D2167 15 Standard Test Method For
Density And Unit Weight Of Soil In Place

Understanding d2167 15 Standard Test Method for Density
and Unit Weight of Soil in Place

d2167 15 standard test method for density and unit weight of soil in place is a fundamental procedure widely
employed in geotechnical engineering to evaluate the in-situ density and unit weight of soils. Accurate measurement of soil
density is essential for designing foundations, earthworks, and other construction projects. This test helps engineers
determine whether the soil meets the necessary compaction specifications to ensure stability, safety, and longevity of
structures built upon it. This article explores the detailed aspects of the d2167 15 standard test method, including its
purpose, procedures, equipment, applications, and importance within soil testing and geotechnical assessments.

Historical Background and Standardization

The American Society for Testing and Materials (ASTM) developed the d2167 15 standard to provide a consistent, reliable
method for in-place soil density measurement. The "15" indicates the year when the standard was finalized or last revised,
in this case, 2015. Standardization ensures that soil testing results are comparable across different projects, laboratories,
and regions, fostering quality assurance in construction. Over time, the method has evolved to improve accuracy, efficiency,
and applicability across various soil types and site conditions. It remains one of the most commonly used field methods for
assessing soil compaction.

Purpose and Significance of the Test

The primary objectives of the d2167 15 test include: - Determining the in-place density of soils to verify if the compaction
meets project specifications. - Calculating the soil's unit weight, which influences bearing capacity and stability. - Assessing
the uniformity of soil compaction across a site. - Providing data necessary for quality control during earthworks and
foundation preparation. Accurate in-situ density measurement is crucial because: - Overly loose soils can lead to settlement
or failure. - Over-compacted soils may cause excessive stresses or cracking. - Proper compaction enhances soil strength,
reduces permeability, and improves overall construction durability.

Principles of the d2167 15 Standard Test Method

The method relies on a technique called the "nuclear density gauge" or other in-place testing methods, but the classic
approach involves the use of a sand cone or rubber balloon method. The core principle is to determine the volume of a soil
sample in situ and then measure its mass to find density. The key steps include: 1. Excavating a test hole of known volume.
2. Weighing the excavated soil sample. 3. Calculating the soil’'s bulk density and unit weight based on the volume of the hole
and the mass of the soil. This allows for direct measurement of the soil's in-place density, which is more representative than
laboratory tests on disturbed samples.

Equipment and Materials Needed

The d2167 15 standard specifies the following equipment: - Sand Cone Apparatus: To determine the volume of the test hole
by filling it with calibrated sand. - Calibrated Sand: Uniform, dry, and with known density. - Test Hole Excavation Tools:

© italy.sandbox.xylemappliedwater.com D2167 15 Standard Test Method For Density And Unit Weight Of Soil In 1
Place



Shovels, trowels, or augers. - Scale or Balance: For weighing soil samples and sand. - Measuring Devices: For measuring the
dimensions of the test hole. - Moisture Content Test Equipment: To determine soil moisture, which may be needed for
additional analysis. - Protective Gear: Gloves, safety glasses, etc., for safety during excavation.

Step-by-Step Procedure

The standardized procedure involves several key steps:

1. Site Selection and Preparation

- Choose representative locations across the construction site. - Clear the surface vegetation and debris. - Mark the test
locations to ensure consistency.

2. Excavation of Test Hole

- Using appropriate tools, excavate a hole with a known and measured volume, typically between 100 and 3000 cubic
centimeters. - The depth of the hole should be sufficient to avoid disturbance from surface activities.

3. Weighing the Soil

- Carefully remove the excavated soil and weigh it immediately to prevent moisture loss. - Record the weight accurately.

4. Measuring the Volume of the Hole

- Place the calibrated sand cone apparatus over the test hole. - Fill the apparatus with dry, calibrated sand until it completely
fills the hole. - Weigh the sand used to fill the hole. - Calculate the volume of the hole based on the known density of the
sand and the weight used.

