— Research Article

©

J,-au.-»w-""ﬂ
alett il gy gulios piibay - onale i

Tramisn Journsl of Wood and Paper Industries

Iranian Journal of Wood and Paper Industries DOI: 10.22034/ijwp.2025.2075469.1735
Vol. 17, No. 1, Page 113 - 125 (2026)

Evaluation of Physical and Mechanical Properties of Cement-Based Composites
Containing Recycled Paper Fibers

Valiullah Moosavi'”

1- Corresponding author, Department of wood science and paper technology, Cha.C., Islamic Azad

University, Chalus, Iran. Email: valiullahmousavi@gmail.com

Received: October 2025 Accepted: December 2025

Abstract

Problem definition and objectives: In recent years, construction engineering has increasingly
shifted toward the use of lightweight, durable, and environmentally compatible materials. Cement-
based composites, as emerging construction materials, offer considerable potential for
development depending on the availability of regional raw materials such as wood, cellulosic
fibers, and waste paper. Given the limited wood resources and the growing demand for composite
products, the use of fibers recovered from recycled printing-paper waste has been suggested as an
economical and environmentally sustainable alternative. Accordingly, waste printing-paper fibers
were employed in the present study. One of the major challenges in producing such composites is
the inherent incompatibility of lignocellulosic fibers with Portland cement, which restricts the
formation of strong and stable interfacial bonding within the composite matrix. Previous studies
have shown that the incorporation of calcium chloride can enhance cement hydration and improve
fiber—cement compatibility. The combined use of recycled cellulosic fibers with additives such as
calcium chloride or nanosilica has also been reported to improve durability, phase cohesion,
flexural performance, and reduce thickness swelling in wood—cement composites. Therefore,
calcium chloride was utilized in this research to improve the setting behavior of cement in the
presence of waste paper fibers. The primary objective of this study was to determine the optimum
mixing ratio of recycled printing-paper fibers and cement, together with an appropriate dosage of
calcium chloride, in order to enhance the physical and mechanical properties of the resulting
composite.

Methodology: In this study, cellulosic fibers derived from waste printing paper were used as
the reinforcing agent, while Type Il Portland cement served as the matrix. Calcium chloride
powder was employed as a setting accelerator and to improve the fiber—cement interfacial bonding
at two levels (3% and 5% by cement weight). The specimens were prepared with three different
fiber-to-cement ratios (30:70, 25:75, and 20:80 by weight) and cured for 28 days. Subsequently,
they were tested for physical and mechanical properties according to EN standards. The obtained
results were analyzed to evaluate the effects of the mixing ratios and calcium chloride content on
the performance of the paper fiber—cement composites.

Results: The results showed that increasing the cement content from 70 to 80% led to a
decrease in water absorption and thickness swelling, as well as an improvement in the density of
the samples measured. In contrast, the effects of 3 and 5% calcium chloride on the physical and
mechanical properties of the samples were not independently significant observed. The highest
mechanical properties, including modulus of rupture, modulus of elasticity, and internal bond
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strength, were obtained in the 20:80 cement-to-fiber ratio prepared. The use of calcium chloride in
limited amounts contributed to the acceleration of setting and the improvement of fiber—cement
bonding facilitated. However, at higher contents, a slight reduction in physical properties was
observed due to porosity formation and volumetric stresses induced. Overall, optimizing the
cement-to-fiber ratio and controlled application of calcium chloride played a crucial role in
enhancing the performance of paper fiber—cement composites achieved.

Conclusion: The mixing ratio of recycled printing-paper fibers and cement plays a decisive
role in improving the physical and mechanical properties of cement-based composites, as
demonstrated in this study. An increase in the cement content to 80% led to higher density and
enhanced mechanical strength, while water absorption and thickness swelling decreased. In
contrast, raising the fiber content to 30% resulted in greater water absorption and thickness
swelling, a phenomenon attributable to the porous structure of the fibers that provided additional
capillary pathways for moisture penetration. The incorporation of 3% calcium chloride accelerated
the hydration process and strengthened the fiber—cement interfacial bonding, whereas increasing
its level to 5% caused a relative decline in both physical and mechanical properties because of salt
crystallization and increased porosity. A significant interaction effect between cement and calcium
chloride was observed only for internal bonding. The optimal performance was obtained in the
formulation containing 20% fibers, 80% cement, and 3% calcium chloride. Overall, the use of
recycled printing-paper fibers as a sustainable and environmentally compatible substitute has the
potential to enhance composite performance and reduce the environmental impacts of building
materials.

Keywords: Fiber—Cement Composites, Recycled paper fibers, Calcium chloride, Physical and
Mechanical properties.



o

\ o)l.o..i) AY AJ?su‘).:‘ .\.CISBUP &L».«a u.o.’ul dolilad

alloly 321s Slall s gla (lasas sladjlusia ((Saalse g (53598 slaSiag 35y

" gmge dil gy

valiullahmousavi@gmail.com :aebbl, . )yl (ol ¢ oMol 3131 oKl ¢ ywglls doly SES g Lgn @luo g pole 09,35 ¢ Jotume odimgs =)

