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Journal of Bullding Engineering <FviseSupport@elsevier.coms Sen, 1B Feb 2019 21,52 3% i
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This msssage was sent automatically.

Raf: JOBE_2018 257
Title: Strangthening of hamboo reinforcement Using a nesa clamo in efiorts to increase baned siress and slip rasistance
Journal: Jourmal of Building Enginsering

Dear Or. Muhtar,
Thank you for submitting your manuscript for consiceration for publication in Jaurnal of Building Enginsering. Your submission was receivad in good order

aeesinagesnavicaion™avContreler jspx2JRRL_ACR=JOBE and lucale your submission

To track the status of your manuseript, please log inlo EVISED at:
urider the header My Submissions with Journal' on vour "My Author Tasks' view.

Thank you for submitiing vour work to Lhis journasl.
wind regards.

Journzt of Buiding Engineering

Have questions ar need assistance?
For further assistance, pleass visit our Customer Suppet site. Here vou can ssarch for zolutions an a range of woics, find answers 1o frequently azked cuestions, and learn mora about
EVI3Es via interactive tutorials. You can alsa talk 24/5 to our custorrar supoort team by phone and 2477 by e chat and amail

Copyright © 2018 Elsavier B.Y. | Frivacy Folicy

Elsavier BV, Radarweyg 29, 1043 NX Amslerdam, The Melherlands, Reg. Mo, 33156677,
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Reviews complete and decision pending for your manuscript JOBE_2019_257 Kok Mastk X & @

Journal of Building Engineering <CviseSuppordelsavier.com= Karm, 18 Aor 20719 04.27 % 4w
kepada saya =

o

Ay Inggris~ > Indonesia ~  Terjemahlan pesan MNonaktifkzn untuk: Inggns s

Referance: JOBE_2019_257
Title: Strangthening of bamboo reinforcement Using a nose clamga in efforts to increase bond siress and slip rasistance
Journzl: Joumal of Building Engineering

Digar Or. Mubzar,

| am pleased o inform you that | have received all the required reviews, whizh | will now svaiuate betors making a decision on vour manuscript referenced above.

In the evank that | need to seek the opinion of an additional reviswer, you may see tha status of your manuscript revert arisfly from "Ready for Decision' to 'Under Review’,

To rack the status of your manuseript, please log into EVISEs hitprivevw evise comievisefaces/pageshavigationiNavantrollerjspx W RML_ACR=JOBE and goto 'My Submissiang”.

| wil inform vou oncs | neve made a dacizion.

Thank you again for sunmitting vour manuscript ta Joumal of Building Enginsaring and far giving mea the opparmunity to considar your weark. ¥
Kind ragards,

Journzal of Buiding Enginecring

Have questions ar need assistance?
For further azsistance, pleaze vizit cur Customer Support site. Hare vou can search far solutions an & range of ooics, find answers 1o frequantly askac guestions, and learm mora about
EVIZE® via intaractiva tutorials. You can alsa talk 2445 to our customer support team by phone and 247 by lve chat and smail

Copyright © 2018 Elsavier BV, | Frivacy Folicy

Elsovier BA, Radarweag 29, 1043 NX Amslerdam, The Nelherlands, Reg. Ma. 33156677,
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James LaFave (Journal of Building Engineering) <FvisaSuppar Zevier.coms Rak, 70 Mei 2079 08.27 L. :
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Ref- JOBE_ 2018 257
Tle: Strangthening of bamboa reinforcement Using a nese clama in effants to increase bond stress and slip resistance
Journzl: Jaurral of Building Enginacring

Daar Or. Mubzar,

1. | have completed the review of y wlod belove. The reviewers

ript aftar addressing all reviewsr commens.

Thank you for submiting vour manuscipt to e Joumal of Building Enginesnr ar manusript, and 3 summary is spper

recammend reconsiderstion of vour paper following major revision. | therefore invite you to resubmit vour manus

When resubmitting your manuseript, please carefully consider all issues mentoned in the reviswers' comments, outine every change made point by point, and provide suitakle rebutals
for any comments nat addressed.

To subrmit your revised manuscrinl:

Log into EVISES at: aiip/fwaww.avise. comievisedfaces/pagesiavigation/MNavController jspx2JHNL_ACR=J0BE
Locate your manuseript under the header My Submissions that need Revisions' on your Ty Author Tasks' view
Click on "Agree to Revise'

haka the recuirec ediz

Click on "Complete Submission’ to aporove

What happens next?

After you aparove your submission preview you will receive & notification that the submission is complete. To frack the status of vour paper throughout The editerial process, log into
Evises at: hitpoiwonw.evise comlavisefaces/pagesinavigation/NavControllerjspx?JRNL_ACR=JOBE.

Enrich your article to present your research with maximum impact. This journal supports the [olowing Sonen: Innovations:
Dala in Briefl {oplianal)

W inwile you o convert yvour sapplementary data (or @ parl of i) into a Dala in Bried arlicle. Dala in Brief articles are descrplions of the dala and associted meladsia which are

a DOl and freely avalablz o sl upon publication. Deala in Brief should be
Iding Engineenng research article is accepted, your Data in Briaf articls will
stance. Tha

normaty buriad in supplementary malenzl. They are aclively reviawed, cursled. formatled, indexed, g
uploadad with your revised manuseript directly o Journal of Building Engineadng. If your Journal of Bu
autamaticaly be transferad ovar 1o our new, Tully Open Accass journal, Data in Bried, whers iPwil be editorialy reviewed and published as a separate data anicle upon 3
Open Aceess fee Tor Dana in Brief is $500.

Please just fill in'the template found hera:

hitptwnew slsevier comiincahublicalions/miscidin_dataZCarticle%20tamplate_for20ather®20journals.dacx. Than, placs all Data in Briet files (whichever supplementary fies you
walld liks to include as wel' as vour completed Data in Brief tamplate) inta a _7ip file and unload this a3 a Data in Brief item alongside your Journal af Building Engineering revised
manussript. Nete tat anly Tis Data in Srief fem will be transterred over to Data in Brief, so ensure all of your relevant Data in Brief documents are zipped inta a single file. Also, make
sure you change references to supolemantary matedal in your Joumal of Building Enginsering manuscript 2o refarence the Data in Brief article where appropriate.

Cuiestions? Please send your inguiries to dib@belsevier com. Example Data in Briet can be found here:
hetpoiiwnew scisncadirect.comysciencedjournalf2 362 3400

| look forward to raceiving vour revised manuscript as soon as possiole,
Kind regards.
Dr. James M. LaFavs, PE

Hacaiving Editor (Linivarsity of Hinois)
Journal of Buiding Engineering

Comments from the editors and reviewers:

-Reviewer 1

The living envirorment of the word have dstercratad becauss of the massive uss of fossil fuels, then the anvironmental problems hava bacome the global problams in the latter half of
Tha 20th cantury. In tha attention in response o glonal warming ssies and sustainanie sociaty, the manufacturing using natural materials has become actively. Samboo, low cost, fast
groweing, and broad distrioution of growth is axpecied to contribute signiticanty to sarthouake-resisiant construction and seismic retrofit lechnology in daveloping countriss.

I this study, the authors studied for undarstancing the use of bamboo as reinforcement in concrate, Thare are various problems to establish bambon reinforea concrete struciure, bus
ha most impariant prablen is the poar bond betwaen bamboo reinforcameant and concrata. It is a very imnartant attempt 1o quantitative'y evaluae the structural characteristics based on
several experiments and analysis. Whils | think tere are some maior issuss to considsr in this study, howsver, dlarfication of the details which did not found in this study is sxpectsd in
future studies. |Lis judged Lhal this paper is appropriale for the journal.

-Reviewer 2

Usa of bamboo gs reinforcement in concrele could e an allraclive alernalive of steel reinforcament, parlicu'arly in low-cosl construction, Desoile naving modsrzale lensils sirenglh,
bamboo reinforced concrata has o faca some practical challenges. Tneretore, mare resaarch on e behaviour of bamooo reinfarced concrete is raguirad. In this regard, the effort of the
atthars of this ressarch is apprecianie.

However, 1 found thal there are some migjor gaps in this research which need to be addressed. In this research, the authors did nol mentian the number of nodes in sach bamboo
reinforcement, Another imporlant aspect of using bamous insids the concrele ig o ovarcome Lhe chellenge of bivdegradation of bambos in tie presence of moisture with lima. Authors




dicl vz SikadunE 752 ta pravent the absorption of water but did not examine the effectivensss of thal resin 23 a barrier to moisture, Additionally, Sikadurg 752 may play a significant role
in increasing the tensie strangth of bambao reinforeement. However, in the papar, it was not mentionad whethar the tensile strengti of the bamboo was with or without Sikadurk 752 in
figure 10. In he preparation of bamboo reinforcemen, sand was also used to miske the surface of the bamboo rough; bul the specification of the sand was missing. Similarly, authors
used (he hoss clamp (o esisl he slip beiween bamuoo and concrale, howsver, the specification of the hosa clamp malsrial was not mentionsd.

