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The Geotechnical Engineering 
Report

• What is the geotechnical engineering report?

• Presents the results of geotechnical site characterization 

investigation and recommendations for design and 

construction

• Characterize engineering properties of rocks and 

soils

• Minimize the risk

• Good site characterization

• Good on-site inspections during construction



• Pay up front, or pay in change orders

• Engineering design and planning at stake

• The Fundamental Value Proposition - cost and 

reliability sweet spot

Owner’s Perspective: Investing in 
Project Success



Challenges: Subsurface 
Variability

• Variability = consistency of material 

characteristics or properties

• Small samples, big characterization

• Assuming some degree of consistency 

(homogeneity)



Challenges: Uncertainty

• Uncertainty = confidence in property or 

measurement

• Increasing sample number = increasing 

confidence

• Variability impacts confidence



Challenges: Complexity

• Size and nature of the development

• Critical elements require enhanced 

characterization

• Stage of the project and phasing

• Phased Investigations = cost savings



Specifics: Geotechnical Report 
Recommendations

• Geotechnical report will generally include the 

following:

• Site prep/demolition

• Groundwater control/dewatering

• Foundation criteria

• Bearing capacity

• Settlement

• Ground improvement/alternate foundations

• Excavation methods

• Slabs and flexible pavements

• Seismic site classification

• Lateral earth pressures and excavation support

• Earthwork criteria

• Structural fill and compaction

• Earthwork QA/QC

• Anticipated hazards and risks

• Note “anticipated”



Biggest Source of Risk?

• Risk here is mainly financial

• Foundations and earthwork present the most 

significant risk

• Responsible for more claims than any other 

construction element

• Don’t get the attention they deserve



Characterizing the Risks: Site Prep

• Demolition

• Removal of foundation elements and existing 

features

• Existing fill removal and replacement

• Characterize

• Remove and replace?

• Variability – rewrites the standard model

• Case history – Where fill ends and soil 

begins

• Case history – Very unsuitable fill



Characterizing the Risks: Bearing Capacity

• Bearing capacity

• Presented in the geotechnical report

• Drives foundation design

• Geotech investigation methods not the same as 

field

• Can become contentious

• Case history – The vague bearing capacity



Characterizing the Risks: 
Groundwater

• Naturally variable

• Often poorly understood

• Case history – Digging yourself into a hole



Characterizing the Risks: 
Excavations

• Characterizing material to be excavated

• Good geotech report looks beyond the primary 

site features

• Rock rippability

• Strength

• Fracture frequency

• Case history – A rock and a hard place



Characterizing the Risks: 
Structural Fill and Compaction

• Suitable fill
• Ideal structural fill vs. available material

• Soil variability

• Moisture

• On-site processing

• Case history – a bad pad



Risk Takeaways

• Consider the case histories

• All involved industry standard of care

• Some involved mischaracterization

• Some involved poor on-site verification

• All involved poor communication



The Importance of Quality 
On-Site Inspections

• Communication with GEOR

• Thorough understanding of the geotechnical 
engineering report

• Thorough understanding of soils and rocks

• A good on-site inspector is the best defense against 
risk

• Anticipating and planning for risks is best

• Responding quickly to variability is next best

• GEOR and on-site inspector should be on the same 
‘team’



A Brief History of Special Inspections

Special inspections 
first appear in Uniform 

Building Code

BOCA introduces 
formal special 

inspections program

It’s the code and is 
required!

US House Sub Committee begins 
investigation on Science and 

Technology; document in 1984-titled: 

“Structural Failures in Public Facilities”

Additional requirements added and 
carried out through subsequent 

additions



Goal of building departments/jurisdictions:

• Provide public safety
• Observe construction
• Inspect practices and methods

Prior to 2000 and adoption of IBC, 
municipalities performed inspections 
in-house—not familiar with specific 
requirements/lack of SI enforcement

THEN

BCOs check typical details of construction against 
construction plans, the code, and referenced standards

SI is part of the code—BCOs enforce it

Special inspectors oversee construction 
that requires specific knowledge and 
expertise that BCOs typically lack

NOW
ENFORCES SI



Code that 
defines special 

inspections

•••

Chapter 17
International

Building Code
(IBC)

SI Objective:
Verify construction practices

in the field to ensure they meet 
submittal document, code, and 

standard requirements

Note:
Special inspections are

IN ADDITION TO the work 
performed by the building 

department inspector



Code that 
defines special 

inspections

•••

Chapter 17
International

Building Code
(IBC)

“Inspection…of the materials, installation, fabrication, erection, 
or placement of components and connections requiring special 

expertise to ensure compliance with approved construction 
documents and referenced standards.”

