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In this paper, a bamboo steel composite testing building was designed and built to study the thermal performance of a new
proposed bamboo steel composite wall. The heat ﬂux meter method was adopted in the ﬁeld test to measure the heat transfer
coeﬃcient of the composite wall. The energy consumption of testing building was measured to verify the validity of the simulation
model. Then, the simulation analysis was conducted to study the energy performance of the composite walls compared with
reinforced concrete wall in diﬀerent climate regions. The result showed that the measurement value of heat transfer coeﬃcient
matched well with the theoretical calculation value, and both values meet the requirement of the standard. The simulation result
showed that the composite walls had better energy performance and had great potential utilization in residential buildings in
diﬀerent climate regions.

1. Introduction
With the development of the society, excessive resource
consumption has become an important problem in developing economy and improving people’s living standards.
The resource consumption of building and building-related
activities has a huge share in total resource consumption
[1, 2]. It is essential to promote renewable materials to replace non-renewable and heavily polluted building materials
such as steel, concrete, and brick masonry.
Bamboo is one of the fastest growing renewable resources and the yearly output yield is higher compared with
wood. Besides, bamboo has the advantages of high strengthto-weight ratio and good seismic resistant performance. It is
a sustainable building material and can be competitive with
traditional materials [3, 4].
To reduce the resource consumption, low-energy
buildings have received widespread concerns. The main
design of low-energy buildings is to improve a building’s
thermal performance [1]. Some studies showed that the
bamboo exhibited good thermal performance: Shah et al. [5]
reported that the engineered bamboo with high density had

lower thermal conductivities than equivalent timber products. Takagi et al. [6] investigated the insulating properties of
the PLA-bamboo ﬁber and found that the thermal conductivity of PLA-bamboo ﬁber is smaller than that of
conventional composites.
Some researchers carried out the study on the thermal
performance of bamboo composite walls: Xiang et al. [7]
tested the thermal properties of compound bamboo wall in
diﬀerent moisture content. The study indicated that the
thermal insulation performance of bamboo plywood was
better than traditional building materials. Risnandar and
Wonorahardjo [8] proposed a plastered-bamboo wall
composed of bamboo as a frame and mortar as a frame
cover. The proposed wall had better thermal properties than
brick wall while the density of proposed wall was lower than
brick wall. Wang et al. [9] studied the insulating properties
of bamboo-based shear wall, which indicated the possible
application of bamboo-based shear wall in light-frame
building.
However, the bamboo structure members have lower
bearing capacity than the steel members under the same
dimensions [10, 11]. Thus, the bamboo structure members
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strengthened by other materials such as steel bars [12, 13],
ﬁber polymer [14], and FRP sheets or grid [15–18] were
designed and investigated in recent years.
Bamboo steel composite members are a new kind of
composite structure, which are made of bamboo plywood
and cold-formed thin-walled steel. The bamboo steel
composite members combine the advantages of light weight
and high strength of bamboo plywood and steel, while the
disadvantage of easy buckling of thin-walled steel is overcome. Recently, some researchers have proposed some
bamboo steel composite components, such as bamboo steel
composite columns [19], beams [20], and slabs [21, 22]. The
researches had shown the cooperation of the two materials
could eﬀectively improve the mechanical performance of the
composite members.
The authors proposed a new type of bamboo steel
composite walls; these new walls can be fabricated in factory
and quickly installed on-site. Relative research had shown
that the composite walls had better bearing capacity and
ductility compared with reinforced concrete wall [23].
However, the thermal performance of the proposed walls has
not been studied. This paper is aimed at investigating the
thermal performance of bamboo steel composite wall and its
potential application in diﬀerent climate regions. In this
study, a testing building made of bamboo steel composite
walls was built to test the thermal performance of the
proposed wall. Then, the simulation was conducted to assess
the energy performance of the composite walls compared
with reinforced concrete wall in diﬀerent climate regions.

