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Abstract. Currently, asphalt pavement design in Vietnam largely relies on empirical
standards, with limited analysis of the aggregate base layer's performance impact. This study
investigates the role of the crushed stone base (CSB) in asphalt pavement structures using a
mechanistic-empirical approach via the AASHTOWare Pavement ME Design software. By
analyzing a wide range of pavement configurations with varying CSB thicknesses, subgrade
modulus, and base modulus, the study evaluates their influence on performance indicators
such as rutting (RD-T), surface roughness (IRI), bottom-up cracking (FC-BU), top-down
cracking (FC-TD), and surface layer rutting (RD-AC). Results show that increasing CSB
thickness yields optimal benefits at 300400 mm, beyond which the effect diminishes.
Subgrade modulus significantly impacts IRI and RD-T, while base modulus has a strong
influence on FC-BU. The study demonstrates that applying a mechanistic-empirical
framework can enhance pavement structure optimization and material efficiency, especially
under Vietnamese conditions.
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Tém tit. Hién nay, viéc thiét ké két cdu mat duong bé tong nhua tai Viét Nam chu yéu van
duya trén tiéu chuan kinh nghiém va it xem xét séu dén anh huong cua 16p mong cap phoi da
dam (CPDD) trong diéu kién khai thac thyc té. Nghién ctru nay nham danh gia vai tro cta 16p
CPPD trong két cau mat duong bé tong nhya bang cach ap dung phuong phép co hoc — thuc
nghiém voi phan mem AASHTOWare Pavement ME Design. Thong qua viéc khao sat hang
loat t6 hop két cdu v6i cac bién sb nhu chiéu day 16p CPDD, m6 dun dan hdi nén va 16p
CPDD, nhom tac gia dé phan tich trong quan gitra cac yéu t6 nay voi cac chi tiéu khai thac
nhu: han lan (RD-T), g ghé mit duong (IRI), nt moi day Ién (FC-BU), niit moi mét xuong
(FC-TD), va lan trong 16p mit (RD-AC). Két qua cho thay hi¢u qua cua vi€c tang chiéu day
CPPD dat t6i wu ¢ mac 300-400 mm, sau d6 giam dan. Mo dun dan hodi nén dét c6 anh
huéng manh dén IRI va RD-T, trong khi mé dun 16p CPPD anh huong dén FC-BU. Nghién
ctru chtng minh rang mé hinh co hoc — thuc nghiém c6 thé hd tro hiéu qua trong viée téi vu
céu tric o duong va tiét kidém vat lidu, dic biét trong diéu kién Viét Nam.

Tir khéa: mit duong bé tong nhura, 16p cép ph01 da dam, phuong phap co hoc — thyc nghiém,
dic trung khai thac mit duong, md dun dan hoi, nirt moi, han lan.
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1. PAT VAN PE

Két ciu mat dudng bé téng nhya cép cao tai Viét Nam thuong dugc céu tao gdm 2 16p
mat bé tong nhya (chua bao gom 16p phu tao nham hodc c6 chire nang dac biét phia trén), co
hodc khong ¢6 1 hodc 2 16p moéng gia cb bén trén va mot 16p mong 14 vat lidu rdi rac bang cap
phéi da dam (CPDD). Véi hién trang luu lugng giao thong ngay cang lon trén cac tuyen
duong thi két cdu mat dudng bé téng nhwa tuong mg ngay cang duoc lua chon véi s6 16p
nh1eu hon hodc chiéu day cac 16p 16n hon. O Viét Nam, tiéu chuan thiét ké ap dung cho két
chu nay ¢ cac du an thuong chon 1a TCCS 38 [1] (trude day la 22TCN 211-06). Tai ti€u
chuén nay ciu tao cla tang mong trén két ciu 4o dudng duogc quy dinh phu thudc vao luong
giao thong. Puong cé lugng giao thong ning trd 1én duoc yéu cau sir dung cac 16p vat li¢u gia
06 chét dinh két hitu co, hdn hop gia c¢b nhua va/hodc gia b chit dinh két vo co, hdn hop gia
c¢b xi mang. Cac dudng co luong giao thong nang tong chiéu day t6i thiéu 1a 20 cm cho cac
16p vat liéu co sir dung chit dinh két (bao gém ca tang mat va 16p mong trén gia cd), twong
tmg 13 25cm cho duong c¢6 luong giao thong rat ning va 30 cm cho duong co lugng giao
thong dac biét nang, duong co luong giao thong trung binh tro xudng co thé 1a vat liéu hat
khong gia ¢b. Lop mong dudi co thé 1a vét liéu khong gia ¢d hodc gia cb chat lién két vo co
va dugc lya chon tuy thude diéu kién dit nén, ché do thily nhiét cua nén duong, diéu kién vat
liéu dia phuwong hay dam bao dé dang trong thi cong. Mic du nhin vao quy dinh trén chung ta
thay rat chi tiét, da phan chia thanh nhiéu truong hop twong tmg vdi tai trong, tuy nhién viéc
lra chon cAu tao cho két ciu a0 duong thuc té van con nhiéu van dé khong thong nhat. Dé lam
13 van dé nay chung ta xét hai két cau tai Bang 1.

