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Abstract

Problem definition and objectives: Cement-bonded wood composite are panel products which
are made by combining wood chips, lignocellulosic fibers, or agricultural waste with mineral
binders, often Portland cement. Due to the presence of cement, these products are brittle and
fragile. Therefore, this study was aimed to improve the properties of cement-bonded wood
composites by reinforcing them by glass fiber reinforced polymer (GFRP) with different lengths.

Methodology: In this study, the research variables included rice hull at two levels (5% and
10%), water-to-cement ratios at three levels (30:70, 35:65, and 40:60), and the length of the GFRP
at four levels (O=without GFRP, 12 mm, 18 mm, and 24 mm). The amount of calcium chloride
(3%, type of cement (Portland cement type 2), and percentage of GFRP (2.5%) were remained
constant. In this study, 24 treatments and 6 replications were considered. Following the preparation
of test samples, modulus of rupture (MOR), modulus of elasticity (MOE), and density (D) were
evaluated for the manufactured board.

Results: The results showed that in the manufactured specimens, the highest modulus of
rupture (MOR) was related to boards made with 5% rice husk, 30% water to cement, and 18 mm
GFRP length (4.510 MPa), and the lowest was related to boards made with 10% rice husk, 40%
water to cement without GFRP (2.053 MPa).The results also indicated that the highest modulus of
elasticity (MOE) was found in boards made with 5% rice hull, 30:70 water-to-cement, and a fiber
length of 24 mm (3903.14 MPa), while the lowest was for boards made with 10% rice hull, 40:60
water-to-cement without GFRP (1045.59 MPa). Besides that, the highest density corresponded to
boards made with 5% rice hull, 30:70 water-to-cement without GFRP (1.5686 g/cm?), while the
lowest was for boards made with 10% rice hull, 40:60 water-to-cement, and a fiber length of 24
mm (0.9201 g/cm?). Also, as the amount of rice hull increased from 5% to 10%, the MOR, MOE,



and density decreased by 17.55%, 24.33%, and 20.88%, respectively. In the reinforced specimens,
as the percentage of water-to-cement increased from 30% to 40%, the MOR, MOE, and density
decreased by 41.21%, 46.35%, and 17.93%, respectively. Additionally, with the increase in fiber
length from 0 (Without GFRP) to 24 mm, the MOR and MOE increased by and 30.46% and
10.51%, respectively and the density decreased by 7.27%.

Conclusion: The study demonstrated that the incorporation of GFRP with various lengths into
cement-bonded boards made from rice husk can significantly impact on the mechanical properties
of them. Increasing the GFRP length up to 24 mm resulted in a remarkable improvement in both
the modulus of rupture and the modulus of elasticity. The optimal production conditions for the
wood—cement composite were achieved with 5% rice hull content, a water-to-cement ratio of 30%,
and a fiber length of 24 mm. This study provides a practical strategy for enhancing the mechanical
properties of wood—cement boards through the combination of synthetic and natural fibers, which
can be valuable for researchers and professionals in the construction and composite materials
industries.

Keywords: cement-bonded wood composites, rice hull, glass fiber reinforced polymer, bending
strength.



ey Yoo,leds VYl o)l 385 g g sl oozl dalilad

ilide sla-Jglo b dudiach Blall b Gloseu 192 SLALIAT culiad Eao glia 3 gge

Psuanl sana [ pe sane T 9AT0A ) gy plen ) usI (5 e gl p%e s guuge 93]

Al i) el ) Bio ol ¢ nubs asbio 5 (£55LiS 0uStl5 s ol (claTod)ghyd 5 g qlio ) Luslid S ggomails =)
Al el elend) sioo oSl e nbs aulio 5 (£5,5LiS 00Stils AL g gz mrlio 5 pole 09,5 il —Y
asllly ol a) eoen) Bie oSl b mlie 5 (siyliS eaSly 2 5 cgr mbio s psle 05,5 Ll (Jstes odiwy ¥

Arostampour@uma.ac.ir

Sl el el olRls «pmrle i S35 S 5 g @i 5 pole 09,5 kil —F
S el b)) sioes olS2ils onb alio 5 (5y5LS 0uStils S 5 gy @i 5 pole 09,5 il —0

V¥ (23958 uu)...b &b Ve ¥ ol fu,l

oS
SU gy 033 cuS 5l &S Mt (glaio SY gz (o g sloojluti> 1Bl o dluwo Ly
> 4 Wl e b lo (1l Glopw Gl2I) (Saxe lmonimd Jlail b (55)5liS slasilony b (a2 lslesS
nl ioscpl J) A 00IS 5 355 Vgane SV guae cpl il o dile ides cslmorins Jlas] 5l oolital
b plool Gilisen ol Job b s G 1 030zl L loss o cslmojludis | Sulse polys 390 o L adllae
ol G fa0y3 V0 50) g 9 )3 b dtogy ol hmgly (slajeite cadlllas nl )3 3 el 9 319
9 WO (aded SUI g) yao) ddaw Hloz p> aided UL oo g (FriFe 9 FOND V¥ ) o s )3 Gloes
4 (203 Y/0) aied BUIl dop> oV o aibipy laws) Glogs €95 (103 1) oS’ )18 )10k 3352 (20 Sleo VF
b 4B a5 3 1SS F e e sl g b adllas Jle VY ggeoe ;3 bad 4B )l 5 Gl slajesie lgie
8 iyl 390 0ad aidle aass slp (D) aipwils 9 (MOE) iVl Jgdo (MOR) (SKi5enS oo