2. Project Overview
As is shown in Figure 1, a bamboo steel composite building
for ﬁeld measurement was built in Ningbo, where is a typical
city with hot summer and cold winter in China. All the
members for the testing building including beams, plates,
and columns were precast in the laboratory. The prefabricated members were transported to the destination for
on-site installation. Thermal insulation and waterproof
measures were taken for the testing building as common
houses. This was the ﬁrst truly new type of bamboo steel
composite building which consisted of steel bamboo composite members and reinforced concrete ﬂoor. The singlestorey building covered an area of 24 m2 and the height of
the building was 3 m. The ratio of window area to wall area
was 0.24 for the north wall and 0.31 for the south wall,
respectively, while there were no windows in east and west
walls. The windows adopted here were ordinary windows
with 6 mm single glazing. The ﬂoor of the testing building
was made of concrete with a thickness of 120 mm.
2.1. Design of Wall. The bamboo steel composite walls
structure is shown in Figure 2. The composite wall is
composed of two bamboo plywoods with a thickness of
10 mm as cover panels and strengthened by several bamboo
steel composite skeletons. The composite skeletons shown in
Figure 3(a) are made of C-type steel which was sandwiched
by two bamboo plywoods with a thickness of 20 mm. The
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dimension (h × b × c × t) of C-type steel shown in Figure 3(b)
is 100 mm × 50 mm × 20 mm × 1 mm. As is illustrated in
Figure 1(b), the testing building belongs to frame structure.
The walls of testing building are employed as building envelopes. Thus, the design of walls is mainly to satisfy the
requirement of thermal performance. The cavity of wall is
ﬁlled with mineral wool as insulation material. Several layers
are covered on the outer surface of the wall including cement
mortar and polystyrene board; the total thickness of the
composite wall is 170 mm. The construction of the composite wall is shown in Figure 4.
The east wall dimension of the testing building was
3.27 m × 2.68 m. Due to the diﬃculty in production and
installation of the entire wall, the composite wall was divided
into three pieces with the same size of 1.09 m × 2.68 m. The
mechanical experiments of composite walls suggest that the
suitable distance between composite skeletons varies from
250 mm to 400 mm. Two composite skeletons should be
employed in the edge of wall. The width of every wall is
1090 mm; thus, two extra composite skeletons need to be
added to strengthen the composite walls. The walls were
evenly divided into three cavities by four skeletons and the
center-to-center distance between skeletons is 333 mm.
Then, the three pieces of walls were spliced by thin steel sheet
and bolts during the on-site installation. The composite walls
were employed as building envelopes; thus, the connection
between walls was designed to maintain their integrity.
While the insulation performance of splice between walls
was taken seriously, polystyrene board was entirely covered
over the splice, steel sheet, and bolts to ensure thermal
performance of composite walls (Figure 1(c)).
2.2. Manufacture of Wall. As described above, the manufacture of composite wall mainly includes 3 processes, i.e.,
the production of composite skeletons, the combination of
two bamboo plywood cover panels with skeletons, and ﬁlling
with insulation material in the cavity of walls. The production processes of the walls are illustrated in Figure 5 and
the speciﬁc manufacture processes are as follows:
(1) Polish the interface between the C-type steel and
bamboo plywood, and then wipe the polished steel
and bamboo plywood with alcohol wipes to ensure
that the bonding surface is clean (Figure 5(a)).
(2) Apply the pre-mixed structural adhesive evenly on
the surface of the C-type steel. Fix the bamboo
plywood and steel with ﬁxtures to make sure that the
two materials were bonded eﬀectively. Besides,
symmetrically place heavy objects on the bond
surface to improve the quality of bond (Figure 5(b)).
(3) Fill three layers of mineral wool into the cavity of the
C-type steel (Figure 5(c)), and then bond them with
another bamboo plywood followed by the above
steps (Figure 5(d)). Finally, the composite skeleton
with insulation material is completed (Figure 5(e)).
(4) The skeletons are bonded on the bamboo plywood
cover panels as designed and the adhesive procedure
follows the steps above (Figure 5(f )).
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Figure 1: Testing building. (a) Front view. (b) Lateral view. (c) Installation of polystyrene board. (d) Simulation model. (e) Plan view of
building.

