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Dear Colleagues,

Wood, a versatile material, has been used for centuries for many reasons due to its fibrous nature. It varies in color and density

> Forthcoming issue and is considered a primary raw material in buildings due to its high strength in combination with its low weight and some

> Currentissue durability. Itis, therefore, a raw material that can be used in indoor applications and, if treated efficiently, in outdoor application as

well. However, wood has two main disadvantages which restrict its wider use, namely a susceptibility to biodegradability by

Vol. 11 (2021) Vol. 5 (2015) microorganisms and a dimensional instability when subjected to a varied moisture content. Most wood species deteriorate rapidly
Vol. 10 (2020) Vol. 4 (2014) under biological factors; the most important biological decay is caused by fungi. On the other hand, when wood is subjected to a
Vol. 9 (2019) Vol. 3 (2013) fluctuating moisture, dimensional and conformational instability occur. These drawbacks are mainly due to the cell wall main

Vol. 8 (2018) Vol. 2 (2012) polymers and, in particular, due to their high abundance of hydroxyl groups. Wood may be modified chemically or thermally, so
Vol. 7 (2017) Vol. 1(2011) that selected properties are enhanced in a more or less permanent fashion. Another option to improve these properties is to

Vol. 6 (2016) exploit the solutions that nanotechnology can offer. The small size nanoparticles of nanotechnology compounds can deeply

penetrate into the wood, effectively alter its surface chemistry, and result in a high protection against moisture and decay. In
addition, the use of lignocellulosic materials for the production of advanced wood composites is an innovative avenue for
research. This Special Issue, Advanced Technologies in Wood Science, seeks high-quality works and topics (not only those)
- .:. e ® focusing on the latest approaches to the protection of wood and wood composites with chemical or thermal modification
C I I m 4 ‘.. I t I S technologies, the application of nanomaterials to wood science and the development of new techniques and technologies for
production of lignocellulosic materials with enhanced properties and performance
Climate change impact mitigation

aas Assoc. Prof. Antonios Papadopoulos
for European viticulture
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Manuscript Submission Information

Manuscripts should be submitted online at www.mdpi.com by registering and logging in to this website. Once you are
registered, click here to go to the submission form. Manuscripts can be submitted until the deadline. All papers will be peer-
reviewed. Accepted papers will be published continuously in the journal (as soon as accepted) and will be listed together on the
special issue website. Research articles, review articles as well as short communications are invited. For planned papers, a title
and short abstract (about 100 words) can be sent to the Editorial Office for announcement on this website.

Submitted manuscripts should not have been published previously, nor be under consideration for publication elsewhere (except
conference proceedings papers). All manuscripts are thoroughly refereed through a single-blind peer-review process. A guide for
authors and other relevant information for submission of manuscripts is available on the Instructions for Authors page. Applied
Sciences is an international peer-reviewed open access semimonthly journal published by MDPI.

Please visit the Instructions for Authors page before submitting a manuscript. The Article Processing Charge (APC) for
publication in this open access journal is 2000 CHF (Swiss Francs). Submitted papers should be well formatted and use good
English. Authors may use MDPI's English editing service prior to publication or during author revisions.
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Wollastonite to Improve Fire Properties in Medium-Density Fiberboard Made from Wood
and Chicken Feather Fibers
by {_" Hamid R. Taghiyari, {_" Jeffrey J. Morrell and {_* Antonios N. Papadopoulos

Appl. Sci. 2021, 11(7), 3070; https:/idoi.org/10.3390/app11073070 - 30 Mar 2021
Cited by 3 | Viewed by 478

Abstract Poultry is a crucial global protein source.However, processing creates sizable quantities of feathers as a by-product.
Identifying suitable uses for these feathers poses a major challenge. One possible use would be as an extender in medium
density fiberboards (MDF). At the same time, [...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures

[ opon poss | i

Possibilities of Decreasing Hygroscopicity of Resonance Wood Used in Piano
Soundboards Using Thermal Treatment

by (¥ Petr Zatloukal, (" Pavlina Suchomelovéa, {* Jakub Démény, { * Tadeas Doskogil, {_" Ginevra Manzo and
" Jan Tippner

Appl. Sci. 2021, 11(2), 475; https:/fdoi.org/10.3390/app11020475 - 06 Jan 2021

Viewed by 573

Abstract This article presents the possibilities of decreasing moisture sorption properties via thermal modification of Norway
spruce wood in musical instruments. The 202 resonance wood specimens that were used to produce piano soundboards have
been conditioned and divided into three density groups. The first [...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures
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Evaluation of Color Change and Biodeterioration Resistance of Gewang (Corypha utan
Lamk.) Wood

by " Dodi Nandika, {_ " Wayan Darmawan, @ Lina Karlinasari, {_" Yusuf Sudo Hadi, {_" Imam Busyra Abdillah and
" salim Hiziroglu

Appl. Sci. 2020, 10(21), 7501; https:/idoi.org/10.3390/app10217501 - 26 Oct 2020

Viewed by 623

Abstract Gewang (Corypha utan Lamk.) is one of the endemic palm species which has been used as a building material for many
years in Indonesia. The objective of this study was to enhance the overall resistance of gewang wood to biological deterioration by
[...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures

Precast Bridges of Bamboo Reinforced Concrete in Disadvantaged Village Areas in
Indonesia

by @ Muntar

Appl. Sei. 2020, 10(20), 7158; https:/idoi.org/10.3390/app10207158 - 14 Oct 2020

Cited by 2 | Viewed by 652

Abstract Bamboo is an inexpensive, environmentally friendly, and renewable building material that thrives in Indonesia. Bamboo
has a high tensile strength but also has weaknesses, namely, it is easily attacked by insects and has high water absorption.
Utilization of bamboo as a precast concrete [...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures
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Termite Resistance of Furfuryl Alcohol and Imidacloprid Treated Fast-Growing Tropical
Wood Species as Function of Field Test

by { “ Yusuf Sudo Hadi, { “ Elis Nina Herliyana, 0 Desy Mulyosari, { % Imam Busyra Abdillah, {_“ Rohmah Pari and

@ salim Hiziroglu

Appl. Sci. 2020, 10(17), 6101; https://doi.org/10.3390/app10176101 - 02 Sep 2020

Cited by 5 | Viewed by 630

Abstract In general fast-growing tree species harvested at a young age has substantial amount of sapwood. It also contains
juvenile wood, which has undesirable inferior physical and mechanical properties. Having sapwood and juvenile wood in the trees
makes them very susceptible to be attacked [...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures

The Impact of Thermal Treatment on Structural Changes of Teak and Iroko Wood Lignins

by { " Danica Kacéikova, {_ " Ivan Kubovsky, {_" Nikoleta Ulbrikova and {_ ¥ Frantisek Kaéik
Appl. Sci. 2020, 10(14), 5021; https://doi.org/10.3390/app10145021 - 21 Jul 2020
Cited by 6 | Viewed by 899

Abstract Thermal modification is an environmentally friendly method to improve dimensional stability, durability, and aesthetic
properties of wood. Changes in lignin as one of the main wood components markedly influence wood product properties and
recycling possibilities of thermowood at the end of its life [...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures

Fluid Flow in Nanosilver-Impregnated Heat-Treated Beech Wood in Different Mediums

by " Hamid R. Taghiyari, {_" Ghane Hosseini, {_" Asghar Tarmian and {_" Antonios N. Papadopoulos
Appl. Sci. 2020, 10(6), 1919; hittps://doi.org/10.3390/app10061919 - 11 Mar 2020
Cited by 7 | Viewed by 734

Abstract Specific gas permeability of beech wood was determined and compared with values obtained after nanosilver-
impregnation and heat-treatment in three mediums of air, water, and water steam at 150 °C for four durations of 1, 2, 3, and 4 h.
Separate sets of specimens [...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures
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Recent Developments in Lignin- and Tannin-Based Non-lsocyanate Polyurethane Resins
for Wood Adhesives—A Review

by ¥ Manggar Arum Aristri, @ Muhammad Adly Rahandi Lubis, {_“ Sumit Manohar Yadav, ﬁ Petar Antov,

L" Antonios N. Papadopoulos, {_* Antonio Pizzi, {_ " Widya Fatriasari, {_" Maya Ismayati and {_" Apri Heri Iswanto

Appl. Sci. 2021, 11(9), 4242; https:/idoi.org/10.3390/app11094242 - 07 May 2021

Cited by 9 | Viewed by 942

Abstract This review article aims to summarize the potential of using renewable natural resources, such as lignin and tannin, in
the preparation of NIPUs for wood adhesives. Polyurethanes (PUs) are extremely versatile polymeric materials, which have been
widely used in numerous applications, e.g., packaging, [...] Read more.

(This article belongs to the Special Issue Advanced Technologies in Wood Science)

» Show Figures

Show export options

Displaying articles 1-8

Appi. Sci., EISSN 2076-3417, Published by MDPI Disclaimer RSS Content Alert

rM\D\Py Further Information Guidelines MDPI Initiatives Follow MDPI

Article Processing Charges For Authors Sciforum Linkedin

‘Subscribe to receive issue release notifications Pay an Invoice For Reviewers MDPI Books Facebook

and newsletters from MDPI journals Open Access Policy For Editors Preprints Twitter

Contact MDPI For Librarians Scilit
Jobs at MDPI For Publishers SciProfiles

JAMS
Subscribe

Proceedings Series



r’"\b\l'}l Joumaks Information Author Services Initiatives About |

Advancad

Appl. Sci., Volume 10, Issue 20 (October-2 2020) - 377 4]
articles

Cover Story (new ull-sie mage) Pholonic devices b on ophicel fers. ar= becoming moes
Impertant. One ol he tacters in making more eff LDy paving ™
fabncation of spaceiy optical Thees. In Tis papee. we I5CUsS e fabncaten of Sluming-dopad

PrfoMms using 3 modfied chemical vapar depoction (MCWD} vapor phass chelaa daivery
wih Alincactd oz e precurscr. The ooiecive of this work i o 8udy the depuzifion socess,
efciency of the fabrcation process, and qualty of 3w tabvicatad Tber preforas, Wiew Mis

Journal Menu

Agple Soiences Home

Aams & Banpe
Edioris Boan
FRyiwar Baard
Topics Board
Instuckons for duthors
Speial e
Sacicns & Calkction: » iszues ae tegardsd as cficialy pubiishe o after their release = announced o
Aict Processig Crisege - i may i
Indasmg & Srchiung

Mgl Cind § Viewea

ale of <

s mlert maning kst

il alerts b recaive ke o1 Lonmenls O newy relaasad issuse
» POF I5 T4 0% 03] omat 107 papars pubkahad in Goth, imi asd oot foems. To wiew the DEDRS 1 Daf farmae. cick ontha " FDF

Fisfhtuat” Ink, and wse e fea Adols Res tn apan tam
Joumal EzabEacs

Joumal Hegtory

Joumal i Oear ragulls Feesull etz

Socely Coladormtions Fubiicztion Dzle - Hormsl i
Cenfarencas

Editoest Cfice

Shaw expart oobons «

Journal Browser

Folume -

Agrodynamic Characteristics of a Micro Multi-Roter Aircraft with 12 Rotors Considering
the Horizontal Wind Disturbance

Yang and {1 B
I otarg 1 <1
Vieped by 507
3 Forihcorming issua ADsiTact Wind dstriancs posed Ao for e stabiy of tha micra air vahicles (Miws) wih siifuda verahion. inta paper
3 Cuae Ine aerocknamic pericemance of a MAW wilh six coawmal otor pairs cort = vand iz i buoth

experMBnes and NUmencs: Smuletens, FIgL [,.. Head more
(Thiz arici bekongs b the Spacial Bews Atvancss on Lnmanred &

= Shaw Fiums

2 Venicln Robotics, Control and Agtamations)

=z ez

The Design Development of the Sliding Table Saw Towards Improving Its Dynamic
Properties

Prezemy siaw Duda.

WR, TG, e
11 Vil By 420
ABEIFact CLthng wood wih circuler 2aws IS 3 poputsr machining aperalion in tha y

YL

Clim4#itis

nteTking 20 furndura indusinas. In the
i 1beTCoar s NDF L Ragh dem

fibetoands (HOF) laminstz venear limber
This arieia balongs to tha Spactal lsue A

WL, plysrodd . Readt more
n ot Wood Composstos)

¥ Shaw Figes

A Preprocessing Strategy far Denoising of Speech Data Based en Speech Segment
Detection

by ) Semng-

wn Lee and 1§

Hopak-oan. e
ok ory 105 3BappIC

Wiwiend iy 451
ALSIrack In this PApSE, W POPEES 3 PepFOCOSENg Stalagy for denoising of ERARCH U3t based on spesch sagment dalackon. 4
design of compuistonaify eficiend speech dengising is necessary fo develop 8 scaisbie melhod for irge-acae dain sees

Furthanmors 1 hecienss mine important ad s [ ] e o
(This Brics balngs b fha Spacial lase mteligant &

¢ Signal Processing]

= Shaw Figu

| cpan cisis | s |
Micro-LED as a Promising Candidate for High-Speed Visible Light Communication

{2 an-Chen Lin, £ SungWen Hisaag
nand €} Hao-Ciiung Huo

by L Keatmouje 1es Sangh, 8 Yu-Mng ¥
pzhu W, 1

Ab
madeim workd, wil mainly faclBzte Mgh-spasd imternat connectvty VLE provides hemendoys advantagss covparsd ta
CBMVERIOMAl FBYk MagUanzy. BUCh 45 & g har ranzmesian rato, Righ banewicth, Iow-podar cansumeaen, ] R
(This arick bakangs fo tha Saction Cptics and Lasors)

= Siaw Figures

E of Organic El Iytes and Surfactants from Natural Waters by Heterogeneous
Membranes
2l . L ol iyt Pohiecesnyk, €1 Tina Knarebava, € ¥ Nunu Nasashidze,
vitaedes and

dotorgl

AnsacuTr o regureg e ng on of retisse methos for me
of wastewatars, i ronments® pellition. Cne of he most reilatls and efactive methods of
d o

of wastEnalars i Ihe mathiod Shuying T Babavice of rga |
(Thiz arick belongs to the Special lszue Som g rds: Thermodynamic s Kieelic

* FhawF

[ openecoe | e |
Tide-Surge-Wave Interaction in the Taiwan Strait during Typhoons Soudelor (2018) and
Dujuan {2015}

T LI

* Sl Figuee

v o | e |
Appointed-Time Integral Barrier Lyapunov Function-Based Trajectory Tracking Control for

a H, #t with




uguang Ding ane ¢ L.nu-]bru Wang
1ok ooy 10,3300 0

[

Abstract This paper develops a folelly new appeimied-time integral harer Lyapunov funchbon-ba z2d trpeclorny tracang sgorinm
100 3 POVBIEIAT i 108 ESENCE Of UEPIE PECnmEnce corsiTaints and mons uncsrisnnes Frsiy, &n appontsd-ims
perirmance Consrard Runclion & sKIRAy dasgnad, Which propases 1o omg-apacty 1he a prion L. | Head mers,

(This arfck balangs to Iha Sachon Robobcs and Aldomstion)

= Siow Figuies

Neovasculanzation Effects of Carbon Monoxide Reieasing Dr\.m Chemisorbed on
Coscinodliscus Diatoms Carriers Ch ol by Sp py imaging

by €4 Joachem Delascie L Matase Radakor
3 w4l od vy

=k sz dar Pavic and ¥ Fabio Zobs

rad by 1] WWSQW.HZ

Abisiract mracte of dl o earth parhicutary afracive meatemnals oy d=signing drug
BTy EYEIRIN. 1N OFde 1 MvesTgale e U3e of MAUTE OSR0NEE B8 Grup SCAlliies for CTLAN MOnGxi0e (eRBENg malcules
(GO we evakiated the chemizamtion of tha ts-[ReiCGE [ -1 Rend mors

(This aricks balongs to the Spocial kma Kew Frontets m Oaioen Nanotechnniogy|

* Show Figses

INegal Logging Detection Bazed on A tie Sur of Ferest

by Il Miporus, § ¥ Isidoros Pevikes, € % Vasilios Kelefourss and € * Michoe| Parashevas

A 3 3, T70; hipe:d of g TN, 3300 appI0@ITITH - 31 ol 2030

Vi By 382

Abstrackin s abcle. v peesent o framework for aulomalic del=caon of loggng acawty m forests wsing oude recordngs The
TrSEnBOIK B SvEatad in 1mMe of Lgging detection nd Vanout vadels used clazall ¥ maihode

and BIporit wers Yesten. Experimantsl salups, using diferant .1 Re
(This aricks balongs to the Sechion Acoustics aid Vrtons)

* Shaw Fines

| opsnacssan § sen |
Py lized E: L : A Novel Ap h to the =} ion of
Personalized E:emames for Stroke Patients

n Genee-Partes, ff davier Altusac {3 ©

= Gher-Morcills and

e ok arg 1L 33 ANR D

1| Wiewod by 470
Physical tenab it of S1uke DEIANES i b2 On D12 SAify oeculion o EXarciaes Wil tate-10-B08 BUpEIVIERn by
Ivaragziate. This madel caneed be sustained in e long lems. dus Io the insnived sonomic cosls e griving samber of patients,
and tha aging pooulation Femas .| Fesd mos,

(This arice belongs to the Sechion Computing eod Artificial nlellige

Seismic Behavior of a Bridge with New Composite Tall Piers under Near-Fault Ground
Motion Conditions

b prenan Cai, €4 Zhijion Wang, ¥ kgl Lie, €5 Ying Sunane €1 v

v Znue

Aol 36 7000 VT er 10,3 300 DT TT - 31 0
Wiewad try 400
Anstract Curvently, the =eismic designs of RC) bocdges e ot folowing the

ductiiy-samg sesma desgn mathad THoun tha colBpaes of the RO Didges wiln 189 piars can be Bveidad, They re ey 10
AxpRrianta Malor dBMane and kss £, Faas Mo,
(This-arick bakongs i ha Special Erua B

= of Near Faul Groun Molioas o

el Imfrastrciurn)

» Siow Fiwes

| 0en Acieia | st |
The Medification Mechanism of Namo-Liguids on Streamer Momphelogy and Breakdown
Strength under Microsecond Pulse

Shifet Lis and
10,3300 ppe

Abstrack In bowd medura, whether ihe breskdown sirength can b= gready rmoroved after infrodecng the nancpartices has
baen wAdet Fnesigalen, nowever, Tire has D i onih o

phancmeanon. I his paper we el scpaimentaly messursd Te shaamer ] Res
(This arici balongs to the Spacal o Manofinics: The Frontion Trends and Apphcation)

* Shaw Fiwes

e

Effect of Wing Corrug on the Asrody ic Efficiency of Twe-Dimensional Flapping
Wings

by ¥ Tranh Tien Doo, {0 Thi Kim Loan Au, ) 5: ek and 4} Hoon Cheal Park
L 1204 TAT5, hay Mooy 10.5500ppI020T3TsE - 4

ABEiract Many pracus SAmios hava Shown tat wing comig3ann of an msact wing & only siuclurally benalcia in anmancing ha
wing's bending atifness and does noi much heip fo mprove the aercdynamic perfarmance of Aspang wings. Tris study uses two-
dimenziana compulations! Nd dyramics (CFDY [ 17
(This arics halangs o the Epacial Baus Rininsaired Flight)
* Shaw Figues

| comn cocas § o papar | e |
Antidepressant-Like Effects of Ethanol Extract of Ziziphus jufuba Mill Sesds in Mice

by Y dong Min &, L8 Moang b L1 bsbin Lee % Geum Seck beang, 9 M Jeong Paik, £ 1 Hoan Kim and
€4 Jo0 Won Sl

AnDl B 00, 1R TIPA: Rt olang 10,3390 anp 102
et oy 364

Abstract The smidepressani-tie sctivily of sthancl sdract of Zzokes jsuba Mil var. aoircea seeds {Samen Zisphi Spinosas,
STF weas Inwesligated by Dehaviors 885, S0 A8 & Torosd Swning (881 (FST], 8 ai-suspension tasl (T5T) 0 an npen fish]
B |[OFT), using mice A=pased [ ] fsad mors.

(This arick beiangs to the Special lszue Hivactve Compaunds for the Treatm
Désorders)

nt af Memraln

gical and Nemodegenerative

= Shaw Fif

ErEa e

Physiological Characterization of a Novel Wild-Type Yemowis lipolytica Strain Grown on
Glycerol: Effects of Cultivation Conditions and Mode on Polyols and Citric Acid
Production
by ¢ Semghin B
Dess Cha

0 B 4| Viewed By 427

Alstract A me yagst wi-bype Yaouia kpolfica solate presenied edfcent growth en giycard. During Nlack cullures, ritrogan
Imitaticn (o 15 the secration of zugar-aknhnls 32 the mapr matsosiies of tha pracess (manniol seantsl and aryhmn, Woras
insignicent quartilies of cirate were smiheszed Although m [ ] Read more
(This arick Lelongs 1o ine Special baus Sustinale Bluprocessing SUateyies for Agingusiial Shie Streams
Vatorisation |

i

* Shaw i

| Ooensczoes § o |
Direct Conversion ef Human Fibreblasts into Ostecblasts Triggered by Histone
Deacetylasa Inhibitor Valproic Asid

in Cha, L Jaeyounyg Loo, | Hoe Ho Park a1 e Hyun Tark
?, e el i g 115300 appA0GTITR - 21 O

by LF Hy




Wisend] Iy 350

Anstrant The ganeration of hincional nsheckiasts fram human somatic calls could provide an sitematve maeans of raganarative
thorazy far bers crordars such 3z asluonomes In this tudy wa dract of numan
denieal fiDioDiats (HOFE) nto oelackiaets by cullunng nem i |..| Read mo
(This arfce belongs o Ihe Spacial 558 Fnns, Tissue Regenerdinn s Bematsiils)
= Show Fiy s

Mathanol Production from Pyrolysis Oil Gasification—Meodel Development and Impacts of
Operating Conditions
iy % Zramat Zwang. €0 Banon ¢
Aol e 2R A0CRD), AT, it
Cited 0y 7] Viewed by 386
ARSITCT A nowe| precess model sMulaIng methanal poduchen Mreugh pynetysts oll gasAcston was devalaoed, vilidsted than
usad 1o pradict Iha GMack of cperating candtions on melhanal producton yiokd. Tha moda! Comprsed ga=Cbon, syrgas post-
Izt ama methancl synihesis snits The moded was valideed using expermentai [...] Rea
[This arficke bakings to tha Sipecial lisss Rinralineies amd Sustsing i Bioamass Comyeis o

* ShawFigums

Deteraix, L4 0
ol e ong/1L3:

or Rezazgnl and ! Fatrice Mangin
90/ app 0TI L L

e
Riscaiif Achsnicsn)

| open Aczess | e |
Artificial Intelligence for the Prediction of Exhaust Back Pressura Effect on the
Performance of Diesel Engines

by 10 viad Fernoaga, {8 wenetia Sandu and (! Titws Balan
= NZT}, TATH, hpssi ooy VL1200 app 102970 - 21 Oud 2050

Vigned oy 536
Abistract The schusl Tade-oll among engine emissions snd parfermance raquires detaied kvestigalions inlo axhsust systam
5 amang angine dita aIQUid by SANAE AT SLECAEELS te artdcaal ntallgancs (AR drian

periormance asseszmem. Tne influence of extuust back pre=sure (EBP! on engine performance, mainty on effecive |
i
(This artci belongs to the Spacial e Smart Davices)

= ShawFigiEus

| Coen i |
Immunodeficient Rabbit Models: History, Current Status and Future Perspectives

by 1 dun sang 7 Brodka Pallas, ! Dongshan Yang. £) itang Zhang, ¥ Tash Agarsal, £ 7. Eugens Chan
£ Moses B

Cito by 1] Viewed by
Abstract Procuction of immunodeficient (I0) models in non-murine animel species had been extiemel chalenging until e
et of gere-a0ang 100k: V5L 2nC inger nuckRacs (ZFM). Tan TSNS bon ctvalor-1ie efecion nuckdss [TALEN), and mast
necanity custared ragua ry t3-aesciated proten § (CRISPRYCasd Wa [] Rean more,
(This arfck balongs to tha Spacial krue Rabibe Modeds bor Translatonal Mudicing,

» Show Figures

Sustainability Analysis of the M-30 Madrid Tunneis and Madrid Rio after 14 years of
Service Life

brd

2 Lopreie Abayo, ¥ Lans Patncs PererFortes, Y Morcos G Adber
5 fipe

L) daime € Galvezand

AP0}, TIRE; g ot arg 1

08P

Wiwad try 335

ALSIICE I 2007, e aicavalon of the M-36 nng (0ad joCaisd in Madnd Bnd INe crealion of & graen comaor stner si0s of T
Manzanares fher brought signficand change 1o the melopollan ares The comider and Enear park which Il proviced vees
desgradite .| Rand mars.

(Thiz aricke belangs to lhe Specinl Baue Surtninable Coesiructon Materials)

= Siow Figuies

| coennccens | e |
Identification of Bacterial and Fungal Communities in the Rocts of Orchids and
Surrounding Soil In Heavy Metal Contaminated Area of Mining Heaps

roglay Donmer, €1 Daniel Cadin, € ) Matde Redko, 1 Michal
Tormih See
Angl Scr 000

war, ¥ Januslay Dutes ane

7, it ol arg 1. 3300 appICRTIRT - 31 Ccl 0
Vomned oy 433

AnsIrace Cchicts fepresenl 8 Unkgus Group of SRants 1hat ate well soaptad o exdeme condlions. | our sudy, e aimed 1
datarméng i dffarent sof L] channa fungal g |denatiod Dactanal and

fungal commumites fom Iha roots and |...) Rasd mars
(This aricke Delongs o he Special issus Crvmonimental Faciors Snapng e Soil Micronoms)

Sl Figises

L open faces | e |
Economic Assessment of Solar-Powered Residential Battery Energy Storage Systems:
The Case of Madeira Island. Portugal

am Covatehn and 10 Lisksa Barios
165, MepeEs i ol asng/ 111, 3 300-anp 02

Anelract Trés pEOST piedants &0 SCONGMK S2tastment of WFCOU CHQ Soar-pomeled rexidental battery eneigy SLOrss in the
Macaira 1Elang 8 clre giit. wher only mico-preduction ‘e sal-conzumplion i cumenthy sllowed The evalualien was condudiad
agRimst 5t Iocal MCTo-SrodUCers Lsing ore: YT of GREIGY Casmplian aed ol |, Read mars,

(This aricie belangs to the Speanl bsue Renewabile Energy Systems BT

= Shaw Figines

Geophysical Ch i of Aquifers in Southeast Spain Using ERT, TDEM, and
ertical Seizmic Reflection
o davier Rey, €8 Junin marsea, 0 Aasenco mentoza, ) Sensn andova 1 vin

“armes Hidalgn and 1.1 Kevin 1

) s Aaminsiy, £ 1,

30, X

o
Cited by 1| Viewsd by 380

Abistract Wa assess the efectivensss of complementery geophysical echnigues o characlarize a Jursssic doiemits confined
aoutier gt Loma da Ubads, Snsin. Thiz aaufar. which |5 penatratad by walls in 16 190-500-m et ranga. s carfined by Friassic
cleys {boftom) and Miocene maris {iop!. The [ | Read more.
(This ariie Gelongs b e Spacial issue I legraied Geopy
M

o3l Melions Tor &

ClRIizatn and

oW A it

= ShawFig

Parylene-Based Flexible Microelectrode Arrays for the Electrical Recording of Muscles and
the Effect of Electrode Size

by ¥} Bang-tun Chol m, ¥ woodm Yang, €2 Do
Appl Ser 200 03, hitpec e oeorg! H. 5390 app 08 TI6L - 2
Chiod by 2| Viewsd by 414

Astract Mintsharoad Bskia micrnalacoda BTayS M Oanrstia fr Smal-aaa SUrlaCs SibCTOTMEDgRaEny (SEMG) o detet tha
abartnical actisthy peneratad by muscles in 2 spechic ama of he body. Hors, we -channsi aay
WAL @leeirones bl diamens 150300 Lm for small-ares sEMG [.] Read imore.

(This ariics Delangs 1o fhe Spacisl Beus Flas i Primiat Bl

b Show Figums

Jun Han, L Jaowon Park and § | Dung Wock Fark

Microstructure and Properties of AABDE1/SiCp Composites Sintered under Ultra High-
Prassure

oy 0 et Jr, 0 Erwa Vamg, £t Yarang wang, 1 Changyun Li, £ Znin Chen and {3 Gaafa Mi

A1 ey EOm. 1002 i ok oy R IZETIEd - 71 2

Vieveed Oy 287

Abstract LAtz high-pres swre sntering [UHP3) was esed to prepare ASS0S1/3ICD comoosies wilh dffersnt confents and the




oGt af siveing KmparstuTes On FNCISINCLES and mechanical poperies was invastigaked 0 ifis sludy. The msuts sooved
Ihat = uniarm dislnbution of rane-SC partcles (N-SCp) = obinned by || fead mome
= Snew Fiyjines

ot | 5o paper | e |
Improving a Cable Robot Recovery Strategy by Actuator Dynamics

 Boschit], WEnio and 1 Atlier
) T3 NP ok arg 10,3300 anp

z

Alslract Cabie-driven parsis robols oPar averal Denetls i TRME OF WOMEDACE SLZB BN Gesign CoSt vilh reepect Le rgi-lak
MaEmpIEErE Howsesr imslementien &n smengency Dooed.s or hess manpuslons & nol Hidal sios sloooing e Souses
Sbrupty doss nat ek that B end-afectes rasts at[ ]
(This arick belangs to the Special lzse Advancss

aai mars,
anicol Syslems Dynmmics 0620

» Shaw Figimes

F forh L § ic Markers in the Decision-Making of
Autonomous Agenis
by € Duniet Carers, € Alllo Cutidlos, € e Urra Hnﬂ\*H s Meluoo

Ao Vit RS otorg

0 anpA0E) 1

Wi oy 470

Abtrach The 2umatic marker bypothesis propozes thal whan a perzon faces a denizon scenanc, many houghtz anze and
difrant “phisics consequences” e Mgl obssavabie. Il i generally ancepted hal affective Smenson inflencas cogniive
GRpRLTE. Buverd propesaki for RARING BMfecinity wihin ol sy sems have Den [..] Fiead mom,

(This arick belongs o the Special bzue Wulti-Agent Spsiems A0

> S P wEs

| ven Acceas | s |
A Review of Sample and Hold Systems and Design of a New Fractional Algorithm

by € % Manwed Duarie Griguecs anc g Josk Tenteao Macnado
ADDI e 2020 I0CR0L TI6D: Metnssiul ok arg/t0.3300enpA0
Viewad try 401

ALBIFRCE CAGEN S5518ME 1EGUIre 3Dk B7 10I 1SAH) 5y3taME 10 eI I8 0w arSion Waim BRAI 1o ARl A0 Woa waisa.
Fieiten 11 sl g 2800 and Ais) oeder Poits, s T i 10 Tealins eflie sersions. namely (e Taclional and e pees

ardar Mok, IMONIng paramatars [...] fead mars
(This arick belangs lo the Bpeanl bzus Control and Autamaton)

® SO F i

Wiz try 404

Abstract
Tre seience ol salistis contbtes 10 {he devanpmant and spiicstin of toak for (e cesign anslisls, snd Ivepratalion ol
ampinicsl ma dical studies [ Full amcl

(This arice belangs to he Speonl boue Medical in

nates andd Data Analyais)

| e sce J s |
Numerical Analyeis of the CIRCE-HERO PLOFA Scenarios

il Ancirea, L} Mart=8 Daniele and €_* Forgione Necoln

vigraria, L} Gallemi Francesce. { |
2 iz, TI54, e obong 10,5500 app
e £y 11 Viewsd By 350

Ansirach The pracant work deals with smuations camad oul 2t tha Linvarsty of Psa by ssing e System Thermal Fydraics
€008 RELAPSM 003.3 10 Sapeai thi spenimentsl tampaidn conducted &t ®a ENEAENeIa Nutear: od Enpijie Alsmalhe
Erasiors Receanch Cantre o e CiRGolazione Euteilio—Hasyy Tqud [ TReal miee

(Thi5 Grhis Bakongs o the Spacial Bes Appications of Liquin Matals
& Shaw Figures

o
Content A ton and Depth Py tion in an Affordable Multi-View Display

by L irego Ezcuraia, 1 Adnana Aregus, ) Oscar Ardatz, {1
NI, TAST s ok org 1. 300 anR 0

matia Ot and @ Asler Marzn

T

Wieved Dy 380
AUsteRCH W prasat Sihoebew, 8 Smple and inexpenshve mitl-vaw display mase with mutils persiel TBnsucen haels et s
or iop of a regelar monHor, sach sheel relsds dierant 20 Images thal ans percabed cumiEtively. A locheic study & periamad
on the redectd and fransmitied .. Read more

(This arbice balangs 0 e Special Beus Computer Granhics snd Vinual Asaity)

» Show Figims

[ pen s | e |
Selective Plasma Etching of Polymer-Metal Mesh Foil in Large-Area Hydrogen
Atmospheric Pressure Plasma

Viewsd ty 381
Anstrack Wa prasan a novel man 9] of complece EuEinates -
Prassum plzsma giching in pars H B, Ho®; and ar piemas was used to tsbeicala llexida ersparsnt composis pok
methacrdate | (PMA-based poyme: limiAg-costed .| &
(This arfee balongs to fhe Spacial lacus Prasma: Fras Materlals 1o Emenging Tee

» Shaw Figums

New Aspects of Socioeconomic Assessment of the Rallway Infrastructure Project Life
Cycle

by 8 it Hromadka, €4 sana Koryarova, €9 Bva

Anpi Ser hitipza: il e oorg 40 39 0

Wigwed try 326

Abstract Tha paper dess wih he izsue of svaluation mpacts of amargng i alway
Tha presantad 10N Fart of 3 Brosdr Mesarn subjact Focusing on the evallEtion of the

ic beneits of forthe T
This arfcke belongs to the Spacial ksue Probabili
Bulidings

atény) the Lisk Cyck Coats of

L open x| e |
Experimental Analysis on the Tharmal Management of Lithium-lon Batteries Based on
FPhase Chamge Materials

by L Mingis Chan,
¥ Luyan rhac ana

= siyn Zhang, ¥ ¥ Gooyang Warg, {1 Jingwan Wang, {1 Doegeu Ouyang, {1 Miangyang W
Jian Wang

), {0, 7254, httpess/ e o org! 03500 app 1024
Cited by 1] Vieed by 362
ABSTACT TAMDBTEURE 15 &% IMporsnt facinr AMaCEN the wiridsg sfcsncy snd senvics We of ihm-on osary (LIBL This stuty.
camed ouf the experiments on the thermal performances of Sanyo lernary and Sany LiFePO , battenes under difisrent working
congions angnong,
(This arfcis bakings 1o 1he Spacial bewe Advanced Phase C

» Shaw Figums

oo W 4218

6 Matiéelala for Tharmal Stovage)

Special Issue on Advanced Methods for Seismic Performance Evaluation of Building
Structures

by 1 Sampp Wiham Han

Appl Sor ok A0 T153; hiipecid ceargt 1.3 @1 0 L

Viewed O 363



ABSITACE Whan Bn earth quake ocours. | cAUSSS graat taMage 1o A Brge aMa. ATNDUDN BSETE BNENAANNg CININUAS B
devsiop. & *ECaray b inflictod mage = Stuctures 3nd loss of Puran s
SUCh STIYUEKS dAMEYE QCCUME N igh EeRmiE | Read

(This aricie belangs 1o the Special sue Adyanced Malhe

wie.
8 801 Sedami: Peefon

Evalsation of Bulking Stiuciures)

oo coms v
Challenging the Resin-Zirconia Interface by Thermal Cycling or Mechanical Load Cyeling
or Their Combinations

by L' Sung-Mim Kwon, LY ¥oeung Kyung Kim ang " To
Aani B 000, TOVET, TIAZ, htipeci oL org VL300 app 10
ol Y 1| Viewea by 442

il Wron
152 -3

Bistract The purpor i o study was b st the fuence of mechanical nad cycling (MLC), which simdated
masticatien along or combinge wiih fhanmal cpding {TC), on the esn shear bond srangih (SES| 10 2cania. Two resin cemerts

[This arick bekongs o ne Special sus Appleed Simulation aivd Experiment Research in Dentsay)

+ Show Finums

C Study on Ex i Moving Average Approaches for the Self-
Starting Forecasting
LA SR W, B4 Soanivg B

"
Anp 1
Wiewed oy 455

Ansirct Recantly, & pomber of data analysists have sulfared om en insuiciancy of Nisbical coservations in many real
shazhions. To addees M iRsuicancy of Nistarics! coesnatons. sall-slartng Bcasing 1000555 LN ba used A sal-carng
Iotecastng process conbroously updmiEs e base models ax ew ctaerations [ Read mare-

(Thiz arick Delongs o ne Special Beue Big Dute and Al for Process bmiovation i the bdusiry 4.0 Eig)

» BowFi

Development of Attached Cavitation at Very Low Reynolds Numbers from Partial to Super-
Cavitation

Raweler £ | Amélie-Dontas, € 1 Farid Bak
: Wbt ok arg! 10,3300 0p A

Wiswed iy 424
Alstract The present 2iudy kecuzes an ine isception, T growin, and ina polemal u dy dyremics of atfaciwd vaper cavities
Imtn iaminar Eaparation buskies. A viscous SACen ol Ras bian w=ad N a Vantun gaomatry o axpiors tha: A for Raynis
numbers ERging from [ | Read mor.

1 This aricie belangs o the Specal bzue New Ad

of Cawiaban instabilines)

w Shaw Figimes

| Dpenscsss | Ao |
AR Book-Finding Behavior of Users in Library Venue

by 0 Chwint Loe, €0 FuRen Xiao snd 2 Y. Wen b
p 1 740, hitpss i ol org/ V0.3 390 app 0307145 - 2

Wiewved oy 531
ALsUuct ARKE &nd ARCore, kery (aciingiogies n récent sugmentsd reaity |AR) Devalopment. neve alowed AR 10 DBCOME More
irdtagrated in our Ives. Hewevar, how affeciva AR k= in an awddany rele in vanue guidarce and how lo cellect the aciual behaviors
of ucors in [ ] Raad m
(This aricle belongs o the Specal tssue E
w Slhaw Flgines

theed Reality- From Theory b Applications |

[ seowe paer | e |

Influence of Recycled Precast Concrete Aggregate on Durability of Concrete’s Physical
Processes

by €2 F Fiol, @ 0 Thomas, €8 0 M. Manse ane €11, Lape
Al Scr 2020, A  hEipE: i ok g 10,3300 anp 0
Wieed oy 530

743

Adyglract TIE FBSEST ¢ EYBZENGEG in Ihe BILiClE BNaksad 1 MNusnce ol BINOCEEN Creca 21 concrale WaSIe BF an aRemative 1o
COaTEe apFagate  Saompacting o e i 1 new precast . The experimantal study iwoked ihe

charackutzation of racy Che 2q5recete snd the deskgn of the mis
(This arice belongs to the Speonl lsue Advances in High.

ent Concrele)

» Show Figisns

o |
Inference of Drawing Elements and Space Usage on Architectural Drawings Using
Semantic Segmentation

Dy € iy Seg Hyen Parsand €1 Seungyeon Gnoo
2 73

e iy 402
Absiract Arrficia inleligence presents an cpimized akenatve by merivming probleseshing knawledge and prodlem sohing
procasses undar spacific condlions. This mskes il possibie 10 caslively &canies vanous $2si stamatvas under condiens (e
ATy thi Anclionsi raouiamants of T buldng. In Mis study, 0 erdar M davaico -] fead more.

(This arick bokings 1o tho Sacion Computing i Arficial inlsigenca)

» Eow Fiuses

=
Automatic Bridge Design Parameter Extraction for Scan-to-BIM

by € ¥ Jae Hyui Lo it S Park a0 g
3 I 4l cd a1,

Wiewad try 502
Abistract Buiding informatan modeing (BIM), which can efidenty manage the e cyde of stuctres. ha
applied in 1he fonstuchion industy. Hosawer iz @Mcut bo implement BIM lor el
e daegn snd as-bult condtions. Foim toud 1] e mans
(Thiz aricie belangs o Ihe Special tssue Towar: Sustainal

n ncreasegly
S, dus 10 (e 0 Tarsaes Detesn

nineenmg Struckures fir Beser Satety

Envirarment)

» Show Figuses

| coensccess | s |
Offensive and Defensive Plus-Minus Player Ratings for Soccer

by % Lars Mugrug Hugtiuir
Al 5 WERT) 745 Dipszid olang 1
W iy 402

Abstract Rahing =ysterms plary an importani part i professional sport= for exampie, 2= & 2ource of entertminmen for fans, oy
Infusring oschilons regaing boornament eadings, by acting &8 Guslifcaton cibena o & Oeciion sUDpE Ao bonkmskens s
JAMBIETE Craghng aood s &t 8 1em 1. Fiasd mars
[This arice belangs tn Ihe Special lsue ©

anpInITIAS - 20 e P

temgence and Daia Minmg i1 Sports)

® Sl Figuies

e T
Special Equipment Safety Supervision System Architecture Based on Elockehain
Technalagy

by € ¥ Zrupeng Lign

£ ¥ Keping Znou, €1 Rugae Goo anaf ¥k
734 thod oy 11,3300 ap

Ahsiract Wen the use of the fradilional s=iety supsrvimion sysiem of specal equisment the 10d bumaul of superriscn parf cpants
and oiner supensizion problems emerge endissal. winich was io e supendsion for ihe prevention of safely scddeniz seng
grostry weakancd. In fecam vears, T SRAENCA [...] Read mons

(Thiz aricio bakangs fo the Saction Exih §cionces, and Geography|

# Show Figures

| i scaa | i |
The Nevel Quantitative Assay for Measuring the Antibiefilm Activity of Velatile Compounds



{AntiBiaVal)

b € ¥ Matwana Brokyna, €1 Anna 2ywicks

A4 marmbnn Dyts <4 wigial, i ¥ Bar
1 iR i ok org

Maral Fijalhowski, ¥ Dami
4 Cdek, ) Marzsn
ManpADEHTI42

seryca, 11 Manika Olleksy-\Wearsmiok
aowec s and i F & e Jupas

Ha

Wiewad try 430
ADEIBCE HERNL WE £FE280L8 N 1261, QUDDED ANLBIOYEN, 10 2 USEE 101 T2 Quantlalve Bva a0on of sinotim acvily of
volslile compounds in vire Anf#iocvo! s perfiomaed in hao 2d-wall plates uzing & basic mortbiological Bborstery sguipment. Ta
demansimin ARKEICAS UEEbIR, W MIE Eusnized || Ruad mnn.

(This arice belangs to lhe Special lszuse Hiofitm and Applicabons in Medicine and Incustry)

b Bbaw Fijwes

Improving Lew Freg Isolation Perf: 1ce of Optical Plath Using
Al Active-Neg Methad
by 0 varrmn Eman, 3 Jurming Cut, @0 dumchas Zhao, {8 Xingyuan Btan and @ ¥ Limin Zou

A, 1142, hitpecd o arg 4113300 appA0E 42 - 20 o 207

ARSTTAOT To mprove tha |ov-raquancy (50khon parermsnca of opicel HaMToNTs. an BkCimmagEnat 4ciiva-naganva-sfifiness
genermtor [EANSE] war praposed, using nanc-resciution lases ntecieromelry ssrzors lo monkar the mecro-wibialion of an opical
platiem, and prackion VAN 5 Teitive fadback srateny e ..