V¥ 03 bl gl V¥ U redl ) gl

L 555k g palie «Siw pdlaas jl oolitul (gqwas (laidlos (wiigs ] gla s o 1B1a2] g s oyl
U yimwd 3 sl dlas g4 dny iy (Slainlo (pgi dlge ey losws 4l (sbaojlusin Ll ady o jlasre
Oilidl s e mlio Codgdote dy dxgl b .)ld dawgy CublB dilais ja 3 calbl 1S 5 (g3l Ll g dilo
5 latl Ll g abl oy o0 siels colsl jl ol G Sl eslitul (8 yo &Y guame gy Lol
sl il (SO s eolarwl adbly gy o0 Al GUI 5l 50 stz pl )0 gyl 5l 29 oo dledidi ysdacins
Slalllae gols coulin] oo e Law dbul 3 Cand g by Hlosw b BUI 6585kl diojlutis opl )5 ol
GL ) lojen (goslitw! ol odd BLITL loww (0] 18 30000 90 muaadlS” 43,187 10381 &8 Wlosly lits peii
Sy ) (lormw Sl )3 ()L (Siusgy g plod b 93U b ool 25,15 a5lo ola 29381 5 (8L (g3lkes
U"I 2 ')5"“’6" ul.o.‘._.w—u9_> dLﬁo)L.w.\o » Cwle s ;mb w.!blf 9 L;J.M.<>.> A.,w9lna wl)sl o g _\a.fgo
LM (gdiang o s A 00l pandS” 3 )8 5l albbly 16 BLIL losas (o] 5 dgupn jolais &y 55 Buins
sl ojlmin (Sl 5 (Sjd old 5t Sl S 2515 Lolyan Gloges L albly (50005 325 U
Syedp gk (Jol B (lgi e

o 5 008 Cagil plie & (52,78 RIS Wlowy J Jols (s3loleo BNty (ol 1o ey 9 Slg0
2 Olosm Ly Sl (g 3900 9 25 @pd Gl el 20857 9 28, )5 41 G 3ilo Gl pgd g5 Wl
a3l (Ar Ve g VO YD Ve ¥ ) logs 4y BLI Calides 59 i dan b brdigod i odlatan] o )3 0 o ¥ s 90
sskiteds ol 45,8 1,8 EN (sl liliasl ol (S5lSe 5 (058 slaygojl o ofg) YA (glwealel Sl g 9
3590 loww— el BLJI claojlois SolSo g (So5d (olss p maadS 018 e g bS] cos 18l L))
285 5 s

g cualiis (SaiSly g ol Ll JialS conge dopd Ar 4 Ve ] loss doyd Siulel o oL gols el
sebdn Ladges (SolSo g (oS58 (olsd p oaadS 0,15 2030 o ¥ il a8 b 50 )5 badigod dtuusld dgne
Cumand 3 (A (St gt Jodoo ¢ SisunS Jgioo) (SolSo Cuglio (p yidy 390 )15 gizo Jiius
5 B g0 39100 5 (2lpS @ el 390500 3o 5D puanlS 1 IS 51 ookl b osalie GLI 4 lowas AL/Y -
sdalin 58 oled 3 S Hials (e gla il g Jodsa ool Jdo a4 YL glaas s jo Lol s yloguw
0y Slos 39ps 33 paaalS IS (goud S By me 5 BLIN AL laww (sdiihy Comsd palal (Eoosme )0 430 )S
2yl (awlsl (i85 o328 BT slaojlosis

9 U_i:)a L;Ltbuf‘)“” dgupe dlomwu‘.& uLo.M» 941]9\4 S Py els GUI bW s :d);w
2 g il 81 (SOl plSoniinl g atemild (o d Ar 4y o Juopd ial8l b Loy leww aily lrojlusis (Sl
sl Jods dan aopn Yo 4 B ao s Liolisl &8 Jbs s sl jials cwbs  SawisTly g of s lée
Culses SaiSly g ol Gl olime ody Yo caeb «of 39s5 (lp aidge ol yoamo Liol33] cacly BUI Joxlsxio

odS



v Sl g (S5 sla Sy 2L

I 3 b lars L B S 350 5 sl e 38 0 g0 oanedS 0I5 00 )3 (3381 0 Inigad
LS 5 (S5 ol S (s AL g o J Gl 5 a5l > @0 2098 s o] lj8 oS
dopd Ve S 5 3y Sles g D9 e (A (s g RS S )55 Glows Jlite 31035
RSP IR Wy - W W P S PP W W I VY W -PIPOV L SRV L SR VESL 0 P POV VSR - W

2 Sl Jlias s @il il 5 5,Slee 000 4 Llg5 o Cumj bz b Bl 5 b 03l leica

9 =Sojd ey cuulS IS 6y oo Al 8L 5L B BLI — e ojluiis 2 g0lS” s 2319

xSz oilusiz glnS anld U 25
[v] S
Sleogar cwypm 4 (Y0YY) o Kan ¢ Fernando
Scajgals e L3, 5 plys o SlSe 5 (S
ol b oy (L s3lshe SUI L Slores
Qels calsb sl Jols ook SLL Sl oolaiwl as™ ols
cxse sl Cewy oyre SIS alS  egdle
Dpbse (Slow  sladigel (SheS Ceglis Sgnp
Slge 3o 1y iy s (8L5L (g3lshe ST izen
(SO S s el ed g eols Al (D jeelS
wold Sloasl oo )5 6l ol olal 55lul
5 S angy S S 238 08T Baig oS
G s 5 ege B D] anlp s
IF] ol osllee (S35 (Sle cloogas
QG b S o8 (VYY) LK ¢ Yusrizal
2305 gy |y (Slosms G55 50 55k 055
Ao, V=) BLIN Ay Jlase 4581 a5 ols lid s
GRIB) (phed g 5)lad Cuglie Wl oo (ler 039
& WS Jos S5 e ol glyie 4 SU 5 s
SRBJSE g plgd 5 oud dgazme oS5 wd) & 55k
S a5 oS wST bl abge o o jeelS
Jeily cgolatdl o jlab (o3l plped (b
Al polie 5 S (Glowmr slaojle Sl sl (2L
4 (Y-YF) K gValizadeh Kiamahalleh [8]
L oadoast o o S5 Uik SUI 1 s
Qe ) ogisl aS sl lis b Bl e
Caoglin sdgililie woys Yo olpon 4 il LI
Gl s B b a1y o oS 5 sl
el ol iy (FaiS wp &5 Jb 0 e

