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Abstract: The hollow slab bridge is a widely used bridge type for urban bridges. The slabs are
prefabricated in a factory and are assembled on site, and then the hinge joints are poured on site.
Shallow hinge joints have been used in most existing hollow slab bridges, which commonly bring
inadequate connection to the adjacent slabs and probably result in bridge damage. Traditional
detection and test methods for hinge joints interrupt traffic, which is inconvenient for local commuters.
In the present study, a light-load field test method for hinge joints was proposed. The principles and
procedures of the light-load test were concluded and provided based on the test results of 96 spans.
The theoretical and measured lateral load distribution ratios were calculated and compared based on
hinge joint plate theory. The damage evaluation method and damage classification for hinge joints
were defined based on the test results of 1100 hinge joints. Furthermore, the accuracy of the proposed
method was verified by a destructive experiment. The research results indicate that the light-load
field test and the damage evaluation method for hinge joints are indeed convenient, reliable, and
economical, and deserve practical spread and repetition in this area.

Keywords: hollow slab bridge; detection; damage evaluation; light-load field test; lateral load
distribution ratio

1. Introduction

The hollow slab bridge is one of the most commonly used types of bridge. The
advantages of this type of bridge include convenient and fast construction, environmental
protection, low requirements for space, and low cost [1,2]. These advantages have made
the hollow slab bridge a popular selection for urban bridges, in which the proportion of
medium span and small span bridges is more than 90% [3].

For this type of bridge, the slabs are prefabricated in a factory and are assembled on
site. Usually, the section height of a slab ranges from 80 cm to 120 cm, and the section width
of a slab ranges from 80 cm to 150 cm [4–6], which makes it possible to transport slabs in
crowded and busy city roads. Afterwards, the cementitious fills must be poured on site to
fill the gaps between every two slabs. After the cementitious fills harden, they are called
hinge joints. The hinge joints can ensure that the slabs connect to each other and bear loads
together [7–9].

Recent investigations have found that shallow hinge joints are used in most existing
hollow slab bridges [10,11], which can easily be damaged by continuously increasing traffic
volume and overload trucks. For an increasing number of longitudinal cracks, water
seepage and large deflection are found in bridge detection [12]. The sketches of hinge
joints are shown in Figure 1a,b, where h represents the height of the joint and H represents
the height of the slab. Generally, if h < 0.5H, the joint is called a shallow hinge joint; if
h ≥ 0.5H, the joint is called a deep hinge joint. In the early stage of the appearance of
a hollow slab bridge, the shallow hinge joint had a dominant place, but since the 1990s,
the deep hinge joint began to take the place of the shallow hinge joint. Furthermore, it is
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difficult to use visual detection methods to detect the damage of the hinge joints. Because
the pavement is above the hinge joints, the slabs surround the hinge joints, and even some
waterproof cloth covers the bottom of the hinge joint. In other words, the hinge joints are
enclosed by structural members. If the hinge joint loses its bonding ability to a large extent,
a single slab will bear more load than it should, which may result in slab failure and greatly
threaten human lives and properties [7,13].
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Figure 1. Pictures of slab failure.

Two examples of slab failure are shown in Figure 1c,d (taken from image.baidu.com
accessed on 15 January 2023), both of which are commonly seen hollow slab bridges,
using shallow hinge joints, located in urban roads, with a span of approximately 20 m.
The immediate cause of slab failure was an overloaded truck moving on the bridge. The
difference was that a limbic slab of the Qianjiang #3 Bridge fell off from the bridge on 15 July
2011, and a middle slab of the Changfeng Bridge fell off from the bridge on 16 March 2021.

Although overload is the immediate cause of slab failure, several indirect causes cannot
be ignored, such as outdated design methods, incomplete or cursory routine inspection
work, and insufficient durability of cementitious fills [14,15].