In the oreparation of bamboc reinferced concrate beams using hose clamp with difersnt epacing, how the authors daalt with the nterfersnca of bamboo nodes and hose camp was not
menticned in the paper.

In case of & @st of pull oul sirength of concrete, how did specimean with hose-clamps withaul Sikadur — 752 show bond-slip fzilure and nat showing sny sig
specimen with only bamboo? |Lseems the bamboo might slip hrough the hose-clamp during ke test Please explain ihis. )

The results of the test of pull out strengzh of cancrete (figure 12) do nat support tha Haxural test results (Figure 14, 15 and Table 2). Pleaze explain this.
Load-deflection ralationship of BRC beams (Figure 1E) is not clear. Please chack the legend. One eguation in this figure does not reflect the |oac-deflection behaviour of those beams.

In case of measuring the slip in 4.4, one strain gauga is not sufficient to capture the elongation of bamhoo rainfarcement after the first crack eceurs. Also, equation & apparent 1o be valid
only lor the elastic region, Equation € is not clear lo me. ASTM E 2126 (ling 732-734, 4.8) seems irelevant to this work, Please explain,

Ecuation 7 is niot represantativa of the slip and bond stress ralationshiz of the specimens. Flaass chack his.

The finite element methad usad in this paper is not explainad enaugh.

ant diffarence from the

-Reviewer 3

- Tne lopic of the paper is veru up o date. However, the scale of the experimental model is too small which does nol penmil le make relizble analysis. The paper is wrillen with nol
much care, Ingenera’ it needs & very profound revision,

-Reviewer 4

The ides of the paper is inleresting . Using domestic matodial such as bamboo bars as reinforcement especially in ropical area is a good idea, however, some points have lo be verifieo:
The uged loading schams for the baams iz four-point leading not Three points loading. Corract.

The chosan refarence baam has to be reinforced by equaivalent reinfarcement to the bambaoo bars. The area of twa bars of & mm diameters is different from the araas for the
usad bamboo bars, especially the tensile strength is dissimilar. The tensile forces are not equals bacause the product of the area by the tansile strength for sach material is
unecual.

What is the ‘'oading rate for the pull out est?

The entira paper has to be check for some grammatical erors and Jyoos

MetheodsX (optional)

We invite you to submit & methad aricle alongside your research arice, This is an oppartunity to gel tull credit for the time and money you have spent on devaloping ressarch methods,
and to increase the visikility and impact of your work.

I wour research articls & scospled, your method arlicle will oz sulomatically ransferrsd over o the open access journal, MethodsX, whers it wil be ediloraly reviewsd and oublished as
a sepdrae method arlicls upon acceplance. Both aricles will ke linked on Stienceliract

Pleass use the MethoosX template availahle nere when preparing vour article: hitps:dwaw slsevier comiMeinod sX-template. Open access feas apply.

Have questions or need assistance?
For lurlher assislancs, pleass visil cur Cusfomer Suppor site, Here you can search for solulions on @ rangs of woics, ind answers to requsnlly asksd questions, and lsarn mors aboul
EVISE® vig inleractive lulorials. You can also talk 2475 Lo our customer supoorl leam by phone and 24/7 by lve chal and smail,

Copyright © 2018 Elsavier BV | Privacy Policy

Elsevier BN, Radarwag 29, 1043 NX Amsterdam, The Netherlands, Heg. Mo, 33156677,
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James LaFave (Journal of Building Engineering) <FvisaSupp sevier.cam= Sen, 22 Jul 2019 18.56 T 4w H

kepada zaves -

Hp Inggris » > Indonesia »  Terjemahkan pasan Monaktifken untuk: Inggris

Ref: JOBE_2019 257 RL
Title: Strengthening bamboo reinforcement using a hose-damp o increase band-stress and slip resistance
Journal: Journal of Building Enginesting

Dar Dr. Muhtar,

Thank you for submitting your manuscript to the Journal of Building Enginesring. L have received camments from reviewers on your manuscript. Your paper should become acceptable
for publication pending suitable minor revision and modification of the article in light of the appended editodal comments.

When resubmitting vour manuscript, please carefully consider all issuzs mentionad in the editor's commants, outline every chznge made point by point, and provice suitable rebutials
for any comments not addressed.

Ta submit your revised manuscript:

» Log into EVISE at: hitpa//s e nages/navigation/NavController jsme IRNLACR=10RF
= Locate your manuscript under the header My Submissions that need Revisions' on your "My Author Tasks' view
¢ Click on 'Agree to Ravise'

+ Make the required adits

» Click on Complete Submission’ to approve

What happens next?

Aftar vou approve vour submission p eview you will receive a notification that the submission is complete. To track the status of your paper throughout the editorial process, log in to

EVISEw at: hitpa// pages/navigation/NavController, jsIRNL_ACR=JOBE,

Enrich your article to present your research with maximum impact. This journal supparts the following Content Innovations:
Diata in Brief (optional)

We invite you to convert vour supplamentary data (or a part of it) into a Data in Brief article. Data in Brief articles are desariptions of the data and associated metadata which are
normally buried in supplementary mazerial, They are actively raviewed, curated, formatted, indexed, given a DOL and fresly availablz to all upon publication. Dat in Brief should be
uploaded with your revised manuscript directly to Journal of Building Engineering. IF vour Joumal of Building Enginesring research artice is accepted, your Data in Brief article will
automatically be trarsferred over ta our new, fully Open Access journal, Data in Brief, where it will be editorialy reviewed and published as a separate data article upon acceptance, The
Open Access fee for Data in Brief is $500.

Please just fill in the template found here:

btk v slsevier.comyfinca/ publications/misc/dib_data®20article®20template_For®20ather®2Qjounals.docx. Then, place all Data in Brief files (whichever supplementary files yau
would like to include as well a5 vour completed Data in Brief template) into a .zip file and upload this as a Deta in Brisf item alongside vour Journal of Building Enginsering revised
rranuscrpt. Note that only this Datz in Brief tem will be ransferred over to Data in Brief, so ensure all of vour relavart Data in Brief cocuments ars zipped into a single file, Also, make
sura you change references to supplementary material in your Journal of Building Engineering manuscript to raference the Data in Brief artice where appropriate.

Que=t<ons? "Iease send your |'|qU|r'es I:D dLb@.&JSEM&QD] Example Data in Brisf can be found here:

1 look forward to receiving your revised manuscrpt as soon as possible.
Kind regards,

Dr. James M. LaFave, PE
Repeiving Editor {University of Tilinois)
Journal of Building Engineering

Comments from the editors and reviewers: The authors are requested to please consider making the following suggestec adjustments to the Tide & Abstract of their manuscript
(as well as to any other similar tewt in the: main body of the papoer):

L. "Strengthening bamboo reinforcement’ --= "Enhancing bamboo reinforcement”

2. "tonstruction because™ --> “construction, because”

3. "caused by the failure of" —-» "caused by failure of”

4, "using adhesive coating and roughness medification to the bamboo reinforcement” --> "using adhesive coatings or roughness modifications to bamboo reinforoement™
5. "resistance using” —-> "resistance by using”

& "mocel of load deflection and bond-stress and slip between the bamboo reinforcement and the concrete” === "madel of load vs. deflection and bond-stress vs. slip between
barmbes reinfercement and concrete”

7. "The experiment uses a 75 mm” --» 'The expariments use 75 mm"
2, "concrate beam." --> 'concrete baams."

S, "specimens consist of 24 picces of bambon rainforcad beam, one picce with 4 8 mm steal reinforcemant” > "specimens comprise 24 bamboa-reinforced boams, ona baam with
8 mm diameter steel reinforcement”

10. "The hose-clamp distance varies by 0 cm, 15 am, 20 cm, and 25 em.” - "Hose-clamp spacing varies by 0 ¢m, 15 £m, 20 am, and 25 em." (Mare importanty, though, is this
even correct? Fig, 5 seems to show 10 om, 15 oam & 20 om, but T don't see any case w) 0 cmoor 25 em. For 0 cm, is this actually supposed to mean that thers is na hose-clamp, rather
than that there zre continuous hoseclamps? This is all very confusing & must be dlarfied!)




11, "The beam test uses the four-point” --> "Besm testing uses & four-point”
12, "The test result shows an®™ === "Test results show an”
13, Mand concrete.” - "and concrete, when hose-clamps are used."

14. "of load-deflaction and bond-stress and slip betwean" - "of lcad vs. ceflection and bond-stress va. slip between”

-Reviewer 4

MethadsX {optional)

We invite you to susmit a method article alongside vaur resparch articde. This is 2n apparmurity to get full credie for the tire and money you have spant an developing research
matheds, and to incresse the visibility and impact of your wark.