= Shaw Fiyums

Dietary Patterns and Statug in Relation to Cor of Chickp and
Hummus in the U.S. Population

by ¥ Care L. Franenfid and ¥ Taylar €. Wiallacu

Anpl Ser AN, 7344, il of ol 11,3390 appa020 1941
Wiened tr 554

ANETACE CRITSA5. & Commanty Comumad kgums. 38 tha man Ingradient m radhona nummus. LS detary gukstnas
rscommand mumhg 1-1 4 cups of laguma e wRRk TR Sudy aimes ko GYakate lmpora changes In humms and
chiclkzea diet of heath in [...] Read more.

(This arfice bakngs to he Spacial laue Fusciinaal Food and Chreie Dissse)

* ShawFigums

An Enhanced Adaptive Block Truncation Coding with Edge Quantization Scheme
by Nung Yang, § ¥ vung.C
Anpi cr 303 10
istved oy 286
AnsTact Recontty, IMags cemarRzskn 15 S9300%8 BOGE MPsation Ny based on 8008 guentestion (ABTE-EQ) #hs
Proposed by MatnGus ard Nair. Thak 3 pprcach daak ik 3n imaga for huo bypas of Biocks, edge biucks and non.adge ks
Cafferant Trem uaing the Be-chglering Bppioasn on &l |..) Read i
(This arfcie belongs 1o the Spacial lsue Ressarch oo Ml

* Shaw Fimems

anggand 1 1 Choonshik Kim

SywHma)

High Accuracy Modeling for Solar PV Power Generation Using Noble BD-L5TM-Based
Naural Networks with EMA

b o ncll i
Cited Ly 1| \ne«mm 418

AbRTraCr More aceurale selRrecasting it only provides & beder-integrated saluion R electiicaty 3ka but a0 redicos the Sost
of opersion of 1A anies powar systam. To precicl soiar pholovniaic [PV posar genarton {SFVE) for 3 spacitc har. tis papcr
pronoses he combinton of o [ fead more

(Thia arkese Delangs o ne Section E
* Show Fiums

Km:r-|rn sn0. L1 Feol
1 Wk o 411

rringtan, ¥ ¥ Yoo Las, ¥ Hyok K gnd 1 Sungiin Kim
0anpA0207II0 - 0 (Ot MU

EEa e
A Taxanomy for Security Flaws in Event-Based Systems

b @ voun n,u Lan ams\_ [Fohcan Kim
g ot o L.

ApI0ZITIIR - 70

Cited 1 1| \'vMEGDr 4
hbstract Eves-bias (EBS]is o in various syslams incuding mobile cyber physicdl systems IMCPSs!, nhemst
of Things (10T mobils and wab app bacasa of k= pariorar communicalion mosed thal uss
impict imeation and eoncuneney betssn compansss Howsver an E2S' non-detsrmnem in | Read mee,

(TAiE BrEE DAKINGE 10 e SPecial Baus T worn s i Mol
* Shaw Figims

Strategy of ial Chen for Hepatocellular Careinoma
by £ 1 Shirn Miyaya ma

Annl & 0O, 1), TA3F, hitpsoid oborg! T 9 appI0FITIIN - 20

Wiswved I 409

Absiract i e iz, ACE) i 8 firstine treatmenl for patanls alular cartinoma HCC! in

Earcalons Clne Lwar Canzar stags £ ECLC-\EJ Tharm ara wa mefor wchnigues of TACE: canvaraonal TACE [CTACE] using
indized od and geistin e and TACE using drug:
(This arick Dekings o 18 Spacial Beus Treatment SaTHE=s far Hepatocelivhe Carcinomay

b Ghaw Figums

| Opendczess | e |

Monitoring Land Cover Change on a Rapidly Urbanizing Island Using Google Earth Engine
by L L Lan, Y Zhenbarg Hao, £ Crvistopher J. Post 1L Elana A, Mikhatiova, £1 Huryong Yu, L) Lsuning Yang and
AL\ diam Liu

A
Cheed Ly 71 mdbu 522

AniEtract Isand GCoRySIE AN partcuiry fuscanthia o drmats change and humsn acivies. Tha changa of land wss and fand
cover {LULC) has considerable mpacts on island . and there = a crif for a free and teeal for
detecting land tover fuchations .| Read
(This arik balongs to tha Bpacial ks Remase Staaing ana 615 in Envirmemantal Mansanng|

* Shaw Finmms

app10T336 -

| o s | s |

Applying the Cracking Elements Method for Analyzing the Damaging Processes of

Structures with Fissures

by ¥ ciangian pong, 1§ wu, f EZizhony San, f ¥ vanana !
120}, 73 hitpeid coorg! 10,3390 app 102317

) Emang

ABSITICE 0 15 Wk 1 rocantl propo3sd rachng elmants memod (CEM) ¢ sai 1o Amuits e \Semaqe precassas of
stuckires wit: infial mperkchions The CEM is buit vathin the fomesork of = (FEM) and is
formaty emiler 10 8 Spacia Read more.

(This arfice belons o Ihe Spacial tssse ©
» ShawEigums

il Methods for Fractone )

| Oniczome | i |
Effect of Cu, Cr, $ Doped TiQ; for Transparent Plastic Bar Reinforced Concrete

ty A Suung.Hoon Sao and {1 Eyoung-4 Kim
Az 1, 7334; bt chorg 10,3 300 anpA0RATI - 204
Wi Iy 341

ADSIACE In this stuty, afler inng and pederng Cu, Tr and 5 with NF-400 TI0y, an NO., removal rate 1951 Was perfrmad
acrording to the IS0 tesl method {0 ansiyze the photocatabyhic rmactnity in visitl= light The dsinbution of the pholocmaryst [..|
Headt inove,

(This arficis bakangs to he Special Beaus Design. Sysilasis

= Show Fijms

aud Charctirization of Hybrld Conpasits Mal




| Coen o= | e |
Power Flow Analysis on the Dual Input Transmissicn Mechanism of Small Wind Turbine
Systemns

by @ Arnm Lm 08 Tsung-Pin Hung, (00 Sa0-Hwa Koang and ) Hen-in T
Anpi Ser 0 IR T, hitps:ld o org! 1. 3300anpACRITIIS - 20 Ol 2020

Absmact A parakel panetary 0asr Tam 0eaxn 15 Irp0ac by construct e vand furbme syshem Mat has doudla NpING 6na ona.
output The propased sysham s fecbis for She @ppication. wiTkch May LS @ combination of twe rolos. &5 used 1o honzonetai axis
o Read moee,

£ arfci Delongs 10 the Spacial lisue Wind Bawer Systsms: Design,

* Shaw s

| penzzsn § e
opt of Parameters and h for the of LTA-Type Zeolits Using
Light Coal Ash

Cruz, ¥ ¥ Marigin & 5. Malo anaf
sz hittps: el ok arg /Y

by Traag o .

Anef Ser 0
Wigwed Iy 340
Abstrncr Tos sy iz of zeniies wsig wasle 56 8 source of 3 and Alls wel krown 00 08 cnal ssh has e shudisd 4o

Imirimiza the prabioms o watts managemant and mikgats Gnursrenit ohorts TH Tesidss BSoH m S ok was Supplcd iy
|| Read more.
(Thie arbece Delangs o ne Speciel Bsue b
o6 0f Lachares on Mo T Sivey

W B e

* Shaw Figums

| o rconen ] i
A Study of High-Efficiency Laser Headlight Design Using Gradient-index Lens and Liguid
Lens

by 4 1w chin Fang, {4 ¥ih-Fong Taang, €8 Cn
b yung Chemg and 8 ¥6-Lun &

wan wion, L} Cran Heken Chan, ¥ Hstan 11 Les,

Cma by 1| Viewed by 531
Abstract In the fiedd of vehcle lighing, due io ihe dode laser it smal sxe and tigh energy comrersian eficency, # can be
affechvaty b 34 IN8 NEAmIGNE S0e0e 6f NIGN DEAM. 1A 180T Y8BT, £ WaS B40p180 DY EUrs0EaN Bhvanced Car iMenufscluren
8811 Resd mare.

(This arick bekongs to the Spacial Exue Py sics ant Mechanics of New Watorials and Thair Applicabons 2020)

- Shaw Figiees

A Comparative Study of Random Farest and Genetie Enginesring Pragramming far the
Prediction of Compressive Strength of High Strength Concrete (H3C)

Fahig Astarn and ¥ * Rayed Ayouse
0

Al AN T
Citnd by 3| ‘Viewed by 818

Abstract Supsreized machine lsamng and iix sigonihm s an emerging frend for the predoben of mechanical properbess of
concrede This ehody uses an ensembls rardon nest (RF) and gene expression prograseming (AER) algorthm for the
cOmOMEShiS Strangtn pradetan of high strangin cancrata. Tha parsmstars [ Asad mar.

(Thiz aricke belongs to lhe Special bssue Green Concrete for 8 Befter Sustamable Enevomment |1

* Giaw Fijures

seites Photocatalysiz Application for the Purification of Phencls and Real Olive
Ml through a Sequential Frocess
by € 4 Spkarith Vuppdla and € Marco Stober

SCr B0, AR, TARR, heips: i o dorg/ 10, 3500 AppI0207I39 -
il by 1) Vievwed by 339

Abstract In this study, 8 syninebc phenal sukéan of water and rme obve mil wastesater (W) were conmidensd o ackiees
BUnfieaion o1 NG BOUSCS STREME oM PORIIAMIE. Oty MY was indaly SUDITtaa to 3 coBpUIIDNTIO CLALoN Dracess, 10
nedica e iy phansis and chemical XoAen 1...] feaed mom

(Thts arfck belangs to ihe Special Exia Washawmter Bi

b Bhaw Figwes

| 03 Acizsa |
Safety Cancept for Textile-Reinforced C with Bending Load

Margus ficwer and ) Josel Hoos
7, It/ o gl 10,3300

by ¥ Seage] Remiel

A

Abhstruct In mosd countries. S the procuction and execubion of concrele =iuctures wath textle renforcemen. buldng owners
Mgt Fave 8 genarsl BpEovEl (8.9, “BbZ" i Gamanyor an ndwitunl lcenss (8.9 “TE" in Garmany) Tneslors, i 2 quile
comman for buikding autones £ muest [..| Fiaad mor.

(Thiz arkci bakangs 1o 1ho Spacal e Recent Advancas n Tostn ) and Modssn) Aeiniorcod Canamis Ssuches]

= Siow Figuins

Influence of Radar and Gauge Rainfall Data Sources on the Analysis of Spatial Distribution
of Traffic Accidents and Rainfall Events

by ¥ Spong:5im Yoon. 1
A 2020, 1M1 37
ised oy 350

Aslract The TBCodS of 24,787 raTic accidents (38 raiving Talaitiss or savers jury) duing rainy condiiens frem 2007 o

2, were ueed 1 SrSlyze the Epatil HEibulios of tha e acckents and @ital avents based on raax
1 Read mare.

This aricie belongs 1o the Section Clvil i

+ ShowFinums

i J-and 0 inhyeok Bag
fpacisioeorg! 10,5300 app 0207327 - 2

vearing)

| open accons § oo |
Image Analysis Applications for Building Intsr-Story Drift Monitoring

by vuan-5am Yang, {0 Qiang o, R pim Jian-Husng weng, 11 Chi-Hang U, ) Chiam Chun L,
£t dimy Chen and €1 & s e

Al el g 04, s ok ony V0L 3HVappICaeTIes -
Wi Iy 384
ALiSIF g hava basn andiad 10 several AMPOMEE SClures and RTEsiEcEng fEcines

such 23 buidings, brdges, and power piants, For buldnga, acceleromeiars are commoniy uzed for monifonng the accekrations
Inducd by smbint vieatien b anslyze e dructursl nabicsl leguenciss for Rrihee [ ] Bea
(This ericia Dalongs b the Spacial teue e Strucharal ath Moetorangd

» Show Figues

e,

Plant-Growth-Promoting Bacteria Mitigating Scil Salinity Stress in Plants

by WL Shefam Stuilew

Atisiract So¥ tolonior=on haz od b probioms wih tho utmien of tha populstor A= ona of tha mozt
=oi =ainiaton has & negaive =fisct on the quantity and quaity of agricubural produciion, draving atietion o the nesd for
enwironmenialy Fiendy Sechnologias i.. ] s moe

(This arick baings o the Bpacial aus Mant Growsn Promating Microorg an
» Shaw Figises

M Ligatul far o Desstintration]

| i sccss | Pt papas | s |
An Approach te the Creation and Presentation of Reference Gesture Datasels, for the
Preservation of Traditional Crafts

by g

Nikoiaos Partarakis, {1 Xonophan Fau

tomis Chataianiomon, ) Naoisas Paisioures snd € ) ma Aasm



and Char i of | Caleium Carbonate Nanoparticles Derived
from Cockle Shells
by € ) Abbas irahim Hugsw 2uryEt Ab-Gian|, € ) At Mazeer Cig MuL, € ¥ Mui Atlkah Ab Ghars
4 Aclan ¥ Ah. Re
a0 i TYIT hitpsid clarg't 14 Oct 2

Wiereed oy 424
ABLAC Goeke el B & TG MES80oH of CRIAIT CRIbenate [CACOy), WINCE IS Wigkly Laed I Eons fepal. Lssue scalleds,
and fha devadapmant of advancad dg deinary BvElERs Atough many Eludies reoar o Ma orenamsim of Cancs,
dsugloprmant of [] Read mare

(This arick belongs lo the Specal e 10th Anniversary of Applied Sciences innded Papers in Applicd Dentistry Secton)

= Shaw Figes

| open pacoss | s |
Air Changes for Healthy Indoor Ambiences under Pandemic Conditions and Its Energetic
Implications: A Galician Caze Study

h)’ﬂll‘s' rnsa, ) Mndests Kamen b

and L} figna Reites

oy 1| Viwwod b 480
AlEiract THe pietant Bager S 10 2ok of tha eflact 1 1t OV BUEIDIG energy
consumplion Momover, a5 @ case ctudy 10 shew 1his methodoagy, & proposal was analy2ed of moditying Tie taaching pared 0
Teach & madmum creass of [ ] Read moars.
(This arick belangs o the Bpecnl bzue Efficien.
S Fif s

Coptamiratian of Buidings Energy Cenaumation

3
Partial Retraining Substitute Model for Quary-l.lrmlad Black-Box Attacks

by % Hosumg Park, ) Oweasang Fop end €1 Dags
Anp 20, 10N - R ok arg 10, 330080021
Wiewad try 302

Alsirach Black-Dox SEacks BOANSE 0830 NEUNS! NENCTX e fazening

represend & more prackcal approach in e el world Ban white box aftecks In black-box envinnmants. adwersares ’uaua Tmibed
knmuiodios rogardng ha rga model This makas  dificuk o] Head
(This arice belongs b lhe Sechion Computing snd Artidicel ntelige

B Ghaw Figises

Experimental Investigation on Glaze Ice Accretion and lts Influence on Asrodynamic
€h i of Pipeline ion Bridges

Fuyou xu, € 8 Mirgiio 2

by € Hayen vu, ng ana ¥ Acqiu Zney

by 1| Vieved by 381

Absiract Pipsline 2usp=nsan biidges may experence £x Accrehion under
charadlenistics of the bridges may be modfied Dy the ice actration. Linds
dagandencas of tha e 308 s shapa on 1he 1. iead more

[This arick belangs o the Spacial kmse Advances an

» Ehow Fiuses

me specifc cimatic condiliens of ndezing rain, the

wanra | Enpnoensg, Volumss (1]

| coenrccess | Cunmusication
Seebeck-Peltier Transition Approach to Oncogenesis
by .uu

rle Lucia anog | Gaubis Grisohs
g o org! L3300 e 10T 965

Citnd by 1 | Viewsd by 342
Abstract In ihis paper. 3 non-ecubbnum thermadynamic appnoach fa zzncer i= developert The thermo-elecine effects in the ceil
InebeEns se ansy s i Elalon o e Seebeck-is and e Pelie-ie sTects The ok of (18 el meniane sk oolssisl
Iz stutiod rom & tharmodymaric viewpord. |.-1 Read mors,

Eone Healing Evaluation Following Different Ostestomic Techniques in Animal Models: A
Suitable Method for Clinical Insights
by 4 Mlewonars Anes, 1 Mattia T Iomen, ! Amige Feliocant 10 Marzss Ferratti, % Francesco Cavant
1! Robarta Salvaion 'L Faccamio Noc ria Patumbs and ¥ Lawgi Chiasim
i, NP/l s oy 10,5 500 8ppI0aeTIes

np

il by 1|'\’waehr436
AnsTrant QEtestemy & 8 L] ‘gery. DN and esvated tTamperatune
during ceteckarmy procuce thermal n:l:nnecmss Heat md assnuul:n mechanical damage dunng nstectory can impar bone
healng, wiln conzaquent falure of Mraciure Taton of dnsal impiants. Several ex vh [.| Read more.

This arfcia halengs to the Eipecial Boue B

= Shaw Fiyuwms

| Ovenczome | i |
HNaming In Multichannel with Beeps in the Strong Model

Aidawsan znd {1 Tom Amas
(82, 7104, RIS oLarg 1L 5500 A0 T 16

ABSITACE In this papsr, 4 system ot a k& with baeps EVDUgh MUtk channsls
inn fimited b hearing eftner @ beep or a sence from the
£RBANE Wil No celskn Delacion
This aricie belongs 1o the Section ©

= Shaw Fiums

Ariificial Inteiligence)

Simple Approximate Formulas for Post

ing Deflection of Heavy Elastic Columns

by 4 Hitoyuas Shema
Aopl Sor o, 1Ry, T AL napEcid oborg L 3 00Aap 105 163
Wil iy 345

ABEtract Columnar EUCKInG 12 3 uiquAsHs hanomanon that Hecurs i ECM IMng RNgE 20d man-made oRcts, regardies of
Ihe |=ngih =cale rngng from macrcstoic 10 renamefre structures In general anafeng the post-buckding bebavior of a cokimn
TEqures Me Boplcaion of cOmple: MENETELCE MENCUs PRCIUSE L] Fesd mers

(This arfcia belongs to the Sechon Mecharical Enginaanng)

= Shaw Fiumus

| oenszcess | e |

Assessment of Terrorism Risk fo Critical Infrastructures: The Case of a Power-Supply
Substetion

LAL

Wi oy 470

Absiract Trie paos! pregents af ealimaling he i i critical infrastuct 0 potentisl
Iairoiies etz and Sseassing Ihe usstiness of uailous protselien strasegies e orlical infashucies (0 & mstossiogy, uiilzing
3 comuratian of teaciog i3l neteo: anates and game teey, & [} Read mors

(This arick belangs to the Sechaon Civil Engneenag)

® Shaw Fijes

| opniccess | e |
Multicriteria Autonomous Viehicle Control at Non-Signalized Intersections

hy.n. wirds Milily, £ % Zaddia Farkos and 1 4 Pater Gdapds

e 03, AN s oL 10,3390 ANR 02 TI6T 1
it by 7 | Viewed b 413
Alstract The Sim of N papsr iz te 0esmres a MURtkiilena Mogel pragicive Conol MEANCD for SLEINOMELE veititias 31 non-
signaized berzedtions. The cenlrakzed conyroler sims by desorie contrel aclion for each sfonpmeus vehids 1) quaraniss
colision #9g passage. £ tha sams dme: periemances ara [] Road moro,
(Thiz aricie beiongs to the Sechon Mechamcal Engineering)




w Shaw Figiees

| pensccoss | e |
Soft Underwater Robot Actuated by Shape-Memory Alloys “JellyRobeib"” for Path Tracking

through Fuzzy Visval Contrel
by 12 Crmstyan Cruz Uiiea, € Sivia Ternie ana € Antenlo Bar
[P} BT AR d ok arg! 20a0pAG W60 14 ¢
by 7| Vieveed by 387
Abstract R in bined with the advance of intehigerd and soft materiss have:

alowed 50N robots 10 rephicate the bahavior of difleent animal species. These denic=e can et im comgl caled tasks such as
rERching or adeptng In corstrained and unsTuchred eovionments Ths [.] e mars.
iThis arick belangs o the Speonl boue Biomspived Robotics 11}

SN i

=
Constraints Hindering the Development of High-Rise Modular Buildings

by €% vanhui Sus, 93 Jun wang, €2 5
¥ I Xianzhang Zhao

g W, ) Wieixlang Sni, € ¥ Dazni 3i, ¥ anqyu wang ang

31, httpes ol arg/ 1
imwed by 613

Tt Ot Consiruchon s Deen increszing'y annpeyed dus to ts sdvartages, T istance, mpoowec qually ool
Teducad Sk labaur, 186167 ConGiruction M, 0BCPRASAT Matsnal WAShaps and sate WOTKNg AMVIONMENT A5 1% Mt utng-
exge off-abe constuciion, moduter buldings have Been ubised for residentinl bulding, studeni || Read mere.

(Thiz aricie Delonps o ine Special cue BIM and ks integration with Emergmg Techioiogies)

appI0IaTISs 14 Ot 2

* Shaw Flgums

Precast Bridges of Eamboo Reinforced Concrete in Disadvantaged Village Areas in

¥ 11 Viewed by 387
sl BRIDO0 & B i pansie, arwiienmentary endsy, and (enyasis buliting meneris gt nnves inindonssia. Bameso
a5 & MG tangle sengin oot a0 hax wasknecaas namaly, 3 e3zily Ftacked by Mowrts and has FIgh water abaomhon

Utiization of Eamboo a5 3 pracss! concreté | Ruad me
(Thiz aricie Delongs b the Special sue Advanced Tectinologies it Wood Sdice)

» Show Figises

5, N o org T 1300 app 10397 152

[ openscces | ramee paper | e

Archetypal Use of Artificial Intedli for Eridge iteril

Iy LY e Clvisia and ) Vakeii 2 B
gl S 201, 7157, Dbt ok arg 1

Ly 1| Vievved by 226

SINCHITG) MONGNG I 3 BIBAICN 0PI MAL 15 IECRIMNG MOTs BN MIrs STEAG0N, Bpecslly in 49T of Me Tac ihat &

IB’!IG pant our mivastructural hantage was bt m the Sedes and 1§ 8ging and Sp0reaching the end of s dasign workang e, |1

.

I'"N arice Deongs 10 ne Special Bous NNOvElve Mel00s Aol Mareeials i SUBCILE] Hearn Moo

InTiast

OUappIO2OTIST - 14 Ol 210

chures)

+ ShowFigums

Heuristic Route Adjustment for Balanced Working Time in Urban Logistics with Driver
Exp and Time-Dep Traffic Information
by 3 Tipauck Krmyakinma and €1 Wazaanm | aesankding

ST 0T 106, T50; NEfped ot arg! anpADEOTASS - 1 O
Wietved oy 407
AT TS articks pinpoess & et o eouce womking Sms volatens of 3 eakwod couss ssios In e uiken ngstics
wilh time-dapancia e airmation. Thas chalkngs & (0 redcE workdng 2 vmlation Wihou! Creatng Siguhcant changss b
e urbar logistics plan wivch provdes oty |..] Read n
(Thiz arick Celongs e Sectan Appl e T

v Shaw Figums

[oecicns § pre |
Influence of Haterogeneous Catalysts and F on the Acety of
Glycerol to Acetin: A Review

by 1 Usman idns Nda-Umar, ¥ irmawat Bintt Rami, €

Emaa Neryana Mihamad, {5 Morsanisa AT,
madti and | ¥ Yum Hin Tautig vap
35 hidpscidoio 334

oy 370

Anstract Giyoeml & peyhydnc sicohol, = cumandy raceving greater attantion wordweds: in wiawr of &5 gl inthe market
necasionad by the rece=m uurgs in bisdesel produshan The: acabylston of ghycerol to scelin {8 ostyl dyreed ) is one of fhe meny
BalluyE of upgeading iveendl || Read more

This arfci belongs 1o 1he Section Clismisiy)

» Show Figums

Semantic Mapping with Low-Density Point-Clouds for Service Rebots in Indoor
Enviranments

n'\"rano! Maama Eancher, § ¥ Mattoo Zalla,

itam anc .} Mrades 4. Marrin

or X 4, hbpes:id ok org 4,558 54120

'w-msu oy 371

ABSTFACE The Stvancamants 1 s robc Nild Nawe macs it NOSZHE for GArLS 9L 1o ICTassmgly DEComa: Dart of svoryday
indoar scanares Ther anisy o operats and reach on tha parcepiion hair

& Dretech
This arics Delangs to he Spacial ko O

b Ghaw Figums

Read more.

A Learning F for A ¢ Seismic Hazard Safety of Reinforced
Concrete Buildings
% Ensan Hanrchian, ) Vandana Kamar, 9 Kim Jaonay, £ Ankan Raj Das, {1 Shatla Rapuizade and

D0 /app 10207 I5S

152, s slory/
Ly 3| Viewred By 580

AloUCH S¥aMing 3 seismic deturbancs and s physkal, socal, Jnd sonomic derusten 1 pracically mpossti, using
the acuanczments in computsbonal 2cierce and numesical modeing =hell equp humanky io predicd ils 2everty undessend the.
Gutcoenes, and eouip ol fost-USBET Manapemant. Masy bubings sukl ambsst [ nu.m mare.

[This aricks balongs o tha Sipacisl kisus Mulifun wral Haatth Mansoringl

= Show Figu

tonal Comant Componaras

| Denczose | s
Numerical Modeling of Surface Water and Groundwater Interactions Induced by Complex
Fluvial L and Humian in the Pingtung Plain Groundwater Basin, Taiwan

ng 110, 3o £2 1, €4 vetsion Lo, €4 Mini-Houng yruong ng 8 chien-tung L
42 Inkipeciid ocorg 10,3300 app 10 P15

“istvad iy 451
ABSTAGH THG andiis and human achitie: plsy IMpTant rees in quentrymg suriscs watar s groundweler meracions
(SGIE} ot waber msmrDes managamam. The S0y Usks ING groundwster and suriacs wator Sow (GEFLOW] modal i quantify
e dynamics of SGE in he Finglung Fisin groundwater bain | | s mere.

(This srick belangs to 1he Special ewa Lsailing Edge Te

nwtes Flaw)

= ShawFigi

Studv of tha Stiffness C

racteristics of Waist Tuos Laminated Mambrane Counling



SR
Considering Flange
by .4 Minomaa L1 LY Yoghao fhoo, L ¥ Rupeng Zhe and 1.9 Pngjus L1
Agpl Scr 000, 1) it e org 1,33 e 5 14 0
Wi try 301

ABSTTAGE Itk shaw that I GYstemaNc tudy of 14 Btmes: charactanzics of Ihe lemingted Mambrans couning B halhd 1o
analyza tha wbration T8 of tha shaft cystem deagly and accorately. MAIGOURT, SUCH 3n MYsA galion can provids = retan e
guarantes for the safe coerafion of [ Read mare.

(This arick belangs to fhe Saction e Evglimerig)

+ ShowFigues

[ opendczecs | s |
Dy ics of a Cavity C il a Two-Maode Coherent Field Intsracting with
Two-Level Atomic Systems

by T E, B haiil, €8 Hanham W, Alshahn, {2 A,
2 » ity tid ok gy

A Wohamed, Y1 5 Abdal-Hhalak and 1 A, 5, F. Obada
00:app 03T IS0 12070

U Y 1| Viewsd By 337
TR S shdy BahICaly <plonad i coufied Ivao-bavel atem Systems (TLAS) &5 two qublls Inferacing with heo ot
af an akicirormagnete Eald {EMF) caviy a to-proton Tansiions in e precanca of deek- dpalo rteracions bewasn e

atoms and intrinzic dampig. Using specal untary au |...| Read mos
(This arice Cekngs W the Special e Compuiaticnal and Macnems

gineering and somaton

* Show Frgums

Investigation of Mixed-Mode Ul Fracture under Impact Loading Using Split-Hopkinson
Prassure Bar

ng L and ¥ pang Ying

by

Fai Wang, £ % 2hommg 2his, {5 Mang wasg, €5 Hao oy, ¥ ¥ Les Zhon, {1 R
v 40, ks coong 103350/ app T4 - 14 O

Anstract Mixed-mods fraciure of construction bulkang matenat: under imoact Dadng I Qe comran in ol engnearng. Tha
of miced tehaviar is vk for o

apgleation. Gl Single clagvag ( S| SEBCIENGN WaS provoRad with ..} Resd more

NG

This aricia Delangs to fhe Saction Clil Fo
* ShawFigi

ek |
P of Di Pa of a Rolling Wheel with Fiat Spot and Experimental
Test on Lithuanian Railways

by % Viadan Kukssas, ) Bons Khantonow. €4 Manail Lavinzon aod T
hitpclid e org 1,339 anpA0EST44E - 1£ 0

Raimeatas Jasavitns

peipilispecy
Wowed Iy 357
act The JSC [doint-Stech Company) Raibway Procucts Conioemity Aseessment Canter”. undar & contract wiln J3C

Lithuanian Ralways”, SAred out 3 ralling Siock gaomelry and obing surtacs BeAact Hek FsEREsMER sy which ansipzed the
prnciples ard sigoithm of the ATLAS-LG systemused by J8C ‘Léhuanian [} Resd mare

= Sl Figises

| o s | s |
Relationship between Aspect Ratic and Crack Density in Porous-Cracked Rocks Using
Experimental and Optimization Methods

by ¥ Hyung Ko Yoon

AuDl e L I20Y TTAT, hopecit cLorg 10,3 500 eppa02eT4T - 14 O

Aspact f=80 and crack dansily &9 pEEANNEl paraTmkeers bo undersland the physical properies of porms-cracked rcks
althaugh # i= cifficult % independenty delermine each paramessr, a3 both are clozely Inked The objective cfthes study iz to
Broooge a realionnsnio DEdeen SI0ect 1aliD |.. | Resd mode

* ShowFiguEes

Loven sccess | e |
Hytbrid Impedance-Admittance Control for Upper Limb Exoskelston Using
Electromyography

i Silva, €4 Thiage F. Per
R L T

aal R Q.
O0LanpI0EHT1AS

Zietd by 1 | Viewed by 448
0 Ecahaialing i nearskbs mobie robets Il comiing vanicus Tachaalogies to enabis lins moemant i st
swrangih and andurance. biing uaad m Sevarsl apelcabon SRS SUCH 3 ATy ANH MAMCING. I s conta, The paper
FsGNs e SSopTErit of & by BN CoRTol method far [...| Rsad mon

(This arick Celongs W e Special issue Mieless Senscs Netwers in Smar Environme
= S Fig e

| censacen ] ance |
Effact of Modifiers on the Rutting, Moisture-Induced Damage, and Workability Properties
of Hot Mix Asphalt Mixtures

ARBIACE Tre present ity in L of mpEe s |Slrens-BuladeneSy A Cumb e on the nang,
makhure-inducad dsmegs, and workabiity proparics at hot mi asphalt I fhis shaty three #
contrel {CE), crumb rubber.madied (CRME], and pob difad (PUE|—of wora [ ] Road more

(This arick belangs to lhe Specinl lse Nanomalerials and Ot er Addifves 1o Enbance Asphall Pavement Pectormar

e Shaw Figises

| ren sasss | o |

&n the Use of Fuzzy and Permutation Entropy in Hand Gesture Characterization from EMG
Signals: Parameters Selection and Comparison

by 7 Alesn

o Mngarsii, 9 Andrea Tigni, €
hetpscid olangit AN

Caicka e and 1 Fedaiica viin

Aistract Tre suriace elecriomyograpny signal (SEMG| iz widel used 1or gesiuee charactanzgien. i reiabily i ecngly
connected o the faglures exiracked From sEMQ recordings. This sty sed to invesigale e use of two complexity measares,
L., fuzzy ertrapy (FEN) and pameatation eriropy (PEA) for |_..| Raad mars

(This aricie belangs o lhe Sechon Apmlied Bioscences and Boengineering)

® Slow Fijums

| o< pcseas | s |
Iterative Coordi Reduction of Flexible Multibedy Dynamics Using a
Posterior Eigenvalue Error Estimation

by €% Seongli Hon, 1 Jin-Gywn Kim, €4 dubwan Chol anat ¥ Jin dwan
Aol Sor 020, 1, THAY, s oo 10,3 3900 1020743 - 14 901
Wiewad try 304

Abstract Coordmale reduction fizs been widsty used for eficent Smutnkon of Azable muibody cynamecs. T achievs the.
12uction o finie DO0%s Wit FBEEeNSDie BUCUTiCY, e APPOpHale NUMDEr of dominant modes used 10 N8 SCuCTon proces:
must be salected To handia thiz issue. an Reratve [.,.] Read man.

(This arick balangs to tha Special ke Modaling, Desin, and Opsimization of Flkaxibio Mo e

4 Systams)

» Siaw Fiwes

= ey
A Hybrid Approach Using GI5-Based Fuzzy AHP-TOP SIS Assessing Flood Hazards along
the South-Central Coast of Viemam

by 00 Mo Yuars Mgy . s oy \ tian, L1 Tromg Dos Nyuyen
1 L1 The Kien Rguyen and

& e

Ched by 1| Viewed by

Abvtrack Fland hazsnte 2ot ha laral Sennnm Sad Sha Dualfnad o (iAsrsd alnn o i Aol st o Vs



Kyiszok Kim and £ ! Youngiin
7, IV o g 41, 300 10

Abstroct The norkecal mezrs (MU nose recuction aiganthm = well known s an exceliend bechnigue ke remaoving noize foma
InagNelic 15 0nanca (MR mMage o e ove 18 BagN0Shc S000a Gy 10 THE Sy, we unoRiech 8 SpEIsmak feyvEw 0 eliRing
tha sMfactveness o the NLM [..] Read mors,

[Thiz arici balangs to the Saction Apgliod Fhysics]

= Siow Figuies

Identification of Automotive Seat Rattie Moise Using an Independent Component Analysis-
Based Coherence Analysis Technigue

by Maskhyun Yoo and 8 ) Un Chang Jong

Agl 0, 100 nttresci oo 410 T390 A CROTIIET - 1
igpd oy 337

ABSITACE THS Sy DROp0S6d 3 oMo e4alaten Mrough i indasenten componant aAhaE (1CA) Mahod The
necessiy of apphing 15 o the Gealuation of coninbution was IvEstigec through Rumercal simuiation. Mraover, the
estmztion of the mumbsr of input 3ources, the |abeing of signats, and the [..] Read mare

(This aricie belongs 1o the Secian Me. erlng)

* Shaw Figues

[oveintczs | nce

Prop and of of Fly Ash Belita Cement Prapared from Low-

Quality Fly Ash

by € ¥ Yongtan Gong, £ Y Cong Lieand £) Yanli
e it/ o o

Anp 00 app 00T
Wisied iy 401

101 Fly s hsfte cament (FARC! is predarminantly campased of 1) =225 a0 Cpdn 11 iz peeparad o lowgeala Ty ashes
by syménatis and The farmatian, auokiion process, and mcrstructora of
FABC hydration §._] Read more.

(Thi arick Dekngs W e Spacial Baue ADNACation of Deomass Asles In CompniBasid Malir

b ShawFiguns

Al

Current Advances in Plant Growth Promoting Bacteria Alleviating Salt Stress for
Sustainable Agriculture

e Mok rand, ¥ E1
ang 0, TOCT} TR, kg
by 1 | Viewed b 1142

Abwiract Humanily in the modem wod is confronted with diverse probiems af severa’ levels The evironmantal concem i
pronaby ™a mostimportant a2 it threahans dffarent scosystemns, food. and faming as wall &5 humans_ animals. and piants Mors
spoctfizaly, satnaton af sgeicultoral sofs & ] Read 1
(This arick balongs to he Special iBsus Fant Growtl Promolig Micreol janisma Uselal lor S0
» ShawF

Habri and €
tckorg i3

|

All-Fiber Hy metric ion Based on a ithic Fiber Fabry-Peérot
Microresonator

byt £ 0 maoham weang, €1 Fan Goo, £ Xin M, 0 Gang Zhao, €7 Zhanda Xie and € ) Shining Zhu
ADD 51 et ok org! 10, T 30080 BT 10 O3 202

Wiened oy 406

ALSIrACT HyPOTDErETETE 05CRalion it sental for coherent optical Signal genaraion I 2 Be0ad wavelengin fange. INtagraton in

# compact syslam, such & bivadband lght spurcs, & of spacial necast Bor practcsl aoplicalions reauiing Teid-ceoloyabla
devicrs Hars we an al-sbar orcHabon souIce [ Road more

(Thiz arick belangs to lhe Sechion Op d Lasers)

= Shaw Figimes

[ opanscces | esveepapr | o
Electrochemical {BiojSensing of Maple Syrup Urine Disease Biomarkers Pointing to Early
Diagnosis: A Review

Wieived oy 437

AnSIFAC MeLDOlc BTOrE 408 FRerie tisedses, wheve QRLD: 08laCts revent @ metaDoic fath, ending up o enzyme
mafusction. bnoeresponderce 1 it remaining e plenilude faF ol enzymatk potency. Tere & an amasamen of dangarous

matabaltes near tha matabake bar andéor & daarm of |...| Asad mar,
(This aricie belangs to the Specinl sswe Advanced Eiec

al Biosensors|

* Siow Figumes

Developing a Model of Increasing the Learners' Bilingual Professional Capacity in the
Virtual Laboratery Envirenment

by € Alsksandra L Desnkiig, €5 Ludinse P inalyaping, © ¥ Aersanden M. Kobicheya, ) Matis A Odimokaya and

Nty ok o 0.3 300 app 103

Wiewed iy 485
At TRe @rlicks con aiers INdusinal BppIcsiont o SOAs: twing snd Meir contioulion 1 decEsn-making and prassrion of
= 1N MENITACUTNG. Wrival [aboratnas 5ca dB=CnDed a5 4N axampss of Usirg dighal Twin: ret caly in IdusiTy but atse for
Beucationl pupcess, The antch i @5 || Reed mas

(Thiz aricie Celongs o e Special issue Challonges in Undersianding Huimss Leaming Pnysiciogy)

* Shaw Figimes

| Dpenacsss | Ao |
A Secondary Reconfigurable Inverter and its Control Strategy
b O v 13 Pt ar

Wiewed oy 357

Abstract Tris artick propeses 8 topoiogy of ing secontary recanfigu: atis invedier and ine comes ponding fauli-mlerant condrol
strstagy. When the sacondaey recanfqursla rwamse is aDaranng nomalk, He Soealogy SIUCtN. 15 a TESS cireum Whan the
Fiover fomKencuciar fowicas in Ina rvener 7o [auky, T nvear | t
(This arfck Dekngs 1 the Special s Resllenl sl Sustainabie Distnouled En
* ShawF

) Chen
300 app 0TI - 6 O 2

w and L Yan
hiips= a1

B4

| Openacaes | e |
Rapid Sonochemically-Assisted Synthesis of Highly $table Gold Nanoparticles as
Computed Tomography Contrast Agents

@ saton At Az, €5 s

Disli zed

1; s/ ok o' app LRSI
Abtrac One of the ozt wiiet ssed modaiies of dinical imeging b comped Sengraniy (CT1 Rerent repors of new confrast
agents tward C7 imaging feve bosn numarnus. The procuchion of goid nanopamicas (AUNFS) 35 contrast aganis far CT &
prmarify = lopic of rriense || Head more.

(TNt BrECE DEONGE 10 116 Spacisl o Lynihesss s Boneiioa

 0F Manopartiies)

* Shaw Figums

Nowvel Gradation Design of Porous Asphalt Concrete with Balanced Functicnal and
Structural Performances

by L% iang Ma. 45

o Loy 1] Viewed by 360
Absiract To impeove the parmeabiily of porgus s3phak concrate [FAC] w7t & smal noming mazimum aggregate size (NWAS) of
A0 mm (FAC 1D, & novel gradation desion by excuding e 0 075—3 mm aggnegate vass davaiopad This study Sims to evaiuaie




[ opmicoms e

Effect of Environmental Temperature on the Insulating Performance of Epoxy/MgO

Manocomposites
i o, 0

Wiewsed try 38
Adytrast Trés artice reporis on e developman of nano-MyCiepey i waricass MOES P08 via A Sakikon
blencing mathod Tha Infiesnce of Mad nanaBars on $e 16mal cropamies srd the &M of eryionmental MpSEata on the
Insulating proparties of 1he COMPaste Mkl wera [.. | Aead more

[This arici belongs o the Special ksue Chalactsrizs

; &
g
&

tions of 10 and 20

Mechanistic Studies of Hydrogen Evolution Reaction on Do Acceptor Cc
Pumnal Photocatalysts

snd €

s1racl THE Spglication o dondi-acosptor [D-A1 Conugaied po
grest fenmise hecase o e tunabity of such catalysts 1o have desied o cpe'ﬁes Hael' [ L
Catalyss: poky(d, 43 4-ammaghanyl SH-Crtazole-3 6 dEming.a pRonyieazo]bjphosahingake-3 7
diylidiberzaldetyde] (PL2PO) and poky IN' 4 |
(Tni aric Delngs o e Spacisl Bsue W

i St sgi)

» Shaw

oo o L
Data Analysis as a Tool for the Application of Adaptive Learning in a University
Environment

byt

Willaen Vilsgas-Ch

tios-Pachnoo

smills Aledzarand 1 %
¥ 11 Viersed b 562
Abstvare Cumently, data a8 veey valoshos resoune Ror aigarizabon s Thiough analisi, Eis oosabla fo proffe peopls o oblai
knoudpdge sBOLS an GUEN OF ANVIROAMEAT Gnd Makn 0acisions Tat heln Fmorove thalr auasiny of Ia. This Zoncegd taim: o8 graater
m
10 the Special Baue Dal A

(This arici bekon

1 L

* ShawF

[ comn s L
LCA as a Tool for the Environmental Management of Car Tire Manufacturing

S6CKA T

P MaISCNNG C20 Be T CAUSE OF MUMEROYS ANUFDNAERSSE NaZes. Hasmiul Smissions from Ma oreduchan
are 20 acute danger o uman healt 2= well as e enriooment. To miigs: unwani=d consequences

MENUTECHIEN BMEy INE BO0-DAANCE BNAYSIE 51 18 poduct S8aking .) Res i
This rfck belangs o the Spacial aue Design dnd M Bhariif
> Shaw

[ Dpen Accass | et |
Automatic Contraction Detection Using Uterine Electromyography

13,4 b H

Russa, £ Catanina AL Palra dos Rols

nbina Vossilenko and ¥ Manuel Do eul.\.lneu
2103300 s

11 Viewed by 447
ot Electrofysberngraphy [EHG) 13 2 prosresng bechm montoong and preteem sk evalushan It allows for
VI COMEON MONELTG 52 Bally G2 N1 UM GR:Talional West, and 2 8 nbe-Fasss J0rigue Bagsd on 1wy i

8 mus e Ay
o he Section Ap

bistract Buiiding accurale and compact cazsifiers in real-woekd applications i one of he crucial tasks in data mining nowadars
|l' 1his pager. v propese & new method that can reduce Me numper of ciags Sisonalion nies produced by dagscs| cess

aszaciaon s cassiiees. whils |
0 the Sachon Comp

oo e i
lmastlaatlon on the Tip Positioning Ascuracy of Cable-Driven Serpentine Manipulators

and € ¥ Han Yuan

W Flgures

i o | s
On Applications of Spiking Neural P Systems

by ¥ Sunghm Ean, ¥ prmwe

Haina Fong and | Gaxiang Fhanyg

0 1y 2| Vievea by 463

Cwar 1 YRArE. B NEUr
Ihakr dhverss rangs of spplicalions 0 1hs FaRGr, we gt
especialy highlighting power syztems L. Rs
This aricie bekangs b the podechon B

Dieplayng artioks 1377

RAS

s Alerl

Farther Information Gusdedines MDF] inftiatives. Follow MDPi

Anticle Procaxsing Charges Foar Austhi Insitiusions! Open Access Lankodin

Py am invoice e Frogram (OAR)

Fir Editors



Contact MOR|
Jalss ot MO

For Librartsns

For Pubilishers

Proprinls
Scilil
SciPyaifiles
MOP Books
Encyciopedia
A8
Proceadings

MO# Blog

Btk tn Toer



IIT SCIMAGO INSTITUTIONS RANKINGS

SJ R Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Applied Sciences (Switzerland) 3

COUNTRY SUBJECT AREA AND CATEGORY PUBLISHER H-INDEX
Switzerland Chemical Engineering MDPI Multidisciplinary Digital
Fluid Flow and Transfer Publishing Institute 52
Univ and research Processes
nstitutions in Switzerland Process Chemislry and
Technology

Computer Science
L Computer Science
Applications

Engineering
Engineering
(miscellaneous)

Materials Science
L Materials Science
(miscellaneous)

Physics and Astronomy
L Instrumentation

PUBLICATION TYPE ISSN COVERAGE INFORMATION

Journals 20763417 2011, 2015-2020 Homepage
How to publish in this journal
applsci@mdpi.com

ofd
WE KNOW YOU'RE LONGING
TO TRAVEL AGAIN
FIND TIPS FOR
SAFER TRAVEL HERE

=\
\
Tl 50 @,

Spain's officiol tourism website

SCOPE

The journal covers all aspects of applied biology, applied chemistry, applied physics, and applied engineering. It has 22 Sections: -Nanotechnology
and Applied Nanoscience- Optics and Lasers- Acoustics and Vibrations- Chemistry- Materials- Energy- Mechanical Engineering- Computing and
Artificial Intelligence- Applied Biosciences and Bioengineering- Environmental and Sustainable Science and Technology- Quantum Science and
Technology- Applied Physics- Earth Sciences and Geography- Civil Engineering- Applied Industrial Technologies- Electrical, Electronics and
Communications Engineering- Food Science and Technology- Applied Dentistry- Membrane Science and Technology - Robotics and Automation -
Marine Engineering - Aerospace Science and Engineering.

