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Abstract: Pavement performance and economic efficiency are
researched on the perpetual test pavement of Yijiang-Suzhou
Express Highway in Jiangsu province, China. Test sections
were continuously monitored. The conditions and developing
laws of deflection, rutting and cracking are compared among
the perpetual pavement with the rich binder layer (RBL), the
perpetual pavement without the RBL, and the conventional
semi-rigid asphalt pavement in the past eight years after
opening for traffic. Economical evaluation is conducted via
life cycle cost analysis (LCCA). Based on the performance
comparison and LCCA analysis, sections with the RBL have
good crack resistance, but they are not very satisfactory in the
aspect of permanent deformation; the conventional semi-rigid
asphalt pavement is the least economic one due to requiring
more frequent maintenance. Research results show that the
perpetual pavement without RBL is a more appropriate
structure for the test site.
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The perpetual pavement in this study is defined as an
asphalt pavement designed and built to last 50 years

or more without requiring major structural rehabilitation

. -3
or reconstruction' ™.

In this study, three test sections
under the conception of the perpetual pavement are
studied as the potential pavement alternatives in the future
for Jiangsu province, China. The test site is located on
the Yijiang-Suzhou Express Highway ( YJ-SZ21), south
of Suzhou City, Jiangsu province, China. The
coordinates of this site are 31°17'58"N ( latitude) and
120°37'11"E (longitude). During the design period, the
30-year accumulated traffic is 1.64 x 10’ equivalent single
axle loads ( ESALs) based on estimated AADT and an
annual 7. 1% traffic increment rate. In order to research
the long term pavement performance, field data has been
collected annually since 2005. The collected pavement
performance data include pavement deflection, cracking
and rutting.

1 Section Structure Information

The Yijiang-Suzhou Express Highway was completed
in 2004. Detailed structures for the three test sections and
the conventional semi-rigid AC pavement section are
shown in Tab. 1.

Tab.1 Summary of pavement structure of each section

Structure layer Section | Section [[ Section Il Conventional section
Surface 4 cm SMA-13 4 cm SMA-13 4 cm SMA-13 4 cm SMA-13
. 6 cm CDAC-20 6 cm CDAC-20 6 cm CDAC-20 6 cm CDAC-20
Intermediate
8 cm CDAC-25 8 cm CDAC-25 8 cm CDAC-25 8 cm CDAC-25
7 cm ATB-25 18 cm ATB-25 18 cm ATB-25
Base 15 cm GG 9 cm RBL (5.5%) 9 cm RBL (6% ) 38 cm CTB
18 cm CTB 16 cm GG 16 cm GG
Subbase 20 cm lime and flash-ash treated soil

Notes: SMA represents stone matrix asphalt; CDAC represents coarse dense asphalt concrete; ATB represents asphalt treated base; CTB repre-

sents cement treated base; GG represents graded gravel.

2 Pavement Deflection

The average deflection basins collected in 2008 for per-
petual section [, section II, section Il and the conven-
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tional section are shown in Fig. 2. Section I has signifi-
cantly higher maximum deflection than the perpetual
pavement with the RBL and the conventional section.
The maximum deflection of section [ is higher than that
of Section [lI. Fig.2 shows that the perpetual pavement
with higher asphalt content in the RBL has better structur-
al condition. And the gradient in the middle part of the
profile shows that the base modulus of section [ is smal-
ler than that of the conventional section, and larger than
that of section |, while it is kept very close to that of
section II".
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A weaker structure strength in section | may be main-
ly caused by two reasons: first, the absence of the binder
in the flexible base of section I weakens its structural in-
tegrity; secondly, section I is the longest of the four, and
it may contain some weaker sub-sections with broken up-
per layer or base.
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Fig.1 FWD basins for each section in 2008

3 Transverse Cracking

Transverse cracking surveys of the test site were con-
ducted from 2005 to 2012. The results of the latest survey

in November, 2012 are listed in Tab.2. In Tab.2, C, =
L/(C,+1), =C,/C,. Here, C, is the average crack
interval in a certain section; C, is the total crack number
in a certain section; C, is the average crack length in a
certain section; C, is the total length in a certain section.
From the results, the sequence of the average cracking in-
terval for these four sections is section [ > section I >
section [l > conventional section. The time of the first
crack emerging is also a meaningful indicator. From Tab.
2, the conventional section was the earliest to bear cracks
after opening for traffic 5 years, and section | followed
in 2010. Section ]I and section Il were the latest. The
results reflect that the perpetual test sections have better
crack resistance than conventional semi-rigid asphalt
pavements. Although the perpetual pavement without the
RBL began to crack earlier than the ones with the RBL,
its crack condition developed slowly in the aspect of
section [ has a better crack resist-

5
amount'”'. In general,

ance than the other three sections.

