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ABSTRACT  
 
The growing concern about environmental issues connected to architecture, engineering, and 
construction (AEC) sector has given a boost to building practices driven by the use of earth-based 
materials. As it is well known, earth-based materials show great environmental advantages compared 
to other contemporary materials (wide availability, low embodied energy), promising material 
properties and outstanding aesthetic performances. 
One of the main limitations of earth materials is their brittle behavior when subjected to tensile 
stresses. This issue becomes important when earth buildings are located in seismic areas where they 
inevitably experience bending and shear in the walls.  
In order to make earth construction seismic resistant, timber and natural based reinforcements (as 
reeds and natural ropes) have been used both in traditional and contemporary practices to promote 
box-like behaviour and enhancing the flexural strength of earth buildings.  
This contribution reports a review of the main natural and timber-based reinforcement systems used 
for contemporary raw earth construction, with a focus on rammed earth structures. Moreover, it 
presents the results of the design of an innovative reinforced and modular rammed earth constructive 
system made with natural or recycled materials, developing a technology with low energy 
consumption and low environmental impact, specifically designed for areas with high seismic risk. 
The main thermal and mechanical performances of the system are briefly depicted. 
 
Keywords: Earth-based construction, rammed earth, bio-based reinforcements.  
 
 
 
 
1 INTRODUCTION  
 
In line with international and European directives [1, 2], the construction sector today must respond 
to a series of new demands, being the most pressing those concerning the reduction of available 
resources, the containment of energy consumption and the abatement of CO2 emissions. Construction 
based on the use of natural building materials have attracted international attention in response to the 
current energy crisis and the deterioration of natural resources due to their availability, lack of 
toxicity, recyclability, low energy incorporated in the manufacturing/production phase and good 
hygrothermal and acoustic performances. 
In the context of new construction, solid rammed earth building systems (also in combination with 
reinforcing framed structures) have undoubted environmental benefits and high thermal 
performances in temperate climates characterized by a large thermal oscillation between day and 
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night. The high thermal mass, and therefore the inertia of these building envelopes, stabilizes and 
balances the internal temperatures and humidity of the buildings, ensuring internal comfort 
conditions [3, 4]. In addition, rammed earth envelopes have high fire resistance and excellent acoustic 
characteristics.  
Massive rammed earth walls represent nonetheless a problem when it comes to their seismic 
behavior. Indeed, the greater is the mass of walls, the higher are the induced seismic forces; this issue 
is moreover worsened by the weak rammed earth response under compression forces, and the very 
low tensile strength, with a mechanical performance which is significantly influenced by 
hygrothermal conditions [5]. This issue can be partially solved by the addition of fibers in the rammed 
earth mixes, which creates a three-dimensional mesh which can enhance the tensile properties of the 
mixes while creating a ductile behavior of the walls [6]. 
Still, rammed earth buildings are very vulnerable to earthquake excitations. Widely observed failure 
modes in previous earthquakes include brittle failures such as falling over due to out of plane actions, 
cracks at edges and also at loading points where the load of the roof is transferred to the wall, losing 
connectivity due to weak connections and propagation of cracks due to close distance between 
openings and corners [7]. Several seismic resistant devices are proposed in the literature to mitigate 
vulnerability conditions of earthen structures; specifically, the repair of cracks with injection of 
compatible grouts [8], strengthening of walls with wooden, canes or other bio-bases reinforcing 
elements [9], addition of top and intermediate ring beams [10], and strengthening with surface mesh 
rope reinforcement [11] and textile reinforced mortars [12].  
The following contribute aims at reviewing the main strategies adopted to enhance the seismic 
resistance of raw earth, and in particular, rammed earth constructions, by describing the main 
reinforcement adopted, with a focus on bio-based reinforcements. Moreover, this paper presents the 
result of a prototyping procedure for a novel type of reinforced and modular rammed earth 
construction made with natural, low-cost or recycled materials with low energy consumption and 
low environmental impact, specifically designed for areas with a high seismic risk, whose main 
thermal and mechanical performances are depicted. 
 
