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Abstract 

ERDC research on crater formation from detonation of improvised 
explosive devices identified the significance of soil type on crater shape 
and size. Military Explosive Ordinance Disposal (EOD) teams required an 
expedient means of classifying soil from small field samples, according to 
the Unified Soil Classification System, to help identify characteristics of 
buried explosives. The existing Rapid Soils Analysis Kit (RSAK), developed 
at ERDC, was modified to shrink its cube volume, improve its accuracy, 
and adapt it to the EOD mission. As such the RSAK was changed from a 
dry, pulverization-based (D-RSAK) system to a wet, wash-based 
(W-RSAK) system similar to that used in a commercial laboratory to 
improve accuracy of determining fines content. Modifications were 
focused on increasing speed and accuracy from the original D-RSAK. This 
report presents comparisons of classification results on 14 different soil 
types by both the traditional laboratory, dry-based and wet-based systems 
to demonstrate the strengths and weaknesses of the new W-RSAK 
procedure. The kit in its current configuration with the wet process was 
demonstrated to significantly improve classification estimations. Revised 
software to process the data obtained from the W-RSAK equipment was 
developed using Matlab and Android platforms to enable deployment on 
multiple software platforms. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

The CALDERA program (Ehrgott et al. 2016) is focused on developing 
tools to enable the soldier to estimate the size and depth of a buried 
improvised explosive device (IED) based on factors such as soil type, soil 
density, soil moisture, and dimensional characteristics of the crater left 
behind from an explosion. This research effort is a key component in the 
crater forensic capabilities necessary for the success of the CALDERA 
program at ERDC to better identify the soil conditions as part of the 
analysis procedure. Companion research efforts ongoing within CALDERA 
address the integration of field data collection with predictive models to 
estimate the charge size and depth of burial. 

Previous to this research effort, it was understood that the volume of air 
voids played a role in the ultimate air-blast effect of a buried explosive on an 
object (Ehrgott 2011). The research focused primarily on coarse-grained 
sand or gravel material that has a uniform response to blast effects in both 
the laboratory and numerically. The size and shape of the post-blast crater 
was not considered, since the ultimate goal was identifying blast effects on 
neighboring objects. However, most soils are not uniform sand or gravel, 
and experimentation has shown that similar air void contents between soil 
types result in markedly different crater shapes. The CALDERA program 
sought to identify soil factors that contribute to the change in crater 
dimension; soil classification, density and moisture content were 
pinpointed as essential parameters. To enable military Explosive Ordinance 
Disposal (EOD) personnel to obtain this information during forensic 
analysis, a rapid yet durable capability for obtaining these parameters was 
required. This report discusses the solutions provided to meet this demand. 

1.2 Objectives 

The objective of this study was to modify the current Rapid Soils Analysis 
Kit (D-RSAK) developed by ERDC (Berney and Wahl 2008), to shrink its 
cube volume, improve its accuracy and adapt it to the nature of the EOD 
mission. As such the D-RSAK was adapted from a dry, pulverization-based 
soil processing system to a wet, wash-based soil processing system 
(W-RSAK) similar to that used in a commercial laboratory to improve 
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accuracy of determining fines content. Sieve capacity was expanded; 
heating was converted from microwave to hot plate. These changes and 
manual sieving all allowed reduction in size while increasing speed and 
accuracy from the D-RSAK. A comparison was then made between the 
original dry-based D-RSAK and the new wet-based W-RSAK to show 
improvements in time and accuracy. Further, a comparison was made 
between this new technology and the existing Army soils kit to show 
extension of this system to a broader engineering audience.  

1.3 Scope 

In order to make an accurate post-blast prediction of the effective net 
explosive weight, the analyst must have some idea of the soil type and the 
in-place soil conditions. This research project was designed to provide 
soldiers who have minimal to no experience in soil analysis simple, 
repeatable tools that will enable them to determine the soil classification, 
density, and moisture state of the ground at the site of an existing crater 
location. As a more accurate approach to obtaining field classification than 
the textural-based expedient soil classification process developed early in 
the CALDERA program (Ehrgott et al. 2016) (Appendix A), this research 
details the deliberate procedure modifying the existing D-RSAK, an 
expedient technology developed for contingency construction (Berney and 
Wahl 2008) to obtain a near-ASTM standard accurate soil classification, 
moisture content, and an estimate of field density in less than 60 min.  
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2 Current State of Expedient Soil 
Classification 

2.1 Typical geotechnical testing 

The ability to determine an accurate engineering soil classification without 
the need for time-consuming laboratory testing is critical to enabling real-
time site analysis for crater forensics. Currently, when a soil sample is 
obtained from a field setting, the engineering classification can be 
obtained via a visual classification (ASTM D2488) or TM 3-34.43 (Dept. of 
the Army, 2015). This procedure provides a rough estimate of the ASTM 
soil engineering classification (ASTM D2487) and an estimate of the 
plasticity of the soil by identifying it as either silt or clay at a high or low 
plasticity. However, several of the aforementioned field techniques require 
an experienced user to obtain repeatable results given the large number 
(20) of engineering classifications possible. As well, the field tests for 
plasticity typically involve wetting and later drying of the soil to determine 
the strength of dried silt/clay. This is not feasible in the short timeframe 
(5 min to 1 hr) demanded of the CALDERA program (Ehrgott et al. 2016). 
Nor does the field visual classification provide any estimate of field 
moisture or density. 

