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Evaluating the Ultimate Bearing Capacity of Glued
Laminated Bamboo Hollow Columns under Eccentric
Compression

Yi Su,* Jun Zou, and Wei Lu

To improve the utilization rate of bamboo, glued laminated bamboo hollow
column (GLBHC) was examined under eccentric compression to study the
effects of different slenderness ratios, eccentric distances, and wall
thicknesses on its ultimate bearing capacity. The nonlinear deformation of
the material and the P-delta effect of the column occur under eccentric
compression, which can affect its ultimate bearing capacity, so it is very
important to analyze the elastic-plastic buckling of the column. Moreover,
the discontinuity of the hollow column section aggravates the nonlinear
deformation. To accurately estimate the ultimate bearing capacity of
GLBHC, considering the difference in tensile and compression elastic
modulus, two eccentric compression models were established. A formula
for ultimate bearing capacity of the GLBHC under eccentric compression
was proposed, and the calculated results were in good agreement with the
test results.
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INTRODUCTION

As an eco-friendly and sustainable new material, laminated bamboo lumber (LBL)
has been developed for building structures due to its strong mechanical properties and
stability (Mena et al. 2012; Yao et al. 2019; Dauletbek et al. 2021), and the durability of
these materials far exceeds that of raw bamboo (Varela et al. 2013; Guan et al. 2018).
However, the columns cannot be ensured completely in the axial compression stage in
building structures. For example, many high-rise buildings, frame columns, trusses of the
roof, and support columns of bridges are always under eccentric compression, which is true
in general for beam-columns (Danesh and Mohammadrezapour 2018; Sui et al. 2018; Hu
et al. 2020; Tan et al. 2020). The bending deformation under eccentric loads can affect its
ultimate bearing capacity, and the nonlinear deformation reduces it further.

Many studies have been carried out on the mechanical properties of bamboo
columns under axial and eccentric compression. Bahtiar et al. (2021) conducted an axial
compression test on 190 Guadua columns with different slenderness ratios and found that
its ultimate bearing capacity decreases with the slenderness ratio increasing. Moreover, the
failure modes of the columns with different slenderness ratios were different (Li et al.
2016). The ultimate bearing capacity is determined by the buckling critical load in the
elastic or inelastic state, which was summarized by 40 parallel bamboo strand lumber
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columns (PBSLs) tests (Cheng et al. 2020). Nie et al. (2021) reported that the ultimate
bearing capacity of the bamboo columns under axial load was related to slenderness ratios,
cross-sectional area, and diameter thickness, and proposed a bearing capacity prediction
model. Li et al. (2016) conducted an eccentric compression test on 35 LBL columns and
found that eccentric distance is the main factor for the decrease of their ultimate bearing
capacity. The ultimate bearing capacity of the column is affected in an obvious manner by
eccentricity (Cheng et al. 2022). Zhou et al. (2021) found that the ultimate bearing capacity
of wooden columns reinforced by BFRP can be obviously affected by different eccentric
distances, and predicted its ultimate bearing capacity by using the finite element method.
Wang et al. (2018) studied the elastic and elastoplastic buckling behavior of laminated
bamboo columns under axial and eccentric compression. However, in comparison with
solid columns, very little research is available for the hollow columns, unfortunately. The
stiffness of a hollow column is greater than that of a solid column under the same cross-
sectional area. Harries et al. (2000) have proposed a box-section glued hollow wooden
column and found that its bearing capacity under the same cross-section area is higher than
that of the solid column. AlAjarmeh et al. (2019) have reported that the hollow column
with GFRP reinforcement has a large stiffness and better resistance to lateral deformation.
Zhu et al. (2021) have studied that when the material of the same volume, the length, and
eccentricity of the column are equal, the bearing capacity of the hollow column is higher
than that of the solid column, and the stiffness of the resistance to lateral deformation is
significantly increased. In sum, the hollow column has better stability and ultimate bearing
capacity.