V8
S S ) laro
Sl

doddo

5 eolail Coons 4y leisle cwdige ple 095l

om ol R G S 9 S llas
& s (ug Olge alex l Dleww 4l slaojlunis
57 s s se Adsl olge 4 aiate 2 0 ()] Axwys
S Glogs 5 albl 2 (g3 IolusiS) Slge plo b
Lol 5,955 50 iloke lie 09meS 4 azgi L )l
bk 5l Jol> SUI lsices (297 <S50 olse sl
poe g ok Sras cle a Iy bl g8 Gl
oLz clu ;0 adsl esle lyie 4 o JalS bl
oolizl gllye 5,5 ooliil o — allbly 3215 LI
Gk 5l oty e 2 S5 salbly (slaiéls LI
oo 505 atly (Ol (g o] wilowy L5k
Sgazme oy Gln S mle ) oslitul als
Slsi Gk Sl glisele s Jlsal slml 5 sz o5 e
2 odee Blae 5l (Ko D] 65 o)l wazr Jpamme
@97 SLaS ke pas lowws L ojlusiz 0y
Slwl jo Codgazme g wiliy Glesw b (28L5L SLITL
Sonr g JSie ool @85 sl el T2 e S50 L]
qoeelS 9IS caiile (ilisie (o933l Slge I )5 5le
lojlosd 51l g 0y 5 sslism Ogms cpsiipogll lilgus
(038 L apel wile it lierd 5 (Sosd
5 iz ol e V] o8 solitul Glgs se oS Sas
olste 4 Vol o Jolme edS a5 o
oolitl 3l B L loses ol (G00tiS gy
Slgo g olohu (com (a3 Slge onijlojl ST L WS

ICaCl2.2(H20)



Y

$Seied Pl Sgnte g albl 25 SLITL Lo JLa]
QS o 5l asdS olades elel 5 (SOl
LY o Lyl i comend s o0liies] andS
3,5 339 b oolyen o b albl (5,50 3215 LI
5 b Al b ogolenir ol jgliea mdS
g ol el Bue plgee | cellae (Sl

L gy g olge

Ol 528 ladels wilows 5l Gubizd (pl yo
W ol sl g (B olesle Lieel ST )bl
&y a...bf Olows 0l oolazwl (ool SLJI & Olge
sosle Glaie @ g Y Glesw &S0 Gadg pgo
By jokaie &) (rimen (28, IS 4 (e yile) di)
L SUI (Swgn dgate 9 gloaw (ol o
S 3o Sl padS w9 S 09y 5l Sloww (G40
ooliiwl oatiSa mi 993l olsie 4 Gl VS 1
IRV 2

BLRETY)

s olal any a bl (6, 28 lad 2l loyl
ol yo celw FA Soo dy g oo p e Sl OxO
ot 055 o LT s3lsls Bl L o jgabose
Sty Ly e b (ol b il T
pll aado Ve lojas glm aids (o jga Vev e
ol e (Fa ST Ly L, o U5 o s
Sl jaS 5 ot 9l S 9l (6l 09,
g Ay slaai s jo Al ol Lol o o, odo
o, S ilw a0 Foga > slas s Jlooy o
salal gz =l ploil loey L5 o (g0 eSS
3 &8sl el gz o gadz e o il
L ool 52 Lt pons IS (D51 (sloe s (s
Celw Y oo an o, 5 il a0 VoYY leo
izl Gl jelate A e S S Sis
BTV  CUEWR R WV /- W | LT R W

2 Merck

\ o)l.o..i) AY AJ?su‘).:‘ .\.CISBUP &L».«a u.o.’ul dolilad

Wols Lt (589 ,Sn (guoyp b izeed L]l o0
ey s o3 oo 5 e Jels lsis 4 LI a5
anlllas gl o S 35elS pls Syt 5 ST LSle
el 5 8l B coS 5 4 WS e oSG
plgs g Sueglie (Bl sl golatdl 5wl )5l
byl 5o (VYY) ol )Ken g Enayati [#] <ol o
I ooad asle Glew - s S sl S
Sl 0 o S e Lilidl a8 wis S oy o)l Sl
S Lyl (5,58 il el ges] sloSsh
ol Dz s lad Cowglie aliEl s g 00l Hlowns
5 Hoseini [V] wo8 aSsh culbrs Sassly o
RIS G sla il cals Kl (YY) LS
sede Jolge ls H13 ) 9550 1) leg - albly
Ve A e o B & e e ol
ALl e g ao Ve Al 50,0 V0 4 AD sy
P @S GeaiS s (S35l eole plgie 4 panlS
A 5o SUI Sz i pelel 2 9ey0 0 5 Y mhaw 9o
5 o> Cuglie (il a5 ol lis gl ah 4l F
o cele Y 0 culbrs (SaiSly Gl oS
Voo Qe Ol 4 lors o b ond Lo glaazss
IA] ws comlice pedST 1S 0o ,0 B Bras b s
5 e ol s (Yer0) Ko gTabarsa

