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Abstract

Bamboo has been widelyused-as—a-significantly and rapidly renewable-struetural-material

used to build permanent-temporal and temperary-permanent structures in—past-deeadessince

time immemorial. However, the-this renewable natural material has a low bearing eapaeity-of

bambee-tsrelativelylowcapacity, which-Hmits-limiting its appheations-onty-in-the-application
to structures under light loads. Fhis—paperinvestigated-Therefore, this research was carried

out to determine an innovative scheme te—improve—theloadbearing—eapaeity—capable of
bambee—enhancing bamboo's load-bearing by filling eement—mortar—in—bambee—eavitythe

cavity with cement. An-experimental-Furthermore, a study en-was carried out to experiment

the deflection and flexural load and-defleetion-of mortar-filled struetural- bamboo—was-carried

out;-with the-mainparameter-constdered—was-structural by considering the bambee-diameter
and bambee-nedenode parameters. A-tetal-of Approximately 12 specimens were tested-under




27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

four-examined using a four-point bending protocol. H—wasfeund-that-The result showed an

increase in the flexural load capacities of mertar-filed-bamboo elements-are-hicherthan-the

conventional-bambeefilled with mortar. Furthermore, the benefietal-effeet-advantages of the

bamboo diameter and bambee—nede—on—the ultimate flexural eapaeity—ean—be—observed;

indieatingnode indicated that these #mpertant-essential findings shewld-need to be carefully

takeninto-aceount-considered in the-desten-of-designing structural elements for both mortar-

filled and conventional bambeo-members-and-those-flledwith-cementmeortarbamboos.

Keywords: bamboo, mortar-filled bamboo, node, flexural behavior

Introduction

Bamboo—as—struetural-material -‘has—Bamboos are some of the fastest-erowing plants

worldwide and have been extensively—widely used to build permanent and temporary

structures in-past-deeadessince time immemorial. Bambee-This plant is recognized-as—a-one

of the sustainable material-materials that ean-serve as a-cempetitive-and-an environmentally

friendly and competitive alternative to nonrenewable and-as well as polluting materials—sueh

as-steel-and-materials, namely concrete due-to-thatitisarapidlyrenewable-struetural-material

and has-steel with mechanical properties similar to timber (Yu et al. 2011; Garcia et al. 2012;

Sharma et al. 2015; Salcido et al. 2016). fn+recent-Over the past few years, atarge-number-of

numerous experimental and analytical studies en—the—mechanicalproperties—of struetural

bambee-have been conducted on structural bamboo's mechanical properties (Sharma et al.

2013; Lee et al. 2014; Xu et al. 2014). For instance, Gottron et al. (2014) have-examined-the

carried out a research to determine bamboo's creep behaviour efbambee—in—partieular

2



52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

eonstdering-by due to the effeet-of-specimen erientation—and-orientation. Gottron found that

the—bambooteaded-bamboos filled with the-OT (outer culm-wall in ternsien—{OFtension)

exhibited-indicated a largersignificant modulus of rupture, aJtewer—apparent-modulus—of
elastieity—and-as well as a lewer-minor residual strength when-ecompared-to-speetmens—and

elasticity than those with ther—OC (outer culm-wall in eempression—{(OCcompression).

Aeeording—to-A research carried out by Moran et al-al. (2017) en—aresearch—about—the

distribution—ef-to determine the eirevmferential-elastic modulus threuegh-on the wall and
found that the assoeiated-failure strain-and-stressstrain, mean-effective-moduli werefound-to

be—13585MPaand stress of Tre Gai, Moso and Guadua bamboos were 662 MPa,

1358.5 MPa and 862 MPa-forbambeo-MeseMPa, Fre-Gat;and-Guadua;respectively.

Also, several researchers—studies have investigatedthebehavior—of-been conducted to

investigate bamboo behavior as reinforcement in structural concrete (Ghavami 2005; Lima et
al. 2008; Moroz et al. 2014; Agarwal et al. 2014; Archila et al. 2018; Muhtar 2020). One of

such study was performed-carried out by Haryanto et al. (2019)-), who evaluated-examined

the performanee-of-crack pattern in precast segmental bamboo reinforced concrete beams to

determine the flexural failure after exposing them to flexural loads. A—Hexuralfatlure

eentraryConversely, a shear failure mechanism was indieated—illustrated in the precast

segmental bamboo reinforced concrete beams—In—ecomparison—with—thepreeast-segmental
bambeoe-reinforeced-conerete-beams containing four bolted connections, the-same-ceontaining

although those with six bolted connections demenstrated—had better performance.

Furthermore, in—an experimental-experiment conducted by Haryanto et al. (2020);—) with

bamboo was—used as the reinforcing material in the slab specimen for the utilization of

footplate feundations—H—was-ebserved-foundations showed that eemparedte-SRC which is

the acronym for (steel reinforced eenerete{SREconcrete) stabs;-had a strength of 82% ean-be
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aeguired-by-—the-on bamboo reinforced concrete (BRC) slabs. Puetility-Furthermore, ductility

and stiffness demonstrated by the two types of specimens investigated wwas—were almost

equivalenti-e—up-to-equivalent, with percentages of 93% and 72%, respectively-.