Q Join the conversation about this journal

Automation Component on MISUMI

rariety of standard components for industrial automation needs

MISUMI Indonesia Open >

Quartiles A



Computer Science Applications
Engineering (miscellaneous)

Fluid Flow and Transfer Processes
Instrumentation

Materials Science (miscellaneous)

Process Chemistry and Technology

2012 2013 2014 2015 2016 2017 2018 2019

Automation Component on MISUMI

A variety of standard components for industrial automation needs

MISUMI Indonesia Open >
FIND SIMILAR JOURNALS @
Arabian Journal for Sci International Journal of Journal of Engineering Journal of Engineering and Journal of Engineering
and Engineering Engineering Research and Science and Technology Applied Sciences Science and Technology

38% 34% 33% 33% 32%

® s50R AN ® Total Documents 3 @ Total Cites @ Self-Cites RN Citations per document
40k
0.6 10k 4
o f
Sk 20k 3.2
02 o
0 0 2.4
0
2012 2014 2016 2018 2020 20m 2013 2015 2017 2019 2011 2013 2015 2017 2019
16
© External Cites per Doc @ Cites per Doc RN @ % International Collaboration A @ citable documents @ Non-citable documents RN
10k
4 100 08
2 50 Sk 0
20Mm 2013
0 0 Cites / Doc. (4 years)
0 @ Cites / Doc. (3 years)
20m 2013 2015 2017 2019 201 2013 2015 2017 2019 2011 2013 2015 2017 2019 @ Cites / Doc. (2 years)
© cited documents @ Uncited documents A
— Applied Sciences « Show this widget in
10k (Switzerland) your own website
C S
A:gi‘;ﬁ,rn:‘mm Just copy the code below
5k and paste within your html
best quartile
. code:
5IR2020
0.44 <a href="https /www scimar
0 powered by scimagajr.com

2011 2013 2015 2017 2019

Metrics based on Scopus® data as of April 2021

Write With Confidence

o @ Check your grammar, spelling, and punctuation instantly with Grammarly
’ g Grammarly Learn More >

nand kumar Tiwari 2 month

Sir
Most humbly, | submit that is the applied Sciences (Switzerland) paid journal? How much
processing charges needed for publication in the journal.

2015

2020

options §

2017

2019



‘I\@é MelanieUrtiz 1 year 200

Dear Aistis,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJRis a
portal with scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request, we suggest you to contact the
journal's editorial staff , so they could inform you more deeply. Best Regards, SCimago
Team

e zayed | yearago

iwant to now the quartile of SN Applied Sciences

. reply

= $ SCImago Team
I . .
\\@é Melanie Ortiz 7 year aoo

Dear Zayed, thank you very much for your request. You can consult that information in
SJR website. Best Regards, SClmago Tea

WinPaPaSan 1 yearago
Dear Sir,

Please,| want to know the ranking of "A Novel Approach for Outdoor Fall Detection Using
Multidimensional Features from a Single Camera’.

Kindly,
Win PaPa San

4 reply

E'Q\ Sclmﬂgﬂ Team
P S
\\@ Melanie Ortiz | year 200

Dear user, thank you very much for your comment, unfortunately we cannot help you with
your request. Best regards, SCImago Team

El sayed Mohamed Ahmed Abedelaal = years ago

I need to know if Applied sciences journal is ISI or not.

4 reply

Elena Corera I years 2oo

@ SCImago Team
C

Dear El Sayed, SCImago Journal and Country Rank uses Scopus data, our impact indicator
is the SJR. Check our page to locate the journal. We suggest you consult the Journal
Citation Report for other indicators (like Impact Factor) with a Web of Science data
source. Best Regards, SCImago Team

Leave a comment

Name

Email
(will not be published)

I'm not a robot e

1eCAPTCHA
Submit

Priaey - Tems
The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a
specific journal. The purpose is to have a forum in which general doubts about the processes of publication in the
journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular
articles, maintain the dialogue through the usual channels with your editor.



This website uses cookies to ensure you get the best experience on our website




IMPACT

-E-E-E- applied sciences FACTOR

an Open Access Journal by MDPI

CERTIFICATE OF ACCEPTANCE

Certificate of acceptance for the manuscript (applsci-931322) titled:

Precast Bridges of Bamboo Reinforced Concrete in Disadvantaged Village Areas in
Indonesia

Authored by:
Muhtar Muhtar

has been accepted in Appl. Sci. (ISSN 2076-3417) on 10 October 2020

m P I m:l?-:;; Open Access Publishing
singe
=5

Basel, October 2020




iriried applied
L sciences

Article
Precast Bridges of Bamboo Reinforced Concrete in
Disadvantaged Village Areas in Indonesia

Muhtar

Faculty of Engineering, University of Muhammadiyah Jember, Jember 68121, Indonesia;
muhtar@unmuhjember.ac.id

check for
Received: 29 August 2020; Accepted: 10 October 2020; Published: 14 October 2020 updates

Abstract: Bamboo is an inexpensive, environmentally friendly, and renewable building material that
thrives in Indonesia. Bamboo has a high tensile strength but also has weaknesses, namely, it is easily
attacked by insects and has high water absorption. Utilization of bamboo as a precast concrete bridge
reinforcement must be treated first through soaking, drying, and giving a waterproof coating and
sand. This research aimed to obtain a precast bamboo reinforced concrete bridge technology with
good integrity, with measuring parameters of deformation and deflection according to AASHTO
standards. The dimensions of the bridge were a span of 320 cm, a width of 224 cm, and a height of
115 cm. Two bridge frames were connected by four bridge beams. The bridge plate was made of a
10-cm-thick concrete plate. The bridge support of the reinforced concrete is assumed to be the hinge
support and the rubber bearing is assumed to be the roller support. The bamboo reinforced concrete
frame bridge test was carried out directly with a load of a minibus-type vehicle. The test results
show that the precast bamboo reinforced concrete frame bridges have sufficiently good integrity;
that is, they can distribute loads with deflection and deformation that do not exceed their permits.
The maximum displacement occurs in the bridge frame of 0.25 mm, meeting the requirements based
on the AASTHO and RSNI T-12-2004 standards, which is not more than A,y = L/800 = 3.75 mm.
The maximum deformation occurs in the bridge beam of 0.20 mm, and the bridge frame of 0.13 mm
meets the requirements based on the AASTHO and RSNI T-12-2004 standards, which is not more
than 6, = L/800 = 3.75 mm.

Keywords: precast bridges; bamboo reinforced concrete (BRC); bridge technology; bridge frame

1. Introduction

The continued use of industrial products has caused permanent pollution. Permanent pollution is
environmental pollution caused by industrial waste without recycling or the continuous use of raw
materials from nature without renewal. The use of bamboo as a renewable building material can reduce
pollution and maintain a healthy environment [1]. Bamboo is a grass plant with cavities and nodes in
its stems [2]. Bamboo is a renewable building material, such as wood. Bamboo has the advantage of
being economical, growing fast, and does not take long to achieve mechanical resistance. Mechanical
resistance of bamboo, such as tensile strength, flexural strength, and other mechanical properties,
can be achieved in a relatively fast time, namely at the age of bamboo ranging from 3—4 years [3].
Bamboo is also very abundant in tropical and subtropical areas around the world [1]. Indonesia is a
country with a tropical climate. One of the plants that can thrive in Indonesia is bamboo. Bamboo is
scattered throughout Indonesia. Bamboo has been widely used as a material for simple structures,
such as warehouses, bridges, and village traditional houses, and for handicrafts for rural communities.
In Indonesia, there are more than 100 species of bamboo. Around the world, there are +1500 species
of bamboo [4]. In terms of its potential, in 2000 the total area of bamboo plants in Indonesia was
2,104,000 ha, consisting of 690,000 ha of bamboo planted in forest areas and 1,414,000 ha of bamboo
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plant areas outside forest areas [5]. Arsad (2015) [5] revealed that in the Hulu Sungai Selatan Regency,
the bamboo area was estimated to be around 22,158 ha, with a production of about 3000 stems/ha.
The description of the potential for bamboo production in East Java is 29,950,000 stems/year, Yogyakarta
2,900,000 stems/year, Central Java 24,730,000 stems/year, and West Java 14,130,000 stems/year [6].
With such a large production potential, efforts must be made to increase its economic value, including
being used as an alternative to concrete reinforcement. The best bamboos that are widely used as
structural elements are the petung bamboo (Dendrocalamus asper) and ori bamboo (Bambusa blumeana),
because these two bamboos have the best technical specifications with a high tensile strength. The use
of bamboo as concrete reinforcement for simple construction is applied specifically in underdeveloped
village areas that have a lot of bamboo.

Bamboo for concrete reinforcement is because it has a relatively high tensile strength. The tensile
strength of bamboo can reach 370 MPa in its outer fibers [1]. The failure of the elements of the bridge
frame or roof truss usually occurs in the tensile stem elements. Bamboo has a high enough tensile
strength suitable for use in tensile elements. Bamboo is suitable for use in tensile elements, simple
construction, such as roof trusses, simple bridge trusses, simple house construction elements, and so
on. Mubhtar et al. (2018) [7] tested the pull-out of bamboo reinforcement with a layer of Sikadur®-752
and hose clamps embedded in a concrete cylinder, showing an increase in tensile stress of up to
240% compared to untreated bamboo reinforced concrete (BRC). A single BRC beam with a bamboo
reinforcing area ratio of 4% exceeds the ultimate load of a steel-reinforced concrete (SRC) beam by
38.54% with a steel reinforcement area ratio of 0.89% [8]. However, bamboo also has weaknesses,
which are being easily attacked by insects and having high water absorption. This study did not
test for fungal and insect attacks, but the technology to prevent fungus and insect attack was based
on the opinion and research of Ridley (1911) [2] and Stebbings (1904) [9], namely that soaking in
water for two months is sufficient to prevent insect attack. Soaking and drying aim to remove the
starch or sugar content in bamboo. The criterion for sufficient soaking is that the bamboo smells
bad. The soaking causes the bamboo’s water content to increase and decrease its strength; however,
after drying it undergoes a transition from a brittle behavior to a very resilient behavior [10]. The effect
of alkaline cement does not cause the bamboo to decrease in strength. According to Ming Li (2017) [11],
the content of bamboo fiber (BF) treated with the right alkaline can effectively increase toughness,
flexural strength, and tensile strength. Moe Thwe (2003) [12] conducted a study on the durability of
bamboo with treatment using calcium hydroxide (CaOH?2) to increase flexibility and durability.

In this study, the technology used to prevent decay and absorption, and the effect of a high pH, is
to provide a Sikadur adhesive that is also a waterproof layer, and the basis is previous research that has
been conducted by several researchers, including (1) Ghavami (2005) [1], who researched the attachment
of bamboo reinforcement with several adhesives applied to the pull-out test and beam test. From the
results of his research concluded that the best adhesive is Sicadur 32 Gel; (2) Agarwal et al. (2014) [13],
who researched bamboo reinforcement treated with Araldite adhesive, Tepecrete P-151, Anti Corr RC,
and Sikadur 32 Gel. From the sticky strength test, it was found that the best adhesive was the Sikadur
32 Gel; (3) Lima Jr et al. (2008) [14], who experimented on the Dendrocalamus giganteus bamboo species,
showing that bamboo with 60 cycles of wetting and drying in a calcium hydroxide solution and tap
water did not reduce its tensile strength or Young’s Modulus; (4) Javadian et al. (2016) [15], who did
research on several types of epoxy coatings to determine the bonding behavior between concrete
and bamboo-composite reinforcement. The results showed that the bamboo-composite reinforcement
without bonding layers was adequate with the concrete matrix, but with an epoxy base layer and sand
particles, it could provide extra protection without losing bond strength. However, tests for decay
resistance, absorption, and the effect of a high pH on the strength properties will be carried out in future
studies; and (5) Muhtar et al. (2019) [8], who processed bamboo reinforcement by immersing in water
for 1 month, coating with Sikadur®-752, and applying a hose clamp. The pull-out test results show that
the bond-stress increases by 200% when compared to untreated bamboo. Sikadur®-752 adhesive is
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quite effective in preventing the occurrence of hygroscopic and hydrolysis processes between bamboo
and concrete. The non-adhesive hose-clamp does not affect bond stress.

Several researchers who have concluded that bamboo is suitable for use as concrete reinforcement
include (1) Ghavami (2005) [1], who concluded that bamboo can be used as a structural concrete element,
including beams, windows, frames, and elements that experience bending stress; (2) Agarwal et al.
(2014) [13], who conducted tests of treated bamboo reinforced columns and beams and concluded that all
tests indicated that bamboo has the potential to replace steel as reinforcing beam and column elements;
(3) Sakaray et al. (2012) [16], who conducted a feasibility test for the moso-type bamboo as a reinforcing
material for concrete and the conclusion was that bamboo could be used as a substitute for steel in
concrete; (4) Nayak et al. (2013) [17], who conducted a study to analyze the effect of replacing steel
reinforcement with bamboo reinforcement. One of the conclusions wrote that bamboo reinforcement
is three times cheaper than steel reinforcement and that the engineering technique is cheaper than
steel reinforcement; (5) Kaware et al. (2013) [18], who reviewed bamboo as a reinforcing material for
concrete and one conclusion was that bamboo exhibits ductile behavior like steel; (6) Khan (2014) [19],
who researched bamboo as an alternative material to substitute for reinforcing steel and one of the
results of his study revealed that bamboo reinforced concrete can be used successfully for structural
and non-structural elements in building construction; (7) Rahman et al. (2011) [3], who conducted tests
on bamboo reinforced concrete beams and one of the conclusions wrote that bamboo is a potential
reinforcing material in concrete; (8) Sethia and Baradiya (2014) [20], who in one conclusion revealed that
bamboo can be used as an alternative to steel reinforcement in beams; (9) Terai and Minami (2011) [21],
who conducted a study on 11 bamboo reinforced concrete beams and tested them to check for flexural
cracks and shear cracks, and concluded that the crack pattern of bamboo reinforced concrete (BRC)
beams resembles the fracture pattern of steel-reinforced concrete (RCC) beams so that the fracture
behavior of bamboo reinforced concrete (BRC) beams can be evaluated with the existing formula on
RCC steel-reinforced concrete beams; and (10) Muhtar (2020) [22], who conducted a flexural test on
four beams with untreated bamboo reinforcement and treated with Sikadur®-752 and a hose clamp.
The test results showed that the beam treated with Sikadur®-752 increased the load capacity by 164%
when compared to the untreated reinforced bamboo. With the first treatment, bamboo is suitable for
use as a simple construction concrete reinforcement.

Bamboo as a concrete reinforcement must be treated beforehand, such as immersion in water [8,23],
drying in free air [3,13], applying a waterproof layer [24], and sprinkled with sand, to modify the
roughness of the bamboo reinforcement. Usage of the adhesive or waterproof coating can be
done in various ways, such as paint [25], Sikadur 32 Gel [1,13], and Sikadur®-752 [7,22-24,26,27].
Strengthening of bamboo reinforcement with adhesive or waterproof coating can increase the bond
stress of bamboo reinforcement [23]. Bamboo as reinforcement for concrete construction elements
has been widely researched, including bamboo as beam reinforcement [28-31], bamboo as column
reinforcement [17-34], bamboo as slab reinforcement or panel reinforcement [35-37], and bamboo as a
bridge frame reinforcement [38,39].

Muhtar [22] tested the flexural properties of four types of bridge beams with different treatments.
The size of the bridge beam is 120 mm X 200 mm x 2100 mm with the area of tensile reinforcement
p = 4.68% and compressive reinforcement p’ = 1.88%. Strengthening of bamboo reinforcement is done
by applying adhesive as a waterproof layer. Modification of the roughness of the bamboo reinforcement
is done by sprinkled sand and installing hose clamps on the tensile reinforcement. The test was carried
out using the four-point load method. The position of the loading point is adjusted to the distance
of the minibus car axle. The test results show that the bridge beam with bamboo reinforcement can
reach the ultimate load of 98.3 kN with an initial crack load of 20 kN. Modification of the roughness
of the bamboo reinforcement with adhesive, sand, and hose clamp can increase the bond stress and
capacity of the bamboo reinforced concrete beam (BRC beam) [22]. The relationship between load vs.
displacement is shown in Figure 1.
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120 1
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Figure 1. The relationship of load vs. deflection of the bamboo reinforced concrete (BRC) beam [22].

Testing of bridge trusses has been carried out by several researchers, including bamboo as
reinforcement for a truss easel [39] and as reinforcement for a bridge frame with a span of 3 m [38].
Dewi and Wonlele [39] concluded that the collapse of the frame structure was caused by a combination
of compressive and shear forces at the positioning of the support knot points. Failure at the knot
placement causes the tensile and compressive rods to be unable to develop the maximum tensile and
compressive strength; however, the collapse pattern still shows a bending effect [39].

Mubhtar et al. [38] tested two bridge frame models, namely one frame with symmetry reinforcement
as the joint frame model or “truss model”, and one frame with flexural reinforcement as the rigid
portal model or “frame model”. The test results show that the rigid portal model or “frame model”
has a higher rigidity and load capacity than the joint frame model or “truss model”. The rigid portal
model or “frame model” has an initial crack load capacity of 8700 kg or 87 kN and the joint frame
model or “truss model” has an initial crack load capacity of 5500 kg or 55 kN. The relationship pattern
of the load (P) vs. deflection (A) of the two bridge frames is shown in Figure 2.

icead! | First crack
Irst crack ———
9000 + \

8000 1

7000
6000 T+

5000 + .
——First crack

Load, P (kg)

= TRUSS MODEL
=—+—FRAME MODEL

0 -2 = - - 10
Deflection, A (mm)

Figure 2. The relationship pattern of load vs. deflection of the bridge frame [38].

The dimensions and reinforcement of the bridge beams used in this study are the same as Muhtar’s
(2020) research [22]. In this study, strengthening of the reinforcement with hose clamps is only for
tensile reinforcement, whereas in previous studies it was carried out for all reinforcements. Hose-clamp
strengthening when the distance is too close together can reduce the elastic properties of the bamboo



Appl. Sci. 2020, 10, 7158 5 0f 25

and reduce its capacity. The bridge frame model used in this study is a rigid frame model or “frame
model” as in the experiment conducted by Muhtar et al. (2020) [38]. The reinforcement model on the
lower side frame stem is installed with the concept of flexural reinforcement, whereas in previous
studies it was carried out with the concept of truss reinforcement or symmetry, and their behavior
shows flexural behavior. The basis for using the results of previous laboratory research is to control
the results of the direct tests in the field. The novelty that is expected is (1) obtaining a prototype of
the precast concrete reinforced concrete bridge; and (2) increasing the stiffness and capacity of the
precast bridge elements when assembled into a complete unit. The expected benefits are that the
research results can be used as the basis for the use of bamboo as a substitute for steel reinforcement,
which could be applied to a simple frame bridge structure in underdeveloped village areas with local
materials that are cheap, environmentally friendly, and acceptable.

The targets to apply this research to are underdeveloped villages with lots of bamboos. Bamboo is
a new and renewable energy from natural resources that are very abundant in rural areas. Bamboo
needs to be used, including for reinforced concrete. The use of bamboo is one of the real efforts to
increase the economic strength of the community. Based on previous research and the abundant
potential of bamboo, it is necessary to use it as a reinforcing element for simple precast reinforced
concrete bridges, especially in rural areas with lots of bamboos.

2. Materials and Methods

2.1. Materials

The bamboo used was the petung bamboo (Dendrocalamus asper), aged 3-5 years [13,23]. For the
petung bamboo, the bamboo shoots are purplish-black, covered with hairs that are velvety brown
to blackish. Petung bamboo is large, with a segment length 40-50 cm, diameter 12-18 cm, and a
stem height of up to 20 m. The nodes are surrounded by aerial roots. The wall thickness of the
bamboo internode is between 11 and 36 mm, as per Brink (2008) in Wikipedia Indonesia (2016) [2].
The mechanical properties of petung bamboo are shown in Table 1. The tensile test for bamboo petung
was based on ASTM D 143-94 [40].

Table 1. Mechanical properties of petung bamboo [41].

Mechanical Properties

Tensile strength (MPa) 105+ 8
Modulus of elasticity (GPa) 26+5
Elongation of fault (%) 16+1
Flexural strength (MPa) 153 + 11
Hardness (VHN) 5+1
Impact strength (J/mm?) 0.15+ 0.7

The bamboo part that is taken was 67 m from the base of the bamboo stem. The bamboo
was cut and split into a bamboo reinforcement size of 15 x 15 mm?. The bamboo to be used
must be treated with the following steps: (a) the bamboo must be cut and split close to the size
of the bamboo reinforcement to be used, namely 15 mm X 15 mm X 2000 mm for bridge beam
reinforcement, and 15 mm X 15 mm X 3160 mm for the lower side truss bridge reinforcement.
Meanwhile, the reinforcement for the vertical truss is 15 mm x 15 mm X 1100 mm, the top stem is
15 mm X 15 mm X 1100 mm, and the diagonal stem is 15 mm X 15 mm X 1300 mm; (b) the bamboo
must be soaked in water for 1-2 months to remove the sugar content and prevent termites and insects,
as shown in Figure 3 [9]; (c) it should be dried in free air until the moisture content is approximately
12%, as shown in Figure 4; (d) the bamboo reinforcement should be trimmed with a grinding machine
according to the specified size, as shown in Figure 5; (e) one should provide a waterproof layer to
reduce the occurrence of the hydrolysis process between the bamboo and concrete, as shown in Figure 6;
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(f) do sand sprinkling to modify the roughness of the bamboo reinforcement, as shown in Figure 7;
and (g) stringing the bamboo reinforcement, as shown in Figure 8.

Ghavami (2005) [1] and Agarwal et al. (2014) [13] concluded that the best waterproof layer is
Sikadur 32 Gel. Muhtar (2019) [8] treated bamboo with Sikadur®-752 and a hose clamp. The test
results show that the adhesion strength increases up to 200% and the beam capacity increases 164%
when compared to untreated bamboo reinforcement. The waterproof or adhesive layer used here was
Sikadur®-752, produced by PT Sika Indonesia [8,27]. Sikadur®-752 is a solvent-free, two-component,
super-low viscosity liquid, based on high strength epoxy resins—especially for injecting into the
cavities and cracks in concrete. Usually used to fill and seal cavities and cracks in structural concrete,
Sikadur®-752 is applied to the bamboo reinforcement to prevent water absorption. The effectiveness
and durability of Sikadur®-752 adhesives require further research. The specifications of Sikadur®-752
are shown in Table 2. The coating was carried out in two stages. The second waterproof layer was
applied to perfect the waterproof layer of the first stage. The thermal effect of Sikadur®-752 on bamboo
reinforcement can be prevented by the moisture content of 12% in bamboo. In determining the strength
of the bamboo, a 12% moisture content in the air-dry condition has been considered as a reference
standard [42], and the temperature does not significantly affect the loss of stiffness [43]. Chemical
treatment of bamboo helps increase the durability of the bamboo fibers and reduces the moisture
absorption of the bamboo fibers [44].

Table 2. The specifications of Sikadur®-752 [45].

Components Properties
Color Yellowish
Density Approx. 1.08 kg/L
Mixing Ratio, by weight/volume 2:1
Pot life at +30 °C 35 min

62 N/mm? at 7 days (ASTM D-695)
64 N/mm? at 28 days
Tensile strength 40 N/mm? at 28 days (ASTM D-790)
2 N/mm? (Concrete failure, over mechanically
prepared concrete surface)
Coefficient of thermal expansion —20 °C to +40 °C, 89 x 107 per °C
Modulus of elasticity 1060 N/mm?

Compressive strength

Tensile adhesion strength

The hose clamp used had a diameter of %”, made in Taiwan [8,22]. The shear reinforcement of the
bridge beam and bridge frame uses steel of 6 mm in diameter, with a fy 240 MPa quality. From the
results of the bamboo tensile test in this study, it was found that the modulus of elasticity of the bamboo
(Ep) was 17,236 MPa, with a tensile strength of 127 N/mm? [8], and the modulus of steel elasticity (E;)
was 207,736 MPa [8]. The concrete mixture used was Portland Pozzolana Cement (PPC), with a pH of
7, as well as sand, coarse aggregate, and water with a mixed proportion of 1.81:2.82:0.52, as shown
in Table 3. The average compressive strength of the concrete was 31.31 MPa at the age of 28 days.
The process of treating the bamboo to assembling the bamboo reinforcement can be seen in Figures 3-8.

Table 3. The mix composition of the concrete.

Cement (PPC) Fine Aggregate Coarse Aggregate Water
Kg/m3

Material per m? 381 185 689 1077
Mix composition 1 1.81 2.82 0.52

The Concrete Mix Design
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Figure 4. Drying bamboo in free air.

Figure 5. Tidy up the bamboo according to size.
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the tensile reinforcement
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Figure 8. Stringing the bamboo reinforcement.

2.2. Methods

The dimensions of the bridge were a span of 320 cm, a width of 224 m, and a frame height of
115 cm. The clean span of the inside of the bridge was 280 cm. Two bridge frames were connected
by four bridge beams. Each end of the bridge beam was connected to the knot point with two bolts
and a steel ring plate with a thickness of 2 mm to prevent stress concentration. Details and models
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of the joints between the beam and precast bridge frame are shown in Figures 9 and 10. The bridge
supports were made of reinforced concrete with the assumption of hinge support and a rubber bearing
assuming roller support. The bridge plate was a 10-cm-thick concrete plate with 0.3-mm-thick spandex.
The shape and model of the precast bridge of the bamboo reinforced concrete frame are described in
Figure 11. Details of the reinforcement of the precast bridge beams are shown in Figure 12. Details of
the reinforcement of the bridge frame are shown in Figures 13 and 14 and Table 4.

The design concept of the bamboo reinforced concrete beams follows Ghavami (2005) [1] and
Muhtar (2020) [22], as shown in Figure 15. The balance of the concrete compressive force (C = Cyy + Cc)
and the tensile force (T) must be met, as shown in Figure 15. The tensile strength of the bamboo
reinforcement (T) was obtained by multiplying the bond stress with the shear area in the bamboo
reinforcement. The failure of the bamboo reinforced concrete beams was due to the breaking of the
bonds between the bamboo and concrete.

Ring plate t = mm
) J:“ Bolt sleeve ¢ 21 min
mm— | 3
Khhmdﬂsmm
Pm——— —m

'Yaahi 12 mm
Anchor ¢ 6 mm

Figure 9. Details of the ring plate and bolt sleeve.

Tighten the bolts in the connection |
of beam and frames bridge

(c) Precast bridge frames

Figure 10. Models and applications of the precast connections.
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Bambwo reinforced concrete bridge beam
Pate ring t =2 mm, and belt hole ¢ 21

Bolt hole ¢ 21 mm
Plaiering i = 1 mm

Figure 11. Model of the precast bridge made from bamboo reinforced concrete.

Ring plate and bolt sleeve i
Bamboo reinforcement

7015x15
Car axle Car axle
Shear r;lréfggcement Shear reinforcement
v @ 6-200 v .
b LI ]
J!,, 1L 200
| LA P
| 300 | 1400 | 300 | ﬁlzo |
T T T ! T I
10 2000 mm 19
T

115 ecm
320 cm
T

Figure 13. Details of the precast bridge frame [38].

1

Bamboo reinforcement

Distribution reinforcement 015 x15 am

" 38 mm

@Delaﬂsofknolpointminfomemmtofﬁ o Details of knot point reinforcement of B

Figure 14. Cont.
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B8 mm

Stirup
Stirmup 26 mm
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Figure 14. Details of the knot reinforcement for the bridge frames [38].

Table 4. Details of the bridge frame reinforcement [38].

Model I (Shown in Figure 14) IT (Shown in Figure 14) IIT (Shown in Figure 14)
Bamboo reinforcement
80 15x15 mm’ - Bamboo reinforcement AN Bamboo reinforcement
i 4015515 mm* 40 15x15 mm’
g'!"“ 6100 mm lﬂﬂzm D Stirrup ¢ 6 130 mm 140/cm Stirrup ¢ 6— 150 mm
.. tirrup ¢ 6 — 150 mm | SWTup © 5= 107
Rigid portal model or
“frame model”
‘@‘ ‘612 cm> ‘

0.85 £,
|<_>C Cp = Ay fb'

""M =0.85 £, ba

Figure 15. Stress—strain distribution diagram in a BRC beam [1,22].

Testing of the precast bridges with the bamboo reinforced concrete frames was carried out directly
with a load of a minibus-type vehicle. The load was given in stages and levels, starting from a zero
load, Brio carload without passengers, Brio carload full of passengers, and Avanza carload full of
passengers, as shown in Figure 16. The stage of reading the response variable was carried out when the
axle of the car was at the coordinates 0 cm, 17.5 cm, 50 cm, 100 cm, 150 ¢cm, 200 cm, 250 cm, 267.5 cm,
and 300 cm from the support, as shown in Figure 17. Tests were carried out on service limits or elastic
conditions with displacement and deformation measuring parameters. To get the displacement that
occurs in the beam and bridge frame, four LVDTs (Linear Variable Displacement Transducers) were
installed with inductive transducers of type PR 9350 in the middle of the frame span and the middle
span of the bridge beam. Meanwhile, to determine the deformation of the bridge, six pieces of LVDTs
were installed, two pieces of LVDTs were installed in the middle of the side frame span, and four
LVDTs were installed on the side of the four ends of the beam. The performance test settings for the
precast bridges of the bamboo reinforced concrete frames are described in Figure 18.

The weights of the Brio and Avanza cars were calculated based on the empty weight and the total
passenger weight according to the capacity of the number of passengers. The calculation of passenger
weight was based on the average weight of Indonesians, namely 65 kg. The calculation of the total
weight of a minibus and its specifications are shown in Table 5.
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Table 5. Specifications and weight of the minibus car.
Type of . . Empty Weight  Passenger Weight with
Car Length  Height Width Wheelbase or One Driver Capacity Full Passenger
mm mm mm mm kg Persons kg
Brio 3800 1485 1680 2655 930-965 5 1280
Avanza 4190 1695 1660 2655 1045-1095 7 1550
1800
e Pn = full passengers P 1550 kg

Car Weight + Passengers (Kg)

1400

1200

1000

800

600

400

200

Brio Brio + Pn Avanza +Pn

Stages of Bridge Loading

Figure 16. Loading stage of the precast bridges with a bamboo reinforced concrete frame.
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Figure 17. The coordinates of the reading points of the displacement and deformation.
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Figure 18. Arrangement of the testing of the bamboo reinforced concrete frame precast bridges.
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The planned life of the bridge is 10 years. The determination of the age of the bridge in this study
is based on opinions and research on the resistance of bamboo as concrete reinforcement that has been
carried out by several researchers, including Hidalgo (1992) in Sattar (1995) [46], Ghavami (2005) [1],
Rong (2007) [47], and Lima Jr et al. (2008) [14]. After the design life of the bridge is reached, a gradual
visual observation of the deflections and cracks will be carried out. Observations will be carried out
every year with the main objective of observing the durability of bamboo as the concrete reinforcement
of the bridge elements. Measured parameters during the observation period are deflection and cracks
that may occur due to the decreased durability of bamboo reinforcement.

Hidalgo (1992) in Sattar (1995) [46] reported that a house in Colombia whose ceiling and walls are
made of bamboo plastered with cement mortar can last for more than ninety years. Ghavami (2005) [1]
mentions that, after testing, the bamboo reinforced concrete beams were left in the open air at the PUC
Rio Brazil university campus; the bamboo reinforcements from the treated beams showed that the
bond with the concrete was still in satisfactory condition after 15 years. Rong (2007) [47], in his opening
speech at the First International Conference On Modern Bamboo Structure (ICBS-2007) in Changsha,
China, stated that the bamboo reinforcement that is used as a substitute for steel reinforcement in
precast floor plate elements for a five-story office building still functions well after more than fifty
years of use, so bamboo reinforcement can be used as a substitute for steel reinforcement as the level of
durability is good. Lima Jr et al. (2008) [14] experimented on the Dendrocalamus giganteus bamboo
species, showing that bamboo with 60 cycles of wetting and drying in a calcium hydroxide solution
and tap water did not decrease its tensile strength or Young’s Modulus. This is an important factor in
the material for use as concrete reinforcement.

2.3. The Numerical Method Used

Determining the capacity and behavior of reinforced concrete structural elements can be done
with a numerical approach. Theoretical analysis is carried out as control over the results of research
in the laboratory so that the actual structural behavior differences can be seen with the theoretical
analysis. The numerical method used is the finite element method (FEM). Numerical verification in
this study was carried out to control the suitability of the deflection value of the experiment results
with the deflection contours of the FEM analysis result. The program developed in the FEM analysis
was written with the Fortran PowerStation 4.0 program. The theoretical analysis to calculate the
load causing the initial crack was done by using the elastic theory with the transformation section.
The formula for the transformation of the cross-sectional bamboo reinforced concrete is shown in
Equations (1) and (2). For linear analysis, the material data entered are the Poisson’s ratio (v) and the
modulus of elasticity (E). The constitutive relationship analysis of the problem-solving method uses
the stress-field theory. Triangular elements are used to model the plane stress element with a two-way
primary displacement at each nodal point so that the element has six degrees of freedom, as shown in
Figure 19. The stress—strain relationship for the field stress problem has the form of an equation, such
as Equation (3).

E
n= Bamboo (1)
Econcrete
E _ ABlZmbOOXEB{lWlbDO + AConcreteXEConcrete )
Comp — A ()
Comp
Oy E 1 14 0 Ex
Gy = m v 1 91/ & y (3)
Ty 0 0 5 Vxy

ox+o Ox —0y\2
012 = ! + \/( y) + Txyz = Omax 4)
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where E is the modulus of elasticity and v is the Poisson’s ratio. The principal stresses in two dimensions
are calculated by Equation (4). The Fortran PowerStation 4.0 programming language for triangle
elements is shown at the following link: https://bit.ly/3110U0d.

Y

i(xi,yi)

Figure 19. The degrees of freedom of the triangular element.

3. Results

Specifications for precast bridges of the bamboo reinforced concrete frame are shown in Table 6.
The precast bridges were tested with a minibus car full of passengers. The test was carried out
after several stages of work were done, including making river stone foundations, making support
plates, setting the frame on two supports, installing bridge beams and joints, casting bridge plates,
and completing or finishing the bridge. Recording of the test results started when the front axle of the
minibus car was right on the hinge support and ended when the rear axle of the minibus car was right
on the support of the roller. The test result data are shown in Table 7.

The security measure during the test was to place the support poles and scaffolding under the
bridge. The support poles and scaffolding under the bridge also function as a place and safety for
the LVDT tool. Besides, the bridge was planned using the “Service Load Planning” method with the
assumption that the structure has linear elastic behavior and the load test was carried out with elastic
loads or under the initial crack load of the most critical bridge components. Observation of deflection
and the deformation that occurred was deflection and elastic deformation. The critical load (P,,) or
initial crack load was 2.1 tons and the maximum test load for the minibuses was 1.55 tons.

Figures 20-25 show the beam displacement and the bridge frame with the minibus Brio car,
the Brio full of passengers, and the AVANZA full of passengers. The maximum displacement with the
load of the Brio car occurred when the position of the front axle was at coordinates 150 cm and the rear
axle was at a distance of 85 cm from the pedestal, with a displacement of 0.2 mm for the frame and
0.14 mm for the beam displacement. While, the maximum displacement with a full passenger Brio
car occurred when the position of the front axle was at coordinates 200 cm and the rear axle was at a
distance of 35 cm from the pedestal, with a displacement of 0.2 mm for the frame and 0.17 mm for the
beam displacement. The maximum displacement with a full passenger AVANZA car load occurred
when the front axle position was outside the bridge coordinates, which was 115 cm from the roller
support, and the rear axle was at 150 cm coordinates, with a displacement of 0.25 mm for the frame
and 0.21 mm for the displacement beam.

Based on the AASHTO [48] and RSNI T-12-2004 standards [49], the maximum allowable
displacement limit of the bridge is A = L/800 or equal to 3.75 mm. Thus, the maximum displacement
that occurs in the element of the bamboo reinforced concrete frame bridge meets the requirements
based on the AASHTO [48] and RSNI T-12-2004 standards [49].
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Table 6. Geometry and specifications of the precast bridges with a bamboo reinforced concrete frame.

Bridge span: 3m
Foundation: River stone
. Concrete slab = assumption of hinge support; Concrete slabs and rubber
Bridge support: -
pads = assumption of the roller support
- Dimensions of the bridge beam 12 x 20 cm?, tensile reinforcement
(p) = 4.688% and compressive reinforcement ([yellow]p’) = 1.875%
- Hose-clamp d = % attached to the end of the bamboo
Beam: reinforcement instead of hooks
- Adhesive layers of bamboo reinforcement using Sikadur®-752
and sand
Connection type: Precast system connection, using bolts and sleeves of 19 mm diameter
Frame model: Rigid portal model or “frame model”
- 10 cm thick slab + spandex t = 0.3 mm
Bridge slab: - Slab reinforcement using bamboo 1.5 X 1.5 cm? with a distance of

10 cm

Displacement and deformation Based on AASHTO [48] and RSNI T-12-2004 standards [49], the
of permit: maximum displacement of permit is Ay = L/800 = 3.75 mm

Table 7. Data on the test results of the precast bridge with bamboo reinforced concrete frames.

Displacement and Deformation

Bridge Load

Frame 1 Frame 2 Beam 1 Beam 2
Displacement  Deformation = Displacement Deformation Displacement Deformation Displacement

1 (mm) 2 (mm) 1 (mm) 2 (mm) 1 (mm) 2 (mm) 1 (mm)

Brio 930 kg 0.2 0.03 0.04 0.04 0.06 0.01 0.14
Brio + Pn
1280 kg 0.2 0.01 0.04 0.05 0.08 0.06 0.17
Avanza + Pn

1550 kg 0.25 0.01 0.04 0.13 0.14 0.2 0.21

1 Displacement is the deflection of the direction of gravity on the beam or frame elements due to the distribution
of the vehicle loads within the elastic limit. 2 Deformation is a change in shape or a change in the angle of the
cross-section of the beam or frame due to the distribution of the vehicle loads within the elastic limit measured as
the direction of the horizontal of the cross-section.

Displacement of Frame 1 and Frame 2
AVANZA + Pn = 1550 Kg

0.280
% 0240
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= 0.200
5 - wtps Frame 2
E E 0.160
E ~ 0120
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A

&

& & & F & F &
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Figure 20. Displacement of the frame with loads of the Avanza car full of passengers.
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Displacement of Beam 1 and Beam 2
AVANZA + Pn = 1550 Kg
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Figure 21. Displacement of the beam with loads of the Avanza car full of passengers.
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Figure 22. Displacement of the frame with loads of the BRIO car full of passengers.

Displacement of Beam 1 and Beam 2
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Figure 23. Displacement of the beam with loads of the BRIO car full of passengers.
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Figure 24. Displacement of the frame with loads of the BRIO car with no passengers.
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Figure 25. Displacement of the beam with loads of the BRIO car with no passengers.

Figure 26 shows the deformation of the bridge beam of the bamboo reinforced concrete with a load
of Brio minibuses, the Brio car full of passengers, and the Avanza car full of passengers. From Figure 26
and Table 7, we see that the maximum deformation occurs in the beam with the load of the Avanza car
with a full passenger load, which is when the position of the front axle is outside the coordinates of the
bridge, which is 65 cm from the roller support, and the rear axle is at coordinates 100 cm, with the
deformation of the beam being 0.20 mm.

Deformation of Beam
0.240
E i —a— BRIO + B = 1280 Kg
‘!ni e AVANIA + Pri = 1550 KR
5 o160 —a—BRIO =930Kg
g & A
2 H o120
=g
B “oom
=]
g oos
0.000

é‘&“‘“*&&&“é‘rﬁé‘“é‘“‘. & & &
N R

9
Coordinates of Car Axle

Figure 26. Deformation of the beam of the precast bridge of bamboo reinforced concrete.

Figures 27-29 show the deformation of the bridge frame with the load of the Brio minibus, Brio
car full of passengers, and the Avanza car full of passengers. The maximum deformation with the brio
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car load occurs when the position of the front axle is outside the coordinates of the bridge, which is
85 cm from the roller support, and the rear axle is at coordinates 150 cm, with a frame deformation of

0.04 mm.

Deformation of Frame 1 and Frame 2
BRIO =930 Kg

=—dr—Frame 1
==g==Frame 2

Deformation of Frame

6(:@)
§E§§§§§§

&
R P

Coordinates of Car Axle

Figure 27. Deformation of the frame with loads of the Brio car with no passengers.
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Figure 28. Deformation of the frame with loads of the Brio car full of passengers.
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Figure 29. Deformation of the frame with loads of the Avanza car full of passengers.
The maximum frame deformation with the load of the brio car full of passengers occurred when

the position of the front axle was at coordinates 150 cm and the rear axle was at a distance of 85 cm
from the hinge support, with a deformation of 0.05 mm. The maximum deformation of the frame
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with the load of the Avanza car full of passengers occurred when the position of the front axle was at
the coordinates of the bridge of 150 cm, and the rear axle was at a distance of 115 cm from the hinge
support, with a deformation of 0.13 mm.

4. Discussion

Deformation usually occurs due to shrinkage of concrete, deformation of precast connections,
foundation settlement, or due to a static load or dynamic loads on the bridge. In this study, deformation
or elastic deformation is a change in shape or change in the angle of the cross-section of the beam or frame
due to the distribution of the vehicle loads within the elastic limit measured in the horizontal direction
of the cross section. Measurements were made by installing LVDTs (Linear Variable Displacement
Transducers) with inductive transducers of type PR 9350 on the horizontal side of the frame and bridge
beams, as shown in Figure 30.

LVDT formeasuring elastic deformation
in bridge beams and frame

LVDT formeasuring displacement in
bridge beams and frame

Figure 30. Measuring the elastic displacement and deformation.

