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CIT Structures
Introduction

CIT Structures Instructors
• Ian Stringham – Garnett Construction Manager
• Cooper Bettis – Bridge Designer
• Ben Dyhouse – Bridge Designer
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Contact Information:
• Ian Stringham:

913-406-1986
Ian.Stringham@ks.gov

• Cooper Bettis:
785-269-5006

Cooper.Bettis@ks.gov
• Ben Dyhouse:

785-296-6469
Ben.Dyhouse@ks.gov

What this class is and is not
• This is an introductory class dealing with some of the important 

aspects of inspecting structures.

• This is a class to help clue you into where to find the 
information to do your job successfully.

• This is not going to tell you everything you need to know to be 
a good inspector. That takes time and experience.
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Keys to being successful
• Relax and remember you can pass this class.
• Ask questions.
• Don’t memorize the details/specs, they change too often. Learn 

how and where to find the details; Standard specifications, 
plans, special provisions, project specific special provisions.

• Be respectful to others.
• Enjoy yourself.
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CIT – Structures
Standard Specifications

SS--1

• What are they?
• Who are they for?

• KDOT
• The Contractor
• Local Projects
• Outside entities (FHWA, DWR, 

AASHTO)
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1.  Project Special Provisions:
• Specifications pertaining to an individual Project;

2. 2015 Special Provisions:
 Revisions or Additions to the Standard 

Spec.;
3.  Plan Notes:

 Notes setting work limits and specifying Bid 
Items;

4.  2015 Standard Specifications:
 Overall standing parameters by which all 

works are constructed and paid for.

• Division 150 – Equipment
• Division 200 – Earthwork
• Division 400 – Concrete
• Division 700 – Structures
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1.  Project Special Provisions
-Example

(PS Label)

2.  2015 Special Provisions
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2.  2015 Special Provisions

200- Earthwork

400- Concrete

2.  2015 Special Provisions

700- Structures
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3.  Plan Notes:

4. 2015 Standard Spec.
https://www.ksdot.gov/doing-business/highway-contractors/contractor-resources/specifications-for-state-road-
and-bridge-construction

KDOT Website: www.ksdot.gov
Now under “Doing Business”  -> Highway Contractors -> Contractor Resources
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4. 2015 Standard Spec.
https://www.ksdot.gov/doing-business/highway-contractors/contractor-resources/specifications-for-state-road-
and-bridge-construction

4. 2015 Standard Specification

Typical information provided in each 
Section:

 Description (for Bid Items & Units)
 Materials
 Construction Requirements
 Measurement & Payment
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4.  2015 Standard Specifications

150- Equipment

4.  2015 Standard Specifications

200- Earthwork
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4.  2015 Standard Specifications

400- Concrete

4.  2015 S.S.

700- Structures
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4. 2015 Standard Specification

Example- 703 Drilled 
Shafts: 
Description –
(Bid Items/Units) 

4. 2015 Standard Specification

Example- 703 Drilled Shafts
- Materials 
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4. 2015 Standard Specification
Example- 703 Drilled Shafts

- Const. Requirements 

4. 2015 S.S. Figures

Maintain head seal depth!!
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4. 2015 Standard Specification

Example- 704 Piling
Description –

(Bid Items/ Units)

4. 2015 Standard Specification
Example- 704 Piling – Test Pile

704.4 Construction Requirements 
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4. 2015 Standard Specification

Example- 704 Piling
TABLE 704-1: PILE FORMULAS, 

(p. 700-19)

4. 2015 Standard Specification
Example- 708 Falsework & Form Construction

-Description 
-Bid Item
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4. 2015 Standard Specification
Example- 708 Falsework & Form Construction

- Materials

Never weld to any Flange.

Any grinding needs to 
be parallel to direction 
of beams.

4. 2015 Standard Specification

Example- 710 Concrete 
Structure Construction

Fig. 710-1, 
Evaporation Rate Chart,

p. 700-42

(Goal is to eliminate plastic 
shrinkage cracks.)
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4. 2015 Standard Specification

Example- 710 Concrete 
Structure Construction-

TABLE 710-1
p. 700-45

Minimum Cure Times 

4. 2015 Standard Specification
Example- 710 Concrete Structure Construction

Load Limits on Decks, TABLE 710-2 p. 700-46
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All Specifications:

 Read & Review all parts carefully
 When in doubt Ask and Investigate 
 Do not abandon Common Sense

Thanks for Your Attention.
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CIT Structures

Construction Manual 

Construction Manual - 1
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Construction Manual - 2

•Parts I – V
•Part I General 
•Part II Contract Administration
•Part III Surveying
•Part IV Construction Inspection
•Part V Materials and Testing

Construction Manual - 3

• Part I General (definitions and outlines)
• Part 1.03.13 Field Engineer/Manager 

• Supervises and directs the activities of all personnel 
involved in the construction

• Part 1.03.14 Project Engineer and Engineering Technicians
• Directly responsible to the Field Engineer/Manager
• Supervises and inspects operations
• Keeps documentation records and makes reports
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Construction Manual - 4

• Part I General (definitions and outlines)
• Part 1.04.06 Contractor

• Proper relations between the Contractor and KDOT 
personnel are of the utmost importance.

• Adhere to the plan, specifications and contract 
requirements,  as closely as possible.  

Construction Manual - 5

• Part I General (definitions and outlines)
• Part 1.04.08 Federal Highway Administration

• The role of the Federal Highway Administration (FHWA) 
in relation to federally financed highway construction is 
to review and require modifications, as necessary, to 
construction oversight and material acceptance 
procedures to the extent necessary to be able to 
provide assurance to Congress that the Contractor  
constructs these projects in close conformance with 
approved plans, specifications and change orders. 
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Construction Manual - 6

• Part I General (definitions and outlines)
• Part 1.05.01 Integrity

• Absolute integrity on the part of all KDOT personnel is 
essential to maintain public confidence in KDOT.

• Part 1.07.01 Safety
• The Field Engineer and/or Project Coordinator are 

responsible for providing safety leadership at all time 
and safety enforcement, when necessary. 

• Safety is everybody’s business. 

Construction Manual - 7

• Part II Contract Administration
• Part 2.04.01 Quantity Changes 

• There  are several items of work which are bid on a 
“planned quantity” basis, and unless either party 
questions the planned quantity , payment is made on 
the basis of the planned amount.
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Construction Manual - 8

• Part II Contract Administration
• Part 2.07.02 Responsibility, Authority and Behavior of the 

Inspector
• The Inspector is responsible for determining that the 

work is being constructed in accordance with the 
requirements of the Contract Documents. This does not 
give the Inspector the right to unnecessarily or willfully 
disrupt the operations of the Contractor.

Construction Manual - 9

• Part II Contract Administration
• Part 2.10.01 Measurement and Payment

• The Standard Specifications prescribes, in general, how 
measurements of quantity shall be made. 

• Therefore before making any measurements on a 
project, the Field Engineer should study the Plans, 
Specifications and Special Provisions to determine first, 
what is to be measured, and second how it is to be 
measured. 
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Construction Manual -10 

• Part II Contract Administration
• Part 2.11.03 Project Diary

• Documentation Manual & AASHTOWare Project 
Information.

• Part 2.11.04 Field Records
• Documentation Manual & AASHTOWare Project 

Information.

Construction Manual - 11

• Part III Surveying
• Part 3.05.01 Benchmarks

• Thoroughly check all benchmark elevations before any 
other level work is started.

• Part 3.23 Surveys for  Structures
• Part 3.23.01 General

• In staking out structures, set all lines and 
measurements absolutely correct. 
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Construction Manual - 12

• Part III Surveying
• Part 3.23.01 General

• When possible, completely stake out the entire 
structure before structure construction begins. 

• Stake the line on the outside of all culverts and 
multiple-box bridges and offset the stakes a distance 
sufficient to clear the excavation. 

• Convey the system of staking each pier and abutment 
to all parties involved in the structure  construction. 

Construction Manual - 13 

• Part III Surveying
• Part 3.23.05 Elevations

• Set at least two benchmarks near each structure. 
• Prior to placing concrete, set molding and check 

elevation.
• Also check for elevation after the concrete has been 

placed, and just before the finishing operation. 
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Construction Manual - 14

• Part IV Construction Inspection
• Part 4.05 Structures
• Part 4.05.01 General

• Review structure plans for possible errors in quantities 
and elevations. 

• Part 4.05.03 Inspection
• The Inspector should check all the forms for line, 

elevation, plumbness, spacing, quality of lumber, 
bracing, strength, placement of reinforcing steel, etc. 
before any concrete is placed.  

Construction Manual - 15

• Part IV Construction Inspection
• Part 4.05.04 Excavation 

• Part 4.05.05 Culvert Foundation

• Part 4.05.06 Bearing Piles
• After the Contractor completes the actual pile layout, it 

should be thoroughly checked by the inspector.
• Before using any piling, it is the Inspector’s 

responsibility to make certain that the material is 
tested and that the test reports are on file. 
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Construction Manual - 16 

• Part IV Construction Inspection
• Part 4.05.06 Bearing Piles

• a. Pile Lengths
• b. Test Pile
• c. Test Pile (Special)
• d. Log of Continuous Pile Driving for Abutment and Pier 

Footings
• e. Pile Driving Hammers 
• f. Driving Pile

Construction Manual - 17

• Part IV Construction Inspection
• Part 4.05.07 Drilled Shafts 

• Part 4.05.08 Superstructure 
• a. Falsework Construction
• b. Structural Steel Construction
• c. Structure Construction
• d. Form Removal 
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Construction Manual - 18 

Construction Manual - 19
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Construction Manual – 20

Construction Manual - 21

• Part V Materials
• Section 5.1 General
• Section 5.2 Quality Control/ Quality Assurance 
• Section 5.3 Mix Design Methods
• Section 5.4 Laboratory and Sample Identification
• Section 5.5 Required Sample Sizes
• Section 5.6 Aggregates
• Section 5.7 Inspection and Sampling of Materials 
• Section 5.8 Nuclear Gauge
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Construction Manual - 22

• Part V Materials
• Section 5.9 Sampling and Test Methods Forward

• 5.9.17 KT-17 Sampling Freshly Mixed Concrete
• 5.9.18 KT-18 Air Content of Freshly Mixed Concrete by the 

Pressure Method
• 5.9.20 KT-20 Mass Per Cubic Foot (Meter), Yield and Air 

Content (Gravimetric) of Freshly Mixed Concrete
• 5.9.21 KT-21 Slump of Portland Cement Concrete
• 5.9.23 KT-22 Making and Curing Compression and Flexural 

Test Specimens in the Field  

Construction Manual - 23 

• Part V Materials
• Section 5.10 Calculations
• Appendicies

• Appendix A  - Sampling and Testing Frequency Chart –
Non-Quality Control/Quality Assurance

• Appendix A is found in the back of the Part V, along 
with appendix B,C and D
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Construction Manual - 24 

Construction Manual - 25
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Construction Manual - 26 

Construction Manual -27
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Construction 
Manual 
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CIT Structures

Documentation

1.Documentation

• Definition
• Source 

• Merriam-webster.com
• The documents, records, etc. that are used to prove 

something or make something official
• Dictionary.com

• The use of documentary evidence
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2.Documentation

3.Documentation

• What is to be documented?
• Everything

• Conversations; If you stated it or heard it, 
document it. Relevant to the contract 
documents.  Facts only! No thoughts, opinions 
or hearsay. 

