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In this paper, a new steel-wood composite column with an H-shaped section was proposed. In order to form an H-shaped cross
section, a larch board is fixed on the outer surface of the left and right edges of a hot-rolled H-beam by using physical connection.
When the eccentricity is the same, eccentric compression tests were carried out on two types of columns by changing the thickness
of the larch board, cross-sectional area of the hot-rolled H-beam, and slenderness ratio in composite columns.-erefore, type A is
joined by structural glue only with the larch board and hot-rolled H-beam, and type B is joined by both structural glue and bolts.
With the variation of strain and deflection, failure process and failure modes of the hot-rolled H-beam and larch from composite
columns under various loads were observed, and the ultimate bearing capacity and stability of composite columns were studied.
-e test results showed that the overall working performance of the hot-rolled H-beam and larch board was good, and the stability
of the hot-rolled H-beam column could be effectively improved. With the increase of wood thickness, cross-sectional area of the
hot-rolled H-beam, slenderness ratio of composite columns, and the bearing capacity of the specimens were increased. Moreover,
a simplified formula was proposed by the superposition principle. -e theoretical analysis accorded with the experimental results,
thus providing a reference basis for further study and application of similar steel-wood composite columns.

1. Introduction

Nowadays, commercial steel structure has been becoming an
extensive concern due to several advantages of stable per-
formance, light weight, high strength, good plasticity/
toughness, high degree of assembly, short construction
period, less construction waste, and less environmental
pollution. However, the wide application of steel can be
impeded by its poor stability [1, 2]. Wood is a natural,
abundant, renewable, and nonpolluting material with long
life/durability and good thermal insulation effect. In wood
structures, different kinds of wood have different design
strength [3, 4]. In the present study, combined with China’s
existing poverty alleviation projects, the selection of larch
trees and steel structural members is envisaged as the main
raw materials, using physical connections to connect hot-
rolled H-beams with the larch board to form a new type of

fabricated component in this paper. For this steel-wood
composite column member, the hot-rolled H-beam is used
as the main force-bearing member and larch wood provides
lateral rigidity for the hot-rolled H-beam to prevent pre-
mature buckling and instability of the hot-rolled H-beam. In
this way, the steel-wood combination column will have a
significant improvement in its bearing capacity and stability
due to the combination of the advantages from these two
materials.

For the concrete-filled steel tubular (CFST) structure, it
is well known that the mechanical properties are of great
importance. Some investigations have been performed to
reveal the mechanical properties of the CFST structure with
different shapes (rectangular, square, or circular) by using
various test (axial compression test, biased compression test,
and torsion test) [5–14]. -e results showed that the overall
performance of the CFST structure was excellent, and the
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steel tube composite members can be applied to engineering
practice. Moreover, the results of studies on steel-wood
composite beams [15–17] showed that the composite
members exhibited excellent mechanical properties and
good combination effects despite large differences in elastic
modulus between steel and wood.

As one of the main bearing components of building
structures, CFST structures are often subjected to eccentric
compression. -erefore, it is significant to study the de-
formation characteristics, failure mechanism, and ultimate
bearing capacity of steel-wood composite columns under
eccentric compression. In the present work, a new type of the
H-shaped cross section assembly is formed. -e hot-rolled
H-beam is used as the force skeleton, and the larch board is
fixed on the outer surface of the left and the right flanges of
the hot-rolled H-beam by physical connection. As shown in
Figure 1, the cross section of the column can be classified
into two types: type A (composite column connected only
with high-strength structural adhesive) and type B (com-
posite column connected with both bolts and high-strength
structural adhesive). In order to study the combined effect of
hot-rolled H-shaped steel and larch wood, bias compression
tests were carried out on the abovementioned composite
columns. Based on the experimental results, a simplified
formula is proposed by calculating the bearing capacity of
hot-rolled H-beam-larch composite columns. -e formula
can provide a reference basis for further research and future
application of steel-wood composite columns.

2. Specimen Fabrication and Mechanical
Properties of Materials

2.1. Design and Fabrication of Specimens. In this work, 8
hot-rolled H-shaped steel-larch composite columns were
used. Eccentric compression tests were carried out, so each
specimen needs to be equipped with brackets, and the ec-
centricity of each specimen was 30mm. -e specific size
parameters of the specimen are shown in Table 1.