Currently, conventional methods to avoid bridge accidents are periodic inspection
and load tests [16–18]. Implementing bridge inspection does not need to interrupt traffic,
but implementing load tests in a traditional way always needs to interrupt traffic. In
the traditional test, several trucks are moving on the bridge simultaneously. Hence, a
professional analysis of whether heavy trucks can pass the bridge safely is needed in
advance [19–21]. In other words, although the traditional load test has advantages including
simulating the real load condition, being guided by mature specifications and being widely
approved, it has disadvantages including requiring considerable analysis work, costing a
lot of money, bringing great inconvenience to local folks, and making great traffic jams on
local roads. For damage detection and identification, new methods such as nondestructive
detection [22], vision-based measurements [3,23], mode shape-based methods [15,24],
vibration-based methods [25], and other novel methods [26,27] have been proposed by
some researchers in laboratories and model tests. However, some of these methods still
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need further verification and application. Therefore, new methods for bridge detection
based on practical data need to be developed.

This paper proposes a simplified test method to evaluate hinge joints and defines
a reasonable evaluation method to describe the damage status of hinge joints. In the
proposed method, called the light-load field test, only one loading truck will move on the
testing bridge without interrupting traffic. Compared with the traditional method, it is
more convenient and economical, although the results may be vulnerable to the effects
from other moving vehicles. However, by implementing the light-load field test in hollow
slab bridges with the proposed disciplines, the accuracy of the method will be proved and
approved. In total, 96 spans of hollow slab bridges were tested with a light-load field test,
the theoretical and measured lateral load distribution ratio of each span was analyzed, and
the damage classification of the hinge joint was defined. Furthermore, the accuracy of the
detection and evaluation methods was verified by a destructive experiment.

2. Light-Load Field Test
2.1. Principles

This method, called the light-load field test, is a load test method that should follow
the guidelines of the Load Test Methods for Highway Bridge (JTG/T J21-01-2015) [20].
However, this method aims to detect and evaluate the damage status of hinge joints without
interrupted traffic, and the following rules should be executed.

(1) The loading truck should be weightier than most moving vehicles, but lighter than
the weight limit of the bridge to be tested. Generally, the loading truck should weigh
approximately 40 tons.

(2) The loading truck should move forward slowly, with a constant speed, along the
center line of the lane. Generally, the loading truck’s speed is suggested to be lower
than 30 km/h.

(3) In each test condition, a lane should be ground by the truck in a single test condition,
and the data of the mid 7 slabs (or mid 6 hinge joints) below the testing lane deserve
analysis. For example, in test Condition 1, the truck is moving in the 1# Lane, the
deflections of the #1~#7 slabs are needed for calculating the lateral load distribution
ratio. In test Condition 2, the truck is moving in the 2# Lane, the deflections of the
#3~#9 or #4~#10 or even #3~#10 slabs are studied. Similarly, in test Condition 3, the
truck is moving in the 3# Lane, the deflections of #6~#12 slabs are studied.

(4) Dynamic deflection measurement is needed, and the precision should be 0.01 mm.
(5) To avoid redundant data, it is better to implement the light-load field test under light

traffic volume or at night.

The lanes of Qingling #5 Bridge are shown in Figure 2, which works as a schematic
template to exhibit the test principles and test conditions. The truck will move forward on
the lanes in sequence. The symmetry axle of the truck will coincide with the center line of
the lane, as shown in Figure 2d. The testing points are situated at the intersection points
of the midspan line and the center line of the slabs’ baseplate. In the latest light-load field
test conducted by our research team, a truck’s picture is shown in Figure 2a,b. It weighs
400.9 kN and the weights of the front axle, mid axle, and back axle were 60.4 kN, 170.2 kN,
and 170.2 kN, respectively.

2.2. Procedures

The purpose of the light-load field test is to evaluate the damage status of the hinge
joints based on the lateral load distribution ratio, and then to help to make reasonable
decisions for bridge maintenance. Data processing software based on hinge-joint plate
theory has been developed according to a great deal of test experience. It has been applied
in lots of bridge tests. The software can calculate and predict the lateral load distribution
ratio of bridges and evaluate the damage status of the hinge joints after the criteria have
been set up. The test procedures are shown in Figure 3. One of the most significant
advantages of light-load field tests is avoiding interrupted traffic; another advantage is
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evaluating the hinge joints based on the determined data from the field tests instead of the
subjective data from the appearance inspection.
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2.3. Bridge Samples

