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Trenching and Shoring



2

Housekeeping

• Turn of cell phones

• Rest Rooms

• Return from Breaks on-time.  Instructors will start on-time

• Lunch – On your own

• Class Charging Information  

– Timesheet EA – 910070

» Special Designation – G101100

» Activity Code – 2059

– TEC EA – 910070

» Special Designation – G101100

» Activity Code – Per charge type
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Around the Room Introductions

• How long with OSC?

• Current Project

• Any Trenching and Shoring Experience?

• Something unique about yourself where your fellow 
colleagues will say, “I didn’t know that”
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Instructor 
Introductions
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Steve Yee, P.E. – Lead Instructor

• UC Davis in 1977 (BS)

• OSC for 31 1/2 years

• WT instructor in 1987 
(Bridge Foundations)

• WT instructor in 1990 
(Trenching and Shoring)

• Lead WT instructor in 
2003 (Trenching and 
Shoring)

• Principal trumpet with 2 
Symphony Orchestras in 
San Diego

• Pomerado Brass Quintet
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Steve Yee, P.E.

• Enjoy sailing

• Married 32 years with 2 sons

• Kevin – age 25 – Attorney and is married

• David – age 23 – 1st year of Pharmacy School at UC 
San Diego
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Bob Price, P.E.

• 21 years at Caltrans (all 
at Translab)

• 4 years at private 
consulting firms

• Graduated in 1985 from 
University of Nevada –
Reno ) 

• B.S in Geological 
Engineering

• Served in the US Navy 
aboard a  Nuclear Fast 
Attack Submarine
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Bob Price, P.E.

• Full –time bicycle commuter

• Rode 8,000 miles in 2009

• “If I can’t go there on my bike, I don’t need to be 
there”
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Anoosh Shamsabadi, Ph.D., P.E.

• More than 20 years of 
professional experience in 
civil and geotechnical 
engineering

• SBE with the Office of 
Earthquake Engineering

• Soil-Foundation-Structure 
Interaction Specialist

• WT Instructor in 2003 
(Trenching and Shoring)

• Taught soil mechanics 
and foundation design 
courses at UC Irvine 
(2007-2009).
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Anoosh Shamsabadi, Ph.D., P.E.

• Key contributor and collaborator in the development 
of the Trenching and Shoring Computer Program 

• Key contributor and collaborator in updating and re-

writing the current Trenching and Shoring Manual
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Tony English, P.E.

• Graduated from Chico State 
in 1998 with a BSCE

• Work for OSC in 1997 as 
student assistant

• Permanent OSC employee  
1998.

• WT Instructor in 2003 
(Trenching and Shoring)

• Completed his 1st triathlon 
in 2009 and plans on 
completing at least 3 more 
in this year.
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Tony English, P.E.

• Avid mountain biker and bike commuter and just 
learning to be a roadie

• Married – Daughter age 6 and a son age 3
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Margie Perez, P.E.

• UC Davis in 1993 (BS)

• Worked 2 ½ years with 
Teichert Construction 
and 1 year with Dokken 
Engineering

• 12 years with OSC

• Enjoys flying a cessna 
over the coast in 
Southern California

• Enjoys hiking at Torrey 
Pines State Park

• Enjoys reading a good 
novel
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Agenda – Presentation Topics

• Introduction and Legal Requirements – Steve Yee

• Cal/OSHA Construction Safety Orders – Steve Yee 
and Bob Price

• Soil Classification and Properties – Bob Price

• Soil Mechanics, Earth Pressure Theory, Loading and 
Cofferdams – Anoosh Shamsabadi

• Surcharges – Tony English

• Sheet Pile and Soldier Pile Systems – Margie Perez

• Tie-back Systems and Soil Nails – Tony English

• Railroad Requirements – Tony English

• T & S Computer Program Demonstration – Margie 
Perez and Tony English

• Post Test – “Are you smarter than a Senior Bridge 
Engineer?” – Tony English and Margie Perez
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What’s Wrong With This Picture?

?

• No sloping, shoring, or 
shielding

?

• No ramp or ladder

• Vibrations from backhoe at 
perimeter of excavation

• Excavated soil stockpiled at 
edge of trench

22’

• 22 ft. deep vertical trench
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Inadequate Protective System
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Inadequate Protective System



18

Hazardous Conditions

• No protective system 

• Failure to inspect trench and protective systems 

• Unsafe spoil-pile placement 

• Unsafe access/egress

The following hazards cause the most 
trenching and excavation injuries:
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The Cost of Cave-Ins

• Excavation and trenching cave-ins result in more 
than a hundred fatalities annually in the United 
States.  With little or no warning, a poorly shored or 
un-shored trench or excavation can collapse trapping 
the workers below in seconds.

• Each year, for every fatality, there are an estimated 
fifty serious injuries.
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The Cost of Cave-Ins

• In addition to human losses due to excavation and 
trenching accidents, the financial losses can be 
staggering.

• Property damage and work stoppage.

• Workers Compensation Claims

• Claims against Caltrans

• AB 1127 – Cal/OSHA can fine other Governmental 
agencies
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Important!

• If unsafe, we have the authority to order the 
worker(s) out of the excavation and shut down the 
operation

• You could be personally liable if something happens.



22

Legal Requirements

Instructor:  Steve Yee

(858) 688-1465
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Overview

• Applicable Standard Specifications, Laws, and 
Regulations

• Contractor’s Responsibilities

• Engineer’s Responsibilities

• Shoring Plan Requirements

We will cover:
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If you are using 1999 Standard 
Specifications…

• Special Provisions - 5-1.02A Excavation Safety Plans 
amends the 1999 Standard Specifications to read…

• The Construction Safety Orders of the Division of 
Occupational Safety and Health shall apply to all 
excavations.

• For excavations 1.5 m or more in depth, the 
Contractor shall submit to the Engineer a detailed 
plan showing the design and details of the protective 
system to be provided for worker protection from the 
hazard of caving ground during excavation.
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D

W <= 15 ft

D>= 5 ft

W > 15 ft

Excavation: W > D

Trench: D > W

W < 15 ft

TrenchTrench
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Excavations
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Trench
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Trench
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2006 Standard Specifications

• The Construction Safety Orders of the Division of 
Occupational Safety shall apply to all excavations.  
For all excavations 5 feet or more in depth, the 
Contractor shall submit to the Engineer a detailed 
plan showing the design and details of the protective 
systems to be used for worker protection from the 
hazard of caving ground during excavation.  The 
detailed plan shall include any tabulated data and 
any design calculations used in the preparation of the 
plan.  Excavation shall not begin until the detailed 
plan has been approved by the Engineer.  

Section 5-1.02A   Excavations Safety Plans



32

2006 Standard Specifications

• Detailed plans of the protective systems for which 
the Construction Safety Orders require design by a 
registered professional engineer shall be prepared 
and signed by an engineer who is registered as a 
Civil Engineer in the State of California, and shall 
include the soil classification, soil properties, soil 
design calculations that demonstrate adequate 
stability of the protective system, and any other 
design calculations used in preparation of  the plan.

Section 5-1.02A   Excavations Safety Plans (Cont.)
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2006 Standard Specifications

• No plan shall allow the use of a protective system 
less effective than that required by the Construction 
Safety Orders.

• If the detailed plan includes designs of protective 
systems developed only from the allowable 
configurations and slopes, or Appendices, contained 
in the Construction Safety Orders, the plan shall be 
submitted at least 5 days before the Contractor 

intends to begin excavation.

Section 5-1.02A   Excavations Safety Plans (Cont.)



34

2006 Standard Specifications

• If the detailed plan includes designs of protective 
systems developed from tabulated data, or designs 
for which design by a registered professional 
engineer is required, the plan shall be submitted at 
least 3 weeks before the Contractor intends to begin 
excavation.

• Attention is directed to Sections 7-1.01E, “Trench 

Safety”.

Section 5-1.02A   Excavations Safety Plans (Cont.)
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2006 Standard Specifications

• Attention is directed to the requirements in 
Section 6705 of the Labor Code concerning trench 
excavation safety plans.

Section 7-1.01E   Trench Safety
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Labor Code

• Section 6705 established that for public works 
projects involving an estimated expenditure of 
$25,000 for the excavation of any trench or trenches, 
five feet or more in depth, the Contractor must 
submit shoring plans to the awarding body.
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Labor Code

• Division 5 Section 6300 creates Cal/OSHA

• Division 5 Section 6307 – Cal/OSHA has the power, 
jurisdiction, and supervision over every place of 
employment to enforce and administer laws (Safety 
Orders)

• Division 5 Section 6407 states that every employer 
and every employee shall comply with the 
occupational safety and health standards.

Significant Sections
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2006 Standard Specifications

• The Contractor shall perform the work such that 
existing structures will not be affected.

• The Contractor, at the Contractor’s expense, shall 
furnish and install sheet piling, cribbing, bulkheads, 
shores or whatever means may be necessary to 
adequately support the facility and shall maintain the 
supports until they are no longer needed.

Section 7-1.11 and Section 19-1.02 

Preservation of Property



39

2010 Standard Specifications
(Plain Language)

Excavation Safety

• Comply with Labor Code Section 6705 while 
excavating.  For an excavation 5 feet or more in 
depth, submit shop drawings for a protective system.

• The drawings must show the design and details for 
providing worker protection from caving ground 
during excavation.  Submittal must allow the review 
time and include the contents shown in the following 
table except the review time is 65 days for an 
excavation on or affecting railroad property:
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2010 Standard Specifications
(Plain Language)
Excavation Safety

Drawing Review Time and Contents

Plan not requiring a signature Plan requiring a signature

Review time 5 business days before 
excavation

20 days before excavating

Contents Drawings

Calculations

Material information

Proprietary system information

Drawings

Calculations

Material information

Proprietary system information

Soil classification 

Soil properties

Soil design calculations
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State Statutes

• Requires that the review and approval of Contractor’s 
plan for temporary structures in connection with the 
construction of State Highways shall be done by a 
Registered Professional Engineer.

• This means that the Engineer has the responsibility 
to see that appropriate plans are submitted and 
properly reviewed for work to be performed within 
the State right of way.

Section 137.6 of Article 3 in Chapter 1 of Division 1
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Cal/OSHA
A.K.A Division of Occupational Safety and 

Health (DOSH)

• Creates the Construction Safety Orders

• Polices conformance with the Construction Safety 
Orders

• State of California Code of Regulations

Title 8. Industrial Relations

Division 1. Department of Industrial Relations

Chapter 4. Division of Industrial Safety  

Subchapter 4. Construction Safety Orders

Article 6. Excavations

Sections 1539 – 1543
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Competent Person

The Contractor must provide a Competent Person 

and that person must be on the site to do the 

following:

• Conduct inspections of the excavations, adjacent 
areas, protective systems before the start of work; as 
needed throughout the shift; and daily for potential 
cave-ins, failures, hazardous atmospheres, or other 
hazards.

• Take prompt corrective action or remove employees 
from the hazard.
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Competent Person

• Ability to recognize all possible hazards associated 
with excavation work and to test for hazardous 
atmospheres.

• Knowledge of the current safety orders pertaining to 
excavation and trenching.

• Ability to analyze and classify soils.

• Knowledge of the design and use of protective 
systems.

• Authority and ability to take prompt corrective action 
when conditions change.
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Competent Person

Knowledge

Authority
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48Permits
(Section 1539 of the CSO)

• Contractor must obtain a permit from Cal/OSHA if 
workers are required to enter an excavation that is 5 
ft. or deeper.

• A Cal/OSHA permit is not an approval of any shoring 
plan. 