3. Field Test and Simulation Analysis
Both ﬁeld test and numerical simulation were conducted to
measure the thermal performance of the bamboo steel
composite walls. The thermal and energy performance of the
testing building were ﬁeld-tested during winter.

Figure 2: Structure of bamboo steel composite wall.
b
c
h

(a)

t

(b)

Figure 3: Bamboo steel composite skeleton. (a) Structure of the
skeleton. (b) Dimension of C-type steel.

(5) The cavities between steel-bamboo composite skeletons and bamboo plywood cover panels are also
ﬁlled with three layers of mineral wool (Figure 5(g)).
Thus, the bamboo steel composite wall is ﬁnished
(Figure 5(h)).

3.1. Heat Transfer Coeﬃcient. Heat transfer coeﬃcient (K
value for short) is an important index to assess the thermal
performance of external walls. K value is the amount of heat
that is transferred per unit area, per time period, and per unit
degree temperature diﬀerence between the internal and
external of walls, which reﬂected how easily heat energy
passes through the wall. The lower the K value, the higher the
heat insulation performance. Therefore, the K value of
bamboo steel composite walls should be experimentally
measured and theoretically calculated to determine whether
it satisﬁed the requirement of the standard [24].
3.1.1. Experimental Method. In this paper, the heat ﬂux
meter method is employed to measure the K value. Heat ﬂux
meter method is one of the most commonly used methods
for measuring heat transfer coeﬃcient [25, 26]. The test
method is shown in Figure 6. A heat ﬂux meter is arranged
on the inner surface of the wall to measure the heat ﬂux of
the wall. Two temperature sensors are glued on the internal
and the external surfaces of the wall to measure the temperature of the wall. Both the data of heat ﬂux meter and
temperature sensors were collected and recorded by patrol-
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Figure 4: Construction of the composite wall.
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Figure 5: Production processes of composite walls.
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0.11 m2K/w and 0.04 m2K/w, respectively, according to the
Chinese standard [27]. R is the thermal resistance of the
composite wall which can be calculated through the ﬁeld
test. The calculation equation can be expressed as follows:
R�

nj�1 θ1j − θ2j 
nj�1 qj

.

(2)

The subscript j is the time of measurement. The superscript n is the total measurement time. θ1j and θ2j are the
inner and outer surface temperature tested by temperature
sensors. qj is the heat ﬂux passed through the wall measured
by heat ﬂux meter.
Patrol-check device

Figure 6: Heat ﬂow meter method.

check device. The interval time of record data is set as 15
minutes in the test.
The K value can be calculated as follows:
1
K�
,
(1)
Ri + R + R e
where Ri and Re are the thermal resistance of internal and
external wall, respectively. Ri and Re here can be given as

3.1.2. Test Apparatus. The apparatuses including temperature sensors, heat ﬂux meter, and patrol-check device were
employed in the ﬁeld test. The speciﬁcation and precision of
the apparatuses are introduced as follows:
Temperature sensor: the temperature sensor used in
this test was a self-made T-type thermocouple, which is
shown in Figure 7. This kind of T-type thermocouple
was made of copper and welded with constantan wire.
The temperature of the sensor ranged from −5°C to
100°C after calibration, while the precision of the sensor
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Figure 7: T-type thermocouple. (i) Copper; (ii) constantan wire.