Among the latest tested hollow slab bridges, 96 spans were chosen as bridge samples
and were analyzed in this paper. All of the samples were urban bridges, simply supported
bridges, their slabs were prefabricated and then assembled on-site, their hinge joints were
shallow hinge joints and made from conventional materials (neither fiber reinforced nor
steel bar reinforced). The profiles of these bridge samples are listed in Table 1. The length
of the span ranged from 16 m to 25 m, the width of the span ranged from 8.5 m to 50 m,
and the number of slabs ranged from 7 to 47, which almost covered all of the types of
commonly seen hollow slab bridges. For each bridge, the number of lanes is also listed
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in Table 1, which reveals the total number of test conditions based on the principles in
Section 2.1. That is to say, if there are three lanes on the bridge deck, there will be three test
conditions. For a bridge with lots of lanes, such as Luojiagang Bridge and Donghu Bridge,
four adjacent lanes were chosen to be tested.

Table 1. The profiles of bridges.

Name No. of
Spans

Length of
Span (m)

Width of
Span (m)

No. of
Slabs

No. of
Hinge Joints

No. of
Lanes Open Year

Luojiagang Bridge 2 18 50 47 46 7(4) * 2003
Donghu Bridge 2 18 50 47 46 12(4) 2018

Qingling 1# Bridge 1 20 13 19 18 3 2006
Qingling 2# Bridge 1 20 13 18 17 3 2006
Qingling 3# Bridge 1 20 13 17 16 3 2006
Dadongmen Bridge 3 16 16.5 15 14 4 1990
Qingling 4# Bridge 1 20 13 15 14 3 2006
Qingling 5# Bridge 4 20 13 12 11 3 2006

Guanggu Bridge 12 20 13 12 11 3 2005
Yezhi Bridge 25 25 12.5 12 11 3 2016

1# Ramp Bridge 7 25 12.5 11 10 2 2012
2# Ramp Bridge 7 25 12.5 11 10 2 2012
3# Ramp Bridge 4 25 10 10 9 2 2012
4# Ramp Bridge 4 25 10 9 8 2 2012
5# Ramp Bridge 5 25 10 9 8 2 2012
6# Ramp Bridge 4 20 10 9 8 2 2012
7# Ramp Bridge 6 25 8.5 7 6 1 2012
8# Ramp Bridge 7 25 8.5 7 6 1 2012

Total number 96 1196

Total number 1100

* The number out of the bracket indicates the total number of lanes, and the number in the bracket indicates the
number of lanes to be tested.

Generally, hollow slab bridges bearing urban traffic did not appear to have serious
bridge damage. Almost all of the tested samples worked well based on their conventional
maintenance record. Actually, they looked like newly built bridges when observed from the
deck, even if there was some damage to the slab when observed below the bridge. One of
the most commonly observed types of damage was the defect of the hinge joint, as shown
in Figure 4a. Some fills had fallen off the joint, water leaked from the joint, and even some
white crystal precipitates appeared near the joint. Another form of damage was cracking
on the slab, as shown in Figure 4b. Two longitudinal cracks appeared on the bottom of
the slab, the length of the crack was marked as “L”, the width of the crack was marked as
“W”, and the day the cracks were found was also marked on the slab. It should be noted
that cracking on the bottom of the slab is not a commonly seen defect, and only 4 out of
96 spans appeared with longitudinal cracks during the latest detection. Furthermore, no
transverse crack was found on the bottom of the slab.

Among the latest detections, obvious damage such as cracking of the deck pavement
appeared on only one bridge, called Luojiagang Bridge, as shown in Figure 5 (the upper two
pictures were quoted from map.baidu.com/ accessed on 15 January 2023, and the third picture
was taken by the research team). It is located on a busy traffic road and has two spans and 47
slabs. It was built and opened to traffic in 2003. The profiles of Luojiagang Bridge are listed
in Table 1 and are marked in Figure 5. The longitudinal cracks on the deck pavement, as well
as the stains of repairing measures were clear. Compared with its status in July 2015, May
2019, and October 2021, despite conventional maintenance, the pavement had been damaged
again and again by busy traffic. This indicates that there may be some structural damage to
the load-carrying members, and repairing the pavement in order to avoid further damage may
make no sense. However, the longitudinal cracks expanding along with the hinge joints indicate
that the slabs were no longer working together. This means that some hinge joints lost their
function to some extent, making the slabs deform asynchronously.

