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ABSTRACT

In this study, we reviewed the applicability of the existing Temperature-compensated deflection equation using a Representative
temperature estimation method using existing research results, and improved and verified it to a domestically new temperature-
compensated deflection equation that takes into account various asphalt thicknesses. In addition, based on the FWD test-data
of porous asphalt pavement, we propose a analyzing process for the performance degradation of porous asphalt pavement,
including a process of performing standard load and temperature correction on FWD data, and a conversion process of FWD
Back-calculation elastic modulus to field dynamic elastic modulus. After proposing the process, a Excel program was developed
for the evaluating the degradation of performance in the porous asphalt pavement using the concept of dynamic elastic
modulus.

Keywords: Temperature-compensated deflection, Representative temperature estimation method, FWD test-data, Porous
asphalt pavement, Degradation of performance
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Oh et al.(2022)-2 Bl OPATE TA A 0] FWD A T4 Uit okATE Il A 0] A =4la} b
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et al.(2022a) 7]& Ao FWDAR-S 25 BA5H | fiote] that =dHHS 7idstl, = iols=
i o AmE ko] FWD AlA) dlojEfdlo] A7) ofd] FEElo] 9lA] grom . ut op AT E mAko] 4714
Ho]E S 0} 8510] oOFABES 30 cm o4 0] 1WA AL Akslo] Fojalat Hlwsto] 487N s S A
ISFATK Choi et al., 2022b). T2} 7]E AIRHALL op B EZO] FAE Tefo}A] ¢hal, 2= 97 35°Co]6}

oA HI AR 2 0 2 U285 915 =] 73-2-= A FWD Hlo[El A1t A3, Fig. 13 o] 9|2l 2t

o] =|Z] 9435 & 4= U} ERL Choi et al.(2023)-2 Hlld AT E Aol A Ao Thel o] 24 Hlo|efHo] A
& TEBte] ofWEF T T Hol7t kS AL
wEpa] 2 Ao A= Choi Fo] AIQFRT oIARE X7 Z SIS Mot 2 B A ALS -85l FWDX

DOGm)  D300m)  DEOO(m)  DIOOGm}  D1200(um)  D1S00(m) DO(um)  D300(um)  D60O(m)  D9OO(m)  D1200(m)  D1500(um) DO(m)  D300(UM)  DEOO(UM)  DIOO(M)  D1200(um)  DIS00(LM)

::i 150 ::i 150 ?— f‘: 150 B
(hm) 200 (um) 200 (um) 200
300 300 300
(a) Raw data (b) Foreign eq. (€) existing eq.(Choi, etc.)

Fig. 1. Bridge 10 cm pavement <Representative temperature: 44.7~48.7°C)>
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Fig. 2. Temperature correction coefficient . graph example for all thicknesses DO, D900
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Fig. 3. DO correction \ for all thicknesses
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(30 cm)

dy.a0 = dy. 7 (14 0.0259% (20 — 7))

dag0.20 = dogo, 7F (14 0.0235% (20 — 7))
ds00.20 = dsg0. 7F (1 +0.0172*%(20 — 7))
de00.20 = do0. 7 El +0.0044*E20— T);

dggo,20 = dogo, 7 (1 +0.0005% (20 — 7))

(20 cm)

dy 90 = dy, 75 (1+0.0175%(20 — 7))
dygp,90 = dogg, 7 (1 +0.0158% (20 — 7))
dy00,20 = dggo, 7* (1 +0.011% (20— 7))
dg00,20 = deo0, 7 El +0.001* (20— 7))

dyoo.20 = dogo, 7F (1 +0.0008* (20 — 7))

(15 cm)

dy.o0 = dy, 7 (140.0127% (20— 7))

dygg,90 = dagp, 7 (1+0.0118% (20— 7))

d300,90 = d3pp, 7* (1 +0.0077% (20— 7))

dgno,20 = dgoo, 7 (1 —0.00008* (20 — 7))
*(

dygp,20 = dgoo, 7 (1+0.0006* (20 — 7))

(5 cm)

dy.0 = dy, 7% (140.0028* (20 — 7))

dygo,20 = dago, 7 (1+0.0035(20 — 7))

dy00,20 = dsgo, 7* (14 0.0023* (20 — 7))

d600v20 d()oo T (1 +0.0008%* (20 — T))
*(

dogo,20 = dgoo, 7 (1 +0.0004* (20 — 7))