Per IBC:

Inspection of building elements, that if not properly installed, 
could cause loss of life in the event of a collapse. 

Simply put:



Special inspections include…

…but aren’t limited to:

Today’s Focus: Foundation Inspections and Soils



Where Do You Start?

• Prior to performing earthwork inspections, 

the inspector should read and familiarize 

themselves with the information in the 

Geotechnical Engineering Report. In ideal 

situations the same company who did the 

Geotech also has a special inspections teams 

and we can pick their brains about possible 

conditions. 

• What you need to know:
o BOF elevation

o Site elevation

o Bearings

o Fill/cut amounts

o Fill/cut areas

o Temporary support

o Onsite materials

o Geotech of Record (GER) criteria



Typical Lab Testing 

• The Geotechnical Engineer of Record (GER) recommends 

suitable structural fill, fill that will be the easiest to 

compact. On-site soil may not meet these criteria which 

causes difficulties in compaction.

• This is when lab testing will come into play. 

o Atterberg limit test for liquid limit and plastic limit. 

• Liquid Limit: is the moisture content at which a soil 

starts to flows like a liquid.

• Plastic Limit: is the moisture content at which a fine-

grained soil can no longer be remolded without 

cracking or crumbling. 

o Moisture content 

• Sample taken from the field is weighed as it is 

received and after bring oven dried.



• Sieve Analysis

• Soil sample is completely dried and then washed 

through a #200 sieve.

• Once washed, sample is dried again and ran through a 

series of sieves. 

• The amount of soil retained on each sieve is weighed and 

recorded. 

• This allows us to classify using USCS Classification system 

• Material finer than a #200 sieve is considered fine grained. 

• Fine grained soils are generally moisture-sensitive and 

cause compaction headaches.

• Lab testing is typically required when certain types of 

soil are recommended by the Engineer of Record 

(EOR) for use as fill on a site. 

• Some Soils may also be non useable as Structural Fill

Typical Lab Testing, Cont. 



Proctor Testing and Compaction 
Testing

1. The Geotechnical Engineering Report will provide 

compaction criteria based off either ASTM D 698 AND 

ASTM D1557.

2. A natural moisture content is completed.

• We use a method in field and the lab to gauge if the 

material is close to optimum.

• Grab a handful of soil and squeeze in your hand.

• If it forms a solid ball, it is probably close to optimum.

3. The materials are then sieved based on the type of proctor. 

4. We split up into 4 samples and water is added to them 

incrementally increasing the amount of each sample.

5. Each sample is then compacted in either a 4-inch or 

6-inch mold using a 5.5 or 10 lb slide hammer. 



Proctor Testing and Compaction 
Testing, Cont.

• During the proctor process, each point will getting 

increasingly wetter.

• When graphed, it creates a bell-shaped curve.

o Moisture content VS Dry Density

• Optimum moisture: 

o When there is just the right amount of water to 

lubricate the soil grains allowing them to interlock 

and flow into place.

• Typically, compaction is 98% of a 698 and 95% 1557 

for soil.



Compaction and Structural Fill

Geotechnical Engineering Report and Project 

Documents will give us this info: 

• What soils are suitable for fill.

• The allowable deviation from optimum moisture.

• The allowable size of particles.

• Type of equipment and where hand operated 

equipment is allowed.

• Running it over a bunch with triaxles is not 

compaction.

• The lift size of soil allowed during fill placement.

• Acceptable import material.

• Attend pre-con meetings and ask questions.

• Deviations from geotechnical report



Quick Recap

• The Geotech did their drilling and report.

• These recommendations make it to specs for site work.

• We review all documents and gain understanding of 

what’s needed.

• Based off documents we collect soil samples from site to 

complete, classification, natural moisture, and produce a 

proctor curve.

• Attend pre-con meetings and help to discuss process for 

construction.

• Now we are ready for some onsite inspection fun!



Structural Fill Placement 
and Compaction Testing 

• Typically, the first thing done on a site is cuts 

and fills to get to the proper grade.

• Our duty: 

o Observe, test, and document the fill 

placement process.

o Observe lift sizes

o Equipment used

o Fill placed on a horizontal plane, or stepped 

for fill on sloped areas

o How to soil is reacting under the equipment

o No shearing or pumping



Structural Fill Placement and 
Compaction Testing, Cont.

