oooooobooooon0o OeOd 200101200

Jubogbootdod
ooty

OO0 oOoo0 oofooo oof

000 00 00000000 0000000336-0027 0000000000 2-12-360
"000 00 00000000000000400067 0000000000 13100
"000 00 0000000000 00000000940-2188 O0O00O00OO0OO 1603-10

0000 00o0ooooooooogg FWD(Falling Weight Deflectometer)D 000000000
gobooooooboobobobobobobobooboooobobobobooboboobooobooboOobo
gbobobooobooobooobooooboobobobobooobooobooboboboboooboobobo
gboboboooobooooooooboboooooooobob0o FEMODODODODOOO
gboboboooooboooobooboboboobooooooobobbobobobooobooobooDo
gbobooobobooooobooboboboobooobooooooobobobobobooobooobooDo
gboboboooooboooboobobobobooboooboooobobobo

Key Words : FWD, jointed concrete pavement, back-analysis, temperature gradient,

critical deflection

gooooo

oboobooboooomes4tobooono1ooboon
500000001997 000 nopoooooooo
obooboobooboobobooooomooon 199700
000150 kmO0O0 %0198 0000000000
gbo sggbogbooobobobbooobooobooon
oobobboooobobooobboooobobooooo
oboobooooboobooooessonoooooooon
oobobboooobobooobboooobobooooo
ooooooooogo pMsOOOOOOOOOOOOO
o000 200000000 19700000 HaasOODO
Oo0o0ooooooooooooooooooom
gobooobogi1eesunoopPMSOODOOonoOoon
O400000000000D00OO0

PMSOODODOOOOOODOOOOOODDOOODOOO
gobboooobboooboooobobooooboon
gobobooooobooobbooobooboooooo
ooooooooooooooooo Marg psion
oobobboooobobooobbooobobobooooo
oOoooO* ooooooooogrsogoooooo
gobobboooobobooobbooooobooooo

147

O0000000o0oo0oooDoooooooooon
O0000o0o0ooooooooooooogoon
OO00oo0ooooooenoooooooooooo
O0000o0o0ooooonoooooooogoon
0O (Falling Weight Deflectometer 00 FWD OO 0)
OO000o00ooooooooooooooo oo
OO00o000o0o0ooooooo Mclo PSIOO
O000000o0ooooooooooooogoon
00000000 00o00ooDoooooooooon
oOooooooorRwWDOOOOOOOOOOOoooo
00000000 00o00ooDoooooooooon
O000000o0ooooooooooooogoon
oOoooooo* 0ooooooorsoooooooo
O000000o0ooooonoooooooogoon
O000000000oo00ooDoooooooooon
O000000o0ooooonoooooooogoon
O0ooOooo00oooooooooooooooon
1996 00000000000 D0D0oO0oooooooo
ooO0"90oooooooooooooooooooon
OO000000000000000000 9kN OO0
oOoooooooooooooo



EDZDEEN
@-- -
@)-- -

o) - -

A

10m
Osists == “=baty

0-1 0ooooo

10m

gobooobooorRwWD ODDOO00obogooo
gobobboooobobooobboooooobooooo
gobboooobbooobboooooboooon
gobobboooobobooobboooooobooooo
gobboooobbooobboooooboooon
gobobboooobobooobboooooobooooo
gobogobooboobooboobooboon

goooood

FWDOOOOODODOOoMoooboooooooo
gobogobooboooboobooboon
oobooobooboooog
goboooboobooog

gooooooon
gobboooobbooobbooooboogoon
gobobboooobobooobboooobobobooooo
gobogobooboo-10boo0booobo 4000
googoo

googoooobooogoo

goog

gobogoboobooooooo

goog
COFEMO0ODOO0O0wWLOOQOOOOO000000
ooboboooobobooobbooooobooooo
gobboooobbooobbooooooboooon
OrwWDOOOOODOOooooooooobooo
gobobooobbogobbooooboogoo
goboooboooboooooboboo

GOHoooooooogoooo
gobooboboobooboorwbioooooog
ooboboooobobooobbooooooooo® o
gobbooog” bboooboooooooog® O
goboboooobobooob” oooboobooooo
gobboooobbooobbooooooboooon
goboboooobobooobbooooobooooo
000000000 »Oooooooooooooooo
ooboboooobobooobbooooobobooooo
goooobooooboo