5. Calculating Soil Density and Unit Weight

- Use the weight of the excavated soil and the volume of the hole to determine the bulk density: \[ \text{Bulk Density} =
\frac{\text{Weight of excavated soil}} {\text{Volume of the hole}} \] - Convert bulk density to unit weight (kN/m3 or Ib/ft3)
as needed.

6. Optional Moisture Content Determination

- Collect a soil sample for moisture content testing to assess moisture's effect on soil density. - Use oven-drying or other
standard methods.

Data Interpretation and Analysis

The results obtained from the d2167 15 method provide critical data for geotechnical analysis: - In-Place Density Values:
These are compared to maximum and minimum density standards specified in project plans. - Relative Density or Degree of
Compaction: Calculated as a percentage of maximum dry density obtained through laboratory Proctor tests. - Assessment of
Uniformity: Multiple tests across the site can reveal areas of inadequate compaction. Engineers analyze these data points to
determine if additional compaction or soil modification is needed before proceeding with construction.



Applications of the d2167 15 Standard Test Method

This testing method is applicable in various scenarios, including: - Construction of Foundations: Ensuring soils are compacted
to support structures. - Road Construction: Verifying subgrade and base layer compaction. - Embankment and Dam
Construction: Monitoring in-place density to prevent settlement. - Environmental Projects: Confirming soil stabilization and
containment measures. - Quality Control: During earthmoving operations, to maintain specifications throughout the project
timeline.

Advantages of Using d2167 15 Method

- Provides direct measurement of in-situ soil conditions. - Relatively simple and quick to perform with proper training. - Cost-
effective compared to advanced geophysical methods. - Versatile across different soil types and site conditions. - Offers
reliable data for quality assurance and control.

Limitations and Challenges

Despite its advantages, the method has some limitations: - Disturbance during excavation can alter soil properties. -
Accuracy depends on proper calibration of equipment and operator skill. - Limited to relatively shallow depths; deeper in-situ
measurements require specialized equipment. - Variability across sites necessitates multiple tests for representative data. -
Moisture content variations can influence results, requiring concurrent moisture testing.

Best Practices for Accurate Results

To maximize the reliability of the d2167 15 test: - Conduct multiple tests at different locations to account for heterogeneity. -
Ensure equipment calibration before testing. - Carefully excavate and handle soil samples to prevent compaction or loss. -
Record environmental conditions, especially moisture, during testing. - Follow the detailed procedures outlined in the ASTM
standard to maintain consistency.

Conclusion: The Importance of d2167 15 in Geotechnical
Engineering

The d2167 15 standard test method remains a cornerstone in geotechnical investigations for assessing soil in-place density
and unit weight. Its simplicity, reliability, and cost-effectiveness make it an essential tool for engineers aiming to ensure
safe, durable, and cost-efficient construction. By providing accurate in-situ data, this method aids in making informed
decisions regarding soil preparation, compaction, and foundation design. Regular adoption of the d2167 15 procedure,
aligned with ASTM standards, guarantees the quality and safety of earthworks and structures. As construction projects
continue to evolve, so does the importance of precise soil characterization, making this standardized testing method a vital
component of modern geotechnical engineering practice.

d2167 15 Standard Test Method for Density and Unit Weight of Soil in Place is an essential procedure widely adopted by
geotechnical engineers, construction professionals, and environmental scientists to accurately determine the in-situ density
and unit weight of soils. This test provides critical data necessary for designing foundations, earthworks, and other
geotechnical structures. The method outlined in this standard offers a systematic approach to measuring soil density directly
in the field, ensuring that engineers can make informed decisions based on reliable, standardized procedures.

