45

APER SHELELZRO] 34H| 24 o

Int. J. Highw. Eng. Vol. 19 No. 1 : 29-36 FEBRUARY 2017
https://doi.org/10.7855/IJHE.2017.19.1.029

k1) =)
x %—%Aé '1'.’:}‘\:!]

Analysis of Performance and Measurement of Water Contents

for Road Substructures with an Infiltration Trench
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PURPOSES : This study mechanically analyzed the performance of road substructures with focus on infiltration trenches of pavement

substructures.

METHODS : Water contents and response times for precipitation of pavement substructures were investigated via sensors buried near the

infiltration trench to measure water contents.

RESULTS : The results of the water contents of pavement systems constructed with an infiltration trench yield levels that were slightly
increased by approximately 2% compared to those measured from general pavement systems. This water content difference of 2% resulted in a

decrease in service life of less than two years.

CONCLUSIONS : Service life reduction due to an infiltration trench is minimal, particularly when the trench is installed with proper caution.
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Finite Element Analysis

- Analysis of The Change on Water Content Ratio of Road
Substructure Infiltration Trench

-

Water Content Ratio Analysis

- Measurement and Analysis of Water Content Ratio by Rainfall
« Burial of Water Content Sensor on The Test Road and The Road
» Measurement and Analysis of The Water Content Ratio of Road
Substructure under Natural Rainfall.
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Perfermance Analysis
- Analysis of Impact on Road Stability of Infiltration Trench
« Stability Analysis of Road with and without Multi-Layer Elastic
Program and Fatigue Model

Fig. 1 Research Process
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Table 1. Pavement Thickness and Poisson’s Ratio
Input Variables

Layer Thick Possion ratio E(psi)

Surface | 50 mm 0.3 300,000

Base 140 mm 0.3 200,000
Subbase | 160 mm 0.35 21,030
Subgrade - 0.4

SB—24 A ol EH%’S}—E SdH 145MPas A&
sFoict,
gEE gUelA 7 &5 RSkl e SG-
5(111,2MPa)2} SG- 7(136MPa)% ae

=2 - ®M9A xMiz 31

rot

2235t



arefste] 1304

3EAF9] Critical Responses

£ 53 29| A% %H% %Ha}o:l E7go| AA| 473
o

Nf =0.0796 X ¢~ 3.291 % E70.854 (1)

ERES LR ! 4 evie
B8] 9lste] Fon] Aol AAE MR el
7140l T&E 7143 9 7]1Edo|E| & 4259t

A= RO A 7|7 H9oH2015E 3¢Y 18YU~20154
10¥ 13%) 74994= 5092 & 2872 400mm,
Bt A5 Smmz Ve T

7ol wE ] HSkE ASS 43 BE T
A2 AA 2l 27] Ul 16~19%2 YHHA Ol AL E
2713=eul R A et ol EARERS
FEL QAo] HEA 7ML, Faen] AS AlA oA
| o] A9 AFE Q] Qlxpr) $HAE| =R

i

lo

S~

49mm

Precpftion  Sesarl  Sesor2 Sensor3 Sensord

Fig. 5 Water Content Changes in Precipitation
(Test Road)

e OM 7] wizol A7) Aol 2 detE

A A 0] gh4en] Wsheol 27

BALERO] F] AL Efrd BRo 127}
o] A Yokort 4

3.1.2. HMEZ gl AE Znt

AAEZ ] A¥7|7F FeH20154¢ 109 13€~2015
d 12€ 4Y) Fedes 2292 3 % 174mm,

it A 8mmolloH, 119 6UHE 1Y 22%
A 2] 717F B0k 7-2-(127Tmm) 7t HEEHE ﬁoi u
EFtTt,

AA =R 7Fe-of whE FhaeH] BB
A3 LE AlA] ol A %%Ziﬂi 10mm ©]4¢] 7
k] IS Bl 27] fhen| o) Aol & QlEte] 1,
281 AlA7F 39 Al MRt k4] W3} Zo] ZA e}
Witk

ZF A Q] 27]3pHlE 12.45%~16.05% A 19
12.45%, A4 29 13.25%, A4 39 16.05%)2 4
0.8%, 2 3.5%2] Zfol5 R et ojHgt 27| o+
H]18] Zpol= oHA WA= RO A e} nEFA R fhrH]
AA o] A Al LA =119 thl e of B o 4R}
7b SATE A7 obY 7] el YEeh= Afolet dhet

o
sl
1%
> ol

P

=2

Hr},

Aol wE o el 16.5%% L}E}”E} 3t
27| Tl E 7202 79 Al A H o] g W
3} 2o A 0.45%, A 2.1%% HI}ZS Bt o]
= ARG E AA =R AL **EEEH ERRS
o] upo] Ao} =B FEsh= 94=0] ¢Fo] AL A
FrEEe %6}04 FUE 47 Ade] ghaenlo] 9%
< A A LPEME}.

