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SUMMARY

Asphalt Plug Joint(AP]) is a new type of expansion joint that is increasingly
applied in the United States and Europe. AP]J is an expansion joint that uses
20% bitumen and 80% aggregate-composed, weight proportion, that takes a
form of filling the expansion gap between the packaging using bituminous
mixture, and through enabling the smooth connection of expansion gap and
road pavement, it secures evenness and uses the material’s ductility to
self-absorb the bridge board’s expansion and contraction. Furthermore, AP]J is
not only easy to build, but costs less compared to other expansion joints.
Although APJ is designed to have a 6-7 usage lifespan, there are cases
where it 1s damaged within the first six months. This early damaging
induces traffic congestion due to frequent repair works, and the social cost
due to this exceeds the installation cost of the device. For this reason, even
with its superior advantages, it is not widely applied in Korea nor abroad.

So in this research, we have developed a new system of Buried folding
lattice joint(BFLJ) which overcomes the disadvantages of APJ, and with
experimental bodies designed, have compared and analyzed the basic system,
function, and movement through experiment.

The newly developed BFL] is developed to relieve the biggest problem of
AP]J, 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 system through the sub system.

For the experimental variable, in the case of APJ system, it was carried out
according to the effects following the type of gap plate and asphalt mixture,
and in the case of BFL], it was carried out based on the type of asphalt
mixture, the anchor stud, and stud.

As a result of the experiment, the AP] had a transformation on both ends of

- viii -



the gap plate and spreading to the surface by the expansion. Because of this,
we could see that the reason for early damage is the tension failure due to
transformation concentration following the plate gap and asphalt mixture, and
the debonding along the joint section. In contrast, the newly developed BFL]
could not only resolve APJ's biggest disadvantage of transformation
concentration, but also induce even transformation on all the joint by applying
high—-carbon material and heightening of stud. Also, the presence of anchor
stud was unncessary in inducing the even transformation. Thus, it could be
seen that the newly developed BFL] could overcome the disadvantages of

AP]J and prevent early damage.
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Table 2.1 Change of temperature range and linear expansion coefficient

(=2 A4A71% 2.1.12)

. =EEs ABBA
BREAW S A% (1/C)
PCiZ, RCAl -5 ~+35C -15 ~+35C 1.0x10°
ZaL (L) -10 ~+40C 20 ~+40C 1.2x10°
Zu(sza 9 Zgdda) | -10 ~+50T -20 ~+40C 1.2x10°
AZol FZA 7 A=A d wo] dAdEE 2% 7,0 dig Hd AFF AL

Eq.(2.3.2)

AltJr = (Tmax - Tset)al
Alti - (Tmin - ];et)al
AL = At+ — A

2) AxFFol o3 NS

Eq.(2.3.b)

Eq.(2.3.c)

2azerl BA8 FRE AFo|g4A7 AL WA dxsFd o @ t

A5 ES Eq.(24)9F 7ol ALk

Al = — ATxax1xj

q71A,
AT : 2%=¥3} (Table 2.1 i1
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Eq.(2.4)
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Table 2.2 Reduction coefficient by dry shrinkage and creep
of concrete(g) (== AA 7|+ 2.4.1)

Z3EY A (d) 025 05 1 3 6 12 24
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ZhrkEl o] 28 7F = Ao Fosjof st dHby o g 0. <= a4 1/150, £=2
YENIA 1/300& & std

Al=—h6 Eq.(2.6.2)
o 7] A,

a @ L] FHAA GEIA ] FHF A

Agel sAngs A AGel GF Azre] Wz EAHE wgel 31/
©R3E| Table 239 #< AHgste] 2AMoR 8 & Aok