Introduction to d2167 15 and Its Significance

The d2167 15 Standard Test Method is published by ASTM International, establishing a recognized protocol for evaluating
the density and unit weight of soils in their natural or in-place condition. Accurate in-situ density measurements are crucial
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for assessing soil compaction, stability, permeability, and load-bearing capacity. The test method applies to a broad range of
soil types, including granular soils and cohesive soils, making it versatile for various geotechnical investigations. This
method has been adopted globally due to its reliability, repeatability, and adherence to standardized procedures. It plays a
vital role in quality control during construction, ensuring that soils meet specified compaction requirements and helping
prevent future geotechnical failures.

Scope and Applications

Scope The standard covers procedures for determining the density and unit weight of soil in place, specifically focusing on: -
Field measurement techniques - Use of specific equipment such as a sand cone apparatus or rubber balloon method -
Calculations for soil density and unit weight based on measurements Applications - Construction Quality Control: Verifying
soil compaction during earthworks - Site Investigation: Assessing in-situ soil properties for foundation design - Environmental
Engineering: Estimating soil porosity and permeability - Research & Development: Studying soil behavior under different
conditions

Principles of the Test Method

The core principle of the d2167 15 test involves measuring the volume of soil in a specific in-place section and determining
its weight. By comparing the in-situ weight to the volume, the density and unit weight are calculated. The method employs
the use of a calibrated container (sand cone apparatus or rubber balloon) to determine the volume of the excavated or
tested soil volume. The key steps involve: - Excavating or exposing the soil surface - Filling the container with a known
volume of a calibrated medium (sand or water) - Measuring the weight of the soil displaced - Computing the soil's in-place
density and unit weight from the measurements

Equipment and Materials

Essential equipment includes: - Sand Cone Apparatus or Rubber Balloon: For volume measurement - Calibrated Sand or
Water: To fill the apparatus - Balance or Scale: To weigh soil and apparatus components - Shovel or Excavation Tools: For
exposing soil surface - Moisture Content Measurement Devices: Optional, for correlating density with moisture content -
Protective Gear: Safety equipment for field operations Additional materials: - Calibration standards for apparatus - Cleaning
supplies to ensure accurate measurements

Test Procedure Overview

Preparation

- Clear the test area and remove surface debris - Excavate to expose a clean, flat surface - Set up the sand cone or rubber
balloon apparatus on the prepared surface, ensuring no leaks

Measurement steps

1. Calibration: - Calibrate the apparatus using a known volume of sand or water to ensure measurement accuracy. 2.
Placement: - Position the apparatus on the soil surface 3. Filling: - Fill the apparatus with calibrated sand or water until
overflowing, then level off to ensure full displacement. 4. Weighing: - Weigh the apparatus filled with medium (sand or
water) and subtract the tare weight to find the displaced volume. 5. Soil removal and measurement: - Remove a soil sample,
weigh it, and record its moisture content if necessary. 6. Calculations: - Use the measured volume and weight to calculate in-
place soil density and unit weight.



Calculations and Data Analysis

The core calculations involve: - Volume of soil (V): Derived from the calibration of the apparatus (e.g., sand cone volume) -
Weight of soil (W): Measured directly in the field - Density (p): Calculated as W divided by V (p = W / V) - Unit weight (y):
Calculated as weight per unit volume, often expressed in pounds per cubic foot (pcf) or kilonewtons per cubic meter (kN/m?3)
Additional corrections might be necessary for: - Moisture content of soil - Apparatus calibration variations - Soil type and
compaction state

Advantages of the d2167 15 Method

- Accuracy: Provides reliable and repeatable measurements when properly performed - Standardization: Widely accepted
and standardized, ensuring consistency across different projects - Versatility: Applicable to various soil types and conditions
- Field-ready: Designed for in-situ measurements, reducing the need for extensive sampling - Immediate Results: Enables
real-time assessment during construction activities

Limitations and Challenges

- Soil Disturbance: Excavation and removal may disturb the soil structure, affecting results - Apparatus Calibration: Requires
precise calibration and maintenance of equipment - Surface Conditions: Loose or uneven surfaces can complicate setup -
Soil Type Limitations: Very coarse or very fine soils may require adjustments or different methods - Moisture Content
Influence: Moisture variations can affect density measurements if not accounted for

Comparison with Other Methods

While the d2167 15 method is a standard approach, alternative methods exist, such as: - Core Cutter Method: Extracting a
soil core and measuring its volume directly - Nuclear Density Gauges: Using radioactive sources for rapid in-situ
measurements - Sand Ring Method: Similar to the sand cone but uses a ring device for volume measurement Compared to
these, the d2167 15 method offers a good balance of accuracy, field applicability, and standardization, making it a preferred
choice in many construction and geotechnical projects.

