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Introduction

Structures of all types (buildings, bridges, highways, etc.) rest directly on, in, or against soil; hence, proper analysis of soil and design of foundations are necessary to ensure that these structures remain safe and free of undue settling and collapse. A comprehensive knowledge of the soil in a specific location may also be important in other contexts, including the use of soil as a source of construction material. In order to obtain such knowledge, soil samples must be collected from a job site and tested in a soils laboratory to evaluate the soil’s engineering properties quantitatively. This laboratory textbook deals specifically with collecting, and especially testing, soil.

Soil testing is an extremely important step in an overall construction design project. Soil conditions vary from one location to another; hence, virtually no construction site presents soil conditions exactly like any other. It can be extremely important that properties may vary, even profoundly, within one site. As a result, soil conditions at every site must be thoroughly investigated prior to preparing detailed designs.

Experienced soils engineers can obtain a fairly good idea of the soil conditions at a given location by examining soil samples obtained from exploratory borings. However, quantitative results of laboratory tests on the samples are necessary to analyze the soil conditions and effect an appropriate design that is based on actual data. The importance of securing sufficient and accurate soil property data can hardly be overemphasized.

This book deals with soil laboratory testing procedures, as well as the collection and evaluation of test data. However, to provide a more complete picture concerning individual experiments, each experiment is introduced together with its definition, scope, and objective. A conclusion is given at the end of each chapter explaining the method of presentation, typical values, and engineering uses of test results. In addition, a complete numerical example, including necessary graphs, is presented in each chapter so that students can grasp not only the procedures and principles of each test, but also the entire process of evaluating applicable laboratory data.

Twenty-two different soil tests are included in this book, with a single chapter devoted to each. These include virtually all soil tests that are required and done on a routine basis. All except a very few procedures follow those of the American Society for Testing and Materials (ASTM) and/or the American Association of State Highway and Transportation Officials (AASHTO).

In order to standardize the presentation of each laboratory experiment in the remainder of the book, the following format is used for each chapter:

Introduction

Definitions

Scope of Test

Object of Test

Apparatus and Supplies

Description of Soil Sample

Preparation of Samples and Test Specimens

Adjustment and Calibration of Mechanical Device

Procedure

Data

Calculations

Numerical Example

Charts and Graphs

Results

Conclusions

Method of Presentation

Typical Values

Engineering Uses of Test Results

References

Blank Forms

This format is intended to be all-inclusive; hence, some of the foregoing headings will not apply in some cases and are therefore omitted from such cases. In other instances, additional headings not included here may be used.

Most, if not all, soil testing of any value culminates in a written report. The reason for conducting tests is to evaluate certain soil properties quantitatively. To be useful, results must generally be made a matter of record and also communicated to whoever is to use them. This invariably calls for a written report. For college laboratory experiments, written reports are required to communicate results to the laboratory instructor. With commercial laboratory tests, written reports are needed to communicate results to clients, project engineers within the company, and the like.

It should not be assumed that a single format exists for all written laboratory reports. The purpose of a report, company policy, and individual style, among other things, are factors that may affect report format. Reports from commercial laboratories to clients may consist simply of a letter transmitting a single laboratory-determined parameter. More often, however, reports constitute extensive documents that relate in considerable detail all factors bearing on a test.

The authors suggest that the format presented in the preceding section be adopted as a guide for students to follow in preparing laboratory reports to be submitted to their instructors. Reports should be typed on 81_2- by 11-inch plain white paper. They should be submitted in a folder, with the following information appearing on the front of the folder:

1. Title of experiment

2. Author of report

3. Course number and section

4. Names of laboratory partners

5. Date of experiment and date of report

Much has been written on how to write technical reports. In reality, some individuals write very well, some write very poorly, and many fall somewhere between these extremes. Readers who need assistance in writing are referred to one of many books available on technical writing. Suffice it to say here that reports should be written with correct grammar, punctuation, and spelling. Use of personal pronouns should be avoided. (Instead of “I tested the sample,” use “The sample was tested.”) Finally, the report should be coherent. It should be readable, easily and logically, from the first page to the last.

Often it is helpful to use graphical displays to present experimental data. In some cases, it is necessary in soil testing to plot certain experimentally determined data on graph paper in order to evaluate test results correctly. Good graphing techniques include the use of appropriate scales, proper labeling of axes, accurate plotting of points, and so on. All graphs should include the following:

1. Title

2. Date of plotting

3. Person preparing the graph

4. Type of soil tested

5. Project and/or laboratory number, if appropriate

As a final comment concerning graph preparation, when experimentally determined points have been plotted and it is necessary to draw a line through the points, in most cases a smooth curve should be drawn (using a French curve), rather than connecting adjacent data points by straight-line segments.

Nowadays more and more graphs are plotted by computer. When computers are used, it is still the responsibility of the person presenting a plot to verify its authenticity. Just because something comes from a computer does not mean it is automatically correct!

Whenever one enters a laboratory or performs field testing, the potential for an accident exists, even if it is no worse than being cut by a dropped glass container. It could, of course, be much worse.

In performing soil testing, hazardous materials, operations, and equipment may be encountered. This book does not purport to cover all safety considerations applying to the procedures presented. It is the responsibility of the reader and user of these procedures to consult and establish necessary safety and health practices and determine the applicability of any regulatory limitations.

Extreme care and caution must always be exercised in performing soil laboratory and field tests. Certainly, the laboratory is no place for horseplay.##
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