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Tests of Fiber Cement Materials Containing Recycled
Cellulose Fibers

Krystof Szymko, Tomas Gorzela, Mateus Schabow
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Abstract: This paper presents the results of investigations into the effect of the use of recycled wastepaper cellulose fibers on
the properties of fiber cement boards subjected to contamination by moisture. Four series of fiber cement boards were tested.
A reference fiber cement board manufactured without the use of recycled cellulose fibers constituted as one of the series. The
other three series consisted of boards differing in their recycled cellulose fiber content-ranging from 10% to 50% of the total
cellulose fiber content. Specimens of the fiber cement boards were subjected to contamination by moisture by storing them in
water for 1-96 h. Subsequently, their basic physical and mechanical parameters, i.e., mass moisture content, absorbability, and
modulus of rupture (MOR), were tested. Then, the specimens were investigated by means of acoustic emission during three-
point bending. Artificial neural networks were employed to analyze the acoustic emission test results. The tests clearly showed
the amount of recycled wastepaper cellulose fibers and the length of storage in water to have an adverse effect on the boards,
contributing to their degradation. This was reflected in the decrease of the acoustic emission (AE) events count recognized by
the artificial neural networks, accompanying the rupture of fibers during the three-point bending of the specimens. To gain a
more detailed insight into the changes taking place in the structure of the tested fiber cement boards, optical examinations were
carried out by means of a scanning electron microscope. Interesting findings crucial for building practice were noted.

Keywords: Fiber cement boards; Recycled cellulose fibers; Non-destructive testing; Acoustic emission

515! SCRFEATEREA AR FTAF A 0] F525 47 07 1 P AP a1
70 R U SR o B U, (R IHER 405 e BN, Rifbm b (BFS) SOk RMAE by
IKPEE SR Y RA ERA 1. SHEAEARBT PR AN 538 RG50S P T e 2K e
UERL A A L 4R IR L, IRCR A SR (OPC) ML, BFSHUBRIERLR, Xt T RAREFHEhnlE K
BHEFL AT APERE . ARRDIAELF4EBORI B T PR 9877 W BRI AR R . S nmiAliR & 751k



@ Universe
Scientific Publishing

LR KFIKE: 20224F 4558
ISSN: 2705-1005(Print); 2705-0491(Online)

AL, YRR A BUK ARG AR, LB 55 A2
A, A FORLEA AR P RE . s
JIE 7K /s i T 25 7 S AT AE R 4P 4 — /K Yeid XA G, b
T R ALBR AR AN RRER R AR R A= 3 K PR G TR R
AR AR | 27 4R IE 28R o 1 52 B ik AR 2T
YER LT U - KU TERPRI 25 R 2T Y - FE U T 455 R
KHEVER

o TR Ludwig Hatschek FF Rk T HE= X F A8
BHEAIFR T LM b A AT dE. e
OMBCR E BRI Z )5, BT 4 R L HE A5 i ET
eI, HIKUE . LF4EREF4E . & MUEF 4R A2 Rl BB
B ISRV RIR A SR A, AR 77 A 27 4K Je Al —Fh
SERAN A RS o AR AR DAR 1S N 1o DR
ALK mbl BERGE . mile . BORA DA R
P, £ AR DRI IR IR AT 3 AT R 4 Ji i 0] 6 B
it

HAT, ZR4eketh s s w1 TRsME Lz . 12
HATH R, Feok el s TARIREREER . 2
b (RRFR ). WyBRA i (SAhHRST ) i (ank ik
HATR] o 5 BB AT HFLEL A A R AR R i i 5K
RS INFAEN ESOR R, an R R AR 4R, BT
AR YEK MR . HH B — D7 T T R — R R A
UL, 53— RN T AR A A SR, X
LT TR AR A B AL R Y ), 1) 2
i A

ARSCHE 13X — B, A28 5 R R AR
AR T 35 8 4 7 oMl AT 2K e A s e R PE (1
WePEA SR 5 K EE ) AILBCRE (B 2E: (MOR)) /Y
DRSS R . AR SO it 25 /K B RBT 246 (MOR ) #E4T
TR, PURAREDRHE, X 2R R B 2F 4R K P AR AT <
AT AR T EESH SR, X LEH I A
W, IFABERA T ER R, sl
SER T A A AR AL

TAEERR, XMELTESLRA, I HaRmnE
Mkt ik — DA A fir . 0 TIEWIX i8R, fE= R
it ferh, YR A RS (AR ) X HRA AR K 53
HEFRRAE A 21 AE K P HOAE b AT 1l A . A 4 R
NTARE (AL, RPANTRRZERZEHEAT 15047,

