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MO PAU
1. Dt van dé, li do lra chon d@ tai
Mit dudng BTN do ¢6 nhiéu uu diém ndi bat nén duoc sir dung phd bién cho duong 6
t6 trén thé gidi. Hién nay, thiét ké BTN theo Marshall tai Viét Nam mic du da xem xét
gidi quyét vin dé chong LVBX, tuy nhién chua xem xét giai quyét triét dé nit, ma day
la mot trong hai nguyén nhén chinh gy hu hong mat duong. Trong khi do, thiét ké
BTN theo Superpave di giai quyét van dé lién quan dén Iya chon vat liéu BTN (nhya
duong PG, cat, d4, bot khoang) phit hop véi dic tinh dong xe (Ivu luong xe, toc do xe
Iuu thong), nhém giam thiéu cac hu hong mat duong nhu LVBX, nit moi trong qua
trinh khai thac. Xu huéng thiét ké bé tong nhua Superpave hién nay tai Hoa Ky 1a thiét
ké theo nguyén 1y can bang giita cac dic trung thé tich-d9 nhay am, LVBX, va ntt. Vi
vay can phai nghién ciru lya chon phuong phap thiét ké hon hop BTN phu hop véi diéu
kién Viét Nam dé dam bao dong thoi kha ning chong LVBX va chdng ntt.
Vé danh gia kha nang chéng nit: bao gdm ntt do nhiét (nhiét do thap) va nit ¢ nhiét
do trung gian (nt moi). Do ddc thu diéu kién khi hiu Viét Nam khong xuét hién nhiét
d6 qua thip (4m) nén dé xuat khong nghién ctru vé nirt do nhiét do thap trong luan én.
O Viét Nam cho dén nay chua c6 thi nghiém du don gian, nhanh chong va kinh té dé
danh gia kha nang chong nirt moi ciia BTN.
Trén thé giéi c6 nhidu phuong phap thi nghiém danh gia kha niang chong nit moéi ctia
BTN, mdi phuong phap déu c6 uu, nhugc diém va pham vi ap dung riéng. Trong do,
thi nghiém u6n dam ban nguyét SCB (Semi-Circular Bending) v thi nghiém IDEAL
CTindex (theo ASTM D8225) dang duoc st dung rong rai khi thiét ké BTN do: két qua
thi nghiém c6 d6 chum cao, gia thanh thiét bi thi nghiém khéng cao, c6 chuan dé danh
gia “dat”, c6 trong quan chit voi hu hong nit thyc té ctia mat duong tai hién trudng.
Mot s yéu td anh huong dén kha ning chong nit moi cia BTN bao gém: ¢& hat 16n
nhat danh dinh ciia BTN, ngudn gbc cbt liéu, loai nhwa dudng, ham luong nhya. .. Hién
nay, & Viét Nam mdi chi c6 mot sb luan an tién st nghién cuu vé kha nang chéng nut
moi, nhung cac luan an déu chua nghién ctru thir nghiém bang thi nghiém udén mau
dam ban nguyét SCB va thi nghiém IDEAL CTindex. Trén co sé cac phan tich néu trén
dé tai “Nghién ciru danh hwéng ciia mot sé yéu té dén kha ning chéng nit ciia bé
tong nhua Superpave thiét ké theo nguyén Iy can bang trong diéu kién Viét Nam”
thuc su can thiét, co ¥ nghia khoa hoc va thuc tién, c6 tinh thoi su.
2. Muc dich nghién ciu
- Panh gi4 anh huong ciia mot sb yéu t6 dén kha ning chong nirt c6 xem xét dén kha
ning chéng LVBX cuia bé tong nhwa Superpave trong didu kién Viét Nam théng qua
nghién ciru 1y thuyét két hop thuc nghiém trong phong thi nghiém va mé phong phéan
tich két cAu mat dudng bang phuong phép co hoc thuc nghiém.
- Lua chon phuong phap thi nghiém danh gid kha nang chéng nut cua bé tong nhya
Superpave va phuong phap thiét ké hdn hop bé téng nhwa Superpave theo nguyén Iy
can bang phu hop véi didu kién Viét Nam.

3. Péi twong va pham vi nghién ctru
Déi tuong nghién clru cua ludn 4n 1a bé tong nhua Superpave. Pham vi nghién ctru cua
luan an bao gom nghién ctru phan tich, danh gia cac dac trung co ban ctia phuong phap



-2-
thiét ké hon hop bé tong nhya Superpave theo nguyén 1y can bang Panh gia anh huong
ctia mot sO yéu t6 dén kha ning chong nirt moi, co xem xét dén kha nang chéng LVBX
clia bé tong nhyua Superpave trong diéu kién Viét Nam bang thi nghiém SCB, thi
nghi¢m IDEAL CTindex va Hamburg Wheel Tracking. Luan an chi nghién ctru trong
phong thi nghiém va mo phong phan tich két cau mat dudng bang phuong phap co hoc
thue nghiém.
4. Y nghia khoa hgc va thye tién ciia dé tai
- Pa dé xuét lya chon phuong phap thi nghiém danh gia kha ning chong nut ciia bé
tong nhya Superpave trong dicu kién Viét Nam bang 01 trong 02 thi nghiém theo thu
tu uu tién nhu sau: (1). Thi nghiém IDEAL CTindex theo ASTM D8225 v6i ngudng
chi s6 chiu nit t6i thiéu (CTindex) 1 70. (2). Thi nghiém udén dam ban nguyét SCB
theo TCVN 11347:2021 véi ngudng chi s mém tdi thiéu (FI) 1a 8.0.
- Da dé xuat Iya chon phuong phép, nguyén tic va trinh tu thiét ké hon hop bé tong
nhya Superpave theo nguyén 1y cn bang & Viét Nam theo cach A - Thiét ké theo thé
tich Superpave va kiém tra, x4ac nhan cac dic tinh lam viéc.
- P danh gia anh huong ciia mot s6 yéu td (cd hat 16n nhat danh dinh cia BTN, ngudn
gbe cbt licu, loai nhya duong, ham lugng nhya) dén kha nang chéng nit moi va chong
1an vét banh xe ciia bé tong nhwa Superpave trong diéu kién Viét Nam.
- Pa xdy dung 12 phuong trinh hdi quy giita: chi s6 CTindex voi chi sé mém FI; chi s6
CTindex véi chiéu siu LVBX; chi s0 mém FI v6i chiéu sdu LVBX; chi sé6 mém FI, chi
s6 CTindex, chiéu sau LVBX v&i HLN cua BTN12,5 va BTN19 sir dung nhya dudng
PG64-22 va nhya duong PG64-16, chi tiét tai cac cong thirc tir (3.1) dén (3.12).
- P danh gia anh hudng cta cac thong sd dau vao dén cac trang thai giéi han khai thac
cua KCMD st dung bé tong nhyua Superpave theo phuong phap co hoc thyc nghiém.
5. N¢i dung nghién ciru
- Téng quan vé bé tong nhwa Superpave va cac yéu td anh hudng dén kha nang chéng
nt cua bé tong nhya Superpave.
- Nghién ctru Iya chon phuong phap thi nghiém danh gia kha niang chong nat cua bé
tong nhya Superpave.
- Nghién ctru thyc nghiém cac yéu t6 anh huong dén kha nang chdng nit cua bé tong
nhua Superpave theo nguyén 1y can bang.
- Nghién ctru cac yéu t6 anh huong dén dic trung khai thac cua két cdu mat dudng
bang phuong phap co hoc thuc nghiém.

CHUONG 1. TONG QUAN VE BE TONG NHU'A SUPERPAVE VA
CAC YEU TO ANH HUONG DPEN KHA NANG CHONG NUT CUA
BE TONG NHU'A SUPERPAVE

1.1. Téng quan vé bé tong nhua Superpave va phuwong phap thiét ké hén hop
Trén thé gi6i co rat nhiéu phuong phap thiét ké hon hop BTN di va dang dugc ap
dung, trong d6 02 phwong phap duoc 4p dung phd bién nhét hién nay 1a: Phuong phap
thiét ké Marshall va Phuong phap thiét ké Superpave.
Thuat ngir “bé tong nhua Superpave” duoc sir dung trong dé tai nay 1a tén rit gon cua
“bé tong nhua thiét ké theo phuong phap Superpave”.
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Truge khi phwong phap Superpave ra doi, phuong phap Marshall dugc ap dung rong
rai & Hoa Ky, nhiéu nudc trén thé g101 (chéu Au, chau A va & Viét Nam). Ton tai chi
yéu ciia phuong phap Marshall 1a: viéc ddm dim nén méau theo Marshall dugc danh gia
1a chua mo phong hét duge qué trinh lu 1én thyc té ngoai hién trudng; chua xem xét dé
khic phuc cac hu hong chi yéu ciia bé tong nhya nhu: LVBX, nut mdi va nit ¢ nhigt
d6 thap. Trinh tu thiét ké hon hop BTN Superpave theo dic tinh thé tich dugc hudéng
dan tai AASHTO M323 [29]; AASHTO R35 [34]; TCVN 12818 2019 [10].

Phuong phap thiét ké Superpave ké thira va phat trlen mot sO nodi dung cua phuong

phap thiét ké Marshall va c6 nhiing dic thi (ru diém) noi bat nhu tom tit & bang 1-3.
Béng 1-3. Tom tit, so sanh phwong phap Marshall va Superpave

Chi tiéu so sanh

Marshall

Superpave

Phwong phép dam
mau

St dung chay dim va khuén
ddm Marshall, miu dim chit
do tac dong cua xung luc, do
qud bua roi & d6 cao quy dinh
(50 cm), dan t6i dé bi v& hat
cbt ligu

Str dyng d4m xoay SGC mé phéng nhu
cich lu len BTN tai hlen truo'ng, bo
phén gia tai tlep xuc voi mau mau vira
bi tac dung cua luc thang dang, vira bi
tac dong cia md men xoin nén bi nén
chat lai

Néing luong dam
mau

75 chay x 2 mat

Pam nén miu véi 3 mirc vong ddm xoay
Nini, Ndes, Nmax va va qui dinh d¢ chat
tuong Ung clia cac mirc ddm do dé danh
gia murc d6 khoe - yéu cua cp phéi cbt
ligu

Chét lugng vat | Quy dinh chung v& céc chi tiéu | Qui dinh cdc murc chét lugng yéu cau

liéu ky thuét cho d4 dam, cat, bt | tuong L'Ing, V(:)’i muc luu luong xe
khoang (ESAL) thiet ke

Lwa chon loai | Sir dung nhua dudng phan cdp | St dung cip nhya dudng PG pha hop

nhya duong su
dung

theo d0 kim Ilan, chua c¢o
huéng dan khi nao s dung
nhya duong thong thuong va
khi nao sir dung nhya duong
polime

véi didu kién nhi¢t d6 vung khi hau va
didu chinh cip nhya dudng PG theo dic
tinh dong xe (tai trong xe, luu lugng xe,
téc d6 dong xe huu thong)

S6 lugng cép phbi
thiét ke

Khong qui dinh, thudng chi st
dung 01 cap phdi

Qui dinh cin lya chon it nhit 03 cép
phoi c6 tinh théd - min khac nhau

Két qua thiét ké

Khoéng lya chon dugc cép phéi
thd - min ¢6 tinh dinh luong

Lua chon duogc cép phéi thé - min cé
tinh dinh lugng

1.2. Phan tich thiét ké hon hop bé tong nhua Superpave theo nguyén Iy cin bang

Xu huéng thiét ké bé tong nhya Superpave hién nay tai Hoa Ky 14 thiét ké hon hop
BTN theo nguyén ly cén bang BMD (Balanced Mix Design) gitra cac ddc trung thé
tich-d¢ nhay am, kha nang chéng LVBX, va kha ning chdng nit. Hién nay, AASHTO
da phat hanh 2 tiéu chuan AASHTO PP 105-20 [32] va AASHTO MP 46-20 [31] thiét
ké hon hop BTN theo nguyén 1y can bang voi 04 cach bao gom:

- Cach A: Thiét ké theo dic tinh thé tich va kiém tra, xac nhén cac dic tinh lam viéc
(Volumetric Design with Performance Verification).