-e manufacturing processes of the specimen are as
follows, as shown in Figure 2:

(1) Larch and hot-rolled H-beam were cut into the re-
quired size according to Table 1.

(2) For A-type composite columns, one side of the larch
was ground to make it rough, and then, the outer
surface of the flange of the hot-rolled H-beam was
polished.-e removed debris and the surface coating
were also beneficial for the surface roughness. For
B-type composite columns, percussion drilling
should be used in specified places according to the
design requirements of bolt layout drawing in
Figure 3.

(3) For the A-type column, the high-strength structural
adhesive was painted evenly on the outer surface of
the flange of the hot-rolled H-section steel, and then
the larch board was bond with the hot-rolled
H-section steel; for the B-type column, it is necessary
to use bolts to consolidate the larch board with the

hot-rolled H-section steel where the holes were
reserved.

(4) Preliminarily formed specimens were compressed
for 72 hours to assure that the high-strength struc-
tural adhesive fully contacted with the larch board
and hot-rolled H-beam.

(5) In order to ensure the moisture content in the larch
board was consistent with the environment, the
high-strength structural adhesive was dry and its
bonding strength fully developed; the specimens
were kept indoors for about 10 days.

(6) According to the brackets arrangement in Table 1,
brackets for eccentric compression were installed at
both ends of the processed specimens.

(7) Finally, sandpaper and hand grinder were used to
remove the glue overflow on the surface.

2.2. Main Performance Indicators of Material Mechanics.
-e mechanical properties of the larch and hot-rolled
H-beam were tested on the Electrohydraulic Servo Universal
Testing Machine of Civil Engineering Laboratory of Central
South Forestry University, as shown in Figure 4.

-e test method accords with the requirements of GB/
T 228.1-2010 (the tensile test of metallic materials at room
temperature) and GB/T50329-2012 (standard for test
methods of the timber structure). -e main mechanical
indexes of materials are shown in Table 2.

3. Eccentric Compression Test of
Composite Columns

3.1. Test Preparation. -e eccentric compression test was
different from the axial compression test, and the specific
design drawings and finished drawings are shown in Fig-
ure 5. According to the “Standard for Testing Methods of
Wood Structures” (GB/T50329-2012), the unidirectional
cutter-reamer support was applied to the composite col-
umns for the eccentric compression test.

As shown in Figure 6, the electrohydraulic servo pressure
testing machine, static strain tester, and displacement sensor
were used in the present study. -e resistance strain gauges
with the gauge distance of 80mm and 10mm were used to
measure the strain of wood and steel, respectively. -e
relevant parameters of the resistor strain gauges are shown
in Table 3.

3.2. Test Scheme. -e test scheme is shown in Figure 7. -e
loading speed was controlled at a crosshead speed of
1mm/min. -e current pressure/displacement values of
the lower support were collected automatically. -e static
strain tester collected the strain and deflection values at 1/
2 of the composite column and the perturbation values at
1/4 and 3/4 heights at the acquisition speed of 5 seconds.
At the same time, the current pressure/displacement
values of the lower support were collected. -e strain and
deflection values will be automatically collected by the
static strain tester at 1/2 of the composite column and the
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perturbation values at 1/4 and 3/4 heights at the acqui-
sition speed of 5 seconds.

Attention was focused on the load-deflection curves,
load-strain curves, and lateral deflection curves of
H-section steel-larch composite column at 1/2 of the
load.

Arrangement of displacement meter: in order to measure
the lateral deflection of components under eccentric com-
pression, each composite column was equipped with dis-
placement sensors at 1/4, 1/2, and 3/4 of the corresponding
side height. -e specific arrangement is shown in Figure 8.

Layout of strain gauge measuring points: as shown in
Figure 9, strain gauges were installed on the larch board and
the other 6 on the hot-rolled H-beam.

