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The Study of Longitudinal Joint with Tensile Grip Connection

in Highway Bridges
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1. Introduction

Recently, steel-concrete composite deck slabs have
been widely used for highway bridge decks. In the
construction of composite decks, it is necessary to
join two adjacent blocked bottom plates in the
longitudinal direction to form one united plate. To
achieve the performance required of the connection
in the longitudinal direction, it is necessary to fully
transmit both bending moment and shearing force
and to simplify the connection system. In this paper,
three types of longitudinal joint that use tensile grip
connection for Robinson-type composite deck slabs
are proposed. Static and fatigue bending tests are
carried out by using beam specimens to investigate
the joint stiffness and distribution of bending

moment. A typical Robinson-type composite deck

slab is shown in Fig.1. The stress and deformation of
the tensile grip connection with high-strength bolts
are also discussed by using three-dimensional

elasto-plastic FEM analysis.

Fig.1 Robinson-type Composite Deck Slabs
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2. Outline of Test and Analysis
2.1 Joint Structure
Type Eo : HIB Tensile Joint
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Fig.3 Dimensions of Specimen

As shown in Fig.2, three tvpes of longitudinal joint
in the middle span of deck slabs are proposed. Type
Eo is a tensile grip connection with high-strength
bolts. Types E1 and E2 are tensile grip connections
reinforced by reinforcing bar and perfobond strip,

jJoint

respectively. A specimen without joint was also
tested for comparison with the specimens with joint.

These tvpes of jomnt were selected on basis of the
previous test results of the authors”". Fig 3
tllustrates the detailed dimensions of the test beams
which were used in fatigue tests as well as static
tests. All specimens are composite beams with stud
shear connectors and have the same sections

excluding the joint structure in the middle span.

2.2 Test Procedure

All specimens were tested on simply supported
beams under one and two-concentrated loadings.
Photo.1 shows the set-up of the specimen. In the
fatigue test, the load amplitude of three stages
presented 1n Table 1 was set to the tensile stress
amplitude of the bottom steel plate”. The loading
cvcle from loading stage 1 to loading stage 3 was
performed until failure occurred after 500,000 to
1,000,000 cvcles. The fatigue tests were performed
under load control with a servo-type fatigue machine
Servo Pulser EHF-30. In the static test, the load was
increased gradually with an increment of 4.9 kN after
three repetitions up to the maximum load in the
fatigue test. At each loading stage, deflection, strain
and separation width of the joint were measured.
After failure, the ultimate load was recorded and the

failure mode of each specimen was observed.
2.3 Analytical Procedure

The three-dimensional elastic-plastic FEM analysis
was carried out by using commercial software,
LUSAS Ver 13.2. The strength and detlections of the
were mvestigated by  three-dimensional
elasto-plastic analysis. Fig.4 shows the F.E mesh,
which  the with
isoparametric element was used to model the bottom

solid  element eight-node
plate, concrete and the end plate. The bar element
was used to model the remforcing bar. In the tensile
grip connection, the bolt was modeled by the solid
element to simulate the actual structure. The head of
the bolt was assumed to be a rigid connection with
the end plate. It was assumed that the adhesion of

concrete and the bottom plate was full composite.
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Photo.1 Set up of Specimen

Table 1. Loading Procedures

Loading Maximum Load
Stage Two Point One Point
1 20.5 kKN 15.6 kN
2 36.2 kKN 27.4 kKN
3 58.8 kN 44.1 kKN

Fig.4 F.E Mesh for Specimen

3. Test Results and Discussion

Table 2 presents the results of the fatigue and static
tests. The failure mode in the fatigue test is fatigue
failure of the bottom plate or of the high-strength
bolt. Photo.2 shows the fatigue failure mode of the
bottom plate. This is in contrast to the bending crush
of concrete in the compressive zone for static tests.
The calculated value of the ultimate load is based on
the RC theory.

3.1 Deflection of the Beam

Fig.5 shows a few examples of maximum and

residual detlections at the midspan of the beam in the
fatigue test. The residual deflection hardly occurred
even at the load level (58.8 kN) which corresponded
to three times the design bending moment by live
load.

Table 2. Summary of the Experimental Results

Specimen Loading Stage|Maximmn| Cycles(N)
Static No.l Expenmentalv Value:98.8 kN
Calculated Value:106.7 kN
No.2 (2) 362 kN [ 548,000
(1) 20.5kN | 1,000,000
No.3
Fatigue 2) 362kN [ 559,000
(Two Point)| No.4 ®) 362 kN [ 942,000
Typetio ) 2051 | 500,000
No.5 -
2) 362kN [ 510,000
D 156 kN [ 50,000
No.6
Fatigue ) 274kN [ 910,000
(One Point) (1 156 kN | 500,000
No.7
2) 274kN [ 890.000
. Experimental Value: 116.3 kN
Static No.1
Calculated Value:117.1 kN
() 205kN [ 500,000
Fatigue -
) hg No.2 2 36.2
(Two Point) o 2 6.2 kN | 1,000,000
(3) 58.8 kN [ 1,200,000
Type E1 (1 15.6 kN | 500,000
No.3 (2) 27.4 kN [ 1,000,000
Fatigue (3) 44 1 kN | 200,000
(One Pomnt) (1) 156 kN | 500.000
No.4 2) 27.4kN [ 1,000,000
3) 441 kN | 150,000
. Experimental Value: 115.6 kN
Static No.1
e o Calculated Value:117.8 kN
(1 205kN [ 500,000
Fatigue -
) & No.2 ( 362Kk
(Two Point) o 2) 36.2 kN [ 1,000,000
3) 588 KN [ 28,000
Type E2 () 156 kN [ 500,000
No.3 2) 27.4kN [ 1,000,000
Fatigue 3) 441 kN [ 300,000
(One Point) ) 15.6 kN | 500,000
No.4 2 27.4kN [ 1,000,000
(3) 44.1kN [ 90,000
<peri al Value:157.3
Type A Stitic No.l Exper 1menta% Value: 157.3 kN
Calculated Value:133.3 kN

