@ ct Fxn§ cs "L " sn
t2nh to&n di n dtiz cnmbhrehohms ud d oxo el v~ di’
r€e ¢ L€a ra b i JacoBmg214[628&§c c¢c. ng s , t

Blng 214. Cacgjihthtfns s - n g clla€h n[62]

Nhém Phdm vi tFnh Ghi chu
Nhomaliphatics( h ¥ tacbon 15151395va 13951350 (tinh toanArer)
mtth thng)

Nhémsulfoxide 1047995 (tinh toanAs-=0)
Nhém cacbonyl 17201660 (tinh toanAc-=o)
Nhémcacbonyl este 17601720 -

D[i t fn 47201660o0mgch” ra s xublt hi tmongph”
bitum. Nnémcacbonyleste ( d [i t fn 60170cm gl k@ bitl foamg = n

quangc_ pah " bitum c¢c- ph,d gai at rt°gi hs icacdony®” Dhog |
este,c - dth'Wa-a mHbhh, gi a rtosig snm¥wuht bigufmecho
dii t§fr7e&l70emingph, gia t&i sinh g pkhdfu
peak c&dtnighif. n"y clng ph¥%th & c«licym tr
rung, ph° peak caofu Wdu nFmhtshc' nrhidp haf nn |
C. a a f4bJt[62]bC&ho" s cca)c bwnydh (1s0) L fco xi§cte
LW L&nh gi &8 kh[ ntng trch ah -b@ituam@lsmhe€ m
r€ ¢ x8c L  nh theo [62ng th_c¢c (2.15) v~ (

A
| o= c=0 (215)
=0 Aref

Ao
oo™ AS-O (2.16)

Trondcd " di n t2ch k€actithdvmg cdilcibotnfyn s’
1660cmtv " s d, 60gmipml€17g .Ashl s di " n t2ch
sulfoxidel €° ¢ trdngdnfhi t§f m gs t995ch'wv4 7 s d. ngtltph’
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| "m L€ mgléhds "  n t2ch tham cHhblp]khphgco v’

S t hla§ n dtrong Ya trinh oxy hdéa. Theog hi ° n Jcacuw bcs, av”~™~ ¢ §
s [62], Mar sac Vv J[79],cé& shone methg-CHs) va ethylene-CHy) L €° ¢
coi |7 khlng b dqdu& thred mhy d&yFgthké pth'hj c § ¢
15151395 cmt va 13951350cm* L €° cl Wbly2 ndy, tso §nd_Ang ph’
val39scmtl “m L€ ng chPbehng €hhgp  mAadrAsiho § n
VaAerll € ¢ t HWh A28 KMt qul t2mdch @@yl ch” suanf
t hW Bfng 25.°

Pinh phd
(peak)
) Dién tich tinh
BPwong co so 4 toan
(baseline) NS

| 4

Khoang tan so
song xac dinh

Phé hs’ip thu (Absorbance)

s Ny

= =
Tan so song (Wavenumber), cm™

Hinh 2.28. Minh h" a cach tinh di n tich Ac=o0, As=o va Aref

B[ng 215. Ch' s cacbonyl va sunfoxide ca cac Idd bitum

TT KT hi  u Ac-o | As-o Avei lc-0 ls=o0
1 | 0,208| 0,108 | 7,734 | 0,027 0,014

1 \Y; 0,030 0,016
2 |0,253| 0,140 | 7,581 | 0,033 0,018
1 | 0,753| 0,610 | 7,596 | 0,099 0,080

2 R 0,101 0,084
2 |0,725| 0,613 | 7,045 | 0,103 0,087
1 | 0,560| 0,606 | 7,203 | 0,078 0,084

3 B 0,079 0,081
2 |0,568| 0,557 | 7,072 | 0,080 0,079
1 | 0,490| 0,525 | 7,435 | 0,066 0,071

4 B+RA1 0,063 0,072
2 |0,459| 0,548 | 7,544 | 0,061 0,073
1 | 0,473| 0,618 | 7,426 | 0,064 0,083

5 B+RA2 0,066 0,079
2 |0,462| 0,511 | 6,799 | 0,068 0,075
1 | 0,231| 0,487 | 6,178 | 0,037 0,0788

6 B+RA3 0,040 0,078
2 10,239| 0,438 | 5,735 | 0,042 0,0764
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TT KT hi ' u Ac:o As:o Aref |c:o |s:o
1 0,468 | 0,279 | 6,946 | 0,067 0,040

7 V-PAV 0,068 0,039
2 0,510| 0,281 | 7,394 | 0,069 0,038
1 1,081| 0,592 | 6,824 | 0,158 0,087

8 B-PAV 0,155 0,089
2 0,979| 0,592 | 6,452 | 0,152 0,092
1 0,628 | 0,656 | 7,271 | 0,086 0,090

9 B+RA1-PAV 0,095 0,088
2 0,699| 0,586 | 6,811 | 0,103 0,086
1 0,786| 0,720 | 7,199 | 0,109 0,100

10 B+RA2-PAV 0,112 0,103
2 0,826 | 0,760 | 7,222 | 0,114 0,105
1 0,594 | 0,568 | 6,727 | 0,088 0,084

11 B+RA3-PAV 0,089 0,081
2 0,673| 0,578 | 7,452 | 0,090 0,078

Hinh 2.29, Hinh 2.30vaHinh 2.31t h W h i "cacbooylflczc), s 'ch” s ~ s ul
(Issov "~ ch™ scéotlid)d, @B cp | (0lKi/Jt bigtu§ mc h a-ovah bly ,

lssoc, a MXUWRAWIi t imcao nhblt chmwi Qhbly” s gil kio
S gia ttng L, c.ng c,a bitum RAP (L, K i
L ng | GEH ™ tdvakgHc. d@umth, n h'cp e@B®) hhn so v,
m i ,{W9 ¢ Ribhéacl kg blt hi ' n do s  c- mHkt c.
bitumh , n [h€'tppad TbhRing ph, ,gicdicidvEiolas inbips & hwn, i

bitum khlng s dihmr@amh_hhqi & ot & ilsabnligqutm

gia t8&i sinh LQu | " m geéel mcm tlridnugTawagt h -
nhiens, thay L i c¢ch”™ s° cacbonyl (Hhi230.» r " |
Trong s ba |l o4i ph, gia t8&i sinh, ph,

H

hhn trong vi ¢ | " mbgumRAR m c L, oxy h-a ¢

Khi tr[i qua qua trinh héa gia da kT qu cho thby ch' s cacbonyl, ch s sulfoxide

vachs kifhpcathic[cacldibi t um gi @i d Hiénddf @=C va S=0

| i °n Jusugina Lt t nny nhérm asphblt@ong bitum. CaG jul trong nghién

c unay phthpv im ts nghiéncukhac «  cthimkhich rarjagchs cacbonyl,

chs sul foxi de t tnglidudquatsnh bda §iBe], [106]i[106]. Mo t r
qud trinh oxy héaly ra trong bitumd¥ Jji's chuy ° ilcac thanh pfn nhGh h n

