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TOM TAT

Trong bdi cdnh nguén von han hep, gidi phap dau tw phin ky (2 lan xe hodc 4 1an xe han
ché) da dwoc ap dung rong rii tai Viét Nam. Tuy nhién, mé hinh nay dang boc 16 nhiéu
thach thirc vé an toan do thiéu hut dai phan cach cirng va lan dirng khan cip lién tuc.
Nghién ctru nay phan tich dic diém va lwgng héa cac nhan t6 anh hwdng dén miac do
nghiém trong cda tai nan giao thong dwa trén dit liéu 170 vu tai nan thuc té giai doan
2018-2025. Biang phwong phéap thdng ké mo ta két hgp md hinh hoi quy Logit thir bac,
nghién ctru xac dinh xe tai 1a phwong tién cht dao trong hon 71% céac vu va cham. Két
qua mo hinh chi ra rdng cic vu tai nan vao ngay thwdng cé xac suit nghiém trong cao
gip 2,445 l4n so v&i cudi tudn. Dic biét, loai hinh tai nan 14t xe hodc lao ra khéi dwong -
hé qua tlr ha tAng thiéu lan dirng khin c4p - 1am ting nguy co nghiém trong 1én gip 4,178
lan. Nhitng bang chirng khoa hoc nay cung cip co s& dé cac co quan quan ly wu tién 16
trinh ning c4p ha ting va diéu chinh phwong &n t6 chic giao thong trén cac tuyén cao
téc phan ky.
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ABSTRACT

With limited public investment, phased investment strategies (2-lane or limited 4-lane
configurations) are widely adopted in Vietnam. However, this model poses safety risks
due to the lack of median barriers and continuous emergency lanes. This study analyzes
and quantifies factors influencing traffic accident severity using 170 accident records
from 2018-2025. Integrating descriptive statistics and hierarchical logistic regression,
the research identifies heavy trucks as the primary vehicles in over 71% of collisions.
The model reveals that accidents on weekdays pose a severity risk 2.445 times higher
than on weekends. Notably, "vehicle overturn or run-off-road" accidents - a direct result
of inadequate emergency lanes - increase the probability of severe outcomes by 4.178
times. These findings provide a scientific basis for prioritizing infrastructure upgrades
and optimizing traffic management on phased expressways.
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1. Giéi thiéu

Phét trién mang lwéi dwong bo cao téc la mot tru cot
chién lwoc nham thic d4y phat trién kinh té - x4 hoi
va dam bao an ninh quéc phong tai Viét Nam. Trong
nhirng ndm gan day, hang loat dw an, dic biét la cac
hop phan cla tuyén cao téc Bac - Nam phia Dong, da
dwoc diy nhanh tién do va dwa vao khai thac, tirng
buwéc hinh thanh mét hé théng giao thong huyét
mach hién dai. Tuy nhién, trong bdi canh ngudn von
dAu tw cong con han hep va ap lwc phai nhanh chéng
hoan thanh muc tiéu, giai phap "dau tw phan ky" da
dwoc ap dung rong rai [1], [2]. Thuc tién nay da tao
ra hai nhém tuyén dwong cao téc c6 ddc thu van hanh
rli ro cao: cic tuyén 2 lan xe va cac tuyén 4 lan xe han
ché (nén duwong 17m).

Mot dac diém ky thuit chung va ciing 1a nguy co
16m nhit cta cac tuyén phan Ky 2 lan la viéc thiéu dai
phén cach clrng & gitra, chi st dung vach son. biéu
nay tao ra rui ro thwong trwe cia cac vu va cham déi
dau truc dién & t6c dd cao - loai tai nan thwong dan
dén hiu qua tham khoc nhat. Song song do, dic diém
thiét ké cda cac tuyén phan ky 4 1an xe 1a thiéu lan
dirng xe khan cap lién tuc (chi thiét ké cac dai an toan,
bé tri gidn doan ca hai bén theo chiéu xe chay, cach
nhau ttr 4,0 - 5,0 km). Cac dai an toan (hay dai dirng
khan cip) dwoc thiét ké véi chiéu dai toi thiéu 170 m
(bao gobm ca chiéu dai doan tiang téc va doan giam
t0c), c6 bé rong toi thiéu 2,5m (hoic 2,0 m trong diéu
kién kho khan hodc dac biét). Tuy nhién, viéc bé tri
céc dai dirng khan cip ma khéng bo tri lan dirng khan
cAp lién tuc co6 thé khién cac phwong tién gap su co
khéng c6 noi trd 4n an toan, budc phai dirng ngay
trén lan xe chay. Cac phuwong tién nay 1ap tic trér
thanh nhitng "chwéng ngai vat tinh", goi y rang cic vu
va cham dam tir phia sau véi ddong ning 16m, dan dén
tai nan giao théng dac biét nghiém trong.

Tai Viét Nam, da cé nhiéu nghién ctru vé an toan
giao thong trén cac tuyén dwong bd cao téc. Cac
nghién ctru tip trung vé van téc khai thac cia cic loai
phuong tién khac nhau trén mot s6 tuyén dwong bo
cao tdc [3], [4] chi ra rang c4c loai xe khac nhau (xe
tai, xe khach, xe con...) c6 toc d6 khai thac khac nhau
do d6 can thiét phai c6 cac giai phap dé tach cac dong
xe c6 tdc dd khac nhau nham gidm xung dot trong qua
trinh khai thac, vi du nhw st dung bién bao hoac phan
lan cho cic phwong tién chay chdm di vé bén phai.
Nghién ctru [5] tiép cin tir phwong phép thiét ké két

cidu mat dwong cao toc thich hop dé phu hop véi tai
trong truc xe khai thac thuc t€ nham xay dung dwoc
két cdu bén virng va ddm bao an toan cho phuwong
tién khai thac. Nghién ctru ctia Chu Tién Diing va cong
su [6] dwa trén s6 liéu thong ké 108 vu tai nan trén
cac tuyén dwong bo cao toc & Viét Nam tir thang 1
nam 2023 dén thang 2 nam 2025 da chi ra rang cac
diéu kién vé ha ting, loai xe, va hinh thirc xay ra tai
nan c¢6 anh hwdng dang ké dén mirc d6 nghiém trong
cua tai nan giao thong trén dwong cao toc, trong do,
yéu t6 dai phan cach va lan dirng khin cap gidp lam
gidm dang ké chin thwong va nguy co xay ra chét
ngui khi xay ra tai nan. Tuy nhién, phan 1ém cic cong
trinh phan tich chuyén siu, dinh lwong vé dac thu tai
nan trén chinh cac tuyén cao t6c phan ky con rit han
ché. Cac co quan quan ly va don vi van hanh cin mot
bang chitng khoa hoc rd rang d€ tra 1oi cau hoi: Mirc
d6 anh hwdng cda cac yéu to trén cac tuyén dwong bo
cao toc phan ky dau tw dén xac suit xdy ra tai nan
nghiém trong 1a bao nhiéu? Bai bio nay giai quyét
khoang tréng nghién ctu dé bang cach xdy dung mo
hinh thong ké dw bado mic d6 nghiém trong cta tai
nan giao théng dwa trén bo dir liéu tai nan thuec té.
Muc tiéu chinh 1a: (1) phén tich cac yéu t6 anh hudong
dén tai nan va (2) lwong héa mot cach khoa hoc tac
déng cua viéc thiéu cac hang muc an toan then choét.
Két qua ctia nghién ctru sé 1a co s& quan trong dé dé
Xuit cic gidi phap ky thuit, giai phap t6 chirc giao
thong va hoach dinh chién lwgc ning cap, mé rong
cac tuyén cao toc nay trong twong lai.

