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Abstract —The purpose of this study is to investigate and
produce lightweight, ecological composite materials(hemp
concrete) by using building lime, cement as bindinggents and
hemp (Cannabis sativa) shives as a renewable raw taaal from
agriculture.

As a result of the research, composites based onngent, lime
and hemp shives have been elaborated that can beedsas a
material for frame walls. There have been investigatd material
properties such as compressive strength, density dnthermal
conductivity.
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|.INTRODUCTION

Sustainable development is development that mdwets
needs of the present without compromising the tgbidif
future generations to meet their own needs. Butatays in
the world most nations are dependent on energyssurhich
cannot be renewed or regenerated quickly enouggbdp pace
with their use. Therefore it is important to findw solutions
and/or replace components with renewable or patnti
renewable resources [1] -[3].

Plant fibres from wood and agricultural crops lflex and
hemp are renewable materials, building up a patkriar
development of "green", biodegradable, sustainadhergy-
efficient products and replacing harmful for theviesnment
fossil hydrocarbon materials. Natural fibres hadeamtages
compared to synthetic materials in being ecologjicahnd
toxicologically harmless, biological degradable aG®2-
neutral [2], [4].

In recent years, the use of renewable agricultaraps as
raw materials in the building industry enables ®vealop a
sustainable environment and to solve environmeatablems.
These crops have a huge potential in the futureausse
vegetable fibres are reasonably cheap and readiitahle;
they require only a low degree of industrializatifom their
processing and a small amount of energy for theidgpction,
and therefore costs are low [5].

This article concerns industrial hemp (Cannabisrapthat
can reach a height of 1.5-3 m in Northern Europes & fast
growing, multi-purpose and annual herbaceous plahie
hemp fibres are situated in the bast of the henagmtpland
have a high tensile strength. Inside the stemehgmp plant,
there is its woody core, called shive (Fig. 1). Hasst fibers
are 10 to 100 times longer than the woody fibreth@nshives.
Their diameters are approximately the same; howthecell
walls of the bast fibres are 5 to 10 times thictkem those of
woody fibres. In hemp 60 — 80 % w/w of the stenslisves
which consist mainly of cellulose (34 — 48 % w/w)
hemicellulose (21 — 37 % w/w) and lignin (16 — 28v#/w)
(Tab.1) [5], [6].

Up to now hemp shives have been used in different
industrial applications of hemp products such asmah
bedding, mulch, compost and for combustion. Howetogtay
hemp shives can be used in high-quality producth sas
hemp concrete and fibre board [5].

Now in the EU, hemp concrete is a perspective mgld
material that combines a lime-based binder and waode of
the hemp plant. This material has many advantagebk as
low density, good thermal insulation, breathabilitarbon
sequestration, fire resistance, protection fromestdtion,
however it is not load-bearing and must be used
combination with a load-bearing frame [5], [7], [8]

There are several wall building methods from hemp
Concrete: tamping, spraying and blocks. It can beduas
insulating wall infill, roof insulation, insulatingvall plaster,
ground/intermediate floor insulating slab and iasinlg floor
screed. Conventional walls of brick or wood areltbup of
several layers, where each layer fulfils one or emof the
above-mentioned functions. Apart from a load-baarin
wooden framework and a lime rendering, hemp coaalees
not require any other additional building materiascreate a
well-functioning wall[5], [8], [9], [10].

Hemp is suitable for use in a wide range of proslscich as
paper, textiles, constructions, biodegradable jgksind so on,
but at the moment in Latvia there is the lack addurcts in
which hemp can be used and the lack of a commercaket
for these products. The use of hemp in hemp comaretld
create a more viable market for hemp in Latvia.
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Fig. 1. Cross-section of a hemp stem [4]

TABLE 1 [4]
CHEMICAL COMPOSITION OF HEMP STEMSFIBRES AND SHIVES
Hemp stem| Hemp fibres Hemp shives