The accuracy of the deformation measurement is very much determined by the calibration of the
equipment, the accuracy of the load point of the observation, the conditions of the test site, such as near
roads, and human error. Figure 26 shows that the minimum beam deformation occurs when the car axle
is right on the neutral line of the beam; this shows that the coupling moment or torque due to the load is
a factor that greatly affects the size of the beam deformation. Gravity loads right on the neutral line can
reduce the deformation and increase the deflection of the bridge beams. Figures 21 and 26 at the 200 cm
coordinates show that when the beam deformation is minimum, the beam displacement is maximum.
As shown in Figure 17, Beam 1 is at the coordinates 100 cm and Beam 2 is at coordinates 200 cm.
The deformation of the beam increases in line with the track of the car axle; that is, the deformation
continues to increase, respectively, at the front car axle and rear car axle. However, the accuracy of the
deformation measurements needs attention as to the many determinants of accuracy that exist.

Figures 27 and 28 shows that the minimum frame deformation or deformation = 0 occurs when
the car axle is directly above the pedestal or approaching the pedestal. Meanwhile, the maximum
frame deformation occurs when the car axle is in the middle of the bridge span, which is at coordinates
150 cm. There is a difference in the deformation of the bridge beam and the bridge frame, namely
the maximum beam deformation occurs when the load is outside the beam coordinates, while the
maximum frame deformation occurs when the load is in the middle of the bridge span or at the 150 cm
coordinates. It must be remembered that careful preparation at the time of testing or measurement
must be considered so that the data obtained is truly accurate; as shown in Figure 27, the coordinates
at 250 cm convey inconsistent deformation data even though the car axle is close to the support.

Table 7 shows that the maximum deformation of the bridge frame is 0.13 mm and the maximum
displacement of the bridge beam is 0.20 mm. According to the AASHTO [48] and RSNI T-12-2004
standards [49], the allowable limit for the maximum displacement is Ay = L/800 = 3.75 mm and the
maximum deformation of the bridge is d,ux = L/800 = 3.75 mm. Thus, the maximum deformation
and displacement that occurs in the precast bridge elements of the bamboo reinforced concrete frame
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meet the requirements based on AASHTO [48] and RSNI T-12-2004 standards [49]. However, the
relationship of load vs. displacement of the beam and the frame results from the field experiments need
to be validated or controlled with the relationship of load vs. displacement of laboratory experimental
results and simulation results of numerical methods. The simulation in this study used the finite
element method (FEM).

The simulation of the bridge frame test using the finite element method (FEM) was carried out
using the Fortran PowerStation 4.0 program and Surfer 9.8 software [50] based on laboratory test
results. Simulations were carried out as control and validation of the experimental data. The bridge
frame test simulation was carried out at the first crack load stage, which was 87 kN based on the frame
loading capacity of only 100 kN. The discretization of the bamboo reinforced concrete bridge frame for
the finite element method (FEM) is shown in Figure 31. The Y-direction and X-direction displacement
are shown in Figures 32 and 33. The loading stages and Y-direction displacement of the finite element
method simulation results are combined with the load vs. displacement laboratory test results [38],
and with the field test results as shown in Figure 34. Figure 33 shows displacement in the X-direction;
the green color shows the minimum displacement, and the orange and blue colors show the maximum
positive and negative displacement, respectively. FEM analysis modeling on the bamboo reinforced
concrete frames can be seen in Item 2.3 of the numerical method used.
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Figure 31. Discretization of the bamboo reinforced concrete bridge frames.

Figure 32. The displacement of Y-direction of the bridge frame.
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Figure 33. The displacement in the X-direction of the bridge frame.
Bridge integrity is the ability of a bridge structure or bridge components to withstand the designed

load, preventing structural collapse due to cracks or fractures, deformation, and structural fatigue.
Structural integrity is a concept used for the design plan and designing service load. Stiffness is the
main parameter of the resistance of a bridge structure to get good bridge integrity [24]. The stiffness of
the elements of the bridge structure needs to be controlled to prevent sudden collapse due to cracking
and excessive deformation. Stiffness control of the beams and bridge frames was analyzed through
a combination of load vs. displacement from the simulation results of the finite element method
(FEM), the results of laboratory experiments [22,38], and the results of field experiments as shown in
Figure 34. Control was carried out at the maximum load point of the bamboo reinforced concrete
precast frame bridge test in the field, which was 15.5 kN, as shown in Figures 35 and 36. Documentation
of the direct test of the bamboo reinforced concrete precast bridges can be seen at the following link:
https://bit.ly/3gzaW30.

Calculation of the aerodynamic effects due to wind loads and dynamic analysis on precast concrete
bamboo bridges were not carried out. Based on the Earthquake Resistance Standard for Bridges,
the SNI SNI-07-SE-2015 [51] dynamic analysis needed to be carried out for bridge types with a complex
behavior, one of which was the main span exceeding 200 m. In this study, the bridge width is 2.24 m
and the bridge span is 3.20 m, and the ratio of the bridge width to the bridge span of 0.7 is still stable
against aerodynamic effects due to wind loads according to Leondhart’s requirements (B > L/25) and
still meets the maximum deflection requirements of AASHTO [48] and RSNI T-12-2004 [49], which is
Apax = 1/800 = 3.75 mm.
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Figure 34. The relationship of load vs. displacement of the bridge frame.
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Figure 35. The relationship of load vs. displacement of the bridge frame from the laboratory test results,
FEM results, and field experiment results.
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Figure 36. The relationship of load vs. displacement of the bridge beam from the laboratory test results
and field experiment results.

The next step was validating the stiffness of the beam and bridge trusses. The main principle is that
the bridge must be in a service condition, with a Serviceability Limit State (SLS) load. The elements of
the bridge structure should not be subjected to cracks, deflection, or vibrations causing user discomfort.
The allowable deflections are those that are elastic deflection and do not cause the crack. Stiffness is the
main parameter of structural resistance. Therefore, the stiffness of the field test results needs to be
validated by the stiffness of the laboratory test results. Load-displacement relationship diagrams of
the experimental results, laboratory results, and FEM analysis results are combined into one graph.
The maximum test load of the bridge becomes the stiffness control limit, which is 15.50 kN. Based on
the displacement of the laboratory test results, and the displacement of the field experiments results of
the bamboo reinforced concrete frame precast bridge at a stop load of 15.50 kN, the displacement ratio
of the laboratory test results to the displacement of the field experiment results (Agy,/Apap) = 2.6 for
the bridge frame and 4.07 for the bridge beam. Figures 35 and 36 shows that the stiffness of the precast
bridge beam and precast bridge frame increases + 80% for the beam stiffness and increases + 60% for
the frame stiffness if it is used as an integral part of other bridge elements.
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5. Conclusions

Based on the results of the laboratory tests and field experiments, it appears that the bridge
displacement is quite small and comfortable for the user. The maximum beam displacement occurs
when the rear wheel is at the center of the span at the 150 cm coordinates and the front wheel is at the
415.5 cm coordinates (the front wheel is outside the bridge). While, the maximum displacement of the
frame occurs when the rear wheel is at the 100 cm coordinates and the front wheel is at the 365.5 cm
coordinates (the front wheel is outside the bridge).

The minimum beam deformation occurs when the car axle is right on the neutral line of the beam;
this shows that the coupling moment or torque due to the load is a factor that greatly affects the size of
the beam deformation. Gravity load right on the neutral line can reduce deformation and increase
the deflection of the beam and bridge frame, and the size of the torque moment can affect the size of
the deformation.

There is a difference in the maximum deformation occurrence between the beam and the bridge
frame, namely, the maximum beam deformation occurs when the load is outside the beam coordinates,
while the maximum frame deformation occurs when the load is in the middle of the bridge span and
outside the frame coordinates.

Precast bamboo reinforced concrete frame bridges have sufficiently good integrity; that is, they
can distribute loads with deflection and deformation that do not exceed their permits. The maximum
displacement of 0.25 mm meets the requirements based on the AASTHO and RSNI T-12-2004 standards,
which is not more than A,y = L/800 = 3.75 mm. The maximum deformation occurs in the bridge beam
of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements based on the AASTHO and RSNI
T-12-2004 standards, which is not more than 6, = L/800 = 3.75 mm.

At the stop load of P = 15.5 kN, the stiffness of the bridge beam increased +80% during the bridge
test when compared with the beam stiffness of the laboratory results. Likewise, the stiffness of the
bridge frame increased +60% during the bridge test when compared to the frame stiffness of the
laboratory results.
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Abstract: Bamboo is an inexpensive-building—material, environmentally friendly, and renewable
building material that thrives in Indonesia. Bamboo has a high tensile strength but also has
weaknesses, namely, it is easily to-attacked by insects and has high water absorption. Utilization of
bamboo as a precast concrete bridge reinforcement must be treated first through soaking, drying,
and giving a waterproof coating and sand. This research aimed to obtain a precast bamboo-
reinforced concrete bridge technology with good integrity, with measuring parameters of
deformation and deflection according to AASHTO standards. The dimensions of the bridge wereare
made-with a span of 320 cm, a width of 224 cm, and a height of 115 cm. Two bridge frames wereare
connected by four bridge beams. The Bbridge plate was made of a 10--cm--thick concrete plate. The
bridge support of the reinforced concrete is assumed to be the hinge support and the rubber bearing
is assumed to be the roller support. The bamboo--reinforced concrete frame bridge test was carried
out directly with a load of a minibus--type vehicle. The test results show that the precast bamboo--
reinforced concrete frame bridges have sufficiently good integrity;; that is, they can distribute loads
with deflection and deformation that do not exceed their permits. The maximum displacement
occurs in the bridge frame of 0.25 mm, meetings the requirements based on the AASTHO and RSNI
T-12-2004 standards, which is not more than Amx = L/800 = 3.75 mm. The maximum deformation
occurs in the bridge beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements
based on the AASTHO and RSNI T-12-2004 standards, which is not more than 6ma = L/800 = 3.75
mm.

Keywords: precast bridges; bamboo--reinforced concrete (BRC); bridge technology; bridge frame
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1. Introduction

The continued use of industrial products has caused permanent pollution. Permanent pollution
is environmental pollution caused by industrial waste without recycling or the continuous use of raw
materials from nature without renewal. The use of bamboo as a renewable building material can
reduce pollution and maintain a healthy environment [1]. Bamboo is a grass plant with cavities and
nodes in its stems [HZ]]. Bamboo is a renewable building material, such as wood. Bamboo has the
advantage of being economical, growing fast, and does not take long to achieve mechanical
resistance. Mechanical resistance of bamboo, such as tensile strength, flexural strength, and other
mechanical properties, can be achieved in a relatively fast time, namely at the age of bamboo ranging
from 3—4 years [6]. Alse,bBamboo is also very abundant in tropical and subtropical areas around the
world [1]. Indonesia is a country with a tropical climate. One of the plants that can thrive in Indonesia
is bamboo. Bamboo is scattered throughout Indonesia. Bamboo has been widely used as a material
for simple structures, such as warehouses, bridges, and village traditional houses, and for handicrafts
for rural communities. In Indonesia, there are more than 100 species of bamboo. Around the world,
there are +-1500 species of bamboo [2]. In terms of its potential, in 2000 the total area of bamboo plants
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in Indonesia was 2,104,000 ha, consisting of 690,000 ha of bamboo planted in forest areas and 1,414,000
ha of bamboo plant areas outside forest areas [27]. Arsad—E (2015) [27] revealed that in the Hulu
Sungai Selatan Regency, the bamboo area was estimated to be around 22,158 ha, with a production
of about 3000 stems/ha. The description of the potential for bamboo production in East Java is
29,950,000 stems/year, Yogyakarta 2,900,000 stems/year, Central Java 24,730,000 stems/year, and West
Java 14,130,000 stems/year [46]. With such a large production potential, efforts must be made to
increase its economic value, including being used as an alternative to concrete reinforcement. The
best bamboos that are widely used as structural elements are the #ype—ef—petung bamboo
(Dendrocalamus asper) and the-type-of-ori bamboo (Bambusa blumeana), because these two bamboos
have the best technical specifications with a high tensile strength. The use of bamboo as concrete
reinforcement for simple construction ané-is applied specifically to-in underdeveloped village areas
that have a lot of bamboo.

Bamboo for concrete reinforcement is because it has a relatively high tensile strength. The tensile
strength of bamboo can reach 370 MPa in its outer fibers [1]. The failure of the elements of the bridge
frame or roof truss usually occurs in the tensile stem elements. Bamboo has a high enough tensile
strength suitable for use in tensile elements. Bamboo is suitable for use in tensile elements, simple
construction, such as roof trusses, simple bridge trusses, simple house construction elements, and so
on. Muhtar et al. (2018) [11] tested the pull-out of bamboo reinforcement with a layer of Sikadur®-752
and hose clamps embedded in a concrete cylinder, showeding an increase in tensile stress of up to
240% compared to untreated bamboo--reinforced concrete (BRC). A single reinforced-BRC beam with
a bamboo reinforcing area ratio of 4% exceeds the ultimate load of a steel-reinforced concrete (SRC)
beam by 38.54% with a steel reinforcement area ratio of 0.89% [3]. However, bamboo also has
weaknesses, which are being easily te-attacked by insects and having high water absorption. This
study did not test for fungal and insect attacks, but the technology to prevent fungus and insect attack
was based on the opinion and research of Ridley (1911) [42] and Stebbings (1904) [45], namely that
soaking in water for two months is sufficient to prevent insect attack. Soaking and drying aim to
remove the starch or sugar content in bamboo. The criterion for sufficient soaking is that the bamboo
smells bad. The soaking causes the bamboo’s water content to increase and decrease its strength;;
however, after drying it undergoes a transition from a brittle behavior to a very resilient behavior
[28]. The effect of alkaline cement does not cause the bamboo to decrease in strength. According to
Ming Li (2017) [44], the content of bamboo fiber (BF)-which-is treated with the right alkaline can
effectively increase toughness, flexural strength, and tensile strength. Moe Thwe (2003) [51]
conducted a study on the durability of bamboo with treatment using cCalcium hHydroxide (CaOH2)
to increase flexibility and durability.

In this study, the technology used to prevent decay and absorption, and the effect of a high pH,
is to provide a Sikadur adhesive thatwhich is also a waterproof layer, and the basis is previous
research that has been conducted by several researchers, including (1) Ghavami (2005) [1],_who
researched the attachment of bamboo reinforcement with several adhesives applied to the pull-out
test and beam test. From the results of his research concluded that the best adhesive is Sicadur 32
Gel;; (2) Agarwal et al. (2014) [5],_who researched bamboo reinforcement treated with Araldite
adhesive, Tepecrete P-151, Anti Corr RC, and Sikeadur 32 Gel. From the sticky strength test, it was
found that the best adhesive was the Sikeadur 32 Gel;; (3) Lima Jr et al. (2008) [29], who experimented
on the Dendrocalamus giganteus bamboo species, showing that bamboo with 60 cycles of wetting and
drying in a calcium hydroxide solution and tap water did not reduce its tensile strength orand
Young’s Modulus;; (34) Javadian et al. (2016) [30],_who did research on several types of epoxy
coatings to determine the bonding behavior between concrete and bamboo-composite reinforcement.
The results showed that the bamboo-composite reinforcement without bonding layers was adequate
with the concrete matrix, but with an epoxy base layer and sand particles, it could provide extra
protection without losing bond strength. However, tests for decay resistance, absorption, and the
effect of a high pH on the strength properties will be carried out in future studies;; and (45) Muhtar
etal. (2019) [3], who processedirng bamboo reinforcement by immersing in water for 1 month, coating
with Sikadur®-752, and applying a hose clamp. The pull-out test results show that the bond-stress
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increases by 200% when compared to untreated bamboo. Sikadur®-752 adhesive is quite effective in
preventing the occurrence of hygroscopic and hydrolysis processes between bamboo and concrete.
The non-adhesive hose-clamp does not affect bond- stress.

Several researchers who have concluded that bamboo is suitable for use as concrete
reinforcement include: (1) Ghavami (2005) [1], who concluded that bamboo can be used as a structural
concrete element, including beams, windows, frames, and elements that experience bending stress;;
(2) Agarwal et al. (2014) [5], who conducted tests of treated bamboo--reinforced columns and beams
and concluded that all tests indicated that bamboo has the potential to replace steel as reinforcing
beam and column elements;; (3) Sakaray et al. (2012) [31],who conducted a feasibility test for the
moso-—-type bamboo as a reinforcing material for concrete and the conclusion was that bamboo could
be used as a substitute for steel in concrete;; (4) Nayak et al. (2013) [32], who conducted a study to
analyze the effect of replacing steel reinforcement with bamboo reinforcement. One of the
conclusions wrote that bamboo reinforcement is three3 times cheaper than steel reinforcement and
that the engineering technique is cheaper than steel reinforcement;; (5) Kaware et al. (2013) [33], who
reviewed bamboo as a reinforcing material for concrete and one conclusion was that bamboo exhibits
ductile behavior like steel;; (6) Khan (2014) [34], who researched bamboo as an alternative material to
substitute for reinforcing steel and one of the results of his study revealed that bamboo--reinforced
concrete can be used successfully for structural and non-structural elements in building construction;;
(7) Rahman et al. (2011) [6], who conducted tests on bamboo--reinforced concrete beams and one of
the conclusions wrote that bamboo is a potential reinforcing material in concrete;; (8) Sethia andé&
Baradiya (2014) [35],_who in one conclusion revealed that bamboo can be used as an alternative to
steel reinforcement in beams;; (9) Terai and& Minami (2011) [36], who conducted a study on 11
bamboo--reinforced concrete beams and tested them to check for flexural cracks and shear cracks, -
Aand concluded that the crack pattern of bamboo--reinforced concrete (BRC) beams resembles the
fracture pattern of steel-reinforced concrete (RCC) beams so that the fracture behavior of bamboo-
reinforced concrete (BRC) beams can be evaluated with the existing formula on RCC steel--reinforced
concrete beams;; and (10) Muhtar (2020) [12], who conducted a flexural test on 4four beams with
untreated bamboo reinforcement and treated with Sikadur®-752 and a hose-_clamp. The test results
showed that the beam treated with Sikadur®-752 increased the load capacity by 164% when compared
to the untreated reinforced bamboo. With the first treatment, bamboo is suitable for use as a simple
construction concrete reinforcement.

Bamboo as a concrete reinforcement must be treated beforehand, such as immersion in water [3-
4], drying in free air [5,6], applying a waterproof layer [7], and sprinkled with sand, to modify the
roughness of the bamboo reinforcement. Usage of the adhesive or waterproof coating can be done in
various ways, such as paint [8], Sikadur 32 Gel [1,5], and Sikadur®-752 [4,7,9-12]. Strengthening of
bamboo reinforcement with adhesive or waterproof coating can increase the bond -stress of bamboo
reinforcement [4]. Bamboo as reinforcement for concrete construction elements has been widely
researched, including bamboo as beam reinforcement [13-16], bamboo as column reinforcement [17-
19], bamboo as slab reinforcement; or panels reinforcement [20-22], and bamboo as a bridge frame
reinforcement [23,24].

Mubhtar [12] tested the flexural properties of four4 types of bridge beams with different
treatments. The size of the bridge beam is 120 mm x 200 mm x 2100 mm with the area of tensile
reinforcement @ = 4.68% and compressive reinforcement @' = 1.88%. Strengthening of bamboo
reinforcement is done by applying adhesive as a waterproof layer. Modification of the roughness of
the bamboo reinforcement is done by sprinkled sand and installing hose_-clamps on the tensile
reinforcement. The test was carried out using the four-point load method. The position of the loading
point is adjusted to the distance of the minibus car axle. The test results show that the bridge beam
with bamboo reinforcement can reach the ultimate load of 98.3 kN with an initial crack load of 20 kN.
Modification of the roughness of the bamboo reinforcement with adhesive, sand, and hose -clamp
can increase the bond -stress and capacity of the bamboo--reinforced concrete beam (BRC beam) [12].
The relationship between load vs. displacement is shown in Figure 1.
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Testing of bridge trusses has been carried out by several researchers, including bamboo as
reinforcement for a truss easel [24] and as reinforcement for a bridge frame with a span of 3 m [23].
Dewi and Wonlele [24] concluded that the collapse of the frame structure was caused by a
combination of compressive and shear forces at the positioning of the support knot points. Failure at
the knot placement causes the tensile and compressive rods to be unable to develop the maximum
tensile and compressive strength;; however, the collapse pattern still shows a bending effect [24].

Mubhtar et al. [23] tested two bridge frame models, namely one frame with symmetry
reinforcement as the joint frame model or “truss model”, and one frame with flexural reinforcement
as the rigid portal model or “frame model”. The test results show that the rigid portal model or “frame
model” has a higher rigidity and load capacity than the joint frame model or “truss model”. The rigid
portal model or “frame model” has an initial crack load capacity of 8700 kg or 87 kN and the joint
frame model or “truss model” has an initial crack load capacity of 5500 kg or 55 kN. The relationship
pattern of the load (P) vs. deflection (A) of the two bridge frames is shown in Figure 2.
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tFigure 28 rThe relationship pattern of load vs. deflection of the bridge frame [23].

The dimensions and reinforcement of the bridge beams used in this study are the same as
Mubhtar’s (2020) research [12]. In this study, strengthening of the reinforcement with hose- clamps is
only forte tensile reinforcement, whereas in previous studies it was carried out forea all
reinforcements. HFhe-hose-clamps strengthening whenith the distance is too closetightly together
can reduce the elastic properties of the bamboo and reduce its capacity. The bridge frame model used
in this study is a rigid frame model or “frame model” as in the experiment conducted by Muhtar et
al. (2020) [23]. The reinforcement model on the lower side frame stem is installed with the concept of
flexural reinforcement, whereas in previous studies it was carried out with the concept of truss
reinforcement or symmetry, and their behavior shows flexural behavior. The basis for using the
results of previous laboratory research is to control the results of the direct tests in the field. The
novelty that is expected_is: (1) obtaining a prototype of the precast concrete reinforced concrete
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bridge;; and (2) increasing the stiffness and capacity of the precast bridge elements when assembled
into a complete unit. WhiletThe expected benefits are that the research results can be used as the
basis for the use of bamboo as a substitute for steel reinforcement, which could beis applied to a
simple frame bridge structure in underdeveloped village areas with local materials_that are; cheap,
environmentally friendly, and acceptable.

The targets to apply ef-this research toapplication are underdeveloped villages withanéd lots of
bamboos. Bamboo is a new and renewable energy from natural resources that are very abundant in

rural areas. Bamboo needs to be used, including for reinforced concrete. The use of bamboo is one of
the real efforts to increase the economic strength of the community. Based on previous research and
the abundant potential of bamboo, it is necessary to use it as a reinforcing element for simple precast
reinforced concrete bridges, especially in rural areas with lots of bamboos.

2. Materials and Methods

2.1. Materials

The bamboo used is-was the petung bamboo (Dendrocalamus asper), aged 3-5 years [4,5]. For the
Ppetung bamboo, the bamboo shoots are purplish-black, covered with hairs that aresueh-as velvety
brown-velvet to blackish. Petung bamboo is large, with a segment length 40-50 cm, diameter 12-18
cm, andwith a stem height of up to 20 m. The nodes are surrounded by aerial roots. The wall thickness

of the bamboo internode is between 11 and 36 mm, as per Brink 3-(2008) in Wikipedia Indonesia
(2016) [42]. The mechanical properties of petung bamboo are shown in Table 1. The tensile test for
bamboo petung was based on ASTM D 143-94 [37].

Table 1. Mechanical properties of petung bamboo [47].

Mechanical Properties

Tensile strength (MPa) 105 +8
Modulus of elasticity (GPa) 26 £5
Elongation of fault (%) 161
Flexural strength (MPa) 153 +11
Hardness (VHN) 5+1

Impact strength (J/mm?) 0.15+0.7

The bamboo part that is taken iswas 6-7 m from the base of the bamboo stem. The bBamboo
wasis cut and split into a bamboo reinforcement size with-a-size-of 15 x 15 mm?2 The bBamboo to be
used must be treated with the following steps: (a) the bamboo must beis cut and split close to the size
of the bamboo reinforcement to be used, namely 15 mm x 15 mm x 2000 mm for bridge beam
reinforcement, and 15 mm x 15 mm x 3160 mm for the lower side truss bridge reinforcement.

Meanwhile, the reinforcement for the vertical truss is 15 mm x 15 mm x 1100 mm, the top stem is 15
mm x 15 mm x 1100 mm, and the diagonal stem is 15 mm x 15 mm x 1300 mm;; (b) the bamboo must
beis soaked in water for 1-2 months to remove the sugar content and prevent termites and insects, as
shown in Figure 3 [45];; (c) it should be driedy in free air until the moisture content is approximately
12%, as shown in Figure 4;; (d) the bamboo reinforcement should beis trimmed with a grinding
machine according to the specified size, as shown in Figure 5;; (e) one should provideing a waterproof
layer to reduce the occurrence of the hydrolysis process between the bamboo and concrete, as shown
in Figure 6;; (f) do sand sprinkling to modify the roughness of the bamboo reinforcement, as shown
in Figure 7;; and (g) Sstringing the bamboo reinforcement, as shown in Figure 8.

Ghavami (2005) [1] and Agarwal et al. (2014) [5] concluded that the best waterproof layer is
Sikadur 32 Gel. Muhtar (2019) [3] treated bamboo with Sikadur®-752 and a hose-_clamp. The test
results show that the adhesion strength increases up to 200% and the beam capacity increases 164%
when compared to untreated bamboo reinforcement. The waterproof or adhesive layer used heres
was Sikadur®-752, produced by PT Sika Indonesia [3,10]. Sikadur®-752 is Aa solvent-free, two2-
component, super-low viscosity_-liquid, based on high strength epoxy resins——ZEespecially for
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injecting into the cavities and cracks in concrete. Usually used to fill and seal cavities and cracks in
structural concrete,- Sikadur®-752 is applied to the bamboo reinforcement to prevent water
absorption. The effectiveness and durability of Sikadur®-752 adhesives require further research. The
specifications of Sikadur®-752 are shown in Table 2. The coating was carried out in two stages. The
second waterproof layer was applied to perfect the waterproof layer of the first stage. The thermal
effect of Sikadur®-752 on bamboo reinforcement can be prevented by the moisture content of 12% in
bamboo. In determining the strength of the bamboo, a 12% ef-moisture content in the air-dry
condition has been considered as a reference standard [48], and the temperature does not significantly
affect the loss of stiffness [49]. Chemical treatment of bamboo helps increase the durability of the
bamboo fibers and reduces the moisture absorption of the bamboo fibers [50].

Table 2. The specifications of Sikadur®-752 [41].

Components Properties
Colour Yellowish
Density Approx. 1.08 kg/L
Mixing Ratio, by weight/volume 2:1
Pot life at +30 °C 35 min
. 62 N/mm? at 7 days (ASTM D-695)
Compressive strength 64 N/mm? at 28 days
Tensile strength 40 N/mm? at 28 days (ASTM D-790)

2 N/mm? (Concrete failure, over mechanically
prepared concrete surface)
Coefficient of Tthermal eExpansion 20 °C to +40 °C,~ 89 x 10 per °C
Modulus of elasticity 1060 N/mm?

Tensile aAdhesion Sstrength

The hose-_clamp used had a is-diameter of %", made in Taiwan [3,12]. The shear reinforcement
of the bridge beam and bridge frame uses steel of 6 mm in diameter, with_a fy 240 MPa quality. From
the results of the bamboo tensile test in this study, it was found that the modulus of elasticity of the
bamboo (Er) was 17,236 MPa, with a tensile strength of 127 N/mm? [3], and the modulus of steel
elasticity (Es) was 207,736 MPa [3]. The concrete mixture used wasis Portland Pozzolana Cement
(PPC), with a pH of 7, as well as sand, coarse aggregate, and water with a mixed proportion of
1.81:2.82:0.52, as shown in Table 3. The average compressive strength of the concrete wasis 31.31 MPa
at the age of 28 days. The process of treating the bamboo to assembling the bamboo reinforcement
can be seen in Figures 3-8.

Table 3. The mix composition of the concrete.

The Ceoncrete Cement (PPC)  Fine Aggregate Coarse Aggregate Water
Mix Design Kg/m?
Material per -m?3 381 185 689 1077

Mix composition 1 1.81 2.82 0.52
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Figure 5. Tidy up the bamboo according to size.
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Figure 8. Stringing the bamboo reinforcement.

2.2. Methods

The dimensions of the bridge are-weremade-with a span of 320 cm, a width of 224 m, and a frame
height of 115 cm. The clean span of the inside of the bridge wasis-sade 280 cm. Two bridge frames

wereare connected by four bridge beams. Each end of the bridge beam wasis connected to the knot
point with 2two bolts and a steel ring plate with a thickness of 2 mm to prevent stress concentration. _ o
Details and models of the joints between the beam and precast bridge frame are shown in Figures 10 |~ ot [l U 10 - o e P i i o i i
and 11. The bridge supports wereare made of reinforced concrete with the assumption of hinge all Figures is correct.
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support and a rubber bearing assuming roller support. TWhile-the bridge plate wasis-made-of a 10--
cm-—thick concrete plate with 0.3--mm--thick spandex. The shape and model of the precast bridge of
the bamboo--reinforced concrete frame are described in Figure 12. Details of the reinforcement of the
precast bridge beams are shown in Figure 13. Details of the reinforcement of the bridge frame are
shown in Figures 14 and 15 and Table 4.

The design concept of the bamboo--reinforced concrete beams follows Ghavami (2005) [1] and

Muhtar (2020) [12], as shown in Figure 9. The balance of the concrete compressive force (C = Cb | {Commented [M7]: Is this necessary? Can this be deleted.?

Cc) and the tensile force (T) must be met, as shown in Figure 9. The tensile strength of the bamboo
reinforcement (T) wasis obtained by multiplying the bond stress with the shear area in the bamboo
reinforcement. The failure of the bamboo--reinforced concrete beams was due to the breaking of the
bonds between the bamboo and concrete.
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Figure 10. Details of the ring plate and bolt sleeve.



Appl. Sci. 2020, 10, x FOR PEER REVIEW 10 of 26

(a) Bridge frame

Tighten the bolts in the connection
of beam and frames bridge

Bamboo reinforced concrete bridge beam
Plate ring t =2 mm, and bolt hole ¢ 21

Bolt hole ¢ 21 mm
Plate ring t =2 mm

Figure 12. Model of the precast bridge made from bamboo--reinforced concrete.
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Table 4. Details of the bridge frame reinforcement [23].

Model I (Shown in Figure 14) II (Shown in Figure 14) III (Shown in Figure 14)

Bamboo reinforcement
8 0 15x15 mm’

A~ Bamboo rei L N Bamboo reinforcement
Stirrup  6-100mm_ 100|cm stirb B TS pec 40 15x15 mm
Stirrup ¢ 6 - 150 mm 140/cm Stirrup ¢ 6 150 mm

Rigid portal 20fem
model or

“frame model” 12 cm

‘612 cm}‘ 12 cm

Testing of the precast bridges with the bamboo--reinforced concrete frames wasis carried out
directly with a load of a minibus--type vehicle. The load wasis given in stages and levels, starting
from a zero loads, Brio carload without passengers, Brio carload ef—full of passengers, and
AvanzaVANZA carload ef-the-full of passengers, as shown in Figure 16. The stage of reading the
response variable wasis carried out when the axle of the car wasis at the coordinates 0 cm, 17.5 cm,
50 cm, 100 cm, 150 cm, 200 cm, 250 cm, 267.5 cm, and 300 cm from the support, as shown in Figure
17. Tests are—were carried out on service limits or elastic conditions with displacement and
deformation measuring parameters. To get the displacement that occurs in the beam and bridge
frame, four4 LVDTs (Linear Variable Displacement Transducers) wereare installed with inductive
transducers of type PR 9350 in the middle of the frame span and the middle span of the bridge beam.
Meanwhile, to determine the deformation of the bridge, sixé pieces of LVDTs were installed, 2two
pieces of LVDTs were installed in the middle of the side frame span, and four4 LVDTs were installed
on the side of the four ends of the beam. The performance test settings for the precast bridges of the
bamboo--reinforced concrete frames are described in Figure 18.

The weights of the Brio ea-and the-Avanza cars were-is calculated based on the empty weight
and the total passenger weight according to the capacity of the number of passengers. The calculation
of passenger weight wasis based on the average weight of Indonesians, namely 65 kg. The calculation
of the total weight of a minibus and its specifications are shown in Table 5.

Table 5. Specifications and weight of the minibus car.

Type of Empty Passenger Weight
P Length Height Width Wheelbase Weight or 5 with Full
Car . Capacity
One Driver Passenger
mm mm mm mm kg persons kg
Brio 3800 1485 1680 2655 930-965 5 1280
Avanza 4190 1695 1660 2655 1045-1095 7 1550
o
= Pn = full passengers 1550 kg
-
T
@ 600
% 400
E zc:
Brio Brio + Pn Avanza + Pn

Stages of Bridge Loading

Figure 16. Loading stage of the precast bridges ef-with a bamboo--reinforced concrete frame.
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Figure 17. The coordinates of the reading points of the displacement and deformation.
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ring plate t =2 mm
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/ assuming roller support

Figure 18. Arrangement of the testing of thefor bamboo--reinforced concrete frame precast bridges.

The planned life of the bridge is 10 years. The determination of the age of the bridge in this study
is based on opinions and research on the resistance of bamboo as concrete reinforcement that has
been carried out by several researchers, including Hidalgo (1992) in Sattar (1995) [43], Ghavami (2005)
[1], Rong BS-(2007) [40], and Lima Jr et al. (2008) [29]. After the design life of the bridge is reached, a
gradual visual observation of the deflections and cracks will be carried out. Observations will be
carried out every year with the main objective of observing the durability of bamboo as the concrete
reinforcement of the bridge elements. Measured parameters during the observation period are
deflection and cracks that may occur due to the decreased durability of bamboo reinforcement.

Hidalgo (1992) in Sattar (1995) [43] reporteds that a house in Colombia whose ceiling and walls
are made of bamboo plastered with cement mortar can last for more than ninety years. Ghavami
(2005) [1] mentions that, after testing, the bamboo--reinforced concrete beams werease left in the open
air at the PUC Rio Brazsil university campus; the; bamboo reinforcements from the treated beams
showed that the bond with the concrete wasis still in satisfactory condition after 15 years. B-S—Rong
(2007) [40], in his opening speech at the First International Conference On Modern Bamboo Structure
(ICBS-2007) in Changsha, China, stateds that the bamboo reinforcement that is used as a substitute
for steel reinforcement in precast floor plate elements for a five-story office building still functions
well after more than fifty years of use, so bamboo reinforcement can be used as a substitute for steel
reinforcement aswith the level of durability is good. Lima Jr et al. (2008) [29] experimented on the
Dendrocalamus giganteus bamboo species, showing that bamboo with 60 cycles of wetting and drying
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in a calcium hydroxide solution and tap water did not decrease its tensile strength andor Young's
Modulus. This is an important factor in the material for use as concrete reinforcement.
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2.3. The Numerical Method Used

DFe-determininge the capacity and behavior of reinforced concrete structural elements can be
done with a numerical approach. Theoretical analysis is carried out as control over the results of
research in the laboratory so that the actual structural behavior differences can be seen with the
theoretical analysis. The numerical method used is the finite element method (FEM). Numerical
verification in this study was carried out to control the suitability of the deflection value of the
experiment results with the deflection contours of the FEM analysis result. The program developed
in the FEM analysis wasis written with the Fortran PowerStation 4.0 program. The theoretical
analysis to calculate the load causing the initial crack was done by using the elastic theory with the
transformation section. The formula for the transformation of the cross-sectional bamboo--reinforced
concrete is shown in Equations (1) and (2). For linear analysis, the material data entered are the
Poisson’s ratio (v) and the modulus of elasticity (E). The constitutive relationship analysis of the
problem-solving method uses the stress-field theory. Triangular elements are used to model the plane
stress element with a two-way primary displacement at each nodal point so that the element has six
degrees of freedom, as shown in Figure 19. The stress—strain relationship for the field stress problem
has the form of an equation, such as Equation (3).

EBarnbuo
n = —Bamboo 1
ECO"CI'eIE ( )
E. - AgambooEamboo + AconcretXEconcrete
Comp — A:omp (2)
3)
012 = 4

where E is the modulus of elasticity and v is the Poisson’s ratio. And-tThe principal stresses in two
dimensions are calculated by Equation (4). The Fortran PowerStation 4.0 programming language for
triangle elements is shown at the following link: https://bit.ly/3110U0d.

i(xi, yi)

7y

Figure 19. The degrees of freedom of the triangular element.

3. Results

Specifications for precast bridges of the bamboo--reinforced concrete frame are shown in Table
6. The precast bridges were tested with a minibus car efthe-full of passengers. The test wasis carried
out after several stages of work wereare done, including making river stone foundations, making
support plates, setting the frame on two supports, installing bridge beams and joints, casting bridge
plates, and completing or finishing the bridge. Recording of the test results response-starteds when
the front axle of the minibus car is-was right on the hinge support and endeds whenwu#til the rear axle
of the minibus car wasis right on the support of the roller. The test result data areis shown in Table
7.
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The security measure during the test iswas to place the support poles and scaffolding under the
bridge. The support poles and scaffolding under the bridge also function as a place and safety for the
LVDT tool. Besides, the bridge wasis planned using the “Service Load Planning” method with the
assumption that the structure has linear elastic behavior and the load test wasis carried out with
elastic loads or under the initial crack load of the most critical bridge components. Observation of
deflection and the deformation that occurreds wasis deflection and elastic deformation. The critical

load (Pcr) or initial crack load wasis 2.1 tons and the maximum test load for the minibusses wasis
1.55 tons.

Figures 20-25 show the beam displacement and the bridge frame with the minibus Brio car, the
Brio with-full of passengers, and the AVANZA sith-full of passengers. The maximum displacement
with the load of the Brio car occurreds when the position of the front axle wasis at coordinates 150
cm and the rear axle wasis at a distance of 85 cm from the pedestal, with a displacement of 0.2 mm
for the frame and 0.14 mm for the beam displacement. While, the maximum displacement with a full
passenger Brio car occurreds when the position of the front axle wasis at coordinates 200 cm and the
rear axle is-was at a distance of 35 cm from the pedestal, with a displacement of 0.2 mm for the frame
and 0.17 mm for the beam displacement. Fer-The maximum displacement with a full passenger
AVANZA car load occurreds when the front axle position wasis outside the bridge coordinates,
which wasis 115 cm from the roller support, and the rear axle wasis at 150 cm coordinates, with a
displacement of 0.25 mm for the frame and 0.21 mm for the displacement beam.

Based on the AASHTO [38] and RSNI T-12-2004 standards [25], the maximum allowable
displacement limit of the bridge is Ama=1/800 or equal to 3.75 mm. Thus, the maximum displacement
that occurs in the element of the bamboo--reinforced concrete frame bridge meets the requirements
based on the AASHTO [38] and RSNI T-12-2004 standards [25].

Table 6. Geometry and specifications of the precast bridges with a bamboo--reinforced concrete

frame.
Bridge span: 3m
Foundation: River stone
Bridge support: Concrete slab = assumptlon of hinge support; Concrete slabs and
rubber pads = assumption of the roller support
- Dimensions of the bridge beam 12 x 20 cm?, tensile
reinforcement (Q) = 4.688% and compressive reinforcement (o’)
=1.875%
Beam: - Hose-clamp d = % attached to the end of the bamboo

reinforcement instead of hooks.
- Adbhesive layers of bamboo reinforcement using Sikadur®-752

and sand
. Precast system connection, using bolts and sleeves of 19 mm
Connection type: .
diameter
Frame model: Rigid portal model or “frame model”
- 10 cm thick slab + spandex t = 0.3 mm.
Bridge slab: - Slab reinforcement using bamboo 1.5 x 1.5 cm? with a distance
of 10 cm
Displacement and Based on AASHTO [38] and RSNI T-12-2004 standards [25], the
deformation of permit: maximum displacement of permit is Amsr = L/800 = 3.75 mm

Table 7. Data on the test results of the precast bridge with efbamboo-reinforced concrete frames.

Displacement and Deformation

Bridge Frame 1 Frame 2 Beam 1 Beam 2

Load Displacem Deformati Displacem Deformati Displacem Deformati Displacem
ent ! (mm) on ? (mm) ent ! (mm) on 2 (mm) ent ! (mm) on ? (mm) ent ! (mm)
Brio 0.2 0.03 0.04 0.04 0.06 0.01 0.14
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! Displacement is the deflection of the direction of gravity on the beam or frame elements due to the
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Figure 26 shows the deformation of the bridge beam of the bamboo-—reinforced concrete with a
load of Brio minibusses-ea#, the Brio car sith-full of passengers, and the AvanzaVANZA— car with
full of passengers. From Figure 26 and Table 7, we seeit-shews that the maximum deformation occurs
in the beam with the load of the AvanzaVANZA car with a full passenger load, which is when the
position of the front axle is outside the coordinates of the bridge, which is 65 cm from the roller
support, and the rear axle is at coordinates 100 cm, with the deformation of the a-beam efbeing 0.20

mm.
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Figure 26. Deformation of the beam of the precast bridge of bamboo-reinforced concrete.

Figures 27-29 show that-the deformation of the bridge frame with the load of the Brio minibus,
Brio car sth-full of passengers, and the AvanzaVANZA car with-full of passengers. The Mmaximum
deformation with the brio car load occurs when the position of the front axle is outside the
coordinates of the bridge, which is 85 cm from the roller support, and the rear axle is at coordinates
150 cm, with a frame deformation of 0.04 mm.
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TWhile-the maximum frame deformation with the load of the brio car with-full of passengers
occurreds when the position of the front axle wasis at coordinates 150 cm and the rear axle wasis at
a distance of 85 cm from the hinge support, with a_deformation of 0.05 mm. Eer+The maximum
deformation of the frame with the load of the AvanzaWV-ANZA— car wth-full of passengers occurreds
when the position of the front axle wasis-_at the coordinates of the bridge isof 150 cm, and the rear
axle wasis at a distance of 115 cm from the hinge support, with a deformation of 0.13 mm.

4. Discussion

Deformation usually occurs due to shrinkage of concrete, deformation of precast connections,
foundation settlement, or due to a static load or dynamic loads on the bridge. In this study,
deformation or elastic deformation is a change in shape or change in the angle of the cross-section of
the beam or frame due to the distribution of the vehicle loads within the elastic limit measured in the
horizontal direction of the cross_-section. Measurements were made by installing LVDTs (Linear
Variable Displacement Transducers) with inductive transducers of type PR 9350 on the horizontal
side of the frame and bridge beams, as shown in Figure 30.

-_ =

LVDT formeasuring displacement in
bridge beams and frame

Figure 30. MThe-measuring the elastic displacement and deformation.

The accuracy of the deformation measurement is very much determined by the calibration of
the equipment, the accuracy of the load point of the observation, the conditions of the test site, such
as near roads, and human error. Figure 26 shows that the minimum beam deformation occurs when
the car axle is right on the neutral line of the beam;; this shows that the coupling moment or torque
due to the load is a factor that greatly affects the size of the beam deformation. Gravity loads right on
the neutral line can reduce the deformation and increase the deflection of the bridge beams. Figures
21 and 26 at the 200 cm coordinates show that when the beam deformation is minimum, the beam
displacement is maximum. As shown in Figure 17, Beam 1 is at the coordinates 100 cm and Beam 2
is at coordinates 200 cm. The deformation of the beam increases in line with the track of the car axle;;
that is, the deformation continues to increase, respectively, atef the front car axle and rear car axle.
However, the accuracy of the deformation measurements needs attention as to the many
determinants of accuracy _that exist.