Tab.2 Transverse cracking survey of the pavement

Section Section position Section length/m Crack number Crack ? merging Description
time C;/m C,/m
Section | K12 +544 to 14 +300 1 756 4 2010 351 3.75
Section I K15 +556 to K16 +025 469 2 2012 156 3.75
Section Il K16 +025 to K16 +569 544 1 2012 272 3.75
Conventional section K16 +569 to K17 +069 500 4 2009 100 3.75

4 Pavement Rutting

The trends of the mean rutting value of each test sec-
tion and the conventional section are presented in Fig. 3.
The rutting of section ]I and section [l was very close
during the first two years, deeper than that of section [,
and then their gap has grown a bit in the recent four
years. However, the rutting of the conventional section
was the smallest almost through the period. Generally, at
the primary stage, the rutting of these sections developed
at high speed by the initial consolidation within the sur-
face course and the middle course, due to the same upper
structure shared by the four sections, and their rutting was
close to each other in the first 15 to 20 months. At the
second stage, the structure of the flexible base started to
be influenced by the cooperation of traffic loads and high
temperature. The on-growing rutting for the perpetual
pavement was compounded with the permanent deforma-
tion of the upper AC layer and the underlying flexible
base. However, the rutting of the conventional section
was mainly restricted in the upper AC layers. There was a
decrease in the rutting depth of the conventional section,
after opening for traffic for about 18 months and 72
months. The reason is that at the first time point, a seal
preventive maintenance was conducted, and at the second

time point, a thin overlay was done. Other single-point

decrease was mainly caused by potential bias in the detec-
tion process. The superiority of the anti-rutting for semi-
rigid asphalt pavement was revealed after about 25 months
open to traffic. Moreover, the reason why the rutting at
section [ll was deeper than that at section [l may be that
higher asphalt content in the RBL made the modulus drop
sharper at high temperature'®. That section I performed
comparatively better rutting resistance than section [[ and
section Il can be also explained by its thinner HMA layer
in the structure. As a result, the sequence of the rutting
resistance ability is the conventional section > section [

> section [I > section III.
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Fig.2 Rutting comparison of section [, section [I, section

Il and conventional section

5 Life Cycle Cost Analysis

The method of present value(PV) determining is the
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most commonly applied in LCCA. In this method, the
present value is a calculated lump-sum of the initial and
71" The PV in this study includes
initial cost, maintenance fees, rehabilitation fees and sal-

future pavement costs

vage value. Road user fees are excluded. A 50-year anal-
ysis period is selected as recommended in the FHWA
technical bulletin. A typical value of 4% is used for dis-
count rate D,.

The calculation formula of the PV method is as fol-
lows:

Pn = IC + zﬁRl +ani _fnSn
i=0

where P, is the present value of total cost in the analysis
period; I, is the initial cost; R, is the rehabilitation cost;

M, is the maintenance cost; f, is the present value coeffi-
cient of discount rate after n years, f, =1/(1 +D,)"; k, is
the present value coefficient of equivalent payment after n
years, k, =((1 +D,)" = 1)/((D,(1 +D,)"); S, is the
salvage value.

The initial construction costs for four pavement alterna-
tives are obtained from the construction bid records. No
highway has reached 50-year service life in China, and
there is no historical ( M&R) information available for
The
M&R activities and practices are estimated based on the
monitored results of pavement disease and performance
[10-11] . The

perpetual pavements in Jiangsu province, either.

and experienced engineers’ recommendations
supposed M&R timings and costs are listed in Tab. 3.

Tab.3 Initial construction costs and maintenance arrangements
L s . Unit price of . .
. Unit price of initial Maintenance . Maintenance timing
Section . 72 maintenance method/ R
construction costs/(yuan - m~~) method i (years after opening)
(yuan - m™")
363 Milling and repave 82 Treat 5% of the section every 6 years
X 363 Microsurfacing 16 38
Section [
363 ECA-10 overlay 2.5 cm 46 15, 45
363 Functional resurfacing 62 28
463 Milling and repave 82 Treat 5% of the section every 5 years
. 463 Microsurfacing 16 35
Section I
463 ECA-10 overlay 2.5 cm 46 12, 45
463 Functional Resurfacing 62 25
466 Milling and repave 82 Treat 5% of the section every 5 years
. 466 Microsurfacing 16 10, 35
Section Il
466 ECA-10 overlay 2.5 cm 46 15, 45
466 Functional resurfacing 62 25
344 Milling and repave 82 Treat 5% of the section every 4 years
c onal 344 Microsurfacing 16 2, 28, 48
t
onventiona 344 Thin overlay 3 cm 33 6
Section
344 ECA-10 overlay 2.5 cm 46 14, 35
344 Major rehabilitation 125 22, 43

The PV and PV ratio (the ratio of each perpetual
section’s PV to AC section’s PV) are presented in Fig. 3.
Based on the LCCA results, the perpetual pavement with-
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Fig.3 PV and PV ratio in 50 years concerning MAR options
for each section

out the RBL is a more cost-effective alternative than the
conventional AC pavement over the 50-year analysis peri-

od. The PV of the perpetual pavement is about 82% of
the conventional AC pavement. The PV ratio of the per-
petual pavement to the conventional AC pavement decrea-
ses with the pavement service life. On the other hand,
user fees during the maintenance of perpetual sections will
be also less than that for conventional AC pavements
thought it is not taken into account in this analysis
process. The sequence of the PV is as follows: section Il
> section ][ > conventional section > section | .

6 Conclusion

There is not very severe destruction in the structure of
the three test perpetual sections after 8 years service. The
sequence of the rutting resistance ability is the conven-
tional section > section | > section [[ > section [l[. The
sequence of average cracking intervals for these four sec-
tions is section | > section I > section [I > conven-
tional section. Based on the LCCA results, the sequence
of the PV is section Il > section [l > conventional sec-
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tion > section [. The perpetual pavement without the
RBL is the most cost-effective alternative. From all a-
bove, the perpetual sections without the RBL can effec-
tively reduce cracking distress and rutting depth with the
lowest financial investment. It delivers superior perform-
ance over other two test sections and the conventional AC
pavement for the test site in this study.
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