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LOI CAM POAN

T6i cam doan déy la cong trinh nghién ctru cua riéng t61 dudi sy hudng dan
khoa hoc ctia PGS. TS. Vii Puc Chinh va PGS. TS. Nguyén Quang Phiic. Céc so liéu
va két qua néu trong ludn 4n 1 trung thuc va chua duoc ai cong bd trong bat ky céac
cong trinh nao khac.

Téc gia luan an

Luwu Ngoc Lam
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LOI CAM ON

Duoc sy huong déan nhiét tinh cia cdc thciy hudng dan, sur ung ho cua Vién
Khoa hoc va Céng nghé GTVT, sw givip do cia thdy cé, dong nghiép, ban bé, nguoi
than, véi sw né lee cia ban than, ludn dan “Nghién cvru anh huong cua mot e yéu 16
dén kha ning chong nirt ciia bé téng nhua Superpave thiét ké theo nguyén Iy cin bang
trong diéu kién Viét Nam” cia t6i — Nghién ciru sinh Luu Ngoc Lam dd hoan thanh.

Pé hoan thanh ludn an, tdc gia trdn trong cam on Lanh dao Vién Khoa hoc va
Cong nghé GTVT, cac don vi truc thuoc Vién Khoa hoc va Cong nghé GTVT: Phong
Thi nghiém Trong diém Puwong b 1, Phong Té chirc — Hanh chinh, Phong Khoa hoc
Céng nghé, Tiéu chudan va Hop tic quoc té da tao moi diéu kién gitip do.

Bang nhitng tinh cam chdn thanh nhdt, tic gid vé cing cdm on, PGS.TS. Vi
Pirc Chinh, PGS. TS. Nguyén Quang Phiic, hai nguoi Thay da dinh hwdng, tin tinh
huéng dan, giip do, ddng vién t6i trong qud trinh thwc hién ludn dn. Cam on TS.
Nguyén Van Thanh, TS. Bii Ngoc Hung di cung cdp thém nhiéu théng tin, tai liéu
thiét thiee va cung cdp cho téi nhiéu kién thirc chuyén mén lién quan.

Chdn thanh cam on cdc thay, c6 va dong nghiép tai B6 mén Pwong bo, Bé mén
Vat lieu Xdy dung - Truong Dai hoc Giao thong Van tai da giup do, chi bao cho toi
cac kién thire chuyén moén, gép phan khéng nhé dé téi hoan thanh ludn dn.

Cam on gia dinh va ban be, nhitng nguoi than luén o bén toi, ung ho va khich
1é t6i hoan thanh ludn dn tién si nay.

Tran trong.

Nghién cvuu sinh Luu Ngoc Lam
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MO DAU

1. Pit van dé, i do lwa chon dé tai

Mit duong BTN do ¢ nhiéu wu diém ndi bat nén duoc st dung phd bién cho dudng 6
t6 trén thé giéi. Pé chiu dugc tic dong cia tai trong xe va cac yéu td moi truong trong
qué trinh khai thac, mat duong BTN phai dugc thiét ké, thi cong sao cho ¢ dii cuong
do, d6 6n dinh trong sudt thoi gian phuc vu. Cac dang hu hong mat duong BTN dién
hinh phéat sinh trong qua trinh khai thac dudi tdc dong cua tai trong xe va nhiét do moi
truong 1am anh hudng dén cong nang ciia mat dudng tai Viét Nam bao gom: LVBX &
nhi¢t d6 cao; nit moi & nhiét do trung gian va pha hoai do am.

Hién nay, thiét ké hdn hop BTN theo Marshall tai Viét Nam mac du da xem xét giai
quyét van dé chéng LVBX, tuy nhién chua xem xét giai quyét triét dé nit, ma day 1a
mot trong hai nguyén nhan chinh gay hu hong mat duong. Trong khi d6, phuong phap
thiét ké hdn hop BTN theo Superpave hién duoc 4p dung phé bién tai Hoa Ky, Canada
va duoc thé gidi danh gia 1a co co so khoa hoc. Thiét ké theo Superpave da giai quyét
van deé lién quan dén lua chon vat liéu BTN (nhya dudong PG, cat, dé, bot khoang) phu
hop vé6i dic tinh dong xe (Iuu luong xe, téc dd xe luu théng), nham giam thiéu cac hu
hong mat dudng nhu LVBX, ntt moi trong qué trinh khai thac. Xu hudng thiét ké hon
hop bé tong nhya Superpave hién nay tai Hoa Ky 1a thiét ké hén hop BTN theo
nguyén ly can bang giita cic dic trung thé tich-d6 nhay am, LVBX, va ntt. Vi vdy can
phai nghién ctru lua chon phuong phép thiét ké hon hop BTN phu hop véi diéu kién
Viét Nam dé dam bao dong thoi kha ning chéng LVBX va chéng nut.

Vé danh gia kha nang chong nit: bao gdm nuat do nhiét (nhiét do thap) va nit & nhiét
do trung gian.

- Nt do nhiét do thép thuong xuat hién vao mua lanh, nhiét d6 rat thép (am). Do dac
thu diéu kién khi hau Viét Nam khong xuat hién nhiét do qua thip (4m) nén dé xuat
khong nghién ctru vé nirt do nhiét do thap trong luan an.

- Nut & nhiét d6 trung gian (trong dé tai nay sir dung thuat ngit “niit moi” dé thay thé
cho thuat ngit “niit & nhiét do trung gian” cho ngin gon va dé hiéu) xay ra vao mua co
nhiét d moi truong trung gian (nhiét do trung binh gitra nhiét dd cao nhat va thap nhat
xay ra trong nam). Tai nhi¢t do trung gian, BTN ¢6 xu hudng ctrng hon va gion hon so
véi khi nhiét d§ cao nén dudi tac dong cua tai trong lap, BTN c6 xu hudng bi nut.
Trén thé gidi c6 nhiéu md hinh, nhiéu phuong phap thi nghiém danh gia kha ning
chbéng niit moéi cia BTN, mdi phuwong phap déu c¢6 wu, nhugc diém va pham vi ap dung
riéng. O Viét Nam cho dén nay chua c6 thi nghiém du don gian, nhanh chéng va kinh
té dé danh gia kha nang chéng nirt moi ctia BTN.

Trén thé gidi, thi nghiém uén dim ban nguyét SCB (Semi-Circular Bending) va thi
nghiém IDEAL CTindex (theo ASTM D8225) dang dugc str dung rong rai khi thiét ké
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BTN dé danh gia kha ning chdng nit moi do: thoi gian chuin bi miu nhanh, thi
nghi¢ém nhanh, két qua thi nghiém c6 d¢ chum cao, gia thanh thiét bi thi nghiém khong
cao, ¢6 chuan dé danh gia “dat”, c6 twong quan chat voi hu hdng nut thyc té clia mat
duong tai hién truong.

Mot s6 yéu t6 anh huong dén kha ning chéng nit méi cia BTN bao gdm: ¢ hat 16n
nhat danh dinh ctia BTN, ngudn gbc cdt liéu, loai nhya dudng, ham lugng nhya. .. vi
vay can nghién ctru thuc nghiém trong phong dé danh gia anh hudng cua cac yéu to
nay dén kha ning chéng nut cta bé tong nhya Superpave trong diéu kién Viét Nam.
Hién nay, ¢ Viét Nam moi chi c6 mot s6 luan 4an tién si nghién ctru vé kha nang chéng
nit moéi, nhung cac luan an déu chua nghién ciru va thir nghiém kha nang chong nit
moi bang thi nghi¢ém udn mau dam ban nguyét SCB va thi nghiém IDEAL CTindex.

Trén co so cac phan tich néu trén dé tai “Nghién ciru anh hwéng ciia mot s6 yéu to
dén kha niing chong nirt ciia bé tong nhua Superpave thiét ké theo nguyén ly cin
bﬁng trong diéu kién Viét Nam” thuc su can thiét, co y nghia khoa hoc va thyc tién,
co tinh thoi su.

2. Muc dich nghién ctru

- Panh gi4 anh huong ctia mot sb yéu to dén kha ning chéng nirt ¢ xem xét dén kha
ning chong LVBX ciia bé tong nhwa Superpave trong diéu kién Viét Nam thong qua
nghién ciru 1y thuyét két hop thuc nghiém trong phong thi nghiém va mé phong phan
tich két cdu mat duong bang phuong phap co hoc thuc nghiém.

- Lya chon phuong phap thi nghiém dénh gia kha ning chong nit ciia bé tong nhya
Superpave pht hop vé6i diéu kién Viét Nam.

- Lya chon phuong phép thiét ké hdn hop bé tong nhya Superpave theo nguyén 1y can
bang phu hop voi diéu kién Viét Nam.

3. Poi twong va pham vi nghién ciru

Déi twong nghién ciru cia luan an 13 bé tong nhwa Superpave (khong bao gom vat liu
tai ché).

Pham vi nghién ctru ciia ludn 4n bao gdm nghién ctru phan tich, danh gia cac dic trung
co ban cia phuong phap thiét ké hdn hop bé tong nhwa Superpave theo nguyén 1y cin
bang. Panh gia anh hudong ciia mot s6 yéu to (¢ hat 16n nhat danh dinh cua BTN,
ngudn goc cot lidu, loai nhya duong, ham lugng nhya) dén kha nang chéng nat moi,
c6 xem xét dén kha ning chéng LVBX cua bé tong nhya Superpave trong diéu kién
Viét Nam bﬁng thi nghiém udn dam ban nguyét SCB, thi nghi¢m IDEAL CTindex va
thi nghi¢ém Hamburg Wheel Tracking.

Luan 4n chi nghién ctru trong phong thi nghiém va mo phong phan tich két cau mat
duong bang phuong phap co hoc thuc nghiém ma khéng trién khai nghién ciru hién
truong. Ludn an nghién ctru véi cac loai vat liéu dién hinh ¢ Viét Nam dé ché tao hdn
hop bé tong nhya Superpave.



-3-
4. Y nghia khoa hoc va thue tién ciia dé tai

- Pa dé xuat lya chon phuong phép thi nghiém danh gia kha ning chdng nirt ciia bé
tong nhya Superpave trong diéu kién Viét Nam bang 01 trong 02 thi nghiém theo thir
tu vu tién nhu sau: (1). Thi nghiém IDEAL CTindex theo ASTM D8225 v6i ngudng
chi s6 chiu nirt ti thiéu (CTindex) 1a 70. (2). Thi nghiém u6én dim ban nguyét SCB
theo TCVN 11347:2021 v6i ngudng chi sé6 mém t6i thiéu (FI) 1a 8.0.

- Pa dé xuat Iya chon phuong phap, nguyén tic va trinh tu thiét ké hdn hop bé tong
nhya Superpave theo nguyén 1y can bang ¢ Viét Nam theo cach A - Thiét ké theo thé
tich Superpave va kiém tra, xac nhén cac dic tinh 1am viéc.

- Pa danh gia anh hudng ciia mot sd yéu té (cd hat 1on nhat danh dinh cia BTN,
ngudn gdc cdt licu, loai nhwa duong, ham lwong nhya) dén kha nang chdng nit méi va
chéng lan vét banh xe cua bé tong nhwa Superpave trong diéu kién Viét Nam.

- ba xay dung 12 phuong trinh hdi quy gitta: chi sé6 CTindex vé6i chi sé mém FI; chi s6
CTindex v6i chiéu sdu LVBX; chi s6 mém FI véi chiéu sdu LVBX; chi s6 mém FI, chi
s6 CTindex, chiéu sau LVBX véi ham lugng nhya cia BTN12,5 va BTN19 str dung
nhua duong PG64-22 va nhua dudng PG64-16, chi tiét tai cac cong thirc tir (3.1) dén
(3.12).

- Da d4nh gia anh hudng cua cac thong sé dau vao dén cac trang thai giéi han khai
thac cua két cdu mat duong sir dung bé tong nhwra Superpave theo phuong phap co hoc
thuc nghiém.

5. Noi dung nghién ctru

- Tong quan vé bé tong nhwa Superpave va cac yéu té anh huong dén kha ning chéng
nat cia bé tong nhya Superpave.

- Nghién ctru lya chon phuong phap thi nghiém danh gia kha ning chdng nut cua bé
tong nhya Superpave.

- Nghién ciru thyc nghiém cac yéu té anh huong dén kha ning chéng nit ciia bé tong
nhya Superpave theo nguyén 1y can bang.

- Nghién ciru cac yéu to anh huong dén dic trung khai thac cta két ciu mat duong
bang phuong phap co hoc thyc nghiém.
6. Cau tric ciia luin 4n

Cau tric cua luan an gdm c6 4 chuong, muc luc, phan mé dau, phan két luan, kién
nghi va tai li¢u tham khao.
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CHUONG 1. TONG QUAN VE BE TONG NHUA SUPERPAVE
VA CAC YEU TO ANH HUONG PEN KHA NANG CHONG NUT
CUA BE TONG NHUA SUPERPAVE

1.1. Tong quan vé bé tdng nhwa Superpave va phwong phap thiét ké hdn hop

Mit duong mém (dién hinh 1a mat duong BTN) duoc 4p dung rong rai trén thé gisi
hién nay. Chat lugng BTN phu thudc vao nhiéu yéu t6, trong d6 c6 thé ké dén thiét ké
hdn hop BTN. Trén thé gidi co rat nhiéu phuong phap thiét ké hdn hop BTN di va
dang dugc ap dung nhu: Phuong phap thiét ké cua Barber Asphalt Paving Company
nim 1890, Phuong phap thiét ké ciia Clifford Richardson nim 1905, Phuong phap
thiét ké Hubbard Field naim 1920, Phuong phap thiét ké Hveem nam 1927, Phuong
phap thiét ké Marshall nam 1943 va Phuong phap thiét ké Superpave nim 1993 [42].
Trong d6 02 phuong phap dugc ap dung phd bién nhét hién nay la: Phuong phép thiét
ké Marshall va Phuong phap thiét ké Superpave.

Thuat ngir “bé tong nhya Superpave” dugc st dung trong dé tai nay 14 tén rt gon cila
“bé tong nhua thiét ké theo phuong phap Superpave”.

1.1.1. Phwong phap thiét ké hdn hop bé tong nhwa theo Marshall

Trudc khi phuong phap Superpave ra doi, phuong phap thiét ké hdn hgp BTN theo
Marshall dugc ap dung rong rai & Hoa Ky, nhiéu nuée trén thé gidi (chau Au, chau A
va & Viét Nam). Phuong phap thiét ké Marshall phai thoa méin 2 yéu té co ban sau:

- Yéu t6 vé dac tinh thé tich: bao g6m cac chi tiéu do rong du, do rong cdt lidu, do
rong lap ddy nhya ctia hdn hgp BTN. Céc gi tri ndy phai nam trong gidi han quy dinh
dam bao 16p BTN c6 kha niang chong bién dang, chéng chay nhya duéi tac dong cia
tai trong xe va yéu td nhiét d6 moi truong, han ché sy xAm nhap cua nudc vao hon hop
trong qua trinh khai théc.

- Yéu t6 vé dic tinh co hoc: bao gdm cac chi tiéu lién quan dén chét luong cbt lidu va
cac chi tiéu lién quan dén cudng do ctia hon hop BTN sau khi dam nén (dd 6n dinh, do
déo) nham dam bao cho 16p BTN ¢6 du cuong do sau khi xay dung.

Viéc Iya chon loai nhya duong duoc dua trén tiéu chuan phan loai nhya duong theo do
kim [an-AASHTO M20 [27] hodc theo d0 nhot-AASHTO M226 [28]. Viéc lua chon
loai nhya duong cho BTN phu hop voi diéu kién nhiét d6 méi truong dua trén kinh
nghiém cua ting nudc theo khuyén nghi tai tai liéu MS-2 cuia Asphalt Institute
“Phuong phap thiét ké hdn hop BTN” [56].

Cép phdi hdn hop cbt liéu BTN: str dung cap phdi hon hop cbt lidu lién tuc, theo cong
thitc Fuller v6i hé s6 mil n=0,45. Pudng bao hdn hop cbt lidu duge khuyén nghi theo
ASTM D3515 [44] va tuy ting dia phuong, quéc gia c6 thé hiéu chinh cho phu hop.
Thiét ké Marshall nguyén ban khong dua ra quy dinh cap phdi thd - min va cach luya
chon cép phdi thd - min khi thiét ké hdn hop BTN.
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Vé phuong phap ¢im tao mau BTN: str dung chay ddm va khuon ddm Marshall véi s6
chay dam 1a 75x2 chay. Phuong phap Marshall st dung cic mAu thi nghiém hinh tru
tron ¢ chiéu cao 63,5mm, duong kinh 101,6 mm; Phuong phap Marshall cai tién sir
dung cic mau thi nghiém hinh tru tron c6 chiéu cao 95,2 mm, duong kinh 152,4 mm.

Trinh tu thiét ké theo Marshall dugc chi tiét tai tai liéu Asphalt Institute MS-2 [56].

Tén tai chil yéu ctia phuong phap Marshall 1a: viéc ddm dam nén miu theo phuong
phap Marshall dugc danh gia 1a chua mo phong hét duoc qua trinh lu 1én thyc té ngoai
hién trudng; chua xem xét dé khic phuc cac hu hong chu yéu cta bé tong nhua nhu:
LVBX, nitt méi va ntt & nhiét do thap.

Mic du ¢6 nhitng han ché, tuy nhién phuong phap Marshall van duoc ap dung kha pho
bién trén thé gidi do nhing 1y do sau:

- Thiét ké theo Marshall don gian, gia thanh h¢ thiét bi thi nghiém khong cao.

- Nhiéu nuéc da c6 nhimng kinh nghiém thu nhan duoc qua qua trinh nhidu nim ap
dung phuong phép Marshall va c6 nhiing diéu chinh phu hop trén co so nhiing nghién
ctru dai han mat duong BTN.

1.1.2. Phwong phap thiét ké hdn hop bé tong nhua Superpave

Phuong phap thiét ké Superpave 1a mot trong nhiing san pham ndi bat ciia chuong
trinh nghién ctru chién lugc duong bd (SHRP). Phuong phap thiét ké Superpave da
giai quyét van d¢é lién quan dén lya chon vt liéu (nhya duong PG, cat, da, bot khoang)
phuc vu cho thiét ké hdn hgp BTN phu hop véi didc tinh dong xe (luu luong xe, toc do
xe lyu thong), nham giam thiéu cac hu hong mit duong nhu nirt méi, nit do nhiét do
thip, LVBX trong qué trinh khai thac. Phuong phép thiét ké Superpave hién dang
duogc ap dung pho bién tai Hoa Ky, Canada va nhiéu quc gia phat trién khéc.

Nguyén tic thiét ké: Phuong phép thiét ké BTN theo Superpave tuan thu theo nguyén
tac sau: st dung cac vat liéu hop 1y dé ché tao ra mot hon hop BTN dat dugc mot mure
d6 nao d6 vé cac kha nang 1am viéc ciia mat dudng BTN phit hop voi cac yéu cau vé
murc giao thong, moi truong, két cdu miat duong, va do tin cay. Hon hop BTN duoc
thiét ké (va dua ra ham luong nhya duong tdi wu) phai thoa man 2 yéu td co ban sau:

- Yéu té vé dic tinh thé tich: bao gom d6 rdng du, d6 rdng cdt lidu, do rong lap day
nhua ctia hdn hop BTN. Céc gia tri nay phai nam trong gidi han quy dinh.

- Yéu tb vé dic tinh co hoc: bao gém cac chi tiéu lién quan dén chét luong cbt liéu,
cac chi tiéu cuong do (kha ning lam viéc) ctia hon hop BTN va du bao kha ning
1am viéc thuc té cua mat duong BTN trén co s& cac thi nghiém vé dic tinh lam viée
(Performance Test) cia mau BTN.

Phuong phap dam tao miu BTN: sir dung thiét bi ddm xoay Superpave (SGC), véi
mau dam c6 duong kinh 150 mm, mé phong sy ¢dm nén BTN cua lu trén mit dudng.
Quy dinh vé thiét bi dam xoay, trinh ty tao mau theo huéng dan tai AASHTO T 312
[36].
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Viéc lva chon cép nhya duong: theo phan cép nhya duong PG, theo tiéu chuin phan
loai nhyra dudng theo cap dic tinh theo Superpave (AASHTO M320) [30].

Trinh ty thiét ké hdn hgp BTN theo Superpave theo dic tinh thé tich dugc huéng dan
chi tiét tai cic tiéu chuan hién hanh sau: Superpave Volumetric Mix Design-
AASHTO M323 [29]; Practice for Superpave Volumetric Mix Design for Asphalt
Mixture- AASHTO R35 [34]; TCVN 12818:2019 - Hén hop BTN néng - Thiét ké
theo dic tinh thé tich Superpave [10].

1.1.3. Phan tich d4nh gia nhitng dic thu cia phwong phap thiét ké bé tong nhua
theo Superpave so véi phwong phap Marshall

1.1.3.1. Phwong phdp thiét ké Superpave ké thiva va phdt trién mét sé nji dung ciia
phwong phap thiét ké Marshall

Nhitng ndi dung ké thira va phat trién dugc tom tat nhu sau:

1). Céc chi ti€u, phép thu kiém tra dic tinh ky thuat cua vat liéu: Cac chi tiéu ky thuat
cho da dam, cat, bt khoang theo Superpave nhin chung nhu quy dinh véi Marshall.
Tuy nhién, Superpave c6 dua ra cic mirc chat lugng yéu cau twong Gng v6i murc luu
luong xe (ESAL) thiét ké, chi tiét xem [29].

2). Cép phdi hon hop cbt licu:

Nhin chung cép phdi hdn hop cot liéu theo Marshall va theo Superpave co ban giéng
nhau, déu dya trén co so cép ph6i lién tuc, theo cong thirc Fuller vdi h¢ s6 mii n=0,45
(p = 100.(d/D)*®).

Marshall st dung duong bao cip phdi theo ASTM D3515 tuwong Gmg véi ¢& hat 16n
nhét danh dinh 37,5; 25; 19; 12,5: 9,5. Mdi duodng bao cép phéi dua ra lugng lot sang
giéi han qua 7 c& sang: 4 ¢& sang bat budc (c& sang 16n nhat, ¢ sang 16n nhat danh
dinh, c¢& sang 2,36 mm va cd sang 0,075 mm) va 3 c¢& sang trung gian.

Superpave sir dung dudong bao cap phdi theo Superpave twong ting v6i ¢& hat 16n nhat
danh dinh nhu v6i ASTM D3515. Tuy nhién, mdi duong bao cip phdi chi dua ra
luong lot sang gidi han tmg vdi 4 ¢& sang bat budc (c& sang 16n nhat, ¢ sang 10n nhat
danh dinh, c¢& sang 2,36 mm va c& sang 0,075 mm). Cac gidi han lot sang tai 4 c¢& sang
nay theo Superpave c6 cung gid tri luong lot sang so véi quy dinh tai ASTM D3515
(4p dung cho Marshall), chi tiét xem [29].

3). Céc chi ti€u thi nghiém, tinh toan lién quan dén dic tinh thé tich: Cac chi tiéu thi
nghiém, tinh toan xac dinh cac dic tinh thé tich ctia mau BTN nhu d6 rong du, d6 rong
cot liéu, do rdng 1ap day nhya theo Superpave va Marshall 1a giéng nhau, déu dua trén
huéng dan ctia Asphalt Institute MS-2 [56].

1.1.3.2. Nhirng dac thu cia phwong phdap Superpave

So v6i phuong phap thiét ké Marshall, phuong phap thiét ké Superpave c¢6 dac thi (uu
diém) nodi bat sau:
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1). Pam mau BTN bing dam xoay
Thiét bi ddm xoay (SGC) 14 san phadm cuia SHRP nhim mé phong duoc qué trinh ddm
nén BTN nhu ngoai hién trudng va cac diéu kién anh hudng cia tai trong xe chay. Do
bd phan gia tai tiép xtic voi mau, mau vira bi tac dung cia luc thfmg dang, vira bi tac
dong ctia m6 men x0dn nén bi nén chit lai. Cach ddm nay mé phong nhu céch lu lén
BTN tai hién truong. Cach ¢dm ndy c6 vu diém hon han cach ddm mau Marshall, mau
dam chit do tac dong cua xung luc, do qua bua roi ¢ d6 cao quy dinh (50 cm), dan t6i
dé bi v& hat cot lidu.

Tuy thudc vao luu luong xe thiét ké (ESAL), Superpave quy dinh s6 1an (vong) dam
xoay khac nhau, chi tiét xem [34].

2). Quy dinh vé d6 chit 16n nhat cho phép (ty trong khdi yéu cau) ung véi cac sb vong
dam méu (cong ddm nén) quy dinh: ban dau (Nini), thiét ké (Ndes); 16n nhat (Nmax):

Khac v6i phuong phap Marshall chi quy dinh ddm nén mau véi chay ddm 16n nhat (vi
du 75 chay x 2) va x4c dinh do chat (ty trong khoi) cia mau, Superpave quy dinh phai
dam nén miu v6i 3 mic vong dam xoay goi 1a: sb vong xoay ban dau ban dau (Nini),
thiét ké (Ndes); 16n nhat (Nmax) va do chat twong tng cia cac mirc dam dé phai thoa
mén yéu cau quy dinh, chi tiét xem [29]. Viéc quy dinh d6 c6 wu diém 1 di xem xét
dén dic tinh goc canh cua cot lidu ciing nhu ctia cap phdi cdt liéu trong hon hop BTN.

Néu hdn hop BTN tng véi s6 vong xoay dam Nini ma da qua chat (16n hon 89%) thi
hdn hop cbt liéu d6 duoc coi 1a “yéu”, cac hat cét liéu c6 xu thé bi tron canh, chén moc
gitra cac hat ¢t liéu kém, hdn hop dé dam chat va do dé sau nay dé phat sinh LVBX
trong qua trinh khai théc.

Tuong tu, dé hdn hop ¢t lidu du “khoe”, chén moc gitra cac hat cdt liéu tét, thi khi
dam mau tai s vong xoay 16n nhat Nmax (ing véi qua trinh mat duong BTN dang
trong thoi gian khai thac) cling khong dugc qua chat (khong 1on hon 98%). Viec BTN
qua chit ciing 12 co sé dé gdy LVBX mit duong.

3). Cap phéi tho, min

Superpave c6 diém khac biét so voi Marshall 1a dd xem xét dén tinh “tho” (coarse
graded) va tinh “min” (fine graded) ctia hdn hop cbt lidu sir dung dé ché tao BTN.
Nhitng quy dinh vé cap phdi tho, cdp phdi min dugc hudng dan chi tiét tai Bang 1-1.

Bang 1-1. C& sang khong ché, luong lot sang khong ché [29]

Co hat l6m nhét danh dinh 37.5mm | 25,0 mm | 19,0 mm | 15,5 mm | 9,5 mm
Sang khéng ché 9,5 mm 475mm | 4,75 mm | 2,36 mm | 2,36 mm
% lot sang khéng ché 47 40 47 39 47

C6 nhimg nghién ctru trén thé gidi chi ra rang, cip phdi tho thuong tao ra hdn hop
BTN c6 kha ning khang LVBX cao hon so v&i cap phdi min, va cap phdi min cé kha
ning tao ra hdn hop BTN c6 kha ning khang niit moi cao hon so v6i cap phdi tho.
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Thiét ké hdn hop BTN theo Superpave (AASHTO M323 [29], AASHTO R35 [34],
TCVN 12818:2019 [10]) qui dinh can lua chon it nhat 3 cap phdi ¢t lidu cé tinh tho,
min khac nhau tng véi kich cd hat 16n nhét danh dinh dé thiét ké (vi du minh hoa tai
Hinh 1-1) dé tao mau BTN, thi nghiém xac dinh cic dic tinh thé tich ciia miu BTN,
néu cap phdi nao théa min yéu cau quy dinh thi lya chon cap phéi dé dé tién hanh cac
budre tiép theo.

Cap phoi bé tong nhya 19mm

/

% lot Cép phdi 3 / ) Cép phdi 1
60.0 - - . o
Piém khong ché /

Y=Z

40.0 - : :
S Cipphéi 2

20.0

7
0.0 .
0.075 2.36 4.75 125 19.0  25.0

Co& sang, mm (*0.45)
Hinh 1-1. Minh hoa 3 cap phdi BTN 19 mm st dung dé thiét ké [10]
Y tuéng vé cap phdi thd, min cua Superpave ciing di duoc tham khao va dua vao
TCVN 13567:2022 - Lép mat duong bang hdn hop nhya nong - Thi cong va nghiém
thu [15], tuy nhién chua c6 huéng dan khi thiét ké hdn hop BTN can lya chon it nhét 3
cép phéi cdt liéu co tinh thd, min khac nhau dé tao mau BTN, thi nghiém x4c dinh céac
chi tiéu co 1y ctia mau BTN, tir d6 lya chon dugc cép phéi 6t lidu tdi wu.

4). Lya chon nhya duong PG phu hgp voi nhiét 6 moi truong va dac tinh dong xe

Pay 1a diém khéc biét giira thiét ké Superpave so v6i thiét ké Marshall. Superpave sir
dung nhya duong PG theo quy dinh tai AASHTO M 320 [30]. Nhya duong PG bao
gdm ca nhwa dudng thuong va nhua dudng polime.

Phan cép nhya duong PG theo ca nhi¢t 40 mat duong cao nhét va thép nhét, ky hi¢u la
PG xx-yy, trong d6 xx la nhiét do cao nhét trung binh cta 7 ngay, yy la nhiét do cua 1
ngay thap nhat trong nim, v6i s6 nam quan trac 16n hon hodc bang 20 nim.

Tiéu chuan phan cip nhua dudong PG khong phan loai riéng cho nhya duong thuong,
nhya duong cai thién polime ma quy dinh chung 14 vi¢c st dung nhua duong thuong
hay nhua dudng polime tity thudc vao cip nhua duong PG. Pé thoa man yéu cau véi
cép nhya PG, nhin chung véi nhya duong c6 cép PG theo nhiét @0 cao kha 16n, hoac
cap theo nhiét do thap kha nho thi phai 1a loai nhya duong cai thién polime.

Theo Superpave, viéc lya chon nhya duong PG cho tuyén duodng can phai tién hanh
theo trinh tu sau:



9.

- Lua chon cp nhwa dudng PG phu hop voi diéu kién nhiét d6 ving khi hau.

- Lua chon (diéu chinh) cip nhua duong PG phu hop véi diéu kién dong xe (tai
trong xe, luu luong xe, toc d6 dong xe luu thong): trén co sé da chon cap nhua
duong PG phu hop vé6i didu kién nhiét d6 ving khi hau, tiép tuc chon mac nhua
duong PG phu hop véi diéu kién dong xe.

Theo quy dinh cia AASHTO M323 [29], sau khi chon cip nhya PG theo diéu kién

nhiét d6 vung, can diéu chinh cip nhwa dudng PG theo dic tinh dong xe (theo cip luu

luong xe ESAL va téc d6 dong xe luu théng: Tiéu chuan; Cham va Pung yén) nhu chi

ra tai Bang 1-2.

Bang 1-2. Diéu chinh mac nhwa PG theo dic tinh dong xe [29]

. . Piéu chinh mac nhya PG theo mic lru Irgng xe va tdc dd dong xe *
Tong so truc xe " P N
thiét ké trong Tleu chuan . Chim Dirng yén
20 nim, triéu (Toc do d(fng xe (Toc‘ do c%ong xe (Téc d6 dong xe trung
ESAL/lan xe trung binh trung 1t,)lnh tir 20 km/h binh <20 km/h)
> 70 knmv/h) dén70 km/h)
<03 — — —'
0,3 dén <3 - 1 2
3 dén <10 - 1 2
10 dén <30 —° 1 2
> 30 1 1 2

Chu thich Bang 1-2:

- *: Tang cap nhya theo nhiét d6 cao bang s cap twong duong nhu chi ra tai Bang 1-
2 (mot cip twong duong voi 6°C). Giit nguyén cip nhya theo nhiét do thap.

- " Xem xét co thé ting cap nhya PG 1én mot cap (cap nhiét do cao) (voi dong giao
thong dung yén khi luu lugng xe thiét ké <0,3 triéu ESAL, v6i dong giao thong
tiéu chuan khi luu luong xe thiét ké tir 10-30 triéu ESAL).

Y tuong vé lya chon nhua duong PG phu hop véi nhiét o moi truong va dac tinh
dong xe cua Superpave cling da dugc tham khdo va dua vao Phu luc B va Phu luc C
cia TCVN 13567-1:2022 - Lép miat duong bang hon hgp nhya néng - Thi cong va
nghiém thu - Phan 1: Bé tong nhwa chat sir dung nhya dudng thong thudng [15].

5) Ty I¢ D/B
Superpave khuyén nghi ty 1é giita luong lot qua sang 0,075 mm va ham luong nhya ¢

hiéu (D/B) cho hdn hop c6t liéu min 14 tir 0,6-1,2 va cho hdn hop cot lidu tho 1a tir
0,8-1,6 khi thiét ké hon hop BTN.

Theo két qua nghién ctru ctia mot s t6 chire trén thé gidi, ty 16 D/B hop 1y 14 co so dé
tao nén hon hop vira nhya (hdn hop hat min va nhya dudng) phu hop, tao diéu kién dé
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hdn hop BTN vira ¢6 kha nang khang moi, khang LVBX. Néu it hat min, dan tdi thira
nhua va BTN ¢6 xu thé bi LVBX, va nguoc lai ddn dén dé bi moi.

Y tuong ve ty 1€ gitra lugng lot qua sang 0,075 mm va ham lugng nhya c6 hi¢u (D/B)
cua Superpave ciing da dugc tham khao va dua vao TCVN 13567:2022 - Lép mat
duong bang hdon hop nhya néng - Thi céng va nghiém thu [15].

6) Panh gia kha ning khang am cta miu BTN qua chi tiéu ty s6 cudng do chiu kéo
gian tiép TSR

Thi nghiém cudng do chiu kéo gian tiép (c6 thé goi tat 1a ép ché) theo AASHTO T283
[35] nham danh gia kha ning khang 4m cta hén hop BTN khi chiju tac dong cua nudc
trong qua trinh khai thic mit dudng. Duéi tac dong ctia nuéc, mau BTN bio hoa nudc
s€ suy giam cuong do, néu hé sb cuong do chiu kéo gian tiép— TSR (ty ) cuong do
gifta mau uét va mau kho) nho hon quy dinh (thuong 14 0,8) thi mau BTN thiét ké c6
kha ning nhay am 16n, can phai xem xét cai thién, hodc bod sung phu gia ting dinh
bam, hodc phai thay ngudn cot lidu.

Trén co s& nhiing ndi dung cha yéu ciia hai phuong phap thiét ké hdn hgp BTN theo
Marshall va Superpave da néu tai myc 1.1.1 va 1.1.2, tién hanh tom tat, so sanh cac chi

tiéu chinh ctia phuong phap Marshall va Superpave. Két qua thé hién tai bang 1-3.

Bang 1-3. Tém tat, so sanh phuong phap Marshall va Superpave

Chi tiéu so sanh

Marshall

Superpave

Phuong
dam miu

phap

St dung chay ddm va khudn dam
Marshall, miu didm chat do tac
dong cua xung lyc, do qua bua roi &
do cao quy dinh (50 cm), dan t&i dé
bi v& hat cdt lidu

St dung ddm xoay SGC mé phong
nhu cach lu lén BTN tai hién
trudng, bd phan gia tai tiép xuc véi
mau, mau vira bi tac dung cia luc
thing dimg, vira bi tic dong cua
md men xoan nén bi nén chit lai

Nang luong dam
mau

75 chay x 2 mat

Pam nén mau v6i 3 mirc vong dam
xoay Nini, Ndes, Nmax va va qui
dinh d§ chat tuong ung cua céc
mirc ddm d6 dé danh gia muc do
khoe - yéu ctia cip phdi cbt liéu

Chét lugng vat
liéu

Quy dinh chung vé céc chi tiéu k§
thuat cho da dam, cat, bot khoéng

Qui dinh cac muc chit luong yéu
cau twong Ung voi muc luu lugng
xe (ESAL) thiét ké

Lwva chon loai
nhya duong su

dung

St dung nhya duong phan cap theo
ddé kim Iun, chua c6 hudng dan khi
nao su dung nhya duong thong
thuong va khi nao st dung nhua
dudng polime

St dung cap nhya duong PG phu
hop véi didu kién nhiét do ving
khi hiu va diéu chinh cép nhya
duong PG theo ddc tinh dong xe
(tai trong xe, luu luong xe, tdc do
dong xe Iuu thong)
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Chi tiéu so sanh Marshall Superpave

S6 lwong cadp | Khong dwa ra qui dinh, thong | Qui dinh cin lya chon it nhit 03
phdi phai dung | thuong chi sir dung 01 cép phdi cap phdi cdt liéu co tinh thd - min
khi thiét ké khac nhau

Két qua thiét ké | Khong dwa ra qui dinh cdp phdi thd | Lya chon dugc cap phdi thd - min
- min va cach Iua chon cép phéi tho | c6 tinh dinh lugng
- min khi thiét k& hdn hop BTN

1.2. Phén tich thiét ké hdn hop bé tong nhwra Superpave theo nguyén ly cin bing

Xu huéng thiét ké hon hop bé tong nhya Superpave hién nay tai Hoa Ky 1a thiét ké
hdn hop BTN theo nguyén 1y can bang BMD (Balanced Mix Design) giita cac dic
trung thé tich-d6 nhay 4m, kha niang chéng LVBX, va kha ning chong nit (Hinh 1-2).

Pic tinh
thé tich

Chéng lun ’ (

vét banh Chong nirt

Hinh 1-2. So db thiét ké hdn hop bé tong nhya Superpave theo nguyén 1y cn bang

Vao thang 9 ndm 2015, Co quan quan ly duong b lién bang (FHWA) da thanh lap
mdt nhém chuyén gia dé nghién ciru vé “Thiét ké hdn hgp BTN cén bang (BMD)”.
Thiét ké can bang két hop hai hodc nhiéu thir nghiém dic tinh lam viéc cta hdn hop
BTN nhu thtr nghi¢ém LVBX, thtr nghi¢ém nut va thir nghi€ém dd nhay am dé danh gia
murc d6 hdn hop chdng lai cac dang hu hong pho bién.