Bang 1. Két cdu 40 dudng tinh toan theo TCCS 38 [1].

Két cu 1 Két cdu 2
TT Chiéu TT Chiéu
Lop vat liéu day Lop vat liéu day
1 | BTN chit C16 5cm 1 | BTN chit C16 5cm
2 | BTN chit C19 7 cm 2 | BTN chit C19 7 cm
3 | ATB 10 cm 3 | Cép phdida dimloail | 55cm
4 | Cip phdi dé damloaiI | 36 cm

Hai truong hop két cdu 4o duong duoc dé xuét ¢ vi du trén déu dat yéu cau khi kiém toan
theo cac trang thai gidi han dugc quy dinh tai TCCS 38 [1]; do d6 rat nhiéu du 4n dudng 6 t6
hién nay 16p mong cap phdi da dam trong két cau mit duong thong thuong duogc chon voéi
chiéu day t6i da nham muc tiéu giam thiéu chiéu day cac 16p mat mat bé tong nhya hay c6 thé
noi c6 xu hudng chon chiéu day t6i thiéu cho cac 1op nay. Tu van dé da néu ¢ trén, viée lya
chon chiéu day céc 16p moéng cap ph01 da dam can phai c6 goc nhin khic dé bo tro cho tiéu
chuén hién hanh nham t6i wu héa thiét ké két cdu mit dudng bé tong nhua.

2.2.MQT SO NGHIEN CUU VA CO SO LY THUYET LIEN QUAN

Theo béo céo ciia W. R. Barker and W. N. Brabston tai [2], 16p cdp phdi da dam rat nhay
cam véi do am; két qua khao sat moé dun dan hoi twong tmg véi do am khéac nhau cho thiy khi
ting 6 4m tir 17,8% 1én 30,6% cho thdy mé dun giam tir ~13.000 xudng khoang ~1.200 psi.
Do do6 trong moi trudong am uot, 16p CPbD dé bi mét hiéu qua chiu luc néu khong co hé
thong thoat nudc tét hoic khong dugc gia cb. Dic biét tai [2] cling cho thay phai chi y khi
dung CPDD trén 16p khong tham nudc dé tranh hién tuong “bay nudc” vi néu nudc ngam tu
trén xubng va khong thoat dugc. Khi m6 dun CPDD giam, kha nang phén tan tng suat cua
16p mong giam dan dén ung suat truyén xudng nén ting 1én dang ké; diéu nay lam giam s
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chu ky tac dung tai trong cho phép. Ciing tai bao cao [2], khi khao sat hiu qua cua viéc tang
chiéu day cho thay v6i cung loai nen va tai trong, khi ting chiéu day lop CPDD tur 6 inch Ién
10 inch, Gmg sudt dung tai dinh nén giam rd rét, tuy nhién, ting tiép tir 10 inch 1én 12-14
(inch) thi muc giam Gng suit dinh nén rat nho hay hiéu qua ting thém la rit han ché. Do d6
khi ting chiéu day 16p mong cap phdi d4 dam vuot qua mét gidi han nhat dinh chi mang lai
hiéu qua giam tng suat nén rat nho. Diéu nay din den viéc st dung 16p mong cap phdi da
dam qua day s& khong c6 hiéu qué cao khi xét ca dén yéu t6 vé chi phi xay dung.

Nghién ctru cia M. M. Rahman va cac cong su [3] cho thdy mé dun cia vat liéu méng
gidm manh khi do am vuot muc t6i uu, dan dén gia tang han lan va nat mat duong; qua do
cho thiy d6 4m va mo dun dan hdi cua 16p CPPD anh huéng dang ké dén tudi tho va hiéu
suat khai thac cua két cAu mat duong bé tong nhwa. Va dé danh gia anh hudng cia 16p moéng
dén cac chi tiéu khai thac, nghién ctru vé moé hinh hoa tai Trung tim NCAT (Auburn
University) cia D. H. Timm va A. L. Priest [4] da chung minh hi€u qua rd rét cua viéc su
dung dit lidu thuc nghiém két hop phan mém Pavement ME Design.