[ Formatted: Font: Not Italic
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Figures 27 and 28 shows that the minimum frame deformation or deformation = 0 occurs when
the car axle is directly above the pedestal or approaching the pedestal. Meanwhile, the maximum
frame deformation occurs when the car axle is in the middle of the bridge span, which is at
coordinates 150 cm. There is a difference in the deformation of the bridge beam and the bridge frame,
namely the maximum beam deformation occurs when the load is outside the beam coordinates, while
the maximum frame deformation occurs when the load is in the middle of the bridge span or at the
150 cm coordinates. It must be remembered that careful preparation at the time of testing or
measurement must be considered so that the data obtained is truly accurate;; as shown in Figure 27,
the coordinates atef 250 cm conveyeees inconsistent deformation data even though the car axle is
close to the support.

Table 7 shows that the maximum deformation of the bridge frame is 0.13 mm and the maximum
displacement of the bridge beam is 0.20 mm. According to the AASHTO [38] and RSNI T-12-2004
standards [25], the allowable limit for the maximum displacement is Amar=L/800 = 3.75 mm and the
maximum deformation of the bridge is Omex = L/800 = 3.75 mm. Thus, the maximum deformation and

displacement that occurs in the precast bridge elements of the bamboo--reinforced concrete frame
meet the requirements based on AASHTO [38] and RSNI T-12-2004 standards [25]. However, the
relationship of load vs. displacement of the beam and the frame results from the field experiments
need to be validated or controlled with the relationship of load vs. displacement of laboratory
experimental results and simulation results of numerical methods. The simulation in this study used
the finite element method (FEM).

The simulation of the bridge frame test using the finite element method (FEM) was carried out
using the Fortran PowerStation 4.0 program and Ssurfer 9.8 software [26] based on laboratory test
results. Simulations were carried out as control and validation of the experimental data. The bridge
frame test simulation wasis carried out at the first crack load stage, which wasis 87 kN based on the
frame loading capacity of only 100 kN. The discretization of the bBamboo--Rreinforced cConcrete
bBridge fErame for the finite element method (FEM) is shown in Figure 31. The Y-direction and X-
direction displacement are shown in Figures 32 and 33. The loading stages and Y-direction
displacement of the finite element method simulation results are combined with the load vs.
displacement laboratory test results [23], and with the field test results as shown in Figure 34. Figure
33 shows displacement in the Xx-direction;—_the green color shows the minimum displacement, and
the orange; and blue colors shows the maximum positive and negative displacement, respectively.
FEM analysis modeling on the bamboo--reinforced concrete frames can be seen in litem 2.3 of the

numerical method used.
[ N
Nodal point

700 mm i
[ 2000 mm “I‘”‘"‘1I

Triangle element

150 mm

Figure 31. Discretization of the bamboo--reinforced concrete bridge frames.
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Figure 32. The displacement of Y-direction of the bridge frame.

Figure 33. The displacement in theef X-direction of the bridge frame.

Bridge integrity is the ability of a bridge structure or bridge components to withstand the
designed load, preventing structural collapse due to cracks or fractures, deformation, and structural
fatigue. Structural integrity is a concept used for the design plan and designing service load. Stiffness
is the main parameter of the resistance of a bridge structure to get good bridge integrity [7]. The
stiffness of the elements of the bridge structure needs to be controlled to prevent sudden collapse due
to cracking and excessive deformation. Stiffness control of the beams and bridge frames wasis
analyzed through a combination of load vs. displacement from the simulation results of the finite
element method (FEM), the results of laboratory experiments [12,23], and the results of field
experiments as shown in Figure 34. Control wasis carried out at the maximum load point of the
bamboo--reinforced concrete precast frame bridge test in the field, which wasis 15.5 kN, as shown in
Figures 35 and 36. Documentation of the direct test of the bamboo-reinforced concrete precast bridges
can be seen at the following link: https://bit.ly/3gzaW30.

Calculation of the aerodynamic effects due to wind loads and dynamic analysis on precast
concrete bamboo bridges were not carried out. Based on the Earthquake Resistance Standard for
Bridges, the SNI SNI-07-SE-2015 [39] dynamic analysis neededs to be carried out for bridge types
with a complex behavior, one of which wasis the main span exceeding 200 m. In this study, the bridge
width is 2.24 m and the bridge span is 3.20 m, and the ratio of the bridge width to the bridge span of
0.7 is still stable against aerodynamic effects due to wind loads according to Leondhart’s
requirements (B > L/25) and still meets the maximum deflection requirements_of- AASHTO [38] and
RSNI T-12-2004 [25], which-that is Ame = L/800 = 3.75 mm.
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Figure 34. The relationship of load vs. displacement of the bridge frame.
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Figure 35. The relationship of load vs. displacement of the bridge frame from the laboratory test
results, FEM results, and field experiment results.
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Figure 36. The relationship of load vs. displacement of the bridge beam from the laboratory test results

and field experiment results.

The next step wasis validating the stiffness of the beam and bridge trusses. The main principle
is that the bridge must be in a service condition, with a Serviceability Limit State (SLS) load. The
elements of the bridge structure should not be subjected to cracks, deflection, or vibrations causing
user discomfort. The allowable deflections are those that are elastic deflection and do not cause the
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crack. Stiffness is the main parameter of structural resistance. Therefore, the stiffness of the field test
results needs to be validated by the stiffness of the laboratory test results. Load—displacement
relationship diagrams of the experimental results, laboratory results, and FEM analysis results are
combined into one graph. The maximum test load of the bridge becomes the stiffness control limit,
which is 15.50 kN. Based on the displacement of the laboratory test results, and the displacement of
the field experiments results of the bamboo--reinforced concrete frame precast bridge at a stop load
of 15.50 kN, ebtained-the displacement ratio of the laboratory test results to the displacement of the
field experiment results (AexAras) = 2.6 for the bridge frame; and 4.07 for the bridge beam. Figures
35 and 36 shows that the stiffness of the precast bridge beam and precast bridge frame increases +
80% for the beam stiffness and increases + 60% for the frame stiffness if it is used as an integral part
of other bridge elements.

5. Conclusions

Based on the results of the laboratory tests and field experiments, it appears that the bridge
displacement is quite small and comfortable for the user. The maximum beam displacement occurs
when the rear wheel is at the center of the span at theef 150 cm coordinates and the front wheel is at
the 415.5 cm coordinates (the front wheel is outside the bridge). While, the maximum displacement
of the frame occurs when the rear wheel is at the eserdinates-100 cm coordinates and the front wheel
is at the esordinates-365.5 cm coordinates (the front wheel is outside the bridge).

The minimum beam deformation occurs when the car axle is right on the neutral line of the
beam;; this shows that the coupling moment or torque due to the load is a factor that greatly affects
the size of the beam deformation. Gravity load right on the neutral line can reduce deformation and
increase the deflection of the beam and bridge frame, and the size of the torque moment can affect
the size of the deformation.

There is a difference in the maximum deformation occurrence between the beam and the bridge
frame, namely, the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is in the middle of the
bridge span and outside the frame coordinates.

Precast bamboo-reinforced concrete frame bridges have sufficiently good integrity ;; that is, they
can distribute loads with deflection and deformation that do not exceed their permits. The maximum
displacement of 0.25 mm meets the requirements based on the AASTHO and RSNI T-12-2004
standards, which is not more than Ama = L/800 = 3.75 mm. The maximum deformation occurs in the
bridge beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements based on the
AASTHO and RSNI T-12-2004 standards, which is not more than Oma = L/800 = 3.75 mm.

At the stop load of P =15.5 kN, the stiffness of the bridge beam increased +80% during the bridge
test; when compared with the beam stiffness of the laboratory results. Likewise, the stiffness of the
bridge frame increased +-60% during the bridge test; when compared to the frame stiffness of the
lEaboratory results.
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Abstract: Bamboo is an inexpensive, environmentally friendly, and renewable building material
that thrives in Indonesia. Bamboo has a high tensile strength but also has weaknesses, namely, it is
easily attacked by insects and has high water absorption. Utilization of bamboo as a precast
concrete bridge reinforcement must be treated first through soaking, drying, and giving a
waterproof coating and sand. This research aimed to obtain a precast bamboo reinforced concrete
bridge technology with good integrity, with measuring parameters of deformation and deflection
according to AASHTO standards. The dimensions of the bridge were a span of 320 cm, a width of
224 cm, and a height of 115 cm. Two bridge frames were connected by four bridge beams. The
bridge plate was made of a 10-cm-thick concrete plate. The bridge support of the reinforced
concrete is assumed to be the hinge support and the rubber bearing is assumed to be the roller
support. The bamboo reinforced concrete frame bridge test was carried out directly with a load of a
minibus-type vehicle. The test results show that the precast bamboo reinforced concrete frame
bridges have sufficiently good integrity; that is, they can distribute loads with deflection and
deformation that do not exceed their permits. The maximum displacement occurs in the bridge
frame of 0.25 mm, meeting the requirements based on the AASTHO and RSNI T-12-2004 standards,
which is not more than Ame = L/800 = 3.75 mm. The maximum deformation occurs in the bridge
beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements based on the AASTHO
and RSNI T-12-2004 standards, which is not more than Ome« = L/800 = 3.75 mm.

Keywords: precast bridges; bamboo reinforced concrete (BRC); bridge technology; bridge frame
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1. [Introduction\

The continued use of industrial products has caused permanent pollution. Permanent pollution
is environmental pollution caused by industrial waste without recycling or the continuous use of
raw materials from nature without renewal. The use of bamboo as a renewable building material can
reduce pollution and maintain a healthy environment [1]. Bamboo is a grass plant with cavities and
nodes in its stems [FLZ‘]. Bamboo is a renewable building material, such as wood. Bamboo has the
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advantage of being economical, growing fast, and does not take long to achieve mechanical
resistance. Mechanical resistance of bamboo, such as tensile strength, flexural strength, and other
mechanical properties, can be achieved in a relatively fast time, namely at the age of bamboo ranging
from 3-4 years [[6]. Bamboo is also very abundant in tropical and subtropical areas around the world
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[1]. Indonesia is a country with a tropical climate. One of the plants that can thrive in Indonesia is
bamboo. Bamboo is scattered throughout Indonesia. Bamboo has been widely used as a material for
simple structures, such as warehouses, bridges, and village traditional houses, and for handicrafts
for rural communities. In Indonesia, there are more than 100 species of bamboo. Around the world,
there are +1500 species of bamboo [2]. In terms of its potential, in 2000 the total area of bamboo
plants in Indonesia was 2,104,000 ha, consisting of 690,000 ha of bamboo planted in forest areas and
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1,414,000 ha of bamboo plant areas outside forest areas ’[27]‘. Arsad (2015) [27] revealed that in the

Hulu Sungai Selatan Regency, the bamboo area was estimated to be around 22,158 ha, with a
production of about 3000 stems/ha. The description of the potential for bamboo production in East
Java is 29,950,000 stems/year, Yogyakarta 2,900,000 stems/year, Central Java 24,730,000 stems/year,
and West Java 14,130,000 stems/year [46]. With such a large production potential, efforts must be
made to increase its economic value, including being used as an alternative to concrete
reinforcement. The best bamboos that are widely used as structural elements are the petung bamboo
(Dendrocalamus asper) and ori bamboo (Bambusa blumeana), because these two bamboos have the best
technical specifications with a high tensile strength. The use of bamboo as concrete reinforcement for
simple construction is applied specifically in underdeveloped village areas that have a lot of
bamboo.

Bamboo for concrete reinforcement is because it has a relatively high tensile strength. The
tensile strength of bamboo can reach 370 MPa in its outer fibers [1]. The failure of the elements of the
bridge frame or roof truss usually occurs in the tensile stem elements. Bamboo has a high enough
tensile strength suitable for use in tensile elements. Bamboo is suitable for use in tensile elements,
simple construction, such as roof trusses, simple bridge trusses, simple house construction elements,
and so on. Mubhtar et al. (2018) [11] tested the pull-out of bamboo reinforcement with a layer of
Sikadur®-752 and hose clamps embedded in a concrete cylinder, showing an increase in tensile stress
of up to 240% compared to untreated bamboo reinforced concrete (BRC). A single BRC beam with a
bamboo reinforcing area ratio of 4% exceeds the ultimate load of a steel-reinforced concrete (SRC)
beam by 38.54% with a steel reinforcement area ratio of 0.89% [3]. However, bamboo also has
weaknesses, which are being easily attacked by insects and having high water absorption. This
study did not test for fungal and insect attacks, but the technology to prevent fungus and insect
attack was based on the opinion and research of Ridley (1911) [42] and Stebbings (1904) [45], namely
that soaking in water for two months is sufficient to prevent insect attack. Soaking and drying aim to
remove the starch or sugar content in bamboo. The criterion for sufficient soaking is that the bamboo
smells bad. The soaking causes the bamboo’s water content to increase and decrease its strength;
however, after drying it undergoes a transition from a brittle behavior to a very resilient behavior
[28]. The effect of alkaline cement does not cause the bamboo to decrease in strength. According to
Ming Li (2017) [44], the content of bamboo fiber (BF) treated with the right alkaline can effectively
increase toughness, flexural strength, and tensile strength. Moe Thwe (2003) [51] conducted a study
on the durability of bamboo with treatment using calcium hydroxide (CaOH2) to increase flexibility
and durability.

In this study, the technology used to prevent decay and absorption, and the effect of a high pH,
is to provide a Sikadur adhesive that is also a waterproof layer, and the basis is previous research
that has been conducted by several researchers, including (1) Ghavami (2005) [1], who researched
the attachment of bamboo reinforcement with several adhesives applied to the pull-out test and
beam test. From the results of his research concluded that the best adhesive is Sicadur 32 Gel; (2)
Agarwal et al. (2014) [5], who researched bamboo reinforcement treated with Araldite adhesive,
Tepecrete P-151, Anti Corr RC, and Sikadur 32 Gel. From the sticky strength test, it was found that
the best adhesive was the Sikadur 32 Gel; (3) Lima Jr et al. (2008) [29], who experimented on the
Dendrocalamus giganteus bamboo species, showing that bamboo with 60 cycles of wetting and drying
in a calcium hydroxide solution and tap water did not reduce its tensile strength or Young’s
Modulus; (4) Javadian et al. (2016) [30], who did research on several types of epoxy coatings to
determine the bonding behavior between concrete and bamboo-composite reinforcement. The
results showed that the bamboo-composite reinforcement without bonding layers was adequate
with the concrete matrix, but with an epoxy base layer and sand particles, it could provide extra
protection without losing bond strength. However, tests for decay resistance, absorption, and the
effect of a high pH on the strength properties will be carried out in future studies; and (5) Mubhtar et
al. (2019) [3], who processed bamboo reinforcement by immersing in water for 1 month, coating with
Sikadur®-752, and applying a hose clamp. The pull-out test results show that the bond-stress
increases by 200% when compared to untreated bamboo. Sikadur®-752 adhesive is quite effective in
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preventing the occurrence of hygroscopic and hydrolysis processes between bamboo and concrete.
The non-adhesive hose-clamp does not affect bond stress.

Several researchers who have concluded that bamboo is suitable for use as concrete
reinforcement include (1) Ghavami (2005) [1], who concluded that bamboo can be used as a
structural concrete element, including beams, windows, frames, and elements that experience
bending stress; (2) Agarwal et al. (2014) [5], who conducted tests of treated bamboo reinforced
columns and beams and concluded that all tests indicated that bamboo has the potential to replace
steel as reinforcing beam and column elements; (3) Sakaray et al. (2012) [31], who conducted a
feasibility test for the moso-type bamboo as a reinforcing material for concrete and the conclusion
was that bamboo could be used as a substitute for steel in concrete; (4) Nayak et al. (2013) [32], who
conducted a study to analyze the effect of replacing steel reinforcement with bamboo reinforcement.
One of the conclusions wrote that bamboo reinforcement is three times cheaper than steel
reinforcement and that the engineering technique is cheaper than steel reinforcement; (5) Kaware et
al. (2013) [33], who reviewed bamboo as a reinforcing material for concrete and one conclusion was
that bamboo exhibits ductile behavior like steel; (6) Khan (2014) [34], who researched bamboo as an
alternative material to substitute for reinforcing steel and one of the results of his study revealed that
bamboo reinforced concrete can be used successfully for structural and non-structural elements in
building construction; (7) Rahman et al. (2011) [6], who conducted tests on bamboo reinforced
concrete beams and one of the conclusions wrote that bamboo is a potential reinforcing material in
concrete; (8) Sethia and Baradiya (2014) [35], who in one conclusion revealed that bamboo can be
used as an alternative to steel reinforcement in beams; (9) Terai and Minami (2011) [36], who
conducted a study on 11 bamboo reinforced concrete beams and tested them to check for flexural
cracks and shear cracks, and concluded that the crack pattern of bamboo reinforced concrete (BRC)
beams resembles the fracture pattern of steel-reinforced concrete (RCC) beams so that the fracture
behavior of bamboo reinforced concrete (BRC) beams can be evaluated with the existing formula on
RCC steel-reinforced concrete beams; and (10) Muhtar (2020) [12], who conducted a flexural test on
four beams with untreated bamboo reinforcement and treated with Sikadur®-752 and a hose clamp.
The test results showed that the beam treated with Sikadur®-752 increased the load capacity by 164%
when compared to the untreated reinforced bamboo. With the first treatment, bamboo is suitable for
use as a simple construction concrete reinforcement.

Bamboo as a concrete reinforcement must be treated beforehand, such as immersion in water
[3-4], drying in free air [5,6], applying a waterproof layer [7], and sprinkled with sand, to modify the
roughness of the bamboo reinforcement. Usage of the adhesive or waterproof coating can be done in
various ways, such as paint [8], Sikadur 32 Gel [1,5], and Sikadur®-752 [4,7,9-12]. Strengthening of
bamboo reinforcement with adhesive or waterproof coating can increase the bond stress of bamboo
reinforcement [4]. Bamboo as reinforcement for concrete construction elements has been widely
researched, including bamboo as beam reinforcement [13-16], bamboo as column reinforcement [17-
19], bamboo as slab reinforcement or panel reinforcement [20-22], and bamboo as a bridge frame
reinforcement [23,24].

Mubhtar [12] tested the flexural properties of four types of bridge beams with different
treatments. The size of the bridge beam is 120 mm x 200 mm x 2100 mm with the area of tensile
reinforcement @ = 4.68% and compressive reinforcement o' = 1.88%. Strengthening of bamboo
reinforcement is done by applying adhesive as a waterproof layer. Modification of the roughness of
the bamboo reinforcement is done by sprinkled sand and installing hose clamps on the tensile
reinforcement. The test was carried out using the four-point load method. The position of the
loading point is adjusted to the distance of the minibus car axle. The test results show that the bridge
beam with bamboo reinforcement can reach the ultimate load of 98.3 kN with an initial crack load of
20 kN. Modification of the roughness of the bamboo reinforcement with adhesive, sand, and hose
clamp can increase the bond stress and capacity of the bamboo reinforced concrete beam (BRC
beam) [12]. The relationship between load vs. displacement is shown in Figure 1.
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fFigure 1. TThe relationship of load vs. deflection of the bamboo reinforced concrete (BRC) beam [12].

Testing of bridge trusses has been carried out by several researchers, including bamboo as
reinforcement for a truss easel [24] and as reinforcement for a bridge frame with a span of 3 m [23].
Dewi and Wonlele [24] concluded that the collapse of the frame structure was caused by a
combination of compressive and shear forces at the positioning of the support knot points. Failure at
the knot placement causes the tensile and compressive rods to be unable to develop the maximum
tensile and compressive strength; however, the collapse pattern still shows a bending effect [24].

Mubhtar et al. [23] tested two bridge frame models, namely one frame with symmetry
reinforcement as the joint frame model or “truss model”, and one frame with flexural reinforcement
as the rigid portal model or “frame model”. The test results show that the rigid portal model or
“frame model” has a higher rigidity and load capacity than the joint frame model or “truss model”.
The rigid portal model or “frame model” has an initial crack load capacity of 8700 kg or 87 kN and
the joint frame model or “truss model” has an initial crack load capacity of 5500 kg or 55 kN. The
relationship pattern of the load (P) vs. deflection (A) of the two bridge frames is shown in Figure 2.
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iFigure 23 rThe relationship pattern of load vs. deflection of the bridge frame [23].
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The dimensions and reinforcement of the bridge beams used in this study are the same as
Mubhtar’s (2020) research [12]. In this study, strengthening of the reinforcement with hose clamps is
only for tensile reinforcement, whereas in previous studies it was carried out for all reinforcements.
Hose-clamp strengthening when the distance is too close together can reduce the elastic properties
of the bamboo and reduce its capacity. The bridge frame model used in this study is a rigid frame
model or “frame model” as in the experiment conducted by Muhtar et al. (2020) [23]. The
reinforcement model on the lower side frame stem is installed with the concept of flexural
reinforcement, whereas in previous studies it was carried out with the concept of truss
reinforcement or symmetry, and their behavior shows flexural behavior. The basis for using the
results of previous laboratory research is to control the results of the direct tests in the field. The
novelty that is expected is (1) obtaining a prototype of the precast concrete reinforced concrete
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bridge; and (2) increasing the stiffness and capacity of the precast bridge elements when assembled
into a complete unit. The expected benefits are that the research results can be used as the basis for
the use of bamboo as a substitute for steel reinforcement, which could be applied to a simple frame
bridge structure in underdeveloped village areas with local materials that are cheap,
environmentally friendly, and acceptable.

The targets to apply this research to are underdeveloped villages with lots of bamboos. Bamboo
is a new and renewable energy from natural resources that are very abundant in rural areas. Bamboo
needs to be used, including for reinforced concrete. The use of bamboo is one of the real efforts to
increase the economic strength of the community. Based on previous research and the abundant
potential of bamboo, it is necessary to use it as a reinforcing element for simple precast reinforced
concrete bridges, especially in rural areas with lots of bamboos.

2. Materials and Methods

2.1. Materials

The bamboo used was the petung bamboo (Dendrocalamus asper), aged 3-5 years [4,5]. For the
petung bamboo, the bamboo shoots are purplish-black, covered with hairs that are velvety brown to
blackish. Petung bamboo is large, with a segment length 40-50 cm, diameter 12-18 cm, and a stem
height of up to 20 m. The nodes are surrounded by aerial roots. The wall thickness of the bamboo
internode is between 11 and 36 mm, as per Brink (2008) in Wikipedia Indonesia (2016) [42]. The
mechanical properties of petung bamboo are shown in Table 1. The tensile test for bamboo petung
was based on ASTM D 143-94 [37].

Table 1. Mechanical properties of petung bamboo [47].

Mechanical Properties

Tensile strength (MPa) 105+ 8
Modulus of elasticity (GPa) 26 +5
Elongation of fault (%) 161
Flexural strength (MPa) 153 +11
Hardness (VHN) 5+1

Impact strength (J/mm?) 0.15+0.7

The bamboo part that is taken was 6-7 m from the base of the bamboo stem. The bamboo was
cut and split into a bamboo reinforcement size of 15 x 15 mm2 The bamboo to be used must be
treated with the following steps: (a) the bamboo must be cut and split close to the size of the bamboo
reinforcement to be used, namely 15 mm x 15 mm x 2000 mm for bridge beam reinforcement, and 15
mm x 15 mm x 3160 mm for the lower side truss bridge reinforcement. Meanwhile, the
reinforcement for the vertical truss is 15 mm x 15 mm x 1100 mm, the top stem is 15 mm x 15 mm x
1100 mm, and the diagonal stem is 15 mm x 15 mm x 1300 mm; (b) the bamboo must be soaked in
water for 1-2 months to remove the sugar content and prevent termites and insects, as shown in
Figure 3 [45]; (c) it should be dried in free air until the moisture content is approximately 12%, as
shown in Figure 4; (d) the bamboo reinforcement should be trimmed with a grinding machine
according to the specified size, as shown in Figure 5; (e) one should provide a waterproof layer to
reduce the occurrence of the hydrolysis process between the bamboo and concrete, as shown in
Figure 6; (f) do sand sprinkling to modify the roughness of the bamboo reinforcement, as shown in
Figure 7; and (g) stringing the bamboo reinforcement, as shown in Figure 8.

Ghavami (2005) [1] and Agarwal et al. (2014) [5] concluded that the best waterproof layer is
Sikadur 32 Gel. Muhtar (2019) [3] treated bamboo with Sikadur®-752 and a hose clamp. The test
results show that the adhesion strength increases up to 200% and the beam capacity increases 164%
when compared to untreated bamboo reinforcement. The waterproof or adhesive layer used here
was Sikadur®-752, produced by PT Sika Indonesia [3,10]. Sikadur®-752 is a solvent-free,
two-component, super-low viscosity liquid, based on high strength epoxy resins—especially for
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injecting into the cavities and cracks in concrete. Usually used to fill and seal cavities and cracks in
structural concrete, Sikadur®-752 is applied to the bamboo reinforcement to prevent water
absorption. The effectiveness and durability of Sikadur®-752 adhesives require further research. The
specifications of Sikadur®-752 are shown in Table 2. The coating was carried out in two stages. The
second waterproof layer was applied to perfect the waterproof layer of the first stage. The thermal
effect of Sikadur®-752 on bamboo reinforcement can be prevented by the moisture content of 12% in
bamboo. In determining the strength of the bamboo, a 12% moisture content in the air-dry condition
has been considered as a reference standard [48], and the temperature does not significantly affect
the loss of stiffness [49]. Chemical treatment of bamboo helps increase the durability of the bamboo
fibers and reduces the moisture absorption of the bamboo fibers [50].

Table 2. The specifications of Sikadur®-752 [41].

Components Properties
Color Yellowish
Density Approx. 1.08 kg/L
Mixing Ratio, by weight/volume 2:1
Pot life at +30 °C 35 min
2 -
Compressive strength 62 N/mm at&?\?’;ﬁi{%g:}?j)
Tensile strength 40 N/mm? at 28 days (ASTM D-790)

2 N/mm? (Concrete failure, over mechanically
prepared concrete surface)
Coefficient of thermal expansion -20 °C to +40 °C, 89 x 10-¢ per °C
Modulus of elasticity 1060 N/mm?

Tensile adhesion strength

The hose clamp used had a diameter of %4”, made in Taiwan [3,12]. The shear reinforcement of
the bridge beam and bridge frame uses steel of 6 mm in diameter, with a fy 240 MPa quality. From
the results of the bamboo tensile test in this study, it was found that the modulus of elasticity of the
bamboo (Ev) was 17,236 MPa, with a tensile strength of 127 N/mm? [3], and the modulus of steel
elasticity (Es) was 207,736 MPa [3]. The concrete mixture used was Portland Pozzolana Cement
(PPC), with a pH of 7, as well as sand, coarse aggregate, and water with a mixed proportion of
1.81:2.82:0.52, as shown in Table 3. The average compressive strength of the concrete was 31.31 MPa
at the age of 28 days. The process of treating the bamboo to assembling the bamboo reinforcement
can be seen in Figures 3-8.

Table 3. The mix composition of the concrete.

The Concrete Mix Cement (PPC) Fine Aggregate Coarse Aggregate Water
Design Kg/m?

Material per m3 381 185 689 1077
Mix composition 1 1.81 2.82 0.52
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Figure 5. Tidy up the bamboo according to size.
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Installation of hose-clamp at the end of
the tensile reinforcement

Figure 8. Stringing the bamboo reinforcement.

2.2. Methods

The dimensions of the bridge were a span of 320 cm, a width of 224 m, and a frame height of 115
cm. The clean span of the inside of the bridge was 280 cm. Two bridge frames were connected by
four bridge beams. Each end of the bridge beam was connected to the knot point with two bolts and
a steel ring plate with a thickness of 2 mm to prevent stress concentration. Details and models of the
joints between the beam and precast bridge frame are shown in tFigures 10 \and 11. The bridge

supports were made of reinforced concrete with the assumption of hinge support and a rubber
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bearing assuming roller support. The bridge plate was a 10-cm-thick concrete plate with
0.3-mm-thick spandex. The shape and model of the precast bridge of the bamboo reinforced concrete
frame are described in Figure 12. Details of the reinforcement of the precast bridge beams are shown
in Figure 13. Details of the reinforcement of the bridge frame are shown in Figures 14 and 15 and
Table 4.

The design concept of the bamboo reinforced concrete beams follows Ghavami (2005) [1] and
Mubhtar (2020) [12], as shown in Figure 9. TThe balance of the concrete compressive force (C = CH-F Cc)

and the tensile force (T) must be met, as shown in Figure 9. The tensile strength of the bamboo
reinforcement (T) was obtained by multiplying the bond stress with the shear area in the bamboo
reinforcement. The failure of the bamboo reinforced concrete beams was due to the breaking of the
bonds between the bamboo and concrete.
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iFigure 9\. Stress—strain distribution diagram in a BRC beam [1,12].
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(a) Bridge frame

Tighten the bolts in the connection
of beam and frames bridge

(c) Precast bridge frames

Figure 11. Models and applications of the precast connections.

Bamboo reinforced concrete bridge beam
Plate ring t =2 mm, and bolt hole ¢ 21

Bolt hole ¢ 21 mm
Plate ring t =2 mm

Figure 12. Model of the precast bridge made from bamboo reinforced concrete.
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Table 4. Details of the bridge frame reinforcement [23].

Model I (Shown in Figure 14) II (Shown in Figure 14) III (Shown in Figure 14)

— Bamboo reir Bamboo reil
. 4 015x15 mm’ 401515
100[cm Stirrup ¢ 6 — 150 mm ooy mm
140|cm Stirrup ¢ 6 - 150 mm

‘12%‘ Klz cm)‘

Rigid portal 20/em
model or

“frame model”

‘612 cm;‘

Testing of the precast bridges with the bamboo reinforced concrete frames was carried out
directly with a load of a minibus-type vehicle. The load was given in stages and levels, starting from
a zero load, Brio carload without passengers, Brio carload full of passengers, and Avanza carload
full of passengers, as shown in Figure 16. The stage of reading the response variable was carried out
when the axle of the car was at the coordinates 0 cm, 17.5 cm, 50 cm, 100 cm, 150 cm, 200 cm, 250 cm,
267.5 cm, and 300 cm from the support, as shown in Figure 17. Tests were carried out on service
limits or elastic conditions with displacement and deformation measuring parameters. To get the
displacement that occurs in the beam and bridge frame, four LVDTs (Linear Variable Displacement
Transducers) were installed with inductive transducers of type PR 9350 in the middle of the frame
span and the middle span of the bridge beam. Meanwhile, to determine the deformation of the
bridge, six pieces of LVDTs were installed, two pieces of LVDTs were installed in the middle of the
side frame span, and four LVDTs were installed on the side of the four ends of the beam. The
performance test settings for the precast bridges of the bamboo reinforced concrete frames are
described in Figure 18.

The weights of the Brio and Avanza cars were calculated based on the empty weight and the
total passenger weight according to the capacity of the number of passengers. The calculation of
passenger weight was based on the average weight of Indonesians, namely 65 kg. The calculation of
the total weight of a minibus and its specifications are shown in Table 5.

Table 5. Specifications and weight of the minibus car.

Tvoe of Empty Passeneer Weight with
P Length Height Width Wheelbase Weight or 5 Full
Car . Capacity
One Driver Passenger
mm mm mm mm kg persons kg
Brio 3800 1485 1680 2655 930-965 5 1280
Avanza 4190 1695 1660 2655 1045-1095 7 1550

Pn = full passengers

1400

1200

1000

800

600

400

Car Weight + Passengers (Kg)

200

Brio Brio + Pn Avanza +Pn

Stages of Bridge Loading

Figure 16. Loading stage of the precast bridges with a bamboo reinforced concrete frame.
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Figure 17. The coordinates of the reading points of the displacement and deformation.

Test load of minibus cars

Beam 12/20

- Concrete foundation
assumption of the support of a hinge

Bolt $ 19 mm
ring plate t =2 mm

Rubber foundation

assuming roller support

Figure 18. Arrangement of the testing of the bamboo reinforced concrete frame precast bridges.

The planned life of the bridge is 10 years. The determination of the age of the bridge in this
study is based on opinions and research on the resistance of bamboo as concrete reinforcement that
has been carried out by several researchers, including Hidalgo (1992) in Sattar (1995) [43], Ghavami
(2005) [1], Rong (2007) [40], and Lima Jr et al. (2008) [29]. After the design life of the bridge is
reached, a gradual visual observation of the deflections and cracks will be carried out. Observations
will be carried out every year with the main objective of observing the durability of bamboo as the
concrete reinforcement of the bridge elements. Measured parameters during the observation period
are deflection and cracks that may occur due to the decreased durability of bamboo reinforcement.

Hidalgo (1992) in Sattar (1995) [43] reported that a house in Colombia whose ceiling and walls
are made of bamboo plastered with cement mortar can last for more than ninety years. Ghavami
(2005) [1] mentions that, after testing, the bamboo reinforced concrete beams were left in the open air
at the PUC Rio Brazil university campus; the bamboo reinforcements from the treated beams
showed that the bond with the concrete was still in satisfactory condition after 15 years. Rong (2007)
[40], in his opening speech at the First International Conference On Modern Bamboo Structure
(ICBS-2007) in Changsha, China, stated that the bamboo reinforcement that is used as a substitute for
steel reinforcement in precast floor plate elements for a five-story office building still functions well
after more than fifty years of use, so bamboo reinforcement can be used as a substitute for steel
reinforcement as the level of durability is good. Lima Jr et al. (2008) [29] experimented on the
Dendrocalamus giganteus bamboo species, showing that bamboo with 60 cycles of wetting and drying
in a calcium hydroxide solution and tap water did not decrease its tensile strength or Young's
Modulus. This is an important factor in the material for use as concrete reinforcement.
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2.3. The Numerical Method Used

Determining the capacity and behavior of reinforced concrete structural elements can be done
with a numerical approach. Theoretical analysis is carried out as control over the results of research
in the laboratory so that the actual structural behavior differences can be seen with the theoretical
analysis. The numerical method used is the finite element method (FEM). Numerical verification in
this study was carried out to control the suitability of the deflection value of the experiment results
with the deflection contours of the FEM analysis result. The program developed in the FEM analysis
was written with the Fortran PowerStation 4.0 program. The theoretical analysis to calculate the load
causing the initial crack was done by using the elastic theory with the transformation section. The
formula for the transformation of the cross-sectional bamboo reinforced concrete is shown in
Equations (1) and (2). For linear analysis, the material data entered are the Poisson’s ratio (v) and the
modulus of elasticity (E). The constitutive relationship analysis of the problem-solving method uses
the stress-field theory. Triangular elements are used to model the plane stress element with a
two-way primary displacement at each nodal point so that the element has six degrees of freedom,
as shown in Figure 19. The stress—strain relationship for the field stress problem has the form of an
equation, such as Equation (3).

n= EBamboo (1)
Econcrete
E — ABamboo)(EBambou + A\:oncreteXECDncrete
Comp — (2)
Atomp
o, £ 1 v 0 |l&
o, = v 1 0 &
I@+v?) 1-v |17 3)
Ty 0 0 |V
o, +0, O, O g
- 2
O12 = XZ . [ x2 y] 7T,y = Om )

where E is the modulus of elasticity and v is the Poisson’s ratio. The principal stresses in two
dimensions are calculated by Equation (4). The Fortran PowerStation 4.0 programming language for
triangle elements is shown at the following link: https://bit.ly/3110U0d.

ixi,yi)

Figure 19. The degrees of freedom of the triangular element.

3. Results

Specifications for precast bridges of the bamboo reinforced concrete frame are shown in Table 6.
The precast bridges were tested with a minibus car full of passengers. The test was carried out after
several stages of work were done, including making river stone foundations, making support plates,
setting the frame on two supports, installing bridge beams and joints, casting bridge plates, and
completing or finishing the bridge. Recording of the test results started when the front axle of the
minibus car was right on the hinge support and ended when the rear axle of the minibus car was
right on the support of the roller. The test result data are shown in Table 7.

The security measure during the test was to place the support poles and scaffolding under the
bridge. The support poles and scaffolding under the bridge also function as a place and safety for the



Appl. Sci. 2020, 10, x FOR PEER REVIEW 15 of 26

LVDT tool. Besides, the bridge was planned using the “Service Load Planning” method with the
assumption that the structure has linear elastic behavior and the load test was carried out with
elastic loads or under the initial crack load of the most critical bridge components. Observation of
deflection and the deformation that occurred was deflection and elastic deformation. The critical
load (Pcr) or initial crack load was 2.1 tons and the maximum test load for the minibuses was 1.55
tons.

Figures 20-25 show the beam displacement and the bridge frame with the minibus Brio car, the
Brio full of passengers, and the AVANZA full of passengers. The maximum displacement with the
load of the Brio car occurred when the position of the front axle was at coordinates 150 cm and the
rear axle was at a distance of 85 cm from the pedestal, with a displacement of 0.2 mm for the frame
and 0.14 mm for the beam displacement. While, the maximum displacement with a full passenger
Brio car occurred when the position of the front axle was at coordinates 200 cm and the rear axle was
at a distance of 35 cm from the pedestal, with a displacement of 0.2 mm for the frame and 0.17 mm
for the beam displacement. The maximum displacement with a full passenger AVANZA car load
occurred when the front axle position was outside the bridge coordinates, which was 115 cm from
the roller support, and the rear axle was at 150 cm coordinates, with a displacement of 0.25 mm for
the frame and 0.21 mm for the displacement beam.

Based on the AASHTO [38] and RSNI T-12-2004 standards [25], the maximum allowable
displacement limit of the bridge is Amwx = L/800 or equal to 3.75 mm. Thus, the maximum
displacement that occurs in the element of the bamboo reinforced concrete frame bridge meets the
requirements based on the AASHTO [38] and RSNI T-12-2004 standards [25].

Table 6. Geometry and specifications of the precast bridges with a bamboo reinforced concrete

frame.
Bridge span: 3m
Foundation: River stone
. Concrete slab = assumption of hinge support; Concrete slabs and
Bridge support: .
rubber pads = assumption of the roller support
- Dimensions of the bridge beam 12 x 20 cm?, tensile reinforcement
(0) = 4.688% and compressive reinforcement (o') = 1.875%
- Hose-clamp d = % attached to the end of the bamboo
Beam: K .
reinforcement instead of hooks.
- Adbhesive layers of bamboo reinforcement using Sikadur®-752
and sand
Connection type: Precast system connection, using bolts and sleeves of 19 mm diameter
Frame model: Rigid portal model or “frame model”
- 10 cm thick slab + spandex t = 0.3 mm.
Bridge slab: - Slab reinforcement using bamboo 1.5 x 1.5 cm? with a distance of
10 cm
Displacement and Based on AASHTO [38] and RSNI T-12-2004 standards [25], the

deformation of permit: maximum displacement of permit is Amax =L/800 = 3.75 mm
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Table 7. Data on the test results of the precast bridge with bamboo reinforced concrete frames.

Displacement and Deformation

Bridge Frame 1 Frame 2 Beam 1 Beam 2
Load Displacem Deformati Displacem Deformati Displacem Deformati Displacem
ent!(mm) on’(mm) ent'(mm) on?’(mm) ent!'(mm) on?(mm) ent!(mm)
Brio 930 kg 0.2 0.03 0.04 0.04 0.06 0.01 0.14
Brio + Pn
1280 kg 0.2 0.01 0.04 0.05 0.08 0.06 0.17
Avanza + 025 0.01 0.04 0.13 0.14 02 0.21
Pn 1550 kg

!Displacement is the deflection of the direction of gravity on the beam or frame elements due to the
distribution of the vehicle loads within the elastic limit. 2 Deformation is a change in shape or a
change in the angle of the cross-section of the beam or frame due to the distribution of the vehicle
loads within the elastic limit measured as the direction of the horizontal of the cross-section.
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Figure 26 shows the deformation of the bridge beam of the bamboo reinforced concrete with a
load of Brio minibuses, the Brio car full of passengers, and the Avanza car full of passengers. From
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Figure 26 and Table 7, we see that the maximum deformation occurs in the beam with the load of the
Avanza car with a full passenger load, which is when the position of the front axle is outside the
coordinates of the bridge, which is 65 cm from the roller support, and the rear axle is at coordinates
100 cm, with the deformation of the beam being 0.20 mm.
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tFigure 26. ﬂ)eformation of the beam of the precast bridge of bamboo reinforced concrete.

Figures 27-29 show the deformation of the bridge frame with the load of the Brio minibus, Brio
car full of passengers, and the Avanza car full of passengers. The maximum deformation with the

brio car load occurs when the position of the front axle is outside the coordinates of the bridge,

which is 85 cm from the roller support, and the rear axle is at coordinates 150 cm, with a frame

deformation of 0.04 mm.
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tFigure 29. ﬂ)eformation of the frame with loads of the Avanza car full of passengers.

The maximum frame deformation with the load of the brio car full of passengers occurred when
the position of the front axle was at coordinates 150 cm and the rear axle was at a distance of 85 cm
from the hinge support, with a deformation of 0.05 mm. The maximum deformation of the frame
with the load of the Avanza car full of passengers occurred when the position of the front axle was at
the coordinates of the bridge of 150 cm, and the rear axle was at a distance of 115 cm from the hinge
support, with a deformation of 0.13 mm.

4. Discussion

Deformation usually occurs due to shrinkage of concrete, deformation of precast connections,
foundation settlement, or due to a static load or dynamic loads on the bridge. In this study,
deformation or elastic deformation is a change in shape or change in the angle of the cross-section of
the beam or frame due to the distribution of the vehicle loads within the elastic limit measured in the
horizontal direction of the cross section. Measurements were made by installing LVDTs (Linear
Variable Displacement Transducers) with inductive transducers of type PR 9350 on the horizontal
side of the frame and bridge beams, as shown in Figure 30.

LVDT for ing elastic def
in bridge beams and frame

LVDT formeasuring displacement in
bridge beams and frame

Figure 30. Measuring the elastic displacement and deformation.

The accuracy of the deformation measurement is very much determined by the calibration of
the equipment, the accuracy of the load point of the observation, the conditions of the test site, such
as near roads, and human error. Figure 26 shows that the minimum beam deformation occurs when
the car axle is right on the neutral line of the beam; this shows that the coupling moment or torque
due to the load is a factor that greatly affects the size of the beam deformation. Gravity loads right on
the neutral line can reduce the deformation and increase the deflection of the bridge beams. Figures
21 and 26 at the 200 cm coordinates show that when the beam deformation is minimum, the beam
displacement is maximum. As shown in Figure 17, Beam 1 is at the coordinates 100 cm and Beam 2 is
at coordinates 200 cm. The deformation of the beam increases in line with the track of the car axle;
that is, the deformation continues to increase, respectively, at the front car axle and rear car axle.
However, the accuracy of the deformation measurements needs attention as to the many
determinants of accuracy that exist.
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Figures 27 and 28 shows that the minimum frame deformation or deformation = 0 occurs when
the car axle is directly above the pedestal or approaching the pedestal. Meanwhile, the maximum
frame deformation occurs when the car axle is in the middle of the bridge span, which is at
coordinates 150 cm. There is a difference in the deformation of the bridge beam and the bridge
frame, namely the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is in the middle of the
bridge span or at the 150 cm coordinates. It must be remembered that careful preparation at the time
of testing or measurement must be considered so that the data obtained is truly accurate; as shown
in Figure 27, the coordinates at 250 cm convey inconsistent deformation data even though the car
axle is close to the support.

