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4. Structural Evaluation of Asphalt Concrete Overlays on Concrete Pavements
and Calculation Methods of Overlay Thicknesses

Yoshitaka HacHiya*
Tsutomu FURUTE**
Katsuhisa Sato***

Yosuke HAvasHI*

Synopsis

A structural capacity of asphalt concrete overlays on concrete pavements has been evaluated
by loading tests on the test pavements. Concrete pavements, which have four types of joints,
have been overlaid by asphalt concretes and then two types of loading tests have been carried
out. Based on their results, two calculation methods of thicknesses of asphalt concrete overlays
on concrete pavements, of which slabs can fulfill their function as slabs, have been developed.
One is by multi-layered elastic theory, and another is by finite element method as composite
pavement. Both take into consideration the effect of effeciency of load transfer of joint in
existing concrete slabs (E,;) to overlay thicknesses. As a result, the following conclusions were
obtained.

(1) Deflections of overlay pavements and strains in concrete slabs decrease with increase of
overlay thickness. Moreover, E,, affects behaviors of overlay pavements, so the deflections
and strains vary with the positions in a slab. That is, in the order of decreasing they
are both as follows; at edge>at joints>at interior.

(2) The smaller E,, the joint has, the larger the strains at the joints in concrete slabs in
overlay pavement become. The variation of the strains is markable within rather larger
E,;, but under 60% of E,, it is much smaller.

(3) The strains in asphalt concrete layer and concrete slab in repetitive loading tests are in
good agreement with multi-layered elastic theory using 7,000kgf/cm? as a stiffness of asphalt
concrete layer. Using this theory, it appears that in the case of stiffness of asphalt con-
crete beyond a certain value, asphalt concrete overlay with existing concrete slab can be
treated as composite pavement.

(4) Overlay thicknesses by proposed calculation methods are extraordinarily thinner compared
with those by the present method in Japan.

*Member of Runways Laboratory, Soils Division
**Former Senior Research Engineer, Soils Division
*kkChief of Runways Laboratory, Soils Division
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D B O EEEREY HECTRALLEX L5, &
CTCRBMOMEGERCIHE L T2 v 7 Y — MROME
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ZOFERE I, QDBBRERECREETEL W
ERBOOTAOMAEETES &L WHFENSH DY,
SEHORBREROFIMTIZ I hEFER LI,
QOEARHERLE 2 BHAT, T T ETROMER
o LT OSAE DR & Ads LTzl
THHE2ZRE— 2 Vv P EFEL, ThiR—DWHE2
RE—AVPERB I 33V Y- RELTODBRE
ExR®5, £LT, chXAVWTBROMEEERY
ERTEHERBEREC I - HER I T -4 v
FEHEBLT, 2v2 ) - FMROODTARRHETAZ &
Lo EFSHEOBNET530TH %,
EROERGE L HeESE, 3.2 CRSRAEGRE
B X30 I LFEAEEYRL, 3.3 TRBEAKRDOE
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12, ThooFfiEiclsdoe, REOBGHILIS
DIt LURFAADFEIZ X33 DEDHE & Vol

s onTiER T3,

3.2 ZRHEUBRCLZINE LTFEEEE

TR0 X 5 A BHEER I HELARBINKFEH A E
BAROENRD 2 b2 LDREBELESTWB2, EED
avs ) - FPEER BRI X > TEYLATER D, 20
Bt O EERBECE CTRERET 2 020816+
BT ENbroTV D, Tk, BHOREEZEE
FEMTE2 v ) - MROBERREARD TH 0L
LTEHERBRARDL Z LiwT 5,