3.3. Test Phenomenon. For A-type composite columns, when
the eccentricity was 30mm under eccentric compression, the
experimental phenomena are as follows: at the initial stage of
loading, the deformation of the hot-rolled H-section steel was
almost the same as that of larch wood, both of which could be
compressed synergistically due to the action of high-strength
structural glue. At this time, the compressive strain increased
steadily with the uniform increase of the load, while the
tension strain and the deflection hardly changed. -e speci-
men was also kept in a vertical state.-e appearance of the test
piece was not observed, and no sound could be heard. When
the increase of load gradually slowed down, the composite

columns began to bend slightly and a slight crackling sound
was occasionally heard. When the load increases slowly, the
bracket on the pressure side of the combined column was
slightly wrinkled and the tension/compression strain increased
at a certain speed. While an obvious local degumming was
observed at the interface between the section steel and larch
wood board, the specimens could still sustain the load. When
the load continued to increase, the sound of degumming
became more continuous. Furthermore, with the bending
phenomenon becoming more and more obvious, the
degumming surface expanded rapidly. Finally, the larch board
was completely separated from the hot-rolled H-beam and the
specimen lost its load-carrying capacity. -e failure phe-
nomena are shown in Figures 10(a)–10(h).

For B-type composite columns, under eccentric com-
pression with 30mm eccentricity, the experimental phe-
nomena are as follows: at the initial stage of loading, the
composite column specimen was at the elastic stage and its
strain/deflection was gradually increased with the uniform
increase of load. At this time, for the composite column
specimen, no obvious bending deformation and sound could
be obtained. As the loading continued, the composite col-
umn changed into the elastic-plastic stage, at which the
composite column appeared on a platform stage. At the
platform stage, the load did not increase, while the strain and
deflection of the composite column were still increasing.
Folds began to appear at the brackets on the compression
side, accompanied with the cracking of rubber. However,
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Figure 1: Section form of the composite column: (a) type A composite column section; (b) type B composite column section.

Table 1: Main parameters of specimens.

Specimen tf (mm) tw (mm) hw (mm) T (mm) b (mm) h (mm) H (mm) Bracket arrangement

A

Z-1 8 6 100 20 100 146

1000
180 220 260

t b t20
20

20Z-2 8 6 100 40 100 186
Z-3 10 7 150 20 150 196
Z-4 10 7 150 40 150 236

B

Z-5 8 6 100 20 100 146

1000
Z-6 8 6 100 40 100 186
Z-7 10 7 150 20 150 196
Z-8 10 7 150 40 150 236

Note. tf, tw, and hw are the thickness, web thickness, and height of the hot-rolled H-beam wing; t is the thickness of the larch board, b is the column width (the
larch board has the same width as the hot-rolled H-beam), and h is the total height of the composite column (the sum of the height of the hot-rolled H-beam
and the thickness of the wood); and the model of the hot-rolled H-beam is Q235.
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due to the use of bolts, the larch board in the composite
column continued to work in coordination with the hot-
rolled H-beam. At this point, the one-way tool hinge support
had a certain degree of rotation and the specimen also began

to bend. In the later stage of loading, the phenomenon of
bond interface debonding between the upper and lower ends
of the compressive side of composite columns became more
and more obvious and the load required to compress the

(a) (b) (c)

(d) (e) (f )

(g) (h) (i)

Figure 2: Manufacturing process of the hot-rolled H-shaped steel-larch composite column: (a) wood cutting; (b) wood board punch;
(c) grinding and coating of H-section steel; (d) screw in the bolt; (e) pressurized maintenance; (f ) maintenance completed; (g) bracket
installed; (h) grinding and leveling the column end; (i) processing completed.
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Figure 3: Bolt layout.
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Figure 4: Continued.
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same displacement was also increased sharply. As the load
began to increase rapidly, the test piece continuously
emitted frequently and loud humming sound.-e strain on
the compressive side of some composite columns was

increased sharply. And at the same time, the angle of the
one-way tool hinge support became large until a loud bang
was heard. -e larch wood board with corbels on the
composite columns was broke, and the specimens lost their

(c)

Figure 4: Mechanical properties test of materials: (a) compression test of larch along the grain; (b) bending test of larch wood;
(c) mechanical test of steel.

Table 2: Mechanical index of materials.