2. Dir liéu va phwong phap nghién ciru
2.1. D& ligu

Co s& dir liéu dwoc str dung trong nghién ctru nay la
tp hop ho so cac vu tai nan giao thong (TNGT) xay
ra trén cac tuyén cao t6c phan ky (ca loai hinh 2 lan
xe va 4 1an xe han ché) tai Viét Nam. Di¥ liéu dwoc thu
thap va tong hop thi cong tir cic ngudn céng b chinh
thirc, bao gom cac cdng théng tin dién ti ciia co quan
quan ly, cac bao cdo nhanh vu viéc va thong tin dang
tai trén cac co quan truyén thong, bao chi uy tin trong
khoang thoi gian tir thang 01/2018 dén hét thang
12/2025.

C4nluu y rang do ngudn dit liéu chu yéu tir cAc bao
c4o va truyén thong, mau nghién ctru c6 sw tap trung
cao vao cac vu tai nan c6 thwong vong. Piéu nay tao
ra mot sw sai léch lwa chon (Selection Bias) nhit dinh
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khi so sanh v&i phan phdi thue té cia toan bd cac vu
va cham (bao gom ca va cham nhe). Tuy nhién, cach
tiép cin nay cho phép nghién ciru tip trung siu vao
viéc phan tich cac yéu t6 dan dén hau qua khéc liét
nhat trén cac tuyén phan ky - von 1a d6i twong wu tién
trong cong tac quan ly an toan giao thong.

Sau qud trinh lam sach, chuin héa va loai bd cac
ban ghi trung lap hoic thiéu thong tin cot 16i, bo dir
liéu cudi cung dwoc st dung dé phan tich bao gém
170 vu TNGT. Mbi hé so vu tai nan (twong tng véi
mot hang trong co s& dit liéu) dwoc mo ta bang 29
bién s khac nhau. Cac bién s6 nay duwgc ma hoa va
phan thanh cac nhém chinh dé phuc vu cho viéc xay
dung mé hinh, trong dé quan trong nhat la:

¢ Bién phu thudc (Y): Muc tiéu ctia mé hinh la
dw bdo Mikc dd nghiém trong cda tai nan. Bién nay
dwoc xay dwng dudi dang bién thir bac dwa trén dir
liéu thu thap dworc. Mirc d6 nghiém trong cda tai nan
dwoc xdy dung tir cong thirc dé xuit cua Geurts va
cong su [7] (Cong thirc (1)), theo d, mirc d6 nghiém
trong cda tai nan (SI) dwgc danh trong s6 1, 3, va 5
cho s6 lwong ngudi bi thuwong nhe (Newuong nne)s
thuong nang (N thwong nefmg) hodc tir vong (N vong)-
Gia tri SI nay sau d6 dwoc ma héa thanh 4 cap do ting
dan theo mirc d6 nghiém trong cta hdu qua: Cip 1
(Y=0, SI = 0): Tai nan khéng nghiém trong - Tai nan
chi giy thiét hai vé phwong tién hoac ha ting, khong
c6 bat ky thwong vong nao vé ngudi (S6 nguoi chét =
0, SO ngwoi bi thwong = 0); Cap 2 (Y=1, SI<5): Tai nan
nhe; Cap 3 (Y=2, 5<SI<10): Tai nan nang; Cap 4 (Y=3,
SI>10) Tai nan rat nang.

Sl :1 X Nthu;orngnhe_ + 3 X Nthu'(rngnéng + 5 X

(1)

e Bién ddgc lap (X): Pay la cac yéu t6 du bao,
dwgc phan thanh cdc nhém: (1) Pac diém hinh hoc
cta dwong; (2) Dac diém thoi gian va méi trueong; (3)
Pic diém va cham; (4) Loai phwong tién lién quan.

N ti vong

C4u truc chi tiét cia cac bién dwoc trinh bay trong
Bang 1. Bo dir liéu nay 1a co s& dau vao dé dwa vao
mo hinh thong ké trong phan phwong phap nghién
ctru tiép theo.

Bang 1. Nhém bién md ta ciu tric co s¢ dit lidu tai

nan giao thong trén cao tdc phan ky.

Nhém A Tén bién M6 ti/M3 hoa
bién
X1 Sélanxe Bién phéan loai
(2 va4lanxe)
X2  Co6daiphan Bién nhi phan
bic cach ctirng (1=Co,
diém 0=Khong)
hinh X3 Célandirng Bién nhi phin
hoc cia khin cdp (1=C6,
duong 0=Khong)
X4  T6c dd cho Bién phan loai
phép (Km/h) (80,90,
100Km/h)
X5 Tainankhung Bién nhiphin
gi¢r Oh-6h (1=C6,
0=Khong)
X6  Tainankhung Bién nhi phin
gir 6h-12h (1=C6,
0=Khong)
X7  Tainankhung Bién nhiphin
bic gio 12h-18h  (1=C6,
didm 0=Khong)
thei X8 Tainankhung Bién nhi phin
gian va gior 18h-24h  (1=C6,
- O~Knong
R X9 Xayravao Bién nhi phan
treong . R ,
ngay thuwong (1=Co,
(T2-T6) 0=Khéng)
X10 Xayravao Bién nhi phin
ngay cudi tudn  (1=Co,
(T7,CN) 0=Khong)
X11 Diéukiénthoi  Bién nhi phin
tiét (Mwa) (1=C6,
0=Khong)
X12 Khéng gitr Bién nhi phin
khoang cach (1=Co,
an toan 0=Khong)
X13 Doi dau Bién nhi phan
) (1=C6,
Bac 0=Khong)
diém va A s - oA
cham X14 Pam va}o xe . Bién l,’lhl phan
: dangdirngdo  (1=C¢,
0=Khong)
X15 Latxe/laora Bién nhi phin
khéi dwong (1=Co,
0=Khong)
Loai X16 Xe taivaxe Bién nhi phin
phuong khach (1=Co,
tién 0=Khong)
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Nhém o Ténbién M6 ta/Ma hoa
bién
lién X17 Xetdivaxetdi Biénnhi phin
quan (1=Co,
0=Khong)
X18 Xekhichvaxe Bién nhiphan
khach (1=C6,
0=Khong)
X19 Xekhiachvaxe Bién nhi phin
con (1=Co,
0=Khong)
X20 Xe taivaxe Bién nhi phan
con (1=Co,
0=Khong)
X21 Tainanlién Bién nhi phan
hoan (tir 3 xe (1=Co,
tror 1én) 0=Khong)
X22 Xeconvaxe Bién nhi phan
con (1=Co,
0=Khong)
X23 Vachamvégixe Biénnhi phin
may (1=Co,
0=Khong)
X24 Vacham véi Bién nhi phan
nguoi di bo (1=Co,
0=Khong)
X25 Twgaytainan Bién nhi phan
(1=C,
0=Khong)
Va cham chi Bién phéan loai
hw hong tai (Y=0)
Mirc db san
nghiém Tai nan nhe Bién phén loai
trong Y (Y=1)
cua tai Tai nan nang Bién phéan loai
nan (Y=2)

