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> BKIRFE A AN ERE BRI,

Chongqing Yuelai New City was honored to be approved as one
of the first pilot projects for the construction of sponge cities in
China.
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Fig 3-3 Distribution map of annual runoff total rate in mainland China
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As a mountainous city, it’s difficult in controlling the total annual
runoff rate to 75%-85%. Surface runoff control by pavement
structure is one of the ways to achieve this goal.
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Urban heat island (UHI) effect
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Chongging is a famous “stove” in China, and the urban
heat island effect is obvious.




1.t B =  Background
> R M REXI PRI H BN —E(ER

Water-retention semi-flexible pavement plays a role in reducing
urban heat island effect.
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Meeting the requirement of traffic load effect, the water-retention rate has been

affect by the permeability of pavement material, rainfall time, surface runoff

speed, etc.

AN H B AR E RS ERER

Our project mainly focuses on the function of pavement material and structure.
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Research on high viscous and elastic asphalt binder
BERR T RAGRHEIESHEIEh S TEAFS T T RER. SR%H

. KFH25%RI50% I IR ERAR D . 6% SBS. 2% Sasobit, 2%XASATZRINELAIT
IR SHBUE R BREREREIRIRIRTT, R AIEEREA R,

We studied the feasibility of using rubber powder to prepare high-viscosity modified
asphalt and the related influencing factors. The result shows that high-viscosity
modified asphalt can be prepared to satisfy the requirement of JT/T860.2-2013 by
using high-mesh rubber powder with proper amount of SBS, polymer and resin, the
addition rates of each additive are 12%, 6% , 2% , 2%. In order to further reduce cost,
we also studied the feasibility of using activated rubber powder to prepared the high-
viscosity modified asphalt. The result shows the performance of high-viscosity modified
asphalt can be prepared and substantially reduces costs by adding 12% asphalt rubber
with 50% activated degree, 6% SBS, 2% Sasobit, 2% terpene resin.
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Research on high viscous and high elastic asphalt binder

BERLZNEHERN IS ELEXIER

Table of self-made high viscous and high elastic modified asphalt binder performance

. _ . &
2 R H BoAME  RWgR OV
Number Items Technical Index Result n

1 &F )\ J& Penetration (25°C100g, 5s)(0.1mm) >=40 45 qualified
2 %E J¥ Ductility (5cm/min, 15°C) (cm) >=80 94.8 qualified
3 Ak s Soften point (°C) >=80 90.5 qualified
4 15 ZlRs BE Dynamic viscosity 60°C  (Paes) >=50000 50453 qualified
5 B Flash point (°C) >=260 320 qualified
6 125K BE Dynamic viscosity 135°C  (Paes) <=3 2.5 qualified

JEFHBMA w414 Quality loss (%) <=0.6 0.16 qualified
i Rotating film BRE$F N\ E . Residual >=65 88.6 suelliee

heating test Penetration ratio 25°C (%)
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Material development of water-retentive cement mortar
RoKEbIR IERERtRME

Performance target of water-retentive mortar

tSIRE CEl &t
Items Technical index Remarks
WA Liquidity () 10~14 Ploadi%x (1725mL)
PLir iR
Flexu(rs: I:s>;;ength >0.5 7d %ﬂi
PLERE Compressive > 7 days curing
strength (MPa) —
RKZ Water retention
rate (%) =230 24h

W KRR AR FBIER X

Fig mortar water-retention test Fluidity meter



3.LRIKEVIRRIIAEI &

Material development of water-retention mortar
°  ZIBMERKARFDINNFIRSHEFTCHE, REREHREBIRZITERRY
TROKEDIRBCEEC KR : K K. SRS BIIEH: BEESRURKA: 0
$7=1626.8:697.2:1790:414:112.8:27.9:185.9 FHETF H 2, ER&NIE13.62s, 7diniri&E
FE93.05MPa, 7dii/EIREN10.3MPa, 2h{R7KERAI31.66%, 24hAIRKZRII43.51%,
48hHUIRIKZER 944.27%, THE EREIBIRE K,
» Through the trial and optimization tests of various water-retaining
materials and admixtures, the mix ratio of water-retention mortar to meet
the target design requirements is finally determined. The recommended mix
ratio is following, Cement: fly ash: water: blast furnace slag powder: filter:
water reducer: micro-silica powder = 1626.8: 697.2: 1790: 414: 112.8: 27.9:
185.9. The Liquidity is 13.62s, 7 days flexural strength is 3.05MPa, 2 hours
water retention rate is 31.66%o, 24 hours water retention rate is 43.51%o, 48
hours water retention rate is 44.27%, all of them meet the performance

requirements.
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Pavement performance of water-retention and cooling asphalt
pavement

