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Abstract

This study aims to characterise a composite material from compressed earth reinforced with corn
husks fibers. In order to achieve this objective, the work started by conducting many laboratory
tests on fibers and soils. The parameters that were determined included the diameters, stress at
rupture, elongation at rupture, deformation at rupture, Young modulus 1 and Young modulus
2, and constraint maximum for fibers. In addition, geotechnical parameters of soils were
determined, including the water limit liquid, plastic limit liquid also determine optimal moisture
for soil and is maximum dry density. It is evident that the tensile strength decreases and varies
depending on the amount of corn husk fiber has increased. The results also demonstrate that
the rate of water absorption of the composite increases with the increase in the fiber content,
which is explained in particular by the fact that the fibers’ plant origins are hydrophilic and
possess a porous character, thereby enabling water absorption. Furthermore, the study also
shows that there is a reduction in the density of the fiber composite with increasing fiber
content. It was equally observed that an increase in the fiber ratio let to an increase in the
Young’s modulus of the composite.

Keywords: corn husk fiber, Earth matrix, Young’s modulus, compressive stress, tensile stress,
water absorption of the composite, fiber composite, fiber composite, compressed earth, hydrophilic
origin of fibers
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AHHOTaNUA

Lenpio [aHHOTO WCCIENOBAHMS SIBISCTCS XapaKTEPUCTHKA KOMIIO3UTHOTO MaTepuala,
MIOJTyYCHHOTO HAa OCHOBE IIPECCOBAHHOTO TPyHTAa, apPMHPOBAHHOI'O BOJOKHAMH KYKYpPY3HOH
menyxu. Jas gocTmkeHms 3ToHM menu paboTa Hadaidach C TMPOBEACHHUS MHOXECTBA
1ab0PAaTOPHBIX MCCIICAOBAHUN BOJIOKOH U TPYHTOB. BBIIM ompeneseHsl cieayiomnue mapaMeTpsl
BOJIOKOH: THAMETP, MPEAET MPOYHOCTHU MPHU pa3pbiBe, OTHOCUTEIBHOE YAJNHEHUE IPH Pa3phIBe,
nedopmarnus mpu paspeise, Moxyis FOura 1, Mogyns FOHra 2 m MakcuManbHoe HanpsokeHue. Kpome
TOTO, OBIIIN ONPEACTICHB TeOMEXaHNYECKHEe MapaMeTphl IPYHTOB, BKIFOYAs Mpeaesl TeKydecTH,
mpene’ MIACTHYHOCTH, a TaKXKe ONTHMAJBHYIO BIQXKHOCTh TPYHTa M €ro MaKCHMAJIbHYIO
CYXYIO TUIOTHOCTB. BBIIO BBISBIIEHO, YTO IPOYHOCTH HA PACTSIKCHHE CHIDKACTCA M BapbUPyeTCA
B 3aBHCHMOCTH OT yBEIMYCHHUS COACPIKAHMS BOJOKOH KyKypYy3HOH mIenyxu. Pe3ynbraTsl Takxke
MTOKA3bIBAIOT, YTO CKOPOCTH BOJOMOIJIONICHHUS KOMIIO3UTHOTO MaTepraja YBEITHIHBACTCS C
YBEITUYCHNUEM COJCPKAaHUS BOJIOKOH, YTO OOBSACHSACTCS, B YACTHOCTH, THAPOMUIBHON MTPUPOT0I
BOJIOKOH PACTUTEIBHOTO TPOUCXOXKICHUA M HUX IMOPUCTOH CTPYKTYpOH, CIOCOOCTBYIOMICH
MOTJIOIIEHUI0  BoAbl. Kpome Toro, mcciemoBaHWE TOKa3bIBACT CHIDKCHHE IIJIOTHOCTH
BOJIOKHHCTOTO KOMIIO3UTA C YBEIMYECHUEM COJACPKAHUS BOJOKOH. BBIIO Takke OTMEUEHO, YTO C
YBEITUYCHNEM COOTHOIICHHUS BOJIOKOH YBEIUYHBaeTCs MoayIs FOHTa kommo3uTa.

KuroueBble ¢j10Ba: BOJOKHO KYKYPY3HOH MIETyXH, MaTpuiia 3emMirn, Moxyis FOHTa, cxxnMaromniee
HaIpsDKCHHE, PACTATHBAIOIIEE HAIPSIKCHHE, BOIOTOTIIOMICHNE KOMIIO3UTA, BOJOKHUCTHINA KOM-
MTO3UT, KOMIIO3UTHBIM MaTepHall, IPEeCCOBAHHBINA TPYHT, THAPOPHIIbHAS IPUPO/IA BOJIOKOH
®unancupoBanue. lccienoBanue He nMeno GUHAHCOBON MOAACPIKKHU