• Puts Cal/OSHA on notice that potentially hazardous 
work is scheduled at a specific location.  Cal/OSHA 
may then arrange to inspect the work.

• It is the responsibility of the Engineer to ascertain 
that the Contractor has secured a proper permit 
before allowing any trenching or excavation work to 
begin.
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Permits
Safety permit conference with Cal/OSHA

• Shall be attended by the permit applicant, who must 
be knowledgeable about and in a position of 
authority and responsibility with respect to the 
permitted activity 

• The potential safety and health risk of the activity 
shall be discussed, and the contractor shall identify 
specific measures to be taken to minimize these risks 
to employees 

• Details of the activity shall be reviewed along with 
Title 8 Safety Orders applicable to the activity in 
which the permit applicant will engage

• The permit applicant shall provide enough detail 
about the construction activity to allow the district 
office to make a reliable determination that the 
activity will proceed safely
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Permits

• Annual permit ($100) is good statewide

• Permit is valid from January 1st to December 31st

• Project or single permit ($50) is only good for one 
location

• It can be used for multiple excavations within one job 
site.

• The Contractor must submit to Cal/OSHA an activity 
notification form before each excavation



52

Shoring Plans

• Shoring “Plan” is still required

• “Plan” can be a letter to the Resident Engineer

• It is not required that a PE prepare the plan

Use of Standard Details (Construction Safety Orders)
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Caution!

• Conditions may be such that the Details in the 
Construction Safety Orders will not apply directly.

• The Construction Safety Order Figures and Tables 
provide for a minimum construction surcharge of 72 
psf.  No provision is made made for nearby traffic, 
adjacent structure loadings or for dynamic loadings.  
When a surcharge load exceeds the minimum 
construction surcharge of 72 psf, an “engineered”
system is required.
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Caution!

• Do not accept and file in the job records a plan from 
the Contractor that simply states in a letter, “All 
trenches and excavations will conform to the 
Construction Safety Orders.”
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Use of Standard Details
“Plan” or Letter should contain

• Description of work to be done and its specific 
location.

• Anticipated soil description or classification

• Basic dimensions of the trench (width, depth, and 
length)

• Identify or refer to the specific Cal/OSHA figures or 
tables to be used.

• Any other information which will pertain to the 
progress of the work.

• Who will be in charge of the work.

• Who will be the designated “competent” person 
responsible for safety.
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Professional Engineer Designed or 
“Engineered” Systems

• Proposed plan must provide a system at least as 
effective as the CSO Standard Details

• Plan must be prepared and signed by a registered 
Civil or Structural Engineer

• Same information as provided for Standard Details

• An engineering drawing showing sizes, spacing, 
connections, etc. of materials

• Appropriate soils data

• Supporting data such as design calculations or 
material tests
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Shoring Plan

• Soils Properties or Data – Be sure you agree with the 
Contractor before you start your analysis. (γ, φ, C)

• Contractor may use design techniques other than 
those shown in the manual.

• Keep in mind that the Trenching and Shoring Manual 
is not a contract document.

• Make sure your are notified of all excavations, 
including District excavations.

Important Points:
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Shoring Plans

• Determine the soil properties -

γ - Gamma, the unit weight of the soil

φ - Phi, the soils angle of internal friction

C  - The cohesive value of the soil

• Determine lateral loads – earth pressure and 
surcharges

• Distribution of lateral pressures in the form of a 
pressure diagram – triangular or trapezoidal

• Perform structural analysis of the members 
comprising the shoring system

When performing a shoring plan analysis:
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Administrative Procedure
Five Step Process

Steps 1 through 4

• Contractor submits plan to the Engineer

• Engineer reviews the plan

• Engineer completes the review

• Engineer writes the approval letter
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Administrative Procedure

Step 5

Structure Representative retains in the job file

- 1 set of approved shoring plans

- 1 set of calculations

- Copy of the approval letter
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Bridge Bridge 

Construction Construction 

Memo 122Memo 122--1.01.0



62

Summary

• Applicable Standard Specifications, Laws and 
Regulations

• Contractor’s Responsibilities

• Engineer’s Responsibilities

• Shoring Plan Requirements
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Where to Get More Information

• California Labor Code

• Construction Safety Orders

• Caltrans Standard Specifications

• Caltrans Special Provisions

• Contract and Standard Plans

• Caltrans Trenching and Shoring Manual
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Where to Get More Information

OSC Earth Retaining Systems Technical Committee

Jeff Abercrombie - Sponsor

Alex Angha – Chair

Steve Harvey – Co-Chair

OSC Falsework and Trenching and Shoring Engineer

Ajay Sehgal
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Questions?
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Cal/OSHA Construction 
Safety Orders

Instructor:  Steve Yee

(858) 688-1465
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Overview
• Definitions

• Excavations 20 ft. deep or less

• Excavations over 20 ft. deep or deviations

• Important Requirements

• Competent Person Responsibilities

• Soil Classification (Appendix A) – Bob Price

• Basis of Soil Classification (Appendix A) – Bob Price

• Visual Tests (Appendix A) - Bob Price

• Manual Tests (Appendix A) – Bob Price

• Methods of Protection

• Case Studies

• Important items to check when reviewing excavation 
work and approving shoring plans
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Definitions

• Aluminum Hydraulic Shoring – A pre-engineered 
shoring system comprised of aluminum hydraulic 
cylinders (cross-braces) used in conjunction with 
vertical rails (uprights) or horizontal rails (walers).  
Such system is designed specifically to support the 
sidewalls of an excavation and prevent cave-ins.

• Benching (Benching System) – A method of 
protecting workers from cave-ins by excavating the 
sides of an excavation to form one or a series of 
horizontal levels or steps, usually with vertical or 
near-vertical surfaces between levels.
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Definitions

• Protective System – A method of protecting workers 
from cave-ins, from material that could fall or roll 
from an excavation face or into an excavation, or 
from collapse of adjacent structures.  Protective 
systems include support systems, sloping and 
benching systems, shield systems, and other systems 
that provide the necessary protection.

• Shield (Shield System) – A structure that is able to 
withstand the forces imposed on it by a cave-in and 
thereby protect workers within the structure.  Shields 
may be either pre-manufactured or job-built.

• Shoring (Shoring System) – A structure such as metal 
hydraulic, mechanical, or timber shoring system that 
supports the side of an excavation and which is 
designed to prevent cave-ins.  
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Definitions

• Sloping (Sloping System) – A method of protecting 
workers from cave-ins by sloping the sides of an 
excavation that are inclined away from the 
excavation so as to prevent cave-ins.  The slope 
angle varies with the soil type, surcharges, and 
weather.

• Tabulated Data – Tables and charts approved by a 
registered professional engineer and used to design 
and construct a protective system.
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Excavations 20’ Deep or Less

The Construction Safety Orders provide for a variety 

of excavation plans for worker protection in 
excavations.

• For excavations less than 20’ in depth the Contractor 
may use:

- Sloping or Benching of the soil

- Tables for timber or aluminum hydraulic shoring 

- Shields

- Shoring may be designed by a California PE
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Excavations Over 20’ Deep -
Deviations

A California PE design will be required:

• Deviations from the sloping criteria are used

• Deviations not covered in the Safety Orders from the 
timber or aluminum hydraulic shoring tables

• Shields that are used in a manner not recommended 
or approved by the manufacturer

• When surcharges must be accounted for

• Alternate designs are used



8

Important Requirements

• Underground utilities must be located prior to 
excavation

• The Contractor should notify all regional notification 
centers and all underground utility owners who are 
not members of the notification centers a minimum 
of 2 working days prior to the start of work

• Excavation in the vicinity of the underground utility 
must be undertaken in a careful manner while 
supporting and protecting utilities

Underground Installations
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Important Requirements

Egress Provisions

• Egress provisions which may include ladders, ramps, 
stairways, or other means shall be provided for 
excavations over 4 feet in depth so that no more than 
25 feet of lateral travel will be needed to exit trench 
excavations
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Important Requirements

• Adequate protection from hazardous atmospheres 
must be provided

• Workers shall be protected from the hazards of 
accumulating water, from loose or falling debris, or 
from potentially unstable adjacent structures.   

• Daily inspections, inspections after rain storms and as 
otherwise required for hazardous conditions, are to 
be made by a competent person.

• Inspections must  be conducted prior to the start of 
the work and as needed throughout the shift.
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Important Requirement

• The competent person will need to check for 
potential cave-ins, indications of failure of the 
protective system and for hazardous atmospheres.
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Hazardous Atmospheres

Hazardous atmospheres can Hazardous atmospheres can 

occur in excavations near occur in excavations near 

landfills, sites contaminated landfills, sites contaminated 

by leaking gas lines or by leaking gas lines or 

storage tanks, in sewers, and storage tanks, in sewers, and 

in other confined spaces.  A in other confined spaces.  A 

competent person must test competent person must test 

for oxygen deficiency for oxygen deficiency 

(oxygen levels less than 19.5 (oxygen levels less than 19.5 

%) and hazardous %) and hazardous 

atmospheres before workers atmospheres before workers 

can enter.can enter.
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Important Requirement

• When the competent person finds a hazardous 
situation he/she shall have the endangered workers 
removed from the area until the necessary 
precautions have been made to insure their safety.
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Competent Person Responsibilities

• Design structural ramps

• Monitor water removal equipment and operations

• Inspect excavations, adjacent areas, and protective 
systems daily, prior to start of work, as needed 
throughout the shift, and after every rainstorm or 
hazard increasing occurrence

• Remove workers from the hazard until the necessary 
precautions are taken

• Examine materials and equipment for continued use 
and if unusable, remove from service

• Classify the soil and if necessary, re-classify the soil 
after changed conditions
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Important Requirement
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Appendix A in the Construction 
Safety Orders

• Soil Classification – Stable rock, Type A, Type B, and 
Type C soil. 

• Basis of Classification – The competent person shall 
classify the deposits based on  the results of at least 
one visual and at least one manual analysis. 

• Visual and Manual Tests

Bob Price Bob Price -- InstructorInstructor
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Soil Classification

• Soil Classification is addressed in section 1541.1 
Requirements for Protective Systems, Appendix A

• Each soil and rock deposit must be classified by a 
“competent person” as Stable Rock, Type A,   
Type B, or Type C

• The classification must be based on the results of at 
least one visual and one manual analysis
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Stable Rock

• Natural solid mineral matter that can be excavated 
with vertical sides and remain intact while exposed
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• Most stable

• Fine grained

• Doesn’t crumble

• Difficult to break up when dry

• Unconfined Compressive Strength, qu ≥ 1.5 tsf

• Cohesive soils - clay, silty clay, sandy clay, clay loam and 
hardpan 

• Not Type A if,  fissured; subject to vibration; has 
previously been disturbed; or has seeping water. 

Type A Soil
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• Medium stability

• Cohesive soil with Unconfined Compressive Strength,

0.5 tsf < qu< 1.5 tsf

• Granular cohesionless soils – angular gravel (similar 
to crushed rock), silt, silty loam, sandy loam, and 
unstable dry rock

• Previously disturbed soils unless otherwise classified 
as Type C.

Type B Soil
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• Least stable

• Cohesive soil with Unconfined Compressive Strength 
qu ≤ 0.5 tsf

• Granular soils - gravel, sand, and loamy sand

• Submerged soil or soil from which any water is 
seeping

• Unstable submerged rock

Type C Soil
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• Soil classified on the basis of the weakest soil 
layer

• Each layer may be classified individually if a 
more stable layer lies below a less stable layer 
(i.e. Type C soil rests on top of stable rock)

Layered Geological Strata
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• Observe soil as it is being excavated and the sides of 
the excavation. 