Tai nan rat
nang

Bién phéan loai
(Y=3)

2.2. Phwong phdp nghién ciru

Quy trinh nghién ctu dwoc thuc hién théng qua
hai bwéc chinh: (1) Phan tich théng ké mo ta va (2)

Phén tich mé hinh héi quy.

2.2.1. Phén tich théng ké mé td

O bwéc dau tién, phan tich théng ké mé ta [8], [9],
[10], [11] dwoc thyc hién trén toan b co sé dir liéu.
Muc tiéu ctia buéc nay la cung cdp mét birc tranh
tong thé vé dac diém cia cac vu tai nan trén cao toc

phan ky.
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Nghién ctru thwe hién phén tich tin suit va tinh
toan ty 1é phan tram cho tat ca cac bién quan tim dé
gitp lam rd cac cau hoi co ban nhu: Tai nan thwdng
xdy ra vao thoi diém nao (khung gio, ngay trong
tuan)? Loai hinh va cham nao 13 ph6 bién nhat (vi du:
dé6i dau, 14t xe, ddm vao xe dang dirng)? Ty 1é cac vu
tai nan xay ra trén cac doan c6 va khong c6 lan dirng
khin cdp/dai phan cich cimg la bao nhiéu?... Day la
co s& quan trong dé xac dinh cac xu huéng ban dau
trude khi di vao mé hinh hoéa.

2.2.2. Mé hinh héi quy Logit thir bdc (Ordered Logit
regression)

Nghién ctru str dung M6 hinh héi quy Logit thir bac
[12], [13], [14], [15], [16] d€ ph&n tich c4c yéu t6 anh
hwdng. M6 hinh nay dworc lwa chon vi bién phu thudc
(Y) - Mirc dd nghiém trong ctia tai nan 1a mot bién
phan loai c6 tinh thi bac tw nhién.

Viéc str dung mo hinh Logit thi bac cho phép tin
dung dwoc thong tin vé thir bac ctia dit liéu (mtrc do
nghiém trong tang dan tir Y=0 dén Y=3). Diéu nay
gitp mo hinh vwrot troéi hon so véi Hoi quy Logistic
nhi phan [9] (chi phan biét dwoc Tai nan/Khong tai
nan) hodc Hoi quy Logistic da thirc [10] (khéng phan
biét dwoc thir tw nghiém trong gitra cic nhom), tir d6
cung cip cac wéc lwong chinh xac hon vé tic dong cia
tirng bién s6 doc 1ap 1én x4c suat xay ra cac mirc do tai
nan nghiém trong hon.

Mé hinh sé wéc tinh xac sudt mot vu tai nan roi
vao mot mirc do nghiém trong nhit dinh (hodc cao
hon), dwa trén mot tip hop cac bién doc 1ap (X).
Phwong trinh tong quat ciia mo hinh cé dang:

P(Y<j)

In [I—P(Ysj)] i 1B X (2)

Trong d6: P(Y < j) la xac sudt tich liiy cta vu tai
nan c6 mirc do nghiém trongla j hodc thap hon; a; 1a
cac diém cat (cut-off points) gitta cic cAp do nghiém
trong; X; la cac bién doc lap (nhw thoi tiét, loai va
cham, loai xe...); B; 1a cac hé s6 hoi quy, cho biét tac
dong cua tirng bién X;;.

Két qua (duwdi dang Ty 1é Chénh - Odds Ratios) sé
cho phép chiing ta két luAn mot cach khoa hoc rang
viéc thiéu hut cic yéu t6 an toan nay lam tiang (hay
giam) kha nang xay ra mot vu tai nan tham khéc 1én
bao nhiéu l4n, sau khi da kiém soat anh hwéng cia
céc yéu to khac.
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3. Két qua nghién ciru
3.1. Phdn tich théng ké mé td

Trong phan phan tich nay, s6 liéu dwoc trinh bay
duwdi dang tan suit xuat hién va ty trong phén tram
clia cac vu tai nan. Nhém tac gid nhan thy rang do
cac tuyén cao téc phin ky dwoc dwa vao khai thac tai
cac thoi diém khac nhau trong giai doan nghién ciry,
viéc chudn hoéa s6 vu theo chiéu dai dwong va luu
lwong xe gap nhiéu han ché vé tinh déng bo. Do d6,
két qua théng ké mo ta dwdi day tp trung vao viéc
nhén dién cac 'diém néng' va dic diém phén bo cia
tai nan trén cac loai hinh ha ting cu thé, lam tién dé
cho cac phan tich dinh lwong chuyén sau & cac néi
dung tiép theo.

Bo ditliéu nghién ctru bao gobm 170 vu TNGT dworc
thu thip trén cac tuyén cao téc phan Ky tai Viét Nam
(trinh bay & Muc 2.1). Hinh 1 cung c4p mot cai nhin
tong quan vé hiu qua ctia 170 vu tai nan dwgc phin
tich. Cac vu tai nan da dwoc phan loai theo mirc do
nghiém trong cao nhat dwoc ghi nhin. Két qua cho
thay mot birc tranh kha rd rang vé sy phin bo: Nhém
"Tai nan T vong" chiém ty 1é 37,6% (twong Gng 64
vu). Nhém "Tai nan Thwong nang" chiém ty 1é 35,9%
(twong &ng 61 vu). Khi cong gop lai, hai nhoém c6 hdu
qua nghiém trong nhit nay chiém 73,5%, twong
dwong gan ba phan tw tong s6 vu tai nan trong bo dir
liéu. Cac nhdm con lai, bao gom "Tai nan Thwong nhe"
(18,8% ~ 32 vu) va "Va cham chi hw hong tai san”
(7,6% ~ 13 vu), chiém ty 1é nhd hon dang ké.

