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Tém tiit

Nghién cuu nay trinh bay danh gia kha nang tu
han gdn ciia bé téng nhia théng qua tong quan
cong nghé hién tai va trwong hop dién hinh tai
tuyén Nguyén Truong T, Hai Phong. Bon hudng
tié’p can chinh - “tw phuc héi néi tai, vi nang, gia
nhiét cam wrng va gia nhiét vi song” - dwoc so sanh
dua trén cdc chi s6 nhu chi s6 han gdn (HI), mirc
dé han gan (HL), kha ndng khang han lin va d¢
bén nuéc. Két qua cho thd'y co ché ndi tai chi dat
HI 20-30%, trong khi vi nang cai thién lén khoang
62% nhung giam dan sau nhiéu chu ky. Cong nghé
cam wng va vi song thé hién hiéu qua vieot troi,
voi HI dat 85-100% va 92,8%. Phan tich giao
théng xdc dinh tong luu heong 19.558 PCU/ngay,
trong dé phirong tién ndng chiém 59,72%, phan
danh nguy co méi cao. Ung dung céng nghé vi séng
voi 25% bot soi carbon (CFP) hodac 80% xi thép
(SSAM) cho thdy HI >90%, khd ndng khdng hdn
lun tang 60,7% va do bén nuée cai thién 5,97%.
Khuyén nghi van hanh bao gom can thiép tai moc
nika vong doi hodc gan ngudng SCB-P90, két hop
theo doi khéng phd hoai dé duy tri hiéu qua han
gan. Cdc két qud nay khang dinh céng nghé vi
séng la giai phap kha thi va bén vimg cho mdt
dwong doé thi chiu tdi trong nang ¢ Viét Nam.

Tir khéa: Bé t6ng nhwa t han gan, Chi s6 han
gan (HI), Gia nhiét cdmv ung, Xi thép, Bot soi
carbon, Luu lwong quy doi PCU.

Abstract

The study presents an evaluation of self-healing
asphalt mixtures through a review of current
technologies and a case study on Nguyen Truong
To Street in Hai Phong. Four main approaches—
intrinsic healing, microcapsules, induction heating,
and microwave heating—were compared using
indicators such as Healing Index (HI), Healing

Level (HL), rutting resistance, and moisture
resistance. Intrinsic  healing showed limited
effectiveness  with HI of 20-30%, while
microcapsules improved recovery up to ~62% but
decreased after repeated cycles. Induction and
microwave heating demonstrated superior results,
with HI reaching 85-100% and 92.8%,
respectively. Traffic analysis indicated a total of
19,558 PCU/day, with heavy vehicles accounting
Jor 59.72%, confirming a high fatigue risk.
Application of microwave heating with 25% carbon
fiber powder (CFP) or 80% steel slag (SSAM) was
shown to achieve HI >90%, improved rutting
resistance by up to 60.7%, and enhanced moisture
resistance by 5.97%. Operational
recommendations suggested intervention at mid-
life or near the SCB-P90 threshold, combined with
non-destructive monitoring to sustain recovery
efficiency. These findings highlight microwave
heating as a technically feasible and sustainable
solution for urban roads with heavy traffic
conditions in Vietnam.

Keywords: Self-healing asphalt, Healing Index

(HI), Induction heating, Steel slag, Carbon fiber
powder, PCU traffic.

1. M& dau

Trong hon nira thé ky qua, bé tong nhya (BTN) da
duoc st dung rong rai nhu vat li€u chu yéu cho mat
duong mém tai hau hét cac qudc gia. Piac tinh ndi bat
ciia BTN nidm ¢ kha nang thi cong thuan lgi, tinh ém
thuan khi khai thac, cling nhu chi phi dau tu ban dau
tuong dbi hop 1y. Tuy nhién, BTN luén chiu tic dong
ddng thoi cua tai trong giao thong lip lai va moi
truong khi hau khéc nghiét. Cac tac nhan do gy ra
ntt moi, hin lun, bong bat bé mit va sy suy giam dan
ctia md dun dan hoi, tir &6 1am giam dang ké tudi tho
cong trinh giao thong. Chi phi duy tu bao tri BTN do
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vay chiém ty trong 16n trong vong doi du 4n, dic biét
tai cac nudc dang phat trién, noi didu kién khai thac
khic nghiét nhung ngudn lyc han ché.

Co ché hinh thanh hu hong cia BTN di dugc phan
tich theo nhiéu nghién ctru. Nt moi dugc xac dinh 1a
hau qua cta tng suat 13p lai vuot qua kha ning chong
chiu vi cAu tric cta bitum. Sy xuét hién vi nit ban dau
thuong khé quan sat, nhung dudi tdc ddng tai trong va
mai truong, vi nirt lan rong va hop nhét thanh hu hong
bé mat. Cac bién phap bao tri truyén thong nhu cao
boc, tai rai BTN hodc vé cuc bd c6 thé phuc hdi chite
nang mat duong, song lai gdy gian doan giao thong va
phat sinh lwong 16n khi thai, chét thai xay dyng. Do
d6, mot giai phap vat liéu méi nham ty dong phuc hoi
cac hu hong nhoé dugc xem la hudng di dot pha trong
linh vuc cong nghé mat dudng.

