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Summary

Asphalt Plug Joint is a new type of an expansion joint that application cases
are increased in USA as well as several European countries. APJ] has a type
using bituminous mixXx normally consisted of 20% bitumen and 80% aggregates
and filling into the expansion joint between pavements, and advantages in cheap
construction and maintenance costs, and simple construction and securing of
excellent flatness. However, AP]J has designed life of 6~7 years, but its
usability is hindered because it showed a problem that premature failure
occurred in 6 months. Research for solving this problem has been progressed,
and FEm analysis among existing researches was peformed. However, since
material showing complicated behavior of APJ was oversimplified and analyzed,
behavior of the expansion joint was insufficiently analyzed because reliability of
the analysis was much low. Accordingly, a material model was proposed and its
effectiveness was confirmed by comparing it with actual behavior in order to
improve retainability of this FEM analysis in this thesis.

An elasto-plastic model and a viscous—plastic model as a material model of
APJ] were suggested on the base of experiment results about APJ] material
performed by Bramel et al. The elasto—plastic model was defined by
time—independent analysis since it didn't reflect time and strain rate, and the
viscous—plastic model was defined by time-dependent analysis since it
considered time and strain rate.

ABAQUS v6.7 was used for FEM analysis, and influence of various elements
affecting behavior of APJ] was investigated through the time-independent
analysis in this study. The weakest portion of APJ is an bonded surface
between APJ and packing material, and an end part of a bottom plate. Also,
deformation pattern was very sensitive to boundary conditions, and strain
hardening showed shape of kinematic hardening under periodical load. As a

result of the time-dependent analysis by considering material viscosity, it

_ix_



showed similar behavior as material test results of Bramel et al. When test
results were compared with analysis results, the time-independent analysis
showed a little difference, but the time-independent analysis showed similar
shape. Accordingly, it was confirmed that the time-dependent analysis showed

actual behavior better than the time-independent analysis.
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BITUME(a): standard 3D joint

Fig. 2.8 Von Mises stress contour for standard

joint under wheel loading (Reid et al.,
1998)
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3. Asphalt Plug Joint 2g AlH

Bramel et al.(1999)2 Ao AE =79 wAdd AlZo|SAx HFS A2l 7}
£49E AT o] AP 055mm/ T A
= HAbsESlom, Hu duate] o7k AW e] 5 gt TeiA = A

Ze 7HAske] ddo] FAHA

25 7}A| = Cheyenne Wyoming

m

=2
30,
[
Rl
of

= =AY Al SR Alole] AW Yuow i otsge £9
of mae A% B4, 1el3 sed] gool hE ALA AFe @ PEY 5L

dAetR oy, Mo w oSd AA Ao bde] ATl e B

1A ool ogt wiEStE F A stFol 00 Hi= A o] Wil
< relaxation, & Aol 93 Aoz FHHAL

Q@ AMEAFAANE #ZHA FAdY ol-s4d 43H(Kinematic hardening) 47

o
L

ro

Aol m=

Table 212 ABAE R EILHo2ZRYH 22 5595 vl

Table 2.1 Comparison of material test and near full scale test (Bramel et al., 1999)

Joint Material Material Test 5, | Joint Test G, % Difference
Temperature =25°C

Koch/LDI 7.7 psi 10 psi 27 %
Pavetech 4.1 psi 5.6 psi 30 %
Watson Bowman Acme | 19 psi 22 psi 16 %
Temperature = 4°C

Koch/LDI 22 psi 24 psi 10 %
Pavetech 19 psi 14 psi 31%
Watson Bowman Acme | 26 psi 22 psi 18 %
Temperature = -7°C

Koch/LDI 49 psi 43 psi 13 %
Pavetech 70 psi 54 psi 23 %
Watson Bowman Acme | 68 psi 63 psi 7.8 %
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Table 2.2 Tension test results (Bramel et al., 1999)

Pavetech Watson, Bowman, Acme Koch/LDI
Temperatmre | E,kPa | o, kPa Ey E.kPa | oy, kPa gy E,kPa | oy, kPa g
21°C 1,300 27 0.020 4,600 130 0.029 1,500 44 0.030
4.4°C 9,300 130 0.014 | 14,000 180 0.015 7,800 150 0.019
-18°C 205,000 830 0.006 | 150,000 750 0.006 | 87.000 520 0.006
-40°C 607,000 1,500 0.003 | 929,000 1,700 0.002 | 342,000 500 0.001
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Fig. 2.23 Modulus of Elasticity (Bramel et al., 1999)
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Fig. 2.24 Yield stress (Bramel et al., 1999) Fig. 2.25 Yield strain (Bramel et al., 1999)
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Table 2.3 Normal and shear bond tests results (Bramel et al., 1999)

