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SUMMARY

Most of domestic expansion joint system was applied by exposed expansion
joint system. There are cases where it is damaged by driving. As the result
noise and impact happened, and the social cost due to frequent repair works
Is increasing. So because of the interest about buried expansion joint system,
new buried expansion joint system was lately developed a system of Buried
folding lattice joint(BFL]J).

BFL] system was developed to relieve the biggest problem of Asphalt Plug
Joint(APJ]) system that applied in the United States and FEurope, the form
transformation concentration, and has an advantage of inducing an even
transformation and transmitting to the asphalt mixture for induction of even
transformation on the whole expansion joint system through the sub system.
But the earlier study was only conducted the performance evaluation of
flexibility by analysis and experiment. Because a study of durability
evaluation about plastic deformation that was frequently damaged in the road
1s not conduct, BFL] system is not used at present.

So in this research, we have tested for durability and flexibility
performance of buried expansion joint system that based on the type of
asphalt mixture. Also we have evaluated for durability of BFL] system
against vehicle load using accelerated pavement testing.

As a result of the experiment, the developed BFL] system gives high
flexibility performance and resolves transformation concentration along the
joint section more than AP] system. Also it could be seen that the BFL]
system could replace APJ] system. Because surface deflection of BFL] system
against vehicle load was measured low, and sub system in the buried
expansion joint system was not damaged against vehicle load. And in this

research, both fixed plates in sub folding lattice system of BFL] system were

— viil —



removed, because both fixed plates make difficult to construction and
maintenance. Instead washers were installed. Thus, it could be seen that

construction and maintenance could be easy to do.
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Strain
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Fig. 3.8 Comparison of FEM vs. experiment surface strain of APJ system
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Fig. 3.9 Comparison of FEM vs. experiment surface strain of BFL] system
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(a) Folding lattice system (¢) Lattice member

Fig. 4.2 Component and dimension of folding lattice system

Table 4.1 Components of folding lattice system

B Lattice
Stud Washer Gap plate
e member
A& SM400 2E UHlHE SM400 SM400
A =5 (3.2mm) (8mm) (8mm) (4.5mm) (4.5mm)
size Fig. 4.2 = = 180mm
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Fig. 4.3 Bituminous mixture of joint
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Table 4.2 Grading of aggregate (KS T 2357)

2q| 39,23 7 Ag TAstE FA NEL %

s Q) 12 o] i 25 20 13 10 5 2.5 1.2
6 20~10 100 190~100| - 20~55 | 0~10 | 0~5 -
7 13~5 - 100 |90~100| 40~70 | 0~15 | 0~5 -
3 10~2.5 1 = 100~ |85~100] 10~30 | 0~10 | 0~5

aEu KS F23579] 65 &A19] A9 20mm~10mme] Abole] ZAZA], 10mm ©
ko] ZA7F Hul 55%°1A HAa 20%EeE Tl welA] binder7l FHE TS
w377k ol @t ool KS F 2357014 #Ad Bl % o4
AA3H o, Table 4.3 Aotd A5 el Aol AAH Y= &

—_

49 A§2 f5te] AA Al AHHL Y= YRS AEF Aoz, AT

Hol7lx= st A & = Aol

Table 4.3 Suggested grading of aggregate

Ao =4 F Ly
= A ]/]5‘]'}1:1[11[1 7y AE et FA WEE %
M 2 2 2 2
o= 9l m 5 0 13 10 5 5 1.
A6 19~14 100 |90~100| 5~30 | 0~5 o - -
A7 14~11 = 100 190~100| 5~30 | 0~5 - -
A8 11~6 - - 100 |90~100| 5~30 | 0~5 -

bindere] 7§ Ffol wWe 2ot FE 2y S4E g2 e o
o, 7t7} T2 binder® A-83te] BFL] systeme] 43¢ F7bskih v s
Hom a5 Azdld wEel B4 Y ARE HAgeAslels o gl UAH
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gol ged £ k. oo & dAFelMeE 7|E AN FEOAEE
Superphalt?} I-phalt ¢]o] FSEL O R AlgEo%|= SealantE AFE31S oH,
Sl =oll Al AFE-H o] = TechereteE F7F2 ARGl AF-X4 Auol g o
&S H 718} Table 4.49F Table 455 ¥ Ao AL8-¥ binderol] w3k &4
2 E e Aolw, Table 4.6S Techcrete®] &4 XE el A o]t}

