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*e efficient design of new earth structures and the restoration of old structures both require a reliable assessment of the
compressive strength of earth materials. However, there is still much debate on the best method to accurately measure the
compressive strength of earth blocks. To solve the problem of measuring the compressive strength of the earth block, the cube
specimen, the half-block stacked specimen, and the full-size block specimen are used to measure the compressive strength of the
molded adobe and rammed adobe, respectively, considering the influence of the specimen preparation process, loading direction,
capping, and other factors. By comparing and analyzing the stress state, failure mode, and compressive strength of the specimen
under various test methods, a compressive strength test method of earth blocks is determined, which is simple to operate, easy to
standardize, and as close as possible to the actual strength of the blocks. *e results show that the full-size block compression test
method along the block thickness direction should be preferred to test the compressive strength of the earth block. *e standard
specimen obtained by cutting the full-size block is not suitable for the test of the compressive strength of the earth block; it can
effectively solve the problem that the compressive strength of the small-thickness earth block cannot be directly measured by
cutting the full-size block in half and stacking it, but it is not recommended to use the binder to bond the two half-blocks. When
comparing the compressive strength of the earth blocks, the conversion coefficient related to the height-to-thickness ratio of the
specimen cannot be used to convert the compressive strength. Still, the anisotropy of the material strength should be considered.

1. Introduction

Since the start of industrial civilization, the construction in-
dustry has caused a high level of pollution due to the exploi-
tation, processing, and transportation of building materials [1].
Particularly in developing countries, the continued rapid
population growth necessitates more construction and the use
of industrial building materials [2]. *e use of local materials to
build housing is an important strategy to counter our worsening
global environmental problems [3]. Earth materials are some of
the oldest local materials and are widely used in dwelling
construction all over the world. In fact, one-third of the world’s
population still lives in earthen dwellings [4, 5]. In the last
twenty years, this original material has found new attention
from the construction industry because of its low energy
consumption and excellent ability to regulate indoor temper-
ature and humidity [6].

*e efficient design of new earth structures and the
restoration of older construction require the reliable as-
sessment of the mechanical properties of earth materials.
Compressive strength is considered an essential mechanical
parameter of materials [7, 8]. However, there is no uni-
versally accepted testing method to measure the compressive
strength of earth blocks. Due to the confinement produced
by friction between the loading plate and the compression
surface of the sample during testing, the aspect ratio,
compression area, and the method used for the treatment of
the compression surface all can significantly affect the
measurement of compressive strength [9, 10]. Samples with
a small aspect ratio and large compression area are more
vulnerable to the strong confinement imposed by the loading
plate. *is confinement restricts the lateral strain of the
samples and thus artificially enhances the compressive
strength.
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Like cement, concrete, and other conventional building
materials, the loading steel plate also constrains the earth
block in the compression test process. However, due to the
plastic properties of earth materials (which cannot be
regarded as brittle materials), the constraint effect on earth
materials is more significant, especially for that traditional
adobe with small thickness. *erefore, the test method
significantly influences the measurement of the compressive
strength for the earth block. *e ultrahigh compressive
strength value may be measured in some cases (the earth
block with a small height-to-thickness ratio). To solve the
problem of measuring the compressive strength of the earth
block, the cube specimen, the half-block stacked specimen,
and the full-size block specimen are used to measure the
compressive strength of the molded adobe and rammed
adobe, respectively, considering the influence of the speci-
men preparation process, loading direction, capping, and
other factors. By comparing and analyzing the stress state,
failure mode, and compressive strength of the specimen
under various test methods, a compressive strength test
method of earth blocks is determined, which is simple to
operate, easy to standardize, and as close as possible to the
actual strength of the blocks.