- Céch B: Thiét ké theo dac tinh thé tich va tbi wu hoa dac tinh lam vi¢c (Volumetric
Design with Performance Optimization).
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- Céch C: Thiét ké theo dic tinh lam viéc- hiéu chinh ddc tinh thé tich (Performance-
Modified Volumetric Mix Design).
- Céch D: Thiét ké theo dic tinh lam viéc (Performance Design).
1.3. Céac dang hw héng chinh ciia mat duong BTN
Céc dang hu hong mat duong BTN dién hinh phat sinh trong qua trinh khai thac dudi
tac dong cua tai trong xe va nhi¢t do moéi duoc thé gidi tong két bao gom: LVBX; nirt
moi; nirt do nhiét va pha hoai do am.
1.4. Cac dang nirt méi va phwong phap thi nghiém danh gia
C6 2 dang ntt moi phd bién la: Nut moi tir duoi 1én (Bottom-up fatigue cracking), xem
Hinh 1-10 va Nt mdi tir trén xuong (Top-down fatigue cracking), xem Hinh 1-11.

Hinh 1-11. M6 hinh mit tr dudi 1én [57] Hinh 1-12. M6 hinh nut tir trén xuéng [57]
Trén thé gioi co nhiéu phuong phap thi nghiém niit moi cia BTN nhu: Thi nghiém u6n
dam 4 diém; Thi nghiém udén dam ban nguyét SCB theo AASHTO, ASTM; Thi nghié¢m
IDEAL CTindex; Thi nghiém Texas overlay test.

1.5. Nghién ciru cic yéu t6 anh hwéng dén kha ning chong nit ciia bé tong nhwa
Superpave trén thé gi6i
Theo nghién ciru [57] cia Hoa Ky: Cac yéu té lién quan dén BTN c6 anh huong dén
LVBX, nut moi va pha hoai do am ctia BTN dugc tom tit tai Bang 1-4.

Béng 1-4. Céc yéu t6 anh hudng dén LVBX, ntrt méi va pha hoai do 4m ctia BTN [57]

Nhén t6 anh Chi tiéu Kha niing | Kha niing | D) bén/
hudéng chéng chéng nut | kha ning
LVBX méi khang 4m
Nhua dudng Téng c:flp nhiét do cao cuia nhya duong PG "
(nhya dudng Tang d6 cung (Stiffness) clia nhua duong 1
PG) PG tai nhiét d¢ trung binh (*)
Tang d¢ goc canh cla cbt lidu "
Cét licu Tang kich ¢6 hat 16n nhat danh dinh ! A
Téang ham lugng bot khoang va/hodc tang ty M 1
1¢ bot khoang/ nhya duong
Hén hop Tang mirc dAm nén khi thiét ké hdn hop "
BTN (dic |Tang do rong BTN khi thiét ké M
tinh thé tich [ = — 7 ————————
Téang do rong cot liéu/hoac tang ham luon,
ciia BTN) & 0 Onis col itode Tne e i

nhuya thiét ké

1.6. Céc nghién ciru trong va ngoai nuwéc vé bé tong nhua Superpave va phwong
phap danh gia kha ning chong nut cia bé tong nhua
1.6.1. CAc nghién ctru trén thé giéi
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Nghién ciru [57] da chi ra cac yéu té chu yéu anh huéng dén kha ning chéng nirt moi
bao gom: cdt lidu (d6 goc canh, ¢& hat 16n nhat danh dinh, ti 1¢ D/B), loai nhya duong
st dyng, ham lugng nhya thiét ké.

Nghién ctru [59] da chi ra khi thiét ké BTN theo Superpave, ngoai danh gia do nhay am
thi can danh gi kha nang chéng LVBX va niit moi (Thi nghiém uén dam 4 diém; Thi
nghiém Ovelay test; Thi nghiém u6n dam ban nguyét SCB va thi nghiém kéo nén).
Nghién ctru [58] cho thiy thi nghiém udén dam 4 diém cha yéu duoc dung dé nghién
ctru vi két qua thi nghiém phan tan, chwa c6 chuan danh gia khi nao dugc coi 1a “dat”
dé thiét ké thanh phan hon hop BTN.

Bang Illinois di d4u trong nghién ctru s dung thi nghiém SCB dénh gi4 kha ning
chéng niit cia BTN ¢6 sir dung hdn hop tai ché RAP, RAS [51, 54]. P nghién ctru
danh gia twong quan giira thi nghiém SCB trong phong va sy hinh thanh phat trién vét
nut ¢ hién truong [47, 48]. Da s dung thi nghiém trong phong dé dy bao nit cua 16p
BTN hién truong [55]. P4 d& xuit tiéu chudn thi nghiém [53] va gidi han chi sé6 mém
FI 16n hon 8. Tir cac két qua nghién ctru di bién soan AASHTO TP124-18 [41].

Nghién ctru [58], [61] da dénh gid d6 nhay cua cac phuong phap thi nghiém SCB véi
céc loai BTN (sir dung cac loai cbt lidu, loai nhwa duong va ham luong nhua khac
nhau), d4nh gia twong quan véi hu hong nut thyc té tai hién truong.

Nghién ctru [60] cho thay thi nghiém SCB theo ASTM D8044 chua phan anh duoc
diéu kién nit thyc té cia mat duong. Thi nghiém SCB theo AASHTO TP124 co ban
danh gia ding diéu kién khai thac thuc té, gia tri FI cang nho thi cang c6 nguy co nit
cao. Két qua thi nghiém SCB theo AASHTO TP124, IDEAL-CT c6 d6 chum cao, co6
chuan danh gia “dat”, c6 twong quan chit voi nhau, nhay voi cac loai BTN, cac loai
nhya duong khac nhau.

Nghién ctru [49], [62] d4 cho thdy: Thi nghiém IDEAL-CTindex c6 cac wu diém l1a don
gian, thoi gian thi nghiém nhanh, hé sb bién thién COV nho, nhay voi céc loai BTN (str
dung cac loai cbt liéu, loai nhua va ham Iuwgng nhya khac nhau, ¢6 twong quan hu hong
nit moi thue té tai hién truong. Két qua thi nghiém tinh toan dugc chi s6 CTindex, chi
sd nay cang 16n thi BTN c¢6 kha ning chdng nirt cang cao. Hién nay, bang Virginia dwa
ra yéu cau gi tri CTindex 16n hon 70.

1.6.2. Cac nghién ciru ¢ Viét Nam

Viét Nam van dang str dung phuong phap thiét ké hdn hop BTN theo Marshall. Phuong
phap thiét ké BTN theo Superpave chua duoc ap dung tai nude ta, tuy nhién da cé
nhig nghién ctru bude dau nhu [17], [19], [20], [25].

Da c6 mot s6 luan an tién sy lién quan dén LVBX va nat moi nhu: Bui Ngoc Hung
(2016) [18]; Tran Thién Luu (2015) [24]; Vii Phuong Thao (2015) [26]. Nhin chung
cac Luan an nay deu nghién ctru thtr nghlem v6i BTN thiét ké theo Marshall va déu sir
dung thi nghiém udn dam 4 diém dé danh gia kha nang chéng nit moi cia BTN. Chua
¢6 luan 4n nao nghién ctru thir nghiém danh gia kha ning chdng nit moi bang thi
nghiém uén mau dim ban nguyét SCB va thi nghiém kéo gian tiép IDEAL CTindex.
Di co mot sb nghién ciru bude dau vé thi nghiém udn dim ban nguyét SCB dé danh gia
kha ning chéng niit cia BTN & Viét Nam nhu: Nguyén Ngoc Lan (2018) [21, 22], La
Vin Cham (2019) [16]. Cac nghién ctru ndy chua thir nghiém voi cac mau BTN thiét
ké theo Superpave va chua thi nghiém kéo gian tiép IDEAL CTindex.
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D3 ban hanh TCVN 12818:2019 [15], TCVN nay chi bao gdm thiét ké bé tong nhua
Superpave theo cic dic tinh thé tich va danh gid do nhay am ciia hdn hgp BTN ma
chua ¢6 cac chi tiéu danh gia kha niang chéng LVBX va chong nirt moi.
Da ban hanh mot s6 TCVN vé danh gia cac ddc tinh co hoc cua BTN.
1.7. Xéc dinh vin dé nghién ctru ciia ludn 4n
Hién nay, thiét ké hon hop BTN theo Marshall tai Viét Nam mdc du da xem x¢ét giai
quyét van d& chong LVBX, tuy nhién chua xem xét giai quyét trigt dé nit moi, ma day
1a mot trong hai nguyén nhén chinh gy hu hong mét duong. Trong khi do, thiét ké
BTN theo Superpave di giai quyét van dé lién quan dén Iya chon vat liéu BTN (nhya
duong PG, cat, da, bot khoang) phu hop véi dac tinh dong xe (luu luong xe, toc do xe
lru thong), nham gidm thiéu cdc hu hong miat duong nhu LVBX, ntt moi trong qua
trinh khai thac. Xu huéng thiét ké bé tong nhua Superpave hién nay tai Hoa Ky 1a thiét
ké theo nguyén ly can bang BMD giita cac dic trung thé tich-do nhay 4m, LVBX, va
nut moi. Vi vy can phai nghién ctru lya chon phuong phap thiét ké hon hgp BTN phu
hop véi diéu kién Viét Nam dé dam bao dong thoi kha nang chéng LVBX va nirt moi.
Vé phuong phap thi nghiém danh gia kha nang chéng nit moi: Trén thé gioi co nhiéu
mo hinh thi nghiém, nhleu phuong phép thi nghiém danh gia kha nang chdng nirt moi
cia BTN, tuy nhién mdi phuong phap déu c6 uu, nhuoc diém va pham vi 4p dung
riéng. Vi vay viéc nghién cuu, lya chon phuong phap thi nghiém danh gia kha nang
chdng nit moi cia BTN phu hop véi diéu kién Viét Nam 1a van dé rat can thiét.
Mot s yéu td anh huong dén kha nang chdng nit méi ciia BTN bao gém: ¢& hat 10‘n
nhat danh dinh cua BTN, ngudn goc cot lidu, loai nhya duong, ham lugng nhya. .
vay can nghién ctru thyc nghiém trong phong dé danh gid anh hudng cua cac yeu to
nay dén kha ning chdng nut ciia bé tong nhya Superpave thiét ké theo nguyén 1y can
bang trong diéu kién Viét Nam.
Qua phan tich trén, dé tai nghién ctru tap trung vao cac van dé chu yéu sau day:
- Nghién ciru, phan tich nhiig dic thu cia phuong phap thiét ké hdn hop BTN theo
Superpave so véi phuong phép thiét ké hdn hgp BTN theo Marshall.
- Nghién ciru, phan tich cac yéu to anh huéng dén kha ning chdng nit ciia bé tong
nhya Superpave.
- Nghién ctru, phén tich va lya chon phuong phép thi nghiém va chuan danh gia kha
ning chong nirt méi ciia BTN chit phii hop véi diéu kién Viét Nam.
- Nghién ctru, phan tich va Iya chon phuong phap thiét k& hdn hop bé tong nhya
Superpave theo nguyén 1y can bang phi hop voi diéu kién Viét Nam.
- Nghién ctru thyc nghiém trong phong dé danh gia anh hudng cia mot s6 yéu tb (c&
hat 16n nhat danh dinh cua BTN, ngudn gbc cot liéu, loai nhwa duong, ham lugng
nhya) dén kha nang chong nit moi co xem xét dén kha niang chong LVBX cuia bé tong
nhua Superpave trong diéu kién Viét Nam dé dua ra cac khuyén nghi lién quan.
- Nghién ciru, phan tich anh huéng ciia mét s6 yéu td dén dic trung khai thac cua két
cAu mit dudng bang phuong phép co hoc thuc nghiém.
1.8.3. Phwong phap nghién ciru
Ludn 4n sir dung phwong phap nghién ctru 1y thuyét két hop véi nghién ctru thuc
nghiém.
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CHUONG 2. NGHIEN CUU LUA CHON PHUONG PHAP THi NGHIEM
PANH GIA KHA NANG CHONG NUT CUA BE TONG NHU'A SUPERPAVE
Chuong 2 tap trung nghién ciru, phan tich, Iya chon phuong phap thi nghiém va chuan
danh gia kha niang chong nut cia bé tong nhya Superpave, dong thoi phan tich, lya
chon phuong phap thiét ké hdn hgp bé tong nhya Superpave theo nguyén 1y can bang