BrhsRSHREHNR

Aggregate gradation and quality control of matrix asphalt mixture

HEIRER T
fﬂ??LRﬂ‘ (_mm) Passing percentage of mass
Sleve size SFAC-13 SFAC-16 | SFAC-20
26.5 — — 100
19.0 — 100 90~100
16.0 100 90~100 60~90
13.2 90~100 80~90 30~60
4.75 10~30 9~30 7~24
2.36 5~22
0.6 4~15
0.3 3~12
0.15 3~8
0.075 1~6
Asphalt ratio (%) 2.8~4.5
IKFE DK IR KIS EIRE
(BMHEHWEEE) (cm)
The maximum penetration depth of 5 10
cement mortar (the thickness of
pavement structure layer).
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Pavement performance of water-retention and cooling asphalt

pavement
EFihERSHEISFAC-13a0H IS EUfE (XU %t 504K)
SFAC-13 Asphalt mixture test data (50 strikes on each side)

ol p LRURR |,
E ‘ sl EAVAVARIN WoRHE | e
Z A %& FRAA b (Volume ik R& 2 AR | R (Flow)
A | e | FAXE e voids) BB | ymay |TEE | (Marshall )
0) 2R 3 0, o - .
tt/% Ry, By, 1% VA% % VFA/% 7lt(:;\l|)|hty) m
IR 3.4 | 2.180 2.598 16.10 6.63 22.67 29.24 6.22 36.5
F{E 3.3 2.090 2.611 19.90 6.58 26.45 24.86 5.58 34.5
TR 3.1 2.010 2.627 23.40 5.88 29.29 20.09 5.14 33.4
requirement 18~25 >5.0 20~40

HsBE  EIEARCEmRIIRRE 7 Ric LIRIORERGLLH3.4%, REHER
B{EHALE/93.3%, KE FRIGEHAL/93.1%,

The optimal asphalt-aggregate ratio of the grading upper limit is 3.4%, the
optimal asphalt-aggregate ratio of the grading medium is 3.3%, and the
optimal asphalt-aggregate ratio of the grading lower limit is 3.1%o, all these
data were tested by the Kentberg scattering test and the Schellenberg leak test.
\/?g;}qﬁ%ﬁéﬂE’\J%Iﬁ'ri‘a“é?‘aﬁi’ﬂi&zélﬁiﬂi%?, RB _LIRAYZSIEFR A 16%ETFRATR
/ Ko

The performance indexes of the matrix asphalt mixture meet the technical
requirements, and only the upper limit void ratio is 16%, which is lower than
the technical standard.
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Pavement performance of water-retention and cooling asphalt
pavement
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Pavement performance of water-retention
and cooling asphalt pavement
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Anti-cracking performance
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Road performance of water-retention and
cooling asphalt pavement
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Water-retention performance of water-retention and cooling asphalt
pavement 45

mhl

gradiation type

SFAC-13 L F=MARIKEHIE SRR KEEENRKIDKG, Xﬂ‘tti%‘ﬁﬁﬁﬁ’]ll‘% 2
KR, MERERS, BIEA7%~38%ZE, FRXKRREHEE, RBFRKDETRS
FHESEER 7 RIFAIRKINEE, HNBEFEEENS T EARFM The water retention
capacity of the mixture of three different gradations of SFAC-13 is significantly
improved after filling the water retention mortar, compared with the hidden water
retention rate before grouting, with an increase of 7% to 38%o. It is quite obvious
that the water-retention mortar has a good water-retention function on the
pavement surface and creates basic conditions for the road surface to cool down.
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Cooling performance of water-retention and cooling asphalt
pavement
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Cooling performance of water-retention and cooling asphalt
pavement

Surface temperature (° C)
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Surface temperature (° C)
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Cooling performance of water-retention and cooling asphalt

pavement
A 2R T L B 1) AR
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FHE RS R FRREEE (BRERIR) 71164 °C
The temperature difference (cooling effect) at the same irradiation
time can reach 16.4 °C.
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Demonstration project of new ecological pavement in Yuelai new city

% RSB

Yejiagou branch road Tangmuwan branch road
(2550m?2) (9784m2)
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Demonstration project of new ecological pavement in Yuelai new city

> NREXBEASHRAETEE 8 ABIMEAE%

Pavement structure and section diagram of Yejiagou branch road
Feature: longitudinal slope reaches 7%