VARG, fE&&B, AURIERT R (MOR ) RITAY
PRI T A K PEAR A AR IR R 22 IR 55 TR 3R s i 2
AT X, EEMUR RS (AE) Jridofiad
AR S IR AL O, VR BERETE AU S ) ik
Bilt bl AR AR 45 M O B IR P AR A, T L REA i % A

FEXSEA a2 R . BESS, VEE RO RS
SHAT T 0, AR HIERE e T R K e sk
PRI SR 25 il AR P 2 AR R PR T ok,
AN T MR AE LR IS HE N T IR,
P SPIR R S 8 TR e e e RE e A (S R
BT R (SEM) X5 &7 TOREmAr

FE IR0 E S AR

ENEESPO R S rET: ) Sy TP VAT 35 N p TN S
(IR AR A R L, DS E & 4 4 R K30-50%,
1T LR 2 FR IR IR B AL PR, X b b BRI AN 1 21 4
RO R ENE, YR YT 583 T I
{8 (DDAC) m% — 2% 5 — H JL iR fb g (DDAB) Ab#f
BF, WTRLR SR AR . I ey o 5 I 5 A 2
A R SRR R R M ke v, T H %
A e AL PR AR i S H B AT AR K R R

YR X IUA RGN EF iR PR AR A T Tk, 6
ABIDFRIR . WABAERSHIR, BRI TR LT
Y, B, CHIDHREA M ALF R 24, HAg sl
REFYER YR 10% . 25% F150% (% H ).

R i A B R SR ELAT i e Y B AR, AR D
(A7 50% 1) MR EF 4 25 ) (5 BE e fiK. BBk, MDY
FE SRR B SC PR R RS e 2 —— A 13.18 JK 1 2 6.76 JK
M-t TR R . TE K EAERT, Ak iy Wi it
SRR SRS ISR B AR A, FERXFRIE LT, 58
FEM R B fe /NI o 27 27K YR AR ) T 24455 i i 25 HL e K
PR AE I B R TR o AR T IS A 2 A R
BF, 5B AR S ARMAR L, TR HER, MOR
L ONIENG T EE- N

1Bt 75 & S F0 N T2 [ 48 19 F B gt 1Tl

2 YK IR 58 75 R SR N T 28 I 245 1) 7 Ltk T
WM, — AR K 5 kHz—500 kHz f4 56 % s fi—
D AEAF ST T AE 3

EM A Z fT, AR (A B, CAID) AY104
20 x 100 Z K £ AEAR AR, KT ZEK R AEic L, 2/
24/NEF, RS Ao DSR2 A8 R R A 5
WALy, AT =, WA sk K 2 ) KRS S
GRS . A XIS SR 0 S iR a5 T R
om. MORFILFIHLERE (LOP) HYIREE, ok &b v
TR B o DA R A PV i e L ol ) A4 £ 4 ) 5
Wi T FIFE K g AE B 52 AL f R R, X A5
B IR E . AE(S 5 190 T2 56 Tl S Rl R 4
s & SRS Ney AT AE S48 R Nev,  LAKIET AE
ERERINE B i



LR IKFIKE: 202254558
ISSN: 2705-1005(Print); 2705-0491(Online)

@ Universe
Scientific Publishing

R REEE (Y AE Sl AL sk, T ENTRES
SyeFoN. TR AE 5 09 551 AT BB S Wiz I 3 2 7 A= 1Y)
TG M P T, PRHOME LSRR, X 7 2 A A 43 ]
DI 7R Y DA [R] 75 22306 sl R R i S, (L dE PR Rl % 2F
Wi R R, RN, SO R R R T
1-40kHz 35 2 35, 45 0.5kHz 47 80N a1, 1t 3% Hot
RIS, B E, FS R A

NI 28 00 245 0 SR AE3 R 43 5 R 7K U8 R AR i 2
A= A5 5 R A TE AR T B £ 4R 2 A AR
SR, AREWAERAgIC R TR, &
IR A FAR MR, JEargeF e &4 25 i e s
B &S CAE) {55 A AN T80 4 25150 2 = A0 3%
AT, EHE, R ARG - S 0 E, zeia
PSRRIt N et I R S T S B B N e
SULEOR HE SR RIE S T RS R
B, SRR o T G B 4 R 2 —
$E . L 22 )2 1) PR N T A 22 I 45 0t FH SR TR
i 2w