O0O0OOmangD BWOOOOOOOOOOOOOODOO

\4

148

ooooooooooono Oe0O 200101200

gobooobbogooboobooboboooboon
FEMODOOOOOOOOOOODOOoOobDOooooooo
gobboooobbooobboooooobooooo
O0O00OOdO 49kN O000000COCOCOCObOOO
oOoooOo0ooooooOooboooooOooo wooo
ooboboooobobooobboooooobooooo
gobboooobbooobboooobooboooon
ooboboooobobooobboooooobooooo
gobboooobbooobboooobooboooon
ooboboooobobooobboooooobooooo
oo

(000000000000
0D00000000000000FWDOO0OO00000
0000000000000000000000000
0D00000AASHTO®OOOO0O000000000
000000000 FWD OOO0000000000
00000000000000000000@WO00O
D0000000AREADDNOOOOOOOOOOO

AREA:6><S,+ 2Hdlz %2 24 Hd%% @
g Hdo Hdo Edo
o00000000000000

dldao00 12024036 000 0000O0O0O0O0O
googo

AREADDODOO0DOO0DOODm®IN320000
00000000000000000AREADDOOO
0000000000 KkOOOkOO AREADDOOO
0000000000000000000000000
0000000000000000000000000
FWDOODOO 9000000 (40kN)D OO0 00O

0000000000000000000 25em OO
000000000000000 98kN 0000000
000000000 ®O09%kNOOD FWD OOO00
0000000000000000 FEMO0OO000O
0000000000000000000 Meg0o0
00000000000000000000 Winkler O
000000000 Boussinesqg ] 0000000000
0000000000Winkler 00000000000
0000000000000000000000000
0000000Boussines 0000000000000
0000000000000000000000000
0000000000000000000000000
OOWinkler 0000000000000000000
0000000000@ROE0O0000000000
0000@OGOIO000000000Boussinesq 00
00000000000000000000000(6)0



(HOO0O0000000000000@0E00000
ooooo

k = 9.8exp(4.56-+ 25.0D, 0% 1479 °%) (@)

E, =9.8x10% exp(5.61+0.018 *% kn 30 ®

k =9.8exp(-21.63+17.62D,

+19.359J —0.438) LT —-0.638 (4)

E. =9.8 x10° exp(—25.08 + 40_37D0—o.028 -
+0.01691 557 )K 0013 -2

E, = 98exp(3.60 + 24.03D, *%' -15.639 %??2)  (6)

E, =9.8exp(7.47 +0.0015 76 ) h 20 -

E, =98exp(—25.29 + 24.5D, **°

+12.389J —0.491) LT —0.0856 (8)

E. =6.83x10° exp(-24.95 + 47.87D, *®°
+0.0029J 7.288) EO—O.947 h_2'944

kOJOO 75cmO000000000000MNmOD
EQ00000000000O00MPal
EO000O00000MPaD
D0000000000u mO
hJO0O0000000000cmd
SI,SIJLTOO0(10)0 (12000

©

SI=(Do+Dsor+ Do+ Do)/ Do (10)
S1J=(Dso+ Dso+ Dso)l Dso (12)
LT=Ds/Do (12)

DsoJ Deoll Do 0 O OO OO 30,6090cm I 000
goododp m

0@O©I0DOI0D0I0DN0DN0D0N0D0N00ON0NOnO
0000000000000000000000000
00000 Yin0 000000000000

0D000000000000000000000000
0000000000000000000000000
00000 2000000000.00FWDO0000
00000;000000000 nO0000000000
0@300000MO0N00000N0NNooNnoonon
000000 ADOFWDO 200000000000
0(1400000000000000000000000
00000000000000000000000a0
ADOO0O0O0000000O00O0O0O

149

oooooobooooon0o OeOd 200101200

D,, =3 D, /n (13)
i=1
AD=0¢0) Do (14)

oooooboogonogo AASHTO DOODOoOoog
gobbobooobbooobboooooboooon
gobobbooobobooobboooboboboooo
googooogo

()0O0o0ooood
FVDOOO0O0O00D000000 FEMOODO
0000000000000000000000000
000000000000000000000 2200
0000000000 FWD OOOO000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000 ®M0O00000M0000000
00000000000000000000000 FEM
0000000000000000000000000
00oo0og 0
000000000000000000000000
00000000000000000000000 00
0000000000000000000000000
00000000000Shoukry 0 200300000
00000000000 PWD OOOC0O00O00000
000000000ooooon
000000000000000000000000
0000000000000000000000000
00000000000000000000000

goooooood

gobobooobobooobboooobobooooo

gobboooobbooobbooooooboooon
ooobooooobo obobooboobobooooor
gobboooobbooobbooooooboooon
gobobbooobobooobbooooboobooooo
gobboooobbooobbooooooboooon
gobobbooobobooobbooooboobooooo
gobboooobbooobbooooooboooon
gobobbooobobooobbooooboobooooo
googoooooooogon