If your research article is accepted, your method article will be automatically transferred over o the open access journal, MethodsX, where it will be editerizlly revizwed and published
as a separate method article upon acceptance. Both articles will be linked on Sciencelirect.

Please use the MethoosX template available here when preparing your artide: https: v elsevier comiMethodsX-template. Open access fees apply.

Have questions or need assistance?
For further assistance, please visit cur Customar Support site. Here you can ssarch for solutions on a range of topics, find answears to frequendy asked guestions, and leam maore about
EVISEm via inferactive tutarials. You can afsa talk 24/5 to our customer support team by chone and 24/7 by live chat and email.

Copyright $2 2018 Elsavier B | Brivacy Policy

Elsevier BV, Radarveag 29, 1043 NX Amsterdam, The Netherlands, Heg. Mo, 337156677
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Received revision JOBE_2019_257_R2 = kotakbizauk & 2

Journal of Bullding Engineering <EviseSupponi@elsaviercoms 30,230u120191229 T e
kepada saya -
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This massage was sent auiomaiically.

Rof: JOSE_2019_257_R2
Title: Enhzncing bambon reinforcemenl using 8 hose-clamp lo norease bond-siress and sip resistance
Journal: doumal of Building Enginzering

Diaar Dir. hubhtar

Thark you for submiting your revised manuscripl for consideration for publicalion in Journal of Buillding Enginesring. Your revigion was received in good
order.

To track the status of your manuscript, please log into EVISEs hitpuiwenw evise comievisefaces/pagesinavigation/MavController jspr?JRMLACR=JOBE
and locate the submission under the header My Submissions with Jourmal® on your "My Author Tasks' view.

We anpreciata your submitting your revision to this jourmal
Kind regards.
Journal of Building Engineering

Have questions or need assistance?
Fur further assistance, please visil our Custormer Supnort site. Here you can sesrch for solulions on a ange of looics, find answers o frequently asked
questiong, and 'earn more sboul EVISE. vig inloractive lulorials. You can also falk 2405 1o our customer supoort team by phone and 2477 by [ve chat

and em

Copyrighl © 2018 Elseviar B.V. | Privacy Policy.

Elsevier BV, Radarweg 29, 1043 NX Amsterdam, The Netherlznds, Reqg. No, 33158677,
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Your manuscript JOBE 2019 257 R2 has been accepted Kolak Mesuk & O

James LaFave (Journal of Building Engineering) =FviseSupoortielzeyion cams Rab, 24 Jul 2079 2027 % 4w
kepade saya -

Hp Imggris = > Indonesia ~  Terjemafikan pesan Monaktifkan untuks lnggris
Hef: JOBE 2014 267 RZ

Tifle: Enhizncing Bambao reinforcament using a hose-clamp to incraase tond-sress and sip resistance
Jaurnal doumral of Building Enginaearing

Dear Dr. Muhtar,

I am pleased o inform you thal your paper has boen sccepted for sublication. My own cormments as well as any revicwer commaenis are apponded to
tha and of this letter,

Your sccepted manuscript will now be transterred to our production departiment. We will create 2 proot, which you will be asked to check. You canread
mare about this here, Meanwhile, vou will e asked to complete a numbzes of onling forms recuired for puslication. If we need additional information
from you during the production process, then wa will contact you abolt that.

Thank you for suomitting your work o the Jowmal of Building Engineering. We hope you considar us again for future submissions.
Kind regards.

Dr. James M. LaFaws, PE
Receiving Editor {(University of llinois)
Journal of Building Engineering

Comments from the editors and reviewers: Mire work.

Have questions or need assistance?

For further assislunce, please visil our Custoeer Sugnor site, Here you can sgarch for solulions on a range of looics, ind answers © freguently asked
questions, and learm more aboul EVISEs via inleractive Wilerials. You can also lalk 2445 1o our custorner supoort team by phone and 2477 by live chal
and amail,

Copyright © 2018 Elsevier BV, | Pdvacy Policy

Elsevior BV, Radanveg 28, 1043 NX Amsterdam, The Natherlznds, Reg. Mo, 33158677,

[Pesan dipowong] Lihat sslurub email
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Track your article [JOBE_1008%6] accepted in Journal of Building Engineering = kotakissus & ©
Elsevier - Article Status =Article_Status@elseviercom= Rab, 24 .ul 2019 22.05  T¢ 4= H a
kepada zaya «
H Inggris * > Indonssia v  Terjemahkan pasan Monaktifken untuk: Inggris
+
Please note this is a syslem generated smail from an unmaznned mailbox,
If you have any queries wa really wanl lo hear Trom
you vig our 247 supporl &t hitpdhelelseviancom
Articde litle: Enhancing bamboo reinforcemeant using a hose-clamp lo incresse bond-glress and ship resistance
Reference: JOBE_100898
Journ; Journal of Building Enginearing
Articl: Nurnber: 100896 ¥

Corresponding author: Dr. Mubtar Muhlar
Firat author: Cr Muhtar Muhtar
Dezar Dr. Muhrar,

Your article Enhancing bamboo reinforeament using a hose-c'amp to increase bond-stress anc slip resistance will be nublished in Journal of Buiding Engineering.
To rack the status of your article throughowt the publization process, please use our articls tracking senvice:

hitpstauiiorns. elsevier comiracking/aticie/details. do¥aid=1008264jid=JOBE Ssurname=Muhtar

For halpwith articla tracking: hitp:help alsavier comiaopianswers/datailia /90

Yours sincearely,
Elsaviar Author Supoart

HAVE A QUERY?
We have 24/7 support to answer all of vour gueriss quickly.

hidpihelp.elsevisn oo

UNRIMALLED dissamination for your work
Whan your arlicle is published, iLis made sccessible 1o more than 15 million moenthly unigue users of ScienceDirect, ranging from scienlists, ressarchers, neallhare professionals and
sludents. This ensures thal your peper reaches the nghl sudicnee, wherever they may be on the giobe, and that vour reszarch mekes Lhe grealest impact vossible.

= Find new research yoursell sk vaww.sciznoedirect. com
SENDER INFORMATION

This e-mail has been senl to you from Elsower Limited, The Bowlevard, Langford Lane, Kidinglon, Oxford, QX5 168, Uniled Kingdom. To ensure delivery lo your intax (mol oulkor junk
Toiders), please add AricleStatus@elsavier com to your address book ar safe senders list.

PRIVACY POLICY
Please raad our privacy palicy.

hitp v slsevier com/privacypolicy

[T-10h-20150414]
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The distance of hose-clamp 0 cm is bamboo reinforcement does not use hose-clamp. Fig. 5
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for the main research using hose-clamp spacing 0 cm, 15 cm, 20 cm, and 25 cm (for reinforcing of
concrete beams and the distance of 0 cm is not using hose-clamp).
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Abstract

Bamboo can be used as reinforcement for concrete, especially in simple construction, because of
its high tensile strength. Any collapse that occurs in a bamboo reinforced concrete beam is often
caused by failure of the bond between bamboo and concrete. Many researchers have suggested
using adhesive coatings or roughness modifications to bamboo reinforcement, but a slip failure
pattern still appears. The aim of this research is to increase bond-stress and slip resistance by
using a hose-clamp, and to obtain a relationship model of load vs. deflection and bond-stress vs.
slip between bamboo reinforcement and concrete. The experiments use 75 mm x 150 mm x 1100
mm concrete beams. Concrete beam specimens comprise 24 bamboo-reinforced beams, one beam
with 8 mm diameter steel reinforcement, and one without reinforcement. Hose-clamp spacing
varies by 0 cm, 15 cm, 20 cm, and 25 cm. Beam testing uses a four-point loading method. Test
results show an increase in bond-stress and flexural capacity, and reduced slip between bamboo
reinforcement and concrete, when hose-clamps are used. There are differences in the relationship
of load vs. deflection and bond-stress vs. slip between bamboo reinforced concrete beams and
steel reinforced concrete beams.

Keywords: bond-stress, slip resistance, bamboo reinforced concrete, hose-clamp

1. Introduction

Exploiting industrial building materials with an indifference to using renewable building materials can cause
permanent environmental pollution. Bamboo, as a renewable building material, can minimize energy consumption,
protect non-renewable natural resources, reduce pollution and maintain a healthy environment. Bamboo is a material
with an economic advantage because growth is relatively fast, allowing it to achieve maximum mechanical resistance
within a few years. In addition, bamboo is very abundant in the tropics and subtropics throughout the world [1].