48,8

b odds aidlo laass 4 bgyye (MOR) SKisunS Jodo oy yidi codd didlo sladiges ;5 oS ol )lis 1z UG
—aisg 4 bgrye o o yieS g (F/0) - MPa) yiesko VA GUI Jgb o Vor's sloww 4 0 doyd ( JUb dtwgy o )3 O
g1 (V/+0YMPa) iosho yoo SUI Jgbo g £iFe losw 0 Of uoyd (U digy o pd) e b o adlo slo
Aoy Moyd O b odd adl ez 4 bgsye (oied dimiwVl Jodo jlade op i oS b Ll ol puioren
bgspe o) Hlaie cppiaS g (JBwbEe YAY/VF) fo Lo V¥ adis GUI Job g VorX's o 4 o cans ( JUs
(Ul V- FO/D) ddinds BUI 900 £+ F+ loww 40 Ol Cnas ¢ JLi dtwrgy Juoyd Vo b o aidlo (slaaiss 4
09t 9 V¥ Glors 4 Ol o (JUb dtiagy 103 B b 05 b los (sladiss 4y bgypo dtadly ke (i g2
MOE ( MOR jlids o> Ve 4 0 1 L dtwgy jlade ]38l b gy (o o Sl p, SV/OFAS) s LI
oyd Fooa Yol ol 4 Of cans (il bcsl alS asyd Yo/M g YEITY AV/00 i 4 dishy o
o 3 BUI sk Lzalsdl b sl Jials sy WY o FS/YD FAYY iy 4 &pudls s MOE « MOR e
ausld 9 il Lo 3V /DY 5 Yo/FF i &4 MOE 5 MOR jlide jio Lo V¥ & (B! o0 (sladise)
ol el Ao VTV

Close s S5 53 il slaJgbo b aded S ) odisal o ol S5 sy ol 106 S Aol
—ay ol 423 logw g slaojludis (Sl ol e BB b Wl e JU dtug ) el asle
2 Spta¥] Jpso 5 (S Jpho pfadiy S5 o sinisho V¥ b e GUI b al3l o ssb
VE G Jobo g Vel Gloms 4 Ol o o JUS ditwgy 203 0 b plosw 0 ojluiz Ay bulyd oy g



Sledlinl b leww 5 g sla bl (SolSe olsd CutsS oy (sl ol j S, addllas oyl il ol g0 Lo

il g8

st Cunglio i B (LS dtwgy ¢loms gz ojlosix 1 60lS 6 23lg

Sluls )l S Glaie 4 JUs aiwg [F] wen Cox
@Y Jomsly Glls gy a8 bl )3 65,5Le8
Ol sl Glors oz sloass wlgi )0 eolinul (ol
Wlggo 353 (g 5 Sk LSl Jdo 4 oobe
S 1y Olowms 092 laaisu plgs 5 (Sl ols>
& bass gl adg o JU ateg 655 e aak
Sengy baoe Lai> g (65,0la8 Slals a5 @ s
9 My glaanie all cel &Sl WS SeS
ooz ey culee jlogdoe i 55000 (R
Aol 5 Slxie ol Gies 4 Glyse Olasw
0,5 o,Lal 43,0 4 Caglan g (Kws plgs 0> oiiS
5 ol ounS Cugis BUI g3l b gyl 1 0]
Gl S sl Shs ol Wl A esian
O Azl anise v 5 ool Rl osleais
odd S 0oz g Olesw 5l Gleww gz o5 &S
635 el &S Glosw (695 Cuals p ade gl g ol
Sl 03¥ wgd oo Glerwm gz ojluniz
4 0ls o0 O oz 5145 08 eolinl (] sl sl
o ,Lal cgias BN L 5 Jligy (paiS ol o 23l 5L LI
eiS pSounl aiile olilie Jodo a4 ades SLI o S
Ar s oo Cwglie 5 Jle Ble olx Vb Jhw
oty jeels ouisS s SLI ny @l (sl
S aded BUIL oo cogir e [F] ol los
Al BL 0gd o Cgmie Wz Sleislue pllas
e ploinl g (iiS plinl (2 S sk
o)l g)lad Cunglin oS HSU Lol iSu co Sguge |
4 Sl locyjsals 4 ass BLI g8l V]
B oS e oS 5 b oaS Cusis Jale Ky olgie
5 pEl) (sl hnd  alde sl lees OO o
B e (Gane lagless (SaiSd 5 S
ilSe SleS 5 L e SUI IS sk 4 ool ad S
5 Logll ks (Jlie (lsie @) cilizee gloonST
Blse ply o aded U Wsdoo 0y (eeedS

doddlo
gle & aanli 5l ol g 50 5 Camer a)
@l (ol 990eS g Cudgue olren 4 g9 Al
Sl sl @bl s 4 ) i
S5 84 b eyl il ool Bgw mbo cpl 5l dig
Jsiine zoé B yae il 6T ol )0 (srw e sla s,
—ojlwaiz cole b is, cpl 5l (S adls (65, Bl
L ol |y ool olss o adlise b jsels L Lo
St Sgnn g 00,5 Dol ojludiz oS 5 S
2y olitle puage Spp ) LK som
polie Jl> (e 5 S llae 5 onliiul 4y (slots
“olesle 2lsS loy o ol b el sud Bglase
sl 5l (o Gloww gz [NV ages Slasl 1) ol slo
locsz 03,5 LYW 5l aS coul s> 00,88 Slxiw
Ssilony 5 Sluls b (asr islesd SUI
Olowws S)lge i )3 a5 Juxe Slge b a5 (55,5La8
Ol oz V] 0o a3 le 5 oS5 ol ail
i S o Fgo sla)les s il cSls o
sty 5o glojle Gle sl bl el o izen
2 Seed Gl S Glaptian 5 le 5 S le (500
O Ol Lo aze LS @y anngs Jlo )0 lojsas
00,08 Slho phzmes 0,5 oo 3 colatll 50
il 50 5 2l o a5 Wls lile Qlog 9z
Ol DVgame (pl 0ed o wlb-ogr Olbwe ple
o Jelge g 51 plp je g atdls (YL (ool
035 AIBS g b AT DSy g wBloe polie (S
ol sl anwgs I¥] Wil aumalle b 518 Lacsl g
olae b gz auile Lo 050 adgl Blge 4 DY gaze
Cydgaote dy 4295 b 0)l0 (Sas o 5 (5 sk
63,98 Slowy ol o loy505 0 S mlie
5 Bk 5l g adbl Al wiile (L3 slge