Ash (% w/w) 4 1-2
Cellulose (% w/w) 70 55-72 34-44
Hemicellulose (% w/w) 22 7-19 31-37, 18
Lignin (% w/w) 6 2-5 19-28
Pectin (% wiw) - 4-8 4
Water sol. mat. (% w/w) 2
Fat and wax (% w/w) 0.7-1.3 1
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IILMATERIALS AND METHODS The distribution of clone ®ini shive length was more
According to literature, due to the low density anigh symmetrical than that of the cultivar Bialobrezskie was
porosity of the hemp shives, the combination of peand a indicated by practically equal values of modal, raednd
cementitious binder creates a building material hwit&fithmetical mean length (respectively 14.69, ¥mi) (Fig.
mechanical, thermal and acoustic properties théérdirom 3). _It seems that the dIStI’IbuFIOh of P shivesattdy beca_luse
those of conventional concrete. It has a lower itigrs lower  their length and length variance are less, and tshive
thermal conductivity, and better acoustic insukafwoperties. fraction allows filling spaces of mixture bet_telh|§' parameter
The aim of this research is to determine an optim&Rn and should be regulated technologically in hemgp-
composition of hemp concrete mix, using varying ponent réatment processing. In order to implement a prope
pre-treatments and cementitious binder compositions distribution of shive length in practice, experirtaly
combination with hemp shives grown in Latvia (F2. p_rod_uce_d spemﬂcgtlons are need_ed base_d_ on thethlen
The hemp cultivar Bialobrezskie (designated B) atmhe dlstrlbutlo_n _of shives corresponding to finishedoguct
Prini (designated P) were acquired from a local trisaaof —Characteristics.
Agricultural Science Centre of Latgale. These hempgse %
sown on 13th May 2010 and were harvested accordiog! 80 1
7th and 16th September 2010 [11].

The binders used in these experiments were hydtatexd
(calcium hydroxide) and building cement (CEM | 4Rlb
The granulometric analysis of hemp shives in three 204
dimensions (length, width, thickness) was carriaf asing a 09
steel sliding calliper (accuracy: 0.02 r‘qm). 7
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The distribution of P and B shive width can be rdgd as The specimens were cured for 2 days in an indooraté at
equivalent, while B is a little bit shifted to ttsédde of the approximately +20°C and then removed from the msuld
highest thickness values of shives (Fig. 4). Tlasameter is After that specimens were wrapped in a househdid, fso
more difficult to regulate in technological processbecause that they would not dehydrate, and stayed 7 daysimdoor
stem circumference and diameter of the central mblasffect climate. Then curing was continued without a hooefilm
shive width, which has many controllable and unaalstble for another 8 to 10 weeks at an average temperafur&9°C
factors and their interaction effect. (x2°C). After 8 — 10 weeks of curing, the specimevere

Fig.5 shows that the thickness of B shives (1.848rh) tested with electromechanical testers Zwick Z100d an
greatly exceeds the values of P shives (1-2 mm)s THFOX600 (Fig. 7). Curing conditions were equivaldéot all
parameter is dependent on the cultivar of hempgcatural specimens.

engineering, soil and climatic conditions, therefothe The density of specimens is calculated using Eqg. (1
manufacturing management options of a particuldtivem - m
(variety) are limited. P=\" @)

Four mixes of different binders used in the speasne  nere, is the density, m is the mass, and V is the volume
(S1=250 g/dm3; S2=400 g/dm3; S3=600 g/dm3; S4=4Q(} sample.

g/dm3 + 300 g/dm3 of dolomite siftings) were pregarThe  comnression tests were carried out to determine the

largest amount of shives (43-44% w/w) was used i 81,  ompressive strength and modulus, compressive kBhav

but the lowest amount (17-18% w/w) was used in &#x curves were fixed. Compressive strength is caledlaising
Two different sized specimens were made (Fig. &8elS Eq. (2):

moulds measuring 100 x 100 x 100 mm were used for F
preparation of the cube specimens. For the largecisiens c=—,(2)
(plate) 350 x 350 x 100 mm wood moulds were usdte T A
steel moulds were lined with oil, but wood mouldsrevlined
with plastic household film for the ease of extiactof the
specimen from the mould after preparation.