map.baidu.com/
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2.4. Test Results

One of the most noteworthy advantages of the light-load field test is that the test will
be implemented without interrupting traffic. Hence, the dynamic deflection of the slab
needs to be recorded. In the latest detection, a system for recording and reading dynamic
deflection gauges was used to measure the deflection, as shown in Figure 6. A deflection
sensor (called a dial indicator) was installed at each testing point, as shown in Figure 6a.
The deflection history of each slab was recorded and is shown in Figure 6b. The horizontal
axis represents the time intervals, the record frequency is 50 Hz, and the vertical axis
represents the deflection, the unit is millimeter. The peak value of the curve is the need
data, which is treated as the deflection obtained from the static load test.
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According to the measured deflections from the 287 slabs, the maximum value of
dynamic deflection was 2.96 mm, and most values ranged from 1.00 mm to 2.00 mm. As an
example, the measured deflections of the Qingling #5 Bridge are listed in Table 2. Qingling
#5 Bridge opened to traffic in 2006, and no obvious visible damage to structural members
was found. The theoretical deflections were calculated using the data processing software,
and the measured deflections came from the peak values of the dynamic deflection curve.

In general, the measured deflections were slightly smaller than the theoretical de-
flections. This is mainly because the hinge joint was supposed to only transfer forces in
the hinge joint plate theory, but the hinge joint could transfer forces and moments in the
practical bridge. Furthermore, based on the analysis of all of these deflections, the better
the performance in the appearance inspection, the better the agreement in the lateral load
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distribution ratio. Hence, a method for damage evaluation of the hinge joints has been
proposed based on the lateral distribution ratio and will be clarified in the next section.

Table 2. Measured deflection (Mi) and theoretical deflection (Ti) of Qingling #5 Bridge.

No. Mi
(mm)

Ti
(mm) No. Mi

(mm)
Ti

(mm)
No. Mi

(mm)
Ti

(mm)

Test Condition 1 Test Condition 2 Test Condition 3
* 1# 1.69 2.31 1# 0.44 0.97 1# 0.15 0.44
2# 1.78 2.29 2# 0.58 1.03 2# 0.20 0.46
3# 1.75 2.16 3# 0.76 1.15 3# 0.26 0.52
4# 1.51 1.90 4# 1.07 1.34 4# 0.35 0.60
5# 1.13 1.56 5# 1.40 1.56 5# 0.46 0.73
6# 0.85 1.24 6# 1.59 1.72 6# 0.61 0.89
7# 0.66 1.00 7# 1.64 1.72 7# 0.86 1.11
8# 0.44 0.81 8# 1.29 1.56 8# 1.31 1.40
9# 0.35 0.68 9# 1.05 1.34 9# 1.55 1.70
10# 0.26 0.58 10# 0.75 1.15 10# 1.69 1.93
11# 0.19 0.52 11# 0.54 1.03 11# 1.66 2.05
12# 0.12 0.49 12# 0.38 0.97 12# 1.45 2.06

* The data in boldface deserves study based on the principles.

3. Damage Evaluation of Hinge Joints
3.1. Lateral Load Distribution Ratio

Based on a reference review [28–31], hinge joint plate theory is one of the most com-
monly used theories for the deflection analysis of assembled hollow slab bridges. It is
supposed that the hinge joint between two adjacent slabs can only transfer shear force,
which is perpendicular to the deck plane. The external vertical loads, which are perpendic-
ular to the deck plane, can be distributed to each slab under the lateral distribution ratio.
For a straight slab with an equal section, the deflection of the slab is directly proportional
to the load carried in the elastic stage. Hence, the deflection of each slab can be calculated.
In this paper, the lateral load distribution ratio can be calculated by Mi/∑ Mi and Ti/∑ Ti.

The values of the lateral load distribution ratio were calculated and are presented
in Figure 7. In the legend, the number means the test condition; the solid line means the
measured value and the dashed line means the theoretical value. In general, the bulge of
the curve reflects the position of the lane that is ground by the loading truck. If the solid line
is in accordance with the dashed line, it indicates that the tested slabs work cooperatively,
as shown in Figure 7d,e. Otherwise, if some mutational slopes between two points occur to
the solid line, this indicates that the slab near the mutational slope may bear more load than
it was designed to, shown as segment 19#–20# in Figure 7a, segment 3#–4# and segment
7#–8# in Figure 7b, as well as segment 4#–5# in Figure 7c.

