Heavy Civil Mini-Case Study Series

Mini-Case Study 10

Soil Investigations

Introduction
This case study explores site investigations as an important aspect to consider in

construction management. It focuses on understanding geological conditions, the

methodologies used in site investigations, and the implications of these investigations

on project design and execution.

Learning Objectives

1. Understand the significance of site investigations in construction management
and their impact on project safety and cost-effectiveness.
2. ldentify and describe various site investigation methods and their applications in
real-world scenarios.
3. Analyze a case study involving the Isabella Lake Dam to understand the
challenges and solutions related to site investigations.
Background

To effectively engage with this case study, students should familiarize themselves with

the following concepts:

1. Site Investigations: These are systematic studies conducted to gather

information about a site's physical conditions, including soil, rock, groundwater,
and environmental factors. They are essential for informing design decisions and
ensuring the safety and stability of structures.

Geotechnical Engineering: This branch of engineering focuses on the behavior
of earth materials and their interaction with structures. Understanding
geotechnical principles is crucial for assessing site conditions and designing
foundations that can support the intended loads.

Dam Safety Action Classification (DSAC): This classification system is used

by the U.S. Army Corps of Engineers to evaluate the safety of dams. A rating of
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"1" indicates the highest level of risk, necessitating immediate action to mitigate
potential hazards.

Case

The Isabella Lake Dam Safety Modification Project presents a unique challenge due to
its location in a seismically active area and the need for extensive site investigations.
The project aims to enhance the dam's safety, which has been rated as a DSAC "1"
following a risk assessment. Check appendix 1

Questions for students

1. What are the potential consequences of inadequate site investigations in the
context of dam safety?

2. What methodologies could ensure comprehensive site investigations are
conducted before construction begins?

3. How can construction managers effectively communicate the risks associated

with geological uncertainties to stakeholders?

Students should work on these questions before continuing to the next page.
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Approach

Approach to the questions

1.

Consequences of Inadequate Site Investigations: Inadequate
investigations can lead to inappropriate design decisions, resulting in
structural failures, safety hazards, and costly modifications during
construction. For example, if the geological conditions are not accurately
assessed, the dam may not be able to withstand seismic forces, leading to
catastrophic failure.

Methodologies for Comprehensive Investigations: A combination of

methodologies should be employed, including:

e Geotechnical Borings: To obtain soil samples and assess subsurface

conditions.

e Geophysical Surveys: To map subsurface features without extensive

excavation.

e Exploratory Trenches: To visually inspect soil layers and

groundwater conditions.

e Laboratory Testing: To analyze soil samples for strength,
permeability, and other properties.

Communicating Risks: Construction managers can effectively communicate
risks by presenting clear, concise reports that summarize the findings of site
investigations. Utilizing visual aids, such as maps and charts, can help
stakeholders understand the geological conditions and associated risks.
Regular stakeholder meetings to discuss findings and potential impacts can
also foster transparency and trust.
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Key Takeaways

e Site investigations are crucial for ensuring the safety and effectiveness of
construction projects, particularly in geologically complex areas.

e Effective communication of geological risks to stakeholders is essential for
informed decision-making and project success.

e A multi-faceted approach to site investigations, incorporating various
methodologies, enhances data reliability and supports sound engineering
practices.

e Understanding the implications of geological conditions on design and
construction can prevent future delays and safety issues.
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Appendix 1

Detailed site investigation information

































FIELD RECONNAISSANCE
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Purpose and Objectives (USACE, 2001):
» Examine geologic/hydrologic features.
» Examine geologic hazards.

» Assess site accessibility, ground conditions, and right-of-
entry problems.

» ldentify cultural features or existing infrastructure that
could affect exploration work or site selection.
* Powerlines, pipelines, historical & archeological sites.

» Evaluate condition of existing structures and construction
practices that would indicate problem soils and rock
conditions.

Additional considerations for CMs:

» Geologic field reconnaissance should be conducted as
part of a multidisciplinary effort!

