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Abstract. Porous asphalt concrete has been used in many countries around the world.
However, the layer coefficients of this material are not the same. In Vietnam, porous asphalt
concrete has also initially been applied on the Phap Van-Cau Gie expressway. In order to
serve the design of pavement structures according to AASHTO 93 and continue to be applied
in Vietnam, it is necessary to determine the layer coefficient of porous asphalt concrete. The
paper presents the main content of the study that is to determine the layer coefficient of porous
asphalt concrete based on the analysis of the results of the field dynamic modulus test on the
pilot section at Phap Van-Cau Gie expressway. The result of the layer coefficient determined
from this study is one of the important aspects to recommend the use of the material in
designing pavement structures.
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Tom tit. Bé tong nhua rong thoat nudc da va dang duoc str dung & nhiéu quéc gia trén thé
giéi. Tuy nhién, viéc xem xét dua ra thong sé cuong do caa lop vat lieu nay khong gidng
nhau. Tai Viét Nam, bé téng nhya rong thoat nuéc ciing di budc dau dua vao ap dung trén
tuyén cao toc Phap Van-Cau Gié. Bé phuc vu thiét ké két cidu mit duong theo AASHTO 93
va tiép tuc &p dung tai Viét Nam thi viéc xac dinh thong sé 16p caa bé tdng nhua rdng thoét
nudce la can thiét. Bai béo trinh bay noi dung chinh cua nghién ciu 13 xac dinh thdng sé 16p
ctia bé tdng nhya rdng thoat nude trén co s phan tich két qua cua thi nghiém do mé dun dan
hoi dong tai hién truong trén doan thir nghiém tai cao toc Phap Van-Cau Gié. Két qua hé sé
I6p dugc xac dinh tir nghién ciu nay 1a mot trong nhimg co sé quan trong dé kién nghi st
dung vat liéu nay khi thiét ké két cau mat duong.

Tir khéa. Bé tdng nhya rong thoat nudc, hé sé 16p, mé dun dan héi dong, chi sé két cau.

© 2020 Truong Dai hoc Giao thong vdn tai

1. MO DAU

Bé tong nhya rdng thoat nuéc theo[1] 1a loai bé tong nhya c6 cap phdi cdt ligu gian doan,
st dung nhya duong cai thién, c6 @6 rong du cao (18-22%) va duoc goi tat [a BTNRTN.

Bé tong nhwa rong thoat nudc dwoc nghién ctu 4p dung dau tién tai Vién Franklin
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Philadelphia, My tir thap nién 1970 dé lam I6p mat duong (Porous asphalt pavement) [1], nham
khéc phuc tinh trang kém thoat nuéc caa mit dudng bé tong nhya chit, gop phan ting d6 an
toan xe chay do loai bé mang nuéc giita banh xe va mit duong, ting kha ning khang truot bé
mit mat dudng, ddng thoi tang kha nang chdng 6n...[2].

Dén nay, nhiéu Bang nuéc My (California, Arizona, Florida, Oregon, Georgia, Texas,
Alabama, Nevada...); cac nudc Chau Au (Thuy Sy, Ai-len, Anh, Thuy Dién, Ha Lan, ...) da
tién hanh nghién ciu vé BTNRTN dé ap dung cho dudng 6 td cap cao va dudng cao toc. Tai
Nhat Ban, mat dudong ndy bét dau xuit hién vao nam 1987 véi doan thir nghiém hién truong
dau tién [3]. O Malaysia va Thai Lan, cong nghé BTNR ciing duoc gidi thiéu vao dau nhiing
nam 1990 dya theo tiéu chuan chau Au [3].

Luan &n Tién sy ky thuat cua tac gia Nguyén Vian Thanh “Nghién ctru cac dac tinh chu
yéu cua bé tdng nhya rdng (Porous asphalt) sir dung dung lam 16p mit cho duong 6 td cip cao
& Viét Nam”(nam 2016) da dwa ra cac chi tiéu yéu cau cho BTNRTN va lya chon phuong phap
thiét ké thanh phan BTNRTN [4], cAc thang s6 khi thiét ké két cau 4o duong theo 22TCN 211-
06 [5]. Tuy nhién dé thiét ké két cau mat duong theo AASHTO 1993 (22TCN 274-01) [6,7] thi
can phai c6 hé sé 16p ai caa vat liu BTNRTN. Trén thé gidi, viéc xem xét dua cac thong )
cuong do cua 16p BTNRTN khong gidng nhau. Tai M§, hau nhu cac bang khong xem xét dé
dua BTNRTN vao thiét ké két cau ma chi dua vao trong thiét ké cAu tao. Vuong Qubc Anh da
dua ra hé s6 cuong do cia l6p BTNRTN bing khoang 66% so voi BTNC thong thuong [8]. Bi
dua ra hé s6 cuong d6 cua I6p BTNRTN bang khoang 73%-79% so véi BTNC théng thudng
[8]. Nhat Ban dua ra hé s6 cuong do (hé s6 1op) cia BTNRTN bang 1, tuong dwong véi hé s6
cuong do cua BTNC [8].