For obtaining density and moisture content there are a number of manual, 
electronic, and nuclear methodologies to accomplish this task (Berney et al. 
2013, 2016). Notably are the sand cone test for density, the nuclear 
densometer for density and moisture (Troxler, 2007), and a host of 
electronic devices that can measure density and moisture. Determining 
density in this way requires an expensive and bulky piece of test equipment 
that must be carried into the battlespace. For nuclear methods, additional 
radiation protection must be provided for the user and team. Electronic 
means require calibration of the soil prior to obtaining a valid reading using 
a secondary technique, making application of this technology moot. For 
moisture content, a number of means can be employed in the field and are 
discussed in Berney et al. 2011. For a microwave and electric burner, power 
must be supplied to dry the soil, but the technique can be accomplished in a 
few minutes. A gas burner can also provide an expedient drying technique 
given ready access to fuel.  
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2.2 Army test set, soil 

The military state of the practice for assessing soil classification and 
engineering properties in the field is performed using the Army test set, 
soil (LIN V99259), whose components are detailed in Appendix D, and 
those specifically related to the capabilities of the RSAK shown in Figure 1 
and Figure 2 courtesy of the Fort Leonard Wood training facility.  

Figure 1. Standard Army soils field kit (drying oven not shown). 

 

Figure 2. Army soils kit drying oven in comparison to RSAK drying apparatus. 
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The size and weight of the Army Soil Test Kit make it impractical for most 
field exercises. Very few of these test kits exist in the Army inventory, and 
they are typically not moved once set up. Likewise, their permanent 
locations are at great distances from the operational needs of the soldier 
and, hence, they are not often used. Soil analysis is often ignored due to an 
inability to have test equipment on site, or lack of time to conduct the 
experiments necessary to obtain the required classifications following 
traditional ASTM guidelines. 

2.3 Rapid Soils Analysis Kit 

To provide a means of determining soil classification in a compact 
deployable kit, the ERDC dry-based Rapid Soils Analysis Kit (Berney and 
Wahl 2008) (D-RSAK) (Figure 3) was developed as part of the Joint Rapid 
Airfield Construction (JRAC) Program (Anderton et al. 2008). The intent of 
the technology was to provide soldiers a means of determining the soil 
classification, in-situ moisture content and the moisture-density curves, and 
California Bearing Ratio strength curves within a 60-min time frame to 
establish quality control parameters and enable construction to begin. 
Physically, the D-RSAK represents a scaled-down version of the Army field 
soils using standardized equipment to provide numerical data that, when 
integrated with ERDC developed software, leads to a USCS classification. 
Detailed descriptions of the D-RSAK in its JRAC configuration as first 
presented to NGIC and the subsequent redesign are discussed in Chapter 3. 

Figure 3. Components of the D-RSAK system.  

 

For comparison, Figure 4 illustrates the components of the new wet-based 
W-RSAK system that removes many of the bulkier items from the D-RSAK 
to further improve transport logistics. 
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Figure 4. Components of the W-RSAK system. 

 

2.4 Other classification kits 

Other than the D-RSAK, there is currently only one commercial product and 
one formalized procedure available to obtain a series of physical properties 
of soils in the field known as The South African Gravel Roads Test Kit 
(Paige-Green 2011) manufactured by Dynatest Pavement Engineering 
(Figure 5Figure 5). The manufacturer states in the sales literature that this 
kit: 

“…allows materials grading, cohesion (liquid limit and linear 
shrinkage), compacted strength and aggregate strength of the 
borrow material to be determined.”  

This kit is designed primarily for measuring the properties of coarse-
grained materials and assessing their strength and suitability as road 
surface material. The tests themselves take much longer (12 to 24 hr or 
longer to capture liquid limit and bar linear shrinkage) to conduct than the 
D-RSAK, and any drying of the soil is accomplished using solar power, 
which can delay results depending on location.  
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Figure 5. Dynatest gravel roads test kit. 

 

Cornell University (Irwin 2011) developed a simplified procedure for 
assessing the gradation of road materials using a wash technique, portions 
of which were incorporated into the new W-RSAK system. They suggest 
determining a rough gradation of road aggregate by obtaining a large field 
sample size (20 kg), hand-separating particles greater than 1-in. in 
diameter, and obtaining their weight. The next step is drying and weighing 
the minus 1-in. particle diameter sample before washing over a #200 
sieve. As an alternative, they suggest washing the soil in a bucket and 
decanting the material that has not settled after 15-20 sec, repeating for 
approximately 10 wash cycles (Figure 6). Then dry and reweigh the 
washed sample and screen over the #10 sieve (or 1/8” hardware cloth). 
This provides an assessment of coarse gravel (plus #10 fraction), sand 
(#10-#200 fraction), and fines (washed material). The bucket and 
decanting procedure is the key piece adopted from this procedure that 
enables the W-RSAK system to operate as it does. 
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Figure 6. Wash and decanting process for removing fines (minus #200 sieve) material using 
the Cornell quick wash procedure.  
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3 Methodology of New RSAK 

3.1 Overview 

EOD personnel have minimal time at the incident site so the CALDERA 
expedient technique is typically employed at the blast location (Windham 
2015). A summary of the classification system and a new modification made 
for the case of obtaining USCS classification is given in Appendix A. In 
instances when a severe event occurs and a more detailed soil assessment is 
required, a deliberate soil classification technique may be employed.  

3.2 Equipment 

The RSAK kit was selected as an ideal candidate to provide a rapid means 
of obtaining a deliberate soil assessment in theater. In its original JRAC 
configuration, the D-RSAK equipment set was considered too large for 
EOD personnel, making it impractical for deployment during a post-blast 
site reconnaissance (Figure 7). Therefore, for the CALDERA program, the 
RSAK was modified from its original configuration and process in order to 
reduce the amount of equipment required and increase the accuracy of the 
measurements with the resulting equipment list shown in Figure 8 and 
Table 1. 

Figure 7. Dry-based Rapid Soils Analysis Kit (D-RSAK) as packaged for the JRAC program. 
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Figure 8. Wet-based Rapid Soils Analysis Kit as developed for the CALDERA program. 