Viéc cac vu tai nan c6 hiu qua nghiém trong chiém
ty 1é 16m trong dir liéu cho thiy tAm quan trong cta
viéc tim hiéu cac yéu t6 goép phan. Diéu nay tao co s&
dé ching ta xem xét Ky hon vai tro cta cac yéu té anh
hwdng trong cac phan phan tich tiép theo.

Va cham chi hw héng tai sin
7,6%

Tai nan Thwong nhe
18,8%

Tai nan T vong
37,6%

Tai nan Thwong niang
35,9%

Hinh 1. Phin bé cic vu TNGT theo mtc d6 nghiém
trong (N=170) trén cac tuyén cao téc phan ky & Viét
Nam tir 01/2018 dén 12/2025.
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Bang 2 cung cip thong tin chi tiét vé boi canh thoi
gian va méi trweong khi 170 vy tai nan xay ra cung véi
cac thong tin vé dic diém va cham va loai phwong tién
xuit hién trong cic vu tai nan.

Bang 2. Thong ké mé ta cac dic diém chinh cta tai nan
giao thong trén cao téc phan ky tai Viét Nam (N=170).

e S8 Tylé
Hang muc Bién so vu %)
DPic diém dwong
. 2lan 90 52,94
(X1) 56 lan xe 41an 80 47,06
(X2) Dai phan Khéng (0) 96 56,47
cach ctirng Co (1) 74 43,53
(X3) Lan dirng Khong (0) 152 89,41
khan cap Cé (1) 18 10,59
(X4) T6c dd 80 km/h 104 61,18
cho phép 90 km/h 66 38,82
Thei gian & Méi trweong
Oh-6h 57 33,53
(X5-X8) 6h-12h 39 22,94
Khung gi¢r 12h-18h 54 31,76
18h-24h 20 11,76
(X9/X10) Ngay thwomg 114 67,06
Ngay trong Cudi tuin 56 32,94
tudn
(X11) Pidu Tot (Khong mua) 141 81,98
kién thoi tit Mua (1) 31 18,02
Pic diém va cham
(X12) Khéng Cé (1) 73 41,95
gitt khoang
cach an toan
(X13) Déi dau Co6 (1) 42 24,14
(X14) bam Coé (1) 29 16,67
vao xe dirng
dd
(X15) Lat Cé (1) 30 17,24
xe/lao ra khéi
dwong
Loai phwong tién
(X16) Xe tai Coé (1) 34 19,65
va Xe khach
(X17) Xe tai Cé (1) 58 33,53
va Xe tai
(X18) Xe Cé (1) 7 405
khach va Xe
khach
(X19) Xe Cé (1) 6 3,47
khach va Xe
con
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e SO Ty lé

Hang muc Bién so - %)
(X20) Xe tai Co (1) 20 11,56
va Xe con
(X21) Tai nan Co (1) 12 6,94
lién hoan (>=
3 xe)
(X22) Xe con Co (1) 4 2,31
va Xe con
(X23) Va Coé (1) 0 0,00
cham véi Xe
may
(X24) Va Co (1) 3 1,73
cham véi
Ngudi di bo
(X25) Tw gay Co (1) 29 16,76
tai nan

Phén tich vé DPic diém ha ting ciia dwong cao toc
(tmg véi cac bign X1, X2, X3, X4):

e S6 liéu tai nan & cac doan cao toc phan ky 2 lan
xe va 4 l1an xe han ché (chi cé dai an toan) (X1) cho
thay tai nan xdy ra trén cac tuyén 2 lan (52,94%)
nhiéu hon mat chut so véi cac tuyén 4 lan han ché
(47,06%), tuy nhién khdng c6 qua nhiéu sy khac biét;

e Viéc thi€u hut dai phin cach cirng (X2) lam tang
nguy co tai nan khoang 29,7% (96 vu trén cac doan
khong bo tri dai phan cach clirmg so véi 74 vu trén cac
doan c6 bé tri). Viéc thiéu sw ngan cach vatly gitra hai
chiéu xe chay c6 méi lién hé thong ké véi cac vu va
cham d6i dau hodc va cham bén khi xe 14n lan;

e Viéc b tri 1an dirng khan cap (X3): Trong mau
khao sat, ty trong tai nan xay ra trén cac doan khong
c6 lan dirng khan cap chiém wu thé tuyét doi (152 vu)
so v&i cac doan c6 b6 tri (18 vu). Mac du so liéu nay
chwa dwoc chuin héa theo chiéu dai tuyén, nhung sw
chénh léch 1ém vé s6 vu tuyét ddi cho thay cac diém
khong c6 noi tri 4n an toan la nhirng vi tri ghi nhan
nhiéu va cham dirng d6 nhat;

e Dir liéu vé t6c do cho phép (X4) cho thiy s6 vu
tai nan tai cac doan gi¢i han t6c d6 80 km/h (104 vu
- 61,18%) cao hon dang ké so v&i cac doan 90 km/h
(66 vu - 38,82%). biéu nay cho thiy toc do cao hon
(90 km/h) khong han 1a nguyén nhan gy ra nhiéu tai
nan hon. Nguoc lai, cic doan 80 km/h thwong gin
lién véi ha ting 2 1an xe, khong dai phan cach. Su két
hop gitra ha ting han ché va toc do thap thwong gay
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ra su trc ché tim ly va cac hanh vi virot u rti ro, trong
khi cac doan 90 km/h (thwong la 4 lan, c6 dai phan
cach) lai giap dong giao thong vin hanh én dinh hon.

