
���������	�
��
���
�
����
��������
��
� ���������

�����
���� ���������
������� 
���!
 �

��������	
��
��������
�
�����
�
����������������	
�
��
�
�������������
����

���������	
��
�
�������
�����
���

��������	
���	�
��������������������	������
��	��

����
���� �� ������ �� ������� �������!�" ������!

�
����
�����
�������������
�����
� 

#

!�������
�

$���%&'&�(
����!�����
�
��
�����
�
����
��)�
�
��
!�����)�����
&�$����!���
�
��!�����)�����
*�
��!�
��������+����+
����
�����+
��
��,�-�)��
��
���,�����)
�
+�������

���+����
�����
-.�)�+���
��� ���
���
�����+
�&�$��,�����+�)�������
��+��
�!��+
����
����

�
�
��,����������
��+���������
������)����
��������)�������
�����
�����
�
�!����
����,�
���
��
��)��
�����+�,&

�

�

"



���������	�
��
���
�
����
��������
��
� ���������

�����
���� ���������
������� 
���!
 �

/

0 1���+���2�!���


0 3����+�,�1-.�)�+��


0 3����+�,�3�
���)�
�

0 3����+�,�4���+)+����


0 2��+�5�������
0 2��+�5�(�
����2���


0 ���)��4���+)+����
*�
6����+��


�
����
�"��������������

#�$
��%��
��
�
������	�&�'��(��
�&

7

0 ���+���%84�����������
�����+�
���
����+�

0 %����
������
5�%84��)���-���
����
��-�+����
���
�����+
����������+�

0 %����
���������-����+�
�
���
+���%84���
��-�+����
���
�����+
����������+�

0 3����+�,�����98	����+���+��
��
���
+���%84���
��

�����,
���+���
��-
������
������+�������������+�

0 3����+�,�
������
�
�
��%84���
��-�+�������
�����+
��
��������+�

�����
�#$%
����
�

�

&��
���$
�'��
(!(
2�
���)��'���)���������+����

'���)���������+����+���:�-�6������

%&'&��1$� �98	��

1��+)��
��3����
���)�����2�
���)��;�
�����
�!����

��� <�)���,&��-��=�
�&�
�

4������/>#�#/�>

��
�
��
��

�!��
�)����
*�+��(���,
�

-

.

/



���������	�
��
���
�
����
��������
��
� ���������

�����
���� ���������
������� 
���!
 "

�

)������#�
�'��
!('��(*(
'��+
��'���)���������+����

%&'&��1$� �98	��

2�

��)��������

��� .�
�+�&
)��=�
�&�
�

4�������������#

��
�
��
��

�!��
�)����
*�0���
��1�
�

�

+���
,�-��
�'��
(!('��(*(
$�)��+)���4�+�)+���

	'4� �%'��

��� ���,&�
���=5
�&)
!

4����>�7���#7�>

��
�
��
��

�!��
�)����
*�'��&�2��
�

>

)���.��������'��(*(
'���)���������+�����

	'4� �%'��

��� ?
��,&4��+���=5
�&)
!

4����#��/��/��/

��
�
��
��

�!��
�)����
*�0���&����
���

3

�

4



���������	�
��
���
�
����
��������
��
� ���������

�����
���� ���������
������� 
���!
 -

��

+	
���/� �����

5���
���

$����
�� )���� 5��
�  
���!
�6����������
��� �*"� �*���'� �*"��'�

� 5�
�&�$�&��������1�
��

% �*�� �*"��'� �*.��'�

" ���������
���������� �*�� �*.��'� 4*.��'�

	�
�7 �*�. 4*.��'� ��*�.�'�

- 8
�
����$
�
����������
�
���)�
�
�
���
��� �*-. ��*�.�'� ��*.��'�

. ���������
�����������
��
�� �*-. ��*.��'� ��*".�'�

 ���9���:$�&��; �*�. ��*".�'� ��*�����

'�<���������$�&�� ��*�����

�����


�����

��

+	
���/� �����

5���
��

$����
�� )���� 5��

� 
���!
�6�'�
�����
�

% �*�. �*���'� �*�.�'�

/ �����	�
��
�$
�7�1�
���&� �*-. �*�.�'� �*.��'�

3 �����=
�7�)��,� �*-. �*.��'� 4*".�'�

	�
�7 �*�. 4*".�'� 4*.��'�

� �����)�

��	
�!�5����
��
� �*-. 4*.��'� ��*".�'�

4 1�(
��5!
��
����
��
��)����
�

� �*"� ��*".�'� ��*�.�'�

�� )�!!��&����)���
�����������
�
� �*-. ��*�.�'� ��*.��'�

�� $
�����
������� ���9�� �*�� ��*.��'� ��*�����

'�<���� ��*�����

�����


�����

��

��������0���

 ( +	
���

1( �!-����.�����

�2���
�!
�3

4( -��+���5� 6�7  /� ���	������������
�	�������	��������� ���������
�	���

8( -��+���-� 9�747/� !"�#�����������
�	����
�
$�	������� ���������
�	����

:( -��+���5� 9�74;/ �������	�������%�
�&	������ ����������'����	���

;( -��+���5� <�76</�  ��������%�	������
$�(&������

<( -��+���5� <�76;/� �	��������	��������� ����(&�����

9( -��+���-�17�7;1/� !�	#	���	���%�	����)�	�����	�
�*	�$�+��,��- ���(&��&	����� �+��������
�	
���

6( =)!#5������#�
���.�2�
�������������1717�/� ������#��
��+��
	�	
��	���

 7( =>2!#5������)�����-����2�
�������������171 �/ ������#��
��+��
	�	
��	���

  ( �?!#5������)�����-����2�
�������������17 <�/� �����
��+��
	�	
��	��

 1( ��������	�����	
���
�
��������,��
�����'� ��������	
���

�
������ ����
��171 

 4( ���3�
���*����������-�����#����
�-����

��

��

��



���������	�
��
���
�
����
��������
��
� ���������

�����
���� ���������
������� 
���!
 .

�#

!
��	�������������������������������	
���
�
������� �
�����
�����2��������

0 98	��82$����@@@
0 A�)���
����
��%84�
0 ��
+���(�+���)���
��

0 A�+������)��1�����,

0 :+���'��-

0 '�����(+���������2���+�

0 �
�
���)�+
��3�
��)�+
�
0 ����
,!���

0 �!���+�������+)��+
�


5
�
=��


'
��)���98	�

�/

���
�����*�	�	
�
��

0 4���
�������������
��
��B��
�+
�
������,��+!�C

0 	��5+������
��
))�
+
����,��
�
���+������������
B��
�+
�
&

0 %
������D;��$�-C

�7

��
��
���������
�.����
��@
0 E�!�
0 �!��
,��
0 ?
-��+���

��
����.�������������

'
��)���98	�

�"

�-

�.