(nhdm maten)_ a bitum thanh cac thanhfghnHh g h hn ( n hlammg | aas pt htanlg
L, ¢ ngvagimkh'n £ n g b dthg ¢ a bitum.
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0,18
0,135 H Khéng hoa gia
0,15
' OPAV
0,112
0,12 0,095 ’
o
& 0,00
0,06
0,03
0,00
Vv B B+RAl B+RA2 B+RA3
Loai bitum

Hinh 2.29. Ch' s cacbonyllc-o ¢ a cac |34 bitum

0,18
B Khong hoa gia
0.15 ghoasg
EPAV
0,12
o)
0,09
0,06
0,03
0,00
v B B+RA1  B+RA2  B+RA3
Loai bitum
Hinh 2.30. Ch' s sulfoxidels=o0¢ a cac |34 bitum
0.30
E Khong hoa gia
0.25 0.244
o 0:20
Il
0
+ 0.15
o
1 0.10
0.05
0.00
\' B B+RA1  B+RA2  B+RA3
Loai bitum

Hinh 2.31. Ch's kJ} h" p lc=o+ls-0G. a cac Id4 bitum
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NWE 8§ nhhi gdusc acacldph gi a t §fima | ldhgidca bitumh n

h pL ‘& trthéa, t s [(Ic=otls=0) _hda gia PAV/(t-otls=0) khéng hoa gipl’ ‘& xay
d ng. Khit s nay cang.In thwhi n m ¢ , 50 hoa Xy racang nhanftrong bitum.
KJT qul nghién c u cho ths}, bitumh n h pL ‘& trthda Rag ph gia tai sinh RA2 thV
hi nm ¢ , 180 héa nhanmhki khi tr[i quahéa gia dai Eh trong khi bitumh n h p

I ‘& trthdab?agph, gia tai sinh RAL (gc dfu m ) thwhi nm ¢ | 1&o hoéa thid nhkd

(Hinh 2.32). T. kJ} qul thi nghi m FTIR chothB} rag, ph gia tai sinh gc dfu m thw
hinm c _ Ao hoéachn h hn iph @ia tai sinh gc dfu th ¢ vd. KJT luch nay la
phuUhpvicack}luchl €a . KJaqu[thinghim m?! dbyng |G|c a bitum

malLuh § n clhic@® Mt 26.

1,60
:'.a 1.55 | 1.52
~S 150 1,48
e 1,45
== 145 |
23
I 140
A . 1.35
T
TIe 130 |
SO

1,25

1‘20 1 1 1

B B+RAl B+RA2 B+RA3
Bitum

Hinh232 n 8§ n h c g lA@hoarg a cac Id bitum t. kJ} qul thi nghi m
FTIR

29.KJ} luch
T Kkt qul nghi Ymng, (ChtShchd]t mshlgli®ieea r a

oBa | oYi phRALRAZRABE L Gu nthhW hi n hi u
cl trong RAP. K/t qul ch”™ r aRAag,c phfu
Ldu nAhyfB cfu h"m | € ng thblp hhRA)so v,
LW LYegeetenh chbhh€edbitlimvin ch6@/ 0.

oKh[ ntng | " m mQm bitum ph, thu, c v’ o |
ph, gia t&8i sinh s d,_ ng€e &Khihhimmv] & migt
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t. 4% LJn 20 % biumRAPYg ik& “tir | G nps T mut. 62,

730%L° i v, i ph, gibBmt€i 47vnph%RAONn 79, 4% I
RA2 v° gilmt. 33,4% Ln 75,4% L i v. i
on" i v.,i ¢l ba lo4i ph, gia t&8i sinh,

ve t qug 12% LW LUt L€ cm&@F0.PG t €hng t |

oM ¢ L. l«o h-a c,a bitum h,n h°p ph,
sinh L€ K/s'tqguehPPngp.ghi m cdt L ngite€m hj A
h " p s d,ng ph, gia t8i sinh g ¢ dfu m,
t8i sinh g ¢ dfu th, ¢ vdt v™ g ¢ dfu Ldt

o, LiQu-&igin" d"i kRtstlk-gph&l bi t ugn &, tnt g
| Fn 1)3%148val149 fsno v. i Li Qu kit ‘€hnghishgdhng
ba | o4i ph, gia t&Nh€i vdyRAHH, aRAZ°u "t R¥
qguang ph” h” g nmgg octhio, (tBiBRY i sinh g ¢
hhn so v,i ph, gia t8i sinh g c¢c dfiunth,
h"tor i qua qu8 tr3nh h-a gi"
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CHhwNGNGHIENC UiNH HINGC AHéM L NG
RAPVAPH GIATAISINH neN CCC TEéENH NI NG
C. ABE TONG ASPHALT TAI CH ¢ NONG

3.1.Gi ithi u ¢ h @&kflpch nghién ¢ u

Do tac dng ¢ a ph gia tai sinh trong vic gifm |, It ng ¢ a bitum,d ki n £ n g
khangnt t tng 'mhk€gg k¥Wl8nndbanh xe co Mbifm. Horbi t, khi

h ™ m ng p@ giatai sinh qugin <£lam mQn L §Wbigum ka €tacl, ngbtil i LUh
knfntng kawlgnyduthquantrngln h "m@hKkh nt ng Kk¥lgndg h
h” mngpB gias dng.Dowvy , h ngphlgi@taisinhti  €ul Ed@n
nhanmc L2 cdmggea@nt dn h n T higva khéng m @ahm h p asphalt.

Trong n i dung nghién cuC h € mayghn h p bé tong asphatthtbc - k 2 cHit t h €
d a n"hh| b nHibag 12,5 mmAC12,5)L ‘& | achn.Cachnhp ‘lc€8nh gi §
bao gm, h n h p bé tdngasphalt’ i ch ng khéng's d, ng RAP ¥-ORAP), h nh p

bé tdngasphalttai chjnéngs d ng 30%RAP 80RAP) va 50%RAP 50RAP). Ham

| @ g RAEPB| acken nmn trong gii hth ap dng ¢ a TCVN 135676:2025 [18]
vaphuhpvi x.uwgQuet] n H¥nghiéh cutd M:, Nhd B[n vaChau Au

' « g minh tinh ki thi khi cé cac dii phap k thud thichhp . Do Utviham p h

| “@g RAPt 30% /P50 % dx@nlahply, bfo [ “hg thihi u qu kinh t]

vali 2ch npHiaiQK® h- a’cgix/ptacim hoéa gia nga hth
(STOA) va héa gia dailm (LTOA). H, n h p r i sau khi trn xong €' & cho vao_t

sBf° nhit | 135 + 3°C trong 4 gi L'WmMo ph nghda gia ngh hth . “iwi hoa gia

dai Hh, h n h prt i sau khi hoa gia ndp hh £ti/pt ¢ °lc@titrong ¢ sby 5 ngay

95°C.Ba |04 ph, gia tai sinflRA1,RA2VARA3L ‘&s d ng Ll « “¢n@® Ch€hng

2. C4c nghién cu th c nghim® Ch €h tbap g B

-Th ¢ nghi " m x8c L nh asphaltin®i pafAh m. mg h°
-Th., ¢ nghi ' m x8c¢c L " nh s_c¢c kh&8ngRTh3un | %
-Th, ¢ nghi m x8c L n@T).s. ¢ khg&ng n_t (]I
-Th., ¢ nghi m x8c L " nh m* Lun L, ng (| E*
-Th. ¢ nghi " m x8c L  nh m* Lun g "n h”i k
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Chi ti/f vQk/Jhotth nghiéncu L § nfinh grig@®ah ~ m ny RAP vaph gia tai
s i nmcadtinm £ n_ @ béadng asphalt tai nongl. ‘& tivhi n° Blng 3.1.