Material Es σsy σsu E fm fc

Larch — — — 14.28GPa 70.46MPa 42.63MPa
H-shaped steel 203GPa 215MPa 335MPa — — —
Note. Es represents the hot-rolled H-beam elastic modulus; σsy represents the yield strength of the hot-rolled H-beam; σsu represents the limit strength of the
hot-rolled H-beam; E represents the elastic modulus of deciduous larch wood; fm represents the flexural strength of deciduous larch; fc represents the
compressive strength of deciduous larch.
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Figure 5:-e unidirectional cutter-reamer support: (a) design drawing of the upper part of unidirectional hinge bearing; (b) design drawing
for the lower part of unidirectional hinge bearing; (c) finished product.
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(a) (b)

(c)

Figure 6: Experiment equipment and device: (a) electrohydraulic servo pressure testing machine controlled by a microcomputer; (b) static
strain tester; (c) displacement sensor; (d) resistance strain gauge.

Table 3: Resistance strain gauge technical parameters.

Model Resistance Sensitivity coefficient Gate length×width Accuracy level
BX120-80AA 120 2.0± 1% 80× 3mm A
BX120-10AA 120 2.0± 1% 10× 3mm A

(a) (b)

Figure 7: Test site.
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bearing capacity. -e failure phenomena are shown in
Figures 11(a)–11(d).

4. Analysis of Test Results

4.1. Strain Analysis. -e load-strain curves of type A
composite columns are shown in Figure 12. As shown in
Figure 9, the strain values of the larch board were measured
at points 1 and 8, while the strain values of the hot-rolled
H-beam were measured at points 2 to 7. According to the
load-strain curves of the four A-type composite columns in
Figure 12, it can be seen that the strain of A-type composite
columns all grew linearly at the initial stage of loading. -e
increasing rates of strain were relatively at a same level;
however, the No. 1 measuring point grew faster than other
samples. -is trend could be explained that the one-way
cutter hinge support was used in the test, and the larch board
of the No. 1 measuring point was near to eccentricity and
bore more pressure. In the midloading stage, the load-strain
line increased linearly, indicating that the composite

columns were still at the elastic stage. However, a phe-
nomenon of strain mutation could also been observed. -is
trend could be explained that the structural adhesive
bonding was used in the A-type composite, which hindered
the integrity of the specimen. -erefore, when the load was
about 70 kN, different degrees of the glue breaking phe-
nomenon between the larch board and hot-rolled H-section
steel occurred, resulting in redistributing of the stress.
-erefore, a strain mutation could be observed. -e stress
changes at points 2–7 were almost the same, while the strain
changes at points 1 and 8 were obvious. -e variation of the
strain change could be attributed to that the compressive
modulus of the hot-rolled H-beam was ten times more than
that of the larch board. -erefore, the larch board needed
more strain under the same stress. Moreover, bending
moment generated by the initial eccentricity of the com-
posite column at 30mm did not play a control role in the
case of small load, and the specimen tended to be vertically
compressed and expanded under the action of axial force.
Although the larch board bended in the composite column,
no damage was obtained by the hot-rolled H-beam and the
larch board in the later stage of loading. From the loading
curve, the specimen was still at the elastic stage. However,
with the increase of load, the glue opening phenomenon on
the cementing surface presented an expanding trend. Fi-
nally, the larch board was separated from the hot-rolled
H-beam, which results in the loss of the load-carrying ca-
pacity of the specimens.

-e load-strain curves of B-type composite columns are
shown in Figure 13. -e load-strain curves of Z-5, Z-6, Z-7,
and Z-8 are arranged from left to right. As shown in Fig-
ure 13, the strains corresponding to the four sides of the
B-type composite column was increased linearly at their
respective speeds in the initial stage of loading.-e strains at
point 1 and point 8 were increased faster than that of other
measuring points. -e reason for this trend was the same as
that of the A-type composite column. Furthermore, the
whole workability of the specimen was improved, and the
stiffness of the specimen was increased after being anchored
with bolts. As a result, the No. 8 test point was under certain
pressure. -e specimen was more inclined to axial com-
pression when the initial load strength was not high. In the
middle stage of loading, the strain mutations occurred at No.
1 and No. 8 of the B-type composite column. -e reason is
that the main bearing object of axial force changed from the
larch board to H-section steel. At this time, the section steel
presented elastic deformation; however, the larch board
began to present plastic deformation. At the later stage of
loading, the specimens generally entered the plastic de-
formation stage and the second-order effect of bending
moment occurred. When the load approached the ultimate
value, the larch board with brackets on the left side reached
the ultimate strength and ruptured. It is worthy mentioning
that the strain values of the larch board at points 1 and 8 on
the left side of B-type composite columns were generally
much larger than those at the top of hot-rolled H-section
steel. Moreover, the flanges of the upper and lower ends of hot-
rolled H-section steel also reached the yield strength. During
the whole loading process, the strength of both materials was

Displacement
meter

Displacement
meter

Displacement
meter

One-way
knife hinge

support

Bearing
plate

Testing machine

Strain gauges
1 1

Figure 8: Displacement meter layout.