���������	�
��
���
�
����
��������
��
� ���������

�����
���� ���������
������� 
���!
 /

��

0 2��+���
�
���)�+
��
'
���+
�


0 F���+���A�+���
�+��'�����

��(

��2���+�

0 4��
���+�������
�����)+����G+
�+���
A�+���
�

0 ����-+�+�,�
���G+
�+���
'
���+
�


�
���
�	
�/�

���	�
���
����
����
��� ����������
���

��

'
���+
�
�$��������
0 ����-���
0 2
-�
�
0 �

������)�+��
0 4��!������

5

�=

�/

������������

��

%�����8+���
4���
�!��)���
�)�����
H%84�I

0 �G���!��,�����-���
0 4�
���

0 J��
��+���
0 �))�

+-��
0 ���+��-��

+�2�������/

������������

�/

�3

��



���������	�
��
���
�
����
��������
��
� ���������

�����
���� ���������
������� 
���!
 3

�>

�����
� �������

98	� 98	�K�EL'�1$

A�*25�#=2B

K�EL'�1$

�4

��



UHPC for Bridge Preservation and Repair version: 7/27/2021

Module 2 – EDC Overview 1

Every Day Counts 
Overview
Module 2

2

• Describe the FHWA Every Day Counts (EDC) 
Program

• Identify the EDC innovations related to bridges
• Understand the deployment status of ultra-high 
performance concrete (UHPC) for bridge 
preservation & repair (P&R)

• Identify FHWA’s UHPC deployment activities

Module Objectives

3

• Identify and rapidly deploy innovations to:
• Shorten the project delivery process
• Enhance roadway safety
• Reduce congestion 
• Improve environmental sustainability

• Started in 2011
• EDC-1 through EDC-6: six two-year rounds
• 52 different innovations have been deployed

Every Day Counts (EDC)

1

2

3



UHPC for Bridge Preservation and Repair version: 7/27/2021
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4

Every Day Counts (EDC)

Industry 
Proven 

Innovations

Research 
Products

• Advancing effective, proven and market-ready 
technologies into widespread use

• Not about inventing the next “big thing”

5

• EDC-1 (2011 – 2012)
• Prefabricated Bridge Elements (PBES)

• EDC-2 (2013 – 2014)
• Accelerated Bridge Construction (ABC)

• EDC-3 and 4 (2015 – 2018)
• UHPC for PBES

• EDC-6 (2021 – 2022)
• UHPC for Bridge Preservation & Repair (P&R)

EDC Bridge Specific Initiatives

6

Promote and facilitate the use of UHPC by bridge 
owners to strengthen, repair, and preserve bridges.

Objective of EDC6 UHPC P&R

 

Studs

UHPC

Steel Girder

Concrete Deck

Deteriorated
Region

 

UHPC

Deteriorated 
Region

All images source: FHWA.
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Module 2 – EDC Overview 3

7

•25 agencies at the project 
demonstration level or higher

•100 bridges using UHPC for 
P&R completed or under 
construction

Goals: By December 2022

© 2021 Microsoft.

8

Deployment Status

Institutionalized
The agency has adopted UHPC as a standard practice for 
bridge P&R

Assessment
The agency is assessing its prior use of UHPC for bridge P&R 
and is developing guidelines and standards for its regular use

Demonstration The agency is testing and piloting UHPC for bridge P&R

Development
The agency is collecting information, hosting training, and 
building support towards using UHPC for bridge P&R

Not Implementing The agency is not pursing UHPC for bridge P&R at this time

9

Deployment Status

Implementation Stage Baseline
Jan. 2021

Goal
Dec. 2022

Institutionalized 1 4

Assessment 7 17

Demonstration 10 14

Development 18 8

Not Implementing 17 10

7

8

9
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10

Deployment Status: Demonstration Level or Higher

Federal Lands

Puerto Rico

Virgin Islands

January 2021: 18 agencies

Goal: 17 additional agencies

Created with Mapchart.net

11

• Technical assistance
• Workshops
• Webinars
• Peer Exchange
• Research
• Design & construction 

guidelines

FHWA UHPC Activities

Source: FHWA

12

Resources

UHPC-ABC Web Page
https://www.fhwa.dot.gov/bridge/abc/uhpc.cfm

Office of Infrastructure R&D Site
https://highways.dot.gov/research/structures/ultra-high-performance-
concrete/ultra-high-performance-concrete

Interactive UHPC Bridge Map 
https://usdot.maps.arcgis.com/apps/webappviewer/index.html?id=41
929767ce164eba934d70883d775582

All QR Codes: qrcodeπmonkey.com/

10

11

12
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13

• Zach Haber
FHWA Office of Infrastructure R&D
zachary.haber@dot.gov

• Mark Leonard
FHWA Resource Center
mark.leonard@dot.gov

• Justin Ocel
FHWA Resource Center
justin.ocel@dot.gov

Contacts

14

Questions? 

FHWA FHWA FHWA

13

14
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Module 3 – Introduction to UHPC 1

Introduction to 
UHPC
Module 3

2

• Identify what UHPC is

• Understand the constituents, material properties, 
and mechanical behavior of UHPC

• Identify the basic mixing and placing techniques of 
UHPC

• Identify the typical applications of UHPC in U.S. 
highway bridge engineering

Module Objectives

3

What is UHPC?

• Cement-based composite 
material

• Self-consolidating

• Inherently ductile

• Highly durable

• Properties that exceed 
those of conventional 
concrete

© Dominic Kruszewski, WSP

1

2

3
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What is UHPC?

4

• Fine powders and sand
• Superplasticizers
• Steel fiber reinforcment
• Admixtures

All images Source: FHWA

FHWA’s Definition of UHPC

UHPC is a cementitious composite material composed 
of an optimized gradation of granular constituents, a 
waterπtoπcementitious materials ratio less than 0.25, 
and a high percentage of discontinuous internal fiber 
reinforcement. The mechanical properties of UHPC 
include compressive strength greater than 21.7 ksi and 
sustained postπcracking tensile strength greater than  
0.72 ksi.

5

6

Example Composition of a UHPC

Constituent Amount (lb/yd3) % by Weight

Portland Cement 1200 28.5
Silica Fume 390 9.3
Fine Sand 1720 41.0
Ground Quartz 355 8.5
Superplasticizer 51 1.2
Water 218 5.2
Steel Fibers 263 6.3 Source: FHWA

4

5

6
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7

Composition: Concrete vs. UHPC

Cementitious (38%)

Water (5%)

Fine Aggregates 
(49%)

Admixtures (2%)

Steel Fibers (6%)

UHPC

Vs.

Mass Fraction

Cementitious (16%)

Water (7%)

Fine Aggregates 
(31%)

Coarse Aggregate 
(45%)

Admixtures (1%)

Conv. Concrete

Vs.