From Fig.5, it may be concluded that the tensile grip
joints Types Eo, E1 and E2 have sufficient fatigue
durability. Fig.6 shows the relation between the
stress amplitude and the width of separation
amplitude at the bottom plate. All types show elastic
behavior. As a result, the stiffness of the connection
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was influenced by the bending moment. Fig.7 shows
the deflection curvesat the midspan i the static tests.
Both experimental and analytical values were almost
lIinear up to twice the design bending moment (load
36.2 kN). Fig.8 shows the transformation image of
the bottom plate and the end plate by the FEM
analvsis. Negative bending stress partially occurred
at the midspan of the bottom plate. Fatigue failure of
the bottom plate was caused by the repetition of
these local negative stresses under a positive stress
all over the span.
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Fig.9 Crack Distributions of Specimens
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3.2 Crack Distribution

Fig.9 shows the crack distribution on the side of each
specimen after failure. For Tvpe Eo, the crack
developed from the upper surface of the end plate to
the bottom plate. The cracks were also concentrated

in the joint of the end plate and concrete. It seems

that partial shearing force acted due to the L shape of

the steel. The cracks of Types El and E2 were
concentrated on the connections compared with Type
A, but they showed a better crack distribution than
Type Eo because of the eftect of the additional
reinforcements of the joint.
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3.3 Stress Distribution of the End Plate

Fig.10 shows the stress distribution of the end plate
and section 5 cm from the central section, whichwas
obtamned at loading stage 2 in the fatigue test. The
compressive stress occurred at the bolt position and
the deformation of the end plate was caused by the
tension force of the bottom plate. On the other hand,
the stress did not concentrate on the cross section of
the center span for Types E1 and E2. The stress was
shared among the reinforcing bar, perfobond strip
and bolt, respectively. As a result, stress
concentration might be avoided sufficiently m a

discontmuous section.
3.4 Curvature in the Joint

To examine the decrease of flexural stiffness as a
result of the separation of the jomt section, the
relation between bending moment (1) and curvature
(@) 1s presented in Fig.11. The curve was linear in
the imtial loading stage. But, flexural stiffness
rapidly decreased when the crack occurred in the
contact side of the end plate and concrete.
Comparing the flexural stiffness of each joint, Type
A was the largest, followed by Types E1 and E2.
Compared with Tvpe FEo, the mproved joint
structure was clearly proved to enhance the joimnt
stiffness.
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Fig. 11 Moment-Curvature relationships
3.5 Assessment of S~V Curve and Joint Performance

The S-N curve in the bottom plate of the tested joint
1s shown in Fig.12. The equivalent stress range Ao,
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given below gives equivalent fatigue damage for the
same number of stress cvcles as the variable
amplitude stresses. The equivalent stress range

equation is as follows:

i {Z {ac (v, Ng)}r

pu (H
where Ao, is equivalent stress range, o; is stress
range in the level /i, N, 1s fatigue life under stress
range Ao, and N, 1s total fatigue life. Here, the
straight line 1s the allowable stress range provided by
fatigue design recommendations for steel structures”,
and the fatigue strength category of the bottom plate
in the joint part 1s distributed between level F and H.
From the above results, the static and fatigue tests are
analvzed in detail. The joint performance is assessed
i terms of durability and construction. The result of
the fatigue test showed no remarkable difference
between one and two-concentrated loading tests. The
cracks m the bottom plate and concrete occurred due
to bending moment. As for improved joint structures
El and E2. fatigue failure occurred in loading stage
3. The decrease of joint performance was not caused
by the separation of the bottom plate. Thus, it is
considered that Tyvpes E1 and E2 have the same joint
performance as the welding joint of the end plate. In
the static test, the maximum load of each type has
three times or higher safety than the design load. As
for improved joint structures, the distribution of the
crack was improved more than Type Eo. The
construction 1s also good because all the jomnt work
can be done on the floor. Especially, Tvpe E1 1s very
practical because it 1s a simple structure and has the
same joint performance as Tvpe E2.

5. Conclusions

In conclusion, the followings can be summarized

(1) For the fatigue test of Tyvpe Eo, the bottom plate
failed by separation of the end plate at loading
stage 2.

(2) For improved joint structures Tvpes El and E2,
the joint performance did not decrease even for
fatigue failure of the bottom plate. The jomt

structures have a safety excess of three times or

- 160

more the maximum design load.

(3) The failure pattern in the fatigue test was fatigue
of the bottom plate in the vicinity of the welding
point. The fatigue strength was distributed
between level F and H of JSSC.
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Fig.12 S-N Curve of Tensile Grip Joints
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