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Results

4.1.
Density and specific gravity

Density and specific gravity of samples, from inneuter, bottom and

middle sections of the culm are presented on TéabBottom SG was around 0,63

— 0,64 while the middle one was between 0,74 aB@.0/alues allow plotting

SG, as suggested by Ghavami, 1995 relation todbk#ign along the culm length

for both inner and outer sides.

Specimen mass samplg's dimensio'ns density  Especific
[9r]  lenght [nm] wide [mm] thick [nm] [gr/cm?]  Gravity
1 Middle-Outer 26,304 227 36,76 3,67 0,86 0,86
2 Bottom-Outer 12,918 229 34,84 2,58 0,63 0,63
3 Middle-Inner 27,116 228 40,78 3,94 0,74 0,74
4 Bottom-Ilnner 16,333 225 39,095 2,91 0,64 0,64

Table 6 Density and specific gravity for bottom andidle segments.

Specific Gravity

f ._ b B 0gp63

Figure 31 Specific Gravity of inner and outer segta@long the culm

length.
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4.2,
Moisture

For moisture calculations, five samples were talkem different locations
along the culm, results are presented below onel@blThe average value of

moisture was 11,11%.

Sample my[gr] m[gr] Humidity [%]

1 16,85 15,12 11,44%
2 13,61 12,23 11,28%
3 21,17 19,06 11,07%
4 9,42 8,47 11,22%
5 7,66 6,93 10,53%
Average 11,11%

Table 7 Moisture of bamboo used for test specinagasbeams.

4.3.
Roughness

Results for roughness measurements are shown umeFgB. The range of
readings were 9,55 mm for X-axis and 168,18 umYeaaxis. Results had an
outstanding accuracy as the machine has a preaisiges of um, however, the
bamboo roughness values were around of 40,78 pwmnsimothe Figure 33.
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Figure 32 Profile of final polished bamboo lamisasface.

The curve shown in the lower right corner of Fig@Beprovides the surface
profile of the segment shown in Figure 34. This wlase, mainly to verify an
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acceptable roughness value to allow optimal adhelseiween layers, despite it
looks considerably flat at first glance. Surfacesevfound to be sufficiently flat
and smooth to ensure adherence, when comparedbettbhmarks from other
laminated bamboo studies.

Figure 33 Surfaces of final layers used to obtest $pecimens and
assemble beams.

4.4,
Test specimens analysis

The measurements presented were obtained usipggaljes for both
tensile and shear tests, and running three of thgaipped with strain gages to
check values. The variability between results tsilbatted to the differences in
testing parameters, as summarized previously, la@dnultiple operators used to
obtain the data. Standards for timber analysis esigiipe use of reference values,
however these values do not exist for bamboo pti@seThe generally accepted
method for assessing bamboo data is to comparénetitaalues with published
data. Table 8 presents values of average tensittulo® of elasticity and shear
modulus for the six segments of analysis and gtaimdard deviation (s).

Shear modulus [MPa] Modulus of elasticity [MPa]

segment — — — —

n X S %soff| n A S % S Of
Bl 3 79,84 26,94 34% 3 7470,00  1313,80 18%
Ml 3 60,75 48,35 80% 3 16278,63 671467 41%
Tl 3 42,271 10,90 26% 3 1206103 826340 9%
BO 3 75,83 23,99 32% 3 785383  3313,94 42%
MO 3 105,5% 5,1p 5% 3 16168,33 714457 44%
TO 3 52,2( 27,19 52% 3 18385/67 1187236 5%

Table 8 Tensile modulus of elasticitydhd shear modulus G of test specimens.
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Standard deviation values as a percentage of agragow the high
variability between samples, which ranges from 58@%. This variability can
be attributed to multiple sources, but is ofteneauit of the material itself.
However, the limited number of tests for each segrtends to increase the range
of variability. This variability can be seen grapdlly on Figures 35 and 36 where
modulus values are plotted with respect to longitaidocation, inner wall results
are located over outer wall ones, to help visutibpna the differences. However,

those ranges show some trend in terms of longi&i@dind wall divisions.
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Figure 34 Shear modulus of inner and outer wall®rgitudinal location.