PAC-13 upper surface course 4cm

= Water-retentive SFAC-20 lower surface course 6cm
=== fiber reinforced chip seal with asphalt rubber 1cm

== Cement stabilized macadam(5.5%cement) 20cm

= Cement stabilized macadam(4%cement) 20cm

p— subgrade

I PAC-13-EE
‘;_. < SFAC-20 FEIE
V| B SIEERE

5.5%7KiEtSRE
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Demonstration project of new ecological pavement in Yuelai new city

> BASZE Tangmuwan branch road

TR R (<=1.7%) , AMIEESE (REEKMFREFRKEASE)
Feature: Small longitudinal slope (<=1.7%), five pavement structures
(surface permeable and surface water retention)

—. a) NEMKHSIEEmLEH (K0+000-K0+225E%)
Water-retention asphalt pavement structure with double layers

= Water-retentive SFAC-13 4cm
= Water-retentive SFAC-20 6cm

==fiber reinforced chip seal with asphalt rubber 1cm
==Cement stabilized macadam(5.5%cement) 20cm

—=Cement stabilized macadam(4%cement) 20cm

[~ subgrade

SFAC-13 L@ E
SFAC-20 FHIE

— | BEhETHERAHE
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Demonstration project of new ecological pavement in Yuelai new city

> IEAEZEE Tangmuwan branch road

B R (<=1.7%) , AMIRESE REESKNREFRKEASE)
Feature: Small longitudinal slope (<=1.7%), five pavement structures
(surface permeable and surface water retention)

b) K+ AEKHEWELE (KO+225~K0+521FR)

Asphalt pavement structure with water-retentive course and impervious course

— \Nater-retentive SFAC-13 4cm
p— AC-20 6Ccm
= fiber reinforced chip seal with asphalt rubber |

— Cement stabilized macadam(5.5%cement) 20cm

== Cement stabilized macadam(4%cement) 20cm

e subgrade

SFAC-13LHEE

AC-20TFEE
— BEHEAEREEaE

5.5% Kt ERE

-—
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Demonstration project of new ecological pavement in Yuelai new city

> BAEZE Tangmuwan branch road

O D (<=17%) |, AMESEEN (REEKNREEKEAL)
Feature: Small longitudinal slope (<=1.7%), five pavement structures
(surface permeable and surface water retention)

c) BEK+FEKIHBIRHEEEN (K0+521~K0+706ER)
Asphalt pavement structure with pervious course and impervious course

== PAC-13 4cm
= AC-20 6cm

fiber reinforced chip seal with asphalt rubber 1cm

Cement stabilized macadam(5.5%cement) 20cm

= Cement stabilized macadam(4%cement) 20cm

[ R

A—
g PAC-13LEE
AC-20 FHEE
‘_—I BRI A4S
IS

5.5%7KiEtSAE
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Demonstration project of new ecological pavement in Yuelai new city

> HEAREZEE Tangmuwan branch road

IR MR (<=1.7%) , AMIEESE GREZKNREFRKAKXSE)
Feature: Small longitudinal slope (<=1.7%), five pavement structures
(surface permeable and surface water retention)

d) EK+{FKHTHESEE (KO+706~K0+930E)
Asphalt pavement structure with water-retentive course _and pervious course

PAC-13 4cm

= Water-retentive SFAC-20 6cm
= fiber reinforced chip seal with asphalt rubber 1c

Cement stabilized macadam(5.5%cement)

Cement stabilized macadam(4%cement) 2(

subgrade

PAC-13 L
SFAC-20 FEE
BB S A YR
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Demonstration project of new ecological pavement in Yuelai new city

> BAEZE Tangmuwan branch road

BT R (<=1.7%) , AMIBESE REEKNREFRKEASE)
Feature: Small longitudinal slope (<=1.7%), five pavement structures
(surface permeable and surface water retention)

e) WEEKIMEREEH (K0+930~K1+223.02)

Asphalt pavement structure with double pervious courses

= PAC-13 4cm

[ PAC-20 6cm

= fiber reinforced chip seal with asphalt rubber 1cm

= Cement stabilized macadam(5.5%cement) 20cm

== Cement stabilized macadam(4%cement) 20cm

subgrade

PAC-13 LHE
PAC-20 FEE
BRI S TS ERaHE

5.5%7K Rt ERS

A 4%7KiERS
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Conclusions

(DB AIIIRIE 7 B RIFMEREIRKEREFECSEL,
K : RKERR: K. ErPEER . BhUER: EEESRURKR: RiE
#)=1626.8: 697.2:1790:414:112.8:27.9:185.9

(1) Through the trial and optimization, the recommended mix ratio of
water-retaining mortar with good performance was determined.

