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Abstract: Detailed survey and inspection of the structure of the lecture hall of the Anyuan
Miners’ Club were conducted during a restoration project. Nondestructive inspection measures
were used to assess the physical and mechanical conditions of the structure. The brick and
wood structures of the building were tested, the overall bearing capacity was calculated,
and a safety appraisal was conducted in accordance with the codes and standards of the ex-
isting building. Inspection results provide architects and construction engineers with reliable
data to develop a preservation plan and ensure the safety of the heritage building.
ª 2019 Higher Education Press Limited Company. Production and hosting by Elsevier B.V. on
behalf of KeAi. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Modern architecture is an important part of the historical
and cultural heritage of China. Many bricketimber buildings
from the early 20th century have not only maintained the
characteristics of traditional Chinese architecture but also
display innovative breakthroughs in architectural forms and
cn (J. Jiao).
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construction technology due to the influences of western
architecture (Zhu, 2013). Some of these structures have
witnessed important events in China’s modern history and
convey rich historical information and cultural values;
hence, they have become national preservation relics and
have received numerous visits from researchers and tourists
(Denton, 2005).

Safety problems, such as material failure and damage
accumulation, widely exist in early modern heritage
buildings. Material investigation and structural safety
appraisal are essential to restoration (Kioussi et al., 2013;
Lourenço et al., 2013). The inspection and appraisal of
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the main structure can provide a basis for repair, and basic
data can facilitate the establishment of the health archives
of historical buildings. Most research on early modern Chi-
nese architecture has focused on value judgment, historical
investigation, and preservation case studies (Zhu, 2012);
research on systematic health diagnosis and inspection is
insufficient, and no national technical specification exists
for the inspection and evaluation of early modern buildings.
Therefore, various existing technical specifications should
be followed during inspection (SAC, 2004e2017), and
technical measures that can adapt to complex field condi-
tions should be adopted.

At present, the inspection of historic wooden structures
in China is mainly based on the Technical Code for the
Maintenance and Reinforcement of Ancient Timber Build-
ings (GB50165-92), which was issued in 1992. The inspec-
tion is only related to the qualitative level, and accurate
and quantitative measures for identifying structural dam-
age are lacking (Shan, 2008). Quantifying the component
damage and reasonably estimating the bearing capacity of
structures are thus necessary (Nambu et al., 2016; Jiao et
al., 2017). Great differences exist between brick struc-
tures in early modern and contemporary buildings in terms
of materials, structures, and construction details. If these
differences are ignored and structures are tested in
accordance with the testing experience of contemporary
buildings, results will be inconsistent with actual situa-
tions. Therefore, a detailed mapping of structures is
crucial.

Nondestructive testing (NDT) methods should be applied
in the inspection and safety evaluation of historic buildings
(Sousa et al., 2013b; Riggio et al., 2014). Selected tech-
niques are comprehensively utilized to probe the defects,
damages, and physical and mechanical properties of com-
ponents without affecting the appearance, internal struc-
ture, and performance of components (Sousa et al., 2013a;
Duan et al., 2002). Health indexes of historical building
components can be obtained by NDT. Such indexes are
critical to evaluate safety and health status, implement
preventive preservation, conduct scientific and reasonable
renovation, and build a preservation information database.
The lecture hall of the Anyuan Railway and Miners’ Club is
taken as an example to illustrate the methodology and
procedures of inspection and appraisal.

2. History and current situation

In the late 19th century, bricketimber structure buildings
were considerably developed in China. Several Chinese-
style eclectic buildings were developed because overseas
architectural forms and construction techniques were
introduced and became localized with the Chinese tradi-
tional architecture (Atkin et al., 2011). Their main struc-
tural feature was masonry load-bearing walls used as outer
walls and wood load-bearing columns, wood-framed
floors, and wood truss roofs for indoors. Compared with
traditional Chinese timber structures, such as the
TaieLiang and ChuaneDou styles, the new bricketimber
structures had greater span and height and were widely
used owing to easily obtained materials and simple tech-
niques (D’Ayala and Wang, 2006). Public buildings
characterized by large spaces, such as churches, theaters,
schools, and factories, emerged to meet the needs of in-
dustrial production and social activities. The structural
performance of bricketimber buildings from such a
transformation period has not been fully studied, and
systematic guidelines cannot be provided for restoration
projects (Chen and Li, 2016).