32 International Journal of Highway Engineering - Vol.19 No.1



Moisture Content

Moisture Content

Moisture Content

17.00% 30

1600%

15.00%

14.00%

13.00%

Precipitation(mm)

1200%

11.00%

1000%

151013

0

;g g aadadd
PR
&

-

(a) Water Content Sensor Data(1)

700% 0
1600%
1500%
1400%

13.00%

Precipitation(mm)

1200%

11.00%

1000%

2151013
M15-10.15
151010
151021

151017

(b) Water Content Sensor Data(2)

17.00% 0
16.00%
15.00%
14.00%

13.00%

Precipitation(mm)

12.00%

11.00%

1000%

3.1.3. @4H| WSl 12 =2 284 24 An

Soeu] wslel T2 m2 P84 £AHL dviEzel
E2ofle] Aol 448 E2o) FEAL vl
Aot bl EREge] Al BAASE %
Wl 71 WA BEE] 9l SG-5% SG-T2 AlY
X, 294 2oz TEste] 14 ] Aol by

Prediction of Modulus of |
Subgrad Modulus of Elasticity Change according
Elasticity to Water Content Ratio

Application of General

Jil I 1

Calculate Tensile Strain used Kenpave Program

O

Calculation of NF through Ai fatigue model

Jal Il

’~

-

\
Performance of Road w Performance of Road with
without Infiltration Trench " Infiltration Trench

Fig. 7 Road Serviceability Analysis Process

2 A 0%9] pH] WakES Al SeH7E 2 A
(c) Water Content Sensor Data(3) ZH| A E Hoj&rh, B oA gtz o] #AF
Fig. 6 Water Content Changes in Precipitation Aol Al #5E Haskeulolth, WA e g2
AW Ful-gh AL Byl et st
Table 2. Low—Peak Water Content in Precipitation BA Ay} AUl 2 0] LA of] W R AERA A4
Sensor Depth(cm) | Low WC(%) | Peak WC(%) = B 19,725psiE S<eH7E 0.5% 7K 9 =4t
10 12.45 14.4 EMJ A= B+t 300psi A8k,
Sensor(1) = e 2 web sl YRRl AFE rol 344
20 1 0:55 1 1_55 Ao ARG BAI e ] BiskE 2.1%9 =4
10 13.25 475 Aol sl 9,941psi2 H7JstEct
Sensor(2) 20 1815 1515 Table 3. Subgrade Elastic Modulus
30 13.4 15.5
40 12.75 14.35 Road Road (Infiltration trench)
10 16.05 16.5 19,725psi 9,941psi
20 15.35 16.4
Sensor(3) 30 14.85 15.7 o2 S =219 Kenpave? ASPALT
40 13.35 14.2 KENLAYERE ©]-8-3}9] kAt ©d A 4=of whE Critical

rot

225t

=2% - HM19# M= 33



responsese 1AL =2 XA FEA
Critical responses— OFAZHE 7]59] o}
B2 Kenpave T2 IS &-8351o] BAEITH
A A LS JF 4] A Q) A4 19 725p51g}
| Wske 2,129 =FEAAS 9,941psis ARE-S)
AUk E3F =29 Tl wek ekl 2450 £
= Aste] TAIE QuiEE AHhEo] T2 S
w}2 3229 Critical reponsess w4131t

58 Aol F8H EETES 9Nl =R &
P2 e 9 YRS 5 B WA
T XS FAEY bem A% FAE A 02 e

o I

lo

(B 1o

1o oot otk

v

-lfﬂ aha
oo !

iﬁ.
2

A
]

Table 4. Pavement Thickness

Road Layer Thickness
Surface 10cm
Highway Base 25cm
Subbase 25cm
Surface 5cm
Egig[ Base 20cm
Subbase 25cm
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Table 5. Pavement Critical Responses

Road conditions Road (Infiltraﬁg:dtrench)
Water content 0% 2.1%
Subgrade elastic modulus| 19,725psi 9,941psi
Tensile Highway 1.179E-04 1.225E-04
strain Local 1.992E-04 2.127E-04
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Table 6. Average Daily Traffic
Traffic o
Road (Vehicle/Day) Percent trucks(%)
Highway 46,403 26.3
Road 11,587 229
Local 5,566 277
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Table 7. Highway Road Serviceability Analysis

16.00

14.00

1200

10.00

Service Life
o
=
8

20,000 25000 30,000 35000 40,000 45000 50,000 55,000 60,000 65000 70,000

Traffic(Vehicle/Day)

Highway Highway(Infiltration trench)

) Road condition
Traffic . Highway
(Vehicle/ ESALS Highway L
Day) (I.nf||tr.at|on trench)
Service life
20,000 1,468,724 13.7 12.0
25,000 1,835,905 10.9 9.6
30,000 2,203,086 9.1 8.0
35,000 2,570,267 7.8 6.9
40,000 | 2,937,448 6.8 6.0
45,000 3,304,629 6.1 5.4
50,000 3,671,810 55 48
55,000 4,038,991 5.0 4.4
60,000 4,406,172 4.6 4.0
65,000 4,773,353 4.2 3.7
70,000 5,140,534 3.9 3.4
Nf 20,066,957 17,692,027
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