Phén tich vé Pac diém thoi gian va moi truong
(X5-X11):

e S0 liéu phan tich cho thdy rang yéu to thoi tiét
(X11) khéng phai 1a nguyén nhan chinh. Dai da s6 cac
vu tai nan (81,98%) xay ra trong diéu kién thoi tiét
T6t (Khong mwa). Két qua cho thdy rang tai nan
khong phai do "troi mwa dwong tron” la nguyén nhan
chinh gy tai nan;

e Vékhung giorxay ra tai nan (X5-X8): Ditliéu cho
thay hai khung gio c6 ty 1é tai nan cao nhit la Oh-6h
(33,53%) va 12h-18h (31,76%), cho thay méi lién hé
chat ché v6i trang thai sinh 1y ctia ngwoi diéu khién
phwong tién. Trong dé, khung gi¢ tir Oh-6h sang la
thoi diém nguy hiém nhit do nhip sinh hoc tw nhién
khién co thé roi vao trang thai budn ngu sau, dé gay
ra hién twong "ngu gat trang" khién lai xe mat kiém
soat hoan toan. Poi véi khung gior 12h-18h, tai nan
thuwdng xuat phat tir sw mét moi tich tu sau nhiéu gior
lam viéc va trang thai giam tip trung sau bita trua
(post-lunch dip). Viéc chiém tong cong hon 65% sd
vu tai nan tai hai thoi diém nay khang dinh rang buén
ngl va mét maéi la nhirng nguyén nhan hang dau dan
dén rdi ro trén dwong cao tdc, doi hai lai xe phai co
ché d6 nghi ngoi nghiém ngit dé ddm bao an toan;

e Veé yéu to thoi gian theo ngay (X9, X10), s6 liéu
ghi nhdn 114 vu xay ra vao ngay thuwong (chiém
67,06%) va 56 vu vao cuodi tuan (chiém 32,94%). Du
con s6 tuyét d6i vao ngay thwong cao gap doi, nhung
néu phan tich dya trén hiéu suat binh quan theo ngay,
c6 thé thdy trung binh mdi ngdy thwomg xay ra
khoéng 22,8 vu, trong khi moi ngay cudi tuan (Thix 7
va Chu nhét) con s6 nay 1én t&i 28 vu. Piéu nay cho
thay rudi ro tai nan vao cudi tuan thuc té€ cao hon
khodng 23% so v&i ngay thudong. Nguyén nhan c6 thé
do lwu lwgng xe ca nhén va xe du lich ting dét bién,
két hop v6i tAm ly chi quan hodc lai xe trong trang
thai hung phin, mét mai sau cic chuyén di choi xa,
dan dén mat do va cham cao hon du téng thoi gian
ngan hon.

Phén tich vé dic diém va cham va loai phwong tién
(X12-X15): Phén tich nay cho thay ré méi lién hé gitra
Thiét ké ha ting va Loai hinh tai nan. Vé hanh vi: Loai
hinh phé bién nhit 13 "Khong gitr khoang cach an
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toan" (X12 - chiém 41,95%). P4y 1 16i hanh vi truc
tiép, nhwng né bi khuéch dai béi mét ha ting khong
cho phép sai sot. S6 liéu phan tich cling cho thiy
89,41% s6 vu xay ra ¢ noi thiéu lan dirng khan cip,
diéu nay dan dén 16,67% s6 vu tai nan 1a "Pam vao
xe dang dirng d6" (X14). Pay 1a bing chitng rd rang
cho thdy su thiéu hut thiét ké (X3) da truc tiép dan
dén motloai hinh tai nan cu thé. Twong tw, 43,53% so
vu xay ra & noi thiéu dai phan cach cing (X2). Biéu
nay tao diéu kién cho 24,14% s6 vu tai nan la "Va
cham déi dau" (X13), loai hinh va cham c6 mirc d6
nghiém trong cao nhit.

Vé loai phwong tién (X17-X25): Dwa trén so liéu,
xe tai la doi twong trong tAm trong cac vu tai nan cao
téc khi gbp mét trong trén 71% tong sé vu va cham.
DPang chi y nhat 1a cic vu va cham gitra xe tai vGi xe
tai chiém ty lé 16n nhit véi 33,53%, tiép theo 1a va
cham véi xe khach (19,65%) va xe con (11,56%). Sw
hién dién cta xe tai khong chi phan anh ap lwc van tai
hang héa ma con gidi thich cho ty 1€ tai nan cao vao
khung gi¢r Oh-6h, khi c4c 14i xe dwong dai dé roi vao
trang thai buén ngd va mét moi. Vi khéi lwong 16m
va diém mu rong, cac vu tai nan lién quan dén xe tai
thwong giy ra hau qua nghiém trong, bién day tré
thanh nhém phwong tién can dwoc kiém soat chat
ché nhat vé téc do va thoi gian 1ai xe d€ dam bao an
toan.

3.2. Két qud M6 hinh hoi quy Logit thit bdc

D€ lwong hoa tic déng cua cac yéu t6 ha ting va
cac yéu to khac 1én mirc d6 nghiém trong ciia TNGT,
mé hinh héi quy Logit thir bAc da dwoc thuwc hién.
Bién phu thudc (Y) 1a Mirc d6 nghiém trong duwoc
phén loai theo 4 cip do thit bac (tir Va cham chi hw
hdng tai san dén Tai nan rat nang theo gia tri SI - Mirc
d6 nghiém trong cua tai nan). Cac bién doc 1ap duoc
dwa vao mo hinh tir Bang 1.

Trong mo hinh hoéi quy, d€ danh gia tac dong cta
cac yéu to dinh tinh nhw khung gio, ngay trong tuan
hay loai phwong tién, cac bién nay dwoc chuyén doi
sang dang bién gia (dummy variables). Nham tranh
hién twong da cOng tuyén hoan hdo hay con goi la
'bay bién gid' (dummy variable trap) Nghién ciru
thwc hién quy trinh phén tich lap va lwa chon mét
nhom dic tinh lam bién tham chiéu (reference
category) dé loai bé khoi phwong trinh hoi quy. Cu
thé, s6 lwong bién gia dwoc dwa vao mo hinh luén la
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n-1 (v&i n la s6 trang thai ca bién). Viéc lwa chon
bién tham chiéu dwa trén nguyén tic nhém co tin
suat xuit hién cao nhat hodc nhém cé tinh chit lam
nén tang so sanh (vi du: diéu kién thoi tiét 'Binh
thwong' hodc khung gio '18h-24h' c6 ty lé tai nan
thap nhit). Két qua cac hé s6 hoi quy cta cac bién gia
con lai s& dwoc dién giai 1a sw thay déi trong bién phu
thudc so v&i nhém tham chiéu nay, ddm bao ma trian
hiép phwong sai khéng bi suy bién va cac wéc lwong
thu dwoc 1a khéng chéch. Nghién ctru da thuc hién
loai bo cac bién tham chiéu (reference variables) bao
gom X8 (Khung gior 18h-24h) va X10 (Ngay cudi
tuan). Viéc lwa chon X8 lam bién nén la do day la
khung gi¢ c6 ty trong tai nan thip nhat (11,76%), tao
co s& so sanh twong quan dé lam noi bat sy gia ting
rui ro ctia cac khung gio khac nhw Oh-6h hay 12h-
18h.

