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Analysis on effect of interface treatment technology on interlayer shear
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Abstract: To quantitatively analyze effect of five typical interface treatment technologies (chipping,
grooving, SBR interface agent, SBR interface agent + chipping, and SBR interface agent +

grooving) on interlayer shear performance of airport thin cement concrete overlays, interlayer
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constitutive parameters of different treatment technologies were calibrated based on laboratory shear
tests, and a three-dimensional dynamic finite element model of aircraft-pavement considering
interlayer bond-slip-friction behavior was constructed. Based on this model, a bond strength reserve
coefficient and allowable slip coefficient taking interlayer slip as damage limit were proposed to
quantitatively analyze interlayer shear mechanical behavior under single aircraft dynamic load. Results
indicate that critical loading position of interlayer shear is mainly controlled by main landing gear wheel
path and stably concentrates in slab edge region of wheel path entering/exiting slab under various
parameter combinations; under adverse conditions such as high overlay modulus and strong dynamic
load effect, interlayer of overlays without treatment and with only single treatment (grooving,
chipping, and SBR interface agent) enters softening damage stage under single aircraft dynamic load,
while interlayer of overlays with composite treatment still stays in cohesive bonding stage, indicating
that composite treatment technology improves shear damage resistance capacity of interlayer of
overlays by enhancing interlayer bond strength and effectively controlling interlayer slip. It is
suggested that composite treatment technology combining SBR interface agent with chipping/
grooving is preferentially adopted for airport thin cement concrete overlays, and wheel path region at
slab edge is taken as key part for daily inspection and risk control.
Keywords: airport engineering; thin cement concrete overlay; aircraft dynamic simulation; interface
treatment technology ; interlayer contact model
Publication history: Received 2025-12-31; Received in revised form 2026-03-11; Accepted 2026-05-27
Funding: Key Project of National Natural Science Foundation of China (U2433209) ; National
Natural Science Foundation of China (52572379) ; National Key R&.D Program of China
(2024YFB2606000)

= Corresponding author: TIAN Yu, professor, PhD, E-mail: dr. yutian@tongji. edu. cn.

2026

0 51

M T AT EC 0 e 1% A PR R R B BE L IR
b E P B R BB LI, 8Ty A&
T, PRI B L3 205 PR &R i PE T, W
T T G B Ry b | RE 1 BB 1R Ak A 2 1fT D) BB
3 2R T B G AN I B v T 1 1 £
PERE 10 HLAE AR AR B9 URS: , 25T 18 3 KLY
B e 42 MR [ PR A 2 32 4 B £ (International
Air Transport Association, TATA) 2023 4F #J ADX
WA G, 2012~2021 4F fhy T 0 58 1 FH 4 AR A2
JITi% ke B WL 2 4 g o SR B 39 04, A
PEIE A D RE VR F 2 FEER . TR T LK
I w9 = AT S IR 2/ I B = 7 WA
H BB S — & 19 45 18 K 8 BE 71, & ok HE 2 e
&5 0 H FHEAR F B, SR Al ] i AR,
0 S5 R A T 2 B i 5 TH 3 T =2 (6] & R R 4 ok
R 3R T A R B /N G Ol 4~8 em)
HAER,ZEERARE S . FEAE L)
A vk A 205 W BRI 20 0 AU PE T BE T )2 ) 23 7K

TR GY) ) AR SRS B A SR S M
RWA BB AR EST S KWk, 2 Em R
FE YT )2 M0 5 P R A 5 0 2 CHLSE PR B T

Ry & T BT )2 R) B B BT 1k B 58 BB A A R
(FAAD™ 5 b [ (R MLY% 9 75 38 1 3 M8 )
(MH/T 5010—2017) ¥ 8 18 7E 4 15 =8 1 if %f [H 38
T AT B AL G . BUA B9 35 Bk &= Nl B
R AU ST R R R B A A 3R R Cn s B/ Z0 R
280, DL T B 2 8] 5 B 45 PR fE . Das™ L Xu
S B T AN Dridi S VRIS AE RS T K e
0 SR SR W el PR K e A S B TR A R g
XoF 3 1H T B 4 )22 6] 59 ) 9 BE 09 52 ), 4 IR 5 W ek
P T ) A 8 A BB R 08 A A0S 7 )22 ] ) 3
gr 5 23 B, SR A ) ) B B B R B S AP S R
E LM Okumura 28! Daneshvar 281 Luo 217
UESE TR ¥ B 2008 S5 AL iR O A Be 42 T2 A
BT B 9 BE , I3 1k BRIS T A B 0 SR R
9 mm , K (8] 8] 854 55 mm. A OEHFSE N K I,
FHEE TR T R s B AL iR R R A AR