Bai bdo trinh bay phuong phép xac dinh thong s6 16p cua bé tong nhua rong thoat nuéc
trén co so két qua cua thi nghiém do mé dun dan hoi dong tai hién truong (FWD).
2. PHUONG PHAP THi NGHIEM XAC PINH HE SO LOP ai CUA BTNRTN
2.1. Hg s6 16p ai

Hé s 16p ai duoc yéu cau khi thiét ké két cau 4o duong mém theo tiéu chuan AASHTO 93
[7,9]. Mdi l6p vat ligu trong két cau duoc gan mot gid tri he s6 1op dé chuyén doi chiéu day lop
thuc té thanh chi sé két cau SN. Hé s6 16p hay biéu thi mol quan h¢ thuc nghiém gitra SN va
chiéu day cua 16p vat liu Di. Phuong trinh tong quéat vé mdi quan hé nay dugc dua ra nhu
phuong trinh (1) véi hé s6 16p hiéu chinh m [6,7] nhu sau:

SN = a1D1 +a2Dom; +azDsms Q)
Trong do:
SN: chi s6 két cau mat duong thiét ké
a1, az, a3: hé sb 16p twong ng vai 16p bé mat, 16p mong trén va 16p mong dudi
D1, D2, D3: bé day twong @ng cua 16p bé mit, 16p méng trén va 16p méng dudi
Mz, Ma: hé s6 thoat nuéc cho cac 16p mong trén va mong dudi
2.2. Phuwong phap xac dinh hé s6 16p ai cia BTNRTN

Bai bao trinh bay phuong phap xac dinh hé §6 ai cua lop BTNRTN thong qua thi nghiém
FWD theo tiéu chuan 22TCN335-06 [10] trén bé mat I6p BTNRTN sau khi thi cong tai hién
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truong va trén mit duong cii. Trén co sé két qua thi nghiém trén mat dudng cii (trusc khi rdi
I6p BTNRTN) va mat duong sau khi rai I6p BTNRTN, tinh ra hé so 16p két cau a; hién truong.

3. THI NGHIEM FWD TREN POAN PUONG THI CONG THU NGHIEM BTNRTN

3.1. Poan thi cong thir nghiém BTNRTN

Doan duong thuc nghiém duoc xay dung trén duong cao tdc Phéap Van-Cau Gié véi ly trinh
tr Km216+200+Km216+500, nira dudng bén phai tuyén (huéng Cau Gi& di Ninh Binh), bao
gom 02 lan xe co gidi (lan xe con va 1an xe tai) va 1an dung xe khan cép. Chiéu dai doan thi
diém L =300 m, duoc chia thanh 02 phan doan véi cac phwong an két cdu nhu sau [11]:

Phéan doan 1: Chiéu dai 200 m (tir Km216+200+Km216+400); Loai BTNRTN st dung la
bé tdng nhya réng cd c& hat 16n nhat danh dinh 12 12,5 mm, chiéu day 5,0 cm. Nhua duong
Petrolimex 60/70 cé st dung 12% phu gia TPS, ky hiéu la CP2.TPS, duoc rai truc tiép trén mat
duong BTN cii (gom céc 16p vat liéu: BTN hat min 5cm, BTN hat trung 7cm, da dam den 10cm,
CP da dam loai 1 day 18cm, CP da dam loai 2 day 27cm) sau khi tudi 16p vat liéu dinh bdm
bang nhil twong nhwa duong polime CRS-1P (theo TCVN8816 : 2011) véi lugng dung tir 0,4-
0,6 I/m?. Hon hop bé tong nhua rong thoat nudc sir dung nhya duong TPS phai thoa mén cac
chi tiéu ky thuat theo quy dinh tai bang sau:

Bang 1. Cac chi tiéu k¥ thuat ctia hon hgp BTNRTN.