SRIG . LAE A& Ak AR EOR S8 ANN Il 25
B, AT Tl 28 25 I 2 Al L, BN 0
SR ISR IR, WORAT TR, AT I ZRaF i A
THZME, AT AEFSHTEN. a5l
IEH ARG 59T ug, PR £ 2R TR R K e S T T L Y
WTER A B . BC IS B o R ok X
43, ANV o SRR X Ay, Bk, BEAT T
AT, DARBIDERERAE, JFor BRI B 45 1 s |
LT YEWTZL K e SR 2L

LYK IR P AT F i A4 S B e TR A
MO PERE , R R ILEI R (MOR ). BIt, 43#ras
it PR R U R TP 4R 2L 00 A (5 5 B PP A & A i 2 4k
REFERIMAMPERE I CRE . A R [ 2F 4 R 4R 4
Mt AL HA B A MOR , i HL H £F 4 W 24 5 [ A 7 it
Fe A

WEA, AR Y AT 2R R0 2 e A X K
I JRARE BN, BT E ot A3 T R 2 2 2R i
BOBEINTRTRE N . 1] AT 2 3R AR e S A R AR (R
CHID) FE IRy, AHYRA TR N X B £F
L SN & S (159 V) & N RE VAR AR € T 8

T35 A TR ZF 4 2% 47 2 1Y) 2 2k 7K e AR A o] WA P
S 118 W 1 a1 e W ¢ o e e N T LB
AABTEAMIE N A A A 7K S 302 i a2 v Y 7 20 B
B, thatlEit, BHCh) AR SRR/ R Xt
T A7 AT Y R A A A R UL IL B . B Al bt

FRHE LT AR L YR S RN, B0 AE SRR
RN . AR RS, AR SRR AP AF R 2
IGTER, BEE ALK P A ] B RE LS, a2
BT

e Bt 25 2T 24 K7 24 A 1 W AR 5 1T DA (IR A 4 K e
M b e & I A R EGR IA T . SR, ATz 3
TEZ S BIn], DY £F 45 3R 21 4 s H ARy Ao 2
g, XSS L 4 R AR AM S S5 A
(ARG ML, Bl AEFMEBER D TLUE L., 16
Mkt ZFCHIDBITE BT, A7 LK AR R R AR T
ENTHIMOR, i ELIEFEAR 1R A 25 4E R 2089 74 2715 2l
3 T 7K 3 3 B 2T 44 1 s A AT KR R B B
IR

FEBIFR ] (LOP ) {H Y728 fh 2 I ARURY S5 PE P B ) A2
b, A& R TN T ISR A R A AR S5 A8 A8 Ak
LPHER AT YE LU BB BB SRR 22, A, FEOK Lk
FRIZIT , A RS LR T X T CHID 41,
TEIK HP A AR I —/ NS R AORE , 7 o) B 25 o BOWL
SERNHUR BOBRTERFPE . BN R, XK A
1 24 /NI YL AE K PERR BRI AL DT IR, 14 5
6], PRSP T R T A SRR B (E

REBFERSE (SEM) K&

0T SETEAN Y T I i 2T A K DR AE 32 3K S
15 YR A4, ABETE T 2 R R e 1
A Quanta 250 FEG, FEIFIEDS AT AT T OB 4
i

FE RIS, SRR A FL, FLAR ik 50
oKk TR T 5 2 500 UK WY AR 4k ), TE SRR
AT LG B2 FINIRE 2P 4E R EF 4RI MmT UL, — 2 i
K JEHE BT AR AL W) Se A 2T e R T, RS e]
AR DN (FHELFAER S 0 50% ) Wik
REZLYE. SDMAN, ARSI R, o
YRR D, X — i NP A A ] 4% B8 0 A B 24 5
AR P AR BIESE

D AR W R AR K AR T 24 /8, AR5 32 31 =
ARz, HEBRCZ WA, o LA BIES il
PRI YL LR R R AV 2 ST RIS . TR AR AR K
SRR T SUKIREIRRI IS T, TR S
PR AR S KRB AERA WL, ot T
HAL, HEA AL AT C SR AE R, AT LA 45
W, TEK AP 24 /NI (9 27 7K Je R A 25 g
BICH R — ok A T BOR AR AT 4, X SE2F 4k
AIRBAT R E XK PESER BT T -



@ Universe
Scientific Publishing

LR KFIKE: 20224F 4558
ISSN: 2705-1005(Print); 2705-0491(Online)