4

5
7 3

6 3

8 1

Figure 9: Strain gauge layout.
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(a) (b)

(c) (d)

(e) (f )

(g) (h)

Figure 10: Failure phenomena of class A specimens: (a) creasing phenomenon; (b) the upper end appears to open; (c) the lower end appears
to open; (d) completely unglued specimen; (e) specimen Z-1; (f ) specimen Z-2; (g) specimen Z-3; (h) specimen Z-4.
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well developed and the strain of the larch wood plate was
always greater than that of hot-rolled H-section steel. It can be
concluded that the combination effect of structural glue and
bolt is very good for the larch board and hot-rolled H-beam.
-e overall working performance of composite columns under
load is excellent, and the bearing capacity of B-type composite
columns is obviously higher than that of A-type composite
columns.

4.2. Load-Deflection and Bearing Capacity Analysis. -e
load-deflection curve of type A composite columns is shown
in Figure 14. -e regularity of deflection of the A-type
composite column with the increase of the load could be
easily identified. In the initial stage of loading, the larch
board in the composite column worked in coordination with
the hot-rolled H-beam, and the deflection value of the
composite column increased linearly with the increase of
load. In the middle stage of loading, the A-type specimens

were still in the elastic stage; however, the slope of load-
deflection curves of four specimens changed when the load
reached from 60 kN to 100 kN. -is trend could explain that
the appearance of glue opening leads to a rapid increase of
deformation with the increase of the load value. In the later
stage of loading, the structural glue between the larch board
and the hot-rolled H-section steel unglued completely, and
the larch board on the nonbracket side suddenly bulged
outwards and no longer formed the composite column
structure. -erefore, a sharp increase of deformation could
be also found. Furthermore, the hot-rolled H-section steel
and larch board did not reach the ultimate load and no
obvious damage could be identified, so the failure mode of
the specimen was instability failure.

-e maximum deflection value (δmax) and the cor-
responding load value (Pu) of A-type composite column
specimens are shown in Table 4. Combined with Fig-
ure 14 and Table 4, it is concluded that the bearing ca-
pacity of members increased with increasing wood

(a)

(b)

(c)

(d)

Figure 11: Failure phenomena of type B specimens: (a) specimen Z-5; (b) specimen Z-6; (c) specimen Z-7; (d) specimen Z-8.
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thickness and cross-sectional area of the hot-rolled
H-beam in A-type composite columns. It should be noted
that the deflection value was mainly affected by the
thickness of larch wood.

-e load-deflection curve of the B-type specimen
Z5–Z8 is shown in Figure 15. At the initial stage of loading,
the specimen was at the elastic stage. -e larch board in the
composite column worked with H-section steel, and its
deformation increased linearly with the increase of load. At
the middle stage of loading, the deformation of composite
columns increased rapidly with the increase of the load

value after the specimen changed into the elastic-plastic
stage. At the later stage of loading, the larch board with
brackets on the left side of the specimen was crushed at the
ultimate load. However, the specimen did not fail imme-
diately, and the steel-wood composite columns exhibited
ductile failure.

-e maximum deflection value δmax of all type B
composite column specimens and the corresponding load
value Pu is listed in Table 5. -e increase of deflection of
B-type composite columns was mainly affected by the area
of the hot-rolled H-beam. When the area of the hot-rolled
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Figure 12: Load-strain curves of class A composite columns: (a) Z-1; (b) Z-2; (c) Z-3; (d) Z-4.
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H-beam was the same, the deflection of composite col-
umns was almost the same. However, the ultimate de-
flection of the composite columns with a smaller area of
the hot-rolled H-beam was greater than that of a larger
one.