Bén canh d6, mo hinh thyc hién quy trinh loai b
13p d6i véi cac bién c6 s6 lwgng quan sat thip. Cu thé,
cac bién nhu va cham gitra xe khac va xe con (X18),
xe khach va xe con (X19), xe con va xe con (X22), va
cham véi xe may (X23) hay va cham véi nguoi di b
(X24) (lan lwot chiém 4,05%, 3,47%, 2,31%, 0% va
1,73% mau) nén khong du bang ching thong ké dé
khang dinh tac ddng c6 y nghia d€n mo hinh tdng thé.
Viéc loai bd cac bién nay gitip gidm nhiéu, t6i wu héa
bac tw do va ting cuwong do tin ciy cho cic hé s6 hoi
quy cia nhdm phwong tién chi chot la xe tai (chiém
trén 71% tong s6 vu). K&t qua cudi cting la mot mo
hinh tinh gon, tip trung vao cac bién so thuc sw co sirc
manh giai thich, dm bao tinh hdi tu cta thuat toan
wéc lwong va tranh dwoc hién twong qua khoép
(overfitting).

DE& dam bao tinh hop 1é ciia mé hinh Logit thir bac,
nghién ciu da tién hanh kiém dinh gid dinh ty 1é
chénh dong déu (Proportional Odds Assumption -
POA) bang kiém dinh Brant. Két qua cho thdy khong
c6 di bang chirng dé bac bé gia dinh nay (P-value ctia
cac kiém dinh déu lém hon 0,05), do d6 viéc str dung
mo hinh Ordered Logit 1a phu hop véi ciu trac div
liéu. Bén canh d6, hién twong da cong tuyén giira cac
bién doc 1ap dwoc kiém tra thong qua hé s6 phong dai
phuong sai (Variance Inflation Factor - VIF). Két qua
kiém tra VIF (Bang 3) cho thdy mét s6 bién c6 mirc
twong quan trung binh dén twong doi cao, bao gom
X25 (6,76), X12 (6,70), X2 (6,46), X4 (5,93) va X13
(5,25). biéu nay phan anh mai lién hé ciu tric gitra
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cac dic diém ha ting, diéu kién vin hanh va loai hinh
va cham trong di¥ liéu tai nan giao thong. Tuy nhién,
cac gia tri nay van chwa vurgt ngudng da cong tuyén
nghiém trong thuong dwoc chip nhén trong hoi quy
logistic (VIF > 10). Ngoai ra, md hinh khong ghi nhan
hién twong bat 6n dinh dang ké vé hé s6 hoi quy hoadc
sai s6 chudn. Do d6, cAc bién van dwoc git lai trong
mo hinh nham dam bao tinh day du vé mat ly thuyét
va k¥ thuat.

Két qua wéc tinh cta cac hé s6 (a/p), gia tri P-
value, va ty 1€ Chénh (0dds Ratio - OR) dwgrc trinh bay
trong Bang 3. Cac nhan xét c6 thé dwoc rut ra tir két
qua phén tich nhw sau:

e Su twong tac gitra ha tAng va loai hinh va cham:
Mic du céc bién ha ting nhw s6 lan xe (X1), dai phan
cach (X2) va lan dirng khan cip (X3) khong dat y
nghia thong ké trong mé hinh héi quy (P > 0,05),
nhwng théng ké mo ta cho thiy chiing 1a "nén tang"
cho cac vu tai nan. M6 hinh héi quy xac nhin bién X15
(Lat xe/lao ra khéi dwong) cé y nghia thong ké manh
(P-value = 0,024) v6i ty s6 chénh OR = 4,178. Diéu
ndy goi y rang khi ha ting khong c6 lan dirng khin
cap (X3 chiém 89,41% s6 vu), 14i xe khi gip sw c6 dé
dan dén hanh vi mat lai va lat xe, khién muc do
nghiém trong clia tai nan tang vot gip hon 4 lan so
vGOi cac loai hinh khac. Két qua kiém dinh da cong
tuyén cho thady méc du cac bién ha ting (s6 lan xe, dai
phéan cach cirng, 1an dirng khan cip) c6 moi quan hé
cu truc do dac diém thiét ké tuyén, nhung khong tén
tai da cong tuyén nghiém trong vé mat thong ké. biéu
nay cho thay viéc cac bién nay khong dat y nghia
thong ké riéng 1é trong mé hinh khéng phai do vin dé
k§ thuit, ma phan anh ban chat twong tac cia hé
thong ha ting. Cac yéu t6 nay déng vai tro nhw cac
bién nén, anh hwdng gian tié€p dén mirc dé6 nghiém
trong cuia tai nan thong qua cac loai hinh va cham cu
thé, dién hinh 12 tai nan 14t xe hodc lao ra khoi dwong
(X15), vOn c6 y nghia théng ké cao trong mo hinh.

e Veé thoi gian va dic diém giao théng cac ngay
trong tudn: Mot két qua dang chu y tir md hinh hoi

quy l1a bién X9 (Ngay thwong) cé ¥ nghia thdng ké cao
(P-value = 0,013) v&i OR = 2,445. K&t qua nay cing ¢
cho phan tich md ta vé suw hién dién cia xe tai (chiém
trén 71% s6 vu) thwong tip trung vao cac ngay lam
viéc trong tuan. Mac du thong ké mé ta cho thiy ty 1&
tai nan binh quan mdi ngay cudi tuan cao hon, nhung
mo hinh hdi quy lai khang dinh c4c vu tai nan xay ra
vao ngay thwong cé rui ro nghiém trong cao gip
2,445 1an. Diéu nay phan 4nh hé qua cia viéc pha tron
dong giao thong giira xe tai nang va xe khach vao ngay
thwong, tao ra cac xung dot giao thong khoc liét hon
so véi sw gia ting thudn tiy cla xe cd nhan vao cudi
tuan.

e Tac dong clia khung gior xay ra tai nan va hinh
thirc xay ra tai nan: Thong ké mé ta chi ra hai "diém
nong" vé thoi gian 1a 0h-6h (33,53%) va 12h-18h
(31,76%), lién quan truec ti€p dén tinh trang buén nga
va mét mai cua tai xé. Tuy nhién, trong mé hinh hoi
quy, bién X25 (Tw gy tai nan) lai cho thiy hé s6 B 4m
(-3,507) va OR thap (0,03) v&i P-value = 0,001. Biéu
nay chi ra mét quy ludt quan trong: cac vu tai nan do
budn ngt dan dén tw mat 1ai, dm vao ho lan hoic tw
14t (dti chiém ty 1& 16m vé s6 lwong) thwdong cd mirc dd
thwong vong thdp hon so v&i cac vu va cham lién
phuong tién. Nguoc lai, 16i hanh vi "Khong giit
khoang cach an toan" (X12 - 41,95%) khi két hop v&i
tdc dd cao thwdmg dan dén cac vu va cham truc dién,
von la tic nhan chinh giy ra hdu qua tham khéc trén
céc tuyén cao t6c ha ting han ché.

e V& cicbién biloai bo va tinh t6i wu ctia mo hinh:
Viéc loai bo cac bién tham chiéu X8 (18h-24h) va X10
(Cuéi tudn) cung cac bién c6 dir liéu thong ké thap
(X18, X19, X22, X23, X24) da giip mo hinh tap trung
vao cac nhan to thuc s ¢ strc manh gidi thich. Cac
bién nhw téc d6 giGi han (X4) khong cé y nghia trong
ho6i quy (P-value = 0,384), c6 thé phan anh toc do
khong phai la bién ddc 1ap gay tai nan, ma rui ro thuc
sw nam & su két hop gitra ha tAng thiéu lan dirng va
trang thai tAm ly trc ché cta lai xe khi vin hanh trén
cac doan tuyén hep.