2 BIO-BASED REINFORCED RAMMED EARTH CONSTRUCTION 
 
The bibliographic research on historical and contemporary raw earth constructive technologies was 
based on scientific publications, traditional construction manuals, commercial technologies, 
standardized and patented construction systems. The objective of this analysis was to identify the 
best performing reinforcement systems for rammed earth walls. 
Raw earth and rammed earth walls are usually combined with high-tensile strength functional 
elements that improve their seismic-resistant behavior (timber frames, reeds, natural and non-natural 
fibers nets and ropes, etc.). The analysis, which is resumed in the following table 1, shows a series 
of information concerning the studied technologies: 
● the name, the geographic location and the indication of when the system was adopted; 
● the constructive process used (in situ, prefabricated or partially prefabricated); 
●   the loadbearing structure (type of walling structure, type and position of reinforcing elements); 
● type of floors; 
● anti-seismic devices adopted, if any; 
● thermal improvements adopted, if any; 
● connection details, if detailed. 
As far as contemporary construction is concerned, most technologically advanced countries (Europe, 
North America and Oceania) offer rather homogeneous technological solutions for raw and rammed 
earth construction, with the use of vertical steel reinforcement for the walls, connected to a top and 
a bottom concrete beam. Some exceptions are given by the use of timber reinforcement [18]. These 
reinforcements guarantee a seismic-resistant behavior.  
Reinforced earthen construction techniques are present throughout developing areas as South 
America, as evidenced by the research and dissemination activities carried out by the PROTerra 
network: from the tabique/bahareque, to the Peruvian quincha, to the reinforcement systems for 
adobe and rammed earth masonries [13]. Concerning adobe and rammed earth walls, reinforcement 
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can be internal or external to the wall thickness, with numerous variations that have been refined 
over time. 
 

Table 1. Different rammed earth reinforced constructive system 

NAME & REF. PROCESS SCHEME 

CONSTRUCTİVE SYSTEM FEATURES 

LOADBEARİNG 
STRUCTURE FLOOR ANTİ-SEİSMİC DEVİCES 

THERMAL 
İMPROVEM

ENT 

CONNECTİON 
DETAİLS 

CODED SYSTEMS 

Reinforced 
RE wall  
[14] 

On site 

 Cement stabilized RE 
wall with vertical 
steel rebars in weakest 
points. Rebars are 
connected to the 
footing and to upper 
bond beam (concrete 
or timber). Horizontal 
brackets or geogrid 
nets each RE layer.  

Concret
e slab 

Steel rebars 
connecting the wall to 
lower (footing) and 
upper (bond beam) 
reinforcement. 
Horizontal brackets or 
geogrid to confine the 
RE wall. Corner 
reinforcement by 
rods. Eventually 
concrete columns 
each wall ends. 

- - 

Nylon rope 
reinforced 
RE wall 
[11, 15] 

On site 

 
RE wall built with 45° 
inclined joints 
between one block 
and the other (min 
height 60, maximum 
length 1.50 m). 
Surface rope 
reinforcement. 

Timber 
floor 

Earth wall is confined 
by a tensioned rope 
mesh. Vertical and 
horizontal ropes are 
installed by rope cross 
connectors. The 
timber ring beam and 
the footing are 
connected to the 
vertical ropes.  

Straw is 
added to 
the 
mixture. 

Rope links are 
made by knots, 
tensioning of 
ropes is made 
by the eight-
knot. More 
horizontal rope 
on the upper 
part of the 
wall. 

PATENTED SYSTEMS 

E-logic Wall 
[16] On site 

 
Structural wall with a 
exogenous structure 
to its longitudinal axis 
to enable its interior 
filling on site. 

Timber 
floor 

Loadbearing wooden 
frames, diagonal 
surface reinforcement 
system on both sides. 

The earth 
filling is 
mixed by 
wood chips 
and 
polystyren
e. 

Nailed. 

SIREwall 
[17] On site 

 
Cavity RE load-
bearing wall, 
stabilized with 
cement. Concrete 
footing. Diffuse steel 
rebar reinforcement in 
the RE wythes. 