• Inspector should help to produce rolling pattern.

• So far this is all visual observation of fill placement.

• We do have a tool for this.



Nuclear Moisture Density 
Gauge Testing

• As we mentioned before, we picked up soil sample 

from site and performed a proctor test.

• This number is now going to be input into our Nuke 

Gauge.

• Help to field determine moisture content and the 

percent of compaction.

• Compaction information can again be found in the 

Geotech report or plans and specs for the project.

• Each lift of fill is visually verified and tested with the 

nuclear gauge to record the correct density as per 

Project documents.

• Just a Tool.



How does a nuke gauge work?

• Yellow shoebox with a handle.

• Contains a nuclear source.

• While in direct transmission mode, the sensor (located in the back of 

the nuclear density gauge) measures the amount of gamma radiation 

given off by the source rod. 

o Simply put: The less radiation detected by the sensor the higher 

the materials density.

• The Gauges also measures moisture content; the source rod uses 

two different types of radiation.

o Gamma is used for density and neutron radiation is used to 

measure moisture content.

• Neutrons are released from the source and emanate out colliding 

with hydrogen molecules within water (H20) when they collide with 

hydrogen its speed is reduced. 

o Simply Put: The higher number of slowed particles detected by 

the sensor, the more hydrogen is in the material or more water.

Nuke Gauge, Cont.



Foundation Excavations

• Once cuts and fills are complete, they are ready to start 

digging for foundations. 

o The inspector should have a copy of the plans with them or 

be referencing the constructions documents that are 

required to be onsite. 

• Observe the excavation process and visually verify soil 

types as they are excavating.

• GER will specify the soil type and depth for adequate 

bearing capacity.

• The bottom of excavations should clean of all loose 

material and compacted with hand operated equipment

• Once completed we can probe the bottoms using a t-

handled probe rod.

▪ Verify soil types are the same as what is described in 

GER for bearing capacity.



• We can also use a tool called Kneas drop bar which helps 

to show the bearing capacity of the surface soils. 

o 8 foot long and 1 inch diameter steel rod.

o 25 lb weight dropped freely 3 feet.

o Drives opposite end into soil.

o Count the blows it takes to drive it in 1 foot for a total of 4 feet. 

• Should not be used to determine bearing if a Geotech report 

was not completed.

• Compaction Testing VS Bearing Capacity

o Most common mix up is:

• Compaction Testing tells us the percentage of compaction 

based off the proctor.

• Bearing tells us the PSF of soils based on Engineering 

calculations.

• We will verify the length, width, and depths of the excavations.

Foundation Excavations, Cont.



• What if soft soil is encountered?

o We will determine the extent of the soft soils and typically over 

excavate to a depth where good soils are found and bring the 

area back to subgrade with compacted lifts of structural fill. 

• What if rock is encountered in some of the foundations? 

o If not discussed in the GER, the EOR should be notified for 

prior to remediation.

o Typically, if found during investigation, the GER will give 

recommendation of over excavating rock 1.0 feet downwards 

and outwards into the rock/soil interface replaced with 

structural fill.

• Wet soil or groundwater in foundation.

o If while excavating wet soils are found, they should be 

removed and replaced with compacted structural fill.

o If water is running and filling up excavation all efforts should 

be made to keep foundations dry prior to pouring concrete. 

o Inspector should keep an eye on this and report to the proper 

site personnel so proper measures can be put into place.

Issues to Discuss with Foundation 
Excavation



• What if soils are above optimum moisture content?

o Typical fix is moisture conditioning or aerating 

o Can also lime or cement stabilize the soils

• This is the mixing of cement or lime into a lift of soils (lab 

test tells us how much) and compacting it with standard 

equipment. Makes a very firm subgrade. 

o Can also import new materials

• 2A stone or offsite soil fill. 

• Imported soil fill should have paperwork for environmental 

purposes.

• New lab testing will need to be ran for use onsite as 

mentioned before.

Issues to Discuss with Foundation 
Excavation, Cont.



Questions



Additional information

Sean Burns, Professional Geologist
Geotechnical Engineering; Delaware Valley

sburns@barryisett.com

484.866.4868 (o) • 570.234.4645 (c)

Nick Bauer, Project Manager
Construction Materials Testing; Lehigh Valley

nbauer@barryisett.com

717.550.1125 (o) • 610.972.3384 (c)

barryisett.com