The current study inspects the lecture hall of the Anyuan
Railway and Miners’ Club, which was built in 1924. The club
is located in Anyuan Town, Pingxiang City, Jiangxi Province.
Anyuan was known in that period as “China’s Little Mos-
cow.” The total area of the club is 1266 m2, including the
front and back buildings. The front building is a two-story
bricketimber building with 14 rooms. This building was
originally the “Xiexing,” which was a foreign goods store
jointly operated by the staff of the mining bureau; it was
soon rented by the club and later bought to be used as
office space. The back building is the lecture hall, which is
a four-story bricketimber structure with a sedan roof (Figs.
1 and 2). The hollow interlayer is on the inside second to
fourth floors, with double eaves and a hipped roof. The
lower eaves are placed on the truss frame and fixed on the
column with mortise and tenon joints and have a roof of
small gray tiles. The lecture hall replicates a Russian-style
theater form, with a width of 23 m and a length of 18 m.
The main hall is in front of the lecture platform and can
accommodate 800 people. The connected building is con-
structed in the front, left, and right sides of the platform.
The first, second, and third floors can accommodate 300,
150, and 100 people, respectively (Figs. 3 and 4). Workers
frequently gathered here for entertainment and lectures.
This lecture hall was the earliest, largest, and most
distinctive union building financed, designed, and con-
structed by Chinese industrial workers in the 1920s. The
hall was the revolutionary activity center for Anyuan
workers in the 1920s. In January 1955, the State Council
allocated 30,000 yuan to restore the old site. The hall was
listed as a national preservation relic in February 1982. At
present, the three-story wooden columns in the building
are cracked and severely tilted. Entrusted by the Anyuan
Miners’ Strike Memorial Hall, we conducted a structural
evaluation of the lecture hall to provide a scientific basis
for follow-up measures.

3. In situ assessment

3.1. Visual inspection

Visual inspection is the basis for the general conditions of
the structure and the mechanical characterization of tim-
ber elements, aiming to evaluate the presence and rele-
vance of alterations (i.e., decay, damage, deformations)
and strength-affecting natural defects (Riggio et al., 2018).

No sign of either uneven settlement or cracks caused by
differential settlement existed in the upper load-bearing
structure of the lecture hall. At present, the main damage
in the lecture hall is to the wall in the northwest corner,
which is cracked, and the outer surface is affected with
damp and moss; leakage, serious inclination, lateral
bending, and crack also occur in the indoor columns, as
shown in Fig. 5.



Fig. 1 Anyuan Road Miners’ Club.

Fig. 2 Northeast perspective of the Lecture Hall.

Fig. 3 First floor plan.
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3.2. Inspection of brick structure

3.2.1. Inclination test of brick wall and column
Deformation information is closely related to the stability
and safety of a structure (Cruz et al., 2015; Feio and
Machado, 2015). The test was based on topographic
methods by measuring angles, height variation, and dis-
tances (Bonessio et al., 2012; Elashmawy, 2017). The
inclination degree (inclination rate) of the outer walls and
brick columns of the lecture hall was tested by a Leica TM-
50 total station; results are shown in Table 1. According to
the Standard for Appraisal of Reliability of Civil Buildings
(GB 50292-2015) (MOHURD, 2016), the limits of vertex and
interstory displacements of a multistory masonry structure
wall (height 10 m) unsuitable for bearing are 1/300 H and 1/
300 Hi, respectively. Similarly, the limits of vertex and
interstory displacements for columns of multistory masonry



Fig. 4 Section 1-1.
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structures (height 10 m) unsuitable for bearing are 1/300 H
and 1/330 Hi, respectively.

Results show that among the four brick walls inspected,
except for the east outer wall, the inclined deformation of
the other three walls exceeds the standard limit. Among
the 16 brick columns inspected, the 1 � B, 1 � C, 1 � D,
1 � E, and 1 � F brick columns on the second floor are all
inclined to the west, the interstory displacements of the
brick columns exceed the standard limit, and the top
displacement of the 6 � A brick column also exceeds the
specification limit.