X2, BR=2vs) - MROBHOMEEERES
BHERA AV 2 Y2 Y — FROBI T OB G
EERBEOCDOT BLEND D, TOICHITET, SERR
ER L2 v 2 ) — P SBEYBREREN LGSR,
HEMOMHEEERE = v 7 ) — MR RB4E T3 BK
O TFROBERYRD B, KIC=2 V7 U — FROBE G
A WE % T Westergaard OpREH AR H 5\
HRERAITC X 55 £T L URPRBICHEH R
FERABECRETSE 2 v 27 ) — MROBKOT2%
BHHL, 2v2Y - MNROBEREERAO THDOBR
RDB, T LTHEXHEELRDL LI HT, Th
bbb VI Y - MROOTHREZENE LT, BHOME
BERE 2 v 7 )~ MROBEGREOBGRERD S &,
Z DHEHEFRL S BHERRT S\ T AONERESR
CIEUTCHERT2 2 v 7 ) — MEORMT O G L
he CHETRLEDONE-14 THD, ZORTIL, #E
e LT, BHOIABEDa VI ) — VROBRNTD
PEEE (EY) & BiaiisiBe GRPRIE) OB
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Effectiveness of Load Transfer Eff, %
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Y o FA-BHOERTHIER LT, E¥E 356, 62,
65, 682 L 7B EMbh b, REAGED2 V27 Y~}
IR E 3 LA 5260, 000kgf/em?* TH % DT, & HIBE
D B o 3 4% 51 150,000, 160,000, 170,000,
180, 000kgf/cm? & /¢ %,

KETAZ s b2V 27 )—riXBMILETFBDOA
T4 7R ARERT S, TOFHL, FEE=v V-t
IR oW R & 11260, 000kgf/cm? & vy, 7A7 51
b s )= VBOAT 4 7XARBEACE X TEEH
HERAYHEAT 5 © & Y > TS EIORBREY BT
L, 7AZ7 A+ a v 2 )— BOOTREMARER
BTELIIDLBITELWEREELDET A7
A EaA VIV = BOAT 4 7HRAE LI, OB
FRATARRMEE LTI, MEXAZVWCE, YORM
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§
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<
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o
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9 1 I
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H15cm OB E TERE LR LRARBRC s T 22V
79 = MROOTHOEAE L HEEYRLILL DTS
57, B = v 7 ) — S0 BHOMERERY,
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ERAE L B —BE R TRV, ER=v Y

7. 120 -
o
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Effectiveness of Load Transfer Eff, %
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MR AT DI OB, COHEC LY L3N
TEDLZ LB,
SHEMESEAM L 0 b/ infEE R TERE LT,
ABMEO = v 7 ) — MEPERETH O brdb
59, D= v 7Y — FEOPRIIRTE OBE OBMEF
e LTHRABOEFRRA OB LI O LTDEE
FAuwiez behsrbotBbhs, TofléLTavy
Y — SRR BB ESRMNT LB a L S ERMIERT X
WEENT LB & D2 v 2 ) — MROODTLERE S5, 35
cmE D 2 v 27 ) — MR (A0mX10m, E=350,000kgf/
cm?, v=0.15) »% E=1, 500kgf/cm?, v=0.3 DM
THEHE IR T HHEORFRFCENHHE (FHER
EE12. 5kgf/em?, #RTHEHT40cm X40cm =1, 600cm?) »3#
TS hit-BaREI LR, 2v 2 Y - MROK
KOTHNERERETE5X107%, SEBMMERERT51X
W Lot SEORBIAVGIc= v 2 Y — HROX
% X(34.25mX4.25mTH 5 DT, ZDFPECIIHED
ZIILRKELLBLDEBDLIB, LN -TEE
MBS X A ERYERERBINOBR E —BHZ 25
7o, WREBERE OB A v LB TR X D T
T3 L2 THHAGOERRR: LB LN ZWERR X
DANSEXERTHLEND D Z LI 5,
PlEoz#H» bbb X 5, LEREERC X B
BEEYBHRRTEOR L EHEE —RIE D
SEHEEC AL 2 v 2 ) — FRORHIT OREMGE
BaROKAE SCIG UTEL I biwa, o
M SR B, & TiiSBMEERT X 55
BRERENENEOER 2 ISELTWDHZ LIRERL
FRBEMOBED 2 v 7 ) — MROOTF 2w EHEE L
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2V 7Y - YREELEDT7 A7 > 4 R ETFORESREGE & X LTEREEE

LT, FOREOIHIEF2TIIAMTOVDTANE
DEMEFE —FTHHEVIBEILUBORR T HED
BT EkT B,

ek vy ) — MEEBERFER R Y, B
DN Tkgllem® XB#EL L, * DB HFDO=2v
79 — MEERXHEWER T OKEFAEE X - T20
~38cm &t o TWBA, ZZCRBIKEARETH
% 38cm w HESEELEL 5 LT 5, ZD38m
EV S IRER R ENB-747 ¢%E I h 5 LA-1T,
R RBIEREIEA320,000 4 S v— (BiEDHBEY
HRAEET 5 EE T, 60miE0s%E ClifiZeiom
100 B 1 H v =2 ¥ics) OBAIEYS TS
DT, ThEEBFEELTHZ L Z LTFOBET
RO LWHTELFCHATE 2 HBRGELEL L L
FEMTH B, Lz TRMLIETHiOo=zv 7Y — 1
FROFEFBETER LT ol