2. Normative Review of Strength Test
Methods for Earth Block

Numerous studies address compressive strength test prob-
lem for earth block by reducing the friction on the com-
pression surface and increasing the aspect ratio of the
sample. In one strategy, an even interlayer is inserted be-
tween the surface of the sample and the plate of the testing
machine to reduce the friction. Ciancio and Gibbings [11]
investigated the effect of different interlayers on the com-
pressive strength of molded earth blocks. Cylindrical sam-
ples with an aspect ratio of 2 and made of stabilized earth
materials (limestone soil and 10% cement) were subjected to
simple compression tests. Two interlayers of 10mm thick
soft plywood blocks and 5mm thick layers of dental plaster
were tested for their ability to reduce the friction on the
compression surface. *ey found that the two interlayers
used in the study did reduce friction, but had no significant
effect on the compressive strength of the samples. *ey also
tested the compressive strength of cylinders of different
aspect ratio with Teflon sheet at the sample ends and found
that the presence of the Teflon sheet reduced the influence of
aspect ratio on compressive strength. Silveira et al. [12] used
a capping mortar to treat the compressive surface of dif-
ferent-shaped samples that were drilled from earth blocks.
*ey found that this process reduced the influence of sample
shape on compressive strength that was minimized by
treatment. However, Aubert et al. [13] conducted a simple
compressive test on 5× 5× 5 cm3 cubes with or without
Teflon capping and concluded that Teflon capping at the
sample ends has no significant effect on compressive
strength and its variability.

In another approach, the effects of confinement were
addressed by standardization of the sample size.
Manufacturing methods of standard size samples generally

fall into two categories: samples sawn from earth blocks and
samples made to conform to the same composition as earth
blocks. For samples sawn from earth blocks, the sawing
process may cause damage to the sample that can increase
variability. For example, Illampas et al. [14] manufactured
standard cylinder, cube, and prism samples that were cut
and cored from sample earth blocks. *e compressive
strengths of these samples without any capping were
measured by simple compression test. *e results show
significant variability, and in the worst case (cube), the
coefficient of variation (CV) of the compressive strength for
the four samples was 76.8%. Similarly, Aubert et al. [13] used
a simple compression test to measure the compressive
strength of cube and prism samples of block and found a
maximum CV of 27%. It is difficult to obtain standard
samples from blocks by cutting, coring, or sawing, and these
methods can result in considerable variation in the size of
the standard sample. Standard samples that are prepared
separately rather than cut from blocks can effectively reduce
the damage caused by cutting or sawing. However, the re-
sults of comparative compressive strength testing of stan-
dard samples and blocks of the same material often show no
significant correlation [15].

Several studies report increased aspect ratio of samples
by cutting the blocks in half and stacking or bonding them
together [16–18]. In 1994, the CEB RILEM Technical
Committee 164 [19] proposed a test method (RILEM pro-
cedure) to measure the compressive strength of compressed
earth block (CEB) samples. In this method, the CEBs were
halved, stacked, and bonded using a mortar bed joint. *e
real stress state of CEB in masonry can be simulated in this
way, and the earth mortar contributes to uniform stress
transfer between stacked blocks. In some tests [19], the
compressive strengths of CEBs were measured by the
RILEM procedure and compared with the strengths ob-
tained from simple compressive tests on cylindrical samples
with an aspect ratio of 1.5. *e results showed that the
compressive strength measured by the RILEM procedure
was lower than that of the cylindrical samples (by ap-
proximately 15%). Because the strength and stiffness of the
mortar are lower than that of the CEB, the joint weakened
the integrity of the samples. Based on the RILEM procedure,
the France Standard XP P13-901 [20] used a traditional
cement mortar (sand and cement) as the bonding material
instead of earth mortar.*e RILEM procedure addresses the
earlier problems and allows the accurate measure of the
compressive strength of earth blocks, especially those with
sizeable compressed area and small aspect ratio. However,
the type of mortar joint has a significant influence on the
compressive strength and the quality of the mortar joint may
vary between experiments, which will add to the variability
of the results.

*e three-point bending test was developed to enable
on-site quality control testing of materials without labora-
tory testing equipment [21]. *is method can be performed
without sophisticated devices, since the load required to
induce sample failure is much less than that required for the
simple compression test. However, the influence of shear,
size effect, and arch effect are neglected in this strategy,
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which can lead to significant variability of the results [22].
Although some studies [23, 24] established the relationship
between compressive strength and flexural strength of earth
block, significant errors remain in this calculation.