Phuong phap co hoc — thye nghiém da va dang duge ép dung tai nhiéu quéc gia dé thay
thé phuong phap thiét ké kinh nghiém c6 dién, trong tai liéu [5] da xac dinh 5 cac co so 1y
thuyét va mo hinh tinh todn tng dung trong Pavement ME Design. Tai Vi€t Nam, Pé tai Bo
GTVT nam 2017 [6] 1a mot trong nhimg nghién ciu dau tién dé xuat (mg dung phuong phap
nay trong diéu kién ndi dia. Bong thoi, nghién ctru gan day cua Austroads (2025) [7] cung
dua ra khuyén nghl 13 rang vé cau hinh téi vu 16p méng cho cac tuyén duong co6 tai trong 16n.

Céc bao céo gan day tu J. Metcalf [8] va N. Tran [9] nhin manh rang néu khong xac dinh
1d twong quan gitra chiéu day, mé dun va cac chi tiéu khai thac thi viéc tang cau tao 16p mong
s€ khong mang lai hiéu qua tuong xtng voi chi phi. Do do, thiét ké két cau can dua vao cac
phan tich dinh luong cu thé thay vi kinh nghiém don thuan.

Nhu vay, tu tong quan tai liéu va 1y thuyét hién co, viée su dung phan mém Pavement
ME Design d¢ danh gia anh huong cua 16p CPDD trong thict ké mat duong bé tong nhya la
c6 co s& khoa hoc rd rang va phu hop véi xu thé hién dai.

3. PHAN TiCH LOP MONG CAP PHOI PA DAM THEO CO HQC THU'C NGHIEM

Phuong phap co hoc — thuc nghiém la phuong phap phdi hop cac phuong trinh theo ly
thuyét dan hoi, phuong trinh theo 1y thuyét nhiét va cac phuong trinh thu duge tir cic mbi
quan hé thuc nghiém va kinh nghiém. Tinh todn mat duong theo phuong phap nay hién tai su
dung phan mém AASHTOWare® (AASHTOWare Pavement ME Design); véi cac thong sd
thiét ké vé Iuu lugng giao thong, khi hau, thong s6 vé vat lidu cac 16p va nén dat, phan mém
s& xac dinh duoc cac thong s6 lién quan dén dac trung khai thac cua mat duong nhu chiéu sau
han lan vét banh xe, niit do moi, do go ghé (IRI). Bang viéc dua ra nhiéu két cdu voi chiéu
day 16p méng cap ph01 da dam, chidu day 16p mit va két cau nen dat khac nhau, thong qua
cac két qua cua phan mém tinh toan cho cac truong hop két cAu a0 duong dua ra dugc cac
danh gia vé anh hudng cua 16p cap mong phdi d¢a dam dén dic trung khai thac ciia mat duong.

Nghién ctru nay sir dung phan mém AASHTOWare® phién ban 1.3.28 [10] dé phan tich.
Thong so6 khi hau duoc lay tur tram MERRA2 (Modern-Era Retrospective Analysis for
Research and Applications) s6 hiéu ID 122570 Ha Noi; céac s6 liéu vé khi hau dé phan tich
bao gém nhiét do khong khi, luong mua, van tde gio, do am ... Cac thong sb vé tai trong bao
gé)m luu luong xe, ty I¢ ting loai xe twong Ung, cac loai truc xe, hé s6 phan b tai trong tryc,
céc hé sd diéu chinh cho thong s tai trong... Ty 18 cac loai xe trong dong xe dugc lay twong
tu nhu ty 1¢ phan bd trén cac tuyén Quéc 16 chinh ctia Viét Nam thé hién tai Bang 2.
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Bang 2. Ty 1& phan bd trén cac tuyén Qudc 16 chinh ciia Viét Nam [6].

Nhom xe Loai xe Ty 1€ (%)
Nhém 5 Xe 2 truc (xe tai don) 73,85
Nhém 6 Xe 2 truc (xe tai don va ro mooc) 14,25
Nhoém 7 Xe 3 truc (xe tai don) 1,93
Nhém 9 Xe 2 truc, don, va 2 truc do6i (ro mooc) 8,58
Nhém 10 Xe 3 truc do6i (ro mooc) 1,39

Tong 100,00

Luu lugng xe str dung trong phan tich la 5500 xe/ngay dém voi mat cat ngang 2 chiéu xe
chay mdi chiéu 2 lan xe, tang truong xe duge xac dinh theo ham s6 mil voi hé s ting truong
hang nam 1a 3% . Tap s6 liéu két cau 4o duong dugc dua vao tinh toan khao sat nhu sau: 16p
mit bao gébm bé téong nhya polyme BTNP16 PMB3 day 4,0cm va bé tong nhwa thudng
BTNCI19 day 7,0cm; 16p mong trén hdn hop cép phdi da chit gia ¢d nhwya néng DNC25
(ATB) chiéu day thay d6i tir 7,0-120(cm) voi bude thay d6i 1,0cm; 16p mong dudi cap phdi
da dam chiéu day thay d6i tir 10,0-50,0 (cm) voi budc thay ddi 10,0cm, mé dun 16p thay doi
tir 150-350 (MPa) v6i bude thay d6i 100 MPa; nén dat c6 thong sb mo dun thay doi tir 40-80
(MPa) v6i budc thay doi 10MPa. Tur tap sd liéu dau vao nay, st dung phan mém
AASHTOWare® s€ cho ra két qua céc chi tiéu khai thac twong Gng. Vi ket qua thu duogc, st
dung phan mém Minitab18 dé phan tich cac twong quan giira cac thong s6 két ciu va cac chi
tiéu khai thac.