3.2. Damage Evaluation Method

The hinge joint between two slabs plays the role of a force delivery device. Taking
Figure 7a as an example, in test Condition 1, the central line of the lane was above the
23rd slab, and the truck’s weight was first loaded to the 23rd slab, second delivered to the
22nd slab and 24th slab simultaneously, and then delivered to the 21st slab and 25th slab,
respectively. In each step, the hinge joint did not deliver 100% of the load it obtained, and
the delivery efficiency obeyed the lateral load distribution ratio. Hence, the attenuation
factor of the hinge joint can be calculated by Equations (1)–(3).

βT =
Ti − Tj

Ti
× 100% (1)



Buildings 2023, 13, 699 9 of 15

where βT is the attenuation factor of the hinge joint for the theoretical value, Ti is the
theoretical deflection of the ith slab, and Tj is the theoretical deflection of the jth slab.

βM =
Mi − Mj

Mi
× 100% (2)

where βM is the attenuation factor of the hinge joint for the measured value, Mi is the
measured deflection of the ith slab, and Mj is the measured deflection of the jth slab.

β = βM − βT (3)

where β is the damage factor of the hinge joint.
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Buildings 2023, 13, 699 10 of 15

3.3. Damage Classification

The damage factor of each hinge joint was calculated, and then all the damage factors
were summarized. Among the 1100 hinge joints, 25 hinge joints were damaged by 10~15%,
7 hinge joints were damaged by 15~20%, 5 hinge joints were damaged by 20~25%, 2 hinge
joints were damaged by 25~30%, and 4 hinge joints were damaged by more than 30%. All
of the remaining hinge joints, accounting for 96.09% of the total hinge joints, were damaged
by less than 10%. Actually, comparing the light-load field test results and the appearance
inspection results, every time the damage factor exceeded 10%, either some damage was
found in that hinge joint or that the hinge joint could not be observed visually.

Therefore, the critical value of the damage factor was defined as 10%. This suggests
that conventional maintenance was needed for the hinge joint when β ≤ 10%, repairing
measurements were needed for the hinge joint when 10% < β ≤ 30%, and replacement
and rebuilding may be needed for the hinge joint when β > 30%.

4. Verification of Proposed Methods

A destructive experiment was implemented on a bridge to verify the accuracy of the
proposed method. This hollow slab bridge will be demolished in 2023, which provides us
with a chance for this destructive experiment. The length of the span was 20 m, and the
width of the span was 10 m. First, the pavement was wiped off. Second, the slabs were
unclenched by cutting at the central line of the hinge joints. The second hinge joint was
chosen to be destroyed, and its location and a detailed sketch are shown in Figure 8a. Third,
the loading car, which weighed 15 tons, was actuated to the third slab, and its back axle
was placed on the midspan, as shown in Figure 8b. Then, the deflections were collected, as
shown in Figure 8c.
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Figure 8. The destructive experiment.

After the cutting machine was used, there was a notch left in the hinge joint, as shown
in Figure 8b. The blade of the cutting machine was 0.2 cm; therefore, the thickness of the
notch was 0.2 cm. The length of the notch was marked as “l”, and the depth of the notch
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was marked as “d”. Here, five test conditions were exhibited, and their results are listed in
Table 3.

(1) The original state for the loading car on the 3rd slab;
(2) Cutting a notch with l = 500 cm and d = 35 cm;
(3) Cutting a notch with l = 900 cm and d = 35 cm;
(4) Cutting a notch with l = 1000 cm and d = 100 cm;
(5) The control test, for the loading car travelling on the seventh slab.

The lateral load distribution ratio of each condition was calculated and is shown in
Figure 9. It is clear that the ratio of the third slab had the largest value, which indicates the
location of the loading lane. In test Conditions 1 and 5, the test curves of the “no notch”
showed good agreement with the theoretical curves. However, cutting a short shallow
notch (test Condition 2) may not attenuate the bonding ability of the hinge joint. In test
Condition 3, the ratio of the third slab was slightly larger than that in the theoretical curve,
which means that cutting a longer notch, with a length that reached almost half of the total
span, may have attenuated the bonding ability of the hinge joint by a small extent. In test
Condition 4, the ratio of the third slab was obviously larger than that in the theoretical
curve, which means that cutting a long deep notch indeed attenuated the bonding ability
of the hinge joint.
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The data and computing process are shown in Table 3. Theoretically, the loading car
travelled on the third slab, the deflection of the third slab was the largest deflection, and
the value of T3

∑ Ti
was the largest ratio.