Pavetech Watson, Bowman, ACME Koch/LDI

Temperature Normal G, Shear G, Normal o, Shear o, Normal o, Shear o,

kPa kPa kPa kPa kPa kPa
21.1°C 67 110 90 130 98 76
4.4°C 220 210 260 330 190 220
-17.8°C 330 260 770 690 330 710
-40°C 340 97 640 1200 170 650

= o 14000
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Fig. 2.26 Ultimate normal bond stress (Bramel Fig. 2.27 Ultimate shear bond stress (Bramel
et al., 1999) et al., 1999)
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* Power law model

: n
€ g r
- = (—) Eq. 3.3

- n, = the creep exponent = 2.3

* Modified cross model

_ Mot I Tor
! 1+ (770T' .G/Uoc)nu 1+B-e™ = 34
- 1 = the tensile viscosity
- € = the tensile strain rate
= Nor = the limiting viscosity when e >0
= oy =m(1/8)"" — B= (yaf o) = constant
* Eyring’s plasticity model
6%=2exp(—%)sinh(7—'1)5}%;;)%) Eq. 3.5
- P = the pressure
= ée = a pre—exponential constant
- @, = the activation energy for the flow precess
- v, = the shear activation volume
-, = the pressure activation volume
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Steady state stresses by Power-Law Model
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roEr07 | -
- :1-'~GE-«‘L'dé;§ L

—<¢— S_ss(Pa), np=2.4,
10dC, Bitumen

—HB— S_ss(Pa), np=1,
10dC, Bitumen

S_ss (Pa), np=1,
21dC, Bitumen

—*%— S_ss(Pa), np=1,
25dC, Bitumen

-+-&-- 8_ss(Pa), np=2.4,
10dC, Asphalt

~Et-- S_ss(Pa), np=1,
10dC, Asphalt

S_ss (Pa), np=1,
21dC, Asphalt

1.0E-03 1.0E-02

1.0E-01

1.0I1§+00

Strain Rate (/sec)

Fig. 3.13 Modified deformation mechanism map with stiffening factor, S

Cheung and Cebon< 159 A% A=

T n AdRIE Aok 9

er near K

Eq. 32 ~ 5 HY+&3 #2o] & 4 Utk

n(1/n)= ln[

o] 7|9 Arrhenius equations % -&3H

* Newtonian flow model

€p = the 'pre-exponential” for strain rate, €,= eopexp(—

Qp = the thermal activation energy =

R =
T =

the universal gas constant

the temperature
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* Power law model

c_[o " (—&) Eq. 3.13
. o P\~ Rr g 3.

* Modified cross model

2.303¢{(T—T,) J

nOT:nseXP{_ c;+(T— TS)

for T > Tg Eq. 3.14

- 1, = reference viscosity at temperature T
- ¢ =8.86, ¢; =101.6=universal constant (Ferry, 1980)

* Eyring’s plasticity model

vy — Pu,
RT

= 2exp(— &)sinh(

-
5 RT (—) Eq. 3.15

=30

Log(e) ( Creep Constant )
]
(9]
(4]

IN
=)

1 | ] 1
3.2 3.3 34 35 36 37 3.8 3.9
1/ Temperature (1/K) -3

Fig. 3.14 Change of creep constant with temperature (Cheung and
Cebon, 1997)
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Time-dependent

Changing , Create parts

material properties
EE --------------------------------------- ‘- ----------- ? -------------------------- 3
Elastic Plastic Viscous
t Ev L:5 : Anm, f
:.'.'.'.'.'.'.'.'.'.'.'.'.'.'.1.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.' .'.'.'.'.'.'.'.'.'.'.'.'.:. """"""" I' """

Changing

Time-independent

analysis conditions

Define section properties

v

Create an assembly

>y

Define steps

> v

Changing
boundary
conditions

Prescribing boundary
condition & applied loads

v

Create / Run job

!

Finished job

Fig. 4.1 Flowchart for analysis
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=
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(a) Dimension of APJ
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(b) Full mesh of APJ

Fig. 4.2 Dimension & full mesh of asphalt plug joint

(b) Mesh with steel plate

(a) Mesh without steel plate

Fig. 4.3 Meshes for APJ analysis
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Fig. 4.6 Elasto-plastic model

e For steel plate
- Elastic modulus : 200,000 MPa

- Poisson’s ratio : 0.3

* For asphalt plug joint

~ Long-term elastic modulus : 10 MPa at 4.4C (Bramel et al., 1999)

- Poisson’s ratio : 0.35 (Bramel et al.,1999) / 048 (Qian et al., 2000)

Strain hardening : 10%

- Large deformation : Consider

Elasto-plastic model : Fig. 4.6
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(a) Fully integration method