Biéu dd anh hudang chinh dai véi IRI (m/km)
Gia trj trung binh

h (mm) Mr (MPa)
2,525

2,500
2,475
2,450
2,425

2,400

Gia tri trung binh IRI (m/km)

2,375

2,350
100 200 300 400 500 40 50 60 70 80

Hinh 1. Twong quan giira chiéu day cdp phdi da dam —mo dun nén véi IRL
3.1. Két qua phén tich twong quan giira chiéu day méng cip phoi, mé dun nén va chi
tiéu khai thac
Két qua phan tich twong quan giita chidu day mong cap phdi da dam, mé dun nén voi IRI
duoc thé hién tai Hinh 1. Tuong quan nay cho thay khi tdng chi€u day cap phoi da dam h tur

100 — 500 mm, IRI giam tir khoang 2,48 — 2,385 m/km (giam tong ~ 0,095 m/km). Khi tang
Mr tr 40 — 80 MPa, IRI giam tir khoang 2,525 — 2,355 m/km (gidm tong ~ 0,17 m/km), IRI
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giam rd rang véi xu hudng tuyén tinh. Trong khoang khao sat, khoang giam IRT do Mr (=
0,17) 16n hon h (= 0,095), nghia 14 cai thién tinh chét co 1y nén (ting Mr) mang lai hiéu qua
manh hon so vdi tang d¢ day 16p da dam. Trong thiét ké can ddi wu tién gia cb nén (ting Mr),
sau d6 moi tinh dén tang do day 16p d4 dam.

Két qua phan tich trong quan giita chiéu day mong cap phdi da dim, mé dun nén véi
tong chiéu sau han lin vét banh xe (RD-T) dugc thé hién tai Hinh 2.

Biéu dd anh huéng chinh d6i véi RD-T (mm)
Gia tri trung binh

28
27
26

25

Gia trj trung binh RD-T (mm)

24

23
100 200 300 400 500 40 50 60 70 80

Hinh 2. Tuong quan giita chiéu day cap phdi d4 dim — mo dun nén véi IRI va tong chiéu
sau han lin vét banh xe (RD-T).

V6i hinh 2, twong quan nay cho thiy khi ting chidu day cap phdi da dam h tir 100 — 500
mm, RD-T gidm tr khoang 26,7 — 24,2 mm (giam = 2,5 mm). Khi tdng Mr tir 40 — 80 MPa,
RD-T giam tir khoang 28,6 — 23,0 mm (giam ~5,6 mm). Trong khoang khao sat, khoang
giam RD-T do Mr gép d6i h (5,6 mm vs. 2,5 mm). Ttr day cting cho thay wu tién gia c6 nén
(ting Mr) trudc roi moi tang tang do day 16p da dam dé tdi wu chi phi.

Két qua phan tich twong quan giita chiéu diay méng cp phdi, mé dun nén véi ty 18 nut
moi phat sinh tir day 16p mat 1én bé mat FC-BU dugc thé hién tai Hinh 3.
Bi€u dd anh hudng chinh ddi véi FC-BU (%)
Gia trj trung binh
h (mm) Mr (MPa)
12

10

8

2
100 200 300 400 500 40 50

60 70 80

[=)]

Gia tri trung binh FC-BU (%)

S

Hinh 3. Tuong quan giita chiéu day cép phdi d4 dim — mo dun nén véi ty 1é niit moi phat
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sinh tir day 16p mat 1én bé mat FC-BU.

Vi hinh 3, twong quan nay cho thay khi ting chiéu dy cép phdi da dam h tir 100 — 500
mm, FC-BU giam tir khoang 11,8% — 2,1% (giam =~ 9,7%); khoang giam manh nhat khi h
1én 200 mm (tir khoang 11,8% xudng 3,7%), toc d6 nay suy giam (h tr 300 — 500mm chi
giam thém khoang 1,4%). Khi tang Mr tir 40 — 80 MPa, FC-BU giam tur khoang 6,2% —

3,0% (giam = 3,2%). Trong khoang khao sat anh huong cua h gap khoang 3 lan Mr vé kha

nang giam FC-BU (9,7% v&i 3,2%). Vi két qua nay néu muc tiéu 1 giam nut dudi 16p mat
thi wu tién ting do day 16p da dam trudc, tuy nhién nén can nhic & chidu day t6i da 400mm.