REh & EFERZEDE 2 Fx BEATRE 5, 7
BiROFEEESE, ThbbE@aav sy — 1R (E=
350,000 kgf/cm?, v=0.15, RIE=38cm), TE L&
HERE T kgflem® 3G 5 BEARYE T r%E (E
=1,600 kgf/cm?, v=0.3) » 57c% e B-747-200
Bo 1) (BffES2.5t) »EEIhBEvSBRG
BRI EFLILELS, 2 v 2 ) — VEDORKROT
ZITHIBIXI0™ L s ot RIC, BHOMELEER, =
v7 ) - MRE, BBESIHFENGFESE BBk
2V ) — bR T A7 A 22 Y- T XD
MR EFEERE LS DD _Eic B-747-200B o 1 B{iH#
HENRLBED2 v 27 ) — MROO TR LB REES
XD ET 3, HE LFEDORYE X BEIDOWT
ZOFEEXRTL, 2 v 7Y — FROUFHI B D59
X1070 25 HEEMEE —FThiE, DL EOnIEF

I T [ I
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< he= 38cm (En+100%)
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Overlay Thickness hy, ,cm

B-17 »EbFBEE2v 2 Y - MEOBRKOTAD
Ba&R

EXNHEN I LEFELic%, T D1l LTHFNEK
M Tkeflem® CHABRB EEX27cmD 2 v 7 Y — MR
PHEEINTWBHADONEILTFEE 2V 2 ) - MRD
BAOTHROBGEYE-17 o573, FUKRETY B0
HMEEERC I OFTEN I ETENKES Bisz s
bbb,

P EDFE X 35 E 2 HHHE 7 keflem® © B
teprfan=vr ) - FMREOHETN LTERT
BRI, TEBhczv 7 Y- MEREELEETE
DOBIFEAR LI 0N, B-18ThH 5, BUEHI38cm TH

50 T T T
8-747-200 B
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n
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Slab Thickness,cm
E1-18 ZBHHHRT L5303 LR

>Th E;y Ofiic X > Ti2 20cm & Om X BN SLEE
BT Edvbnd, ¥, H-14 K RLAL L S cHER
EROBVIZ X5 R OB GEROTLIHEERER
ARECEETE LV cd, FOfBETONE»Z LT
B HEGEERCIFFCERTH B, HEEERIVN
B ONTHE»E ETFEOBILS/NEL - T
Wl Z ENbh B,

B-181 2 EER S OB BT RN GREN 7 keflcm* DI &
THHH, BEXHHEHOE-21 X PR RIET
HEvZ 0 E-19 THB, TR BHOWERR
Rx100% ¢ LT3, B-18icksTHabAKLZ V2 Y
- ME%O BBOHHEHIRERRE BEXRNEHL
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Sigb Thickness , ¢m

E-19 BEBEZHEIEEL» E EFRECRETHE

MEI X LFRCRIETHEOREWC LN B D B A
bo Lichio TEEBOZLHBGET S\ TH I EFLER
ToERCR, BMOWERERECKRBIFIL o1
BERMEORBLY ERCBET 2 B EOH B & Lalbd
%o
UEDHBIT A7 s A a2 v 2 ) — L BOAT 4 7
F A%7,000kgf/cm? L s Lic ECDHDTH B, 7
A7 N bav IV —FDAT 4 7RAZBELLVORC
BAEEC X > TRELELT S ENILABATY
Do TDATF 4 7R ADEWENIETECKEHES
HRIETZEIR2RTEEDTHD, ZORITH
ORI EEGREREL 100 L L, TAZ7 yA b2 vy —
FD AT 4 7 & ART00~70,000kgf/cm?E L-BE&TH
555, 7,000kgf/cm® P HEERCE L B L, RT 4 7RAMN
B3 5B S THMT 5 B8 0OH 2B E,» S L
BRI TEBIRE X5 THD, i, ZD7,000
kgflcm? L5 257 4 7 % ADfEiL % B © Asphalt In-
stitute (AI) D7 A7 » v FEEEDO FEHEP IV TH
KROFBEO TR EETIBCHERT 0L —HKLT
Whe CNBDZENBEBEIT A7 s ba v ) —
FEBDAT 4 7% A% 7,000kgf/cm? & LT f@ifTa D
7o
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700
2000 ]

o
S~
I

7000

n
&)