In addition, several-types-varieties of investigation have been attracted-carried out in recent

years to improve the improvement—ef-reinforced concrete structures of bamboo in reeent

years-and-this-has-turned-bamboe-into-a-strengthening-order to strengthen the material (Sen &
Reddy 2011; Nahar & Rahman 2015; Chin et al. 2019). H-has-been-reported-previoushy by

Haryanto et al. (2017) stated that the flexural strength of the-bamboo's beam with near-near-

surface mounted (NSM) bamboe—reinforcements-was-increased by 41.7%-and-%, while the
deflection ductility index was-reduced by 21.55% when compared to the control specimen. s

additienFurthermore, the result-of-research carried out on the finite elemen-element analysis

(FEA) behaved-simitarhy-was similar to the results-ef-the-experimental test. Hidayat et al.
(2019) also conducted a nonlinear finite element analysis to evaluate concrete beams
Hlexuraly-stengthened-by-means-ef-flexural strength using bamboo and concluded that the

load-carrying capacity ef-the—specimens—was—improved due to the placement of bamboo

plates.

Aeeording—to—In accordance with the stadies—abeveabove studies, bamboo ean—be

constdered-is defined as an attractive alternative-and widely used material that is alternate to

steel -tensHeloading-due-to-ttsrelatively-because of the high tensile strength, fathing-within

the—that range ef-between 100 MPa—MPa to 400 MPa. Eer—In addition, some speeies—of

bamboo, the-ultimate-have similar tensile strength is—same-as—the-yield-strength-of-and mild

steelsteel strength. However, the-bamboos compressive strength efbambee-in the cylindrical

section is mueh-lower than is—tenste-strengththe tensile, falling-withintherange-of-which

ranges between 12 MPa-65 MPa (Dixon et al. 2015; Lo et al. 2008; Ghavami 1995). The

relatively-According to Li et al. (2017), bamboo’s low comprehensive strength-ef-bambee

4
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strength, tends to limits its applications only in—the——straetures—under—to light leadsload

structures, sueh-as-short-spanfootbridges;namely low-rise houses, lightroefstruetures-short
footbridges, scaffolds, and seaffelds-{+et-alroof structures, etc. 200H-AH-the previeus

Numerous studies have been feeused-conducted on the—structural bamboo's mechanical

properties ef-structural-bambee—or—and the behavier—of bambee—as—reinforcement and-in

strengthening materials #-using concrete.

Fo-the-best knowledge-of the-authorsHowever, there-are-little or no sutfieientstudieshave

research has been

earrying—eapaeity—of-carried out to improve conventional structural bambeebamboo's load-

carrying capacity. Fe—impreve—Therefore, this research improved the flexural capacity of

struetural-bamboo, a-simple-using an effective and effeetivestiffeningseheme-wasproposed

in—the—papereasy scheme. The flexural capacity of structural bamboo was ntended—te—be

improved—enhanced by filling cement mertar—in bambee—the material’s cavity. Fe—This

exploratory research is used to verify the feasibility of the proposed secheme;—this—paper

presents—the-exploratory—study-en-scheme as well as the experimental behavior of structural

bambee-bamboo, which is filled with cement mortar that is under axial compression. A-tetal

eof-Furthermore, approximately 12 specimens were tested under—using four peint-bending

leading—atming-points aimed at investigating the effects of the bamboo diameternode and

nede-diameter on the flexural behavior-attribute of the specimens.

Experimental Program

Test Specimens

A-tetal-of-Approximately 12 specimens, ineluding-comprising of 3 cement mertarfilled

comprising of bamboo elements with nedenodes, 3 cement mortar filled bamboo elements
5




127  without nede-node, and 6 conventional bamboo elements—with and without nedenodes,
128  respeetively-having-with a nominal diameter of 7, 8, and 9 cm, were tested under fourfour-
129  point bending loading. The specimens' details efthe-speetmens-are ndieated-shown in Figure

130 2-and-2, while the properties efthe-speetmens-are listed in Table 1.

) ) ) panbo

< 5 Cement mortar
I @ -
< - =, Cement mortar
Figure 1-: Details of test specimens
131
Table 1-: Properties of specimens

Specimen L (mm) D (mm) Material infilled Node
SB-01 1350 70 - without
SB-02 1350 70 - with
SB-03 1350 70 Cement mortar without
SB-04 1350 70 Cement mortar with
SB-05 1350 80 - without
SB-06 1350 80 - with
SB-07 1350 80 Cement mortar without
SB-08 1350 80 Cement mortar with
SB-09 1350 90 - without
SB-10 1350 90 - with
SB-11 1350 90 Cement mortar without
SB-12 1350 90 Cement mortar with
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Since Java Black bamboo (Gigartechloa—atrevielacea)-is a suitable material for furniture and

interior artefacts-artifacts The structural material used in this study is Java Black bamboo,

also known as Gigantochloa atroviolacea, due to its suitability and use in furniture and

interior artifacts (Khotimah & Sutiyono 2015)FavaBlack-bambeo-wasselected-as-struetural

bambeoe-in-thisstady. In addition, cement mortar was selected as the infilled materialsin-this

study-material due to thatitserve-its ability to be used as eenventional-construction materials

uwnder-compression—and-it-that is compressible and compatible with bamboo. As—wel-as—the

bambee—diameter,—the-The bamboo diameter and node as—a-are key eempenent-of-bambee

may-components that inflaenee-uences the flexural load behavierof structural bamboo filled

with eementmmortarcement. ThusTherefore, this study also examined the effeet-attributes of

the bambeeo-diameter-and-bamboo’s node was-investigatedin-this-stadyand diameter.
As-tsted-in-Table +;-1 shows that the clear span of each test specimen (L) was 1300 mm:-

