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Abstract— Present study conducted a novel analytical 

programme to evaluate the compression and shear behaviour 

of cob wallettes. Earthen material shows environmental 

advantages when used as building materials. There are 

several available techniques where these materials are 

employed with structural purposes, likely as earth blocks 

(adobe), compressed earth blocks (CEB), cob and rammed 

earth. Adobe masonry is built with earth block units laid with 

an earth mortar. The manufacture of adobe masonry usually 

follows the same principles as those used for fired clay brick 

masonry. This is the comparative study on the experimental 

results of rammed earth and cob in compression and shear 

behaviour of cob wallette’s reinforced with bamboo and steel 

mesh evaluated and finite element analysis of cob wallette’s 

using software that is by using Etabs. Earthen wallettes were 

tested in the laboratories within an experimental program 

whose goal was to derive the compressive and shear strength 

of the cob wallette’s reinforced with bamboo and steel mesh. 

The material characterization and its modelling are hardly 

predictable due the variability shown by the raw earthen 

materials. For this reason, a detailed characterization of the 

earthen materials properties is required when the use of 

complex constitutive laws is necessary. In addition, 

considering the aforementioned aspects, the constitutive 

model, selected referring to the material behaviour and the 

analysis computational demand, needs to provide a good 

match between representativeness, complexity, accuracy and 

reliability. The first part of the study presents the mechanical 

characterization of earthen materials carried out. Earthen 

wallettes were tested in the laboratories within an 

experimental program whose goal was to derive the basic 

mechanical properties to employ in the numerical simulation. 

The second part of the study deals with the numerical 

modelling of the earthen wallettes implemented in FEM 

software Etab. The aim of the finite element analysis is to 

simulate the non-linear shear behavior of earthen materials. 

For adobe masonry the non-linear constitutive laws are based 

on the multidirectional fixed crack model and combined 

interface model. The macro-modelling approach was 

considered for the simulation of the experimental results 

obtained. Additionally, the micro-modelling approach 

intended to evaluate the influence of the interfaces between 

layers on the shear behaviour of rammed earth and failure 

mechanism block-mortar in adobe masonry. 
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I. INTRODUCTION 

Earthen material shows environmental advantages when used 

as building materials. There are several available techniques 

where these materials are employed with structural purposes, 

likely as earth blocks (adobe), compressed earth blocks 

(CEB), cob and rammed earth. Adobe masonry is built with 

earth block units laid with an earth mortar. The manufacture 

of adobe masonry usually follows the same principles as 

those used for fired clay brick masonry. These blocks are 

produced by throwing a handful and malleable mass of earth 

into a mould, and then are demoulded and put to dry under 

the sun. Rammed earth is an earthen construction technique 

in which moistened earth is compacted in consecutive layers 

within a wooden formwork. Rammed earth exhibits two 

distinctive physical characteristics: a low moisture content, 

usually below the plastic limit of earth (‘soil moist’) when 

filled into the formwork and a wide, poorly sorted particle 

size distribution ranging from clay to gravel-size (up to 64 

mm) fractions. Cob is a mixture of earth and plant fibres, 

where walls made of cob can be regarded as fiber reinforced 

monolithic structural elements. The largest particle size of the 

soil usually does not exceed the sand fraction. The earth is 

mixed with water to a plastic consistency and then the straw 

fibres are worked upon to shape the walls, layer by layer. In 

last decade several studies were carried out to numerically 

model the behavior of earthen materials under static and 

under pseudo-dynamic loading. 

 This is the comparative study on the experimental 

results of rammed earth and cob in compression and shear 

behavior of cob wallette’s reinforced with bamboo and steel 

mesh evaluated and finite element analysis of cob wallette’s 

using software that is by using Etabs. Earthen wallettes were 

tested in the laboratories within an experimental program 

whose goal was to derive the compressive and shear strength 

of the cob wallette’s reinforced with bamboo and steel mesh. 

 The material characterization and its modelling are 

hardly predictable due the variability shown by the raw 

earthen materials. For this reason, a detailed characterization 

of the earthen materials properties is required when the use of 

complex constitutive laws is necessary. In addition, 

considering the aforementioned aspects, the constitutive 

model, selected referring to the material behavior and the 

analysis computational demand, needs to provide a good 

match between representativeness, complexity, accuracy and 

reliability. The first part of the study presents the mechanical 

characterization of earthen materials carried out. Earthen 

wallettes were tested in the laboratories within an 

experimental program whose goal was to derive the basic 

mechanical properties to employ in the numerical simulation. 

The second part of the study deals with the numerical 

modelling of the earthen wallettes implemented in FEM 

software Etab. The aim of the finite element analysis is to 

simulate the non-linear shear behavior of earthen materials. 