• Measurements; Actual and that which are 
physically conducted or calculated. 

• Length, width, depth 
• Feet, square feet, square yards, cubic yards
• Pounds, tons 
• Equipment and personnel
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4.Documentation

• How is to be documented?
• Documentation Manual

• I. Purpose: A uniform method, greater efficiency
• II. Scope: Manual demonstrates by example, minimum 

reporting requirements
• III. Definitions: 

• A. Field Book: A permanently bound book used for 
the entry of information. A computer is not 
considered a field book.  

5.Documentation

• How is to be documented?
• Documentation Manual

• III. Definitions: 
• D. Source Document: Any permanent record 

inscribed showing the origin of the information itself 
and such data. i.e. A Field Book:
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6.Documentation

7.Documentation
How and Where do I document?

Field Books 

AWP (AASHTOWare)
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8.Documentation

9.Documentation
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10.Documentation
• Diary – AWP and field books should only have 4 things:

• Weather
• Day Charged if contractor worked
• In the remarks, the Type should be “A-Project Diary, 

and the remarks box should only have either: “See 
DWR” if contractor worked or “Contractor did not 
work due to (reason)”

• Controlling Operation – Drilled Shafts (usually taken 
from contractor's schedule)

11.Documentation
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DWR (Daily Work Report) in AWP but in a field book also – Should have all other pertinent 
information as shown in the AWP user guides and documentation manual. 

• A Partial list of items to be noted in DWR’s  and Field Books
• Orders given the contractor, and whom the order was given
• Important discussions with the contractor 
• Equipment Used
• Personnel on the project
• Official Visitors and Inspections
• Work or material rejected, and reasons
• Time of shutting down or resuming of work, and explanations
• Work done by contractor's forces during the day.
• General purpose of work
• Account of any time by contractor’s personnel and equipment on disputed items of work.
• Length and cause of any delays.
• Arrival and departure of major equipment.
• Record of telephone calls
• Unusual conditions, if any, such as high water, bridge failures or slides.
• Progress of staking and surveys made.

Many more then I could list

12.Documentation

13.Documentation
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14.Documentation

• Documentation Manual
• IV. Introduction to General Index: The Index is broken 

down into separate divisions coinciding with the 2007 
Standard Specification for State Road and Bridge 
Construction. Each division is further broken down into 
various example plates. 

15.Documentation
• Documentation Manual

• V. Documentation of Field Records: Documentation 
shall be made to substantiate payments. All field book 
entries should be made using 2H lead. Original entries, 
later determined to be error, shall not be erased. A line 
should be drawn through the incorrect details and the 
correct details should be entered directly above the 
stricken material. All corrections and reference 
notations should have the initials of the person making 
the corrections and notations.  
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16.Documentation

17.Documentation
• Section 700

• Documentation Manual _ Drilled Shaft
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18.Documentation
• Section 700

• Documentation Manual _ Drilled Shaft

19.Documentation
• Section 700

• Documentation Manual _ Piling
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20.Documentation
• Section 700

• Documentation Manual _ Piling

21.Documentation
• Section 700

• Documentation Manual _ Piling
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22.Documentation
• Section 700

• Documentation Manual _ Reinforcing Steel

23.Documentation
• Section 700

• Documentation Manual _ Concrete Testing
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24.Documentation

25.Documentation

•#1 Rule about documentation…

IF IT ISN’T DOCUMENTED, IT 
DIDN’T HAPPEN!
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Documentation
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Bridge 
Construction 

Manual

Locating Bridge Construction Manual
• Where do you find the Bridge 

Construction Manual?
• It is housed in the KDOT Bureau 

of Structures and Geotechnical 
Services home page under 
‘Fabricator Information’

• The direct link is: 
https://www.ksdot.gov/doing-
business/highway-
contractors/contractor-
resources/bridge-construction-
manual
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Bridge Construction Manual 1

Bridge Construction Manual 2
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Bridge Construction Manual 3

Bridge Construction Manual 4
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Bridge Construction Manual Overview
• Offer commentary on KDOT specifications
• Highlight good practices
• Introduction for inspectors, and designers

• Pile Driving worked examples
• Drilled Shaft guidance
• Traps to avoid/be aware of during construction

• Only chapters with active hyperlinks are available
• Feel free to contact the instructors for structure related questions or 

guidance
• New Manual Under Review

7



Project Plan Sheets

PL-1

Title Sheet

Bridge Location Description & Structure Type

Project Scope
Project Index

1
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Title Sheet
Continued

Bridge Sheets

Location Description:
Sta.
Br. No.
Span Lengths
Structure Type
Roadway Width

General Notes & Quantities
Summary of Quant.

Title Block

Proj. & Sheet No.

Bridge
Sheet 
Index

Design
Code
Data

Gen.
Notes

Load Rating Data
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General Notes & Quantities

Pile Type Pile Lengths

Anticipated Bearing Layer

(Should be same # 
or somethings wrong)

General Notes & Quantities

(Not always the same on each Project so 
take your time and read each carefully)
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Contour Map (Remove what)

(Replace with)

Construction Layout

Span 1 
Length

Station  & Elevation Info:

E.W.S.
Centerline of Bearing

Br. Length: End
to End  

Centerline of Pier

Span 2 
Length

Span Lengths
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Construction Layout Continued

Berm 
Elev.

Top of 
Pile

Slope Protection Info

Hydraulics 
Info

Profile 
Grade.

Construction Layout Structure

Proposed Construction

Existing Structure
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Construction Layout Slope 
Protection

(Plan View) (Section View)

Slope Protection
Type & Limits

(Elevation View)

(Plan View)

(Elevation Views)

Engineering Geology

Pile Spacing

Predrill Locations

Footing Geometry
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Engineering Geology Continued

Clearance to Existing 
Substructure Foundations 

Engineering Geology 
Elevation

(Subsurface Elevations, Ft.)

From Gen. Notes:
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Abutment Details

Elevations

(Project Alignment & Geometry)

Abutment Strip Drain
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Abutment Strip Drain Continued

Abutment Aggregate Drain
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Pier Details

Drilled Shaft Details

19
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Pier Diaphragm

Standard Prestressed Beam Details
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K4+3 Beam Details

Temporary Framing Plan
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(Conc.) Typical Section

Headed Stud Anchor and Bearing 
Device Details
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Steel Beam Details

PL-27

Steel Erection, Fit-up and Bolting
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712.3 CONST. 
REQ’M.

b. Bolted Field 
Connections, p. 
700-55, 56, 57

712 – STRUCTURAL STEEL CONSTRUCTION

712.3 CONST. REQ’M., Fig. 712-2
b. Bolted Field Connections, p. 700-60
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Framing Plan 

(Steel) Typical Section
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Superstructure Details (Deck Reinf.)

Kansas Corral Rail
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F4 Barrier Curb

Bill of Reinforcing Steel 
& Bending Diagrams
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Standard Pile Details

Bridge Excavation
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Supports and Spacers 
for Reinforcing Steel

Bridge Plans contain a lot of information – some of 
which is record keeping (hydraulics, scour, As-built 
changes, revisions, etc.) some of which is for initial 
construction. 
Currently there are only 3 Bridge Squads.  
Maintenance Plans are handled by a consultant sit-
in, so if you ever have questions, or see something 
that doesn’t quite add up, just email or call.

Thanks & Good Luck!!! 

Final Thoughts:
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Concrete and 
Reinforcing 

Steel

Concrete – Division 400
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What is Concrete?
• Concrete (Division 400)

• Strong in compression but weak in tension
• Reinforcing Steel is designed to carry tension forces that concrete 

cannot resist on its own.

Concrete Grade
• Refers to the required 28 Day 

compressive strength
• Grade selected based on 

structural demand
• Grade 4.0 is the most 

common for reinforced 
concrete structures.
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Concrete Classification
• (AE)

• Air-Entrained Concrete
• (AE)(SW)

• Select Coarse Aggregate for Wear
• (AE)(SA)

• Select Coarse Aggregate for wear and Absorption
• (AE)(AI)

• Select Coarse Aggregate for wear and Acid Insolubility
• (AE)(PB)

• Select Coarse Aggregate for use in Prestressed Beams
Division 1100 - Aggregates

Cement
• Structures will generally be 

dealing with the center row
• High Early Strength Concrete 

may be well suited for 
accelerated bridge projects

• Cements of differing types 
and or sources cannot be 
intermixed within any singular 
component of a structure. 
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Structural Concrete Specific 
Requirements
• Maximum water to cementitious ratio of 0.45 and a minimum 

cementitious content of 480 lbs per cubic yard.
• Air entrained concrete with a target air content of 6.5 ± 1.5 

percent as specified in subsection 401.3i.
• See subsection 402.3e for additional requirements

Structural Concrete Slump
• Subsection 402.3f
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Slump Tolerances
• Example #1

• The Specified Slump = 4”
• 4” > 3” → Tolerance is + 25%

• 4” x 25% = 1”
• 4” – 1” = 3”
• 4” + 1” = 5”
• The acceptable range is 3” to 

5”

• Example #2
• The Specified Slump for a 

Bridge Deck = 2¼”
• 2¼” < 3” → Tolerance is + ¾”

• 2¼” – ¾” = 1½”
• 2¼” + ¾” = 3”
• The acceptable range is 1½” to 

3”

Placement Time
• Non-agitated Concrete

• Place within 30 minutes of adding the cement to the water
• Agitated Concrete

• Use Table 401-5
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Reinforcing Steel
• Division 700 Structures

• Section 711 – Reinforcing Steel
• 4 Major Questions

• Is it Clean and Free of heavy rust?
• Is it properly

• Tied?
• Spaced?
• Supported?

• Is there adequate clearance ---
• From the forms?
• Between the mats?
• From the top of concrete?

• Is there a defined pattern?