phu hop véi diéu kién Viét Nam.

2.1. Nghién ciru lya chon phwong phép thiét ké hén hgp bé tong nhwa Superpave
theo nguyén ly can bang BMD & Viét Nam

Tai Hoa Ky, dén thang
8/2021 c6 7 bang thuc hién

$
cach A, 3 bang thuc hién ﬂf‘ WiCachA
cach C, 2 bang thuc hién n U & \ B Cich A& D
cach D, 1 bang thuc hién o ® Cich C
dong thdi cach A va D, 13 &ﬂw B CichD
bang dang nghién ctu thuc . cB;;n%h x‘;rgr:;:n

hién, 24 bang chua c6 thong

tin vé BMD (Hinh 2-1). Hinh 2-1. Tinh hinh nghién ciru 4p dung BMD & Hoa Ky
Véi 13 bang dang nghién ctru thyc hién thiét ké hdn hop BTN theo BMD thi déu thiét
ké hén hop BTN theo dac tinh thé tich sau d6 danh gia cac dic tinh lam vi¢c. Cac bang
déu déanh gia kha ning chéng LVBX béng thi nghiém HWTT hodc APA. Dénh gia kha
nang chéng am b?mg thi nghi¢ém HWTT hodc TSR. Mot sb bang da danh gia kha nang
chdng nut. Cac bang nay déu dinh hudéng ap dung thiét ké can bang theo cach A.

Cho dén nay Uc van str dung phuong phép thiét ké theo dic tinh thé tich ¢ kiém tra
cac didc tinh lam viéc cia BTN, day chinh 1a cach A nhung chua duge xép vao dinh
nghia rd rang [50]. Cac nudc khac ciing bat ddu nghién ctru 4p dung BMD & cac mirc
d6 va cach tiép can phu hop. Tuy nhién lich sir thiét ké hdn hgp BTN céc nude cling da
bod sung cac thi nghiém dac tinh lam viéc ngoai cac dic tinh thé tich. Cach tiép can nay
gidng vai cach A voi cac thi nghiém dic tinh lam viéc ddc thu cia timg nudc.

Piéu kién khi hau Viét Nam vé6i nhiét d6 cao, mua noéng kéo dai, mua nhiéu, d6 4m cao
nén can tap trung nghién ctru phuong phap thiét ké hon hop BTN phu hop. Phéa hoai
phd bién nhat cho cac 16p mat duong BTN ¢ Viét Nam van 1a LVBX. Nhiéu dy an
trong thoi gian qua da khic phuc duoc hién twong LVBX nhung tai mét s6 du an lai bét
dau xuét hién hién tuong nut, vo 16p BTN bé mit 1am cho nudc mua thAim xuéng cac
16p vat liéu phia duéi 1am pha hoai két cAu mat duong. Do mua nhiéu, d6 4m cao, dinh
bam d4 nhya kém nén mot sb du an ciing bi pha hoai do d6 4m bong tach mang nhya.
Thiét ké hdn hop BTN theo nguyén 1y can bang la phuong phap mdi, ngay ca mot s6
bang cua Hoa Ky ciing dang nghién ctru ap dung. Da s6 cac bang ciing déu ap dung
cach A. Cach A 1a cach tiép can than trong nhét va c6 tiém nang d6i méi thap nhat.

Viét Nam ciing di quen véi thiét ké hdn hop dé xac dinh ham lwong nhua téi wu theo
cac dic tinh thé tich va kiém tra kha ning chong LVBX. Thiét ké hdn hop BTN hién
nay ¢ Viét Nam cling dang xu hudng theo cach A gidng nhu dbi voi cac nude khac.
Céch nay tuy c6 tiém niang doi méi thap nhat nhung khong lam xdo tron quy trinh thiét
ké, thi cong va nghiém thu di duogc bién soan chi tiét, cap nhat kinh nghiém qua nhiéu
nam va duoc thuc té sit dung hi¢u qua, dam bao kinh té, k¥ thuat.
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Trong didu kién Viét Nam, dé xuit lwa chon cach A khi thiét k& hdn hop bé tong nhya
Superpave theo nguyén 1y can bang: “Thiét ké theo thé tich va kiém tra, xac nhdn céac
déc tinh lam viéc (Volumetric Design with Performance Verification)” véi trinh tu:

- Bude 1: Thiét ke hén hop bé tong nhua Superpave theo déc tinh thé tich dé xac dinh
ham lugng nhya t6i wu dap (mg tat ca cac yéu cau vé thé tich quy dinh.

- Budc 2: DPanh gia kha nang chéng LVBX, néu hdn hop thiét ké khong dat thi lai thiét
ké lai bang cach sir dung cac vat liéu khéc (ct lidu, chat két dinh nhya dudng, vat liu
tai ché va phu gia) hodc tron theo ty 1¢ khac cho dén khi dat yéu cau;

- Budc 3: Panh gia kha nang chong nit, néu hdn hop thiét ké khong dat thi lai thiét ké
lai bang cach str dung cac vat liéu khac (cdt liéu, chat két dinh nhya dudng, vt liéu tai
ché va phu gia) hodac tron theo ty 1€ khac cho dén khi dat yéu cau;

- Bu6c 4: Panh gia kha ning khang am: Sau khi vuot qua cac thir nghiém LVBX va
ntt, hdn hop thiét ké sau 6 dugc danh gia voi thir nghiém hu hong do am. Néu thiét ké
dam bao ti€u chi kha ning khang 4m thi chap nhan cong thirc cho san xuit. Néu khong,
can phai thém cac phu gia ting cuong dinh bam da nhya, chong bong tach hoac voi
thuy hoa va hdn hop duoc dénh gié lai cho dén khi dat yéu cau.

2.2. Nghién ctru lya chon cic phwong phap thi nghi¢m danh gia kha ning chong
nirt ctia bé tong nhwa Superpave ¢ Viét Nam

2.2.1. Phwong phap thi nghiém uon dam 4 diém
Tiéu chuan thi nghiém: AASHTO T321, ASTM
D7460, EN 12697-26D, TCVN12579-2019.

Thiét bi: Sir dung thiét bi uén dam 4 diém (Hinh 2-3).
Gia thiét bi cao, khoang trén 100000 USD.

Két qua thi nghiém rat phan tan COV> 50% [58]. — T
Danh gia: Kém, chi dung dé nghién ctru. Hinh 2- 3. Thiét bi thi nghlem

ubn dam 4 diém
2.2.2. Phwong phép thi nghiém uén dim ban nguyét SCB theo AASHTO
Tiéu chuan thi nghiém: AASHTO TP124-
18, AASHTO T393, TCVN 13347:2021.
Thiét bi: St dung thiét bj Marshall c6 gn
bo LVDT tu dong ghi va v€ bicu do luc va
chuyén vi (Hinh 2-4).
Diéu ki¢n thi nghi¢ém: Mau dugc 1 & nhiét K "maitom
do 25°C trong 2 gid. Thi nghiém & 25°C.  Hinh 2-4. Thi€t bi thi nghi¢m uon dam
Téc d6 gia tai khong d6i 50 mm/ phit. ban nguyét SCB theo AASHTO
Mau thi nghiém: Can 4 miu ban nguyét SCB duoc cit tir mau ~hinh tru duong kinh
150mm, day 50mm, x& ranh 15mm va chiéu rong < 2,25 mm, do rong du (7+1)%.
Két qua thi nghiém tuong d6i chum COV<20% [60].
Két qua, ngudng gidi han: Chi s6 mém FI (Flexibility Index). FI cang 16n thi BTN ¢6
kha nang chong niit cang cao; bang Illinois qui dinh ngudng gidi han FI1> 8.
Xéc nhan phi hop t6t voi nut thyc té & bang Illinois, FHWA, ALF.
Panh gia: Tdt, dé sir dung ¢ Viét Nam dé thiét ké hon hop, kiém soat chat lwong BTN.
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2.2.3. Phuong phap thi nghiém IDEAL CTindex
Tiéu chuén thi nghiém: ASTM D8225-19
Thiét bi: Str dung thiét bi Marshall c6 gan
bo LYDT tu dong ghi va vé bicu do lyc va
chuyén vi (Hinh 2-5).
Mau thi nghiém: duong kinh 150 mm, chiéu
cao 62mm, d6 réng du (7+0,5)%. i ’
Diéu kién thi nghiém: Mau duoc u ¢ didu Hinh 2-5. Thiét bi th1 nghlem
kién nhiét d6 25°C trong 2 gio. Thi nghiém IDEAL CTindex
& 25°C. Toe do gia tai 50 mm/ phut.
Két qua, ngudng giéi han: Chi sé CTindex, Cdeex cang 16n thi BTN c6 kha nang
chéng niit cang cao, bang Virginia dwa ra yéu ciu CTindex 16n hon 70.
Mirc d6 phan tan: Két qua thi nghiém tuong ddi chum COV<20% [60].
Xac nhan pht hop t6t v6i rat nhiéu hién truong danh gia nit thyc té cia Cuc dudng b
lién bang Hoa Ky, chuong trinh theo d&i dai han LTPP.
Panh gia: Tot, dé sir dung ¢ Viét Nam dé thiét ké hon hop, kiém soat chat lwgng BTN.
2.2.4. Phwong phap thi nghiém udén dam ban nguyet SCB theo ASTM
Tiéu chuén thi nghiém: ASTM D8044-16. *
Thiét bi: may nén c6 thé gia tai VOi tqc do
O,Smm/phﬁt, tu dong ghi va v€ bicu do luc
va chuyén vi (Hinh 2-6).
Mﬁy thi nghiém: 4 miu ban nguyét véi 3
chicu sau xé khe (25,4 mm, 31,8 mm va
38,0 mm) cat dbi tir mau D150mm.