5 el gz 00,3 3l el asle gloaiss Sl
ol @bt ws)S (o n Iy Glew b (BL3L oyl 5
oiloniz (2l Sgn s orelS WIS (05581 a5 ol
93,5 WiVl Joue g (KienS Jodo I8l 5
Slske GUI 1 oolinal g8 was Sllllas 4]
Wged Olgieds 2y aST Sleww LS 5 o 8Lk
GRS GBI 038l a5 wlosls lad 3] Slasiss
bia> ed i Slow Glacdle b i jo oad 8Ll
il 232 i JSh Bl coge (o liad uglie
BRYSTINY I g Ve ‘?].J}:.\Lso Saed L8, e g
s $U g e8I L5 pola 0939l I eoliia]
9 Olows 5 SUI L ( Wigm S9ar el lojen j5boa
LY seie daome Lyl ply o plgs il
Aels GLIL 51 rmghy cpl yo conds lo Cllae 4y azgs
Sk @l oslitul palS uz) bl (55,70
S sslate 4 b oolitel g b S5 5 G



v Sl g (S5 sla Sy 2L

el oo oV Jgaz o (1S soniiS m s
9 RI9= 0 yppnd 6L°CA¢-—M-5 u»:l-w‘ — O‘j_a ‘nL_Qj
] 4..5)? )LY L L“JO}J?M 6)'l.wooLJ LS‘):’

WA

sl wgea_sedls ), S, L, e b
Gt A 0 o) (S lpa_S
Sca s eyl slaages cilow gl 2o
5 S—i3 (559 bl o Glos—w 4 S S5
Jole plgedny pendS 0 IS 000 Jlade (rizren

el 34 15 il 53800 SLII— loges Saigas S0 Lon (6 )IAFS 3 s 5 - ooz

Hlews oS (20,9) pandS 0y )15 (o) SUI (22,9) Hlaww
Ye/y. Y Y- Y-
A Y- -
YoIYO Y Yo Yo
A Yo Yo
Al - Y Y- Ae
A Y- A-
S ee ekt 4 ep ales ok ais Gleyide & god el

Voo ae U o)l @ (B glao LSl bglsee O
Yo Lid b aigds B0 Ly Lid Jleel plescs 5 ids
5 s g 5l o b S I JSabiSs
el 3 o plSomal aulEl jelate & Ly
Coaliesly o¥gh amio g5 ol o oo FO cusliedl
O)go 4 g wad ool 1B ol 9 Vb yo el 10
Gl el Y o 4 00l (6,105 Swos yloous
Oe g b alS w55 sas VA sloss obl yo Lae 8
99 5 SLl 4y Glores calites Cond s Jolis b 5
OS5 Y 33 S o el sl calie s
2opS ) s 5 yielie VO el culidl
mass ol Sl glp o S adg S il
5% 55 YA JBlas Goe a4 el YF 5l G ol slo
oo g aoys A s Cagby) cob Lyls L SU]
ol 5l e il ()l (ol F il ax e YYEY
ol pasuie Sl b (Sgo)l sladiges (iluslaie 0)90
GxSoslal gz ENYAVAAAY o lilsl ulel
—o3lal (gl ENYY V24T o llinl 5 (So5d ols>

2o eolel g ools by (Sl Lol (5,5

S g (K3 (Pl (5 S0l
g Loles ENFAYARAY o kil Lulul
g Sdaail 5 obsS Ol Cda iy Jols ladiges
3 ¥ 5l o oo i 4 SDawaaly 5 olisS Culies ( SaniSTy

S oanSas Bl bl edigel cily al> e o

D 559 ) Jasr 58 ead atine ladns bl
03938l BLII &0 O cume Hloke (pad agd Gl
03) o SelS Sy (oslne 4 plets b 5 0

latuns )3 pgd g9 ailin low Ol 51 G i
Sde 4 bglie g 30,8 a8lol oz 4y L8 5l onds puss
oSy S 5 B 08 o ol 4 aids V0 Lo s
S g Oleww (25 @ Glp 0 Jel>
S5 505 3l e Slor Gile 5 SUI G (Sorn
039 4 Comd (Fig weypd B 5 T maw 90 0 oS
5,5 ool LT S pe o8 1 cale lapes S
9o Jo Ol ozt lake )0 Il pealS 0y 15 50
0398 LI — ploww bolxe 4 Jol> Jolro (s
o2 500 ddBo Ve Glejde @ i ol cuS s S
ke 055 Jol San 5 SIS, (gl b o35
Vmall, Sl e el o e Ol (o

W = 50%C + (0/30 — MC) x F

9539 = F oS cumpn o 035 =C o] 0 a5

S Cashy 0o = MC ip)F ce p GLJI St
£35S e 5l 090 ol ke = W

Fooxteox¥d olal L gl s Jol> S

20,5 ey g Uity CSlESs bay g ity e e



A

Jole plreds pendS w157 Jlade 5 (BLIVpLerw (559
Ao 0l 48,5 L5 0 wo 0 O ¥ mhaw g (0 pgd
L aoye 8 Jlil maw ;o SSls 5905 b b uSile

A% pllSPSS l38le 5

S oles

sls las abbgs (il ly 432 (ge3] @l (o)
szl el 5l S glea plerw Olie &5
Slogar 5l Gl p Gxfetr 2 wlens
GnS B SUL S saseasle slatiges (S5
a Vel Sleps ke Lislidl daassly gllae ol albly
el 90 0 O Gax s sme palS Coge dopd Ae
ol s ysba 10 3 oy 4B e IS O Gi g
A 015 gl s sy A9 Gl mlaw js
Sl sbml o Gloww S @ Gl 1, L1,
JES! (6l s Slasl g JI glalas alS 35S
elS 4 e ol o a5 ol Cad Cugb,
2 0] ssdce ojlwaix JSle s Ol (gpddeas
395 p Glopw 42 5145 am3 oo li god9e (nl 1050
glaal Jole o Ll @yl g BB 56 O adl
oo - smd Jlilo g 00g Fogaza ] i ¢ JolS
el Saeaily sugby L8 caisS s lisres LI
Sl plas 1y splis Wgy G Cwebrs  SaniSly mbs
9'.,&Lw 99 4O Cales L;.\M..S‘jful.o.w J.O.wo).:‘
Aoy A mhaw jo by ad ey Cwlbs  SaniSly
3P ol el YT o5l yo a5 b 0 g o e
doyen Hh 4 ais ol adis o sse Solel s
O Sgaze crge adsl lagle) ;o lerw joa> &5
slagly o Ll wgie ol Qi 5l 3L ey
03,8 ol 1, L il snispygme sind il 3 SYsb
V] ol oo 2olS (Lo (25