Reinforcing Steel Storage
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Abutment Reinforcing Steel

Reinforcing Steel on Steel Bridge
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Reinforcing Steel Clearance

Reinforcing Steel in RCSH Detail
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Reinforcing Steel in RCSH

Construction Requirements
• Construction Requirements:

• Remove heavy mill scale or rust
• Check for proper bar spacing
• Verify the bars are tied adequately

• Spacing of ties meet requirements
• Tie perimeter steel at all intersections
• Tie rest of steel intersections at 24 inches or less in all directions

• Verify the pattern
• Check for adequate clearance
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Reinforcing Steel Tie Pattern 1

X X X

X X X

X X X

X X X

= Perimeter tie location
= Interior tie locationX

7”

7”

7”

7”

14” 14”14”

Reinforcing Steel Tie Pattern 2

X

X

X

X

X

X

X

X

X

X

X

X X

X

X

X

X

X

X

X

X

X

X

X

= Perimeter tie location
= Interior tie locationX

7”

7”

7”

7”

6” 6” 6”6” 6” 6”6”
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Epoxy Coated Reinforcing Steel
• Construction Requirements:

• Use padded or non-metallic slings
• Patch ALL cracks or defect in coating

• Especially at Ends and Bends
• Use plastic coated wire ties
• Protect from UV light

• Required to be covered for long term storage
• Use plastic coated bar chairs

Table 711-1
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KDOT Measure and Payment
• Measure and Payment (Section 711.4)
• Table 711-1 for Weights
• Compute to the nearest 1.0 lb

• N = number of bars of specific mark (A3, PB2, etc.)
• L = length of specified bar
• W = unit weight of bar size in (lb/ft) (Table 711-1)

• Total Mark Weight = N x L x W
• Measured to the Nearest Pound
• Paid to the Nearest Ten Pounds

Bar Measurement Example 1
What is the total A7 weight?
• Count the Number of Bars:

• 7 bars at each wing
• 2 wings per abutment
• 2 abutments per bridge

• 7 x 2 x 2 = 28 bars

23

24



Bar Measurement Example 2
What is the total A7 weight?
• Calculate the Length of a single 

A7 bar:
• 1’-4” + 1’-4” + 2’-1” = 4’-9’ = 4.75 ft

Bar Measurement Example 3
What is the total A7 weight?
• Find the Unit Weight (lb/ft) of the 

Bar Size Being Calculated:
• Bar Size = #4
• Unit Weight = 0.668 lb/ft

• Total A7 Mark Weight
• 28 bars x 4.75 ft / bar x 0.668 lb/ft = 

88.844 lb
• Measured Weight = 89 lb
• Paid Weight = 90 lb

25
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CIT Structures

Foundations

1.Foundations

• Types of Foundations
• Spread Footings

• Where scour is not a concern and rock with adequate 
bearing capacity is found near the surface.

• Pile Footings
• In many cases pile support footings will be 

recommended.
• Drilled Shafts

• When rock is not found near the surface.

1
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2.Foundations

• Construction of Foundations
• Staking
• Specifications and Plan Details
• Excavation
• Placement of footing materials
• Measurement and Payment 

3.Foundations
• Staking

• Section 802 - Contractor Construction Staking
• Control Stakes: Do not perform vertical control using 

GPS.
• 802.3 c (2) Bridge. Prior to construction, set project 

control points and Critical Bridge Element control 
points for the horizontal and vertical location

• See Table 802-1 Critical Bridge Elements 
• Independent survey under different surveyor
• 802.3 c (3) Documentation. Provide and maintain a 

current copy of all field survey notebooks at the 
project site at all times. 
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4.Foundations
• Staking

• Section 802 - Contractor Construction Staking

5.Foundations

• Staking
• Section 802 - Contractor 

Construction Staking
• Off-Set Stakes
• Excavation will destroy 

the control point.
• Be certain they are 

placing  Off- Set stakes 
outside the excavation 
limits. Keep these 
stakes preserved.
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6.Foundations

• SPREAD FOOTING

7.Foundations  - Plan Details – Spread Footing
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8.Foundations  - Plan Details – Spread Footing

9.Foundations  - Plan Details – Spread Footing
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10.Foundations
• Excavation

• Section 204 - Excavation and Backfill for Structures
• Class I Excavation: is the entire volume of whatever 

nature, except water, found above the Excavation 
Boundary Plane, with in the limits specified.

• Class II Excavation: is the entire volume of whatever 
nature, including water, found below the Excavation 
Boundary Plane, with in the limits specified.

• Class III Excavation: Bridge excavation not classified as 
Class I or Class II. Class III Excavation is the entire 
volume of whatever nature encountered including 
water, within the limits specified.  

11.Foundations
• Excavation

• Spread Footing
• Normally, the excavation should be carried to the 

elevation of the footing shown in the plans. A possible 
exception would be in the event that a satisfactory  
foundation in rock can be secured at a higher elevation. 
Contact the Bureau of Structures and Geotechnical 
Services. 

• Always compare the material encountered at the 
footing elevation with that shown on the plans and 
geology report. 
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12.Foundations

• Excavation
• Footings

• Equipment –
Excavators 
and 
Jackhammers

13.Foundations

• Excavation
• Spread Footing

• If the Engineer 
determines it is 
necessary to lower a 
footing below the 
elevation shown in 
the Contract 
Documents, the 
additional excavation 
is paid as follows:  
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14.Foundations
• Excavation

• Spread Footing
• 204.4 c. Measurement and Payment
• Additional excavation up to and including 2 feet below 

the contract elevation is paid at the contract unit price.
• Additional excavation from more than 2 feet up to and 

including 6 feet below the contract elevation is paid at 
1½ times the contract unit price.

• Additional excavation more than 6 feet below the 
contract elevation is paid as Extra Work, SECTION 104.

15.Foundations

• Excavation
– Spread Footing

• 204.4 c. Measurement 
and Payment

• Measure the quantity 
of  CUYD’s in each 
zone. 

• Change Order with new 
Prices
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16.Foundations

• Placement of footing materials
• Spread Footing

• Section 711 Reinforcing Steel and Section 1601 Steel 
Bars for Concrete Reinforcement. 

• Section 401 General Concrete,  Section 402 Structural 
Concrete and Section 710 Concrete Structure 
Construction.

17.Foundations

• Placement of footing 
materials

• Spread Footing 
• Placing Rebar and 

Concrete
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18.Foundations

• Measurement and Payment 
• Spread Footing

• Section 710 Concrete Structure Construction _ The Engineer 
will measure the various grades of concrete placed in the 
structure by the cubic yard. No deductions are made for 
reinforcing steel and pile heads extending into the concrete.

• Section 711 Reinforcing Steel _ The Engineer will measure the 
reinforcing steel by the pound, based on the theoretical 
number of pounds shown in the Contract Documents or placed 
as ordered in writing by the Engineer.

19.Foundations

• PILE FOOTING
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20.Foundations – Plan Details – Pile Footing

21.Foundations – Plan Details – Pile Footing
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22.Foundations – Plan Details – Pile Footing

23.Foundations
• Excavation

• Pile Footing
• Complete the excavation before driving any piling. After 

driving piling remove loose and displaced material.
• If necessary, reshape and recompact the bottom of the 

excavation.
• Piling placed in groups with concrete caps completing 

the foundation.
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24.Foundations

• Excavation
• Pile Footings

• Pile Footing for 
Pier 

• Typically, the 
Engineer shall 
not have any 
need to change 
elevation of the 
footing.

25.Foundations

• Excavation
• Pile Footings

• Pile Footing 
for Abutment
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26.Foundations

• Placement of footing materials
• Pile Footing

• Section 704 Piling and Section 1609 Steel Piling and Pile 
Points.  

• Section 711 Reinforcing Steel and Section 1601 Steel 
Bars for Concrete Reinforcement. 

• Section 401 General Concrete,  Section 402 Structural 
Concrete and Section 710 Concrete Structure 
Construction.

27.Foundations

• Placement of 
footing materials

• Pile Footing

• Certified 
Material 
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28.Foundations

• Placement of 
footing materials

• Pile Footing

• Allowable Pile 
Hammer 

29.Foundations

• Placement of 
footing materials

• Pile Footing

• Placing Piling
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30.Foundations

• Placement of 
footing materials

• Pile Footing 
Concrete Cap

• Placing Rebar 
and Concrete

31.Foundations
• Measurement and Payment 

• Pile Footing
• Section 704 Piling _ The Engineer will measure the length of 

steel pile, steel sheet pile, cast-in-place concrete pile and 
prestressed concrete pile remaining in the structure, by the 
linear foot.

• Section 710 Concrete Structure Construction _ The Engineer 
will measure the various grades of concrete placed in the 
structure by the cubic yard.

• Section 711 Reinforcing Steel _ The Engineer will measure the 
reinforcing steel by the pound, based on the theoretical 
number of pounds shown in the Contract Documents or placed 
as ordered in writing by the Engineer.
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32.Foundations

• Drilled Shafts

33.Foundations – Excavation – Drilled Shafts
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34.Foundations – Excavation – Drilled Shafts

35.Foundations – Excavation – Drilled Shafts
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36.Foundations
• Excavation

• Drilled Shafts
• Specifications - Section 703 Drilled Shafts
• Drilled shafts are considered where footing conditions 

require bearing to be carried to a rock formation an the 
following conditions exist:

• The footing would have short piles
• The water table is high
• A spread footing foundation would be uneconomical
• Concerns about pile driving i.e. overhead clearance

37.Foundations
• Excavation

• Drilled Shafts
• Drilled shaft lengths shown in the Contract Documents 

are an estimate from the top of formation elevations 
determined from borings.

• Actual formation elevations encountered at each shaft, 
may require the actual length of each drilled shaft be 
adjusted. 

• If the Engineer changes the drilled shaft lengths, the 
Contractor will be advised (in writing) of the revised 
bottom of rock socket elevation.
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38.Foundations

• Excavation
• Drilled Shafts

• Equipment –
Excavators or 
Cranes with 
drill rig 
attachment

• Auger Bits

39.Foundations

• Excavation
• Drilled Shafts

• Equipment –
Excavators or 
Cranes with drill 
rig attachment

• Core Barrels
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40.Foundations

• Excavation
• Drilled Shafts

• Equipment –
Excavators or 
Cranes with 
drill rig 
attachment

• Clean Out 
Buckets

41.Foundations

• Excavation
• Drilled Shafts

• Oversized for 
Cased Method
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42.Foundations

• Excavation
• Drilled Shafts

• Limestone 
excavated from 
the rock socket

43.Foundations
• Excavation

• Drilled Shafts
• Identify if excavation is classified as a Dry Shaft or Wet 

Shaft 
• Read your Specifications, when you are done reading 

them, read them again and again.
• Have a copy of the specifications and plans on site at all 

times.
• Have any additional correspondence that may have 

came from Geology. i.e. investigative core hole results    
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44.Foundations

• Placement of footing materials
• Drilled Shafts

• Section 711 Reinforcing Steel and Section 1601 Steel 
Bars for Concrete Reinforcement. 

• Section 401 General Concrete,  Section 402 Structural 
Concrete and Section 703 Drilled Shafts 

45.Foundations

• Placement of 
footing materials

• Drilled Shafts
• Rebar cage 

rigged from 
crane
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46.Foundations

• Placement of 
footing materials

• Drilled Shafts
• Rebar cage 

rigged from 
cranes 

47.Foundations

• Placement of 
footing materials

• Drilled Shafts
• Rebar cage
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48.Foundations

• Placement of 
footing materials

• Drilled Shafts
• Spacers for 

clearance 

49.Foundations

• Placement of 
footing materials

• Drilled Shafts
• Sonic Tubes
• Sonic Test all 

shafts placed by 
Wet pour 
method
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50.Foundations

• Placement of 
footing materials

• Drilled Shafts
• Concrete
• Over pump Wet 

and Dry Pours –
Provision  15-
07015

51.Foundations

• Placement of 
footing 
materials

• Drilled Shafts
• Concrete
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52.Foundations

• Measurement and Payment 
• Drilled Shaft

• Section 703 Drilled Shafts _ The Engineer will measure 
drilled shafts by the linear foot measured from the 
bottom of the rock socket to the top of the completed 
drilled shaft. 