Thiét ké can bang hdn hop BTN c¢6 nghia 1a hdn hop BTN dugc thiét ké dé dat duoc
su cAn bang toi wu gitra kha nang chéng LVBX va kha ning chong nit bang cach sir
dung cac thtr nghi¢m vé dic tinh 1am viéc hon hop BTN duogc lya chon thay vi chi dua
vao céc chi tidu vé dic tinh thé tich cia hdn hop BTN. Hién nay, nhiéu bang & Hoa Ky
da 4p dung phuong phap thiét ké hdn hop bé tong nhya theo nguyén 1y cin bang va
AASHTO da phat hanh 2 tiéu chuan AASHTO PP 105-20 [32] va AASHTO MP 46-
20 [31] thiét ké hdn hop BTN theo nguyén 1y can bang v&i 04 cach bao gom:

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

Trinh tu thiét ké hdn hop BTN Superpave theo nguyén 1y can bang theo cach A nhu
md ta tai Hinh 1-3, bao gdm cac budc sau:
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Thiét ké theo dic tinh thé

tich dé xac dinh HLN  |€ ——-Lgplai—————— .
t01 uu :
I
\ I
Cac dac tinh . o fn 1R T8 R
< thé tich dat? >— Khéng Thiét ke lai hon hop
I N
Pat
v

Thi nghiém cac déc tinh
lam viéc: LVBX, mit
tai HLN t0i vu

\
Cac dac tinh
lam viéc: Khong
LVBX, nut dat?
I
Pat

!

Thi nghiém do nhay Am o
tai HLN tdi uu Lép lai jl

Thém phu gia tdng cudng
Do nh : %
S dom Khong —>{ dinh bam da nhya, chéng
bong tach, voi thuy hoa

Dat
.
Phé duy¢t cong thirc
phdi tron

Hinh 1-3. Céach A thiét ké theo thé tich va kiém tra dic tinh 1am viéc

- Buéc 1: Thiét ké hdn hop BTN theo dic tinh thé tich Superpave dé xac dinh HLN tbi
vu thoa méan cac yéu cau vé thé tich quy dinh.

- Budc 2: Ché bi miu BTN tai HLN t6i vu da xac dinh tai budc 1 dé thi nghiém
LVBX va ntt. Néu khong dat thi 1dp lai bude 1 cho dén khi tat ca cac chi tiéu vé thé
tich, LVBX va nut déu thoa man.

- Bué6c 3: Ché bi mau BTN tai HLN tdi wru dé thi nghiém danh gia kha nang khang am,
néu dat thi chap nhan cong thirc cho san xuat. Néu khong dat thi can phai thém cac
phu gia ting cuong dinh bam da nhya, chéng bong tach hoac voi thuy héa va lap lai
budc 3 cho dén khi dat yéu cau.

Céch A 14 cach than trong nhat va c6 tiém niang d6i mai thap nhat.
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1.2.2. Cach B: Thiét ké theo thé tich va téi wu héa dac tinh lam viéc (Volumetric
Design with Performance Optimization)

Céach B 1a phién ban mé rong cia cach A. Cach B yéu cau tuan tha day du cac yéu ciu
vé thé tich tai HLN t6i uu so b nhung cho phép thay d6i vira phai HLN dé t6i vu hoa
dic tinh lam viéc dua trén két qua tha nghiém. Trinh ty thiét ké hdn hop BTN
Superpave theo nguyén Iy can bang theo cach B nhu mo ta tai Hinh 1-4:

Thiét ké theo dac tinh thé
tich dé xdc dinh HLN <~ —— Liplai-——————
toi uu so bo

Céc dac tinh
thaecmifdﬁo >_ Khong Thiét ké lai hdn hop
Dat

uu so bd va HLN b sung

Cac dac tinh
lam vigc: Khong
LVBX, nut dat?

Dat
\2

Lua chon HLN tdi uu J

Thi nghlem cac dac tinh lam
viée: LVBX, nirt tai HLN t6i

\4

Thi nghiém do nhay am } — Liplai-———— — —

tai HLN tdi uu

N ()

oh Thém phuy gia tang cudng
bo 4 agl am Khong dinh bam d4 nhua, chong
aut bong tach, voi thuy hoa

Dat
4

Phé duyé¢t cong thirc
phoi tron

Hinh 1-4. Céach B thiét ké theo thé tich va tdi wu dic tinh 1am viéc
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- Budc 1: Thiét ké hdn hop BTN theo dic tinh thé tich Superpave dé xac dinh HLN so
bd thoa man cic yéu cau vé thé tich quy dinh.

- Bude 2: Ché bi mau BTN tai HLN so bd va it nhat hai HLN trong khoang + 0,3%
dén + 0,5% gia tri HLN so bo da x4c dinh tai budc 1 dé thi nghiém LVBX va nat. Sau
do6, HLN dap ung ca hai tiéu chi kiém tra LVBX va ntt dugc chon 1am HLN tdi uu.
Néu khong dat thi lp lai budc 1 cho dén khi tit ca cac chi tiéu vé thé tich, LVBX va
nirt déu thoa man.

- Bué6c 3: Ché bi mau BTN tai HLN tdi wru dé thi nghiém danh gia kha nang khang am,
néu dat thi chap nhan cong thirc cho san xuat. Néu khong dat thi can phai thém cac
phu gia ting cuong dinh bam da nhya, chéng bong tach hoac voi thuy héa va lap lai
budc 3 cho dén khi dat yéu cau.

Mic du cach B linh hoat hon mot chuat so véi cach A, nhung né van duoc coi 1a mot
cach than trong véi tiém nang d6i méi han ché.

1.2.3. Cach C: Thiét ké theo dic tinh lam viéc - hiéu chinh thé tich (Performance-
Modified Volumetric Mix Design).

Trinh tu thiét ké hdn hgp BTN Superpave theo nguyén 1y can bang theo cach C nhu
md ta tai Hinh 1-5, bao gdm cac budc sau:

- Buéc 1: Thiét ké hdn hgp BTN theo dic tinh thé tich Superpave dé xac dinh cap phbi
cot liéu va HLN so bg.

- Budc 2: Ché bi mau BTN tai cap phdi ¢t liéu va HLN so bd da xac dinh tai bude 1
dé thi nghiém LVBX va nut. Néu khong dat thi 13p lai budc 1 cho dén khi tat ca cac
chi tiéu vé thé tich, LVBX va nirt déu théa man, tir d6 lya chon dwgc HLN tdi uu va
cap phdi cot lidu t6i wu.

- Bué6c 3: Ché bi mau BTN tai HLN tdi wru dé thi nghiém danh gia kha nang khang am,
néu dat thi thi nghiém xac dinh cac dic tinh thé tich tai HLN tdi wu va chép nhén cong
thirc cho san xuat. Néu khong dat thi cAn phai thém cac phu gia ting cudng dinh bam
da nhya, chéng bong tach hodc voi thity hoa va lap lai bude 3 cho dén khi dat yéu cau.

Céach C cho phép mdt s6 yéu cau vé thé tich dugc ndi 1ong hodc loai boé mién 1a cac
ti€u chi dac tinh lam viéc dugc théa man. Do do, no it bao thu hon cach A va cach B,
no6 cung cap tiém nang doi méi & mirc d trung binh.
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Luwa chon cip phdi cot
liéu va HLN so bd

Thi nghlem cac ddc tinh lam
viéc: LVBX, nut tai cap <——VLiplai-——————
phdi cbt liéu va HLN so bd

Céc dgc tinh . Higu chinh thanh phin
lam viéc: Khong hén hop. HLN
LVBX, nut dat? P

Dat

\V N
Lua chon HLN tdi vu va
cap phdi cot lidu ti vu

)

\4

\
Thi nghiém dJ nhay am

tai HLN t6i uu <——-Liplai ———————

)

/

1 i

Thém phu gia tang cuong
Khong dinh bam d4 nhya, chong
bong tach, voi thiy hoa

D0 nhay am
dat?

VAN

I
Pat

' o )
Xac dinh cac dac tinh thé
tich tai HLN t61 uu

Phé duyét cong thirc
phdi tron

Hinh 1-5. Cach C thiét ké theo dac tinh lam viéc - hiéu chinh thé tich

1.2.4. Cach D: Thiét ké theo dic tinh lam vi¢c (Performance Design).

Trinh tu thiét ké hdn hop BTN Superpave theo nguyén 1y can bang theo cach D nhu
md ta tai Hinh 1-6, bao gdm cac budc sau:

- Budc 1: Lya chon cip phdi cét liéu va HLN so bo.

- Budc 2: Ché bi mau BTN tai t6i thiéu ba HLN trong khoang thay d6i tir 0,3% dén
0,5% so v&i HLN so bd di xéac dinh tai bude 1 dé thi nghiém LVBX va nut. Sau do,
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HLN dap ung ca hai tiéu chi kiém tra LVBX va niit dugc chon lam HLN t6i uu. Néu
khong dat thi 13p lai bude 1 cho dén khi céc chi tiéu vé LVBX va nit déu thoa man.

- Bué6c 3: Ché bi mau BTN tai HLN tdi wru dé thi nghiém danh gia kha nang khang am,
néu dat thi chap nhan cong thirc cho san xuat. Néu khong dat thi can phai thém cac
phu gia ting cudng dinh bam da nhua, chéng bong tach hodc voi thiy hoa va lip lai
budc 3 cho dén khi dat yéu cau.

Céach D khong c6 yéu cau vé thé tich va chi dwa vao két qua thir nghiém dic tinh 1am
viéc dé toi wu hoa hdn hop thiét ké, va do d6, nd dugce coi 1a cach it than trong nhat véi
mirc do tiém ning doi moi cao nhat.

Luwa chon cip phdi cdt
liéu so bd va cap nhya

Thi nghiém cac dac tinh lam
viéc: LVBX, nut tai ba HLN [¢&~—— Lap lai -——————
(hodc nhiéu hon)

C?; nfe:i eténh e Hiéu chinh thanh phan
ong hén hop cdt lidu

LVBX, nut dat?

Dat

N4
Lua chon HLN tdi uu va
cap phdi cot lidu tdi wu

Thi nghiém do nhay Am s .
tai HLN ti wu Lap lai |
I
I
l
Do nhay am . Thém phu gia tang cudng
dat? Khong dinh bam da nhua, chéng
bong tach, voi thuy hoa
Dat

\’

Phé duyé¢t cong thirc
phoi tron

Hinh 1-6. Cach D thiét ké theo dic tinh lam viéc
Viéc phan tich, lya chon cach thiét ké hdn hop BTN Superpave theo nguyén 1y can
béng phu hop voi diéu kién Viét Nam s& dugce thuc hién trong Chuong 2 ctuia Luan an.
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1.3. Cac dang hu hong chinh cua mat dwong BTN

Céc dang hu hong mit duong BTN dién hinh phat sinh trong qué trinh khai thac duéi
tac dong cua tai trong xe va nhiét d6 moi duoc thé gidi téng két bao gém: LVBX; nut
moi; nit do nhiét va pha hoai do am.

1.3.1. Lin vét banh xe

(1) Khdi niém vé lin vét banh xe

LVBX 14 hién tugng bé mit ciia mit cit ngang mit duong BTN khong con giir nguyén
duoc hinh dang nhu thiét ké ban dau, mat duong bi lun xuéng tai vi tri vét banh xe, va
hinh thanh cac vét lun theo chiéu doc ciia dudng.

LVBX 1a hién tuong tich lily bién dang khong hoi phuc cia cac 16p BTN mit duong
do anh hudng cta phuong tién xe luu thong va nhi¢t dd moi truong gy ra trong qua
trinh khai thac. LVBX 1a dang hu hong dién hinh ctia bién dang vinh ciru.

(2) Cdc dang lun vét banh xe

C6 2 dang LVBX pho bién d6 la:

- LVBX do 16p BTN “yéu”, khong dii cudong do khang cit dé chong lai tng suat cit do
tai trong banh xe gy ra trong 16p BTN (Hinh 1-7a);

- LVBX do céc 16p nén, méng “yéu” (Hinh 1-7b).

S Y T~
(b)

Hinh 1-7. Céc dang LVBX [57]

LVBX 14 do t6 hop cua cac nguyén nhan: Do dong xe luu théng (luu lugng xe, tai
trong xe); chat lugng cac 10p két cau 4o dudng (BTN mit duong, mong dudng, nén
duong); diéu kién khi hau (nhiét 46, do am).

(3) Cdc phuwong phdp thi nghiém lun vét banh xe

Hién nay c6 rat nhiéu phuong phap thi nghiém LVBX cho BTN trong phong thi
nghiém duoc nghién ctru 4p dung trén thé gidi, mdi phuong phap déu co cac wu, nhugc
diém va pham vi 4p dung riéng, tiy diéu kién cy thé clia cac nudc ma lya chon phuong
phép thi nghiém phu hgp:

1. Thi nghiém APA (Asphalt Pavement Analyzer) theo AASHTO T340 [39].

2. Thi nghiém chi s6 chay (Flow Number Test) theo AASHTO T378 [40].

3. Thi nghi¢m Hamburg Wheel-Tracking theo AASHTO T324 [38].

4. Thi nghiém cat Superpave (Superpave Shear Tester) theo AASHTO T320 [37].
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Viéc phan tich, d& xuat phuong phap thi nghiém LVBX phu hop véi diéu kién Viét
Nam s& duoc thyc hién trong Chuong 2 cua Luén an.

1.2.2. Nurt do nhiét d thap

Nt do nhiét d6 thap 1a cac vét nirt ngang xuat hién trén mat duong khéng lién tuc va
thuong cach nhau mot khoang cach tir 6m dén 30m (xem Hinh 1-8) [52].

Nt do nhiét d6 thap xay ra khi 16p BTN bi co lai trong thoi tiét lanh. Béi vi 16p BTN
nay c¢6 do dinh bam véi céc 16p bén dudi, nén su co lai cua 16p BTN s€ bi han ché, st
khang niy gy ra cac ung suat kéo dé tich tu trong 16p BTN. Néu nhiing g suat kéo
nay tiép tuc gia ting va vuot qua cuong do chiu kéo ctia 16p BTN thi s& gy ra cac vét
ntt do nhiét d6 thap (xem Hinh 1-8). Vét niit nay thuong bat dau xuat hién & trén mat
ctia 16p BTN, & d6 ung suat kéo 14 16n nhét, sau d6 vét nirt s& lan truyén xubng dudi
cho dén khi 16p BTN bi ntt hoan toan.

Niit do nhiét d6 thap trén bé mat

~/\

6-30m ~
Ung suét \ . U:ng suat

kéo le

\, Nt do nhiét d6 thap phat
trién trong 16p BTN

Hinh 1-8. Nt do nhiét do thap [52]
Hau hét cac thi nghiém danh gia nirt do nhiét do thap déu duoc thuc hién tai nhiét do
kha thap (nhiét 46 am), trén hé thong thiét bi dong bd, phirc tap va dit tién, do vay
hién nay it duoc sir dung khi thiét ké hdn hgp BTN. Mit khac, do dic thu diéu kién khi
hau Viét Nam khong xuét hién nhiét do qua thép (am) nén dé xuit khong lya chon chi
tiéu thir nghiém danh gia kha nang chéng nirt do nhiét do thap khi thiét ké hon hop bé
tong nhua Superpave trong diéu kién Viét Nam.

1.3.3. Nirt méi (nirt & nhiét do trung gian)

Nut moéi cia BTN xay ra 1a do tac dong cua cua tai trong trung phuc gay ra trong qua
trinh khai thac. Khi Gmg sut kéo udn do tai trong tring phuc giy ra trong 16p vat liéu
BTN 16n hon cudng d kéo udn ctia vat lidu BTN, mit duong BTN xuat hién nirt moi.

Nut mdi thudong x4y ra vao mua c6 nhiét do moi trudng trung gian (nhi¢t do trung binh
gitra nhiét do cao nhat va thép nhat xdy ra trong nam). Tai nhiét do trung gian, BTN c6
xu hudéng cing hon va gion hon so véi khi nhiét d6 cao nén dudi tdc dong cua tai
trong 1dp, BTN c¢6 xu hudéng bi nut moi. Vét nit dau tién hinh thanh trong BTN
thuong rat nho, khé nhan biét. Dudi tac dong cia tai trong trung phuc, nhimg vét nut
nho s& dan phat trién vé kich thudc va sé lugng cho dén khi thanh cac vét niit 16n hon
nhiéu, va cudi cting hinh thanh hé vét nat (Hinh 1-9).



Hinh 1-9. Hu héng nirt moi mat duong BTN

Nt moi co thé xdy ra sém va tir nhiéu nguyén nhan khac nhau trong dé cé nguyén
nhan do chét luong ctia hdn hop BTN kém, khong du kha nang chéng nit moi.

Theo béo cdo NCHRP 20-07/Task 406 (2018) [61] cho thay nirt moi 1a dang hu hong
cua BTN dugc quan tam nhat hién nay tai Hoa Ky, ¢6 t61 40/50 bang cua Hoa Ky quan
tam dén cac thi nghiém danh gia kha nang chong niit moi cia BTN.

1.3.4. Pha hoai do 4m

Hu hong ctia mit duong BTN do am 1a sy suy giam kha ning bam dinh giira bé mit
¢t liéu voi nhua duong do tdc dong cua nudc. Hién tugng hu hong do suy gidm kha
nang bam dinh gitra bé mat cbt liéu v6i nhua duong dugc goi 1a hién tugng bong tach.
Bong tach c6 lién quan dén cdt 1iéu, nhua duong, va tuong tac gitra ¢t liéu voi nhua
duong. Dudi tdc dong cua do am, cta nhiét do méi truong thay ddi, hién tuong bong
tach s& phat trién dan téi mat duong BTN bi suy giam cuong d6. Truong hop dién hinh
cua sy suy giam cuong dd BTN do bong tach la sau khoang mét vai nam, hi¢n tuong
LVBX, ntt mo6i BTN xuét hién va thuong xdy ra tai vi tri vét banh xe. Hién tuong hu
hong nay s& ting nhanh khi mit duong BTN ¢6 luu lugng xe 16n, nhiéu xe tai ning.

Mit duong BTN thuong chiu tac dong ctia am khi troi mua, khi d6 4m khong khi cao,
khi c6 cac ngudn am gay ra tai cac 16p mong duong. Néu mit duong BTN duoc thiét
ké, thi cong theo diing quy dinh thi nudc khong dé dang thim vao 16p BTN, tuy nhién
nudc van co thé thim vao 16p BTN ngay ca khi 16p BTN da dugc dam nén t6t. Nudc
tac dong vao ving tiép xtc giita bé mat cbt liéu va nhya dudng trong hén hop BTN
gdy ra suy giam lién két da-nhwa duong, tham chi ¢ thé 1am pha huy hoan toan mbi
lién két nay. Mat duong BTN bi hu hong do 4m rat kho stra chita. Giai phap pho bién
1a phai cao béc 16p BTN nhua cii dd hu hong do am va rai 16p BTN thay thé, dan t6i
chi phi tang cao.

1.4. Cac dang nirt méi va phwong phap thi nghiém danh gia
1.4.1. Nut méi tir dudi 1én (Bottom-up fatigue cracking)

Loai nut mdi dau tién xuat hién 1a cac vét nut doc, ngan trong phan mat duong xe
chay. Vét nit nay nhanh chong lan rong va két noi v6i nhau dé tao thanh mot chudi
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cac vét nut. Nhitng vét niit nay bat dau tir dudi cung cua 16p BTN, sau d6 md rong dan
va lan truyén 1én bé mat [24]. Co ché nay duoc minh hoa tai Hinh 1-10.

Hinh 1-10. M6 hinh nt tr duéi 1én [57]
Mot sé nguyén nhan giy ra dang nit nay:
- Lép mit BTN mong hoic yéu;
- Tai trong banh xe 16n va ap suat 16p xe cao;
- Nén, mong yéu;
- Lop mong khong dam bao do chat, do am cao hodc muc nuée ngﬁm cao.
1.4.2. Niit méi tir trén xudng (Top-down fatigue cracking)

Hau hét cac vét niit moi 13 truyén tir dudi 1én. Tuy nhién, c¢6 nhiéu bang chimng lién
quan dén tai trong cho thdy cic vét niit moi bat dau xuat hién ¢ bé mat va truyén
xubng dudi [24], co ché nay duge minh hoa & Hinh 1-11.

Hinh 1-11. M6 hinh ntt tir trén xudng [57]
Mot sé nguyén nhan giy ra dang nit nay:
- Tai trong banh xe giy ra ung suat bién dang tai cac vét niit c6 sin ¢ bé mat.
- Lio hoa 16p BTN bé mit s& 1am ting téc do lan truyén vét nut.

- Khi xe chay, tai trong banh xe tao ra ing suat tiép tac dung lén bé mat, dic biét voi
tai trong ning s& gy nut bé mat 16p BTN.



- Lao hoa phén BTN gﬁn bé mat, két qua lg 1(‘16 cing cao, két hop véi ap lyc banh xe sé&
gay nut.

1.4.3. Cac mo hinh va phwong phap thi nghiém danh gia nirt méi

Trén thé giéi c6 nhiéu md hinh thi nghiém nit méi cia BTN nhu:

- M6 hinh uén dam, bao gdm phuong phap: thi nghiém udn dam 2 diém, uén dam 3

diém, uon dam 4 diém, uon dam 5 di€m va uon dam trén nén dan hoi, uon dam ban
nguyét SCB.

- M6 hinh kéo (nén), bao gdm cac phuong phap: kéo (nén) mau ding tam doc truc, ép
ché (kéo gian tiép), kéo (nén) 1éch tam, cat xoay.

Hién nay, trén thé gi6i c6 rat nhidu phuwong phap thi nghiém danh gia kha ning chdng
nirt méi cia BTN duoc nghién ctru, phat trién va xdy dung thanh céc tiéu chuan nhu:

1. Thi nghiém ubn dam 4 diém.

2. Thi nghiém uén ddm ban nguyét SCB theo AASHTO.

3. Thi nghiém IDEAL CTindex.

4. Thi nghiém uén ddm ban nguyét SCB theo ASTM.

5. Thi nghi¢ém Texas overlay test.

Viéc phan tich, dé xuat phuong phap thi nghiém danh gia kha ning chéng nit moi cua
BTN phu hop véi diéu kién Viét Nam s€ duoc thyc hién trong Chuong 2 cua Luan én.
1.5. Nghién ciru cz’t’c yéu t6 anh huéng dén kha ning chong nit ciia bé tong nhua
Superpave trén the gi¢i

Céc yéu to anh hudong dén cac dic tinh cua bé tong nhya Superpave (LVBX, niit moi,
pha hoai do am) duoc thé gidi tong két phan thanh hai nhém:

- Nhom lién quan dén BTN bao gém: ¢t 1iéu; nhya duong; thiét ké thanh phﬁn BTN;
thi cong 16p BTN.

- Nhom lién quan dén luu luong xe, tai trong xe, nhiét dd mai truong.
1.5.1. Anh huéng ciia cic yéu to lién quan dén BTN

Theo nghién ciru [57] caa Hoa Ky: Cac yéu té lién quan dén BTN c6 anh huong dén
LVBX, nitt méi va phé hoai do am ctia BTN duogc tom tit tai Bang 1-4.

Bang 1-4. Cac yéu t6 anh huéng dén LVBX, nit méi va pha hoai do am ciia BTN [57]

Nhin t6 Chi tiéu Kha ning | Khaning | D) bén/ kha
anh chéng chéng nirt | ning khang
hwéng LVBX moi Am

Nhua Tang cép nhiét do cao cua nhua
duomg | duomg PG (N)
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Nhin t6 Chi tiéu Kha ning | Khaning | D) bén/ kha
anh chéng chéng nirt | ning khang
hwéng LVBX moi Am
(nhya Téng do cung (Stiffness) cua
duong nhya duong PG tai nhiét d6 trung T\L
PG) binh (*)
Tang d6 goc canh cua cdt liéu ,r /]\
Tang kich ¢& hat 16n nhit danh
Cot lieu | dinh i/
Téng ham lugng bot khodng
va/hodc tang ty I bot khoang/ TT T
nhya duong
Hén hop Tfmg muc dam nén khi thiét ké A ,r
BTN hon hop
(dac tinh | Téang do rong BTN khi thiét ké / T
thé tich
cua Tang d rong cdt liéu/hodc ting
BIN) | ham luong nhua thiét ké \/\L T

1.5.1.1. Anh hwéng ciia nhwa dwong

Tiéu chuan nhya duong theo cdp dic tinh PG cua Superpave (AASHTO M320 [30],
TCVN 10349:2020 [12]) ¢6 uu diém hon han so véi tiéu chuan phan loai nhua dudng
theo do kim lin hodc theo d¢ nhot 1a da xem xét anh huéng LVBX va niit moi cua
BTN. Thi nghiém cat dong luu bién DSR dé xac dinh mé dun phirc G* va goc pha &
cua nhya duong; qua do6 xac dinh duoc G*/sind biéu thi kha nang chéng LVBX va
G*.sind biéu thi kha ning chéng nit moi.

Du6i ddy, dua vao tiéu chuan phan loai nhya duong PG dé phan tich cac nhan t6 anh
huong dang ké dén LVBX va niit cia BTN trong Bang 1-4.

(1) Anh hieéng ciia cdp nhiét dé cao nhira dwong PG

Cép nhiét do cao ciia nhya dudng PG 1a mot trong mot yéu td quan trong anh huong
dén kha nang chéng LVBX cua BTN. BTN st dung nhya duong PG cé cép nhiét do
cao 16n hon s& c6 kha nang chong LVBX cao hon. Ngoai ra, nghién ctru gan day da
chi ra ré‘mg véi cung cép nhi¢t d§ cao cua nhya duong PG, BTN st dung nhya dudng
dugc cai thién polyme co kha niang chéng LVBX t6t hon nhiéu so véi BTN sir dung
nhya duong thong thuong.

(2) Anh hieéng ciia @6 cieng ciia nhwa dwong PG tai nhiét do trung gian

Do cung (stiffness) hay chinh xac hon 1a mé dun d6 cung (stiffness modulus) cua nhya
duong anh hudng dang ké niit méi ciia BTN. BTN sir dung nhya duong c6 do clng
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16n hon sé& c6 kha ning chdng nirt moéi thap hon so v6i BTN sir dung nhua dudng co
dd cung nho hon.

D0 cling ciia nhya dudng tai nhiét o trung gian biéu thi qua gia tri G*.sind. Mbi quan
hé gitta G*.sind va kha ning khang méi phu thudc vao chiéu day két cau 4o dudng.
V6i két cau mong, gia tang do cirg nhya duong s& 1am giam kha nang chéng nat. Tuy
nhién voi két cdu day thi ngugc lai. D6 14 1y do tai sao c6 hai mili tén di theo 2 hudng
khéc nhau tai muc c6 ky hiéu (*) cua Bang 1-4.

1.5.1.2. Anh hwéng ciia cét liéu
(1) Anh hieéng ciia dé goéc canh ciia cot liéu

C6t liu sir dung cho BTN bao gom cbt liéu tho (d4 dam) va cdt liéu min (cat). Thudce
tinh bé mit cdt liéu, hinh dang hat cdt liéu anh hudng dang ké dén goc ndi ma sat @
cua BTN.

P4 dam, cat xay c6 do nham bé mat cao (xu xi) s& 1am tang kha ning dinh bam véi
nhwa; da dam hinh khéi 1ap phuong, c6 do goc canh 16n s& tao nén lién két tiép xuc da
chén da tét, ting goc ndi ma sat @, giam kha ning bién dang déo ciia BTN nén ting
kha ning chéng LVBX.

C6t lidu c6 @6 nham bé mit cao, dd goc canh 16n s& tao nén BTN c6 cudong do cao, dan
to1 tang kha nang chong nut tot.

Khi tai trong xe tac dung 1én 16p BTN, céc hat ¢t liéu s& cai moc chit ché véi nhau
thanh mot khdi théng nhét, nhya duong va cot liéu khi d6 c6 vai trd nhu mang cao su
va 10 xo dé dua hdn hop BTN tro vé trang thai ban dau ma khong xuét hién LVBX.

C6t liéu tron canh, bé mit nhin, cat ty nhién s& 1am giam goc ndi ma sat ¢ cua BTN,
dan dén lam giam kha nang khang LVBX va chdng nit.

(2) Anh hwong ciia kich c& hat I6n nhdt danh dinh

C6 nhimg nghién ctru trude ddy trén thé gidi dua ra két qua khi tang kich ¢& hat 16n
nhat danh dinh thi giam LVBX, tuy nhién, cong b6 gan day trén thé gii cho thiy
khong c¢6 quan hé rd rang gitra kich ¢& hat 16n nhat danh dinh v6i LVBX.

Viéc tang kich ¢& hat 16n nhat danh dinh s& lam giam kha ning chéng nut ciing nhu
lam giam do bén ciia BTN, nudc thim vao 16p BTN nhiéu hon dan téi ting nhanh qua
trinh suy gidm cuong do0 BTN.

(3) Anh hieong ciia ham heong bot khodng va ty 1é bét khodng/ nhwa dwong

Bot khoang c6 vai tro 1am tang lién két da nhua, do d6 lam ting kha ning chéng cat
ciia BTN, cai thién d6 6n dinh ctia BTN khi nhiét d6 cao va anh huong to1 kha nang
chéng LVBX trong hon hop BTN. Bot khoang va nhua duong tao nén hon hop vira
nhya. Cung v6i cot lidu, vita nhya dong vai tro quan trong trong kha ning chong
LVBX.
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Khi tang ham lugng bot khodng hodc tang ty 1€ bot khoang/ nhua duong thi kha nang
chéng LVBX ctia BTN s& cao hon. Tuy nhién, néu ty 1& bot khoang/nhya dudong qua
16n, dan t6i hodc nhwa duong khong du dé bao boc cac hat bot khoang, hodc vira nhya
s& qua cimg lam cho BTN c¢6 tinh cimg 16n, kho ¢ddm nén va dé gay ra niit moi. Néu ty
1€ bot khoang/nhya dudng qua nho, dan t6i hodc thira nhyua duong, hodc vira nhya s&
qua mém lam cho BTN c6 tinh mém va dé giy ra LVBX.

Superpave quy dinh ty s6 giita lugng lot qua sang 0,075 mm va ham lugng nhua co
hiéu cho hon hop ¢t liéu min tir 0,6-1,2 va cho hon hop bt liéu thé tir 0,8-1,6 [29].

1.5.1.3. Anh hwéng ciia cdc dic tinh thé tich ciia hén hgp BTN
(1) Anh hiéng ciia mirc dam nén khi thiét ké hon hop BTN

Thiét ké BTN theo Superpave quy dinh sir dung ddm xoay SGC dé dam nén mau voi
s6 vong dam xoay phai ting 1én theo mic luu lugng giao thong [29].

Mic du ting mic ddm nén nhung miu BTN van phai thoa man d6 réng BTN quy
dinh, vi vdy dé théa man yéu cau khi thiét ké hdn hop BTN, cbt lidu phai c6 chét
lugng cao hon, sit dung nhya dudong polime cho duong c6 mic luu lugng giao thong
16n, dan dén 16p mat duong BTN c6 do 6n dinh cao hon, cuong do 16n hon, do do tang
kha ning chéng LVBX va chdng nirt moi.

(2) Anh hieong ciia @6 rong dw BTN khi thiét ké

Véi bé tong nhya chit, d6 rdng du thiét ké thuong trong khoang 3% - 6%, hop 1y nhét
vao khoang 4% khi thiét ké hdn hgp BTN.

Khi thiét ké BTN véi do réng du khong pht hgp, mat duong s& dé phat sinh LVBX va
nat moi (néu d6 réng hién trudng 16n hon 7% va nhé hon 3%).

(3) Anh hudng ciia @ rong cot liéu (VMA)/hodc ham heong nhwa thiét ké

Khi VMA qua 16n, thi hodc d6 réng du BTN qua nho, hodc ham luong nhya thiét ké
qua nhiéu dan t6i BTN dé bi LVBX.

Khi VMA qua nhd, thi hodc d6 réng du BTN qua 16n, hodc ham lugng nhya thiét ké
qua it dan t&i hdn hop BTN s& co d6 bén kém, d& bi nat.

Vi vay can kiém soat ca VMA va d6 rong du BTN trong qua trinh thiét ké.

Ham lugng nhya 1a mot trong nhimng chi tiéu quan trong trong thiét ké hdn hgp BTN.
Viéc lya chon duwoc ham lugng nhua thiét ké hop 1y (ham lugng nhua tdi wu) 13 van dé
thiét yéu dé mat duong BTN c6 dic tinh cao.

Ham luong nhua qua it thi hdn hop BTN qua kho, ctmg dan dén kho rai va dam nén
khi thi cong BTN va dan dén giam kha ning chéng nut, giam cuong do 16p BTN.
Nguoc lai, ham luong nhya qua nhiéu thi hdn hgp BTN qua déo, dan dén x6 don BTN
va giam kha ning khang LVBX. Tuong tu, d6 rong cbt lidu VMA qua nhé thi ham
luong nhya qué 16n va nguoc lai.
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Vi vay viéc lya chon ham lwong nhya hop 1y (phi hop véi cap phdi cdt liéu, thoa man
cac quy dinh vé d6 rdng du BTN, d6 rdng cot liéu, do rong lap diy nhya) can phai
duoc thuc hién qua thiét ké hdn hop BTN.
1.5.2. Anh hwéng cia lwu lwong xe, tii trong xe, toc do dong xe, nhiét do moi
truong
Trén co s& két qua nghién ciru cia thé gidi [57], dudi ddy phéan tich nhitng 4nh huéng
lwu luong xe, toe do dong xe, nhiét do dén LVBX va nut.
1.5.2.1. Anh hwéng ciia luu lwong xe
Duéi tac dong cua tai trong tring phuc trong qua trinh khai thac, BTN s& dan suy giam
cuong d6 khang cit, dan téi LVBX xuat hién va phat trién.
Khi (mg sut kéo udn do tai trong tring phuc giy ra trong 16p vat licu BTN 1én hon
cuong do kéo udn cua vat liéu BTN, mat duong BTN xuat hién ntt. Dudi tic dong cia
tai trong tring phuc, nhiing vét nit nho s& dan phat trién vé kich thudc va sd luong
cho dén khi thanh cac vét nirt 16n hon nhiéu, va cudi cung hinh thanh h¢ vét nirt.

1.5.2.2. Anh huwéng ciia toc dp dong xe

Anh huong ciia toc d6 dong xe dén LVBX la dang ké. Xe chay cang cham thi thoi gian
tai trong xe tic dong trén mit duong cang lau, dan téi toc do suy giam kha nang khang
cat ciia BTN cang nhanh.

1.5.2.3. Anh hwéng ciia nhigt dé

Vao mua néng, nhiét do moi truong cao, BTN s& suy giam stic khang cat va duéi tac
dong clia tai trong xe (nhat 1a xe qua tai), mat duong dé phat sinh LVBX.

Vao mua mat, nhiét 46 méi trudng thap hon, BTN c6 xu huéng ctng, dudi tic dong
clia tai trong trung phuc cua xe (nhat 13 xe qua tai), mat duong dé phat sinh nut.

Thiét ké BTN theo Superpave [29] dd xem xét anh hudng ciia yéu t6 nhiét d6 moi
truong qua viéc Iya chon mac nhya PG phu hop véi nhiét d6 cta ving ma tuyén di qua
va diéu chinh c4p nhya PG phu hop véi luu lugng xe va toc d6 dong xe (Bang 1-4).

1.6. Cac nghién ciru trong va ngoai nuéc vé bé tong nhua Superpave va phwong
phap danh gia kha ning chdng nirt ciia bé tong nhuya
1.6.1. Cac nghién ctru trén thé giéi

Duéi day phan tich mot sd nghién ciru trén thé gidi vé bé tong nhya Superpave va
phuong phap danh gia kha ning chong niit ciia bé tong nhya:

(1) Nghién ciru NCHRP Report 673 —2011) [57]

Nghién ciru [57] da tong két cac phuong phép thi nghiém dé danh gia cac kha ning
chéng ntt moi cia BTN va dua ra 01 phuong phap thi nghiém uén dam 4 diém theo
tiéu chuan AASHTO T 321, dong thoi ciing chi ra cac yéu t6 chii yéu anh huong dén
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kha nang chéng nut moi bao gém: cdt lidu (d0 gbc canh, cd hat lon nhét danh dinh, ti
1€ D/B), loai nhya duong st dung, ham lugng nhya thiét ké.

(2) Nghién ciru NCHRP Synthesis 492 — 2016 [59]

Nghién ctru [59] da tong két nhitng chi tiéu co hoc cin danh gia lién quan dén chat
luong khai thac ctia mat duong BTN. Khi thiét ké hdn hop BTN theo Superpave, ngoai
danh gia do nhay am thi cAn danh gia kha ning chéng LVBX va niit moi.

- Nhom chéng LVBX cha yéu c6 2 loai thi nghiém 1a Hamburg Wheel tracking va
APA. Thi nghi¢m Hamburg Wheel tracking dugc st dung rong rai hon & Hoa Ky,
Canada va nhiéu nudc trén thé gioi.

- Nhém thi nghiém chéng nit moi phd bién sir dung 1a: Thi nghiém udén dam 4 diém;
Thi nghiém Ovelay test (OT); Thi nghiém uén diam ban nguyét SCB va thi nghiém kéo
nén (DCT).

(3)  Nghién ciru NCHRP 9-57 (2016) [58]

Nghién ctru [58] da phan tich cac phuong phadp thi nghiém danh gia nit mdi dua trén
két qua thi nghiém trong phong va hién truong, tir d6 dua ra danh gia vé do phuc tap,
dd phan tan cua két qua thi nghiém, d§ nhay voi cac loai BTN khéc nhau, twong quan
v6i hu hong nut thyc té tai hién truong, gia thanh thiét bi. ..