Bang 3. K&t qua wéc tinh mé hinh hoi quy Logit thi bic cho cac yéu t6 anh hwdng dén Mirc d6 nghiém trong

TNGT.
Bién Ty 16
Hang muc 6 Tén bién Hé sd (B) VIF  P-value chénh 95% CI
(OR)
Ha ting S6 lan xe -0,303 4,12 0,641 0,738 [0,206 - 2,647]
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x Tylé
B y ~ o
Hang muc ;zn Tén bién Hé s6 (B) VIF  P-value chénh 95% CI
(OR)
X2 2 v g .
Dai phan cach cirng -0,133 6,46 0,866 0,875 [0,186 - 4,109]
X3 N o N
Lan dirng khan cap 0,075 1,22 0,884 1,077 [0,396 - 2,933]
X4 v an .
Téc do cho phép -0,66 593 0384 0517 [0,117-2,281]
X5 ..
Khung gi¢ Oh-6h -0,035 305 0951 0966 [0,323-2,886]
X6 N
Khung gior 6h-12h -0,202 2,69 0,729 0,817 [0,261 - 2,556]
Thoigian& X7 ) he gio 12h-18h 0,512 306 0,357 0,6 [0,202 - 1,78]
Moi trwong
X9 Ngay thwo T2-
Tg;‘y wong ( 1 1,16 0,013 2445  [1,206-4,956]
X11 o en
biéu kién Mwa 0,119 1,27 0,78 1,127 [0,488 - 2,6]
X12 Khé itt K/C
10ng gitt K/Can 1 670 0471 0579  [0,131-2,56]
toan
X13 e an
C aew boi dau 0,625 5,25 0,415 1,868 [0,415 - 8,402]
Pac diém va
cham X14 x [0,519 -
: E! a dirng do 1 4,35 0,248 2,566
am vao xe dirng do 12,694]
X1 La 1 Khoi
5 Latxe/laorakhoi 1,430 238 0024 4178  [1,21-14,427]
dwong
X16 SN .
Xe tai va Xe khach 0 2,69 0,536 1,488 [0,422 - 5,251]
X17 N ).
Xe tai va Xe tai -1 3,05 0,136 0,422 [0,136 - 1,312]
Loai X20
phwong Xe tai va Xe con -1,273 2,12 0,075 0,28  [0,069-1,138]
tién X21
Tai nan lién hoan -1 1,88 0,305 0,44 [0,091 - 2,115]
X25 N .
Tw gdy tai nan -3,507 6,76 0,001 0,03 [0,004 - 0,241]
aq Ngudng khong
Nguwdng nghiém trong sang -3.981 - - - -
giira 4 mirc nhe
do tai nan a,  Nguong tai nan nhe 1 ) ) ) )
(Cut-off sang nang
. Nows )
points) as gudng tai nan 0,738 ) ) ) )

Model fit statistics: Log-likelihood = -176,27; AIC = 394,55; McFadden’s R?=0,165.

nang sang rat ning

4. Két luan va kién nghi

Nghién ctru da phan tich 170 vu tai nan trén cac
tuyén cao téc phan ky tai Viét Nam, st dung thong
ké mé ta va mo hinh hoi quy Logit thi bic d€ lwong

héa tac ddng ctia ha ting dén mirc dd nghiém trong
clia TNGT. Nghién ctru da chi ra rang rui ro tai nan
trén dwong cao téc khong dén tir mot yéu té don
1é ma la sy twong tac phirc tap giira ha ting, hanh

vi va thoi gian.
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Cac két ludn chinh c6 thé rat ra tir két qua
nghién ctru:

e Veé ha ting: Mac du mé hinh héi quy chwa cho
thay tac dong truc tiép c6 y nghia thong ké cua cac
bién ha ting don 1é (X1, X2, X3) dén mirc d6 nghiém
trong cua tai nan, nghién ctru goi y rang dic diém ha
tAng cao téc phan ky dong vai tro 1a yéu t6 nén tang.
Sw thiéu vang dai phan cach cimg hay 1an dirtng khan
cip lién tuc tao ra mot moi tredng van hanh nhay
cam, noi cac sai s6t hanh vi (nhw 14n lan, 14t xe) dé
dang chuyén hoa thanh cac vu tai nan tham khéc. Do
do, cac kién nghi vé viéc nang cap ha ting can duorc
xem xét nhw mot giai phap phong ngtra rii ro thu
dong, gitp giam thiéu hiu qua khi tai nan xay ra;

e Vé loai phwong tién va khung gio: Xe tai la déi
twong trung tim khi tham gia vao hon 71% téng s6
vu tai nan. Dic biét, hai khung gio "diém néng" 1a Oh-
6h va 12h-18h (chiém tong cong hon 65%) cho thiy
sw suy giam vé trang thai sinh ly (bu6n ngli, mét moi)
ctia 14i xe c6 thé din dén tai nan;

e Ve yéutd thoi gian: M6 hinh héi quy khang dinh
rli ro nghiém trong vao ngay thwong cao gip 2,445
1an so véi cudi tudn. Piéu nay phan dnh ap lwc tir dong
xe tai va xe kKhach lwu thong véi mat do cao vao
nhitng ngay lam viéc, gay ra cac xung dot giao thong
c6 mirc do khécliét16m hon;

e V& yéu t0 moi treong: Thoi tiét khéng phai 1a
nguyén nhan chinh khi c6 téi 81,98% vu tai nan xay
ra trong diéu kién binh thwong, cho thdy tim ly chu
quan cta lai xe khi dwong vang va thoi tiét tot.