Aceordingto-different, which are classified into three groups in accordance with the external

diameters (D);—al-the-. These groups are as follows: specimens ean-be-elassified-into-three

groups: Specimens SB-01-SB-04 arc with the external diameter of 70 mmo04, specimens SB-

08, and SB-9-SB12 are

SB12. with the—external diameter—diameters of 90—mm70mm, 80mm, and 90mm. The

Furthermore, the bamboo ewlms-used #—for the test-analysis were seleeted-carefully picked

from the same-bateh-of3 year old Java Blac bamboo stems, which-were-that are 4 m in length

and-of 3-years-of-agelength, in order to ensure the aceuracy-ofthe-dimensions-of-specimens

have the speeimensright dimensions. Furthermore;al-All the bamboo culms used-utilized in

this stady-research were air-dried for 3 months to ensure-that-the-obtain a moisture content ef
bambee-that is less-than-below 10%. Specimens SB-02, SB-04, SB-06, SB-08, SB-16-10, and

SB-12 were arranged at night with a bamboo nede-at-midheight-while the-otherspeeimens
others were without the node. For the-speeimens—those with the—nedenodes, the traversal
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diaphragm at-thenode-was weakened-made weak by drilling a hole before casting cement

mertar-into the cavity, as shown in bambee-eavity(Figure 2)which-ean-bring-conveniencein
casting—cement-mortar-in-bambee—eavity. InaddittenFurthermore, the mertar-filed-bambee

speetmens—mortar and cement mertar—specimens were cured fer-and tested after 28 days

a) Drilling a hole b) Pouring cement mortar

Figure 2. Casting process

Material Properties

Six plain cement mortar cubes {with dimensions of 50 x 50 x 50 mm)- were prepared

analyzed and tested #—eompression—to determine the-eement—meortar—their properties—Fhe—,

which indicated an average cube strength of eementmertar(f ) was-26.77 MPa. Meanwhile;

According to the
a-Ghavami (2005:-),
Garcia et al. (2012+), Sharma et al. (2013+), Lee et al. (2014+), and Moran et al. (2017),

bamboo is a material with significant and low strength in the parallel and perpendicular
8
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direction to the fibres, respectively. Furthermore, the—bamboo's compressive strength ef

bambee-in the cylindrical section is mueh-lower than its-the tensile strength (Dixon et al.

2015; Lo et al. 2008; Ghavami 1995). Fe-Therefore, to obtain the material properties—of

bambeeproperties, specific density (SD), moisture content (MC), speeifie—density(SD);

tension, compression, flexural, eempressiontests, shear—and tests—shear were ecendueted

carried out with the speetmensused-are-depieted-specimens, as shown in Figure 3.

Som L/\l 3 cm

NN\

Jom

a) Moisture content and specific density specimen

3 mm t

i I - L ]
S Shmm - 35 mm e 50 mm 223 mmeac 50 mm—

3 mmm t

8 X —
S S0mm - 25 mm o 50 mm 23 mmcec 50 mm i

b) Tensile strength specimen

N

d) Compressive strength specimen

: —F
b—3m——7

| 1
F——170 cm+4|-

c) Flexural strength specimen

20 mm
M)y

Nomm |

e) Shear strength specimen
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Figure 3-—: Detail specimens for material properties of bamboo

mortar-filed-bambeoe-speecimens;—a-A preliminary estimation of the reguired-needed time is
required to achieve-obtain a eertain-suitable MC percentage suitable-for raw processing of-the

raw-bambeo-and fabrication of the-specimens—became—possiblespecimens. H-was-ebserved

that-the-The average MC of Java Black bamboo selected for this study was 7.28%-Fhis+esult

was—, which is in line with the prewvieus—study conducted by Javadian et al. (2020)that

eonelude-). According to Javadina, the average MC ef-used for processing the raw-bamboo

ewlms-—selectedforprocessingshould-fall-below-needs to be less than 10% in order to reduce

the-effeet-of-excessive delamination er-as well as long-term environmental negative impacts

through-due to the degradation of the final composite product-

According to Alvin & Murphy (1988:—) and Ray et al. (20043) bamboo has more

significant fiber density at topmost parts because it is closely packed. As—a—+eswltTherefore,

the average SD will-belowerin-for Java Black bamboo used for this study is 0.572 below the

bottom parts and where the ewlm—clum diameter and wall thickness are muech—greater—as

compared-to-more significant than the middle and top parts. MereeverIn addition, the results

of-the-tensile strength and modulus of elasticity results in the tension tests of the Java Black

bamboo samples along the fiber direction were 114.27 and 3682.20 MPa, respectively. Fhe

According to Javadian et al. (2020), bamboo's high tensile capacity ef-bambee-is largely

significantly influenced by the tensHe—capacity—of-the—cellulose fibers—within—thenatural

10
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bamboo (Javadian ctal. 20204bers.