Trén co s& Nghién ctru [58], nhan thay:

- Thi nghiém ubn dam 4 diém chi yéu dugc dung dé nghién ctru va chua duge sir dung
rong rdi & cac bang/nude khi thiét ké hdn hop BTN vi thoi gian chuan bi miu lau, thi
nghiém lau, két qua thi nghiém phan tan, khong lay mau hién truong duoc nhu khoan
mau hinh try, chua c6 chuan danh gia khi ndo dugc coi la “dat” dé thiét ké thanh phan
hdon hop BTN.

- Thi nghiém ubén dim ban nguyét SCB gitp kiém tra, danh gia nhanh va chinh xéc
kha nang chiu kéo udn, kha ning chéng niit méi cia mau BTN, két qua thi nghiém c6
dd chum cao, nhay voi cac loai BTN (sur dung cac loai cdt liéu, cac nhua duong khac
nhau), phan anh dugc diéu kién nit hién truong va dugc dung lam tiéu chuan danh gia
chat lugng ctia BTN chiu kéo-udn, nirt moi.

(4) Nghién ctru NCHRP 20-07/Task 406 (2018) [61]

Nghién ctru [61] d3 tap hop dugc cac thi nghiém khi thiét ké thiét ké can bang hon hop
BTN cua cac bang Hoa Ky. Bang 1-5 thé hién 3 thi nghiém dugc lya chon phé bién
nhat danh gia kha nang chéng nit ciia BTN trén co sé cac két qua khao sat tir 50 bang
cua Hoa Ky.

Bang 1-5. Danh muc 03 thi nghiém phd bién nhat danh gia nut ctia BTN [61]

Dang hwr héng BTN Thit tw 3 thi nghiém phé bién nhit

Nt moi tir dudi 1én (Bottom-up | 1. Thi nghiém uén dim 4 diém theo AASHTO T 321

fatigue cracking) 2. Thi nghiém uén miu dam ban nguyét SCB & nhiét do
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Dang hrr héng BTN Thit tw 3 thi nghiém phé bién nhit

trung binh theo AASHTO TP124

3. Thi nghiém udn miu dim ban nguyét SCB ¢ nhiét do
trung binh theo ASTM D8044

NGt moi tir trén xudng (Top- | 1. Thi nghiém uén mau dim ban nguyét SCB ¢ nhiét do
down fatigue cracking) trung binh theo AASHTO TP124

2. Thi nghiém méi kéo truc tiép theo AASHTO TP 107

3. Thi nghiém ty s ning lwong kéo gian tiép: Indirect
Tensile Energy Ratio Test

Nghién ciru [61] d3 danh gia d6 nhay cua cac phuong phéap thi nghiém chdng niit néu
trén voi cac loai BTN (sir dung céc loai cdt liéu, loai nhua dudng va ham luong nhya
khac nhau), danh gia tuong quan voi hu hong nit thue té tai hién trudng. Nghién ciru
chua cap nhat phuong phép thi nghiém IDEAL CTindex theo ASTM D8225-19.

(5) Nghién ciru cua NCAT giai doan 2015-2018 [60)].

Nghién ctu [60] 1a chuong trinh nghién ctru thyc nghiém mat duong tur 2015-2018.
Day la chuong trinh 16n, dugc tai trg bdi Cuc Puong bd lién bang, 17 S& GTVT cua
17 bang, 1 S& quan 1y méi trudong, 1 hiép hoi cbt liéu, 1 hiép hoi duy tri mat duong.
Céc thi nghiém dénh gi4 kha ning chong ntt moéi cia BTN mat duong bao gém: Thi
nghiém udn dam ban nguyét SCB theo ASTM D8044; Thi nghiém udn dam ban
nguyét SCB theo AASHTO TP124; Thi nghi¢ém nut IDEAL Cracking theo Texas
A&M. Céc thi nghiém duoc dbi ching véi thuc té dién bién niit & cac doan duong thir
nghiém sau 2 nadm, chiu tac dung 10 tri¢u ESAL tich liy.

Thong qua két ciia nghién ctru [60], nhan thay:
- Ca 3 thi nghiém déu c6 mirc do bién dong COV<20%.

- Thi nghiém SCB theo ASTM D8044 chua phan anh duoc diéu kién nit thuc té cua
mat dudng, chua phan loai dugc cac hdn hop BTN vé kha ning chdng nirt moi.

- Thi nghiém SCB theo AASHTO TP124 co ban danh gid ding diéu kién khai thac
thuc té, gia tri FI cang nho thi cang c6 nguy co niit cao. Két qua thi nghiém SCB theo
AASHTO TP124, IDEAL-CT c6 tuong quan chat voi nhau, nhay véi cac loai BTN,
cac loai nhya duong khac nhau. Thi nghiém SCB theo AASHTO va IDEAL-CT c6 chi
phi thiét bi thip va thoi gian thir nghiém nhanh, thi nghiém SCB theo AASHTO da c6
chuan danh gia “dat” khi thiét ké hon hop BTN theo khuyén nghi ctia So giao thong
van tai Bang Illinois. Pay 1a nhiing dinh huéng nghién ctru, phan tich lya chon phuong
phap thi nghiém d4anh gia kha nang chéng nit méi cia BTN & Viét Nam.

(6) Nghién cru NCHRP IDEAL Project 195 -2019 [49]

Nghién ciru [49] da phat trién thi nghiém IDEAL Cracking Test ddnh gia kha ning

chbng nurt trong thiét ké hdn hop, dam bao va kiém soat chat lugng thi cong ctia BTN.
Thong qua két ciia nghién ciru [49], nhan thay:
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- Thi nghiém IDEAL- CTindex c6 cac uu diém 1a don gian, co thé tan dung duoc cac
thiét bi c6 sin, thoi gian thi nghiém nhanh, hé sb bién thién COV nho, nhay véi cac
loai BTN (str dung cac loai bt liéu, loai nhya va ham lugng nhya khac nhau).

- Thi nghiém IDEAL-CTindex c6 twong quan chat vdi thi nghiém SCB theo
AASHTO. Thi nghiém da dugc kiém chung véi rat nhidu hién trudng dénh gia nit
moi thuc té cua Cuc duong bd Hoa Ky, chuong trinh theo ddi dai han LTPP...

- Két qua thi nghiém tinh toan dugc chi s6 CTindex, chi s nay cang 1én thi BTN ¢6
kha ning chdng nit cang cao. Hién nay, ASTM D8225-19 ciing da dwa ra khoang gia
trj CTindex tir 31 dén 255, bang Virginia dua ra yéu cau gia tri CTindex 16n hon 70.

(7) Nghién ciru thi nghiém SCB ¢ bang Illinois [47, 48, 51, 53, 54, 55]

Bang Illinois di dau trong nghién ctru st dung thi nghiém SCB danh gia kha ning
chéng nit cia BTN c¢6 sir dung hdn hop tai ché RAP, RAS [51, 54]. Pa nghién ciru
danh gi4 tvong quan gitta thi nghiém SCB trong phong va su hinh thanh phat trién vét
nit & hién truong [47, 48]. Da sir dung thi nghiém trong phong dé dy bao nut cia 16p
BTN hién truong [55]. Pa dé xuét tiéu chuan thi nghiém [53] va gidi han chi sé mém
FI 16n hon 8. Tir cac két qua nghién ciru di bién soan AASHTO TP124-18 [41].

(8) Nghién ciru cua NCAT giai doan 2018-2021 [62]

Nghién ciru [62] 1a chuong trinh nghién ctru thuc nghiém vé thiét ké hdn hgp BTN
theo nguyén 1y can bang ddi véi cac loai BTN khac nhau, str dung céac loai nhya duong
khac nhau. Két qua da chi ra phuong phép thi nghiém IDEAL-CTindex vira don gian
vira phan anh dung kha nang chéng nat cia BTN doan thir nghiém. Hién nay, nhiéu
bang di sir dung thi nghiém IDEAL-CTindex dé danh gia kha ning chéng niat BTN
trong phuong phap thiét ké BMD ciia minh nhu Oklahoma, Texas, .. ..

1.6.2. Cac nghién ctru & Viét Nam

Viét Nam van dang sir dung phuong phap thiét ké Marshall 13 phwong phap chinh
thong dé thiét ké thanh phan BTN. Viéc thiét ké hdn hop BTN theo Marshall sir dung
nhya duong thuong (nhya duong 60/70 hodc 40/50) theo huéng dan tai TCVN
8819:2011 [1] (hién nay da dugc chuyén d6i sang TCVN 13567-1:2022 [15]) va
TCVN 8820:2011 [2]. Nhin chung nhiing tiéu chuan nay déu dya trén nhiing tai liéu
clia Asphalt Institute, ASTM, AASHTO dé bién soan. Dé nang cao chét luong cua
BTN mit duong, viéc thiét ké hén hop BTN con dugce ap dung theo Quyét dinh sb
858/QP-BGTVT cua Bo GTVT [4] (hién nay mdt sé ndi dung trong quy dinh nay da
dugc bién soan bo sung vao TCVN 13567-1:2022 [15]).

Viéc thiét ké hdn hop BTN sir dung nhya dudng polime duogc ap dung theo 22 TCN
356-06, hién nay tiéu chuan nay da dugc chuyén d6i sang TCVN 13567-2:2022 [15].

Vé tiéu chuan cho nhya duong thuong: dang ap dung tiéu chuan phan cap nhya duong
theo d¢ kim lun 1a TCVN7493:2005, tuy nhién sau mot thoi gian dua vao ap dung cho
thdy can phai bo sung thém mot s6 chi tiéu mdi dé kiém soat t6t hon chat lugng nhya
duong, BO GTVT da ban hanh Thong tu s6 27/2014/TT-BGTVT [5].
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V& tiéu chuan cho nhya dudng polime (gbc phu gia SBS): duoc ap dung theo 22 TCN
319-04, hién nay tiéu chuan nay da duoc chuyén d6i sang TCVN 11193:2021 [13].

Phuong phap thiét ké hdn hop BTN theo Superpave chua duoc ap dung tai nudc ta.
Tuy nhién di c6 nhiing nghién ctru lién quan dén phuong phap thiét ké BTN theo
Superpave va kha nang chdng nit ciia BTN, ¢6 thé ké dén nhu:

1). Pé tai “Nghién ctru phan cap nhya dudng theo Superpave (nhua dudong PG) va dé
xuat ap dung trong xay dung duong bo Viét Nam) [17]. Két qua da dua ra: du thao
“Ban d6 phan ving mac nhya duong PG theo diéu kién nhiét d6 moi truong cac tinh
Viét Nam”; du thao “Tiéu chuén phan cép nhya duong PG” phu hop voi diéu kién
nhiét do Viét Nam. Trén co so két qua cua dé tai, da xay dung va trinh B GTVT tham
dinh, B KH&CN cong bd TCVN 13049:2020 “Nhya duodng phan cép theo dac tinh
lam viéc - Yéu cau ky thuat” [12], trong d6 c6 dua ra cip nhya duong PG theo diéu
kién nhiét do khong khi cac tinh, thanh cua Viét Nam 1a PG64-16 d6i véi tat ca cac
cong trinh dudng bd, ngoai ra da hudng dan cach diéu chinh cap nhya duong PG theo
dac tinh dong xe.

2). Pé tai “Nghién ctru danh gia cac chi tiéu ctia nhwa dudng 40/50, 60/70 va cac loai
nhya duong Polime dang 4p dung tai Viét Nam theo tiéu chuan phan cip nhya duong
PG” [25]. Dé tai di trién khai cac thi nghiém vé&i nhua dudng 40/50; 60/70; PMBI;
PMBII: PMBIII dang co6 tai Viét Nam theo chuan PG.

3). Pé tai “Nghién ctru ung dung phuong phéap thiét ké hdn hop bé tong nhya
Superpave pht hop véi diéu kién Viét Nam™ [19]. Két qua da dua ra: Thiét ké hdn hop
BTN theo Superpave theo huéng dan tai cac tiéu chuan lién quan 1a AASHTO M323,
AASHTO R35 1a thiét ké BTN theo dic tinh thé tich; DA tién hanh nghién ciru thyc
nghiém trong phong phuong phéap thiét ké hdon hop BTN theo Superpave véi BTN19
va BTN12,5. Mot s6 két qua nghién ciru ciia dé tai nay sé duoc dua vao Luén an, tuy
nhién d¢ tai nay chua tién hanh nghién ctru thuc nghiém danh gia kha niang chong nut
clia bé tong nhya Superpave bang thi nghiém uén mau dam ban nguyét SCB va thi
nghiém kéo gian tiép IDEAL CTindex. Van dé nay s& dugc nghién ctru, giai quyét
trong Luan an.

4). Pé tai “Nghién ctru ing dung mé hinh thi nghiém uén mau dam ban nguyét SCB
(Semi-Circular Bending) dé xac dinh dic trung khang nirt méi ciia bé tong nhua chit &
Viét Nam va dé xudt cac giai phap cai thién” [20]. Mot s6 két qua nghién ciru cia dé
tai ndy s& dugc dua vao Luan an, tuy nhién dé tai nay chua tién hanh nghién ctru thyc
nghiém danh gia kha ning chdng nit ciia bé tong nhua Superpave bang thi nghiém kéo
gian tiép IDEAL CTindex. Van dé nay s& dugc nghién ctru, giai quyét trong Luan an.

5). P c6 mdt s6 luan an tién sy lién quan dén LVBX va ntit moéi nhu: Bui Ngoc Hung
(2016) “Nghién ctru mét sé yéu to anh huong dén bién dang ltn vét banh xe c6 xét dén
dic tinh moi cia BTN chat lam 16p mit duong Viét Nam” [18]; Tran Thién Luu
(2015) “Nghién ciru mot sd yéu to anh hudng dén d6 bén moi bé tong asphalt lam 16p
mat duong tai Viét Nam” [24]; Vii Phuong Thao (2015) “Nghién ctru anh hudéng cot
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soi thily tinh phan tan dén kha niang chdng moi va chdng lun vét banh xe cua bé tong
asphalt trong diéu kién Viét Nam” [26]. Nhin chung cac Luan 4n nay déu nghién ciru
thir nghiém voéi BTN thiét ké theo phuong phap Marshall va déu sir dung thi nghiém
uén dam 4 diém dé danh gia kha ning chéng nit moi cia BTN chit tai Viét Nam.
Chua c6 luan an nio nghién ciru thir nghiém dénh gia kha nang chdng nirt méi bang thi
nghiém udn mau dim ban nguyét SCB va thi nghiém kéo gian tiép IDEAL CTindex.

6). Pa c6 mot sé nghién ciru bude dau vé thi nghiém udn dim ban nguyét SCB dé
danh gia kha niang chong nat ciia BTN ¢ Viét Nam nhu: Nguyén Ngoc Lan (2018) [21,
22] da nghién ctru sir dung thi nghiém SCB theo AASHTO dé danh gia kha ning
chéng nit ciia cac mau duoc khoan BTNC12,5; BTNC19 va cac mau BTN 4m ché tao
trong phong theo phuong phéap Marshall; L.a Van Cham (2019) [16] da nghién ctru thi
nghiém uén mau ban nguyét SCB theo ASTM D8044 dé¢ danh gia kha ning chong nut
ctia BTNC12,5 str dung xi ming thay thé bot khoang, duoc ché tao trong phong theo
phuong phap Marshall. Cac nghién ctru ndy chua thir nghiém véi cac mdu BTN thiét
ké theo Superpave va chua thi nghiém kéo gian tiép IDEAL CTindex. Luan an ndy s&
nghién ciru thuc nghiém danh gia kha nang chong nit cia BTN Superpave véi ca hai
thi nghiém udn mau ban nguyét SCB theo AASHTO va thi nghiém IDEAL CTindex.

7). P4 ban hanh TCVN 12818:2019 “Hdn hop bé tong nhya néng - Thiét ké theo dic
tinh thé tich Superpave” [15], TCVN nay dugc xdy dung dua trén AASHTO M323
[29] va AASHTO R35 [34], chi bao gom thiét ké hdn hop BTN theo cac dic tinh thé
tich va danh gia do nhdy am cua hdn hop BTN ma chua c6 cac chi tiéu danh gia kha
ning chéng LVBX va chéng nit moi. Do vay, can thiét nghién ciru b6 sung “Phuong
phap thiét ké hdn hop bé tong nhua Superpave theo nguyén 1y can bang BMD” phu
hop véi diéu kién Viét Nam 14 thiét ké dam bao can bang giira cac dic trung thé tich-
dd nhay am, LVBX, va ntt moi.

8). ba ban hanh mot s6 TCVN vé danh gia céac dac tinh co hoc cia BTN nhu:

- Vé thi nghiém danh gid d6 nhay am: Pa c6 TCVN 12914:2020 “Bé tong nhua - Xac
dinh kha ning khang 4m ctia mau da dam chat” [11] trén co sé tham khio AASHTO
T283.

- V& thi nghiém danh gia kha nang chéng LVBX: Hién nay, Viét Nam stir dung phuong
phap Hamburg Wheel Tracking dé danh gia LVBX cho BTN theo Quyét dinh sb
1617/QD-BGTVT [3], hién dang bién soan, chuyén d6i sang TCVN.

- V& thi nghiém danh gia kha nang chong nut méi: Pd c6 TCVN12579-2019 vé thi
nghiém danh gia nit méi bang phuong phap uén dam 4 diém [9] trén co s tham khao
AASHTO T321. Va TCVN 13347:2021 “Bé tong nhua — Phuong phap xac dinh kha
ning chéng nit bang moé hinh udén miu ban nguyét SCB” [14] trén co sé tham khao
AASHTO TP124.
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1.7. X4c dinh van dé nghién ciru ctia luin an

Hién nay, thiét ké hdn hop BTN theo Marshall tai Viét Nam mac du da xem xét giai
quyét van dé chong LVBX, tuy nhién chua xem xét giai quyét triét dé niit moi, ma day
la mot trong hai nguyén nhan chinh gay hu hong mat duong. Trong khi d6, phuong
phap thiét ké hdn hop BTN theo Superpave hién duoc ap dung phé bién tai Hoa Ky,
Canada va dugc thé gigi danh gia 1a c6 co so khoa hoc. Thiét ké theo Superpave da
giai quyét van dé lién quan dén lua chon vat liéu BTN (nhwa duong PG, cat, da, bot
khoang) phu hop véi dic tinh dong xe (luu luong xe, toc d6 xe luu thong), nham giam
thiéu cac hu hong mat dudng nhu LVBX, nit moi trong qua trinh khai thac. Xu hudng
thiét ké hon hop bé tong nhya Superpave hién nay tai Hoa Ky 1a thiét ké hon hop BTN
theo nguyén ly can béng BMD gitta cac dac trung thé tich-d6 nhay am, LVBX, va nit
méi. Vi vay can phai nghién ciru lya chon phuong phap thiét ké hdn hop BTN phii hop
voi diéu kién Viét Nam dé dam bao dong thoi kha nang chéng LVBX va niit moi.

Vé phuong phap thi nghiém danh gia kha niang chdng nit moi: Trén thé gidi c6 nhiéu
md hinh thi nghiém, nhiéu phuwong phép thi nghiém danh gia kha ning chéng nit moi
ciia BTN, tuy nhién mdi phuong phap déu c6 wu, nhuoc diém va pham vi ap dung
riéng. Vi vay viéc nghién ctu, lya chon phuong phép thi nghi¢ém dénh gid kha nang
chbéng niit moi cia BTN phu hop véi diéu kién Viét Nam 1a van dé rat can thiét.

Mot s6 yéu té anh huong dén kha ning chéng niit méi cia BTN bao gdm: ¢ hat 16n
nhét danh dinh cia BTN, nguén géc cdt 1iéu, loai nhya duong, ham lugng nhya... vi
vy can nghién ctru thyc nghiém trong phong dé danh gia anh hudng cia cac yéu tb
nay dén kha ning chéng nirt cia bé tong nhya Superpave thiét ké theo nguyén 1y can
bﬁng trong diéu kién Viét Nam. Hién nay, & Viét Nam mdi chi c6 mét s6 luan an tién
s nghién ctru vé kha nang chéng nit méi, nhung cac luan an déu chua nghién ciru va
thir nghiém kha ning chéng nit moi bang thi nghiém uén miau dam ban nguyét SCB
va thi nghiém IDEAL CTindex.

Qua phan tich trén, dé tai nghién ciru tip trung vao cac van dé chil yéu sau day:

- Nghién ctru, phan tich nhitng dic thu ciia phuong phap thiét ké hdn hop BTN theo
Superpave so v6i phuong phap thiét ké hdn hop BTN theo Marshall.

- Nghién ciru, phan tich cac yéu to anh huéng dén kha ning chdng nut clia bé tong
nhua Superpave.

- Nghién ctru, phan tich va lya chon phuong phap thi nghiém va chuan danh gia kha
nang chdng nirt méi ctia BTN chat pht hop véi diéu kién Viét Nam.

- Nghién ciru, phan tich va lua chon phuong phap thiét ké hdn hop bé tong nhua
Superpave theo nguyén 1y can bang phu hop voi diéu kién Viét Nam.

- Nghién ctru thuc nghiém trong phong dé danh gia anh hudng ciia mot s6 yéu tb (cd
hat 16n nhat danh dinh cua BTN, nguén géc cdt lidu, loai nhua duong, ham luong
nhua) dén kha nang chong ntt moi ¢ xem xét dén kha nang chéng LVBX cila bé tong
nhwa Superpave trong diéu kién Viét Nam dé dua ra cac khuyén nghi lién quan.
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- Nghién ctru, phan tich anh hudng ciia mot s6 yéu td dén dic trung khai thac cua két
ciu mit duong bang phuong phap co hoc thyc nghiém.

1.8. Muc tiéu, ngi dung va phwong phap nghién ciru
1.8.1. Muc tiéu nghién ciru
Céac muc tiéu nghién ctru cta luan an bao gom:

- Panh gia anh hudng ctia mot s6 yéu té dén kha ning chong nit c6 xem xét dén kha
ning chéng LVBX cuia bé tong nhua Superpave trong diéu kién Viét Nam thong qua
nghién ctru 1y thuyét két hop thuc nghiém trong phong thi nghiém va mé phong phan
tich két cdu mit duong bang phuong phap co hoc thuc nghiém.

- Lya chon phuong phap thi nghiém dénh gia kha ning chong nit ciia bé tong nhya
Superpave phu hop vé6i diéu kién Viét Nam.

- Lua chon phuong phap thiét ké hdn hop bé tong nhua Superpave theo nguyén 1y cin
bang phu hop véi diéu kién Viét Nam.

1.8.2. N¢i dung nghién ciru

Chuong 1: Tong quan vé bé tong nhua Superpave va cac yéu to anh huong dén kha
ning chong nit ctia bé tong nhua Superpave.

Chuong 2: Nghién ctru lya chon phuong phap thi nghiém danh gia kha nang chdng nut
cua bé tong nhya Superpave.

Chuong 3: Nghién ctru thuc nghiém céc yéu té anh huong dén kha ning chong nirt cia
bé tong nhya Superpave theo nguyén 1y can bang.

Chuong 4: Nghién ctru cac yéu td anh huong dén dic trung khai thac ciia két cdu mat
duong bang phuong phap co hoc thyc nghiém.

1.8.3. Phwong phap nghién ciru
1.8.3.1. Nghién civu ly thuyét:

Trén co s& nghién ctru vé phuong phép thiét ké hdn hop bé tong nhya Superpave va
cac yéu to anh huong dén kha ning chdng nut ciia bé tong nhya Superpave ¢ cac nudc
tién tién, phan tich danh gi4, lya chon phuong phap thi nghiém dénh gia kha ning
chbng nirt ca bé tong nhua Superpave, phuong phép thiét ké hdn hgp BTN Superpave
theo nguyén 1y can bang phu hop véi diéu kién Viét Nam va phan tich anh huéng cua
mdt s6 yéu to dén dic trung khai thac ctia két cau mat duong bé tong nhua Superpave.
1.8.3.2. Nghién cvru thuc nghi¢m:

Nghién ciru thye nghiém trong phong dé danh gid anh huong cia mot s6 yéu td (cd hat
16n nhat danh dinh cua BTN, nguén géc cdt 1iéu, loai nhua duong, ham lugng nhya)
dén kha nang chéng niit moi, c6 xem xét dén kha nang chéng LVBX cua bé tong nhya
Superpave trong diéu kién Viét Nam dé dua ra cac khuyén nghi lién quan.
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CHUONG 2. NGHIEN CUU LUA CHON PHUONG PHAP THi NGHIEM
PANH GIA KHA NANG CHONG NUT CUA BE TONG NHUA
SUPERPAVE

Tir muc tiéu nghién ctru, phuong phap nghién ctru va ndi dung nghién ctru di két luan
¢ Chuong 1, Chuong 2 tip trung nghién ctru, phan tich, lga chon phuong phap thi
nghiém va chuan danh gia kha niang chdng niit cia bé tong nhya Superpave, dong thoi
phan tich, lya chon phuong phép thiét ké can bang hon hop bé tong nhua Superpave
phu hop véi diéu kién Viét Nam.

2.1. Nghién ciru lra chon phwong phap thiét ké hon hop bé tong nhwa Superpave
theo nguyén 1y cAn bing BMD & Viét Nam

Thiét ké can bang hdn hop BTN c6 nghia 1a hdn hop BTN dugc thiét ké dé dat duoc
su cAn bang toi wu gitra kha nang chéng LVBX va kha ning chong nit bang cach sir
dung cac thtr nghi¢m vé dic tinh 1am viéc hon hop BTN dugc lya chon thay vi chi dua
vao céac chi tidu vé dic tinh thé tich cia hdn hop BTN. Hién nay, nhiéu bang & Hoa Ky
da ap dung phuong phép thiét ké hdn hop bé tong nhya theo nguyén 1y can bang véi
04 cach bao gom:

- Cach A: Thiét ké theo thé tich va kiém tra, xac nhan cac dic tinh lam viéc (chi tiét
xem Hinh 1-3). Cach A 1a cach than trong nhat va co tiém nang d6i moi thap nhat.
Trong diéu kién Viét Nam ciing da ap dung cach nay véi kiém tra kha niang chong
LVBX ctia BTN sau khi thiét k¢ theo thé tich.

- Cach B: Thiét ké theo thé tich va tdi wu hoa dic tinh 1am viéc viée (chi tiét xem Hinh
1-4). Cach B 1a phién ban mo rong ciia cach A. Cach B yéu cau tuan thu day du céc
yéu cau vé thé tich tai HLN ti uu so bd nhung cho phép thay d6i vira phai HLN dé toi
wu hda dic tinh 1am viéc dua trén két qua thtr nghiém.

- Cach C: Thiét ké theo dic tinh 1am viéc - hiéu chinh thé tich (chi tiét xem Hinh 1-5).
Céach C cho phép mdt s6 yéu cau vé thé tich dugc ndi 1ong hodc loai boé mién 1a cac
ti€u chi dac tinh lam viéc dugc théa man. Do do, no it bao thu hon cach A va cach B,
no6 cung cap tiém nang doi méi & mirc d trung binh.

- Cach D: Thiét ké theo dic tinh 1am viéc (chi tiét xem Hinh 1-6). Cach D khong co
yéu cau vé thé tich va chi dua vao két qua thr nghiém déc tinh lam viéc dé t6i uvu hoa
hon hop thiét ké, va do d6, né dugce coi 1a cach it than trong nhat voi mire d6 tiém nang
d6i méi cao nhat.

2.1.1. Phan tich viéc nghién ciru 4p dung phwong phap thiét ké hén hop bé tong
nhura Superpave theo nguyén 1y cian bing BMD ¢ Hoa Ky

Thiét ké hdn hop bé tong nhya Superpave theo nguyén 1y can bang méi duge Hoa Ky
nghién ciru trong vong hon 5 nim trg lai day. Trudc ddy da sd cac bang ciing da ap
dung cach A tuy nhién céc thi nghiém chua day du. Khong phai bang nao ciing st
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dung day du cac thi nghiém danh gia kha nang chong LVBX va chong nit. Pa s6 chi
¢ cac thi nghiém dic tinh thé tich, kha ning chéng am va mot trong hai loai thi
nghiém d4nh gia kha niang chéng LVBX hoic chdng niit.
Hinh 2-1 thé hién ban d6 nghién ctru 4p dung BMD & céac bang cua Hoa Ky dén nim
2021 theo hiép hoi mat duong nhya qudc gia Hoa Ky, NAPA (National Asphalt
Pavement Association) tai dia chi https://www.asphaltpavement.org/ .

Y

B Cich A
B CichA&D

B Cach C

B CachD
m Pang nghién
ctru thue hién

Hinh 2-1. Tinh hinh nghién ctru &p dung BMD ¢ Hoa Ky
Tinh dén thoi diém thang 8/2021 ¢ 7 bang da thyc hién cach A, 3 bang thuc hién cach
C, 2 bang thyc hién cach D, 1 bang thuc hién dong thoi cach A va D, 13 bang dang
nghién ctru thue hién, va con khoang 24 bang chua c6 thong tin vé BMD. Bang 2-1 thé
hién cach tiép can BMD ciia cac Bang.

Bang 2-1. Cach thiét ké can bang cua cac Bang dang ap dung BMD tai Hoa Ky

(A'fzicAh thjé't Bang Phl.r:)’ng pl:ép th,i Pl.lAlro’ng Phép thi
ké can bang nghi¢ém chong nurt nghi¢m chong LVBX
Texas OT, IDEAL-CTindex HWTT
Louisiana SCB-ASTM HWTT
[linois SCB-AASHTO HWTT
A Wisconsin IDEAL- CTindex HWTT
New York IIS)?E]ZII:&—%S;II;F;;; HT-IDT
New Jersey oT APA
Vermont SCB-AASHTO HWTT
California BBF, SCB-AASHTO FN, HWTT
¢ Oklahoma IDEAL- CTindex HWTT
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(A;écAh thjé't Bang Phl.er’ng pilzip th’i Pl.lAu’O'ng Phép thi
ke can bang nghi¢ém chong nirt nghi¢m chong LVBX
. . SCB-AASHTO
Missourt IDEAL- CTindex HWIT
Alabama IDEAL-CT HT-IDT
b Tennessee IDEAL-CT HWTT
A&D Virginia Cantabro, IDEAL-CT APA

C6 13 bang dang nghién ctru thyc hién thiét ké hdn hgp BTN theo BMD. Bang 2-2 thé
hién cach thiét ké can bang cua timg bang. Céac bang déu thiét ké hdn hop BTN theo
dic tinh thé tich sau d6 thi nghiém danh gia cac dic tinh lam viéc. Cac bang déu danh
gia kha ning chéng LVBX bang thi nghiém HWTT hoidc APA. Panh gid kha ning
chéng am bang thi nghiém HWTT hoic TSR. Mot s6 bang di danh gia kha ning
chbng nit. Cac bang nay déu dinh hudng ap dung thiét ké can bang theo cach A.

Bang 2-2. Dinh hudéng nghién ctru BMD & céc bang cia Hoa Ky

TT Bang Pinh huwéng nghién ciru BMD

1 Georgia | DPén 7/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha nang chong LVBX bang thi nghiém HWTT;
Panh gia kha ning khang 4m bang thi nghiém TSR;

C6 yéu cau danh gia kha ning chdng nit bang thi nghiém
IDEAL-CTindex theo ASTM D8225;

Dinh hudng ap dung thiét ké can bang theo cach A

2 South Dén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Carolina Panh gia kha ning chong LVBX bang thi nghiém APA;

Panh gia kha niang khang 4m bang thi nghiém TSR;

Pa yéu cau danh gid kha ning chéng nut bang thi nghiém
IDEAL-CTindex theo ASTM D 8225;

Dinh hudng ap dung thiét ké can bang theo cach A.

3 North Dén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Carolina Panh gia kha ning chong LVBX bang thi nghiém APA;

Panh gia kha ning khang 4m bang thi nghiém TSR;

Chua yéu cau danh gia kha nang chéng nit;

Dinh hudng ap dung thiét ké can bang theo cach A.

4 Ohio Pén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha ning chong LVBX bang thi nghiém APA;
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TT

Bang

Pinh huwéng nghién ciru BMD

Panh gia kha ning khang am bang thi nghiém TSR;
Chua yéu cau danh gia kha niang chéng nut;

Dinh hudng ap dung thiét ké can bang theo cach A.

Massachusetts

Dén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha nang chong LVBX bang thi nghiém HWTT;
Chua yéu cau thi nghiém chdng nut;

Dinh hudéng ap dung thiét ké can bang theo cach A.

Maine

Pén 7/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha nang chong LVBX bang thi nghiém HWTT;
Panh gia kha ning khang 4m bang thi nghiém HWTT;
Chua yéu cau thi nghiém chéng nut;

Dinh hudng ap dung thiét ké can bang theo cach A.

Arkansas

Dén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha nang chong LVBX bang thi nghiém APA;
Danh gia kha nang khang am béng d6 6n dinh con lai;
Chua yéu cau danh gia kha niang chéng nut;

Dinh hudéng ap dung thiét ké can bang theo cach A.

Towa

Dén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha nang chong LVBX bang thi nghiém HWTT;
Panh gia kha ning khang 4m bang thi nghiém HWTT;

Panh gia kha ning chong niit bang thi nghiém uén dam 4 diém
theo AASHTO T321 va kéo DCT theo ASTM D7313-07a;
Dinh hudng ap dung thiét ké can bang theo cach A.

South Dakota

Pén 7/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha ning chong LVBX bang thi nghiém APA;
Panh gia kha ning khang 4m bang thi nghiém TSR;

Chua yéu cau danh gia kha nang chéng nut;

Dinh hudng ap dung thiét ké can bang theo cach A.

10

Montana

Dén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha ning chong LVBX bang thi nghiém HWTT;
Panh gia kha ning khang 4m bang thi nghiém TSR;

Chua yéu cau danh gia kha nang chéng nut;

Dinh hudéng ap dung thiét ké can bang theo cach A.
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TT Bang Pinh huwéng nghién ciru BMD

11 Utah Dén 7/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha ning chong LVBX bang thi nghiém HWTT;
Panh gia kha ning khang 4m bang thi nghiém HWTT;
Chua yéu cau danh gia kha niang chéng nut;

Dinh huéng ap dung thiét ké can bang theo cach A.

12 Oregon Dén 8/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha ning chong LVBX bang thi nghiém APA;
Panh gia kha niang khang 4m bang thi nghiém TSR;

Chua yéu cau danh gia kha nang chng nut;

Dinh hudéng ap dung thiét ké can bang theo cach A.

13 | Washington |Dén 7/2021, thiét ké BTN Superpave theo dic tinh thé tich;
Panh gia kha ning chong LVBX bang thi nghiém HWTT;
Panh gia kha ning khang 4m bang ASTM D 6931 diéu chinh;

Chua yéu cau danh gia kha nang chéng nut;

Dinh hudéng ap dung thiét ké can bang theo cach A.

Nhén xét vé thiét ké can bing BMD & Hoa Ky:

- Tinh dén thoi diém hién nay, méi chi c6 Hoa Ky c6 nhitng nghién ctru quy mo vé
thiét ké hon hop BTN theo nguyén 1y can bang. Tuy nhién méi chi ¢6 hon nira s6 bang
d3 va dang dinh huéng 4p dung BMD. Pa sb cac bang déu chi tiép can theo cach A véi
thiét ké theo cac dic trung thé tich va kiém tra x4c nhan cac dic tinh lam viéc.

- Hoa Ky 14 nuéc rong 16n, trai rong va dai qua nhiéu vi do, kinh d¢, diéu kién khi hau
khac nhau, tir rit lanh & phia bac cho dén néng & phia nam nén can c6 nhiéu thi
nghiém dé cac bang Iya chon khi thiét ké hdn hop BTN.

- Xu hudng lya chon céc thi nghiém don gian, d& sir dung, 46 phan tan cua két qua
thép, tan dung cdc may moc thi nghiém cé sin, danh gia duoc do nhay cua cic thong
s6 dau vao, phu hop véi didu kién khai thac. Cac thi nghiém duoc sir dung pho bién 1a
HWTT danh gia kha niang chéng LVBX, SCB va IDEAL-CT danh gia kha nang chong
nit, TSR danh gia kha nang khang am.

2.1.2. Phan tich viéc nghién ciru thiét ké hon hop bé tong nhua theo nguyén Iy cin
bang & mdt s6 nuée

Cho dén nay Uc vén str dung phuong phéap thiét ké theo dic tinh thé tich c¢6 kiém tra
cac dic tinh lam viéc cia BTN, day chinh 1a cach A nhung chwa dugc xép vao dinh
nghia rd rang. Dy 4n APT1953 & Uc duoc thiét 1ap tir naim 2018 dé xac dinh cac
khoang trong trong phwong phép tiép can ciia Uc hién tai ddi véi viéc thiét ké va mo ta
cac dac tinh 1am viéc ctia hdn hop bé tong nhya [50]. Muc dich cudi cung 13 phat trién
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mot khung dac diém k¥ thuat dua trén tinh nang nham tan dung tdi da cac dic tinh 1am
viéc nang cao cua cac cong nghé BTN hi¢n tai va moi noi.

Bang 2-3 tap hop phuong phap thiét ké hdn hop BTN va cac thi nghiém dic tinh 1am
viéc ctia mot s6 nudc/ bang/ tinh trén thé gidi [50].

