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Abstract

The prototype shock absorbing natural rubber strip (SANRS) for alleviating truck-induced fatigue
cracking of the deck joint header has been developed in this study. The SANRSs are the conventional
natural rubber plain bearing pads that are adapted to be installed along the sides of the concrete block out
prior to casting of the header. The intent of this modification is to provide more energy absorption to the
header utilizing the excellent flexibility property of the natural rubber pad. The design of SANRS is based
on numerical analysis and full-scale laboratory investigation. It has been found that the maximum
SANRS’s thickness of 10 mm is sufficient to provide great flexibility without disturbing the riding
comfort. The fatigue cracking of the header can be retarded up to 25-30% after installing the SANRSs. It is
also suggested that a 2:1 ratio of width and depth of the header is the practical ratio that provides great

fatigue resistance for both SANRS and non-SANRS headers.
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Executive Summary

A joint shoulder is one of important parts, made of non-shrink concrete aiming to connect the
expansion joint at the top to the bridge deck at the bottom. The joint shoulders often get damages, resulting
to uneven road surface and posts potential risk to road users. Thus, this problem becomes a maintenance
issue. The damage is caused by the impact load from truck wheel hitting joint shoulder, which is stiff but
brittle. Thus, the joint shoulder is susceptible to cracking and spalling. Furthermore, the impact at joint can

pass down to cause damages to the structural elements underneath.

This research project had an objective to study the protective measure for joint shoulder by using
Para rubber as an energy dissipating material. The elastomeric bearing pads made from Para rubber (Para
pad), commercially available anywhere, were placed at the top edge of bridge deck before casting with
non-shrink concrete to make a joint shoulder. In order to study the effectiveness of Para pad as an impact
absorber, joint shoulders with and without Para pads were tested at the load comparable to truck load in
laboratory. The test results were then used to design a suitable Para pad as an impact absorber. In the
experimental program, concrete deck specimens were constructed, having dimension width x length x
thick of 1.5 x 2.0 x 0.25 meter. At the end of the specimens on the wide side, concrete block out without
Para pad was created for 6 patterns (width x thickness): 100x100mm (B-01), 150x100mm (B-02),
200x100mm (B-03), 150x150mm (B-04), 200x150mm (B-05) and 200x200mm (B-06). similarly, concrete
block out with Para pad was created for 6 patterns (width x thickness): 100x100mm (B-07), 150x100mm
(B-08), 200x100mm (B-09), 150x150mm (B-10), 200x150mm (B-11) and 200x200mm (B-12). These 2

sets of specimens were then performed static tests.

For the case without Para pad, it found that the performance can be divided into 2 groups: load
capacity over 50 tons and load capacity between 30 and 40 tons. The group having load capacity over 50
tons had width/depth ratio greater than 1.0. These samples were B-02, B-03 and B-05, having width/depth
ratios of 1.5, 2.0 and 1.33, respectively. On the other hand, the group having load capacity between 30 and
40 tons had width/depth ratio equal to 1.0. These samples were B-01, B-04 and B-04. The test results

revealed that higher width/depth ratio yielded higher load capacity.

For the case with Para pad, it also showed the same trend as the case without Para pad, the higher
width/depth ratio the higher load capacity. The performance can be divided into 2 groups: load capacity
between 30 and 40 tons and load capacity between 20 and 30 tons. The group having load capacity
between 30 and 40 tons had width/depth ratio greater than 1.0. These samples were B-08, B-09 and B-11,

having width/depth ratio of 1.5, 2.0 and 1.33, respectively. On the other hand, the group having load

Executive Summary v
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capacity between 20 and 30 tons had width/depth ratio equal to 1.0. These samples were B-07, B-10 and
B-12. Even though the case with Para pad had lower load capacity than the case without Para pad by about
20-50%, the load capacity still significantly higher than the truck wheel load, which was approximately
5-6 tons (based on a ten-wheel truck having a gross weight of 25 to 30 tons). This ensured that the joint

shoulder with Para pads will not fail under a static load of ten-wheel truck.