• Estimate range of particle sizes and the relative 
amounts.  If predominantly fine-grained (not visible to 
naked eye), soil is cohesive.  If predominantly coarse-
grained (visible to naked eye), soil is granular.

• If excavated soil remains in clumps, it is cohesive.  
Soil that breaks up and doesn’t stay in clumps is 
granular.

Visual Tests
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• Look for cracks around excavation and spalling of 
sides.

• Look for evidence of previously disturbed soil.

• Look for soil layering and the extent to which the 
layers slope toward the excavation.

• Look for any seepage.

• Look for any sources of vibration that may affect the 
stability of the excavation. (This is probably applicable 
to all work in our right-of-way)

Visual Tests
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Plasticity or Wet Thread Test

• Moist soil sample molded into a ball

• Roll into a thin thread 1/8” in diameter (thick) by 2”
in length. 

• Hold thread by one end. 

• If the thread does not break or tear, the soil is 
considered cohesive.

Manual Tests
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Dry Strength Test

• Attempt to crumble a sample of dry soil

• Granular: Crumbles freely or with moderate pressure 
into individual grains

• Clay with gravel, sand, or silt: Falls into clumps that 
break into smaller clumps which can only be broken 
with difficulty

• Unfissured : Breaks into clumps (with difficulty) that 
do not break into smaller clumps

Manual Tests
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Thumb Penetration Test

• Press thumb firmly into soil sample

• Type A: Thumb makes an indentation in the soil only 
with great difficulty

• Type B: Thumb penetrates no further than the length 
of the thumb nail

• Type C: thumb penetrates full length 

• Subjective - least accurate of the three methods

Manual Tests
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Other Strength Tests

• Pocket Penetrometer 

• Hand-Operated Shearvane (Torvane)

• Both used to estimate unconfined compressive 
strength of cohesive soils

Manual Tests
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Determining Type A, B, and C soilsDetermining Type A, B, and C soils

(from (from ““CaLCaL/OSHA Pocket Guide for /OSHA Pocket Guide for 

the Construction Industrythe Construction Industry””))
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Methods of Protection
(Protective Systems)

• Sloping or Benching (Appendix B)

• Timber Shoring (Appendix C)

• Aluminum Hydraulic Shoring (Appendix D)

• Trench Shields (Appendix E)

• Engineered Systems



32

20’ Max.
1

1

Max. Slope

Simple Slope 

Excavations Made in Type B Soil
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20’ Max.

1

1

Max. Slope

This bench allowed in cohesive soil only

4’ Max.

Single Bench

Excavations Made in Type B Soil



34

20’
Max. 1

1

Multiple Bench

Max. Slope

This bench allowed in cohesive soil only

4’ Max.

4’ Max.

Excavations Made in Type B Soil
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20’ Max. 1

1

Max. Slope

Support or Shield System

18” Min.

Vertically Sided Lower Portion

Excavations Made in Type B Soil
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20’ Max.
1

1 1/2

Max. Slope

Simple Slope

Excavations Made in Type C Soil
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Excavations Made in Type C Soil -
Benching

• Benching is NOT 
allowed in Type C 
soil

– Unless approved 
in writing by a 
Registered 
Professional 
Engineer
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20’ Max.
1

1 1/2

Max. Slope

Support or Shield System

18” Min.

Vertically Sided Lower Portion

Excavations Made in Type C Soil
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1

1

1

1 1/2

Type B Soil

Type C Soil

20’ Max.

Excavation Made in Layered Soils
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1 1/2

1

1

1 1/2 

Type C Soil

Type B Soil

20’ Max.

Excavations Made in Layered Soils



41Sloping and Benching
(Appendix B)

63°½ :1Type A (short-
term, for a 
maximum 
excavation depth 
of 12 ft)

34°1 ½ : 1Type C

45°1:1Type B

53°¾ :1Type A

90°VerticalStable Rock

Slope AngleHeight/Depth RatioSoil Type
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Timber Shoring
(Appendix C)
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Timber Trench Shoring

PPaa = 45 x H + = 45 x H + 

72 72 psfpsf (2 ft. (2 ft. 

Surcharge)Surcharge)

Soil Soil 

Type BType B
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Aluminum Hydraulic Shoring
(Appendix D)

• Aluminum hydraulic 
shoring is one of the 
most common used 
methods of worker 
protection.  It is light-
weight, portable and 
easy to install.

• The manufacturer 
provides tabulated data 
with the shoring that 
provides the limitations, 
required spacing and 
proper use.
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Aluminum Hydraulic Shoring

• Spacing of shores to meet manufacturers 
specifications

• Maximum depth is 20 ft., unless Registered 
Professional Engineer allows deeper

• No blocking behind shores

• Must use 3 shores minimum
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Aluminum Hydraulic Shoring



47

Hydraulic Shoring Installation



48
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Shields
(Appendix E)

• Shields are manufactured by a 
number of companies and are 
designed to protect workers 
working within the confines of 
the shield.

• Tabulated data is provided for the 
maximum allowable depth it can 
be used.  The tabulated data 
must accompany the shield when 
it is being used.

• Additionally, the shield must be 
designed by a Registered 
Professional Engineer, be in good 
condition, and used properly.
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Shields

This shielding 

system, commonly 
called a “trench 
box” are similar to 
shields and have 
the same 

requirements.
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Trench Shields
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Trench Shields



53
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Caution!

• Contractor may submit a sales brochure as a “shoring 
plan” for approval

• A brochure is not a plan, and it generally represents 
the manufacturer’s data (the strength or capacity of 
the product)

• A shoring plan for the specific use of the shield must 
be prepared
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Trench Shield



56Tabulated DataModel No.Model No.

Serial No.Serial No.

Shield Shield 

CapacityCapacity

945 PSF945 PSF



57Tabulated Data
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Tabulated Data
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Can Trench Shields be 
Stacked?

• YES!  If the trench shields are designed to 
be stacked and are used in accordance with 
their tabulated data.
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Professional Engineer Designed or 
“Engineered System”
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Be sure the Contractor is following the approved Plan.

Important!
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Planned

15 ft.

5 ft.

4 ft.

1

1

Single Bench in Type B Cohesive Soil
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What was Excavated

15 ft.

5 ft.

4 ft.

1

1
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Follow the Approved Plan!
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Road Side of Trench

Soil Classification Example
(Classified as Type A)
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• Note that the ground surface on the road side of the trench has no fissure.  Time 

of day is 12:42 PM.

R
o
a
d
 S

id
e
 o

f 
T
re

n
ch

Soil Classification Example
(Classified as Type A)
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• Note the ground surface on the road side of the trench begins to fissure.  The 

time of day is 1:05:50 PM.

R
o
a
d
 S

id
e
 o

f 
T
re

n
ch

Soil Classification Example
(Classified as Type A)
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• Note that the ground surface/wall on the road side of the trench collapsed.  The 

time of day is 1:06:16 PM.

R
o
a
d
 S

id
e
 o

f 
T
re

n
ch

Soil Classification Example
(Classified as Type A)
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Ro
ad

 Si
de

 of
 Tr

en
ch

Soil Classification Example
(Classified as Type A)
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Soil Classification Example

• The competent person in the previous pictures stated 
the soil was Type A, yet the soil was

– Previously disturbed

– Fissured (Tension Crack)

– Had vibration present

• With these disqualifiers, the soil should have been 
classified as Type B
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Soil Classification Example

• Even if it was Type A, the vertical slope should have 
been ¾ to 1 and not vertical

• Spoil pile should have been removed 

– At least 2 feet from the edge
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Some Important Items to Check When 
Reviewing Excavation Work and 

Approving Shoring Plans

• Was the protection plan submitted in a timely 
manner prior to starting work on the excavation to 
allow time for review and modification if needed?

• Has the plan been approved?

• Review  the CSO prior to the Contractor starting 
excavation.

• Shoring material should be at the job site before 
starting excavation.

• Has all possible underground utilities been located 
prior to excavation?
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• Has the Contractor designated who will be in charge 
of the work and who will be the designated 
competent person?

• Is there adequate access and egress for the 
excavation?

• Is the Contractor’s competent person performing 
daily inspections of the excavation prior to the start 
of the work?

• Does the shoring being installed or excavation slope 
angle conform to the approved plans?
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• The 5 foot depth for the shoring plan requirements is 
measured from the ground surface at the time of 
excavation to the bottom of the excavation and not 
to an elevated work area such as the top of an 
installed pipe.

• Surcharge loads and vibrations from traffic or 
equipment must be considered in the shoring plan if 
CSO Standard Details are used.

• Shoring should be removed progressively as backfill 
is placed and prior to backfilling if workers are to be 
in the excavation.

• Good shoring design will not require removal of any 
part of the shoring system to install a pipe or to 
perform other work.
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Summary
• Definitions

• Excavations 20 ft. deep or less

• Excavations over 20 ft. deep or deviations

• Important Requirements

• Competent Person Responsibilities

• Soil Classification (Appendix A) – Bob Price

• Basis of Soil Classification (Appendix A) – Bob Price

• Visual Tests (Appendix A) - Bob Price

• Manual Tests (Appendix A) – Bob Price

• Methods of Protection

• Case Studies

• Important items to check when reviewing excavation 
work and approving shoring plans
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Questions?
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1

Soil Classification 

and Properties

Instructor: Robert (Bob) Price, PE

(916) 227-7091
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Soil Classification and Properties

• Existing Subsurface Information

• Identifying soils to be excavated

• Engineering properties of soils
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Existing Subsurface Information

• Geotechnical Design Report (GDR)

• Boring Record (BR)

• Foundation Report (FR)

• Log of Test Borings (LOTBs)

• Both the these reports will include the author’s phone 
number.  We are here to assist you.  Please call 
us.
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If the soils in the excavation don’t match the soils on 
the boring logs…
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• Claims

• Delays

• Shallower or deeper foundations

• Failure of the shoring system resulting in 
property damage, injury or death

Consequences:



6Log of Test Boring
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Boring Location



8What does all this mean ?
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10Soil Legend Sheet (1 of 2)



11Soil Legend Sheet (2 of 2)
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Rotary borings will be the most common 



13



14
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N60 = NlotbX Eri/60
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Standard Penetration Test (SPT)

• Used primarily in granular soils

• Crude form of testing but results are widely 
accepted

• Correlations 

– relative density and friction angle
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Identifying Soils to be Excavated

• Location of excavation

• Do elevations on logs match field elevations?

• What time of year is it?  Will soils be wet/saturated?

