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NGHIEN CUU DU BAO TiNH NANG KHAI THAC CUA KET CAU
MAT PUONG BE TONG ASPHALT TAI CHE AM

Nguyén Ngoc Lan', Pao Vin Pong’, Nguyén Quang Phic', Trwong Vin Quyét!

Tém tit: Phwong phdp thiét ké va dw béo tinh nang khai thdc két cau mdt dwong mém theo co hoc thuc
nghiém (Mechanistic Empirical - ME) dd va dang dwoc sit dung nhiéu ¢ My, Canada va Han Quéc.
Phirong phdp nay c6 cdc wu diém vueot tréi hon cdc phirong phdp thiét ké mat dwong khdc la ¢é thé dw
bdo duwoc ung xur cua két cdau mat dwong theo cdc dang huw hong thuc té dua trén cac dir liéu dau vao
gom cé diéu kién giao thong, diéu kién khi hdu, moi truong va cdc chi tiéu vit liéu trong két cdu. Badi
bdo nay trinh bay két qua tinh todn dir bdo cdc tinh nang khai théac cia két cau mat duong sie dung bé
t6ng asphalt tdi ché am va két cdu mdt dwong bé téng asphalt néng truyén thong theo phirong phip ME
str dung phan mém AASHTOWare Pavement ME Design (Pavement ME). Két qud phdn tich chi ra rang,
két cau mdt dwong svr dung bé tong asphalt tdi ché am cdi thién dwoc kha ndng chong lin vét banh xe,
d¢ go ghé IRI, nirt méi tir dwdi lén trén. Tuy nhién, chi tiéu mirt tiv trén xuong tang so véi két cdu sir

dung bé tong asphalt nong.

Tir khoa: Bé tong asphalt tai ché 4m, co hoc-thuc nghiém, lin vét banh xe, nit moi, d6 gb ghé IR

1. PAT VAN PE

Nganh cong nghi¢p mat duong asphalt luon
hudng dén cac giai phap “cong nghé xanh”, nhim
dap tng yéu cau phat trién bén viing. Trong sd cac
giai phap cong nghé dugc nghién ctru rng dung,
thi giai phap cong nghé bé tong asphalt 4m ap
dung cho hdn hop tai ché vat liu mit duong
asphalt cli (RAP) da dugc chung minh dem lai
nhiéu hiéu qua vé mit kinh té, ky thuat va moi
trrong (N.N. Lan va nnk 2017). Theo bao cdo cua
Hiép hoi mat duong asphalt My, nam 2019 c6 dén
38,9 % khdi lwong hdn hop bé tong asphalt tai ché
am duoc st dung & My (Brett A.Williams et al
2019). Trong nhitng niam qua, hé théng duong bo
Viét Nam da va dang dugc cai tao, nang cép, dau
tu xdy dung méi ca vé sd lugng ciing nhu ning
cao vé chat lugng bang cac giai phap cong nghé
vat liu moi va tiéu chuan k¥ thuat cao hon. Tuy
nhién, cung véi bién ddi khi hau, sy gia ting rat

! Truong Dai hoc Giao thong van tdi
? Vién Chién lwoc va Phat trién Giao thong vén tai
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nhanh s luong cac phuong tién tham gia giao
thong, dic biét 1a cac xe qua tai trong dan dén hu
hong xuét hién, phat trién theo thoi gian, lam suy
giam kha ning chiu tai bo phan két cdu va toan bo
cong trinh. Vi vay, viéc nghién ctru phan tich sy
lam viéc cua két cAu 4o dudng, phan tich cac yéu
td anh huong dén tudi tho cua két cAu mat duong,
didc biét 1a cac két cau su dung cong nghé vat licu
méi duge quan tim hién nay. Nhidu nghién ctru
phan tich sy 1am viéc cua két cdu 4o duong, phan
tich cac yéu t6 anh huong dén tudi tho ciia két cau
mat duong da dugc thuc hién (Halil et al 2015,
Jagannath et al 2013, Michael et al 2014, Nguyén
Vin Hung va nnk 2016, Nguyén Hoang Long va
nnk 2017).