Finite element model was created to study the behavior of joint shoulders under static load tests
for 6 patterns, both the case with and without Para pads. The experimental results were compared to the
finite element model in order to better understanding the load carrying behavior of the joint shoulders. The
simulation showed that the finite element model can predict behavior of joint shoulders with good

accuracy for both the case with and without Para pads.

The project selected the concrete block out, size 150 x 100 mm, to perform cyclic load test in
order to evaluate the effectiveness of preventing fatigue damage at a joint shoulder. The selection of the
concrete block out size considered the closeness to typical size used by Department of Highways (DOH).
It also considered the size that had good performance from static tests in both cases, with and without Para

pad.

The effectiveness of Para pads to protect fatigue damage of joint shoulders was evaluated by
conducting cyclic load test of the specimens with and without Para pads. The effectiveness was assessed
by comparing the obtained fatigue resistance curves. In order to construct a fatigue resistance curve, the
specimens were tested for 3 load levels, 0.50, 0.35 and 0.20 times of the ultimate load (P ). The load
levels were then plotted against number of cycles (N) at specific levels of damages, defined as crack
lengths. However, due to time available in the project, the test at 0.50 and 0.35 of the ultimate load can
achieve cracking failure while the test at 0.2 of the ultimate load cannot. The test may need additional
hundreds of thousand or million cycles to achieve cracking failure. Therefore, the test was stopped and the
only 2 known test data points were used to construct fatigue curves, which had a linear shape. Then the
fatigue curves were used to predict crack lengths for 2 load levels: (1) a standard ten-wheel truck with a
gross weight of 25 tons, which had a wheel load of 5 tons; (2) an overload ten-wheel truck with a gross
weight of 40 tons, which had a wheel load of 8 tons. The fatigue life prediction found that the joint
shoulders with Para pads can withstand higher number of truck passes than the joint shoulders

without Para pads by about 25-30%.