Bamboo can be used for concrete reinforcement for modest housing communities in areas where it is abundant,
especially underdeveloped villages. However, bamboo is considered unprofitable because of the methods required to
prepare it for such use. Researchers have tried to simplify bamboo treatment and eliminate operational problems in
using it as the main structural component. Many of them focus on examining whether bamboo reinforcement is really
cheaper than steel reinforcement, taking into account operational costs, depreciation losses, required skills, and on-the-
job training needs for long-term use [2]. Other researchers discuss the feasibility of bamboo in technical, cost,
durability, and other terms [3-10].

A frequent barrier to developing bamboo reinforced concrete is the failure of the bond between the bamboo
reinforcement and the concrete. This occurs because of the slippery nature of the bamboo surface, and imperfect
attempts to modify its roughness. Treatments to counteract the slipperiness have included soaking, drying, waterproof
coating, and sprinkling with dry sand. Nevertheless, the collapse pattern is still dominated by slip failure between
bamboo reinforcement and concrete. Tripura and Singh [11] recently proposed a column reinforcement technique to
increase the strength and performance of bamboo reinforcement, but the user must pay attention to humidity, and bond
properties need to be determined for better results.

The aim of this research is to increase bond-stress and slip resistance using a hose-clamp, and to obtain a
relationship model of load deflection and bond-stress and slip between the bamboo reinforcement and the concrete.



The concept of installing a hose-clamp on to bamboo reinforcement is similar to the concept of using deformed bar
reinforcement in concrete [12] as shown in Fig. 1 and Fig. 2, where there are frictional force interaction and the
bearing force between bamboo reinforcement and concrete. Installing hose-clamps in this way will increase slip
resistance and bond-stress. The frictional force of the bamboo reinforcement surface will be distributed on the hose-
clamp that functions as a shear connector. Strengthened bamboo reinforcement using a hose-clamp is then applied to
concrete beams and evaluated by flexural testing.

Bamboo reinforcement coated with sikadur®-752 and sand

2 ': - — =
Adhesion and

friction force

Hose-clamp

< s
Bearing force at hose-clamp

Fig. 1. Bamboo reinforcement with a hose-clamp

Adbesion and friction forces

along the bar's surface

—
T Adthesion and friction force Z
— Reinforcing bar Bearing force
o G iEi s fr e He Bl . Radial splitting force | - | -
*. ., Resultat fine B0 force | -
Friction force Y AT 0 el LI
ki Bearing force

(a) (b
Fig. 2. The friction force and bearing force of a deformed bar [12]

2. Theory

The reinforced concrete bond is formed by the mechanism of adhesion, friction and mechanical interlock between the
reinforcement and the concrete. Bond strength is strongly influenced by fracture energy [13] as well as complex
interactions between local deformation, chemical adhesion, and other factors [14]. The shear forces transferred
between the bamboo reinforcement and the concrete is the dominant factor after the adhesive bond. A good bond
between concrete and reinforcing bamboo is essential so that the system can behave as planned, and also to fulfill the
required performance of the structure in the long run. The bamboo reinforcement surface condition and the shearing
surface area are important factors in the shear stress value.

Roughness modification of bamboo reinforcement is carried out by notching [15], wire and coir winding [16], the
addition of hooks [17], or installation of hose-clamps [18-20]. These methods can increase the bearing capacity of a
bamboo reinforcement concrete beam, but still have drawbacks, such as difficult implementation, and a notching
process can weaken bamboo reinforcement. Agarwal et al. [21] conducted research on a bamboo reinforced concrete
beam using waterproof coating Sikadur 32 Gel and sand. The capacity of the beam load increased by up to 29.41% for
a 1.49% bamboo reinforcement area, but slip failure still occurred. Gisleiva C.S. [22] tested bamboo reinforced
concrete beams using a two points load method, and showed that the beam crack occurs due to bond failure between
bamboo reinforcement and concrete, followed by sliding failure and slip.

The bamboo reinforcement adhesive should also serve as an impermeable layer and sand sheathing binder to the
bamboo reinforcement. Some types of adhesives that have been used include: Negrolin, Sikadur 32 Gel [1]; Sikadur-
31CFN [23]; Araldite, Tepecrete P-151, Anti Corr RC, and Sikadur 32 Gel [21]; Araldite, epoxy resin, and coal tar
[24]; paint and dry sand [25]; layer asphalt and sand on bamboo reinforcement [26]; asphalt layer and coir rope coiled
[27]; Concresive Master Inject 1315 [28]; synthetic resin and synthetic rubber [29]; water-based epoxy coating with
fine sand, water based epoxy coating with coarse sand, TrueGrip EP with coarse sand, TrueGrip BP with coarse sand,
Exaphen with coarse sand, and enamel [30]; and lime water treated bamboo mat coated with epoxy and sand [31].

In the pull-out testing of concrete, the bond strength decreases as the steel reinforcement diameter increases; the
deeper the embedded reinforcement steel, the higher the bond-stress value [32-33]. Javadian et al. [30] investigated
bamboo pull-out, using a type of epoxy coating, to determine the bonding behavior between bamboo reinforcement
and concrete. The results showed that bamboo-composite reinforcement without layers has sufficient ties with the
concrete matrix, but with the epoxy base layer and sand particles provides extra protection without loss of bond
strength. Where failure occurs, it is at the bond between reinforcing steel with concrete, and slippage. The pull-out
testing results by Muhtar et al. [19] on bamboo reinforced concrete with Sikadur®-752 coating and hose-clamps



embedded in concrete cylinders indicated an increase of tensile stress of up to 240% compared to untreated bamboo
reinforced concrete. The pattern of collapse indicates the collapse pattern of bond and concrete cone failure and
Bamboo failure of a node. This shows that using a hose-clamp on bamboo reinforcement works well, with the
concrete remaining attached to the bamboo reinforcement.

Installation of hose-clamps increases slip resistance along the bamboo reinforcement. The frictional force of the
bamboo reinforcement surface is distributed on the hose-clamp that serves as a shear connector. The bonding stress
parameter between bamboo reinforcement and concrete can be shown in flexural capacity, crack pattern, and beam
failure pattern.

Hose-clamp installation on bamboo reinforcement serves as anchoring friction between bamboo reinforcement
with concrete. The friction strength, 7, of the bamboo pullout test can be calculated using Eq. (1) [30]:

P
o P ()
(2a+2b)L,
where P is the pullout force, (2a + 2b) is the dimension of the bamboo cross-section, and L, is the length of bamboo

surface attachment.
The bond-stress () of the BRC beam can be calculated by Eq. (2) and Eq. (3) [25, 34]:

V
u = .
Jjd=(d-)a) 3)

where V is the shearing force of the beam, Yo is the circumference of the nominal surface area of the bamboo
reinforcement in length units, d is the distance from the maximum press fiber to the center of the bamboo tensile
reinforcement area, and a is the height of concrete stress block equivalent.

3. Materials and methods
3.1. Preparation of bamboo reinforcement.

This research uses bamboo petung (Dendrocalamus asper) between three and five years old [21], six meters long from
its base. Bamboo is cut and separated according to the planned size, then soaked in water to remove the starch content
for approximately 30 days. After soaking, bamboo is dried in free air for about 30 days [21, 35]. The dried bamboo is
cleaned on the inner side and trimmed with a grinding machine to the required shape for bamboo reinforcement
measuring 7 x 10 mm?, 10 x 10 mm? and 15 x 15 mm?. The number of bamboo reinforcement nodes used varies
between two and three pieces.

3.2. The waterproof coating Sikadur®-752 and installation of hose-clamp.

After the bamboo reinforcement preparation process is complete, the next step is the waterproof coating and
installation of hose-clamps. The waterproof coating used was Sikadur®-752, and the coating was carried out twice.
Sikadur®-752 is applied to the bamboo reinforcement to prevent water absorption; the effectiveness and durability of
Sikadur®-752 adhesive require further research. The specification of Sikadur®-752 is shown in Table 1. Hose-clamps
installation is carried out after the first stage Sikadur®-752 waterproof coating is dry. The second layer of
waterproofing is applied with the aim of making the first stage impermeable, and of strengthening the bond between
hose-clamps and bamboo reinforcement. The hose-clamp used is a %" diameter stainless steel unit made in Taiwan
specifications are not available. The distance variation of the hose-clamp setting is 0 cm, 15 cm, 20 ¢cm, and 25 cm. To
overcome bamboo node disturbance, hose-clamps are installed in one of two ways, either by stretching the hose-clamp
bolt and inserting directly from the tip of the bamboo reinforcement, or by opening the hose-clamp bolt first and
installing the unit using a screwdriver. Nearly one-third of the surface of bamboo reinforcement is slippery. To
increase its roughness, sand is sprinkled on [30] after the Sikadur®-752 waterproof coating is half-dry. The sand used
is fine volcanic dust sand from Raung Mountain, Jember, Indonesia, which contains particles of iron. The process of
preparing bamboo, including waterproof coating and sprinkling sand, up to hose-clamp installation, is shown in Fig. 3
and Fig. 4.



