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AHoTanis

B oauiu pobomi poszensdaromecs 3HaueHHs, mMecmosuli 8MICH, MeEXHIYHI MOYKU Mma 3anoOidHCHI 3ax00u Memooy
CMAamMu4H020 HABAHMAICEHHS, WO0O HAdamu piieHHs Wo0O0 NIOMPUMKU, PEKOHCMPYKYIT ab0 0OMENCeHHS HABAHMANCEHHS
mocmy. Tecm cmamuuno20 HABAHMAICEHHSA MOCHY GIOHOCUMbCA 00 CMAMUYHO20 HABAHMAdICEHHA, WO Oi€ Ha
BUSHAYEHOMY NONOJNCeHHI Ha MOcmuil nanyd. [ocnioxcyromecsa eunpoOysanus cmamuyHoi degopmayii, cmamuiHo2o
HAnpyJICentsi ma CmamuyHo20 3MIWeHHs CMPYKMYpU, BUBEOEHHS pOO0Y020 CMAHY Ma 30AMHOCHI GUKOPUCMAHMHSL
MOCHMOBOI CMpYKmMYpu Nni0 HABAHMAINCEHHAM, UM CAMUM BUSHAYAIOYU, YU 8ION0GIOAE (paxmuunull pobouull cmau
MOCMO80I cmpykmypu, wo 8i0nosioac 3HaueHHAM OuiKyéauHa. Lle Haubinbws npamuii ma epexmugHuil memoo

mecmy8anis, NPOOYKMUBHOCMI MOCIY ma pobou02o cmany (HanpukIao, MiyHicmb ma HCopCmKICms CIPYKMYpU,).

Knruoei cnosa: Cratnyne BunpoOyBaHHs, HABAaHTaXCHHS, MICT aHaJli3 €(EKTiB.

Abstract

This article mainly explains the significance, test content, technical points, and precautions of the static load test
method, in order to provide opinions on the maintenance, reconstruction or load limit of the bridge. The bridge static
load test refers to the static load acting on the designated position on the bridge deck, testing the static strain, static stress
and static displacement of the structure, inferring the working state and usage ability of the bridge structure under the
load, thereby determining whether the actual working state of the bridge structure is consistent with the design expectation
value. It is the most direct and effective method to test the bridge performance and working state (such as the strength

and stiffness of the structure).
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Introduction
With the development of transportation, the problem of bridge aging is gradually becoming prominent.
Both developed and developing countries have a large number of bridges that have insufficient carrying
capacity due to structural damage and material aging. In order to ensure the safety and durability of bridges,
existing bridges and operating bridges must be inspected, such as the bridge settlement value, crack size,
quality defects, etc., to objectively and accurately evaluate the health status of the bridge.

Purpose and significance of bridge static load test
When testing bridge structures in static load tests, the placement of strain gauges is mainly used for



measurement, and the strain gauge is placed at different structural positions of the bridge to measure the
magnitude of the strain forces in each structural part of the bridge. By measuring the bridge structure and other
data, the bridge structure can be analyzed and studied more targeted and scientifically, so as to properly protect
and maintain its structure. The application of static load test in highway bridge structure detection can
accurately monitor the structure and quality of the bridge, thereby effectively ensuring the high performance
use of highway bridges.

The static load test mainly determines the test operating conditions based on the calculated influence line,
and tests the strain and deflection values of the controlled cross-section under the action of each operating
condition

The lateral and longitudinal deflection of the bridge is measured, and the deflection deformation of the
cross-sectional beam is controlled by step-by-step loading detection. At the same time, it is necessary to arrange
measurement points at the fulcrum position to ensure the accuracy of measurement.

It mainly detects the stress distribution state of each control section of the bridge, and detects and records
the stress distribution and stress magnitude of the control section through step-by-step loading. Special sections
require stress analysis of their shear stress.

During the static loading process, it is necessary to record the crack development on the surface of the beam,
including the development of original cracks and the generation of new cracks. For prestressed structures,
structural cracks are not allowed to appear.

After the static load is loaded and unloaded, it is necessary to record and analyze the deflection and stress
residual values of the measured points. At the same time, the expansion, angle and displacement of the bridge
are also the focus of detection.

The static load test of bridges can be divided into pre-test preparation stage, detection loading and
observation stage, and test result analysis and evaluation stage.

Before preparing the static load test plan, on-site inspection is required to investigate the structure of the
bridge. The test plan generally includes engineering overview, test purpose, test content and methods, testing
personnel and equipment, side measurement point arrangement, test process and test result analysis, etc.

After the test plan is prepared, structural calculation and analysis are carried out according to the design
requirements and with the help of professional bridge analysis software (such as Midas or Bridge Doctor).
Comparison of the strain and displacement values of bridges under different loads and the generated position.

The load conditions are also part of the static load test, and the most unfavorable load conditions can directly
reflect the difference between the actual deformation of the structure and the design state. For side beams, the
lateral bias loading conditions need to be added to consider the symmetry of the structure; if the component
has stressed cracks, the intermediate and bias loading conditions need to be added. Generally, when selecting
the loading section, the calculated bending moment envelope diagram, the shear envelope diagram or the
deflection envelope diagram, the cross section should be selected according to the most unfavorable principle,
and the specific test method should be determined. Table 1 shows the loading test sections and contents of
common bridges.