*e existing research mainly explored the suitable test
methods for the compressive strength of the earth block
from the following four directions:

(1) Standard specimen: the block is cut into standard
shape and size samples, or samples with standard
shape and size are made with the samemanufacturing
process and rawmaterials as the block.*is method is
similar to the compressive strength test of cement
materials.

(2) Full-sized block: the compressive strength of the full-
sized block is tested directly.

(3) Half-block stacked specimen: the block is cut into
two half-blocks of equal size, and the two half-blocks
are stacked to increase the height-to-thickness ratio.

(4) Indirect test: 3-point bending test was carried out on
the full-size block, or splitting test was carried out on
the standard cylinder sample.

At present, most of the test methods used to test the
compressive strength of earth blocks refer to the strength test
methods of existing cement-based blocks and fired blocks or
the improved test methods based on them [25–27]. How-
ever, the applicability of these test methods for earth ma-
terials has not been systematically demonstrated. At the
same time, compared with fired block or concrete block, the
nonbrittle properties of earth block lead to the more sig-
nificant influence of hoop effect in the compression test.
When the height-to-thickness ratio of the block is too small,
the compressive strength of the earth block may not be
measured. Although the existing research has put forward
many ideas to solve this problem, there are still various
defects in various test methods [13], and so far, there is no
standard test method to guide the compressive strength test
of earth blocks. *erefore, it is of great significance to de-
termine the applicability and characteristics of the existing
test methods and then put forward the optimum test method
of compressive strength for earth block.

3. Materials and Methods

3.1. Materials. Earth materials from the southern and
central parts of Shaanxi, China, were used as the raw ma-
terial for block making. *e composition, Atterberg limits,
optimum moisture content, and maximum dry density of
the soil in two regions were measured according to Chinese
standard SL237-1999 [28], as shown in Table 1.

3.2. Sample Preparation. A representative molded earth
block and compacted earth block were used in this exper-
iment. *ese blocks were manufactured by skilled workers.
*e molded adobe (Figure 1(a)) was manufactured from soil
(EM-1) with a moisture content of 24± 2% and formed in a
mold, as shown in Figure 2(a). *e compacted block
(Figure 1(b)) was made by using soil (EM-2) with a moisture

content close to the optimal moisture content (19.5%) into
the mold and then ramming it without stratification, as
shown in Figure 2(b).*e compacted block was composed of
natural soil without any admixture. *e molded adobe was
mixed with straw at a mass ratio of about 1%, and the straw
length was 7–10 cm. *e compaction direction for the
rammed adobe was as shown in Figure 1(b). Cube samples
(molded and compressed) with a length of 100mm were
prepared independently without cutting from full-size
blocks (Figure 1).*e full-size blocks and cube samples were
cured in a laboratory until the mass of the blocks was
constant. *e densities of the two blocks were measured
according to China standard GBT 2542-2012 [29] and are
presented in Table 2.

*e stacked half-blocks were obtained after saw-cutting
full-size blocks according to China standard GBT 2542-2012
[29]. In this study, the influence of binder on the com-
pressive strength of stacked half-blocks was not considered,
and half-blocks were simply stacked without any binder
(Figure 1).

3.3. Testing Procedure. *e geometric dimension of samples
and the loading direction for each test are listed in Table 3.
Because of the change in aspect ratio and the difference in
the manufacturing technique (and the direction of com-
pression), the compressive strength of the earth block de-
pends strongly on the loading direction [13]. *us, it is
essential to consider the loading direction of the full-size
blocks and cube samples and to consider the x-, y-, and z-
directions (Figure 1).

For the stacked half-blocks, the loading direction was
parallel to the z-direction. 10 samples were prepared for each
group. Uniaxial compression tests were carried out using a
hydraulic press with a capacity of 300 kN. In all cases, the
tests were run at a constant rate of 0.2 kN/min. *e treat-
ment of the contact surface between the block and the
loading plate can have a strong effect on compressive
strength. *us, in order to ensure the comparability of the
test results, no specific capping was used for blocks and
samples.