Table 1 The specification of Sikadur®-752

Components Properties

Aspect Yellowish

Mix density Approx. 1.08 kg/l

Mix ratio, by weight/volume 2:1

Pot life 30°C 35 minutes

Compressive strength 620 kg/cm? at 7 days
640 kg/cm? at 28 days

Tensile strength 270 kg/cm? at 28 days

Bond strength, to concrete >20 kg/cm? (concrete failure, over mechanically prepared
concrete surface)

Flexural strength 400 kg/cm? at 28 days

Modulus of elasticity 10,600 kg/cm?

Fig. 3. Tidying a bamboo bar with a grinding Fig. 4. Processing a waterproof coating, a sand
machine coating, and a hose-clamp installation

3.3. Pull-out tests

The dimensions of bamboo reinforcement used in the pull-out tests are 15 mm x 15 mm x 400 mm, while the size of
the concrete cylinder is a diameter of 150 mm and a length of 300 mm. A bamboo reinforcement is inserted into the
middle of a concrete cylinder with a depth of 200 mm. Specimens are tested after 28 days; 15 test pieces were made,
with five treatments, namely (a) normal, (b) hose-clamp with span 10 c¢m, (¢) Sikadur®-752, (d) Sikadur®-752 and
hose-clamp with span 15 cm, and (e) Sikadur®-752 and hose-clamp with span 20 cm. The purpose of the treatment on
the specimen is to increase the bond-strength between bamboo and concrete. Specimen details from the pull-out test
are shown in Fig. 5, while the manufacture of specimens and pull-out test settings are shown in Fig. 6.

Bamboo, section zise

200 mm 15 mm x 50 mm

Bamboo with Sikadur -752

coat, and sand coat

Hose clamp Hose clamp
Concrete 100 mm 50 mm
200 mm Bamboo, section B 200 mm
zise 15 x 15 mm 100 mm 150 mm
100 mm 100 mm 100 mm 100 mm
- L -+ 1
150 mm | 150mm | | 150 mm | 150mm | | 150mm |
T T T T

(@) (b) (© (d) (e)

Fig. 5. Specimen details of the pull-out test



Fig. 6. Manufacture of specimens and pull-out test settings

3.4. Testing methods

The mix design of normal concrete for this research comprised Portland Pozzolana Cement (PPC), sand, coarse
aggregate, and water with a proportion of 1:1.8, 1:2.8, 2:0.52. Sand and gravel are from the Malang area. The cylinder
specimen measured 150 mm diameter and 300 mm height. A universal testing machine (UTM) with 2000 kN capacity
was used for a compression test. The values of the concrete compressive strength test and the bamboo tensile strength
test were used as the basis for the theoretical calculation of the beam.
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Information:
SRC = Steel reinforced concrete
PC = Plain concrete

BRCy) = Bamboo reinforced concrete (BRC) — spacing hose-clamp 0 cm (s)

BRCs; = Bamboo reinforced concrete (BRC) — spacing hose-clamp 15 cm (s;)

BRCs; = Bamboo reinforced concrete (BRC) — spacing hose-clamp 20 cm (s,)

BRCy; = Bamboo reinforced concrete (BRC) — spacing hose-clamp 25 cm (s3)

As = Area of steel reinforced (4s = 100,48 mm?)

Ab = Area of bamboo reinforced (Variation of 45 = 140 mm?, 200 mm?, and 450 mm?)

Fig. 7. Geometry and distance variations of beams with hose-clamp
The beam test specimen comprised 26 pieces with a size of 75 mm x 150 mm x 1100 mm, as shown in Fig. 7,

consisting of 24 pieces of the bamboo reinforced concrete beam (BRC), one steel reinforced concrete beam (SRC),
and one concrete beam without reinforcement (PC). Bamboo reinforcement is installed as tensile reinforcement with a



variation of reinforcement area of 140 mm?2, 200 mm?2, and 450 mm?2. The steel bars used are 8 mm in diameter with an
A = 100.48 mm? reinforcement area. The use of two bars of 8 mm diameter is not equivalent to the bamboo
reinforcement area used; if equalized it must be made in non-dimensional conditions, but this is not fully suitable
because its behavior will not be the same if it has reached post-crack. This requires further research.

The flexural beam test is carried out using a four-point technique [36]. There are two points loads with spacing /5L
from the beam support, using a WF load spreader. The strain gauge is mounted on bamboo reinforcement 2L from the
beam support. The strain gauge is connected to the digital strain meter. The deflection that occurs in the beam is
detected using LVDT (linear variable displacement transducers) 2L from the beam support. A hydraulic jack is used
for beam loading and 200 kN load cell connected to the load indicator. Load indicator readings are used as hydraulic
jack controllers, deflection readings, and strain readings, according to load control methods. After the test beam
reaches its ultimate load, readings are taken according to the deflection control method. The pattern of collapse is
observed and identified through cracks that occur, starting from the first crack until the beam collapses. The test
equipment settings and load scheme are shown in Fig. 8.

LOADING FRAME

Hinge support Roller support

Load spreader of WF

Beam specimens

L P, "
- s

';I-i;l

L

T

S0mm gy 1 Y%L 1 %L ?0 Inm Hydraulic jacks
T T
|
T

1000 mm I

Fig. 8. The setting of the flexural beam test

4. Results and Discussion
4.1. Material test and pull-out test

The bamboo tensile test returned an average tensile stress of 126.68 N/mm? and an average strain of 0.0074. The
average of the modulus of bamboo elasticity is calculated based on the formula E = o/g, and 17235.74 MPa was
obtained. Modulus of steel elasticity was 207735.92 MPa. In bamboo tensile testing, the majority of failures of
bamboo reinforcement occur at the point of the bamboo node as shown in Fig. 9, so that the modulus of elasticity is
taken as an average test result of bamboo reinforcement with nodes and without nodes. Fig. 10 and Fig. 11 show a
graph of the stress-strain relationship of bamboo and steel, a graph of the stress-strain relationship of bamboo tends to
be linear until fracture stress occurs, so there are difficulties in determining the yielding point, especially if bamboo
has been used as concrete reinforcement. So in this study, the method for determining the yield point of bamboo
reinforcement in the concrete beam was based on ASTM E2126-09 [37] scope 1.2, which is for specimens constructed
from wood or metal framing, braced with solid sheathing. Compression tests were carried out in accordance with
ASTM C 39 [38] after 28 days of concrete age. The compressive strength of the average cylinder is 31.31 MPa and
the average weight of the cylinder is 125.21 N.

e failure at
node bamboo =

Fig. 9. The pattern of failure in bamboo reinforcement
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The data from the pull-out test results of bamboo reinforcement, treated with waterproof coating Sikadur®-752,
sand and hose-clamp rings embedded in concrete cylinders, showed an increase in bond-stress of 214% and 200%
compared to bamboo without treatment, with a distance of hose-clamps of 15 ¢cm and 20 cm, respectively; with the
loading rate, respectively 39.5 kN and 37.5 kN. For bamboo reinforcement without waterproof coating Sikadur®-752
and sand, but using hose-clamps with a distance of 10 cm, this increased by 8%, whereas bamboo reinforcement with
waterproof coating Sikadur®-752 and sand without hose-clamps increased by 125% compared to untreated bamboo, as
shown in Fig. 12.
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Test specimens with waterproof coating Sikadur®-752, sand, and hose-clamps showed a collapse pattern of “bond
and concrete cone failure” as shown in Fig. 13a. This shows that the waterproof coating Sikadur®-752 and the hose-
clamps on the bamboo reinforcement have worked well, as indicated by the concrete attached to the bamboo
reinforcement. Test specimens with waterproof coating Sikadur®-752 and sand, but without hose-clamps, show a
collapse pattern of “bond-slip failure”, but have a fairly high bond strength, as shown in Fig.13b. Whereas the
specimen with hose-clamps without waterproof coating Sikadur®-752 or sand show a collapse pattern of the “bond-
slip failure” with bond-stress similar to that of untreated bamboo reinforcement. This shows that there is an action of
absorbing water between bamboo reinforcement and concrete. When the concrete is wet, the bamboo reinforcement
absorbs water so that the bamboo reinforcement swells. When the concrete is dry, the water in the bamboo
reinforcement is absorbed by the concrete, so that the bamboo reinforcement shrinks and the hose-clamp becomes
loose. This causes a slip to occur and the hose-clamp has no effect on bond-stress. The pattern of the collapse is shown
in Fig. 13b.

The analysis of the test results and the pattern of collapse shows that the use of waterproof coating is absolutely



necessary; the installation of hose-clamps on bamboo reinforced concrete without waterproof coating has no
significant effect.