Khai niém tu han gin (self-healing) trong BTN
duoc hinh thanh dya trén co sé tinh chét luu bién cua
nhua duong. Khi vi nirt kich thuéc nho xuét hién, kha
nang chay nhdét cua bitum & diéu kién nhiét do thich
hop cho phép hai bé mit nirt din dan dinh lai [1]. Pay
duogc goi 1a co ché tu han gén ndi tai (intrinsic self-
healing). Nhiéu nghién ciru da chi ra rang, trong diéu
kién nhiét 6 cao va tai trong gian doan, chi ) phuc
hoi cuong do udn co thé dat mirc 20-30% so véi ban
dau [2]. Tuy nhién, mirc d6 nay dwoc xem 14 han ché
va khong du ngan chan sy phat trién cia cac hu hong
nghiém trong [3]. Chinh vi vay, hudng nghién ctru
tang cuong co ché ty phuc hdi bang cac cong nghé
ngoai vi (extrinsic) da duoc thiic diy manh mé trong
hai thap ky gan day.

Céc cong nghé bd sung duoc phat trién chu yéu
gdm ba nhom. Thir nhét, vi nang (microcapsule) chira
tac nhan phuc hdi duge tron truc tiép vao BTN. Khi
vi nit hinh thanh va pha v& vi nang, chat long phuc
hoi (dau tai sinh, polyme) s& duoc giai phong, tham
vao ving nirt va khoi phuc tinh lién két [4]. Thi hai,
gia nhiét bang cam tng (induction heating) sir dung
cac hat hodc sgi thép phan tan trong BTN. Khi dit
dudi truong dién tir xoay chiéu, cc phan tir nay sinh
nhiét va lam mém chay bitum, tir 6 han ge"m khe nut
[5]. Thir ba, gia nhiét vi song (microwave heating) tdn
dung kha nang hap thu song dién tir cua vat liéu dan
dién (vi du xi thép, sgi carbon). Dudi buc xa vi song,
vat liéu nong 1&én nhanh chong va kich hoat qué trinh
phuc hdi [6]. Ngoai ra, con ¢ cac nghién ciru vé hé
thong lai ghép (hybrid) két hop vi nang va gia nhiét
dé tan dung uu diém cta ca hai phuong phép [7].

Dé danh gia hiéu qua phuc hdi, nhiéu chi sé dinh
luong dd dwoc phat trién. Chi s6 han gin (Healing
Index - HI) dugc dinh nghia thong qua ty 1€ cuong do

Ky thuat va Cong nghé Hang hai

hodc m6 dun sau phuc hdi so véi trude khi hu hong
[8]. Trong thi nghiém ubn 3 diém, cudng do udn & chu
ky thi hai chia cho chu ky thtr nhét phan anh tryuc tiép
HI. Ngoai ra, cac chi ti€u khac nhu nang luong pha
hty phuc hoi, m6 dun dan hoi, hay ty 18 kéo dai tudi
tho moi cling dugc st dung [9]. Viéc tiéu chuén hoa
céc chi s6 ndy dong vai trd quan trong dé so sanh cong
nghé va xac dinh liéu lugng t6i uu.

Céc cong trinh qudc té da bao céo nhicu két qua
kha quan cho thdy mau BTN chira 0,5% vi nang dat
HI = 62% & 40°C sau 72 gid nghi, trong khi mau d6i
chung chi dat = 45% [4] hay BTN tron soi thép c6 thé
phuc hdi gan nhu hoan toan d¢ cimg sau gia nhiét cam
{rmg 2-3 phut, va tudi tho méi kéo dai gap doi [5], ghi
nhén BTN chura 80% xi thép c6 HI = 92,8% khi gia
nhiét vi song 700 W trong 60 gidy, dong thoi cai thién
dang ké kha nang khang han lan [6]. Nhiing s lidu
nay cho thiy kha nang phuc hdi c6 thé dat t6i 60-95%
tuy cong nghé, vuot xa co ché ty nhién vén chi dat 20-
30%.

Mic du tiém nang 16n, viéc ing dung cong nghé
BTN ty han gin tai Viét Nam van con bo ngo. Cac
nghién ctru trong nude chu yéu dimg & mirc vat lidu
tai ché, chua c6 cong trinh nao trién khai vi nang hay
gia nhiét cam tng trén thuc dia. Khoang tréng nay dic
biét dang chi y khi xét dén diéu kién Viét Nam: Khi
hau nhiét déi 4m gi6é mua, lvu lugng xe tai nang 16n
tai cac tuyén hanh lang cang bién, va ngn sach bao
tri han ché. Viéc kéo dai tudi tho BTN thém 5-10 nim
thong qua cong nghé tu han gin s& mang lai gia tri
kinh té va xa hoi to 16n, giam un tic, tiét kiém chi phi
duy tu va giam phat thai CO; tir san xuat vat liéu moi.