The failure modes of the hollow column under eccentric compression are different
from that of a solid column. The elastoplastic deformation in the bending direction is more
obvious than that of the solid column, which is caused by the discontinuities in cross-
sections. During the eccentric loading process, the local degumming and cracking failures
will occur at the glued connections of the plates (Wang et al. 2019; Liu et al. 2020), the
buckling deformation of the plywood on the compressive side will occur (Wu et al. 2014),
and even the external drum phenomenon will occur (Zhao et al. 2017), which will
significantly reduce its ultimate bearing capacity. Therefore, it is necessary to propose a
calculation method to evaluate the ultimate bearing capacity.

This study focused on the elastoplastic buckling behavior of GLBHC under
eccentric compression. The failure modes were analyzed and the effects of slenderness
ratios, eccentric distances, and wall thicknesses on its ultimate bearing capacity were
studied. Taking the strains of the tensile and compressive side to reach the ultimate strain
as the failure criterion and assuming cross-sectional strain complies with the flat section
assumption, the models under the eccentric compression were established based on the
theory of elastic small deformation. A formula for estimating the ultimate bearing capacity
of GLBHC under eccentric compression is proposed.

EXPERIMENTAL

Materials

The GLBHC is made of LBL from the same factory in Fujian, China. The
mechanical properties of LBL are very important to the ultimate bearing capacity of the
GLBHC under eccentric compression. Therefore, the mechanical properties of LBL were
tested according to ASTM D143 (2022), and 30 samples were measured for each group to
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find their average values. The mechanical properties including compression strength
parallel to the grain, tensile strength, and elastic modulus are shown in Table 1. The
simplified stress-strain model is shown in Eq. 1, and the curve is shown in Fig. 2.

2

Fig. 1. Test set up: (a) longitudinal compression; (b) longitudinal tensile

(b)

Table 1. Mechanical Properties of LBL

Compression Tensile

Types of
tests Oy Oce &y &g / Elg %w Eu / EF;

/(MPa) | /(MPa) (GPa) | jmPa) (GPa)
Parallelto | gq 36 | 3657 | 0.0179 | 0.0033 | 11613 | 119 | 0.0118 | 100.85
the Grain
ﬁtar.‘d‘?“d 4980 | 2690 | 0001 | 0002 | 1.010 | 8920 | 0.002 | 0.942
eviation
Coefficient |- oo | 34106 | 5.34% | 4.37% | 8.47% | 6.42% | 3.34% | 7.34%
of variation

Note: Ec is the compressive elastic modulus, E:is the tensile elastic modulus, 0 is the
proportional ultimate stress, &, is the proportional ultimate compressive strain, O, is the

ultimate compressive stress, &, is the ultimate compressive strain, and &, is the ultimate tensile

strain. When the compressive stress drops to 85% of the ultimate compressive stress, it can be
considered that the specimen was broken, and its corresponding compressive stress is expressed

by 0., and its value is 50.46Mpa, and the compressive strain is expressed by ¢,,, and its value
is 0.027.
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Fig. 2. Simplified model of stress-strain
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Specimens Design

The four LBL plates were spliced into GLBHC with phenol glue. For the
production of GLBHC, 4- to 5-year-old bamboo culms were selected and divided into strips
(Chen et al. 2014). The strips (5 mm) were dried until the moisture content was reduced to
10% (Sharma et al. 2015). The LBL plate was sanded several times to remove wax and
silica from both sides, which can achieve a uniform size of the strips (Assima et al. 2021).
The strips were treated with carbonization or bleaching (Li et al. 2016). Finally, the
bamboo plates were made into GLBHC using hot pressing and high-temperature treatment,
and a compression of 1 MPa was applied at a temperature of 120 °C for 2 h by the pressure
machine (LY200x16-250/5), and the section size of the hollow column is shown in Fig. 3.
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Fig. 3. Section size of hollow column: (a) split view, (b) overall view, and (c) top view

Equation 2 was used to calculate the slenderness ratio is A=l /i, where | is the
length of columns and i is the rotation radius of cross-section. Because the section of the
GLBHC is a square, the rotation radius in both directions is the same.

i:\/I: \/ﬂ @)
A 12

where | is the cross-sectional moment of inertia, A is the area of the cross-section, B is the
width of the section, and t is the wall thickness.
The critical slenderness ratio can be calculated by the formula (Chen et al. 2020),

Ay =70 E:ﬂf@:% 3)
O 36.57
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where A >56 is called a long column, 17 < A <56 is called an intermediate column, and
A <17 is called a short column (2005).

