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Investigation of Friction Characteristics between Concrete Slab and Subbase Layers
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Abstract

In this study, a series of push-off tests for lean concrete, aggregate, asphalt subbases mainly used in Korea were performed to
investigate the friction characteristics between the dab and subbase layers. Use of separation membrane and wet condition of
subbase were other parameters in the tests. Horizontal displacements of the dabs and friction coefficients were measured at 1st
loading, stable condition (2nd and 3rd loadings), and wet condition (4th loading) by applying 40mm/hour horizontal loadings.
Larger maximum friction coefficients were measured in order of the lean concrete, asphalt, aggregate, and subbases using the
separation membrane at 1st loading, and in order of the asphalt, aggregate, lean concrete, and subbases using the separation
membrane at stable and wet conditions. The friction coefficients of the aggregate and asphalt subbases which did not used the
separation membrane decreased by the wet condition while the subbases using the separation membrane were not affected.
Additiona push-off tests for effects of dab thickness and temperature sensitivity of asphalt will be performed. And, effects of
the friction characteristics between the dlab and subbase layers on behavior and performance of concrete pavements will be
investigated by structural analyses using the test results.

Keywords : concrete pavement, dab, subbase, friction coefficient, separation membrane
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I3 1. 232 E &2y BX0|E 2F OFEE

Y BzT)Fo] AREENAL, 1 Folle JYFos Y &4
YE HZU)F 9ol E2<(Polyethylene sheet)S B
2o0F AlFsiaL lov, ARREE BREV|F A8 TRV
AFAJel = B slal HE7)S FH0l e @AY &
el #AgE Ae Wi S5 Agolth(EREZ, 2009).

e} HE7)1% 7he] wiEAE 598 3gsteol ofgh
TAYE ] AsS elsled] dagh AREA
A, Z5A, ol 59 AAll a3t JHss 28
2 4 StH(Suh 5, 2002). WebA B AgelMe 7 4
TAREo] Aok AERIQl Push-off tetD A5l =)
ol F2 ARHE T BEU)% FR0 s SdEe}
H27)1% 7o) vpEAE 5SS AHslslal Hxr)5 99
ARgEE EEute] 88498 EAekaAt S

2. OIEY o

vhEo|lt EA7F o EAle] el Hate] RFolHar
SHAY w2ola S W HEHE we} AEske AYES
oulah, el HaPshAl, el v oz &}
g3t viEEe HJE WAY Ao AV} fla HESke
2A0o] =7} BA7) AUt 1d E)EA Leonardo da
Vinch-Amontons®] H&ol] =2 w5 ofwgh 49
s} v Afole] MFZAR] FAR] vEEAIGEA 2] (1)
7} o] FHII}. o] WA= HFH Alolol F2FHo] EA)
s gar, EA7F vlinEd wizkx] M S s gethe
718S WSk Qlok

4= FIN = congtant Q)

7|4, u=v}AE, F=vldE, a3 N=EX9 A5

SHHe} HxU|S 7ho] viEdEe I F3) dde] &
712 QEoE FAET HEAES mlnyAls HeilA
U2 7re] mpE glERlel] ot ditoln, ¥R FE
7] el EAS 2l Slth(Lee, 2000; Wesevich 5,
1987). ol¥gt mPAEAS AWatrlo AP =de
Coulomb®] Two-Term External Friction ModdZ 2 (2)¢}
ZtH(Kragelsky 5, 1977).
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Coulomb Ede]| oJa} AbsEle wpdAT: = 2 ()
22 357 otk 19 29) o] SRt HEU)E AL
ol9] mpEAlE FEANAM FAES 91 A ==
A1) Preliminary Displacementoll A12] vFEAIFE] i/
A F7rE, A 9k £ vjned dols A% vEEH
T Modings YEFHTH(Lee, 2000; Kragelsky &, 1977). X
X715 AF7F =& S X955 Preiminary Displace-
ment®} unas DAsh= 2o 717 7F TEAl Wk
ok B3 5YS U5 AIEE AR Aeels B &
HEHo] ARGFE e 2 Preliminary Displacement’} 7
Z|A FcH(Lee, 2000).
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3. 7|& &