% 84

RBER,F REOBLEHERTIIG EEE @ EE T bk at % e 547 149

A H RE U8 ARAT AP DY BB e . TR AR A 2, H
Wb 3 i — 2D 9T T ST AL A R R 2 TR 45 45 T
PR 5 B IR 9 B2 0 . Mokhtari %5 45 & 44 R
Wr %4 7y 2 5w 55 U1 g6, B2 R IH TR Bk 1 0y )2 1]
G561 E B N R D) REE 5 0y S R Bt B v 45 1
P14 B DR A X 6 3 A DA R 3R e 38 9 P i 5 1) 3k
JE . Daneshvar 25" AR | o5 1 345 (1 BIF 98 1 —
AR ST R S ek 1 o ST %) A R A A
Gk N R Dy S B A 2 6 BRI
SR B REAS R EE o X T A BRAR VR AR A R A T,
1E A R A RS 5 AR SR RE A S it — i R 8 T , JIE 2%
Jfa PR SR Y A A o PRIk, K U YR R v B TR [T T
5y MEBEPE T A AL A B A AT

S BRI ARG R PR S A SRt T
MR RS % (H)Z [ EE 4IRS 5 L 40K
S L T 2 1) 8 ) - v RS e R R AR AT R
PRt A7 7E 45 4 RUEE B 40 B AL 8 84 HT T 2
BT JE TR B ) ) 2E AT O, DT S S AR A R 1
i PEAR BER G . Zhao 25K E B 2 (8] 58 42 B
45 R0 1 RHLBh AR T BT )2 A) A e R A A
Kim 25 252 1 158 422 Ml A5 80 S FiF J2 i 1435 43 2%
SRR RN 3T K 1 R RN A )2 8] R T
LRy CEEALE . SR, A AR ROE R R 2
AR TR FLRCR A TT 090 1343 B, 3 ke R HH 18
Ak S T W 32 B8 8 4 b 4 AR IAE , X DAV R A 3R A TR Ak
BHEORT BT 2 A R AL sh 2 /E T 1 W B2
Bk 5 2 B AR B T S B = )2 18] b A 7
S8 18 Y 55 SRR ML Bl 2 0 AR X N Y B ) 2
FlE

BT A SR T R RO - T AE B Y
=4k A BRoT B JF 5] A e 0% 1 34 B T 2 (R &6
iR - e BRI A R . Hit R
Gt 53 B CAL B AN L FE T AR v R R T R AR
X2 B U) M RE 2 T, 45 B = N B UK I 5 A R
TGP ELAE R AT L B8 0 T DL R RS A A 4 R e
B 6 45 0 FE A A RECM AP R8N T8 1 0F
P A [R) LT b 3R B R T BT )2 (R] A B ) R R EE )
FEIr BT T 25 406 T7 SR TR AN [] B 18 D B0 a8 M
5T AL B T 2 R T S AR VR T R R R
b SR A% 2 A VE DA B A T BR S E

1 WS- IE R S
IE5 S IR
P ML B AR T, B0 2 9B A T

B A7 fp RS H2 (R B BY B8 ) 2 SR R T 2 R Y 2
SE0EF LB B VR DA R B 45 0 30 )5 bl vk R
FEAE R EEEVE o A PR AE B I )2 R FE R BY 22
FAF T WAL 15 RBAT R A SR RS - A -
$8 )23 1) A ) R 38 2 ) g 2447 SR, O 2o ) B 3k
AR Z AN H AR TR S5 B W
ZAEIL G| A AL -TE T A BR T B LA B R )
KHLIB AT T T S5 2 ] ) B UM e
1.1 HE-BR-EEAHER

T2 B TE 5 IHSE TR ST AT R R )
Ak 2/ W 30 BH 45 1) e B ML AW B 4 0 b ) R . AR
PE A N B 7 -BE R HE Y v Ak R T A A
GEPERRZE AR A SR AR R 3B .