Tir bdi canh trén, nghién ctru nay duoc thyc hién
theo phuong phap phan tich tong hop, chuan hoéa chi
s HI-FER-FLE, tinh toan dya trén mo hinh quy doi
PCU theo TCVN 13592:2022 va m6 phong chu ky can
thiép - chi phi vong doi cho tuyén Nguyén Truong To
dé danh gia dinh luong theo chi s han gén, va dé xut
kha nang trng dung tai Viét Nam. CAu trac nghién ctru
bao gom: (i) tong quan cong nghé theo timg nhém
chinh; (@) so sanh dinh lugng hiéu qua; (i) nghién
ctru trudng hop ap dung cho tuyén duong do thi trong
diém tai Hai Phong; (iv) két luan va kién nghi chinh
sach. Bang cach do, bai viét nham cung cép co sé khoa
hoc va thuc tién dé khuyén nghi trién khai cong nghé
BTN ty phuc hdi tai Viét Nam trong thap ky toi.

2. Téng quan cdng nghé tw han gin trong bé
tong nhua

Kha nang ty han gén trong bé tong nhya dwoc hiéu
1a qua trinh phuc hdi tinh chét co hoc cua vt lidu sau
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khi hinh thanh vi niit. Co ché nay c6 thé dién ra tu
nhién do bitum mém hoa dudi tic dong nhiét hodc
duoc hd trg bai cac giai phap ngoai vi. Cac nghién ctru
tong quan gan day da cho thdy ty han gin la mot
hudng tiép can bén ving nhim kéo dai tudi tho va
giam chi phi vong doi ctia két cau mit duong.

Co ché ngi tai nhu trong Hinh 1, thuong bi gidi
han do phu thudc vao d6 nhét cta bitum. Thi nghiém
nghi mau 72 gio & 25-30°C cho thay chi s6 HI chi dat
20-30%, tirc 1a vat liéu chi phuc hoi dugec mot phan
nho cudng do, khong du dé ngan chan nat moi [8].

, K:
Tuw han gin

Hinh 1. So dé co ché tr han gdn ngi tai ciia nhura
duong

Mot trong nhitng cong nghé ngoai vi dugc nghién
ctru nhiéu 13 vi nang chira dau tai sinh. Khi tron 0,5%
vi nang alginate vao BTN, HI c6 thé ting tir 45% 1én
62%, tirc 14 cai thién khoang 15-20% so v&i mau doi
chung [3]. Vi cac thiét ké da 15i, hidu qua duge duy
tri 6n dinh hon, khi HI van dat 58-61% sau ba chu ky
thir nghiém SCB & 20°C[4]. Tuy nhién, hiéu qua giam
nhanh néu s chu ky vuot qua nim va nguy co ting
d6 rdng c6 thé anh huong dén do bén nude.

Cong ngh¢ gia nhiét cam Ung st dung soi thép
hoic hat dan tir tron vao BTN. Khi chiu tic dong tir
truong xoay chiéu, vat liéu dan sinh nhiét cuc bg, lam
mém bitum va han gén khe nitt. Thir nghiém thyc dia
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da cho thdy HI dat 85-100% sau 2-3 phut gia nhiét,
trong khi tudi tho moi dugc kéo dai gap 2-3 lan
(FLE=200-300%) [8], véi FLE 1a hé s6 kéo dai tudi
tho moéi. Méac du hiéu qua cao, chi phi tang thém
khoang 25% va yéu cau thiét bi chuyén dung van la
rao can chinh.

Cong nghé gia nhiét vi song tan dung kha ning hp
thu song dién tir ctia vat lidu. Khi thay thé 80% cét li¢u
béng xi thép, HI dat 92,8%, HL dat 63,7%, kha nang
chdng han lun tang 60,7% va do bén nudc cai thién
5,97% [9]. Trong khi d0, viéc thay thé 25% filler (filler
- bot khoang minh trong hdn hop BTN) bang bot soi
carbon (CFP) da chimg minh toc do gia nhiét cao gip
19 lan so vdi filler truyén théng, dong thoi HI cai thién
16 & diéu kién nhiét do thap [10]. Phuong phép nay dic
biét c6 ¥ nghia khi gin vdi viée tan dung phu phim
cong nghiép va giam phat thai CO, vong doi.