UHPCConv. Concrete

Composition

All images Source: FHWA

8

Fiber Reinforcement

Fiber Length Ғ 0.5”π1.2”

Fiber Diameter Ғ 0.01”π0.02

Tensile Strength Ғ 100π400 ksi 

Aspect Ratio Ғ 50π60
All images Source: FHWA

9

Properties

© NYSDOT

7

8

9
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Compression Behavior: Temperature
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Compression Behavior: Elastic Modulus
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Tensile Strength
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16

Tensile Behavior: Direct Tension Testing

2” x 2” Prism 
Specimen

4” Gauge 
Length

Graybeal, B. A., and Baby, F. (2013). “Development of Direct Tension Test Method for UltraπHighπ Performance FiberπReinforced 
Concrete.” ACI Materials Journal, 110(2), 177–186. All images Source: FHWA

17

Tensile Behavior: Stress-Strain Behavior 
(VIDEO1)

Video Source: FHWA

18

Tensile Behavior: Stress-Strain Behavior
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19

Tensile Strength: Fiber Content
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20

Compressive Creep:

Source: FHWA

21

Compressive Creep:

Sustained Load: 
58π67% of initial Compression Strength 
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Note: Compressive strains are shown as positive 

E = 2.47

C = 1.53

B = 1.42

D = 0.78**

A = 1.37
Initial Compressive Strength: 
14 ksi to 16.5 ksi

Source: FHWA

Early Age Loading

Ultimate Creep Coefficient:
Early Age Loading: 0.9π1.5
Mature Age Loading: 0.7π1.2

Test Method:
Modified ASTM C512

19
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22

Conventional Concrete UHPC

Durability: Particle Packing Theory

• Aggregate (¼ to ¾ inch)
• Sand
• Cement

• Sand (500 microns)
• Cement 
• Quartz
• Silica Fume (1 micron)All images Source: FHWA

23

Chloride Ion Diffusion Coefficient
•2 x 10-11 m2/s for conventional concrete

•2 x 10-12 m2/s for high performance concrete 

•2 x 10-13 m2/s for UHPC

Durability: Permeability

24

Durability: Freeze/Thaw 

Source:  FHWA Report FHWA-HRT-18-036
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25

Durability: Freeze/Thaw

© Michael Thomas, University of New Brunswick

26

RPC (USACE) placed 
specimens in 1996

• 960015: 25 mm cover

• 960016: 19 mm cover

• 960017: 10 mm cover

Durability: Freeze/Thaw

© Michael Thomas, University of New Brunswick

27

• In 2006, rebar was 
removed from 10 mm 
cover sample

• The same specimen was 
retrieved for testing

• Remaining samples 
moved to high-tide area

Durability – Freeze/Thaw

© Michael Thomas, University of New Brunswick

25
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28

Durability: Permeability

UHPC

© Michael Thomas, University of New Brunswick

29

Durability: Performance History

UHPC

14 years 78 years

© Michael Thomas, University of New Brunswick

30

Bond to Existing Concrete

Load
Load

Supports

Interface

Exposed 
Aggregate

ASTM C78 (Modified)

All images Source: FHWA
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Bond to Existing Concrete

Load Pull-Off Disc
Interface Saw Cut
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All images Source: FHWA
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Bond to Existing Concrete

ASTM C1583

Load Pull-Off Disc
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All images Source: FHWA
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Rheology

SelfπLeveling Formulation Thixotropic Formulation
All images Source: FHWA
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34

Commercial Material Suppliers:

Companies and/or organizations that 
have completed research and 
development, and have a UHPC 
mixture(s) on the commercial market. 
This could include, but is not limited 
to, pre-bagged products or ready-
mix-type products.

Availability of UHPC, Supplier Type

Source: FHWA

Proprietary, commercial versions:
• Are similar to conventional, prebagged cement-based materials
• Subject to market availability
• Supplied by four or more companies in the United States

35

Availability of UHPC, Supplier Type

All images Source: FHWA

36

Suppliers of Fabricated Products: 
Companies and/or organizations that 
supply fabricated products composed 
of UHPC for the built environment. 
These companies and/or organizations 
may have developed their own 
proprietary UHPC mixtures for use in 
their products, or they could source 
their materials from commercial 
material suppliers. 

Availability of UHPC, Supplier Type

Source: FHWA

34
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37

Open-Source Mixtures:
UHPC mixtures that have been 
developed by individuals, research 
teams, companies and/or 
organizations where the mix design 
is available or in the public domain. 
These could also be referred to as 
non-proprietary UHPC mixtures. 

Availability of UHPC, Supplier Type

Source: FHWA

38

Availability of UHPC, Supplier Type

Nonπproprietary, openπsource 
Versions:

• Kay Wille, Ph.D., at the 
University of Connecticut 
developed and published mixes 
in FHWA-HRT-13-100

Source: FHWA.

39

Availability of UHPC-Class Materials

Approximate cost comparison
Material Approximate Cost per yd3

Portland Cement Grouts $1,000 to $2,000

Repair Mortars $1,500 to $3,000

Epoxy Grouts $5,000 

Commercial UHPC $2,500 to $3,500

OpenπSource UHPC* $1,000 to 1,200
*Additional costs required for research and development (R&D), blending, packaging, and quality 
assurance/quality control.
Source: FHWA.
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40

Mixing and Placing UHPC

41

Mixing UHPC

Source: FHWA
© Steelike © Steelike 

42

Mixing UHPC

Source: FHWA
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43

Mixing UHPC

Source: FHWA

44

Mixing UHPC

Clumping after liquids added Initial clumping Clumps developing

Final clumping stage Fibers added to homogenous mix Final consistency
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Placing UHPC

Source: FHWA
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46

Placing UHPC

Source: FHWA

47

History of UHPC in U.S. Bridges

48

Deployment of UHPC on U.S. Bridges

YEAR

2018

2017

2016

1997-2013

2019

2015

Source: ESRI, FHWA
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49

UHPC in North American Bridges

Source: FHWA
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UHPC Applications

51

Pedestrian Bridges

Source: FHWA
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52

Architectural Façades and Elements 

Source: FHWA

53

Urban Furniture 

Source: FHWA

54

Optimized Structural Elements
Source: FHWA
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55

Prefabricated Bridge Element Connections

Source: FHWA

56

Precast Deck Bulb Tee Girders

SR 31 over Canandaigua Outlet (Lyons, NY)

61 in. 6 in.

 Closure Pour (UHPC)

 Deck Bulb Tee
 Prestressed
 Girder

41 in.

Source: FHWA

57

Precast Side-by-Side Box Girders

Sollars Road over Lees Creek, Washington Court House, Ohio

Source: Eric Steinberg, Ohio University

55
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58

UHPC Preservation & Repair Applications

• Bridge Decks
• Expansion Joints
• Beam Ends
• Columns, Piers
• Seismic Retrofit
• Existing Connections
• Concrete Patching 

Source: FHWA

59

UHPC Preservation & Repair Applications

We Will Focus On:

• Link Slabs

• Steel Beam End 
Repair

• Overlays for Bridge 
Decks

Source: FHWA

60

Module 3 Polls 

FHWA FHWA© NYSDOT
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QUESTIONS?