(USACE, 1948)

Photo taken in 1948 at the Isabella Lake Dams project site.
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In generaL test pits (USACE, 2001): Additional considerations

for CMs:

» can be constructed quickly and economically.
» Test pits can be a multi-

> are shallow in depth (less than 20 to 30 ft). p“rposzlg)r?r']g dﬁ)mpe”y

» are typically used above the groundwater (GW) level;
> below GW level, dewatering pumps needed.

> are often used for fault evaluation studies.
ot A *’FI = QF

Photo of a trench wall at the Isabella Lake Dams project. Exploratory trench at the Auxiliary Dam during original construction (USACE, 1948).



EXPLORATORY TRENCHES - ISABELLA LAKE DSMP
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Isabella Lake DSMP (USACE, 2021).
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Purpose, Objectives, and Considerations (USACE, 2001):

» Document surface conditions to provide a basis for projecting
surface conditions.

» Assist design engineers in understanding key factors that must be
accommodated during construction.

» Compare actual geology with geologic model during each phase
of the project.

» Person in charge of geologic mapping should be familiar with
design intent.

EXPLANATION OF ROCK TYPES
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Isabella Dams Geologic Map - original construction (USACE, 1948).

GEOLOGIC MAPPING
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Site investigation
“clues” are often
found on

geologic maps...

The boundary for top of
sound rock is “inferred”.

Additional investigation
needed to confirm depth.

Fault zone comprised of
multiple rock types.

GEOLOGIC MAPPING

This geologic unit
covers a large area
and is ~100 ft thick.

Underlying granitic
rock is decomposed
and weathered to an
unknown depth.
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GEOLOGIC MAPPING

Additional considerations for CMS:

» Mapping needs and requirements should be discussed prior to construction
» Geologic mapping may need to be included in specifications.

» Person in charge of geologic mapping should be familiar with design and regularly discuss site conditions with design personnel.

Geologic Mapping and Photogrammetry at the Main Dam — Isabella Lake DSMP (USACE, 2021).
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Purpose and Objectives (USACE, 2014):.
» Evaluate the ease of excavating (rippability) earthen materials.
» Investigate the depth of common excavation.

» Verify site geology from previous investigations.

» Allow for correlation between rock weathering grade and refusal.

Additional considerations for CMs:

» Rippability studies allow for planning and pricing of excavation
work.

» Most beneficial when combined with boring information and
geophysical data.

S - RORA
i Sy 3 .

CAT D10 bulldozer used during rippability study at the Isabella Lake DSMP (USACE, 2014).
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ROCK EXCAVATION STUDIES (RIPPABILITY)

Rippability Study at the Emergency Spillway —
Isabella Lake DSMP (USACE, 2014):

» Generally consisted of:

Coring and logging 2 new borings;

Excavating down to refusal depth (CAT D10 and D8);
Cleaning and geologically map floor of excavation;
Photographing and backfilling the excavation.

YV VY

» The findings were then compared to:
» Seismic velocities from previous geophysical
investigations and

» CAT D10 rippability charts
»  CAT rippability charts provide estimates for rippability based on
seismic velocities.

sl

Location map for Emergency Spillway rippability study.
New borings are indicated with red circle.

Bottom of excavation after cleaning and ready for mapping.
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RIPPABILITY STUDIES - ISABELLA LAKE DSMP
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» Geophysical (seismic) surveys provide the seismic velocities (Vp) used to estimate ripper performance.
> In this case, the actual boundary between rippable vs. non-rippable material was known via the rippability study.

» So, it was possible to compare estimated performance to actual performance...
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Finding and Results (USACE, 2014):

2670

» The CAT rippability charts overestimate ripping performance.
» Actual boundary between rippable and non-rippable material was 2640
significantly shallower!

1F-13-02 (+70 ft)

1B-11-06 {(+14 ft)

)
» No one direction of ripping proved better than another. < o
= Base of rippability excavation
. . >
» D8 with dual shanks could only rip ~9 ft bgs (below ground surface) i 2580 D10 Rippability
| !
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Modified version of geophysical results with CAT D10 rippability chart colors
< DGto5.7 geopny PP Y

(USACE, 2014).