Slp el Rl o5 Sy 0 Jo aug



Y54

6ok sltoie plemw wor ey cole sy
Ceosd (6 iy yoywd (5 By dudsd A Q|93g5° as oyl
5 S &le Pl (ol Jyame (59 SialS oS
S99 Judo 4 15T pln 0 Vb Caglie i (Gge
Gl (T 5 SBI il 50 Vb Caaglio ¢ el
3 @dasie Sladsd (ol poogdle 0,5 o lil (golsl
Olaon b SU alex 5l (egras SLI (53938l 950
Sy olemw & [VF 0] acs U, [YE a-10]
C\.BLo‘ 0)5.4 )O Lol ‘CA-M}‘ R r:L?u‘ uu ua|9.> O%
Sl Oladod Gloaw gz ojludiz 4 Ll oo,8
L. ooy aslw uLo.wJ Y = LSLQA.OU b.w.c? Jj».bc
Gl lasb b ases S g5l b Il atug

i alsl

gy g olge
lgo 5 jlwodlel g angs

Cesy 285 @ wulp b o @ sbal Po
é‘{ )l d..d}.?u uJ‘ o oolawl Sy90 ‘;L\u M}v A:JLSQ
ool (pl b agd LS plinl o557 sals S )
cole gl ool Gysldes o 5 smb ssb
E-) acs AU e 8 |18 colaul 0,00 ojluais
“dob L 2euly) oad 05 g Glay &5 4 (glass
g S 3 5LV USKE) prensile YT VA AY sl
Plyr b A Gl e Bl PMP) g S
50 G225l o oad colatll annd SLII swaigs
Jwo )l sl sla cig,8 mllas 51 a8 s0g Sol S 1
)‘ 6|0M C)Lo‘ &y At &y J.».l.:).t UL“"“J S A
OlaS 3 050 Sras Geelip Ol ralS
ouls &S,IY Jgaz 4o 3aiod ol )0 oolawl 8,90 (ylows

2 chopped fiber

Yoo,leds VYl o)l 385 g g sl oozl dalilad

@b (Sl o Shas ataglie )l ploord -5l >
Sgy Woyardy (S 505 Glises Blge b (093 4 9wl
ook Vb S3L5l cobl (il b ioren 5 993 o0
RN VN G PRV SPSNTE S IR TR S PO ¢
oy YV o,8 ddlal oS al coslivne Koo audod
g WiV Jose Rl el Glogn L SU
Oles onlpls 03,5 o0 baosle wizr (SienS Jooko
s> Sgar 30 (oot GBS Olugn (kS CuS
3 Bagherzadeh [a] S oo byl ojle v (SIS
SLI aspe iolidl as wisls las (V1Y) ol ) Sen
Joe (IRl Sl oy IV 4 o1 5l oo n b
Ivel ws Ve/YMPa o YAMPa | _iws
s S S (YY) ol,Kes 5 Bagherzadeh
Sfles sl Sy vt sl S Job 5 Glasn
AL asols 1,8 aadllas 0550 1) (58 S (gloo sl
e Camd g Serkee WY g yiele B sk 5o 50
Tl 00 Slesm 039 > 2 (20,0 IT0 9 20,0-/10)
welem Gmalidl ol BLIL 09380 ol solaw] boglse
o o Cas LWO) S 8 (Sl 5 Sazd
Wl L5 hagy b b sad Cusi LWC L avslis
oiali8l cel yiadio VY w0 2 5l BUL Jsb oljdl a8
.8 YV YMPa o YY/¥MPa | iz Jadw g Cuoglio
YWl onaS alSonal GUI Jsb il eian
«(Y+\0) l,Ksn 4 ghofrani D] ol ol ds e
Sleolaiul b loses BLIN 2o j900lS asdllas b o jo
aS wols lid iy diwg S 5 g adle BLI
R PVEREIE SRR S FRVPESICIA Y N
s Alwan VY] cob aoldl mip adle b ao)o
FuSE 5l eolanl 56 pwym b YY) ) Ses
23,5 ole R 50 (Rl esle plore 4 JLS iy,
Sl Hsig o3l oole S I aiogy 1S o5
9 plys Gl sl (Jeeme ailiy plosw (03>
Slyd Hogidl a5 sl lis bl cwl (S, rals
sl ) et s LS sl ay JL gy S )
LT ols ol 1) oS g (s lid o cias Canglio
Lo dtwgy 0p)5 &S Cdbys Gl e Slidas g5

! Lightweight aggregate concrete (LWC)



24 mm . 18 mm

i (5la Job 58 (G35 3 5] iy SUOJSCE &y adond SLJI ) S

Gz ] 50 ooliswl 8590 aled BLII cwasi (ples ) Jou

(GPa) acmuasiwy! Jgoo (MPa) oS Cwoglio (g/m2) &30 y50 3 39 (mm) Cwlns
q- Y. 2 “IYYS
Sl &8 b 3l o gl ¥ il Glows Sl 5 Y Joox
ol prow g1 Ollgw o ieke deST pTan] paogllonst el Sl oolo ol
<[O-VY \-Y <N-¥ Y-A WY 2PV snidd JuSCid dwoyo

039 22,57 Gl a4 peedS 01551 5 o ]S
Sl 4 cale sly s solil plare St
B U TR Ve AP VE= WO VO § GV ESP S PR
Slye 530y Y ol arulxe adsl slge o> erie Jolse
5 el JSis SGS g 28 bl s Do 4
B U3 0 S G D Ay (97 B
O S Sl o aiss al Blo o515 alle abewy
B 9z B S5 alRalol Lulyd o 5, ¥
S 0,50 oplalin] elely Sgesl sladiges o
Qs g pojlail I laoxe Sl o g aiad o0y

(Y US5)

So g wlr Sjge 4 Sate S WIS
Olors 43 003 ¥ l5e 4 5 0l (gl 5 15k 51 (S
9 VFY J58se 0,2 L (6,00 poedS 02,05 000 5 LS
et Jso B by of o ol woys 10 pgls
il e CaCl.2(H:0)