Source: NYSDOT

Topic 1: 

61
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Design Recommendation 1

General Design 
Recommendations  & 
Material Specifications
Module 4

2

• Identify different specification types 

• Identify key specification requirements 

•Understand general design recommendations

Module Objectives

3

Specifications

Source: NYSDOT

1

2

3
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4

Importance of correctly specifying UHPC 
• Sets project boundaries and expectations 
• Supports agencies and contractors, that do not have experience 

with UHPC
• Identifies project specific criteria:

o UHPC formulation 
o Mixing 
o Placing 
o Curing
o Finishing

Background

5

Prescriptive
• Mix design is prescribed

Product
• Acceptable UHPC product(s) specified

Performance
• Required performance defined

Specifying UHPC Materials

6

• Can reduce owner’s risk

• Can increase likelihood of success on first projects

• Somewhat common on first projects

• Appropriate as an experimental feature

Product Specification

4

5

6
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7

Product Specification

Example from West Virginia DOT – UHPC Joint Fill

8

• Long term solution to using UHPC
• Opens doors to innovation
• Increases competition
• Owner must identify performance 
requirements

• Owner must verify material meets 
requirements

Performance Specification  

9

Performance Specification 

Example from New Jersey State DOT - UHPC Overlay

7

8

9
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10

Performance Specification 

Example from New York State DOT - UHPC Joint Fill

11

Material Performance
• Mechanical property 

requirements
• Durability requirements
• Composition 

Key Specification Requirements

Construction
• Mock-Up
• Field Testing
• Surface Preparation 
• Formwork
• Mixing
• Placing
• Finishing
• Curing
• Placement Drawings
• Repairs  

12

ASTM C1856: Standard Practice for Fabricating and Testing 
Specimens of UHPC 

• Compressive strength (ASTM C39)

• Flexural strength (ASTM C1609)

• Modulus of elasticity (ASTM C469)

• Creep (ASTM C512)

• Shrinkage (ASTM C157)

• Abrasion resistance (ASTM C944)

• Freeze thaw resistance (ASTM C66)

• Chloride penetration (ASTM C1202)

• Static and Dynamic Flow (ASTM C1437)

Material Testing of UHPC 

Referenced 
ASTM 
Methods

10

11

12
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13

NJDOT – Performance Specification

© WSP

Table 515.02.01-1: UHPC Material Properties

Description Test Method Acceptance Criteria
Compressive Strength ASTM C1856 Ó 14 ksi at 28 days

Direct Tension Cracking Strength FHWA-HRT-17-053 Ó 1,100 psi

Direct Tension Sustained Post-Cracking 
Tensile Strength

FHWA-HRT-17-053 Ó 1,250 psi

Direct Tension Bond Strength
ASTM C1583, bonded to an 

exposed aggregate concrete surface

100% failure in substrate concrete 
with concrete compressive strength 
Ó 4 ksi.

Modulus of Elasticity ASTM C1856 Ó 6,500 ksi
Long-Term Shrinkage ASTM C1856 Ò 800 micro-strain

Rapid Chloride Ion Penetrability AASHTO T277 / ASTM C1202 Ò 250 coulombs
Scaling Resistance ASTM C672 Y < 3

Freeze-Thaw Resistance ASTM C1856 Relative Dynamic Modulus of 
Elasticity > 95%

Alkali-Silica Reaction ASTM C1260 Innocuous

14

• Domestic source of steel fibers
o Buy America requirements

• Fiber specifications:
o Percentage

o Tensile properties

o Geometry

Steel Fibers

Source: FHWA

15

Construction Mock-Up

Supplier 1 Supplier 2
© WSP

13

14

15
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16

Field Testing for Fresh Properties 
Flow Test - ASTM C1856 Standard Practice for Fabricating and Testing Specimens of UHPC (Based 
on ASTM C1437) 

Source: FHWA

17

Testing of Hardened Properties
ASTM C1856: Standard Practice for Fabricating and Testing Specimens of UHPC (Based on ASTM C39) 

6-inch

3-inch

Surface grind

All images Source: FHWA

18

Formwork

Source: FHWA© Arash Zaghi, University of Connecticut 

16
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19

Formwork

© Arash Zaghi, University of Connecticut 

© Arash Zaghi, University of Connecticut 

© Texas Department of Transportation

20

Mixing

© Lafarge

21

Mixing Temperatures

• Ambient temperature should be above 50°F 

• Temperature of UHPC increases during mixing 

• Temperature of UHPC should not exceed 80ºF

o Ice can be substituted for water to achieve this 
temperature 

o Stockpiled materials and mix water should be kept    
between 50°F and 60ºF on warm days

19

20

21
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22

Placement Drawings

Source: FHWA

23

Placement

© NYSDOT

24

Placing UHPC

Source: FHWA

22

23
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25

Top Forming and Curing 

© NYSDOT

26

Finishing

© WSP © UHPC Solutions

27

Grinding and Grooving

© UHPC Solutions

25

26

27
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28

Repair Materials 

© WSP

29

General Design Requirements

Source: NYSDOT

30

General Design Recommendations

•Physical Properties

•Stress-Strain Models

•Embedment Length

•Lap-Splice Lengths

•Clear Spacing for UHPC Flowability

•Cover

28

29

30
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31

General Design Recommendations

All images Source: FHWA

Draft Guide Specification for 
Structural Design with UHPCFHWA-HRT-19-011The following slides 

are based on:

32

A Note On Physical Properties

Should be determined/verified by testing or by supplier 
technical data.

All images Source: FHWA

33

Recommended Physical Properties*

atioSource: FHWA

Property Variable Value

Unit Weight w 0.155 kcf

Elastic Modulus Ec 2,500 f’c0.33 (in ksi)

Coefficient of Thermal Expansion Ůcu 7.0 x 10-6 /ºF

Poisson’s Ratio ɜ 0.15

Chloride Ion Permeability: - 2.0 × 10�í10 in²/s**

*These are draft recommendations, and are subject to change  

** This value is based on research completed on UHPC cementitious matrices with cementitious  materials contents greater than 1,500 lb/yd3, no aggregates 
larger than a fine sand with an average diameter of 0.02 inches (0.5 mm), and waterπtoπcementitious materials ratios less than 0.25.