Blng 31. Chiti/ k/Jhotkchthinghimc § ¢ t 2 nhh mipvg s k ag

m>u th cho nghién c u

S mXth t €hmgyv icacchtieuh nh p v Qi kilnihéa gia
H.nhp HWTT IDEAL- | IDEAL-| Mg |E*
(STOA) CTindex RTindex | (STOA) Ghi chu
STOA | LTOA | (STOA) STOA | LTOA

V-ORAP 2 4 4 4 6 6 6 0%RAP
30RAP 2 4 1 4 6 6 1 | 30%RAP
50RAP 2 4 4 4 6 6 6 | 50%RAP
50RARRA1L-4 2 4 4 - - - 1 | 4%RA1
50RARRA1-12 2 4 4 1 1 1 1 | 12%RA1
50RARRA1-20 2 - 1 1 1 1 1 | 20%RA1
50RARRA2-4 2 4 4 - - - 1 | 4%RA2
50RARRA2-12 2 4 4 1 1 1 1 | 129%RA2
50RARRA3-4 2 4 4 1 1 1 1 | 4%RA3
50RARRA3-12 2 4 4 - - - 1 | 12%RA3
30RARRA1 1 4 1 4 6 6 1
30RARRA2 1 4 1 4 6 6 1 Ham
30RARRA3 1 4 1 4 6 6 1 plhé;?a
50RARRA1 1 4 1 4 6 6 6 tai sinh
50RARRA2 1 4 1 4 6 6 6 | achn
50RARRA3 1 4 1 4 6 6 6

T ng 20 60 32 36 54 54 30

3.2 Vd Ii" u ch/]tb bé téng asphalt

Vdliu RAPclBd&n niC@® €hnSgau2 .k hi (bitumRAPH ‘@ tich
rat vdli u RAP, tih hanh cac thi nghin  x &hbm t's ch'tiéu k thud ¢ a bitum
RAPvactli uRAP.Mts chtieuk thudga bi t umctRWiM B[y 2.
( Ch €®.iiph 3.1thwhi nthanh pinht g actliu RAP °t $au khilckg



-83-

tach bitum.KJ} qul cho thsf rag, thanh pfin hd ¢ a RAP lagp philientc t €hng
t n h€nthpvdli ukhoang.

100
90

[#s]
[e]

| ——Cét lisu RAP [

|
[e]

=]
[=]

h
(=]

ot
o

[
[

Phan tram lot sang (%)

= b2
[ T e

(=]

0,01 0,1 1 10 100
DPwong kinh mat sang (mm)

Hinh 3.1. Thanh phfn htt ¢, ac tli' u RAP
Ctliumi( L§ Bem)d n gWh]tth bé tdng asphalt bacim 10§ @016,
L 8t Bl 0,dt e85vabtkhoang. Cacldctliu n~y “clbn gimlr@
TOn Cang,  BgNatiWIkh, b cangomt ngl n vd li' u nghién cu. M, t
s ch'tituk thudg actliu ‘lce@hi n° Blng 32 B[ng3.3vaBlng34vath a
man yéu fu k. thud theo TCVN 135671:2022[16]. B[ng 35 thWhi n thanh pRn ht

¢ acéaclél ¢ tlii ukhac nhau.

Blng32. M, ts ch'tiéuk: thudc a d & mo-16val & t ®10

KJ} qul
STT Tén ch tiéu n&dtm ns&tn Yéuduk: thud
10-16 5-10
1 |T tr ngkhi 2,712 2,768 O 2,6
2 | T tf ng b\ ki 2,782 2,854 1
3 |n, hvt, c e 0,929 1,088 O 2
4 |C%n g, chunén, MPa 110 110 080
5 |n, haomon Los Angeles, % | 12,20 13,45 028
6 |n, dinhbam §bitum, dy 4 4 o 3
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Blng 33.M, ts ch tiéuk: thud ¢ a

L 8§ 0Bt m

STT Tén ch tiéu KJTqul Yéu dfu k: thudt
1 |T tr ngkhi 2,667 0O 2,5
2 | T tf ng b\ ki 2,758 1
3 |n, h¥%t, c &€ 1,248 1
4 |Mt Lulmn L 3,12 o 2
5 |H s L €hn ggcat® 87,42 O 60

Blng 34. M, ts ch tiéu k: thudt ¢ a b t khoang

STT Tén ch' tiéu KJT qul Yéu cfu k: thudt
1 |T trngkhi 2,763 0O 2,5
2 0,6 mm 100 100
3 |PHFn t r'ingnl t huel o 3 mm 97,9 90-100

sang, %
4 0,075 mm 95,8 75-100
5 | n, X, % 0,26 <1

Blng 35. KJ} qul thi nghi m thanh phFn h&% ¢ actli u

K2 ¢ h, cméb€ Phfn t r tsemg (%)
sang (mm) n& t mo16| n& t ®10 | n & £ @5 | B tkhoang
16 100 100 100 100
12,5 64,6 99,0 100 100
9,5 8,6 82,8 100 100
4,75 0,4 12,0 84,4 100
2,36 0 8,3 49,7 100
1,18 0 7,0 31,2 100
0,6 0 5,5 21,0 100
0,3 0 0 13,8 100
0,15 0 0 9,4 97,9
0,075 0 0 3,7 95,8




-85

Bitum s d ng trong nghién_au 1a 104 bitum 60/70 ca céng ty TNHH nha ° lhe
Petrolimex. Cac cHiéu ¢ a bitum 60/7@. & ‘& tiwhi n° B[ng23( Ch €#H.n g

Balodph gi a

tiéu k thud ¢ a ba I&1 ph gia tai sinh &€ ‘& thwhi n° B[ng24( Ch€hn g

t §ics € ingidph Gitai sinh gc Fu m (RAL), ph gia tai
sinh g ¢ dfu th ¢ vd (RA2) va ph gia tai sinh gc dfu dl'nanh RA3). M, ts ch’

3.3 Thanh phfn h n h p asphalt

Hi' n nay, thi} k/Jthanh pfinh n h p
d. ng ph bi/p* Vit Nam. Do vy , Qt ' i
thanh pin h n h p bé tdng asphalt tai §mongv, i c. ht

asphal't

“alchn

t he

mm (AC12,5. H n h p asphalt tai chnéngl ‘& thip kjjLWeh
I € hmmgh praspi@lnhéngtruyr th ng khéng s d, ng RAP. Cac ch
n g c thiEk/]cfn th a mén cac yéufa

t €hng

tiéu k thud ¢ a h n h p asphalt tai cin -
k: thud theo TCVN 135671:2022[16].