The eccentric distances of the specimen were designed according to GB/T50329
(2012). The bamboo brackets are set at both ends of the specimen to withstand the eccentric
load. The bamboo brackets are connected to the specimen with two steel plates and
reinforced by bolts, which can prevent the bamboo brackets from being damaged under
eccentric load. The mechanical properties of GLBHC with different slenderness ratios,
eccentric distances, and wall thickness under eccentric compression were determined. The
specific size and number of specimens are shown in Table 2.

Table 2. Dimensions and Eccentricities of the Tested Columns

Specimens L/mm B/mm t/mm e/mm Slenderness ratio
1350-40 1350 100 20 40 40
1350-80 1350 100 30 80 40

1350-120 1350 100 40 120 40
1650-40 1650 100 20 40 49
1650-80 1650 100 30 80 49

1650-120 1650 100 40 120 49
1950-40 1950 100 20 40 58
1950-80 1950 100 30 80 58

1950-120 1950 100 40 120 58

Loading Procedure and Instrumentation

The test was conducted on an electro-hydraulic servo universal testing machine
(Jinan Xinguang Testing Machine Manufacturing, Jinan, China) with a capacity of 500 kN,
a TDS-530 data acquisition instrument, and linear variable differential transformers
(LVDTs). The specimen was installed vertically on the testing setup, and both ends were
placed on the knife hinge support, as shown in Fig. 4.
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(b)

Fig. 4. Diagram of the knife hinge: (a) components of a knife hinge; (b) actual knife hinge

The load was transmitted to the steel plate through the knife hinge and then to the
specimen. The eccentric distance can be changed by adjusting the screws on both sides, as
shown in Fig. 5. The speed of loading was 2 mm/min, and the test continued until the
specimen was broken or the load dropped to 85% of the peak load.
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Fig. 5. Testing setup: (a) actual testing setup, (b) specimen, and (c) details of testing setup
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Fig. 6. Diagram of strain gauges and LVDTSs: (a) measuring points; (b) cross-section diagram

To verify the plane-section assumption, strain gauges 1, 2, 3, 4, and 5 were placed
at the side plate. Strain gauges 3, 6, 7, and 8 were placed in the middle of the four plates.
All strain gauges were 50 mm x 3 mm. At first, a load of 0.5 kN was applied for 5 min to
check instruments. The strain values of 3, 6, 7, and 8 were compared, and the position of
the specimen was adjusted until the error of the strain gauges was small. The LVDTs were
placed on the endplates, as shown in Fig. 6. The load cell, strain gauge, and LVDTs were
connected to the TDS-530, and the acquisition frequency was 10 Hz.

RESULTS AND DISCUSSION

Failure Modes

During the loading of the long column, there was no obvious deformation in the
initial loading stage. When the load increased to 50% of the peak load, lateral deformations
were observed, as shown in Fig. 7(a). The lateral displacement curves were linear, which
indicated that the hollow column was in the elastic stage at this time. As the load
continuously increased, when the load increased to 60% of the peak load, the cracks
occurred on the surface of the column at the mid-span, as shown in Fig. 7(b), and a
"crackling” sound was heard at the same time. When the load increased to the peak load,
the lateral displacement curves began to decline slowly. The lateral deformation increased
quickly, and cracks occurred near the bamboo brackets. The cracks continued to expand to
the mid-span section, as shown in Fig. 7(c). Finally, the fibers on the tensioned side were
broken, as shown in Fig. 7(d).
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Fig. 7. Failure modes of a long column: (a) buckling, (b) crack, (c) fiber bulged failure, and (d)
local crack