TT Chi tiéu Quy dinh Phuong phap thir

Do 6n dinh Marshall & 60°C (s6 chay

1 0 inh -
dAm 50x2), kN >35 TCVN 8860-1: 2011

2 Do rong du, % 18-22 TCVN 8860-9: 2011
3 Do hao mon Canta:)l/aoro (Cantabro loss), <20 ASTM D 7064

Ti 1& do rong lién thong (percentage of N ST
4 connected air void), % >13 Phu luc B Chi dan k¥ thuat
5 Hé s6 thim K, cm/s >0,01 Phy luc C Chi dan k§ thuat
6 b6 6n dinh dong (Dynamic stability), > 3000 Phuong phéap C, Quy¢t dinh

lan /mm 1617/QD-BGTVT

Phéan doan 2: Chiéu dai 100 m (tir Km216+400+Km216+500); chiéu day 5,0 cm, Loai
BTNRTN sur dung 1a bé tdng nhua rong ¢ ¢& hat 16n nhat danh dinh 1a 12,5 mm, nhya duong
polime PMB.III cua Petrolimex, ky hiéu 13 CP2.111, dwoc rai truc tiép trén mat duong BTN cii
(két cAu nhu da néu ¢ trén) sau khi tudi 16p vat liéu dinh bam bang nhii trong nhwa duong polime
CRS-1P (theo TCVN8816 : 2011) véi lugng ding tir 0,4-0,6 I/m?. Cong ty Phuong Thanh
Trancosin thuc hién thi cong theo [12] dugi sy huéng dan cdng nghé cua cac chuyén gia Nhat
Ban tir cong ty Taiyu Kensetsu Co., Ltd va gidm sat cua Vién Khoa hoc cong nghé va Giao
théng van tai.
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Trudc lghi thi géng 16p BTNRTN, thi I}ghiém dg mé dun dan hoi dong duogc thuc trén n}ét
duong cti bang thiét bi FWD (hinh 1) v6i tong s6 di€m do trén ca 2 lan la 31, trong d6 15 diém
trén lan 1 va 16 diém trén lan 2. Két qua duogc trinh bay trong bang 2 [11].

Bang 2. Két qua thi nghiém do mé dun dan hdi mat duong cii bang thiét bi FWD.

TT Phan doan Lan xe Ep trung binh Chi s6 két cAu hiru higu SNer
(MPa)
Phén doan 1 Lan xe con 11424 6,51
' Lan xe tai 1285,6 6,78
Phéan doan 2 Lan xe con 996,8 6,22
: Lan xe tai 1099,0 6,43

Thi nghiém FWD ciing dugc tién hanh trén mat duong BTNRTN (hinh 2) & céc thoi diém
khéc nhau ké tir khi thi cong xong (véi s diém do twong Gng trén mat duong cii). Két qua do
moé dun dan hoi, gia tri mé dun dan hoi hitu hiéu mat duong (Ep) va chi sb két cau mat duong
(SN) cac lan do duoc thé hién ¢ bang 3 [11].

Hinh 1. Po m6 dun dan hdi bang thiétbi  Hinh 2. Do mé dun dan hdi bang thiét bi FWD trén
FWD trén mat duong cii. mat duong BTNRTN.

Bang 3. Két qua thi nghiém do mo dun dan hdi mat duong sau thi cong BTNRTN bang thiét bi FWD.

X Chi s6 két cAu hiru hiéu cia mit
Thi didm Ep trung binh (MPa) dwmg hién tai SN’
TT , )
thi nghiém ‘ .
gnis Lan 1 Lan 2 T'”g rfa 2 Lan1 | Lan2 | Tinhca2an
Phan doan 1 (CP2.TPS)
1 3 ngay 1164,3 1134,7 1149,5 7,04 6,98 7,0
2 1 thang 1247,2 1220,1 1233,7 7,21 7,16 7,2
3 3 thang 1235,5 1180,5 1208,0 7,19 7,08 7,1
4 6 thang 1965,7 1869,2 1917,5 8,39 8,25 8,3
5 9 thang 1700,3 1566,3 1633,3 7,99 7,78 7,9
6 12 thang 1199,5 1047,3 1123,4 7,11 6,8 7,0
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. Chi s6 két cau hiru higu cia mit
. ;T?gﬁ:%m Er trung binh (M,Pa) | dwdng hién tai SN’
' Lan1 Lan2 | T2 1an1 | Lan2 | Tinhca2 tan
Phén doan 2 (CP2.11I)

1 3 ngay 1037,7 952,9 995,3 6,78 6,59 6,7

2 1 thang 1100,1 106,7 1081,9 6,91 6,84 6,9

3 3 thang 1079,4 1065,9 1072,7 6,87 6,84 6,9

4 6 thang 1791,8 1698,9 17454 8,13 7,99 8,1

5 9 thang 1643,7 1417,1 1530,4 7,9 7,52 1,7

6 12 thang 934,0 923,6 928,8 6,55 6,52 6,5

3.2. Xac dinh hé s6 ai cia BTNRTN dua trén két qua thi nghiém FWD
Pé xac dinh hé s6 16p & cia BTNRTN trén co so cac s6 liéu do FWD, st dung cong thirc theo

Véi

AASHTO 1993 [7] nhu sau:

Nhu vay ta co:

Trong do:
ASN: Chi s6 két cdu cua 16p BTNRTN;

ASN = SNt — SNest
ASN = aiDgtnrtn
ai = ASN/Dgtnrtn

SN¢: Chi s két ciu hiru hidu ciia mat duong hién tai nhu bang 1;

SNesr: Chi s6 két cAu hitu hiéu cua mat duong cii trude khi rai 16p BTNRTN;
Dgmrtn: Chiéu day 16p BTNRTN, tinh theo don vi inches. Vi Datm = 5/2,54 (inches).