4. Results

4.1. Direct Compression Tests on Full-Size Blocks. Table 4
shows the compressive strength of molded and rammed
adobes measured directly on full-size blocks in three
orientations: x, y, and z. For each series of results, the
maximum, minimum, and mean values are presented. *e
variability of the results is reflected by the coefficient of
variation expressed in %. *e results obtained on the two
types of blocks show that the loading direction had a
significant influence on sample compressive strength. *is
influence may be directly related to the aspect ratio of
sample changes with loading direction. As expected, an
increase in the aspect ratio led to a decrease in the
compressive strength due to the constraint effect. *e data
presented in Table 4 shows that the mean compressive
strength of the molded adobes ranged from 0.51MPa
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(y-direction) to 1.28MPa (z-direction), and that of the
rammed adobes ranged from 1.41MPa (x-direction) to
1.62MPa (y-direction). *e compressive strength of
rammed adobes cannot be measured when the loading
direction in the z-direction, as previously reported by
Aubert et al. [13], who proposed that samples with small
height and large section area showed an enhanced con-
finement effect. *e sample can be gradually compacted
under vertical load and horizontal restraint, but it is
impossible to reach the breakdown point of the sample.

*e data presented in Table 4 show the high variability of
compressive strength. For the two types of blocks, the
variability of compressive strength increased with the aspect
ratio. With loading in the y-direction, the compressive
strength measurements for the ten molded adobes ranged
from 0.37 to 0.67MPa, and those of the ten rammed adobes
ranged from 0.82 to 2.01MPa. *is considerable variability
in the compressive strength of earth blocks is due to the fact
that the increase of aspect ratio led to the unstable failure of
some samples (Figures 3(b) and 3(c)). Overall, the variability
in the compressive strength of rammed adobes was higher
than that for the molded adobes. *is can be explained by
artificial compaction causing a significant difference in the
density of each block. *e coefficient of variation of density
for the rammed adobes was 5.3%, higher than that of the
molded adobes (3.7%).

*e block compression test can result in one of three
failure modes: axial compression failure, shear failure, and
local failure, as shown in Figure 3. Shear failure and local
failure occur only in the x- and y-directions loading. For z-
direction loading, all samples showed all axial compression
failure.

In axial compression failure mode, slight vertical cracks
appeared in the weak part of the samples, and then the cracks
expanded. *e compressive region is separated into two or
more independent pressure-bearing surfaces by cracks. Due
to the inhomogeneity of earth materials, the strength of each
pressure-bearing surface was different. A huge crack formed
along the failure surface after the destruction of some
vulnerable pressure-bearing surfaces, and the sample was
then crushed or partially destabilized.

In the samples with shear failure, inclined cracks
appeared, or a vertical crack became gradually tilted during
the expansion process. *e shear stress produced by the
cracking surface promoted the further expansion of cracks.
Finally, fracture penetration led to the shear failure of the
sample. *e number of cracks in samples with shear failure
was less than that in axial compression samples, and gen-
erally, there was apparent shear fracture.

For local failure mode, the local crushing failure oc-
curred on the pressure-bearing surface due to insufficient
bearing capacity before full development of the vertical
cracks. During the crushing process, the reduction of the
active bearing area rapidly reduced the bearing capacity of
samples. Because it was challenging to compact the corner of
the block during manufacture, this failure mode mainly
appears in rammed adobe.

Table 5 shows the quantity distribution of failure mode
for the two blocks calculated in three perpendicular load
directions (x, y, and z). *e loading direction has significant
effects on the failure mode of blocks: loading in the x- and y-
directions resulted in blocks that were more prone to shear
failure and local damage. Loading in the z-direction can
ensure the axial compression failure of samples.

Table 1: Physical parameters of soil.