Két qua phén tich twong quan giira chiéu diy moéng cip phdi, mé dun nén véi nit moi
phat sinh tir b€ mat xuéong FC-TD duoc thé hién tai Hinh 4.

Biéu d6 anh hudng chinh déi véi FC-TD (m/km)
Gia trj trung binh

o h (mm) Mr (MPa)

130
120
110
100
20
80

Gia trj trung binh FC-TD (m/km)

70

60
100 200 300 400 500 40 50 60 70 80

Hinh 4. Tuong quan giita chiéu day cdp phdi d4 dim —mo dun nén véi nirt moi phat sinh tir
bé mat xuong FC-TD.

Véi hinh 4, twong quan nay cho thay khi ting chiéu day cap phdi da dam tir 100 — 400
mm, FC-TD gidam rit manh tir khoang 135 m/km xudng 60 m/km (giam ~75 m/km); tai
h=400 mm dat gi4 tri thap nhat, khi tiép tuc ting 1én 500 mm thi FC-TD lai ting lén khoang
71 m/km. Khi Mr tang tr 40 — 80 MPa, FC-TD ting tir khodang 69 m/km 1én 97 m/km (tang
~28 m/km). Vi két qua nay néu muc tiéu 1 giam nit moi phat sinh tir bé mit thi chiéu day
cap phdi da dam 400 mm 14 tdi uu.

Két qua phan tich tuong quan giita chiéu day moéng cap phdi, mo dun nén véi chiéu siu
lan phat sinh trong 16p mét bén tong nhya RD-AC dugc the hién tai Hinh 5

V6i hinh 5, twong quan nay cho thay khi ting chiéu day cap phéi da dam h tir tir 100 —
500 mm, RD-AC tang tr khoang 12,43 — 13,25 mm (tang A~=0,82 mm). Khi tang Mr tir 40
— 80 MPa, RD-AC tang tur khoang 12,80 — 12,94 mm (tang=0,14 mm). Trong khoang khao
sat anh huong cua h gip khoang 6 1an Mr vé RD-AC (0,82 mm véi 0,14 mm). Vi két qua
nay néu muc tiéu 1a han ché RD-AC can quan tam dén lua chon h vira du, khong qué con mo
dun nén khong anh hudng nhiéu.
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Biéu d6 anh huéng chinh déi véi RD-AC (mm)
Gia tri trung binh

Mr (MPa
13,3 ( )
E 13,2
U 13,1
<
A 13.0
o
< 129 /
£
o 12,8
c
=3
5127
o 12,6
(G]
12,5
12,4
60 70 80

Hinh 5. Tuong quan giita chidu day cip phdi d4 dim — mé dun nén véi chidu siu lun phat
sinh trong l6p mat bén tong nhya RD-AC.

3.2. Két qua phin tich twong quan giira chiéu diy méng cip phdi, mé dun 16p cip phdi

da dam va chi tiéu khai thac

Két qua phén tich twong quan giita chiéu day mong cap phdi da dim, mo dun 16p cép
phbi da dam vé6i IRI va tong chiéu sau han lun vét banh xe (RD-T) duoc thé hién tai Hinh 6.
Tuong quan nay cho thiy khi ting chiéu day cdp phdi d4 dam h tir 100 — 500 mm, IRI giam
tir khoang 2,523 — 2,417 m/km (giam tong ~0, 106 m/km). Khi tang Mr tir 150 — 350 MPa,
IRI giam tir khoang 2,495 — 2,438 m/km (giam tong ~0,057 m/km). Trong khoang khao sat,
khoang giam IRI do h (= 0.106) 16n hon Mr (= 0.057), nghia la tang chleu day 16p mong cap
ph01 da dam mang lai hiéu qua manh hon so v6i tang mé dun 16p cap phdi d4 dam. Trong
thiét ké can ddi vu tién ting do day 16p da dam, sau d6 méi tinh dén ting mo dun 16p cap phodi
da dam.

Bi€u dd anh hudng chinh d8i véi IRl (m/km)
Gia tri trung binh

h Mr

2,52
E
<
T 250
4
= 248
c
£
2
S 246
s 2,44
(U]

2,42

250 350

Hinh 6. Tuong quan giita chiéu day cap phdi d4 dim — mo dun 16p cap phdi da dam véi IRI.

) Két qua phan tich tuong quan gitra chiéu day moéng cap phdi da ddm, md dun 16p cap
phoi d4 dam véi IRI va tong chiéu sau han lin vét banh xe (RD-T) dugc thé hién tai Hinh 7.
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Biéu d6 anh huéng chinh d@&i véi RD-T (mm)
Gia tri trung binh

h Mr
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Hinh 7. Twong quan giita chiéu day cap phdi d4 dim —mo dun 16p cip phdi da dim voi
tong chiéu sau han lun vét banh xe (RD-T).