Concret
e slab or 
steel 
framing 

Horizontal brackets 
between the two 
rammed earth wythes, 
connection between 
vertical steel rebar 
reinforcement and 
ring beams. 

In the core 
is included 
an EPS 
thermal 
insulation. 

Vertical rebars 
go from the 
footing to the 
ring beam. 

S_LOW 
[18] 

Prefabricat
ion of 
wood 
members, 
RE built 
on site 

 Mixed timber and RE 
wall to be realized in 
situ with a system of 
removable 
formworks, anchored 
to vertical guides. The 
RE is compacted in 
continuity with the 
timber structure. 

Timber 
flooring 

While on the interior 
side a timber panel is 
maintained, the outer 
RE façade is left 
unreinforced. 

- - 

COMMERCIAL AND STUDIED SYSTEMS 

North 
America 
reinforced 
RE [19] 

On site 

 Continuous Rammed 
earth walls stabilized 
(usually with cement, 
percentages between 
8 and 10%), with 
embedded vertical 
and horizontal steel 
reinforcement. 

Concret
e slab. 

Concrete beam at the 
base and at the top of 
the wall, connected by 
vertical steel 
reinforcements. 

- - 



Kerpic’22 – Re-Thinking Earthen Architecture for Sustainable Development 
9th International Conference  
İstanbul Turkey, 30 June –3 July / 2022 
 

 

NAME & REF. PROCESS SCHEME 

CONSTRUCTİVE SYSTEM FEATURES 

LOADBEARİNG 
STRUCTURE FLOOR ANTİ-SEİSMİC DEVİCES 

THERMAL 
İMPROVEM

ENT 

CONNECTİON 
DETAİLS 

COMMERCIAL AND STUDIED SYSTEMS 
RE 
reinforced 
with bamboo 
columns or 
wood 
members 
[20] 

On site 

 Rammed earth made 
in situ with internal 
diffuse bamboo 
reinforcement 
arranged according to 
a vertical/horizontal 
mesh 

- 

The vertical bamboo 
reinforcements 
connect the concrete 
base and foundation 
to the upper ring beam 
(also in concrete) 

- - 

Prefabricated 
RE [21] 

Prefabricat
ed RE 
panel, 
assembled 
on site 

 
Prefab unstabilized 
RE panel are installed 
by use of earth mortar. 
Usually a concrete or 
steel structure is 
coupled to RE wall. 

Concret
e slab, 
steel 
framing. 

In seismic areas, 
longitudinal and 
vertical reinforcement 
steel bars are used, 
which are in special 
grooves made at the 
upper edge of the 
panels. 

Gravel 
cellular 
glass 
insulation 
has been 
used 

By means of 
steel bars that 
connect the RE 
panels to the 
loadbearing 
skeleton 

RE panel 
reinforced 
with bamboo 
[22] 

On site 

 
RE with improved 
stability (T-shaped 
compacted elements, 
14-30 cm thick) and 
reinforced with 4 
vertical bamboo rods 
inserted in the wall (2-
3 cm diameters). 

Timber 
flooring 

Vertical connections 
through bamboo 
elements anchored to 
the lower and upper 
bamboo ring beam 
(embedded in the 
masonry base). 

- 

A joint 
between RE 
panels allow 
them to move 
independently 
during an 
earthquake. 
The roof does 
not rest on the 
wall. 

Prefabricated 
Wooden-
framed panel 
[23] 

Prefabricat
ed wooden 
panels, 
earth infill 
on site 

 
Timber skeleton, 10 x 
10 cm columns each 
60 cm, fixed to a base 
board of 18 x 6 cm. 
Secondary structure 
with 4 x 6 cm 
stiffening diagonals 
screwed to the main 
elements. 

Timber, 
earth 
infill. 

- 

Local soil 
mixed with 
wood chips 
(plastic 
mixture). 
Additional 
Cork 
insulation 
panel. 