Foundations
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CIT Structures

Pile Driving

1. Pile Driving

1

2



2. Pile Driving

3.Pile Driving Video

3
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4.Pile Driving
• Pile Driving Inspection 

• Let’s just start from the beginning

5.Pile Driving
• What are H piles? 
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6.Pile Driving
• First things first, right? 

7.Pile Driving
• SECTION 704 – PILING

• BID ITEMS UNITS
• Piles (*) (**) Linear Foot
• Test Piles (*) (**) Linear Foot
• Test Piles (Special) (*) (**) Linear Foot
• Cast Steel Pile Points Each
• Pre-Drilled Pile Holes Linear Foot
• *Type: Cast-In-Place Concrete, Prestressed Concrete, Steel 

or Steel Sheet, Corrugated Metal Sheet +
• **Size
• +Black or Galvanized
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8.Pile Driving
• SECTION 704 

– PILING
Table 704-
1: Pile 
Formulas

9.Pile Driving
• Plan Sheets – Summary Sheet
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10.Pile Driving
• Plan Sheets – Quantity Sheet

11.Pile Driving
• Plan Sheets – Quantity Sheet
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12.Pile Driving
• Plan Sheets – Pile Designation

•HP 12 X 53
•“H” - pile
•12” in width and depth
•Weighs 53 lbs. per foot

13.Pile Driving – Plan Sheets – Engineering 
Geology
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14.Pile Driving – Plan Sheets – Engineering 
Geology

15.Pile Driving – Plan Sheets – Engineering 
Geology

15

16



16.Pile Driving – Plan Sheets – Engineering 
Geology

17.Pile Driving – Plan Sheets – Engineering 
Geology
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18.Pile Driving – Plan Sheets – Abutment 
Details

19.Pile Driving – Plan Sheets – Abutment 
Details
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20.Pile Driving
• Plan Sheets – Pile 

orientation
• Strong Axis - y
• Weak Axis - x 

21.Pile Driving
• DOT Form - 217
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22.Pile Driving
• From the 

Contractor –
Hammer 
Specs

• Delmag

23.Pile Driving
• From the 

Contractor –
Pile and 
Driving 
Equipment 
Data

• DOT Form –
217aa
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24.Pile Driving
• From the 

Contractor –
Pile and 
Driving 
Equipment 
Data

• DOT Form –
217aa

25.Pile Driving
• From the 

Contractor –
Mill 
Certification 
and BOL

• From Topeka -
Certification
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26.Pile Driving
• What have we done so far?

• Read the specifications.
• Familiarized ourselves with the plans.
• Know quantity, lengths and bearing capacity. 
• Know orientation and placement within the foundation.
• Began setting up final documentations. 
• Began setting up field notes for actual pile driving.

27.Pile Driving
• What have we done so far?

• Know our Ordered and Accepted Lengths.
• Know the Pile dimension and weight. 
• Know the Pile hammer to be used.
• Know our Pile driving formula. 
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28.Pile Driving
• Ready to Drive Pile LEADS

29.Pile Driving
• Ready to Drive Pile HAMMER
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30.Pile Driving
• Driving Pile

• Check for 
correct Piling 
used

• Check heat 
number

• Pile Points if 
specified

31.Pile Driving
• Driving Pile

• Determine 
placement 

• Check Axis
• Check 

spacing
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32.Pile Driving
• Driving Pile

• Check for Plumb
• Set Pile

33.Pile Driving
• Driving Pile

• Leads and Hammer

• Ram (striking part)
• Anvil
• Cap
• Pile

Once pile driving 
begins it is a very 
quick and fluid motion
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34.Pile Driving
• Driving Pile

• Mark distance of 
penetration

• Count blows

35.Pile Driving
• Driving Pile

• Measure 
distance of 
penetration 
in 20 blows

• Average
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36.Pile Driving
• Driving Pile

• Check height of 
drop

• Compensate for 
the distance 
through the 
hammer 

• Mark hammer 
and leads 1’ 
increments

H =

37.Pile Driving
• We know our Pile formula, right?
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38.Pile Driving
• Delmag Diesel Hammer Pile Formula

P = 1.6 W H
S+ 0.1 (X/W**)

39.Pile Driving
• P= safe bearing power in pounds
• W= weight in pound, of striking part of hammer
• H= height of fall in feet
• S= the average penetration in inches per blow for the last 20 

blows for diesel hammers
• X= weight in pounds of the pile plus the weight of any cap 

and/or anvil used on the pile during driving
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40.Pile Driving
• P= safe bearing power in pounds
• W= 4,190 lbs. (striking part of hammer)
• H= 10 feet (height of hammer drop)
• S= 0.15 (3 inches /20 blows)
• X= 4550 lbs. (2597 lbs. pile (49’x53) + 1953 lbs. cap and/or 

anvil)

41.Pile Driving – Delmag Diesel Hammer Pile Formula
W = weight (lbs) of striking part of Hammer

H = height of hammer drop (ft)

P = 1.6 * 4190 * 10
0.15+0.1(4550/4190**)

S =  Average 
penetration in 
inches per blow 
for the last 20 
blows

X = weight (lbs) of the 
pile plus the weight of 
cap and anvil
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42.Pile Driving
• Delmag Diesel Hammer Pile Formula

P = 67040
0.15+0.1(4550/4190**)

43.Pile Driving
• Delmag Diesel Hammer Pile Formula

P = 67040
0.15+0.1(1.09**)

** Diesel quantity x/w shall not be < 1
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44.Pile Driving
• Delmag Diesel Hammer Pile Formula

P = 67040
0.15+0.109

45.Pile Driving
• Delmag Delmag Diesel Hammer Pile Formula

P = 67040
0.259
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46.Pile Driving
• Delmag Diesel Hammer Pile Formula

P = 258,842 lbs.

47.Pile Driving
• Delmag Diesel Hammer Pile Formula

P = 258,842 lbs.
2000

P = 129 tons
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48.Pile Driving
• Delmag Diesel Hammer Pile Formula

P = 129 tons
Plans called out 108 tons
Don’t drive over 110%

49.Pile Driving
• Driving Pile

• Over driven pile

• OUCH…!
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50.Pile Driving
• Diesel Hammer Pile Formula

• Back figure and solve for “ S “ prior to driving the pile. 
Have these notes with you as the pile driving is being 
performed. 

• The actual driving of the pile goes rather quickly; you 
need to be prepared with instructions to the contractor 
and inform him that satisfactory bearing has been 
achieved.

• If you feel there is a problem, contact Geology.  

51.Pile Driving
• Solve for 

•“S”

• Range
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52.Pile Driving
• 2nd example Delmag Diesel Hammer – 40’ (shorter pile)
• P= safe bearing power in pounds
• W= 4,190 lbs. (striking part of hammer)
• H= 10 feet (height of hammer drop)
• S= 0.15 (3 inches /20 blows)
• X= 4073 lbs. (2120 lbs. pile (40’*53) + 1953 lbs. cap and/or 

anvil)

53.Pile Driving
• Diesel Hammer Pile Formula

P = 1.6 * 4190 * 10
0.15+0.1(4073/4190**)
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54.Pile Driving
• Diesel Hammer Pile Formula

P = 67040
0.15+0.1(4073/4190**)

55.Pile Driving
• Diesel Hammer Pile Formula

P = 67040
0.15+0.1(0.97**)

** Diesel quantity x/w shall not be < 1
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56.Pile Driving
• Diesel Hammer Pile Formula

P = 67040
0.15+0.1(1.00)

** Diesel quantity x/w shall not be < 1

57.Pile Driving
• Diesel Hammer Pile Formula

P = 67040
0.15+0.10
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58.Pile Driving
• Diesel Hammer Pile Formula

P = 67040
0.25

59.Pile Driving
• Diesel Hammer Pile Formula

P = 268,160 lbs.
2000

P = 134 tons
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60.Pile Driving
• 704.4 c. Driving 

Piles

• Completed pile 
driving – ….

• Check 
position of 
pile

61.Pile Driving
• 704.4 c. Driving Piles
• Do not force misaligned piles into proper position. 
• If the pile is 35 feet or less in length, the maximum 

allowable variation from the vertical or battered 
lines - ¼ inch per foot of length.

• If the pile is greater than 35 feet in length, the 
maximum allowable variation from the vertical or 
battered lines - ⅛ inch per foot of length.

• The maximum allowable variation on the head of 
the driven pile from the position - 2 inches for piles 
used in bents, and 6 inches for foundation piles.
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C
62.Pile Driving
• 704.4 c. Driving 

Piles
• Drive all piles in 

the orientation 
shown on the 
Plans. If the axial 
orientation of 
the pile rotates 
or twists by more 
than 10°,

63.Pile Driving
• the Field 

Engineer will 
contact the 
Bureau of 
Structures and 
Geotechnical 
Services.
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64.Pile Driving
• Pile elevation 

after driving to 
determine pay 
pile and cut-off

• Pile Cut-Off

• Pile remaining 
in structure

65.Pile Driving
• 704.5 MEASUREMENT AND PAYMENT

• The Engineer will measure the length of steel pile, steel 
sheet pile, cast-in-place concrete pile and prestressed 
concrete pile remaining in the structure, by the linear 
foot.

• The Engineer will measure each cast steel pile point used.
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66.Pile Driving
• 704.5 MEASUREMENT AND PAYMENT

• If after driving the ordered and accepted length of pile, 
plan bearing is not achieved and additional pile is 
required, the Engineer will measure for payment each pile 
splice needed to lengthen the pile to achieve bearing.

67.Pile Driving
• 704.5 MEASUREMENT AND PAYMENT

• The Engineer will measure pile cut-off by the linear foot 
for Pile (*) (**). Pile cut-off is the difference between the 
length of pile ordered and accepted and the actual length 
of pile remaining in the structure.

• Payment for pile splices at 4 times the contract unit price 
of the type of pile spliced is full compensation for the 
specified work.
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68.Pile Driving
• 704.5 MEASUREMENT AND PAYMENT

69.Pile Driving
• 704.5 MEASUREMENT AND PAYMENT

• Steel Pile _ Unit price $55.00 lnft
• Table 704-2  _ 75% of unit price
• $55.00 * 75% = $41.25
• lnft cut-off determined by DOT Form 217 = 12.35’
• Amount added to contract = $509.44
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70.Pile Driving

71



708- Falsework &
710 -Form 
Construction

F&F-1

http://prodnet/BridgeIntranet/

1

2



Timeline for 
Submittals:

(Covered in S. Spec.
105.10 Plans & Working
Drawings) (p. 100-43)
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(p. 100-43)

105.10 b. Plans & Working Drawings:
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Falsework vs. Formwork

Falsework:
 Temporary Construction used to support 

vertical loads during construction
 “Works” to hold the structure up

Formwork:
 Temporary Structure to mold concrete into 

desired shape until hardened
 “Forms” the concrete

• Contractor is responsible for Falsework 
Design Plans by a licensed P.E.

(p. 700-35)

 Field Engineer submits Falsework 
Plans to Bridge (or Local Projects if 
structure is on City or County System)

 Bridge/Local P. will review Falsework 
Drawings and remit to Field Engineer

708.3 a. Falsework Design:
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708.3 a. Design Requirements:

(Cat 1:  Bridge or Local Projects)

(Cat 2:  Field Engineer or District E.)