Véi hinh 7, twong quan nay cho thay khi ting chiéu day cép phdi da dam h tir 100 — 500
mm, RD-T giam tir khoang 28,1 — 25,2 mm (gidm ~=2,9 mm). Khi tdng Mr tu 150 — 350
MPa, RD-T giam tur khoang 27,4 — 25,9 mm (gidm =1,5 mm). Trong khoang khao sat,
khoang giam RD-T do h 16n hon so v&i Mr (2,9 mm véi 1,5 mm). Tir day ciing cho thdy uu
tién tang do day 16p da dam, sau d6 méi tinh dén ting mé dun 16p cap phdi d4 dam.

Két qua phan tich tuong quan giita chiéu day mong cap phdi, mo dun 16p cip phdi da
dam véi ty 1¢ nit moi phat sinh tir day 16p mat 1én bé mat FC-BU dugc thé hién tai Hinh 8.

Biéu d anh huéng chinh déi véi FC-BU (%)
Gia tri trung binh

h Mr

16
g ™
>
Q12
=
< 10
£
2
5 8
T 6
o
G}

4

2

100 200 300 400 500 150 250 350

Hinh 8. Twong quan giita chiéu day cdp phdi d4 dam — mo dun 16p cap phéi da dim voi ty 16 nat
moi phat sinh tr day 16p mét lén be mat FC-BU.

V6i hinh 8, twong quan nay cho thay khi ting chidu day cép phdi da dam h tir 100 — 500
mm, FC-BU giam tir khoang 14,6 % — 2,4 % (giam ~12,2 %); khoang giam manh nhét khi h
1én 200 mm (tir khoang 14,6% xudng 6,5%), toc do nay suy giam (h tir 300 — 500mm chi
giam thém khoang 1,3%). Khi tang Mr tir 150 — 350 MPa, FC-BU giam tir khoang 9,4 % —
3,3 % (giam = 6,1 %). Trong khoang khao sat anh hudng ctia h gép khoang 2 1an Mr vé kha
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ndng gidam FC-BU (12,2% v6i 6,1%). V6i két qua ndy néu muc tiéu 1a giam nért dudi 16p mat
thi vu tién tang do day 16p da dam trudce, tuy nhién nén can nhac & chiéu day toi da 400mm.
Két qua phan tich trong quan gitra chiéu day moéng cdp phdi, mé dun 16p cip phdi da
dam véi nirt mai phat sinh tir bé mat xuong FC-TD dugc thé hién tai Hinh 9.

Biéu do6 anh hudng chinh déi véi FC-TD (m/km)
Gia tri trung binh

h Mr

130
é 120
£
g 110
)
= 100
[ =
E
o 90
c
2
= 80
®
Y 70

60

100 200 300 400 500 150 250 350

Hinh 9. Tuong quan giita chidu day cip phéi‘dé dam —md dun l6p cip phéi da dim voi nit moi
phat sinh tir bé mat xuong FC-TD.

V6i hinh 9, twong quan nay cho thay khi ting chiéu day cip phdi d4 dam tir 100 — 300
mm, FC-TD giam rat manh tir khoang 129 m/km xudng 64 m/km (giam ~65 m/km); tai
h=300-400 mm dat gia tri thép nhat, khi tiép tuc tang 1én 500 mm thi FC-TD lai tang lén
khoang 75 m/km. Khi Mr ting tir 150 — 250 MPa, FC-TD giam tir khoang 94 m/km xubng
75 m/km (giam ~19 m/km); Mr tang tiép 1én 350 MPa, FC-TD lai tang 1én ~78 m/km. Vi két
qua nay néu muc tiéu 1a giam nit moi phat sinh tir bé mat thi chiéu day cap phdi da dam 300-
400 mm 1a t&i wru, mo dun 16p cap phdi d4 dam khoang 250MPa 14 tdi uu.

Két qua phan tich twong quan giita chiéu day moéng cép phdi, mé dun 16p cap phdi da
dam véi chiéu sau ltn phét sinh trong 16p mat bén tong nhya RD-AC dugc thé hién tai Hinh
10.

Biéu dd anh hudng chinh déi vdi RD-AC (mm)
Gia tri trung binh

h Mr
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Hinh 10. Tuong quan giita chidu day cp phéi da dim — mé dun 16p cip phdi da dim voi
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chiéu sau lun phat sinh trong 16p mit bén tong nhwa RD-AC.