Table 2.3 Rotating—angle at support by loading

/6 400 | 500 | 600 | 700 | 800 | 900 | 1,000 1,500 | 2,000

0.(rad) | 1/100 | 1/125 | 1/150 | 1/175 | 1/200 | 1/225 | 1/250 | 1/375 | 1/500

Table 2.4v A57 ALt HAS A2 Aoz uy Fio e A5
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Table 2.4 Design expansion lengths for different regions and different types

of bridge
3 2 A
StE 1, PSC RC 2
“ A=A
T Zvte #al
ar 10 = +40TC 10 ~ +50C 15 7 +35TC
- + - + - +
(=99
@ ks -5
I 1.2x10 1.0x10
(32 A )
Al, Al, = ATal Al, = ATal Al, = ATal
W (& w3} =061 =0.721 =0.4]
= Aly, B B Al,, =20a0l
A | AETHF) =0.11
a,
v Al : . AL =22 g1 .
ERES — 021
Alp** — £ 0/ — 0 — 0
e Al =0.6120%+10| AL, =0.720 % 20%+ 10| Al, =0.7120%+ 10| Al, = 0.51 % 20%+ 10
(oq_ﬁ_%]:) = 0.12{+ 10 =0.141+ 10 = 0.141+ 10 = 0.10{+ 10
Al
i} Al=0721+10 | Al=086l+10 | Al=084]+10 | Al=061+10
(A A =)
ar 20 ~ +40C 20 T +40T 15 7 +35TC
- + - + - +
(=99
o -5 -5
oy 1.2x10 1.0x10
(X33 A )
Al Al, = ATal Al, = ATal
3 (2= 3} =0.721 =0.51
l/g Alsh _ B Al =20ap1
A (Az2TF5) =0.11
a,
l:lo]— Alm - 1 Alw*zquﬁ[)’l -
(=g ) — 021
Alp** — 0 — 0 — 0/
e Al = 0.72 X 20%+10 Al =0.81%20%+10| Al =0.61 % 20%-+ 10
(oq_ﬁ_%]:) =0.141+ 10 = 0.16/+ 10 =0.12{+ 10
Al
i} Al =0.86]-+10 Al=096]+10 | Al=0.721+10
(AR =)
x o714, =0.5, f, = 5.884MPa, E, = 2.492 < 10'MPa, ¢ = 2% 7}4
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Galvanized Steel
Plate

Fig. 3.4 Schematic of standard APJ Fig. 3.5 Proposed alternative AP]Js

system (Reid et al., 1998) (Reid et al., 1998)
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Fig. 3.9 Crack locations in APJ (Bramel et al.,1999)
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(a) Tensile failure
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(C) Strain localization and rutting (d) Debonding

Fig. 3.10 Typical shapes of damage
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BFLJ(Buried Folding Lattice Joint)2Q iR
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2. BFLIS| FHe4s U AISH=E

BFLJ= A 85 Al&aga} G Aador 728 5 glow, sh Alxd
<  Folding Lattice Al2=glo 2 FAFO Qlal, A Alx

THE hABEFFRE TAH] Ytk
1) s A2

BFLJe] &tFA2~dl2 7]&E wjdyg AlSo] %o sh-A2=EQ]l R A 39
o] Fig. 429 #& Folding Lattice Al ~8S 37} A Zalo] SgiBe] Ax 3k A
o]t} Folding Lattice Al Z~¥l& Lattice®} ~EE=Z s 4 oW Latticer il
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o TWAS FUHAA FHA3 WEE AET F AEE AFs . Fig 432
BFL] &2 2®¢l Folding Lattice A9 FA 849 AYS Yekdl Aol
Table 4.1& st A 28 A AHE JeEbA Aot}

‘@ Anchor stud ¥ 7 1 mm
S (Anchor bolt) L; )
. ‘84
‘! - Stud (b) Stud
5{‘@ . THO 50 104
- Lattice oleay . .
‘ (:f L ’ 70 § }
| Gap plate NC\\ i j——
‘ ‘@\ ’ 1:84 50 50 10
t 1
"N ‘ T
"’@ AN O —
) \® =— Fixed plate _ 120 g
1241 ! 180 ! 1241 $ Lgi