Céc hé thdng lai ghép giita vi nang va gia nhiét
cam tng hodc vi séng ciing da dugc thir nghiém. Két
qué cho thdy HI van duy tri trén 60% sau tdm chu ky
SCB, trong khi BTN thuong giam xudng dudi 40%
[11], két qua so sanh thé hién & Hinh 2. Mic du con
phtre tap va chi phi cao, hudng tiép can ndy mé ra trién
vong trong bao tri dai han.
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alginate

I'y nhién

Hinh 2. Dé thi so sinh HI% giita 4 cong nghé chinh
[8-10]
Cac s6 liéu so sanh trong Bang 1 da khing dinh:
Co ché noi tai chi mang tinh bd trg; vi nang thich hop
cho cac nghién ctru thi diém; cam ung va vi song

Bing 1. So sdnh cic cong nghé tw han gin trong bé tong nhua

Cong ngh¢ HI (%) Dic trung ndi bat Han ché chinh
Noi tai 20-30 Dua vao dong chay bitum ¢ nhiét d6 moi truong Hiéu qua rét thip
Vi nang ~62 Tu giai phong dau tai sinh, cai thién HI Giém hiéu qua sau nhidu chu ky
L o N s Chi phi cao, thiét bi chuyén
Cam tng 85-100 Gia nhiét nhanh, tang tuoi tho moi 2-3 lan
dung
Vi song (xi HI cao, HL 63,7%, kha ning khang hén lin vét banh » o
i 92,8 . . Kiem soat phan bo nhiét
thép) xe 1 60,7%, kha nang khang am ciia BTN 1 5,97%
Vi song (CFP) >90 Téc d6 gia nhiét gip 19 lan, chéng nirt nhiét do thép Nghién ctru méi, can t6i uu
. >60 (sau 8 o ‘ L L
Hybrid hu k) Duy tri hiéu qua dai han nhieu chu ky Cheé tao phuec tap, chi phi
chu ky
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chirng minh hi¢u qua vuot troi vé co hoc va vong doi;
con hé thong lai ghép mé ra huéng phat trién bén vimg
trong tuong lai.
3. So sanh dinh lwgng hiéu qua cac cong nghé
tu han gin
3.1. Cdc cong thirc co bdn danh gid khd ning
tw han gin
Trong nghién ctru vé kha ning ty han gin cta bé
tong nhya, nhiéu cong thic di duogc thiét 1ap nham
dinh lugng murc d6 phuc hdi co hoc cua vat lidu. Cac
cong thie co ban dugce sir dung pho bién gdm:
(i) Chi s6 han gin (Healing Index - HI):
HI = (0,/0) X 100% (1)
V6i o3 1a cudng d6 chiu udn hodc chiu kéo sau khi
vat liéu trai qua mot chu ky ty han gén; op: cuong do
ban dau trudc khi xay ra hu hong; HI: ty 18 phan trim
kha nang phuc hdi cuong do;
(ii) Ty 1& phuc hdi mé dun (Modulus Recovery
Ratio - MR):
MR = (E,/Ey) X 100% 2)
Trong d6, E; 14 mé dun dan hdi sau khi han gén;
E,: m6 dun dan hdi ban dau;
(iii) Chi s phuc héi nang lwong phé hay (Fracture
Energy Recovery Index - FER):
FER = (U,/Uy) x 100% 3)
V6i Uy 12 nang lugng pha hiy dwoc hip thy bai
mau sau khi han gén; Uy 1a ning lugng pha huy ban
dau.
(iv) Ty 1& kéo dai tudi tho moi (Fatigue Life
Extension - FLE):
FLE = (Ny/Ny) x 100% 4
V6i Ny 1a s6 chu ky chiu tai dén phé hity sau khi
¢6 co ché han gin; Ny 1a s6 chu ky chiu tai dén pha
hay dbi véi vat liéu khong ¢ co ché han gin.
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Céc cong thuc tir (1) dén (4) trén cho phép danh
gia kha nang tu phuc hdi cta bé tong nhya tir nhidu
goc d¢: Cuong d9, do cung, nang lugng va tudi tho
moi. Trong nhiéu nghién ctru, HI dugc coi la chi s6 co
ban nhét va duoc ap dung rong rai [1, 2, 12].