Bang 2-3. Phuong phap thiét ké hdn hop BTN va céac thi nghiém dic tinh lam viéc

Quoc gia/ Phwong phap , cn ae eyt s .
TT Lz X Thi nghi¢m dic tinh 1
Bang/Tinh | thiét ké hén hop 1 ST Cac Tk fam viee
1 Ontario- Superpave Panh gia do nhay am.
Canada
2 Quebec- Superpave sira d6i | Danh gia kha ning chéng LVBX; Panh
Canada gia do nhay am.
3 | Alberta-Canada Marshall Panh gia kha ning chong LVBX.
4 France French Danh gia 40 nhay am; LVBX; NGt moi.
5 Germany/ Marshall Dénh gia kha ning chong LVBX; d6
Central Europe nhay am.
6 United Marshall Panh gia d6 nhay 4m; M6 dun; LVBX;
Kingdom Nut moi.
7 South Africa Marshall va Panh gia do nhay 4m; M6 dun phtc
Superpave dong; LVBX; Nt moi.
8 | Australia va Marshall va Panh gia do nhay am; M6 dun dan hoi
New Zealand Superpave dong; LVBX; Nut moi.
9 Trung Qudc Marshall Panh gia kha ning chong LVBX; Thi
nghiém uén mau dim & nhiét do thap;
Thi nghi€ém danh gia do nhay am; Thi
nghiém tham nudc.
10 Nhat Ban Marshall Panh gia kha ning chong LVBX; Thi
nghiém udn mau dim & nhiét do th?ip;
Thi nghiém dénh gia d6 nhay am.
11 Han Qudc Marshall Panh gia kha ning chéng LVBX; d6
nhay am.
12 An Do Marshall Panh gia d6 nhay am.

Nhén xét vé thiét ké can bing BMD & cac nwéc:

Thiét ké hdn hop bé tong nhwra theo nguyén 1y can bang méi dugc phat trién gin day ¢
Hoa Ky v6i 4 cach A, B, C, D. Cac nudc khac ciing bat dau nghién ctru 4p dung BMD
& cac muc do va cach tiép can phu hop. Tuy nhién lich st thiét ké hdn hop BTN cac
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nuéc cling da bod sung cac thi nghiém dic tinh 1am viéc ngoai cac dic tinh thé tich.
Céch tiép can nay gidng v6i cach A véi cac thi nghiém dic tinh lam viéc dic thu cia
tung nudc.
2.1.3. Phén tich, lra chon phwong phap thiét ké hdn hop bé tong nhwa Superpave
theo nguyén 1y cAn bang BMD phui hop véi diéu kién Viét Nam

2.1.3.1. Phin tich lwa chon cdch thiét ké hén hop theo nguyén Iy cin biang

Mat duong bé tong nhyua do cod nhiéu wu diém ndi bat nén duoc st dung phé bién cho
dudng 6 to trén thé gidi ciing nhu ¢ Viét Nam. Hién nay hau nhu cac tuyén dudng 6 to
c6 quy mo giao thong 16n Viét Nam st dung két cdu mit dudng bé tong nhua.

Viét Nam van dang sir dung phuong phap thiét ké Marshall 1a phuong phap chinh
thong dé thiét ké thanh phan BTN. Viéc thiét ké hon hgp BTN theo Marshall st dung
nhya duong thuong (nhya dudmg 60/70 hodc 40/50) theo huéng dan tai TCVN
8819:2011 [1] (hién nay da dugc chuyén d6i sang TCVN 13567-1:2022 [15]) va
TCVN 8820:2011 [2]. Pé nang cao chat luong cia BTN mit dudng, viéc thiét ké hdn
hop BTN con dugc 4p dung theo Quyét dinh sd 858/QD-BGTVT cua B6 GTVT [4]
(hién nay mot s6 nodi dung trong quy dinh nay da duoc bd sung vao TCVN 13567-
1:2022 [15]). Viéc thiét ké hdn hop BTN sir dung nhya dudng polime duoc ap dung
theo 22 TCN 356-06, hién nay nay da dugc chuyén doi sang TCVN 13567-2:2022
[15]. Thiét ké hdn hgp BTN theo phuong phap Marshall & Viét Nam mic du da xem
xét giai quyét van dé LVBX, tuy nhién chua xem xét giai quyét triét dé van dé nut
moi, ma day 1a mdt trong hai nguyén nhan chinh gy ra hu hdng mat duong.

Phuong phép thiét ké hdn hop BTN theo Superpave chua dugc 4p dung tai nudc ta.
Tuy nhién di c6 nhiing nghién ciru lién quan dén phan cép nhwa dudng theo PG,
phuong phép thiét ké BTN theo Superpave. Hién nay, Vi¢t Nam da xay dung TCVN
12818:2019 “Phuong phap thiét ké hdén hop BTN theo Superpave theo dic tinh thé
tich” [10], tuy nhién TCVN nay duoc xdy dung trén co s& tham khao tiéu chuan
AASHTO M323 “Superpave Volumetric Mix Design” va AASHTO R35 “Practice for
Superpave Volumetric Mix Design for Asphalt Mixture”, 1a cac tiéu chuan thiét ké hon
hop BTN theo dic tinh thé tich ma chua co cac chi tiéu vé dic tinh 1am viéc nhu chong
LVBX va chong nirt moi.

Diéu kién khi hau Viét Nam vé6i nhiét do cao, mua néng kéo dai, mua nhiéu, d6 4m
cao nén can tap trung nghién ctru phuong phép thiét ké hdn hop BTN phu hop. Pha
hoai ph bién nhét cho cac 16p mit duong BTN ¢ Viét Nam van 1a LVBX do kha ning
chdéng cit truot cia BTN khong dam bao. Nhiéu du an trong thdi gian qua da khic
phuc dugc hién tuong LVBX nhung tai mdt sb du an lai bat dau xuat hién hién tuong
nat, v& 10p bé tdng nhua bé mat 1am cho nudc mua thaim xudng cac 10p vat lidu phia
dudi lam pha hoai két cau mat duong. Do mua nhiéu, d6 am cao, dinh bam da nhua
kém nén mot sb du an cling bi pha hoai do do am, mat mat vat liéu, bong tdich mang
nhua,... Viéc khic phuc hién tugng hu hong nay rat kho khan, nhiéu truong hop phai
dao bo ca két cau 1am tang kinh phi, giy nhiéu birc xtc trong xa hoi.
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Nhu da phén tich & trén, thiét ké hdn hgp BTN theo nguyén 1y can bang la phuong
phap méi, ngay ca mot sb bang cua Hoa Ky ciing dang nghién ciru 4p dung. Pa sd céac
bang ciing déu 4p dung cach A. Cach A 1a cach tiép can than trong nhat va co tiém
ning d6i mgi thap nhat. Viét Nam ciing da quen véi thiét ké hdn hop dé xac dinh ham
lugng nhya tdi wu theo cac dic tinh thé tich va kiém tra kha nang chéng LVBX. Thiét
ké hon hop BTN hién nay ¢ Viét Nam ciing dang xu huéng theo cach A gidng nhu ddi
v6i cac nude khac. Cach ndy tuy cé tiém niang d6i méi thap nhat nhung khong lam xao
trOn quy trinh thiét ké, thi cong va nghiém thu da dugc bién soan chi tiét, cap nhat kinh
nghiém qua nhiéu nam va duoc thuc té st dung hi€u qud, dam bao kinh té, ky thuat.

Trong diéu kién Viét Nam, dé xuét lwa chon cach A khi thiét ké hdn hop bé tong
nhwra Superpave theo nguyén 1y can bang: “Thiét ké theo thé tich va kiém tra, xac nhan
cac dac tinh 1am vi¢c (Volumetric Design with Performance Verification)”.

Vé pham vi 4p dung phwong phap thiét ké hén hop BTN Superpave theo nguyén
1y can bang trong di¢u kién Viét Nam:

Theo tiéu chuain AASHTO MP46 [31], thiét ké can bang chi 4p dung cho cic mit
duong co luu luong xe thiét ké 16n hon 3 triéu ESAL hodc céac tuyén dudng bo chiu tai
trong xe nang.

Tai Viét Nam hién nay, dé nang cao chét lugng cua BTN mat duong, viéc thiét ké hon
hop BTN dugc ap dung theo Quyét dinh s6 858/QD-BGTVT cua Bo GTVT [4], trong
dé quy dinh:

- Ap dung cho cic dy 4n dau tu xdy dung cic tuyén duong 6 to tir cap III trd 1én, cac
doan duong doc dai véi do doc doc >4% va cac tuyén duong 6 to cac cap khac co quy
mo giao thong 16n.

- Pudng cip III trd 1én duge hiéu 1a cac tuyén dudng 6 to cao tc (theo TCVN 5729
[8]) va cac dudng cap I, cap 11, cap III (theo TCVN 4054 [7]).

- Tuyén dudng 6 to c6 quy mo giao thong 1on duoc hiéu 1a cac tuyén duong cé luu
luong xe 16n va/hodc co nhidu xe khach 16n, xe tai 10n luu thong, cu thé 1a cac tuyén
duong co tong sb truc xe tiéu chuan tich lily trong thoi han thiét ké (xac dinh tai muc
A.2 cua tiéu chuin TCCS 38:2022/TCPBVN) Ne > 5x10° tryc hodc cac tuyén dudng
c6 s6 xe tai hang trung tro 1én va xe khach 16n trung binh ngay dém luu thong trén mot
lan xe N > 1500 xe/ngay dém/lan xe. Trong d6, xe khach 16n va xe tai hang trung la
cac xe khach va xe tai co it nhat mot truc banh doi.

Theo cic phan tich néu trén, dé xuat lya chon pham vi 4p dung phuong phép thiét ké
hdn hop BTN Superpave theo nguyén 1y can bang trong diéu kién Viét Nam 1a ap
dung cho cac tuyén dudng 6 to cao téc (theo TCVN 5729 [8]) va tuyén duong 6 to tir
cap 111 tr& 1én (theo TCVN 4054 [7]), cac doan dudng dbc dai vai do doc doc >4% va
cac tuyén dudng 0 to cac cap khac cd quy md giao thong 16n.
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2.1.3.2. Trinh tw thiét ké hén hop bé tong nhwa Superpave theo nguyén ly cin bing

Trinh ty thiét ké hdn hop bé tong nhua Superpave theo nguyén 1y can bang nhu sau
(xem so d6 khdi tai Hinh 2-2):

— Budc 1: Thiét ké hdn hop bé tong nhua Superpave theo dic tinh thé tich dé xac dinh
ham luong nhya t6i wu dap Gng tat ca cac yéu cau vé thé tich quy dinh.

— Budc 2: Panh gia kha nang chéng LVBX, néu hon hop thiét ké khong dat thi lai
thiét ké lai bang cach sir dung cac vat liéu khac (c6t liéu, chat két dinh nhua duong, vat
lidu tai ché va phu gia) hodc tron theo ty 1¢ khac cho dén khi tit ca cac chi tiéu vé thé
tich, va kha nang chéng LVBX;

— Budc 3: Panh gia kha nang chong nit, néu hdn hop thiét ké khong dat thi lai thiét
Kké lai béng cach str dung céc vat liéu khac (06t liéu, chit két dinh nhua duong, vat liéu
tai ché va phu gia) hodc tron theo ty 1¢ khac cho dén khi tat ca cac chi tiéu vé thé tich,
kha ning chéng LVBX, va kha nang chong niit dam bao;

— Budc 4: Panh gia kha ning khang 4m: Sau khi vugt qua cac thir nghiém LVBX va
nit, hdn hop thiét ké sau d6 dugc danh gia véi thir nghiém hu hong do am. Néu thiét
ké dam bao tiéu chi kha nang khang am thi chap nhan coéng thic cho san xuat. Néu
khong, can phai thém cac phuy gia ting cuong dinh bam d4 nhya, chong bong tach hoic
voi thily hoa va hdn hop dugc danh gia lai cho dén khi dat yéu cau. Néu phu gia duoc
st dung, cling co thé can 1ap lai thir nghiém LVBX do lo ngai viéc st dung phu gia c6
thé 1am mém chat két dinh nhya dudng va ting nguy co han lan ctia hdn hop bé tong
nhya. Ngoai viéc bo sung cac chat chdng bong tach, viéc thay doi ngudn chét két dinh
nhya dudng hodc loai cbt liéu cling c6 thé cai thién két qua thir nghiém khang am. Tuy
nhién, néu thay d6i ngudn vat liéu s& phai thiét ké lai hdn hop dé dam béo tat ca cac
tiéu chi vé dic tinh thé tich va cac dic tinh lam viéc.



Thiét ké hén hop HMA

Lua chon vat liéu
Chuan bi thiét bi thi nghiém

v

Bot khoang

Khoéng dat

- Xéc dinh cac ham luong nhua
-Tron hon hop
- Xac dinh cac dac trung thé tich

- Xéc dinh HL nhya t6i vu
.. - Kiém tra dic trung the ti

Khoéng dat

Puc mau thi nghiém khang nirt

banh gia kha nang khang nurt

Duc miu thi nghiém danh gia ¢ nhay am

Phu gia tang
~ Dénh gia ¢ nhay am o Qe ¢ | dinh bam;
Voi thuy hoa

Pat

Thiét 1ap cong thirc BTN

Hinh 2-2. So d6 khdi cac budc thiét ké hdn hop bé tong nhira Superpave theo nguyén
1y can bﬁng tai Viét Nam
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2.2. Nghién ciru lya chon cic phwong phép thi nghiém danh gia kha ning chéng
nit cia bé tong nhwa Superpave ¢ Viét Nam
Hién nay c6 rat nhiéu phuong phap thi nghiém danh gia kha nang chéng nirt cho BTN
trong phong thi nghiém duoc nghién ctru ap dung trén thé gidi, mdi phuong phap déu
¢6 cac uu, nhuoc diém va pham vi 4p dung riéng. Mot s6 phuong phap thi nghiém phd
bién c6 thé ké dén nhu:
- Thi nghiém ubn dam 4 diém.
- Thi nghiém ubn dam ban nguyét SCB theo AASHTO.
- Thi nghiém IDEAL CTindex.
- Thi nghiém ubn dam ban nguyét SCB theo ASTM.
- Thi nghiém Texas overlay test.
2.2.1. Phwong phap thi nghi¢m uén dim 4 diém
Tiéu chuan thi nghiém: AASHTO T321, ASTM D7460, EN 12697-26D,
TCVN12579-2019.
Thiét bi: Str dung thiét bi uén dam 4 diém c6 thé gia tai véi tai trong ldp hinh sin hoic
haversin va ta khi hau (Hinh 2-3). Gia thiét bi cao, khoang trén 100000 USD. Ngoai ra
can phai c6 thiét bi ddm mAu chuyén dung dé ché tao mau hinh chir nhat.

Hinh 2-3. Thiét bi thi nghiém uén dam 4 diém
M4u thi nghiém: Thong thudng phai thi nghiém tir 8-10 mau hinh dam (kich thuéc 380
X 63 x 50mm) m&i c6 thé danh gia duoc kha ning khang moi ciia BTN,

Diéu kién thi nghiém: Thi nghiém & 20°C. Thoi gian thyc hién thi nghiém rat dai, phu
thudc vao muc bién dang khong ché. O muc bién dang cao (400-800pstrain) thoi gian
thi nghiém c6 thé vai gio. O muc bién dang trung binh (200-400pstrain) thoi gian thi
nghiém c6 thé vai ngay. Tham chi & mirc bién dang thap (50-100pstrain) thoi gian thi
nghiém c6 thé dén ca thang.

Két qua, ngudng gidi han: S6 chu ky pha hoai moi; Chua c6 ngudng gidi han duoc
chap nhan rong rii & cac bang/nudce khi thiét ké hdn hop BTN,
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Mitc do phuc tap: Thi nghiém rat khé khan, vi thoi gian chudn bi mau dai, thoi gian thi
nghiém dai, khong 14y mau hién trudng duoc, gia thanh thiét bi cao.

Mitc d phan tan: Két qua thi nghiém rat phan tan COV> 50% [58].

Phu hop hién trudng: Xac nhan phi hop t6t véi niat méi tir dudi 1én tai hién truong.
Panh gia vé kha ning 4p dung & Viét Nam: Kém, chi diung dé nghién ciru, khong
thich hop véi thiét ké hdn hop, khong thich hop véi cac phong thi nghiém hién truong,
2.2.2. Phwong phap thi nghi¢m uén dim ban nguyét SCB theo AASHTO

Tiéu chuan thi nghiém: AASHTO TP124-18, AASHTO T393, TCVN 13347:2021.
Thiét bi: St dung thiét bi Marshall ¢ gén bd LVDT tu dong ghi va vé biéu do luc va
chuyén vi (Hinh 2-4). Gia thiét bi khoang 10000-15000 USD. Gia bd dung cu cat va xé
khia mau khoang 7000 USD.

\ Luc pha huy

Luwc nén, kN

Chuyén vi, (u) mm

Hinh 2-4. Thiét bi thi nghiém uén dam ban nguyét SCB theo AASHTO

Mau thi nghiém: Mau dugc ché bi trong phong bang dam xoay theo AASHTO T312,
duong kinh (150+1) mm, chiéu cao t6i thiéu 160mm, d6 rong du (7+1)%. Tir gitta mau
SGC cit 2 mau day (50+1) mm. Tiép tuc cat mbi mau tron thanh 2 miu ban nguyét
SCB. Két qua dugc 4 mau SCB. Xé ranh theo truc d6i xtmg ctia mdi mau SCB voi
chiéu cao (15+1) mm va chiéu rong < 2,25 mm.

Diéu kién thi nghiém: Mau duoc U & diéu kién nhiét do 25°C trong 2 gid. Thi nghiém
& 25°C. Thoi gian thyc hién thi nghiém khoang 10 phut/mau. Téc do gia tai khong doi
bang 50 mm/ phit dugc khéng ché trong sudt thoi gian thir nghiém.

Két qua, ngudng giéi han: Tir két qua thi nghiém luc va chuyén vi cia mdi mau thir

(xem Hinh 2-4), chi s6 mém FI (Flexibility Index) dugc tinh toan theo cong thirc (2.1).

FI=——xA4 (2.1)

Trong do: G¢la nang luong pha huy ntt;
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Im| gié tri tuyét ddi ciia d6 ddc sau pha huy;

A 12 hé sb chuyén dbi don vi, bang 0,01.
Chi s6 mém FI (Flexibility Index) cang 16n thi BTN ¢6 kha nang chong nut cang cao;
bang Illinois qui dinh ngudng gidi han FI > 8.
Mitc do phuc tap: Thi nghiém twong dbi dé dang, khong doi hoi thi nghiém vién co tay
nghé cao.
Mitc do phan tan: Két qua thi nghiém twong d6i chum COV<20% [60].
Phu hop hién truong: Xac nhan phu hop tot véi nit thuc té & bang Illinois, FHWA,
ALF.
Panh gia vé kha ning ap dung & Viét Nam: Tbt, dé sir dung & Viét Nam dé thiét ké
hdn hop, dam bao va kiém soat chat lugng BTN.
2.2.3. Phwong phap thi nghiém IDEAL CTindex
Tiéu chuan thi nghiém: ASTM D8225-19.
Thiét bi: Str dung thiét bi Marshall c¢6 gin bo LVDT tu dong ghi va vé& biéu d6 luc va
chuyén vi (Hinh 2-5). Gi4 thanh thiét bi khong cao (<10000 USD).

3 4 S5 6 7/ 8 9 10
Chuyén vi (mm)

Hinh 2-5. Thiét bi thi nghiém IDEAL CTindex

M4u thi nghiém: Mau ché bj trong phong bang dam xoay, ddm Marshall cai tién hoac
khoan hién truong, véi dudng kinh (150+2) mm, chiéu cao (62+1) mm, do rong du
(7£0,5)%.

Piéu kién thi nghiém: Mau dugc 1 & diéu kién nhiét d6 25°C trong 2 gid. Thi nghiém
& 25°C. Thoi gian thyc hién thi nghiém khoang 1 phut/miu. Toc d6 gia tai khong ddi
bang 50 mn/ phat duoc khdng ché trong sudt thoi gian thir nghiém.

Két qua, ngudng giéi han: Tir két qua thi nghiém luc va chuyén vi cia mdi mau thir
(xem Hinh 2-5), chi s6 CTindex dugc tinh toan theo cong thirc (2.2).
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{ - G, :
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Trong do: G¢la nang luong pha huy nut;

Imys| 14 gia tri tuyét d6i cua do ddc sau pha huy;

l7s 12 chuyén vi twong tng voi 75% luc pha hiy tai phan duong cong sau
pha huy;

D la duong kinh mau;

t 1a chiéu day mau.
Chi s6 CTindex cang 16n thi BTN c¢6 kha ning chdng nut cang cao, bang Virginia dua
ra yéu cau CTindex 1én hon 70.
Mirc d6 phirc tap: Thi nghiém twong d6i dé dang, khong doi héi thi nghiém vién co tay
nghé cao. Khong can phai cat, khoan, dan, hodc x¢ khia.
Mirc d6 phéan tan: Két qua thi nghiém twong d6i chum COV<20% [60].
Phti hop hién trudng: Xac nhan phi hop t6t véi rat nhidu hién truong danh gia nut thuc
té ciia Cuc duong bo lién bang Hoa Ky, chuong trinh theo doi dai han LTPP.
Panh gia vé kha ning ap dung & Viét Nam: Tbt, dé sir dung & Viét Nam dé thiét ké
hon hop, dam bao va kiém soat chat lugng BTN.
2.2.4. Phwong phap thi nghi¢m uén dim ban nguyét SCB theo ASTM
Tiéu chuan thi nghiém: ASTM D8044-16.
Thiét bi: Str dung thiét bi nén co thé gia tai vdi toc do khong ddi 0,5mm/phit. Thiét bi
c6 gan bdo LVDT ty dong ghi va vé& biéu d6 luc va chuyén vi (Hinh 2-6). Gié thiét bi
khoang 20000-26000 USD. Gia bg dung cu cit va xé khia mau khoang 7000 USD.
Mau thi nghiém: Ti thiéu 4 mau ban nguyét v6i 3 chiéu sau xé khe (25,4 mm, 31,8
mm va 38,0 mm) cat dbi tir mau D150mm. Mau ché bi trong phong bang dam xoay,
dam Marshall cai tién hodc khoan hién trudng.
Piéu kién thi nghiém: Mau dugc ¢ diéu kién nhiét d6 25°C trong tdi thiéu 0,5 gio.
Thi nghiém ¢ 25°C. Thoi gian thuc hién thi nghiém khoang 1 gio.
Két qua, ngudng gidi han: Téc do giai phong ning lugng Jc; Tiéu chuan ASTM
D8044 — 16 theo bang Louisiana Jc ¢6 ngudng gidi han 0,5-0,6kJ/m’.



_47 -
1.80 1
1.60 1
1.40 4
1.20 4
1.00 4

. 0.80-
0.60 -
0.40 -

0.20 1
74
0.00

0.0E+00 2.0E-04 4.0e-04 6.0E-04 8.0E-04 1.0E-03
Chuyén vi

Luc

>

.(_____._

(_____

"4
S\

5 —25mm =——32mm ——38mm

Hinh 2-6. Thiét bi thi nghiém uén dam ban nguyét SCB theo ASTM

Muc d6 phuc tap: Thi nghiém kha kho khan, can thiét bi c6 thé gia tai dugc voi tdc do
0,5mm/phut. Kho khin cho tinh toan, xu 1y sb liéu tir biéu d6. Can c6 phan mém Excel
hodc phan mém chuyén dung.

Mirc d6 phéan tan: Két qua thi nghiém twong d6i chum COV<20% [60].

Phu hop hién truong: Khong phan anh dung dién bién nit thyc té tai hién truong thir
nghiém.

Panh gia vé kha ning ap dung ¢ Viét Nam: Kha, co thé sir dung ¢ Viét Nam dé
thiét ké hdn hop, dam bao va kiém soat chat lugng BTN.

2.2.5. Phwong phap thi nghi¢m Texas overlay test
Tiéu chuan thi nghiém: Tiéu chuan bang Texas 2017: Tex-248-F; ASTM WK26816.

Thiét bi: St dung thiét bi chuyén dung AMPT. Céng tac cat mau va dinh mau vao
khuon cling khé khan (Hinh 2-7). Gia thiét bi cao, khoang 46000 USD. Gia bg dung cu
cit mau khoang 7000 USD.

<

3in. (76 mm)

-— .

Hinh 2-7. Thiét bi thi nghiém Texas overlay test

Mau thi nghiém: Tbi thiéu 4 mau duoc cat tir mau D150mm. MAu ché bi trong phong
bang didm xoay, dam Marshall cai tién hodc khoan hién trudng.

Diéu kién thi nghiém: Thi nghiém ¢ 25°C, thoi gian thi nghiém khoang 3 gio.
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Két qua, ngudng gidi han: S6 chu ky hodc thong s6 pha huy: A va n (c6 thé danh gia
thoi diém xuat hién vét niit va qua trinh phat trién vét niit dén pha hoai miu); bang
Texas qui dinh: S6 1an tac dung tbi thiéu 200.

Mitc d6 phtc tap: Thi nghiém kha kho khin, can thiét bi ¢ thé gia tai tuan hoan
AMPT véi tan sb thi nghiém 0,1Hz. Can c6 phdn mém chuyén dung dé xu 1y s6 liéu.

Mitc d phan tan: Két qua thi nghiém twong ddi phan tan COV tir 30% dén 50% [58].

Phi hop hién truong: Xac nhan phu hop tot véi nit tai hién trudng bang Texas,
California va New Jersey, FHWA-ALF va NCAT Test track.

Panh gia vé kha ning 4p dung & Viét Nam: 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 phuwong phép thi nghiém danh gia kha ning chéng nit
cua bé tong nhua Superpave ¢ Viét Nam

Trén co so nhimng ndi dung chii yéu ciia cac phuong phap thi nghiém danh gia kha
ning chdng nit cia bé tong nhua da néu tai myc 2.2.1 dén 2.2.5, tién hanh tom tit, so
sanh vé do phan tan cua két qua thi nghi¢m, gia thanh thiét bi, d6 phtrc tap, twrong quan
v6i hu hong nit thuc té tai hién truong... cta cac phuong phép thi nghiém dénh gia
kha nang chéng nirt cia BTN. Két qua thé hién tai bang 2-4 [58, 60].

Bang 2-4. So sanh cac thong s6 chu yéu ctia cac phuong phap thi nghiém danh gia kha
ning chéng nut ciia BTN

Co Two
b phin " P Tons
Phwong pha tan cia két Gia chuan | quan voi
, 8 pA P Y v thanh Mirc do phire tap danh | huw héng
thi nghiém qua thi A v ., o
T thiet bi gia nut hién
nghi¢m .
“dat” treong
6n dam 4 >1 Rét phtic tap, thoi :
vondama 1 oy sgo | 7100000 ) Ratphie p. thoi | o o | gy
diém USD gian thi nghi¢m dai

Uon dam ban 22000 | Pon gian, thoi gian

nguyét SCB | COV<20% , o FI>8 Tét
theo AASHTO USD thi nghiém nhanh
Don gian, thoi gian
IDEAL <10000 | thi nghi¢m nhanh, | CTindex .
<209 ‘ . Tot
CTindex | COV=29% | USD | khong phai citxe | =70 ©
mau
. Kha phuc t
Ubn dam bén aphictapdo |

~33000 | phai cit xé mau voi
5t SCB | COV<20° : - Ké
nguyet SC %1 UsD | 3chidusaukhic |00 | Kem

theo ASTM kJ/m*
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Co Twon
D¢ phéan ., 2 g )
Phuo hs tz'm.cﬁa Két Gia chuan | quan véi

won a

, 5 pA P v, thanh Mirc do phire tap danh hu héng

thi nghi¢m qua thi A, e . R
T thiet bi gia niurt hién

nghi¢m

“dat” truong

Texas overlay COV tu ~53000

RAt phirc t Co Tt
test 30% ~50% | USD at phuc tap © ©

Nhu da phén tich & trén nhan thay:

- Thi nghiém ubn dam 4 diém chi yéu dugc dung dé nghién ctru va chua duge sir dung
rong rii & cac bang/nude khi thiét ké hon hop BTN vi thoi gian chuan bi miu lau, thi
nghiém lau, két qua thi nghiém phéan tian (COV> 50%), khong ldy mau hién trudng
dugc nhu khoan mau hinh try, thiét bi dit tién, chua c6 chuan danh gia khi nao dugc
coi 1a “dat” dé thiét ké thanh phan hdn hgp BTN.

- Thi nghiém uén diam ban nguyét SCB (theo AASHTO T393, TCVN 13347:2021
[14]) 14 thi nghiém udn miu dim ban nguyét 3 diém, thoi gian chuan bi mau nhanh, thi
nghiém nhanh, két qua thi nghiém c6 d6 chum cao, danh gia duoc do nhay cua cac
thong s6 dau vao, thiét bi c6 gia thanh thap, c6 thé tin dung may Marshall ty dong
hién c6 tai cac phong thi nghiém cta Viét Nam, c6 chuan dé danh gia “dat”, c6 tuong
quan chdt voi hu hong nut thyc té cua mit duong tai hién truong, do vady nén dugc st
dung rong rii khi thiét ké BTN dé danh gia kha nang chéng nit méi cia mau BTN,
Két qua thi nghiém s& dua ra chi sé mém FI, chi s6 nay cang cao thi hdn hop BTN ¢6
kha ning chong nit moi cang tot. Bang Illinois cia Hoa Ky di dua ra tiéu chuan gi6i
han cho chi s6 mém FI 16n hon 8 dé dam bao kha nang chdng niit méi cia BTN hdn
hop bé tong nhua nong.

- Thi nghiém IDEAL CTindex (theo ASTM D8225 [45]) 1a thi nghi€ém md&i, dugc phat
trién boi bang Texas trén md hinh kéo gian tiép voi toc do gia tai SOmm/ phit, sir dung
mau BTN hinh tru twong ty nhu mau thi nghiém cudng do chiu kéo cia BTN. Uu
diém cua thi nghiém nay la thuc hi¢n rat don gian, thoi gian chuan bi mau nhanh do
khong phai khoan, cat, xé rdnh... nhu thi nghiém uén dam ban nguyét SCB, thoi gian
thi nghiém rat nhanh, két qua thi nghiém c6 do chum cao, danh gia duoc do nhay cia
cac thong s6 dau vao, thiét bi co gia thanh thap, c6 thé tan dung may Marshall ty dong
hién c¢6 tai cac phong thi nghi€ém, cé tuong quan chat voi hu hong nat thyuc té ctia mat
duong tai hién truong. Két qua thi nghiém dwa ra Chi s6 CTindex (Cracking Tolerance
index), chi s6 ndy cang cao thi hdn hop BTN c¢6 kha ning chéng nit méi cang tot.
Hién nay Bang Virginia cia Hoa Ky da dua ra tiéu chuan gi6i han cho Chi s6 CTindex
16n hon 70 dé dam bao kha nang chong niit moi cia hdn hop BTN néng.

Dinh hudng tai Viét Nam la lga chon phuong phép thi nghiém c6 d§ chum cao, mirc
d6 phan tan cia két qua thi nghiém thap, gia thanh thiét bi thap, c6 chuan dé danh gia
“dat”, don gian, dé str dung, danh gia duoc d6 nhay cia cac thong s6 dau vao, phu hop
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v6i didu kién khai thac. Vi vay dé& xuat lya chon 02 thi nghiém danh gia kha ning
chéng nit khi thiét ké can bang hdn hop bé tong nhya trong diéu kién Viét Nam theo
thir tu wu tién nhu sau:

(1). Thi nghiém IDEAL CTindex (theo ASTM D8225) véi ngudng chi s6 chiu nut tbi
thiéu (CTingex) 12 70 dé chip nhéan cac hdn hop BTN (theo quy dinh ctia bang Virginia).

(2). Thi nghiém udn dam ban nguyét SCB (theo AASHTO T393, TCVN 13347:2021)
v6i ngudng chi s6 mém t6i thiéu (FI) 1a 8.0 dé chap nhan hdn hop BTN (theo quy dinh
cua bang Illinois).

2.3. Phan tich, lra chon phwong phap thi nghiém danh gia kha niing chong lin
vét banh xe phit hop véi diéu kién Viét Nam

Hién nay c6 rat nhiéu phuong phap thi nghiém LVBX cho BTN trong phong thi
nghiém dugc nghién ciru ap dung trén thé gidi, mdi phuong phap déu co cac uu, nhuoc
diém va pham vi 4p dung riéng. Mot s6 phurong phép thi nghiém c6 thé ké dén nhur:

- Thi nghiém APA (Asphalt Pavement Analyzer).

- Thi nghiém chi sb chay (Flow Number Test).

- Thi nghiém Hamburg Wheel-Tracking.

- Thi nghiém cat Superpave (Superpave Shear Tester).

2.3.1. Phwong phap thi nghi¢ém APA (Asphalt Pavement Analyzer)
Tiéu chuan thi nghiém: AASHTO T 340.

Thiét bi: Sir dung thiét bi Asphalt Pavement Analyzer. Gia thiét bi khoang 60000-
125000 USD.

Hinh 2-8. Thiét bi thi nghiém APA

Mau thi nghiém: Str dung mau BTN hinh s6 8, dugc gia cong tir 2 mau try dam bang
dam xoay c6 duong kinh 150 mm, day 75 mm. Hoic str dung mau dang tim.

Diéu kién thi nghiém: Mau duoc hoa gia trong 4 gio tai 135°C trudc khi dam. Mau
duoc bao quan trong 6-24 gio tai nhi¢t do thi nghiém (1a nhiét d6 cao cua cép nhua
dudng PG su dung trong BTN.
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Két qua, ngudng gi6i han: Gia tri chiéu sdu LVBX dudi tac dung ctia 8000 chu ky gia
tai. Gia tri gidi han tuy theo quy dinh cua ting bang, phu thudc vao luu lugng ESAL
thiét ké.
Mirc d6 phirc tap: Thi nghiém twong d6i dé dang, khong doi héi thi nghiém vién co tay
nghé cao. Thoi gian thi nghiém khoang 2,25 gio.
Mirc d6 phéan tan: két quéa thi nghiém twong d6i chum COV<20% [61].
Phu hop hién truong: Xac nhan phu hop tét véi diéu kién hién truong FHWA ALF,
WesTrack, NCAT Test Track, MnROAD, bang Georgia va Nevada).
Céc bang dang ap dung: Alaska, Alabama, Arkansas, North Carolina, New Jersey,
South Carolina, South Dakota, Virginia. it duoc st dung ¢ cac nudc chau Au, chau A.
Panh gia vé kha ning ap dung ¢ Viét Nam: Kha, co thé ap dung ¢ Viét Nam dé
thiét ké hdn hop BTN, tuy nhién hién nay chua cé thiét bi APA.
2.3.2. Phwong phap thi nghiém chi sé chiy (Flow Number Test)
Tiéu chuan thi nghiém: AASHTO T 378.
Thiét bi: Thiét bi Asphalt Mixture Performance Tester c¢6 gia khoang 100000 USD.
Ngoai ra con st dung may khoan 16i c¢6 gid khoang 3000 USD, Tu moi trudng cé gia
khoang 3000 USD va méy cat mau c6 gia khoang 6000 USD.

HmPTF’RU

ler
Asphalt Nistare Performance Ty

@globar l'

Hinh 2-9. Thiét bi thi nghiém chi s6 chay
M4u thi nghiém: Str dung mau BTN hinh try dugc ddm nén bang dam xoay SGC véi
duong kinh 100 mm, chiéu cao 150 mm.
Piéu kién thi nghiém: Mau dugc hoa gia trong 4 gio tai 135°C trudc khi dAm nén.
Nhié¢t do thi nghiém 1a nhiét o mat duong trung binh 7 ngay 16n nhét duoc xac dinh
tir phan mém LTPPBind 3.1 véi do tin cay 98%.
Két qua, ngudng gidi han: Chi sd chdy (Flow Number). Gia trj gidi han tuy theo quy
dinh cua tung bang, phu thudc vao luu lugng ESAL thiét ké.
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Mitc d6 phirc tap: Tuong ddi phire tap, thi nghiém dugc thuc hién trén thiét bi dong
b, hién dai, ty dong, thoi gian thi nghiém tir 30 phut dén 4 gio.

Mirc do phan tan: Két qua thi nghiém twong ddi phan tan COV> 30% [61].

Phu hop hién truong: Xac nhan phu hop tét v6i diéu kién hién truong FHWA ALF,
WesTrack, NCAT Test Track, MnROAD.

Céc bang dang ap dung: Delaware, California. it duoc sir dung ¢ cac nudc chau Au,
chau A.

Panh gia vé kha ning ap dung & Viét Nam: Kém, chi thich hop véi nghién ciru,
khong phi hop véi cong tac thiét ké hdn hop BTN.

2.3.3. Phwong phap thi nghiém Hamburg Wheel-Tracking

Tiéu chuan thi nghiém: AASHTO T 324-19; Quyét dinh 1617/QD-BGTVT.

Thiét bi: St dung thiét bi Hamburg Wheel-Tracking Device. Gia thiét bi khoang
40000-75000 USD.

Hinh 2-10. Thiét bi thi nghiém Hamburg Wheel-Tracking

Mau thi nghiém: MAu thi nghiém hinh try tron ¢6 D>150mm (tao mau bang phuong
phap dam xoay hodc mau Marshall cai tién) hodc mau dang tim 320x260x(38+100,
tiy theo ¢& hat 16n nhat) mm. MAu ché bi trong phong hodc khoan/cit tai hién trudng.

Piéu kién thi nghiém: Mau duoc hoa gia trong 4 gid tai 135°C trudc khi ddm. Mau
duoc ngdm nudc trong 45 phut tai nhi€t do thi nghi¢m. Thi nghiém trong méi truong
ngdm nudc ¢ nhiét do 40-56°C.

Két qua, ngudng gidi han: Xac dinh dugc chiéu sau han lun tuyét ddi, diém bong troc
mang nhua. Tai Hoa Ky, tiy timg Bang s& dua ra tiéu chudn LVBX cho BTN tng véi
cap nhua dudng PG. Nhin chung da s6 cac bang déu quy dinh gia tri chiéu sdu LVBX
t6i da 1a 12,5mm sau tir 10000-20000 luot tac dung cia tai trong tily thudc cap nhya
duong PG. Tai Viét Nam, tiéu chuan gi6i han chiéu siu LVBX theo phuong phap A
Quyét dinh 1617/QD-BGTVT quy dinh ti da 12,5mm sau 15000 1an tic dung tai voi
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BTN sir dung nhya duong thong thuong va sau 40000 1an tic dung tai voi BTN sir
dung nhya dudng polime.