— 20000 . -
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Slab Thickness , cm
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A EFRECRETHE

FEHEEZ®:
a2V ) - EEEDTAZ7 AL F2 7Y — M
50 BT REAREBE EE 2 AR, Bido
I 5w ETE OB RIS UT Rl ESHIE,A L
Licb D& LTENT2D0TH2H, LTROMNERE

X - TR &ESA— DA TLER OO TR

MR BD, SEXNGE L2V Y - EEEDOT R
7y tavs)—bXBENIEFHE TR, BEE
Bavrzy—tiRbr7Ta7 s A VAR BAHELLET
P EETBEYHBTAOT, TR ETE ITES
EAELTVBL0DE LTUBORT Y ED 5,

¥ fo, BELEWRR KT AEAME (B-13) =%
R X AT EE (B-21) bk, TA7 >4 L
2V )= BORT 4 7RANKEHie B L
NoTT7AZ s b2v 2 Y — PEBOOTARIAEHMN
AT BT EDNHNRSIDT, AT 4 7FAELLTK
EERRATAC EaTENE, HERE LTORE
WCATREE s b D EBbhbE, TA7 A ba v
— PR BREPERMEEER L » TFoRAKIECELT
Llcw, ZBEMETD, MZEEIEEETT»FERS
BT s=7r v, MEEVEEETTAEER T
FOWRVRLDZ LXBOLNLTH B, —BRHCRES
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Strain , 10°°
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I 1 I
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—-~— 90000
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Ec=350000 kgf /cm®
v.=0.15

Subgrade
Es= 1600 kgf cm®

vs=0.3

B-21 7RA7,01 2v2) - MEDAT ; 7 XANGBEMERO TAOMHICRITTHE

Euvizy, TRBEEREOKEVIZLY, 7TA7 4=
VIY—PFDAT 4 7FARKERBELRTOC, FE
BIEWTRET A7 A a2 v 2 ) - BORT 4 75
ADEXKELL LB ENTREE Y, HARGELL
THEATHZENTELLDEBDR S,

HAERE Lo FERoOEEY R"E5, ¥4, H
“2 ETROMENTRT » 5B OMERENTEC
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W/

B-22 BEHEROOTAREBH DT
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hy

ha

BIBRNEVCTROGTHRT, BHRADODYEVE
Hh b, ETROSR & drihs OERET 2,

—_ hi—nh?
Y=k Ay 2

DEX3EREND, i, by, hizFhZFhk, TH
E, n EToFoME R (EJE:) CHb, LT
[B OB RO Y B-23 D L 5 i BHIEORV I
ERINCHEYEL B L, ToOPILicBIT 5 BfrEY
hOBRE2 K E— £ v M3,

1 =(*hi+dnhith,+6nhihi+ dnh i+ D )
12(nh,+h,)

n(=E|/Ez)

hi

ha

B-23 $EE @

EEREND, ZhhbLEMBERERN,
h*=(12I)"'3 (4)

Lied, ZOMEHARESEMBE % T2 B
E, 05— OB ETH B, FLTZ DR 2HGTHR
BERENPBEARC X - T hed T sllif e — 2 v~

FAMEL R, ParEh S OEBICE CTHITFE bR E
BT LIl n%,

3.2 TH RN LD, =vr Y — FEEETIT B
TRETHEINVEFRBCRET NI DEAE
T EnD, BHMOWMEGRERECLLT2Y2Y - MR
ExZiAT 50088 TH B, Thewx, BAKREL
TOFEMETIBBITLTOELHEE-T, BHOH
HEZBEYHECBRALZ L0 TCE 3 HREREY A
W3 s L,