(25 cm)

dy.0 = dy, 7% (140.0218% (20— 7))

dag0.20 = dogo, 7F (14 0.0199* (20 — 7))
ds00.20 = Ao, 77 (1 +0.0142*% (20 — 7))
ds00.20 = deoo. 7 El+0.0026*§20— T);

dggg.00 = dgoo 14 0.0004* (20 — T)

(15 cm)

dy.o0 = do. 7 (14+0.0127* (20— 7))

dago,20 = dago, 7 (14 0.0118*(20 — 7))

ds00.20 = ds00, 7F (14 0.0077*(20 — 7))

dgoo,20 = dgoo, 7 (1 —0.00008* (20 — 7))
*(

dgo.20 = dgoo, 7 (14 0.0006* (20 — 7))

(10 cm)

dy.n0 = dy 7*(140.0075* (20— 7))
dago, 20 = oo, 7% (1+0.0075% (20— 7))
ds00.20 = 0, 7* (14 0.0046% (20 — 7))
deoo.20 = oo, 7* (1 +0.0001* (20 — 7))
*( ( )

dgoo.20 = dogo, 7 (1+0.0002* (20 — 7))

I71A, d, o, : SFF ZiolARE 2] 20°C 2] 7|Z2 2 BAH A%k um)

7: HE2E(°C)

()

4 (1) 155 SIo) A FWDARAR ] AT2b] v ol BE TR Afzol 2841 felolele] 4
ARt 20°C2 RATE we] AN WSHE A (1)& Hreled Fig. 49} 2] dute Az, 2 7] ]

| Fig. 1-& 7JA1ste] AASHA *

W@ et

O oF A 0]

! HS o 4= 2J9ict E9H FWDH|O|ERS BELLs3 4]0 25 E] of
FEE ARG, ol ATE S T/ 300 mme} 100 mmoflA] AgIeH Ax) B Q1o o A AL Fig 5
o} Zro] HAoHA| AtE]= S ER1% 4= it
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DO(um) D300(um)  DGOO(uM)  DIVO(um)  D1200(km)  D1500(um) DO(um) D300(m)  D60O(um)  DIOO(km)  D1200(um)  D1500(um) DO(um) D300(um)  D600(yn)  D90O(um)  D1200(um)  D1500(um)
0 0 0

50 50 50

: 100 2 m&_ — : 100
ack 150 ap 150 2k 150
(km) 200 (um) 200 (um) 200
250 250 250
300 300 300
o] —mi]) —md50 ST B0 0] 7.0 wumiS() (8] =150 1] =807 —@mi80 =48] —8=18.0
(a) Raw data (b) existing eq.(Choi, etc.) (€) proposal eq.

Fig. 4. Proposal eq. for Bridge 10 cm pavement (Representative temperature: 44.7~48.7°C)

DO D200 D300 D600 D900 D1200 D1500 D1800

Deflection
(pm)

—r— (A)Porous asphalt pavement Rowdata-16.48°C
=== Tomperature correected deflection of reference temperature 20°C
8= B)Porous asphalt pavementRowdata-16.13°C

== @== o mperature correected deflection of reference temperature 20°C

Fig. 5. Raw-data and Temperature corrected deflection of reference temperature 20°C
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log B*=1.588582+0.02932, — 0.001767 (pyy,)* — 0.002841p, )

Vbe If

—0.058097 V, — 0.0802208 (W

3.871977 — 0.0021p, + 0.003958p35 — 0.000017 (p35)* + 0.005470p,
+ 1+ e(f 0.603313 — 0.31335110g(fq) — 0.393532l0g(n))

o a
log(£*) =6+ |+ o0 ogfa) ®)
§=1.588582+0.02932, — 0.001767 (pyg)* — 0.002841p, 4)
Viess

- 0. —0.0802208(————
0.058097 V, — 0.0802208 ( Vit Va
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B=—0.603313—0.393532log ()
log(fq,)=1log(fq)+c(og(n)—log(n))

o714, 8, a, B, v = FTAAS A1) Z} parametero] 1L, ni= OFAHES] HE(10° poise), /= 5 T,
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o] 1212 100 m T2 5P, WYL T 0 = 470 1 A9] 1670 1L, vl o & 770 LAl o] 147) F171o)
™, 7] 1o A ZAFE FWD A3 APgstelth tlolHEA a0 E Ed 2 57PIg9] oA BEFZ S
2 EZ eH A= thaatt Zol AR