For adobe masonry the non-linear constitutive laws are based 

on the multidirectional fixed crack model and combined 

interface model. The macro-modelling approach was 

considered for the simulation of the experimental results 

obtained. Additionally, the micro-modelling approach 

intended to evaluate the influence of the interfaces between 

layers on the shear behavior of rammed earth and failure 

mechanism block-mortar in adobe masonry. 
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II. LITERATURE SURVEY & REVIEW 

Miccoli et.al (2014), studied the mechanical behaviour of 

earth block masonry, rammed earth and cob wallettes under 

axial and diagonal compression load. It was found that fibre 

reinforced cob showed a relatively good performance in shear 

and post ductile behaviour and suggested the use of fibre 

reinforced cob structures in seismic areas. 

 Rafi and Lodi (2017) studied the dynamic behaviour 

of retrofitted and non-retrofitted shear wall panels made of 

cob material. Vertical bamboo sticks and horizontal layers of 

plastic-coated steel wire mesh were used for retrofitting of 

wall panels of 1m in height and length and 150 mm thick. It 

was concluded that the proposed retrofit design is effective in 

improving in-plane response of cob shear wall and suitable 

for retrofitting existing cob structures and construction of 

new seismic resistant cob buildings. Whereas compare to 

unretrofitted wall panel, stiffness reduction in the retrofitted 

wall was mild and about 36% of stiffness was maintained by 

the wall at a PGA of 4.39. 

 Quagliarini and Maracchini (2018) conducted the 

experimental and numerical analysis of cob walls (930mm× 

310mm × 456mm) reinforced with straw fibre under 

monotonic axial compression. The numerical analysis 

represented similar results to that of experimental ones both 

in terms of stress-strain curve and cracking pattern for the 

pre-peak behaviour. It was recommended to conduct more 

researches due to high regional variability of cob techniques. 

Further a static behaviour of cob was studied-experimentally 

and numerically subjected to axial and diagonal compression 

load. 

 Miccoli et.al (2019). Cob wallettes of size 420 mm 

× 420 mm × 115 mm reinforced with straw fibre was used in 

the study. The average compressive and shear strength 

obtained were 1.59MPa and 0.50MPa respectively. It was 

concluded that under diagonal compression small walls create 

great inconsistency and the numerical model presented a 

good match with the experimental data on average terms. 

 Rios and O’Dwyer (2020) performed the flat jack 

tests on cob walls of size 1000mm × 1000mm × 400mm 

reinforced with straw fibre. Average compressive strength 

obtained was 0.90MPa. It was advised to apply a correction 

factor of 0.51 to the average compressive stress values 

obtained as the single flat jack test tended to overestimate the 

average value of stress by a factor of two. 

 Sangketa Sangma et.al 2020 Shrinkage behavior of 

earth walling materials with fibers and stabilizer for cob 

building. The addition of fibers to the soil contributed to a 

reduction in linear shrinkage and density of the sample. This 

means that the sample will contribute to a reduction in weight 

of structures and cracking. The linear shrinkage is influenced 

by water, fiber and cement contents, and temperature and 

fiber types. That is as the MMC and temperature increases the 

shrinkage value also increases. 

 Thus, current study is attempted to investigate the 

compression and shear behaviour of cob wallettes reinforced 

with bamboo and steel mesh under axial and diagonal 

compression load that is by using finite element analysis of 

cob wallettes in Etab. 

III. METHODOLOGY 

A. Materials 

The soil sample used in the current study was collected from 

the institute (NIT Agartala) campus and other ingredients 

used for making wallettes were fibres (coconut coir and 

paddy straw), bamboo splints, steel bars and cement (as 

stabilizer). The properties of soil and fibres were determined 

following the guidelines of IS 2720 (Part 4): 1995, IS 2720 

(Part 5): 1985 and IS 2720 (Part 5): 1980 and ASTM C1557-

14 respectively. The soil type considered is suitable for cob 

wall construction, and falls within the range specified by 

some standard and researchers (Saxton 1995, HB 195 2002, 

Quagliarini and Lenci 2010, Miccoli et.al 2014, Tripura and 

Sangma 2020, Sangma and Tripura 2019). While IS 4031 

(Part 5): 2006 was followed to determine the properties of 

ordinary Portland cement (43 grade) confirming to IS 

8112:1989. Bamboo (Bambusa balcooa) splints and steel bars 

(Fe-415) of 12 mm diameter were used as reinforcing bars in 

wallettes. Bamboo above 2.5 years old was harvested and 

well-seasoned for about a month prior to application. The 

shape and size of bamboo splints were adjusted in such a way 

that the cross-sectional area is equivalent to 12 mm diameter 

steel bar of length 570 mm. The bamboo splints were 

chemically treated using copper chrome boron (CCB) 

solution by addition of boric acid, copper sulphate and 

potassium dichromate at the ratio of 1.5:3:4 respectively as 

per IS 9096: 2006 in order to protect the splints from termite 

attacks. The tensile strength of steel bars and bamboo splints 

were determined as per IS 6874: 2008, IS 1786: 2008 and IS 

1708 (Part 1, 9 and 12): 1986 respectively. Properties of 

material used are shown in Table 1. 