While Figure 35 presents an apparent random disioib of shear modulus
both for longitudinal and radial location, Figuré Bresents a slight tendency to
increase MOE as it goes from bottom to top.
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Figure 35 Tensile modulus of elasticity of innedamuter walls vs longitudinal
location.

The standard deviation of the modulus of elasticttynfirms wide
variability resulting from heterogeneous and onbpic materials as bamboo. In
addition, the few numbers of trials of each segmmatkes it impossible to
determine outlier spots as random errors. While Mé&er& Chariar, 2012
concluded that MOE increases from inner wall outlsaand from bottom to the
top. For this bamboo species and test there is @mharked trend of increasing
from bottom to middle segment. And a soft trendhafeasing from inner to outer
region. Opposite to their conclusions, inner tognsent resulted to have a minor
MOE than both middle segments but it was the regibere the increasing from

inner outwards was more visible.
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n 0;;

18385,66667

Tensile MOE all segments

Figure 36 Tensile modulus of elasticity found fdrsegments of analysis.

12061,03333

W BI; 1; 7470

Tensile MOE inner wall

Figure 37 Tensile modulus of elasticity of innegsents.

It turns necessary to analyze inner and outer s&diments separately in
order to determine some behavior patterns for iddad segments. Figures 38 and
39 present tensile modulus of elasticity for inaed outer wall respectively.

A separate analysis of inner wall segments indscatetop strength for
middle sections, moreover, outer wall segments sliowcreasing trend as some
literature has suggested for some bamboo specidressing inner and outer
regions separately, it can be said that outer nsgsupport Verma & Chariar
findings, while inner region states middle regiartl@e higher stiffness one.
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7853,833333

Tensile MOE outer wall

T0

Figure 38 Tensile modulus of elasticity of outegrsents.

Figure 40 and Figure 41 plot average values andvéitence along the
length and across the wall. Figure 40 establishdea trend in bottom segments
compared to middle and top ones, confirming previawestigations, which
established that bamboo bottom was the weakesosektowever, for the middle
and the top it cannot determine a defined trendh@sniddle sections appears to

have higher modulus than top.
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Figure 39 Marginal values of tensile MOE of segmeeiong the length.
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For marginal values of inner and outer sections-igire 41, do not allow
to determine a strong pattern across the wall ttask. However, it can be seen

that outer segments seem to have higher valuesa#.M

30000,00-

25000,007)
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=
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5000,00-

00—

Radially

Figure 40 Marginal values of tensile MOE on waltkmess.

Previous studies encompassed bamboo culm analgsisdbon divisions
along the culm and across the wall let to compateained values with relatives of
other bamboo species (see Table 9). Both Verma &i@h 2012 and Li, 2004
found increasing values from bottom to top and fioner to outer wall for elastic
constants. However, values for top sections obdhimethis research do not
correspond to those of literature as middle sestipresented higher elastic

constants.
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Bamboo Et and f@long the culm [Gpa]
Across _ Along the length
the wall Source Bamboo species :
thickness Bottom| Middle | Top
Et Obando & .
_Ghavami 2015 | Dendrocalamus giganteys 7.47 | 1628 | 7,30
Eb Obando & .
nner | Ghavami 2015 | Dendrocalamus giganteys NA | 1111 471
EtVerrg%féChanar Dendrocalamus strictus| 2,10 2,70 4,66
 Ebli2o004 | Phyllostachys pubescens 9,17 | 9,25 | 9,52
Et Obando & .
_____ Ghavami 2015 | Dendrocaiamus giganteys 7.85 | 1617 18,39
Eb Obando & .
Outer | Ghavami 2015 | Dendrocalamus giganteqs 470 | 9,32 | 829
EtVerrgaOféCharlar Dendrocalamus strictus| 4,60 6,40 8,90
"""" EbLi2004 | Phyllostachys pubescens 16,32 | 16,40 | 16,68

Table 9 Bamboo tensile modulus of elasticitya&d bending modulus of elasticity
Eb of different culm segments for different species.