HWto 12.5 - MW to 16.0" >

Photo of rock core taken for rippability study (USACE, 2014):

DG = decomposed granite
HW = highly weathered

MW = Moderately weathered
SW = Slightly Weathered

D10 refusal at 10.37 feet bgs




ROCK EXCAVATION STUDIES (RIPPABILITY)

Additional considerations for CMs:

> Keep rippability results in mind when preparing excavation
specifications.
» Common excavation vs. rock excavation
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DRILLING EXPLORATIONS

Numerous drilling exploration programs
have been completed at the Isabella Lake
Dams project.

» The boring, sampling, and testing
methods used in each program were
selected based on:

» location, anticipated geologic
conditions, investigation type (phase),
depth of investigation, etc.

Examples of drilling methods used at the
project includes:

» Rock core and sonic drilling
Bucket auger

Hollow stem auger

Mud rotary

Cone Penetrations (CPTs)
Standard Penetration (SPTs)
and more...
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LABORATORY TESTING

A wide range of laboratory tests have been performed for the
Isabella Lake Dams projects.

» For each investigation, testing methods were selected based on:

» Local subsurface conditions, investigation type/phase,
engineering properties needed for design, etc.
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Stone/Slope Protection (Rock Quality)

ASTM C127 — Bulk Specific Gravity

ASTM D5312 — Resistance to Freezing and Thawing
COE CRD-C169 — Resistance to Wetting and Drying
ASTM C295/295M — Petrographic Examination
ASTM C535 — Abrasion Loss

And many more!

Design Investigations

Direct Shear and Triaxial Compression Tests

Consolidations Tests

Permeability Tests — Falling and Constant Head

ASTM D5607 — Sliding Friction of Rock

ASTM D7012 — Uniaxial Compressive Strength and Elastic Moduli of Rock

And many more!

Embankment Construction

ASTM C136 — Standard Test for Sieve Analysis of Fine & Coarse Aggregates

ASTM 117 — Standard Test Method Material finer than No. 200 Sieve in Mineral
Aggregates Washing.

ASTM D698 — Laboratory Compaction Characteristics of Soil Using Standard
Effort.

ASTM D1556 — Standard Test Method for Density and Unit Weight of Soil in Place
by the Sand-Cone Method

And many more!
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STANDARD PENETRATIONS TESTS (SPTs)

Crown Sheave(s)
or Pellews)

For the Isabella Lake DSMP, SPTs were performed to:

Typcally 1-in. (25-nun
Diameter Maniln Rape

» obtain drive samples for visual examination and classification;
» obtain blow counts for calculation of SPT (N,),, Values.

» field SPT values must be corrected!
>

evaluate general density and corresponding strength
characteristics of in-place soils.

SPT results are often used to estimate soil strength and evaluate
liguefaction potential.

Standard Penetration Test (SPT)
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SPTs — ISABELLA LAKE DSMP
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CONE PENETRATION TESTS (CPTs)

CPTs consist of pushing rods with conical tips into the ground
while the required force is continuously recorded (TRB, 1996).

CPTs can (USACE, 2001 and TRB, 1996):
» Provide detailed information on soil stratigraphy.

» Provide preliminary estimations of geotechnical properties such
as strength and relative density.

» Serve as a valuable supplement to more direct drilling and
sampling techniques.
» Samples are not recovered with the CPT method.
» Test results provide Soil Behavior Types (SBT).
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Cone rig with hydraulic pushing system
- .