(p.700-35)

708.3 a. Design Requirements:

(p.700-35) When computing loads, concrete is treated as a 
liquid.

 No cast-in-place shear bolts, coils, or other devices 
to support falsework in piers

 Through-bolts are permitted
 Do not drill and grout bolts or other devices unless 

stated in contract documents
 Know the difference between Category 1 and 

Category 2 Structures (pg. 700-35)
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Construction Requirements:
Section 708.3 b. (p. 700-36) 

708.3 b. Falsework Construction

• When approved, spliced pieces should be 
nearly the same diameter, ends squared, and 
the joint should be braced and banded.  (See 
Bridge Construction Manual for Example)

(p. 700-36) 
 Pile splicing should be avoided 

 Provide some means for measuring 
Settlement during concrete placement

11

12



Bad

Better

But still not plum 
(induces eccentric 

loading)

Falsework Inspection Requirements:
Section 708.3 c.  (p. 700-36) 
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Falsework Inspection Requirements:
Section 708.3 c.  (p. 700-36) 

Category 1
 Check condition of  all materials used in Falsework
 Check the size and spacing of  all members are in 

compliance with Falsework Plans
 The condition and compliance of  all splices
 Provide written documentation of  Falsework as-built 

approval

Category 2
 Conduct a walk-through review with the Field 

Engineer before placing concrete

Bad

(Zero load transfer, allowing 
excessive deflection of stringer 
and potential compromising of 

Forms)
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(Elevation View – Span: 1 
& 2 Superstructure 
Falsework)

(Beginning Span: 1 
Superstructure Formwork)

(Abutment Formwork)

(Falsework Pile Cutoff)
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(Pier Beam 
Falsework)

(Steel 
Stringers
)

(Steel 
Pile Cap)

(Lateral
Bracing)

(Preliminary Superstructure 
Formwork)
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(Lateral
Bracing)

(Superstructure 
Falsework)
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Deck 
Overhangs:
FALSEWORK Plans 
required if:

Overhang > Depth

-or-

Overhang > 54 inches

(Falsework between Girders)

(Formwork Hangers)
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(NEVER
Weld Hangers)

(Tall 
Falsework 
& Formwork)
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(Submit 
to Local 
Projects for 
Review)

Formwork:

708.3 d.  
(p. 700-36)
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• Wood/plywood shall be sound & installed with 
grain running in the same direction 

 Mortar-tight, with no warping or bulging
 No permanent aluminum deck forms
 Oil formed surfaces with clear, paraffin based 

oil
 Moisten wood forms with water before 

placement
 Bevel all exposed edges with ¾” triangular 

molding

Formwork:

What are Fillets and why 
are they used?
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Fillets:  Conc. placed over top 
flange to adjust for beam 
deflection due to Dead loads.

Should always be positive.
(Typically 1” to 3”.)

Will be smallest over Piers.

Typ. Deflection Diagram:

Removal of Forms:
710-Conc. Construction, p. 700-40
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Removal of Forms:
710-Conc. Construction

 CURING:                             Figure 710-1   (p. 700-42)

 CURE TIMES:                    Table 710-1     (p. 700-45)

 LOAD LIMITS:                   Table 710-2    (p. 700-46)

 REMOVAL OF FORMS:    Table 710-3    (p. 700-48)
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Removal of Forms:

Δ - increase the time period  3 days 
when supplemental cementitious 
materials are used Oct 1 – April 30 

* , **, *** or +  - refer to Note 
below Table

Table 710-3  (p. 700-48)

(P.B. Formwork) on Single Col.:

(Type) Structural Element:

(P.B. Falsework) on Multiple Col.’s
(Forms/Falsework) for Decks:

Box Culverts Roofs:

Box Culvert Walls & Wings:
(Col. Forms) on Pile Cap Footings:
(Col. Forms) on Spread Footings:

(P.B. Forms), 1- Column:

(Duplicate, ignore:)

(P.B. Forms), Multiple Columns:
(Col. Forms) Drilled Shafts:

Box Culverts Floors on Rock:
Box Culverts Floors on Soil:
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* - reduce by days if  attain 65% f ’c

** - Do Not set beams on pier beam until falsework under pier beam 
is struck

*** - remove formwork within 6 weeks of  placement

+  - reduce days if  attain 75% of  f ’c

Δ - increase the time period  3 days when supplemental cementitious 
materials are used Oct 1 – April 30 

Cantilevered Pier:

Span Length =  (Ft.)

(Pier Beam)

(S
in

gl
e 

 C
ol

.)

(Formwork supported
from single Col.) 

10’ or Less = 7 days ∆ [4]*
>10’ = 10 days ∆ [6]*

∆ = add 3 days if supplemental cementitious mat. is used between October 1 and April 30.
* = reduce to [4 or 6] days if concrete cylinders broken on Day [4 or 6] meets 65% of f’c.
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Column Bent Piers:

Span Length = (Ft.)S.L. (Ft.)

(M
ul

tip
le

 C
ol

.)

(M
ul

tip
le

 C
ol

.)

(Pier Beam)

(Falsework for Pier 
Beam supported from 

ground.) 

S.L. (Ft.)

Less than 10’ = 4 days ∆
10’ to 20’ = 7 days ∆ [4]*

Greater than 20’ = 10 days ∆ [6]*

∆ = add 3 days if supplemental cementitious mat. is used between October 1 and April 30.
* = reduce to [4 or 6] days if concrete cylinders broken on Day [4 or 6] meets 65% of f’c.

(Use greatest Span Length.)

Decks & Slabs:

Span Length = (Ft.)Span Length = (Ft.) Span Length = (Ft.)

(Use greatest Span Length.)

(Form & Falsework 
under decks or slabs.) 

Less than 10’ = 4 days ∆
10’ to 20’ = 7 days ∆ [4]+
20’ to 30’ = 10 days ∆ [6]+

Greater than 30’ = 15 days ∆ [10]+

∆ =  add 3 days if supplemental cementitious mat. is used between October 1 and April 30.
+ = reduce to [4,6,10] days if concrete cylinders broken on Day [4,6,10] meets 75% of f’c.
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R. C. Culvert Roof Slabs:

(R.C.B.) (R.F.B.)

Span Length = (Ft.) Span Length = (Ft.)

10’ or Less  = 7 days ∆ [4]+
10’ to 20’ = 7 days ∆ [4]+

Greater than 20’ = 10 days ∆ [6]+

∆ =  add 3 days if supplemental cementitious mat. is used between October 1 and April 30.
+ = reduce to [4 or 6] days if concrete cylinders broken on Day [4 or 6] meets 75% of f’c.

Q1:  Concrete columns for a 3-column bent pier 
were poured yesterday.  How long from concrete 
placement can pier beam formwork erection start?

1. Structural Element?
3-Column Bent

2. Type of Work?
Pier Beam Formwork

Example Questions
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1. Structural Element?
3-Column Bent

2. Type of Work?
Pier Beam 
Formwork

= 2 Days

Q2:  How long from initial (3 column) pour before 
placing concrete for the pier beam?

1. Structural Element?
3-Column Bent

2. Type of Work?
Pier Beam Concrete placement

Example Questions:
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1. Structural Element?
3-Column Bent

2. Type of Work?
Pier Beam 
Concrete

= 4 Days

Q3:  The concrete deck for a steel girder bridge 
was placed on October 15th.   The width of the 
deck is 60’.  There are 6 girders spaced at 9’-0”.  
No test specimens were made.  How many days 
between the deck placement and when the deck 
forms can be removed?

1. Structural Element?
Deck, girders spaced at 9 Ft.

2. Type of Work?
removal of Deck Forms
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1. Structural Element?
Deck, 9 Ft. span

2. Type of Work?
Removal of
Forms

= 4 Days

Q4:  The concrete deck for a steel girder bridge 
was placed on October 15th.   The width of the 
deck is 60’.  There are 6 girders spaced at 9’-0”.  
No test specimens were made. Supplemental 
cementitious materials were added.  How many 
days between the deck placement and when the 
deck forms can be removed?

1. Structural Element?
Deck, girders spaced at 9 Ft
with S.C.M.’s, ∆ =  add 3 Days

2. Type of Work?
removal of Deck Forms

Example Questions:
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1. Structural Element?
Deck, 9 Ft. span

2. Type of Work?
Removal of
Forms

4 Days
∆ =  add 3 Days
Total  = 7 Days

Decks & Slabs:

Span Length = (9 Ft.)

(Use greatest Span Length.)

(Form & Falsework 
under decks or slabs.) 

Less than 10’ = 4 days ∆
10’ to 20’ = 7 days ∆ [4]+
20’ to 30’ = 10 days ∆ [6]+

Greater than 30’ = 15 days ∆ [10]+

∆ =  add 3 days if supplemental cementitious mat. is used between October 1 and April 30.
+ = reduce to [4,6,10] days if concrete cylinders broken on Day [4,6,10] meets 75% of f’c.

4+3= 7 Days
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Q5:  The concrete deck for a prestressed concrete 
beam bridge was placed yesterday. The width of the 
deck is 60’. There are 5 girders spaced at 11’-0”.  
No test specimens were made.  How many days 
between the deck placement and when the deck 
forms can be removed?

1. Structural Element?
Deck, girders spaced at 11 Ft.

2. Type of Work?
removal of Deck Forms

1. Structural Element?
Deck, 11 Ft. span

2. Type of Work?
Removal of
Forms

= 7 Days
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Q6:  How many days if grade 4.0 concrete (4000 psi) 
is specified, and test specimens broke at a strength 
of 3100 psi after 4 days?

1. Structural Element?
Deck, girders spaced at 11 Ft.
+ Cylinders made, broke on Day 4
Requirement for:  +  = reduce days if attain 75% of f’c

0.75(4000) = 3000 psi Needed
break of 3100 > 3000 req’d, OK. 

Remove forms on Day 4 after breaks.

2. Type of Work?
removal of Deck Forms

Example Questions:

1. Structural Element?
Deck, 11 Ft. span

2. Type of Work?
Removal of
Forms

= [4] Days
if   + cylinders made 
broke above Req’d .?

Yes.  = Remove at 4 
Days.
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Decks & Slabs:

Span Length = (9 Ft.)

(Use greatest Span Length.)

(Form & Falsework 
under decks or slabs.) 

Less than 10’ = 4 days ∆
10’ to 20’ = 7 days ∆ [4]+
20’ to 30’ = 10 days ∆ [6]+

Greater than 30’ = 15 days ∆ [10]+

∆ =  add 3 days if supplemental cementitious mat. is used between October 1 and April 30.
+ = reduce to [4,6,10] days if concrete cylinders broken on Day [4,6,10] meets 75% of f’c.

4+3= 7 Days

End.

Thanks !!! 
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Substructures

Superstructure vs. Substructure

1

2



Types of Substructures
• Types of Substructures

• Abutments
• Used at the ends of the bridge to retain the embankment and carry the vertical 

and horizontal loads from the superstructure to the substructure.
• Pier

• Element supporting the superstructure located between the bridge abutments.
• Walls

• MSE - Mechanically Stabilized Earth.