Mirc d6 phirc tap: Thi nghiém twong d6i dé dang, khong doi héi thi nghiém vién co tay
nghé cao. Thoi gian thi nghiém tir 6 gio dén 18 gid tuy thudce vao loai BTN.

Mirc d phan tan: Két qua thi nghiém twong ddi chum COV khoang 10-30% [61].

Phui hop hién trudng: Xéac nhan phu hop tt v6i dicu kién hién truong bang Colorado,
Texas.

Céc bang dang 4p dung: California, Georgia, Idaho, lowa, Illinois, Kentucky,
Louisiana, Massachusetts, Maine, Missouri, Montana, Oklahoma, Oregon, Tennessee,
Texas, Utah, Vermont, Washington. Pugc st dung tai nhiéu nude chau Au, chau A,
Viét Nam.

Panh gia vé kha ning ap dung & Viét Nam: Tét. Phuong phap thi nghiém Hamburg
Wheel-Tracking c6 gia thanh thiét bi khong cao, thao tac thi nghiém khéng phirc tap,
c¢6 chuan danh gia “dat” nén da duoc nhiéu bang ctia Hoa Ky, nhiéu nuéc chau Au sir
dung dé danh gia kha nang chéng LVBX khi thiét ké BTN. Hién nay, Viét Nam ciing
sit dung phuong phap nay dé danh gia LVBX cho BTN tai Quyét dinh s6 1617/QD-
BGTVT.

2.3.4. Phwong phap thi nghi¢m cit Superpave (Superpave Shear Tester)

Tiéu chuan thi nghiém: AASHTO T 320.

Thiét bi: sir dung thiét bi Superpave Shear Tester. Gi thiét bi khoang >300000 USD.

Hinh 2-11. Thiét bi thi nghiém cat Superpave (Superpave Shear Tester)

Mau thi nghiém: sir dung miu BTN mau hinh try c6 duong kinh 150mm, chiéu cao
38+50mm phu thudc vao cd hat 16n nhét danh dinh ctia BTN.

Piéu kién thi nghiém: Mau dugc hoa gia trong 4 gio tai 135°C trude khi dam.

Nhiét d6 thi nghiém: Thi nghiém cit gian don & chiéu cao khong doi duoc thyc hién &
cac nhiét d6 4°C, 20°C va 40°C; Thi nghiém ct tai trong lap voi chidu cao khong ddi
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duoc thuc hién & nhiét o cao cua cép nhya duong PG stir dung trong BTN (nhi¢t do
mat dudng trung binh 7 ngay 16n nhat dugc xac dinh tir phan mém LTPPBind 3.1).

Két qua, ngudng gidi han: Ung suat doc truc, Gmg sudt cit va bién dang cat. Gia tri
giéi han tiy theo quy dinh cia timg bang, phu thudc vao luu luong ESAL thiét ké.

Muc do phuc tap: Thi nghi€ém tuong ddi phuc tap, trén hé théng thiét bi déng bo, dat
tién, thoi gian thi nghiém kéo dai.
Mirc d phan tan: Két qua thi nghiém twong ddi chum COV khoang 20% [61].

Phu hop hién truong: Xac nhan phu hop tot voi diéu kién hién truong FHWA ALF,
WesTrack, NCAT Test Track, MnROAD, bang Georgia va Nevada).

Céc bang dang ap dung: Delaware.

Panh gia vé kha ning ap dung & Viét Nam: Kém. Phuong phap thi nghiém cat SST
dé danh gia kha nang chéng LVBX ctia BTN mic du duoc dé xuat trong chuong trinh
nghién ciru Superpave, tuy nhién do thiét bi cit SST dat tién, thi nghiém phurc tap, thoi
gian thi nghiém kéo dai, nén hién nay rét it nuéc sir dung phuwong phap nay, chi co
bang Delaware ctia Hoa Ky sir dung chi tiéu nay dé danh gia kha nang chong LVBX.
2.3.5. Phan tich lya chon phuwong phip thi nghiém danh gia khi ning chdng
LVBX ctia bé tong nhua Superpave ¢ Viét Nam

Hinh 2-12 thé hién ban d6 lya chon thi nghiém danh gia kha nang chong LVBX & céc
bang ciia Hoa Ky theo hiép hoi mit duong nhwa quéc gia Hoa Ky, NAPA (National
Asphalt Pavement Association) tai dia chi https://www.asphaltpavement.org/ .
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Hinh 2-12. Ban d6 cac Bang Iya chon thi nghiém danh gia kha ning chong LVBX
Tinh dén thoi diém nam 2022, da sb cac bang cua Hoa Ky déu lya chon thi nghiém
danh gia kha ning chéng LVBX theo phuong phap Hamburg Wheel Tracking.

Dinh huéng tai Viét Nam 1a lya chon phuong phap thi nghiém don gian, dé st dung,
d6 phan tan cua két qua thap, tin dung cac may moc thi nghiém c6 san, danh gia duoc
d6 nhay cua cac thong s6 dau vao, phu hop véi diéu kién khai thac.
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Nhu d3 phan tich ¢ trén nhan thdy mic du trén thé gi6i co rat nhidu phuong phap thi
nghiém dé danh gia kha niang chéng LVBX cho BTN, mdi phuong phap déu cé cac
vu, nhuge diém va pham vi ap dung riéng. Tuy nhién phuong phap Hamburg Wheel
Tracking c6 gia thanh thiét bi khong cao, thao tac thi nghiém khong phirc tap, co
chuan danh gia “dat” nén da dugc nhiéu bang cua Hoa Ky, nhiéu nudc chau Au st
dung dé danh gia kha nang chéng LVBX khi thiét ké BTN. Hién nay, Viét Nam ciing
sir dung phuong phap nay dé danh gia LVBX cho BTN theo Quyét dinh s 1617/QD-
BGTVT [3], do vay dé xuat:

- St dung phuong phiap Hamburg Wheel Tracking theo Quyét dinh s6 1617/QP-
BGTVT dé¢ danh gia kha nang chong LVBX khi thiét ké can bang hdn hop bé tong
nhya Superpave tai Vi¢t Nam.

2.4. Phan tich, hra chon phwong phap thi nghi¢m dinh gia kha ning khing Am
phit hop véi diéu kién Viét Nam

Pé c6 thé danh gia duoc mot cach tong thé tac dong ctia 4m dén suy giam cuong do bé
tong nhya trong thoi gian khai thac, viéc thi nghiém danh gia d6 nhay 4m cua bé tong
nhua rat can thiét. Co nhiéu thi nghiém danh gid do nhay am cua BTN duogc ban hanh
trén thé giéi nhu:

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

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

3. Thi nghiém Ung suat do do am (Moisture Induced Stress Tester) theo ASTM
D7870/D7870M.

Phuong phap thi nghiém 1an vét banh xe bang thiét bi Hamburg Wheel Tracking theo
AASHTO T324 (Phuong phap A cua Quyét dinh 1617/QD-BGTVT), két qua thi
nghiém xac dinh duoc diém bong mang nhya. Tuy nhién phuong phap nay lai gip mot
sO van dé sau:

- Thuc té két qua trong cac phong thi nghiém cho thay: hdu nhu khong xac dinh dugc
diém bong mang nhua, hodc néu xac dinh duoc thi sb chu ky tac dung tai rat 1on. Tu
d6 néu dé xac dinh dugc diém bong mang nhya thi chi phi thi nghiém kha 16n.

- Pé c6 thé phan biét mot cach rd rang anh hudng cua nude dén lién két da-nhua, giai
phap dong thoi thi nghiém LVBX trén mau kho va trén mau udt dé dbi ching 1a can
thiét. Tuy nhién, trén thé gidi khong khuyén nghi str dung cach nay, chi sir dung hodc
thi nghiém LVBX véi mau “uét”, hodc thi nghiém LVBX véi mau “kho” (nhu phuong
phap B ctia Quyét dinh 1617/QD-BGTVT).

Thi nghiém tng suit do d6 am (Moisture Induced Stress Tester) theo ASTM
D7870/D7870M thuong duoc sir dung nhu mot quy trinh diéu hoa d6 am dbi véi cac
mau hon hop bé tong nhya di duoc nén chit chiu cac thir nghiém co hoc va do bén
kéo. Sau d6, nhiing thay doi trong két qua thir nghiém trudc va sau khi diéu hoa duoc
sir dung dé danh gia kha nang chong hu hong do am ctia hdn hop. Nhiét do thir nghiém
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12 60°C d6i véi hdn hop BTN sir dung cip nhya PG 16n hon 60 va 50°C di v6i hdn
hop BTN sir dung cip nhua PG nho hon 60. Tuy nhién phuong phép thir nay lai chua
c¢6 chuan danh gia “dat” dé str dung khi thiét ké hdn hop BTN.

Thi nghiém cudng do kéo gian tiép (TSR) theo AASHTO T283 dung dé du doan do
nhay 4m cta BTN, kha ning lién két giita cot liéu va nhua dudng trong hdn hop bé
tong nhua trong thoi gian sir dung, danh gia hiéu qua ctia chit phu gia ting dinh bam
sir dung trong bé tong nhwra (néu c6).

[ Thi nghiém TSR

B Thi nghiém HWTT

B Thi nghiém ngdm nén

B Thi nghiém mang nhya

W Thi nghiém d6 én
dinh con lai

-~

Hinh 2-13. Ban d6 cac Bang lua chon thi nghiém danh gia kha niang khang am [61]
Theo nghién ctru [61], hau hét tit ca cic Bang ciia Hoa Ky déu yéu cau thi nghiém
danh gia d6 4m ctia hdn hop bé tong nhua khi thiét ké hdn hop bé tong nhwra. Trong d6
c6 36/50 bang lya chon thi nghi€ém TSR theo AASHTO T 283 (Hinh 2-13).

Vé ngudng giéi han chi s6 TSR: Thong thudng gidi han TSR t6i thicu 1a 80%. Mot s6

bang ciing yéu cidu mdt ngudng tbi thiéu cta cac gia tri cuong do ITS kho va/hoic udt

ngoai TSR. Bang 2-6 thé hién ngudng gidi han TSR tai cdc Bang ctia Hoa Ky [31].
Bang 2-5. Ngudng gidi han gia tri TSR ctia mot s bang tai Hoa Ky

TT Bang Nguwdong gidi han
1 Alabama Min. 80% TSR
2 California Min. ITS kho: 100 psi
Min. ITS bao hoa: 70 psi
3 Colorado Min. TSR: 70%
4 Connecticut Min. TSR: 80%
5 Florida Min. TSR: 80%
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TT Bang Ngwong gioi han
6 Georgia Min. TSR: 80%
Min. ITS kh6 va ITS bao hoa: 60 psi
hoac, Min. TSR: 70%
Min. ITS khé va ITS bao hoa: 100 psi
(Diéu kién thi nghiém ctia Georgia khac véi AASHTO T283)
7 linois Min. TSR: 85%
8 Indiana Min. TSR: 80%
9 Kansas Min. TSR: 80%
10 Kentucky Min. TSR: 80%
11 Maryland Min. TSR: 85%
12 Michigan Min. TSR: 80%
13 |  Minnesota Min. TSR: 80% véi nha thau
Min. TSR: 70% v&i co quan quan ly
14 Missouri Min. TSR: 80%
15 Mississippi Min. TSR: 85%
16 Montana Min. TSR: 70%
17 | North Carolina Min. TSR: 85% cho 16p mat va 16p gitra
Min. TSR: 80% cho 16p mong
18 Nebraska Min. TSR: 80%
19 New Min. TSR: 80%
Hampshire
20 New Jersey Min. TSR: 80%
21 | New Mexico Min. TSR: 85%
22 Nevada Min. TSR: 70%
23 New York Min. TSR: 80%
24 Ohio Min. TSR: 80%
25 Oklahoma Min. TSR: 80%
26 Oregon Min. TSR: 80% cho thiét ké
Min. TSR: 80% cho thi cong
27 | Pennsylvania Min. TSR: 80%

Min. ITS kho: 80 psi véi nhya PG 76-22 va PG 64-22




- 58 -
TT Bang Ngudng gioi han
Min. ITS khoé: 65 psi voi nhya PG 58-28
Min. ITS bao hoa: 50 psi

28 | South Carolina Min. TSR: 85%
Min. ITS bao hoa: 65 psi

29 | South Dakota Min. TSR: 80%

30 Tennessee Min. TSR: 80%

Min. ITS bao hoa: 100 psi v6i nhwa PMB
Min. ITS bao hoa: 80 psi véi nhya thuong

31 Virginia Min. TSR: 80%
32 Vermont Min. TSR: 80%
33 Wisconsin Min. TSR: 75%
34 Wyoming Min. TSR: 75%

Nhu da phén tich & trén nhan thay:

Pa s6 cac bang ctia Hoa Ky lua chon thi nghiém TSR theo AASHTO T 283 dé danh
gia kha nang khang am véi ngudng gidi han chi sé TSR thong thuong t6i thidu 1a 80%.
Thiét ké hdn hgp BTN theo Superpave theo AASHTO M323, AASHTO R35 va
TCVN 12818:2019 ciing st dung AASHTO T283 dé d4nh gia do nhay am cia BTN
v&i ngudng gidi han chi s6 TSR tdi thiéu 1a 80%. Mt khac, Viét Nam d3 bién soan va
ban hanh TCVN 12914:2020 “Bé tong nhuya - xac dinh kha nang khang am cta mau da
dam chat” [11] trén co so tham khao AASHTO T283. Do vay, dé xuat sir dung sir
dung tiéu chuan TCVN 12914:2020 (AASHTO T283) d¢ danh gia dé danh gia kha
ning khang am khi thiét ké hon hop bé tong nhya Superpave theo nguyén 1y can bang
tai Viét Nam voi ngudng giéi han TSR tdi thiéu 1a 80%.
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2.5. Két luan chwong 2
1. Pa dé xuat lya chon phuong phéap, nguyén tic va trinh tu thiét ké hdn hop bé tong
nhya 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 (Volumetric Design with
Performance Verification).

2. b phan tich k¥ thuat, kinh té, tinh kha thi, va dé xuat lya chon cac phuong phép thi
nghiém va chuan danh gia danh gia kha niang chdng nut cia bé tong nhua Superpave &
Viét Nam bang 01 trong 02 thi nghiém theo thir tw uu tién nhu sau:

(1). Thi nghiém IDEAL CTindex (theo ASTM D8225) véi ngudng chi sb chiu nat tbi
thiéu (CTindex) 1a 70 dé chap nhan hdn hop BTN.

(2). Thi nghiém udn dam ban nguyét SCB (theo AASHTO T393, TCVN 13347:2021)
v6i ngudng chi sé mém t6i thiéu (FI) 12 8.0 dé chap nhan hén hop BTN.

3. Da phan tich d& xuét lya chon phuwong phap thi nghiém danh gia kha ning chong
LVBX theo phuong phap Hamburg Wheel Tracking theo Quyét dinh sé 1617/QP-

BGTVT va phuong phap thi nghiém danh gia do nhay am theo TCVN 12914:2020
(AASHTO T283) voi ngudng gidi han TSR tdi thiéu 1a 80%.
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CHUONG 3. NGHIEN CUU THUC NGHIEM CAC YEU TO ANH
HUONG DPEN KHA NANG CHONG NUT CUA BE TONG NHUA
SUPERPAVE THEO NGUYEN LY CAN BANG

3.1. Muc tiéu, ndi dung nghién ciru thwe nghiém, thiét ké thi nghiém va trinh ty
phan tich thong ké xir 1y s6 li¢u

3.1.1. Muc tiéu

Muc tiéu nghién ctru thuc nghiém trong phong gém la: danh gid anh hudng ctia mot sd
yéu tb (cd hat 16n nhét danh dinh ctia BTN, nguén géc c¢dt liu, loai nhyua duong va
ham luong nhya) dén kha niang chéng nit méi va chéng LVBX cua bé tong nhya
Superpave thiét ké theo nguyén 1y can bang trong diéu kién Viét Nam.

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

Nghién ctru Phwrong phép thiét ké thwe nghiém,
tong quan phén tich danh gia ket qua thi nghiém

Nghién ciru danh gia anh huong cia mot
sO yéu t6 dén kha ning chong nit moi va
LVBX ctia bé tong nhwa Superpave

|

Lua chon théng sb diu vao

|
y v y

Neud Ham
Nhua AguoP lugng
duong: goe cot nhua:
; ligu: 02 y

03 loai '1 . 03
o5 HLN

| [
|

Thiét ké hén hop BTN Superpave theo dic

tinh thé tich d& lua chon cf;.p phéi thé - min

(03 cdp phdi thé - min khdc nhau, 02 mirc
iy heong xe thiét ké)

[ Biic mu, thi nghiém LVBX ]

[ Biic mfu, thi nghiém SCB ]

|

[ Biic mAu, thi nghiém IDEAL CTindex J

|

[ Phan tich, dsinh gi két qua, két lusn ]

Hinh 3-1. So d6 nghién ctru thi nghiém trong phong
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3.1.2. Thiét ké thi nghiém va trinh tu phan tich thong ké xir 1y so liéu

3.1.2.1. Thiét ké thi nghiém

Thiét ké thuc nghiém DoE (Design of Experiments) bao gém lua chon thi nghiém, quy
hoach mau, thyc hién thi nghiém va phan tich théng ké xir Iy két qua. Nghién ciru thiét
ké thi nghiém tong quét (General full factorial design) sit dung phan mém Minitab &
do tin cdy 95%, mirc y nghia 0=5%. S6 mau tuy theo muc d6 chinh xac dam bao phat
hién sai khac cua thi nghi¢m.

Phén tich phuong sai ANOVA (Analysis Of Variance) mot nhan té 1a phuong phap
thong ké dé dung dé kiém dinh gia thuyét trung binh bang nhau cta tir 3 nhém mau trd
1én véi kha ning pham sai 1am chi 12 5%. Phan tich hau dinh (post-hoc) ding dé xem
c6 su khac biét cu thé gitta nhom nao va nhom nao vé mdt van dé nao d6 co y nghia
thong ké khong. Hién c6 nhiéu phuong phap phan tich hau dinh theo cac tic gia khac
nhau nhu Tukey, Fisher, Duncan,...trong khuon khé luan an nghién ctru thyc nghi¢m
v6i s6 mau trong t6 mau tbi thiéu 4 mau nén sir dung phuong phap cta Tukey.

3.1.2.2. Pdnh gid s6 mdu trong t6 mau

Viéc lya chon sé mau trong to miu rat quan trong, néu s6 mau qué it s& khong danh
gia duoc chinh xac két qua thi nghiém va nguoc lai néu sé mau qua nhiéu s& kéo dai
thoi gian thi nghiém dan dén két qua bi anh hudng boi tudi mau. Voi sb 1an lap 1a 4
mau/ té mau, kiém tra bé‘mg Minitab xac dinh dugc muc do phat hién sai khac 0,64 do
léch chuén véi 0=0,05 va 36 manh Power=0,8 nhu thé hién & Hinh 3-2.

Power Curve for General Full Factorial

1.0
Reps
4
Assumptions
0.8 [ 0.05
StDev 1
# Factors 4
# Levels 2,233
0.6 Terms Included In Model
Blocks No
Term Order 4

Power

04
0.2

0.0
0.0 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9

Maximum Difference

Hinh 3-2. Kiém tra s6 mau khi phan tich thong ké
3.1.2.3. Logi bé sé ligu ngogi lai va ddnh gid dé chum
Sau khi co két qua thi nghiém céc chi tiéu co ly, danh gié loai bo s6 liéu ngoai lai theo
ASTM E178 [46], danh gia d6 chum theo ASTM C670 [43] v6i gidi han chip nhan
dugc quy dinh cua céac tiéu chuan thi nghiém twong tng. Tiéu chuin Grubbs duoc sir
dung dé danh gia, loai bd s6 lidu ngoai lai cia cac Kkét qua thi nghiém. Trinh ty danh
gia do chum cuta két qua thi nghiém theo TCVN 6910 [6].
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3.1.2.4. Trinh tw thiét ké thi nghiém va xir Iy két qua thi nghiém

- Thiét ké thi nghiém;

- Thuc hi¢n thi nghiém tai cac phong thi nghiém hop chuan dugc cac két qua;

- Loai bo cac sb liéu ngoai lai (néu c6); Panh gia 40 chum cua Kkét qua;

- Sir dung phan mém Minitab phan tich, v& biéu do théng ké cac két qua thi nghiém.
- M6 hinh héa, xay dung phuong trinh hoi quy cac yéu t6 anh huong.

3.1.3. Lua chon vit liéu dau vao

- V& ¢& hat 16n nhit danh dinh: Lya chon 2 ¢& hat 16n nhit danh dinh 13 12,5mm va
19mm dé ché tao BTN vi loai BTN12,5 va BTN19 1am 16p mat dudng, c6 vai trd quan
trong va dugc st dung nhiéu.

- Vé nhya duong: Lya chon 3 loai nhya dudong khac nhau. C?ip nhya duong PG theo
diéu kién nhiét do khong khi cac tinh, thanh ciia Viét Nam 1a PG64-16 ddi voi tat ca
cac cong trinh dudng bo, va didu chinh cap nhya dudng theo PG theo dic tinh dic tinh
dong xe. Tuy nhién hién nay, Viét Nam van dang st dung nhya duong phan cap theo
dé kim lun ma chua c6 nhua duong PG, do vay dé xuét sir dung nhya duong 60/70;
40/50; nhya dudng polime PMBL.III (1a nhiing loai nhya dang duoc sir dung pho bién
tai cac du an) trén co s& thi nghiém theo PG dé tim ra céc cap nhya tuong tuong véi
cap nhya PG ap dung cho thiét ké hdn hop BTN theo Superpave.

- V& ngudn gbc vat lidu: Theo két qua nghién ctru ctia Vién Khoa hoc va Cong nghé
GTVT tai mién Bic hau hét 13 cic mo da voi, chiém gan 40% tong s6 lwong mo trén
ca nudc va mot phan 1 mo da bazan. Mién Trung ciing da phan 1a cac mé d4 voi, tuy
nhién c6 thém mot sé mo d4 granite & Ha Tinh va Pa Nang. Nam mién Trung, Mién
Nam va Tay Nguyén chi yéu 1a da diorit, andesite va d4 bazan [18]. Nhu vay, dé thi
nghiém dai dién cho cac loai da thi khéi lugng mau 14 rat 16n, diéu nay khong kha thi
véi thoi gian cua dé tai. Trong pham vi dé tai nay, d& xuat chon loai da voi va da bazan
1a 2 loai ¢4 dang duoc sir dung kha pho bién & mién Bac dé ché tao BTN tai nhiéu du
an la: Ba voi tai mo Transmeco — Ha Nam va da bazan tai mo Phi Man - Ha Noi.

- V& ham lugng nhya: Lya chon 3 ham lugng nhya khac nhau véi mdi loai BTN (Ham
luong du kién thiét ké Py; ham luong nhya Py-0,5% va ham lugng nhua P, +0,5%).

3.1.4. Thiét ké thwe nghiém xac dinh s6 lrong miu thi nghiém
3.1.4.1. Ham muc tiéu
St dung mot s phép kiém chung théng ké trén co sé s6 liéu thi nghiém dé ching
minh mdi trong quan cac yéu td tic dong dén chi sé mém FI, chi s CTindex va chiéu
sau LVBX.

Y =F (X)
Trong do: Y la bién phu thudc; X 1a bién doc lap.
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3.1.4.2. Bién phu thujc

(1). Chiéu sdu LVBX

Bién phuy thudc Y, 1a chidu sau LVBX (mm) tai s6 1an tac dung tai {15000; 40000} .
(2). Chi s6 mém FI

Bién phuy thudc Y, 13 chi sé mém FI thi nghiém nghiém tai nhiét do 25°C.
(3). Chi s6 CTindex

Bién phu thudc Y 1a chi s CTindex thi nghiém nghiém tai nhiét d6 25°C.
3.1.4.3. Bién djc lap

Céac bién doc 1ap anh huong toi cac bién phu thudc Y, Y, va Y; bao gém:
X;: Loai BTN, X;={BTN12,5; BIN19}.

X,: Nguén géc da dam, X,={d4 bazan; da voi}.

X3: Loai nhya, X5 = {60/70; 40/50; PMBIII}.

X4: Ham lugng nhua, X,={P,-0,5; Py; P,+0,5}.

St dung phin mém MINITAB thiét ké thi nghiém tong quat (General full factorial
design) xac dinh duoc s6 luong mau thi nghiém LVBX nhu trong Béang 3-1, thi
nghiém chi s6 mém FI nhu trong Bang 3-2 va chi s6 CTindex nhu trong Bang 3-3.

Bang 3-1. S6 mau thi nghiém chiéu sau LVBX

Loai BTN12,5 BTN19

nh‘l.r a/ Da voi Pa bazan Da voi Pa bazan
Ham

]u’g’ng Py- Pyt Py Pyt Py Pyt Py- Pyt
nhwa |05 |05 05| T los]os| ™ |os|os| o5

60/70 1 1 1 1 1 1 1 1 1 1 1 1

40/50 1 1 1 1 1 1 1 1 1 1 1 1

PMB.III 1 1 1 1 1 1 1 1 1 1 1 1

Tong 36

Bang 3-2. S6 mau thi nghiém chi s6 mém FI

BTN12,5 BTN19
ﬁg?; 111;,1:1?; Pa voi Pa bazan P4 voi Pa bazan
"5 | Pl 0 | o | P | Per0S| ol | P | Pet0s| g% | P | R0
60/70 4 |4 4 4 |4 4 4 |4 4 4 4 4
40/50 4 |4 4 4 |4 4 4 |4 4 4 4 4
PMB.III 4 |4 4 4 |4 4 4 |4 4 4 4 4
Tong 144
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Bang 3-3. S6 mau thi nghiém chi s6 CTindex

BTNI12,5 BTN19
ﬁg?; Illlil::é Pa voi Pa bazan P4 voi Pa bazan
N R R S LR S R N A
60/70 4 |4 4 4 |4 4 4 |4 4 4 4 4
40/50 4 |4 4 4 |4 4 4 |4 4 4 4 4
PMB.III 4 |4 4 4 |4 4 4 |4 4 4 4 4
Tong 144

3.2. Thi nghiém cac chi tiéu co' ly cta vat li€u

Tién hanh thi nghiém kiém tra chat lugng céac vat liéu dau vao: cot li€u tho, cot liéu

min, bt khoang va nhya duong, két qua thi nghi¢m chi tiét nhu sau:

Bang 3-4. Cac chi tiéu co 1y cua cbt liéu

Két qua thi nghi¢m
TT Noi dung Don vi
Pa voi Pa bazan
1| Mit v& cbt ligu tho, 1 mit / 2 mit % 100/100 100/100
2 | Ham luong hat thoi det % 8,42 9,56
3 | B§ goc canh cua ¢t liéu min % 47,7 51,4
4 | Bbuong lugng cat % 97,4 77,2
5 | DB6 hao mon Los Angeles % 24,45 19,62
6 | Do dinh bam Cép 4 4
Béang 3-5. Céc chi tiéu co ly cuia bot khoang
TT No6i dung Don vi Két qua thi nghiém
Thanh phan hat
i Cd sang 0,6 100
0,3 % 97,15
0,075 79,21
2 | Do am % 0,27
3 | Khdi lugng riéng g/em’ 2,721
4 | Chisd déo % Khoéng déo

Thong qua két qua thi nghiém tai Bang 3-4 va Bang 3-5, nhan thay: Cac chi tiéu co ly
ctia ¢t lidu tho, cbt lidu min va bot khoang thoa méan theo quy dinh.

Két qua thi nghiém cac chi tiéu co 1y ciia nhya dudng 60/70, nhya dudng 40/50 theo
Thong tu 27/2014/TT-BGTVT va nhuya dudng polymer PMB.III theo TCVN
11193:2017 déu thoa man theo quy dinh.
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Két qua thi nghi€ém céc loai nhya duong 60/70, nhya duong 40/50, polymer PMB.III
theo chuan PG duoc dua ra tai Bang 3-6.

Bang 3-6. Cac chi tiéu co 1y ctia nhya dudng theo chuan PG

Pon vi Két qua thi nghi¢m
TT Néi dung YCKT
60/70 40/50 | PMB.III

I Thir nghi¢m véi nhua goc

1 | Nhiét d6 chop chay 270 289 287 > 230
2 | Po nhét ¢ 135°C Pa.s 0,753 0,616 1,700 <3

3 | Cit dong luu bién
3.1 | G¥/sind 6 64°C kPa 1,074 1,493 5,333 > 1,00
3.2 | G*/sind & 70°C kPa 0,505 0,706 3,410 > 1,00
3.3 | G*/sind ¢ 76°C kPa 2,104 > 1,00
3.4 | G¥/sind 6 82°C kPa 1,448 > 1,00
II | Thir nghi¢ém sau RTFO

1 | Ton that khdi lugng % 0,040 0,181 -0,018 <1,0
2 Cit dong lru bién
2.1 | G*/sind & 64°C kPa 2,960 3,803 9,743 >2,20
2.2 | G*/sind & 70°C kPa 1,382 1,847 5,949 >2,20
2.3 | G*/sind 6 76°C kPa 3,550 >2,20
2.4 | G*/sind & 82°C kPa 2,263 >2,20
III | Thir nghiém sau PAV

1 Cit dong lru bién
1.1 | G*. sind & 34°C kPa 513
1.2 | G*.sind ¢ 31°C kPa 1986 2616 771 <5000
1.3 | G*. sind ¢ 28°C kPa 2849 3602 <5000
1.4 | G*.sind ¢ 25°C kPa 3992 5004 <5000
1.5 | G*.sind ¢ 22°C kPa 5432 6840 <5000

Cip nhya PG twong ing PG64-22 | PG64-16 | PG82-22

Thong qua két qua thi nghiém tai Bang 3-6 nhan thiy:

- Nhya dudng 60/70 thi nghiém theo chuan PG dat cap PG64-22; nhya dudng 40/50
thi nghiém theo chuan PG dat cap PG64-16.

- Nhya duong polymer PMBLIII thi nghiém theo chuan PG dat cip PG82-22.
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3.3. Thiét ké thanh phan hén hop bé tong nhya Superpave theo dic tinh thé tich

dé Ira chon cap phoi th - min

Cép phdi hén hop BTN12,5 va BTN19 dugc thiét ké vdi 03 loai cip phdi c6 mic do
tho-min khac nhau nam gii han quy dinh cia TCVN 12818:2019 [10], (Chi tiét xem

Béang 3-7 va Hinh 3-3, Hinh 3-4):

- Cép phdi vira: lugng lot sang qua c& sang khong ché (c& sang 2,36mm vi BTN12,5
va ¢ sang 4,75mm v6i BTN19) bang véi luong lot sang khdng ché quy dinh.

- Cép phoi tho: luong lot sang qua c& sang khéng ché (c& sang 2,36mm v4i BTN12,5
va c& sang 4,75mm véi BTN19) nho hon luong lot sang khong ché quy dinh.

- Cap phdi min: luong lot sang qua c& sang khong ché (c& sang 2,36mm v6i BTN12,5

va c& sang 4,75mm v6i BTN19) 16n hon luong lot sang khéng ché quy dinh.

Bang 3-7. Thanh phan hat cta cap phdi thi nghiém

Co

Phin trim lot sang BTN12,5 (%)

Phin trim lot sang BTN19 (%)

) Cflp Cflp Cflp , Cép Cép Cép ,
VP IR E)) @ | @ 3

25,0 100 100 100 | 100 | 100

19,0 | 100 | 100 | 100 | 100 | 100 95 92 97 90 | 100

12,5 | 95 92 97 90 | 100 84 78 89 90

9,5 85 80 89 90 72 63 80

4,75 | 60 50 68 47 40 55 47

2,36 | 39 30 48 28 58 39 30 25 35 23 | 49

1,18 | 24 21 28 20 17 24

0,6 17 15 19 14 12 17

0,3 12 10 14 10 8 12

0,15 8 7 10 7 6 9

0,075 6 5 7 2 10 6 5 7 2 8
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Hinh 3-4. Thanh phan hat cta 03 cap phéi thi nghiém BTN19

Két qua thi nghiém cac dic tinh thé tich BTN12,5 va BTN19 sir dung nhua duong
PG64-22 véi luu luong xe thiét ké 1a (0,3 — 3) triéu ESALs dugc dua ra tai Bang 3-8.

Két qua thi nghiém cac dic tinh thé tich BTN12,5 va BTN19 sir dung nhua duong
PG64-16 véi luu luong xe thiét ké 1 (0,3 — 3) triéu ESALs dugc dua ra tai Bang 3-9.

Két qua thi nghiém cac dic tinh thé tich BTN12,5 va BTN19 sir dung nhua duong
PG82-22 v6i luu lwong xe thiét ké >30 triéu ESALs dugc dua ra tai Bang 3-10.
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Bang 3-8. Két qua thi nghiém cac dic tinh thé tich BTN str dung nhwa PG64-22

BTNI12,5-
nhua PG64-22

BTN19-
nhua PG64-22

TT Tén chi tiéu (chp phéi vira) (chp phéi vira) YCKT
Pa voi | Pa bazan | Pa voi | Pa bazan
1 | Ham lugng nhya, % 5,10 5,10 4,90 4,90
2 | B rong du Va, % 4,00 4,05 3,98 3,95 4
3 | Do rong cot lidu, VMA, % 15,05 14,59 15,1 14,65 >14
4 | Do rong lap day nhua, VFA, % | 73,45 | 72,22 73,9 73,15 | 65-75
5 | Ty s6 D/B 1,08 1,15 1,07 1,13 | 08-1,6
6 | Ty s6 TSR 0,90 0,88 0,90 0,88 >0,8
Bang 3-9. Két qua thi nghiém cac dac tinh thé tich BTN str dung nhya PG64-16
BTN12,5- BTN19-
nhua PG64-16 nhua PG64-16
TT Tén chi tiéu (cfip phf')i vira) (cfip phf')i vira) YCKT
Pa voi | Pa bazan | Pa voi | Pa bazan
1 | Ham lugng nhya, % 5,10 5,10 4,90 4,90
2 | B rong du Va, % 4,03 3,97 4,00 4,10 4
3 | Do rong cot lidu, VMA, % 15,05 14,48 14,25 14,06 >14
4 | Po rong lap day nhwa, VFA, % | 73,20 | 72,57 | 71,90 | 70,86 | 65-75
5 | Ty s6 D/B 1,08 1,15 1,17 1,22 |0,8-1,6
6 | Ty s6 TSR 0,92 0,89 0,92 0,91 >0,8
Bang 3-10. Két qua thi nghiém céac dic tinh thé tich BTN st dung nhwa PG82-22
BTN12,5- BTN19-
nhya PG82-22 nhya PG82-22
T Tén chi ti¢u (cAp phbi thé) (chp phéi the) | YCKT
Pa voi | Pa bazan | Pa voi | Pa bazan
1 | Ham lugng nhya, % 5,10 5,15 4,90 4,90
2 | Bo rong du Va, % 3,99 4,05 4,04 4,05 4
3 | Do rong cot lidu, VMA, % 14,86 14,25 14,21 14,05 >14
4 | Po rong lap day nhua, VFA, % | 73,18 71,18 71,58 71,14 | 65-75
5 | Ty s6 D/B 1,10 1,19 1,18 1,22 ]0,8-1,6
6 | Ty s6 TSR 0,96 0,97 0,93 0,94 >(0,8
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Thong qua két qua thi nghiém trong phong véi hdn hop BTN12,5 va BTN19 duoc
thiét ké vé6i 03 loai cfip phéi c6 muirc d6 tho-min khac nhau nadm gidi han quy dinh cua
TCVN 12818:2019, nhan thdy: véi mac luu lugng xe thiét ké nhe (0,3 — 3) triéu
ESALs thi chi can str dung cip phdi vira 1a dép tmg yéu ciu, con véi muc luu luong xe
thiét ké nang >30 triéu ESALs thi nén sir dung cap phdi thé.

3.4. Thi nghiém danh gia anh huwéng ciia mot s6 yéu t6 dén kha niing chéng mirt
méi va chdng LVBX ciia bé tong nhwa Superpave

Do thiét ké hdn hop bé tong nhwa Superpave pht hop véi diéu kién Viét Nam can tuan
theo nguyén 1y can bang, nén luan an nghién ctru thyc nghiém danh gia anh hudng ciia
mdt s6 yéu to dén kha niang chéng nit moéi co6 xem xét dong thoi ca kha nang chdng
LVBX cua bé tong nhuya.

3.4.1. Thi nghiém HWTT danh gia kha ning chong lin vét banh xe

Cong tac thi nghiém LVBX dugc thyc hién thir nghiém trong moi truong nude & nhiét
d6 50°C theo phuong phap A ciia Quyét dinh 1617/QD-BGTVT [3].
Cac mau thi nghiém LVBX dugc dtc trén thiét bi dim lan véi d6 rdng du (7+£2)%, Céc
méau BTN duoc bao dudng sau khi diic 02 ngay mdi tién hanh thi nghiém LVBX.
Két qua thi nghi¢ém LVBX sau 15000 luogt tic dung tai cia BTN12,5 va BTN19 dugc
dua ra tai Hinh 3-5. Két qua thi nghiém LVBX sau 40000 luot tac dung tii cila
BTN12,5 va BTN19 (str dung nhya duong PG82-22) dugc dua ra tai Hinh 3-6.

Biéu do6 Chiéu sau LVBX

95% Cl for the Mean
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Hinh 3-5. Biéu d6 chiéu siu LVBX sau 15000 luot cia BTN12,5 va BTN19
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Biéu d6 Chiéu sau LVBX sau 40000 lugt

95% Cl for the Mean
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Hinh 3-6. Biéu d0 chiéu sdu LVBX sau 40000 lugt cia BTN12,5 va BTN19
Thong qua két qua thi nghiém dugc dua ra tai Hinh 3-5 va Hinh 3-6 nhan thay:

- Gia tri chiéu sdu LVBX sau 15000 luot tac dung tai va 40000 luot tic dung tai cua
cac mau thi nghiém BTN 12,5 va BTN19 déu dat yéu cau (<12,5mm).