was 0.1°C and the uncertainty of the sensor was
−0.3∼0.3°C.
Heat ﬂux meter: the heat ﬂux meter ranged from 0 to
2 kw/m2 with a precision of 5%, while the size of the heat
ﬂow meter was 110 mm × 55 mm × 4 mm. The heat ﬂow
meter was glued on the inner surface of the wall sealed
with grease and adhesive tape. Direct sunlight should be
avoided which may have eﬀect on the test result.
Patrol-check device: a JTRG-II thermal temperature
and heat ﬂux monitor device was adopted in this paper,
which could display and record both temperature and
heat ﬂux at the same time. The monitor device could
record 60 routes of temperature data and 30 routes of
heat ﬂow data at the same time.
3.1.3. Arrangement of Monitoring Point. According to the
Chinese standard [25, 26], to measure heat transfer coeﬃcient, the arrangement of monitoring point is essential in the
ﬁeld test. The monitoring point should be arranged near the
center of the wall where it is far away from the columns,
windows, corners, beams, and cracks. Considering the
particularity of the composite wall structure, the center of
the east wall of the test building is chosen to arrange the
monitoring point, where neither the composite skeletons
nor the location of the connection is located. The locations of
the monitoring points are shown in Figure 8.
3.1.4. Requirement of Field Test. The ﬁeld test complied with
Chinese standards [25]. The bamboo steel composite walls
belong to lightweight building envelope, and the ﬁeld test of
K value should be carried out during the night. Thus, the
data used to calculate the K value in this paper were collected
from 20 : 00 to 6 : 00. During the measurement, the temperature diﬀerence between inside and outside should be
more than 10°C to make sure that heat energy passed
through the wall steadily. The steady state of heat transfer
cannot be reached until the deviation of calculated daily
average K value between 2 continuous measurements is less
than 5%. The ﬁeld test of K value can be ﬁnished after 4
continuous measurements during the steady state of heat
transfer. The measured K value of the composite walls can be
determined by the average value of calculated daily average
K value.

2680

ii
i
ii

Figure 8: Arrangement of monitoring points on the east wall. (i)
Heat ﬂux meter; (ii) T-type thermocouple. Note: the dotted line is
the location of the composite skeletons.

3.2. Energy Performance. An air condition for heating was
installed in the testing building. The COP (coeﬃcient of
performance) of the air condition was 2.89. During the ﬁeld
test of K value, the air condition was kept on and the
temperature was set at 18°C to ensure the temperature
diﬀerence between indoor and outdoor was more than 10°C.
An electric meter was installed to observe and record the
heating energy consumption of the testing building. The
measured energy consumption would be used to verify the
validity of the simulation model for further investigation.
3.3. Computer Simulation. The testing building was simulated by the software EnergyPlus. It is an open-source, whole
building energy modelling engine that can simulate both
energy consumption (such as heating and cooling) and water
usage in buildings.
The energy performance of the composite wall was
simulated and compared with reinforced concrete wall, a
typical wall structure commonly used in China. The construction of these two types of walls is listed in Table 1
(denoted as wall1 and wall2, respectively). The design of
wall2 was required to meet the thermal performance of the
standard (no more than 1.5 W/m2K) [24]. The simulation
between wall1 and wall2 was based on the same building
model except the materials of wall and roof. The building
model with wall1 adopted bamboo steel composite roof with
an insulation layer (as shown in Table 1), while the other
building model with wall2 employed reinforced concrete
roof. Both building models have the same reinforced concrete ﬂoor.
Four typical cities in diﬀerent climate regions in China
were selected to analyse the energy performance of these two
wall structures including hot summer/warm winter region
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Table 1: Thermal properties of building materials.

Building members

Bamboo steel composite wall (wall1)

Reinforced concrete wall (wall2)

Roof1 for building with wall1

Roof2 for buildings with wall2

Floor

Materials
Cement mortar
Polystyrene board
Bamboo plywood
C-type steel
Mineral wool
C-type steel
Bamboo plywood
Cement mortar
Cement mortar
Polystyrene board
Reinforced concrete
Cement mortar
Fine aggregate concrete
Polystyrene board
Bamboo plywood
C-type steel
Mineral wool
C-type steel
Bamboo plywood
Cement mortar
Fine aggregate concrete
Polystyrene board
Reinforced concrete
Cement mortar
Cement mortar
Reinforced concrete

δ (m)
0.015
0.02
0.01
0.001
0.098
0.001
0.01
0.015
0.015
0.02
0.24
0.015
0.03
0.02
0.01
0.001
0.098
0.001
0.01
0.03
0.03
0.02
0.12
0.03
0.03
0.12