CIOH by 51 2 45 B Bt - 76 2k w0 309, )22 18] 30 1
T ot 2RSS IRAS  PU 0 o B Hy S AL 0 SO0 Ak 2 B
S5 4 FH R0 2 00 AL AR 5 4 P L ) e o AR B B
2 B 5 1) N7 3 Bt X 3 1 184 o 3 AR P 4 K

C2O 45473 T8 A B BE < 24 B 1) g 8 3t 40 47 7 s 0 £
Jei ST R RS A S R T IR A5 T Ak
o LB fh 2B B A 1 T % A8 s, 2 AL AR 0 B 1
3 3k 4 At A0 P S P ARG T ST MM R L K
J2 1) B V) 7 48 R T I v B R T U

(3D FR AT R I By BE « 24 W B8 B8 2 R AF B HL Y
RELE N waekkm, g MRS . % &R
005 18 3k B P EE A8 D W )25 A A e ) () 32
1T MGt PECEEIE ) £ 5. S BT BT A8 1 i 2 18]
(10 FEE 82 DR 505 W 25 0k ) R T G ) o 52, SR BN R
s ARBTT

BT LR )2 B A R A 5 R A B
PRI HE T 2R E) AR R R AT R AE . Hoh 0<<o<<o A W)
RO RE S B, 0 <<o<<o WML BL, 0> 0 ik
REEER AT
r(0)=

K.8 0< o<,

1 - 20 [ 220 L s<e<a (D
[ é\[_é\s 6\1——6\S M\ s ~ 07

Ho, 0 >0
Ao BRI BTYIN T 56 N JZ W BT 3 KA
JZ 1) 4] 3 B D) W 2, R AE 4] 1 5 2 45 B B )2 T 41K
PUAR I B BE 1 5 . S 450 0 7 b 80 1 A {66 4 0 )
8N T X R TE AL E ON I B AL 5 0o N T 58 4
IR AL T AR A B SR AR R T A8 5 e Ry TR AR PR 42
PRE; 0, 0 J2 )V 18] T



150 X i E M

I

2026 S

1.2 EFHIKEANEE SR

P2 b AR v e [ AL 3 w2 B R 0
Aib 36 B AR AL S U ) B N 20/ R LR A
A (MH 5006—2015, MH/T 5010—2017) , 43 4] iif
bk 2E A F 5 PR BT AR 2 )2 ) A B 25 R g
e, A 58 A R SR I AR R 2R R
1070+ ¥ B 51 R+ 200 2k 5 b R T AL A B R X
B TR 2R V) B D) R Y S e OR R — 2 R TE AL R
T OLVE R X HRA . AE = N5 b, T SR A A 2 T A
B ZIS#%ESHNE L, Kb Z2lsH8S
BB SH T MW 5T R A I FE U
FEH A BE R T - OK O 0 (SBRO B 7K Ui A7 55 b
M CF CRFR SBR LMD |, %0 R O 9IE 52 RE % $2
HEAR S 00 2 1) B 45 0, H O & R4 R i TR
Gy e

#1 REMEHEANSY

Table 1 Interface treatment parameters
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Table 2 Constitutive model parameters for interlayer
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Table 3 Pavement structure parameters
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Fig. 3 Full-scale aircraft-runway 3D simulation model
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Table 4 Boeing 737-800 model parameters
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Table 5 Aircraft motion parameters
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Fig.4 Layout of dynamic strain sensors and accelerometers

P T S 0 (3 R 3 I oA AT SR T N L AR 3R
A% 0 B I 2 A S T T AR L )2 B S 80 B T
S AERRUEIRAT b RS A rp ) K R TR S 2
55 1H 3 AR 3 O 38 GPa, )2 ] 8 XN 58 4 B
45 CHEAY 0 AR A R 1 S5 550k B2 W 3 T
Mo ABFZEEECT 20 20 B737-800 ¥ i T4 F 19 &
Pliz Zh 2805 CHL B VR AL A, 7807 B AL 1Y
A2 B kb 15 B 5 S B A TR A AT 1 — B A5 B IR
o b AR Sl o s e (] LA T £ B AL X KL
T B2l ) o RO BB R 7 5 2l A5 0 AR W (D) LA