3.2.2. Brick strength test
The composition of brick and brick structures remarkably
affects the mechanical properties of masonry. Brick
strength was tested on several structural members of brick
on-site using a resiliometer. The Ehui test unit includes 10
test areas. Ten bricks were selected for each test area, and
five test points were set on each brick. During the brick
strength estimation process, the average rebound value of
each brick was calculated, and the compressive strength
conversion value of each brick was calculated using a
strength-measuring curve formula. The average compres-
sive strength of each test area (10 bricks) was calculated.
The brick strength average value, standard value, and
variation coefficient over 10 measuring areas were calcu-
lated, and the brick strength level was evaluated on the
basis of these parameters. Test results are shown in Table
2.

In accordance with the test results and the Technical
Standard for the Site Testing of Masonry Engineering (GB/T
50315-2011) (MOHURD, 2012), the brick compressive
strength level was estimated to be MU10.
3.2.3. Mortar strength test
A penetration test was conducted on the same test areas
according to JGJ T136-2017 (MOHURD, 2017b). Eight mortar
joints with a thickness of more than 7 mm were selected
from each load-bearing brick wall. The mortar surface was
grinded and smoothed using a grinding wheel, and the
initial value before penetration was measured. An SJY800
penetrating mortar strength tester was used to drive the
test nail into the horizontal mortar layer, and the pene-
tration depth was tested after dust had been removed from
the testing hole. Finally, the mortar strength was deter-
mined by penetration depth calculation. Test results are
shown in Table 3.

In accordance with the test results and the Technical
Standard for Site Testing of Masonry Engineering (GB/T
50315-2011) (MOHURD, 2012), the compressive strength of
the mortar was estimated to be 1.7 MPa (<2.0 MPa).

3.3. Inspection of timber structure

3.3.1. Deformation testing of timber columns
As shown in Fig. 6, the Leica TM-50 total station was used to
conduct sampling measurements of the lateral bending rise
of timber columns on site. Results are shown in Table 4.
According to the Standard for the Appraisal of Reliability of
Civil Buildings (GB 50292-2015), the limit of the lateral
bending rise-span ratio of a timber column is 10/200.

3.3.2. Crack detection in the timber components
No fractures were found on site, but most timber compo-
nents had cracks. The cracks were documented by photo-
graphs, and the lengths and depths were measured, as
shown in Table 5.



Fig. 5 Damage detection.
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3.3.3. Moisture content testing of timber members
Parts of timber members were sampled to test the moisture
content using the moisture tester, Testo606-1; results are
shown in Table 6. The Code for Construction Quality
Acceptance in a Timber Structure (GB 50206-2012) stipu-
lates that the moisture content of log or square timber
structures should not exceed 25%.

Test results show that the water content of the timber
components tested does not exceed the standard limit.
3.3.4. Identification of timber species
The tree species of three architecture timber samples ob-
tained on site were tested. The three samples were ob-
tained from the 4 � E columns, 4 � EeF truss beams, and
4 � EeF purlins on the third floor. All samples were iden-
tified as Cunninghamia lanceolate of Taxodiaceae
Cunninghamia.



Table 1 Inclination inspection results of brick walls and
columns.

No. Structural
members

Inclination
direction

Maximum
inclination

Specification
limit

1 South outer
wall

South 1/244 (Top) 1/300

2 North outer
wall

North 1/172 (Top) 1/300

3 East outer wall East 1/714 (Top) 1/300
4 West outer all

(2nd floor)
West 1/83 (Between

floors)
1/300

5 2nd floor 1 � A
brick column

West 1/357
(Between
floors)

1/330

6 2nd floor 1 � B
brick column

West 1/167

(Between
floors)

1/330

7 2nd floor 1 � C
brick column

West 1/125

(Between
floors)

1/330

8 2nd floor 1 � D
brick column

West 1/125

(Between
floors)

1/330

9 2nd floor 1 � E
brick column

West 1/122

(Between
floors)