λ (W/mK)
0.93
0.042
0.17
58.2
0.05
58.2
0.17
0.93
0.93
0.042
1.74
0.93
1.51
0.042
0.17
58.2
0.05
58.2
0.17
0.93
1.51
0.042
1.74
0.93
0.93
1.74

c (J/kgK)
1050
1500
2510
480
840
480
2510
1050
1050
1500
1094
1050
920
1500
2510
480
840
480
2510
1050
920
1500
920
1050
1050
920

ρ (kg/m3)
1800
20
600
7800
32
7800
600
1800
1800
20
1700
1800
2400
20
600
7800
32
7800
600
1800
2400
20
2500
1800
1800
2500

Note. δ is the thickness; λ is the thermal conductivity; c is the thermal capacity; ρ is the density.

(Guangzhou), hot summer/cold winter region (Shanghai),
cold region (Beijing), and severe cold region (Harbin).
The simulation setting followed the testing building and
the setting items are listed in Table 2. The operation schedule
of air condition was assumed to run throughout the year to
meet the indoor temperature setting. The total power density
of miscellaneous loads (including lighting systems and occupants) was set to 4.3 W/m2. All these thermal settings
complied with the design standard in China [24].

4. Results and Discussion
4.1. Heat Transfer Coeﬃcient
4.1.1. Test Results. The test of K value of the composite wall
was carried out during 5 typical winter days from 2016/1/26
to 2016/1/30. The average internal and external surface
temperature of the composite wall are shown in Figure 9(a).
The temperature curves showed that the internal surface
temperature of the wall increased obviously with the increase
of time. After about 8 hours, it reached the setting temperature of the air condition, and the temperature was kept
at about 18°C with a little ﬂuctuation, which indicated that
the air conditioner could meet the demand for the indoor
continuous heating. The external surface of the wall changed
slightly due to the cloudy weather during the measurement
period.
Figure 9(b) exhibits the heat ﬂux rate of the test wall
during the measurement. The heat ﬂux rate is high at the

beginning of the test due to unstable transfer of heat ﬂux.
Then, the heat ﬂux rate dropped to about 5 W/m2 after 9
hours and ﬂuctuated with the temperature diﬀerence between the internal and external wall.
The calculated results of K value during the ﬁeld test
period are exhibited in Figure 9(c); the K value constantly
decreased with the increase of indoor temperature in the
beginning and tended to be stable after about 9 hours, which
indicated that the heat transfer of the wall reached the steady
state. The K value kept approximately constant with a small
ﬂuctuation during the night at a steady state. Thus, the data
measured during the night from 20 : 00 to 6 : 00 was used to
calculate the daily average K value. The diﬀerences between
daily average K values are listed in Table 3. From Table 3, we
can ﬁnd that the diﬀerence of the daily average K value
compared to it of the previous day was less than 5% in the
last 3 measurements, so the measured K value is the average
of the last 4 daily average K values and the test result is
0.447 W/m2K.
4.1.2. Theoretical Calculation Value. As is described in
Section 2.1, the bamboo steel composite walls are made of
multi-layer materials, which is shown in Figure 4.
According to the design code [27], the thermal resistance
of a single material can be deﬁned as Ri � δi/λi. Thermal
resistance of multi-layer enclosure structure is calculated as
R � R1 + R2 + R3 + · · · + Rn. The thickness and thermal conductivity of each material are shown in Table 4. The mineral

Advances in Civil Engineering

7
Table 2: Setting items of building models.

Setting items
Purpose
Location
Area of building

Value
Veriﬁcation
Ningbo
24 m2

Energy performance
Harbin, Beijing, Shanghai, Guangzhou

Wall1 + Roof1 + Floor,
Wall2 + Roof2 + Floor
North wall: 0.24, south wall: 0.31, west and east wall: 0
Temperature: 18°C
Temperature: 16°C (winter),
26°C (summer)
Run time: 2016/1/26–2016/1/30
Run time: whole year
Measured
Typical meteorological year
0
4.3 W/m2

Building envelope

Wall1 + Roof1 + Floor

Window-to-wall ratio
Air condition
Weather condition
Miscellaneous loads

Heat ﬂow rate (W/m2)

