KET QUA NGHIEN CUU VA UNG DUNG

XAC PINH CHI SO KHA NANG PHUC VU HIEN TAI
CHO KET CAU MAT BUO’Nq VA [VIOI TUONG QUAN
VOI CHI SO PO GO GHE QUOC TE

Dinh Véan Hiép'™
Tém tat: Chi sé kha ndng phuc vu hién tai, PSI, duoc strdung rong réi dé danh gia tinh trang va kha néng lam viéc
thure té cta két cdu mét dudng trong thiét ké, cai tao va duy tu stra chira mét durdng, theo phuong phap AASHTO.
Bai béo trinh bay viéc xac dinh chi s6 PSI va mdi tvong quan véi chi s6 do gd ghé quéc té, IRI, trong diéu kién cua
Viét Nam nham danh gia kha ndng phuc vu hién tai ctia két cdu mét duong mot céch thuén loi va nhanh chong.
Ngoaira, bai bao trinh bay cach xac dinh gia tri ngu’crng PSI,quy dinh tham khao khi can thuec hién cditao hodc xdy
dung lai mat duong trong tng véi loai mét dudng va cap dudng trong diéu kién cta Viét Nam.

Tirkhoa: Mat duong; chi s6 kha nang phuc vu hién tai; dé go ghé quéc té.

Determination of present serviceability index of pavement structure and its correlation with international
roughness index

Abstract: The present serviceability index, PSI, has widely been used for design and evaluation of pavement
structure specified in the AASHTO method. This paper is to present determination of the index PSI and the correlation
with the international roughness index, IRI, in the Vietnam condition to roughly and cost-effectively evaluate the
present serviceability of pavement. In addition, the paper presents determination of the terminal serviceability level,
PSI, for rehabilitation and reconstruction according to pavement types and road classes in Vietham.

Keywords: Pavement; present serviceability index; international roughness index.

Nhéan ngay 10/02/2017; stra xong 17/3/2017; chap nhan dang 21/3/2017
Received: February 10, 2017; revised: March 17, 2017; accepted: March 21, 2017

@ 1. Gi&i thiéu

Chi sb kha néng phuc vu hién tai cla két cdu mat dwong PSR (present serviceability rating) hodc PS/
(present serviceability index) dwoc str dung réng rai dé danh gia tinh trang va kha nang lam viéc thwc té cla két
cAu mét dwdng trong thiét ké, cai tao va duy tu stra chiva mat dwong, theo phwong phap AASHTO[1, 2]. Viéc xac
dinh chisé PSR hodc PS/ 1a twong dbi phire tap, tdn kém thei gian va kinh phi, trong khi chi sé do gé ghé quéc té
IRI hién nay dang dwoc str dung réng rai va viéc khao sat thu thap la twong déi don gidn, nhanh chéng. Do vay,
bai bao sé& phan tich méi twong quan gilra chi sé PSR hoéc PS/ va IRl dé xac dinh méi twong quan phi hop voi
diéu kién ca Viét Nam, nham muc dich danh gia kha nang phuc vu hién tai cia két cdu mat dwérng mét cach
thuan loi va nhanh chéng. Ngoai ra, bai bao sé xay dwng gia tri ngudng PS/, quy dinh khi can thuc hién cai tao
ho#c xay dwng lai mat dwéng tuong (rng véiloai mat dudng va cap dwdng trong didu kién clia Viét Nam.

@ 2. Panh giatinh trang lam viéc ctia két cdu mat dwong

Tinh trang lam viéc ctia két cdu mat duweng dwoc danh gia thong qua chi sé kha néng phuc vu hién tai PSR
(present serviceability rating). Theo thi nghiém dwéng clia ASSHO [3], chi sé PSR dwoc xac dinh dua trén két
qua danh gia ctia doan chuyén gia theo thang diém tir 1,0 dén 5,0 nhw theo Hinh 1. Cu thé gia tritr 4,0 - 5,0 la rat
tt; 3,0-4,01atbt; 2,0- 3,0 latrung binh; 1,0-2,01a x4u va 0,0 - 1,0 12 rat xAu. Méi lién hé gitka gia tri chi s6 PSR v&i
két qua danh gia ctia ngudi st dung dudng dwoc thé hién nhw sau: PSR = 0,0 cho mét dwdng bi hw héng néng,
khéng thé di duoc; PSR = 2,0 khi 85% nguoi str dung dueng khéng chap nhan; PSR = 2,5 khi 55% ngudi st
dung dudng khéng chéap nhan; PSR = 3,0 khi 12% ngui stir dung dwdng khéng chap nhan; PSR = 4,2 - 4,5 khi
dwérng méi viralam xong; PSR = 5,0 khi chat lwgng st dung dwdng hoan hao.