- Gia tri chiéu sau LVBX sau 15000 luot tic dung tdi cta cac mau thi nghiém
BTN12,5 ndm trong khoang tr 1,42mm dén 7,46mm va BTN19 nim trong khoang tur
1,16mm dén 7,76mm.

- Gia tri chiéu sau LVBX sau 40000 luot tic dung tdi cta cac mau thi nghiém
BTN12,5 str dung nhua dudng PG82-22 nam trong khoang tir 1,77mm dén 8,58mm va
BTN19 sir dung nhya duong PG82-22 nam trong khoang tir 1,31mm dén 5,36mm.

3.4.2. Thi nghi¢m SCB danh gia kha ning chong nit

Tréon mau, G hdn hop theo AASHTO R30 [33], ddm mau bang dim xoay theo
AASHTO T312 véi dudng kinh (150+1) mm, chiéu cao 160mm, do réng du (7+£1)%.
Tir gitta mau SGC cit 2 mau day (50 + 1) mm. Tiép tuc cit mdi mau tron thanh 2 miu
ban nguyét SCB. Két qua duoc 4 mau SCB. X¢é rinh theo truc ddi ximg ctia mdi mau
SCB v6i chiéu cao (15 + 1) mm va chiéu rong < 2,25mm.

Tién hanh thi nghiém theo trinh tu quy dinh tai TCVN 13347:2021 [14]: Tai trong tac
dung trén dinh cong ctia mau doc theo ban kinh ctia mau thir véi toc do gia tai khong
d6i bang 50 mm/ phut dugc khéng ché trong sudt thoi gian thir nghiém & nhiét do
(25+0,5)°C.

Két qua thi nghiém Chi s6 mém FI cia BTN12,5 va BTN19 duoc dua ra tai Hinh 3-7.



-71 -

Biéu d6 chi s6 mém FI
95% ClI for the Mean
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Hinh 3-7. Biéu d6 Chi s6 mém FI cia BTN12,5 va BTN19

Hinh 3-8. M6t s hinh anh thi nghiém SCB
Thong qua Kkét qua thi nghi¢ém dugc dua ra tai Hinh 3-7 nhan théiy:
- Chi s6 mém FI cua cac mau BTN12,5 nim trong khoang tir 6,07 dén 22,87 va cla
cac mau BTN19 nam trong khoang tir 5,20 dén 18,23.
- C6 03/18 t6 miu BTN12,5 (chiém 16,67%) va 05/18 t6 mau BTN19 (chiém 27,78%)
c6 chi s6 mém FI nho hon gia tri ti thiéu theo quy dinh (FI> 8).
3.4.3. Thi nghiém IDEAL CT\pgx danh gia kha nang chéng nirt
Tron mau, G hdn hop theo AASHTO R30 [33], ddm mAu biang dam xoay theo
AASHTO T312 vé6i duong kinh (150+2) mm, chiéu cao (62+1) mm, do rong du
(7£0,5)%.

Tién hanh thi nghiém CTindex theo trinh tu quy dinh tai ASTM D8225 [45]: Tai trong
tac dung trén dinh cong cia miu doc theo ban kinh ctia mau thir véi toe do gia tai
khong d6i 50 mm/ phut & nhiét do 25°C.

Két qua thi nghi¢m chi s6 CTindex ciia BTN12,5 va BTN19 duoc dua ra tai Hinh 3-9.
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Bi€u do chi sé CTindex
95% Cl for the Mean
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Hinh 3-10. M6t s6 hinh anh thi nghiém CTindex
Thong qua két qua thi nghiém duoc dua ra tai Hinh 3-8 nhan thay:

- Chi s6 CTindex ctia cac mau BTN 12,5 nam trong khoang tir 53,98 dén 412,58 va cua
cac mau BTN19 nam trong khoang tir 43,08 dén 371,11.

- C6 04/18 t6 miu BTN12,5 (chiém 22,22%) va 04/18 t6 mau BTN19 (chiém 22,22%)
c6 chi s6 CTindex nho hon so véi gia tri i thiéu theo quy dinh (CTindex > 70).

3.5. Phan tich thong ké, danh gia két qua thi nghi¢m

Sau khi ¢ cac két qua thi nghiém, tién hanh phan tich théng ké dé danh gia cac yéu to
anh huong dén kha ning chéng nit moi va chdng LVBX ctia BTN. Trinh tu phén tich
thong ké theo cac budc sau:

- Phan tich d6 chum ciia cac két qua thi nghiém.

- Phén tich thdng ké danh gi4 cac yéu to anh huong dén chi s6 mém FI, chi sé CTindex
va chiéu sdu LVBX.
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- M6 hinh hoa, xdy dung phuong trinh hdi quy cac yéu té anh huong dén chi s6 mém
FI, chi s6 CTindex va chiéu sdu LVBX.
3.5.1. Phan tich d9 chum ctia cac két qua thi nghiém
Do chum dugc danh gia theo ti€u chuan ASTM C670 va TCVN6910-6.
Béang 3-11 dua ra vi du danh gia do chum chi s6 mém FL. Béang 3-12 dua ra vi du danh
gia d§ chuym chi s6 CTindex. Két qua déu dat do chum. Cac két qua thi nghiém khac
cling déu dat d6 chum.

Bang 3-11. Panh gia d6 chum chi s6 mém FI

Chi . . £ Gia
Chi | sb Khoang | Khoang chap | . 45 | pann
x s6 | mém | COV chénh nhan cho léch gia: So
Loai BTN | Mau mém | FI (%) léch R: p.lrlep.so voi c.ho sanh (6)
FI | trung maxs g tr} trung phép va (8)
binh min (6) binh ®)
1 | 14,14
BTN12,5- dé&
vOi, nhua 2 13,50
PG64-22, 14,47 | 6,26 2,12 75,9 10,98 Dat
Hamluong | 3 | 14,63
nhua Pb
4 115,62
Bang 3-12. Panh gia d6 chum chi s6 CTindex
. AT Gia tri
| cnish Khoang | DRIEE | 49 1geh | Dinh
Loai BTN | Mau | SMISO | Clinaec | COVI oy o | opo | Cho | gia:So
: CTindex | trung | (%) : , phép: | sanh (6)
y max- phép, X
binh . 3,6x1s va (8)
min (6) 1s
®
1 67,54
BTNI12,5-
da bazan,
nhua PG64- 2 64,20
< 68,01 | 5,38 8,85 13,5 48,6 Dat
22, Ham
lugng nhya 3 67,63
Pb-0,5
4 73,05

3.5.2. Phan tich, danh gia két qua thi nghiém chi s6 mém FI

St dung phin mém MINITAB thiét ké thi nghiém tong quat (General full factorial
design) va phan tich két qua thi nghiém. Két qua phan tich mé hinh phuong sai-hdi
quy tdp mau chi sé mém FI sau khi di loai cac bién khong c6 ¥ nghia thong ké duoc
dua ra tai Bang 3-13.
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Bang 3-13. Két qua chi tiét phan tich sai s6 tip mau Chi s6 mém FI

Nguon DF  AdjSS AdjMS F-Value P-Value
Mo hinh 14 2958.58 211.327 21541 0.000
Bac nhat 6 283425 472375  481.51 0.000
Loai BTN 1 271.07 271.069  276.31 0.000
Loai da 1 70.63  70.630 72.00 0.000
Loai nhya 2 513.52  256.759  261.72 0.000
HLN 2 1979.04 989.518 1008.65 0.000
Tuong tac 2 chidu 8 12433 15.541 15.84 0.000
Loai BTN*Loai nhya 2 42.60 21.298 21.71 0.000
Loai BTN*HLN 2 23.82  11.909 12.14 0.000
Loai nhya*HLN 4 57.91 14.478 14.76 0.000
Sai $0 129 12655  0.981
Lack-of-Fit 21 24.27 1.156 1.22 0.250
Sai $0 108 10229  0.947
Téng 143 3085.13
Téng hop mo hinh
S R-sq R-sq(adj) R-sq(pred)
0.990468  95.90%  95.45% 94.89%
Phan tich hau dinh Tukey:
Loai BTN N Mean  Nhom Loaida N Mean Nhom
BTNI12,5 72 13.6499 Bazan 72 12.9782 A
BTNI19 72 10.9058 B Voi 72 11.5775 B
Loai nhwa N  Mean Nhom HLN N Mean  Nhom
PG82-22 48 14.5052 A Pb+0,5 48 16.7515 A
PG64-22 48 12.4402 B Pb 48 12.4085 B
PG64-16 48 9.8881 C Pb-0,5 48  7.6735
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Hinh 3-11. Biéu do phan tich phan du tap mau chi s6 mém FI

Term 1.98
A
B
C
D
cD
Factor Name
AC A Loai BTN
B Loai da
C Loai nhua
AD D HLN
0 2 4 6 8 10 12 14 16 18

Standardized Effect

Hinh 3-12. Biéu do Pareto cac yéu t6 anh huong dén chi sé mém FI

Tukey Simultaneous 95% Cls Tukey Simultaneous 95% Cls
Differences of Means for Fl Differences of Means for Fl
PG64-16 - PG64-22 | |—+— Pb - Pb-0,5 ——
g -
£ PG82-22 - PG64-22 ——] 2 Pb+0,5 - Pb-0,5 ]
§.
PG82-22 - PG64-16 - Pb+0,5 - Pb i
-3 -2 -1 0 1 2 3 4 5 6 0 2 4 6 8 10

Hinh 3-13. Phan tich hau dinh Turkey anh hudng cua cac yéu td dén chi sé mém FI
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Hinh 3-14. Cac bién anh huong chinh téi chi s6 mém FI
Interaction Plot for FI
Fitted Means
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Hinh 3-15. Anh huong tuong tac cia cac bién téi chi s6 mém FI
Nhan xét:
- Hinh 3-11 biéu dd phan du cta chi sé mém FI tuan theo quy luat phan bd chuan, cac
diém phan bd ngau nhién, thoéa man cic diéu kién ciia phan tich thong ké.
- Két qua phén tich phuong sai hé sé xac dinh diéu chinh R*y =95,45%, Lack-of-
Fit=0,250>0,05, cac bién déu c6 hé sd p-value<<0,05 dam bao mirc ¥ nghia 95%.
- Két qua biéu d6 Pareto & Hinh 3-12 va phan tich hau dinh Tukey ¢ Hinh 3-13 cho
thiy tat ca cac yéu t6 déu anh huéng dén chi sé mém FI cé y nghia thong ké. Do vay
c6 thé két luan réng: Co su anh hudng cua loai BTN; nguén géc da; loai nhya va HLN
dén chi s6 mém FI (kha ning chong niit moi) cia BTN12,5 va BTN19.
- Hinh 3-14 va Hinh 3-15 1a biéu do cac bién anh huong chinh téi chi sé mém FI. Anh
hudng 16n nhét dén chi s6 mém FI 1a HLN. Tiép dén 1a loai nhua, loai BTN va loai da.
Anh hudng tuong tac clia cac yéu td co ban 1a nhu nhau.

- Chi s6 mém FI cia BTN12,5 cao hon so véi BTN19 khoang 25%.

- Chi s6 mém FI ciia BTN12,5 va BTN 19 sir dung d4 dim gdc bazan cao hon so véi
BTN sir dung da dam gdc da voi khoang 12%.
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- Chi s6 mém FI ctia BTN st dung nhya duong PG64-22 (nhya 60/70) cao hon so véi
BTN str dung nhya duong PG64-16 (nhua 40/50) khoang 26%.

- Chi s6 mém FI ciia BTN st dung nhya dudng PG82-22 (polime PMB.III) cao hon
nhiéu so v&i BTN sir dung nhya duong PG64-22 (nhya 60/70) va nhya duong PG64-
16 (nhua 40/50).

- Chi s6 mém FI ctia BTN12,5 va BTN19 tang Ién khi ting ham luong nhua thiét ké
trong hon hgp BTN.

3.5.3. Phan tich, danh gia két qua thi nghiém chi s6 CTindex

St dung phin mém MINITAB thiét ké thi nghiém tong quat (General full factorial
design) va phan tich két qua thi nghiém. Két qua phan tich mé hinh phuong sai-hdi
quy tap mau chi s6 CTindex sau khi da loai cac bién khong co ¥ nghia théng ké duoc

dua ra tai Bang 3-14.

Bang 3-14. Két qua chi tiét phan tich sai s6 tap mau chi s CTindex

Nguon DF  AdjSS AdjMS F-Value P-Value
M5 hinh 14 1120937 80067  265.68  0.000
Béc nhét 1103657 183943  610.35  0.000

Loai BTN

Loai da

6
1 21323 21323 70.75 0.000
1 16456 16456 54.60 0.000
Loai nhya 2 543759 271879  902.14 0.000
HLN 2 522119 261060  866.24 0.000
8
2
2
4

Twong tac 2 chiéu 17280 2160 7.17 0.000

Loai BTN*HLN 3700 1850 6.14  0.003
Loai d4*Loai nhua 3777 1889 627  0.003
Loai nhya*HLN 9803 2451 8.13  0.000
Sai s6 129 38877 301
Lack-of-Fit 21 5090 242 0.77  0.744
Sai s6 108 33787 313
Tong 143 1159814

Téng hop md hinh

S R-sq R-sq(adj) R-sq(pred)
173600  96.65% 96.28% 95.82%




Phéan tich hau dinh Tukey:
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Loai BTN N Mean Grouping Loai da N Mean Grouping
BTN12,5 72 189.995 A Bazan 72 188.475 A
BTN19 72 165.615 B Voi 72 167.135 B
Loai nhuwa N Mean Grouping HLN N Mean Grouping
PG82-22 48 263.771 A Pb+0,5 48 248.789 A
PG64-22 48 145.755 B Pb 48  183.106 B
PG64-16 48 123.889 C Pb-0,5 48 101.520 C
Normal Probability Plot Versus Fits
99 . “ . o & . s
g T PRI SR A :
g 50 % oo .-.__._‘!.295 '__.__ ==
¢ 10 - -20 s ..3\0’°. s .. : ‘ °
® g .:. o . :
0.: d -40 ‘
B “ Resi:!ual “ N ’ - Fittezorlalue - -
Histogram Versus Order

Frequency

Residual

Residual

-40
1 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Observation Order

Hinh 3-16. Biéu do phan tich phan du tdp mau chi s6 CTindex

Term

cD

BC

AD

1.979

Factor Name

A Loai BTN
B Loai da
C Loai nhua
D HLN
T r T r T
1 2 3 4 5 6 7 8 9

Standardized Effect

Hinh 3-17. Biéu dd Pareto cac yéu t6 anh hudng dén chi s6 CTindex
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Tukey Simultaneous 95% Cls
Differences of Means for CTindex
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Hinh 3-18. Phén tich hau dinh Turkey anh hudng cua cac yéu td dén chi sé CTindex

Loai BTN Loai da Loai nhua HLN
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Hinh 3-19. Cac bién anh hudng chinh t6i chi s6 CTindex
Loai BTN * Loai da
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Nhan xét:

Hinh 3-20. Anh hudng tuong tic clia cac bién tdi chi s6 CTindex

- Hinh 3-16 biéu d6 phan du cta chi s6 CTindex tuin theo quy ludn phan bd chuan,
cac diém phan bd ngiu nhién, thoa min cac diéu kién cta phén tich théng ké.

- Két qua phén tich phuong sai hé sé xac dinh diéu chinh R?y =96,28%, Lack-of-
Fit=0,744>0,05, cac bién déu co6 hé sb p-value<<0,05 dam bao muc y nghia 95%.

- Két qua biéu d6 Pareto ¢ Hinh 3-17 va phan tich hau dinh Tukey ¢ Hinh 3-18 cho
thiy tat ca cac yéu to déu anh hudong dén chi s6 CTindex cé y nghia thong ké. Do vay
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c6 thé két luan rc%ng: Co su anh hudng cia loai BTN; nguén géc da; loai nhya va HLN
dén chi s6 CTindex (kha ning chong nirt moi) caa BTN12,5 va BTN19.
- Hinh 3-19 va Hinh 3-20 1a biéu d6 cac bién anh hudng chinh t6i chi sé CTindex. Anh
huoéng 16n nhéat dén chi s6 CTindex 1a HLN. Tiép dén 1a loai nhua, loai BTN va loai
da. Anh huong tuong tac cia cac yéu t co ban 1a nhu nhau.
- Chi s6 CTindex cia BTN12,5 cao hon so v6i BTN19 khoang 15%.
- Chi s6 CTindex cuia BTN12,5 va BTN19 sir dung da dim gbc bazan cao hon so BTN
sir dung da dam gdc da voi khoang 13%.
- Chi s6 CTindex ctia BTN str dung nhya dudng PG64-22 (nhua 60/70) cao hon so véi
BTN str dung nhya duong PG64-16 (nhua 40/50) khoang 18%.

- Chi s6 CTindex ctia BTN sir dung nhwa duong PG82-22 (polime PMBL.III) cao hon
nhiéu so v&i BTN sir dung nhya duong PG64-22 (nhya 60/70) va nhya duong PG64-
16 (nhya 40/50).

- Chi s6 CTindex cia BTN12,5 va BTN19 tang lén khi ting ham lugng nhya thiét ké
trong hon hgp BTN.

3.5.4. Phan tich, danh gia két qua thi nghi¢m chiéu siu LVBX

Két qua phan tich mo hinh phuong sai-hdi quy tdp miu chiéu sau LVBX sau khi da
loai cac bién khong c6 y nghia thong ké dugc dua ra tai Bang 3-15.

Bang 3-15. Két qua chi tiét phan tich sai s6 tap miu chiéu sdu LVBX

Ngudn DF  AdjSS AdjMS F-Value P-Value
Mo hinh 9 114178 12.6864 20030  0.000
Bic nhat 5 112212 22.4424  354.34 0.000
Loai da 1 2.117  2.1170  33.43  0.000
Loai nhya 2 62487 312433 49329  0.000
HLN 2 47.608 23.8042 375.84  0.000
Twong tac 2 chiéu 4 1.965  0.4914 776 0.000
Loai nhya*HLN 4 1.965  0.4914 776 0.000
Sai s6 26 1.647  0.0633

Tong 35 115.824

Téng hop mo hinh

S R-sq R-sq(adj) R-sq(pred)
0.251668 98.58%  98.09% 97.27%
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Phéan tich hau dinh Tukey:

LoaiBTN N Mean Grouping Loai da N Mean Grouping

BTNI9 18  4.24778 A Voéi 18 447333 A
BTNI2.5 18 4.21389 A Bazan 18 3.98833 B
Loai nhwa N Mean Grouping HLN N Mean Grouping
PG64-22 12 554750 A Pb+0,5 12 570083 A
PG64-16 12 4.71417 B Pb 12 4.09833 B
PG82-22 12 243083 C  Pb-0,5 12 2.89333 C
Normal Probability Plot Versus Fits
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Hinh 3-21. Biéu do phan tich phan du tdp mau chiéu sdu LVBX

Term 2.06
T
Factor Name
A Loai BTN
B Loai da
C C Loai nhua
D HLN

cD

1
0 2 4 6 8 10 12
Standardized Effect

Hinh 3-22. Biéu dd Pareto cac yéu t6 anh hudng dén chiéu siu LVBX



Tukey Simultaneous 95% Cls
Differences of Means for Chiéu sau LVBX
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Hinh 3-23. Phan tich hau dinh Turkey anh hudng cta cac yéu td dén chiéu sau LVBX

Loai da Loai nhua HLN
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Hinh 3-24. Cac bién anh hudng chinh téi chiéu sdu LVBX
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Hinh 3-25. Anh hudng tuong tac ciia cac bién t6i chiéu sdu LVBX

Nhan xét:

- Hinh 3-21 biéu d6 phan du cta chiéu sdu LVBX tuan theo quy luan phan b chuén,

cac diém phan bo ngau nhién, thoa man céc diéu kién cua phan tich thong ké.

- Két qua phén tich phuong sai hé sé xac dinh diéu chinh R%;, =98,09%, cac bién déu
6 hé s6 p-value<<0,05 dam bao mirc ¥ nghia 95%.
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- Két qua biéu d6 Pareto & Hinh 3-22 va phan tich hau dinh Tukey ¢ Hinh 3-23 cho
thdy chi c6 loai d4, loai nhya, HLN va tich loai nhya * HLN c6 anh huéng dén chiéu
sdu LVBX, con loai BTN va tich cac bién con lai khong anh hudng dén chiéu siu
LVBX c6 y nghia thong ké. Do vy c6 thé két luan rang: C6 su anh hudng cta ngudn
géc d4, loai nhya va HLN dén kha nang chéng LVBX cua BTN12,5 va BTN19; chua
thé két luan c6 anh hudng ctia loai BTN dén kha ning chong LVBX.

- Hinh 3-24 va Hinh 3-25 1a biéu d6 cac bién anh huong chinh téi chiéu sdu LVBX.
Anh huéng 16n nhét dén chiéu sdu LVBX 1a loai nhya va HLN. Tiép dén 1a loai da,
tich loai nhya * HLN.

- Kha ning chéng LVBX ciia mau BTN12,5 va BTN 19 1a khong khac nhau nhiéu.

- Kha ning chéng LVBX cua BTN12,5 va BTN19 sir dung d4 dim gdc bazan cao hon
so BTN str dung da dim gbc da voi khoang 12%.

- BTN sur dung nhya dudng PG64-16 (nhya 40/50) c6 kha nang chéng LVBX cao hon
so BTN su dung nhya duong PG64-22 (nhya 60/70) khoang 18%.

- BTN sur dung nhya dudng PG82-22 (polime PMBL.III) ¢ kha ning chéng LVBX cao
hon nhiéu so véi BTN st dung nhya dudng PG64-22 (nhya 60/70) va nhya duong
PG64-16 (nhua 40/50).

- Kha niang chéng LVBX ctia BTN12,5 va BTN19 giam di khi ting ham luong nhya
thiét ké trong hdn hgp BTN.

3.5.5. Phan tich, danh gia anh huéng ciia cac yéu to dén kha ning chong nit méi
va LVBX

Trén co so két qua thyc nghiém, tién hanh vé& cac biéu d6 quan h¢ gitra chi s6 mém FI
v6i chiéu sau LVBX va chi s6 CTindex v&i chiéu sau LVBX, chi tiét duoc thé hién &
Hinh 3-26 va Hinh 3-27.

v 12.5
25 [
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Hinh 3-26. Biéu do quan hé giita chi s6 mém FI véi chiéu sau LVBX
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Hinh 3-27. Biéu do quan hé giita chi s6 CTindex v&i chiéu sdu LVBX
Trén co s& két qua phan tich thong ké tai muc 3.5.2, 3.5.3, 3.5.4 va cac Hinh 3-26,
Hinh 3-27, dua ra mot s6 két luan nhu sau:

- V& anh huéng cua cd hat 16n nhét danh dinh: khi ting c& hat 16n nhat danh dinh tir
12,5mm 1én 19mm thi kha ning chéng LVBX cta BTN la khong khac nhau nhiéu,
nhung kha niang chéng nit moi lai giam xudng.

- V& anh hudng ctia ngudn gbe cbt lidu: Kha ning chong nirt moi va chong LVBX ciia
BTN12,5 va BTN19 sir dung da dam gbc bazan tot hon gbc da voi (kha ning chong
ntt moi cao hon tir 12% dén 13% va chéng LVBX cao hon khoang 12%). Piéu nay c6
thé giai thich 1a do da bazan c6 do nham bé mit cao, do goc canh 16n s€ tao nén lién
két d4 chén da tot, ting gbc ndi ma sat ¢, giam kha nang bién dang déo ctia BTN nén
tang kha nang chong LVBX, dong thoi d4 bazan c6 d6 nham bé mit cao, d6 goc canh
16n s& tao nén BTN c¢6 cudng do cao, dan téi tang kha nang chong nirt tot hon.

- V¢ anh huong cua loai nhya:

+ Kha nang chéng niit moi va chéng LVBX cua madu BTN12,5 va BTN19 sir dung
nhira PG82-22 (polime PMBL.III) 13 t6t hon nhiéu so v&i nhya PG64-22 (nhya 60/70)
va nhuya PG64-16 (nhua 40/50). Diéu nay c6 thé giai thich 1a do dic tinh luu bién cia
nhya duong: nhya PG82-22 ¢6 ty s6 G*/sind (dac trung cho kha ning chong LVBX,
danh thong qua thi nghiém cit dong luu bién DSR trén mau nhya duong nguyén thuy
va nhya duong sau khi di dugc héa gia ngan han) cao hon rat nhiéu so véi nhya
PG64-22 va nhya PG64-16 nén kha nang chéng LVBX 14 t6t hon nhiéu; Mat khac
nhya PG82-22 ciing c6 ty s6 G*.sind (dic trung cho kha niang chong moi, danh thong
qua thi nghiém cit dong luu bién DSR trén mau nhya duong sau khi da dugc héa gia
dai han) thép hon rét nhiéu so v&i nhwa PG64-22 va nhua PG64-16 nén kha nang
chéng nirt méi 1a t6t hon nhiéu.
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+ Kha nang chéng LVBX cua BTN12,5 va BTN19 st dung nhya PG64-16 (nhua
40/50) cao hon so voi nhya PG64-22 (nhya 60/70) khoang 18% nhung kha nédng
chéng niit moi lai kém hon tir 18% dén 26%. Diéu nay co thé giai thich 1 do dic tinh
luu bién cla nhya duong: nhya PG64-16 co6 ty s6 G*/sind (dac trung cho kha nang
chéng LVBX) cao hon so v&i nhya PG64-22 nén kha ning chéng LVBX la t6t nhung
ty s6 G*.sind (dic trung cho kha ning chéng moéi) cua nhwa PG64-16 lai thip hon so
v6i nhya PG64-22 nén kha nang chdng nirt moéi 1a kém hon.

- V& anh hudng ciia ham lugng nhya: Kha niang chéng nirt méi cia BTN ting 1én khi
tang ham luong nhya thiét ké trong hdn hop BTN nhung kha ning chéng LVBX lai
giam xuéng. Diéu nay co thé giai thich 1a do ham lugng nhya qua it thi hon hgp BTN
quéa kho, cing dan dén kho rai va dAm nén khi thi cong BTN va dan dén giam cuong
do 16p BTN, giam kha nang chéng nat. Nguoc lai, ham luong nhyua qua nhiéu thi hdn
hop BTN qua déo, ddn dén x6 don BTN va giam kha nang chéng LVBX.

- C6 08/18 hdn hgp BTN12,5 va 08/18 hdn hop BTN19 ¢6 chiéu sdu LVBX nho hon
12,5mm nhung chi s6 mém FI nam duéi dudng gidi han bang 8, chi s CTindex nam
dudi dudng gidi han bang 70, cho nén cac hdn hop nay thé hién dic tinh ctng, gion va
dé nirt (cac hdn hop nay sir dung HLN thap (Pb-0,5) khong dam bao tiéu chi thiét ké
can bang khi chi dam bao dugc kha niang chéng LVBX ma chua dam bao duoc kha
ning chdng nirt moi).

Chinh vi vay, khi thiét ké hdn hop BTN can Iya chon mét hdn hgp BTN dam bao can
bang dugc kha nang chéng nit méi va LVBX.

3.6. M6 hinh héa, xAy dung phwong trinh hoi quy

Céac du an xay dung duong bo tai Viét Nam hién nay chu yéu st dung nhua dudng
60/70 (tuong duong PG64-22) va nhua duong 40/50 (twong duong PG64-16) dé san
xuat BTN, vi vay tap trung phan tich, danh gia tuong quan va md hinh hoa, xay dung
phuong trinh hdi quy cac yéu t6 anh huéng dén chi s6 mém FI, chi s6 CTindex va
chiéu siu LVBX cuia BTN sir dung nhya duong PG64-22 va PG64-16.

Trinh ty m6 hinh hoa, xay dung phuong trinh hdi quy theo cac budc sau:

- Kiém tra phan phdi chuan ciia két qua thi nghiém.

- Khéo sat hé sb twong quan Pearson.

- M6 hinh hoa, xay dung phuong trinh hdi quy.

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

Trén co s két qua thi nghiém Chi sé6 mém FI, chi s CTindex va chiéu sau LVBX cua
BTN sir dung nhya duong PG64-22 va PG64-16, sir dung phan mém Minitab dé kiém
tra phan phdi chuan cta cac két qua thi nghiém. Két qua kiém tra cac s6 liéu déu tuan
theo phan phdi chuan, hé s6 p-value > 0,05 nhu ¢ Hinh 3-28, Hinh 3-29 va Hinh 3-30.
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Hinh 3-30. Kiém tra phan phéi chuan cuia chiéu sdu LVBX

3.6.2. Khao sat hé s6 twong quan Pearson
St dung phdn mém Minitab dé x4c dinh gia tri cua hé sé twong quan Pearson, va mirc
d6 quan trong ctia hé sd twong quan nay theo thong ké bang gia tri p-value. Két qua
phan tich cho thdy chi c6 chi s6 mém FI, chi s6 CTindex, chiéu sau LVBX va HLN 1a
c¢6 hé s6 trong quan manh (r > 0,8) va co ¥ nghia thong ké (p-value < 0,05), nhu vay
sir dung phan mém Minitab dé mo hinh héa, xay dung phuong trinh hdi quy giira cac
bién nay. Cac bién con lai c¢6 hé s6 twong quan yéu va khong c6 ¥ nghia théng ké (chi

tiét xem Hinh 3-31 va Hinh 3-21).
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Hinh 3-31. Biéu do twong quan giita cac bién ctia BTN sir dung nhua dudng PG64-22
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Hinh 3-32. Biéu dd twong quan giita cic bién ctia BTN str dung nhwa dudng PG64-16
3.6.3. Phwong trinh hdi quy giira chi s6 CTindex va chi s6 mém FI

Trong khuon kho nghién ctru, dwa ra phuong trinh héi quy gitta chi sé6 CTindex va chi
s6 mém FI ctia BTN sir dung nhya duong PG64-22 nhu cong thie 3.1 va cia BTN st
dung nhya duong PG64-16 nhu cong thuce 3.2:

CTindex = -92,89 + 25,75*FI - 0,4685*FI* (3.1)
CTindex = -42,38 + 16,12*FI + 0,0639*FI* (3.2)
Trong d6: + CTindex : 1a chi s6 CTindex ctia mau BTN;

+ FI: 12 chi s6 mém FI cia mau BTN thi nghiém theo TCVN 13347:2021.
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Mo hinh héi quy c6 ¥ nghia thong ké thé hién p-value = 0,000 < 0,05 va hé s6 xac dinh
diéu chinh R%;, = 91,1% véi PG64-22 va R?y. = 97,6% voi PG64-16.

PG64-22: CTindex = -92,89 + 25,75*FI - 0,4685*FI° PG64-16: CTindex = -42,38 + 16,12*FI + 0,0639*FI*
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Hinh 3-33. Quan hé giira chi s6 CTindex va chi sé6 mém FI
3.6.4. Phwong trinh hdi quy giira chi s6 mém FI va chiéu siu LVBX

Trong khuon khd nghién ciru, dwa ra phuong trinh hdi quy giita chi s6 mém FI va
chiéu sau LVBX cta BTN sir dung nhya duong PG64-22 nhu cong thirc 3.3 va cia
BTN st dung nhya duong PG64-16 nhu cong thuce 3.4:

FI=-11,58 + 6,340*Chiéu sdu LVBX - 0,3390*Chiéu sau LVBX* (3.3)
FI=2,981 + 0,530*Chiéu sdu LVBX + 0,1866*Chiéu sdu LVBX* (3.4)
Trong d6: + FI: 1a chi s6 mém FI;

+ Chiéu sdu LVBX: 1a chiéu sdu LVBX (mm) cta mau BTN thi nghiém
theo Quyét dinh 1617/QD-BGTVT.
Mo hinh héi quy c6 ¥ nghia thong ké thé hién p-value = 0,000 < 0,05 va hé s6 xac dinh
diéu chinh Ry = 68,1% voi PG64-22 va R%g. = 79,7% voi PG64-16.

PG64-22: FI=-11,58 + 6,340*Chiéu siu LVBX PG64-16: FI=2,981 +0,530*Chiéu sau LVBX
| - 0,3390*Chiéu sau LVBX® 20 +0,1866*Chiéu sau LVBX®
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Hinh 3-34. Quan hé gitta chi s6 chi s6 mém FI va chiéu sdu LVBX
3.6.5. Phwong trinh hdi quy giira chi s6 CTindex va chiéu siu LVBX

Trong khudén kho nghién ctru, dua ra phuong trinh hoi quy gitta chi s6 CTindex va
chiéu sdu LVBX cta BTN sur dung nhya duong PG64-22 nhu cong thirc 3.5 va cia
BTN st dung nhya duong PG64-16 nhu cong thuce 3.6:
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CTindex = -448,0 + 181,8*Chiéu sdu LVBX - 12,60*Chiéu sdu LVBX” (3.5)

CTindex = -90,4 + 50,07*Chiéu sau LVBX - 0,919*Chiéu sau LVBX" (3.6)
Trong d6: + CTindex : 1a chi s6 CTindex ctia mau BTN;
+ Chiéu sdu LVBX: 1a chiéu sau LVBX (mm) cta mau BTN thi nghiém
theo Quyét dinh 1617/QD-BGTVT.

Mo hinh héi quy c6 ¥ nghia thong ké thé hién p-value = 0,000 < 0,05 va hé s6 xac dinh
diéu chinh R%;, = 86,5% véi PG64-22 va R?,. = 83,1% voi PG64-16.

PG64-22: CTindex = -448,0 + 181,8*Chiéu sdu LVBX PG64-16: CTindex =-90,4 + 50,07*Chiéu sau LVBX
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Hinh 3-35. Quan hé gitta chi s6 chi s6 CTindex va chiéu sau LVBX
3.6.6. Phwong trinh hoi quy giira chi s6 CTindex va ham lwgng nhya

Trong khuon kho nghién ciru, dua ra phwong trinh hdi quy giita chi s CTindex va
ham lugng nhya cua BTN st dung nhya duong PG64-22 nhu cong thuc 3.7 va cua
BTN st dung nhya duong PG64-16 nhu cong thuce 3.8:

CTindex =-1410 + 479,8*HLN - 33, 49*HLN" (3.7)
CTindex = -482,8 + 116,0*HLN + 1,06*HLN? (3.8)
V&i HLN nam trong khoang + 0,5% so véi HLN thiét ké
Trong d6: + CTindex: 14 chi s6 CTindex ctia miu BTN;
+HLN: 1a ham luong nhya theo hdn hop (%) ctia mau BTN.

Mo hinh héi quy c6 ¥ nghia thong ké thé hién p-value = 0,000 < 0,05 va hé s6 xac dinh
diéu chinh R%;, = 94,0% véi PG64-22 va R?y. = 97,2% voi PG64-16.
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PG64-16: CTindex =-482,8 + 116,0*HLN

PG64-22: CTindex =-1410 + 479,8*HLN

2
- 33,49¥HLN® 250 + 1,06*HLN
o -
. 200
5 150
-]
£
Fi
: U 100 |
i Regression ressi
=43 i 95% Cl 95% CI
L.~ .~ .~ E== 95% PI 50 2R
& s 17.7951 10.3397
i R-Sq 94.0% i R-Sq 97.2%
R-Sq(adj)  92.7% R-Sq(adj)  96.6%
0
4.50 4.75 5.00 5.25 5.50 5.75 4.50 475 5.00 5.25 5.50 5.75
HLN HLN

Hinh 3-36. Quan hé gitta chi s6 chi s6 CTindex va ham luong nhua
3.6.7. Phwong trinh hdi quy giira chi s6 mém FI va ham lwong nhya

Trong khudn khé nghién ciru, dua ra phuong trinh hdi quy gitra chi s6 mém FI va ham
lugng nhya cua BTN str dung nhya duong PG64-22 nhu cong thic 3.9 va cua BTN st
dung nhya duong PG64-16 nhu cong thuce 3.10:

FI=-9,57 + 0,59*HLN + 0,657*HLN" (3.9)
FI = 38,00 - 20,51*HLN + 3,058 *HLN? (3.10)
V&i HLN nam trong khoang + 0,5% so véi HLN thiét ké
Trong d6: + FI: 1a chi s6 mém FI cia mau BTN;
+HLN: 1a ham luong nhya theo hdn hop (%) ctia mau BTN.
Mo hinh hdi quy c6 y nghia thng ké thé hién p-value = 0,000 < 0,05 va hé s6 xac dinh
diéu chinh R% = 92,9% v6i PG64-22 va R%s. = 96,3% voi PG64-16.

PG64-22: FI=38,00 - 20,51*HLN + 3,058 HLN” PG64-16: CTindex =-482,8 + 116,0*HLN
175 + 1,06*HLN?
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Hinh 3-37. Quan hé gitta chi s6 chi s6 mém FI va ham lugng nhua
3.6.8. Phwong trinh hoi quy giira chiéu siu LVBX va ham lwgng nhya

Trong khudn kho nghién ciru, dua ra phuong trinh hdi quy giita chiéu sdu LVBX va
ham lugng nhya ctia BTN st dung nhya duong PG64-22 nhu cong thirc 3.11 va cua
BTN st dung nhya duong PG64-16 nhu cong thuc 3.12:

Chiéu sau LVBX = 2,21 - 1,95 HLN + 0,519 HLN (3.11)
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Chiéu siu LVBX = -0,26 - 0,713*HLN + 0,3392*HLN" (3.12)
V&i HLN nam trong khoang =+ 0,5% so véi HLN thiét ké
Trong d6: + Chiéu sau LVBX: 1a chiéu sdu LVBX (mm) ctia mau BTN;

+ HLN: 1a ham luong nhya theo hdn hop (%) ctia mau BTN.

Mo hinh hdi quy c6 ¥ nghia thong ké thé hién p-value = 0,000 < 0,05 va hé s6 xac dinh
diéu chinh R%;, = 87,5% véi PG64-22 va R?y. = 89,9% v&i PG64-16.