Cement: fly ash: water: blast furnace slag powder: filter: water
reducer: micro-silica powder = 1626.8: 697.2: 1790: 414: 112.8: 27.9:
185.9
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Conclusions
()X EFREER RS EARESIER, FEH TAE

R ERISREMm AT RIESHMEEnS. MHEEREUE SRR
RUASATERMBEREE R, RAS0%AAaENRRAD, aISCHLALY
Bl IIMA ISR SIS S NGEYIEERE, BEEHATPSEIERS,
S BANBERF{E 7002 7T/,

(2)The activated rubber powder with high degradation level was
used to replace the crosslinked rubber powder, and rubber powder
with different activation levels was prepared for preparing high
viscous modified asphalt. Considering the cost and physical properties
of the high viscous modified asphalt, about 50% of the activated
rubber powder can be used to achieve a large proportion without
affecting the comprehensive physical properties of the high viscous
modified asphalt. Compared with Japanese modified asphalt with TPS,
the cost of asphalt can be reduced for more than 700 yuan per ton.
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Conclusions

(3)5ecmBER/KF 4 IRERIREFRRKERT LULE4kg/m?, 1IN
IKREF, EEENTEHMASIEE, B 7 R E SIS0,

(3) The water retention per unit area with a 5 cm thickness of water-
retentive semi-flexible pavement can reach 4kg/m?2. Increasing rainwater
retention has appropriately increased urban atmospheric humidity and
reduced the impact of urban pavement on ecology.

(4)38 °C EiR RS BRKISERESCE: 10°C~15°C, BEHMHIE, (K
VAN \%x\&}d_

(4) Ecological Water-retentive and cooling pavement can reduce the
surfacing temperature 10 °C - 15 °C lower at high temperature weather
(38 °C), which can reduce the flood peak and mitigate the heat island

also.
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(5) KRS, (RXEEERHEENSEEEE. 3
MR F RS Rak

(5) After pouring water-retentive mortar and getting hardening,
the high-temperature stability, anti-cracking performance and
water sensitivity of the semi-flexible pavement with water retention
are better than the those of matrix asphalt mixture.

BB | HERRE | TERNEE

ZRE | XA /mm /MPa /103 BB R B/ %

ER R 1224 3.31 25.8 93.2
LR

BEXE 8750 2.41 33.1 93.4

VER AT 1020 3.22 27.3 89.8
H{E

BEXKE 10336 2.59 32.0 92.8

VEXH 879 3.04 28.7 88.1
TR

EXKE 11934 2.74 30.4 92.3
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Conclusions

) IR AESIREISE LR (MRBMEANSS)
HUIFISERE, REBFFAESHKESEAT, HCEHOEINDS, X
AP, FEESRESANEERSHE ME.

(6) The successful implementation of the ecological pavement
demonstration project of Yuelai New City (Yejiagou branch road and
Tangmuwan branch road) shows that the new ecological pavement
structure is feasible. Compared with imported asphalt, the cost is
reduced, and the new ecological pavement structure has a very good
promotion value.
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Conclusions

(NEEERLUMRTTR, TIsIFEEMEKT3%IEEL EE KA
2~4cmAYPAC-138PAC-10_EH/E+5~10cmAYRKEFE ISR S HFISFAC-20 (B
SFAC-13) THIE+1cmAIGIRIHTB A ERATIEHEHSEN,; TahZEEEMN
AR T 3% EE LA RIS~ 10cmBVR/KEFIE RS HISFAC-13HE
+1ecmAYRBRIM ST 4R A £ ERIE S 451,

% 7K By i JEPAC-13EEPAC-10

(RKBERERIERAR  SFAC-20 or SFAC-I3 (KR E TR AR SFAC-13
fiber reinforcemﬂiﬁ Sl s }Et rubber fiber reinforced cmﬁﬂf%%é AL %TEubb
KR ERAER CTB KR eHAaEZE CTB
JEE . subbase J&HE/Z subbase
% subgrade % subgrade
a) I AT 3%kt b) P KT 3%H8T
longitudinal slope>3% longitudinal slope<=3%

ZEATEMK S M Driveway pavement structure
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Photos of Engineering Application

BEh T4 R aIIEE T B hERaHEELI

Construction of fiber reinforced Construction _Of matrix
chip seal with asphalt rubber asphalt mixture
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Photos of Engineering Application

Surface course with water-retention semi-flexible pavement
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Photos of Engineering Application
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Drilling hole condition (3 days Soft blind pipe in rainwater

after rainfall) well (3 days after rainfall) ::
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