Jus uutuposanus: b. baxens, b. b. Hreem, @. Keamomne, P. A. Kym, 3. fIm6, Cadonosa M. H.,
®enotoB A. A., AMmocoBa H. E. Mexanndeckoe BO3JeiCTBHE MPECCOBAHHBIX I'PYHTOBHIX OJIOKOB,
apMHUPOBAHHBIX BOJIOKHAMH KyKYPY3HOH HMIETyXH C XaOTHIHBIM HEIIPEPBIBHBIM PacIpeieIeHUEM.
Vestnik of NEFU. 2025, Vol. 22, No. 1. Pp. 29-36. DOI: 10.25587/2222-5404-2025-22-1-29-36

Introduction

The increasing demand for housing, coupled with informal settlements constantly
expanding as well as low-income household’s inability to afford decent housing, is
environmentally very dangerous shown in Fig. 1. Therefore, there is an important
necessity for research into methods of designing new materials and technologies
to become urgent in general and on earth in particular.
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a b c

Fig. 1. Pollution of the environment: a) maize farm, b) burn waste, c¢) smoke pollution of the air
Puc. 1. 3arpsi3HeHHE OKPY KAIOIIEH Cpebl:
a) KyKypy3Has ¢epma, 0) CKUTaHHE OTXOJI0B, B) 3arps3HEHHE BO3/yXa JIbIMOM

One of the problems associated with earth as a construction material is the issue of
low durability and strength properties [1,2]. Soil in its natural state lacks the dimensional
stability required for building houses [9] (Fig. 2). There are also the problems of cracking
and shrinkage with the use of earth for building houses.

The principal purpose of this research paper is to study the mechanical behaviour
of the composite blocks based on compressed earth reinforced with corn husks fibers.

The following specific objectives are pursued in order to achieve this purpose:
to determine the properties of earth and corn husks fibers as raw materials for the
production of the composite; to determine the mechanical and physical properties of
compressed earth blocks and the reinforcement; to determine and analyse the mechanical
behaviour of the composite or compressed blocks reinforced by corn husks fibers.

Materials and methods

The aim of this section is to discribe the process to obtaining the soil samples and
fibers that were used for manufacture the block composite (Fig. 2). It is mainly also the
laboratory tests used for determining the compression blocks properties, moisture and
results and analysis.

Characterisation of corn husk fibers. After sampling and prepare the fibers
as shown to the Fig. 3a above different parameters of the fibers are determine as diameter
(Fig. 3b), rupture stress, deformation, Young modulus, and maximum stress (Fig. 3c¢).

Process of manufacturing blocks.

The processes involved in preparing the samples for testing are presented
in Fig. 4. The figure demonstrates the procedure that was followed in order to
create the earth blocks using agricultural waste fibers. Earth blocks measuring
290 x 140 x 100 mm were made.

Fig. 2. Materials used for the experimentation: a) corn husk waste, b) soil and corn husk
fibers, c¢) compression moulding machine, d) block obtain after moulding for drying
Puc. 2. lcrionb30BaHHBIC MaTEPUAIbI 715 IPOBEACHUS IKCIIEPUMEHTA: a) OTXOABI
KYKYPY3HOH IIeNTyXH, 0) MoYBa M BOJOKHA KYKYPY3HOH HICITYXH, B) YCTPOMCTBO st
KOMITPECCHOHHOTO (popMOBaHUsl, I) OJIOK, MOITYUYECHHBIH MOcie GOPMOBKH ISl CYIIKH
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»(

Fig. 3. Fibers experimentation equipments: a) sampling and preparation of fibers,
b) computer and optical microscope, ¢) machine of determine fibers parameters
Puc. 3. O60pym0BaHuUs TSI IPOBEACHHSI SKCIIEPUMEHTA 0 M3YYECHHIO BOJIOKOH:

a) 0TOOp M MOATOTOBKA BOJIOKOH, 0) KOMIIBIOTED M ONTHYECKUI
MHUKPOCKOTI, B) anmapaT JUIsl OTPEe/IeTICHUS CBOHCTB BOJIOKOH

Malterial

| Waste fiber | | Earth | I Water

Corn husk

Batching

Fig. 4. Process of manufacturing blocks
Puc. 4. [Ipouecc U3rotoBiaeHus 6JI0KOB

Laboratory tests.

Water absorption and swelling tests.

Water absorption and Swelling tests. Water absorption tests have been measured
according to the international standard ASTMDS570.

Compressive strength test and deformation of the blocks.

The test was conducted in accordance with British Standard Institute BS EN 772:1

(2011). Testing machine (CONTROLS 50-C46G2) with maximum capacity 200 kN was
used for conducting the test (Fig. 5).