4.3. Stability Comparison with Hot-Rolled H-Beam. Referring
to the “Steel Structure Design Standard” GB50017-2017,
the stability of the B-type composite column was compared
with that of the pure steel column for further study. -e
stability formula can be expressed as follows:

N

φXA
+

βmNe

cW 1 − 0.8N/Nex( ( 
≤f,

Nex �
π2EA

1.1λ2 
,

(1)

where N is the pressure design value (kN); φX is the stability
coefficient of axial compression in the bending moment
action plane, and the value is 0.924; A is the sectional area
(mm2); βm is the equivalent moment coefficient, and the
value is 1.0; e is the eccentricity (mm);W is the modulus of
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Figure 13: Load-strain curves of type B composite columns: (a) Z-5; (b) Z-6; (c) Z-7; (d) Z-8.

12 Advances in Civil Engineering



the compressed section in the moment action plane
(mm3); c is the plastic development coefficient of section,
and the value is 1.05; λ is the slenderness ratio of
components.

From Table 6, it can be concluded that the combination
column could effectively improve the stability of H-type
steel.

5. Analysis of Influencing Factors on Bearing
Capacity of Composite Columns

5.1. Combining Form. -e A-type composite columns were
bonded with the larch board and hot-rolled H-section steel
only by structural bonding. From the analysis of the previous
section, the bearing capacity during the experiment was
much smaller than that of the B-type composite columns
bonded with both structural rubber and bolt anchoring.
Neither the larch board nor the hot-rolled H-section steel in
the composite columns was damaged due to the instability
failure of type A composite columns. However, for B-type
composite columns, the glue opening phenomenon and the
integrity/bearing capacity of composite columns were in
favor to improve the bolt anchorage; compared with A-type
composite columns, the bearing capacity of B-type com-
posite columns increased by 240.23% on average and the
deflection decreased by 9.42mm (Table 7).

5.2. Change ofWood8ickness. Under the same eccentricity
and cross-sectional area of hot-rolled H-section steel, the
thickness of larch wood increased from 20mm to 40mm and
the bearing capacity of composite columns increased by
19.9% to 75.82 kN (as shown in Figure 15 and Table 5).

Moreover, the thickness of larch wood varied from
20mm to 40mm and the bearing capacity increased by
16.47% to 112.38 kN.

-e lateral deflection of specimens Z-7 and Z-8 under
various loads is shown in Figure 16. With the increasing
section size, the resistance to bending deformation of the
specimen was enhanced. -e deflection change process
showed certain ductility characteristics.

For type B composite columns with a larger cross-sec-
tional area, it was easier for larch boards to bulge out under
small eccentricity. As a result, the ultimate deflection of the
composite column became larger. However, the deflection
increased less than 1mm when the bearing capacity in-
creased by 112.38 kN. -e improvement of bearing capacity
and stability can be attributed to the change of the thickness
of larch boards.

5.3. Change of Section Area. According to Figure 15 and
results of Z-5 and Z-7, the bearing capacity could be im-
proved with the increasing cross-sectional area of steel-wood
composite columns. -e thickness of the larch board of Z-5
and Z-7 specimens was 20mm, but the core of the Z-5
composite column was hot-rolled H-section steel with an
area of 100×1002mm, while the Z-7 composite column was
hot-rolled H-section steel with an area of 150×150mm2.
-e bearing capacity of the Z-7 composite column increased
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Figure 14: Load-deflection curves of Z-1 to Z-4.

Table 4: Test results of class A composite columns.

Specimen
number

Maximum deflection δmax
(mm)

Ultimate load Pu
(kN)

Z-1 44.75 123.97
Z-2 33.82 199.77
Z-3 24.56 132.2
Z-4 22.14 258.07
Note: Pu represents the maximum stress of the specimen. δmax represents
the maximum deflection of the specimen.
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Figure 15: Load-deflection curves of Z-5 to Z-8.

Table 5: Test results of type B composite columns.