3.2. Phan tich so sanh

Khi dbi chiéu cac cong nghé tw han gan, ¢6 thé nhan
thay co ché ndi tai chi mang lai hiéu qua han ché véi
HI dat 20-30% sau thoi gian nghi trong diéu kién moi
trudng, tirc 1a vat liéu chi phuc hdi dwoc mét phan nho
cuong d6 va khong du dé duy tri tudi tho dai han. Viéc
bd sung vi nang chira diu tai sinh gitp cai thién 16 rét,
véi HI tang tir 45% 1én 62% khi str dung 0,5% alginate,
tuong tmg mutc phuc hdi cao hon 15-20% so véi mau
dbi chimg; tuy nhién, hiéu qua nay giam dan khi lap lai
nhiéu chu ky, mic di vi nang da 15i van c6 thé duy tri
HI & khoang 60% sau ba chu ky [6,7]. Trong khi d6,
cong nghé cam tmg cho thiy kha ning phuc hoi gan
nhu toan phﬁn khi tron 4% soi thép, voi HI dat 85-100%
chi sau 2-3 phut gia nhiét, ddng thoi tudi tho méi ting
gip 2-3 lan (FLE = 200-300%), minh chimg cho hiéu
qua vuot trdi trong diéu kién thuc dia [8]. Tuong tu, gia
nhiét vi song voi ham lugng xi thép t6i 80% da dat HI
92,8%, MR 88% va FER 90% sau 60 gidy & cong suat
700 W, qua d6 kéo dai tudi tho moi khoang 2,5 lan;
ngoai ra, kha nang chong han lun dugc cai thién 60,7%
va d6 bén nudc ting thém 5,97% [9], s6 liéu va biéu dd
so sanh giita cac cong nghé duoc thé hién ¢ Bang 2 va
Hinh 3. Pang chu ¥, cac hé thdng lai ghép giita vi nang
va cam tmg hay vi séng cho thdy wu thé duy tri hiéu qua
dai han, khi HI van dat trén 60% sau tam chu ky SCB
trong khi mau BTN thudng giam xubng dudi 40% [11].

Tir cac két qua trén c6 thé khang dinh ring co ché
ndi tai chi gitt vai tro bd trg, vi nang cai thién nhung
hiéu qua gioi han, trong khi cam tng va vi song dat
hi€u qua vuot trdi ca vé HI 1an tudi tho moi, d@)ng thoi
hé thdng lai ghép cho thiy trién vong trong bao tri

Bing 2. So sdnh cdc chi tiéu ti han gin theo cong nghé

Cong nghé Pidu kién thi nghiém MR (%) FER (%) | FLE (%) Ghi chu
o M3u dim ubn, 25-30 °C, Chi phuc hdi mot
Tu nhién (ndi tai) . 25-35 20-25 1,0x R
nghi 72 h phan
Vi nang alginate (0,5%) | Ubn 3 diém, 40°C, 72 h 60 55 1,2x Cai thién 15-20%
Vi nang da 161 (1,0%) SCB test, 20°C, 3 chu ky 55 50 1,3x Duy tri sau 3 chu ky
o o Ha Lan, may cam ung, 2-3 .
Cam tng (soi thép 4%) ] 80-95 85 2,0-3,0x Thuc dia
phut
L, o Cai thién co hoc rd
Vi song (xi thép 80%) Marshall, 700 W, 60 s 88 90 2,5% N
18
Hybrid (vi nang + cam . Duy tri nhiéu chu
i SCB test, 8 chu ky 65 62 1,8x .
ing) ky
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Hinh 3. Bibu db so sanh MR, FER va FLE cua cdc
cong nghé [8-10]

nhiéu chu ky. Vé khia canh kinh té, cam tng lam ting
chi phi ban du khoang 25% nhung dbi lai tudi tho
mat dudng kéo dai 2-3 1an, vi séng tan dung xi thép ré
va mang lai loi ich bén ving hon, trong khi vi nang
hién con dit d6 va kho thuong mai héa. Nhu vay, so
sanh dinh lugng da chi ra ring cam tng va vi séng la
hai cong nghé kha thi nhat cho tmg dung quy mé 16n,
con vi nang va hybrid phu hgp cho nghién ctru va cac
thir nghiém budc dau.
4. Truomg hop dién hinh - tmg dung trén tuyén
Nguyén Truong Té (Hai Phong)
4.1. Boi canh va diéu kién tuyén dwong

Nghién cuu dugc thuc hién dudi dang phan tich
tong hop két hop mo phong dinh lwong, khong tién
hanh thi nghiém truc tiép. Pham vi tap trung vao viéc
danh gia tiém nang mg dung cong nghé han gin bang
vi song ddi v6i mat duong bé tong nhya do thi tai Viét
Nam, thong qua viéc hiéu chinh va ap dung cac chi sb
hi€u nang (HI, MR, FER, FLE) tir co s¢ dit liéu quéc
té vao diéu kién thuc té trong nudc.

Tuyén Nguyén Truong To (Hai Phong) duoc lya
chon 1am truong hop dién hinh do ¢6 dic trung luu
luong néng, ty trong xe tai va xe buyt cao (59,72%),
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cung két cdu 4o dudng cip cao Al twong ddng véi
nhiéu tuyén d6 thi ven bién. Mic du Viét Nam chua
c6 cong trinh thi nghiém quy mé 16n vé bé tong nhya
ty han gan hodc tai sir dung xi thép lam vat liéu hap
thu vi soéng, viéc su dung dir liéu thuc té cua tuyén Kkét
hop v6i s6 lidu chuan hoa tir cac nghién ciru qudc té
cho phép xay dung mot mé hinh mé phong dinh lugng
phan 4nh tuong ddi chinh xac diéu kién van hanh tai
Viét Nam.