LHBe} HEU|E 7he) npEAe 5448 #Es] 98
o JAE0] push-off TestE AXSIATH Za2|E ¥4
71ee] WY tEe] off 7HA] BREV1S EHel g A
Ho| ksl ===, 19200 SHREE 196040 %
7R E 2 730 W2 HE715 AR digh Aol
F=ar, 1980 ddel 01X HEAE] REU15d) e
73730] =2 Asol st Ago] Y= UrH(Chia 5, 1986;
Wesevich 5, 1987).
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Slip Displacement

dde Ex7|F
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8 3. EXV|E
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A e vpEAE) 548 YER

Goldbeck(1924), Teller 5(1930), 28] Timms(1963)
© o] B BHxXU15 AR disle] SR} REU|T
Atole] & el e AES st nREAE) 549
H3lE xA}el T Goldbeck(1924) = 55 ArEfol A
Preliminary Displacement’} 50%0 4] 70%7}A] Z+A-skaL,
Umacs 10%014 3007HA] 7HAgitkal B askdeh. Timms
(1963)= M=% 7A3ke] AxE 4001} Goldbeck(1924)2]
AvAE At AAe ¥rial Baskgch

Teler 5(1930), Timms(1963), 1&|3 Wesevich &
(19872 &dHe] FAE WS 7Y, § &R AFs
A7 A 2 @A AES AAEET 1 A
HE 9 P E] 7|5olAE= Coulombo] AQFeE Two-
Term Externa Friction Model®} #o] <@jBe] FAV) F
ALTE vpdAS 7F B8 SUAT, dolae 9
o] wjg F& Aoz Yephgth T3k FulolA Suh T
(2002)= ©|¢} AR AitE de AoE ®ast.

Scott(1963)> Aol thekst B27|5 A= tiste]
A AES AAFoH, 53] ol~BE It} X3
H HE7F Ase Aol %mﬂ w}a} uHo Z:%Pjr_’
Buslgdct 3 Lee 5
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After Few Loading Cycles

Slip Displacement

(b) =2 ZMe Hx7|&

2ol WHE OHEXE 54 (Lee, 2000)
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e 20084 4& 15478 199
Ao F4g 14me] AP
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(b) =2 ZAMo Ex7|5&

Zoll g SefE-Ex7|Ee| oM (Wesevich &, 1987)

- 721 -



o] gle A BE7IS A 100mm), 28]al 9ol
= oRZE HZIVIEEA 50mm)e] = TR REV)E
P2lo tiste] HA-S AAlSHAT
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ez (@elsf %)
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(29 o]

e 750
(71& Con'c ZHH) | A= CLACE S

hourd] £=2 352 Afst & 4 9)\5 Stz A=
29 63 o] A Aol AARIRe o)l s

= TAYE SR Tksl] St 144 wEEs d
At om, Aol =& HEI|T @ g A
A BHEES 91s] IHAFT 22 ﬁﬂr g= 237
E &8 Addls 1.3mm $A] dde A |z 2
A FAsle] gsleo] FaT E‘—M%‘ fF =S ST
7lol= Zee @ Al AH8E 2IRE SeBe A
717F 0.75mx1.0mx0.2m (7}ExAExEzo] )8l AS et
1.8mx1.8mIExxE)e] Z7|& AZsiR e, d7)x Eak
FTANE 2HolA] BEF F T 100kgd] A= AlLtst
Atk FHsol o3t TAYE &SP He FHHAE SH
slal T4 wiitel] WAlEe FsHE BASH] ffste] 4
708 LVDTE A% B 9= 7lol= zg|9lol] AX|sisint.