The lime and cement were mixed with water in a sgpa
container. Then the binder mix was weighed and @dde¢he
hemp and mixed together by hand in homogeneous. mhss
mix was tamped into the moulds. R ADensity

where F is force in N and A is the cross-secticarala of
the specimen in mm

Statistical analyses have been carried out using th
Microsoft Excel.

II.RESULTS

The density test results of cube specimens, afteing
summarized in Table 2, show a wide range of densityes
from 266 to 749 kg/m3 with the average compositasig
p=525 kg/m3.

The density of cube specimens decreased lineatly thée
increased amount of hemp shives in a mix. The lowalsies
were observed for the mixtures of 43 — 44% wiw
composition (S1), the highest values were showmbgures
, of 18% w/w shives in composition (S4).

Cube ‘ Plate ' The results of density measurements of plate tgpeptes
are summarized in Table 3. The highest density &ft3)
Fig. 6. Forms of specimens was shown by a specimen with 12% w/w shives, but no
significant differences were found between mixtuPeS2 and
B S2 with 18% w/w/ shives.

TABLE 2
RESULTS OF CUBE SPECIMENS DENSITY

n

Mark Mix Average density, kg/m®
P250 S1 331
P400 S2 455
P600 S3 629
P400+300 sS4 751
Zwick 2100 FOX600 B250 s1 296
B400 S2 427
Fig. 7. Testing machines B600 33 547
B400+300 S4 657
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TABLE 3 TABLE 5
RESULTS OF PLATE DENSITY RESULTS OF THERMAL CONDUCTIVITY
Mark Mix Average density, kg/m® Mark _Testing Densit3y, U, WI(m?K) A average
P plate S2 508 time, days kg/m W/mK
P plate s4 208 oo after 21 days| 546 169 | 0,164
(dolomite) after 35 days| 508 131 | o127
B plate S2 482 after 24 days| 533 177 0,175
B S2
B.Moisture after 45 days| 482 1.24 0,121
. . 2.38
The average moisture content of the hemp cube mpesi | P s4 after 22 days| 760 0,224
after moulding was 48% w/w. Before testing thisueawas after 46 days| 708 1.70 0,160
4 — 7% wiw. The curing occurred rapidly during fovegeks. TABLE 6
. COMPARISON OF TYPES OF INSULATIONI12
C.Compressive Srength compar : : w2
) ) Insulation Density, kg/nt ). W/mK
The compressive strength of hemp concrete varies Ecowool 70 0.04
depending on the _exact mix and age of the_mate'ﬁlaé Flax 30 004
results of compressive strength tests for the méstwf cube % 5048
specimens ranged from 0.15 MPa to 1.39 MPa, depgrati Hemp '
the composition of the mixture. Table 4 shows aerage Glass wool 20 0,035
compressive strength of cube specimens. Specimé&o B2 Wood-fiber plates 600 0.15
showed the lowest compressive strength, while speri Wood particle boards 500 0.14
P300+400 S4 showed the highest value. Basically flam Magnesium oxide 950-1050 021
other studies show similar values. The highestlt®suere boards
obtained for mixtures with 25% w/w shives (S3), Mhi | Natural cork flooring 90-160 0.1
mixtures with 43 — 44% w/w shives (S1) showed ihedst P // B plate 500 0.12
values. The values of compressive strength ard¢ivelya low P plate (dolomite) 720 0.16

in comparison with such load-bearing materialseaatad

(2-4 MPa) and expanded clay blocks (3-5 MPa). Toeee
hemp concrete must be used in combination with dael-
bearing steel, wood or concrete frame.