Tr°n

thanhpfn hnh pctliu

tledhh pn ht ¢ acacctli u

hnhpctliul &thwhin® Hinh3.2.

o

‘B€ecs8c

pXh €kcg
lph€ehng WHU/EKH
d anh hn niHila 12,5

2) .

p h
N

t 2 nh

I «c Lx&Bkg nghién cu ti/jh hanh tinh
toant I phitr nvakwhtradp piicahnhpctli u K}qu tinhtoan't I

Blng 36. Thanh phfn ph'itr, nc tli" u

lc@Whi n° B[ng 36. n €ng congchp ph i ¢ acéac

Loy

h,

_I_ . I H

ph™ i

tr.

n . ng

ng§ -160

nsg-16

ng§-50

RAP

V-ORAP

18

30

48

0

30RAP

16

18

32

30

S50RAP

12

13

22

50

n"iv ih nh pasphalttéai cfj vi cthi} k/jthanh pfin h n h p v tuan theo trinh t
R A< khactbi€mhg[84F Vd lina RAP
néatd ul 'k hmnhx3@phiH.nh pctli u TheoMS-2[84],

thi/ k/Jn h €n thp

L e
vd i’ u
gian gia nhit

ifumi

CoOi

kh'ng

R APc gia ghit” nhit |
d-

C -

110°C trong 2 gi. Nhi t |

tao

hHth i

ho

i \WdMinJ/jioh-n gt H heQiinh i a vd I u RAP. Ct
180-200°C . Whmi cho vic nhit | ¢ a RAP thyp

& @anhit’ nhit

§
y
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hhntlivmi n ¢ agialhKet
nhit  ¢actli um ithém 0,5°C cho i phfn

c ao thhthn Ngwjénés chung |~
t r £ m” cRSAdPng ttog hn

h p.Bitummi & @anhit /plkhicylng v~ Kuhchnighitl i ¢ a
bitum. Vdli u RAP  dgianHt€l ‘& thémvaovatncungyic tli umi.
Sau L -mbligwthémvaovi h ° ngtheo@i/jkjnW 3 m rangh ™ m |
bitumfi “@gvihnhpctliu L'« ngith nhpasphalttih h ™~ nh" L Y%c
mXu v i cdch © m’ nd) BBum cach nhau 0,5%J} qul thi/ k/Jthanh plin va céc ch
tituk thudga b° ting asphal thaltlheetoAiphBFhgB8d. ph §
100 | | ://4.
00 L1 --#-TCVNI13567-1:2022 3
80 || —*—Honhop 0%RAP (V-0RAP) ’zf
> —#— Hbn hop 30%RAP (30RAP) ne¥ i
=T 70 x Mo | ]
o Hén hop 50%RAP (S50RAP) | // !
'g 60 e /'
= 50 -
: i
£ 40 Iw 5
= 30 : £
i ] __Yi
= ¢ o
R« 70 '__." ! -
-‘.‘:,_,i--""..f- "."
10 = '_.__,-r
0 i
0.01 0,1 1 10 100
Dwong kinh mat sang (mm)
Hinh 3.2. Thanh phfncbbph'ic ah nh pctli'u
B[ng 37.Cacchtiéuk: thudga b° tlng asphalt theo pt
. Loth nh p TCVN 13567
Ch tiéu .
V-ORAP | 30RAP | 50RAP 1:2022
Tng h"nogbitime% 5 5 5 -
H™ m’ nigls#um RAP, % - 0,9 1,4 -
H" m’ ngk@umm i, % 5 4,1 3,6 -
T trng|l nnhdgahnhpbéténg
2,566 2,557 2,542 -
asphalt Gmm




-87-

LoGh nh p TCVN 13567
V-ORAP | 30RAP | 50RAP 1:2022

Ch' tiéu

T tr ng khic amX bé tong bé ton -
2,456 2,431 2,424
asphalts a @im rnén, Gy

n,rng Mas 4,30 4,93 4,64 4-6

n, rnghnh pvdlii ukhoangVMA, ,
14,4 14,9 14,9 014

%

n. r.nglgp FyLbitum, VFA, % 70,2 66,9 68,8 65- 75

n. "~ n “nh Marshall kN 12,8 14,5 15,6 08,0

n, d® Marshall mm 35 3,3 3,2 15-4

n"iv ih nh pasphalttai chnéng s d ng ph gia tai sinhph gia tai sinh 81 ‘&

trn tenvEbitummi , s 8lu&rnciuagyictliumivavdli uRAPL «

I ‘& gianhit. Ph giataisinhcot\l ‘& L €a n i p b# tohg asphalt tai Gtheo

hai ph€ehng ph & m, kkdngtiay thitamum ib a(on gghsprgpd = b
gia tai sinh) heb thay th]bitum m i b3a g * g ) gia tai sinh thém vaduy nhién,
Arambula va cac.ag s [35] ch rarjag, mc , bao ph ¢ tli ug a bitumcé xu

h g gim /L ph, gia tai sinhl. ‘€a Lv& tnh lathay th)m t phfn bitum, trong

khi bitum cém ¢ . Baoph vao ctliucaokhiphgi a t §'ic tinh thénhvad €
bitum (khong thay tH- b sung ph gia tai sinf). Do vdy, trong nghién cu nay, khi

| “@g ph gia tai sinhl’ ‘& thém vada b sung va khéng tinh vao kh ° hg®itum

m i.

34.Thinghi " m s_c¢c kh8&8ng h3un | ¥%n v t b&nh xe
Tracking Test (HWTT)

S d. ng ph, gia t8i sinh | "m gil[mchi Que_r
SsOu IWin v t b&8nh xe c¢c- thW ttng | °n. Khi
mQm L8&§ng kW HRi thestt Lvifniskeh [t 8hck ng kh&ng h 3
asphalt. . Vi htbnNamn tvhz t@mibHWARthebtite o p h
¢ h uTCWN 13899:202319] ( h ot Hic® u AABHTO(T324[32)t h<€ ng L€ ¢
d. ng LW L8nh gid&g, a_ kx° kthi8mg &asnh d I¥in
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3.4.1. Ph€hngn ph8§p th2 nghi

Trongnghiencu n W 8 nklindi Bg€a h "nmpRARRIH v~ "hg m | <
ph gi a t §hs ckhiamgh?o llin vt banh xec a h n h p asphalt tai chnéng
cichnhp as pheachohb i i©erhitnh B[ng 31.  Ter €k fimith i,

cach nh pr il ‘& lHitrongt sby Whé ph ngl Qu ki nhoa gia ngh hth theo tiéu

chut AASHTO R30[26].