3 (32)3 0 5 1) endS 0 (509381 500 (9
Wl Qi by (Spd Slogas )l Sipe
sl Hlas gyl g I aneudly ¢ Cwlbs | SaniSTy
sooliiul 8,90 Jlake a5 cwl o] Silo E9o50 (il
Sty g st bues oS oS s k5

\o)uim\v J?‘QbﬂJiwstg}?cﬂxo¢ﬁqddﬂuuﬁ

Orizmen 008 (655 o3l O 4o (g5abse el YT
Solle oly> ENYY-14Y s bl bl
b abta¥] Jgoo § (Send Jodo Jolis ladiges
Shge 4 MAP Jow sl oSws jl oolas]
29 4B p ledee O Zepu by (glahaian o)L
Stz Casglie ENYIAAQY s luiliul ol
WOIPERT £,5Y+« cpile 5l oolital b boaiges L5
A dles o0 ¥ g YT Ll wll iy 4D

O

3Pmaxl
2bhR*

MOR=

‘Pma" JEbKe oz piad Cwglie MOR

e ngﬂ 5l odel Cewd A Sl G Sl
Sk s (I8 )L alas b Loigs cene
Wged Cuald d g foilro o p diged sligg b e

.FAS%A%~M>ﬂ
APLE
AndhhE

MOE =

b JEubKe cans p atsYl Jgae MOE

o>y diged Slige b e s s digad Cwles
Sege ey NS L ales b (L e

. AP=04P_ —0.1P
‘Ad , u;yu 33 max max
0.4P o ENEE
5 max  alag; 9° )o 4_,9“ J}b S Q‘J..uo dy..}‘
0.1P

max

o s o

Pmax

IB =
A

Q}A)'T 5 ool Cawd Ay CanS 5L Sl ‘Pma"

o digel alafe mhaw A g (s cusp ied

Ey yo sk

bl Juloxi gy joxi
Sde g Bl lew oS5 1 pwyn jlaen
il dadiges (Sl 9 (s AleS p el W5
(CRD) dslas LIS )b B 5 J)s:S6 g0
Olpedr SU-Glars oS 5 b Gal o b eolinul
doys Yelhe g YOIVO XV ) mlavs aw , Jsl Jole



v Sl g (S5 sla Sy 2L

g2 peedS 2 IS ler Jiliie S5l g pedS S
2,55 &l s BB LT
PP Olams &5 283 co (liS S cgemma yo
B slaojludis S5 Sloogas oS yns ol
ol by sl 039y dgame (Su3d sl SRy 2 09ej
ojloaiz g5 cnl olal 5 sugb, L8, (g3lwaige
hb s Glosw Jlade i bl 5wl Goes

\Ye

Slyaess Sloml @y )28 g, o0 515 4 Gl Ggrslil e
Yozl el 0395 ojluair Sugb, Sld, 5o loline
Sl Cuaglio 5 28wl o i ol ol
5 Olorw Jlie Sl 5l Sogu Gaizen 05000 palls
Slple cings s S ol sl pdS IS
peedST 2,5 g Olow Jolo 90 457 28,5 4l Gl o
Cughi czge (S Hpa> g 00,5 Joo Jis O )jgon
Jub dladlo (jlf.})‘ 5 g el G Sl camar b
ols lis aepo A9 maw o Sl S ).gb Oloss l5un

L oile o515 5 pgate pyr RIP1 Sk &

Olos — albly (5,25 JET SBLII 5l ouds i lus ojlusicy (K 5ud (plgs 48 g0 (pilyyly 435 (9031 —F Jour

S sne F @bl a0

R Sed ely>

ofe e VI Asiese Y

Y Oloss

JANs nsY/Y0 \

Y AVARE

celu ¥ o ol Gis

el 9 1S Lo

— | =t

- 1#Y Y/q\n.s

Oloww

AW +/Y¥n.s \

Y ATARE

celw YE o ol L

el 9 1S Lo

— | =t

VIV Asese

Oloww

Ry 4 Y/bfn.s \

.7y +/fon.s

obey a8 e ol L

S 2 8% Lo

— | =

O/AF s

Oloww

< Y'Y +/AAn.s \

Jing \/+4n.s

- el ¥ o culrs (Sapusly
M%JEXQ -

— | =

+/-Q Y/ffn.s

Oloww

AR V/a%n.s \

Jins \/+4n.s

- el YF o culbes  Sanasly
M%JEXQ -

— | =

YIF A s

Oloww

<[AY +/+fn.s \

- /QY «[#¥n.s

Lot oub - SRR é =S
O 92 gl <o - 9
[‘7"'“‘154. & 715 X )l-“-ﬂ-MJ

— | =

AARESS

Obogs

Y Y/fens \

GAR! \/#\n.s Y

Aewsls

el 9 1S Lo

a0 ) mhw jo gls pe

S o gxe S

Sl loww 5B Swgm yials g Jodss Lol Jule
5 @S @ Sl az Sl bdiged l )5 o0 melS
Ye) oy S jeas Ll woads G sle adsgl oo
Sl V0] el ons s le iy s pdudeii coge

3wl (SasSly 5 ol Oda :Sike o 5V

Ve Ve cod b olaed 5o <ol YF 5 ¥ slagle;
peedS IS as 0 B o leww o allbly BLI wsyo
5 2l @zl Gl (Y 5 ) JSE) ab salis
SLI YL s b plodiges [0 culs  Saisly
a5 olshe GBLI Al ol Lds a4 d(asye Y)