TABLE 4

RESULTS OF CUBE SPECIMEN COMPRESSIVE STRENGTH

Mark Mix Average compressive

strength, MPa

P250 S1 0.16

P400 S2 0.55

P600 S3 1.17
P400+300 S4 1.16

B250 S1 0.18

B400 S2 0.74

B600 S3 0.89
B400+300 S4 0.69

D.Thermal Insulation

Thermal conductivity has been tested for threeedififit
mixtures, and its values ranging from 0.160 to 9.22/mK
are shown in Table 5.

The data from Table 4 show that there are no saamf
differences between thermal conductivity of Puriand

Bialobrezskie plate samples as valu®f P S2 being 0,127

W/mK only slightly differs from B S2,. = 0,121 W/mK.
Thermal conductivity of the obtained specimensetidy than

IV.CONCLUSIONS

Non-renewable resources are consumed much fasier th

nature can create them; therefore, there is a sidgef®r
renewable and recyclable materials, which can tiead after
their life cycle. Hemp as one of annual renewalblerces is
suitable for the use in a wide range of producthsas paper,
textiles, biodegradable plastics, etc.

Hemp concrete, which consists of a lime-based bjnde
shives and water, is a perspective building mdterithe EU.
This is a multi-functional, sustainable, lightweighself-
bearing material with a good thermal insulationazdty. The
use of hemp in hemp concrete could create a mablevi
market for hemp products in Latvia.

Proposed compositions of hemp concrete from twoveus
hemp grown in Latvia and
mechanical properties similar to those of contermapohemp
concrete and can be used in combination with |ceatihg
frames to build wall structures without the usagadditional
thermal insulation materials. However, future reskeacould
focus on the use of additives, which could incredise
mechanical durability of the hemp concrete.

ACKNOWLEDGEMENTS

This research has been supported by the Europeaal So
Fund within the project “Support for the Implemdita of
Doctoral Studies at Riga Technical University”. Taeathors

that of such building materials as wood-fibre ate;re grateful to the staff of the Institute of Madés and

(0,15W/mK) or wood particle boards (0,14 W/mK) dfet
same density (Table 6).

46

Structures, Faculty of Civil Engineering, Riga Teitkal
University and Agricultural Science Centre of Ld&ga

lime-based binders show



Scientific Journal of Riga Technical University
Material Science. Textile and Clothing Technology

2011
Volume 6

REFERENCES

Klavin§ M., Zdoksnis JVide un ilgtspejiga attistiba. |1 szj.Riga: LU
Akademiskais apads, 2010, 334 Ipp. ISBN 978-9984-45-220-3.
Mihelcic R. J., Zimmerman B. J. Environmentahgineering:
Fundamentals, Sustainability, Design.Hoboken, NJ : Wiley, 2010. 695p.
ISBN-13 978-0-470-16505-8.

KurSe M., KurSe P., Althauss D., Gattsil. Ekologiska bivnieciba.Riga

: Arkadija : Preses nams, 1995, 398 Ipp. ISBN 9984-008.14
Thomsen Belinda A., Rasmussen S., Bohn V., Niels&d K.,
Thygesen A.: Hemp raw materials: The effect ofealtj growth
conditions and pretreatment of the chemical contiposi of the fibres
[Online]. Available:http://130.226.56.153/rispubl®biopdf/ris-r-
1507.pdf. [Accessed June 9, 2011].

Bruijn P.: Hemp Concretes: Mechanical Propertieésiguboth Shives
and Fibres Licentiate Thesis [Online]. Availablédttp://diss-
epsilon.slu.se:8080/archive/00001913/01/Lic_kappai.pdf.
[Accessed June 4, 2011].

Thygesen A.: Properties of hemp fibre polymer cosites — An
optimisation of fibre properties using novel defiton methods and
fibre characterisation [Online].
Available:http://130.226.56.153/rispubl/bio/biopif/phd-11.pdf.
[Accessed May 25, 2011].

Bevan R., Woolley T..CONSTRUCTING A LOW ENERGY HOHS
FROM HEMPCRETE AND OTHER NATURAL MATERIALS:
NOCMAT 2009 - The 11th International Conference ®ion-
conventional Materials and Technologies, 6-9 Sep&mOnline].