Practical Tips for Implementation

- Always calibrate equipment before use - Ensure the apparatus is clean and free of leaks - Conduct multiple tests at various
locations for representative data - Record environmental conditions such as moisture content and surface roughness -
Handle soil samples carefully to avoid loss or contamination - Follow safety protocols, especially when working with
excavation tools and heavy apparatus

Conclusion

The d2167 15 Standard Test Method for Density and Unit Weight of Soil in Place remains a cornerstone in geotechnical field
testing. Its systematic approach, reliability, and widespread acceptance make it indispensable for engineers and technicians
aiming to evaluate soil compaction and stability accurately. While it does have limitations, proper calibration, adherence to
procedures, and understanding soil conditions can mitigate these challenges. The insights gained from this test directly
influence the safety, durability, and performance of earth structures, underscoring its vital role in geotechnical engineering.
By providing a consistent framework for in-situ soil density measurement, the d2167 15 standard continues to support safe
construction practices and advances in earth science research. Its ongoing relevance attests to its importance in ensuring
the integrity of civil engineering projects worldwide.

© italy.sandbox.xylemappliedwater.com D2167 15 Standard Test Method For Density And Unit Weight Of Soil In 5
Place



Questions & Answers About d2167 15 standard test method
for density and unit weight of soil in place

testing be performed during a
construction project?

No Question Answer

1 What is the main purpose of the The D2167-15 standard specifies procedures to determine the density
D2167-15 standard test method? and unit weight of soil in place, which are essential for assessing soil

compaction and stability in construction projects.

2 Which equipment is typically used for Equipment such as sand cones, rubber balloons, or nuclear density
the in-place density test according to gauges are commonly used to perform in-place density measurements
D2167-15? as outlined in the D2167-15 standard.

3 How does the sand cone method work The sand cone method involves excavating a small hole, filling it with
for in-place soil density testing? calibrated dry sand, and then measuring the volume of the hole to

calculate the in-place soil density or unit weight.

4 What are the typical applications of the The test is used to verify whether soil compaction meets project
D2167-15 test in construction projects? specifications, to ensure stability of foundations, pavements,

embankments, and other geotechnical structures.

5 Are there any safety precautions to Yes, safety precautions include wearing appropriate personal protective
consider when performing the D2167-15 | equipment, ensuring stability of test equipment, and following proper
in-place density tests? handling procedures to prevent accidents during excavation and

measurement.

6 How does the D2167-15 standard ensure | The standard provides detailed procedures for equipment calibration,
accuracy and repeatability in soil density | sample handling, and measurement techniques to ensure consistent
measurements? and accurate results across different tests and operators.

7 Can the D2167-15 method be used for While it is suitable for most cohesive and granular soils, certain soil
all soil types? types with high moisture content or unusual compositions may require

alternative or supplementary testing methods for accurate density
determination.

8 What are the advantages of using the The D2167-15 method offers a standardized, reliable approach for in-
D2167-15 standard test method over place soil density measurement, providing consistent results that are
other methods? critical for quality control in geotechnical construction.

9 How often should in-place soil density Testing frequency depends on project specifications, but typically, in-

place density tests are performed at various stages of compaction to
ensure soils meet the required density and compaction standards
before proceeding.

soil density, soil unit weight, in-place soil testing, D2167, geotechnical testing, soil compaction, soil testing standards, field
soil density, soil testing methods, in-situ soil measurement
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