0-2 DO00O0OOoooooooooooooon

0-3 OO0O00ODOOoOoooboOooboooooo

gbobobooobbboooobboooobboooo
gobobboooobobooobbooooobobobooooo
goboboboooobbooobboooooooooon
gobobboooobobooobbooooobobobooooo
ooooooo»sgo-200000000000000
oooboooooobobobooboobomobo-3goooon
oOoooOoooooooooboo a0000o000oon
gobboooobbooobboooooobooooon
-20-050/cmO0-30 1.00/cmOO00000 20cm O
gobogobooboobooboobbooboooo
gobobobooobobooobbooooobooooo
gobbbooobbooobbooooooboooon
goboooboobooobooboooooo

gooooboob

FwDOOOOoOoooooooooobooooon
gobobboooobobooobbooooobobooooo
gobogowDboOoooooboooboooooo
gobobboooobobooobboooobobobooooo
gobboooobbooobbooooooboooon
gobobboooobobooobboooobobobooooo

150

oooooobooooon0o OeOd 200101200

OOo0ooO00oooooOoOooxopooooogon o
goobo@/)uboboobobooboboboo

_ 0.062TS-0.0727Y

9 H 0.165
1167+ 0.2H36(Ts ) g x1-215 o 9

6 0000ood/kmO
sooooooooooon
yooooooooo
X0ooooo240000
HOOODOODOOoOooOOdOemO

g@subobOboboooooomoooooo
googobooobooboobooborwbonoogo
goboooboobooobooobooon

goooobobboooooaobo

FWDOOOOO0O000000MO00000OO0
0000000000000000000000000
0000000000 MO00@SI0000000n
00000000 »0000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0D000000000000000 10md000000
000000000 KsO 3dMN/m30 00 WD OO0
00000000000 KsO* 0000000000
0000 2»00059MN/m0 00 78MN/me0 000
0000000000000000000000000
0oooooooo
0-10000400000000000000000
0000000000000000000000000
0000000000000000000000000
000000000-406 0000000000004
Oe00000O00/mOODODOO0DO000DODODO
0-400000000000000-500000000
00000000-60000000000000000
000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0(160000000000000000(16)00 FWD
0000000000000000000000000
00000000000000000000000000
0000000000000000000



0.08
g 0.06 /
N d=b @ +c /
£
e 0.04
5y
<
002 .
mijy/
0.00 !
-0.5 0 0.5 1
BESE °C/cm
0-4 0J0O00O0O00000DDODOOOOoOoo
0.08
£ 0.06
E=
g 0.04
5y
<
4+ 0.02
\d:a 6%+b 6 +c
/
0.00 . :
-0.5 0 0.5 1
BERE °C/cm
0-5 OJ000O00oooooobooooooooooooa
0.08
E 0.06
Ad
ﬁé( 0.04 \
E \d=a 82+b B +c
+0.02
@m*fﬁ

0 0.5 1
BEAB °C/cm

0-6 DOoOooooooooobooooobooog

-0.5

O0ap200600
dd 000000 (mm)
6000000 fem)
0O0Oo00000000000000000000

(16)

000000000000000000000000
0000 020/mO0000060 020000000
000000 00/mI0O00OmMOO00INNNO0NO

000000000000000 Aemd OO Bm)OD
0000000000000000000000000
20030(cm)J 000 305mI 000000000

151

oooooobooooon0o OeOd 200101200

ggoopoooobooooon

0oo 17)

[70 0 0.015A0 0.2B01 0.048 (18)

[70 0 0.0063HC1 0.0518+0.46 (19)
0000000000

[70 0.011h0 0.001380 0.052 (20)

[70 0 0.0033H] 0.028B01 0.20 1)

(70 0 0.014A0 0.0258+0.79 22)
ooooooo

[J00.12h0 1.380 4.9 (23)

[70 0.00094A0] 0.066B8+0.17 (24)

[0 0 0.032h00.0188+1.6 (25)
oooooooo

[70 0.0054h0] 0.089801 0.2 (26)

[700.01h0 0.05180 0.097 27)

[70 0 0.026h0 0.00258+1.1 (28)

0@60000@I70@E)DIDNNNNNNnNnOn
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

goobobobooooooon

gobobooobbbooobbooooboboooo

00000000oooooboooosgooooonoon
gobobboooobobooobbooobobobooooo
dooooborRwD ODOooboobooobooooooog
gobobboooobobooobbooobobobooooo
goboooboobooooo~wbooooooooo
gobobboooobobooobbooobobobooooo
googoog