Table 7 shows that the maximum deformation of the bridge frame is 0.13 mm and the maximum
displacement of the bridge beam is 0.20 mm. According to the AASHTO [38] and RSNI T-12-2004
standards [25], the allowable limit for the maximum displacement is Ama=L/800 = 3.75 mm and the
maximum deformation of the bridge is 6mar = L/800 = 3.75 mm. Thus, the maximum deformation and
displacement that occurs in the precast bridge elements of the bamboo reinforced concrete frame
meet the requirements based on AASHTO [38] and RSNI T-12-2004 standards [25]. However, the
relationship of load vs. displacement of the beam and the frame results from the field experiments
need to be validated or controlled with the relationship of load vs. displacement of laboratory
experimental results and simulation results of numerical methods. The simulation in this study used
the finite element method (FEM).

The simulation of the bridge frame test using the finite element method (FEM) was carried out
using the Fortran PowerStation 4.0 program and Surfer 9.8 software [26] based on laboratory test
results. Simulations were carried out as control and validation of the experimental data. The bridge
frame test simulation was carried out at the first crack load stage, which was 87 kN based on the
frame loading capacity of only 100 kN. The discretization of the bamboo reinforced concrete bridge
frame for the finite element method (FEM) is shown in Figure 31. The Y-direction and X-direction
displacement are shown in Figures 32 and 33. The loading stages and Y-direction displacement of
the finite element method simulation results are combined with the load vs. displacement laboratory
test results [23], and with the field test results as shown in Figure 34. Figure 33 shows displacement
in the X-direction; the green color shows the minimum displacement, and the orange and blue colors
show the maximum positive and negative displacement, respectively. FEM analysis modeling on the
bamboo reinforced concrete frames can be seen in Item 2.3 of the numerical method used.

l,/ﬂ, leP

Nodal poin

Triangle element
1130 mm

Triangle element

/ d

Nodal point

108 mm ]
[ 3000 mon |

Figure 31. Discretization of the bamboo reinforced concrete bridge frames.
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Figure 33. The displacement in the X-direction of the bridge frame.

Bridge integrity is the ability of a bridge structure or bridge components to withstand the
designed load, preventing structural collapse due to cracks or fractures, deformation, and structural
fatigue. Structural integrity is a concept used for the design plan and designing service load.
Stiffness is the main parameter of the resistance of a bridge structure to get good bridge integrity [7].
The stiffness of the elements of the bridge structure needs to be controlled to prevent sudden
collapse due to cracking and excessive deformation. Stiffness control of the beams and bridge frames
was analyzed through a combination of load vs. displacement from the simulation results of the
finite element method (FEM), the results of laboratory experiments [12,23], and the results of field
experiments as shown in Figure 34. Control was carried out at the maximum load point of the
bamboo reinforced concrete precast frame bridge test in the field, which was 15.5 kN, as shown in
Figures 35 and 36. Documentation of the direct test of the bamboo reinforced concrete precast
bridges can be seen at the following link: https://bit.ly/3gzaW30.

Calculation of the aerodynamic effects due to wind loads and dynamic analysis on precast
concrete bamboo bridges were not carried out. Based on the Earthquake Resistance Standard for
Bridges, the SNI SNI-07-SE-2015 [39] dynamic analysis needed to be carried out for bridge types
with a complex behavior, one of which was the main span exceeding 200 m. In this study, the bridge
width is 2.24 m and the bridge span is 3.20 m, and the ratio of the bridge width to the bridge span of
0.7 is still stable against aerodynamic effects due to wind loads according to Leondhart’s
requirements (B > L/25) and still meets the maximum deflection requirements of AASHTO [38] and
RSNI T-12-2004 [25], which is Amax = L/800 = 3.75 mm.
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results and field experiment results.

The next step was validating the stiffness of the beam and bridge trusses. The main principle is
that the bridge must be in a service condition, with a Serviceability Limit State (SLS) load. The
elements of the bridge structure should not be subjected to cracks, deflection, or vibrations causing
user discomfort. The allowable deflections are those that are elastic deflection and do not cause the
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crack. Stiffness is the main parameter of structural resistance. Therefore, the stiffness of the field test
results needs to be validated by the stiffness of the laboratory test results. Load—displacement
relationship diagrams of the experimental results, laboratory results, and FEM analysis results are
combined into one graph. The maximum test load of the bridge becomes the stiffness control limit,
which is 15.50 kN. Based on the displacement of the laboratory test results, and the displacement of
the field experiments results of the bamboo reinforced concrete frame precast bridge at a stop load of
15.50 kN, the displacement ratio of the laboratory test results to the displacement of the field
experiment results (AexyAras) = 2.6 for the bridge frame and 4.07 for the bridge beam. Figures 35 and
36 shows that the stiffness of the precast bridge beam and precast bridge frame increases + 80% for
the beam stiffness and increases + 60% for the frame stiffness if it is used as an integral part of other
bridge elements.

5. Conclusions

Based on the results of the laboratory tests and field experiments, it appears that the bridge
displacement is quite small and comfortable for the user. The maximum beam displacement occurs
when the rear wheel is at the center of the span at the 150 cm coordinates and the front wheel is at
the 415.5 cm coordinates (the front wheel is outside the bridge). While, the maximum displacement
of the frame occurs when the rear wheel is at the 100 cm coordinates and the front wheel is at the
365.5 cm coordinates (the front wheel is outside the bridge).

The minimum beam deformation occurs when the car axle is right on the neutral line of the
beam; this shows that the coupling moment or torque due to the load is a factor that greatly affects
the size of the beam deformation. Gravity load right on the neutral line can reduce deformation and
increase the deflection of the beam and bridge frame, and the size of the torque moment can affect
the size of the deformation.

There is a difference in the maximum deformation occurrence between the beam and the bridge
frame, namely, the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is in the middle of the
bridge span and outside the frame coordinates.

Precast bamboo reinforced concrete frame bridges have sufficiently good integrity; that is, they
can distribute loads with deflection and deformation that do not exceed their permits. The
maximum displacement of 0.25 mm meets the requirements based on the AASTHO and RSNI
T-12-2004 standards, which is not more than Amx = L/800 = 3.75 mm. The maximum deformation
occurs in the bridge beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements
based on the AASTHO and RSNI T-12-2004 standards, which is not more than dma = L/800 = 3.75
mm.

At the stop load of P = 15.5 kN, the stiffness of the bridge beam increased +80% during the
bridge test when compared with the beam stiffness of the laboratory results. Likewise, the stiffness
of the bridge frame increased +60% during the bridge test when compared to the frame stiffness of
the laboratory results.
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Abstract: Bamboo is an inexpensive, environmentally friendly, and renewable building material
that thrives in Indonesia. Bamboo has a high tensile strength but also has weaknesses, namely, it is
easily attacked by insects and has high water absorption. Utilization of bamboo as a precast
concrete bridge reinforcement must be treated first through soaking, drying, and giving a
waterproof coating and sand. This research aimed to obtain a precast bamboo reinforced concrete
bridge technology with good integrity, with measuring parameters of deformation and deflection
according to AASHTO standards. The dimensions of the bridge were a span of 320 cm, a width of
224 cm, and a height of 115 cm. Two bridge frames were connected by four bridge beams. The
bridge plate was made of a 10-cm-thick concrete plate. The bridge support of the reinforced
concrete is assumed to be the hinge support and the rubber bearing is assumed to be the roller
support. The bamboo reinforced concrete frame bridge test was carried out directly with a load of a
minibus-type vehicle. The test results show that the precast bamboo reinforced concrete frame
bridges have sufficiently good integrity; that is, they can distribute loads with deflection and
deformation that do not exceed their permits. The maximum displacement occurs in the bridge
frame of 0.25 mm, meeting the requirements based on the AASTHO and RSNI T-12-2004 standards,
which is not more than Ame = L/800 = 3.75 mm. The maximum deformation occurs in the bridge
beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements based on the AASTHO
and RSNI T-12-2004 standards, which is not more than Ome« = L/800 = 3.75 mm.

Keywords: precast bridges; bamboo reinforced concrete (BRC); bridge technology; bridge frame

1. [Introduction\

The continued use of industrial products has caused permanent pollution. Permanent pollution
is environmental pollution caused by industrial waste without recycling or the continuous use of
raw materials from nature without renewal. The use of bamboo as a renewable building material can
reduce pollution and maintain a healthy environment [1]. Bamboo is a grass plant with cavities and
nodes in its stems [P‘]. Bamboo is a renewable building material, such as wood. Bamboo has the

advantage of being economical, growing fast, and does not take long to achieve mechanical
resistance. Mechanical resistance of bamboo, such as tensile strength, flexural strength, and other
mechanical properties, can be achieved in a relatively fast time, namely at the age of bamboo ranging
from 3-4 years [[3]. Bamboo is also very abundant in tropical and subtropical areas around the world

[1]. Indonesia is a country with a tropical climate. One of the plants that can thrive in Indonesia is
bamboo. Bamboo is scattered throughout Indonesia. Bamboo has been widely used as a material for
simple structures, such as warehouses, bridges, and village traditional houses, and for handicrafts
for rural communities. In Indonesia, there are more than 100 species of bamboo. Around the world,
there are +1500 species of bamboo [4]. In terms of its potential, in 2000 the total area of bamboo
plants in Indonesia was 2,104,000 ha, consisting of 690,000 ha of bamboo planted in forest areas and
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1,414,000 ha of bamboo plant areas outside forest areas i[S]L Arsad (2015) [5] revealed that in the Hulu

Sungai Selatan Regency, the bamboo area was estimated to be around 22,158 ha, with a production
of about 3000 stems/ha. The description of the potential for bamboo production in East Java is
29,950,000 stems/year, Yogyakarta 2,900,000 stems/year, Central Java 24,730,000 stems/year, and
West Java 14,130,000 stems/year [6]. With such a large production potential, efforts must be made to
increase its economic value, including being used as an alternative to concrete reinforcement. The
best bamboos that are widely used as structural elements are the petung bamboo (Dendrocalamus
asper) and ori bamboo (Bambusa blumeana), because these two bamboos have the best technical
specifications with a high tensile strength. The use of bamboo as concrete reinforcement for simple
construction is applied specifically in underdeveloped village areas that have a lot of bamboo.

Bamboo for concrete reinforcement is because it has a relatively high tensile strength. The
tensile strength of bamboo can reach 370 MPa in its outer fibers [1]. The failure of the elements of the
bridge frame or roof truss usually occurs in the tensile stem elements. Bamboo has a high enough
tensile strength suitable for use in tensile elements. Bamboo is suitable for use in tensile elements,
simple construction, such as roof trusses, simple bridge trusses, simple house construction elements,
and so on. Muhtar et al. (2018) [7] tested the pull-out of bamboo reinforcement with a layer of
Sikadur®-752 and hose clamps embedded in a concrete cylinder, showing an increase in tensile stress
of up to 240% compared to untreated bamboo reinforced concrete (BRC). A single BRC beam with a
bamboo reinforcing area ratio of 4% exceeds the ultimate load of a steel-reinforced concrete (SRC)
beam by 38.54% with a steel reinforcement area ratio of 0.89% [8]. However, bamboo also has
weaknesses, which are being easily attacked by insects and having high water absorption. This
study did not test for fungal and insect attacks, but the technology to prevent fungus and insect
attack was based on the opinion and research of Ridley (1911) [2] and Stebbings (1904) [9], namely
that soaking in water for two months is sufficient to prevent insect attack. Soaking and drying aim to
remove the starch or sugar content in bamboo. The criterion for sufficient soaking is that the bamboo
smells bad. The soaking causes the bamboo’s water content to increase and decrease its strength;
however, after drying it undergoes a transition from a brittle behavior to a very resilient behavior
[10]. The effect of alkaline cement does not cause the bamboo to decrease in strength. According to
Ming Li (2017) [11], the content of bamboo fiber (BF) treated with the right alkaline can effectively
increase toughness, flexural strength, and tensile strength. Moe Thwe (2003) [12] conducted a study
on the durability of bamboo with treatment using calcium hydroxide (CaOH2) to increase flexibility
and durability.

In this study, the technology used to prevent decay and absorption, and the effect of a high pH,
is to provide a Sikadur adhesive that is also a waterproof layer, and the basis is previous research
that has been conducted by several researchers, including (1) Ghavami (2005) [1], who researched
the attachment of bamboo reinforcement with several adhesives applied to the pull-out test and
beam test. From the results of his research concluded that the best adhesive is Sicadur 32 Gel; (2)
Agarwal et al. (2014) [13], who researched bamboo reinforcement treated with Araldite adhesive,
Tepecrete P-151, Anti Corr RC, and Sikadur 32 Gel. From the sticky strength test, it was found that
the best adhesive was the Sikadur 32 Gel; (3) Lima Jr et al. (2008) [14], who experimented on the
Dendrocalamus giganteus bamboo species, showing that bamboo with 60 cycles of wetting and drying
in a calcium hydroxide solution and tap water did not reduce its tensile strength or Young's
Modulus; (4) Javadian et al. (2016) [15], who did research on several types of epoxy coatings to
determine the bonding behavior between concrete and bamboo-composite reinforcement. The
results showed that the bamboo-composite reinforcement without bonding layers was adequate
with the concrete matrix, but with an epoxy base layer and sand particles, it could provide extra
protection without losing bond strength. However, tests for decay resistance, absorption, and the
effect of a high pH on the strength properties will be carried out in future studies; and (5) Muhtar et
al. (2019) [8], who processed bamboo reinforcement by immersing in water for 1 month, coating with
Sikadur®-752, and applying a hose clamp. The pull-out test results show that the bond-stress
increases by 200% when compared to untreated bamboo. Sikadur®-752 adhesive is quite effective in
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preventing the occurrence of hygroscopic and hydrolysis processes between bamboo and concrete.
The non-adhesive hose-clamp does not affect bond stress.

Several researchers who have concluded that bamboo is suitable for use as concrete
reinforcement include (1) Ghavami (2005) [1], who concluded that bamboo can be used as a
structural concrete element, including beams, windows, frames, and elements that experience
bending stress; (2) Agarwal et al. (2014) [13], who conducted tests of treated bamboo reinforced
columns and beams and concluded that all tests indicated that bamboo has the potential to replace
steel as reinforcing beam and column elements; (3) Sakaray et al. (2012) [16], who conducted a
feasibility test for the moso-type bamboo as a reinforcing material for concrete and the conclusion
was that bamboo could be used as a substitute for steel in concrete; (4) Nayak et al. (2013) [17], who
conducted a study to analyze the effect of replacing steel reinforcement with bamboo reinforcement.
One of the conclusions wrote that bamboo reinforcement is three times cheaper than steel
reinforcement and that the engineering technique is cheaper than steel reinforcement; (5) Kaware et
al. (2013) [18], who reviewed bamboo as a reinforcing material for concrete and one conclusion was
that bamboo exhibits ductile behavior like steel; (6) Khan (2014) [19], who researched bamboo as an
alternative material to substitute for reinforcing steel and one of the results of his study revealed that
bamboo reinforced concrete can be used successfully for structural and non-structural elements in
building construction; (7) Rahman et al. (2011) [3], who conducted tests on bamboo reinforced
concrete beams and one of the conclusions wrote that bamboo is a potential reinforcing material in
concrete; (8) Sethia and Baradiya (2014) [20], who in one conclusion revealed that bamboo can be
used as an alternative to steel reinforcement in beams; (9) Terai and Minami (2011) [21], who
conducted a study on 11 bamboo reinforced concrete beams and tested them to check for flexural
cracks and shear cracks, and concluded that the crack pattern of bamboo reinforced concrete (BRC)
beams resembles the fracture pattern of steel-reinforced concrete (RCC) beams so that the fracture
behavior of bamboo reinforced concrete (BRC) beams can be evaluated with the existing formula on
RCC steel-reinforced concrete beams; and (10) Muhtar (2020) [22], who conducted a flexural test on
four beams with untreated bamboo reinforcement and treated with Sikadur®-752 and a hose clamp.
The test results showed that the beam treated with Sikadur®-752 increased the load capacity by 164%
when compared to the untreated reinforced bamboo. With the first treatment, bamboo is suitable for
use as a simple construction concrete reinforcement.

Bamboo as a concrete reinforcement must be treated beforehand, such as immersion in water
[8,23], drying in free air [3,13], applying a waterproof layer [24], and sprinkled with sand, to modify
the roughness of the bamboo reinforcement. Usage of the adhesive or waterproof coating can be
done in various ways, such as paint [25], Sikadur 32 Gel [1,13], and Sikadur®-752 [7,22-24,26-27].
Strengthening of bamboo reinforcement with adhesive or waterproof coating can increase the bond
stress of bamboo reinforcement [23]. Bamboo as reinforcement for concrete construction elements
has been widely researched, including bamboo as beam reinforcement [28-31], bamboo as column
reinforcement [17-34], bamboo as slab reinforcement or panel reinforcement [35-37], and bamboo as
a bridge frame reinforcement [38-39].

Mubhtar [22] tested the flexural properties of four types of bridge beams with different
treatments. The size of the bridge beam is 120 mm x 200 mm x 2100 mm with the area of tensile
reinforcement @ = 4.68% and compressive reinforcement o' = 1.88%. Strengthening of bamboo
reinforcement is done by applying adhesive as a waterproof layer. Modification of the roughness of
the bamboo reinforcement is done by sprinkled sand and installing hose clamps on the tensile
reinforcement. The test was carried out using the four-point load method. The position of the
loading point is adjusted to the distance of the minibus car axle. The test results show that the bridge
beam with bamboo reinforcement can reach the ultimate load of 98.3 kN with an initial crack load of
20 kN. Modification of the roughness of the bamboo reinforcement with adhesive, sand, and hose
clamp can increase the bond stress and capacity of the bamboo reinforced concrete beam (BRC
beam) [22]. The relationship between load vs. displacement is shown in Figure 1.
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Testing of bridge trusses has been carried out by several researchers, including bamboo as
reinforcement for a truss easel [39] and as reinforcement for a bridge frame with a span of 3 m [38].
Dewi and Wonlele [39] concluded that the collapse of the frame structure was caused by a
combination of compressive and shear forces at the positioning of the support knot points. Failure at
the knot placement causes the tensile and compressive rods to be unable to develop the maximum
tensile and compressive strength; however, the collapse pattern still shows a bending effect [39].

Muhtar et al. [38] tested two bridge frame models, namely one frame with symmetry
reinforcement as the joint frame model or “truss model”, and one frame with flexural reinforcement
as the rigid portal model or “frame model”. The test results show that the rigid portal model or
“frame model” has a higher rigidity and load capacity than the joint frame model or “truss model”.
The rigid portal model or “frame model” has an initial crack load capacity of 8700 kg or 87 kN and
the joint frame model or “truss model” has an initial crack load capacity of 5500 kg or 55 kN. The
relationship pattern of the load (P) vs. deflection (A) of the two bridge frames is shown in Figure 2.
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iFigure 2% rThe relationship pattern of load vs. deflection of the bridge frame [38].
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The dimensions and reinforcement of the bridge beams used in this study are the same as
Muhtar’s (2020) research [22]. In this study, strengthening of the reinforcement with hose clamps is
only for tensile reinforcement, whereas in previous studies it was carried out for all reinforcements.
Hose-clamp strengthening when the distance is too close together can reduce the elastic properties
of the bamboo and reduce its capacity. The bridge frame model used in this study is a rigid frame
model or “frame model” as in the experiment conducted by Mubhtar et al. (2020) [38]. The
reinforcement model on the lower side frame stem is installed with the concept of flexural
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reinforcement, whereas in previous studies it was carried out with the concept of truss
reinforcement or symmetry, and their behavior shows flexural behavior. The basis for using the
results of previous laboratory research is to control the results of the direct tests in the field. The
novelty that is expected is (1) obtaining a prototype of the precast concrete reinforced concrete
bridge; and (2) increasing the stiffness and capacity of the precast bridge elements when assembled
into a complete unit. The expected benefits are that the research results can be used as the basis for
the use of bamboo as a substitute for steel reinforcement, which could be applied to a simple frame
bridge structure in underdeveloped village areas with local materials that are cheap,
environmentally friendly, and acceptable.

The targets to apply this research to are underdeveloped villages with lots of bamboos. Bamboo
is a new and renewable energy from natural resources that are very abundant in rural areas. Bamboo
needs to be used, including for reinforced concrete. The use of bamboo is one of the real efforts to
increase the economic strength of the community. Based on previous research and the abundant
potential of bamboo, it is necessary to use it as a reinforcing element for simple precast reinforced
concrete bridges, especially in rural areas with lots of bamboos.

2. Materials and Methods

2.1. Materials

The bamboo used was the petung bamboo (Dendrocalamus asper), aged 3-5 years [13,23]. For the
petung bamboo, the bamboo shoots are purplish-black, covered with hairs that are velvety brown to
blackish. Petung bamboo is large, with a segment length 40-50 cm, diameter 12-18 cm, and a stem
height of up to 20 m. The nodes are surrounded by aerial roots. The wall thickness of the bamboo
internode is between 11 and 36 mm, as per Brink (2008) in Wikipedia Indonesia (2016) [2]. The
mechanical properties of petung bamboo are shown in Table 1. The tensile test for bamboo petung
was based on ASTM D 143-94 [40].

Table 1. Mechanical properties of petung bamboo [41].

Mechanical Properties

Tensile strength (MPa) 105+8
Modulus of elasticity (GPa) 26 +5
Elongation of fault (%) 161
Flexural strength (MPa) 153 +11
Hardness (VHN) 5+1

Impact strength (J/mm?) 0.15+0.7

The bamboo part that is taken was 6-7 m from the base of the bamboo stem. The bamboo was
cut and split into a bamboo reinforcement size of 15 x 15 mm?2. The bamboo to be used must be
treated with the following steps: (a) the bamboo must be cut and split close to the size of the bamboo
reinforcement to be used, namely 15 mm x 15 mm x 2000 mm for bridge beam reinforcement, and 15
mm x 15 mm x 3160 mm for the lower side truss bridge reinforcement. Meanwhile, the
reinforcement for the vertical truss is 15 mm x 15 mm x 1100 mm, the top stem is 15 mm x 15 mm x
1100 mm, and the diagonal stem is 15 mm x 15 mm x 1300 mm; (b) the bamboo must be soaked in
water for 1-2 months to remove the sugar content and prevent termites and insects, as shown in
Figure 3 [9]; (c) it should be dried in free air until the moisture content is approximately 12%, as
shown in Figure 4; (d) the bamboo reinforcement should be trimmed with a grinding machine
according to the specified size, as shown in Figure 5; (e) one should provide a waterproof layer to
reduce the occurrence of the hydrolysis process between the bamboo and concrete, as shown in
Figure 6; (f) do sand sprinkling to modify the roughness of the bamboo reinforcement, as shown in
Figure 7; and (g) stringing the bamboo reinforcement, as shown in Figure 8.

Ghavami (2005) [1] and Agarwal et al. (2014) [13] concluded that the best waterproof layer is
Sikadur 32 Gel. Muhtar (2019) [8] treated bamboo with Sikadur®-752 and a hose clamp. The test
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results show that the adhesion strength increases up to 200% and the beam capacity increases 164%
when compared to untreated bamboo reinforcement. The waterproof or adhesive layer used here
was Sikadur®-752, produced by PT Sika Indonesia [8,27]. Sikadur®-752 is a solvent-free,
two-component, super-low viscosity liquid, based on high strength epoxy resins—especially for
injecting into the cavities and cracks in concrete. Usually used to fill and seal cavities and cracks in
structural concrete, Sikadur®-752 is applied to the bamboo reinforcement to prevent water
absorption. The effectiveness and durability of Sikadur®-752 adhesives require further research. The
specifications of Sikadur®-752 are shown in Table 2. The coating was carried out in two stages. The
second waterproof layer was applied to perfect the waterproof layer of the first stage. The thermal
effect of Sikadur®-752 on bamboo reinforcement can be prevented by the moisture content of 12% in
bamboo. In determining the strength of the bamboo, a 12% moisture content in the air-dry condition
has been considered as a reference standard [42], and the temperature does not significantly affect
the loss of stiffness [43]. Chemical treatment of bamboo helps increase the durability of the bamboo
fibers and reduces the moisture absorption of the bamboo fibers [44].

Table 2. The specifications of Sikadur®-752 [45].

Components Properties
Color Yellowish
Density Approx. 1.08 kg/L
Mixing Ratio, by weight/volume 2:1
Pot life at +30 °C 35 min
2 =
Compressive strength 62 N/mm? at 6161\?7;51?21{%{;:}??
Tensile strength 40 N/mm? at 28 days (ASTM D-790)

2 N/mm? (Concrete failure, over mechanically
prepared concrete surface)
Coefficient of thermal expansion —20 °C to +40 °C, 89 x 10-¢ per °C
Modulus of elasticity 1060 N/mm?

Tensile adhesion strength

The hose clamp used had a diameter of %4”, made in Taiwan [8,22]. The shear reinforcement of
the bridge beam and bridge frame uses steel of 6 mm in diameter, with a fy 240 MPa quality. From
the results of the bamboo tensile test in this study, it was found that the modulus of elasticity of the
bamboo (Ev) was 17,236 MPa, with a tensile strength of 127 N/mm? [8], and the modulus of steel
elasticity (Es) was 207,736 MPa [8]. The concrete mixture used was Portland Pozzolana Cement
(PPC), with a pH of 7, as well as sand, coarse aggregate, and water with a mixed proportion of
1.81:2.82:0.52, as shown in Table 3. The average compressive strength of the concrete was 31.31 MPa
at the age of 28 days. The process of treating the bamboo to assembling the bamboo reinforcement
can be seen in Figures 3-8.

Table 3. The mix composition of the concrete.

The Concrete Mix Cement (PPC) Fine Aggregate Coarse Aggregate Water
Design Kg/m3

Material per m? 381 185 689 1077
Mix composition 1 1.81 2.82 0.52
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Figure 5. Tidy up the bamboo according to size.
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Installation of hose-clamp at the end of
the tensile reinforcement

Figure 8. Stringing the bamboo reinforcement.

2.2. Methods

The dimensions of the bridge were a span of 320 cm, a width of 224 m, and a frame height of 115
cm. The clean span of the inside of the bridge was 280 cm. Two bridge frames were connected by
four bridge beams. Each end of the bridge beam was connected to the knot point with two bolts and

a steel ring plate with a thickness of 2 mm to prevent stress concentration. Details and models of the | comment [M10]: The Figure
joints between the beam and precast bridge frame are shown in LFigures 9 Land 10. The bridge 7 [—— changed, from number
supports were made of reinforced concrete with the assumption of hinge support and a rubber “10 and 11” to “9 and 10”




Appl. Sci. 2020, 10, x FOR PEER REVIEW 9 of 25

bearing assuming roller support. The bridge plate was a 10-cm-thick concrete plate with
0.3-mm-thick spandex. The shape and model of the precast bridge of the bamboo reinforced concrete
frame are described in Figure 12. Details of the reinforcement of the precast bridge beams are shown
in Figure 13. Details of the reinforcement of the bridge frame are shown in Figures 14 and 15 and
Table 4.

The design concept of the bamboo reinforced concrete beams follows Ghavami (2005) [1] and

Mubhtar (2020) [22], as shown in tFigure 11. h"he balance of the concrete compressive force (C = CM+ =
Cc) and the tensile force (T) must be met, as shown in Figure 9. The tensile strength of the bamboo
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reinforcement (T) was obtained by multiplying the bond stress with the shear area in the bamboo
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Figure 12. Model of the precast bridge made from bamboo reinforced concrete.
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Figure 15]. Details of the knot reinforcement for the bridge frames [38].

Table 4. Details of the bridge frame reinforcement [38].

Model I (Shown in Figure 14) II (Shown in Figure 14) III (Shown in Figure 14)
A Bamboo reinforcement
B 1515 mo % Bamboo reinforcement
S o 2 Stirrup ¢ 6 - 100 mm 100lcm irris DTS Mo 40 15x15 mm
ngld portal 0jcm e I D Stirup ¢ 6=150mm | Stirrup 46— 150 mm
model or —
“frame model” ‘élz omy ‘

612 cm)

Testing of the precast bridges with the bamboo reinforced concrete frames was carried out
directly with a load of a minibus-type vehicle. The load was given in stages and levels, starting from
a zero load, Brio carload without passengers, Brio carload full of passengers, and Avanza carload
full of passengers, as shown in Figure 16. The stage of reading the response variable was carried out
when the axle of the car was at the coordinates 0 cm, 17.5 cm, 50 cm, 100 cm, 150 cm, 200 cm, 250 cm,
267.5 cm, and 300 cm from the support, as shown in Figure 17. Tests were carried out on service
limits or elastic conditions with displacement and deformation measuring parameters. To get the
displacement that occurs in the beam and bridge frame, four LVDTs (Linear Variable Displacement
Transducers) were installed with inductive transducers of type PR 9350 in the middle of the frame
span and the middle span of the bridge beam. Meanwhile, to determine the deformation of the
bridge, six pieces of LVDTs were installed, two pieces of LVDTs were installed in the middle of the
side frame span, and four LVDTs were installed on the side of the four ends of the beam. The
performance test settings for the precast bridges of the bamboo reinforced concrete frames are
described in Figure 18.

The weights of the Brio and Avanza cars were calculated based on the empty weight and the
total passenger weight according to the capacity of the number of passengers. The calculation of
passenger weight was based on the average weight of Indonesians, namely 65 kg. The calculation of
the total weight of a minibus and its specifications are shown in Table 5.

‘612 cm)‘
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Table 5. Specifications and weight of the minibus car.

Tvoe of Empty Passenger Weight with

yp Length Height Width Wheelbase  Weight or g Full

Car . Capacity

One Driver Passenger
mm mm mm mm kg persons kg

Brio 3800 1485 1680 2655 930-965 5 1280

Avanza 4190 1695 1660 2655 1045-1095 7 1550
e Pn = full passengers P 1550 kg

Car Weight + Passengers (Kg)

Brio Brio + Pn Avanza + Pn

Stages of Bridge Loading

Figure 16. Loading stage of the precast bridges with a bamboo reinforced concrete frame.
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-
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-
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Coordinates of car axle (cm)

The Reading Plan of Displacement

Figure 17. The coordinates of the reading points of the displacement and deformation.
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Beam 12/20

Detail - A

Concrete foundation
assumption of the support of a hinge

2240 mm Bolt $ 19 mm

ring plate t =2 mm

Rubber foundation

N~ assuming roller support

Figure 18. Arrangement of the testing of the bamboo reinforced concrete frame precast bridges.
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The planned life of the bridge is 10 years. The determination of the age of the bridge in this
study is based on opinions and research on the resistance of bamboo as concrete reinforcement that
has been carried out by several researchers, including Hidalgo (1992) in Sattar (1995) [46], Ghavami
(2005) [1], Rong (2007) [47], and Lima Jr et al. (2008) [14]. After the design life of the bridge is
reached, a gradual visual observation of the deflections and cracks will be carried out. Observations
will be carried out every year with the main objective of observing the durability of bamboo as the
concrete reinforcement of the bridge elements. Measured parameters during the observation period
are deflection and cracks that may occur due to the decreased durability of bamboo reinforcement.

Hidalgo (1992) in Sattar (1995) [46] reported that a house in Colombia whose ceiling and walls
are made of bamboo plastered with cement mortar can last for more than ninety years. Ghavami
(2005) [1] mentions that, after testing, the bamboo reinforced concrete beams were left in the open air
at the PUC Rio Brazil university campus; the bamboo reinforcements from the treated beams
showed that the bond with the concrete was still in satisfactory condition after 15 years. Rong (2007)
[47], in his opening speech at the First International Conference On Modern Bamboo Structure
(ICBS-2007) in Changsha, China, stated that the bamboo reinforcement that is used as a substitute for
steel reinforcement in precast floor plate elements for a five-story office building still functions well
after more than fifty years of use, so bamboo reinforcement can be used as a substitute for steel
reinforcement as the level of durability is good. Lima Jr et al. (2008) [14] experimented on the
Dendrocalamus giganteus bamboo species, showing that bamboo with 60 cycles of wetting and drying
in a calcium hydroxide solution and tap water did not decrease its tensile strength or Young's
Modulus. This is an important factor in the material for use as concrete reinforcement.

2.3. The Numerical Method Used

Determining the capacity and behavior of reinforced concrete structural elements can be done
with a numerical approach. Theoretical analysis is carried out as control over the results of research
in the laboratory so that the actual structural behavior differences can be seen with the theoretical
analysis. The numerical method used is the finite element method (FEM). Numerical verification in
this study was carried out to control the suitability of the deflection value of the experiment results
with the deflection contours of the FEM analysis result. The program developed in the FEM analysis
was written with the Fortran PowerStation 4.0 program. The theoretical analysis to calculate the load
causing the initial crack was done by using the elastic theory with the transformation section. The
formula for the transformation of the cross-sectional bamboo reinforced concrete is shown in
Equations (1) and (2). For linear analysis, the material data entered are the Poisson’s ratio (v) and the
modulus of elasticity (E). The constitutive relationship analysis of the problem-solving method uses
the stress-field theory. Triangular elements are used to model the plane stress element with a
two-way primary displacement at each nodal point so that the element has six degrees of freedom,
as shown in Figure 19. The stress—strain relationship for the field stress problem has the form of an
equation, such as Equation (3).

n= EBamboo (1)
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where E is the modulus of elasticity and v is the Poisson’s ratio. The principal stresses in two
dimensions are calculated by Equation (4). The Fortran PowerStation 4.0 programming language for
triangle elements is shown at the following link: https://bit.ly/3110U0d.

Figure 19. The degrees of freedom of the triangular element.

3. Results

Specifications for precast bridges of the bamboo reinforced concrete frame are shown in Table 6.
The precast bridges were tested with a minibus car full of passengers. The test was carried out after
several stages of work were done, including making river stone foundations, making support plates,
setting the frame on two supports, installing bridge beams and joints, casting bridge plates, and
completing or finishing the bridge. Recording of the test results started when the front axle of the
minibus car was right on the hinge support and ended when the rear axle of the minibus car was
right on the support of the roller. The test result data are shown in Table 7.

The security measure during the test was to place the support poles and scaffolding under the
bridge. The support poles and scaffolding under the bridge also function as a place and safety for the
LVDT tool. Besides, the bridge was planned using the “Service Load Planning” method with the
assumption that the structure has linear elastic behavior and the load test was carried out with
elastic loads or under the initial crack load of the most critical bridge components. Observation of
deflection and the deformation that occurred was deflection and elastic deformation. The critical
load (Per) or initial crack load was 2.1 tons and the maximum test load for the minibuses was 1.55
tons.

Figures 20-25 show the beam displacement and the bridge frame with the minibus Brio car, the
Brio full of passengers, and the AVANZA full of passengers. The maximum displacement with the
load of the Brio car occurred when the position of the front axle was at coordinates 150 cm and the
rear axle was at a distance of 85 cm from the pedestal, with a displacement of 0.2 mm for the frame
and 0.14 mm for the beam displacement. While, the maximum displacement with a full passenger
Brio car occurred when the position of the front axle was at coordinates 200 cm and the rear axle was
at a distance of 35 cm from the pedestal, with a displacement of 0.2 mm for the frame and 0.17 mm
for the beam displacement. The maximum displacement with a full passenger AVANZA car load
occurred when the front axle position was outside the bridge coordinates, which was 115 cm from
the roller support, and the rear axle was at 150 cm coordinates, with a displacement of 0.25 mm for
the frame and 0.21 mm for the displacement beam.

Based on the AASHTO [48] and RSNI T-12-2004 standards [49], the maximum allowable
displacement limit of the bridge is Amwx = L/800 or equal to 3.75 mm. Thus, the maximum
displacement that occurs in the element of the bamboo reinforced concrete frame bridge meets the
requirements based on the AASHTO [48] and RSNI T-12-2004 standards [49].


https://bit.ly/3l1oU0d
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Table 6. Geometry and specifications of the precast bridges with a bamboo reinforced concrete frame.

Bridge span: 3m
Foundation: River stone
Bridge support: Concrete slab = assumption of hinge support; Concrete slabs and
rubber pads = assumption of the roller support
- Dimensions of the bridge beam 12 x 20 cm?, tensile reinforcement
(0) =4.688% and compressive reinforcement (0') = 1.875%
- Hose-clamp d = % attached to the end of the bamboo
Beam: . .
reinforcement instead of hooks.
- Adhesive layers of bamboo reinforcement using Sikadur®-752
and sand
Connection type: Precast system connection, using bolts and sleeves of 19 mm diameter
Frame model: Rigid portal model or “frame model”
- 10 cm thick slab + spandex t = 0.3 mm.
Bridge slab: - Slab reinforcement using bamboo 1.5 x 1.5 cm? with a distance of
10 cm
Displacement and Based on AASHTO [48] and RSNI T-12-2004 standards [49], the
deformation of permit: maximum displacement of permit is Amex =L/800 = 3.75 mm

Table 7. Data on the test results of the precast bridge with bamboo reinforced concrete

frames.
Displacement and Deformation
Bridge Frame 1 Frame 2 Beam 1 Beam 2
Load Displacem Deformati Displacem Deformati Displacem Deformati Displacem
ent!(mm) on’(mm) ent'(mm) on?’(mm) ent!'(mm) on?(mm) ent!(mm)
Brio 930 kg 0.2 0.03 0.04 0.04 0.06 0.01 0.14
Brio + Pn
1280 kg 0.2 0.01 0.04 0.05 0.08 0.06 0.17
Avanza +
Pn 1550 kg 0.25 0.01 0.04 0.13 0.14 0.2 0.21

! Displacement is the deflection of the direction of gravity on the beam or frame elements due to the
distribution of the vehicle loads within the elastic limit. 2 Deformation is a change in shape or a
change in the angle of the cross-section of the beam or frame due to the distribution of the vehicle
loads within the elastic limit measured as the direction of the horizontal of the cross-section.
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Figure 26 shows the deformation of the bridge beam of the bamboo reinforced concrete with a
load of Brio minibuses, the Brio car full of passengers, and the Avanza car full of passengers. From
Figure 26 and Table 7, we see that the maximum deformation occurs in the beam with the load of the

Avanza car with a full passenger load, which is when the position of the front axle is outside the

coordinates of the bridge, which is 65 cm from the roller support, and the rear axle is at coordinates
100 cm, with the deformation of the beam being 0.20 mm.
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tFigure 26. ﬂ)eformation of the beam of the precast bridge of bamboo reinforced concrete.
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Figures 27-29 show the deformation of the bridge frame with the load of the Brio minibus, Brio
car full of passengers, and the Avanza car full of passengers. The maximum deformation with the
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brio car load occurs when the position of the front axle is outside the coordinates of the bridge,
which is 85 cm from the roller support, and the rear axle is at coordinates 150 cm, with a frame

deformation of 0.04 mm.
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h:igure 27.‘ Deformation of the frame with loads of the Brio car with no passengers.
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Comment [M25]: Changes have been
made, please replace with this latest

image

Deformation of Frame 1 and Frame 2
AVANZA + Pn =1550 Kg

0.240

0.200

=—d—Frame 1

0.160 —4—Frame 2

£ A, %

Eul 7 \
0.040 / \

0.000 gﬁé‘%

SR T S S S P S S S SR S e S
& & & E S E S S S E S EE
[N IR o & o

A? & ,&“ RO ":\. §° O ,,@ DS

Deformation of Frame
mi

Coordinates of Car Axle

tFigure 29. ’Deformation of the frame with loads of the Avanza car full of passengers.

Comment [M26]: Changes have been
made, please replace with this latest

image

The maximum frame deformation with the load of the brio car full of passengers occurred when
the position of the front axle was at coordinates 150 cm and the rear axle was at a distance of 85 cm
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from the hinge support, with a deformation of 0.05 mm. The maximum deformation of the frame
with the load of the Avanza car full of passengers occurred when the position of the front axle was at
the coordinates of the bridge of 150 cm, and the rear axle was at a distance of 115 cm from the hinge
support, with a deformation of 0.13 mm.

4. Discussion

Deformation usually occurs due to shrinkage of concrete, deformation of precast connections,
foundation settlement, or due to a static load or dynamic loads on the bridge. In this study,
deformation or elastic deformation is a change in shape or change in the angle of the cross-section of
the beam or frame due to the distribution of the vehicle loads within the elastic limit measured in the
horizontal direction of the cross section. Measurements were made by installing LVDTs (Linear
Variable Displacement Transducers) with inductive transducers of type PR 9350 on the horizontal
side of the frame and bridge beams, as shown in Figure 30.

’c:' -

LVDT for ing elastic d
in bridge beams and frame

-

LVDT formeasuring displacement in
bridge beams and frame

Figure 30. Measuring the elastic displacement and deformation.

The accuracy of the deformation measurement is very much determined by the calibration of
the equipment, the accuracy of the load point of the observation, the conditions of the test site, such
as near roads, and human error. Figure 26 shows that the minimum beam deformation occurs when
the car axle is right on the neutral line of the beam; this shows that the coupling moment or torque
due to the load is a factor that greatly affects the size of the beam deformation. Gravity loads right on
the neutral line can reduce the deformation and increase the deflection of the bridge beams. Figures
21 and 26 at the 200 cm coordinates show that when the beam deformation is minimum, the beam
displacement is maximum. As shown in Figure 17, Beam 1 is at the coordinates 100 cm and Beam 2 is
at coordinates 200 cm. The deformation of the beam increases in line with the track of the car axle;
that is, the deformation continues to increase, respectively, at the front car axle and rear car axle.
However, the accuracy of the deformation measurements needs attention as to the many
determinants of accuracy that exist.

Figures 27 and 28 shows that the minimum frame deformation or deformation = 0 occurs when
the car axle is directly above the pedestal or approaching the pedestal. Meanwhile, the maximum
frame deformation occurs when the car axle is in the middle of the bridge span, which is at
coordinates 150 cm. There is a difference in the deformation of the bridge beam and the bridge
frame, namely the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is in the middle of the
bridge span or at the 150 cm coordinates. It must be remembered that careful preparation at the time
of testing or measurement must be considered so that the data obtained is truly accurate; as shown
in Figure 27, the coordinates at 250 cm convey inconsistent deformation data even though the car
axle is close to the support.

Table 7 shows that the maximum deformation of the bridge frame is 0.13 mm and the maximum
displacement of the bridge beam is 0.20 mm. According to the AASHTO [48] and RSNI T-12-2004
standards [49], the allowable limit for the maximum displacement is Awma=L/800 = 3.75 mm and the
maximum deformation of the bridge is 6mar = L/800 = 3.75 mm. Thus, the maximum deformation and
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displacement that occurs in the precast bridge elements of the bamboo reinforced concrete frame
meet the requirements based on AASHTO [48] and RSNI T-12-2004 standards [49]. However, the
relationship of load vs. displacement of the beam and the frame results from the field experiments
need to be validated or controlled with the relationship of load vs. displacement of laboratory
experimental results and simulation results of numerical methods. The simulation in this study used
the finite element method (FEM).

The simulation of the bridge frame test using the finite element method (FEM) was carried out
using the Fortran PowerStation 4.0 program and Surfer 9.8 software [50] based on laboratory test
results. Simulations were carried out as control and validation of the experimental data. The bridge
frame test simulation was carried out at the first crack load stage, which was 87 kN based on the
frame loading capacity of only 100 kN. The discretization of the bamboo reinforced concrete bridge
frame for the finite element method (FEM) is shown in Figure 31. The Y-direction and X-direction
displacement are shown in Figures 32 and 33. The loading stages and Y-direction displacement of
the finite element method simulation results are combined with the load vs. displacement laboratory
test results [38], and with the field test results as shown in Figure 34. Figure 33 shows displacement
in the X-direction; the green color shows the minimum displacement, and the orange and blue colors
show the maximum positive and negative displacement, respectively. FEM analysis modeling on the
bamboo reinforced concrete frames can be seen in Item 2.3 of the numerical method used.

Nodal poin \ Triangle element

1150 mm
#" Triangle element |
5 / !
P ‘ y
" b
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Ir } 2000 wan ! m1|
Figure 31. Discretization of the bamboo reinforced concrete bridge frames.
Y

Figure 32. The displacement of Y-direction of the bridge frame.
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Figure 33. The displacement in the X-direction of the bridge frame.