1/330

10 2nd floor 1 � F
brick column

West 1/137

(Between
floors)

1/330

11 2 � F brick
column

North 1/345 (Top) 1/330

12 3 � F brick
column

South 1/625 (Top) 1/330

13 4 � F brick
column

South 1/455 (Top) 1/330

14 5 � F brick
column

North 1/909 (Top) 1/330

15 6 � F brick
column

East 1/526 (Top) 1/330

16 6 � E brick
column

East 1/3333 (Top) 1/330

17 6 � D brick
column

West 1/588 (Top) 1/330

18 6 � C brick
column

West 1/1000 (Top) 1/330

19 6 � B brick
column

West 1/2000 (Top) 1/330

20 6 � A brick
column

East 1/286 (Top) 1/330

Test results exceeding the limit are indicated in bold.

Table 2 Brick strength test results.

No. Testing area Average
compressive
strength of
bricks (MPa)

Estimated compressive
strength level of bricks

1 1st floor 2
e3 � A wall

17.4 Average value 12.6 MPa
Standard deviation
2.45 MPa
Variable coefficient
0.19
Standard value of
compressive strength
level 8.2 MPa

2 1st floor 2
e3 � F wall

12.4

3 2nd floor 4
e5 � A wall

9.6

4 2nd floor 4
e5 � F wall

9.5

5 2nd 1/5e6 � B
wall

11.2

6 1st floor 6 � A
column

13.5

7 1st floor 1 � F
column

13.4

8 1st floor 4 � F
column

14.3

9 1st floor 6 � F
column

12.3

Table 3 Mortar strength test results.

No. Testing members Average
penetration
depth (mm)

Conversion
value of mortar
strength (MPa)

1 2nd floor 4e5 � A wall 8.16 1.7
2 2nd floor 4e5 � F wall 7.71 2.0
3 2nd floor 5.1e6 � B wall 8.32 1.7
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3.3.5. Decay detection in timber columns
Stress wave timing inspection measurement for decay
detection is based on the concept that stress wave propa-
gation is sensitive to the presence of deterioration of wood
members (Dackermann et al., 2014; Liao et al., 2015). An
ArborSonic 3D material tester was used to test the corrosion
degree of two timber columns. Stress wave sensors were
evenly set on the test section. The propagation time of the
internal material section under different paths was con-
verted into tomography through matrix calculation and
reconstruction by individually tapping the sensors (Fig. 7).
The vertical and horizontal coordinates in the images
represent the size of the test piece, and the color legend
represents the health and defect status inside the timber
components. Dark green indicates that the timber compo-
nent is internally healthy; yellow and red indicate that the
component is corroded, or loose material exists inside; and
blue indicates severe internal voids (Fig. 8).

Test results showed that the tested section of the first
floor 2 � B column and the surface of the first floor 4 � E
column have internal corrosion.
4. Calculation of timber column bearing
capacity

4.1. Model selection

One timber frame symmetrical, considering a semi struc-
ture for the calculation) was selected to calculate the
timber column bearing capacity (BMATQS, 2015) (Fig. 9).



Fig. 6 Deformation inspection of wood columns.

Table 4 Lateral bending rise inspection results of wood
columns.

No. Testing
members

Lateral
bending
rise/mm

Rise-
span
ratio

Specification
limits

1 1st floor 3 � B column 11.0 1/203 1/200
2 1st floor 3 � E column 34.0 1/66 1/200
3 1st floor 4 � B column 35.5 1/63 1/200
4 1st floor 4 � E column 2.5 1/940 1/200
5 2nd floor 2 � D column 13.0 1/177 1/200
6 2nd floor 3 � B column 10.5 1/222 1/200
7 2nd floor 3 � E column 7.9 1/272 1/200
8 2nd floor 4 � B column 27.6 1/84 1/200
9 2nd floor 4 � E column 4.0 1/514 1/200
10 3rd floor 2 � B column 6.3 1/287 1/200
11 3rd floor 2 � D column 10.9 1/165 1/200
12 3rd floor 3 � B column 10.5 1/175 1/200
13 3rd floor 3 � E column 1.6 1/1154 1/200
14 3rd floor 4 � E column 6.2 1/296 1/200
15 4th floor 2 � D column 22.9 1/102 1/200
16 4th floor 3 � B column 1.1 1/2034 1/200
17 4th floor 3 � E column 24.3 1/110 1/200
18 4th floor 4 � B column 1.1 1/2136 1/200
19 4th floor 4 � E column 16.0 1/149 1/200