(a) Folding lattice system (c) Lattice member

Fig. 4.3 Component and dimension of folding lattice system

Table 4.1 Components of folding lattice system

3= | Lattice :
Stud Gap plate | Fixed plate
T member
AL SM400 EE UHH E SM400 SM400
A =5 (3.2mm) (8mm) (8mm) (4.5mm) (4.5mm)
size Fig. 4.3 #=x = 180mm =% 24mm
2) AE XY E3E
B Ao AR ¥ £35S Fig. 449 Zdl 71E wjAdE Al=Fo] 3] A
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FAE Aesto] Hg3sto] 3em¥ 330 AA Al Fdhe Aoz AAsAT

KS F2357 =4 & 99% FAl= 3E85H 8a7tA4 dom, olF /M4 22 =
719] ZFARE 8% A, 73 A, 65 FA ol 7t FA9] YEE Table. 4.29
UebRTh 28id KS F2357¢) 63 FA19 4% 20mm~10mme] Alolel FA=
A, 10mm o8kl A7 o 55% A A 20%xFE . kA G o] X"
TS FRE7|7F of gt oldl & Ao e KS F2357404 A g ErR

H
t 9 d743 Adx=2 AA4EAY. Table 432 B Agola Aoks H&Adx

FUH

)

=
b
ftlo
i
o
Y
o)
o
I,
>
oxl
)

O

== =8 &

H
Aol AAEA Qe A=A, AdHol7l= sty f4A & 7 A= =AY

Table 4.2 Grading of aggregate (KS F2357)

g %22 Z Ag $HE FA AL %

B g edem. | 2 | 20 | 13 | 10 5 | 25 | 12
6 | 20~10 | 100 |90~100 - |20~B5|0~10 | 0~5 | -
7" 13~5 = | 100 |90~10040~70| 0~15 | 0~5 | -
8 | 10~25 \ - | 100 |85~100/ 10~30 | 0~10 | 0~5

Table 4.3 Suggested grading of aggregate

27 ﬂ]iéfn 7 AE BHheE BA PR %

Mz Q1= ol m 25 20 13 10 5 2.5 1.2
A6 19~14 100 {90~100| 5~30 0~5 - - -
A7 14~11 - 100 190~100| 5~30 0~5 - -
A8 11~6 - - 100 {90~100| 5~30 0~5 -
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Fig. 51& & A3 Alg&H 7|&E wjdE AZo|SFX(AP))S A= gt
BFL] Al @Alo] A& HEbH Aoth
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Fig. 5.1 Dimensions of specimens
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Table 5.2 Test parameters of BFL] system

A ¥ Al @A BEAE | BALHE | 2HE %9
71 A A B0-A0 AukZE -
B0-A0 AukZE -
A= BS-A0 THIE -
BI-A0 olo]ZE -
B0-A0 g
UNZE
B0-Al 2/3H(60mm) | 1/2H(45mm)
BS-A0 -
AA~HE GHBE
BS-Al 2/3H(60mm)
BI-A0 -
sfol 2=
BI-Al 2/3H(60mm)
BI-A0 olo] ZE 3
2HE Fo
BI-A0-60 ofo] ZE 3 2/3H(60mm)

A3 A Z2AYEY AxF=ET Y=
o] gy wo] oste] WA AFS Fig. 559 22 2aAFAE o
ANt ek 2aF AL HEu 7 1:24(10mm/248F ) ol a1 o] 15tono] ™, A
T g AHE FAs AXtE AFES w"g ez % (25mm) — H9 (Y F

)25mm — &= 25mm — B9 () 25mm =2 2 1Cycle® A 3dFe] 3Cycleo] 2 A
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Fig. 5.4 Real view of test set-up
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2) 2AYE dxFFdd o3 AHF [Eq.(24) =]

Al, = ATxax1xj

=0.11=0.1 X50m = 5mm

3) A= oA

-Al=ZF 100m o]st @ AAAFZEHEIE A== 20%)+ F7F 5= (10mm)

-2 &2 100m °)AF : A% 2ZF10mm)+ F-71o1-% 2H20mm)

Al, = (AL, + Al,) < 20% + 10mm

= (25+5) % 20% + 10 = 16mm

4) AA A=%F [Eq.(2D) F=E]