Laigas cilu g g0)] (b it s 525
93 0 L atws Jols agh onl sle i
doys mhw 4w b plew légs oo Ve 5 0 mhaw
Coghs oole Jgb «(FF e LOXON N ) gl 4 O]
Gy og Giogshe YENANY ) s § p0 oaisS

o 052 WAL o 4L glb Wiges .Y Kb

e



YV
i bl YV 3,5 SPSS 1581 o3 51 ooliciul

IS s g g9 il g bl LT b

5 Oloww 4 ol G ( JL atigy v 0 wiile b psie
Jgde (e Caglie (Sl p SU Jobo ey
Jgaz 50 lewm w9z Cujgrals a5 dipniaVl
Pl ssalice LB 4G jsbylan sl oo a3l Y
@ ol e g B ateg seps e e S
@londls g ¥l Jodo ¢ pled Cwoglie y legs
e 45 B Jsb oo Sl 3 035 o ins
oy blie S cal aily gl soe b ies
pazss atwsls 50 Gloww 4 ol oy x Sl awsy
Flite Sl ogas ;o wdbse Jlogne )lge (Sb o
Ao psie 5l S om0 BL Job x (Lo atug
Flis Jlas conl Jo jo ol ais saslin gyl S
(e Canglie s dadd (LI Job x yless ol 2o yo
oS an Blite 51 Bules 5 ol anals (g lo cne 36
BUI Job x Gl 4 Ol duoy0 x I gy dwoyo
bl baiss aiewils s MOE MOR .y (g5l Jxe il

Yoo,leds VYl o)l 385 g g sl oozl dalilad

aigos ¢y905]

5 (MOR) (i3S Joao (55l lojl
» 9ol sladised MOE) (ies az¥l Jooo
L syl ol as pll EN 310 o lutesl olal
O I8l ceys b 5 0308 Jue Hounsfield oSws
TA+ Ssejl Gladiges olul .o plosil aads 5 e Lo
9 09 (Cwbd 5 Ly (Job i ) flodke V7 5 0
Al ad S L 0V adade gl )l 4y ailes Job o

Loesls Sl 3 4525

S atwg Jolts Giag% lo i aslllae cnl 5o

(LS5 IS 0j9 @ S 2oy Ve 5 0) mhaw 90 50
VX)) mhaw dw 5o Gloww SiS g 4 o Sad
gl ez o it SUI Jsb 5 (%0 5 FOTD
5 Giodee YF 5 VA OY (aied SUI ea) yaw)
JEPRERVPCEI SN EIENOCH L S SRV o7\ RN R RV-N
PSS F e o Gl g ol addllas Jles VY ggaxe
B ) 5 oot 90 el o i 4385 e
0525) 51 peSilee auslie (sl g 05 Jo)sSE 503l
L ools Judows 9 a3z .o oolaiwl SSls glasals s

Olow g2 o jgrols’ diundls g Lacuoglin y jlowd (G uiito (il Hlg 4 3225 Jguor .Y Jou

D) awsls MOE) @iVl Joae  (MOR) o_i.z.....f Jge

Sig. F lade Sig. F lade Sig. F jlase Sl s le
ol YAAL<OY oo VTN - ol AIYYD SLs ding do o
ofee fONFY ofee Ya/f) ofee YY/ove Sloww 4 ol oo
ns+/-A¥ YIYYS -/¥0-ns AIARA ¢ DAL YIYo. L Jobo
ns-/YYQ V/fay o] e YEX NARK o[- Fa* Y/ AY Oloss 4 Ol doy0 x I diwgy duoyo
ns«/FFY QN +/YY4ns VYO +/+OYns A S Job x (JLos aingy as o
ns+/Ya) <1OYY +/YAfns V/fay RS YIYY- S Jsbo x ylosr o 0o j0
ns+/#1Q AR </AY+ns -[faf +/Y\#ns <12V S Jsbx Glosw 4 ol o0 x  JLis awgy duopo

&5 e pas ms

oo A9 slezel mhaw jo (gl e

4 ao,0 Ol JLs aieg sy (il L e e o
IS oo &5 6975 4 Bl wops Ve
Jade (ao,s VY/OY) JELLKe Y/FOF a4 Y/IYY)
JELLEe VAYA/DO & YRIVV/AD 5l aeawYl
e S YOYYY @ V08 5l asls g (o, YY)

ol als zalS (oo Veo/e Q) CaSe el

o,y 0 slesel mhaw jo (5 lo cixe

W Ol G (Jlb diwgy oy Jisamo
(S Jgso 5 SWI Job wuoy g lesw
Al 9 A ¥ Jgoo
Cpdld g Al Jodo ( Ko Jgdo s
soalS g, 5l S @bt (C 5 Be A-Y lass)




sowkee Y 9 VY polie il ioli8l sy YA/EP
5 oL (gl (ine Sl Sl (y50 gad & S
s b Bl (Si5aS Jysn 20lS wmsl o i
oo ks VA GUI L slaiss &) o ianls Y
(SUI o3 slaaiges) o 51 SLI Jsbo (al5él b sl
Qo0 VIV le b acci¥] Jooe yie Lo YE U
AT BU ey slojles e b onl b ecdly il
ol b esslive (gl sme gl ewdie YF
o YE 4 (BU oy sboasss) yao 5l GLIL Jsb
8l jmalS asye VIVY e 4 acdils olae
ST VE Y SU e lajless m Grizeen
boad aidle sloazy o bl cad sasliv jlo jxe

A5 odelie (5ile pxe BWSIVA 5 VT b

& Fooo

Yo
’C? ¥ - Yeoo
B T .
Ef E Yais
o r g o
E \ E Yous
Bee
’ o \e ’
LD dAlwgs duo)d
A
$ Foee
[ =
A Yo
g g
E v E Yos
g v =W
©) , C .
= 2
Yo Yo Yo ’ Yo
Sl & O oy
D
4 Foor
A \;A--
At
E v w Yo
E [
E Y E \dee
0 = Yoss
)
E . g
. ¥ A Y ’
(yraglso) SLI Job
G

e
1o
o
o
K
[< I/
oy
Az ) "
S diags oy Ui gy w3
B C
¥l
| B
' ¢
T g
8
Ya ¥e
Olows &3 O oo R PP TI WS
E F
Y
b . . :
QE Ao
¥
E ]
A\ A ¥ . " A "
(uberne) S Jobo (aadia) SUI Jobo
H I