Véi hinh 10, twong quan nay cho thay khi ting chiéu day cap phdi da dam h tir tir 100 —
500 mm, RD-AC tang tir khoang 12,37 — 13,23 mm (tdng ~0,86 mm). Khi tang Mr tir 150 —
350 MPa, RD-AC ting tir khoang 12,63 — 13,00 mm (ting ~0,37 mm). V&i két qua ndy néu
muc tiéu 12 han ché RD-AC can quan tdm dén Iya chon h va mé dun 16p cip phdi da dam vira
du.
3.3. Két qua phin tich twong quan giira chiéu day méng cAp phoi, chiéu day méng ATB

va chi tiéu khai thac

Két qua phan tich twong quan giita chiéu day mong cap phéi da dam, chiéu day mong
ATB voi IRI Hinh 11. Tuong quan nay cho thay khi ting chiéu day 16p cap phdi da chat gia

c¢b nhya nong h-ATB tir 70 — 120 mm, IRI giam tir khoang 2,469 — 2,317 m/km (giam tong

~0,098 m/km). Khi ting chiéu day cdp phdi d4 dim h-cpdd tir 100 — 500 MPa, IRI giam tir
khoang 2,476 — 2,371 m/km (giam tong ~0,105 m/km). Trong khoang khao sat, tang chiéu
day 16p ATB ludn c6 hiéu qua giam IRL; tuong ty tang chiéu day 16p mong cap ph01 da dam
cling mang lai hiéu qua giam IRI va toc do giam ting manh ¢ 300mm dau va bat dau giam toc
d6 khi tiép tuc tang chidu day cdp phdi da dam.

Bi€u dd anh hudng chinh d8i véi IRl (m/km)
Gia tri trung binh

h-ATB h-cpdd
2,48

2,46
2,44
2,42

2,40

Gia tri trung binh IRl (m/km)

2,38

2,36
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Hinh 11. Tuong quan giita chiéu day cip phéi da dam — chidu day mong ATB véi IRI

Két qua phan tich twong quan giita chiéu day mong cép phdi da dam, chiéu diay mong
ATB véi tong chiéu sau han lin vét banh xe (RD-T) duogc the hién tai Hinh 12.

Véi hinh 12, twong quan nay cho thay khi ting chiéu day 16p cip phdi da chit gia cb
nhya nong h-ATB to 70 — 120 mm, RD-T gidm tr khoang 26,7 — 23,5 mm (gidm =3,2
mm). Khi ting chiéu day 16p cép phdi da dam h-cpdd tir 100 — 500 MPa, RD-T giam tir
khoang 26,7 — 23,7 mm (giam ~=3,0 mm). Trong khoang khdo sat, khi tang h-ATB c6 hi¢u
qua giam RD-T; twong tu nhu thé khi ting h-cpdd ciing ¢6 hiéu qua giam RD-T va c6 hiéu
quéa nhat & 300mm dau.

Két qua phan tich trong quan giita chiéu day moéng cap pk{éi, chiéu day méng ATB véi ty
1€ nirt moi phat sinh tr day 16p mat 1én bé mat FC-BU dugc thé hién tai Hinh 13.

1088



Tap chi Khoa hoc Giao thong van tai, Tap 76, S6 08 (10/2025), 1078-1092

Biéu dd anh hudng chinh déi véi RD-T (mm)
Gia tri trung binh
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Hinh 12. Tuong quan giita chiéu day cap phdi da dam — chiéu day mong ATB véi téng
chiéu sau han lan vét banh xe (RD-T).

Biéu dd anh hudng chinh d&i véi FC-BU (%)
Gia tri trung binh

h-ATB h-cpdd
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Hinh 13. Tuong quan giita chiéu day cép phdi da dim — chiéu day méng ATB véi ty 18 niit moi phat
sinh tir day 16p mat 1€n bé mat FC-BU.

Véi hinh 13, twong quan nay cho thay khi ting chiéu day 16p cip phdi da chit gia cb
nhya néong h-ATB tir 70 — 120 mm, FC-BU gidm tir khoang 6,3 % — 1,9 % (giam =4,4 %);
khodng giam manh nhat khi h-ATB Ién tir 70 — 90 mm (tir khoang 6,3% xudng 3,0%), toc do
nay suy giam (h-ATB tir 90 — 120mm chi giam thém khoang 1,1%). Khi tang chiéu day 16p
cap phdi da dim h-cpdd tir 100 — 500 MPa, FC-BU giam tir khoang 7,9% — 1,9 % (giam ~
6,0 %); khoang giam manh nhét khi h 1én tir 100 — 200 mm (tr khoang 7,9% Xuong 2,9%),
tbc do nay suy giam (h tir 200 — 500mm chi giam thém khoang 1,0%).

Két qua phan tich trong quan gitra chiéu day mong cap phdi, chiéu day mong ATB voi
nit moi phat sinh tir bé mat xuong FC-TD dugc thé hién tai Hinh 14.
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Biéu d6 anh huéng chinh cia FC-TD (m/km)
Gia tri trung binh
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Hinh 14. Tuong quan giita chiéu day cép phéi da dam — chiéu day méng ATB véi niit moi phat sinh
tr bé mat xuong FC-TD.