Al=Al,+ Al + Al

=25+ 5+16=36mm

A= +23mm = AT A R 1d 0 4+ 25mm
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7. AIEHA A X AEN=

Atk A@AL e @ vl AFels AR B ojaT %A 2QE
o FR Asw MA W gRAme] T £ow ey 2o AXsArt
1) sefn

(a) Reinforcing bars in form (b) Casting of concrete

Fig. 5.7 Manufacturing process of the test slab
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2) of~TE FAYE

Table 53& 2 Aol A& A2 A AFRE of~Z a2 el Aoz
EUHE AHEE ALE

= —

o}~TEL AP-5(PG64-22)5 AHE8H1 L, Fillerts H%E ¥
ato] Al=sk it

Table 5.3 Mixture proportion of general asphalt concrete

FE| F2 % w24 | Filler 8 . AP-5
T 19 (18mm) | (Bmm) | (A= “ﬁ (PG64-22)

£
e
i 2% 49% 47% 2% 100% 0.6%
T 2% 49% 47% 2% 100% 9.6%

3

(b) Heating of Aggregate

(a) Mixture of aggregate

_39_



(g) Placing of asphalt concrete (h) Completed specimen

Fig. 5.8 Manufacturing process of the test asphalt concrete
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Fig. 5.9 Manufacturing process of joint
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(a) Test set-up before experiment

(c) Deformation pattern of cross

(b) Deformation pattern of surface

section

Fig. 6.2 Real view of A0-180 specimen
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(a) Test set-up before experiment (b) Deformation pattern at surface

(Debonding failure)
Fig. 6.7 Real view of AS-180 specimen

ation pattern at surface

(Tensile failure)
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(a) Test set-up before experiment

(C) Deformation pattern at cross

(b) Deformation patterns at surface

sections

Fig. 6.10 Real view of BO-AQ specimen
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(a) Test set-up before experiment (b) Deformation patterns at surface

Fig. 6.14 Real view of BI-AO specimen
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(a) Test set-up before experiment (b) Deformation pattern at surface

Fig. 6.18 Real view of BO-Al specimen

(a) Test set-up before experiment (b) Deformation pattern at surface

Fig. 6.19 Real view of BS-Al specimen

(a) Test set-up before experiment (b) Deformation pattern at surface

Fig. 6.20 Real view of BI-Al specimen

_58_



o B R gu T K o il
< T g o ™Sk B o R
= 3o —_— ] ] )
~ A_n M iy %A K < it o Ny
i = A DT I o ol 7T
1 L P o A "o
%Aw odwo M 2= MM N N ik o _MM E _ _ e v
Gl ) oy o W - Dl oeRel2i
=) ~ e = W QT i oo o o P22l
N ™ pr ® of B R %M m BEE Ssl™—
A I | gats
BB s ! e L ® = 0 : L leoe
T E = 7 ®m & oW W ol m "
T = @k | o T oo A 5 m m %
G G o B ) S L
REEY BRI T oH o | |
L N =SS T N P T =
F S W O F o :
Mm_ o TR X - i s
TR N W iy .
= zn iﬂ IR mw N M i i _% <] e
ob T M K of = L
i el T e ERD =
— 0 —_— — —
LI I e e o e -
. T BT 5 o4 ® Lm—g o_ . A
o° B < e CUI S No R ml T - e
Bo @ S S8 ol W : ’
o < il <] R T » e .
) W oo, T 3 MM 9 = o K ;
X — g . o
Eog s BB an bW -
T o m 4 T ¥ F AN g = ow % s 3 S I ¢
° B T N R okl QoW g urens .
A co i oS R T Mow ®on
bl _ T T & O P oy T oW o= R
- o T % £ =R o= S W
i R = il o W
a T oo ® o T = R
S N T P T oW o oW =E R o
H " < ay HoToRe B

Fig. 6.21 Surface strain at 3 Cycle (BI-A1-60)
— 59 —



(b) Deformation patterns at surface
Fig. 6.22 Real view of BI-A1-60 specimen

(a) Test set-up before experiment
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