Types of Abutments 1

3
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Types of Abutments 2

Abutment Wings
• Straight Wings

• Wings are aligned with 
abutment

• Most used
• Whenever possible, KDOT 

prefers the use of straight 
wings.

• U-Type
• Wings are parallel to roadway
• Used when grading around the 

bridge is restricted and/or there 
are other geometric restrictions.
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Abutment Foundations
• Pile Bent Abutments

• Most common
• Column Bent Abutments

• Used only when required by 
geology or when other special 
conditions exist.

• Pedestal Type Abutment

Abutment Berm Considerations

Improper Berm Placement!
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Abutment MSE Wall Considerations
• Flexible Element

• MSE Wall
• Inflexible Element

• Bridge Abutments
• Allow elements to move 

independently

Types of Piers
• Pile Bent Piers (Wall Pier)

• A row of multiple piles encased in a concrete webwall
• Economical and normally used on low-level, short-span bridges.
• Generally not used for grade separations

• Column Bent Piers
• Typically 3 to 5 columns for standard roadway widths.

• Single Column Piers (Hammer Head Pier)
• More economical when used in high level bridges or in large river 

crossings.
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Column Bent Pier

Pile Bent Pier (Wall Pier)
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Single Column Pier (Hammer head)

Construction of Substructures 1
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Construction of Substructures 2

Abutment Construction 1
• Abutments

• Soil foundation cut to grade, level clear of debris
• Contractor may use a commercial grade concrete leveling pad. This 

also assists in placement of form work. Must be to grade, can not be 
considered part of structure.

• Verify re-steel, bar size length, bends and spacing. Tied adequately.
• Bar chairs in good condition. (epoxy bars = epoxy chairs)
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Abutment Construction 2
• Abutments

• Check form measurements
• Check Bar spacing
• Verify beam seats and/or girder 

chairs. 
• Girder Supports placed in the 

substructure concrete

Abutment Construction 3
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Abutment Construction 4

Pier Construction 1
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Pier Construction 2
• Piers

• Column Forms
• Check diameter
• Free of rust 
• Form release
• Not out of round

• Column Rebar
• Check diameter
• Bar size / spiral spacing
• Not racked

Pier Construction 3
• Pier Column

• Verify re-steel, bar size, length, 
bends and spacing. 

• Tied adequately.
• Verify lap lengths and embed 

lengths of rebar.  
• Check that forms are clean, 

and plumb.
• Check that elevation of top of 

can is determined and cut 
dimension to top of concrete is 
recorded. 

• Determine if through bolts are 
being used.
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708.3 CONSTRUCTION 
REQUIREMENTS
• a. Falsework Design.

• Do not place cast-in-place 
shear bolts, coil inserts or other 
devices used as falsework 
support in pier columns without 
the approval of the Engineer. 
Through bolts are permitted. Do 
not drill and grout bolts or other 
devices into the pier columns 
unless shown in the Contract 
Documents.

Pier Construction 4

• Bottom of Pier Cap Elevation / Top of Can Elevation 
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710.3 Construction Requirements 1
• b. Handling and Placing Concrete

• Place concrete to avoid segregation of the materials and displacement 
of the reinforcement.

• Fill each part of the form by depositing the concrete as near to the final 
position as possible.

• Do not drop concrete in the forms a distance of more than 5 feet, unless confined 
by clean, smooth, closed chutes or pipes.

• Obtain sample concrete for slump and air test requirements at the 
discharge end of the piping.

• Do not use chutes, troughs or pipes made of aluminum.

Concrete Placement 1
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Concrete Placement 2

710.3 Construction Requirements 2
• g. Removal of Forms and Falsework

• Do not remove forms and falsework without the Engineer’s approval.
• Do not remove forms and falsework until the minimum amount of time 

required for strength gain has elapsed regardless if the concrete is fully 
cured per Table 710-1

• Under normal conditions, the Engineer will allow removal of forms and 
falsework according to Table 710-3
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710.3 Construction Requirements 3
• Table 710-1: Minimum Cure Times and Curing Mediums
• Table 710-2: Concrete Load Limitations on Bridge Decks
• Table 710-3: Minimum Strength Gain Time Before Removal 

of Forms & Falsework (Days)

Table 710-1
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Table 710-3

Table 710-1 Example
What is the minimum cure time required for a formed bridge 
abutment beam to be considered completely cured? What must 
be done if the forms are removed before the end of the specified 
cure period?
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Table 710-3 Examples 1 & 2
• Q1: A drilled shaft was poured on April 15th. The drilled shaft 

concrete used supplemental cementitious materials. What is the 
minimum strength gain time required before erecting forms and 
reinforcing steel for the columns?

• Q2: The columns for a bent pier were poured on May 1st. What 
is the minimum number of days required before erecting 
formwork and reinforcing steel for the pier beam? What is the 
minimum number of days before placing concrete for the pier 
beam? Assume no concrete cylinders have been tested.

Table 710-3 Examples 3 & 4
• Q3: A pier beam for a column bent pier with falsework 

supporting the pier beam was poured on May 15th. The spans 
between the columns are 15’-0”. Concrete cylinders were tested 
and broke at 70% of the specified f’c. What is the minimum 
strength gain time before removing the forms for the pier beam?

• Q4: What is the minimum strength gain time for the removal of 
forms from an abutment? Assume no supplemental 
cementitious materials were used and no concrete cylinders 
have been tested.
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Table 710-3 Examples (Q1)

• Δ Increase the time period 3 days when supplemental 
cementitious materials are used October 1 thru April 30.

• Since supplemental cementitious materials were used and the 
date was between October 1st and April 30th, the minimum 
strength gain time required before erecting forms and 
reinforcing steel for the columns is 5 days.

Table 710-3 Examples (Q2)

• Δ Does not apply due to the date, even if supplemental cementitious 
materials were used.

• * Does not apply because the contractor did not break cylinders.
• The minimum number of days required before erecting 

formwork and reinforcing steel for the pier beam is 2 days.
• The minimum number of days before placing concrete for the 

pier beam is 4 days.
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Table 710-3 Examples (Q3)
• Δ Does not apply due to the 

date, even if supplemental 
cementitious materials were 
used.

• *Does apply because the 
concrete was shown to have 
attained at least 65% of f’c.

• The minimum strength gain 
time before the removal of 
forms and falsework for the 
pier beam is 4 days.

Table 710-3 Examples (Q4)
• Walls, Wing Walls and vertical 

side of RCB and RFB 
structures would apply to 
abutments.

• Δ Does not apply because 
supplemental cementitious 
materials were not used.

• * Does not apply because the 
contractor did not break 
cylinders.

• The minimum strength gain 
time is 4 days.
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Measurement and Payment
• Concrete Structure Construction 710.4

• The Engineer will measure the various grades of concrete placed in the 
structure by the cubic yard. No deductions are made for reinforcing 
steel and pile heads extending into the concrete.

• Reinforcing Steel 711.4
• The Engineer will measure the reinforcing steel by the pound, based on 

the theoretical number of pounds shown in the Contract Documents or 
placed as ordered in writing by the Engineer.
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Superstructures

Superstructure vs. Substructure
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Plan Orientation
• Normal • Skewed

Clear Span Structures in Kansas
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25 Most Common Bridge Types - State Hwy System
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Reinforced Concrete Haunched Slab
• Maximum Span = 72’
• Falsework

• A GREAT deal of Falsework 
Required

• Heavy Reinforcement
• Lengthy Curing Period
• Very Stout Bridge

RCSH Falsework
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Parabolic Haunch Formula
• Theory

• The vertical ordinate will vary with the square of the distance from the 
PC.

• Any Ordinate = 

• Area = (a*b)/3

PC b

(distance from PC)2 *  b
a2

a

RCSH Reinforcing Steel
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Prestressed Concrete Beam/Girder
• Spans from 60’ to 110’ are 

typical
• Component Construction

• Rapid Assembly
• Special Deck Forming 

Considerations
• Temporary Diaphragms
• Camber Correction
• Overhangs
• Composite Designs

Fabrication
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Structural Steel Beam / Girder 1
• Generally Longer Spans > 110’

• Lewis and Clark Viaduct Maximum Span = 375’
• Bolting and Welding Required

• Experienced Labor and Inspection
• Special Deck Forming
• Very Flexible
• May Require Painting

Structural Steel Beam / Girder 2
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Structural Steel Girder 3
• Basic Parts

• Flanges
• Webs
• Stiffener

• Bearing
• Intermediate
• Connection
• Longitudinal
• Girder Ends

• Cross-Frames / Diaphragms
• Bolts and Splices
• Studs (field applied or shop 

applied)

Structural Steel Beam / Girder 4
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Structural Steel Beam / Girder 5

Steel Bridge Construction 1
• Basic Beam/Girder Types

• Rolled Beam
• From the mill
• I shaped
• Mill camber only (no vertical curve or dead load camber)
• Usually not horizontally curved

• Plate Girder
• Fabricated from plates in the shop
• I shaped
• Cambered for vertical dead load
• Can be horizontally curved
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Steel Bridge Construction 2
• Basic Materials

• Weathering Steel (members, fasteners, washers, and DTI’s)
• Top of top flange painted
• 2D way from joint painted, Encased +2 inches
• Fascia and bottom on Plate girders with drainage over the side

• Non-Weathering Steel (Painted)
• Galvanized (Joints)

Structural Steel - Erection
• The contractor will provide:

• Detailed plan for the erection of 
the structure (not for simple 
structures).

• Shop details.
• Camber diagrams.
• List of field bolts (lot numbers 

and certifications).
• Copy of the shipping statement 

showing a list of parts and their 
mass.

• Three Steps to Structural 
Steel Erection

1. Assembly
2. Fit-Up
3. Bolting

• These are three separate 
inspectable operation.

• Successful erection relies on 
proper substructure 
construction.
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Steel Bridge Construction 3
• Erection Bolt must be clearly identifiable as an erection bolt. 

They are the contractor’s property and are only for contractor’s 
ease of erection. They are not production bolts.

• Production bolts will arrive to the job in sealed kegs, tubs, or 
buckets. They will have their producer’s mark and grade 
stamped on the head. Once a production bolt has been fully 
tightened it may not be retightened and used as a production 
bolt. It has become an erection bolt.
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Bridge Decks
& 
Bridge Deck Overlays

BD-1

Decks:  400 (Mud) & 700 (Structures)

Overlays:  731 (Area Prep. for Patching),
732 (Machine Prep.), 

717 (Conc. OL),
729 (Poly OL) 

710.3 Construction Requirements

• Get very familiar with this specification!!!!
• Lots of information, won’t be able to cover all of it
• Know where to look

BD-2

1
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710.3 - CONSTRUCTION REQUIREMENTS
(b. Handling & Placing Conc.) p. 700-40

710.3 Construction Requirements
b. Handling & Placing Concrete

• Project Progress Meeting
• Method and Equipment for deck placing
• Evaporation rate control equipment
• Method to place burlap in 15-minute limit

• Skewed bridges greater than 10° will place concrete on 
the skew unless stated otherwise by the State Bridge 
Office

• Same goes with Finishing
• Maintain an evaporation rate of less than 0.2 lb/sqft/hr

• Figure 710-1

BD-4
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Evaporation Rate Chart,
Fig. 710-1,  p. 700-42

(Fog/ with Wind Breaks)

(No Fog)

62 ºF

52 %
60 ºF

20 M.P.H.

• 62° ambient temperature
• 52% relative humidity
• 60 concrete temperature
• 20 mph wind velocity 

(Fog)
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710.3 - CONSTRUCTION REQUIREMENTS
(b. Handling & Placing Conc.) p. 700-40 2

Pump Truck circa 
1990
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(Take mud samples from wherever the boom is 
during deck placement to get representative 
sample.)