Trong thiét ké két cAu mat duong mém, mot sb
phuong phap thiét ké két cdu da duoc s dung.
Phuong phap 1y thuyét sir dung 1y thuyét dan hoi
voi cac phuong trinh tinh ung sudt - bién dang
phat sinh trong két cAu mat dudng 1a hé nhiéu 16p
dan hoi. Day 1a phuong phap hién dang dugc Viét
Nam sir dung dé thiét 1ap Tiéu chudn thiét ké két
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cau mat duong mém 22TCN-211-06 (22TCN-
211, 2006). Phuong phap kinh nghiém vd&i
phuong trinh thiét ké 1a cac mdi quan hé thuc
nghiém thu thap tor cic tho nghiém va tr kinh
nghiém trong qué trinh thiét ké - khai thic mit
duong. Huéng dan thiét ké mat duong AASHTO
93 (AASHTO, 1993) 1a mét tiéu chudn dién hinh
cho cac phuong phép thiét ké nay. Huéng din
thiét ké mat duong AASHTO di duoc sir dung
tuong ddi phé bién & Viét Nam, dic biét trong
cac du an st dung ngudn vén nudc ngodi. BO
Giao thong véan tai da ban hanh mdt tiéu chuén
nganh, 22TCN-274-01 (22TCN-274, 2001), tiéu
chuan dugc soan thao dua trén phuong phép thiét
ké mat duong mém cua AASHTO. Hién nay,
Téng cuc Puong bo Viét Nam dang chuyén doi
thanh tiéu chuan Viét Nam. Cung vé6i viée sir
dung phuong phéap thuc nghiém AASHTO, cac
bang cua My va Canada cling da 4p dung phuong
phap co hoc thyc nghiém MEPD (Mechanistic-
Empirical Pavement Design) trong thiét ké mit
duong mém (MEPD-3-AASHTO 2015, Nam
Tran et al 2017, Bill et al 2018). MEPD khic
phuc duoc cac nhuge diém cia phuong phap
thiét ké két cdu mat duong thuan thuc nghiém
AASHTO. Phuong phap co hoc-thuyc nghi¢m Ia
phuong phap tién tién nhat hién nay dé phan tich
tinh dy bao cac tinh nang khai thac va tudi tho
cua két cAu mat duong. Trong nghién ciru nay,
phan mém AASHTOWare Pavement ME Design
duoc su dung dé tinh toan, du bao cac tinh nang
ctia két cdu mat duong bé tong asphalt tai ché
am. Cac hon hop bé tong asphalt tai ché 4m co
cac ty 16 RAP lan luot 13 20%, 30%, 40% va
50%. Phu gia Sasobit va Zycotherm da dugc s
dung dé giam nhiét d6 ché tao va thi cong hdn
hop asphalt. Két qua duoc phan tich dbi chimng
v6i hdn hop bé tong asphalt nong truyén thong
khong c6 RAP.

2. CAC BUOC PHAN TICH KET CAU
MAT PUONG THEO PHUONG PHAP CO
HQC-THUC NGHIEM

Qua trinh thiét ké theo phuong phap co hoc-
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thuc nghiém 1a qua trinh thir din dung. Nguoi
thiét ké phai dwa ra mot két cdu mat duong
mau cung véi cac gidi han hu hong ¢ thé chap
nhan dwoc nhu: bién dang khéng phuc hdi (d6
lin), niit do moi (nut doc & nut ludi), nirt do
nhiét (nt ngang), do gd ghé (IRI)... tvong ung
v6i ting du an. Néu két cdu mau khong thoa
man cac gioi han da dugc dua ra, nguoi thiét
ké s& diéu chinh va tinh toan lai cho dén khi
céc chi tiéu giéi han trén déu dat. Trong phan
mém AASHTOWare Pavement ME Design da
cung cép tat ca cac két cdu mau, cac sd liéu dic
trung, cac théng s6 mic dinh, nguoi thiét ké
diéu chinh cac sb liéu cho phu hop. Véi cac
phuong trinh dwgc thiét 1ap cha yéu theo co
hoc, st dung cac hé sb hiéu chinh duogc xac lap
tr thuc nghiém, phuong phdp co hoc-thuc
nghiém dugc thuc hién theo trinh ty cac budc
thiét ké nhu & Hinh 1.
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Hinh 1. Trinh tw thiét ké két cau o dwong mém
theo co hoc — thuc nghiém