Véi hinh 14, twong quan nay cho thiy khi ting ,chiéu day 16p cap phdi da chat gia cd
nhwa nong h-ATB tor 70 — 100 mm, FC-TD giam rat manh tir khoang 80 m/km xudng 66
m/km (giam ~14 m/km); tr 100 - 120 mm dao chiéu gia tri FC-TD lai tang 1én dén khoang
69 m/km. Khi tang chieu day 16p cap phoi da dam h-cpdd tu 100 — 300 MPa, FC-TD giam tu
khoang 98 m/km xuong 55 m/km (giam ~43 m/km); tang tiép 1én 500 MPa, FC-TD lai tang
1én ~78 m/km. Voi két qua nay néu muyc tiéu la giam nut m01 phat sinh tir bé mat thi chiéu
day cap phdi da chat gia c6 nhya nong khoang 100 mm la t6i wu, chiéu day 16p cap phdi da
ddm khoang 300mm la t61 uu.

i Két qua phan tich twong quan gitta chiéu day mong cap phdi, ghiéu day mong ATB véi
chi€u sau lun phat sinh trong 16p mat bén tong nhya RD-AC duogc thé hién tai Hinh 15.
Biéu db anh huéng chinh d6i véi RD-AC (mm)
Gia tri trung binh
h-ATB h-cpdd
13,00
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Hinh 15. Tuong quan giira chidu day cap phdi da dam — chiéu day méng ATB vdéi chiéu sau
Iin phat sinh trong 16p mat bén tong nhya RD-AC.

V6i hinh 15, twong quan nay cho thdy khi tang chiéu day 16p cip phdi da chat gia cb
nhya nong h-ATB trr 70 — 120 mm, RD-AC giam trong khoang khao sat, riéng khoang
70—80mm gia tri RD-AC hau nhu khong thay doi. Khi tang chiéu day 16p cap phoi da dam
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h-cpdd tr 100 — 500 MPa, RD-AC tang déu mdi 100mm ting ~0,50 mm. Véi két qua nay
néu muc tiéu 13 han ché RD-AC cin quan tim den Ira chon chiéu day 16p cap phbi da dam
vira du va tang chidu day hay bd sung thém 16p cap phdi da chat gia c6 nhua néng.

3.4. Nhan xét chung

- Chiéu day 16p CPPD c6 anh hudng rd rét dén cac chi tiéu khai thac nhu IRI, RD-T, FC-BU
va FC-TD. Tuy nhién, khi chiéu day vuot ngudng khoang 300-400 mm thi hiéu qua gia ting
giam dan, dic biét voi FC-BU va FC-TD.

- M6 dun dan héi ctia nén dat (Mr nén) c6 anh hudng 16n d&én IRI va RD-T; néu muc tiéu 1a
giam han lun va gd ghé, wu tién dau tu cai thién nén s& mang lai hiéu qua cao hon so véi ting
chiéu day CPPD.

- Mb dun 16p CPPD ciing 4nh hudng dang ké dén RD-T va FC-BU, nhung tac déng nho hon
so v6i ting chidu day 16p. Do do, mo dun CPBD can duoc lya chon hop 1y, nén téi thiéu dat
250 MPa va di kém v&i kiém soat do Am va vat liéu.

- Chiéu day 16p ATB (cip phdi da chit gia ¢ nhwa néng) c6 hidu qua manh trong viéc giam
IRI, RD-T, FC-BU va FC-TD, nhung hiéu qua tdi wu dat dugc & mic 100 mm. Viée ting qua
mirc khong mang lai hiéu qua bd sung twong xtng.

- Chi tiéu RD-AC c¢6 xu hudng tang khi chiéu day 16p CPPD ting, do d6 can kiém soat chiéu
day 16p CPPD trong ngudng hop 1y dé khong lam ting nguy co lin trong 16p mat.

4. KET LUAN

- Can 4p dung phuong phéap co hoc — thuc nghiém trong thiét ké mat duong dé khai thac tdi
da hi€u qua phan tich va dy béo, tir 46 xay dung két cAu bén viing va tiét kiém chi phi trong
diéu kién Viét Nam.

- Trong thiét ké két cau mit duong bé tong nhya, nén uvu tién gia ¢6 nén dat (tang m6 dun
nén) trude khi ting chiéu day 16p CPPD nham dat hiéu qua vé giam han lan va go ghé.

- M6 dun 16p CPPD nén tbi thiéu dat 250 MPa, dong thoi can kiém soat chit diéu kién do am
va thoat nudc trong thiét ké thi cong dé duy tri kha nang chiu tai.

- Cén phai xem xét xac dinh chiéu day tbi wu cho 16p CPPD, 16p ATB khi thiét ké két ciu
nham dam bao hiéu qua chiu lyc vura tranh 1ang phi vat ligu.
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