(L)OOOO0O0O00O00
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
“ 000000000000000” 90000000
0000000000000000000000000
70090%0000000FEMOO000O000000O0
0000000000000000000000000
000000000000000000000 75%00
0000000 YOOOOoOooo00oooooooo



YES

oooooobooooon0o OeOd 200101200

| a9)—MROF R

BRAE VUHNEZ10cm/m’

lm
FRF = KM
NO

YES
FWDRZ&E

YES

YES

| mmsL |
> FHEEEREEOTR

RIEREE 265%

TEREE265%

NO

% BEIHNOFR

MEEEREDOTR

v

BEIFADTR

O-7 OoOobOooooboooooon

Oes%liboiodobooboboboobooooon
000 »00d000000oooooogoooooo
oobooobooboooooo e onoooooono
gooooboooooon

@oOOo0
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
ooooo
000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000FWDOOO00000
0000000000000000000000000
ooooooo
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000 ®0
0000000 10ec/m0 0000000000000
00000000000000000 10cmm20000

152

0000000000000000000000000
0000000000000000000000000
0D00O0000o0o0oo

000000 10emm000000000000000
FWDOOOO0O0000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000 FWDOOO0OO0000o
0000000000000000000000000
0000000000000000000000000
000@We)D000(0D(UO000000000O
0000000000000000000000000
000000000000000000000000
0D00000000-700000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000-1000000000
0000000000000000000000-100
0D0000000000000000000

0-1 0ogooo

oo oood
oooooooonog |googd
googoooogo googog
gpoogoogo goooopoogo

phooOoooOooooooo
ggoooooooooobobbbbbbobood
gobobboooobobooobbooooobobobooooo
goooooooobobobobbbbbbbooooog
gobooobooboooo~wbhoooobooooooo
oobooobooboooboobooboogooOorRwWD
gobobboooobobooobbooooobobooooo
gooooooooboobobbbbbbbooooog



0000000000000000000000000
0000000000000000000000000
0(@O0(1200000000000000000000
0000000000000000000000000
0000000000000000000000000
+010/mO00000000000000000O0O0
0000000000000000000000000
0000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000

goooo

gobogoobooboooboooooooo
ooboboooobobooobboooboobooooo
gooooboobooobooobooon
ooboboooobobooobboooboobooooo
gooooobooobooo
ooboboooobobooobboooboobooooo
gobobboooobobooobbooooobobobooooo
goboooboooooog
godoodddoooooooooouuououooyg
gogobooooboooobooooobo
gobobboooobobooobbooooobobobooooo
ooboboooobobooobboooboobooooo
gobobboooobobooobbooooobobobooooo
dobooobooboooboooboooooo

gooooo

gobbooobbooobboooobbooooo
ooboboooobobooobboooboobooooo
gobobboooobobooobbooooobobobooooo
ooboboooobobooobboooboobooooo
gobobboooobobooobbooooobobobooooo
ooboboooobobooobboooboobooooo
googoobooboooboobooboobooo

gooboooboboooboboooobobooooo
gobobboooobobooobbooooobobobooooo
ggoooorwD O oOooooooooooboooood
gobobboooobobooobbooooobobobooooo
doooobooboooboobooboboooooooog
FWD 000000000000 0000ooooon
ooboboooobobooobboooboobooooo
gobooobooboooboooboo rwb oonoooo

ooooooooooono Oe0O 200101200

gooooooooboboobobbbbbbbooooog
gobogoboobooboobooboobooon

gogooooobood FEM ODODDO0OO0Ooogg
gobobboooobobooobboooobobobooooo
gooooooooboobobbbbbobbooooog
goboooboobooobooboobooooo

aooo

1) OD0000000000000001998000000on
000000O1998.

2) DO0O0O0OO0OOOOOoOoOoooooDogooevms)ood
0000000000 600 12000 pp.64-6901 1985.

3) Haas, R. and Hudson, W. R.: Pavement Management
Systems, McGRAWHILL, 1978.

4 000O00D0O0O0D0OO0ODO0O0ODOODOOOOOoO
No.478/001 -210 pp.1-12[1 1993.

5 (@DOODOOO00O0O0ODO0DOOOO00O0O1992.

6) 00000000 000O000OO00DOOOOOOO0OOO
0000000000000 OVol.400N0.1950pp.46-660]
1998.

7) 0D0OooO000oooooRwWDOOOOoomom
1996.

8) (DOoOoDOooOooooOooooooigrs.

9) (OODOOOOODOOOOODOOOO0OD0OO0OOO1996.

10) Tang,B. : Study on deflection criteria for design of rigid
pavement, Journal of China Civil Engineering, \Vol.26,
No.3,pp.32-39,1993.