AP A8 ZAE SHHE AEEZIAL HE
Al (2006)0] EEHE EK‘ b lEs Fxste] s 1%
2ol v A HAeH, M FAYE HX7|FS 40m
x 1.0m(7FZxH 2)<] 5’.7]§H FETZZAL ATA A
(2006)%] ZABE 4 miFrles Fxsie] 51 20 2ol
HIEAA =]t EdlE 2 ES 28Y ?Jéz}Et
322MPaL, 288 IRTE AAIV|E 45MPaS THEESE=
48MPaith. 8 ZI8E9] 7Y ¢ 6474]714 A=
7458l 49MPaS WIESHE 10.1IMPa3ITh. K3 o ARE B
27158 E2IAREAAA 7 ER Suh 5(2002)0] 7
& APES st £ 37 o] Higsie] AlFEAeH,
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O8 6. DHEXME 48 dM=

H 3. OlAEE EXJ|E HiE=®

A T (%)

H7O
12.5mm(1/2inch) 100 95-100
4.75mm(No. 4) 58.3 55-90
2.37mm(No. 5) 425 35-50
600um(No. 30) 231 18-30
300um(No. 50) 15.6 10-21
150um(No. 100) 10.3 6-16
75um(No. 200) 6 4-8
ol~BE &k o 5.8
T % 4.2
FE4%(0.1mm) 32
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IR T e S S
HAHo] skg Ast Ao Ast Wl

[N

B E 27\ WiC SA w9k (kgm?)
(mm) (%) (%) (%0) w C 2A27) 0327 =3k
40~60 4~6 451 38.1 147 326 692 1122 0.963 0.30
* T3l S AE A AR
¥ 2 2 E32|E BXJ|E HiEE
o < )% W/C SIA w9 %k(kg/ms)
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IS - 1~2 79.1 R4 125 158 695 1,449 -
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484 BEXV|E dEVIE

37 Aol ok Al B HEE(%)
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5 2 04 0.08
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£ Alololl FaL wlERE wEES o] ARSSEA] AA|
gk 2219} 3z AF A, AR EelE EYEe) RS
Atole] Hdj mhAl= 19 7 2ol ZH2 067 0.64%
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1 —&— Second

4 Third

0.8 ©o— Fourth (moisture)

: oo i tglptytate st dly o ot 2R

Coefficient of Friction

0 0.2 0.4 0.6 0.8 1 1.2

Displacement(mm)

a3 7. 2alale RSN o2 @ =38E BIU|E DHEAE

5.2 22|9t2 AlSst 2l E32|E BxV|5

Heuks ARRE @ EI8E BE7|Z0AN 13} 3 A
SHAS] FHo) A= 19 8odlA] HiZo] 0.910]303L ©]
o] SHHLE 0.05mm3Act. 22k 2 33 A= H
o2 A7 242 0389 0412 1xF APoAETH U U
Efgith EEuto] EAleE B ela | EATE HEY)
S EYE ALt o= Ax wET Q7] wiiel] 13+ A
FHollXe Hdl vldAS7 ZA JERATE EElE Solle
Hd) vpEAG7 Wl FYt AFS WHESlE A
Y vEASE YEE Bz AR Hu) vl
As7t 2T 7] AR Mels 13 8k AstAlEG
A3 2 Aoz Yeidth 58 AEE A 43 Ay
olM= 22k 9 33} Aol Axel] vls|] gt vk S5pe
A E RYeH Hd vpEAleE 035 UENTH
Goldbeck(1924)°] &3} B T e s 2 B
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A ke 7355t Blasige W Aol vhaAsE 2
Fols olue] sl 2 Flehs Ao veh)
wejge] sl 2 Ao W,
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1 —=—Second

—4— Third
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—e— Fourth (moisture)
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Coefficient of Friction

0.4

0.2
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Displacement(mm)

