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Abstract

Background and purpose: This study was conducted with the aim of investigating parallel
strand lumber (PSL) made from reed residue and laminated veneer lumber (LVL) obtained from
poplar wood reinforced with glass fiber reinforced polymer (FRP) using epoxy resin.

Materials and methods: The independent variable was FRP reinforcement for either LVL or
PSL and control sample either LVL or LSL without FRP. The mechanical properties of the
manufactured boards including bending strength (MOR) and modulus of elasticity (MOE) in the
width and edge of the test sample, shear strength, compression strength parallel to the grain,
internal bonding and screw withdrawal strengths were investigated as dependent variables. The
obtained results were analyzed using completely randomized design and SPSS software.

Results: Results showed that for all studied mechanical properties, the use of FRP increased
the strength the PSL and LVL panels. For LVL, the effect of strengthening the samples with FRP
was significant at the level of 1% and also for the modulus of rupture of the width and edge
samples showed an increase of 93% and 59%, respectively. The value of MOE for samples
reinforced with FRP showed an increase of 89.6 and 132% for the width and length of the PSL
samples, respectively. For LVL, the MOE value of the width and edge of the samples increased
by 54 and 95.5% with reinforcement. Reinforced PSL samples have improved shear strength by
31%, while this value was only 2.5% for LVL. In case of internal bonding, reinforcement with
FRP improved the internal bonding strength of the samples by 92%. Screw withdrawal strengths
improved by 27% due to the strengthening of the test samples by FRP.

Conclusion: According to the results, it can be stated that the use of glass fibers and epoxy
resin has a significant positive effect on the mechanical strength of PSL made of reed and LVL
and it is possible to use low quality raw materials such as reed and low quality poplar wood layers.

Key words: Parallel strand lumber (PSL), laminated veneer lumber (LVL), polymer reinforced
with glass fibers and epoxy resin (FRP), mechanical properties.
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Figure 1. PSL made of Reed and LVL made of poplar
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Table 1- The standards of the test samples

Test type

Standard type

modulus of rupture surface
modulus of rupture thickness
Tension Perpendicular to Surface (Internal Bond)
Compression strength parallel to the grain

Compression strength perpendicular to the grain
Screw Withdrawal

ASTM D 5456-99
ASTM D 1037-94
EN 319 (1993)
EN 300 (1997)

EN 300 (1997)

EN 300 (1997)
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Table 2- Variance analysis table of mechanical resistances of PSL board

. . Tension
Sourc MOR MOE Compressio  Compression - Screw
Perpendicula :
e df n strength strength  to Surface Withdrawa
MOR  MOR parallelto  perpendicula I
S T MOES MOET the grain r to the grain (Internal
Bond)
GFRP 1  2353™ 347.09™  19957256™  72913435™ .068™ 1.805** .068™ 619.637**
Error 16 1.498 6.117 674285.762 2392523.14 .002 .077 .002 5.285
Total 18 435137 297417 239246689 568600002 440 85.898 440 45635.230

** Significance at the one percent level
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Table 3- Variance analysis table of mechanical resistance of LVL board
ComDress Compressi Tension
Source df MOR MOE ioF:1 on Perpendic Screw
strenath strength ular to Withdra
parallgl to perpendic Surface wal
MORS MORT  MOES MOET  ‘thegrain Ulartothe — (internal
grain Bond)
GFRP 1 2658.**  3002**  123733963** 633685458**  9.346** 5.746** .994%** 639.38**
Error 16 32.173 33.092  1535973.682  28114816.78 .339 .187 .023 2.931
Total 18 54502.8  33166.2 2885529144 7148745090 330.356 219.336 11.388 11270.43

** Significance at the one percent level
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Table 4- Comparison of the average effect of using FRP fibers on the bending strength of PSL and LVL

MORT MORS

Panel type (MPa) (MPa)
PSL 7.469 11.469
PSL-GFRP 16.25¢ 18.69¢
LVL 27.66° 41.2b
LVL-GFRP 53.492 65.55?

Based on Duncan's grouping, the variables marked with separate English letters are significant at the one percent level.



ARAN

Cost sl FRP Jol S50 (Borri et al., 2005
ol 2 aiS ey 55 S plpe s FRP ey 5l a8, sba,
oielS el g0, ool (Kliger et al., 2016) .S
S o 4 Wl g oS 35800 Oz 03 A5 S b
SaS S i gl ple b O sl 5558 5 )
sl 51 Ss S (Vahedian et al., 2019) sl
Sl 5 cushy 5l S (s cusi | FRP
93 Y 5ana FRP 5 50elS 53 (6 oy o il vl b
WS ol pslin Jame Jalse ple s ol olgn 0T il
il b asa gloy Jsb 5o Cm o 5 el Kl e

.(Huang et al., 2023)

(MOE) i3 st ¥l 500

2 GFRP Ul 51 a8 sl ol [uilly a5 s
e 323\ haw 53 LVL 5PSL g e 5 4J MOE
215 GFRP 5 ol oniles anglie O S .l s
el w3 ol LVL  PSL o e 5 4 MOE
GFRP LLVL ,PSL ¢y oS ans o ol ¥ Jou
s Il b aglie 55 |, MOE g 55 L5 5bay
Y+YA 5l A MOE jluie PSL (gl caidu so 350 002
GFRP | g 55 o8 5 JSLL K V-0 4 SIS K
4 Y0 5l plaw MOE laie &S Jlys sl ol 3l
I Sl faose ol il il KLU FYOP
Slade LVL & 5 .ol MOE 5 sao,5 AR/S 5 \YY
5o JLLEL YFYAS &4 JLLEL A\ YEYY 5 4 MOE
e &S Jsys il il GFRP L cypi o\
JLLE 1 FaoY 4 JKLLK. av-q =~ MOE
Sho,3 OF 50/0 L)l Kl polie opl sl Ll 58l
.| MOE