• Watch the soils coming up out of the excavation. 
Compare to the boring logs.
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Cohesive vs Cohesionless Soils

Soil consists of a mixture of:

• Water

• Air

And one or more of the following:

• Clay

• Silt

• Sand

• Gravel

• Cobles / Boulders
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Cohesive vs Cohesionless Soils

The amounts of these ingredients determine the soils 
"cohesiveness", or how well the soil will hold together.
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Cohesive Soils

• Do  not crumble

• Easily molded when wet 

• Hard to break up when dry

• Clayey soils
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Cohesionless Soils

• Coarse grained soils

• Sands and Gravels 

• Will not stay in clumps

• Granular
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• Cohesive soils only

• Unconfined compressive strength

• Direct-reading, spring-operated instrument 

• Pushed into soil, indicator displays value in Tons/ft2

• Value in Error rate in the range of ± 20-40%

Pocket Penetrometer

Field Identification of Soils
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Pocket Penetrometer
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Field Identification of Soils

• Cohesive soils only

• Unconfined compressive strength

• Multiply instrument reading by 2 

• Value in kilograms per square centimeter (Kg/cm2)

• Blades of the vane are pressed into a level section of 
undisturbed soil, and the torsional knob is slowly 
turned until soil failure occurs

SHEARVANE (TORVANE)
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Torvane
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Field Identification of Soils

poorfairStandard penetration test 
(SPT)

fairnot applicablePocket penetrometer

fairfairCone penetration test (CPT)

goodnot applicableVane shear test

fairgood*Direct shear test

very goodnot applicableUnconfined compression test

very goodvery good*Triaxial compression test

Fine-grained 
soil

Course-grained 
soil

Test Method

*Recovery of undisturbed samples can be difficult.
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High plasticity (CH)

• Molds into a ball or cylinder 

• Deforms under firm finger pressure

• No crumbling or cracking

Medium plasticity (CL) –

• Molds into a ball or cylinder 

• Cracks or crumbles under finger pressure.

Field Identification of Soils

Plasticity or Wet Thread Test
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Field Identification of Soils

Plasticity or Wet Thread Test

Low plasticity (CL, ML, or MH)

• Will not lump into a ball or cylinder without breaking up

Nonplastic soil (ML or MH)

• Soil cannot be rolled into a thread at any moisture 
content

Organic material (OL or OH)

• Soft, spongy ball or thread when molded
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Field Identification of Soils

Shine Test

• Clayey soils

• Means of measuring plasticity

• Slightly moist or dry piece of soil rubbed with a fingernail 
or smooth metal 

• Highly plastic clay - definite shine

• Lean clay - remains dull 
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Engineering Properties of Soils

GRANULAR SOILS

• Rough correlation between standard penetration 
index value (N) and the angle of internal friction (φ) 
can be found in Table 1-1

• Grain size, distribution, and shape will also effect 
angle of internal friction
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Engineering Properties of Soils

45

45

37

0.38

0.41

0.44

120

110

85

Dense

Medium Dense

Loose

27

25

23

Silt

41

38

34

0.35

0.38

0.41

117

100

85

Dense

Medium Dense

Loose

29

27

25

Fine Silty Sand,

Sandy Silt

37

38

34

0.32

0.38

0.41

117

100

85

Dense

Medium Dense

Loose

31

27

25

Fine Sand

30

35

34

0.26

0.32

0.38

117

110

90

Dense

Medium Dense

Loose

36

31

27

Medium Sand

27

34

32

0.21

0.28

0.35

130

120

90

Dense

Medium Dense

Loose

41

34

29

Gravel, Gravel-

Sand Mixture, 

Coarse Sand

Kw=Ka γγγγ

Equiv.

Fluid Wt. 
(pcf)

Ka

Coefficient of 
Active Earth 
Pressure

γγγγ

Soil Unit 
Weight 
(pcf)

Density or 
Consistency

φφφφ

Friction 
Angle of 
the soil 

Soil Classification

SIMPLIFIED TYPICAL SOIL VALUES

TABLE 11
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Engineering Properties of Soils

• The properties of granular soils can also be crudely 
approximated as shown below

Penetrated only a few inches with ½”
rebar driven with 5-lb hammer

> 50Very Dense

Penetrated a foot with ½” rebar driven 
with 5-lb hammer

31 - 50Dense

Penetrated a foot with ½” rebar driven 
with 5-lb hammer

11 - 30Medium 
Dense

Easily penetrated with ½” rebar 
pushed by hand

5 - 10Loose

Easily penetrated with ½” rebar 
pushed by hand

0 - 4Very Loose

Field ApproximationSPT

Blows/Ft

Description
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Engineering Properties of Soils

The properties of cohesive soils is shown in Table 1-2



35Engineering Properties of Soils

The properties of cohesive soils can also be 
approximated as shown below

Indented by thumb nail with difficulty> 8000 Hard

Readily indented by thumb nail4000 - 8000Very Stiff

Readily indented by thumb but penetrated 
only with great effort

2000 - 4000Stiff

Penetrated several inches by thumb with 
moderate effort

1000 - 2000Medium Stiff

Easily penetrated several inches by thumb500 - 1000Soft

Easily penetrated several inches by fist0 - 500Very Soft

Field Approximation

Unconfined 
Compressive

Strength (psf)
Description
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Summary

• Existing Information

• Identifying soils to be excavated

• Basic engineering properties of soils
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SURCHARGES

Tony English, PE

530 713 7869
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Surcharges

• What is a Surcharge

• When is it applied

• Types of Surcharges

• How to Calculate a Surcharge
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What is a Surcharge?

• A surcharge is a concentrated or uniformly distributed 
load acting on the surface of the backfill that 
increases the horizontal earth pressure on the 
shoring system.
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What is a Surcharge?

• For example:

– Traffic
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What is a Surcharge?

– Equipment
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What is a Surcharge?

– Buildings
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What is a Surcharge?

– Stockpiles



8

When to Consider Surcharges

• Always

• Always

• Always
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When to Consider Surcharges

• A surcharge will need 
to be considered when 
it falls within the 
failure plane. (roughly 
45°-φ/2)

• Large loads outside of 
the failure plane may 
also need to be 
considered.

ψ
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Uniform Surcharge Loads

• A uniform surcharge is considered when the 
surcharge is constant over the entire length of the 
wall

• The horizontal earth pressure is calculated as            
σh = (K) (Q)

• σh is the horizontal earth pressure

• K is the coefficient of lateral earth pressure

• Q is the uniform surcharge applied
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Uniform Surcharge Loads

• Minimum Construction Surcharge

• 72 psf

• Rough equivalent of 2 ft of soil

• σh = (0.3)(2’ * 120 pcf) = 72 psf

• Used on all shoring systems

• Applied from the top of the system to the lesser of 
10 feet or the dredge line
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Uniform Surcharge Loads

72 psf10 ft72 psfH

H 10 ft H > 10 ft

Minimum Construction Surcharge
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Uniform Surcharge Loads

• Alternative Traffic Surcharge

• 100 psf

• Used as alternative to the 
Boussinesq traffic loading

• Considered from the top 
of the wall to the tip of 
the shoring system

100 
psf

H

D
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Boussinesq Surcharges

• In 1885, Joseph Valentin 
Boussinesq developed 
mathematical expressions for 
determining the stresses at a 
point in a mass due to surface 
point loads. 
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Boussinesq Surcharges

• Three typically used 
Boussinesq Loads

• Strip Loads

• Line Loads

• Point Loads

Q
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Strip Loads

• Loads such as highway and railroads, generally 
running parallel to the wall

[ ]
π

αβ−β
=σ

)2cos(sinQ2 R
h

Q

β

β/2

α
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Strip Loads

• Most 
commonly 
used strip load 
is traffic 
loading
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Strip Loads

Q = 300 psf

24’
• 300 psf for 
the width of 
the traveled 
way
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Strip Loads

Q = 300 psf

24’6’

15’
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Strip Loads

Q = 300 psf

24’6’

15’

Find σh at h = 10’
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Strip Loads

Q = 300 psf

24’6’

15’
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Strip Loads

Q = 300 psf

βσh=10
β/2

α

[ ]
π

αβ−β
=σ

)2cos(sinQ2 R
h
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Strip Loads

β = atan(L2/h) – atan(L1/h)

β = atan(30/10) – atan(6/10) 

β = 40.6
O

βR = β (π/180) = 0.709

α = atan(L1/h) + β/2

α = atan(6/10) + 40.6/2 

α = 51.3
O

Q

β
σh

β/2

α
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Strip Loads

[ ]
π

αβ−β
=σ

)2cos(sinQ2 R
h

( ) ( ) ( )[ ]
π

−
=σ

)3.512cos(6.40sin709.03002
h

psf5.16210 =σ
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Strip Loads

Comparing the hand-calculated results to the T&S 
program output for the same problem:
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Strip Loads
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Line Loads

• Continuous loads of narrow width generally parallel 
to the wall

• K rail

• Wall footings
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Line Loads

( )

( )22

1
h

222

2

1
h

n16.0

n2.0

H

Q

nm

nm

H

Q
28.1

+
=σ

≤

+
=σ

>

:0.4 mfor 

     :0.4 mfor Ql

n*H

H

L1

m*H

σh



29

Line Loads

n*H

H

L1

m*H

Ql

σh
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Line Loads

24’6’

15’

K rail = 390 plf

Find σh at h = 10’
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Line Loads

• Find m

• L1 = m * H

• m = 6 / 15

• m = 0.4

• Find n

• h = n * H

• n = 10 / 15

• n = 0.667

n*H

H

L1

m*H

Q

σh
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Line Loads

( )22

1
h

n16.0

n2.0

H

Q
      0.4 mfor 

+
=σ≤

( )

( )22
10

667.016.0

667.02.0

15

390

+
=σ

psf48.910 =σ
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Line Loads

Comparing the hand-calculated results to the T&S 
program output for the same problem:



34
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Point Loads

• Point loads are large loads concentrated in small 
areas

• Wheel of a concrete truck

• Deadman

• Crane Outrigger
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Point Loads

( )

( )32
2

2

p

h

322

22

2

p

h

n16.0

n

H

Q
28.0

nm

nm

H

Q
77.1

+
=σ

≤

+
=σ

>

:0.4 mfor 

:0.4 mfor 

n*H

H

L1

m*H

Qp

σh
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Point Loads

n*H

H

L1

m*H

Qp

σh
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Point Loads

3’

15’

9000 lbs

Find σh at h = 10’
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Point Loads

• Find m

• L1 = m * H

• m = 3 / 15

• m = 0.2

• Find n

• h = n * H

• n = 10 / 15

• n = 0.667

n*H

H

L1

m*H

Qp

σh
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Point Loads

( )32
2

2

p

h

n16.0

n

H

Q
28.0      0.4 mfor 

+
=σ≤

( )

( )32
2

210

667.016.0

667.0

15

9000
28.0

+
=σ

psf5.2210 =σ
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Point Loads

Comparing the hand-calculated results to the T&S 
program output for the same problem:
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Point Loads
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Point Loads

3’
σh

σ’h

θ

Qp
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Point Loads

3’

5’

σh

σ’h

θ

Qp

3’
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Point Loads

• Lateral Adjustment

• σh’ = σh cos
2[(1.1)θ]

• σh’ = 22.5 cos
2[(1.1)atan(5/3)]

• σh’ = 4.0 psf
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Summing up Surcharges

• Surcharges are additive

σStrip + σLine + σPoint = σTotal

162.5 + 9.5 + 22.5 = 194.5 psf
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Summing up Surcharges

• Surcharges are additive

σStrip + σLine + σPoint = σTotal

162.5 + 9.5 + 22.5 = 194.5 plf



Identifying Surcharges

Look at the following pictures

What surcharges should be considered?