Label
*e composition of the soil (%)

LL (%) PL (%) OMC (%) ρd-max (g/cm3)
Clay Silt Sand Gravel

EM-1 17.6 38.5 36.1 7.8 33.6 17.2 18.2 1.93
EM-2 25.2 30.7 41.2 2.9 38.9 21.7 19.5 1.87
EM-1: earth materials from the southern part of Shaanxi; EM-2: earth materials from the central part of Shaanxi; LL: liquid limit; PL: plastic limit; OMC:
optimum moisture content; ρd-max: maximum dry density.
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Figure 1: Preparation of samples. (a) Molded adobe. (b) Rammed adobe (mm).
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4.2.CompressionTests onCubeSamples. *e cube samples in
different loading directions showed axial compressive fail-
ure. *e initial crack appeared at the corner of the cubes.
*e corners of the cubes were crushed, and many vertical
cracks appeared on the surface when the failure occurred
(Figure 4).

Table 6 shows the compressive strength of molded and
compressed cube samples measured in three orientations: x,
y, and z. For each series of results, the maximum, minimum,
and mean values are presented. *e variability of the results
is reflected by the coefficient of variation expressed in %.

*e results obtained on the molded cubes in different
loading directions show a lower mean compressive strength

for the cube samples than for the blocks laid horizontally. *e
reduction of compressive strength was mainly due to the
increase of the aspect ratio from 0.67 (blocks laid horizontally)
to 1 (cube). For the compressed cube samples, the com-
pressive strength of the sample was measured as the aspect
ratio increased from 0.25 (blocks laid horizontally) to 1
(cube). Table 6 shows that the compressive strength of
compressed cubes depends on the loading direction, but the
loading direction has no significant effect on the compressive
strength of molded cubes. For molded cubes, the difference of
compressive strength between three loading directions was
very small, and the compressive strength ratio of three loading
directions was x : y : z� 1.06 : 0.98 :1. *e coefficient of

(a)

(b)

Figure 2: Manufacturing process. (a) Molded adobe. (b) Rammed adobe.

Table 2: Dimensions and densities of the earth blocks.

Block h (cm) b (cm) l (cm) ρ (g/cm3) σρ (%)
Molded adobe 10 15 31 1.65 3.7
Rammed adobe 6 24 37 1.81 5.3
h: thickness; b: width; l: length; ρ: density; σρ: coefficient of variation of density.
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Table 3: Geometric dimension of samples.

Test Loading direction
Molded Compressed

Size (cm) Aspect ratioa Size (cm) Aspect ratio

Full-size block
x 15×10× 31 1.50 24× 6× 37 4.00
y 31× 10×15 3.10 37× 6× 24 6.20
z 10×15× 31 0.67 6× 24× 37 0.25

Cube sample
x 10×10×10 1.00 10×10×10 1.00
y 10×10×10 1.00 10×10×10 1.00
z 10×10×10 1.00 10×10×10 1.00

Stacked half-blocks z 20×15×15 1.33 12× 24×18 0.65
aAspect ratio is the ratio of the sample’s thickness parallel to the loading direction to the minimumwidth of the sample perpendicular to the loading direction.

Table 4: Comparison of the compressive strength of full-size blocks for different load directions.

Type of block Molded adobe Rammed adobe
Loading direction x y z x y z
Aspect ratio 1.5 3.1 0.67 4.0 6.2 0.25
1 1.005 0.469 1.025 1.291 1.621 Not possible
2 0.715 0.650 1.172 1.651 1.970
3 0.846 0.402 1.227 1.609 0.977
4 0.660 0.429 1.292 0.992 1.304
5 0.772 0.580 1.146 1.660 0.819
6 0.706 0.365 1.357 2.417 0.850
7 0.641 0.559 1.365 1.449 1.265
8 0.707 0.491 1.229 1.383 1.581
9 0.632 0.671 1.373 2.255 2.007
10 0.815 0.439 1.572 1.120 1.681
fc-max (MPa) 1.005 0.671 1.572 0.992 2.007
fc-min (MPa) 0.632 0.365 1.025 2.417 0.819
fmean (MPa) 0.750 0.505 1.276 1.615 1.407
σfc (%) 15.3 20.3 11.4 28.2 30.3
fc-max is the maximum, fc-min is the minimum, fmean is the average, and σfc is the coefficient of variation.