Executive Summary vi
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YHIA Static Static Maximum | Maximum
Vo 4 s RGN e Tesile Vertical | Impact Tesile Vertical
aun | 4YUIA0 gﬂmw NIUADH
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
l3iTiuping
100 x 100 3.767 0.0004 32.639 122.951 0.013
YNNI
IR
1 B-01-SL 100 x 100 v 9.756 0.0014 17.933 174.954 0.025
WIT71 1 YN
TS
IR
100 x 100 v 1.3901 0.1184 3.092 4.298 0.366
W51 2 YN
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YHIA Static Static Maximum | Maximum
Voo A s M0Eg e Tesile Vertical | Impact Tesile Vertical
aun | 4YUINA0 gﬂmw NIUADH
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
- Daifiuriu
> 150 x 100 1.6562 0.0004 32.639 54.057 0.013
; YN
. AU
2 B-02-SL | w 150 x 100 v 14.8805 0.0044 10.587 157.540 0.047
. WIT71 1 YN
SEESme——
ITERR
150 x 100 v 1.6639 0.1218 3.070 5.108 0.374
W31 2 UN
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YHIA Static Static Maximum | Maximum
Voo A s M0Eg e Tesile Vertical | Impact Tesile Vertical
aun | 4YUINA0 gﬂmw NIUADH
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
; TaiTiuru
o 200 x 100 1.3779 0.0004 32.639 44973 0.013
o YNNI
e
TN
3 B-03-SL " 200 x 100 v 19.717 0.0099 7.435 146.596 0.074
» WIT71 1 YN
0 s rrsrrraaaiirsnrass!
ITERR
200 x 100 v 2.0488 0.1125 3.134 6.421 0.353
W31 2 UN
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YHIA Static Static Maximum | Maximum
i 2 i M0Eg e Tesile Vertical | Impact Tesile Vertical
a N | 4YVIA0 gﬂmw NIUADH
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
- Taifiuriu
» 150 x 150 2.5235 0.0006 26.839 67.728 0.016
. YN
B-04-SL
; ITERR
v 150 x 150 v 8.1455 0.0018 15.941 129.847 0.029
; W11 1 UN
Y  rrriErzxxix!
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YHIA Static Static Maximum | Maximum
i 2 i M0Eg e Tesile Vertical | Impact Tesile Vertical
a N | 4YVIA0 gﬂmw NIUADH
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
150 x 150 | Nupvenam1s1 2 919 | 1.5951 0.103 3.21 5.120 0.331
|
; l3iTiuping
B-05-SL : 200 x 150 1.7422 0.0006 26.839 46.759 0.016
f YNNI
| h [ :dl [ Al
o D,
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YHIA Static Static Maximum | Maximum
Voo A s M0Eg e Tesile Vertical | Impact Tesile Vertical
GRIZVIN RSO RGN gﬂmw NIUANEN
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
ITERR
: 200 x 150 v 10.388 0.0036 11.588 120.376 0.042
» W11 1 YN
HUAUE
200 x 150 v 1.8837 0.1001 3.235 6.094 0.324
W91 2 YN
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YHIA Static Static Maximum | Maximum
i 2 i M0Eg e Tesile Vertical | Impact Tesile Vertical
a N | 4YVIA0 gﬂmw NIUADH
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
» Taifiuein
’ 200 x 200 1.9166 0.0007 24.925 47.771 0.017
YNNI
B-06-SL
» NUHUEN
| 200 x 200 v 6.7695 0.0021 14.837 100.439 0.031
' > WIT71 1 YN
¥ 222 arrraErRiErRREs
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YHIA Static Static Maximum | Maximum
i 2 i M0Eg e Tesile Vertical | Impact Tesile Vertical
a N | 4YVIA0 gﬂmw NIUADH
(mm x Stress | Deflection | Factor Stress Deflection
mm) (ksc) (cm) (ksc) (cm)
AU
200 x 200 v 1.7743 0.0857 3.381 5.999 0.290
W51 2 YN
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= a 3 1 Y P4 = Y v A =) A
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311 2.3-1 yuunwazdaansnea N HHININTUNsZINDE S DTleanHIseTUsRERe d1H5

A29819U1A 100 x 100 NAANAT HAZVMIA 150 x 100 NaAINAT
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1 [ [ 1 T 4 ' 4
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d' =) U 1 v ' dtﬁv Y A | Y
M1319N 3.1-1 i121azmﬂﬂsummamamaammxmsnwmnmmua:wm"lu'"lmmmmumﬁnu

NITUND
Test Load Conditions Width of Height of Number of Use of
Specimens Bockout (mm) | Blackout (mm) Blockout Rubber
Pad
B-01-SL Static 100 100 2 No
B-02-SL Static 150 100 2 No
B-03-SL Static 200 100 2 No
B-04-SL Static 150 150 2 No
B-05-SL Static 200 150 2 No
B-06-SL Static 200 200 2 No

M519N 3.1-2
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Test Load Conditions Width of Height of Number of Use of

Specimens Bockout (mm) | Blackout (mm) Blockout Rubber
Pad
B-07-SL-RP Static 100 100 2 Yes
B-08-SL-RP Static 150 100 2 Yes
B-09-SL-RP Static 200 100 2 Yes
B-10-SL-RP Static 150 150 2 Yes
B-11-SL-RP Static 200 150 2 Yes
B-12-SL-RP Static 200 200 2 Yes
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Sensors Type of sensor Location Installation details
LVDT-1 Transducer L-02 Concrete surface
LVDT-2 Transducer L-04 Concrete surface
LVDT-3 Transducer L-01 Concrete surface
LVDT-4 Transducer L-02 Concrete surface
LVDT-5 Transducer L-03 Concrete surface
LVDT-6 Transducer L-04 Concrete surface
LVDT-7 Transducer L-05 Concrete surface
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M99 3.1-4 AumanaTanunsanazinaiamsidegldimSumsnaseuseasenuaz iy