(Haunched Slabs)
(Prestressed)

(Plate Girders or Rolled Beams)

(b. Handling & Placing Conc.) p. 700-40
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(Mud placement, Single Drum Screed, Gang Vibrators)
(CHECK/RECORD Cover & Fillet Depths at 10th Points)

(Calculate fillet depths at each of the 10th points from 
survey for depth checks during pour.  Dry run of screed 
machine.  Verify clearance checks at each 10th point.  

Record screed arm height.) 

710.3 - CONSTRUCTION REQUIREMENTS
(d. Finishing) p. 700-43 (location not in sequence)
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Longitudinal Reinforcing 
Splice Bar Ties

Bar Chairs Spacer Frames

Ensure all screed rail jacks are positively secured 
to top of deck or slab form

Epoxy touch up paint
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710.3 - CONSTRUCTION 
REQUIREMENTS

(d. Finishing) p. 700-43

Float Train c. ‘90  (Transverse Grooving now done by 
multi-blade diamond arbor, see Sub-Sec. f., p. 700-46)
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710.3 - CONSTRUCTION REQUIREMENTS
(e. Curing & Protection) p. 700-44

710.3 - CONSTRUCTION REQUIREMENTS
(e. Curing & Protection) p. 700-44 2

(Type 2 liquid membrane)
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Bridge Deck Overlays

Sections:  
731 (Area Prep. for 

Patching)
732 (Machine Prep.)

717 (Conc. OL)
729 (Poly OL)

731 – AREA PREP. FOR PATCHING
(a. General p. 700-116

19
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731 – AREA PREP. FOR PATCHING
(a. General p. 700-116)

1. Locate and mark beams if working on a 
steel structure.

2. Work carefully to NOT gouge or damage 
Top Flange during removal.

3. If damaged, beams will be repaired at No 
Cost to the State. 
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Fig. 731-1 is CONFUSING!! 

731 – AREA PREP. FOR PATCHING (a. General p. 700-116)
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732 – MACHINE PREP.  
(p. 700-121)
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717 – BRIDGE OVERLAYS
p. 700-91

717.3 – BRIDGE OVERLAYS – Const. Req.
(b. Surface Prep.) p. 700-92
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717.3 – BRIDGE OVERLAYS
(c. Placing Concrete) p. 700-92

717.3 – BRIDGE OVERLAYS
(f. Weather Limitations) p. 700-93

BD-32
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729 – MULTI-LAYER POLY OVERLAYS
p. 700-109

729 – MULTI-LAYER POLY OVERLAYS
p. 700-109 2
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729 – MULTI-LAYER POLY OVERLAYS
p. 700-110

729 – MULTI-LAYER POLY OVERLAYS
p. 700-110 2
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729 – MULTI-LAYER POLY OVERLAYS, 
Continued…

d. Placing the Multi-Coat Poly
e. Face of Curbs, Barriers and Rail
f. Application Rates
g. Curing
h. Testing
i. Correction of Unbonded Areas
j. Weather Limitations

…  Basically, if you get one of these Projects, read 
through it as best you can, then call Dan Wadley at 
Materials and he’ll come out and help you.

Thanks!!!  
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CIT Structures
Curing

1.Curing
• Curing mediums 

• Wet Burlap
• Liquid membrane-forming compounds
• White polyethylene sheeting
• Formwork

1
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2.Curing - 15-07011-R01 - 710.3 e. Curing and Protection
(1) General. Cover concrete surfaces according to TABLE 710-1. Cure all pedestrian walkway 
surfaces in the same manner as the bridge deck. The determination of the time requirement for 
curing commences after all the concrete for the placement is in place and finished. During cold 
weather, the specified time limits may be increased at the discretion of the Engineer, based 
upon the amount of protection and curing afforded the concrete. 

Maintain a damp surface until the saturated burlap is placed. Fully saturate burlap 
before placing on concrete surface. Cover all concrete surfaces with saturated burlap within 15 
minutes after finishing the concrete, do not mar concrete during placement of the saturated 
burlap. When times of delay are expected to exceed 15 minutes, cover all concrete that has 
been placed, but not finished, with saturated burlap. Maintain the curing so that moisture is 
always present at the concrete surface. 

Place and weight down the saturated burlap so it will remain in intimate contact with 
the surface covered. 

When an impermeable sheeting material is used, lap each unit 18 inches with the 
adjacent unit. Place and weight down the impermeable sheeting material so it will remain in 
intimate contact with the surface covered. When any burlap or impermeable sheeting material 
becomes perforated or torn, immediately repair it, or discard and replace it with acceptable 
material.

3.Curing
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4.Curing – 710.3 e. Curing and Protection

(2) Liquid Membrane Forming Compounds. Use spraying equipment 
capable of supplying a constant and uniform pressure to provide 
uniform distribution at the rates required. Agitate the liquid membrane 
forming compound continuously during application. The surface must 
be kept wet from the time it is finished until the liquid membrane 
forming compound is applied. Apply liquid membrane forming 
compound at a minimum rate per coat of 1 gallon per 200 square feet of 
concrete surface. Give marred or otherwise damaged applications an 
additional coating. If rain falls on the newly coated concrete before the 
film has dried sufficiently to resist damage from the rain, or if the film is 
damaged by any other means, apply a new coat of the membrane to the 
affected portion equal in curing value to the original application. 

5.Curing – 710.3 e. Curing and Protection
(3) Bridge Subdecks and Decks. Provide a work bridge to facilitate application of all curing 
materials. Maintain the curing so that moisture is always present at the concrete surface. 

Maintain the saturated burlap in a fully wet condition using misting hoses, self-
propelled, machine-mounted fogging equipment with effective fogging area spanning the 
deck width, moving continuously across the entire burlapcovered surface, or other 
approved devices until the concrete has set sufficiently to allow foot traffic. At that time, 
place soaker hoses on the saturated burlap, and supply running water continuously to 
maintain continuous saturation of all burlap material to the entire concrete surface. For 
bridge decks with superelevation, place a minimum of 1 soaker hose along the high edge 
of the deck to keep the entire deck wet during the curing period. 

If the concrete surface temperature is above 90ºF, do not use polyethylene 
sheeting in direct sunshine during the day for the first 24 hours of the specified curing 
period (TABLE 710-1).
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6.Curing – 710.3 e. Curing and Protection
(5) Cold Weather Curing. If concrete is placed in cold weather, comply with SECTION 
401. If concrete is placed and the ambient air temperature is expected to drop below 
40ºF during the entire specified curing period, prior to beginning concrete placement, 
provide materials on site to maintain the concrete temperature between 40 and 90ºF as 
measured on the surface of the concrete. Suitable materials consist of straw, additional 
burlap or other blanketing materials or housing and artificial heat. 

Keep the surface of the concrete moist by the use of an approved moisture 
barrier such as saturated burlap or polyethylene sheeting or both as defined in TABLE 
710-1. Maintain the moisture barrier in intimate contact with the concrete during the 
entire specified curing period. 

(6) Thermal Shock. After the completion of the required curing period, remove the curing 
and protection to prevent rapid cooling of the concrete so that the concrete temperature 
does not fall more than 25°F during the first 24 hours.

7.Curing
• Foundations and 

Substructures 
• In the Forms 

with Burlap and 
Poly

• Footings
• Abutments
• Pier Columns 

and Caps
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8.Curing
• Superstructure

• Bridge Decks
• Starts with 

Environmental 
Conditions

• Evaporation 
Rate

• < 0.2 lb/sq ft/hr
• Fogging 1200 

psi / 2.2 gpm or 
low rate 1.6gpm

9.Curing
• Superstructure

• Bridge Decks
• Figure 710-1 
• Equal to or above 

0.2 lb/ft2/hr, take 
actions to create 
and maintain an 
evaporation rate 
less than 0.2 
lb/ft2/hr 

9

10



10.Curing
• Superstructure
• Figure 710-1
Effect of concrete and air temperatures, relative humidity, and wind 
velocity on the rate of evaporation of surface moisture from concrete. 
This chart provides a graphic method of estimating the loss of surface 
moisture for various weather conditions. To use the chart, follow the 
four steps outlined above. When the evaporation rate exceeds 0.2 
lb/ft2 /hr (1.0 kg/ m2 /hr), measures shall be taken to prevent 
excessive moisture loss from the surface of unhardened concrete; 
when the rate is less than 0.2 lb/ft2 /hr (1.0 kg/m2 /hr) such measures 
may be needed. When excessive moisture loss is not prevented, 
plastic cracking is likely to occur.

11.Curing
• Superstructure

• Cover within 15 
minutes

• Fully Saturate 
burlap before 
placing on 
concrete surface
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12.Curing
• Superstructure

• Place and weight 
down burlap so it 
will remain in 
intimate contact 
with the surface 
covered

13.Curing
• Superstructure

• Do not mar 
concrete during 
placement

• Maintain damp 
surface
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14.Curing
• Superstructure
• Maintain the wet 

burlap in a fully 
wet condition

• Place Soaker 
Hoses, supply 
running water 
continuously 

15.Curing
• Superstructure
• When 

impermeable 
sheeting is 
used, lap each 
unit 18”
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16.Curing
• Superstructure
• If the concrete 

temperature is 
above 90 
degrees, do not 
use polyethylene 
sheeting in direct 
sunlight for the 
first 24 hours 

17.Curing
• 710.3 e. Curing
• Table 710-1
• Minimum Cure 

Times and Curing 
Mediums

• Note the 
specified type of 
liquid membrane
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18.Curing
• Superstructures

19.Curing
• Superstructures

19
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20.Curing
• Superstructures
• Load Limits during cure period Table 710-2

21.Curing
• Superstructures
• Load Limitations 

during cure 
period 

• Table 710-2
• 3 days placing 

reinforcing steel 
and form work

• Maintain wet 
cure 
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22.Curing
• Superstructures
• Load Limitations 

during cure 
period 

• Table 710-2
• 14 days Legal 

Loads
• Maintain wet 

cure

Curing
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Concrete and 
Reinforcing 
Steel Test 

Review

Keys to being successful
• Relax and remember you can pass this class.
• Ask questions.
• Don’t memorize the details/specs, they change too often. Learn 

how and where to find the details; Standard specifications, 
plans, special provisions, project specific special provisions.

• Be respectful to others.
• Enjoy yourself.
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Concrete and Reinforcing Steel 
Review 1
• Concrete Slump:

• The designated slump for a concrete mix design is 3”. What is the acceptable 
slump range?

• Designate a slump for each concrete mix design that is required for satisfactory 
placement of the concrete application. Reject concrete with a slump that limits the 
workability or placement of the concrete.

