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Creep behaviour of Bambusa blumeana in bending

J. ). A, Janssen®
Theseuswey 14, 5631 KS Eindhoven, The Netherlands

Abstract: Long-term bending tests on Bamébusa biiwneana culms with a free span of 4.5 m have been
performed to study the creep (deformation under long-term loading) in bending. The Burger’s mode!
has been used to describe Lhe results and the parameters have been determined. [nfluence of the diaphragm
and the outer skan of the culm and relative humidity {RH) on creep bas been siudied.
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INTRODUCTION

Creep (deformation under long-term loading) in bending 1s an important phenomenon.
Creep in timber has been well studied but no information is availahle on the behaviour
of bamboo culms under long-term teading. The validity of Burger’s model has been
tested to describe the creep phenomenon in bamboo.

The aim of the study was to find out whether creep and recovery are important
phenomena in bamboo, to determine the parameters in the stress-strain formula of the
Burger’s model and to study the influence of diaphragm, ocuter skin, and relative
humidity.

The mathematical formula for the stress-strain relationship, based on Burger’s model
is given by equation (1).

E(1)= E E, 7 Ee ' (D

in which:

£ = strain, dimensionless,
o = stress, in N/mm’,

t = the time, in sec,

*E-mal; julesjanssenswanadoo.nl
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E, and E, = modulus of elasticity, in N/mm?,
1), and 1, = viscosity. in mm*/N sec.

Amuada and Lakes (1997) have reported the viscoelastic properties of bamboo. The
deforimation under a repetition of wetting and drying has been reported by Saito and
Arima (2002}, However, these articles deal with very small specimens of 3 x 3 mm by
52 mm, and 1 x 5 mm by 110 mm:. Obataya et af. (2007) and Yoko et al. (2002) have
published interesting data on creep in bamboo from a fundamental point of view.

MATERIALS AND METHODS

The bending tests were carried out on full lergth culms of Bambusa blumeana obtained
from the Philippines. The culms were conditioned at RH 70 per cent and 20 °C. This
resulted in a moisture content (MC) of 12 per cent. The mean density was 823 kg/m®
with a standard deviation of 119 kg/m’. A four-point bending test with a free span of
4.5 m was employed as it represents the actual building practice closely. Concrete
blocks and stecl disks were used as load. The deformation was measurcd at mid span
with a potentiometer. The load was applied ip such a way that the initial strain was
{1.002. The reason for this initial strain is to have an initial deformation of about 100
mm, which allowed measurement of creep and recovery accurately. However, a
disadvantage of this was loading up to 55 per cent of the assumed short-term strength
resulting in failure of some culms. The culms were loaded {or two months, followed
by one and a half month recovery (unloaded); this was repeated three times. The total
test period was 14 months.

Table 1 provides details of all long-term tests performed. “No diaphragms” means
culms with the diaphragms removed, and “skin removed” means the outer skin of
about 1 mm removed.

RESULTS
An example of a stramn-time diagram is given in Figure 1. [n about 400 days the creep

causcd an increase of the strain from 0.0022 to almost 0.003 during recovery, the
strain was as low as 0.0002 to 0.0004. Mos! culms showed less deformation than this.

Table 1. Timetable of wests

Perntod Type of tests No. of culms RH (%)
Oct. 1981 - May 1983 Normal culms 8 70
May 1983 - Oct. 1984 No diaphragms 5 70
June 1983 - Qcr, 1984 Skin removed 3 7
Fan. 1985 - Tuly 1985 Normal culms 8 &0

(mitial steany = 0.002)
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Figure 1. An example of a strain-time diagram.

The results from the first series of tests, on normal culms, are given in Table 2. For the
eight culms, the deformation at mid-span is given in mum at the end of each of the four
creep periods, and at the end of each of the four recovery periods. The deformation
increases from 100 per cent initial to average values of 112, 115, 117 and 119 per cent
at the end of the creep periods. The permanent deformation at the end of the four
recovery periods is as low as 3,3, 4 and 6 per cent. Table 3 gives the valuesfor E | E,,

T, and n,.