PR LA I 4y mey 107 58 A A 12
3 A XF b A3 AT S A e S A PR DT T A R 2 T
B 22 5, JF X AR 55 22 AT IE ARG 50, L 2R T A
BRI AT SR 2% 6 W, &0 i 1) 1 3505 25 Al i K iR
2 — WA AR 590 ~15% , Uh B2 458 AU R A TR 245 2
BABRE . B 505% 2 IES R ES R DR, bR



% 8 RFER,F R@AGEARFIYG G EZE @ i ¥ 5 153

®6 ZNHESERTIHHELERBIREI

Table 6 Errors between measured values and finite element values
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Fig.5 Model residual normal distribution test results
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Table 7 Constant speed taxiing condition

R IR K 1R 5 - 1 2 A B (GPa) R [RK VAR 2 R i (GPa) R

B A AR T J2 ] B B3 4 152 7 /M Pa JE2 D16 SR 45 3 A ) B /omon
44 42 40 44 42 40

TR HECAT) 1. 090 1.056 0. 988 0.215 0. 206 0.194

ZIHECA2) 1.148 1.121 1.044 0.226 0.215 0.201

HECA3) 1.152 1.129 1. 069 0.231 0.216 0.203

SBR il (A4 1.101 1. 088 1.034 0.204 0.192 0.179

SBR ZH i + ZI# (A5 1.196 1.131 1.083 0.225 0.210 0.202

SBR Z i + % B (A6) 1.211 1.170 1.117 0.230 0.215 0.205

R 8H R I BN T CHLTE S i 3 AR 2
Lo B T AR, AN [ 2= 1) A 36 5 AR X 157 14 ) )37 8
fl o AT LA B - 25 b3 B 32 8t A% 5 17 g o7 R A
HRTEAR - PR T AR L A bl
QL Bl N Y 55 W B A 52 A F) T (AL R BT 1)
I )5 e R W A% Y BRI B b
7 BT B R R 2 T A S A IR A

I 2 PR Ay o I A G T 2 3k 1 e 28 B A
(0K P ety T, AT 2 1 5 DR e )2 [ 5 470 )
HE— 25 X L 3 7~9 Hh AN [a) B v JZE A K P )
ORI ST A ) 39 KK 3 T i SR 07 Ak ) 25 1) BT
DI R o 3R R TR i g 0 R TR )2 R A M
R JE TR AZTE U ] 24 SR 5tk e 28V TR i 33 VA% )
TR bty JZ ) B TR A S BONBR 55 D1 ) 5



% 8

AR ,F RBREERTIG R Z & E R I A% vk 5 155

*8 SmMEFBHRSMEEa=3m-s >

Table 8 Constant acceleration taxiing condition (acceleration a=3 m-s >)

AN [ KU VR R A BT S M A i (GPa) T Y AN ) 7K R VR R A B2 M R B (G PO R

TR B AR T 2 )% BR B9 1) 8 F7 /M Pa J2 ) 1 547 57 Ak 19 5 K 1 S {E/mm

44 42 40 44 42 40

ToALFECATD 1.479 1.408 1.348 0. 265 0.253 0.242
ZIH (A2) 1.532 1.460 1.414 0.303 0.288 0.276
WECA3) 1.543 1.516 1.436 0. 308 0.293 0.281
SBR Z- i (A4) 1.513 1.426 1.372 0.257 0.241 0.231
SBR A + ZI i (AS5) 1. 600 1.543 1.467 0.324 0.307 0.295
SBR St + ¥ & (A6) 1.652 1.549 1.520 0.342 0.323 0.309
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Table 9 Landing condition

R [ K 9 0 -+ B 2 B (G Pa) 1) R [ K 9 0+ B 2 B B (GPa)

BT AL A TR J2 UMDY ) B 1 /MPa T2 10 9 22 ) B KW RS (8 /mm
44 42 40 44 42 40
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Fig. 7 Calculation results of interlayer safety margin factors
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