Hinh 3.3thWhi nquatrinh cAb mXtrénthifb IFm | £tn v qu &h3ar 3 nh
lan v t banh xe. Qua trintFm t'b mXu va thi nghim  Lc& ¢ hi n® Phong thi nghim
LAS-XD 1256, Trung tam Khoa It Cong nghGTV T, nfrd@ ¢ GTVT. Cac

mXu Lc€h]b trong phong thi nghmv i  k 2 cch 3t0H0€ 2 6 0.Ir5:@ rdng
b3ag 7+1,0 %. Nhit | thinghim UlTc@achnla50C trongngtavat r €
s |®tdcdngca b&nh x e t CHQ a0 WMoVt bagh xe cho phépit

La | " 12,5 mm20eABVN 13567

Hinh 3.3. ChuXpn b mu th' va thi nghi m HWTT
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3.4.2. KI} qu[ thi nghi’ m va phan tich

KJI qu thi nghi mh3a lin v tbanh xe cacachnh p ‘Llc®hi n° Hinh 3.4. Hinh
35thWhi n K} qul chiQi sdu Ra lin cacachnh ps d ng céc I8l ph, gia tai sinh
kh&c nhau  sbanhxe2& @ Giatrleluntht "E€sau "284000 0
xe tac gdng ¢ a cac n¥u bé tong asphaltQu thgp h hnigisidth v lhn | n nhA
cho phép la 12,5 mm.

3421 nh ehgoa h " im gl R APocKkhang hnldn vM banh xecva bé

tbng asphal tai cAnong

KJI qu thi nghim halanv tbanh xecacachnhp c¢ - “mg RAP khé& nhau

(VORAP, 30RAP v~ ° GHWRA PHinh84dvaHinhB% Khi gi a

h “ m ng RAP trong hn h p, chiusathalinvt b & nh x eg giim xu ngu
V. i h nh p asphalt tai chnéngs d ng 306RAP va 50%RAP, clgu sauh?a lin
gilim t €hg2¢,2%va4l5%sovh nhpllichngkhtng c¢c- ®&A®R.
thWthBy raag, s ¢ khang Ra linv t banh xeg a h n h p asphalt tai cjnéngt £ n g
khi gi a ‘thgRA® s & hgrironh K h p. KJ qul nay co thML ‘& gili thich
doscombca bitum RBohBavattnéndn g h hkim Idn Giim, nhit
L héanOn v~ motb g | G*| tiELng)

Sb lrgt banh xe tac dung

0 4000 8000 12000 16000 20000 24000
0 N | ! ! ! !
E 2 I ‘i'.-". 4 .*_!—B‘ % ........... e .................... ....................
-0 T S BT e R S—
E e, ‘.. - -':=2-T:=—“—:E
.15 T e R ."""i".';'é .................... .................... o
= ?" ‘s ., i i
(: 8 S SR SRS e . S 'I....‘.'. ................. ....................
wn e, .
-(E ‘..’05
E ]O o e s oo e
o === V.0RAP JORAP = SOR AP
12 H ——50RAP-RA1-4  ----- S50RAP-RA1-12  sssss S0RAP-RA1-20 |~
1 || - 50RAP-RA24 SORAP-RA2-12  +eeeer 50RAP-RA3-4
S0RAP-RA3-12
16 T T

Hinh 3.4. KJ} qul thi nghi m ha lin v tbanh xegacachnh p

h €

N h

o

n
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-
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[ ]
T

)
g
=
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= 9,69
e 10 | :
=
=
=
~ 8 L
Z 5.59 5,65 582
g 6 4 4,85 478 500 443 =
g '
S o4t 3,29
=
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@
|
O 0 ' '
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= A A S al &Y
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Hon hop

Hinh 35. ChiQusaulRa linv tbanhxecacachnh p sau 20000 | €
3422°nh ehgoapmMgi a t 8w soskhamghh nlliun vM banh xecva bé

tbng asphalt tai cAnong

Blng 38 thWhi n K/} qul phan tich ANOVAWIM h “mg€alod v~ “hgpm | €
gi a t $nichi sam o Gt v t bAnh xe ca cac hn h p asphaltai chjnong KJ}
quich rarag, trongbalBiph gi a t §'ics 8§ in gWhgHiéec u, khéng co s
khéacbi tvQ[n h * mg€a lod ph giatai sinhlJj chiQu sauna lun v t banh xe. Tuy
nhi°n, ngphmi ket §icthém vaditrong@h pco[nh “mghkc
khang Ifa lincah n h p (Pvalue < 0,05)n" i v, i c[ ba ldd ph gia tai sinh, khi gia
ttng ‘mygph gla®isinh,ciisdualinvt b&nh xe@gcgiauth
n h €wgthgd h hirhthg u ynh (& 12,5 mm).

B[ng 38. Phan tich ANOVA chiQi sau IR ltin v t banh xe

Yut DF Adj SS Adj MS F-value | P-value
LoY ph, gia tai sinh 2 0,0691 0,03454 0,46 0,661
H" m’ ng @ gia tai sinh 2 27,2898 9,09661 121,22| 0,000
Error 4 0,3002 0,0504
T ng 9 32,4177
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Phan tich Tukey so sanhkhdcnhau@h " mngpBgi a t §ic ¢ hfi W WL o

chiQu sau Ra lin ca h n h p BIng 39). K/} qul cho tBf cé s khachi t vQchiQu
sau R lin gi ah nh p asphalt tai chndngco va khdng cé phgia tai sinn(nhém C)
mtkhon g h *ngph o! tai sinh thp (4-12% theo khi ° hg®itum RAP),
khéng c6 s khac nhau @chiQu sau Ra lun ¢ a cac hn h p (cung nhém B)Tuy nhién,
“h " m ng pB giataisinh cao (20%),cog i a t £ MgchiQBsaudta lin v t
banh xe(nhom A)  Qa may thhi n vai trd ¢ a ph gia tai sinh trong vic trGhoa va
lamnmQn bi t um &li u RAP. & hhgn hyp 50RARRA1-20, chi sau fa ltn
* 200001 “@®tac dng1a 9,69 mm, gid'tnay gdnv ichiQusaulinti La cho

BIng 39. So sanh Tukey ch siu Ha ltn v t banh xe

H” m’ ngeh giataisinh N Trung binh Nhém
20 1 9,59778 A
12 3 5,51833 B
4 3 4,70000 B
0 3 3,27000 C

3.5. Thinghi ms c khang n t theo mé hinh thi nghi m kéo gian tip (IDEAL -CT)

Hi nnay 'W. § n h _ ckihaBg ns¢ a bé tdng asphalté thAs d ng nhiu mod hinh

p h

khac nhauVi c | a ch n mé hinh thi nghim ndo €ph thu cvaovic L §n¥g gi §

phahéin t , tinlcdy ¢ athi nghim, tinh d pi ¢ ¢ a thi nghim.Blng 310L €a

racacmo hinh thi nghim L' § ndhc kiddng8 t, thy thy ¢ vao dhg pha hél n t.