The results—of-the-compression and shear tests results of the Java Black bamboo in this

study were 44.65 and 8.50 MPa, respectively. In—additienMeanwhile, the resulis—of-the

flexural and modulus of elasticity results in flexure tests of the Java Black bamboo were

93.29 and 15.339 MPa, respectively. Cellulose fibers largely contribute to high-the increase in

mechanical properties of natural-bamboo—Fhe—cellulose—fiber—density—, which is higherat
greater than the wall sections' outer layer efthe-wak-sections-and at-above the top-pertions—of

the-culms. Fhereforeaccordingto-Javadian et al. (2020)-) stated that the Hlexural-strength-or

Modulus of Rupture (MOR) or flexural strength increases with inereasing—a rise in fiber

content—and decreasing—decreases the lignin content at—in the surroundings—of—the

fiberssurroundings. Mereever;-Javadian et al. (2020) further stated that the effeet-effect of the

culm diameter-on the modulus ef-elastieityinHexure-is similar to MOR-—With-inereasing—,

which tends to increase the culm diameterthe-diameter with a decrease in average medulus-of

elastietty-deereasesmodulus. This observation ean-be-attributed-is due to the culm hierarehieal

sequential microstructure—With—inereasing—ewlm—diameter, mainty—which increases at the

middle and bottom and-—middl-sections of the bamboo. Furthermore, the fiber density

deereases-tends to decrease due to the highelignin—content-as—compared-with-the—fiber-high

lignin content.

Instrumentation and Testing

A-Figure 4 shows a dial gauge-gauge's installation process placed in the smtd-mid-span and

bottom of each mortar-filled bamboo specimen as—shewsn-in Figure4—was—installed—in—the

bettom—of-the—speeimen—order to monitor the flexural deformation. AH-Furthermore, the

specimens were tested-examined under a 10,000 KN Universal Loading Machine with-and
displacement control at a constant rate of 0.1 mm/min—aimingat-a-detatled-observation—of

11



224  min to provide the eeurse-ofreason for failure. AH+test-The tested data were eelleeted-also

225  gathered with a data logger-.

BP

R 1/3L 'osL !

| | | |
" 13L 1/3L ' 1AL !

Figure 4-: Test setup and instrumentation

226

227

228 Results and Discussion
229

230 Effect of the Infilled Mortar

231 Theeffectof Figure 5 shows the infilledsnortar-mortar's infilled effect on the flexural

232 behavior of the specimens is-indicated-inFigure5—AsshowninFigureS-with the ultimate

233 flexural capacities of cement mertar{filled bamboo speetmens—are-higher-was greater than

234 these-ofthe conventional-bambeoe-speeimensconventional. Speetfieally,-mertarMortar-infilled

235  bamboo element with a diameterof70 mm diameter was significantly better-better at 41.10
236 and 47.06%, as-compared than-to the conventional bambee-in terms of its—flexural capacity

237 (P.) for specimen without and with node, respectively. frereases-Furthermore, an increase in

238 flexural strength were observed for the mortar-infilled bamboo element having—with

239  diameters of 80 and 90 mm diameter and these-observed increases wererecorded-as-of 104.55

12
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247

248

249

250

and-55/112.00%, and 48.72-and-72/60.74%, respeetivelyfor specimen without and with node,
as shown in Figure 2. This proves that-there—is—a direct relation—relationship between the
mortar-infilled and the percentage increase in flexural capacity with signifieat-a significant
impact beth—fer-on a bamboo without and with node. MertarThe mortar-infilled eausing
enhaneementin—enhances the flexural eapaeity—attributed-capacity due to the faetthatthe

mortar-infilled resultsinan-increase in the speesmens™specimens' moment of inertia;teading

20 i 20 .
D = 70 D =70
[b=80 D - 80 o
[Cp=9 [ Ib=9
15 I h 15 L
5 Z _
S o
)
5r 51
0 0
) -
__ Conventional Bamboo  Mortar-Filled Bamboo c ) R M Filled B
20 T T
20 T -
-D =70 -D =70
-D =80 -D =80
Ep =90 [ Ip=90
151 1
] 15
z ~
= z
101 — 3 N
§ kel 10 [
- 8
i)
5 |-
5 L
0
Conventional Bamboo Mortar-Filled Bamboo 0
Conventional Bamboo Mortar-Filled Bamboo
a) Specimen without node b) Specimen with node

Figure 5. Effect of the infilled mortar on the specimens’ flexural capacity

Effect of Bamboo Diameter

This study also explere—hew—explored the effect associated with the performance of

mortar-infilled bamboo elements-is-affected-bythe-bamboe-diameter—elements, as shown in

13
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Figure 6

figure indicated that the specimen with a diameter-ef70 mm diameter has the lowest flexural

load ineemparation-compared to the-speetmen-those with a diameter of 80 and 90 mm. H-ean

be—indicatedfrom—Figure 6 also showed that the increase in the conventional bamboo's

flexural load efthe-conventional bambeo-with a diameter of 80 and 90 mm was-were 57.14

and 178.57%for-the-specimen—without-nede%, respectively, everthe-conventional-bambee

with a diameter of 70 mm. Furhermere,for—Furthermore, the specimen with nede—the

inerease—a node increased in the conventional bamboo's flexural load efthe—conventional

bambee-with a diameter of 80 and 90 mm was-by 47.06 and 152.94% ever-the-conventional
bambee-with a diameter of 70 mm, respectively. H-also-ean-be-ebserved-frem-Figure 6 also

showed that the increase in the flexuralload-efthe-mortar-infilled bamboee-bamboo's flexural

load with a diameter of 80 and 90 mm was 125 and 190% for the specimen without node;
respeetively, over-the-mertar-infilled-bambee-with a diameter of 70 mm. In addition, for the
specimen with a node, the increase in the flexural load of the mortar-infilled bamboo with a
diameter of 80 and 90 mm was 112 and 176% over the—mertar-infiled—bambee—with—a
diameter of 70 mm;respeetively. These impertant-essential findings abeve-should-need to be

carefully—taken into account in—to design the design—ef—structural elements for beth

conventional bamboo members-and those fHed-with cement mortar.