31

32

33
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34

Recommended Compression Properties*

atioSource: FHWA

Property Variable Value

Minimum Compressive Strength for 
Construction Loads 

f ’c, min 14 ksi

Minimum Mature Compressive 
Strength

f ’c 18 ksi

Ultimate Compressive Strain Ůcu 0.0035**

Reduction Factor Accounting for 
Non-Linearity of Stress-Strain 
Curve

Ŭ 0.85

*These are draft recommendations, and are subject to change  

** Unless determined by physical testing.

35

Recommended Compression Properties*

Compression Design Model
f ’c Compressive Strength

Ŭ Reduction Factor Accounting for Non-Linearity of 
Stress-Strain Curve

Ec Elastic Modulus

Ůcp Strain at On-Set of Plastic Stress

Ůcu Ultimate Compressive Strain

Source: FHWA

�B�Ö�ã
L
�=�B�Ö�ñ

�' �Ö
*These are draft recommendations, and are subject to change  

36

Recommended Tension Properties*

atioSource: FHWA

Property Variable Value

Effective Cracking Strength ft, cr 0.75 ksi

Localization Stress ft, loc Ó ft, cr

Localization Strain Ůt,loc 0.0025

Reduction Factor Accounting for 
Variability in Tensile Stress 
Parameters

ɔ Not greater than 0.85

*These are draft recommendations, and are subject to change  

34

35

36



UHPC for Bridge Preservation and Repair version: 7/27/2021

Module 4 – Specifications and General 
Design Recommendation 13

37

Recommended Tension Properties*

Tension Design Model
(if ft,loc < 1.2 ft,cr)

ft, cr Effective Cracking Strength

ft, loc Localization Stress

ɔ Reduction Factor Accounting for Variability in 
Tensile Stress Parameters

Ec Elastic Modulus

Ůt,cr Effective Cracking Strain

Ůt,loc Localization Strain

Source: FHWA

�B�ç,�Ö�å
L
�@�B�ç,�Ö�å

�' �Ö

ft, loc

*These are draft recommendations, and are subject to change  

38

Recommended Tension Properties*

Tension Design Model
(if ft,loc �• 1.2 ft,cr)

ft, cr Effective Cracking Strength

ft, loc Localization Stress

ɔ Reduction Factor Accounting for Variability in 
Tensile Stress Parameters

Ec Elastic Modulus

Ůt,cr Effective Cracking Strain

Ůt,loc Localization Strain

Source: FHWA

�B�ç,�Ö�å
L
�@�B�ç,�Ö�å

�' �Ö
*These are draft recommendations, and are subject to change  

39

Embedment Length of Reinforcement*
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Source: FHWA *Recommendation from Publication FHWAπHRTπ19π011
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40

Embedment Length of Reinforcement *

Bar Sizes: #3 to #8 
Bar Yield Strength: fy < 75 ksi 
UHPC Strength: f’c > 14 ksi
UHPC Fiber Content: >2%

• Cover �• 3db

Development Length: Ld �• 8db

• 3db �• Cover �• 2db 

Development length: Ld �• 10db

Source: FHWA *Recommendation from Publication FHWAπHRTπ19π011

f ’c = compressive strength of UHPC
fy = yield strength of steel reinforcement
db = rebar diameter
Ld = embedment length of reinforcement 

41

Embedment Length of Reinforcement *

*Recommendation from Publication FHWAπHRTπ19π011

Bar Sizes: #3 to #8 
Bar Yield Strength: 75 ksi < fy < 100 ksi 
UHPC Strength: f’c > 14 ksi
UHPC Fiber Content: >2%

• Cover �• 3db

Development Length: Ld �• 10db

• 3db �• Cover �• 2db 

Development length: Ld �• 12db

Source: FHWA

f ’c = compressive strength of UHPC
fy = yield strength of steel reinforcement
db = rebar diameter
Ld = embedment length of reinforcement 

42

Non-Contact Lap Splicing of Reinforcement*

• Splice length: Ls �• 0.75 Ld

• Bar clear spacing: 1.5 Lf < c < Ls

Ls

c

Source: FHWA *Recommendation from Publication FHWAπHRTπ19π011

Ls = non-contact lap splice length 
Ld = embedment length of reinforcement
Lf = fiber reinforcement length
c = clear spacing between lap-spliced bars

40

41

42
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43

Clear Spacing for Flowability*

Minimum clear spacing 
around bars and 
inclusions should be 
the greater of 1.5 times 
the length of the 
longest type of fiber 
reinforcement included 
in the UHPC or 0.75 
inches.

Source: FHWA *Recommendation from Publication FHWAπHRTπ19π011

#5 #5

44

Clear Spacing for Flowability

Source: FHWA

45

Clear Spacing for Flowability

Source: FHWA

43

44
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46

Minimum Cover*

The minimum cover shall not be less than the greater of 
1.5 times the length of the longest type of fiber 
reinforcement included in the UHPC or 0.75 inches, 
unless adequate fiber distribution can be otherwise 
demonstrated for a specific application. 

*These are draft recommendations, and are subject to change  

47

Module 4 Polls 

FHWA FHWA© NYSDOT

QUESTIONS?

Source: NYSDOT
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Construction Inspection
Module 5

2

• Identify the methods used  for quality control testing of 
UHPC for hardened properties

• Identify the methods used for field testing of UHPC for 
fresh properties

• Understand typical inspection procedures for UHPC 
mixing, placement, curing and finishing. 

Module Objectives

3

General Inspection Guidelines 

• Familiarity with specs and special provisions
• Worker safety equipment and procedures
• Prior coordination of construction activities
• Constituent materials…lot, date, storage
• Mixing process…weighing, timing, discharge
• Formwork
• Connection interface surface preparation
• Pour locations and volume per pour

1

2

3
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4

• Pre-batching check list
• Field testing for fresh properties
• Lab testing for hardened properties
• Form closure including overpressure
• Placement procedure
• Surface preparation of hardened UHPC
• Curing and Finish requirements

Inspection Checklist

Source: FHWA

5

Pre-batching 

�‰Material Identity Card provided 
�‰Correct product provided 
�‰Mix quantities are sufficient for casting

�‰No signs of deterioration

�‰Water and Ice quantity is sufficient for casting. 