B[ng 310.Cacthinghim [&® d ng L §n tekhdrig8 t[$44]

Ph€hng phé

7, DUng n. M hinh Ti °u ch
nghi m

Th2 nghi m [N t
mXh3nhiDislea| v n_
Shaped Compact Tensic
(DCT)

ASTM D7313
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Ph€hng phé

o DUng n_ Mo hinh Ti °u ch
nghi m
Th2 nghi m [N t nhi AASHTO T322
i Indirect TensilgIDT)
Nt nhi AASHTO TP105
AASHTO T394
o Nt n ASTM D8044
Th2 nghi m N
s trung binh
ng u yi SemiCircular (Louisiana SCB)
Bending(SCB)
Nt nhit L AASHTO TP124
trung binh (I-FIT) AASHTO T393
Th2 nghi m | N_t Nnti/p Tex-248F
(OT) anh
Th2z nghi ' m Nt m AASHTO T321
L i \(Aexural Bending
Beam)
Th2 nghi m | N_/tn_ t ASTM D8225
T Indirect Tensile Asphal; trung binh
Cracking Test (IDEAL
CT)
Th2 nghi m Nt m AASHTO
k8 k®o -Directc T400

tenson cyclicfatigue
(DTCF)




-93-

Tr°n ch s° t°ng h”p c8c th2tréngghi mnLE&nh
| a ch n m* h3nh thEBEALEBhit rm nk @XbEindn gtitig
Khl nktng,tkhheS8on gt in° ut chu¥ph REEMND8DP2Zp t h?2
L« L€ ¢ &§p d,ng ph” bi/Jinhn ,nik[lmMQu kamag t
nhanhc I ngph®€eh’” p v, i LiQu ki nkK/Jt hodicth]jth2Vi
L&§nh gi 8 kh[ nktng kh-§ng®tn L] [Ai«Q@E & ikt nt
raB{nd 3.

351.Ph€ehng ph8&m th2 nghi

Th2 nPBEALICGRL€E ¢ th ¢ hi ' n LW X 8&&«(Ckackmdh ch”
Tolerance IndexXC§ ¢ mXu tch2 Lnegmig k2 nh b3wng 150
N 1 mm, L, r,ng d€ rm3%ag RhN ©06r5n%xoHgns]|
sblyW h-a gi "~ nwdn ah@gn  ( STOAh Un§ o LALOMA ) h” ¢
L€ ¢ Lfm LW tUYo mXu Sroxlerddinh 6tthhW /hti ~tn"  glufg
chuXn b° mXu choCTt@Q3d8§ ntgrhdantm dMDEXRL b’ m,
IDEALTICT L€ ¢ th ¢ hi ' n ° Ph,ng th2 nghi’
GTVT.

Hinh 3.6. Qua trinh chuXn b m»u



Tr€ ¢ khi t heCT,n grhX uLnibte’ DE[ADL tt o€ trong4d 5, sau
L tiJjn h"nh th2 nghi m n®n ®p c¢ch. tir°n
t ¢ L, ghi d. | i -50 Hi(Hioh 3w&d). cKhuty Wpu [v "t hl 2~
hi  n b=3xng bi Weohit'y Wohuadinh3lvb. | ¢
18
16
14 f__Ploo]
~ 12 bl oy (Pss. Igs)
Elo ------------ ! -'.‘('-‘T (1)
.g I :I _;\\. & s
= 8 L EL\T > (Pss., lss)
6t | :“":mi“,
e
21 lwong pha hiy!
ol
' 0 2 4 6 8 10 12 14 16 18 20
Chu}’én vi (mm)
(a) (b)
Hinh 3.7. Thi nghi m IDEAL -CT
(a) titn hanh thi nghivin, (b) L yng cong gan iMxc i chuyah v
T. s liqwarmihMuhuy¥Wnc s d,ng LW t2nh t
CTindex. Ch" s~ |kihil8@® gc nt 2nCTt o §3nl) v (8L)Jd1l].c * ng t
V., i mXu c¢- c¢chi Qu cao 62 mm:
G al
CThger = o B (3.2
" Imy €D
V., i mXu ¢ chi Qu cao kh8c 62 mm
CTlndex_ t 3& %l75 (32)
62 |m,g &D
Trong L -:
Glantng 1€ ng phg h.y n t (J/m
—_ Wf 6
; DTt3 10 (3.3)
DlaL€ ng k2nh mXu;, th2 nghi m ( mm)
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tlac hic@mXu t h2 nghi m ( mm)

W lacongphd . yJ) L€ ¢ t2nh to&n |~ v¥%ng di n
h™ dlcheuyWn v, x8c (@) nh theo cing th_ c
14 1
W=8gkl, ) P >+(k3 1) {R..%R) (34)
i=1 G 2
v, ilalP ¢ wv(kN;trz2z2 th_ i
Palal . ¢ ° v (kN2 th_ i + 1
iichuyWn v (mmjyv'  tr2 th_ |
lmichuyWn v " (mm), tr2 th i + 1
lzslachuyWn v ng v,i | ¢ n®n b3ung 75% |
Imzsjlagi § tr° tuy t L il jog hau ylWra v 'gi § €t m'g Ic,

nhblt (KBEmE, nh t BEogics eiges) vaHRfdesy L€ ¢ x §c
n h ‘@inh 3.7b.

P85 - P65

M| = (35)

|85' |65
3.5.2. KJ1 qul thi nghi m va phan tich

3521 nh ehgova h"1m gl R APoc khang ot cva bé tdng asphalt tai
chAndng

KJT qul thi nghi m kéo gian tip (IDEAL-CT) ¢ a cac m¥u bé téng asphalt c6 ham
|8 g RAP k h'&dhnwh mbfoug “Uhigg€ong Ici chupd v, n MHEn't h

Hinh 3.8a. C6 thAhhch thBf raa g i v. Lh n h p asphalt tai chnéngs d ng RAP,
sthaical c §wrgcdhgci chupiv ¢ acéaclélh nh pbé téng asphalt 1a

khac nhau rd t. Giatr | c¢| nnhdl(peakload Piog) t £ ng W ndlit §terg€ k

k h & gidtr | ¢l nnhi(pre peak slope)trnéndc  h ha ihlnh p asphalt's

d ngRAP.Khi t t n ggRAPtmongheh p,giatrl clnntli(Pog tEtng | °
Trong khiichuMiv, nguii@attlrcl nndl(liog ¢ - . ng gimhG&

tr L, dc|mvsl] ¢ - .nxgu ghi‘@ t £ ng’ rigRAP stdingtgngth i mp. | €

n Q nay cho tBY raag, h n h p bé téngasphalt tai cfnéngs d. ng RAP tr nén ¢ ng
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v’ gi ., n ithmhnp saos puvicla hgtN £Ln g nglph@ hu (Gr), . d c (|nvs])
vach's khang nt (CTingey) L ‘&  x ®ltt LLng cong quan'hl ¢ i chuyw v
théng qua thi nghim.