4.4.1.
Statistical analysis of test specimen results

Data analysis demands determining statistical miffees to classify and
analyzing results. Due to high degree of dispersiotata comes highly probably
do nor determine those differences, however, aisalgs to generate marginal
values as average values with confidence interpaled on variances so that
ANOVA analysis was made for both test specimenslaaim specimens. In this
case, an ANOVA model for fixed effect is ineffedivbecause longitudinal and
radial position of segments turn out to be twoeatd#ht and independent factors, at
least in this case of study. Therefore, it becomexsessary an ANOVA model of
factorial design for two independent factors, idesrto study the effect of each
one of them for each trial. This methodology anasythe effect along the culm
and across the wall location on the response Mariaitependently. It also
provides objective results to determine if thera ishoice at factor longitudinal
location, which, independently of radial locatig@nerates a better response, and
vice versa. Finally, this statistical method detiews what combination of both
factors provides a better response, in this casechwone has better strength

performance.


DBD
PUC-Rio - Certificação Digital Nº 1222128/CA


PUC-RIo - Certificacdo Digital N° 1222128/CA

63

In a factorial design facts, as well as interacti@tween them are equally
important for analysis. It leads to proof some higpsis to validate ANOVA
analysis:

1. Equality of the effects on longitudinal locatioedtment.

2. Equality of the effects on radial location treatmen

3. Interaction between longitudinal and radial locasio

In this way, the first hypothesis of homoscedatstician be accepted or
rejected by using the Levene proof, which detersiih@ariance of error remains
constant along the cases. Table 10 presents Lex@meast for equality of the
error variances, with longitudinal location as degent variable. Sig. value is
0,000 therefore it is less than the significancelle@=0,05. This rejects the null
hypothesis and then the assumption of homosceigastiaunsatisfied. However,
for radial location the Sig. value is higher thagndicance level, therefore, null
hypothesis is accepted and the assumption of hadastcity is satisfied.

MOE
Estadistico
de Levene df1 df2 Sig.
15,413 2 15 000
Table 10 Homogeneity of variances proof for londital segments as dependent
variable.
MOE
Estadistico
de Levene df1 df2 Sig.
1,634 1 16 219

Table 11 Homogeneity of variances for cross sedegments as dependent
variable.

Summarizes, this means that values of MOE on wtkhess measured
maintain the error of the variance and on the olfzerd, values along the length
do not. It can be seen in Figure 38 above whereriprofile reaches it maximum
value on middle segment and outer Figure 39, readheon top segment.
Normality assumption should be rectified by ShapWik proof. Table 12 shows
Sig. values of 0,365 and 0,830 therefore the ngflokhesis of data, which states
that it comes from a normal distribution, is aceepand normality assumption is
satisfied too. In other words, this indicates thatlues present a normal

distribution.
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Kolmogorov-Smirnoy?® Shapiro-Wilk
Estadistico al Sig. Estadistico al Sig.
Residuo para MOE 157 18 2007 046 18 365
Residuo para MOE 116 18 200 872 18 830

* Esto es un limite inferior de 1a significacién verdadera.

a. Correccidn de significacion de Lilliefors

Table 12 Normality proof.

Finally, the residue graph Figure in 42 was gemekathis Figure analyzes
intersections of residue vs observed values, ilémg some linear or defined

pattern. The absence of any pattern shows indepeadand allows accepting the

assumption.
Variable dependiente: MOE
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Figure 41 Residue graph.