- 

RE 
reinforced 
with timber 
posts [24] 

In situ 

 

RE walls with outer 
timber post 
reinforcement and 
wooden ring beam. 

Timber 
or canes 
flooring. 

Timber post 
reinforcement must 
be connected to the 
wooden ring beam. 

Straw is 
used in the 
mixtures. 

This research 
showed poor 
connection 
details (use of 
iron wire). 

CET wall:  
Rammed 
earth (GF), 
wood 
framing (FF)  
[25] 

RE on site 
(GF), 
Prefabricat
ed wooden 
panels, 
earth 
plastering 
on site 
(FF) 

 Loadbearing 30 cm- 
thick RE wall (GF). 
Sometimes there is an 
interior wood 
reinforcement in the 
walls. Lightweight 
loam and wattle and 
daub, 15 cm thick 
(FF). 

Timber, 
hemidia
phragm 
mezzani
ne 

Walls are L, Y, T 
shaped to provide 
better stability. 
Timber top ring beam. 

- - 

Legend: GF=Ground Floor, FF=First Floor, RE=Rammed Earth 
 
3 DESIGN AND PRELIMINARY PERFORMANCES ASSESSMENT OF AN INNOVATIVE 
RAMMED EARTH CONSTRUCTIVE SYSTEM 
 
3.1 Design 
Prototyping and validation procedures were used for designing the reinforced and modular rammed 
earth constructive technique and building process. Particularly, the first design of the constructive 
system was carried out at the Centro Tierra of the Pontificia Universidad Católica de Peru, the main 
formulator of the Standard E 080 - Diseño y construcción con tierra reforzada [11].  
According to this standard, the construction system must use at least a solid 40 cm thick rammed 
earth wall and the building characteristics (wall’s height, spacings between loadbearing elements, 
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voids width) must respect specific geometric features [11]; finally, the rammed earth walls must 
present a reinforcement system composed by an exterior rope mesh reinforcement with vertical and 
horizontal tensioned ropes, blocked by rope cross connectors, and a top timber ring beam composed 
of two longitudinal members and several cross connectors, which must be firmly connected to the 
reinforcing system of the walls. Use of other types of reinforcements, as entire canes, timber posts, 
woven vegetable fiber branches and natural ropes braided into external orthogonal meshes is also 
encouraged. 
The solution investigated, developed together with the local industrial partner Guglielmino Soc. 
Coop. and currently filed for a patent application [26], consists of a construction system composed 
of rammed earth walls to be built, on-site, with new mixtures of clayey soil and recycled materials 
from other production chains (natural fibers and filler material), reinforced with seismic-resistant 
devices consisting of a timber reinforcement framing and nylon/polyester rope ties. According to this 
system, the earthen masonry responds mainly to vertical loads, while the vertical timber elements 
absorb the bending and shear stresses caused by any earthquakes, increasing the inertia of the cross-
section. Moreover, an auxiliary horizontal surface reinforcement made by ropes was adopted to 
prevent from out of plane mechanisms. Finally, the top and bottom timber ring beam guarantee the 
box-behavior of the buildings. Figure 1 shows a three-dimensional view of the adopted reinforcing 
system (on the left) and the prototype wall for the validation of the constructive process (on the right). 
This invention envisages the development of a formwork system integrated with the timber stiffening 
frame, capable of guaranteeing rapid, low-cost and partially prefabricated installation. The timber 
frame has a dual function: it is a support element for the formwork during the construction phase, 
and it acts as a reinforcement structure for the walls in the event of an earthquake. The system is 
partly manufactured in the factory (with a controlled supply chain in relation to the shape and size of 
the timber components, constituent mixtures, jointing systems, etc.), and then it is assembled on-site 
to guarantee the control of the quality of the product, of the process and, therefore, the expected 
performance response. 
 

 

Figure 1. Three-dimensional reconstruction of the reinforcement system (on the left) and prototype 
wall for the validation of the constructive process (on the right). 
 