O3 8 22U ARBE Bl 238 E 2XV|E oY 2

5.3 E2|2E AIBSHK| 92 MM BX0|F

TS ARSSIA] g2 4] TS0l 14} sk Al
st Al Hof mpEAleE 1" 99} o] 33524 Wi Zo
o, oljo] FHHE 0.23mm= SAHUCE 23t & 33}
sl Aet A9 Ho vl 25 2572 FYsH &
AEon, Az E2E 9 F3E RXUSHY =2
A 5S UERD olf= EIYE SHB9 sltel A4
HZE71% W] AV M2 9Ey o] wiew ddt
=Sk Hdl vEAGT7E AR o] e AdoiFe
2 Zied ole &t vlizeA] 7R Eere) get
o} Q= A7 A HRl7] e FHHEAY. &
glolxe] Ho vlEAGE 1.6024] 7% Ao wolds
t] ol ZAYE EHBES} 7T Atold TS 7ol
ZA 1] A3 UAe oEE "oj=gly] wjEos
e\

—o— First

—=—Second

—a— Third

—e— Fourth (moisture)

Coefficient of Friction

0 0.2 0.4 0.6 0.8 1 1.2

Displacement(mm)
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Al A vEAGE 3" 108 o] 0.760I.01 o]uje
TERLE 0.Umm=E SAHA. 239} 33 APl =
e Ao vpASE 27 BT 044, 04224 17 Sk
At Al SHE A vpEAlge] A et FEoR 3k
AL I T F AT B AR ke T
Bt Hof vpEHAlGE HAste] | EaEE HRT5 7
9} FUT AFS Yepliglont o vl Ay A9
FHHSE Asle] | EaR|E BHEUIFe] A wh)
o] S Yepith 1 Aol AsiMe B dddt =
Alel #40] Fagh Zow ATHILE & el 53
A AU vEASE 04124 12 Aol Eths ozt 7t
28kt

N o b

O

+ First

—&— Second

4 Third

o Fourth (moisture)
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Coefficient of Friction

0 0.2 0.4 0.6 0.8
Displacement(mm)

—

1.2

J7 10, B2I2te AKSEH A BIT|S DY Hat

Ar

5.5 E2|%2 AIZSIX| 42 OIAEE BXJ|E

O~FE HETVISAM 13} sk Ast Alef Hu v
T I8 104 HEe] 523]0en o] FHHeE
0.44mmzA 5 vl FA] SAFHA 23F AdlM=
574 B9 LRE Qlst] Ao viEAlel] EEehy] Aol
790l TEEUARE 33 AP} At FAlste] 33 A
ke ARgslole Fad Zlow Atk 229k 33}
Ageld S48 A vkl 13} sk Ak AlEd of
T Agkort olwje] SR AR 2 oz S
OIATE HEVIFE W FAYE HU)Evhe 2 13
3kg Ast Folle e ST} $ds] FelEA] oal
OFNBE HEVIS WA B3 dpaie] A3 wA
= FAYE SRS} BT SR Bl
gapgoll ofste] Sejurt defur SHu e ofagt
E7} BolAle ZAY #EE0IY. 23k B 3% sk Alst
Al SAE Aiks 17 Adelxe] Bt FA Aot WA
© wgkem &, SHEE vl wfe] s elelant

2polE T 4= AAUTE F5 AdEHjolA] o E HFEIISE
o] Hu vpEASE 37602 Ao e HEU|E=
2] H& 2 AR A vlwzd & JIS w= Zog

T A

8

+— First
—&— Second
—&— Third
6 [ —o— Fourth (Moisture)

Pt e S e R B S e o S g

Coeffcient of Friction

0 0.2 0.4 0.6 0.8 1 1.2

Displacement(mm)

J3 1. 22%e ARSSA %2 OAEE EIUIE OHME

® 59 7Y 125 13 35 Ak, S e, aelw
6 AEIolAe) Aol vl Ao vhaARAe 53
WSS WA ZoR oA A AR 17 3% Al
= ZUHe} wElEe] HelH ofF & Aol szl 7}
3