25 250
g 181,1
20 ¢ #—* V-ORAP £ 200
a—a S0RAP E
Z 64— 30RAP g
E 15 ¢ £ 150
ed =
) -11]
=10 | £100 70,9 66.7
= S :
-
L 50 |
I : ’ U
0 Ly, Rar, T 0 1 1
0 4 8 . 12 16 20 V-0RAP 30RAP 50RAP
Chuyén vi (mm) Loai hén hep
(a) (b)

Hinh 3.8.n ©ng cong | ci chuyWi v vach'sS CTindex G @ CAC hn h p c6 ham
| “@g RAP khac nhau

(@) n _yng cong xc1 chuyan V] (b) CHEsSX CTindex

Ch's khdng ntCTingexG acachnhp c¢ - ‘g RAP khé nhao | i g thw
hi n° Hinh 3.8b. K/} qu[ cho tiBy raag, co s gilm L §\W@ch' & CTindexG ah n
h p asphalt tai cfnéngs d ng RAPsovih nhp a s p ihch hgt Solyih n
h p asphalt khéng sd, ng RAP (M ORAP), ch s khang nt gilm 60,8% va 63,1%
t €hmgy ih nh pasphalttai chs d ng 30%RAP va 50%RAP.

3522¢nh ehgoaldi v~ imgphmgli_ a t §nsockhamghot ®abé

tébng asphalt tai clhnong

nW L&8nh gi &8l oMh € phly, mcgl iz Ates ik hsli mhb ng k|
h.n h”p asmhgal t df 8g 6P FHRAP (50RAP) L€ ¢
Cc.u @8y .L€ ngichanygVnl hved¢ ntghiiCM kDBAIl §c m
ting aspha$STOAVALTIOAIQ® & it hikh &9, Hint 3.10vaHinh

311 KJy qul cho thy, giatrl cl nnii(Pog ¢ - .nggimh€hi gia t &
| “@g ph gia tai sinh’s d, ng.
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25 25
#*—+* V-ORAP *—* V-ORAP
20 a—= 50RAP 20 a—= 50RAP
N e—o& 50RAP-RA1-4 - e—=o 50RAP-RAI-4
E 15 + —¢ 50RAP-RA1-12 E 15 + o——o 50RAP-RA1-12
& (5]
210 =2
- i 10
5 5
(STOA) (LTOA)
0 g - Ol 0 ) s
0 4 8 12 16 20 0 4 8 12 16 20
Chuyén vi (mm) Chuyén vi (mm)
Hinh39. “mdcong| ci chuywiv ¢ acacmXu s d. ng ph, gia tai sinhRA1
25 25
*—+* V-ORAP
20 t A—a S0RAP 20 f XA *—* V-0RAP
. ©— S0RAP-RA2-4 #ol ~—= 50RAP
Z 15 5—a S0RAP-RA2-12 | | Z 15 | @— S0RAP-RA2-4
) & =—=a 50RAP-RA2-12
5 =
s 10 A'IO
5 5
i , (LTOA)
O F = AR B 0 Xy =i, L
0 . 20 0 4 8 12 16 20
Chuyén vi (mm) Chuyén vi (mm)

Hinh 3.10.n ©ng cong| ci chuyW v ¢ acacmus d, ng ph gia tai sinhRA2

25 25
*—#* V-ORAP £ 2 +—# V-ORAP
20 | a—= S0RAP 20 - 27N s 50RAP
" s—=% S0RAP-RA3-4 s—= S0RAP-RA3-4
—_
15 t >—> S0RAP-RA3-12 Z 15 > 50RAP-RA3-12
g
10 3 10
5 5
(STOA) (LTOA)
0 D e O e Lo L
0 4 8 12 16 20 0 4 8 12 16 20

Chuyén vi (mm) Chuyén vi (mm)
Hinh 311 “mdcong ] ci chuyWi v ¢ acacmus d, ng ph gia tai sinhRA3
Hinh 3.12thwWhi n K/} qui ch's khang nt CTindexG, a cac hn h p asphalt tai cnong
s d. ngba Ioq ph gia tai sinh khac nhau L Qi ki n héa giangda hth STOA vadai
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hth LTOA., L@ ki nSTOA, “ikih nhps d ngph gia tai sinh RAL, chs

khdng nt CTingext £t N g. 9 7°, M tL 99, 2 Kk hi ~ ngphagiattdLsingt h ~ m
4 %IpL 1 2 % iphy giataisinh RA2, chs khangnt gi a1l 8 B fEg4or

vat 144 hl 2I2°0v i8ph pia tai sinh RASN h @y, 8 d ng ph gia tai sinh

I «[itli nt h e on gh @ i k[ nttinrgg Kk tcBoh g h mbé tdng asphalt tai ¢h

néng s d ng RAP

300
240,2

250 2208
1992

CTIndex
)

STOA LTOA
EV-0RAP B 50RAP B 50RAP-RAI-4 BE50RAP-RAIL-12
ES50RAP-RA2-4 @50RAP-RA2-12 O50RAP-RA3-4 BES50RAP-RA3-12

Hinh 3.12. Ch"s khangn tCTindexG acdchnh p° L @ ki' n STOA va LTOA
Ph©on t2ch ph<eh'nrgragai hAgpd Yistaisihh cdn h * mge

L § nWWhkkifn £ ng k h&anhgn hip asphalt tai chnoéng (P-value < 0,05)

(B[ng 311). Clbalddph gi a t QicobBiugquiclithinknfntng khg&ng
va khong c6 skhac bit L' 8MaQgn ck, €fithi nkhfn £ n g k hkBisosanh

ba If ph giatai sinhs d ng (P-value > 0,05 Vi cb sungphgi a t §i si nh
phc ‘¥ ntng k hcBoha h pasphalt, ¥ Jpigiat £ ohgs khang nt
CTindexva lam gim gia tr L, d c|mys|. D a trén W} qul thi nghimt h u’ ¢, Eéehw

k/T ludh rAag, ph, gia tai sinh gc dfu th ¢ vd (RA2) va gc dfu dl'nanh (RA3) cé

hi uqu khang nt ¢ a o _h phngiagédsink gc dfu m (RA1) khi xét" L Qu

ki n hoa gia gda hth.
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Blng 311 Phan tich ANOVA ch'S CTindex

Y/t DF Adj SS Adj MS F-value | P-value
LoY ph, gia tai sinh 2 2243 112,1 0,10 0,903
H" m’ nig @ gia tai sinh 2 31190,3 15595,1 14,25 0,001
n Qi ki n hoa gia 1 193914 193914 17,72 0,001
Error 12 13134,8 1094,6
T ng 13 63940,8
nWhiW  r » QfnhHin mge aph gia tai sinhlJn kh n £ kigaingn t, nghién cu

I « dsngbiw “ £ €hn ¢ @t §lt€aiYinwe cdc cngs [123]. BiIW L thw
hint €hng _qoidétmG: Wi th L dai(toughnessthWhi n tréntr, c tungva t
S lzlmzs|biWith ngx do-gi ., n fi@é&lative ductilebrittle), I ‘& thwhi n
tréntr, choanh Theocong thc(3.1),s gi a gtatr Bryat s lzgf/|mms| dh JJich
S CTindexC @ 0 hHhh n ginxgdc trén bén dic abiwt ~ .IBIWLE t €hn g
thwhi nc § ¢ ndccéhg dhgl " g~ ng.m c, thwhi nquan h gi a gia tr Gr vat
S ls/jmslv.ich's CTindex C8cd Liudctheomi “h€ ndmcthra
cung mtkholnggia tr CTindexn h ‘©nWJ th gia tr Grvat s lzs/|mys| khac nhau.