In the intermediate column, the lateral deformation was very small in the initial
stage. When the load increased to 40% of the peak load, a slight lateral deformation was
observed, as shown in Fig. 8(a). The column remained in the elastic stage. When the load
was increased, the lateral deformation became larger, and the cracking sound was heard
intermittently. Local cracks occurred at the glued places of the plates, as shown in Fig. 8(b).
When the load increased to 60% of the peak load, the lateral deformation became more
obvious. The lateral displacement curves no longer maintained linear, and the strain on the
compressive side had exceeded the proportional ultimate compressive strain, which
indicated that the column entered the elastoplastic stage. As the load continuously
increased, the lateral deformation of the specimen was became larger. Cracks near the
bamboo brackets occurred, and the cracks were expanded to the mid-span section, as shown
in Fig. 8(c). When the load reached the peak load, the fibers on the tensile side were broken
with a “snap” sound, as shown in Fig. 8(d). The load began to drop, and the strain on the
tensile side almost reached the ultimate tensile strain, and then the test was stopped.

(@ (b) )

Fig. 8. Failure modes of intermediate column: (a) buckling, (b) long crack, (c) local crack, and (d)
tensile failure
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Test Results and Analysis
The test results of GLBHC under eccentric compression are shown in Table 3.

Table 3. The Results of GLBHC under Eccentric Compression

Specimens | Slenderness ratio e/mm t/mm Pu/kN y/mm
1350-40 40 40 20 122.28 18.64
1350-80 40 80 30 97.71 32.64

1350-120 40 120 40 79.37 38.74
1650-40 49 40 20 99.73 22.54
1650-80 49 80 30 80.05 42.99

1650-120 49 120 40 70.35 46.89
1950-40 58 40 20 80.32 35.77
1950-80 58 80 30 60.24 51.21

1950-120 58 120 40 49.59 59.64

The lateral displacement curves are shown in Figs. 9 and 10. In Fig. 9, the ultimate
bearing capacity of GLBHCs decreased with the slenderness ratio increasing, which have
the same eccentric distance and wall thickness. In Fig. 10, the ultimate bearing capacity
decreases with the eccentric distance increasing when they have the same slenderness ratios.
When the wall thickness increases, its ultimate bearing capacity should be increased

according to the Euler theory. But it is also affected by the eccentric distance.

When the eccentric distance increases, its ultimate bearing capacity was decreased,
which indicates that eccentric distance is the reason for the reduction of the ultimate bearing
capacity for GLBHCs.
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Fig. 9. The effects of eccentric distances on its ultimate bearing capacity: (a) e=40; (b) e=80; (c)
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Fig. 10. The effects of slenderness ratios and wall thicknesses on its ultimate bearing capacity:
(@)A=40 (b)1=49 (c)1=58

The load-strain curves in Fig. 11 show that: (1) the load-strain curves of each
specimen are similar; (2) in the initial loading stage, the load-strain curves were linear,
which indicates that the column is in the elastic stage. After that, the curves began to bend
slightly, which indicates that the column entered the elastoplastic stage. When the column
had a small eccentric distance, its load dropped slowly after reaching the peak load.
Conversely, for the column with a large eccentric distance, the load dropped quickly; (3) a
larger eccentric distance resulted in a smaller ultimate bearing capacity.

The mid-span cross-sectional strain curves are shown in Fig. 12. The cross-
sectional strain curves remained linear before the column failed, which indicates that the
glued connections of the plates were not broken and its cross-sectional strain complied with
the flat section assumption. As the load increased, the position of the neutral axial was
biased toward the compressive zone because the compressive elastic modulus was greater
than the tensile elastic modulus. A larger eccentric distance resulted in a greater bias.
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Fig. 12. Mid-span cross-sectional strain curves: (a)1350-40 (b)1350-80 (c)1350-120

Ultimate Bearing Capacity

The elastoplastic buckling of GLBHC occurs under the eccentric load. The P-delta
effect (Medri 1982) and the differences in tensile and compressive elastic modulus (Yao et
al. 2004) have a great effect on its ultimate bearing capacity. To consider these factors, a
new ultimate bearing capacity model is proposed based on the elastic small deformation
theory.