Table 1 — Shows the loading test sections and contents of common bridges

Bridge Type Theoretical calculation frequencyfy (Hz)
Simple support beam Beam end shear force, main beam midspan deflection and
bridge positive bending moment




The middle deflection and positive bending moment of the
middle span, the shear force at the end of the side span beam,
the 1/4L deflection and positive bending moment of the side

span
Negative bending moment of the fulcrum, cantilever end
deflection, beam end shear force

Arch foot bending moment, arch top bending moment, arch

top deflection, 1/4L bending moment and deflection

Positive bending moment and deflection in 1/4L of the side

span and midspan

Main cable internal force, tower foot cross-section internal

force, 1/8L and 3/8L internal force and deflection

Cable force, fulcrum settlement, tower foot internal force,

bending moment and deflection in the middle span

Continuous beam

Cantilever beam

Arch bridge

Steel bridge

Suspension bridge

Cable-stayed bridge

The stress and strain measurement points of general sections need to be arranged in consideration of the
forces in the two directions of height and width; the displacement measurement points should be able to obtain
the maximum value and displacement change law; for special measurement points such as the deviation
displacement test of cable towers, three direction displacements need to be considered.

Before the actual operation begins, in order to ensure the test effect, the static loading object should be
selected reasonably to ensure that the selected object is representative. If the same structure type but different
spans are selected, the span with the largest span will be selected.

Perform load tests. For prefabricated bridges, the randomness of the experiment is emphasized and the
sampling test method is chosen. For the test pier, select the position with the most unfavorable stress state and
the worst state.

The loading scheme plays a decisive role in static load testing, including loading equipment, loading
loading, loading duration and unloading procedures. The loading equipment mainly includes heavy objects
and loading vehicles, which usually include water tanks, sandbags and precast concrete parts, etc., are
convenient for loading step by step to meet different loading needs, and are mainly used in pile foundation
bearing capacity static load tests. Vehicle loading tests are mainly used in static load tests for a bridge, and at
the same time, ensuring that the load and wheelbase errors are controlled below 5%. When determining the
loading amount, loading time and unloading program, the hierarchical loading should be adopted according to
the total load to ensure that the stress and strain curve remains continuous, and the hierarchical load is usually
not less than four levels. Do a good job of monitoring during the loading and unloading test, discover problems
in a timely manner, and avoid affecting the test results. In order to reduce the impact of temperature on the
bridge static load test results, it is usually chosen from 22 pm to 6 pm, which can also minimize the impact on
traffic.

The main observations in the static load test are deformation, stress, cracks, inclination, and pier production.
Deformation is mainly the deflection of the beam and various non-vertical displacements. The overall
deformation reflects the overall performance of the bridge, and the local deformation reflects the local
conditions of the bridge components.

In order to ensure the reliability of the test results, the arrangement is based on the principle of appropriate
quantity, and the arrangement of measurement points is reduced by using the principles of structural symmetry
and structural mutualism to avoid waste of resources due to excessive arrangement. At the same time, the



selection of measurement points needs to be representative and observable, considering the realization of
detection technology.

Commonly used instruments currently include scale magnifying glasses, displacement meters, strain gauges,
static strain meters, etc. The measurement accuracy of the instrument must meet the test requirements and be
suitable for the detection environment. In addition, when measuring the same parameters, try to select a unified
model of instruments to reduce the system error caused by the instruments. Organize personnel to conduct
technical briefings in advance, and try to observe and record the same set of data by the same person as much
as possible to reduce observation errors.

After the static load test is completed, the data sorting and information verification stage will be entered.
Testers carefully check the test results according to specifications and technical guidelines to ensure the
accuracy of the test data, and timely output data records and test reports to make judgments. Whether there are
problems with the bridge structure, a special person needs to be sent to inspect the weak links.

After the static load test is completed, the test data and theoretical calculation data are compared to obtain
the bearing data of the bridge. In bridge engineering, the verification coefficient n is often used to judge the
situation of a bridge. The check coefficient is the ratio of the detected value to the theoretically calculated
value. When the calibration coefficient n=1, it means that the actual measured value is exactly consistent with
the calculated value; when the calibration coefficient n<I, it means that the detection bridge has good
performance and reliable structural safety; when the calibration coefficient n>1, it means that the test bridge
does not meet the standards, and the bridge structure is security does not meet the requirements. In addition,
the verification coefficient cannot be too small, because the bridge structure calculation is oversimplified and
the bridge's self-weight is ignored.

The structure in a completely elastic deformation does not have residual stress (strain) after the unloading
of the static load of the structure is completed. When the residual value of the test is smaller, it means that the
working condition of the bridge is better. On the contrary, the bridge may undergo greater plastic deformation,
and some deformation cannot be restored, and the bridge may be damaged. The residual strain value of
common bridge static load tests should be <20%. If there is a large residual strain, a comprehensive inspection
of the bridge is required to determine the damage of the bridge.

Conclusion
To sum up, static load test is the most commonly used method in bridge inspection. It can detect the load-
bearing capacity and structural performance of the bridge, comprehensively judge the health status of the
bridge, and provide a strong reference for the maintenance and management of the bridge. Based on the
purpose and significance of the bridge static load test, this paper summarizes the bridge static load test methods
and contents in three stages. Inspection technicians should control the key contents of the static load test as a
whole, promptly discover hidden dangers of the bridge, and ensure the normal operation of the bridge.
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