20

20 : :
[ Without node I Without node
I Vith node [T with node
15 15
z z
x &
kel 10 [ 7 g 10 [
[
S S
| Il | |
D=70 D =80 D =90 D=70 D =80 D =90
a) Specimen bamboo conventional b) Specimen mortar-infilled bamboo
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Figure 6-: Effect of the bamboo diameter on specimens’ flexural load

Effect of Bamboo Node

The-effect-ofFigure 7 shows that the bamboo rede-node's beneficial effect on the flexural

load of the specimens is shown in Figure 7. As shown i Figure 7. the benelicial effect of the
node-on-the-ultimateflexural-eapaeity—can be found in both conventional bambee-speeimens
and cement mertar—filled bambee—speetmensbamboo. The wltimate—flexural eapaeities—of
specimens with the bamboo node are higher-than-these-witheut-the-nedemore significant.

partienlar,—This was peculiar to conventional bamboo element with nede—was—nodes

meaningfully higher—higher by 21.43, 13.64—64, and 10.26%, as—compared than—the

conventional-bambeo—in—regards—ofits—to those with flexural capacity (P.) for specimen

having a diameter of 70, 86-80, and 90 mm, respectively. Inereases—These increases in

flexural strength were indieatedfor-due to the mortar-infilled bamboo with a rise in the node
these—observed—inereases—were—noted—as—by 25.00, 17.78 and 18.97%, respeetively—for

speetmenhaving—diameter—specimens with diameters of 70, 80 and 90 mm, as shown in

Figure 7. Fhis-These results are-indieating-illustrate that the node's integrity ef-the-node-is

essential-imperative for the flexural capacities beth—ef—of conventional and mortar-filled

bamboo elements-.
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Figure 7-: Effect of the bamboo node on the specimens’ flexural capacity
Deflection of Structural Bamboo Filled with Cement Mortar

Figure 8 shows the deflection value for all types—speetmens—specimen types, including

conventional bambee-and mortar-filled bamboo elements. H-ecan-be-indicatedfrom Figure&

Furthermore, the figure indicates that the deflection walae-values of cement mortar filled with

bamboo specimens are higher—more significant than these—ef-the ecenventional-bambee

speetmensconventional. Partienlarky-The mortar-infilled bamboo element with a diameter-of
70 mm diameter was significantly greater, by 55.70 and 44.51%, as-compared than-to the
conventional bamboo in terms of #s-specimen deflection ferspeetmen-without and with node,

respectively. tnereases-Furthermore, an increase in the deflection value were-was observed

for the mortar-infilled bamboo element having 80 and 90 mm diameter-and-these-observed

nereases—wererecorded-as-diameter, which increased by 104.18 and 110.86%+% and 71.74

and 27.24.74%, respectively for specimen without and with node, as shown in Figure 8. This
16
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proves-that there-is-Therefore, this indicates a direct relation—relationship between the mortar-

infilled and-the-with a percentage increase in deflection value with-substantialimpaet-both-for

bamboo without and with node. MertarAccording to Plewes and Garden (1964), mortar-

infilled causing enhancement in deflection valse;—value is attributed to the fact that the

mortar-infilled-results in-a-change ef-the specimens' physical form-efthespectmens-that-has

-form.
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Figure 5. Deflection value

Conclusions

This paper—has—presented—the—experimental study—on—research examined the flexural

performance of structural bamboo filled with eementmeortarcement. A-The study was carried

out by testing a total of 12 specimens were—tested—under feur—four-point beding pretecel
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protocols to ascertain the effeets-aftermath of the infilled materials, the-bamboo diameterand

diameter, as well as the bambee—node on the deflection and flexural load and-deflection

behavior-of the specimens. Based-on—the-experimentalresultsand-discussions—presented—in

this-paperTherefore, the following conclusions ean-be-drawnwere made.

1)

)

(3)

(4)

The flexural load capacities of cement mertarfilled bamboo elements-are mueh-higher
greater than these-ef-their conventional bambeecounterpart, which verified the feasibility
of the proposed stiffening scheme for conventional structural bamboo. Eurthermoreln
addition, it is reasenably-efficient to increase the flexural load by filling cement mortar.
The experimental wltimate—flexural capacities of conventional bambee—elements—and
cement mortar-filled bamboo elements are-generalhyinerease-tend to rise with an increase
in bambee-diameter. HeneeTherefore, the bamboo diameter is significant and cannot be
ignored.

The benefieial-effect of the node on the ultimate flexural capacity ean-be-found-is present
in both conventional bamboo elements and cement mertar-filed-bamboo-elementsfilled,

thereby indicating that the bamboo node's integrity ef-the-bambeonode-is essential for

the-their flexural

elementscapacities.

The deflection of cement mortar filled bamboo elements are-substantialhy-is significantly
greater than those of eenventional-bambeeconventional. This is attributed to the fact that
the mortar-infilled results—in—-=a-bamboos change ef-the physical form of the specimens

that has-censiderable-influence en-the total deflection-to-be-expeeteddeflection.
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Manuscript 16319
Response to Reviewers

Dear Professor Dr. Norhazilan Md Noor,

Thank you for giving us the opportunity to submit a revised draft of the manuscript “Flexural Load
and Deflection Behavior of Structural Bamboo Filled with Cement Mortar” for publication in the
Jurnal Teknologi (Sciences & Engineering). We appreciate the time and effort that you and the
reviewers dedicated to providing feedback on our manuscript and are grateful for the insightful
comments on and valuable improvements to our paper. We have incorporated most of the suggestions
made by the reviewers. Those changes are highlighted within the manuscript in red colored texts.
Please see below for a point-by-point response to the reviewers’ comments and concerns.