(b) Reduced integration method

Fig. 4.10 Effect of integration method

(a) Large deformation effect is considered

N T ]

(b) Large deformation effect is not considered
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Fig. 4.11 Consideration on large deformation (Isotropic hardening)
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(c) Boundary condition Il with steel plate

(a) Boundary condition | without steel plate
(b) Boundary condition Il without steel plate
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(d) Boundary conditionlll with steel plate

Fig. 4.12 Effect of boundary condition
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Fig. 4.13 Two-layer viscoplasticity model of ABAQUS
(ABAQUS manual, 2007)
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Fig. 412+ Two-layer viscoplasticity model(ABAQUS Manual(18.2.11), 2007)<
UEeElH Ao 2 Elastic-plastic network®} Elastic-viscous network®] F3Fo =z o] F
oxl A% o 4 k. a1l et BRE g 2,

K, : elastic modulus of elastic-plastic network
K, ' elastic modulus of elastic-viscous network
o, . the initial yield stress

H' : the hardening
m . modification for initial creep behavior

7 viscosity

() 24 2959 2 Wgs 24

Two-layer viscoplasticity modelo| A A4 g st&E¥yl w3
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Fig. 4.14 Fracture stress of pure bitumen (Cheung and Cebon, 1997)
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Fig. 4.16 Ratio(f) calibrated by Bramel et al.'s relaxation test(1999)
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Fig. 4.17 Comparison of viscous model and experimental results
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Fig. 4.18 Read steady state stress in stress-strain diagram for Koch/LDI
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Table 4.1 Two-layer viscoplasticity model's material properties

Classification T‘wo—layel“ )
viscoplasticity model

Type Isotropic
ElaSUC. Young’s modulus 6.6
properties

Poisson;s ratio 0.48

Hardening Kinematic

Yield stress 0 1
PlaSUC. Plastic strain 0 0
properties

Yield stress 1 1.026

Plastic strain 1 0.21667

A 0.00606
Viscous n 1
properties m 0

f 0.99
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EO.odb  Abaqus/Standad Varsion 6.7-1  Man Mov 17 22:12:40 GMT409:00 2008

Fig. 4.19 FE model of Bramel et al.'s material test specimen
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Fig. 4.20 Variation of stress-time curves with applied strain-rate

700

600

w Y (%3]
(] (=] (@]
(=) (=] (=)

Stress (kPa)

[\
o
(=}

100

Stress-Strain Curves

/ == Test0 (No viscous)
/ —o—Test1 (0.008333/sec
—&—Test2 (0.001667/sec)-
—6—Test3 (0.000833/sec
—#— Test4 (0.000333/sec
f P =~ e - T~
J-EI—E..E_E]
0o o " s L
= 58
}: i RS SV
0 0.1 02 03 04 0.5

Strain

Fig. 4.21 Variation of stress-strain curves with applied
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(e) 5cycle

Fig. 4.23 Maximum principal strain distribution of time-independent analysis

(e) 5cycle

Fig. 4.24 Von Mises stress distribution of time-independent analysis
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Fig. 4.25 Maximum principal strain distribution of time-dependent analysis

(e) 5cycle

Fig. 4.26 Von Mises stress distribution of time-dependent analysis
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Fig. 5.1 Dimension of asphalt plug joint
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Table 5.1 Performance graded binder specification

Performance Grade PG 64-22
pverage |Dosion Temperalure. € <64 <64
7-day y;’;?:gtui:j’%mem Design >-10| >-16| >-22| >-28| >-34|>-40| >-22
Original Binder
Flash Point Temp, T48 : Minimum C 230 342
Viscosity, ASTM D 4402:
Maximum, 3pa.s (3000 cP) 465
Test Temp,CT 135
Dynamic Shear, TP5 :
G * * /sin 88,Minimum,1.00 kPa 1.48
Test Temp,CTCT @ 10 rad/s,CTC 64
Rolling Thin Film Oven Residue
Mass Loss ,Maximum,% 1.00 0
Dynamic Shear, TP5 :
G* */sin 86,Minimum,2.20 kPa 2.34
Test Temp,CTC @ 10 rad/s,CTC 64
Pressure Aging Vessel Residue
PAV Aging Temperature, CC 100 100
Dynamic Shear, TP5 :
G * *sin 88,Maximum,5000 kPa 2627
Test Temp,CTC @ 10 rad/s,CC 25
Creep Stiffness,TP1
S, Maximum.300 MPs 188
m-value Minimum 0.300 0.33
Test Temp,CTC @ 60 sec,CTT -12
This material passes PG grade PGB64-22

(a) Screw :

Fig. 5.3 Equipment for test
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