(1]
(2]

(3]
(4]

(5]

6l

(7]

Available:
http://opus.bath.ac.uk/16170/1/papers/Paper%20d2Ppcessed May
25, 2011].

[8] Ronchetti P.: The Barriers to the Mainstreaming Lohe-hemp: a
Systemic Approach [Online]. Available:

www.visionecondivisa.it/.../MSc_dissertation_on_éihemp_
_Paolo_Ronchetti.pdf. [Accessed June 3, 2011].

Lhoist Group:Understanding Lime [Online].
Availablehttp://www.lhoist.co.uk/tradical/understanding-lirnenl.
[Accessed May 25, 2011].

19

[10] BRE:Hemp Houses at Haverhill
Available:
http://projects.bre.co.uk/hemphomes/HempHousesatthdlfinal.pdf.
[Accessed May 15, 2011]

[11] Stramkale V. Studiju un zitnes administcijas projekta Nr. 10.0040
parskats par 2010. gadu. |lda

[12] Kukle S., Skrupskis V., SpulleU. : Cannabis satia [Online].
Available:http://www.bra.lv/images/editor/file/akilitates/kanepju_aud
zesana_buvmaterialu_razosana.pdf. [Accessed Ma3023].

: Hemp Houses Proj@nline].

Anete Stikute, Mg. sc. ing. (2011, RTU), Assistant,

Riga Technical University, Institute of Textile Matals Technologies and
Design.

Field of research: renewable materials and eccdbdiailding materials.
Address: Azenes Str. 18, LV — 1048, Riga, Latvia.

Phone: + 371 28730097, e — mail: anete.stikute@rtu.

Silvija Kukle , Dr. hab. sc. ing. (1993, RTU), Professor,

Riga Technical University, Institute of Textile Matals Technologies and
Design.

Field of research: Design Theory & Practice; Markdaterial & Processes
Research Plan Designing, Organization, Methods afaCProcessing and
Interpretation; Nanotechnologies.

Address: Azenes Str. 18, LV — 1048, Riga, Latvia.

Phone: + 371 67089816, e — mail: skukle@Iatnet.lv

Genadijs Shakhmenkg Dr. sc. ing. (2004, RTU), Leading Researcher,
Riga Technical University, Institute of MaterialscaStructures.

Field of research: concrete technology, ecolodicglding materials, reuse of
industrial waste.

Address: Azenes Str. 16, LV — 1048, Riga, Latvia.

Phone: + 371 67089070, e — mail: gs@apollo.lv

Anete Stikute, Silvija Kukle, Geradijs Sahmenko. Ekolgiski materiali karkasa bavem

Majoklis ir viena no cileka pamatvajadbam, kas sevietver milzums mateiiu un enegijas resursu, tal misdiersis vajadzba fEc resursiem ir daudz ligta,
neka tie sigj atjaunoties, apec iesggjami efekivak jaizmanto eso3ie Bjumi un/vai fmekE jauni risirsjumi no atjaunojamiem resursiem. Smbpar vienu no
nozZmigakajiem risirajumiem vides prol@imu risiraSara tiek uzskats atjaunojamo lauksaimnigas kultiru (linu, kayepju, salmu utt.) kizejvielu izmantoSana
buvnieabas noza, veicinot ekolg@iskas un ilgtspiigas livniedbas afistbu. Latvijas apakliem pientgrots risirajums vagtu bit atjaunojamojatri augoso
kanepaju lietoSana biodegraghmu un ilgtspjigu materilu izstrade, piem., kompozmaterilos no kaepju spéiem un saistviam. Kanepju spiu izmantoSana
kanepju betoa varetu palielirit komercilo noieta tirgu kaepju tazes izejviedm Latvija, tapec darba rarkis bija noteikt optinalo saistvielu maigumu attieg¢bu
mehaniski iztuigam matedlam. Rezulita iegits viegls Wivmaterils, ko var izmantotékas ki konstrukivu siltumizoEjoSu sienu matediu vai ka
siltumizokcijas mateddlu. Rapniecisku prototipu veidoSanai gaél mepiecieSams veikt virknigtijumu stabilas un progngamas strukiras veidoSanai,&af
informatvus paskumus, lai pieiditu, ka &ida veida mateili ir pieméroti masu klimatiskajiem apakliem.