Techcreter TAYE HFAZ FZ ALEHE AERE ofATE S3t&E3 <
¢ ZA¢} binderd FE-o] ¢lom, flexibled AZAS 7143l Q= polymer®] o}
resin(@7tad FA)I A7 A dol Ao, A& elA Fhdste] vl glo]
AL 7hsst AQAEolY)k. Type RY} Type TBRZ U Fol A al, Type RS 1] A gk
Z7]9] kAR o] FolA oW 20mm A= Zold AHEH™ Type TBR
& ¢ & EFAZ o] FofAH 20~200mm ZloldllA] AT

Table 4.4 Properties of Superphalt and I-phlat

Parameter Superphalt I-phalt
Performance Grade 16-22 82-22
A= 53 17
A5 (0) 87.5 9
A& (25T, cm) 58 51
3 EEARE (%) 29 14
eyt 5 A sts (%) 0 0.2
et 5 F Q] (%) 88.7 85.4
— 99 —
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Table 4.5 Properties of Sealant

Parameter Sealant
Temperature Performance Limit 64-28
Cone Penetration 50-90
Flow (60C) 0.5 cm
Resilience (25C) 25-60%
Ductility (25C) 40cm min
Compression Recovery 0.4 min

Table 4.6 Properties of Techcrete

Parameter Type R Type TBR
Flow Test (5hrs@60TC) 3mm max 3mm max
Slump Test(cone) 3hrs@70C 5% max 5% max

Newton Force Extension 750N max. 80% min | 660N max. 50% min

Compression Resistance 3500 N min. @50% 5000 N min. @25%

10mm/min compression compression
Specific Gravity 2 2.2
Softening Point 100°C min 110C min

./1:
g Ay 22 2 HY 7td =7 A o, tFE29] bindere 200~
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A 7/EE binderd A-$ 220C ooz 25 E Z7HAZ A

re
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o] AAeo WMol WA} R, 180~190C = AAatch = APA == AF
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(c) Compaction (d) Completed specimen

Fig. 4.4 Manufacture process for Wheel Tracking Test

(a) convection oven

(b) Tamper

Fig. 4.5 Specimen manufacture equipment
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Fig. 4.6 Wheel Tracking Test Machine
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A A TR AR F AL Sol7l E RCwe dhEAgelEt V1A st

Table 4119 2w AAQH we IA 35CE A3l Table 4.7% Table

Table 4.7 Test parameters of AP] system

Al A Ay =x As 2% binder
APJ 10 10T T-phalt
AP]J 135 180 mm I-phalt
35T
AP]J T35 Sealant
Table 4.8 Test parameters of BFL] system
A @A 2 EHE Eo As 2% binder
BFL I0 10T I-phalt
BFL 135 I-phalt
60mm

BFL T35 35T Sealant
BFL C35 Techcrete

2) Al@A A = Az

Aoz AA gy e ZS5 Zhe= AYAE Azl 29SS Sk
AgAE ZJES {F3HE 60mm, €HES] FAE 80mm, T Z7|E 7IE
1100mm x A Z 600mm=E A Z3H T A QA ) XQE #=Z7)E 9 Fte] A o

Ay AlFol 5o F& 500mm, #olE 100mmE 4-&stil o 2 A7
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(a) Asphalt plug joint (b) Buried folding lattice joint

Fig. 4.7 Dimensions of specimens
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(a) Reinforcing bars in uroform (b) Curing of concrete