 

Table 1. Parts list for the wet-based Rapid Soils Analysis Kit. 
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The new version of the RSAK developed for the CALDERA program 
(W-RSAK) eliminates the original dry-based analysis in favor of a water-
based analysis. The water-based approach is analogous to the ASTM wash 
sieve technique (ASTM C117 2004). This approach simplified the soil 
preparation from the earlier D-RSAK version and provided a more 
accurate determination of the fines content of the soil. By washing the 
fines out of the soil the sieving process also became easier as only coarse-
grained material remained. A summary of the key hardware changes in 
development of the W-RSAK kit is shown in Table 2. Employing the wash 
technique allowed the use of larger sample sizes and removal of bulkier 
components of D-RSAK, namely the ½-in. diameter splitter and the sieve 
shaker. Using an electric hotplate or multi-fuel stove eliminated the need 
for a bulky microwave, and the stove allowed for a non-electric-based 
drying approach for environments when no AC power was accessible. 
Removal of the microwave also increased the range of soils that could be 
dried as very gravelly soils can lead to exploding particles and metallic 
minerals can cause arcing. Each of these would result in damage to the 
sample and failure of the moisture measurement test. The overall cube 
volume of the kit was reduced by a factor of 3 or greater, from two large 
1660 Pelican cases (11.32 cu ft) to a single 1620 pelican case (2.56 cu ft) 
and a 1560 case (1.55 cu ft) for the hot plate if necessary, as shown in 
Figure 9. Weight wise, this reduced the kit from two 75-lb packages to a 
single 48-lb package (not including water). The low logistic requirement 
and high data quality of the W-RSAK were key parameters to its 
acceptance in CALDERA.  

Table 2. Modifications made from the original dry-based RSAK to the wet-based RSAK. 

Original Dry RSAK New Wet RSAK 

Microwave oven drying  Replaced with electric hot plate and/or gas burner 
(gas burner requires no power source) 

Porcelain bowls No longer necessary without microwave. Replaced 
with plastic and aluminum bowls 

Crush and pulverize dried field sample for sieving.  Wash dried field sample to remove fines prior to 
sieving coarse fraction. 

3-inch diameter sieves Replaced with 5-inch diameter sieves 

Sample splitter to reduce sample size for 3-inch 
diameter sieves 

No longer necessary as the entire sample can be run 
through 5-inch diameter sieves 

Sieve Shaker Replaced by manual sieving of 5-inch sieve stack. 
Without fines, sieve process required less intensity.  

500-gram scale 2000-gram scale for heavier sample/sieve weighing 

Software in .NET environment Software in Matlab executable and Android App 
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Figure 9. Wet-based RSAK (W-RSAK) packaged in a single 1620 Pelican Case. 

 

3.3 Procedure 

Figure 10 introduces the basic steps in conducting a RSAK experiment 
both from the wet and dry approach. Figure 11 illustrates the procedural 
steps required in conducting the wet RSAK procedure. These steps are 
outlined in the ERDC Post-Blast Crater Collection and Analysis Guide 
(Windham 2015) used for training EOD personnel. 

In the RSAK, a relatively small 200-500 g sample is obtained from a field 
specimen. The sample is dried to obtain the initial moisture content. 
Drying consists of cooking and weighing the soil on a burner or hot plate 
repeatedly, until a mass change of less than 1% occurs, indicating that 
constant moisture content has been achieved. Once dried, the fines are 
washed from the soil by stirring the dried sample in a small aluminum pan 
filled with water. After setting for 30 sec, the water is decanted off along 
with the fines in the soil. The washing procedure is repeated six or more 
times (ten times was suggested by Irwin 2011), until the water becomes 
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much less cloudy and a majority of the fines have been removed. Then the 
sample is dried on the hot plate/burner and passed through the sieve stack 
to achieve a coarse grain size distribution. Sieving occurs by the user 
shaking a sieve stack for approximately 2 min. Smaller size fractions may 
need to be pulverized using the accompanying coffee grinder or mortar 
and pestle to reduce hard bound clay masses that pose as small sand 
grains into a powder form and then reinserted into the sieve stack to pass 
the #200 sieve. The mass of dry soil lost through washing is appended to 
the coarse grain size sieve information to provide a complete grain size 
distribution including the fines content.  

To determine the Atterberg limits, a portion of the remaining original 
sample is dried until only a 2% mass differential occurs to reduce error in 
determining the plastic limit due to over drying certain soil types. Then the 
soil is ground, passed through the #40 sieve, and rewetted until threads can 
be rolled based on the principles of the plastic limit test (ASTM D4318 
2010). The threads are then dried similarly to the original sample and the 
moisture content of the threads recorded as the plastic limit. A textural 
evaluation of the #40 fraction during workup of the threads to identify 
primarily silty or clayey material is noted and entered into the software. 
This dictates which regression curve approximates the liquid limit based on 
the plastic limit measured to finalize the USCS classification. Determination 
of the fine-grained soil texture can be accomplished by techniques detailed 
in Windham 2015 and the Dept. of the Army TM 3.34-43. 

Figure 10. Procedural differences between wet and dry RSAK methods. 

 

WET mode steps
1. Collect a 200 to 500-gram field soil sample

2. Dry the field sample with a burner

3. Wash fine soil (silt/clay) from dried sample 
using water in repeated cycles

4. Re-dry the washed soil 

5. Sieve the dried soil through the brass sieves

6. Prepare a 20-40 gram sample of dried field 
sample passing the #40 sieve

7. Perform the plastic limit test

8. Determine the soil texture

9. Soil classification is returned

DRY mode steps
1. Collect a 200 to 500-gram field soil sample

2. Dry the field sample with a burner

3. Separate out coarse and fine soil from the 
dried sample

4. Pulverize fine soil to remove clumps

5. Sieve the dried soil through the brass 
sieves

6. Collect all soil passing the #40 sieve

7. Perform the plastic limit test

8. Determine the soil texture

9. Soil classification is returned
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Figure 11. Illustration of procedural steps in conducting a wet RSAK experiment. 
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In the D-RSAK, after drying, the intial sample had to be processed to 
release fines from coarse aggregate as well as grinding of material down to 
its smallest native particle size. This was a long task, often longer than the 
wash technique, and yielded much fewer fines. Handling of the soil, lack of 
proper fine removal from aggregae, and improper grinding techniques 
often led to loss of fines and/or creation of improper grain sizes in friable 
soils that collapsed during the grinding process. The wash technique 
removes much of this burden on the user, only requiring judgment as to 
when to stop the decanting process. Any remaining fines in the original 
sample that have not been decanted can then easily be ground when dried 
and captured in the sieve stack. 