20
15
10

0

2016/1/26 9:30
2016/1/26 13:30
2016/1/26 17:30
2016/1/26 21:30
2016/1/27 1:30
2016/1/27 5:30
2016/1/27 9:30
2016/1/27 13:30
2016/1/27 17:30
2016/1/27 21:30
2016/1/28 1:30
2016/1/28 5:30
2016/1/28 10:00
2016/1/28 14:00
2016/1/28 18:00
2016/1/28 22:00
2016/1/29 2:00
2016/1/29 6:00
2016/1/29 10:00
2016/1/29 14:00
2016/1/29 18:00
2016/1/29 22:00
2016/1/30 2:00
2016/1/30 6:00

5

60
55
50
45
40
35
30
25
20
15
10
5
0

2016/1/26 9:30
2016/1/26 13:30
2016/1/26 17:30
2016/1/26 21:30
2016/1/27 1:30
2016/1/27 5:30
2016/1/27 9:30
2016/1/27 13:30
2016/1/27 17:30
2016/1/27 21:30
2016/1/28 1:30
2016/1/28 5:30
2016/1/28 10:00
2016/1/28 14:00
2016/1/28 18:00
2016/1/28 22:00
2016/1/29 2:00
2016/1/29 6:00
2016/1/29 10:00
2016/1/29 14:00
2016/1/29 18:00
2016/1/29 22:00
2016/1/30 2:00
2016/1/30 6:00

Surface temperature (°C)

25

Time

Time

Inner temperature
Outer temperature

(a)

(b)
7
K value (W/m2K)

6
5
4
3
2

0

2016/1/26 9:30
2016/1/26 13:30
2016/1/26 17:30
2016/1/26 21:30
2016/1/27 1:30
2016/1/27 5:30
2016/1/27 9:30
2016/1/27 13:30
2016/1/27 17:30
2016/1/27 21:30
2016/1/28 1:30
2016/1/28 5:30
2016/1/28 10:00
2016/1/28 14:00
2016/1/28 18:00
2016/1/28 22:00
2016/1/29 2:00
2016/1/29 6:00
2016/1/29 10:00
2016/1/29 14:00
2016/1/29 18:00
2016/1/29 22:00
2016/1/30 2:00
2016/1/30 6:00

1

Time

(c)

Figure 9: Field test results of K value during winter. (a) Average temperature of inner and outer surface wall. (b) Test result of heat ﬂux rate.
(c) Calculated K value during the measurements.

wool and polystyrene board employed as heat insulating
material of wall will sink during the service stage, so the
thermal conductivity should be modiﬁed. The correction
factor of mineral wool and polystyrene board is 1.2 and 1.1,
respectively, which is shown in Table 4.
The calculative processes of the thermal resistance of
bamboo steel composite wall are listed in Table 4. The total
thermal resistance of composite wall is 2.216 m2K/W

according to the table. Thus, the K value of the composite
wall can be calculated by equation (2) and the theoretical
result is 0.423 W/m2K.
4.1.3. Comparison of K Value. The theoretical calculation
and measured K values of the bamboo steel composite wall
are listed, respectively, in Table 5. It can be found that the
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Table 3: Comparison of the daily average K values.

Date
Daily average (W/m2K)
Diﬀerence (%)
Measurement K value (W/m2K)

1/26
0.485
—

1/27
0.443
8.82

1/28
0.460
3.99
0.447

1/29
0.443
3.74

1/30
0.440
0.66

Table 4: Calculative processes of thermal resistance.
Building member

Bamboo steel composite wall (wall1)

Materials
Cement mortar
Polystyrene board
Bamboo plywood
C-type steel
Mineral wool
C-type steel
Bamboo plywood
Cement mortar

δ (m)
0.015
0.02
0.01
0.001
0.098
0.001
0.01
0.015

λ (W/mK)
0.93
0.042
0.17
58.2
0.05
58.2
0.17
0.93

Correction factor
—
1.1
—
—
1.2
—
—
—

Total

R (m2K/W)
0.016
0.433
0.059
0.000
1.633
0.000
0.059
0.016
2.216

Note. The thermal resistance of C-type steel can be neglected due to the thin thickness and high thermal conductivity.