Property Details 

Specific gravity of soil 2.65 

Grain size distribution 

Sand 

Silt 

Clay 

60.50% 

22.25% 

14.25% 

Optimum moisture 

content (OMC) 
19.70% 

Dry density of soil 1.80 g/cc 

Bulk density of soil 2.40 g/cc 

Atterberg limits 

Liquid limit 

(LL) 

Plastic Limit 

(PL) 

Plasticity Index 

(PI) 

40.00% 

28.57% 

11.43% 

Sp. gravity of cement 2.92 

Setting time of cement 

Initial setting 

time 

Final setting 

time 

1 hr. 30 

min 

4 hr. 50 

min 

Consistency of cement 36% 

Tensile strength of straw 

fibre 
2.72 Mpa 

Tensile strength of coir 

fibre 
94.02 Mpa 

Reinforcing materials Bamboo Steel 

Avg. ultimate Tensile 

stress 
310 Mpa 425 Mpa 
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Avg. MOE 21286 209865 

Avg. compressive 

strength 
91 Mpa -------- 

Avg. density 1040 kg/m3 -------- 

Table I: Properties of material 

(Sangketa Sangma and Deb Dulal Tripura 2021, 

Compressive and Shear Strength of Cob Wallettes 

Reinforced with Bamboo and Steel Mesh) 

IV. METHODS 

Conducted the experimental and numerical analysis of cob 

walls of size 930mm x 310mm x 456mm reinforced with 

straw fiber under monolithic axial compression. The loading 

on the block is taken as dead load and live load and its 

combinations for the analysis of cob wall of given size which 

have to be compared with experimental results studied in the 

paper. Loading for the analysis is as Dead load = self-weight 

of the structure and 1 Kn/m. additional load taken on the 

member. Also, the live load is considered as 1.5 Kn/m2 on the 

wall in Etab software. The loading image is attached here 

with from Etab software. The cob wall is analyzed by taking 

load combinations which are generated by is codes referred 

in the experimental study. 

 
Fig. I: Loading Image of wall in Etab. 

 

 
Fig. II: Deflected Image of wall in Etab. 

 
Fig. III: Deflected solid Image of wall in Etab. 

V. TEST RESULTS AND OBSERVATIONS 

Analysis Results 
 Base Reactions 

Output Case Case Type FX FY FZ MX MY MZ 

Dead Lin static 0 0 2.7879 0 -1.2964 0 

Live Lin static 0 0 1.359 0 -0.6487 0 

EQX+ Lin static -0.1115 0 0 0 0 -0.0519 

EQX- Lin static -0.1115 0 0 0 0 -0.0519 

EQY+ Lin static 0 -0.1115 0 0.0509 0 0 

EQY- Lin static 0 -0.1115 0 0.0509 0 0 

DCmpD1 Combination 0 0 2.7879 0 -1.2964 0 

DCmpD2 Combination 0 0 4.1829 0 -1.9451 0 

DCmpS1 Combination 0 0 3.9031 0 -1.815 0 

DCmpS2 Combination 0 0 5.5775 0 -2.5936 0 

DCmpC1 Combination 0 0 3.9031 0 -1.815 0 

DCmpC2 Combination 0 0 3.3455 0 -1.5557 0 

Table II: Analysis Results 
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VI. CONCLUSION 

This paper deals with the experimental characterization and 

analytical simulation of cob walls under axial compression. 

In the first part, the axial compression test allowed 

characterizing important mechanical parameters such as 

compressive strength, elastic modulus, and Poisson’s ratio. 

Then, a comparison between mechanical parameters and 

values from the literature was made. In particular, if 

compared with CEB, adobe, and rammed earth walls, the 

tested cob walls have the lowest compressive strength, 

modulus of elasticity, and Poisson’s ratio. Even if compared 

with other cob techniques, in which the absence of 

discontinuities between cob elements led to a more 

monolithic behaviour the cob walls studied in this work 

showed the lower mechanical properties, especially in terms 

of the stiffness values. Then, the high regional variability of 

cob techniques stressed in was evidenced in terms of 

mechanical response, and the need of performing more tests 

on different techniques underlined. 

 In the second part of the paper, the ability of a 

common analytical approach to represent the observed 

nonlinear behaviour was investigated. In particular, the tested 

cob walls were modelled by considering a FEM 

macromodelling approach and a total strain rotating crack 

model (TSRCM). The experimental results were used as input 

parameters for the models while a sensitivity analysis on the 

most uncertain parameters (Poisson’s ratio) was performed. 

 The FEM analysis provided good results both in 

terms of stress-strain curve and cracking pattern, at least for 

the pre-peak behaviour (towards our interest is oriented). In 

particular, the experimentally obtained values adopted for the 

requested mechanical parameters were sufficient to obtain a 

good representation of the experiment mechanical behaviour 

of the wall under compression and a model calibration were 

not needed. 

 The sensitivity analysis showed a high sensitivity of 

all the models on Poisson’s ratio. This means that this 

parameter should be accurately estimated from experimental 

tests. From this study, a recommended value of 0.12, that is, 

that obtained experimentally and that provided the best 

simulation results, was suggested. 

 Finally, further tests should be performed to 

evaluate with more accuracy the parameters in tension and in 

shear. 
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