3.4 Software 

The software for the W-RSAK was rewritten from the D-RSAK version to 
account for the changes in procedure found in the wet-based approach. 
The base algorithms for determining the moisture-density curves and CBR 
curves remained unchanged. Further, the software was implemented in a 
variety of methodologies to accommodate various IT scenarios. The 
original software was developed in a DotNet environment, which proved to 
be troublesome with ever-changing operating systems. The W-RSAK 
software was written in OpenGL to enable use on Android devices such as 
portable phones or tablets. It was also rewritten as a MatLab executable, 
so that it could be run on any PC or device that had a MatLab compiler 
installed on it. The MatLab version also ties in with the overarching 
CALDERA software requested by EOD and CALDERA Android 
applications. Figure 17 through Figure 17 illustrate the software operation 
of the MatLab executable for the steps outlined in Figure 11. 

Once the user has completed entering the data into the software, an analysis 
window is displayed in either the Matlab or Android software. This window 
enables the user to display the grain size distribution (Figure 18) (ASTM 
D422 2007), select a moisture density curve at standard or modified proctor 
energy (Figure 19) (ASTM D698 2010), and display the California Bearing 
Ratio (CBR) (ASTM D1883 2016) value of a compacted soil in standard or 
modified energy in either soaked or unsoaked conditions (Figure 20). The 
grain size curve is the key element employed by the EOD teams. The 
construction guidance is of more value to engineering and field design. The 
algorithms used to calculate the construction curves are provided in Berney 
and Wahl (2008).  
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Figure 12. Introductory screen to begin RSAK data input in Matlab executable. 

 

Figure 13. Determination of initial moisture content of soil. 
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Figure 14. Drying of washed soil to prepare for sieve analysis. 

 

Figure 15. Input of sieve weights empty and after soil has been introduced. 
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Figure 16. Determination of plastic limit by weighting rolled threads. 

 

Figure 17. Final input screen in RSAK to determine texture and 
output final USCS classification and index properties. 

 

Figure 18. Data analysis window demonstrating grains size distribution curve. 
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Figure 19. Data analysis window displaying modified proctor density curve. 

 

Figure 20. Data analysis window displaying modified proctor CBR curve. 
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4 Experimentation 

4.1 Soils tested 

To determine the accuracy of the W-RSAK versus the D-RSAK technique, a 
series of 14 soils ranging from coarse grained to fine grained were selected 
(Table 3). Most of the soils tested had significant fine-grained material, as 
these soils represented the greatest limitation between past performances 
of the D-RSAK technique to the ASTM procedure. Maximum Dry Density 
(MDD) and Optimum Moisture Content (OMC) were determined from the 
standard proctor compaction effort (ASTM D698 2012). 

Table 3. Summary of soil properties tested. 

Soil 
ID Description  

Atterberg Limits 
Grain size  
(percent by weight) MDD  

(pcf) 
OMC 
(%) Gs LL PL PI Fines Sand Gravel 

CL-1 
Sandy Clay 
(CL) 27 13 14 56.9 42.1 1 119.5 12.0 2.67 

CL-2 
Sandy Clay 
(CL) 39 11 28 64.1 34.0 1.9 115.5 14.2 2.72 

SC-1 
Clayey Sand 
(SC) 31 12 19 40.0 55.0 5 122.3 10.9 2.71 

CH-2 
Clay with sand 
(CH) 56 23 33 82.0 17.6 0.4 92.3 25.9 2.76 

SC-2 
Clayey Sand 
(SC) 25 14 11 32.1 66.0 1.9 122.8 11.3 2.69 

CH-3 
Sandy Clay 
(CH) 36 14 22 64.9 32.4 2.7 108.9 14.8 2.71 

CL-3 
Sandy Clay 
(CL) 21 13 8 55.4 40.5 3.8 126.6 9.4 2.70 

CH-
ERDC Clay (CH) 73 24 49 95.1 4.9 0 85.7 24.6 2.76 

MH Silt (MH) 109 72 37 97.5 2.5 0 55.7 62.0 2.58 

ML Silt (ML) No Plasticity 87.8 11 1.2 109.5 15.8 2.75 

SP Sand (SP) No Plasticity 3.1 92 4.9 109.7 1.9 2.67 

SM Sandy Silt (ML) No Plasticity 50.3 47 2.7 121.8 10.0 2.71 

SP-
SC 

Sand with Clay  
and Gravel (SP-
SC) 23 13 10 8.0 50.7 41.3 128.8 8.0 2.68 

Lime Gravel (GP-GM) 15 12 3 6 41 53 136.3 6.8 2.68 
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4.2 Experimental procedure 

For each soil type, nine soil samples were obtained for W-RSAK, D-RSAK, 
and ASTM-based testing according to the tests outlined in Table 4. Three 
replicate sieve analyses were performed on each platform to provide a 
robust data set for statistical evaluation. Atterberg limits conducted by the 
ERDC Materials Test Center are considered the reference standard for the 
expedient lab plastic limit tests conducted in the RSAK instances. 
Therefore, only six replicate plastic limit tests were conducted -- three 
each for the Dry and Wet procedures. 

Table 4. Standard laboratory tests conducted for soil classification. 