PG64-22: Chiéu sau LVBX =2,21 - 1,95 HLN PG64-16: Chiéu sau LVBX =-0,26 - 0,713*HLN
+0,519 HLN? 8] +0,3392*HLN?
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Hinh 3-38. Quan hé gitta chiéu sau LVBX va ham luong nhua

3.7. Két luan chwong 3

Qua nghién ctru thyc nghiém trong phong véi 02 ¢& hat 16n nhat danh dinh cia BTN
(BTN12,5 va BTN19), 02 ngudn gbc da dam (d4 voi va da bazan), 03 loai nhua duong
(nhya PG64-16; PG64-22; PG82-22), 03 ham luong nhya (Pb-0,5, Pb, Pb+0,5) dén
kha ning chdng nit méi va chéng LVBX ciia bé tong nhyua Superpave trong diéu kién
Viét Nam, c6 cac nhan xét két luan sau:

1. Két qua thyc nghiém chi s6 mém FI c6 d6 chum cao. Chi s6 mém FI ciia cic mau
BTN12,5 nam trong khoang tir 6,07 dén 22,87 va cac mau BTN19 nam trong khoang
tr 5,20 dén 18,23. C6 03/18 t6 miu BTN12,5 va 05/18 t6 miu BTN19 ¢6 chi s mém
FI nh6 hon so véi ngudng tbi thiéu quy dinh (FI > 8).

2. Két qua thuc nghiém chi s6 CTindex c6 d6 chum cao. Chi s6 CTindex ciia cic miu
BTN12,5 nam trong khoang tir 53,98 dén 412,58 va cac mau BTN19 nim trong
khoang tir 43,08 dén 371,11. C6 04/18 t6 mau BTN12,5 va 04/18 t6 mau BTN19 c6
chi s6 CTindex nho hon so véi ngudng tdi thiéu quy dinh (CTindex > 70).

3. Pa 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 thay:

3.1. Kha niang chéng LVBX ciia mdu BTN12,5 va BTN19 1a khong khac nhau nhiéu,
nhung kha ning chéng nit moi lai giam xuéng (BTN12,5 c¢6 kha ning chéng nirt méi
cao hon so véi BTN19).

95% PI
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3.2. Kha ning chéng nirt moi va chdng LVBX cua mau BTN12,5 va BTN19 st dung
da dam gbc bazan tot hon gbc da voi (kha ning chéng niit moi cao hon tir 12% dén
13% va chdng LVBX cao hon khoang 12%).

3.3. Kha ning chéng nit moi va chéng LVBX cua mau BTN12,5 va BTN19 st dung
nhua PG82-22 (polime PMB.III) 1a t6t hon nhiéu so v6i nhya PG64-22 (nhya 60/70)
va nhua PG64-16 (nhua 40/50).

3.4. Kha ning chong LVBX ctia 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 ndng
chéng nit méi lai kém hon tir 18% dén 26%.

3.5. Kha niang chéng niit moi cia BTN12,5 va BTN19 tang 1én khi taing ham luong
nhuya thiét ké trong hon hgp BTN nhung kha ning chéng LVBX lai giam xudng.

4. Trong khuon kho nghién ctru, di xay dung 12 phuong trinh hdi quy gitta: chi s6
CTindex véi chi s6 mém FI; chi sé CTindex véi chiéu sdu LVBX; chi s mém FI véi
chiéu sdu LVBX; chi s6 mém FI, chi sé6 CTindex, chiéu sau LVBX voi ham luong
nhya cua BTN12,5 va BTN19 str dung nhya duong PG64-22 va nhya duong PG64-16,
chi tiét tai cac cong thuc tir (3.1) dén (3.12).
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CHUONG 4. NGHIEN CUU CAC YEU TO ANH HUONG PEN
PAC TRUNG KHAI THAC CUA KET CAU MAT PUONG
BANG PHUONG PHAP CO HQC THUC NGHIEM

Noi dung chuong nay tap chung phan tich phuong phép thiét ké két cau mat duong
mém bang phuong phap co hoc - thuc nghiém (Mechanistic Empirical Pavement
Design Guide - MEPDQG), gidi thi¢u phﬁn mém ME, trinh tu cac budc thiét ké va ap
dung ddi voi cac két cdu mat dudng mém c6 ting mat 1a cac 16p bé tong nhya, phan
tich anh huong cia cac théng sé ddu vao dén dic trung khai thac cua két cAu mit
dudng bé tong nhya Superpave bang phan mém ME.

4.1. Phan tich phuong phap thiét ké két cAu mit dwong mém theo co hoc - thuc
nghi¢m va kha niang ap dung ¢ Viét Nam

4.1.1. Phuong phap thiét ké két cAu mit dwong mém theo phwong phap co hoc -
thue nghiém

Ao duong 13 két cau quan trong va co gia tri 16n trong két ciu nén — miat duong 6 to.
Trong qué trinh khai thac, mat duong chiu tc dong truc tiép cta cac yéu to tai trong
phuong ti¢n, khi hdu moi truong xung quanh (nhiét d9, birc xa mat troi, oxy hoa, do
am,...) va & mot so trang thai gidi han s& phat sinh cac hu hong. Hu hong két ciu 4o
duong va 16p mat dudng co thé xay ra rat da dang, & nhiéu mirc d6 khac nhau tuy
thudc mirc d6 dap ung ciia két cAu 4o duong véi cac diéu kién khai thac. Pé dam bao
40 duong c6 thé chiu duoc cac tac dong tong hop trong sudt vong doi khai thac, can
tinh toan, bo tri két ciu 40 duong dap ung dugc cac tac dong du bao.

Trong qué trinh phét trién nghién ctru vé linh vuc dudng bd, c¢6 nhiéu cach tiép can,
phuong phéap luan phuc vu cho tinh toan két ciu 4o dudong. Nghién ctru [23] da tong
két cac phuong phap thiét ké két cau 4o duong c6 thé tam duge chia thanh 4 nhom:

+ Phuong phap thiét ké catalog két cau 4o dudng cho cac khu vuc cu thé;

+ Phuong phap thiét ké dwa trén 1y thuyét co hoc;

+ Phuong phap thiét ké dua trén cac mé hinh dit liéu thuc nghiém,;

+ Phuong phap thiét ké theo co hoc — thuc nghiém.

Phuong phép thiét ké theo co hoc — thuc nghiém duoc xay dung nham phat huy nhiing
vu diém cta 2 nhoém phuong phap co hoc, thuc nghiém, dong thoi giai quyét nhing
han ché cia ching. Tir nim 1998 dén nam 2004, duéi su tai trg cia Vién han 1am
Khoa hoc quéc gia Hoa Ky (US NAS) va Chuong trinh nghién ctru chién luge duong
bd Hoa Ky (NCHRP), phuong phap co hoc - thuc nghiém d3 dugc phat trién va cai
tién tir phuong phap thiét ké thuan thuc nghiém (Phuong phap AASHTO 1993) ca vé
co s thiét ké va mirc do phirc tap trong tinh toan.
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Phuong phép thiét ké theo co hoc - thyc nghiém 1a sy phat trién va cai tién phuong
phap thiét ké thuan thyc nghiém (Phuong phap AASHTO 1993) ca vé co sé thiét ké va
mirc d6 phirc tap trong tinh toan nén c6 thé tao ra nhiing thiét ké kinh té va dang tin
cdy hon rat nhidu so v6i phuong phap truyén théng. Qua trinh thiét ké theo phuong
phap co hoc-thuc nghiém 13 qua trinh thir dan ding. Nguoi thiét ké phai dua ra mot két
cdu mat duong mau cung véi cac gidi han hu hong cé thé chap nhan duoc nhu: PO lan
vét banh xe (46 lan trong 16p bé tong nhya, lin trong cac 16p vat liéu khong gia cd, lin
trong nén dat); Nut moi (nirt moi trong 16p bé tong nhya, niit moéi trong hon hop gia cb
v6 co); Nut do nhié¢t, nit ngang; Nut doc; Do g6 ghé (IRI)... twong ung véi tung du
an. Néu két cau miu khong thoa min cac gi6i han da dugc dua ra, nguoi thiét ké s&
diéu chinh va tinh toan lai cho dén khi cac chi tiéu giéi han trén déu dat.

Trinh ty thiét ké duoc quy dinh trong tai liéu huéng dan ctia Chuong trinh nghién ciru
Puong bd Qudc gia cia Hoa Ky (NHCRP) va Huéng dan thiét ké mat duong co hoc —
thuc nghiém AASHTO 2008. Phién ban mai nhét cua phﬁn mém thiét ké MEPDG la
Phan mém thiét ké mat duong AASHTOWare.

Phuong phap co hoc - thuc nghiém da va dang duoc st dung trong thiét ké két cdu mat
duong & Hoa Ky, Canada, Han Qudc va duoc rat nhidu nuéc nghién ciru 4p dung trong
phan tich két cAu mat duong.

Trinh ty phan tich két cau mat duong mém theo phuong phap co hoc - thuc nghiém
gom 3 khoi: S6 liéu dau vao; Phan tich; va Lua chon két cau nhu thé hién & Hinh 4-1,
trong d6 phan quan trong nhat quyét dinh dén thiét ké 1a cac so liéu dau vao.

Tai trong Nén duong |[&— Khihau |—»{ Vatliéu
.................................................................. Y e, S0 li6u du vio
Thay déi [ Thiét ké céu tao két chu o
Két ciu v Phan tich
No |1 M6 hinh phan tich _l
D:izh ":;t:‘%’;g <« M8 hinh du bao hu héng
.......... Yes*

Céng nghé XD [ »|_Panh gia kha thi [*— pnhan tich kinh té

Lwa chon két cau

Hinh 4-1. Trinh tu phan tich két cAu mat duong theo co hoc thyc nghiém [23]

Khéi s6 liéu dau vao cua phuong phap co hoc thyc nghiém cé 4 phan 1a Tai trong; Nén
duong; Khi hau; va Vit li¢u dugc xac dinh theo mtrc: 1, 2, 3 tuy thude vao tung diéu
kién cu thé va budc thiét ké so bg, hay thiét ké ki thuat chi tiét.
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Mot su khac biét dang ké giita cac phuong phap thiét ké MEPDG va AASHTO 1993
1a dédc tinh ciia cac dau vao thiét ké. MEPDG sur dung céch tiép can phan cép cho thiét
ké mat duong dau vao; cach tiép can nay duoc thiét ké dé phan 4nh su can nhic mic
d6 nd luc va chi phi chung danh cho viéc hoan thanh thiét ké mat duong phai ty 18
thuan voi mirc d¢ quan trong cuia du an va nguy co hu héng sém ctia mat duong:

- Pau vao Mtic 1 cung cap do chinh xac va do tin cdy cao nhét, nhung thuong yéu ciu
thir nghiém chi tiét trong phong thi nghiém riéng biét va do dac tai hién truong dé mo
ta giao thong, vat liéu va khi hau.

- Pau vao Muc 2 dai dién cho muc d6 chinh xac trung gian va thuong duoc 1ay tir
phong thi nghiém va thir nghiém hién trudng han ché hodc udc tinh bang cach sir dung
tuong quan hoic sb liéu giao thong.

- Pau vao Mtic 3 cung cap muc d6 chinh xac thap nhat, mic d6 khong chac chan cao
nhat va thuong dua trén cac gia tri mac dinh c6 duoc tur kinh nghiém cia co quan giao
thong & cap khu vuc. Cac co quan giao thong c6 thé sir dung cac muc dau vao khac
nhau trong cting mot thiét ké mat duong,

Nhiéu bang ciia Hoa Ky d4 hoan thanh cac nghién ciru kiém tra MEPDG va diéu chinh
cho phu hop vé6i diéu kién dia phuong. Nhitng nghién ciru ndy thuong bao gdm mot
hodc nhiéu hoat dong sau:

- So sanh céc thiét ké miat duong tinh toan bang phuong phép thiét ké mat duong hién
tai (dién hinh 1d4 AASHTO 1993) va MEPDG duoc hiéu chuan.

- Xéc dinh d6 nhay cua MEPDG véi cac yéu td dau vao giao thong, khi hau, vat liéu
va két cAu mat duong can thiét cho thiét ké mat dudng.

- Xac minh tinh chinh xdc ctia cdc mo6 hinh hu héng mat duong MEPDG dugc hiéu
chuan dua trén cac thiét ké mit duong dia phuong va dir liéu kha nang khai théc,
thudng 1a tir Hé thong quan 1y mat duong va hiéu chinh lai cic mé hinh khi can thiét.

4.1.2. Nghién ctru irng dung phwong phap thiét ké mit dwong theo phwong phap
co’ hoc thwe nghiém tai Viét Nam

Phuong phap MEPDG méi budc dau nghién ctru trong phan tich thiét ké két cau 4o
duong mém tir nam 2014, duoc thuc hién boi tic gia Nguyén Quang Phuc, két qua
nghién ctru budc dau da dua ra duoc Gmg xtr clia két cdu 4o dudng mém theo thoi gian
thong qua cac chi tiéu nhu: téng d6 Ian vét hin banh xe & mat duong, do gho ghé IRI,
va ty 18 vét nit & mat duong. Ciing v6i phuong phap MEPDG, tac gia Nguyén Ngoc
Lan va Nguyén Quang Phtic (2013) di tién hanh phan tich Gng xir cua két cau 4o
duong mém khi xét dén diéu kién dinh bam khac nhau giita cac 16p thong qua phan
mém MEPDG, két qua phan tich di dua ra su khac biét dang ké vé cac thong sb tong
d6 Itn vét han banh xe, do g ghé IRI, va ty 1& niit moi cia két ciu mit duong duoc
phan tich khi xét dén cac muc d6 dinh bam gitra cac 16p khac nhau. Cac két qua phan
tich & trén déu sir dung cac thong so lién quan dén vat lidu dugc tham khao trong céc
nghién ciru trude d6 hodc khuyén cao cia AASHTO.
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Trong nhitng ndm gén day, Truong Pai hoc Cong nghé¢ GTVT, Vién Khoa hoc va
Cong nghé GTVT di thyc hién mot s6 dé tai KHCN lién quan dén phuong phap co
hoc - thuc nghiém, nhu: dé tai DT174055 “Nghién ctru cac diéu kién can thiét dé ap
dung phuong phap co hoc - thyc nghiém (MEPDG) trong phén tich két ciu mat duong
& Viét Nam”; dé tai DT203043 “Nghién ctru co sé khoa hoc cuia phuong phap thiét ké
két cau mat duong cimg dya trén phuong phap co hoc thuc nghiém va dé xuit ap dung
tai Viét Nam”. Trén co s cac nghién ctu ndy, di budc dau tiép can va nim duoc
phuong phap thiét ké két cau mat duong mém va mit duong ctng theo phuong phap
co hoc - thuc nghiém; da phan tich cac diéu kién can thiét dé sir dung phuong phéap co
hoc thuc nghiém trong phan tich két cau 4o duong ¢ Viét Nam.
4.1.3. Gi6i thiéu vé phin mém Darwin-ME
AASHTOWare Pavement ME Design 14 thé hé ké tiép ciia phan mém thiét ké mat
duong AASHTOWare®, dugc xay dung dua trén huéng dan thiét ké mit dudng theo
co hoc - thyc nghiém, m¢ rong va cai tién cac tinh nang trong phﬁn mém tinh toan.
Tén thuong mai DARWin-ME la viét tit cua phﬁn mém thiét ké, phan tich, va cai tao
két cau mat duong trén nén Windows (Design, Analysis, and Rehabilitation for
Windows- Mechanistic-Empirical).
Phan mém DARWin-ME c6 thé phan tich 17 loai két cAu méi hodc nang cip cai tao
v6i nhiéu thu vién két ciu/vat lidu phong phu, céac thong s6 dau vao mic dinh hoac co
tinh tiy bién cao:
- Két cdu mat duong mém c6 16p mat BTN lam méi hoic xay dung lai;
- Két cdu mit duong BTXM phan tim (JPCP) hodc BTXM cot thép lién tuc (CRCP)
lam moi hodc xay dung lai;
- Lép BTN ting cudng trén mit duong cli BTN, BTXM phan tim hogc BTXM cot
thép lién tuc;
- Lép BTXM tang cuong, dinh chat hoac khong dinh trén mat duong cit BTXM phan
tam, BTXM cdt thép lién tuc, hodc mit dudng BTN;

- Két cau mat duong ting cudng cé str dung 16p tai ché.
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Hinh 4-2. Ctra s6 chinh phan mém DARWin-ME
4.1.4. Cac buéc phan tich két cAu mit dwong

Véi cac phuong trinh dugc thiét 1ap chii yéu theo co hoc, str dung cac hé sb hiéu chinh
duoc xac 1ap tu thuc nghiém, phuong phap co hoc thuc nghi¢ém dugc thuc hién theo
trinh tu thiét ké nhu sau:

1. Thiét ké cAu tao mot két cAu mat duong ban dau bao gém: $6 16p vat li€u, loai va
chiéu day mdi 16p, phu hop véi nhiing diéu kién cu thé nhu: Dat nén, dic trung vat
lidu, tai trong, khi hau, diéu kién thi cong, ...

2. Pua ra cac thong sb trang thai gidi han (cac dic trung hu hong), dic trung cho tinh
trang mat duong ¢ cudi thoi ky khai thac (vi du: LVBX, nut mdi, nut do nhiét, do g6
ghd).

3. Chon muc dg tin cay cho céac dac trung trén. Do su sai khéac cua vat li¢u, sy thay doi
ctia diéu kién khi hau, diéu kién giao thong va cong nghé xay dung, cin phai xét dén
do tin cay trong thiét ké két ciu mit duong. Dé xac dinh d9 tin cay trong thiét ké, cac
sai s6 hodc hé s sai sd cua cac thong s6 dau vao nhu vat liéu, khi hau, diéu kién giao
thong va ké ca chiéu day 16p dugc xem xét dén ngay tir cac budc xac dinh thong sb
dau vao tir budce (1) dén budc (4). Cac Gng suét, bién dang xac dinh dugc theo cac mod
hinh tinh toan vi thé di bao gdm d9 tin cdy.

4. Pua cac thong s6 khi hau tai khu vuc thiét ké, xay dung. Thong thuong ME da c6
cac s0 liéu trén toan bo lanh thé Hoa Ky va Canada, can c6 nhimng nghién ctru mé hinh
khi hau dé dua cac thong s6 ciia Viét Nam, trudc mét st dung bd s6 liéu khi hau
MERRA-2.
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5. Xir 1y cac thong s6 dau vao dé xac dinh: luu luong giao thong trung binh thang, cac
dac trung vat li¢u theo tung thoi ky khi hdu trong nam, cac dac trung khi hau trong
sudt thoi ky thiét ké

6. Tinh toan tmg suit & bién dang ciia mat dudng khi 1am viéc sir dung mo hinh hé
nhiéu 16p hodc mé hinh phan tir hitu han, bién dang khong hdi phuc sir dung 1y thuyét
déo, tmg suat nhiét sir dung cic phuong trinh nhiét img véi mdi loai tai trong, mdi cap
tai trong va mdi loai hinh hu hong trong subt thoi ky thiét ké

7. Du doan cac hu hong (1an, nit tir dudi 1én, nit tir trén xudng, nit do nhiét) tai cubi
mdi thoi ky tinh toan, trong sudt thoi ky thiét ké, sir dung md hinh co hoc - thuc
nghiém da duogc hiéu chinh. Dy doan phat trién d6 gd ghé véi do gb ghé ban dau, su
phat trién cac hu hong va diéu kién khai théc.

8. Udc lugng cac thong sb dic trung cho tinh trang mat dudng & cudi thoi ky tinh toan,
ung voi do tin cay da chon.

9. Néu cac thong sb dic trung cho tinh trang mat dudng & cudi thoi ky tinh toan khong
dat yéu cau, diéu chinh thiét ké ¢ budc 1 va lip lai cac budc tir 5 dén 8, cho dén khi
dat. Két cau cudi cung dugc lya chon théa min cac mo hinh trang thai gidi han tng
v6i moi md hinh phan tich hur hong duge tinh toan.

Céc thong so thiét ké, tuy theo mirc d6 chi tiét, co 3 muc:

Murc d6 1: S6 liéu thu duogc tir cac thi nghiém, phép do truc tiép. Vi du: Pac trung vat
lidu rat ra tir thi nghiém trong phong, s6 liéu dém xe va can xe.

Mitc d6 2: S liéu rut ra tir cic mdi twong quan véi cac sd lidu khac. Vi du: Mo dun
dan hoi ciia vat lidu rat ra tir gia tri CBR thong qua cac cong thirc thuc nghiém, mo
dun dan hoi cta bé tong nhua dugc xac dinh tir thanh phan hon hop, loai va ham lugng
nhuya, d6 rong Va, VMA, ...

Mtc do 3: S6 liéu mic dinh dic trung cho tung vung hodc tirng quéc gia.

Mtc d6 chi tiét cua sd liéu dau vao tuy thudc: mirc do anh hudng cua s6 lidu dén két
qua tinh toan (d¢ nhay cia sb liéu), tAm quan trong ctia du an, ngudn lyc danh cho dy
an,...

Trong cac muc do trén v4i chi tiét yéu cau giam dan, mirc d6 1 1a kho thyc hién nhat,
doi hoi phai c6 nhitng thi nghiém, két qua dém va can xe thuc té, mic do 3 1a d& nhat
nhung d tin cy cia két qua thiét ké khong cao nhat.

Trinh tu cac bude thiét ké két cau 4o duong bang ME nhu Hinh 4-1:

1. Giai doan 1: Xéc 1ap két cau va cac thong sb

Loai két ciu lam méi hay ting cuong, dé xuat phuong 4n két cau. Khao sat diéu kién
nén duong, diéu kién thoat nudc, diéu kién dong/tan bing, do cudng d6 mit dudng

bang thi nghiém FWD,...

Thi nghiém xé4c dinh hodc st dung cac thong sé mic dinh vt lidu.
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Nhap va phan tich diéu kién khi hau.

Nhép va phan tich sé liéu tai trong.

Nhép céac s6 liéu cua cac 16p vat ligu.

Céc tiéu chuan thiét ké va h¢ s6 hiéu chinh.
2. Giai doan 2: Phan tich két cau

Mo hinh héa két cdu mat duong

Tinh ton Ung suit, bién dang va chuyén vi
Phan tich lgya chon d0 tin cdy tinh toan

Tinh toan pha hoai két cau theo cac md hinh phu thude do tin cay: Lan, nut, IRI, gﬁy,
cap kénh,...

Kiém todn céac ti€u chudn gidi han, néu khong thoa man phai thay doi loai vat lidu
hodc chi€u day roi tinh toan lai.

3. Giai doan 3: Lya chon quyét dinh phuong an két cdu

Céc van dé chinh sach va quyét dinh

Phan tich chi phi vong doi

Phan tich diéu kién cong nghé thi cong, kiém soat chét lugng, bao tri,...
Quyét dinh lya chon két ciu

Phan mém ME c6 thé thiét ké t6i wu két cau dam bao thoa méan cac tiéu chuan gidi
han. Cac trang thai gii han hay nhiing tiéu chuan can kiém toan khi thiét ké 1a:

D06 lin vét banh téng cong toan két cdu; DO lin vét banh cua céac 16p BTN, 16p mong
khong gia c6 va nén dat

Nut ngang khong do tai trong
Nut da ca sau, niit phat trién tir dudi 1én do tac dung tring phuc cia tai trong
Nt doc, nirt phat trién tir trén xudng do tai trong tring phuc, tai trong ning

Nt phan anh bé miat 16p BTN trén cac vét niit hodc khe ndi cia 16p dudi mit dudng
mém, ban cing, hdn hop va mit dudong cimg

Do go ghé IR

4.2. Phan tich két cau mit duwdng bé tong nhuwa Superpave biang phwong phap co
hoc thwe nghiém & cac ving khi hau Viét Nam

4.2.1. Két cau a0 dwong nghién ciru

Tuyén duong phén tich 1a Quéc 16 1, cap III-BB, van toc thiét ké V=80km/h, van tdc
xe tai va xe khach 60km/h, 4 lan xe, chiéu rong lan xe 3.5m, c6 dai phan cach gitra.
Luu lugng xe trung binh ndm dau 3000 xe/nd. Hé s6 tang truong xe 3% nam.
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Diéu kién khi hau MERRA-2 tung gio trong 32 nam lién tuc cho 3 tram dién hinh Viét
Nam trai theo vi do th?ip dan tir Bic xuéng Nam: Ha N1, Ngh¢ An, Déng Nai.

Thoi gian tinh toan két cAu t=15 nam. Do tin cay thiét ké R=90%.

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

Bé tong nhya BTN12.5
Bé tong nhya BTN19

Cép phbi da dam loai 1

Cép phbi da dam loai 2

Hinh 4-3. Két cAu mat duong nghién ctru
Chiéu day cac 16p dugc b tri theo ciu tao va tinh toan bang cac phuong phéap
AASHTO-1993 va co hgc thuc nghiém MEPDG.

4.2.2. Tinh toan két cAdu theo AASHTO-1993, TCCS 37:2022/TCPBVN

Duong quéc 10 1, cép III-bB, do tin cay R=90%, dam bao thoat nudc tdt, van toc xe
tai tinh todAn V=60km/h, 4 lan xe, c6 dai phan cach DD=0,5; DL=0,8.

Tur luu lugng xe trung binh ndm dau 3000 xe/nd, hé sd ting truong xe 3% nam tinh ra
dugc W18= 9292564 ESAL18kip/1 lan xe tich liiy trong 15 ndm khai thac.

Céc thong s6 cua phuong trinh S0=0,45; ZR=-1,282; P0=4,2; Pt=2,2; APSI=2,0.
Céc thong sb vat liéu va hé s thoat nude:

Lop BTN12,5: Hé sb a=0,44; Hé sb thoat nudc m=1,00

Lép BTN19: Hé s6 a=0,40; Hé s6 thoat nugec m=1,00

Lép CPPDI1: Hé s6 a=0,12; Hé s6 thoat nudc m=0,90

Lép CPPD2: Hé s6 a=0,102; Hé s thoat nudc m=0,90

Nén duong: Mg=50MPa; CBR>8%

Giai phuong trinh AASHTO 1993 dugc chi sb két cdu SN=4,745 va chiéu day cac 16p,
da xét dén diéu kién cau tao, diéu kién thi cong nhu sau:

Lop BTN12,5: day 7cm
Lép BTN19: day 8cm

Lép CPDD loai 1: day 30cm

Lép CPDD loai 2: day 30cm

4.2.3. Nghién ctru xac dinh cac thong s6 dau vao
4.2.3.1. Cic théng sé vé giao théng

Luu luong xe thiét ké naim dau 3000 xe/nd cho ca 2 chiéu, mdi chiéu 2 lan xe.
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Thoi gian tinh toan 15 nam.

Heé s tang trudong xe hang nim 3% theo mo hinh ham mil.
Ty 1€ xe tai/xe khach theo hudng 50%.
Ty 1€ xe tdi/xe khach chay trén lan tinh toédn 80%.

Do 1éch chuan (hay d6 dao dong) ctia banh xe chay theo phuong ngang trén mit dudng
10in (25,4cm).

Ap luc banh xe tiéu chuan 120psi (827,37kPa).
Khoang cach 2 banh kép 12in (30,48cm)

Khoang cach céc truc trong cum truc: 51,6in (131,Icm) véi cum tryc doi; 49,2in
(125cm) vdi cum truc ba va cum truc tr

Céc thong s6 khac ldy theo mic dinh chwong trinh nhu Hinh 4-4.
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Hinh 4-4. Nhép s6 liéu giao thong
4.2.3.2. Cdc tiéu chuin gigi han

Céc tiéu chuan gi6i han thiét ké dé xuat nhu Bang 4-1. Mic dinh cia chuong trinh
téng chiéu siu LVBX cua toan két cdu gidi han 0,75in va chiéu siu LVBX trong céc
l6p BTN 1a 0,25in dé dam bao tudi tho két cAu va an toan chay xe, nhét 1a v& mua
dong nude dong bang vao chd lan. Tuy nhién véi diéu kién Viét Nam gii han trén rat
kho dat duge vi ty 1¢ xe qua tai trong dong xe nhiéu, trinh d6 thi cong, quan 1y khai
thac chua cao va Viét Nam ciing khong c6 dong bing dai ngay trén vét banh nén dé
xudt tong chiéu sdu LVBX giéi han 13 1 in (25,4mm) va chiéu siu LVBX trong céac 16p
BTN 14 0,5 in (12,5mm). Dé xuit nay ciing phit hop véi cac quy dinh khai thac duong
hién nay.
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Céc gi6i han khac duoc ldy theo mic dinh tng véi dudng truc quan trong, do tin ciy
90%.

Béng 4-1. Cac tiéu chuan gidi han thiét ké

Tiéu chuin Hé US Hé SI Do tin cay, %
Do g6 ghé IRIban ddu | 63,00 (in/mile) 1,00 (m/km) 90,00
Do g6 ghé IRI cudi cung | 172,00 (in/mile) | 2,71 (m/km) 90,00
Tong chiu sdu LVBX
ong chicu sau LV 1,00 (in) 25,4 (mm) 90,00
toan két cau
Nut méi tir dudi 1én cia | 25,00 (% dién 25,00 (% dién 90.00
16p bé tong nhya tich lan) tich lan) ’
Nt moi tir trén xubéng .
o 2000 (ft/mile) 378,8 (m/km) 90,00
cua l6p bé tong nhua
hiéu sdu LVBX t .
Chiéu sau LVBX trong 0,50 (in) 12,5 (mm) 90,00

cac 16p bé tong nhya

4.2.3.3. Cic théng sé khi hiu

Thong s6 khi hau dugc lay tir tram MERRA-2 trong khoang thoi gian tir nam 1985 dén
nam 2020 cho 3 tram dién hinh Viét Nam: Ha Noi, Ngh¢ An, Déng Nai. S liéu duoc
nhap (Hinh 4-5) vao MEPDG bao gom:

Nhiét d6 khong khi - Temperature theo gid trong khu vuc thiét ké
Luong mua - Precipitation theo gid trong khu vuc thiét ké
Van toc gi6 - Wind Speed theo gio trong khu vuc thiét ké

Ty 18 phan trim nang (thong qua d6 che phu ctia may) - Cloud Cover theo gid trong
khu vuc thiét ké

D6 4m tuong d6i - Relative Humidity méi trudng theo gio trong khu vuc thiét ké

Chiéu sau tir day 16p két cau toi muc nude ngam: 1ay gia tri khong doi 10ft (3,048m)
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Hinh 4-5. Nhép s6 liéu khi hau
4.2.3.4. Thong s cdc lop vit ligu va nén dit
Thong sb cua cac 16p bé tong nhya: cac dac tinh thé tich, loai nhua PG 1§y theo két qua
thuc nghiém ctia dé tai; mot s thong sd vé nhiét, mod dun phuc dong 13y theo mirc 3 va
mac dinh cua chuong trinh.
Thong s6 cta 16p cap phdi d4 dim va nén dat theo mirc 2, 3 phu thudc vao loai vat
lidu, cap phdi va chi s6 CBR.
4.2.4. Phan tich két cAu mit dwong
Pé téng quat qua trinh phan tich phuong phép thiét ké két cdu mat duong mém theo
phuong phap co hoc thyc nghiém, tién hanh phan tich anh hudng cta cac thong sé dau
vao dén ham trang thai gidi han. Viéc lya chon cac thong s6 dau vao tir kinh nghiém
phan tich két cdu, dam bao anh huong dang ké dén ham gii han dau ra. Cac thong s6
dau vao va mirc bién thién dugc tap hop & Bang 4-2.

Bang 4-2. Cac thong sé dau vao, mic bién thién

TT Tén thong sb Mure Cac mirc bién thién
1 | Khihau 3 Ha Noi Nghé An Podng Nai
2 | Loai BTN 2 12,5 19
3 | Loaida 2 Voi Bazan
4 | Loai nhya 3 PG64-22 PG64-16 PG82-22
5 | HLN 3 Pb-0,5 Pb Pb+0,5




bé tong nhua (% dién tich); NGt moi tir trén xudng cua 16p bé tong nhya (m/km).
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Déi voi phuong phap MEPDG c6 4 ham dau ra la: Tong chiéu sau LVBX toan két cau
(mm); Chiéu sdu LVBX trong céac 10p bé tong nhyra (mm); NGt moi tir dudi 1én cua 16p

St dung phan mém Minitab quy hoach thuc nghiém (DOE) xac dinh duoc 108 lan
phan tich két cdu. Tién hanh phan tich thong ké mirc 46 anh hudng cta cac thong sb

dén ham dau ra.

