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The vane shear test is a widely used laboratory and field method for
determining the undrained shear strength of soft, saturated soils,
particularly clay. Its simplicity, minimal disturbance to the soil, and
direct measurement of shear strength make it a vital tool in geotechnical
investigations. In this article, we explore the detailed process,
interpretations, and implications of conducting a vane shear test in
saturated soft clay using a vane with dimensions of 100 mm diameter and 200
mm height. We will analyze the steps involved, the significance of the
results, and the factors influencing the test outcomes.

Overview of the Vane Shear Test

Principle of the Test

The vane shear test measures the undrained shear strength (cu) of soft clay
by applying a torsional load to a vane inserted into the soil specimen or in
situ. The test assumes that the failure occurs along a cylindrical surface
around the vane, providing a direct measurement of the shear strength under
undrained conditions.

Applications of the Vane Shear Test

e Assessment of soft clay deposits
e Design of foundations and earthworks on clay soils
e Evaluation of soil stability and liquefaction potential

e Quality control in construction projects involving soft soils



Advantages and Limitations

e Advantages: Simple, quick, minimal disturbance, suitable for soft soils
e Limitations: Not suitable for stiff or dense soils, potential

disturbance during sampling, interpretation complexities in layered
soils

Preparation and Setup for the Test

Selection of Vane Dimensions

The vane used in this case has a diameter of 100 mm and a height of 200 mm.
The dimensions are critical because they influence the volume of soil tested,
the shear stress distribution, and the reliability of the results.

Rationale for Using a 100 mm x 200 mm Vane

The chosen vane size balances the need for:
e Representative sampling volume to reduce variability
e Practical insertion and rotation in soft, saturated clay

e Minimization of disturbance and disturbance-induced artifacts

Preparation of the Soil Sample

Before testing, the soil specimen must be:
1. Remolded or sampled in-situ to maintain saturation
2. Ensured to be fully saturated to prevent pore pressure effects

3. Allowed to equilibrate to the testing conditions, typically at a
consistent temperature and moisture content



Equipment Calibration and Setup

The torsion is applied via a torque device calibrated for accuracy. The test
setup includes:

e The vane assembly

e A torque applicator and dial gauge or electronic torque measurement
device

e Supporting frame for steady rotation and data recording

Conducting the Vane Shear Test

Insertion of the Vane

The vane is carefully inserted into the prepared soil specimen:
e Slowly pushed to the desired testing depth to minimize disturbance

e Ensuring verticality and proper seating without lateral displacement

Application of Torque
The test proceeds by gradually applying torque:

1. Incrementally increase torque at a controlled rate (e.g., 0.1 to 0.5
degrees/sec)

2. Monitor the torque and rotational displacement continuously

3. Identify the peak torque at failure or the torque corresponding to a
specified shear strain (often 5%)

Observation of Failure and Data Recording

Failure is typically characterized by a rapid decrease in torque or a sudden
increase in rotational displacement. The key data points include:



e The maximum torque (Tmax) before failure
e The corresponding shear stress, calculated from the torque

e The failure shear strength (cu)

Calculating the Undrained Shear Strength

The undrained shear strength is derived from the torque using the formula:

\ [
cu = \frac{T {max}}{k \times J}
\1]

Where:

- \(T _{max}\) = maximum torque recorded

- \(k\) = shape factor derived from the vane dimensions

- \(J\) = a geometric factor related to the vane’'s surface area

For a cylindrical vane, the shear strength is often calculated as:

\ [

cu = \frac{T {max}}{2 \pi r h"2}

\]

where:

- \(r\) = radius of the vane (50 mm for a 100 mm diameter vane)
- \(h\) = height of the vane (200 mm)

Interpretation of Results

Analysis of Shear Strength Data

The obtained undrained shear strength provides insights into the soil’s
stability and load-bearing capacity. In soft saturated clay, typical values
of \(c u\) are low, often less than 50 kPa, but can vary depending on the
soil’'s history and conditions.

Factors Influencing the Test Outcome

e Saturation level: Fully saturated soils tend to exhibit higher undrained



shear strengths

e Sample disturbance: Excessive disturbance during sampling or insertion
can reduce measured strength

e Test rate: Rapid or slow application of torque affects pore pressure
dissipation

e Layering and heterogeneity: Variations in soil properties with depth
influence results

Reliability and Limitations of the Data

While the vane shear test offers valuable data, it is essential to consider:
- The potential for scale effects, especially with larger or smaller vane
sizes

- The influence of soil anisotropy

- The necessity of multiple tests for statistical reliability

Implications for Engineering Design

Foundation Design

Understanding the undrained shear strength helps in designing foundations on
soft clay, ensuring stability and preventing excessive settlement or failure.