Last one

Careful, it’s tricky!
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Resources

• Trenching and Shoring Manual

• Trenching and Shoring Program

• Boussinesq Strip Loading Spreadsheet
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Surcharges

• What is a surcharge

• When is it applied

• Types of Surcharges

• How to Calculate a Surcharge



Questions?
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Sheet Piles

Instructor: Margie Perez

(619)688-1433
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Overview

• Introduction

• Applications of Sheet Piling

• Sample Problem using AASHTO method and general 
design parameters

• Same sample problem using computer program

• Construction Considerations

• Advantages/Disadvantages of Sheet Piles

• Summary
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Introduction

• Sheet Piles can be made from a variety of materials

– Steel, concrete, vinyl, plastic, wood, fiberglass
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Introduction

• Consists of a series of 
panels with flattened Z-
shaped interlocking 
connections 

• Panels are driven into 
the ground with impact 
or vibratory hammers

• Sheet Piles keep earth 
or water out of an 
excavation
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Introduction
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Introduction
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Introduction
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Application of Sheet Piles

• The following are some of the more common 
geotechnical and environmental applications in which 
sheet piling is effective

– Retaining walls

– Cofferdams

– Containment walls

– Ground water diversion/control

– Flood protection

– Coastal protection

– Slope stabilization
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Application of Sheet Piles

• Cantilevered walls for  
H < 15’

• Anchored walls for       
H up to 35’
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Application of Sheet Piles

Anchored Walls for H up to 35’
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Application of Sheet Piles
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Application of Sheet Piles
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Example Problem

φ = 34˚
δ = 0˚
γ = 120 pcf

9 ft

D

β = 10˚
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Problem Outline

• Calculate Ka , Kp using soil parameters

• Develop soil pressure diagram

• Determine minimum beam embedment using Factor 
of Safety = 1.3

• Check structural capacity of the system
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Example Problem- Soil Parameters

0.314K

10,β0,δ34φ

β)(cosδ

β)sin(φδ)sin(φ
1cosδ

φcos
K

a

2

2

a

=

°=°=°=








 −×+
+

=

)(cos
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Example Problem

φ = 34˚
δ = 0˚
γ = 121 pcf

9 ft

D

β = 10˚

Ka = .314
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Example Problem- Soil Parameters

°=
°
°

= 0
34

0

φ
β

Kp(chart)=9.44

Find Kp using the 
Log-Spiral 
Method

FindFind KKpp using the using the 

LogLog--Spiral Spiral 

MethodMethod
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Example Problem- Soil Parameters

°=
°
°

= 0
34

0

φ
δ

Reduction Factor, 
R=0.383

Kp=RKp
(chart)

Kp=(0.383)(9.44)

Kp=3.616

KpKKpp
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Example Problem

φ = 34˚
δ = 0˚
γ = 120 pcf

9 ft

D

β = 10˚

Ka=0.314Kp=3.616
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Example Problem - Pressures

fe g

s

a

a'

H

D

Note: Surcharge 
height is limited 
to depth of 
excavation or 10' 
whichever is less.
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Example Problem - Pressures

f

Ps = 72 psf

Pa = KaγH

Pa' = KaγH

H

D

Pg = KaγDPe = KpγD
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Example Problem - Pressures

fe g

aa'

H

D

Pa = KaγH

Pa = (0.314)(120pcf )(9ft)

Pa = 339 psf

Pa

Ka

γ

s
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Example Problem - Pressures

fe g

a

a'

H

D

Pa'

Ka

γ

Pa' = KaγH

Pa' = (0.314)(120pcf)(9)

Pa' = 339 psf

s
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Example Problem – Pressures

fe g

s

a

a'

H

D

PgKa

γ

Pg = KaγD

Pg = (0.314)(120pcf)(D)

Pg = 37.7D psf
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Example Problem – Pressures

fe g

s

a

a'

H

D

Pe
Kph

γ

Pe = KpγD

Pe = (3.616)(120pcf)(D)

Pe = 434D psf

Ps = 72 psf

Ps
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Example Problem – Forces

fe g

s

a

H

D

P1

P2

P3
P4

P5

a'
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Example Problem – Forces

fe g

s

a

H

D
P4

P5

a'

P1 = Pa H/2 P2= Ps H

P3= Pa' D

= PgD/2

= PeD/2
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Example Problem – Forces

H

D

Pa

P1 = Pa H/2

P1 = (339)(9ft)/2

P1 = 1526 #

P1
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Example Problem – Forces

H

D

Ps

P2 = Ps H

P2 = (72)(9)

P2 = 648 #

P2
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Example Problem – Forces

H

D

Pa'

P3 = Pa' D

P3 = (339)(D)

P3 = 339D #

P3
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Example Problem – Forces

H

D

Pg

P4 = PgD/2

P4 = (37.7D)(D)/2

P4 = 18.8D 2 #

P4
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Example Problem – Forces

H

D

Pe

P5 = PeD/2

P5 = (434D)(D/2)

P5 = 217D 2 #

P5
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Example Problem – Forces

f

H

D

P1

P2

P3
P4

P5
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Factor of Safety

MResistance = 1.3 (MDriving)
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Example Problem – Calculate Minimum 
Embedment

H

D

P2
P1

P3
P4

P5

f

0)3/(3.1)3/(3.1)2/(

3.1)(3.1)(

:0

543

2231

=−+

++++

=∑

DPDPDP

DPDP

M

HH
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Example Problem – Calculate 
Minimum Embedment

0)3/(2217

3.1)3/(28.183.1)2/(339

3.1)2
9)(648()3.1)(3

9(526,1

:0

=−

++

+++

=∑

DD

DDDD

DD

M
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Example Problem – Calculate 
Minimum Embedment

08142174,25.1693.49

:0

23 =−−−

=∑

DDD

M

D = 9.7 ft ,  D1.2 = 11.6 ft

In comparison if we had used a 1.3 Factor of 
Safety applied to the calculated D without 
increasing the driving moment:

ftftD 117.10)2.8(3.1 ≅==
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Example Problem– Calculate Point of 
Zero Shear, X

f

H

D

P1

P2

P3
P4

P5

X

fe g

sa

a'
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Example Problem– Calculate Point 
Of Zero Shear, X

•Use X in lieu of D

•P1+P2+P3+P4=P5

• 1,526 + 648 + 339X + 18.8X2 = 217X2

• 198.2X2 – 339X – 2174 = 0

• X = 4.28 ft
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Example Problem – Calculate 
Maximum Moment At X

lbftM

PPP

XPXPM

XXX

HH

−=

−++

+++=

724,14

)()()(

)()(

max

353423

2231max
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Example Problem – Calculate Section 
Modulus

307.7

000,25

)12)(724,14(

inS

psi

lbft
S

f

M
S

ft
in

b

=

−
=

=



42

Example Problem – Calculate Section 
Modulus
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Example Problem – Calculate 
Section Modulus

• Minimum grade of steel is A328, for which Fb=25ksi

• Most suppliers also furnish high strength steel, such 
as A572(grade 50) Fb=30ksi

• Bethlehem Steel also manufactures A690 for which
Fb=41ksi. For sheet piles manufactured prior to 1940 
or those with no identified grade of steel, use
Fb=22ksi (A36 equivalent)
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Computer Program
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Computer Program

D = 9.7 ft ,  D1.2 = 11.6 ft

X = 4.28 ft

lbftM −= 724,14max
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Construction Considerations

• Before Construction

– Review the LOTBs and Soils Report to know the 
type of material the Contractor will encounter

– Check Contract Plans and Special Provisions for 
any pile driving specifications

– Be aware that Contractor may have to drive a 
heavier pile section than the calculations call for 
due to difficulty in driving smaller sections –
SPT/N value
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Construction Considerations

• In the field

– Check the material to insure that the proper 
section was delivered to the site

– Measure the length of each section and compare 
with the required length

– Insure that the Contractor follows the approved 
construction sequence and plans
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Construction Considerations

• Tiebacks may be 
utilized to avoid 
overstress of 
cantilevered sheet 
piles
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Construction Considerations
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Construction Considerations
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Construction Considerations
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Construction Considerations
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Construction Considerations
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Disadvantages

• Noise and vibration during installation

• Sheet piles are not suitable for stiff clay or soil 
containing cobbles and boulders

• Keying into rock is not possible

• Limited depth penetration without adding to project 
cost
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Advantages

• No excavation is required, which minimizes disposal 
problems

• Sheet piling can be removed later, if required or 
desired

• Topography and depth to groundwater have little 
impact

• Enclosures with irregular shapes are possible

• Work can be completed a barge, eliminating 
necessary site clearing
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Summary

• Introduction

• Applications of Sheet Piling

• Sample Problem using AASHTO method and general 
design parameters

• Same sample problem using computer program

• Construction Considerations

• Advantages/Disadvantages of Sheet Piles
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Questions



1

Soldier Piles

Instructor: Margie Perez

(619)688-1433
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Overview

• Introduction

• Components of a Soldier Pile Wall

• General Design Parameters

• Sample Problem using AASHTO method 

• Same sample problem using computer program

• Construction Considerations

• Advantages/Disadvantages

• Summary
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Introduction

• Soldier piles and lagging 
walls are a cantilever 
system to retain soil in 
an excavation or trench.

• Wall is Constructed 

from the top down.
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Introduction

• Soldier pile systems can also utilize rakers or 
tiebacks to reduce the embedment depth



5

Introduction

• If used, 
rakers
and 
tiebacks 
will need 
to stay in 
place for 
the 
duration 
that the 
wall is 

required.
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Components

• Soldier piles can 
be steel HP 
sections, W 
sections, sheet 
piles or CIDH piles

• Lagging can be 
timber members, 
steel plates, or 
concrete sections
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Installation

• Soldier piles can be constructed by driving/drilling 
piles through the proposed excavation depth

• Drilled holes can be filled with pea gravel, slurry, 
concrete, or similar material
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Installation



9

Installation
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Installation

• During excavation the lagging is installed in lifts from 
top to bottom

• Each lift should not exceed 5’

• Lagging is commonly installed behind the soldier pile 
front flange

• It is not recommended to install the lagging behind 
the back flange

• Lagging may be wedged against the front flange for 
tight soil to lagging contact
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Installation
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Installation
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Installation



14

General Design Parameters

• Soldier piles provide the moment resistance for the 
system

• Passive soil resistance is obtained by embedding the 
soldier piles beneath the excavation grade

• The lagging bridges and retains soil across the piles 
and transfers the lateral load to the soldier pile 
system

• Soil arching redistributes the soil pressure from the 
center of the lagging to the stiffer soldier piles
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General Design Parameters

• Soil Arching helps to 
transmit the lateral 
loads from the soil 
behind and along the 
cut faces to the vertical 
corners



16

General Design Parameters

• Lagging Design Load = 
0.6 (Shoring Design 
Load)

• Maximum lagging load 
may be 400 psf without 
surcharges
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General Design Parameters

=

=

=

≤=

⊥

⊥

⊥

⊥⊥

'

'

'

''

c

c

c

cc

F

F

f

F
A

P
f

Where Actual Bearing Stress 

Allowable Bearing Stress

450 psi in accordance with Section
51-1.06A(2) “Design Stresses”
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General Design Parameters

• Effective Width

– For soldier piles 
backfilled with 
material other than 
concrete only the 
dimension of the 
soldier pile parallel to 
the drilled or driven 
hole can be used

Effective Pile Width
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General Design Parameters

• Effective Width

– If soldier piles are 
backfilled with 
structural concrete 
than the effective 
width is the hole 
diameter

– Structural concrete is 
generally a 4-sack or 
greater mix

Effective pile width

Structural 
Concrete
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General Design Parameters

Effective pile 
width
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Effective pile 
width

Adjusted pile width

General Design Parameters

• Adjusted Pile Width

– Experimentation 
has shown that 
the passive 
resistance of
cohesionless soil 
acts over a width 
greater than the 
effective width
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Effective pile width

Adjusted pile width

Effective 
pile width

Adjusted pile width

GENERAL DESIGN PARAMETERS
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General Design Parameters

• Adjusted Pile Width = Nb

– Where N = Arching Capability = 0.08 φ < 3.0

b = Effective Pile Width

– The value of Nb cannot exceed the soldier pile 
spacing
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(L1/2) + (L2/2)