Test results exceeding the limit are indicated in bold.
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(1) Geometric conditions

The geometric dimension and support conditions of the
bars were determined in accordance with the actual situ-
ation on site, and the calculation diagram is shown in
Fig. 10.

(2) Load conditions

Dead load: According to the actual calculations, the
permanent load is 4.0 kN/m2 for the roof and 1.0 kN/m2 for
the timber components on the other floors;

Live load: According to the Load Code for the Design of
Building Structures (GB 50009-2012), the live load is
0.5 kN/m2 for an inaccessible roof and 2.5 kN/m2 for a
corridor (see Fig. 11).

(3) Other conditions

Test results implied that the timber structure of the
lecture hall is C. lanceolata. According to the Standard
of Design of Timber Structures (GB 50005-2017)
(MOHURD, 2017a), the timber strength level is TC11
(group A), and the strength design and elastic modulus
values are shown in Table 7.

4.2. Calculation results

Calculation results of the bearing capacity are shown in
Table 8, indicating the bending capacity of the timber
column from the first floor to the third floor in the selected
timber structure frame was insufficient.

5. Appraisal of safety

The safety of the lecture hall was tested in accordance with
the Standard for Appraisal of Reliability of Civil Buildings
(GB 50292-2015).
5.1. Foundation subsystem

The lecture hall of the Anyuan Miners’ Club was completed
a long time ago and has a few floors and a light dead
weight. No uneven settlement, sliding, or sliding history
was found in the site investigations. No cracks caused by
differential settlement were discovered on the upper
bearing structure; however, slight cracks were observed in
the exterior walls of the building, and no signs of further
development occurred. Therefore, the safety level of the
foundation subsystem is Bu.



Fig. 7 Decay detection of timber columns.

Fig. 8 Detection results of the 4-E column rot on the first floor. Note: Green indicates intact, red indicates corrosion, and blue
indicates void.
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5.2. Upper bearing structure subsystem

The safety of the timber and masonry structure members
were evaluated in accordance with the Standard for
Appraisal of Reliability of Civil Buildings (GB 50292-
2015) and on the basis of the site survey and calculation
results.
5.2.1. Masonry structure parts
The safety of the lecture hall was evaluated in accordance
with the item “unloadable displacement and crack,” which
considerably influences safety performance.
The top displacement of the 6 � A-brick column exceeds
the specification limit, and the interfloor displacements of
1 � B, 1 � C, 1 � D, 1 � E�, and 1 � F brick columns on the
second floor exceed the specification limit. Thus, the safety
level of the six brick columns is cu.

The proportion of components at cu is 6/20 Z 30%;
therefore, the safety level of the brick column components
is Cu according to the item “unloadable displacement or
deformation.”

5.2.2. Timber structure parts
The safety of the lecture hall was evaluated in accordance
with the items “bearing capacity” and “unloadable



Fig. 9 Single truss of the wood frame structure layout.

Table 5 Test results for mortar strength.

No. Testing members Average
penetration
depth (mm)

Conversion
value of mortar
strength (MPa)

1 2nd floor 4e5 � A wall 8.16 1.7
2 2nd floor 4e5 � F wall 7.71 2.0
3 2nd floor 5.1e6 � B wall 8.32 1.7

Table 6 Moisture content of wood members.

No. Testing members Moisture content

1 3rd floor 5e6 � C principle rafter 16.8%
2 3rd floor 5e6 � C tie beam 18.0%
3 3rd floor 5e6 � C purline 19.7%
4 2 � B column 14.6%
5 4 � E column 13.6% Fig. 10 Schematic calculation of half a truss of the wood

frame.