3.2 Expected mechanical and thermal performances 
 
The good mechanical performance of the designed rammed earth reinforced constructive system was 
deduced from several full-scale tests made on rammed earth building models at the Pontificia 
Universidad Católica de Peru. In particular, the effectiveness of the timber reinforcement system has 
been proved by the tests realized in [27]: with this kind of reinforcement, the walls can withstand 
bending moments at least three times higher than the unreinforced walls [28]. As highlighted by the 
authors, one of the advantages of placing the reinforcement in the walls by connecting it to the wall 
joints and the foundation is that it allows a greater rigidity to the roof beams, therefore ensuring that 
the roof behaves as a semi-rigid element and the floor beams as edges horizontal braces. Another 
advantage of including a reinforcement to the walls, timber or otherwise, is that if the walls fail 
during a severe or rare earthquake, failure is not due to slippage in the joints but rather to diagonal 
traction. The effectiveness of rope reinforcement in earthen buildings has been extensively confirmed 
with further investigations [29] and by real observations during Lampa’s earthquake of 2016 [30], 
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proving that it maintained structural integrity and stability and prevented the partial collapse of wall 
portions during the motion. 
The research group have assessed the expected mechanical performance of the designed rammed 
earth technology by means of finite element modelling on MIDAS FEA NX software. In particular, 
the calibration of the model has been done on the base of previously realized experimental tests on 
rammed earth walls [30]. Non-linear analyses were carried out on rammed earth panels using 
constitutive laws that allow to reproduce the cracking phenomenon implemented within Smeared 
Crack and Damage Crack Plasticity model [31], opportunely tuned to model the brittle behavior of 
unreinforced rammed earth material.  
A detailed description of the non-linear analysis will be given in a future contribution. Here we will 
just mention the results of the modelling of a building element consisting of a rammed earth panel of 
dimensions 2.70 x 1.60 x 0.40 m reinforced with six timber posts of dimensions 2.70 x 0.10 x 0.05 
m, subjected to a vertical pressure, kept constant during the analysis, equal to 0,05 N/mm2 to simulate 
the presence of a hypothetical roof, to a displacement equal to 30 mm and to its own weight. The 
analysis showed that the horizontal force reaches the limit value and then undergoes an abrupt 
decrease in strength, therefore, the presence of the timber posts gives a certain ductility to the 
element. The mapping of the damage is distributed at the base of the panel and concentrated in the 
contact areas between the timber posts and the rammed earth walls, due to the presence of sliding 
and detachments between the elements. Further analysis will focus on the appropriate modelling of 
horizontal connections between the timber reinforcements and rammed earth, such as the assumed 
rope ties reinforcement system. 
The good thermal performance of the designed rammed earth technology was estimated on the base 
of dynamic thermal simulations on Design Builder software under free-running conditions, calibrated 
on the base of rammed earth material properties, with and without the use of bioclimatic strategies 
(mainly night cross ventilation and overhangs) and application of thermal insulations, in 
Mediterranean climates. Results concerning this analysis were reported elsewhere [9, 32]; here we 
will simply recall the main results of our analysis:  
● The use of a massive material as rammed earth for the envelope keeps the curve of inner surface 
temperature almost constant with respect to the curve of outer surface temperature, with low values 
of decrement factor (DF < 0.005) and satisfactory values of time lag (TL > 17 h);  
● Indoor mean air temperature profile for the best bioclimatic design option lies between 28.3 and 
31.27 °C in the analyzed period, with a significative reduction compared to the base model (not using 
bioclimatic strategies).  
● Combined bioclimatic strategies succeed in satisfying normal comfort expectations (using adaptive 
comfort model) for uninsulated rammed earth walls without use of HVAC systems in summer 
conditions, for more than 75% of the analyzed time; an additional reduction in discomfort hours of 
around 20% can be found by using exterior thin layers of bio-based thermal insulations (cork or flax 
shive boards) or lime-hemp thermal plaster. 
● Concerning energy needs for space cooling, the use of combined bioclimatic strategies energy 
demand for cooling by 35.5% with respect to the base case; a further decrease in energy needs for 
cooling by 25% can be found in the case of insulated options. 
 