After verifying the required assumptions, the ANOVWawalysis allows
concluding about the existence of significant ddfeces between segments of
analysis. However, the Sig. values on Table 13dngitudinal and wall location
are 0,187 and 0,567. Those values are higher Heasignificance level&0,05),
therefore null hypothesis cannot be rejected amdrit be stated objectively that

there are significant differences. Neverthelesgravides evidence that shows
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that longitudinal segments vary less than wallslon segments. Although it is
possible to determine an objective difference betwgroups, a 0,187 Sig. value

allows to assume a closeness to significance @08l

Variahle dependiente: MOE

Tipo lll de

suma de Cuadratico
Origen cuadrados gl promedio F Sig.
Modelo corregida 2480385225° 5 5807704497 1,007 458
Interceptacidn 2823674614 1 2823674614 48 956 ,aon
Longitudinally 2258143715 2 1129071857 1,968 187
Radially 2009405677 1 2009405677 48 HET
Longitudinally * Radially | 37412581,55 2 18706258077 324 730
Error 634453459 6 11 5TE77587,24
Total 3960824096 17
Total carregido 924838684 4 16

a. R al cuadrado=,314 (R al cuadrado ajustada = ,002)

Table 13 Inter-subjected effects proof ANOVA table.

On the ANOVA table it can be determine the optirstatistic method for
analyzing data by comparing average quadratic £from longitudinal and cross
sectional divisions. If quadratic average errorlass than quadratic errors of
factors (longitudinal and cross sectional), a faatalesign analysis by blocks can
be carried out. In this case, longitudinal levedganted a better performance that

can be grouped, even when no level presented signifdifferences.
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MOE
Subconjunto
Langitudinally M 1
HSD Tukey®™™¢ B 5 | 7700,3000
T i} 165223 3500
M ] 16223,4333
Sig. 180

Sevisualizan las medias paralos grupos enlos
subconjuntos homogéneos.

Se basaenlas medias ohservadas.

Eltérmino de error es la media cuadraticalError) =
ATGTTHAT 238

a. Uiliza el tamafio de la muestra de la media arménica=
5625

b. Los tamafios de grupo no son iguales. Se utiliza la media
armdnica de los tamafios de grupo. Los niveles de error
de tipo | no estan garantizados.

c. Alfa= 005

Table 14 HSD Turkey table.

According to HSD Turkey analysis, longitudinal Itioca levels are similar,
despite of visible difference of values at firsamgte. However, there is a relevant
fact in Table 14 that indicates a higher MOE vdlwemiddle segments. Table 15
shows a statistical analysis of relationships a@helavel with others. On the Sig.
values it can be seen the trend of M as the higkestion, and the close
relationship between middle and top, and the tremdlecrease values of B

sections.

Comparaciones miiltiples

Variable dependients: MOE

Intervalo de confianza al 95%
Diferencia de Errar . Limnite

() Longitudinally  (J) Longitudinally | medias (-J) estandar Sig. Limite inferior superior
HSD Tukey B M -85231333 459874425 198 -209436829 3807, 4162
T -7523,0500 4598,74425 272 -19943 5995 4897 4995
M B 85231333 4598,74425 198 -3847 4162 20943,6829
T 1000,0833 4384,73060 972 -10842 4460 128426127
T B 7523,0500 4598,74425 272 -4897,4995 19943,5995
M -1000,0833 4384 73060 872 -12842 6127 10842 4460
DMS B [} -B523,1333 4598 74425 091 -18644 9012 16986345
T -7523,0500 4598 74425 130 -176448178 25887178
M B 85231333 459874425 091 -1598,6345 18644,9012
T 1000,0833 4384,73060 824 -B650,6436 106508103
T B 75230500 4598,74425 130 -25398,7178 17644,8178
M -1000,0833 4384,73060 824 -10650,8103 8650,6436

Se basa en las medias ohservadas.
Eltérmino de error es la media cuadratica(Error) = 576775872368,

Table 15 multiple segments comparison by HDS Tugkay DMS.
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Statistical analysis provides marginal MOE valugskioth along the length
and wall thickness. Figure 43 plots MOE marginakrages for longitudinal
segments. It presents a clear sameness betweenaimheuter MOE of bottom
and middle sections, rising from bottom upwardswieer, for the top section it
results in different values for inner and outert@abeing outer one higher than

middle average and the inner one lower.