Sensors Type of sensor Location Installation details
SG-LTI Strain gauge L-01 Top Longitudinal steel bars
SG-LT2 Strain gauge L-02 Top Longitudinal steel bars
SG-LT3 Strain gauge L-03 Top Longitudinal steel bars
SG-LT4 Strain gauge L-04 Top Longitudinal steel bars
SG-LT5 Strain gauge L-05 Top Longitudinal steel bars
SG-LB1 Strain gauge L-01 Bottom Longitudinal steel bars
SG-LB2 Strain gauge L-02 Bottom Longitudinal steel bars
SG-LB3 Strain gauge L-03 Bottom Longitudinal steel bars
SG-LB4 Strain gauge L-04 Bottom Longitudinal steel bars
SG-LB5 Strain gauge L-05 Bottom Longitudinal steel bars
SG-H1 Strain gauge L-01 Vertical stirrups
SG-H2 Strain gauge L-02 Vertical stirrups
SG-H3 Strain gauge L-03 Vertical stirrups
SG-H4 Strain gauge L-04 Vertical stirrups
SG-H5 Strain gauge L-05 Vertical stirrups
SG-SF1 Strain gauge L-01 Concrete surface
SG-SF2 Strain gauge L-02 Concrete surface
SG-SF3 Strain gauge L-03 Concrete surface
SG-SF4 Strain gauge L-04 Concrete surface
SG-SF5 Strain gauge L-05 Concrete surface
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NITUND
Test Load Conditions Width of Height of Number of Use of
Specimens Bockout (mm) | Blockout (mm) Blockout Rubber
Pad
B-01-SL Static 100 100 2 No
B-02-SL Static 150 100 2 No
B-03-SL Static 200 100 2 No
B-04-SL Static 150 150 2 No
B-05-SL Static 200 150 2 No
B-06-SL Static 200 200 2 No

M519N 3.1-6
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Test Load Conditions Width of Height of Number of Use of

Specimens Bockout (mm) | Blackout (mm) Blockout Rubber
Pad
B-07-SL-RP Static 100 100 2 Yes
B-08-SL-RP Static 150 100 2 Yes
B-09-SL-RP Static 200 100 2 Yes
B-10-SL-RP Static 150 150 2 Yes
B-11-SL-RP Static 200 150 2 Yes
B-12-SL-RP Static 200 200 2 Yes
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5995UL AN
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5995U1uanI 1
B-12-SL-RP1 Static 200 200 33 ﬂmqﬂaaﬂuamﬁu
5995U1uanI 1
B-12-SL-RP2 Static 200 200 27 ﬂmqﬂaaﬂuamﬁu
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43.1. 338035 W uAdamue (Finite Element Method (FEM))

52118135 1 ludda1ud 130 Finite Element Method (FEM) Hudsdmsuudauns
ANIAMAAS Differential Equation 1ag1933uuvu1lsvans laserdenszuiun1sved Numerical
Method imsiisibonis W luddawud lihlszgnd 19l uaiisnssuwainratoa1vt o1y
MINATIZHNYANTTNVETATIAT1991A1T MTUATITHAITNTAAIVBIDUULAZALWIU M3
INTILIADETMNYBIAUNII MIVABAVBIAUAUNI H3oMITIATIZHINAT 080 lu TaTaaha

9
o I FY
FUN9 W uAU
pszuumsIagin lilvesszdau s Wl uadamuea (FEM) nansdail

wann1sM2luvee s W luAdgauua
U Define the geometric domain of the problem.

Pre U Define the element connectivities (mesh the model).
0 Define the element type(s) to be used .
process ing O Define the material properties of the elements.