t 8¢

14000
b STOA
12000 i
10000
E
S 8000 |
<)
6000 |
250
4000 | i
N30 e 60 e 90 e 3150
2000 ' . e e L
0 1 2 3 4 5 6 7 8 9 10
175/|m75| (mm?*/kN)
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Hinh 3.13thWhi n kKT qu thi nghi m IDEAL-CT ¢ acachnh p STOAtrén bid = LI

t €hn g  ds8deng phVgia tai sinh trongm h p asphalttaichn - ng |
m gW & I:4/|hrs, o &M sy kh&ng nt CTingex
h hit, n B p 50%RAP khdong cé phg i a
t §ilithén ntho clad n b p bRag cach lam @n bitum RAP.

nhGgiatr Gin h€ng |~

cao

ph.-gi a

Nt n gnglph@d hy Grvat s lzs/|msl chohnh p

t §i

LTOA

m

_ Bginaytchra rxgy

‘cclthg n ttorg)

biw ~ t €h n gHinh 314).. (I Qi ki n héa gia LTOA, cac,m h p asphalt tai ch

nongv. i ph, gia tai sinh cho thy gia tr Grvat s lss/|mys|  t
0%RAP va 50%RAP,¥h /I 4L ° & @ tr CTindext ‘€h n g

KJI qul nghién cu

cl mayragh

emrhgen thp
Lehng.

n bgpha htt Gkhong thhi ns t h d iy

L 8§ nWh hke 'd.i d&c|rtvsfnénkiffn £ n g
t £ ng. dy,Nhsekhang nt CTingexchul[n h “mg€nbigiatr L d c|nvs. M t

m iquanh gi achs khang nt CTingexVv ~, dlc |nvs]

K/pgu chotly, comi t €hnldicaggiaan s khang nt CTindexV |

mzslvih s R?=0,935.Miquanhn "y

¢ aBahiava cac cng s [42].
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Hinh 3.15. Quan h gi ach's khangn tCTindexV =, dlc |mys|
3523t nh ehgoa ikivh h - afn gpékhand.not cvacva bé tdng asphalt
tai chAndéng
nengconglci chuMiv c acacmy b ° t 1 ng Jhd ukihnddatgia dai®t L
hth  ‘le®Whi n° Hinh 3.9, Hinh 3.10vaHinh 3.11. KJ} qul chothb} rag, s thay
i ¢ §rgcogdci chuy v ¢ a cac Ié! bé tong asphalt L' @ ki n héa giadai
hth LTOA lakhac nhaurdtsov i’ L Quki n hoa gigngda hth STOA Hinh 3.12s0
sanhfn h “tg€a Q@kin h .- ah gdkhangntg ahnh p asphaltCo thw
nhchthBy, s héagialamdim L §Wka[nk n g k hcSamh g h p asphalt. Phan
t 2 ch ph€hn gB[egaBill) cAINTOBWAN 1 khac nhau @khfnt ng kh §n
nt" h a iQ kLr hoa gigngda hh STOA va héa gia daith LTOA (P-value < 0,05).

NW.&8nhfngi ig€a h-a gi ~ugdcragdphhgs ahit ik si nh
ntng kb &8 CTibextron)/CTindexston L & thi} Idh. Gia tr nay cang,In

(lubnnh h hn “hgthich s khang nt CTindexstonC " Ng cao3aghn nghc
hpcokinktng k ht§ ncfl @ki nhda gia nea hth va hoa gia dail.

D, a trén K} qul Hinh 3.16 cho th}, ph gia tai sinh gc dfu m (RA1) cho hiu qu

khang ntt't  h h ni phs gia tai sinh gc dfu th ¢ vd (RA2) vag ¢ dfu dlLnanh

(RA3) khih Q&inhBagiadaith. HbhootWhbyraag, kh'lingh ™ m
ph gia tai sinhs d ng trong hn h p asphat tai ch néng cang cao, t s

CTindex.ToaYCTindexsToscang nh, cho tiy m ¢ | 5o héa ca h n h p X[y ra cang
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| n.K/Tgqun"y cWhnngs tt@hn g | ik} quipthi sghim G * s_ia bitm ¢
hnhp" L@ ki nhoa gia dai ¥ (PAV), khi ch ra raag ph gia tai sinh gc dfru m

gi L&kl nt nghoatt h h niphs ga tarsinh gc dfu th ¢ vd. KJ} luch nay

I' ‘& gili thich théng qua thi nghin phan tich thanh dgin héa hc (FTIR) ¢ acacmu
bitum cth«chin€Ch€hngc28i M t &k magboeyht-ovachs
sulfoxide k=otrong bitum hn h p s d. ng ph gia tai sinh gc dfu m (RA1) di n ra
chdn h hnissdngyh gia tai sinh gc dfu th ¢ vd (RA2) va gc dfu dl'nanh
(RA3) khi tr[i qua qud trinh hda gia dain PAV.

v
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o
% 0,8
< 0,65
A 0,59
E 0,6 0,53
E) 0.43 0.44 0,40
E 04 0,32
3
A 0.2 r
o
@
D=0 1 1 i i i 1
3 > Vv > & > P
& N W o
) ™
N ;,Q@ AN & P &

Hon hop
Hinh 3.16. T S CTindex1oA)/CT index(STOA)
3524. T _ ng gquadhhingigncat ingl _ uln dva bitum i thi nghiMn

khang not cva bé tdng asphalt

M, t m i t€hnhg n@d asiE ngi tva i umh”™ s neekv@l&§ng n
d Jovsy c. a h, n h®p L€ rhit hti /Jit, | dD €l Wb, 5an s ¢
bitum¢ t h2 nghiv. m RBBER)Smigngn_ t tct @2 hnaghih” m I(I
CT). Trong nghi€hmgd @uamty, Jabiiltdpm d alitQu
RTFOv™ PAV t<€hng _ng Vv.i h, n h° pHah3dhalt

thW hi n m itbhenh@gsiquianv gii . @hmnieex s Z5 hi€/htg

qul cho- trhbty m i t €hngongsian feand ,(8Rt) a Nh K
kh[ ntng kh&ng n_t c¢c,a h,n h ' p asphalt i
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Hinh 3.17.Quanh gi a G* saiClidex WR5C

Hinh3.18 Quanh gia G* si nsfi 28%C | m
Trong th2 n@mh, ImddDERLlcmcoi |~ c¢ch” s° L
truyQn v/t n_t v° [nh h€ ng L&8ng kW L/n
qguan h’ gi_a thtngssLeGcs Hm®1& i iKART od Tc
cho ,thblg. t €hng quan cao gi_ @8 t¥kBEEm s’
0,81).

36X8§c L "mhl @ ng ph, gia t&i sinh

H" m’ ng @ gia tai sinhding trong hn h p asphalt tai chnongl ‘& x & WL
& "EMintng kh&§nghngihnBipn @ s\pircka hg{V-0RAP)mMa
khéng[n h “mg@hKkh[n £ ng k3al§mvg banh xeHinh 3.19 cho ths}, ham



























































































