P a8 JoSas 5 SUI o JI slalad ud
D#]ols 2ol 1) 6 dudei a5 s S o pid g

(=3

2oy Ve IS0 I8
_,E:‘-"J-‘ O ol 23,05

S

Sy

P

75/25
Sl a ples cos

80/20

\ o)l.o..i) AY QJ}‘U‘)"‘ .\.CISBUP &L».«a u.o.’ul dolilad

385 gly aidge S pue ioli8l cely GBI Joddis
2 Dgd e Cwlbs SoniSly il asms s g ol

2 [V RO SV
et L o0 O S 0,8

e

]

]

70/30 75/25

Sl Gl S

80/20

Celu YF ¥ 50 baiss Of Gier p palS 0,15 g Glowww jlado Jilite §1-) S

Tje - MJJ T'r_,....‘.lf.quS
ooy 8 puds’ 0,15

170 A —I

70/30

75/25
SUla sl oo

80/20

AT

AT

Eloc,s Vs 0,15
. l::IMJ-‘ O ol 23 ,l5°

. =

70/30 75/25

SL e plom S

80/20

el TF 9 7 50 basisi Cuolbd (FoniSTy 1 oS 0 15 9 ooyl Jilitio 1-Y S0

9 008 Oloww 9 S St Jad )3 o> slaps
DVF] 09 cals SawaSly 5 o dgis ial33l e
Olows Yo s A Cand 50 alanidls o s Jlae (o
20,0 0 5 ¥ S WIS mhw 95 50 0 5 SUl
GalS 5 iy 6515 Sl a5 (F JS5) wb sanli
b Vgere amils ol .cunl cas cpl jo Jb& slad
5 sl olpan Culs (SatSly o of Giz tals
oS goeml 5 DAL b o als 5L d8lie oo
odnlice BN @y (logws Vo Ar s 0 O Qi

5 2l L Sl a5 ol la ¥ 5 ) S b

S el WIS wo )0 O e (o Culis  SaiSTy
B 5T o 5 mandS 0115 o533l aix o 05 5Vl
b Pl 5l S e p sylgine bl Sl as
FRCELY VRO R VI PV P SUM L SR VI L SRR KT
P S5 w9 a3 (oo Jos lowm gl yien
DY) 555 <Ca(OH) 3 C-S-H asile Jl,oun slajls
| Ol e 515 Wl5icgo S o35S 8 ansy ol
g S g gy Jodo 4 Do aily o Lol cans dguge
cel Wl oo ok GBI (Sop 50 LS o



v Sl g (S5 sla Sy 2L

AT B _L.aJ_‘Tﬁ_._...L" (.Ln‘)is

VY 2 [V S g PN

2
1o
<

IR

’

\YY

e,

(e e 5o
Y

70/30

75/25

80/20

Lo ity 3 opmedS 3215 3 Gl e lita 11 S5

IS posoblee Sl sy 005 T ek
CpedS 2)15) Ogemslyson 0aiiS @ pud (0938l &S
sl ojludiz Sl ple Cogd (o el uis
x Gloww Jle 31l bl 00,50 Lyl oads
oy sloliae (A3 Sz (Shy 0 pedS W ,ls
CotsS ot g (gelyiep o iiSTy LuSs il a
Wil Jele 9o lojen jeax 10 e Sle UL By
39 peedST 00 % los blise 31 055 o S [A]
Jsde 9 etV Joow a5 aao oo lis plss ple
Sl a5 wes e s ¥ oo mlbs ol
Baes wib oloamwmalbl 15 BUI gol> slaojluacs
oolatwl a5 o 50wl 35 peite Glowms yliae S 5

Ol¥iss Pl Ll pd )3 s pendS 0I5

Jolo laass 5 (So5d ol mls (S sba

S J7S5 a8 ols plias lesa g albl dels” SUI
Pls> Ssnte 5o GlodniS eed 2B o 4y SLJI
Jlail st )0 Wl oo andS 15 50 0 )l0 (S0 58
Ll sl S5 adgl Cawglie 5 plogw 5 2el5 SUJI

2oy b oluS 5 0 oy a4 ol ok polie geslaxul
2,5 plxl bleal b ool 8L oYL

Sl ple>
Hlade a5 ol las dd,bgs uil,ly Julow b
B Glel el 5l (S plpea pleaw
slaojlosiz (Sl (plg> 25,0 loassS (rpns
OB Jgaz) o) Slager o SE1S7 albly LI
Slolisee dgy cge oy Ar s Ve 5l lew Hlade
B Tz 5 (SFenS Jodo oVl Jooo
Sondr FpSlite (Gane pwple sbml Sle o5 ad
Seaglie ialidl g aey 9 SUI G (Sopd LSl

Olow — albly (g 52y AW SBLJI 5l oud aisliv gojlwir (Swilso (plgs 48,bg3 (uily slg 41 3205 (y9031 -V Jgusr

Sld s F 8937 4z yo JUETH SilSo plg5
ofe e VY/e Aseste Y Olosws
-/fY ns-/#\ \ POUMLERVINY
AVl Jgoo
IAA <\Y¥n.s Y PUINL SR LS DU
[+ VV/AD Y Ologs
VY <\Y¥n.s ) POUMLSRVIN Ly L
S ST TOM gy PRV
lh\id -/V¥n.s Y POUINL SRV LS DU
/N O/ Bt Y Slowms
AAS Y/YYn.s \ kY
e S (S
I+-% O st Y raedS” 2 S g loan