Sau khi thiét ké quy hoach 108 bai toan, tién hanh tinh toan ting truong hop. Két qua

tinh toan duoc téng hop & Bang 4-3.
Bang 4-3. Két qua phén tich két ciu theo MEPDG

2 , Nut tir | Nt tir
Loai Loai Loai Tong | Lun duéi trén
STT | Khihau BTi\I dz{ nhl.;’a HLN (Il:::l) (]?nTnlj) lén xudng
(%) | (m/km)
1 HaN6i | BTN12,5| Voi | PG64-22 | Pb-0,5 | 36.21 | 22.52 | 4.37 181.90
2 HaNoi | BTN12,5| Voi | PG64-22 Pb 36.00 | 22.33 | 4.26 114.04
3 HaN6i | BTN12,5| Voi | PG64-22 | Pb+0,5 | 35.81 | 22.15 | 4.17 87.67
4 HaNo¢i | BTN12,5| Voi | PG64-16 | Pb-0,5 | 35.56 | 21.92 | 4.17 180.16
5 HaNoi | BTN12,5| Voi | PG64-16 Pb 35.34 | 21.70 | 4.04 114.35
6 HaN6i | BTN12,5| Voi | PG64-16 | Pb+0,5 | 35.19 | 21.57 | 3.96 87.32
7 HaNo¢i | BTN12,5| Voi | PG82-22 | Pb-0,5 | 33.84 | 20.21 3.96 193.77
8 HaNoi | BTN12,5| Voi | PG82-22 Pb 33.59 | 19.99 | 3.87 120.86
9 HaN6i | BTN12,5| Voi | PG82-22 | Pb+0,5 | 33.44 | 19.84 | 3.79 90.57
10 HaNoi | BTN12,5 | Bazan | PG64-22 | Pb-0,5 | 36.09 | 22.41 4.37 190.27
11 HaNoi | BTN12,5 | Bazan | PG64-22 Pb 3590 | 22.24 | 4.22 121.44
12 HaNoi | BTN12,5 | Bazan | PG64-22 | Pb+0,5 | 35.84 | 22.17 | 4.17 89.89
13 HaNoi | BTN12,5 | Bazan | PG64-16 | Pb-0,5 | 35.47 | 21.81 4.12 192.75
14 HaNoi | BTN12,5 | Bazan | PG64-16 Pb 35.19 | 21.58 | 4.00 118.22
15 HaNoi | BTN12,5 | Bazan | PG64-16 | Pb+0,5 | 35.13 | 21.51 3.96 88.87
16 HaNo¢i | BTN12,5 | Bazan | PG82-22 | Pb-0,5 | 33.68 | 20.05 | 3.91 217.76
17 HaNoi | BTN12,5 | Bazan | PG82-22 Pb 33.50 | 19.89 | 3.84 125.75
18 HaNoi | BTN12,5 | Bazan | PG82-22 | Pb+0,5 | 33.38 | 19.78 | 3.79 91.76
19 HaNoi | BTNI9 Voi | PG64-22 | Pb-0,5 | 36.15 | 22.47 | 4.27 229.19
20 HaNo6i | BTNI9 Voi | PG64-22 Pb 35.60 | 21.97 | 4.08 122.31
21 HaNoi | BTNI9 Voi | PG64-22 | Pb+0,5 | 35.54 | 21.93 | 4.04 94.44
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2 , Nurt tir | Nt tir
Loai Loai Loai Tong | Lun duéi trén
STT | Khihau BTi\I dz{ nhl.;’a HLN (Il:::l) (]?nTnlj) lén xudng
(%) | (m/km)
22 HaNo6i | BTNI9 Voéi | PG64-16 | Pb-0,5 | 3541 | 21.78 | 4.04 | 226.60
23 HaNoi | BTNI9 Voéi | PG64-16 Pb 3491 | 21.32 | 3.87 120.42
24 HaNoi | BTNI9 Vo6i | PG64-16 | Pb+0,5 | 34.89 | 21.31 3.84 96.26
25 HaNoi | BTNI9 Voéi | PG82-22 | Pb-0,5 | 33.65 | 20.03 | 3.87 232.53
26 HaNoi | BTNI9 Voéi | PG82-22 Pb 33.19 | 19.62 | 3.68 128.57
27 HaN6i | BTNI9 Voéi | PG82-22 | Pb+0,5 | 33.13 | 19.56 | 3.64 96.59
28 HaNoi | BTN19 | Bazan | PG64-22 | Pb-0,5 | 35.96 | 22.28 | 4.22 235.87
29 HaNoi | BTNI19 | Bazan | PG64-22 Pb 35.54 | 21.91 4.04 126.32
30 HaNogi | BTNI19 | Bazan | PG64-22 | Pb+0,5 | 35.56 | 21.93 | 4.04 95.10
31 HaN6i | BTNI19 | Bazan | PG64-16 | Pb-0,5 | 35.35 | 21.71 4.04 | 225.71
32 HaNoi | BTNI19 | Bazan | PG64-16 Pb 34.88 | 21.29 | 3.87 127.45
33 HaN6i | BTNI19 | Bazan | PG64-16 | Pb+0,5 | 34.85 | 21.27 | 3.83 90.57
34 HaN6i | BTN19 | Bazan | PG82-22 | Pb-0,5 | 33.65 | 20.03 | 3.87 249.34
35 HaNoi | BTNI19 | Bazan | PG82-22 Pb 33.16 | 19.58 | 3.68 131.50
36 HaNoi | BTNI19 | Bazan | PG82-22 | Pb+0,5 | 33.13 | 19.56 | 3.65 94.93
37 | Nghé An | BTN12,5| Vo6i | PG64-22 | Pb-0,5 | 53.15 | 38.73 | 12.87 | 215.03
38 | Nghé¢ An | BTN12,5 | Voéi | PG64-22 Pb 52.87 | 38.48 | 12.59 | 135.33
39 | Nghé An | BTN12,5 | Vo6i | PG64-22 | Pb+0,5 | 52.56 | 38.19 | 12.39 | 102.42
40 | Nghé¢ An | BTN12,5| Vo6i | PG64-16 | Pb-0,5 | 52.22 | 37.84 | 12.20 | 220.43
41 | Nghé¢ An | BTN12,5| Vo6i | PG64-16 Pb 51.88 | 37.53 | 11.91 | 140.30
42 | Ngh¢ An | BTN12,5| Vo6i | PG64-16 | Pb+0,5 | 51.67 | 37.33 | 11.71 | 104.64
43 | Ngh¢ An | BTN12,5| Vo6i | PG82-22 | Pb-0,5 | 48.02 | 33.72 | 10.82 | 250.11
44 | Ngh¢ An | BTN12,5| Voi | PG82-22 Pb 47.72 | 33.44 | 10.51 | 157.81
45 | Nghé¢ An | BTN12,5| Vo6i | PG82-22 | Pb+0,5 | 47.50 | 33.25 | 10.22 | 115.25
46 | Nghé¢ An | BTN12,5 | Bazan | PG64-22 | Pb-0,5 | 52.93 | 38.52 | 12.77 | 225.73
47 | Nghé An | BTN12,5 | Bazan | PG64-22 Pb 52.68 | 38.28 | 12.58 | 145.40
48 | Nghé An | BTNI12,5 | Bazan | PG64-22 | Pb+0,5 | 52.62 | 38.23 | 12.39 | 105.27
49 | Nghé¢ An | BTNI12,5 | Bazan | PG64-16 | Pb-0,5 | 51.97 | 37.61 | 12.10 | 236.67
50 | Nghé An | BTN12,5 | Bazan | PG64-16 Pb 51.63 | 37.29 | 11.81 | 146.30
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2 , Nurt tir | Nt tir

Loai Loai Loai Tong | Lun duéi trén
STT | Khihau BTi\I dz{ nhl.;’a HLN (Il:::l) (]?nTnlj) lén xudng
(%) | (m/km)
51 | Nghé An | BTN12,5 | Bazan | PG64-16 | Pb+0,5 | 51.55 | 37.22 | 11.62 | 106.99
52 | Nghé An | BTN12,5 | Bazan | PG82-22 | Pb-0,5 | 47.72 | 33.44 | 10.62 | 281.01
53 | Nghé An | BTN12,5 | Bazan | PG82-22 Pb 47.54 | 33.28 | 1042 | 165.69
54 | Nghé An | BTN12,5 | Bazan | PG82-22 | Pb+0,5 | 47.41 | 33.16 | 10.22 | 117.33
55 | Nghé An | BTNI19 Voi | PG64-22 | Pb-0,5 | 53.21 | 38.81 | 12.77 | 270.39
56 | Nghé¢ An | BTNI19 Voi | PG64-22 Pb 52.32 | 3797 | 12.10 | 148.87
57 | Nghé¢ An | BTNI19 Voi | PG64-22 | Pb+0,5 | 52.25 | 37.89 | 11.91 | 111.62
58 | Nghé An | BTNI19 Voi | PG64-16 | Pb-0,5 | 52.07 | 37.73 | 12.00 | 277.74
59 | Nghé An | BTNI19 Voi | PG64-16 Pb 51.30 | 36.99 | 11.31 | 152.89
60 | Nghé An | BTNI19 Voi | PG64-16 | Pb+0,5 | 51.30 | 37.00 | 11.22 | 118.96
61 | Nghé¢ An | BTNI19 Voi | PG82-22 | Pb-0,5 | 47.81 | 33.55 | 10.52 | 300.00
62 | Nghé¢ An | BTNI9 Voi | PG82-22 Pb 47.19 | 3296 | 9091 176.96
63 | Nghé An | BTNI19 Vo6i | PG82-22 | Pb+0,5 | 47.14 | 32.93 | 9.81 127.17
64 | Nghé An | BTN19 | Bazan | PG64-22 | Pb-0,5 | 52.84 | 38.44 | 12.58 | 281.01
65 | Nghé An | BTN19 | Bazan | PG64-22 Pb 52.19 | 37.85 | 12.01 | 155.49
66 | Nghé An | BTN19 | Bazan | PG64-22 | Pb+0,5 | 52.29 | 37.93 | 12.01 | 114.19
67 | Nghé An | BTN19 | Bazan | PG64-16 | Pb-0,5 | 51.94 | 37.58 | 11.91 | 277.10
68 | Nghé An | BTN19 | Bazan | PG64-16 Pb 51.21 | 3692 | 11.31 | 162.51
69 | Nghé An | BTN19 | Bazan | PG64-16 | Pb+0,5 | 51.18 | 36.89 | 11.21 | 109.63
70 | Nghé An | BTN19 | Bazan | PG82-22 | Pb-0,5 | 47.81 | 33.54 | 10.52 | 318.77
71 | Nghé An | BTN19 | Bazan | PG82-22 Pb 47.11 | 32.89 | 9.82 178.30
72 | Nghé¢ An | BTN19 | Bazan | PG82-22 | Pb+0,5 | 47.14 | 3292 | 9.82 124.47
73 | Pong Nai | BIN12,5 | Véi | PG64-22 | Pb-0,5 | 37.92 | 24.12 | 6.27 200.78
74 | Pong Nai | BIN12,5 | Véi | PG64-22 Pb 37.70 | 23.92 | 6.04 125.18

75 | Pong Nai | BIN12,5 | Véi | PG64-22 | Pb+0,5 | 37.48 | 23.71 5.90 94.77
76 | Pong Nai | BIN12,5 | Véi | PG64-16 | Pb-0,5 | 37.27 | 23.50 | 5.89 198.82
77 | Pong Nai | BIN12,5 | Vi | PG64-16 Pb 37.02 | 23.27 | 5.68 125.75

78 | Pong Nai | BIN12,5 | Véi | PG64-16 | Pb+0,5 | 36.83 | 23.11 5.54 94.44
79 | Pong Nai | BIN12,5 | Véi | PG82-22 | Pb-0,5 | 35.55 | 21.81 5.54 | 214.10
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2 , Nut tir | Nt tir
Loai Loai Loai Tong | Lin dudi trén
STT | Khihau BTi\I dz{ nhl.;’a HLN (Il:::l) (]?nTnlj) lén xudng
(%) | (m/km)
80 | Pong Nai | BIN12,5| Voi | PG82-22 Pb 35.27 | 21.56 | 5.34 132.88
81 | Pong Nai | BIN12,5| Voi | PG82-22 | Pb+0,5 | 35.08 | 21.39 | 5.21 98.06
82 | Pong Nai | BIN12,5 | Bazan | PG64-22 | Pb-0,5 | 37.79 | 24.00 | 6.19 210.38
83 | Pong Nai | BTN12,5 | Bazan | PG64-22 Pb 37.61 | 23.82 | 6.04 133.83
84 | Pong Nai | BIN12,5 | Bazan | PG64-22 | Pb+0,5 | 37.52 | 23.75 | 5.96 97.57
85 | Pong Nai | BIN12,5 | Bazan | PG64-16 | Pb-0,5 | 37.14 | 23.38 | 5.82 213.19
86 | Pong Nai | BTN12,5 | Bazan | PG64-16 Pb 36.86 | 23.13 | 5.61 130.11
87 | Pong Nai | BIN12,5 | Bazan | PG64-16 | Pb+0,5 | 36.77 | 23.05 5.54 96.26
88 | Pong Nai | BTN12,5 | Bazan | PG82-22 | Pb-0,5 | 35.36 | 21.63 | 5.41 239.94
89 | Pong Nai | BTN12,5 | Bazan | PG82-22 Pb 35.15 | 21.45 | 5.27 138.57
90 | Pong Nai | BIN12,5 | Bazan | PG82-22 | Pb+0,5 | 35.02 | 21.33 5.15 99.36
91 | Pong Nai | BTN19 Voi | PG64-22 | Pb-0,5 | 37.86 | 24.06 | 6.12 252.39
92 | Pong Nai | BTN19 Voi | PG64-22 Pb 37.27 | 23.52 | 5.69 135.06
93 | Pong Nai | BTN19 Voi | PG64-22 | Pb+0,5 | 37.18 | 23.46 | 5.61 102.90
94 | Pong Nai | BTN19 Voéi | PG64-16 | Pb-0,5 | 37.08 | 23.35 | 5.69 250.13
95 | Pong Nai | BTN19 Voi | PG64-16 Pb 36.53 | 22.85 | 5.34 133.01
96 | Pong Nai | BTN19 Voi | PG64-16 | Pb+0,5 | 36.50 | 22.82 | 5.27 104.64
97 | Pong Nai | BTN19 Voi | PG82-22 | Pb-0,5 | 35.30 | 21.60 | 5.34 | 256.12
98 | Pong Nai | BTN19 Voi | PG82-22 Pb 34.80 | 21.13 | 5.02 142.01
99 | Pong Nai | BTN19 Voi | PG82-22 | Pb+0,5 | 34.74 | 21.08 | 4.96 105.27
100 | Pong Nai | BTN19 | Bazan | PG64-22 | Pb-0,5 | 37.64 | 23.87 | 6.04 259.80
101 | Pong Nai | BTN19 | Bazan | PG64-22 Pb 37.18 | 23.45 5.69 139.76
102 | Péng Nai | BTN19 | Bazan | PG64-22 | Pb+0,5 | 37.18 | 23.44 | 5.61 102.10
103 | Pong Nai | BTN19 | Bazan | PG64-16 | Pb-0,5 | 36.99 | 23.27 | 5.68 249.34
104 | Pong Nai | BTN19 | Bazan | PG64-16 Pb 36.50 | 22.81 5.34 141.22
105 | Pong Nai | BTN19 | Bazan | PG64-16 | Pb+0,5 | 36.43 | 22.74 | 522 96.75
106 | Pong Nai | BTN19 | Bazan | PG82-22 | Pb-0,5 | 35.33 | 21.60 | 5.34 273.76
107 | Pong Nai | BTN19 | Bazan | PG82-22 Pb 34.77 | 21.09 | 4.97 145.27
108 | Pong Nai | BTN19 | Bazan | PG82-22 | Pb+0,5 | 34.74 | 21.08 | 4.96 103.38
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4.3. Panh gia cic yéu t6 anh huéng dén kha ning chong mit cia két cAu mit

Trén co sé két qua phan tich két cdu mat dudong bé tong nhwa Superpave bang phuong
phap co hoc thyc nghiém & cac ving khi hau Viét Nam, sir dung phdn mém Minitab dé

phan tich théng ké.

4.3.1. Phan tich anh hwéng cia cac yéu té dén mirt méi tir dwéi 1én ctia BTN

Két qua phan tich mo hinh phuong sai-hdi quy sau khi da loai cac bién khong co y

nghia thong ké duoc dua ra tai Bang 4-4.

Bang 4-4. Két qua chi tiét phéan tich sai s6 tdp mau nirt moi tir dudi 1én cia BTN

Ngudn DF AdjSS AdjMS  F-Value P-Value
Mo hinh 22 115497 52499  28124.33 0.000
Bac nhit 8 114277 142.846  76524.57 0.000
Khi hau 2 1116.51 558257 299066.23 0.000
Loai BTN 1 1.79 1.794 961.14 0.000
Loai da 1 0.04 0.036 19.06 0.000
Loai nhya 2 2152 10.759 5763.78 0.000
HLN 2 2.91 1.453 778.18 0.000
Twong tac 2 chiéu 14 12.21 0.872 467.05 0.000
Khi hau*Loai BIN 2 0.30 0.148 79.25 0.000
Khi hiu*Loai nhya 4 11.16 2.791 1494.95 0.000
Khi hau*HLN 4 0.53 0.132 70.94 0.000
Loai BTIN*HLN 2 0.20 0.099 53.27 0.000
Loai da*HLN 2 0.02 0.009 5.06 0.008
Sai s6 85 0.16 0.002
Téng 107 1155.13
T6ng hop mo hinh
S R-sq R-sq(adj) R-sq(pred)

0.0432049  99.99%

99.98%

99.98%
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Pareto Chart of the Standardized Effects
(response is NUt tif dudi [én (%), o = 0.05)

Term
B
A
AB
AD
AE
BE
D
Factor Name
E A Khi hau
B Loai BTN
C o Loai da
D Loai nhua
CE E HLN
15 20 25 30 35

Standardized Effect

Hinh 4-8. Biéu d6 Pareto céac yéu t6 anh huong dén nit méi tir dudi 1én caia BTN

Khi hau Loai BTN Loai da Loai nhua

Mean of NGt t dudi lén (%)

T T T T T T T T T 1]
HaNgi NghéAn DongNai  BTN12S BIN19 Vi Bazan  PG64-22 PG64-16 PG82-22

Hinh 4-9. Cac bién anh hudng chinh t6i nirt méi tir dudi 1én caa BTN

Khi hau * Loai BTN Loai BTN
12 —&— BIN125
—&l— BTN19
84
44
Khi hau * Loai da Loai BTN * Loai da
$ 12
£
s 8
S
<
2 4
; Khi hau * Loai nhua Loai BTN * Loai nhua Loai da * Loai nhya Loainhua
- —— PGE4-22
2 —W— PGE4-16
5 -4~ PG82-22
=
Khi hau * HLN Loai BTN * HLN Loai da * HLN Loai nhua * HLN HIN
12 —— Pb-05
N —.—
s N - @ Pbs05
4-
R T T = T T T T T T T
HaNGi  NghéAn ©dng Nai BTN125 BTN19 Voi Bazan PG64-22  PG64-16  PG82-22

Khi hau Loai BTN Loai da Loai nhya

Hinh 4-10. Anh hudng tuong tac clia cac bién t&i nirt moi tir dudi 1én ciia BTN
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Nhin xét: Trén co so két qua phan tich théng ké tir tip mau nirt moi tir dudi 1én cua
BTN cho thiy:

- Hinh 4-7 biéu dd phan du cta ntt moi tir dudi 1én ctia BTN tuan theo quy ludt phan
bb chuan, cac diém phan bb ngiu nhién.

- Két qua phén tich phuong sai hé sé xac dinh diéu chinh R%;, =99,98%, cac bién déu
c¢6 hé s6 p-value<0,05 dam bao mirc ¥ nghia 95%.

- Két qua biéu d6 Pareto & Hinh 4-8 cho thiy tat ca cac bién khi hau, loai BTN, loai da,
loai nhya va HLN c6 anh huéng dén nit moi tir dudi 1én cia BTN c¢6 y nghia thong
ké. Do vay c6 thé két luan rang: C6 sy anh huong cua khi hau, loai BTN, loai d4, loai
nhya va HLN dén kha ning chéng nirt méi tir dudi 1én cia BTN. Anh huong 16n nhét
la khi hau, trong d6 vung khi hdu Ngh¢ An c6 nit moéi tir dudi 1én cua BTN 16n nhét,
sau d6 dén Pong Nai va Ha Noi. Cac thong sb khac anh huong dén nat méi tir dudi 1én
ctia BTN khong nhiéu (xem Hinh 4-9 va Hinh 4-10).

4.3.2. Phan tich anh hwéng ciia cac yéu té dén nirt méi tir trén xudng ciia BTN

Két qua phan tich mo hinh phwong sai-hdi quy sau khi da loai cac bién khong co y
nghia thong ké dugc dua ra tai Bang 4-5.

Bang 4-5. Két qua chi tiét phan tich sai s6 tip mau nit moi tir trén xudng ciia BTN

Ngudn DF AdjSS AdjMS  F-Value P-Value
Mo hinh 29 405984 13999 1155.06  0.000
Béc nhét 8 391644 48955 4039.17  0.000
Khi hiu 2 21844 10922 901.13  0.000
Loai BTN 1 11196 11196 923.76  0.000
Loai da 1 985 985 81.27  0.000
Loai nhya 2 4274 2137 176.32  0.000
HLN 2 353344 176672  14576.71  0.000
Tuong tac 2 chiéu 21 14341 683 56.34  0.000
Khi hau*Loai BTN 2 206 103 8.51  0.000
Khi hau*Loai nhya 4 1321 330 27.24  0.000
Khi hau*HLN 4 2499 625 51.55  0.000
Loai BTN*Loai d4 1 164 164 13.51  0.000
Loai BTN*HLN 2 7980 3990 329.20  0.000
Loai da*Loai nhya 2 127 64 5.25 0.007
Loai da*HLN 2 779 389 32.13  0.000
Loai nhya*HLN 4 1265 316 26.10  0.000

Sai s6 78 945 12
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Ngudn DF AdjSS AdjMS  F-Value P-Value
Tong 107 406930

T6ng hop md hinh

S R-sq R-sq(adj) R-sq(pred)
3.48140  99.77% 99.68%  99.55%
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95% ClI for the Mean

400 -
= R
E K o~ .
< - o ) &
-~ o~ e o . 5
£ 300- = % = 3 . ~ o g
.t ~ w0 =] - 2 = ~
o ~ o~ o~ il
c ~ ~ o i P 3
0 8 © < n i &~ = &
2200{7 = g B g - B3z B2 B2 13 = g S
= @ ., ™~ n = m I v o =< 3 o2 s e ]
- o — oM T = @ o b o M . ™ -
@ cx Bl SR -3 5 8 = = =2 | |TR TS =
s ® g & & = i I A S - =
3 100+
z I
o_
HIN 210 08 ;no;n ngin nan non non Nan nan nan nan non
ote o oitg ohs oo ofte ofe ogftd ofo ofg oSe otg
& 28 £ & 248 & & g8 g8 g8 & & 28 28 &8 ¢
Loai da £ § & § 3 § g § g § g §
H w o w o w o
Loai BTN ~ 2 ~ g ~ g
z o = [--] z [--]
= & =
i ha 3 c k-] Khi hau
Khi hau 3 £ Z B Ha NGi
- @ = Ha Néi
N - 5 Il NghéAn
= [J Dang Nai
b) A A 4 9 * Al A A 2
Hinh 4-11. Biéu d6 nut moi tir trén xudng cua BTN
Normal Probability Plot Versus Fits
999 7y
99 b4 10
90 e ®
— oo
é s ‘°ooo° . o %, 0 °
S so0 2, C‘ o 3o, 0 8 °®
3 I B o 7 o S
a o Y L o o
10 ..°~. ™ % S . .
5 L B J °
1 .0
01 -10
-10 -5 0 5 10 100 150 200 250 300
Residual Fitted Value
Histogram Versus Order

Residual

-8 -4 0 4 8 12 1 10 20 30 40 50 60 70 80 90 100
Residual Observation Order

Hinh 4-12. Biéu do phan tich phan du tap mau niit moi tir dudi 1én ciia BTN
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Pareto Chart of the Standardized Effects
(response is N(t tU trén xuéng (m/km), a = 0.05)

Factor

A
B
C
D
E

Name
Khi hau
Loai BTN
Loai da
Loai nhua
HLN

Hinh 4-13. Biéu do Pareto cac yéu t6 anh hudng dén nirt moi tir dudi 1én ctia BTN
Két qua phan tich thong ké tir tdp miu nirt moi tir trén xudng cua BTN cho thiy:
- Phan du tuan cua niit moi tir trén xudng cuia BTN theo quy luat phan bd chuén, cac
diém phan bd ngau nhién, théa man cac diéu kién cta phan tich théng ké (Hinh 4-12).
- Két qua phan tich phuong sai hé s6 xac dinh diéu chinh R?y, =99,68%, cac bién déu
6 hé s6 p-value<0,05 dam bao mirc ¥ nghia 95%.
- Két qua biéu do Pareto & Hinh 4-13 cho thay tat ca cac bién khi hau, loai BTN, loai
da, loai nhya va HLN c6 anh huong dén nit moi tir trén xudng cia BTN c¢6 y nghia
théng ké. Do vay co thé két luan rﬁng: c6 sy anh huong cia khi hau, loai BTN, loai da,
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loai nhyra va HLN dén kha niang chdng niit moi tir trén xuéng cia BTN.
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Hinh 4-14. Cac bién anh huéng chinh téi nirt moi tir dudi 1én ciia BTN
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Hinh 4-15. Anh hudng tuong tac ciia cac bién téi nirt moi tir dudi 1én cia BTN
Hinh 4-14 va Hinh 4-15 1a biéu dd cac bién anh huong chinh t&i nirt moi tir trén xudng
cia BTN. Anh huéng 16n nhat dén nirt moi tir trén xudng ciia BTN 1a HLN, trong d6
HLN (Pb-0,5) c6 niit méi tir trén xudng 16n nhat. Tiép dén 1a khi hau, trong d6 ving
khi hau Nghé An c6 niit méi tir trén xudng 16n nhét, sau d6 dén Pong Nai va Ha Noi.
Céc thong s6 khac anh hudong dén nirt méi tir dudi 1én cia BTN khong nhiéu.

4.3.3. Phan tich anh huwéng ciia cac yéu té dén tong chiéu siu LVBX toan két cau

Két qua phan tich mo hinh phuong sai-hdi quy sau khi da loai cac bién khong co y
nghia thong ké duoc dua ra tai Bang 4-6.

Bang 4-6. Két qua chi tiét phan tich sai s6 tip mau tong chiéu siu LVBX toan két cdu

Ngudn DF AdjSS AdjMS F-Value P-Value
Mo hinh 23 5679.49 24693  120518.03  0.000
Bac nhat 8 5643.06 70538  344266.95  0.000
Khi hau 2 541757  2708.78 1322039.87  0.000
Loai BTN 1 2.16 2.16 105372 0.000
Loai da 1 0.23 0.23 113.43  0.000
Loai nhya 2 217.99 108.99 53194.99  0.000
HLN 2 5.12 2.56 124939 0.000
Twong tac 2 chidu 15 3643 2.43 118526  0.000
Khi hau*Loai d4 2 0.02 0.01 587  0.004
Khi hdu*Loainhua 4  35.70 8.93 4356.49  0.000
Khi hau*HLN 4 0.11 0.03 13.24  0.000
Loai BIN*Loai da 1 0.02 0.02 9.77  0.002
Loai BIN*HLN 2 0.51 0.25 123.36  0.000
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Ngudn DF AdjSS AdjMS F-Value P-Value

Loai da*HLN 2 0.07 0.03 15.91 0.000
Sai 56 84 0.17 0.00

Tong 107 5679.66
T6ng hop md hinh

S R-sq R-sq(adj) R-sq(pred)

0.0452652  100.00%  100.00%  99.99%
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Hinh 4-17. Biéu do phan tich phan du tdp mau tong chiéu siu LVBX toan két ciu
Hinh 4-17 1a biéu d6 phan du cua téng chidu siu LVBX toan két ciu tuan theo quy
luat phan bd chuén, cac diém phan b ngiu nhién, thoa man cac diéu kién cia phan
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tich théng ké. Két qua phan tich phuong sai h¢ s6 xac dinh diéu chinh R?;, =100%, cac
bién déu co hé sb p-value<0,05 dam bao mirc ¥ nghia 95%.

Pareto Chart of the Standardized Effects

(response is Téng Iin (mm), a = 0.05)
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Hinh 4-18. Biéu dd Pareto cac yéu t6 anh huong dén tong chiéu sau LVBX toan két
céu
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Hinh 4-19. Cac bién anh huong chinh téi tong chiéu sau LVBX toan két cdu
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Hinh 4-20. Anh hudng tuong tac clia cac bién toi tong chiéu sdu LVBX toan két cau

Hinh 4-18 12 biéu do Pareto cac yéu té anh huong dén tong chiéu sau LVBX toan két
cau, két qua cho théy tat ca cac bién khi hau, loai BTN, loai d4, loai nhya va HLN c6
anh huong dén téng chiéu sdu LVBX toan két ciu c6 ¥ nghia théng ké. Do vy c6 thé
két luan réng: c6 sy anh hudng cua khi hau, loai BTN, loai d4, loai nhya va HLN dén
tong chiéu sau LVBX toan két ciu.

Hinh 4-19 va Hinh 4-20 1a biéu d6 cac bién anh hudng chinh téi tong chiéu sau LVBX
toan két ciu. Anh huodng 16n nhét dén téng chiéu sdu LVBX toan két ciu 1a khi hau,
trong d6 ving khi hau Nghé An c6 tong chiéu siu LVBX toan két cau 16n nhat, sau d6
dén Déng Nai va Ha Noi. Tiép dén 1a loai nhua, nhua duong PG64-22 c6 téng chiéu
sdu LVBX toan két ciu 16n nhat, sau d6 dén PG64-16 va PG82-22. Cac thong s6 khac
anh huong dén tong chiéu sau LVBX toan két cau khong nhiéu.

4.3.4. Phan tich anh huwéng ciia cac yéu toé dén chiéu siu LVBX ciia BTN

Két qua phan tich mo hinh phuwong sai-hdi quy sau khi da loai cac bién khong co y
nghia thong ké dugc dua ra tai Bang 4-7.

Bang 4-7. Két qua chi tiét phan tich sai s6 tp mau chiéu sdu LVBX cua BTN

Ngudn DF AdjSS AdjMS F-Value P-Value
Mo hinh 23 5206.56 22637  128245.60 0.000
Bac nhit 8 517194 646.49  366254.52 0.000
Khi hau 2 495779 2478.89 1404356.45 0.000
Loai BTN 1 171 1.71 967.38 0.000
Loai da 1 023 0.23 128.01 0.000
Loai nhya 2 20793 103.96 58897.68  0.000
HLN 2 429 2.15 1216.27 0.000
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Nguon DF AdjSS AdjMS F-Value P-Value
Tuong tac 2 chiéu 15 34.62 2.31 1307.51 0.000
Khi hau*Loai da 2 0.02 0.01 5.93 0.004
Khi hau*Loai nhyga 4  33.98 8.50 4813.02 0.000
Khi hau*HLN 4 0.11 0.03 15.09 0.000
Loai BTN*Loai da 1 0.02 0.02 8.87 0.004
Loai BTN*HLN 2 044 0.22 123.39 0.000
Loai da*HLN 2 0.06 0.03 16.33 0.000
Sai $0 84 0.15 0.00
Tong 107 5206.71
T6ng hop md hinh
S R-sq R-sq(adj) R-sq(pred)
0.0420136 100.00% 100.00% 100.00%
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Hinh 4-21. Biéu dd chiéu siu LVBX cua BTN
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Normal Probability Plot Versus Fits
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Hinh 4-22. Biéu do phan tich phan du tdp mau chiéu sdu LVBX ciia BTN

Pareto Chart of the Standardized Effects
(response is Lun BTN (mm), a = 0.05)
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Hinh 4-23. Biéu do Pareto cac yéu t6 anh hudng dén tong chiéu sau LVBX ctia BTN
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Hinh 4-24. Cac bién anh huong chinh téi chiéu sau LVBX cta BTN
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Hinh 4-25. Anh huong tuong tac ciia cac bién t6i chidu sdu LVBX ciia BTN

Nhin xét: Trén co sé két qua phan tich théng ké tir tdp mau chiéu sau LVBX cua
BTN cho théy:

- Phan du cta chiéu sau LVBX ciia BTN tudn theo quy luan phan bd chuan, cac diém
phan bb ngau nhién, thoa min cac diéu kién cua phan tich thong ké (Hinh 4-22).

- Két qua phan tich phuong sai hé s xac dinh diéu chinh R%s, =100%, céc bién déu c6
hé s6 p-value<0,05 dam bao murc ¥ nghia 95%.

- Két qua biéu dd Pareto ¢ Hinh 4-23 cho thay tit ca cic bién khi hau, loai BTN, loai
da, loai nhya va HLN c¢6 anh hudng dén chiéu sau LVBX ciia BTN c¢6 y nghia thdng
ké. Do vay c6 thé két luan rang: c6 sy anh hudng cta khi hau, loai BTN, loai d4, loai
nhua va HLN dén chiéu sdu LVBX cta BTN.

- Anh huong lon nhét dén chiéu siu LVBX ctia BTN 1a khi hau, trong do6 vung khi hau
Nghé An c6 chiéu sau LVBX ctia BTN 16n nhat, sau d6 dén Dong Nai va Ha Noi. Tiép
dén 1a loai nhya, nhua duong PG64-22 c6 chiéu sdu LVBX cta BTN 16n nhét, sau do
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dén PG64-16 va PG82-22. Cac thong sd khac anh huong dén chiéu sdu LVBX cua
BTN khong nhiéu (Hinh 4-24 va Hinh 4-25).

4.3.5. Tong hop phén tich danh gia

Khi phén tich cac yéu t6 anh huong dén gidi han thiét ké theo phuong phap co hoc
thuc nghiém MEPDG nhén théy:

- C6 thé str dung phuong phap MEPDG dé tinh toan két cau mat dudng mém & Viét
Nam.

- Két céu da tinh toan dam bao theo tiéu chuan 22TCN274-01 nhung chua théa man
khi phan tich véi MEPDG.

- Phuong phap MEPDG cic trang thai gidi han phan anh tryc tiép dén diéu kién khai
thac ctia két cau. Cac thong sd dau vao déu anh hudng rd rét dén céc trang thai gisi
han khai thac. Cac yéu td chinh anh huong 1a Khi hau, Loai nhya, HLN, Loai BTN,
Loai d4. Trong d6 Khi hau 1a anh huong 16n nhat dén céc trang thai gii han khai thac,
tiép theo 13 dén Loai nhwa, HLN, Loai BTN, con loai da c6 muc do anh hudng khong
dang ké dén céc trang thai giéi han khai théac.

- Céc dang pha hoai chu yéu 1a LVBX cua toan két ciu, LVBX cua cac 16p BTN, nirt
moi tir dudi 1én va nirt moi tir trén xudng ctia cac 16p BTN. Khu vyc mién Trung diéu
kién khi hau khéc nghié¢t hon, xac suit két ciu 1am viéc an toan thép hon mién Béc va
mién Nam.

- Tu cac phan tich trén can cha y dén viéc lua chon vat lidu, thiét ké ciu tao két cau
mit duong dé dam bao chat luong khai théc.
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4.4. Két luan chuong 4

- Céc thong s6 dau vao déu anh hudng rd rét dén cac trang thai giéi han khai thac cia
mit dudng theo phuong phap MEPDG (LVBX cua toan két cidu, LVBX cua cac 16p
BTN, ntt moi tir dudi 1én va nit moi tir trén xudng cua cac 16p BTN). Cac yéu tb
chinh anh hudng 14 Khi hau, Loai nhua, HLN, Loai BTN, Loai da, chi tiét nhu sau:

+ Anh huong 16n nhat dén nirt moéi tir dudi 1én cia BTN 14 khi hau, trong d6 ving khi
hau Nghé An c6 niit méi tir dudi 1én cia BTN 16n nhét, sau d¢6 dén Dong Nai va Ha
Noi. Céc thong s6 khac anh huong dén niit moi tir dudi 1én cia BTN khong nhiéu.

+ Anh hudng 16n nhat dén nirt méi tir trén xudng ctia BTN 1a HLN, trong d6 HLN (Pb-
0,5) c6 nirt moi tir trén xudng 16n nhat. Tiép dén 1a khi hau, trong d6 ving khi hau
Nghé An c6 niit moi tir trén xudng 16n nhat, sau d6 dén Pong Nai va Ha Noi. Tiép dén
la loai nhya, loai BTN va loai da.

+ Anh hudng 16n nhat dén tong chiéu sdu LVBX toan két cau va chiéu sau LVBX cila
BTN Ia khi hau, trong d6 ving khi hdu Nghé An c6 téng chiéu sdu LVBX toan két ciu
16n nhat, sau d6 dén Déng Nai va Ha Noi. Tiép dén 1a loai nhua, nhya duong PG64-22
c6 tong chiéu siu LVBX toan két cau va chiéu sdu LVBX caa BTN 1én nhét, sau d6
dén nhya duong PG64-16 va PG82-22. Céc thong sd khac anh huéng dén tong chicu
sau LVBX toan két ciu va chiéu sdu LVBX ctia BTN khong nhiéu.
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KET LUAN VA KIEN NGHI

A. Két luin, nhirng déng gép méi ciia luin 4n

Bang phuong phap nghién ctru 1y thuyét két hop thyc nghiém trong phong, trén céc
loai vat liéu duoc lua chon, véi cac thiét bi thi nghiém hién dai, s6 mau thu hop 1i, )
lidu thi nghiém dugc phan tich thong ké, luan an da c6 mot s dong gop mang tinh méi
vé mat khoa hoc va thyc tién nhu sau:

1. B4 dé xuat lya chon phuwong phap, trinh ty thiét ké hdn hop bé tong nhya Superpave
theo nguyén 1y can bang ¢ Viét Nam theo cach A - Thiét ké theo thé tich Superpave va
kiém tra, xac nhan cac dic tinh lam viéc, voi phuong phap thi nghiém danh gia kha
nang chéng nut bang 01 trong 02 thi nghiém theo thir tw uu tién nhu sau:

(1). Thi nghiém IDEAL CTindex theo ASTM D8225 v&i ngudng chi s6 chiu nirt tbi
thiéu (CTindex) 1a 70 dé chap nhan hdn hop BTN.

(2). Thi nghiém udn dam ban nguyét SCB theo TCVN 11347:2021 v&i ngudng chi sd
mém tbi thiéu (FI) 1a 8.0 dé chap nhan hon hgp BTN.

2. ba thyc hién nghién ctru thuc nghiém trong phong vdi bé tong nhya Superpave sur
dung 02 c& hat 16n nhét danh dinh cua BTN (BTN12,5 va BTN19), 02 nguén géc da
dam (da voi va da bazan), 03 loai nhya duong (PG64-16; PG64-22; PG82-22) va 03
ham luong nhya (Pb-0,5, Pb, Pb+0,5), két qua dua ra:

2.1. V& anh hudng cua c& hat 16n nhat danh dinh: khi ting c& hat 16n nhat danh dinh tir
12,5mm 1én 19mm thi kha ning chéng LVBX ctua BTN la khong khac nhau nhiéu,
nhung kha ning chéng nit méi lai giam xudng.

2.2. Vé anh huéng cua ngudn goc cot licu: Kha ning chéng nirt méi va chong LVBX
cia BTN12,5 va BTN19 sir dung d4 dim gdc bazan tot hon goc da voi (kha ning
chéng nit méi cao hon tir 12% dén 13% va chéng LVBX cao hon khoang 12%).

2.3. Vé anh huéng cua loai nhya: Kha ning chong nit moi va chéng LVBX cila mau
BTN12,5 va BTN19 sir dung nhya PG82-22 (polime PMB.III) 14 t6t hon nhiéu so véi
nhwa PG64-22 (nhwa 60/70) va nhua PG64-16 (nhwa 40/50). Kha nang chong LVBX
cua BTN12,5 va BTN19 sit dung nhua PG64-16 (nhua 40/50) cao hon so véi nhua
PG64-22 (nhya 60/70) khoang 18% nhung kha niang chong nit méi lai kém hon tir
18% dén 26%.

2.4 V& anh hudng ctua ham luong nhya: Kha ning chdng ntt moi cia BTN ting 1én
khi taing ham luong nhua thiét ké trong hdn hgp BTN nhung kha ning chéng LVBX
lai giam xubng.
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2.5. Trong khuon kho nghién ciru, da xdy dung 12 phuong trinh hdi quy gitta: chi s6
CTindex véi chi s6 mém FI; chi s CTindex véi chiéu sdu LVBX; chi sé mém FI véi
chiéu sdu LVBX; chi s6 mém FI, chi s6 CTindex, chiéu sdu LVBX voi ham luong
nhya cua BTN12,5 va BTN19 sur dung nhya duong PG64-22 va nhya duong PG64-16,
chi tiét tai cac cong thuec tir (3.1) dén (3.12).

3. Cac thong sb dau vao déu anh huong rd rét dén cac trang thai gidi han khai thac cia
mat dudng theo phuong phap MEPDG (LVBX cua toan két cidu, LVBX cua cac 16p
BTN, ntt moi tir dudi 1én va nit moéi tir trén xudng cua cac 16p BTN). Cac yéu to
chinh anh hudng theo thur tu 1a khi hau, loai nhya, HLN, loai BTN, loai d4. Trong do
khi hau 1a anh hudéng 16n nhat dén cac trang thai giéi han khai thac (Nghé An c6 dicu
kién khi hau khic nghiét hon, xac suit két cdu lam viéc an toan thép hon Ha No6i va
Pong Nai).
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B. Nhirng ton tai, han ché

K&t qua nghién ctru cua luan an con mot s6 nhirng han ché sau:

- Chua thir nghiém véi loai BTN 25 do loai BTN nay chua duoc ap dung phd bién hién
nay tai Viét Nam.

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

- Chua thir nghiém v6i BTN san xuat tai tram tron trong qué trinh thi cong.

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

- Nghién ciru danh gia kha nang chéng nirt méi va LVBX cua bé tong nhya Superpave
véi nhiéu loai da dam nguén géc khéc nhau, dai dién cho nhiéu vung cua Viét Nam.

- Can b6 sung chi tiéu danh gia kha nang chdng nit méi khi thiét ké hdn hop BTN cho
cac tuyén dudng cap cao, ¢ quy mé giao thong 10n tai Viét Nam.

- Kién nghi Bo GTVT c¢6 chii trwong cho nghién ctru thir nghiém hién trudng trén doan
duong BTN thiét ké theo phuwong phap Superpave theo nguyén 1y can bang dé theo ddi
danh gia kha niang chong nit méi, LVBX ciia bé tong nhua Superpave trong thyc té.

- Céan som chuyén d6i sang 4p dung tiéu chuan phan cap nhya duong theo PG va thiét
ké hdn hgp BTN theo Superpave theo nguyén 1y cin bang cho Viét Nam. Vi thiét ké
BTN theo Superpave di giai quyét van dé lién quan dén Iya chon vat liéu BTN trong
d6 c6 lwa chon nhya dudng theo cap dic tinh PG phuc vu cho thiét ké hdn hop BTN
phu hop véi ddc tinh dong xe, nham giam thiéu cac hu hong miat dudng nhu nit moi,
LVBX trong qua trinh khai thac.
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