Jsse 2 plogms @ Ol sy s 136 Goizean
SV Gl JSh) anedly g atcnsoYl Jode o KiSeenS
Yool Olerw 4 ol [l b oS oo 4y il
4 VIOPY I (SKiseeS Jgde oy Fooa aope
31 aazw¥l Jgde (aws s FITY) JKLLK, Y/-AY
5 (aoys FEIND) JEublEe VEFA/FA- &) YV- +/TA
Sesle p oF VOAYY & VYSAY 5l 55 aneadls
2l alS (0o )3 VAY) CaSe
Josse 5 Sl b Jitee 6 ppas o
SV Gl JSh) anendly g atcnsioY Jode o K5
yao 3L AL Jsb al58l L as  ols las mls oI g HG
Ol 4 (S5unS Jodo pondios VA 4 (SUI 900)

9 (MOE)dimun¥l Jgoo ((MOR) oo Canglito y9 SLII Job g oyloww 4 ui S« JUD diwgy w0y Jiwwo y56 Y IS

(D) a1



Yvyy

Jsb 5 ¥ e 4 ol doy0 b JLo diwgy swoy0 4
gy Soyd & bgiye 5 ol (nyeS 5 eos VT L
YE GUI Job 5 Fr flaw 4 Ol aops O s
4 o 1 B Jobo il b (B ¥ US8) 55: erlio
O JLo atwgy 9o gl iVl Jodo yiondee YT
O YEYAYA 51 Y v @ Ol aoye woye
Aoy Aoy Glp wss FAD. e a4 YA-YNY
VVAY Gl 4 YYPQ/eF 4 YoYUYY 1Y JLs
2,0 YO o 4 Ol auo s (gl b Sial38l ooy
S Aol Jode aeye O (L aiug dweys
Vo Glp o, FPIAY (e 4 YEVE/TY 4 VAYV/YY
Ol & YVYA/AY 4 WVAYYA 51 JLs gy ooy
28b 8l as s VYIVE
(Lo dingy oy e 4w jo blae Sl mls
amdls 59y 2 BLI Jsb wo)s 5 plores & O S
Adld (pidos aS ol lis ead aisle sleass
ool doye o 0 J dlegy dwoy 4 by
o Aeils (e g add SUL e Ve less
ool doye o 0 J dlugy swoy a4 by
PSS ablse yienkee YE SLIL Jobo o Tl
L ocwl odnline JB ISo cpl o aSg shilen (C
22l ) s e Glos & ol 0oys (a5
plos )3 9 3,85 s gy SUI Jobo s b 5 il
Slo g doy Sl b leass ancdls dajles
o L B Jab (iol38l b ledasss asdls .cdly malS
9902y 0 (b atng 6l yrerkee VF @ (SUI (90
O VYA & VIOFPA 5l aoys Yo law 4 ol aoys
S digy o0 Ve gl g mals a0 OIYE e
RV VAT N (WP VIR VAR VAP VIR VA YA W
5 2oy YO fleww 4 Ol aoys slp eien L2l
O VYA 4 VPAP S ails 50 ao,0 O JWs s
S diwgy a0 Ve gl g alidl s o < JAY s
8l rals ws s B/-A lade 4 VY 4 VYA )
O Il awg ao, g o lenw 4 0l woyo Gl
ool ao )0 FIFY e 40 VIV VR 4 VYY) ails
O VIV 5haaly JUs aing dwye Ve gl g

il 2alS as,d YN e 4 /AT -

Yoo,leds VYl o)l 385 g g sl oozl dalilad

Ol o (JLb dwgy w0y bl
Jaso ( SenS Jgao p W1 Job g olosw
Qioamnnild 9 Al |

e 55 aloss oloF (s sl 5l
dgte p Oljenr Sjgo 4 i pdiie 4w o
Gl sl jo andls g sl Jode (( SienS
wgy Aoy HeiSB aw o blae S b cwl sad
as ols glas U Jgb 5 glowm 0 0 s ( Jo
2o b laaiss 4 bgype (Si5enS Jode (n e
Jsde Ol egee &y, (A T JS2) ol
YO 5 ¥ plaws & Of e a5 (Sl jo (Si5S
oy b gleaiss o GUIL Job iol8l b ogy sy
bl 4 sl (ioli8l &gy weye Ve L O JLs
VE G Jsb )0 ¥ lors 0 0l e a5 (5 lecs
Sl b oo, Froles 4 O ol j0 a5 cal>
Sl diwg doye Ve g O L gleass jo (AL ok
@ ol doye il bl ooy ctalS Lo,E o,
sl KounS Jade Hlade bjles den jo lew
owdee YA @ yao 51 BLIL Job o580 b el sl
Ol 40 JKWl e B/AYYY 4 YIVED 5l os,0 & JLs
Sl diwgy aoyo Vo gl el bl as e PYION
YOINE ol 4 YIVYD. 4 VIEFA 5| S50nS oo
sloass slp Gl Grgren 28l (l) ws )
QYN @ VIVAY 5l SKieeS Jgoo sy Ve JU
Ao, b sleass glp il lidl as o \YIPP e
Ao VY ol 4 YAVY & YIVY. 5l SixlS
P plors 4 ol sopo b gloaiss ol 2dl tals
BUIIS SOV g PR USSR | P VoW VR WS PR WS
8L malS o 0 \Y/AP e 4 VEY e 4 VAAY

dw o bl S mls sl Jde pgas 0
30,0 g Gloww 4 Ol G (Lo atwg duoy 1S

b o anin¥l Jodo o yidon aS oy ylis SLI Job



MOE(MPa)