Trong thi nghiém ctia AASHO [3], chi s6 kha nang phuc vu hién tai PSI (present serviceability index) dwoc
xac dinh 1a ham sé cla do gb ghé va hw héng méat dueng, twong quan véi chi sé PSR nhw trén Hinh 2. Thuc té
cho thay co nhiéu sy nham |an gitra chi sd PSR va chi sd PSI1a mot; tuy nhién can lwu y réng chi sé PSR va chisé
PSllakhac nhau vé ban chat. Chisd PSR dwoc xac dinh théng qua danh gia chi quan clia doan chuyén gia, trong
khi chi sé PS/ dwoc xac dinh mét cach khach quan théng qua cac sé liéu do dac hién trang clia mat dweng. Co thé
xacdinh chisd PSR = PSI + A, v&i Ala sy chénh léch cla viéc chuyén dbi.
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Hinh 1. M&u thang diém xac dinh chi s6 PSR Hinh 2. Tuong quan gitka chi sé PSR va PSI

Chi sd PSI dwoc xac dinh thong qua ham sé ca do gé ghé va cac hw héng mat dwong (vét [Gn banh xe,
nirt, véa & ga) ddi véi mat dwong nhra va mat dudng bé téng xi mang (BTXM) nhw theo cdng thive (1) va (2) twong
rng du¢i day:

V&i matdwong nhya:

PSI=5,03-1911og(1 +SV)~138RD*> —0,01(C + P)"* (1)

V&imatdwong BTXM:

PSI=541-1,781og(1+SV)-0,09(C + P)** 2)
trong do: C (cracking) la ty |& dién tich mé&t dwdng da xuat hién cac khe nirt Cap 2 va Cap 3 tinh bang ft%/1000 ft*
(ho&c m*/1000 m®) clia dién tich mat dweng. Khe niet Cap 2 c6 d6 mé rong lon hon 1/8 inch (3,175 mm) (da phat
trién thanh mang luéi), khe nivt Cap 3 cd d6 mé rong 16n hon 1/4 inch (6,350 mm), nirt thanh miéng vél‘:fi rac; P
(patching) la ty 1& dién tich da xuat hién 6 ga tinh bang ft"/1000 ft* (m*/1000 m*) va dién tich m&t dwong; RD (rutting
depth) la chiéu sau vét Iun banh xe trung binh ctia hai vét banh xe tinh bang inch (2,54 cm); SV la phwong sai do
déc dugctinh theo cong thire (3) dé xac dinh do gé ghé:

2 _l 2:
e 2)’ - (2}’) (3)
n—1 o

tror&dc’n: yla dd chénh cao do clia hai diém trén vét banh xe cach nhau 9 inch (22,86 cm) va nlasé 1an doc. Tham
sb SV dwoc xac dinh théng qua thi nghiém do dé bang phang cia AASHO hodc qua thiét bi do d6 béng phang
CHLOE. Tuy nhién, thwc hién cac thi nghiém nay sé rat tdn kém va khéng con mang tinh tng dung trong thuc té.
Trong khi do, chi sé do gb ghé quéc té IR hién nay dang dwoc st dung rong rdi va dwoc thue hién thi nghiém
tu’o’rgdc")i don gian, nhanh chéng. Do vay, Hall va Munoz [4] d& xay dwng méi twong quan gitra phwong sai do
déc SV va chisé d6 gb ghé qudc té IR/ nhuw trén Hinh 3 va theo cong thire (4) nhwr sau:

SV =22704IRI>  R*=0988 (4)

Pé tién cho viéc str dung & Viét Nam [5], chi sé PSI dwoc viét lai theo hé don vi mét va dwoc thé hién theo
cong thire (5) va (6) ciing véi viéc thay thé IRI:

V&imatdwong nhya:

PSI=5,03-191log(1+2,27 IRI*)—890RD* —0,01(C + P)** (3)

Vé&imat dwong BTXM:

PSI=5,03—1,78log(1+2,27 IRI*)—0,09(C + P)"’ (6)

trong do: ty 1& dién tich vét n(et C tinh béEmZHOOO m’; ty 1& dién tich slra chiva méat dwong P tinh bdng m*/1000
m’; chiéu sau vét 1an banh xe trung binh RD tinh bang cm va chi sé do go ghé québc t& IR/ tinh bang m/km.
(@  3.Xacdinh méitwong quan gitra cac chisé PSRhoac PSIvaIRI

Chi sé do gb ghé quéc té IR dwoc str dung rong réi hién nay va da dwoc duwa vao Tiéu chuan TCVN 8865:
2011 v& kiém tra va danh gia dé bang phang mat dwdng [6]. Viéc xac dinh chi sd IR/ co thé bang phwong phap
trwe tiép hodc gian tiép. Phd bién hién nay, chi sb IRI dwoc xac dinh bing phuong phap do gian tiép trén co s&
phwong trinh thuwe nghiém véi dé xdc théng qua thiét bi khao sat, nhuw A ROMDAS, TRL Bum Intergator [7]. Téc
d6 do chi sé IR/ co thé dat dwoc tir 300 dén 400 km/ngay, véi tde do do khuyén nghj 1a 40 dén 60 km/h. Do vay,
théng qua méi twong quan véi IR/, viéc xac dinh chi sé PSR hoéc PS/ sé thuan lgi va nhanh chéng hon rat nhiéu.
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Méi twong quan gitra chi sé PSR hodc PS/va IRl da dwoc mét s tac gia thure hién nghién cleu trén co sé
dtr liéu thwe nghiém. Hall va Munoz [4] st dung d liéu thi nghiém dwéng ctia ASSHO dé dwa ra méi twong quan
nhw cong thire (7) va (8) twong (rng voi mat dwdng nhira va mat dwdng BTXM:

V&imatdwdng nhya:

PSI =5-0,2937x* +1,1771x* —1,4045x* —1,5803x R* =095 (7)
Vé&imatduwdng BTXM:
PST =5+0,6046x° —2,2217x* —0,0434x R? =096 (8)

trong dé: x =log(l1+2,2704/RI?)

Dwa trén co sé dir liéu dwroc thu thap trén dweng 6 t6 tir nam 1976 dén ndm 1981 thude dw an nghién clvu
tai tro' bdi Ngan hang Thé gidi, Paterson [8] da xay dwng méi twong quan gitva chi sd PSR va IR/ cho mat dwéng
nhwa nhw cong thirc (9) dwa trén sé liéu ctia Brazil va mot sé nwére dang phat trién. Muc tiéu clia nghién cieu nay
|a nham xay dwng mé hinh xudng cép ctia dwdng cho cac nwéc dang phat trién.

PSR = 5exp(—0,18IRI) (9)

Al-Omari va Darter [9] thwe hién nghién clvu tai mét sé bang & My (Louisiana, Michigan, New Mexico,
Ohio, va Indiana) bao gdm ca dwdng truc dé thi, dwdng cao tde do thi va dwdrng & to cao tée. Mbi twong quan gitra
cac chisd PSR va IRI cho mat dwong nhia va mat dwéng BTXM nhu theo cong thire (10) va (11):

V&imat dwdng nhya:

PSR = 5exp(=0,24IR]) R* =081 (10)

V&imatdwdng BTXM:

PSR =5exp(—0,272[R1)

Géan day, Solminihac va cong sw [10], thwe hién nghién ctru cho dwdng truc do thi va duwdng 6 t6 cao tde
tai Santiago, Chile v@i cac diéu kién mat dwéng khac nhau. Nghién ctru xay dwng dwoc méi twong quan gitra chi
s0 PS/va IRl cho mat dwong nhwa va mat duwdng BTXM nhw theo céng thire (12) va (13) dwéi day:

R* =0,66 (11)

Vé&imatduwdng nhua:

PSI =5,671-1,714IRI"® R? =0,950 (12)
Vé&imatdwdng BTXM:
PSI = 5,769 - 1,589IRI** R? =0,943 (13)