Medias marginales estimadas de MOE

Radially
—1

—0

20000,00-

17500,00-

15000,00-

12500,00-

10000,00-

Medias marginales estimadas

7500,00

T
B 0] T

Longitudinally

Figure 42 Estimated marginal averages of MOE atbedength.

On the other hand, marginal measures along the twigkness evidence
small differences between inner and outer partbétiom and middle sections. In

addition, it marks a defined rising trend for tbp segment from inner outwards.

Medias marginales estimadas de MOE

Langitudinally
—B
—M

T

20000004

17500,00

15000,00

12500004
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Medias marginales estimadas

7500,00- —
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Figure 43 Estimated marginal averages of MOE atbegvall thickness.
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4.5.
Beam analysis

Bending test provides numerous ways to obtain nmechhproperties of
materials and beams as well. Available methodotogjenerate results, which
depending on what it is being measured, turn olmetthe suitable or not. In this
case, four different ways to obtain modulus of iedég were used and the results
are presented on Table 16. Those results are cechpéath control data, tensile
modulus of elasticity, obtained in order to deterenany pattern on behavior of
segments of analysis and beams.

Displacement modulus of elasticity was obtainedsblying the integration
method, for beam analysis of mechanical of materisding LVDT readings.
Strain modulus of elasticity was calculated byistgage readings located at the
upper and lower surface of beam mid-span. Apparentulus and shear corrected
were obtained using formulas suggested by ASTM Df@8statics tests of
lumber in structural sizes. Data for segment Bottorrer Bl was lost due to fails
on the acquisition system. Consequently, lack fidfrmation hinders any analysis

involving this segment.
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Bending Modulus of segment
elasticity acquisitions BI MI Tl BO MO TO
s a n 3 3 3 3 k ]
29 i : 747000 1627843 1206103 785383 1616833 1838567
S3 s 131380 671447 826340 331594 714457 11872,36
F 2% lwsofz 18% 41% 69% 4206 44% 65%
o control
Ss0a n 0 3 3 3 k ]
o i i [NA 11109,0 470833 469800 931700  828f,00
833 s [NA 2752,98 18256 79556 395916 548,34
2272 |%wsofi|NA 259 4% 17% 42% %
B w r [NA 0,85 -0,94 0,99 0,4 -0,83
= n 0 3 3 3 3 k
8BS 4  [NA 3138800 1358340 4068133 szzssi,oo 245302,67
= § S s [NA 33302  1962,39 3752717 78094968 263598,94
8 % s of & | NA 119 14% 9296 95(6
2 r [NA 0,49 -0,64 0,94 097
.50 n 0 3 3 3 k
g9 i i [NA 19887,4 6465715 521688 1288108
SRERS s [NA 746566 123193 46444 300988
<272 |%sofz |NA 389 19% 9% 23%
© r[NA 0,30 -0,94 1,0p 0,68
o5& | n 0 3,0( 300 3,40 30
52 a i i [NA 193654 131848 239520 318840
% °33 s [NA 107,51 78,56 19483 550014
82 g |%sofi|NA 69 6% 80% 17%6
© r_INA 0,92 -0,81 -09 -099

Table 16 Bending modulus of elasticity obtaineddayr different methodologies.

Strain modulus of elasticity presented severalienstivalues. This could be
due to random and procedure errors caused by isslatve to the data
acquisition system, strain gage operation and sartharacteristics. Therefore,
Table 17 presents averages ofalues in order to select suitable data for amalys
Thus, Table 15 confirm assumptions that strain redsghould be discarded.
Moreover, shear corrected modulus has values siltaha small compared to
others. This may be due to the shear values expatatly obtained, which affect

the corrected value and differences between stdrdanrber used and bamboo.