Mid-span Lateral Displacement

The lateral displacement curves are shown in Fig. 13, where three LVDTSs are set
on the tensile side of the specimens. At the knife hinges, the lateral displacement is zero.
The shape of these curves is similar. Under the same slenderness ratio, the lateral
displacement is larger with increasing eccentric distance. When the eccentric distance is
the same, the larger slenderness ratio results in greater lateral displacement but lower the
ultimate bearing capacity.
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Fig. 13. Lateral displacement curves: (a) column(L=1350), (b) column(L=1650), and (c)
column(L=1950)

The common forms of equations for deflection curves include quadratic polynomial
function, half-wave sine function, half-wave cosine function, etc. (Hong et al. 2021; Zhou
et al. 2022). The fitting curves with quadratic polynomial functions and sinusoidal
functions are shown in Figs. 14(a) and 14(b). There were local errors between them.
Furthermore, the average value of them was closer to the test value, as shown in Fig. 14(c).
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Fig. 14. The deflection curves of the column: (a) quadratic polynomial function, (b) half-wave sine
function, (c) average function

(=]

The deflection of the hollow column under eccentric pressure is related to the
curvature radius of the section (o), which is calculated as follows,

e @
P (1+y')3/2 [1+a(|—2x)]3/2

where y is the lateral displacement at any point of the column, a is coefficient of the
deflection curves, x is the distance from the end of the column, and | is the length of the
column.

The equation for the quadratic function and sine function deflection curves can be
set as follows,

V= a(—x2 + Ix) (5)
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W=aSin7[|—X,(OSXS|) (6)

where v and w are the deflections of quadratic and sinusoidal functions, respectively.
Taking the average of the mid-span lateral displacement of the sine and quadratic functions,
the equation for mid-span lateral displacement of the GLBHC is as follows,

_8+7r2 |2

Ymax = 167° p

where Ymax IS the lateral maximum displacement of the mid-span section.

The eccentric load can be equated to the combined action of the bending moment
and the axial force, which can be used to establish the equilibrium equation of force and
bending moment. The GLBHC can be divided into two failure modes: (1) when the tensile
strain reaches the ultimate tensile strain, it is called the large eccentric compressive failure;
and (2) when the compressive strain reaches the ultimate compressive strain, it is called
the small eccentric compressive failure. The specific derivation process is as follows
(Huang et al. 2015).

(1)

cp gcp

—+—>Plastic zone
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Fig. 15 The model of the mid-span stress-strain under the large eccentric load
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Large eccentric model

The model of the mid-span stress-strain relationship is shown in Fig. 15. The height
of the section H can be divided into three zones, where hep is the height of the compressive
plastic zone, hee is the height of the compressive elastic zone, and h: is the height of the
tensile zone. Because it is a large eccentric compression model, the tensile zone reaches
the ultimate tensile strain aw, and the compressive elastic zone and the compressive plastic
zone are divided by the proportional ultimate strain &e. The strains at the compression edge
do not reach the ultimate compressive strain. With the neutral axis as the x-axis and the
cross-section height as the y-axis, the tensile side as the positive direction, and the
compressive side as the negative direction, as shown in Fig. 15, the curvature k of the mid-
span section can be expressed as follows,

k = 1 i — e _ o ®)

p hl h hce + hcp

ce

Substituting the relevant mechanical properties parameters of the material into Eq.
8, one obtains:

0.0118

ht gce ce 0.0033 ce ce (9)

Substituting € =Ky into the stress-strain relationship model,

E ky O<y<h
o(e)= E_ky —-h, <y<0 (10)
k?y* +bky+¢, —(h, +h,)<y<-h,

where E; is the elastic tensile modulus, E. is elastic compressive modulus, and az, b1, and
cy are the mechanical properties parameters of the material. According to Fig. 15,

h[+hce + hcp =H (ll)