6

Constituent Measurement

All images Source: FHWA

4

5

6
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7

Constituent Measurement

All images Source: FHWA

8

Testing

�‰Testing area is located close to the mixers

�‰Testing equipment 

�‰Testing Frequency (per project specifications)

�‰Flow table testing

�‰Early-age compressive strength

�‰28-day compressive strength 

9

ASTM C1856 (via ASTM C1437)

Flow Table Testing

Source: FHWA

7

8

9
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10

Flow Table Testing

All images Source: FHWA

ASTM C1856 (via ASTM C1437)

11

Rheology Differences

Normal Formulation Overlay (Thixotropic) Formulation 
All images Source: FHWA

12Source: FHWA

Flow Table Testing: Thixotropic Formulation

10

11

12
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13

Compression Tests

3”

6”

ASTM C1856 (via ASTM C39)

All images Source: FHWA

14

Formwork

�‰All formwork is installed as shown on the shop 
drawing submittals

�‰Formwork appears to be tightly sealed

�‰All formwork is made from a non-absorbent material 
or is coated with a non-absorbent material

�‰Top forms allow for overfilling

15

Formwork

© Arash Zaghi, University of Connecticut © WSP

13

14

15
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16

Finished Surfaces

Properly Cured Surface Poor Surface Due to Improper Formwork  

Us

© UHPC Solutions © WSP

17

Placement Procedures 

�‰Substrate surfaces clean and free of debris 
�‰All surfaces in contact with UHPC are SSD 
�‰Prevents discontinuous flow & unintended cold joints
�‰Top forms used and installed as needed
�‰Chimneys added to created head pressure as 
needed

18

UHPC Placement 

© NYSDOT

16

17

18
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19

Curing Procedures

�‰Top forms installed immediately

�‰Curing compound is applied immediately. Plastic 
sheeting is applied consecutively on overlays 

�‰UHPC surface is protected during curing 

�‰Fibers of a cured UHPC surface are exposed at the 
surface prior to the placement of fresh UHPC 

20

Curing Procedures

© UHPC Solutions © WSP

21© WSP © WSP

Surface Preparation of Hardened UHPC

19

20

21
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22

Finishing

�‰UHPC surface grinding

�‰Surface defects 

�‰Asphalt placement 

23

Grinding and Grooving

© WSP © WSP

24

Surface Defects 

© WSP © WSP

22

23
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25

Module 5 Polls 

FHWA FHWA© NYSDOT

QUESTIONS?

Source: NYSDOT

Topic 1: 

25
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Ultra-High 
Performance Concrete 
(UHPC) for Link Slabs
Module 7

2

• Identify what a link slab is

• Understand the benefits of using UHPC for link slabs

• Understand the procedure for UHPC link slab design

• Identify the typical applications of link slabs and how 

they are constructed

Module Objectives

3

• Over 1/3 of US bridges are constructed using 
multiple simple spans 

• Deck joints are provided to accommodate girder 
rotations due to live loads and movements due to 
temperature, creep, and shrinkage

• Deck joint seals often fail prematurely, which 
results in corrosion of the bridge components below

Background

1

2

3
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4

©WSP.

Failing Expansion Joints Trickle-Down Deterioration 

Background

© WSP.

5

• Deck joints in multi-span bridges can be eliminated 
using a link slabs

• A link slabs is a reinforced concrete slab that is 
placed within the deck at the ends of adjacent 
simple spans

• This concept was first proposed by Caner and Zia 
in 1981

Background

6

Florida Link 
Slab

Texas Link 
Slab

All Figures Source: FHWA

Background

• Early concepts used full 
depth cast-in-place  
concrete

• Transverse cracks often 
developed that could still 
leak

• Debonding of link slab 
started to be deployed to 
control crack widths

4

5

6
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7

Conventional Concrete Link Slab Detail

Source: FHWA

Background

8

• Engineered Cementitious Composites (ECC)

• The University of Michigan developed ECC link slabs for 
MDOT in 2005

• Designed to resist tensile and shear forces while remaining 
compatible with concrete 

• ECC link slab found to be possible, but shrinkage cracking 
was observed

Link Slabs with Advanced Materials

9

• Allows for partial depth link slab

• Minimizes rotational resistance, 
moment continuity 

• Reduces reinforcement

• Increases durability

• Reduces width

UHPC Link Slabs

© NYSDOT

7

8

9
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10

�§ 4 inches

�§ 24-36 inches

UHPC

UHPC Link 
Slab Detail

© NYSDOT
Source: FHWA

UHPC Link Slabs

11Credit: NYSDOT, FHWA
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Year of Letting

UHPC Conventional Concrete
Link Slab use by New York State Department of Transportation (NYSDOT)

Data provided by NYSDOT

Source: FHWA

Deployment in New York State

12

Design

Source: NYSDOT

10

11

12
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13

• Behavior modification
• Deformation demand
• Tensile strain 
demand in UHPC

• Design parameters

Source: FHWA

Design Considerations

14

Behavior Modification

Behavior with Expansion Joint
• Translation at the deck level
• Rotation accommodated by bearings

Source: FHWA

UHPC Link Slab

15

Behavior Modification

Behavior with UHPC Link Slab
• Translation at the bearing level
• Rotation accommodated by link 

slab
• Minimal moment continuity 
• That is, NOT continuous for LL

Source: FHWA

13

14

15
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16

Deformation Demand

*These are draft recommendations, and are subject to change  

Girder End Rotation Demand

��Service I = 1.00 ��LL

��Strength I = 1.75 ��LL

��LL

Source: FHWA

17

Strain Demand in UHPC

*These are draft recommendations, and are subject to change  

��LL

��LL

UHPC Link Slab

Determine Strain 
Demands in UHPC

Source: FHWA

18

Strain Demand in UHPC

*These are draft recommendations, and are subject to change  

��LL

UHPC Link Slab

Ldb, Debonded Zone

h Steel Reinforcement, As

Source: FHWA

16

17

18
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19

Strain Demand in UHPC

*These are draft recommendations, and are subject to change  

��LL

UHPC Link Slab

Bond Breaker Steel Reinforcement

Source: FHWA

20

Design Parameters

*These are draft recommendations, and are subject to change  

Unit Width

Section Strain Stress

N.A.

As

Tension

Comp.

�3= ��LL/Ldb

h

c

�3

Force
fc

Source: FHWA

C

Ts

TUHPC

Other Design Considerations

• Skew angle should be <45 degrees
• At least one expansion bearing per pier
• Bearing type should be considered

• Elastomeric bearings most suitable

• Increased thermal movements

• Reinforcement type should match existing deck
• Bond breaker such as synthetic sheet gasket between 
link slab and any adjacent component

19

20

21
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Global Effects

• Contiguous segment formed due to the elimination of 
expansion joints 

• Thermal movements need to be accommodated

• Distribution of horizontal loads is changed
• Seismic loads
• Breaking loads
• Wind loads
• Centrifugal force

• Structural analysis is required

Global Effects

Source: NYSDOT

Design Example

Establish Material Properties

• Yield strength of reinforcing steel yield: fy = 60 ksi

• Elastic modulus of steel: Es = 29,000 ksi

• Compression strength of UHPC: f’c = 22 ksi

• Elastic modulus of UHPC*: Ec = 6,930 ksi

22

23

24
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Design Example

Assumed Tension Design Model ft, cr Effective Cracking Strength 1.0 ksi

ft, loc Localization Stress 1.0 ksi

ɔ
Reduction Factor Accounting for 
Variability in Tensile Stress 
Parameters

0.85

Ec Elastic Modulus 6,930 ksi

Ůt,cr Effective Cracking Strain 0.00012

Ůt,loc Localization Strain 0.0025

ft, loc

Design Example

Identify Demands 
• Live load rotation, ��LL = 0.008 radians
• Factored rotation, 1.75 ��LL = 1.75 x 0.004 = 0.014 radians

��LL

27

Design Example

*These are draft recommendations, and are subject to change  

N.A.

hSelect:
• Debonded Length, LDB

• Link Slab Height, hLS

Such That:
• ʶuhpc < ʶt, loc (Localization Strain)

• fc < 0.5 f’c

Source: FHWA

Strain Stress

Tension

Comp.