Specimen number δmax (mm) Pu (kN)

Z-5 26.05 381.56
Z-6 27.00 457.38
Z-7 16.78 682.40
Z-8 17.79 794.78
Note: Pu represents the maximum stress of the specimen. δmax represents
the maximum deflection of the specimen.
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by 300.84 kN. -e test results of specimens Z-6 and Z-8 also
showed that the bearing capacity of hot-rolled H-section
steel Z-8 with a larger cross-sectional area was 337.4 kN
more than that of Z-6.-erefore, it can be concluded that the
section area of H-section steel used in this composite column
had a great influence on its bearing capacity. -e deflection
increase gradient of Z-5 specimens under different loads was
significantly greater than that of Z-7 specimens, and the
ultimate deflection decreased with the increase of cross
section, as shown in Figure 16. -us, the size of the
H-section also had a significant impact on the stability of the
lifting composite columns.

6. Technical Calculation of Bearing Capacity

Based on the above analysis, the following three ideal hy-
potheses were proposed for the stress process of the spec-
imen under eccentric compression:

(1) At the initial stage of loading, the strain of the hot-
rolled H-section steel is basically the same as that of
larch wood, the overall mechanical performance is
good, and the specimen is in the linear elastic stage.

(2) With the increasing load, the larch board reaches the
plastic stage first, while the hot-rolled H-section steel
is still in the linear elastic stage. When the larch
board enters into the plastic stage, the strengthening
effect is weak, and the increasing load is almost borne
by the hot-rolled H-beam. -e deformation differ-
ence between the two materials is increasing. When
the interfacial stress reaches the strength of the
adhesive, the interfacial bonding failure will occur.
However, the specimen can continue to bear in
coordination, resulting in the composite column
anchored by bolts.

(3) Although the flange of the hot-rolled H-beam in
composite column yields, the main cause of speci-
men failure is the failure of the larch board.

Based on the assumptions above, the formulas for cal-
culating the eccentric bearing capacity of type B composite
columns are derived from the simple superposition principle
as follows:

Pu � φlφaφe PC + PS( ,

Pc � fcAc,

Ps � fsyAs.

(2)

where Pu is the eccentric compressive bearing capacity of the
specimen; Pc and Ps are the compressive bearing capacity of
the larch board and hot-rolled H-section steel in the
composite column, respectively; φl is the influence co-
efficient of the slenderness ratio; φa is the stability coefficient
of axial compression; φe is the lateral stability coefficient of
bending members; fc is the compressive strength along the
grain of larch wood; Ac is the area of larch board; fsy is the
yield strength of steel; As is the cross-sectional area of hot-
rolled H-section steel.

-e values of the stability factor of φa under axial
compression are determined by the following formulas:

λc � Cc

����
βEk

fc



,

λ �
l0

i
.

(3)

If λ> λc,

φa �
acπ2βEk

λ2fc
. (4)

Table 6: Stability analysis.

Specimen number Pu (kN) Ultimate bearing capacity of the hot-rolled H-beam
(kN)

Z-5 381.56 381Z-6 457.38
Z-7 682.40 673Z-8 794.78
Note: Pu represents the maximum stress of the specimen.

Table 7: Contrast results of different combinations.

Contrast
group

Specimen
number Ultimate bearing capacity Pu (kN) Maximum deflection δmax (mm) Increasing rate of bearing

capacity (%)
Deflection
reduction

1 Z-1 123.97 44.75 207.8 18.7mmZ-5 381.56 26.05

2 Z-2 199.77 33.82 128.95 6.82mmZ-6 457.38 27.00

3 Z-3 132.2 24.56 416.18 7.78mmZ-7 682.40 16.78

4 Z-4 258.07 22.14 207.97 4.35mmZ-8 794.78 17.79
Note: Pu represents the maximum stress of the specimen. δmax represents the maximum deflection of the specimen.
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If λ≤ λc,

φa �
1

1 + λ2fc / bcπ2βEk(  
. (5)

where λ is the slenderness ratio of compressive members; i is
the rotation radius of the component section (mm); l0 is the
calculated length of compressed members (mm); fc is the
standard values of compressive strength of materials for
compressive members (MPa); Ek is the standard value of
the elastic modulus of component materials (GPa);
ac, bc, and cc are 0.92, 1.96, and 4.13, respectively,
according to the book “Design Standards for Wood
Structures;” and β is the correlation coefficient of material
shear deformation. Take 1.0 according to the code.

-e lateral stability coefficients of φe flexural members
are determined by the following formulas:

λm � cm

����
βEk

fm



,

λB �

���

leh

b2



.

