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Longitudinal Stress Distributions around Construction Joints of
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Abstract
There exist many construction joints in segmentally constructed bridge girders. It is required
coupling of tendons or overlapping of tendons to introduce continuous prestress through several
spans of bridges. Even though tendon coupling method is easier to use in practice, some cracking
problems around construction joints have been reported and complicated stress states around
construction joints in PSC girders is not clearly investigated.
The purpose of this paper is to investigate in detail the complicated longitudinal stress
distributions around the construction joints in prestressed concrete girders with tendon couplers.-
To this end, a comprehensive experimental program has been set up and a series of specimens
have been tested to identify the effects of tendon coupling and segmental construction of bridge
sections.
The present study indicates that the longitudinal stress distributions of PSC girders with tendon
couplers are quite different from those of PSC girders without tendon couplers. The longitudinal
compressive stresses introduced by prestressing are greatly reduced around coupled joints
according to tendon coupling ratios.
Key words © construction joint, prestressed concrete bridge, tendon coupler
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1. INTRODUCTION

Prestressed concrete bridges with a number of
continuous spans has been segmentally built in
many countries. These methods include incre—
mental launching method, movable scaffolding
method, full staging method and balanced can-
tilever method. The procedure for construction of
prestressed concrete bridge by incremental launch-
ing method is briefly described. All sections of the
bridge superstructures are cast segment-by-
segment at the starting point of the bridge under
factory—produced conditions. Each segment is then
pushed into the bridge longitudinal direction over
the previously constructed piers, led by laﬁnching
nose in the front. The subsequent segments are

match-cast in the same construction pit, coupled to

the previous segments and pushed continuously
segment— by-segment.
For span-by-span erection by movable scaf-

folding system(MSS) as shown in Fig. 1, all the
bridge sections are cast in-situ on a movable
support system installed on the existing piers
and post-tensioned to resist its selfweight before
the scaffolding system moves to next span.
Scaffolding is then moved to next span and
subsequent section is continuously cast.

There exist many construction joints in se-
gmentally constructed bridge girders. It reguires a
continuity of adjacent segments to introduce con-
tinuous prestress through superstructure of bridg—
es. Two methods are generally used to introduce
continuous prestress at construction joints. The
first method is to couple the tendons at con—
struction joints with tendon coupler as shown in
Fig. 2 and the second one is overlapping the
tendons around construction joints.

Overlapping tendon requires large cross section
to accommodate the anchorage devices and also

longer tendon length to develop the prestress force

Step 1 : First segment concrete pduring

FAN

Fig. 1 Bridge construction procedure
by movable scaffolding method

Fig. 2 Detailed configuration of tendon coupler
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Fig. 3 Crack pattern around tendon coupled joints

appropriately. Even though the tendon coupling
method is easier to use in practice, some cracking
problems around construction joints has been
reported.[1,2] Most cracks of 0.1-0.3 mm width
around construction joints which occurred in the
bottom flanges and web of box girder bridges,
caused parallel to the construction joints and
limited to the direct vicinity of construction joints
as shown in Fig. 3.

The stress distributions around the anchor plate
subjected to a concentrated load P is not uniform,
but varies greatly, although it becomes uniform at
a distance approximately equal to the depth of the
bridge section according to the St. Venant
principle. Most of literatures are concerned with
two important tension stress fields of bursting and
spalling stress, around anchorage zones without
tendon couplers.[3,4,5] Tendon couplers are used to
extend the end of tendon previously installed as
shown in Fig. 2. Couplers are functioned as both
stressing end anchorage and dead end anchorage.
It is expected that the distribution of these
longitudinal stresses be changed and become quite
different when the represtressing force is applied
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to anchorage zone by tendon couplers. This may
be the major reason that the stress distributions
around the construction joints become very
complex and the expected uniform compression is
not achieved. This may also cause some cracking
problems around the coupled construction joints
when the tensile stresses from live loads,
shrinkage and temperature effects are superi-
mposed.[6,7] The appropriate and realistic design
provisions for coupled construction joints are still
lacked in current design codes.[89,1011] It is,
therefore, necessary to investigate accurate stress
distributions around the tendon coupled con-
struction joints due to sequential prestressing at

coupling joints.
2. TEST PROGRAM SET-UP

The tendons are generally coupled at the webs
in prestressed concrete girders as shown in Fig. 4.
Web member has been therefore selected to make
the full-scale test members. During the tests, the
strains of concrete and steel bar in the test
members have been measured to figure out the
effects of coupling of tendons and segmental
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Fig. 4 Coupled construction joint in segmental bridge constructions
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Fig. 5 Dimensions of test specimens
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Fig. 6 Arrangements of test members

construction of bridge members.

The concentrically post—tensioned test members
were designed to represent segmentally erected
prestressed concrete bridge girders under a
uniform compression. The cross section of test
members is 40 cm wide and 200 cm high. The
longitudinal length of each segment is 5 m which
is designed to introduce the uniform compression
in the middle part of a segment. The overall
specimen length coupled at the construction joint
by tendon couplers is 10 m as shown in Fig. 5.

The nominal concrete compressive strength for
the test members is designed to be 45 MPa at 28
days. The seven wire strand with the diameter of
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15.2 mm has been used and each tendon consists
of 12 strands. The tensile strength of strand is
1890 MPa.

Tendon arrangements of test specimens are
shown in Fig. 6. The specimen 1(SP1) has no
tendon couplers at the construction joint, con-
tinuous prestressing, which represents uniform
compression as a reference case. The specimen
2(SP2) has one tendon coupler among two tendons
at the construction joint and the other tendon is
continuous at the joint. The two tendons are all
coupled at the joint in test specimen 3(SP3) to see
the effects of full tendon coupling.

