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PREFABRICATED LOAD BEARING WALL PANELS —
EFFECTIVE TECHNOLOGIES FOR EARTH STRUCTURES

Summary

The paper outlines first results and experienceisifig prefabricated load bearing wall
panels with wooden frame and rammed earth core.aliheof the project was to verify
possibilities of manufacturing prefabricated eatituctures and their behaviour leading to
higher efficiency of using earth as a modern buogdinaterial.

They are no practical experience in the branchsaiguicontemporary pre-formed or
prefabricated earthen structures in the Czech tiondi To date, prefabrication has been
used by only a very small number of examples. Redliforeign pilot projects used
prefabricated earthen structures [1], [2], [3] sHamge potential and number of benefits.

Keywords: Sustainable building, renewable building materiaésth structures, rammed
earth, timber structures, prefabrication

1 Introduction

This pilot project is achieved in cooperation wttte member of CIDEAS “Centre of
Integrated DEsign of Advanced Structures” — Comgtom Company Alterstav Ltd. The
technological process will be verified within thenstruction of a private family house in
the village Kozmice near Prague (architect J. Makogtudio A91). The building has been
designed as a timber structure with load bearimipér columns. Two parallel diaphragm
interior walls are creating cavity for distributiai heating air and are also creating heat
accumulator and are designed as pre-formed wa#lpamth wooden frame and rammed
earth core.

The fabric of the family house was built in NovemB806 Fig. 1), wooden frame
of prefabricated wall panels was ready in Novemd@®d7, laboratory tests of earthen
material were made in March/April 2007 and rammafgearthen core started in May
2007.
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Fig. 1 Timber structure of the family house in Kozmice/@D6). Two parallel diaphragm interior
walls creating cavity for distribution of heating @ill be built from prefabricated wall panels

2 Environmental aspects of earth structures

Advantages of using earth as a building materlfaam the environmental point of view
especially: (i) use of renewable sources, (ii) abenaterial with low value of embodied
energy, embodied CQand embodied SO (iii) use of recycled and easily recyclable
material, (iv) use of local sources.

Typically utilization of soil for structural mateds is production of various types of
unburned bricks (adobe, stabilized blocks...) omitn rammed earth structures. These
means of technology are demanding on man powestremion time and technological
discipline.

Prefabrication as one of basic structural pringpté sustainable building could
potentially allow (i) minimizing of on-site constition time, (i) decreasing of
technological faults and (iii) decreasing of negaimpacts of site works on environment.

3 Methodological and conceptual approach

In comparison with most conventional usage of &milbuilding structures prefabricated
elements offer a number of advantages for eartictsires:
stable source of basic components for the mixthed; constant properties and
possibility to use one prescription,
higher quality-factor and decreasing of technolaglks on the building site,
prefabrication of panels or other elements in efison time,
better condition for earth manufacturing includeact batching of basic components,
admixtures, stabilizers and batching water,
sufficient ageing time for shrinkage restriction.

The project is focused on the following key issues:
structural design of the panel according to stmattanalysis in various cases,
design of the basic mixture and of admixtures &othen core,
production process assessment — verification ofetlenological process of
prefabricated wall panels, impact of the transparthe quality, possibilities of
building-site handling,
in-situ tests — long term monitoring of drying ceref earthen core of panels placed in
the structure in correlation with air humidity,
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laboratory tests — behaviour of the prefabricatadl panels under stress cycles, strain
curve and its distribution between earthen corevamalden frame, transverse voltage
determining on diagonal bracing of wall panel.

4 Structural design of the panels

Prefabricated wall panelFig. 2) of the size 2400x910x150 mm has been designed
according to floor high and modulus of interiordoaearing wall. Structural joints of the
wooden frame are made with steel binder BOVA amdjainal bracing is created with steel
threaded pipe. Diagonal bracing is also used foredsing of shrinkage impact between
wooden frame and earthen core and also for prai@asfer into earthen core for better
behaviour during transportation of the element.
Structural analysis of the prefabricated wall pamas been performed according to

following load cases:

production case — ramming of earthen core is pexdrinto sliding form placed around

the wooden frame without upper frame cross beamgd@ial steel bracing is carrying

the loads of transverse voltage of earth ramming,

transportation case - proportioning of the lowanfe cross beam bearing self-weight of

earthen core, designing of structural joint lowanie cross beam-vertical post and

designing of transport fixtures in the upper pamvooden vertical posts,

structural case — load bearing prefabricated wallgbis placed in the structure and is

carrying all steady and imposed loads. Transversgidn caused by load distribution in

the earthen core is determined by calculations uackng soil.