�3= ��LL/Ldb

c

�3

Force
fc C

Ts

TUHPC

ʶuhpc

25

26
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Design Example

Assumed link slab geometry and reinforcement:

• Depth of link slab: hLS = 4 in.

• Debonded zone length: Ldb = 18 in.

• Unit width design: b = 12 in.

• Reinforcing steel area: As = 0.31 in2

• Per linear foot of width

• Located at center of link slab

• Let’s call it … #5 at 12” o.c.
*These are draft recommendations, and are subject to change  

Design Example

*These are draft recommendations, and are subject to change  Source: FHWA

N.A.

h

Strain Stress

c

�3

Forcesfc
C

Ts

TU2

ʶuhpc

fs

ft,cr

TU1 Tension

Comp.


Í � r 
 L 
 Ù

Design Example
Determine location of neutral axis using strain compatibility, check 
equilibrium, and check stress and strain 

*These are draft recommendations, and are subject to change  

Compression in Concrete

Tension in Steel

Tension in UHPC (pt. 1)

Tension in UHPC (pt. 2)

28

29

30
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Design Example
Determine location of neutral axis using strain compatibility, check 
equilibrium, and check stress and strain 

*These are draft recommendations, and are subject to change  


Í �(

C = Ts + Tu1 + Tu2

36.02k = 6.71k + 0.8k + 28.5k

36.02k = 36k

Design Example

Check results against design limits:

• Tensile strain in UHPC: 0.0023 < 0.0025 

• Stress in reinforcement: 21.6 ksi < 60 ksi

• Compressive stress in UHPC: 5.72 ksi < 11 ksi

ALL OK
*These are draft recommendations, and are subject to change  

Design Example

Source: FHWA

31
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34

Construction

35

Demolition

© NYSDOT

36

Supplemental Rebar

©
 N

Y
S

D
O

T
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37

Saturated Surface Dry

© NYSDOT

38

Mixing and Placing UHPC

© NYSDOT

39

Top Forming

© NYSDOT

37

38

39
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40

Top Forming

© NYSDOT

41

Form Removal

© NYSDOT

42

Finished Product

© NYSDOT

40
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43

Finished Product

© NYSDOT

44

Module 7 Polls

Source NYSDOT FHWA FHWA

QUESTIONS?

Source: NYSDOT

43
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UHPC Repair Strategy –
Steel Beam End Repair
Module 8

2

• Understand the effectiveness and applicability of 
UHPC beam end repair strategies

• Understand the mechanical behavior of headed 
studs embedded in UHPC

• Understand the requirements and limitations of 
beam end repairs

• Review a design example for a typical corroded 
bridge

Module Objectives

3

Background

© Arash Zaghi, University of Connecticut

1

2

3
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4

Background

© Arash Zaghi, University of Connecticut

5

• High tensile strength

• Reduce additional 
reinforcement

• Durability

• Rheology

Why UHPC for this Repair?

© Arash Zaghi, University of Connecticut

6

Concept Development and Testing      

• Phase I testing in 2015

• Proof of concept testing 
performed at the University of 
Connecticut

• 1/3 scale rolled girders

• Simulated corrosion

• 3/8 inch studs

© Arash Zaghi, University of Connecticut

4

5

6
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7

Concept Development and Testing 

© Arash Zaghi, University of Connecticut

Phase I: Proof of Concept Results

8

Concept Development and Testing 

• Phase II testing in 2018

• Full scale experiments 

• 55-inch plate girders

• Simulated corrosion

• ½-inch studs

© Arash Zaghi, University of Connecticut

9

Concept Development and Testing 

Design Shear Capacity
360 kip

© Arash Zaghi, University of Connecticut

Phase II: Large Scale Results

7

8

9



UHPC for Bridge Preservation and Repair version: 7/26/2021

Module 8 π UHPC Steel Beam End Repair 4

10

Stud Capacity

© Dominic Kruszewski, WSP

11

Stud Capacity

© Dominic Kruszewski, WSP

12

Stud Capacity

UHPC 
Panel

Embedded 
Stud

Weld Collar Plane 
Sheared Off

©
D

om
in
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ru
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ew
sk

i, 
W

S
P
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13

• Must meet ASTM A108 (or approved equal)*

• Type A
• Tensile Strength: 55,000 psi

• Type B
• Tensile Strength: 60,000 psi

Stud Material Requirements

© Dominic Kruszewski, WSP

U

* AASHTO/AWS D1.5M/D1.5:2020 “Bridge Welding Code”

14

Stud Recommendations*

*These are draft recommendations, 
and are subject to change  

** AASHTO LRFD Bridge Design Specifications
*** ANSI/AISC 360 Specification for Structural Steel Buildings

dstud

hstud

�D�æ�ç�è�×

�@�æ�ç�è�×

Q4.0

�@�æ�ç�è�×

�P�ê�Ø�Õ

Q2.5

tweb

Stud Aspect Ratio**

Stud-Web Ratio***

All images Source: FHWA

15

Stud Spacing and Positioning* 

*These are draft recommendations, and are subject to change  

Deteriorated Region

2.0 dstud

4.0 dstud

4.0 dstud

Clear Distance 
to Deteriorated 

Region

Center-to-center 
Between Studs 

on a Single Side Center-to-center 
spacing for back-

to-back studs

All images Source: FHWA

13
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Deteriorated 
Region

16

Cover Recommendations*

4.0 dstud
6.0 dstud

The greater of:
0.75” or 1.5 x 
fiber length

UHPC 
Panel

All images Source: FHWA *These are draft recommendations, and are subject to change  

Minimum Side 
Cover

Minimum 
Clear Spacing

Minimum Top 
Cover

17

Stud Welding Requirements

Stud 
Shank

Stud Head

Weld 
Collar

• Stud welding should conform to AASHTO/AWS D1.5M/D1.5 Bridge Welding 
Code

Source: Arash Zaghi, University of Connecticut

18

Stud Group Eccentricity

Slip (mm)

F
o

rc
e 

(k
N

/s
tu

d
)