The results of the tests on culms without diaphragms are given in Tables 4 and 3.
Remarkably, the creep increases less than that of normal culms. The permanent
deformation at the end of five recovery periods is nearly the same. Table 5 gives the
values for E and 1. The remaval of diaphragms has only a small influence on the
deformation and on E, and 1j,. One would expect the diaphragms to act as a type

Tabile 2, Dcformation of normal culms (n = §)/at mid-span

Culm Initial

No.  value Deformation at mid-span {mm)
Creepl Creep2 Creep3 Crecp4 Recov. Recov. Recov. Recov.
[ 2 3 4
2 598 1169 1198 124.1 125.1 27 34 6 1.6
3 966 1072 109 L7 113.1 2.7 27 ] 5.3
4 1124 128 135 1379 1344 34 75 « 10 3.2
5 1104 1188 1219 1224 £15.1 Q.5 1.6 35 0
6 lte8 1278 126.9 131.3 1329 4.3 39 4.4 59
7B 1035 1122 114.5 L4 1104 13 21 4 0
8 106 1152 1182 120 119.9 2 1.3 25 36
9 865 1M7 107.7 112.7 1259 B4 9.8 13.2 16.1
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ofdowel keeping the upper and lower halves of the cross section together during
bending; however, this is not supported by the test results.

Table 6 shows the results of the tests on culms without outer skin. The number of
culms was limited to three as removal of 1 mm outer skin manually, without damaging
the culm, was cumbersome. The results, not much different from those for normal
culms. are quite surprising. One would normally expect that the outer skin with its
high content of silica would diminish the creep and recovery, but it was not so.

Tables 7 and 8 give the results of the tests carried out at RH 60 per cent. Table 7 gives
the strain instead of the deformation at mid-span. Comparing these values with the

Table 7. Strain values of culms tested at 60% RH (n=8)

Culm Initial € Strain at mid-span (x107%)
Creepl Creep2 Recov.l Recov.2 Recov.3(RH 78%)
4D 1.73 2.12 2.20 0.21 0.28 0.17
5D 1.71 1.89 1.94 0.07 0.11 0.04
6D 1.82 2.10 2.16 0.13 0.17 0.07
7D 1.99 2.25 2.32 0.11 0.15 0.06
8D 1.89 2.16 2.19 0.16 0.19 0.10
9D 2.05 243 2.49 0.17 0.22 0.14
10D 2.19 2.65 2.74 0.27 0.34 0.20
11D 2.12 2.50 2.56 0.22 0.27 0.13

Table 8. Modulus of elasticity and viscosity values of culms tested at RH 60% (n=8)

Creep 1 Recov. 1 Creep 2 Recov. 2 Total
E, Mean 24210 21590 22900
SD 2785 2390 2587.5
CV% 12 11 11
E,, Mean 191530 503370 472640 545540 428270
SD 84990 122130 107490 98880 103372.5
CV% 44 24 23 18 27

1 . Mean 1.48E+12 2.69E+12 1.63E+12 2.34E+12 2.035E+12
SD 474E+11 7.61E+11 3.16E+11 4.54E+11 5.013E+11
CV% 32 28 19 19 25

1 ,. Mean 3.69E+10 5.04E+10 371E+10 521E+10  4.413E+10

SD 3.30E+10 1.31E+10 9.43E+09 1.74E+10 1.823E+10
CV% 89 20 25 33 44
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values for the normal culms tested at RH 70 per cent, there is no significant difference;
normally, a lower RH should result in less deformation, which is not the case here.

Table 7 provides values after an extra period of recovery at RH 78 per cent. This
resulted in a decrease of the strain. Table 8 gives the values for E and 1, which should
be compared with those for normal culms. The value for E, is 13 per cent higher,
which makes sense. It is difficuit to find any logic in the other comparisons.

DISCUSSION

The creep and recovery are important phenomena in bamboo. In view of the fact that
bamboo is becoming an accepted engineering material, knowledge about these
phenomena is important. Further tests are warranted to find out reasons why creep in
bamboo is less than in timber.

CONCLUSIONS

In these tests, creep in bamboo is up to 20 per cent of the immediate deformation, and
the permanent deformation is 6 per cent or less. The hypothesis that the diaphragms
influence the creep is not supported by these tests. The same applies for the outer skin
of the culm. Differences in relative humidity did not result in a significant difference
in creep.
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