00 y ; 2 .
006K0 20601 40RO 60E0Y 0RO 10843
Chuyén vj
—25mm —2mm —38mm

Hinh 2-6. Thiét bi thi nghiém ubn dim ban
nguyét SCB theo ASTM

Khong phan dnh dting dién bién nirt thyc té tai hién truong thir nghiém.

Panh gia: Kha, c6 thé str dung dé thiét ké hdn hop, kiém soat chat lugng BTN.
2.2.5. Phuong phap thi nghiém Texas overlay test

Tiéu chuén thi nghiém: Texas Tex-248-F
Thiét bi: Sir dung thiét bi chuyén dung
AMPT. Cong tac cat mau va dinh mau vao
khuon ciling kho khan (Hinh 2-7). Gia thiet
bi cao, k~h0éng 46000 USD. Gia by dung
cu cat mau khoang 7000 USD.

Mirc @6 phén tan: Két qua thi nghiém twong dbi phan tan COV tir 30% dén 50% [58].
Panh gia: Kém, chi dung dé nghién ciru, khong thich hop véi thiét ké hdn hop, khong
thich hop véi cac phong thi nghiém hién truong.

2.2.6. Phén tich lya chon phwong phép thi nghiém danh gia kha ning chéng mit
cua bé tong nhua Superpave & Viét Nam

Béng 2-4 so sanh cac phuong phap danh gia kha ning chong nirt ciia BTN [58, 60].

Hinh 2-7. Thiét bj thi nghi¢m Texas overlay test
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Béng 2-4. So sanh cac théng sb chu yél} cta cac phuong phap thi nghiém danh gia kha nang
chong nut cuia BTN

Phuone pha b§ phin tin Gia Cé chudn | Twong quan véi
thi n i?émp cua két qua thanh Miic d phire tap danh gia hw hong nirt
ghie thi nghiém thiét bi “dat” hién truong
Ubn dam 4 o >100000 | Rét phirc tap, thoi gian ) £
diém COV=30% | ysp thi nghiém dai Chua ¢ ot
Ubn dim ban o ,
nguyét SCB COV<20% %28080 D““ngglﬁ?énzhgfl e hi | prsg Tét
theo AASHTO j
DPon gian, thoi gian thi .
IDEAL <10000 S CTindex > <
. COV<20% nghiém nhanh, khong - Tot
CTindex USD phai cit xé miu 70
Ubn dam bin 33000 | Khéphictapdophdi |y . 5 ,
nguyét SCB COV<20% UsD cat x¢ mau voi 3 chiéu 0,6) kJ/m’ Kém
theo ASTM sau khac nhau ’
Texas overlay COV tur 30% ~53000 Ao . «
test - 50% UsD Rat phure tap Co Tot

Dinh hudng tai Viét Nam la lua chon phuong phép thi nghiém c6 d¢ chum cao, mure do
phan tan cia két qua thi nghiém thip, gia thanh thiét bi thap, co chuan dé danh gia
“dat”, don gian, dé st dung, danh gia duoc do nhay cua cac thong sb dau vao, phu hop
v6i diéu kién khai thac. Vi vy dé xuat lya chon 02 thi nghiém dénh gia kha ning
chéng niit ctia bé tong nhya trong diéu kién Viét Nam theo thir ty wu tién nhur sau:

(1). Thi nghiém IDEAL CTindex (theo ASTM D8225) v6i ngudng chi s6 chiu nut tdi
thiéu (CTingey) 14 70 dé chip nhan cac hdn hop BTN (theo quy dinh cta bang Virginia).
(2). Thi nghiém udén dim ban nguyét SCB (theo AASHTO T393, TCVN 13347:2021)
v6i ngudng chi s6 mém tdi thiéu (FI) 1a 8.0 dé chap nhan hdn hgp BTN (theo quy dinh
cua bang Illinois).

2.3. Phin tich, lya chon phwong phap thi nghiém d4nh gia kha ning chong lin vét
banh xe phit hop véi diéu kién Vigt Nam

Mot s6 phuong phap thi nghiém LVBX c6 thé ké dén nhu: Thi nghiém APA (Asphalt
Pavement Analyzer); Thi nghiém chi s6 chay (Flow Number Test); Thi nghiém
Hamburg Wheel-Tracking; Thi nghiém cat Superpave (Superpave Shear Tester).
Phuong phap thi nghiém Hamburg Wheel-Tracking
Tiéu chudn thi nghiém: AASHTO T 324-19; Quyét
dinh 1617/Qb-BGTVT.

Thiét bi: Sir dung thiét bi Hamburg Wheel-
Tracking Device (Hinh 2-10).

Mau thi nghiém: hinh try tron c¢6 D>150mm hoic
mau dang tim 320x260x(38+100) mm. MAu ché bj
trong phong hodc khoan/cét tai hién truong.

Hinh 2-10. Thiét b thi nghiém

Hamburg Wheel-Tracking
Diéu kién thi nghiém: Mau duoc hoa gia trong 4 gio tai 135°C trude khi dim. Miu
dugc ngadm nudce trong 45 phut tai nhiét do thi nghiém. Thi nghiém trong méi truong
ngdm nude ¢ nhiét d6 40-56°C.




-11 -
Két qua, ngudng gidi han: Chiéu siu ﬂ
LVBX, diém bong troc mang nhya. Tai

Hoa Ky, da sd cac bang déu quy dinh “‘% | > L
chiéu sdu LVBX tdi da 1 12,5mm sau tir ‘
10000-20000 luot tac dung tai tuy thudc —u'

cap nhya duong PG. Viét Nam, ciing quy
dinh t0i da 12,5mm sau 15000 lan tic
dung tai v6i BTN st dung nhya duong  Hinh 2-12. Ban dd cac Bang lya chon thi
thong thuong va sau 40000 lan tac dung  nghiém danh gia kha ning chong LVBX
tai véi BTN st dung nhya duong polime.

Nhu di phéan tich & trén nhan thdy mic du trén thé gidi co rat nhidu phuong phép thi
nghiém dé d4nh gia kha niang chéng LVBX cho BTN, tuy nhién phwong phap Hamburg
Wheel Tracking c6 gia thanh thiét bi khong cao, thao tac thi nghiém khong phirc tap, co
chuan danh gia “dat” nén di dugc nhiéu bang cua Hoa Ky (xem Hinh 2-12), nhiéu
nu6c chau Au str dung dé danh gia kha nang chéng LVBX khi thiét ké BTN. Hién nay,
Viét Nam ciing sir dung phuwong phap nay dé danh gia LVBX cho BTN theo Quyét
dinh s6 1617/QD-BGTVT [3], do vay dé xuat: Str dung phuong phap Hamburg Wheel
Tracking theo Quyét dinh s6 1617/QD-BGTVT dé danh gia kha ning chong LVBX khi
thiét ké hon hop bé tong nhya Superpave theo nguyén 1y can bang tai Viét Nam.

2.4. Phin tich, lya chon phwong phap thi nghi¢m dinh gii khi ning khing dm
phut hop véi diéu kién Vit Nam

C6 nhiéu thi nghiém danh gia d6 nhay 4m ctia BTN dugc ban hanh trén thé giéi nhur:

1. Thi nghi¢m Hamburg Wheel-Tracking theo AASHTO T324.

2. Thi nghiém cuong d¢ kéo gian tiép (TSR) theo AASHTO T283.

3. Thi nghiém tmg suat do d 4m theo ASTM D7870/D7870M.

Phuong phép thi nghiém LVBX bang thiét bi Hamburg Wheel Tracking theo AASHTO
T324, két qua thi nghiém xac dinh dugc diém bong mang nhya. Tuy nhién thuc té két
qua trong cac phong thi nghiém cho thdy hau nhu khéng xac dinh dugc diém bong
mang nhua, hodc néu xac dinh duoc thi s6 chu ky tic dung tai rat 1on. Tir d6 néu dé xac
dinh duoc diém bong mang nhya thi chi phi thi nghiém kha 1on.

Thi nghiém tmg suat do @6 am theo ASTM D7870/D7870M lai chua c6 chuan danh gia
“dat” dé str dung khi thiét ké hon hop BTN.

Thi nghiém cudng do kéo gian tiép (TSR) theo AASHTO T283 ding dé du doan do
nhay 4m cua BTN, kha nang lién két giita c6t lidu va nhya duong trong hon hop bé
tong nhya trong thoi gian str dung, danh gia hiéu qua ciia chat phu gia tang dinh bam s
dung trong bé tong nhya (néu co).

Pa s6 cac bang ciia Hoa Ky Iya chon thi nghiém TSR theo AASHTO T 283 dé danh
gi4 kha nang khang am (Hinh 2-13) véi ngudng gidi han chi s6 TSR thong thudng toi
thiéu 1a 80%. Thiét ké BTN theo Superpave theo AASHTO M323, AASHTO R35 va
TCVN 12818:2019 ciing sir dung AASHTO T283 dé danh gia do nhay 4m cua BTN
v6i ngudng gidi han chi sé TSR téi thiéu 1a 80%

L




Mit khac, Viét Nam da bién soan va
ban hanh TCVN 12914:2020 [11]
trén co s& tham khiao AASHTO
T283. Do vay, dé xuit su dung st
dung TCVN 12914:2020 (AASHTO
T283) dé danh gia dé danh gia kha
ning khang am khi thiét ké hon hop
bé tong nhya Superpave theo nguyén . )
Iy can bang tai Viét Nam véi ngudng ;1513 Ban ¢ céc Bang lya chon thi nghiém
gidi han TSR t6i thiéu 1a 80%. danh gia kha nang khang im [61]

2.5. Két luan chwong 2

1. P d& xuét lya chon phuong phéap, nguyén tic va trinh ty thiét ké hon hop bé tong
nhua Superpave theo nguyén 1y can bang & Viét Nam theo cach A - Thiét ké theo thé
tich Superpave va kiém tra, x4ac nhan cac dic tinh lam viéc.

2. Pa dé xuit Iya chon cic phuwong phép thi nghiém va chuén danh gia danh gia kha
ning chong niit cua bé tong nhwa Superpave ¢ Viét Nam bang 01 trong 02 thi nghiém
theo thir ty vu tién nhu sau: (1). Thi nghiém IDEAL CTindex (theo ASTM D8225) véi
ngudng chi s6 chiu nut tdi thiéu (CTindex) 14 70 dé chap nhan hén hgp BTN. (2). Thi
nghiém udn dam ban nguyét SCB (theo AASHTO T393, TCVN 13347:2021) véi
ngudng chi s6 mém t6i thiéu (FI) 1a 8.0 & chap nhan hdn hop BTN.

3. Pa phén tich dé xuét lya chon phuong phép thi nghiém danh gia kha niang chéng
LVBX theo phuong phiap Hamburg Wheel Tracking theo Quyét dinh s6 1617/QD-
BGTVT va phuong phap thi nghiém danh gid d6 nhay am theo TCVN 12914:2020
(AASHTO T283) v6i ngudng gidi han TSR téi thiéu 1a 80%.