= 28] seAlst AIFE )FEst Adelgtal 7Pgsidtt. 14}
sk Alsk 219 Hdl rREAleE B AMSEHA &
d FAYE, ok=ZE, FeuhE ARSSHA] o2 HiA, e
vhS ARG | FFYE, 8|3 EEvhs ARSSE A4 B
2T w02 F ASE UERAL, M3 AdEjelME ok
ZE, BEuhs ARSSIRA] e s, Belue ARSSIA] &
< FIYE, FEUE AR 4], aela EEjes AF
% ¥ FAPE B0 w0 & A0 AR
WEERS AREEE 735 PEs) AElellAe] A vl 1
2F 3 ASE A9l 40%elA 5007ER] A ZAaEE Wb,
EUhS AMEER] ¢k A9olle 10%elA 30%e] HAaE
It PSR, oATE WEI)Ey FEle] MX|EX
22 AN REI|F o] Ax AedAY] Hul viEAS
7F HE BE715olA SejEe} RE7|5 Alol7} 55 el
7F HRS whe] Hdl vpEAS gL Flou x4
HlollA Hdl vEEAIG7 A%kA TE BRE7SME 4
BI7F AL AoE YeRt.

5 HXU|E 4 A oIS % SEHS
12} 35 At F3} el T dH
HEZNS AP FRAS | e 20 Ao} I Ao RAS | e 2
(tmax) T2 (mm) (Umax) FHAS] (mm) (Umax) L] (mm)
g 232 E &} nALe) - - 0.68 0.20 0.64 0.21
d ZIE (@2 AR 0.91 0.05 041 0.72 0.35 0.88
A4 et mAke) 335 0.23 257 0.71 1.69 0.92
A4 (@) et AR 0.76 0.11 0.42 0.12 0.41 0.12
olATE 5.23 0.44 5.05 0.88 3.76 1.07
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@ 1st Loading

Coefficient of Friction
'y

0.91
1 0.68 0.64

0.41 0.35
N B '

Lean concrete Lean concrete
without with
polyethylene sheet  polyethylene sheet

H Steady State

Aggregate
without with
polyethylene sheet

O Wet

0.42 0.41

Aggregate Asphalt

polyethylene sheet

Type of Subbase

a8 12. Ex7|5 E DIEAE 22 Hn

6. A8 Zijo| MEM HE

Gy Arpe] HAS HES] S8 B AqellA 4
e A AxEs 18 137 Zo] Wesevich 5(1987)2] 4
& Az} vlwslgdth. Wesevich 52 TexasT Houstorel 4]
102 100mme} 200mm 5] LB E tigow =i,
A3] PgAE] HEVNF, o~ EE Y] BHEVIS, Aldl
E SHAE] BxV)E, )AL okBE HETISA 13} 8t
TS Aslele] AEe Tt 2 AelA el |
Aaee 200mm T2 LefHo] thel Aeol=E 200mm

ool 19 137 o] Hr| lRAGE 24T 5 figke
ol Wesevich 59 4% % @ E=7)E9) B4 Hsd
ARIE gAE] HEs|FelNe) Asiel FsIT. BN
245 olaBE Bx7)Fe] Ao PHASFE Wesevich 5
A3 Ael 4218 A9E JERLOU, Wesavich 5]
A3o] B Qo] WgAYnT e Tl Famgle.
B2 Ho) sl ol27] de) wsle] wE s
Mslee O 2 AL JEhTh 44 mxr1%e) Ao v}
AE Wesevich 9] olsBE QFgAle) wEs)E A
8 ergAel nEIEe) Hl wiAASel fARIAY Tt
Zom Wslel wE nldrse] MaleE QPgAe HE]
Rk 2 F3L etk Belvke Als @ 2aeE
HEVNE W HERRE ALS S A4 BEolEel ) ol

o

10
—%— Lean Concrete Subbase —i— Cement Treated Subbase (Wesevich,1987)
without Polyethelene Sheet
—&— Asphalt Subbase —&— Asphalt subbase(Wesevich,1987)
8 —— Aggregate Subbase —E— Asphalt Stablilized subbase (Wesevich,1987)
without Polyethelene Sheet
—— Lean Concrete Subbase —6— Lime-treated Subbase (Wesevich,1987)
with Polyethelene Sheet
6 U —A— Aggregate Subbase —2— Untreated Clay (Wesevich,1987)

with Polyethelene Sheet
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