• If the designated slump is 3 inches or less, the tolerance is + ¾ inch, or limited by the 
maximum allowable slump for the individual type of construction.

• If the designated slump is greater than 3 inches the tolerance is + 25% of the 
designated slump.

• For drilled shafts the target slump just prior to being pumped into the drilled shaft is 9 
inches. If the slump is less than 8 inches, redoes the concrete with admixtures as 
permitted in subsection 401.3i.

• Do not designated a slump in excess of 5 inches for all other structural concrete.

Concrete and Reinforcing Steel 
Review 2
• Concrete Slump:

• The designated slump for a concrete mix design is 3”. What is the 
acceptable slump range?

• 3” < 3” → Tolerance is + ¾”
• 3” – ¾” = 2¼”
• 3” + ¾” = 3¾”

• The acceptable range is 2¼” to 3¾”

3
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Concrete and Reinforcing Steel 
Review 3
• Placement Time:

• If ambient air temp. is 76° F and the agitated concrete temperature at 
the time of placement is 80° F, what is the maximum time allowed for 
placement of the concrete after water is added to the mix? No set 
retarding admixture is added.

Concrete and Reinforcing Steel 
Review 4
• 401.8 – Mixing, Delivery and Placement Limitations
• Non-agitated Concrete – place within 30 minutes of adding the 

cement to the water
• Agitated Concrete – use Table 401-5

5
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Concrete and Reinforcing Steel 
Review 5
• Placement Time:

• If ambient air temp. is 76° F and the agitated concrete temperature at 
the time of placement is 80° F, what is the maximum time allowed for 
placement of the concrete after water is added to the mix? No set 
retarding admixture is added.

• The maximum time allowed for placement of the concrete after 
water is added to the mix is 1 hour (See 401.8.a)

Concrete and Reinforcing Steel 
Review 6
• Placement Time:

• If ambient air temp. is 76° F and the agitated concrete temperature at 
the time of placement is 80° F, what is the maximum time allowed for 
placement of the concrete after water is added to the mix? A set 
retarding admixture is added.

• The maximum time allowed for placement of the concrete after 
water is added to the mix is 1.5 hours (See 401.8.a)
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Concrete and Reinforcing Steel 
Review 7
• Placement Time:

• What is the maximum time allowed for placement of agitated concrete if 
the ambient air temp. is 99° F and the concrete temp. at the time of 
placement is 90° F? No set retarding admixture is added.

• The maximum time allowed for placement of the concrete after 
water is added to the mix is 45 minutes (See 401.8.a)

• If concrete temp. ≥ 90°F, 45 min. placement time
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Falsework &
Form Construction
Review

F&F-1

Q1:  Concrete columns for a single column bent pier 
were poured yesterday.  How long from concrete 
placement can pier beam formwork erection start?

1. Structural Element?
Single Column Bent

2. Type of Work?
Pier Beam Formwork

Example Questions:

1
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1. Structural Element?
Single Column Bent

2. Type of Work?   
Pier Beam 
Form work

= 4 Days

Q2:  The concrete deck for a steel girder bridge was 
placed on October 15th.   The width of  the deck is 60’.  
There are 6 girders spaced at 7’-3”.  No test specimens 
were made.  How many days between the deck placement 
and when the deck forms can be removed?

1. Structural Element?
Deck, girders spaced at 7.25 Ft.

2. Type of Work?
removal of Deck Forms

Example Questions:

3
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Question 2 Continued1. Structural Element?
Deck, 7.25 Ft. span

Type of work?2.
Removal of

Forms
= 4 Days

Q3:  The concrete deck for a steel girder bridge was 
placed on October 15th.   The width of  the deck is 60’.  
There are 6 girders spaced at 7’-3”.  No test specimens 
were made. Supplemental cementitious materials were 
added.  How many days between the deck placement and 
when the deck forms can be removed?

1. Structural Element?
Deck, girders spaced at 7.25 Ft
with S.C.M.’s

2. Type of Work?
removal of Deck Forms

Example Questions

5
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1. Structural Element?
Deck, 7.25 Ft. span

2. Type of Work?
Removal of
Forms

4 Days
∆ =  add 3 Days
Total  = 7 Days

Q5:  Wing Walls for a RFB was placed October 3rd. No 
Supplemental Cementitious materials were added. How 
many days between the concrete placement and the 
removal of  forms if  no test specimens were made? 

1. Structural Element?
Wing Walls

2. Type of Work?
removal of Wing Wall Forms

Example Questions:
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1. Structural Element?
Wing Walls

2. Type of Work?
Removal of
Forms

= 4 Days

Q6: Same structure as Q5. How many days if  grade 
4.0 concrete (4000 psi) is specified, and test specimens 
broke at a strength of  2800 psi after 3 days?

1. Structural Element?
Deck, girders spaced at 11 Ft.
+ Cylinders made, broke on Day 4
Requirement for:  +  = reduce days if attain 65% of f’c

0.65(4000) = 2600 psi Needed
break of 2800 > 2600 req’d, OK. 

Remove forms on Day 3 after breaks.
2. Type of Work?

removal of Wing Wall Forms

Example Questions:

9
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1. Structural Element?
Wing Walls

2. Type of Work?
Removal of
Forms

= [3] Days
if   * cylinders made 
broke above Req’d .?

Yes.  = Remove at 3 
Days.
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Say there was a question about the (finished) 
smoothness of a bridge deck:  where would one 
look?  

710 CONCRETE STRUCTURE CONSTRUCTION
710.3 CONSTRUCTION REQUIREMENTS

d. Finishing

13
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710 CONCRETE STRUCTURE CONSTRUCTION
710.3 CONSTRUCTION REQUIREMENTS

d. Finishing 2

Say there was a question about the form removal 
for ornamental (structural) rubbed finish work:  
where would one look?  
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710 CONCRETE STRUCTURE CONSTRUCTION
710.3 CONSTRUCTION REQUIREMENTS

g. Removal of Forms and Falsework

710 CONCRETE STRUCTURE CONSTRUCTION
710.3 CONSTRUCTION REQUIREMENTS

g. Removal of Forms and Falsework 2

17

18



Say there was a question about minimum 
production rate for a concrete bridge overlay:  
where would one look?  

717 BRIDGE OVELAYS
717.3 CONSTRUCTION REQUIREMENTS

a. Equipment

19
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717 BRIDGE OVELAYS
717.3 CONSTRUCTION REQUIREMENTS

a. Equipment 2
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CIT Structures

Pile Driving Review

1. Mathematics Order of Operations
• Be sure to remember the rules of math while calculating pile bearing

• PEMDAS

• Parentheses 
• Exponents
• Multiplication
• Division
• Addition
• Subtraction

1
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2. Pile Driving Review
• P= safe bearing power in pounds
• W= weight in pound, of striking part of hammer
• H= height of fall in feet
• S= the average penetration in inches per blow
• X= weight in pounds of the pile plus the weight of any cap 

and/or anvil used on the pile during driving

3. Pile Driving Review
• Pile Designation

•HP 12 X 53
•“H” - pile
•12” in width and depth
•Weighs 53 lbs. per foot

3
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4. Pile Driving Review
• Drive distance

•S = Average penetration in inches per 
blow 

•5 blows for gravity hammer
•20 blows for air/steam & diesel 

• Diesel Hammer
5. Pile Driving Review

5
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6. Pile Driving Review

7. Pile Driving Review
• Delmag Diesel Hammer Pile Formula

P = 1.6 W H
S+ 0.1 (X/W**)

7
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8. Pile Driving Review
• Pile Driving Review

• Pile is a 10 x 42 and 26 feet long
• Delmag Diesel D19-42 Hammer and the striking part of 

the hammer weighs 4,190 lbs
• Cap and Anvil weigh 1,200 lbs

• Height of fall 10 feet
• 2.0” total in 20 blows for an average penetration 0.10 

inches

9. Pile Driving Review
• Delmag Diesel Hammer Pile Formula

P = 1.6 * 4190 * 10
0.10+0.1(2292/4190**)

( 10 = FALL ) 
( S = 2.0/20 )
( X= 1200+(42 X 26) )
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10. Pile Driving Review
• Delmag Diesel Hammer Pile Formula

P = 67040
0.10+0.1(0.55**)

** Diesel quantity x/w shall not be < 1

11. Pile Driving Review
• Delmag Diesel Hammer Pile Formula

P = 67040
0.10+0.1(1.00**)

** Diesel quantity x/w shall not be < 1

11

12



12. Pile Driving Review

• Delmag Diesel Hammer Pile Formula

P = 67040
0.10+0.10

13. Pile Driving Review

• Delmag Diesel Hammer Pile Formula

P = 67040
0.20
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14. Pile Driving Review

• Delmag Diesel Hammer Pile Formula

P = 335200 lbs / 2000

P = 168 tons

• Air/Steam Hammer
• Single Action

15. Pile Driving Review

15
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16. Pile Driving Review

17. Pile Driving Review

• Conmaco Air/Steam Hammer

P = 2    W   H
S+ 0.1 
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18. Pile Driving Review

• Pile Driving Review
• Pile is a 14 x 89 and 20 feet long
• Conmaco E65 Air/Steam Hammer and the striking part of 

the hammer weighs 6,500 lbs
• (For Air/Steam Hammer the weight of Pile, Cap and Anvil 

are not used in the calculations)

• Height of fall 5 feet
• 1.0” total in 20 blows for an average penetration 0.05 

inches

19. Pile Driving Review

• Conmaco Air/Steam Hammer

P = 2 6500  5
0.05+ 0.1 

( 5 = fall )
( S = 1.0/20 )
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20. Pile Driving Review

• Conmaco Air/Steam Hammer

P =  65000      
0.05+ 0.1 

21. Pile Driving Review

• Conmaco Air/Steam Hammer

P =  65000      
0.15 
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22. Pile Driving Review

• Conmaco Air/Steam Hammer

P = 433333 lbs / 2000

P = 217 tons     

• Gravity Hammer
• Steel H-Pile

23. Pile Driving Review
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24. Pile Driving Review

25. Pile Driving Review

• Gravity Hammer w/ Steel H Pile

P = 3  W  H W
S+(0.35) (W+X)
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26. Pile Driving Review

• Pile Driving Review
• Pile is a 12 x 53 and 15 feet long
• Gravity Hammer and the striking part of the hammer 

weighs 4,050 lbs
• Cap and Anvil weighs 900 lbs

• Height of fall 8 feet
• 1.0” total in 5 blows for an average penetration 0.2 inches

27. Pile Driving Review
• Gravity Hammer w/ Steel H Pile

P = 3  4050  8 4050
0.2+(0.35) (4050+1695)

( 8 = FALL )
( S = 1.0/5 )
( X = 900 + (15 X 53) )
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28. Pile Driving Review

• Gravity Hammer w/ Steel H Pile

P = 3  4050  8 4050
0.55        5745

29. Pile Driving Review

• Gravity Hammer w/ Steel H Pile

P = 97200 4050
0.55        5745
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30. Pile Driving Review

• Gravity Hammer w/ Steel H Pile

P = 176727      0.705

31. Pile Driving Review

• Gravity Hammer w/ Steel H Pile

P = 124593 lbs / 2000

P = 62 tons  
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Pile Driving Review
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