(a) (b) (c)

Figure 3: Failure modes of full-size blocks. In each picture, the molded adobe is shown on the left, and the rammed adobe is shown on the
right. (a) Axial compression failure, (b) shear failure, and (c) local failure.

Table 5: Distribution of failure modes.

Type of block Molded adobe Rammed adobe
Loading direction x y z x y z
Axial compression failure 8 4 10 5 3 —
Shear failure 2 4 — 2 3 —
Local failure — 2 — 3 4 —
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variation of the compressive strength measurements for
molded cube samples in different loading directions ranged
from 9.1% to 10.2%, lower than those for the molded adobes
laid horizontally (11.4%). For the compressed cube samples,
the compressive strengths measured in the x- and y-direction
were both less than that measured in the z-direction, and the
compressive strength ratio for the three loading directions
was x : y : z� 0.87 : 0.89 :1. *e variations of compressive
strength measured in the x- and y-directions were also larger
than that in z-direction.

4.3. CompressionTests on StackedHalf-Blocks. *e two kinds
of stacked half-blocks both exhibited axial compression
failure. *e initial cracks appeared on the contact surfaces of
the two blocks, followed by cracking at the corner of the
specimen. Finally, vertical cracks penetrated the sample, and
the surface of the sample was peeled off (Figure 5).

Table 7 shows the compressive strength of molded and
compressed stacked half-blocks measured in the z-direction.
For each series of results, the maximum, minimum, and
mean values are presented. *e variability of the results is
reflected by the coefficient of variation expressed in %.

*e aspect ratio of the sample was significantly increased
by half-block stacking, and the values of molded adobes and
rammed adobes increased by 0.67 and 0.4, respectively,
compared with that of the blocks laid horizontally. For
molded adobe, the increase in the aspect ratio reduced the
compressive strength from 1.28MPa to 0.76MPa. Inter-
estingly, the inability to measure the compressive strength of
rammed adobe was successfully alleviated by half-block
stacking. Additionally, as in the test on stacked molded half-
blocks, the variability of the compressive strength was
slightly increased compared to that measured for full-size
blocks laid horizontally. *is may be due to varying degrees
of damage to the blocks due to sawing.

5. Discussion

Table 8 shows the mean compressive strength measurements
for various types of samples.*ere are significant differences
in the results obtained from the experiment conducted on
full-size blocks in different loading directions. For molded
adobe, the ratios between the compressive strength mea-
sured in the z-direction to that measured in the x- and y-
directions were 1.7 and 2.5, respectively. *is remarkable

(a) (b)

Figure 4: Failure modes of cube samples. (a) Molded adobe. (b) Rammed adobe.

Table 6: Compressive strength measured directly on stacked half-blocks and cube samples.

Sample Molded cube Compressed
Loading direction x y z x y z
1 0.95 1.1 0.91 2.36 2.05 1.92
2 1.08 1.02 0.93 1.79 1.98 2.23
3 1.17 0.93 0.93 2.43 2.82 2.3
4 1.01 0.99 0.98 1.82 2.34 2.31
5 1.25 1.05 1.04 1.99 1.86 2.54
6 1.15 1.11 1.06 2.15 2.65 2.64
7 1.16 1.18 1.08 2.74 2.4 2.68
8 0.96 1.06 1.1 2.19 2.45 2.73
9 1.08 0.92 1.14 1.95 1.85 2.8
10 1.18 0.88 1.25 2.37 2.02 3.03
fc-max (MPa) 1.25 1.18 1.25 2.74 2.82 3.03
fc-min (MPa) 0.95 0.88 0.91 1.79 1.85 1.92
fmean (MPa) 1.10 1.02 1.04 2.18 2.24 2.52
σfc (%) 9.1 9.2 10.2 13.8 15.1 12.0
fc-max is the maximum, fc-min is the minimum, fmean is the average, and σfc is the coefficient of variation.
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anisotropy of full-size molded adobe was due to the variation
of aspect ratio and failure mode with loading direction. *e
uncertainty of failure mode led to difficulty in determining
the anisotropy factor accurately. For rammed adobe, because
the aspect ratio of full-size blocks laid horizontally is small
(0.25), the compressive strength cannot be measured. *e
change of loading direction also affects the relative rela-
tionship (parallel or perpendicular) between loading di-
rection and ramming direction, making determination of
the anisotropy factor more difficult. Accordingly, the
compression test on full-size blocks is only suitable for
blocks with high aspect ratio, and to ensure the axial
compression failure of the blocks, the loading direction
should be parallel to the thickness direction of the blocks.