Displacement Modul Strain Modulus of | Apparent Modulug§  Shear corrected
of elasticity MP& elasticity MPa of elasticity MPz | Modulus of elasticity
raverages 0,19 -0,20 0,32 -0,53

Table 17r averages for modulus of elasticity regarding tensiodulus.
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Coefficientr of correlation describes similarity between twdadgroups,

when it is close to one, both data groups are moreelated. However, both the

apparent and the displacement methods are consigddea from one, but are

closer than the shear corrected and strain modkigsres 45 and Figure 46 show

longitudinal and wall profiles in order to compayeaphically different modulus

methodologies and then choose suitable data grémpsarry out statistical

analysis.
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Figure 44 Longitudinal inner profile vs moduluseddisticity.
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Figure 45 Longitudinal outer profile vs moduluseddisticity.

Figure 45 and Figure 46 show the displacement ppdrant modulus as the

curves that better fit to tensile modulus of etasti
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Figure 46 Wall thickness profile of middle sectmsimodulus of elasticity.
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Figure 47 Wall thickness profile of top sectionmedulus of elasticity.

4.5.1.
Statistics bending data analysis

To compare experimental tensile modulus with disgrl@ent and apparent
modulus it is necessary to carry out another siatealysis as variability and
heterogeneity are strictly linked to the resultsledf response variable. Therefore,
it should be determined if the difference betweka two experimental units
subjected to different treatments (method of masl@cquisition), is due to a real
difference between treatment effects or due to rbgemeity of samples.

Randomized block design is the method used for #iaistical analysis.
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Segments of analysis compose blocks, and the tesd$nare assigned randomly
to the blocks. This design strategy improves aayuvehen compared to reducing
residual variability. All treatments run into edalock, which implies a restriction
over randomization.

Levene proof verifies variances equality. Sig. eain this case is 0,04, as
shown in Table 18, which is close to a significaheeel of 0,05. This rejects
homoscedasticity assumption and the null hypothels@vever, for further
analysis the low range of difference between Sajuer and significance level
could be determinant. Despite Sig. value rejectsothesis, it is very close to
significance value, even more in the case of aropat materials analysis.

Wariable dependiente: MOE
F df df2 Sig.

2,138 14 30 040
Prueba la hipdtesis nula que la varianza de
error de la variahle dependiente es igual
entre grupos.

a. Disefio ; Interceptacion + segment +
method

Table 18 Equality Levene proof of error variances.

Normality verification of data requires Shapiro-Wiproof. For this proof
all Sig. values in Table 19 are higher than 0,08epx for the TI. Therefore, it can
be said that normality assumption is met for mdsthe segments of analysis,
except for TI segment.

Pruebas de normalidad

Kolmogaorov-Smirnoy? Shapiro-Wilk
segment | Estadistico gl Sig. Estadistico al Sig.
Residuo para MOE Ml 238 ] RES a1 ] 255
Tl 357 g 002 746 9 005
BO 197 g 200" 8932 g 208
MO 1449 9 ,ZUDT 60 9 T96
TO ,290 9 028 a0z 9 263

* Esto es un limite inferior de la significacion verdadera.
a. Correccion de significacion de Lilliefars

Table 19 Normality proof.
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Variable dependiente: MOE
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Modelo: Interceptacidn + segment + method

Figure 48 Square residual for beam data analysis.

The independence assumption is verified by ideingfysome defined
patterns at square residual vs prediction as showkigure 49. At first glance,

there are not any patterns so the assumption eptext.

Variable dependiente: MOE

PUC-RIo - Certificacdo Digital N° 1222128/CA

Tipo Il de suma Cuadratico
Origen de cuadrados gl promedio F Sig.
Modelo corregido 890003419,8222 6| 148333903,304 5,814 ,000
Interceptacion 5315647493,88 5315647493,88
1 208,354 ,000
9 9
segment 570591349,111 4| 142647837,278 5,591 ,001
method 319412070,711 159706035,356 6,260 ,004
Error 969478947,289 38| 25512603,876
Total 7175129861,00
45
0
Total corregido 1859482367,11 44
1

a. R al cuadrado = ,479 (R al cuadrado ajustada = ,396)

Table 20 Inter-subjects effects proof ANOVA table.
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Differences between methods were clear since rficmft averages were
between 0,19 and 0,32 (displacement and appareagarding the tensile
modulus. Moreover, according to ANOVA results irblea20 there are significant
differences among segments too. Sig. values amgeket 0,001 and 0,004 both
lower than significance level 0,05.