356 J. Jiao et al.
displacement or deformation,” which considerably influ-
ence safety performance.

(1) The calculation indicated that the bearing capacity of
the three timber columns in the semitimber frame is
insufficient, and the safety level of the three timber
columns is du. The timber column components are
concentrated, and the proportion of the components at
du is 28/40 Z 70%; thus, the safety level of the timber
column components is Du, according to the bearing
capacity.

(2) The lateral bending rise of the 3 � E and 4 � B
columns of the first floor, the 2 � D and 4 � B
columns of the second floor, the 2 � D and 3 � B
columns of the third floor, and the 2 � D�,
3 � E�, and 4 � E�columns of the fourth floor
exceeds the specification limit. Hence, the safety
level of the nine timber columns is cu. The pro-
portion of components at cu is 9/40 Z 22.5%, and
the safety level of the timber column components
is cu, according to the item “unloadable displace-
ment or deformation.”

In summary, the safety level of the upper bearing
structure is Du.

5.3. Envelope system bearing part subsystem

The safety level of a nonload-bearing wall in the envelope
structure was tested via visual inspection according to the
Standard for Appraisal of Reliability of Civil Buildings (GB
50292-2015).



Table 7 Design value and elasticity modulus of wood (N/mm2).

Strength
level

Group Bending
resistance fm

Compression strength
and bearing strength
parallel to grain fc

Te
pa

TC11 Group A 11 10 7.

Fig. 11 Diagram of roofing.

Table 8 Calculated results of the bearing capacity of a
wooden column.

Structural
member

Internal force Strength analysis of
loaded members

N

Anfc
þ M

Wnfm

Axial
force
(kN)

Bending
moment
(kN m)

4th floor column 229.2 8.6 0.98 < 1.0
3rd floor column 274.3 30.7 1.74 > 1.0

2nd floor column 331.6 21.3 1.20 > 1.0

1st floor column 396.6 24.4 1.18 > 1.0

Test results exceeding the limit are indicated in bold.

Table 9 Appraisal system of the lecture hall.

Subsystem Appraiser
systemFoundation Upper

loading-bearing
structure

Bearing part
of envelope

Bu Du Cu Dsu
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(1) No ring beam or tie column exists for the self-supporting
walls. Therefore, the overall stability level is Cu.

(2) Among the four walls tested, three walls have an
inclination degree that exceeds the specification limit,
and the wall surface has cracks and leakage. There-
fore, the safety level is Cu.

In summary, the safety level of the envelope system
bearing the part subsystem is Cu.

5.4. Safety level of appraisal system

The safety of the appraisal system was determined in
accordance with the Standard for Appraisal of Reliability
of Civil Buildings (GB 50292-2015). The testing process and
results are shown in Table 9.
nsile strength
rallel to grain ft

Shearing strength
parallel to grain fv

Elasticity modulus E

5 1.4 9000
6. Conclusion

Modern historic buildings generally have decades to cen-
turies of history. Restoration work is difficult owing to
incomplete design data and severe structural aging. During
restoration, building integrity and authenticity should be
maintained, and structural safety and reliability should be
ensured. Therefore, the building must be considered as a
whole, NDT methods must be adopted, and treatments
must be performed on the basis of comprehensive testing
and evaluation.

The lecture hall of the Anyuan Miners’ Club, which is a
typical Chinese eclectic building, has high historical value.
The building realized the localized application of a new
brick-and-wood structure and provided a spacious place.
Visual inspection and NDT methods were used to assess the
physical and mechanical conditions of structural compo-
nents. The brick-and-wood structures of the building were
tested in accordance with the existing national standards,
the overall bearing capacity was calculated, and a safety
appraisal was conducted. The safety level of the lecture
hall was finally rated Dsu, which is remarkably inconsistent
with the requirements of the current national standards.
Under the current load conditions, the bending capacity of
the timber columns is insufficient, thereby showing that the
timber columns have an excessively high lateral bending
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rise, and several timber columns have obvious lateral
bending deformation and cracks. The timber columns
should be reinforced or replaced, and a limit should be
placed on the service load on the roof and floor. An inte-
grated preservation plan should be prepared, and effective
treatments are suggested to prevent the collapse of the
building.
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