Test Description Standard Method Properties Measured 
Particle Size Analysis 
(USCS Classification) 

ASTM C 136 • % Passing 1”, ½”, #4, #10, #20, 
#40, #100 and #200 sieves 

Standard Proctor 
Compaction Effort 

ASTM D 698 • Maximum Dry Density (MDD) 
• Optimum Moisture Content (OMC)  

Atterberg Limits ASTM D 4318 • Plastic Limit (PL) 
• Liquid Limit (LL) 
• Plasticity Index (PI) 

USCS Soils Classification ASTM D 2487 • Engineering classification 

Testing of all the samples was carried out by a single technician who had 
limited experience conducting these types of soil tests, representing an 
inexperienced field soldier with basic training in the RSAK technique. 
With repetition, the technician became more comfortable and efficient 
with the test procedure, but data were evaluated during testing by the 
engineer to ensure no bias was obtained due to initial versus final testing.  

The ASTM procedure included obtaining three representative samples of 
each soil (Figure 21) using an appropriate size fraction based on maximum 
particle size, which typically was much larger than the 500-g or less 
sample used for each RSAK test sample (Figure 21), then washing the soils 
in a deep #200 sieve under constant water pressure and oven drying 
specimens (ASTM D2216 2010) to obtain moisture contents and prepare 
soil for sieving (Figure 23 and Figure 24). Sieving was conducted using 
8-in.-diameter sieves and a mechanical shaker. These procedures were in 
contrast to the RSAK procedures, which used 500-g or less sample sizes, 
drying conducted with a burner, washing in a pan and/or pulverizing, and 
all sieving conducted with 5-in.-diameter sieves that are manually shaken 
on a tabletop or by hand. A summary of sieve data collected from the three 
methodologies is presented in Appendix C, Table 9. 
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Figure 21. Three replicates of limestone soil ready for washing for ASTM grain size 
determination. 

 

Figure 22. Clay gravel dried and after washing over #200 sieve (note large ASTM sample size 
used versus a typical 500-g RSAK sample). 
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Figure 23. Washing fines in deep #200 sieve for ASTM procedure. 

 

Figure 24. Oven drying limestone soil samples in large oven for at least 16 hr. 
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Adherence to ASTM procedures ensured that the best possible conditions 
were provided to obtain the gradation and classification; however, this 
study still exhibited differences in relation to the formal laboratory 
gradations shown in Appendix A. This might be explained due to sampling 
error or operator differential between technicians. Nonetheless, this 
demonstrates that even with careful soil preparation, sampling error can 
lead to gradation differences that can alter the eventual classification. 
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5 Data Analysis 

5.1 Particle size distribution 

In determining the suitability of each technique to achieve the closest 
estimate of the ASTM grain size distribution and soil classification, the 
coefficient of determination, R2 (RSQ), was obtained for each sieve size 
across all 14 soils tested for both the dry- and wet-based procedures. 
Figure 25 illustrates that for sieves ranging from the #40 and coarser 
(>0.42 mm), the RSQ values are similar and high for each approach. This 
suggests that coarse soils sieve equally well using a variety of techniques. 
However, as soil size decreases below the 0.42-mm threshold, there is a 
greater reduction in RSQ for the dry method than the wet, indicating 
increasing error compared to the ASTM method as summarized in 
Appendix C. The data suggest that the wet procedure produces a far better 
approximation of percent passing the smaller sieves than does the dry 
procedure and is able to be achieved in a much more reproducible fashion. 
This is primarily due to the inability to remove fine material stuck to 
larger, coarser aggregate and an inability to completely pulverize tightly 
bound clay material, which therefore behaves as fine sand.  

Figure 25. Average Coefficient of Determination between ASTM and RSAK sieve 
methodologies by sieve opening size for all soils tested. 
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5.2 Atterberg limits 

The plastic limit was determined by rewetting a portion of dried soil and 
rolling threads using the plastic limit roller. Table 5 shows the comparison 
between the laboratory Atterberg limits and the RSAK determination for 
the soils that exhibited plasticity. In the laboratory approach, plastic limit 
and liquid limit are determined independently. In the RSAK only the 
plastic limit is determined independently, and the liquid limit is predicted 
based on correlations dependent on the silt or clay textural classification. 
Since there is no difference in soil preparation between the dry and wet 
RSAK procedures, the average of all six independent plastic limit tests are 
presented in Table 5. Table 6 shows the accuracy of the RSAK approach 
when comparing either all six tests as independent data points to the 
laboratory values (Total) or the average of the six tests (Average) to the 
laboratory values. There is some variation between the two RSAK 
methods, but the variation is not a function of procedure, rather operator 
variability at time of testing. An RSQ of 94% for both the plastic limit and 
prediction of the liquid limit produced an 83% correlation to the plasticity 
index, which is the principal value for identifying soil classification. This 
suggests the RSAK approach is a good estimator of Atterberg limits when 
time constraints prevent use of the liquid limit. 

Table 5. Atterberg limit comparison between laboratory and RSAK methods. 

 

Table 6. RSQ summary from Atterberg limit comparison. 

 

Soil
Type LL PL PI LL PL PI
CL-1 27 13 14 24 13 12
CL-2 39 11 28 29 15 14
SC-1 31 12 19 27 14 13
CH-2 56 23 33 59 26 33
SC-2 25 14 11 26 14 13
CH-3 36 14 22 31 16 15
CL-3 21 13 8 25 13 12
CH-ERDC 73 24 49 79 32 46

Laboratory RSAK

All Data
Total Average Total Average Average

Plastic Limit 0.874 0.900 0.888 0.939 0.935
Liquid Limit 0.861 0.886 0.940 0.958 0.935

Plastcity Index 0.759 0.781 0.832 0.852 0.826

RSQ for Atterberg Limits
Wet-RSAK Dry-RSAK
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5.3 Compaction indices 

Once the particle size distribution and Atterberg limit information is 
obtained from the field sample, the RSAK software estimates the optimum 
moisture content (OMC), the maximum dry density (MDD), and the 
associated moisture-density curves for that soil type at standard and 
modified proctor energy. In this experiment, the standard proctor energy 
compaction test (ASTM D698) was the basis for comparison between the 
RSAK output and the laboratory values shown in Table 7. 