4.2. The flexural capacity of the bamboo reinforced concrete beam

Theoretical analysis of beam flexural capacity is based on Ghavami (2005) [1]. From the analysis of stress and strain
distribution of flexural beam elements, the balance between the concrete compressive force (C) and the tensile force
(T) must be fulfilled. The tensile strength of bamboo reinforcement (T) was obtained by multiplying bond-stress from
the pull-out test results by the shear area of bamboo reinforcement; this is because, based on the results of the study,
the collapse of bamboo reinforced concrete was caused by the loss of bond between bamboo reinforcement and
concrete. Data from theoretical calculations and BRC beam experimental results are shown in Table 2.

The initial crack of BRC beams from theoretical calculations occurred at a load of 6.87 kN, while ultimate loads
occurred at 29.62 kN, 33.73 kN, and 45.27 kN respectively on BRC beams with bamboo reinforcement areas of
140 mm?, 200 mm?, and 450 mm?. The average load of the initial crack of the experimental results occurs at a load of
7.35 kN. Fig. 14 shows the average initial crack load and the average ultimate load of a BRC beam from theoretical
calculations and experimental results. The average ultimate load of the experimental results is 90% of the ultimate
load resulting from the theoretical calculations. This is one solution to the problem of the low capacity of bamboo
reinforced concrete beams, as reported by several previous researchers. They concluded that the flexural capacity of
bamboo reinforced concrete beams reached only 56% of its capacity if the tensile strength of bamboo was full [17],
only 29% to 39% of the capacity of steel reinforced concrete beams with the same reinforcement dimensions and
width [39], and only 35% of steel reinforced concrete beams at the same strength level [40].
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and hose-clamp distance

Fig. 15 shows a comparison of the ultimate load of BRC beams and SRC beams, based on reinforcement area
variation and hose-clamp distance. BRC beams with a reinforcement area of 450 mm? have the highest ultimate load
for all variations in the distance of the hose-clamps. Whereas when viewed from the variation in the distance of the
hose-clamps, BRC beams with a distance of 20 cm hose-clamps have the highest ultimate load, 33.25 kN. BRC beams
with a ratio of 4% bamboo reinforcement area exceed the ultimate load of steel reinforced SRC beams by up to
38.54% with a steel reinforcement area ratio of 0.89%.

The results of the analysis of variance on all data from the flexural test show the non-significant effect of hose-
clamps on the beam capacity, whereas from the pull-out test results, as shown in Fig. 12, the effect of hose-clamps is
significant. This indicates that: (1) the distance of the installation of the hose-clamps has not been optimum or is still
too tight for flexural tensile reinforcement. Installation of tight hose-clamps will reduce the elastic properties of
bamboo and bamboo reinforcement becomes more rigid. Bamboo has high tensile strength in the direction of the fiber
(longitudinal direction), but is weak in the transverse direction, so that when receiving a flexural tensile force, there
will be a concentration of stress, and bamboo reinforcement ruptures, especially at the point of the bamboo node and
the position of the hose-clamp; (2) installation of effective hose-clamps if used on pure tensile elements, such as truss
elements or as the length of distribution (L4) for bamboo reinforcement; (3) waterproof coating Sikadur®-752 and sand
have a significant effect on bond-stress. This is indicated by the ultimate load of BRC-s0 beam approaching the
ultimate load of BRC-s1, BRC-s2, and BRC-s3 beams. The installation of hose-clamps without waterproof coating
treatment does not have an effect on the bond-stress or beam capacity. The installation of hose-clamps as flexural
tensile reinforcement needs further research, with the hose-clamps distance larger and more effective.



Table 2
Flexural beam test results

Theoretical calculations Flexural test results
First Ultimate Ultimate load ~ First crack ~ Average first Failure load Average Deflection at Average
No Specimens code crack  load base on  base on the load (kN) crack load (kN) failure load  failure (mm)  deflection
load the tensile shear area of (kN) (kN) at failure
(kN) strength of bamboo (mm)
bamboo reinforcement
(kN) (kN)
1 AlBI 8.50 22.00 12.10
A %Rﬁ(; s0 ) 6.87 11.39 29.61 8.25 21.75 12.40
2 §= 4l mm AlB1 8.00 21.50 12.69
3 A1B2 7.00 21.00 6.08
A %Rﬁ(; s1 ) 6.87 11.39 29.61 6.75 18.50 6.40
4 §= 4l mm Al1B2 6.50 16.00 6.72
5 AlB3 6.00 22.00 9.09
A %Rﬁ(; $2 ) 6.87 11.39 29.61 6.25 2225 9.20
6 §= 4l mm AlB3 6.50 22.50 931
7 AlB4 8.00 19.50 10.21
A %Rﬁ(; $3 ) 6.87 11.39 29.61 7.75 20.75 11.57
8 §= 4l mm Al1B4 7.50 22.00 12.92
9 A2BI 6.50 26.50 10.21
A IiRz%(; s0 ) 6.87 15.86 33.73 6.75 27.75 11.17
10 §= 00U mm A2B1 7.00 29.00 12.12
11 A2B2 6.50 33.00 14.84
A IiRz%(; s1 ) 6.87 15.86 33.73 7.00 30.75 13.39
12 §= 00U mm A2B2 7.50 28.50 11.94
13 A2B3 6.50 31.00 13.25
A IiRSOE)SZ ) 6.87 15.86 33.73 6.75 31.50 13.50
14 §= S0 mm A2B3 7.00 32.00 13.74
15 A2B4 8.50 29.50 9.66
A ?Rgobﬁ ) 6.87 15.86 33.73 8.00 29.00 10.80
16 §= S0 mm A2B4 7.50 28.50 11.94
17 A3BI 8.50 31.50 10.92
A B}E&é s0 ) 6.87 32.19 4527 8.25 30.25 11.41
18 §=aUmm A3B1 8.00 29.00 11.90
19 A3B2 7.00 31.00 12.18
A B}E&é s1 ) 6.87 32.19 4527 7.25 32.00 12.60
20 §=aUmm A3B2 7.50 33.00 13.02
21 A3B3 8.00 33.50 14.69
A ERESE)SZ ) 6.87 32.19 4527 7.75 33.25 12.01
22 s mm A3B3 7.50 33.00 9.32
23 A3B4 7.50 29.50 7.61
AbIB:Rfs_osi - 6.87 32.19 4527 7.50 29.75 9.15
24 A3B4 7.50 30.00 10.69
SRC
25 As = 100,48 SRC 6.51 16.63 10.00 24.00 6.33
mm? 10.00 24.00 6.33
26 PC PC 6.39 9.42 8.00 8.00 1.29

4.3. The load-deflection relationship model of the bamboo reinforced concrete beam

The pattern of the load-deflection relationship between BRC and SRC beams is strongly influenced by the mechanical
properties of bamboo and steel reinforcement materials. The different characteristics of stress and strain in bamboo
and steel are the dominant factors in determining the characteristics of load-deflection relationships. On the stress-
strain characteristics of bamboo, it does not have a long initial melting point. This means the service load range point
or the proof bond strength point cannot be directly determined. The relationship between load and deflection was
carried out on BRC beams with a bamboo reinforcement area of 450 mm? with a hose-clamp distance of 0 cm, 15 cm,
20 cm, and 25 cm. This is because it has the highest ultimate load and good data consistency.

Fig. 16 and Fig. 17 show the differences in the behavior of load-deflection and load-strain relationships of BRC
and SRC beams. The BRC beam has a much higher deflection. This shows higher energy absorption, but lower
stiffness. The SRC beams can directly determine the initial yield point of reinforcement. A graph of the load-
deflection relationship of the SRC beam shows the elastic area or friction bond limit (I), elasto-plastic (II), and plastic
(III), while the BRC beam does not clearly show plastic areas — the BRC beam load-deflection graph tends to be
linear. However, the crack moment (#,,), which is the point of friction bond limit, can be known directly through the



initial crack that occurs.
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The service load range is determined based on ASTM E 2126-09 [37], that is by drawing a vertical line through

the 0.4P,jimae line meeting with a 0.8 P, ;4 horizontal line. From the analysis results, the average value of Py, load
is 18.79 kN or about 60% of P, imae- While the elastic range or friction bond limit points using Eq. (4) [33]:
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Table 3
Load-displacement relationship calculation data.