Reviewers’ Comments to the Authors

A. Reviewer A
1. Comment from Reviewer A: Abstract does not summarize the result briefly.

Author(s) response: We would like to thank the reviewer’s suggestions. We have modified
the abstract to address the comment raised by the reviewer. The revised text reads as follow:

Bamboo has been significantly and rapidly used to build temporal and permanent
structures since time immemorial. However, this renewable natural material has a low
bearing capacity, limiting its application to structures under light loads. Therefore, this
research was carried out to determine an innovative scheme capable of enhancing
bamboo's load-bearing by filling the cavity with cement mortar. Furthermore, a study was
carried out to experiment flexural load carrying capacity and the deflection of mortar-
filled structural bamboo by considering the diameter and node parameters. A total of 12
specimens were examined using a four-point bending protocol. The result showed the
ultimate flexural load carrying capacity of mortar-filled bamboo specimens are higher than
those of the conventional bamboo specimens. Specifically, mortar filled bamboo specimen
with a diameter of 70 mm was significantly better, 41.10 and 47.06%, as compared than
the conventional bamboo in terms of its flexural load carrying capacity for specimen
without and with nodes, respectively. Increases in flexural load carrying capacity were
also observed for the mortar-filled bamboo specimens having 80 and 90 mm diameter and
these observed increases were recorded as 104.55 and 112.00%, and 48.72 and 60.74%,
respectively for specimen without and with nodes. Furthermore, the deflection of mortar-
filled bamboo elements are substantially greater than those of conventional. Finally, the
advantages of the bamboo diameter and bamboo nodes on the flexural load carrying
capacity indicated that these essential findings need to be carefully considered in designing
structural elements for both mortar-filled and conventional bamboos.

2. Comment from Reviewer A: Please explain in detail about the required physical and
mechanical properties on the material used. as conoh, percentage of moisture content,
accpectable bamboo defect and etc.

Author(s) response: Thank you for pointing this out. We have modified the explanation
preliminary requirement of specimens of bamboo to address the comment raised by the
reviewer. The revised text reads as follow:



Therefore, the preliminary tests of bamboo material in this research were conducted to
determine the physical proprieties such as the moisture content (MC) and specific density
(SD), and the mechanical properties such as compressive strength, tensile strength, shear
strength, and flexural strength. Since there is a lack of standardization of culm bamboo
material as a construction material due to large number of bamboo species and geometry,
this study refer to ISO 3129-1974 [28], the wood international standard for sampling method
requirement of physical and mechanical testing by used small specimens. The specimens
used are depicted in Figure 3.

Comment from Reviewer A: Provide standards used for sample preparation and lab test.
Author(s) response: Thank you for the reviewer’s concern. We have added the explanation
about the standard or procedure to conduct the preliminary test of bamboo material. The

revised text reads as follow:

Finally, Table 2 summarizes the physical and mechanical properties of Java Black bamboo
used in this study in accordance with ASTM D143-94 [29].

Comment from Reviewer A: Do provide detailed tabulate test results on both mechanical
and physical properties.

Author(s) response: We appreciate the positive feedback from the reviewer. Accordingly,

throughout the manuscript, we have provided the list of physical and mechanical properties
into one table. Please kindly check Table 2 as follow:

Table 2 Physical and mechanical properties material properties of bamboo

Bamboo Properties Average Value

Physical Properties

Moisture content (%) 7.28

Specific Density (gr/cm®) 0.572
Mechanical Properties

Compressive strength parallel to grain fco (MPa) 44.65

Tensile strength parallel to grain fio (MPa) 114.27

Shear stress parallel to grain fsp (MPa) 8.50

Flexural strength (MPa) 93.29

Modulus of Elasticity Er (MPa) 3682.20

Modulus of Elasticity Er (MPa) 4733.82

Comment from Reviewer A: Simplified the provided table into one or two specific graph.

Author(s) response: We agree with the reviewer’s assessment and thank you for the
reviewer’s concern. We have simplified the results into two graphs, which are the load and
deflection value of the specimens. Hence, we have replaced Figure 5-7 into one Figure 5 and
Figure 8 (a-c) to Figure 6. Please kindly check the revised figures as follow:
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B. Reviewer B

1.

Comment from Reviewer B: How many nodes in each specimen?

Author(s) response: Thank you for pointing this out. We have modified the sentences to
address the comment raised by the reviewer. The revised text reads as follow:

Specimens SB-02, SB-04, SB-06, SB-08, SB-10, and SB-12 were arranged with five bamboo
nodes while others were without the nodes. For those with nodes, the traversal diaphragm
was drilled to make a hole before casting cement mortar into the cavity, as shown in Figure
2. Furthermore, the cement mortar specimens were cured by covering their surfaces with
wet gunny bags, and tested after 28 days.

Comment from Reviewer B: What is the distance between the bamboo node’s?