Table 7. Comparison of optimum moisture content and maximum dry density between 
laboratory and RSAK methods. 

 

Using the regression analysis developed to predict MDD and OMC 
according to the guidance given in Berney and Wahl (2008), the 
appropriate sieve information from the ASTM, Dry RSAK method, and 
Wet RSAK method were input. The predicted MDD and OMC were 
calculated and compared to the laboratory results obtained from the 
standard proctor moisture-density curve. A coefficient of determination 
was calculated based on the 14 soil samples tested to compare the ability of 
the software and the influence that each sieve approach has on the overall 
prediction. It was found that little variation existed between approaches 
with RSQ values of the MDD varying between 85% and 89% and 92% to 
95% for OMC. It is not obvious why the Dry-RSAK method exhibited the 
highest values and the ASTM the lowest, but for the particular soils tested, 
the error in transfer of particle gradations to a coarser mix influenced the 
calculation positively. It is not expected that this would be the case in all 
instances of the calculations and for all soils. Both the wet and dry RSAK 

Soil
Type Laboratory ASTM Wet Dry Laboratory ASTM Wet Dry
Sand 109.2 116.4 116.3 116.8 9.8 10.8 10.7 10.4
SM 121.8 124.4 123.1 120.3 10 12.9 12.8 10.7
SP-SC 128.8 126.4 125.8 128.8 8 8.6 8.7 7.5
Lime 135.9 136.1 136.3 136.6 5.2 5.3 6.8 5.1
SC-1 122.3 120.8 123.2 119.0 10.9 11.1 10.0 11.6
SC-2 122.8 118.5 118.8 116.5 11.3 11.7 11.5 12.3
CH (ERDC) 85.7 94.0 98.4 95.7 24.6 24.3 22.3 23.0
CH-2 92.3 101.2 102.1 100.2 25.9 20.7 20.0 20.6
CH-3 108.9 116.3 115.6 113.8 14.8 13.3 13.3 13.9
ML 109.5 124.7 121.1 116.8 15.8 17.0 15.5 13.7
CL-1 119.5 119.4 116.9 117.4 12 11.5 11.8 12.0
CL-2 115.5 117.3 116.9 115.8 14.2 12.7 12.9 13.0
CL-3 126.6 122.3 120.4 120.3 9.4 10.2 10.7 10.7
Correlation 0.85 0.87 0.89 0.92 0.94 0.95

Maximum Dry Density Optimum Moisture Content
Predicted Predicted
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approaches yielded almost identical RSQ, suggesting that the regression 
technique is applicable as an expedient estimate of the true moisture-
density curves. 

5.4 USCS classification 

While the Dry-RSAK method appears to show a slight advantage when 
determining OMC and MDD, a major consideration is its inability to 
properly obtain the soil classification from the grain size distribution. In 
Table 8, a comparison of the USCS classifications obtained from the 
laboratory the ASTM wash method and Wet and Dry RSAK methods shows 
that as the percentage of captured fines diminishes, the classification can 
change radically. For almost all soils tested with the D-RSAK, the classifica-
tion falls between SP and SM, with only two of the clay samples having 
enough fines (5% to 12%) captured to reach the SP-SC category. The W-
RSAK performed much better, providing a clay classification for almost all 
soils with a laboratory clay classification. However, this technique was still 
unable to capture enough fines to reach a full CH and CL classification in 
most instances (>50% fines). The primary reason for the discrepancy is that 
the initial drying of the soil sample hardens small clay fractions into coarse 
granules that are difficult to disburse. The D-RSAK relies strictly on 
grinding and soils that are attached to truly coarse-grained materials cannot 
be ground away. The wash technique improves on this considerably by 
softening the hard granules, allowing them to be washed away; yet the 
heaviest clays still do not soften enough to disburse the clods. The ASTM 
and laboratory methods used water pressure and physical movement of the 
soil to wash the fines away; this led to a far better estimate of fines content, 
but is a technique that is often not available in the field. Subsequent 
investigations have shown that secondary grinding of the smaller sieved 
particles in the W-RSAK method can recover many of the granulated fines 
and provide a much better fines estimate than only washing can provide. 
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Table 8. Comparison between USCS soil classifications 
between Laboratory, ASTM, and RSAK methods. 

 

The importance of obtaining the correct USCS classification with the 
RSAK software is that a proper shape and expanse of the compaction curve 
is dependent on this input variable. Even if the OMC and MDD are 
appropriately determined, if the wrong curve shape is chosen, then the 
user runs the risk of incorrectly estimating an appropriate moisture and 
compaction range to guide the construction process. This consideration 
demonstrates the primary limitation of the dry-RSAK method when 
dealing with cohesive soil types. For non-cohesive or low plasticity soils, 
the methodology works well but breaks down when dealing with medium 
plasticity soils.  