CHUONG 3. NGHIEN CUU THUC NGHIEM CAC YEU TO ANH HUONG
PEN KHA NANG CHONG NUT CUA BE TONG NHUA SUPERPAVE THEO
NGUYEN LY CAN BANG

3.1. Muyc tiéu, ngi dung nghién ciru thue e —
nghiém, thiét ké thi nghiém va trinh ty
phan tich thong ké xir Iy s6 ligu
3.1.1. Muc tiéu
Muyc ti€u nghién ctu thyc nghiém trong
phong gom la: danh gia anh huong cia mot s6
yéu t6 (c& hat 16n nhat danh dinh, nguon gbc
¢cdt liéu, loai nhua duong va ham lugng nhya)
dén kha ning chéng ntt moi va chéng LVBX
ciia bé tong nhua Superpave thiét ké theo
nguyén 1y can bang trong diéu kién Viét Nam.

Do milu, thi nghiém LVBX

So do trinh ty thi nghiém trong phong nhu . —
Hinh 3-1.

Hinh 3-1. So d6 nghién ctru thi nghiém
trong phong
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3.1.2. Thiét ké thi nghi¢m va trinh tu phan tich .
thong ké xir 1y s6 liu .
Thiét ké thyc nghiém DOE. Nghién ciru thiét ké thi

nghiém tong quat sir dung phan mém Minitab & d6 tin

cay 95%, muc y nghia a=5%. Phan tich phuong sai .
ANOVA. Phan tich hiu dinh Tukey. el

03 o4 o5 o6 o7
Maximurn Difference.

Véi sb 1an lap 1a 4 maw/ t6 mau, kiém tra xac dinh " o
dugc mirc do phat hién sai khac 0,64 d léch chuan  Hinh 3-2. Kiém tra s0 mau
véi a=0,05 va 6 manh Power=0,8 nhu ¢ Hinh 3-2. khi phan tich thong ké
3.1.3. Lwa chon vit li¢u diu vao

- V& ¢& hat 16n nhat danh dinh: Lya chon 2 ¢&1a 12,5mm va 19mm.

- Vé nhua duong: Lua chon 3 loai nhya duong khac nhau. Viét Nam van dang st dung
nhya dudng phan cap theo do kim lun ma chua ¢6 nhya dudong PG, do vay dé xuat st
dung nhya duodng 60/70; 40/50; nhua dwong polime PMBLIII (1a nhiing loai nhya dang
dugc sir dung phd bién tai cac dy an) trén co so thi nghlem theo PG dé tim ra cac cip
nhya twong tuong véi cip nhya PG ap dung cho thiét ké hdn hgp BTN theo Superpave.
-Veé ng,mén géc vat liéu: lya chon 2 loai da 1a da voi tai mo Transmeco — Ha Nam va da
bazan tai mo Phi Méan - Ha Noi.

- V& ham lugng nhya: Lya chon 3 ham luong nhya khac nhau véi mdi loai BTN (Ham
luong du kién thiét ké Py; ham lugng nhya Py,-0,5% va ham lugng nhya P,+0,5%).
3.1.4. Thiét ké thyc nghi¢m xic dinh s6 lwgng miu thi nghi¢m

Béng 3-1. S6 mau thi nghiém chidu siu LVBX  Béng 3-2. S6 mau thi nghiém chi s6 mém FI

Loai BTN12,5 BTN19 Loai BTN12,5 BTN19

nh?'a/ Pa voi Pa bazan Pa voi Pa bazan “h‘l'lva/ Pa voi P4 bazan Pa voi P4 bazan
Ham Ham

w05 % 05 [ 05| ™ [0 03] " |05 |05 | ™ |05| | e 05| ™| 05| 05| P 05| 05| |05 05| P |05
60/70 1 1 1 1 1 1 1 1 1 1 1 1 60/70 4| 4 4 4 4 4 4 4 4 4 4 4
40/50 1 1 1 1 1 1 1 1 1 1 1 1 40/50 414 4 4 4 4 4 4 4 4 4 4
PMB.IIL | 1 1 1 1 1 1 1 1 1 1 1 1 PMBIIL | 4 | 4 4 4 4 4 4 4 4 4 4 4

Téng 36 Tong 144

Bang 3-3. S6 mAu thi nghi¢m chi s6 CTindex  Sit dung phan mém MINITAB thiét ké thi
Logi BINI25 BIN19 nghiém tong quat (General full factorial
ubua/ [ pg i i bazan i voi i bazan . e X X .
B T A ™ design) xéc dinh dugc so luong mau thi
nhya 05| ™| 05|05 | * Josfos| ™ os|os| ™ |0s| nghiém LVBX nhu trong Bang 3-1, thi

o7 j4qel 44y ls st sel8 414 nghiém chi s6 mém FI nhu Bang 3-2 va
2050 | 4 | 4| 4 | 4| a|a|a|ala]a]ala

w4 |44 |4 {44 e« a2 chisdCTindex nhu Bang 3-3.
Téng 144
3.2. Thi nghiém cac chi tiéu co ly cua vat li€u

Céc chi tiéu co 1y cta cbt lidu tho, cbt liéu min, bot khoang va nhya dudong thoa mén
theo quy dinh. Nhya duong 60/70 dat cap PG64-22; nhya duong 40/50 dat cap PG64-
16 va nhya dudng polymer PMB.III dat cap PG82-22.

3.3. Thiét ké fh&‘lnh'ph?m hén hop bé tong nhya Superpave theo diic tinh thé tich
dé lua chon cap phoi tho - min

Cép phdi BTN12,5 va BTN19 dugc thiét ké v6i 03 loai cap phéi (cip phdi vira, cap
phoi tho va cap phoi min) theo TCVN 12818:2019 [10], (xem Hinh 3-3, Hinh 3-4):

IS
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Phin trim lot sing
&

Hinh 3-3. Thanh phan hat ciia 03 cAp phéi BTN12,5
Bang 3-8. Két qua thi nghiém cac dic tinh thé tich
BTN str dung nhya PG64-22

BTNI2,5- BTN19-
nhya PG64-22 nhya PG64-22
TT Tén chi tiéu (chp phéi vira) (chp phéiviray | YCKT
Di voi | Dd bazan | Da véi | D bazan

1 | Ham lugng nhya, % 5,10 5,10 4,90 4,90

2 | Pg réng du Va, % 4,00 4,05 3,98 3,95 4

3 | Pg réng cdt lidu, VMA, % 15,05 | 14,59 15,1 1465 | =14
4 [ Do rdng lép day nhua, VFA, % | 73,45 72,22 73,9 73,15 65-75
5 | TyséD/B 1,08 115 1,07 113 | 08-1,6
6 | Ty sé TSR 0,90 0,88 0,90 0.88 >0.8

Béng 3-10. Két qua thi nghiém céc dic tinh thé
tich BTN st dung nhya PG82-22

BTNI2,5- BTN19-
nhya PG82-22 nhya PG82-22
TT Tén chi tiéu (chp phi tho) (chp phéi thi) | YCKT
D voi | Dé bazan | Da voi | Di bazan
1 | Ham luong nhya, % 5,10 515 4,90 4,90
2 | Pg rong du Va, % 3,99 4,05 4,04 4,05 4
3 | D6 rong cbt ligu, VMA, % 14,86 14,25 14.21 14,05 >14
4 | Do réng lap diy nhya, VFA, % | 73,18 71,18 71,58 71,14 65-75
5 [TyséD/B 1,10 1,19 LI18 122 |08-16
6 |Tysé TSR 0,96 0,97 0,93 0,94 >0.8

Phin trim lot sing

8
S
N

8
N

3 3

7

3

Cérsing

Hinh 3-4. Thanh phén hat cta 03 cip phdi BTN19

Béng 3-9. Két qua thi nghiém céc dic tinh thé
tich BTN st dung nhua PG64-16

BTNI2,5- BTN19-
nhya PG64-16 nhya PG64-16
TT Tén chi tidu (chp phii vira) (chp phéi viray | YOKT
D voi | Dé bazan | Da voi | D bazan
1 | Ham luong nhya, % 510 510 4,90 4,90
2 | D6 réng du Va, % 4,03 397 4,00 4,10 4
3 | Do rong cdt ligu, VMA, % 15,05 14,48 14,25 14,06 =14
4 | Do réng lép diy nhyua, VFA, % | 73,20 72,57 71,90 70,86 65-75
5 [TyséD/B 1,08 [RE L17 122 |08-16
6 |Tysé TSR 0,92 0.89 092 091 >0.8
Thong qua két qua thi nghiém véi

BTN12,5 va BTN19 v&i 03 loai cip phdi
¢6 mirc d¢ tho-min khéc nhau, nhan thay:
v6i muc luu lugng xe thlet ké nhe (0, 3-
3) tri¢u ESALs thi chi can st dung cap
phéi vira 1a dap img yéu cau, con voi mirc
Ivu lugng xe thiét ké nang >30 tri€u
ESALs thi nén st dung cép phdi tho

3.4. Thi nghiém danh gia anh huéng ciia mot sé yéu t6 dén kha niing chong nirt
mo6i va chong LVBX ctia bé tong nhwa Superpave
3.4.1. Thi nghiém HWTT danh gis khi niing chong lin vét banh xe
Thi nghiém LVBX dugc thyc hién trong moi truong nudc ¢ nhiét ¢ 5S0°C theo phuong

phap A ciia Quyét dinh 1617/QD-BGTVT.

2

10

Chiéu sau LVBX

8
6
4
2
0

N

HU

Pb-0,5 [ 405

Logi nhya

Loai da

Logi BTN M PG64-16

0O pes2-22

BTNIY

Hinh 3-5. Biéu 216 chiéu sau LVBX sau 15000 huot
cua BTN12,5 va BTN19

- Gia tri chiég sdu LVBX sau 15000 luot tac dung tai cua BTN12,5 nam trong khoang

tor 1,42mm dén 7,46mm va BTN19 trong khoang tir 1,16mm dén 7,76mm (Hinh 3-5).

Chiéu séu LVBX

Logi 64 Bazan i
Logi BTN 8TNRS

Hinh 3-6. Biéu db chiéu sdu LVBX sau 40000 lugt
ciia BTN12,5 va BTN19

PG82-22

Bazan

0
N PbOS Pb Pb0S  Pb0S Pb Pbe0S PbOS Pb Pbe0S  Pb-0S Pb Pbe0S

Logi nhya G222 PGE2-22

PGE2-22

v o

BTN

Loy BTN

- e
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Gié tri chiéu sdu LVBX sau 40000 luot tac dung tai cia BTN12,5 st dung nhya duong
PG82-22 trong khoang tir 1,77mm dén 8,58mm va BTN19 sir dung nhya duong PG82-
22 trong khoang tir 1,31mm dén 5,36mm (Hinh 3-6).