Author(s) response: We appreciate the reviewer for helping us in improving this
manuscript. Although we agree that this is an important consideration, the distance between
the bamboo nodes cannot be informed in this manuscript because we were not measured in
the experimental. However, we believe this study makes a valuable contribution to the field



because it presents useful information for understanding an innovative scheme capable of
enhancing bamboo's load-bearing by filling the cavity with cement mortar. As a potential
limitation of the study, we have suggested that the distance between the bamboo nodes need
to be further studied in the the future work. The sentences read as follows in point 3 of the
conclusions:

The beneficial effect of the nodes on the flexural load carrying capacity is present in both
conventional bamboo and mortar-filled bamboo elements, thereby indicating that the
bamboo nodes’ integrity is essential for their load carrying capacity. The distance between
nodes need to be further considered in the future work.

Comment from Reviewer B: What is the range of wall thickness (t)?
Author(s) response:

Furthermore, the bamboo used for the test were carefully picked from the 3 year old Java
Blac bamboo stems, that are 4 m in length and about 50-100 mm in wall thickness, in order
to ensure the specimens have the right dimensions.

Comment from Reviewer B: Please explain more about Figure 8. How can the increase
of bamboo diameter reduce deflection?

Figure 6 shows the deflection value for all specimen types, including conventional and
mortar-filled bamboo elements. Furthermore, the figure indicates that the deflection values
of cement mortar-infilled bamboo specimens are more significant than the conventional. The
mortar-infilled bamboo element with a 70 mm diameter was significantly greater, by 55.70
and 44.51%, compared to the conventional bamboo in terms of specimen deflection without
and with nodes, respectively. An increase in the deflection value was aslo observed for the
mortar-infilled bamboo element having 80 and 90 mm diameter, which increased by 104.18
and 110.86% and 71.74 and 27.24%, respectively for specimen without and with nodes.
Therefore, this indicates a direct relationship between the mortar-infilled with a percentage
increase in deflection value for bamboo without and with nodes. Mortar-infilled causing
enhancement in deflection value, attributed to the fact that the mortar-infilled results in a
change of the physical form of the specimens that has considerable influence on the total
deflection to be expected [31]. Finally, the increase of bamboo diameter that provide
additional stiffening enhances the resistance of the specimens to loading, leading to greater
deflection in the specimens. Unfortunately, in some cases the benefit of this stiffening is
unpredictable [31].

Author(s) response:

Comment from Reviewer B: For abstract and conclusion, please add the results (How
many percent is the increase for each variable?)

Author(s) response: Thank you for the reviewer’s concern. We have modified the abstract
to address the comment raised by the reviewer. The revised text reads as follow:

Bamboo has been significantly and rapidly used to build temporal and permanent structures
since time immemorial. However, this renewable natural material has a low bearing
capacity, limiting its application to structures under light loads. Therefore, this research
was carried out to determine an innovative scheme capable of enhancing bamboo's load-



bearing by filling the cavity with cement mortar. Furthermore, a study was carried out to
experiment flexural load carrying capacity and the deflection of mortar-filled structural
bamboo by considering the diameter and node parameters. A total of 12 specimens were
examined using a four-point bending protocol. The result showed the ultimate flexural load
carrying capacity of mortar-filled bamboo specimens are higher than those of the
conventional bamboo specimens. Specifically, mortar filled bamboo specimen with a
diameter of 70 mm was significantly better, 41.10 and 47.06%, as compared than the
conventional bamboo in terms of its flexural load carrying capacity for specimen without
and with nodes, respectively. Increases in flexural load carrying capacity were also
observed for the mortar-filled bamboo specimens having 80 and 90 mm diameter and these
observed increases were recorded as 104.55 and 112.00%, and 48.72 and 60.74%,
respectively for specimen without and with nodes. Furthermore, the deflection of mortar-
filled bamboo elements are substantially greater than those of conventional. Finally, the
advantages of the bamboo diameter and bamboo nodes on the flexural load carrying
capacity indicated that these essential findings need to be carefully considered in designing
structural elements for both mortar-filled and conventional bamboos.

We also have modified the conclusions to address the comment raised by the reviewer. The
revised text reads as follow:

This research examined the flexural performance of structural bamboo filled with cement

mortar. The study was carried out by testing a total of 12 specimens under four-point

bending protocols to ascertain the aftermath of the infilled materials, bamboo diameter, as
well as the nodes on the flexural load carrying capacity and deflection behavior of the
specimens. Therefore, the following conclusions were made:

e Mortar-infilled bamboo element with a diameter of 70 mm was significantly better, 41.10
and 47.06%, as compared than the conventional bamboo in terms of its flexural load
carrying capacity for specimen without and with nodes, respectively. Increases in flexural
load carrying capacity were also observed for mortar-infilled bamboo element having 80
and 90 mm diameter by 104.55 and 112.00%, and 48.72 and 60.74%, respectively for
specimen without and with nodes. This finding verified the feasibility of the proposed
stiffening scheme for conventional structural bamboo. In addition, it is efficient to
increase the flexural load carrying capacity by filling cement mortar.

e The experimental flexural load carrying capacities of conventional and mortar-filled
bamboo elements tend to rise with an increase in diameter. Therefore, the bamboo
diameter is significant and cannot be ignored.

e The beneficial effect of the nodes on the flexural load carrying capacity is present in both
conventional bamboo and mortar-filled bamboo elements, thereby indicating that the
bamboo nodes’ integrity is essential for their load carrying capacity. The distance
between nodes need to be further considered in the future work.

e The deflection of mortar-filled bamboo elements is significantly greater than those of
conventional bamboo. This is attributed to the fact that the mortar-infilled bamboos
change the physical form of the specimens that influence the total deflection to be
expected. Furtehermore, the increase of bamboo diameter that provide additional
stiffening enhances the resistance of the specimens to loading, leading to greater
deflection in the specimens. The load-displacement responses need to be further analyzed
in the future study.

o After removing the covering bamboo, it was observed that infilled mortar were crushed,
showing that the strength of infilled material was fully utilized.