To investigate the longitudinal stress dis—
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tributions around the coupled construction joints
due to sequential prestressing at tendon couplers,
the strain gages in concrete and steel rein-
forcement are installed as shown in Fig. 7.
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Fig. 7 Locations of strain gages in each segment(unit cm)

tendons.

3. TEST RESULTS AND FINITE
ELEMENT ANALYSIS

The segmental construction sequence of test
members is depicted in Fig. 8 Post—tensioning
operation has been done with same procedure of
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the actual bridge construction practice. The jacking
and initial prestress forces for all test members are
summarized in Table 1. The longitudinal strains
have been measured during the prestressing of

The test members which simulate the segmental

construction of prestressed concrete girder bridges

Step 1 : Cast of segment 1 and first prestressing

Coupled Construction
: Joint

Coupler

|
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_Segment1

Step 2 : Cast of segment 2 and second prestressing
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1 f i t
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{ Segment 1 | Coupler Segment 2

Fig. 8 Construction and prestressing sequence
of test members SP 2

have been modeled for the finite element(FE)
analysis. Fig. 9 represents the finite element mo-
dels for test members according to the sequential
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Table 1. Determination of Lock—in Force

test | coupling 1st Jacking N initial 2nd Jacking o initial
%
member | ratio PT force(ton) loss(36) force(ton) PT force(ton) toss(36) force(ton)
upper - - - upper 2015 94 182.6
SP1 0
lower - - - lower 201.5 8.8 183.8
upper 2214 12.1 194.6 upper 2214 83 203.0
SP2 50%
lower - - lower 2015 88 183.8
upper 2214 12.3 194.2 upper 221.4 125 193.7
SP3 100%
lower 2214 15.6 186.9 lower 2214 10.0 199.3
prestresssing operation. Fig. 9(a) shows the model prestressing through the full length of test

for the first segment prestressing(Casel). Fig. 9(b)
represents the model for the second segment
prestressing (Case 2) after the second segment has
been installed. The final stress states may be
obtained by superposing the results of two cases.

The strain distribution obtained from finite
been
measured test data. Fig. 10 shows the comparison

element analysis has compared  with
of analysis results with measured data on the
longitudinal strain distributions along the edge of
test members. It is shown that the analytic results
correlates fairly well with test data. Fig. 10(a)
gives the longitudinal strain values for the test
member SP1 without any tendon couplers. It is
shown that uniform compression is achieved in the
middle part(construction joint region) due to
prestressing, because it has no tendon couplers in
the joint. It has been applied to continuous

Py

Py

memeber. Fig. 10(b) and (c) show the strain
distribution along the edge of test member SP2 and
SP3 with tendon coupler at the joint. Fig. 10(b)
shows the longitudinal strain distributions along
the edge line of test member SP2 which has only
one tendon coupler at the middle joint(coupling rate
50%). It is shown that the uniform compression is
not achieved. The compressive strains are reduced
by about 35 % in the local region of segment 1 at
a distance approximately equal to 0.Z2h from the
middle joint of test member. Fig. 10(c) summarizes
the similar results of longitudinal strain dis-
tribution for the test member SP3, which has two
tendon couplers at the joint(coupling ratio 100 %).
This figure again shows the reduction of com-
pressive strains at the tendon coupling joint. The
reduction of compression reaches up to about 70 %
in the case of fully coupled joint (100 % coupling

Py
Py

(a) Post-tensioning of Segment 1(Case 1)

P,

P,

[ By = oy~ 00
9

1

(b) Post-tensioning of Segment 2(Case 2)

Fig. 9 Finite element models for test members
according to prestressing sequence
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Fig. 10 Comparison of analysis with test results on the longitudinal strain
distributions along the edge of test members

ratio) at the same region location as test member
SP 2.

Fig. 10(d) shows the compressive strain dis—
tributions of both SP1 and SP3, which represents a
continuous prestressing at the middle joint and
fully coupled joints respectively. Fig. 10(d) shows
a large reduction of compressive strains along
longitudinal edge of test member. This is due to
the effect of tendon coupling and segmental
construction at the middle joint. This large amount
of reduction of compressive stresses at the coupled
joints may cause serious cracking problems in PSC
girder bridges due to tensile stresses when live
loads, shrinkage and temperature effects are
superimposed. Therefore, the realistic and safe
design must include the effects of tendon coupling
in the construction joints of prestressed concrete
structures.
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4. CONCLUSIONS

Thre
egmentally constructed prestress concrete bridges,

exist many construction joints in
These construction joints usually require coupling
of tendons to introduce continuous prestress. It is
expected that the stress states around coupled
joints are very complicated and the uniform
compression may not be achieved at these joints
due to tendon coupling, which may cause serious
cracking problems when live loads, shrinkage and
temperature effects are superimposed.

The purpose of the present study is therefore to
investigate throughly the complex stress behavior
around the coupled construction joints in pre—
stressed concrete bridge structures. The following
conclusions have been drawn from the present
paper.

1. Longitudinal stress distributions of pre-
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stressed concrete(PSC) girders with tendon
couplers at construction joints are quite
different from those of PSC girders without
tendon couplers.

2. The compressive stresses in concrete in—
troduced by prestressing are reduced by
about 35 % around the coupling joints for the
coupling ratio of 50 percent. This reduction of
compressive stresses at the tendon coupling
joints reaches up to 70 percent in the case of
fully coupled joints(i.e., coupling ratio 100 %96).

3. Large reduction of compressive stresses
around the coupling joints may cause serious
cracking problems in PSC girder bridges due
to tensile stresses when live loads, shrinkage,
and temperature effects are superimposed.
This result indicates that appropriate amount
of reinforcements are required in the vicinity
of coupling joints to avoid deleterious
cracking.
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