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ABSTRACT

A strengthening technique using externally-bonded synthetic Fibre Reinforced
Polymer (FRP) has been reported to improve flexural resistance on concrete beams.
To this end, limited research work was reported to investigate natural FRP as a
strengthening material. Woven fabric kenaf composites (KFRP) have good specific
strength and sustainability than synthetic FRP counterparts. This research aims to
conduct experimental work to study the parametric effects of KFRP plates on flexural
strength in concrete beams, later validated with strength predictions from FEA
modelling. Four-point bending of 100 x 100 x 400 mm concrete beam were tested in
two phases, i.e., Phase 1 investigates the effects of externally bonded KFRP plates
variations such as woven architecture arrangements and KFRP geometries (lengths,
widths, and thickness) on concrete beam, and Phase 2 investigates the flexural
resistance of various notch depths, a, in concrete beams repaired with/without KFRP
plate. The flexural resistance improvement is between 18% to 84% where the former
Is given with shortest overlap length and latter with thickest KFRP plates. The presence
of interfacial stress between adjacent layers offers better resistance in thickest plates.
In phase 2, flexural resistance of notched beam improved by up to 48% KFRP
strengthening is readily seen due to larger bending in notched beam. Finite element
analysis (FEA) requires incorporation of constitutive models, and most reported
literature adopts extensive experimental datasets. The proposed physically-based
traction-separation relationship requires two material properties, which were
independently determined from a small-scale experimental set-up. XFEM techniques
offer visual tracking of crack initiation and propagation by using ABAQUS CAE
software. It was found that post-processing discrepancies of lesser than 12 % in both
phases, as validated to experimental datasets. Additionally, both experimental and
modelling approaches showed incorporation of KFRP plates can increase appreciably

the flexural resistance of plain concrete beams.
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ABSTRAK

Teknik penguatan tampalan luaran menggunakan Polimer diperkuat serat (FRP)
sintetik dilaporkan dapat meningkatkan kerintangan lentur untuk rasuk konkrit.
Didapati kajian penyelidikan untuk FRP semulajadi sebagai bahan pengukuhan sangat
terhad. Komposit kenaf fabrik (KFRP) mempunyai kekuatan spesifik yang baik dan
mengekalkan kelestarian dibandingkan FRP sintetik. Matlamat projek ini mengkaji
kesan parametrik plat KFRP terhadap kekuatan lenturan rasuk konkrit, kemudian
ramalan kekuatan dijalankan dengan memodelkan analisis unsur terhingga (FEA).
Lenturan empat-titik pada rasuk konkrit bersaiz 100 x 100 x 400 mm dijalankan dua
fasa, iaitu, Fasa 1 mengkaji variasi KFRP, iaitu corak tenunan dan dimensi (panjang,
lebar dan ketebalan KFRP) terikat luaran pada rasuk konkrit, dan Fasa 2 menyiasat
rintangan lenturan dalam kedalaman takuk berbeza, a, dalam rasuk konkrit
dengan/tanpa plat KFRP. Rintangan lenturan meningkat antara 18% hingga 84%, di
mana merujuk kepada sambungan ikatan terpendek dan plat KFRP paling tebal.
Kehadiran tegasan antara-lapisan menawarkan rintangan yang terbaik untuk plat
paling tebal. Dalam Fasa 2, rintangan lenturan rasuk bertakuk meningkat sehingga
48% disebabkan lenturan yang lebih signifikan dalam rasuk bertakuk. Analisis unsur
terhingga (FEA) memerlukan pendekatan model bahan di mana kebanyakan kajian
lepas melaporkan pelaksanaan data eksperimen yang besar. Hubungan daya tarikan-
pemisahan yang diusulkan hanya memerlukan dua nilai bahan, dan ditentukan secara
bebas daripada eksperimen berskala kecil. Teknik XFEM menawarkan visual grafik
permulaan dan perambakan retak menggunakan perisian ABAQUS CAE. Didapati
bahawa percanggahan pasca-pemprosesan adalah kurang daripada 12% untuk dua fasa
kajian, dibandingkan data eksperimen sebelumnya. Selain itu, kedua-dua pendekatan
eksperimen dan pemodelan menunjukkan tampalan luaran plat KFRP dapat

meningkatkan dengan kerintangan lenturan rasuk konkrit biasa dengan ketara.
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