Céc gia tri HI, FER va FLE dugc tinh toan bang
mo hinh ty 18 héa theo cac thong sb trung binh cua
BTN trong diéu kién nhiét d6i am. Céch tiép can nay
gitip dinh lwong dwoc hiéu qua tiém ning cia cong
nghé vi song khi tmg dung ¢ Viét Nam, dong thoi xac
dinh nhimg khoang tréng nghién ctru can dugc kiém
ching trong giai doan tiép theo.

4.2. Dir liéu giao thong va quy doi PCU

S6 lidu diéu tra tai vi tri Km5+200 [13] dd duoc
tong hop theo trung binh ngay, gdm bay nhém phuong
tién: xe con, xe tai nho, xe tai 16n, xe buyt, xe may, xe
th6 so va nhom khac; téng Ivu luong dat 15.978
xe/ngay. Dé biéu dién twong duong vé tac dong luu
lwong dén diéu kién khai thac, di liéu da duge quy ddi
sang don vi xe con (PCU) bang cong thirc:

Téng PCU/ngay:

PCUtotar = X N; X f; ®)
Ty trong cua nhém i
pi = 100 X (N; X f;)/PCUotar (6)

Trong d6 N;1a luu lugng cia nhém i (xe/ngay) va
/i 14 hé sb quy ddi PCU;

Theo TCVN 13592:2022 ddi vé6i tbe do thiét ké
<60 km/h, cac hé sb da duoc dung nhu sau: xe con =
1,0; xe tai 2 truc va buyt nho = 2,5; xe tai >3 truc va
buyt 16n = 3,0; buyt trung binh = 2,5; xe may = 0,3;
xe thd so = 0,3; nhdm khac = 1,0 (xem Bang 3).

Két qua cho thay tong PCU/ngay ~ 19.557,6. Khi

Bing 3. Quy déi lwu lwong sang PCU/ngay vi co ciu PCU

Nhom phwong tién N (xe/ngay) PCU PCU/ngay Ty trong PCU (%)
Xe con 5.864 1,0 5.864,0 29,98
Xe tai nho (2 truc, buyt nho) 2.469 2,5 6.172,5 31,56
Xe tai 16n (=3 tryc, buyt 16n) 1.291 3,0 3.873,0 19,80
Xe buyt trung binh 654 2,5 1.635,0 8,36
Xe may 4.882 0,3 1.464,6 7,49
Xe thd so 385 0,3 115,5 0,59
Xe khac 433 1,0 433,0 2,21
Téng 15.978 19.557,6 100,00
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g0p phuong tién nang (xe tai 2 truc + xe tai >3 truc +
buyt), ty trong PCU dat 59,72% (= 31,56 + 19,80 +
8,36), cao hon dang ké so vdi ngudng 50% thuong
dung dé nhan dién tuyén c6 rii ro méi cao. Ty trong
xe con chiém 29,98% va xe may chiém 7,49%, cho
thdy anh huong chi phdi ciia nhom nang t&i trang thai
{mg sut kéo lap & day 16p BTN mit. Trong bdi canh
nay, giai phap phuc hdi chu dong dua trén kich hoat
nhiét ciia BTN duoc xem 1a phi hop dé 1am cham qua
trinh suy giam, giam tan suat duy tu va han ché nhu
ciu cio boc-rai méi. Phan bd luu luong va ty trong
PCU ciia timg loai phuong tién dugc thé hién twong
ung trong Hinh 4 va Hinh 5.

7.000

6.000
5.000
4.000
3.000
2.000
1.000
- i)

0

=1

thé  Xe tai lon Xe buyt dy Xethdso Xekha
(23tryc, trung bin

lr\)l !vt\

W N (xe/ngay) ®™PCU/ngay

Hinh 4. Biéu dé luu lugng ciia tirng logi xe

= Xe con = Xe tai nho (2 truc, buyt nho) = Xe tai lon (23 truc, buyt Ién)

Xe buyt trung binh = Xe may = Xe thd so

= Xe khac

Hinh 5. Ti trong PCU% cua tirng logi xe

4.3. Anh hwong khi hiu va dic diém két ciu do
duong

Cac dic trung khi hau dién hinh cia Hai Phong
(nhiét do trung binh ndm khoang 23,7°C, lugng mua
nam ~1.840-1.850 mm) di dwoc ghi nhan 6n dinh
trong nhidu nim gan day. Duéi tic dong cua do am
cao va sd ngay mua 16n, cic co ché mét dinh bam
nhura-cét lidu, thAm wét-hut nude va l3o hoa nhiét-oxy
hoéa cua bitum c6 xu hudng tang toc. Dbi v6i do duong
Al, tng suit kéo lap tai day 16p mat BTN do nhom
phuong tién ning gay ra, khi két hop vai kha ning suy
giam mo dun do 4m-nhiét, s& lam rit ngén thoi gian
xuét hién mang nirt moi va thiic day han lin vét banh.
Vi vay, cong nghé ty han gin néu dugc ap dung can

Ky thuat va Cong nghé Hang hai

dap tmg dong thoi ba yéu cau: (i) phuc hdi co hoc vai
HI cao, (ii) gia nhiét c6 kiém soat dé tranh l3o hoa, va
(iii) cai thién tinh bén nudc & khang han lin dé thich
ung khi hau.