O Define the geometric properties of the elements (length,
area, and the like).

O Define the physical constraints (boundary conditions).
Define the loadings.

0O Computes the unknown values of the primary field
variable(s)

U Computed values are then used by back substitution to
compute additional, derived variables, such as reaction
forces, displacement, stress,and strain .

Solution

Post o Postprocessor software contains sophisticated routines
used for sorting, printing, and plotting selected results from
processing a finite element solution.

qul { ] | [
AITVIUNTHAZVUNDUVDI FEM me“lugﬂﬁ 4.3-1 Iﬂﬂﬁ]gllﬂﬁﬂﬂﬂﬂ]u 3 NTEUIUNTHANG

14uA n3ZUIUMST Pre Processing N3&UIUNTT Solution 130 Solver LAY ATLUIUNT Post Processing

{ [ o a & A
N3ZUIUNT Pre Processing 921Ne1v9nUMIasanuuiasanasiasnansiiomsoudoya
4 4 [l o @
Tumsadeeenilszneuued Matrix 1ag Vector tWo 1% 11052121 Solution Solver a0 '11) dwsulu
Yoy a 9 a ~ ] o A o A Y a
MsuntlymveiainssnIaseaiaz3gn suilgi MIaIILUTIAIN NAUAMAATIZITUAUN

o . . U { a 4 ]
NININUAVDUUANNNIYNIN (Geometric  Domain) ﬂl@ﬂﬂﬂcjﬁ"lﬁé]j@\‘lﬂ”li%g?miTzﬂ U YUIAUD
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Taseads vuavesAuntansonuu ntuszilumssiviuaguauiaveside (Material Properties)
o a L v o . { . . g

uazuuuiaeInAlamaas luszauian (Behavior Model) 711911 Geometric Domain #8393

o v W o o aa 4 4 o 1 .
upuimeluszauiaqudl Jeihimssmuaglunuvedamua (Elements) 101101511119 Geometric

. Y I [l (] A A 9 o a d 1 Yo
Domain IMiluaiuilsznoudoss) ivoNszainuuuiaoIndiamaasodndelumsunilyminielu
Il ' z aa A Y @ < . .
drulsznevdoss 1u Tasgluvvvesdamuanslalunsdsznouiuilu Geometric  Domain

' F4 F4
Tagi Tazdunuvuavesiifuas nganssuved Inseadiaiug @e619%U Element Uszian 1 U@
(%Y Truss-Beam Element, 1D Spring Element @1M5U Element 152199 2 U@ 13U 2D Plan Stress 3
Triangle element (3 and 6 nodes), 2D Plan Strain Triangle Element (3 and 6 nodes), 2D Quadrilateral
Element (4 and 8 nodes), 2D Spring Element Ll,ﬁﬂﬂug‘ﬂﬁ 4.3-2, 4151 Element Uszinn 3 U4 1aun 3D

Solid Element (4 to 20 Nodes) tiaaalugiii 4.3-3 1fudu

317 4.3-2 15219Nv04 2D Element 6119

U
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311 4.3-3 1/5219nv049 3D Element f19)

@ 1 I aa (Al ) o 4
NI AINITLUUN Geometric Domain aamﬂuaamumﬂaﬂq Llé}'g 'iiiﬁmm‘imwum%u”lwamw
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(Boundary Condition) #14% $14n39ivedmItnasudItaztsanseineg InaeandesnyInseaiianse