3. UNG DUNG TINH TOAN THIET KE
VA DU BAO TUOI THQ KHAI THAC CUA
KET CAU AO PUONG THEO PHUONG
PHAP CO HQC THUC NGHIEM

3.1. Két cAu nghién ciru

Két cau 4o duong nghién ctru duoc ldy theo
thiét k& cua Qudc 16 51 (Km 25+100-:-Km
25+400) nam trén dia ban tinh Pong Nai. Cac
thong tin vé loai vat liéu va chiéu day cac 16p
duogc thé hién nhu ¢ Bang 1.
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Biang 1. Két cAu 40 dwdng ddi chirng

Két ca ong so .
eétcaul Thong so Chi tibt
(KC1) Lép vt liéu h, cm
BTA C12,5 (HMA) BTA C12,5 5,2 Lop BT asphalt chét Dy,x=12,5mm
BTAR12,5 BTA R25 8,7 Lop BT asphalt rong D= 25mm
BTA C20 7,8 Lop BT asphalt chét Dy,,x=20mm
8TA C20 Cép phéi da dam 48,3 Lép cép phdi dé dim
CPBD Nén dat Nén dat 4 sét

Lép BTA C12,5 duoc thay doi bang cac hdn
hop bé tong asphalt tai ché 4m lan Iuot st dung
hai loai phu gia Sasobit, Zycotherm va cac ty I¢
RAP tuong tmg 20%, 30%, 40% va 50%. Két qua
phan tich dugc ddi chirmg vai hdn hgp HMA ¢6 ty
16 RAP bang 0%. Cac loai bé tong asphalt tai ché
am va bé tong asphalt chat nong dbi ching duoc

thi nghiém trong phong dé c6 cac chi tiéu co Iy va
md dun dan hoi dong [E*| phuc vu cho phan tich
(Pao Vin Pong va nnk 2020). Téng cong c6 2
loai phy gia x 5 ty 16 RAP + 1 d6i chimg = 11 két
cau dwoc phan tich. Bang 2 tong hop cac két cdu
mat duong dé phan tich danh gia tudi tho theo
phuong phap co hoc thuc nghi¢m.

Biang 2. Tong hop cac két cAu nghién ciru

STT Ky hi¢u Lop mat trén st dung Ham lugng RAP (%) Ghi chu
1 KC1 HMA 0
2 KC2 WMRAP-S00 0
3 KC3 WMRAP-S20 20 Cong nghé am sir
4 KC4 WMRAP-S30 30 dung phu gia
5 KC5 WMRAP-S40 40 Sasobit
6 KC6 WMRAP-S50 50
7 KC7 WMRAP-Z00 0
8 KC8 WMRAP-Z20 20 Cong nghé 4m sir
9 KC9 WMRAP-Z30 30 dung phu gia
10 KC10 WMRAP-Z40 40 Zycotherm
11 KC11 WMRAP-Z50 50

3.2. Phin mém phan tich két ciu

Phin mém AASHTOWare Pavement ME
Design 1a thé hé ké tiép ciia phan mém thiét ké
mat duong AASHTOWare®, dugc xay dung
dua trén hudng dan thiét ké mit dudng theo co
hoc-thyc nghiém. Céc tiéu chuan gii han thiét
ké @& xuat nhu Bang 3. Mic dinh cia chuong
trinh 13 tong chiéu sau lan vét banh cia toan
két céu giéi han 0,75 in (19 mm) va chiéu sau
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lin vét banh trong céac 16p bé tong asphalt la
0,25 in (6,4 mm) dé dam bao tudi tho két ciu
va an toan chay xe, nhat 1a vé mua dong khi
nudc dong biang vao chd lan. Tuy nhién véi
diéu kién Viét Nam giéi han trén rat kho dat
duoc vi ty 1é xe qua tai trong dong xe nhiéu,
trinh d¢ thi cong, quan 1y khai thac chua cao va
Viét Nam cling khong c6 dong bang dai ngay
trén vét banh nén kién nghi tong chiéu sau lun
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vét banh gigi han 25 mm va chiéu sau lin trong
cac lop BTN 1a 12,5 mm (TCVN 8819-2011).
Kién nghi nay ciing phu hop véi cac quy dinh

khai thac duong hién nay. Céc gidi han khac
duoc lay theo mic dinh tng véi dudng cip cao,
do tin cay 90%.