E=2,352x(D0-D20) '*/h 3
714, B : OIAFEZT Y E F SIS MPa)

h : OFABEZ IR E S| F|(cm)
D; : 5% S 1oAM5E] 2] 20°C 9] 7|52 = HAHE A%k (um)

BOE+06
o Specimen 1 10mm x i’g‘ %IE_I-AC;HI ;-IE
70E+06 | & Specimen2
Specimen 3 . * (e OFAE|Z{E)
GOE+06 | ——Fit G
« 10mm -PG 8234 /ﬂ’- *

50E+06 e
— r
& e
X 4 0E+06 g-*
o 5 &
= ] =

30E+06 ‘3/ X & e

o2 il o o2t
. Y. m) VLR
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1.0E+06 '3{
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0.0E+00 T e arE o
1. OF 091 OE.O71 OF. 051 OE 031 OE.011 OE+01 OE+03 OE+(8 OE+07 OE+09 s 0 5 0 5 10 15

Reduced frequency, Log, Hz
Reduced Frequency (Hz)

(b) Estimated dynamic elastic modulus from

(a) Test Results of Dynamic elastic modulus Mixture design factors

Fig. 6. Estimation results of dynamic elastic modulus of porous pavement through data analysis



l~>>j
)
o,

FA] AT A (8)& AT FWD 8] 28418 27k T Table 13} 220] 27}
S oF 2= 91oIT} Table 16]4] HiH}e} Zro] Bal 2ARAIT} BisH Al ] 2jo]7} A 25 uji
HE TS| FWD ol 223 AP A7 AR 2 4 olek ol 2 Aol 25 )
7} Aol 2RI 7Yoo, 3-89 HAEALE Alotelaa) gk,

9,

>

o it
K
kA

o,

o)
-

ox,
A

3.3 @i Cl|o|e] EHS S5t blie/d OIATERZ SEHdAR: 242k
2 AFE = g oR AT ELAOA O FWD A AR E =2]0] oA ES THIA
A ZRE FA == FEAE Table 2 & H 1w g A3}, o %iﬁ}g =35} Ojlﬁ]]@' Alo]eby 7:]]_,_9]- Bjjsh
Az F2E AR 27t glof A8shlol AskA] e

Table 1. Comparison of elastic modulus estimates through d, and d,, data, around 20°C, a representative
temperature of FWD data

. . Temperature Elastic modulus mix design
Investigation material . . L .
quantification estimation extraction Error
Cross-sectional Pavement DO D200 reference temperature Japanese (d0-d200) elastic modulus (%)
composition  thickness (cm)  (um) (um) (BELLS3) (Mpa) (Mpa)
hal
porous asphat 30 154 135 16.48 11,114 26,6724 58%

pavement (1)

porous asphalt 30 219 177 16.13 4,123 32,900.8 87%
pavement (2)

Table 2. Comparative analysis of Back-calculation elastic modulus and dynamic elastic modulus

Back-calculation elastic modulus (Mpa)  dynamic elastic modulus (Mpa) - FWD 33 Hz

avement Test d,—d
p location . 0 Mix Design Test
(Correction of representative temperature 20°C)
13 mm porous OO case 1 8,170 22,500
P AA casel 15,230 24370
OO case 2 8,260 26,670 125,000
10 mm porous A/ case 2 26,130 32,300
O case 1 11,950
13 mm borous 2 OO case 3 4,220 32,900
P AN case 3 26,130 26,030
OO case 4 6,330
13 mm SMA AN case 4 40,680 23,920
OO case 5 9,800
10mm SMA  AA case 5 79,590 32,200
A case 9 87,760
HMA (MC-1) OO case 6 16,840
HMA (WC-1) AA case 6 223,680
OO case 7 111,820 28,660~
(WE3) "R case 7 17,640 141,820

HMA (WC-5) A case 8 93,290
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Fig. 7. Performance degradation analysis procedure of porous pavement using Excel program
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