St Sl gixe MSdo ;0 ) mhaw ;0 (g )lo Jixe s



\YY

) sl @55l 5 Sy Js el gacls Sl
e e Sk AAPAR) IRCONPREN
Ly el 4l (Al 5oml polie o arensnYl

el Golblns sloJ; hSis gms LCaCle
sols (ylts sl ladllas [YY] 05,5 o 5YL adyl e
i alaly ¢ gl LI glacy jaelS jo a5 ol
3575 (SoFemS Jgo 5 btV Jooko g alinsls
B Jgoe pali8l 4 jonie ilgs o asadls iol3sl 4 05ls
Ivy] ogs casin o>

\ o)l.o..i) AY QJ}‘U‘)"‘ .\.CISBUP &L».«a u.o.’ul dolilad

st p S 55 Ol lite Sl

IS5 50 Gsejl sladiges atmiial Jgoo 5 (Si5enS
Joe colomm e aal3dl b as ols oles (o g ) ¥
R 1RGN U P Y[ P LIUWIC I | I PRSP & S0k 3
# B 6lad e a5 5 Sloww upile (K
ool Gialidl s Wlgs e ous asle slaasss JLisle
4 pelS IS 005l i (Al Bk (Sl el
oilosiz ol Sueglio p hte Sl el (S w03 O
slnl 4 e Wl oo @ Slasign 1) wndl axdls
yya o Sl 5 e [Na] ogs sl 0 Sy,

35 Baop VerdSw)ls A ;
:3 s 0 KW §\1'1= %A ] -:jj:ﬁnj:# _I_
DGR | i Ry
3] § 3 .
%\. | § %: \‘%f?f?f
70/30 ';..JH?SLGHE ) | ~80/20 | 70/30 ‘qu;?sﬁi ) | _ 80/20 |

,\ﬂ T Baep ¥awds a)ls )

3 \VZE m-‘:ﬁ QWJS_HAS%

My A S b

i-x? . § ¢ %

3 ¥ \ ! \

70/30

@
LA (7) A10 (Fhimz 9 () (FKFmd Jgo (A) ddpmmins

Stevulova g (Y+VA) 4l Ken 5 Hospodarova <lslUas
dels BLI 5l oolanal a5 olo las (Y+VF) Ko 4
el Wlgs ga (939 20)3 B LY d9a> polda o (8650
o Ul g (51 S 5 a8 Cunglie ol
S (S al5 g SRS o YL polie
Jolo s o S jobay [Y8 4 YOI conl onis ojlusi
Qoo A a Gl Hlade iolidlas ol lis b loges |

75/2
S gy

5 . 80/20

VI J9e 32 paedS 9 5157 9 Gl sl Jolio 51 -F JSo

doys A lew Slade sl (@) FOSS

Oloamm U ojlasiz (A2l (Sains (53 con
B o W il cow Bl Sais sl onls
0 peedS 28T o938 el (Sl e Sle 5 39k
Slos ) edsn Sene adgl Jolye po 1y wigey cnl Wil
9 WNodee JoSas S SLbl s Sa e Serllyone
IVE] 05 o ool gl (oo (55 550 wled asmsis o



v Sl g (S5 sla Sy 2L

il slojluas ody Ko alie o Sgusm
Wdgi sldn e malS es Wil e albl elsT LI
5 1y oy gl Jolo (s shayiSd slse G pao
P.M)e 1) M)Ja..z.o L )Lf)‘L.o ‘515'47“ 9 ools Uw.blf
@S Seille 5 (Sosed Sloogas L 5l a5 o

&l les

&l

[1] Zhao, X., Li, C. and Wang, Y., 2023. Sustainable use
of recycled paper fibers in building composites:
Mechanical and environmental performance.
Materials, 16(14), 4770-4775.

[2] Zhang, J., Liu, Z. and Xu, H., 2022. Effect of
chemical  treatments on  compatibility  of
lignocellulosic ~ fibers  with  Portland cement.
Construction and Building Materials, 345, 128446-
128460.

[3] Soroushian, P. and Hassan, M., 2020. Accelerators
and compatibility enhancement in cement composites
reinforced with cellulosic fibers. Cement and
Concrete Composites, 113, 103742-103752.

[4] Fernando, S., Gunasekara, C., Shahpasandi, A.,
Nguyen, K., Sofi, M., Setunge, S., Mendis, P. and
Rahman, M. T. 2023. Sustainable Cement Composite
Integrating Waste Cellulose Fibre: A Comprehensive
Review. Polymers, 15(3), 520.

[5] Yusrizal, Y., Rahmawati, C., Zardi, M., Aprilia, S.,

Aulia, T. B. and Igbal, 1., 2024. Exploring concepts

and application of natural fibers on cement-based

composites. Proceedings of the 2nd International

Conference on Environmental, Energy, and Earth

Science (ICEEES 2023).

Valizadeh Kiamahalleh, M., Asadi, H., Ahmadi, M.,

and Hosseini, S. 2024. Mechanical, durability, and

microstructure
fiber-reinforced concrete containing metakaolin.

Materials, 17(11), 2608.

[7] Enayati, A. A., Hamzeh, Y., Mirshokraie, S. A. and
Pourmohammadi, M., 2012. Evaluation of wood-
cement blocks made from sawdust. Construction and
Building Materials, 27(1), 21-25.

[8] Hoseini, M., Tajvidi, M. and Najafi, S. K., 2011. Use
of waste paper fiber in cement—fiber composites.
Journal of Wood Science, 57(5), 430-437.

[9] Tabarsa, T., Chui, Y. H. and Ung, Y. T., 2005.
Mechanical and physical properties of cement-
bonded particleboard from recycled wood. Wood and
Fiber Science, 37(3), 453-462.

[10] Li, Q., Hu, Y. and Zhang, R., 2024. Mechanical
performance of cement composites reinforced with
recycled paper fibers. Structural Concrete, 25(3),
1541-1553.