Earthworks and Slope Stability

The test results inform the stability analysis of slopes and embankments
built on soft clay deposits.

Liquefaction and Stability Assessment

In seismic regions, low shear strength values indicate potential liquefaction
risk, guiding mitigation strategies.

Conclusion

Conducting a vane shear test with a 100 mm by 200 mm vane in saturated soft



clay provides critical insights into the soil's undrained shear strength,
contributing significantly to geotechnical design and safety assessments.
Proper preparation, execution, and interpretation of the test are essential
for obtaining reliable data. Understanding the factors influencing the test
results ensures engineers can make informed decisions regarding foundation
stability, earthworks, and risk mitigation in soft clay environments. The
vane shear test remains a vital tool in the geotechnical engineer’s arsenal,
especially when working with sensitive, saturated clay soils that require
careful evaluation of their shear properties.

Frequently Asked Questions

What is the significance of conducting a vane shear
test in saturated soft clay?

The vane shear test measures the undrained shear strength of soft clay,
providing critical data for foundation design and stability assessments in
saturated conditions.

Why is the size of the vane (100 mm x 200 mm)
important in shear testing?

The vane size affects the measurement of shear strength; larger vanes are
used for soft soils to ensure accurate readings without causing disturbance
or failure during the test.

What does it indicate when the vane shear test shows
a sudden decrease in resistance?

A sudden decrease suggests failure or yielding of the soft clay, indicating
its shear strength limit and potential instability under load.

How does saturation of the clay influence the vane
shear test results?

Saturated clay tends to exhibit higher undrained shear strength, and the test
results reflect the soil's true strength under undisturbed saturated
conditions.

What are the typical steps involved when conducting
a vane shear test in saturated soft clay?

The steps include inserting the vane into the soil, rotating it at a
controlled rate until rupture, and recording the torque to determine shear
strength.



How does the thickness of the clay layer affect vane
shear test outcomes?

Thicker saturated clay layers may show more consistent and representative
shear strength measurements, while thin layers might produce less reliable
results due to boundary effects.

What are the limitations of using a 100 mm x 200 mm
vane in soft clay testing?

Limitations include potential disturbance of the soil structure during
insertion, difficulty in capturing localized variations, and the assumption
of uniform soil properties.

In what scenarios would the vane shear test be
preferred over other shear testing methods?

It is preferred in soft, saturated soils where undisturbed samples are
difficult to obtain, and quick, in-situ shear strength measurements are
needed.

What does the phrase 'When the Vane Was' imply about
the test procedure or results?

It suggests that the question pertains to the conditions or outcomes observed
at a specific moment during the vane shear test, such as failure point or
torque measurement.

How do environmental factors like water content and
temperature affect the vane shear test in saturated
soft clay?

Higher water content can increase softness and reduce shear strength, while
temperature variations can influence soil viscosity and the measured
resistance during testing.

Additional Resources

Vane Shear Test: An In-Depth Analysis of Conducting Shear Tests in Saturated
Soft Clay with a 100 mm x 200 mm Vane

Introduction

In geotechnical engineering, understanding the shear strength of soft clay is



fundamental for safe and efficient foundation design, slope stability
analysis, and ground improvement projects. Among various testing methods, the
vane shear test stands out for its simplicity, direct measurement capability,
and suitability for soft, saturated clay deposits. When performed with a 100
mm x 200 mm vane, the test provides critical data that influences engineering
decisions.

This article offers a comprehensive review of conducting a vane shear test in
saturated soft clay, focusing on the nuances when the vane used measures 100
mm in diameter and 200 mm in height. We’'ll explore the test procedure,
interpretation of results, factors influencing the test outcome, and
practical considerations, all from an expert perspective.

Understanding the Vane Shear Test
What Is a Vane Shear Test?

The vane shear test is a direct shear test performed in situ to determine the
undrained shear strength of soft, saturated clay soils. It involves inserting
a four-bladed vane into the soil, rotating it, and measuring the torque
required to induce failure. The simplicity of the procedure, minimal
disturbance, and the ability to test in saturated conditions make it a
preferred method in soft clay investigations.

Significance of the Test in Soft Clay

Soft clays are characterized by low shear strength, high compressibility, and
significant sensitivity to disturbance. The vane shear test’s in-situ nature
ensures that the undisturbed state of the soil is maintained, providing
reliable data for design purposes.

The Vane: Dimensions and Their Impact
The 100 mm x 200 mm Vane

Using a vane measuring 100 mm in diameter and 200 mm in height offers
specific advantages:

- Large size: Provides a representative shear strength of a larger soil
volume, reducing variability.

- Height-to-diameter ratio (H/D): Typically around 2, ensuring stable torque
readings and minimizing boundary effects.