Fig. 4.8 Manufacturing process of the slab

(2) o2 E FIZYE

P o)F ARA ol £UAE F A0mmE Wo)7 ofaBnE =)

i

=R

= ¥AUT. Table 49%= ¥4 A oj~¥E #gHE ekl A2 binder

[

1m

= AP-5(PG 64-22)& Al839 o1 Fillers HE EEA= AWEE ALL3Hd]
A &3S o

Table 4.9 Mixture proportion of asphalt concrete

{g"‘—l, o EXH e 7:“ AP-5
T (13mm) o (PG 64-22)
§e a
wll ) 50% 100% 5.6%
%ol SmmA 2302 o] o} ~BES THtG o, BAS WPty 4

stol bindersh £33 F LAste] vgstlth il A A@AL 277t Fo}
SIS Agol BBt @MEdel thRRe A BAe A
Y. Fig. 49% olsBE EaE 24 $4< e Aot
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? :h--. 7 £ 7: il
A Tk o
(a) Mixture and Heating (b) Heating of binder

(c) Primer coating (d) Mixing of aggregate and asphalt

(e) Compaction (f) Completed specimen

Fig. 4.9 Manufacturing process of the asphalt concrete
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Table. 4.10 Mixture proportion of joint

- 2 A = =24 ZH2 A
binder A Al
T8 (19mm) (13mm) (10mm)
AL - 4 83.3% 16.7% 100%
=1
=3 - 80% 1 20% ; . 1009
a5 80% - £ 20% 1009

TechcreteE AF83F A& A= TechcreteE 200CE 71Este] Fmo] Fojdi=
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(a) sealing of gap (h) Installation of bottom system

(e) Asphalt pavement(I-phalt) (f) Competed specimen(Techcrete)

Fig. 4.10 Manufacturing process of the joint
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Table 4.11 Design expansion length (=2 AA 8% 62.3)

% 5 i
_ PSCat RC
e = Aru | s, Adea
o (-20~+40C) | (-20~+50C) | (-15~+35C) | (~15~+35T)
~10~+40C ~10~+50C ~5~+35C ~5~+35C
o 0.6x1.24) 0.721.24) 054) 054)
0.5%1.2 1 0.6x1.2 1 041 041
Az - - 011 011
NEEET k1 - - 021 -
L G1BAZH | ©07210) 0.84 1) 0.84) 0.64)
T e A 061 0.72 4 071 051
& . (0.14 4 +10) (0.17 £ +10) (0.16 £ +10) (0.12 4 +10)
2% o] %
0.12 2 +10 0.14 2 +10 0.14 £ +10 0.10 £ +10
. (0.86 4 +10) (1.01 £ +10) (0.96 £ +10) (0.72 4 +10)
072 £ +10 0.86 £ +10 0.84 £ +10 0.60 2 +10
1) B4 ()= FAAFe] Agat
29) BAlA £& AZa= Ade Aol(m)E et
F3) AAYY AWAASE 12<10° Z2AYE A= 1.0x10°22 o}
F)) Azxs2e SR @aste] 0T o, ZA=E B4 & A24x dx7Ae] 4P 2~

INEE A7ste] AFAFTE 052 g
Z5) gurdol pSueA] ZE e E|AEH 20 8 289 f,=060kg/cm’, 22N E SAASF
E, =300,000kgf/m?, AR ZAF ¢=22 83 ARAFTE ZAEYL EY F 2~3792

Az7tele] a=052 Foh

&R
o 7182 20%0] dEH 22 10mmE Hdle AR gl

F7) 53 depquge] TR FHoIF] AFHE AL o ERL UFFOR Y=

= A3 A ASEFE dG A ASAo] 50mel RCuE 7Pt mR
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- = (EBA) = 50TC(-15 ~ +35TC)