Adjusted

Pile Width

GENERAL DESIGN PARAMETERS
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Example Problem

φ = 34˚
δ = 0˚
γ = 120 pcf

Using HP 14 X 73 and 4” x 12” timber lagging

Pile Spacing = 8.33 ft

9 ft

D 2 ft

β = 10˚
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Example Problem – Outline

• Calculate Ka , Kp using soil parameters

• Develop soil pressure diagram

• Determine minimum beam embedment using Factor 
of Safety = 1.3

• Check structural capacity of the system
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Example Problem- Soil Parameters

314.0

10,0,34

))(cos(cos

)sin()sin(
1cos

cos
2

2

=

°=°=°=








 −×+
+

=

a

a

K

K

βδφ

βδ
βφδφ

δ

φ
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Example Problem

φ = 34˚
δ = 0˚
γ = 120 pcf

Pile Spacing = 8.33 ft

9 ft

D 2 ft

β = 10˚

Ka = .314
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Example Problem- Soil Parameters

°=
°
°

= 0
34

0

φ
β

Kp(chart)=9.44

Find Kp using the 
Log-Spiral 
Method

FindFind KKpp using the using the 

LogLog--Spiral Spiral 

MethodMethod
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Example Problem- Soil Parameters

°=
°
°

= 0
34

0

φ
δ

Reduction Factor, 
R=0.383

Kp=RKp
(chart)

Kp=(0.383)(9.44)

Kp=3.616

KpKKpp
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Example Problem- Soil Parameters

Kp=3.616

Ka=0.314
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H=9'

D

PA =KaγH(L)

PA'= KaγH(Nb)

PG = KaγD(Nb)PE = KpγD(Nb)

P = Surcharge(L)

F

Example Problem – Pressures
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D

PA =KaγH(L)

F

Ka

γ

a

a'

g

s

e

Pa = KaγH(L)

Pa = (0.314)(120pcf )(9ft)(8.33)

Pa = 2824.9 plf
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D

PA'= KaγH(Nb)

F

Ka

γ
a

a'

g

s

e

Pa' = KaγH(Nb)

Pa' = (0.314)(120pcf)(9)(.08(34))(2)

Pa' = 1845 plf
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D

Pg= KaγD(Nb)
F

Ka

γ

a

a'

g

s

e

Pg = KaγD(Nb)

Pg = (0.314)(120pcf)(D)(.08(34))(2)

Pg = 205D plf
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D

PE = KpγD(Nb)

P = Surcharge(L)

F

γ

a

a'

g

s

e

Pe = KphγD(Nb)

Pe = (3.616)(120pcf)(D)(.08(34))(2)

Pe = 2361D plf

Ps = Surcharge(L)

Ps = 72(8.33) = 599.8 plf

Kph
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H=9'

D

PA=2,825 plf

PA'= 1,845 plf

PG= 205 plfPE = 2,361 plf

P = 600 plf

F

Example Problem – Pressures 
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H=9'

P1 = Pa(H/2)

P3 =  Pa’D

P4 = Pg(D/2)

P5 = Pe(D/2)

P2 = Ps(H)

F

Example Problem – Forces

D
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H=9'

P1 = 12712#

F

Example Problem – Forces

D

P1 = Pa(H/2)

P1 = 2824.9(9/2)

P1 = 12712 #



40

H=9'
P2= 5398#

F

Example Problem – Forces

D

P2  = Ps(H)

P2 = 599.8(9)

P2 = 5398 #
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H=9'

P3 = 1845D #

F

Example Problem – Forces

D

P3 = Pa’(D)

P3 = 1845D #
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H=9'

P4 = 102.5D
2 #

F

Example Problem – Forces

D

P4 = Pg(D/2)

P4 = 205D(D/2)

P4 = 102.5D2
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H=9'

P5 = 1180D
2 #

F

Example Problem – Forces

P5 = Pe(D/2)

P5 = 2361D(D/2)

P5 = 1180D2
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H=9'
P1 = 12712 #

P2 = 1845 D #

P3 = 102.5 D
2 #P5 = 1180D

2 #

P4=5398 #

F

Example Problem – Forces
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H=9'

P1

P2

P3

P5

P4

F

D

D/3 D/2 D/3

H/3+D
H/2+D

Example Problem – Forces
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Factor of Safety

MResistance = 1.3 (MDriving)
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Calculate Minimum Beam 
Embedment with F.S. = 1.3
















+








+














 ++






 +=








32
3.1

23
3.1

3

43

215

D
P

D
P

D
H

PD
H

P
D

P

2
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Calculate Minimum Beam 
Embedment with F.S. = 1.3

ftDftD

D
D

D
D

DD
D

D

5.1325.11

3
5.102

2
18453.1

2

9
5398

3

9
127123.1

3
1180

2.1

2

2

=⇒=
















+








+














 ++






 +=








2

06242718110923269 23 =−−− DDD
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H=9'

P1

P2

P3
P5

P4

F

Example Problem– Calculate Point of 
Zero Shear, X 

DX
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Example Problem– Calculate Point of 
Zero Shear, X

Use X in lieu of D

P1 + P2 + P3 + P4 = P5

12712 + 5398 + 1845X + 102.5X2 = 1180X2

1077.5X2 – 1845X – 18110 = 0

ftX 04.5=∴
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Example Problem – Calculate 
Maximum Moment At X

Maximum Moment at point of zero shear:

( ) ( ) ( )

lbsftM

M

M
X

P
X

P
X

PX
H

PX
H

P

⋅=








−






+






+








 ++






 +=

=






−






+






+






 ++






 +

152,131

3

04.5
04.51180

3

04.5
04.55.102

2

04.5
04.51845

04.5
2

9
540004.5

3

9
12712

33223

2

54321
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Calculate Minimum Beam Size

( )

354.71

000,22

)12(152,131

inS

psi

lbsft

f

M
S

f

M
S

ft
in

b

b

=

⋅
==

=

Using HP 14 x 73, S = 107 in3 OK



53

Calculate Minimum Lagging Size

Maximum load occurs at the depth of excavation:

3

22

max

1.14
500,1

)12)(8.764,1(

8.764,1
8

)'33.8)(12.339)(6.0(

8

6.0

in
psi

lbsft
S

lbsft
WL

M

ft
in

required

ft
lb

=
⋅

=

⋅===

Using 4” X 12”, S = 32” OK
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Computer Program
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Computer Program

ftDftD 5.1325.11 2.1 =⇒=

ftX 04.5=

lbsftM ⋅= 152,131
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Construction Considerations

• Before construction starts:

– Review LOTBs and soils reports for the types of 
soils that may be encountered

– Review the Contract Plans and Special Provisions

– Inspect the site for any utilities and other 
obstructions
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Construction Considerations

• During Installation of 
Soldier Piles:

– Holes may collapse 
during drilling

– Holes can be filled with 
lean concrete and 
drilled through once the 
lean concrete is set

– Do not stand next to 
hole without a safety 
harness
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Construction Considerations

• During Installation of 
Soldier Pile:

– Do not leave hole 
open for extended 
period

– Cover all holes 
after drilling is 
complete



59

Construction Considerations

• During Installation of Lagging:

– Voids behind the lagging should be filled with 
compacted soil

– Lagging may be installed with a maximum spacing 
of 1-1/2” to allow seepage through the system

– Packing hay or straw in the spaces will prevent 
soil going through the spaces
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Construction Considerations
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Construction Considerations

• During the Removal Process:

– Lagging is removed from the bottom with the 
backfill operation

– Lagging should not be removed greater than 5’
without backfill

– Lagging left in place should be pressure treated 
timber

– Soldier piles will be removed after the backfill 
operation is complete



62

Advantages/Disadvantages

• Disadvantages

– Cannot be used in high water table conditions with 
extensive dewatering

– Poor backfilling can result in significant surface 
settlements

– Not as stiff as other retaining systems

• Advantages

– Inexpensive compared to other retaining walls

– Very easy and fast to construct
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Summary

• Introduction

• Components of a Soldier Pile Wall

• General Design Parameters

• Sample Problem using AASHTO method 

• Same sample problem using computer program

• Construction Considerations

• Advantages/Disadvantages
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Questions



65



1

Tiebacks and Soil Nails

Tony English, PE

530-713-7869
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Tieback Walls

• What is a tieback wall?

• Why use tieback walls?

• What are the parts of a tieback wall?

• How are tieback walls reviewed?

• How are tieback walls inspected in the field?
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What is a Tieback Wall?
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Why use tieback walls?

• Increased height

• Typically excavations 
deeper than 20’

>20’
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Why use tieback walls?

• Fewer intrusions into work area

• Struts or rakers may impair the work area

• In wide excavations struts can be impractical
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Disadvantages of Tiebacks

• Perform poorly in some soil types

• Expensive to construct

• Specialized equipment required
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Disadvantages of Tiebacks

• Perform poorly in some soil types

• Expensive to construct

• Specialized equipment required

• Encroachment Problems

• Subsurface utilities
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Disadvantages of Tiebacks

• Perform poorly in some soil types

• Expensive to construct

• Specialized equipment required

• Encroachment Problems

• Subsurface utilities

• Future development
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Anatomy of a tieback

Bearing Plate

Anchor Head & Wedges

Grout Tubes
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Anatomy of a tieback

Greased Sleeves

Corrugated Sheathing
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Anatomy of a tieback

Strand Spacer

Centralizers

Grout Tubes

End Cap
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Anatomy of a tieback



13

Anatomy of a tieback

Bar

Nut

Bearing Plate
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Review of Tieback Walls

1. Review plan for submittal for completeness

2. Determine Ka and Kp

3. Develop pressure diagrams

4. Determine forces



15

Review of Tieback Walls

5. Determine the moment around the tieback

6. Solve for depth (D), for both lateral and vertical 
loads, and tieback force (TH)

7. Find the point of zero shear and check the pile 
section

8. Check anchor capacity
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8. Check anchor capacity

• Variables that affect anchor capacity

• Tendon type and size

• Soil characteristics

• Grouting method

• Size and shape of drilled hole

• Length of grouted anchor
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Review of Tieback Walls

9. Check miscellaneous details 

10. Check adequacy of tieback test procedure

11. Review corrosion proposal

12. Consider the effects of wall deflection, and 
subsequent soil settlement on any surface feature 
behind the shoring wall
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Example Problem

φ = 34

δ = 0

γ = 120 psf

β = 0

25’

D

Tieback 
spacing = 8’

6.25’
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2










βδ
βφδ+φ

+δ

φ
=

)cos( )cos(

)-)(sin(sin(
  1 )cos(

)(cos
Ka

2

Find Ka and Kp
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2








 +
+

=

cos(0) cos(0)

0)-0)(sin(34sin(34
  1 cos(0)

(34)cos
Ka

2

Find Ka and Kp
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Ka = .283

Find Ka and Kp
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Chart Kp0.383

Kp = 9.5 * 0.383 = 3.639
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Ka = 0.283

Kp = 3.639

Find Ka and Kp
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Develop Pressure Diagram
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2/3 H1

1/3 H

2/3(H-H1)

H1

H

Pa
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Pa

H

P
total

Ptotal = ½ KaγH2

Ptotal = ½ *0.283*120*252

Ptotal =  10612.5 plf

Pa = 1.3 Ptotal /(2/3H)

Pa = (1.3)10612.5/(2/3(25))

Pa = 827.77 psf
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P3 = 5173.56 plf

P2 = 6898.08 plf

P1 = ½ 827.77 (2/3 6.25)  

P1 = 1724.52 plf

Determine Forces

P3 = ½ Pa (2/3)(H-H1)