! GFRP 5l sslizal 4y hoasy) 5 4Me ol sdle s

Yooslat XA ale ol al B 5 G o lidios aalilas

oL 5 Morales-Conde  Lwy glis el

de la Rosa 5 (Y-\+) oL, 5 Campilho (Y-\0)
oz sbesle Cu gl 3550 53 (Y41Y) o, , Garcia
ol s b oS s 3,18 GFRP Sk 5,8 L
PESER RPN JUN <P AR PR PO 2
3l olg o0 GFRP L sss ¢y g5 5 sacy 5i LVL
olsie GFRP suzcy i LVL ) eslizal &0 s oS
TS IO R v IO FR P U S
& Bl e 3,8 e 15 o 5o &S ws GFRP Oliw
el &5 a8 KL Sl Caglie 3l 00 4 by Gl
Raftery and Rodd, ) sso 0 ©sx 0 wss S
o 45l el ) Gl st e (2015
oz b b e Caglie 5o b gl 5 Ste 5 s Sl
sl plas c:LJ W r\;,.;\ GFRP L suzs coaw LVL
GFRP | sazcysi LVL 5 PSL _Sole sl S 55

3 LS5 a5my g sty o eddd ol P 4 Cund
s o, LBl ool ol b s S8 b el
23 e oSt 4y i 5 a0 )3 3G o
o) sl eslael (GFRP L suscy 55 LVL sk g o
Db 3 Sas 5358 0 (2B pl 2k 5 25 gl iy
aelss s d Se Bl o s b Bl e 6 e
Slosle 5 Camnds s bl Com S0l 4 a5 Ll
(Ciliie Slem 55 SOl Lolss osli) o gl Ul
ode 1355 o 0> (slod S Sl s Bl Lol s
5 sz e osr Susby do)s ol eas S5 5505
S o) S ol s et s Al e
Lo osr closle Cosl 5 i ool ool Oladss
ol sy g | aalllae ) s S ol e Ll FRP
Corradi et al., 2021; Borri et ) 5,15 calks Ul Jow
FRP Ul .(al., 2003, 2005; Raftery and Rodd, 2015
ol Ky BU Sl sasasle cojsnelS ol S
VN TS INSJVRNCII P RPN LI PO
5 e Caaplde Ll 3l 4 Wl 0 FRP oy 5 5lS
Corradi et al., 2021;) sS S8 e Llsle plys



o ol (PSL) (3050 al 5 Sl gl o s gy

sdal Cws & Cud9lS FRP 5 Copm dies g Lolss
e olas 1) i ol ol r\,a o g\da
s> > FRP ru.;\ .(Wdowiak-Postulak, 2020)
Sile o 0B ol 5 esls o=l A e 5 Caslia
Cheng and) a8 Jess 1, YL sl as 5 )L
Slosle s 558 55 8594 35 cp) .(Lindyberg, 2000
ol B 5500 YU 03s 4 Caslie o ol &S

Loy geloe b ol wab 5525 s MOE 23l
5 (Y+--) Lindyberg , Dagher (Y-\\)Hu 4 Cheng
MOE 3 5.4 3,50 ;3 (Y+10) o), 5 Morales-Conde
ol 02 I S FRP Slio 5,8 L Lsa slassle
&l GFRP 48 olin il pad ko cp) gl | oS
Jos 0 a8 58 K Dl a g oo ealitnl s i
ity e e 1) ! MOE st S HE b 5 S
i3 osm i GFRP Cy55malS 5 5550 BUI
S5 S pslae S8 i 53 1 ol 5 el

LVL  PSL sl 50w o FRP GUI ) sslinad 31 Kol auslio =0 J oo
Table 5- Comparison of the average effect of using FRP fibers on the modulus of elasticity of PSL and LVL

MOET MOES
Panel (MPa) (MPa)
PSL 3028 2350
PSL-GFRP 7053° 4456°
LVL 12423 97090
LVL_GFRP 24298° 14953

Based on Duncan's grouping, the variables marked with separate English letters are significant at the one percent level
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Table 6- Comparison of the average effect of using FRP fibers on the shear strength of PSL and LVL

Panel Shear strength(MPa)

PSL 0.13¢
PSL-GFRP 0.17¢

LVL 6.5P
LVL-GFRP 6.66%

Based on Duncan's grouping, the variables marked with separate English letters are significant at the one percent level
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Table 7- Comparison of the average effect of using FRP fibers on parallel compressive strength with PSL and

LVL fibers
Compression strength parallel to the grain Compression strength perpendicular to the grain
Panel Type (MPa) (MPa)
PSL 1.49¢ 1.83¢
PSL-GFRP 2.06° 2.46°
LVL 3.46° 2.85°
LVL-GFRP 4912 3.982

Based on Duncan's grouping, the variables marked with separate English letters are significant at the one percent level
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Table 8- Comparison of the average effect of using FRP fibers on the internal adhesion of PSL and LVL

Panel Type Tension Perpendicular to Surface (Internal Bond)(MPa)
PSL 0.08

PSL-GFRP 0.2
LVL 0.51

LVL-GFRP 0.98

Based on Duncan's grouping, the variables marked with separate English letters are significant at the one percent level
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Table 9- Comparison of the average effect of using FRP fibers on the Screw Withdrawal
of PSL and LVL screws

Screw Withdrawal
Panel Type (MPa)
PSL 18.3¢
PSL-GFRP 30.21°
LVL 44.1°
LVL-GFRP 55.832

Based on Duncan's grouping, the variables marked with separate English letters are significant at the one percent level
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