Ay a J
ﬂiyﬂ?ﬂﬁ@ﬂﬂWiﬂgﬁLﬂiW%W

9
Na9INAUHUMI IUATZUINMT Pre Processing 11a3 Tunauae l/aemsdutiums luanves
g 09/’ 4 ) o
A5LUIUMT Solution Solver FuUTUaoUIUMTUATNNITUDI Matrix 1A Vector INDHIAINDUVDIAD
{o ] 1 a . Y I~ 09/1 a
s dalaing a1 (Unknown) Taegilunuvesaunside Matrix Hansoaduldnsgiuouaunsss
Y . . A ' a g . . i 4 o
17 (Linear Equation) nypaumsnuy ludlwFadu (Nonlinear Equation) “Ngﬂllﬂﬂﬁﬂﬂﬁﬁ]ﬁluﬂu
a { a 4 as o a a a o .
Yy maienssuidesnsgingizn 1aedsmsudaunsazaniums 1aei5159@ 18y (Numerical
A o L. o ' . ~Aq ¥ Y
Method) N1uaTae1151A5Y Finite Element 29819909 Numerical Method N 1% 1 un1sunauni1su
A v
TUABU Solution Solver 1ALA Gauss Elimination Method, Newton Ralpson Method tL&¥ @ﬂugﬂﬁ 4.3-4,

[~
Newmark Time Integration Wudu

4-136 589U VUEAMNO (Final Report)



TasamsfAnudaiurueamatunssunndmsutloanu

k4 ] 9
1sesusosonudzugaiosnnmimindesoussnn

Load
A FiL
T+ .-E"""'——-—-
A '
1
K ="K i i
1+_".1|:|1| §1+ 1|:[2] T+ME
'R ; | |
iy ﬂu {2 : ﬂu 13
AL
P J’ |
l A 2EL & ¥
1y THAL (1) THAT (2) 1A (3) T+al >
L1 = (W 1

Displacement
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1) Nonlinear Behavior in compression including hardening and softening
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ﬂﬁ 4.3-12 ﬂ’JE)EINsUEN Uniaxial Stress-Strain Curve ﬂ“l%‘lu Concrete
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2) Fracture of concrete in tension based on the nonlinear fracture mechanics
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f'ef |
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1 L

Cs

ﬂ‘ﬁ 4.3-13 f0E19U99 Tension Softening Curve ‘Vﬂ‘lﬂu Concrete

3UN 4.3-14 feena mstinsanmsitlanazilavesseannnd13nlily Concrete

3) Biaxial strength failure criterion
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4) Reduction of compressive strength after cracking

ﬂﬁ 4.3-16 ﬂ]i’]fﬂﬁ 112399949 Concrete ‘naﬂm mﬂ“lmmmmuaﬂuawm

Ansziluaaanama

ﬂ‘ﬁ 4.3-17 Mee1aMasves Concrete ‘V]i’lﬂﬁ\i ﬂ1€ﬂﬂﬂ31N!ﬂﬂﬂﬂ!!ﬁwﬂﬁﬂﬂiwﬂﬂu

geafamansally Compression Softening Model

5) Tension stiffening effect

6) Reduction of shear stiffness after cracking
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B-01-SL 100 100 37-40 38
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B-03-SL 200 100 52 50
B-04-SL 150 150 33 35
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B-06-SL 200 200 41-43 46
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M19519N 4.3-2 wam5am51zmmuuumamsﬂsﬂumwmJms’nﬂﬁauma DNIUNAITNUNU

g9NISINUNTZUND
Lab Test Model
Width of Height of
Test Specimens Block out Block out Ultimate Ultimate
(mm) (mm) Strength (ton) | Strength (ton)
B-07-SL 100 100 21 21
B-08-SL 150 100 38-40 32
B-09-SL 200 100 38-39 34
B-10-SL 150 150 25-38 26
B-11-SL 200 150 30 29
B-12-SL 200 200 27-33 29
13197 4.3-3 mamsifSeuevanuuudiass
Model 2 (with
Model 1
Width of Height of Rubber)
Strength
Block out Block out Ultimate )
Ultimate Reduction
(mm) (mm) Strength
Strength (ton)
(ton)
100 100 38 21 45%
150 100 49 32 35%
200 100 50 34 32%
150 150 35 26 26%
200 150 41 29 29%
200 200 46 29 37%
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