For cube samples, the anisotropy of compressive
strength was weakened. *e ratios of compressive strength
measured in different directions are close to 1. *is shows
that the aspect ratio effect on compressive strength can be
avoided by testing cube samples of uniform size, allowing
comparison of the compressive strength of different kinds of
earth blocks (molded, compressed, and extruded). Although
the unified cube samples eliminated the size effect on the
compressive strength of block, the compressive strength
cannot be separated from the size of the block since the size

is determined by the manufacturing process. For example, a
minimal thickness of the rammed adobe was used to de-
termine the degree of compaction, and substantial thickness
was used to prevent excessive deformation of molded adobe.
*e cube specimens used in this experiment are all made
with the same manufacturing process and raw materials as
adobe. *e variation of compressive strength in the triaxial
direction is similar. However, it is often impossible for the
existing traditional adobe to use the same process and raw
materials as the block to make the specimen again. Aubert’s
research results [13] show that it is tough to cut the standard
size specimen from the complete block. Moreover, the vi-
bration generated in the cutting process will cause damage to
the block and increase the discreteness of the test results.*e
compressive strength of the specimen with uniform shape
and size is used to represent the strength of the adobe, which
seems to ensure the comparability of the test data, but it is
not the actual strength of the adobe. *erefore, this strength
test method can only be used for the strength comparison of
earth materials and cannot represent the actual strength of
the earth block.

*e use of stacked half-blocks effectively allows com-
pressive strength measurement of small aspect ratio blocks.
*e compressive strength measured by this method reflects
the size effect of blocks, making it the most realistic value of
compressive strength. However, the vibration produced by
sawing affects measurement the compressive strength of
blocks. *erefore, to measure a block with high aspect ratio,
it is preferable to perform the test directly on full-size blocks
laid horizontally. *e German standard (DIN 18945 2013)
recommends measuring the compressive strength of blocks
with thickness greater than 71mm by full-size blocks laid
horizontally. *e molded adobes in this study meet these
guidelines, and the compressive strength is obtained by
direct compression on the full-size block. However, it is
unreasonable to specify the thickness of the brisk without
considering the compression area. If the sectional dimension
of the block is very large, the “critical thickness” should be
appropriately increased.

*e corresponding relationship between compressive
strength and height-to-thickness ratio of different specimens
in this test is plotted in Figure 6. *e test data of two types of
adobe specimens are fitted. It can be seen from Figure 6 that
the compressive strength of various specimens decreases
with the increase of height-to-thickness ratio. *e influence

(a) (b)

Figure 5: Failure modes of stacked half-blocks. (a) Molded adobe. (b) Rammed adobe.

Table 7: Compressive strength measured directly on stacked half-
blocks and cube samples.