P3 = ½ 827.77 (2/3)(25-6.25) 

P2 = Pa (1/3 H)

P2 = 827.77(1/3 25) 

P1 = ½ Pa (2/3 H1) 2/3 H1

1/3 H

2/3(H-H1)

P1

P2

P3
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P2 = 6898.08 plf

Determine Forces P1

P2

P3

P4

P5

PS

P7

TH

TH = Unknown

P7 = ½ KpγD2
PS = 72(D+H)

P5 = ½ KaγD2
P4 = HDγKa

P3 = 5173.56 plf

P1 = 1724.52 plf
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P2 = 6898.08 plf

Determine Forces P1

P2

P3

P4

P5

PS

P7

TH

TH = Unknown

P7 = ½ 3.639 (120) D2

PS = 72(10)

P5 = ½ (0.283) (120) D2

P4= 25 D (120) (0.283)

P3 = 5173.56 plf

P1 = 1724.52 plf
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P7 = 218.34 D
2 plf 

P5 = 16.98 D
2 plf

P4 = 849 D plf

P2 = 6898.08 plf

Determine Forces P1

P2

P3

P4

P5

PS

P7

TH

TH = Unknown

PS = 720 plf

P3 = 5173.56 plf

P1 = 1724.52 plf
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P1

P2

P3

P4

P5

PS

P7

TH

Sum moments about TH 
(CCW+)
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M3 = SF * P3 * (1/3(2/3(H-H1))+ (1/3)H – (1/3)H1)

M4 = SF * P4 * (D/2 + H - H1) 

M5 = SF * P5 * (2/3 D + H - H1) 

M6 = SF * PS * (H1 – 5)

Sum moments about TH (CCW+)

M2 = SF * P2 * (1/3 H/2 – 1/3 H1) 

M1 = SF * P1 * (1/3 *(2/3H1) + 1/3H1) 

M7 = P7 * (2/3 D + H - H1) 
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M7 = 218.34D
2(2/3D+18.75) 

M6 = 1.3 * (720)(6.25 – 5) 

M5 = 1.3 * 16.98D
2(2/3D+18.75) 

Sum moments about TH (CCW+)

M4 = 1.3 * 849D * (D/2+25-6.25) 

M3 = 1.3*5173.56*(1/3(2/3(25-6.25))+(1/3)25–(1/3)6.25) 

M2 = 1.3 * 6898.08 * (1/3(25)/2 – 1/3(6.25)) 

M1 = 1.3*1724.52*(1/3*2/3(6.25)+1/3(6.25))
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ΣMTH = 0 = M1 – M2 – M3 – M4 – M5 + M6 + M7

Now, solving for D

D = 7.58’

M7 = 145.56D
3 + 4093.88D2 ft-lbs

ΣMTH = 130.84D3 + 3128.14D2 – 20694.38D – 79786.64 = 0

M6 = 1170 ft-lbs

M5 = 14.72D
3 + 413.89D2 ft-lbs

M3 = 70058.63 ft-lbs

M2 =  18682.3 ft-lbs

M1 = 7784.29 ft-lbs

M4 = 551.85D
2 + 20694.38D ft-lbs 

Sum moments about TH (CCW+)



Sum Moments about TH

The moments must be summed about TH a second time 
using FS = 1.0

ΣMTH = 0 and solve for D1.0

D1.0 = 6.15’
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TH – P1 – P2 – P3 – P4 – P5 – PS + P7
= 0

TH = 1724.52 + 6898.08 + 5173.56 
+849(6.15) + 16.98(6.15)2 + 

720.00- 218.34(6.15)2

TH = 12122 plf

P1

P2

P3

P4

P5

P6

P7

TH

ΣΣΣΣFx = 0
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TH

T
V

T
TOTAL

TH = 12122 plf

TV = TH* tan(15) = 3247 plf

TTOTAL = TH / cos(15) = 12549 plf

α = 15o
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TV < N / 100 (2000) (# of sides) (D) / SF

Check Vertical Forces
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Table 1-1 Properties of 
Granular Soils

Apparent 

Density

Relative

Density 

(%)

SPT N60
(blows/ft)

Friction 

Angle, φ

(deg)

Moist 

Unit Wt

(pcf)

Sub. Unit 

Weight

(pcf)

Very 
Loose

0-15 0-4 <28 <100 <60

Loose 16-35 5-10 28-30 95-125 55-65

Medium 

Dense
36-65 11-30 31-36 110-130 60-70

Dense 66-85 31-50 37-41 110-140 65-85

Very 
Dense

86-100 >50 >41 >130 >75
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TV < N / 100 (2000) (# of sides) (D) / SF

Check Vertical Forces

22/100*2000*2*7.58/2 

= 3335 plf > TV = 3247 OK



Find Maximum Shear

Upper Shear:

T1U = ½ (828) (4.167) 
+ 828 (2.083)

= 3449 lbs

Lower Shear:

T1L = ½ (828) (10.42) 
+ 828 (5) + 849 
(6.15) + ½ (120) 
(0.283-3.639) (6.15)2

= 6056 lbs
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Find the point of zero shear

Assume X will be somewhere in the 
lower triangle

Solve for the slop of the load line

Solve for X

79.44x2 – 1655.54X + 3834 = 0

X = 2.65’
X
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Find the maximum moment

Take the moment about the point of zero shear

Mmax = 30,027ft-lbs
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Find the required sheet section

Sreq = Mmax / Fb

Sreq = 30,027 (12) / 25000 

Sreq = 14.4 in
3
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Check anchor

Tdesign =  Ttotal * Tieback Spacing

Tdesign = 12122 * 8 = 96.976 kips

Tproof = 1.3(Tdesign) = 126.069 kips

Areq = 96.976 / 0.6(150) = 1.08 in2

= 126.069 / 0.8(150) = 1.05 in2
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ψ = 45 – φ/2

= 45 – 34 / 2

= 28
ψ

Check anchor length
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Lumin = 9.03 + 5 (FS)

= 14.03

( ) ( )
)α)(90sin(180

sinHH
L 1
umin

ψ

ψ

−−−
−

=

( ) ( )
28)15)(90sin(180

28sin18.75
Lumin −−−

=

ψ
α

H1

H

Lumin

Check anchor length
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Lb

Lb is provided by the contractor.

For this example, 40 feet will be 

used.

Check anchor length
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a

H

D

a / H+D > 1

(14+40)cos(15)

(25 + 7.58) 

= 1.60 OK

Check System Stability
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Check Miscellaneous Details

• Structural Details

• Walers

• Welds

• Connections

• Construction Sequence
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52



53



54
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Construction Considerations

• Installation of piles and excavation to first tieback 
level

• Check the pile section and length. Make sure to 
get the proper embedment

• Check excavation depth. Do not over-excavate
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Construction Considerations

• Drilling of tiebacks

• BE SAFE! Review the code of Safe Practices

• Full time inspection is required
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Construction Considerations

• Drilling of tiebacks (cont.)

• Note any differences in soil properties or 
groundwater levels

• Verify hole depth and diameter and estimate grout 
volumes to ensure proper grouting

• Check for caving of the shafts



58

Construction Considerations

• Installation of Tiebacks

• Inspect the tieback assembly for damage

• Check the bonded length

• Ensure that the centralizers are installed

• Re-inspect the hole for caving

• Make sure the tieback is installed to the required 
depth
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Construction Considerations

• Grouting of Tiebacks

• Check the mix design

• Check to see that the equipment is in order

• Grout Cone Test (CTM 541)

• Check grout volumes
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Construction Considerations

• Stressing and Testing Tiebacks

• Check the bearing surface

• Check the anchor head and wedges for damage

• Check the contractor’s jack information and verify 
that it is on the approved list

• Confirm the results of the testing procedure
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Construction Considerations

• Testing Temporary Tiebacks

• Contractor’s Test Procedure

• Proof Tests

• Performance Tests



62

Construction Considerations

• Testing Temporary Tiebacks

• Contractor’s Test Procedure

• Proof Tests

• Performance Tests
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Contractor’s Test Procedure

• The Contractor proposes the test procedure and 
criteria for acceptance of temporary tiebacks
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Contractor’s Test Procedure

• Included in the procedure:

Number tested

Load test values

Duration of test load

Allowable movement or load loss

What to do if a test fails
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Construction Considerations

• Testing Temporary Tiebacks

• Contractor’s Test Procedure

• Proof Tests

• Performance Tests
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PROOF TESTS

0.1*T

AL

0.25T

0.5T

0.75T

1.00T

1.25T

1.3T

0.75T

10 MIN

LOCK-

OFF

LOAD HOLD

TOTAL MOVEMENT

< 1 mm?

1 2 3 4 5 6 10
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PROOF TESTS

1 2 3 4 5 6 1015 20 25 30 45 60

1.3T

10 MIN LOAD HOLD
ADD’L50 MIN

LOAD HOLD

TIEBACK IS ACCEPTED!

15 20 25 30 4510

M
O
V
E
M
E
N
T
, 
m
m

1

2

5

3

4

TIME, min

TOTAL MOVEMENT

> 1 mm?

OVER 60 min ?

CREEP RATE < 2mm

0.75T

LOCK-

OFF



69

PROOF TESTS

1 2 3 4 5 6 10

1.3T

10 MIN LOAD HOLD

6015 20 25 30 45

15 20 25 30 4510 60

M
O
V
E
M
E
N
T
, 
m
m

1

2

5

3

4

TIME, min

TOTAL MOVEMENT

> 1 mm?

NO 

LOCK-

OFF

0

TIEBACK IS REJECTED!

OVER 60 min ?

CREEP RATE > 2mm

ADD’L50 MIN

LOAD HOLD
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Construction Considerations

• Testing Temporary Tiebacks

• Contractor’s Test Procedure

• Proof Tests

• Performance Tests
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PERFORMANCE TESTS

AL

0.25T

0.5T

0.75T

1.00T

1.25T

1.3T

0.75T

10 MIN

0.1*T

LOCK-

OFF

LOAD HOLD

TOTAL MOVEMENT

< 1 mm?

1 2 3 4 5 6 10
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60

PERFORMANCE TESTS

1.3T

10 MIN LOAD HOLD

1 2 3 4 5 6 10

ADD’L50 MIN

LOAD HOLD

15 20 25 30 45

TIEBACK IS ACCEPTED!

15 20 25 30 4510 60

M
O
V
E
M
E
N
T
, 
m
m

1

2

5

3

4

TIME, min

TOTAL MOVEMENT

> 1 mm?

OVER 60 min ?

CREEP RATE < 2mm

0.75T

LOCK-

OFF
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PERFORMANCE TESTS

1.3T

10 MIN LOAD HOLD

1 2 3 4 5 6 10

ADD’L50 MIN

LOAD HOLD

TIEBACK IS REJECTED!

6015 20 25 30 45

15 20 25 30 4510 60

M
O
V
E
M
E
N
T
, 
m
m

1

2

5

3

4

TIME, min

TOTAL MOVEMENT

> 1 mm?

OVER 60 min ?

CREEP RATE > 2mm

NO 

LOCK-

OFF

0
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Performance Testing

• Generally a minimum of 3 tiebacks, but not less than 
5% will be performance tested.