In test Condition 1, the attenuation factor βT of the second hinge joint was calculated
by 0.1582−0.1564

0.1582 × 100% = 1.1%; the attenuation factor βT of the fourth hinge joint was
calculated by 0.1582−0.1385

0.1582 × 100% = 12.5%. The attenuation factor βM of the second hinge
joint was calculated by 0.1563−0.1671

0.1563 × 100% = −6.9%, and the damage factor β of the
second hinge joint was calculated by −6.9% − 1.1% = −8.0%.

It has been mentioned in the test principles that the deflections of the central seven
slabs under the testing lane deserve study. This is mainly because the results far away from
the testing lane were easily affected by other vehicles. For example, in test Condition 1,
although the values of the seventh and eighth hinge joints have been given, their damage
factors were larger than 10%. However, in test Condition 5, the loading car grinded on the
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seventh slab, and the damage factors of the seventh and eighth hinge joints were smaller
than 10%.

In test Conditions 2 and 3, the damage factors were smaller than 10%. This indicates
that light damage in the hinge joint attenuated the bonding ability to a small extent. This
was a result of the fills cementing the adjacent slabs, providing some bonding effect to
the slabs. In particular, in some hollow slab bridges, staggered reinforcements have been
used to enhance the bonding strength between the hinge joint and the slab. In that case,
even some defects, such as fills falling off, water seepage, or cracking, were found at the
appearance inspection, and no obvious difference in deflections was found in the load test.

In test Condition 4, the second hinge joint was deeply cut, and it was cut through
the top to the bottom. The calculated damage factor of the second hinge joint was 22.28%,
which was significantly larger than that of the other slabs. Furthermore, according to the
damage classification, repair measurements were needed to restore the bonding ability of
the hinge joint.

Test Condition 5 was a control test of Condition 1. From Figure 9 and Table 3, the
theoretical values of the lateral load distribution ratio of test Condition 1 and test Condition
5 were in the mirror phase. For example, the value of T7

∑ Ti
was the largest ratio in test

Condition 5, and it was equal to the value of T3
∑ Ti

in test Condition 1. The results of test
Condition 5 also show the good original state of the bridge because the measured curve
was in good agreement with the theoretical curve and the damage factors of the hinge joint
were smaller than 10%.

In summary, the damage factors of the second hinge joint under the original state,
cutting a short shallow notch, cutting a long shallow notch, and cutting a long deep
notch were −8.0%, 0.6%, 4.3%, and 22.3%, respectively. This result indicates that cutting a
perforating notch in the hinge joint brought more attenuation to the bonding ability.

Table 3. Test conditions and results.

Size
of Notch

No.
of Slab

Ti
∑Ti

Mi
∑Mi

βT βM β

Test 1:
No notch
(Original

State)

1 0.1475 0.1671 5.7% 0.0% −5.7%
2 0.1564 0.1671 1.2% −6.9% −8.0%
3 0.1582 0.1563 - - -
4 0.1385 0.1375 12.5% 12.0% −0.4%
5 0.1109 0.1078 19.9% 21.6% 1.7%
6 0.0892 0.0863 19.6% 19.9% 0.4%
7 0.0742 0.0755 16.8% 12.5% −4.3%
8 0.0647 0.0566 12.7% 25.0% 12.3%
9 0.0602 0.0458 7.0% 19.1% 12.1%

Test 2:
t = 0.2 cm
l = 500 cm
d = 35 cm

1 0.1475 0.1467 5.7% 0.3% −5.4%
2 0.1564 0.1495 1.2% 1.8% 0.6%
3 0.1582 0.1522 - - -
4 0.1385 0.1386 12.5% 8.9% −3.5%
5 0.1109 0.1141 19.9% 17.7% −2.3%
6 0.0892 0.0951 19.6% 16.7% −2.9%
7 0.0742 0.0788 16.8% 17.1% 0.3%
8 0.0647 0.0679 12.7% 13.8% 1.1%
9 0.0602 0.0571 7.0% 15.9% 8.9%
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Table 3. Cont.