Soil
Type Laboratory ASTM Wet Dry
Sand SP SW-SM SW SW
SM ML ML SM SM
SP-SC SP-SC SP-SC SC SP
Lime GP-GM SP-SM SP-SM SP
SC-1 SC SC SC SP
SC-2 SC SC SC SP
CH (ERDC) CH CH SC SP
CH-2 CH CH SC SP
CH-3 CH CL SC SP
ML ML ML ML SM
CL-1 CL SC SC SP-SC
CL-2 CL CL CL SP
CL-3 CL CL SC SP-SC

Classification
Predicted
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6 Conclusions and Recommendations 

6.1 Conclusions 

The wet-based RSAK was developed to provide a systematic means to 
furnish accurate grain size information and an ASTM-based USCS 
classification. Based off of the original ERDC designed RSAK using a 
drying and pulverizing methodology to reduce a field sample to a grain size 
fraction suitable for sieving, the wet-based RSAK uses a wash technique to 
eliminate fines and provide a better estimate of the fine-grained fraction of 
soil samples. Based off of series grain size experiments conducted on 14 
soils of varying USCS classifications, the W-RSAK improved upon the dry 
RSAK’s ability to capture fines content and was able to correctly identify 
the fines classification and overall classification of the soil far better than 
the dry RSAK. All of this was accomplished using a set of field equipment 
less than half the cube volume of the prior RSAK method and a stove-
powered drying technique that enables the wet-RSAK to be completely 
self-contained in the field. An optional hot-plate drying technique can be 
employed with moisture content results equal to that of the traditional 
oven-dried technique. 

6.2 Recommendations 

For measurement of expeditionary soils, the use of the CALDERA 
expedient soil test and the wet-RSAK technology provides a thorough 
examination of the soil. With a few hours of training, soldiers can be 
prepared to provide soil classifications and engineering assessments of 
local materials in a matter of minutes. The data obtained from these tests 
provide insight to the analyst on soil properties and behavior useful in 
both forensic and construction analysis. 

6.3 Areas for future study 

In looking at the successes and limitations of the RSAK, several areas are 
available to improve both accuracy and deployment capabilities. The 
following outline the primary areas of concern for future research. 

6.3.1 Expedient liquid limit test 

Past research has been unable to identify a liquid limit test that can be 
performed in a compressed time frame on in-situ soil material. Any future 
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research that can overcome this obstacle will provide a great benefit to the 
accuracy of the RSAK as error collected during prediction of the liquid limit 
carries through to errors in classification, in OMC and MDD prediction and 
strength prediction. Further, the liquid limit prediction requires the user to 
be familiar with the soil’s texture, which may not be a simple task for a user 
who has had little contact with soil. This has been an enduring problem with 
the RSAK and one that is sorely needed to provide a complete suite of tests 
that adequately approximate ASTM methodologies and no longer 
necessitating familiarity with soil texture prior to use. 

6.3.2 Reduction in kit volume 

Due to the expeditionary nature of the RSAK, any reduction in cube 
volume is a desirable outcome of future research. As mobile military units 
are forced to carry greater amounts of equipment, making systems smaller 
and lighter enables adoption and deployment of new equipment to be 
more feasible. Custom-made sieves, a smaller heating device, smaller 
balance, and customized packaging all can make the system lighter and 
more portable. When every military service is presented the RSAK, the 
first question asked is always, “Can it be made smaller?” The W-RSAK is 
the answer to NGIC for the CALDERA program and an even smaller kit is 
on request by Air Force Special Operations Command. 
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Appendix A: Expanded Expedient Soil 
Classification 

The expedient soil classification system developed for the CALDERA 
program is a simplified method to distill the USCS system into a set of 
three basic categories each with two variants: Coarse = Gravel or Sand, 
Intermediate = Intermediate Gravel or Intermediate Sand, and Fine = Silt 
or Clay (Figure 26) (Ehrgott et al. 2016). This basic visual and textural 
classification system modeled after the Army Materials Testing Manual 
(TM 3.34-3, 2015) enables a rapid means to assign a soil classification that 
can characterize soil behavior during IED blast conditions. To make this 
procedure compatible with a USCS classification, a simple dissection of the 
grain size can lead the user to subdivide each of the general colored 
categories in Figure 26 into either a poorly or well-graded coarse soil 
(RED); a mixture with silt or clay (BLUE); or a high or low plasticity clay 
(GREEN). Figure 27 and Figure 28 illustrate this process using a color 
reference back to the original 6-soil classification at the conclusion of 
flowchart path. This provides 12 base USCS classifications including GW, 
GP, GM, GC, SW, SP, SC, SM, ML, MH, CL, and CH.  

Figure 26. Simplified soil classification chart for CALDERA. 

 

 

Less Than 50% Coarse

Wetted sample breaks 
apart

Wetted sample sticks 
together
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Greater Than 90% Coarse
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Mostly pea size 
and larger
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Figure 27. USCS classification breakdown for coarse-grained soils. 
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Figure 28. USCS classification breakdown for fine-grained soils based on textural analysis. 
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Dust > 10% silt
Sedimentation 30 Seconds 1 Hour

Classify
as
CL

Classify
as
CH

Classify
as
ML

Classify
as
MH

Classify
as
OL/OH

Field Identification of Soil Fines
Test Material

Soil Types
ML MH CL CH OL/OH

Dry Strength <40 Sieve 
Wet no to low

low to 
med

med to 
high very high low

Roll/Thread <40 Sieve 
Sticky low low to 

med med high spongy

Ribbon <40 Sieve 
Sticky < 1” 1” to 2” 3" to 8" 8" to 10"

Wet Shake <40 Sieve 
Sticky

slow to 
rapid no to slow no to slow no

Cast Damp handle freely handle roughly

Bite/Feel <40 (<200)  
Sieve unpleasant smooth

Shine remains dull shines

Wash discolors quickly, >5% silt

Dust > 10% silt

Sedimentation 30 Seconds 1 Hour

Smear <40 Sieve stains, but rinses easily stain must be rubbed off

Hear <40 Sieve slightly gritty sound very little sound, if any



ERDC TR-18-1 37 

 

Appendix B: Soil Characterization Data 

B.1 CL-1 
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B.2 CL-2 
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B.3 SC-1 
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B.4 CH-2 
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B.5 SC-2 
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B.6 CH-3 
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B.7 CL-3 
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B.8 CH-ERDC  
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B.9 MH 
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B.10 ML 
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B.11 SP 
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B.12 SM 

Note: This soil was classified as Sandy-Silt (ML) by the MTC. 
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B.13 SP-SC 
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B.14 Limestone 
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Appendix C: Summary of Grain Size Data 
Table 9. Average of percent passing each sieve from 3 replicates for all soils and techniques 

evaluated. 