A

D g/cm®

MOR(MPa)
e = oa o e <

LI Jabslow a4 O oot JLD diawgy oy

B

SUI Jobe o & O 2o y38 JLD diwgy Sy

C

9 (MOE )dissuaciawr¥! Jgho «(MOR) o cnglio y BLI! Jobt yloww 49 o o yoite JUb dcwgy Jolise w5 :F S

(D) domms 1o

28l mal8l as o YYYY g WWITY i a0 s i o
et ol e S oo al38 b S 25 lsie
o ol cnlaboe Gl (Slas G sle 5 SUI
Az )0 9 9gdies SLl a4y il 1L JUS! S5t
Fol S gy 5 o Sl (S Jpae
g damd Gidg ) LSl j0 09290 Cns bl willys oo
el (g cnl WS S5 b i SISl @i &
Sl ogd Seglie (i slayl plp )0 osle &5 354 o
RR-JPENE SRS SOy KRR A
S0 aS aee el | ojluais slbcwglio 5 ogn LI
Lo Custi glaojluais a5 ol caslice Guizs ()
o (5 7S Zeoglie oo YF Job L ass SUI
WA Jsb b ases G L oas asle claasss 4
b 4 35 (V++)) Tomita 5 Wei .assls iegdes
Sl so,d Vo o938l a5 w0 S Gl 5 W) (ol
50 Ao, YWY olidl & o L8 &y pglie ain s
2 ez [Vl sgdie i (SsnS Joue e
b SL Job ialidl as wl somline Ko ados
5 Cagie Gl ol o s VY % 5 sy
DNV T ogiicn YA 5 YYIF (i @ o (cies Jote

Sl s> sloass l saal cavsa =l sb

5o ald digel flaie 4y a5 JLb atug 5l eads asle
3 bass cpl Gl (St Jsde wloads aid S L
VIO e 4 doyd Ve 4y JLo aingy oy O
(Gl aiwg Slade ol b el a8l el as)o
S oo el Sl g adly Gl S
BN QSIL“J gy WL.AL: éa)}a U] » 05)1.9 Q}w‘sn
A8 ol b Jess gl s bla Wil o byl
a5 aal by «OY8e) Gl 5 s L1V
shls Ve e fles @ GLI s L sloaiss
¢ Fernandez DAl il co (NS Jgdo o ey
3 eslainl Gl gy b hidos o (Voo V) o))
L sleass a5 bl gile s slaails S =)
bogleaizs & cad Fr o P BLIN 4 logs o
DAl wls s i Sens Jgoe 00 4 B S
BLI assle oauS Cogay BLII yog33l aS ols las s
@ los 09z gloaizs a4 bz slash b ass
odd sy pl (KiseenS Jode Siolidl cel IS ob
boazs SU o938l b sy Sisea oo .ol
SBL ey sbdiged 4 Cod yin e VA 5 VY sb



YYO

ol 5o IY0] sei o eVl Jgae Ll o
P L (che Joe 5 Coglie Gl 5 asllla
ST 7S S b a5 53 o5 4 4 LI Jsb
b olosws gz gladizs anily .l dgguin ylos @
o, 0l ead asle jo JL aug dwys il
A [T CYNT SRUNRSS 2V PL RN [YRPRNR
—r R bldee )5 (lers Jlade (LD atugy wsys
5 oSl oole S plsie 4 plap AT bl 5l
Ol bazs andls ioll j0 cege LR S
Bed o S aliuils rals cely lopw Jlade rals
s Sl L OTAY) s 5 ks Ldsns
S e il a5 wols s e wsz gl
wdls Aol Sl wojo B0 @ Sho Sl @ uge
o &2 0T w0 Gl8l %08 (e 51 IYF] 055 0
G ol doe 8y 05d oo baiss anudls ials cely
Cless ke 5 pla ke wilige Gl o
Oloaw o5 bl jlal oo (ol O 4y cos il
seb 4 Sles Jlade ralS el (oSl sl SO
Jsb Gl ogde dipmdls als el pits
odds aizlu leaiss ansle rals el accs LI
ol o oty Jsbo b et S| 8ly 5o 95 00
S nl ogbpe baSS o iR LSl
wdls 2l 5 oole o (JB slad il a4 s
aied G| Job Gl izmen S50 baiss ol
@ FSew SUI I gt el esliial slins @
Mg st opl Sl (Olowm) 5K Slge sl
Wadls (Rl Al )0 g 455 S (59 (el 4 e

Ivvl s

Olse a JLo atwg 5l eolaiul (gudow pl o

9 o0LS Cugl plyie a4 aded SL (g las luls
ass Cole lp F99380 ool laie 4y ppndST 018
Gipgi ol S 18 eoliiul Syse lerw gz
Cugh Olgre & Al slasb b aes Ul o Slee
s Cle jo geglis plg> cdims g g ouS
@l g ol L8 ol 5 addllas 950 1) Glovs oz