Theoretical calculations Flexural test results

Specimens / Code No - ;
First Ultimate First crack Failure load, Deflection at o
crack 00 (kN) load, Puimae (KN)  failure (mm) e/ Putimae (%0)
load (kN) Pc,(kN) ultimate
1 8.50 31.50 10.92 26.98
(a) BRC-s0/ A3B1 ) 6.87 32.19 3.00 29.00 11.90 2759
1 7.00 31.00 13.02 22.58
(b) BRC-s1/ A3B2 2 6.87 32.19 7.50 33.00 12.18 22.73
1 8.00 33.25 14.69 23.88
(c) BRC-s2 / A3B3 5 6.87 32.19 750 33.00 932 2273
1 7.50 29.50 7.61 25.42
(d) BRC-s3/ A3B4 ’ 6.87 32.19 750 30.00 10.69 25.00
Mean values (Ru) 7.69 31.31 11.29 24.61
Standard deviation (o) 0.46 1.73 1.97
P P
P,
PUltimate Vitimate “ f:owsf;he difffelt'ﬁncaekig /,/'
Proof bond strength Ultimate bond strength | beamand e beam/'//
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Fig. 18. The idealization of the load- deflection
relationship model of BRC beam

Fig. 19. The difference in stiffness between the BRC
beam and the SRC beam

Table 3 shows that the lowest elastic value, 22.58%, occurred in the BRC-sl beam, the highest, 27.59%, in the
BRC-s0 beam. The average value of the elastic range is 24.61% of the ultimate load. From the calculation using Eq.
(4), the value of the elastic limit is obtained by 20% of the ultimate load. The elastic limit on the SRC beam is 41.67%



of the ultimate load. It can be concluded that the point of the elastic limit is 20% of the ultimate load, and the service
load range is 60% of the ultimate load. The idealization of the BRC beam load-deflection relationship model is shown
in Fig. 18.

In Fig. 19, if horizontal lines are drawn at service limits P, and linear lines are parallel to the SRC beam load-
deflection diagram, it will be seen that the BRC beam stiffness is much lower than SRC beam stiffness. The average
value of the BRC beam stiffness was lower — 43.92% — compared to the SRC beam. Whereas if we take when the
initial crack load of the SRC beam, or 0.4P,;;, is obtained, the BRC beam stiffness is lower than 75% of the SRC
beam stiffness, as shown in Fig. 19. This is a weakness of the BRC beam that needs to be considered in future studies.
The principle of the theory of confined concrete and shear reinforcement can be a solution to overcome the low
rigidity of the BRC beam.

4.4. The bond-stress of flexural beam.

Measurements and observations of slip (s) are carried out from when the initial crack occurs until the beam has
collapsed. The measurement of slip (s) is taken in two ways, namely direct measurement through a strain gauge
attached to a bamboo reinforcement for elongation of bamboo reinforcement (e,,), and measurement through force
analysis or curvature moment for elongation of the concrete (e.,). The readings from the strain gauge installed on
bamboo reinforcement can still be carried out even though the concrete has been cracked, because when the concrete
cracked, the bamboo reinforcement was still not yielding or was still in an elastic condition. Direct measurement
through strain gauge and measurement through force analysis is carried out as control and comparison. Slip (s,) at the
point where the bond-stress occurs is calculated based on Eq. (5) [41].

So = ebo - eco (5)

where e, = elongation of bamboo reinforcement, and e, = elongation of concrete. The elongation of concrete (e,,) is
calculated using Eq. (6) [41].

eco = ec,co + ec,bo (6)

where e, ., = elongation of concrete due to the compressive force, and e, 5, = elongation of concrete due to bond force.

The purpose of installing hose-clamps on bamboo reinforcement is to increase slip resistance between bamboo and
concrete reinforcement. The test results and the calculations of bond-stress and slip can be seen in Table 4 and Table
5. Fig. 20 shows the relationship between bond-stress and slip in the BRC beam, divided into two stages. The first is
the linear elastic stage, where the linear line curve shows the full elastic behavior of the BRC beam. The shear force
that occurs on the reinforcement surface of bamboo is transferred to concrete. The maximum tensile stress on the
beam is smaller than the flexural tensile strength, or smaller than the concrete collapse modulus. The second stage is a
combination of elasto-plastic and plastic stages; this is consistent with the characteristics of the stress-strain of
bamboo reinforcement which does not have a long yielding point, as shown in Fig. 10. This stage is the beginning of
the micro slip of bamboo reinforcement and concrete.
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The bond-stress of bamboo reinforcement starting to work up to ultimate bond-stress. The tensile stress that occurs
is completely retained by bamboo reinforcement with its friction strength. Bond-stress increases with increasing slip
resistance force. Likewise, the cracks increase and widen as the slip increases. The ultimate tension occurs when the
maximum slip occurs on the bamboo reinforcement. The ultimate bond-stress occurs when the maximum slip occurs
on the bamboo reinforcement.

From Table 5, the ratio between the friction bond limit and ultimate bond strength (i, /u,) ranges from 21% to



27%. While the bond-stress (#) from the friction bond limit up to ultimate bond strength can be approximated by the
Eq. (7), with the limit of s, <, < s,, where s, is slip on the initial crack of the beam, and s, is the slip at the ultimate
load as shown in Fig. 21.

u=0.027s, +0.026 (7

Table 4
Bond-stress and slip of the flexural beam test.

Theoret.l cal Flexural test results
calculations Flexural
i beam .
Specimens /  Sample . . Average . Slip, s
bond-
Code no First Ultima First first Failure Av'erage Deflectio Average on (mm)
crack crack failure n at deflection stress
te load crack load . .
load &N) load load kN) load failure  at failure (MPa)
(kN) (kN) (kN) (mm) (mm)
(kN)
_ 1 8.50 31.50 10.92
(&) BRC-s0 687  32.19 825 30.25 11.41 031 9.05
/ A3BI 2 8.00 29.00 11.90
_ 1 7.00 31.00 13.02
(b) BRC-s1 687  32.19 725 32.00 12.60 033 1085
/ A3B2 2 7.50 33.00 12.18
- 1 8.00 33.50 14.69
(¢) BRC-s2 687  32.19 8.00 33.25 12.01 033 976
/ A3B3 2 7.50 33.00 9.32
_ 1 7.50 29.50 7.61
(d) BRO3 687  32.19 7.50 29.75 9.15 030 1012
A3B4 2 7.50 30.00 10.69
(e) SRC 1 6.51 16.63 10.00 10.00 24.00 24.00 6.33 6.33 0.24 12.53
Table 5
Bond-stress calculation.
Theoretical calculations Flexural test results
Specimens/Code
First crack Ultimate First crack Failure Flexural beam bond- uy /e, (%)
load (kN) load (kN) load (kN) load (kN) stress, u, (MPa) (MPa) S l7o
(a) BRC-s0 / A3Bl1 6.87 32.19 8.50 31.50 0.311 0.079 25
6.87 32.19 8.00 29.00 0.306 0.074 24
(b) BRC-s1 / A3B2 6.87 32.19 7.00 31.00 0.326 0.069 21
6.87 32.19 7.50 33.00 0.321 0.064 20
(c) BRC-s2 / A3B3 6.87 32.19 8.00 33.50 0.331 0.079 24
6.87 32.19 7.50 33.00 0.321 0.084 26
(d) BRC-s3/ A3B4 6.87 32.19 7.50 29.50 0.296 0.074 25
6.87 32.19 7.50 30.00 0.291 0.079 27
Mean values (Eu ) 0.313 24
Standard deviation (o) 0.01 242
(e) SRC 6.51 16.63 10.00 24.00 0.24

4.5. The relationship model of bond-stress and slip in the bamboo reinforced concrete beam

Fig. 22 shows the bond-stress and slip relationship of BRC beam with a hose-clamp on bamboo reinforcement, where
point a is the friction bond limit (u/), and d is the ultimate bond strength (u,). The ratio average of the friction bond
limit (u;) with the ultimate bond strength (u,) of the BRC beam is 24%, and a minimum ratio of 21% occurs on the
BRC-s1 beam, while a maximum ratio of 27% occurs on the BRC-s3 beam. The proposed u,/u, ratio is taken with Eq.

(8) [33].
Y Ru-2.3(0) =18.43% ~ 20% ®)

u



The bamboo reinforced concrete beam (BRC) in Fig. 17 and Fig. 20 does not show elasto-plastic or plastic
boundaries, so the boundaries point of proof bond strength (u,.) and bond-stress at pre-cracking become nothing. This
is in accordance with the stress-strain characteristic of bamboo reinforcement, that no length yield region occurs as it
does in steel reinforcement. Thus, the region of post-friction bond limit () is a linear line until reaching ultimate bond
strength (u,). The value of the friction bond limit (u,) point up to the ultimate bond strength (u,) point is estimated at
about 80%. If based on ASTM E 2126-09 [37], which sets out how to determine the yielding point of a wooden
structure, then u, is taken at 0.81,.., and the ultimate bond strength (u,) point is estimated at about 60%. Diab et al.
[33], with a steel pull-out test, proposed the u,/u, ratio for the point (a) friction bond limit (#,) of 50%, (b) proof bond
strength (u,,) of 60%, and (c) bond-stress at pre-cracking by 70%.

a = Friction bond limit
b = Proof bond strength
c = Bond stress at pre-cracking

u=0,027s+0,026
R2=0,925

s, <S55,
E d = Ultimate bond strength ' d 4 Y
S :
< d
2 { — 9
&  J
= f
12 |
= |
= 180%
5 '
[~ |
e T Diab et al, 2014 (Pull-out test)
————— b g H ——— BRCBeam
SRC Beam

Slip, s (mm)
Fig. 22. The idealization of the bond-stress and slip relationship of the BRC beam

The difference between the relationship diagram of bond-stress and slip and the friction bond limit value (i) is far
enough between the BRC and the SRC beam. This is due to a faster initial crack in the BRC beam. Initial cracks occur
faster due to several reasons, including (1) the presence of microcracks around hose-clamps caused by air bubbles
during the cement hydration process, (2) shrinkage occurring in bamboo reinforcement because the defects are not
coated with a waterproof coating, especially during execution, and (3) the modulus of elasticity of bamboo is lower
than concrete. Points (1) and (2) above are possible if work is not carried out under strict supervision.