Amnere Ctuxyre, CuiBust Kykuie, I'enaanii Illaxmenko. Jkoornyeckne MaTepHaJibl 151 KAPKACHBIX 31aHUM

JKunviue sBIseTCS OJHUM U3 OCHOBHBIX NOTPEOHOCTEH YeI0BEKa, OHO BKIIOYAET B CeOs LEIBIiA psiJi MaTepHaIbHBIX M SHEPreTHUECKUX pecypcoB. K coxanenuro,
cerofHs MOTPeOHOCTh B pecypcax HAMHOTO OOINbIie, YeM OHM MOTYT PEreHepHpOBaThCs, MOITOMY HE0OXoAMMOo Hambomee 3(P(EeKTHBHO HCHOIB30BATH
CYILECTBYIOLINE 3arachl MM HCKaTh HOBbIE PELICHHs Ha OCHOBE BO30OHOBIISIEMBIX PECYpCoB. B HacTosIee BpeMs OHUM U3 PELICHHH YKOJIOrHYECKHX MPosIeM
CUHUTAETCS MCHOJb30BAHUE BO30OHOBIISIEMBIX CEIBCKOXO3SMCTBEHHBIX KyJIbTYp (JI€H, KOHOIUIA, COJIOMa M T.J1.) B KauyecTBE ChIPbs I HPOU3BOJCTBA
CTPOMTEBHBIX MaTepuaaoB. TakuMm 00pa3soM MOXKHO COACHCTBOBATH PAa3BUTHIO KONOTMYECKOrO CTPOMTEIBCTBA. B JAaTBUHCKMX YCIOBMSX MOIXOISIIMM
peleHremM Morno Obl ObITh HCMONB30BAHUE BO30OHOBIAEMOM, OBICTPO PAcTyIIEH KOHOIIIM B CO3JAQHMH OHOZErpaaupyeMblX M YCTOWYMBHX IKOJOTHYHBIX
MarepuaioB. HanakiBaHue NpOU3BOACTBA KOMIIO3UTOB Ha OCHOBE KOCTPhI KOHOILIH M BSKYIMX MOIJIO OBl PacIIMPUTh PIHOK COBITA CHIPbS MHIYCTPHAIBHOM
koHoru B JlatBun. 1lenbro paGoOTHl SBIISIETCS ONpEJENCEHUE ONTUMAIBHOTO COOTHOIIEHMS KOMIIOHEHTOB CMECH ISl CO3JAaHUS MEXaHWYECKH IPOYHOro
Matepuana. B pe3ynbTare mosiyyeH JIerkuil CTPOUTENbHBIN MaTepHall, KOTOPBI MOXKHO MCIHOJIB30BaTh B 3aHMAX B KAQ4€CTBE TEILIOM3OJISLMOHHOIO, a TaK ke
KOHCTPYKTHBHO TEIUIOW30JILIMOHHOTO Martepuana i cTeH. [l pa3paboTKy NPOMBINIIEHHOTO MPOTOTHUIIA HEOOXOAMMO IIPOBECTH PsiJi MUCCIENOBAaHMIT IO
CO3/IaHUIO CTAOMIIBHOI U MPECKa3yeMOii CTPYKTYPBI, a TakxkKe MPOBECTH MH(HOPMALMOHHO-TIPOCBETUTEBCKYIO IEATEIIEHOCTE, YTOObI 10Ka3aTh, YTO TaKOro Poja
MaTepuabl MOAXOAT Ul HAIEero KiuMara.
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