5 Cone Penetration Test (CPT)
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Test Procedures
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CPTs — ISABELLA LAKE DSMP

Soil Behavior
Type
SBT
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SBT: Soil Behavior Type (Robertson 1990)

Cone Bearing (bar), Qt

Soil Behavior Types (SBT)

3 4 5
Friction Ratio (%), Rf

' ZONE SBT
1 Sensitive, fine grained
2 Organic materials

| 3 Clay
4 Silty clay to clay
5 Clayey silt to silty clay
6 Sandy silt to clayey silt
7 Silty sand to sandy silt
8 Sand to silty sand
9 Sand
10 Gravely sand to sand
11 Very stiff fine grained*
12 Sand to clayey sand*

*over consolidated or cemented
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CPTs — ISABELLA LAKE DSMP

Soil Behavior Types (SBT)

Friction Soil Behavior
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TEST FILLS

Test fills (USACE, 2021):

SCHEDULE OF CONSTRUCTION
] ] ] UFT NO. MATERIAL LOOSE LIFT | COMPACTION EQUIPMENT | NUMBER OF
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] 10 - TON VIBRATORY
. . 1 ZONE 28 DRAIN ROCK | 12 INCHES SMOOTH DRUM ROLLER 6
» Recommended where unusual soils or rockfills are to be compacted. A s
. . . ZONE 3TRANSITION | 121N -
» Allows for the evaluation of compaction equipment. = HAN INCHES | smoomi pRuM ROLLER
13 | ZONE2AFILTERSAND |12 INCHES s:&'&"ozm‘::z. 8
» Valuable training for earthwork inspectors on large projects. . | e e m-roub\:m\m' 2
. . . . 3 SIMON | 12 INCHES 10 - TON VIBRATORY A
> Test fills should be placed, spread, and compacted using representative materials, procedures, o [l b SMOOTH DRUM ROLLER
and equipment_ 16 ZONE 2A FILTER SAND | 12 INCHES s:‘oo.;'?m‘;ﬁ:a 8
17 | zonezeoramrock [12incres| 107 TON VIBRATORY 6
» Atesting program should be thoroughly planned and executed as part of the test fill construction. “:00"1&03::“"::::"
= & 25 18 ZONE 3 TRANSITION | 12 INCHES SMOOTH DRUM ROLLER 4
PLACEMENT, MOISTURE CONTROL, AND COMPACTION SHALL BE IN ACCORDANCE TO THE
WOLNED DRARV ELANKET TEST FiLL REQUIREMENTS IN SPECIFICATION SECTION 35 73 13 EMBANKMENT FOR EARTH DAMS
THREE 127 LOOSE UF TS OF ZONE 24

FLTEA SAND, ZONE 28 DRAN ROCK,
AND ZONE 3 TRANSITION

ZONE 2A FITER SAND TEST FILL
@ 2B 3 THREF 17 LOOSE LFTS

2 — g F 2

HI!(IHUM ~ 16 e i7 - 18 R EXSTING GROUND
127 STRIFPING 1 % ™~ = T 1‘ = e \\‘—]\\ 1
/ D 1 12 oo e
VI

f 1 l\ —_— |1 |
‘2/\( Z
GLADE SLOPE
BERM CONSTRUCTED OF RANSGMSt— SMOOTH PRIOR
OR ZONE 1 GORE. CONSTRUGT BERM IN TO PLACEMENT

MAX §° LOOSE UFFTS AND COMPACT TO OF TEST FILL
MIN 9% OF MAXIMUM DRY DENSITY MATERIALS LEGEND

AT 12% OMC PER ASTM D66, Source: Contractor’s Test Fill
CONSTUCT BERM PRORTO

NG OF TE0T FALMATHRIUS. s 18 15 15 % RIS sen) Placement Plan Submittal —

s

- DRAIN ROCK
P Isabella Lake DSMP




TESTFILLS = ISABELLA LAKE DSMP

31




CONCLUSIONS

Key takeaways for future Construction Managers:

Geologic conditions constitute the greatest source of unknowns prior to actual construction of a
project.
» Differing site conditions are the alleged basis for many costly changes and claims!

Communicate geotechnical risk in a manner that can be readily understood.
» Raw data with identification and classification of materials is not enough!

Site investigations are not isolated parts of the feasibility, design, or construction phases.
» Use your “Site Investigations Toolbox” as continuous resource from start to finish!
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@

Field investigations are often:
» hurriedly and carelessly conducted;
> the incomplete data is then carefully analyzed by precise [...] computer
techniques;
» which produce impressive but erroneous results;
» which in turn lead to inaccurate design assumptions.
- Underwood, L.B (1974
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