Fig. 2 Wooden frame of the prefabricated wall panel anecstral details.

5 Experimental part of the project
5.1 Design of the basic mixture

The samples of basic components for the mixtureeviegken from 3 locations near to the
manufactory in Vysoké Myto: sand pit S\, sand pit Bskovice, brickworks Hraluk
Vysoké Myto. Grain size distribution curve has begetermined for each sample
according to SN 72 1017 , Determination of grain size distrilouati of soils for
geotechnical purposes”. The final mixture for eantltore was created by 75 % sand from
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sand pit Bskovice + 25 % clay from brickworks Hralk (Fig. 3). This ratio of basic
components accords with recommended grain sizeldison curve as per [4] a [5].
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Fig. 3 Grain size distribution curves for basic compongimisbasic mixture (75 % of sand from
sand pit Bskovice + 25 % clay from brickworks Hralk) and its comparison with recommended
mixtures according to [4] a [5].

5.2 Design of admixtures

Final decision of stabilizers and admixtures hagnbenade according to results of
preliminary tests of compressive strength. Handmnaoh test specimens of the size
100x100%100 mm have been produced in steel formanious means of stabilization: (i)
without admixture, (i) 5% of lime CS, (iii)) 5 %faement 32,5R Ill/A, (iv) 5% of
hydraulic binder MULTIBAT. Compressive strength asiétic modulus of elasticity in
compression were undertaken in accordance wittCitexh standardsSN EN 12390-3
.1esting hardened concrete — Part 3: Compressivength of test specimens” and
SN ISO 6784 ,Concrete — Determination of static oiod of elasticity in compression”.

Tab. 1 Compressive strength and static modulus of elagfiticompression of test specimens

Stabilization Size Production Time of ripening
density |7 days 14 days 28 days
Density Compressive | Static modulus Density Compressive | Static modulus Density Compressive | Static modulus
strength of elasticity strength of elasticity strength of elasticity
dxlIxh v 7 fe,7 E7 14 fo 14 Ec 14 28 fe.28 Ec 28
[mm] [kg/m?] [kg/m?] [N/mm?] [N/mm?] [kg/m?] [N/mm?] [N/mm?] [kg/m’] [N/mm?] [N/mm?]

vithout admixture 2364 2164 3,36 10358 2122 2,61 107,63 2044 423 131,22
5% lime CS

100 x 100 2276 1994 1,10 36,07 2079 0,73 35,22 1986 1,95 55,03
5% t 32,5R x 100
”VDAcemen 2236 2098 3,61 100,35 2044 2,54 81,17 2053 4,58 105,83
5% hydraulic bind
g Bt 2219 2003 3,32 83,41 2080 2,96 103,58 2043 472 111,42

The laboratory tests have been made for each nfestatwlization after 7, 14 and 28 days

of ripening. Each series of testing elements caethi3 specimens. Considering the results
of compressive strengthTdb. 1, Fig. 4) hydraulic binder Multibat was used as an

admixture to increase static parameters of eart. co
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Compressive strength
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Fig. 4 Production of prefabricated wall panel
5.3 Production of prefabricated wall panel

First prefabricated wall panel with wooden framel @arthen core was produced in May
2007 fFig. 5. Two approaches to ramming of the earth core Hsen used: (i) hand
ramming, (i) machine rammind-(g. 6). Simple wooden boards of the width 300 mm and
fixed with hand screw have been used as a sliding.fRamming of the earthen core has
been performed in layers of the height 50-70 mm.

Fig. 5 Production of prefabricated wall panel

Fig. 6 Hand ramming with wooden rammer and technologiqalgment for machine ramming
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Wooden rammer has been used for simple hand ramriimg quality of hand made
ramming was sufficient but working efficiency wastrso high and insufficient for large
scale manufacturing. Technological equipment caitgi pneumatic rammer and electric
air pump was used for machine ramming. Workingcedficy and quality of structure has
been increased. Also lower water content towardsvter shrinkage during ripening.

6 Conclusions

This project represents one of possible approathesustainable building using earth
structures as a modern technology. The main besefibt only in using earth as a natural
and easy recyclable material but also in usinggtmation as an efficient technology
decreasing negative impact of building on environine
Combination of high efficient technologies on orantt and natural “low-tech” and

“low-cost” materials on the other hand allows atlion of specific properties of each of
them. From the global point of view the researchthia branch of earth structures is
important for development of civil engineering ireveloping countries where those
technologies are still traditional parts of contemgpy building culture.

This outcome has been achieved with the financippart of the Ministry of Education,
Youth and Sports, project No. 1IM0579, within atigi of the CIDEAS research centre.
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