Fig. 5. Compressive test equipment: a) screen space of data reading, b) process of compression
Puc. 5. O0opyoBaHUe 1JIs HCIIBITAHUS HA CXKATHE!
a) 9KpaHHOE POCTPAHCTBO [Tl CYUTHIBAHHS JAaHHBIX, 0) IPOLIECC CKATUS
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Compressive strength of the blocks reinforced with corn husks fiber.

Base on the homogenious equation in composite with discontinuous fiber randomly

distributed the Young’s modulus of the composite is:

Ec=KV,E,(d)+(1-V,)E,

@

E. : the Young’s modulus of the composite, (ii) £ 1+ the Young’s modulus of the fiber, (ii1)
E  : the Young’s modulus of the matrix , (iv) Vf : the volume fraction of the fiber, ( v) K :

the efficiency of the corn husks fiber depending on Vf and &
By replacing the K with it value the: E

c.=E €

E, :(sz—Vf+1)Em

m

©)

The Young’s modulus of the composite reinforced with continuous aligned fibers
with used the formula:

E.=V,E (d)+(1-V,)E,

Splitting tensile strength test.
The tensile splitting strength of the blocks was then calculated from the Equation below:

P

T=0.637xKx—
S

Q)

®)

Where: T is the tensile strength (MPa), 0.637 is constant, k is correction coefficient
of block thickness, P is the failure load (N), S is the cross sectional area of the block

where the load was applied (mm?2).

Results and discussion.
Some corn husks fibers characteristics.

Table
Characteristics of corn husks fibers
Tabnuna
XapakTepuMCTHKM BOJIOKOH KYKYPY3HOIl 1IeJIyXH
Average . .
interval fibers Stress at Deformation Young modulus Maximum
diameter pm rupture Mpa at rupture GPa stress Mpa
[0,20-0,30] 0.802 — 34.65 0.0392-0.260 374.46 — 2068 0.802 — 34.65
[ 0,30 -0,40] 7.699 —32.24 0.0775-0.1947 | 165.41-899.219 9.83-32.44
[ 0,40 -0,50] 0.466 —11.686 0.044-0.114 234979 -750.277| 7.62 —23.493
[ 0,50 -0,60] 7.09 - 12.71 0.090 - 0.167 234 — 334 .640 6.94-17.12
[ 0,60 -0,70] 1.623 0.109 74.394 1.88
[ 0,70 -0,80] 4.39 —22.326 0.0525 -0.139 165.416 — 773.141 7.6 —22.15
[ 0,80 -0,90] 3.575-6.79 0.1113 - 0.1563 | 175.01 —221.404 6.60 —7.228
Some geotechnical parameters of the soils.
The Atterberg limits are the basic measure of the water contents of a

fine-grained soil: its shrinkage limit, plastic limit, and liquid limit. Depending on its
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water content, the soil may appear in one of four states: solid, semi-solid, plastic, and
liquid. The results of the liquid limit (LL), plastic limit (PL), and plasticity index (PI).

Tensile and compressive stress of the compressed earth blocks reinforced with corn
husks fibers.

Tensile stress of earth blocks Compressive stress of compressed Earth
reinforced with corn husks fibers after blocks reinforced with corn husks fibers

water absorption
5

40
30
20 I I
: [N
FCO FC20 FC25 FC30 FCA0 FCS0 FC6O0

FC20 FC25 FC30 FC40 FC50  FC6O

Types of earth blocks according to

percentage of corm husks fibers Types of compressed earth blocks according to
w340 791 percentage of corn husks fibers
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Moo
win

[
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Compressive in Mpa
o
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=
o
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Fig. 6. Diagram of stretching and compression of earth blocks reinforced with corn husk fibers
Puc. 6. Cxema pacTsuKeHHs U CKaTHs OJI0KOB, apDMUPOBAHHBIX BOJIOKHAMHU KYKYPY3HOH LIENTyXu

Comparative compressive stress of the compressed earth blocks reinforced with
random and continuous aligned corn husks fiber.

Compressive stress of compressed earth blocks reinforced with random and

£ continuous aligned corn husk fiber

=

£ 4

@

3 3

T og

L4

2

‘. i. I. &
g, | ] m [ ] ]
£ FCo FC20 FC25 FC30 FCao FC50 FC60
o

Type of compressed earth blocks according to percentage of corn husk fibers

m continuous distribution aligned corn husks fibers m Random distribution of corn husk fibers

Fig. 7. Diagram of the comparative compression stress
of compressed earth blocks reinforced with corn husk fibers
Puc. 7. Cxema CpaBHEHHs HAMPSDKCHHS TIPU CHKATHU CIIPECCOBAHHBIX OJIOKOB,
ApMUPOBAHHBIX BOJIOKHAMHU KyKYpY3HOMW LICIYXH

Conclusion

The combine of earth and corn husks fibers to obtain sustainable and good
mechanical behavior of compressed earth blocks is when the fibers are continuous and
aligned on earth block closer to the Tsai-pagano model.
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