4.6. Verification with the finite element method

Numerical verification is carried out in order to control the compatibility of the crack pattern of the BRC beam with
the stress contour that occurs. The numerical method employed is the finite element method, using the Fortran
PowerStation 4.0 program. Theoretical analysis to calculate the load that causes the initial crack uses elastic theory
(linear analysis) with a transformation section. For linear analysis, the material data included is the elastic modulus (E)
and the Poisson ratio (v). The non-linear phase is approached by giving a decrease in the strength of concrete 0.25-0.5
for the calculation of effective stiffness in the plastic area [42]. FEM analysis has not modeled the bond between
bamboo reinforcement and concrete, where bamboo and concrete are considered to have the same displacement, with
a different modulus of elasticity (E), so that they experience different stress. FEM analysis in this study has not been
explained in detail and needs further analysis. In the constitutive relationship of finite element analysis, the problem-
solving method has used the theory of plane-stress. Triangle elements are used to model plane-stress elements with
two-way primary displacement at each point, so that the element has six degrees of freedom. The discretization of the
beam plane was carried out using the triangle element shown in Fig. 23.

lyzp ;:P
150 mm-— (53, 54) 55 (56) (57) 58 59 60 61 (62) @ 64 65
%6 <> & k1 4™ mesh layer
= <> <B>| L4
100 mm —+— (52 40
== S e 2y S 27 3 e taver
- <z > =
40 mm 1—(27, 39,
N AT = st =Rt Ve e e e e T o 7 a
e E A A e S (T [ [ s [ i [ A ey R 2 mesh layer
. S S 2 S s e S T2 T 1 mesh layer
z <z N L <>
omm +— (1 2 3 4 fS 6 7 \BJ 9 JflU 11 12 13
Omm 50 mm 150 mm 250 mm 380 mm 480 mm 550 mm 620 mm 720 mm 850 mm 950 mm 105 mm 1100 mm
Information:

- = Bamboo reinforcement

- = Normal concrete

Fig. 23. Finite Element idealization of BRC beam

The modulus of elasticity (E), for each layer was calculated according to the conditions of the material. The layers
consisting of the concrete and the bamboo reinforcement are calculated using the following Eq. (9) [43].



E,=EV, +E.V, )
with E, = equivalent elasticity modulus of BRC beam, E, = modulus of elasticity of bamboo reinforcement,
E. = modulus of elasticity of concrete, ¥, = relative volume of bamboo reinforcement in the calculated layer, and

V.= relative volume of concrete in the calculated layer. The stress-strain relationship for plane-stress problems has the
form of an equation like Eq. (10 ).

o, P I v 0 ||e 10

o, r=——-|v 1 0 g, (10)
1+v9) 1-v

Ty 00 T Xy

where E is the modulus of elasticity of the BRC beam and v is Poisson’s ratio. And the principal stress in two
dimensions is be calculated with Eq. (11).

2
o _+0 O —0O
_ x y X y 2 _
0-1,2_ 2 * ( 2 J +T)cy _O-max (11)

Fig. 24 shows that stiffness decreases after the initial crack, according to the loading stage of each mesh layer , and
this is very influential on the results of the analysis. The average stiffness of the BRC beam was reduced from
26324.76 MPa before cracking to 6581.20 MPa after the collapse [42], while the average value of the stiffness of the
SRC beam was reduced from 30334.11 MPa before cracking to 16873.35 MPa after the collapse. Fig. 24 shows that
the results of the load-deflection relationship model from the analysis are quite close to the experimental results.

35 1

30 T+

25 +

20 +

15 +

@ SRC Beam
——&— FEM- BRC Beam
et BRC Beam

——&— FEM - SRC Beam

10 +

Load, P (kN)

0 2 -4 6 8 <10 -12  -14 16 -18
Displacement, A (mm)

Fig. 24. The behavior of the load-deflection relationship of
the BRC beam and the SRC beam using the finite element
method

Along with increasing load, deflection and moments will continue to increase. When the crack moment (M,,) is
exceeded, the initial crack will occur, especially at the maximum moment. After the initial crack occurs, bond-stress
will occur on bamboo reinforcement and concrete. Bond-stress and cracks will continue to propagate at the weak point
of the beam section.
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Fig. 26. The stress contour of the BRC beam



P WP

10

10 20 30 40 50 60 70 80 90 100

Fig. 27. The stress contour of the SRC beam
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Fig. 28. The crack pattern of the SRC beam

Fig. 29. Failure of bond-slip of the BRC beam [21]

Fig. 25 and Fig. 26 show the crack pattern of the experimental result BRC beam and the contour stress result from
the Surfer 9.8 program simulation. The position of the crack line and crack propagation are in accordance with the
tensile stress contours of the simulation results, ie at coordinates 15 to 95. The red represents the maximum tensile
stress, and the grayish blue represents maximum compressive stress. After initial cracking in the middle of the span,
branching cracks occur in the position of the bamboo reinforcement. New cracks arise and branch upwards, right, and
left. However, most additional cracks propagate to the right and left, following the direction of bamboo reinforcement,
in accordance with the maximum tensile stress contour resulting from the simulation. At this stage of branching
cracks, the hose-clamp serves as a slip barrier and transfers the force to the concrete, as is evidenced by the many
upward cracks that occur at the hose-clamp position, and the increasing spread of cracks spread. Documentation of the
crack process can be seen by clicking the following link: https://goo.gl/6AVWmP.

The contribution of the hose-clamp to the bond-stress can be seen in the difference between the crack pattern in the
results of this study and that of Agarwal’s [21] study, as shown in Fig. 25 and Fig. 29. The crack line in the direction
of the bamboo reinforcement proves the slip between bamboo reinforcement and concrete. The occurrence of slip
proves that the elasticity modulus of bamboo is lower than that of concrete, causing low bond-stress. Therefore, the
calculation of the BRC beam cross-sectional capacity must be based on the bamboo reinforcement shear area, not on
the tensile strength of the bamboo reinforcement; this is in accordance with Ghavami’s [1] research on the stress-strain
distribution analysis of bamboo reinforced concrete beams.

Fig. 27 and Fig. 28 show the stress contours of the SRC beam resulting from the simulation in the Surfer 9.8
program and the crack pattern of the experimental result for the SRC beam. The coordinates of the crack pattern and
the maximum tensile stress coordinates of the simulation results show suitability, which occurs at coordinates 35 to
75. Patterns of cracks and collapse are flexural cracks and flexural collapse. This proves that the bond strength of steel
reinforcement is higher than the bond strength of bamboo reinforcement. After the initial crack occurs, along with
increasing load, cracks continue to propagate upwards until collapse occurs.

5. Conclusions

Based on experiment, verification using the finite element method, and evaluation results on bamboo reinforced

concrete beams with reinforcement using a hose-clamp, the following conclusions can be drawn:

(1) Installation of hose-clamps on bamboo reinforcement serves as a shear connector, can increase bond-stress, and
reduce the slip between bamboo reinforcement and concrete.

(2) The BRC beam load-deflection relationship model has a gap that is far enough with the SRC beam load-
deflection diagram. The stiffness of the BRC beam is lower than the stiffness of the SRC beam. The principle of
the theory of confined concrete and shear reinforcement can be a solution to overcome the low rigidity of the
BRC beam.



(3) The relationship model of bond-stress and slip in a BRC beam is different from the bond-stress and slip
relationship model in an SRC beam. The friction bond limit of the BRC beam occurs at 0.2P,,nq and the friction
bond limit of the SRC beam occurs at 0.4P,;;;,.q- This difference is due to the stress-strain characteristics and the
elastic modulus of the materials from the two different test objects.

(4) The stress-strain characteristics of the materials, the modulus of elasticity of the materials, and the test method of
the specimens are very influential to the relationship model of the bond-stress and slip.
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