Type of block Molded Compressed
Aspect ratio 1.33 0.65
1 0.60 1.96
2 0.68 1.80
3 0.71 2.23
4 0.72 2.26
5 0.73 2.35
6 0.73 2.95
7 0.81 2.36
8 0.81 2.41
9 0.83 2.75
10 0.96 2.91
fc-max (MPa) 0.96 2.95
fc-min (MPa) 0.60 1.80
fmean (MPa) 0.76 2.40
σfc (%) 11.9 15.4
fc-max is the maximum, fc-min is the minimum, fmean is the average, and σfc is
the coefficient of variation.
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of the height-to-thickness ratio on the compressive strength
of the specimen is essential that there are differences in the
hoop effect of the specimens with different height-to-
thickness ratios. To consider the influence of the height-to-
thickness ratio of the specimen, scholars refer to the strength
conversion method of the fired brick and propose using the
strength conversion coefficient to reflect the influence of the
height-to-thickness ratio on the compressive strength.
However, there are still many controversies about using a
single conversion factor to convert different height-to-
thickness ratio blocks. First of all, the size of the earth block
is closely related to its manufacturing process (especially for
adobe). It is meaningless to compare the compressive
strength after coefficient conversion as the representative
strength of the block, which can only represent the strength
of materials. Secondly, using a single strength conversion
factor only emphasizes the influence of the height-to-
thickness ratio of the specimen on its compressive strength.
Still, it weakens the difference of the material itself. Even if
the change of height-to-thickness ratio is the same, the
compressive strength of different earth materials may show
different trends, which a fixed strength conversion factor
cannot reflect. Accordingly, when testing the compressive
strength of the earth block, the compressive strength value

affected by the height-to-thickness ratio can be regarded as a
part of the actual strength of the block, and there is no need
to use the conversion factor to convert it.

6. Conclusion

To put forward a simple, standardized, and practical com-
pressive test method of earth block, this paper uses two kinds
of traditional adobe to make different specimens for the
compressive strength test. *e following main conclusions
are obtained, which can be used to reference subsequent
research and design personnel to select the compressive
strength test method of earth block.

(1) Direct loading along the thickness direction of the
full-size block is preferred to test the compressive
strength of the earth block. It is easy to cause
nonaxial compression failure such as shear com-
pression failure or local failure when the full-size
block is tested along the length and width direction
of the block. At the same time, the compressive
strength obtained by this method has evident dis-
persion, so it is not suitable to be used as the strength
test method of earth block. *e nonbrittleness of the
earth block and hoop effect makes it impossible to
measure the compressive strength of small thickness
block along the direction of block thickness. How-
ever, the compressive strength measured by this test
method is close to the actual strength of the block.
*erefore, it is suggested that the test method should
be preferred to test the compressive strength of the
earth block.

(2) *e standard specimen obtained by cutting the full-
size block is not suitable for the test of the com-
pressive strength of the earth block. *e method of
obtaining the standard specimen from the full-size
block by cutting causes damage to the specimen and
makes it difficult to control its size accurately. *e
compressive strength of specimens with uniform
shape and size can only reflect the strength of ma-
terials but cannot represent the actual strength of the
earth block.

(3) It can effectively solve the problem that the com-
pressive strength of the small-thickness earth block
cannot be directly measured by cutting the full-
size block in half and stacking it, but it is not

Table 8: Synthesis of the mean compressive strength measured on various samples.

Samples
Molded Compressed

Aspect ratio fmean (MPa) Aspect ratio fmean (MPa)
Full-size block (x-direction) 1.50 0.75 4.00 1.62
Full-size block (y-direction) 3.10 0.51 6.20 1.41
Full-size block (z-direction) 0.67 1.28 0.25 —
Cube (x-direction) 1.00 1.10 1.00 2.18
Cube (y-direction) 1.00 1.02 1.00 2.24
Cube (z-direction) 1.00 1.04 1.00 2.52
Stacked half-blocks 1.33 0.76 0.65 2.40
fmean is the average.
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Figure 6: Mean compressive strength versus aspect ratio for
various samples.
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recommended to use the binder to bond the two
half-blocks.*e binder with higher moisture content
may lead to the softening of the earth block, and the
fullness of the mortar joint is greatly affected by the
test personnel. *erefore, it is not recommended to
use a binder to bond the two half-blocks. Simply
stacking two half-blocks is easy to operate and
suitable for earth blocks with good surface
smoothness.

(4) When comparing the compressive strength of the
earth blocks, the conversion coefficient related to the
height-to-thickness ratio of the specimen cannot be
used to convert the compressive strength. Still, the
anisotropy of the material strength should be con-
sidered. *e compressive strength of rammed adobe
shows apparent anisotropy. *e compressive
strength of the cube specimen perpendicular to the
ramming direction is about 1.3 times that parallel to
the ramming direction.
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