3.4.2. Thi nghiém SCB danh gia kha * ,
niing chéng nurt w5
Tién hanh thi nghigm theo TCVN *° UDL il H
13347:2021 [14]: Tai trong tac dung voi toc < NN H
d6 gia tai khong doi bang 50 mm/ phiit & .o 2o 3
nhiét do (25+0,5)°C. Két qua thi nghiém SR AR AR RS
Chi s6 mém FI dwa ra tai Hinh 3-7: i x i3
- Chi s6 mém FI coa ciac mau BTNI2,5 ) :
nam trong khoang tir 6,07 dén 22,87 va cia
cac mau BTN19 nam trong khoang tir 5,20
dén 18,23.

- C6 03/18 t6 mau BTNI2,5 (chiém
16,67%) va 05/18 t6 mau BTN19 (chiém
27,78%) c6 FI nho hon gié tri ti thiéu (FI
> 38). Hinh 3-8. Mot 6 hinh anh thi nghiém SCB
3.4.3. Thi nghiém IDEAL CTnpgx danh gia kha nang ch(‘ing nirt

Tién hanh thi nghiém CTindex theo trinh Biéu db chi s6 CTindex

tw quy dinh tai ASTM D8225 [45]: Tai =

trong tac dung voi toc do gia tai khong doi
50 mm/ phut & nhiét d¢ 25°C. Kkét qua thi
nghiém dugc dua ra tai Hinh 3-9:

- Chi s6 CTindex cua cac miu BTN12,5
nam trong khoang tir 53,98 dén 412,58 va
clia cac mau BTN19 nam trong khoang tir
43,08 dén 371,11. _
- C6 04/18 t6 mau BTNI2,5 (chiém wen
22,22%) va 04/18 t6 mau BTN19 (chiém
22,22%) ¢6 chi s6 CTindex nho hon so véi
gi4 tri t6i thiéu theo quy dinh (CTindex >
70).

3.5. Phin tich thong ké, danh gia KQTN
3.5.1. Phan tich d9 chum ciia cac két qua SBTIEE
thi nghiém Hinh 3-10. Mot s6 hinh dnh thi nghiém CTindex
Do chum dugc danh gia theo tiéu chuédn ASTM C670 va TCVN6910-6. Cac két qua thi
nghiém déu dat 46 chum.

3.5.2. Phan tich, d4nh gia két qua thi nghi¢m chi s6 mém FI

- Két qua phan tich phuong sai hé s6 xac dinh diéu chinh R%, =95,45%, Lack-of-
Fit=0,250>0,05, cac bién déu c6 hé sb p-value<<0,05 dam bao mirc ¥ nghia 95%.

- Két qua biéu d0 Pareto & Hinh 3-12 va phan tich hau dinh Tukey ¢ Hinh 3-13 cho
thiy tat ca cac yéu té déu anh huong dén chi sé mém FI ¢6 ¥ nghia thong ké.

BINRS

6 mém FI ciia BTN 12,5 va BIN19

BINIO

H
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Hinh 3-13. Phén tich hiu dinh Turkey anh huong cua
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Hinh 3-16. Biéu d6 phan tich phan du tap méu chi s6
CTindex
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Hinh 3-18. Phan tich hau dinh Turkey anh hudng cua
céc yéu tb dén chi sb CTindex
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Hinh 3-12. Biéu d6 Pareto cac yéu t6 anh huong
dén chi s6 mém FI
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Hinh 3-14. Cac bién éph hudng chinh toi
chi s6 mém FI

- Hinh 3-14 cho thiy anh hudng 16n nhét dén chi s6 mém FI 1a HLN. Tiép dén 1a loai
nhuya, loai BTN va loai d4. Chi s6 mém FI cia BTN12,5 cao hon so véi BTN19 khoang
25%. Chi s mém FI cua BTN12,5 va BTN19 sir dung d4 dam géc bazan cao hon so
v6i BTN st dung da dam gdc d4 voi khoang 12%. Chi sé mém FI cia BTN sir dung
nhya duong PG64-22 (nhya 60/70) cao hon so vdi BTN str dung nhya duong PG64-16
(nhya 40/50) khoang 26%. Chi sé mém FI ciia BTN sir dung nhya duong PG82-22
(polime PMBL.III) cao hon nhiéu so v&i BTN sit dung nhwa duong PG64-22 (nhwa
60/70) va nhwa dudong PG64-16 (nhwa 40/50). Chi s6 mém FI cia BTN12,5 va BTN19
tang 1én khi ting ham luong nhya thiét ké trong hdn hop BTN.
3.5.3. Phén tich, danh gia két qué thi nghiém chi s6 CTindex
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s0 CTindex
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- Két qua phén tich phuong sai hé sé xac dinh didu chinh R%;, =96,28%, Lack-of-
Fit=0,744>0,05, cac bién déu c6 hé sb p-value<<0,05 dam bao muc ¥ nghia 95%.
- Két qua biéu d0 Pareto & Hinh 3-17 va phan tich hau dinh Tukey ¢ Hinh 3-18 cho
thay tat ca cac yéu té déu anh huong dén chi sé CTindex co ¥ nghia thong ké.
- Hinh 3-19 cho thdy anh hudng 16n nhét dén chi s6 CTindex 1a HLN. Tiép dén 14 loai
nhua, loai BTN va loai d4. Chi s6 CTindex caa BTN12,5 cao hon so véi BIN19
khoang 15%. Chi sb CTindex ctia BTN12,5 va BTN19 str dung da dam gdc bazan cao
hon so BTN sir dung da dim gbc da voi khoang 13%. Chi sé6 CTindex ciia BTN sir
dung nhya duong PG64-22 (nhya 60/70) cao hon so voi BTN st dung nhya duong
PG64-16 (nhwa 40/50) khoang 18%. Chi s6 CTindex cia BTN sir dung nhya dudng
PG82-22 (polime PMB.III) cao hon nhiéu so véi BTN sir dung nhya duong PG64-22
(nhya 60/70) va nhya duong PG64-16 (nhwa 40/50). Chi sé CTindex cia BTN12,5 va
BTN19 tang lén khi tang ham luong nhya thiét ké trong hdn hop BTN.
3.5.4. Phan tich, danh gia két qua thi nghiém chiéu siu LVBX

Normal Probability Plot us Fits Term 206

100 oso il
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t /A o /
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Hinh 3-21. Biéu d4 phan tich phin du tap miu chiéu Hinh 3-22. Biéu 46 Pareto cic yéu t5 dnh hudng

sdu LVBX dén chiéu salu LVBX
Hinh 3-23. Phan tich hau dinh Turkey anh hudng ciua — ey T T I T
cdc yeu to den chicu sdu LVBX Hinh 3-24. Céc bién anh huong chinh i chiéu sau LVBX

- Két qua phén tich phwong sai hé sé xac dinh didu chinh R%;, =98,09%, cac bién déu
¢6 hé s p-value<<0,05 dam bao mirc ¥ nghia 95%. Két qua ¢ Hinh 3-22 va Hinh 3-23
cho théy chi c6 loai d4, loai nhya, HLN c6 4nh hudng dén chiéu sau LVBX, con loai
BTN khong anh huong dén chiéu sdu LVBX c6 y nghia thong ké.

- Hinh 3-24 cho thiy anh huong 16n nhat dén chiéu sau LVBX 14 loai nhya va HLN.
Tiép dén 1a loai da. Kha nang chéng LVBX ciia mau BTN12,5 va BTN19 1a khong
khac nhau nhiéu. Kha ning chong LVBX ciia BTN12,5 va BTN19 str dung da dam gdc
bazan cao hon so BTN sir dung d4 dim gbc da voi khoang 12%. BTN st dung nhya
duong PG64-16 (nhwa 40/50) c6 kha ning chéng LVBX cao hon so BTN str dung nhua
duong PG64-22 (nhya 60/70) khoang 18%. BTN st dung nhya duong PG82-22
(polime PMBLIII) ¢ kha ning chéng LVBX cao hon nhiéu so véi BTN sir dung nhya
duong PG64-22 va nhya duong PG64-16. Kha ning chéng LVBX ciia BTN12,5 va
BTN19 giam di khi ting ham luong nhya thiét ké trong hon hop BTN.
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3.6. M hinh héa, xiy dung phwong trinh héi quy

Céac du 4n xdy dung duong bo tai Viét Nam hién nay chu yéu sir dung nhua dudng
60/70 (twong dwong PG64-22) va nhua dudng 40/50 (twong duong PG64-16) dé san
xuit BTN, vi vdy tap trung phan tich, danh gia twong quan va mé hinh hoa, xay dung
phuong trinh héi quy cia BTN st dung nhya duong PG64-22 va PG64-16.

3.6.1. Kiém tra phan phdi chuin ciia két qua thi nghiém

KQTN chi s6 mém FI, chi s6 CTindex va chiéu sdu LVBX ctua BTN st dung nhua
duong PG64-22 va PG64-16 déu tuan theo phan phdi chuan, hé s6 p-value > 0,05.

3.6.2. Khio sat hé so twong quan Pearson
Két qua phéan tich cho thdy chi c6 chi sb

mém FIL, chi s§ CTindex, chiéu siu LVBX *

va HLN 1a c6 hé s6 tuong quan manh (r >
0,8) va co y nghia thdng ké (p-value < 0,05),
nhu vy st dung Minitab & mé hinh hoa,
xay dung phuong trinh hoi quy giita céc bién
nay.

3.6.3. Phuwrong trinh hdi quy giira chi s6
CTindex va chi s6 mém FI

Trong khuén kho nghién clru, da xay dung
12 phuong trinh h01 quy gitra: chi s
CTindex v6i chi sé mém FI; chi s6 CTindex
voi chiéu sdu LVBX; chi s6 mém FI véi
chiéu sau LVBX; chi s6 mém FI chi s
CTindex, chiéu sdu LVBX véi ham luong
nhya cia BTN12,5 va BTN19 sir dung nhya
duong PG64-22 va nhya duong PG64-16:
Véi nhua PG64-22:

CTindex = -92,89 + 25,75*FI - 0,4685*FI* (3.1)
FI = -11,58 + 6,340*Chiéu sau LVBX - 0,3390*Chiéu

siu LVBX? (3.3)
CTindex = -448,0 + 181,8%Chiéu sau LVBX -
12,60*Chiéu sau LVBX* (3.5
CTindex = -1410 + 479,8*HLN - 33,49*HLN®  (3.7)
FI=-9,57 + 0,59*HLN + 0,657*HLN" (3.9)
Chiéu sau LVBX = 221 - 1,95*HLN +
0,519*HLN? (3.11)
Vé6i nhwa PG64-16:

CTindex = -42,38 + 16,12*FI + 0,0639*FI* (3.2)

FI = 2,981 + 0,530*Chiéu sau LVBX + 0,1866*Chiéu

siu LVBX? (3.4)
CTindex = -90,4 + 50,07*Chiéu sdu LVBX -
0,919*Chiéu sau LVBX? (3.6)
CTindex = -482,8 + 116,0*HLN + 1,06 *HLN*  (3.8)
FI = 38,00 - 20,51 *HLN + 3,058 HLN” (3.10)
Chidu sau LVBX = -026 - 077I3*HLN +
0,3392*HLN? (3.12)

Hinh 3-31. Biéu d4 twong quan giita cic bién cua
BTN sur dung nhya duong PG64-22

PO6422: CTindssx = 9289 +25,15%FL - 0468 5*FT" PG6416: CTindex = -42,38 + 16,12°F1 +0,0639F1"

0

so 75 w0 ws w0

PG64-22: FL=-11,58 +6340°Chibu siu LVBX
033

e ke o P Chibu giuLVEX

1866*Chify shu LVBX

4+ S0.07Chidu séu LVBX

FO6422: CTindex =480 + 191" Chlz wLVBX index
-0,919*Chitu siu LYBX?