Comment from Reviewer B: Put a summary table for test result in the Result and
Discussion.

Author(s) response: : We agree with the reviewer’s assessment and thank you for the
reviewer’s concern. Accordingly, throughout the manuscript, we have added a summary
table as suggested. Please kindly check Table 3 as follow:

This section thoroughly presents the observed and measured results for the flexural load
carrying capacity and deflection behavior of the specimens due to the effect of infilled cement
mortar, bamboo diameter, and bamboo nodes as listed in Table 3.

Table 3 Result of the maximum of flexural load and deflection

Specimen Load (kN) Deflection (mm)
SB-01 3.50 17.45
SB-02 4.25 16.80
SB-03 5.00 2717
SB-04 6.25 15.48
SB-05 5.50 18.20
SB-06 6.25 15.80
SB-07 11.25 37.16
SB-08 13.25 33.32
SB-09 9.75 20.45
SB-10 10.75 18.94
SB-11 14.50 35.12
SB-12 17.25 24.10

Comment from Reviewer B: Add a figure of specimen state at the end/failure state (for
every specimen).

Author(s) response: Thank you for the reviewer’s concern. Although we agree that this is
an important consideration, we have only added Section 3.5 (General Failure Modes) in this
manuscript. The revised text reads as follow:

Failure modes in flexural elements are classified into two major types: flexural failure and
shear failure. The former occurs when the imposed load exceeds the flexural capacity of the
materials of the beam, while the latter occurs due to deficiency in shear resistance between
different materials of the beam. In this study, the general failure trend in specimens with
nodes present consistently originated from the node scar located at the tension side where
the diaphragms were once present. Upon further loading, it initiated a lateral shearing
failure while reaching its ultimate flrxufral load carrying capacity. Comparatively, for the
specimens without nodes, the failure mode also showed a transverse failure no the tension
side with some lateral shear. Furthermore, after removing the covering bamboo, it was
observed that infilled mortar were crushed, showing that the strength of infilled material was
fully utilized. The general failure modes of the specimens are illustrated in Figure 7.



(b)In-illed mortar

Figure 7 General failure modes of the specimens

Comment from Reviewer B: Add load-displacement responses of all test specimens

Author(s) response: We appreciate the positive feedback from the reviewer. Although we
agree that this is an important consideration, the load-displacement responses cannot be
added in this manuscript because we were only recorded the ultimate displacement in the
experimental. Again, we believe this study will make a valuable contribution to the field
because it presents useful information for understanding an innovative scheme capable of
enhancing bamboo's load-bearing by filling the cavity with cement mortar. As a potential
limitation of the study, we have suggested that the load-displacement responses need to be
further studied in the the future work. The sentences read as follows in point 4 of the
conclusions:

The deflection of mortar-filled bamboo elements is significantly greater than those of
conventional bamboo. This is attributed to the fact that the mortar-infilled bamboos change
the physical form of the specimens that influence the total deflection to be expected.
Furtehermore, the increase of bamboo diameter that provide additional stiffening enhances
the resistance of the specimens to loading, leading to greater deflection in the specimens.
The load-displacement responses need to be further analyzed in the future study.

Reviewer C

1.

Comment from Reviewer C: The Authors should consider the corrections written on the
Manuscript.



2. Author(s) response: We appreciate the reviewer for helping us in improving this
manuscript. We have considered the corrections written on the manuscript. Furthermore, the
revised paper has been checked and corrected by professional native speaker proofreader to
improve its readability.

3. Comment from Reviewer C: The methods should be better expatiated.

Author(s) response: We appreciate the positive feedback from the reviewer. Accordingly,
throughout the manuscript, we have provided the methods, particularly regarding the focus
of the study that was carried out to experiment flexural load carrying capacity and the
deflection of mortar-filled structural bamboo by considering the diameter and node
parameters. The text reads as follow:

Figure 4 shows a dial gauge's installation process placed in the mid-span and bottom of
each mortar-filled bamboo specimen in order to monitor the flexural deformation.
Furthermore, the specimens were examined under a 10,000 KN Universal Loading Machine
and displacement control at a constant rate of 0.1 mm/min to provide the deflection
behavior. The tested data were also gathered with a data logger.
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Figure 4 Test setup and instrumentation

4. Comment from Reviewer C: The Authors can consider reporting the effect on the
compressive strength of the timber since it was considered as another area of weakness
(though this is debatable).

Author(s) response: Thank you for the reviewer’s concern. Accordingly, throughout the
manuscript, we have provided the list of physical and mechanical properties into one table,
including compressive strength parallel to grain. Please kindly check Table 2 as follow:

Table 2 Physical and mechanical properties material properties of bamboo

Bamboo Properties Average Value

Physical Properties

Moisture content (%) 7.28

Specific Density (gr/cm®) 0.572
Mechanical Properties

Compressive strength parallel to grain fco (MPa) 44.65

Tensile strength parallel to grain fio (MPa) 114.27

Shear stress parallel to grain fsp (MPa) 8.50

Flexural strength (MPa) 93.29

Modulus of Elasticity Er (MPa) 3682.20

Modulus of Elasticity Er (MPa) 4733.82
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