Biang 3. Cac tiéu chuén giéi han thiét ké

Tiéu chuin Gid trigiéi han | D0 tf;:) e
Do gb ghé IRI ban dau (m/km) 1,00 90
Do go ghé IRI cudi cling (m/km) 2,70 90
Tdng chiéu sau lin vét banh xe toan két cdu (mm) 25,0 90
Nt moi tir dudi 1én cua 16p bé tong asphalt (% dién tich lan) 25,0 90
Nt nhi¢t ctia 16p bé tong asphalt (m/km) 189,4 90
Nt moi tir trén xubng cta 16p bé tong asphalt (m/km) 378,8 90
Chiéu sau lan vét banh trong céc 16p bé tong asphalt (mm) 12,5 90

3.3. Cac thong sé diu vao

Théng s6 khi hiau: Thong s6 khi hau duoc lay tir
tram MERRA2 s6 hiéu ID 111052, dia diém Qudc
16 51, tinh Pdng Nai lién tuc theo gid tir 1985-2019.
S liéu khi hau bao gé)m nhiét d§ khong khi, lugng
mua, van toc gio, ty 1€ phﬁn tram néng, d6 4m tuong
d6i va chidu sau tir day 16p két cdu t6i muc nude
ngam, lay gia tri khong d6i 10t (3048m). Céc thong
sO co ban diéu kién khi hau Quédc 16 51 bao gdbm
nhiét @6 trung binh nam 27,52°C; luong mua trung
binh 2527mm/ndm; d6 4m gid trung binh 74,69%;
tc d6 gio 16n nhit 8mys.

Théng sb vé tii trong: Phuong phip co hoc
thuc nghiém (ME) khong con st dung tai trong
truc tinh toan tiéu chuan va quy d6i cac truc khac
vé truc tiéu chuin ma tir cac sd lidu thuc té dém,
phan loai va can xe. C6 3 muc d6 tai trong khi
thiét ké: Mirc 1 1a mirc d9 chi tiét nhat tir s6 ligu
dém xe va can xe tai du an; Mic 2 1a mic do
trung gian gitra 1 va 3, thong sb tai trong duoc xac
dinh bang gi4 tri trung binh qua trinh can xe hoic
chudi s6 liéu quan tric hang nam caa khu vuc du
an; Muc 3 chu yéu lay gia tri mic dinh cua
chwong trinh nghién ciru qubc gia vé giao thong.
Muc dich ciia nghién ctru 1a so sanh danh gia chat
lwong ciia bé tong asphalt tai ché 4m ddi chung
voi bé tong asphalt nong chir khong phai thiét ké
két cAu mat duong. Nhu vay cac diéu kién du vao
phai gidng nhau, chi khic nhau 16p mit trén ciing.
Hién nay ¢ Viét Nam van con c6 nhiéu xe qua tai
anh hudng dén két cAu mat duong. Voi muc dich
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nhu vy nén nghién ciru da thiét 1ap co sé dé co
thé st dung mot sd thong sb tai trong & muc 1
theo s6 liéu dém va can xe cua 1 du an cu thé
trong khu vuc.

Cic thong sb6 nén dat: Cac thong s6 nén dat
duoc léy & muc 1, 13 mac cao nhat caa MEPD
duoc thi nghiém trén thiét bi nén ba truc tai trong
lap (Pao Van Bong va nnk 2020).

Cic thong sb ciia cac 16p vt liéu roi va bé tong
asphalt dwéi: Ciing nhu dbi v6i nén dt, cac thong sb
vat lidu cap phdi da dam, cac loai bé tong asphalt
ciing duoc ldy & mirc 1, 1a muc cao nhit ciia MEPD.
Céac thong sb nay ciing dugc lay tir két qua thi nghiém
trong phong (Pao Van Bong va nnk 2020).