11) Y. H. Huang Pavement Analysis and Design,
Prentice-Hall, Inc., Englewood Cliffs, 1993.

12) TahaR, Selin,A., Hasan,S. and Lunde,B. : Evaluation of
Highway Undersealing Practice of PCC Pavements,
Pre-print of the 73 annual meeting of TRB, Washington
D.C.,1994.

13) Tang,B., Maruyama,T. and Takahashi,O. : Deflection
Criteria for Concrete Pavement Structural Design and
Evaluation, 0 O O O O 0O O O Nob592/ O
-39,pp.197-204,1998.

14) D0O00000D00O00000OFRWD ODOO0O0OO00O0O0
000000ooooooooooboooooooooo
000000 300 pp.85-920 1998.

15) AASHTO : AASHTO Guide for Design of Pavement
Structure,1993.

16) DO0O00OO0ODODOOO0OOO0DOOO0OOO0ODOO0OO0O0
O wehoooooooo FWD OOOOOoo@)ooo
00000000 oood2000.



17)

18)

19)

20)

21)

22)

23)

24)

25)

0000ooo000000nooFEMO000000000
000000oooooooooooooooooooo
000000pp.73-800 1997.

Maruyama,T., Tang,B., Manabe,K. and Koseki,H. :
Jointed Concrete Pavement Back-analysis
5th
Conference on the Bearing Capacity of Road and
Airfields, Norway, 1998.

Yin,J., and Hachiya,Y. : Back-calculation for Structural

Using a

Simple Regression  Approach, International

Parameters of Pavement Slab on Winkler and Elastic
Solid Subgrade, 0 O O O O O O O No.606/ O
-41,pp.165-169,1998.
O000000oooooooooooooooooooo
owehooooooooooooooo rWDODOOO
0000000000 0000O000DO2000.
000000oooooooooooooooooooo
OANDOO0O0O00DO00D0000MO000 5100
000000000 500 pp.42-430 1996.
0000o0000ooooooooooooo FEM OOO
000000000oo00moooo 520000000
0000 500 pp.88-8901 1997.
0000MoD0MOo0000ooDoooooood FWD
000000000000 0MoboOooOs100000o
00000 500 pp.44-4501 1996.

FWDOOOORWD OO OODOOO0O0 2pp.212-2150
1995.
O00o000ooooooooooooooooooooo
000000000oMoooos4000000oooo

26)

27)
28)

29)

30)

31)

32)

33)

ooooooooooono Oe0O 200101200

0 500 pp.402-4030 1999.

Shoukry,S.N. and Selezneva,O. :
Thermal Gradient on JPCP Subjected to FWD Load,
Finite Element for Pavement Analysis and Design,

Effect of Nonlinear

Proceedings of the First National Symposium on 3D
Finite Element Modeling for Pavement Analysis &
Design, pp.11-25, 1998.

() mpuininininininininininnininininininpninpniie
Joddjdoooooooooouoobobobbbbobb
FWD 0000000000 0000O0ooocoooog
00000 500 pp.86-9501 2000.
cpP-U00000000000Unooooonoon
Windows O (http:/Mmwwwiplan.civil.tohoku.ac.jp/pave/hoso-
ml/download.html)
OoooO0Ooooooooocooooooooooooo
go0o0oOOoOOooOoOooOoobo eUbobOUbbDbbOO
O00O0OCCODOOCOCOOO0O0OOpp.101-1080 1996.
00000ooooooooooooooooooooo
O00oO0oOoOoOo0oOoOooOOuooos3ooooooo
0000 500 pp.92-930 1998.

Taha,R., Selin,A., Hasan,S. and Lunde,B. : Evaluation of
Highway Undersealing Practice of PCC Pavements,
Pre-print of the 73 annual meeting of TRB, Washington
D.C., 1994.
00000ooooooooooooooooooooo
OoooOoOopoOooOopoOooOooOooOoOOOd199y.

CONCRETE PAVEMENT STRUCTURAL EVALUATION

USING FWD DEFLECTION

Hiroji KOSEKI, Boming TANG and Teruhiko MARUYAMA

This paper describes a method for structural evaluation of concrete pavements using
FWD deflections. The results obtained in the previous studies were reviewed in this paper.
Especially, temperature gradient of concrete slabs affects FWD deflections of concrete
pavements. Therefore, we examined the influence of the temperature gradient and loading
positions on the concrete slab. On basis of these factors, structural evaluation, critical
deflections of lower modulus of base course reaction were proposed. Furthermore,
structural evaluation methods of concrete pavements were proposed for the network level

and the project level.
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