Trén co s6 cac chi sd da chuan hoa (HI, FER, FLE)
va phan tich chi phi vong doi (LCC), qua trinh lya
chon cong nghé tdi wu duge thuce hién nhim xac dinh
phuong 4n c6 hiéu qua tong hop cao nhét vé ky thuat
va kinh té. Két qua so sanh cho thdy, nhém cong nghé
cam 1rng va vi song dat hi¢u qua ky thuat vuot trdi,
v6i FLE dao dong tir 2,0 dén 3,0, cao hon dang ké so
v6i co ché tu nhién (FLE =~ 1,0) va cong ngh¢ vi nang
(FLE = 1,3). Tuy nhién, xét trén khia canh chi phi dau
tu, kha nang thuong mai hoa va tinh sin c6 vat liéu,
cong nghé vi song thé hién vu thé hon nho tan dung
phu pham c6ng nghiép trong nudc nhu xi thép va bot
o1 cac-bon.

Cu thé, ciu hinh BTN ¢6 b sung 80% xi thép dat
FLE=2,93, tuong tng chu ky can thi¢p kéo dai thém
17 nam so v6i BTN thuong, trong khi chi phi vong
doi giam khoang 40%. Khi thay thé 25% bot khoang
béng bot sgi cac-bon, FLE dat 2,61 va chi phi vong
doi giam 20-30%. Hai cdu hinh nay dwoc xem la
phuong an t6i wu k¥ thuat - kinh té, ddc biét phu hop
voi diéu kién khai thac duong d6 thi tai trong nang tai
Viét Nam.

4.4. Dé xudt cong nghé va két qui vmg dung
(dwa trén chi so)

Vi co cdu PCU va diéu kién khi hau néu trén, gia
nhiét vi song da dugc chon lam hudng Gng dung, vi
kha nang dat HI rat cao va c6 tiém ning tan dung phu
pham. Hai cdu hinh vat liéu dd dwoc xem xét:

(a) Cdu hinh filler hap thu MW - CFP 25%

Trong cau hinh nay, 25% bot da duoc thay bang bot
soi carbon - CFP. Tir két qué thir nghiém da cong bd,
téc do gia nhiét khi dung CFP cao gap ~19 1an so voi
filler khoang, con kha ning phuc hdi thé hién bang HI
vuot 90%; tinh chéng nit 6 nhiét do thép cling duogc
cai thién rd. V6i tuyén Nguyén Trudng To, cu hinh
nay cho phép gia nhiét dong déu trén bé mit, dé hidu
chudn thoi gian-nhiét d6 dé khéng ché T surface <
90°C, phu hop quy tic tranh ldo héa nhya (T surface
1a nhiét d6 bé mit BTN khi gia nhiét, do bang anh
nhiét, yéu ciu khong vuot qua 90°C dé tranh 130 hoa
nhya). Vé vén hanh, vung can thiép duoc lya chon tai
cac diém co PCU ning cao (gan nut giao, vi tri dimg
- khoi dong cua buyt). Chu trinh can thiép duoc dé
xuét gém: Lam sach-giam am bé mat — gia nhiét 2,45
GHz dén < 90°C (dan hudng bang anh nhiét) — nghi
nhiét dé hoan tat qué trinh lan-khuéch tan nhya. Véi
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Bing 4. Tom tit chi so hiéu qud dw kién theo cidu hinh MW

Thanh ; 5
A s A HI sau HL (phan dién Khang Bén o
Cau hinh phan thay 3 ; _— B Ghi chu van hanh
. kich hoat | tich dat ngudng) han lin nuéc
e
; Gia nhiét nhanh, nhiét bé
CFP-25% 25% filler ~55% (dong o o ox g J
>90% R cai thién ~+5% mat dé khong che <90 °C;
filler — CFP deu) R R 2
dong déu nhiét tot
SSAM- 80% cdt Cén kiém soat ddng déu
80% xi liéu — xi 92,8% 63,7% +60,7% +5,97% | nhiét; 1gi ich moi truong cao,
thép thép tan dung phu phim

HI > 90% da dugc bao cao, ky vong thoi gian 1dp can
thiép co thé gian dai so véi duy tu lanh truyén thong;
déng thot, 101 ich vong doi duge du doan tich cuc nho
giam vat liéu maéi va gidm phat thai trong khau bao tri.