4  CONCLUSIONS  
 
This contribution presented the results of a research aimed at designing an innovative constructive 
system in reinforced rammed earth characterized by low energy consumptions and specifically 
designed for high seismic risk territories.  
The specificity of the constructive system is substantiated in the strong ecological connotation, in the 
high performance in terms of resistance to seismic phenomena and in the low energy consumption 
resulting from the characteristics of the designed envelope. 
The building system proposed here inherits technical knowledge developed in highly seismic areas 
of our planet and integrates it with a logic which is strongly linked to the industrial production of 
natural-based building materials and to the optimization of the building process. 
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The mechanical, thermal and energy performances of the investigated system were evaluated by 
means of numerical simulations and calibrated on the basis of experimental analyses carried out on 
existing rammed earth walls and buildings. Concerning the mechanical performance, the system 
seems to provide a good response also thanks to the increase in ductility provided by the timber 
reinforcement system. However, the actual seismic response of the system remains to be verified 
also by carrying out tests on walls loaded in the plane and out of plane. Concerning thermal and 
energy aspects, the system seems to provide appropriate levels of comfort and low energy 
consumptions, especially in climates such as the Mediterranean one. Further developments will 
concern the quantification of the contribution of the moisture contained inside the rammed earth 
walls in the mitigation of thermal flows and consequently, in the reduction of energy consumptions. 
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	ABSTRACT
	The growing concern about environmental issues connected to architecture, engineering, and construction (AEC) sector has given a boost to building practices driven by the use of earth-based materials. As it is well known, earth-based materials show gr...
	One of the main limitations of earth materials is their brittle behavior when subjected to tensile stresses. This issue becomes important when earth buildings are located in seismic areas where they inevitably experience bending and shear in the walls.
	In order to make earth construction seismic resistant, timber and natural based reinforcements (as reeds and natural ropes) have been used both in traditional and contemporary practices to promote box-like behaviour and enhancing the flexural strength...
	This contribution reports a review of the main natural and timber-based reinforcement systems used for contemporary raw earth construction, with a focus on rammed earth structures. Moreover, it presents the results of the design of an innovative reinf...
	Keywords: Earth-based construction, rammed earth, bio-based reinforcements.
	1 INTRODUCTION
	In line with international and European directives [1, 2], the construction sector today must respond to a series of new demands, being the most pressing those concerning the reduction of available resources, the containment of energy consumption and ...
	In the context of new construction, solid rammed earth building systems (also in combination with reinforcing framed structures) have undoubted environmental benefits and high thermal performances in temperate climates characterized by a large thermal...
	Massive rammed earth walls represent nonetheless a problem when it comes to their seismic behavior. Indeed, the greater is the mass of walls, the higher are the induced seismic forces; this issue is moreover worsened by the weak rammed earth response ...
	Still, rammed earth buildings are very vulnerable to earthquake excitations. Widely observed failure modes in previous earthquakes include brittle failures such as falling over due to out of plane actions, cracks at edges and also at loading points wh...
	The following contribute aims at reviewing the main strategies adopted to enhance the seismic resistance of raw earth, and in particular, rammed earth constructions, by describing the main reinforcement adopted, with a focus on bio-based reinforcement...
	2 BIO-BASED REINFORCED RAMMED EARTH CONSTRUCTION
	The bibliographic research on historical and contemporary raw earth constructive technologies was based on scientific publications, traditional construction manuals, commercial technologies, standardized and patented construction systems. The objectiv...
	Raw earth and rammed earth walls are usually combined with high-tensile strength functional elements that improve their seismic-resistant behavior (timber frames, reeds, natural and non-natural fibers nets and ropes, etc.). The analysis, which is resu...
	● the name, the geographic location and the indication of when the system was adopted;
	● the constructive process used (in situ, prefabricated or partially prefabricated);
	●   the loadbearing structure (type of walling structure, type and position of reinforcing elements);
	● type of floors;
	● anti-seismic devices adopted, if any;