- ZaYE A9 AAAAS = 1.0x10°
- A &3 AE e Zo] = 50m

- AAAS 05

NEF)BASF + o f3) =0.720+10

=0.72X50+10=46mm

SAl= £2mm = A S AT A S e +25mm

Fig. 4.11& n|stollA At 3 9l AP] A2 AldHE 54 WS A}
e 5 Aol mE skFe FolE dERY ZolH, Fig. 412¢ MiAE MSol5d
Ao Az Ak AR 64%9 A 53] H|E 2 ofATE EtEo] o
teSo e 39
B oApoaE 5 gy A3E ngo® 7|E Hong S. H.o ol A<}

=]

o], st A W EEE 22F Ao a9 EEES] wE £

3 SH-HYE
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it
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1=
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Asphalt Plug Joint Relaxation

= = WWBA

Pavetech

== och/LDI
= Watson Bowman Acme
¢ Koch/LDI

—#— Pavetech

Load, lbs

0 T T T
0 10 20 30
Time, min

Fig. 4.11 Relaxation test results of APJ at 2°C (Bramel et al, 1999)
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- nominal axial strain (cempressive)

Fig. 4.12 Stress-strain curves of asphalt mixture with
aggregate volume fraction of 64%
(Deshpande and Cebon, 2000)
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(a) Chamber for test (b) Hot blast heater
Fig. 4.13 Test equipment

A A EAZEY AXFEH £xWE, @slF Gl 93 JEFTx Wy
of 93le] A3 NEHS Fig. 4149 22 ~3F A8 o] &3le] A3 3kl
AAF AL )7 1:24(010mm/24nFH] ) ol 3t & 39| 16tono. 2, A5 Ao A}

§ 4% 3AT 2A5e) AGA) MAT A% Ak A And A5

& HRoR 1A (26mm) — H Y ($HF)25mm — 95 26mm — 5 U (21 ) 256mm
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Astgon, AEe] BE AEAsGG AR AT Axwe] EH WGE BE
g 2437 95to] 2Y 34§ UaaF fABEDRANEG £AES THI

A @A FHo| 40mm A o= FBAEF ).

Fig. 4.15 Real view of test set-up
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o2l

ol Hrte 4 g Al dolth JLE(Cart) 3HE Ao 33 & 9oy Hrj
2% 30km/h, & E 18tonC 24 % 9 a % zdo] Jueti LA =
B5HS wkd st 3 W% (Lateral Wandering) &%E £ 4 2t} Table 4.12
of ¥7IEAE 7] AY-s Y ST
Table 4.12 Performance of KALES
3 H] 3 H]
g = KALES g = KAELS
JIE ¢ 3 FP=2 = Zo] 99.5m
FIE & =9 F 2 13 Fa A7 4.0%
% 9 Holo] & 2, 4 29T i L 300
N, B f (Lateral Wandering) B e
H = T 36ton 3} -7} HIH Overhead crane
Ho = T 18ton EY 48.3m * 24.3m
Elolo] A g 10kg/cm” FHE (WXL xH) B’SOOX(erfr(z?)XS’%O
H Tl 30km/h SHY =] (WxLxH) 21504, 620,785
(mm)
AA FP&= 20km/h
2) A3 "W
2 Aol A AEE A @A F /=R 7IE A AFol SR AP AlE
A 1 Aoty mjAE AZ=ole-Ax BFL] A @A 5700 sl f3t5 29
S A A1EFS T Table 4133 Table 4.14% AW FE A3 Aoz AP] A ¥
Aol 743 oln] @A ALEEHE Alid"lolnz BEL] Al@ A< v E 9139
sk o] Al AR Al 23] T
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Table 4.13 Test parameters of AP] system

AP ANJAE | =9E F ZQE YA binder
72 Al g A APJ 0 400mm I-phalt
Table 4.14 Test parameters of BFL] system
AW X @A A & ZHE %9 binder
713 Al A BFLJ O 60mm I-phalt
AEE o BFL] 1 60mm 45mm I-phalt
binder BFL]J 2 60mm Techcrete
e BFLJ 3 60mm I-phalt
o= g 85mm
S ol BFL]J 4 45mm Techcrete
3) A EA A L A=

2 AFolA= Fig. 4163 o] A7&

AFal= ST HE ElH5a Asphalt ¥4 2 %=

Aay Al A w2 Fo =R o] 671 AFAE

sheiut.