Bridge integrity is the ability of a bridge structure or bridge components to withstand the
designed load, preventing structural collapse due to cracks or fractures, deformation, and structural
fatigue. Structural integrity is a concept used for the design plan and designing service load.
Stiffness is the main parameter of the resistance of a bridge structure to get good bridge integrity
[24]. The stiffness of the elements of the bridge structure needs to be controlled to prevent sudden
collapse due to cracking and excessive deformation. Stiffness control of the beams and bridge frames
was analyzed through a combination of load vs. displacement from the simulation results of the
finite element method (FEM), the results of laboratory experiments [22,38], and the results of field
experiments as shown in Figure 34. Control was carried out at the maximum load point of the
bamboo reinforced concrete precast frame bridge test in the field, which was 15.5 kN, as shown in
Figures 35 and 36. Documentation of the direct test of the bamboo reinforced concrete precast
bridges can be seen at the following link: https://bit.ly/3gzaW30.

Calculation of the aerodynamic effects due to wind loads and dynamic analysis on precast
concrete bamboo bridges were not carried out. Based on the Earthquake Resistance Standard for
Bridges, the SNI SNI-07-SE-2015 [51] dynamic analysis needed to be carried out for bridge types
with a complex behavior, one of which was the main span exceeding 200 m. In this study, the bridge
width is 2.24 m and the bridge span is 3.20 m, and the ratio of the bridge width to the bridge span of
0.7 is still stable against aerodynamic effects due to wind loads according to Leondhart’s
requirements (B > L/25) and still meets the maximum deflection requirements of AASHTO [48] and
RSNI T-12-2004 [49], which is Amax = L/800 = 3.75 mm.
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Figure 34. rThe relationship of load vs. displacement of the bridge frame.
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Figure 36. TThe relationship of load vs. displacement of the bridge beam from the laboratory test
results and field experiment results.

The next step was validating the stiffness of the beam and bridge trusses. The main principle is
that the bridge must be in a service condition, with a Serviceability Limit State (SLS) load. The
elements of the bridge structure should not be subjected to cracks, deflection, or vibrations causing
user discomfort. The allowable deflections are those that are elastic deflection and do not cause the
crack. Stiffness is the main parameter of structural resistance. Therefore, the stiffness of the field test
results needs to be validated by the stiffness of the laboratory test results. Load-displacement
relationship diagrams of the experimental results, laboratory results, and FEM analysis results are
combined into one graph. The maximum test load of the bridge becomes the stiffness control limit,
which is 15.50 kN. Based on the displacement of the laboratory test results, and the displacement of
the field experiments results of the bamboo reinforced concrete frame precast bridge at a stop load of
15.50 kN, the displacement ratio of the laboratory test results to the displacement of the field
experiment results (AexpALas) = 2.6 for the bridge frame and 4.07 for the bridge beam. Figures 35 and
36 shows that the stiffness of the precast bridge beam and precast bridge frame increases + 80% for
the beam stiffness and increases + 60% for the frame stiffness if it is used as an integral part of other
bridge elements.

5. Conclusions

Based on the results of the laboratory tests and field experiments, it appears that the bridge
displacement is quite small and comfortable for the user. The maximum beam displacement occurs
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when the rear wheel is at the center of the span at the 150 cm coordinates and the front wheel is at
the 415.5 cm coordinates (the front wheel is outside the bridge). While, the maximum displacement
of the frame occurs when the rear wheel is at the 100 cm coordinates and the front wheel is at the
365.5 cm coordinates (the front wheel is outside the bridge).

The minimum beam deformation occurs when the car axle is right on the neutral line of the
beam; this shows that the coupling moment or torque due to the load is a factor that greatly affects
the size of the beam deformation. Gravity load right on the neutral line can reduce deformation and
increase the deflection of the beam and bridge frame, and the size of the torque moment can affect
the size of the deformation.

There is a difference in the maximum deformation occurrence between the beam and the bridge
frame, namely, the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is in the middle of the
bridge span and outside the frame coordinates.

Precast bamboo reinforced concrete frame bridges have sufficiently good integrity; that is, they
can distribute loads with deflection and deformation that do not exceed their permits. The
maximum displacement of 0.25 mm meets the requirements based on the AASTHO and RSNI
T-12-2004 standards, which is not more than Awm«x = L/800 = 3.75 mm. The maximum deformation
occurs in the bridge beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements
based on the AASTHO and RSNI T-12-2004 standards, which is not more than dma = L/800 = 3.75
mm.

At the stop load of P = 15.5 kN, the stiffness of the bridge beam increased +80% during the
bridge test when compared with the beam stiffness of the laboratory results. Likewise, the stiffness
of the bridge frame increased +60% during the bridge test when compared to the frame stiffness of
the laboratory results.
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Abstract: Bamboo is an inexpensive building material, environmentally friendly, and renewable
that thrives in Indonesia. Bamboo has high tensile strength but has weaknesses, namely, it is easy to
attack by insects and high water absorption. Utilization of bamboo as precast concrete bridge
reinforcement must be treated first through soaking, drying, and giving a waterproof coating and
sand. This research aimed to obtain a precast bamboo reinforced concrete bridge technology with
good integrity, with measuring parameters of deformation and deflection according to AASHTO
standards. The dimensions of the bridge are made with a span of 320 cm, a width of 224 cm, and a
height of 115 cm. Two bridge frames are connected by four bridge beams. Bridge plate made of 10
cm thick concrete plate. The bridge support of reinforced concrete is assumed to be the hinge
support and the rubber bearing is assumed to be the roller support. The bamboo reinforced
concrete frame bridge test was carried out directly with a load of a minibus type vehicle. The test
results show that the precast bamboo reinforced concrete frame bridges have sufficient good
integrity, that is, they can distribute loads with deflection and deformation that do not exceed their
permits. The maximum displacement occurs in the bridge frame of 0.25 mm meets the
requirements based on the AASTHO and RSNI T-12-2004 standards, which is not more than Aumax =
L/800 = 3.75 mm. The maximum deformation occurs in the bridge beam of 0.20 mm, and the bridge
frame of 0.13 mm meets the requirements based on the AASTHO and RSNI T-12-2004 standards,
which is not more than 6ma = L/800 = 3.75 mm.

Keywords: precast bridges; bamboo reinforced concrete (BRC); bridge technology; bridge frame

1. Introduction

The continued use of industrial products has caused permanent pollution. Permanent pollution
is environmental pollution caused by industrial waste without recycling or the continuous use of
raw materials from nature without renewal. The use of bamboo as a renewable building material can
reduce pollution and maintain a healthy environment [1]. Bamboo is a grass plant with cavities and
nodes in its stems [Wikipedia]. Bamboo is a renewable building material such as wood. Bamboo has
the advantage of being economical, growing fast, and does not take long to achieve mechanical
resistance. Mechanical resistance of bamboos such as tensile strength, flexural strength, and other
mechanical properties can be achieved in a relatively fast time, namely at the age of bamboo ranging
from 3 - 4 years [6]. Also, bamboo is very abundant in tropical and subtropical areas around the
world [1]. Indonesia is a country with a tropical climate. One of the plants that can thrive in
Indonesia is bamboo. Bamboo is scattered throughout Indonesia. Bamboo has been widely used as a
material for simple structures such as warehouses, bridges, village traditional houses, and
handicrafts for rural communities. In Indonesia, there are more than 100 species of bamboo. Around
the world, there are + 1500 species of bamboo [2]. In terms of its potential, in 2000 the total area of
bamboo plants in Indonesia was 2,104,000 ha, consisting of 690,000 ha of bamboo planted in forest
areas and 1,414,000 ha of bamboo plant areas outside forest areas [27]. Arsad, E (2015) [27] revealed
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that in Hulu Sungai Selatan Regency, the bamboo area was estimated to be around 22,158 ha with a
production of about 3000 stems/ha. The description of the potential for bamboo production in East
Java is 29,950,000 stems/year, Yogyakarta 2,900,000 stems/year, Central Java 24,730,000 stems/year,
and West Java 14,130,000 stems/year [46]. With such a large production potential, efforts must be
made to increase its economic value, including being used as an alternative to concrete
reinforcement. The best bamboos that are widely used as structural elements are the type of petung
bamboo (Dendrocalamus asper) and the type of ori bamboo (Bambusa blumeana), because these two
bamboos have the best technical specifications with high tensile strength. The use of bamboo as
concrete reinforcement for simple construction and is applied specifically to underdeveloped village
areas that have a lot of bamboo.

Bamboo for concrete reinforcement because it has a relatively high tensile strength. The tensile
strength of bamboo can reach 370 MPa in its outer fibers [1]. The failure of the elements of the bridge
frame or roof truss usually occurs in the pull stem elements. Bamboo has a high enough tensile
strength suitable for use in tensile elements. However, bamboo also has weaknesses, which are easy
to attack by insects and high water absorption. This study did not test for fungal and insect attack,
but the technology to prevent fungus and insect attack was based on the opinion and research of
Ridley (1911) [42] and Stebbings (1904) [45], namely that soaking in water for two months is
sufficient to prevent insect attack. Soaking and drying aims to remove starch or sugar content in
bamboo. The criterion for sufficient soaking is that the bamboo smells bad. The soaking causes the
bamboo's water content to increase and decrease its strength, however after drying it undergoes a
transition from a brittle behavior to a very resilient behavior [28]. The effect of alkaline cement does
not cause the bamboo to decrease in strength. According to Ming Li (2017) [44] the content of
bamboo fiber (BF) which is treated with the right alkaline can effectively increase toughness, flexural
strength, and tensile strength.

In this study, the technology used to prevent decay and absorption, and the effect of high pH, is
to provide Sikadur adhesive which is also a waterproof layer, and the basis is previous research that
has been conducted by several researchers including (1) Ghavami (2005) [1] researched the
attachment of bamboo reinforcement with several adhesives applied to the pull-out test and beam
test. From the results of his research concluded that the best adhesive is Sicadur 32 Gel, (2) Agarwal
et al. (2014) [5] researched bamboo reinforcement treated with Araldite adhesive, Tepecrete P-151,
Anti Corr RC, and Sicadur 32 Gel. From the sticky strength test, it was found that the best adhesive
was Sicadur 32 Gel, (3) Lima Jr et al. (2008) [29] experimented on the Dendrocalamus giganteus
bamboo species showing that bamboo with 60 cycles of wetting and drying in a calcium hydroxide
solution and tap water did not reduce its tensile strength and Young Modulus, (3) Javadian et al.
(2016) [30] did research on several types of epoxy coatings to determine the bonding behavior
between concrete and bamboo-composite reinforcement. The results showed that the
bamboo-composite reinforcement without bonding layers was adequate with the concrete matrix,
but with an epoxy base layer and sand particles, it could provide extra protection without losing
bond strength. However, tests for decay resistance, absorption, and the effect of high pH on strength
properties will be carried out in future studies.

Several researchers who have concluded that bamboo is suitable for use as concrete
reinforcement include: (1) Ghavami (2005) [1] concluded that bamboo can be used as a structural
concrete element including beams, windows, frames, and elements that experience bending stress,
(2) Agarwal et al. (2014) [5] conducted tests of treated bamboo reinforced columns and beams and
concluded that all tests indicated that bamboo has the potential to replace steel as reinforcing beam
and column elements, (3) Sakaray et al. (2012) [31] conducted a feasibility test for moso type bamboo
as a reinforcing material for concrete and the conclusion was that bamboo could be used as a
substitute for steel in concrete, (4) Nayak et al. (2013) [32] conducted a study to analyze the effect of
replacing steel reinforcement with bamboo reinforcement. One of the conclusions wrote that
bamboo reinforcement is 3 times cheaper than steel reinforcement and that the engineering
technique is cheaper than steel reinforcement, (5) Kaware et al. (2013) [33] reviewed bamboo as a
reinforcing material for concrete and one conclusion was that bamboo exhibits ductile behavior like
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steel, (6) Khan (2014) [34] researched bamboo as an alternative material to substitute for reinforcing
steel and one of the results of his study revealed that bamboo reinforced concrete can be used
successfully for structural and non-structural elements in building construction, (7) Rahman et al.
(2011) [6] conducted tests on bamboo reinforced concrete beams and one of the conclusions wrote
that bamboo is a potential reinforcing material in concrete, (8) Sethia & Baradiya (2014) [35] in one
conclusion revealed that bamboo can be used as an alternative to steel reinforcement in beams, and
(9) Terai & Minami (2011) [36] conducted a study on 11 bamboo reinforced concrete blocks and
tested them to check for flexural cracks and shear cracks. And concluded that the crack pattern of
bamboo reinforced concrete (BRC) beams resembles the fracture pattern of steel-reinforced concrete
(RCC) beams so that the fracture behavior of bamboo reinforced concrete (BRC) beams can be
evaluated with the existing formula on RCC steel reinforced concrete beams.

Bamboo as a concrete reinforcement must be treated beforehand, such as immersion in water
[3-4], drying in free air [5-6], applying a waterproof layer [7], and sprinkled sand to modify the
roughness of bamboo reinforcement. Usage of the adhesive or waterproof coating can be done in
various ways, such as paint [8], Sikadur 32 Gel [5,1], Sikadur®-752 [4,7,9-12]. Strengthening of
bamboo reinforcement with adhesive or waterproof coating can increase the bond-stress of bamboo
reinforcement [4]. Bamboo as reinforcement for concrete construction elements has been widely
researched, including bamboo as beam reinforcement [13-16], bamboo as column reinforcement
[17-19], bamboo as slab reinforcement, or panels reinforcement [20-22], and bamboo as a bridge
frame reinforcement [23,24].

Mubhtar [12] tested the flexural of 4 types of bridge beams with different treatments. The size of
the bridge beam is 120 mm x 200 mm x 2100 mm with the area of tensile reinforcement ¢ = 4.68% and
compressive reinforcement o' = 1.88%. Strengthening of bamboo reinforcement is done by applying
adhesive as a waterproof layer. Modification of the roughness of the bamboo reinforcement is done
by sprinkled sand and installing hose-clamps on the tensile reinforcement. The test was carried out
using the four-point load method. The position of the loading point is adjusted to the distance of the
minibus car axle. The test results show that the bridge beam with bamboo reinforcement can reach
the ultimate load of 98.3 kN with an initial crack load of 20 kN. Modification of the roughness of
bamboo reinforcement with adhesive, sand, and hose-clamp can increase bond-stress and capacity
of the bamboo reinforced concrete beam (BRC beam) [12]. The relationship between load vs.
displacement is shown in Figure 1.

120 +

B3 - SIKADUR-752
100 + e B4 - SIKADUR-752 + HOSE CLAMP 10 cm
————— B2 - HOSE CLAMP 10 cm

80 T —m=—B1-NORMAL

@
S
1
1
1
1

Load, P (kN)
A
\
\
\
)
\

N
S
\

Displacement, A (mm)

Figure 1. The relationship of Load vs. deflection of BRC beam [12]

Testing of bridge trusses has been carried out by several researchers including bamboo as
reinforcement for truss easel [24] and as reinforcement for bridge frame with a span of 3 meters [23].
Dewi and Wonlele [24] concluded that the collapse of the frame structure was caused by a
combination of compressive and shear forces at the positioning of support knot points. Failure at the
knot placement causes the tensile and compressive rods to be unable to develop the maximum
tensile and compressive strength, however, the collapse pattern still shows a bending effect [24].

Mubhtar et al. [23] tested two bridge frame models, namely one frame with symmetry
reinforcement as the joint frame model or "truss model", one frame with flexural reinforcement as
the rigid portal model or "frame model". The test results show that the rigid portal model or "frame
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model" has higher rigidity and load capacity than the joint frame model or "truss model". The rigid
portal model or "frame model" has an initial crack load capacity of 8700 kg or 87 kN and the joint
frame model or "truss model" has an initial crack load capacity of 5500 kg or 55 kN. The relationship

pattern of load (P) vs. deflection (4) of the two bridge frames is shown in Figure 2.
10000

9000

=== TRUSS MODEL

8000 g FRAME MODEL

7000
6000
5000

First crack
4000

Load, P (kg)

3000

2000

1000

Deflection, A (mm)
Figure 2. The relationship pattern of load vs. deflection of the bridge frame [23]

The dimensions and reinforcement of the bridge beams used in this study are the same as
Muhtar's (2020) research [12]. The bridge frame model used in this study is a rigid frame model or
"frame model" as in the experiment conducted by Mubhtar et al. (2020) [23]. The basis for using the
results of previous laboratory research to control the results of direct tests in the field. The novelty
that is expected: (1) obtaining a prototype of the precast concrete reinforced concrete bridge, and (2)
increasing the stiffness and capacity of the precast bridge elements when assembled into a complete
unit. While the expected benefits are that the research results can be used as the basis for the use of
bamboo as a substitute for steel reinforcement which is applied to a simple frame bridge structure in
underdeveloped village areas with local materials, cheap, environmentally friendly, and acceptable.

The targets of this research application are underdeveloped villages and lots of bamboos.
Bamboo is a new and renewable energy from natural resources that are very abundant in rural areas.
Bamboo needs to be used, including reinforced concrete. The use of bamboo is one of the real efforts
to increase the economic strength of the community. Based on previous research and the abundant
potential of bamboo, it is necessary to use it as a reinforcing element for simple precast reinforced
concrete bridges, especially in rural areas with lots of bamboos.

2. Materials and Methods

2.1. Materials

The bamboo used is the petung bamboo (Dendrocalamus asper) aged 3-5 years [4,5]. Petung
bamboo, the bamboo shoots are purplish black, covered with hairs such as brown velvet to blackish.
Petung bamboo is large, segment length 40-50 cm, diameter 12-18 cm, with a stem height of up to 20
m. The nodes are surrounded by aerial roots. The wall thickness of the bamboo internode is between
11 and 36 mm, Brink M (2008) in Wikipedia Indonesia (2016) [42]. The mechanical properties of
petung bamboo are shown in Table 1. Tensile test for bamboo petung based on ASTM D 143-94 [37].

Table 1. Mechanical properties of petung bamboo

Mechanical properties

Tensile strength (MPa) 105+8
Modulus of elasticity (GPa) 2615
Elongation of fault (%) 16+1
Flexural strength (MPa) 153+11
Hardness (VHN) 5+1

Impact strength (J/mm?2) 0.15+0.7
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The bamboo part that is taken is 6-7 meters from the base of the bamboo stem. Bamboo is cut
and split into bamboo reinforcement with a size of 15 x 15 mm2 Bamboo to be used must be treated
with the following steps: (a) bamboo is cut and split close to the size of the bamboo reinforcement to
be used, namely 15 mm x 15 mm x 2000 mm for bridge beam reinforcement, 15 mm x 15 mm x 3160
mm for the lower side truss bridge reinforcement. Meanwhile, the reinforcement for the vertical
truss is 15 mm x 15 mm x 1100 mm, the top stem is 15 mm x 15 mm x 1100 mm, and the diagonal
stem is 15 mm x 15 mm x 1300 mm, (b) bamboo is soaked in water for 1 - 2 months to remove sugar
content and prevent termites and insects [45], (c) dry in free air until the moisture content is
approximately 12%, (d) the bamboo reinforcement is trimmed with a grinding machine according to
the specified size, (e) providing a waterproof layer to reduce the occurrence of the hydrolysis process
between bamboo and concrete, (f) sand sprinkling to modify the roughness of bamboo
reinforcement.

Ghavami (2005) [1] and Agarwal et al. (2014) [5] concluded that the best waterproof layer is
Sikadur 32 Gel. The waterproof or adhesive layer uses Sikadur®-752 produced PT Sika Indonesia
[3,10]. Sikadur®-752 is A solvent-free, 2-component super-low viscosity-liquid, based on high
strength epoxy resins. Especially for injecting into cavities and cracks in concrete. Usually used to fill
and seal cavities and crack in structural concrete. Sikadur®-752 is applied to bamboo reinforcement
to prevent water absorption. The effectiveness and durability of Sikadur®-752 adhesives require
further research. The specifications of Sikadur®-752 are shown in Table 2. The coating was carried
out in two stages. The second waterproof layer was applied to perfect the waterproof layer of the
first stage.

Table 2. The specification of Sikadur®-752 [41]

Components Properties
Colour Yellowish
Density Approx. 1.08 kg/L
Mixing Ratio, by weight/volume 2:1
Pot life at +30°C 35 min
Compressive strength 62 N/mm? at7days (ASTM D-695)
64 N/mm? at 28 days
Tensile strength 40 N/mm? at28 days (ASTM D-790)
Tensile Adhesion Strength 2 N/mm? (Concrete failure, over echanically
prepared concrete surface)
Coefficient of Thermal Expansion -20 °C to +40 °C 89 x 10-6 per °C
Modulus of elasticity 1060 N/mm?
Table 3. The mix composition of concrete
The concrete Cement (PPC)  Fine Aggregate =~ Coarse Aggregate Water
mix design Kg/m?
Material per-m? 381 185 689 1077
Mix composition 1 1.81 2.82 0.52

The hose-clamp used is diameter %” made in Taiwan [3,12]. The shear reinforcement of the
bridge beam and bridge frame uses steel of 6 mm diameter with fy 240 MPa quality. From the results
of the bamboo tensile test in this study, it was found that the modulus of elasticity of bamboo (Ev)
was 17236 MPa with a tensile strength of 127 N/mm? [3] and the modulus of steel elasticity (Es) was
207736 MPa [3]. The concrete mixture used is Portland Pozzolana Cement (PPC) with a pH of 7,
sand, coarse aggregate, and water with a mixed proportion of 1.81: 2.82: 0.52 as shown in Table 3.
The average compressive strength of concrete is 31.31 MPa at the age of 28 days. The process of
treating bamboo to assembling the bamboo reinforcement can be seen in Figures 3-8.
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The dimensions of the bridge are made with a span of 320 cm, a width of 224 m, and a frame
height of 115 cm. The clean span of the inside of the bridge is made 280 cm. Two bridge frames are
connected by four bridge beams. Each end of the bridge beam is connected to the knot point with 2
bolts and a steel ring plate with a thickness of 2 mm to prevent stress concentration. Details and
models of joints between the beam and precast bridge frame are shown in Figures 10-11. The bridge
supports are made of reinforced concrete with the assumption of hinge support and a rubber bearing
assuming roller support. While the bridge plate is made of 10 cm thick concrete plate with 0.3 mm
thick spandex. The shape and model of the precast bridge of the bamboo reinforced concrete frame are
described in Figure 12. Details of the reinforcement of the precast bridge beams are shown in Figure
13. Details of the reinforcement of the bridge frame are shown in Figures 14-15 and Table 4.

The design concept of bamboo reinforced concrete beams follows Ghavami (2005) and Muhtar
(2020) as shown in Figure 9. The balance of the concrete compressive force (C = Cb '+ Cc) and the
tensile force (T) must be met as shown in Figure 9. The tensile strength of bamboo reinforcement (T)
is obtained by multiplying the bond stress with the shear area in the bamboo reinforcement. The
failure of the bamboo reinforced concrete beams due to the breaking of the bonds between bamboo
and concrete.

0,85 0,85

—E&p |@|f b’ |H H  Cp=Afy

g
- - \ — —
B ol /7 ¢ R
. i A N _l/._ Neutralline |."." .~
[R]

—Z— L—: =N \l/

I

Figure 9. Stress-strain distribution diagram in a BRC beam
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Figure 10. Details of ring plate and bolt sleeve
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(a) Bridge frame

(c) Preast bridge frames

Figure 11. Models and applications of precast connections

Bamboo reinforced concrete bridge beam
Plate ring t =2 mm, and bolt hole ¢ 21

Bolt hole ¢ 21 mm
Plate ring t =2 mm

Figure 12. Model of the precast bridge from bamboo reinforced concrete
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Testing of precast bridges with bamboo reinforced concrete frames is carried out directly with a
load of a minibus type vehicle. The load is given in stages and levels, starting from zero loads, Brio
carload without passengers, Brio carload of full passenger, and AVANZA carload of the full passenger
as shown in Figure 16. The stage of reading the response variable is carried out when the axle of the car
is at coordinates 0 cm, 17.5 cm, 50 cm, 100 cm, 150 cm, 200 cm, 250 cm, 267.5 cm and 300 cm from the
support as shown in Figure 17. Tests are carried out on service limits or elastic conditions with
displacement and deformation measuring parameters. To get the displacement that occurs in the beam
and bridge frame, 4 LVDTs (Linear Variable Displacement Transducers) are installed with inductive
transducers of type PR 9350 in the middle of the frame span and the middle span of the bridge beam.
Meanwhile, to determine the deformation of the bridge, 6 pieces of LVDT were installed, 2 pieces of
LVDT were installed in the middle of the side frame span, and 4 LVDTs were installed on the side of
the four ends of the beam. The performance test settings for precast bridges of bamboo reinforced
concrete frames are described in Figure 18.

The weight of the Brio car and the Avanza car is calculated based on the empty weight and the
total passenger weight according to the capacity of the number of passengers. The calculation of
passenger weight is based on the average weight of Indonesians, namely 65 kg. The calculation of the
total weight of a minibus and its specifications are shown in Table 5.

Table 5. Specifications and weight of minibus car

Type of Empty weight Passenger Weight with
Length Height Width  Wheelbase
car or one driver capacity full passenger
mm mm mm mm kg person kg
Brio 3800 1485 1680 2655 930 - 965 5 1280
Avanza 4190 1695 1660 2655 1045 - 1095 7 1550

1800

1600
Pn = full passengers

1400

1200

1000

800

600

400

200

Car Weight + Passengers (Kg)

Brio Brio +Pn Avanza +Pn

Stages of Bridge Loading
Figure 16. Loading stage of precast bridges of bamboo reinforced concrete frame
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Figure 17. The coordinates of the reading points of displacement and deformation
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Test load of minibus cars

Concrete foundation
assumption of the support of a hinge

Bolt $ 19 mm
ring plate t =2 mm

> Rubber foundation
- assuming roller support

Figure 18. Arrangement of testing for bamboo reinforced concrete frame precast bridges

The planned life of the bridge is 10 years. The determination of the age of the bridge in this
study is based on opinions and research on the resistance of bamboo as concrete reinforcement that
has been carried out by several researchers including Hidalgo (1992) in Sattar (1995) [43], Ghavami
(2005) [1], Rong BS (2007) [40], Lima Jr et al. (2008) [29]. After the design life of the bridge is reached,
a gradual visual observation of the deflections and cracks will be carried out. Observations will be
carried out every year with the main objective of observing the durability of bamboo as the concrete
reinforcement of the bridge elements. Measured parameters during the observation period are
deflection and cracks that may occur due to the decreased durability of bamboo reinforcement.

Hidalgo (1992) in Sattar (1995) [43] reports that a house in Colombia whose ceiling and walls are
made of bamboo plastered with cement mortar can last for more than ninety years. Ghavami (2005)
[1] mentions that after testing, bamboo reinforced concrete beams are left in the open air at the PUC
Rio Brasil university campus, bamboo reinforcements from treated beams show that the bond with
the concrete is still in satisfactory condition after 15 years. B.S. Rong (2007) [40], in his opening
speech at the First International Conference On Modern Bamboo Structure (ICBS-2007) in Changsha,
China, states that the bamboo reinforcement that is used as a substitute for steel reinforcement in
precast floor plate elements for a five-story office building still functions well after more than fifty
years of use, so bamboo reinforcement can be used as a substitute for steel reinforcement with the
level of durability is good. Lima Jr et al. (2008) [29] experimented on the Dendrocalamus giganteus
bamboo species showing that bamboo with 60 cycles of wetting and drying in a calcium hydroxide
solution and tap water did not decrease its tensile strength and Young Modulus. This is an
important factor of the material for use as concrete reinforcement.

2.3. The numerical method used

To determine the capacity and behavior of reinforced concrete structural elements can be done
with a numerical approach. Theoretical analysis is carried out as control over the results of research
in the laboratory so that the actual structural behavior differences can be seen with the theoretical
analysis. The numerical method used is the finite element method (FEM). Numerical verification in
this study was carried out to control the suitability of the deflection value of the experiment results
with the deflection contours of the FEM analysis result. The program developed in the FEM analysis
is written with the Fortran PowerStation 4.0 program. The theoretical analysis to calculate the load
causing the initial crack using the elastic theory with the transformation section. The formula for the
transformation of the cross-sectional bamboo reinforced concrete is shown in Eq. (1) and Eq. (2). For
linear analysis, the material data entered are the Poisson's ratio (v) and the modulus of elasticity (E).
The constitutive relationship analysis of the problem-solving method uses the stress-field theory.
Triangular elements are used to model the plane stress element with a two-way primary
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displacement at each nodal point so that the element has six degrees of freedom as shown in Figure
19. The stress-strain relationship for the field stress problem has the form of an equation such as Eq.

®)-

n= EBamboo (1)
Econcrete
E _ ABambOOXEBamboo + AboncreteXEConcrete
Comp — (2)
AComp
o, E 1 v 0 |lg
o, = v 1 0 &
[T asv?) - |17 3)
Txy 00 T /4 Xy
o, +0 O O 2
X y x Py 2
0-1,2 = 2 * ( 2 J + z-xy = Gmax (4)

where E is the modulus of elasticity and v is the Poisson's ratio. And the principal stresses in two
dimensions are calculated by Eq. (4).

S w
JOg )

X

Figure 19. The degrees of freedom of triangular element

3. Results

Specifications for precast bridges of the bamboo reinforced concrete frame are shown in Table 6.
The precast bridges were tested with a minibus car of the full passenger. The test is carried out after
several stages of work are done, including making river stone foundations, making support plates,
setting the frame on two supports, installing bridge beams and joints, casting bridge plates,
completing or finishing the bridge. Recording of test results response starts when the front axle of
the minibus car is right on the hinge support and ends until the rear axle of the minibus car is right
on the support of the roller. The test result data is shown in Table 7.

The security measure during the test is to place the support poles and scaffolding under the
bridge. The support poles and scaffolding under the bridge also function as a place and safety for the
LVDT tool. Besides, the bridge is planned using the "Service Load Planning" method with the
assumption that the structure has linear elastic behavior and the load test is carried out with elastic
loads or under the initial crack load of the most critical bridge components. Observation of
deflection and deformation that occurs is deflection and elastic deformation. The critical load (Pcr) or
initial crack load is 2.1 tons and the maximum test load for minibusses is 1.55 tons.

Figures 20-25 show the beam displacement and the bridge frame with the minibus Brio car, Brio
with full passengers, and AVANZA with full passengers. The maximum displacement with the load
of the Brio car occurs when the position of the front axle is at coordinates 150 cm and the rear axle is
at a distance of 85 cm from the pedestal, with a displacement of 0.2 mm for the frame and 0.14 mm
for beam displacement. While the maximum displacement with a full passenger Brio car occurs
when the position of the front axle is at coordinates 200 cm and the rear axle is at a distance of 35 cm
from the pedestal, with a displacement of 0.2 mm for the frame and 0.17 mm for beam displacement.
For maximum displacement with a full passenger AVANZA car load occurs when the front axle
position is outside the bridge coordinates, which is 115 cm from the roller support, and the rear axle
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is at 150 cm coordinates, with a displacement of 0.25 mm for the frame and 0.21 mm for
displacement beam.

Based on AASHTO [38] and RSNI T-12-2004 standards [25], the maximum allowable
displacement limit of the bridge is Amx = L/800 or equal to 3.75 mm. Thus, the maximum
displacement that occurs in the element of the bamboo reinforced concrete frame bridge meets the
requirements based on AASHTO [38] and RSNI T-12-2004 standards [25].

Table 6. Geometry and specifications of precast bridges bamboo reinforced concrete frame

Bridge span ;3 meters
Foundation : River stone
) Concrete slab = assumption of hinge support; Concrete slabs and
Bridge support rubber pads = assumption of the roller support
- Dimensions of the bridge beam 12 x 20 cm?, tensile
reinforcement () = 4.688% and compressive reinforcement (Q')
=1.875%
Beam : - Hose-clamp d = % ”attached to the end of the bamboo
reinforcement instead of hooks.
- Adhesive layers of bamboo reinforcement using Sikadur®-752
and sand
Connection type  Precast system connection, using bolts and sleeves of 19 mm
"~ diameter
Frame model : Rigid portal model or “frame model”
Bridge slab - 10 cm thick slab + spandex t = 0.3 mm.
- Slab reinforcement using bamboo 1.5 x 1.5 cm2 with a distance
of 10 cm
Displacement/deformation =~ Based on AASHTO [38] and RSNI T-12-2004 standards [25], the
of permit " maximum displacement of permit is Amax = L/800 = 3.75 mm

Table 7. Data on the test results of the precast bridge of bamboo reinforced concrete frames

Displacement and deformation

Bridge Frame 1 Frame 2 Beam 1 Beam 2

load Displacement! Deformation? Displacement'  Deformation> Displacement! Deformation?  Displacement!
(mm) (mm) (mm) (mm) (mm) (mm) (mm)

Brio

930 kg 0.2 0.03 0.04 0.04 0.06 0.01 0.14

Brio+Pn

1280 kg 0.2 0.01 0.04 0.05 0.08 0.06 0.17

Avanza+Pn
1550 kg 0.25 0.01 0.04 0.13 0.14 0.2 0.21

1 Displacement is the deflection of the direction of gravity on the beam or frame elements due to the distribution of vehicle
loads within the elastic limit. 2Deformation is a change in shape or a change in the angle of the cross-section of the beam or
frame due to the distribution of vehicle loads within the elastic limit measured in the direction of horizontal of the
cross-section
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Figure 22. Displacement of the frame with loads of Figure 23. Displacement of the beam with loads of
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Figure 24. Displacement of the frame with loads of Figure 25. Displacement of the beam with loads of
BRIO car of no passengers BRIO car of no passengers

Figure 26 shows the deformation of the bridge beam of bamboo reinforced concrete with a load
of Brio minibusses car, Brio car with full passengers, and AVANZA car with full passengers. From
Figure 26 and Table 7, it shows that the maximum deformation occurs in the beam with the load of
the AVANZA car with a full passenger, which is when the position of the front axle is outside the
coordinates of the bridge which is 65 cm from the roller support, and the rear axle is at coordinates
100 cm, with deformation a beam of 0.20 mm.
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Figure 26. Deformation of the beam of the precast bridge of bamboo reinforced concrete

Figures 27-29 show that the deformation of the bridge frame with the load of the Brio minibus,
Brio car with full passengers, and AVANZA car with full passengers. Maximum deformation with
the brio car load occurs when the position of the front axle is outside the coordinates of the bridge,
which is 85 cm from the roller support, and the rear axle is at coordinates 150 cm, with frame
deformation of 0.04 mm.
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Figure 29. Deformation of the frame with loads of AVANZA car of full passengers

While the maximum frame deformation with the load of the brio car with full passengers occurs
when the position of the front axle is at coordinates 150 cm and the rear axle is at a distance of 85 cm
from the hinge support, with deformation of 0.05 mm. For the maximum deformation of the frame
with the load of the AVANZA car with full passengers occurs when the position of the front axle is
at the coordinates of the bridge is 150 cm, and the rear axle is at a distance of 115 cm from the hinge
support with deformation of 0.13 mm.

4. Discussion

Deformation usually occurs due to shrinkage of concrete, deformation of precast connections,
foundation settlement, or due to static load or dynamic loads on the bridge. In this study,
deformation or elastic deformation is a change in shape or change in the angle of the cross-section of
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the beam or frame due to the distribution of vehicle loads within the elastic limit measured in the
horizontal direction of the cross-section. Measurements were made by installing LVDT (Linear
Variable Displacement Transducers) with inductive transducers of type PR 9350 on the horizontal
side of the frame and bridge beams as shown in Figure 30.

LVDT formeasuring elastic deformation
in bridge beams and frame
L — - -

s - - O .

LVDT formeasuring displacement in
X bridge beams and frame

Figure 30. The measuring elastic displacement and deformation

The accuracy of deformation measurement is very much determined by the calibration of the
equipment, the accuracy of the load point of the observation, the conditions of the test site such as
near roads, and human error. Figure 26 shows that the minimum beam deformation occurs when the
car axle is right on the neutral line of the beam, this shows that the coupling moment or torque due
to the load is a factor that greatly affects the size of the beam deformation. Gravity loads right on the
neutral line can reduce deformation and increase the deflection of the bridge beams. Figure 26 and
Figure 21 at 200 cm coordinates show that when the beam deformation is minimum, the beam
displacement is maximum. As shown in Figure 17, Beam 1 is at coordinates 100 cm and Beam 2 is at
coordinates 200 cm. The deformation of the beam increases in line with the track of the car axle, that
is, the deformation continues to increase, respectively, of the front car axle and rear car axle.
However, the accuracy of deformation measurements really needs attention to many determinants
of accuracy.

Figure 27 and Figure 28 shows that minimum frame deformation or deformation = 0 occurs
when the car axle is directly above the pedestal or approaching the pedestal. Meanwhile, the
maximum frame deformation occurs when the car axle is in the middle of the bridge span, which is
at coordinates 150 cm. There is a difference in the deformation of the bridge beam and the bridge
frame, namely the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is the middle of the
bridge span or at 150 cm coordinates. It must be remembered that careful preparation at the time of
testing or measurement must be considered so that the data obtained is truly accurate, as shown in
Figure 27 the coordinates of 250 cm occur inconsistent deformation data even though the car axle is
close to the support.

Table 7 shows that the maximum deformation of the bridge frame is 0.13 mm and the maximum
displacement of the bridge beam is 0.20 mm. According to the AASHTO [38] and RSNI T-12-2004
standards [25], the allowable limit for the maximum displacement is Amx=L/800 = 3.75 mm and the
maximum deformation of the bridge is dma = L/800 = 3.75 mm. Thus, the maximum deformation and
displacement that occurs in the precast bridge elements of the bamboo reinforced concrete frame
meet the requirements based on AASHTO [38] and RSNI T-12-2004 standards [25]. However, the
relationship of load vs. displacement of beam and frame results from field experiments need to be
validated or controlled with the relationship of load vs. displacement of laboratory experimental
results and simulation results of numerical methods. The simulation in this study used the finite
element method (FEM).

The simulation of the bridge frame test using the finite element method (FEM) was carried out
using the Fortran PowerStation 4.0 program and surfer 9.8 software [26] based on laboratory test
results. Simulations were carried out as control and validation of experimental data. The bridge
frame test simulation is carried out at the first crack load stage, which is 87 kN based on the frame
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loading capacity of only 100 kN. The discretization of the Bamboo Reinforced Concrete Bridge
Frame for the finite element method (FEM) is shown in Figure 31. The Y-direction and X-direction
displacement are shown in Figure 32 and Figure 33. The loading stages and Y-direction
displacement of the finite element method simulation results are combined with the load vs.
displacement laboratory test results [23] and field test results as shown in Figure 34. Figure 33 shows
displacement in the x-direction, green color shows minimum displacement, orange, and blue color
shows the maximum positive and negative displacement. FEM analysis modeling on the bamboo
reinforced concrete frames can be seen in item 2.3 the numerical method used.

Triangle element

1150 mm

/" Triangle element ||

e A Nodal point S s
I | f\ h : ENAN | o0
A F b -, | ) = I-\ | \\_ it
e * . .
r‘Mm 100
[ 30060 mm —
Figure 31. Discretization of Bamboo Reinforced Concrete Bridge Frames
Y

Y

Figure 33. The displacement of X-direction of the bridge frame
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Bridge integrity is the ability of a bridge structure or bridge components to withstand the
designed load, preventing structural collapse due to cracks or fractures, deformation, and structural
fatigue. Structural integrity is a concept used for the design plan and designing service load.
Stiffness is the main parameter of the resistance of a bridge structure to get good bridge integrity [7].
The stiffness of the elements of the bridge structure needs to be controlled to prevent sudden
collapse due to cracking and excessive deformation. Stiffness control of beams and bridge frames is
analyzed through a combination of load vs. displacement from the simulation results of the finite
element method (FEM), the results of laboratory experiments [12,23], and the results of field
experiments as shown in Figure 34. Control is carried out at the maximum load point of the bamboo
reinforced concrete precast frame bridge test in the field, which is 15.5 kN as shown in Figure 35 and
Figure 36. Documentation of the direct test of bamboo reinforced concrete precast bridges can be
seen at the following link: https://bit.ly/3gzaW30.

Calculation of aerodynamic effects due to wind loads and dynamic analysis on precast concrete
bamboo bridges were not carried out. Based on the Earthquake Resistance Standard for Bridges, SNI
SNI-07-SE-2015 [39] dynamic analysis needs to be carried out for bridge types with complex
behavior, one of which is the main span exceeding 200 meters. In this study, the bridge width is 2.24
meters and the bridge span is 3.20 meters, and the ratio of the bridge width to the bridge span of 0.7
is still stable against aerodynamic effects due to wind loads according to Leondhart's requirements
(B 2 L/25) and still meets the maximum deflection requirements. AASHTO [38] and RSNI T-12-2004
[25] that is Amr = L/800 = 3.75 mm.
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Figure 34. The relationship of load vs. displacement of the bridge frame
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Figure 35. The relationship of load vs. displacement of bridge frame from laboratory test results, FEM results,
and field experiment results
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Figure 36. The relationship of load vs. displacement of bridge beam from laboratory test results and field

experiment results

The next step is validating the stiffness of the beam and bridge trusses. Load-displacement
relationship diagrams of experimental results, laboratory results, and FEM analysis results are
combined into one graph. The maximum test load of the bridge becomes the stiffness control limit,
which is 15.50 kN. Based on the displacement of the laboratory test results and the displacement of
the field experiments results of the bamboo reinforced concrete frame precast bridge at a stop load of
15.50 kN, obtained the displacement ratio of the laboratory test results to the displacement of the
field experiment results (Aexp/ALas) = 2.6 for the bridge frame, and 4.07 for the bridge beam. Figure 35
and Figure 36 shows that the stiffness of the precast bridge beam and precast bridge frame increases
+ 80% for the beam stiffness and increases + 60% for the frame stiffness if it is used as an integral part
of other bridge elements.

5. Conclusions

Based on the results of laboratory tests and field experiments, it appears that the bridge
displacement is quite small and comfortable for the user. The maximum beam displacement occurs
when the rear wheel is at the center of the span of 150 cm coordinates and the front wheel is at 415.5
cm coordinates (the front wheel is outside the bridge). While the maximum displacement of the
frame occurs when the rear wheel is at coordinates 100 cm and the front wheel is at coordinates 365.5
cm (the front wheel is outside the bridge).

The minimum beam deformation occurs when the car axle is right on the neutral line of the
beam, this shows that the coupling moment or torque due to the load is a factor that greatly affects
the size of the beam deformation. Gravity load right on the neutral line can reduce deformation and
increase the deflection of the beam and bridge frame, and the size of the torque moment can affect
the size of the deformation.

There is a difference in the maximum deformation occurrence between the beam and the bridge
frame, namely the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is in the middle of the
bridge span and outside the frame coordinates.

Precast bamboo reinforced concrete frame bridges have sufficiently good integrity, that is, they
can distribute loads with deflection and deformation that do not exceed their permits. The
maximum displacement of 0.25 mm meets the requirements based on the AASTHO and RSNI
T-12-2004 standards, which is not more than Amx = L/800 = 3.75 mm. The maximum deformation
occurs in the bridge beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements
based on the AASTHO and RSNI T-12-2004 standards, which is not more than Om« = L/800 = 3.75
mm.