(6)

If λB > λm,

φe �
amβEk

λ2Bfm
. (7)

If λB ≤ λm,
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Figure 16: Lateral perturbation curves of specimens Z-5 and Z-8 under various loads: (a) Z-5; (b) Z-6; (c) Z-7; (d) Z-8.
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φe �
1

1 + λ2Bfm / bmβEk(  
. (8)

where λB is the slenderness ratio of flexural members; b is the
section width of bending members (mm); h is the section
height of bending members (mm); le is the effective length of
bending members (mm); fm is the standard value of flexural
strength of materials for flexural members (MPa); Ek is the
standard value of elastic modulus of component materials
(GPa); am, bm, and cm are 0.7, 4.9, and 0.9, respectively,
according to the book “Design Standards for Wood
Structures;” and β is the correlation coefficient of material
shear deformation. Take 1.0 according to the code.

Considering the section form and size, the slenderness ratio
of the B-type composite column is variable. -e relationship
between slenderness ratio and ultimate bearing capacity was
fitted, as shown in Figure 17. A power exponential function
relationship between slenderness ratio and ultimate bearing
capacity can be found, whose correlation coefficientR is 0.9545,
showing a high fitting correlation. -e influence coefficient of
the slenderness ratio is defined as φl, and its value is controlled
near 1.0 according to its physical meaning. -erefore, the
slenderness ratio influence coefficient (φl) can be calculated
according to the following formula:

φl �
1

1 + 0.367λ0.00725. (9)

In Table 8, the theoretical and experimental values of the
eccentric bearing capacity of the hot-rolled H-beam-larch
composite columns are compared.

It is seen from Table 8 that the calculated values of
eccentric bearing capacity of composite columns were in
good agreement with the experimental values, and the
maximum error was less than 5%. -e contribution rate of
the average bearing capacity of the larch wood board
(Pc/Pu2) in composite columns was about 32%. -erefore,
larch wood board played an important role in the ec-
centric compressive bearing capacity of composite
columns.

7. Conclusion

-rough experimental research and theoretical comparative
analysis, the main conclusions can be drawn:

Hot-rolled H-beam was strengthened by larch wood, and
the steel was the main force component. -e larch wood
provided lateral stiffness for steel and prevented steel from
buckling. -erefore, the bearing capacity and stability of the
composite column were obviously improved by combining the
advantages of the two materials.

In the combination column, hot-rolled H-beam and larch
wood work together. -e combination effect was outstanding,
and the overall performance was excellent.-e larch strain and
steel plate strain developed synchronously, and the wood strain
was always larger than the H-shaped steel strain. When
approached the limit load, the larch on the left side with the leg
surface reached the compressive strength fracture damage.-e
hot-rolled H-beam wing edge and web plate reached the yield
strength, indicating that the strength of bothmaterials has been
fully exerted.-e deformation of the steel and wood composite
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Figure 17: Relationship between ultimate bearing capacity and slenderness ratio.

Table 8: Comparison of test values and calculated values of eccentric compression columns.

Specimen number Test value Pu1 (kN) Calculated value Pu2 (kN) Difference value (kN) Relative error Pc/Pu2

Z-5 381.56 378.21 − 3.35 − 0.88% 26.60%
Z-6 457.38 478.76 21.38 4.67% 42.03%
Z-7 682.40 664.93 − 17.47 − 2.56% 22.70%
Z-8 794.78 815.75 20.97 2.64% 37.0%
Note: Pu1 represents the test results of specimens;. Pu2 represents the theoretical calculation results of specimens; Pc represents the bearing capacity of wood
obtained by theoretical calculation.
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column can be divided into the elastic stage and elastic-plastic
stage. -e failure form of the specimen was ductile damage.

Compared with the composite column that used only
structural adhesions, the composite column with bolts was
also used on the basis of structural adhesives. -e thickness
and the size of the cut area of the wood had a great influence
on the partial pressure bearing performance of the specimen.
-e cross-sectional area size of the composite column had
the most significant influence.

A simplified calculation formula for the partial pressure
bearing capacity of the composite column under the normal
operating limit was proposed. From the comparative anal-
ysis, it can be seen that the calculated value was in good
agreement with the test value, and the error was within 3%,
which could meet the actual engineering application needs.
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