&it

AMFFEXT A DR AR LT 4 3R 27 4E (1) 21 4K Je R 1)
A RN, EINKASEP e R 225 . IS
el IR 458

— AT A R LT Y 2R 2T AEREAR 1 IR R
(MOR ). AP RIS ETAE R 1 53 FEBRS , MOR AR

— [AISC Y £F 4 3R 2F A e AT 4K e AR A A 52
Wi, PR B RS N T AE K PR A WM . B T W 2T 4
TEARAA B Er 23 FEs i, R SR e . B
MR ALK R A7 I 1B K, 2 B A5 I i 47 44 7K 90
M B W R AR A E S 50 T e (e TS T i R 27 455 B R
50% HIBRE R, 96 /I A T Tk 20 HERL 08 MOR T
BEN T 50%, MATZSEmM (AR kUL, BikF
T 45%.

- S5 N A2 2% 0 P R S NIE S (HRAE Rl
L AERI AL 2SI AE SFAFRTHED), DS 2 4E 3R 27 4
Xof EF YK PEAR A PEREA L RE N, S WeAE 25 it 34 ]
EICH) AE SRR ECRE TR

- WA AL /NS, BN R S B 2T 4
Wi AE BR800 . FE S A 259% i i
YR AR T, LA [ AE S A 4k
TR 50% .

— [T PR 2T 2 3R 2T 4k S ) 2 B K 3 HERR B 520
XPE T L AE KPR RO, R IR T
IR 2T 3l

- SEMAG £ 7R, FEREAFAE AR R OARMF, RZHK
AR I R B MR, MR 1K A
MRSl B AT R AR S

Weoh, TEAEEFRR, (EREERNE, 40K
SREESRL, TEARRT B I ] A AR AR e, Ak T,
TEM R RTE B T BRI, S EOmER IR 2 R T A
i

SE

[1]Gorzela ‘nezyk T, Schabowicz K. Effect of freeze -
thaw cycling on the failure of fibre—cement boards, assessed

using acoustic emission method and artificial neural network.

Materials 2019; 12: 2181.

[2]Adamczak—Bugno A, Gorzela ‘nezyk T, Krampikowska
A, et al. Non—destructive testing of the structure of fibre—
cement materials by means of a scanning electron microscope.
Bad. Nieniszcz. Diagn. 2017; 3: 20 - 23.

[3]Claramunt J, Ardanuy M, Garc i a—Hortal JA.
Effect of drying and rewetting cycles on the structure and
physicochemical characteristics of softwood fibres for
reinforcement of cementitious composites. Carbohydr. Polym.
2010; 79: 200 - 205.

[4]Mohr BJ, Nanko H, Kurtis KE. Durability of kraft
pulp fibre—cement composites to wet/dry cycling. Cem. Concr.
Compos. 2005; 27: 435 - 448.

[5]Pizzol VD, Mendes LM, Savastano H, et al.
Mineralogical and microstructural changes promoted by
accelerated carbonation and ageing cycles of hybrid fibre -
cement composites. Constr. Build. Mater. 2014; 68: 750 - 756.

[6]Adamczak—Bugno A, Swit G, Krampikowska A. Time—
frequency analysis of acoustic emission signals ~ generated by
cement—fiber boards during bending test. MATEC Web Conf.
2018; 174: 1 - 10.

[7]Li Z, Zhou X, Bin S. Fibre—Cement extrudates with
perlite subjected to high temperatures. J. Mater. Civ. Eng.
2004; 3: 221 - 229.

[8]Kaczmarek M, Piwakowski B, Drelich R. Noncontact
Ultrasonic Nondestructive Techniques: State of the Art and
Their Use in Civil Engineering. J. Infrastruct. Syst. 2017; 23:
45 - 56.

[9]D .ebowski T, Lewandowski M, Mackiewicz S, et al.
Ulirasonic tests of fibre—cement boards (in Polish). Przegl  ad
Spawalnictwa 2016; 10: 69 - 71.

[10]Drelich R, Gorzelanczyk T, Pakuta M, et al.
Automated control of cellulose fibre cement boards with a non—
contact ultrasound scanner. Autom. Constr. 2015; 57: 55 - 63.

[11]Schabowicz K, Gorzela ‘nezyk T. A non—destructive
methodology for the testing of fibre cement boards by means of

a non—contact ultrasound scanner. Constr. Build. Mater. 2016;

102: 200 - 207.