@ jeju



il ]
BFLJO L BFLJ2 | BFLJ4 J
N ]
J

1D 712 & <41

8% Pite] ¥ol 2mz AN ARH 1SmARE = F 44A4LE

=R BEVSS ofFolen, & 4¥ ojde vE dIES I B2

of Az A 9 e Aes] k7] 9 Al AT



Fig. 4.17 Foam for the joint

(a) Slab on grade (b) Concrete placing

Fig. 4.18 Slab manufacture process
(2) o}~ E ZAEE

Fig. 419+ of22E FAgES] ¥4 HAS yeld Aoz olAdES
Superphalt(PG 76-22)% A3kl on] A w4 Mgk A ol A
27 13mmE AF8Ske] 9em oz TAYT BAL Bolojgd sl B2
2 Agstgo, Bl olF el nEA Fato] £}

B3 el w3l
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(a) primer coating (b) Asphalt pavement

(c) Compaction (d) Completed specimens

Fig. 4.19 Manufacturing process of the asphalt concrete

ANPAE £JAES] §7H& 60mmet 85mme] F A E AREow, b AY
A & ZA7]E 7F21300mm x Al 2400mm x =0l90mm= Al AFsle] wwke] A=

P& AFBAE AT det T

I

o

o] &R Z mAMETE ZQE AZFFS A= A
[e]

2 AzZstgd o, A8 LA EE I-phalt® Techcretewhs AF&3F5I T

o

phalt® AH8aF A@Ae] 3% 24 olF lon AEHE AHgste] o3t

i

oA -S A3 o) TechereteE AF&3F A& A= Techcrete ERE o] 3 vt
AUE AL ENE ¢FA B Fo why-gslalth. Fig. 4.202 XR1E A% 3A
LR Aol

o
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(a) sealing of gap (h) Installation of bottom system

(c) Asphalt pavement(I-phalt) (d) Compaction(I-phalt)

(e) Pacing in the joint(Techcrete) (f) Completed specimen(Techcrete)

Fig. 4.20 Manufacture process of joint

iV

4) A3 v 9 Data 54

Fig. 4218 2 oA Algd 47452387 KALES(Korean Accelerated
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Loading and Environmental Simulator)E YEerR Ao 2 xpFslzo djsh 291
Eol AEe Hrhstr]l f1gk A1 Anjolv. A obyf iyl et ZE FE 3
)7} Z+7; 36ton, 3lton, 23tone] 3FF o2 EUS 20km/he £E= EWA A
Aol g AYriA dAvt 71ES o & F 30cmé Eoleo] 27HE o] Fol ]

_1\1

l:L:l

o, ¥ &2 £ 30cmY Elolo] 472 o] FojFH )

of W Awslzel £835 B AR A5 AW o|F =3 A B olf
ste] AR Egwel wd 2 29AES Asphalte] FAE SAsm, o 2

o} %
e WegHE Gelae wHon 2AEY YEAS BrETh Fg 422
3]

= Al@Ae Mde S48 A FR Z2aEE, Smm (HAoE A A
‘0

Fig. 4.22 LASER profilemeter
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1. L] A3 d3 9 B4

35 Al oA FE-XA S E] FAE ALEHAS Al 2FFFl
e o= AT 7S 7IA2 AYd ¢ A dolra, o] F JalFd AlE A
Aresk AR E AAsy] f3 EEOH] A8S AAEAY. d¥S B Wk
goz 3k ulg <l Zolo WMEE ZAHT O ZA olATE FIF9 FZol
A% (Dynamic Stability) 2} %3 E(Rate of Deformation)S ZA3F3 Tt Table