Véi céc két qua SN truéc khi thi cong va sau khi thi cong BTNRTN, ap dung cdng thuc
(4) tatinh duoc gia tri aj cua I6p BTNRTN tuong ung vaéi cac lan va céc lan do nhu bang 4 (sau

khi da loai bo céc gia tri thd khong phu hop).

)
3)
(4)

Bang 4. Bang tinh todn hé sb 16p ai ciaa BTNRTN trén doan thir nghiém.

STT | ThO9N |1 an e SNet SN ASN a
Phan | Phan | Phan | Phan | Phan | Phan | Phan | Phan
doan | doan | doan | doan | doan | doan | doan | doan
1 2 1 2 1 2 1 2
1 Trudc thi Xe con 6,51 6,22
cong Xe tai 6,78 6,43
) Sau 3 Xe con 704 | 6,78 | 053 | 056 | 0,27 | 0,28
ngay Xe tai 6,98 0,2 0,1
, Sau 1 Xe con 721 | 691 | 07 | 069 | 036 | 0,35
thang Xe tai 7,16 6,84 0,38 0,41 0,19 0,21
4 Xe con 7,19 6,87 0,68 0,65 0,35 0,33
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Sau 3 Xe tai 708 | 684 | 03 | 041 | 015 | 021
thang
Sau 9 Xe tai 778 | 752 | 100 | 1,09 | 051 | 055
thang
Saul2 | v eon 711 | 655 | 06 | 033 | 03 | 017
thang
Téng sb cd 15 gid tri hé sb 16p duoc xur ly thong ké.
Probability Plot of Hé s& Iap ai
MNormal - 95% ClI
* Mean 0.2889
o5 StDewv 0.1261
M 15
90 Al 0.359

P-Value 0.403

Percent
n
[=]

02 01 00 ©01 02 02 04 05 06 07
Hé s& 1Gp ai

Hinh 3. Biéu do xac dinh phan phi chuan cuia hé sb 16p ai (v6i d tin cay 95%).

Hinh 3 cho thiy cAc gié tri ai thu duoc tuan theo quy luat phan phdi chuan véi gia tri
p=0,403 (>0,05 hay 5%). Nhu vy co thé st dung cac cong thic cia ham phan phoi chuan,
phén phoi t-student dé xac dinh hé so 16p dac trung.

Trinh ty tinh toan xac dinh hé sb 16p theo céc cong thirc dudi day:

Hé sd 16p dic trung ctia doan dudng thir nghiém theo biéu thic (5).

_  tg.S
Age = a — ﬁ (5)

Trong do:
aar. Hé s 16p dic trung, 13 khoang tin cay 1 phia (phia phai) trong phan phéi Student.
a: Hé sb 16p trung binh cua ca doan duong thir nghiém tinh theo biéu thic (6).

a =% = 0,280 (6)

n - Tong sb s6 liéu hé sb 16p dang xét, n=15
S - P9 léch tiéu chuan cua céc tri s6 hé s6 10p duoc xac dinh theo biéu thuc (7).

5= [HOD - 156 ™
n-1

~ ta- HE s duoc xac dinh tily theo X4c suat dam bao va sb ligu kiém tra n nhiéu hay it; t, c6
thé duoc xac dinh theo ham t, = T.INV/(0,95,(n-1)) = 1,761; véi xac suat dam bao R=95% cho
mat duong duong cao toc. Thay céc gia tri vao biéu thie (5) ta duoc aq= 0,2315, quy tron bang
0,23.
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Nhu vay d& xuat ldy gia tri aq = 0,23 12 gia tri hé s6 16p két cu cua bé tdng nhya rong thoat
nudc.

4. KET LUAN

Dé thiét ké két cau mat duong theo AASHTO 93 (22TCN 274-01) can phai xac dinh hé s6
I6p cua 16p BTNRTN. Tur ket qua thyc nghiém, sau khi xur 1y thong ké nghién ctru da xac dinh
duoc hé so Iop cua BTNRTN bang 0,23. Be xuat budce dau st dung gia tri hé so 16p nay dé thict
ké két cau ao duong va tié,p tuc theo doi, danh gia, diéu chinh tir cac két qua thi nghiém trong
phong va cac du an thuec te.
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