Assuming that the cross-section width is denoted by B, the equation is established
based on the balance of force and bending moment, as follows.

j Ekydy+j ((h: h:) )( k2y2+bky+c)dy—%

(12)

M

Eky’dy+|  ~ ak 2 +bky +c)ydy =—

N yij " +bky+c) ydy =

The stress-strain relationship is as follows.
o-tu:Etkht

13
{ ce:_Eckhce (33

Equation 12 can be simplified by substituting Egs. 8, 9, 10 and 13 into the terms to
obtain Eq. 14.
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(119.02t—16 53" ] 0. 37 (H-5.6h,)’ —(H —3.6h, —t)3J+70.13t+
6.06(t" —2Ht) N
h, B
1 02[46 66N, - (3.6h, ~t)’ |+ 028[(H 3.6h, ~t)" ~(H -36n,)" |
Mt | (H-36h,)’ ~(H -3.6h, —t)’ | -95.4n, ~13.25t+ 26 5H = %
(14)
Small eccentricity model
The model of the mid-span stress-strain relationship is shown in Fig. 16.
GCU
P & Y
—>Plastic zone ig
s
o Ege 7_
M —— i [<5)
x % Elastic zone Bl
yl_’ N B e < =+
<
= gfI
Stresses Strains

Fig. 16. Model of the mid-span stress-strain under the small eccentric load

In Fig. 16, the edge strain of the compressive zone reaches the ultimate compressive
strain &u, Which is different from the large eccentric model, and the strains at the tensile
edge do not reach the ultimate tensile strain &u. Based on the analysis steps of the large
eccentric model, Eg. 15 is obtained.

k = S O _ ﬂ
hce hce + hcp ht (15)
h,, =4.42h,

Equation 12 can be simplified by substituting Egs. 11, 13, and 15 into the terms to
obtain Eq. 16.
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S (2H -1-1084)+ =7 203807 ~ (5.420, 1)’ | -92.101
H —5.42h,, ,
L6068 _N
hce - B
39.67 | (H-542h, )" ~(H -5.42h, )’ | +1443.63th,, ~13.25t" +
H —5.42h,,
0.28 ., 404 ] M
- [(5 42h,, —t)" —862.97h } " [159 22h.° —(5.42h,, —t) }__
(16)

The ratio of the height of the compressive zone to the height of the cross-section is
denoted by ¢. Its value can be determined according to the Egs. 8, 9, 11, and 15, where

oc:(hce + hcp)/ H . When the tensile strain and compressive strain all reach the ultimate

strain, ¢ is 0.7120, which can be used to determine whether the column is a large eccentric
model or a small eccentric model.

The corresponding critical load N can be obtained by substituting ¢, B, t, and H into
Egs. 14 and 16, and its value is 9.8BH. When N=9.8BH, it is a small eccentric compressive
failure; otherwise it is a large eccentric compressive failure.

The corresponding bending moment M can be obtained by substituting the load N
into Egs. 14 and 16. Equation 17 can be established based on the balance of the bending
moment.

M =N(e+ Y ) =M, +M, (17)
where e is the eccentric distance, ymax is the mid-span deflection, M is the bending moment
at the end of the column, Mo is the equivalent bending moment generated by the the

eccentric distance, and My is the bending moment generated by the P-delta effect.
Substituting Egs. 7 and 8 into Eqgs. 17, Egs. 17 is obtained.