el Cewdds gy IS

Yoo,leds VYl o)l 385 g g sl oozl dalilad

SSuaS Jgde a5 Wi, lo (Y +F) ), Ken 4 Cao
SLI sk Gal33 L g col aly o] Jsbo 4y S
IV abe Gl 58 Jgame SienS  Jodo
asad SBU og38l aS wileols lis wladsy puen
Ve bl Kound Jodo Wlgico duo, o VB Y e 4
Sloww 4 0l doyo oli8l b Ivy]l aas R S RRWESR
oS oll jlcdl rals Ssens Jgoe @udizd ol 5o
~58 laise 5 955 wiliaea B ols 5l ol 4 pleces
Jade Lld Lol ke [l b s obxl |, g5
Sdigy a5 ogd e el el opl g adl alS
FYo 5l zmen 00 ol ol JLSLe jo 6 Fans
el Hloww 4 Ol s y0 inljsl a5 s Olse
Cel a5 0ulds loww bole jo JBs als 5 ol
e &S Wl e JLEle yo i JB slad ol
N JRPCIUNCIY] I PRV oF PSRN | £ 0 & o IRYR.)
gy do o A )‘ ol sl uLOu.MJ S99 GLQMU
8L el s YEIYY Gl @ oy Ve 4y JL
G o998 45 08 oo (lgie A (nl Ay Sl
5o Jodss malidl cel canl Soe JLo atngy a3l
5 B Lials a4 Wl oo it S350 008 baass
Y] Jode dzmil 0 g 39 oxie Olge plSoiul
w0l aoys Gl b cpsen VY] b o pals
Lol o as wdly jials s awaa¥! Jgow Gloww
Wy 9 Ol LS o (Satar 2l 4 Gl
Ssle o Jadss Gl g o @YU s o
e VY lans SBL Job ialidlh. ol connd ol
A el Jode Gili8l el o oo YT 4 s
gl oy SUI &S 08 ol Gl o] 42y ¢l
Q"l .JJ)L) g_)—‘ 9 uLo.».M: A oslo L: L;w uuLo.:
BLI o Ngm Sgue Sl Wilgs o wled s i3l
Ol33l 5 gy gy JUESl 4 jomie 4 95 die 00le
sk ads B usmen 0ed s Al Jade
Sl 51 3 S SE ks e 5o sl it
oole a5 dgd co Cely (Shg (pl S Cueglie >l
sl (g e 0 Ses LaiS g g)lad o iis plp o
o gl bl 5o ass U Job 2l L g sl
5 sl Gl 5 end Jleel lagd wis 5w



Cuoglia Ll a8 atemdls b olaaiss olyige adud

SLI L Casls S0 Ojle @ 0,5 adgs VL aes
1y loslos o,Shae 2l (g asndls (alS (el 4
S las cwsige Slate 5l Sy al leioe wal 3
(IS s D9h e Comzme 63,08)5 (Suje (Slexsle
G Jolis LS argy >yl 45 an5 o ol s
solitul g JLi atwgy cawlin doyd (b loww 40 O]
Sy 4y Wlgs oo cmlio Jobo b ated SUI I siadon
Sk (S o ool Joli b alacysenls

298 yrie (Sl o Sas 5 (aecon

&bw

[1] Mohammadkazemi, F., Doost, H.K., Enayati, A.A.
and Azadfallah, M., 2013. The effects of nano-SiO-
and type of lignocellulosic materials on physical and
mechanical properties of wood-cement boards.
Journal of Forest and Wood Products, 66(2), pp.192-
201. (In Persian)

[2] Sadeghipanah, V., Nazerian, M., Nosrati Sheshkal, B.
and Mohebbi Gargari, R., 2020. Optimization of
production variables of natural fibers-cement
composites by response surface methodology (RSM).
Iranian Journal of Wood and Paper Industries, 11(1),
pp-97-108. (In Persian)

[3] Yasuda, S., Hirano, J., Tange, J., Nagadomi, W. and
Tachi, M., 1989. Manufacture of wood-cement
boards. III. Cement-hardening inhibitory components
of western red cedar heartwood. Journal of Wood
Chemistry and Technology, 9(1), pp.123-133.

[4] Ashori, A., Tabarsa, T., Azizi, K. and Mirzabeygi, R.,
2011. Wood-wool cement board using mixture of
eucalypt and poplar. Industrial Crops and Products,
34(3), pp-1146-1149.

[5] Banthia, N. and Nandakumar, N., 2003. Crack growth
resistance of hybrid fiber reinforced cement
composites. Cement and Concrete Composites,
25(1), pp-3-9.

[6] Enfedaque, A., Paradela, L.S. and Séanchez-Galvez,
V., 2012. An alternative methodology to predict
aging effects on the mechanical properties of glass
fiber reinforced cements (GRC). Construction and
Building Materials, 27(1), pp.425-431.

[7] Demirdag, C., Nodehi, M., Bideci, A., Bideci, O.S.,
Tuncer, M., Gencel, O. and Ozbakkaloglu, T., 2024.
The use of natural (coconut) and artificial (glass)
fibers in  cement—polymer composites: an
experimental study. Construction and Building
Materials, 412, 134895.

[8] Saghi, H. and Delbari, H., 2016. The effect of the
polymer fibers and concrete strength on plastic
shrinkage cracking in concrete slabs. Concrete
Research, 8(2), pp.35-46. (In Persian)

Sloass 4 baw (SownS Jooo o iin -

ol oy Y (Il atug do0 O L sad sl

DS 5 (FIOYMPa) jado VA GBI Job 5 yloss

Aoy Aoy Vo boonds aisle glhaiss 4 boye
oS Cuels B o B plow 4 0T o ys ( JLs
e Ani¥l Jgdo (i 09 (V/-OYMPa)
(Sl aing ao,0 B L ool aisle gloasy 4 by je
Forkes YE GUI Jsb 5 ol & T oy Y-
sloass a4 baw ol peS ¢ (Y- YY/YOMPa)
a ol aoyofe JLs aing doye Ve b oead aSle
Sg (VPPY/+YMPa) oosS Cusis SLI yany yloww
Vo b ond adle glass 4 by aicls (p5eS
S Jsb 5 lowws 0 Ol aoy0 ¥ (JL aingy do s

a4 bae ol cpyin o (V/PA9-g/em3) ol YF
doyo Ve o JLs alig doy0 O L ool aislu sloasy
V/YR4Yg/em3) saisS Coghs LI g0 leww 4 Ol
Cwgy Hlate Juli8l b ool dslllas gladiges jo .04 (
4 aiuils s MOE MOR Slade so o Ve 40 0 51 JLs
3.8l gmalS ao,o Y/AA  YEIYY 5 \VIOD s )5
5 olors & @l aoys (al33 L oad adlllas sloaisas
oy 4 aludls g MOE MOR lode asyo Fr a0 ¥
—diged 4o 8L alS as s VY/AY 5 FAITO T/
slaaiged) yio 5l SUI Job (2l b oud Copil lo
o, Ye/f7 MOR jlade jiaadeo YA & (GLI o0y
Sade g Gl asye V4/0Y MOE  jlade g (il
ooeh ol s il els asye VIVY adls
Oleww g laaizs iz o,Slee a5 olo olis
GSpay 5 DS (b il cos s jsba
3 (G wg) sy 8 e B oloe
5 Sl digy do o iolidlogls 18 AL oSy gy
5 e JS ol b plop & o o 1138
GRS e o9z 5 Olor (e JUl am b apnss
5 00,8 adls g Al Jode o K5 oo
Ol 0auiS ool ylgredy add AL 51 eolanul ( flie
sya> Dy Wl gied L8, Senge ;0 (SloaS (el
wile olopsille Gk 5l i Jsbo b ased SUI
(55 i a8 b Sl g s JUsl sse Sk
9 e A0 D (SeS Jede 5 Ceeglie (5Bl g
SLI 5 eolaiwl b oS casl ol g opl g0,



