Contents lists avadlable at Scienceliirect

Structures

jourmal homepage: wenw.elsevier.comilacate’structures

ELSEVIER

Experimental investigation on strengthening of glulam timber beams using
cold-formed steel sections

Misba Gul ™" , Shakeel Ahmad Waseem °, Javed Ahmad Bhat "

* peparmeend of Cidl Enginsering. Matkasa! st of Techeology Srinepon, Fazrashel TR0, Jerom end Kashmie, India
* ftepariment of (il Engineeniey, (slhmic of ciemoe and Techmigy jpwn, (HEFAT fomms and Kby,
* Depoemaend of Ciedl! Enginaring, Matioso! furilde of Teafiaoiogy Sandger, Hoseofal 190006 Jaeie end Kadi, afia
A neparoment of Gl Engleering, Marional Isssiue of Tecknobigy Srianger, Hesraiba! 190006 Jomms amnd Kosbrer, bdio

ARTICLE INFO ABETRACT

Krpwanic This study investigates the patential of cold-faormed steel {CFS) sections, specifically far and chasnel-shaped, o
Codd-Tanmed weel reinforee glued-laminared timber (glulam) beames for improved flexural performance. Both anreindorced and
Compasiie beams CFS-reinforoed ghulam beams were tesied, The connections used for the reinforcement included epoxy resin
E:.":Jf::" aloee, & combination of screws ard epoay resin, and an integration of seel with eposxy resin, Threugh three-point
Glulam Besms Eriding 10A18, VAHIE [fAMeRes wern asserssd, Ineluding lnsd eapacity, moment capacity, frasal dgidiny,
Timber energy absorptics, and Modulus of rapnere. Results revealed that CFS sections significanily enhance ghalam beam
performance, notably preventing brigtle failure. Channel-shaped CFS sections emerged 2= superior for ren-
Forcement, with stee] strapa and epoxy resim recogndees s the most reliable conmection methsl e Sieel Timber
Compasine (STC) beams, In sddition oo cxperimental resting, analytizal studics were canductad to complemest
the findings of this research. These included linear elastic.plastie models, and Finite Element Analvsis (FEA)
While the linear elastic-plastic models did not corsider various connection schemes, FEA accounted for these
Fmctoay, dhemmomstralivg the snallest error margm compared (o experimental resulis
L. Intreduction minimizing the reliance an old-growth forests (970, Despite the benefits

Timber has historically held prominence in India's architectural
framework, symbolizing sustainability and resilience [17, With India's
climatie conditbors favoring timber wse | 1], 17 unsurprising that it has
been o core construction material. However, the 1996 Supreme
Court-imposed timber ban [2] prompted a shift towards alternative
materials like concrete, steel, and aluminum (3], These materials,
although durable, considerably elevate carbon emissions [2,4]. In 2020,
the Ministry of Environment, Forest, amd Climate Change (MoEPCC)
ook & significant step by revoking the timber ban |5,6). This decision
emphasized the eco-friendly atiributes of timber and underlined the
secireronamic implications of promuoting indigenous wood imdustries.

Among the timber varketies in India, the abandant Poplar timber
fram the Kashmir valley has been underutilized owing o ifs perceived
weaknesses |7, Material science innovations have brought engineered
winod products such as glulam to the forefront, By bonding wood Lami-
nations parallelly, glolam addresses issues related to natural wood im-
perfections  [5] and endorses  sustainable forestry  procicoes by

of glulam, certain situations may demand heavy cross-sections, which

can lead ta height Hmitations, Glulam can be reinforced with materials

such as steel plates and fiber-reinforced polymers (FRPs) 10 address this
10].

In the domain of glulam beam reinforcement, extensive ressarch
over recent decades has explored the use a variety of materials ranging
from conventional steel [11.12] to advanced fiber-reinforeed polymers
{FRPs) like carbon fiber-reinforesd polymers (CFRIFY (12-17) glass
fiber-reinforeed polymers (GFRP) (18,19], aramic  fler-reinforeed
polymers (AFRP) [20], and basalt fiber-reinforced polymers (BFRP)

21]. Reinforcement implementation sirategies exhibit diversicy (Fig. 1
(alk some resarch focuses on reinforcing the tension sde alone,
whereas others incorporate both tension and  compression sides,
employing methodalogies like Near-Sorface Mounted  (NSM) and
Externally Bomled Reinforcement {EBRL The physical form of reine
forcement alternates between bar and plate configurations, with orien-
tatioms set either vertically ar harzoneally to failar o the structural
reguirements.
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