Trong phan tich nay, tac gia gia thiét chi sé PS/ dwoc xem la cb gia tri twong ddng véi chi sd PSR, do vay
biéu dé quan hé gitra chi sé PS/ v&i IR/ clia cac nghién ciru trinh bay & trén twong (rng véi mét dwong nhwa va
mat dwerng BTXM dwoc thé hién nhw trén Hinh 4 va Hinh 5.
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Hinh 4. Biéu db quan hé giira chi s6 Hinh 5. Biéu db quan hé giira chi s
PSI véi IRI cia mat duong nhura PSI v6i IRl cia mat duong BTXM

Nhw dwoc thé hign trén bidu d6, déi véi mat dwéng nhuwa, két qua méi twong quan gitva PS/va IRI clia
cac nghién clru cho thay twong déi trong dong. Két qua cla Hall&Munoz rat théng nhat voi két qua ciia Al-
Omari&Dater trong pham vi s6 liéu 1,0 < PSI < 4,5, didu nay duoc gidi thich do nguyén nhan thiéu cac sé liéu clia
thi nghiém AASHO trong pham vi PS/ < 1,0 va PSI > 4,5 [9]. B4i véi mat dwirng BTXM, nghién ctru Paterson [8]
khodng co sb liéu, trong khi méi twong quan ctia nghién ctru Solminihac twong déi cach xa véi nghién clru ctia
Hall&Munoz va Al-Omari&Dater.
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Bang 1 dwoi day dwa ra gia tri twong tng githa chi sé PS/ va IR & giai doan xubng cip clia mét dwong
nhwa va mat dwerng BTXM. Vi du, véi mét dwdng nhuwa, PSI = 1,0 & giai doan xubng cap va can phai cai tao, gia
tri ctia IR/ 1an lwot 1a 6,40 m/km; 6,70 m/km; 7,42 m/km; va 8,95 m/km twong rng v&i cac nghién clru cla
Hall&Munoz; Al-Omari&Dater; Solminihac; va Paterson. V@i cung gia tri PS/ duwgc xac dinh, gia tri IR/ twong &rng
theo nghién clru Paterson thweng dwa ra két qua cao ré rét véi nghién clru cia Hall&Munoz va Al-Omari&Dater,
diéu nay la phu hop do nghién clru clia Paterson dwgc thire hién cho cac nwée dang phat trién.

Bang 1. Gia tri tuong tmg gitka PSI va IRI & giai doan xubng cép ctia mét duong
IRI (m/km) IRI (m/km)
cua mat dwéng nhira cua mat dwong
Al-Omari Hall & Al-Omari
& Dater Munoz & Dater
6,70 6,05 5,90
5,02 4,60 442
3,81 3168 806
2,89 2,91 2855

BTXM
Solminihac
9,00
7.2

5,62
4,23

Hall &
Munoz
6.40
4,90
3,56
258

Paterson

8.95
6.70
5,10
3.85

Solminihac

7,42
5,93
4,59
3,43

(@ 4.Xacdinh giatringwéng PSI,trong didu kign Viét Nam

Nhuw dwoc phan tich & trén, tac gia str dung mdi twong quan Paterson dé xac dinh gia tri PS/ twong (rng
vai IR/ quy dinh theo TCVN 8865: 2011 [6] cho méat dwdng nhwa trong diéu kién Viét Nam nhw Bang 2. Gia tri PS/
thu dwoc cho thay phil hop vai tinh trang dwong va dac biét 1a véi didu kién cac nwdc dang phat trién nhw Viét
Nam. Do vay, twong quan Paterson cho thay cé tinh phi hep cao khi ap dung & Viét Nam. Tuy nhién, can cha y
réng sw twong quan nay phu thudc nhiéu vao sw khac biét vé loai mat dweng va tinh trang mat dwdng trong tirng
trwéng hop danh gia va ap dung.

Bang 2. Gia tri PSI twong tmg véi IRl cho mat dudng nhuwa duoc quy dinh trong TCVIN 8865: 2011
Loai Loai
mat dwong mat dwong
Buong cao toc
cap 120, 100
va 80; duwdng
0 t6 cap 80.