Table 21 presents averages values and limits fdn sagment of analysis,
and Figure 50 shows them graphically. Those lintitsfirm the difference
between segments and put forward middle segmeheastrongest of all.

1. segment

Wariahle dependiente: MOE

Intervalo de confianza al 95%
Errar Limite

segment Media estandar Lirnite inferior superior

I 16758,333 1683 667 12349628 189166,738
T 7745000 1683 667 4336595 11153405
BO 5822 889 1683 667 2514 484 5331294
MO 12788,778 1683 667 5380373 16197183
TO 12127778 1683 667 8719373 15636183

Table 21 MOE averages for segments.

25000
20000
15000 ‘ ‘ ‘
10000 ‘ ‘ ‘

5000 ‘ ‘

MI Tl BO MO TO

Figure 49 Limits of average MOE for segments.

When comparing both experimental and more accuragthods for
obtaining modulus with tensile test, it can be gh@t all three methods fit on a
range relatively thin regarding difference betwespecimens and beams,

experimental and random errors and number of trizdéimated marginal values
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for MOE in Figure 51 defines middle section asmfy@st section, and presents an
evident fall from middle to top. Bottom section raims as the one with the lowest

values.

Medias marginales estimadas de MOE

SR method

—Tensile
— Displacement
Apparent

15000,00

10000,00-

Medias marginales estimadas

5000,00

00

T
] Tl BO Mo TO

segment

Figure 50 Estimated marginal averages of MOE fgnsnts of analysis

4.6.
Failure analysis

ASTM D143 - 14 for specimens of timber, explaine tipes of failure in
static bending, as it was presented in the secbagter. However, in terms of
fracture surfaces, bamboo may be roughly divided brash and fibrous. The
term brash indicates abrupt failure and fibrousidaiks a fracture showing
splinters. Moisture content is an essential fatatetermine the type of fracture.

Table 22 shows types of failure of each laminataahiboo beam. Moreover,
it presents an alternative secondary cause ofrégiltelated to failures that
preceded the initial fracture during the tests. #heo classification in terms of
surface fracture is included as well. The resulssented a marked trend to
fibrous surface fracture on the inner specimens laragh surface fracture for
outer ones. Inner specimens failed due to tensstresgths considered simple,
splintering and brash tension with a great prese@fd®erizontal shear and inner
compression strengths as secondary causes okfadurter specimens presented a


DBD
PUC-Rio - Certificação Digital Nº 1222128/CA


PUC-Rio - Certificacdo Digital N° 1222128/CA

76

predominant horizontal shear and brash tensiorriasagy cause of failure, and

compression with horizontal strengths as seconciuge for inner specimens.

1%

Specimen| Primary type of failure ~ Secondary typeiloféa | Surface fractur
1 Bl simple tension horizontal shear fibrous
2 Bl simple tension horizontal shear fibrous
3 BI splintering tension horizontal shear fibrous
4 Mi splintering tension inner compression fiborous
5 Mi splintering tension inner compression fiborous
6 Mi splintering tension inner compression fiborous
7 TI simple tension inner compression brash
8 TI simple tension inner compression brash
9 TI brash tension inner compression brash
10 BO horizontal shear compression fibrous
11 BO horizontal shear compression fibrous
12 BO brash tension horizontal shear brash
13 MO horizontal shear compression brash
14 MO horizontal shear compression brash
15 MO horizontal shear compression brash
16 TO brash tension horizontal shear brash
17 TO brash tension inner compression brash
18 TO brash tension inner compression fibrous

Table 22 Types of primary and secondary failuretherbeams and surface

fracture.

Figures below show different type of fracture oainespecimens.

Figure 51 Fracture on beam specimen 3 by splirgegnsion and horizontal
shear.
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Figure 52 fracture on specimen 17 by brash tersnghinner compression.

Figure 53 Fracture on specimen 8 by simple tenaiwhinner compression.
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