• Performance testing is not usually specified for 
temporary shoring.
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Construction Considerations

• All tiebacks in a tier should be completed before 
continuing to the next tier of tiebacks

• Start over again for the second tier of tiebacks

• Or excavate to the dredge line for single tier tiebacks
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Tieback References

• Standard Specifications

• Section 5-1.02: Plans and working Drawings

• Section 50: Prestressing Concrete

• Trenching and Shoring Manual

• Chapter 4: Restrained Systems
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Tieback References

• BCR&P Manual

• BCM 145-10.0: Tieback Checklist

• Chapter 160: Prestressed Concrete

• Foundation Manual

• Chapter 11: Tiebacks, Tiedowns, & Soil Nails

• USS Sheet Pile Design Manual
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Soil Nails

• What is a soil nail and how 
does it differ from a 
tieback?

• When should a soil nail be 
used?

• Components of a soil nail 
wall

• Review of a soil nail wall

• Construction Considerations
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Soil Nails

• Soil nails use a 
reinforcing bar 
embedded in the soil 
mass as a restraint

• The bars are considered 
passive inclusions since 
they are not pre-
tensioned
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Soil Nails

• Well suited to soils with cohesive or apparent 
cohesive properties

• Urban / confined installations

• Not suited for running soils, creeping or expansive 
clays, areas with high groundwater
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Components of a Soil Nail Wall
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Review of a Temporary Soil Nail Wall

• Review by Geotechnical Design

• Stress distribution is different from a typical 
restrained system

• More information is available in FHWA-SA-96-069R
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Review of a Temporary Soil Nail Wall

• Geometry of Wall

• Easements for Nails

• Soil Properties and 
Anticipated Ground 
Water

• Installation Sequence

• Corrosion Resistance

• Testing Procedure
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Installation Sequence

• Excavation to level of 
soil nail

• Drill the nail hole

• Install and grout the 
nail

• Place drain strips (if 
required) and shotcrete 
facing

• Repeat to final grade
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Corrosion Resistance

• Corrosion Resistance required will vary based on:

• Length of time the wall will be in place

• Corrosive potential of the soil
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Soil Nail Testing

• Verification Tests

• Proof Testing

• Supplemental 
Testing

• Test Nails are 
Sacrificial
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Construction Considerations

• Check materials when they arrive on site

• Length and diameter of nails

• Bearing plates and nuts

• Geocomposite drainage material

• Storage of materials to prevent damage and 
corrosion
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Construction Considerations

• Excavation to proper line and grade

• Do not over-excavate

• Pay attention to sloughing and 
movement

• Check holes

• Diameter

• Angle

• Depth

• Log grout volume
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Construction Considerations

• Drainage

• Check overlap details

• Shotcrete

• Cold joint prep

• Mix Design

• Time of closure

• Bearing plate and nut installation
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Soil Nail References

• BCR&P Manual

• Foundation Manual

• FHWA Manual for Design and Construction Monitoring 
of Soil Nail Walls

• FHWA Soil Nailing Field Inspectors Manual
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What We’ve Covered

• What a tieback wall is and why we use them

• Components of a tieback wall 

• How tieback walls are reviewed and inspected 

• What is a soil nail and how it differs from a tieback

• When soil nails are used

• Components of a soil nail wall

• Soil nail wall review and inspection

• Construction Considerations



Questions?



1

RAILROADS

Tony English, PE

(530) 713-7869
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Shoring Adjacent to Railroads

• Review Times

• Guidelines for Temporary Shoring

• Review Process
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Review Times

• Designated by paragraph 4 of Standard Specifications 
Section 19-1.02

– At least 9 weeks prior to construction

• Send submittals to the Railroad ASAP

– RR requires a minimum of 4 weeks to review

• NO Work on the shoring UNTIL it is approved by the 
railroad in writing
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Guidelines for Temporary Shoring
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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General Criteria

• Emergency Railroad numbers must be posted on site

• Flagman is required when work is within 25 feet of 
tracks

• No work within 50 feet and no equipment or 
personnel within 25 feet when a train is passing 
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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Contractor Responsibilities

• Work shall not impede train operations

• Work plan must allow tracks to be open at all time

• Protect ballast from contamination

• Monitor rail elevation and alignment

• Damage must be reported immediately
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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Information Required

• Plans and calculations must be signed and stamped 
by a California P.E.

• English units are required. Dual units are acceptable
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Information Required

• Field Survey

• Geotechnical Report

• Loads

• Drainage

• Structural Design Calculations
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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Types of Shoring

• Shoring Boxes

– Allowed only in special cases

– Usually outside of RR surcharge zones
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Types of Shoring

• Cantilevered shoring

– Sheet piles

only allowed in granular or stiff clay soils

– Soldier piles with lagging
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Types of Shoring

• Anchored systems (restrained systems)

– Sheet pile wall

– Soldier piles with lagging

Tiebacks are discouraged due to removal 
requirements and potential damage to 
underground facilities
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Types of Shoring

• Braced Excavations

• Cofferdams



18

Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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General Shoring Requirements
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Shoring Requirements

CL Track
12’-0” – Mainline or 

Branch Track

7’-0” – Industry Track

<12’ – 0”: No excavation is allowed
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Zone A

CL Track

7’9” (2.4 m)

Within Zone A: No shoring that disturbs or Within Zone A: No shoring that disturbs or 

allows loss of soilallows loss of soil

1.5

1
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CL Track

Within Zone B – No sloping cuts

Zone B

15’ – 6” mainline

12’ – 6” other

2

1
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Zone C

• Outside of Zones A and B must comply with OSHA 
standards



24

Shoring Requirements

• Shoring design must account for drainage

• All excavations on RR property are to be protected

• No secondhand material unless an inspection report 
is submitted

– Must be signed and stamped by P.E.

• All components are to be removed when work is 
complete

• No slurry backfill for soldier piles
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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Loading

• Railroad Live Load

• Dead Loads

• Earth Pressures

• Centrifugal Forces

• Other Live Loads
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Railroad Live Loads

• Boussinesq surcharge due to Cooper E80 live load

– Developed by Theodore Cooper in 1894 as the 
E10 loading

– E80 is 2 locomotives pulling an inifinite 8 kip / ft 
train
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Cooper E80 Example
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Cooper E80 Example
Q = ?



31



32

Cooper E80 Example

S = 20’

H2 = 15’

H1 = 3’
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Cooper E80 Example
80 kip

5 ft typ.

( )( )
1333psf

3ft 9ft5ft

80,000lbs
Q =

+
=
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Cooper E80 Example

S = 20’

H2 = 15’

H1 = 3’

Q = 1333 psf

X2 = 26’

X1 = 14’



35

Cooper E80 Example

H2 = 15’

H1 = 3’

Q = 1333 psf

β
β/2

α
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Cooper E80 Example









−







=
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2
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H

X
atan

H

X
atanβ o17
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14
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



−
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


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2H

X
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Cooper E80 Example

[ ]
π

αββ
σ

)2cos(sin2 −
=

R
h

Q

( ) ( ) ( )[ ]
π

σ
)5.512cos(17sin297.013332 −

=h

plf308h =σ
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Dead Loads

• Spoil Piles

– Assumed 2’ minimum (72 psf)

• Track

– 200 plf

• Roadbed

– Ballast, incl. track ties, assume 120 pcf
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Earth Pressures

• Active and Passive Pressures

– Active by Coulomb or other approved method

– Account for unbalanced water pressure

– Embankment surcharges (log spiral, etc)
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Centrifugal Force

• Tracks on a curve greater than 3 degrees require 
centrifugal force calculations

– See AREMA Chapter 15, Part 1, Section 1.3, Article 
1.3.6
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Other Live Loads

• Other live load surcharges such as vehicles and 
equipment must be included. 
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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Allowable Stresses and Safety Factors

• Embedment Depth

• Allowable Stresses

• Testing

• Deflections
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Embedment Depth

• Safety factor for embedment depth is generally 1.3

• Anchored systems require 1.5
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Allowable Stresses

• Structural Steel (compression) 0.55 Fy

• Structural Steel (shear) 0.35 Fy

• Sheet Pile 2/3 Fy

• Concrete 1/3 f’c

• Anchor Rods ½ Fy

NO AISC OVERSTRESS ARE ALLOWED
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Deflection Criteria
(Table 1)

¼”½”18’ < S < 24’

¼”3/8”12’<S<18’

Maximum acceptable 
horizontal or vertical 
movement of rail

Maximum horizontal 
movement of shoring 

system

Horizontal distance 
from shoring to track 
CL measured at a 
right angle from 

track
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Soil Characteristics

• Subsurface Exploration

• Type of Backfill

• Computation of Backfill Pressure

• Compaction
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Subsurface Exploration

• Does not involve spelunking

• Make sufficient borings to determine the subsurface 
conditions

• Investigation in accordance with AREMA Chapter 8 
Part 22
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Type of Backfill

• Soil classified within 5 types (AREMA table 8-5-1)

Medium or stiff clay that may be placed in such a way that negligible 
amount of water will enter the spaces between the chunks during floods 

or heavy rains

5

Soft or very soft clay, organic silt; or soft silty clay4

Fine silty sand; granular materials with conspicuous clay content;or
residual soil with stones

3

Coarse-grained soil of low permiability due to admixture of particles of 
silt size

2

Coarse-grained soil without admixture of fine soil particles, very free
draining (clean sand, gravel or broken stone)

1

Backfill DescriptionBackfill 
Type
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Computation of Backfill Pressure

• Soil values to be determined directly by soil tests

• If expense of tests is not justifiable:

02401205

001004

2801253

3001102

33 – 42 (38 for broken stone)01051

Friction AngleCohesion 
“c”

Unit Weight 
(pcf)

Type of 
Backfill

(AREMA Table 8-5-2)
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Compaction

• Place in 8” lifts

• >95% compaction required

• >100% required within 100 feet of bridge ends
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Guidelines for Temporary Shoring

• General Criteria

• Contractor Responsibilities

• Information Required

• Types of Shoring

• General Shoring Requirements

• Loading

• Structural Analysis

• Plan Requirements
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Plan Requirements

• General Plan

• Typical Section

• General Criteria

• Miscellaneous
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Yes

No

Review Process

No

Yes

No

Yes

Str Rep Reviews… OK?
Return to 
Contractor

Overnight Submittal to DSC HQ FWT&SD Review Unit

Send to RR

Minor
Deficiency 

?

Plans Returned to 
Str Rep for 
Correction

Str Rep 
Clarifies 

Deficiencies by 
Phone

DSC HQ FWT&SD 
Review Unit Cursory 

Review…OK?
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Review Process

No

Yes

RR 
Reviews 
…OK?

Rejection Letter 
from RR to OSC 
HQ FWT&SD Unit

Return to
Contractor

Approval Letter from
RR to OSC HQ
FWT&SD Unit

OSC HQ FWT&SD Unit
Notifies Str Rep of

Deficiencies

Plans Returned to 
Str Rep for
Correction

OSC HQ FWT&SD Unit
Notifies Str Rep of
Approved Plans

Str Rep Notifies 
Contractor of
Approved Plans
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Common Errors

• Submitting the correct number of copies of plans and 
calculations

• Submit plans as .pdf files when possible

• List of member strengths and stresses

• Title block errors

– Missing Post Mile, Subdivision, PUC No.
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Construction Considerations

• Flagmen

– Costs can be an issue

• Field Operations

• Elevate Problems

• SR does not talk directly with UPRR engineering staff

– HQ T&S Engineer is the single point of contact
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Shoring Adjacent to Railroads

• Review Times

• Guidelines for Temporary Shoring

• Review Process
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References

• Trenching and Shoring Manual Chapter 8

• Bridge Construction Records & Procedures Manual 
BCM 122.1

• AREMA Manual

• UPRR Guidelines for Design and Construction of 
Temporary Shoring

• HQ Falsework, Trenching and Shoring Engineer
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Questions?
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