Yvyv

Natural Resources Research, 4(1), pp.35-46. (In
Persian)

[18] Tabarsa, T., Hosseini, S.M. and Valizadeh, E., 2012.
Investigation on the properties of cement fiber board
produced using waste paper. Iranian Journal of Wood
and Paper Science Research, 27(2), pp.338-347. (In
Persian)

[19] Femandez, E.C., Lamason, C.R.G. and Delgado,
T.S., 2002. Cement-bonded boards from wastewater
treatment sludge of a recycled paper mill. ACIAR
Proceedings, pp.73-80.

[20] Wei, Y.M. and Tomita, B., 2001. Effects of five

additive materials on mechanical and dimensional

properties of wood cement-bonded boards. Journal of

Wood Science, 47(6), pp.437-444.

[21] Cao, Y., Shibata, S. and Fukumoto, 1., 2006.
Fabrication and flexural properties of bagasse fiber
reinforced biodegradable composites. Journal of
Macromolecular Science, Part B, 45(3), pp.463-474.

[22] Golbabaei, F., Salehi, K. and Hajihassani, R., 2019.
Use of bagasse in the manufacture of reinforced
wood-fiber cement composite. Iranian Journal of
Wood and Paper Science Research, 34(2), pp.302-
310. (In Persian)

[23] Moradi, M.S., Tavana, M.H., Habibi, M.R. and
Amiri, M., 2024. Effect of water to cement ratio on
mechanical properties of FRC subjected to elevated
temperatures: experimental and soft computing
approaches. Heliyon, 10(21).

[24] Wang, P., Wu, H.L. and Leung, C.K., 2022. Effects
of water-to-cement ratio on the performance of
concrete and embedded GFRP reinforcement.
Construction and Building Materials, 351, 128833.

[25] Georgiou, A.V. and Pantazopoulou, S.J., 2016.
Effect of fiber length and surface characteristics on
the mechanical properties of cementitious
composites. Construction and Building Materials,
125, pp.1216-1228.

[26] Ziabari, K., Torkaman, J., Ashori, A. and Hamzeh,
Y., 2013. Fabrication of cement blocks using rice
husk ash and lignocellulosic fibers. Iranian Journal of
Wood and Paper Science Research, 28(2), pp.393-
404. (In Persian)

[27] Rebolledo, P., Cloutier, A. and Yemele, M.-C.,
2018. Effect of density and fiber size on porosity and
thermal conductivity of fiberboard mats. Fibers, 6(4),
81.

Yoo,leds VYl o)l 385 g g sl oozl dalilad

[9] Tonoli, G.H.D., Savastano Jr, H., Santos, S.F.D.,
Dias, C., John, V.M. and Lahr, F.A.R., 2011. Hybrid
reinforcement of sisal and polypropylene fibers in
cement-based composites. Journal of Materials in
Civil Engineering, 23(2), pp.177-187.

[10] Bagherzadeh, R., Sadeghi, A.-H. and Latifi, M.,
2012. Utilizing polypropylene fibers to improve
physical and mechanical properties of concrete.
Textile Research Journal, 82(1), pp.88-96.

[11] Bagherzadeh, R., Pakravan, H.R., Sadeghi, A.-H.,
Latifi, M. and Merati, A.A., 2012. An investigation
on adding polypropylene fibers to reinforce
lightweight cement composites (LWC). Journal of
Engineered Fibers and Fabrics, 7(4),
155892501200700410.

[12] Ghofrani, M., Mokaram, K.N., Ashori, A. and
Torkaman, J., 2015. Fiber-cement composite using
rice stalk fiber and rice husk ash: mechanical and
physical properties. Journal of Composite Materials,
49(26), pp.3317-3322.

[13] Al-Alwan, A.AK., Al-Bazoon, M., Mussa, F.I,
Alalwan, H.A., Shadhar, M.H., Mohammed, M.M.
and Mohammed, M.F., 2024. The impact of using
rice husk ash as a replacement material in concrete:
an experimental study. Journal of King Saud
University-Engineering Sciences, 36(4), pp.249-255.

[14] Zhang, S.W., Wang, R., Zhang, J.L. and Yuan, Y.,
2024. Enhancing toughness in cement-based
composites: unraveling the composite effect
mechanisms of polymers and fibers through physic
testing and molecular dynamics simulations.
Composites Part B: Engineering, 287, 111827.

[15] Zhou, B., Zhang, M., Ma, G. and Zhang, R., 2025.
Evaluation of mechanical properties, durability, and
sustainability of concrete reinforced with recycled
GFRP fibers: experiments and optimization. Journal
of Building Engineering, 113111.

[16] Haque, M., Ray, S., Mita, A.F., Bhattacharjee, S.
and Shams, M.J.B., 2021. Prediction and
optimization of the fresh and hardened properties of
concrete containing rice husk ash and glass fiber
using response surface methodology. Case Studies in
Construction Materials, 14, ¢00505.

[17] Mehdinia, M., Janahmadi, M., Farajpoor, A., Tabei,
A. and Kamrani, S., 2013. Investigation on effect of
lignocellulosic wastes (rice straw and husk) using
wood-cement composite. Journal of Renewable