[6

—

assessment of wastepaper

\YY

Cely wilg oo (00,0 1) pndS 0y )57 51 3g00ms oLl 4
5 S Jodo loat ¥l Jodo catondls 35ue

5 B 4l 5 slaoslusis jo L3l Saiwe

L (ao,0 0) pundS 0,15 0l 5 polie colisw] o g albsly
Seals g oo o Gl Ko (Quoyo Ye) SUI

W Cond DL (plply 005 (eglie (ole>

55 el IS ol e 5 B & e
LYy g Yy v el el 59,00 ojluniz

SUI & Gloww LS e 3l gy cnl o
5 VOIYD VeIt laces b albl g &S
el QLS aiBe yiolie b ol jen (G3g duoyo A/Y e
2 osles & i (Sig 20y B 9 Vgl 90 o
aly albl BU glacjlosisr SuilSe 5 S Loly>
b Jolo ps @S g owyn Olees
czye woys A Ve gl Gl (liee G138
oS Jo jo w5 (Sl plSoual g anails il38l
S8, Vb ceb oo Y 4 Ve 5l GU sy il
0338 05 laaiged Cualins (SapiSly s O i (e
A58 e b (a0 1) 3g0ome polie ;8 peandS 0y 15
sl Jrm S5 s Gl Gaewlioes
5 b Sas il cel(C-S-H) Slaee
G (doy0 B) QT a3l Gt Gl s oS e
g B S ie Jad 0 bS joks Jlas! Lo
Sfles i 1ol g Rl Sl carge cploges
P kS S WIS gl Jlite S ss S
aS aws oo lid el cpl g o gme A Sas
Gt e 5 J1 5B o g Sgntp o S 2L
5 Olorm e lojer b Cos da Sy ple
VoS )3 dige oS 5000 18 pendS IS e
ALlS ao 1 VL ol floww s po Ae g BLIN sy
s ianls 5V S5 ) o oaalie S
dz (nieS LS o ) (KiSeS oo g atninl
aS ol lad b ol plas culbs (Sanisly 5 ol
G5 s 5 4lbly (6,5 3218 LI LM Ceps
Sl 5 (Sa5h Slaogas spugy 55 SlosiiS e
@Az b b5 jeba o)l plerw al sleolunis



YO

reinforced with kenaf fibres: Durability and
mechanical properties. Journal of Material Cycles
and Waste Management, 22, 1492-1500.

[21] Coutts, R. S. P., 1989. Wastepaper fibers in cement
products. Cement and Concrete Research, 11(3), 143-
147.

[22] Sanaev, V. G. and Karpov, V. 1., 2014. Factors
affecting the quality of wood-cement composites.
Wood Research, 59(5), 67-74.

[23] Tuffrey, J. Siwseng, P., Laksanakit, Ch. and
Chusilp, N., 2024. Enhancing the performance of
waste paper pulp-cement composites, through the
incorporation of natural rubber latex: A sustainable
approach  for  high-performance  construction
materials. Construction and Building Materials,
430(6), 136345.

[24] Liu, Q. and Wu, Y., 2025. Reinforcement Effect of
CaCl2 on Cementation Performance of Solid-Waste-
Based Cementitious Materials for Fine Tailings.
Molecules, 30(7), 1520.

[25] Hospodarova, V., Stevulova, N., Briancin, J. and
Kostelanska, K., 2018. The effect of recycled paper
fibers on mechanical properties of composites.
Buildings, 8(3), 43.

[26] Stevulova, N., Schwarzova, 1., Hospodarova, V. and
Junak, J., 2016. Cement composites with recycled
cellulose fibers. Chemical Engineering Transactions,
50, 367-372.

[27] Saeed, H., 2023. A review study of the use of
calcium chloride in concrete. Journal of Engineering
and Sustainable Development, 27(3), 339-349.

\ O)Lo..i) AY Al>‘u‘)al .\.CISBUP GL».@ u.o.’ul dolilad

[11] Torkaman, J., Soroushian, P. and Hassan, M., 2023.
Recent advances in fiber-reinforced cementitious
composites with waste cellulose fibers. Fibers, 11(6),
74-90.

[12] Martinez-Lopez, M., Gonzalez, F. and Pérez, A.,
2022. Effect of calcium chloride and nano-silica on
durability of fiber—cement composites. Journal of
Composites for Construction, 26(4), 04022017-
04022027.

[13] Simatupang, M. H. and Roffael, E., 1980. Cement-
bonded particleboards: influence of wood species and
additives on hydration of cement. Holzforschung,
34(5), 197-202.

[14] Wei, J. and Meyer, C., 2015. Improving degradation
resistance of cellulose fiber in cement composites:
effect of matrix modification. Cement and Concrete
Composites, 59, 142—149.

[15] Ardanuy, M., Claramunt, J. and Toledo Filho, R. D.,
2015. Cellulosic fiber reinforced cement-based
composites: a review. Construction and Building
Materials, 79, 115-128.

[16] Nemli, G., Aydin, I. and Zekovic, E., 2006. Factors
affecting the properties of cement-bonded
particleboards. Building and Environment, 41(6),
784-790.

[17] Soroka, 1., 1979. Portland cement Paste and
Concrete. Macmillan Press.

[18] Savastano, H., Warden, P. G. and Coutts, R. S. P.,
2009. Microstructure and mechanical properties of
waste fiber—cement composites. Cement and
Concrete Composites, 31(10), 721-731.

[19] Rezaei Shahmirzadi, M. Gholampour, A., Hosseini,
S. A, Ngo, T. D. and Nematzadeh, M., 2024.
Wastepaper fiber-reinforced concrete containing
recycled fibres. Structural Concrete, 25(4), 2931-
2946.

[20] Amiandamhen, S. O. and Osadolor, S. O., 2020.
Recycled waste paper—cement composite panels