(b) Cdu hinh cét liéu hp thu MW - SSAM 80% xi
thép

Trong cAu hinh nay, 80% cdt liéu duge thay bé‘mg
xi thép. Két qua thi nghiém da ghi nhan HI=92,8% va
HL=63,7% khi gia nhiét, kém theo ting khang han lan
60,7% va tang bén nudc 5,97%. Véi Nguyén Truong
T6 - noi PCU nang chiém 59,72%, cac thong sd nay
cho thay kha ning phuc hoi gan day du sau mdi chu
trinh kich hoat, dong thoi tang 6n dinh nhiét & nhiét
d6 cao va giam nhay am - nhitng yéu t6 quan trong
du6i khi hdu mua nhiéu. V@ trién khai, can luu y do
ddng déu nhiét thuong bi anh huong boi phan bd hat
xi; vi vay, viéc phéi hop filler hép thu (vi du
ferrite/CFP & ham luong thap) hodc diéu khién cong
sudt-thoi gian theo anh nhiét duoc khuyén nghi dé
giam diém néng cuc bd. Cac chi s6 hiéu qua dy kién
theo céu hinh MW dugc tong hop trong Bang 4. Cac
phuong an gia nhiét vi song twong ting dugc minh hoa
trong Hinh 6.

Phuong an 1: CFP 25% Phwong 4n 2: SSAM 80%

Gia nhiét vi séng

Gia nhiét vi séng

Bot sgi cac bon Xi thép
LAP DAY LAP DAY

Hinh 6. Phwong dan gia nhiét vi song trong BTN ty
han gin [8-10]

4.5. Khuyén nghi vin hanh
Tir két qua phan tich co cdu PCU véi ty trong

phuong tién nang chiém 59,72% va cac chi s6 phuc
hoi HI >90% ctia hai ciu hinh CFP-25% va SSAM-
80%, co thé khang dinh rang cong nghé gia nhiét vi
song hoan toan phut hop cho tuyén Nguyén Truong To.
Pé bao dam hiéu qua trong thyuc té, viéc can thiép
dugc khuyén nghi tién hanh tai méc nira vong doi két
céu hodc khi mirc suy giam tiém can ngudng SCB-
P90, nham duy tri kha nang phuc hdi cuong do va tdi
da hoa tong tudi tho moi tich liiy. Trong qua trinh khai
thac, hiéu qua han gian nén dugc theo ddi thong qua
cac phép do kiém khong pha hoai nhu anh nhiét, chi
s6 IRI va mat d6 nit bé mat, qua d6 xac nhan tinh
ddng déu cua qua trinh gia nhiét va quyét dinh thoi
diém kich hoat lai.

4. Két luan

Céc phan tich dinh luong cho thdy kha ning tu
phuc hdi tu nhién cua bé tong nhya chi dat 20-30% HI,
trong khi cong nghé ngoai vi c6 thé nang hiéu qua lén
muc 60-95%. Vi nang giup tang HI 1én khoang 62%
nhung giam dan sau nhiéu chu ky; cam tng véi 4%
soi thép dat HI 85-100% va kéo dai tudi tho moi gép
2-3 lan; gia nhiét vi song v&i 80% xi thép dat HI
92,8%, HL 63,7%, cai thién kha ning chéng han lan
60,7% va do bén nudc 5,97%. Hé thong lai ghép duy
tri HI trén 60% sau 8 chu ky, chirng minh tiém nang
trong kich ban bao tri nhiéu lan.

Trudng hop ap dung tai tuyén Nguyén Truong To
da xac dinh luu lugng quy déi ~19.558 PCU/ngay,
trong d6 xe tai va xe buyt chiém 59,72%. Diéu kién
khi hau 4m w6t, mua nhiéu lam ting nguy co nit moi
- ldo hoa. Trén co s& d6, hai cdu hinh MW-healing
dugc khuyén nghi: Thay thé 25% filler bang bot soi
carbon dé gia nhiét dong déu va giam chi phi vong
doi; va thay thé 80% cbt lidu bang xi thép, dat HI gan
93% dong thoi tan dung phu pham céng nghiép. Thoi
diém can thi€p duogc dé xuét tai mdc nura vong doi
hoic twong dwong SCB-P90, nhim ti da héa tudi tho
tich Iy va giam chi phi, phat thai CO, vong doi.
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Két qua nghién ciru cung cdp co so khoa hoc va
thyc tién cho viéc tng dung cong nghé BTN tu han
gén tai Viét Nam, dic biét trén cac tuyén co luu luong
tai trong ning cao, gop phan xay dung ha tang giao
thong bén viig va thich tng véi diéu kién khi hau -
kinh té.

Trén co s& nghién ctru nay, mot du an thir nghiém
quy mo nhé nén dugc trién khai tai cac d6 thi c6 luu
luong xe ning cao nham kiém ching céc chi sé HI,
FER va FLE; dong thoi xay dung quy trinh chuan cho
gia nhiét vi song (cong suét, thoi gian, gidi han nhiét
d6 bé mat) dé dam bao tinh 6n dinh va kha ning ap
dung lau dai tai nudc ta.
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