Table 5: Comparison among theoretical value and measured value
and standard limit value.
Items
Measurement value
Theoretical calculation value
The standard limit value [24]

K value (W/m2K)
0.447
0.423
1.5

calculation value matched well with the measurement value
and the relative error is about 5%.
The comparison results show that the heat ﬂux meter
method is suitable for the ﬁeld test of K value. Both the
measurement value and theoretical calculation value are less
than the limit value which indicates that the composite walls
have an excellent thermal performance and can satisfy the
requirement of the standard.
4.2. Energy Performance
4.2.1. Veriﬁcation of the Simulation Model. As is described
in Section 3.2, the air condition in testing building was
adopted to keep the indoor temperature. The energy consumption of building was recorded by the electric meter. The
reads of the electric meter are listed in Table 6, and the energy
consumption based on measurement is 11.8 kWh according to
Table 6. Then, the simulation model based on the testing
building was conducted to verify the validity of the model. The
simulated result was 10.52 kWh, which is a little lower than the
test result by 10.8%. Because the heating performance (COP) of
the air condition changes with outdoor conditions, there is an
acceptable diﬀerence between simulated and measured heating
energy consumption. Therefore, the proposed simulation
model to analyse energy performance of the composite wall in
diﬀerent climate regions is veriﬁed.
4.2.2. Parametric Analysis. The annual energy consumption
of the two walls in diﬀerent climate regions are illustrated in
Figure 10.

Table 6: Reads of the electric meter.
Items
Initial reading of electric meter
Final reading of electric meter
Energy consumption

Value (kWh)
35.4
47.2
11.8

According to the simulation result in Figure 10, the
energy consumption in diﬀerent climate regions was different. Guangzhou had the lowest energy consumption
among the four typical cities. That is because the average
annual temperature is close to the setting temperature of air
condition. Buildings in Shanghai consumed both heating
and cooling energy due to the hot summer and cold winter
climate feature, but the total consumption is lower than
Beijing and Harbin. Both Beijing and Harbin consumed
heating energy while demanding little cooling energy.
Due to the lower K value, Wall1 had the better heating
energy performance than wall2. The heating energy consumption of wall1 was lower than that of wall2 by 30.18%,
37.48%, 33.3%, and 32.03% in the four cities (namely,
Guangzhou, Shanghai, Beijing, and Harbin), respectively.
For the cooling energy demand in Guangzhou, Shanghai,
and Beijing, wall1 had the better performance than wall2
with the improvement of 36.22%, 37.57%, and 28.36%, respectively. This is due to the fact that wall1 with lower K
value can prevent heat energy from passing through the wall
more eﬀectively. However, the cooling energy consumption
of wall1 is larger than that of wall2 in Harbin. That is because
the typical summer temperature of Harbin used in the
simulation merely exceeded 26°C; the heat energy was
generated by the equipment in the room. The heat energy
cannot be dissipated easily due to the lower K value of Wall1.
Thus, the cooling energy was demanded more in wall1.
For the total energy demand, the consumption of wall1
was lower than that of wall2 by 35.93%, 37.51%, 32.75%, and
31.71%, respectively, which showed that the bamboo steel
composite walls had the potential to be employed as building
envelope in China.
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Figure 10: Comparison of annual energy consumption of the two walls in four cities.

5. Conclusion
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(1) In the ﬁeld test, the heat transfer method was
employed to measure the heat transfer coeﬃcient (K
value) of the wall. The measurement value was less
than the limit value, which indicated that the
composite walls had an excellent thermal performance and could satisfy the requirement of the
standard.
(2) A theoretical formula for K value of the bamboo steel
composite wall was presented and the calculation
value matched well with the measurement value.
(3) The validity of the simulation model was veriﬁed
through the ﬁeld test; then, the proposed model was
adopted to analyse the energy performance of the
composite wall. The simulation result indicated that
the composite walls had better energy performance
compared with reinforced concrete wall and could be
employed as building envelope in China.
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