HAERE LTORBBERFINC X 55 3 LIFELNIESE
DEZF113.2 CRRA-SFHETA T L5 DO LFER
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ThHh, REHBCHEIRTILALHEEDO2 V7Y =
FROBAOT R EUEMFEE LT, B2 v 27 ) — M

B FOBEONME LT ThiIav 2z Y — VROO

TRNZ ORBEEC R B LD S DTH B, FMeshk
B H RGN T kgflcm® OB O 6m X 6m X [E
&3Bem D=2 v 7 Y - MEEE X, ROFREIB-747-
200B CtRFEI N B REHAELA-1O 1 HART S

Brrav ) — MVRCETIRRO T & & HEEHEE L

too FLTHHR2 v V- ECT A7y Y
7Y =+ EAWTHEEF LR LA-1 2R X h
BERET B TR LEROHEIRE LTOEiE
THhEHL, 2v2 ) — MROEKO TR OFEBEE

Ll ahE FFERROIELHSTIE, S L EL T
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BERS, HEErBEETTIRRcsT 2727
SN VIV—FDAT 4 73R ELT,\\E20,000,
40,000, 90,000kgf/cm? %# % 5o = IUI—MBITT A
7 7 v MRS R BT B MR O EE R 300km/h & L
s, TAZ7yAbav2)— b BORED, kX
%, 10,20,30°CDHEED AT 4 7 X ARKGT 5219,
CRBOAT 4 73 ARACTHE L= Y27 — MR
B LB S B B OBk IR OB AoV T
RLcOAE-24TH 5, B-201cR LA SBRERERT
IAbDLEKKR, TAZsA0 1 2 v )—LBOATF
4 7RADENI L T TEN 3 EFEH K Bix
D, AT 4 7FADBKEVEREN S EFEIPELTT
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B - 747-2008
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Slab Thickness, cm

BG-25 #HAKRE LCORBREZRBITNCL 27 LFE

T ERBHBI D,

B-2513 B = v 7 Y — r A0 Hitic ks 1 A HEE
BRYERLIC= V7Y - MREEFIEL» E B EDR
FRTHB, = DOHEOFTEEML, BREZHNGRE T
kgflem?, 7A7 74 b2 v 2 )= B D AT 4 75 A
»140,000kgf/cm® TH B, 27 ) — MREXE—DSH
ATh, WELEROENC X - THEN» X EFEN S

TR LEAREDLNB, Fi, SBHEEERC X

230 LA, ZOEIDRVIHESERNKE W
BEREEEZETHB L bbb,

3.4 BHEONIE LFERISEL O
FRETSIIRE LTEET 2 v ) — M RIe 7
A7y bav 2 — b EAWTHIEFTEHEAEON
REFBEEFERELT, 3.2 TREBHEERC IS D
D, 3.3 TIEAIRE LTOBERERMITICI 5L 0D
2EAR LI, AEITR, BREOREMK, S LR
BENEE LT, BREOEET A7 » 4 + B ERHE
& FAA o Advisory Circular IR T3 H D%
Wb, A& TR AHEE BB - #5T5,
B8R LS RBHHERC X M ENL X R B &
B-25 1 R LA E LTORRERFTIC L5 b0
13, &L IR A EAB-T47200B tREI L S
L A-1CcZz OBt REFAEEA20,0000 X v — 2 TH
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27 Y- R EOT A7 > v v 2 S LT OHESBSIR L 2 3 LFEHEE

DBAVEREL LTWB®, FETRLALRTH TR
BBz ) - 1 HEOM I ETROBHEHLI L E
R—& L1z, BEMLERAME LT3IBEOEE= V7
Y — MY E X B, BIK, BEBEHIRIEZLLIFA—T
50, BEKOZHEDEEH 2keflcm® ¢, BBz LB+
2 v VRENEMY, TROANERERA» LB b0L
L, b, TRRBEOZHNEESTHERT, 4kgflcm?
ThBETHE, T2 v ) — FEEEELHESEY
bE, TREREEZThTXH15,35cme s, BAEHE
D=2v 7Y — FRE% 20cm (CASE 1), 27cm (CASE
2), 34cm (CASE 3) o 3fHE T 5,
CO3FEHEOERSBELL T A7 A 22—}
L X T T5880MENI LFEY FREO4 8
HOFEC L » TEHE LERENE2TH D, LT T

*-2 FERHBERIDNILTE

EERRIE (cm)
20 27 34
BB

%§§%77”*ﬁ§%ﬁ 91 84 7
$ E%a;ﬁ;,ogkg%cmag % 2 8

BAKRE LTOBERER
i 32 26 15

(E,=40, 000kgf/cm?)
FAA Advisory Circular 41 24 6

Y =5
P B2 dogileny | 2@ | 16| 4

HAKRE LTOBERER
30 24 11

(E,=40, 000kgf/cm?)