Tinh trang mat dwong
Trung binh Kém
2,0<IRI<4,0 4,0<IRI<6,0

Tot
IRI<2,0

Rat kém
6,0</RI<8,0

PSPF3,49 | 3,49>PSP2,43 | 243>PS>1,70 | 1,70>PSI>1,18

Cap cao Al:
Bé tong

nhwa chat.

Buong cao téc
cap 60, dudng
0 16 cap 60.

IRI<3,0

3,0<IRI<5,0

5,0<IRI<7,0

7,0<IRI<9,0

PS>2,91

291>PSPF2,03

2,03>PSI>1,42

1,42>PS/>0,99

Puong 6 t6 cap
40 va 20.

IRI<4,0

4,0</IRI<6,0

6,0</RI<8,0

8,0</RI<10,0

PSI>2,43

2,43>PS/>1,70

1,70>PS/>1,18

1,18>PS/>0,83

Cap cao A2:
BTN rai ngudi,
rai 4m; tham
nhap nhyra,
da dam nuwoc
lang nhyra.

Pudng 6 t6 cp 60.

IRI<4,0

4,0</RI<6,0

6,0</R[<8,0

8,0</RI<10,0

PSI>2,43

2,43>PS/>1,70

1,70>PS/>1,18

1,18>PS/>0,83

Puong 6 t6 cap

IRI<5,0

5,0<IRI<7,0

7,0</RI<9,0

9,0</RI<11,0

40 va 20.

PSI>2,03

2,03>PS[>1,42

1,42>PS/>0,99

0,99>PS/>0,69

Trén co s& mbi twong quan gitra gia tri PSiva IR nhuw trén, tac gia dé xuat quy dinh gia tri ngwéng PSI khi
can thye hién cong viéc cai tao hodc xay dwng lai mat duwong twong (rng véi loai mat dwong va cép dudng cho
diéu kién Viét Nam, nhw theo Bang 3. Gia trj nay cho thay twong déi thdng nhat véi cac nghién ciru xac dinh gia tri
PSI pht hop véinén kinh t& kém hodc dang phat trién [10].

Bang 3. Quy dinh nguéng PSI, khi can phai thuc hién céi tao hodc xay dung lai méat duong

PSl

Loai mit dwéng Cép dwong

Puwdng cao tdc cap 120, cap 100 va cap 80;
dudng 6 t6 cap 80.

Puéng cao tbe cip 60, dwéng 6 t6 cap 60.

210

Cép cao A1: Bé téng nhwa chét. 1,5

1,2
1,2
1,0

Buwdng 6 t6 cap 40 va cép 20.

Cép cao A2: BTN rai ngudi, rai am;
tham nhap nhwa, da dam nuwéc
lang nhura.
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@ 5.Kétluan

Bai bao da lam ré ban chét cla chi sd kha nang phuc vu hién tai PSR va PSI dwoc st dung trong thi
nghiém AASHO, nham danh gia tinh trang va kha nang lam viéc thuc té clia két cAu mat dwong trong thiét ké, cai
tao va duy tu stra chiva mat dwerng. Chi sé PSR dwoc xac dinh théng qua danh gia chi quan clia doan chuyén gia
trong khi chi sd PSI dwoc xac dinh mét cach khach quan théng qua céc s6 liéu do dac tai hién trang vé& d6 gb ghé
va hw héng ctia mat dudng. Bai bao da phan tich dwoc méi trong quan gitra cac chisé PSIva dd gb ghé quéc té
IRI, ttr do kién nghi ap dung méi twong quan pht hop véi diéu kién cla Viét Nam. Két qua xac dinh méi twong
quan gitra cac chi sd PS/va IR dé danh gia kha nang phuc vu hién tai clia két cidu mat dwong mot cach thuan loi
va nhanh chéng théng qua chisé IRI. Can chi v réng sw twong quan nay phu thude nhiéu vao s khac biét vé loai
mat dudng va tinh trang mat dwdng trong tleng treed'ng hop danh gia va ap dung. Bén canh do, bai bao da trinh
bay cach xac dinh gia tri ngwéng ctia kha nang phuc vu hién tai, PS1, quy dinh tham khao khi can thwc hién caitao
hoac xay dwng lai mat dwong twong trng véi loai mét dwdng va cap dwong trong diéu kién clia Viét Nam.
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