	● thermal improvements adopted, if any;
	● connection details, if detailed.
	As far as contemporary construction is concerned, most technologically advanced countries (Europe, North America and Oceania) offer rather homogeneous technological solutions for raw and rammed earth construction, with the use of vertical steel reinfo...
	Reinforced earthen construction techniques are present throughout developing areas as South America, as evidenced by the research and dissemination activities carried out by the PROTerra network: from the tabique/bahareque, to the Peruvian quincha, to...
	Table 1. Different rammed earth reinforced constructive system
	Legend: GF=Ground Floor, FF=First Floor, RE=Rammed Earth
	3 DESIGN AND PRELIMINARY PERFORMANCES ASSESSMENT OF AN INNOVATIVE RAMMED EARTH CONSTRUCTIVE SYSTEM
	3.1 Design
	Prototyping and validation procedures were used for designing the reinforced and modular rammed earth constructive technique and building process. Particularly, the first design of the constructive system was carried out at the Centro Tierra of the Po...
	According to this standard, the construction system must use at least a solid 40 cm thick rammed earth wall and the building characteristics (wall’s height, spacings between loadbearing elements, voids width) must respect specific geometric features [...
	The solution investigated, developed together with the local industrial partner Guglielmino Soc. Coop. and currently filed for a patent application [26], consists of a construction system composed of rammed earth walls to be built, on-site, with new m...
	This invention envisages the development of a formwork system integrated with the timber stiffening frame, capable of guaranteeing rapid, low-cost and partially prefabricated installation. The timber frame has a dual function: it is a support element ...
	Figure 1. Three-dimensional reconstruction of the reinforcement system (on the left) and prototype wall for the validation of the constructive process (on the right).
	3.2 Expected mechanical and thermal performances
	The good mechanical performance of the designed rammed earth reinforced constructive system was deduced from several full-scale tests made on rammed earth building models at the Pontificia Universidad Católica de Peru. In particular, the effectiveness...
	The research group have assessed the expected mechanical performance of the designed rammed earth technology by means of finite element modelling on MIDAS FEA NX software. In particular, the calibration of the model has been done on the base of previo...
	A detailed description of the non-linear analysis will be given in a future contribution. Here we will just mention the results of the modelling of a building element consisting of a rammed earth panel of dimensions 2.70 x 1.60 x 0.40 m reinforced wit...
	The good thermal performance of the designed rammed earth technology was estimated on the base of dynamic thermal simulations on Design Builder software under free-running conditions, calibrated on the base of rammed earth material properties, with an...
	● The use of a massive material as rammed earth for the envelope keeps the curve of inner surface temperature almost constant with respect to the curve of outer surface temperature, with low values of decrement factor (DF < 0.005) and satisfactory val...
	● Indoor mean air temperature profile for the best bioclimatic design option lies between 28.3 and 31.27  C in the analyzed period, with a significative reduction compared to the base model (not using bioclimatic strategies).
	● Combined bioclimatic strategies succeed in satisfying normal comfort expectations (using adaptive comfort model) for uninsulated rammed earth walls without use of HVAC systems in summer conditions, for more than 75% of the analyzed time; an addition...
	● Concerning energy needs for space cooling, the use of combined bioclimatic strategies energy demand for cooling by 35.5% with respect to the base case; a further decrease in energy needs for cooling by 25% can be found in the case of insulated options.
	4  CONCLUSIONS
	This contribution presented the results of a research aimed at designing an innovative constructive system in reinforced rammed earth characterized by low energy consumptions and specifically designed for high seismic risk territories.
	The specificity of the constructive system is substantiated in the strong ecological connotation, in the high performance in terms of resistance to seismic phenomena and in the low energy consumption resulting from the characteristics of the designed ...
	The building system proposed here inherits technical knowledge developed in highly seismic areas of our planet and integrates it with a logic which is strongly linked to the industrial production of natural-based building materials and to the optimiza...
	The mechanical, thermal and energy performances of the investigated system were evaluated by means of numerical simulations and calibrated on the basis of experimental analyses carried out on existing rammed earth walls and buildings. Concerning the m...
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