T két qua nghién ctru, cic giai phap can dwoc
thwc hién: (1) Vé diu tw va quy hoach: Cac co quan
quan ly cén coi viéc b6 sung dai phan cach clrng va
lan dirng kh4n c4p lién tuc 1a yéu ciu bt budc dai
vé&i moi dw 4n cao téc méi va nang cip. Mac du mé
hinh khéng tim thiy anh hwdéng lén mic do
nghiém trong, viéc hoan thién ha tang la cin thiét
dé ngin ngira cac vu va cham ning lwong cao (nhw
déi dau va dam xe dirng) xay ra, qua do6 giam tan
sudt TNGT. Uu tién ngudén von khan cip dé ning
cip ngay lap tlic cac doan tuyén 4 lan han ché
(thiéu lan dirng khin cip - chiém 89,41% s6 vu) va
2 1an xe hién hitu. (2) V@ giadi phap ngan han: Tang
cudong giam sat va xr phat nghiém khic cac hanh
vi dirng d6 trai phép trén lan dudng va khong gitr
khoang cach an toan. Ngoai ra, cling cdn khuyén
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cao tai xé khong 1ai xe lién tuc trong thoi gian dai
va chil ddng nghi ngoi trong cac khung gir dé xay
ra tai nan (sau an trwa va rang sang).
Pong gop cua cac tac gia trong bai bao

Lé Xuan Quy: Diéu tra, Phan tich chinh thirc, Phan
hoi y kién phan bién, Viét - ban thao gdc, Chinh stra
ban thao. Chu Tién Diing: Phwong phap, Diéu tra,
Tié€p nhan tai tro, Giam sat. Phan Van Mén: Diéu tra,
Bién soan dir liéu, Phan tich dit liéu, Viét - ban thao
goc.

Tuyén b6 Khong xung dotloi ich va cam két ban
quyén

Cac tac gid tuyén bd vé sy khong xuit hién
nhirng xung dot tiém 4n tir nghién ciru nay, va cam
két bai bdo chwa tirng dwoc cong bé trude day.
Chia sé dir liéu theo yéu cau

Dir liéu sé dwoc cung cip theo yéu ciu
Loi cam on.
Nghién ctru nay dwoc tai trg béi Bd Gido duc va
DPao tao (MoET) trong Dé tai ma s6 B2025-GHA-01.
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2nd Chu Tien Dung. University of Transport and
Communications.

3rd Phan Van Men. University of Transport and
Communications.

*Corresponding author: lexuanquy@utc.edu.vn

Tai liéu tham khao

[1] TCCS 42:2022/TCDBVN, Buerng 6 t6 cao téc - Thiét
ké va té chitc giao thong trong giai doan phdn ky
ddu tw xdy dwng, Ha N6i, 2022.

TCVN 5729:2012, Pwirng 6 té cao tdc - Yéu cdu thiét
ké, Ha Noi, 2012.

(2]

Ping Minh Tan and Vii Quang Huy, “Vin dé str dung
1an & mot s6 tuyén dudrng cao t6c khu vire phia Bic
va dé xudt nang cao hiéu qua td chirc an toan giao
thong,” Hoi nghi An toan giao théng Viét Nam, Ha
Noi, 2023.

Vii Minh T4m, “Nghién ciru quy trinh dé xuit
phuong an té chirc giao thong phan lan trén dwong

(3]

[4]

cao toc,” Tap chi Khoa hoc Giao théng vdn tdi, vol.
76, mno. 5, pp. 779-792, 2025, doi:

10.47869/1csj.76.5.11.

X. Q. Le, T. D. Chu, and T. A. Vu, “A case study on
scenario-based optimization for axle load survey

”

Jun.

[5]


mailto:lexuanquy@utc.edu.vn

Lé Xudn Quy, Chu Tién Diing, Phan Vdn Mén

Dinh lwgng rii ro va mitc dé nghiém trong tai ngn trén dwong bo cao téc phdn ky ...

data selection for flexible pavement design in
Vietnam,” Transport and Communications Science
Journal, vol. 75, no. 4, pp. 1555-1566, May 2024,
doi: 10.47869/tcsj.75.4.7.

Chu Tién Diing and Lé Xuan Quy, “U'ng dung md
hinh poisson va m6 hinh nhi thirc am trong du bao
tai nan giao théng trén dwong cao toc,” Tap chi
Khoa hoc Giao théng vdn tdi, vol. 76, no. 6, pp. 821-
835, Aug. 2025, doi: 10.47869/1csj.76.6.1.

K. Geurts, G. Wets, T. Brijs, and K. Vanhoof,
“Identification and Ranking of Black Spots:
Sensitivity Analysis,” Transportation Research
Record: Journal of the Transportation Research
Board, vol. 1897, no. 1, pp. 34-42, Jan. 2004, doi:
10.3141/1897-05.

AASHTO, Highway Safety Manual, 1st Edition.
American Association of State Highway and
Transportation Officials, 2010.

(6]

»”

(7]

(8]

(9]

W. Greene, Econometric analysis, Eighth edition.
New York, NY: Pearson, 2018.

[10]S. Washington, M. G. Karlaftis, F. Mannering, and P.
Anastasopoulos, Statistical
Methods for Transportation Data Analysis, 3rd ed.
New York: Chapman and Hall/CRC, 2020. doi:
10.1201/9780429244018.

and Econometric

53

[11]T. Sayed and E. Sacchi, “Evaluating the safety
impact of increased speed limits on rural highways
in British Columbia,” Accident Analysis &
Prevention, vol. 95, pp. 172-177, Oct. 2016, doi:
10.1016/j.aap.2016.07.012.

[12]A. S. Al-Ghamdi, “Using logistic regression to
estimate the influence of accident factors on
accident severity,” Accident Analysis & Prevention,
vol. 34, no. 6, pp. 729-741, Nov. 2002, doi:
10.1016/S0001-4575(01)00073-2.

[13]D. W. H. Jr, S. Lemeshow, and R. X. Sturdivant,
Applied Logistic Regression. John Wiley & Sons,
2013.

[14]K. M. Kockelman and Y.-]. Kweon, “Driver injury
severity: an application of ordered probit models,”
Accident Analysis & Prevention, vol. 34, no. 3, pp.
313-321, May 2002, doi: 10.1016/S0001-
4575(01)00028-8.

[15]P. McCullagh, “Regression Models for Ordinal
Data,” Journal of the Royal Statistical Society Series
B: Statistical Methodology, vol. 42, no. 2, pp. 109-
127,  Jan. 1980, doi: 10.1111/j.2517-
6161.1980.tb01109.x.

[16]C. ]J. O’'Donnell and D. H. Connor, “Predicting the
severity of motor vehicle accident injuries using
models of ordered multiple choice,” Accident
Analysis & Prevention, vol. 28, no. 6, pp. 739-753,
Nov. 1996, doi: 10.1016/S0001-4575(96)00050-
4.