51 7F AgAe A9 A Aol e 54 whdde el Ao,

Table 5.1 Results of Wheel Tracking Test

Specimens
WT-S0 WT-10 WT-11 WT-TO | WT-TI1
(Superphalt)| (I-phalt) (I-phalt) (Sealant) (Sealant)
132 3.82 1.25 1.1 2.28 1.3
m | 5% 10.28 2 1.91 4.09 256
105 94,22 256 2.4 5:36 3.28
3|
155 34.86 2.76 2.6 5.97 359
T 308 x 3.31 3.14 79 44
(mm)| e x 3.73 345 10.46 492
605 x 4.04 3.68 13.34 5.3

&)

SuperphaltE AME-3F A&

Qo] Waste] My o] Uit

AWT-50)9] -+ Al

3 AN o oy =

&)
=4

A ZF 18% whel 40mme] o

gol =7bestdit Ad 2715



B o] ofitH ey wo] LAl e o]= binderé] 54 ¢k,

A A AZ A binderE o] 2omA AAAoOR 1EA REHR L 7}
gz & o 2894 @ A% Ydoea Ak,
Z7] 1827+ 3 W Ho] 38mm=E Hdo] Zo] HASHA vEH ol hinder

7} o] o] AFsglon, ofF @A EF bindersh @7 WA Aol W

Auo] Wy eFo] ZA F7leklvt Fig. 518 Superphalte] A3 =5& vEbd
Aol

Fig. 5.1 Real view of Wheel Tracking Test (Superphalt)

HEH T-phaltE AF&-3F A|FA(WT-I0, 1D 4ol 27] 1839 v9d ¥
Zol 1.1 ~ 1.2omm, & A3 9 WMy gFo] 37 ~ 400mm == & HFH &S
o7 x ekgtr). I AdAy TA A (DS) 1970 ~ 2700(cycle/mm), ¥ 3
E(RD) 0.0153 ~ 0.0213(mm/¥)°.2 YESTE Fig. 5.2+ I-phalte] 23 HEsF
S YEd Aot
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Fig. 5.2 Real view of Wheel Tracking Test (I-phalt)

Sealant® AFg3 AGAWT-TDE Z7] WHd o] 14mm, HE W kol
53mm, ¥4 MAE(DS)E 17003/ mm)Z WErRTH 28y Z2e A5E AHE
st AJFAWT-T0)S 4% 7] "M Fo] 24mm, & HH o] 13.3mm, &4
PAEDS)= 225(3)/mm)E HEHIAT = A@AZE 2 AelE ol e
2 WT-T09 A @9 A A8 == Superphalt® AR A& A (WT-S0)
oF #Zo] niFel binder7t B2oWA Aol PHAF= =A< binder7} HojA
Uzowx Wkl 2 F713 Aoz wudd o= AF A A A olA
of Wo] ExHo niF
binder’} &0 vhewA A= Zo] "ol Uzt Aoz dAvrdATh Fig 5.3
Sealant®] A3 =FS HERE Zolth

binder7} 3A|A o] FaF BIEEA &3 7L

e

Fig. 5.3 Real view of Wheel Tracking Test (Sealant)
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Wheel Tracking Test Results
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Fig. 5.4 Wheel Tracking Test Results
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APJ System - 2Cycle

(a) Strain at surface (10C)

(b) Strain at surface (35C)
Fig. 5.6 Real view of test result - APJ system
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BFLJ System - 3Cycle
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Fig. 5.10 Real view of test result - BFL] system
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(a) Strain at surface (I-phalt)

(b) Strain at surface (Sealant) (¢) Strain at surface (Techcrete)

Fig. 5.12 Real view of test result - BFL] system
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Test Result - BFLJO
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Test Result - BFLJ1
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Test Result - BFLJZ
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Fig. 5.25 Real view of test (BFL]J3)
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Test Result - BFLJ4
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