0 1 2 3 4 5 6
0

15

30

45

60

75

90

No Eccentricity
50 mm Eccentricity
100 mm Eccentricity

© Dominic Kruszewski, WSP

16
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19

Stud Group Eccentricity

Direct calculation using 
instantaneous center of rotation

© Dominic Kruszewski, WSP

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0.00 0.20 0.40 0.60 0.80

R
ed

u
ct

io
n

 F
ac

to
r

Normalized Eccentricity (e/h)

e

h

Reduce based on 
simulation results

Source: FHWA

20

Design Example

Source: NYSDOT

21

• Bridge constructed in 
1965

• Four simply supported 
spans

• Rolled steel multi-girder 
superstructure

• W33x141 to W26x254

Design Example

© Arash Zaghi, University of Connecticut
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22

• Superstructure Rating: 4 (Poor Condition)
• Severe corrosion height = 6”

Design Example

©: Arash Zaghi, University of Connecticut

23

Design Example

Decision Making

• Minimal lane closures acceptable (major interstate highway)

• Limited access due to superstructure spanning an active railroad

• Irregularities in superstructure

• Varying skew angles (24 to 37 degrees)

• Varying span lengths (51 to 92 feet)

• Complex geometry of girder ends due to diaphragm/brace framing

24

Design Example

Identify Demands (and Repair Restoration Level)

Strength Design
• Live Load Only*: 182 kips (AASHTO 3.4.1)
• Strength I: 278 kips (AASHTO 3.4.1)

Capacity Design
• Shear Capacity: 539 kips (AASHTO 6.10.9.3)
• Bearing Capacity: 302 kips (AASHTO 6.10.11.2)

Source: FHWA

* Live load portion only from Strength I, e.g. 1.75(LL + IM)

22

23
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25

Design Example

Calculate the Stud Capacity
• Designer opts to use ½” “Type B” studs (Fu = 60 ksi)

�2�Q
L 0.70�#�æ�Ö�(�è* �#�æ�Ö
L
��  �×�Í

�.

�8

L 0.196 in2

�@�Õ
L 0.5 �E�J

�(�è 
L 60 �G�O�E

�2�Q
L 8.25 �G�E�L�O/�O�P�Q�@

Source: FHWA

* Future 10th Ed. AASHTO LRFD Bridge Design Specifications

Continue with design

Design Example

Check Eccentricity

NO

Is centroid of 
stud group 
eccentric to 

girder reaction?

Use ICR method to 
calculate eccentric 
capacity, or apply 
reduction factor

Yes

No

27

Design Example

Select Number of Studs
• Engineer opts to design for Strength I
• For this example, studs are symmetric around the bearing stiffener

�0�Q�I�>�A�N �K�B �5�P�Q�@�O 
L 
278 �G�E�L�O

�Î �æ�Ö� Û � Î�Ø�Ö�Ö� Û � 2�è_�æ�ç�è�×


L 
278 �G�E�L�O

1.00 �Û1.00 �Û8.25 �G�E�L�O

�Î �æ�Ö
L 1.00 (AASHTO 6.5.4.2)*

�2�è_�æ�ç�è�×
L 8.25 kips


L 33.7 �O�P�Q�@�O

� \ � •� ™� ‹ 
Ü
ß �™�š�›�Š�™ �:
Ý �˜�•�•�™ �•�Œ 
â�;
* Future 10th Ed. 
AASHTO LRFD Bridge 
Design Specifications

�Î �Ø�Ö�Ö
L 1.00

25
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28

Design Example

Design Level Demand 
(kip)

# of ½” 
Studs*

# of ҆” 
Studs*

Strength
Live Load Only 182 24 16

Strength I 278 36 24

Capacity
Shear 302 40 24

Bearing 539 68 44

* Rounded up to nearest 4 studs (assuming equal number on each side 
of bearing stiffener)

Fatigue Check

29

Design Example

Shear Envelope

Corroded 
Girder End 8 

ki
p32

 k
ip

32
 k

ip

Source: FHWA

30’ 14’

140’

�' V=62.6 kip

Fatigue I (infinite)
62.6(1.75)(1.15)(0.57) = 71.8 kip

Fatigue II (finite)
62.6(0.80)(1.15)(0.57) = 32.8 kip

Interior girder shear distribution factor=0.57 (8 ft. girder 
spacing, don’t forget to remove multiple presence!)

30

Fatigue
Fatigue Capacity of Studs Embedded in UHPC
Under the calculated stress range, determine the fatigue life of the repair:

�#�&�6 
L50,000 �R�A�D�E�?�H�A�O/ �@�=�U
�#�&�6�6 
L0.15 � Û � #� &� 6 
 L7,500 �P�N�Q�?�G/�@�=�U (AASHTO Table C3.6.1.4.2-1)
�#�&�6�6�Ì�Å 
L 1.00 �Û0.5 � Û � #� &� 6� 6 
 L3,750 �P�N�Q�?�G�O/�@�=�U (With directionality/lane factor)

3,750 < 11,320, therefore Fatigue II controls. Calculate life of the 36 studs.*

32.8�G�E�L

36
�è
4

1
2

�6 
L
1,040�T10�<

1
�?�U�?�H�A
�P�N�Q�?�G�Û3,750

�P�N�Q�?�G
�@�=�U�Û365

�@�=�U�O
�U�A�=�N

�5
�9
W

�\ 35 �U�A�=�N�O

* Future 10th Ed. 
AASHTO LRFD Bridge 
Design Specifications

28
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31

Design Example

6x
3”

 =
 1

8”
9.

5” Corrosion 
height = 6”

Number of studs:
• Required = 33.7
• Design = 36
• Actual* = 34

© Arash Zaghi, University of Connecticut

* New finite fatigue life = 26.5 years

32

Design Example

6x
3”

 =
 1

8”
9.

5” Corrosion 
height = 6”

UHPC Panel
UHPC Panel

© Arash Zaghi, University of Connecticut

33

Construction

Source: NYSDOT

31
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34

Construction

© Arash Zaghi, University of Connecticut

35

Construction

© Arash Zaghi, University of Connecticut

36

Construction

© Arash Zaghi, University of Connecticut
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37

Construction

© Arash Zaghi, University of Connecticut

38

Post-Construction

© Arash Zaghi, University of Connecticut

39

Reference 
Documents/Specifications

37
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40

• CTDOT: “User Guide for UHPC End Repair Design 
Spreadsheet”, July 2020, Research Project SPR-2313 
(under review)

Reference Documents/Specifications

41

Module 8 Polls

Source: NYSDOT FHWA FHWA

QUESTIONS?

Source: NYSDOT

Topic 1: 

40
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Emerging Repairs 
Strategies
Module 9

2

Understand how UHPC can be used for:
• Headers 

• Seismic Retrofit 

• Column Repairs 

• Connection Repairs 

• Steel Girder Strengthening 

• Concrete Patching 

• Shotcrete

Module Objectives

3

UHPC for Header Joint Retrofit

© WSP

1

2

3
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4

UHPC for Header Joint Retrofit

© WSP

5

UHPC for Header Joint Retrofit

© WSP

6

UHPC for Header Joint Retrofit

© UHPC Solutions© WSP

4

5

6
































