-12,60 Chiduséu.

PG6422: Chibu siu LYBX = 2,21 - 1,95 HLN

uLVBX =-0,26 - 0,713*HLN
+0519 HLNY ,3392HLI

PG64-16: Chibusin
0,




-19-
3.7. Két luan chwong 3

1. Két qua thyc nghiém chi sé mém FI ¢6 d6 chum cao. Chi s6 mém FI ciia cac mau
BTN12,5 nim trong khoang tir 6,07 dén 22,87 va cac mau BTN19 nim trong khoang tir
5,20 dén 18,23. C6 03/18 t6 miu BTN12,5 va 05/18 t6 mau BTN19 ¢6 chi s6 mém FI
nho hon so v6i ngudng tdi thiéu quy dinh (FI> 8).

2. Két qua thuc nghiém chi s6 CTindex c6 do chum cao. Chi sé CTindex cta cac mau
BTN12,5 nim trong khoang tir 53,98 dén 412,58 va cac mau BTN19 nam trong khoang
tir 43,08 dén 371,11. C6 04/18 to mau BTN12,5 va 04/18 t6 mau BTN19 c6 chi sb
CTindex nho hon so v&i ngudng t6i thiéu quy dinh (CTindex > 70).

3. Pi tién hanh phan tich thong ké tir tdp mau thi nghiém chi s6 mém FI, chi sb
CTindex va chiéu sdu LVBX ctia BTN12,5 va BTN19, va nhan théy:

3.1. Kha ning chéng LVBX ctia mau BTN12,5 va BTN19 1a khong khac nhau nhiéu,
nhung kha ning chdng nirt moi lai giam xubéng (BTN12,5 ¢6 kha nang chdng nirt moi
cao hon so voi BTN19).

3.2. Kha ning chéng nit moi va chéng LVBX cta mau BTN12,5 va BTN19 sir dung
da dam gdc bazan t6t hon gdc da voi (kha ning chong ntt moi cao hon tir 12% dén
13% va chéng LVBX cao hon khoang 12%).

3.3. Kha ning chéng nit moi va chéng LVBX cta mau BTN12,5 va BTN19 sir dung
nhwa PG82-22 (polime PMBLIII) 14 t6t hon nhiéu so v6i nhya PG64-22 (nhya 60/70) va
nhya PG64-16 (nhya 40/50).

3.4. Kha ning chéng LVBX cua BTN12,5 va BTN19 st dung nhya PG64-16 (nhya
40/50) cao hon so voi nhya PG64-22 (nhya 60/70) khoang 18% nhung kha ning chong
nirt moi lai kém hon tir 18% dén 26%.

3.5. Kha ning chéng nit moéi cia BTN12,5 va BTN19 ting 1én khi ting ham luong
nhura thiét ké trong hon hop BTN nhung kha nang chéng LVBX lai giam xudng.

4. Trong khuén khd nghién ctru, di xdy dung 12 phwong trinh hdi quy giita: chi sb
CTindex véi chi s6 mém FI; chi s6 CTindex véi chiéu sau LVBX; chi s6 mém FI véi
chiéu sau LVBX; chi s6 mém FI, chi s6 CTindex, chiéu siu LVBX v6i ham luong
nhya cia BTN12,5 va BTN19 st dung nhya duong PG64-22 va nhya duong PG64-16,
chi tiét tai cac cong thie tir (3.1) dén (3.12).

CHUONG 4. NGHIEN CUU CAC YEU TO ANH HUONG DEN
PAC TRUNG KHAI THAC CUA KET CAU MAT BPUONG
BANG PHUONG PHAP CO HQC THUC NGHIEM

4.1. Phan tich phwong phap thiét ké két cAu mit dwong mém theo co hoc - thuc
nghiém va kha niang ap dung & Viét Nam

Phwong phap thiét ké theo co hoc - thuc nghiém 1 sy phat trién va cai tién phuong
phap thiét ké thuan thyuc nghiém (Phuong phap AASHTO 1993) ca vé co s thiét ké va
mirc d phirc tap trong tinh toan nén co thé tao ra nhimg thiét ké kinh té va dang tin cay
hon rat nhiéu so voi phwong phap truyen thong. Qua trinh thiét ké theo phuong phép co
hoc-thyc nghiém la qua trinh thur dan ding. Nguoi thiét ké phai dwa ra mot két ciu mat
duong miu cing vai cac gidi han hu hong co thé chap nhan duge nhu: Do lan vét banh
xe (46 lin trong 16p bé tong nhya, lun trong cac 16p vat liéu khong gia cb, lun trong
nén dat); Nt moi (ntt moi trong 16p bé téng nhura, nit moéi trong hon hop gia ¢b vo
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co); Nt do nhiét, nut ngang; Nt doc; Do gd ghé (IRI)... twong ng véi timg dy 4n.
Néu két chu mau khong thoa mén cac gi6i han di dugc dua ra, nguoi thiét ké s& didu
chinh va tinh toan lai cho dén khi céc chi tiéu gidi han trén déu dat. Phuong phép co
hoc - thyc nghiém di va dang duoc str dung trong thiét ké két cdu mit duong & Hoa
Ky, Canada, Han Qudc va dugc rat nhidu nudc nghién ctru 4p dung trong phan tich két

cau mat duong.
Trmh ty phan tich két cAu mat duong |Tai.,.,ng| NA,.M,,QH Khi na-‘ H Vatligu

mém theo phuong phap co hoc - thuc 1 ¥ 56 ligu diu vio
nghiém gom 3 khoi: SO lidu dau vao; ohan e
Phan tich; va Lua chon két ciu nhu thé - MG hinh phan tich

nhit quyét dinh dén thiét ké 1a cac s6 liéu

hién ¢ Hinh 4-1, trong do6 phan quan trong 55 (st a i

il OF

gau vao %?thO 4 pha\r; la 1Ta1 tl'af)l’lg, Nen Céng nghé XD Bénh Qi; kha thi Phan tich kinh t&
uwong; Khi hiu; va Vat liéu dugc xac o
dinh theo murc: 1, 2, 3 tuy thudc vao timg Csbin p fl’a °'j°" Koty
diéu kién cu thé va budc thiet ké so by,  Hinh 4-1. Trinh tu phén tich ket cau mat
hay thiet ke k¥ thuat chi tiét). duong theo co hoc thuc nghiém [23]

Trong nhing nam gan diy, Truong Pai hoc Cong nghé GTVT, Vién Khoa hoc va
Cong nghé GTVT da thuc hién mot sb dé tai KHCN lién quan dén phuong phép co hoc
- thyc nghiém, nhu: dé tai DT174055, dé tai DT203043.

AASHTOWare Pavement ME Design la
thé hé ké tiép ciia phan mém thiét ké mat
duong AASHTOWare®, dugc xdy dung
dua trén hudng dan thiét ké mat duong
theo co hoc - thue nghi¢m, md rong va cai
tién cac tinh ning trong phan mém tinh
toan. Phan mém DARWin-ME c¢6 thé
phén tich 17 loai két cau méi hodc nang
cAp cai tao v&i nhiéu thu vién két cau/vat - - .
liéu phong phu, cic thong s6 dau vao mic Hinh 4-2. Cura 56 chinh phan mém
dinh hogc c6 tinh tiy bién cao. DARWin-ME

4.2. Phén tich két cAu mit duong bé tong nhua Superpave bing phwong phép co
hoc thwe nghi€ém & cac vung khi hiu Viét Nam

4.2.1. Két cAu 40 dwdng nghién ciru

Phuong an két cdu dé xuét nhu Hinh 4-3.

4.2.2. Tinh toén két cAu theo AASHTO- B tong nhya BTNI2.5
1993, TCCS 37:2022/TCPBVN B tong nhua BTN19

Lép BTN12,5:  day 7cm
Lép BTN19: day 8cm : ; o
L6p CPDD loai 1: day 30em AN Clp phdi da dam logi 2
Lép CPDD loai 2: day 30cm Hinh 4-3. Két cau mat duong nghién ctru

%

Cép phdi da dam loai 1
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4.2.3. Nghién ciru xac dinh cac thong sb dﬁu vio

Céc thong sb vé giao thong ldy theo RO A EE S e e

mdc dinh chuong trinh nhu Hinh 4-4. Lt i ==
Cac tiéu chuén gi6i han thiét ké dé i

xuét tong chiéu sau LVBX gi6i han :
1a 1 in (25,4mm) va chiéu sdu LVBX - o 7 ot 0w
trong cac lop BTN 1a 0,5 in < Sk :

T

(12,5mm).

Thong sb khi hau duge lay tir tram
MERRA-2 trong khoang thoi gian tir
gf‘emn ;?f}f f,eigtnﬁ?mzzoég %131313;{12 Hinh 4-4. Nhip s liéu giao thong

An, Pong Nai.

Thoéng s6 cua cac 16p BTN: cac dgfw ‘tinh thé tich, loai nhya PG ]éy theo két qua thyc
nghiém cua de tai; mét so thong so vé nhi¢t, mo dun phic dong 1ay theo muc 3 va mac
dinh cta chuong trinh.

Th()ng §6 cua lé'p, c?ip phéi d4 dam va nén dit theo murc 2, 3 phu thudc vao loai vat li¢u,
cap phoi va chi so CBR.

Bing 4-2. Cic thong s6 diu vao, muc bién thién  Cac thong sé dau vao va muc bién thién duoc

TlT ](Tlér.hchhangsé M;'xc vaca::m:hh/i\énmié;; _ tap th & Bang 4-2. St dl.mg phZ:Aln mém
hi hau a Noi ghé An ong Nai .. A ,

2 | Loai BTN > 125 9 Minitab quy hoach thuc nghiém (DOE) xac

3 | Logid 2 véi Bazan dinh duoc 108 lan phan tich két cau.