Size
of Notch

No.
of Slab

Ti
∑Ti

Mi
∑Mi

βT βM β

Test 3:
t = 0.2 cm
l = 900 cm
d = 35 cm

1 0.1475 0.1625 5.7% 0.0% −5.7%
2 0.1564 0.1625 1.2% 5.5% 4.3%
3 0.1582 0.1719 - - -
4 0.1385 0.1500 12.5% 12.7% 0.3%
5 0.1109 0.1156 19.9% 22.9% 3.0%
6 0.0892 0.0969 19.6% 16.2% −3.4%
7 0.0742 0.0813 16.8% 16.1% −0.7%
8 0.0647 0.0719 12.7% 11.6% −1.1%
9 0.0602 0.0625 7.0% 13.1% 6.1%

Test 4:
t = 0.2 cm

l = 1000 cm
d = 100 cm

1 0.1475 0.1483 5.7% −4.1% −9.8%
2 0.1564 0.1424 1.2% 23.4% 22.3%
3 0.1582 0.1860 - - -
4 0.1385 0.1512 12.5% 18.7% 6.2%
5 0.1109 0.1076 19.9% 28.8% 8.9%
6 0.0892 0.0843 19.6% 21.7% 2.1%
7 0.0742 0.0727 16.8% 13.8% −3.1%
8 0.0647 0.0581 12.7% 20.1% 7.4%
9 0.0602 0.0494 7.0% 15.0% 8.0%

Test 5:
No notch,

Loading on 7th
slab

1 0.0602 0.0451 7.0% 14.3% 7.3%
2 0.0647 0.0526 12.7% 16.1% 3.4%
3 0.0742 0.0627 16.8% 19.3% 2.5%
4 0.0892 0.0777 19.6% 26.2% 6.6%
5 0.1109 0.1053 19.9% 14.3% −5.7%
6 0.1385 0.1228 12.5% 22.2% 9.8%
7 0.1582 0.1579 - - -
8 0.1564 0.1655 1.2% −4.8% −6.0%
9 0.1475 0.1705 5.7% −3.0% −8.7%

5. Conclusions

After the light-load test was implemented on 96 spans of the hollow slab bridge,
the test results of 1100 hinge joints were analyzed, and a destructive experiment was
implemented to verify the accuracy of the proposed method. The following conclusions
could be obtained:

(1) The proposed light-load field test method belongs to the traditional load test method.
It needs to follow the requirements of related standards. To implement the test without
interrupting the traffic, the following principles must be followed: the weight of the
truck should be approximately 40 tons, the speed of the truck should be smaller than
30 km/h, and the deflection precision should be 0.01 mm.

(2) According to the measured deflections from the 287 slabs, in each test condition, the
central seven slabs (or central 6 hinge joints) below the testing lane deserve to be
analyzed. The maximum value of deflection was 2.96 mm, and most values ranged
from 1.00 mm to 2.00 mm.

(3) Among the 1100 hinge joints, 25 hinge joints were damaged by 10~15%, 7 hinge joints
were damaged by 15~20%, 5 hinge joints were damaged by 20~25%, 2 hinge joints
were damaged by 25~30%, and 4 hinge joints were damaged by more than 30%. All
of the remaining hinge joints, accounting for 96.09% of the total hinge joints, were
damaged by less than 10%.

(4) In the destructive experiment, the second hinge joint was damaged in four different
levels, the damage factor increased with the increase in the damage level. The hinge
joint with a long perforating notch, which means it had been damaged seriously, was
identified, and its damage factor was 22.3% and it was bigger than the critical value
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(10%). The results indicated that the damage status of the hinge joint could be detected
by the proposed method.

(5) Some of the research results have been adopted by a local standard called Standards
for rapid detection and evaluation of hinge joints in hollow slab bridges, which will
open to the public in the near future. Further research may focus on signal processing
of the recorded dynamic deflection, to eliminate the effect from other vehicles. Hence,
the testing data of all slabs can be used for analysis.
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