430
431
432
433

434
435

436
437
438
439
440
441

442

443

444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481

Appl. Sci. 2020, 10, x FOR PEER REVIEW 20 of 22

At the stop load P = 15.5 kN, the stiffness of the bridge beam increased + 80% during the bridge
test, when compared with the beam stiffness of the laboratory results. Likewise, the stiffness of the
bridge frame increased + 60% during the bridge test, when compared to the frame stiffness of the
Laboratory results.
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Abstract: Bamboo is an inexpensive building material, environmentally friendly, and renewable
that thrives in Indonesia. Bamboo has high tensile strength but has weaknesses, namely, it is easy to
attack by insects and high water absorption. Utilization of bamboo as precast concrete bridge
reinforcement must be treated first through soaking, drying, and giving a waterproof coating and
sand. This research aimed to obtain a precast bamboo reinforced concrete bridge technology with
good integrity, with measuring parameters of deformation and deflection according to AASHTO
standards. The dimensions of the bridge are made with a span of 320 cm, a width of 224 cm, and a
height of 115 cm. Two bridge frames are connected by four bridge beams. Bridge plate made of 10
cm thick concrete plate. The bridge support of reinforced concrete is assumed to be the hinge
support and the rubber bearing is assumed to be the roller support. The bamboo reinforced
concrete frame bridge test was carried out directly with a load of a minibus type vehicle. The test
results show that the precast bamboo reinforced concrete frame bridges have sufficient good
integrity, that is, they can distribute loads with deflection and deformation that do not exceed their
permits. The maximum displacement occurs in the bridge frame of 0.25 mm meets the
requirements based on the AASTHO and RSNI T-12-2004 standards, which is not more than Amax =
L/800 = 3.75 mm. The maximum deformation occurs in the bridge beam of 0.20 mm, and the bridge
frame of 0.13 mm meets the requirements based on the AASTHO and RSNI T-12-2004 standards,
which is not more than 6w = L/800 = 3.75 mm.

Keywords: precast bridges; bamboo reinforced concrete (BRC); bridge technology; bridge frame

1. Introduction

The continued use of industrial products has caused permanent pollution. Permanent pollution
is environmental pollution caused by industrial waste without recycling or the continuous use of
raw materials from nature without renewal. The use of bamboo as a renewable building material can
reduce pollution and maintain a healthy environment [1]. Bamboo is a grass plant with cavities and
nodes in its stems [42]. Bamboo is a renewable building material such as wood. Bamboo has the
advantage of being economical, growing fast, and does not take long to achieve mechanical
resistance. Mechanical resistance of bamboo such as tensile strength, flexural strength, and other
mechanical properties can be achieved in a relatively fast time, namely at the age of bamboo ranging
from 3 - 4 years [6]. Also, bamboo is very abundant in tropical and subtropical areas around the
world [1]. Indonesia is a country with a tropical climate. One of the plants that can thrive in
Indonesia is bamboo. Bamboo is scattered throughout Indonesia. Bamboo has been widely used as a
material for simple structures such as warehouses, bridges, village traditional houses, and
handicrafts for rural communities. In Indonesia, there are more than 100 species of bamboo. Around
the world, there are + 1500 species of bamboo [2]. In terms of its potential, in 2000 the total area of
bamboo plants in Indonesia was 2,104,000 ha, consisting of 690,000 ha of bamboo planted in forest
areas and 1,414,000 ha of bamboo plant areas outside forest areas [27]. Arsad, E (2015) [27] revealed
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that in Hulu Sungai Selatan Regency, the bamboo area was estimated to be around 22,158 ha with a
production of about 3000 stems/ha. The description of the potential for bamboo production in East
Java is 29,950,000 stems/year, Yogyakarta 2,900,000 stems/year, Central Java 24,730,000 stems/year,
and West Java 14,130,000 stems/year [46]. With such a large production potential, efforts must be
made to increase its economic value, including being used as an alternative to concrete
reinforcement. The best bamboos that are widely used as structural elements are the type of petung
bamboo (Dendrocalamus asper) and the type of ori bamboo (Bambusa blumeana), because these two
bamboos have the best technical specifications with high tensile strength. The use of bamboo as
concrete reinforcement for simple construction and is applied specifically to underdeveloped village
areas that have a lot of bamboo.

Bamboo for concrete reinforcement because it has a relatively high tensile strength. The tensile
strength of bamboo can reach 370 MPa in its outer fibers [1]. The failure of the elements of the bridge
frame or roof truss usually occurs in the tensile stem elements. Bamboo has a high enough tensile
strength suitable for use in tensile elements. Bamboo is suitable for use in tensile elements simple
construction such as roof truss, simple bridge trusses, simple house construction elements, and so
on. Muhtar et al. (2018) [11] test the pull-out of bamboo reinforcement with a layer of Sikadur®-752
and hose clamps embedded in a concrete cylinder showed an increase in tensile stress of up to 240%
compared to untreated bamboo reinforced concrete. A single reinforced BRC beam with a bamboo
reinforcing area ratio of 4% exceeds the ultimate load of steel-reinforced SRC beam by 38.54% with a
steel reinforcement area ratio of 0.89% [3]. However, bamboo also has weaknesses, which are easy to
attack by insects and high water absorption. This study did not test for fungal and insect attack, but
the technology to prevent fungus and insect attack was based on the opinion and research of Ridley
(1911) [42] and Stebbings (1904) [45], namely that soaking in water for two months is sufficient to
prevent insect attack. Soaking and drying aim to remove starch or sugar content in bamboo. The
criterion for sufficient soaking is that the bamboo smells bad. The soaking causes the bamboo's water
content to increase and decrease its strength, however after drying it undergoes a transition from a
brittle behavior to a very resilient behavior [28]. The effect of alkaline cement does not cause the
bamboo to decrease in strength. According to Ming Li (2017) [44], the content of bamboo fiber (BF)
which is treated with the right alkaline can effectively increase toughness, flexural strength, and
tensile strength. Moe Thwe (2003) [51] conducted a study on the durability of bamboo with
treatment using Calcium Hydroxide (CaOH2) to increase flexibility and durability.

In this study, the technology used to prevent decay and absorption, and the effect of high pH, is
to provide Sikadur adhesive which is also a waterproof layer, and the basis is previous research that
has been conducted by several researchers including (1) Ghavami (2005) [1] researched the
attachment of bamboo reinforcement with several adhesives applied to the pull-out test and beam
test. From the results of his research concluded that the best adhesive is Sicadur 32 Gel, (2) Agarwal
et al. (2014) [5] researched bamboo reinforcement treated with Araldite adhesive, Tepecrete P-151,
Anti Corr RC, and Sicadur 32 Gel. From the sticky strength test, it was found that the best adhesive
was Sicadur 32 Gel, (3) Lima Jr et al. (2008) [29] experimented on the Dendrocalamus giganteus
bamboo species showing that bamboo with 60 cycles of wetting and drying in a calcium hydroxide
solution and tap water did not reduce its tensile strength and Young Modulus, (3) Javadian et al.
(2016) [30] did research on several types of epoxy coatings to determine the bonding behavior
between concrete and bamboo-composite reinforcement. The results showed that the
bamboo-composite reinforcement without bonding layers was adequate with the concrete matrix,
but with an epoxy base layer and sand particles, it could provide extra protection without losing
bond strength. However, tests for decay resistance, absorption, and the effect of high pH on strength
properties will be carried out in future studies, (4) Muhtar et al. (2019) [3] processing bamboo
reinforcement by immersing in water for 1 month, coating with Sikadur®-752, and applying a hose
clamp. The pull-out test results show that the bond-stress increases by 200% when compared to
untreated bamboo. Sikadur®-752 adhesive is quite effective in preventing the occurrence of
hygroscopic and hydrolysis processes between bamboo and concrete. The non-adhesive hose-clamp
does not affect bond-stress.
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Several researchers who have concluded that bamboo is suitable for use as concrete
reinforcement include: (1) Ghavami (2005) [1] concluded that bamboo can be used as a structural
concrete element including beams, windows, frames, and elements that experience bending stress,
(2) Agarwal et al. (2014) [5] conducted tests of treated bamboo reinforced columns and beams and
concluded that all tests indicated that bamboo has the potential to replace steel as reinforcing beam
and column elements, (3) Sakaray et al. (2012) [31] conducted a feasibility test for moso type bamboo
as a reinforcing material for concrete and the conclusion was that bamboo could be used as a
substitute for steel in concrete, (4) Nayak et al. (2013) [32] conducted a study to analyze the effect of
replacing steel reinforcement with bamboo reinforcement. One of the conclusions wrote that
bamboo reinforcement is 3 times cheaper than steel reinforcement and that the engineering
technique is cheaper than steel reinforcement, (5) Kaware et al. (2013) [33] reviewed bamboo as a
reinforcing material for concrete and one conclusion was that bamboo exhibits ductile behavior like
steel, (6) Khan (2014) [34] researched bamboo as an alternative material to substitute for reinforcing
steel and one of the results of his study revealed that bamboo reinforced concrete can be used
successfully for structural and non-structural elements in building construction, (7) Rahman et al.
(2011) [6] conducted tests on bamboo reinforced concrete beams and one of the conclusions wrote
that bamboo is a potential reinforcing material in concrete, (8) Sethia & Baradiya (2014) [35] in one
conclusion revealed that bamboo can be used as an alternative to steel reinforcement in beams, (9)
Terai & Minami (2011) [36] conducted a study on 11 bamboo reinforced concrete beams and tested
them to check for flexural cracks and shear cracks. And concluded that the crack pattern of bamboo
reinforced concrete (BRC) beams resembles the fracture pattern of steel-reinforced concrete (RCC)
beams so that the fracture behavior of bamboo reinforced concrete (BRC) beams can be evaluated
with the existing formula on RCC steel reinforced concrete beams, and (10) Muhtar (2020) [12]
conducted a flexural test on 4 beams with untreated bamboo reinforcement and treated with
Sikadur®-752 and hose-clamp. The test results showed that the beam treated with Sikadur®-752
increased load capacity by 164% when compared to untreated reinforced bamboo. With the first
treatment, bamboo is suitable for use as a simple construction concrete reinforcement.

Bamboo as a concrete reinforcement must be treated beforehand, such as immersion in water
[3-4], drying in free air [5-6], applying a waterproof layer [7], and sprinkled sand to modify the
roughness of bamboo reinforcement. Usage of the adhesive or waterproof coating can be done in
various ways, such as paint [8], Sikadur 32 Gel [5,1], Sikadur®-752 [4,7,9-12]. Strengthening of
bamboo reinforcement with adhesive or waterproof coating can increase the bond-stress of bamboo
reinforcement [4]. Bamboo as reinforcement for concrete construction elements has been widely
researched, including bamboo as beam reinforcement [13-16], bamboo as column reinforcement
[17-19], bamboo as slab reinforcement, or panels reinforcement [20-22], and bamboo as a bridge
frame reinforcement [23,24].

Mubhtar [12] tested the flexural of 4 types of bridge beams with different treatments. The size of
the bridge beam is 120 mm x 200 mm x 2100 mm with the area of tensile reinforcement g = 4.68% and
compressive reinforcement o' = 1.88%. Strengthening of bamboo reinforcement is done by applying
adhesive as a waterproof layer. Modification of the roughness of the bamboo reinforcement is done
by sprinkled sand and installing hose-clamps on the tensile reinforcement. The test was carried out
using the four-point load method. The position of the loading point is adjusted to the distance of the
minibus car axle. The test results show that the bridge beam with bamboo reinforcement can reach
the ultimate load of 98.3 kN with an initial crack load of 20 kN. Modification of the roughness of
bamboo reinforcement with adhesive, sand, and hose-clamp can increase bond-stress and capacity
of the bamboo reinforced concrete beam (BRC beam) [12]. The relationship between load vs.
displacement is shown in Figure 1.
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Figure 1. The relationship of Load vs. deflection of BRC beam [12]

Testing of bridge trusses has been carried out by several researchers including bamboo as
reinforcement for truss easel [24] and as reinforcement for bridge frame with a span of 3 meters [23].
Dewi and Wonlele [24] concluded that the collapse of the frame structure was caused by a
combination of compressive and shear forces at the positioning of support knot points. Failure at the
knot placement causes the tensile and compressive rods to be unable to develop the maximum
tensile and compressive strength, however, the collapse pattern still shows a bending effect [24].

Mubhtar et al. [23] tested two bridge frame models, namely one frame with symmetry
reinforcement as the joint frame model or "truss model", one frame with flexural reinforcement as
the rigid portal model or "frame model". The test results show that the rigid portal model or "frame
model" has higher rigidity and load capacity than the joint frame model or "truss model". The rigid
portal model or "frame model" has an initial crack load capacity of 8700 kg or 87 kN and the joint
frame model or "truss model" has an initial crack load capacity of 5500 kg or 55 kN. The relationship

pattern of load (P) vs. deflection (4) of the two bridge frames is shown in Figure 2.

9000
g TRUSS MODEL

8000 = FRAME MODEL

7000
6000
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4000
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1000
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Figure 2. The relationship pattern of load vs. deflection of the bridge frame [23]

The dimensions and reinforcement of the bridge beams used in this study are the same as
Mubhtar's (2020) research [12]. In this study, strengthening of reinforcement with hose-clamp is only
to tensile reinforcement, whereas in previous studies it was carried out on all reinforcement. The
hose-clamps strengthening with the distance is too tightly together can reduce the elastic properties
of the bamboo and reduce capacity. The bridge frame model used in this study is a rigid frame
model or "frame model" as in the experiment conducted by Muhtar et al. (2020) [23]. The
reinforcement model on the lower side frame stem is installed with the concept of flexural
reinforcement, whereas in previous studies it was carried out with the concept of truss
reinforcement or symmetry, and their behavior shows flexural behavior. The basis for using the
results of previous laboratory research to control the results of direct tests in the field. The novelty
that is expected: (1) obtaining a prototype of the precast concrete reinforced concrete bridge, and (2)
increasing the stiffness and capacity of the precast bridge elements when assembled into a complete
unit. While the expected benefits are that the research results can be used as the basis for the use of
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bamboo as a substitute for steel reinforcement which is applied to a simple frame bridge structure in
underdeveloped village areas with local materials, cheap, environmentally friendly, and acceptable.

The targets of this research application are underdeveloped villages and lots of bamboos.
Bamboo is new and renewable energy from natural resources that are very abundant in rural areas.
Bamboo needs to be used, including reinforced concrete. The use of bamboo is one of the real efforts
to increase the economic strength of the community. Based on previous research and the abundant
potential of bamboo, it is necessary to use it as a reinforcing element for simple precast reinforced
concrete bridges, especially in rural areas with lots of bamboos.

2. Materials and Methods

2.1. Materials

The bamboo used is the petung bamboo (Dendrocalamus asper) aged 3-5 years [4,5]. Petung
bamboo, the bamboo shoots are purplish-black, covered with hairs such as brown velvet to blackish.
Petung bamboo is large, segment length 40-50 cm, diameter 12-18 cm, with a stem height of up to 20
m. The nodes are surrounded by aerial roots. The wall thickness of the bamboo internode is between
11 and 36 mm, Brink M (2008) in Wikipedia Indonesia (2016) [42]. The mechanical properties of
petung bamboo are shown in Table 1. Tensile test for bamboo petung based on ASTM D 143-94 [37].

Table 1. Mechanical properties of petung bamboo [47]

Mechanical properties

Tensile strength (MPa) 1058
Modulus of elasticity (GPa) 265
Elongation of fault (%) 16+1
Flexural strength (MPa) 15311
Hardness (VHN) 5+1
Impact strength (J/mm?) 0.15+0.7

The bamboo part that is taken is 6-7 meters from the base of the bamboo stem. Bamboo is cut
and split into bamboo reinforcement with a size of 15 x 15 mm?2. Bamboo to be used must be treated
with the following steps: (a) bamboo is cut and split close to the size of the bamboo reinforcement to
be used, namely 15 mm x 15 mm x 2000 mm for bridge beam reinforcement, 15 mm x 15 mm x 3160
mm for the lower side truss bridge reinforcement. Meanwhile, the reinforcement for the vertical
truss is 15 mm x 15 mm x 1100 mm, the top stem is 15 mm x 15 mm x 1100 mm, and the diagonal
stem is 15 mm x 15 mm x 1300 mm, (b) bamboo is soaked in water for 1 - 2 months to remove sugar
content and prevent termites and insects as shown in Figure 3 [45], (c) dry in free air until the
moisture content is approximately 12% as shown in Figure 4, (d) the bamboo reinforcement is
trimmed with a grinding machine according to the specified size as shown in Figure 5, (e) providing
a waterproof layer to reduce the occurrence of the hydrolysis process between bamboo and concrete
as shown in Figure 6, (f) sand sprinkling to modify the roughness of bamboo reinforcement as
shown in Figure 7, and (g) Stringing bamboo reinforcement as shown in Figure 8.

Ghavami (2005) [1] and Agarwal et al. (2014) [5] concluded that the best waterproof layer is
Sikadur 32 Gel. Muhtar (2019) [3] treated bamboo with Sikadur®-752 and hose-clamp. The test
results show that the adhesion strength increases up to 200% and the beam capacity increases 164%
when compared to untreated bamboo reinforcement. The waterproof or adhesive layer uses
Sikadur®-752 produced PT Sika Indonesia [3,10]. Sikadur®-752 is A solvent-free, 2-component
super-low viscosity-liquid, based on high strength epoxy resins. Especially for injecting into cavities
and cracks in concrete. Usually used to fill and seal cavities and crack in structural concrete.
Sikadur®-752 is applied to bamboo reinforcement to prevent water absorption. The effectiveness and
durability of Sikadur®-752 adhesives require further research. The specifications of Sikadur®-752 are
shown in Table 2. The coating was carried out in two stages. The second waterproof layer was
applied to perfect the waterproof layer of the first stage. The thermal effect of Sikadur®752 on
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bamboo reinforcement can be prevented by the moisture content of 12% in bamboo. In determining
the strength of bamboo, 12% of moisture content in the air-dry condition has been considered as a
reference standard [48] and the temperature does not significantly affect the loss of stiffness [49].
Chemical treatment of bamboo helps increase the durability of the bamboo fibers and reduces the
moisture absorption of the bamboo fibers [50].

Table 2. The specification of Sikadur®-752 [41]

Components Properties
Colour Yellowish
Density Approx. 1.08 kg/L
Mixing Ratio, by weight/volume 2:1
Pot life at +30°C 35 min
Compressive strength 62 N/mm? at7days (ASTM D-695)
64 N/mm? at 28 days
Tensile strength 40 N/mm? at28 days (ASTM D-790)
Tensile Adhesion Strength 2 N/mm? (Concrete failure, over mechanically
prepared concrete surface)
Coefficient of Thermal Expansion -20 °C to +40 °C 89 x 10-6 per °C
Modulus of elasticity 1060 N/mm?2
Table 3. The mix composition of concrete
The concrete Cement (PPC)  Fine Aggregate Coarse Aggregate Water
mix design Kg/m?
Material per-m? 381 185 689 1077
Mix composition 1 1.81 2.82 0.52

The hose-clamp used is diameter %” made in Taiwan [3,12]. The shear reinforcement of the
bridge beam and bridge frame uses steel of 6 mm diameter with fy 240 MPa quality. From the results
of the bamboo tensile test in this study, it was found that the modulus of elasticity of bamboo (Ev)
was 17236 MPa with a tensile strength of 127 N/mm? [3] and the modulus of steel elasticity (Es) was
207736 MPa [3]. The concrete mixture used is Portland Pozzolana Cement (PPC) with a pH of 7,
sand, coarse aggregate, and water with a mixed proportion of 1.81: 2.82: 0.52 as shown in Table 3.
The average compressive strength of concrete is 31.31 MPa at the age of 28 days. The process of
treating bamboo to assembling the bamboo reinforcement can be seen in Figures 3-8.
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Figure 3. Take bamboo from the soaking Figure 4. Drying bamboo in free air

- T ——— LR i
N SRR e (e

Figure 5. Tidy up the bamboo according to size

2l

Installation of hose-clamp at the end of
the tensile reinforcement

Figure 7. Sand sprinkling on bamboo reinforcement

Figure 8. Stringing bamboo reinforcement

2.2. Methods

The dimensions of the bridge are made with a span of 320 cm, a width of 224 m, and a frame
height of 115 cm. The clean span of the inside of the bridge is made 280 cm. Two bridge frames are
connected by four bridge beams. Each end of the bridge beam is connected to the knot point with 2
bolts and a steel ring plate with a thickness of 2 mm to prevent stress concentration. Details and
models of joints between the beam and precast bridge frame are shown in Figures 10-11. The bridge
supports are made of reinforced concrete with the assumption of hinge support and a rubber bearing
assuming roller support. While the bridge plate is made of 10 cm thick concrete plate with 0.3 mm
thick spandex. The shape and model of the precast bridge of the bamboo reinforced concrete frame are
described in Figure 12. Details of the reinforcement of the precast bridge beams are shown in Figure
13. Details of the reinforcement of the bridge frame are shown in Figures 14-15 and Table 4.

The design concept of bamboo reinforced concrete beams follows Ghavami (2005) [1] and Muhtar
(2020) [12] as shown in Figure 9. The balance of the concrete compressive force (C = Cb '+ Cc) and the
tensile force (T) must be met as shown in Figure 9. The tensile strength of bamboo reinforcement (T)
is obtained by multiplying the bond stress with the shear area in the bamboo reinforcement. The
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241  failure of the bamboo reinforced concrete beams due to the breaking of the bonds between bamboo
242 and concrete.

0,85

H Co =4y fyy

Figure 9. Stress-strain distribution diagram in a BRC beam [1,12]

Ring plate t =mm

Bolt sleeve ¢ 21 min

Bolt nut ¢ 19 mm
"4

Anchor ¢ 6 mm \

Figure 10. Details of ring plate and bolt sleeve

Tighten the bolts in the connection
of beam and frames bridge

|
|
&
dmir i 4,

(c) Precast bridge frames

Figure 11. Models and applications of precast connections



Appl. Sci. 2020, 10, x FOR PEER REVIEW 9 of 23

Bamboo reinforced concrete bridge beam

Plate ring t =2 mm, and bolt hole ¢ 21

Bolt hole ¢ 21 mm
Plate ring t =2 mm

Figure 12. Model of the precast bridge from bamboo reinforced concrete

Ring plate and bolt sleeve .
Bamboo reinforcement
7015x15
Car axle Car axle
Shear reinforcement .
3650 Shear reinforcement
: @ 6-200 J

200

Gan:
1

i
L T

1400 | 300 | ﬁlzo |
2000 mm i

115cm

| 320 cm

Figure 14. Details of precast bridge frame [23]
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Distribution reinforcement *&\;“\’?

O 8 mm
Stirrup
@ 6 mm

9 6 mm

Bamboo reinforcement
015x15 cm?

- | Bamboo reinforcement
4 01,5x1,5 cm?

Figure 15. Details of knot reinforcement for bridge frames [23]

Table 4. Details of bridge frame reinforcement [23]

Model I (Shown in Figure 14) II (Shown in Figure 14) III (Shown in Figure 14)
A Bamboo reinforcement
80 15415 mm —ﬁBamboo reinforcement Bamboo reinforcement
Rigid portal 2 Stirrup ¢ 6 - 100 mm 100lcm .40 15x1S mm 4015515 mm?
gep °Fm Stirrup ¢ 6 - 150 mm I T Stirrup ¢ 6 - 150 mm
model or —~
“frame model” ‘12%‘

‘ 612 oy ‘ ‘Hﬂ cm ‘

Testing of precast bridges with bamboo reinforced concrete frames is carried out directly with a
load of a minibus type vehicle. The load is given in stages and levels, starting from zero loads, Brio
carload without passengers, Brio carload of full passenger, and AVANZA carload of the full passenger
as shown in Figure 16. The stage of reading the response variable is carried out when the axle of the car
is at coordinates 0 cm, 17.5 cm, 50 cm, 100 cm, 150 cm, 200 cm, 250 cm, 267.5 cm, and 300 cm from the
support as shown in Figure 17. Tests are carried out on service limits or elastic conditions with
displacement and deformation measuring parameters. To get the displacement that occurs in the beam
and bridge frame, 4 LVDTs (Linear Variable Displacement Transducers) are installed with inductive
transducers of type PR 9350 in the middle of the frame span and the middle span of the bridge beam.
Meanwhile, to determine the deformation of the bridge, 6 pieces of LVDT were installed, 2 pieces of
LVDT were installed in the middle of the side frame span, and 4 LVDTs were installed on the side of
the four ends of the beam. The performance test settings for precast bridges of bamboo reinforced
concrete frames are described in Figure 18.

The weight of the Brio car and the Avanza car is calculated based on the empty weight and the
total passenger weight according to the capacity of the number of passengers. The calculation of
passenger weight is based on the average weight of Indonesians, namely 65 kg. The calculation of the
total weight of a minibus and its specifications are shown in Table 5.

Table 5. Specifications and weight of minibus car

Type of Empty weight Passenger Weight with
Length Height Width  Wheelbase
car or one driver capacity full passenger
mm mm mm mm kg person kg
Brio 3800 1485 1680 2655 930 - 965 5 1280
Avanza 4190 1695 1660 2655 1045 - 1095 7 1550
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1800 +

1600
Pn = full passengers

1400 +

1200 4

1000 -

800 4

600
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200 4

Car Weight + Passengers (Kg)

Brio Brio + Pn Avanza +Pn

Stages of Bridge Loading

Figure 16. Loading stage of precast bridges of bamboo reinforced concrete frame
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1600
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o === Avanza + Pn
600

400

0 17.5 50 100 150 200 250 2675 300

Coordinates of car axle (cm)

The Reading Plan of Displacement
Figure 17. The coordinates of the reading points of displacement and deformation

Test load of minibus cars

Beam 12/20

Detail - A

Concrete foundation
assumption of the support of a hinge

2240 mm Bolt ¢ 19 mm

ring plate t =2 mm

Rubber foundation

Y- assuming roller support

Figure 18. Arrangement of testing for bamboo reinforced concrete frame precast bridges

The planned life of the bridge is 10 years. The determination of the age of the bridge in this
study is based on opinions and research on the resistance of bamboo as concrete reinforcement that
has been carried out by several researchers including Hidalgo (1992) in Sattar (1995) [43], Ghavami
(2005) [1], Rong BS (2007) [40], Lima Jr et al. (2008) [29]. After the design life of the bridge is reached,
a gradual visual observation of the deflections and cracks will be carried out. Observations will be
carried out every year with the main objective of observing the durability of bamboo as the concrete
reinforcement of the bridge elements. Measured parameters during the observation period are
deflection and cracks that may occur due to the decreased durability of bamboo reinforcement.
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Hidalgo (1992) in Sattar (1995) [43] reports that a house in Colombia whose ceiling and walls are
made of bamboo plastered with cement mortar can last for more than ninety years. Ghavami (2005)
[1] mentions that after testing, bamboo reinforced concrete beams are left in the open air at the PUC
Rio Brasil university campus, bamboo reinforcements from treated beams show that the bond with
the concrete is still in satisfactory condition after 15 years. B.S. Rong (2007) [40], in his opening
speech at the First International Conference On Modern Bamboo Structure (ICBS-2007) in Changsha,
China, states that the bamboo reinforcement that is used as a substitute for steel reinforcement in
precast floor plate elements for a five-story office building still functions well after more than fifty
years of use, so bamboo reinforcement can be used as a substitute for steel reinforcement with the
level of durability is good. Lima Jr et al. (2008) [29] experimented on the Dendrocalamus giganteus
bamboo species showing that bamboo with 60 cycles of wetting and drying in a calcium hydroxide
solution and tap water did not decrease its tensile strength and Young Modulus. This is an
important factor in the material for use as concrete reinforcement.

2.3. The numerical method used

To determine the capacity and behavior of reinforced concrete structural elements can be done
with a numerical approach. Theoretical analysis is carried out as control over the results of research
in the laboratory so that the actual structural behavior differences can be seen with the theoretical
analysis. The numerical method used is the finite element method (FEM). Numerical verification in
this study was carried out to control the suitability of the deflection value of the experiment results
with the deflection contours of the FEM analysis result. The program developed in the FEM analysis
is written with the Fortran PowerStation 4.0 program. The theoretical analysis to calculate the load
causing the initial crack using the elastic theory with the transformation section. The formula for the
transformation of the cross-sectional bamboo reinforced concrete is shown in Equations (1) and
Equations (2). For linear analysis, the material data entered are the Poisson's ratio (v) and the
modulus of elasticity (E). The constitutive relationship analysis of the problem-solving method uses
the stress-field theory. Triangular elements are used to model the plane stress element with a
two-way primary displacement at each nodal point so that the element has six degrees of freedom as
shown in Figure 19. The stress-strain relationship for the field stress problem has the form of an
equation such as Equation (3).

n= EBamboo (1)

Econcrete

— ABambOOXEBamboo + AConcreteXECOncrete

EComp 2
Acoro @
o, £ 1 v 0 ||g
o, r=—v 1 0 &
[T aev?) - || 3)
Ty 0 0 —/— |7y
2
o, +0 O O z
X y x Yy 2
0-1,2 = 2 + ( 2 J + 7'-xy = O-max (4)

where E is the modulus of elasticity and v is the Poisson's ratio. And the principal stresses in two
dimensions are calculated by Equation (4). The Fortran PowerStation 4.0 programming language for
triangle elements is shown at the following link: https://bit.ly/3110U0d.
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Figure 19. The degrees of freedom of triangular element

3. Results

Specifications for precast bridges of the bamboo reinforced concrete frame are shown in Table 6.
The precast bridges were tested with a minibus car of the full passenger. The test is carried out after
several stages of work are done, including making river stone foundations, making support plates,
setting the frame on two supports, installing bridge beams and joints, casting bridge plates,
completing or finishing the bridge. Recording of test results response starts when the front axle of
the minibus car is right on the hinge support and ends until the rear axle of the minibus car is right
on the support of the roller. The test result data is shown in Table 7.

The security measure during the test is to place the support poles and scaffolding under the
bridge. The support poles and scaffolding under the bridge also function as a place and safety for the
LVDT tool. Besides, the bridge is planned using the "Service Load Planning" method with the
assumption that the structure has linear elastic behavior and the load test is carried out with elastic
loads or under the initial crack load of the most critical bridge components. Observation of
deflection and deformation that occurs is deflection and elastic deformation. The critical load (Pcr) or
initial crack load is 2.1 tons and the maximum test load for minibusses is 1.55 tons.

Figures 20-25 show the beam displacement and the bridge frame with the minibus Brio car, Brio
with full passengers, and AVANZA with full passengers. The maximum displacement with the load
of the Brio car occurs when the position of the front axle is at coordinates 150 cm and the rear axle is
at a distance of 85 cm from the pedestal, with a displacement of 0.2 mm for the frame and 0.14 mm
for beam displacement. While the maximum displacement with a full passenger Brio car occurs
when the position of the front axle is at coordinates 200 cm and the rear axle is at a distance of 35 cm
from the pedestal, with a displacement of 0.2 mm for the frame and 0.17 mm for beam displacement.
For maximum displacement with a full passenger AVANZA car load occurs when the front axle
position is outside the bridge coordinates, which is 115 cm from the roller support, and the rear axle
is at 150 cm coordinates, with a displacement of 0.25 mm for the frame and 0.21 mm for
displacement beam.

Based on AASHTO [38] and RSNI T-12-2004 standards [25], the maximum allowable
displacement limit of the bridge is Amex = L/800 or equal to 3.75 mm. Thus, the maximum
displacement that occurs in the element of the bamboo reinforced concrete frame bridge meets the
requirements based on AASHTO [38] and RSNI T-12-2004 standards [25].

Table 6. Geometry and specifications of precast bridges bamboo reinforced concrete frame

Bridge span : 3 meters
Foundation :  River stone
) Concrete slab = assumption of hinge support; Concrete slabs and
Bridge support rubber pads = assumption of the roller support
- Dimensions of the bridge beam 12 x 20 cm?, tensile reinforcement
(0) = 4.688% and compressive reinforcement (Q') = 1.875%
- Hose-clamp d = % ”attached to the end of the bamboo
Beam

reinforcement instead of hooks.
- Adhesive layers of bamboo reinforcement using Sikadur®-752 and
sand
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Connection type _ Precast system connection, using bolts and sleeves of 19 mm
" diameter
Frame model : Rigid portal model or “frame model”
Bridge slab - 10 cm thick slab + spandex t = 0.3 mm.
- Slab reinforcement using bamboo 1.5 x 1.5 cm?2 with a distance of 10
cm
Displacement and ~ Based on AASHTO [38] and RSNI T-12-2004 standards [25], the
deformation of permit = maximum displacement of permit is Amax = L/800 = 3.75 mm
334 Table 7. Data on the test results of the precast bridge of bamboo reinforced concrete frames

Displacement and deformation

Bridge

Frame 1 Frame 2 Beam 1 Beam 2
load Displacement! Deformation? Displacement!  Deformation’? Displacement'! Deformation*> Displacement!
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
Brio
930 kg 0.2 0.03 0.04 0.04 0.06 0.01 0.14
Brio+Pn
1280 kg 0.2 0.01 0.04 0.05 0.08 0.06 0.17
Avanza+Pn
1550 kg 0.25 0.01 0.04 0.13 0.14 0.2 0.21
335 1 Displacement is the deflection of the direction of gravity on the beam or frame elements due to the distribution of vehicle
336 loads within the elastic limit. 2Deformation is a change in shape or a change in the angle of the cross-section of the beam or
337 frame due to the distribution of vehicle loads within the elastic limit measured in the direction of horizontal of the
338 cross-section
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Figure 22. Displacement of the frame with loads of Figure 23. Displacement of the beam with loads of
BRIO car of full passengers BRIO car of full passengers
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Figure 25. Displacement of the beam with loads of

BRIO car of no passengers

Figure 26 shows the deformation of the bridge beam of bamboo reinforced concrete with a load
of Brio minibusses car, Brio car with full passengers, and AVANZA car with full passengers. From
Figure 26 and Table 7, it shows that the maximum deformation occurs in the beam with the load of
the AVANZA car with a full passenger, which is when the position of the front axle is outside the
coordinates of the bridge which is 65 cm from the roller support, and the rear axle is at coordinates

100 cm, with deformation a beam of 0.20 mm.

Deformation of Beam
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Figure 26. Deformation of the beam of the precast bridge of bamboo reinforced concrete

Figures 27-29 show that the deformation of the bridge frame with the load of the Brio minibus,
Brio car with full passengers, and AVANZA car with full passengers. Maximum deformation with
the brio car load occurs when the position of the front axle is outside the coordinates of the bridge,
which is 85 cm from the roller support, and the rear axle is at coordinates 150 cm, with frame

deformation of 0.04 mm.
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Figure 27. Deformation of the frame with loads of

BRIO car of no passengers
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Figure 28. Deformation of the frame with loads of

BRIO car of full passengers
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Figure 29. Deformation of the frame with loads of AVANZA car of full passengers

While the maximum frame deformation with the load of the brio car with full passengers occurs
when the position of the front axle is at coordinates 150 cm and the rear axle is at a distance of 85 cm
from the hinge support, with deformation of 0.05 mm. For the maximum deformation of the frame
with the load of the AVANZA car with full passengers occurs when the position of the front axle is
at the coordinates of the bridge is 150 cm, and the rear axle is at a distance of 115 cm from the hinge
support with deformation of 0.13 mm.

4. Discussion

Deformation usually occurs due to shrinkage of concrete, deformation of precast connections,
foundation settlement, or due to static load or dynamic loads on the bridge. In this study,
deformation or elastic deformation is a change in shape or change in the angle of the cross-section of
the beam or frame due to the distribution of vehicle loads within the elastic limit measured in the
horizontal direction of the cross-section. Measurements were made by installing LVDT (Linear
Variable Displacement Transducers) with inductive transducers of type PR 9350 on the horizontal side
of the frame and bridge beams as shown in Figure 30.

) 3 2
LVDT formeasuring elastic deformation
in bridge beams and frame

— TS
< " -

— -

—

LVDT formeasuring displacement in
bridge beams and frame

Figure 30. The measuring elastic displacement and deformation

The accuracy of deformation measurement is very much determined by the calibration of the
equipment, the accuracy of the load point of the observation, the conditions of the test site such as
near roads, and human error. Figure 26 shows that the minimum beam deformation occurs when the
car axle is right on the neutral line of the beam, this shows that the coupling moment or torque due
to the load is a factor that greatly affects the size of the beam deformation. Gravity loads right on the
neutral line can reduce deformation and increase the deflection of the bridge beams. Figure 26 and
Figure 21 at 200 cm coordinates show that when the beam deformation is minimum, the beam
displacement is maximum. As shown in Figure 17, Beam 1 is at coordinates 100 cm and Beam 2 is at
coordinates 200 cm. The deformation of the beam increases in line with the track of the car axle, that
is, the deformation continues to increase, respectively, of the front car axle and rear car axle.
However, the accuracy of deformation measurements needs attention to many determinants of
accuracy.
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Figure 27 and Figure 28 shows that minimum frame deformation or deformation = 0 occurs
when the car axle is directly above the pedestal or approaching the pedestal. Meanwhile, the
maximum frame deformation occurs when the car axle is in the middle of the bridge span, which is
at coordinates 150 cm. There is a difference in the deformation of the bridge beam and the bridge
frame, namely the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is the middle of the
bridge span or at 150 cm coordinates. It must be remembered that careful preparation at the time of
testing or measurement must be considered so that the data obtained is truly accurate, as shown in
Figure 27 the coordinates of 250 cm occur inconsistent deformation data even though the car axle is
close to the support.

Table 7 shows that the maximum deformation of the bridge frame is 0.13 mm and the maximum
displacement of the bridge beam is 0.20 mm. According to the AASHTO [38] and RSNI T-12-2004
standards [25], the allowable limit for the maximum displacement is Amsxr=L/800 = 3.75 mm and the
maximum deformation of the bridge is 6max = L/800 = 3.75 mm. Thus, the maximum deformation and
displacement that occurs in the precast bridge elements of the bamboo reinforced concrete frame
meet the requirements based on AASHTO [38] and RSNI T-12-2004 standards [25]. However, the
relationship of load vs. displacement of beam and frame results from field experiments need to be
validated or controlled with the relationship of load vs. displacement of laboratory experimental
results and simulation results of numerical methods. The simulation in this study used the finite
element method (FEM).

The simulation of the bridge frame test using the finite element method (FEM) was carried out
using the Fortran PowerStation 4.0 program and surfer 9.8 software [26] based on laboratory test
results. Simulations were carried out as control and validation of experimental data. The bridge
frame test simulation is carried out at the first crack load stage, which is 87 kN based on the frame
loading capacity of only 100 kN. The discretization of the Bamboo Reinforced Concrete Bridge
Frame for the finite element method (FEM) is shown in Figure 31. The Y-direction and X-direction
displacement are shown in Figure 32 and Figure 33. The loading stages and Y-direction
displacement of the finite element method simulation results are combined with the load vs.
displacement laboratory test results [23] and field test results as shown in Figure 34. Figure 33 shows
displacement in the x-direction, green color shows minimum displacement, orange, and blue color
shows the maximum positive and negative displacement. FEM analysis modeling on the bamboo
reinforced concrete frames can be seen in item 2.3 the numerical method used.
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1150 mm

| : Nodal point [ T P

L)Vl VP V4V VY [— NNNK ]

100 mm !
|r | 3000 mm s

Figure 31. Discretization of Bamboo Reinforced Concrete Bridge Frames
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Bridge integrity is the ability of a bridge structure or bridge components to withstand the
designed load, preventing structural collapse due to cracks or fractures, deformation, and structural
fatigue. Structural integrity is a concept used for the design plan and designing service load.
Stiffness is the main parameter of the resistance of a bridge structure to get good bridge integrity [7].
The stiffness of the elements of the bridge structure needs to be controlled to prevent sudden
collapse due to cracking and excessive deformation. Stiffness control of beams and bridge frames is
analyzed through a combination of load vs. displacement from the simulation results of the finite
element method (FEM), the results of laboratory experiments [12,23], and the results of field
experiments as shown in Figure 34. Control is carried out at the maximum load point of the bamboo
reinforced concrete precast frame bridge test in the field, which is 15.5 kN as shown in Figure 35 and
Figure 36. Documentation of the direct test of bamboo reinforced concrete precast bridges can be
seen at the following link: https://bit.ly/3gzaW30.

Calculation of aerodynamic effects due to wind loads and dynamic analysis on precast concrete
bamboo bridges were not carried out. Based on the Earthquake Resistance Standard for Bridges, SNI
SNI-07-SE-2015 [39] dynamic analysis needs to be carried out for bridge types with complex
behavior, one of which is the main span exceeding 200 meters. In this study, the bridge width is 2.24
meters and the bridge span is 3.20 meters, and the ratio of the bridge width to the bridge span of 0.7
is still stable against aerodynamic effects due to wind loads according to Leondhart's requirements
(B 2 L/25) and still meets the maximum deflection requirements. AASHTO [38] and RSNI T-12-2004
[25] that is Ame = L/800 = 3.75 mm.
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428 The next step is validating the stiffness of the beam and bridge trusses. The main principle is
429  that the bridge must be in a service condition with a Serviceability Limit State (SLS) load. The
430  elements of the bridge structure should not be subjected to cracks, deflection, or vibrations causing
431  user discomfort. The allowable deflections are those that are elastic deflection and do not cause the
432  crack. Stiffness is the main parameter of structural resistance. Therefore, the stiffness of the field test
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results needs to be validated by the stiffness of the laboratory test results. Load-displacement
relationship diagrams of experimental results, laboratory results, and FEM analysis results are
combined into one graph. The maximum test load of the bridge becomes the stiffness control limit,
which is 15.50 kN. Based on the displacement of the laboratory test results and the displacement of
the field experiments results of the bamboo reinforced concrete frame precast bridge at a stop load of
15.50 kN, obtained the displacement ratio of the laboratory test results to the displacement of the
field experiment results (Aexp/ALas) = 2.6 for the bridge frame, and 4.07 for the bridge beam. Figure 35
and Figure 36 shows that the stiffness of the precast bridge beam and precast bridge frame increases
+ 80% for the beam stiffness and increases + 60% for the frame stiffness if it is used as an integral part
of other bridge elements.

5. Conclusions

Based on the results of laboratory tests and field experiments, it appears that the bridge
displacement is quite small and comfortable for the user. The maximum beam displacement occurs
when the rear wheel is at the center of the span of 150 cm coordinates and the front wheel is at 415.5
cm coordinates (the front wheel is outside the bridge). While the maximum displacement of the
frame occurs when the rear wheel is at coordinates 100 cm and the front wheel is at coordinates 365.5
cm (the front wheel is outside the bridge).

The minimum beam deformation occurs when the car axle is right on the neutral line of the
beam, this shows that the coupling moment or torque due to the load is a factor that greatly affects
the size of the beam deformation. Gravity load right on the neutral line can reduce deformation and
increase the deflection of the beam and bridge frame, and the size of the torque moment can affect
the size of the deformation.

There is a difference in the maximum deformation occurrence between the beam and the bridge
frame, namely the maximum beam deformation occurs when the load is outside the beam
coordinates, while the maximum frame deformation occurs when the load is in the middle of the
bridge span and outside the frame coordinates.

Precast bamboo reinforced concrete frame bridges have sufficiently good integrity, that is, they
can distribute loads with deflection and deformation that do not exceed their permits. The
maximum displacement of 0.25 mm meets the requirements based on the AASTHO and RSNI
T-12-2004 standards, which is not more than Ama = L/800 = 3.75 mm. The maximum deformation
occurs in the bridge beam of 0.20 mm, and the bridge frame of 0.13 mm meets the requirements
based on the AASTHO and RSNI T-12-2004 standards, which is not more than dm« = L/800 = 3.75
mm.

At the stop load P = 15.5 kN, the stiffness of the bridge beam increased + 80% during the bridge

test, when compared with the beam stiffness of the laboratory results. Likewise, the stiffness of the
bridge frame increased + 60% during the bridge test, when compared to the frame stiffness of the
Laboratory results.
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