 

ASTM 
Sieve

Number Sand SM GC Lime SC-1 SC-2 CH (ERDC) CH-2 CH-3 ML CL-1 CL-2 CL-3
1'' 100.0 100.0 97.6 98.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1/2'' 99.7 100.0 88.1 80.4 98.1 100.0 99.6 99.5 99.2 98.6 100.0 100.0 98.4
4 96.1 85.9 82.7 56.2 94.7 98.8 99.4 98.2 96.1 98.3 96.8 99.0 95.4
10 87.1 81.4 80.3 34.2 90.7 97.6 98.9 96.2 94.3 97.5 95.3 97.8 91.8
20 80.4 76.4 77.1 20.2 85.9 96.5 98.3 94.7 92.7 96.6 94.1 96.5 89.9
40 57.0 62.6 51.5 14.0 79.3 90.5 96.9 90.8 89.8 95.5 91.1 94.0 87.1

100 10.4 51.2 11.3 8.8 58.2 42.5 89.7 77.2 76.1 92.3 67.1 76.0 68.9
200 6.8 51.0 10.0 6.8 39.9 32.1 85.3 70.9 62.9 91.7 49.5 61.0 53.5

RSAK-Wet
Sieve

Number Sand SM GC Lime SC-1 SC-2 CH (ERDC) CH-2 CH-3 ML CL-1 CL-2 CL-3
1'' 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1/2'' 100.0 99.7 92.9 89.9 99.4 100.0 100.0 100.0 98.0 100.0 99.9 100.0 100.0
4 96.3 88.2 88.5 66.3 96.2 99.1 99.7 98.6 96.7 99.9 99.0 98.7 97.7
10 87.3 83.8 86.1 41.9 90.8 98.0 97.5 96.4 95.3 98.7 98.3 97.7 95.3
20 80.9 78.5 83.0 26.6 83.2 96.6 85.5 89.6 92.0 95.8 97.2 96.4 93.0
40 54.7 62.8 56.7 16.8 65.2 86.8 65.9 75.6 85.3 90.2 94.5 93.6 89.4

100 10.1 51.6 18.2 12.6 34.5 29.4 51.1 39.8 56.4 81.9 62.7 71.8 60.6
200 4.9 45.5 15.8 10.7 30.8 22.5 46.5 25.5 28.9 67.3 41.9 50.1 21.7

RSAK-Dry
Sieve

Number Sand SM GC Lime SC-1 SC-2 CH (ERDC) CH-2 CH-3 ML CL-1 CL-2 CL-3
1'' 100.0 100.0 96.9 100.0 100.0 100.0 100.0 96.3 100.0 100.0 100.0 100.0 100.0

1/2'' 100.0 100.0 90.3 83.5 98.8 100.0 100.0 96.3 99.1 100.0 100.0 100.0 99.7
4 96.4 85.2 85.8 58.6 95.7 99.2 99.9 95.8 97.9 99.8 99.5 98.9 96.3
10 87.1 80.4 83.1 33.9 93.4 98.8 99.9 95.5 97.1 98.9 98.3 97.5 94.2
20 76.8 73.2 72.8 16.8 88.7 98.1 95.7 94.0 95.1 93.7 95.7 93.9 90.9
40 40.6 52.5 38.1 9.7 80.1 93.4 68.8 79.3 88.4 81.8 91.2 88.5 86.1

100 3.6 38.1 4.3 2.3 36.2 21.7 20.3 16.9 38.9 68.1 49.4 40.1 52.5
200 0.7 16.3 1.9 0.3 2.9 2.1 1.6 1.7 3.7 36.7 5.9 5.0 5.3

Percent Passing Average

Percent Passing Average

Percent Passing Average
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Figure 29. Comparison of percent passing each sieve between RSAK techniques and ASTM 
procedure for all soils tested. 
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Figure 30. Comparison of percent passing each sieve between RSAK and ASTM procedure 
for soils classified as coarse grained (<50% fines). 

 

R² = 0.9471

R² = 0.944

0
10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100

Pe
rc

en
t P

as
sin

g (
RS

AK
)

Percent Passing (ASTM)

40 Sieve - Coarse Soil

Wet

Dry

R² = 0.7719

R² = 0.9615

0
10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100

Pe
rc

en
t P

as
sin

g (
RS

AK
)

Percent Passing (ASTM)

100 Sieve - Coarse Soil

Wet

Dry

R² = 0.9191

R² = 0.5912
0

10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100

Pe
rc

en
t P

as
sin

g (
RS

AK
)

Percent Passing (ASTM)

200 Sieve - Coarse Soil

Wet

Dry

R² = 0.9894
R² = 0.9911

0
10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100

Pe
rc

en
t P

as
sin

g (
RS

AK
)

Percent Passing (ASTM)

20 Sieve - Coarse Soil

Wet

Dry

R² = 0.9927
R² = 0.9959

0
10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100

Pe
rc

en
t P

as
sin

g (
RS

AK
)

Percent Passing (ASTM)

10 Sieve - Coarse Soil

Wet

Dry

R² = 0.9933

R² = 0.9939

0
10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100

Pe
rc

en
t P

as
sin

g (
RS

AK
)

Percent Passing (ASTM)

4 Sieve - Coarse Soil

Wet

Dry



ERDC TR-18-1 83 

 

Appendix D: Army Soils Kit LIN-V92959 

The following is the document detailing the specific components of the 
Army field soils kit. This kit also includes all necessary surveying and 
drafting equipment to perform the ground and site preparation that are 
not applicable to the soil engineering and classification determination. The 
figures listed in Chapter 2 illustrate only those portions of the Army Soils 
Kit that are necessary to perform the classification and engineering 
definitions. 
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