+ 2 IZN
M = MO +8—ﬂ-2 . gce
167° «aH
The formula for the ultimate bearing capacity of GLBHC under the eccentric
compression P¢r can be expressed as follows.

o _M; 8+7" £ I'N (19)
“ e 167% «aHe

(18)

Validation

Specimens with the cross-section size (100 mm x 100 mm) and wall thickness (t =
20 mm) were selected. The theoretical results of the GLBHC with column lengths of 1350
mm, 1650 mm, and 1950 mm are shown in Table 4. Errors between the theoretical results
and test values were less than 10%, which indicates the formula can well estimate the
ultimate bearing capacity of GLBHC under the eccentric compression. The theoretical and
test results are in Fig. 17.
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Table 4. The Calculated Results of the Selected Column

1350 mm 1650 mm 1950 mm
N M a N M N M
(kN) (KN-m) (kN) (KN-m) a (kN) (KN-m) @
20 11.21 0.9996 20 10.92 0.9996 20 10.24 0.9996
40 11.04 0.8962 30 10.67 0.9251 25 9.31 0.9540
60 10.23 0.8012 40 10.17 0.8962 30 9.04 0.9251
80 9.51 0.7242 50 9.47 0.8513 35 8.74 0.9136
98 7.92 0.7120 60 9.08 0.8012 40 7.63 0.8962
100 7.82 0.7267 70 8.24 0.7588 45 6.96 0.8044
120 6.07 0.7499 80 7.12 0.7242 50 6.39 0.8513
140 4.25 0.7678 90 5.68 0.7171 55 5.82 0.8237
160 0.43 0.7871 98 4.26 0.7120 60 5.03 0.8012
100 3.42 0.7267 65 4.31 0.7839
110 0.21 0.7409 70 3.12 0.7588
75 1.35 0.7409
80 0.33 0.7242
— 120 — —
160 e Theoretical value =—=Theoretical value 804 —Theorstical value |
A Testvalue 100 Pr=99.8 A Test value N=80.32 A Test value
i A= =83.21 Po=72.69 -
120 a0+ =80.0 cr P s ] 60 cr o 60.24 Pcr—60.24
‘zi P.=75.82 é s0] &0/ . i e=30/e=80 a=52.76
z ¥ z =8/ A3 = 401 N=49.53
40 ]
40 201
201 h
e=12 €=120
0 T T 0 T 0 —— —
0 2 4 ] 8 10 12 0 2 4 6 8 10 12 0 2 4 6 10 12
M (kN-m) M (kN-m) M (kN-m)
(a) (b) (c)

Fig. 17. Comparison between theoretical and test values: (a) 1350 mm, (b) 1650 mm, (c) 1950 mm

CONCLUSIONS

1. Inthis paper, the ultimate bearing capacity of glue-laminated bamboo hollow columns
(GLBHC) under eccentric compression was studied and it can be divided into a long
column, intermediate column, and short column. Their failure modes are different and
are related to the slenderness ratios. The elastic buckling occurs in the long column
and the elastoplastic buckling occurs in the intermediate column. Under the same
slenderness ratio, the lateral displacement is larger with the eccentric distance
increasing. When the eccentric distance is the same, the larger the slenderness ratio,
the greater the lateral displacement, but the lower the ultimate bearing capacity.
Therefore, eccentric distance is the main reason for the reduction of the ultimate

bearing capacity.

2. The cross-sectional strain remains linear before the hollow column fails, which is the
basis for adopting the flat section assumption. Due to the differences in tensile and
compressive elastic modulus, the position of the neutral axial is biased toward the
compressive zone.
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3. To accurately estimate the ultimate bearing capacity of GLBHC under eccentric
compression, one can take the strains at the edge reach the ultimate strain as the failure
criterion. Two calculation models under the eccentric compression are established
based on the balanced equation of force and bending moment, which considers the
differences in tensile and compressive elastic modulus and elastic-plastic deformation.
The formula for the ultimate bearing capacity of GLBHC under the eccentric
compression is derived. As a result, the test results are in good agreement with the
theoretical results.

FUTURE WORK

In this paper, a formula for estimating the ultimate bearing capacity of GLBHC
under eccentric compression was proposed and it was found that the test results were in
good agreement with the calculated results. However, there are still some valuable
problems requiring to be further studied in future work. For example, the bamboo
properties will change with respect to the distance from the tangential outer surface as one
moves inwards, which is not considered in this paper. So it is valuable to study the
changeable bamboo properties on its ultimate bearing capacity in future work.
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