- Handling and insertion: While larger vanes require more effort to insert,
they also produce more accurate and stable measurements in soft soils.

Rationale Behind These Dimensions



The choice of a 100 mm diameter and 200 mm height vane balances the need for:

- Sufficient soil volume: To obtain an average shear strength, reducing the
influence of localized heterogeneities.

- Operational feasibility: Ensuring the vane can be inserted and rotated
without excessive difficulty.

- Standardization: Conformance to ASTM D4648 or BS 1377-9 standards, which
recommend specific vane sizes for consistency.

Conducting the Test: Step-by-Step Process
Preparation and Setup

1. Site Selection and Soil Characterization: Confirm that the soil is
saturated, soft, and homogeneous enough for vane testing.

2. Equipment Inspection: Verify that the vane, torque measurement device, and
motor (if used) are calibrated and in good condition.

3. Test Location Selection: Choose a representative test site, avoiding
disturbed zones or zones with visible anomalies.

Insertion of the Vane

- Carefully insert the vane vertically into the soil to a predetermined
depth, typically 1-2 times the vane height (i.e., 200-400 mm), ensuring
minimal disturbance.

- Use gentle, steady pressure to prevent soil disturbance or deformation.

Shearing Procedure

1. Rotation Initiation: Begin rotating the vane at a constant, slow
rate—commonly 0.8° per second (standard rate)—to induce shear failure.

2. Torque Measurement: Record the torque continuously or at regular intervals
until peak torque is reached, indicating failure.

3. Observation of Failure: The test is considered complete when the torque
peaks sharply and then drops, or after reaching a predefined maximum rotation
angle (e.g., 10°).

Interpreting the Results
Calculating Shear Strength

The undrained shear strength, \( S_u \), can be obtained from the measured
torque, \( T \), using the formula:

\ [
S u = \frac{T}{k \times H \times D}

\]



maximum torque recorded during failure

height of the vane (200 mm)

diameter of the vane (100 mm)

- a constant depending on the vane shape and test standards
(typically around 2n for a four-bladed vane)
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Alternatively, many standards provide specific formulas or correction factors
to translate torque into shear strength.

Typical Shear Strength Values in Soft Saturated Clay

- Range: Usually between 10 kPa to 50 kPa, depending on the degree of
softening, saturation, and consolidation.

- Interpretation: Low shear strengths indicate highly compressible, sensitive
clay, which influences foundation design and stability assessments.

Factors Affecting Test Outcomes

- Soil Saturation: Fully saturated conditions are necessary; dry or partially
saturated soils can produce misleading results.

- Soil Homogeneity: Variations in soil properties can cause fluctuations in
torque readings.

- Insertion Technique: Excessive disturbance during insertion could
artificially alter shear strength measurements.

- Rate of Rotation: Standardized rates ensure comparability; too fast or too
slow may influence results.

- Vane Size: Larger vanes like the 100 mm x 200 mm tend to average out local
heterogeneities but require careful handling.

Practical Considerations and Best Practices
Ensuring Accurate and Reliable Results

- Calibration: Regularly calibrate torque measurement devices.

- Multiple Tests: Conduct several tests at different depths and locations to
account for variability.

- Data Recording: Log torque, rotational angle, and other relevant parameters
meticulously.

- Environmental Control: Perform tests in stable conditions, minimizing
vibrations or disturbances.

Limitations of the Vane Shear Test

- Limited to Soft, Saturated Clays: Not suitable for dense or granular soils.
- Boundary Effects: Proximity to borehole walls could influence measurements.



- Interpretation Challenges: Sensitivity to disturbance and anisotropy
requires experienced interpretation.

Advancing Engineering Practice

The vane shear test, especially with a 100 mm x 200 mm vane, remains a
cornerstone in soft clay assessment. Its direct, in-situ nature offers
invaluable insights into undrained shear strength, guiding safe and
economical geotechnical designs.

Modern advancements, such as automated torque measurement, digital data
logging, and integration with other in-situ tests (e.g., CPT), enhance the
reliability and interpretability of vane shear data. Nonetheless,
understanding the nuances involved in conducting and interpreting these tests
is essential for geotechnical engineers aiming for precision and safety.

Conclusion

Conducting a vane shear test in saturated soft clay using a 100 mm x 200 mm
vane is a meticulous process that yields vital data for geotechnical
analysis. From preparation and insertion to interpretation, each step
influences the reliability of the results. Recognizing the importance of the
vane’s dimensions, the test procedure’s intricacies, and the soil conditions
ensures that engineers can confidently utilize the data to inform design and
safety assessments.

In the realm of soft clay investigation, the vane shear test remains an
indispensable tool, and when executed with expertise and precision, it
provides a robust foundation for engineering excellence.
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