4 | Loai nhya 3 PG64-22 PG64-16 PG82-22

5 |HLN 3 Pb-0,5 Pb Pb+0,5

4.3. Panh gia cac yéu t6 anh huong dén kha ning chdng nit cia két cAu mit
dwong BTN Superpave

4.3.1. Phén tich dnh hwéng cia cac yéu t6 dén nirt méi tir dwéi 1én ciia BTN

Tem 199 18

8 | 16 &
i g u &
c
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a8 <
5 10
0 >
3 i
e 2
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z
o
€

0 H 10 15 20 2 30 35 Logidd
Standardized Effect

Hinh 4-8. Biéu dd Pareto cac yéu té anh oo g E g E é E
huong dén mrt moi tfxrdu’di lén cﬁa BTN — g s : B E;E,\
. A Hinh 4-6. Biéu d6 mirt moi tir dudi lén cia BTN
/ \ Hinh 4-8 cho thdy tat ca cac bién khi hau, loai
i [\ e« = BIN, loai d4, loai nhya vi HLN c6 anh huéng dén
s / ' ‘ ntit moi tr dudi 1én cua BTN ¢6 y nghia théng ké.
el o Anh huéng l6n nhat 13 khi hau, trong d6 ving khi

Hinh 4-9. Céc bién anh huong chinh toi nat 18U Ngh€ An ¢6 niit moi tur dudi 1én cua BTN 16n
méi tir dudi 1én clia BTN nhat. Cac thong s6 khac anh huong khong nhiéu.
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[0 )

el WX

LI

@

’/\\AV// S

L

D
(ST Y

L

Mean of Nt tf trén xudng (m/km)

HING NghiAn Dlogha  BTNS L]

Hinh 4-14. Cac bién dnh hudng chinh tdi nut
moi tir dudi 1én cia BTN

4.3.3. Phéan tich anh huéng cia cac
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4.3.2. Phan tich anh hudng cia cac yéu t6 dén nit méi tir trén xudng cia BTN
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Hinh 4-11. Biu dd nirt méi tir trén xudng ciia BTN
Hinh 4-13 cho thiy tit ca cac bién khi hau, loai
BTN, loai d4, loai nhya va HLN c6 anh hudng
dén nit moi tir trén xubng cua BTN c6 ¥ nghia
thong ké. Anh hudng 16n nhat 1a HLN, tiép dén 1a
khi hau, cic thong sé khac anh hudng khong
nhiéu (xem Hinh 4-14).
yéu tb dén téng chiéu siu LVBX toan két cAu

va 4.3.4. Phin tich dnh hwéng ciia cic yéu té dén chidu siu LVBX ciia BTN

Téng lin (mm)

Loai
Standardized Effect

Hinh 4-18. Biéu d6 Pareto cac yéu t6 anh huong
dén téng chiéu sau LVBX toan két cu

o s w s

Stndurdzed Efect
Hinh 4-23. Bléu d6 Pareto cc yéu té anh huong
dén téng chiéu sau LVBX cia BTN

o

.

) wa G

Mean of Lin BTN (mm)
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Hinh 4-24. Céc bién anh huéng chinh ti chidu
siu LVBX ciia BTN

Loai da

Loai BTN

Khi hau

70
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ok
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0
nhya

-
z
B

BTNI2,5

HaNai

B Nghé An
[ ©dng Nai

Hinh 4-16. Biéu dd téng chiéu sau LVBX toan két ciu

Nghé An
Dong Nai

Hinh 4-18 va Hinh 4-23 cho thiy tit ca cac bién khi
hau, loai BTN, loai d4, loai nhya va HLN c¢6 anh
hudng dén chiéu sau LVBX ciia BTN va LVBX cia
toan két ciu c¢6 y nghia théng ké. Anh huéng 16n
nhat 1a khi hu, trong d6 ving khi hdu Nghé An c6
téng chiéu sdu LVBX toan ket chu va chiéu séu
LVBX cta BTN Ién nhét. Tlep dén 1a loai nhua,
nhwa dudng PG64-22 ¢6 tong chiéu sau LVBX toan
két cu 16n nhét, sau d6 dén PG64-16, PG82-22. Céc
thong sb khac anh huong khong nhiéu.
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4.4. Két luan chwong 4

- Cac thong s6 dau vao déu anh hudng rd rét dén cac trang thai gioi han khai thac cta
mit duong theo phuong phap MEPDG (LVBX cua toan két cdu, LVBX ciia cac 16p
BTN, nirt méi tir dudi 1én va nirt moi tir trén xudng ctia cac 16p BTN). Cac yéu té chinh
anh huong 1a Khi hau, Loai nhya, HLN, Loai BTN, Loai d4, chi tiét nhu sau:

+ Anh hudng 16n nhét dén nit moi tir dudi 1én cia BTN 1a khi hau, trong d6 ving khi
héu Nghé An c6 ntit moéi tir dudi 1én cia BTN 16n nhat, sau d6 dén DPdng Nai va Ha
Noi. Cac thong s6 khac anh huong dén nirt moi tir dudi 1én cia BTN khong nhiéu.

+ Anh huong 16n nhét dén nit moi tir trén xudng ciia BTN 14 HLN, trong d¢6 HLN (Pb-
0,5) c6 nirt moi tir trén xudng 16n nhat. Tiép dén 1a khi hau, trong d6 ving khi hau
Nghé An ¢ nit moi tir trén xudng 16n nhat, sau d6 dén Pong Nai va Ha Noi. Tiép dén
1a loai nhua, loai BTN va loai da.

+ Anh hudng 16n nhat dén tong chiéu sau LVBX toan két ciu va chiéu sau LVBX ctia
BTN la khi hau, trong d6 ving khi hau Nghé An c6 tong chidu sdu LVBX toan két cdu
16n nhét, sau d6 dén Ddng Nai va Ha Noi. Tiép dén 1a loai nhya, nhua dudng PG64-22
¢6 tong chiéu sau LVBX toan két cdu va chiéu sau LVBX cua BTN 16n nhét, sau d6
dén nhya duong PG64-16 va PG82-22. Cac thong sb khac anh huong dén téng chiéu
sau LVBX toan két cAu va chiéu sau LVBX ctia BTN khong nhiéu.

KET LUAN VA KIEN NGHI
A. Két luan, nhirng déng gép méi ciia luin dn
Bing phwong phép nghién ctru Iy thuyét két hop thuc nghiém trong phong, trén cac loai
vat liéu dugce lwa chon, véi céc thiét bi thi nghiém hién dai, s6 mau thir hop 1i, sb liéu
thi nghiém duoc phén tich théng ké, luan 4n da c6 mot sb dong gdp mang tinh méi vé
mit khoa hoc va thuc tién nhu sau:
1. P4 dé xuat lwa chon phuong phép, trinh tu thiét ké hdn hop bé tong nhyua Superpave
theo nguyén 1y can bang & Viét Nam theo cach A - Thiét ké theo thé tich Superpave va
kiém tra, x4c nhan cac dic tinh 1am viéc, v6i phuong phép thi nghiém dénh gia kha
ning chong nirt bang 01 trong 02 thi nghiém theo thi ty wu tién nhu sau:
(1). Thi nghiém IDEAL CTindex theo ASTM D8225 véi ngudng chi sd chiu nirt t6i
thiéu (CTindex) 12 70 d chap nhan hdn hgp BTN.
(2). Thi nghiém udn dam ban nguyét SCB theo TCVN 11347:2021 vé6i ngudng chi sd
mém t6i thiéu (FI) 1a 8.0 dé chip nhan hdn hop BTN.
2. Pa thyc hién nghién ctru thyc nghiém trong phong véi bé tong nhya Superpave st
dung 02 ¢& hat 16n nhét danh dinh cua BTN (BTN12,5 va BTN19), 02 ngudn gbc da
dam (da voi va da bazan), 03 loai nhya duong (PG64-16; PG64-22; PG82-22) va 03
ham lugng nhya (Pb-0,5, Pb, Pb+0,5), két qua duara:
2.1. Vé anh hudng ciia ¢ hat 16n nhat danh dinh: khi ting c& hat 16n nhat danh dinh tir
12,5mm 1én 19mm thi kha ning chdng LVBX cua BTN la khong khac nhau nhiéu,
nhung kha nang chéng nit m01 la1 glam xudng.
2.2. V& anh huong cua ngudn gdc cbt liéu: Kha nang chong nit moi va chdng LVBX
cia BTN12,5 va BTN19 sir dung da dam gdc bazan t6t hon gdc da voi (kha ning chong
nirt moi cao hon tir 12% dén 13% va chéng LVBX cao hon khoang 12%).
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2.3. V& anh huéng cia loai nhya: Kha ning chdng nit méi va chéng LVBX ciia miu
BTN12,5 va BTN19 str dung nhya PG82-22 (polime PMBL.III) 14 t6t hon nhiéu so véi
nhya PG64-22 (nhwa 60/70) va nhya PG64-16 (nhua 40/50). Kha ning chong LVBX
cua BTN12,5 va BTN19 st dung nhya PG64-16 (nhya 40/50) cao hon so vdi nhya
PG64-22 (nhya 60/70) khoang 18% nhung kha ning chdng ntt moéi lai kém hon tir
18% dén 26%.

2.4 Véanh huong cua ham lugng nhya: Kha ning chéng nut moi cua BTN tang 1én khi
tang ham luong nhya thiét ké trong hdn hgp BTN nhung kha ning chéng LVBX lai
giam xudng.

2.5. Trong khuén khd nghién ctru, da xay dung 12 phuong trinh hdi quy giita: chi sd
CTindex véi chi s6 mém FI; chi s6 CTindex v6i chiéu sau LVBX; chi s6 mém FI véi
chiéu sau LVBX; chi s6 mém FI, chi sé CTindex, chiéu siu LVBX v6i ham luong
nhya cia BTN12,5 va BTN19 st dung nhya duong PG64-22 va nhya duong PG64-16,
chi tiét tai cac cong thie tir (3.1) dén (3.12).

3. Cac thong sb dau vao déu anh huong rd rét dén cac trang thai gisi han khai thac ctia
mit duong theo phuwong phap MEPDG (LVBX cuia toan két ciu, LVBX cua céac 16p
BTN, ntit méi tir dudi 1én va nit moi tir trén xudng cua cac 16p BTN). Cac yéu t chinh
anh hudng theo thir ty 1a khi hau, loai nhya, HLN, loai BTN, loai da. Trong d6 khi hau
1a anh hudng 16n nhét dén cac trang thai gidi han khai thac (Nghé An c6 diéu kién khi
héu khic nghiét hon, xac suit két ciu 1am viéc an toan thap hon Ha Noi va Dong Nai).
B. Nhiing ton tai, han ché

Két qua nghién ciru cia luan an con mot s6 nhiing han ché sau:

- Chura thir nghiém véi loai BTN 25 do loai BTN nay chua dugc ap dung pho bién hién
nay tai Viét Nam.

- Chua thir nghiém BTN véi nhiéu loai da dam nguén géc khac nhau, dai dién cho
nhidu ving ctia Viét Nam.

- Chua thir nghiém véi BTN san Xuét tai tram tron trong qua trinh thi cong.

C. Kién nghi va du kién hwéng nghién ciru tiép theo

- Nghién ctru danh gia kha ning chong ntt moi va LVBX ciia bé tong nhwa Superpave
v6i nhiéu loai d4 dam ngudn gdc khac nhau, dai dién cho nhiéu ving cta Viét Nam.

- Can bo sung chi tiéu danh gia kha nang chéng niit moi khi thiét ké hdn hgp BTN cho
chc tuyén dudng cap cao, co quy md giao thong 10n tai Viét Nam.

- Kién nghi B6 GTVT c6 chu truong cho nghién ctru thir nghiém hién truong trén doan
duong BTN thiét ké theo phuong phap Superpave theo nguyén 1y can bang dé theo ddi
danh gia kha nang chong nirt moi, LVBX ciia bé tong nhwa Superpave trong thuc té.

- Can sém chuyén ddi sang ap dung tiéu chuan phan cép nhua dudng theo PG va thiét
ké hdn hgp BTN theo Superpave theo nguyén 1y can bang cho Viét Nam. Vi thiét ké
BTN theo Superpave da giai quyet van d¢ lién quan dén lya chon vét liéu BTN trong
d6 co6 lya chon nhya duong theo cap dac tinh PG phuc vu cho thiét ké hdn hop BTN
pht hop v6i dic tinh dong xe, nhdm giam thiéu cac hu hong mat dudng nhu nit moi,
LVBX trong qua trinh khai thac.
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