FREFRDFEIZDONWT L OHBEH RN B,

(1) 727 70 MEEBERIAERAC IS0

COHBER, FTHELGLBRKEBECESWTT R
7 7NV EEAVFRTABAOEEREEYEEL, &
CEMEYRACTER =2 v 27 ) -t HEDT A7 >4 b
Sk L L TCoBRHESEEYHELTC, COmMEDELXR
BENIETFEELELT W B, TOLHIIZ, FTTEHRED
CBR ¥k 5 LBENDHHM, ¥z v 7 ) — kR
EHERCERIA T2 HNFEE K{EHE CBR &
DR ST H S EH 2 kgffem?® 1o 353 5 CBR
WRD D E2.5% LT Do = DRRIK S TLA-1, 20,000
HAVv— R TEIHRRT A7 > L VBEYHRH TS
&, EESHEEH 260cm LD, ThZhd CASE
DWTHRSHOBRISHEEYRD»SH L, CASE1~3
ZFERFN 94.5, 108.5, 122.5cm & /¢ 5 DTSR

B D#13.165.5, 151.5, 137.5cm CH %, FDO>H
D1scm ¥ E - EBELTHEBR VI LEBRE Lt 5,
TA7ybavz)— O LBRBL L TOSMER
2.0THH0T, BRTE,IZETFEIZAFNI], 84,
T7cm E e %,

(2) FAADHHic X34

FAA oJjisi ERROBREORITE L 1 KRN, BE
BRBLC2v2)) -t REFRTHHEONMBEND
B&Z=a v 7 ) — MROFMEEXZEF\ 1o b DL d 5 ER
FRELTUHENIETEE LT3, ZOHEERITK
ATERENB,

t=2.5(Fh—C,h,) (5)

IR, tRTAZ A a v Y) — PR EBFTENS
FFE, FREERBEBOXREN L ABET 5 HRE,
hiZERBRE L v 2 ) — VREFRTHHEAOHME

B CRrER=2vsY— MROBBOBRECET 5%

B, hJiEE=2v 27— VRETH %,

Z ORFHAlIC B\ T, BB IREE RS REE
HAEE»b F=1.0 £ h, BF=v 7V — MRORE
YR ToENTERLTHEC=1.0L105, T,
I TOMEFHEH L T2y 7Y — MEREFRT 55
ADOMEBEY FAA OFER X D BT 5 & 36.3cm &
50T, R5IMHHCASEL~3 DPEADT A7 » 4 b
22— M EBHENILFEYER T ETNFE
h, 41, 24, 6cm &8 %,

(3) BHMEERCIHIO

E-18% BT E;,=100% DB A *#E%x 5 &, CASE
1~30FrhaFhiext LT, 35 22, 8cm A FEN I L
TEES,

4) HERL LCOBBREREBCIBL0

E3-25% v T E;;=100% DFE ¥k 5 &, CASE
1~3ZFhFhT32, 26, 15cm &icb,

0-18 & B1-25 13 FE#aH2E % SR DR T kgflem® R
Blr3decmED2v7Y— HENRSEDE LLES
O EN X EFEEXRLTWBDT, Zhdbiz(l)oR
BoRTBEIRET3 b0 LB bl L2 TFAA
BT b0 LTRWR LA L 5 e sk s
FHERE 7 kgf/cm® ORBECH S5 E 236.3cm Dz v
7Y — RSB BEEL LT, SRAEBERLLUR
HER L LTOBBRERFINC L 2 HEC I WA
rFEYIETSE, CASE1~3DFNnFhITDE,
SRBEEBAIC T2, 16, 4cm E7c b, HAKE L
TORBEZEFITC X 30, 24, 1llcm Eig -7,

UEDZ &g, BEEav ) — 1 8EEOTR7
At pE B BEEREL LTRETALTL B b0,
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