3.4. Két qua phan tich

Véi muyc dich so sanh ddi ching cac chi tiéu
gioi han va tudi tho theo cac chi tiéu IRI va lun
vét banh, nghién ciru tién hanh chay chuong trinh
AASHTOWare Pavement ME Design voi cac két
qua thi nghi€ém |[E*| cua cac loai bé tong asphalt tai
ché 4m, md dun Mr cta cép phdi da dam va nén
dat cua cac két cau co sir dung 16p mat bé tong
asphalt tai ché 4m co6 ddi chiung v6i bé tong
asphalt nong. Két qua phan tich d6 gb ghé qudc té
IRI va tong chiéu sau do lun két cau thé hién nhu
& Hinh 2 va Hinh 3 cho thiy ring, két cau mat
duong st dung bé tong asphalt tai ché 4m
(WMRAP) cai thién duoc kha ning chdng lun vét
banh, d6 gb ghé IRL Khi ham luong RAP cta hdn
hop WMRAP cang nhiéu thi cac chi tiéu nay cang
duoc cai thién.
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Hinh 3. Biéu do so sanh tong chiéu sdu lun
vét banh ket cau (mm)

hudng giam xubng d6i v6i ca hai hdn hop st dung
phu gia Sasobit va Zycotherm. Tuy nhién, véi chi
tidu nit tir trén xudng thi ting 1én so véi s dung
HMA va khi ham lugng RAP cang nhiéu thi két
céu cang dé nut tir trén xudng.
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Két qua phan tich d6 lan & cac 16p bé tong
asphalt cho thdy, do lan déu c6 xu hudéng giam
xudng khi ting ty 1¢ RAP sir dung trong cac hdn
hop WMRAP (Hinh 5). Két qua nay ciing phi hop
voi két qua thi nghiém do lun vét han banh xe cua
cic hon hop trong phong thi nghiém (Pao Vin
Dong va nnk 2020).

Tudi tho két cdu theo tiéu chi tong d6 lun vét
banh va do gb ghé cudi cung IRI khi st dung bé
tong asphalt tai ché 4m c6 xu hudng cao hon so
voi sir dung HMA va tudi tho cang ting khi luong
RAP str dung tang (Hinh 6 va Hinh 7).
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Hinh 7. Biéu d6 so sanh tuéi tho theo tong
do lun vét banh (nam)

TAI LIEU THAM KHAO

So sanh két qua phan tich két ciu WMRAP sir
dung phu gia Sasobit cho két qua tét hon so v&i sir
dung phu gia Zycothem. Céc wu diém trén c6 thé
gidi thich khi sir dung RAP lam ting d¢ cung va
IE*| ctia hdn hop, do d6 cai thién duoc céc tinh
niang khai thac. Tuy nhién néu ty 1& RAP qua 16n
s& dan dén tiém an nguy co nut 16p bé tong
asphalt tir trén xudng.

4. KET LUAN

Véi muc ti€u st dung phuong phap co hoc
thue nghiém dé phan tich dy bao cac tinh ning va
tudi tho cua két cAu mat duong st dung 16p mat bé
tong asphalt tai ché 4m, nghién ctru rat ra mot sb
két luan sau:

- Két cAu mit duong st dung bé tong asphalt
tai ché 4m cai thién duoc kha nang chéng Iun vét
banh, d6 gd ghé IRI, nut moi tir dudi Ién trén.
Ham luong RAP cang nhiéu thi cac chi tiéu nay
cang duogc cai thién.

- Tudi tho lan vét banh va do gb ghé cudi cung
IRI khi st dung WMRAP c6 xu hudng cao hon so
voi sit dung HMA. Tudi tho cang ting khi ham
lugng RAP st dung tang.

- Khi stt dung WMRAP thi chi ti€u nit tr trén
xudng tang so véi sir dung HMA. Ham lwong RAP
cang nhiéu thi két cdu cang d& nirt tir trén xudng.
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Abstract:
PREDICTION OF THE PERFORMANCE OF PAVEMENT
STRUCTURE USING WARM-MIX RECYCLED ASPHALT

The design and prediction of the performance of pavement structure according to the mechanistic-
empirical method are widely used in the US, Canada and Korvea. This method has many advantages
compared to other methods because it can predict the behavior of pavement structures according to
actual damage patterns based on input data including traffic conditions, ventilation, climate conditions,
environment and material criteria in the structure. This paper presents the results of calculation and
prediction of the performance of pavement structure using warm-mix recycled asphalt and hot-mix
asphalt using AASHTOWare Pavement ME Design (Pavement ME) software. The analysis results show
that the pavement structure using warm-mix recycled asphalt improves the rutting resistance, IRI
roughness, and bottom-up fatigue cracking. However, the top-down fatigue cracking increased
compared to the structure using hot mix asphallt.

Keywords: Warm-mix recycled asphalt, mechanistic empirical, wheel-tracking rutting, fatigue
cracking, IRI roughness.
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